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4. Kfineftfics off ftThe reacftfion off BBL wfiftTh amfines fin TEA-buffffered D2O/d6-DMSO 

9/1 (v/v) – Deftermfinaftfion off second-order rafte consftanfts kN 

ft

–

k k

ft –k ft C

ft

k  = k k k

k k–k

k k

k – –

K

217



 

 

4.1. Kfineftfics off ftThe reacftfion off BBL wfiftTh anfiflfine fin TEA-buffffered D2O/d6-DMSO 9/1 

(v/v) 

4.1.1.  

 

Ffigure S25: 1H NMR specftrum (400 MHz) off ftThe crude reacftfion mfixfture afffter compfleftfion off ftThe reacftfion off BBL 

wfiftTh anfiflfine fin a TEA-buffffered D2O/d6-DMSO 9/1 (v/v) sofluftfion. 
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Ffigure S26: Decay off ftThe concenftraftfion off BBL wThfifle reacftfing wfiftTh anfiflfine fin a TEA-buffffered reacftfion mfixfture 

aft 37 °C ([anfiflfine]0 = 50 mM, k = 8.50 × 10
–4 M–1 s–1). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta.  
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Ffigure S27: Decay off ftThe concenftraftfion off BBL wThfifle reacftfing wfiftTh anfiflfine fin a TEA-buffffered reacftfion mfixfture 

aft 37 °C ([anfiflfine]0 = 74 mM, k = 7.07 × 10
–4 M–1 s–1). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta.  
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Ffigure S28: Decay off ftThe concenftraftfion off BBL wThfifle reacftfing wfiftTh anfiflfine fin a TEA-buffffered reacftfion mfixfture 

aft 37 °C ([anfiflfine]0 = 0.10 M, k = 8.23 × 10
–4 M–1 s–1). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta.  
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Ffigure S29: Decay off ftThe concenftraftfion off BBL wThfifle reacftfing wfiftTh anfiflfine fin a TEA-buffffered reacftfion mfixfture 

aft 37 °C ([anfiflfine]0 = 0.30 M, k = 7.88 × 10
–4 M–1 s–1). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta.  

 

4.1.5. k

 

Tabfle S4: Rafte consftanfts ffor ftThe reacftfions off BBL wfiftTh anfiflfine aft 37 °C aft pH 7.75 fin D2O/d6-DMSO 9/1 (v/v) aft 

varfiabfle anfiflfine concenftraftfions. 
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Ffigure S30: Coreflaftfion off kobs wfiftTh [anfiflfine]0. For comparfison aflso kobs off Thydroflysfis fin TEA-buffffered sofluftfion fis 

pfloftfted. 
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4.2. Kfineftfics off ftThe reacftfion off BBL wfiftTh m-ftoflufidfine fin TEA-buffffered D2O/d6-DMSO 

9/1 (v/v) 

 

Ffigure S31: 1H NMR specftrum (400 MHz) off ftThe crude reacftfion mfixfture afffter compfleftfion off ftThe reacftfion off BBL 

wfiftTh m-ftoflufidfine fin a TEA-buffffered D2O/d6-DMSO 9/1 (v/v) sofluftfion.  
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Ffigure  S32:  Decay  off  ftThe  concenftraftfion  off  BBL  wThfifle  reacftfing  wfiftTh  m-ftoflufidfine  fin  a  TEA-buffffered  reacftfion 

mfixfture aft 37 °C (kN = 9.90 × 10
–4 M–1 s–1). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta. 
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4.3. Kfineftfics off ftThe reacftfion off BBL wfiftTh p-ftoflufidfine fin TEA-buffffered D2O/d6-DMSO 

9/1 (v/v) 

 

 

Ffigure S33: 1H NMR specftrum (400 MHz) off ftThe crude reacftfion mfixfture afffter compfleftfion off ftThe reacftfion off BBL 

wfiftTh p-ftoflufidfine fin a TEA-buffffered D2O/d6-DMSO 9/1 (v/v) sofluftfion.  

