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3-MIRARERER R L & B AR R

B ' X OB E  FEK
FoE S OKRISFE

(MAERHOR A2 SR TRE2BE AKX 050018)

WE WIRET YR AT LSRR 2 M2 Mg A R B 2 e S SR BB gt Hop, 3-BIBRIRER R &)
R ZAAET R X255y T M EE M 450 e, WEhERR 2 /K. A 5. PD 0298029, Grandilodine A %
BN 3-WIWR R BRI M) /3 FEUORIA =W, BT, ARG T 3-WIWR IR BRI G40 S AT M6 LA W Bl 4R
18, BT LA ARSI A T A A B B P SR A G W v FR M B S 3 4 SR T (A, TIZEMS IR C-3 A Bzl
1TE e & RS I B BE B R A R R . AEAHSCR e i3t at b, 3% B LRy 28051k, 48ih TIRER 3-IIMR
TR G 24 B & BT S T

RERIE  3-BIRIRNE, SJRMENEIN, IREERREML; TSR RN A R

Research Progress in the Synthesis of 3-Indolecarboxylates

Xue, Hong Dong, Yu Feng, Lei Li, Haibo Li, Jin Zhang, Zhiwei*
(College of Chemical and Pharmaceutical Engineering, Hebei University of Science and Technology, Shijiazhuang 050018)

Abstract Indole derivatives have been considered as “privileged scaffolds” in drug discovery since they are capable of bind-
ing many receptors with high affinity. 3-Indolecarboxylates are widespread structure motifs in many natural products and drug
molecules, such as arbidol, tropisetron, PD 0298029, and grandilodine A, efc. Consequently, synthetic studies toward
3-indolecarboxylates have been reported in recent years. Elegant cyclization strategies have been developed via transi-
tion-metal catalyzed or transition-metal-free reactions, and direct functionalization at C-3 position for synthesis of ester func-
tional groups was also extremely attractive. Based on our studies toward synthesis of 3-indolecarboxylates, the recent devel-
opments of synthesis of 3-indolecarboxylates by different synthetic methods in view of the types of substrates are reviewed.

Keywords 3-indolecarboxylate; metal-catalyzed cyclization; C—H functionalization; transition metal-free reaction; recent

development
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Figure 1 Drug molecules and natural products containing
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1 BEFMREERK 3-BIREREKRIEXLEY

1.1 FEEREUHRE
1.1.1  Aeio o4 A EALH

2008 4, Glorius 2Pl IE T H T & MR L &
T Pd HEALEI T E C—H S RBER & K 3-15[
RIERIE AL A W) J77%(Scheme 1), 1E = JRALHAE L1
RS, KI&5)5 OBk QB e T = iR a4 v] Pk 15 2
IR IREE 6, 85 1 LABRER e AL50) . BEIR
B R BT EAT IR B LA B RH L) 3- 05| AR I i 2
a7, FFRWE T AR OBV, VR R,
REFH 2. WL, $m RN, OS2
FHSLAERE, 7= b AL .

O O InBrg, r.t.,, 20 min
i MOMe
X R!
P

NH,

R+ Pd(OAC)z, CU(OAC)2

N w2 K,COs3, DMF, A

CO,R?

R+\ \ R1
Z N

7
B 1 I IEERIRIE 6 FIoKG 13-l R IR 7

Scheme 1 Synthesis of 3-indolecarboxylate 7 from enamine
ester 6

[F4F, Sole 1 HRIE T F M LMALIY p--BREEE)
B 8 19705~ N - 77 HeAb SN F 3-M5 I AR R B RAL S 1)
9 HPHTJIE(E. 1). X573 EIEA A FIBUCEE )R8
B 726, KIETT IR BEA W T E (R T s
T WS HLAE DT A _E3EAT 4 1 (R D) I sl R
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P (U 3 B0 3 ) Bk A I e B2 )7 A A1, Sl RO T,
£ 3-FHRURIIL &Y, ARG Rl A a0, &
L ELFRAS BB R AT AR, AR D BRI, &
il U, ELHR A S A g

° OMe
OMe Pd(O) R
+— ] > Q)
base Z~N
Me
8 9

[A4E, Soderberg &'y 25ty 2-(2-F4 3L A HE) 2 g HY
g5 1,3,5-=B8Ke S RHIAG 2-(2-fi BEARIE) A 4 FH I
(L0)(He 31y 83%), SRS TERSIR LA = KB B E T, LA
— LB IR JER A T 3-M R R TR (L) (e
91%, Eq. 2).

