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Recent Progress in the Addition Reaction of Electron-Rich
Alkynes and Carboxylic Acids

Zeng, Linwei Cui, Sunliang™
(Institute of Drug Discovery and Design, College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058)

Abstract Electron-rich alkynes, in which an electron-donating atom or group is attached to the triple bond, have been widely
used as versatile building blocks in organic synthesis, due to their unique chemical reactivity. As an important part of elec-
tron-rich alkyne chemistry, the addition reaction between electron-rich alkynes and carboxylic acids received considerable
attention these years, and various investigations and advances have been reported. The progress of addition reactions between

electron-rich alkynes and carboxylic acids is summarized, and the future perspective is prospected.
Keywords electron-rich alkyne; carboxylic acid; addition reaction; hydro-acyloxylation
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Scheme 2 Pd-Catalyzed addition reaction between ynamides and carboxylic acids

2354

http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2020, 40, 2353~2373



Chinese Journal of Organic Chemistry

REVIEW

(A) )
R\N — R 9 toluene 100 °C I
= + EWG
e OH  s520%-~00% R
4 5 6 R1
(B)
R! o H,O/acetone OI
\ V=1 2
N=re V=t re A Eewe
EWG/ Me OH 100 OC | .
7 8 70% ~ 98% 9 R
R o) 0O |
\ Ts 2 - ‘
NE= ng OJ(N- - OJ(N%— §3=::::y:’ ::y:,:ken L
EWG B ¢ LNE L yl, aryl, alkenyl,
P alkynyl, H \
__________________________________ Ph .
B3 BRI AR IR (04 TG (b I A B
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Scheme 5 Racemic-free synthesis of peptides using ynamides
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Scheme 6 Racemic-free construction of thiopeptides using ynamides
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. AcO OAc O,N Ph OzN
526 AcO 59, dr 85:15 66% dr 1:1 68%
(B) o] . BF3+Et,0 (40 mol%) R
S "/
LY oH ) CH,Cly, 4& MS _ (\) s
R —_ 2~ —_— /
Ao TN 0°C 0o N
66 67 42% ~ 87% 63 R?
R =Me, OMe, F, CI; R? = alkyl, aryl
0 0 QT
\ s \ N,Ts N
N
0 0™ g OTBDMS O
0] \\/ \\/ Ph)\
74% 71% 73%, dr 3:1

82% 84%

g

42%

B 12 B 2 H 0 G

Scheme 12 Multicomponent synthesis of f-acyloxyamides

RI7F=4) 72 (Scheme 13, B). =&AL L BEAE1E T 48
0 R O I AR R R SR R R, T SR S
1,4-JI0 I B H 78 24 (AR 1) A B, 32 SN 1) JER 4 38 3
PEGF, S8 —ANERPE U1 22 41 0 B B

2018 4F, WATREBAPRE T —A it
T A A i R B TR I S B S B e SR R T
80 CIRMIEE T, JRER 76 FIMEIL 77 &A= N S
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BB E-TREA =) 78; TR A 130 °C, 78 W LLFL
A &) 79 (Scheme 14). % N 2 AT BT I A RS
FItE, ATRUBCK B M. teln, 23R 76 ARt
77 FEFRHESRAE T RO NS, M KHMDS 7] LA 5] & 4
THWESESE R N, SEI R & p- ST
80 (Scheme 15, A); TMBEVIZ ™4 81 Fl 2 — HIfR — H
fi5(DMAD, 82)n] LAYE = Z e R KA [4+2190 1k, &
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BF3*Et,0 (1 equiv.) 3 |
R _Ts
CH,Cl,, 4R MS \©fk/'\rlu
—_—_—.
r.t. (0] R2