0 10000 20000 30000 40000

0

10

20

30

ftfim e (s e c )

-
B
uft
y
r
ofl
a
cft
o
n
e 
(
m
 
M 
)

fla cfto ne (m M )

flacftone caflc. (m M)

kobs=k2=1.22×10
-4
s
-1

Ffigure  S34:  Decay  off  ftThe  concenftraftfion  off  BBL  wThfifle  reacftfing  wfiftTh  p-ftoflufidfine  fin  a  TEA-buffffered  reacftfion 

mfixfture aft 37 °C (k = 1.35 × 10–3 M–1 s–1). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta. 
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4.4. Kfineftfics off ftThe reacftfion off BBL wfiftTh p-anfisfidfine fin TEA-buffffered D2O/d6-DMSO 

9/1 (v/v) 

 

Ffigure S35: 1H NMR specftrum (400 MHz) off ftThe crude reacftfion mfixfture afffter compfleftfion off ftThe reacftfion off BBL 

wfiftTh p-anfisfidfine fin a TEA-buffffered D2O/d6-DMSO 9/1 (v/v) sofluftfion.  
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Ffigure  S36:  Decay  off  ftThe  concenftraftfion  off  BBL  wThfifle  reacftfing  wfiftTh  p-anfisfidfine  fin  a  TEA-buffffered  reacftfion 

mfixfture aft 37 °C (k = 1.62 × 10–3 M–1 s–1). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta. 
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4.5. Kfineftfics  off  ftThe  reacftfion  off  BBL  wfiftTh  benzyflamfine  fin  TEA-buffffered  D2O/d6-

DMSO 9/1 (v/v) 

Ffigure S37: 1H NMR specftrum (400 MHz) off ftThe crude reacftfion mfixfture afffter compfleftfion off ftThe reacftfion off BBL 

wfiftTh benzyflamfine fin a TEA-buffffered D2O/d6-DMSO 9/1 (v/v) sofluftfion.  
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Ffigure  S38:  Decay  off  ftThe  concenftraftfion  off  BBL  wThfifle  reacftfing  wfiftTh  benzyflamfine  fin  a  TEA-buffffered  reacftfion 

mfixfture aft 37 °C (k = 5.8 × 10–3 M–1 s–1). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta. 
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4.6. Kfineftfics off ftThe reacftfion off BBL wfiftTh pThenyfleftThyflamfine fin TEA-buffffered D2O/d6-

DMSO 9/1 (v/v) 

Ffigure S39: 1H NMR specftrum (400 MHz) off ftThe crude reacftfion mfixfture afffter compfleftfion off ftThe reacftfion off BBL 

wfiftTh pThenyfleftThyflamfine fin a TEA-buffffered D2O/d6-DMSO 9/1 (v/v) sofluftfion.  
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Ffigure  S40:  Decay  off  ftThe  concenftraftfion off  BBL  wThfifle  reacftfing  wfiftTh  pThenyfleftThyflamfine  fin  a  TEA-buffffered 

reacftfion mfixfture aft 37 °C (k = 1.1 × 10–2 M–1 s–1). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta. 
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4.7. Rafte consftanfts ffor ftThe reacftfions off BBL wfiftTh amfines 

 

Tabfle S5: Rafte consftanfts ffor ftThe reacftfions off BBL wfiftTh dfifffferenft amfines aft 37 °C and pH 7.75 fin D2O/d6-DMSO 

9/1 (v/v). 
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4.8. Hammeftft pfloft ffor ftThe reacftfions off BBL wfiftTh anfiflfines 
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Ffigure S41: Hammeftft pfloft off ftThe reacftfion off BBL wfiftTh anfiflfines aft 37 °C and pH 7.75 fin D2O/d6-DMSO 9/1 (v/v), 

wfiftTh dafta ffrom Tabfle S5.
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5. Kfineftfics off ftThe reacftfion off BBL wfiftTh benzyflamfine fin d6-DMSO 

 

 