CO,Me CO,Me
Pd(OAC),, PPhy
——— ) @)
DMF, CO (606 kPa) N
NO; H
10 11

2015 4F, SRMEAIE T E SR 2R 12 firbog 13 3
1750 T W I A8 AR B S M. (CDC) il £ 2-4 e -
3-M5| Wk G F G 14 (Eq. 3). Z A& RRAE R, “—
B A%, FERREAL I CDC RS H i B S N
A

A Pd(OAG),, DMSO
R + Rg—=—=—CO,Me
Z“NH, 13 100 °C, O, (101 kPa)
12 CO,Me
X
R Dpe @3)
Z N
H
14

1.1.2 #1649 A EAR

2011 4E, Alper ZMRHLT —Fh L —% b Nk R
7, LB T R AW AT 2- 2R A 05 1
15 1) N-Ab R BR G BO ATAER) 16 [7775(Eq. 4).
xX— fEﬁMZli%—IU\E%ﬁHEEAESZ 3-M R B e R &
V). ZHERATRRE R YISV A

R2 R2
xR®  Rhcatalyst N
noy T
[ CO (689 kPa) N
{ NO, o R1 H
R 100 °C
15 16

[Rh(CO)(MesNCH,CHyNMe,) [RhCIy(CO),J

2016 4E, MRZARAPRFIRLEE Ty N-(2- M3 g 3 ) 2z
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17 F 2-F 5 OB CTRES 18 & i 7 — RV 1-m5ng
Fe-15| k3 FRBRME 19 (Eq. 5). fEX —fEfbiA RS, X T
DX 353 P 1) B B HE ML W3- IR BR B, W e SR & oK
HEPER. fERTE =Y, FO0R] e e 3L 1 T m A
H, aTULEATIEIRE C(7)AL R B REAL M. F3 4k, TR AN
PR RLZEAE T, AT LARZE 5y (1) [ B et 1) 2k (4] s g B 15
SV BT N-H 15 IR R T

[Cp*RhCly], (2.5 mol%)

H
\ 0O O
N NYN\ AgSbFg (10.0 mol%)
R'-i— | +R2 OR3 :
2 N~ N HOAc (0.5 equiv.), DCE
2
17 18

F4E, T2 L R R IE T A s g 52 -3-
SRR IR ER 19 (Eq. S)FJ7k, B RN N-(2-msng
FKRE 17 F1 2-H B A W 4RI 18, ANFEIAE, TAf
/N BB Cp*Rh(MeCN);](SbF), 1 NIEALT, AT
PSP AgSbFe, HAEMRCRI M, BRI =
RAWEEAME. HANALSHTERIE, B8 T RN
(1P A SR AN S B R, HEI T T B R S ATLEE.

1.1.3 47484 A EAR

2017 4E, Mutoh Fl Saito 25 7 —FhAT 1k [ ke
FRIr T IR, X 2 1 OG- I 4 A AL T 2-
JRIEIR N 20 @IS 1,2-BIT R A A 3-HUARmI Pk 21 14ikiE
(Eq. 6). 1ZJ M 2&MFRA, WeRE s, A BGHIERY
WENE. SCRPEE T RTREM S S, OC T R N R H
1,2-FE RS i AR WL IS 7E 37— B W 70 .

R R?
= [CpRuCl(dppe)] 5
R2 / F R
NaBArF,-3H,0 Q 6
—_—

PhCl, A N

NHR R

20 ArF = 3,5-(CF3),CeH3 2

1.1.4 & a4 A EAR

2017 4£, Ji/NFRAEUOLL NN-— I F R R 2,0
PR A TN, BRI 51 &5, B i
Ay 22 MEZANEY) 23 TEIU/K A EERREMEALER T
KA H HE-REEPR MRCC B A R 3-M5 DR
RIS AW 24 (BEq. 7). ZI7iEZAHEA. VR (.
B F B E AT A% AR
1.1.5 &E&4 4 AR

