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x #®& HMZ KE®R K &  FHRY
CKATIBE BRI T2 AR BRI R S Sk5 % 7B 408000)

WE  3-AFERSIAT Y BT RAF A, fERT F 75 i R AR AN E. BHT, T 3- EUR S|k
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Microwave-Assisted lodine-Catalyzed 3-Selenocyanation of
Indole for the Synthesis of 3-Selenocyanateindole Derivatives

Wu, Yan Tian, Xianzhi Zhang, Hailing Chen, Rui Cao, Tuanwu™
(Chonggqing Key Laboratory of Inorganic Special Functional Materials, College of Chemistry and Chemical Engineering,
Yangtze Normal University, Fuling 408000)

Abstract 3-Selenocyanateindole derivatives have potential application in drug research due to their good biological activity.
Until now, many methods for the synthesis of 3-selenocyanateindoles have been reported. However, drawbacks still exist, such
as harsh reaction conditions, low yields and poor functional groups tolerance. A series of 3-selenocyanateindoles have been
synthesized via the microwave-assisted 3-selenocyanation of indole derivatives by using 25 mol% iodine as catalyst, affording
the corresponding products in good yields. Compared with the previous methods, this protocol has the advantages of rapid

reaction, high yields and good atomic economy, providing an efficient route to 3-selenocyanateindole derivatives.
Keywords microwave-assisted reaction; iodine-catalyzed selenocyanation; 3-selenocyanate iodines; iodine derivatives; po-

tassium selenocyanate

2 NARA T BSOS LR A B ) R
HEEMEH. Wb EMEGILAE K. £y, HBE
Bl LA RBPRFI Y AR R A R B 55 40083
HAT 2R AL G P A 5 A R S B 7T
JRCN T A SR AT B A B AT RO RF 7 4 s 10121 3 S i s
W B T2 B A s A AR 245 2 7 Th B A T AE 1 N
P R, SRR TR RS % 3- R
WIRRATAER, it — B AR 29 5 7 S e A
PN F. BHAET, ST 3-fili FUER Ml Wk 1) & B V4R E 3R
A8 LR B R A B (CAN)AEAE 1, G 508 490 A 05 Ik [
N ) 2% 3-T SRR I Wk AR B80TV, ARZ T VR = 2
B, Kachanov 5 85 2H POVt We| Wi () Al 50 R A4 S o7 3
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—BHEFC, CATA IS AR RS WA A B iR R
1% N DU 1 B P2 RS T AR H AR =4, H% TS
RN E L, AHT Tk A 7=, B Ak s Ak ng ek
T A AT R A S5 B S ) 4% 3-SR WS Wk 1) o — Rl
BOTE, SR B AT RS P, Y AR
RIRAS T AN B br e P, (8 A R TR KR
HHLER, HFEE2.0 equiv.ff KSeCN, 7 REffi [ A %L
BT, g LRTIR, HRriIE A 30 U AT A
(TR — R AL, WRE TR 2 SRR
SEIGHAE R A, I, SR R — OB AR AR AN
SEIGHERAE R T SR T BRI 1 7 vk i 4 3 U R gl
WA A,
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PE N —Fl BT X% A b AR, T 4 B A HL A A&
(MAOS) SIS T RFER I 1z 288, #)72 M AR
B R R R S ARG A LA BT A B,
& BOERAA R SIS ()5, R RIS VG TS, A
MHRGEFEMBEE BT, L 25 mol% i i (L) 1F
TEALT, AL NS AT A 2 5 R 0 1 S A R AT,
LU e il 4 T — R4 3R R b 5. 528
TR, ATTERA RBZAAFRF. PR A RTE
GrPEUF S S, O 3-H RS A A P Il 5 SR it T
R A%

1 HR510R

ARG e 5 G SR 1) S A AR R S B, R G0 5 5%
TN TR SRR ] 7R B A Ak 7
HOO R REA, 25 R 1.