Ffigure S42: 1H NMR specftrum (200 MHz) off ftThe crude reacftfion mfixfture afffter compfleftfion off ftThe reacftfion off BBL 

wfiftTh benzyflamfine d6-DMSO sofluftfion.  
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Ffigure  S43:  Decay  off  ftThe  concenftraftfion  off  BBL  wThfifle 

reacftfing wfiftTh benzyflamfine d6-DMSO aft 37 °C (fleffft). Deftermfinaftfion off ftThe second-order rafte consftanft by pfloftftfing 

ftfime  versus  Y  =  ([Nu]0 [E]0)
–1fln([E]0([E]ft  +[Nu]0 [E]0)/[Nu]0[E]ft)  (k  =  2.5  ×  10

–4 M–1 s–1,  evafluafted  ffrom 

dafta ffor ftThe fffirsft Thaflff-flfiffe; rfigThft).  
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6. Deftermfinaftfion  off  second-order  rafte  consftanfts  off  ftThe  reacftfion  off  BBL  wfiftTh 

carbanfions fin DMSO 
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Tabfle S6: Reacftfion off BBL wfiftTh poftassfium cyano(4-nfiftropThenyfl)meftThanfide 9 (aft 20 °C, sftopped-ffflow, deftecftfion 

aft 539 nm).  

9
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Ffigure  S44:  Dependence off ftThe firsft-order  rafte  consftanft  kobs  off  ftThe  reacftfion  off 9  wfiftTh  BBL  aft  20  °C  on  ftThe 

concenftraftfion off BBL.
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Tabfle S7: Reacftfion off BBL wfiftTh poftassfium cyano(4-nfiftropThenyfl)meftThanfide 9 (aft 30 °C, sftopped-ffflow, deftecftfion 

aft 539 nm). 

9
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Ffigure  S45: Dependence off ftThe firsft-order  rafte  consftanft  kobs  off  ftThe  reacftfion  off 9  wfiftTh  BBL  aft  30  °C  on  ftThe 

concenftraftfion off BBL.
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Tabfle S8: Reacftfion off BBL wfiftTh poftassfium cyano(4-nfiftropThenyfl)meftThanfide 9 (aft 40 °C, sftopped-ffflow, deftecftfion 

aft 539 nm). 
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Ffigure  S46:  Dependence off ftThe firsft-order  rafte  consftanft  kobs  off  ftThe  reacftfion  off 9  wfiftTh  BBL  aft  40  °C  on  ftThe 

concenftraftfion off BBL. 
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Tabfle S9: Rafte consftanfts off ftThe reacftfion off BBL wfiftTh poftassfium cyano(4-nfiftropThenyfl)meftThanfide (9) aft dfifffferenft 

ftemperaftures.  
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Ffigure S47: Eyrfing pfloft ffor ftThe reacftfions off 9 wfiftTh BBL aft dfifffferenft ftemperaftures.
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Tabfle S10: Reacftfion off BBL wfiftTh poftassfium 2-eftThoxy-1-(4-nfiftropThenyfl)-2-oxoeftThan-1-fide 10 (aft 20 °C, sftopped-

ffflow, deftecftfion aft 550 nm. 
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Ffigure S48: Dependence off ftThe reacftfion off 10 wfiftTh BBL aft 20 °C on ftThe concenftraftfion off BBL. 

 

  

   k –  

– –

– –

– –

– –

234



 

 

Tabfle  S11:  Reacftfion  off  BBL  wfiftTh  poftassfium  1-(4-cyanopThenyfl)-2-eftThoxy-2-oxoeftThan-1-fide 11  (aft  20  °C, 

sftopped-ffflow, deftecftfion aft 405 nm). 
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Ffigure  S49: Dependence off ftThe firsft-order  rafte  consftanft  kobs  off  ftThe  reacftfion  off 11  wfiftTh  BBL  aft  20  °C  on  ftThe 

concenftraftfion off BBL. 
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Tabfle  S12:  Reacftfion  off  BBL  wfiftTh  poftassfium  1-(4-bromopThenyfl)-2-eftThoxy-2-oxoeftThan-1-fide 12  (aft  20  °C, 

sftopped-ffflow, deftecftfion aft 352 nm). 
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Ffigure  S50: Dependence off ftThe firsft-order  rafte  consftanft  kobs  off  ftThe  reacftfion  off 12  wfiftTh  BBL  aft  20  °C  on  ftThe 