2015 4F, fR/ANEESUTIE PSS T &1L 7 ¢-BuX-
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R‘l
ﬁ ACVA (2.5 equiv.)
N R o Mn(OAC), - 4H,0 (10 mol%)
R3—— + NZQA R
= 0 DMF/EtOH (V:V = 3:1)
22 23 65°C, 24 h

R? )

Py
|w
N N\ /
» Y
OﬁgZ\/ -
0

PhosAuNT®, MR T, BINSEIL T 2-BRIESHA 25
53288 & Ak 3-M5| AT 26 11 5 IC R Bi(Eq. 8). 1% N 254
AT JRYEEYET . R R, FRHEN TR RE IO
IR, R KA 2- B R - e R ES
FRIR (1) £ R .

o]
_ O—ZLR
7~ t-BuXPhosAuNTf, BN
RII —————— 5% RG] >R ®
! RCOOH, 60 °C Z~N
3 H
25 26

1.2 Lewis BREWHIR R

2007 4, Kim 2£"81) Baylis-Hillman [f1774%) 27 J9J5
Bl FIH SnCl, AEFIRF, 1,4- SN NIEF], 720
IERALE T, 52 THED) 28 104 (Eq. 9). HiZx
NI P RANE, FEEN 40%~50%, 2ERE A 29.
T I SR S N ) BB DL SnCl, (R &, 7R AT
BB S, JEHEN T RS

OH coogt  FtOOC
COOEt SnCl, N /
> + )
1,4-dioxane N O
NO, reflux H N
27 28 29

HATREM S MALHEE A (Scheme 2): 745 SnCl, # 27
RS IR SRR 30, TR AL U A I8 15 3
HRE R 31, XU FEHERD T AR = F P4 29.

JERE 27 I8 JFONEAS I A A 32, FEZ2 Michael
i 3% aldol i RS BNVE IR (A1 34, 34 I I 4 S
FAEUMBERHE TR TIEH TS5 5 RAEGHR
NAFE R AR 35, BT NI AR TR . BB 1S 21
5036, MK, SRR RT3 2] B brrP=4) 28.

2010 4E, Fournier 25"y 2-5 FE 2K FR I 38 Al 4 0k
LR 39 1ER% S ITRRAER T, 5ERCT 3-MIREHR &
fig 40 ] £ (Eq. 10). 2R, =25, RV
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.
N
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o
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o O ookt
/H\OEt \ +H20
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o
34
COOEt COOET
Oy e
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\
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Scheme 2 Mechanism of SnCl,-promoted cyclization reaction

Q&H¢

Mo, ZIRBF, R RJR T LR R DO
By X HUR AL RN R SRR R R . 0730 AR
R TR AT S 807 R . S 57 PR AR Dy IR A
S, AT DAIE L AZ A IR S B AT R RE BT IUAORAS 215
Z M EZEY.

CO,Et
BF;-OEt

R T Den o)
CH2C|2 r.t. X// N

40

1.3 Hft
1995£|5 Mahavir 25200 ¢ e 1 I e 41 1B BE 1L,
REFEEE, G T — &5 3 B HIEIRETAEY)

43 (Scheme 3). X —7J7¥% & Leimgruber-Batcho A i /7 7%

HEEIYNASED

S D
NO, NO, Q N
H

MeOZC

R
41a: R = OMe 42a: R = OMe 43a: R = OMe
41b:R=H 42b: R=H 43b: R=H

Reagents and conditions: (a) COCl,, Et;N, toluene, —20 C tor.t,;
(b) MeOH, —10 C to r.t.; (c) Hz, 10% Pd/C, MeOH, EtOAc, CHs-
COzH, r.t.

Bz 3 Leimgruber-Batcho & ¥ /772 7 M A

Scheme 3 New application of Leimgruber-Batcho synthesis
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2006 4, Hossain %51°' i 5) 13 (40 A 32K S 44 38
W25 I N A T WEIWE-3-FRER £IiE 47 (Scheme 4). 1%
TS J (P R INE 5 A5 48 1 Reissert WMk i 7 12
AL, Z vk E R iR, Xk, JF H R

o
=]
=].

