











4. Kinetics of the reaction of BBL with amines in TEA-buffered D,0/ds-DMSO

9/1 (v/v) — Determination of second-order rate constants ky

General procedure

A TEA-buffered (pH 7.75) solution of an amine (0.056 M) in D,O (540 nL) was mixed with a
solution of BBL (60 pL of a 0.25 M solution in de-DMSO) in an NMR tube at 37 °C to
produce a 9/1 (v/v) D,0/ds-DMSO solvent mixture. The conversion of BBL was monitored
by using time-resolved 'H NMR spectroscopy. Concentrations of BBL, [BBL], were

calculated from the ratio of the integral of the methyl resonances of BBL (d, 8 = 1.70 ppm) to
the integral of the methyl resonances in the range & = 1.43-1.27 ppm.

The first-order rate constants kops (= k> in equation (4) of the main text) were determined by
least-squares fitting of the exponential function [BBL]; = [BBL]o-exp(—kobst) + C to the time-
dependent [BBL]..

kovs =ky =k + kN[aI]]iIle]eﬁ (4)

According to equation (5) of the main text, 1.e.
kn = (k2 — ky)/[amine ] (5),

kw 1s then calculated from the experimentally determined %, the first-order rate constant of the
BBL decay in TEA-buffered solution (& = 5.47 x 10 s, see Section 3.1.5) and the effective
concentration of free amine at pH 7.75, [amine].g which is calculated according to Henderson

Hasselbalch equation with pKag: values from ref 3.
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4.1. Kinetics of the reaction of BBL with aniline in TEA-buffered D,0/ds-DMSO 9/1
(v/v)

4.1.1. Reaction of BBL with [aniline]o = 50 mM
[BBL]o =25 mM,

[PhNHL]o = 50 mM, [PhNH, ] = 50 mM,
[TEA buffer]o=0.10 M, pH 7.75 in D>0/ds-DMSO 9/1 (v/v), 37 °C.

0 NHz OH O HN@

0 TEA buffer
+ +
)—JI/ @ /]\/U\OH A coH
D,0/de-DMSO (9/1)
BBL

3-HBA 3-PBA

‘ ‘ | 3-HBA

i 3-PBA If
|
TEA I‘III |
DMSO
| 130 125 120
|‘ I 1 (ppm)
__«..._.H_..'ll _fll AL ,*I M __|b.-']"w"‘l.u-"u'”-_ R JJ,_
i

45 40 35 30 25 20
1 (ppm)

Figure $25: 'H NMR spectrum (400 MHz) of the crude reaction mixture after completion of the reaction of BBL
with aniline in a TEA-buffered D;0/ds-DMSO 9/1 (v/v) solution.

25

- lactone (mM})

e lactone calc. (mM)
20—

Kope= k=972 x 107 s™

p-Butyrolactone (mM)
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0 10000 20000 30000 40000 50000

time (sec)

Figure S26: Decay of the concentration of BBL while reacting with aniline in a TEA-buffered reaction mixture

at 37 °C ([aniline] = 50 mM, ky = 8.50 x 107 M™' s™'). The black line shows a mono-exponential fit of the data.
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4.1.2. Reaction of BBL with [aniline], = 74 mM
[BBL]o =25 mM,
[PhNH;]o = 74 mM, [PhNH;]esr = 74 mM,
[TEA buffer]o =0.10 M, pH 7.75 in D,0/ds-DMSO 9/1 (v/v), 37 °C.

25 =y
L] lactone (mM}

lactone calc. (mM)
20—

Kype= kp=1.07 x 107 s™

p-Butyrolactone (mM)

0 T T T T T T T T T

0 10000 20000 30000 40000 50000

time (sec)

Figure S27: Decay of the concentration of BBL while reacting with aniline in a TEA-buffered reaction mixture

at 37 °C ([aniline], = 74 mM, ky = 7.07 x 107* M s7). The black line shows a mono-exponential fit of the data.

4.1.3. Reaction of BBL with [aniline]o =0.10 M
[BBL]o =25 mM,
[PhNH;]o = 0.10 M, [PhNH; = 0.10 M,
[TEA buffer]o =0.10 M, pH 7.75 in D,0/ds-DMSO 9/1 (v/v), 37 °C.

25

. lactone (mM})

lactone calc. (mM)
20—

Kope = ka =137 x 107*s™

B-Butyrolactone (mM)

0 T I v I

T
0 10000 20000 30000 40000 50000

time (sec)

Figure S28: Decay of the concentration of BBL while reacting with aniline in a TEA-buffered reaction mixture

at 37 °C ([aniline] , = 0.10 M, kyy = 8.23 x 107 M s7'). The black line shows a mono-exponential fit of the data.
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4.1.4. Reaction of BBL with [aniline], = 0.30 M
[BBL]o =25 mM,
[PhNH;]o = 0.30 M, [PhNH; = 0.30 M,
[TEA buffer]o =0.10 M, pH 7.75 in D,0/ds-DMSO 9/1 (v/v), 37 °C.

25—
®  lactone (mM)

e lactone calc. (mM)

20—

Kope = kp =291 x 1075

B-Butyrolactone (mM)

T v 1
0 10000 20000

time (sec)

Figure 829: Decay of the concentration of BBL while reacting with aniline in a TEA-buffered reaction mixture

at 37 °C ([aniline], = 0.30 M, kg = 7.88 x 107 M s7'). The black line shows a mono-exponential fit of the data.

4.1.5. Determination of the second-order rate constant &y for the reaction of BBL
with aniline
Table S4: Rate constants for the reactions of BBL with aniline at 37 °C at pH 7.75 in D,0/de-DMSO 9/1 (v/v) at

variable aniline concentrations.

[aniline]y M) ke (S) Ak (M'sT)

5.0 x 1072 972 x10° 8.50x107*
7.4 %107 1.07x10*  7.07x107*
1.0 x 107! 137x10*%  823x107*

3.0x10™ 291 x10*  7.88x107

averaged fy 7.92x107*

Standard dev +5.4 x 107

The averaged kv 1s in excellent agreement with the Ay derived from the slope of the linear

correlation of &ops With [aniline]o shown in Figure S30.
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30910

25810 -
2.0810%— -
kops (5 )
b - -
k calc. (s
1.5%107* oee =

kgpg hydrolysis in TEA-buffered solution (s_‘]

kobs (s™')

(not used for correlation)
1.0%10

s.omio*y gk —787x10"M"'s" x [aniline]+ 5.49 x 107 ™"

4] T T T T T T T 1
0.0 0.1 0.2 0.3 0.4

[aniline]y (M)

Figure S30: Corelation of k,y; with [aniline] ,.. For comparison also k., of hvdrolysis in TEA-buffered solution is

plotted.

The average value ky(aniline) = 7.92 (= 0.54) x 10 M s is used in Table 3 of the main

text.
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4.2. Kinetics of the reaction of BBL with m-toluidine in TEA-buffered D,0/ds-DMSO
9/1 (v/v)

[BBL]o =25 mM,
[m-tol-NH;]o = 50 mM, [m-tol-NH; e = 50 mM,
[TEA buffer], =0.10 M, pH 7.75 in D,0/ds-DMSO 9/1 (v/v), 37 °C.