45% ~ 80%
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s
7 o
! 'TI/TS
M
o e
O)\Ph
72%
2 Ph O
Ts |
N/Ts
e
X i
Ph Me” ™M
Ph O e e
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(= ' 4
o Ts 0 , R | BFsELO pa T
JJ\+/N—>JLJLR2R/'T OH
R1 OH R2 \\ R1 (@) '}l/ BFBE
Xy ! OH
69 70 Ts O H,0
L6 C 71

B 13 BRBEfE. FRIR S BRI N IE S 5 1 =40 RS

Scheme 13 Three-component reaction of ynamides, carboxylic acids and 2-hydroxybenzyl alcohols

Kb i) £ 22 HUR A e B 7= 47) 83 (Scheme 15, B); F74h,
FEY) 84 BT DASEEL AT PN AR R B 1R B AL =4 85
(Scheme 15, C). Z N IFERTHESZ: 76 F1 77 AT %
A-MEN=Y G, EAS R T R AR ERMET
86 F1 87, Z 11 86 S 4 ik 71 251 88 ), 4k4LL 87
SN A R TR AR 89; B S, HIEIAE 89 KA Mumm HEHF
B A] 43 2k A 724 79 (Scheme 15, D). 1% % bk T4k
P Jie RN TR (P N B s B2 R e 1 3 B — s BR B ONE, 5F
TR T A .

1E VA B R B, RGN T R AT 8 &
BE— R R MR, RATERBL: R 90 Rkt
91 fEEE NN E LA a-BEIEG % 92; (HEEH
BENTHE, BRES TN E] o-NtRET 93 [
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. fEREMAZ G, FAVSE] T ERAFA L R 90 A1
Ui R AE MG T 90 C R OB, AT LAAS F kiR i 93,
A F PRI A A AT, ) 75 B N A A ) =
FRT IR HX(AgOTH, 10 mol%)SE I i% %1k (Scheme 16, A).
BT o-NH I A & — 280 KLY Diels-Alder B, FAT
ARSI R T BRI AN IR 2 5 BN R R/ H B Diels-
Alder ¥4k, FRATETT T HIESCEEBUR LR 95, 5
IR 94 FEARALI OB 26N, SRIIL T Bl A e Jiz 1)
0 Bi/ 5 Bk Diels-Alder 374k (Scheme 16, B). 1% % b
1 IR T IR 94 5% 95 T2 A% o- ML IR 96, =i
B TFIIR T4 FHK Diels-Alder BASH] T 774 97.
[, FATVRIL, B2 a-MEEH 255 FE 1) Diels-
Alder S RAEFEFRX R T, R A EE PR Lk —
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76 77 8 SOR® 523~ 90% RZ.,9

O O | O O O O Q P
N ) Ts N l Ts \ | Ts ~ NJ\/TS
[ ] [ :] “ NS
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86% 87% 55% 75%
o 0 o 0
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@)L - S O)L L, ® NKJ\’TS o S AN TS
>N >el Ph LPh
77% 83% 68% 68%
0o o 0o o 7 F
o o
| | Ts
N)\/TS '\t Ts /©)LN| Ts /©)LN O
OTBDMS Me
~ Me Me" ~Ph Me |
82% 74% 90% Me 77%
O O O O O O O O
Il/O \ 1.0 | o) |
D)L s ”k*’é @A“)Vé@ Y
/
Ph Me k|:>h Me Ph
79% 79% 80% 92%
B 14 Bk AN B 1 I R I S 8 S
Scheme 14 Addition and sulfonyl migration of ynamides and alkynyl acids
2 %
A) ?J\ R? (1) xylene, 80 ~ 130 °C o (2) KHMDS, THF, r.t. RAH/'\N,RZ
+ N H
R" “OH R%0,87 "X 52% ~ 87%
PRI o o SO,R?
76 77 80
co " Me Ph Cul (20 mol%) o
2vie L-prolone (20 mol%) _Me
Ts EtsN, 80°C N 70 )\/Ts Cs,CO3, It N
k * 83% | — 94% ~o
0 (]
COzMe MeO,C Ts 1
CO,Me S
83 85
(D) o 0
Jj\ 1”\ J\ R O\\S//o 3 SOR®
R" “OH o] R S07 N “R o) |
76 xylene L JL R? 130°C 86 87 I JQo R 5 K A sor
——— R0 N — — R'N07 N RT N
+ 80 °C , ﬂ U '
R2 3 R?
; 78 SO,R (0] - 89 79
_N J\ 2
RSOZS \\ R1J]\o \N’R
77 88