~CHO Fp*BF; or HBF, (10 mol%)
| + N,CHCOOEt
// N02 45 CHQC'Q
R “ Fp = CpFe(CO),
COOEt COOEt
OH  Pd/C, H, X
LT weon m
A MeOH F{/ ZN
R 2 H
46 47
E= 4 AT TR O R I S| k-3 -2 TR T

Scheme 4 Synthesis of indole-3-carboxylic acid ethyl ester
from o-nitrobenzaldehyde

R T8 B R ML (Scheme 5): AEIELL S
46 ZNEALEAIE JF N 48, 42 Michael I BG4S 3] it %
ek 49, 437 WAL T4 B K BD AT #3205 - 3-
IR 2B 47.

COOEt N _OEt

\c
N \ OH
H —_—
NC2 NH2
46
COOEt O ot
-H,0
y o 2 } Gh,
N
| H
H N
47 50

XRS5 SRR
Scheme 5 Mechanism of cyclization reaction

2015 4, Radhamani #1 Prathapan 28122y 5 753 1 6
i 51 AR LT LR 52 il % 1 3-BUAUHEI b 57 (Scheme
6). BRI BOEREAN: WEY 51 5HEY 52 Bk
AR A B &Y 53, TR EHEAE LAY
54, (bEY) 54 ERRMEN T OKER BN EY 55, F
RAGrT N B BRI K4 & A AL &4 56, et
56 £ E NS EINEIE COYMERILIF=Y 57. %771
RN EVERAT, A 51 R SRR T ARIE 2R
FEGEEY) 52 HRIE R A BAREE R, W] DALER| b
EZNIVESR (X DA F DN E e

2017 47, TR SCEPPIURR T B N-J5 BN 58
(1735 W I B S N & R 3-M5I R IR B 59 8T 7 72
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H
- COOMe O
MeCN /O ~OMe
Em— _N + —
@ reflux, 4 h @ OH
MeO.___O

53
H2C204 S|02 H
—
o
CH Cly, r.t.
e NH?
MeQ

B 6 A 3-HARns
Scheme 6 Preparation of 3-substituted indoles from nitrone
(Eq. 11). [ FE A df b B re o, B e AT %2
PR, %075 R T R R BT, AR T
A TS RAAAET, PRI MR =

COOR®
(#H)IPt():1=7mA
cu L Ly
Kl (0.15 mol/L) L N
DMF/H,0, r.t., 3 h H
undivided cell 59

2 Mg C(I)UEIFIHIT
HREREEX L&Y

3-15] o 3R R I 2 4k 5 W B A 432 (1) 6 B V2 72 1 T
W3- FR R Bl M5 k- 3- o 5 I S B e 1) 451230 4Rk,
&R MR AR S B A T RN C(3)—H S AL N 5
R A B 3-P5| W R BR IR 1) 7 v, 2Rk UL —E Ak
By PUPRALTR . SO BRI S A EEERIE M C SRIE.
21 g#UEMAELT

2011 4, EHFENMZAEFHEPILI,5- 303 4
SALER) AL, DU RIERAT A EALT, HMEIE 60 S5
— S AHR S BEAE 2R A s AR B 315 R TR R SR A A )
61 (Eq. 12). XJ T Z MMM, B 5E B0 IR EE
REMBAE L2 N B & iR R A EA, AR
X GE R, JREE T TR OB ALEE, b 55X
(1,5-30 ¢ 4 S ACEE) B e i A o =t SR s 70|

EREELE AL 3-Mm|kk

H CO, ROH CO,R
Rh(COD)CI
2 X N\ [RR( )Cll> R 7 X N\ (12)
| |
Z~N K2S,0g, toluene Z N
\ \
60 R’ 61 R'
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Wk 3 TR T EA RN, B C—Rh ##, FH)E,
CO i N#| C—Rh #, 5B 520 IE R TH
BRI EIF=H 61, FEFAE T AL,
22 PHEYHELT

HHERMBRMHEEPSTEM, LR iEEq 12)A
BB, Bln, SEEAFINHE & 5t N-RERPH
W5 R SIS A B 3-M3I R AR R R R AL A PR LA, 2012
i, H/ANHPIUGRIE T ARS ER AR N AL AR, 7E L B R
BIAATE T, PSR S AT A 60 55— ALK \BEAE N,N-
R R B B (DM ) Y P s A5 B R RE ) 3-15| DR PR iR
BRILEY) 61 (Eq. 13). ZTIERYIRRIELF . PR
fen. R 1T DA ER 8] 5 20 45 g R RN 4 ok A
A A IE M B FEE ) B S LT AR

