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Abstract Coupling or condensation reagents are compounds that can be used to promote the direct condensation of
carboxylic acids with amines or alcohols to furnish amide or ester bond, respectively. Since their discovery, coupling reagents
have been widely used in the manufacture of drugs, materials, cosmetics and other fine chemicals containing amide or ester
bond. In particular, coupling reagent plays a crucial role in the chemical synthesis of peptides which involves the iterative
amide bond formation between proteinogenic a-amino acids. However, current peptide synthesis methods and strategies are
mainly relied on the reagents and techniques developed in 1950~1980s, and are reaching a high standard and their inherent
limits. For example, the impurities and racemization/epmimerization caused by over activation of conventional coupling
reagents have become major concerns of peptide drug manufacture. Moreover, the poor atom economy of the solid phase
peptide synthesis results in large amount of chemical waste, and thus posing formidable challenge to the sustainable
development. Only disruptive innovations involving new reagents and novel condensation mechanism can solve the notorious
issues that plague current peptide synthesis. In this context, our research group disclosed that ynamide could be used as a novel
coupling reagent to promote amide and ester bond formation via the condensation of carboxylic acids with amines or alcohols.
More importantly, ynamide coupling reagents could also be used for peptide bond formation in a racemization free manner.
Herein, the discovery as well as the application of ynamide coupling reagent in the construction of amide and ester bonds is
systematically summarized.
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Figure 1 Representative racemization suppressors
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Figure 2 Representative coupling reagents
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Table 1 Optimization of the ynamide
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9 Reaction conditions: ynamide (0.2 mmol), carboxylic acid (0.2 mmol), iso-
lated yield.
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Table 2 Ynamide-mediated amide synthesis
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Table 3 Comparative study of racemization/epimerization of
peptide bond formation
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3 PyBop DIEA 10 min 91 88 .12
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mmol), coupling reagent (0.22 mmol), diisopropylethylamine (DIEA) (0.4
mmol). ? Isolated yield. ¢ Determined by HPLC analysis.
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OBn
O

O
Fmoc.. H\)\NWH\J\N O'Bu
o Ho 3 :H )

7 steps, 58%

Iz

© 2021 Chinese Chemical Society & SIOC, CAS

4 Reaction conditions: acid partner (0.2 mmol), amine partner (0.22 mmol),
MYTsA (0.2 mmol), r.t., total reaction times for the two steps (the reaction
time of the first step was less than 1 h), isolated yield.
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RIREA & I RE P A SR AESNETEfe. Ik, M3RLE
FHRAE M 520 5V (0 F BEORUF, R — b EL s 2
T2 k4 5.

4 REERRNTSHSFEEELEXHF AL

Fef ) 2 HAFE TERZG. RZ. S PEREA R A Ath
Dife s, AR 2 RIR = YIAIRS AL 5 S ]
W EEE R B, HTIERE B N — B
DA A& 2 AR SR Tl 5 e )2 A L N 2 —.
W B AL T AT AR 2 191, (H R I B T VR ER AT % E Y
B, WRAFAEE T2 RO ZE A T AL & %
WS, FRIR S I oy 1 4 & 7 & IR S S W i B2
(773, R 2 T ERIZ 4G 1) 466 71 AT DL R AR iR
1R 5 RE ey B AL SN, SR TT, ARG de & IR EE
WEARE, W a-FHRIB2RAT-EIETE. SOV |
PRV SRS INFRIAE DA 25, %8 TRk e 78 LA 5 P T e
TE RSN, H R AR S 1tk e, A A BB BRI e 4 &
7 R FH ¥ 2R A S H (Scheme 6).

(0] (0]

N N

HO— OH

(0]

2
T

R 6 IRBEREA T 105 T IR ER L SN K R IR P g Ak Js 1
Scheme 6 Ynamide-mediated intermolecular esterification and
macrolactonization

