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0. Summary

This thesis consists of three primary sections. In the first chapter, we examine the function of
HAT in the interaction between polyphenols and amines. In the second chapter, we explore
the selectivity of HAT in dipeptide models. Lastly, in the third chapter, we dive into the
selectivity of HAT concerning N-radicals. Due to diversity of the given topics, each chapter
starts with an introductory subchapter that helps to provide the reader with a solid foundation

for the better understanding.

Chapter 1

Combined in silico and in vitro Investigations of Hydrogen Atom
Transfer Reactivity in Amination of Polyphenols
Salavat S. Ashirbaev, Natércia F. Bras, Hendrik Zipse

Dept. Chemistry, LMU Muenchen, Butenandtstrasse 5-13, D-81377 Muenchen, Germany
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Natural polyphenols have gained significant attention due to their wide range of biological
activities, especially their role in the disaggregation of amyloid fibrils. In this study, we
investigated the hydrogen atom transfer (HAT) reactivity in the amination of wide scope of
different polyphenols, employing both in silico and in vitro approaches. Our aim was to show
the underlying reaction mechanisms and identify important structural factors influencing the
reactivity of these compounds with amines and amino acid as a peptide models. The results
indicate the critical role of vicinal hydroxyl groups and the pyrogallol moiety in promoting
the reactivity of the parent polyphenol. Also, the importance of electron-donating and
withdrawing groups in the polyphenols was demonstrated. Our findings can provide valuable
insights into the design of novel and more potent polyphenols targeting amyloid-related

diseases.



Chapter 2

Dipeptide C-H Bond Reactivity and Selectivity in Hydrogen Atom
Transfer to Alkoxy Radicals

Salavat S. Ashirbaev?, Harish Jangra?, Michela Salamone®, Massimo Bietti®, Hendrik Zipse?
2Dept. Chemistry, LMU Muenchen, Butenandtstrasse 5-13, D-81377 Muenchen, Germany

bDipartimento di Scienze e Tecnologie Chimiche, Universita “Tor Vergata”, Via della
Ricerca Scientifica, 1, 1-00133 Rome, Italy
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Peptide chain Dipeptide model

Understanding the C-H bond reactivity of amino acids within peptides is highly important for
getting a general idea about protein stability, function, and possible chemical modification. In
this study, we investigated the reactivity and selectivity of HAT reactions from dipeptide
models to alkoxy radicals under controlled mild conditions. The results show that the C-H
bond reactivity in dipeptide models is highly dependent on the steric effects, reaction media,
and the nature of the alkoxy radical. Also, the C-H bond cleavage and recombination
products were analyzed and identified with methods like GC-FID, NMR and HPLC. The
structures of the obtained products were further confirmed by independent synthesis. Taken
all together, these insights contribute to the fundamental understanding of dipeptide C-H

bond reactivity and selectivity in HAT reactions from proteins.



Chapter 3

The Effects of Ring Annulation on the Regioselectivity of the
Hofmann-Lo6ffler-Freytag Reaction
Salavat S. Ashirbaev?, Davor Saki¢®, Hendrik Zipse?
2Dept. Chemistry, LMU Muenchen, Butenandtstrasse 5-13, D-81377 Muenchen, Germany
YUniversity of Zagreb, Faculty of Pharmacy and Biochemistry, Ante Kovacica 1, 10000
Zagreb, Croatia
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The Hofmann-Loffler-Freytag reaction provides an entry into aminyl-radical mediated C-H
bond activation chemistry and has recently received renewed attention due to innovative
methods for the generation of nitrogen-centered radicals. The reaction is particularly
interesting in the functionalization of otherwise unfunctionalized substrates such as the
sulfonamide 1, where the initially generated N-centered radical 1rn is positioned such that
hydrogen abstraction seems feasible at the C5- or C6-position. Currently known experimental
results indicate a large kinetic preference for the 1,5-hydrogen atom transfer pathway. We
now study here how this selectivity is affected by substituents positioned at the C3 and/or C4
positions, with particular emphasis on the effects of annulated ring systems along these

positions.
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1. Combined in silico and in vitro Investigations of Hydrogen
Atom Transfer Reactivity in the Amination of Pyrogallol-Based
Polyphenols

1.1 Introduction

1.1.1. Flavonoids

Flavonoids, which have been known for their dyeing properties (from the Latin word flavus,
meaning " ") for a long time, are a diverse class of natural low molecular weight
polyphenolic compounds derived from various plant-based sources. Studies on flavonoids
and their structure, properties and biological activities in living organisms were initiated in
the 1930s, following the pioneering work of Albert Szent-Gyorgyi (Nobel Prize in
Physiology or Medicine, 1937).[11 So far, more than 8000 different types of flavonoids have
been identified in the form of glycosides and aglycones.[?! Flavonoids have a basic structure
consisting of a 15-carbon skeleton, composed of two benzene rings (A and B) and a 3-carbon
linking chain forming a heterocyclic pyran ring (C). Categorization of the flavonoids is based
on the variations of the chemical structure: the presence of the double bond between the C2-
and C3-atom and the carbonyl group located on C4, the attaching point of the ring B, and the
degree of hydroxylation. Taking all of this into account, flavonoids can be divided in major

subgroups: anthocyanidins, flavan-3-ols, isoflavones, flavanones, flavonols, and flavones

(Scheme 1).
Anthocyanidins O O
: o
O = OH
¥z \ / O Flavonols

5

) Q) 9
8 .
© 7 82 0. 3' o
-~ @ c 2 2 JE——
OH 6 43
5 4

3
Flavan-3-ols Flavonones
O / \
O] °

o]
Isoflavones O O Flavones

O

Scheme 1. Categorization of flavonoids based on chemical structure.
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It is generally accepted that there are two basic pathways for the flavonoid backbone
biosynthesis: the acetate and the shikimic acid pathways. Simple flavonoids are synthesized
by plants, utilizing the acetate pathway, while the synthesis of more complex polyphenolic

moieties requires the combination of both pathways (Scheme 2).P*!
Acetate pathway

o)
HO,,. NH, O 0
OH OH _~__OH o )j\
HO — —_— — -— SCOA
o o} o)

X . ) ) Acetyl coenzyme A
Phenylalanine Cinnamic acid Fi id
Shikimic acid avonoids

Shikimic acid pathway
Scheme 2. Proposed mechanisms of flavonoid backbone biosynthesis.

Flavonoids are the most abundant group of polyphenolic compounds in the human/animal
diet, that are commonly found in fruits/juices, vegetables, cereals, tea and wine.*! These
polyphenols play a big role in biological reactions and their importance cannot be
overestimated. Flavonoids act like "conventional" antioxidants, scavenging reactive oxygen
species, and also influence the signal processing, due to specific interactions with regulatory

proteins in living systems (Fig. 1).F!

[Consume?P;;o)lyphenols] . in't,ePstine PP in colon 1icro flora Phenolic acids

»

Regulation of glucose absorption Intestinal lumen

e R Gastrointestinal lining ----------1- Blood/Tissues
i

PP conjugates

Direct 4/‘/ \\\; Regulation of

antioxidant gene transciption
Enzyme induction Regulation of
(indirect antioxidant) . cell proliferation
Regulation of
inflammation

Fig. 1. Flavonoids and their metabolites are involved in various biological processes in living

organisms.!

Despite all the described beneficial properties of flavonoids, there are also some
disadvantages of these compounds. Due to their low solubility in water, flavonoids and their
glucosides have a short residence time in the intestine and limited absorption, which tend to
minimize their potential medicinal and therapeutic effects. Therefore, increasing the oral
bioavailability of insoluble flavonoids is one of the major topics in flavonoid-based drug

design.'® For example, the water solubility of one of the most consumed flavonoids, quercetin
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(25-50 mg/day), is only 8.3x10°® M.l Structural modification of this flavonoid significantly
increases the water solubility and dihydroquercetin monosuccinate has a solubility ~5000
times higher than its parent flavonoid (4.1x102 M) (Scheme 3).8

OH O
Quercetin
Dihydroquercetin monosuccinate
8.3x10°% M 4.1x102 M

4940 times higher

Scheme 3. Solubility of quercetin and its derivative, dyhydroquercetin monosuccinate, in

water.[8]

Once flavonoids are digested, they have a high probability of cascade oxidation reactions and
coupling with surrounding functional groups. In our studies, we have focused on various N-
nucleophiles as models of the peptide environment surrounding a flavonoid and its
metabolites. Understanding the reaction between flavonoids and peptide models can help to
understand the fundamental chemical interactions happening in living organisms. But first,
we have to review the existing literature information on the amination of phenols and small

polyphenols as model substrates for flavonoids.

1.1.2. Amination of Phenols

The synthesis of anilines, commonly found in natural products, pharmaceuticals, functional
materials, and agricultural chemicals, has become a significant area of interest in synthetic
organic chemistry.P’l Transition metal catalysed amination of aromatic compounds in various
cross-coupling reactions was initiated by independent work of Buchwald and Hartwig in the
1990s.1% The wide scope of possible variations in reagents, metals, ligands, and other

reaction parameters can be summarized in the general reaction (Scheme 4).11!]

OH X RI\N/R"(H) '?'
/Ar | Preactivation /Ar | H = N\R"(H)
N\ N\ [M], Ligand <\r\|
Y Y Base, Solvent Y

X = Hal, OMs, OTf, OTs, etc
[M] = Pd, Ni, Cu

Scheme 4. Amination reaction mediated by transition metal catalysis.[*!!
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Despite the significant progress made in the amination of aromatic compounds using
transition metal catalysis for the last years, direct functionalization of phenols with amines is
a challenging task. Phenols are mostly unsuitable for direct amination due to their oxidation,
formation of stable transition metals complexes, and the high dissociation energy (>450
kJ/mol) of the Ph-OH bond.*? To overcome these difficulties, phenols have to be converted
into more reactive functional groups, such as -OMs or -OTs, enabling further cross-coupling
steps. Therefore, the most interesting reactions are those that directly functionalize phenols
without any additional activation reactions or even without use of transition metals. The most
interesting example of the first concept is the Ru-catalyzed direct amination reaction of
phenols (Scheme 5).1%]

CF5
2.5 mol%
CF
Cl‘-élj 3 $|
OH ' "
. RS -R'H) 2 A Nrem
H 10 mol% Na,COs5 \Ar\|
Heptane, 120 °C Y

up to 91%
Scheme 5. Ru-catalysed direct amination of phenols.*3

Dearomatization/coupling/dehydrogenative aromatization strategy is an alternative approach
for aniline synthesis directly from phenols.[** This method requires a transition metal catalyst

(usually Pd), as well as the external source of hydrogen (Scheme 6).

R'\N/R"(H) Bl
OH Pd] O H 7 N-Re(H)
H Ar
[H] [Pd] L
Y 0,
[H] = H,, HCO,Na, NH,NH,, etc. up to 91%

Scheme 6. Dearomatization/coupling/dehydrogenative aromatization synthesis of anilines.!**

Transition-metal-free dearomatization /coupling/dehydrogenative aromatization strategy has
been reported for synthesizing a broad range of p-quinones, using an anthraquinone-based
organophotocatalyst (Scheme 7).t

14



OH O OH
0}

_ OH 2 mol% _ o @)\OH (
| o) NH = N
R’ N OH
R \\R" 15% mol Cs,CO3 \R" on | /@/
1.25 eq sodium piruvate HO C@ R R
1 eq PPhg, O, (balloon), RT ~ P-quinone R"T |
BLED, MeCN, 3 h MeCN/NEt; = 4/1 ~\
70 °C, 48 h R

Scheme 7. Cross-coupling of phenols with amines via combined photooxidative

dearomatization-rearomatization strategy.*°!

Bucherer-Lepetit reaction is the well-known example of a phenol-amine coupling. The
reaction does not require the use of transition metals or organocatalysts and involves only
amine/ammonia and sodium bisulfite as reagents (Scheme 8). Although the Bucherer reaction
is limited to naphthol derivatives, it has found general application in the preparation of a wide

range of synthetic dyes.[*l

(@) N’R R'
OH R'< .
NaHSO; ® NH; ' NaHSO; AN
Na =—m—m—————— ©) SS
2 00
C5/\\0 72\
Naphthalen-1-ol L c 0o | Naphthalen-1-amine

Scheme 8. Bucherer-Lepetit reaction.[*°]

As was mentioned before, polyphenols are sensitive to oxidation. As a result, they can be
easily converted into quinones, their oxidized forms, which have the potential to interact with

neighboring functional groups.

HO

O
Topaquinone Pyrroloquinoline quinone

Scheme 9. Structures of topaquinone (TPQ) and pyrroloquinoline quinone (PQQ).

In general, quinone cofactors like topaquinone (TPQ) and pyrroloquinoline quinone (PQQ)
are found in various quinoproteins, which are involved in catalyzing the biological oxidation

of amines and alcohols (Scheme 9).17]
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The following proposed mechanisms are represented in the example of TPQ. It is widely
accepted that the primary amine oxidation mechanism proceeds via the transamination
pathway A. Nucleophilic addition of an amine to TPQ forms the substrate Schiff base (SSB),
which tautomerizes into the product Schiff base (PSB) after C,-deprotonation. PSB then
hydrolyses and releases an aldehyde and aminated adduct TPQ-NHz, which is then oxidized
to TPQ-imine. The formed TPQ-imine can then turn back into TPQ after a hydrolysis step
or into SSB after an aminolysis process (Scheme 10).

A I 4
oy
NH3 /@/
HO
H,0 } TPQ B
O
S
R N
Hz0 | HN"R ONH3 OH |,

@f .
o OH o c cle
TPQ-imine o 5 Y
Transamintation
HO cycle o7 C Ho
<JCNH OH

NH " ﬁ " \l/ \/ °
H,0 R R -
2-2 Hemiaminal R/\ NH
2
0, R X0
HO

Addition

NH,
TPQ-NH,

Scheme 10. Two proposed mechanisms of TPQ-mediated amine oxidation.

One should keep in mind that there is an alternative pathway B, which involves the oxidation
of the amine through a hemiaminal intermediate via an addition-elimination mechanism.[*7
Therefore, it is important to consider both pathways during the investigation of the oxidation

of amines in biological systems.

Significant effort has been made to mimic the reactivity of quinone cofactors in vitro,
developing new series of synthetic quinones in organic synthesis (Scheme 11). The presented
catalysts based on quinones are used in a wide range of organic reactions like amine or
alcohol oxidation. Given the large number of articles on this topic, only selected references

are given together with the corresponding catalysts shown in Scheme 11.
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HN AN OH 7/

OH O OH O OH
R = Me, Ph —N NT 0
Fluery/Largeron!®l Stahll
Ph
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jl21]
Ohl20! Kobayashi Luol?!

Scheme 11. Biomimetic quinone-based catalysts.

The literature analysis shows that the methods, reagents, and conditions used for phenol
aminations lack the applicability to flavonoids and miss the biological relevance, therefore it
is important to look for mild, transition metal-free and biomimetic reactions for flavonoid-
peptide(amine) reactions. Polyphenol-amine reactions will be presented in the next chapter to

get a better understanding of basic reactivity mechanism that has been already discovered.

1.1.3. Polyphenol-Amine Oxidative Coupling

Deodorizing effects of polyphenols on amines have been tested in the past (Scheme 12).

Decreasing of EtNH»
vapor concentration

R
7777777777777777 OH
: OH ! @[ OH
' ' HO O
; OH: - OH HO O
o ; ’ OH
R{7 OH OH “0
-Gal! OH ‘
R4 L,,Q,,,,,,,,,G,?I,‘ R, R; OH Rj3
H Gallic acid 28.1% (+)-Catechin, (+)-C  5.5% -H -H (—)-Epicatechin, (-)-EC 4.3%
Et  Ethyl gallate 13.8% -H  -Gal (-)-Epicatechin gallate, (-)-ECG 19.7%
-OH -H (-)-Epigallocatechin, (-)-EGC 23.9%

-OH -Gal (-)-Epigallocatechin gallate, (-)-EGCG 32.5%

Scheme 12. Polyphenol structures. The pyrogallol moiety is shown in bold. Deodorizing

activity on EtNH. is shown below the structures.?®!
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It was found that compounds with 1,2,3-trinydroxybenzene (pyrogallol), moiety in their
structures show significantly higher deodorizing activity on EtNH; in 1 M NaOH/Na;HPO4
buffer solution (pH 11.8). Also, the represented catechins had no deodorizing activity on
secondary and tertiary amines (e.g., Me2NH or EtsN).[2% (-)-EGC, which showed relatively
high deodorizing activity, was taken as a model compound, and treated respectively with
excess of 40% MeNH2, 70% EtNH2, and 25% NH4OH. The reaction was followed by HPLC,
which showed the formation of one major product. Before isolation, the corresponding
compounds (C4'-amino-EGC) were acetylated due to their high hydrophilicity. Analysis of
the obtained peracetylated adduct showed that they all share the same C4'-regioselectivity
(Scheme 13).1

o}
OH OH )ko

. 1. aq. R'-NH, H \f
4 OH . N. N.

10-15 min R' Ac,0 R"
HO NN . _ 2%C _|Ho O oy |—— o O o
2. Drying at 40 °C Pyr T /&

“'OH “'OH 45°C, 16 h 0 o

OH OH Yo O}»\
(-)-EGC
Crude product 0
32.68 mM C4-Amino-EGC Peracytelated C4'-Amino-EGC

Scheme 13. Oxidative amination of (-)-EGC with aqueous solutions of ammonia and

primary amines.[?l

The importance of the pyrogallol moiety for the oxidative amination reaction was also
demonstrated by Ohara et al.**! Various phenolic compounds were treated with excess of
aqueous ammonia under air atmosphere and the percent recovery for each compound was
tested (Scheme 14).

OH

(b/\ 25 % NH4OHzq (2 ml) Recovery
R—.\)\OH ~25 °C (via HPLC)
1h
Polyphenol
20 mg
Polyphenol:
oH OH OH OH OH
OH OH
OH @: o
HO OH
OH OH
o OH OH HO OH (0]
Gallic acid Pyrogallol Catechol Resorcinol Phloroglucinol Protocatechuic acid
n.d. 67.8 % 97.4 % 98.0 % 96.1 % 98.9 %

Scheme 14. Percent recovery of the phenolic compounds after NH3 treatment under aerobic

conditions.[?4
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The initial concentrations of gallic acid and pyrogallol were significantly affected by aqueous
ammonia, in contrasts to the other compounds, which showed a minor change. The main
reaction products of gallic acid and pyrogallol were isolated and characterized. As well as in
Scheme 13, the analysis showed the formation of C4"-amino adducts, 2-aminoresorcinol and

4-amino-3,5-dihydroxybenzoic acid, correspondingly (Scheme 15).

OH ‘
3 _OH _ Oxidation ‘ NH3 N -H0
25 % NH,OH,, NH4OHaq OH
R 5 0OH (10 ml)

~25 °c Carblnolamme

H
NH _Reduction NH,
by pyrogallol
mmety
OH

o-quinone o-quinone imine

R'=H
R? = COOH
100 mg

=H, 18%
R2 = COOH, 98%

Scheme 15. Oxidative amination of gallic acid and pyrogallol in aqueous ammonia.[?4

The proposed mechanism for the selective C4 -amination includes the formation of the o-
quinone intermediate in the presence of nucleophile, NH3, and oxidant, O,. Regioselective
nucleophilic attack of ammonia on the C4 -position of quinone forms a 4-carbinolamine
intermediate, followed by water elimination to give the o-quinone imine. The next step is
proposed to be a reducing reaction by another molecule of corresponding polyphenol,
yielding C4 -amino adducts. The crucial role of oxygen was demonstrated in the article,
because no C4 -amino adducts were detected under N2 in independent experiments. More
complex substances, (-)-EC and (-)-EGC, were treated with aqueous ammonia under the

same conditions.

OH

3 A4 OH
25 % NH,OH,
5™OH

25 % NH,4OH,q

OH

C[NH2
OH

< 25%NHOHy o O
N2
2h, ~25 °C “ioH
OH

(-);-EGC
32.68 mM

25 % NH4OH,q

Airor N, 25°C

(-)-EC
32.68 mM

quinone methide

HO O
Air )
1h, ~25°C “OH
OH
C4’-amino-EGC, 54%

Scheme 16. Reactions of (-)-EC and (-)-EGC affected by aqueous ammonia.[?’]
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Similarly to gallic acid and pyrogallol, oxidative amination of (-)-EGC leads to formation of
C4"-amino-epigalocatechin. It has been shown that (-)-EGC epimerizes process under inert
gas atmosphere, forming (-)-galocathechin, (-)-GC. (-)-EC, on one side, does not form an
amino adduct, but, on the other side, also epimerizes under basic conditions, giving (-)-
catechin, (-)-C (Scheme 16). Observed epimerization reaction, on the example of compound
(-)-EC, supposedly occurs through opening of the pyran ring, which gives a quinone methide

intermediate, followed by intra- or intermolecular attack.[?!

Products of the intermolecular coupling are detected in highly concentrated solutions of
polyphenol, (+)-catechin, (+)-C, in concentrated aqueous ammonia.l?®! Unfortunately, the
exact structures of the products are not provided, due to increased complexity of the formed
amino adducts, but structural proposals have been made based on the combined results of
solid-state 3C NMR and MALDI-ToF analysis (Scheme 17).

Proposed structures of the oxidative amination:

OH OH

©/OH O NHz  Ho g OH O OH

OH

N o)

HO 9 02w 28 % NH;OH,q % \ ’ 1073 2‘ OH
S Air, 1 day OH OH N

10 OH
4 RT *-&L‘N

OH
(+)-C
1.38 M

Proposed structures of cross-linking products: HO OH OH
s 1
OH OH

HO HO /N OH
HO OH O OH O
OH OH \,/\/\/‘:OH
OH

Based on MALDI-ToF results

Based on CP-MAS 3C NMR results

Scheme 17. Reactions of (+)-C with aqueous ammonia.[?¢

Electrochemical coupling of 2,3,4-trihydroxybenzophenone (TBP) with benzyl amine under
the conditions of excessive oxidation has been studied. The product analysis showed that the
main product was the result of C6-NHz-functionalization. Also the formation of two minor
by-products, C6-TBN-BnA and C7-TBN-BnA, were detected as a result of reductive
coupling (Scheme 18).[27]

20



O OH

O OH
O OH
s oy O01M Ph " HQ OH
O 6 02M L|CIO4 + N
7 0H MeOH, Nz
RT, 2F m OH OH H

2 mM

TBP 62% 5% 16%
C6-TBP-NH, C6-TBP-BnA C7-TBP-BnA

Scheme 18. Electrochemical coupling of 2,3,4-trihydroxybenzophenone (TBP) with benzyl

amine.[2"]

Studying the potential of baicalein to detoxify ammonia and treat ammonia-associated
diseases, it was shown that baicalein forms three different products of oxidative coupling

with ammonia (Scheme 19).12]

Products after 20 min Product after 60 min

40 ml 5 M NH4OHyeon

o Mo M TRaP P meon
Air

OH O Th,RT OH O NH, O NH, O

Baicalein C6-NH,-Baicalein C5-NH,-Baicalein C5,C6-NH,-Baicalein

100 mg 17 mg 2mg 30 mg

Scheme 19. Reactions of baicalein in methanolic solution of ammonia.

Literature analysis shows that polyphenols containing a pyrogallol moiety show enhanced
reactivity towards primary amines. This could potentially explain the biological activity of
certain natural polyphenolic compounds that extends beyond oxygen species scavenging
activity or non-covalent interaction. The interaction of polyphenols with biologically relevant
substrates will be discussed in the following chapter.

1.1.4. Flavonoids under Biomimetic Conditions

With thousands of flavonoids known to exist, each with unique structure and biological
activities, it is impossible to study them all in details. Therefore, recent literature results will

be reviewed in this chapter.

During amyloidosis, specific proteins misfold and aggregate, leading to the accumulation of
insoluble fibrillar deposits known as amyloid fibrils in various tissues and organs. Amyloid
fibril formation is linked to cellular dysfunction, tissue damage, and organ failure in
numerous diseases, such as Alzheimer's, Parkinson's, type 2 diabetes, and systemic
amyloidosis.”®! For example, Fig. 2 illustrates the timeline of human islet amyloid
polypeptide (h1APP) fibril formation, which, in extreme cases, leads to the death of R-

pancreatic cells and triggers severe symptoms associated with type 2 diabetes.["]
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Fig. 2. Mechanism of amyloid formation on the example of hIAPP.E

(-)-Epigallocatechin gallate, EGCG, has been found to show anti-amyloidogenic effects by
inhibiting the formation of amyloid fibrils of iAPP and promoting the disaggregation of pre-
formed fibrils (Scheme 20).13H These interactions are considered to be non-covalent, since the
experiments on EGCG with another amyloidogenic proteins like a-synuclein/AR42 show no
formation of covalent adducts via ESI-MS analysis.?! It has been reported that baicalein, like

EGCG, is a potent inhibitor of hlAPP amyloids.

OH
OH
HO O .
- OH
o
OH o OH OH O
Baicalein
OH
OH

(-)-Epigallocatechin Gallate (EGCG)

Scheme 20. The most potent natural flavonoids against hIAPP amyloidosis.

Baicalein and its analogues were compared for their ability to disaggregate the fibrils. In the
experiment, hlAPP was allowed to form aggregates for 15 hours, then the incubated mixture
was spiked with certain amounts of flavonoids (Scheme 21). Baicalein,

, showed almost complete disaggregation of the pre-formed fibrils (green
line). and 6,7-dihydroxyflavones, which can be oxidized to their o-quinone forms,
showed moderate disaggregating properties (orange and purple lines, correspondingly), while
5,7-dihydroxyflavone did not affect the fibrils (brown line). The results indicated that the

vicinal phenoxy groups play a crucial role in the process of disaggregation.!
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Flavonoid
/ spiking

OH O OH O

5,6,7-trihydroxyflavone
a

hIAPP disaggregation

HO ]'—
OH O

0 5 10 15 20

5,6-dihydroxyflavone 6,7-dihydroxyflavone Time. h
c d '

Scheme 21. Thioflavin T fluorescence-based assay showing amyloid formation and flavonoid

spiking after 15 h and the resulting complete or partial disaggregation of the aggregates.l*’!

It has also been demonstrated that a covalent adduct 1s formed between hIAPP and baicalein

via UPLC-ESI(MS) analysis (Scheme 22).53!

Structure reported by authors

Lys Oxidation H
HO O -Ph Condensation _ hIAPP~ NS O -PN Reduction  niapp-N O, Ph
| " DPBS l |

HO hIAPP 5 259 DMSO (viv) © HO

OH O 4 days OH O OH O

Baicalein Schiff base hIAPP-Baicalein adduct

not detected [M+3H]"
detected as [M+4H]+ via ESI-MS

Scheme 22. Proposed reaction of baicalein-hIAPP interaction.*’!

Baicalein can also inhibit fibrillation of a-synuclein, peptide associated with Parkinson
disease. It inhibits the fibril formation, as well as disaggregates already existing ones,
resulting in the formation of water-soluble oligomer of a-synuclein. It is hypothesized that
oxidized baicalein covalently binds to the protein, forming a Schiff base with a lysine side

chain, which disrupts the fibril folding (Scheme 23).534

HO O _Ph o) O._Ph ’m _N O.__Ph
0, sNca | SNCAT'S
| H7.4 | H7.4 |
HO arec |° 37°C
OH O OH O OH O
baicalein dehydrobaicalein SNCA-baicalein adduct

Structure reported by authors

Scheme 23. Proposed mechanism of baicalein-o-synuclein interaction.
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no baicalein, air (a)

Fibrilation of a-synuclein

baicalein, N (b)

baicalein, air (c)

0 5 10 15 20

Time. h

Fig. 3. Fibrllation of o-synuclein under

different conditions.

monitored by the intensity of thioflavin T

fluorescence.3%2

25

Fibril formation was

The role of baicalein oxidation has been
investigated, which demonstrated that it
was not baicalein itself inhibiting the
fibril formation, but its oxidized form,
dehydrobaicalein, because under
anaerobic conditions (N> atmosphere, 10

min Np-bubbling), the efficiency of

property
dramatically drops down (Fig. 3, black (a)
vs red (b) line). While under air, no
detected (blue (¢)

line).?*]  These results were further

baicalein disaggregation

fibrillation was

confirmed in another study, which

demonstrated that baicalein acts as an effective compound in the inhibition of fibrillation of

a-synuclein and AB; 4> in both early and late stages.[’!

Schiff base formation between baicalein and lysine residue of ABi4> is considered to be

detected by the methods of fluorescence and synchronous fluorescence.*®! Unlike the other

examples described above, the authors have speculated of the C6-regioselectivity of the AB-

baicalein adduct (Scheme 24).

HO. 7 Oo._Ph . (o} O._Ph
Air
m H7.4 j:;iﬂjl/
pH 7.
HO™ 3 RT (o}

OH O OH O
baicalein

Scheme 24. Possible interaction of lysine residue in Af31-4> with baicalein.

dehydrobaicalein

Lys Structure reported by authors

AR ) O Ph
—_—
RT

OH O
AR-baicalein adduct

detected via Fluorescense
spectroscopy

6]

The Cu’*-mediated oxidative deamination activity of several polyphenols was investigated

using LC-ESI-MS.B7l Biotin-C5-amine was taken as a lysine model and it has been shown

that piceatannol had the biggest effect on its deamination process, followed by catechin,

epicatechin and baicalein (Scheme 25).
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H pH7.4 Biotin H 0]
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biotin-C5-amine 0.5 TM CuSO, HO
1 mM 10% DMSO N-biotinyl-5-aminopentanal N-biotinyl-5-piperidinol
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OH

on @
HO O \\
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(Y~ o \;:Q \;:U\ ’i’g/‘
HO OH
HO OH
OH

OH OH

piceatannol epicatechin catechin baicalein EGCG OH
3.12 2.10 1.67 1.00 0.35

Scheme 25. A proposed mechanism of the oxidative deamination of biotin-C5-amine by
polyphenols. The most potent polyphenols are represented below with their relative

efficiencies.*]

Surprisingly, EGCG showed only a small effect relatively to baicalein. Nevertheless, the
authors stated that o-catechol-containing polyphenols have considerable lysyl-oxidase-like

ability via a Cu?*/catechol driven mechanism.

In this introduction, we explore the complex interactions between polyphenols and amines. A
comprehensive analysis of existing literature, we have identified knowledge gaps and
inconsistencies, particularly concerning flavonoid and peptide interactions. Our study aims to
provide significant insights into flavonoid-amine interactions, thereby contributing to a
deeper understanding of their functional roles and implications in various chemical and

biological conditions.
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1.2.1. Supporting information

General methods: All reactions sensitive to air and moisture were performed under nitrogen
atmosphere, and the glassware as well as magnetic stir bars were dried overnight in a dry
oven at 110°C.

Solvents, reagents: All reagents and solvents were purchased from the companies TCl,
Sigma Aldrich or Fisher Scientific. All air- or water-sensitive reagents were stored under

nitrogen.

NMR spectroscopy: All *H NMR spectra were recorded by Bruker 400 in DMSO-d6 at 400
MHz at 23 °C. All C NMR spectra were recorded, respectively, at 101 MHz. The chemical
shifts are reported in ppm (), relative to the resonance of DMSO-d6 at § = 2.50 ppm for *H
and for 13C relative to the resonance of DMSO-d6 & = 39.52 ppm. Spectra were imported and
processed in the MestreNova 14.1.1 program. For *H NMR spectra multiplicity (s = singlet, d
= doublet, t = triplet, g = quartet, quint = quintet, m = multiplet, dd = doublet of doublets, dt
= doublet of triplets, td = triplet of doublets, and bs = broad signal.), coupling constants J,
number or protons and assignment to the structure are reported. In 3C NMR spectra singular

carbons are marked with (s).

Mass spectrometry: For electrospray ionization (ESI) spectra a Thermo Finnigan LTQ FT
Ultra Fourier Transform lon Cyclotron Resonance Mass Spectrometer was utilized. For
atmospheric pressure chemical ionization (APCI) a Advion CMS using positive mode was
used.

Melting point. Melting points were measured using Buchi-560 and are not corrected.

Infrared spectroscopy. FT-IR spectra were measured using FT-IR Perkin Elmer Spectrum
BXI1/1000 with Smiths ATR.

Single-crystal X-ray diffraction. scXRD measurements were performed on a Bruker D8
Venture TXS diffractometer.

Numbering Numbering

in this thesis in the original Sl

Fig. S1: [Figure S1]. Potential Energy Surface (PES) along the dihedral angle that governs
the N-C bond of the 4c adduct.
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1.2.1.1. Experimental Part: Investigating Baicalein (1)-Pentylamine (3) Oxidative Coupling
Reactions

Proton exchange experiment

HO 0._Ph Do O Ph
| D,0 drop :@;J/
—_—
HO DMSO-d6 PO |

OH O N, 23 °C 0.,-0

1 1-d2

Approximately 5 mg of baicalein (1) was placed in a J. Young NMR tube and dissolved in
0.75 ml of dry DMSO-d6 under nitrogen atmosphere. 'H NMR spectra of the obtained
solution was taken, then one drop of D20 was added to the sample, shaken and the analysis
was performed again. The spectra comparison showed the abscence of 6- and 7-OH peaks,

whilst the 5-OH signal is still detected, due to slower proton-deuterium exchange (Fig. S1).

DMSO-d6

Fig. S1: [Figure S5]. *H NMR spectra of baicalein (1) in DMSO-d6 and baicalein (1) in
DMSO0-d6/D-0, 400 MHz.

This observation is in the line with literature reports that alkylation of baicalein (1) with n-
propyl iodide in acetone yields a mixture of monoalkylated (11%) and dialkylated (62%)
46



products, correspondingly (Scheme S1). The authors state that the 5-OH of baicalein (1)
creates an intramolecular hydrogen bond with the keto group, making itself resistant to
alkylation (6-OH > 7-OH > 5-OH).[!]

O 3 eq CzHyl 5eq BnBr

C3H70 o 4eq K2CO3 3 eq K2CO3

Cﬂ \

Csh0 CaH70 Ace“’”e reflox o Acetore, “hcetone et BnoO BnO

OBn O

1% 62% 42%

Scheme S1: [Scheme S4]. Alkylation of balcaleln 1 studied by Lee et. al.[*]

Experiment on TAP (7) with pentylamine (3)

When pentylamine (3) is mixed with TAP (7) in DCM under nitrogen atmosphere, yellow
crystals are formed after short time. The precipitate was filtered off and recrystallized from
iHex/EtOAc. It would be obvious to assume that imine 8 is formed during the reaction, since
'H NMR shows 1 to 1 content of TAP (7) and pentylamine (3). But 3C NMR analysis
reveals the signal of the unaffected C=0 bond (200.6 ppm). To prove the point, imine 8 was

synthesised independently, using another synthetic approach (Scheme S2).
172.8 ppm
HO SR, HO SSSNH, HO
Q{ —>N RT DOM Yellow crystalsl slow Q{ N,, MeOH Q(
i ) 23
HO %10 min 200.6 ppm HO 80 °C. 3 h HO
OH O OH N OH O
203.6 ppm

Scheme S2: [Scheme S5]. Preliminary observation on TAP (7) and pentylamine (3) reaction.
13C NMR chemical shifts are given for observed C=X bonds in DMSO-d6 (X = O, N).

In H-13C HMBC spectrum of the obtained precipitate, no multiple bond correlations were
detected between protons of alkyl chain of the amine and carbon atoms of TAP (7),
indicating the absence of a covalent bond. Whilst there is a correlation between the imine
carbon in C=N bond and the protons of the a-CH>-group in imine 8. The imine signals in
HMBC spectrum can be explained by slow conversion of the obtained precipitate in the
solution to imine 8 during the NMR analysis (Fig. S2). Despite instability of obtained
crystals, single crystal X-ray analysis was performed, revealing the true structure of the
obtained precipitate (Fig. S3, Table S1).
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Scheme S3: [Scheme S6]. TAP (7) reaction with pentylamine (3). 'H-*C HMBC correlation

in red shows the formation of imine 8.
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Fig. S2: [Figure S6]. 'H-13C HMBC spectrum of TAP-pentylamine (left) and imine 8 (right).

TAP-pentylamine slowly forms imine 8 in solution at RT.
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When pentylamine (3) is mixed with TAP (7), TAP-pentylamine phenolate forms, which
slowly turns into imine 8 at room temperature. Also, it is good to keep in mind, that amines
and polyphenols also tend to form hydrogen-bonded complexes. In Scheme S3, the
intermediate is represented as TAP-pentylamine complex for simplicity reasons. The similar
chemical behaviour is expected when pentylamine (3) is mixed with baicalein, due to

structural resemblance of the latter with TAP (7).

Fig. S3: [Figure S7]. X-ray crystal structure of TAP-pentylamine complex (CCDC
Deposition Number 2124561).
Table S1: [Table S4]. Crystallographic data for TAP-pentylamine complex.

net formula Ci13H21NO, transmission factor range 0.57-1.00
M,/g mol™ 255.31 refls. measured 4958
crystal size/mm 0.250 x 0.150 x 0.020 Rint 0.1266
T/IK 173.(2) mean o(I)/I 0.1142
radiation MoKa 0 range 2.573-25.348
diffractometer Bruker D8 Venture TXS observed refls. 3436
crystal system triclinic X, y (weighting scheme) 0,5.1698
space group P-1 hydrogen refinement mixed
a/A 11.359(2) Flack parameter ?
b/A 11.559(2) refls in refinement 4958
clA 11.933(3) parameters 408
a/° 71.277(7) restraints 54
B/ 70.247(7) R(Fobs) 0.1026
y/° 80.087(7) Ru(F?) 0.2440
VIA3 1393.0(5) S 1.172
z 4 shift/errormax 0.001
calc. density/g cm™ 1.217 max electron density/e A 0.558
wmm™ 0.090 min electron density/e A~ —0.357
absorption correction Multi-Scan
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Experiment on Baicalein (1) with Pentylamine (3)

Due to insolubility of baicalein (1) in DCM, it was decided to switch to DMSO-d6 to perform
in situ reactions. 20 mg of baicalein (1) (0.0741 mmol, 1 eq) in a J. Young NMR tube was
evacuated and refilled with N> three times, dissolved in 0.75 ml of dry degassed (3 xfreeze-
pump-thaw cycles) DMSO-d6, followed by addition of ~9 ul pentylamine (3) (7 mg, 0.0781,
1 eq). The yellow-green solution colour instantly turns orange. The analysis of the obtained
IH-13C HSQC spectra shows the formation of BA-pentylamine complex (Scheme S4). The

assumption is based on the similar chemical shifts of protons and carbon of the a-CH2-group
(Fig. S4).

HNT " Expected ~155-175 ppm
NH
HO O SN -NH2 HO o o O
| e T
Ho D: Sﬁ}“ HO DMSO-d6  HO :
OH O 2v ' OH O Ny, RT, I
few minutes et
1 BA-pentylamine overnig 0
182.2 ppm
180.0 ppm

Scheme S4: [Scheme S7]. Baicalein (1) reaction with pentylamine (3). >C NMR chemical
shifts are given for observed C=X bonds in DMSO-d6 (X = O, N).
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Fig. S4: [Figure S8]. Comparison of 'H-*C HSQC spectra of TAP- and BA-pentylamine,
DMSO-d6, 400 MHz.

Since TAP-pentylamine slowly turns into imine 8, the same reaction was expected from BA-
pentylamine with formation of imine 9 through nucleophilic addition. The sample, mentioned
above, was stored over 3 days at RT and 'H NMR analysis was performed again, after 72 h.
No major difference was detected between two measurements, after few minutes and after

72 h, correspondingly (Fig. S5).
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Fig. S5: [Figure S9]. BA-pentylamine after 72 h at RT, DMSO-d6, 400 MHz

The same reaction was performed again, but with an addition of catalytic amount of acid to
accelerate the possible condensation reaction. *H NMR spectrum of the obtained reaction
mixture was taken. The sample showed no difference after staying for 5 days (120 h) at RT.
The same results were obtained after heating the sample up to 50 °C for 5 h (Fig. S6). The
absence of a product can be explained by anaerobic conditions during the reaction. To prove
the point, nitrogen atmosphere in the J. Young NMR tube was carefully replaced by pure
oxygen and the sample was shaken vigorously for a few seconds. The solution changes from
clear orange color to black. Then the color of the solution changes from black to deep red
after 1-2 minutes at RT (Fig. S7).
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Fig. S6: [Figure S10]. BA-pentylamine with catalytic amount of AcOH, DMSO-d6,
400 MHz.

Fig. S7: [Figure S11]. a) BA, b) BA-pentylamine, c) BA-pentylamine + O(few seconds) d)
BA-pentylamine + Oz (1-2 minutes).

1 ml aliquot of prepared BA-pentylamine solution was exposed to air, while being transferred
to another NMR tube, which was sealed with a plastic cap. The remaining 1 ml of prepared
BA-pentylamine solution was stored under anaerobic conditions. *H NMR spectra was taken
for both samples after 5 days (120 h). It was shown that even slight exposure to air during the

sample preparation for NMR analysis can trigger the reaction (Fig. S8).

52



No exposure to air in the NMR samp
5 days, RT

e

W e

Exposure to air in the NMR sample,
5 days, RT

ny

T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.C
ppm

Fig. S8: [Figure S12]. BA-pentylamine, no exposure to air (top) and with exposure to air
(bottom) after 5 days (120 h), DMSO-d6, 400 MHz.

Preliminary Experiment on Baicalein (1) with Pentylamine (3)

Approximately 5 mg of baicalein (1) was placed in a GC vial and dissolved in 1 ml of dry
DCM under air. A drop of pentylamine (3) was added to the stirring suspension, which turns
clear yellow as soon as amine is well mixed in (Fig. S9). After 10 min of stirring at room
temperature, APCI-MS analysis was performed, which shows the formation of a new [M+H]*
peak at m/z 340, isomeric to condensation product with water molecule elimination. No

condensation products were observed when t-butylamine was used instead of pentylamine.

0 O APCI-MS

Ho

O ‘ o~ NHy - H 0 ——> M,339 —— % m/z340

.

HO M,87 M, 18 M+H]
OH O N

Fig. S9: [Figure S13]. BA suspension (left), BA solution with a drop of pentylamine (3) in
DCM under air (right).
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Influence of Oxygen Content on baicalein (1) with Pentylamine (3) Reaction

Since autooxidation processes can take place, a new batch of baicalein was used further. 50
mg BA (0.185 mmol, 1 eq) in an oven-dry 10 ml vial was evacuated and refilled with N>
three times, dissolved in 3 ml of dry degassed (3 _x freeze-pump-thaw cycles) DCM. 20 pul of

pentylamine (15.8 mg, 0.182 mmol, 1 eq) were added to a stirring suspension. The reaction
becomes clear yellow and after some time a precipitate starts to form, which dissolves in a

short time. APCI-MS analysis was performed exactly after exposure to air (Fig. S10).
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Fig. S10: [Figure S14]. APCI-MS spectra of BA with pentylamine (3) in DCM (3 xfreeze-

pump-thaw cycles) under nitrogen atmosphere.

The same reaction was performed again with the key difference that non-degassed DCM was
used. APCI-MS analysis was performed, which shows the formation of the [M+H]" peak at

m/z 340, indicating traces of oxygen are enough to triger the condensation reaction (Fig. S11)
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Fig. S11: [Figure S15]. APCI-MS spectra of BA with Pentylamine (3) in DCM (non-
degassed) under nitrogen atmosphere.

Since oxygen plays a significant role in this reaction, it was decided to perform it under pure
oxygen atmosphere. 3C and 'H-*C HMBC NMR spectrum analysis showed that the
condensation occurs at C6-position of BA, giving adduct 11a (Fig. S12 and S13).

HO o.__Ph HO o_ _ph [Ma+H’] miz
| TN | C20H2NO,"  340.1543

HO 0, DCM \/\/\u APCIMS  340.0
OH O RT. overnight OH © ESI-HRMS 340.1544

BA 11a
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Fig. S12: [Figure S16]. *C NMR spectrum of coupling product 11a, DMSO-d6, 400 MHz.
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Fig. S13a: [Figure S17a]. 'H-3C HMBC spectrum of coupling product 11a, DMSO-d6, 400

MHz.
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Fig. S13b: [Figure S17b]. 'H-1*C HMBC spectrum of coupling product 11a, DMSO-d6, 400
MHz.
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Fig. S13c: [Figure S17c]. '"H->*C HMBC spectrum of coupling product 11a, DMSO-d6, 400
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The literature analysis shows few similar examples:

OH OH
OH _Air,25°C O NHjaq NHsaq) -H,0 NH;
Oxidation reducfron by
R OH pyrogallol R OH
moeity
EGC

Scheme S5: [Scheme 58]. Reaction of epigallocatechin (EGC) with ammonia in water under
aerobic conditions.[?

+  (Amylin}NH, p— (amyiny
hIAPP 2.25% DMSO (v/v) J
C165H261N51055S2 4 days OH ©

[hIAPP+H]* 3901.8708 C180H267N51059S2 C180H269N51059S2

C1sH1005 [hIAPP+2H]*2 1951.4391 [15+H]* 4151.8974 [16+H]* 4153.9131

m/z [1+H]* 271.0601 [hIAPP+3H]*3 1301.2951 / [15+2H]*2 2076.4524 [16+2H]*2 2077.4602
[hIAPP+4H]** 976.2232/ [15+3H]"3 1384.6373 [16+3H]*3 1385.3092/
[NIAPP+5H]*S 781.1800 [15+4H]** 1038.7298 [16+4H]** 1039.2337/

[15+5H]*® 831.1853 [16+5H]*> 831.5844

Scheme S6: [Scheme S9]. Coupling reaction of baicalein (1, BA) with human amylin
(h1APP) studied by Velander et. al., in which the reduced imine species were detected.
Detected signals are marked at green.E!

Aerobic oxidation of baicalein (1):

T T T T T T T T T T T T T T 1
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ppm

Fig. S14: [Figure S18]. *H NMR spectra of BA and BA after 15 h of Oz bubbling, DMSO-
d6, 400 MHz.
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O. was bubbled throught a baicalein (1, 30 mg) solution in 3 ml of dry DMSO-d6 for 15 h.
An 0.5 ml aliquot was taked for NMR analysis, which showed no major difference from the
reference BA spectrum (Fig. S14). The obtained data reflects the stability of BA against

oxidation with O» under these conditions.

Aerobic Oxidation of Baicalein (1) under Basic Condition.

1. Air, RT, 3 h
0.1 M Solution
_—

2. HClyq

Fig. S15: [Figure S19]. 'H NMR spectra of aerobic BA oxidation at different pH values,
DMSO0-d6, 400 MHz.

A suspension of baicalein (1, 10 mg) in 10 ml of 0.1 M corresponding aqueous solution with
certain pH value: phosphoric buffer solution, PBS, (pH 7.4), KHCOs (pH 8.2) and K>COs
(pH 11.7) , was vigorously stirred for 3 h at RT. Reaction mixtures were carefully acidified
with 37% HCI to pH ~2 (colour changes to intensive red), extracted with EtOAc (3 x 5ml).

The organic phases were combined and dried over MgSOa. The solvent was evaporated under
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reduced pressure at 25 °C. The crude material was dissolved in DMSO-d6 and 'H NMR
spectra was taken (Fig. S15). The obtained data shows higher degradation rates of BA for

higher pH values under these conditions.™!
2(ﬂow) Base 02
~ADMS0-d6 HO DMSO-d6 HO
RT, 15h

Scheme S7 : [Scheme S12]. Mechamsm of BA aerobic ox1dat10n.
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Scheme S8: [Scheme S13]. Oxidation of BA with o-chloranil.
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Fig. S16: [Figure S20]. '"H NMR spectra of baicalein (1) oxidation with o-chloranil (top) and
baicalein (1) (bottom), DMSO-d6, 400 MHz.
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Coupling of Dehydrobaicalein (DBA) with o0-Phenylenediamine

DBA formation was also chemically proven with a reaction described by Marimoto et al.[’!

150 mg (1.39 mmol, 12.6 eq) of o-phenylenediamine was added to 30 mg (0.11 mmol, 1 eq)
of obtained crude mixture in 100 ml of dry MeOH and 1 ml of acetic acid was added. The
reaction mixture was stirred for 10 min at room temperature, upon completion of the reaction,
all the volatiles were evaporated under reduced pressure at 25 °C. The crude product gives

signals of m/z 341 in MS-APCI (Scheme S9), which was characterized as the phenazine

derivative reported by Marimoto et al. 101 3412
IDD—I 100.0% N_‘_ o O
ﬁi QLU
; ,

. 80 OH 0.
[¢]] (6] ] H
HO o Cl N o 0] CaiH13N205*
O | Et,0, -78 °C, 4h @ \ | £ 60] miz: 341.1 (100.0%)
HoN = 50 3421 (23.7%),
HO ) 2 N ] 343.1(3.3%)
OH O : OH O 407
1 HoN 304 342.2
CH3COOH, MeOH miz %] e
10 min CoiH1gN,05*  341.0921 | 32
21H13N203 . 104 5.2% 3434
4 1.7%
MS-APCI: 3412 o = '
—Tr 7T T —T
HRMS-ESI:  341.0921 336 338 340 342 344 346 348 350 352

Scheme S9: [Scheme S14]. Reaction of DBA with o-phenylenediamine. e

25 ul of amylamine(19 mg, 0.22 mmol) were added dropwise to the solution of crude
material obtained above with one drop of glacial acetic acid in 10 ml of dry DCM. The
resulting reaction mixture was allowed to stir for 24 h at RT. Upon completion of the
reaction, all volatiles were evaporated under reduced pressure at 25 °C. Afterwards it was
shown, that the reaction is over after 10 min without addition of a catalytic amount of glacial
acetic acid. Instead of expected imine derivative 5a with [M+H]* ion peak at m/z 338, peaks
at m/z 336 and 340 were observed in APCI-MS (Scheme 10). Also, peak of reduced baicalein

species, m/z 271, was detected.
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Scheme S10: [Scheme S15]. Condensation reaction between DBA (2b) and pentylamine (3).

The detected signals are marked at green.

Control Experiments to Test Mechanistic Hypothesis.

Few control experiments were carried to test these assumptions.

1. No coupling product of BA and pentylamine (3) was detected under anaerobic conditions

in dry degassed DCM after 30 min.
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2. Addition of 10 mol% of o-chloranil to BA-pentylamine under anaerobic conditions leads

to significant formation of C6-coupled product 11a with mass peak at m/z 340.

1104 34022
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79.0%
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8.4% 1L1%kyn, 4082
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Also, it has been shown that o-chloranil reacts with pentylamine (3), giving mono- and

disubstituted derivatives.
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3. C6-coupling product 11a was mixed with an equimolar amount of o-chloranil in DCM at
room temperature. APCI-MS analysis showed the formation of a peak at m/z 336,
showing that it forms from the oxidation of the product with mass peak at m/z 340.
Addition of excess of o-chloranil leads to only peak at m/z 336.
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4. Stirring the solution of C6-coupling product 11a under aerobic conditions for 5 days does
not lead to formation of the product with peak at at m/z 336.
Air

—_—
DCM, 5 days, RT

1104 340.2 1104 340.2
100.0% .00
100- 100 100.0%
90+ 90+
80 80+
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® 60+ R 60
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40- 40-
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~ 19.1% 201 —
270.1 342.2 408.2 270.0 337.9§342.2 8.6%
" 3% gonfere  24% - W 2awft0%
0- L il L 0~ . SO |
T T T v T T v T T v T v T v T M T
200 250 300 350 400 450 200 250 300 350 400 450
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Beginning of the experiment After 5 days stirring under air at RT

5. NalO4 was used as an oxidant to get DBA (2b), which was mixed with pentylamine (3)
and similar APCI-MS profile was obtained with peaks at m/z 336 and 340.
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6. Sterically more hindered fer#-butyl amine, on the other hand, show no peaks of expected
coupling products with DBA (2b).
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Et,O/Water = 1/1
RT, 1h
2. >r"”2
] DCM 15 16
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1.2.1.3. Analytical Data of Reagents and Reaction Products.
2',3',4'-Trihydroxyacetophenone (TAP, 7)

'H NMR (400 MHz, DMSO-d6) § 12.61 (s, 1H), 10.07 (s, 1H), 8.63 (s,
HO
1H), 7.30 (d, J = 8.9 Hz, 1H), 6.40 (d, J = 8.8 Hz, 1H), 2.51 (s, 3H).
HO 13C NMR (101 MHz, DMSO-d6) & 203.5, 152.6, 152.2, 132.3, 123.2,
OH
113.2, 107.7, 26.4.
TAP (7)
m.p. 170-172 °C

TAP-pentylamine complex

H 68.8 mg of TAP (0.41 mmol, 1 eq) was dissolved in 6 ml of dry DCM and 50
H\fO/ ul of pentylamine (38 mg, 0.42 mmol, 1 eq) were added under nitrogen
\OQK atmosphere. Short time after, yellow precipitate starts to form. After 10 min
Tap-pentylamine  Of stirring, the reaction mixure was cooled down to 4 °C, the precipitate was
filtered off, dried and recrystallized from i-Hexane/EtOAc. Product was obtained as yellow
crystalls (70 mg).
'H NMR (400 MHz, DMSO-d6) & 7.37 (bs), 7.15 (d, J = 8.9 Hz, 1H), 6.15 (d, J = 8.9 Hz,
1H), 2.66 — 2.61 (m, 3H), 2.41 (s, 3H), 1.59 — 1.16 (m, 6H), 1.04 — 0.68 (m, 3H).
13C NMR (101 MHz, DMSO-d6) & 200.6, 159.9, 150.4, 132.9, 123.7, 110.3, 108.8, 29.7,
28.3,25.7,21.9, 13.9.
m.p. 111-112 °C (decomp)

Imine 8

160 mg of TAP (7, 0.95 mmol, 1 eq) was dissolved in 3 ml of dry
"o degassed MeOH under nitrogen atmosphere and 121 pl of pentylamine
HO:@\J( 3 (91 mg, 1.05 mmol, 1.1 eq) were added under nitrogen while stirring.
The vial was tighly closed and heated up to 80 °C for 3 hours. After,
° Lk reaction was cooled down to 4 °C, formed yellow precipitate was
filtered off, washed with cold MeOH and dried under reduced pressure.
The imine 8 was obtained as yellow solid (52 mg, 23%).
'H NMR (400 MHz, DMSO-d6) & 8.93 (br), 7.65 (bs), 6.90 (d, J = 9.1 Hz, 1H), 6.02 (d, J
= 9.1 Hz, 1H), 3.56 — 3.56 (m, 2H), 2.37 (s, 3H), 1.65 (p, J = 7.0 Hz, 2H), 1.44 — 1.29 (m,
4H), 0.89 (t, J = 7.0 Hz, 3H).
13C NMR (101 MHz, DMSO-d6) 6 172.7, 164.0, 146.9, 133.9, 119.5, 108.8, 105.1, 44.7,
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28.7,28.6, 21.8, 14.0, 13.9.
HRMS (ESI): calcd for C13H20NO3 [M + H]*, 238.1438; found 238.1438.
m.p. 238-240 °C (decomp)

Baicalein (BA, 1)

IH NMR (400 MHz, DMSO-d6) : 12.66 (s, 1H), 10.57 (s, 1H), 8.85
(s, 1H), 8.41 — 7.88 (m, 2H), 7.82 — 7.37 (m, 3H), 6.94 (s, 1H), 6.63

(s, 1H).
on & 13C NMR (101 MHz, DMSO-d6) &: 182.2, 163.0, 153.7, 149.9,
baicalein (1) 147.0, 131.9, 131.0, 129.4, 129.2, 126.3, 104.5, 104.3, 94.1.

m.p. 269-271 °C (decomp)

BA-pentylamine complex

20 mg BA (0.0741 mmol, 1 eq) in a J. Young NMR tube was
evacuated and refilled with N> three times, dissolved in 0.75 ml of

dry degassed (3 x freeze-pump-thaw cycles) DMSO-d6, followed

\\? | by addition of ~9 ul pentylamine (7 mg, 0.0781, 1 eq). After the
H---O., .0
H sample preparation, various NMR experiments were performed

BA-pentylamine
(describe above).
IH NMR (400 MHz, DMSO-d6) & 8.15 (bs), 8.35 — 7.87 (m, 2H), 7.52 (m, 3H), 6.68 (s, 1H),
6.15 (s, 1H), 2.71 (t, J = 7.4 Hz, 2H), 1.61 — 1.09 (m, 6H), 1.01 — 0.74 (m, 3H).
13C NMR (101 MHz, DMSO-d6) & 179.9, 164.5, 160.3, 152.1, 142.6, 131.7, 131.4, 131.0,

129.0, 125.8, 104.2, 100.7, 93.6, 28.3, 28.2, 21.8, 13.8.

Oxidative coupling of baicalein (1) and pentylamine (3)

45 ul of pentylamine (34 mg, 0.39 mmol, 1 eq) were added to a
HO (0]
ey O \ stirring suspention of 106 mg BA (0.39 mmol, 1 eq) in 5 ml of dry
" on o DCM under Oz atmosphere (1 atm). The reaction was vigorously

stirred overnight at room temperature. Solvent was evaporated under reduced pressure at 25
°C. Crude material was purified by column chromatography on silica gel (DCM/MeOH =
20/1, R¢ 0.36). Product was obtaied as orange solid (120 mg, 90%).
'H NMR (400 MHz, DMSO-d6) & 12.94 (s, 1H), 8.07 — 8.04 (m, 2H), 7.78 — 7.43 (m, 3H),

6.92 (s, 1H), 6.62 (5, 1H), 3.22 (t, J = 7.0 Hz, 2H), 1.55 — 1.19 (m, 6H), 0.98 — 0.76 (m, 3H).
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13C NMR (101 MHz, DMSO-d6) & 182.1, 162.6, 154.7, 150.2, 148.5, 131.8, 131.0, 129.1,
126.3,121.4, 104.6, 104.2, 93.6, 45.4, 29.9, 28.6, 22.0, 14.0.

HRMS (ESI): calcd for C20H22NO4 [M + H]*, 340.1544; found 340.1544.

m.p. 61-62 °C

Oxidation of baicalein (1) with o-chloranil:

o-Chloranil (178 mg, 0.69 mmol) was added to baicalein (1) suspension (150 mg, 0.56 mmol)
in 3 ml of Et,0 at -78 °C under N2 atmosphere and allowed to stir at -78 °C for 4 hours. The
reaction mixture was then filtered, washed with Et2O (3 x 5ml) and dried under reduced
pressure to affrord 115 mg of red powder (77% from starting 1). Small amount of product

was dissolved in MeOH and MS analysis was performed, which showed the formation of 2b.
HRMS (ESI): calcd for C15H70s [M - H] ", 267.0298; found 267.0299.
Oxidation of baicalein (1) with NalO4and coupling with pentylamine (3)

NalOs (19 mg, 0.09 mmol) was added to suspension of 1 (16 mg, 0.06 mmol) in 2 ml of
Et,O/Water = 1/1 solution. Mixture allowed to stir at room temperature for 1 hour. Solid
material was separated by centrifuge, washed with water (3x1 ml) and dried under reduced
pressure. Obtained red powder was dissolved in dry degassed DCM, followed by addition of
3 pl of pentylamine while stirring. After 10 min of stirring at room temperature, ACPI-MS

analysis was performed.
Oxidation of baicalein (1) with NalO4 and coupling with t-butylamine

NalOs (17 mg, 0.08 mmol) was added to suspension of 1 (16 mg, 0.06 mmol) in 2 ml of
Et,O/Water = 1/1 solution. Mixture allowed to stir at room temperature for 1 hour. Solid
material was separated by centrifuge, washed with water (3x1 ml) and dried under reduced

pressure. Obtained red powder was dissolved in dry degassed DCM, followed by addition of
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2 ul of t-butylamine while stirring. After 10 min of stirring at room temperature, APCI-MS

analysis was performed.

Oxidative Coupling of Baicalein (1) and Pentylamine (3) with 10 mol% of o-Chloranil

20 mg 1 (0.0741 mmol, 1 eq) in a J. Young NMR tube was evacuated and refilled with N>
three times, dissolved in 0.75 ml of dry degassed DMSO-d6, followed by addition of ~9 pul
pentylamine(7 mg, 0.0781, 1 eq). Yellow-green solution colour instantly turns orange while
shaking. *H NMR spectrum was taken for the samples. After, 10 mol% of o-chloranil (~2 mg,
0.1 eq) was added to the reaction mixture and *H NMR spectrum was taken again. It was

shown that small amount of oxidant can trigger the reaction (Fig. S17).

No o-Chloranil

1

10 mol% o-Chloranil
Few minutes

| )

I Y

10 mol% o-Chloranil
1 hour

e

10 mol% o-Chloranil
Overnight

N
L

R

Tg[/f

yU Al Nt

T T T T T T T T T T T T T T T T T T T T T
100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
ppm

Fig. S17: [Figure S68]. Addition of 10 mol% of o-Chloranil to BA-Pentylamine, DMSO-
d6, 400 MHz
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1.2.1.4. NMR spectra of reagents and reaction products
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Mass spectrometry analysis of reaction products
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Fig. S49. APCI-MS spectra of baicalein (1), dehydrobaicalein (2b) and the coupling product
of the reaction between DBA with pentylamine (3).
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Fig. S51. MS-APCI spectra of baicalein (1), dehydrobaicalein (2b) and the coupling product
6,7-BA phenazine derivative.
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1.3.1. Introduction

In the previous chapter it has been shown that flavonoid baicalein (1a) reacts with primary
amine 2a, forming a C6-covalent adduct 3a. The overall reaction proceeds through transient
generation of o-quinone intermediate 4a as a main reactive species (Scheme 1). From our
side, it was assumed that this might contribute to higher inhibition ability baicalein (1a)

against fibril formation relative to other structurally related flavone molecules.

) . o (e} Ph
Lys side-chain model

HO O.__Ph LYsS siae-chain mod X ‘ HO O _Ph

’ ‘ + | H N/\/\/: 2 10) _H2_>O ‘

: | —

HO 6™ L . Solvent, oH 6 NN

OH O 2a 23°C,1h H on o
1a 4a

Scheme 1. The oxidative coupling of baicalein (1a) with pentylamine (2a).

It was decided to continue the investigation of the oxidative coupling reaction, not only
within the context of the initially studied flavonoid baicalein (1a), but also with a scope of
other polyphenols, both natural and synthetic in origin. The goal is to understand the
mechanism of covalent interactions between these polyphenols and amines, from the

structural perspective of the polyphenol.

1.3.2. Mechanistic Studies on the Oxidative Coupling

Baicalein (1a), insoluble in DCM-d2, readily reacts with amine 2a, through ion pair
formation, giving 11% and 72% vyield of 3aa in 1 h and 18 h, correspondingly, under O
atmosphere at 23 °C. After many attempts, it was possible to obtain a crystal suitable for
scXRD analysis, which revealed the C6-regioselectivity of the product (Scheme 2). Detailed
analysis of the obtained X-ray structure indicates that the two given molecules of 3a are not
equivalent as one of the molecules of 3aa in the unit cell is present as a zwitterion, while the
second unit of 3aa shows no internal charge separation.

.
H3N/\/\/

HO O._Ph o O._Ph HO. Oo._Ph
‘ 1eq HZN/W ‘ ‘
—_— — -
HO 0, HO S W\H

OH O DCM, 23 °C OH O OH O
400 RMP
1a,0.025 M 3aa

yellow suspension 1a-2a red solution
ion pair 1% (1 h)
72% (18 h)

Scheme 2. Reaction of baicalein (1a) with pentylamine (2a).
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To assess the propensity of other substrates to undergo the amination reaction observed for
1a, it is helpful to analyze the requirements of all stages of the proposed reaction mechanism.
For the mechanistic insights, our focus was made on the reaction of 2,34-
trihydroxyacetophenon (TAP, 1b) as a baicalein (1a) model, with pentylamine (2a)
(Scheme 3).

O S (Y D

= T sow

HO [ Hoji;\’( l’,—--» R%Nm
i ;

OH O

9ba
overoxidation

1b
baicalein model
R/\” ‘ /\O
OH Nj R™HN
5 HoN
3ba" R * OH o
HO
% 2a -
HO0 RN 2
H S
OH O hydrolysis £|2a
3ba 3
=
£

A. 0-Quinone chain
B. Imine formation

C. Nucleophilic addition to ketone
D. Overoxidation

R = HQN/\/\/E

imine formation cycle TP

Scheme 3. Proposed mechanism of the oxidative coupling of 1b-2a.

TAP (1b) was mixed with amine 2a in various reaction media and reaction conditions to
elucidate further the nature of this reaction and its role in the inhibition of hlIAPP
aggregation. As shown in Scheme 3, the overall reaction can be divided up into a

A and B pathways. The initiation of the reaction involves
reaction of 2a with 1b such that a precipitate of a phenolate/ammonium ion pair 1b-2a is
formed, which was proven via single X-ray analysis in the previous chapter. It has been
shown that the oxidative coupling with 3 eq of 2a is very slow under air in DCM (only 4%
for 1b). Increasing the oxygen content, replacing air with O2 has only a moderate effect (27%
yield) on the reaction yield (Table 1, Entries 1 and 2). The low reactivity was explained by
the insolubility of the reacting ion pair species in DCM. To demonstrate this, the reaction
medium was spiked with 10% v/v DMSO-d6, which significantly increased the rate of the
oxidative coupling and gave 88% of 3ba (Table 1, Entry 16).
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Table. 1. TAP (1b) and pentylamine (2a) oxidative coupling

Yield, %?

# Solvent 2a, eq 3ba  7b 8
1° 3.00 4 2 ND
2 DCM 3.00 27 2 ND
3 0.20 6 3 7
4 0.50 27 7 15
5 42 7 13
6d 45 8 15
7¢ 30 11 20
8 1.00 75 11 -
99 70 14 -
10" DCM-d2° 34 ND 4
11 1.15 52 8 14
12 1.33 56 8 12
13 1.75 75 10 11
14 80 10 10
15° 2.00 76 9 9
16 3.00 88 11 9
17 5.00 88 12 7
18 CDCIs® 1.00 26 3 7
19 6 32 48
200 DMSO-d6  1.00 6 32 -
21° 7 32 51

2 Yields were determined by 'H NMR analysis. ® Air was used. ¢ 10 vol% DMSO-d6. ¢ Mixing. ¢ 1 eq NEts.
1 eq of tBUNH,. 90.1 eq of DBU. "1 eq of 1e. ' 15 min.

Once the phenolate ion pair 1b-2a is dissolved, it can then react with air oxygen through
single electron transfer (SET) to yield dioxygen radical anion and phenoxy radical complex,
followed by a hydrogen atom transfer (HAT) step to yield hydroperoxide anion HO2 and o-
quinone 4b. We note in passing that the stability of the respective phenoxy radical is directly
related to the O-H bond dissociation energy (BDE) in polyphenol as indicated by the dotted

arrow in Scheme 4.

Base-H

® 0,0
S .
HO o o o
B 9:
ase — f@»
HO HO HO Ho, °©
OH O OH O OH O OH O
A

1b | ion pair

_________________________________________________

ab

Scheme 4. Step-by-step oxidation of pyrogallol-based polyphenol (Scheme 3, initiation).

Quinone 4b is expected to react rapidly with amine 2a to the respective imine 5ba, followed
by intramolecular or intermolecular isomerization to a-imine 6ba, followed by the transfer-
hydrogenation step with 1b to complete the formation of amination product 3ba. Most likely
2a acts as a base in the rearomatization step, because it has been shown that the overall rate
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of the reaction increases up to 2 eq of 2a (80% yield, Table 1, Entry 11-17) and reaches the
plateau or the addition of non-reacting amine, like 1 eq of tert-BuNH: or 0.1 eq of DBU, give
the same amount of the product (75% and 70%, correspondingly) (Table 1, Entries 8-9).

Closer analysis shows that the addition of DMSO-d6 leads the reaction in another pathway,
the B, of polyphenol-amine interaction, giving minor product 7b and the
equimolar amount of dipentyl imine 8 (Scheme 3). These facts can be explained by taking in
account the formation of 8 via extensive secondary processes of aminolysis/hydrolysis of the
formed intermediate, 6ba, and overoxidation of the product 3ba. The reaction in pure
DMSO-d6 completely changes the pathways and leads to formation of 7b and 8 as the major
products, 32% and 48%, correspondingly, with minor 6% of 3b. The control experiments
showed that the final substrate 3ba undergoes further oxidation, if treated with 1 eq of 2a,
giving imine 5ba back. 8.5% of the 3ba was converted into 7b through this process, leading
to the formation of an equimolar amount of 8 (16%). From the other side, only 3.5% of 7b
was converted to 3ba under the same conditions, while 52% of 2a was oxidized to imine 8
via extensive transamination process, releasing an ammonia molecule as a side product,

which was proven by trapping NHz with TFA-d1.

HO \/\/\NH2 HO
2a
e —
\/\/\H O, HoN + \/\/\NW
OH O 1h, 23 °C, OH O s
3ba DMSO-d6 7b 16%
8.5%
HO \/\/\NH2 HO
2a
B
H,oN 0,, \/\/\N + WNW
OH © 1h,23°C OH O 8
7b DMSO-d6 3ba 529

3.5%

Scheme 5. 7b has a greater potential in oxidative deamination of the amines.

This observation suggests that the physiological activity may not be attributed to the phenols
themselves, but rather to aminophenols, like 7b, which are products of their sequential
oxidation, condensation with N-nucleophiles, and hydrolysis of the parent polyphenols.

The distinctive feature of 1b is the presence of an electrophilic carbonyl group which
competes in conversion of the primary amine 2a ( C) and forms imines
with both the polyphenol and the reaction products, 3ba" and 3ba'. The most interesting

substrate is 3ba’, as it contains a pyrogallol moiety that may still show reactive properties and
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react further with amine 2a. Indeed, it has been demonstrated that substrate 3ba' forms a

covalent product 3ba'' under aerobic conditions (Scheme 6).

HO 1eq ""NH, HO
2a
OH N~~~ DCM-d2 HoOOH N~
(10% viv DMSO-d6)
3ba’ 400 RMP, 1h, 23 °C 3ba"

~20% via 'H NMR
Detected via APCI-MS

Scheme 6. 3ba' oxidative coupling with amine 2a.

Additionally, it i1s also worth mentioning that a small fraction of product 3ba undergoes
further overoxidation, resulting in product 9ba, which was detected via APCI-MS
(ove D pathway). The reaction of pyrogallol (1e) and amine 2a serves as an
excellent example to illustrate this phenomenon. It was observed that, for a certain period (~4
h), the concentration of the product 3ea increases, but then the curve reaches a plateau and

starts to consistently decrease (Scheme 7).

10 ¢
9 HO
% 8 \/\/\NI j
- H OH
C . LY .
HO SN SNH g 6 F E* - ..., 3ea
2 K teenen.,
o e 5 ‘ ol
DCM-d2/DMSO-dé c 4 o
HO = ;
o b e 3 o NN SN
0,,23°C [ M N
21 o 2 B "
1e 1h O ] PP OROPPPPPPYTITIEE "
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0 .“ L 1 L L M N N .
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Time, h
D~
HN"CoHg o o o .
e (0% Gy, Ho ¢ ho PN
CaHe N —> CHy SN — % j© — /N\H — HN LCaHg™ NG,
C‘HQ/\N OH OH C4Hg” °N C4Hg u T o
OH Sea 6ea OH OH 7o
3ea

Scheme 7. The formation and overoxidation of the formed product 3ea over the course of

32 h under aerobic conditions with a proposed reaction mechanism
1.3.3. Variations of the Polyol Electrophile

To find out which factors play a major role in polyphenol-amine coupling reaction, a set of
different polyphenols with structural modifications was tested. 1 eq of 2a was mixed with
certain polyphenols under O, atmosphere and the product yields were measured after 1 hour

of the reaction to consider the reactivity of the corresponding polyphenol (Table 2). It has
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been demonstrated that polyphenols with vicinal phenol groups, o-catechol 1¢ moiety, do not

exhibit any reactivity towards amine 2a. For this reaction, the presence of

a pyrogallol ring is required. Pyrogallol 1e shows low activity under the
given conditions (13% yield of 3ea), but it can be significantly tuned up if Ho
the electron-withdrawing group 1s attached to 4a-position of the

8
HO. 7

pyrogallol ring. For example, a nitrile group at 4a-position (1g) increases the yield of

covalent adduct 3ga to 68%, while an ester group at 8a-position (1h) significantly decreases

the reactivity, giving only 1.2% of covalent adduct 3ha.

Table 2. Reaction of pentylamine (2a) with different polyphenols and their categorization by

their ability to form a covalent amine adduct.

HO, 8 1eq A ANH:
rl o '\ 2 \\
S ——
HO s/“‘ 02 \/\/\N
OH DCM-d2
Polyphenol 10 vol% DMSO-dé 3xa
25 mM 23°C,1h
No reactivity
HO HO. Moderate reactivity (26-50%)
Low reactivity (1-25%)
HO HO W HO.

OH OH O

N HO
o
HO ~ H HO

HO, .
XN
|/~ P N
H,N ~
OH 8
<

Good reactivity (51-75%)

HO, O PN High reactivity (>76%)
HO HO. 0._Ph

HO. o._Ph O -Ph HO 1h I HO "
| Ho I OH OH O Ho. OH O |
OH © T OH b oH I;\ " " OH O
"o Y Ho. HO. o 0 Cj:OH " [ =
on )@ O ) OH HO. O oH "
Ho o_pn MO HO 1§ OH oH
I HOD\/ te OH O 4o OH 1p
HO oH -
1 o 1t
Yield, %° 1a 1b le 1g 1h 1i 1m 1o 1p 7bt
3xa 80% 42% 13% 68% 1.2% 49% 66% 3% 45% 15%
Ta - 7% - 4% - 8% - - - -
8 5% 13% 5% 8% - 17% 7% - 1% 7%

?Yields were determined by 'H NMR analysis. ®in 24 hours

The addition of electron donating groups at 8a-position of the pyrogallol ring increases the

yield of covalent addition (compare 1b and 1m, 41% vs 66% yield). The most interesting

example i1s the unnatural flavonoid 11, which is fully isomeric with the most reactive

compound 1a, but having reversed electronic effects. Substrate 11 demonstrates an almost

complete absence of covalent product formation, which highlights the crucial role that

electron-withdrawing groups at 4a-position and electron-donating groups at 8a-position play

mn this reaction. Baicalein (1a) shows remarkable reactivity, even among the highly reactive

polyphenols, like 1j, surpassing them in the rate of covalent adduct formation. This
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observation might suggest that not only are the electronic effects of the donor or acceptor
important, but also the extended m-conjugation system plays a significant role in the reactivity
of the polyphenols. This hypothesis is supported by the experiment with unnatural flavonoid
1m, which has similar backbone and the electronic effects as baicalein 1la (EWG at 4a-
position, EDG at 8a-position); however, its T-conjugation system is divided into two separate
parts. The lower reactivity observed for substrate 1m relative to la (66% vs 80%,
correspondingly) highlights the importance of the extended m-conjugation system in the
reactivity of the given polyphenol.

The relative reactivities has been established for polyphenols with low, moderate and high
reactivities such as 1e, 1b and 1a, respectively, by a 1 to 1 competition reaction (Scheme 8).
These experiments showed that baicalein is 7.4 times more reactive toward amine 2a than
non-functionalized pyrogallol (1e) in the presence of 1b under the similar conditions.

\/\/\NH2
HO HO 2a HO HO
0.025 M
+ —_— +
HO HO 02‘ \/\/\N \/\/\N
OH OH O 1h,23°C, OH OH O
1e 1b DCM’df’OD/:V'SO'de 3ea 3ba
0.025 M 0.025 M 10% 34%
\/\/\NHZ
HO O._Ph HO 2a HO O._Ph HO
| . 0.025 M \ .
_ OV M o
HO HO 0, \/\/\H \/\/\H
OH O OH O 1h,23°C, OH O OH O
1a 1b DCM'df/O?:V'SO'd‘s 3aa 3ba
0.025 M 0.025 M 74% 20%

Scheme 8. 1 to 1 competition reactions of polyphenols 1a, 1b and 1e.

The reaction between baicalein (1a) and amine 2a occurs relatively fast under aerobic
conditions, making it difficult to extract the necessary data about the polyphenol-amine
coupling rate. It was decided to slow down the oxidative coupling by adding one extra step in
the reaction equilibrium. Instead of free amine 2a, pentylamine benzoic acid salt (BzA-2a)
was used (Scheme 9). In this case, the amine, which is in equilibrium, acts like a ball being
passed back and forth between two players, the acid and the polyphenol, thereby slowing

down the overall reaction rate.
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BzA-2a

e X X
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® @
HaN A~ HZN/\/\/ HgN/\/\/ HO R,
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HO R, HO R, 0 R, —>\/\/\N: : :R1
DCM-d2/DMSO-d6, H  On

HO R HO R HO R (2130“(;) 3xa

OH OH OH
Polyphenol Polyphenol Polyphenol-2a

Scheme 9. Benzoic acid (BzA) decreases the reaction rate by blocking a portion of the

amine 2a, thereby limiting its availability for the reaction.

Unfortunately, the curves obtained from the analysis of the reaction mixture deviate
significantly from the linear behavior expected for a second-order reaction (Fig. 1). This
deviation suggests that the reaction represents a far more complex system than initially
anticipated. Indeed, CoPaSi (COmplex PAthway SImulator) software simulation indicated
that the overall reaction order is equal to 4. Based on the obtained data, the rate equation was
suggested, v = kx[1a]><[Bza-2a]’. The equation reflects that 1 eq of 1a and 2a are required as
the reagents, while additional equivalent of 1a and 2a acts as a reductant and base,

correspondingly, which is in full accordance with the proposed reaction mechanism in

Scheme 3.
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Yield of C6-Adduct 3xa vs Time, h 1/[Polyphenol][BzA-2a] vs Time, h

Fig. 1. A comparison of the reactivity of polyphenols 1a, 1b and 1j.

1.3.4. Variations of the Amine Nucleophile

The further step includes moving from amine 2a, which was as a Lys side-chain model, to

real peptide models. N-Methyl glycine and alanine amides 2b and 2¢, the simplest peptide
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models, surprisingly, shows no oxidative coupling, even in the case of addition of external
bases such as DIPEA or DBU (Scheme 10).

.
HaN"R

HO O._Ph o) O._Ph HO O._Ph
‘ Teq R7ONH, ‘ 0, ‘
_— R A~
HO Solvent, 23 °C HO R H
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0.025 M z? / ,\017
/\)OL \/\i i i 02 cgil 05 \ / ‘%
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HoN N N™ H,N N N P o N
H H H HN. H " 01 }/\/\ < \c18
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Scheme 10. Reaction of 1a with different N-nucleophiles 2b-i.

In the homologous series of N-methylamido-1-aminocarboxylic acids 2d-g, we observe a
gradual increase in the yield of C6-adducts 3ax, which correlates with the pKa values of these

N-nucleophiles, reaching its maximum in the case of reactions with lysine derivatives
(Fig. 2).

The pK, dependence on the length of the alkyl chain of 2b-g 100 ¢ The 3ax yield dependence on the pK, of 2b-g
12 r 29
29 90
11 f 80 2e %
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2d a- é 60 | 4 of
S - 2f ™ Vg
X 9 A w 50 } ,
o . P o a0 } &~
8 n rd E /7
A -;—_’ 30 b .7 2d
7k 2b pK, = 0.682xN + 6.718 20 F e
R2=0.9191 2b _ 7 vYield (%) = 27.315xpK, - 208.11
6 e, 10 i R2=0.9925
0o 1 2 3 4 5 6 7 0 -4 ' ' ' '
7.5 8.5 9.5 10.5 11.5

Number of the alkyl carbon atoms, N pK,, of N-nucleophile 2b-g

Fig. 2. The pKa dependance on the length of the alkyl chain of 2b-g (left) and the 3ax yield
dependance on the pKa value of 2b-g (right).

It was possible to grow a crystal for scXRD analysis for adduct 3ad to demonstrate the
regioselectivity of the oxidative coupling reaction. In attempts to understand the applicability
of the oxidative coupling reaction, other N-nucleophiles, such as derivative of arginine 2h or
benzyl hydrazine 2i, were tested, which, as has been shown, do not lead to the formation of

covalently linked adducts.
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Even if an individual amino acid does not represent an entire polypeptide and may show
entirely different properties, it was decided to perform the reaction of baicalein (1a) with
lysine derivative 2g' in an aqueous medium under controlled pA value and temperature. The
possibility of this reaction was demonstrated using HPLC-UV-ESI MS analysis, which
provided evidence for the formation of adduct 3ag' in the reaction between the 1a and lysine
derivative 2g' under the specified conditions, indicating the potential for interactions between
the flavonoid and reactive sites within polypeptides in aqueous media (Scheme 11). This
approach aims to show the reactivity between the flavonoid and amino acid moieties within a

more biologically relevant context.

H Cl Detected via
] (o}
N HPLC-UV-ESI MS

MNH;
HO o | R ) HNJ\ HO O P N
Alr 37 °C ,NM | Calculated: 454.2 miz
HO - N .
10 mM PB (pH 7.4) ) N I Detected: 454.0 m/z

OH O 10 vol% DMSO-d6
2.5 mM Shaking 3ag’
1a

Scheme 11. Reaction of 1a with lysine derivative 2g' in phosphate buffer (pH 7.4) at 37 °C.