IQN

O NH OH O HN
o TEA buffer
* - + CO,H
N ol o T
D,0/dg-DMSO (9/1)
BBL

3-HBA 3-mTBA
s.mreag #3-HBA
3-mTBA T
TEA S AR
130 125 120
1 {ppm)
| DMSO |
|
Y VAT A L _,'.\'Ii..||-'|'1'-'\'.__ .
288
o o . S§%
45 40 35 ] 25 20 1.5 10
1 (ppm})

Figure S31: 'H NMR spectrum (400 MHz) of the crude reaction mixture after completion of the reaction of BBL
with m-toluidine in a TEA-buffered D,0/ds-DMSO 9/1 (v/v) solution.

30+
. lactone (mM)

— lactone calec. (mM)

p-Butyrolactone (mM)

o 10000 20000 30000

time (sec)

Figure S32: Decay of the concentration of BBL while reacting with m-toluidine in a TEA-buffered reaction
mixture at 37 °C (ky=9.90 x 107 M 57). The black line shows a mono-exponential fit of the data.
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4.3. Kinetics of the reaction of BBL with p-toluidine in TEA-buffered D,0O/ds-DMSO

9/1 (VIv)

[BBL]o =25 mM,
[p-tol-NH;]o = 50 mM, [p-tol-NH; |egr = 50 mM,

[TEA buffer], = 0.10 M, pH 7.75 in D,0/d¢-DMSO 9/1 (v/v), 37 °C.

o NH,
o TEA buffer
+ e
D,0/dg-DMSO (9/1)
BBL

| 3-pTBAY
‘ T $3-HBA
3-pTBA A
F1ly] | | |
TEA o

130 JREIRES

I DMSO -

| 1

. A ! v‘u'.un,_. I\_.-»ﬂ_ _______Il_‘ _'\\'__-_-'.'J'h""_ B

4:5 . 4:0 . 3:5 Z:U . 1:5 . 1:0

0 25
1 (ppm)

OH O HNQ/
ANy v Aco

3-HBA 3-pTBA

Figure $33: 'H NMR spectrum (400 MHz) of the crude reaction mixture after completion of the reaction of BBL
with p-toluidine in a TEA-buffered D,0/ds-DMSO 9/1 (v/v) solution.

304
L] lactone (mM)

lactone cale. (mM)

Kope= kp=122x10%s™

p-Butyrolactone (mM)

4] 10000 20000 3oooo 40000

time (sec)

Figure S34: Decay of the concentration of BBL while reacting with p-toluidine in a TEA-buffered reaction
mixture at 37 °C (ky = 1.35 x 10° M s7'). The black line shows a mono-exponential fit of the data.
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4.4. Kinetics of the reaction of BBL with p-anisidine in TEA-buffered D,0O/ds-DMSO
9/1 (v/v)

[BBL]o =25 mM,
[p-ani-NH;]o = 50 mM, [p-ani-NH; Jer = 50 mM,
[TEA buffer], =0.10 M, pH 7.75 in D,0/d-DMSO 9/1 (v/v), 37 °C.

OMe
o e OH O HN” :
0 TEA buffer
. . + COH
BBL Ovte

D,0/dg-DMSO (9/1)

3-HBA 3-MBA
3-MBA
' 3-HBA
TEA TEA .
||| |I |
3-MBA I (]
I
& I
I \ I'_. (
DMSO o o
| | || 130 125 120
Y VAL SWAW L L fleem
853
e — . R —
45 40 35 30 2§ 20 15 10 05 00
1 {ppm)

Figure $35: 'H NMR spectrum (400 MHz) of the crude reaction mixture after completion of the reaction of BBL
with p-anisidine in a TEA-buffered D,0/ds-DMSQO 9/1 (v/v) solution.

30 =
L] lactone (mM})

lactone cale. (mM)

20 -

Kope = kg = 1.35 x 107 5™

f-Butyrolactone (mM)

T v T
] 10000 20000

time (sec)
Figure S36: Decay of the concentration of BBL while reacting with p-anisidine in a TEA-buffered reaction

mixture at 37 °C (ky = 1.62 % 107° M s7). The black line shows a mono-exponential fit of the data.

S29

224



4.5. Kinetics of the reaction of BBL. with benzylamine in TEA-buffered D,0/ds-
DMSO 9/1 (v/v)
[BBL]p =25 mM,
[PhCH,NH;]o = 50 mM, [PhCH,NH; Jess = 1.2 mM,

[TEA buffer]o=0.10 M, pH 7.75 in D>0/ds-DMSO 9/1 (v/v), 37 °C.
O

o TEA buffer OH O OH O
A
3T e - A, 0 A
H

D,0/dg-DMSO (9/1)

BBL 3-HBA

| | 3HBA
Il

TEA Tl
3-HBA [0

|

pmso N

| | MI A

885

45 40 35 30 25 20 15 10 05 00
1 {ppm)
Figure S37:'H NMR spectrum (400 MHz) of the crude reaction mixture after completion of the reaction of BBL

with benzvlamine in a TEA-buffered D,0/ds&DMSO 9/1 (v/v) solution.

30+
L] lactone (mM)

lactone calc. (mM)

20+

Kops = kg = 6.2 x 107757

p-Butyrolactone (mM)

o T T T T T T T T T
0 10000 20000 30000 40000 50000

time (sec)

Figure 838 Decay of the concentration of BBL while reacting with benzyvlamine in a TEA-buffered reaction

mixture at 37 °C (ky = 5.8 x 107 M 57'). The black line shows a mono-exponential fit of the data.

Due to the small concentration of unprotonated benzylamine under reaction conditions, we
proofed the formation of N-benzyl-3-hydroxybutanamide by HPLC-HRMS (ESI) analysis of
the reaction mixture. Caled. for Cy;H;gNO, [M+H]™ : m/z = 194.11756; found: m/z =
194.11753.
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4.6. Kinetics of the reaction of BBL with phenylethylamine in TEA-buffered D,0/ds-
DMSO 9/1 (v/v)
[BBL]p =25 mM,
[PhCH,CH,;NH,]o = 50 mM, [PhCH,CH,;NH; Jess = 0.36 mM,
[TEA buffer]o =0.10 M, pH 7.75 in D,0/ds-DMSO 9/1 (v/v), 37 °C.
o)

OH O OH O
fo) Ph TEA buffer
)j N~ S SR U ™
D,0/dg-DMSO (9/1) H

BBL 3-HBA

3-HBA

TEA | | il
I |
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| omsof o
| 1| | 130 125 1.20
) ~ I
-ﬁ__-\.\,' vand UL L ‘:fj.'.l —
hts
: B B —aid : .
4.5 40 35 30 25 20 15 1.0 05 0.0
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Figure $39: 'H NMR spectrum (400 MHz) of the crude reaction mixture afier completion of the reaction of BBL
with phenylethyvlamine in a TEA-buffered D,0/ds+-DMSO 9/1 (v/v) solution.

30+
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lactone calc. (mM)

20+

Kyps = kp=59x 1075

p-Butyrolactone (mM)
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0 10000 20000 30000 40000 50000
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Figure S40: Decay of the concentration of BBL while reacting with phenylethvlamine in a TEA-buffered
reaction mixture at 37 °C (ky = 1.1 x 107 M 57). The black line shows a mono-exponential fit of the data.