FERRBE G T 1) 22 k& I T2 A v, AT AL
LLF IR TR R TR AN R ) (] B P B A T IR BRI I 75
RIS A RBR AL R4, U IR B 3 A R A
RIAE R PESRATE TRA S RAR. B, A5 S H5T
FOH R =98 L B T AR 2 O PR U,
SR DB IBRAE YRR, ISR R — e %
TIRBE A T BRGNS T DU AR, R AT R
A P PR A 7R SR AR 2R R B A 3 (KR TR 5 2 A
Z IRV B A A N G R IR AR SRS AF,
AT I 731 [0 1 B P e 7 6 T W B o 128 2 1 8 4T
T UAHEAT, Hh B = L i AR 5 i
JEA 3 B R NE Ad Fr S SESRABL, BRATTAT ISR — 8 20 1
SR, SRR 5 bR Bt AE — S e P R AR AR R
B2, SEBURBRIIEAL. SRJE R IO 21, BBk
My RAL S DA S AL B A B, 8 L B R MR S B
RIRFIFEA SN, ZBEAL S N RIRANEE . By i
(IR 324k, HRE S AR DA MR AR e d L iR
IR J5EIRA o f- AR A REE AR, AR
. AEAHE R AR BA TR o- 2 25 B8R e S
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N, BIRTE = A N AT W2 31 1 /b B T i,
1B A8 B A BRI B N NV, N-— 57 7 3k 2 (DIPEA ) RE %
58 43RG AN AL I G 1 R A (R 5).

RS RELEAN SR T RIESL N @

Table 5 Ynamide-mediated intermolecular esterification

Ts\
o) /N—_——_ ;
J  + R—OH Me R\[rO\R2
R™ "OH Et;N or DIPEA o)
; :
PSS
Ph Ph
21 h, 89% 15 min, 80%
P o OMe
=
=0 " pn | /©/
Ph/ oA
6 h, 98% 42 h, 60%
OMe
M
SO ey
e o~
| HN_
= Boc
24 h, 87% 4h, 94%°, >99% ee®
L R
QE/\,/'\O Ph/\')\o
HN N>z N> b2

5 h, 98%®, >99% ee® 5 h, 94%P, >99% ee®

© 2021 Chinese Chemical Society & SIOC, CAS

@ Reaction conditions: (i) carboxylic acid (0.2 mmol), MYTsA (0.2 mmol),
DCM (1 mL); (ii) alcohol or phenol (0.24 mmol), Et;N (0.04 mmol), MeCN (1
mL), r.t., isolated yield. » DIPEA (0.04 mmol), ¢ Determined by HPLC analysis.

FESEIL T BRBE A 30 70 7 I Ee A OB 2 e, AT
W B O 1) S HPRERVE R ORIR AR AG SR, KR A g 2
ZIHUAER AW RS RIS TE R SR PR i B
BOESE. HT RN EZEN, ¥R KET —F
1) S W SRR R BRI BRI, Ll B R R 1 A
T A B SR S I R — B A LA 5 5K H R T )
RIN B T7 325 H H T3 — T R R 08 20 A K 25 ot
KIF R RLER AR, JCHAE 8~13 JLIF I/ NE A T,
WA L™ B 2> 1 ARG SH R OBE. H F
JURR R IR A R AN 250 R0 N 44 OB e S AN
AE . LUK R 2R R AR W 46 B B B Tz 1)
Yamaguchi-Yonemitsu K ¥ P BEAL [ B2 A 411481 1%
D7 T A R N N-T R -4- 5 L IE (DMAP),
HAH FEAE SR R A N AT OB, ORI R B
FER IR a-DIAFEF VR OB, S8 SR B E 1)
SMETEM. TiAh, MEFERIERIRN o - AEFRERN,
53R B L0 1R Bk B XUBEE E 5 A IS 2 R A= 7 B PR L IS 7
FIARUL BRI, ORI IR A S5 AT 98 2 A7 LA 2 5K P T
I FR)— B BBkt 1 ) 2R
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PR BRI e A 5 11 43 - 100 B A0 S PR Pk 2%
PEFFAE R T RA W B R N, 52 R, BT
HRTRANEAL N, &t KRG RN &L,
TR I E B SR S5 R LG I i nT A3 3 35 TR 1 oIt 4
SR BERAT E O IS ER), XS IE R (175 L BR 7E
5 mol% X} KA R — 7K & ¥(PTSA-H0) 1 i 14 A
TNETRURRIEAT OGHR, DA TS R 15 20 T I R ER Y
Ber=4. T3 — P RN BCR AR &, X L5
AT DA AT B E2 AT o 2 R DR IR B, AT
PEET —Fh “PIB 8 MR WL L. PP
HAT ATE 2R A S A AT, B T ARG KA I B
o L i SRR S A (R To K SR, BRAE TR A
5545 40 K3 Y B4 S S 7 2 8 AR AR [ IR BE R kAT
(=<1 mmolsL "YA[R], Femfie /50 KPR A FE b T LATE
5~100 mmoleL ™" [ AR BE T AT S LT AN 23 ¥ 25 i
FEAE TR RN FEY). XA AL SRR P B RS
e & ] LT KBS, BA EENE5FME
FELE 7 VEME DL 45 1 8~ 13 JEIR I RIR P Bt AT LLIE
ZNERE. ZNEERTEE o-F RO ER R
BN LRI o, B- ANV RN BB 2 55 1R I I
T IR, BT DL 4 i G e RIR Y s Ak S
B LI o= T 1 o 1 A7 T T A AR B Bt S8R P L S 37 )
1. UL, %5 IE P T % ] B A T B A T e
(ORI N B K, 3 3ok KR P A S5 02 T S PR 9k e A 2 1o
VERB AR RR, N6 BONEE N RIS T —Fhik
B 51 718 A I7EGER 6)0