1.3.5. Conclusion

The reaction between polyphenols and various N-nucleophiles has been investigated,
showing the key structural elements presented in polyphenols for this reaction. The structural
elements are 1) the presence of a pyrogallol ring, 2) an electron-withdrawing group (EWG) at
4a position (also a preferably electron-donating group (EDG) at position 8a), and 3) an
extensive m-conjugated system. All the required structural elements are present in baicalein

1a, making it the most reactive polyphenol substrate in this study (Scheme 12).

Activated HO
pyrogallol

ring HO

1. EWG at 4a-position
2. EDG at 8a-position
3. 8 conjugated double bonds

Scheme 12. Structural elements combined in baicalein (1a).

From the N-nucleophiles side, a necessary condition for the reaction is a value of pX, > 9,
which gives sufficient nucleophilicity and basicity for effective interaction with polyphenols
as a base and a condensation partner. Also, it has been found that aminophenols, like 7b, have

higher ability than its parent polyphenol 1b to oxidize the amine 2a into imine 8. The

102



observation suggests that the design of amino derivatives of polyphenols can be a promising

target for anti-amyloid drug discovery in future.

1.3.6. Outlook

There are two potential compounds that can surpass baicalein l1a in reactivity with primary
amines and in anti-amyloid activity. 3',4',5',5,6,7-hexahydroxyflavone, HFF, is based on the
concept of increasing the number of activated pyrogallol rings. On the other hand, the
reactivity of malononitrile baicalein, MNB, relies on the enlargement of the conjugated -

system, leaving the electron-withdrawing potential (Scheme 13).

MNB
Two activated pyrogallol rings Extended n-system

Scheme 13. Potential polyphenolic compounds, HHF and MNB.

MNB synthesis starts with protection of the phenolic groups of baicalein (1a) by using
methyl iodine and cesium carbonate in refluxed acetone (Scheme 14). Afterwards, the
Knoevenagel reaction was performed with the obtained 5,6,7-trimethoxyflavone and
malononitrile in acetic anhydride at 135 °C, giving 5,6,7-trimethoxy-MNB. It was possible to
obtain good quality crystals for scXRD analysis, which proved the formation of 5,6,7-

trimeethoxy-MNB. Deprotection of the phenolic groups is currently on development.
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Scheme 14. Synthesis strategy of MNB and X-ray structure of 5,6,7-trimethoxy-MNB.
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The study described in this chapter is based on the reactivity of polyphenols and various N-
nucleophiles, but it can be significantly improved by adding the scope of S-nucleophiles. For
example, reaction of baicalein with cysteine derivatives is a model representation of the
interactions of sulfur-containing peptides with natural flavonoids (Scheme 15, A). Due to
increased nucleophilicity, thiols might undergo a Michael addition with oxidized forms of
polyphenols. From the other site, the oxidized forms of polyphenols, like 4a, can act as a

stochiometric oxidant, turning cysteine-based substrates to cystine adducts (Scheme 15, B).

Nucleophilic
center H o H

H N.
o O _Ph BOCNLNN\ \”Jj/ Boc
HO o__P H O
HO
1a

h |
(6] - -
:(;(NJ/ 2 Boc-Cys-NMe o o Ph
Solvent, |

Michael addition
4a A HO

B OH O
>—-< e Baicalein-Cystein
Cystein L2

derivative

OH O 23°C,1h

H

H oxidation j\ﬁ H
Boc N Boc N

H 0O H o
Boc-Cys-NMe Boc-Cystine-NMe

Scheme 15. Possible reaction of cysteine derivative with baicalein (1a).
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1.3.7. Supporting information
1.3.7.1. General Methods and Procedures

General methods: All reactions sensitive to air and moisture were performed under nitrogen
atmosphere, and the glassware as well as magnetic stir bars were dried overnight in a dry
oven at 110°C.

Solvents, reagents: All reagents and solvents were purchased from the companies TCl,
Sigma Aldrich or Fisher Scientific. All air- or water-sensitive reagents were stored under

nitrogen.

NMR spectroscopy: All *H NMR spectra were recorded by Bruker 400 in DMSO-d6/DCM-
d2 at 400 MHz at 23 °C. All °C NMR spectra were recorded, respectively, at 101 MHz. The
chemical shifts are reported in ppm (8), relative to the resonance of DMSO-d6 at & =
2.50/DCM-d2 at & = 5.32 ppm for *H and for *3C relative to the resonance of DMSO-d6 § =
39.52 ppm. Spectra were imported and processed in the MestreNova 14.1.1 program. For 'H
NMR spectra multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, m =
multiplet, dd = doublet of doublets, dt = doublet of triplets, td = triplet of doublets, and bs =
broad signal.), coupling constants J, number or protons and assignment to the structure are

reported. In 3C NMR spectra singular carbons are marked with (s).

Mass spectrometry: For electrospray ionization (ESI) spectra a Thermo Finnigan LTQ FT
Ultra Fourier Transform lon Cyclotron Resonance Mass Spectrometer was utilized. For
atmospheric pressure chemical ionization (APCI) a Advion CMS using positive mode was
used.

Melting point. Melting points were measured using Buchi-560 and are not corrected.

Infrared spectroscopy. FT-IR spectra were measured using FT-IR Perkin Elmer Spectrum
BX11/1000 with Smiths ATR.

Powder X-ray diffraction. pXRD measurements were performed on a Stoe STADI P X-Ray
powder diffractometer built up in Transmission/Debye-Scherrer geometry. Diffractograms

were imported and processed in the WinXPOW 3.0.2.1 program.

Single-crystal X-ray diffraction. sScXRD measurements were performed on a Bruker D8
Venture TXS diffractometer.

pH measurements. pH values were determined using HANNA HI-5221 pH-meter.
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HPLC analysis: All HPLC spectra were measured on a Knauer Azura machine with P6.1L
pump, autosampler AS6.1, column thermostat CT2.1 and diode array detector DAD2.1L.
Eurospher 11 250x4.6 mm C18 column was utilized. Data analysis was performed with
ClarityChrom 7.4.1.

General procedures

HsN"_ R

HO R O\ . HO\ R
‘\\ - \‘ HZN/\R ‘ A ) 0, ‘ A )
) —. J —_— J

HO™ N >~ Solvent HO™ Y >~ R/\H 7

OH 23°C OH OH
400 RMP, 1 h .

polyphenol aminopolyphenol

ion pair
Procedure A: The polyphenol (0.125 mmol, 1 eq) in a 20 ml GC vial was evacuated and filled
with O> three times. The GC vial was capped, and the polyphenol was dissolved in solution
of 5 ml of solvent and 0.25 ml of dry DMSO-d6, using a shaker at 400 RPM. While shaking,
250 pl of 0.5 M/1 M solution of amine (0.125 mmol/0.250 mmol, 1 eq/2 eq) in DMSO-d6
were added. Shaking continued for 1 h, a certain amount of 1,3,5-trimethoxybenzene was
added as an IS, and then 0.5 ml aliquot was taken. The aliquot was evaporated and dissolved
in 0.75 ml of dry degassed DMSO-d6 under nitrogen atmosphere to prevent oxidative

coupling. *H NMR analysis was performed to establish the yield of the final products.

Procedure B (in situ, DCM-d2/DMSO-d6): A Young NMR tube was evacuated and filled
with O three times. 50 pl of 0.5 M polyphenol (0.025 mmol, 1 eq) solution with a defined
amount of 1,3,5-trimethoxybenzene in dry DMSO-d6 were added and diluted with 1 ml of
DCM-d2. 50 pl of 0.5 M solution of the N-nucleophile (0.025 mmol, 1 eq) in dry DMSO-d6
were added, the NMR tube was capped and turned upside-down 10 times. After 1 h of
reaction at 23 °C, 'H NMR analysis was performed to establish the yield of the final

products.

Procedure C (in situ, DMSO-d6): It is necessary to mix the reaction when the oxidative
coupling is performed in DMSO-d6, otherwise uneven oxidation occurs. The 10 ml GC vial
was evacuated and filled with O2 three times. 2 ml of a 0.025 M solution polyphenol (0.05
mol, 1 eq) in DMSO-d6 were added. The GC vial was capped and placed on a shaker at 400
RPM at 23 °C. While shaking, 100 pl of 0.5 M/1 M solution of amine (0.05 mol/0.1 mmol, 1
eq/2 eq) in dry DMSO-d6 were added, that caused an instant color change of the reaction.
Shaking continued for 1 hour, 50 ul of 1,3,5-trimethoxybenzene solution was added as an IS
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and then 0.75 ml aliquot was taken for tH NMR analysis to establish the yield of the final

products.

No work-up
Dry loading on celite

HO\ - HO )
\ P j 1-3eq H,N” "R _ Separation ‘\\ N
HO ~ 0, RN
OH DCM(10 vol% DMSO-d6) H OH
polyphenol 40203|;(P:M Aminopolyphenol
0.1 M

Procedure D (Product synthesis): A polyphenol was weighed in a 20 ml GC vial and
evacuated and filled with O three times. Dry DCM was added to obtain a suspension with a
concentration of 0.1 M. To the stirring mixture of polyphenol in DCM, 1-3 eq of amine in dry
DMSO-d6 (10 vol%) was added. The GC vial was capped and placed on a shaker at
400 RPM for 1-24 h at 23 °C. Celite was added, all the volatiles were evaporated under
reduced pressure at 25 °C and the crude material was purified using column chromatography.
The exact amount, reaction times, eluents are given in the analytical section of the
corresponding products. Please, observe that the aminophenol adducts show some level of
instability under aerobic conditions, turning black over time. In addition, the products
strongly bind to silica gel during the flash column purification, leading to lower yields (basic
additives, for example, 2-3% NEts, dissolve the silica gel at higher eluent polarities, like 5-
10% MeOH in DCM).
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1.3.7.2. Baicalein (1a)-pentylamine (2a) coupling reaction.

HO O_Ph ~10 mg of 1a (0.037 mmol, 1 eq) in a J. Young
| ——>  no reaction ) .
HO DMSO-d6 NMR tube was dissolved in 0.75 ml of dry
OH © 0,,23°C . )
DMSO-d6. Air was carefully replaced with

1a 5 days
oxygen and 'H NMR analysis was performed. The sample was incubated at 23 °C for 5 days
and '"H NMR analysis was repeated. 1a is rather stable under molecular oxygen since no
oxidation products were detected via '"H NMR analysis (Fig. S1). This is in line with our
previous observations, showing that formation of 1a phenolate is the crucial step in overall

baicalein oxidation.™!

| —
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ppm

Fig. S1. A close-up of '"H NMR spectra of 1a under oxygen atmosphere, DMSO-d6,
400 MHz.

Human islet amyloid polypeptide (hIAPP, also known as amylin) is a 37-residue
neuroendocrine hormone. It has been shown that the islet amyloid polypeptide contains a -
amine group of Lys/, which is important for its biological activity, since the primary amine

influences the aggregation that leads to the formation of amyloid fibrils (Fig. S2).[!
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Fig. S2. Pentylamine (2a) representing the lysine side chain due to the similarity of their pKa
values.

The baicalein 1a-pentylamine 2a reaction (Procedure A) was monitored via *H NMR analysis
(Fig. S3). It has been shown that the oxidative coupling was relatively slow in DCM (11%
yield of 3aa in 1 h) due to low solubility of the flavonoid 1a. Increasing the reaction time up
to 18 h, gave 72% yield of 3aa. To dissolve the suspension, 10 vol% of DMSO-d6 was added
to the reaction mixture, resulting in a significant increase in the overall reaction rate (80%

yield of 3aa in 1 hour).
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.
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HO o ‘ Ph  _~_NH, 0 o ‘ Ph HO 0 ‘ Ph
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o
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HO Hs 0, HO \/\/\H Hy'
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orange solution DCM: 11% (1 h), 72% (18 h)
DCM (10% viv DMSO-d6): 80% (1 h)
MeOH: 52% (1 h)
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9 bDCM 1 Procedure A
o]@O/ DMSO-d6 (No DMSO)
\
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J 1L e J L
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Fig. S3a. 'H NMR spectra of 1a/2a reaction in DCM (top) and DCM with 10 vol% DMSO-
d6 (bottom)
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Fig. S3b. Zoomed-in *H NMR spectra of l1a/2a reaction in DCM (left) and DCM with
10 vol% of DMSO-d6 (right).

To find out, if the yield is affected during the evaporation/concentration, the parallel
experiments were performed (Procedure A). These experiments (A and B) showed that no

accelerated reaction occurs during the evaporation process (Fig. S4).

80%

o
0 o._Ph ;
o? . ® L~ A
Evaporation SNy H3N
2a +0.75 ml DMSO-d6 H

HO O Ph
‘ S~ NH2 under N, atmosphere
HO 3aa
OH O Solvent 23 °C
1h, 400 RMP + TRA-d] })ko @ o B
1a Evaporation Hs NN
+0.75 ml DMSO- d6
81%
A B
1,3,5-TMB a? 1,3,5-TMB o

T

1. 000

T

0. 463

0 048

1.000

—

0.464

—r

0.070

38 37 36 35 34 33 32 31 30 29 28 27

ppm

ppm

—T T~ T T T T "~ T "~ T T "~ T T T 1
38 3.7 36 35 34 33 32 31 3.0 29 28 27

Fig. S4. 'H NMR spectra of the 1a/2a reaction without TFA quenching (A) and with TFA
quenching (B). The integrals of the IS (1,3,5-TMB) and the product (a?) are the same
with/without TFA quenching.

A) 100 pl of 0.250 M TFA solution were added to the aliquot to quench free 2a in the
solution. Then all the volatiles were evaporated under reduced pressure, diluted
with 0.75 ml of DMSO-d6 and '"H NMR analysis was performed. m(3aa) = 81%
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B) The aliquot was evaporated under reduced pressure, diluted with 0.75 ml of DMSO-
d6 under N2 atmosphere and 'H NMR analysis was performed. o(3aa) = 80%.
To check for the formation of possible volatile products, we performed in situ experiments,
the same reaction of la-2a oxidative coupling was performed in DCM-d2/DMSO-d6 = 10/1
with 1 and 2 eq of 2a (Procedure B, Fig. S5). A little formation of dipentyl imine 8 was
detected in the experiment. The significant increase in imine 8 formation is detected when the
reaction is performed in DMSO-d6 (Procedure C, Fig. S5).

(11
NE P
H3N

Hg: Hg»
HO o | Ph ~_NH; o o | Ph |;|o o} ‘ Ph  HO o | Ph .2
> » o + NN N NN
HO 0, HO \/\/\H Hy  H,N Hyr NT 3
OH O Solvent, 23 °C OH O OH O OH O 8
1a 400 RMP
1a-2a 3aa 7a
DCM (10% vol DMSO-d6), 1 eq 2a 80% 5%
Detected via APCI-MS
DCM (10% vol DMSO-d6), 2 eq 2a 86% 5%
DMSO0-d6, 2 eq 2a 32% 42% 35%
( )

la, 1eq2a
DCM-d2(10 vol% DMSO-d6)

dﬂ‘l llMl

DCM-d2 (10 vol% DMSO-d6)

L

la,2eq2a
DMSO-d6
WA MLJ AL_A__LJLA‘M
9?0 8:5 @ 7:5 7?0 6:5 g‘ 5:5 5:0 4:5 4‘.0 3:5 3:0 2:5 Z:O 1‘.5 1‘.0 OI.S 0:0 -C:.S -1‘.(

ppm

Fig. S5a. in situ *H NMR spectra of the 1a/2a oxidative coupling, 400 MHz.
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Fig. S5b. Close-up in situ *H NMR spectra of the 1a/2a oxidative coupling, 400 MHz.
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Imine 8 formation was proven by independent in situ synthesis from pentylamine 2a and
pentanal (1/1) in DMSO-d6 (Fig. S6).

1

o
.
H3N/\/\/ Hg
A HO O‘Ph/\/\/NHZ o} O‘Ph Zio O‘Ph .2
_ > — a NG N N
HO 0, HO \/\/\H Ha N 3
OH O Solvent, 23 °C OH O OH O 8
1a 400 RMP
1a-2a 3aa
’ az ;\LJ
Water J‘M
256 7.‘64 7.‘62 7.‘60 7.‘58 7.‘56 :6 3:5 3:4 3:3 3:2 3:1 3:0 2:9 2:8 2:7 2:6 2:5 2‘.4 2‘.3 2‘.2 2‘.1 2‘.0 1‘.9 1‘.8
ppm ppm
\/\AO 1 )
SN Pentanal NN
B NH, ————— N
DMSO-d6 3
23°C DPI 8
in situ

Fig. S6. 'H NMR spectrum comparison of la/2eq 2a oxidative coupling reaction with
independently synthesized imine 8, DMSO-d6, 400 MHz.

APCI-MS analysis of the crude material in DMSO-d6 shows full conversion of 1a, no peak at
m/z 271 (Fig. S7). Instead of this, a signal at m/z 270 is detected, which only can be related to
7a. Also, peak of 3a is observed at m/z 340 together with its by-products of overoxidation
9aa (m/z 336 and 338). The same peaks were observed during oxidation of 3aa with strong

oxidants such as o-chloranil.[!!

Fig. S7. APCI-MS of the 1a/2eq 2a oxidative coupling reaction in DMSO-d6.
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Commercially available amino acids are typically present in the form of salts of inorganic
(HCI) and organic acids (TFA) as obtained by deprotecting, for example, of the respective
BOC derivatives, under acidic conditions. The potential of using amine salts for synthetic
purposes was investigated. Procedure A was slightly modified, 1 eq of pentylamine
trifluoroacetate TFAx2a was used instead of free 2a. 2 eq of triethylamine was added as an
external base. It has been shown that the yields of the final product are not different if a free

amine had been used instead, 78% (Scheme S1).

@ (0]

Ao~ NH3 e) F
HO O Ph 0 F HO (0] Ph
‘ TFA-2a F ‘
HO NEts, O, \/\/\”
OH O DCM(10% v/v DMSO), RT OH O
1a Stirring

3a
0.025 M(1 h): 78%
0.1 M(15 min):  80%

Scheme S1. Ammonium salt gives the same yield as free amine in the oxidative coupling.

Also, the possibility of the utilization of alcoholic solutions of amines has been investigated.
1 eq of ethylamine 2j in methanol was taken instead of 2a. After the completion, 67% of 3aj
was isolated and characterized (Scheme S2).

HO Oo.__Ph HO O.__Ph
| 1eq2M -~ NH, in MeOH |
HO 0, /\H

OH O DCM, RT, Overnight OH O
Stirring

1a 3aj

67%

Scheme S2. Alcoholic solutions of amine are also suitable for the oxidative coupling
reactions with 1a.

1.3.7.3. Baicalein (1a)-pentylamine salt (Acidx2a)

The reaction between 1a and 2a occurs relatively fast under aerobic conditions, making it
difficult to extract the necessary data about polyphenol-amine coupling rate. It was decided to
slow down the oxidative coupling by adding one extra step in the reaction equilibrium.
Instead of free 2a, pentylamine salt (Acidx2a) was used. In this case, the amine, which is in
equilibrium, acts like a tennis ball being passed back and forth between two players, the acid
and the polyphenol, thereby slowing down the overall reaction rate (Scheme S3). Initially, a
series of organic acids in ascending order of their pKa were tested to find out a suitable

counter-ion for the amine.
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Acid slows down
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1a 1a 1a
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Acids: F>‘)CJ)\OH CI\)?\ j\ OH i
' FoL OH H™ "OH OH
TFA MCA FA BzA AcA

pK, increasing

Scheme S3. Oxidative coupling of pentylamine salt with baicalein.

As expected, pentylamine salt of stronger acids, like TFA or MCA, showed no conversion via
'H NMR, indicating the equilibrium is drastically shifted to the left (Table S1, Entries 1 and
2).

Table S1. Dependence of 3aa yield from counter-ion of 2a.

Ne Acid PKa, water” ®(3aa), 1h, %
1 TFA 0.23 ND
2 MCA 2.86 ND
3 FA 3.77 25
4 BzA 4.20 19
5 AcA 4.76 73
6 No acid - 80

@ Aqueous pK, compilation by R. Williams (document compiled by W.P. Jencks, added to by F. H. Westheimer).

From the other side, the strength of AcA is not high enough to show big difference from the
experiments with free pentylamine (73% yield from AcAx2a vs 80% vyield from free 2a,
Table S1, Entries 5 and 6). FAx2a and BzAx2a show almost the same reactivity (25% and
19%, correspondingly, Table S1, Entries 3 and 4), but FAx2a shows almost no reaction with
less active polyphenol 1b (only 3% conversion after 12 h). Taking the above into
consideration, BzAx2a was used as a model compound for oxidative coupling (Procedure B).
The concentrations of the product (3aa) and amine (BzAx2a) and were monitored via ‘H
NMR analysis using 1,3,5-TMB as an IS (Table S2 and Fig. S8). The obtained data was
plotted on a graph to visualize the relationship between la concentration over time in the
la/BzAx2a oxidative coupling reaction (Fig. S9). As expected, the linearization approach
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using zero- and first-order integrated rate laws does not provide a linear slope (Fig. S9a, A
and B). Considering the concentration decline of BzAx2a during the reaction, including its
concentration in the second-order integrated rate law gives improved results (Fig. S9a, C and
D).

BzA+2a
o o o)
GOJ\Ph HOAPh HOAPh
© HH,
HaN. o) AN @2 2 HO O._Ph
HoN HoN
l-?i\/\ 5 @2 Ar [T ‘
—_— _— —_—
HO 0._Ph HO 0.__Ph 0 o._Ph 4>\/\)<N
\ \ \ DCM-d2/DMSO0-d6, H ono
HO HO HO (2130{,10) 3aa
OH O OH O OH ©
1a 1a 1a-2a
1,3,5-TMB ot DMSO-d6

o? ML A 30 min
A

4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 33 3.2 3.1 3.0 2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1

Fig. S8. in situ *H NMR spectra of 1a/BzAx2a oxidative coupling, DCM-d2/DMSO-d6, 400 MHz.

Table S2. Monitored integrals of a‘and o? over time in the 1a/BzAx2a oxidative coupling via
IH NMR.

. [1a], 1/[BzAx2a], 1/[1a][BzAx2a],
Time, s [3aa], mM [BzAx2a], mM [BzAx2a] conv, % | In[BzAx2a]
mM 1M 1/m?
1800 5.83 19.13 19.03 24.2 -3.96 52.3 2746
3600 7.54 17.30 17.16 314 -4.06 57.8 3367
7200 9.40 15.30 15.11 39.1 -4.18 65.4 4325
10800 10.82 14.03 13.70 45.0 -4.27 713 5200
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18000 12.25 12.45 12.06 51.0 -4.39 80.3 6662
28800 13.61 10.86 10.48 56.6 -4.52 92.0 8781
43200 14.90 9.58 9.10 62.0 -4.65 1043 11467
64800 16.13 8.34 7.76 67.1 -4.79 119.9 15459
86400 16.70 7.57 6.93 69.5 -4.88 132.1 19062
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Fig. S9a. Graphical representation of the curves obtained from the integrated rate laws.

However, the experiment with 2 eq of BzAX2a shows that the reaction deviates from the 2¢

order integrated laws (Fig. S9a, E). To get better understanding about the rate law of the

oxidative coupling reaction, CoPaSi (COmplex PAthway SImulator) software was used (Fig.

S9b).
RMSE value
HO o._Ph e Order
I, @%JLP,, ks "o © | P la BzA 2a 3aa
HO LI e W\u First | 0.001750214 | 0.001696707 | 0.001861574
1a S 322" Second | 0.000997281 | 0.000996241 | 0.001196822
The concer of the /product were taked from Table S2 Tlllld 000047 1 839 0000452432 000068 1 643
The rate law k; was tuned to optimally fit the experimental data curve Fourth | 0.000350938 | 0.000116335 | 0.000351734
A lower Root Mean Square Error (RMSE) value indicates a better fit to the experimental data.
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Fig. S9b. CoPaSi software parameter estimation of the oxidative coupling of 1a/BzA x2a.

Simulations show that the best fit is achieved when a 4™ overall order reaction rate is
implemented, because an additional equivalent of amine is needed as a base for
rearomatization step, and an extra equivalent of baicalen 1a serves as a reductant in o-
quinone chain. (Fig. S9b and 47). Also, testing other less active polyphenols (like 1g and 1b)
indicated that in these cases, the curve deviated significantly from a linear slope in the early
stages of the reaction (1g), or the conversion rates were too low (8% in 24 h, 1b) (Table S3
and Fig. S10). It would be possible to consider only the first 8-12 h, during which the curve
aligns more or less with a straight line, but this approach does not provide an explanation for
the underlying reasons of such chemical behavior. Therefore, it was decided to focus on
different approaches for further investigations.

Table S3. Obtained reactivity data for different polyphenols (1a, 1b, 1j).

BzA-2a
(o] o] o]
e
O)LPh HO)L Ph HOJLPH
© ®
HiN A HzN/\N H;.N/\/\/ HO Ry
Air
—p— | ©
HO. Ry HO. Ry 0. Ry T AN N Ry
DCM-d2/DMSO-d6, OH

HO Ry HO Ry HO Ry (21 ::J{ 1(:) Ixa

OH OH OH

Polyphenol Polyphenol
Time [1a)o= 26 01 mM [1bJo= 26 46 mM
[3aal, mM [BzAx2a], mM [3ba], mM [BzA~Za], mM
0 - 2404 23.13
1800 583 19.13 0.08 23.13
3600 754 17.30 6.42 7.74 0.13 23.03
7200 940 1530 7.32 16.86 0.28 22.65
10800 10.82 14.03 1.7 16.07 048 2226
18000 12.25 12.45 8.37 2 0.72 21.80
28800 13.61 10.86 88 14.36 1.03 21.06
43200 14.90 9.58 9.44 0 133 20.28
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Fig. S10. The reactivity of polyphenols 1b and 1g relative to baicalein (1a).

1.3.7.4. Baicalein (1a) + pentylamine (2a) under different levels of oxygen concentrations

13 mg of 1a (0.048 mmol, 1 eq) were placed in a J. Young NMR tube and dissolved in 0.5 ml
of DMSO-d6 under different conditions:

1. Non-degassed solvent, under air,

Ll

Non-degassed solvent, under N»

Degassed solvent (bubbling N> for 1 h), under N»

Degassed solvent (3 x freeze-pump-thaw), under N>

6 pl of 2a (0.052 mmol, 1.1 eq) were added to the resulting solution. The samples were
incubated at 23 °C for 5 days and 'H NMR analysis was performed afterwards (Fig. S11).
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Fig. S11. A close-up of the 'H NMR spectrawof 1a and 2a at different O, in DMSO-d6, 400
MHZ. Numbers indicate the integral value of the signal)
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It was shown that oxygen acts as an oxidant and plays a significant role in this reaction. It
was furthermore demonstrated that even traces of oxygen (for example, dissolved in the
solvent) trigger the coupling reaction. Bubbling N> for 1 h through the solvent, as one of the
widely used degassing techniques, was proven to be not sufficient to remove all oxygen
traces, whilst the sample with the freeze-pump-thaw degassed DMSO-d6 shows the lowest

oxidation state of 1a.

Table S4. Reactivity level of 1a-2a at different levels of oxygen concentrations.

Ne Condition Conversion of 2a, %
1 Air, non-degassed DMSO-d6 52

2 Na, non-degassed DMSO-d6 25

3 Na, degassed DMSO-d6 (bubbling N> for 1 h) 10

4 Na, degassed DMSO-d6 (3 x freeze-pump-thaw) 5

The same approach was also applied with BzAX2a to demonstrate the importance of the

amount of oxygen in the reaction vessel.

BzA-2a

(o] (o} o
eOJLPh HOJLPh HOJLPh
Hﬁ,\/\/\ HzN/vv H:’%/\/\/ A HO. OI Ph
r
HO O._Ph HO O._Ph H o_Ph —an
| | | DCM-d2/DMSO-d6, H on o
OH O OH O OH O B'e
1a 1a 1a-2a

The previously mentioned results are 100 ¢
shown in gray (a) in Fig S12 (1 eq 90 f [P leaBzAea O
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. . . 70 ) a. 1 eq BzAx2a, Air
these conditions, the product yield is L E

. 60
70%. Using pure oxygen instead of air § 50
significantly accelerates the reaction, 3 40 !
>

and the product yield curve reaches a 30 f

. d. 1 eq BzAx2a, N,
plateau earlier (83%, gcreen curve (b)). 20 r grrerrttt )

] . . . 10 f o

The same level of oxidative coupling is . ‘.’.:.--. .. o
reached when 2 eq of BzAX2a is used 0 5 10 15 20 25 30 35 40 45 50 55 60
(82%, ). Worth to Time, h

mention that oxygen concentration Fig. S12. Oxidative coupling of la/BzAx2a under

dissolved in the solvents (DCM-d2 and different conditions.

DMSO0-d6) 1s enough to keep the reacti-
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on running (blue curve (d)). The reaction is slowly reaching 19% after 60 h of incubation at
23 °C.

1.3.7.5. Oxidative coupling of baicalein (1a) with various N-nucleophiles 2b-i

pKa values for the amino group of a homologous series of amino acids are presented on the
Table S5. It was decided to use N-methyl amides 2b-g for these amino acids for further

reactions to mimic a real peptide (Scheme S4):

®
HiN
2b-g O 8 ﬁ)LN/
n=1-5 H
HO O.__Ph HzNMN/ @o O.__Ph HO O.__Ph
\ n=15 H \ o)} H 18 |
> —> N
HO Solvent HO WH
OH O 23°C OH O o] OH O
1a 400 RMP . ‘ 3ax
ion pair

0] 0] 0] 0] 0
e H,N
Amines: H2N\)J\ _ /\)J\ _ H2N\/\)J\ _ WL o M)LN/
NN N NN N AN,

glycine -alanine y-amino butyric acid  &-amino valeric acid lysin R

>
>

pK, increasing

Scheme S4. Oxidative coupling of N-methyl amides 2b-g with baicalein (1a).

Table S5. Dependence of yield of 3ax from pKa of N-nucleophiles 2b-g

Ne Amino acid pKa Vield of 3ax, %
DCM DCM-d2/DMSO0-d6

1 Glycinet! 7.68" X X
2 R-Alaninel 9.13" Detected in APCI MS 43
3 | y-amino butyric acid®! 9.91" 7 66
4 | &-amino valeric acid® 10.10° 44 68
5 Lysint 10.6 69 78
6 Pentylamine 2a 10.6 72 80

* Given for amino acid methyl/ethyl ester

Because of the low solubility of N-methyl amides 2b-g in DCM procedure A was slightly
modified. Instead of adding defined amount of calibrated DCM solution of a N-nucleophile,
amino acid derivatives 2b-g were weighed on the inner side of the vial cap. Due to the high
surface tension, the droplet remains in place upon closing the vial. Afterwards, the GC vial
was placed upside down on a shaker at 400 RPM. Shaking continued for 18 h at 23 °C, then
followed by APCI-MS analysis. If APCI-MS analysis indicated the formation of a product, a

defined amount of 1,3,5-trimethoxybenzene was added as an IS. 0.5 ml Aliquot was

123



evaporated and dissolved in 0.75 ml of dry degassed DMSO-d6 under nitrogen atmosphere to
prevent oxidative coupling. *H NMR analysis was performed to establish the yield of the final

products.

H-Gly-NMe (2b) and H-Ala-NMe (2c).
a) InDCM

O
H2N\)J\N/
& H

HO O Ph HO (0] Ph
Ly S sees
HO i g N
Air or O, \([)I/\H

OH O DCM, 23 °C OH O
1a 400 RPM 3ax R =H, 3ab
not detected CHs, 3ac

The reaction was performed according to the modified Procedure A, described at the
beginning of the chapter. No homogenization and color change of the reaction mixture were
observed as before, when 2a was used as a reactant.*! After 10 min, APCI-MS analysis was
performed, showing no coupling. The reaction was allowed to shake for 18 h at 23 °C with no
product formation via APCI-MS. The reactions were repeated but under O, atmosphere,
giving the same result (Fig. S13). The absence of reactivity can be explained by relatively

low pKa value of the selected N-nucleophiles.

asoes HO. -~ 0_pPh [° HO. -~ _O. Ph
T 4 [0
40086 R AN N
3S0E6 Ho J)H (])‘ =y (g H Hoy g
P~ TR [3ab+H]*
2 s [1a+H]* CigHi7Nz05"
= C1sH110s' miz: 341.1 (100.0%),
g e miz: 271.1(100.0%), 342.1 (20.6%),
15086 272.1 (16.5%), d20 /3431 (3.0%)
100E6 273.1 (2.3%) | >4

SOEE | . /
255.0 Ay b i 3011
o

Nopeak

Fig. S13. APCI MS spectra of the reaction of 1a with H-Gly-NMe 2b (top) and H-Ala-NMe
2¢ (bottom).

la + H-Gly-NMe (2b) + DIPEA.
\
H
)\’f\ >_\+N\\ HQN\)O‘LN/ HO.
O

HO O._Ph O._Ph
HO g N

OH O DCM, 23 °C HO DCM, 23 °C 0 OH O
1a 400 RPM OH O 400 RPM 3ab
yellow suspension 10 min 1a-DIPEA 18h not detected

orange suspension
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In our assumption, the formation of the ion par is the crucial step. Procedure A was modified
and 20 or 100 mol% DIPEA was used to deprotonate 1a under inert atmosphere, forming the
orange 1a-DIPEA complex. The ion pair was treated with 1 eq of H-Gly-NMe 2b under

molecular oxygen. The reaction was shaken for 18 h at 23 °C with no product formation via

APCIMS (Fig. S14).

1004 HO. 0. _Ph

PN A HO. -~ _O._Ph
] He el ]
WYY N SR Yy
B oM 0, TN, oH Hon o
g o BaEHT°
T [a+H]" CigHy7NO5'
i CisHy0y' miz: 341.1 (100.0%),
£ miz: 271.1 (100.0%), 3421 (20.6%),
272.1 (16.5%),

/3431 (3.0%)
2731 (2.3%) /

Nopeak

5 5 31 1
miz

Fig. S14. APCI-MS spectra of the reaction of 1a with H-Gly-NMe 2b and 100 mol% DIPEA
addition.

b) DCM (10 vol% DMSO-d6)

0
H,N
HO O _Ph 2 \)J\H/ HO O _Ph
RO 0, YN
OH O DCM(10 vol% DMSO-d6) 0 OH O
s 23°C, 18 h 3ab

not detected
The reaction was performed according to Procedure B. No color change was observed. The

reaction was allowed to stir 18 h at 23 °C with no product formation via APCI-MS (Fig.
S15).

' “'° Ho o._Ph
12066 |
11066

10066 HO i

WEE OH 0.

7 e *H

3 e [avH]*

@ EES -

B e Cy5H11 05
aF6 miz: 271.1 (100.0%),
e 2721 (16.5%),
ves 273.1 (2.3%)
1066 o

5 210 215 2% - X
miz

Fig. S15. APCI MS spectra of the reaction of 1a with H-Gly-NMe (2b) in DCM (10 vol%
DMSO-d6).
In order to obtain the product 3ab, 10 and 100% mol DBU was added as an auxiliar base. The

reaction was allowed to shake 18 h at 23 °C with no product formation via APCI-MS (Fig.
S16).

(\)NQ C‘)\’D i

'

HoN
HO o_Ph N7 N z \)Lu/ HO o._Ph
—_—— —_—
HO - N
I 0, \ﬂ/\H
OH ©

HO DCM, 23 °C o} OH O
1a OH O 40?8RhPM 3ab
1a-DBU not detected

orange solution

125



238

o HO. o._Ph
: | HO O._.Ph HO. O._Ph
Ho ol m rm
70 ”~ \N -~ N
_ OH 0. N
£ w0 *H :f)(\ OH O oH Hon o
§ = [a+H]* CigHysN;05" [3ab+H]" R
g @ C1sH11 05" miz: 339.1 (100.0%), C1gH17N20s
2 miz: 271.1 (100.0%), 340.1 (20.6%), m/z: 341.1 (100.0%),
2 2721 (16.5%), 341.1 (3.0%) 342.1 (20.6%),
10 273.1 (2.3%) o 343.1 (3.0%)

6 200 215 220 225 230 236 240 246 290 265 260 265 20 25 260 206 2350 296 300 WS 310 31
miz

Fig. S16. APCI MS spectra of the reaction of H-Gly-NMe (2b) with 10% mol DBU in DCM
(10 vol% DMSO-d6).

H-B-Ala-NMe 2d

a) In DCM
o)
Ve
HO o _Ph HzN N o HO 0. _Ph
| |
—>
ST ey
OH O DCM, 23 °C OH O
1a 400 RPM 3ad
18h

detected via APCI-MS
The reaction was performed according to the modified procedure A described at the
beginning of the chapter. No homogenization and color change of the reaction mixture were
observed as before. The reaction was allowed to shake for 18 h at 23 °C with showing a

minor product formation via APCI-MS (Fig. S17).

~_O._Ph

273.1(2.3%)

; y Ph
o 7~ o HO i _o [
” WO WL
o oH O "" HH OH O
w D [MasH]* Bad+H]
L « CisHi0s' CraHieN;05°
g s miz: 271.1 (100.0%), miz 355.1 (100.0%)
£« 272.1{16.5%), 356.1 (21.7%),
kS
o

/3571 (3.3%)

Fig. S17. APCI MS spectra of the reaction of 1a with H-p-Ala-NMe 2d in DCM.
b) DCM (10 vol% DMSO-d6).

The reaction was performed according to procedure B. An instant color change was observed

upon the addition of amine 2d. "H NMR analysis was performed after 1 h at 23 °C, where
APCI MS showed the formation of a significant amount of the product (Fig. S18).

o)
-~
HO O._Ph HzN »a ” o Ho O.__Ph
| o |
HO o, > \mxu\/\H
OH O DCM(10 vol% DMSO-d6) OH O
1a 23°C,1h 3ad
45%
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[1a+H]*
CysHy 05"
miz: 271.1 (100.0%),
272.1 (16.5%),
273.1(2.3%)

CogHyaN 05
miz: 3631 (100.0%),
354.1 (21.7%),
365.1(3.3%)

miz

o H Ph
Ko ool
LA OH © *

o HO. 0.
|
-

Aot @
H HH OH O

[3ad+H]

CigHigN20g"

miz: 366.1 (100.0%),

356.1 (21.7%),
357.1 (3.3%)

Ph

3

Fig. S18. APCI MS spectra of the reaction of 1a with H-p-Ala-NMe (2d) in DCM (10 vol%

DMSO-d6).

It was shown that 3ad was formed with 45% yield (average yield from 2 independent

experiments), according to the obtained 'H NMR spectra (Fig. S19). The C6-regioselectivity

of 3ad was proven by scXRD analysis.

o
HzN/\b)ku/ DCM 1.3.5-TMB
HO_A_O._Ph Zd
] , HoL A oo DMSO-d6
o B G |
on 0 YN ’ 135-TMB
1a H, Ho by 8 3.5-
3ad \
Z,Ph
3 8 , &¢
, a b b
3| L a llu
d d
o Ho 5 __o__ph
 J o, LT,
Hd' b H OH O
3
3ad
7,;Ph 38 ' ¢
, —A l \ a b'
5
| 14 [N
15 14 13 2 1 10 s H 7 6 5 H 3 2 1 0

Fig. S19. 'H NMR spectra of the crude reaction mixture (top) compared with those of the
isolated product 3ad (bottom), 400 MHz, DMSO-d6.

The reaction was repeated according to Procedure A. 1,3,5-TMB was added as an IS, a small

aliquot was taken in an NMR tube, the solvent was evaporated under reduced pressure, and

the crude material was dissolved in DMSO-d6 for further analysis indicating a yield of 43%.
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H-Gaba-NMe 2e

a) InDCM
H
HO o__Ph 2 N 0.9 pn HO 0._Ph
pg gt W ESeve;
_— >
HO DCM, 23 °C HO - W,’:"
OH 0 400 RPM OH O o) OH O
18 h 326

1a

. 1a-2e
yellow suspension

dark purple solution 7% via 'H NMR

The reaction was performed according to the modified Procedure A, described at the
beginning of the chapter. The stirring yellow suspension of la immediately turned dark
purple on the addition of amine 2e. The reaction was allowed to stir for 18 h at 23 °C with no
further change in color and the coupling product was detected via APCI-MS analysis (Fig.

$20).

Fig. S20. APCI MS spectra of the reaction of 1a with H-Gaba-NMe (2e).
1,3,5-TMB was added as an 1S, small aliquot was taken in an NMR tube, the solvent was
evaporated under reduced pressure, and the crude material was dissolved in DMSO-d6 for
further analysis (the dark purple crude material gives an orange solution). It was shown that
3ae was formed with 7% yield, according to the obtained *H NMR spectra.

b) DCM (10 vol% DMSO-d6)

HoN -
HO o__pPh °? MN HO O._Ph
| 2 T, |
HO 0, - WH
OH O DCM(10% v/v DMSO-d6) 0 OH O
23°C,1h 3ae

66%
The reaction was performed according to Procedure B. An instant color change was observed
on addition of amine 2e. The 'H NMR analysis was performed after 1 h at 23 °C. It was
shown that 3ae was formed with 66% yield (average yield from 2 independent experiments),
according to the obtained *H NMR spectra (Fig. S21).
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Fig. S21. in situ *H NMR spectrum of 1a/2e oxidative coupling, 400 MHz, DCM-d2/DMSO-
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The reaction was repeated according to Procedure A (0.25 mmol scale). After quenching with
1.25 eq of TFA-d1, 1,3,5-TMB was added as an IS, a small aliquot was taken in an NMR
tube, the solvent was evaporated under reduced pressure, and the crude material was
dissolved in DMSO-d6 for further analysis indicating a yield of 66% (Fig. S22).

H-Ava-NMe (2f)

a) InDCM
o
o "’/\/\)’L
HoN N H HO o._Ph
HO O._Ph -
| o H o o._Ph o, o |
HO DCM, 23 °C HO N N
OH O 400 RPM o4 6 OH O
18 h 3af
1a
1a-2f

yellow suspension 44% via '"H NMR

orange solution

The reaction was performed according to the modified Procedure A described at the
beginning of the chapter. The stirring yellow suspension immediately turns orange on
addition of amine 2f and the coupling product is detected after 10 min via APCI-MS analysis
(Fig. S23).

Fig. S23. APCI MS spectra of the reaction of 1a with H-Ava-NMe (2f) in DCM.

The reaction was allowed to shake for 18 h at 23 °C, when 1,3,5-TMB was added as an IS,
small aliquot was taken in an NMR tube, the solvent was evaporated under reduced pressure,
and the crude material was dissolved in DMSO-d6 for further analysis. It was shown that 3af
was formed with 44% vyield, according to the obtained *H NMR spectrum. The reaction was
repeated on 0.2 mmol scale, and the crude product was purified by preparative TLC
chromatography (28 mg, 37%).

b) DCM (10 vol% DMSO-d6)

PP
HO o._ph HN N HO 0._Ph
| Gl i |
HO 02 = \HJJ\/\/\H
OH O DCM(10% v/v DMSO-d6) OH O
23°C,1h 3af
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Fig. S25. 'H NMR spectrum of 1a/2f oxidative coupling, TFA quenching, 400 MHz, DMSO-d6.
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The reaction was performed according to Procedure B. An instant color change was observed
on addition of amine 2f. 'H NMR analysis was performed after 1 h at 23 °C. It was shown
that 3af was formed with 68% vyield (average yield from 2 independent experiments),
according to the obtained *H NMR spectra (Fig. S24).

The reaction was repeated according to Procedure A (0.25 mmol scale), quenched with 1.25
eq of TFA-d1, 1,3,5-TMB was added as an IS, a small aliquot was taken in an NMR tube, the
solvent was evaporated under reduced pressure, and the crude material was dissolved in
DMSO-d6 for further analysis with 60% vyield (Fig. S25).

Lysine derivatives 29 and 29"

a) Ng-Boc-Lys-NMe (2g) in DCM

o}
HO 0._Ph XOXN{H\ >Loj1 HO

HoT 0._Ph
\ 29 NH \
HO 0, OWN
OH O DCM, 23 °C H
, _NH OH O
1a 18 h
400 RPM 3ag

The reaction was performed according to the modified Procedure A, described at the
beginning of the chapter. Instant homogenization and color change of the reaction mixture
from yellow to green and then to orange were observed. After 10 min, APCI MS analysis was

performed showing the coupling product (Fig. S26).

Fig. S26. APCI MS spectra of the reaction of 1a/2g in DCM.

The reaction was shaken for 18 h at 23 °C. The crude product was purified by column
chromatography to obtain the orange solid (35 mg, 69%). The product was identified as C6-
Lys-functionalized 1a via *H and **C NMR analysis (Fig. S27).
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Fig. S27. Comparison of *C NMR spectra of 3aa (101 MHz) with the obtained 3ag (201
MHz), DMSO-d6.

b) Na-Ac-Lys-NMe (2g') in DCM (10 vol% DMSO-d6)

o

A AR 0

HO O._Ph N HO O._Ph
| 29" /JKNH
g |
HO 0
02 ”
OH O DCM
_NH OH O

(10 vol% DMSO-d6) .
23°C,1h 3ag
78%

1a

The reaction was performed according to Procedure B. An instant color change was observed
on addition of amine 2g’. *H NMR analysis was performed after 1 h at 23 °C. It was shown
that 3ag" was formed with 78% yield (average yield from 2 independent experiments),
according to the obtained 'H NMR spectra (Fig. S28).
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Fig. S28. in situ "H NMR spectrum of 1a/2g' oxidative coupling, 400 MHz, DCM/DMSO-

do.

¢) In aqueous media
The yellow suspension of 1a (25 mM) in water slowly changes colors from yellow-green to
brown on addition of amine 2a. The reaction was quenched with 1.25 eq of TFA-dI, the
precipitate was centrifuged and washed 3 times with water. APCI MS of the crude material
showed a minor formation of the product 3aa (9% via '"H NMR) (Fig. S29 and S30).

Hg Hg
HO. 0._Ph A~~UNH, HO 0._Ph
I o a |
HO Hy Al - \/\/\u Hy
OH O Water(10 vol% DMSO-d6) OH O
1a 23°C,18h 3aa
400 RMP 9% via 'H NMR

yellow suspension

2r08
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2l cuyoyr O OL_Ph .

2714 (100.0%), I Ho. O_Ph  CyHzuNO;
_ 7 2121 (185%), HO ® | miz: 340.2 (100.0%),
T C 273.1(23%) OH gOH SN 341.2 (22.4%),
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Fig. S29. APCI MS spectrum of the precipitate obtained from the 1a/2a oxidative coupling in
H>O/DMSO = 10/1.
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Fig. S30. 'H NMR spectrum of the precipitate obtained from the 1a/2a oxidative coupling in
H>O/DMSO = 10/1, 400 MHz, DMSO-d6 (water suppression pulse sequence).

The addition of amine 2a changes the pH value of the reaction mixture due to its basic
properties. It has been demonstrated, an aqueous solution of 2a (0.025 M) has a pH value of
11.53, which significantly deviates from the standard pH range observed in biological
systems. Therefore, the phosphate buffer (PB) was selected to maintain a specific pH value in
the reaction mixture. And the changes in pH values of the PB solution caused by the addition

of amine were measured using a pH-meter (Table S6).

Table S6. The final pH values of the aqueous solutions of pentylamine derivatives

Solvent Amine C[Amine], [M] | Final pH value | ApH
1 HPLC Water 2a 0.025 1153 -
2 | 0.1 M Phosphate Buffer (pH 7.40) 2a 0.025 10.03 2.63
3 | 0.1 M Phosphate Buffer (pH 7.40) 2a 0.0125 8.00 0.60
4 | 0.1 M Phosphate Buffer (pH 7.44) 2a 0.0025 7.50 0.06
5 | 0.5 M Phosphate Buffer (pH 7.40) 2a 0.025 7.70 0.30
6 | 1.0 M Phosphate Buffer (pH 7.40) 2a 0.025 7.50 0.10
7 HPLC Water BzAx2a 0.025 7.85 -
8 | 0.1 M Phosphate Buffer (pH 7.35) BzAx2a 0.025 7.34 0.01
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9

0.1 M Phosphate Buffer (pH 7.35)

TFAX2a

0.025

7.35

0.00

10

0.1 M Phosphate Buffer (pH 7.35)

TFAX2a

0.100

7.35

0.00

It has been shown that typical concentrations (0.025 M) of 2a have a significant effect on the

pH of the PB solution (Table S6, Entry 1 and 2). Only low concentrations of amine 2a can be

mtroduced to PB without significant changes in the pH value of the solution (Table S6, Entry

3 and 4). Taking these facts into account, the reaction was carried out following the
procedure A. 25 mM suspension of 1a was allowed to react with 2.5 mM of 2a in 100 mM
PB (10 vol% DMSO-d6) at 37 °C for 48 h. After the completion, APCI-MS analysis shows

the formation of a trace amount of product (Fig. S31).

ntensty (%)

Fig. S31. APCI MS of 1a/2a oxidative coupling in 100 mM PB, 37 °C, 48 h.
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On the other hand, it has been found that the addition of pentylamine salts does not cause any

pH changes (Table S6, Entries 8-10).
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Fig. S32. APCI MS of 1a/TFAX2a oxidative coupling in 100 mM PB, 37 °C, 48 h.
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Additionally, as it was mentioned before, commercially available amino acids are typically
present in the form of salts of inorganic (HCI) and organic acids (TFA) as obtained by
deprotecting the respective BOC derivative, under acidic conditions. Therefore, the same
reaction has been repeated using AcidX2a instead of free 2a. A 25 mM suspension of 1a was
allowed to react with 25 mM of 2a in 100 mM PB (10 vol% DMSO-d6) at 37 °C for 48 h.
After the completion, APCI-MS analysis shows the formation of a higher amount of the
product (6% via 'H NMR) (Fig. S32).

Since 1a shows limited solubility in aqueous Baicalein (1a) degradation in 100 mM

PB (pH 7.4, 37 °C)

-
o
o
|

media, 1t was decided to lower the starting ": 80

concentration from 25 mM to 2.5 mM (maximum "g 60

solubility). First, possible 1a degradation products % 40 S -

were checked. 2.5 mM solution of 1a was shaken in % ot T -
100 mM PB (10 vol% DMSO-d6) at 37 °C and its =0 o 1 2 3 4 5 6
concentration was checked, using chrysin as an IS. Time, h

It was found that ~70% of 1a is degraded within first 4 h under these conditions (Fig. S33). It
has been shown, that 1a exhibits relatively low stability under basic conditions: the t12[1a] =

0.53 h at pH 7.4 and T = 40°C 1
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Fig. S33. HPLC-UV spectra of 1a degradation in 100 mM phosphate buffer (pH 7.4, 37 °C)
over 6 hours.
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2.5 mM solution of 1a was allowed to react with a 2.5 mM of HCIX2ag' in 10 mM PB (10
vol% DMSO-d6) at 37 °C for 4 h. The formation of covalent adduct of 1a and lysine
derivative HCIx2ag' was detected via HPLC-UV-ESI(MS) (Fig. S34). 50 ul of 0.05M
solution of HCIX2ag' in DMSO-d6 was added to 1 ml of freshly prepared 10 mM sodium
phosphate buffer in 2 ml Eppendorf tube and mixed. 50 pl of 0.05M solution of baicalein 1a
imn DMSO-d6 was added to the resulting solution, the Eppendorf tube was closed and
incubated at 37 °C while being shaken at 800 RPM. The reaction was quenched by adding
300 pL of cold methanol/0.5 M hydrochloric acid (10:1, v/v)!1, 50 ul of 0.05M solution of
daidzein in DMSO-d6 was added as an IS and the resulting mixture was passed through a 0.2
um syringe filter. For the analysis, AZURA® HPLC Plus HPG/LPG with a DAD 2.1L
detector was coupled with the Advion MS (positive ESI mode). An aliquot of 25 pL. was
mjected and chromatographic separation was performed on a Knauer C18 column (5 pum,
4.6><250 mm ID) at 25 °C. The detection wavelength was 320 nm. The mobile phase consists
of water:0.1% (v/v) TFA and MeOH:0.1% (v/v) TFA. The flow rate was set to 1 ml/min.

)ol\ncn'
+29
H HN c®

N N i
HO o | PR s mm s ., HN)I\ HO o | Ph
HO Air, 37 °C /NM\N
10 mM PB (pH 7.4) H
OH O 10 vol% DMSO-d6 N S
25mM Shaking 3ag’

1a
Detected via ESI-MS

— Ca BlamachIS5_sh_60_40_30_B0_25C_water_MeCH_TFA_CMHCguench 5104 03 2023 36_82_64_319-DAD2. L: Chammel 2
= O B emach SST_d_60_40_20_0_25C_veuter_MeCH_TTA_CNMCyvench+ E5T_O4_03_2023 16_03_46_319 - PE.1L: Prassers

| A HJ\ JL : i

Fig. S34a. HPLC-UV analysis of 1a/2g' reaction in 10 mM Phosphate buffer (pH 7.4).
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a) ESI-MS profile of the reaction of 1a with 2g' after 4 h.

Chromatogram \C 255 Fiteraa Fitered
Scani_is! datx
'

n
2y

HO.

CysHy 04"

- s miz: 255.1 (100.0%),
o |
< e Daldzaln 256.1 (16.5%), I
2 yoes | OH  257.1(21%) I\
P-] \
S J
0:00 1:40 32 S0 £:40 8:0 1000 1140 1220 15:00 16:40 18: 20 2000 21:40 23:20 %00 X% 28:20 3000
Time(min:ses)
Cheomatogram C 271 Fitered Fitered HO. o Ph
Eg{z&m‘_m Qan [ CysHy4 05"
; mo 271.1 (100.0%),
g s HO 272.1 (16.5%),
2 o06e 1a OH cOH 2731 (2.3%)
2
g
2:00 150 2 3:00 o0 o0 1000 1140 1x20 13:00 10:90 1»:20 2050 2190 3:20 5300 20 28:20 300
Time(min:sez)
MStogran NG 434 Fitered Fatered
ni_ist datx [*]
ES k3 HO, O _Ph  CuHuNiOg" a0
g N H HN miz: 454.2 (100.0%), "
£ o -~ THW\N 4552 (276%), |
g o 3ag' OH O 456.2 (4.9%) /|
: R (L . S-S <0 R WV
0:00 1:40 2 5:00 60 8:20 1000 1140 18:20 2000 21:40
Time(min:se:)
hro ram WG 270 Fitersd Fitered
yeannJs HO. O_Ph  CysHyNO,"
o ® ' miz270.1 (100.0%),
5 HsN 2711 (16.9%),
> 1eef 7a OH © 272.1 (2.2%)
$ s
E L < " A e e A A . SSPa L. " SV -
000 1:40 3 S00 60 80 1000 1140 1220 15:00 16:40 18:20 D00 2140 23:20 %00 2640 28:20
Time(min:sec)
I CyhagNyO;”
HN* miz: 202.2 (100.0%),
2 . i 203.2 (11.1%),
£ e - NHy 2042 (1.0%)
E 20006 o 2¢ ®
$ 10086
B 0:00 140 _3:2) $:00 60 20 1000 1140 1320 15:00 16:40 18:20 21:40 23:20 %00 2%:40 2:20
Time(ninises)
. . ' '
b) ESI-MS profile of the reaction of 1a with 2g' after 24 h (no 3ag' is detected)
& d
;l I‘|H G-UV:MS, after comn_Scan1_s1 cat HO. 0. CygHi0e* -
st miz: 255.1 (100.0%), * |
i Dakdzoln 256.1 (16.5%), ||
€ 1oee | o 2571(21%) ||
£ S g )
140 32 300 G0 020 1000 1140 1640 1:20 2000 2140 20 3.00 240 2020
Chromatogran NG 271 Fltereg Fatered
24, HFLC-UV-MS, 3ter column_Seant_s1,dat HO, O Ph ¢ Hy05"
Bl : 7o | 271.1 (100.0%),
T ke HO s 272.1 (16.5%),
1a OH
. ‘ & 2731 (2.3%)
2 At
140 3 500 60 80 1000 1140 13220 15:00 16:40 13:20 000 28490 23:20 %00 2%:4%0 28:20
Time(min:ses)
srea Fiterea X
ohamn, Scan &1 dat "':2 P"m‘:‘;‘zﬁww)
,n M" 4552 27.9%). NO PEAK AFTER 24h
| ) g " w0 4562 (4.9%)

) |
)
W 1 N o)
L, A v W ' Y,
8:20 1000 1140 1x20 15:00 16:40 18:20 D00 21:40
Time(min:ses)
]
s at
3 es
£
g s
&
= Q = s S N —— R S— N P SR —— s ———
1:40 ko) 5:00 60 8:0 1000 1140 1220 15:00 1€6:40 18:20 2000 1:40
Time(min:se:)
° CoHzoN;0;"
« s i HNJ\ miz: 202.2 (100.0%),
3 amee | /a WH\/\/\ 203.2 (11.1%).
S NHy 2042 (1.0%)
g S o 2 @
E — . B .
140 32 500 6:0 8:20 1000 1140 1220 15:00 16:40 18:20 000 21:40 23:20
Time(minise:)

139

23:20

HO o
9,
HN
7a OH ©
S0 %m0
15:00 26:40

Ph

CysHiaNO4"
mifz: 270.1 (100.0%),
271.1 (16.9%),
272.1 (2.2%)

ey

28:20



¢) Independent synthesis of 3ag' (7a is detected as the product of oxidative hydrolysis)
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Fig. S34b. HPLC-ESI(MS) detection of 3ag' in 10 mM Phosphate buffer (pH 7.4).

Nq-Boc-Arg-NMe 2h

iAPP also contains the reactive arginine residue (Argl 1), so it was decided to test if there is
a covalent interaction between 1a and arginine derivatives, such as Nq-Boc-Arg-NMe (2h).
The reaction was carried out according to the procedure B. No covalent interaction was

observed via APCI MS under these conditions (Fig. S35).
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Fig. S35. APCI MS spectrum of 1a/2h oxidative coupling.

To obtain the coupling product, 1a was oxidized to 4a using o-Chloranil.[!! The reaction with
crude 4a was carried out according to the procedure B. No covalent interaction was observed

via APCI MS under these conditions (Fig. S36).
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Fig. S36. APCI MS spectrum of 4a/2h oxidative coupling.
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Benzylhydrazine (2i) was employed to examine additional N-nucleophiles. The reaction was
performed according to the procedure B with minor changes. Due to the presence of 2i in the
form of dihydrochloride, 2 eq of NEt; was added as a deprotonating agent. The reaction was
monitored via 'H NMR and APCI MS analysis, showing no product formation (Fig. S37 and
S38).
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Fig. S37. APCI MS of the crude 1a/2i coupling reaction.

141



mmmmmmmmmmmmm

mmmmmmmmmmmmm

—6.02 1,3,5-TMB
—5.32 CD2CI2

~3.70 1,3,5-TMB
—2.47 DMSO-d6

—3.83

!
N/
C
l

_ -

| N

T T T T T T T T
2.5 2.0 15 1.0 0.5 0.0 -0.5 -1

[

h7a2 - —

R.003 —I
163 X
p.088 —=

x
D703 I
752

951
-.913

© o
22,511{

ES
=)
w
»
w

T T T T T T U T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
ppm

Fig. S38. in situ *H NMR spectra of 1a/2i coupling reaction, DCM-d2/DMSO-d6, 400 MHz.

1.3.7.6. Oxidative coupling of pentylamine 2a with various polyphenols
2,3,4-Tryhydroxyacetophenone (TAP, 1b)

The reasoning behind the substrate selection is that 2,3,4-tryhydroxyacetophenone (TAP)

shares structural similarities with 1a (Scheme S5)

8 8
HO 7 8a HO7 8a
6 4, p— 6 43
HO™ gy 4a HO™ gy 4a
OH O OH O
TAP 1b moiety TAP 1b

in baicalein 1a

Scheme S5. TAP (1b) moiety is present in the baicalein (1a) structure.

Amine 2a was added to a shaking suspension of 1b in dry solvent under O, atmosphere (1
atm). The reaction mixture immediately turns yellow (after a short time a yellow precipitate
forms in DCM). The reaction was shaken (400 RPM) for 18 h at 23 °C. During this time, the
precipitate dissolves and the reaction color changes to orange. A defined amount of the IS
1,3,5-TMB is added, small aliquot is taken in an NMR tube, evaporated at RT, and dissolved
in DMSO-d6 under N2 atmosphere for further *H NMR analysis (for non-deuterated solvents)
(Table S7).
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3N\/\/\
HO \/\/\NH2 2a-H*
0,
HO 23 C Solvent 18h
OH O 400 RPM 23°C
1b H" O OH O
hydrogen- bonded complex amine phenolate
1b-2a
Table S7. Optimization of the 1b-2a oxidation process?
Neo Solvent 1b, M 2a, eq 3ba, %
1 DCM 0.083 0.50 24
2 DCM 0.083 0.75 72
3 DCM 0.083 1.00 (63)
5 DCM 0.083 1.75 86
6 DCM 0.025 1.33 88
7° DCM 0.025 1.33 26
9 MeOH-d4 0.083 1.33 51
10 MeOH-d4 0.083 2.00 50

a The yield was determined by 1H N

presented in brackets. b Air was used

Increasing the 2a equivalents to 1.33 gave 84% yield. The crude product was purified by
column chromatography on silica gel. The pure product was obtained as a pale-yellow solid
(95 mg, 80%). Single crystal X-ray analysis showed that product is the C6-functioniled 3ba.
To find out, whereas the yield is affected through the evaporation, the 2 experiments were
performed. The reaction 5 (Table S8) was repeated on a larger scale, using DCM/DMSO-d6
= 10/1 solvent system (Procedure A). Shaking continued for 1 hour, 1,3,5-TMB was added,
and then 2 x 0.5 ml aliquots were taken:
A) The first aliquot was evaporated under reduced pressure, diluted with 0.75 ml of
DMSO-d6 and 'H NMR analysis was performed. m(3ba) = 42%, what corresponds

MR analysis of the crude reaction mixture using 1,3,5- trimethoxybenzene as an 1S. Isolated yields are

instead of 02.

to the result obtained in the Table S8 (Entry 5).

B) 100 pl of 0.250 M TFA solution were added to the second aliquot to quench free 2a
in the solution. Then all volatiles were evaporated under reduced pressure, diluted
with 0.75 ml of DMSO-d6 and 'H NMR analysis was performed. m(3ba) = 40%

These experiments (A and B) showed that no accelerated reaction occurs during evaporation

process.
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Table S8. Optimization table of 1b/2a oxidation reaction?

HO. \/\/\NH2 H3N\/\/\ Ho
HO: : Y Q{ Q{ I%( * H2N: ; N MNP ONS Ve
OH O 23 o Solvem 0 5.8 JA! H OH © OH O 8
Co =10t.)025 M Hydrogen-| bonded complex Amine phenolate 3pa ™
Ne Solvent 2a,eq | Comment 2a-H*, % | 1b,% | 3b,% | 7b,% | 8, %
1 3.00 Air - 97 4 2 -
DCM
2 3.00 - 77 27 2 -
3 0.20 86 95 6 3 7
4 0.50 51 82 27 7 15
5 40 49 42 7 13
6 Mixing 38 47 45 8 15
7 1 eq tBuNH; - 7 75 11 -
8 1 eq NEts 51 56 30 11 20
9 0.1eq DBU - 17 70 14 -
1.00
10 0.1eqlc 43 49 42 7 13
11 0.1eq 4-
DCM-d2P Methyl o- 53 57 35 6 11
catechol
12 1eqof 1f 57 65 34 2 4
13 1.15 34 39 52 8 14
14 1.33 39 36 56 8 12
15 1.75 38 10 75 10 11
16 43 11 80 10 10
2.00
10 Air 50 19 76 9 9
17 3.00 64 n.d. 88 11 9
18 5.00 - n.d. 88 12 7
19 CDCIgP 1.00 68 71 26 3 7
20 1.00 - 41 6 32 48
21 1.00 Air - 45 7 32 51
DMSO-d6
22 1.00 15 min - 45 6.5 32 -
23 2.00 - - 10 69 52

a) The yield was determined by 1H NMR analysis of the crude reaction mixture using 1,3,5- trimethoxybenzene as an IS. b) 10
vol% DMSO-d6.
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It was shown that that yield of 3ba reached its maximum at 2 eq of added 2a (Fig. S39).
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Fig. S39. Yield of 3ba (left) and yield of 8 (right) as a function of added amounts of 2a in

DCM-d2/DMSO-d6 = 10/1.
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Fig. S40. in situ '"H NMR spectrum of 1b/2a oxidative coupling (Table S7, Entry 2), DCM-
d2, 400 MHz. No 7b formation is detected.
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Fig. S41. in situ *H NMR spectrum of 1b/2a oxidation (Table S8, Entry 5), DCM-d2/DMSO-
dé = 10/1, 400 MHz.

To investigate the possibility of further reaction of the initially formed products, a solution of
3ba was treated with 1 eq 2a under O atmosphere in DMSO-d6. It has been demonstrated
that the main pathway involves nucleophilic addition to the carbonyl group, resulting in the

formation of imine 3ba" (Fig. S42).
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Fig. S42. in situ 'H NMR spectra of the formation of 3ba'" under O, at RT, DMSO-d6, 400
MHz.

7b slowly turns into 3ba (15% conv. in 24 h) when treated with 1 eq of 2a under O
atmosphere through the oxidative transamination reaction (Fig. S43 and S44). The reaction

was performed according to the general procedure B.
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Fig. S43. in situ *H NMR spectrum of 7b/2a oxidative coupling after 1 hour(top) and

24 h(bottom), DCM-d2/DMSO0-d6, 400 MHz

Also, 7b acts as active species in the process of oxidative deamination of 2a, leading to
formation of imine 8 (52% yield) in DMSO-d6. The addition of 1 equivalent of TFA-d1 to

the reaction mixture helped to quantify the formation of ammonia (NHs) as the generated

byproduct (Fig. S45). Under identical conditions, 3ba forms equimolar amount of imine 8

(16%) and 7b (8.5%), through the amynolysis reaction.
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Control experiment

Fig. S44. Formation of DPI 8, mediated by 7b and 3ba, DMSO-d6, 400 MHz.
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Fig. S45. Detection of NH3 as a byproduct of 3ba aminolysis, in form of its TFA salt,
DMSO-d6, 400 MHz.

The reactivity of C4-imine of TAP, 3ba’', with 2a was also investigated. The reaction was
performed according to the general procedure A. APCI-MS analysis of the reaction showed
the product of the oxidative coupling with 2a (m/z 307, 20% via 'H NMR analysis) the
product of oxidative aminolysis 3ba'' (m/z 237). Another major peak at m/z 456 can
presumably be attributed to the condensation product of 3ba'"' and 3ba' (Fig. S46).

Cy3HzoNO5*
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Fig. S46a. APCI-MS spectrum of 3ba'/2a oxidative coupling.
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Fig. S46b. in situ *H NMR spectrum of 3ba'/2a oxidative coupling, DCM-d2/DMSO-d6, 400
MHz.

Considering all the details provided above, it is possible to draw a comprehensive reaction

mechanism of the oxidative coupling of pyrogallol-based polyphenol with primary amines
(Fig. S47).

Fig. S47. Proposed mechanism of 1b/2a reaction under aerobic conditions.
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0-Catechol (o-Cat, 1c)

Substrate selection: o-Catechol (1c) was chosen because the B-ring of several flavonoids is a
substituted o-catechol moiety (Scheme S6). We found it interesting to examine the reactivity

of the unmodified o-catechol ring.

o-Catechol moiety o-Catechol moiety o-Catechol moiety
in taxifolin

___________

‘

HO HO
D=
HO

o-Catechol 1d

Scheme S6. o-catechol 1c moiety is present in the structure of several flavonoids.

H ®
N H/N\/\/\ HaN. _~_
HO \/\/\NH2 /O/ o@
> | H - — > no reaction
HO DMSO-d6 \ DMSO-d6
Ng, RT ? HO 0y, RT
H
1c Hydrogen-bonded complex Amine phenolate

1c-2a
10 mg of o-catechol (1c) (0.091 mmol, 1 eq) in an Young NMR tube was evacuated and
refilled with N> three times, dissolved in 0.75 ml of dry degassed (3 x freeze-pump-thaw
cycles) DMSO-d6, followed by addition of ~11 pl pentylamine (2a) (8 mg, 0.092 mmol, 1
eq). No significant shift for a-methylene protons of 2a was observed in *H NMR spectrum.
Since the pKa(1c) = 9.34U1 it is more likely that the 1c-2a complex exists as a hydrogen-
bounded complex rather than the amine phenolate like 1a-2a and 1b-2a complexes, described
in our previous work.[l The formation of an initial ion pair is the crucial step for following
oxidation and coupling reactions of polyphenols with N-nucleophiles such as 2a in our case.
The absence of 1c-2a distinct ion pair led to the hypothesis that 1c will not react with 2a
under aerobic conditions. The assumption was confirmed replacing N2 inert atmosphere with
02 in the J. Young NMR tube. No significant changes were observed even after 5 days at RT,

indicating the low activity of 1c toward 2a and molecular oxygen (Fig. S48).
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Fig. S48. in situ "H NMR spectra of 1¢c-2a oxidation, DMSO-d6, 400 MHz
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6.7-dihydroxybenzonitrile (6.7-DBN. 1d)

Substrate selection: The effects of EWG at the C4a-position of the catechol moiety were
checked in experiments with 6,7-DBN (Scheme S7).

HO HO No Pyrogallol o
:@ 8a 8a moiety
HO 4a HO 5 4a \\N HO
1d

Scheme S7. 6,7-DBN 1d has the EWG group at 4a-position, and unlike TBD 1g has no
pyrogallol moiety.

HSN?/\/\
HO
D\ —>¢> No Reaction
HO Sy DCM/IDMSO-d6
1d 10/1
0,,23°C
1h hydrogen-bonded complex amine phenolate
1d-2a

The reaction was carried according to procedure B. No reaction was observed between 1e and
amine 2a under these conditions (Fig. S49), only a trace amount of imine 8 was detected

(smaller than '*C satellites peaks).
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Fig. S49. in situ "H NMR spectrum of 1d/2a ox1dat1ve coupling, DCM-d2/DMSO-d6, 400
MHz.
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Pyrogallol (Pyr, 1e)

Substrate selection: Pyrogallol (1e) was chosen because the A-ring of baicalein and B-ring in
myricetin/epicatechin contain pyrogallol substructure (Scheme S8). We found it interesting to

examine the reactivity of the unmodified pyrogallol ring.

Pyrogallol moiety
Pyrogallol moiety in

_____________

Pyrogallol moiety
in baicalein

Scheme S8. The pyrogallol moiety is present in the structure of several flavonoids.

a) DCM

Pyrogallol (1e)

H ®
. H’N\/\/\ HaN A~~~
HO \/\/\NH2 /O/ O@
> | H _—
HO DCM \
o NporAi, 23°C Q HO
H---O-y OH
1e hydrogen-bonded complex amine phenolate

1e-2a

Fig. S50. 'H NMR spectra of 2a, 1e and the obtained white precipitate, DMSO-d6, 400 MHz.
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Fig. S51. ®*C NMR spectra of 2a, le and the obtained white precipitate, DMSO-d6,
101 MHz.

First, the formation of the 1le-2a ion pair was checked by mixing 60 mg of 1e (0.48 mmol, 1
eq) with 55 ul of 2a (43 mg, 0.5 mmol, 1 eq) in 6 ml of dry degassed DCM (3 x freeze-pump-
thaw cycle) under nitrogen atmosphere. The resulting suspension was stirred vigorously and
after a short time a white precipitate formed. The reaction was allowed to stir overnight at
RT. The precipitate was filtered off (29 mg). *H NMR showed that the precipitate consists of
two parts of 1e and one part of 2a (Fig. S50). **C NMR spectra showed no new signals as if
the precipitate was a mixture of 1le and 2a (Fig. S51).
b) DCM (10 vol% DMSO-d6)

1) leqof2a
K ®
a H/N\/\/\ H3N\/\/\
HO \/\/\NHZ /Ol O@ HO
_— H\ _— —_—
HO DCM/DMSO-d6 N \/\/\N
1011 Q HO H
OH ‘ OH
400 RMP H---0-y OH
1e 0y,23°C Hydrogen-bonded complex Amine phenolate 3ea

1e-2a 1h:12%

24 h: 20%
The reaction was performed according to Procedure A (Fig. S52). It has been shown that
yields of 3ea were 12% and 20% after 1 h and 24 h, correspondingly, using 1,3,5-TMB as an
IS (5.9 mg). Also, after 24 h reaction, time the by-product 7e (~40%), was detected (Fig.
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S53). The regioselectivity of the products were proven by independent synthesis of 3ea and
Te.

1 hour
H
HW%Hs
H H
K_H
)
LUL AL ,}Q | »U
HO
SN
H OH
3ea
independent synthesis
L L L

T T T T T T T T T T T T T T T T T T T T T T T
00 95 90 85 80 75 70 65 60 55 50 45/ 35 30 25 20 15 NO-O 05 1.0
ppm

1 hour \
HO HBa
83. HO

8a' 8' LHL JL—/;‘
A
HO
HH
HB' MN:@
HO H,.. 8| H

OH

CsHyy N ) 3ea )
B independent synthesis

8a' 3ea

independent synthesis

M

T T T T T T
6.45 6.40 6.35 6.30 6.25 6.20 3.3 3.2 3.1 3.0 2.9
ppm ppm

Fig. S52. 'H NMR spectrum comparison of 1e/2a oxidative coupling reaction after 1 hour
(800 MHz) with independently synthesized 3ea (400 MHz), DMSO-d6.
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Fig. S53. 'H NMR spectra comparison of 1e/2a oxidative coupling reaction after 24 h with
independently synthesized 7e, DMSO-d6, 400 MHz.
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a) 1legof2a,insitu

HO \/\/\NH2 HO
. P
+ \/\/\N/\/\/
HO DCM-d2/DMSO-d6 "> 8

OH 1071 Ho on X
0,,23°C 5%
1e 1h 3ea
13%

The reaction was performed according to the general procedure B. It has been shown that

yields of 3ea and 8 were 13% and 5%, correspondingly, using 1,3,5-TMB (0.56 mg) as an IS
(Fig. S54).
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Fig. S54a. in situ *H NMR spectrum of 1e/2a oxidative coupling reaction after 1 hour, DCM-
d2/DMSO0O-d6, 400 MHz.
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Fig. S54b. in situ '"H NMR spectrum of 1e/2a oxidative coupling reaction over 32 h, DCM-

d2/DMSO-d6, 400 MHz.
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Fig. S55. Yield monitoring of 3ea and imine 8 over 32 h, DCM-d2/DMSO-d6.
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Scheme S9. Proposed mechanism of the step-by-step oxidation/aminolysis of 3ea to 7e.
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2) 2eqof2a
The reaction was performed according to Procedure A. It has been shown that the yield of
3ea was 38% after 1 h, using 1,3,5-TMB as an IS (7.45 mg). No significant amount of 7e was
detected (Fig. S56).

NO -+~
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Fig. S56. 'TH NMR spectrum of 1e/2 eq 2a oxidative coupling reaction after 1 hour, DMSO-
d6, 400 MHz.

Ethyl Pyrogallol (EtPyr. 1f)

Substrate selection: The importance of the EWG at C4a-position and the intramolecular
hydrogen bond were checked in the experiment with EtPyr (1f) (Scheme S10).
HO 8a HO 8a
_ 4
HO 4a| HO 4a No EWG
(o]
b Oy 1 Oy No intramolecular

H-bond

Scheme S10. 1f has no EWG group at 4a-position and no intramolecular hydrogen bond.

The reaction was carried according to procedure B. No reaction was observed between 1f and

amine 2a under these conditions (Fig. S57).
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Fig. S57. in situ 'H NMR spectrum of 1f/2a oxidative coupling reaction after 1 hour, 400
MHz, DCM-d2/DMSO-d6.

Important note: EtPyr 1f, unlike the other polyphenols mentioned in this study, slowly

undergoes autoxidation during storage time. The conclusion was made after analysis of the

mass spectrum of the polyphenol some time after its synthesis (Fig. S58).
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Fig. S58. APCI-MS spectrum of EtPyr 1f autoxidation.
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2.3 4-trihydroxybenzonitrile (TBN. 1g)
Substrate selection: The importance of an EWG at C4a-position and of an intramolecular

hydrogen bond were checked in the experiment with 1g (Scheme S11).

HO HO 1i
0]
HO]@/ HO ) ~
LN 000 X
1b “*H~ H

HO 8a
— EWG
4a ™™
HO 0._Ph HO I S
| 19 *H” No intramolecular
H-bond
HO | \
1a O~H"O

Scheme S11. TBN 1g has the EWG group at 4a-position, but no intramolecular H-bond.

The reaction was carried according to procedure B. The yields of 3ga, 8 and 7g were 68%,
8% and 4%, correspondingly, using 1,3,5-TMB (0.352 mg) as an IS (Fig. S59) (Average from

2 independent experiments). The regioselectivity of 3g was proven by scXRD analysis.
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Fig. S59. In situ "H NMR spectrum of 1g/2a oxidative coupling reaction after 1 hour, 400
MHz, DCM-d2/DMSO-d6.
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The reaction was repeated on a big scale (Procedure A). Yields of 3ga, 8 and 7g were 68%,
8% and 4%, correspondingly, using 1,3,5-TMB as an IS (Fig. S60).
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Fig. S60. *H NMR spectrum of 1g/2a oxidative coupling reaction after 1 hour, 400 MHz,
DMSO-d6.

Methyl gallate (MetGal, 1h)

Substrate selection: Methyl gallate (1h) was chosen because epigallocatechin gallate is an
ester of epicatechin and gallic acid (Scheme S12).

~N

0 HO O .o
5 OH JooH
— e} !
OH OH | OH !
OH ;O l
Methyl gallate 1h : OH :

! '
{ )

Methyl gallate moiety in
epigallocatechin gallate

Scheme S12. The Methyl gallate 1h moiety is present in the structure of epigallocatechin
gallate.

a) DCM

To a well stirred solution of Methyl Gallate (1h) (75.5 mg, 0.41 mmol, 1.0 eq) in anhydrous
DCM (6 mL) was added 2a (47.5 pL, 0.41 mmol, 1.0 eq) under Nz-atmosphere. Upon
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addition of 2a, the clear colorless solution became immediately white and turbid. The
resulting mixture was stirred at RT for 18 h. The reaction mixture was concentrated in vacuo
to afford a white solid, which was then recrystallized in iHex with dropwise addition of
EtOAc to afford thin white needle crystals.[!l A 2:1 ratio of MetGal 1h to 2a was found in the
'H NMR spectrum (Scheme S13, Fig. S61)
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OH OH OH
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1h o) HoN
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Scheme S13. Formation of 1h-2a complex.
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Fig. S61. *H NMR spectrum of 1h-2a complex, DMSO-d6, 400 MHz.

To characterize the complex and to determine the crystal property along with a potential
crystal structure, pXRD experiment of the freshly recrystallized dry product were performed
(Fig. S62). As comparison, the diffractogram of 1h was measured. The diffractogram showed
that it is isotropic in the white 1h-2a complex, which means that even though the white solids
appeared to have a needle crystal-like structure after recrystallization, the product is not a
crystal. Nevertheless, there has been research showing methyl gallate 1h could be used as co-

former for co-crystallization in the pharmaceutical industry®l, for example methyl gallate
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build 1:1 co-crystals with theophylline anhydrate®® and 1:1 co-crystals with caffeine with

improved mechanical properties as a result of modification of overall crystal packing!l.

E)
)
2 MG
2
o) MG-PA-Complex
£
0 5 10 15 20 25 30 35

26 (°)
Fig. S62. pXRD diffractogram of Methyl gallate (1h) and methyl gallate-pentylamine
complex (1h-2a).

b) DCM (10 vol% DMSO-d6)

®
0 H’N\/\/\ HaN -~ 0
"o o TNk, 0. COOMe HO COOMe HO o~
H - .
HO DCM/DMSO-d6 \ :(;/ o :Q/ SNy
OH 10/1 ? o HoL
400 RMP H-=-O-y OH
1h 0y,23°C Hydrogen-bonded complex Amine phenolate 3ha
Th-2a 1h: <0.8%

24 h: 15%
The reaction was carried according to procedure A. It has been shown that the yields of 3ha

were <0.8% and 15% after 1 h and 24 h, correspondingly, using 1,3,5-TMB as an IS (8.0 mg)
(Fig. S63). The regioselectivity of the product was proven by independent synthesis of 3ha.
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Fig. S63. 'H NMR spectrum comparison of 1h/2a oxidative coupling reaction after 1 hour,
24 h with independently synthesized 3ha, 400 MHz, DMSO-d6.

The reaction was carried according to procedure B. The yield of 3ha was 1.2% after 1 h,

using 1,3,5-TMB as an IS (0.60 mg) (Fig. S64 and S65).
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Fig. S65. in situ *H NMR spectrum comparison of 1h/2a oxidative coupling after 1 hour, 32
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Addition of 2 mol% of CuMeSal in the reaction mixturel** does not result in a significant
increase in the rate of product formation. Instead, a larger amount of MeOH, compared to
other experiments, was detected by *H NMR analysis, indicating that the reaction proceeds
via a nucleophilic attack on the ester group, resulting in the formation of an amide and
elimination of MeOH (Fig. S66).