B 15 B e R R 1 o S B i T e g 2 FH L 2
Scheme 15 Applications and mechanism about addition and sulfonyl migration of ynamides and alkynyl acids
12 — HR(100)/E A, JRIR 98 Al Kbk i 99 74 A] LA FRIR I 0 R B L, KR T =R A LA T
52 SEBUINA A /B B Diels-Alder ¥4k, 75 3 PUEAR 2, 9 oML N R 22 AR BRI T — 2R
K7 H) 101 (Scheme 16, C). %N LABRER & Al ke 3 A R 2k
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(A)

R! 1
R1 R3 4 R
\ 4= H, CH,CN, 90 °C oR A 4
| e pv=—re Rizmomon =P , &
\ﬁ\\o RYzH, AgOTf(10mol%) > °N” 0" N0 |, REd |
COOH 4 toluene, 90 °C 'l?3 g N 00
90 91 57% ~ 87% 93 R®
'R" = H, alkyl, aryl, alkenyl; R2 = p-toyl, 4-NO,CgHj, 2-thienyl, Me | 92
{R® = alkyl, aryl, allyl; R* = H, alkyl, aryl, alkenyl
2
® s R NS
R3——N 3 - - o, 3
[ R3=H, CH4CN, 80 ~ 110 °C I o R
R2_=— R3zH, AgOTf (10 mol%) R N _
COOH toluene, 90 ~ 110 °C ReTs R?0 R’
94 95 97 96
Cl Cl Cl cl
N Me N Pn N N
95% '° 8g% Ts 0% T8 92% e
CN cl
“Eﬁ o e
Me N O . O
goo, S Me N\ Me , Me N\
° 83% Ts 86% ° "Bu  Ts
64%
COoOM
©) CHACN ©
Mey 90 ~ 180 °C COOMe
R'-=—COOH + N—== + MeOOC—=—COOMe —— > “» T
57% ~ 78% ~Ts
_____ 8 . See a0 T RN
t R! = Me, n-Bu, Ph, 4-MeOCqgHj, 2-CIC¢H,, 1-Naphth _ 101 V¢

B 16 RS AR 0 A s L

Scheme 16 Addition reaction between ynamides and alkynyl acids

o-FRER & — SRR ) BvE PR AR IR, AR LA 2=
A AR AR, R AR R A B R BT
Minisci V[ IS RTARSE, FERB0H COPY. TE kit
e, BRATRBA NN o-BIER B A #3055 f 1k )
MR $ 55, W CATT & L 5 Bk i (1 S BLTE TR AR 2R . MUk,
BAEH o-HiPR 102 FFBE I 103 AT 50K, 4R 2R,
SRR A LG, o TR R AN R 9k i 140 Jom sz 92 33 58 BE R,
NP B-BRFEBE I AZ LAY 105 (Scheme 17, A),
SONGEFEBBER T KBS, FA TR BOH S i i
S G- HE S II(GC-TCD), #ie &N Cco. T
A&, BAVRH TATRERI R SIS 56, a-BRER 102 Flkk
kA% 103 & A0S S JEA A s 1144 104, Bl 5 DN
1 =8 A Z BT T o- IR T o TN EHE, B
R CO SR, 53] T 74 105 (Scheme 17, B). {H15—
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PR, RSB EA 104 B, FATEIIZEE
Wi IR I A LA IR, DRIk A S o7 A A 3 FH — 4R
B, ZOTVEIRAE T — Rl AT R - BRI I R
Jiik.