N1 P RIRZ AR N G 7, AT T
KR BERE R AR 724 Dehydroxy LI-FO4a 1% 0o 221
. Dehydroxy LI-FO4a 7& K3F A B IR R IR =4 LI-F 5K
R — MR, ZXWGE T 50— AN A EERIE K
IR IR P BEREAZ i 22, B Bk, RIS K AT
DA IE AT 72 T e B B B () T O R BE. (R, T4k
PEZ K BRAEREAT 2 T W B AL 7839 T Pk, 1 BLA IS
i B 7 i 52 0 B B T2 ol b 2 52 380 L 2 S A ) )k I
T, R, 3 I R P TR R SR BRI R 3 Y B Ak
IS BRI RGO IR Y R AR LR 51 D463 7 %6 KR
BE kISR AR77 ) Dehydroxy LI-FO4a Ht/&iXFEMI 201,
Jolliffe HREIZHH 225 Dehydroxy LI-FO4a #HATiEiR A
RGWWTTT, MATR IR 5 D-Ala A8 R RL05 H
VNS ERETE, % D-Ala BIEKINEIL S EES
FHPUREIEESEATE . SR, R ORI ER 1L e
B14x18 Ki% D-Ala B 5 1AM etk BATR It
Ji 4t G 77 T AR G g peax A 1), 5 4% 90 KR Y Bs Ak
JIEARLE, R A S IR P B A B S PR AR 35 A B
B, RMEBE. s, KRR, EAE(E, BE
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Table 6 Ynamide-mediated macrolactonization

Ts\
0 N——= Y
)J\ Me/ \(
HO— OH O
1 s —OH
=N o)
Ve | 'jL 7o _PTSAH,0
DCM /J\O N DCM
2 Me
e} O
| ‘" \Wa
X 5
0 0 5
11 13 13
4h,91% 4h,91% 4h,93%
0 Ph O X
0(15 kfgom
N HN
0 0
3h, 99% 4h, 93%

4 h, 67% 10 h, 87%

© 2021 Chinese Chemical Society & SIOC, CAS

4Reaction conditions: (i) 1 (0.1~0.4 mmol), MYTsA (1.1 equiv.), DCM (1~2
mL), r.t., 1~~24 h; (ii) 2 (0.1~0.4 mmol), PTSA*H,0 (15 mol%), r.t., 0.3~4
h, isolated yield.

LR RIP L i R R 1) T 1L BE 0 19 2] 58 47 1) O
FF(dr>99 1 1)(FE 7). LUREEIA S0P W R0 RO
NRBEAZ YR, FATE RO LI 7 RIE A R RE R SR
Dehydroxy LI-F04a {45 .

