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Highly Regio- and Stereo-selective Synthesis of
(Z2)-1-Arylthio-2-Arylseleno Alkenes

Tan, Ping™’ Li, Ningbo® Xu, Xinhua*?
(“ Department of Biological and Chemical Engineering, Hunan Mechanical and Electrical Polytechnic, Changsha 410151)
(® College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082)

Abstract In the presence of catalytic amount of cesium hydroxide, the nucleophilic addition reaction of selenols to alkyne
sulfurnides occurred in tetrahydrofuran at room temperature under nitrogen atmosphere to give highly regio- and ste-
reo-selective (Z)-1-arylthio-2-arylseleno alkenes in 70%~93% yields. The mechanism involved the formation of cesium aryl-
selenides and the nucleophilic addition to the alkynyl sulfides in the presence of cesium hydroxide. The corresponding alkenes
were obtained upon hydrolysis.

Keywords nucleophilic addition; regioselectivity; alkynyl thioether; cesium hydroxide; (Z)-1-arylthio-2-arylseleno alkenes
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27> H1 ] Yanaco CHN CORDER MT-3 % (15 762 40 bt
A 52 . VA DU SRR A 28 AL BE, R A 5 B Ak T
], EEEAEHL N Aldrich 23 7] 3K,

1.2 E¥HZE

¥ THF 3.0 mL, $fiff 1.0 mmol, fifif% 1.1 mmol
M 0.2 mmol INA BB, =il &S
RS R HiFE. TLC PRERNY, Bemils s 4 V. ks
N, BETHR THE, FA M S0 mL #4%¢, A 10 mL
K, K AHUARTE 728 25 B s ), T 2 000 3ok A 2 A 4l
A g/ 2Bk (Vv =30/D)VEVE A, 15 HAxr9 3a~
3L

(Z)-1-2R00 He-2- KA L -3 -2 - 1- I i (Ba): ki (8
WEREAA. "TH NMR (CDCls, 400 MHz) 6: 7.46~7.51 (m,
2H), 7.21~7.38 (m, 9H), 4.14 (s, 2H), 2.30 (s, 1H); °C
NMR (CDCl;, 100 MHz) &: 134.43, 133.65, 132.95,
132.04, 130.83, 129.63, 129.34, 129.15, 127.83, 126.54,
65.72; MS (EL, 70 eV) m/z: 320 (M"). Anal. caled for
CysH,40SSe: C 56.07, H 4.39; found C 56.28, H 4.53.

(Z)-1-Z5 05 3 -2- IRA 2 -3- A L - 1- TN M (Bb): ki
MPIRIAA. "TH NMR (CDCl;, 400 MHz) d: 7.13~7.55
(m, 11H), 3.84 (s, 2H), 3.19 (s, 3H); *C NMR (CDCl,,
100 MHz) 6: 133.66, 133.23, 133.10, 129.89, 129.33,
129.02, 127.76, 126.88, 74.65, 57.45; MS (EL 70 eV) m/z:
336 (M+). Anal. calcd for C;4H;s0SSe: C 57.36, H 4.89;
found C 57.42, H 4.82.

(Z)-1-2 1 e -2- % A 2R A0 56 -3- 40 26 -1- U 4 (Be):
EH PRI A, "H NMR (CDCls, 400 MHz) d: 7.21~
7.64 (m, 10H), 3.96 (s, 2H), 3.35 (s, 3H), 2.31 (s, 3H); *C
NMR (CDClL;, 100 MHz) &: 133.72, 133.32, 133.16,
129.94, 129.35, 129.12, 127.80, 126.95, 74.74, 58.64,
21.56; MS (EI, 70 eV) m/z: 350 (M"). Anal. calcd for
C7H,50SSe: C 58.38, H 5.16; found C 58.41, H 4.20.

(Z)-1- 0 FE -2 4 YR A A I -3- HH A 3 -1- T 445 (3d):
HOMARIEAA. "TH NMR (CDCls, 400 MHz) 6: 7.18~7.52
(m, 9H), 6.97 (s, 1H), 3.90 (s, 2H), 3.31 (s, 3H); °*C NMR
(CDCl;, 100 MHz) 6: 136.61, 135.02, 134.22, 133.42,
129.96, 129.31, 128.63, 128.01, 127.74, 127.25, 123.51,
75.24, 58.36; MS (EI, 70 eV) m/z: 414 (M +1). Anal.
calcd for C¢H;sBrOSSe: C 46.38, H 3.62; found C 46.34,
H 3.59.