Due to the small concentration of unprotonated phenylethylamine under reaction conditions,
we proofed the formation of 3-hydroxy-N-phenethylbutanamide by HPLC-HRMS (ESI)
analysis of the reaction mixture. Caled. for C1,H;gNO, [M+H]™: m/z = 208.13321; found: m/z
=208.13317.
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4.7. Rate constants for the reactions of BBL with amines

Table S5: Rate constants for the reactions of BBL with different amines at 37 °C and pH 7.75 in D,0/de-DMSO
971 (vv).

benzyl-  phenylethyl-

aniline m-toludine  p-toluidine  p-anisidine amine amine
pKart 4.60 4.87 5.08 5.36 9.36 9.89
Cor (M) - 50x102  50x102 50x10% 12x10° 3.6x10*
Fops (57) - 1.04x107"% 122x10"% 135x10" 62x10° 59x107

eM1sh  792x107%F 990 x10* 135x10° 1.62x10° 58x10° 1.1x107

O o1 0, 0 ~0.07 ~0.17 -0.26 - -
[a] Average value, see Section 4.1. [b] From: C. Hansch, A. Leo, R. W. Taft, Chem. Rev. 1991, 91,
165-195.

4.8. Hammett plot for the reactions of BBL with anilines

-3.04

log ky

log ky = -121¢-3.09
rr=09890

-3.24

-0.3 -0.2 -0.1 0.0

Figure S41: Hammett plot of the reaction of BBL with anilines at 37 °C and pH 7.75 in D,0/ds-DMSO 9/1 (v/v),
with data from Table S5.
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S. Kinetics of the reaction of BBL with benzylamine in d¢-DMSO

[BBL]o =25 mM,
[PhCH,NI]o = 50 mM, in d¢-DMSO, 37 °C.

o o OH O
)_Jr + HzNAPh M “~ph
dg-DMSO H
BBL
DMSO
.l-' [
_,.-,_.,,,_..LIJ{" e / I.I_L " My U,
45 40 35 30 25 2.0 1.5 1.0 05 00
1 (ppm)

Figure $42:'H NMR spectrum (200 MHz) of the crude reaction mixture after completion of the reaction of BBL

with benzvlamine d;~DMSQO solution.

30 204

T T T
40000 60000

- Y=248x10*t -0.258
= 15 ? =0987
E
— 204
2 —
s -
© =
o —
° -
= 10+
2
. .
0 T T T T T — 0+ I
0 100000 200000 300000 20000
time (sec) time (sec)

Figure S43: Decay of the concentration of BBL while
reacting with benzylamine dg-DMSO at 37 °C (left). Determination of the second-order rate constant by plotting

time versus Y = ([Nu]o—[E]o) In([E] o [E]: +[Nut]o—[E]o)/[Nu]o[E].) by = 2.5 % 107 M 57, evaluated from

data for the first half-life; right).
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6. Determination of second-order rate constants of the reaction of BBL with

carbanions in DMSO

General Procedure

Solutions of the potassium salts of the carbanions 9-12 were generated by deprotonation of
the corresponding CH acid with 1.05 equivalents of KO7/Bu in dry DMSO prior to the
measurements. The kinetics of the reactions of BBL with the carbanions 9-12 were studied in
DMSO at 20 °C by using stopped-flow techniques with UV-vis detection. First-order
conditions were achieved by using a large excess of BBL, which led to a mono-exponential
decrease of the absorptions of the carbanions (4) during their reactions with BBL, from which
the first-order rate constants ks (s™) were obtained by a least-squares fitting of the function
A; = Ap-exp(—kobst) + C. The second-order rate constants 4, (M‘1 s_l) were then obtained from

the slope of a plot of kqps Versus [BBL]o.
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Table S6: Reaction of BBL with potassium cyano(4-nitrophenyl)methanide 9 (at 20 °C, stopped-flow, detection
at 539 nm).

E = BBL; Nu = potassium cyano(4-nitrophenyl)methanide (9)

[Nu], (M) [Elo (M) [E]o/[Nu]o Faps (571
3.56 x 107 7.04 x 107 20 541
3.56 x 107 1.43 %107 40 5.53
3.56 x 107 2.13 x 107 60 5.97
3.56 x 107 2.87 x 107 81 6.61
3.56 x 107 3.55%10° 100 7.14

k» (20°C)=635M ' s

B L]

y=635x + 4.78
r?=0.956

Kobs (s™")
Y
I

0 T T T T T T T ]
0.000 0.001 0.002 0.003 0.004

[Elg (M)

Figure S44: Dependence of the first-order rate constant k., of the reaction of 9 with BBL at 20 °C on the
concentration of BBL.
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Table S7: Reaction of BBL with potassium cyano(4-nitrophenyl)methanide 9 (at 30 °C, stopped-flow, detection

at 539 nm).

E = BBL; Nu = potassium cyano(4-nitrophenyl)methanide (9)

[Nu], (M) [Elo (M) [E]o/[Nu]o Faps (571
6.20 x 107 424 x 107 68 18.1
620 x 107 8.49 x 1072 137 222
6.20 x 107 1.27 x 1072 205 27.9
6.20 x 107 1.59 x 1072 257 322

k, (30°C)=122 x 10° M * s

40—

30+

20+

Kobs (s™")

y=1219x + 12.49
r?=0.994

o0.000 D.005 0.015

0D.020

Figure S45: Dependence of the first-order rate constant k,,, of the reaction of 9 with BBL at 30 °C on the

concentration of BBL.
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Table S8: Reaction of BBL with potassium cyano(4-nitrophenyl)methanide 9 (at 40 °C, stopped-flow, detection

at 539 nm).

E = BBL; Nu = potassium cyano(4-nitrophenyl)methanide (9)

[Nu], (M) [Elo (M) [E]o/[Nu]o Faps (571
6.20 x 107 424 x 107 68 23.8
620 x 107 8.49 x 1072 137 34.5
6.20 x 107 1.27 x 1072 205 443
6.20 x 107 1.59 x 1072 257 51.6

k(40 °C) =238 x 10° M ' 57!

60—

40+

Kobs (s™")

20+

y = 2376x + 13.97
r?=0.999

o0.000 D.005 0.015

0D.020

Figure S46.: Dependence of the first-order rate constant k., of the reaction of 9 with BBL at 40 °C on the

concentration of BBL.
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Table S9: Rate constants of the reaction of BBL with potassium cyano(4-nitrophenyl)methanide (9) at different

femperatiires.
T (°C) EMsY T (K™Y In(k,/T)
20 6.35 x 10 341 %107 7.73 x 107"
30 1.22 x10° 330 %107 1.39
40 238 x 10° 3.19x 107 2.03

AH* =479 kJ mol™
AST= 279 Tmol ' K

k, (37°C)=195x10° M5!

y= -5751x + 20.38

In(k,IT)

r*=0.999

0.0032 0.0033 0.0034 0.0035

1T (K™

Figure S47: Eyring plot for the reactions of 9 with BBL at different temperatures.
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Table S10: Reaction of BBL with potassium 2-ethoxy-I-(4-nitrophenyl)-2-oxoethan-1-ide 10 (at 20 °C, stopped-
flow, detection at 550 nin.

E = BBL; Nu = potassium 2-ethoxy-1-(4-nitrophenyl)-2-oxoethan-1-ide (10)

[Nu], (M) [Elo (M) [Elo/[Nu], ks (s7)
517 %107 424 %107 82 6.02
5.17 % 107 8.49 x 1072 164 10.9
5.17 % 107 1.27 x 1072 246 17.8
517 %107 1.59 x 107 308 21.6

k (20°C)=137x10° M5!

25—

20+

y=1368x - 0.0678
r* =0.995

Kobs (5_11

o.010 0.015

[Elg (M)

0.020

Figure S48: Dependence of the reaction of 10 with BBL at 20 °C on the concentration of BBL.
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Table S11: Reaction of BBL with potassium I-(4-cvanophenyl)-2-ethoxy-2-oxoethan-1-ide 11 (at 20 °C,

stopped-flow, detection at 405 nin).