—6.02 1,3,5-TMB
—5.32 CD2CI2

"-3.70 1,3,5-TMB
—2.48 DMSO-d6

R a
6 Cu © N
4 ° N |
s 0
2 _H
O
1 CuMeSal
1.861
T T T T T T T
3.45 3.40 335 330 325 320 3.5
oM~ ppm
@ N oo
© o SSa S i1
NSNS NN O O O o
\? ! \ 7/ N
not 3
4 !
I [
——
0.542 1555 0402

1.861 —I
1.692

78 76 74 72 70 68 66 64
ppm
L
R
g
3
60

T T T T T T T T T T T T T T T T T T T
.5 9.0 8.5 8.0 7.5 .5 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

Fig. S66. in situ *H NMR spectrum of 1h/2a oxidative coupling with 2 mol% CuMeSal after
16 h 400 MHz, DCM-d2/DMSO-d6.

Pseudo Methyl Gallate (psMetGal, 1i)

Substrate selection: pseudo methyl gallate (1i) is an isomer of methyl gallate (1h), but with a
structural modification, the methyl ester group has been moved to C4a-position from C8a-

position (Scheme S14).

HO 8a
p— o
HO 4a | ~
0.,,.0
H
Methyl gallate 1h Pseudo methyl gallate 1i

Scheme S14. Structural difference between methyl gallate(lh) and pseudo methyl
gallate (11).
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The reaction was carried according to procedure B. The yield of 3ia, 7i and 8 were 49%,
8.5% and 17%, correspondingly, using 1,3,5-TMB as an IS (Fig. S67) (1.56 mg). The

regioselectivity of the 3ia was proven via SCXRD analysis.
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Fig. S67. in situ 'H NMR spectrum of 1i/2a oxidative coupling reaction after 1 hour, 400
MHz, DCM-d2/DMSO-d6.
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HO 0, SNy X * H,N V\/\NNV
OH O DCM-d2 H OH o OH O
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Scheme S15. Comparison of TAP 1b and psMetGal 1i reactivity.
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5.6-dihydroxyflavone (5.6-DF. 1j)

Substrate selection: Baicalein 1a first deprotonation occurs preferentially at 7-OH position.!"!

It was decided to “remove” 7-OH to check the effect of this functional group (Scheme S16).

'HO. 7 O _Ph HZ O Ph
- 6 | p——————— ) |
HO™ 57 ) HO™ 5 I No Pyrogallol
O.,,.0 moiety
BAta  O'HC H
5,6-DF 1g

Scheme S16. 5,6-DF (1j) has no 7-OH group.

The reaction was carried according to procedure C, because no reactivity was detected in
DCM/DMSO mixture, similar to the example with 7,8-DF (1k). No reaction was observed
between 5,6-DF 1j and pentylamine 2a under these conditions (Fig. S68).

0. _Ph S~ NH2

| > » No Reaction
HO DMSO-d6
OH O 0y, 23 °C
5,6-DF 1j
;A O__Ph 1j
5 |3 j,;Ph 3 DMSO-d6
HO 5 6 r—H7-.8 H
sOH O l | IHW%“S
HOH
——

H
C,H,/\%sz
-NH, -0OH
1j-2a. 0,
S M —
1j-22,.0,2h
J 1j-2a,0,24h

T T T T T T T T
7 6 5 4 3 2 1 o -1

le 2 E E

Fig. S68. in situ 'H NMR spectra of 1j/2a oxidative coupling over 24 h, DMSO-d6, 400
MHz.
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7.8-dihydroxyflavone (7.8-DF. 1k)

Substrate selection. Blocking of the 5-OH substituent of TAP (1b) was considered as an
interesting idea. Methylation of 5-OH would require 3 step synthesis.//? 78-
dihydroxyflavone (1k) was used as a model of TAP 1b with blocked 5-OH phenoxy group

(Scheme S17).

HO
HO 8a HO 8a HO 8a HO 8a
rotation 4a 4a HO
- 4 0 == 0= 5/8a
HO™ al HO™ Y% HO™ 3 HO™
o, (0] (o] (@) (0]
b | H 0 > > - bond

Blocking 5-OH

Scheme S17. 7,8-DF 1k 1s a model compound of 1b with blocked 5-OH group.

The reaction was carried according to procedure B. No reaction was observed between 7,8-

DF 1k and pentylamine (2a) under these conditions (Fig. S69).
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Fig. S69. in situ 1H NMR spectrum of 1k/2a ox1dat1ve couplmg, DCM-d2/DMSO-d6, 400
MHz.
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Pseudo baicalein (psBA, 11)

Substrate selection: Baicalein (1a) shows high reactivity with amine 2a. It was decided to
"flip" the C-ring of baicalein 1a to obtain reverse electron withdrawing and donating effects

(Scheme S18).

HO 5. _Ph O _»
| C-ring "flipping” HO
HO o c |
OH o\ HO OH‘Q' Ph
BA (1a) psBA (11)

Scheme S18. 11 has "reverse" electron withdrawing and donating effects relative to 1a.

The reaction was carried according to procedure B. No reaction was observed between 11 and

amine 2a under these conditions (Fig. S70 and S71).

OH
HO 0_Ph S NH:
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Fig. S70. in situ 'H NMR spectrum of 11/2a oxidative coupling after 1 hour, DCM-
d2/DMSO-d6, 400 MHz.
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Fig. S71. in situ 'H NMR spectrum of 11/2a oxidative coupling, 24 h, DCM-d2/DMSO-d6,
400 MHz.

In order to verify the production of even small amount of product, the reaction was repeated
using higher concentrations of substrates in DMSO-d6. Upon the addition of amine 2a, the
colour of the solution immediately changed from light yellow to brown and turned red after
exchange of the gas atmosphere from N2 to O2. The colour slowly turns dark red in the end.
The *H NMR spectra were measured directly after the addition and before the gas exchange,
and then after 2 h, 24 h, 96 h, and 144 h (Fig. S72).
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Fig. S72. in situ *H NMR spectra of the reaction of 11 and 2a in a 1:1 ratio at 23 °C, DMSO-
d6, 400 MHz: a) under Np; after gas exchange to O2 for b) 2 h, ¢) 24 h, d) 96, €) 144 h.

2.3-Dihydrodaicaein (BAx2, 1m)

Substrate selection: 1m can be considered as a model of TAP (1b) with an EDG at C8a-
position. On the other hand, 1m represent baicalein (1a) with a split n-system of conjugated
double bonds (Scheme S19).

Addmg EDG Breaking
c-C bond the m-system
Y
: —
OH O
TAP (
BAy, (1m) BA (1a)

Scheme S19. 1m is a model of 1b with EDG at C8a-position or a model of 1a with a split nt-
system.
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HO 0P~ _NH,
HO DCM/DMSO-d6

OH O 10/1
1m 0,, 23 °C
1h

HO O Ph
> AN
O

OH
3ma 66%

The reaction was carried according to procedure A. It has been shown that the yield of 3ma

was 66% using 1,3,5-TMB as an IS (average from 3 independent experiments). The reaction

was quenched with 1.25 eq TFA-d1(inactivating
DMSO-d6 (resolving the overlapping peaks of

2a to TFAx2a), dried and dissolved again in
H3- and H-protons) (Fig. S73). Yield of 8

(7%) was established from independent in situ reaction according to the general procedure B

(Fig. S74).
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Fig. S73a. 'H NMR spectrum of 1m/2a oxidative coupling, DCM-d2/DMSO-d6, 400 MHz.
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Myricetin (Myr, 10)
Substrate selection: Myricetin 10 has almost the same flavonoid backbone as baicalein (1a),

but pyrogallol moiety is on the B-ring (Scheme S20).

1 Pyrogallol
' moeity

Scheme S20. Myricetin 10 has a pyrogallol moiety on B-ring of the flavonoid backbone.

The reaction was carried according to procedure B. Yield of 30a was 3%, using 1,3,5-TMB

as an IS (Fig. S75) (2.81 mg) (average from 2 independent experiments).
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Fig. S75. in situ 'H NMR spectrum of 1o/2a oxidative coupling, DCM-d2/DMSO-d6, 400

MHz.
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Epigallocatechin gallate (EGC, 1p)
Substrate selection: Epigallocatechin (1p) was chosen because epigallocatechin gallate is an

ester of epigallcatechin and gallic acid (Scheme S21).

Epigallocatechin moiety in OH
Epigallocatechin gallate OH

OH
i :OH HO ORI OH
HO (ONGS oy — ‘0 .-
: OH .- OH
“OH -0
OH OH

Epigallocatechin 1p OH

Scheme S21. Epigallocatechin (1p) moiety in epigallocatechin gallate

The reaction was carried according to procedure B. It has been shown that the yields of 3pa
and 8 were 45% and 4%, correspondingly, using 1,3,5-TMB as an IS (Fig. S76) (average
from 2 independent experiments). The reaction has to be mixed, because EGC 1l was not
soluble in a DCM/DMSO mixture.
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Fig. S76a. in situ *H NMR spectrum of 1p/2a ion pair under N2, DCM-d2/DMSO-d6, 400
MHz.
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Fig. S76b. in situ 'H NMR spectrum of 1p/2a oxidative coupling after 1 hour, DCM-

d2/DMSO0-d6, 400 MHz.
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1.3.7.7. Synthesis and analytical data of polyphenols 1a-q

Important note: Purchased or synthesized flavonoids might be represented in a form of stable

hydrate complexes. If the excessive water peak is detected in *H NMR spectrum of the

certain flavonoid in dry DMSO-d6, the elemental analysis of the flavonoid was performed to

confirm the composition (Flavonoid x n H20). If the flavonoid is in its hydrate form, it is

shown next to the corresponding flavonoid in the text below.

5,6,7-trihydroxyflavone (BA, 1a).[!

IH NMR (400 MHz, DMSO-d6) & 12.65 (s, 1H), 10.55 (s, 1H), 8.81
(s, 1H), 8.11 — 8.01 (m, 2H), 7.65 — 7.56 (m, 3H), 6.93 (s, 1H), 6.63
(s, 1H).

13C NMR (101 MHz, DMSO-d6) &: 182.2, 163.0, 153.7, 149.9, 147.0,
131.9, 131.0, 129.4, 129.2, 126.3, 104.5, 104.3, 94.1.

IR v'= 3408(m, -OH), 1656(s, C=0), 1617(s), 1578(s), 1505(s), 1470(s), 1419(s), 1385(s),
1339(s), 1296(s), 1212(m), 1182(w), 1160(vs), 1103(m), 1085(s), 1032(m), 1021(m), 916(w),
897(m), 852(m), 826(m), 782(vw), 776(w), 733(m), 714(w), 705(w), 681(m) cm ™.

Elem. Calcd for C1sH1005: C 66.67, H 3.73. Found: C 66.45, H 3.75.

Crystals of 1a were obtained by slow evaporation of n-butanol solution.

N I 7 o5
e {QV 05\07 |

Lo [ I

| ] \/

C13; ci5 d

PN,

]c14

Fig. S77. X-ray structure of la.

Table S9. Crystallographic data for 1a

net formula

M,/g mol™?
crystal size/mm

TIK
radiation

diffractometer
crystal system

space group

alA

C15H1005 transmission factor range 0.93-0.99
270.23 refls. measured 23593
0.110 x 0.080 x 0.070 Rint 0.0426
173.(2) mean o(I)/I 0.0203
MoKa 0 range 3.063-26.372
Bruker D8 Venture TXS observed refls. 2029
Monoclinic X, Y (weighting scheme) 0.0464, 0.4175
P121/c1 hydrogen refinement mixed
7.8165(4) Flack parameter ?
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b/A 13.2981(6) refls in refinement 2411
clA 11.5748(5) parameters 193
o/ 90 restraints 0
B/ 100.768(2) R(Fobs) 0.0387
v/ <) Ru(F?) 0.1033
VIAS 1181.95(10) S 1.079
z 4 shift/errormax 0.001
calc. density/g cm™ 1.519 max electron density/e A= 0.234
wmm'? 0.115 min electron density/e A~ -0.174
absorption correction Multi-Scan
2,3,4-Trihydroxyacetophenone (TAP, 1b).[!
HO 1H NMR (400 MHz, DMSO-d6) & 12.61 (s, 1H), 10.07 (bs, 1H), 8.63 (bs,

1H), 7.30 (d, J = 8.8 Hz, 1H), 6.40 (d, J = 8.8 Hz, 1H), 2.51 (s, 3H).

HO

16 OH O 13C NMR (101 MHz, DMSO-d6) & 203.5, 152.6, 152.2, 132.3, 123.2,

113.2, 107.7, 26.4.

IR v'= 3348(m, -OH), 1643(s, C=0), 1598(s), 1507(s), 1463(m), 1370(s), 1319(vs),
1289(vs), 1246(s), 1226(s), 1182(m), 1138(w), 1045(s), 1025(m), 898(m), 813(m), 791(vs),

679(m) cmL,

Q

e

/ \ /)
\

\_/
OJ S\

o1&
Fig. S78. X-ray structure of 1b.
Table S10. Crystallographic data for 1b.

net formula C8H804 transmission factor range
M./g mol 168.14 refls. measured
crystal size/mm 0.140 x 0.100 x 0.080 Rint
T/IK 173.(2) mean o(I)/1
radiation MoKa 0 range
diffractometer Bruker D8 Venture TXS observed refls.
crystal system orthorhombic X, y (weighting scheme)
space group Pbca' hydrogen refinement
alA 10.2848(6) Flack parameter
b/A 11.7842(8) refls in refinement
c/A 12.3377(8) parameters
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0.97-0.99
32672
0.0431
0.0180
3.104-27.477
1548
0.0408, 0.9348
mixed
?
1707
122



o/ 90 restraints 0

B/ 90 R(Fobs) 0.0371
y/ 90 Rw(F?) 0.0991
VIA3 1495 31(17) S 1.077
z 8 shift/errormax 0.001
calc. density/g cm™ 1.494 max electron density/e A~ 0.275
wmm'? 0.121 min electron density/e A~ —0.230
absorption correction Multi-Scan

o-Catechol (o-Cat, 1c)

HO
j@ IH NMR (400 MHz, DMSO-d6) 5 8.80 (s, 2H), 6.72 (dd, J = 5.9, 3.6 Hz, 2H),
HO 6.59 (dd, J = 5.9, 3.6 Hz, 2H).

1c

1,2,3-Trihydroxybenzene (Pyr, 1e)

HO IH NMR (400 MHz, DMSO-d6) § 8.73 (bs, 2H), 8.02 (bs, 1H), 6.40 (dd, J =
8.3, 7.5 Hz, 1H), 6.23 (d, J = 8.3 Hz, 2H).

HO
1e OH 13C NMR (101 MHz, DMSO-d6) & 146.29, 133.10, 118.42, 107.06.

4-gthyl pyrogallol (EtPyr, 1f.[3])

HO Ho To the stirring suspension of 10% w/w Pd/C
:@\( Hy(1 bar) :@\/ (25 mg) in 30 ml of MeOH was added 336 mg

Ho1b I n;):é)CH HO" o of TAP (1b) (2 mmol) under nitrogen

RT, overnight atmosphere, which after was replaced by H;

gas. The resulting reaction mixture was stirred overnight at RT. The reaction mixture was

filtered through a Celite pad, and all the volatiles were evaporated under reduced pressure

give EtPyr (1f) as colorless solid (300 mg, 97%).

IH NMR (400 MHz, DMSO-d6) 5 8.74 (bs, 1H), 8.12 (bs, 1H), 8.00 (bs, 1H), 6.32 (d, J =
8.2 Hz, 1H), 6.19 (d, J = 8.2 Hz, 1H), 2.41 (q, J = 7.5 Hz, 2H), 1.05 (t, J = 7.5 Hz, 3H).

13C NMR (101 MHz, DMSO-d6) 5 144.0, 143.9, 132.8, 121.6, 118.1, 106.2, 22.5, 14.8.

MS (APCI) calcd for CgH1103 [M + H]*, 155.1; found 155.0
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2,3,4-trihydroxybenzonitrile (TBN, 1g)*4
Modified literature procedure.™s!

HO:@\ 170 mg of NH20OH-HCI (2.44 mmol, 1.05 eq) were added to a solution of

Sy 2,3,4-trihydroxybenzaldehyde (356 mg, 2.3 mmol, 1 eq) in 2 ml of dry
DMSO under N2 atmosphere. The reaction was stirred at 90 °C for 2 h,
quenched with 10 ml of water, extracted with n-BuOH (3x10 ml). The organic phases were
combined and dried over MgSOas. All the volatiles were evaporated under reduced pressure
and the crude material was purified by column chromatography, followed by
3xrecrystallization from iHex/EtOAc. The title compound 1g was obtained as pale brown
solid (230 mg, 65%).

IH NMR (400 MHz, DMSO-d6) & 10.22 (bs, 1H), 9.88 (bs, 1H), 8.93 (bs, 1H), 6.89 (d, J =
8.5 Hz, 1H), 6.40 (d, J = 8.5 Hz, 1H).

13C NMR (101 MHz, DMSO-d6) § 150.9, 150.1, 133.3, 123.4, 117.9, 108.2, 90.7.
HRMS (ESI) m/z calcd for C7HsNO3 [M - H], 150.0196; found 150.0197.

IR v'= 3214(w), 2234(s, C=N), 1630(s), 1508(s), 1485(m), 1311(vs), 1227(s), 1052(s),
949(s), 796(), 743 (W).

Rr0.39 (iHex/[EtOAC/EtOH=3/1] = 1/1)

M.p. 168 °C

Methyl 3,4,5-trihydroxybenzoate (MetGal, 1h)

(0]
HO o HNMR (400 MHz, DMSO-d6) § 9.16 (bs, 3H), 6.93 (s, 1H), 3.74 (s, 3H).
HO 13C NMR (101 MHz, DMSO-d6) § 166.4, 145.7, 138.5, 119.4, 108.6, 51.7.

IR v= 3291(s), 1669(s, C=0), 1610(s), 1540(s), 1464(m), 1436(s), 1372(m), 1304(vs),
1258(s), 1190(s), 1034(s), 1002(s), 917(w), 879(m), 806(w), 772(s), 751(m) cm™.

M.p. 208 °C
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Methyl 2,3,4-trihydroxybenzoate (psMetGal, 1i)1*]

HO HO To a stirred solution of 2,3,4-
Conc. H,SO4, MeOH
HO:Q\H/OH HO:Q\WO\ trihydroxybenzoic acid (0.86 g,

50 °C, 12 hrs
5.06 mmol, 1.0 eq) in MeOH

OH O OH O
2,3,4-trihydroxybenzoic acid 1i
(10 mL) was added conc H2SO4 (2 ml). The resultant mixture was stirred at 60 °C for 12 h

overnight. The reaction mixture was diluted with H.O (20 mL) and the aqueous phase was
extracted with EtOAc (3x50 mL). The combined organic extract was dried over anhydrous
MgSOs, filtered, and concentrated in vacuo to afford a brown solid. The residue was
recrystallized twice from iHex/EtOAc mixture and then purified by flash column
chromatography to afford a dark solid, which is further recrystallized again from iHex/EtOAc

under N2 atmosphere to afford 1i (0.28 g, 1.54 mmol, 30%) as pale-yellow needle crystals.

IH NMR (400 MHz, DMSO-d6) ¢ 10.64 (s, 1H), 9.93 (s, 1H), 8.61 (s, 1H), 7.18 (d, J = 8.7
Hz, 1H), 6.39 (d, J = 8.8 Hz, 1H), 3.84 (s, 3H)

13C NMR (101 MHz, DMSO-d6) 6 170.1, 151.8, 150.9, 132.6, 120.7, 107.9, 104.4, 52.1

IR v=3400(m, -OH), 3328(m), 1653(s, C=0), 1519(w), 1437(s), 1268(s), 1199(s), 1144(s),
1042(s), 986(s), 779(s), 732(s), 698(m) cm™.

HRMS (ESI) m/z calcd for CgH7Os [M - H] ", 183.0299; found 183.0299.
R¢0.60 (DCM/MeOH/AcOH = 100/10/1)

Synthetic route to 6,7,8-trinydroxyflavone psBA (11)

S o ~o ~o ~o
0 0 o o) o

l | | s O
2,3,4-trimethoxy 111 11-2 R
benzaldehyde

11 11-5 11-4

Scheme S22. Synthesis of 11. Reagents and conditions of reaction: (a) 30% ag. H2O>, conc
H2S04, MeOH, N2, RT, 12 h; (b) Ac20, Pyridine, DMAP, CHCI3, RT, 12 h; (c) BFs-OEt,,
N2, 100 °C, 1 h; (d) benzaldehyde, 50% aq. NaOH, MeOH, 48 h; (e) I, DMSO, 180 °C, 2 h;
(f) 1M BBr3, DCM, reflux, 20 h.
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a. 2,3,4-Trimethoxyphenol 1I-1
~o Modified literature procedure.l]
/0:©/0H To a stirred solution of the starting material 2,3,4-trimethoxybenzaldehyde
(4.80 g, 24.46 mmol, 1.0 eq) in MeOH (50 mL), 30% H»O> aqueous solution

(3.4 mL, 31.80 mmol, 1.3 eq) was added under N2 atmosphere. Catalytic

o)
TR

amount of concentrated H.SO4 (0.5 mL) was added at 0°C over 5 min and the reaction
mixture was warmed up to RT and further stirred for 12 h. The reaction was quenched with
saturated NaHCOz3 aqueous solution (50 mL). The aqueous layer was extracted with DCM
(3x50 mL). The DCM layers were combined, washed with brine (50 mL), dried over
anhydrous MgSOQgs, concentrated in vacuo to afford 2,3,4-trimethoxyphenol (11-1) (4.51 g,
24.48 mmol, 100%) as a brown oil, which was pure according to *H NMR analysis and it was
used without further purification. Spectral data are in agreement with literature value.®

IH NMR (400 MHz, CDCls) § 6.63 (d, J = 9.0 Hz, 1H), 6.55 (d, J = 9.0 Hz, 1H), 5.36 (s,
1H), 3.96 (s, 3H), 3.89 (s, 3H), 3.81 (s, 3H).

MS (APCI) calcd for CoH1304 [M + H]*, 185.1; found 185.1.

b. 2,3,4-Trimethoxyphenyl acetate (11-2)
Modified literature procedure.*8l
0o 0 To a stirred solution of 2,3,4-trimethoxyphenol (1I-1) (4.51 g, 24.48
:©/ o mmol, 1.0 eq) and pyridine (59.2 mL, 734.40 mmol, 30.0 eq) in CHCI3
TS (80mL), Ac20 (8.1 mL, 85.68 mmol, 3.5 eq) and DMAP (cat) were
added at RT under N2 atmosphere. After stirring for 12 h at RT, the reaction mixture was
quenched with H20 (200 mL) and extracted with DCM (3 x 50 mL). The combined organic
layers were washed with saturated KHSO4 aqueous solution (200 mL), washed with brine
(200 mL), then washed with saturated NaHCOs3 aqueous solution (200 mL), and washed with
brine (200 mL). The organic layer was dried over anhydrous MgSO4 and concentrated in
vacuo to yield 2,3,4-trimethoxyphenylacetate (11-2) (5.23 g, 23.12 mmol, 95%) as a brown
oil, which was pure according to *H NMR analysis and it was used without further
purification. Spectral data are in agreement with literature value.[*8!

IH NMR (400 MHz, CDCls) 6 6.74 (d, 1H, J=9.0 Hz), 6.62 (d, 1H, J=9.0 Hz), 3.89 (s,
3H), 3.88 (s, 3H), 3.85 (s, 3H), 2.31 (s, 3H).

MS (APCI) calcd for C11H150s [M + H]*, 227.1; found 227.1.
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c. 1-(2-Hydroxy-3,4,5-trimethoxyphenyl)ethan-1-one (11-3)

Modified literature procedure.*8l

~N
O To the 2,3,4-trimethoxyphenyl acetate (11-2) (2.27 g, 10.03 mmol, 1.0 eq)
o] OH
- BF3-Et20 (25.3 mL, 200.68 mmol, 20.0 eq) was added dropwise at 0 °C
(|3 under N2 atmosphere. The reaction mixture was then heat up to 100 °C and
11-3

stirred for 1 h. The reaction was quenched with H>O (100 mL) and the
resulting mixture was extracted with DCM (3x50 mL). The organic layers were combined
and washed with saturated NaHCO3 aqueous solution (100 mL), brine (100 mL), dried over
anhydrous MgSO4, and concentrated in vacuo to afford 1-(2-hydroxy-3,4,5-
trimethoxyphenyl)ethan-1-one (11-3) (2.27 g, 100%) as brown crystals. Spectral data are in
agreement with literature value.!*l

IH NMR (400 MHz, CDCls)  12.44 (s, 1H), 6.92 (s, 1H), 4.04 (s, 3H), 3.92 (s, 3H), 3.86 (5,
3H), 2.59 (s, 3H).

MS (APCI) calcd for C11H150s [M + H]*, 227.1; found 227.1.

d. 1-(2-Hydroxy-3,4,5-trimethoxyphenyl)-3-phenylprop-2-en-1-one (11-4)
~o Modified literature procedure.[*]

O O OH O To a  stired  solution  of  1-(2-hydroxy-3,4,5-
o] N trimethoxyphenyl)ethan-1-one (11-3) (1.97 g, 8.71 mmol, 1.0 eq)
| o 14 and freshly distilled acetophenone (1.0 mL, 9.58 mmol, 1.1 eq) in

MeOH (25 mL) was added a 50% w/v NaOH aqueous solution (6 mL) dropwise at 0 °C,

upon which the reaction mixture immediately turned dark brown. The reaction mixture was

then warmed up to RT and stirred for 48 h. It was quenched with 2M HCI (40 mL) and
extracted with DCM (3x50 mL). The combined organic layers were dried over anhydrous

MgSOs and concentrated in vacuo. The crude material was purified by flash column

chromatography (iHex/EtOAc = 10/1 — 5/1; iHex/EtOAc = 5/1, Rf 0.40) to afford 1-(2-

hydroxy-3,4,5-trimethoxyphenyl)-3-phenylprop-2-en-1-one (11-4) (2.02 g, 6.43 mmol, 74%)

as blood-red crystals.

'H NMR (400 MHz, CDCls) 6 13.08 (s, 1H), 7.92 (d, J = 15.4 Hz, 1H), 7.69 — 7.65 (m, 2H),

7.53 (d, J = 15.4 Hz, 1H), 7.46 — 7.44 (m, 3H), 7.11 (s, 1H), 4.07 (s, 3H), 3.96 (s, 3H), 3.90
(s, 3H).

MS (APCI) calcd for C1gH190s [M + H]*, 315.1; found 315.1.
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e. 6,7,8-Trimethoxyflavone (11-5)

Modified literature procedure. "]

To a stirred solution of 1-(2-hydroxy-3,4,5-trimethoxyphenyl)-3-
phenylprop-2-en-1-one (11-4) (1.90 g, 6.05 mmol 1.0 eq) in dry DMSO
(40 mL) was added I (0.15 g, 0.60 mmol, 0.1 eq) under N2 atmosphere.

11-5

The resulting mixture was stirred for 2 h at 180 °C in a sand bath. The reaction was cooled
down to RT, quenched with H>O (60 mL). The resulting black suspension was treated with 1
g Na2S203 and extracted with DCM (3x50 mL). The organic layers were combined, washed
with brine (6x100 mL) to remove remaining DMSO, dried over anhydrous MgSQOs, and
concentrated under reduced pressure to afford 6,7,8-trimethoxyflavone (11-5) (1.64 g, 5.26
mmol, 87%) as dark brown crystals, which was pure according to *H NMR analysis and it
was used without further purification.

IH NMR (400 MHz, CDCls) 6 7.98 — 7.91 (m, 2H), 7.58 — 7.49 (m, 3H), 7.40 (s, 1H), 6.81
(s, 1H), 4.10 (s, 3H), 4.05 (s, 3H), 3.97 (s, 3H)

MS (APCI) calcd for C18H170s [M + H]*, 313.1; found 313.1.

f. 6,7,8-trihydroxyflavone (psBA, 11)

Modified literature procedure.[?!l

To a stirred solution of 6,7,8-trimethoxy-2-phenyl-4H-chromen-4-
one (11-5) (0.62 g, 2.00 mmol, 1.0 eq) in dry DCM (10 mL) was
added 1M BBrz solution in DCM (30 mL, 30.00 mmol, 15.0 eq)

dropwise at 0 °C under N2 atmosphere and the obtained solution was stirred for 30 min at 0

°C. The reaction mixture was then warmed up and stirred under reflux for 20 h. After being
cooled to 0 °C, MeOH (60 mL) was added, and the reaction mixture was further stirred for 2
h at RT to quench the remaining BBr3. The reaction mixture was concentrated in vacuo to
afford a dark brown solid. The residue was recrystallized twice from H>,O/MeOH = 2/1
solution and dried at 120 °C in vacuo for 2 h to afford 6,7,8-trihydroxyflavone (11) (0.25 g,
0.92 mmol, 46%) as a beige powder.

IH NMR (400 MHz, DMSO-d6) J 9.61 (s, 3H), 8.12 (dd, J = 6.4, 2.7 Hz), 7.57 (m, 3H), 6.92
(s, 1H), 6,84 (s, 1H)

13C NMR (101 MHz, DMSO-d6) § 176.6, 161.2, 144.6, 141.4, 140.2, 134.0, 131.8, 131.3,
129.0, 126.2, 115.8, 105.6, 98.3

HRMS (ESI) m/z calcd for C1sH9Os [M - H]~, 269.0455; found 269.0455.
IR v= 3473(w), 3065(w), 1624 (w), 1573(s, C=0), 1552(s), 1484(s), 1448(m), 1404(s),
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1345(s), 1254(m), 1235(m), 1182(s), 1110(s), 1059(w), 1036(m), 938(vw), 923(vw), 870(m),
841(w), 774 (m), 680(m), 656(w) cm™.

Elem. Calcd for C1sH100s: C 66.67, H 3.73. Found: C 66.30, H 3.74.

5,6,7-trihydroxy-2-phenylchroman-4-one (BAwz, 1m)??
HO o, ph o - Modified literature procedure.?

| Hp 270 mg of Baicalein (1a, 1 mmol) and
HO:EE;.; ;zgx%ﬁz HOjiXW;r 25 mg of 50% Pd(OH)./C were stirred
12 im OH O in 15 ml MeOH under H atmosphere.
The resulting mixture was stirred for 3 h, and a small aliquot was taken for MS analysis,
which showed no product formation. After addition of 6 ml of dry DMF, the reaction mixture
was stirred for 18 h under H, atmosphere. The reaction mixture was filtered through a Celite
pad and evaporated under reduced pressure. The crude product was purified by flash column
chromatography (iHex/[EtOAc/EtOH=3/1] = 1/1). The title compound 1m was obtained as
yellow solid (230 mg, 85%).

IH NMR (400 MHz, DMSO-d6) § 11.97 (s, 1H), 10.43 (s, 1H), 8.26 (s, 1H), 7.55 — 7.47 (m,
2H), 7.47 — 7.32 (m, 3H), 5.98 (s, 1H), 5.51 (dd, J = 12.6, 3.0 Hz, 1H), 3.22 (dd, J = 17.1,
12.7 Hz, 1H), 2.76 (dd, J = 17.1, 3.1 Hz, 1H).

13C NMR (101 MHz, DMSO-d6) & 196.6, 155.8, 155.0, 150.2, 139.0, 128.5, 128.5, 126.6,
126.4, 101.7, 94.8, 78.5, 42.4.

IR v™= 3225(w, -OH), 1626 (s, C=0), 1593(s), 1465(s), 1362(m), 1338(w), 1270(s), 1203(s),
1152(s), 1058(s), 992(w), 906(w), 853(vw), 824 (W), 763(m).

HRMS (ESI) m/z calcd for CisH110s [M - H]", 271.0611; found 271.0612.
Rr0.61 (iHex/[EtOAC/EtOH=3/1] = 1/1)

M.p 148 °C (decomp)
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Synthetic route to 2',3',5',5,6,7-hexahydroxyflavone (HHF, 1n)

| I
O . ¢} OH b o OH .
~ ~
(0] (6) ~
(0]
3,4,5-trimethoxy 1n-1 1n-2
benzaldehyde
~o0 |
© | N
(¢} OH e}
ey o o
~o AN o~
? O O
o._ ©O -
1n 1n-4 1n-3

Scheme S23. Synthesis of 1n. Reagents and conditions of reaction: (a) m-CPBA, NaHCOs,
1h, RT; then KoCO3z, MeOH, 1 h, RT (b) AcCl, AICl3, N2, 100°C, 3 h; (c) 3,4,5-
trimethoxybenzaldehyde, 50% aq. NaOH, MeOH, 72 h, RT; (d) I, DMSO, 180 °C, 2 h; (e)
47% HBr, AcOH, N2, 135 °C, 48 h.

a. 3,4,5-Trimethoxyphenol (1n-1)

| Modified literature procedure.*!
© o To a stirred solution of 3,4,5-trimethoxybenzaldehyde (2.1 g, 10.7 mmol,

j@:r” 1.0 eqg) in 100 ml of dry DCM, 4.41 g of NaHCO3 was added under N

- atmosphere. Then m-CPBA (4.55 g, 20.3 mmol, 1.9 eq) was added to the
suspension, and the reaction was allowed to stir for 1 h at RT. After, the reaction was
quenched with saturated aqueous solution of Na2S203 and extracted with DCM (3x25 mL).
The combined organic layers were washed with saturated aqueous NaHCO3 solution and
dried over MgSQOs. The crude material obtained after evaporation was dissolved in 50 mL of
MeOH and treated with KoCOs (5 g, 36.3 mmol) to hydrolyze the remaining formate ester.
The reaction was allowed to stir for an additional hour, diluted with water and extracted with
diethyl ether (3x50 mL). The combined organic phases were washed with brine, dried over
MgSOs., filtered and evaporated under reduced pressure. The product 1n-1 was obtained as
colourless solid (1 g, 51%).

1H NMR (400 MHz, DMSO-d6) § 9.20 (s, 1H), 6.04 (s, 2H), 3.69 (s, 6H), 3.54 (s, 3H).
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b. 1-(6-hydroxy-2,3,4-trimethoxyphenyl)ethan-1-one (1n-2)
| The compound was synthesized following the modified literature
o:@f; procedure.?® The crude product was purified on a silica gel column
1:2 P (iHex/EtOAC = 10:1— 2/1) to yield 0.92 g of the desired product as a pale-
yellow solid (76%).

IH NMR (400 MHz, DMSO-d6) & 13.02 (s, 1H), 6.35 (s, 1H), 3.90 (s, 3H), 3.84 (s, 3H), 3.67
(s, 3H), 2.58 (s, 3H).

c. E-1-(6-hydroxy-2,3,4-trimethoxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one

an 3)1n s o~ The compound was synthesized following the procedure given

O~ above (11-4). The title compound was obtained as an orange solid

| Q! ? (1.1 g, 67%). Spectral data are in agreement with literature
value. 12!

'H NMR (400 MHz, CDCls) 6 13.70 (s, 1H), 7.85 (d, J = 15.5 Hz, 1H), 7.76 (d, J = 15.5 Hz,
1H), 6.87 (s, 2H), 6.30 (s, 1H), 3.93 (s, 3H), 3.92 (s, 6H), 3.91 (s, 3H), 3.90 (s, 3H), 3.84 (s,
3H).

d. 3.4'5'5,6,7-trimethoxyflavone (1n-4)
| The compound was synthesized following the procedure given
above (11-5). The title compound was obtained as a yellow solid

o~ (0.93 g, 84%). The product was pure according to H NMR

spectrum to be used for the next step without further purification.
Spectral data are in agreement with literature value.?”]

IH NMR (400 MHz, CDCls) & 7.07 (s, 2H), 6.80 (s, 1H), 6.62 (s, 1H), 3.9 (s, 6H), 3.95 (s,
6H), 3.92 (s, 6H).

e. 3.4'5'5,6,7-trihydroxyflavone 1n (HHF, 1n)

Modified literature procedure.[8

200 mg of 1n-4 were refluxed in a solution of 8 mL of 47% HBr
and 10 mL of AcOH under a N2 atmosphere for 48 h. The reaction

OH O was then cooled to RT and extracted with n-butanol (3x10 mL). The
organic phases were combined, dried over Na2SOs, and concentrated under reduced pressure
to yield a black crude material (105 mg). The crude material was purified by recrystallization
from MeOH/Water, resulting in the isolation of a small amount (15 mg) of yellow solid for

further FRAP/ORAC assays. Spectral data are in agreement with literature value.[8
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1H NMR (400 MHz, DMSO-d6) & 12.80 (s, 1H), 10.48 (bs, 1H), 9.36 (bs, 2H), 9.08 (bs, 1H),
8.73 (bs, 1H), 6.95 (s, 2H), 6.50 (s, 1H), 6.49 (s, 1H).

13C NMR (101 MHz, DMSO-d6)  182.3, 164.3, 153.7, 150.1, 147.5, 146.8, 138.1, 129.6,
121.1, 106.0, 104.4, 102.7, 94.1.

APCI MS: calcd for C1sH1108 [M + H]", 319.0, found 319.3.

Myricetin (Myr, 10)

'H NMR (400 MHz, DMSO-d6) § 12.50 (s, 1H), 10.79 (bs, 1H),
9.35 (bs, 1H), 9.23 (bs, 2H), 8.83 (bs, 1H), 7.24 (s, 2H), 6.37 (d, J
= 2.0 Hz, 1H), 6.18 (d, J = 2.0 Hz, 1H).

Elem. Calcd for CisH100s x H2O: C 53.58, H 3.60. Found: C
53.52, H 3.62.

(-)-Epigallocatechin (EGC, 1p)

I1H NMR (400 MHz, DMSO-d6) & 9.10 (bs, 1H), 8.89 (bs, 1H),
oH 8.71 (bs, 2H), 7.95 (bs, 1H), 6.37 (s, 2H), 5.88 (d, J = 2.3 Hz, 1H),
@[OH 5.70 (d, J = 2.3 Hz, 1H), 4.65 (bs, 1H), 4.62 (d, J = 4.5 Hz, 1H),

HO O on 397(qd,J=4.2,1.6 Hz, 1H), 2.66 (dd, J = 16.4, 4.5 Hz, 1H), 2.44
m (d, J = 3.6 Hz, overlapped with DMSO-d6 peak).
OH
OH 1p Elem. Calcd for CisH1407 x H2O: C 55.56, H 4.97. Found: C
55.27, H 4.96.

(-)-Epigallocatechin gallate (EGCG, 1q)

O?H on  'HNMR (400 MHz, DMSO-d6) 5 [9.29 (bs), 9.04 (bs), 8.74 (bs),

8.06 (bs), 8H], 6.81 (s, 2H), 6.39 (s, 2H), 5.92 (d, J = 2.3 Hz,

Ho ONSSSon 1H), 5.82 (d, J = 2.3 Hz, 1H), 5.35 (bs, 1H), 4.95 (s, 1H), 2.92
“0 (dd, J = 17.3, 4.7 Hz, 1H), 2.64 (d, J = 16.4 Hz, 1H).

OH OH
1q Oé\@[ Elem. Calcd for C2H18011 x H20: C 55.47, H 4.23. Found: C
y OH 5535, H 4.19.

1.3.7.8. Synthesis and analytical data of N-nucleophiles 2a-g
Pentylamine salts Acid-2a

1 ml of pentylamine (0.755 g,
o)

L ® 8.68 mmol, 1.05 eq) was
o)
HaN o~~~ R__OoA e HN™ """ gissolved in 10 ml of Et.O at 0
0°C—>RT R~ O
Et,0 °C. 1 eq of certain carboxylic

acid was added and the reaction mixture was stirred for 15 min at RT. The mixture was

evaporated under reduced pressure and dried in vacuo. The product was obtained (>99%).
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a) Pentylamine trifluoroacetate (TFAx2a)

White powder

@ IH NMR (400 MHz, DMSO-d6) & 7.71 (bs, 3H), 3.26 — 2.68
©) H3N/\/\/ ( ) ( )
F%J\O (m, 2H), 1.58 — 1.46 (m, 2H), 1.32 — 1.24 (m, 4H), 0.94 — 0.81
F
F (m, 3H).

b) Pentylamine monochloroacetate (MCAXx2a)
Yellow oil
®
AN 1
CI\)J\ o HaN H NMR (400 MHz, CDClz) 6 8.22 (bs, 3H), 4.00 (s, 2H),
2.92 — 2.84 (m, 2H), 1.74 — 1.60 (m, 2H), 1.40 — 1.27 (m,

4H), 0.96 — 0.83 (m, 3H).

c) Pentylamine formate (FAx2a)
Colorless oil
j\ o N """ 1H NMR (400 MHz, DMSO-d6) § 8.45 (5. 1H), 2.74 — 2.66 (m,
© 2H), 1.57 — 1.45 (m, 2H), 1.35 — 1.20 (m, 4H), 0.93 — 0.81 (m,

3H).

d) Pentylamine benzoate (BzAx2a)

White powder
o) 'H NMR (400 MHz, DMSO-d6) & 8.23 (bs, 3H), 7.88 — 7.83

©)J\o@ Ha S (m, 2H), 7.49 — 4.81 (m, 3H), 2.74 (t, J = 7.4 Hz, 2H), 1.56 -
1.49 (m, 2H), 1.30 — 1.25 (m, 4H), 0.87 — 0.84 (m, 3H).

e) Pentylamine acetate (ACAx2a)

Colorless oil
o 'H NMR (400 MHz, DMSO-d6) & 6.88 (bs, 3H), 2.65 — 2.57 (m,
)J\oe H3(l?l/\/\/ 2H), 1.74 (s, 3H), 1.50 — 1.38 (m, 2H), 1.35 — 1.18 (m, 4H), 0.92
—0.81 (m, 3H).

Glycine-N-methylamide (H-Gly-NMe, 2b)

Modified literature procedure®?®!

S)
Cl 0 33% MeNH, 0 . .
H3Nuo/\ FtOH HZNJJ\N/ 1 g of glycine ethyl este.r hyd.rochlorlde
50 °C op H (7.2 mmol, 1 eq) was stirred in 5 ml of

glycine ethyl ester

hydrochloride 33% of MeNH: at 50 °C for 1 h and
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overnight at RT. Afterwards 1 g of NaOH was added and stirring continued for 10 min. The
mixture was evaporated under reduced pressure to then extracted with ethyl acetate (3x10
mL), which was filtered and dried in vacuo. The product was obtained as yellowish oil (323
mg, 52%). Spectral data are in agreement with literature value.[?%

1H NMR (400 MHz, DMSO-d6) & 7.75 (bs, 1H), 3.04 (s, 2H), 2.60 (d, J = 4.8 Hz, 3H), 1.74
(bs, 2H).

13C NMR (101 MHz, DMSO-d6) & 173.4, 44.8, 25.3.

L-Alanine-N-methylamide (H-Ala-NMe, 2c)

[29]
33% MeNH, Modified literature procedure

)
HsNQJ\O/\ EtOH HzNQJ\ -~ 1 of L-alanine methyl ester
: 50°C hydrochlorlde (7.2 mmol, 1 eq) was
L-Alanine methyl ester 2c
hydrochloride stirred in 10 ml of 33% of MeNH at 50

°C for 1 h and overnight at RT. After 2 g of NaOH was added and stirring continued for 10
min. The mixture was evaporated under reduced pressure to then extracted with DCM (3x10
mL), which was filtered and dried in vacuo. The product was obtained as colorless oil (70

mg, 10%). Spectral data are in agreement with literature value.B%

IH NMR (400 MHz, DMSO-d6) & 7.74 (bs, 1H), 3.20 (q, J = 6.9 Hz, 1H), 2.58 (d, J = 4.7
Hz, 3H), 1.09 (d, J = 6.9 Hz, 3H).

13C NMR (101 MHz, DMSO-d6) § 176.2, 50.3, 25.4, 21.7.

General synthesis of AA-N-methylamides for n>2

Modified literature procedure®!

PG. OH _IBCE, NMM_ L1
. ml of NMM N-Methyl
NM\W "MeNH, (40%) NM\[( ~ ( Y

-20°C morpholine, 11 mmol, 1.11 g, 1.1 eq),
N-PG-AA 1h, THF N_x;’&:‘ﬁi'de then 1.43 ml of IBCF (isobutyl

chloroformate, 11 mmol, 1.5 g, 1.1 eq) were successively added to a solution of N’-PG-AA
(20 mmol) in dry THF (50 mL) at —20 — -15 °C (Ice/salt = 3/1). After 5 min of activation,
0.85 ml of 40 % aqueous methylamine (11 mmol, 1.1 eq) was added, and the resulting
solution was stirred for 1 hour at —20 °C. The reaction was quenched with 100 mL of 5%
NaHCO3 and stirred additionally for 1 hour at RT. The aqueous phase was extracted with
DCM (3x50 mL). The combined organic phases were washed with 5 % NaHCO3 (2x50 mL),

dried over MgSOa. Solvents were evaporated under reduced pressure; the crude product was
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recrystallized from i-Hex/EtOAcC.
Benzyl (3-(methylamino)-3-oxopropyl)carbamate (Cbz-R-Ala-NMe, Z-2d)
White solid, yield 77%
'H NMR (400 MHz, DMSO-d6) & 7.79 (q, J = 4.6 Hz,
@vo HV\H/H\ 1H), 7.38 — 7.28 (m, 5H), 7.25 (t, J = 5.9 Hz, 1H), 5.00
Cbz—B—AIa—NMe\g/ O (s, 2H), 3.18 (g, J = 7.0 Hz, 2H), 2.55 (d, J = 4.6 Hz,
3H), 2.23 (t, J = 7.3 Hz, 2H).

Benzyl (4-(methylamino)-4-oxobutyl)carbamate (Cbz-Gaba-NMe, Z-2¢)
White solid, yield 78%

. IH NMR (400 MHz, DMSO-d6) 3 7.71 (d, J = 5.8 Hz, 1H),
@o Hv\)kN/ 7.39 — 7.28 (m, 5H), 7.26 (t, J = 5.7 Hz, 1H), 5.00 (s, 2H),
Cbz-Gaba-NMe O H 2.96 (g, J = 6.9 Hz, 2H), 2.54 (d, J = 4.6 Hz, 3H), 2.04 (t, J

=7.5Hz, 2H), 1.61 (p, J = 7.3 Hz, 2H).

Benzyl (5-(methylamino)-5-oxopentyl)carbamate (Cbz-3-Ava-NMe, Z-2f)
White powder, yield 81%

IH NMR (400 MHz, CDCl3) § 7.39 — 7.28 (m, 5H), 5.54
@o HWH\ (bs, 1H), 5.09 (s, 2H), 4.89 (bs, 1H), 3.21 (g, J = 6.6 Hz,
Chz-Ava-NMe O o 2H), 2.78 (d, J = 4.8 Hz, 3H), 2.19 (t, J = 7.4 Hz, 2H), 1.71

—1.63 (m, 2H), 1.53 (p, J = 6.9 Hz, 2H).

N-Boc-L-Lys(Cbz)-NMe (Z-29)
Recrystallized from EtOAc.
©VO\H/H\/\/Y(1N/ White powder, yield 70%

o o Nnu 7 HNMR (400 MHz, DMSO-d6) & 7.72 (q, J = 4.6 Hz,

N-Boc-Lys(CBz)-NMe 7)/ 1H), 7.41 — 7.26 (m, 5H), 7.24 (t, J = 5.8 Hz, 1H), 6.78
X (d, J=8.1Hz, 1H), 5.00 (s, 2H), 3.80 (td, J = 8.7,5.1

Hz, 1H), 2.95 (q, J = 6.6 Hz, 2H), 2.56 (d, J = 4.6 Hz, 3H), 1.65 — 1.17 (m, 6H), 1.34 (s, 9H)
13C NMR (101 MHz, DMSO-d6) § 172.6, 156.1, 155.4, 137.3, 128.4, 127.8, 77.9, 65.1, 54.3,
40.1,31.7,29.1, 28.2, 25.5, 22.9.
MS (APCI): calcd for C20H32N3Os [M + H]*, 394.2; found 394.1.
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N-Ac-L-Lys(Cbz)-NMe (Z-29")
H o 1.1 g (2.8 mmol, 1 eq) of N-

7z~ -~ 1.4 M HCI/Dioxan H ]
° WLH M Coz N -~ Boc-L-Lys(Cbz)-NMe Z-2g in

O NH N
z-2g N 2. Ac,0, DIPEA H

>‘/o DMAP(cat) z29 OYNH 10 mL of DCM was cooled to
CM,0°C
OSermgr?t, RT 0 °C. Then, 5 mL of 4 M HCI

in 1,4-dioxane was added dropwise to the solution. The ice bath was removed, and the
reaction was stirred at RT for 1 h. All the volatiles were evaporated under reduced pressure.
The crude material was dissolved in 20 ml of DCM and cooled down to 0 °C under N». 1.46
ml of DIPEA (1.06 ml, 8.4 mmol, 3 eq) was added dropwise, followed by dropwise addition
of 0.53 ml of Ac.O (0.57 g, 5.6 mmol, 2 eq). The reaction mixture was diluted with
additional 20 ml DCM and catalytic amount of DMAP was added after. The ice bath was
removed, and the reaction was allowed to stir overnight at RT. After it was quenched with
100 ml of saturated NaHCO3 and extracted with DCM (3x50 ml). All the volatiles were
evaporated under reduced pressure. The crude material was recrystallized from EtOAc/EtOH,
resulting in a yield of 0.52 mg white solid of the final product (55%).

IH NMR (400 MHz, DMSO-d6) & 7.93 (d, J = 8.1 Hz, 1H), 7.80 (q, J = 4.5 Hz, 1H), 7.38 —
7.27 (m, 5H), 7.22 (t, J = 5.7 Hz, 1H), 5.00 (s, 2H), 4.12 (td, J = 8.5, 5.4 Hz, 1H), 2.95 (g, J
= 6.6 Hz, 2H), 2.55 (d, J = 4.6 Hz, 3H), 1.83 (s, 3H), 1.64 — 1.52 (m, 1H), 1.51 — 1.33 (m,
3H), 1.32 — 1.12 (m, 2H).

13C NMR (101 MHz, DMSO-d6) 6 172.2, 169.2, 156.1, 137.3, 128.4, 127.8, 52.5, 31.8, 29.2,
25.5,22.8, 22.6.

MS (APCI): calcd for C17HasN3O4 [M + H]*, 336.2, found 336.1.

Boc-Arg(Tos)-NMe (Tos-2h)

. J“[‘ 9 Purified by column chromatography (DCM — DCM/MeOH =
HoH o LN 10/1(R0.36))
Tos:2n > White solid, 75%

IH NMR (400 MHz, DMSO-d6) & 7.76 (g, J = 4.5 Hz, 1H), 7.63 (d,
J=8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.04 (bs, 1H), 6.81 (d, J = 8.2 Hz, 1H), 6.78 (bs,
1H, overlapped), 6.56 (bs, 1H), 3.85 — 3.80 (m, 1H), 3.02 (bs, 2H), 2.57 (d, J = 4.5 Hz, 3H),
2.35 (s, 3H), 1.59 — 1.50 (m, 1H), 1.46 — 1.33 (m, 3H), 1.38 (s, 9H).

MS (APCI): calcd for C19H32NsO0sS [M + H]¥, 442.2, found 442.3.
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The obtained N’-Cbz-AA was stirred
overnight with 200 mg 10% Pd/C in

b H H, (1 atm) H
Z\H*’W ~T pac HZNMW ~ 50 ml of MeOH under H atmosphere
O M?gH o at RT. The reaction mixture was
N'-Cbz-AA- AA-N-methylamide

N-methylamide filtered through a Celite pad and

evaporated under reduced pressure.

3-amino-N-methylpropanamide (H-B3-Ala-NMe, 2d)
’ Colorless oil, yield >99%
H2N\/\WN\ 1H NMR (400 MHz, DMSO0-d6) & 7.78 (bs, 1H), 2.70 (t, J = 6.6 Hz,
2d o 2H), 2.55 (d, J = 4.6 Hz, 3H), 2.12 (t, J = 6.6 Hz, 2H), 1.38 (bs, 2H).

4-amino-N-methylbutanamide (H-Gaba-NMe, 2e)
Colorless amorphous solid, yield >99%
O 'H NMR (400 MHz, DMSO-d6) & 7.74 (bs, 1H), 2.54 (d, J = 4.6 Hz,
H2NV\)J\N/ 3H), 2.47 (t, overlapped with the solvent peak), 2.06 (t, J = 7.5 Hz,
2e i 2H), 1.54 (p, J = 7.2 Hz, 2H).

5-amino-N-methylpentanamide (H-Ava-NMe, 2f)
White solid, yield >99%

A/\)(L IH NMR (400 MHz, CDCls) § 5.56 (bs, 1H), 2.80 (d, J = 4.9 Hz,
HN H/ 3H), 2.71 (t, J = 6.9 Hz, 2H), 2.19 (t, J = 7.5 Hz, 2H), 1.72 — 1.64
(m, 2H), 1.52 — 1.41 (m, 4H).

2f

Tert-butyl (S)-(6-amino-1-(methylamino)-1-oxohexan-2-yl)carbamate (N-Boc-L-Lys-NMe,
29)
Colorless amorphous glass, >99%

0 Major conformer

H-oN
2 WH/ 1H NMR (400 MHz, DMSO-d6) 5 7.78 (q, J = 4.6 Hz, 1H), 6.82
(@) NH
29 Y (d, J = 8.2 Hz, 1H), 3.82 (td, J = 8.6, 5.1 Hz, 1H), 2.97 (br s, 2H),
O
X 2.56 (d, J = 4.6 Hz, 3H), 2.52 (d, J = 4.6 Hz, overlapped), 1.61 —

1.14 (m, 6H), 1.37 (s, 9H)
13C NMR (101 MHz, DMSO-d6) & 172.6, 155.3, 77.9, 54.3, 41.0, 32.1, 31.9, 28.2, 25.5,
22.9.
MS (APCI): calcd for C12H26N303 [M + H]*, 260.2; found 260.1.
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(S)-2-acetamido-6-amino-N-methylhexanamide (N-Ac-L-Lys-NMe, 2g°)
White solid, >99%

0 'H NMR (400 MHz, DMSO-d6) & 7.99 (d, J = 8.1 Hz, 1H), 7.85
HoN
2 ”/ (9, J = 4.6 Hz, 1H), 4.12 (td, J = 8.5, 5.4 Hz, 1H), 2.55 (d, J =
' Os_NH
%9 %‘/ 4.6 Hz, 3H), 2.48 (t, overlapped with solvent peak), 1.83 (s, 3H),

1.65 — 1.50 (m, 1H), 1.49 — 1.38 (m, 1H), 1.37 — 1.12 (m, 4H).
13C NMR (101 MHz, DMSO-d6) § 172.3, 169.2, 52.6, 41.2, 32.5, 32.0, 25.5, 22.9, 22.6.
MS (APCI): calcd for CoH20N302 [M + H]*, 202.2, found 202.1.

Boc-Arg-NMe (2h)

NH 0 NH ) The reaction (0.5 mmol scale)
Tos « )J\ _ __Na _ )J\ _ _
N N N" NH, -78°c HN” N N“ was performed following a
NH 1h 2h _NH
Boc Boc known procedurel®.

The obtained colorless amorphous glass mostly contained free Boc-Arg-NMe and was used

without further purification.

IH NMR (400 MHz, MeOH-d4) § 4.02 — 3.99 (m, 1H), 3.23 — 3.13 (m, 2H), 2.74 (s, 3H),
1.84 —1.58 (M, 4H), 1.45 (s, 9H).

MS (APCI): calcd for C12HsNsOs [M + H]*, 288.2, found 288.0.
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1.3.7.9. Synthesis and analytical data of products 3xx and 7x

5,7-dihydroxy-6-(pentylamino)-2-phenyl-4H-chromen-4-one (3aa)
The compound was synthesized according to the procedure
described before.™

1H NMR (400 MHz, DMSO-d6) § 12.94 (s, 1H), 8.07 — 8.04
(m, 2H), 7.78 — 7.43 (m, 3H), 6.92 (s, 1H), 6.62 (s, 1H), 3.22
(t, J = 7.0 Hz, 2H), 1.55 — 1.19 (m, 6H), 0.87 — 0.82 (m,
3H).

13C NMR (101 MHz, DMSO-d6) & 182.1, 162.6, 154.7, 150.2, 148.5, 131.8, 131.0, 129.1,
126.3, 121.4, 104.6, 104.2, 93.6, 45.4, 29.9, 28.6, 22.0, 14.0.

IR v= 3068(vw), 2931(w), 2854(w), 1652(s), 1577(s), 1495(w), 1449(m), 1379(s),
1280(m), 1250(m), 1091(s), 1037(m), 872(s), 853(s), 816(vs), 766(S).

R0.36 (DCM/MeOH = 20/1)

A DCM solution of 3aa was allowed to evaporate slowly during several days at RT. The
formed yellow crystals were carefully separated and quickly washed with DCM. The
composition of the obtained crystals was 2x3aaxDCM.

Fig. S79. X-ray crystal structure of 3aa.
Table S11. Crystallographic data for 3aa.

net formula C41H4Cl;N,Og transmission factor range 0.96-0.99
M,/g mol™* 763.68 refls. measured 67492
crystal size/mm 0.120 x 0.090 x 0.050 Rint 0.0554
TIK 173.(2) mean o(I)/I 0.0298
radiation MoKa 0 range 2.869-26.730
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diffractometer Bruker D8 Venture TXS observed refls. 6370
crystal system monoclinic X, y (weighting scheme) 0.0516, 3.6222
space group P121i/n1 hydrogen refinement mixed
alA 16.6356(7) Flack parameter ?
b/A 14.0673(6) refls in refinement 8031
clA 17.2270(7) parameters 504
o/ 90 restraints 0
B/ 109.9530(10) R(Fos) 0.0533
y/ 90 Rw(F?) 0.1377
VIA 3789.4(3) S 1.049
z 4 shift/errormax 0.001
calc. density/g cm™ 1.339 max electron density/e A~ 0.834
wmm'? 0.227 min electron density/e A~ —-0.940
absorption correction Multi-Scan

6-amino-5,7-dihydroxy-2-phenyl-4H-chromen-4-one (7a)

Ho O~ -Ph HO O~ -Ph 3375 mg of la (0.125 mmol, 1 eq) was
| DCM/DMSO/MeOH m ] .
e LT Overnight, RT, air H2N dissolved in 5 ml of dry DCM (10 vol% of
OH O
12 7a dry DMSO-d6). 0.25 ml of 2 M NHziin

MeOH was added to the resulting solution of la. The addition of NHs resulted in the
formation of a yellow precipitate. The reaction mixture was placed on a shaker at 400 RPM
and allowed to react overnight at RT. The precipitate dissolved over the course of the reaction
to form a red solution. The reaction was quenched with 10 ml of water, causing the formation
of a yellow precipitate. The resulting mixture was centrifuged (3x5 ml of water) to isolate the
precipitate. The obtained product was dried under reduced pressure to obtain a yellow solid
(16 mg, 48%). *H and *C NMR spectra match the data reported in the literature. 33

I1H NMR (400 MHz, DMSO-d6) & 12.65 (s, 1H), 8.11 — 8.03 (m, 2H), 7.65 — 7.55 (m, 3H),
6.93 (s, 1H), 6.64 (s, 1H).

13C NMR (101 MHz, DMSO-d6) & 181.9, 162.6, 151.5, 148.8, 144.6, 131.8, 131.1, 129.2,
126.3, 120.2, 104.5, 104.2, 93.4.

IR v'= 3425(vw), 3343(vw), 3067(m), 1654(s, C=0), 1621(m), 1576(s), 1498(s), 1450(s)
1407(m), 1366(vs), 1300(m), 1241(m), 1194(vs), 1018 (m), 912(w), 825(s), 764(s).

MS (APCI): calcd for C1sH12NO4 [M + H]*, 270.1; found 270.1.
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2,4-dihydroxy-3-(pentylamino)acetophenone (3ba)

The synthesis was described above (Table S7, Entry 4).

HO
W\N:Q\ﬂ/ Yellow solid (95 mg, 80%)
H

1., Of O *H NMR (400 MHz, DMSO-d6) 5 7.29 (d, J = 8.8 Hz, 1H), 6.41
(d, J = 8.8 Hz, 1H), 3.18 (t, J = 7.0 Hz, 2H), 2.51 (s, 3H), 1.43 —
1.34 (m, 2H), 1.33 — 1.18 (m, 4H), 0.84 (t, J = 6.9, 3H)
13C NMR (101 MHz, DMSO-d6) § 203.6, 154.1, 154.0, 124.0, 123.3, 112.7, 107.5, 45.4,
29.9, 28.6, 26.2, 22.0, 14.0.

HRMS (ESI): calcd for C13H20NO3 [M + H]", 238.1438; found 238.1437.

IR v= 2952(m), 2929(m), 2865(w), 1608(vs, C=0), 1363(s), 1271(m), 1048(s), 1023(s),
861(s), 799(vs).

R¢0.46 (DCM/MeOH = 10/1)

M.p 94 °C

Pure 3ba was dissolved in DCM/iHex mixture, and the solvents were slowly evaporated at
RT for several days. The formed yellow crystals were separated, quickly washed with iHex

and analyzed via scXRD analysis.

Fig. S80. X-ray structure of 3ba.
Table S12. Crystallographic data for 3ba.

net formula C13H19NO3 transmission factor range 097-0.99
M./g mol* 237.29 refls. measured 22627
crystal size/mm 0.150 x 0.120 x 0.070 Rint 0.0347
TIK 173.(2) mean o(I)/1 0.0333
radiation MoKa 0 range 2.319-27.481
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diffractometer Bruker D8 Venture TXS observed refls. 4636

crystal system triclinic X, Yy (weighting scheme) 0.0583, 0.4036
space group P-1 hydrogen refinement mixed
alA 9.8014(3) Flack parameter ?
b/A 10.2955(3) refls in refinement 5797
c/A 13.7201(4) parameters 335
o/ 72.2560(10) restraints 1
B/ 74.5520(10) R(Fos) 0.0440
y/ 89.0200(10) Ru(F?) 0.1248
VIA3 1267.90(7) S 1.034
z 4 shift/errormax 0.001
calc. density/g cm™ 1.243 max electron density/e A= 0.274
w/mm-* 0.088 min electron density/e A~ -0.216
absorption correction Multi-Scan

Synthetic route to 7b

HO HO HO
Ac,0 Zn(dust)
O,N AICl;  O,N AcOH  H,N
OH PhNO, OH O  MeOH OH O

. : 100 °C
2-nitroresorcinol 7b-NO, 7b

2,4-dihydroxy-3-nitroacetophenone (7b-NO2)

HO The compound was synthesized using literature procedure.
ON 'H NMR (400 MHz, DMSO-d6) 6 13.32 (s, 1H), 12.33 (bs, 1H), 7.98 (d,
2
7b-No, OH O J=9.0Hz 1H), 6.62 (d, J = 9.0 Hz, 1H), 2.59 (s, 3H).
- 2

2,4-dihydroxy-3-aminoacetophenone (7b)

The compound was synthesized using literature procedurel®®

Yellow solid, yield 55%

!H NMR (400 MHz, DMSO-d6) & 7.15 (d, J = 8.7 Hz, 1H), 6.40 (d, J =
8.7 Hz, 1H), 2.51 (s, 3H).

13C NMR (101 MHz, DMSO0-d6) 6 203.6, 150.3, 123.3, 120.4, 112.7, 107.0, 26.2.

M.p 200 °C (decomp)

HO

HoN
7b OH O
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The crystals of 7b were obtained by slow evaporation from a Toluene/MeOH mixture.

N/
\_/ \
-/ N\_/
/N

O

Fig. S81. X-ray structure of 7b.
Table S13. Crystallographic data for 7b.

net formula C8HINO3 transmission factor range 0.96-0.99
M,/g mol™* 167.16 refls. measured 30304
crystal size/mm 0.120 x 0.090 x 0.070 Rint 0.0369
T/IK 173.(2) mean o(I)/1 0.0136
radiation MoKa 0 range 3.396-27.463
diffractometer Bruker D8 Venture TXS observed refls. 1575
crystal system tetragonal X, Y (weighting scheme) 0.0514, 2.6071
space group 141/a hydrogen refinement mixed
alA 14.4301(3) Flack parameter ?
b/A 14.4301(3) refls in refinement 1773
clA 14.8323(3) parameters 126
o/ 90 restraints 1
B/ 90 R(Fobs) 0.0381
v/ 90 Ru(F?) 0.1039
VIAS 3088.50(14) S 1.044
z 16 shift/errormax 0.001
calc. density/g cm™ 1.438 max electron density/e A= 0.284
wmm? 0.111 min electron density/e A~ -0.212
absorption correction Multi-Scan

Tert-butyl  (S)-(6-((3-acetyl-2,6-dihydroxyphenyl)amino)-1-(methylamino)-1-oxohexan-2-
yl)carbamate 3bg

29 121 mg of N-Boc-Lys-NMe (2g) (0.465
(0]
HO XOXN{ >L HO mmol, 1.0 eq) was dissolved in 20 ml dry
HOT Y e e N T, T DCM under Oy atmosphere. 80 mg of
1 b 3bg TAP (1b) (0.476 mmol, 1 eq) was added

was added to the stirring solution. The reaction immediately became green. The solution was
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vigorously stirred for 18 h at RT. The solvent was evaporated under reduced pressure at 25
°C. Crude material was purified by column chromatography on silica gel (DCM —
DCM/MeOH = 20/1). Product was obtained as yellow green glass (60 mg, 30%). NMR
analysis showed the formation of 3bg adduct.

'H NMR (400 MHz, DMSO-d6) & 12.95 (bs, 1H), 7.70 (q, J = 4.6 Hz, 1H), 7.28 (d, J = 8.8
Hz, 1H), 6.74 (d, J = 8.2 Hz, 1H), 6.41 (d, J = 8.8 Hz, 1H), 3.81 (td, J = 8.5, 5.1 Hz, 1H),
3.15 (t, J = 6.9 Hz, 2H), 2.56 (d, J = 4.6 Hz, 3H), 2.51 (s, 3H), 1.62 — 1.39 (m, 2H), 1.37 (s,
overlapped, 9H), 1.34 — 1.17 (m, overlapped, 4H).

13C NMR (101 MHz, DMSO-d6) & 203.6, 172.5, 155.3, 154.0, 124.0, 123.3, 112.7, 107.5,
77.9,54.3,45.4,31.9, 29.9, 28.2, 26.2, 25.5, 22.9.

HRMS (ESI): calcd for C20H32NsOs [M + H]*, 410.2286; found 410.2287

IR v*= 3300(s, -OH), 2973(s), 2939(s), 1651(s), 1626(vs, C=0), 1508(s), 1437(s), 1366(vs),
1298(vs), 1165(s), 1055(s), 956(vw), 800(w), 711(w) e,

Rf0.15 (DCM/MeOH = 20/1)

2-(pentylamino)benzene-1,3-diol (3ea)

\/\/\N
H
3ea

HO The title compound (87 mg, 45%) was obtained as a colorless solid
:Q following the General Procedure D (1 mmol scale, 3 eq of Pentylamine

2a) in 24 h after purification by flash chromatography (iHex/[EtOAc/

EtOH=3/1] = 7/3). Due to high reactivity, the compound becomes black on exposure to air.

!H NMR (400 MHz, DMSO-d6) 5 8.85 (bs, 2H), 6.40 (dd, J = 8.0, 7.5 Hz, 1H), 6.23 (d, J =
8.0 Hz, 2H), 3.64 (bs, 1H), 3.09 (t, J = 7.0 Hz, 2H), 1.43 — 1.36 (m, 2H), 1.33 — 1.19 (m,
4H), 0.91 - 0.78 (m, 3H).

13C NMR (101 MHz, DMSO-d6) 6 148.6, 124.8, 119.1, 106.9, 46.1, 30.0, 28.7, 22.1, 14.0.
HRMS (ESI) calcd for C11H16NO2 [M - H]", 194.1186, found 194.1186.

Rr0.27 (iHex/[EtOAC/EtOH=3/1] = 7/3)

M.p 104 °C

IR v= 2928(m, -OH), 1606(m), 1458(s), 1307(m), 1241(m), 1043(m), 783(s), 732(m),
703(m) cmL,
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2-aminoresorcinol (7e)

HO HO Modified literature proceduret®®!
H, (1 atm)
i . 0
OzNI; —>10% PAIC. H,N To a stirring suspension of 10% w/w Pd/C (20 mg)
OH RT 4h OH in 25 ml of MeOH was added 310 mg of 2-

. . 7e
2-nitroresorcinol nitroresorcinol under nitrogen atmosphere, which

then was replaced by H gas. The resulting reaction mixture was stirred for 4 h at RT. The
reaction mixture was filtered through a Celite pad, and all the volatiles were evaporated under
reduced pressure give 7e as dark solid (237 mg, 95%). *H NMR spectrum matches literature
data.Bs

IH NMR (400 MHz, DMSO-d6) 5 8.83 (bs, 2H), 6.27 — 6.20 (m, 3H), 3.81 (bs, 2H).

2,4-dihydroxy-3-(pentylamino)benzonitrile (3ga)
The title compound (33 mg, 46%) was obtained as a red brown solid

HO]@\ following the General Procedure D (0.33 mmol scale, 2 eq of amine

SN 2a) in 24 h after purification by flash chromatography
(iHex/[EtOAC/EtOH=3/1] = 7/3). Unlike the other cases, the
reaction mixture did not homogenize. Due to high reactivity the compound becomes darker on
the exposure to air.
1H NMR (400 MHz, DMSO-d6) & 6.94 (d, J = 8.4 Hz, 1H), 6.42 (d, J = 8.5 Hz, 1H), 3.01 (t,
J=17.1Hz, 2H), 1.45 - 1.35 (m, 2H), 1.33 - 1.21 (m, 4H), 0.87 — 0.83 (m, 3H).
13C NMR (101 MHz, DMSO-d6) & 154.1, 152.3, 126.0, 124.9, 118.3, 108.5, 92.0, 46.4, 29.6,
28.6, 22.0, 14.0.
HRMS (ESI): calcd for C12H15N202 [M - H] ", 219.1139; found 219.1139.
Rf0.18 (iHex/[EtOAC/EtOH=3/1] = 7/3)
M.p 154 °C

IR v=2921(m, -OH), 2212(m, C=N), 1616(m), 1558(s), 1506(w), 1457(s), 1356(s), 1286(m),
1244(vs), 1165(w), 1062(s), 880(w), 791(m), 746(m).
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Pure 3ga was dissolved in Heptan/EtOAC/EtOH mixture, and the solvents were slowly
evaporated at RT for several days. The formed yellow crystals were separated, quickly
washed with Heptane, and analyzed via scXRD analysis.

Fig. S82. X-ray structure of 3ga.
Table S14. Crystallographic data for 3ga.

net formula C26H40N406 transmission factor range 0.94-1.00
M//g mol? 504.62 refls. measured 23996
crystal size/mm 0.130 x 0.090 x 0.030 Rint 0.0428
T/IK 173.(2) mean o(I1)/1 0.0385
radiation MoKa 0 range 2.943-26.372
diffractometer Bruker D8 Venture TXS observed refls. 4586
crystal system triclinic X, y (weighting scheme) 0.0609, 1.3724
space group p-1 hydrogen refinement mixed
alA 8.2748(6) Flack parameter ?
b/A 13.4646(9) refls in refinement 5706
c/A 13.5690(10) parameters 364
o/ 76.263(2) restraints 6
B/ 72.472(2) R(Fobs) 0.0615
v/ 88.924(2) Ru(F?) 0.1572
VIA3 88.924(2) S 1.039
Z 2 shift/errormax 0.001
calc. density/g cm™ 1.199 max electron density/e A3 0.451
w/mm! 0.085 min electron density/e A= -0.411
absorption correction Multi-Scan
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Methyl 3,5-dihydroxy-(3-pentylamino)-benzoate (3ha)

0 The title compound (48 mg, 19%) was obtained as a colorless

HO -
:@Aj\o solid following the General Procedure D (1 mmol scale, 3 eq of
amine 2a) in 24 h after purification by flash chromatography

(iHex/[EtOAC/EtOH=3/1] = 7/3). Due to high reactivity, the

compound becomes slightly red on exposure to air.

IH NMR (400 MHz, DMSO-d6) & 9.35 (s, 2H), 6.92 (s, 2H), 4.37 (bs, 1H), 3.72 (s, 3H),
3.34 (t, overlapped with H>O signal, 2H), 1.48 — 1.35 (m, 2H), 1.35 — 1.18 (m, 4H), 0.87 —
0.79 (m, 3H).

13C NMR (101 MHz, DMSO-d6) 5 166.4, 145.8, 130.5, 117.3, 108.4, 51.4, 44.8, 30.4, 28.5,
22.0,14.0.

HRMS (ESI): calcd for C13H20NO4 [M + H]*, 254.1387; found 254.1387.
Rr0.40 (iHex/[EtOAC/EtOH=3/1] = 7/3)
M.p 150 °C

IR: v'= 3385(m, -OH), 2956(w), 2861(w), 1686(s, C=0), 1607(m), 1467(m), 1424(s),
1355(s), 1290(m), 1248(vs), 1202(s), 1130(m), 1084(w), 1058(s), 1048(s), 1009(s), 982(w),
937(w), 867(m), 818(w), 766(S).

Methyl 3,5-dihydroxy-(3-pentylamino)-benzoate 3ia

HO To a suspension of 92 mg of pseudo methyl gallate (0.5 mmol,
NN o_ 1.0 eq) in 10 ml of anhydrous DCM was added pentylamine
H
3ia Ot O (=76 pL, 0.66 mmol, 1.3 eq) under Oz atmosphere. The resultant

mixture was stirred at RT for 12 h. The residue was concentrated in vacuo at 25 °C and
purified by flash column chromatography (iHex/EtOAc = 3/1) to afford the title compound
as a white solid (110 mg, 88%). Due to high reactivity the compound becomes darker on
exposure to air.

IH NMR (400 MHz, DMSO-d6) § 10.97 (bs, 1H), 7.17 (d, J = 8.7 Hz, 1H), 6.40 (d, J =
8.7 Hz, 1H), 3.84 (s, 3H), 3.17 (t, J = 7.0 Hz, 2H), 1.40 (p, J = 7.0 Hz, 2H), 1.27 — 1.24
(m, 4H), 0.86 — 0.82 (m, 3H).

13C NMR (101 MHz, DMSO-d6) & 170.6, 153.3, 152.7, 124.4, 120.8, 107.7, 104.0, 52.1,
48.6, 45.5, 29.9, 28.6, 14.0.

HRMS (ESI) m/z calcd for C13H1sNO4 [M - H] ", 252.1242; found 252.1242.
R+ 0.55 (iHex/EtOAc = 3/1)

M.p 66 °C
IR v= 2925(m, -OH), 1650(vs, C=0), 1436(s), 1269(s), 1192(s), 1140(s), 1062(s), 990(s),
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789(vs) cm L.,

Pure 3ia was dissolved in DCM/iHex mixture, and the solvents were slowly evaporated at RT

for several days. The formed yellow crystals were separated, quickly washed with iHex and

analyzed via scXRD analysis.

Fig. S83. X-ray structure of 3ia.
Table S15. Crystallographic data for 3ia.

net formula C13H19NO4 transmission factor range 0.96-0.99
M/g mol* 253.29 refls. measured 22392
crystal size/mm 0.130 x 0.090 x 0.050 Rint 0.0377
T/IK 173.(2) mean o(I)/1 0.0355
radiation MoKa 0 range 2.361-27.103
diffractometer Bruker D8 Venture TXS observed refls. 4407
crystal system triclinic X, Y (weighting scheme) 0.0678, 0.4467
space group P-1 hydrogen refinement mixed
alA 10.1321(4) Flack parameter ?
b/A 10.1321(4) refls in refinement 5683
c/A 13.2548(4) parameters 353
o/ 107.7820(10) restraints 1
B/ 99.5030(10) R(Fobs) 0.0476
y/ 99.5030(10) Rw(F?) 0.1368
VIA 1291.55(8) S 1.046
z 4 shift/errormax 0.001
calc. density/g cm™ 1.303 max electron density/e A~ 0.292
wmm™ 0.096 min electron density/e A~ -0.310
absorption correction Multi-Scan
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5,7-Dihydroxy-6-(pentylamino)-2-phenylchroman-4-one (3ma)
The title compound (42 mg, 49%) was obtained as a yellow green

HO O
W solid following general procedure A after purification by
NN : :
Ho L, 4 3ma preparative TLC (Heptane/[EtOAC/EtOH=3/1] = 4/1). Due to its

high reactivity the compound becomes darker under aerobic conditions.

IH NMR (400 MHz, DMSO-d6) & 12.37 (bs, 1H), 7.51 — 7.47 (m, 2H), 7.46 — 7.35 (m, 3H),
5.90 (s, 1H), 5.48 (dd, J = 12.7, 3.07 Hz, 1H), 3.17 (dd, J = 17.1, 12.7 Hz, 1H), 3.03 (t, J =
7.1 Hz, 2H), 2.71 (dd, J = 17.1, 3.5 Hz, 1H), 1.41 (p, J = 7.1 Hz, 2H), 1.28 — 1.23 (m, 4H),
0.89 — 0.83 (m, 3H).

13C NMR (101 MHz, DMSO-d6) & 195.8, 159.5, 156.4, 152.9, 139.1, 128.5, 128.4, 126.6,
117.3,101.1, 94.8, 78.3, 46.3, 42.3, 29.3, 28.6, 22.0, 14.0.

HRMS (ESI): calcd for CaoHasNO4 [M + HJ*, 342.1700; found 342.1700.

IR v'= 2927(w), 1634(s, C=0), 1536(m), 1465(s), 1450(s), 1367(s), 1342(s), 1288(s), 1 174(s),
1084(s), 822(m), 762(m).

R¢0.17 (Heptane/[EtOAC/EtOH=3/1] = 4/1)

M.p. 70 °C (decomp)

2-(3,5-Dihydroxy-4-(pentylamino)phenyl)chromane-3,5,7-triol (3pa)
OH The title compound (50 mg, 53%) was obtained as a grey
N~
HO o O solid following general procedure A (0.25 mmol scale, 2 eq
OH
‘ OH 3pa
OH chromatography (iHex/[EtOAc/EtOH=3/1] = 1/3). Due to

high reactivity the compound becomes darker under aerobic conditions.

of amine 2a) in 18 h after purification by flash

IH NMR (400 MHz, DMSO-d6) § 9.10 (bs, 1H), 8.89 (bs, 3H), 6.38 (s, 2H), 5.88 (d, J = 2.3
Hz, 1H), 5.70 (d, J = 2.3 Hz, 1H), 4.63 (s, 1H), 3.98 (d, J = 4.3 Hz, 1H), 3.09 (t, J = 7.0 Hz,
2H), 2.67 (dd, J = 16.4, 4.5 Hz, 1H), 2.47 (overlapped, 1H), 1.41 (p, J = 7.0 Hz, 2H), 1.30 —
1.23 (m, 4H), 0.91 — 0.81 (m, 3H).

13C NMR (101 MHz, DMSO-d6) § 156.5, 156.2, 155.8, 147.8, 130.7, 123.6, 105.9, 98.5,
95.0, 94.0, 78.2, 65.0, 46.1, 29.9, 28.7, 28.3, 22.1, 14.0.
HRMS (ESI): calcd for C2oH2sNOs [M + H]*, 376.1755; found 376.1754.

IR: 3300(m), 2927(m), 2858(m), 1602(s, C=0), 1513(m), 1464(s), 1427(s), 1364(s), 1202(s),
1138(vs), 1094(s), 1042(s), 1012(s), 880(m), 818(s), 714(m), 674(m) cm L.

Rr0.69 (EtOAC/EtOH = 3/1)

M.p. 141 °C (decomp)
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6-(Ethylamino)-5,7-dihydroxy-2-phenyl-4H-chromen-4-one (3aj)
The title compound (25 mg, 67%) was obtained as an orange solid
HO o O following general procedure D (0.125 mmol scale, 1 eq of 1 eq of
JC

N ethylamine (2M in MeOH), overnight, RT) after purification by flash
.OH O

sal chromatography (DCM/MeOH = 20/1 — 10/1).

IH NMR (400 MHz, DMSO-d6) § 12.95 (bs, 1H), 8.10 — 8.02 (m, 2H), 7.65 — 7.52 (m, 3H),
6.92 (s, 1H), 6.62 (s, 1H), 3.26 (g, J = 7.1 Hz, 2H), 1.06 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, DMSO-d6) & 182.0, 162.6, 155.0, 150.4, 148.8, 131.8, 131.0, 129.1,
126.3, 121.2, 104.6, 104.2, 93.6, 40.1, 16.0.

HRMS (ESI): calcd for C17H1604N [M + H]*, 298.1074; found 298.1072.
Rr0.43 (DCM/MeOH = 20/1)

3-((5,7-Dihydroxy-4-oxo-2-phenyl-4H-chromen-6-yl)amino)-N-methylpropanamide (3ad)
The title compound (50 mg, 41%) was
”OWP N5 m obtained as a yellow solid following
"l DC“"@“";"C”” general procedure D (0.34 mmol scale, 2
1a

eq of 2d) in 24 h after purification by flash
chromatography (iHex/[EtOAc/EtOH=3/1]).

