% 4”) {t % DOI: 10.6023/cjoc202006048

4

ik 5k

Chinese Journal of Organic Chemistry

REVIEW

WiE € RENE BRME-2-FERs AV R R
ZF @Y FHmY  #EEC T B =

(“F TR A S 25 TR B Al 210023)
CRRE T REZ5%b mat 211816)

EI’—E *,a,b

WE  WEE-2-FERER) T ZAEE T 7 oh, EEGYUREA T EEMNH, Fntng-2- PRI W&

WS ERAT R C—N BAFUERA R TP RAF R BORRE . RBZAHEA PL i S m. f2R
IV S R R 2326, WPt -2- R IR (342 [4+ 11512+ 2+ 115 IR R K& O AT 453k, N TSR
AL -2- H R AL S AOBLER S LRI HT, ) At is-2- FF R Mg 14 5 BadEAT T FR .

REEE  Lrg-2-HREE; SR AR C—N IR

Progress in the Synthesis of Pyrrole-2-carboxylate
Catalyzed by Transition Metals

*,a,b

Li, Ci™ Li, Mingrui™ Xie, Yuxing” Yu, Yang’ Huang, Fei
(“School of Food Science and Pharmaceutical Engineering, Nanjing Normal University, Nanjing 210023)
(®School of Pharmaceutical Sciences, Nanjing Tech University, Nanjing 211816)

Abstract Pyrrole-2-carboxylates exist widely in biologically active molecules and have many important applications in the
field of medicine. Therefore, the synthesis of pyrrole-2-carboxylates has received extensive attention. The transition metal-
catalyzed cycloaddition reactions are widely used in the synthesis of pyrrole skeletons and have the advantages of regio-
selectivity. The formation methods of C—N bonds directed by transition metal ligand have some advantages, such as milder
reaction conditions, higher atomic step economy, efficiency and selectivity. The reactions of [3+2], [4+1] and [2+2+1]
cycloaddition are reviewed, and the reaction mechanism and application of pyrrole-2-carboxylate compounds are introduced

under various transition-metal conditions. The prospects of the synthesis of pyrrole-2-carboxylates are also discussed.
Keywords pyrrole-2-carboxylate; transition metal catalysis; C—N bond formation
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Figure 1 Bioactive molecules containing pyrrole-2-carboxylate

H NH2
EtO,C~ N\ DnpONH, or NH,Gl Et0,C_N<  formamide
j_z NaH, DMF ﬂ 0
, 165 °C
CO,Et CO,Et
OMe
/ P DMF, DIPEA
55°C, 12~ 18 h
CO,Et
, 2 CO,Et
QMe
HN__O
(1) NaOH, THF, 55 °C R
HNTSN
(2) RNH, or RNHCI, EDC )
HOBt, DMF, DIPEA, N N
ot H o\
NHR
5 g

B 1 DAREG-2- FH R IR N AT (R i i
Scheme 1 Modification with pyrrole-2-carboxylate as substrate
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T R 2R B P, AT B SR R S (Scheme 2,
b).
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(a) Paal Knorr reaction
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U
Bi(NO3)3 * 5H,0 N
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6 7 10 examples
70% ~ 98% vyield
(b) Hantzsch reaction H
(0] R1 N R3
RZ 4 R3J\(CI + NHy — \ /
R R?0 R*
9 10 1" O 12

R 2 WA i
Scheme 2 Classical synthetic method of pyrrole
T, EI:%L)LE§&;7'§4JC.A¢% R E A R EMEAEL A )
A RE. F, 8 BRI RON, T RAE D
WP B JE A Ak, B RN R A bk
f BRAET A A, TEMML RN 3] Tz R,
XL -2- FER IR AL S W) B AR Bt T S R A
TR IE. A SO I I < A7) B S AL B 55 D75 T

ARG RS RMEAN[B3+2]. 4+1150242+11%
SR 5 SR 73 & (Scheme 3).
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2 3
"| +RNH2—> ( b + o
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[3+2] ‘
R3
I 1_ 2
._N__COsEt TROR

B3 At -2- FHRRTEE Y ) LA R e vy 3 7Y
Scheme 3 Several types of ring-forming reactions for the syn-
thesis of pyrrole-2-carboxylate
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HEE P PO TR 10 0 LA T ) - I R ' RE A, 7T Q2L ¥ DTBM-Segphos Bt 4 5 Z2 A4 il I i 25, ee fH A

PLIZ D 6 2 22 ML i AT AR ). 99%. Ak, £ DBU 5HZRKMT, Regimiddt—150%
fE M EERE 1, 2010 4EZ R A S aRE TR A A S A3 B - 2- F R T 4k 540
Cu(I)-Segphos (Cu(T)-L")yFJ LAAR 47 Hh 42 il iHe 1645 7= 40 1) 2014 4, WEMIREAHRIE T Cu(OAc), 5

JE X WL PRV AR Wk FEE(Scheme 5), TIFAMIAKIX.  Mn(OAc)s ML RMEIERTT, LA S 515 K & 5L iR e
S PR SR R A b RS . U A KUEY 26 NIFEEL, & RLE-2-TREEATEY) 27
&) B A 4N Segphos (L')Ek DTBM-Segphos (L2)ECAAHT, (Scheme 6). ZR M TFEZIE B AL EA IR 055,
TR R BEEANH], Segphos oAk LAMLIS be 24 1E A br LB R R () & F a- R R ERAT AR B AT 2 IR
FE 0, ee [HA 88%, M0y b EARIKSG HF4RHL WidE M, DA RIS 2 H bR, 4 0

(1) [Cu(MeCN),]PFg, PPhy
NEts, THF, r.t, 5 h

H
MeO,C.__N_ _R!