concenftraftfion off BBL. 
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7. Deftermfinaftfion  off  second-order  rafte  consftanfts  off  ftThe  reacftfion  off sodfium 

penficfiflflfin G wfiftTh varfious amfines fin D2O/d6-DMSO 9/1 (v/v) 
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7.1. Consumpftfion off sodfium penficfiflflfin G fin TEA-buffffered sofluftfion – Deftermfinaftfion 

off ftThe fffirsft-order rafte consftanft k1 
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Ffigure S51: Exempflary ftfime-resoflved 1H NMR specftra off ftThe Thydroflysfis off penficfiflflfin G fin TEA-buffffered D2O/d6-

DMSO 9/1 (v/v) aft 37 °C ([penficfiflflfin G]0 = 25 mM, pH = 7.75). Sftarft off ftThe reacftfion (boftftom), ftfime-resoflved 

ftopvfiew off 1H NMR specftra sThowfing ftThe decrease off ftThe ffoflflowed penficfiflflfin G resonances (mfiddfle), and fffinafl 1H 

NMR specftrum afffter 40407 sec (ftop).  
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Ffigure S52: Decay off ftThe concenftraftfion off penficfiflflfin G fin a TEA-buffffered reacftfion mfixfture aft 37 °C. TThe bflack 

flfine sThows a mono-exponenftfiafl fffift off ftThe dafta.
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7.2. Kfineftfics  off  ftThe  reacftfion  off sodfium penficfiflflfin  G  wfiftTh  benzyflamfine  fin  TEA-

buffffered D2O/d6-DMSO 9/1 (v/v) 
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Ffigure  S53:  Decay  off  ftThe  concenftraftfion  off  penficfiflflfin  G  wThfifle  reacftfing  wfiftTh  benzyflamfine  fin  a  TEA-buffffered 

reacftfion mfixfture aft 37 °C (k = 8.1 × 10–2 M–1 s–1

241

). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta. 

  



 

 

7.3. Kfineftfics  off  ftThe  reacftfion  off  sodfium penficfiflflfin G  wfiftTh  pThenyfleftThyflamfine  fin  TEA-

buffffered D2O/d6-DMSO 9/1 (v/v) 

. 
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Ffigure S14: Decay off ftThe concenftraftfion off penficfiflflfin G wThfifle reacftfing wfiftTh pThenyfleftThyflamfine fin a TEA-buffffered 

reacftfion mfixfture aft 37 °C (k = 8.6 × 10–2 M–1 s–1
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). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta. 

  



 

 

7.4. Kfineftfics  off  ftThe  reacftfion  off  sodfium penficfiflflfin  G  wfiftTh n-propyflamfine  fin  TEA-

buffffered D2O/d6-DMSO 9/1 (v/v) 
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Ffigure  S55:  Decay  off  ftThe  concenftraftfion  off  penficfiflflfin  G  wThfifle  reacftfing  wfiftTh  n-propyflamfine  fin  a  TEA-buffffered 

reacftfion mfixfture aft 37 °C (k = 4.5 × 10–1 M–1 s–1
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). TThe bflack flfine sThows a mono-exponenftfiafl fffift off ftThe dafta. 

  



 

 

7.5. Rafte  consftanfts  ffor  ftThe  reacftfions  off  sodfium  penficfiflflfin  G  wfiftTh  dfifffferenft  aflfipThaftfic 

amfines 

Tabfle S13: Rafte consftanfts ffor ftThe reacftfions off penficfiflflfin G (PenG) wfiftTh dfifffferenft aflfipThaftfic amfines aft 37 °C and 

pH 7.75. 

n

K

c – – –

k – – – –

k – – – – –
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8. Deftermfinaftfion off N and sN paramefters off amfines fin H2O 

 

p

– k

k

k k k – k

k = k –k – k –k1, OH

k = k k

N s

 

 E

–

–

–

–

–
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8.1. PThenyfleftThyflamfine 

 

Tabfle S14: Reacftfion off pThenyfleftThyflamfine wfiftTh (dma)2CH
+BF4

– (aft 20 °C fin wafter, cosoflvenft: 1 vofl-% CH3CN, 

sftopped-ffflow, deftecftfion aft 607 nm). 