IH NMR (400 MHz, DMSO-d6) & 12.95 (s, 1H), 8.12 — 8.00 (m, 2H), 7.83 (q, J = 4.6 Hz,
1H), 7.65 — 7.52 (m, 3H), 6.94 (s, 1H), 6.62 (s, 1H), 3.37 (t, J = 6.5 Hz, 2H), 2.57 (d, J = 4.6
Hz, 3H), 2.29 (t, = 6.5 Hz, 2H).

13C NMR (101 MHz, DMSO-d6) & 182.1, 171.8, 162.7, 155.5, 150.7, 149.3, 131.9, 131.0,
129.2,126.3, 120.9, 104.6, 104.2, 93.7, 42.0, 35.8, 25.5.

HRMS (ESI): calcd for C1gH1sN2OsNa [M + Na]*, 377.1108; found 377.1112.

R0.27 (iHex/[EtOAC/EtOH=3/1] = 1/4)

j C3/\/ l \011

Fig. S84. X-ray crystal structure of 3ad.
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Table S16. Crystallographic data for 3ad.

net formula C19H18N205
M,/g mol™? 354.35
crystal size/mm 0.120 x 0.080 x 0.020
TIK 173.(2)
radiation MoKa
diffractometer Bruker D8 Venture TXS
crystal system monoclinic
space group P12l/c1
alA 5.4488(2)
b/A 8.5460(3)
c/A 35.8339(12)
o/ 90
B/ 94.3210(10)
y/ 90
VIA3 1663.88(10)
z 4
calc. density/g cm™ 1.415
wmmt 0.104
absorption correction Multi-Scan

transmission factor range 0.96-1.00
refls. measured 27645
Rint 0.0397
mean o(I)/1 0.0235
0 range 2.393-26.368
observed refls. 3178
X, y (weighting scheme) 0.0426, 0.8454
hydrogen refinement Mixed
Flack parameter ?
refls in refinement 3514
parameters 253
restraints 0
R(Fobs) 0.0461
Ru(F?) 0.1077
S 1.095
shift/errormax 0.001
max electron density/e A~ 0.215
min electron density/e A~ -0.158

4-((5,7-Dihydroxy-4-oxo-2-phenyl-4H-chromen-6-yl)amino)-N-methylbutanamide (3ae)

HO

HO

o
0 Ph H,N \/\)LN/ HO
| 2e H H
-
. N
pemomso =101 7 ) 7 N
OH © O, 23 °C 6!
1a 3ae

\

The title compound (59 mg, 64%)
was obtained as an orange-red solid
following general procedure D (0.25
mmol scale, 1.33 eq of 2e) in 3 hours

after purification by flash chromatography (DCM/MeOH = 20/1 — 10/1).

1H NMR (400 MHz, DMSO-d6) § 12.95 (s, 1H), 8.09 — 8.03 (m, 2H), 7.72 (q, J = 4.7 Hz, 1H),
7.65 — 7.52 (m, 3H), 6.93 (s, 1H), 6.62 (s, 1H), 3.20 (t, J = 7.0 Hz, 2H), 2.54 (d, J = 4.6 Hz,

3H), 2.09 (t, J = 7.3 Hz, 2H), 1.63 (p, J = 7.3 Hz, 2H).

13C NMR (101 MHz, DMSO-d6) & 182.1, 172.4, 162.7, 154.8, 150.3, 148.7, 131.8, 131.0,
129.2, 126.3, 121.1, 104.6, 104.3, 93.6, 45.1, 32.9, 26.6, 25.5.

HRMS (ESI): calcd for C20H20N20sNa [M + Na]*, 391.1264; found 391.1264.

R70.31 (DCM/MeOH = 10/1)

5-((5,7-dihydroxy-4-oxo-2-phenyl-4H-chromen-6-yl)amino)-N-methylpentanamide (3af)

HO o.__Ph HO
HQNWLN/ o
| ARG D PIPNPN
~
HO DCM/DMSO = 10/1 N N

OH O 0,, 23 °C H

]

Pph The title compound (50 mg, 52%)

was obtained as an orange solid

following general procedure D

(0.25 mmol scale, 1.33 eq of 2f) in 2 hafter purification by flash chromatography.

IH NMR (400 MHz, DMSO-d6) & 12.94 (bs, 1H), 8.07 — 8.04 (m, 2H), 7.69 (g, J = 4.5 Hz,
1H), 7.62 — 7.55 (m, 3H), 6.93 (s, 1H), 6.62 (s, 1H), 3.21 (t, J = 7.1 Hz, 2H), 2.52 (t, J = 4.5,



3H), 2.04 (t, J = 7.1 Hz, 2H), 1.55 — 1.48 (m, 2H), 1.42 — 1.35 (m, 2H).

13C NMR (101 MHz, DMSO-d6) & 182.1, 172.5, 162.6, 154.7, 150.3, 148.5, 131.9, 131.0,
129.2, 126.3, 121.3, 104.6, 104.3, 93.6, 45.1, 35.2, 29.9, 25.4, 22.7.

HRMS (ESI): calcd for C21H21N20s [M - H] 7, 381.1456; found 381.1453
R¢0.17 (DCM/MeOH = 10/1)

Tert-butyl (S)-(6-((5,7-dihydroxy-4-oxo0-2-phenyl-4H-chromen-6-yl)amino)-1-
(methylamino)-1-oxohexan-2-yl)carbamate (3ag)

>L i o o e Procedure A (described in 3bg). Orange solid (35 mg,
8 Y | 69%). To get crystals suitable for X-ray analysis, more of

N
NH 3ag "oom oo the title compound was synthesized: 130 mg of N-Boc-Lys-

NMe 2g (0.5 mmol, 1.0 eq) was dissolved in 6 ml dry DCM under O, atmosphere. 135 mg of
la (0.5 mmol, 1 eq) was added to the stirring solution. The reaction immediately became
green. The solution was vigorously stirred for 18 h at RT. Crude material was purified by
column chromatography on silica gel (DCM — DCM/MeOH = 10/1). Product was obtained
as yellow green glass (170 mg, 67%).

IH NMR (400 MHz, DMSO-d6) & 12.94 (s, 1H), 8.07 — 8.04 (m, 2H), 7.72 (q, J = 4.6 Hz,
1H), 7.65 — 7.52 (m, 3H), 6.92 (s, 1H), 6.78 (d, J = 8.2 Hz, 1H), 6.61 (s, 1H), 3.82 (td, J =
8.6, 5.1 Hz, 1H), 3.20 (t, J = 6.9 Hz, 2H), 2.56 (d, J = 4.6 Hz, 3H), 1.63 — 1.18 (m, 6H), 1.36
(s, 9H).

13C NMR (101 MHz, DMSO-d6) & 182.1, 172.6, 162.6, 155.3, 154.7, 150.2,148.5, 131.8,
131.0, 129.2, 126.3, 121.3, 104.6, 104.2, 93.6, 77.9, 54.3, 45.3, 32.0, 30.0, 28.2, 25.5, 22.9.

HRMS (ESI): calcd for C27H34N307 [M + H]*, 512.2392; found 512.2393.
R 0.32 (DCM/MeOH = 10/1)

(S)-2-acetamido-6-((5,7-dihydroxy-4-oxo-2-phenyl-4H-chromen-6-yl)amino) -N-
methylhexanamide (3ag")
Q The title compound (35 mg, 60%) was obtained as an orange

)kNH HO O._Ph
\ solid following general procedure A after purification b
OYWNm g9 p p y
_NH 3ag | OH O flash chromatography (DCM/MeOH = 20/1 — 5/1).

IH NMR (400 MHz, MeOH-d4) § 8.50 — 7.83 (m, 2H), 7.64 — 7.46 (m, 3H), 6.72 (s, 1H),
6.55 (s, 1H), 4.23 (dd, J = 8.9, 5.3 Hz, 1H), 3.25 (td, J = 7.1, 2H), 2.71 (s, 3H), 1.98 (s, 4H),
1.87 — 1.70 (m, 1H), 1.70 — 1.51 (m, 3H), 1.51 — 1.34 (m, 1H).

13C NMR (101 MHz, MeOH-d4) 184.0, 175.1, 173.4, 165.3, 158.9, 154.4, 152.4, 132.9,
132.7,130.2, 127.4, 120.5, 105.6, 105.3, 94.9, 54.9, 47.7, 32.9, 30.4, 26.3, 24.3, 22.5.

HRMS (ESI): calcd for C2sH26N306 [M - H]~, 452.1827; found 452.1826.
Rf <0.05 (DCM/MeOH = 10/1)
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1.3.7.10. NMR spectra of polyphenols la-q
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Fig. S85. 'H NMR spectrum of 1a, DMSO-d6, 400 MHz.
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Fig. S86. 1*C NMR spectrum of 1a, DMSO-d6, 101 MHz.

T
100

ppm

214

90

80

70

60

T
50

40



"HO A sa
3
6HO
OH O
1b 5
8
8a
3
5
1
l 7
N N A U
T ) T ) 7 l
IG 1‘5 1‘4 1‘3 1‘2 1‘1 1‘0 ‘5 é I7 é I5 :1 é IZ
ppm
Fig. S87. 'H NMR spectrum of 1b, DMSO-d6, 400 MHz.
i v T T i 7
8
HO. 7 8a
6 4 3
HO™ 37 4
OH O
1b
3
8
57 6 8a
EIB 4a

T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
ppm

Fig. S88. *°C NMR spectrum of 1b, DMSO-d6, 101 MHz.

215



9P-OSWA 0ST—

859
659
659
099

09
1.9
[74°)
€9

08'8—

HO

HO

1c

]

ppm

Fig. S89. 'H NMR spectrum of 1¢, DMSO-d6, 400 MHz.

HO

9P-OSWA 05—

19318M 9€'E—

w9
¢N.w/.
8€9

0v'9
9
[44°]

08—

€L8—

HO

1e OH

UL

Foo0z
F-s001

mew.o
Womm.ﬁ

100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

10.5

ppm

Fig. S90. 'H NMR spectrum of 1e, DMSO-d6, 400 MHz.

216



€0'T
S0°'T
S0'T
L0°T

6£°C
ov.NW
4°4

JL

vz
9p-0SWA 05°Z

JBIeM £E€°E—

819
0’9
1€9
mm.@N.

008~
a8

vL8—

8a

HO

4HO

1f

OH
5

Foo0e

E-860C

Esoo01
Fzo01

800°T
200°T
Ml 860

0.0

0.5

1.5 1.0

2.0

2.5

3.0

4.0

4.5

6.5

7.0

7.5

8.0

9.5

ppm

Fig. S91. 'H NMR spectrum of 1f, DMSO-d6, 400 MHz.

LLYT—

S —

9P-OSWA 56—

€7°90T—

TT81T—
85 T¢I —

€8°CET—

mm.mvﬁ
00°vbT V.

T
90

T
100
ppm

Fig. S92. C NMR spectrum of 1f, DMSO-d6, 101 MHz.

T
200

10

217



Teq AV
HO 8a
¢HO X
OH
5 1g
8a 8

2.50 DMSO-d6

57 6 LJ
1 1 1
AN A 1 ) 1
L I T
. , . . . SRR 7 . - . . . .
5 14 13 12 11 10 9 8 7 6 5 4 2 1
ppm

Fig. S93. 'H NMR spectrum of 1g, DMSO-d6, 400 MHz.

~N o o — < o
®© S N )] — © ]
[S¥=} ) 0 N <) o
wn wn (2] o — o (=3
a3 bt (R =2 & 8
\/ | (. | | HO
8a
7
4a
8 4
HO 5 AN
57 6 8a
' ! |8
4a
4
T T T T T T T T T T T T T T T T T T T T T
Lo 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm

Fig. S94. °C NMR spectrum of 1g, DMSO-d6, 101 MHz.

218



2.50 DMSO-d6

= o 0 r\\;\ v o
8a
I j\ 0
3 Sy
5
1
l 8a 8
J 1 ).
T T T T T T
IS 1‘4 1‘3 1‘2 1‘1 10 é ;3 ; é I5 ‘Il I3
ppm
Fig. S95. *H NMR spectrum of 1i, DMSO-d6, 400 MHz.
s {
T 7 T T 8 T
HO 7z 8a
6
HO 3 4a 4 0\3.
1i OH O
8a 8 3'
5|7 6 ! |
4a

T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
ppm

Fig. S96. °C NMR spectrum of 1i, DMSO-d6, 101 MHz.

219



JBeM £ E—

89
169
SS°L
SS°L
95°L

9S°L
LS'L
8S°L
65°L

'8
[4%:]
€1'8
b1'8

056~
656"
186"

3,45

000'T
Koot
Frioe

F o0z

W 9€0°T
0v0'T
For01

F~

o

ppm

Fig. S97. 'H NMR spectrum of 11, DMSO-d6, 400 MHz.

£€'86—

€9°S0T—

LLSTT—

R Ta:
Sdﬁ#
TETEry
SCTET

g6eet/
YT OpT~
T TpT—
95 ppT—

STT9T—

€9°9LT—

2.6

3,5

T
200

10

30

50

70

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
ppm

T
190

10

Fig. S98. °C NMR spectrum of 11, DMSO-d6, 101 MHz.

220



-
~
by 5
/ \
Lo WRT—~ o A,/ PL
L o \ /
~ 19'921 . "b(kr.. . .m
& B o
£ O <=0
Lo - N
. 4 57 ,,,u T
L m - A“\ ,v| U,.
\__/ %
; 8Y'RI~, ==
900 05 - ST ~0 ©O
L/X4 L m I =
prt .
R.M Y \ . =000
aT'e o ~ H L m e
me - = 8107 W'tr—
o ™
e ZVI/ 4
M HE'E o =0 .
N I
© \ /VIO
—/ )
\ =
%% ~Q ©Q [
mm I - = L6107 N L —
86'S— ] Frotl o W
| m 08'b6—
-~ m 4
< pLT0T—
P
- 9107 =
v
Le O
98— e W.&d )
= 2R i
&) 19'921
o 8b'8ZT
m,, V82T -
e 66'8ET—
e %
01— - 8660 8T'0ST~
evo | F m T0°S5T~
m 64'G5T—
- n C
2.
17}
61— = Fresol o m
2]
=
. ¥9'9%6T—
(=)
L w
.
[=1)]
- -
w F

-10

100

ppm

Fig. $100. *C NMR spectrum of 1m, DMSO-d6, 101 MHz.
221

110

120




e

0.966 1.005

6.55 6.50 6.45 6.40

6.60

ppm

:og\,_ﬁ.mv.
HOBW £T°€
orem gge

6v'9
0S'9
56'9—

€8
80'6~
9£'6~

8y’ 0T—

08'¢ZT—

2'6'

3,8

S00°T
A 996°0

==000C

Foat

Feort
180T

6660

80T

i~

11

ppm

Fig. S101. *H NMR spectrum of 1n, DMSO-d6, 400 MHz.

9P-OSWA 0S'C—

91eM 8E'E—

819
81’9
LE°9
nm.mN.

YeL—

€88
76\
€6~

6L°0T—

0S°¢T—

©
&~

Wog&

E-se60
F 1001

Foroe

0460
200°e
mem.o

Fooot

12

ppm

Fig. S102. *H NMR spectrum of 10, DMSO-d6, 400 MHz.

222



L4
mv.N/.
9P-OSWa 0S¢~

9T
S9¢
89°C
69°C

Jo)eM £€7€—

85t
65t
mo.‘u.\.

LS
LS
88'S
68'S

LE9—

[4-wA
6L

£98—
(88—
L06~

2, 6'

0.0

2.5 2.0 1.5 1.0

3.0

4.0

4.5

6.5

7.0

7.5

8.5

9.0

9.5

ppm

Fig. S103. *H NMR spectrum of 1p, DMSO-d6, 400 MHz.

PT'8C—

86'¥9—

18—

90'¥6~
20567
$5'86~"

€0°90T—

06T~
0T'ceT—

SESHT—

L'SST
ONAme/
6v°9ST

26" 4a

1

4

3,5

8a

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90

T
210

T
20

ppm

Fig. S104. 3C NMR spectrum of 1p, DMSO-d6, 101 MHz.

223



1.025
2.6

97— - i -
. > ~ —
97— e

T
2.7

—T
0.984
T T

—_
0.986
T T
6.00 595 590 5.85 580 5.7¢
ppm
A
T
1

ppm

1.000
2.9

v6't— =

. s~ -
63 - =
AN = % - £6's

s67/

3.0

9P-0SWA 05°C
297

Lk

99T~

68'C
06

E.NN
56T .\

29eM bE'E

Eseot
F-000'7

4 43

o

S6'— o~ - F6c0T| 1n

Se5— o™ - 8107
8'S

8's oo g v860
26'S o " 9860
€6'G
6€9—

o

Fovet

2|’ 6|

.

18'9— Fss61

2" 6"

90'8—

L8 — 150°8
06~
676~ -

-OH

OH 4

HO
1

224

ppm

Fig. S105. 'H NMR spectrum of 1g, DMSO-d6, 400 MHz.



1.3.7.11. NMR Spectra of N-nucleophiles 2a-g
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Fig. S106. 'H NMR spectrum of pentylamine trifluoroacetate TFAx2a, DMSO-d6, 400
MHz.
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228



39.52 DMSO-d6

176.19
50.34

0
HZN\_)LN/
PH

2c

—25.40
—21.72

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
ppm

Fig. S114. 3C NMR spectrum of H-L-Ala-NMe (2¢), DMSO-d6, 101 MHz.

£ E

e}

= [a)
el NMANOQWTOMNO o]
N MNR QD - 0
~ AN ANNNNINN NN —

2.50 DMSO-d6

272
=2.70
\-2.69
_—-2.56
\-2.54
213
—2.12
N-2.10

.

1.062 —I >-
%-

r T T T T T T T T T T T T T T T T
0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
ppm
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1.3.7.12. NMR spectra of products 3xx and 7x

vou
98°0
€T
€T
vt
veT
ST
ST'T
92T
97’1
LTTA
8C'TH ﬁ
87T+
8C'TH
mN..ﬁ)ﬁ
9€'T
9€'T
8€'T
6€'T
6€'T
or'T
W
€T

9P-0OSWA 0§°¢C
158°¢C

IT’E
wﬁ.mv
6T°€

0v'9~.
w9

[T~
oe'L”

8a

8a

F-oso€

Fs0v

Feooz

—029°C

E200C

FL00T

F-866'0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5

10.0

1.5

ppm

Fig. S122. *H NMR spectrum of 3ba, DMSO-d6, 400 MHz.
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Fig. S123. 13C NMR spectrum of 3ba, DMSO-d6, 101 MHz.
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Fig. S126. 'H NMR spectrum of 3bg, DMSO-d6, 400 MHz.
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Fig. S127. 3C NMR spectrum of 3bg, DMSO-d6, 101 MHz.

235



I | AJ)L

"
5% HO A 1 i 0
PP ] ~ o7 e H
Yy, ¥yorm oy At~ ar L
Boc WO o oH O T Yo N 10
HN Y H
M 1 N OH W
""NW/\'“””NA:T V, {1.26,22.64)
o H o {2.51,25.98
JRSS— \ (1543161 1“1.37,29.68)
P— {2.56,25.10} 2\ N s
(z.so.zs.sz)onso—ds\ 2 Y1.46,31.61)
{3.16,45.15)\
—
{3&1,53.94& \ Lo
— Boc 0.
Lo .lr )
N T » N,\:], - 60
o H oono
Boe MO ~70
‘} HN . ) II
.",J(_, e N w
o " oono ~80
i
N s LN, ‘Il Loo
N A g, A0
Y TN LI
o oM 0
{5.41,107.20)\
(7.30.123.02V7.27,123.02} - 120
e
Boc HO_ o |
o =
N S i
o oH O -140
—_—
r T T T T T T T T T T T T T T T T 1
85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 05 0.0
ppm

Fig. $128. 'H-3C HSQC spectra of the obtained 3bg, DMSO-d6, 400 MHz.

o AA

{3.16,22.79]
7.70,25.37, _
‘ }\ {3.16,29.86] {1.37,zxa.oskf 20

30
{2.50,39.52)DMS0-dg,
N

40

LU

{1.37,77.82k' 70
] oo

90

{7.27,112.75 6.41,112.64K {2.51,112.64 L 110

(7.27.123.98\ fs.42.123.s7) (3.16,123.98K }2.51,123.19} 120

| ]

{7.28,153.97}‘.6 M,155.54vs.40,153.97) -150

{7.70,172.50)\ {3.81,172. BSK {2.55,172.50\

{7.27,203.61 {6-40,203.50)\ {zso,zos.sok’ [ 200

210

r T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
ppm

Fig. S129a. 'H-3C HMBC spectra of the obtained 3bg, DMSO-d6, 400 MHz.

236

ppm



>

1 ll ll“l

|

w

J

|

oA

4 A\[°
-
' s
- . MO, o~
\f K 0.
o ONH Y
9 o ""H'L"A" ©
o7 n”v;‘l p o w s |l
NN 15
UNH cH O
{3.16,22.79 20
(7.70,25.37& }\
o X {1.37,28.06 25
S ~ 3.16,29.86; '
S PUS Y 9 e /2 30
WA A A AN B -
LR OIS
Moy O:T\'” \=AL,\V, J ﬁ o, L35
_NH o o {2.50,39.52] S H I 3
N o\.T.A.v—-.)_ A Lo
N " oomo
a5
50
55
" -60
o
:’r"okuu -65
Oy A
Y~
NH 70
(1.37,77.82ﬂ 75
80
\. J
r T T T T T T T T T T T T T T T T l-85
8.5 8.0 75 7.0 65 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 05 0.0
ppm
Fig. S129b. 'H-*C HMBC tra of the obtained 3bg, DMSO-d6, 400 MHz
1g. . specira o € ootaime g, R .
. A l J
4 )
o
:x_ohm mv,\l 100
{251 uzu\ OIJI' e ﬁ"’L\f"
151,112 L 110
o
.16,123. {2.51,123.19), .~ HO. o~ 120
VS N SO
e A xX 4 LD
O‘I”\"“”\H o A - L130
UNH oM O
140
-150
-160
{3.81,172.39) {2.55,172.50] L
"'o"ﬁ’m WO \ K ,,-.a,?,“ HO. o 170
ol PeY o Y
AN v Y Y o0
NH on O NVN'I cH O
190
.50,203.50), | ¢ 200
{2 % A oM m‘]_,;»\l
O A At A
,»E» L o]/\" 210
. J
a5 40 35 30 25 20 15
ppm

Fig. S129¢. 'H-1*C HMBC spectra of the obtained 3bg, DMSO-d6, 400 MHz.

237



(: M _ﬂ M_ JL

-100
"
boc HO. o~ M
Boc HO.
— OPNSY . N
AN NN {7.27,112.75\ [CUBEEXZ R S N L110
— ] OoH O g | LI
Bos MO M {7.27,123.98K {6.42,123.87, H 120
— A & -8 wo])\]
oy - _;}T,l_r,‘ A -
0 OH © o " oo 130
-140

- gec HO. H HN Bec HO.
X Py /:( {7.28.15337% {5.40,19.97)*' RPN 150
0 " I

oH O "

o4 O
I~160
{7.70,172.50] L170
— I MO
o H oono 180
150
{7.27,203.61& {6.40,203.50}\ " 1200
1 Bee HO o M Boc  HO.
IV OPNY ¢ UNTi o
) " owo ) Hoon o
r~rrrr rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr)mrrrrrrr 71
85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56
pPpm
Fig. $129d. 'H->*C HMBC spectra of the obtained 3bg, DMSO-d6, 400 MHz.
-
v
g
YR INNINSE3 TR RRIARRNERIIRARERLIRS

—8.85

8
"Ho o
e c a
\/\/\N 4a
d b H
¢ OH
5
3ea
€
8 l4a
b.c.d
a
8a
]
A \ AL .
A — L o ™oy
B 23 B =3 &
3 33 3 2 49 &
6 15 14 13 2 11 10 9 8 7 6 5 4 3 2 1 0

Fig. $130. 'H NMR spectrum of 3ea, DMSO-d6, 400 MHz.

238



& kg Z 2 § 55 3
k3 & 2 8 o AL N <
- el — - - ~N o~ ~ -
| T | | Voo
8
HO.7 8a
e c a
NN 4a
d b u Of—l
3ea
37 8 4a
€
c d
8a i
6
20 200 190 1 170 160 1% 0 1% 20 1o 10 % 8 7 e S 4 3 2 1 o A
ppm
. 13
Fig. S131. °C NMR spectrum of 3ea, DMSO-d6, 101 MHz.
b
b
NEEIAAR gg %
[T-RT- RV RV RV RV T} e} N ANl =] -0 =3
SN\T72 3 3585855 235 3
L2 AN
7 8
4a, 8, 8a 4a, 8, 8a HO 8a
i R
A 6 _ OH
ﬁ_,LM L "L, 7e 5
6.I45 6.|40 6.l3$ 6.50 6.I25 64|20 6.‘15 6.'10 6.65 6.60
ppm
|
5.7 6 '\L
A A |
o~ — | -
6 5 W 1 2 i i 5 3 7 o 5 A ] : i o '

Fig. S132. 'H NMR spectrum of 7e, DMSO-d6, 400 MHz.

239



cou
€80
+8°0
S80
98°0
980
€T
€]
vt
ST
ST

9T
9T
o1

9P-OSWa cm.N./

c,d

66'C
S.mv
€0'¢E

w9
€9

69
mm.mv

8a

| SER—

=70¢

=
E0

F-o00z

F-896'0

Fses0

o

F~

10

1

12

15

r
6

ppm

Fig. S133. 'H NMR spectrum of 3ga, DMSO-d6, 400 MHz.

66'€T—

we—

$9'8C~
6562

8€'9v—

L6T6—

15°80T—

LT8TT—

€6'PCT~
€0°921"

LTTST~
90'¥ST—

T
200

T
210

ppm

Fig. S134. C NMR spectrum of 3ga, DMSO-d6, 101 MHz.

240



wu
€80
€80
€80
+8°0
S8°0
580
98°0
980
vt
ST
9T
9T
@1
or'T
W't

Nv.H\

9P-0OSWA 0S°C
veeE—
we—

LEY—

69—

SE6—

i

8, 4a

T

3ha
Fig. S135. 'H NMR spectrum of 3ha, DMSO-d6, 400 MHz.

== 660'€

E-8bEh
E1817

E-v6eT

Feoe

F oot

Foo00z

Hl 66T

F~

10

1

12

15

ppm

WvT— [<F]

00'cc— ©

€987~ o

T 0E— o

08'vb—

0p'1S— (@] \u

el

8€'80T—

8, 4a

T€L1T—

1S°0€T—

8a

8L'SbT—

57

TP 99T—

50

T
200

T
210

ppm

Fig. S136. °C NMR spectrum of 3ha, DMSO-d6, 101 MHz.

241



80
+8°0
S8°0
€T
YT

ST
9T
LT
8¢'T
8E'T
6€'T
W

cd

NGB

9T'e
wﬁ.mv
0ce

191BM SE'E
peE—

6€'9
9

IT’L
mﬁ.nv

86'0T—

E-180€

9Ty
T60°C

E-686'T

E-oo00€

Eerot

F 60

vego[ —

ppm

Fig. S137. *H NMR spectrum of 3ia, DMSO-d6, 400 MHz.

w0 —

wwe—

19'8C~
¥6'6C

18°sh—

ST'ZS—

66'€0T—
69°L0T—

08'0¢T—
b yeT—

69'7ST~.
0£'€ST7"

€9°0LT—

T
200

T
210

30

70 60 50

80

T
180

T
190

ppm

Fig. S138. °C NMR spectrum of 3ia, DMSO-d6, 101 MHz.

242



€80
580
980
980
ST
9T
21
8C'T
LE'T
6€'T
W1
W't
€T
9P-OSIWA 05°C
wo.m./

cd

69T
we AN
€L'C
[41x3
€0°€
S0°€
4
LT'E
8T'¢
1Te

9%'S
LY'S
6v'S
0S'S

06'S
SeL
9L

L£°L

L€7L
8€7A
8€'L
6L
ov'2]
o]
Tb'L]
'L
']
b2
€L
oL
6v'L
6v'L
052
152
152

LETT—

L

=957°€

E LS
E650C

1507
00077
MM\.\. €L0°T

E0€0'T

E- 0960

- 092€
=011

%mmm.o

o

o

ppm

Fig. S139. 'H NMR spectrum of 3ma, DMSO-d6, 400 MHz.

L6'ET—

86'TC—

09'82~
o€'6c”"

vet—
0€'9b—

8C¢'8L—

86—

80°T0T—

STLIT—
95791~

N‘u.wNH
om.wNﬁV.

80'6ET—

€6'¢ST—
SE9ST—
Lb'6ST—

8'S6T—

2'6'

n
)

T T T T T T T T
180 170 160 150 140 130 120 110

190

200

90

100

210

20

ppm

Fig. S140. °C NMR spectrum of 3ma, DMSO-d6, 101 MHz.

243



éc -
98'0
88'0
sT1
9T o
LT B
87T
87T
p © =1o0¢ v — >
L
6€'T .
hXizad
.:u”ﬁv F-900'T €Tee—
NW_M N © <
. . 08'87—
e 662/ © o
9P-OSWa 0§°Z
S9T
wo.NW Forot &
69'C .
80°€ Fees1 8T°9b— =
or'e
'€
86°€— F=E00'T |- <
P9'b— Feser 00'59—
Lo A
N
0L's T [z8L—
0L's E-000'T
88'G Eeot| =
68'S © o
8€'9— = Fe66'T o
N < 80°b6~
c - €0'567" <
r~s QO 85'86~" <
o ©
o 96'S0T— -
N
)
=
2 (@] °
™ - 95'€2T—
16'8~ _/ﬂA oece | g, I -
80'6— -
fe} %. bL0ET— o
Y a
o S nU
. £ _ o
18'1pT— S
© ] ) ©
LS L= 8] G8'SST [ee]
N m mN.oﬁW I~
'3 2 85°95T o
~
L e S o
WT— © N >
e— <~ o =z
- <
N E
g o L
. 4 - —
9P-0SWA 05'T— 2
—
L3 <t
< |« —
L& - (]
" o
& i
o~ L

90

ppm

Fig. S142. C NMR spectrum of 3pa, DMSO-d6, 101 MHz.

T T T T T T T T T
180 170 160 150 140 130 120 110 100

190

200




0T
mo.ﬁv
L0°T

9P-OSIWA 05—

£€e
STe
e
6C°¢

99—
69—

vS'L
mm.L
SS'Lh
5572
95°2
o5
1524
v
8571
85°/
85°/
65°L
652
09°Z1
09°21
197
29'L
29°21
29°L
0'8
0'8
50’8
508
90°81
90'81

£0°8-

S6°CT—

38

= 0€

F-600T

F-000'T
=986'0

Foore

/(90T

Wmﬂw.o

-

~

©

10

11

12

13

14

ppm

Fig. S143. *H NMR spectrum of 3aj, DMSO-d6, 400 MHz.

96'ST—

SE-05kd 5 0L

60°0%

85°€6—

mﬁ.voﬁ
SSH0T v

ST TZI~
A al

Namﬁﬁ
66'0ET~
8L 1ET

98T —
8£°0517"
96'ST—

99T —

€0°¢8T—

42 41 40 39 38 37 36

43

ppm

2', 6'

3,5

ppm

Fig. S144. 13C NMR spectrum of 3aj, DMSO-d6, 101 MHz.

245



&
©
=
~
>
o
|

12.65
08
07
07
07
06
06
05
61
60
60
59
59
58
57
56
55
55
93

—6.64

3'4'5'
2'6'

0,896{ —— U1
o 2016 =

3.076 =

1.000 —=

0.996 —=

15 14 13 12 11 10 9

Fig. S145. 1 H NMR spectrum of 7a, DMSO-d6, 400 MHz.

— wn 0 O N ~NMOo N~ o
a o TN ©o N m™m < — wn
= N — 0y SH 8o << A
@ o n < < MmN~ oo [sa)
2 2 A% 2asasds 22 Y

(a N\ ! 4 |

=
315 2I 6!
i)

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
ppm

Fig. S146. 3C NMR spectrum of 7a, DMSO-d6, 101 MHz.

246



Lt
mN.NW.
0€'e

L5°C
85°C

SE'E
mm.mv
6€'€

99—

¥6'9—
SS°L

95/
952
L5
15
8524
85/
652
65°L
65'L
092
192
192
8L
v8'L
50'8
s0'8
208
£0'8
£0'8

£0'8
80'8

S6°CT—

E-86'T
=988'C

F-000'T

E 660

Reore
Ebb60
29807

Ml 4860

-~

- oo

ppm

Fig. S147. *H NMR spectrum of 3ad, DMSO-d6, 400 MHz.

Sb'sT—

8'SE—

Y0t —

wee—

oa.voﬂ
mm.voﬁv

88'0CT~
€691

D.mNH”
L6'0ET~C
98'1ET"

8T 6vT—
52051/
S5°SST—

L7291 —

08'TLT—

S0'Z8T—

3i4a 8

351 [2'6'

1

8a

2

I~

T T T T T T T T
180 170 160 150 140 130 120 110

190

200

90

100

210

ppm

Fig. S148. °C NMR spectrum of 3ad, DMSO-d6, 101 MHz.

247



09T
[N
€917
S9'T
L9'T

£0'C
mo.NW.
e
9P-OSIWA 05°C
mm.N/
ST

8T'E
oN.mW
we

99—
€6'9—
vS'L
mm.hy
Ss'L
5527
15
1524
1514
85°/
85/
65°2
65'L
09'L
09'L
09'L
L
wuL
€L
vLL
S0'8
508
£0'8
£0'8

S6°¢CT—

0

Fev0'T
E 50T

=97T'E

E000C

= /(20T

=020T

Feee
E- 7001

E-980'C

W €01

N

ppm

Fig. S149. 'H NMR spectrum of 3ae, DMSO-d6, 400 MHz.

8b'ST~
S§'97

88'cE—

sy —

19°¢6—

LTH0T
85'¥0T

PTTCT~
Taral

E.@W
00°TET~Y
S8IET

89'8pT—
€051
P8P —

99°C9T—
o' eLT—

0T'¢8T—

T T T T T T T
180 170 160 150 140 130 120 110

200

90

100

190

210

ppm

Fig. S150. 3C NMR spectrum of 3ae, DMSO-d6, 101 MHz.

248



SET
LET
8€'T
ob'T
W't
8b'T
6v'T
18T
€57
SS'T

fAx4
vo.NW_
90°C

9P-OSWQ 0S°C

4
ST

0z'e
m.mW
mN.m\

191eM LE°E

29'9—
£6'9—
492
B.L
1571
wm.Tﬁ
652
6524
0924
09°2
19'21
2921
7941
69'L
oLL
1L
v0'8
S0°8
90'8
£0'8
£0'8

b6 CT—

696°T
596°T

Eeve'T

= Sp0'E

E606C

Fv00'T
st

£V0'E
W w0

Foc0z

W £88°0

F~

ppm

Fig. S151. *H NMR spectrum of 3af, DMSO-d6, 400 MHz.

§5'€6—

ﬁm.voﬁ
?m.voﬁv

[TTTT~
[z9e1

:.mu“ﬂ
66'0ET~"
oL 1ET

8b'8yT—
€2°05T
wUYST—

09°¢9T—
WL —

T0°C8T—

T T T T T T T T
180 170 160 150 140 130 120 110

190

200

90 80 70 60 50 40 30 20 10

100

210

20

ppm

Fig. S152. C NMR spectrum of 3af, DMSO-d6, 101 MHz.

249



.
et
92'T1
1211
6711
[2ag
€1
€611
9eT
8E'T
orTy
0v'1-§
wif
w1
£v'1]
as
Eras
Ras
s
€57
514

9pP-0SIa 05°2
157
557
957
81°c
0z'e
e
08¢
T8¢
Nw.&
€8¢

199
99
LL9
6,9
69~

e

(ST
55/
SS'L) ﬁ
159
5
85/
652
652
0924
1244
(e
0’8
5084
50’84
9081
908
108
108

—

b6'CT—

L

)

wvmm.c

E e

ppm

Fig. S153. 'H NMR spectra of 3ag, DMSO-d6, 400 MHz.

€6'CC~
°§'St~
18T~
66—
£€6'TE—

T€'Sh—

LTYS—

L8'LL—

8G°€6—

€THOT~
SS 0T~

PETTI~L
62°9¢T
ze9eT
ST'62T~_
00'TET~
6L TET"

Lh'8pT~
€2°051—
ELVST~
TESST—

09°¢9T—

SSUT—

$0'28T—

90 80 70 60 50 40 30 20

100

ppm

Fig. S154. 3C NMR spectrum of 3ag, DMSO-d6, 101 MHz.

180 170 160 150 140 130 120 110

190

250



- B0 no\l,;\i,o__, [l 10

| S | g{z.ss,zs.zo}\ 3 L20

{2.50,39.52)DMSO
{3.20,44.97 Jd 3 40

[+]
{3.32,53.94K “ B Yo N Lso
oA

! LD

(s.a,ss.sz& Loo

i
{6.91,104.22 o 2o€ "0\«:\”0.,1:/ L 100
W
v

- .

N Wy
NG
{8.05,126.02, -
o A

#(7.59,131.47) [
|
o

{7.56,128.84}

M

130

I \:1 1;‘,-.1, | 150

R u”: : 1 | 1 1 ll 1I\||

r T T
10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5

Fig. S155. '"H-3C HSQC spectra of the obtained 3ag, DMSO-d6, 800 MHz.

1 Ll N

B 10
|
] o715 45)\ {3.82,22.82)\ }3.21.22.82} 20
— 6.77,31.78) (3.82,31.78)\ (1.41,31.96” 0
(6.76,31.78) {3.21,29.85}
ey Ll 40
— {2.50,39.52)DMS0O-d6 .
(6.77,54.uvs.76,54.u) {145,54.11} | Lso
" ]
60
70
{1.36.77.85)\'
] J 80
A C 4 90
}12.94,104.22) (5.92.104.22}\ }s.s1,1o4.zz) i 100
110
}12.94,121.23} (5.61,121.28)\ {3.20,121.28\
— {8.05,126.20; 120
J— {8.05,131.65 + 7.57,130.95}
= \ 13
{7.57,129.01} 6.92,130.95)
140
f‘z"""“'”} (s.sl,xso.u\'
— M 6.61,154.68) {3.32.155.21}\ 150
-
] {3.05,152.59)\ '}6.92,152.59} 160
{7.71,172.44& {3.82,172.44; (2.56,172.44\ L1720
(6.92,181.93\ }6.61.181.93) {1.45,172.44} 180
|
T T T T T T T T T T T T T
13 12 11 10 9 8 7 6 5 4 3 2 1

Fig. S156a. 'H-3C HMBC spectra of the obtained 3ag, DMSO-d6, 800 MHz.

251



o

90

+110

115

120

130

~135

145

+150

~155

—
S
0. ” Fn
{12.94,104.22% ° Ti X
N /""/\N’A “/
e
NH
[+
_ (12.94,121.25)% L"lo-“m Ho. ;"|"°| .
oA NL{ ;
N T
_NH 0., ©
1
(1294,148.35% Y
— \) \w)\/\/\N \(
=
T T T T T T T T T T T T T T T T T T T T T
134 133 132 131 130 129 128 127 126 125 124 123 122 121 120 119 118 117 116 115 114
Ppm
O 1 13 :
Fig. S156b. Close-up for "H-""C HMBC spectra of the obtained 3ag, DMSO-d6.
~N
- SR S ﬂ ?
1 % 7o W 7o W "Joluu L1s
o7 M i _,o\] " EN ‘\/ Oy \) 8A ol i1 8A
O Ay A A . O ‘u
N LI ¢ {3822282)\ fszl,zzsz} AN 20
— o) 71,25.45& .
— {1.36,28.09 25
R 0 {3.21,29.85
— {6.77.31.78),  6.76,31.78} . tNNCSBOSI%\ | {1.41.31.95)\ 30
Ji M O Ph 4\
0N # f N |
Oy [ 1§ | 35
nrr {@. s.sz)omso-dx' ‘
— o h & Lao
J % '
<707 NH H
{1.41,45.32
°:‘7'l‘v—""')*u~" )\ Las
NH |
| ‘ 50
{6.77.54.11) J6.76,54.11} {1.45,54.11
] J R v )\' =
e S & gt A
oy A~ N ;‘/ i
N : oM O 0
65
$
' 70
J 5 "s 75
A, (1367785
] Oy BA
e ) ) 80
'\ S tss
T T T T T T T T T T T T T T T T T T
95 90 &5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
Ppm

Fig. S156c¢. Close-up for

252

'H-BC HMBC spectra of the obtained 3ag, DMSO-d6.



4 N\
H o 90
HO g DO AN HO AN O Ph \:J. ) | HO. _~__O__Ph
R: I“Jj‘/\u " ru; Oy 'k"";-‘\r/.
{6.92,104.22& fs.sl,un.zz) o " oowlo 100
rr° ﬁ' B L110
ol L " “o. O
L \ Nee
VY Y
{6.61,121.28)\/ fewo (3.20,121.23)\
120
{8.05,126.20 160,126.20} @
| B O e
| 75713095) L 'ﬁ
=N B . " e Ly 9 130
............................................ {s 0213055 3K §
W ol L. BA
Wo K0 m T i | 140
| oo ,
| LY {6:92,148. 35\ '}ssl ,150.11} o J\D,i,NH
e N [ -
Ao {6.61, 15468\ {3.82,155.21}\ Oy A 10
= o ) o P HVNN
Ao
{8.05,162.59), {6.92,162.59) e . 160
|l s N N DA
1+ TN
Oy 771,172.44 MO O {3.82,172.44 {2.56,172.44), {1.45,172.44] L
i 4]‘_" N \ Yy L, K \ }\ 170
HO_ 7 0. e B J & J
484 " (6.92,181. 93& ,(s 61,181:93) ° A .. | 180
] " ko c}_ g BA o:/\.‘d,wn
k N " nHn! " )
105 100 95 90 85 80 75 70 65 60 55 S50 45 40 35 30 25 20 15 10 05
ppm
Fig. S156d. Close-up for 'H-1*C HMBC spectra of the obtained 3ag, DMSO-d6.
8
8 2
o
GEERRAAR BREHRRAA FRARHARBFQIINIARNNAQIN RRRRRRRREKEBITBECTIRAKRRRBIRTLALQAQAIRERR
P g N T e R e T s T R R J- - - - S S S - - S - S - - - - - S-S - |
LLLLLLLL o e SRS R
Q 8
. HO 0_Ph
*Hl ° @ |
o 3
Y\/\/\N
d b H
| NHg OH O
3ag'
h
1
345 3
P 8
2'6' '
A A A A st
T T T T T ki § =t
& o 73 8 3 E3 2828 T
] - 33 k] 3 S R
T T T T T T T T T T T T T T T T T T T T T T T
05 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
ppm

Fig. S157. 'H NMR spectrum of 3ag', MeOH-d4, 400 MHz.

253



49.00 CD30D

o [ce N\ o MmO T TN WL o o N
(=} (= m M oM wn n N wn o DVO MO
m WBE 1\ BTN NNoSN oS 55 < ] oM mn Y
0 NS o wnwnwn Mmoo N o o < < NowT N
— — - — o o ~— — - (<2} wn MmN
| NN N | ' | / NS/
(e}
P
h"T>NH
C
O e
k d b
./NHg
I
=
3'5
l L}
2'6

T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
ppm

Fig. S158. 3C NMR spectrum of 3ag', MeOH-d4, 101 MHz.
1.3.7.13. NMR spectra of Intermediate Products
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2.1. Introduction

Hydrogen atom transfer (HAT) from peptide units to free radical species is a critical event,
which can lead to backbone fragmentation, side chain functionalization or cross-linking
reactions of proteins. As a result, proteins undergo significant structural changes and loss of
important functions.™M It has been shown that these processes induce cellular damage, and as
a consequence free radical species have been implicated in some pathological conditions.[
Also, HAT processes from amino acids can lead to the modification or even selective
functionalization of protein building blocks, which can be useful in different biochemical
investigations. A lot of effort has been applied to understand HAT processes from peptides
using protected and unprotected amino acids or oligopeptides as simple models of protein
moieties due to the complexity of natural substrates. Among the different species used in this
kind of studies, oxygen-centered radicals gained a lot of attention. The most popular ones are
t-butoxyl (t-BuO+) and cumyloxyl (CumO¢) radicals due to their ease of generation under UV
conditions from available peroxides.’l For example, time-resolved kinetic studies on the
reactions of CumOe+ with different secondary amides have been performed, which showed

that the main HAT process occurs from N-alkyl side chain, instead of the acyl moiety (Table
1).[30, 3d]

Table 1. Relative rates for HAT processes from secondary amides to CumOs.¢ 3

susceptible
to HAT
0 . o 3
R)LN’R' : © MeCN R)LN‘{R'] " oH
H 266 nm, 25 °C H
N-alkyl amide CumO- CumOH
0 0 O 0 (o] (o] 0
_ O
NA-Ikyl P NN )LNJ\ )LNJ< N N N tBu)kHJ\ tBu)L”k
amides N H H H H H
MA EA iPrA tBuA MPVA EPVA iPrPVA tBuPVA
kn(MA)/
05 2.0 17.7 1.0 0.6 5.2 >30
kn(N-alkyl)?

To approach the reactivity of real peptide systems, various amino acid derivatives were
treated with wide scope of radical species. A series of amino acids were photolyzed in Cl-
saturated trifluoroacetic acid (Table 2).[41 It has been shown, «Cl/sOH tend to abstract
hydrogen from the distant, vy, d, €, positions on the alkyl chain of free and N-acetyl a-amino
acids neither from backbone a- or adjacent B-positions (Table 2, Entry 1). The results have

266



been attributed to the repulsion of the incoming chlorine radical from carboxyl, protonated

amino and acetoamido moieties of the amino acids.

Table 2. Relative rate constants for reaction of the *Cl and *OH with different o-amino

acids.[!

] B<y<d<e
' Cle/OH- C] /OH- reactivity
)J\N @ OH TFA TFA

H S hv 300 W hv 300 W

N-Ac amino acld

(o] o] (o] (o] o
A~ oH )LNJYOH M /grOH )Lj;(OH /U\\L/N/OH i ¢ i /;i(/
N N OH
H/Ir H o H o R0 N 0 )Ln o )Lﬁ oOM

Ac-Gly-OH Ac-Ala-OH Ac-Abu-OH Ac-Val-OH Ac-Tle-OH Ac-Leu-OH

Ac-Nle-OH
kza (+C1) 1.0 0.25 55 8.75 11.25 47.5 55.0
kza(+OH) 1.0 1.1 4.0 3.7 43 9.1 10.3

*Br radicals, in contrast, abstract hydrogen atoms directly from the a-position of amino acid
derivatives. The relative reactivity of the Bz-o-amino acid methyl esters decrease as the size
of the side chain increases (Table 3). The steric effects can be illustrated using 7-leucine (Bz-

Tle-OMe), which is fully resistant to radical formation.)

Table 3. Relative rate constants for the reaction of *Br radicals with different Bz g-amino

acids methyl esters.[!
0

QN .
R ,,vzzz;w Sake

N-Bz amino acid
methyl ester

9
I 2 op IR & >
N/YO\ Ph)LN)SrO\ Ph o )L N N
H o H o 3 )rF'h DD )rPh

Bz-Gly-OMe Bz-Gly(d2)-OMe Bz-Ala-OMe Bz- v.l-OMa Bz-Tle-OMe g,.pm.om Bz-Pro(d1)-OMe Bz-Pro(d2)-OMe

kza (+Br) 1.0 0.32 0.33 0.04 <0.0004 1.4 1.2 0.42

Surprisingly, proline derivative Bz-Pro-OMe was more reactive than the corresponding
glycine derivative. In deuterium labelling experiment it was shown that a-labelling has a

minor effect on the reactivity of proline, while d-labelling significantly slows down the
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reactivity. The results suggests that main HAT process in proline occurs at the 3-position.
Similar reactivity patterns of amino acid derivatives were obtained for tBuO- radicals,

indicating that the HAT reaction also takes place at C,-position (Table 4)."

Table 4. Relative rate constants for reaction of the tBuO- with different Bz a-amino acids

methy! esters. 0]
0o

(@] R
o %”O )Y
N
tB OH
H o U

N-Bz amino acid
methyl ester

o o
(e} Q R ps —~
g oAby oAy o B o
o] 0 0 o7} Z]/

77/Ph 7]/Ph

Bz-Gly-OMe -Ala- -Val-!
v Bz-Ala-OMe Bz-Val-OMe BzPro-OMe Bz Pro(d1) OMe  Bz-Pro(d2)-OMe

Krel (tBUO?) 1.0 0.24 0.19 1.9 2.2 0.7

Studies on HAT from N-Boc a-amino acids to CumOe, which was generated under laser flash
photolysis (LFP) conditions, showed that also HAT occurs from the C,-position (Table 5).
Also, like in the previous results, increased reactivity was obtained for proline derivative (6-

fold increase from glycine to proline).]

Table 5. Relative rate constants for reaction of the CumOe- with different N-Boc a-amino

acids. 3"

S
"
(0] R . (0] R
>L R OHA >L JC L on
© ” MeCN o H
0 hv o

N-Boc amino acid

Nﬁ(o” %(OH j;( Boc. ﬁWOH Boc. f’; O*

Boc-Gly-OH Boc-Gly-OH "Boc
oc-Bly- Boc-Val-OH Boc-Nva-OH Boc-Leu-OH Boc-Pro-OH
Kret (CUmO®) 1.0 0.70 0.50 0.83 1.5 6.3

It was found that deuteration at the a-position did not affect the HAT rates to CumO-, while
deuteration of the 3-position significantly lowered the reactivity (by a factor of 3, Scheme 1).
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It was attributed to the constrained structure of the resulting C,-radical, which is a highly
unfavorable process. These findings suggest that the primary process of HAT occurs at the 6-

position rather than the a-position, as it was stated in the results with tBuO- radicals.®!

el G Ph#o E /&o

Ph
2.7+0.6 3.1+0.3 1.0+0.3
H o H o o—
H N 0o— — H—s N o— + HH N\/\\\O
H
(0] (0} (¢}
Ph\/Q Ph\/Q Ph
BzProOMe Céb-radical “ Co-radical x

Preferred Non-preferred

Scheme 1. HAT from Bz-Pro-OMe derivatives to CumO- radical.

Studies which involve another similar sort of oxygen species, phthalimide N-oxyl (PINO)

radicals, can be found in the literature (Table 6).

Table 6. Relative rate constants for reaction of PINO- radicals with different N-Boc a-amino

acids.[®

e}

N-O-

O H R Y (0] R
Sl o ot o K L o
N MeCN, 25 °C N

O O

N-Boc amino acid

Bt M JYOH j;( ﬁ( ¢ O)L

Boc- Gly “OH  Boc-Gly-OH Boc.Val-OH . . Boc. P?ZCOH
ket (PINO*) 1.0 0.80 0.20 0.60 0.8 5.7

Oxidation of different peptide models has been investigated with nitrate radical, *NOs, under
laser flash photolysis conditions. These studies showed that *NOs is strong enough to abstract
hydrogen not only from the C,- or activated side chain positions, but also from the amide N-
H bond (Table 7).[ In this case, the proline derivative is 2-3 magnitudes more reactive

toward *NOs3 than acyclic N-Ac amino acids.
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Table 7. Relative rate constants for reaction of NOze with different N-Boc a-amino acid

methy! esters.[’]

(NH4)2[Ce(NO3)e]

355 nm
0 R ) 0O R
NO
PSS NI W N
I MeCN :
H O ° ) @
N-Ac amino acid Formation of
methyl ester amidyl radical
0 0 o o i P
)LN/YO\ )LN%(O\ AN O\ )k o\ CNHLO
H H g H N Ph
o) Aol )
Ac-Gly-OMe Ac-Ala-OMe Ac-Val-OMe Ac-Leu-OMe Ac-Pro-OMe
Kret (NO3¢) 1.0 0.5 0.7 0.6 206

Based on a comprehensive review of the literature, it has been shown that glycine and proline
amino acid derivatives have the highest rates of oxidation by different radicals. This
observation suggests that these residues are particularly prone to undergo radical-mediated
modifications in real peptides. A short summary of the amino acid reactivities to various

radicals is represented in Table 8.

Table 8. Relative rates for HAT processes from amino acids to different radical species.

R R )
EN/["‘EZ + *Radical ENL’&: + H-Radical
H (0] H (@)

Peptide model Amino acid radical
OH
HaN" J\”/OH H Nji'(OH /¢ t( %OH
O H2N 2 OH OH N
0o © HoN HaN H 5
O O
Glycine Alanine Valine Leucine t-Leucine Proline
«CI2 0.2 8.7 47.5 11.2 -
«OHP 1.1 3.7 9.1 4.3 -
*Br° 0.33 0.04 - <0.0004 1.4
Ph><0° 10 0.7 05 15 0.6 6.3
CumOe d
><o' 0.2 0.2 - - 2.4
tBuOe- ¢
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N-0' 0.8 0.2 0.8 0.1 5.7
PINO- O f
*NO3? 0.5 0.7 0.6 - 206

2 N-acetyl a-amino acids, Cl, in TFA, for 1-20 min under 300W sunlamp.!

b N-acetyl a-amino acids, DO in TFA, for 20-60 min under 254 nm lamp.!

¢ N-Bz a-amino acid methyl esters, NBS in CCl, reflux for 9h under 300W sunlamp.®!

4 N-Boc a-amino acids, dicumyl peroxide in MeCN, 266 nm laser flash photolysis, T = 25 °C.[Eb

¢ N-Bz a-amino methyl esters, di-tert-butyl peroxide in tBuOH, reflux under 350 nm lamp. 5!

fN-Boc a-amino acids, N-hydroxyphtalimide, cerium (1) ammonium nitrate in MeCN, T = 25 °C.©l

9 N-Boc a-amino acid methyl esters, cerium (1) ammonium nitrate, 355 nm laser flash photolysis, MeCN, T =
25 °C.lM

Although this literature review provides valuable information about various amino acids,
reaction constants, and general patterns of radical oxidation, our work focuses on the radical
oxidation of specific substrates without light excitation at mild temperatures (23 °C).
Additionally, while previous studies may have only examined the reactivity of the C,-center
or N-terminal part of the peptide separately, our dipeptide model incorporates two reactive

centers, similar to those found in real peptide chains (Scheme 2).

R
? <
R H 4 \
L‘a :> )QWN H
TH
H
Peptide chain N-acetyl-amino acid-

N'-methyl amide

Scheme 2. N-acetyl-amino acid-N'-methyl amide is a model substrate for oxidative stress.

2.2. Results and Discussions

2.2.1. Laser Flash Photolysis Experiments

To understand the HAT process to cumyloxyl radical, CumOe, LFP experiments were
performed with AcGlyNMe (1a) and its derivatives. First attempts to perform the LFP
measurements in MeCN were unsuccessful because of the limited solubility of dipeptide 1la
and its deuterated derivatives. Second order rate constants were obtained in DMSO as an
alternative solvent. CumOe+ was generated by 355 nm laser irradiation of argon-saturated
dicumyl peroxide solutions at 25 °C. In the presence of hydrogen atom donor substrates (S-
H), there is a competition process between fS-scission and HAT as described in Table 9. The
time-resolved kinetic studies were performed monitoring the decay of the CumO® visible

band at 490 nm as a function of the concentration of added substrate. When the observed rate
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constants (kons) Were plotted against substrate concentration, excellent linear relationships
were observed and the second-order rate constants for HAT to CumO® (kn) were derived from
the slopes of these plots. The kops Vs [substrate] plots for the reactions of CumO® with
dipeptide models 1a, 1-Cq-d2, 1-NMe-d3, AcAlaNMe (1b) and AcNMe (1c), as the simplest

peptide model, measured in DMSO solution are shown in Table. 9.

Table 9. Second order rate constants (k+) for reaction of the cumyloxyl radical (CumO®) with
different peptide models, measured in DMSO at T = 25 °C?

ky is obtained from the
slope of a linear plot

Sub-H N s ®
~ Ph”” OH o o
>< 355 nm_ X 2 o
X "DMSO Ph” O - 2.0
o) (4
25°C f-scission

Dicumyl peroxide CumoO- (in the absence Ph)J\+ "CHs
f Sub-H)
Amax 490 nm orsu [Sub-HL M
Ne Substrate kyx 10°/ Mtst KH(Relative)
PN R
1 m/\g 7.70£0.37 1.00
1a
O pbD H
)’LN N\
2 no 4.53+0.16 0.59
1-Ca-d2
O
P N_ b
3 ol Do 4.64+0.18 0.60
1-NMe-d3
Q H
P JYN\
4 N 3.39+0.07 0.44
(@]
1b
(0]
5 )Lu/ 5.31+0.06 0.69
1c

8 CumO¢ has been generated by 355 nm LFP of argon saturated DMSO solutions (T = 25 °C) containing 1.0 M
dicumyl peroxide. The ky values have been obtained from the slope of the kqps VS [substrate] plots where in turn,
the Kops values have been obtained following the decay of the CumOs visible absorption band (Amax = 490 nm) at
the different substrate concentrations.

For the reference compound AcGlyNMe (1a) the second-order rate constants for HAT to
CumO® is ku(1a) (7.70+0.37) x 10° Mt s, in comparison, kn(BocGlyOH)=
(2.80+0.10) x 10° Mt st Decreased kn values for deuterated samples were obtained

because of the primary kinetic isotope effect. For example, the derivative with deuterated C,-
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position, 1-Ce-d2, is 1.7 times less active than dipeptide 1a. Surprisingly, 1-NMe-d3 shows
the same reactivity as 1-Ce-d2. Addition of a methyl group to the C,-position as in
AcAlaNMe (1b), decreases the reactivity even more. Dipeptide 1a is 2.3 times more reactive
than dipeptide 1b but in this case 2-fold increase can be explained on the basis of the twofold
higher number of C,-hydrogen bonds in la. The simplest peptide bond model, N-methyl
acetamide (1c), shows slightly higher reactivity towards CumOe than deuterated samples, 1-
Ce-0d2, 1-NMe-d3.

o H Three possible radicals
)J\N/\H/N\
0 VIR TR S 1 B N N A S
. -~ . ° N ~ N ~ N N
pro * O Ph™ O ) H/\[or H/\g H/\g
RYOH MAce ey 1rnme

M

84.2

) s
Y '?J’ : 1315 (
mko - 2
“\,F::
89.5

— 81.6
71.8
58.9
39.2
0.0 0.0 0.0
-26.3
Glycine dipeptide (1) — 1 1
; . b -49.2
Cumo- -40.2 Cumo- i
Tinn 591
28 -86.3
CumOH — o
-86.6 +
Meca CumOH
+
CumOH
DGy —— AGy=========-

Fig. 1. Gas (AG2gs) and solution phase (AGsor) free energy surfaces (in kJ/mol) for hydrogen
abstraction reaction from different carbon centres of 1a calculated at G3(MP2)-RAD level of
theory. Solvation energies are obtained at the PCM(acetonitrile)/HF/6-31G(d)//(U)B3LYP /6-
31G(d) level of theory. Distances are given in A. [A permission was obtained from the author
of this image, Dr. Harish Jangra, to include it in this work]

Summing up the results, two active sites of the model compound 1a, C,- and NMe-positions,

have the same tendency for HAT to CumO" in DMSO at 25 °C. To explain the reactivity,
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theoretical calculations of the reaction barriers have been performed for all three positions in
substrate 1a in their reaction with CumO radicals (Fig. 1). Once the CumO radical is formed,
it can abstract hydrogen from three different positions, forming three distinct dipeptide
radicals (Fig. 1). It has been demonstrated that abstraction from the C, center shows the
lowest energy barrier (+39.2 kJ/mol) and is also the most exergonic (-86.6 kJ/mol). HAT
from the NMe-moiety is higher (+58.9 kJ/mol) and less exergonic (-49.2 kJ/mol), while
abstraction from the acyl group, as expected, is the least favorable HAT process (+71.8
kJ/mol, -26.3 kd/mol). The gas phase calculations indicate that the C,-H bond is the weakest
in the system and the most preferable for HAT by CumO. To estimate the solvent effect, the
gas phase free energies were corrected using single-point solvation energy calculations.
These calculations showed that the solvent, acetonitrile, described by the polarizable
continuum model (PCM), significantly destabilizes the transition states relative to the
reactants/products in such a way that now the abstraction from the NMe-moiety becomes
slightly more favorable (+81.6 kJ/mol) compared to the HAT from the Ca-position (+84.2
kJ/mol). It suggests that the hydrogen abstraction by CumO radical from the NMe-moiety
has nearly the same rate as abstraction from the Ca-center of dipeptide 1a. These calculations
are in agreement with the LFP experiments, since the experiments with selective site
deuteration demonstrate that the rate of HAT from the C,-center is nearly the same as the

HAT rate from the NMe-site of 1a. (4.64 vs 4.53x10° M~ s, Table 9, Entries 2 and 3).

2.2.2. Hydrogen Abstraction Reaction from Glycine and Alanine Dipeptide Models
In an attempt to investigate the reaction that occurs during the LFP experiments, but without
laser excitation of the model systems, alkyl hyponitrites 2 were chosen as good alternative,

since they are well-known low-temperature alkoxy radical sources.® (Scheme 3)

N
\/I\ Ne O R MeCN.23°G \/ M40

. R H
R O/ \N \|< #’R o j» r1Co. —R> )LHJ\H/N\
H

2 Recombination
products

Scheme 3. Low temperature dipeptide model oxidation using alkyl hyponitrites 2.

274



This approach opens the pathway to study the oxidative stress reactions through the analysis
and characterization of the final recombination products of the formed dipeptide radicals r1.
Due to its lower risk of explosion and established synthesis procedure, di-tert butyl
hyponitrite (2a, DTBHN) was chosen as a model oxidant in our research. Since no
information is available on its decomposition in solvents like MeCN, which is suitable not
only for dissolving our dipeptide model, but also for column purification afterwards, the
decomposition rates of 2a and the decomposition products were initially determined using ‘H
NMR analysis (Table 10).

Table 10. Decomposition rates of hyponitrite 2a in MeCN-d3 at different temperatures.

OH

{BuOH First-order reaction rate law
[ AT GHycHD v = kgx[2a]
HAT Methane T’ °C kd’ s'l T, s (h)
SMoneo M R 65 2.32+0.17) x 10 2994 (0.83
0N \]< /‘\ T’ CH ( ) ( )
2a o o 40 (7.38 £0.34) x 10°® 94102 (26.1)
/i\ { “CHs ,CHs 6
HaC 23 (0.675£0.52) x 10 1031210 (286.4)
Ethane
_}OPJV Ea, kJ 122.3+32

DTBPO

After DTBHN (2a) decomposition kinetic studies, a small-scale oxidative stress reaction was
performed with 0.1 M concentration of AcGlyNMe (1a) and oxidant 2a at 23 °C in dry
degassed MeCN under N2 atmosphere (no light exposure). Within 14 days, ~50% of DTBHN
(2a) decomposes under these conditions. The oxidative stress reaction of dipeptide 1la leads
to formation of unknown white precipitate 3, whose separation was unsuccessful due to its
low amount and fine dispersion. Product analysis shows that a major part of crude material
consists of recovered dipeptide 1a (65.1%, Scheme 4).

65.1%
big scale: 66.7%

)OL H M.7%
N big scale: 12.9%
N/W h ’ Not detected
H _N
o o) 2 o
¢ PPN o 7, y
N ~ N /\)L N
T AN e Y
(¢]
o ra o) sd
0., =N< J< OH 5a
>f N"0 23°C, 14 days /\\ B
MeCN, N, o y . _
i N Ao, LA
T N
\1/ H/W Xy N \/\\\N
Me—=N H 6 o) H I
5b 5c
l 2.4% Detected in MS

big scale: 2.6%
NC/\/CN 11% from
DTBHN 2a
big scale: 14.8%

Scheme 4. Oxidative stress of AcGlyNMe (1a) with DTBHN (2a) for 14 days in MeCN.
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GC-FID and *H NMR analysis show the formation of succinonitrile 4 (11% from DTBHN
2a), the main oxidation products 5a (11.7%) and 5b (2.4%), adducts of cyanomethylation of
initial dipeptide model 1a at C, and N-Me positions, correspondingly.

Also, MS analysis of crude material shows a trace amount of adduct 5c, the double
cyanomethyl functionalization of initial dipeptide 1. This implies that acetonitrile acts as a
hydrogen donor towards alkoxy radicals giving cyanomethyl radical 6. It is well-known that
cyanomethyl radical is a useful building block in wide range of organic reactions.[®! As
expected, the cyanomethylation adduct 5d was not detected, indicating that the HAT process
at the acetyl group moiety of 1a is highly unfavorable.

After performing the reaction with di-cumyl hyponitrite (2b, DCHN), a white precipitate was
formed again, and analysis of the supernatant showed that most of the crude material was the
recovered dipeptide 1a, with only a small part being oxidized during the reaction. The only

oxidation products detected were compound 5a (5%) and succinonitrile 4 (12%) (Scheme 5).

0 " 23°C, 14 days N
)J\N N o P O‘N”N‘OJ(Ph — Neen )?\ N
Yy §

1 ° 2b Ph” OH 4 o
o f12ﬂ> 5a
rom
Ph)l\ DCHN 2b 5%

Scheme 5. Oxidative stress of AcGlyNMe (1a) with DCHN (2b) for 14 days in MeCN.

The lower yield observed can be attributed to the properties of the alkoxy radicals formed in
the reaction mixture. Rates of HAT process acetonitrile to CumOe and its f-scission have
been measured at 20 °C, Ksobs), cumo- = 2.4x10° s7Y(pseudo first order) and f-scission rate,
Ks, cumo-, is 3.6x10° s, correspondingly.i® While formed tBuO- is more stable and has life
time, kg, tuo-, is 6.4x10* st at 22 °C and ks, guo-X[MeCN] = 2.5xKg, guo- = 1.6 x 10°s~tin neat
acetonitrile.[**) Summing up this information, tBuO- is 3.75 times more stable than CumOs,
and HAT from MeCN to tBuOs is 2.25 times slower than CumOe, which means that the most
important decay pathway of the formed CumOes is represented by C-CHz B-scission and HAT
process from acetonitrile. In an attempt to increase the turnover of future reactions, it was
decided to continue the experiments with di-tert butyl hyponitrite (2a).

The reaction was scaled up to 1 mmol and repeated in order to isolate the white precipitate 3.
During the reaction, the clear reaction mixture becomes slightly yellow and the white
precipitate forms during the reaction as before. The precipitate was centrifuged out, washed

with acetonitrile, and further analyzed via NMR and HRMS, which gave the structure of
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isomeric 3a and 3b (~1/1), the dimerization adducts of dipeptide 1a at C,-position (6.9%).
Another dimerization adduct of oxidative stress reaction was found after column separation
of the crude mixtures in highly polar fractions (pure MeOH). Based on the *H NMR analysis,
it was concluded that the structure of the compound includes unsymmetrical dimer 3c
(Scheme 6). To prove the assumption, independent synthesis of compound 3c was performed.
The obtained polar fractions were also analyzed using RP HPLC-UV, which showed that it
consisted only of dimer 3c (yield 9.3%).

(e}
AcHN - o)
+ H H
N O
- NHAc Y\Hk
oH NH
Q H
3a 3b N
\ | )LN ~
(0] H White precipitate H o)
U L GLLL 6.9% %
H o MeCN, N, Soluble polar fraction
23 °C,14 days 9.3%
1a 0 H ? H
[100.1M )LNWN\/\N)K/NW Mass balance
H o H o ¥ =[82.2] + 16.2 = 98.4%

3d
Not detected

Scheme 6. Structures of the obtained dimers 3a-c formed during the oxidative stress

experiment of la.

The radical mediated dimerization of amino acids has been reported in literature. For
example, the synthesis of phenylalanines from glycine derivatives in the presence of toluene
was performed (Scheme 7, A).3l The reaction performed in the absence of the alkylating

reagent leads to the formation of amino acid dimers (Scheme 7, B).E*fl

O tBu (0]
O H H Ph
0 tBu” 0 o Ph O CH, N P J< HO_|Ph
)L o PhCH3 )L o )L o Bz (6] [e] (0] o}
A Ph” "N ~ ~ Ph” TN ~ o]
H/T hv, beonzene Ph ” I N I BZ\N 0o Ph)LH ONg Ph)ku Ny
P HH o} o}
Bz-Gly-OMe Ph7yPh Bz-Phe-OMe methylation adduct . .© .
dimerization adduct addition of tBuO- addition of
photosensitizer 30% 21% 18% 3% benzophenone
3%
(0]
H H
(0] _O. __tBu N
~ -
)]\ o tBu O Ac 0
~N T
B ”/\ﬂ/ hv, benzene Ac- O
o0 N A
Ac-Gly-OMe (e}

dimerization adduct
51%

Scheme 7. Radical functionalization of amino acids.
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The overall mass balance of the reaction was 98.4% if the yield of the products 3a-c and 5a-c

was combined with the recovery of AcGlyNMe (1a). By examining the product distribution,

the reactivity of Ca- and N-Me sites of the dipeptide 1a was calculated (Table 11). It was

found that the C-H bond at C,-position are 5.0 times more reactive than the C-H bond at N-

Me moiety.

Table 11. C,- and N-Me sites reactivity of dipeptide 1a under oxidative stress in MeCN

o

(0} H (0} H O
PN N W _HAT M. Ho 4 nflac) _ 2445pmol 3
u)ﬂf Ty )LN)\W )J\ﬁ/\[f hil n(rayye) 72.5 umol 2 52
(0] H O (0} H
12 | race rowe | fo:-\;fgc? gdtihcils Ra.tio of the
rla reactive protons
Product 5a 3a/b 3c 5b
Reactivity channel Cq-center Cq-center Cq-center and N-Me N-Me
Yield, % 12.9 6.9 9.3 2.6
Yield, umol 129 34.5 46.5 26
ria formed, umol 129 69 93 26
rlace and rinme 244.5 72.5
formed, pumol

To investigate the reactivities of deuterated analogues of dipeptide 1a, the reactions were

performed under similar conditions as described in Scheme 8.

N
N
O
P
N N
H

o)

23 °C, 14 days

[
N,, MeCN

)OL Y4 s 0. ~N J<
H&( ~ + >r \Nc ~0
o 2a

D D

AP

\/\\\N+

(e}
Mass balance o]
1-Ca-d2 (221, 0.1 M
= -Ca- 5b-Ca-d2
[1-Ca-d2], 0.1 M % =100.5% 5a-Ca-d1 o
3.8% 5.0%
Recovery: 91.7%
)(l N o 2 i H
R oo, ko 2t radays W, f +
N N~ 0 N -
H/ﬁ( CDj3 >r Ny, MeCN )LN N\CD3 H/ﬁ( ;g\\N 5
o Mass balance H 0 (0]
1-NMe-d3 2a o o469,
- . 0
[1-NMe-d3], 0.1 M [2a] 0.1 M 5a-NMe-d3 5b-NMe-d2

Recovery: 73.3% 12.4%

Detected in APCI-MS

0
AcHN 2
N/
H H
- NHAc
D
0

3a/b-d2
Detected in APCI-MS

O
H
AcHN _CDs
N
H H
c” NHAc
H
(o]

3a/b-NMe-d6
8.9%

Scheme 8. Oxidative stress of deuterium labelled dipeptides 1-Ca-d2 and 1-NMe-d3

It has been shown that labelling the Ca-position significantly decreases the overall turnover

with only 8.8% of 1-Ca-d2 turnover (vs 34.9% turnover of 1a, 3.96 times less). Labelling the

Ca-position in 1a did not result in an increased reactivity of the NMe-moiety (only 5.0% vs

2.6% with 1a). Isotopic labeling of the NMe group in 1a caused a small reduction in overall
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turnover (26.7% compared to 34.9% with unlabeled 1a), resulting in selective C,-
modification and predominantly producing C.-functionalized adducts, such as 5a-NMe-d3 or
3a/b-NMe-d6.

The calculated KIE values for different carbon centers in la indicate that its deuterated

analogs react 5.8-7.5 times slower (Fig. 2).

rAcep rGlyp rNMe,
|-Il (I)I H o | I
I 1]
D;C._ _N___.C. .CH HaClooMNe B SGH H,C. _N___C._ . CcDh
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2 H D 0 2 H D O 2 H D
7 5.0 ‘ a7
76.8 e H . ﬂ i S H
fen L
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7 ) e
392
7
/
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S | \v =4 —_—
0.0 \ 0.0 1 0.0
GlyD \ 256 eyp i GlyD
+ -26.3 + Y 3 %
CumO- CumO- § CumOs \ 474
rAce -48.6
+ "V
CumOH Gy \ _g6.3 rNMe
+ e ¥
CumOH -86.6 CumOH
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Fig 2. Classical deuterium Kinetic isotope effects (KIE) on gas phase free energy surfaces
(AGags, In kd/mol) for hydrogen abstraction reaction from different carbon centres of 1a by
calculated at G3(MP2)-RAD level. [A permission was obtained from the author of an image,

Dr. Harish Jangra, to include it in this work]

An estimate of the relative reactivity based on the calculated KIE values and the obtained
turnover rates suggests that the Ca-center is approximately 4.6 times more reactive than the
N-Me moiety, using the isotope labelled substrates (Scheme 9).

Reactivity of Turnover from Scheme 7
Co-center y )<
.0 o X Y ¢
Y Reactivity of + — =83
O HH H N-Me (0} H (e} 2x5.8 3
PR NoH — = U kRO, I N__H
T Y Yty
H H H H Y X
O H 0 O H + — =267
1a | r1 acy r1aNMe | 3%6.7 2
ria X
KIE from Fig. 2 — - - 4.6

Scheme 9. C,- and N-Me sites reactivity of labelled dipeptide 1a under oxidative stress.
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Unexpectedly, during the analysis of the crude material of 1-Ca-d2, in which the NMe-group
is activated and forced to react, no symmetric dimer 3d was detected. To test the possibility
of symmetric N-dimer formation, the same reaction was performed using N-methyl acetamide
(1c). The concept of this approach is to generate the radical rilc, which has only two possible
recombination pathways: either with another rilc or with the cyanomethyl radical 6 that is
inevitably formed during the reaction (Scheme 10). The GC-FID analysis showed that the
main product of oxidation is the adduct of cyanomethylation 7 (7%) and trace amount of
dimerization 8 (<0.5%), which tells about unfavorable process of symmetrical dimerization
of NCH3-radicals.

N

>L 1eq H%
O,NeN,O\|< R 6 0) O

] O H H
. H N NC. _~~
)J\u/ 23°C. 14 days )J\H)\H —_— )J\N/\/CN + )J\H/\/ \n/ . CN
Me—=N

7, 7% 8, <0.5%
[1c] 1(():1 M rle ’ ’ Mass balance
o 0. > bala
Recovery: 68% L=76%

Scheme 10. Oxidation of 1c with DTBHN (2a).

It is worth mentioning that the recovery of 1c was 68%, indicating the possibility of
unaccounted oxidative stress reactions such as oligomerization or decomposition, which may
lead to the formation of volatile products, since the mass balance of the reaction in this case is
only 76%. To test the first assumption, APCI MS analysis of the crude mixture was
performed, which showed no formation of oligomers. The radical functionalization of N-
methyl acetamide (1c) using di t-butyl peroxide (DTBPO) has been previously reported
(Scheme 11).12]

0.
i >(DT§P0 i )H\ 1 i §
. rc A~
N" Tla0-c.22n )J\” H N g
1c e 8, 71%

Scheme 11. Radical dimerization of 1c.[*4

The oxidative stress reaction of AcAlaNMe (1b) was studied next (Scheme 12). A small-
scale reaction was performed with 0.1 M concentration of AcAlaNMe (1b) and 1 eq 2a at

23 °C in dry degassed MeCN under N2 atmosphere (no light exposure).
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Scheme 12. Oxidative stress reaction of AcAlaNMe (1b) with DTBHN (2a) for 14 days in
MeCN.

In this case, no formation of a precipitate was detected. The analysis of the supernatant
showed a significant decrease in the reactivity of the C,-center, leading to an increased
reactivity at the N-Me site of the dipeptide model 1b. This can be attributed to the number of
the reactive protons (now only one proton is present instead of two, as in the case of
AcGlyNMe (1a) and the steric hindrance created by the methyl group. GC-FID and 'H NMR
analysis showed the formation of succinonitrile 4 (16% from DTBHN 2a). The main
oxidation products 9a (3.3%) and 9b (6.5%) are adducts of cyanomethylation of initial
dipeptide model 1b at C, and N-Me positions, correspondingly. As before, MS analysis of the
crude material shows the trace amounts of double cyanomethylation adduct 9¢. Increasing the
amount of oxidant to 2 eq does not lead to a significant increase in the rate of oxidation of
dipeptide 1b, but results in a higher turnover of solvent oxidation (16% vs 21%). It was
decided to switch to using a deuterated solvent, MeCN-d3, in further investigations as the
reaction with the solvent was found to be unfavorable. Changing the solvent to deuterated
analog, MeCN to MeCN-d3, has a significant influence due to large KIE values for HAT
reactions, which almost cuts out the solvent participation in this reaction, giving new
oxidation products 10a and 10b, the result of recombination of methyl radical (-CH3) from f-
scission process and dipeptide radical after HAT, 2.0 and 0.5%, correspondingly (Table 12).
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Table 12. C4- and N-Me sites reactivity of dipeptide 1a under oxidative stress in MeCN-d3.

CH3

Mass balance
% =103.7%

|-t NW 105
o 9y 10a 2/ 0.5%
(0]
N )LH o ’1\‘:4\ : NP
1 cale: 00.2% i H i i i Y
big scale: )LH/}(N\ o )Lu N )LH/WN\&
o) o O 5b-d2
. OHID Ma 5a-d2 2.9% 0.4%
>rO‘N/’N‘ok m/i\ o
MeCN, Ny o, ) J
2a {D/N } \N)‘tt'\::c T‘:\H
. N .
DsC—=N P 6.a2 AN : N:;/b )LN N 24.5%
l 23.2% ©
NCD)§<CN n(rlac,)  403.5umol 3 .
DD n(fawwe)  1315pmol 2
4-d4 ND
Product 5a-d2 / 10a 3a/b 3c 5b-d2 / 10b
Reactivity channel Cq-center Cq-center Cq-center and N-Me N-Me
Yield, % 29/2 23.2 24.5 05/04
Yield, umol 49 116 122.5 9
rla formed, umol 49 232 245 9
rlace and rlanme 403.5 131.5
formed, pumol

Since the reaction is carried out in a deuterated solvent, direct *H NMR analysis of the
reaction mixture is possible, allowing for the potential observation of product 11, resulting
from the recombination of the dipeptide radical rla with tert-butoxy radical (Scheme 13). To
confirm this, the possible product 11 was synthesized, however, *H NMR and MS analysis

showed that the product was not formed in the oxidative stress reaction.

(0] H
)J\ /h\\\/o /n situ
N > j< " MeCN-d3 )\ﬂ/ N
(o] N,, 23 °C
rla tBuO-

not detected

Scheme 13. Recombination product of dipeptide radical with tBuO- was not detected.

Since the solvent reactivity was suppressed, the formed dipeptide radicals rla had a higher
probability of recombining with each other, resulting in an increased yield of the products of
oxidative dimerization 3a/b and 3c, as observed in our study. However, despite the increased
yield of products of oxidative dimerization, further analysis by HPLC-UV showed no
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formation of the symmetric N-dimer 3d. The overall mass balance of the reaction was
103.7% if the yield of the products 3a-c, 5a-b and 10a-b was combined with the recovery of
AcGlyNMe 1la. It was found that the reactivity of the Ca-center is 4.6 times higher than that
of the N-Me moiety in MeCN-d3, which is consistent with the value obtained in MeCN (5.0
vs 4.6). This finding makes sense because the intrinsic reactivity of the moieties does not
depend on the level of solvent deuteration.

Similar reactions were expected for AcAlaNMe 1b (73% recovery), but analysis of the
supernatant showed the absence of cyanomethylation adducts (only detected by APCI MS),
and a small amount of methylation adducts 12a-b (Scheme 14). It was challenging to
determine the exact yield due to overlapping GC-FID peaks, but the yield of the methylation
adducts 12a-b were negligible (<2%).

H
o )LNJﬁ(N\ 0 H
A H g1 . \/Iﬁ( AN%(N\/CHS
Recovery: 73% )OL CH3|’:‘| 0 o H 5 112:/)
a <1% <1%
Y T
H
© %)
o, N J< o OHID r1b =
NPL'N D o
>f NTo 23°C, 14 days /\\ AN H 5
MeCN, N, . \\N g
2a _ ; Q
D\I// —_— 9a-d2 o 5
DsC—=N 6-d2
l Overall dimers yield: 21%
Mass balance
D D 2 =95%
CN
NC
D D ND

4-d4
Scheme 14: Analysis of the supernatant from the reaction of AcAlaNMe (1b) with DTBHN
(2a) in MeCN-d3 for 14 days.