RN AR S TR, T 43T P RN R R
VA o, 32 B T R & A . 2018 4F,
Gillaizeau @212V 5 T el 108, LM &H —4
BUT BEARA IR L. TEA S0 2 =% Z B (TFA) 1 1E
F T B = PR AR(5 mol%) AL T, %381
A LR AR 5 F 9 R R4S B A - AL =) 109
(Scheme 18, A). Ub4h, MATIEIRE 7 MWBIR 110 Hk,
—HRVEAR IR N, B I T ML T IRIRG A 1
(Scheme 18, B), 1% & MIEH T75 0 FI-Lo A (A 2,
ST R JF FIR R 1) 405 P9 2Tk AL A s P P — 81
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A) O 2 O O 2
*) OH RV ,  BF3*Et,0 (5mol%) | s R

R + N—-R* —~ °~ = . R N~ Os O _N_

/ CH2C|2, r.t. | Ts
0 T R® Rz via |

2 M 0%-96% 105 R R

| LRI = alkyl, aryl; R? = alkyl, aryl, allyl; R® = H, alkyl, aryl, alkenyl .
(8) R ,

Ts/ 103 '?

(’
1 ~Is
R ’T‘ ( R1>R3

105 Cco gas 3 107

B 17 BRI o BRI A0 18 2 HE S S L2

Scheme 17 Reaction and mechanism of addition/rearrangement between ynamides and a-keto acids

EWG
(A) N EWG
~
TR (a) CF3COOH (1 equiv.) NP,
or (b) AgOTf (5 mol%)
0'Bu 0
108 5 109 ©
O O 2
o=s
N\/\/OTBDMS
@Q !
oa: 95% a: 94% a: 94% a 82% a: 88%
b: 86% O b: 95% O b: 83% (¢} b 81%
(B) 5 (1) R?R3NH (1 equiv.), K3PO4 (2 equiv.) R\Z
& r 1,10-phenantroline (20 mol%) N~R3
@ 0 CuS0,4+5H,0 (10 mol%), toluene, 80 °C =
o'y (2) CFaCOOH (1 equiv.), CHyCly, .t @ o
n n= 0, 1 n
110 111
Ts Ts
OO0y G S
© MeS)\N/ ©
o) o)
47% 82% 82% 68%
TS Ts \
N N N N~Bn N\Me
[ S X \Me / | X \Bn =
N S o) 0
0} (0] o)
45% 74% 68% 49%

BIR 18 BBt 1 73T P Sl - T A0 S B2
Scheme 18 Intramolecular hydro-acyloxylation of ynamides
R 7RIRAE 22 IR TE IR Ah, N-FRJ 488 — Wit LIPSy NHPT ARt 7] 6 & A B B, 1T RE
T Z(NHPD) W E A §5IRIE, H pK, 414 6.1, B%EIIJ” T EH T — R E BERN. RATTRE T RERZRS
LR B SRR IR 1AL 2 I R T R, SRATIRAE Rk NHPT (2) Rk i 113 78 S0P kb [aliat, vl
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DLR A2 0B B 5 AL 221 S CRAR 29 114; B
2 EFREFE, IMATSEMER 115, NiCly,*6H,0 (20
mol%)~ U T BRI BE FC A (di-/Bubipy, 20 mol%)Fl —
ZIE(10 equiv.), £ 5 NHA DMF (V: V=10 1)
T 85 CTN M, KA H HEEMEP NG E] a-74 FEFEZ
Z77H) 116 (Scheme 19, A). 4 N-IEEA kB
(IR BEfE 107 B, T LARER B H 2 (a4 2R 1 N
Wi 7= 118 (Scheme 19, B). FRATHIRH T AT RER
AL (Scheme 20): 7 56 SR AN 0T JE AL IE fic
I SRR AE = PR R R TR U8 # 119, NHPI 5
b 113 IEZE itk & 114, 114 7E8Y0FP 119 1EH
TRARBTERBESEDEE H HEYA 120 ALY F
121; Y)Fh 120 Bl kA4 H BERARAE A E B Fh
123, JF5 R EATE AR H 2L 124; 124 FIEYFF 121
KRB IR R A 128, B 58 R BRI