ARy PhO,S
R™ N7 COMe * FO25F g0 by (2) DBU (2.0 equiv.) U
r.t., 30 min
13 14 15

trans 11 examples, 61% ~ 97% yield
cis 1 example, 27% yield

o) o o) Q
X e X _» MeOC— ,/—CO,Me
Meo” L J oMe — WT M NN
X =NBn, 16 H \ y/ H
X=8,17
MeO,C, CO,Me
y NH HN )\
Z X N
\_/
X =NBn, 18, 53% (from 16) X =NBn, 20, 53% (from 18)
X=8,19, 47% (from 17) X =S8, 21, 47% (from 19)

B 4 Cu AL AR 206 5 a-IEZIERREE R 13- 18R s e

Scheme 4 Cu-catalyzed 1,3-dipolar cycloaddition reaction of bissulfonyl ethylene with a-imino acid ester

H
MeO,C,, N 1
CulCHiCN)PFg R CUCHCNIPFY oy )R
L2 (10 mol%) —N L' (10 mol%) W
- 7
BN @omore) R 7 Ssoppn” H o )meoe o o T TS R
. R 3 o
solvent, T °C, 240 min 22 solvent, T °C, 240 min
25 23 24
endo
endolexo 92/8 to 99/1

exo 0
exolendo 74/26 to 99/1 < O
10 examples, 92% ~ 99% ee (exo) O PAr Ar = Ph. L'
5 )

Ar = 4-MeO-3,5-(t-Bu),CgH,, L2

O PAFQ
G
e}

6 examples, 87% ~ 99% ee (endo)

OMe
H H Cl
Meozc\\\" ant MGOQC‘““ Me MBOQC‘““
PhO.S  %—Me PhO,S PhO,S  j—Me
=7 o o
endo exo endo
exolendo 1/99 exolendo 74/26 exolendo 8/92
68% vyields, > 99% ee 59% yields, > 99% ee 64% vyields, > 99% ee

B 5 AR IR S o- T FERR IR Y 1,3- MR A S

Scheme 5 Cu-catalyzed 1,3-dipolar cycloaddition reaction of sulfonyl ketene with a-imino acid ester
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H  CO,R?

H NaOAc, xylene
R! NH, Cu(OAc),, Mn(OAc)3
26
R = aryl, heteroaryl,
alkyl, eater

R? = alkyl, benzyl

R20,C

R']

N COR? RO,C & CO,R
ot

26 examples
27% ~ 86% yield

H
N
27

R = Me, Lycogarubin C
R = H, Chromopyrrolic acid

H H
MeO,C~ N\ _co,Me MeO,C~ N\ _co,Me
W U
R 1
O \ / O 1 R 0,
N N 27b R' = CO,Me, 67%
| | 27¢ R' = j-Pr, 44%
Tos Tos 27d R' = n-Pr, 38%
27a 54% 27e R' = Et, 27%

B 6 Cu fil Mn JLAEAL IR BRI 1 SR L R

Scheme 6 Cu-Mn-catalyzed oxidative cyclization of amino acid esters
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ARG ] £ AN PR A s B I F A W5 B iy £ 1. 1%
SNk — AR 7R T R R R AT A R R SR TR AR A
IR e AN B O R R I P el 2 B R IR 1 S A K
AR AR TT%, 1%/INH s G R T R O DA
JAR A SR 1 #0557 F [ #T4& Chromopyrrolic acid
(CPA).

2017 AEREENR A PUE ] CuCl 1E M HEAL T, H
A& 6. BriiE 28 AN ES R IR EE 29 B T — ALY
B(DMSO) AT I B, LA R B I I 245 21 7 — &tk
1% 30; [ 10 H KoS,0 fE AEATI R M. 12 h, 52 T =
Sk B R, DRI — A R T U

AL A9 31 (Scheme 7). %N A& IEAN, ST 5 Fl
A WL NS T IR IR R 3 R U1 RE
fif 52 1%, J& & B -2- R R 31a~31e (1955 2.
JRPEE AR, RN ARTEA N R RS
SRR, BT LAY e 3 1 N—H Sk I W0 iz
Z RS RS, 5 DY Rk e
EYN(TEMPOY K2 T rh B4 H B 2%, k32 T RE )
SONHLER: B e AA AR SR A7 2E % B-If e 31A, &
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A H AR 31C, SR 5 5 A T4 N B SRR )
C=C 4K C—C, Fi5 Cu(h)R4A i TE bR
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Sk, FHat— 0 A1 20k 22 (Scheme 8).
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Scheme 7 Cu-catalyzed oxidative cyclization of amines, alkynyl esters and maleimides
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Scheme 8 Possible mechanism for oxidative coupling of amines, alkyne esters and maleimides
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Scheme 9 Cu-catalyzed 1,4-addition reaction of azide
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36% ~76% yield
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Scheme 10 Possible mechanism for the formation of pyrrole
tetracarboxylate
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H
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L
0
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Scheme 11 Cu-catalyzed [3+2] cycloaddition of isocyanide
with alkyne
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Scheme 12  Possible mechanism for Cu-catalyzed cycloaddi-
tion reaction of isocyanides and alkynes