E =BBL; Nu = potassium 1-(4-cyanophenyl)-2-ethoxy-2-oxoethan-1-ide (11)

[Nu]o (M) [E]o M) [E]o/[Nu]o kops (s71)
1.04 x 107* 1.44 x 1073 14 42.6
1.04 x 107 2.89x 107 28 87.2
1.04 x 107* 433 x 107 42 108
1.04 x 107* 5.77 % 107 56 145
1.04 x 107 8.66 x 10~ 84 207

k» (20°C)=223x10*M's"

250+

200

y= 22277x + 1512

150 r?=0.994

Kobs (s™")

100

50—

T T T T
o0.000 o.002 0.004 0.006 0.008 D.010

[Elg (M)

Figure §49: Dependence of the first-order rate constant k., of the reaction of 11 with BBL at 20 °C on the

concentration of BBL.
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Table S12: Reaction of BBL with potassium I-(4-bromophenyl)-2-ethoxy-2-oxoethan-1-ide 12 (at 20 °C,
stopped-flow, detection at 352 nn).

E =BBL; Nu = potassium 1-(4-bromophenyl)-2-ethoxy-2-oxoethan-1-ide (12)

[Nu], (M) [E]o (M) [E]y/[Nul, Fops (5
243 %107 1.20x 107 5 35.5
243 x107* 2.61 %107 11 185
243 %107 424 %107 17 523
243 x107* 528 x 107 21 699
243 x107* 6.42 x 107 26 850

k, (20°C)=1.64 x 10° M 57!

1000+

800+

y= 164000x - 188 .4

600 r?=0.990

Kobs (s™")

400

200+

o0.000 0.002 0.004 0.006 0.008

[Elg (M)

Figure S50: Dependence of the first-order rate constant k. of the reaction of 12 with BBL at 20 °C on the
concentration of BBL.

S41

236



7. Determination of second-order rate constants of the reaction of sodium

penicillin G with various amines in D,0/de-DMSO 9/1 (v/v)

General procedure

A TEA-buffered (pH 7.75) solution of an amine (0.056 M) in D,O (540 pL) was mixed with a
solution of penicillin G (60 puL of a 0.25 M solution in de-DMSO) in an NMR tube at 37 °C to
produce a 9/1 (v/v) D,O/DMSO solvent mixture. The conversion of penicillin G (PenG) was
monitored by using time-resolved "H NMR spectroscopy. Concentrations of PenG, [PenG],,
were calculated from ratio of the integral of the aromatic protons (7.63 to 7.40 ppm, m, 5 H;
15 H respectively, if the nucleophile also gave signals in this range) to all protons of the
bicyclic moiety (5.67 ppm, d, J=3.9 Hz, 1 Hand 5.59 ppm, d, J=3.8 Hz, 1 H).

The first-order rate constants ks (= k> in equation (4) of the main text) were determined by
least-squares fitting of the exponential function [PenG]|; = [PenG]o-exp(—kobst) + C to the time-
dependent [PenG],.

kovs =k =k + r’(N[amjne]eff (4)

According to equation (5) of the main text, 1.e.
kn = (k — k1)/[amine]es (5),

kw 1s then calculated from the experimentally determined %, the first-order rate constant of the
PenG decay in TEA-buffered solution (k; = 3.3 x 107 s7, see Section 7.1) and the effective

concentration of free amine at pH 7.75.
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7.1. Consumption of sodium penicillin G in TEA-buffered solution — Determination

of the first-order rate constant k;

TEA buffer (540 pL of a 0.11 M solution of TEA/TEA-HCI in D0, pH 7.75) and penicillin
G (60 puL of a 0.25 M solution in de-DMSO) were mixed in an NMR tube at 37 °C. The
conversion of penicillin G was monitored by using time-resolved 'H NMR spectroscopy.
Concentrations of penicillin G, [PenG];, were calculated from ratio of the integral of the

aromatic protons (7.63 to 7.40 ppm, m, 5 H) to all protons of the bicyclic moiety (5.67 ppm,
d,J=39Hz 1Hand 5.59 ppm, d,/J=3.8 Hz, 1 H).

[PenG]Jp =25 mM,
[TEA buffer]o =0.10 M, pH 7.75 in D;0/de-DMSO 9/1 (v/v), 37 °C

o) 0]
HO HO
o)
N NH OH
TEA buffer /\\(g
S NH > S o
o D,0/dg-DMSO (9/1) Oy NH
PenG
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Figure S51: Exemplary time-resolved ' H NMR spectra of the hydrolysis of penicillin G in TEA-buffered D,0/d-
DMSO 9/1 (vv) at 37 °C ([penicillin G], = 25 mM, pH = 7.75). Start of the reaction (bottom), time-resolved
topview of 'H NMR spectra showing the decrease of the followed penicillin G resonances (middle), and final 'H
NMR spectrum after 40407 sec (top).
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Figure §52: Decay of the concentration of penicillin G in a TEA-buffered reaction mixture at 37 °C. The black

line shows a mono-exponential fit of the data.
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7.2. Kinetics of the reaction of sodium penicillin G with benzylamine in TEA-

buffered D,O/ds-DMSO 9/1 (v/v)

[PenG]Jo =25 mM,
[PhCH,;NH;]o = 50 mM, [PhCH,NH; s = 1.2 mM,
[TEA buffer]o =0.10 M, pH 7.75 in D,0/de-DMSO 9/1 (V;’V)_, 37°C

o]
HO
O
N NH OH NH HN
TEA buffer
S NH * H,N" Ph S
0 D,0/dg-DMSO (9/1) i _N i _N
PenG
3o
®  penicillin (mM)
penicillin cale. (mM)
E 20+
g Kope=ky=13x10"s™
g 104
2
o T T 1
o 20000 40000 60000

time (sec)

Figure S53: Decay of the concentration of penicillin G while reacting with benzylamine in a TEA-buffered

reaction mixture at 37 °C (ky = 8.1 x 107 M s). The black line shows a mono-exponential fit of the data.
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7.3. Kinetics of the reaction of sodium penicillin G with phenylethylamine in TEA-
buffered D,O/ds-DMSO 9/1 (v/v)

[PenG]Jo =25 mM,
[PhCH,CH,NH,]o = 50 mM, [PhCH,CH,NH; |esr = 0.36 mM,
[TEA buffer]o =0.10 M, pH 7.75 in D,0/de-DMSO 9/1 (V;’V)_, 37°C

o]
HO
0 Ph
N NH OH NH HNT
Ph TEA buffer
S NH + HQN/\/
o D,0/dg-DMSO (9/1)
PenG

30
®  penicillin (mM)

penicillin cale. (mM)

20+

Kope = kg = 6.4 x 107 5™

penicillin G (mM)

] 10000 20000 30000 40000 50000

time (sec)

Figure S14: Decay of the concentration of penicillin G while reacting with phenylethyvlamine in a TEA-buffered
reaction mixture at 37 °C (ky = 8.6 x 1072 M 57). The black line shows a mono-exponential fit of the data.
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7.4. Kinetics of the reaction of sodium penicillin G with n-propylamine in TEA-

buffered D,O/ds-DMSO 9/1 (v/v)

[PenG]Jo =25 mM,

[n-PrNH;]o = 50 mM, [n-PrNH;]eg= 0.058 mM,

[TEA buffer]o =0.10 M, pH 7.75 in D;0/de-DMSO 9/1 (v/v), 37 °C
(0]

D,0/dg-DMSO (9/1) o]

Pen

30
®  penicillin (mM)

penicillin cale. (mM)

20+

Kope = kg =59 x 10" 5™

penicillin G (mM)