(A) 0

114

without purification

P 116, FFE AR ML AIEER. X T RBE R 117, TR
A E HEYR 125 J5, RAESEHHMS R E B 126 J5
Yk 55 T W G R AE I SO A Bk
127 )5, KA B BEMBIY A A 129 )58 57 A
B 118, EXAS TAEH, ATKRK R NHPL, Bz
FNT7 FEER ) E H BE B I S B, SIBIL T BRI R PR 2
ZH Iy ]

2 REEFIFRER 910 AR R R K B A

R 7, bR H LK T, TR RN
T Z AR R NS, FAE 1958 4F, Wharton /41
A T LR 131, HRIHER R (2 mol%)EHEAL
i, FR T CIRFEEERER 130 PR L, AT o-
ot S8 FL I BE T (a-alkoxy enol esters) 132 (Scheme 21, A).

€,
Z > B(OH)

TS\ / 2 N (0]
211
on + _CHaCly _ JL R 115 RErAC |l L g
reflux NiCl,*6H,0 (20 mol%) N

di-‘Bubipy (20 mol%) Ts
Et3N (10 equiv.) 116

dioxane/DMF (V:V = 10:1), 85 °C

44% ~ 95%

95% 90% 73%

66% 44% 55%

<]©\/L MeQ\/L Me@\/L T\)\/k $\A ‘\/k o

49% 6% 8% % | 92% Ts 769 Ts
(B) (0] Ts. R3 R¢ Ni%lz-GHZO (20 mol%) Ré /O
N* /p di-‘Bubipy (20 mol%) X
N-OH + @\ Et,N (10 equiv.) | A RU Nets
B(OH), dioxane/DMF (V:V = 10:1), 85 °C
O R3 = HorMe n=1,23 ioxane/DMF ( ) s "
17 36% ~ 67%

Me— O Meo
N-—
\@/GN\TS N~Ts N~Ts L/CN\TS e

50% 55%

65% 46%

|O |O (\) Ts O \O Ts — (\) Ts
EtOOC N,Ts s N/Ts MeO N N Me— N
9

41% 48%

40% 56%

B 19 NHPIL, AR A 5T EE0 0N B IR S
Scheme 19  Addition and radical coupling of NHPI, ynamides and arylboronic acids

Chin. J. Org. Chem. 2020, 40, 2353~2373

© 2020 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 2365



By
R2
(S
|Ar | +TEA+H,0
B(OH),
115
2
? Ts. _R! T\\ NEL
(:l:‘éN—OH ‘ AL
L + | 119
112 l 113 . R3
o N
SET .
J\ R Ts
126
O 114 Ts X
|Ar/
121
R3
ynamlde 87 j/
% e @Ei lL PR
1220 125
B 20 NHPI, BRI A0 75 Z00 00 s H i 2 IR R AT R AL 2
Scheme 20 Mechanism about addition and radical coupling of NHPI, ynamides and arylboronic acids
137 43 HIFEAL R T 138 A1 1395, i H, 2R 140 Flkk
A o Hg(OAc), (2 mol%) O . . . o 4t L T i -
ailigy + o= ————= I ) P 521 0 PR A5 ) oot LA R = 0, A
5t 11 OrChrtor 02 MO 141 R 142 LI BB 143 AN
5 14457 SRif, R TAEMTR EH BRI E He W7, X
2 it Al PR BRI AR R ljkt RIREAK
wHootone ot one B T 8L A R S
75% 98% N0298% o o
0 o) ,-—COOH CHgCI 0O O —/<
J\ Ph\TﬂJ\OJ\OM )J\ or 2Ll JL )]\ o 5
& ¢ R®” “OH *+—COOH RVSOTRY
Nen - 71% 136 137 138 139 O
v 131 or 134
o ™S
HgO (5 mol%) 0
Jk + BO—=—TMS ————> /[i Q Q o
Ri33OH 134 CH,Cl, RZJJ\??’S OEt R4JJ\OH+ R51;|;1H2 or R:;20H o R4JLN/R5 or R4ko/R6
140 CH,Cl, 143 144