2020 FEIRATRAH P HRIE T FIH Cu(OTh), HEAL K
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2
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31 examples
23% ~ 67% yield

44b, R = 0-OMe, 52%
44c, R = m-OMe, 55%
44d, R = p-OMe, 52%

N 44e, R = p-F, 54%
_y—Ph Ph  44f, R=p-Cl, 53%
Ph Ph 449, R = p-Br, 50%
44a, 64%
o 44i, R = Et, 45%

e} 44j, R = n-Pr, 30%

R. 44k, R = allyl, 50%

NN\ _p;, 441, R=CgHs, 66%

Ph = 44m,R = p-MeC6H4, 62%

44n, R = p-BrCgHy, 23%

B 13 R TR R 2 AR
Scheme 13 Copper-catalyzed carbene insertion and ester mi-
gration for synthesis of polysubtituted pyrroles
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T 52 1 e 2 B R B ORI R 0 1 B 2 1R 62 BH &%
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028 (Scheme 14, a)5 C A71C 5255 (Scheme 14, b). %0
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7R RN TR I RE, R PC ARiCSZIGIE I T RN
AR R R TR, RN SRR, PR RIFH)
My 521, BT 15202 0 m B E Re B AT A =4, IER T 1%
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a) '80-labeling experlment

O HN” 10 mol % Cu(OTN);
/©)J\) W DCE (dry), Hy'®0
60 °C
N

)

430-'%0,57% Br

(b) "3C-labeling experiment

Bn N
0 HN" 138 o 10 mol% Cu(OTf),
+ >
Ph/U\/ Ph™"15¢""" DCE, 60°C
4a 42p-13c
%
1360
Bn, [
/"ijc—Ph
Sy
Ph

44p-3C, 51%
B 14 Cu AR T8N FEER SsOB FALEE SE 36

Scheme 14 Mechanism experiment for the reaction of Cu-cata-
lyzed carbene insertion into enaminone
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%, TTF%&# —V(?TE’J%#T i FH i 40 = 11
Ru(bpy);Clo, KIS 5 HEMEE 45 158 5E 5KV ik
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o ﬂ 0, 12h
NQLOE;O N O (2)NBS (1.1 equiv.), 1 h

45 Ph
46a
CO,Et
N 2 CO,Et
g N
° (0]
N
0 N
472 P , o Ph
6 examples : 48a

64% ~ 94% yield

47¢c 53%
W CO2Et W CO2Et
N\ \ \ \
CO,Me
EtO,C MeO,C
47d 52% 47e 65%

B 15 Ru fEAL A DG S A 2 g -2- FF R I
Scheme 15 Ru-catalyzed construction of pyrrole-2-carboxylate
using photooxidation

%5 R SR EIRER 45 7E[Ru(bpy)s], FA1E T,
2ot W] WO IR A SR A RO S 2 T 47B. B,
T2 Ji v () A i it o 5 R A5 38 1,3- AR % 47C JF:
223 [3 4 20 F0 I S N AN I B S AN AR R R gt -2- F TR i
47 (Scheme 16). %A BRI EA R G T 25
PGy AR AR ] B A AL

2004 4 Padwa A1 Stengel™ i} Grubbs X5
(CL,Cy;P,RuCHPh) i 4k (E)-2- 2K 3 -3- Z @ FE B A3 9 I
49, L pME— IS -2- R 50, ) BULEA 75%
(Bq. 1). —J7HH, YRR AT LS 3] 2-4E-3-
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I

45
o
visible Ilght\ /g/[ 2
[Ru']

COEt  [O]
S ol B

Oxidative
GWE EWG Aromatization GWE

47 48

\)LOEt - [I; \)kOEt— ﬁ g [I /N\Hkoa
[Rull] [Rul

= Hus
H20>
46
EWG EWG
CO,Et \—/ i
N
[3+2] Z ® Q OEt
EWG Cycloaddiotion

47C

B 16  Ru ALK -2- F R I F] REAOHLEE

Scheme 16 Possible mechanism for Ru-catalyzed construction of pyrrole-2-carboxylate

R S A A, HLERB 7R B, Grubbs iR (E)-2-2K
B 3- IR M R A T EHE, 1z E @ A
FIAM C—N BERAE AT, (H 97 2% 57 H A A
Wilkinsons & 77I[Rh(PPhs)sCIIHEAT AL I A £E Fntt g
Yy, RASEIAMUANG, IXeegh Bt —BAE o 7 e m
I 4 JE AT B AR IR A R SR AL TT 3R,
H AR = Xt B 1 B 7 2.