P 1 AT, ol B S T B A e P 5 i
B SN RLHEAT . JRONEIR FE  J BEPE  BLA B
Wi, il SN IR T v, SO R AR A RN, &
NOEER 120 CHE, RV M (3K 1, Entry 4), 4kt
TR SR, PR R RAEBEE 1, Entry 5). 285,
PL 120 CHENIAERNIEE, #2207 & Xt v
IREI, AL P R IRE 25 mol%I), Eid K %
BT A2 15 min, 1ZRBATGREIRTE 80%M =R (R 1,
Entry 8). fEiZmMALIEMT, MIbkE KSeCN LB
1o B, ZRMNEREA ROEAT. R, BT A FE
o SN IR, St R I, DMSO Ry A 1) S M ¥
. B S T DR 2 SN A RGHAT, 1% R NAE
A R S SR N T, R IR E N H bR A R
(£ 1, Entry 17). J8 UL RN, SRS MR
S SLAAE N S| e 5 i R AT R I b 1 1, i
13 1, F & 25 mol%, #5758 DMSO (2.0 mL), &N
WAEEHN 120 °C, MEfIEN 15 min(E 1, Entry 12). {£
ZEAA N SR b, REGEH SR FBIEATAEY 5
Ty R B 1 SR AR O, 45 TR LR 2.

H3 2 AT, Z RO AN F R IS AT A B
BUFRIE M, Y DU R B R AR T M R H bR R
W), WIREAT AR b R B X I B — 5 s, 245
WRAT A B R IR 4 BT 55 (Me, OMe, OBn)iY, 7
FEAKR(E 2, Entries 2, 3). ZEACH NF L FFHE(C, Br,
CN, CHO)I, B2 45 (% 2, Entries 6~8). #&x)q,
T HAME R BAEDL, ML 7- A0 RAE A
JEAIIN, I RAT) LA i 7 38 (3 2, Entry 9)3RAFAHRL
Hbrr=4.

TP SR R R T, AR 3-A AR L
SN AT BEALEE AT 7T (Scheme 1), BITE f Ak 264
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Table 1 Optimization of reaction conditions

@ + KSeCN
N
H

SeCN
©j§
N
H

I5 (mol%)

—_—
MW, DMSO

1a 2a 3a
- RPT)

Entry Temp./C ny, © naq Trlnnif/ mlozl/% Solvent/mL Yloe/id /

1 60 1:2 5 50 DMSO (2.0) 26

2 80 1:2 5 50 DMSO (2.0) 43

3 100 1:2 5 50 DMSO (2.0) 65

4 120 1:2 5 50 DMSO (2.0) 80

5 140 1:2 5 50 DMSO (2.0) 80

6 120 1:2 5 25 DMSO (2.0) 55

7 120 1:2 10 25 DMSO (2.0 71

8 120 1:2 15 25 DMSO (2.0) 80

9 120 1:2 20 25 DMSO (2.0) 80

10 120 1:2 30 15 DMSO (2.0 62

11 120 1:1 20 25 DMSO (2.0) 80

12 120 1:1 15 25 DMSO (2.0) 80 (78)°

13 120 1:1 15 25 DMF(2.0) 70

14 120 101 15 25 DMA (2.0) 72

15 120 1:1 15 25 THF(2.0) 57

16 120 1:1 15 25 1,4-Dioxane (2.0) 35

177 120 1:1 120 25 DMSO (2.0) Trace

¢ Reaction conditions: indole (1a), KSeCN (2a), I, (mol%), solvent (2.0 mL),
air, M.W. ” GC yields. “Isolated yields. ¢ In the absence of the irradiation of
microwave.

R 2 A [FIGWRAT A -5 R 1 S
Table 2 Reactions of different indole derivatives with KSeCN

SeCN
A I, (25 mol% X
~N 120 °C, 15 min A~N
, A 9a DMSO (20mL) s
nqng=1:1
Entry R Product  Yield/%
1 H 3a 78
2 5-OMe 3b 70
3 5-Me 3c 73
4 4-BnO 3d 72
5 5-Cl 3e 83
6 4-CN 3f 83
7 6-CHO 3g 85
8 5-NO, 3h 86
9 1H-pyrrolo[2,3-b]pyridine 3i 82

© 2020 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: indole derivatives (1, 0.2 mmol), KSeCN (2a, 0.2
mmol), I, (25 mol%), DMSO (2.0 mL), 120 C, 15 min. ® Isolated yields.