Bz 21 Hg fEAGHRBERIER R 1 0k e

Scheme 21 Hg-Catalyzed addition reaction between ynol ethers
and carboxylic acids

T T AR R R P 2E I 1 R, Kita BF 50 2H 00 4% T
TMS BRI, 134; R ILTEALTR (S mol%) AL T,
FRINR 133 MIUBREE 134 AR AE MBS, A2 o-le BRI
FE i 135 (Scheme 21, B). [AH, %Rk 131 28 134 7] U{E
AT WA 4R 7 77)(Scheme 22). Billn, 75 Hg W{FIHI1E
', BRBEnT DUE 48 S0, HRIR 136 M R
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BI 22 FRmlkH TERHE. BEAAER I & K
Scheme 22 Synthesis of anhydrides, amides and esters using
ynol ethers

2014 4F, SH E R 7 LR TE 1 AR A Ak A bR kAN
FRIR 0N R o SEBLA - A Ak A ATT3E i 2% 1 i
W A mol%)EHT, KRR 145 Ak 146
1E 1,4- %N (dioxane) 1T 100 C N AIN# AT PAss
R % Z 30 a-Yoe SE LI 147 (Scheme 23, A); 1% v B
A AR F5 1 IX 00k B A ST ARk R . RTEE T,
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A 3
*) j\ S o TCL S N RIH
R “OH dioxane, 100°C L 2
145 146 R 07 OR
________________________________ 40% ~ 95% 147

ER1 = alkyl, aryl, alkenyl, alkynyl;
'R? = aryl or Et; R® = H, alkyl, aryl, allyl J:
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d o
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H Me
0 4\&0 "BY Q S
d \ 0 o
0 o g
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M I * Ar—B(OH) — o 13?)06 I
Bu” 07 “OR? 149 oluene, Ar” “OR?

148 50% ~ 86%

B 23 Ag fEACHRERRIER R 14 0 S B
Scheme 23 Ag-Catalyzed addition reaction between ynol ethers
and carboxylic acids

BRMEWIR . 5B ARSI ARER, PR %2
BB etk 5 SR B Y R B B, AT DUE A 1%
IS L. X620 B s B 9 82 F B 1647 7 0t 58, i,
A8 FH AR I R RO BRI 15 21 (1 S -BE A =) 148, BT DAAE
Ni(PCy3),Cl, (4 mol%) I 575 FMER 149 KA
Suzuki-Miyaura A% B¢ S 87, il £ = B I Tk 28 1k

R4
O R5
R1JJ\OH + RO—=-R® |\\
=N
151 152 153

..................................................