A complex mixture of several dimers 13 (yielding 21% overall) was obtained in highly polar
(pure MeOH) fractions by column chromatography. Unsymmetric dimer 13c and symmetric

N-dimer 13d were identified through independent syntheses of each compound (Scheme 15).

o i
N)K AcHN AcHN
o NH H )L N\/\N)K‘/ T(
)L H NHAc NHAc
N ~ v
H Symmetrical N-dimer V
© 13d
Unsymmetrical dimer N
13¢ 7.0% Co-dimers
5.2% 8.7%

Scheme 15. Structures of the dimers 13a-d formed during the oxidative stress of 1b.
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The unidentified peaks observed in the *H NMR spectra could potentially correspond to the
Cq-dimers 13a/b, which are difficult to synthesize due to the presence of two highly sterically
hindered quaternary centers. The proposed synthesis of the dimer 13a/b is given in the
outlook chapter. By using the assumption of dimer 13 distributions based on the *H NMR and
HPLC-UV spectrum, it is possible to determine the reactivity of Ca- and N-Me sites of the
dipeptide 1b in the same way as carried out for dipeptide 1a (Table 13). It was found that the
Cq-center is at most 3 times more reactive than the N-Me moiety. A significant decrease in
reactivity was observed compared to the glycine derivative 1a; however, the obtained value

requires more accurate determination in the future.

Table 13. C,- and N-Me site reactivities of dipeptide 1b under oxidative stress in MeCN-d3.

o

OMe H o Me Q  Me |, n(rbe, 118.5 umol 3
A It GRS S G
» e o 2080 e
rib reactive protons
Product 12a 13a/b 13c 13d 12b
Reactivity channel | C,-center | C,-center | Cy-center and N-Me N-Me N-Me
Yield, % 1 6.7 8.3 1 6.6
Yield, umol 10 335 41.5 1 33
rib formed, pmol 10 67 83 10 66
r1bce and ribnme 1185 117.5
formed, pmol

Summing up all the obtained information, the proposed oxidative stress mechanism of the
dipeptide models can be drawn. The slow decay of the hyponitrite 2a/b generates the alkoxy
radicals, RO-, following first-order kinetics. The radicals can undergo three main pathways:
solvent abstraction A, B-scission B, and abstraction from a dipeptide C (Scheme 16). All
three pathways generate secondary radicals: cyanomethyl radical 6, methyl radical and
didpeptide radical 1r. These radicals recombine with each other, leading to three main
channels of product formation: dimerization, cyanomethylation (solvent addition) and
methylation. It is also possible that the obtained products may undergo further interactions
with the formed radicals, resulting in the formation of secondary oxidation products. This is
supported by the detection of products of double cyanomethylation or cyanomethylated

dimers via APCI-MS analysis.
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Scheme 16. Proposed mechanism of the oxidative stress of dipeptide models.

2.2.3. Aliphatic Chain/Functional Groups Influence on HAT Reaction.

The next step was an oxidative stress reaction of the set of N-acetyl-N’-methyl amido acids
1a-g and N-acetyl amino acid methyl esters 14a-c, which was prepared and oxidized under
similar conditions. Due to the increased complexity of the formed products, the turnover of
mitial substrate was measured and taken as a stability parameter/side chain influence towards
alkoxy radicals (Table 14). Due to the lack of solubility in MeCN-d3 observed for some
dipeptide models such as AcPheNMe (1e) and AcSerNMe (1g), it was decided to repeat the
oxidative stress reaction for the entire set using DMSO-d6 as the solvent. To accomplish this,
the decomposition rate of DTBHN (2a) in DMSO-d6 at 23 °C was first measured, showing a
half-life of 250 h, which is comparable to the value obtained in MeCN-d3 (286 h).

Almost no difference in reaction turnover was found among the dipeptide models containing
the side chains: AcAlaNMe (1b), AcLeuNMe (1d), AcPheNMe (1e), and AcSerNMe (1g),
indicating that the reaction is not dependent on the specific side chain of the chosen amino
acids. Based on this information, we can make the assumption that the HAT reaction to tBuO
occurs not along the sidechain (especially in the case of AcPheNMe (1e), which has
susceptible benzylic protons) but rather from the Cq-center and N-Me moiety of the dipeptide

models.
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Table 14. Influence of a side chain/C-terminal group on turnover rates under oxidative stress.

23 °C, 14 days

R
(6]
)J\N/E[(X\ : XO\N/’N\O N, Turnover Methyl esters
H o) MeCN-d3 )
2a or
1a'g’11;a'c [2a], 0.1 M A m“fo
' 14a O~
N-Methyl Amides 17%
3
1a ANS Hohn HN. HN ¥
a ~ CD; 1b NN 14 O
50% / 23% / 50% / 27% / 0%
O OH 0]
o 0
N H
l-jldHN\ H1eHN\ o i 1gHN< 5 14c
30% / 12%" / 52% / 23%" / 52%

*Heterogeneous reactions

In the oxidative stress experiment, it was observed that the turnover rate for 1-Cq-d2 was
almost half of that for non-deuterated la (23% vs 50%), whereas 1-NMe-d3 showed the
same turnover rate as la (50%). The most interesting example in this study is AcProNMe
(11), because it shows the same level of turnover as AcGlyNMe (1a, 52% vs 50% in MeCN-

d3 or 51% vs 61% in DMSO-d6, correspondingly). Such a great {H'o -

reactivity can be attributed to the fact, that the dipeptide model 1f HH N HN _@H
contains three positions with 6 protons, labile to HAT reactions. This e /go g W
observation is in line with previous experimental data (Tables 3 and 4). 8 reactive protons!

Also, the radical dimerization of structurally similar pyroglutamate derivative has been
reported.®1 The product analysis showed the formation of two diastereomeric dimers

(Scheme 17).

¥
oo N O~
Pyroglutamate

NH O—

O Dimerization adduct
64%

Scheme 17. Radical dimerization of pyroglutamate.
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But in our case, substrate 1f can form 3 different radicals that can recombine with each other.
This free recombination leads to the formation of 6 different regioisomeric dimers
(Scheme 18).

Possible dimers

A B c
0
: AB B
_ N HN— N HN—
N)\HN H ju J— W AC CC

O rfcs O 1fNMe

0 rif-Ca
Scheme 18. Radical dimerization of Ac-Pro-NMe (1f).

2.3. Conclusions

The oxidative stress of dipeptide models using alkyl hyponitrites as a mild source of alkoxy
radicals was performed and investigated. Alkyl hyponitrites were shown to be mild oxidants
towards dipeptides, which allows to use them use in the model of oxidative stress processes.
The determination of the distribution of oxidative recombination products indicates that the
reactivity of C,-centers is several times (3-5) higher than that of NMe-moiety of the
dipeptide, while LFP experiments with deuterated dipeptide substrates suggest almost the

same reactivity.

Reactivity ¢/’
on C4-center )< n(rlac,)
.0 V R=H = 4.6
R o R ) Reactivity n(rlayme)
O RH on C-terminal side
N H
Fy N\)J\N A e— )LN)QWN\EH n(riby)
Hilo &= M| o H H R = CH, - 3.0
o H n(r1bywe)
Peptide chain N-acetyl-amino acid- )
N'-methyl amide in MeCN-d3

It has been shown that dipeptide models tend to dimerize, recombine with solvent or methyl
radicals under the oxidative stress conditions. It has been demonstrated that KIE can be
successfully utilized by replacing the solvent with its deuterated analogue, allowing the
reaction to proceed through certain reactivity channels, in our case, oxidative dimerization of
the dipeptide models. It has been demonstrated that for a selected group of dipeptide models,
the side chain does not have a significant impact on the overall rate of turnover, except in the
case of glycine and proline derivatives, which unlike other dipeptide models, are prone to

oxidation by alkoxy radicals.
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2.4. Outlook

The synthesis of dimers 13a/b is complicated due to the presence of two highly sterically
hindered quaternary centers. The synthesis route outlined in Scheme 19 is currently in
progress. The synthesis of 13a/b as a reference compound is an important step for confirming
its formation during the oxidative stress reaction of dipeptide 1b. With the reference
compound 1n hand, it becomes possible to compare spectroscopic and analytical data to those
obtained from the crude reaction mixture. This validation is essential in establishing the exact
reactivity ratio of the Cq-center and the NMe-moiety of dipeptide 1b as it was described in
Table 13.

NH
Ph Ph o
Benzophenone 0 -
HC . DPM=N
y N\j\ —imine __ {ppe N _KOBul o~
Z’">07  DCMRT . YR Y O THF, -78°c O N=DPM
H Overnight ““.Ph" 2
o
Ala-OMe*HCI DMP-Ala-OMe
131 HC|
Water/Et,0
o o HCI o
H,N
AcHN N~ MeNH;  AcHN o Ac,0 2 o~
N ; X ) NE ~©
- NHAc EtOH - NHAc DM;fP NH,
13alb O o) 0 HC!

13-3 13-2
MeN:lx 0 AOH

IBCF AcHN EtOH
NMM OH
HO NHAc
o)

13-4

Scheme 19. Proposed synthesis of Cq-dimers 13a/b.

The synthesis begins with methyl alanine ester hydrochloride, H-Ala-OMe<HC]I, where the
amino group is protected by benzophenone imine to eliminate all labile protons. The choice
of the benzophenone imine protection group is important, because the following step involves
deprotonation of the Co-center of DMP-Ala-OMe, using a strong base (KOtBu). This
deprotonation is then followed by oxidative dimerization, forming the backbone structure 13-
1 for the Co-dimer 13a/b. The next steps involve deprotection of 13-1 under mild acidic
conditions and the obtained dihydrochloride salt 13-2 is acylated. However, the step of
amidation of 13-3 with MeNH; was unsuccessful (even under elevated temperatures,
>100 °C), which was attributed to the huge steric hindrance in the formed quaternary

intermediate (Scheme 20).
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Scheme 20. Failed amidation step of 13-3.

Therefore, it 1s necessary to first hydrolyze the formed methyl ester 13-3 into a carboxylic
acid 13-4, using LiOH. Then the carboxylic acid 13-4 can be activated, enabling the
subsequent amidation to occur more readily and successfully. This modified approach helps
to overcome the steric hindrance encountered in the initial method, ultimately yielding the
desired product 13a/b.

All the described product determination (Table 11, 12 and 13) can be adapted to detect not
the products themselves but their derivatized products. For example, silylation, using reagents
like N,O-Bis(trimethylsilyl)trifluoroacetamide or BSTFA (Scheme 21). This method is much
better, since it allows to detect not only dipeptides themselves or cyanomethylation adducts,

but also dimers, using GC methods.

~d-

(o] F (o] Si
Py H | Fj:F | . N N
N ~ * N ~
H/\n/ \Si‘ ,Si/ I./\Ir
) SN0 SIS O
1a
BSTFA Possible silylation adduct

HCI

F O. - \l
OH F. F HN °si _Si. O...m
HZN/\n/ + I | —— s'n/T > f;l/\n/ SII\
Si. ah /Sll\ o)

Glycine BSTFA Possible silylation adduct
Two peaks are detected in GC-FID

Scheme 21. Derivatization of dipeptide models with BSTFA.

Unfortunately, our attempts showed that silylated dipeptide 1a tends to give inconsistent
broad signal in GC-FID analysis (Supporting information), which can be attributed to the
thermal decomposition during the analysis, while the glycine hydrochloride itself gives sharp
and well-resolved signal in GC-FID.I3! This led to the idea of modifying the analytical
concept (Scheme 22). After the oxidative stress reaction, the reaction mixture is subjected to
hydrolysis using a standard hydrolysis protocol. The resulting amino acids are then
derivatized with BSTFA and subsequently analyzed using GC-FID/MS.
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Scheme 22. Potential acid hydrolysis product of the crude oxidative stress reaction.

This approach significantly reduces the complexity of the resulting products by breaking
them down into small, unique building blocks that can be easily traced back to their parent
compound and quantified (for example, detection of ethylenediamine 3d" is evidence for
symmetric N-dimer 3d formation). It should also be noted that most of the hydrolysis
products can be easily purchased or synthesized through fewer steps. This accessibility
simplifies the process of obtaining reference compounds, which can then be used to verify the
identity of the products generated in the reaction. The main challenge in this approach is the
use of elevated temperatures for both acid hydrolysis and derivatization. Temperatures of
110 °C for 24 hours or 150 °C for 1 hour were tested and found to successfully hydrolyze the
test sample of dipeptide la. Additionally, for derivatization with BSTFA, temperatures of
150 °C for 15 minutes or 80 °C for 45 minutes both yielded consistent signals for the
silylated adduct. Since only ~50% of DTBHN (2a) is decomposed after 14 days, the
remaining 2a should be extracted from the reaction before the hydrolysis step or hyponitrite
2b should be used, because 14 days are sufficient for ~99% of it to decompose. The approach
of derivatization of hydrolyzed products might help to detect the products of complex

functionalization in their more simplified forms.
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2.6. Supporting information

General methods: All reactions sensitive to air and moisture were performed under nitrogen
atmosphere, and the glassware as well as magnetic stir bars were dried overnight in a dry oven
at 110°C.

Solvents, reagents: All reagents and solvents were purchased from the companies TCI, Sigma

Aldrich or Fisher Scientific. All air- or water-sensitive reagents were stored under nitrogen.

NMR spectroscopy: All *H NMR spectra were recorded by Bruker 400 in DMSO-d6/MeOH-
d4 at 400 MHz at 23 °C. All 3C NMR spectra were recorded, respectively, at 101 MHz. The
chemical shifts are reported in ppm (8), relative to the resonance of DMSO-d6 at & =
2.50/MeOH-d4 at § = 3.31 ppm for *H and for *C relative to the resonance of DMSO-d § =
39.52/MeOH-d4 6 = 49.15 ppm. Spectra were imported and processed in the MestreNova
14.1.1 program. For *H NMR spectra multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, quint = quintet, m = multiplet, dd = doublet of doublets, dt = doublet of triplets, td =
triplet of doublets, and bs = broad signal.), coupling constants J, number or protons and
assignment to the structure are reported. In 1*C NMR spectra singular carbons are marked with

OF

Mass spectrometry: For electrospray ionization (ESI) spectra a Thermo Finnigan LTQ FT
Ultra Fourier Transform lon Cyclotron Resonance Mass Spectrometer was utilized. For
atmospheric pressure chemical ionization (APCI) a Advion CMS using positive mode was

used.

Single-crystal X-ray diffraction. scXRD measurements were performed on a Bruker D8
Venture TXS diffractometer.

HPLC analysis: All HPLC spectra were measured on a Knauer Azura machine with P6.1L
pump, autosampler AS6.1, column thermostat CT2.1 and diode array detector DAD2.1L.
Eurospher 11 250x4.6 mm C8A or C18A column were utilized. Data analysis was performed
with ClarityChrom 7.4.1.
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2.6.1. Synthesis of Oxidants, Reagents and Reaction Products
2.6.1.1. Synthesis of alkyl hyponitrites

Synthesis of di-tert-butyl hyponitrite (DTBHN, 2a):

ﬁ\ Na2N202 0. -N J<
Br >‘/ N O
2a

ZnC|2,Et20

337 mg of dry ZnCl2 (2.5 mmol, 1 eq) was dissolved in a mixture of 2.5 ml t-BuBr and 2 ml of
dry Et,O. Then 265 mg of dry Na2N202 (2.5 mmol, 1 eq) was added portion wise while stirring.
Reaction mixture was stirred for 2 h at RT, then was allowed to cool at 4 °C for additional 2 h.
Inorganic salts were removed by filtration, washed with Et,O. The organic phases were
collected, washed several times with water and dried over MgSQOa4. The solvents were
evaporated under reduced pressure. DTBHN was recrystallized from methanol at -78 °C. Pure
product was obtained as white crystals (246 mg, 56%). Spectral data are in agreement with

literature values.["

IH NMR (400 MHz, CDCls) & 1.39 (s, 18H)
Elem. Calcd for CsHisN20,: C 55.15, N 16.08, H 10.41. Found: C 54.89, N 15.88, H 10.30.

Dicumy! hyponitrite (DCHN, 2b):

Ag2N20; ©><o _N
CI \N/ \O
DCM
2b

1 g of dry Ag2N202 (3.63 mmol, 1 eq) was added portion-wise to a solution of 1.4 g of o,a-

dimethylbenzyl chloride in 10 ml of dry DCM over 20 min at 0°C. The reaction was then stirred
for 40 min at 0 °C. Inorganic salts were removed by filtration and washed with DCM. The
organic phases were collected, washed several times with water, dried over MgSO4 and the
solvent was evaporated under reduced pressure. DCHN was recrystallized from methanol at -
78 °C. Pure product was obtained as white powder (287 mg, 26%). Spectral data are in

agreement with literature values.[?!

IH NMR (400 MHz, CDCls) § 7.36 — 7.23 (m, 10H), 1.72 (s, 12H).
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2.6.1.2. Synthesis of L-Ac-AA-NMe and L-Ac-AA-OMe
2-acetamido-N-methylacetamide (AcGlyNMe, 1a):

0 0
Ao e A
o) ia o)
Ethyl acetyl glycinate

6.05 ml of 33% ethanol solution of methyl amine (64.5 mmol, 4.67 eq) was added dropwise to
ethyl acetyl glycinate (2 g, 13.8 mmol, 1 eq) at 0 °C. Then the external cooling was removed
and the reaction mixture was allowed to stir for 4 hours at RT. After removing the solvent
under reduced pressure, the crude product was purified by column chromatography on silica
(CH2CI2/MeOH = 10/1, Rf 0.30). Pure 2-acetamido-N-methylacetamide (1a) was isolated as
white crystals (1.56 g, 12 mmol, 87%). Spectral data are in agreement with literature values.!

IH NMR (600 MHz, DMSO-d6) § 8.06 (bs, 1H), 7.72 (bs, 1H), 3.61 (d, J = 5.9 Hz, 2H), 2.57
(d, J = 4.6 Hz, 3H), 1.85 (s, 3H).

13C NMR (150 MHz, DMSO-d6) § 169.70, 169.44, 42.16, 25.48, 22.56.

Elem. Calcd for CsH1oN202: C 46.14, N 21.52, H 7.75. Found: C 46.05, N 21.53, H 7.61.
HRMS (ESI): calcd for CsH11N202 [M + H]*, 131.0815; found 131.0815.

2-acetamido-N-methylacetamide-2,2-d; (1-Cq-d2):

D D D D O b D O p D
H
oH__SOC _ . ogt ___ Accl P§ oEt _ MeNH, | N
D,N HaN N N ~
EtOH, reflux - NEt;, DCM H EtOH H
o) Cl 0O o} o
glycine-d5 1-C,-d,

1.5 g of glycine-d5 (18.75 mmol, 1 eq) was dissolved in 50 ml of ethanol. The solution was
cooled to 0 °C, then 3.4 ml of SOCI> (5.58 g, 2.5 eq) were added dropwise. After refluxing for
1 hour, all volatiles were removed under reduced pressure. Ethyl glycinate-2,2-d2
hydrochloride was obtained as a white solid (2.65 g, quant.). The resulting solid (18.73 mmol,
1 eq) was dissolved in 50 ml of DCM, the solution was cooled down to 0 °C, and 5.22 ml of
NEtz (3.78 g, 2 eq) was added dropwise. 1.33 ml of acetyl chloride (1.47 g, 1 eq) was added
dropwise. Then the external cooling was removed. The reaction mixture was stirred for 4 hours,
quenched with 100 ml of brine and extracted with EtOAc (3 x 50ml). The solvent was
evaporated under reduced pressure. Then 10.3 ml of 33% ethanol solution of methyl amine (88
mmol, 4.67 eq) was added dropwise to the crude product at 0 °C. After 5 minutes the external

cooling was removed and the reaction mixture was allowed to stir for 4 hours at RT. After
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removing all residues of solvents under reduced pressure, the crude product was purified by
recrystallization from EtOAc/EtOH and by column chromatography on silica (CH2Cl,/MeOH
= 10/1, R 0.30). Pure product was isolated as white crystals (2.31 g, 93%).

1H NMR (600 MHz, DMSO-d6) & 8.05 (s, 1H), 7.73 (s, 1H), 2.57 (d, J = 4.8 Hz, 3H), 1.84 (s,
3H).

13C NMR (150 MHz, DMSO-d6) & 169.68, 169.43, 25.45, 22.54.

Elem. Calcd for CsHgD2N2O2: C 45.44, N 21.20, H 9.15. Found: C 45.46, N 21.30, H 9.13
HRMS (ESI): calcd for CsHgD2N202 [M + H]*, 133.0940; found 133.0941.

Deuterium content: 96.5%

2-acetamido-N-(methyl-d3)acetamide (1-NMe-d3):

o) o) ’
CD3NH,*HCI
OH 3N N.
)J\N/ﬁf DCC, NEt )J\N CDs
H . NEts H
0 THF 0
N-acetyl glycine 1-NMe-d3

20 ml THF were added to a mixture of N-acetyl glycine (1 g, 8.5 mmol, 1.2 eq) and methyl
amine-d3 hydrochloride (0.5 g, 7.1 mmol, 1 eq). Then NEtz (1.2 ml, 0.86 g, 8.5 mmol, 1.2 eq)
was added dropwise to the stirring reaction mixture. After 10 min the reaction was cooled down
to 0 °C by an ice bath. DCC (1.5 g, 7.1 mmol, 1 eq) was added portion-wise and the reaction
mixture was stirred for 1 hour at 0 °C. Then it was warmed up to RT and stirring was continued
for 2 hours. After that the solvent were evaporated, 5 ml MeOH were added, and DCU was
filtered off and washed with MeOH (3x5 ml). NaOH (340 mg, 8.5 mmol, 1.2 eq) was dissolved
in the obtained solution. All solvents were evaporated in vacuo, and the product was purified
by column chromatography on silica (CH2Clo/MeOH = 10/1, R¢ 0.30). The pure product was
isolated as white crystals (605 mg, 64%).

IH NMR (600 MHz, DMSO-d6) 5 8.11 (s, 1H), 7.73 (s, 1H), 3.60 (d, J = 5.9 Hz, 2H), 1.84 (s,
3H).

13C NMR (150 MHz, DMSO-d6) 6 169.75, 169.53, 42.18, 22.63.

Elem. Calcd for CsH7D3N20>: C 45.10, N 21.04, H 9.84. Found: C 45.09, N 21.1, H 9.80.
HRMS (ESI): calcd for CsHgD3N202 [M + H]*, 134.1003; found 134.1003.

Deuterium content: >99%
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(S)-2-acetamido-N-methylpropanamide (L-AcAlaNMe, 1b):

0 MeNH i H
e
ANLWO\ : ANLWN\
H EtOH H
o) o)
1b

L-alanine methyl ester

2 g of N-acetyl L-alanine methyl ester (13.8 mmol, 1 eq) was dissolved in 6 ml of 33% ethanol
solution of methyl amine (64.5 mmol, 4.67 eq) was added dropwise at 0 °C. After 5 minutes
the external cooling was removed. The reaction mixture was allowed to stir for 4 hours at RT.
After removing all residues of solvent under reduced pressure, the crude product was purified
by recrystallization from EtOAC/EtOH. The pure product 1b was isolated as white crystals

(1.71 g, 86%). Spectral data are in agreement with literature values.

!H NMR (400 MHz, DMSO-d6) & 8.00 (d, J = 7.7 Hz, 1H), 7.77 (d, J = 4.6 Hz, 1H), 4.18 (p,
J=17.2 Hz, 1H), 2.56 (d, J = 4.6 Hz, 3H), 1.82 (s, 3H), 1.15 (d, J = 7.2 Hz, 3H).

13C NMR (101 MHz, DMSO-d6) & 172.72, 168.95, 48.10, 25.55, 22.58, 18.29.

Elem. Calcd for CsH12N202: C 49.99, N 19.43, H 8.39. Found: C 49.96, N 19.57, H 8.25
[@]®p =—52.0 (¢ = 1.00 in EtOH)B!

HRMS (ESI): calcd for CsH13N202 [M + H]*, 145.0975; found 145.0972.

(S)-2-acetamido-N,4-dimethylpentanamide (L-AcLeuNMe, 1d):

O O
)J\OJ\ o 33% MeNH, 0
HaN " O Et;N )J\N © EtOH )J\N ©
of O DCM H O H HN
L-leucine methyl ester 1d

hydrochloride

1.81 g of L-leucine methyl ester hydrochloride (10 mmol, 1 eq) was dissolved in 20 ml of dry
DCM, the solution was cooled down to 0 °C, and 2.8 ml of NEt3 (2.0 g, 20 mmol, 2 eq) were
added dropwise. 1 ml of acetic anhydride (1.12 g, 11 mmol, 1.1 eq) was added dropwise. Then
the external cooling was removed. The reaction mixture was stirred overnight, quenched with
50 ml of brine and extracted with EtOAc (3x25 ml). The combined organic layers were dried
over MgSQas. The solvent was evaporated under reduced pressure. Then 6 ml of 33% ethanol
solution of methyl amine (50 mmol, 5 eq) was added dropwise to the crude product at 0 °C.
After 5 minutes the external cooling was removed, and the reaction mixture was allowed to stir

for 4 hours at RT. After removing all residues of solvents under reduced pressure, the crude
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product was purified by recrystallization from EtOAc. The pure product was isolated as white

crystals (1.35 g, 68%). Spectral data are in agreement with literature values.!®!

IH NMR (400 MHz, DMSO0-d6) 6 7.96 (d, J = 8.3 Hz, 1H), 7.86 (g, J = 4.6 Hz, 1H), 4.21 (td,
J=8.3, 6.8 Hz, 1H), 2.55 (d, J = 4.6 Hz, 3H), 1.82 (s, 3H), 1.58 — 1.46 (m, 1H), 1.45 — 1.34
(m, 2H), 0.86 (d, J = 6.6 Hz, 3H), 0.82 (d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, DMSO-d6) 6 172.59, 169.14, 50.92, 41.06, 25.57, 24.29, 23.00, 22.59,
21.66.

[a]®0 =—37.9 (c = 1.03 in EtOH)!]

Elem. Calcd for CoH1sN2O2: C, 58.04; H, 9.74; N, 15.04; Found: C 57.75, H 9.75, N 15.11

(S)-2-acetamido-N-methyl-3-phenylpropanamide (L-AcPheNMe, le):

X
O 0 O
Cl 33% MeNH,
) o M 1o M1 o
HaN ~ EtsN H EtOH ”
- O O\

DCM
Ci HN .

L-phenylalanine methyl le
ester hydrochloride

2.15 g of L-phenylalanine methyl ester hydrochloride (10 mmol, 1 eq) was dissolved in 50 ml
of dry DCM, the solution was cooled down to 0 °C and 3.1 ml of NEt3 (2.2 g, 22 mmol, 2.2 eq)
were added dropwise. 0.78 ml of freshly distilled acetyl chloride (0.86 g, 11 mmol, 1.1 eq)
were added dropwise. Then the external cooling was removed. The reaction mixture was stirred
for 2 hat RT, quenched with 50 ml of brine and extracted with DCM (3%25 ml). The combined
organic layers were dried over MgSOg, and the solvent was evaporated under reduced pressure.
Then 6 ml of 33% ethanol solution of methyl amine (50 mmol, 5 eq) was added dropwise to
the crude product at 0 °C. After 5 minutes the external cooling was removed. The reaction
mixture was allowed to stir for 4 hours at RT. After removing the solvent under reduced
pressure, the crude product was purified by recrystallization from EtOAc/iPrOH. The pure

product was isolated as white crystals (1.58 g, 72%).

IH NMR (400 MHz, DMSO0-d6) & 8.12 (d, J = 8.5 Hz, 1H), 7.91 (g, J = 4.5 Hz, 1H), 7.51 —
7.15 (m, 5H), 4.39 (ddd, J = 9.7, 8.4, 5.0 Hz, 1H), 2.94 (dd, J = 13.7, 5.0 Hz, 1H), 2.71 (dd, J
=13.7,9.7 Hz, 1H), 2.55 (d, J = 4.5 Hz, 3H), 1.75 (s, 3H).

13C NMR (101 MHz, DMSO-d6) § 171.68, 169.09, 138.22, 129.10, 128.09, 126.26, 54.14,
37.83, 25.57, 22.55.

[@]%°0 =+21.2 (¢ = 1.03 in EtOH)B!
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Elem. Calcd for C12H16N20-: C, 65.43; H, 7.32; N, 12.72; Found: C 65.38, H 7.28, N 12.70.

(S)-1-acetyl-N-methylpyrrolidine-2-carboxamide (L-AcProNMe, 1f):

0
m )J\ )J\ O—( _33% MeNH, m
~ Eon ) HNT
[IE)tSM o t o)\

L-proli thyl
-proline methy 15

ester hydrochloride
2.64 g of L-proline methyl ester hydrochloride (16 mmol, 1 eq) was dissolved in 30 ml of dry
DCM, the solution was cooled down to 0 °C and 4.46 ml of NEt3 (3.23 g, 32 mmol, 2 eq) were
then added dropwise. 1.66 ml of acetic anhydride (1.79 g, 17.5 mmol, 1.1 eq) was then added
dropwise. Then the external cooling was removed and reaction mixture was stirred overnight
at RT, quenched with 50 ml of brine and extracted with DCM (3x25 ml). The combined organic
layers were dried over MgSOgs, and the solvent was evaporated under reduced pressure. Then
10 ml of 33% ethanol solution of methyl amine (83 mmol, 8.3 eq) were added dropwise to the
crude product at 0 °C. After 5 minutes the external cooling was removed, and the reaction
mixture was allowed to stir overnight at RT. After removing the solvent under reduced
pressure, the crude product was purified by recrystallization from iHex/EtOAc. The pure
product was isolated as white crystals (2.09 g, 76%). Spectral data are in agreement with
literature values.®!

Major conformer:

1H NMR (400 MHz, DMSO-d6) & 7.71 (br, 1H), 4.17 (dd, J = 8.6, 2.9 Hz, 1H), 3.56-3.49 (m,
1H), 3.46-3.37 (m, 1H), 2.54 (d, J = 4.6 Hz, 3H), 2.00-1.90 (m, 1H), 1.96 (s, 3H), 1.89-1.66
(m, 3H)

13C NMR (101 MHz, DMSO0-d6) § 172.15, 168.71, 59.40, 47.48, 29.65, 25.56, 24.20, 22.45.
Minor conformer:

1H NMR (400 MHz, DMSO-d6) & 7.97 (bs, 1H), 4.26 (dd, J = 8.6, 3.0 Hz, 1H), 3.46-3.67 (m,
2H), 2.60 (d, J = 4.6 Hz, 3H), 2.19-1.08 (m, 1H), 1.90-1.66 (m, 3H), 1.80 (s, 3H).

13C NMR (101 MHz, DMSO0-d6) § 172.22, 168.63, 60.67, 46.19, 31.69, 25.76, 22.54,22.11.
[@]%°0 =—85.9 (¢ = 1.003 in EtOH)[]

Elem. Calcd for CgH14N202: C, 56.45; H, 8.29; N, 16.46; Found: C 56.21, H 8.08, N 16.30
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(S)-2-acetamido-3-hydroxy-N-methylpropanamide (L-AcSerNMe, 19):
o
o o N
oH )J\OJJ\ o © 33% MeNH, o
HJJL[(O\ Et;N )J\NLfO EtOH )J\Hlfo

DCM H
ci O DMAP O
L-serine methyl 1g

ester hydrochloride

1.55 g of L-serine methyl ester hydrochloride (10 mmol, 1 eq) was dissolved in 30 ml of dry
DCM, the solution was cooled down to 0 °C, 4.2 ml of NEt3 (3.0 g, 30 mmol, 3 eq) were added
dropwise, followed by addition of a catalytic amount of DMAP. 4.7 ml of acetic anhydride (5.1
g, 50 mmol, 5 eq) were added dropwise. Then the external cooling was removed. The reaction
mixture was stirred overnight, quenched with 50 ml of brine and extracted with DCM (3x25
ml). The combined organic layers were dried over MgSQs, and the solvent was evaporated
under reduced pressure. Then 6 ml of 33% ethanol solution of methyl amine (50 mmol, 5 eq)
was added dropwise to the crude product at 0 °C. After 5 minutes the external cooling was
removed, and the reaction mixture was allowed to stir for 4 hours at RT. After removing the
solvent under reduced pressure, the crude product was purified by recrystallization from
EtOACc/iPrOH. The pure product was isolated as white solid (1.10 g, 69%). Spectral data are in

agreement with literature values.[*"!

IH NMR (400 MHz, DMSO-d6) & 7.88 (d, J = 8.1 Hz, 1H), 7.78 (q, J = 4.6 Hz, 1H), 4.85 (t,
J=5.6 Hz, 1H), 4.19 (dt, J = 8.1, 5.6 Hz, 1H), 3.52 (t, J = 5.6 Hz, 2H), 2.56 (d, J = 4.6 Hz,
3H), 1.85 (s, 3H).

13C NMR (101 MHz, DMSO-d6) & 170.60, 169.42, 61.69, 55.22, 25.67, 22.73.

[@]%p =—18.9 (¢ = 1.059 in MeOH)*H

Elem. Calcd for CsH12N203: C, 44.99; H, 7.55; N, 17.49; Found: C 44.98, H 7.65, N 14.75.

Methyl acetylglycinate (AcGlyOMe, 14a):

O O
)LN oH __ SOCL )J\N o
I
N-acetyl glycine 14a

1.46 ml of SOCI (2.4 g, 20 mmol, 2 eq) was added dropwise to 1.18 g of N-acetyl glycine (10
mmol, 1 eq) in 6 ml of dry MeOH at 0 °C. Then the external cooling was removed and the

reaction mixture was allowed to stir overnight at RT. After removing all residues of solvent
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under reduced pressure, the crude product was purified on a short silica column
chromatography (CH2Clo/MeOH = 20/1). Pure AcGlyOMe was isolated as a colorless solid
(0.51 g, 3.9 mmol, 39%). Spectral data are in agreement with literature values.®

IH NMR (400 MHz, DMSO-d6) & 8.30 (t, J = 6.0 Hz, 1H), 3.80 (d, J = 6.0 Hz, 2H), 3.62 (s,
3H), 1.85 (s, 3H).
Elem. Calcd for CsHeNOs: C 45.80, N 10.68, H 6.92. Found: C 45.85, N 7.19, H 6.92.

Methyl acetyl-L-prolinate (AcProOMe, 14c):

O—«**O—«

L-proline methyl ester

hydrochloride 14c

L-proline methyl ester hydrochloride (1.0 g, 6.04 mmol) was dissolved in 50 mL dry DCM
under nitrogen atmosphere at 0 °C. 0.7 ml of NEtz (1 ml, 12.08 mmol, 2 eq) was added to the
mixture and then 0.6 ml of acetic anhydride (0.65 g, 6.64 mmol, 1.1 eq) was added dropwise.
The reaction mixture was stirred overnight, quenched with 50 ml of brine and extracted with
DCM (3%x25 ml). The combined organic layers were dried over MgSO4 and the solvent was
evaporated under reduced pressure. The roduct was purified by column chromatography on
silica (EtOAc/iHexane = 1:1—1:0). The product was obtained as a colorless liquid (0.86 g, 83

%). Spectral data are in agreement with literature values.[*?

Major conformer:

1H NMR (400 MHz, DMSO-d6) & 4.25 (dd, J = 8.7, 4.2 Hz, 1H), 3.60 (s, 3H), 3.57 — 3.46 (m,
2H), 2.22 —2.08 (m, 1H), 1.97 (s, 3H), 1.96 — 1.86 (m, 2H), 1.86 — 1.78 ppm (m, 1H).

Elem. Calcd for CgH13NOs: C, 56.13; H, 7.65; N, 8.18; Found: C 56.14, H 7.77, N 8.29.

2.6.1.3. Synthesis of cyanomethylation adducts of AcGlyNMe (1a)

(S)-2-acetamido-3-cyano-N-methylpropanamide (AcAla(CN)NMe, 5a)

N N N N
Z Et Z 1. HCl/Dioxane Z o Z
—_— T — e 2 H
Boc. oH KeCOs  gog_ o~ 2AcO.NEt, | o~ "Eoh )L N
” DMF H DCM ” ”
o) 0 0 o)
Boc-L-B-cyano-Ala-OH Boc-B-cyano-Ala-OEt Ac-L-B-cyano-Ala-OEt 5a

To 2.12 g Boc-L-B-cyano-Ala-OH (9.9 mmol, 1 eq) in DMF (20 mL) was added 1.37 g of
K2CO3 (9.9 mmol, 1 eq). The reaction mixture was cooled down to 0 °C and then 2.4 ml of
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ethyl iodide were added dropwise (4.6 g, 29.7 mmol, 3 eq). After stirring at RT for 18 h, the
reaction mixture was quenched with brine (100 mL) and extracted with EtOAc (2x50 mL). The
combined organic layers were washed with brine (50 mL), dried over MgSQOa and concentrated
in vacuo. The crude product was purified by flash chromatography (iHex/EtOAc = 3/1, R 0.29)
to give 1.55 g of Boc-B-cyano-Ala-OEt (6.4 mmol, 65%) as a white solid. Spectral data are in

agreement with literature values.[*®!

IH NMR (400 MHz, CDCls) & 5.46 (d, J = 7.2 Hz, 1H), 4.49 (dt, J = 7.2, 5.0 Hz, 1H), 4.30
(qd, J = 7.2, 3.9 Hz, 2H), 3.01 (dd, J = 16.9, 5.4 Hz, 1H), 2.93 (dd, J = 16.9, 4.8 Hz, 1H), 1.46
(s, 9H), 1.33 (t, J = 7.2 Hz, 3H).

1.55 g of Boc-B-cyano-Ala-OEt (6.4 mmol, 1 eq) was dissolved in 4M HCI/Dioxane, stirred
for 1 hour at RT and concentrated in vacuo. To a suspension of the hydrochloride salt in 50 ml
of dry DCM were added 2.5 ml of NEt3 (1.93 g, 19.2 mmol, 3 eq) and 3 ml of Ac.O (3.26 g,
32.0 mmol, 5 eq). After stirring at RT for 2 h, the reaction mixture was quenched with H.O (50
mL) and extracted with DCM (2x25 mL). The combined organic layers were washed with brine
(50 mL), dried over MgSQO4 and concentrated in vacuo. The crude product was purified by flash
chromatography (DCM/MeOH = 20/1, R 0.31) to give 810 mg of Ac-L-B-cyano-Ala-OEt (4.4

mmol, 74%) as a white solid.

IH NMR (400 MHz, CDCl3) § 6.48 (s, 1H), 4.72 (ddd, J = 6.6, 5.3, 4.3 Hz, 1H), 4.32 (qq, J =
10.8, 7.1 Hz, 2H), 3.09 (dd, J = 16.9, 5.3 Hz, 1H), 2.94 (dd, J = 16.9, 4.3 Hz, 1H), 2.08 (s,
3H), 1.34 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) § 170.39, 168.95, 116.29, 63.02, 49.18, 23.08, 21.45, 14.18.

250 mg of Ac-B-cyano-Ala-OEt (1.36 mmol, 1 eq) was treated with 1 ml of MeNH: (33%,
EtOH) for 30 min at RT. The reaction mixture was concentrated in vacuo. The residue was
purified by flash chromatography (CH2Cl2/MeOH= 10/1, R¢ 0.37) to give 149 mg of 5a (0.88

mmol, 65%) as a white solid. Spectral data are in agreement with literature values.*4l

IH NMR (400 MHz, CDCls) § 7.01 (d, J = 8.2 Hz, 1H), 6.95 (br, 1H), 4.85 (dt, J = 8.3, 6.5
Hz, 1H), 2.88 (dd, J = 16.8, 6.5 Hz, 1H), 2.84 (d, J = 4.8 Hz, 3H), 2.79 (dd, J = 16.8, 6.5 Hz,
1H), 2.07 (s, 3H).

13C NMR (101 MHz, CDCls) § 171.02, 169.16, 116.98, 49.32, 26.65, 23.18, 21.26.

Elem. Calcd for C7H1:N30; (169.1811) C 49.70, N 24.84, H 6.55. Found: C 49.86, N 24.62, H
6.30.
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HRMS (ESI): calcd for C7H12N3O2 [M + H], 170.0924; found 170.0925.

2-acetamido-N-(2-cyanoethyl)acetamide (AcGlyNEtCN, 5b):

O HZN\/\CN O H
)J\”/\H/OH Y )J\HWN\/\CN
(@) cat. DMAP (@]

N-acetyl glycine DCM, RT 5

To a solution of N-acetyl glycine (117 mg, 1 mmol), DMAP (7,5 mg, 0.05 mmol) and
EDCxHCI (193 mg, 1.1 mmol) in DCM (10 mL) was added 3-aminopropionitrile (75 ul, 1
mmol). The reaction mixture was stirred at RT overnight and then evaporated in vacuo. The
residue was purified by flash chromatography (CH2Cl./MeOH= 10/1, R 0.25) to give 5b (132
mg, 80%) as a white solid.

1H NMR (400 MHz, DMSO-d6) 5 8.20 (t, J = 5.7 Hz, 1H), 8.14 (t, J = 5.9 Hz, 1H), 3.65 (d, J
= 5.9 Hz, 2H), 3.29 (g, J = 6.4 Hz, 2H), 2.63 (t, J = 6.4 Hz, 2H), 1.85 (s, 3H).

13C NMR (101 MHz, DMSO-d6) & 169.66, 169.59, 119.30, 41.96, 34.83, 22.54, 17.57.
Elem. Calcd for C7H11N302(169.1811) C 49.70, N 24.84, H 6.55. Found: C 49.45, N 24.62, H
6.25.

HRMS (ESI): calcd for C7H12N302 [M + H]*, 170.0924; found 170.0924.

ScXRD:
N3
csf

&

N
%1 02 " \

Fig. S1. X-ray structure of 5b.
Table S1. Crystallographic data for 5b.

c7

net formula C;H11N30, transmission factor range 0.89-1.00
M,/g mol™ 169.19 refls. measured 8596
crystal size/mm 0.080 x 0.040 x 0.030 Rint 0.0271
T/IK 298.(2) mean o(I)/1 0.0223
radiation MoKa 0 range 2.800-25.346
diffractometer Bruker D8 Venture TXS observed refls. 1398
crystal system monoclinic X, y (weighting scheme) 0.0572, 0.6642
space group P12i/n1 hydrogen refinement constr
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alA
b/A
c/A
a/®
17
y/°
VIAS
Z
calc. density/g cm™
wmm™

absorption correction

2-acetamido-3-cyano-N-(2-cyanoethyl)propenamide (AcAla(CN)NEtCN, 5c):

0O

e

Nq-acetyl-
L-asparagine

To Na-acetyl-L-asparagine (174 mg, 1 mmol) in 3 mL of dry pyridine was added DCC (206
mg, 1 mmol). The resulting mixture was stirred for 3 hours at RT. Then the DCU precipitate
was filtered off and washes with acetone. The filtrate was concentrated in vacuo and the crude
material was used further without purification. To a solution of the crude material, DMAP (7.5
mg, 0.05 mmol) and EDC*HCI (193 mg, 1.1 mmol) in DCM (10 mL) was added, followed by
3-aminopropionitrile (75 pl, 1 mmol). The reaction mixture was stirred at RT overnight and

then evaporated in vacuo. The residue was purified by flash chromatography (CH2Cl./MeOH=

OH ==~

Pyridine, RT

8.1185(4)
5.0815(2)
22.4396(11)
90
97.461(2)
90
917.89(7)
4
1.224
0.092
Multi-Scan

0O

N

N

0]

OH

Flack parameter
refls in refinement
parameters
restraints
R(Fobs)

Rw(F?)

S
shift/errormax
max electron density/e A3

min electron density/e A~

N
CN =
EDC*HCI
_=oe N
A
cat. DMAP H
DCM, RT (0]
5¢

10/1, R¢ 0.25) to give 5¢ (172 mg, 83%) as a colorless oil.

1H NMR (400 MHz, MeOH-d4) § 4.69 (dd, J = 8.2, 5.6 Hz, 1H), 3.46 (t, J = 6.6 Hz, 2H), 2.97
(dd, J = 17.0, 5.6 Hz, 1H), 2.86 (dd, J = 17.0, 8.2 Hz, 1H), 2.67 (t, J = 6.6 Hz, 2H), 2.04 (s,

3H).

13C NMR (101 MHz, MeOH-d4) § 173.50, 171.33, 119.27, 118.19, 50.87, 36.71, 22.46, 20.88,

18.29.

HRMS (ESI): calcd for CoH1aN4Os [M + H]*, 209.1033; found 209.1035.
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3-cyano-N-(2-(methylamino)-2-oxoethyl)propenamide 5d:

Cl 0]

HaN. o o
A ﬁi oet _ MenHy ML K
NC OH HoBt, DIPEA NC ”/\n/ EtOH NC ”/\[(
3-cyanopropanoic ~ EDC*HCI 0 o

; DMF, RT
acid 5d

To a mixture of 3-cyanopropanoic acid (99 mg, 1 mmol) and HOBt (168 mg, 1.1 mmol) in 5
mL of dry DMF were added DIPEA (392 uL, 2.2 mmol) followed by the addition of EDC*HCI
(211 mg, 1.1 mmol). The resulting mixture was stirred for 5 min, and then glycine ethyl ester
hydrochloride (153.5 mg, 1.1 mmol) was added. The reaction was stirred overnight at RT. The
mixture was washed with brine, extracted with EtOAc (3x5 ml), and the organic layers were
concentrated under vacuum to give crude material, which was used further without purification.
It was treated with excess of MeNH: (33%, EtOH) for 1 hour at RT. The reaction mixture was
concentrated in vacuo. The residue was purified by recrystallization from iHex/EtOAc to give
5d (105 mg, 62%) as a white solid.

IH NMR (400 MHz, DMSO-d6) & 8.29 (d, J = 5.8 Hz, 1H), 7.79 (br, 1H), 3.66 (d, J = 5.8 Hz,
2H), 2.63 (td, J = 7.0, 1.0 Hz, 2H), 2.58 (d, J = 4.6 Hz, 3H), 2.52 (s, 2H).

13C NMR (101 MHz, DMSO-d6) § 169.60, 169.07, 120.47, 42.10, 30.21, 25.48, 12.43.
HRMS (ESI): calcd for C7H12N302 [M + H]*, 170.0924; found 170.0925.

2.6.1.4. Synthesis of dimerization adducts of AcGlyNMe (1a)

2,3-diacetamido-N?,N*-dimethylsuccinamide (3a/b):

0 0
o\O)< o e
PS o~ 0 MeNH, H N
H/\ﬂ/ benzene, 130 °C ~O NH EtOH N NH
0
Ethyl acetyl glycinate © o)\ © o)\

3alb
3.5 ml of di-tert butyl peroxide (19 mmol, 5 eq) was added to 550 mg of ethyl acetyl glycinate

(3.8 mmol, 1 eq) in 4 ml of dry degassed benzene. The reaction tube was sealed and heated up
to 130 °C for 15 hours. Then all volatiles were removed under reduced pressure, and the crude
product was treated with excess of MeNH. (33%, EtOH) for 4 hours. The white precipitate was
separated by centrifuge, washed with MeCN (3x1 ml) and dried in vacuo (144 mg, 29%).

IH NMR (400 MHz, D20) 5 4.82 (s, 1H), 2.68 (s, 3H), 2.67 (s, 3H), 1.99 (s, 6H).
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13C NMR (101 MHz, D;0) & 174.17, 174.13, 170.46, 170.26, 54.21, 53.61, 25.85, 25.79,
21.69, 21.67.

HRMS (ESI): calcd for C10H1sN4O4Na[M + Na]*, 281.1220; found 281.1220.

Elem. Calcd for C10H18N4O4: C 46.50, N 21.69, H 7.02. Found: C 46.26, N 21.48, H 6.83.

2-acetamido-3-(2-acetamidoacetamido)-N-methylpropanamide (3c):

(e} Cbz Cbz

NH, NH NH,
NH, PIDA CbzCl Mel
—— > Boc. OH —— —> Boc. O\
Boc\N OH  EtoAc N Na,CO3 Boc\N OH KZCO3 Boc\ Pd/C N
H MeCN H o Dioxane H DMF MeOH H 95
H,0 o
Boc-L-asparagine 3c-1 3c-2 3c-4

Modified literature procedure!*®

Toastirring slurry of 2.32 g Boc-L-asparagine (10 mmol, 1 eq) in 12 mL EtOAc, 12 mL MeCN,
and 3 mL HO at 10 °C, 3.22 g of PIDA (12 mmol, 1.2 eq) were added portion-wise. The
reaction was stirred at 10 °C for 30 minutes, after which the temperature was allowed to reach
RT, and the reaction was stirred for an additional 4 hours. Subsequently, the reaction was
cooled using an ice bath and filtered. The filter cake was washed with EtOAc and dried under

reduced pressure. 3c-1 was obtained as a white powder (1.42 g, 72%)
IH NMR (400 MHz, MeOH-d4) § 4.06 (t, J = 6.5 Hz, 1H), 3.21 — 3.10 (m, 2H), 1.46 (s, 9H).

Modified literature procedure (US2006189806)

1.0 g of 3c-1 (4.9 mmol, 1 eq) was dissolved in a 10% aqueous solution of Na,COs (1.14 g,
10.74 mmol, 2.2 eq.) and 10 mL of 1,4-dioxane. Then, 0.76 mL of benzyl chloroformate (5.36
mmol, 1.1 eq.) was added dropwise, and the solution was stirred at RT for 3 hours. The reaction
mixture was quenched with water and washed with diethyl ether (50 mL). The aqueous phase
was acidified to pH 2 using 6M HCI, and the resulting mixture was extracted with EtOAc (3%50
mL). The organic layers were combined, washed with brine, and dried over MgSQOs. The
solvent was removed under reduced pressure to yield a pale-yellow oil of 3c-2 (1.60 g, 97%).
The crude material was used without further purification. Spectral data are in agreement with

literature values.*®!

IH NMR (400 MHz, DMSO-d6) & 12.63 (bs, 1H), 7.40 — 7.26 (m, 6H), 6.97 (d, J = 8.2 Hz,
1H), 5.02 (s, 2H), 4.06 — 4.01 (m, 1H), 3.36 — 3.21 (m, 2H), 1.38 (s, 9H).

Modified literature procedure.[6
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A suspension of 3c-2 (1.6 g, 4.9 mmol, 1.0 eq) and K>COs (6.73 g, 48.8 mmol, 10.0 eq) in 20
mL of dry DMF was stirred at 10 °C. Mel (6.1 mL, 13.86 g, 97.6 mmol, 20 eq) was added
slowly, and the reaction mixture was stirred at RT overnight. The solvent was evaporated, and
the residue was dissolved in water and extracted with EtOAc (3x50 mL). The organic layers
were combined and dried over MgSOs. The solvent was evaporated, and the residue was
purified by column chromatography (EtOAc/iHex = 1/1, R¢ 0.64) to yield 3c-3 as a colorless
oil (1.54 g, 90%). Spectral data are in agreement with literature values.['”

IH NMR (400 MHz, CDCls) § 7.38 — 7.28 (m, 5H), 5.44 (d, J = 7.5 Hz, 1H), 5.15 (bs, 1H),
5.09 (s, 2H), 4.45 — 4.32 (m, 1H), 3.73 (s, 3H), 3.64 — 3.55 (m, 2H), 1.43 (s, 9H).

Modified literature procedure.6]

A suspension of 3c-3 (1.54 g), obtained from previous step, and 10% Pd/C (200 mg) was stirred
in methanol (50 mL) under a Hz atmosphere at RT overnight. After filtration through a Celite
pad and washing with methanol, the solvent was evaporated under reduced pressure, and the
residue was dried in vacuo to yield 3a-4 as a colorless oil (0.88 g, 88%). Spectral data are in

agreement with literature values.*”]

IH NMR (400 MHz, CDCls) § 5.42 (bs, 1H), 4.33 — 4.28 (m, 1H), 3.75 (s, 3H), 3.04 (d, J =
4.6 Hz, 2H), 1.44 (s, 9H).

o o
HO. O, Boc
N o Boc\N/g(O\ N o) k
OH b Boc 3c-4 Y\H Y\ MeNHQ OY\ k

BOC\N/Y o \N/YO\N 1. HCI, Dioxane NH NH
. o=, — = TR
Ho g bee HoQ DIPEA /g( N 2. Ac,0, NEts. )k H
THE o DCM N

Boc-Gly-OH

Modified literature procedure.*8l

Boc-Gly-OH (1.05 g, 6 mmol, 1 eq) and N-hydroxysuccinimide (1.03 g, 9 mmol, 1.5 eq) were
dissolved in 24 ml of dry THF and stirred at RT. DCC (2.47 g, 12 mmol, 2 eq) was added to
the reaction mixture, which was then stirred overnight at RT. Then, a few drops of glacial acetic
acid were added, and the mixture was stirred for an additional hour. DCU was filtered off and
the filter cake washed with THF. The solvent was removed under reduced pressure, and the
crude material was recrystallized from isopropanol, yielding a white solid of 3c-5. (1.54 g,
95%). Spectral data are in agreement with literature values.*él

Major conformer:

'H NMR (400 MHz, CDCls) 6 5.02 (bs, 1H), 4.28 (d, J = 5.9 Hz, 2H), 2.84 (s, 4H), 1.45 (s,
9H).
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878 mg of 3c-4 (4 mmol, 1 eq) and 0.7 ml of DIPEA (4 mmol, 1 eq) were added to 1.1 g of 3c-
5 (4 mmol, 1 eq) in 50 ml of dry DCM. The reaction mixture was stirred overnight at RT. All
the volatiles were evaporated, and the crude material was purified by column chromatography
(EtOAc/iHex = 3/1, R 0.46). 1.05 g of Boc-protected peptide 3c-6 was obtained as a white
solid (2.8 mmol, 70%).

IH NMR (400 MHz, CDCls) § 6.61 (bs, 1H), 5.50 (d, J = 7.4 Hz, 1H), 5.08 (bs, 1H), 4.38 (q,
J=6.6 Hz, 1H), 3.76 — 3.50 (m, 7H), 1.46 (s, 9H), 1.44 (s, 9H).

Boc-deprotection of 3c-6 has performed by treating of 375 mg of the obtained solid (1 mmol,
1 eq) with 4M HCI in dioxane for 1 hour at RT. Then all the volatiles were evaporated, the
hydrochloride salt was mixed with 0.95 ml of acetic anhydride (10 mmol, 10 eq) and 835 pl of
triethylamine (6 mmol, 6 eq). The reaction was allowed to stir overnight, the white precipitate
was filtered off, washed with DCM (3%2 ml) and dried in vacuo. 217 mg of 3c-7 as white solid
was obtained (0.84 mmol, 84%).

IH NMR (400 MHz, MeOH -d4) & 4.54 (dd, J = 6.7, 5.4 Hz, 1H), 3.80 (s, 2H), 3.73 (s, 3H),
3.66 (dd, J = 13.8, 5.4 Hz, 1H), 3.50 (dd, J = 13.8, 6.7 Hz, 1H), 2.01 (s, 3H), 1.99 (s, 3H).
13C NMR (101 MHz, MeOH-d4) 6 173.93, 173.39, 172.38, 172.06, 53.69, 52.97, 43.54, 41.28,
22.44,22.42.

HRMS (ESI): calcd for C1gH17N30sNa[M + Na]*, 282.1060; found 282.1061.

100 mg of obtained material was mixed with an excess of MeNH2 (33%, EtOH) for 2 h at RT.
Then all the volatiles were evaporated, and compound 3c was obtained as a white powder (97
mg, 97%).

IH NMR (400 MHz, DMSO-d6) & 8.11 (t, J = 5.7 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.82 —
7.77 (m, 2H), 4.23 (td, J = 7.8, 5.7 Hz, 1H), 3.67 — 3.57 (m, 2H), 3.40 — 3.35 (ddd, overlapped
with solvent), 3.18 (ddd, J = 13.3, 7.6, 5.7 Hz, 1H), 2.57 (s, 1H), 2.56 (s, 2H), 1.85 (s, 3H),
1.84 (s, 3H).

13C NMR (101 MHz, MeOH-d4) 6 174.01, 173.50, 172.58, 172.53, 54.68, 43.65, 41.86, 26.42,
22.66, 22.45.

HRMS (ESI): calcd for C10H1sN4OsNa[M + Na]*, 281.1220; found 281.1221.
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(N,N'-(ethane-1,2-diyl)bis(2-acetamidoacetamide (3d):

I

o ~_-NH; o H o
M o b M N M N
NT T T eon A o i ¢

ethyl acetyl glycinate 3d

0.218 ml of ethylenediamine (3.3 mmol, 1 eq) was added dropwise to ethyl acetyl glycinate
(1 g,6.9mmol, 2.1 eq), dissolved in 1 ml of EtOH, at 0 °C. After 5 minutes the external cooling
was removed. The reaction mixture was stirred for 4 h at RT. The precipitate was filtered off,
washed with EtOH (3%2 ml) and dried in vacuo. The pure product was isolated as a white solid
(341 mg, 40%).

!H NMR (600 MHz, D20) 6 3.79 (s, 4H), 3.27 (s, 4H), 1.99 (s, 6H).
13C NMR (150 MHz, D20) 6 174.70, 171.71, 42.37, 38.42, 21.56.
HRMS (ESI): calcd for C10H1sNsOsNa [M + Na]*, 281.1220; found 281.1220.

Nt ,N*-bis(2-(methylamino)-2-oxoethyl)succinimide (3e):

O

)‘\/\[r
H3’§+‘/\[rOEt NEts, DCM EtOJ\/N\H/\)J\ /\frOEt

Cl O

Glycine ethyl ester
hydrochloride

(0] H O (0] H O H
33% MeNH
N _ov R VET2 N N
EtO)J\/ \”/\)J\N/\H/OEt \NJJ\/ \”/\)J\N/\n/ ~
H EtOH H H
O (0] O (@)
3e

After 4 g of glycine ethyl ester hydrochloride (28.8 mmol, 2 eq) were dissolved in 70 ml of
DCM, 8 ml of NEt3 (5.8 g, 57.5 mmol, 4 eq) were added dropwise. The solution was cooled
down to -25 °C, and 1.58 ml of succinyl chloride (14.4 mmol, 2.23 g, 1 eq) were then added
dropwise. The reaction mixture was stirred for 2 h at -25 °C, slowly warmed up to RT and
stirred 2 h additionally. The solvent was removed in vacuo. The solid was dissolved in 100 ml
of EtOAc, and the organic phase was washed with IN HCI (3x50 ml) and with brine. The
solvent was removed under reduced pressure. The product was isolated as a white solid (2.5
mg, 60%) and was used without further purification. 10.8 ml of 33% ethanol solution of methyl
amine (87 mmol, 5 eq) was added dropwise at 0 °C. After 5 minutes the external cooling was

removed. Reaction mixture was allowed to stir for 4 h at RT. After removing the solvent under
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reduced pressure, the crude product was purified by recrystallization from EtOH/H20. Pure

product was isolated as a white solid (1.8 g, 71%).

IH NMR (600 MHz, D20) & 3.73 (s, 4H), 2.59 (s, 6H), 2.51 (s, 4H).
13C NMR (150 MHz, D20) § 175.59, 171.92, 42.34, 30.15, 25.58.
HRMS (ESI): calcd for C10H1sN4O4Na[M + Na]*, 281.1220; found 281.1220.

2.6.1.5. Synthesis of the recombination adduct 11

J o o o K
OH O (@] H *
33% MeNH N BF3*Et,0
Hojj( )LNHZ )L JW(OH EtOH Njw/o\/ o 2 AN%( - )kN o)
" Acetone H,S0,4 H EtOH H § 5 eq tBUOH H N
o Reflux, 15 h 2 days, RT o -78°C — RT N
glyoxylic acid 1 11-2 11-3 2 days at RT 1

monohydrate
Acetamide (5 g, 84.7 mmol, 1 eq) and glyoxylic acid monohydrate (8.6 g, 93.2 mmol, 1.1 eq)
were dissolved in 150 mL of dry acetone. The reaction mixture was refluxed for 15 hours.
Then, the reaction mixture was concentrated under reduced pressure, and compound 11-1 was
obtained as an amorphous glass (88%). Concentrated H.SO4 (2 mL) was added to an ice-cooled
solution of 11-1 in 100 mL of EtOH. The reaction mixture was stirred for 48 hours at RT. The
reaction was then quenched with an ice-cooled saturated NaHCO3 solution (100 mL). The
mixture was extracted with EtOAc (3x100 ml), and the combined organic layers were dried
over MgSO4 and evaporated under reduced pressure. The crude material was purified by

vacuum distillation to yield compound 11-2 as a white solid (7.9 g, 45% vyield).

IH NMR (600 MHz, CDCls) § 6.57 (t, J = 9.2 Hz, 1H), 5.56 (d, J = 9.2 Hz, 1H), 4.31 — 4.18
(m, 2H), 3.76 — 3.62 (m, 2H), 2.05 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H), 1.21 (t, J = 7.0 Hz, 3H).

475 mg of 11-2 (2.5 mmol, 1 eq) was dissolved in 1.4 ml of 33% ethanol solution of methyl
amine (11.7 mmol, 4.67 eq) at 0 °C. After 5 minutes the external cooling was removed, and the
reaction mixture allowed to stir for 4 h at RT. After removing the solvent under reduced
pressure, the crude product was purified by recrystallization from EtOAc/EtOH. The pure
product 11-3 was isolated as a white solid (305 mg, 86%).

IH NMR (400 MHz, CDCl3) 5 6.87 — 6.76 (m, 2H), 5.53 (d, J = 8.7 Hz, 1H), 3.72 (dg, J = 9.2,
7.0 Hz, 1H), 3.62 (dg, J = 9.4, 7.0 Hz, 1H), 2.84 (d, J = 4.9 Hz, 3H), 2.06 (s, 3H), 1.21 (t, J =
7.0 Hz, 3H).

200 pL of BF3-Et.O (1.6 mmol, 1.6 eq) was added to a stirring suspension of 174 mg 11-3 (1
mmol, 1 eq) in 5 mL of Et,0 at -78 °C under an N> atmosphere. 474 uL of t-BuOH (5 mmol,
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5 eq) were added dropwise, and the external cooling was removed. The reaction was allowed
to slowly warm up to RT and then stirred for 48 hours. Afterwards, the reaction was carefully
quenched with 5 ml of saturated aqueous NaHCOs3 solution and extracted with EtOAc (3x10
ml). The organic layers were combined and dried over MgSOas. All volatiles were evaporated
under reduced pressure, and the crude material was purified by column chromatography
(DCM/MeOH = 10/1, Rf 0.40). Product 11 was obtained as a colorless oil (97 mg, 48%).

'H NMR (400 MHz, CDCls) 6 7.28 (d, J = 9.1 Hz, 1H), 7.07 (9, J = 5.0 Hz, 1H), 5.56 (d, J =
9.2 Hz, 1H), 2.74 (d, J = 4.9 Hz, 3H), 1.92 (s, 3H), 1.19 (s, 9H).

13C NMR (101 MHz, CDCls) 6 170.43, 170.27, 76.16, 73.00, 28.10, 26.06, 23.21.

HRMS (ESI): calcd for CoH1sN203K [M + K]*, 241.0949; found 241.0950

2.6.1.6. Synthesis of methylation adducts of AcGlyNMe la

2-acetamido-N-methylpropanamide (DL-Ala-NMe, 10a):

i 0 0

0,
H3ltl§\ﬂ/o\/ cl (A0 33% MeNt, )LN%%O
=5 Et;N H & EtOH TN
cl DCM ~ 0a O

DL-alanine ethyl
ester hydrochloride

1 g of DL-alanine ethyl ester hydrochloride (6.5 mmol, 1 eq) was dissolved in 30 ml of dry
DCM, the solution was cooled down to 0 °C, and 1.83 ml of NEt3 (1.32 g, 13.1 mmol, 2 eq)
was added dropwise, followed by 0.46 ml of freshly distilled acetyl chloride (0.51 g, 6.5 mmol,
1 eq). Then the external cooling was removed, and the reaction mixture was stirred for 2 h at
RT, quenched with 50 ml of brine and extracted with DCM (3%25 ml). The combined organic
layers were dried over MgSQas, and the solvent were evaporated under reduced pressure. Then
2.5 ml of 33% ethanol solution of methyl amine (26 mmol, 4.67 eq) was added dropwise to the
crude product at 0 °C. After 5 minutes the external cooling was removed and the reaction
mixture allowed to stir overnight at RT. After removing all residues of solvents under reduced
pressure, the crude product was purified by recrystallization from EtOAc/EtOH. The pure
product was isolated as white crystals (0.49 g, 52%).

IH NMR (400 MHz, DMSO-d6) § 8.00 (d, J = 7.6 Hz, 1H), 7.77 (d, J = 5.7 Hz, 1H), 4.18 (p,
J=7.2Hz, 1H), 2.56 (d, J = 4.6 Hz, 3H), 1.82 (s, 3H), 1.15 (d, J = 7.1 Hz, 3H).
13C NMR (101 MHz, DMSO-d6) § 172.74, 168.96, 48.10, 25.55, 22.58, 18.29.
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2-acetamido-N-ethylacetamide (AcGIyNEt, 10b):

O O
EtNH H
O - 2 . N
)J\ N /\[( ~ )J\ N /\W ~
H EtOH H
O @)
ethyl acetyl glycinate 10b

0.33 ml of ethyl amine (5 mmol, 5 eq) was added dropwise to ethyl acetyl glycinate (145 mg,
1 mmol, 1 eq) in 2 ml of EtOH at 0 °C. After 5 minutes the external cooling was removed and
the reaction mixture allowed to stir overnight at RT. After removing all residues of solvent
under reduced pressure, the crude product was recrystallized from EtOAc/EtOH mixture. Pure

10b was isolated as white crystals (120 mg, 83%).

!H NMR (400 MHz, DMSO-d6) 6 8.07 (bs, 1H), 7.83 (bs, 1H), 3.60 (d, J = 5.9 Hz, 2H), 3.06
(qd, J =7.2,5.5 Hz, 2H), 1.84 (s, 3H), 0.99 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, DMSO-d6) 6 169.57, 168.62, 42.09, 33.37, 22.58, 14.80.

HRMS (ESI): calcd for CeH13N202 [M + H]*, 145.0972; found 145.0973.

N-(2-(methylamino)-2-oxoethyl)propionamide (PpGlyNMe, 10c):

glycine ethyl ester
hydrochloride

139.5 mg of glycine ethyl ester hydrochloride (1 mmol, 1 eq) were dissolved in 10 ml of dry
DCM, the solution was cooled down to 0 °C, and 0.28 ml of NEt;3 (0.2 g, 2 mmol, 2 eq) were
added dropwise, followed by 88 pul of freshly distilled propionyl chloride (0.925 g, 1 mmol, 1
eq). Then the external cooling was removed, the reaction mixture was stirred for 2 h at RT, and
then quenched with 50 ml of brine and extracted with DCM (3%25 ml). The combined organic
layers were dried over MgSQas, and the solvent were evaporated under reduced pressure. Then
2 ml of 33% ethanol solution of methyl amine was added dropwise to the crude product at 0
°C. After 5 minutes the external cooling was removed. Reaction mixture was allowed to stir
for 2 h at RT. Afterwards, the solvent was removed under reduced pressure, the crude product
was purified by recrystallization from EtOAc/iPrOH. The pure product 10c was isolated as
white crystals (80 mg, 56%).
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IH NMR (400 MHz, DMSO-d6) § 7.99 (t, J = 5.9 Hz, 1H), 7.75 — 7.71 (m, 1H), 3.61 (d, J =
5.9 Hz, 2H), 2.57 (d, J = 4.6 Hz, 3H), 2.13 (g, J = 7.6 Hz, 2H), 0.98 (t, J = 7.6 Hz, 3H).
13C NMR (101 MHz, DMSO) § 173.23, 169.46, 42.04, 28.27, 25.48, 9.68.

N-methyl-2-(N-methylacetamido)acetamide (AcSarNMe, 10d):

o

)J\ 0 0
HCl 0 cl P o EtNH, P H
Y e, Y e Y
| NEt3 | EtOH |
(0] DCM (0] (0]
sarcosine ethyl ester 10d

hydrochloride

1.54 g of sarcosine ethyl ester hydrochloride (10 mmol, 1 eq) were dissolved in 20 ml of dry
DCM, the solution was cooled down to 0 °C, and 2.8 ml of NEt3 (2.0 g, 20 mmol, 2 eq) was
added dropwise, followed by 0.72 ml of freshly distilled acetyl chloride (0.79 g, 10 mmol, 1
eq). Afterwards, the external cooling was removed, and the reaction mixture was stirred
overnight at RT, quenched with 50 ml of brine and extracted with EtOAc (3%x25 ml). The
combined organic layers were dried over MgSOs, and the solvent was evaporated under
reduced pressure. Then 2.4 ml of 33% ethanol solution of methyl amine (26 mmol, 4.67 eq)
was added dropwise to 318 mg of the crude product at 0 °C. After 5 minutes the external
cooling was removed and the reaction mixture allowed to stir overnight at RT. Afterwards, the
solvent was removed under reduced pressure, the crude product was purified by short silica
plug (DCM/MeOH = 20/1). The pure product was isolated as yellow oil (0.25 g, 87%).

Major conformer:

'H NMR (400 MHz, DMSO-d6) & 7.72 (s, 1H), 3.83 (s, 2H), 2.96 (s, 3H), 2.57 (d, J = 4.6 Hz,
3H), 2.01 (s, 3H).

13C NMR (101 MHz, DMSO-d6)  170.34, 168.66, 50.12, 37.01, 25.44, 21.51.

Minor conformer:

'H NMR (400 MHz, DMSO0-d6) & 7.95 (s, 1H), 3.90 (s, 1H), 2.75 (s, 1H), 2.61 (d, J = 4.6 Hz,
2H), 1.91 (s, 1H).

13C NMR (101 MHz, DMSO-d6) & 170.46, 168.46, 52.93, 34.04, 25.57, 21.25.
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2.6.1.7. Synthesis of adducts of AcNMe (1c)

N-(2-cyanoethyl)acetamide (7):

o o
G I o
oo HzO,OpH 9 )J\H/\/CN

7

Modified literature procedurel*®!

Aminonitrile hydrochloride (5 mmol) was dissolved in H2O (50 ml) and the solution was
adjusted to pH 9.0 with NaOH. 1.5 g of acetic anhydride (1.42 mL, 15 mmol) was added
dropwise over 5 min, whilst maintaining the solution at pH 9 with NaOH/HCI. The reaction
mixture was then acidified to pH 7 and all the volatiles were evaporated under reduced pressure.
The crude material was dissolved in 20 ml of DCM, filtered through short silica pad and dried

in vacuo. 459 mg of 7 (4.1 mmol, 82%) was obtained as a white solid.

IH NMR (400 MHz, CDCls) § 6.59 (bs, 1H), 3.46 (q, J = 6.2 Hz, 2H), 2.60 (t, J = 6.3 Hz, 2H),
1.99 (s, 3H).

13C NMR (101 MHz, CDCls) § 171.08, 118.49, 35.75, 23.06, 18.47.
HRMS (EI): calcd for CsHoN2O [M+H]*, 112.0632; found 112.6031.

N,N'-(ethane-1,2-diyl)diacetamide (8):

O O
)J\OJ\ i H
NH, N
HNT NEt, ﬂ/\/ \ﬂ/
DCM o

To 4.70 ml of Ac20 (5.1 g, 50 mmol, 10 eq) in 10 ml of dry DCM, 333 ml of ethylenediamine
(300 mg, 5 mmol, 1 eq) and 3.5 ml of triethylamine (2.52 g, 25 mmol, 5 eq) were added. The
reaction mixture was stirred overnight at RT, and then quenched with 50 ml of water. The
organic phase was separated and dried under vacuum. The crude material was recrystallized

from EtOAC/EtOH mixture. Pure 8 was obtained as colorless crystals (0.64 g, 89 %).

'H NMR (400 MHz, DMSO-d6) & 7.87 (bs, 2H), 3.08 — 3.01 (m, 4H), 1.78 (s, 6H).
13C NMR (101 MHz, DMSO-d6) § 169.33, 38.40, 22.68.
HRMS (ESI): calcd for CeH12N202Na[M + Na]*, 167.0791; found 167.0792.
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2.6.1.8. Synthesis of cyanomethylation adducts of AcAlaNMe (1b)

Ac-(a-Me)-Ala(CN)-NMe (9a):

Ph

N
Ph/J\NH /\ A\
Ph Br X,
MeNH
HZNJ\V(O\ e PhANJﬁ(O\ - )\ O, 1.HCL MeOH /IL % )L
Hel o g KOtBu 2. Ac,0, NEts EgOH
o THF, -78 °C 0 DCM, DMAP
L-alanine methyl 9a-1 9a-2 9a-3

ester hydrochloride

Modified literature procedure.>%

Benzophenone imine (6.7 g, 37 mmol, 1 mmol) was added to L-alanine methyl ester (5.2 g, 37
mmol, 1 eq) in 80 mL of DCM and stirred overnight at RT. The reaction was then filtered, the
volatiles were evaporated, and the crude material was recrystallized from an EtOAc/iHex
mixture. The product 9a-1 was obtained as white crystals with a yield of 8.1 g (81%). Spectral

data are in agreement with literature values.?!]

1H NMR (400 MHz, CDCL3) § 7.73 — 7.63 (m, 2H), 7.52 — 7.29 (m, 6H), 7.23 — 7.18 (m, 2H),
4.18 (q, J = 6.7 Hz, 1H), 3.72 (s, 3H), 1.42 (d, J = 6.7 Hz, 3H).

Modified literature procedure.??)

9a-1 (534 mg, 2 mmol) was added to a solution of KOtBu (246 mg, 2.2 mmol) in 5 mL
anhydrous THF at 0°C. Bromoacetonitrile (262 mg, 2.2 mmol) in 1 mL of THF was added
dropwise at 0 °C. The reaction was stirred for 30 min at 0 °C, followed by overnight stirring at
RT. The reaction was then quenched with 10 mL brine and extracted with EtOAc (3x5 mL).
The combined organic layers were dried over MgSOj4 and concentrated under reduced pressure.
The crude product was purified by column chromatography (iHex/EtOAc = 4/1, R¢0.43). Pure
9a-2 was obtained as white solid (427 mg, 70%).

1H NMR (400 MHz, CDCls) § 7.59 — 7.55 (m, 2H), 7.45 — 7.28 (m, 6H), 7.16 — 7.11 (m, 2H),
3.35 (s, 3H), 2.99 (d, J = 16.3 Hz, 1H), 2.87 (d, J = 16.3 Hz, 1H), 1.64 (s, 3H).

9a-2 (427 mg, 1.4 mmol ,1 eq) was dissolved in 5 mL of MeOH and treated with 1 eq of
concentrated aqueous HCI for 20 min at RT. All volatiles were removed under reduced
pressure, and the solids were washed multiple times with EtO. The crude material was used
without further purification. The crude product was then treated with 145 pL Ac,0 (157 mg,
1.53 mmol, 1.1 mmol), 214 pLL NEt3 (155 mg, 1.53, 1.1 eq), and a catalytic amount of DMAP
i 5 mL of dry DCM. The reaction was stirred overnight at RT, quenched with 10 mL brine,
and extracted with DCM (3 x 10 mL). The combined organic layers were dried over MgSOg4,
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and the crude material was purified by passing through a short silica plug. Pure 9a-3 was
1solated as a pale-yellow solid. (152 mg, 59%)

1H NMR (400 MHz, CDCls) & 6.14 (bs, 1H), 3.79 (s, 3H), 3.39 (d, J = 17.0 Hz, 1H), 3.20 (d,
J=17.0 Hz, 1H), 2.04 (s, 3H), 1.55 (s, 3H).

Then excess of 33% ethanol solution of methyl amine was added dropwise to 152 mg of 9a-3
at 0 °C. After 5 minutes the external cooling was removed and the reaction mixture allowed to
stir overnight at RT. No product 9a was detected via APCI MS analysis.
DL-AcAla(CN)NEtCN (9b)

S on e i
N EDC*HCI N CN
0o cat. DMAP
N-acetyl alanine DCM, RT 9

To a solution of N-acetyl alanine (262 mg, 2 mmol, 1 eq), DMAP (15 mg, 0.1 mmol) and
EDC-HCI (384 mg, 2.2 mmol) in DCM (10 mL) was added 3-aminopropionitrile (150 pl, 1
mmol). The reaction mixture was stirred at RT overnight and then evaporated in vacuo. The
residue was purified by flash chromatography (CH>Cl,/MeOH= 10/1, R¢0.27) to give 9b (347
mg, 95%) as a white solid.

1H NMR (400 MHz, DMSO-d6) § 8.22 (t, J = 5.8 Hz, 1H), 8.06 (d, J = 7.5 Hz, 1H), 4.21 (p,
J=172Hz, 1H), 3.35 - 3.21 (m, 2H), 2.62 (td, J = 6.5, 1.4 Hz, 2H), 1.83 (s, 3H), 1.18 (d, J =
7.1 Hz, 3H).

13C NMR (101 MHz, DMSO-d6) & 172.96, 169.03, 119.18, 48.15, 34.74, 22.54, 18.29, 17.50.
Elem. Caled for CsHisN30, : C 52.54, N 22.94, H 7.15. Found: C 52.28, N 22.78, H 6.89.

2.6.1.9. Synthesis of dimerization adducts of Z-AcAlaNMe (1b)
2,3-diacetamido-N1,N4,2 3-tetramethylsuccinamide (13a/b):

o (o]
N\)\ _ kowuy  DPM=N ke Hﬁz'N a0 Aeni A MeNHz acin G
Ph : THF -78‘ 2c e WeES ToNE NHAG “EroH A NH’ZC
DMP-Ala-OMe o NoPM DMAP o
9a-1 13a/b-1 13:/b 2 13a/b-3 13alb

Modified literature procedure.[>*]

A solution of 9a-1 (2 g, 7.5 mmol, 1 eq) in dry THF (6 mL) was added dropwise to a solution
of KOtBu (922 mg, 8.24 mmol, 1.1 mol) in 10 ml of THF at -78 °C, and the mixture was stirred

for 1 h at-78 °C. A solution of I (0.953 mg, 3.75 mmol, 0.5 eq) in 10 ml of THF was dropwise
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added at —78 °C with vigorous stirring. The temperature was slowly raised to RT and the
mixture stirred overnight. The reaction mixture was quenched with 10 ml of brine. The organic
layer was extracted with EtOAc and the combined organic extracts were dried over MgSOa.
The crude material was purified by hot filtration from iHex/EtOAc=10/1 mixture. 13a/b-1 (dr
= 1.1) was obtained as pale-yellow solid (1.05 g, 52%). Spectral data are in agreement with

literature values.[?4

Major isomer:

'H NMR (400 MHz, CDCls) & 7.57 — 7.54 (m, 4H), 7.41 — 7.38 (m, 6H), 7.36 — 7.30 (m, 2H),
7.25-7.23 (m, 4H), 7.17 (m, 4H), 3.36 (s, 6H), 1.63 (s, 6H)

Minor isomer:

'H NMR (400 MHz, CDCls) & 7.65 — 7.57 (m, 4H), 7.42 — 7.38 (m, 6H), 7.36 — 7.30 (t, 2H),
7.29 —7.22 (m, 4H), 7.18 — 7.14 (m, 4H), 3.42 (s, 6H), 1.45 (s, 6H)

533 mg of 13a/b-1 in 5 mL Et,O was treated with 3 mL of 1 N HCI at 0°C. The reaction was
allowed to reach RT. After 1 h, 1 mL of MeOH was added to dissolve the solids, and the
mixture was stirred for an additional hour. The reaction was extracted with Et,O, and the
aqueous phase was evaporated under reduced pressure to obtain 13a/b-2, which was used

without further purification.

Major isomer:
'H NMR (400 MHz, DMSO-d6) & 3.78 (s, 6H), 3.49 (bs, 6H), 1.59 (s, 6H).
Minor isomer:
'H NMR (400 MHz, DMSO-d6) & 3.79 (s, 1H), 3.49 (bs, 6H), 1.62 (s, 6H).

13a/b-2 was mixed with 950 ul Ac20 (10 mmol, 10 eq), 835 pl NEtz (5 mmol, 6 eq) and 244
mg DMAP (2 mmol, 2 eq) in 10 ml of dry DCM. The reaction was allowed to stir overnight,
quenched with 10 ml of saturated aqueous NaHCOg3 solution. The mixture was extracted with
DCM (3 x 25 mL), and the organic layers were collected and dried over MgSQOa. After
removing the volatiles under reduced pressure, the crude material was subjected to a short silica
column (iHex/EtOAc = 4/1). The volatiles were again evaporated, and the crude material was
recrystallized from iHex/EtOAc mixture. 13a/b-3 was obtained as white solid (70 mg, 24%).

Spectral data are in agreement with literature values.?®!

IH NMR (400 MHz, MeOH-d4) & 3.68 (s, 6H), 1.98 (s, 6H), 1.64 (s, 6H).
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13C NMR (101 MHz, MeOH-d4) & 173.34, 172.48, 65.30, 53.23, 22.90, 18.44.
MS (APCI): calcd for C12H2:N20s [M + H]", 289.1; found 289.0.

Then excess of 33% ethanol solution of methyl amine was added dropwise to 70 mg of 13a/b-
3 at 0 °C. After 5 minutes the external cooling was removed and the reaction mixture allowed
to stir overnight at RT. No product 13a/b was detected via APCI MS analysis. The reaction
mixture was transferred to a pressure tube and tightly sealed. The vessel was heated to 100 °C
for 4 hours, cooled to RT. APCI MS analysis showed little product 13a/b formation.