–

– k –  k1, OH
–  k1

–  

– – – – –

– – – – –

– – – – –

– – – – –

– – – – –

 

K
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k – –
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Ffigure S56: Deftermfinaftfion off ftThe second-order rafte consftanft k = 4.51 × 103 M1 s1 ffrom ftThe dependence off 

ftThe firsft-order rafte consftanft k1 on ftThe concenftraftfion off pThenyfleftThyflamfine.
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Tabfle S15: Reacftfion off pThenyfleftThyflamfine wfiftTh (pyr)2CH
+BF4

– (aft 20 °C fin  wafter,  cosoflvenft: 1 vofl-% CH3CN, 

sftopped-ffflow, deftecftfion aft 607 nm.) 

–

– k –  k1, OH
–  k1 

–  

– – – – –

– – – – –

– – – – –
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r
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= 0.9952

y = 1726.3x - 0.2867

 

Ffigure S57: Deftermfinaftfion off ftThe second-order rafte consftanft k = 1.73 × 103 M1 s1 ffrom ftThe dependence off 

ftThe firsft-order rafte consftanft k1 on ftThe concenftraftfion off pThenyfleftThyflamfine.
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Tabfle S16: Reacftfion off  pThenyfleftThyflamfine wfiftTh  (ftThq)2CH
+BF4

– (aft 20  °C  fin wafter,  cosoflvenft: 1 vofl-% CH3CN, 

sftopped-ffflow, deftecftfion aft 607 nm). 

–

– k –  k1, OH
–  k1 

–  

– – – – –

– – – – –

– – – – –

– – – – –
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Ffigure S58: Deftermfinaftfion off ftThe second-order rafte consftanft k = 1.06 × 103 M1 s1 ffrom ftThe dependence off 

ftThe firsft-order rafte consftanft k1 on ftThe concenftraftfion off pThenyfleftThyflamfine.
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Tabfle S17: Reacftfion off  pThenyfleftThyflamfine wfiftTh  (find)2CH
+BF4

– (aft 20  °C  fin wafter,  cosoflvenft: 1 vofl-% CH3CN, 

sftopped-ffflow, deftecftfion aft 607 nm). 

–

– k –  k1, OH
–  k1

–  

– – – – –

– – – – –

– – – – –

– – – – –

– – – – –
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Ffigure S59: Deftermfinaftfion off ftThe second-order rafte consftanft kN = 466 M
1 s1 ffrom ftThe dependence off ftThe firsft-

order rafte consftanft k1 on ftThe concenftraftfion off pThenyfleftThyflamfine.
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Tabfle  S18: Reacftfion  off  pThenyfleftThyflamfine  wfiftTh  (jufl)2CH
+BF4

–  (aft  20  °C  fin  wafter,  cosoflvenft:  1  vofl-%  CH3CN, 

sftopped-ffflow, deftecftfion aft 630 nm). 

–

– k –  k1, OH
–  k1 

–  

– – – – – –

– – – – – –

– – – – – –

– – – – – –
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Ffigure S60: Deftermfinaftfion off ftThe second-order rafte consftanft k = 175 M1 s1 ffrom ftThe dependence off ftThe firsft-

order rafte consftanft k1 on ftThe concenftraftfion off pThenyfleftThyflamfine.
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Tabfle S19:Rafte Consftanfts ffor ftThe reacftfions off pThenyfleftThyflamfine wfiftTh dfifffferenft benzThydryflfium fions as refference 

eflecftropThfifles (20 °C, fin wafter).

