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Synthesis of 3-Cyanomethyl Oxoindoles via Palladium-Catalyzed
Domino Heck/Cyanation Reaction in Water
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Hao, Erjun Jiang, Xiaohan Wang, Dongchao™
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Abstract 3-Cyanomethyl oxoindoles are a kind of important drug intermediates, which can be used to synthesize horsfiline,
esermethole and physostigmine and other natural products via the conversion of cyano functional groups. A domino
Heck/cyanation reaction in aqueous was developed to afford 3-cyanomethyl oxoindole compounds. This method, using green
medium water instead of organic solvents, without any basic additives, provided a green and efficient new procedure for the

synthesis of 3-cyanomethyl oxoindoles.

Keywords cyanation cascade reaction; Heck reaction; 3-cyanomethyl oxoindoles
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Scheme 1  Natural products prepared by 3-cyanomethyl-

2-oxindoles
1 HER5VHE

FATLL N-F 3 N-(2- Tl 2 S ) RO T 0 E e A0
K4Fe(CN)*3H,O 1 8 BRI SAE AR S5 I 3R 4T7 2% A 1Y)
tk, GERFITFR 1 MR T A RV R OB 1) 5%
M, I PA(PPhs), AL R B 47 (3% 1, Entries 1~5).
SRJE, [E € PA(PPhsy), I &N 10 mol%, 57 1 i FE X}
SSLITZ R 45 S 3 W AR AN R T s B AT
LIRERT 60 CH RN AFRA; TR 100 C
MR i ik ) 92%(F 1, Entry 7), 1 2430 4k 871 7
2120 CHWE A BT R F(GR 1, Entries 6~8), Kt
HEE 100 CAmAER MR . < )5 7E fec ARl BT X
W AT 758, 450K, 7EAH R 1 R 8]
T, BRI R, REATEA, BCRFFK, At
FIFHEA 3 mol%H X35 42% K% (% 1, Entries 9,
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10). 74MEATE E PA(PPhs), FIAH &N 10 mol%, FE1IK
K4 Fe(CN)*3H,0 B A &, N AJWCRFAR(GEE 1, Entries
11, 12). [RIHRE S SE PR e £ 2% A1 126 608 PA(PPhy ), 1) FH
A 10 mol%, K,Fe(CN)g*3H,0 ¥ F &4 0.05 mmol, M
HEFER 100 C.

R 1 Heck/FHA R BRI AR ©

Table 1 Optimization of the Domino Heck/cyanation reaction
conditions

|
0 Cat.
\ ){H/ + K4Fe(CN)ge3H,0 ———————=

| 3 H,O (1.0 mL), 24 h
2a
CN
Crs
N
1a \
Entry  Cat. (x mol%) 7/°C  3lequiv.  Yield”/%
1 Pd(PPh;), (10) 80 0.5 80
2 PdCL,(PPhy), (10) 80 0.5 40
3 PdClLdppf (10) 80 0.5 31
4 PdCL,(10) 80 0.5 0
5 Pd(OAc), (10) 80 0.5 0
6 Pd(PPh;), (10) 120 0.5 81
7 Pd(PPh;), (10) 100 05 92
8 Pd(PPh;), (10) 60 0.5 0
9 Pd(PPh;), (5) 100 0.5 75
10 Pd(PPhy), (3) 100 0.5 42
11 Pd(PPhy), (10) 100 0.4 77
12 Pd(PPhsy), (10) 100 0.3 77

© 2016 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 2a (0.1 mmol) and potassium ferrocyanide 3 with
Pd-cat. in H,O (1.0 mL) for 24 h. ® Isolated yields.

B J 012 s B IR A S PR AT T AL, B
TR R AL AN [R] 5 J R SRS PR L 5 SRR B,
N-SB R IR e A% 26 LA RBY(3R 2, Entry
2), N-SBURFRFE T IR AT 3R 45 Hh 45 IR (63 %) (R 2,
Entry 3), N-2IBIUR 3 P I e (1 A0 gt v Tk 92% (3R
2, Entry 1). Kk, 87 R FAN AR R B3

QRN RIUATEINN 4 A7, 5 AT AR B IR Bk
B BRI TR AL m 3 (3R 2, Entries 1, 4~7,
10, 11), 142K BAT SR 1 L, RBICR A
Fr N F%(3 2, Entries 8,9). #a KA N-"1 2 P A IR
2-IRFHERN 2 IR IR AR N RIS, s B i 26 B &
FA#A(3% 2, Entries 12~14).