H
H Ph 5moi%Grubbs L N come (1)
| N DCM, rt. U :
MeO,C H

50
49 75% yield

3 AufEfk

EMHKEY o 5 BB EMIV & REHRE, N
AT AL HL A A e AL R i 2 —
ANRAEDSE, JF AP R R A s 2 A
AN, ALk B AL T MR R R A Y. 2016
4F Sahani 52Vl I S AL AR RS 51 5 S 0Eme 52 J A=

BT MG -2- FEREE 53, RIRFAEA 3-H HLISEF=4) 53
(Scheme 17). 7£ IPrAuCI/AgNTS, #E 4k 71 T 4 BUAC I %
53 (7= ] Ek 82%. JRAEEMETT AR, IR
() PR R R T FE 85 38 A T IR P R AR SR, AT 75 281 T s -
2-HEREEHTAEY) 53b~53d, F2H N 82%~95%. IhAh,
AR R AT R? 25 18] 457 BEL U 5 A5 ) T A2 )il = 40 (53! ~
53g").

DA 53a M5, PABRER G A bR TE S R SR R
AR, PEA ~BuO(O=C)C F B, DL ng 2
(Scheme 18). %77 RN IREZAEZ IPrAuCl/AgNTH,
TR TE R T R S1A, ol SR8 O EBUS TE L) &
WdE e R R AY IR N, T E 4R s Al ik
HAT[S 2 TE it i 38 53C, &l T IR
PRILTCE AN, TR FE RS, W@ &L 1,5-
DALY 53a.

2010 4FEXITCL 2R IE T T S Ak R A
54 347 SR P = R R N- 2K R -2 FE R TS 55 (1)
777%(Scheme 19). f#H 5 mol%F#J(PPh;)AuCl F1 5 mol%
) AgOTE VENMEALT, 76 50 CHIPUEIEIRE(THF)H &%

Q J< R! O IPrAuCI/AgNTf, (10 mol%) 7/\
/J\o + \ /N
= DCE, 80°C, 12 h
R R2

15 examples, 25% 95% yield

H

A3 A :
*;{ %
53a (R =Ph, 12 h, 82%)

53b (R = Cy, 7 h, 82%)
53¢ (R = n-Bu, 7 h, 82%)

%%

53f (8 h, 76%)
53f' (10%)

53e (6 h, 80%)

0,
53d (60, 95%) 232 \isoe)

B 17  Au BEACPIRBRAT AN S R VBRI AL S B

Scheme 17 Au-catalyzed cyclization of propionate derivatives with isoxazole
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53g (12 h, 65%)
53g' (22%)

5 examples, 8% 45% vyield
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BT SRSHRE
[5+2]-annulation
AuL* \
1 2 L Ph TAUL (g o-tBu
Ph—-:-—/< <ju tBu t u Ph%

(() 51A O—t-Bu / +02/_Sr >_%f o7 0 _t-Bu

°N - N\' (0] = /
L ( s3a M \ Ph>:2<o
52A 53C o) N

~AuL
K)%& ’
(0]
H 53D
O N ==
t-Bu 1.5H Bu 1 5- acyl shift Ph N‘AUL

ph’ O

53a
B 18 Au fEALHRER IR 15 WS e s 3 vl g (AL
Scheme 18 Possible mechanism for Au-catalyzed reaction of acetylenic acid ester and isoxazole
Ri 1 h WAk 97%. TR KR, AR Trofimov &z B2 V2 7 iy ik 58 Wil 2% 4 (DMSO/

(1) 9 (PPhs)AuOTT, AR 7E 2 Fe 5 1 U A e, RN
IR IR, e A R TE VR R AR OBE. 127 S I8 ) B
PUEE S R 4 5 Bieh B 8 OO A2, TR s O R e 1)
BN B AT SRR, B 5 T WE T IR B (A
55B, &0l kTR S MALKITC &) 55C, Ht)a i
TALAFRENE 55a. ARSI K I 552 HARE mIA
94%, UF R MNZ T TRCEY 55C. @iti% i iER 5 LA
— M AL F5 (US54 2] bt s -2 FF R I B M it -2- F 364
a1

Ph N 5 mol% PhsPAuCI Phth
t 5mol% AgOTf  ro,c N\ _R2
1 —_—
R THF, 50°C, 1 h U
ROZC R1
55
R1 H, n-B 8 examples
Alkn Aru 55% ~ 97% yield
Phth = @Q

I?hth ll’hth I?hth

N rRe. N 4 R2 \N/ CO,Et
Etom MCHZOZE’( ;H+

N
O—Al/ g2 Au Au
55A 558 55C
Phth
H* (D") N
R2 CO,Et
/
H(D)
55a

R =Ph, 92% D = 94%
conditions: 5 mol% (PPh3)AuOTf, in CD30D, 50 °C, 1.5 h

B 19  Au fEAHIER A LEIAL

Scheme 19  Au-catalyzed cyclization of alkynylaziridines
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LiOH) 5 5 M 0 SR, 1% S o7 ] A A 7% b B I 42
TER C—C Al C—N 8, (HIH M 4wzl HilR 51k
SR BEVERAR. AT FIRA T E A SR RS
1A, AR B USSR AL 2 B8, 7E 2011 4F, Ngwerume
A Camp™ R T Au(DfELIG 56 Al 20 — R FREE 35
() —FAvd o B ig-2,3- R BRBR AT AR 57, 1% & —Fh &
A1) B 4% i R 0 e 38 e i 22 AR L % P8 T v
(Scheme 20). XFh—HPPIEE LRI TR O- 2075
fig, Bt e AL R K4 (3,3]-0 EHERIRBK L FEE O-
A FE A A g