2-acetamido-3-((S)-2-acetamidopropanamido)-N,2-dimethylpropanamide (13c)

OH
o Ac,0 N/é:
2
OH H,CO/H,0, 5 N HCI OH
Ph)J\NJ\H/ oo > M=o mmEet, 3h > HaN
N 95°C, 1h pn~ O pyrldme
HCI (e}
O. 13c-1 RT, 1 h
N-benzoyl-alanine 13c-2 13c-3

Modified literature procedure.[?¢]

The oxazolone 13c-1 was prepared from N-benzoyl-alanine (10 g, 52 mmol) by dehydration
with acetic anhydride (50 mL, 520 mmol). The reaction mixture was stirred at 95 °C for 1 h.
The excess of acetic anhydride was removed under reduced pressure. With the assumption of
100 % conversion, it was used without further purification. 13c-1 was dissolved in 10 mL
pyridine and treated with aqueous formaldehyde (35 %, 40 mL). The mixture was stirred at RT
for 1 h. The mixture was filtered, and the solid material was washed with water. The solid

material was dried under reduced pressure, obtaining a white powder of 13c-2.

IH NMR (400 MHz, CDCls) & 7.79— 7.76 (m, 2H), 7.58 — 7.52 (m, 1H), 7.47 — 7.41 (m, 2H),
6.52 (s, 1H), 5.68 (d, J = 5.2 Hz, 1H), 5.46 (dd, J = 5.2, 1.7 Hz, 1H), 4.35 (dd, J = 10.8, 1.0
Hz, 1H), 3.94 (dd, J = 10.8, 1.7 Hz, 1H), 1.74 (s, 3H).

Modified literature procedure.[?8]

13c-2 was refluxed in 100 mL 5 N HCI for 5 h. The reaction mixture was cooled and filtered,
before  evaporation. The residue was purified Dby flash  chromatography
(MeOH/DCM=1:10—100% MeOH). Pure 13c-3 was isolated as a pale-yellow solid (4.15 g,
52 %)

IH NMR (DMSO0-d6, 400 MHz) § 13.75 (s, 1H), 8.41 (bs, 3H), 5.77 (s, 1H), 3.71 (d, J = 11.1
Hz, 1H), 3.60 (d, J = 11.1 Hz, 1H), 1.34 (s, 3H).
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N3

OH OH

Boc,O(1,4-Dioxage), PPh,, DEAD O  NaN,

BocpPit2-Dioxage) T R —3 N

HZNJ%(OH aq. NaHCO, Boos N OHTHF, -787°C, " BoC~y DMF Boc N~ OH
HCl O 0 °C, overnight H o overnight (RT) H @) H o)
13c-3 13c-4 13c-5 13c-6

Modified literature procedure.?”]

For the Boc protection, 13c-3 (4.15 g, 27 mmol) was diluted in 20 mL of NaHCOs3 saturated
solution and cooled to 0 °C. 9 mL Boc2O was mixed with 20 mL dioxane and added to the
stirred solution of the hydrochloride. The reaction mixture was stirred at RT overnight. The pH
was adjusted to 2 by 1 M HCI solution and 100 mL of brine was added. The compound was
extracted with EtOAc (3x50 mL) and the organic layers were combined and dried over MgSOa.
The organic phase was evaporated under reduced pressure. The residue was purified by flash
chromatography using DCM/MeOH = 10/11 as eluent. Pure 13c-4 (1.58 g, 7.2 mmol, 27 %)

was obtained as brown oil. Spectral data are in agreement with literature values.!?”!

IH NMR (CDCls, 400 MHz) § 5.49 (bs, 1H), 3.93 (d, J = 11.6 Hz, 1H), 3.81 (d, J = 11.5 Hz,
1H), 1.51 (s, 3H), 1.46 (s, 9H).

Modified literature procedure.[?8

For the synthesis of the 13¢-5, a solution of triphenylphosphine (1.89 g, 7.21 mmol) in 30 mL
of dry THF was prepared and a 2.2 M solution of diethyl azodicarboxylate in toluene (3.3 mL,
7.21 mmol) was added dropwise at -78 °C. The mixture was stirred for 20 min. The Boc-
protected a-methyl-serine (1.58 g, 7.21 mmol) was dissolved in 3 mL of dry THF and added
to the prepared solution. The reaction mixture was stirred at -78 °C for 1 h. The dry ice bath
was removed, and the mixture was stirred at RT overnight. The solvents were removed under
reduced pressure. The residue was purified by column chromatography (100% DCM, R 0.23).
The solvent was evaporated under reduced pressure, giving 13c-5 (1.15 g, 79 %) as a white
solid. Spectral data are in agreement with literature values.?°!

IH NMR (CDCls, 400 MHz) & 4.95 — 4.55 (m, 2H), 4.12 (d, J = 4.6 Hz, 1H), 1.61 (s, 3H), 1.46
(s, 9H).

Sodium azide (482 mg, 7.41 mmol) was added to a solution of 13c-5 (1.14 g, 2.47 mmol)
dissolved in 10 mL dry DMF. The mixture was stirred overnight. DMF was removed under
reduced pressure at RT. The residue was dissolved in water, the pH was adjusted to 3 with 1 N
NaHSOs solution and extracted with EtOAc (3%x25 ml). The combined organic phase was

washed with brine and dried over MgSOas. The solvent was removed under reduced pressure at
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RT. 1.34 g of 13c-6 (96 %) was obtained as a white solid. Spectral data are in agreement with

literature values. "

IH NMR (CDCls, 400 MHz) § 5.36 (bs, 1H), 4.36 — 4.16 (m, 1H), 3.81 — 3.78 (m, 1H), 1.55
(s, 3H), 1.45 (s, 9H).

N3 N3 NH,
MeNH, (40%) H H, H
Boc\N OH —— > Boc. N —— > Boc. N
H IBCF, NMM N Pd/C N
o)

0 THF, -20 °C, 1h o EtOH, 2h
13c-6 13c-7 13c-8

222 pl ml of NMM (2.02 mmol, 1.1 eq), and then 261 pl of IBCF (2.02 mmol, 1.1 eq) were
successively added to a solution of 13c-6 (1.84 mmol, 1 eq) indry THF (4 mL) at -20 —-18 °C
(ice/salt = 3/1). After 5 min of activation, 156 ul of 40 % aqueous methylamine (2.02 mmol,
1.1 eq) were added, and the resulting solution was stirred for 1 hour at -20 — -18 °C. The
reaction was quenched with 10 mL of 5% NaHCO3 and stirred additionally for 30 min at RT.
The aqueous phase was extracted with DCM (3x25 mL). The combined organic phases were
washed with 5 % NaHCO3 (2 x 50 mL), dried over MgSOs. The solvent was evaporated under
reduced pressure and the crude product was purified by column chromatography (iHex/EtOAc
=1/1, R¢ 0.15). 210 mg of 13c-7 (45 %) were obtained as a white solid.

IH NMR (400 MHz, CDCl3) § 6.48 (bs, 1H), 5.15 (bs, 1H), 4.02 (d, J = 12.5 Hz, 1H), 3.58
(d, J = 12.5 Hz, 1H), 2.83 (d, J = 4.8 Hz, 3H), 1.47 (s, 3H), 1.45 (s, 9H).
13C NMR (101 MHz, CDCls) § 173.05, 154.76, 81.00, 59.72, 55.21, 28.42, 26.69, 22.58.

A suspension of 13c-7 obtained from the previous step and 10% Pd/C (20 mg) was stirred in
absolute ethanol (10 mL) under a Hz atmosphere at RT for 2 h. After filtration through a Celite
pad and washing with methanol, the solvent was evaporated under reduced pressure, and the
residue was dried in vacuo to yield 13a-8 as a colorless oil (190 mg, >99%). The compound

was used without further purification.

L ? » ;

NH, OY\N Boc O )K
H Boc Ala- OSu H 1. 4M HCI/Dioxane H
Boc.
H

; NH
N NS NEt H 2. Ac o NEt H
3 2 3
o DCM Bocvy N< DMAP, DCM )k N
. H
o}
13c

13c-9

235 mg of L-Boc-Ala-OSu (0.82 mmol, 1 eq) and 115 pl of NEt3 (0.82 mmol, 1 eq) were added
to 190 mg of 13c-8 (0.82 mmol, 1 eq) in 10 ml of dry DCM. The reaction mixture was stirred
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overnight at RT. All volatiles were evaporated, and the crude material was purified by column
chromatography (100% EtOAc, R 0.27). 170 mg of 13c-9 (as a mixture of 2 diastereomers)
was obtained as a white solid (51%).

IH NMR (400 MHz, MeOH-d4) & 4.06 — 3.94 (m, 1H), 3.58 — 3.42 (m, 2H), 2.72 — 2.71 (m,
3H), 1.51 — 1.40 (m, 18H), 1.38 — 1.37 (m, 3H), 1.31 — 1.28 (m, 3H).

13C NMR (101 MHz, MeOH-d4) & 177.21 (bs), 176.79 (bs), 176.20 (bs), 157.82, 157.73,
156.48 (bs), 80.67, 61.36 (bs), 52.16, 51.83, 46.14 (bs), 28.78, 28.74, 28.69, 28.66, 26.67,
26.65, 21.45 (bs), 18.20, 17.82.

MS (APCI): calcd for C18H3sN4O0s [M + H]*, 403.3, found 403.1

Boc-deprotection of 13c-9 has been done by treating of 150 mg of obtained 13c-9 (0.373mmol,
1 eq) with 4M HCI in dioxane for 1 hour at RT. Then the volatiles were evaporated under
reduced pressure, the hydrochloride salt was mixed with 353 ul of acetic anhydride (3.73 mmol,
10 eq), 312 pl of triethylamine (2.24 mmol, 6 eq) and 1 eq DMAP in 8 ml of dry DCM. The
reaction was allowed to stir overnight, and the white slurry was filtered off, washed with DCM
(3%2 ml) and dried in vacuo. The crude material was purified by short column chromatography
(DCM/MeOH = 10/1). 62 mg of 13c was obtained as colorless solid (58%).

IH NMR (400 MHz, MeOH-d4) § 4.29 — 4.18 (m, 1H), 3.71 — 3.52 (m, 2H), 2.71 — 2.70 (m,
3H), 1.9 (s, 3H), 1.95 — 1.94 (m, 3H), 1.38 — 1.36 (m, 3H), 1.35 — 1.32 (m, 3H).

13C NMR (101 MHz, MeOH-d4) § 176.49, 176.28, 175.77, 175.68, 173.35, 173.33, 173.30,
173.19, 61.70, 61.68, 61.49, 61.47, 51.07, 50.88, 45.27, 45.07, 26.76, 26.75, 26.63, 26.61,
23.22,23.21, 22.42, 22.36, 21.93, 21.89, 17.88, 17.64.

HRMS (ESI): calcd for C12H21N4O4 [M-H], 285.1568; found 285.1568.

(2S,2'S)-N,N'-(ethane-1,2-diyl)bis(2-acetamidopropanamide) (13d)

1. 4M HCI
HQN/\/NHZ H O H Dioxane (@] H O H
Boc. OH_= . Boc. N~ N. )]\ N _~ N
N N N Boc N N el
H ECF, NMM H H 2. Ac,0, H H
© THF © NEts, DCM © ©
Boc-L-Ala-OH 3, 13d

To 567 mg Boc-L-Ala-OH (3 mmol, 2.5 eq) in 10 ml of dry THF was added 0.33 ml of N-
methyl morpholine (NMM, 303 mg, 3 mmol, 2.5 eq) and 0.29 ml of ethyl chloroformate (ECF,
326 mg, 3 mmol, 2.5 eq) at -20 °C. After 5 minutes of activation, 80 pl of ethylenediamine (72
mg, 1.2 mmol, 1 eq) was added dropwise. The reaction mixture was allowed to stir for 1 h at -

20 °C, then the mixture was quenched with 5% NaHCOs aqueous solution (50 mL) and
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extracted with DCM (3x25 mL). The combined organic layers were washed with brine (50
mL), dried over MgSO4 and concentrated in vacuo. The crude product was used without further
purification. 5 ml of 4M HCI in dioxane was added dropwise to the obtained crude material at
0 °C. The reaction mixture was allowed to stir for 1 h at RT and the volatiles were evaporated
under reduced pressure. 2.51 ml of NEtz (1.82 g, 18 mmol, 6 eq) was added dropwise to the
crude product in 20 ml of dry DCM at 0 °C, followed by addition of 2.83 ml of Ac,0 (3.06 g,
30 mmol, 10 eq). The external cooling was removed, the reaction mixture was allowed to stir
overnight at RT. The precipitate was filtered off, washed with DCM (3x5 ml) and dried under

reduced pressure. The product was obtained as white solid (286 mg, 83%).

'H NMR (400 MHz, MeOH-d4) & 4.25 (q, J = 7.2 Hz, 2H), 3.30 — 3.24 (m, overlapped with
the solvent peak, 4H), 1.99 (s, 6H), 1.33 (s, 3H), 1.31 (s, 3H).

13C NMR (101 MHz, DMSO-d6) 6 172.61, 169.04, 48.25, 38.29, 22.59, 18.26.

HRMS (ESI): calcd for C12H21N4O4 [M - H]', 285.1568; found 285.1569.

322



2.6.2. Laser Flash Photolysis Experiment

LFP experiments were carried out with a laser kinetic spectrometer using the third harmonic
(355 nm) of a Q-switched Nd:YAG laser, delivering 8 ns pulses. The laser energy was adjusted
to < 10 mJ/pulse by the use of the appropriate filter. A 3.5 mL Suprasil quartz cell (10 mm X
10 mm) was used in all experiments. Argon saturated DMSO solutions of dicumyl peroxide (1
M) were employed. All the experiments were carried out at T = 25+0.5 °C under magnetic
stirring. The observed rate constants (kobs) were obtained following the decay of the cumyloxyl
radical (CumOe ) visible absorption band (490 nm) at different substrate concentrations. The
Kobs Values obtained from the decay traces are the average of 2-3 individual values and were
reproducible to within 5%. Correlation coefficients were in all cases > 0.99. The rate constants
displayed in Table 1 are the average of at least two independent experiments, typical errors
being < 10 %.

a) Kobs Vs [AcGlyNMe (1a)] plot

Fig. S2. Plots of the average observed rate constant (kons) against [substrate] for the reactions of the cumyloxyl
radical (CumO°) with AcGlyNMe (1a), measured in argon-saturated DMSO solution at T = 25 °C by following
the decay of CumO" at 490 nm. From the linear regression analysis: CumO* +1a, intercept = 8.43 x 10°s™?, ky =
7.70 x 10° Mt s, r2=0.9900.
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b) Kebs VS [1-Cu-d2] plot

Fig. S3. Plots of the average observed rate constant (Kobs) against [substrate] for the reactions of the cumyloxyl
radical (CumQ*) with 1-C4-d2, measured in argon-saturated DMSO solution at T = 25 °C by following the decay
of CumO" at 490 nm. From the linear regression analysis: CumO* + 1-C,-d2, intercept = 8.37 x 10°s™, ky =
453 x10°5M1s? r2=0.9991.

C) Kobs Vs [1-NMe-d3] plot

Fig. S4. Plots of the average observed rate constant (Kons) against [substrate] for the reactions of the cumyloxyl
radical (CumQO-) with 1-NMe-d3, measured in argon-saturated DMSO solution at T = 25 °C by following the
decay of CumO" at 490 nm. From the linear regression analysis: CumO" + 1-NMe-d3, intercept = 8.35 x 10° s~
1 kn=4.64 x10°M1s? r2=0.9984.

324



d) kobs Vs [AcAlaNMe (1b)] plot

Fig. S5. Plots of the average observed rate constant (Kops) against [substrate] for the reactions of the cumyloxyl
radical (CumQ) with 1b, measured in argon-saturated DMSO solution at T = 25 °C by following the decay of
CumO- at 490 nm. From the linear regression analysis: CumO® + 1b, intercept = 8.64 x 10° s, kyy = 3.93 x 105 M~
1s1,r2=0.9971

e) kobs VS [ACNMe (1c)] plot

Fig. S6. Plots of the average observed rate constant (Kons) against [substrate] for the reactions of the cumyloxyl
radical (CumQ*) with 1c, measured in argon-saturated DMSO solution at T = 25 °C by following the decay of
CumO" at 490 nm. From the linear regression analysis: CumO* + 1c, intercept = 8.38 x 10° s, kyy = 5.30 x
105 M1 s, r?2=0.9987.
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Table S2. Second order rate constants (k) for reaction of the cumyloxyl radical (CumO®) with
different amino acids, measured in DMSO at T =25 °C.2

substrate ki / M1st
Xk
N > 7.8+0.3 x 10
(0]
1a
)OL DD H
N I o 4.620.1 x 10°
1-Co-d2
)OL H
N
mﬁo( cD; 4.7+0.1 x 10
1-NMe-d3
O
H
N
)LNJY B 3.3+0.2 x 10°
(0]
1b
P
N~ 5.340.05 x 10°
1c

8CumO- has been generated by 355 nm LFP of argon-saturated DMSO solutions (T = 25 °C) containing 1.0 M
dicumyl peroxide. The ky values have been obtained from the slope of the kops VS [substrate] plots where in turn,
the Kops values have been obtained following the decay of the CumO- visible absorption band (Amax = 490 nm) at
the different substrate concentrations.

2.6.3. Oxidative Stress Reactions of AcGlyNMe (1a), AcAlaNMe (1b) and AcNMe (1c)

2.6.3.1. Measurement properties.
Gas chromatograph: Shimadzu GC-2010

Injection Port SPL1: Detector channel 1 FID1:
Injection mode Split Temperature 305°C
Temperature 280 °C Signal acquire Yes
Carrier gas N2 Sampling rate 40 ms
Flow control mode Velocity Stop time 17.50 min
Carrier gas pressure 70.9 kPa Delay time 0.00 min
Total flow 24.2 ml/min Subtract detector None
Column flow 0.96 ml/min Makeup gas N>
Linear velocity 27.4 cm/s Makeup flow 30 ml/min
Purge flow 3 ml/min H, flow 40 ml/min
Split ratio 21 Air flow 400 ml/min
Primary pressure 429 kPa
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Column oven:

Column OPTIMA 1701 Rate (°C/min) Temperature Hold time,
(°C/min) min
Length 25m 70 2
Inner diameter 0.25 mm 15 130 0
Film Thickness 0.25 um 100 280 10

2.6.3.2. Derivatization attempts on AcGlyNMe (1a)
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Fig. S7. Graphical representation of the temperature along the time of the GC analysis.

Injection at 250 °C

To 250 pl of the calibrated solution of AcGlyNMe (1a) in dry MeCN was added 250 ul BSTFA
+ 1% TMSCI under nitrogen atmosphere. The vial was tightly closed and incubated at 80 °C

for 15 minutes. After, the solution was injected in GC-FID for further analysis, which showed

that silylated product of AcGlyNMe (1a) has multiple inconsistent broad peaks at 5.52 min

(Fig. S8 and S9). To avoid this problem in the future, it was decided to analyze the oxidative

stress mixtures without additional derivatization step.
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150
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FID1]
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Fig. S8. GC-FID of AcGlyNMe (1a) before derivatization.
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Fig. S9. GC-FID of AcGlyNMe (1a) before/after derivatization with BSTFA + 1% TMSCI.
2.6.3.3. Standard addition method

For GC analysis of small-scale reactions, calibration curves were measured for the single
substances using standard addition method (Fig. S10). Therefore, 0.10, 0.25 and 0.50 ml of
calibrated solutions of pure compounds were added to equal aliquots of calibrated crude
reaction mixture and used for GC measurement. Linear response of the FID detector was
estimated, so obtained peak area was multiplied by dilution factor to get normalized peak area
of a certain compound. The linear equation Sn = AxC + B, obtained from these measurements,
was extrapolated to Sy = 0. Obtained concentrations and yields are the average of at least two

independent measurements. Errors are given at 95% confidence level.

Fig. S10. Graphical explanation of standard addition method.
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2.6.3.4. Applicability of GC-FID method

Fig. S11. Graphical representation of the temperature program used in GC analysis (injection
at 280 °C).

Applicability of the GC method was tested before the investigation. For this purpose, a known
concentration of AcGlyNMe (1a) was validated using the standard addition method. Before the
analysis, a blank measurement of pure iPrOH was made to detect peaks of impurities in the
solvent (Fig. S12).

mV

2007 FID1]

2.181

150

100

2484

50

1 373

2.5 5.0 7.5 10.0 12.5 15.0
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Fig. S12. GC-FID spectra of iPrOH.

The testing solution of AcGlyNMe (1a) was prepared with concentration [1a]o = 103.1 mM in
MeCN (Fig. S13). 1 ml of testing solution was diluted up to 5 ml with iPrOH, giving final
[1a] = 20.62 mM. To 0.5 ml of the obtained mixture (10.31 umol), the certain volume of a
stock solution of AcGlyNMe (1a) in iPrOH with concentration [1a]stock = 32.23 mM during
two independent measurements for one data point. The results are represented in Table S3. GC-
FID, as expected, shows linear behavour (R?=1.000) during used concentration range and good

reproducibility of the measurements. The concentration of AcGlyNMe (1a) obtained, [1a], is
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100.2 mM with 3% of innacuracy. These measurements show that GC-FID is suitable method

for quantitative analysis of dipeptide model 1a.
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9120

min

Fig. S13. GC-FID spectra of the calibrated solution of [1a] = 20.62 mM.
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Fig. S14. APCI MS spectrum profile of AcGlyNMe (1a).
Table S3. Quantitative analysis of the testing solution of AcGlyNMe (1a).

Sy(1a) = 31403x[1a] + 314624 [1alstock = pmol Average peak o Normmalized Confidence
1000000 R2=1.000 3223 mM added area, S peak area, Sy | interval, P 0.95
900000 +0.00ml | 000 315400 1.00 315400 £21410
800000 +0.10ml 322 378907 1.10 416798 £ 24006
z 700000 +0.25ml .06 451656 125 564569 + 50895
(/2]
& 600000 +0.50 ml 16.12 548028 1.50 822041 + 48265
e 500000
E 400000
o 300000 o H Linear regression equation Sx(1a) =31403xC[1a] + 314624
200600 )Lu T . TFSx1a) =0,
Obtained tration, [1
400000 1a ed concentration, [1a] then C[1a] = 252y 5 __ 1002 mM
31403 0.5 ml
1086420246 81012141618 Stated concentration, [1alo 103.1mM
AcGlyNMe (1a) added, umol Inaccuracy, [1a]/[1a], 3%
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2.6.3.5. Oxidation of AcGlyNMe (1a) with DCHN (2b)

i y 23 °C, 14 days o N

N + Ph._O. =N_ /J( MeCN NC._~ . H

~

”/\fg N°" 0" Ph y . cN /U\ﬂ N
1a 2» Ph” OH

[1a], 0.1014 M [2b], 0.1020 M

Ph)lo\

152 mg (0.5101 mmol) of DCHN (2b) were dissolved in a 5 ml solution of AcGlyNMe (1a)
(0.1014 M) in dry degassed acetonitrile. 1 ml of the prepared mixture was sealed in a vial under
nitrogen atmosphere, wrapped in foil and set in cryostat at 23 °C for 14 days. The vial was then
opened with caution because of the increased pressure inside, and the content diluted up to
10 ml with iPrOH. Yields were obtained by addition of an exact amount of known compounds
to 0.5 ml aliquot of crude solution. Results are represented in Figure S15-16 and Table S3-5.
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Fig. S15. GC-FID spectra of the oxidative stress reaction of AcGlyNMe (1a) with (2b).
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Fig. S16. APCI MS spectrum profile of the oxidative stress reaction of 1a with 2b.
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Table S4a. Products distribution for oxidation of AcGlyNMe (1a) with DCHN (2b).
a) Recovery of AcGlyNMe (1a)

Sy(1a) = 61270%[1a] + 209831 [1alsecx= | wpmol | Average peak Normalized Confidence
R2=0.9999 DF .
900000 - 22.38 mM added area, S peak area, Sy | interval, P 0.95
800000 4 +0.00 ml 0.00 209133 1.00 209133 + 2656
700000 - +0.10 ml 2.24 217446 1.60 347913 + 46447
+
- 600000 4 +0.25ml 5.60 221046 2.50 552615 + 17001
A +0.50 ml 11.19 223861 4.00 895444 + 4066
S 500000 -
5]
% 400000 1
& Linear regression equation Sn(la) = 61270x[1a] + 209831
& 300000 4 9 q n(1a) [1a]
200000 I Su(12) =0,
Obtained concentration, [1a
/0/ [1al [1a] =222 x 1 —6g5mM
100 0 . 61270 0.5ml
L by Stated concentration, [1a]o 101.4 mM
-4-3-2-10123456 7 8 9101112 o
Added AcGlyNMe (1a), umol Recovery of 1a, [1a]/[1a]o 68 %

b) Recovery of AcGlyNMe (1a, with internal standard)

To check if the obtained number is correct, AcGIyOEt (1-1S) was chosen as an internal
standard, since the standard should be structurally similar to the analyte. Known amount of
AcGIlyOEt was added to reaction mixture and GC-FID was taken (Fig. S17). Average from two

measurements was taken for final calculations (Table S4b).
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Fig. S17. GC-FID spectra of the oxidative stress reaction of 1a with 5a with AcGlyOEt 1-IS.
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Table S4b. Recovery of AcGlyNMe (1a, with internal standard).

Calibration curve

C[1-1S], M I[1-1S], S C[la], M I[1a], S C[1-1S]/ C[1a] I[1-1S] / I[14]
1 0.01043 436317 0.00562 175488 0.54 0.40
2 0.00521 208772 0.00562 173367 1.08 0.83
3 0.00521 211441 0.01123 368047 2.15 1.74
4 0.01303 567572 0.00281 83965 0.22 0.15

Crude reaction mixture + 1-1S

C[1-1S], M I[1-15], S C[la], M I[1a], S C[1-1S]/ C[1a] I[1-1S] / I[14]
1 0.00557 234444 - 225157 - 0.96
2 0.00557 226419 - 211542 - 0.93

Linear regression equation

[Peak Ratio] = 0.823%x[Concentration Ratio] - 0.0396

Obtained concentration, [1a]

_ 0.945+0.0396

If [Peak Ratio] = 0.95,

[1a] = X 5,57 mM x 10 = 66.6 mM
0.823
Initial concentration, [1a]o 101.4 mM
Recovery, [1a]/[1a]o 66 %

Obtained value of recovery of C(1a) = 66% with +2% of difference from the recovery gained

above(68%). These measurements show that both quantitative GC-FID analysises give similar

results.

333




a) Yield of cyanomethylation adduct Ac-Ala(CN)-NMe (5a)

700000 +

600000 +

=z 500000 +

S

Peak area

200000 +

100000 +

400000 +

300000 +

.

Sy(5a) = 90338x[5a] + 24058
R2=0.9999

[5a]stock = umol Average peak OF Normalized Confidence
14.26 mM added area, S peak area, Sy | interval, P 0.95
+0.00 ml 0.00 25460 1.00 25460 + 3850
+0.10 ml 143 94681 1.60 151490 + 7573
+0.25ml 3.57 138220 2.50 345550 + 13557
+0.50 ml 7.13 167188 4.00 668752 + 37635

Linear regression equation

Sn(5a) = 90338x[5a] + 24058

Obtained concentration

If Sn(5a) = 0,

[5a] = 24508 10
90338~ 0.5ml

=53mM

-050515253545556575

Added AcAla(CN)NMe (5a), umol

Initial concentration, [1a]o

101.4 mM

Yield 5a, [5a)/[1a]o

5%

Table S5. Quantitative *H NMR for the oxidative stress reaction of 1a with DCHN (2b).

0.5 ml of calibrated benzyl benzoate solution (1.99 mg/ml) was added to 2.5 ml of calibrated

solution of the crude mixture. All the volatiles were evaporated under reduced pressure; the

crude material was redissolved in MeOH-d4 and *H NMR spectra was taken.

Compound Peak area Moles, umol Mass, mg Yield, %
O HH
Ph)LoxPh 1.000 4.7 1.00 -
o H H
At 6.256 73.8 9.59 73
1a
N
O H )y 0.381
5a
NeAgy 1.986 11.7 0.94 12%
4

*from DCHN 2b amount

2.6.3.6. DTBHN (2a) decomposition. Kinetic study

To clarify the reaction time, hyponitrite 2a decomposition experiments have been done first.

Decomposition products and the concentration of hyponitrite 2a were established by *H NMR

using 1,3,5-methoxybenzene as an internal standard. Kinetic studies were made in dry degassed

MeCN-d3 at three different temperatures, 65, 40 and 23 °C. In each case, hyponitrite 2a

decomposition showed first order behavior, as expected. The obtained decomposition rates at

different temperatures allowed us to establish the energy of activation of this reaction. Also, it

has been showed, that the addition of the equimolar amount of the hydrogen donor,
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AcGlyNMe (1a), does not affect the decomposition rate of hyponitrite 2a. Results are
represented in Table S6.

Table S6. Decomposition rates of DTBHN (2a) in MeCN-d3 at different temperatures.

OH
tBUOH -
CH4/CHD T. C k. s Tin. s Tin. h
HAT 65 (2.32+0.17) x 10* 2994 227 0.83+0.06
HAT
. ka -} ks 40  (7.38+0.34) x 10° 94102 + 4445 26.13+123
o 23 (6.75+0.52)x 107  1031210+83283 28644 +23.13
2a o A ‘CH3
HQC,CHS
oL
o
DTBPO

1) Decomposition of DTBHN (2a) at 65 °C

Table S7. Plots of the observed DTBHN (2a) concentrations or In([2a]/[2a]o) against time for
the reaction of the DTBHN (2a) decomposition, measured in nitrogen-saturated MeCN-d3
solution at 65 °C followed via 'H NMR analysis.

0.50 &.d 250 u
2.00 : 2
a0 | 2 )
2 = ..
0.30 .. & 1.50 o
= . e, = .
& 020 |- - S 1.00 | S
— ) O = g
0.0 0 ... e 0.50 |
| @, ‘o R
a . ‘@, Py R
0.00 | - . Lo 0.00 &—— : : :
0 2000 4000 6000 8000 0 2000 4000 6000 8000
Time, s Time, s
. [2a]l. M In([2a]/[2alo)
Time,s a b c d a b c d
0 0.048 0.103 0.249 0.500 0.000 0.000 0.000 0.000
1800 0.032 0.068 0.172 0.354 0.413 0.414 0.370 0.345
3600 0.020 0.043 0.107 0.241 0.860 0.875 0.846 0.729
5400 0.013 0.028 0.072 0.173 1.352 1.322 1.246 1.060
7200 0.009 0.018 0.048 0.111 1.737 1.727 1.644 1.506
9000 0.005 0.013 0.033 0.07 2.216 2.102 2.032 1.938
[2a]o. M Exponential equation Linear equation R?
d [2] = 0518 xexp([2.L- 10 #xt) In(C[2a)/Co[2a]) = (2.1x10%)xt —0.03492 | 0.9973
c [2a] = 0.250xexp([-2 04]xt) In(C[2a]/C ;[2:\]-7 10#)xt — 0.00453 0.9990
b [2a] = 0.102xexp([-2.4x104]xt) In(C[2a]/Co[2a])= (2.4x10%)xt + 0.00936 0.9989
a [2a] = 0.049xexp([-2.5x10#]xt) In(C[2a]/Co[2a])= (" 5x10*)xt - 0.01388 0.9993
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2) Decomposition of DTBHN (2a) at 40 °C

Table S8. Plots of the observed DTBHN (2a) concentrations or In([2a]/[2a]o) against time for
the reaction of the DTBHN (2a) decomposition, measured in nitrogen-saturated MeCN-d3

solution at 40 °C followed via 'H NMR analysis.

3.00 [
0.25 Y a
2.50 | b
020 | - -
=200 r
=015 N &
—_ =150 | L
© b ©
2010 ¢ . 8 &
‘e £ 1.00 |
0.05 ¢.. "e.. 050 }
a ™ ; -'... .".
0.00 L L 0.00 &- 2 2 2
0 100000 200000 300000 0 100000 200000 300000
Time, s Time, s
Time. s [2a]. M In ([2a]/[2a]o)
a b c a b c
0 0.049 0.098 0.247 0.000 0.000 0.000
158460 0.015 0.032 0.083 1.171 1.116 1.094
236040 0.008 0.017 0.047 1.764 1.725 1.650
338340 0.004 0.008 0.023 2.603 2.520 2.369
[2a]o. M Exponential equation Linear equation R?
c [2a] = 0.248xexp([-7.00x105]xt) In(C[2a]/Co[2a])= (7.00x10°5xt)- 0.00535 0.9999
b [2a] = 0.102xexp([-7.45x10]xt) In(C[2a]/Co[2a])= (7.45x105x1)- 0.02384 | 0.9991
a [2a] = 0.049xexp([-7.67x10°5]xt) In(C[2a]/Co[2a])= (7.67x10°xt) - 0.02038 | 0.9999

3) Decomposition of DTBHN (2a) at 23 °C

Table S9. Plots of the observed DTBHN (2a) concentrations or In([2a]/[2a]o) against time for
the reaction of the DTBHN (2a) decomposition, measured in nitrogen-saturated MeCN-d3
solution at 23 °C followed via 'H NMR analysis.

0.25 ¢ ¢ 15 - ’Z
0.20 ey
s 0.15 7107 AT
= = e
< 0.10 b . S L
dT‘"‘ "o FO05 -
0.05 ¢ @ 2
’a b...o... @ 2
. »"-0-' o
0.00 L — 0.0 & ' I
0 1000000 2000000 0 1000000 2000000
Time, s Time, s
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. [2a]. M In ([2a]/[2a]o)
Times a b c d a b c d
0 0.050 0.099 0.246 0.090 0.000 0.000 0.000 0.000
82800 0.047 0.094 0.237 0.085 0.064 0.053 0.037 0.057
338400 0.040 0.080 0.209 0.072 0.221 0.212 0.162 0.219
682200 0.032 0.066 - 0.056 0.458 0.412 - 0.481
1285200 0.021 0.043 0.118 0.035 0.890 0.835 0.737 0.932
1890000 0.013 0.026 0.077 0.021 1.366 1.323 1.167 1.465
[2a]o. M Exponential equation Linear equation R?
d [2a] = 0.092xexp([-7.7x107]xt) In(C[2a]/Co[2a])= (7.7x107)xt — 0.02334 | 0.9977
[2a] = 0.251xexp([-6.2x107]xt) In(C[2a]/Co[2a])= (6.2x107)xt — 0.02232 0.9973
b [2a] = 0.101xexp([-6.9x107]xt) In(C[2a]/Co[2a])= (6.9x107)xt - 0.02111 | 0.9964
a [2a] = 0.050xexp([-7.2x107]xt) In(C[2a]/Co[2a])= (7.2x107)xt - 0.01167 0.9988

2The sample with equimolar amount of 1a is marked as Conc.4.

Analysis of the decomposition products of DTBHN (2a) showed that the temperature
decreasing leads to a greater content of tBuOH (the HAT product), relative to acetone (f-
scission product). This products distribution can be explained by lower kg muo- at lower
temperatures (Fig. S18).
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Fig. S18. Ration of decomposition products of DTBHN (2a) at different temperatures.

Also, the activation energy of the decomposition reaction was obtained from the reaction rates

obtained at 65°, 40° and 23 °C, using the Arrhenius plot equation (Table S10).

Table S10. Activation energy of the decomposition of DTBHN (2a) in MeCN-d3.

2.90 3.10 3.30
T.°C T.K 1T.1/K  Averagekss' Average In(kq) 8 ' '
65 338 2.96x1073 6.8x107 -8.4 12
40 313 3.19x103 7.4x10° -11.8 —11 b
23 296 3.38x103 2.3x10%* -14.2 f 12 L
m(kd)=-14.697><%+35.120. R2=1.0000 13 F
Ea=14.697 x 8.314 J-K™\-mol'= 122 kJ :: [

1/Tx1000, 1/Kx1000
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2.6.3.7. Possible in-line oxidation during GC-FID analysis

DTBHN (2a) is more stable than DCHN (2b), and there is some unreacted DTBHN (2a) even
after 14 days. Since GC vaporizes the analyte samples, the possibility of chemical reactions
during the injection was checked.

N/\n/ X N -N J< Géﬁ:}j;ior oxidation products?
T=280°C
2a
[1a], 0.1040 M [2a], 0.1052 M

18.3 mg of DTBHN (2a) was dissolved in 1 ml of testing solution of AcGlyNMe (1a),
[1a]stock = 101.5 mM. 1 ml of the solution was diluted up to 5 times with iPrOH, giving a final
concentration [1a]o = 20.30 mM of AcGlyNMe (1a) and [DTBHN]o = 21.03 mM (Fig. S19).
Results are represented in Table S11.

mV
1 9 FID1
] i H >
~N
150 N
) 1a ©
100
504
. L
—
2.5 5.0 7.5 10.0
min

Fig. S19. GC-FID spectra of the calibrated mixture of [1a]o = 20.30 mM and [2a]o = 21.03 mM.
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Table S11. Quantitative analysis of the testing mixture of AcGlyNMe (1a) with DTBHN (2a)

Peak area, Sy

S\(1a) = 32432x[1a] + 317743
R2 = 0.9999

1000000 T
900000
800000
700000
600000
500000
400000

-1210-8-6-4-20 2 4 6 81012141618

Added AcGlyNMe (1a), pmol

[1a]stock = pmol Average peak OF Normalized Confidence
33.69 mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 311172 1.00 311172 +915
+0.10 ml 3.37 390382 1.10 429420 + 55248
+0.25ml 8.42 480173 1.25 600216 + 38262
+0.50 ml 16.85 572651 1.50 858976 +58123

Linear regression equation

Sn(la) = 32432x[1a] + 317743

If Sn(1a) = 0,
Obtained concentration, [1a
[ta] then [1a] = 2722 x ——= 98,0 mM
Stated concentration, [1a]o 101.5 mM

Inaccuracy, [1a]/[1a]o

-3%

No DTBHN (2a) peak is observed in the GC-FID spectra, which indicates that DTBHN (2a)

decomposes during the analysis. Obtained value of [1a] = 98.0 mM is within -3% of the

stated [1a]o. These measurements show that GC-FID is a suitable method for quantitative

analysis of hyponitrite stress reactions.

2.6.3.8. GC-FID response on isomers 5a and 5b

The solution of 5a and 5b with concentrations 10.18 and 10.71 mM, correspondingly, was

prepared in EtOH to test the FID response on the isomeric compounds. The obtained difference

in the peak ratio, 3.6%, was considered neglectable, which means that isomeric compounds

have the same detector response (Table S12).

Table S12. GC-FID spectra of the equimolar solutions of 5a and 5b

uv
| . FID1
100000 0 3
4 ~ —
_N NH =) A
J o /H r o] .
75000 AN NS = )LH )OL H
5a 0 ° H/ﬁg \/\\\N
| 5b
50000
25000
0
- ‘ T T ‘ ‘ T ‘ T ‘ T T ‘ T
2.5 5.0 7.5 10.0 12.5 15.0
min
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_ Detector response, )
Concentration | Peak area, S Response ratio A, %
S(5x)/C(5x)
C(5a) =10.18 mM 230308 22623.6 mM™!
1.036 +3.6
C(5b) =10.71 mM 233871 21836.7 mM™!

2.6.3.9. Oxidation of AcGlyNMe (1a) with DTBHN (2a)

N
o} 23 °C, 14 days Z o)
/U\ H\ + 0\N¢N\OJ< MeCN )oL H + )I\ H\/\
NS
YT T AN TN TN
CN
1a 2a NC/:’ 5a° 5b
[1a],0.1014 M [2a], 0.1046 M

91 mg (0.523 mmol) of DTBHN (2a) were dissolved in 5 ml solution of AcGlyNMe (1a,
0.1014 M) in dry degassed acetonitrile. 1 ml of the prepared mixture was sealed in a vial under
nitrogen atmosphere, wrapped in foil and set in a cryostat at 23 °C for 14 days. Afterwards, the
vials were opened with caution because of increased pressure inside, and the contents were
diluted up to 5 ml with iPrOH. Yields were obtained by the addition of certain amount of known
compounds to 1 ml aliquot of crude solution (Fig. S20 and S21). The results are represented in
Table S13.

mV
i o Q FID1
100 H >
- AN ——>|°
_ N N
] 12 © 0o "
75 LR
] H o
| 5a
20 8 §/ 0
~ =3 /U\ n
: NC._~ - ” \/\\\N
25 4 N —> o)
: g / sb
R L L7
h 1T 7T T 1T T 17T T 17 T T T T T T
25 50 75 10.0 125 15.0
min

Fig. S20. GC-FID spectra of the oxidative stress reaction of AcGlyNMe (1a) with 2a
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Fig. S21. APCI MS spectrum profile of the oxidative stress reaction of 1a with 2a.

Table S13. Products distribution for oxidation of AcGlyNMe
a) Recovery of AcGlyNMe (1a)

(1a) with leq of 2a.

[1a]stocx = pmol . .
Average peak area, S DF Nommalized peak area, Sy Confidence interval. P 0 95

13.69 mM added
+0.00 ml 0.00 182035 1.0 182035 -
+0.25 ml 342 229176 1.0 229176 -

Obtained concentration, [1a] 66.05 mM

Initial concentration [la]y 101.4 mM
Recovery la, [1a]/[1al, 65.1%

b) Yield of cyanomethylation adduct AcGlyNEtCN (5b)

Confidence
[Sblstox =7.35 mM pmol added Average peak area, S DF Nommalized peak area, Sy
interval, P 0.95
+0.00 ml 0.00 9708 10 9708 -
+0.25 ml 184 45694 1.0 45694 -
Obtained concentration, [Sh] 248 mM
Initial concentration, [1a]y 101.4 mM
Yield 5h, [Sh]/[1a], 24%
¢) Yield of cyanomethylation adduct AcAla(CN)NMe (5a)
Sh 735 mM ponol A ak S DF Normalized peak S Confidence
5 =7. verage area, o area,
[Sblse: added gepe pe ¥ interval, P 0.95
+0.00 ml 0.00 46231 1.0 46231 -
Obtained concentration. [Sa] 11.82 mM
Initial concentration, [1a]y 101.4 mM
Yield Sa. [Sa]/[1a]o 11.7%

2.6.3.10. General procedure of oxidative stress reaction (1 mmol scale)

174 mg of hyponitrite 2a (1 mmol, 1 eq) were added to 1 mmol of dipeptide (1 eq) in 10 ml of

dry degassed MeCN under nitrogen atmosphere. The vessel was tightly closed, wrapped in foil
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to cover the reaction mixture from light and placed in a thermostat at 23 °C. Afterwards, the
reaction vessel was opened with caution, the formed white precipitate of 3a/b was separated
via centrifuge, washed with MeCN (3x1 ml), and the organic fractions were dried in vacuo at
RT. The crude material was diluted up to 15 times in EtOH for further GC-FID analysis
(Fig. S22). Yields of the oxidation products were obtained using absolute calibration curves
(Table S14). Afterwards, all organic phases were combined and concentrated in vacuo. The
crude material was separated on a silica column (DCM/MeOH = 10/1) for further NMR
analysis, which shows that these fractions consist of solvent dimer 4, adduct 5a, dipeptide 1a,
adduct Sb and dimerization adduct 3¢ (in order of appearance during the column separation).
Yields of succinonitrile (4), dipeptide 1a, adducts 5a and Sb were obtained from quantitative
GC-FID analysis, yields of dimerization products 3a/b and 3¢ were obtained from gravimetric
measurements.

Table S14. Absolute calibration curves for oxidative stress reaction of AcGlyNMe (1a).

a) Calibration curve for AcGlyNMe (1a)

350000 r . Concentration 1a, mM Peak area, S
300000 | S(1a)= 31600x[1a]- 8 012 0.52 ) 13217
o 250000 | R*=0.9999 1.30 - 34544
& - 2.05 58314
g 200000 2.61 = 73099
x 150000 - 2.53 76060
o | o - 4.10 114918
a- 100000 Ay~ 5.22 - 148745
50000 F "o - 7.38 228105
ol . Y 7.82 - 230947
01 2 3 4 5 6 7 8 9 10 1 10.43 - 330939
Concentration of AcGlyNMe (1a), mM S(1a) = 31600x[1a] - 8012. R? = 1.000

b) Calibration curve for AcAla(CN)NMe (5a) and AcGlyNEtCN (5b)

Concentration, mM Peak area. S
500000 Sa Sb
450000 | S(5a/5b)=43976xC[5a/5b] - 6241.9 0.48 " 19088
4 400000 | R?=0.9995 R 0.51 17355
< 350000 f 0.92 = 36412
o 300000 - 0.97 34333
® 250000 } 553
% 200000 f ' - 101959
& 150000 -
100000 | 2.68 107771
50000 | 5.06 -
0 S S S S 211853
01 2 3 4 5 6 7 8 9 10 11 - 5.36 234323
Concentration of 5a/5b, mM 10.12 - 436018
: 10.71 468245
S(5a/5b) = 43976xC[5a/5b] - 6241,
R2=0.9995
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c) Calibration curve for succinonitrile (4)

[4]. mM Peak area, S
400000 r - 0.92 23928
(/{ 300000 - 2.47 - 72242
& 250000 - 2.75 84782
g 200000 4.94 - 156035
8 150000
0. 100000 - 5.50 178251
50000 9.88 i 338042
01 2 3 4 5 6 7 8 9 10 1 - 11.00 367812
Concentration of succinonitrile (4), mM S(4) = 34571x[4] - 9882. R? = 1.000
Oxidative stress of AcGlyNMe (1a) with DTBHN (2a) at 23°C (1 mmol scale)
o
H °
N . < _o..N. 23°C,14days
)j\u/\n/ ~ >|/ N OJ< W Oxidation products
0
1a 2a
[alo0.1 M [2a],0.1 M
mV
2 FID1
75 PN
] 1a \ (o] /H
50} )LN N
4 o
f.
NC. o
25 e 2 g )Ln/ﬁrn\/\\
i ~ s Ho g SN
] L J 8y e
0 T A
' 2.|5 s 5.10 I 7_|5 I . 10I_0 '12|_5 s I 15I.0 I
min

Fig. S22. GC-FID spectra of the oxidative stress reaction of 1a with 2a at 23°C.

Table S15. Quantitative GC-FID of the oxidative stress reaction of 1a with 2a at 23 °C.

o]
n e (o} N o} i
HN H Z H 0, NJK
N N o H
/Hmr:”H NeN-CN /U\H/\[r ~ )LN/gn\ )J\”/\er\/\\\N 3 NHH
(o} H)\ 4 (o] H o (o] u ~
(o) 0
1a 5a 5b s
3a/b
Peak area. S - 24139 132470 31554 6285 -
Conc.. M - 0.014 0.067 0.013 0.003 -
Mole, mmol - 0.147 0.667 0.129 0.026 -
Mass, mg 8.9 11.8 86.7 21.8 7.6 12.0
Yield, % 6.9 14.8% 66.7 129 2.6 9.3
Mass
98.4 %

balance, %

* from DTBHN 23 amount
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Table S16. Quantitative *H NMR the oxidative stress reaction of 1a with 2a

65.0 mg of benzyl benzoate solution was added to crude material, which was dissolved in

MeOH-d4 and *H NMR spectra was taken.

Compound Peak area Moles, umol Mass, mg Yield, %
O HH
o )Lo)(Ph 1.000 30.7 65.0 -
P
Hﬁof > 2.374 72.8 94.6 72.8
1a
_N
o} /H
AN 0.187 115 19.4 115
H5ao
)OL H
N
N 0.113 35 5.9 35
5b
CN
NG~ 0.663 10.1 8.1 10
*from DTBHN 2a amount
Oxidative stress of AcGlyNMe (1a) with DTBHN (2a) at 40°C (1 mmol scale)
(@]
H o
A”/E(N\ * >rO‘N/’N\O/k % oxidation products
1a 2a
[1a]y 0.1 M [2a], 0.1 M
mV
1007 )OL N FID1
N\
754 ~ G PN
: 2,Ca
4 ~ H O
50i NC_~cn 5a
4 o
25 N/TN\/\\\N
] Lﬁ §/ 5b
I .
‘ ‘2.‘5 S 5.‘0 ‘ 7.‘5 ‘ ‘10‘.0 ‘ ‘12‘.5‘ 15‘.0

Fig. S23. GC-FID spectra of the oxidative stress reaction of 1a with 2a at 40 °C.
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Table S17. Quantitative GC-FID of the oxidative stress reaction of 1a with 2a at 40 °C

H 2 (0] N o i
HN N H Z 0 H NN
/“Y\L)L NC N AHWN\ iNgn\ Ay, 2
o H%\ 4 0 H o (6] ~
o 1 5a 5b 0
3alb 3
Peak area, S - 70387 109259 53342 9055 -
Conc., M - 0.035 0.056 0.020 0.005 -
Mole, mmol - 0.349 0.556 0.203 0.052 -
Mass, mg 9.5 27.9 72.3 34.3 8.8 20.2
Yield, % 7.4 34.9* 55.6 20.3 5.2 15.7
Mass
104.2
balance, %

* from DTBHN 2a amount

Oxidative stress of AcGlyNMe (1a) with DTBHN (2a) at 65°C (1 mmol scale).

(o]
H )< 65 °C, 4 hours
)J\N/\H/N\ + O\N”N\o —————> oxidation products
H o

N,, MeCN
1a 2a
[1a]p 0.1 M [2a]p 0.1 M
mV
1 )OL H @ FID1|
i N =
75 ”/T \m
1 1a ©
1 = _N
1 ~ o ‘2
H
1 N
o *u/g .
1 52 O
NC\/\CN
i 4 ~ 0/
25+ 8 e H
o )LN/YN\/\\\
< Ho & N
8 g/ 5b
< —
Ofm/mkwf\_;__/m__,w A
L L 1 A ) R
2.5 5.0 7.5 10.0 12.5 15.0
min

Fig. S24. GC-FID spectra of the oxidative stress reaction of 1a with 2a at 65 °C.

Table S18. Quantitative GC-FID of the oxidative stress reaction of 1a with 2a at 65°C.

~rho 0 i
HN _ H N o 9y OYNJK
H N CN N 0o N H
wf NGON | Ay A§ A | g
oA 4 0 HoJ o ~
0 1 5a 5b °
3alb 3e
Peak area, S - 79888 128519 39281 6143 -
Conc., M - 0.039 0.065 0.015 0.004 -
Mole, mmol - 0.390 0.648 0.155 0.042 -
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Mass, mg 4.5 31.2 84.2 26.2 7.1 12.8
Yield, % 3.5 39.0* 64.8 15.5 42 9.9
Mass
97.9
balance, %
* from DTBHN 23 amount
Oxidative stress of 1-Ca-d2 with DTBNH (2a) at 23°C.
? DP H N
)J\ N O. -N 23°C, 14 days . .
N Nt >( N o m oxidation products
H 2
o 2a
1-Ca-d2 [2a], 0.1 M
[11o0.1 M
mv
100
i °oop , |8 FID1
] Ao
4 H o
75 1-Ca-d2 N
] ? ° (2
] PN
50 H
j NCa~ o)
1 CN 5a-Ca-d! 0 pp
] ¢ VYN
2 g / s:c -d2
] g ¢
7 @
- L \ Lae L
0
P i e e TP PUE A o ae e P
min
Fig. S25. GC-FID spectra of the oxidative stress reaction of 1-Ca-d2 with 2a at 23°C.
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Fig. S26. MS profile of the oxidative stress reaction of 1-Ca-d2 with DTBHN 2a at 23°C.

Table S19. Results of oxidative stress of 1-Ca-d2 with DTBHN 2a at 23°C.

(o] o 0 pD ©O
w2 L )LDDH . N oD 4 oﬁ)(ﬂj\
H N NC/\,CN N)SrN\ ek )LN N~ o M
N NH H N > H oNEA J%Drﬁ
[e] D)\ 4 0 ; o 0 ﬂ ©
3alb°-d ) 1-Co-d2 5a-Ca=d1 5b-Co-d2 e:-)d ,
Peak area, S; - 78506 228838 13786 17444 -
Added, pmol - - 68.46 24.85 23.67 -
Peak area, S> - 72293 396885 103706 100280 -
Detected in .
Mass, mg MS 19.8% 121.0 6.5 8.5 Detected in MS
Yield, % - 24.8% 91.7 3.8 5.0 -
Mass

balance, %

100.5

*from DTBHN 23 amount (based on 1H NMR analysis)
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Oxidative stress of 1-NMe-d3 with DTBHN (2a) at 23°C.

23 °C, 14 days

(0]
H
P} N 0. >N )< idati
< + ~ oxidation products
”/\g CDs >( N" "0 N,, MeCN

1-NMe-d3 2a
[1-NMe-d3]; 0.1 M [2a]o 0.1 M
mV
‘% FID1
1 )OL =
50 N
| N/W ~
1a 0
N
=Z
(0] /gH
N N.
1 N CD3
H
25 © 0
NCoen 8 5a-NMe-d3
6 ~ O DD H
] % AN)STN\/\\\N
o ® H o)
4 n
= 5b-Ca-d2
0 g
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
25 5.0 7.5 10.0 12.5 15.0
min

Fig. S27. GC-FID spectra of the oxidative stress reaction of 1-NMe-d3 with 2a at 23°C.

Table S20. Results of oxidative stress of 1-NMe-d3 with DTBHN (2a) at 23°C.

(0] o o
HN n-CDs o H o 2N o] H gy\uk
H N
DBC,N\'I:HH NC’:’CN )LH/\WN\cDa )LNJ:(H\CDS )LHW >(\CN )OLD NHH\
S )‘\ [} Ho o DD N CcD;
o 1-NMe-d3 5a-NMe-d3 5b-NEt-d2 "o
3alb-d6 Se-d5
Peak area, S; - 27268 94238 30456 229 -
Added, mg - - 10.3 9.6 8.4 -
Peak area, S - 25383 193803 136928 60883 -
was not
Mass, mg 11.7 15.0* 97.5 21.3 trace .
isolated
) was not
Yield, % 8.9 18.8* 73.3 12.4 trace )
isolated
Mass
94.6
balance, %

*from DTBHN 2a amount (based on 1H NMR analysis)
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2.6.3.11. Oxidation of AcGlyNMe (1a) with 2 eq of DTBHN (2a)

0] H J<
)J\H/\C[)]/N\ + >‘/O\N¢N\O

1a 2a
[1a]y 0.1014 M [2a]y 0.2011 M

23 °C, 14 days
MeCN

NC/\/CN
4

(0]
Ay
H
5a

//N

0}
H
o

5b

175 mg (1.006 mmol) of DTBHN (2a) were dissolved in 5 ml solution of AcGlyNMe (1a)
(0.1014 M) in dry degassed acetonitrile. 1 ml of the prepared mixture was sealed in a vial under

nitrogen atmosphere, wrapped in foil and set in a cryostat at 23 °C for 14 days. Afterwards, it

was carefully opened with caution and diluted up to 5 ml with iPrOH (Fig. S28). Yields were

obtained by addition of exact amount of known compounds to the crude solution. The results

are represented in Table S21.

mV
150 FID1
100+
50—
0,
— — ‘ ‘ ‘
2.5 5.0 7.5 10.0 12.5 15.0
min

Fig. S28. GC-FID spectra of the oxidative stress reaction of AcGlyNMe (1a) with 2a.
Table S21. Products distribution for oxidation of AcGlyNMe (1a) with 2 eq of 2a.

a) Recovery of AcGlyNMe (1a)

S,(1a) = 61168x[1a] + 259784
1200000 T Re=1
1100000 +
1000000 +
900000 +
800000 +
700000 +
600000 +
500000 +
400000 +
300000 +
20000

Peak area, Sy

5 -3-11 3 5 7 9 11 13 15 17
Added AcGlyNMe (1a), pmol

[1a]stock = pmol Average peak DF Normalized Confidence
29.46 mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 259990 1.0 259990 + 31733
+0.10 ml 2.95 274209 16 438734 + 8875
+0.25ml 7.37 284767 25 711916 + 29217
+0.50 ml 14.73 290072 4.0 1160286 + 18328

Linear regression equation Sn(la) = 61168x[1a] + 259784

) ) If Sy(la) =0,
Obtained concentration, [1a] then [1a] = % X2 = 425 mM
Initial concentration [1a]o 101.4 mM

Recovery 1a, [1a]/[1a]o

42%
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b) Yield of cyanomethylation adduct AcAla(CN)NMe (5a)

900000

800000

700000
= 600000
n
g 500000
S
x 400000
ol
o

300000

200000 2

Sy(5a) = 77099x[5a]+181857
R2 = 0.9999

-3-2-1012 3456738910
added AcAla(CN)NMe (5a), pmol

[5a]stock = umol Average peak | DF Normalized Confidence
18.52 mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 181263 1.0 181263 + 45418
+0.10 ml 1.85 203798 1.6 326077 + 18417
+0.25ml 4.63 216579 25 541448 +4384
+0.50 ml 9.26 224500 4.0 898000 +4231

Linear regression equation

Sx(5a) = 77099xC[5a] + 181857

c) Yield of cyanomethylation adduct AcGIyNEtCN (5b)

500000

400000

S

300000

Peak area

200000

100000

Sy(5b) = 84503x[5b] + 34496
R2 = 0.9999

-05 05 15 25 35 45 55

added AcGIyNEtCN (5b), pumol

If Sn(5a) = 0,
Obtained concentration
[5a] = 17871089597 x o.ssml =236 mM
Initial concentration [1a]o 101.4 mM
Yield 5a, [5a]/[1a]o 23.2%

[5b]stock = umol Average peak | DF Normalized Confidence
11.83mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 33683 1.0 33683 + 14294
+0.10 ml 118 84464 1.6 135142 +11219
+0.25 ml 296 114687 25 286718 + 2243
+0.50 ml 592 134438 4.0 537753 + 3863

Linear regression equation

Sn(5b) = 84503xC[5b] + 34496

If Sy(5b) =0,
Obtained concentration
[Bb] =3% % 5 _-41mM
84503 0.5ml
Initial concentration [1a]o 101.4 mM

Yield 5b, [5b)/[1a]e

4%

348 mg of hyponitrite 2a (2 mmol, 2 eq) were added to 1 mmol of AcGlyNMe (1a, 1 eq) in 10

ml of dry degassed MeCN under nitrogen atmosphere. The vessel was tightly closed, wrapped

in foil to cover the reaction mixture from light and placed in a thermostat at 23 °C. Afterwards,

the reaction vessel was opened with caution, the formed white precipitate of 3a/b was separated

via centrifuge, washed with MeCN (3x1 ml), and the organic fractions were dried in vacuo at
RT. The crude material was dissolved in 10 ml of EtOH for further GC-FID and NMR analysis.

Afterwards, all organic phases were combined and concentrated in vacuo. The crude material

was separated on a silica column (DCM/MeOH = 10/1) for further NMR analysis, which shows

that these fractions consist of initial solvent dimer 4, adduct 5a, dipeptide 1a, adduct 5b and

dimerization adduct 3c (in the order of appearance during the column separation). Yields of
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dipeptide 1a, adducts 5a and 5b were obtained from quantitative GC-FID analysis (Fig. S29),

yield for succinonitrile (4) was obtained from *H NMR quantitative analysis, yields of

dimerization products 3a/b and 3c were obtained from gravimetric measurements (Table S22).

o}
N k 23 °C, 14 days
ANwN\ * O\N”N\o 22 02 xidation products
H ¢}

Ny, MeCN
1a 2a
[1a]y 0.1 M [2a], 0.2 M
mV
1 g 3 FID1
150 ~ @
] 0 _N
H =
100-{ PN No o H
] NT > )kN/gN\
4 H
1a o
% 5a
i p o
50— NC\/\ )J\ H
CN [s2) N
] s D S
d o
5b
. U o
-—YF—————— 77—
2.5 5.0 7.5 10.0 12.5 15.0

Fig. S29. GC-FID spectra of the oxidative stress reaction of 1a with 2 eq 2a
Table S22. Results of oxidative stress of 1a with 2 eq 2a at 23°C.

min

(0] o [o]
an o] N o o PN
N H Z y YN
/Hmj\)’:ﬁ NC/\/CN )LNWN\ iNJ;H\ )L”/WN\/\\\N i NHN
o H%\ 4 H o) H & (o] ﬂ ~
(o] 1a 5a 5b o
3alb 3¢
Peak area, S - 212746 278399 165829 33495 -
Added, mg - - 1.300 - 1.044 -
Peak area, S - - 345642 166872 81656 -
Conc., M - - 0.402 0.215 0.044 -
Mole, n - 0.271 0.402 0.215 0.044 -
Mass, mg 135 21.7 52.3 36.4 7.4 25.7
Yield, % 105 13.5* 40.2 21.6 4.4 19.9
Mass balance 96.6 %

* from DTBHN 2a amount, from 1H NMR analysis
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2.6.3.12. Oxidation of AcNMe (1c¢) with DTNH (2a)

(0] )< 23 °C, 14 days fo) N O H
. MeCN =
)J\N/ + >‘/O\N1N~O )J\N/\// + )LN/\/N\H/
H H H o
1c 2a Nc’\/CN 7 8
[1€]; 0.1055 M [2a], 0.1011 M 4

89 mg (0.5055 mmol) of DTBHN (2a) were dissolved in 5 ml solution of 1¢ (0.1055 M) in dry
degassed acetonitrile. 1 ml of prepared mixture was sealed in a vial under nitrogen atmosphere,
wrapped in foil and set in cryostat at 23 °C for 14 days. Afterwards, it was carefully opened,
then diluted up to 10 ml with iPrOH (Fig. S30 and S31). Yields were obtained by addition of

exact amount of known compounds to the crude solution. The results are represented in Table

S23 and S24.
mVv
100_ § FID1
(o] [
75 /U\H/ CN
] 1e 8 N
~
/ )
50
i o N
] )J\N/\///
25 3 H
i % 7
§ , \ [
—— T T T
25 5.0 75 10.0
min

Fig. S30. GC-FID spectra of the oxidative stress reaction of AcNMe (1¢) with 2a.
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Fig. S31. MS profile of the oxidative stress reaction of AcNMe (1¢) with 2a.
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Table S23. Products distribution for the oxidation of AcNMe (1c) with 2a
a) Recovery of AcNMe (1c)

900000
800000
700000

= 600000

5 500000

400000

300000

200000

1000

S

Peak area,

Sy(1c) = 23278x[1c] + 166847
R2=0.9998

8 -4

0O 4 8

12 16 20 24 28

added AcNMe (1c), pmol

[1c]stock = pmol Average peak DF Normalized Confidence
52.88 mM added area, S peak area, Sy | interval, P 0.95
+0.00 ml 0.00 167490 1.00 167490 + 6550
+0.10 ml 5.29 220276 1.30 286358 + 7897
+0.25ml 13.22 273720 1.75 479009 + 3856
+0.50 ml 26.44 312315 2.50 780786 +9917

Linear regression equation

Sn(lc) = 23278x[1c] + 166847

b) Yield of cyanomethylation adduct ACNEtCN (7)

800000
700000
_600000
(7]
500000
& 400000
%
S 300000
200000
100000

J

Sy(7) = 42141x[7] + 30575
Rz=1

;11 35 7 91113151719
Added ACNELCN (7), pmol

_ _ If Sn(1c) =0,
Obtained concentration [1c] = 1263628:87 y Ol:ml =717 mM
Initial concentration [1c]o 105.5 mM
Recovery 1c, [1c]/[1c]o 68%

[T1stock = umol Average peak DF Normalized Confidence
36.52 mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 32369 1.00 32369 +4371
+0.10 ml 3.65 139764 1.30 181693 + 13659
+0.25 ml 9.13 237799 1.75 416147 + 16524
+0.50 ml 18.26 320062 2.50 800155 + 17560

Linear regression equation

Sn(7) = 42141x[7] + 30575

c) Yield of dimerization adduct dimer 8

S\(8) = 39837x[8] +

600000 o
R2 = 0.9999
500000 |
o 400000 |
g
£ 300000 |
X
8
& 200000 |
.
~_N
100000 | N
0 1 1 1 1 1 1
0 2 4 6 8 10 12

Added dimer 8, pmol

Obtained concentration IFSN(7)=0,[7] =22 x> =72mM
42141 0.5ml
Initial concentration [1c]o 105.5 mM
Yield 7, [7)/[1clo 6.8%

[8]stock = umol Average peak DF Normalized Confidence
25.28 mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 3622 1.00 3622 + 9485
+0.25 ml 632 143244 1.75 250677 + 2401
+0.50 ml 12.64 202849 2.50 507122,5 + 15527

Linear regression equation

Sn(8) = 39837x[8] + 2057.3

Obtained concentration If Sn(8) =0, [8] = 20573 5 —05mM
39837 0.5ml
Initial concentration [1c]o 105.5 mM
Yield 8, [8]/[1c]o <0.5%
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Table S24. Quantitative *H NMR of the oxidative stress reaction of AcNMe (1c¢) with 2a.

12.0 mg of benzyl benzoate solution was added to 2.5 ml of calibrated solution of the crude
mixture. All volatiles were evaporated under reduced pressure; the crude material was
redissolved in MeOH-d4 and *H NMR spectrum was taken.

Compound Peak area Moles, pmol Mass, mg Yield, %
O HH
1. . 12.
or oL o 000 56.6 0
x
~CHj 44
N 0477 450 3.34 (sublimation)
1c
)OL HH N
Hy\// 0.065 9.1 1.01 9
7
O HH y4
N
Am TO( 0.011 0.8 0.11 <1%
8
CN
NC? 0.284 19.8 1.58 20%

*from DTBHN 2a amount

2.6.3.13. Oxidation of AcGlyNMe (1a) with DTBHN (2a) and TEMPO

o 2.5eq 7[Nj<
P o N, K o
~ t ~a e NS +
H/\C[)f X N" "0 23 °C, 14 days N N

! |
MeCN O OH

1a 2a
found 171.1616  found 157.1461

64.2 mg of TEMPO (0.412 mmol) were dissolved in 2 ml of solution of 2a (0.1040 M) and 1a
(0.1014 M) in dry degassed acetonitrile. 0.8 ml of the prepared mixture was sealed in a vial
under nitrogen atmosphere, wrapped in foil and set in cryostat at 23 °C for 14 days. Afterwards,
the vial was opened with caution because of increased pressure inside, and the content diluted
up to 5 ml with iPrOH (Fig. S32 and S33). Yields were obtained by addition of exact amount

of known compounds to 0.5 ml aliquot of the solution. Results are represented in Table S25.
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Fig. S32. MS profile of the oxidative stress reaction of 1a with 2a and TEMPO.
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Fig. S33. GC-FID spectra of the oxidative stress reaction of 1a with 2a and TEMPO.
Table S25. Recovery of AcGlyNMe (1a).

Peak area, Sy

Sy(1a) = 33884x[1a] + 181539
500000 +  R?=0.9998

400000 -

300000 -
200000 +
H
N\
6 4 2 0 2 4 6 8 10

Added AcGlyNMe (1a), pmol

Cstwoa[1a] pmol Average peak DE Normalized Confidence
=33.69 mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 180120 1.00 180120 +45437
+0.10 ml 337 270969 1.10 298066 + 32820
+0.25ml 842 372798 125 465998 + 32400

Linear regression equation

Sx(la) = 33884x[1a] + 181539

‘ ) If Sxy(1a) =0,
Obtained concentration, [1a] then [1a] = %0.5 msl _- 67.0 mM
Initial concentration [1a]p 101.4 mM
Recovery 1a, [1a]/[lal, 66%
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2.6.3.14. Oxidation of AcGlyNMe (1a) with DTBHN (2a) in MeCN-d3

D _N
(0] D /H )OL H DD
)j\ N\ N/\[r \A\\
N H N
H 5 (o]
. N k 5a-C,-d2 5b-NEtCN-d2
N/\ﬂ/ h >( N 23 °C, 14 days ¢
MeCN-d3 O CHs
H /U\ H
1a 2a N N_ N/\H/NVCH3
[1a],0.1018 M [2a],0.1034 M Wl Wl
10a 10b

90 mg (0.517 mmol) of DTBHN (2a) were dissolved in 5 ml solution of 1a (0.1018 M) in dry
degassed deuterated MeCN. 1 ml of the prepared mixture was sealed in a vial under nitrogen
atmosphere, wrapped in foil and set in cryostat at 23 °C for 14 days. Afterwards, it was carefully
opened with caution, then diluted up to 5 ml with iPrOH (Fig. S34 and S35). Yields were

obtained by addition of exact amount of known compounds to the crude solution.

mV
150 o o FID1
) H =
N |o
)L”/\g/ ~
1a
1m_- )OL H
N._CH;
| N/T D _N
b 10 ° D, /H
| )‘LN NJ
H o
N ~ o
] Hob PR o
i 10a \ 2 § g/ u/\!.r D)g\N
: L ) N 1 l = 5b-NEtCN-d2
0 N
'2l5 s 5I0 7A|5 l10IA0 L '12|5' I 15.0
min

Fig. S34. GC-FID spectra of the oxidative stress reaction of 1a with 2a in MeCN-d3.
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Fig. S35. APCI MS spectrum of the oxidative stress reaction of 1a with 2a in MeCN-d3.

The rule of equal response per carbon is very important in these measurements and implies that
the two isomeric recombination products give the same response per molecule. Due to the

identical molecular formula for AcAla(CN)NMe (5a) and AcGIyNEtCN (Sb), DL-
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AcAlaNMe (10a) and AcGIyNEt (10b), the FID determination is suitable to quantify a

percentage distribution between the two products. Results are represented in Table S26.

Table S26. Standard addition calibration curves for oxidation products of 1a with 2a in MeCN-

d3.

Peak area, Sy

Peak area, Sy

a) Recovery of AcGlyNMe (1a)

Sy(1a) = 58371x[1a] + 321833
R2 = 0.9992

1000000 T
900000
800000
700000
600000
500000
400000 T

b) Yield of methylation adducts 10a/b

1400000
1200000 -
1000000 -
800000
600000
400000

200000

4 -2 0 2 4 6 8
Added AcGlyNMe (1a), pmol

10 12

Sy(10a) = 84495x[10a] +
19652

R2=0.9999

'
T
(e}

-05 35 75 115 155
Added AcAlaNMe (10a), pmol

[1a]stock = umol Average peak DF Normalized Confidence
22.38 mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 313435 1.0 313435 + 44071
+0.10 ml 2.24 286034 16 457654 + 8043
+0.25 ml 5.60 262812 25 657029 + 18328
+0.50 ml 11.19 242460 4.0 969838 + 12115

Obtained concentration, [1a]

Sn(la) = 58371x[1a] + 321833

- ) If Sn(1a) =0,
Initial concentration [1a]o then [1a] = % o O_Ssm, 551 mM
Recovery 1a, [1a]/[1a]o 101.8 mM
Obtained concentration, [1a] 54%

[10a]stock = pumol Average peak DF Normalized Confidence
32.92mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 15908 1.0 15908 +2992
+0.10 ml 3.29 185232 16 296370 + 3499
+0.25 ml 8.23 289888 25 724719 + 11792
+0.50 ml 16.46 351426 4.0 1405704 + 7583

Linear regression equation

Sn(10a) = 84495x[10a] + 19652

_ ) If Sn(10a) = 0,
Obtained concentration, [10a] then [10a] = Qiiiﬁ y 0_55m, —23mM
Initial concentration [1a]o 101.8 mM
Yield 10a, [10a)/[1a]o 2%
_ _ If Sn(10b) = 0,
Obtained concentration, [10b] then [10b] = % Olssm, —05mM
Yield 10b, [10b]/[1a]o 0.5%
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a) Yield of cyanomethylation adducts 5a-Cq-d2 and 5b-NEtCN-d2

[5a]stock = umol Average peak DF Normalized Confidence
14.26 mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 23430 1.0 23430 +11238
+ Sy(5a-Ca-d2) = 88038x%[5a-Ca-
700000 n d2])+ 26233 [ +0.10 ml 1.43 95275 16 152439 +4174
R2=0.9998
600000 - +0.25ml 3.57 137859 25 344648 + 12045
+0.50 ml 7.13 162889 4.0 651554 + 6969
500000 +
iy Li . i Sn(5a-Ca-d2) = 88038x[5a-Ca-d2] +
inear regression equation
400000 T 4 q 26233
s If Sn(5a-Ca-d2) = 0,
g 300000 + i i 26233 5
a Obtained concentration, [5a-Ca-d2] then [5a-Ca-d2] = =X —— = 3.
200000 - 5D N mM
i \14“ Initial concentration [1a], 101.8 mM
100000 - N . -
sa.Cay2 Yield 5a-Ca-d2, [5a-Ca-d2]/[1a]o 29%
|/3' 1 1 1 1 1 1 1 ]
-0.505 15 25 35 455565 75 I Su(5b-NEtCN-d2) = 0,
Added AcAla(CN)NMe (5a), umol 3131 s
Obtained concentration, [Sb-NEtCN-d2] then [5b-NEtCN-d2] = vl v—
0.4 mM
Yield 5b-NEtCN-d2, [5b-NEtCN-
04 %
d2]/[1a]o
2.6.3.15. Oxidation of AcAlaNMe (1b) with DTBHN (2a)
o 23 °C, 14d N (0]
) ays O
H H H
N O., =NJ )< MeCN N
)J\N/H( ~ 7 N"0 )J\N No T )J\N ~~"cN
Ho J H H o
CN o
1b 2a NG 9a ob

[1b], 0,0993 M [2a], 0,1057 M 4

92 mg (0.5287 mmol) of DTBHN (2a) were dissolved in 5 ml solution of AcAlaNMe (1b)
(0.0993 M) in dry degassed acetonitrile. 1 ml of prepared mixture was sealed in a vial under
nitrogen atmosphere, wrapped in foil and set in cryostat at 23 °C for 14 days. After, it was
carefully opened, then diluted up to 10 ml with iPrOH (Fig. S36 and S37). Yields were obtained
by addition of exact amounts of known compounds to 0.5 ml of the crude solution. The rule of
equal response per carbon is very important in these measurements: the assumption that the
two isomeric recombination products give the same response per molecule. Due to the identical
molecular formula for Ac-a-methyl-Ala(CN)NMe (9a) and AcAIaNEtCN (9b), the FID
determination is suitable to quantify a percentage distribution between the two products.

Results are represented in Table S27.
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Fig. S36. GC-FID spectra of the oxidative stress reaction of 1b with 2a at 23 °C.
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Fig. S37. APCI MS profile of 1) 1b (top), 2) the oxidative stress reaction of 1b with 2a
(middle/bottom).
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Table S27. Standard addition calibration curves for oxidation products of 1b with 2a

a) Rec

1600000 T

1400000 -+

1200000 -+

Peak area, Sy

400000 -

200000 +

1000000 -

800000 -

600000 -

overy of AcAlaNMe (1b)

Sy(1b) = 88191x[1b] + 333400
Rz =0.9999

-4

2 0 2 4 6 8

10 12 14

Added AcAlaNMe (1b), pmol

b) Yield of 9a/b

900000

800000 -

700000 -

600000 -

500000 -

400000 4

Peak area, Sy

300000 -
200000 -

100000
J

S, (9b) = 114837x[9b] + 36758
R2 = 0.9999

-0.5

05 15 25 35 45 55 65
Added AcAIaNEtCN (9b), umol

i N O, 2N )<
H ~ t X \N/ \O
o
1b 2a

[1b], 0,1007 M

[2a], 0,2017 M

[1b]stock = umol Average peak DF Normalized Confidence
26.18 mM added area, S peak area, Sy interval, P 0 95
+0.00 ml 0.00 331610 1.0 331610 + 12534
+0.10 ml 2.62 403279 14 564590 + 845
+0.25 ml 6.55 456863 20 913725 + 7846
+0.50 ml 13.09 495414 3.0 1486241 + 31784

Linear regression equation

Sn(1b) = 88191x[1b] + 333400

) ) If Sn(1b) =0,
Obtained concentration, [1b] then [1b] = 3838359010 y 0_;(:”1 756 mM

Initial concentration [1b]o 99.3mM

Recovery 1b, [1b]/[1b]o 76%
[9b]stock = pmol Average peak DF Normalized Confidence
13.85 mM added area, S peak area, Sy interval, P 0.95
+0.00 ml 0.00 37030 1.0 37030 + 3710
+0.10 ml 1.38 138630 1.4 194081 + 2433
+0.25ml 3.46 218210 2.0 436419 + 2471
+0.50 ml 6.92 277016 3.0 831048 + 20927

Linear regression equation

Sn(9b) = 114837x[9b] + 36758

If Sn(9b) =0,
Obtained concentration, [9b] _ 36758 0 _
then [9b] = 114837~ 05ml 6.4mM
Initial concentration [1b]o 99.3 mM
Yield 9b, [9b]/[1b]o 6.5%
If Sn(9a) =0,
Obtained concentration, [9a
el then [9a] = 11184536327 x o.sljnl =0.32mM
Yield 9a, [9a)/[1b]o 3.3%
23°C, 14d N (0]
, ays O H
MeCN H N
)LN%WN\ PP
CN "0 "o
NC/?/ 9a 9b

351 mg of hyponitrite 2a (2 mmol, 2 eq) were added to 1 mmol of 1b (1 eq) in 10 ml of dry

degassed MeCN under nitrogen atmosphere. The vessel was tightly closed, wrapped in foil to

cover the reaction mixture from the light and placed in a thermostat. After, reaction vessel was
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opened with caution, dried in vacuo at RT. Crude material was dissolved in 50 ml of iPrOH for
further GC-FID analysis (Fig. S38).
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Fig. S38. GC-FID spectra of the oxidative stress reaction of 1b with 2 eq 2a at 23 °C.
Table S28. Oxidative stress of 1b with 2 eq of 2a at 23 °C.

1. Recovery of 1b

a. Addition method

[1b]stock = . Confidence interval, P
pumol added Average peak area, S DF Normalized peak area, Sy
9.24 mM 0.95
+0.00 ml 0.00 560613 1.0 560613
+1.00 ml 9.24 453046 2.0 906092
Obtained concentration, [1b] 74.72 mM
Initial concentration [1b]o 100.7 mM
Recovery 1b, [1b]/[1b], 742 %

b. Direct proportion

Solution Volume taken, ml Peak of 1b detected, S
[1b]stock = 8.653 MM 100 340893
[1b] =77 560613
Froom direct proportion, Nreaction(1b) = 14.23 pmol x 50 => Ceation(1b) = 71.15 mM
Initial concentration [1b]o 100.7 mM
Recovery 1b, [1b]/[1b]o 70.7%

2) Yield of cyanomethylation adducts 9a/b

[9b]stock = Average peak area, ] ] ]
umol added DF Normalized peak area, Sy Confidence interval, P 0 95
5.52 mM S
+0.00 ml 0.00 107731 1.0 107731 -
+1.00 ml 5.52 191473 2.0 906092 -
Obtained concentration, [9b] 10.82 mM
Initial concentration [1b], 100.7 mM
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Yield 9b, [9b]/[1b]

10.9 %

Peak area(9a) =47168 ==

Yield 9a, [9a)/[1b]o

4.5%

2.6.4. Oxidation Stress Reaction of Ac-AA-NMe (1d-g) and Ac-AA-OMe (14a-c)

2.6.4.1. Matrix effect of solvents during GC-FID analysis

The matrix effect from the presence of MeCN and DMSO in a solution was tested before any

quantitative measurements. First, calibration curve for AcGlyNMe (1a) in HPLC grade MeOH

1s the result of two independent measurements (Table S29).
Table S29. Checking the possible matrix effect during GC-FID analysis.
a) Calibration curve for AcGlyNMe (1a) in HPLC MeOH

1000000
S(1a) = 35305%C(1a) - 11678 [1a]. mM Peak area, §
800000 | 1.93 - 59144
» - 3.77 119140
o 600000 3.86 - 127801
©
3 - 7.54 251173
200000 | 7.72 - 260711
O 1 1 1 1 1 1 1 1 1 1 1 1 - 1131 384156
0 2 4 6 8 101214 16 18 20 22 24 - ;;22 ;gggg;
C tration of AcGlyNMe (1a), mM - -
oncentration © (1a), m S(1a)=35305x[1a] - 11678, R2 = 0.9998
Calibrated solution of AcGlyNMe (1a):
129.0 mg in 10 ml of dry MeCN 73.8 mg / 66.4 mg in 5 ml of dry DMSO

CoMN(1a) = 9.92 mM

CoPM50(1a) = 11.35 mM / 10.22 mM

Obtained solutions were diluted with HPLC MeOH up to 10 times

Sa¥N(1a) = 349016

Sa>M50(1a) = 340709 / 302631

S(1a) = 35305<C(1a) -11678, R = 0.9998

CMeCN(12) = 10.22 mM

CPMSO(12) = 9.98 mM / 8.95 mM

Ao =+3%

Ao =-12%/-12%

b) Calibration curve for AcGlyNMe (1a) with Benzyl Benzoate (BB) in HPLC MeOH

1.0
0.9
08
07

S(1)/8(BB)=0.248 [C(1)/C(BB)] - 0.037
R*=0.9969

S(1a) / S(BB) [1a] / [BB]
0.186 0.88
0.389 1.76
o . 0.624 2.65
: )Lu/\rr”\ 0.836 3.53
) 1° S(1a)/S(BB) = 0.248x([1a]/[BB]) - 0.037.
i R2=0.9999
1.0 1.5 2‘0 2‘5 3l0 3‘5 4.0
C(1)/C(BB)

362




Calibrated solution of AcGlyNMe (1a):

129.0 mg in 10 ml of dry MeCN 66.4 mg in 5 ml of dry DMSO

CoMeCN(1a) = 9.92 mM CoPMS0(1a) = 10.22 mM

Obtained solutions were diluted with HPLC MeOH up to 10 times

1.0 ml of AcGlyNMe (1a) solution + 0.25 ml of BB solution in HPLC MeOH, C(BB) = 13.99 mM

SMeCN(1a) = 264515, SMCN(BB) = 394265 SPMSO(1a) = 241875, SPMSO(BB) = 390348
S(1a)/S(BB) = 0.248x[C(1a)/C(BB)] - 0.037, R? = 0.9999
CMeCN(1a) = 9.98 mM CPMSO(1a) = 9.26 mM
Ao =<1% Ao=-9%

c) Calibration curve for AcGlyNMe (1a) in HPLC MeOH/DMSO = 9/1 mixture

S(1a) = 31182x[1a] - 15958
500000 - (1a) S 0.9[99519 [1a], mM Peakarea, S |  Average peak area, S Error
450000 | ! ” m
3.78 101107 105074 | 100602 102261 + 6080

400000 r 7.55 223265 | 217433 | 216186 218961 +9381

350000 + 11.33 340548 | 334769 | 336458 337258 +7377
0 +
& 300000 | 15.11 461426 450678 454092 455399 + 13634
[J]
@ 250000 F Obtained linear equation [ S(1a) = 31182x[1a] — 15958, R? = 1.000
x
© 200000 [ - S A
o eak area, verage }

150000 | o Substrate peak area, Concentrati Ao, %

H | 1 11 S on, mM
100000 | ANWN\
H o 0
50000 | 1a )k H
0 e ﬁﬁ( ™| 340661 | 345526 | 335939 | 340709 11.44 <1%
0 2 4 6 8 10 12 14 16 i

Concentraion of AcGlyNMe (1a), mM

Internal standard, benzyl benzoate (BB), as an alternative approach, was also tested, but with
no success. Whereas influence of MeCN is still neglectable and can be overcome with better
sample preparation in future, results clearly indicate the influence of DMSO on peak area.
Since the reaction was diluted up to 10 times, the final solution consists of 9 to 1 MeOH/DMSO
mixture. Calibrated solution of AcGlyNMe (1a) was prepared in MeOH/DMSO = 9/1 solution,
which lead to precise quantitative analysis. In future, calibration curves for DMSO containing
mixtures were built using 9/1 MeOH/DMSO solution.