5 REERNTISPHRASKEMK

AR I IR R RN 2 IR AT (i L A D eI
W EAATMREZ B, PR
PG 23 A S R A i SRR e AR R T T A4S E)
Bt AR 1 AR AR 22 IR A2 — o d i L PR D 9 ) 12
W7 22K ko e Bt R 7 B HONRR R T H T2
Ik = B B ZRAB U v i L — RS AR A /N — Rl
7. BRI T2 OB U R AT RE . &5
W & ks 15— R AR E A AL S B T
R Bl T MO0E LR RRE, HAEEARLEE
W=t T (L T B AR TR S0 A oK. AT AR
Tt AL Jc FR) SRS 2 AT P A, — b I e P B A %,
MR BURIEAIE. 28— SR AN (E B B SR B
FRBRAGIR, T L T O 2 ik b ) 2 A IR A e 4
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Table 7 Comparative study of macrolactonization methods

o) P o)
T”\NJL§ ”(EH\OH T"\NJL>
H H NH H H H N
ul 0y 9“
tBuo™ fBuo

\NH
NHHN NHHN C”

Entry Reaction conditions ILIY  Yield/% dr

| DCC, DMAP, CSA, CHCIs, 98 1 2 34 89 11
rt.,4h

’ EDCI, HOAT, DMAP, CH- 69 : 31 13 3763
Cly,rt.,4h
HBTU, DMAP, CHCl3, r.t., 2

3 MRS S 90000 200 23:77
TBTU, HOAT, DMAP, CHo»-

4 U, HOAT, Ol 0901 33 6931
Cl,rt,1h

5 HATU, DMAP, CHCI, r.t., 78120 13 931 7
30 min

PyBop, DMAP, CH2Cl, r.t.,
2h

PySSPy,  PPhs,
80 C,8h

8 PPhs, DEAD, THF, r.t.,48h >99 {1 6 29171

46 : 54 12 27173

MeCN, 12 79 5 9:8

2-methyl-6-nitrobenzoic  an-
9 hydride, DMAP, NEts, tolu- nd (52) 94:6
ene, 25 C

10 MYTsA, PTSA<H20O, CH:-
Cly, r.t., 10 min
4Reaction conditions: Seco-acid I (0.005 mmol), solvent (2 mL), concentration

(2.5 mmol/L).  Determined based on analytical HPLC of the crude reaction
mixture, II' is diolide; ¢ HPLC yield of II using biphenyl as an internal stand-

>99 11 87(92) >99: 1

ard; the isolated yield is reported in the parentheses.

P, AN RE T 2 IRBRAR T g AL RS EE A . 58 —Fh 3R
W 5 BT ) B A IR, TR R a- S BT AL
SRICERIE, 72 B IR B o FHEH O A D)
RAAGMETEA, A H A R SR 2 S SO R
N R AR, R, 7E 2 IRAI R 5 3 4 B RS
FINRACTH e AS T SR ThI I A AR ORI kR, T ax 4
1l 2 T e B E 2 1 B AL 2 AR 2 B L4 W*f@ﬁﬁ
(PIIEZ0 ] 5

?‘Zﬂ]lfiﬂﬁ AR R AE VA T A7 AE 5 B B R TR
AR 2 2 IR 9 it LA e M A (R B AP 1, 2P A% 80
) W] DU O SO i RV R A SR R R 4. RAE 1973
4 Yoshio TR A B AR FERAEAS [RIAR N7 2%
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AT LR SRS B0 R FE AL S ) AR BE LS 4. Ho-
eeg-Jensen W 5T ZHOI L PyBOP N4H &7, o B AR IR
S5 8 3 TR, BRZ T EIIERERZE,
B gl B AR Al T — Mok it S . B2 T Bk AR
FR)JE R AN Joe 4 5 79 R R TR TR, AT 50 A8 fam SR B e
i i 5 77 e 0% 4 12 3] Rt AR PR IR )t Pk ik S ) R 15 )
TRV AR IR 1, AT AT B RAT — Fhoi 2Y ( nd Fe Ji
AR, TR S — Ay s i A It i 1) 37 77 ¥ (Scheme
7). Hla) BB ARER I — S B I oI N Bl i 4
FURF, FASLAFR] 7 BB S EEENE 101 FIRAY.
2k RGN FAIAL, AT UG FERPER A
NS R T A B PR TR AL, B FRATIAE—40 C
TR SRR P AR L) 2 01 MRS T it
%,ﬁﬁﬁ%Tuﬁﬁ%ﬂLLﬁﬁﬁﬁﬂ LBATm
PR S B Ak L TR PT DL AR v Rk 5 i B AR R AR e
H§[57]'