4 AgfElL

R A RIEE AN T4 SR SR AEN
B, TEIAN SN 45 1F T BRI AT & m AU A ORIt
HATEAIAAE. 2017 E FBEPHRIE T — K51 M
T 13- AR A I s/ 48 A B S0 R A OB 1) ) R B
— BRI e, SR T I ot B I S B A I
AL IGE 7iE. S AU A CIREE 58 SR RIRY)
59 7EHR Ak R R S A0 K H I (BPO) AL 26 1 T I L 15
B Z B g -2-FHEREE 60, Y%A 89% (Scheme 21).
HAF— M2, AR H B (BPO) AL AR = T2k H
P i U T B (TBPB) AL T 2 i S fb &L (TBHP). %R
B R H T TR AL M ALEE: BPO 2fE =4 H
HHE 62, [ HHAE 62 SHEMELT 61 KA S T 5 8% I i
| H HEEF A 60A, 60A Fi5 H % 62 it — X HEH
TR I b B A A R, e A A -2 H R
g 60. Jo S MIEFWGH ST BPO /il R, iZH R
MR G AT, RN, B R R -2,
NN G 43 () I 22 BXAR R s -2- R R PR R 4L T —
ol s 5 1
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R1

"

N
“OH

56

+

CO,R?

CO,R?
35

PhzPAuCI (10 mol%)

H
AgBF, (10 mol%) \N/

R CO,R?

toluene, 100 °C
12~18h R'  CO,R?

R = Alkyl, Aryl 57

retro- N
1,4-addition 1 1,4-addition

R'=H,

9 examples, 54% ~ 89% yield

Alkyl, Aryl

R1
R\H CO,R?
T
N

~0” “CO,R?

57A

CO,R?

NH CO,R?
[3,3] CO,R?

R

E= 20
Scheme 20

(1) AgCO3 (5 mol%)
LiOH (18 mol%) \

Au LRI 5 2 —IRBRBE 3R S A AL s 8

Au-catalyzed ring isomerization of oxime with acetylene dicarboxylate

H

H
R20,C._N N__R!

X =
R1/\N/\C02R2 " {\EWG
R3

58 59
R = alkyl, aryl or Hetero-aryl; R® = H, Aryl, CO,R;
EWG = CO,R, CONR,, COR, CN, PO(OMe),
25 examples, up to 89% yield

(2) BPO (2.4 equiv.)

R! ! R20,C
Ny
\ R3

R® EWG |
60 ! g1 EWC

13 examples
33% ~ 75% yield

H
(o) 1

R20,c._N.__R
)]\ . . \q
Ph” O

RS EWG
61

HAT

_—

H
R?0,C._N

\g—z/w COyH
+
R3 ©/
EWG
60A 63

EI= 21
Scheme 21

2012 4 Vasin 2P0 - R 2R L 2,075 VE AR R
5 o-WRIERREGIAT . {EMEIL & 2R A DBU
AT, a-IREMBL 0 64 5 o- W RIEMREE 65 it
1,3- 1B AR B0 Bl B 7 39 3% 1 A 1, T ks e AT AR, R
R DBU RJ LAE LR e D a4k, i3 — DRt
m%-2- TG 68 (Scheme 22). X 75 KAk & FEM LA AT
AeGLFS B, 28 HBr JH 6, XU A AR I 3 T .

2010 SFEIT Al R POHRE T AR Ak B A
IR Sz N AG) SR 8% 1) 5 %€ (Scheme 23), 100 °C R DY
TN ER AR (AgBF )AL T, i R A 2K (PIDA)E N E AL F,
7E ML in Bk EE 69a.69b A% 6 VR &Y, R8T
nEg-2,5-— FHERER 70. JRY)EEMER B, RTINS 5
AT B TR PR DT e, B9 E R ARG
RN (R U FE 2 S BOSCR PRI, T 7 1R it 2 0 A R
Y. whAh, 8 AR B Y EA I AT DA T AR AN
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Ag HEALIKI 7 F A ER B S

Ag-catalyzed aromatization tandem reaction

[ AR P bk gt

RN DR Ag(D)TEfL R B 25, 5
T B B R A4 T0A, RIS FEAE Ag(DEALTT; TE59%
155 PIDA HIAE T e R lalE 70A 5 55— 40 s i
RN, BE G C—Ag B4 LR T4k, & HEARE
AR EIEE 7O, RJERTIHERR, KE—0T 1
RAEF—73 T LR A [EN C—1 B EpE T
AR —MIE R T 0 T0F, f)mi it bR
TE B2 T=) 70 (Scheme 24). FHELT 5 ML & BR
VRS
BRI BRVEME . 205 vl 47 M A e R e R 1
IR, X5 G Rtk ige-2- F IR 6 ) it 9 B A B S