H  co, ROH CO,R
N Pd(OAc X
Rz:—q\g J, R2+ AN (13)
Z N\ 1,/K,CO3 Z N,
60 R’ 61 R

R'=Me, Allyl, Bn, H
R = Alkyl and Aromatic

2011 4, 5 SC/NHPILL = (= I A4,
RSB AN R A R AL, HR RN R R AT S
B, CAE SO, N-FR SN e K AR (A Wk 62 5
JE B TR el A e . — SR A R 2 S ) 8 A B 14 g
We-3-FREZBEATAEYD 63 (Eq. 14). MWL) N—H KL HL
I, FERCRN AR, 19 3 02 AH B 2 B R B R 1)
FEW). ZOTEXOEREELF, HAEMFI TR TR K
1 RS AL ).

Cco 2 CO,R

H R
Rz\\ PACH(PPha)z, PPy X\
KN 4 RoH — 2 (14)
AN Cu(OAc),, Air = N\
\ Toluene/DMSO 1
62 R 100°C 6 R

2.3 A AELT, FEIREERABEHREAKIR
2015 4, Ceroni Z52) PUIRALER 65 A1 F B i 771,
AT WG 5 B AT AL s B 1 IS W) C—H B R
HIb I S(Bq. 15). ZRSFT 5 AR, 7 W i €4 LED
FEHRS N = IR ECIN B AT 58 B s B

Ru(bpy)s(PFe)2 CO,Me
A Pr,NH A
N 65 MeOH, r.t. Z~N
6 4"' 7 W Blue-LEDs H
66

24 —HESHRRANERBURNER 3-BIWRRKR
[}
2016 4F, Tanaka A1 Hattori 2528 DL HH 260 1E ke AR
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B, £ HEEMEAET, BRI 67 54
R MR NAFE] T — &K% 3-BWH IR B8 AT
68 (Eq. 16). MBI EUR 7 IR EE T DU EE =57
FERE R FE AN, 1Z 5 AT TS IR 2 LA 5 A EY

AREE R Ay

CICO,Et (1.2 equiv.) CO,Et
N Me,AICI (1.0 equiv. X
l\f PhMe-hexane Z l\f
X rt.,3h X
67 68

25 ZZEMRHMFERRE K 3-BIRERES
2016 4F, AU PILIE M 69 Jy R, i il it
FAF N 5 = CFE S SIS IR W5 Rk N-B Hh a4 70,
-5 2 R S R R I S B ] PR IE A B — R A 305
RIREEZRAL AW 71 (Scheme 7). 1% NI fi i ATk
M@E%%%ﬁﬁ AHRFE. PRGN, &
T 5 1] Wk S AR P | o 35) 6 5 7E IR R 2644 T
&&.%iﬁmmﬂuvww¢mmﬁaﬁ&%¢@w,
W K H R 5 7 V5] W C-3 S P e 7 v 1k R g B, N—B
(RIAEAEIE T DAAE 9 BRI IR R, AR T
JEF R AT REMTE S SN, N 4h RS I JE A T
DI BERE T R R BREE L &, S
TR EA BACE

0
2 = R2I— )J\
RE FBUOK, EtB | & RO™ CI
N\ / \ —_— \ 1| >
N~ R'  THF,-15°C N R
H K “BEt,
69 Q 70
R2 — OR
5
AN
N R
H
71

B 7 = CFEMERE AR BN 1 3-SR R I
Scheme 7 Synthesis of 3-indolecarboxylates via BEt;-promoted
electrophilic reaction

3 4

gx LTIk, BRGSO R R G 4 R A
C—H EReEHML A& &, 156/ 3-M R R EE R
WA YIE I TEE. = 48 Pd. Rhy Ru. Mn,
Au DAK K 5 SRR SR AL I C—H IS/ A 3R I B I
TS B T EER) 3-B R IR ER RS YA .
T B AR C-3 A7 3T & B b s e B 4 RN E
AR A OIS o T A A R . &k
(1) 2 R MR AR O R HEAR SC R AR P29 . 290 00 7 LA
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PEI> 7 B R . (BRI iR, V0O A7 A BB B

LTINS B . R EHTZ S OSBRI DA A B
REHIFE A ESEAFRE R, KB REAEFNIZEIRE
HINER. gt EBFERTTE, MEERIR =Y I
W) 5 TR A R
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