W F F 4R

W@ n

Communication

ACTA CHIMICA SINICA

DOI: 10.6023/A25040121

THEE RS 5RREIZ S 6| VRETRY 22 44 ML R N

e FEMN’

2N &

n.i— j—E = % a.b,c

CEINKRE HFEAMHREE  #EIH 363200)
CHEITKY: BT E 361005)
(CHEBERE LREICERA SR AILFEEE SRR E i 200032)

WE  ALIERE T —BITE I SRS 5 R 505 VR ) 22 REVERR AL R, SCEL T SRR 05| B RS e L o
BRI RS . I S B2 AT, SR AL s P M R, FERR HE RS AE R, AR 2-M WA C3 ALk
WRIAMU S, 15 RIRIANG VB 4. (ERRAEAL 2R T, TR 2- WG] R ) AL s FRE BRI A SONE, & s e L oe3h 2
WEY). ZRE BN BAT AT S SRS FI TR 15 BBl RO ARAFIRAT . RAE FIVE ] R S50 9.
XTGBT 5t 9 AT T 3 R MR B IS| WR F F s A F-E e 3R A M A R A 1T S R A2

R BRBERZ, LR BREIEL, ZREVEIME; mIMAT A

Transition—Metal-Free Divergent Cyclization of Ynamides with Indolones

Lin, Jian“ Li, Hengyuan®

Zhou, Bo®

Ye, Longwu™¢

(* Gulei Innovation Institute, Xiamen University, Zhangzhou 363200, China)
(b College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)
(¢ State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032, China)

Abstract A transition-metal-free divergent cyclization of ynamides with indolones is presented, enabling the efficient syn-
thesis of spiroindolones and indole-fused seven-membered rings. The site-selective cyclization can be controlled by different
reaction conditions. Under base-promoted conditions, the C3-spirocyclization of 2-indolones takes place and affords spiroin-
dolones. In the presence of acid catalyst, the selective O-cyclization of 2-indolones occurs to give indole-fused seven-
membered ring products. The notable features of this selective cyclization include readily available catalysts and reagents,
simple procedure, mild reaction conditions and broad substrate scope. This research provides a practical pathway for the con-
struction of potentially useful spiroindolones and indole-fused seven-membered rings. Accordingly, K2COs (2 equiv., 0.4
mmol, 55.3 mg) was added to the solution of ynamide 1 (1 equiv., 0.2 mmol) in MeOH (4 mL) at room temperature. The
reaction mixture was then stirred at 60 ‘C and the progress of the reaction was monitored by thin layer chromatography
(TLC). Upon completion, the mixture was concentrated and purified by chromatography on silica gel (eluent: petroleum
ether/ethyl acetate, V' . V=3 I 1), to afford the desired spiroindolone 2. Furthermore, A3 (10 mol%, 0.02 mmol, 9.6 mg) was
added to the solution of ynamide 1 (1 equiv., 0.2 mmol) in 1,2-dichloroethane (DCE) (4 mL) at room temperature. The reac-
tion mixture was then stirred at 70 ‘C and the progress of the reaction was monitored by TLC. Upon completion, the mixture
was concentrated and purified by chromatography on silica gel (eluent: petroleum ether/ethyl acetate, V' : V=5 : 1), to afford
the desired indole-fused seven-membered ring product 3. Also, a possible reaction mechanism involving the selective cy-

clization is proposed based on experimental results.
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1 5|18

WBIRAT AV R —REENRLA DT, | ZAET
23 RIRF=W R E i M o T2 2 v, o, R
WAk J A0 | P I G e R Ak B P2 B S AR S M
DiRe s 28, nbuiidm e . PUBE e UL EE(HIV)
TR DR Fildn, HATEIRNEWEER 55 R4 [ horsfiline
RAEG R — AL &, BRI B

* E-mail: longwuye@xmu.edu.cn; Tel.: 0592-2185833
Received April 16, 2025; published May 13, 2025.

F; INETIAN R A4 B Y coixspirolactam A BF — 5
WprE e, A, RABRIFCIOHEWH
catharanthine & I HTIR /1. DRI, o v 2o
B BOX B 2R AT AR DR A WL AL 2 S 25 WAk 2
MEZRE. HAT, XPREIRATAEY) EEEEY R

IO CURTIA Rl S 88 45 ol ABAREAE: 5 208 P 5 <2 i M
W2 b A s 2. DRIk, PR Inm AL fifE HE

Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Natural Science Foundation of China (No. 22125108).

i H 52 [ 5% E R34 (No. 22125108) % ).