2.6.4.2. Blank experiment with AcGlyNMe (1a)

The possibility of dipeptide model degradation was tested. 129 mg (0.9923 mmol) of
AcGlyNMe (1a) was dissolved in 10 ml of dry degassed MeCN under nitrogen atmosphere,
giving final concentration C[AcGlyNMe (1a)] = 0.0992 M. Reaction vessel was tightly closed,
wrapped in foil and placed in cryostat at 23 °C for 14 days. After, 84.4 mg of Benzyl benzoate
(BB) was added as an internal standard. GC-FID shows 98% recovery of AcGlyNMe (1a),

what shows no degradation processes during oxidative stress reaction.
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2.6.4.3. Oxidation stress reaction of Ac-AA-NMe la-g

1 mmol of 2a (1 eq) was added to 1 mmol of Ac-AA-NMe 1a-f (1 eq) in 10 ml of dry degassed
MeCN-d3 under nitrogen atmosphere. The vessel was tightly closed, wrapped in foil to cover

the reaction mixture from the light and placed in a thermostat at 23 °C. After, reaction vessel

was opened with caution, solution was diluted up to 10 times using HPLC grade MeOH for

further GC-FID analysis. Yields of the oxidation products were obtained using absolute

calibration curves (Table S30-35). After, all the organic phases were combined and

concentrated in vacuo. The crude material was separated on a silica column (DCM/MeOH =

10/1) for further NMR analysis. Reaction in DMSO-d6 were scaled down by factor of 2.

Table S30. Oxidative stress of AcGlyNMe (1a) and its deuterated derivatives with 2a.
a) In MeCN-d3

700000

600000

500000

a, S

5 400000

300000

Peak are

200000

100000

0

0

S(1a) = 33476x[1a] - 10443
R2 = 0.9999

)‘1 H
N N~

3 6 9 12 15 18 21

Concentration of AcGlyNMe (1a), mM

b) In DMSO-d6

700000

600000

500000

S

400000

300000

Peak area

200000

100000

0

S(1a) = 32848x[1a] - 15435
Rz = 0.9999

i H
N NS
YT

0 2 4 6 8101214161820
Concentration of AcGlyNMe (1a), mM

Peak area, S Average
[1a], mM I T i peak area, S Error
2.42 72120 72685 | 72305 72370 + 715
4.83 149905 | 151712 | 150848 150822 + 2244
9.66 306766 | 311275 | 312672 310238 + 7663
19.32 636327 | 637204 | 639442 637658 + 3988
Obtained linear equation | S(1a) = 33476x[1a] — 10443, R?> = 0.9999
Peak area, S Averag Obtained | Turnov
Substrate | I " e peak [1a], MM er %
area, S ' '
B
H/WOT h 158503 | 159538 | 160214 | 159418 50.7 50
1a
O DDy
- HﬁTN\ 248717 | 255325 | 257114 | 253719 | 77.7 23
1-Ca-d2
)‘L H
N
E/T b | 160955 | 162665 | 163127 | 162249 50.4 50
1-NMe-d3
Peak area, S Average
[1a], MM | T m peak area, S Error
3.1 85930 86597 86841 86456 +1171
6.1 - 185716 185842 185779 +79%
9.2 288036 | 287052 287211 287433 +1311
12.3 387512 | 383131 383576 384740 + 5086
15.3 490553 | 486545 492852 489983 + 7924
18.4 589031 | 589628 591968 590209 + 3854

Obtained linear equation |

S(1a) = 32848x[1a] — 15435, R = 0.9999

Substrate Peak area, S 'Z‘\;ZZ? Obtained Turnov
0,
| I 1" area, S [1a], mM er, %
)‘1 H
N
u“g h 119587 | 118105 | 117737 | 118476 40.8 61
1a
O bpbD H
- HXOW"\ 189740 | 190949 | 190266 | 190318 61.7 39
1-Ca-d2
AO H
N
u“g ©0s | 108458 | 111395 | 111808 | 110554 375 63
1-NMe-d3

364




Table S31. Oxidative stress of AcAlaNMe (1b) with DTBHN (2a).
a) In MeCN-d3

450000
400000
350000

S
w
o
S
S
S
S

250000
200000
150000
100000

50000

Peak area

S(1b) = 45193x[1b] - 14457
Rz =0.9981

0

0123456782910
Concentration of AcAlaNMe (1b), mM

b) In DMSO-d6

700000

600000 [

500000 f

S

400000 [

300000 [

Peak area

200000 [

100000 |

S(1b) = 41358x[1b] - 15287
R2?=0.9992

0

0 2 4 6 8 10 12 14 16

Concentration of AcAlaNMe (1b), mM

Peak area, S Average
[1b], mM | m peak are%, s Error
1.77 71356 69921 70639 +9117
3.55 142921 | 142361 142641 + 3558
5.32 226895 | 222122 224509 + 30323
7.10 298383 | 300929 299656 + 16175
8.87 394101 | 392021 393061 + 13214

Obtained linear equation

[ S(1b) = 45193x[1b] _ 14457, R? = 0.9981

Peak area, S Average Obtained Turnover,
Substrate | I m aFr)ee;kS [1b], MM %
o
A A
N I 316966 318973 | 318137 | 317970 73.6 27
1b
Peak area, S Average
[1b], mM peak Error
| 1 1| area, S
3.56 132760 | 127729 | 129756 | 130082 + 6284
7.11 285706 | 274274 | 272774 | 277585 + 17560
10.67 441079 | 424297 | 434734 | 433370 + 21037
14.22 569241 | 569368 | 566356 | 568322 + 4229

Obtained linear equation [

S(1b) = 41358xC(1b) _ 15287, R% = 0.9992

Table S32. Oxidative stress of AcLeuNMe (1d) with DTBHN (2a).
a) In MeCN-d3

1400000

1200000

1000000

800000

600000

Peak area, S

400000

200000

0

Concentration of AcLeuNMe (1d), mM

S(1d) = 82283x[1d] -
21738

R? = 0.9996

0 2 4 6 8 10121416

Substrate Peak area, S Average Obtained Turnov
| 1} 1l peak area, S [1b], mM er, %
(0}
A A
CI| 258833 | 268080 | 258068 261660 67.0 33
1b
[1d], mM Peak area, S Average peak Error
| 11 1] area, S
154 105003 105027 104221 104750 +1138
3.09 237748 | 239842 | 231793 236461 + 10367
6.17 502725 | 495709 | 477832 492089 + 31865
9.26 716481 723376 725013 721623 + 11241
12.34 985174 | 1000837 | 1007761 997924 + 28728
15.43 1259445 | 1236459 | 1261841 1252582 + 34791

Obtained linear equation

[ S(1d) = 82283x[1d] — 21738, R2 = 0.9996

Peak area, S Average
J Concentrat Turnover,
Substrate | I n peak ion, mM %
area, S
Q H
)k” N~ | 561561 | 560141 | 552236 | 557979 70.4 30
[e]
1d
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b) In DMSO-d6

S(1d) = 77938x[1d] - 21733
R2 = 0.9995

1200000

1000000 |

800000 [

600000

Peak area, S

400000 | )OL H

200000 | °

0 1 1 1 1 1 1 1 )
0 2 4 6 8 10 12 14 16
Concentration of AcLeuNMe [1d], mM

Table S33. Oxidative stress of AcPheNMe (1e) with DTBHN (2a).

a) In MeCN-d3?

S(le) = 124822x[1e]-28139

2000000 R2=0.9999

1800000 |
1600000 |
1400000 |

; 1200000 |

1000000 |
800000 |
600000 | 0
400000 |
200000 | o

O 1 1 1 1 1 1 1 1 ]
0 2 4 6 8 1012 14 16 18

Concentration of AcPheNMe (1e),mM

Peak area, S

? Heterogeneous reaction

b) In DMSO-d6

1800000
1600000 |
1400000 |

S(le) = 117643x[1e]-
46514
R2 = 0.9998

S
[uy
N
o
o
o
o
o

T

1000000 f
800000 f

Peak area

600000

400000
200000
0

0

2 4 6 8 10121416

Concentration of AcPheNMe (1e),mM

Peak area, S Average
[1d], mM | I n peak Error
area, S
3.42 250226 242536 241718 244827 + 11653
6.84 511223 513871 525111 516735 + 18306
10.26 769938 765107 764834 766626 +7128
13.68 1050718 | 1052112 | 1046733 | 1049854 + 6930
Obtained linear equation | S(1d) = 77938x[1d] — 21733, R? = 0.9995
Substrate Peak area, S Agg;?(ge Obtained | Turnov
0
| 1l " area, S [1d], mM er, %
o H
A” NS 510387 506759 492192 503112 67.3 34
1d °
Peak area, S Average
[1le], mM peak area, Error
| 1 I S
3.03 348356 349005 356083 351148 + 10641
6.05 727639 720502 733306 727149 + 15929
9.08 1103905 | 1096920 | 1109265 | 1103363 + 15368
12.11 1487568 1474474 | 1487736 1483259 + 18890
15.14 1857165 1861720 | 1868456 1862447 + 14102
Obtained linear equation | S(le) = 124822x[1e] - 28139, R? =0 9999
Substrate Peakarea. S /::f?riz Obtained Turnov
| I I PEAI®® | [iel,mM | er,%
o
A N. | 1073622 | 1090075 | 1068870 1077522 88.6 12
N
1e °
Peak area, S Average peak
[1e], mM | T m area. S Error
3.50 376745 372873 366333 371984 + 13065
7.01 769647 772594 769074 770438 + 4689
10.51 1184069 | 1185984 | 1190750 1186934 + 8541
14.02 1601713 1623445 1597144 1607434 + 34888
Obtained linear equation | S(1e) = 117643x[1e] - 46514, R? = 0.9998
Peak area, S Average peak Obtained Turnover,
Substrate | 1 1 area, S [1e], mM %
2 H
)kN N_ | 706245 | 702727 | 697701 702224 63.6 37
H
o
1e
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Table S34. Oxidative stress of AcProNMe (1f) with DTBHN (2a).

a) In MeCN-d3
1000000 o1 - ge623x[1f] - 15331 [1f], mM Peak area, S Average peak Error
900000 R2 = 0.9999 | 1l 1 area, S
800000 | 1.69 101115 | 99776 | 99169 100020 +2472
338 215472 | 213261 | 207059 211931 +10828
* 700000 ~ 6.75 439781 | 428870 | 434870 434507 + 13566
< 600000 | 10.13 678511 | 657874 | 659519 665301 + 28474
) 1351 876044 | 877899 | 884711 879551 +11330
& 500000 |
X
§ 400000 | Obtained linear equation | S(1f) = 66623x[1f] - 15331, R? = 0 9999
300000 | s A
eakK area, Veral R
200000 | Substrate epeal? Obtained Turnov
| 1l ] [1f], mM er, %
100000 area, S
ol PR
0 2 4 6 8 10 12 14 P! 317060 | 322083 | 308859 | 316001 49.7 52
(¢]
Concentration of AcProNMe (1f), mM 1f
b) In DMSO-d6
Peak area, S Average
1000000 S(1f) = 65461x[1f] - 36705 [1], MM peak Error
900000 | R?=0.9993 | . n area, S
800000 k- 3.60 202227 | 210596 | 205345 | 206056 + 10500
7.20 433042 | 426632 | 423103 | 427592 + 12509
, 100000 F 10.80 658742 | 664461 | 665871 | 663025 + 9373
© 600000 | 14.40 917972 | 910473 | 910899 | 913115 + 10457
)
& 500000 | S— .
x Obtained linear equation | S(1f) = 65461x[1f] - 36705, R? = 0.9993
S 400000 |
o
300000 | Substrae Peak area, S A‘ég;?(ge Obtained | Turnover,
200000 |
I I m aea s | [l mM %
100000 | m
N
0 /“L | 203357 | 296598 | 283973 | 291309 50.1 51
0 2 4 6 8 10 12 14 16 0©
Concentration of AcProNMe (1f), mM 1
Table S35. Oxidative stress of AcSerNMe (2g) with DTBHN (2a).
a) In MeCN-d3?
Peak area, S Average peak
500000 ¢ S(lg) = 33254x[1g] - [1g]. mM I I m area, S Error
450000 | , 19075 1.80 45757 48542 50842 48380 * 6322
400000 R?=0.9994 359 100415 104606 107471 104164 + 8810
& 350000 | 7.19 213580 221709 223778 219689 +13383
& 300000 | 10.78 332119 343448 343805 339791 + 16500
) 14.38 466819 463463 471983 467422 + 10655
& 250000 |-
X
g 200000 r Obtained linear equation [ S(1g) = 33254x[1q] - 15075, R? = 0.9994
o 150000 | H
100000 | N~ Peak area, S Average | Obtaine
50000 Substrate peak area, d [19], Turnover, %
1g I I 1 S oy
O 1 1 1 1 1 1 1
0 2 4 6 8 1012 14 o "
Concentration of AcSerNMe (1g), )LH NS| 247006 252348 | 235318 244891 78.2 23
mM 1q ©
g

# Heterogeneous reaction

367




a) In DMSO-d6

~ S(1g) = 35352x[1g] - 32694
R2 = 0.9992

550000
500000
450000
400000

¥ 350000

© 300000

< 250000

© 200000
150000
100000

50000
0

aK area,

Peak area, S Average
[1g], mM peak area, Error
| 1 11 s
3.75 104716 105921 102027 104221 +4949
75 229258 228346 225718 227774 + 4563
11.25 359486 364830 359666 361327 + 7534
15 496956 496690 511168 501605 + 20564

Obtained linear equation

S(1g) = 35352x[1g] - 32694, R = 0.9992

0 2 4 6 8 10 12 14 16
Concentration of AcSerNMe (1g), mM

2.6.4.4. Oxidation stress reaction of Ac-AA-OMe 14a-c

1 mmol of DTBHN (2a,1 eq) was added to 1 mmol of Ac-AA-OMe (1 eq) in 10 ml of dry

degassed MeCN-d3 under nitrogen atmosphere. The vessel was tightly closed, wrapped in foil

to cover the reaction mixture from the light and placed in a thermostat at 23 °C. After, reaction

vessel was opened with caution, solution was diluted up to 50 ml using HPLC grade MeOH

for further GC-FID analysis. Yields of the oxidation products were obtained using absolute

calibration curves (Table S36).

Table S36. Oxidative stress of Ac-AA-OMe (2g) with DTBHN (2a) in MeCN-d3.
a) Oxidative stress of AcGlyOMe (14a)

400000

350000

300000

S

~ 250000

200000

Peak area

150000

100000

50000

0

0 5 10
Concentration of AcGlyOMe (14a), mM

S(14a) = 32835x[14a] -
13715
R2 = 0.9999

Average
Substrat Peak area, S peak Concentration, | Turnover,
ubstrate area, S mM %
I Il 1]
o OHH
)LN/Q(N\ 206540 205708 | 195225 202491 66.5 35
H
19 0
Peak area, S Average
[14a], mM | m peak area, S Error
2.61 72714 72689 72702 + 159
5.22 157029 | 156342 156686 + 4365
10.44 327103 | 331935 329519 + 30698
Obtained linear equation | S(14a) = 32835x%[14a] — 13715, R? = 0.9999
Substrate Peak area, S Average Obtained Turnover,
| 1 peak area, S [14a], mM %
0
o)
/)Lu/\@: > | 170343 | 172239 | 171291 56.3 47.0
14a
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b) Oxidative stress of AcAlaOMe (14b)

600000

500000

S

5
o
S
S
S
S

300000

Peak area,

200000

100000

0

[ S(14b) = 44863x[14b] - 17127
R2 = 0.9999
(0]
*N/H(O\
i "o
14b
0 2 4 6 8 10 12 14

Concentration of AcAlaOMe (14b), mM

Peak area, S Average
[14b], mM I T peak area, S Error
2.93 113815 | 116820 115318 +19091
5.87 245597 | 244361 244979 + 7852
11.74 510575 | 509160 509868 + 8989

Obtained linear equation |

S(14b) = 44863x[14b] — 17127, R? = 1.000

c) Oxidative stress of AcProOMe (14c)

700000

600000

500000

S

400000

300000

Peak area

200000

100000

0

[ S(l4c) = 69174x[14c] -
18388

- Rz = 0.9999

0 2 4 6 8 10

Concentration of AcProOMe (14c), mM

Peak area, S Average Concentration, | Turnover,
Substrate peak area,
| I S mM %
[6)
)k ”%(o\ 349474 | 348309 348892 81.6 19.9
14p°
Peak area, S Average
[14c], mM | I peak Error
area, S
2.40 148187 147092 | 147640 + 6957
4.80 312799 313328 | 313064 + 3361
9.59 645325 644910 | 645118 + 2636

Obtained linear equation |

S(14c) = 69174x[14c] — 18388, R? = 1.000

Peak area, S Average peak Obtained Turnover,
Substrate | 1] area, S [14c], mM %
N o<
/& 5 319284 321783 321158 49.1 51.8
[¢]
14c

2.6.4.5. Response factors of GC-FID to number of carbons in the didpeptide models

140000

120000

100000 [

80000

60000

40000

FID responce, tg(a)

20000

0 1

tg(a) = 13025%N - 33722
Rz = 0.9949

1g

le

2 4

6 8 10

12

Amount of carbon atoms in dipeptide model, N
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140000

120000 F  tg(a) = 12242xN - 30884 le
= R2=0.9967
§ 100000 F
$ 80000 |
c
8 60000
b) 4
Q 40000
20000 F
O 1 1 1 1 1 J
2 4 6 8 10 12 14
Amount of carbon atoms in dipeptide model, N
140000 [
120000 | tg(a) = 12119xN - 27797
= R2=0.9999
5 100000
) L
% 80000 14c
& 60000 f
c) 4 14b
O 40000 r l4a
LL
20000 F
0 1 1 1 1 1 ]
2 4 6 8 10 12 14

Amount of carbon atoms in dipeptide model, N

Fig. S39. Dependence of the slope of the calibration curve on the number of carbon atoms in
L-Ac-AA-NMe la-g in a) MeOH, b) MeOH/DMSO = 9/1 and c) L-Ac-AA-OMe 14a-c in
MeOH

GIC-FID shows linear correlation between the detector response and number of carbons in
corresponding dipeptide model. This observation validates the previous results, showing the
correctness of the obtained calibration curves (Fig. S39). The only exception is
AcSerNMe (1g), due to partially oxidized carbon in the side chain C-O bond (orange data
point).
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2.6.5. Analytical Data of the Oxidative Stress Reactions

——1.94 CD3CN
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Fig. S40. *H NMR spectrum of MeCN-d3, 400 MHz.
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Fig. S41. *H NMR spectrum of DMSO-d6, 400 MHz.
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Fig. S42. *H NMR spectrum of DCPO (dicumyl peroxide), MeOH-d4, 400 MHz.
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Fig. S43. 'H NMR spectrum of cumyl alcohol, MeOH-d4, 400 MHz.
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Fig. $59a. 'H NMR spectrum of crude mixture after oxidative stress reaction of 1b with 2eq 2a, MeOH-d4,
400 MHz.

388



A

9sE'T
F-s610

Fig. S59b. 'H NMR spectrum of crude mixture after oxidative stress reaction of 1b with 2 eq 2a, MeOH-d4,

400 MHz.

N ™Nen
H H

H.J ]
P T Es ry
Iz o 'NHO @
(o] Iz
2
'N“ - m {o] ZT
ZT a Oﬂﬂ
OHA zT )
ouﬁ
'z
3&” / ——= [33]
$.N“ - - 810
£0:Z H\ﬂm‘n
N U
e Tuqu
Z o
T C\( ~
\ —
-
H% Iz )
z
o o (o] \
g %
ZT
ouﬂ
QoE@ 1€°E
£€
6€'€
e z -
3 =
vv.n.V * m = ¥
wEZ = (e5— - E
wef = a 6£E— -]
6b'E .'N”O ® pe— ”
We— - -
= R !
- ™
OHA ye—
6Y'E— 8
™
/
I=
z =0
N -8
z: o
ouﬁ /
. ST\ _ LA
STy 9T b~ -
KTh (T~
Zn z T oofi B -
6% 05b— | - oot
33 4 1€p— - <
X4 s 197
€ 2
Tz =0
e g

45 44 43 42 4.1 4.0 3.9 3.8 37 36 35 3.4 33 32 31 3.0 29 2.8 2.7 26 25 24

46

Fig. S59¢. 'H NMR spectrum of crude mixture after oxidative stress reaction of 1b with 2eq 2a, MeOH-d4,

400 MHz.

389



_~3.35 MeOH
"\-3.31 CD30D

i Ho 1eqDTBHN
—_—
N N 23°C 1adays Dimers

Np, MeCN

J -

T T T T T T T T T T T
15 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
ppm
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Fig. S63. ESI-MS spectra of the obtained fractions from 1b oxidative stress.
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2.6.6. NMR Spectra of the Synthesized Compounds
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Fig. S64. 'H NMR spectrum of DTBHN (2a), CDCl3, 400 MHz.
RHHAIIY R
RN |
HsC " CHs a
Ph O., =N,
ﬁ/ N0
2b
Hb Hd
HC
b,c,d
1
h n l L.‘ -
T 2
lOI.5 10I.0 9j5 9:0 8j5 8:0 7?5 7:0 6?5 6j0 5I.5 SjO 4I.5 4j0 315 3I.0 215 2I.0 1:5 1I.0 OI.5 OI.O -0I.5 -ll.(J

ppm

Fig. S65. *H NMR spectrum of DCHN (2b), CDCls, 400 MHz.
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Fig. S66. 'H NMR spectrum of AcGlyNMe (1a), DMSO-d6, 600 MHz.
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Fig. S67.13C NMR spectrum of AcGlyNMe (1a), DMSO-d6, 150 MHz.
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Fig. S69.13C NMR spectrum of 1-C,-d2, DMSO-d6, 150 MHz.
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Fig. S70. 'H NMR spectrum of 1-NMe-d3, DMSO-d6, 600 MHz.
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Fig. S71.13C NMR spectrum of 1-NMe-d3, DMSO-d6, 150 MHz.
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Fig. S88. °C NMR spectrum of AcGIyNEtCN (5b), DMSO-d6, 101 MHz.
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Fig. S92. C NMR spectrum of NCEtCOGlyNMe (5d), DMSO-d6, 101 MHz.
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Fig. S96. *°C NMR spectrum of dimer 3c, DMSO-d6, 101 MHz.
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Fig. S98. 'H NMR spectrum of dimer 3d, D20, 150 MHz.
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Fig. S100. C NMR spectrum of dimer 3e, D20, 150 MHz.
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Fig. S102. 3C NMR spectrum of DL-AcAlaNMe (10a), DMSO-d6, 101 MHz.
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Fig. S104. 3°C NMR spectrum of AcGlyNEt (10b), DMSO-d6, 101 MHz.
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Fig. S106. C NMR spectra of PpGlyNMe (10c), DMSO-d6, 101 MHz.
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3.1. Introduction

The Hofmann-Loffler-Freytag (HLF) is an organic reaction leading to formation of pyrrolidine
ring systems via N-centered radicals, generated by thermal or photochemical activation of N-
haloamides. The reaction mechanism can be split into four major steps: a) generation of N-
haloamine, b) cleavage of the N-halogen bond, c) 1,5-hydrogen atom transfer (HAT),
d) trapping of the formed radical. One of the first reported reactions was the synthesis of
nicotine from dihydrometanicotine (DMN), where the reaction conditions required strongly
acidic conditions and elevated temperatures (~135 °C), followed by base work-up (Scheme
1).[1]

N N\ [NaOB] _1.Hy804,4 (j/D
| 2 Base

7 PP e TR

N

| Nlcotlne

DMN ! Work—up ' OH"
A\
Br Homolytic " H Radical Br H
5 3 4] cleavage N HAT ) s trapping |
Pyr/Y\z/E\ > Pyr/\/\/ﬁ\ T e e S Pyr)\/\;'}l\

H H

Scheme 1. One of the first examples of the HLF reaction used for the synthesis of the natural

compound nicotine.

Since the described conditions are not suitable for sensitive substrates or protection groups, the
reaction was modified. The most important modification of HLF reaction has been proposed
by Suarez, which allows to run a reaction in a mild neutral environment, using a mixture of

phenyliodine(I11) diacetate (PIDA) or lead (IV) acetate with elemental iodine (Scheme 2).[!

CgH17 CgHq7
AcO_ _OAc
11-10eq |~ or Pd(OAc),
Ph
0.5-5eq I, N—R"
R' Cyclohexane, 90-120 °C R’
100 W lamp
R R [T "_( - " ””” ,‘
; g
OMOM CN 3 T Re!
OAc P(O)(OEt), 'R 1
OAc P(0)(OBz), s ‘

via N-I |ntermed|ate
Scheme 2. Suarez modification of the HLF reaction.

Later, the Suarez modification was improved by Fan et al., who reported an effective
functionalization of unmodified alkyl chains (Scheme 3a).®! Muniz showed that the HLF

reaction can be performed using a catalytic amount of I (2.5 mol), but the scope was limited
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to gem-substituted substrates, which can be explained by the Thorpe-Ingold effect that

promotes a six membered transition state (Scheme 3b).[*!

\\ ’/

3 eq PhI(OAc), e
a)
\©\ Teql, Q \©\ Yield 0% 82% 78%
DCE, RT

Thorpe—-Ingold
effect

QP 1 eq PhI(mCBA) RoHo | %P
R eq m 2 ' -
- 2 | = N. — - R N
DCE, 20 h R R
RT Six-membered

transition state 65-99%

Scheme 3. Fan and Muniz modifications of the HLF reaction.

Due to recent developments of the HLF reactions it is possible to obtain also less common
products such as those of 1,6-HAT reactions and, in some cases, piperidine derivatives
(Scheme 4).5]

N\~

Elir
2eq O=-N_0
(oN //o q v R'
a) ArWN, R. N/
R’ R H 5 mol% I,
Visible light A

r

DCE, RT up to 81%
HN™ 0, 0
« _4=0  12eqPhi(oFBA), ~ (N/
b) N 10 mol?
OIA)IZ
ph/\)\Ph Purple LEDs Ph)\/kph
DCE, 16 h, RT 90%
0.0 cl
6 4 N4 o, 0 o, 0
Ry 5cp - tBU hv . S S
X" N R _tBu + R' 37 _tBu
c) 7 5 ) Benzene 6 XN XN
X=N O major minor
’ up to 90%

Scheme 4. 1,6-HAT mediated HLF reactions.

The HLF reaction provides an entry into aminyl-radical mediated C-H bond activation
chemistry and has recently received renewed attention due to innovative methods for the
generation of nitrogen-centered radicals. From our perspective, the HLF reaction is particularly
interesting in the functionalization of otherwise unfunctionalized substrates such as
sulfonamide 1 shown in Scheme 5, where the initially generated N-centered radical 1rn is
positioned such that hydrogen abstraction seems feasible at the C5- or C6-position. Currently
known experimental results indicate a large kinetic preference for the 1,5-HAT pathway. We
now study here how this selectivity is affected by substituents positioned at the C3 and/or C4
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positions, with particular emphasis on the effects of annulated ring systems along these

positions.
P X

. H‘N Tos Tos
1,5-HAT WN
I 4 > 1 \ H

| (S

/Tos "6 s 2 Tos res 2a

H — 4 3 N |

ST N H. _Tos
N

1 1y - \7/\—f

1,6-HAT

\

L\ /)
2b

1rce

Scheme 5. HLF reaction of sulfonamide 1 to 1,5- and 1,6-functionalized products 2a and 2b.

3.2. Results and Discussions

As a first step towards the exploration of the substituent effects outlined in Scheme 5, quantum
chemical calculations on the reaction barriers and reaction energies for the respective 1,5- and
1,6-HAT reactions were performed at the DLPNO-CCSD(T)/cc-pVTZ//UB3LYP/6-31G(d)
level of theory. The investigation is started from radical r3n as our reference system, which

showed no difference in the barriers or reaction enthalpies for the 1,5- or 1,6-HAT steps in the

gas phase (Scheme 6).
0.0
o, 0 5 Ng”
b \©\ 1,6-HAT /\/\/1\N 1,5-HAT /U/S\©\
Me S
2
r3ce r3cs

Scheme 6. HAT process of N-centered radical r3n to radicals r3cs and r3cs, calculated at the
DLPNO-CCSD(T)/cc-pVTZ//UB3LYP/6-31G(d) level of theory.
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It was then decided to modify the unbiased system r3n without any changes at the N-, C5- and
C6-positions. Introduction of the 2,3-cis-vicinal methyl groups also has no significant influence
on the 1,5- or 1,6-HAT barriers in system rdan. But forming a more rigid cyclopentane
structure out of 2,3-cis-vicinal methyl groups in system r5an, gives lower barrier for previously
non-favorable 1,6-HAT process (4H>29s = -6.3 kJ/mol). Since annulated cyclopentyl moiety is
rather difficult to implement in the experiments, it was modified to the cis-2,2-dimethyl 1,3-
dioxolane group, as a cis-acetonide protection group, in the system r6an. 1,6-HAT process
again was found slightly favorable with 4H>9s = -7.9 kJ/mol against 1,5-HAT reaction. The
resulting enthalpy data are collected in Table 1.

Table 1. Activation and reaction enthalpies (4H2gs, in ki/mol) for the 1,5- and 1,6-HAT
reactions in N-centered radical cis-rin.[

0}
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L —

P H & = S
N A MV \ z
AN ~ [
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réay

el Calculated at the DLPNO-CCSD(T)/cc-pVTZ//UB3LYP/6-31G(d) level of theory.

The same calculations were performed for the same systems, but with 2,3-trans configuration
of moieties. Results are represented in Table 2. The introduction of both 2,3-trans-vicinal
dimethyl group, r4bn, and trans-annulated cyclopentyl moiety, r5bn, showed almost no
difference in comparison to 2,3-cis-systems, described above. But the calculation in system
rébn leaves the barrier for the 1,6-HAT step practically unchanged, but increases the barrier
for the 1,5-HAT reaction significantly (4H = -25.8 kJ/mole).

Table 2. Activation and reaction enthalpies (4H29s, in ki/mol) for the 1,5- and 1,6-HAT
reactions in N-centered radical trans-rin.?!
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(2] Calculated at the DLPNO-CCSD(T)/cc-pVTZ//UB3LYP/6-31G(d) level of theory.

Our QM calculations indicate that the 1,6-HAT pathway should be the predominant reaction
route in the case of substrate 6b. This can be explained by the fact that the 2,2-dimethyl 1,3-
dioxolane ring, due to its relatively rigid structure, constrains the transition state in such a way
that the 1,6-HAT pathway becomes energetically more favorable.

Our preliminary step was to repeat the reaction from Fan ef a/. with unbiased tosylamide 3
(Scheme 7). The resulting yields were lower (54% vs 82% from the yield described in the
literature). A more detailed analysis showed that a mixture of the two isomeric products 3cs
and 3ce (98.1 to 1.9 ratio) had been obtained. The structures of the products were confirmed

ﬁ \<:\ : @
N® / \/EN?H

Ttn

through independent synthesis.

I 3¢5 TOS

CiaHigNO,s* 5% | .
o, 0 3 eq PhI(OAc), \/D /O e 52:‘? uo'os o, | ‘I i e 0%,
/\/\/\N'S 2531(155%). [ | | 2551 (15.5%),
H 1eq |2 254.1 (6.0%) [T sereom
3 DCE |
3h, RT, N,
Fume hood light 3cs 3ce

549 246

Scheme 7. Fan variation of HLF reaction for 3 with APCI MS spectrum profile (zoomed in).
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The APCI MS analysis of the crude reaction mixture showed that use of excess oxidants leads
to overoxidation. Almost half of the initial tosylamide 3 went into this pathway, which can
explain the observed lower yields. The assumption is based on the detection of product 3ox,
which is 2 m/z units lower than product 3cs, showing a potential overoxidation process. The
observed product ratio is quite surprising, since the QM calculations suggested that the ratio
between 3cs and 3ce products should be approximately 1 to 1, based on the transition state
energies (AH™ = +43 and +44.4 kJ/mol, correspondingly). The results demonstrate that the
formation of 3cs is a highly favorable pathway as well as the overoxidation of the substrates.
This finding suggests that there are some additional factors influencing the reaction outcome,
which were not accounted for in the current QM calculations. To answer this questions, further
studies are needed to fully understand the underlying reasons for this difference and to adjust
the theoretical models accordingly.

3.3. Outlook

The Fan variation of HLF reaction requires further optimization to achieve the reported yields
of 82%. Additionally, it is important to determine the structure of the overoxidation product
3ox to gain a deeper understanding of the processes occurring during the reaction. An ideal case
would be to perform the reaction in a deuterated solvent, DCE-d4, for example, allowing for
in situ monitoring of the reaction progress. To test our assumptions, the actual HLF reaction
could be carried out with substrate 6b. The proposed synthesis begins with the protection of
the hydroxyl group of trans-2-hexen-1-ol (6b-1) using benzoyl chloride (Scheme 8).

598
AD-mix ﬁ 0O, Ph O:\\
Ph Y NH
Boc. /Tos
P NH2 [ \’\J/ KGO, - .
., . o
NEtz H)/ Wa!er/tBuOH 1n PTSA(cat.) “meoH DEAD, PPh3 o7<

N,, DCM 2°C,48h 2. K,CO4

Overnight
6b-4 6b-5

6b

Scheme 8. Proposed synthetic route to substrate 6b.

The next step involves the Sharpless asymmetric dihydroxylation of intermediate 6b-2, using
the commercially available AD-mix-8, which forms diol 6b-3 with two chiral vicinal centers.
When the 2,2-dimethyl 1,3-dioxolane ring is created, it also acts as a protecting group, since
6b-4 is treated with K>oCOz in MeOH in the next step. The hydroxyl group in 6b-5 is then
substituted via the Mitsunobu reaction, using commercially available N-Boc-p-

toluenesulfonamide, which is then hydrolyzed again with KoCOs in MeOH. The described
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synthetic strategy was successfully implemented to produce the target compound 6b. The next

step will be the HLF reaction with the obtained substrate 6b to test our hypothesis (Scheme 9).

H
WH/TOS 3 eq PhI(OAc), of 0
/ _ - .
H o 0 1eql, 5 /sfj/
>< DCE N N
6b 3h,RT, N : Tos
Fume hood light 6bcs 6bcg

Expected product v

Scheme 9. Proposed HLF reaction with substrate 6b.
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3.5. Supporting Information
3.5.1. Conformational Analysis and Reaction Energies

Force field-based calculations:
Maestro 10.2 was employed for molecular mechanics (MM)-based conformational search using OPLS_2005 force field (FF) parameters.

Quantum mechanics calculations:

The geometries of all the conformers were optimized at B3LYP/6-31G(d) level of theory in gas phasel*]. The frequency calculations were performed at the
same level of theory and all minima were confirmed with all positive frequencies. Thermochemical corrections to 298.15 K have been calculated at the same
level of theory using the rigid rotor/harmonic oscillator model. The solvent correction for AGsoiv Was calculated at using IEFPCM in dichloroethane and
subsequently added to the single point energy.[

VO U e w o YT UYL

r3ce ts_3_1,6-HAT ts_3_1,5-HAT r3cs

Fig. S1. Rearrangement reactions of N-centered radical r3n to radical r3cs and r3cs.

Table Sla. Energies for all systems shown in Fig. S1.

Euo dH dé poMESCE)Y | POMImaLy Eu Gass ce
Molecule UB3LYP/ <% | NIMAG UB3LYP/ UB3LYP/ UB3(LYP/) UB?,(LYP/) DLPNO-CCSD(T)/ PCM(DCE) + DLPNO-
6-31G(d) 6-31G(d) 6-31G(d) - l R ] cc-pvTZE CCSD(T)/cc-pvTZH
[Hartree] [Hartree] [Hartree] 6-31G(d) 6-31G(d) [Hartree] [Hartree]
[Hartree] [Hartree]
r3N
TS Nr Cr intra TosHex Nrad MIN -1110.711852 0.75 - 0.332657 0.260238 -1110.720177 -0.008325 -1109.042606 -1108.790694
TS Nr Cr intra TosHex Nrad MIN verl -1110.711673 0.75 - 0.332714 0.260453 -1110.720142 -0.008468 -1109.041909 -1108.789924
TS Nr Cr intra TosHex Nrad MIN verll -1110.711326 0.75 - 0.333302 0.260380 -1110.719808 -0.008482 -1109.041907 -1108.790009
1 n-rad -1110.710732 0.75 - 0.332909 0.260710 -1110.718918 -0.008185 -1109.042669 -1108.790144
TS Nr Cr intra TosHex Nrad MIN ver32 -1110.710308 0.75 - 0.333330 0.260855 -1110.718700 -0.008392 -1109.040963 -1108.788500
TS_Nr_Cr_intra_TosHex_C5_tosrot_ver4_recalc_ircr -1110.708942 0.75 - 0.333206 0.261450 -1110.716974 -0.008032 -1109.040496 -1108.787077
TS Nr Cr intra TosHex C6 tosrot verl recalc ircr o 2 -1110.704811 0.75 - 0.333306 0.262201 -1110.712741 -0.007930 -1109.037588 -1108.783317
ts 3 1,6-HAT
TS _Nr_Cr_intra_TosHex_C6 _tosrot_verl recalc -1110.684442 0.76 -1608 0.327314 0.260990 -1110.693388 -0.008946 -1109.020361 -1108.768318
TS Nr Cr intra TosHex C6 tosrot ver4 -1110.683528 0.76 -1518 0.327107 0.258755 -1110.692659 -0.009131 -1109.018510 -1108.768886
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ts 1 1 6-HAT 2 -1110.680990 | 0.76 | -1607 0327387 | 0.260536 | -1110.690747 -0.009757 -1109.018031 -1108.767253
ts 11 6-HAT -1110.680211 | 076 | -1633 0327369 | 0.259559 | -1110.689504 -0.009293 -1109.016241 -1108.765974
TS_Nr_Cr_intra_TosHex_C6 -1110.679097 | 076 | -1519 0327167 | 0261343 | -1110.690922 -0.011825 -1109.016470 -1108.766953
I’3c5
TS Nr Cr intra TosHex C6 MIN -1110.703286 | 0.75 - 0332088 | 0.258413 | -1110.713700 -0.010414 -1109.042771 -1108.794771
TS Nr Cr intra TosHex C6 MIN ver32 -1110.702394 | 0.75 - 0332219 | 0258164 | -1110.712159 -0.009765 -1109.041596 -1108.793197
TS Nr Cr intra_TosHex C6 tosrot verl recalc ircf o -1110.702375 | 0.75 0332449 | 0261863 | -1110.711001 -0.008625 -1109.042444 -1108.789207
TS Nr Cr intra TosHex C6 MIN ver4 2 -1110.701795 | 0.75 - 0332127 | 0258040 | -1110.712243 -0.010448 -1109.040467 -1108.792875
1 1 6-HAT crad -1110.701557 | 0.75 - 0332614 | 0250437 | -1110.711121 -0.009564 -1109.041796 -1108.791923
ts 3 1,5-HAT
TS Nr Cr intra TosHex C5 tosrot ver4 recalc -1110.684737 | 0.76 | -1577 0327332 | 0.259432 | -1110.367241 -0.009836 -1109.020885 -1108.771289
TS Nr Cr intra TosHex C5 tosrot verl -1110.684317 0.76 -1671 0.327336 0.258660 -1110.366661 -0.009681 -1109.020453 -1108.771474
ts_unbiased 1 5 HAT 2 -1110.684044 | 076 | -1583 0327275 | 0.258666 | -1110.367124 -0.010355 -1109.020242 -1108.771931
ts unbiased 1 5 HAT preopt -1110.682674 | 0.76 | -1704 0327283 | 0.258546 | -1110.366000 -0.010610 -1109.020613 -1108.772677
TS Nr Cr intra TosHex C5 -1110.680907 | 0.76 | -1605 0327343 | 0260227 | -1110.365706 -0.012142 -1109.019336 -1108.771251
r3cs
TS Nr Cr intra TosHex C5 tosrot ver4 recalc ircf -1110.704253 | 0.75 - 0332435 | 0259240 | -1110.713498 -0.009245 -1109.043480 -1108.793485
TS Nr Cr intra TosHex C5 MIN verl -1110.702545 | 0.75 - 0332243 | 0.258267 | -1110.714360 -0.011816 -1109.042832 -1108.796380
1 1 5-HAT c-rad -1110.702391 | 0.75 - 0332335 | 0257399 | -1110.712795 -0.010404 -1109.041974 -1108.794979
TS_Nr_Cr_intra_TosHex_C5_MIN_ver12 -1110.702336 | 0.75 - 0332279 | 0.258660 | -1110.712439 -0.010103 -1109.040482 -1108.791925
TS Nr Cr intra TosHex C5 MIN verll -1110.702180 | 0.75 - 0332207 | 0257668 | -1110.712379 -0.010199 -1109.040285 -1108.792816
TS Nr Cr intra TosHex C5 MIN ver32 -1110.701837 | 0.75 - 0332328 | 0.258589 | -1110.711756 -0.009919 -1109.040856 -1108.792186
[a] Using the gas phase geometry optimized at UB3LY/6-31G(d) level.
Table S1b. Relative energies for all systems shown in Fig. S1 (UB3LYP/6-31G(d) result).
UB3LYP/6-31(d)
Molecule Gas phase PCM(DiChloroEthane) DLPNO-CCSD(T)/cc-pVTZ
AEtot AHaos AGaos AHa0s AGagg AHazgs AGagg
[Hartree] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kJ/mol] [kd/mol]
r3N
TS_Nr_Cr_intra_TosHex_Nrad_MIN +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0
S Nr_Cr _intra_TosHex Nrad MIN verl +0.5 +0.6 +1.0 +0.2 +0.7 +2.0 +2.4
TS_Nr_Cr_intra_TosHex_Nrad_MIN_verll +14 +3.1 +1.8 +2.7 +1.3 +3.5 +2.2
1 n-rad +2.9 +3.6 +4.2 +4.0 +4.5 +0.5 +1.1
TS_Nr_Cr_intra_TosHex_Nrad_MIN_ver32 +4.1 +5.8 +5.7 +5.6 +5.5 +6.1 +5.9
TS Nr Cr intra_ TosHex C5 tosrot ver4 recalc ircr +7.6 +9.1 +10.8 +9.9 +11.6 +7.0 +8.7
TS_Nr_Cr_intra_TosHex_C6_tosrot_verl_recalc_ircr_2 +18.5 +20.2 +23.6 +21.2 +24.7 +14.9 +18.3
ts 3 1,6-HAT
TS Nr_Cr _intra_TosHex C6 tosrot verl recalc +72.0 +57.9 +73.9 +56.3 +72.3 +44.4 +60.4
TS Nr_Cr_intra_TosHex C6_tosrot_ver4 +74.4 +59.8 +70.5 +57.7 +68.4 +48.7 +59.4
ts 1 1 6-HAT 2 +81.0 +67.2 +81.8 +63.4 +78.1 +50.7 +65.3
ts 1 1 6-HAT +83.1 +69.2 +81.3 +66.6 +78.8 +55.3 +67.4
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TS Nr_Cr_intra_TosHex C6 | +86.0 | +716 | +889 | +624 | +797 | +542 | +71.5

r3cs

TS _Nr_Cr_intra_TosHex C6 MIN +22.5 +21.0 +17.7 +15.5 +12.2 -1.9 -5.2

TS Nr _Cr_intra_TosHex C6 MIN ver32 +24.8 +23.7 +19.4 +19.9 +15.6 +1.5 -2.8
TS_Nr_Cr_intra_TosHex_C6_tosrot_verl recalc_ircf o +24.9 +24.3 +29.1 +23.5 +28.4 -0.1 +4.7
TS Nr_Cr_intra_TosHex C6 MIN verd 2 +26.4 +25.0 +20.6 +19.4 +15.1 +4.2 -0.2

1 1 6-HAT c-rad +27.0 +26.9 +24.9 +23.7 +21.7 +2.0 +0.0

ts 3 15-HAT
TS Nr Cr_intra TosHex C6 tosrot verl recalc +71.2 +57.2 +69.1 +53.2 +65.1 +43.0 +54.9
TS Nr_Cr_intra_TosHex C5_tosrot_verl +72.3 +58.3 +68.1 +54.8 +64.6 +44.2 +54.0
ts_unbiased 1 5 HAT 2 +73.0 +58.9 +68.9 +53.6 +63.6 +44.6 +54.6
ts_unbiased 1 5 HAT preopt +76.6 +62.5 +72.2 +56.5 +66.2 +43.6 +53.3
TS_Nr_Cr_intra_TosHex_C5 +81.2 +67.3 +81.2 +57.3 +71.2 +47.1 +61.1
r3cs

TS _Nr_Cr_intra_TosHex_ C5_tosrot ver4 recalc_ircf +19.9 +19.4 +17.3 +17.0 +14.9 -2.9 -4.9
TS Nr_Cr_intra_TosHex_C5 MIN_verl +24.4 +23.3 +19.3 +14.2 +10.1 -1.7 -5.8

1 1 5-HAT_c-rad +24.8 +24.0 +17.4 +18.5 +11.9 +0.8 -5.8
TS_Nr_Cr_intra_TosHex_C5 MIN_ver12 +25.0 +24.0 +20.8 +19.3 +16.2 +4.6 +1.4
TS_Nr_Cr_intra_TosHex_C5 MIN_verll +25.4 +24.2 +18.6 +19.3 +13.7 +4.9 -0.7

TS _Nr_Cr_intra_TosHex C5 MIN_ver32 +26.3 +25.4 +22.0 +21.2 +17.8 +3.7 +0.3

1) Conformational search for found ts_4 5, ts_4 6 was performed on Maestro 10.2 software as described above.
Conformers are described by 4 parameters: conformation for
1.1 1,3-dioxalane ring conformation:

1,3-dioxalane

Envelope (E) conformations are characterized by coplanarity of four adjacent ring atoms (any dihedral angle between 0, a, B, p’, o’ < 10°). Arrow shows
relative position of the fifth atom: | - below the plane, 1 - above the plane. For example, EB'? means that 0, a, B, o’ are on the same plane and atom B’ is
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above the plane. Twisted conformations were considered when no four adjacent ring atoms were found (dihedral angle between 0, a, B, B’, @’ > 10°). Two

possible twisted conformations are possible T1, when o is above the 0, B, ’ plane, and T|1, when o is below the 0, B, B’ plane.F!

1.2. Torsion angle @(1-2-3-4), x(2-3-4-5), y(5-6-7-8), w(6-7-8-9): s (synperiplannar, 350°-10°), g1+ (gauche, 10-100°), e+ (eclipsed, 110-130°), g2+ (gauche, 140-170°),
a (anti, 170-190°), g1- (gauche, 190-230°), e- (eclipsed, 230-250°), g2- (gauche, 250-350°)

gs,H\

ts_ 4 5
2) Structures in blue were gotten from 1,5-HAT transition states. Structures in red were gotten from 1,6-HAT transition states.

o)
O
N-
-— - - .
1,6-HAT HS® § 1,5-HAT
r4acs ts_4a_4acs r4aN tS_4a_4aC5 r4ac5

Fig. S2. Rearrangement reactions of N-centered radical r4an to radicals rd4acs and rdacs

Table S2a. Energies for all systems shown in Fig. S2

Eu dH 96 PCM(BCEY | POMBERY Eot Gasoce
0f
Molecule UB3LYP/ <S> NIMAG Lé'?fl'éYP/ UBSLYP/ UB3LYP/ UB3LYP/ DLPNO'CCS[E(T)/ PCM(DCE) + DLP“{E'
6-31G(d) [Hartree] - (d) 6-31G(d) 6-31G(d) 6-31G(d)™ cc-pvVTZ CCSD(T)/cc-pVTZ
[Hartree] [Hartree] [Hartree] [Hartree] [Hartree] [Hartree]
rday
dimet cis N-rad 1 -1189.334741 0.75 - 0.391972 0.313303 -1189.342993 -0.008251 -1187.523100 -1183.909314
dimet cis N-rad 47 -1189.334456 0.75 - 0.391920 0.313230 -1189.342707 -0.008251 -1187.522265 -1183.909062
dimet cis N-rad 4 -1189.333806 0.75 - 0.392322 0.315458 -1189.341737 -0.007930 -1187.523870 -1183.906690
dimet cis N-rad 11 -1189.333753 0.75 - 0.392648 0.315777 -1189.341920 -0.008168 -1187.522462 -1183.904495
ts dimet cis 15HAT 32 ircr -1189.333212 0.75 - 0.392208 0.315035 -1189.341407 -0.008195 -1187.523315 -1183.904946
dimet cis N-rad 14 -1189.331967 0.75 - 0.392050 0.314178
dimet_cis_N-rad_100 -1189.329754 0.75 - 0.392233 0.314752
ts dimet cis 16HAT 6 ircr -1189.328936 0.75 - 0.391999 0.313912
dimet cis N-rad 86 -1189.326872 0.75 - 0.392585 0.314466
ts 4a 4dace
ts dimet cis 16HAT 6 | -1189.308816 [ 076 | -1670 | 0386320 | 0312496 | -1189.318993 | -0.010178 | -1187.501951 | -1183.859556
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ts dimet cis 16HAT 2 -1189.308217 0.76 -1552 0.386469 0.313497 -1189.31964 -0.011424 -1187.502377 -1183.860114
ts dimet cis 16HAT 3 -1189.308201 0.76 -1552 0.386458 0.313691 -1189.319629 -0.011429 -1187.502372 -1183.860088
ts_dimet_cis_16HAT 14 -1189.302873 0.76 -1646 0.386683 0.315325 -1189.314715 -0.011842 -1187.497577 -1183.854182
ts dimet cis 16HAT 16 -1189.301926 0.76 -1583 0.386534 0.313803 -1189.318993 -0.010178 -1187.501951 -1183.859556
ts dimet cis 16HAT 7 -1189.301154 0.76 -1607 0.386552 0.313872
ts dimet cis 16HAT 9 -1189.300146 0.76 -1537 0.386634 0.313429
ts dimet cis 16HAT 1 -1189.299686 0.76 -1502 0.386372 0.313908
ts dimet cis 16HAT 20 -1189.295604 0.76 -1610 0.386857 0.314867
ts dimet cis 16HAT 18 -1189.288964 0.76 -1664 0.386970 0.315374
rdacs
dimet cis C6-rad 29 -1189.327153 0.75 - 0.391418 0.312550 -1189.337438 -0.010284 -1187.524669 -1183.909132
dimet cis C6-rad 4 2 -1189.326460 0.75 - 0.391538 0.312310 -1189.336754 -0.010294 -1187.522829 -1183.908322
dimet_cis_C6-rad_32 -1189.326414 0.75 - 0.391473 0.312797 -1189.335986 -0.009572 -1187.522914 -1183.906852
dimet cis C6-rad 80 -1189.326379 0.75 - 0.391524 0.312310 -1189.336665 -0.010287 -1187.522836 -1183.908232
dimet cis C6-rad 1 -1189.326365 0.75 - 0.391645 0.315592 -1189.335621 -0.009256 -1187.525677 -1183.904993
dimet cis C6-rad 93 -1189.324999 0.75 - 0.391590 0.312740
ts dimet cis 16HAT 6 ircf -1189.324485 0.75 - 0.391557 0.312663
dimet cis C6-rad 8 -1189.323552 0.75 - 0.391556 0.312966
dimet cis C6-rad 54 -1189.321248 0.75 - 0.391668 0.313330
ts 4a 4acs
ts dimet cis 15HAT 32 -1189.310981 0.76 -1601 0.386543 0.312224 -1189.320849 -0.009867 -1187.503368 -1183.861544
ts dimet cis 15HAT 23 -1189.310895 0.76 -1543 0.386582 0.312216 -1189.320948 -0.010053 -1187.503786 -1183.861669
ts_dimet_cis_15HAT 36 -1189.309764 0.76 -1542 0.386618 0.311717 -1189.320051 -0.010288 -1187.502357 -1183.860774
ts dimet cis 15HAT 14 -1189.309588 0.76 -1680 0.386573 0.312083 -1189.319821 -0.010233 -1187.503733 -1183.861085
ts dimet cis 15HAT 12 -1189.309429 0.76 -1705 0.386591 0.313069 -1189.319504 -0.010074 -1187.502429 -1183.860105
ts dimet cis 156HAT 30 -1189.309212 0.76 -1563 0.386652 0.312475
ts dimet cis 15HAT 29 -1189.308967 0.76 -1559 0.386797 0.313832
ts dimet cis 15HAT 10 -1189.308894 0.76 -1598 0.386747 0.312812
ts dimet cis 15HAT 39 -1189.308640 0.76 -1676 0.386637 0.312017
ts_dimet_cis_15HAT 38 -1189.308516 0.76 -1558 0.386700 0.311930
ts dimet cis 15HAT 11 -1189.308197 0.76 -1692 0.386506 0.313035
ts dimet cis 15HAT 2 -1189.308084 0.76 -1580 0.386463 0.313282
ts_dimet_cis_15HAT 28 -1189.307815 0.76 -1681 0.386585 0.312439
ts dimet cis 15HAT 4 -1189.307694 0.76 -1656 0.386714 0.314550
ts dimet cis 15HAT 46 -1189.307575 0.76 -1539 0.386773 0.313205
ts dimet cis 15HAT 31 -1189.307454 0.76 -1725 0.386737 0.312802
ts_dimet_cis_15HAT 34 -1189.307438 0.76 -1693 0.386875 0.312863
ts dimet cis 15HAT 24 -1189.307129 0.76 -1596 0.386689 0.311399
ts dimet cis 15HAT 37 -1189.306795 0.76 -1575 0.386759 0.313172
ts_dimet_cis_15HAT 44 -1189.306561 0.76 -1665 0.386736 0.312258
ts dimet cis 15HAT 7 -1189.306427 0.76 -1586 0.386674 0.313703
ts dimet cis 15HAT 41 -1189.306264 0.76 -1580 0.386872 0.312203
ts dimet cis 15HAT 26 -1189.305268 0.76 -1694 0.386834 0.312615
ts dimet cis 15HAT 21 -1189.304755 0.76 -1600 0.385714 0.314948
ts dimet cis 15HAT 16 -1189.304739 0.76 -1615 0.386917 0.314084
ts dimet cis 15HAT 18 -1189.304603 0.76 -1599 0.386702 0.313457
ts_dimet_cis_15HAT 22 -1189.304311 0.76 -1670 0.386561 0.313845
ts dimet cis 15HAT 3 -1189.303861 0.76 -1551 0.386517 0.312030
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ts dimet cis 15HAT 8 -1189.303481 0.76 -1679 0.386696 0.313330
ts dimet cis 15HAT 6 -1189.303427 0.76 -1640 0.386737 0.313344
ts_dimet_cis_15HAT 48 -1189.303408 0.76 -1668 0.387006 0.313160
ts dimet cis 15HAT 5 -1189.301578 0.76 -1573 0.386923 0.314043
ts dimet cis 15HAT 15 -1189.300419 0.76 -1519 0.386924 0.313160
ts dimet cis 15HAT 9 -1189.299106 0.76 -1647 0.386658 0.313835
ts dimet cis 15HAT 47 -1189.298856 0.76 -1604 0.387047 0.314412
ts dimet cis 15HAT 40 -1189.294452 0.76 -1702 0.387016 0.314933
rdacs
dimet_cis_C5-rad_102 -1189.329366 0.75 0.392025 0.315360 -1189.338946 -0.009579 -1187.524918 -1183.906743
ts dimet cis 15HAT 32 ircf -1189.329366 0.75 0.392025 0.315361 -1189.338945 -0.009579 -1187.524917 -1183.906743
dimet cis C5-rad 27 -1189.329195 0.75 0.391623 0.314401 -1189.337934 -0.008739 -1187.526176 -1183.905293
dimet_cis_C5-rad_69 -1189.328489 0.75 0.391873 0.313775 -1189.338578 -0.010089 -1187.526441 -1183.909756
dimet cis C5-rad 83 -1189.328379 0.75 0.391723 0.314150 -1189.338354 -0.009975 -1187.525004 -1183.906810
dimet cis C5-rad 15 -1189.327765 0.75 0.391997 0.313588
dimet cis C5-rad 8 -1189.326657 0.75 0.391836 0.312581
dimet cis C5-rad 39 -1189.325467 0.75 0.391957 0.314851
dimet cis C5-rad 47 -1189.321488 0.75 0.391563 0.313164

Table S2b. Energies for all systems shown in Fig. S2 (UB3LYP/6-31G(d) result).

UB3LYP/6-31(d)

Molecule Gas phase PCM(DiChloroEthane) DLPNO-CCSD(T)/cc-pVTZ Conformation

AEiot AHzs AGoos AHagg AG2s AHzs AG2es oYV o

[Hartree] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kd/mol]
rdan

dimet cis N-rad 1 0.0 0.0 0.0 0.0 0.0 +0.0 +0.0 aagl-a

dimet _cis N-rad 47 +0.7 +0.6 +0.6 +0.6 +0.6 +2.1 +2.0 aagl-a
dimet cis N-rad 4 +2.5 +3.4 +8.1 +4.2 +9.0 -1.1 +3.6 a gl- gl- gl+
dimet cis N-rad 11 +2.6 +4.4 +9.1 +4.6 +9.3 +3.4 +8.2 gl- g2- g2- a
ts_dimet_cis_15HAT 32 ircr +4.0 +4.6 +8.6 48 +8.7 +0.1 +4.0 a.g2+ gl-a

dimet cis N-rad 14 +7.3 +7.5 +9.6 aag?-a
dimet cis N-rad 100 +13.1 +13.8 +16.9 a_g2+ gl- g2-

ts_dimet_cis_16HAT 6 _ircr +15.2 +15.3 +16.8 a_a ge-_a
dimet_cis N-rad 86 +20.7 +22.3 +23.7 gl- g2- a g2-

ts_4a_4ace

ts_dimet_cis 16HAT 6 +68.1 +53.2 +65.9 +48.2 +60.9 +40.7 +53.4 aag? a
ts dimet cis 16HAT 2 +69.6 +55.2 +70.1 +46.9 +61.8 +40.0 +54.9 g2- a g2- g2+
ts dimet cis 16HAT 3 +69.7 +55.2 +70.7 +46.9 +62.4 +39.9 +55.4 g2- a g2- g2+
ts dimet cis 16HAT 14 +83.7 +69.8 +89.0 +60.4 +79.6 +53.1 +72.3 gl+ a g2- a
ts dimet cis 16HAT 16 +86.2 +71.9 +87.5 g2- gl+ g2- a
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ts_dimet cis 16HAT 7 +88.2 +74.0 +89.7 gl+ a gl+ gl+
ts_dimet cis 16HAT 9 +90.8 +76.8 +91.2 g2- e+ gl+ gl+
ts_dimet cis 16HAT 1 +92.0 +77.3 +93.6 gl+ e- g2- g2+
ts_dimet cis 16HAT 20 +102.8 +89.3 +106.9 g2- a gl+ gl+
ts_dimet _cis 16HAT 18 +120.2 +107.1 +125.6 gl+ e- gl+ gl+
rdacs
dimet_cis_C6-rad_29 +19.9 +18.5 +17.9 +13.1 +12.6 -5.6 -6.1 gl+ a gl- gl-
dimet_cis_C6-rad 4 2 +21.7 +20.6 +19.1 +15.2 +13.8 -0.4 -1.9 gl+ a gl- gl-
dimet_cis_C6-rad_32 +21.9 +20.6 +20.5 +17.1 +17.1 -0.8 -0.8 g2- g2- g1- gl-
dimet_cis C6-rad 80 +22.0 +20.8 +19.3 +15.4 +14.0 -0.5 -1.9 g2- a gl- gl-
dimet_cis_C6-rad_1 +22.0 +21.1 +28.0 +18.5 +25.4 -7.6 -0.8 gl+ g2- g2- g2+
dimet_cis_C6-rad_93 +25.6 +24.6 +24.1 g2+ gl- gl- gl-
ts_dimet cis 16HAT 6 ircf +26.9 +25.8 +25.2 g2+ gl- g2- g2+
dimet cis_C6-rad 8 +29.4 +28.3 +28.5 g2- g2- gl- gl-
dimet_cis C6-rad 54 +35.4 +34.6 +35.5 e- g2- gl+ gl-
ts_4a 4acs
ts dimet cis 15HAT 32 +62.4 +48.1 +59.5 +43.9 +55.3 +37.6 +49.0 gl+ g2+ gl- a
ts_dimet cis 15HAT 23 +62.6 +48.5 +59.8 +43.7 +55.0 +36.6 +47.9 g2- gl- g2- a
ts_dimet_cis 15HAT 36 +65.6 +51.5 +61.4 +46.2 +56.1 +40.4 +50.3 g2- gl- g2- g2-
ts_dimet _cis 15HAT 14 +66.0 +51.9 +62.8 +46.7 +57.6 +37.0 +56.2 a gl- g2- a
ts_dimet_cis_15HAT 12 +66.5 +52.3 +65.8 +47.5 +61.1 +40.0 +55.6 g2+ g2+ gl- a
ts_dimet_cis 15HAT 30 +67.0 +53.1 +64.9 gl+ gl+ g2- g2-
ts_dimet_cis_15HAT 29 +67.7 +54.1 +69.1 gl+ g2+ gl- gi+
ts_dimet_cis 15HAT 10 +67.9 +54.1 +66.6 gl- g2- gl- a
ts_dimet_cis_15HAT 39 +68.5 +54.5 +65.2 a_gl- g2- g2-
ts_dimet_cis 15HAT 38 +68.9 +55.0 +65.2 gl+ g2+ gl- g2-
ts_dimet cis 15HAT 11 +69.7 +55.3 +69.0 g2+ gl+ g2- a
ts dimet cis 15HAT 2 +70.0 +55.5 +69.9 gl+ gl- g2- a
ts_dimet cis 15HAT 28 +70.7 +56.6 +68.4 a gl+ g2- g2-
ts_dimet_cis_15HAT 4 +71.0 +57.2 +74.3 g2- g2+ gl- a
ts_dimet_cis_15HAT 46 +71.3 +57.7 +71.1 g2- gl- g2- gl+
ts_dimet_cis_15HAT 31 +71.6 +57.9 +70.3 a_g2+ gl- gl+
ts_dimet cis 15HAT 34 +71.7 +58.3 +70.5 a g2+ gl- g2-
ts_dimet_cis_15HAT 24 +72.5 +58.6 +67.5 gl- g2- gl- gl+
ts_dimet cis 15HAT 37 +73.4 +59.7 +73.0 gl+ g2+ gl+ a
ts dimet cis 15HAT 44 +74.0 +60.2 +71.2 a gl- g2- gl+
ts dimet cis 15HAT 7 +74.3 +60.4 +75.4 gl+ gl- g2- g2-
ts dimet cis 15HAT 41 +74.8 +61.4 +71.9 gl- g2- gl1- g2-
ts dimet cis 15HAT 26 +77.4 +63.9 +75.6 a g2+ gl+ a
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ts_dimet cis 156HAT 21 +78.7 +62.3 +83.0 g2- g2+ gl+ a
ts_dimet_cis_15HAT 16 +78.8 +65.5 +80.8 g2- g2+ gl- g2-
ts_dimet_cis_15HAT 18 +79.1 +65.3 +79.5 g1+ g1- g2- g1+
ts_dimet cis 156HAT 22 +79.9 +65.7 +81.3 g2- g1+ g2- a
ts_dimet cis 15HAT 3 +81.1 +66.8 +77.7 gl+ e- gl- a
ts_dimet cis 15HAT 8 +82.1 +68.2 +82.1 g2- a gl- gl+
ts_dimet_cis_15HAT 6 +82.2 +68.5 +82.3 g2-_gl+ g2- g2-
ts_dimet cis 15HAT 48 +82.3 +69.2 +81.9 a g2+ gl+ gl+
ts_dimet_cis_15HAT 5 +87.1 +73.8 +89.0 gl+ e- gl- gl+
ts_dimet cis 15HAT 15 +90.1 +76.9 +89.7 gl+ e- gl- g2-
ts dimet cis 15HAT 9 +93.6 +79.6 +95.0 g2- e+ g2- gl+
ts_dimet_cis_15HAT 47 +94.2 +81.3 +97.1 g2- g2+ gl+ g2-
ts_dimet _cis 15HAT 40 +105.8 +92.8 +110.1 g2- gl+ a gl+
rdacs
dimet_cis_Cb-rad_102 +14.1 +14.3 +19.5 +10.8 +16.0 -4.6 +0.6 gl+ g2+ gl- g2+
dimet_cis_Cb-rad_27 +14.6 +13.6 +17.4 +12.4 +16.2 -9.0 -5.2 gl+ gl+ g2- g2+
dimet_cis_Cb-rad_69 +16.4 +16.2 +17.7 +11.3 +12.8 -9.0 -75 gl+ a gl- g2+
dimet_cis_Cb-rad_83 +16.7 +16.1 +18.9 +11.5 +14.4 -5.7 -2.8 g2-_a g2- g2+
dimet_cis_Cb-rad_15 +18.3 +18.4 +19.1 gl- g2- gl- g2+
dimet_cis_C5-rad_8 +21.2 +20.9 +19.3 gl- g2+ gl- g2+
dimet_cis C5-rad 39 +24.3 +24.3 +28.4 e- g2- gl+ gl-
dimet cis C5-rad 47 +34.8 +33.7 +34.4 gl+ e+ g2+ a
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Fig. S3. Rearrangement reactions of N-centered radical r5an to radicals r5acs and r5acs.

Table S3a. Energies for all systems shown in Fig. S3.

E dH dG PCME(SCE)/ Pgl\GAZ(ngE)/ bLANO Gaos nce
tot -
Molecule UB3LYP/ <§%> NIMAG lé_%ig;’ LézleG\((;/ UB3LYP/ UB3LYP/ CCsD(T)/ Pg'\éléB%TE)zc:-D\ll_':’jZI\[L(l}
6-31G(d) [Hartree] [Hartree] [Fartree] 6-31G(d)® 6-31G(d)® cc-pvTZE [Hameg’]
[Hartree] [Hartree] [Hartree]
r5a
cpen cis n-rad 96 -1227.437348 0.75 - 0.400265 0.322633 -1227.445637 -0.008290 -1221.777802 -1225.242291
cpen cis n-rad 43 -1227.437271 0.75 - 0.399853 0.321687 -1227.445581 -0.008309 -1221.779131 -1225.242886
cpen cis n-rad 67 -1227.437166 0.75 - 0.400229 0.322454 -1227.445480 -0.008313 -1221.777841 -1225.242786
cpen cis n-rad 38 -1227.437143 0.75 - 0.399781 0.321439 -1227.445382 -0.008239 -1221.778980 -1225.243250
cpen cis N-rad 31 -1227.437062 0.75 - 0.400461 0.322586 -1227.445250 -0.008188 -1221.776879 -1225.242345
ts_cpen cis 15HAT ircr -1227.436862 0.75 - 0.399922 0.322836
cpen_cis_16HAT _ircr -1227.436580 0.75 - 0.399899 0.322656
cpen cis N-rad 84 -1227.435168 0.75 - 0.399993 0.322233
cpen cis n-rad 88 -1227.433425 0.75 - 0.400601 0.323505
cpen_cis_N-rad 64 -1227.432240 0.75 - 0.399961 0.322373
cpen cis n-rad 93 -1227.425971 0.75 - 0.400829 0.323484
ts 5a 5acs
ts cpen cis 16HAT -1227.414131 0.76 -1555 0.394255 0.322077 -1227.424116 -0.009985 -1221.729954 -1225.224646
ts_cpen_cis _16HAT 26 -1227.412990 0.76 -1611 0.394376 0.321309 -1227.422485 -0.009495 -1221.727537 -1225.223660
ts cpen cis 16HAT 10 -1227.410739 0.76 -1610 0.394349 0.323241 -1227.422638 -0.011899 -1221.725891 -1225.223199
ts cpen cis 16HAT 18 -1227.410285 0.76 -1632 0.394387 0.320894 -1227.420208 -0.009924 -1221.726033 -1225.222991
ts_cpen_cis_16HAT 25 -1227.409579 0.76 -1504 0.394404 0.320891 -1227.419231 -0.009653 -1221.724066 -1225.221227
ts cpen cis 16HAT 2 -1227.409422 0.76 -1554 0.394349 0.322034
ts cpen cis 16HAT 17 -1227.408907 0.76 -1506 0.394495 0.322595
ts cpen cis 16HAT 15 -1227.408436 0.76 -1485 0.394256 0.321845
ts cpen cis 16HAT 5 -1227.408409 0.76 -1485 0.394252 0.321934
ts cpen cis 16HAT 13 -1227.407464 0.76 -1625 0.394481 0.322813
ts cpen cis 16HAT 19 -1227.405977 0.76 -1568 0.394621 0.323324
ts_cpen_cis 16HAT 1 -1227.400101 0.76 -1354 0.394331 0.322461
ts cpen cis 16HAT 11 -1227.395467 0.76 -1536 0.394713 0.323871
5arcs
cpen_cis_6C-rad_21 -1227.431338 0.75 - 0.399516 0.322578 -1227.440904 -0.009566 -1221.774096 -1225.245869
cpen cis 16HAT ircf -1227.431317 0.75 - 0.399383 0.322375 -1227.441063 -0.009746 -1221.773640 -1225.245691
cpen cis 6C-rad 18 -1227.430842 0.75 - 0.399644 0.323171 -1227.439794 -0.008952 -1221.774028 -1225.245124
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cpen cis 6C-rad 29 -1227.430233 0.75 - 0.399619 0.324055 -1227.439828 -0.009595 -1221.772092 -1225.242829

cpen cis 6C-rad 79 -1227.429852 0.75 - 0.399575 0.321491 -1227.440019 -0.010167 -1221.776905 -1225.246497
cpen_cis_6C-rad_31 -1227.429695 0.75 - 0.399724 0.323484
cpen cis 6C-rad 26 -1227.428018 0.75 - 0.399571 0.323411
cpen cis 6C-rad 10 -1227.426534 0.75 - 0.399386 0.320795
cpen cis 6C-rad 80 -1227.424878 0.75 - 0.399531 0.321431

ts 5a 5acs

ts cpen cis 156HAT -1227.413042 0.76 -1572 0.394493 0.320427 -1227.423284 -0.010241 -1221.728478 -1225.224341

ts cpen cis 15HAT 6 -1227.411416 0.76 -1528 0.394560 0.319787 -1227.421529 -0.010112 -1221.726653 -1225.224696

ts_cpen_cis_1SHAT 24 -1227.411363 0.76 -1696 0.394562 0.320480 -1227.421822 -0.010459 -1221.727064 -1225.223680

ts cpen cis 15HAT 20 -1227.411118 0.76 -1526 0.394621 0.320027 -1227.42151 -0.010392 -1221.726726 -1225.223928

ts cpen cis 15HAT 10 -1227.410897 0.76 -1579 0.394641 0.320498 -1227.420167 -0.009270 -1221.723772 -1225.222189
ts_cpen_cis_15HAT 15 -1227.410633 0.76 -1557 0.394407 0.320173
ts cpen cis 15HAT 23 -1227.410564 0.76 -1648 0.394587 0.319513
ts cpen cis 15HAT 1 -1227.409557 0.76 -1612 0.394672 0.322582
ts cpen cis 15HAT 7 -1227.409099 0.76 -1491 0.394696 0.320167
ts cpen cis 15HAT 17 -1227.408900 0.76 -1565 0.394617 0.320612
ts cpen cis 15SHAT 18 -1227.408888 0.76 -1565 0.394637 0.320902
ts cpen cis 15HAT 21 -1227.408783 0.76 -1564 0.394692 0.321745
ts_cpen_cis_15HAT 19 -1227.408765 0.76 -1564 0.394691 0.322060
ts cpen cis 15HAT 2 -1227.407963 0.76 -1604 0.394808 0.322320
ts cpen cis 15HAT 25 -1227.407782 0.76 -1661 0.394795 0.321308
ts_cpen_cis_15HAT 13 -1227.406691 0.76 -1570 0.394536 0.321792
ts cpen cis 15HAT 8 -1227.405525 0.76 -1655 0.394758 0.321814
ts cpen cis 15HAT 16 -1227.405424 0.76 -1609 0.394606 0.321449
ts cpen cis 15HAT 3 -1227.403694 0.76 -1525 0.394900 0.321995

5arc5

ts cpen cis 15HAT ircf -1227.432865 0.75 0.399881 0.322528 -1227.442677 -0.009813 -1221.77597 -1225.245480

cpen cis 5C-rad 27 2 -1227.431785 0.75 - 0.399597 0.322018 -1227.441575 -0.009790 -1221.774967 -1225.246248

cpen_cis_5C-rad_48 -1227.431159 0.75 - 0.399672 0.323378 -1227.441964 -0.010805 -1221.776488 -1225.247891

cpen cis 5C-rad 7 -1227.431108 0.75 - 0.399691 0.323153 -1227.442085 -0.010976 -1221.775711 -1225.247721

cpen cis 5C-rad 4 -1227.430992 0.75 - 0.399854 0.322773 -1227.441902 -0.010910 -1221.778002 -1225.247800
cpen_cis_5C-rad_13 -1227.430620 0.75 - 0.399864 0.321843
cpen cis 5C-rad 38 2 -1227.427419 0.75 - 0.399964 0.321978
cpen cis 5C-rad 42 -1227.422793 0.75 - 0.399895 0.323060

Table S3b. Energies for all systems shown in Fig. S3
UB3LYP/6-31(d)
Molecule Gas phase PCM(DiChloroEthane) DLPNO-CCSD(T)/cc-pVTZ Conformation
AEtot AH2gs AGaog AHaog AGogg AHags AGoes R oy v o
[Hartree] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kd/mol]
r5a
cpen cis n-rad 96 0.0 0.0 0.0 0.0 +0.0 +0.0 EB'| a g2+ a a
cpen cis n-rad 43 +0.2 -0.9 -2.3 -0.9 -2.3 -0.1 -1.5 Ef'l aaaa
cpen cis n-rad 67 +0.5 +0.4 +0.0 +0.3 -0.1 -0.9 -1.2 EB'| a g2+ g2- a
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cpen_cis_n-rad 38 +0.5 -0.7 -2.6 -0.6 -2.5 -0.8 -2.7 EB'| a a g2- a
cpen_cis_N-rad_31 +0.7 +1.3 +0.6 +1.5 +0.9 +0.2 -0.4 EB'| a g2- g2- a
ts_cpen cis 15HAT ircr +1.3 +0.4 +1.8 Eo'| a a a a
cpen_cis 16HAT ircr +2.0 +1.1 +2.1 EB'| a gl- g2- a
cpen_cis_N-rad_84 +5.7 +5.0 +4.7 EBl a g2+ a a
cpen_cis_n-rad_88 +10.3 +11.2 +12.6 EB'| a g2- gl- g2-
cpen_cis_N-rad_64 +13.4 +12.6 +12.7 EB| a a gl- g2-
cpen_cis_n-rad_93 +29.9 +31.4 +32.1 EB'T g2+ gl+ gl+ g2-
ts 5a 5ace
ts cpen cis 16HAT +61.0 +45.2 +59.5 +40.7 +55.0 +36.5 +50.8 EOT g2- a g2- a
ts cpen cis 16HAT 26 +64.0 +48.5 +60.5 +45.3 +57.3 +40.1 +52.1 EO0T g2+ gl+ g2- a
ts cpen cis 16HAT 10 +69.9 +54.3 +71.5 +44.9 +62.0 +42.5 +59.6 EOT gl+ a g2- a
ts cpen cis 16HAT 18 +71.1 +55.6 +66.5 +51.3 +62.2 +44.1 +55.0 EB| g2+ a g2- a
ts cpen cis 16HAT 25 +72.9 +57.5 +68.3 +53.9 +64.8 +48.1 +58.9 Eo't gl+ gl+ g2- a
ts cpen cis 16HAT 2 +73.3 +57.8 +71.7 EB| g2- a g2- a
ts cpen cis 16HAT 17 +74.7 +59.5 +74.6 EB| gl- g2- g2- a
ts cpen cis 16HAT 15 +75.9 +60.1 +73.8 EOT g2- gl+ g2- a
ts cpen cis 16HAT 5 +76.0 +60.2 +74.1 EOT g2- gl+ g2- a
ts cpen cis 16HAT 13 +78.5 +63.3 +78.9 Eafl gl+ g2+ g2- a
ts cpen cis 16HAT 19 +82.4 +67.5 +84.2 Eal| g2- gl- g1+ gl+
ts cpen cis 16HAT 1 +97.8 +82.2 +97.3 EB| gl+ g2- g2- a
ts cpen cis 16HAT 11 +110.0 +95.4 +113.2 Ea'| gl+ e- gl+ gl+
r5ace
cpen_cis_6C-rad 21 +15.8 +13.8 +15.6 +10.5 +12.3 -7.9 -6.0 Ea| g2- a g2- a
cpen_cis_6C-rad_ircf +15.8 +13.5 +15.2 +9.7 +11.3 -6.7 -5.1 EO07 g2- a g2- g2+
cpen_cis_6C-rad 18 +17.1 +15.5 +18.5 +13.7 +16.8 -8.7 -5.7 EB'| g2- gl- g2- a
cpen_cis 6C-rad 29 +18.7 +17.0 +22.4 +13.6 +19.0 -3.4 +2.0 Ea| gl- a g2- g2+
cpen_cis 6C-rad 79 +19.7 +17.9 +16.7 +12.9 +11.8 -4.9 -6.1 EB'| g2- a g2- g2+
cpen_cis 6C-rad 31 +20.1 +18.7 +22.3 EB| gl+ g2+ g2- g2+
cpen_cis_6C-rad 26 +24.5 +22.7 +26.5 EB| g2- gl1- g2- a
cpen_cis 6C-rad 10 +28.4 +26.1 +23.6 Eao'| gl+ g2- a gl-
cpen_cis 6C-rad 80 +32.7 +30.8 +29.6 EB| gl+ g2- g2- g2-
ts_5a_bacs
ts_cpen_cis_15HAT +63.8 +48.7 +58.0 +43.5 +52.9 +42.9 +52.3 EOt g2- gl1- gl- a
ts_cpen_cis_15HAT 6 +68.1 +53.1 +60.6 +48.3 +55.8 +43.5 +51.0 EB| gl+ g2+ gl- g2-
ts cpen cis 15HAT 24 +68.2 +53.2 +62.6 +47.6 +56.9 +45.2 +54.6 Eal gl- gl- gl- a
ts cpen cis 15HAT 20 +68.9 +54.0 +62.0 +48.5 +56.5 +45.8 +53.7 Ea| g2- gl- e- gl+
ts cpen cis 15HAT 10 +69.4 +54.7 +63.8 +52.1 +61.3 +46.2 +55.4 EB| gl- g2- gl- a
ts cpen cis 15HAT 15 +70.1 +54.8 +63.7 EBT gl+ gl- g2- a
ts cpen cis 15HAT 23 +70.3 +55.4 +62.1 EB'| a gl- g2- g2-
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ts_cpen_cis_15HAT 1 +73.0 +58.3 +72.8 EB| g2- g2+ gl1- a
ts_cpen_cis_15HAT 7 +74.2 +59.5 +67.7 EB| g2- g2- gl- gl+
ts_cpen_cis_15HAT 17 +74.7 +59.9 +69.4 EB'| gl+ gl- g2- g2-
ts_cpen_cis_15HAT 18 +74.7 +59.9 +70.2 EB'| gl+ gl- g2- g2-
ts_cpen_cis_15HAT 21 +75.0 +60.4 +72.7 Ea] gl+ gl- e- gl+
ts_cpen_cis_15HAT 19 +75.0 +60.4 +73.5 Ea| gl+ gl- e- gl+
ts_cpen_cis_15HAT 2 +77.2 +62.8 +76.3 EB| g2- g2+ gl- g2-
ts_cpen_cis_15HAT 25 +77.6 +63.3 +74.1 E0] g2+ gl+ gl- gl+
ts_cpen_cis_15HAT 13 +80.5 +65.4 +78.3 Ea| g2- gl+ e- a
ts_cpen_cis_15HAT 8 +83.5 +69.1 +81.4 EB| g2- a gl1- gl+
ts_cpen_cis_15HAT 16 +83.8 +69.0 +80.7 EBT g2- gl+ g2- g2-
ts_cpen_cis_15HAT 3 +88.4 +74.3 +86.7 EB| gl+ e- gl- gl+
r5acs
cpen cis 5C-rad 27 2 +14.6 +12.9 +13.0 +8.9 +9.1 -6.6 -6.5 EB'| g2- a g2- g2+
cpen cis 5C-rad 48 +16.2 +14.7 +18.2 +8.1 +11.6 -11.6 -8.1 EO01 g2- gl- g2- g2+
cpen cis 5C-rad 7 +16.4 +14.9 +17.7 +7.8 +10.7 -10.1 -7.2 EB'| gl+ g2+ g2- g2+
cpen cis 5C-rad 4 +16.7 +15.6 +17.1 +8.7 +10.2 -9.0 -7.6 EB| g2- gl- e- g2+
cpen cis 5C-rad 13 +17.7 +16.6 +15.6 EB'| gl+ gl+ g2- gl+
cpen cis 5C-rad 38 2 +26.1 +25.3 +24.3 Eal gl- g2+ gl- g2+
cpen cis 5C-rad 42 +38.2 +37.2 +39.3 EB'| a gl+ g2- gl+
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r6ace ts_6a_6acg réay ts_6a_6ac; réacs
Fig. S4. Rearrangement reactions of N-centered radical r6an to radicals réacs and réacs.
Table S4a. Energies for all systems shown in Fig. S4.
Etot d(3298 solv
Etot dH dG Etot G298 bee
Molecule UBSLYP | _coo | nimac | UBSLYP/ | UBSLYPI PSEA?EE%E/)’ PS:;"éEﬁE}’ DLPNO-CCSD(T) | PCM(DCE) + DLPNO-
6-31G(d) 6-31G(d) 6-31G(d) ! o ! o cc-pvTZe CCSD(T)/cc-pvTZH
[Hartree] [Hartree] [Hartree] 6-31G(d) 6-31G(d) [Hartree] [Hartree]
[Hartree] [Hartree]
réay
dioxalane 8 ircr 2 -1377.878429 [ 0.75 - 0.409484 0.328452 -1377.888169 -0.009741 -1375.811586 -1375.492874
ts_diox_1 5 HAT 6_ircr -1377.878429 | 0.75 - 0.409483 0.328448 -1377.888170 -0.009741 -1375.811587 -1375.492880
4 n-rad 1 6-HAT recalc -1377.878426 | 0.75 - 0.409486 0.328213 -1377.888169 -0.009742 -1375.811577 -1375.493106
ts 4 6 4 ircr -1377.878358 | 0.75 - 0.409884 0.329074 -1377.888230 -0.009872 -1375.810128 -1375.490926
diox_n_rad 3 -1377.878116 | 0.75 - 0.409391 0.327282 -1377.887920 -0.009804 -1375.809867 -1375.492389
diox n rad 66 -1377.876591 | 0.75 - 0.409261 0.326504 -1377.887726 -0.011134 -1375.807881 -1375.492511
diox n rad 75 -1377.875384 | 0.75 - 0.409327 0.326413 -1377.886423 -0.011039 -1375.807229 -1375.491855
diox n rad 64 -1377.873624 | 0.75 - 0.409324 0.327129 -1377.883503 -0.009879 -1375.806456 -1375.489205
diox n rad 43 -1377.872284 | 0.75 - 0.410009 0.328030 -1377.881817 -0.009533 -1375.804328 -1375.485831
diox n rad 46 -1377.870545 | 0.75 - 0.410170 0.327669 -1377.879708 -0.009164 -1375.803476 -1375.484970
diox n rad 82 -1377.865760 | 0.75 - 0.409909 0.330274 -1377.877497 -0.011737 -1375.801237 -1375.482700
ts_6a_6acs
dioxalane 8 -1377.852945 [ 0.76 -1615 0.403823 0.325595 -1377.539076 -0.011726 -1375.788839 -1375.474970
dioxalane 2 -1377.852585 | 0.76 -1632 0.403858 0.324948 -1377.538635 -0.010998 -1375.788267 -1375.474317
dioxalane 4 -1377.852209 | 0.76 -1535 0.403835 0.325529 -1377.538327 -0.011647 -1375.787559 -1375.473677
dioxalane 6 -1377.851799 | 0.76 -1749 0.403788 0.325427 -1377.538313 -0.011941 -1375.787944 -1375.474458
dioxalane 17 -1377.850083 | 0.76 -1521 0.403822 0.326153 -1377.535893 -0.011963 -1375.787346 -1375.473878
dioxalane 3 -1377.849636 | 0.76 -1660 0.403752 0.326439 - - -
-dioxalane 15 -1377.849075 | 0.76 -1660 0.403836 0.325884 - - -
dioxalane 16 -1377.848192 | 0.76 -1553 0.403626 0.325262 - - -
dioxalane 1 -1377.848018 | 0.76 -1585 0.403756 0.325926 - - -
dioxalane_12 -1377.847157 | 0.76 -1548 0.403682 0.326468 - - -
dioxalane 14 -1377.846723 | 0.76 -1679 0.403715 0.325128 - - -
dioxalane 10 -1377.844993 | 0.76 -1595 0.403663 0.326232 - - -
dioxalane 9 -1377.840290 | 0.76 -1394 0.403717 0.327514 - - -
dioxalane 13 -1377.838760 | 0.76 -1358 0.403759 0.327803 - - -
r6acﬁ
diox ¢ rad 23 [ -1377.873909 | 0.75 | - 0.409057 | 0.326216 | -1377.885883 |  -0.011974 -1375.813772 -1375.499530
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diox ¢ rad 53 -1377.872479 0.75 - 0.408969 0.324607 -1377.884090 -0.011611 -1375.810932 -1375.497935
5 c-rad 1 5-HAT recalc -1377.872000 0.75 - 0.408920 0.326785 -1377.883416 -0.011417 -1375.812331 -1375.496963
dioxalane 8 ircf 2 -1377.871997 0.75 - 0.408891 0.326264 -1377.883423 -0.011426 -1375.812341 -1375.497503
diox ¢ rad 44 -1377.871217 0.75 - 0.408826 0.324115 -1377.882522 -0.011305 -1375.811014 -1375.498204
diox ¢ rad 69 -1377.870234 0.75 - 0.409107 0.325351 -1377.882211 -0.011976 -1375.812249 -1375.498875
diox ¢ rad 72 -1377.868964 0.75 - 0.409026 0.327398 -1377.882242 -0.013279 -1375.813000 -1375.498881
diox ¢ rad 51 -1377.865699 0.75 0.408853 0.327024 -1377.878904 -0.013205 -1375.807278 -1375.493459
ts 6a 6acs
ts 464 -1377.850989 0.76 -1643 0.403731 0.325258 -1377.861492 -0.010503 -1375.785721 -1375.470966
ts diox 1 5 HAT 6 -1377.850306 0.76 -1637 0.403633 0.324106 -1377.862034 -0.011728 -1375.785030 -1375.472652
ts 469 -1377.850306 0.76 -1637 0.403632 0.324108 -1377.862034 -0.011728 -1375.785030 -1375.472650
ts 468 -1377.850033 0.76 -1614 0.403781 0.324847 -1377.861025 -0.010992 -1375.785239 -1375.471385
ts 4 6 15 -1377.849226 0.76 -1627 0.403782 0.324004 -1377.861225 -0.011999 -1375.784048 -1375.472043
ts diox 1 5 HAT 7 -1377.849226 0.76 -1627 0.403782 0.324001 - - - -
ts 46 11 -1377.848711 0.76 -1628 0.403733 0.323870 - - - -
ts 463 -1377.848623 0.76 -1625 0.403610 0.324479 - - - -
ts 462 -1377.848611 0.76 -1656 0.403723 0.325076 - - - -
ts diox 1 5 HAT 2 -1377.848326 0.76 -1654 0.403729 0.325310 - - - -
ts diox 1 5 HAT -1377.848252 0.76 -1755 0.403629 0.323840 - - - -
ts diox 1 5 HAT 4 -1377.848156 0.76 -1736 0.403874 0.324151 - - - -
ts 466 -1377.84803 0.76 -1549 0.403598 0.324315 - - - -
ts 4 6 13 -1377.847955 0.76 -1561 0.403655 0.323188 - - - -
ts 4 6 14 -1377.847246 0.76 -1560 0.403786 0.324730 - - - -
ts461 -1377.847052 0.76 -1548 0.403655 0.324448 - - - -
ts diox 1 5 HAT 3 -1377.846806 0.76 -1667 0.403857 0.325165 - - - -
ts diox 1 5 HAT 5 -1377.846682 0.76 -1651 0.403902 0.325923 - - - -
ts467 -1377.846614 0.76 -1572 0.403681 0.324870 - - - -
r6ac5
diox 1 5 c rad -1377.873100 0.75 - 0.409161 0.324982 -1377.885311 -0.012211 -1375.811211 -1375.498440
ts 4 6 4 ircf -1377.872398 0.75 - 0.409021 0.327265 -1377.883422 -0.011024 -1375.810937 -1375.494695
ts diox 1 5 HAT 6 ircf -1377.871249 0.75 - 0.408969 0.326145 -1377.883112 -0.011863 -1375.809884 -1375.495602
6 26 -1377.868690 0.75 - 0.409340 0.327082 -1377.881366 -0.012676 -1375.809751 -1375.495345
6 56 a -1377.862191 0.75 - 0.409674 0.329742 -1377.874644 -0.012453 -1375.802443 -1375.485154

Table S4b. Relative energies for all systems shown in Fig. S4 (UB3LYP/6-31G(d) result).