X% BT T TBOK 10 fE R IR, 255K, 4
8 1 mmol HJREBEIZIEY) 2a, 10 mol%[H] Pd(PPh;),
E N, BRIFHEN 2 mL, /£ 100 CF5 0.5
mmol [ K4Fe(CN)g*3H,0 HEATH BB, BL 95%H]

http://sioc-journal.cn/ 2747
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Table 2 Scope of the palladium-catalyzed Heck/cyanation reaction

%o R CN
2 Pd(PPh3), (10 mol%
RO R+ Kepetoygeamyo 2Tt TOMOM) Rz@fgo
| 3 100 °C, H,0 (1.0 mL), 24 h Z~N
R! \
R1
2 1
Entry Substrate 2 Product 1 Yield®/%
L3 [fQN
o)
1 N)k[( . 1a 92
l \
Cl o CN
2 ©: )H( 0 1a Trace
N N
l \
Crs O
0
3 N)H( . 1a 61
| \
o
4 N)Y . 1b 70
| \
\@l o CN
0
5 NJW/ N; le 84
| \
o
6 N)H( . 1d 87
| \
0
7 N)H( . le 71
| \
o
8 N)k[( . 1f 67
| \
OZN\@E' 0 0N CN
0
9 NJ\H/ N; 1g 67
| \
JO 8 [fim
0
10 NJW/ . 1h 9%
| \
11 ~ o 1i 90
AL O
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Entry Substrate 2

Product 1

Yield®/%

o
12 NJ\WBn
|
I3
13 N)kﬂ/
Bn

CN

o) 1j 38
N

CN

o 1k 46
N

Bn

“ Reaction conditions: 2 (0.1 mmol) and potassium ferrocyanide 3 (0.5 equiv.) with Pd(PPhs)s (10 mol%), H,O (1.0 mL) at 100 “C for 24 h. ® Isolated yields.

I EWCRAR] 0.19 g B AR=4) 1a (Bq. 1).

' K4Fe(CN)g*3H,0 (0.5 mmol) CN
X 2o
N)H( Pd(PPhs)s (10 mol%) N
| H,O (2 mL), 24 h \

1a
2a )
1 mmol 0.19 g, 95% yield

2 Zhig

B, RIET KR Heck/ SR AL HR I
2, ATRAZR G RIE A R 3- U BN AR R AL S,
M4 Horsfiline 5 R0 B AR & G 1 588
IR EAE. 55 Heck/FUIEAL A BRI M AR LE,
PN AZR SR B KT, AN 5 BN I o 25 7R
A, TFREARY, EREEMER G, BRAEE R

3 IS
3.1 X5

'H NMR (400 MHz)f1 *C NMR (100 MHz)*
Bruker AV400 1 Bruker AV600 ¥ i SR 52, BT F i
724 CDCl;, TMS AP Fx; HRMS (ESI):K A JEE VG 2
F] ZAB-ZSE BUXUR LS HE AN E; A X-5
A R A e . S8 BT 3 DR B 43 i A
1EH 2 MRHESCHR[14]5 BR.
3.2 LWHE

16 AR PR AR NN N- FF R -N-(2- Tl 25 356 ) FRY 3
PREIER%(2) (0.1 mmol)s PY(=ZREEBE)H(10 mol%)~ .
BREALAH(0.5 mmol)FI/K(1 mL), ALK 2EE O 5
7E 100 C F#+E 24 h. TLC W N 584, 2B 2. Hs
(S mLX3), GIFAYAEHIGKRRM T8, I
JE, BT, B R A E AT VO TR EE)
V(B2 TR =10 © 11153] 2-(1,3- - H F-2- S8 AL 05 E-3-
)2 (1a), TEMRY, 725 92%. 'H NMR (CDCl;,
600 MHz) 6: 7.48 (d, J=6.9 Hz, 1H), 7.35 (td, J=7.8, 1.1
Hz, 1H), 7.12~7.15 (m, 1H), 6.90 (d, J=7.8 Hz, 1H),
3.24 (s, 3H), 2.85 (d, J=16.7 Hz, 1H), 2.56 (d, J=16.6

Chin. J. Org. Chem. 2016, 36, 2746~2751
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Hz, 1H), 1.52 (s, 3H); >C NMR (CDCl;, 151 MHz) ¢:
177.6, 142.8, 131.1, 129.3, 123.4, 123.3, 116.7, 108.8,
44.9,26.6,26.4,22.3.