2015 4FER G PO RS T 1k i S R R
72 S5TMGEIRER 71 ISR, A AR A 751 ] 0 ik
BEVE S O -2- R R G 73 (Scheme 25, a). BEJA, 1E#&
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BT RIRE R

Ar,

H 0] H o)
Ph\ >/ Aru,, N .nv\/< Aru,, N ..\|\/< H 0
SO, N AgOAc cat. oM DBU  Ar
+ ———— e + _ OMe —— » \ /
/1\ THF, r.t, 24 h Oy O’ "By THE 10h OMe
Br fe) Sy Br /S\\ ' 68
OMe PH O PW O
66 67 8 examples, 39% ~ 85% yield
64 65
j-HBr T_H»,
H 0O H 0
Aru,, N Ar,, NG H 0
o — OMe o d OMe Arm,,@/«
S ) PhsOy \=/ OMe
PH O (O
68A Ph" “esB 68C

BR 22 Ag HALK) o-BRREIE 2065 o- LR IERRIR T 1,3 RN BR R

Scheme 22 Ag-catalyzed 1,3-dipolar cycloaddition of a-bromobenzenesulfonyl ethylene with a-imino acid ester

5 mol% AgBF, R
Rl—=— CO,R? + R—=——CO,R* R-NH FiDA e Ve
6_9a 2 _69b 2 + 6 2 dioxane, 100°C, 3 h J

R® _ R
70 )
15 examples, 53% ~ 88% yield

CO,Me @’\ CO,Me CO,Me
N N N
\ \ 25
X~ ~CO,Me

EtO,C X ~CO,Me EtO,C X~ ~CO,Me Et0,C
CO,Et Ph .
70a 63% 70b 53% 70c 50%

B 23 Ag B SHZI2+2+ 10 b U
Scheme 23  Ag-catalyzed [2+2+ 1] cyclization of alkynyl esters with amines

hol RN [ag) ©
Ag —NH3 Ag
. , AgBF, 6 R [Agl R!  COR?
R'———COR* ——» R1 — CORZ R1 : CORZ — \— e \—
69 R_HN’ RH% COR? RHN H
69A
PhI(OAc), | -HOAC
®
R!  COR? R!  COR? [Ag] ,
_ —/ 5 A R20C._ _H
R\N>@_§ HOAG ReNe jag] —R="CK I
AcO—17 >:\ ACO\/I’ R N/\I/Ph
PH RS  COR* Ph R®  COR* | (|) "
70C 70B R c
l 70A
R! H COR? R!  COR? R!  COR? R!  COR?
3 R— -Phl COR* -H 4
R-NJ_~COR* NQ_~COR* N N/ ~COR
Ac(f—‘Q g Ac(f—,ﬁ/ ] %A RT & H R™ ,
E C
ph R ph R R R
70D 70E 70F 70

B 24 Ag BN/ AL S SHLEE
Scheme 24 Ag-catalyzed mechanistic for the addition/oxidative cyclization reaction
FEM R SR Rt — AR TT T AR R R e 76 fI¥E & MRS T I -2- PR I 1) v AR B, A X B
P, R 7T EARIMAEIRI 3+ 2L 77 (Scheme ANSEARGEPENE, S NI R ] 8 2k, O S IR i s 64k
25, b). UbAh, S NAE PPhy fiEAL T DU R 3R A5 B BRI T 5%
g2 HIEETE 80 (Scheme 25, c). 7 iEAEH] 1 ARAIBER
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(@) 10 mol% Ag,0

R1\WCOZ'V'6 . 20 mol% 74 (ligand) MeO,C
+ CN”>Cco,Me R
% CHCls, -20 °C, 48 h
Il Me  CO,Me PPh,
71 72 73
13 examples, 80% ~ 94% yield /é HN™ ~O
....................................................................................... \
b 7
®) R COR? 10 mol% Ag,0 MeO:C N Et ! 'N
NG . )Ri 20 mol% 74 (ligand) R3 1
—_— > =
o} on e
T C CO,Me CHCI3, -20°C, 48 h CO,R?
75 76 77 74 (ligand)
____________________________________________________________ 11 examples, 58% ~ 96% yield
© H
R1\“/002R R4 _N
10 mol% PPh
C + CN/\R4 % \ /
CHCl3, 24 °C 3 2
R3)I R CO,R
R1
78 79 80
23 examples, 56% ~ 95% yield
B 25 TEL I SRR e S A R I 1R A R

Scheme 25 Cyclization reaction of activated isocyanate and acrylate

2020 fEEFORWAPRIE Tl AgOTE 1L
[4+ 1CTHRN RN, A5 i B 5 2 M5 a2 A7 43 IR A 00 X 45
WP 2 BRI, R L 57254 % 1 lamellarin L
AR, (S N- 2R e B R 2 R SRR R AT S B 1S
Bl — =k g -2- R, YU 89%. fERAMAM T
8 FH 5 35 E U 82 W 9T T Ml 81 MG R, 44 i
(¥ R' Al BT R R 0 A S AT, 35 ARk 3 R AT
e, AR, SR EUIRIE 1 B Ul W 2R e . Iy I
ZEFLLHL BAT BT A2 1, R ) B A W S A 2 e oz fEL
3N (Scheme 26).