UB3LYP/6-31(d)
Molecule Gas phase PCM(DiChloroEthane) DLPNO-CCSD(T)/cc-pVTZ Conformation
AEtot AHags AGagg AHaog AGaog AHags AGaog Royv o
[Hartree] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kd/mol]
réay

dioxalane_8 ircr_2 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 EBtT gl- gl- g2- a
ts diox 1 5 HAT 6 ircr +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 EBT gl- gl- g2- a
4 n-rad 1 6-HAT recalc +0.0 +0.0 -0.6 +0.0 -0.6 +0.0 -0.6 EBT gl- gl- g2- a
ts 4 6 4 ircr +0.2 +1.2 +1.8 +0.9 +1.5 +4.9 +5.5 EBT g2+ gl+ g2- a

diox n rad 3 +0.8 +0.6 -2.2 +0.4 -2.4 +4.3 +1.4 EB'tT a gl- a a
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diox n rad 66 +4.8 +4.2 -0.3 +0.6 -3.9 +9.1 +4.6 Ef't aaaa
diox_n_rad_75 +8.0 +7.6 +2.7 +4.2 -0.8 +11.0 +6.1 Ef1 a aa glt
diox_n_rad_64 +12.6 +12.2 +9.2 +11.8 +8.8 +13.0 +10.0 EB1 a a g2- g2-
diox_n_rad 43 +16.1 +17.5 +15.0 +18.1 +15.6 +20.4 +17.9 EB'7 g2+ gl+ g2- go-
diox_n_rad_46 +20.7 +22.5 +18.7 +24.0 +20.2 +23.1 +19.2 Eo'| g2+ gl+ gl+ gl+
diox_n_rad_82 +33.3 +34.4 +38.1 +29.1 +32.8 +28.3 +32.0 Eo'| g2- gl- gl+ g2-
ts 6a 6ace
dioxalane 8 +66.9 +52.0 +59.4 +46.8 +54.2 +44.9 +52.2 Eo| g2- a g2- a
dioxalane_2 +67.9 +53.1 +58.7 +49.8 +55.4 +46.5 +52.0 Ba'| g2+ gl+ g2- g2+
dioxalane_4 +68.8 +54.0 +61.2 +49.0 +56.2 +48.3 +55.4 Ea| gl+ gl+ g2- a
dioxalane_6 +69.9 +55.0 +62.0 +49.2 +56.2 +47.1 +54.1 Eal a a g2- a
dioxalane 17 +74.4 +59.6 +68.4 +53.7 +62.6 +48.7 +55.7 Eal a a g2- a
dioxalane_3 +75.6 +60.5 +70.3 EBT gl+ a gl+ gl+
dioxalane 15 +77.1 +62.2 +70.3 Eal gl+ a g2- a
dioxalane 16 +79.4 +64.0 +71.0 EBT a a gl+ gl+
dioxalane 1 +79.8 +64.8 +73.2 EBT a a gl+ gl+
dioxalane 12 +79.8 +64.8 +73.2 EB't gl+ a g2- a
dioxalane_14 +82.1 +66.9 +76.9 EBT g2- gl+ g2- a
dioxalane_10 +83.2 +68.1 +74.5 EBT g2- gl+ g2- a
dioxalane 9 +87.8 +72.5 +82.0 EBT g2- a gl+ gl+
dioxalane 13 +104.2 +85.0 +97.7 - EB't a a g2- a
réacs
diox ¢ rad 23 +11.9 +10.7 +6.0 +4.9 +0.1 -6.9 -11.6 EBT gl+ a g2- g2+
diox ¢ rad 53 +15.6 +14.3 +5.5 +9.4 +0.6 +0.4 -8.4 EBT gl- g2- a g2+
5 c-rad_1_5-HAT recalc +16.9 +15.4 +12.5 +11.0 +8.1 -3.4 -6.3 EBT g2- a g2- g2+
dioxalane 8 ircf 2 +16.9 +15.3 +11.2 +10.9 +6.7 -3.5 -1.7 EBT g2- a g2- g2+
diox_c_rad_44 +18.9 +17.2 +7.6 +13.1 +3.4 -0.2 -9.9 EB'1 gl+ gl+ g2- g2+
diox_c_rad 69 +21.5 +20.5 +13.4 +14.7 +7.5 -2.7 -9.9 Eal g2- a g2- g2-
diox ¢ rad 72 +24.9 +23.7 +22.1 +14.4 +12.8 -4.9 -6.5 EBT g2- a a g2+
diox ¢ rad 51 +33.4 +31.8 +29.7 +22.7 +20.6 +9.7 +7.6 EB'1 gl+ gl+ g2- g2+
ts 6a 6acs
ts 4 6 4 +72.0 +56.9 +63.7 +54.9 +61.7 +52.8 +59.5 EBT gl+ gl+ e- a
ts diox 1 5 HAT 6 +73.8 +58.5 +62.4 +53.3 +57.2 +54.4 +58.3 EBT g2- gl- e- a
ts_4 6.9 +73.8 +58.5 +62.4 +53.3 +57.2 +54.4 +58.3 EB? g2- gl-e- a
ts_ 4 6_8 +74.6 +59.6 +65.1 +56.3 +61.8 +54.2 +59.7 EBT gl+ gl+ g2- g2-
ts_ 4 6_15 +76.7 +61.7 +65.0 +55.8 +59.1 +57.3 +60.6 EB1 _g2- gl- e- g2-
ts diox 1 5 HAT 7 +76.7 +61.7 +65.0 EBT g2- g2+ e- g2+
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ts 4 6 11 +78.0 +62.9 +66.0 EBT g2- gl- e- gl+
ts 4 6 3 +78.3 +62.8 +67.8 E07 gl+ g2+ g2- a
ts 4 6 2 +78.3 +63.2 +69.4 EBT gl+ gl+ e- gl+
ts diox 1 5 HAT 2 +79.0 +63.9 +70.8 EBt gl+ a e- a
ts diox 1 5 HAT +79.2 +63.9 +67.1 EBT gl- gl- e- a
ts diox 1 5 HAT 4 +79.5 +64.8 +68.2 EBt a et e- g2+
ts 4 6 6 +79.8 +64.4 +69.0 EB'T gl- g2- e- a
ts 4 6 13 +80.0 +64.7 +66.2 EB't gl+ g2+ e- g2-
ts 4 6_14 +81.9 +66.9 +72.1 EB'T gl- g2- e- g2-
ts 461 +82.4 +67.1 +71.9 EB't gl+ g2+ e- gl+
ts diox 1 5 HAT 3 +83.0 +68.3 +74.4 EBT e+ gl- e- e+
ts diox 1 5 HAT 5 +83.4 +68.7 +76.7 EBT gl- gl- e- e+
ts 4 6 7 +83.5 +68.3 +74.1 - EB'? gl- g2- e- gl+
réacs
diox 1 5 ¢ rad +14.0 +13.1 +4.9 +6.7 -1.6 +0.1 -8.1 EBT gl+ a g2- g2+
ts 4 6 4 ircf +15.8 +14.6 +12.7 +11.2 +9.3 +0.5 -1.4 EBT gl+ gl+ g2- g2+
ts_diox_1 5 HAT 6 ircf +18.8 +17.5 +12.8 +11.9 +7.2 +3.1 -1.6 EBT g2- a g2- g2+
6 26 +25.6 +25.2 +22.0 +17.5 +14.3 +4.4 +1.2 EB| g2- gl1- g2+ gil-
6 56 a +42.6 +43.1 +46.0 +36.0 +38.9 +24.5 +27.4 Ep't g2- g2- gl- g2-
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Fig. S5. Rearrangement reactions of N-centered radical r4bn to radicals r4bcs and r4bcs.

Table S5a. Energies for all systems shown in Fig. S5.

E dH G PCME(BtCE)/ Pgl\GAZ(QBgE)/ Eior Gass pce
Molecule UB3LYP/ <5 NIMAG UBSL YP/ UBSLYP/ UB3LYP/ ueaLyp/ | PLPNO-CCSD(T)/ | PCM(DCE) + DLPNO-
6-31G(d) 6-31G(d) A A cc-pVvTZE CCSD(T)/cc-pvTZH
6-31G(d) [Hartree] [Hartree] [Hartree] 6-31G(d)" 6-31G(d)" [Hartree] [Hartree]
[Hartree] [Hartree]
r4bN

dimet trans N-rad 13 -1189.335005 0.75 - 0.392101 0.313852 -1189.343216 -0.008211 -1187.523451 -1183.909136

dimet_trans_N-rad 3 2 -1189.334650 0.75 - 0.392106 0.312997 -1189.342891 -0.008241 -1187.523546 -1183.908886

dimet trans N-rad 12 -1189.334608 0.75 - 0.391915 0.313380 -1189.342930 -0.008322 -1187.522307 -1183.909317

dimet trans N-rad 5 2 -1189.334487 0.75 - 0.392103 0.314572 -1189.342791 -0.008304 -1187.522598 -1183.909055

dimet trans N-rad 25 -1189.334262 0.75 - 0.391888 0.311554 -1189.342522 -0.008261 -1187.522219 -1183.908885
ts dimet trans 15 ircr -1189.332239 0.75 - 0.392049 0.315324
dimet trans N-rad 11 -1189.331916 0.75 - 0.392122 0.313005
dimet trans N-rad 81 -1189.329548 0.75 - 0.392673 0.314924
ts dimet trans 16HAT 11 ircr -1189.328622 0.75 - 0.392026 0.314769
dimet trans N-rad 89 -1189.325740 0.75 - 0.392777 0.314672

ts 4b 4bcs

ts_dimet trans 16HAT 16HAT 11 -1189.307622 0.76 -1674 0.386618 0.313452 -1189.317700 -0.010078 -1187.501221 -1183.857973

ts dimet trans 16HAT 16HAT 8 -1189.307022 0.76 -1555 0.386543 0.314055 -1189.318352 -0.011331 -1187.501943 -1183.858736

ts dimet trans 16HAT 16HAT 7 -1189.307006 0.76 -1555 0.386548 0.313935 -1189.318337 -0.011331 -1187.501926 -1183.858692

ts dimet trans 16HAT 16HAT 31 -1189.306046 0.76 -1670 0.386483 0.312400 -1189.316121 -0.010075 -1187.500181 -1183.856612

ts dimet trans 16HAT 16HAT 21 -1189.305664 0.76 -1614 0.386482 0.312954 -1189.315273 -0.009609 -1187.498506 -1183.854130
ts dimet trans 16HAT 16HAT 27 -1189.304652 0.76 -1561 0.386422 0.313922
ts dimet trans 16HAT 16HAT 30 -1189.304639 0.76 -1561 0.386403 0.313262
ts dimet trans 16HAT 16HAT 9 -1189.304202 0.76 -1543 0.386438 0.314178
ts dimet trans 16HAT 16HAT 12 -1189.303772 0.76 -1602 0.386344 0.313839
ts dimet trans 16HAT 16HAT 32 -1189.303502 0.76 -1592 0.386454 0.313816
ts_dimet_trans 16HAT 16HAT 14 -1189.302441 0.76 -1510 0.386627 0.314491
ts dimet trans 16HAT 16HAT 15 -1189.302421 0.76 -1511 0.386596 0.313720
ts dimet trans 16HAT 16HAT 4 -1189.301699 0.76 -1397 0.386439 0.313502
ts_dimet_trans_16HAT 16HAT 25 -1189.300237 0.76 -1390 0.386442 0.313470
ts dimet trans 16HAT 16HAT 1 -1189.299007 0.76 -1533 0.386562 0.314295
ts dimet trans 16HAT 16HAT 16 -1189.293464 0.76 -1362 0.386473 0.313898
ts dimet trans 16HAT 16HAT 18 -1189.293250 0.76 -1629 0.386660 0.314362
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|’4bc5

dimet trans C6-rad 30 2 -1189.327705 0.75 0.391436 0.312103 -1189.337884 -0.010180 -1187.524853 -1183.909266
dimet_trans C6-rad 24 -1189.327601 0.75 0.391412 0.312296 -1189.337875 -0.010274 -1187.524012 -1183.909361
dimet trans C6-rad 15 2 -1189.327390 0.75 0.391515 0.312220 -1189.337649 -0.010259 -1187.524426 -1183.909195
dimet trans C6-rad 27 -1189.327374 0.75 0.391342 0.311588 -1189.337672 -0.010298 -1187.523738 -1183.909454
dimet trans C6-rad 39 -1189.326921 0.75 0.391292 0.312077 -1189.337216 -0.010295 -1187.523452 -1183.908859
dimet trans C6-rad 9 -1189.325104 0.75 0.391454 0.313407
dimet trans C6-rad 35 -1189.323905 0.75 0.391653 0.313074
ts dimet trans 16HAT 11 ircf -1189.323679 0.75 0 0.391859 0.314638
dimet_trans_C6-rad_88 -1189.322720 0.75 0.391554 0.312920
dimet trans C6-rad 79 -1189.320465 0.75 0.391683 0.313690
ts 4b 4bcs
ts dimet trans 15HAT 15HAT 15 -1189.308621 0.76 -1663 0.386603 0.312093 -1189.319288 -0.010667 -1187.502939 -1183.861082
ts dimet trans 15HAT 15HAT 4 -1189.308056 0.76 -1573 0.386601 0.313331 -1189.319956 -0.011901 -1187.502873 -1183.861413
ts dimet trans 15HAT 15HAT 35 -1189.306855 0.76 -1682 0.386927 0.314165 -1189.316972 -0.010117 -1187.501192 -1183.857148
ts dimet trans 15HAT 15HAT 6 -1189.306287 0.76 -1540 0.386655 0.312212 -1189.316678 -0.010391 -1187.499362 -1183.857041
ts dimet trans 15HAT 15HAT 32 -1189.305618 0.76 -1631 0.386745 0.314883 -1189.317503 -0.011885 -1187.501277 -1183.857284
ts dimet trans 156HAT 15HAT 14 -1189.304671 0.76 -1544 0.386800 0.313483
ts dimet trans 15HAT 15HAT 23 -1189.304073 0.76 -1628 0.386893 0.314786
ts_dimet_trans 15HAT 15HAT 9 -1189.303956 0.76 -1573 0.386732 0.312891
ts dimet trans 15HAT 15HAT 1 -1189.303733 0.76 -1649 0.386806 0.314276
ts dimet trans 15HAT 15HAT 36 -1189.302862 0.76 -1631 0.386740 0.311675
ts_dimet_trans 15HAT 15HAT 18 -1189.302748 0.76 -1557 0.386644 0.313942
ts dimet trans 15HAT 15HAT 26 -1189.302330 0.76 -1712 0.386759 0.313571
ts dimet trans 15HAT 15HAT 7 -1189.301255 0.76 -1611 0.386833 0.314260
ts dimet trans 156HAT 15HAT 21 -1189.300937 0.76 -1565 0.386713 0.313308
ts dimet trans 15HAT 15HAT 33 -1189.298773 0.76 -1752 0.386977 0.315466
ts dimet trans 15HAT 15HAT 30 -1189.298314 0.76 -1566 0.386929 0.314573
r4b05
dimet_trans_C5-rad_109 -1189.329271 0.75 0.391746 0.314126 -1189.338954 -0.009683 -1187.524519 -1183.906208
dimet trans C5-rad 110 -1189.328879 0.75 0.391804 0.313703 -1189.338228 -0.009349 -1187.524661 -1183.906039
dimet trans C5-rad 31 -1189.328635 0.75 0.391866 0.312916 -1189.337776 -0.009140 -1187.524038 -1183.904577
dimet_trans C5-rad 117 -1189.328480 0.75 0.391748 0.313443 -1189.338706 -0.010226 -1187.523927 -1183.910212
dimet trans C5-rad 46 -1189.328230 0.75 0.391601 0.312867 -1189.337571 -0.009341 -1187.524368 -1183.908481
dimet trans C5-rad 111 -1189.326655 0.75 0.392004 0.311621
ts dimet trans 15 ircf -1189.325226 0.75 - 0.392026 0.314794
dimet_trans C5-rad 99 2 -1189.324461 0.75 0.391666 0.312896
dimet trans C5-rad 73 -1189.321792 0.75 0.391633 0.312631
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Table S5b. Energies for all systems shown in Fig. S5

UB3LYP/6-31(d)

Molecule Gas phase PCM(DiChloroEthane) DLPNO-CCSD(T)/cc-pVTZ Conformation
AEot AHagg AGnog AHaeg AGo2g AH2g AGagg oY V_o
[Hartree] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kd/mol]
rdby
dimet trans N-rad 13 0.0 0.0 0.0 0.0 0.0 +0.0 +0.0 a gl- g2+ a
dimet trans N-rad 3 2 +0.9 +0.9 -1.3 +0.9 -1.4 -0.2 -2.5 a gl- gl+ a
dimet trans N-rad 12 +1.0 +0.6 -0.2 +0.3 -0.5 +2.5 +1.8 aag+a
dimet trans N-rad 5 2 +1.4 +1.4 +3.3 +1.1 +3.0 +2.2 +4.1 aagl+a
dimet trans N-rad 25 +2.0 +1.4 -4.1 +1.3 -4.2 +2.7 -2.8 aag+a
ts dimet trans 15 ircr +7.3 +7.1 +11.1 a gl- g2- a
dimet trans N-rad 11 +8.1 +8.2 +5.9 a g2+ a g2-
dimet trans N-rad 81 +14.3 +15.8 +17.1 a g2- g2+ gl+
ts dimet trans 16HAT 11 ircr +16.8 +16.6 +19.2 aagz a
dimet trans N-rad 89 +24.3 +26.1 +26.5 a e g2- g2-
ts 4b 4bcs
ts dimet trans 16HAT 16HAT 11 +71.9 +57.5 +70.8 +52.6 +65.9 +44.0 +57.3 a a g2- g2+
ts dimet trans 16HAT 16HAT 8 +73.5 +58.9 +74.0 +50.7 +65.8 +41.9 +57.0 g2- a g2- g2+
ts dimet trans 16HAT 16HAT 7 +73.5 +58.9 +73.7 +50.7 +65.5 +41.9 +56.7 g2- a g2- g2+
ts dimet trans 16HAT 16HAT 31 +76.0 +61.3 +72.2 +56.4 +67.3 +46.3 +57.3 a agl+ gl+
ts dimet trans 16HAT 16HAT 21 +77.0 +62.3 +74.7 +58.6 +71.0 +50.7 +63.1 g2+ gl+ g2- a
ts dimet trans 16HAT 16HAT 27 +79.7 +64.8 +79.9 g2- gl- g1+ gl+
ts dimet trans 16HAT 16HAT 30 +79.7 +64.8 +78.2 g2- gl- g1+ gl+
ts dimet trans 16HAT 16HAT 9 +80.9 +66.0 +81.7 gl+ g2+ gl+ gl+
ts dimet trans 16HAT 16HAT 12 +82.0 +66.9 +82.0 gl+ a g2- a
ts dimet trans 16HAT 16HAT 32 +82.7 +67.9 +82.6 gl- g2- g1+ gl+
ts dimet trans 16HAT 16HAT 14 +85.5 +71.1 +87.2 g2- gl+ g2- a
ts dimet trans 16HAT 16HAT 15 +85.6 +71.1 +85.2 g2- gl+ g2- a
ts dimet trans 16HAT 16HAT 4 +87.4 +72.6 +86.5 g2- gl+ gl+ gl+
ts dimet trans 16HAT 16HAT 25 +91.3 +76.4 +90.3 g2- g2- g1+ gl+
ts dimet trans 16HAT 16HAT 1 +94.5 +80.0 +95.7 gl+ e- g2- g2+
ts dimet trans 16HAT 16HAT 16 +109.1 +94.3 +109.2 gl+ g2- gl+ gl+
ts dimet trans 16HAT 16HAT 18 +109.6 +95.3 +111.0 gl+ e- gl+ gl+
r4bcs
dimet trans C6-rad 30 2 +19.2 +17.4 +14.6 +12.3 +9.4 -5.4 -8.3 gl+ a gl+ gi-
dimet trans C6-rad 24 +19.4 +17.6 +15.4 +12.2 +9.9 -3.3 -5.6 g2- a gl+ gl-
dimet trans C6-rad 15 2 +20.0 +18.5 +15.7 +13.1 +10.3 -4.1 -6.8 gl+ a g2+ g2+
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dimet_trans C6-rad 27 +20.0 +18.0 +14.1 +12.6 +8.6 -2.7 -6.7 g2- a g2+ g2+
dimet_trans_C6-rad_39 +21.2 +19.1 +16.6 +13.6 +11.1 -2.1 -4.7 g2-_a g2+ g2+
dimet_trans C6-rad 9 +26.0 +24.3 +24.8 gl+ gl+ g2- a
dimet_trans C6-rad 35 +29.1 +28.0 +27.1 g2- a g2+ g2+
ts_dimet trans 16HAT 11 ircf +29.7 +29.1 +31.8 g2+ a g2- g2+
dimet trans C6-rad 88 +32.3 +30.8 +29.8 e+ gl+ g2- g2+
dimet_trans C6-rad 79 +38.2 +37.1 +37.7 gl- g2- g2- g2+
ts 4b 4bcs

ts_dimet_trans 15HAT 15HAT 4 +70.8 +56.3 +69.4 +46.6 +59.7 +39.6 +52.7 gl+ gl- g2- a
ts_dimet_trans_15HAT 15HAT 35 +73.9 +60.3 +74.7 +55.3 +69.7 +44.9 +59.3 a_g2+ gl- g2-
ts_dimet trans 15HAT 15HAT 6 +75.4 +61.1 +71.1 +55.4 +65.4 +48.9 +58.9 g2- gl- g2- gl+
ts_dimet trans 15HAT 15HAT 32 +77.2 +63.1 +79.9 +53.4 +70.2 +44.2 +60.9 g2- g2+ gl- a
ts_dimet_trans 15HAT 15HAT 14 +79.6 +65.7 +78.7 gl+ gl- g2- g2-
ts_dimet_trans 15HAT 15HAT 23 +81.2 +67.5 +83.7 g2- g2+ gl- ge-
ts_dimet trans 15HAT 15HAT 9 +81.5 +67.4 +79.0 gl+ gl- g2- gl+
ts_dimet_trans_15HAT 15HAT 1 +82.1 +68.2 +83.2 g2- gl+ g2- a
ts_dimet_trans_15HAT 15HAT 36 +84.4 +70.3 +78.7 gl- g2- gl- gl+

ts_dimet_trans 15HAT 15HAT 18 +84.7 +70.4 +84.9 gl+ e- gl- a
ts_dimet trans 15HAT 15HAT 26 +85.8 +71.8 +85.1 a_gl+ g2- gl+
ts_dimet trans 15HAT 15HAT 7 +88.6 +74.8 +89.7 g2- gl+ g2- g2-
ts_dimet_trans 15HAT 15HAT 21 +89.4 +75.3 +88.0 gl+ e- gl- g2-
ts_dimet_trans_15HAT 15HAT 33 +95.1 +81.7 +99.4 g2- g2+ gl- gl+
ts_dimet_trans_15HAT 15HAT 30 +96.3 +82.8 +98.2 gl+ e- gl- gl+

r4bcs

dimet_trans_C5-rad_109 +15.1 +14.1 +15.8 +10.3 +11.9 -3.7 -2.1 g2- a g2+ gl-
dimet_trans_C5-rad_110 +16.1 +15.3 +15.7 +12.3 +12.7 -4.0 -3.6 gl+ gl+ g2+ a
dimet_trans_C5-rad_31 +16.7 +16.1 +14.3 +13.7 +11.8 -2.2 -4.0 g2+ gl+ g2+ gil-
dimet_trans_C5-rad_117 +17.1 +16.2 +16.1 +10.9 +10.8 -2.2 -2.3 g2- a g2+ gl-
dimet_trans_C5-rad_46 +17.8 +16.5 +15.2 +13.5 +12.2 -3.7 -5.0 g2- g2- g2+ gl-
dimet_trans_C5-rad_111 +21.9 +21.7 +16.1 gl+ gl- g2+ g2-
ts_dimet _trans 15 ircf +25.7 +25.5 +28.1 gl- a g2- g2+
dimet_trans_C5-rad 99 2 +27.7 +26.5 +25.2 e+ gl+ g2- g2+
dimet trans C5-rad 73 +34.7 +33.5 +31.5 gl+ gl+ gl- a
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r5bce tS_5b_5bce r5bN t5_5b_5bc5

Fig. S6. Rearrangement reactions of N-centered radical r5bn to radicals r5bcs and r5bcs.

Table S6a. Energies for all systems shown in Fig. S6.

E dH G PCME(BtCE)/ Pgl\GAZ(QBgE)/ bLANO Gass oce
tot -
Molecule UB3LYP/ <S%> NIMAG Lé%ilé\g)/ LéBgilé\((dP)/ UB3LYP/ UB3LYP/ CCSD(T)/ Pg'\c/:léB%TE)BczD\ﬁz,\gg )
6-31G(d) [Hartree] [Hertree] [Hertree] 6-31G(d)™ 6-31G(d)™ cc-pVTZE [Ha me(f]
[Hartree] [Hartree] [Hartree]
r5bN
cpen trans N-rad 20 -1227.440449 0.75 - 0.399807 0.321884 -1227.448586 -0.008138 -1221.782302 -1225.244843
cpen_trans_N-rad_8 -1227.440340 0.75 - 0.399711 0.320539 -1227.448731 -0.008392 -1221.782552 -1225.245605
cpen trans N-rad 3 -1227.440326 0.75 - 0.399711 0.320872 -1227.448707 -0.008381 -1221.782518 -1225.245218
cpen trans N-rad 31 -1227.440210 0.75 - 0.399706 0.321344 -1227.448311 -0.008101 -1221.781982 -1225.244989
cpen trans N-rad 38 -1227.439926 0.75 - 0.400051 0.322536 -1227.448158 -0.008232 -1221.779865 -1225.245081
cpen trans N-rad 91 -1227.438052 0.75 - 0.400274 0.321885
ts cpen trans 15HAT ircr -1227.437930 0.75 - 0.399982 0.321855
cpen trans N-rad 70 -1227.436950 0.75 - 0.400543 0.324903
ts cpen trans 16 HAT10 ircr -1227.435286 0.75 - 0.399685 0.321110
cpen trans N-rad 81 -1227.433470 0.75 - 0.400668 0.324540
cpen trans N-rad 109 -1227.432987 0.75 - 0.400590 0.324289
cpen_trans_N-rad_20 -1227.440449 0.75 - 0.399807 0.321884
cpen trans N-rad 8 -1227.440340 0.75 - 0.399711 0.320539
ts 5b 5bce
ts cpen trans 16HAT 10 -1227.414985 0.76 -1549 0.394158 0.320670 -1227.424859 -0.009874 -1221.730861 -1225.226491
ts cpen trans 16HAT 7 -1227.413479 0.76 -1503 0.394277 0.321069 -1227.422986 -0.009507 -1221.728180 -1225.223735
ts cpen trans 16HAT 11 -1227.411446 0.76 -1612 0.394233 0.321416 -1227.423473 -0.012028 -1221.727380 -1225.225801
ts cpen trans 16HAT 1 -1227.409605 0.76 -1528 0.394290 0.321663 -1227.42161 -0.012005 -1221.724837 -1225.224962
ts cpen trans 16HAT 3 -1227.409593 0.76 -1528 0.394308 0.321627 -1227.421605 -0.012012 -1221.724801 -1225.224977
ts cpen trans 16HAT 13 -1227.407547 0.76 -1759 0.394541 0.321626
ts cpen trans 16HAT 12 -1227.405103 0.76 -1638 0.394400 0.320776
r5bc
cpen trans C6-rad 38 4 -1227.433930 0.75 - 0.399317 0.320628 -1227.443861 -0.009931 -1221.776117 -1225.249066
cpen trans C6-rad 10 -1227.433190 0.75 - 0.399412 0.322289 -1227.44458 -0.011390 -1221.777709 -1225.250204
ts cpen trans 16HAT 10 ircf -1227.432974 0.75 - 0.399477 0.323460 -1227.442385 -0.009411 -1221.775469 -1225.245653
cpen trans C6-rad 25 4 -1227.432720 0.75 - 0.399054 0.318336 -1227.44313 -0.010410 -1221.780698 -1225.251180
cpen trans C6-rad 35 -1227.432697 0.75 - 0.399262 0.320387 -1227.44299 -0.010292 -1221.779791 -1225.249244
cpen trans C6-rad 49 -1227.432315 0.75 - 0.399150 0.319937
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cpen trans C6-rad 53 -1227.430978 0.75 - 0.399151 0.319908
cpen trans C6-rad 14 -1227.429345 0.75 - 0.399346 0.319682
cpen_trans_C6-rad_23 -1227.428471 0.75 - 0.399509 0.321272
ts 5b 5bc5
ts cpen trans 15HAT 17 -1227.410593 0.76 -1744 0.394656 0.319650 -1227.421278 -0.010685 -1221.726418 -1225.225359
ts cpen trans 15HAT 4 -1227.409940 0.76 -1646 0.394661 0.320657 -1227.421869 -0.011929 -1221.725608 -1225.225514
ts cpen trans 15HAT 16 -1227.409614 0.76 -1600 0.394689 0.320718 -1227.419305 -0.009691 -1221.723397 -1225.221532
ts cpen trans 15HAT 24 -1227.408380 0.76 -1721 0.394981 0.322300 -1227.418332 -0.009952 -1221.721251 -1225.219052
ts_cpen_trans_15HAT 12 -1227.407436 0.76 -1633 0.394829 0.321797
ts cpen trans 15HAT 29 -1227.407038 0.76 -1738 0.394787 0.320516
ts cpen trans 15HAT 26 -1227.406673 0.76 -1611 0.394814 0.321539
ts_cpen_trans 15HAT 23 -1227.405650 0.76 -1666 0.394805 0.320760
ts cpen trans 15HAT 2 -1227.405632 0.76 -1721 0.394749 0.322578
ts cpen trans 15HAT 28 -1227.404112 0.76 -1778 0.394866 0.321497
ts cpen trans 15HAT 7 -1227.403989 0.76 -1681 0.394884 0.322311
ts cpen trans 15HAT 11 -1227.398896 0.76 -1710 0.394880 0.322418
r5bc
cpen trans C5-rad 80 -1227.436258 0.75 - 0.399821 0.322430 -1227.445870 -0.009612 -1221.779441 -1225.248056
cpen_trans_C5-rad_76 -1227.435565 0.75 - 0.399804 0.321603 -1227.444904 -0.009339 -1221.779452 -1225.248480
cpen trans C5-rad 55 -1227.435211 0.75 - 0.399866 0.321387 -1227.444400 -0.009189 -1221.777872 -1225.247820
cpen trans C5-rad 26 -1227.434857 0.75 - 0.399982 0.323148 -1227.443634 -0.008777 -1221.777509 -1225.247145
cpen_trans_C5-rad_105 -1227.434829 0.75 - 0.399980 0.320503 -1227.444222 -0.009393 -1221.778208 -1225.248775
cpen trans C5-rad 12 -1227.431531 0.75 - 0.399686 0.321351
cpen trans C5-rad 114 -1227.428261 0.75 - 0.399576 0.321155
Table S6b. Energies for all systems shown in Fig. S6
UB3LYP/6-31(d)
Molecule Gas phase PCM(DiChloroEthane) DLPNO-CCSD(T)/cc-pVTZ Conformation
AEtot AH2gs AGogg AHagg AGoes AH2gs AGoes R oy vy o
[Hartree] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kJ/mol] [kd/mol]
r5bN
cpen trans N-rad 20 0.0 0.0 0.0 0.0 0.0 +0.0 +0.0 Eal aaaa
cpen trans N-rad 8 +0.3 +0.0 -3.2 -0.6 -3.9 +1.9 -1.3 Ef't aaaa
cpen trans N-rad 3 +0.3 +0.1 -2.3 -0.6 -3.0 +2.1 -0.3 Ef't aaaa
cpen trans N-rad 31 +0.6 +0.4 -0.8 +0.5 -0.7 +0.7 -0.5 Ef't aaaa
cpen trans N-rad 38 +1.4 +2.0 +3.1 +1.8 +2.8 -1.4 -0.4 Eo'| a gl- g2+ a
cpen trans N-rad 91 +6.3 +7.5 +6.3 E0T g2+ gl+ gl+ a
cpen trans N-rad 70 +9.2 +11.1 +17.1 EOT a gl+ gl+ gl+
ts cpen trans 16 HAT10 ircr +13.6 +13.2 +11.5 EB| a a gl+ gl+
cpen trans N-rad 81 +18.3 +20.6 +25.3 Eo'| g2+ gl+ g2- g2-
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cpen_trans_N-rad_109 | +19.6 +21.6 +25.9 | Eal a gl+ g2- g2-
ts 5b 5bcg
ts cpen trans 16HAT 10 +66.9 +52.0 +63.7 +47.5 +59.1 +41.1 +52.7 EB| g2- gl- gl+ gl+
ts cpen trans 16HAT 7 +70.8 +56.3 +68.7 +52.7 +65.1 +46.6 +59.0 EB| gl+ gl+ gl+ gl+
ts cpen trans 16HAT 11 +76.1 +61.5 +74.9 +51.3 +64.7 +46.8 +60.2 EB| gl+ a gl+ gl+
ts cpen trans 16HAT 1 +81.0 +66.5 +80.4 +56.3 +70.2 +48.4 +62.4 EB| g2- g1+ gl+ gl+
ts cpen trans 16HAT 3 +81.0 +66.6 +80.3 +56.4 +70.2 +48.6 +62.3 EB| g2- g1+ gl+ gl+
ts cpen trans 16HAT 13 +86.4 +72.6 +85.7 EB'1 gl- gl- g2- a
ts cpen trans 16HAT 12 +92.8 +78.6 +89.9 EB| g2- e+ g2- a
r5bcs
cpen_trans_C6-rad_38 4 +17.1 +15.8 +13.8 +11.1 +9.1 -4.4 -6.4 EB| g2- a g1+ g1-
cpen_trans C6-rad_10 +19.1 +18.0 +20.1 +9.5 +11.6 -7.6 -5.5 EB| gl+ g2+ gl+ gl-
ts cpen trans 16HAT 10 ircf +19.6 +18.8 +23.8 +15.4 +20.4 -3.8 +1.2 EO0| g2- gl- gl+ gl+
cpen_trans_C6-rad 25 4 +20.3 +18.3 +11.0 +12.3 +5.0 -3.3 -10.7 Eal g2- a a g2+
cpen_trans C6-rad 35 +20.4 +18.9 +16.4 +13.3 +10.8 -3.4 -5.9 E0| g2- a g1+ gl-
cpen_trans C6-rad 49 +21.4 +19.6 +16.2 Ea'| g2- g2- a g2+
cpen_trans C6-rad 53 +24.9 +23.1 +19.7 EOQ| gl+ e+ gl+ gl-
cpen_trans C6-rad_14 +29.2 +27.9 +23.4 Eaf gl+ g2- gl+ gl+
cpen_trans C6-rad_23 +31.4 +30.7 +29.8 EB| gl+ g2- g2- g2-
ts_5b_5bcs
ts_cpen_trans_15HAT +75.3 +61.9 +71.9 +55.7 +65.7 +51.5 +61.5 EB| g2- gl- g2- a
ts_cpen_trans_15HAT 17 +78.4 +64.9 +72.5 +58.2 +65.8 +50.2 +57.8 EB| a gl- g2- g2+
ts_cpen_trans_15HAT 4 +80.1 +66.6 +76.9 +56.6 +66.9 +50.4 +60.7 EB| gl+ gl- g2- g2+
ts_cpen_trans_15HAT 16 +81.0 +67.5 +77.9 +63.4 +73.8 +54.9 +65.3 EB| gl+ gl+ g2- g2-
ts_cpen_trans_15HAT 24 +84.2 +71.5 +85.3 +66.8 +80.5 +58.7 +72.5 EB| a gl+ g2- g2-
ts_cpen_trans_15HAT 12 +86.7 +73.6 +86.4 EB| gl+ gl- g2- g2-
ts_cpen_trans_15HAT 29 +87.7 +74.5 +84.1 Ef't a gl- g2- gl+
ts_cpen_trans_15HAT 26 +88.7 +75.6 +87.8 EB't gl+ gl+ g2- gl+
ts_cpen_trans_15HAT 23 +91.4 +78.2 +88.4 EB't gl+ gl- g2- gl+
ts_cpen_trans_15HAT 2 +91.4 +78.1 +93.2 EB| g2- gl+ g2- a
ts_cpen_trans_15HAT 28 +95.4 +82.4 +94.4 EB'? a gl+ g2- gl+
ts_cpen_trans_15HAT 7 +95.7 +82.8 +96.8 EB| g2- g1+ g2- g2-
ts_cpen_trans_15HAT 11 +109.1 +96.2 +110.5 EB'T g2- e+ g2- gl+
r5bcs
cpen trans C5-rad 80 +11.0 +11.0 +12.4 +7.2 +8.6 -6.0 -4.6 EB| g2- gl- g2+ gl1-
cpen trans C5-rad 76 +12.8 +12.8 +12.1 +9.7 +8.9 -5.7 -6.4 EB| gl+ gl+ g2+ gl-
cpen trans C5-rad 55 +13.8 +13.9 +12.4 +11.1 +9.7 -3.6 -5.1 EB| g2+ gl+ g2+ gl-
cpen trans C5-rad 26 +14.7 +15.1 +18.0 +13.5 +16.3 -7.2 -4.4 EB| gl+ gl+ g2- g2+
cpen trans C5-rad 105 +14.8 +15.2 +11.1 +11.9 +7.8 -2.9 -7.0 EB| gl+ gl+ g2+ gl+
ts cpen trans 15HAT ircf +16.6 +16.9 +18.4 EB| g2- a g2- g2+

456




cpen_trans C5-rad 12 +23.4 +23.1 +22.0 Eal et gl+ g2+ gl-
cpen_trans_Cb-rad_114 +32.0 +31.4 +30.1 EB'| g2- g1+ gl+ g2+
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Fig. S7. Rearrangement reactions of N-centered radical r6bn to radicals rébcs and rébcs.
Table S7a. Energies for all systems shown in Fig. S7.
Etot dGzss soiv G208 DCE
Bt dH 4G PCM(DCE)/ PCM(DCE)/ Etr PCM(DCE) +
Molecule UBSLYP/ | g2 | nimaG | UBSLYP/ | UBSLYP/ UB3(LYP/) UB3(LYP/) DLPNO-CCSD(T)/ DLPNO-éCSD)(T)/cc-
6-31G(d) 6-31G(d) 6-31G(d) g I g I ce-pvTZH o
[Hartree] [Hartree] [Hartree] 6-31G(d) 6-31G(d) [Hartree] pVTZ
[Hartree] [Hartree] [Hartree]
erN
7 n-rad 2 -1377.881181_| 0.75 - 0.409217 0.325553 -1377.891072 -0.009890 -1375.811464 -1375.495801
7 n-rad 2 mirror -1377.881181 0.75 0.409217 0.325553
ts 7 9 2 2 ircr -1377.881116 | 0.75 - 0.409505 0.325489 -1377.890884 -0.009768 -1375.812096 -1375.496375
7 n-rad -1377.880716 | 0.75 - 0409208 | 0.326203 -1377.891148 -0.010432 -1375.811653 -1375.495882
ts 7 9 2 ircr -1377.880217 | 0.75 - 0409740 | 0.327064 -1377.890139 -0.009921 -1375.810247 -1375.493104
7 12 -1377.879873_| 0.75 - 0.409231 0.324899 -1377.889742 -0.009869 -1375.810823 -1375.495794
7 41 -1377.878962 | 0.75 - 0.409778 | 0.328055 - - - -
ts 7 8 3 ircr -1377.878494 | 0.75 - 0.409253 0.326099 - - - -
ts 7 8 ircr -1377.878493 | 0.75 - 0409254 | 0.326111 - - - -
737 -1377.878449 | 0.75 - 0.409767 0.325899 - - - -
7 81 -1377.875766 | 0.75 - 0410013 | 0.328524 - - - -
ts 6b ebce
ts 7 83 -1377.855190 | 0.76 | -1648 0.403631 0.325272 -1377.866675 -0.011483 -1375.790071 -1375.476281
ts_7_8 3 _mirror -1377.855192 | 0.76 | -1648 0.403631 0.325272
ts 7 8 -1377.853177 | 0.76 | -1766 0403618 | 0.325006 -1377.865232 -0.012056 -1375.788893 -1375.475942
ts 782 -1377.853155 | 0.76 | -1624 0.403658 | 0.325331 -1377.864467 -0.011311 -1375.788168 -1375.474148
ts 787 -1377.853155_ | 0.76 | -1624 0.403658 | 0.325330 -1377.864466 -0.011311 -1375.788171 -1375.474152
r6bcﬁ
8 23 -1377.875877 | 0.75 - 0.409053 | 0.326151 -1377.885462 -0.009585 -1375.815588 -1375.499023
8 23 mirror -1377.875877_| 0.75 - 0409053 | 0.326151
8 _recalc -1377.874454_| 0.75 - 0.408953 | 0.324056 -1377.886270 -0.011816 -1375.813064 -1375.500824
ts 7 8 3 ircf -1377.874215_| 0.75 - 0.408813 0.325780 -1377.885950 -0.011736 -1375.812841 -1375.498797
ts 7 8 ircf -1377.872195 | 0.75 - 0408843 | 0.324824 -1377.884431 -0.012236 -1375.810282 -1375.497695
8 14 -1377.871415_ | 0.75 - 0.408550 | 0.324192 -1377.882293 -0.010878 -1375.810545 -1375.497231
ts 6b 6bc5
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ts7922 -1377.845262 0.76 -1816 0.403749 0.324471 -1377.856188 -0.010926 -1375.780372 -1375.466827
ts 7.9 2 2 mirror -1377.845262 0.76 -1816 0.403749 0.324471
ts791 -1377.844609 0.76 -1761 0.403817 0.324474 -1377.855773 -0.011164 -1375.780254 -1375.466944
ts792 -1377.844609 0.76 -1761 0.403817 0.324479 -1377.855773 -0.011164 -1375.780260 -1375.466945
ts799 -1377.844562 0.76 -1793 0.403875 0.324056 -1377.855762 -0.011200 -1375.779871 -1375.467015
ts 79 10 -1377.844108 0.76 -1769 0.404019 0.324538 -1377.855357 -0.011249 -1375.779694 -1375.466405
ts79 -1377.843621 0.76 -1856 0.403897 0.325040 - - - -
ts 793 -1377.843045 0.76 -1772 0.403962 0.325277 - -
ts797 -1377.842699 0.76 -1757 0.404062 0.324617 - -
ts 7.9 13 -1377.842145 0.76 -1857 0.403839 0.326329 - -
ts 79 16 -1377.841396 0.76 -1860 0.404060 0.326157 - -
r6b05
9 54 -1377.874027 0.75 - 0.409539 0.325882 -1377.885473 -0.011446 -1375.812028 -1375.497592
9 54 mirror -1377.874027 0.75 - 0.409539 0.325880
ts 7.9 2 ircf -1377.872963 0.75 - 0.409010 0.324449 -1377.884159 -0.011196 -1375.811060 -1375.497807
ts 79 2 2 ircf -1377.872537 0.75 - 0.409155 0.326154 -1377.883995 -0.011458 -1375.810190 -1375.495495
915 -1377.871171 0.75 - 0.409349 0.325983 -1377.883645 -0.012474 -1375.811315 -1375.497806
9 -1377.870477 0.75 - 0.408962 0.323451 -1377.884046 -0.013569 -1375.808044 -1375.498162
9 22 -1377.869599 0.75 - 0.409371 0.326777 -1377.882002 -0.012403 -1375.810412 -1375.496038

Table S7b. Energies for all systems shown in Fig. S6 (UB3LYP/6-31G(d) result).

UB3LYP/6-31(d)
Molecule Gas phase PCM(DiChloroEthane) DLPNO-CCSD(T)/cc-pVTZ Conformation
AEtot AHagg AGagg AHagg AGogg AH2gs AGogg R oy v o
[Hartree] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kd/mol] [kd/mol]
réby
7 n-rad 2 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 +0.0 EBt a g2+ a a
7 n-rad 2 mirror +0.0 +0.0 +0.0
ts 7.9 2 2 ircr +0.2 +0.9 +0.0 +1.2 +0.3 -0.9 -1.8 EBT a g2+ a a
7_n-rad +1.2 +1.2 +2.9 -0.2 +1.5 -0.5 +1.2 EBt aaaa
ts 7.9 2 ircr +2.5 +3.9 +6.5 +3.8 +6.4 +4.6 +7.2 Eal gl- g2- a a
712 +3.4 +3.5 +1.7 +3.5 +1.8 +1.7 +0.0 EBt a g2+ a gl+
741 +5.8 +7.3 +12.4 - - - - EB| gl- g2- g2- a
ts 7 8 3 ircr +7.1 +7.2 +8.5 - - - - EBT a g2+ g2- a
ts 7 8 ircr +7.1 +7.2 +8.5 - - - - EBT a g2+ g2- a
7 37 +7.2 +8.6 +8.1 - - - - Eal a g2- a g2-
7 81 +14.2 +16.3 +22.0 - - - Ea| a g2+ gl+ g2-
ts 6b 6bce
ts783 +68.2 +53.6 +67.5 +49.4 +63.3 +41.5 +55.4 EBT gl+ g2+ g2- g2+
ts 7 8 3 mirror +68.2 +53.6 +67.5
ts 7 8 +73.5 +58.8 +72.1 +53.1 +66.4 +44.6 +57.8 EBT g2+ g2+ g2- g2+
ts 7.8 2 +73.6 +59.0 +73.0 +55.3 +69.3 +46.6 +60.6 EB'| g2- g2- g2- g2+
ts 787 +73.6 +59.0 +73.0 +55.3 +69.3 +46.6 +60.6 EB'| g2- g2- g2- g2+
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ré bce

8 23 +13.9 +13.5 +15.5 +14.3 +16.3 -11.3 -9.3 EBT e- g2- a g2-
8 23 mirror +13.9 +13.5 +15.5
8 recalc +17.7 +17.0 +13.7 +11.9 +8.7 -4.9 -8.1 EB1_g2- a_g2-_g2-
ts 7 8 3 ircf +18.3 +17.2 +18.9 +12.4 +14.0 -4.7 -3.0 EBT gl+ a g2- g2+
ts 7 8 ircf +23.6 +22.6 +21.7 +16.5 +15.5 +2.1 +1.2 EB g2+ a g2- g2+
8 14 +25.6 +23.9 +22.1 +21.3 +19.5 +0.7 -1.2 EBt e+ gl+ a g2+
ts 6b 6bcs
ts 7922 +94.3 +79.9 +91.5 +77.2 +88.7 +67.3 +78.8 EBT gl+ g2+ gl- a
ts 7.9 2 2 mirror +94.3 +79.9 +91.5
ts 791 +96.0 +81.8 +93.2 +78.5 +89.8 +67.8 +79.1 EB'| g2- g2- gl- a
ts 792 +96.0 +81.8 +93.2 +78.5 +89.9 +67.7 +79.1 EB'| g2- g2- gl- a
ts 799 +96.1 +82.1 +92.2 +78.7 +88.8 +68.9 +79.0 EBT gl+ g2+ gl- g2-
ts 7 9 10 +97.3 +83.7 +94.7 +80.1 +91.1 +69.8 +80.7 EB'| g2- g2- gl- g2-
ts 7 9 +98.6 +84.6 +97.3 ] - ] ] EB'| gl- g2- gl- a
ts 793 +100.1 +86.3 +99.4 EBT gl+ g2+ gl- gl+
ts 7.9 7 +101.0 +87.5 +98.6 EB'| g2- g2- gl- gl+
ts 7 9 13 +102.5 +88.4 +104.5 EB'| g2- g2+ gl- a
ts 7 9 16 +104.5 +90.9 +106.0 - EB'| g2- g2+ gl- g2-
rébcs
9 54 +18.8 +19.6 +19.6 +15.5 +15.6 -0.6 -0.6 EB? g2+ a gl+ gl+
9 54 mirror +18.8 +19.6 +19.6
ts 7.9 2 ircf +21.6 +21.0 +18.7 +17.6 +15.2 +0.5 -1.8 EB'| g2- g2- gl- g2+
ts 79 2 2 ircf +22.7 +22.5 +24.3 +18.4 +20.2 +3.2 +4.9 EBT gl+ g2+ gl- g2+
9 15 +26.3 +26.6 +27.4 +19.8 +20.6 +0.7 +1.5 EBT gl+ et gl+ gl+
9 +28.1 +27.4 +22.6 +17.8 +12.9 +8.3 +3.5 EB'| gl+ a gl- g2+
9 22 +30.4 +30.8 +33.6 +24.2 +27.0 +3.2 +6.0 EB| g2- g2- g2- g2-
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3.5.2. General Procedure for Fan Variation of HLF Reaction

A 10 ml GC vial was charged with PhI(OAc); (212 mg, 0.66 mmol) and sulfonamide (0.22
mmol), evacuated, and backfilled with nitrogen. I (56 mg, 0.22 mmol) and degassed DCE (1.5
mL) were successively added. Then the reaction mixture was stirred at 25 °C under fume hood
irradiation. The mixture was quenched with saturated NaHCO3 and Na»S»03 and extracted by
DCM (3 x 5 ml). Organic phases were combined and dried over MgSOj4. All volatiles were
evaporated, and the crude material was purified by column chromatography

(iHex/EtOAc = 10/1).

98.1 1.9
O P 3 eq PhI(OAc),
/\/\/\N’ - N +

H 1eql, \ N
DCE Tos Tos

3h,RT, N,
Fume hood light 3cs 3cs
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mv
1000

b OMe
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Scheme S1. Fan variation of the HLF reaction results (GC-FID profile).
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3.5.3. Synthesis and Analytical Data for Reagents and Products

Synthesis of N-hexyl-4-methylbenzenesulfonamide (3)

0
NN > NH
NH; DCM, RT \©\
n-hexylamine Overnight
3

3.1 ml of n-hexylamine (2.4 g, 24.6 mmol, 2.1 eq) was added dropwise to a solution of 2.0 g
TsCI (11.7 mmol, 1 eq) in 40 mL of dry DCM at 0°C and stirred for overnight at RT. The

cooling bath was removed and the reaction mixture was allowed to stir overnight. The reaction

was quenched with 100 ml of water, extracted with DCM (3 x 50 mL). Organic phases were
combined, washed with brine (50 mL), dried over MgSOa4 and evaporated. Crude material was
purified by recrystallization from i-hexane and 3 was obtained as colorless solid (69%, 2.1 g)
Spectral data are in agreement with literature values.

'H NMR (400 MHz, CDCl3) 6 7.75 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 4.36 (t, J =
6.2 Hz, 1H), 2.95 — 2.90 (m, 2H), 2.43 (s, 3H), 1.47 — 1.40 (m, 2H), 1.29 — 1.14 (m, 6H), 0.84
(t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) & 143.5, 137.1, 129.8, 127.3, 43.4, 31.4, 29.7, 26.3, 22.6, 21.7,
14.1.

Elem. Calcd for C13H21NO>S: C 61.15; H 8.29; N 5.48; S 12.55 Found: C 61.41; H 8.67; N
5.36; S 12.78

Synthesis of 2-Ethyl-1-tosylpyrrolidine (3cs)
1. Synthesis of (32)-hex-3-en-1-yl methanesulfonate (3cs-1)

OH Oy P
o >
MsCI, NEts
—_—
Pz N, DCM /\/H
0°C > RT =
cis-3-Hexenol 1.5h
3cs5-1

Following the modified literature procedure.[!

3.5 ml of triethylamine (2.5 g, 25 mmol, 5 eq) was added to the solution of 0.5 g cis-3-Hexenol
(5 mmol, 1 eq) in 25 ml of dry DCM. The solution was cooled to 0 °C and 0.46 ml of MsClI
(0.69 g, 6 mmol, 1.2 eq) was added dropwise. The solution was stirred for 1.5 hat RT, quenched
with 50 ml of saturated NaHCOs solution, extracted with DCM (3 x15 ml). The combined

organic layers were dried over MgSOs. Solvents were evaporated under reduced pressure. The
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crude material was passed through a short silica plug (DCM) to afford a pale-yellow oil of 3cs-
1 (0.79 g, 88%). Spectral data are in agreement with literature values. !
1H NMR (400 MHz, CDCls) § 5.61 — 5.53 (m, 1H), 5.37 — 5.25 (m, 1H), 4.20 (t, J = 6.9 Hz,
2H), 3.00 (s, 3H), 2.55 - 2.45 (m, 2H), 2.11 — 2.02 (m, 2H), 0.98 (t, J = 7.5 Hz, 3H).

2. Synthesis of N-((3Z)-hex-3-en-1-yl)tosylamine (3cs-2)

QL 1. KOH, DMF NHTos

“NH, 120°C,05h
T
OMs 2 3c52
tosylamide 2.
/\ﬁcs-1

120°C, 1 h
Following the modified literature procedure.!
0.5 g of 85% KOH (7.5 mmol, 1.5 eq) was dissolved in 5 ml of dry DMF at 120 °C, followed
by addition of 1.28 g of tosylamide (7.5 mmol, 1.5 eq). The resulting solution was stirred for
30 min at 120 °C. After, a solution of the mesylate 3cs-1, obtained above in 5 ml of dry DMF
was added in one portion. After 1 h of stirring at 120 °C, the reaction was cooled to RT,
quenched with water and extracted with DCM (3%x10 mL). The combined organic layers were
washed with 50 ml of water, dried over MgSO, and evaporated. The crude material was passed
through a short silica plug (iHex/EtOAc = 10/1) to afford 3cs-2 as colourless oil (45%, 0.51 g).
Spectral data are in agreement with literature values.[”]
IH NMR (400 MHz, CDCl3) § 7.78 — 7.70 (m, 2H), 7.32 — 7.30 (m, 2H), 5.56 — 5.44 (m, 1H),
5.19 - 5.08 (m, 1H), 4.32 (t, J = 6.2 Hz, 1H), 2.97 (g, J = 6.6 Hz, 2H), 2.43 (s, 3H), 2.25 —
2.15 (m, 2H), 2.02 — 1.94 (m, 2H), 0.94 (t, J = 7.5 Hz, 3H).

3. Synthesis of 2-ethyl-1-tosylpyrrolidine (3cs)

NHTos
on L)
. N + N

HFIP \ .
Z RT, 24 h Tos Tos

3c5-2 3cs 3ce
96 4
Following the modified literature procedure. €
0.51 g of the obtained 3cs-2 (2 mmol, 1 eq) was dissolved in 5 ml of HFIP. 0.35 ml of TfOH
(0.6 g, 4 mmol, 2 eq) was added dropwise. The resulting solution was stirred for 24 h at RT.
Reaction mixture was quenched with saturated aqueous solution of NaHCO3 and extracted with
DCM (3 x 10 mL). The combined organic layers were dried over MgSQOas. Solvents were

evaporated under reduced pressure. Crude material was purified by flash chromatography
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(iHex/EtOAc= 10/1, Rf 0.25) to give 3cs (508 mg, 99%) as a white solid. Spectral data are in
agreement with literature values.[®!

Further 'H NMR and GC-FID analysis showed that the obtained product consists of 5- and 6-
membered adduct 3cs and 3cs with ratio 96:4, correspondingly.

'H NMR (400 MHz, CDCl3) 6 7.76 — 7.70 (m, 2H), 7.32 — 7.29 (m, 2H), 3.54 (ddd, J = 10.3,
7.9,5.1 Hz, 1H), 3.38 (ddd, J = 10.4, 7.0, 5.1 Hz, 1H), 3.19 (dt, J = 10.3, 7.2 Hz, 1H), 2.43 (s,
3H), 1.91 — 1.71j (m, 2H), 1.59 — 1.41 (m, 4H), 0.91 (t, J = 7.4 Hz, 3H).

13C NMR (101 MHz, CDCls) & 143.3, 135.1, 129.7, 127.6, 61.9, 49.1, 30.2, 29.3, 24.2, 21.6,
10.5.

Elem. Calcd for C13H19NO>S: C 61.63; H 7.56; N 5.53; S 12.65 Found: C 61.64; H 7.57; N
5.51;S12.64

Synthesis of 2-methyl-1-tosylpiperidine (3cs)

\\ //O
\
SeLNe
H”Q DCM, RT N
H 2 days Tos

2-methylpiperidine
3ce

1.4 ml of 2-methylpiperidine (1.15 g, 11.7 mmol, 2.1 eq) was added dropwise to a solution of
1.0 g TsClI (5.8 mmol, 1 eq) in 20 mL of dry DCM at 0°C and stirred for overnight at RT. The
cooling bath was removed and the reaction mixture was allowed to stir for 2 days. The reaction
was quenched with 50 ml of water, extracted with DCM (3x25 mL). Organic phases were
combined, washed with brine (50 mL), dried over MgSOa4 and evaporated. Crude material was
purified by recrystallization from iHex and 3cs was obtained as colorless solid (65%, 0.96 g).
Spectral data are in agreement with literature values.[

IH NMR (400 MHz, CDCl3) & 7.71 — 7.68 (m, 2H), 7.28 — 7.25 (m, 2H), 4.26 — 4.19 (m, 1H),
3.72 - 3.67 (m, 1H), 2.96 (td, J = 13.0, 2.6 Hz, 1H), 2.41 (s, 3H), 1.66 — 1.46 (m, 4H), 1.46 —
1.30 (m, 2H), 1.05 (d, J = 6.9 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 142.9, 138.5, 129.7, 127.1, 48.6, 40.4, 30.5, 25.3, 21.6, 18.3,
15.4.

Elem. Calcd for C13H19NO>S: C 61.63; H 7.56; N 5.53; S 12.65 Found: C 61.92; H 7.86; N
5.50; S 12.95
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Synthesis of annulated substrate 6b
Boc AD-mix p Boc

] o—
N, 9y 0 Boc N»,Q,)
" NH. J/ K,COy

Boc,  Tos Tos Oﬁ
: MM L \\. :
DEAD, PPhy WatertBuOH=1/1 . PTSA(cat) [} MeOH .
RT, 24h OH o -
THF, RT, 1h HO 7( :
6b-6 XX h
NI
\
o] 0=

AD-mix B

o Ph
el I N o ,‘I’oe
OH o 7 NH, \_g \_\j K4COs \—-\j \—\/(
—_— —_— 5 :
z NEty (’; WatertBuOH=1/1 OH " prsacat) 0 TMeoH 7§°

- DEAD PPhy o
2 2°C,48h
Ovemight 2.K;C0,

1. (E)-hex-2-enyl benzoate (6b-2)

(o]
NV\OJLPh . .
6b-2 4.6 ml of EtsN (3.3 g, 33 mmol, 1.1 eq) were added to stirred solution of

Following the modified literature procedure.['%

trans-2-hexen-1-o0l 6b-1 (3 g, 30 mmol, 1 eq) in 50 ml of dry DCM at 0 °C. After 10 min, 4.2
ml of freshly distilled benzoyl chloride (4.65 g, 33 mmol, 1.1 eq) were added dropwise. The
cooling bath was removed and the reaction mixture was allowed to stir overnight. The reaction
was quenched with 50 ml of water, extracted with DCM (3 x 25 mL). Organic phases were
combined, washed with brine (50 mL), dried over MgSO4 and evaporated. Crude material was
purified by column chromatography (iHex/EtOAc = 10/1, R¢ 0.65). Product was obtained as

colorless oil (5.75 g, 28.1 mmol). Spectral data are in agreement with literature value.l!%)

1H NMR (400 MHz, CDCls) & 8.10 — 8.02 (m, 2H), 7.57 — 7.52 (m, 1H), 7.46 — 7.41 (m, 2H),
5.90 — 5.82 (m, 1H), 5.72 — 5.65 (m, 1H), 4.77 (dd, J = 6.4, 1.0 Hz, 2H), 2.07 — 2.03 (m, 2H),
1.43 (h, J = 7.4 Hz, 2H), 0.92 (t, J = 7.4 Hz, 3H).

13C NMR (101 MHz, CDCls) § 166.6, 136.6, 133.0, 130.5, 129.7, 128.4, 124.1, 65.9, 34.5,
22.2,138.
2. (2R,3R)-2,3-Dihydroxyhexyl benzoate (6b-3)

OH i Following the modified literature procedure.!!"!

OH gm o Solution of 2 g of benzoate 6b-2 (9.8 mmol, 1 eq) in 10 ml /BuOH was
dropwise added to the solution of AD-mix-p (14 g) and 1 g of methansulfonamide (10.5
mmol, 1.05 eq) in /BuOH/H>O (1:1, 30 mL) at 0 °C. The reaction mixture was stirred
vigorously for 24 h at 2 °C, 30 ml of /BuOH/H>O (1:1) were added and stirring continued
for additional 24 h at 2 °C. The reaction was quenched with 1.5 g of Na»SO3 at 2 °C and then
it was allowed to stirr for 1 h more at RT. The crude mixture was extracted with DCM (3 x
50 mL), organic phases were combined, dried over MgSO4 and evaporated to give crude

material, which was purified by column chromatography (iHex/EtOAc = 1/1, R¢ 0.41).
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Product 6b-3 was obtained as white solid (1.65 g, 71%). Spectral data are in agreement with

literature value.[%

IH NMR (400 MHz, CDCl3) & 8.06 — 8.04 (m, 2H), 7.55 — 7.61 (m, 1H), 7.48 — 7.44 (m,
2H), 4.51 (dd, J = 11.7, 4.5 Hz, 1H), 4.38 (dd, J = 11.7, 6.7 Hz, 1H), 3.80 — 3.86 (m, 1H),
3.69 — 3.65 (m, 1H), 2.58 (d, J = 5.8 Hz, 1H), 2.21 (d, J = 5.5 Hz, 1H), 1.64 — 1.35 (m, 4H),
0.95 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCI3) § 167.2, 133.5, 129.9, 129.8, 128.6, 72.5, 71.3, 66.7, 35.7,
19.0, 14.1.
3. ((4R,5R)-2,2-dimethyl-5-propyl-1,3-dioxolan-4-yl)methyl benzoate (6b-4)
. . Following the modified literature procedure.[*%

oS Catalytic amount of PTSA was dissolved in a solution of 1.5 g of
oo benzoate 6b-3 (6.3 mmol, 1 eq) in 30 ml of dry DCM at 0 °C, followed
by dropwise addition of 5 ml 2,2-dimethoxypropane. The cooling bath was removed and the
reaction was allowed to stir for 3 h at RT. After the reaction was quenched with 5 ml of Et3N,
evaporated to give crude material, which was purified by column chromatography
(iHex/EtOAcC = 20/1, R¢ 0.24). Product 6b-4 was obtained as colorless liquid (1.66 g, 95 %).

Spectral data are in agreement with literature value.[*%

IH NMR (400 MHz, CDCls) & 8.08 — 8.05 (m, 2H), 7.59 — 7.55 (m, 1H), 7.47 — 7.42 (m,
2H), 4.50 (dd, J = 11.9, 3.4 Hz, 1H), 4.36 (dd, J = 11.9, 5.1 Hz, 1H), 4.00 — 3.90 (m, 2H),
1.68 — 1.38 (m, 10H), 0.96 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 166.5, 133.3, 129.9, 129.8, 128.6, 109.2, 79.1, 77.8, 64.8,
35.3,27.5,27.1,19.4, 14.3.
4. ((4R,5R)-2,2-dimethyl-5-propyl-1,3-dioxolan-4-yl)methanol (6b-5)
o Following the modified literature procedure.[*%
A/g;;: 1.6 g of K,CO3 (11.5 mmol, 2 eq) were added in one portion to a stirring
solution of 1.6 g of benzoate 6b-4 (5.75 mmol, 1 eq) in 30 ml of MeOH at

0 °C. The reaction was allowed to stir for 3 h at RT. After, the reaction mixture was
concentrated under reduced pressure at RT, redissolved in 100 ml of water and extracted with

EtOAc (3 x 50 ml). Organic layers were combined, dried over MgSO4 and evaporated to give
crude material, which was purified by column chromatography (iHex/EtOAc = 4/1, Rf 0.22).
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Product 6b-5 was obtained as colorless oil (0.91 g, 91%). Spectral data are in agreement with

literature value.[®

IH NMR (400 MHz, CDCls) § 3.90 — 3.85 (m, 1H), 3.81 — 3.76 (m, 1H), 3.74 — 3.70 (m, 1H),
3.61 — 3.55 (m, 1H), 2.05 (dd, J = 7.7, 4.8 Hz, 1H), 1.65 — 1.29 (m, 10H), 0.94 (t, J = 7.2 Hz,
3H).

13C NMR (101 MHz, CDCls) 6 108.7, 81.6, 76.7, 62.1, 35.3,27.5,27.2, 19.4, 14.3.
5. Tert-butyl (((4R,5R)-2,2-dimethyl-5-propyl-1,3-dioxolan-4-yl)  methyl) (tosyl)
carbamate (6b-6)
o Following the modified literature procedure.[*!]
A/%?\N/TOS To a stirring solution of 0.85 g of alcohol 6b-5 (4.9 mmol, 1 eq), 1.6 g of

- Boc
66 " triphenylphosphine (5.4 mmol, 1.1 eq), 1.6 g of N-Boc-N-p-toluenesulfon-

amide (5.4 mmol1.1 eq) was added dropwise 2.5 mL of 2.2 M DEAD (5.4 mmol, 1.1 eq) in
THF at 0 °C. The reaction mixture was stirred overnight at RT and evaporated under reduced
pressure. Crude material was purified by column chromatography (iHex/EtOAc = 10/1, R¢
0.27). Product 6b-6 was obtained as colorless oil (1.8 g, 86%).

IH NMR (400 MHz, CDCls) § 7.89 — 7.85 (m, 2H), 7.31 — 7.27 (m, 2H), 4.18 — 4.11 (m, 1H),
3.97 —3.84 (M, 3H), 2.43 (s, 3H), 1.63 — 1.38 (m, 10H), 1.33 (s, 9H), 0.94 (t, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) & 151.1, 144.3, 137.5, 129.3, 128.3, 108.9, 84.6, 79.3, 79.2,
48.6, 35.3, 28.0, 27.6, 27.1, 21.8,19.4, 14.2.

HRMS (ESI): calcd for C21HasNOsSNa [M + Na]*, 450.1921; found 450.1922.
6. N-(((4R,5R)-2,2-dimethyl-5-propyl-1,3-dioxolan-4-yl)methyl)-4-methylbenzene
sulfonamide 6b
A/Ogi - Following the modified literature procedure.[*?
3 H 1.8 g of obtained carbamate 6b-6 was dissolved in 40 ml of dry MeOH. 3
ob g K2COs3 was added in one portion, the resulting reaction mixture was
refluxed for 3 h and cooled down to RT. 50 ml of water was added, the aqueous phase was
extracted with DCM (3 x 50 ml). Organic layers were combined, dried over MgSO4 and
evaporated to give crude material, which was purified by column chromatography
(iIHex/EtOAc = 10/1). Product 6b was obtained as colorless oil (1.5 g, 94%).
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IH NMR (400 MHz, CDCl3) § 7.76 — 7.63 (m, 2H), 7.33 — 7.30 (m, 2H), 4.68 (t, J = 6.3 Hz,
1H), 3.76 — 3.72 (m, 1H), 3.65 (ddd, J = 8.1, 5.6, 3.3 Hz, 1H), 3.18 (ddd, J = 13.0, 6.3, 3.3
Hz, 1H), 2.98 (ddd, J = 13.0, 6.2, 5.7 Hz, 1H), 2.43 (s, 3H), 1.57 — 1.19 (m, 10H), 0.93 —0.90
(m, 3H).

13C NMR (101 MHz, CDCls) 6 143.8, 136.8, 129.9, 127.2, 108.9, 79.1, 77.7, 44.2, 34.9, 27 .4,
27.2,21.7,19.3,14.2.

HRMS (ESI): calcd for C16H2sNOsSNa [M + Na]*, 350.1397; found 350.1399.
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List of Abbreviations

1,3,5-TMB
[a]p
Abu
Ac
ACzo
AcClI
Ala
APCI
BA
Boc
Boc,0
BSTFA
Bz
CumO-
DBA
DCC
DCE
DCHN
DCM
DCPO
DCU
DEAD
DFT
DIPEA
DLPNO
DMAP
DMF
DMSO
DPI
dr
DTBHN
DTBPO
ECF

EDCxHCI

Elem
€q
ESI
etal
Et,0
EtOAc
FID
FTIR
GC
Gly
h
HAT
hept
hl1APP
HLF
HOBt
HPLC
HRMS
IBCF
iHex
iPrOH
IS
KIE
KOtBu
Leu
LFP
MeCN
Mel
MeOH
MS
NEt;
Nle
NMR

1,3,5-trimethoxybenzene
specific rotation
2-aminobutyric acid
acetyl
acetic anhydride
acetyl chloride
alanine
atmospheric pressure chemical ionization
baicalein
tert-butyloxycarbonyl
di-tert-butyl dicarbonate
N,O-bis(trimethylsilyl)trifluoroacetamide
benzoyl
cumyloxyl radical
dehydrobaicalein
N,N'-dicyclohexylcarbodiimide
dichloroethane
dicumylhyponitrite
dichloromethane
dicumylperoxide
1,3-dicyclohexyl urea
diethyl azodicarboxylate
density functional theory
N,N-diisopropylethylamine
domain based local pair natural orbital
4-dimethylaminopyridin
dimethyl formamid
dimethyl sulfoxide
dipentylimine
diastereomeric ratio
di-tert-butyl hyponitrite
di-tert-butyl peroxide
ethyl chloroformate
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride
elemental analysis
equivalent(s)
electrospray ionization
"and others"
diethyl ether
ethyl acetate
flame ionization detector
Fourier-transform infrared spectroscopy
gas chromatography
glycine
hour(s)
hydrogen atom abstraction
n-heptan
human islet amyloid polypeptide
Hofmann-Loffler-Freytag
hydroxybenzotriazole
high-performance liquid chromatography
high resolution mass spectrometry
isobutyl chloroformate
isohexane
isopropy! alcohol
internal standard
kinetic isotope effect
potassium tert-butylate
leucine
laser flash photolysis
acetonitrile
methyl iodide
methanol
mass spectrometry
triethylamine
norleucine
nuclear magnetic resonance spectroscopy
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Nva
OSu

Phe
PIDA
PINO
PPh;
ppm
Pro
pXRD

RPM
RT
Sar

scXRD
Ser
TAP
t-BuOH
TEMPO

TFA

THF

TLC
Tle
Val

ul

norvaline
succinimide ester
1-pentylamine
Phenylalanine
phenyliodine(iii) diacetate
phthalimide N-oxyl
triphenylphosphine
parts per million
proline
powder x-ray diffraction
guantum mechanics/mechanical
revolutions per minute
room temperature
Sarcosine
single crystal x-ray diffraction
Serine
2,3,4-trihydroxyacetophenone
tert-butyl alcohol

(2,2,6,6-tetramethylpiperidin-1-yl)oxyl

trifluoroacetic acid
tetrahydrofuran
thin-layer chromatography
tert-leucine
Valine
Microliter