(2)-1- 2K A e -2- R A k-3 F2 FE-3- H 3L 1- T 4 (Be):
PRI, 'TH NMR (CDCls, 400 MHz) 6: 7.60 (s,
1H), 7.47~7.50 (m, 2H), 7.24~7.37 (m, 8H), 2.35 (s,
1H), 1.38 (s, 6H); *C NMR (CDCl;, 100 MHz) J: 138.24,
137.15, 135.24, 133.53, 129.83, 129.15, 128.68, 127.74,
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127.02, 125.45, 75.47, 29.16; MS (El, 70 eV) m/z: 349
(M+). Anal. calcd for C;7;H,;30SSe: C 58.45, H 5.16; found
C 58.50, H 5.19.

(Z)-1- K00 -2 () S 2R A -3 F2 L -3- I JE-1- 14
Hi(30): I OMPRIAR. "H NMR (CDCl;, 400 MHz) o:
7.58 (s, 1H), 7.47~7.51 (m, 2H), 7.11~7.32 (m, 7H),
2.28 (s, 1H), 1.35 (s, 6H); *C NMR (CDCl;, 100 MHz) ¢:
138.30, 137.19, 136.63, 134.89, 133.31, 129.97, 129.53,
127.78, 126.43, 125.67, 124.85, 75.45, 29.32; MS (EI, 70
eV) m/z: 382 (M"). Anal. caled for C;;H;,ClOSSe: C
53.20, H 4.46; found C 53.27, H 4.52.

(2)-1-ZK M JE2- 2R AL -3-F4 3 -3- T O -3- £ Bk - 1- T4
#i(3g): EITEIPIRIBAL. "TH NMR (CDCls, 400 MHz)
7.42~7.51 (m, 3H), 7.08~7.24 (m, 8H), 2.19 (s, 1H),
1.54 (q, J=7.4 Hz, 2H), 1.28 (s, 3H), 0.91 (t, J=7.4 Hz,
3H); *C NMR (CDCl;, 100 MHz) &: 138.24, 137.41,
135.21, 133.14, 131.21, 129.41, 128.85, 127.32, 127.10,
125.48, 78.34, 33.61, 26.43, 23.35; MS (EL 70 eV) m/z:
363 (M"). Anal. calcd for C;sH,,0SSe. C 59.51, H 5.54;
found C 59.57, H5.59.

(2)-1- K fi B -2- Al 3 -3-F2 3 -3- 3K L3 -1- T 44
(3h): I EMPREBAA. "TH NMR (CDCls, 400 MHz) 6:
7.55 (s, 1H), 7.48~7.53 (m, 2H), 7.12~7.30 (m, 8H),
1.78 (s, 1H), 1.52~1.68 (m, 10H); *C NMR (CDCls, 100
MHz) 6: 138.67, 137.72, 135.47, 134.23, 131.12, 129.53,
128.90, 127.43, 126.97, 125.48, 71.61, 36.14, 25.24, 21.80;
MS (EI, 70 eV) m/z: 389 (M '). Anal. caled for
CaoH2,0SSe: C 61.70, H 5.66; found C 61.63, H 5.60.

(2)-1- 2K e -2- R A k-3 -3 -3- 2 - 1- T 4 (3i):
I EOMPRIEAA. 'TH NMR (CDCly, 400 MHz) 6: 7.52~
7.57 (m, 2H), 7.31~7.35 (m, 3H), 7.18~7.24 (m, 5H),
4.16 (t, J=7.4 Hz, 1H), 2.38 (s, 1H), 1.43~1.62 (m, 2H),
0.92 (t, J=7.4 Hz, 3H); *C NMR (CDCls, 100 MHz) ¢:
136.18, 135.09, 133.78, 132.89, 130.18, 129.16, 128.96,
128.61, 127.59, 126.30, 76.71, 28.88, 9.69; MS (EI, 70 V)
m/z: 349 (M"). Anal. calcd for C;H;3OSSe: C 58.45, H
5.19; found C 58.29, H 4.91.