T
] 10000 20000 30000 40000 50000

time (sec)

0 0
HO ° HO HO
N NH HO NH HN" 7
TEA buffer
S + HZNA\/ - S 0 + S (0]
NH O _NH

Figure S55: Decay of the concentration of penicillin G while reacting with n-propylamine in a TEA-buffered

reaction mixture at 37 °C (ky = 4.5 x 107 M s7). The black line shows a mono-exponential fit of the data.
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7.5. Rate constants for the reactions of sodium penicillin G with different aliphatic

amines

Table S13: Rate constants for the reactions of penicillin G (PenG) with different aliphatic amines at 37 °C and
pPH7.75.

benzylamine phenylethylamine n-propylamine
pKart 9.36 9.89 10.68
Cor (M) 1.2 %107 3.6x107 58x107
Fops (57 13 %107 6.4 %10 59 %107
ke M7 s7h 8.1 x 107 8.6 x 107 45 x10™
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8. Determination of N and sy parameters of amines in H,O

The nucleophilic reactivities of 2-phenylethylamine and p-anisidine in water were determined
by using the benzhydrylium method as described previously.m] Second-order rate constants
for the attack of OH™ 10ns at the colored reference electrophiles (&, og-) have previously been
reported."'® As outlined in more detail previously,"*) the second-order rate constants for the
attack of the amine at the benzhydrylium ions (kx) in equation S1 can be obtained from the

slope of a linear plot of kyw (equation S2) vs the amine concentration (equation S3).
kobs = kw + k2,on[OH ] + kn[amine] (S1)
kve = kovs — k2,0 [OH ] = kobs — 1y, on- (S2)
kvy = kw + kn[amine] (S3)

The following benzhydrylium tetrafluoroborates were used as reference electrophiles for the
determination of the nucleophilicity parameters N and sy of the amines according to equation

(1) in the main text.

reference electrophile abbreviation E parameter™
H
(dma),CH" ~7.02
M EQN NM =0}

“ (pyr),CH" ~7.69

& O

SSNe o
N N

Me

H
H

+
+
Me
H
W (ind),CH" —8.76
N N
Mé
H
+

(jul),CH" —9.45

N N

Me
[a] from """
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8.1. Phenylethylamine

Table S14: Reaction of phenylethylamine with (dma),CH BF, (at 20 °C in water, cosolvent: 1 vol-% CH;CN,
stopped-flow, detection at 607 nm).

E = (dma),CH'BF,; Nu = phenylethylamine

[Elo (M) Nulo™M) [Nule®) [OH]M) [Nule/[Elo ku(s") hyon () k()

7.11x10° 557x10* 3.84x10* 1.73x107" 5 1.35 226 %107 1.33
7.11x10° 1.67x10° 135x10° 323x107" 19 5.67 424 %107 5.63
7.11%10°  279x10° 236x10° 428x107 33 10.1 5.60 x 107 10.04
7.11x10° 390x107° 3.39x10° 513x107* 48 15.0 6.72 x 107 14.93
7.11x10°  5.01x10° 443x10° 586107 62 19.6 7.68 x 107 19.52

pKs (PhCH,CH,NH,) = 4.111"8
kyon-=131 M 7101

=451 x10°M s

254

20
¥y =4512.6x -0.4549

r?=0.9998

Kyy (87)

0 T T T T T T T T T T
o0.000 0.001 0.002 0D.003 0.004 0.005

[Phenylethylaminel & (M)

Figure S56: Determination of the second-order rate constant ky = 4.51 x 10° M 57! from the dependence of

the first-order rate constant k;w on the concentration of phenylethylamine.
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Table S15: Reaction of phenylethylamine with (pyr),CH BF, (at 20 °C in water, cosolvent: 1 vol-2s CH,CN,
stopped-flow, detection at 607 nm.)

E = (pyr),CH BF,; Nu = phenylethylamine

[E]o (M) NulbM)  [Nulz®™) [OHTM) [Nul/[Ele  kaws(S)  Fyow- G k(™)
137x10° 454x10* 3.01x10"* 153107 22 0411 7.41 x 1073 0.404
137x107  136x10° 1.07x10° 2.88x107* 79 1.48 1.40 x 107 1.47
137x10° 227x10° 189x10° 383107 138 2.81 1.86 x 1072 2.79
137x10°  4.09x10° 356x10° 526107 261 6.00 2.55 x 1072 5.97

pKs (PhCH,CH,NH,) =4.11
fey o~ = 48.5 Mt 571 16
w=173x10°M"*s!

68— .

y=1726 3x - 0.2867

r*=0.9952

Kyy (87)

0.001 o.002 0.003 0.004

[Phenylethylaminel & (M)

Figure S57: Determination of the second-order rate constant ky = 1.73 x 10° M 57! from the dependence of

the first-order rate constant k;w on the concentration of phenvlethylamine.
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Table $16: Reaction of phenylethylamine with (thq) ,CH BF, (at 20 °C in water, cosolvent: I vol-% CH;CN,
stopped-flow, detection at 607 nmn).

E = (thq),CH'BF, ; Nu = phenylethylamine

[Elo (M) Nulo®)  [Nule®™) [OH](M) [Nuke/[Elo kus(s) iy () kiy(s™)

127 %107  1.67x10° 135x10° 323x10™* 106 1.33 7.63 x 107 1.32
127 x10° 279x10° 236x107° 428x107* 185 232 1.01 x 107 2.31
127 %107  390x10° 339x10° 513x107* 266 3.35 121 x 107 3.34
127107  501x10° 442x10° 586x107* 347 4.62 1.38 x 107 4.61

pKp (PhCH,CH,NH,) = 4.11
lpon-=23.6 M 57111

In=106x10°M s

y =1059.6x - 0.1583

r?=0.997

Kyy (87)

0 T T T T T T
0.000 0.002 0.004 0.0086

[Phenylethylaminel & (M)

Figure S58: Determination of the second-order rate constant ky = 1.06 x 10° M s~ from the dependence of

the first-order rate constant k;w on the concentration of phenylethylamine.
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Table $17: Reaction of phenylethylamine with (ind),CH BF, (at 20 °C in water, cosolvent: 1 vol-% CH;CN,

stopped-flow, detection at 607 nin).

E = (ind),CH'BF,; Nu = phenylethylamine

[E]o (M) Nul,M) [Nule®™) [OH]TM) [Nule/[Ele kas(s) ko) iy (™)
1.80 x 107 557x10% 3.84x10* 1.73x10™* 21 0.193 1.87 x 107 0.191
1.80 x 107  1.67x10° 135x10"° 323x107" 75 0.646 3.49 x 107 0.643
1.80 x 107 2.79x 107 236x10° 428x107* 131 1.07 462 %107 1.07
1.80 x10™  3.90x107° 339x10° 513x107* 188 1.58 554x107° 1.57
1.80 x 107  501x10° 442x10"° 586x107" 246 2.09 6.33 x 107 2.08

pKs (PhCH,CIHLNIL) = 4.11

kyon- =108 M ' 571 19

=466 M s

2.0

ki, (87)

0.5

0.0

y =465 9x + 0.002

r*=0.9992

o0.000

T T T
0.001 0.002

[Phenylethylamine] 4 (M)

T
0D.003

0.004 0.005

Figure S59: Determination of the second-order rate constant ky = 466 M~ s~ from the dependence of the first-

order rate constant ky g on the concentration of phenylethylamine.
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Table S18: Reaction of phenylethylamine with (jul),CH BF,” (at 20 °C in water, cosolvent: 1 vol-% CH,CN,
stopped-flow, detection at 630 nin).