T, BL 2 equiv. 2,2,6,6-VY FELHRIE-1-44 H HH A5 (TEMPO)
BG 2,6- TRUT FHE-4- WU R (BHT) 1R D H i 24 3177,
R NS FE R R R AELE A A A, TSR
TN, TEZNGRAETS, RN 2EA TR, 3% N
LR AN e pR A

R T e ) 52 36 45 SR DA R 4 STk IE DY, 4
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BIKE

SeCN

MW, 1, (25 mol%
[:::]:j§> + KSeCN 2 ©) [:::]:j§>
N 120°C, DMSO, 15 min N

H
TEMPO or BHT
(2.0 quiv.) Yield: 78% or 76%

Cod

H
Detected by MS m/z: 243

MW, 1, (25 mol%)

AN .
©\/,\> 120 °C, DMSO, 15 min
H

N\ MW
+ KSeCN 5 —> No reaction
N 120 °C, DMSO, 15 min

H
B 1 BTSSR s ] S
Scheme 1  Control experiment for mechanism study

RO 3 T (A s R 3-SR A S 2 1) ) % 3-SR
M| AT AP o] RENLER 40 Scheme 2. 1 %%, TRAE#ET
I, 5 KSeCN (2a)x M AR ISeCN H[AMA, J&#& 5 05] Wk
(1a) K A B R A5 21 H A5 =4 3-1ilh U 15| Wk (3a) T HI,
KI £ DMSO EAbA R 1, M1 15 [ AT BG4

KSeCN DMS, KOH
2a |2

DMSO

MW,
K
ISeCN H
SeCN
o
N
N a

1a H

B2 et 1 A g M 3-SR A s L ) vl e LB
Scheme 2 Proposal mechanism of microwave-assisted iodine-
catalyzed 3-selenocyanation of indole derivatives

2 g

DA PR L5 A S B B P S A AR B IR BE, R 5 %%
SOSEIRE  JERMIELB . S SN A] L A DA R SR
TN IR SLIRE A, SRAF B R e B A 1F R 5| Wk 56 5
TREFIIPIR IR EoN 11, IEBUEAFIHEN 25 mol%
Ve MBI R, LLDMSO (2.0 mL)E N MNER], KN
BFHEA 15 min, &R E N 120 °C. (EiZEAib [ M4
PEFER b, R G075 525 Pl g | R AT A= 4 AT SRR B 1)
T, Bmr= Rl T — R 3 FERN ik &9,
5 ORIEREML, ZR S B EREEREE . R R
SR PREEE AR R, 9 3-SR G| e () ) A AR T
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R R A

3 IERST
3.1 R 5EH

'H NMR (TMS AW #5), °C NMR(EA TMS A #R),
FEZEHTH 300~400 H RIS, ZFR LBEAIA
AR BRI, T s N AR (L5 MCR-3)IW H JL T
A RA T, AR BT (L), JERHS] AT AL P A
FEET, 57— HAEB(DMSO). TS MEIE(THF). N,N-
B F T i (DMF) R 215 (CHSCN) &0 77 3 0 B £ o
IIRH A R A A
32 ZWHE

0.2 mmol F5|REATAYIFT 0.2 mmol i FFRET & T
25 mL = A, = 050 0l 22 5 Hkar U 23 A [ v
BE. m=0MT A 0.05 mmol MEELFIA 2.0 mL
DMSO, [ 878 ¥ B T Il s B 2 2 i o, Tl e
SHON: B S ThE N 240 W, HEREE RN 120 C,
SN EA 15 mine RMESHE, 18 RBIRE R
10 mL 7K, Fl R ZBEEAEE(10 mL X 3), &HA A,
7K NapySO, T4, ZBRIEN, S PudiitZ 15 3-iFR
5| WAL A1) 3a~3i.

3Tl R 5| Wk (3a): MR B ALE AR, 77 78%, mup.
100~102 C (lit.*" m.p. 99~101 ); "H NMR (500 MHz,
DMSO-d) d: 11.87 (s, 1H), 7.86 (d, J=3.5 Hz, 1H), 7.59
(d, J=7.0 Hz, 1H), 7.51 (d, J=7.5 Hz, 1H), 7.26~7.20
(m, 2H); “C NMR (125 MHz, DMSO-dg) J: 136.66,
133.67, 129.12, 122.99, 121.16, 119.15, 112.87, 104.80,
89.44.

5- FP SR -3- i SRR 1G] Wk (3b): R B B AL A, R
70%, m.p. 115~117 ‘C (lit*" mp. 116~117 C); 'H
NMR (500 MHz, CDCl3) d: 8.57 (s, 1H), 7.51 (d, J=3.5
Hz, 1H), 7.34 (d, J=11.0 Hz, 1H), 7.15 (d, J=3.5 Hz,
1H), 6.96 (dd, J=11.0, 3.5 Hz, 1H), 3.92 (s, 3H); “*C
NMR (125 MHz, CDCly) &: 155.80, 132.11, 130.80,
129.56, 114.54, 112.74, 101.66, 100.72, 89.28, 55.86.