HEAT T AR 5256 (Scheme 27, a)Fl N AR (1) 45 e i 7
SEEG(Scheme 27, b). [FIf ZHIRERGE SRR, 15 Nt FE
HOR AR T IETEEE T RS H, LA B A U T B
i 51 N, AT i — bR C—C B4 A Ag 1AL IE B
P A Rl 2 BRI % B 3T FE (Scheme 27, ¢), R AE
PRAEZZAE T3 T oA Zm ORIk 84a, H A
SEREIIE A2 AN A 2 M B B A E U C—C Fi N R SLIY)
FEY). AN, =R MR TOH MEALEAE N A4, T
[ 25 A T AN IE BRI 724 83a F1 83a', BEHIERE
T T 2NN, G5 C—C B A RPN Fe

N T IR N AT RERIALER, Z IR AR T LA S
OH
o &I
AgOTF (5 mol %) OMe
0 HN/RZ CH2C|2 rt,12h R COOR? g\ |
+
R17NF COOR3 \q O O OH
81 82 HO  bve OMe
0, 0,
40 examples, 59 % ~ 92% yield Lamellarin L
oh 83b, 77% R = 3-Me | \
| 83c, 75% R = 3-OMe N__cooMe N__COOMe
N___COOMe 83d,83% R = 4-Br N th
e, () = ™
\ /) 83e,92% R=3-F Ph Ph
R Ph 83f, 90% R =4-NO, 83i 76% 83k 79%
~ 0, = 4-
83a~83h 839, 72% R = 4-OMe Ph oh
83h, 81% R =3-Br | |
Ph Ph— N~ ~COOMe ph__N<_CoOMe
Ph N COOR 83a, 89% R=Me
U 83l, 79% R = Et B
83m, 68% R =i-Bu P O
Ph 83n, 59% R = isopentyl
83a, 831~ 83n 830 84% 83p 82%

B 26 AgOTT ALIN[4+ ICIHE N S Rk B & Bt
Scheme 26 AgOTf-catalyzed [4+ 1C] insertion reaction for selective synthesis of pyrrole
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BHLHEF LR SR
(a) _Ph AgOTf (5 mol%) Ph
O HN N
2 CH,Cly, rt., 12 h phN__coome
= + _ >
RJ%H Ph)J\COOMe CD;0D \
i HD  Ph hp=32
81a 82a 83a-d
(b) 5 _Ph AgOTf (5 mol%) Ph
o HN N CH,Cl, rt,, 12 h 4\
/U\) N 2 2Ll I, Ph N COOMe
RI” N PN > \
Ph”” >COOMe
Ph
81b 82a 83a-'5N
(c)
o nnFh AgOTF (5 mol%) Rh
/U\/ + P CH,Cly, r.t, 3h O COOMe AgOTf (5 mol%) pp__N<_-COOMe
R Ph” NCOOMe — N, | CH:Chrt 121 U
_—
81a 82a Ph g3a PN
84a, 17%
Ph
TfOH (0.1 equiv.) TfOH (0.1 equiv.) N
) CH,Cly, reflux, 12 h| CHyCly, r.t., 12 h Ph
No reaction 83a + \ /)
83a:83a'=2:1 MeOOC ~ Ph
83a"

BR 27  Ag ALK IR 5 G SR A LR LA

Scheme 27 Mechanism experiment for Ag-catalyzed reaction of enaminone with diazo ester

EH 32 AT BE A S N AL EE (Scheme  28), Hii K 2|
C—C B4R N N AL IE A S AR, FERLIEFE R, AgOTE
KA R 81 AL AR i b (el 83A, H A HE
e 82 fEHKE 1 Ny AR R = a4 83B,
83B KA AN o, B Tk B W 2 AE il [A) 14 84, [F]
I AR AR, B, 7EAR LA RR b, A e 44
84 5 AgOTf 454 Ja &l 2 = 5 IR AR - A0 TP Bt
Wbk A ()44 83F, T Jim 483 B K AN 1,5]-1E 8 AF pl — &tk
W, e 2R AT I A5 R A e AR R g -2 - FR TR T 83.

5 Rh &k
BEAE Sy — A U 4 SR AL, I ) T e I A

OAg R*
17X _N R?
R RS

N H*
R
R4
C—C formal insertion cycle
R R*

R H+
A
o g\N/R2

82 R!
83A

84 ! g3

IR 2 Ty ST AR G B ). AR AL B3R I pl s v B
X WG P R S R R AR A R T e 45 Y 2003
ERALIEZEPNRIE T i RN ML 3 R E R
RT3 F 8 N—H 38 N\ N 46 22 B AL B-5-
M2 FA R TG, L Rk U3 0 FF L 51 NI 3R C-3
Pr. BT R O R C—F B Ok 22 ik,
TR E Y EA MR R R R, TR 1
mol% L FREE(IDFIMEAL T, K H 2B R 16 85 75 R
NASEE— =) p-g-nH-2-F R T 86. MLEEM K4
JBEFEIEAMALK N—H #d, AR T H R R
86B, #RJiEI T NI T EAEN X — 21 HF 4k
S-SR -2- F R TS (Scheme  29). %7 VEAE — EFEE