E = (jul),CH'BF4; Nu = phenylethylamine

[Elo VD Nulo™M)  [Nule®™) [OH]M) [Nulo/[Elo k(s  hiyouw () k(™)

277x107° 557x10"% 384x10* 1.73x107* 14 0.0621 5.94x10* 6.15x107
277x10°  1.67x10° 135x10° 323x107 49 0233  1.11x10° 232x10"
277 %107  2.79x10° 236x107° 428x107* 85 0378  1.47x107° 3.77x10™
277x107°  5.01x10° 442x10° 5.86x107" 160 0.774  2.02x107° 7.72x10™

pKp (PhCH,CH,NH,) = 4.11
lpon- =344 M 5710

In=175M"1s"!

0.8

y=174.79x -0.0118
r?=0.9972

Kyy (87)

0.0 T T T T T T T T T T
0.000 0.001 0.002 0.003 0.004 0.005

[Phenylethylaminel & (M)

Figure S60: Determination of the second-order rate constant kyx = 175 M ' s~ from the dependence of the first-

order rate constant k; ¢ on the concentration of phenylethylamine.
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Table S19: Rate Constants for the reactions of phenylethvlamine with different benzhydrylium ions as reference

electrophiles (20 °C, in water).

reference electrophile E parameter fy (20°C) M s
(dma),CH" -7.02 451 x10°
(pyr),CH" —7.69 1.73 x 10°
(thq),CH" -8.22 1.06 x 10°
(ind),CH" -8.76 4.66 < 10°
(jul),CH" —9.45 1.75 x 10

Reactivity parameters for phenylethylamine (in water): N = 13.40; sy = 0.57

4.0~
3.5 y=0573x+ 768
r’=0.996
=
= a4 b
o
2
2.5 |
2.0 T T T T T T T
-10.0 0.5 8.0 8.5 8.0 7.5 7.0 8.5

Figure S61: Plot of log ky vs. the electrophilicity parameters E for the reactions of benzhydrylium ions with

phenylethylamine.
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8.2. p-Anisidine

Table S20: Reaction of p-anisidine with (dma),CH BF,; (at 20 °C in water, cosolvent: 1 vol-% CH;CN,
stopped-flow, detection at 607 nin).

E = (dma),CH'BF,; Nu = p-anisidine

[Elo,M)  [Nu],(M) [Nu]es [OHT(M) MNul/[Ely Fkus(S)  Fyow ) kiy(7)

1.90 x10* 133 x107° 133x10° 1.63x10° 7 106 213 %10 1.06 x 10?
1.90 x107* 3.98x107° 398x107° 282x10° 21 351 3.69 x 107 3.51 %107
190 x 10  6.64x 107 6.64x10° 3.64x107° 35 587 477 x10"%  5.87 x 10
1.90 x10* 929x107° 929x107° 430x10° 49 856 564 <10  8.56x 107

pKg = 8.701%
kyon-=131 M 7101

=937 x10*M s

1000+

800
y =93655x -22.076

r?=0.999

2004

T T T T
o0.000 o.002 0.004 0.008 o0.008 D.010

[p-Anisidine ]l ¢

Figure S62: Determination of the second-order rate constant ky = 9.37 x 10° M s™! from the dependence of

the first-order rate constant k;» on the concentration of p-anisidine.
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Table S$21: Reaction of p-anisidine with (pyr),CH BF,; (at 20 °C in water, cosolvent: 1 vol-% CH,CN, stopped-

flow, detection at 607 nin).

E = (pyr);CH BF,; Nu = p-anisidine

[EloM)  [Nulo(M) Nule [OH]OM) [Nul#/[Ele kS  hyon- (S kiy(sT)

295x107 133x10° 133x10° 1.63x107° 45 14.6 7.90 x10°  1.46 x 10"
295x107 398x10° 398x10" 2.82x107° 135 93.3 137x 10" 933 x10"
295x107 664 %107 6.64x10° 3.64x107° 225 167 1.76 x 107 1.67 x 10*
295x107 929x107° 929x107° 4.30x107° 315 229 2.09 x 107" 229 x10%
295%x107 1.19x107 1.19x107 4.87x107° 405 288 236x 10" 2.88x10°
pKs=8.70

fey.on- = 48.5 M 5716

=257 x 10*M s

3004

y=25711x -12.207

r?=0.996

100+

0 T T T T T ]
0.000 0.005 0.010 0.015

[p-Anisidine ]l ¢

Figure S63: Determination of the second-order rate constant ky = 2.57 x 10° M s™! from the dependence of

the first-order rate constant k; ¢ on the concentration of p-anisidine.
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Table S22: Reaction of p-anisidine with (ind),CH BF, (at 20 °C in water, cosolvent: 1 vol-% CH,CN, stopped-

flow, detection at 607 nin).

E = (ind),CHBF4; Nu = p-anisidine

[Elo (M) [Nulo (M) [Nuleg [OHT(M) [Nulo/[Ele k(s  kiyon- () Fay(s™)

323 %107  133x10° 133x10° 1.63x107° 41 13.0 1.76 x 107 13.0
323x10°  398x10° 398x10° 2.82x107° 123 28.8 3.04 x 107 28.6
323 %107 6.64x10° 6.64x10° 3.64x107° 205 48.1 3.93 %107 48.1
323 %107  929x10° 929x107° 431x10° 288 62.7 4.65 %107 62.7
323%x10°  1.19x107 1.19x107 4.87x107° 370 75.1 526 %107 75.1
pKs=8.70

fey.on- = 10.8 M ! 5716

=596 x10°M s

80|
y = 5963 4x + 59337
60|
':«;
> 40
3
20|
0 . | . | . |
0.000 0.005 0.010 0.015

[p-Anisidine]qs

Figure S64: Determination of the second-order rate constant ky = 5.96 x 10° M s~ from the dependence of

the first-order rate constant k;» on the concentration of p-anisidine.
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Table $23: Rate constants for the reactions of p-anisidine with different electrophiles (20 °C).

reference electrophile E parameter ky (20°C) (M s
(dma),CH" -7.02 9.37 x 10*
(py1),CH —7.69 2.57 x 10
(ind),CH" -8.76 5.96 % 10°

Reactivity parameters for p-anisidine (in water): N = 14.28; s5 = 0.68

y = 0.6789x + 9.70
r=0.991

4.5 —

log ky

Figure S65: Plot of log ky vs. the electrophilicity parameters E for the reactions of benzhydrylium ions with p-

anisidine.
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9. Product studies

9.1. Reactions of amines and anilines with BBL

3-(Phenylamino)butanoic acid [FM348_6]

0 To a solution of aniline (93.1 mg, 1.00 mmol) in a 9/1-mixture of H,O and
HNJ\)J\OH CHs;CN (30 mL) was added BBL (81.5 pL, 1.0 mmol). The reaction
@ mixture was stirred until HPLC-ESI-HRMS analysis showed no further

increase in product formation. The solvent was evaporated under reduced
pressure. Purification by reversed-phase HPLC yielded 3-(phenylamino)butanoic acid (65%)
as a yellowish oil. The obtained NMR data is in accordance with previously published
results.!”!

HRMS (ESI): calcd. for C;,H;4NO, [M+H]": 180.10191; found: 180.10179.

"H NMR (360 MHz, DMSO): § 7.26-7.21 (m, 2 H), 6.89-6.83 (m, 3 H), 3.88-3.75 (m, 1 H),
2.58(dd, J=15.6,5.4Hz, 1 H), 2.35(dd, J=15.6, 7.7 Hz, 1 H), 1.19 (d, /= 6.4 Hz, 3 H).