A9 150 (Scheme 23, B). % TAE ARl AR IR 2 7] ()
IR REFRAE T JE T RN 264, D2 J5 12 SN 1 B 4
CNE-1ih

2018 4F, 254 RTIATE I IG 2 5 1 2 4 5 OB (1)
TAESERY, BRATRMACIRE 7l R a5
WK(DHIQs) ) =47y R ML, =i 280E BT VY & 5 v ik
(THIQs)ZAk & ¥)(Scheme 24). 7EEALHL(5 mol%) AL
T, FRER 151 FHREE 152 T NI In# iR A7 4 % o-
KA S RERE, Z P AT LS A Rk 153 18
100 CNRM, msl e 7 IE TR~y 154, %
PR ek DL e — S S R R e A @ M R . AN
AT, A0 PYRERES, SR = EE A b i b B KK BRI
BE 5, FRATTR %7248 7 — L& BN H (Scheme 25,
A): Flin, VOSSR F=4) 155 Zeit Bt 2R A FRIE(Cbz)
TP, ATCLE R AT N IMEE G e L&)
156; 7= 157 Zeibid JEmsE & 28 I vT LAARb &\ T
A Y) 158; TR 159 £ 1,8- &k 3
T —Hk-7-K (DBU) A T & A2 53 N i 6 S S Bk
B-THBR L, £3 B I LT =) 161, N TR
PLEE, BATFE T — RVNFHISLL, KM a-i 8L
P i T A AR S A RS 9 A A i A 790 FH 3t w7
PUSONE. T2, FRATHEH T AT REM B F2(Scheme 25,
B): fERMARMELL R, SRR 151 Rk 152 A7 AR a-
P A LT 162; S8 )5, AR EMR 153 X 162 IR K
A IR SN A R TR A 1635 H5e e, 163 K425 1 N B HE
SSEEPATAS B FE ) 154, 1% N TR B S — A2

Ag-50 (5 mol%)
dioxane
100 °C
34% ~91%

Me Me O,N

74 | |
N. _Ph N_Ph
\n/ S \n/ H N Ph
Oy o} Oy 0] O,
OPh

OPh OPh
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Y ° Ny Y meo Y
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B 24 =250 5 AU A

Scheme 24 Three-component synthesis of tetrahydroisoquinolines
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Scheme 25 Applications and mechanism about three-component synthesis of tetrahydroisoquinolines

oy B, WoAMHE RIS R RS Y & R
BT ST T

25, BATUR R AP S 4k SR 7T T e Bk A0 ER R D
R BAEA LG B IR, RIEAAARREIL T, &
IR 164 FNHLEE 165 TE R a-kt A B )@l 166 5, TEfEfLE
f) 4-— H S FEMEIE (DMAP, 167, 20 mol%){EH T, " LA
KA EHS 2 B-RIEFE LAY 168; 166 11T LL 5 [H] 5
KR (m-CPBA, 169) K LA EH N, 53 a-
A SEEESE 724 170 (Scheme 26, A). UL P
JRADEEE RAF, & T &SRR EE. 1T R 1
JiF#(Scheme 26, B)Ay: TEEAARIER T, AR 164 Ak
fik 165 A7 42 B a-Je S8 LI T 166, I DMAP J5, W]
DUGTFRIEEAT I R4S 2 a4k 171, BlJE 171 REST
W EHE N, B 724 168, DMAP N 5E i 1 &3,
M4 a-lt E LM EE 166 HlE ) m-CPBA, FRe& 46 & it
FRAE R AR 172, BEJG R T W EHAEK o-BEE R
BE 287~ 170 FId S K R, X — 1 fE 54 J11) Baeyer-
Villiger K AT SR BRSO, &AM R B
FFR R I A -k 8k e B R, JE it A BE BT LA R 3
S = o sl — ik EHE R N T, FE TR
Tk £, 25 R0 AL A P IR B BT 5T

3 HihERFRIEMMRELNR N

B TR AT I, F A ) T bR T LS R
PR R AN RE. R e B AR 1 R —,
B TR AR E, KRIRE T ElfEA L+
IR, DRI 5% Rk 1R B L AE e AN A 20 B i) 4511
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1996 4F, Neuenschwander 254148 7 JUANAS [7) 45 749 1) ke
Wz 174, 355 nls2k 7 H GBI 173 W, KL
TECEEF T 3 C R, wha] DA AE % ok S 250
J&7 =4 175 (Scheme 27). 2018 4E, Kunishima i 145"
TEBIF 0 20 TR 475 B RO 2 R 1 I REATLERLRE, {17 DL S 56
VIR IR 176 1E7RIT1E R AL A B 178 J5, 5
KINIR 177 R, L 74%URARE] T o-T M i
179 (Scheme 28). LLb M ICTFALATHEA, SNAEER
IR EE S HEAT, U0 B i 1) ¥ e T e Tk e R o Tk 7 22
L, X T R RS AR E T