&P 1a~1j AL &) 1a BRI EE L.

2-(5-H AR JE-1,3-  F L 2- SR A I Wk -3- 3 ) 2L (1b):
TR YD, 723 70%. 'H NMR (CDCls, 600 MHz) o:
7.07 (d, J=2.5 Hz, 1H), 6.85 (dd, J=8.5, 2.5 Hz, 1H),
6.79 (d, J=8.5 Hz, 1H), 3.79 (s, 3H), 3.20 (s, 3H), 2.82 (d,
J=16.7 Hz, 1H), 2.56 (d, J=16.7 Hz, 1H), 1.49 (s, 3H);
BC NMR (CDCls, 151 MHz) d: 177.2, 156.5, 136.1, 132.3,
116.7, 113.5, 110.6, 109.2, 55.9, 45.3, 26.6, 26.3, 22.3.

2-(1,3,5- = AL 2- S A M| Wk -3-28) 2 i (1e): ot
RY, 773 84%. 'H NMR (CDCls, 400 MHz) §: 7.29 (s,
1H), 7.14 (d, J=7.6 Hz, 1H), 6.79 (d, J=7.6 Hz, 1H), 3.22
(s, 3H), 2.84 (d, J=16.4 Hz, 1H), 2.55 (d, J=16.8 Hz,
1H), 2.36 (s, 3H), 1.51 (s, 3H); °C NMR (CDCl;, 100
MHz) §: 177.6, 140.4, 133.1, 131.2, 129.5, 124.0, 116.8,
108.5, 45.0, 26.7, 26.4, 22.3, 21.3; HRMS calcd for
C3H142N,NaO [M+Na]* 237.0998, found 237.1004.

2-(5-5-1,3- = B 2- B AL g Wk -3- 28 £ i (1d): 3%
O E AR, 773% 87%. m.p. 121~123 ‘C; '"H NMR (CDCls,
400 MHz) §: 7.43 (d, J=1.6 Hz, 1H), 7.33 (dd, J=8.4, 2.0
Hz, 1H), 6.83 (d, J =8.4 Hz, 1H), 3.23 (s, 3H), 2.84 (d, J=
16.4 Hz, 1H), 2.60 (d, J=16.4 Hz, 1H), 1.51 (s, 3H); °C
NMR (CDCL;, 100 MHz) &: 177.1, 141.4, 132.6, 129.3,
128.8, 123.8, 116.3, 109.8, 45.2, 26.8, 26.2, 22.3; HRMS
caled for C;,H;;CIN,NaO [M+Na]" 257.0452, found
257.0462.

2-(5-9R-1,3- = H -2 S A M| Wk -3- 3 2 i (Te): 38
EA, 2% 71%. mp. 89~90 C; '"H NMR (CDCl;,
400 MHz) d: 7.23 (dd, J=17.8, 2.2 Hz, 1H), 7.06 (td, J=
8.8, 2.4 Hz, 1H), 6.83 (dd, J=8.4, 4.0 Hz, 1H), 3.24 (s,
3H), 2.85 (d, J=16.4 Hz, 1H), 2.58 (d, J=16.8 Hz, 1H),
1.52 (s, 3H); *C NMR (CDCl;, 100 MHz) 6: 177.2, 146.7,
134.7, 132.0, 126.6, 118.7, 115.9, 109.4, 106.7, 44.9, 26.9,
26.2, 22.3; HRMS calcd for C;,H;;FN,NaO [M~|—Na]+

http://sioc-journal.cn/ 2749
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241.0748, found 241.0751.

3T k- 1,3- T R 2 A A -5 - TR RS (1): B
B4k, 2% 68%. m.p. 160~161 C; '"H NMR (CDCl,,
400 MHz) 6: 7.68~7.71 (m, 2H), 6.99 (dd, J=7.8, 1.0 Hz,
1H), 3.28 (s, 3H), 2.87 (d, J=16.8 Hz, 1H), 2.64 (d, J=
16.8 Hz, 1H), 1.54 (s, 3H); *C NMR (CDCls;, 100 MHz) §:
177.2, 146.7, 134.7, 132.0, 126.6, 118.7, 115.9, 109.4,
106.7, 449, 269, 262, 223; HRMS caled for
C13H,/N3NaO [M+Na]" 248.0794, found 248.0797.