Acta Chim. Sinica 2025, 83, 551—556

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 551



oF 5 R

W@

i ot )R 2 5 1 OB SR, g
LICH SR SR B A+ EE A E X

i e

horsfiline R OMe)
coerulescme (R=H)

) cl
\ \ .
% N ConH,

SIRT1 inhibitor IV

ik Il TG PR

elacomine

c0|xsp|ro|actam A

anti- Ie|shman|al agents

BT A BRG] WA A R -E e AR R A M A 23 1
Figure 1 Bioactive molecules containing spiroindolone and indole-
fused seven-membered ring skeletons
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(b) Base-catalyzed O-cyclization of 2-indolones
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(c) Transition-metal-free selective cyclization of ynamides with indolones
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Figure 2 Construction of spiro and fused-ring compounds through selective cyclization reactions of 2-indolones
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TEER 60 CHIZMT, TATE LI 7 —LE HNA
HUBRAN TCH LIRS 2 5 87 (5200, 7E 1.5 equiv. ¥ WA HLIK
P26 AF T (BN AT 1,8- 5 2 XA [5.4.0] -+ —k-7-Ji
(DBU)), [ NLJCHELS EIAH SRR IR0 Bl =4,  HOGHS
Iy FRIICEE AL (R 1, Entries 1~2). TR2BATHE—%
R 745 NaH, KOH. K;PO4. Na,COj3. Cs,CO; Al K,CO5
STEWN I ATV, F R IZIRFA L & B AT DU
HEAT, BETTLL 40%~67% 177 23 43 B 8 A5 | Wk i 7= 47)
2a (3 1, Entries 3~8). fEIbZ 1, KoCOs KILH i 1)
TREEROR, RIBELL 67%77 F A BIEIAL =), Hh4b,
TSR 1 s L 77 i e A R AR T e R Ak, AL s — &
ZJ%(DCE). PUZWEIE(THF). PhMe. N,N-— H1%: FifE
JiZ(DMF)2%(3 1, Entries 9~12). {ESLEEAE F, AT R
L PRI 5 R B AT TR, AL T Bt R
[i2&AF: 1a (0.025 mmol, 1 equiv.), K,CO; (0.05 mmol, 2
equiv.), MeOH (0.5 mL), 7£ 60 ‘C N 6 h, Lh 82%[1]

R ARG BRI B ) 2a (% 1, Entry 14).

R BRI BRI R L A 2a 1O R AR
Table 1 Reaction condition optimization for the base-promoted synthe-
sis of spiroindolone 2a“

\\ base (1.5 equiv.) q N,Ts
O T8 ————————~ o)\
N / reaction conditions O N
Boc H
1a 2a
Entry Base Conditions Yield®/%
1 Et;N MeOH, 60 C,14h <5
2 DBU MeOH, 60 C,14h <5
3 NaH MeOH, 60 C,6h 53
4 KOH MeOH, 60 C,6h 59
5 K;PO, MeOH, 60 C,6h 65
6 Na,CO; MeOH, 60 C,6h 40
7 Cs,CO; MeOH, 60 C,6h 45
8 K,CO; MeOH, 60 C,6h 67
9 K,CO; DCE, 60 C,6h <5
10 K,CO; THF, 60 C,6h <5
11 K,CO; PhMe, 60 C,6h <5
12 K,CO; DMF, 60 C,6h 39
13 K,CO; MeOH, 50 C,6h 53
14¢ K,CO; MeOH, 60 C,6h 82

4Reaction conditions: 1a (0.025 mmol), base (0.0375 mmol), solvent (0.5 mL),
50~60 ‘C, 6~14 h, in vials. ® Measured by '"H NMR using 1,3,5-trimethoxyl-
benzene as the internal standard. ¢ K,CO; (2 equiv.) was added.
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Table 2 Substrate scope study for the base-promoted spirocyclization of
ynamides 1¢

R 1
‘\ X N KoCOs3 (2 equiv) R\ N N'PG
O P - = \
= R/NZ MeOH, 60 °C | 0 R?
Boc

2a, PG = Ts, 75% (4 h)

2b. PG = SO,Ph. 86% (4 h) 2P (CCDC 2443164)

2c, 78% (3 h)

‘ s
N_
O (o) 4 FCGH4

H H
2m, 77% (4 h) 2n,81% (4 h) 20, 81% (4 h)
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¢ Reaction conditions: 1 (0.2 mmol), K,CO; (0.4 mmol), MeOH (4 mL),
60 C, 3~16 h, in vials; yields are those for the isolated products. PG=
protecting group. Bs=4-bromobenzenesulfonyl. Ms=methanesulfonyl. PMP
=4-methoxyphenyl.
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PLE% 51 30% (177 %643 B H An b &4 3a (3% 3, Entries 5~
7). BRI R IIE R, BL 10 mol%[¥] A3
AT DCE ARMIEFR. RNIRE RN 70 CH, R
JRA 1a BELL 48% = EL AV A AH LI | VR I E e A P24
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Table 3 Reaction condition optimization for the acid-catalyzed synthe-

sis of indole-fused seven-membered ring 3a“
T
N
@f@ \
N

\
Boc

EAA LG T (P2 HRIE) SR T 2 (RO, IR
ARG PRI SR RE LA 39% ~48% 1) 7™ %45 31| H bR ™
Y. BRI LICH I Ak Bl &Y 3¢ 1)
B XTI B E.