3C NMR (90.6 MHz, DMSO): 8 172.3, 143.2, 129.4, 120.5, 116.4, 48.4, 39.7, 18.9.

3-(m-Tolylamino)butanoic acid [FM349_1-3]

o To a solution of m-toluidine (107 mg, 1.00 mmol) in a 9/1-mixture of H,O
HNMOH and CH5;CN (30 mL) was added BBL (81.5 pL, 1.00 mmol). The reaction
mixture was stirred until HPLC-ESI-HRMS analysis showed no further

©\ mncrease 1n product formation. The solvent was evaporated under reduced
pressure. Purification by reversed-phase HPLC yielded 3-(m-tolylamino)butanoic acid (70%)

as a yellowish solid.
Tm: 127 °C
HRMS (ESI): calcd. for C;;H;sNO, [M+H]" : 194.11756; found: 194.11745.

'H NMR (500 MHz, DMSO): § 7.16 (t, J= 7.7 Hz, 1 H), 6.86-6.63 (m, 3 H), 3.86-3.76 (m, 1
H),2.59 (dd, J=15.7,5.3 Hz, 1 H), 2.37 (dd, J=15.7, 7.8 Hz, 1 H), 2.26 (s, 3 H), 1.19 (d, J =
6.4 Hz, 3 H).

13C NMR (90.6 MHz, DMSO): & 172.1, 142.1, 138.7, 129.2, 122.2, 117.7, 114.4, 49.0, 39.4,
21.1, 18.6.
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3-(p-Tolylamino)butanoic acid [FM350_6-8]

o To a solution of p-toluidine (107 mg, 1.00 mmol) in a 9/1-mixture of H,O
HN /l\/U\OH and CH3;CN (30 mL) was added BBL (81.5 pL, 1.00 mmol). The reaction
mixture was stured until HPLC-ESI-HRMS analysis showed no further
increase in product formation. The solvent was evaporated under reduced
pressure. Purification by reversed-phase HPLC yielded 3-(p-

tolylamino)butanoic acid (79%) as an orange oil.

HRMS (ESI): calcd. for C;;H;sNO, [M+H]": 194.11756; found: 194.11746.

"H NMR (500 MHz, DMSO): & 7.18 (d, J=8.1 Hz, 2 H), 7.05 (d, J= 8.1 Hz, 2 H), 3.92-3.64
(m, 1 H), 2.63 (dd, J=16.0, 5.1 Hz, 1 H), 2.43 (dd, J=16.0, 8.0 Hz, 1 H), 2.26 (s, 3 H), 1.21
(d,J=6.5Hz, 3 H).

3C NMR (90.6 MHz, DMSO): § 172.0, 136.6, 134.3, 130.3, 120.1, 51.7, 38.5, 20.6, 17.9.

3-((4-Methoxyphenyl)amino)butanoic acid [FM351_4-7]

To a solution of 4-methoxyaniline (123 mg, 1.00 mmol) in a 9/1-mixture of

0]
HNJ\/lLOH H,0 and CH5CN (30 mL) was added BBL (81.5 pL, 1.00 mmol). The
reaction mixture was stirred until HPLC-ESI-HRMS analysis showed no
further increase in product formation. The solvent was evaporated under

o reduced pressure. Purification by reversed-phase HPLC yielded 3-((4-

~
methoxyphenyl)amino)butanoic acid (59%) as a colorless oil.

HRMS (ESI): calced. for C;;H;gNO; [M+H]": 210.11247; found: 210.11240.

"H NMR (360 MHz, DMSO): 8 7.26 (d, /= 8.8 Hz, 2 H), 7.01 (d, /= 8.9 Hz, 2 H), 3.84-3.77
(m,J=13.1, 6.4 Hz, 1 H), 3.75 (s, 3 H), 2.66 (dd, J=16.3, 4.9 Hz, 1H), 2.50-2.42 (m, 1 H),
1.23 (d,J=6.5 Hz, 3 H).

C NMR (90.6 MHz, DMSO): 8 171.5, 157.8, 129.9, 122.9, 115.1, 55.5, 53.1, 37.8, 17.2.

S62

257



N-Benzyl-3-hydroxybutanamide [FM353_28-30]

0 oOH To a solution of benzylamine (109 pL, 1.00 mmol) in a 9/1-mixture of
HNM H,0 and CHsCN (30 mL) was added BBL (81.5 pL, 1.00 mmol). The
O.) reaction mixture was stirred until HPLC-ESI-HRMS analysis showed no
further increase in product formation. The solvent was evaporated under

reduced pressure. Purification by reversed-phase HPLC yielded N-benzyl-3-
hydroxybutanamide (59%) as a white powder. The obtained NMR data is in accordance with

previously published results.?”

T 69 °C

HRMS (ESI): calcd. for C;;H;NO, [M+H]": 194.11756; found: 194.11750.

"H NMR (500 MHz, DMSO): § 8.32 (t,J=5.6 Hz, 1 H), 7.35-7.21 (m, 5 H), 4.70 (d, J=2.3
Hz, 1 H), 429 (d,/J=6.0 Hz, 2 H), 4.04 (d, J= 5.4 Hz, 1 H), 2.31 (dd, /= 13.8, 7.3 Hz, 1 H),
2.21(dd,J=13.8,5.8 Hz, 1 H), 1.10 (d, J= 6.2 Hz, 3 H).

C NMR (90.6 MHz, DMSO): & 170.7, 139.6, 128.2, 127.2, 126.7, 63.8, 45.3, 41.9, 39.5,
23.4.

3-Hydroxy-N-phenethylbutanamide [FM370_13-15]

o0 oH To a solution of 2-phenylethylamine (127 pL, 122 mg, 1.00 mmol) ) in a
HNJ\)\ 9/1-mixture of H,O and CHs;CN (30 mL) was added BBL (81.5 uL, 1.00
mmol). The reaction mixture was stured until HPLC-ESI-HRMS analysis

showed no further increase in product formation. The solvent was

evaporated under reduced pressure and purification by reversed-phase

HPLC yielded 3-hydroxy-N-phenylethylbutanamide (58%) as a white powder. The obtained

NMR data is in accordance with previously published results.”!

Tw: 51°C

HRMS (ESI): calcd. for C1,H;3sNO; [M+H]+: 208.13321; found: 208.13304.

"H NMR (500 MHz, DMSO): & 7.89 (t, J= 4.9 Hz, 1H), 7.43-7.08 (m, 5 H), 4.89 (s, 1 H),
4.11-3.84 (m, 1 H), 3.37-3.12 (m, 2 H), 2.71 (t, J=7.4 Hz, 2 H), 2.21 (dd, J=13.8, 7.1 Hz, 1
H),2.10(dd, J=13.8,5.9 Hz, 1 H), 1.05 (d, /= 6.2 Hz, 3 H).

C NMR (90.6 MHz, DMSO): & 170.6, 139.5, 128.6, 128.3, 126.0, 63.8, 45.3, 40.1, 35.2,
23.3.
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9.2. Reactions of amines with sodium penicillin G

2-(2-(Benzylamino)-2-0x0-1-(2-phenylacetamido)ethyl)-S,5-dimethylthiazolidine-4-

carboxylic acid

0 To a solution of benzylamine (31.5 pL, 30.3 mg, 0.25 mmol) in a

HO 9/1-mixture of H;O and CH;CN (5 mL) was added sodium

ikm/@ benzylpenicillin (89 mg, 0.25 mmol). The reaction mixture was

f) NH © stired until HPLC-ESI-HRMS analysis showed no further

increase in product formation. The solvent was evaporated under

reduced pressure and purification by reversed-phase HPLC

yielded 2-(2-(benzylamino)-2-oxo-1-(2-phenylacetamido)ethyl)-

5,5-dimethylthiazolidine-4-carboxylic acid (53%) as a white powder (isolated as a mixture of

diastereomers 45:55 dr). The obtained NMR data is in accordance with previously published
results.?!