2-(1,3- = A AL -5 i L -2- A A g R -3- 3 ) 2 i (1g):
FOE K, PF 67%. mp. 94~96 ‘C; 'H NMR (CDCl;,
600 MHz) J: 8.34 (d, J=8.4 Hz, 1H), 8.30 (s, 1H), 7.02 (d,
J=8.6 Hz, 1H), 3.33 (s, 3H), 2.89 (d, J=16.7 Hz, 1H),
2.74 (d, J=16.7 Hz, 1H), 1.57 (s, 3H); *C NMR (CDCl,
151 MHz) &: 177.5, 148.5, 143.9, 131.6, 126.5, 119.1,
115.6, 108.5, 45.3,27.0, 26.1, 22.3.

2-(1,3,6- = F 325 A0 5| W-3-38%) Z i (1h): TE i
R, 723 96%. '"H NMR (CDCls, 400 MHz) §: 7.35 (d,
J=7.2 Hz, 1H), 6.94 (d, J=7.6 Hz, 1H), 6.73 (s, 1H), 3.22
(s, 3H), 2.83 (d, J=16.4 Hz, 1H), 2.54 (d, J=16.8 Hz,
1H), 2.40 (s, 3H), 1.50 (s, 3H); *C NMR (CDCl;, 100
MHz) 6: 177.9, 142.8, 139.6, 128.2, 123.8, 122.9, 116.8,
109.7, 44.8, 26.6, 26.5, 22.3, 21.9; HRMS caled for
C3H4N,NaO [M+Na]* 237.0998, found 237.1004.

2-(6- F AR k- 1,3- - FF 2SR AR 5| W3- 31 ) 2 (1)
TEMIRY), 7% 91%. '"H NMR (CDCl;, 600 MHz) ¢:
736 (d, J=8.2 Hz, 1H), 6.61 (dd, J=8.2, 2.3 Hz, 1H),
6.47 (d, J=2.3 Hz, 1H), 3.83 (s, 3H), 3.21 (s, 3H), 2.81 (d,
J=16.6 Hz, 1H), 2.53 (d, J=16.6 Hz, 1H), 1.49 (s, 3H);
C NMR (CDCls, 151 MHz) d: 178.2, 161.0, 144.1, 123.9,
123.0, 116.9, 106.9, 96.9, 55.7, 44.6, 26.7, 26.6, 22.5.

2-(1-F B -3- R B - 2- A A g Wk -3-08) i (1)): B
[, 7% 38%. m.p. 117~119 C; '"H NMR (CDCl,,
400 MHz) J: 7.48 (d, J=7.2 Hz, 1H), 7.27 (td, J=7.8, 0.8
Hz, 1H), 7.03~7.15 (m, 4H), 6.82~6.84 (m, 2H), 6.64 (d,
J=7.6 Hz, 1H), 3.26 (d, J=12.8 Hz, 1H), 3.20 (d, J=13.2
Hz, 1H), 2.96~3.00 (m, 4H), 2.74 (d, J=16.4 Hz, 1H);
C NMR (CDCls, 100 MHz) d: 176.3, 134.3, 129.9, 129.4,
127.9, 127.2, 124.0, 123.0, 108.5, 50.6, 42.5, 26.3, 25.2;
HRMS caled for C;sH;(N,.NaO [M—}—Na]+ 299.1155,
found 299.1161.

2-(1-7F 23 A L2 S Al g Wk -3-08) i (1k): Tt
HARY, 7% 46%. 'H NMR (CDCls, 600 MHz) 6: 7.46
(d, J=7.8 Hz, 1H), 7.20~7.32 (m, 6H), 7.10 (t, J=7.5
Hz, 1H), 6.78 (d, J=7.8 Hz, 1H), 4.93 (d, J=3.0 Hz, 2H),

2750 http://sioc-journal.cn/

© 2016 Chinese Chemical Society & SIOC, CAS

2.89 (d, J=16.2 Hz, 1H), 2.64 (d, J=16.8 Hz, 1H), 1.57
(s, 3H); C NMR (CDCL, 151 MHz) &: 177.7, 141.8,
135.4, 131.0, 129.2, 128.9, 127.9, 127.2, 123.3, 1232,
116.7, 109.8, 45.0, 43.9, 26.3, 22.6.

BN # & (Supporting Information) /=¥ 4% G 3L ik
TR XA R AT DL A B AR T I 35 (http://sioc-journal.
cn/) BN #L.
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