R4 RRAMKIRMENE 1 IR PEEIMU R BRI E I 7L

Table 4 Substrate scope study for the acid-catalyzed selective cycliza-
tion of ynamides 1¢

R’ N R! \ PG
‘\ X o\ be A3 (10 mol%) ‘\ XN\ N
N- o o n2
Z~N 2 DCE, 70°C,6h '~y R
1

Boc

e \ ] L4
CEQN\ o 2
N N 5
Boc Boc 7
3a, 47% 3b, PG = SO,Ph, 47% 3¢ (cCDC 2443165)

3¢, PG =Bs, 44%

\ s \ s
(0] N\ (0] NiE t
N N

éoc \Boc
3d, 45% 3e, 47%
s Me . 1s
@f@N o
N Bn N\
boc Boc
3f, 52% 39, 46%
M | ts T
eO \ N/ \ N/
0 \ 0 \
N cl N
Boc Boc
3h, 48% 3i, 39%

N catalyst (5 mol%) 3a
o N/TS —_— + [e)
N / conditions
Boc N—Ts
1a 0 /
N
Boc
3a’
0 o 1
PhO—P—OH  PhO—P—NHT! 0.2
| | 0" "NHTf
OPh OPh OO
A1 A2 A3
. Yield’/%
Entry Catalyst Conditions
3a 3a'
1 MsOH DCE, 70 C,6h <5 37
2 TsOH DCE, 70 C,6h <5 43
3 HNTf, DCE,70 C,0.5h <5 77
4 TfOH DCE,70 C,1h <5 84
5 Al DCE,70 C,8h <5 65
6 A2 DCE, 70 C,8h <5 68
7 A3 DCE, 70 C,6h 30 12
8¢ A3 DCE, 70 C,6h 48 9

4Reaction conditions: 1a (0.025 mmol), catalyst (0.00125 mmol), solvent (0.5
mL), 70 C, 0.5~8 h, in vials. * Measured by 'H NMR using 1,3,5-tri-
methoxylbenzene as the internal standard. ¢ A3 (0.0025 mmol) was used.

TEFE LT T A 11 s PR I 288 e T fe P 346 495 1 20 1
KNG, BAVFR T IR EEH . WF 4 s, &
IV Sk e fie b e AR AP R AT T R, ORI
Ts+ SO,Ph. Bs. Ms %555 SRt 3L 3 v DUR GF Hb He 25 T
RN, PL 44%~47% 72 224 i W L e =)
3a~3d. FRFEEAN, Bk AR T BRI
CHEEURIERT, R NN RER AT Mg AT 3e AT 36). BEJS,
PATDO 5 AER_E BRI AT THFFE. 2405 WRER 2K F T
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@Reaction conditions: 1 (0.2 mmol), A3 (0.02 mmol), DCE (4 mL), 70 C, 6
h, in vials; yields are those for the isolated products.

Rt R I IR B IR B ) S AME, 3R
fTEHAT 7 HOK S R N A =T AR SESS. WK 3 Fr,
2RI BRI VT LE AR SR A R AT IOR ', BA
68% [ 7= 243 BB AR (IS IAL [ S =) 2a, HLL 38%
72 2B R M A I B R IML R S P24 3a. BlJS, R
I RIS R P24 2a JEAT TATAEAL. (LAY 2a 1
NaH K Mel 265 N rT LURAE AL, DL 98% = AL fl ™
Yy 4. BEAb, 2a IR HRIETTAE Lawesson iRGTI1E FH T84
RNREE, LA 76%[17= A3 2724 5.

PG R SIS EE A, FA P T iZak Bl ) B
ATREAIMLER (B 4). £ X B TR PRk SN (path a),
S 5] R B S BRI L AR PE S8 S R AR R a5
FATE RO T A A, 3R R AL R B2 X ok Bk i
PR T oD 7T I el 5 28 A sRUEIRAL =4
2. AT ERAEAL R BV L [ B (path b), Rk i A B
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URERNG| DR AL A 2 (G )R SO H AR I
N5 W B S R BE % R4 1 (0.2 mmol)s MeOH (4 mL)All
K,>COs (0.4 mmol, 55.3 mg). F#J5K MRSV E
60 C, J MR AR (TLC) IR [ M. £ & N 58 B,
V4 LI Rk R R A0 45 BRE =, FF AT AR JE AT A S (R
70 Ak 2R 28, Vo V=3 1)/ FMEIRNG] G EH
wEY 2.

5| IEL IO E 3 G G ) SO AR N
5| Wi 2 bR 5 % JEE 40 1(0.2 mmol)« DCE (4 mL) AT A3
(0.02 mmol, 9.6 mg). Bf/EH R SIREPIMAKE 70 C,
FFH TLC BREFRB. £ B 5e e G, B R SR H 4
152 =, ﬁﬁﬁﬁ?ﬁ%%@%ﬁWﬁ%%Qﬂﬁ
LB, Vi V=5 DRI IE-EITIMEE Y 3.
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