Ag
RZ. .
R1ﬂIR4 [15]
“OTf 3 R ag®
- 83H R! \;"li\’ <
RA
R3 83G

AgOTf Cyclization/1,5-shift cycle
H,O
H+

Ag 2
Ag %

R R*
83E

B 28  Ag MEMME %R -5 U8R S B AT RE AL EE

Scheme 28 Possible mechanism for Ag-catalyzed reaction of enaminone with diazo ester
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R'l

1 mol% | F|z1
Rnp(OAc), - HN Rh(l) _R2 COEt -HF R2__N._CO,Et
B
WOB PhMe, 80 °C W "/ PhMe M
OH reflux F OH
R'=Ar, Bn 86
85 R?=Ar 868 8 examples, 91% ~ 95% yield
R 0 R R’
HN” O O CN 1 mol% | |
PhsP="" RhpOAc)_ g2 N\ _coet _ HF _ RA N COGEt
2 R Bl — » /
R™ e OEt ™ Pphme b PhMe, reflux )\
(o]
N, 55 ~ 60 °C F " (F N P N
85 R'=Ar, Bn;R?= 878

2 examples, 92% ~ 94% yield

BX 29 Rh HEALA AR - -2- FH R O AL e
Scheme 29 Rh-catalyzed cyclization of S-fluoro-pyrrole-2-carboxylate

BT Al p- I -2- H R TR 55 22 20 1) 4% ) 1) R
2007 4F, Driver Z5M07E Rh(I1)fi# 1k B % L TN 1 WR g
R RS R AR e, R Rhy(0,CCSF,) A R T

1,3- )i S A A 88 Az B i -2- F % T 89 (Scheme 30).
155 b 7 ¥ AT AR — e Ya L A & B — R RN B BE
1 1) 22 HUARIE g, Ak, &I Cu(OTH), M Znl, [FIFERA
5 mol% Rhy(0,CC3F5)4/ H
Ph/\/\/ COMe moCu(O'I%E)Z/zZnI; T Ph\<\N4/7/COzMe
Na DCM, r.t., 40 °C
88 89
40% yield
M] l N,

OMe tautomerizationT

COzMe
/l/\"\l/ O UCOZMe

@ [M
898
B30 &S E SIS EREE N 2T WML RS
Scheme 30 Metal-catalyzed intramolecular cyclization of azide
acrylate

_M _Ph

RO ERE, R0 12 s R i 52 & HL T
AR 71 95 L BRI, ELRE 5 75 FE B QLM FE 1~ 184
5, SIS TR . RN AT A S AR A R R s ]
14 89A, SRJG KA. &85 L REGT 1S Bt g -2-
2 89.

2001 £ Murahashi 2R IE T Rhy(CO),, HEALIEIL
FFRILEAL S 91 FEIE o 7 C—H B 5 1,3- - IEAk
A0 90 AL -2- RIS 92 (Scheme 31). il A2,
G TR 1,3- = BB A AT IR AT DUAR 3 2
V) 250 B HL 2550 e e A A L - 2- R R R, 4 92a
5 92a', knorr & AGEN L BEME. 12 RN ] ERIHLER
N ERFIEA AW 90 [ FRIE IR N LTI AlA 92B 1 Rh
—C fErp; SR I I R U T 75 2 A 4 92D,
A PUKFKEE RS2 B 92E; 5Hn fEEER#
PO 25 I SR IR 1 B g 2- R ER 92, BhA T
EATEERA S, WM T 7= e KRR 3

H
RS H H
CO,Et ! [
R2 ( 3mol% Rhy(CO),  R'._N.__Co,Et '
o0+ 2 N.__CO.Et N__CO.Et

f m® toluene, r.t. t0 80 °C, 4 h W PhU 2 MeU ’
RS0 Co ? R

90 91 ) 92 ) " ;

8 examples 92a152% , 392:,1' 7%
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Scheme 31 Rh-catalyzed cyclization of isonitriles with carbonyl compounds
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Scheme 32 Pd-catalyzed coupling cyclization of OBO-ketones
and nitroaromatics

2006 4, Crawley Z5*FF % 55— 2010 [X 3%
PR 1) Pd HE A 2- i -3 - PR e R i 100 1 Y B 101
I EA R L, DA S 2 s 215 21 = BE B ALY

608 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

g -2-FHESHEE 102 (Scheme 33). 2448 FH AN BR &5 4 )
R R LA I S X e B . VR TR i R
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B3R 33 Pd il 2-Jicdk-3-BAR PR IR IR AT Y HRR K e L
Scheme 33 Pd-catalyzed cyclization of internal alkynes and
2-amino-3-iodoacrylate derivatives
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B 34 Pd HEALILACH S Z LI H G 03 7 A b S

Scheme 34 Pd-catalyzed cyclic isomerization of methyl iodide
dehydrogenated amino acid
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