EWG
R ——N
O R2 OH
| S
wkw WKS

Carbonyl thioester

Th|ocarbonyl ester

H,N—R* Hm R*
I8 L
R4 _R*
R" °N R!
H
Oxoamide Thioamide

B 7 BN T RRAREE I & Rl

Scheme 7 Ynamide-mediated thioamide synthesis

PR A R ) S AR RAT A AR S 5 MR IR &
FIRHI1S, BRI T 20 FhORREEE IR KB
AN . SLIRAE R, 19 FORR AR TR (% T A
P2 ) ¥ E i LA ey 1A 208 36 R A5 280 RH L 0 I A 1K) (3
8). FEBRIE AL B 1 & B, AR ORI AR IR RR N BT TR
HHEMI W OH. SH. CONH,. M|k NH X S R A2
IR, BEAh, 4 T B D U SN R R
HATE MR -0 F sp? AALHR IR T HIZ LR AETE Bt
JIRBEEIS L a7 TR O R A D BEANE AL I R, X
MO THT ENAIE 1 7 JDA B PO A S B Bk AR, & AR
FEIX /B RS AL AT BUE LA P DMF ARV 7R e
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G Bx TSR S RV 7 BAE 0 C KRG b,
K 2 B R AR — TS RT A S A5 1 TR B A e Al i 3
FHER9). B T SR IR & AR, 1ZEIE W] LIAE 2
R Berb € s BINBRUBRSRE, SEBUREHR AL i) 22 RS HETR
RBEEL B, IR TE, BATSEIL 1 B HE L

xS

HIRSHERACEE AL A5 T (Scheme  8) DA K ZARACEEIZ 2K
SR7F=W) Closthioamide 4= & k.

H mri 2 kA s 3 221 Merrifield 1 AH 2 ik
B BRI, G S BE 1R [F A 2 KA o e s
FINBRIREE, Ko 2 IR AR 2 A AE I 52— Fh o

T FENE I A BRI AL 1K @

Table 8 Chemoselective synthesis of thioacylation reagents

:—N\

s -40 °C, m-xylene

H \S
N JL Ts
Fmoc™ \z)\o N~

R’ Me

Me

R L
Fmoc” N \:)\O N -Ts

Me
67%

S
Ho
Fmoc” N \_)\OJ\ N e

|
Me

Oj/\ O'Bu
63%
k;
Fmoc” \)\ s
'BuO g Me
63%

S
Ho
Fmoc” N \:)\OJ\ N T8

Me
66%

_T:
Fmoc” N\;)\O NS

B |
Me
65%\©

H |S
N JJ\ T
Fmoc™ :J\O NS

B |
Me
j/\ Trt

0” N
59% H

L
_T:
Fmoc/N\i)\O l}l s
o Me
N
62% BOC\/\@

S
Ho
Fmoc” N\i)\OJ\ 'Tl -Ts
PN Me
66%

gL
Fmoc/N 70 ITI/TS
:\/\ Me

NH
68% goc~

S H S JL
H |
NJ\QJ\ ~Ts Fmoc/N\;)\O N/TS

g
Fmoc/N\i)\O ITI/TS

Me

Fmoc” J\ JL ol

Me
68% SMe 55% 0, STt

H \S
N JL T
Fmoc™ \;Ao NS

Y | Fmoc™ ™ 'Tl H |
ONg Me N Me Me
Y \Trt \©\
O'Bu (0] t

50% 40%° 65% OBu

S |S
Bl J S ¢ S
T g
Fmoc/N\)\O ’}‘ ° C,N)\o ’Tj Fmoe” ~
Me “Emoc Me /\OMe Me
68% 69% 66%
R A, T R ™ A,
Fmoc” BOC\N NW\O N/Ts Y\ Me
oc “Fmoc V'€ Trt”
66% 52% NR

These reactions were carried out with amino acid (0.15 mmol, 1.5 equiv.), MYTsA (0.1 mmol), and m-xylene (1.0 mL) at —40 ‘C for 8 h, isolated yield, NR=no
reaction. Fmoc = fluorenylmethoxy, Boc= fert-butoxycarbonyl, Trt=trityl.

X9

TR A T BB 2 k£ 7

Table 9 Ynamide-mediated thioamide substituted peptide synthesis

N\)J\J\

;U [

Me

R2 s R?