5- PP 3 3Tl AU R 1] Ik (3e)PY: R EE A E AR, R
73%, m.p. 115~117 C (it mp. 116~117 C); 'H
NMR (500 MHz, DMSO-dy) 6: 11.73 (s, 1H), 7.75 (s, 1H),
7.39~7.37 (m, 2H), 7.06~7.05 (m, 1H), 2.46 (s, 3H); *C
NMR (125 MHz, DMSO-dg) 6: 134.96, 133.50, 129.30,
124.54, 118.59, 112.53, 79.62, 79.35, 79.09, 21.70.

4= B -3 R G| R (3d): R B (O A, A
72%, m.p. 186~188 ‘C; '"H NMR (500 MHz, CDCl;) ¢:
8.511 (s, 1H), 7.57 (d, J=8.5 Hz, 2H), 7.42 (t, J=9.5 Hz,
2H), 7.37~7.34 (m, 1H), 7.30 (d, J=3.0 Hz, 1H), 7.116 (t,

Chin. J. Org. Chem. 2020, 40, 1384~1387
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J=10.0 Hz, 1H), 7.03 (d, J=10.0 Hz, 1H), 6.65 (d, J=
10.0 Hz, 1H), 5.23 (s, 2H); °*C NMR (125 MHz, CDCl;) ¢:
152.62, 137.99, 136.72, 128.58, 128.03, 127.63, 127.43,
124.62, 117.63, 105.18, 102.73, 102.31, 88.98, 70.43;
HRMS calcd for C¢H;,N,0Se 328.0015, found 328.0017.

5-5-3- Al FUR W] Wk (3e): V% B LA A, PR 83%,
m.p. 135~137 C (1it.*" m.p. 135~137 C); '"H NMR
(500 MHz, CDCLy) o: 8.24 (s, 1H), 7.74 (s, 1H), 7.43~
7.42 (m, 1H), 7.26~7.21 (m, 1H), 7.13~7.11 (m, 1H); *C
NMR (125 MHz, CDCly) 6: 134.49, 130.76, 130.61,
126.27, 122.97, 119.66, 112.35, 100.35, 77.24.

4B FE 3- Al FR I W 3O vk B O K, PR R
83%, m.p. 158~160 C (lit"” m.p. 160~162 C); 'H
NMR (500 MHz, DMSO-dq) 0: 12.50 (s, 1H), 8.17 (d, J=
2.8 Hz, 1H), 7.91 (d, J=10.0 Hz, 1H), 7.75 (d, J=10.0
Hz, 1H), 7.42 (t, J=10.0 Hz, 1H); *C NMR (125 MHz,
DMSO-dg) 6: 137.74, 137.07, 128.36, 127.35, 122.94,
118.43, 118.07, 105.54, 101.90, 89.44.

3T R WE-6- i (3g): R EEIE, 77K 85%,
m.p. 163~165 ‘C; 'H NMR (500 MHz, DMSO-d;) 9
12.41 (s, 1H), 10.07 (s, 1H), 8.17 (s, 1H), 8.10 (s, 1H),
7.75 (s, 2H); °C NMR (125 MHz, DMSO-d) : 193.28,
137.88, 136.12, 133.78, 131.82, 120.91, 119.79, 116.73,
105.02, 91.19; HRMS caled for C;0H¢N,OSe 249.9645,
found 249.9643.

5-R L 3-fil GURR NS W (3h): R B (AR, PR 86%,
m.p. 163~164 C (1it.*" m.p. 162~164 C); '"H NMR
(500 MHz, DMSO-ds) 6: 12.56 (s, 1H), 8.52 (m, 1H),
8.206~8.167 (m, 2H), 7.76 (d, J=9.2 Hz, 1H); *C NMR
(125 MHz, DMSO-dg) §: 142.38, 139.97, 137.45, 128.71,
118.26, 115.91, 113.78, 104.97, 93.33.

3-FilG R ML g FHE[2,3-b] ML E (31): VR B A 4, R
82%, m.p. 98~100 C; "H NMR (500 MHz, DMSO-dj) o:
12.45 (s, 1H), 8.37~8.35 (m, 1H), 8.02~8.00 (m, 2H),
7.29~7.26 (m, 1H); *C NMR (125 MHz, DMSO-d;) o:
148.81, 144.54, 134.30, 127.69, 117.54, 104.85, 88.93;
HRMS calcd for CsHsN;Se 222.9649, found 222.9651.

45 BT EH (Supporting Information) {L&4) 3a~3i [
KR L X e b Rk ] B e B A A T ) 35 (http://sioc-
journal.cn/) . N #,
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