Ty 114 °CH]

HRMS (ESI): calcd. for C2HsN30,4S [M+H]": 442.17950; found: 442.17977.

"H NMR (500 MHz, DMSO):  8.70 (t, J=5.7 Hz, 1 H), 8.55 (t, /J=5.8 Hz, 1 H), 8.45 (d, J
=8.6 Hz, 1 H), 8.34 (d, J=9.2 Hz, 1 H), 7.34-7.17 (m, 20 H), 4.89 (dd, J=12.3, 7.0 Hz, 2
H), 4.81-4.75 (m, 1 H), 4.51 (t, J=8.5 Hz, 1 H), 4.38-4.15 (m, 6 H), 3.64 — 3.56 (m, 2 H),
3.56-3.43 (m, 4 H), 1.56 (s, 3 H), 1.52 (s, 3 H), 1.19 (s, 3 H), 1.14 (s, 3 H).

BC NMR (126 MHz, DMSO): § 170.5, 170.4, 170.3, 169.9, 169.6, 169.1, 139.1, 138.8,
136.6, 136.2, 129.14, 129.12, 128.24, 128.22, 128.2, 128.19, 128.1, 127.2, 127.1, 126.8,
126.7, 126.4, 126.2, 73.5, 72.2, 67.7, 66.9, 58.4, 57.2, 54.8, 422, 42.04, 42.01, 41.9, 28.4,
27.9,27.7,27.1.
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5,5-Dimethyl-2-(2-0x0-1-(2-phenylacetamido)-2-(propylamino)ethyl)thiazolidine-4-
carboxylic acid

0 To a solution of propylamine (20.5 pL, 30.3 mg, 0.25 mmol) in a
HO . :
9/1-mixture of H,O and CH;CN (5 mL dded sodi

NH N~ mixture of H,O an 3 ( ) was added sodmum

S o benzylpenicillin (89 mg, 0.25 mmol). The reaction mixture was

O- _NH stirred until HPLC-ESI-HRMS analysis showed no further icrease

in product formation. The solvent was evaporated under reduced

pressure and purification by reversed-phase HPLC yielded 5.5-
dimethyl-2-(2-ox0-1-(2-phenylacetamido)-2-(propylamino)ethyl)-

thiazo-lidine-4-carboxylic acid (66%) as a white powder (isolated as a muxture of

diastereomers 45:55 dr.)

Tw: 121 °C

HRMS (ESI): calcd. for C19HsN304S [M+H]+: 394.17950; found: 394.17956.

"H NMR (360 MHz, DMSO): 8 8.38 (d, /J=8.7 Hz, 1 H), 828 (d, J=9.1 Hz, 1 H), 8.17 (t, J
=5.5Hz, 1 H), 8.02 (t, J=5.5 Hz, 1 H), 7.33-7.15 (m, 10 H), 4.86-4.83 (m, 2 H), 4.71-4.67
(m, 1 H), 4.45-4.40 (t, J=8.5Hz, 1 H), 3.62 (d, J=5.0 Hz, 2 H), 3.51 (dd, J=9.7, 2.8 Hz, 4
H), 3.04-2.96 (m, 4 H), 1.55 (s, 3 H), 1.51 (s, 3 H), 1.44-1.34 (m, 4 H), 1.19 (s, 3 H), 1.13 (s,
3H),0.83(q,J=7.7 Hz, 6 H).

C NMR (90.6 MHz, DMSO): & 170.4, 170.2, 170.1, 169.6, 169.1, 168.6, 136.4, 136.0,

129.1, 129.0, 128.1, 128.0, 126.3, 126.1, 73.2, 72.0, 67.5, 66.7, 57.9, 57.0, 56.8, 56.7, 54.8,
54.2,42.0,41.8,28.3,27.7,27.5,269,22.1,22.0,11.3.
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10. Syntheses of lactams

4-Methyl-1-azetidin-2-one

o To a stirred solution of 3-aminobutanoic acid (7.50 g, 72.2 mmol) and 2-chloro-1-
methylpyridinium iodide (20.4 g, 80 mmol) in dry CH3CN (500 mL) was added
dropwise a solution of triethylamine (22.0 mL, 16.2 g, 160 mmol) in dry CH;CN

(100 mL) under nitrogen over 10 min. The mixture was heated to reflux for 2 h. Then the
solvent was evaporated under reduced pressure. Purification by flash column chromatography
on silica (5.0 x 35 cm, EtOAc/EtOH = 10:1) yielded 4-methylazetidin-2-one (2.90 g, 34
mmol, 46%) as an yellowish oil. The obtained NMR data is in accordance with previously

published results.**

R,= 0.48 (EtOAc:EtOH 10:1)

HRMS (ESI): calcd. for C4HgNO [M+H]": 86.06004; found: 86.06006.

"H NMR (360 MHz, CDCls): & 6.34 (br s, 1 H), 3.79-3.72 (m, 1 H), 3.07 (ddd, J = 14.8, 5.0,
2.1Hz, 1H),2.52(ddd, J=14.8,2.3, 1.4Hz, 1 H), 1.34 (d,J=6.1 Hz, 3 H).

B3C NMR (90.6 MHz, CDCLs): 8 168.1, 45.1, 44.0, 21.3.

4-Phenyl-1-azetidin-2-one

o MN-Chlorosulfonyl isocyanate (16.0 mL, 25.9 g, 194 mmol, 1.2 eq.) was added

1 dropwise to a stirred solution of styrene (18.5 mL, 16.8 g, 161 mmol, 1.0 eq.)

in dry diethyl ether (75 mL) at room temperature over 10 min under nitrogen.

After stirring at ambient temperature for 2 h the solvent was removed under

reduced pressure to give an oily residue, which was then redissolved in diethyl ether (100 mL)
and added dropwise over 10 min to a vigorously stirred solution of water (150 mL), sodium
carbonate (45.0 g, 106 mmol, 3.0 eq.), sodium sulfite (30.0 g, 126 mmol, 1.5 eq.) and ice (100
g). The solution was stirred for 1 h and filtered through celite under vacuum. The two layers
were separated and the aqueous layer was extracted with diethyl ether (5 x 200 mL). The
combined organic extracts were dried over sodium sulfate, filtered and the solvent evaporated
under vacuum to yield the product (9.24 g, 62.8 mmol, 40%) as a white solid. The obtained

NMR data is in accordance with previously published results.[*!

Ty 104 °C)
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HRMS (ESI): calcd. for CoH;oNOs [M+H]*: 148.07569; found: 148.07572

'H NMR (360.13 MHz, CDCL): § 7.07 (m, 5 H), 6.54 (s, 1 H), 4.71 (dd, J=5.3,2.5 Hz, 1
M), 3.43 (ddd, J=14.9, 5.3,2.5 Hz, 1 H), 2.86 (ddd, J=14.9, 2.5, 0.9 Hz, 1 H).

13C NMR (90.6 MHz, CDCls): 5 168.3, 140.3, 128.9, 128.3, 125.7, 50.5, 48.1.
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