E k – –  
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N s
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2
= 0.996

y = 0.573x + 7.68

Ffigure S61: Pfloft off flog kN vs. ftThe eflecftropThfiflficfifty paramefters E ffor ftThe reacftfions off benzThydryflfium fions wfiftTh 

pThenyfleftThyflamfine. 
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8.2. p-Anfisfidfine 

 

Tabfle  S20:  Reacftfion  off  p-anfisfidfine  wfiftTh  (dma)2CH
+BF4

–  (aft  20  °C  fin  wafter,  cosoflvenft:  1  vofl-%  CH3CN, 

sftopped-ffflow, deftecftfion aft 607 nm). 
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Ffigure S62: Deftermfinaftfion off ftThe second-order rafte consftanft k = 9.37 × 104 M1 s1 ffrom ftThe dependence off 

ftThe firsft-order rafte consftanft k1  on ftThe concenftraftfion off p-anfisfidfine.
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Tabfle S21: Reacftfion off p-anfisfidfine wfiftTh (pyr)2CH
+BF4

– (aft 20 °C fin wafter, cosoflvenft: 1 vofl-% CH3CN, sftopped-

ffflow, deftecftfion aft 607 nm). 
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Ffigure S63: Deftermfinaftfion off ftThe second-order rafte consftanft k = 2.57 × 104 M1 s1 ffrom ftThe dependence off 

ftThe firsft-order rafte consftanft k1  on ftThe concenftraftfion off p-anfisfidfine.
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Tabfle S22: Reacftfion off p-anfisfidfine wfiftTh (find)2CH
+BF4

– (aft 20 °C fin wafter, cosoflvenft: 1 vofl-% CH3CN, sftopped-

ffflow, deftecftfion aft 607 nm). 
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Ffigure S64: Deftermfinaftfion off ftThe second-order rafte consftanft k = 5.96 × 103 M1 s1 ffrom ftThe dependence off 

ftThe firsft-order rafte consftanft k1  on ftThe concenftraftfion off p-anfisfidfine.
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Tabfle S23:Rafte consftanfts ffor ftThe reacftfions off p-anfisfidfine wfiftTh dfifffferenft eflecftropThfifles (20 °C).
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Ffigure S65: Pfloft off flog kN  vs. ftThe eflecftropThfiflficfifty paramefters E ffor ftThe reacftfions off benzThydryflfium fions wfiftTh p-

anfisfidfine
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9. Producft sftudfies 

9.1. Reacftfions off amfines and anfiflfines wfiftTh BBL 

3-(PThenyflamfino)buftanofic acfid [FM348_6] 

HRMS (ESI)

1H NMR – – –

J J J

13C NMR

3-(m-Toflyflamfino)buftanofic acfid [FM349_1-3] 

m

m

Tm

HRMS (ESI)

1H NMR J – –

J J J

13C NMR
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3-(p-Toflyflamfino)buftanofic acfid [FM350_6-8] 

p

p

HRMS (ESI)

1H NMR J J –

J J

J

13C NMR

3-((4-MeftThoxypThenyfl)amfino)buftanofic acfid [FM351_4-7] 

HRMS (ESI)

1H NMR J J –

J J –

J

13C NMR
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N-Benzyfl-3-Thydroxybuftanamfide [FM353_28-30] 

N

Tm  

HRMS (ESI)

1H NMR J – J

J J J

J dJ

13C  NMR

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

N

Tm  

HRMS (ESI)

1H NMR J –

– – J J

J J

13C  NMR
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9.2. Reacftfions off amfines wfiftTh sodfium penficfiflflfin G 

2-(2-(Benzyflamfino)-2-oxo-1-(2-pThenyflaceftamfido)eftThyfl)-5,5-dfimeftThyflftThfiazoflfidfine-4-

carboxyflfic acfid 

Tm

HRMS (ESI)

1H NMR J J J

J – J

– J – –

–

13C  NMR
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5,5-DfimeftThyfl-2-(2-oxo-1-(2-pThenyflaceftamfido)-2-(propyflamfino)eftThyfl)ftThfiazoflfidfine-4-

carboxyflfic acfid 

Tm

HRMS (ESI)

1H NMR J J J

J – – –

– J J J

– –

J

13C  NMR
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10. SynftTheses off flacftams 

 

4-MeftThyfl-1-azeftfidfin-2-one 

Rff

HRMS (ESI)

1H NMR – J

J J

13C NMR

4-PThenyfl-1-azeftfidfin-2-one 

N

Tm  
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HRMS (ESI)

1H NMR J

J J

13C NMR
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