N-HRILWRAP fZ (N-alkynyl sulfoximines) & B Bolm fff
FEHPIE A BRI — 2K E TR, AT TP R
PLLE DY S RIE (THF) A, AR 180 7E= IR Tl LA %k
Wk 181 B, 1720, E A EME-BREA =) 182
(Scheme 29). 1% Wi A 75 ZEATAA (R4 A0 77 9 A e
RSSO, 25 i T PR BR AN 05 B R R R 3E H F1Z I pk
JNE, FE R R ) X g B A S A R

2015 4, Severin PERRZHIHRIE T —38 1-HRIE =K
% (1-alkynyltriazenes) 1) il &, 7£ 2 HE 7T 5K
(NOYRAEMM Ja, 485 Hredkig k771 s BT DL
BZRPE. 1-RE =AM 2T E TR
A 2015 4F, Severin TR AL AR I -k dk = FUR N HR
kA7 A AP S BEE T FRFR 183 AT 1-bR3E =%
184 7Efiln N AT LUR A ISR L, 2E A - A AL =)
185, Je MUle mr, X 3k B 1 R ST Ak 0k R M R B AT
(Scheme 30, A). B4, WEEFAZKENEAEEF, 1-Hdk
=R 186 FIBEER 187 W] LUK A MBS L, FE7K il Ak
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Scheme 26 Reactions and mechanism of one-pot synthesis of f-keto-esters and a-acyxoyl esters
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Scheme 27 Addition reaction between acetic acid and ynamines
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Scheme 28 Addition reaction between carboxylic acids and in situ generated ynamines
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Scheme 30 Addition reaction between carboxylic acid and 1-alkynyltriazenes

H =% 188 (Scheme 30, B), XMt =Hefb &2k
WA AR — PR, PTRLA T2 mi*,

2-JR B IR AL S Y AT I A R R — R E T
HLIg, RN 2 A At HE 7 R8T DU I ORI LA A% i3 3
kg b RATRBAPIE R 2- B KB fE s, &
MAE[Ir(cod)Cl], (1 mol%)HIEAL T, IR 189 Fl 2-Fdk
Ky 190 SN, A PR Rl A - & e — E R
PRBRIGERENE 191, JEEA RIFHI X E0ESErE. STk
BRI N2, P A TR B G A B T B IR 4 B AT 45 21
g fh 191, AR, S % s N HEAT RE R A E AT
HEER 3 2-BAEOR C 2R 54 192, 192 ZiEid 191
(150 I IR 3L 7% s 8277 2E 1) (Scheme 31, A). A, %
IR SN e o] Dhad i el as afifb 7 5, g B b ) 2% o A
ANEEIFEY). A4, BRI 2-BHEEE LFR LA YtE
] DA4k 246 A Baker-Venkataraman B F v i JERE 33
TR A, o, B &9 193 fEAALEH(NaH)
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VER R R A EHE, B ShIAESER b B, W] DA &
A RHZ AL A ) 194 (Scheme 31, B).
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R, BREZIRE. ZHNRN . —iER M,
HEISONE LA ] Eh 2 S B2 A TR T
R AR IR 10 00 18 S5 I L PSP PR JRE T S5, AT
WALLRJLAERE: (DBREIRRGRRE . 2- Stk
A5 HL T RO MR R ) S - B AL O (2)BE T T
s BT bR, R E TR IR A S - I AU B B K B
s QYR BT AR E BT IR IERER IR B, N
T EZRAHLE K . FATAE, BT
PR (VTN RS L JE i, T Jee AT A L 2 7 — A
SR R LTS A, AER R R TR A .
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