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A. Formation of oxyphosphonium ions in the presence of stochiometric oxidants

DEAD or CCl [ Nu
PhgF e [PhaF’- ~alcohols '? - = rNu
hazardous PPh;| — PhaP=0
oxidants 1 2@ Mitsunobu reaction

nucleophilic electrophilic oxyphosphonium ions Appel reaction

B. Application of phosphonium salts in peptide coupling

N 0
0 @: N RNH; D
‘ N .)L’J - HMPA .)'L R
.J\DH ® 0 CH H

i H
-P- NMe
MesN~" ~NMe ) 2 . )
EE. MMe; ’ Me:N MMe; Feptide coupling
PFg
3, BOP 4
electrophilic acyloxyphosphonium ions

C. Catalytic generation of acyloxyphosphonium ions via photoredox catalysis

photocatalyst ) o radical P
PhyP visible light Ph ?:, RCOO .)LCJ’ PPh, fragmentation _ ),
catalytic 53 ) 6 previous work
process — ¢ phosphoranyl acyl radicals
» Wide substrate scope radicals
* Direct use of amine HCI salts this work
+ Solid-phase peptide synthesis RNH, Q
* Peptide fragment condensation '— D,PPha _— N R
* Scalable continuous-flow process 7 H

» Compatible with functional groups acyloxyphosphonium ions pepfide coupling
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“ Aromatic carboxylic acids
“Aliphatic carboxylic acids

" Primary amines
" Secondary amines
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R G atalytic oxidant

“Amino acids
" ibuprofen, telmisartan
mycophenolic acid, et al.
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- Amino acid esters

" paroxetine, donepesil
desloratadine, et al.
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Batch: 23% yield, 127 g,12h
Flowr 90% yield, 0.5 mmol, 0.58 h
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82 Boc-Pro-Gly-0Bn

Batch: 31% vield, 1.18 g, 24 h
Flow 31% wvield, 0.6 mmol, 0.58 h
&3% vield, 1.21 g, 3.7 h

Nl \\ )

.Ar-rH' + H
B

“Amides "~ Peptides
" itopride, proglumide

nikethamide

ez ily assemblod
contiunous-flow reactor

y O
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41
Batch: 83% vield, 1 35 g, 20 h

TE% yield, 124 9,20 h
Flow 74% wvield, 0.6 mmol, 0.58 h

H 0
Fmoc” “‘.—"JLH;‘“[["CEH
o 0

93, Fmoc-Mal-Gly-0Bn
Batch: 2% vield, 1.20 g, 24 h
Flow 67% vield, 0.6 mmol, 0.56 h
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Dipeptige
v ¥ 1
Fmoc-Trp(Bog-QH + AA-ORMHCI - =
G “ NaHCO, N i oo

: .l' | N
H
N AH

Bog Fmoc

74% yigld

Boc  Fmeg
ot Xy
'\IrOEn l' N OEt N OMe
0 N AH 0 N JNH 0
Bog B

85, Fmoc-Tp-Gly-0Bn

T7%

86, Fmoc-Trp-Ala-OFt

87. Fmce-Trp-Phe-CMe
53% vield, =191 d.r.

Al i‘rﬂycl Boa ,-1 1 Gg;:ASDEOBzI}DH
ED;;PFQ:'D-H v —_— o @ M DRZ H-Pheg- MenHCl
I \Co- PPh, H & T
Bog i Bog J\'ro Boo i n Ph
0 o 0 o NH, T ©
82, Bog-Pro-Gly-0OBn 83, Boc-Pro-Ala-OEL 24, Boc-Prg-Phe-CMe 89, aspartame
82% yield 59% yield, >19:1d.. 55% yield, »19:1 d.r. 9% yield
Tetrapeptide
Fmog-Val-OH
. —  Fmos:Val-Gly-OH _
H-Gly-OBnitHCH 69% yield. =19:1dr “_1@ A \/’l]‘\
— - - "‘]rN OMe
i N
PPh, AL
Chz-Ala-OH
. — ™ H-Ala-Phg-OMe 95-OMe =Fmoc-Val-Gly-Ala-Phg-OMe
H-Phe-OMenHCl 64% vield, =19:1 dr 74% vield
Solid-phase peptide synthesis (SPPS)
\liDH (ﬁ\DH *l/B\DH
NHFmog NHFmog NHFmce

Fmes N -@Gu A'E!f'aphg OH

95-OH=Fmoc-Val-Gly-Ala-Phe-OH

HIM'Phg'.

(2-CTC resin)
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Proposed catalytic cycle

+  PhCOO . .
Ph,P o A PPh3 99 100 o, AL .PPhs
%8 Eﬁ?zl‘% -1.31VvsSCE )
— —Pth:Glam:qe
O
Ph3P: ph‘J\”-R1
Photoredox Cobalt R-
[ Catalytic Catalytic
oxidant Cycle Cycle s
oxidant
Co'
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| H
j + CDHI—H + 2
a H o H
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