. Ho
)\WOR3 DMF, r.t. or 0 °C PG/N%H)\H/OR‘%

0 R’ o

yoS
/N\)\N OBu
= H 5

PG = Cbz, 96%, 5 min dr > 99:1

PG = Boc, 99%, 5 min dr > 99:1

PG = Fmoc, 95%, 5 min dr> 99:1

Cbz

92%, 1 h, dr>99:1

OH

85%, 10 min, dr > 99:1

91%, 1 h, dr>99:1

J\/YL /¢ By N\)\ 0Bu
o)

S _\ﬂ/ tBu

ofBu o}
95%, 1h dr>991 95%, 10 min, dr > 99:1

\)\ NH, s
N 0'Bu N
Fmoc. N N \)]\ N
H = H
S NN

94%, 1 h, dr>99:1 91%, 3 h, dr>99:1

O'Bu

4Reaction conditions: thiocarbonylester (0.3 mmol), amine coupling partner (0.36 mmol), DMF (2 mL), isolated yield.
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(6] H S
HZN\)J\O’BU Fmoc/N\E)kOJ\I}I/-rS

1a, yield: Gp\

(2) TFA, DCM, rt., 1 h, 80%

\(1) 1a, DMF, 0 °C, 1 h, 93%

OBn

OBn l MYTsA, DCM

25°C, 1 h, 90%
0 (e} H S
f)
Fmoc\N N\)J\N/YN\:AN O'Bu
8 H S H H

; oe

S
H
lo) HzNw N \:AH OtBIJ
S =

N
N o)
s

OBu
Me H2N
o]
OBn (1) 2a, DMF, 0 °C, 1 h, 93% l
(2) TBAF, n-CgH43SH, DMF
rt, 1h, 99%

s
f)
(1) 3a, DCM, 25 °C, 3 h, 85% HZN\.)kN OBu
i H

.

(2) TBAF, n-CgH45SH, DMF
rt, 1h, 99%

S
H
Fmoc/N\i)kOJ\I}j/Ts

S
H
NﬂojLN;s
M

e

\@ Me Fmoc™

2a, yield: 65% 3a, yield: 68%

B8 HRACMIHEIKHI & K

Scheme 8 Synthesis of trithioamide-substituted Leu-enkephalin

INESERITTiE. AT RE 72 [ AR 2 kA b S BRACHER
i A A R R BRE A 22 A TR0 IR A T B i R O = SR AT A
WOURL, R i 2% SR Bt A 4 ) % ANEL R e % R
R AR, T H R EH T 15 FORARE IR 1
TR M. FRAT R B SRR IR 5 e 4
FRUII )26 75 20 BRI AL R AR R L AR e, W] AREAT
W B AR ANERAE, I SRR B 3 A e 2 VKA
RAE 6 MHULEEAZZR. FN, effES S o1
R IR (1 AT I SRRk B R P, e
A DA 9 BEAR ) B A 22 k& i, BRATT 22 1Rt R R
R F B 3 A TR T [ 22 k5 AR 51 ON TR IR B O,
FIATER 7 AHERR, HAh 19 FORIREIERR BRI 1L
P #8 T LALE [ 4 22 K5 R v b e A o B B4, A
%77 138 W] UAAE [ HH 2 K& o v 51N 2 A 38

Fmoc”

B GEE, Mok T HACE BB AR F st 7T
SRR T T R AE ASRAS HROR ) (Scheme 9).

6 HRELRZST SHRRELRR S AL

PR B AR IR A, AR BRI I LA SRy
BURMESAPEN, AL, W B 9 AT L R [l A
JS2FH T % B R e R A 00). BB SRR AR T LA AH 2
RS2 AT A3t60, (HR 52 A BT IR IO RE I, LR v
I LEBRIBR. PRI, T AT R Bt B 5 I ) vt 28 1T
FRAEZENE X

ST ARBERE 1) & Rk, BATBEAR U SRR B AL 5 FL0R
IRBRIE PN % 1) oAU I S L e RE 8 5
FRIE /S 2 AR AR BR RS S N (11, K B —Fh
5 R R B R R (7. B0 R ST, R

S
H\)\OJ\N/TS S

Cleavage cocktail

S
H
N 2
HoN—{Xaas) \-)\N .
n |i1 H
a
Fmoc-Ala®-Ala®-OH ‘

Fmoc-Ala®-Ala®-Ala’-Ala-OH ]\

[
Fmoc-Ala®-Ala®Ala®-AlaS-Ala-OH | ||
R S I A\
Fmoc-Ala®-Ala®-Ala®-Ala®-Ala’-Ala-OH

Fmoc-Ala’-Ala’-Ala®-Ala®-Ala®-Ala®-Ala-OH A

r T T T T T 1
0 5 10 15 20 25 30
Time (min)

R? H o
H
Fmoc\N/'\rN4<Xaa3)/N\;)\NOH
H Sl n R H

Entry Sequence ba:b dr
1 ASASVGF 1:99 >99:1
2 E('Bu)SASVGF 3:.97 >99:1
3 ASLASVGF <1:99 >99:1
4 S(Bu)SLASVGF 1:99 99:1
5 ASLAASVF <1:99 >99:1
6 FSLASVGF 2:98 99:1
7 MSASASASA 1:99 >99:1
8 ASASASASASA 2:98 >99:1

BRI 9 JEnd [ A & e 2 Ik B 8BRS AE 5N TR A I i B A2 1

Scheme 9  Site-specific incorporation of thioamide substitution into a peptide backbone via solid phase peptide synthesis
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TR AL UL ZFEAE RIS Cs2COs N EALTII 261
&, AR T RIAT SEUB AR I IR 1) e A RGER 10). 1%
TR B R PV R AR R, T Ay 35 B R S
BE, FAERHIDT IR . SRR RENSE M, TE RS
0 Jot R LA R A 5 R T A BEL 1 JE 40 s e U 3t 12
AT, T H AT — 2 2 B RE A A S A IR RE S R AT
MIRONE, I B by ik edt. 4k, XA ITIEIEREW
FIF ZRRBR A B, 10 HL OS2I [a] BEBR, T KA BHL
JRA AT Lo B RIS S R SE 4. BRAN, R iR A
BB I th REWS = RO AT OB, BB 2 AR )
At AT T LA e R ] 4 B PR A Al
10 RIS IR A — GRS R

Table 10 Ynamide-mediated thionoester and dithioester syn-
thesis

S S
2__
SO =T
R"” 0" °N Cs,CO5 (10 mol%) :
=0, S, Se
Me MeCN 'S
S
I O ° BWJA °
Me” S \
82% 90% 85%
0
(W) o
: S
‘s | /@/\/
©)\O O
85% cl 89%

“4Reaction conditions: thiocarbonylester (0.1 mmol), phenol or thiophenol (0.2
mmol, 2 equiv.), alcohol (2.0 mmol, 20 equiv.), Cs;CO;5 (0.01 mmol, 0.1
equiv.), CH3CN (1.0 mL), r.t., isolated yield.

7 REERZHIE A

REEIE R S RIENE . 2k, B BAHZ . R
AIRIEBR ) G RIS T OU R IR RE, KA A R AR
N ZSE T R4 AR R 2 48 & 7
JROFIEEA AV A E 4 71, 75 2R e —
AARHR TR S5 BRARRIERIBRILIL & 5. B
1972 4 Viehe S5B8 5 & BURBEOT 4R, (2K CAK
J& T — RPNRBLRE & B i U AT AR ) 5 sk
FLT IR I AR EER (0 7 VR A e N TG B 1, Bl i Ak
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MRk 5 i 1 AR RS, I IR VRSB K Y s AR
W e AR FR AR 1) 77 3100, SRTTTIZ L8 & T VA K 2 JR PR
T AR LIS PR T R RO, R 2 7
L B2 SN2 A el SR R T, 34k, i Tk
Z A RN R IR, it bR i (1) A B R B,
— AR AT IR AP ) LRI A R, &2t 2
I AT Y BRI Je, PR AR DR 5 4 BE A5 38 i e
Jige. PRI, EHEZR U S bR B, o H o S e I 2 )
B AR R AW A S P I R — D PRk

L RNIRR, BATRRE T —FEL 1L1- =5k
B 1,2- UG A R S R IR 5 T i,
TR R N S B (B E B ) B R
IS B[ AT 45 B bR BE AL, %7 R R AR, ON 2K A A
B, oA R AR SN ERATE T, BR T
REMS ] & — LLH DL AR IR, 1R 2 a5 A RE R B R B A
Lot RE S LT RO 45 (G 11). SR %
& A OR B iR 22 GBS, i HL AT LK il
#. WEERRLU R LN OHRELE, ARl
5 fa] R 1 45 A BRI S I S bR I 1 e R R, TSR T
A 48 ) 46 i bR 1Bt Jie 7 3% o PR P T2 FR P 1) 2 b3 ik
R R RI RGP ER. T 1L1- R/ e 1,2-
FOIBA N-FP LRI LR 2 B 2 15 1 KSR AL U,
A AL 5 S IR T, A RSB b I % (1 Tolk Ak
FURE il 25

R EE BURI I «
Table 11 A robust one-step approach to ynamides

Cl

kam R

Base |

H 7 . N
or 1
RV/N\R;-RyQ§rCI DMF%EySO R \$§\Rs
7
A B
cl

/h,{lle (\ Flzh

N _N N
Ty Ts N T N § ~N
248 96% 5h, 93% 24 h, 92% 4 h, 90%
Tso T Ts
OJ<N B s NS SN s |{]
—_ ~
~ [ [
" Ph
23 h, 81% 10 h, 85% 1h, 93%
(@] /TS - ~
%__Ifm ph—=—N" o_ PN I
= e N
23 h, 80% 26 h, 84% 12h 829
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4Reaction conditions: A (0.2 mmol), B (0.4 mmol), and NaH or Cs,CO; (5.0
equiv.) in DMSO or DMF (1.0 mL) at 70 °C. isolated yield

8 BHERE
FATB R T IRBUIESR AR 7, PR 5 5
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P (KT I0 RS S LSRR s B i A B, AN T I B35 AL R IR )
HIM. £ —RE e E R, RS LR e
WU e A e B LT A AR 2 I BE%. FRIR TS L5 )R
SR MRS T LR A I 250 B RREAT, TSR A T
— R AR TR S (S S T . (RN, R B B A 7
MIAAET, 2RI BRI RE 08 A LRSS e B, SEBL T
BRI A 3 R KPR A R A S S DA K 731 8] T A s Iz (€81,
BRI RE A & 7RI BR 1 RENS ] T B BEIG S BRIV L, T RE
g IR K, KR S R—A S RIRIR a-fir
FAELHISNE IR, BRIEZAh, BRIBRZIE REWS 5 BT
IR A JEFENE HIIN S N AT BB R AL L e, 1%
P 3% A4 15 T AU b FE 1A B e LA K% 3 e ik s 11
R . B B o- AR AR R I T DA SR AE
EZ NS oG = w1 I WA ) - L N R AL
A, fifth TSI 2R IKBIE L 2 Ik 5 B A Bk
AW AT TE TR S AR ) . A BRI S 5 U A
I It Jic e S AR T B C 2RI TR IvERE, A
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AURIPRAL. 140, RN 45 & 77 £ e FS IR B 17 B F)
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& BETI e 20 R R I % 24 5 570 4 L P [ 4 28 K A
R AR AR T R, FATA Bl 5 2 R
TC, B PIRTH BRI LR A & 70 P RE I F 90 R FL R Ve
B, L B ROy — b IR R A TS A0 R 4 A
7.

EEE

»

X, 2017 FEENY TIL PG AV K22 22, 2018 4F
HETT P IT TE K 2240 224k T2 e A8 WAL 27 6 b 505z it
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2020 4 {E VT PRI A 27 0 2 8 SR MR R LD .
T2020 4 7 A FEHRA 2L, 49 JIHENF BB AT
PHB. ETEIC FIA I O A RS A 5
SR IR 2

BT, B, RS 2001 SEAT 2005 43 5T
JE BTG K RN A e K 3k 5 LA+ 2447, 2010
SRR NI R v ORI AL 2010~2013 SRS SR
TRVEE TR [ B K A e K 2 b 2
A= A 2 T R AT 2013~2014 AT &R
b2 2 B PR R (7)), 2014~2020 ATV P75 K27
. ARSI, 2021 4EkE, ARPUAE Tl K207
AR ST, RS SO T R R A LA 2 R R
HORFRAR AL AW AR R 0 R, 0F 0 %R AR
HHTE 2 K5 8 B AL A S RS HEAS 1 S A 2 A
YIEERR AR
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