(Z)-1-ZR A e -2- R AP L -3- A JE - 1- TN 4 (3)): T
PRV, "TH NMR (CDCls, 400 MHz) 6: 7.51~7.57 (m,
2H), 7.48~7.50 (m, 2H), 7.43 (s, 1H), 7.27~7.34 (m,
6H), 7.16 (t, J=8.0 Hz, 2H), 6.86 (t, J=7.2 Hz, 1H), 6.54
(d, J=8.0 Hz, 2H), 4.48 (s, 2H); '*C NMR (CDCl, 100
MHz) 6: 157.32, 135.16, 133.24, 132.76, 130.41, 129.31,
129.12, 128.89, 128.45, 128.10, 127.79, 127.61, 122.41,
115.13, 72.44; MS (EL 70 eV) m/z: 398 (M"). Anal. calcd
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for C,;H30SSe: C 63.32, H 4.52; found C 63.38, H 4.57.

(Z)-1- 254 ke -2-3F YRR ke -3- R A 0 -1- T O (BK):
ORI AR, "TH NMR (CDCLs, 400 MHz) 8: 7.50 (d,
J=7.0 Hz, 2H), 7.41 (m, 3H), 7.18~7.22 (m, 2H), 7.08
(d, J=8.0 Hz, 4H), 6.84 (t, J=6.8 Hz, 1H), 6.64 (d, J=8.0
Hz, 2H), 4.42 (s, 2H), 2.30 (s, 3H); *C NMR (CDCl;, 100
MHz) ¢: 158.71, 139.32, 138.64, 133.87, 133.41, 133.12,
130.42, 130.18, 12991, 127.48, 127.21, 125.26, 121.40,
117.18, 73.56, 23.41; MS (EL, 70 V) m/z: 412 (M*). Anal.
calcd for Cy,H,,0SSe: C 64.08, H 4.85; found C 64.13, H
4.89.

(Z)-1-2K B 3 2- 2K 3 20 (3N): B ek, 'H
NMR (CDCls, 400 MHz) §: 7.40~7.51 (m, 6H), 7.20~
7.31 (m, 9H), 7.01 (s, 1H); '*C NMR (CDCls, 100 MHz) 6:
133.76, 133.32, 132.56, 132.21, 129.89, 129.64, 129.23,
128.94, 128.73, 128.62, 128.20, 127.46, 127.21, 126.32;
MS (EI, 70 eV) m/z: 368 (M'). Anal. caled for
Cy0Hs0SSe: C 65.22, H 4.35; found C 65.27, H4.41.

2 ZR5iT1e
21 EMEHERE

G, LA 3-F SR AR FE A TEGR IE L A0 3 Jon i A
BERY(Eq. 1), ZRAHAFRINS SV 520, 492 WA 1.

HaCOH,C  H
CsOH 20 mol?
HyCOH,C—==SPh + PhgeH =SOH 20 mol% —{ ()

PhSe SPh

&3 W EE I ROpANE Al

Table 1 Influence of solvents on the reaction

Time/h Yield ZIE

Entry Solvent 17°C

1 CH;0H 30 3.0 36 100 : 0
2 CH;CH,0OH 30 3.0 38 10020
3 THF 30 3.0 92 100 : 0
4 DMF 30 3.0 95 10020
5 DMSO 30 3.0 93 1000
6  CH;CH,OH 30 10 23 10020
7 CH;CH,0OH 60 3.0 86 8515

B 1 A4, 7630 CH, Z%LHE(0.2 mmol)f£ 7
T, 3- AR I A e 2R SR AR I% (1.0 mmol) -5 2Rl 19 (1.1
mmol)7E: THF, DMF & DMSO 1% 3.0 h, @&/, &
SEARL SRR TR 1- 2560 - 2- A 33 - H A4 0
P DL ek OREAEH ), 78 30 CHEALFRBIR, 7
60 C, PRI S, HIEMK 15%K E Fffk. mT
THF ¥ U8, o ARBRTT B, FrLA, THF &5 R .
2.2 fEFIZTEE

DL 3- FF A 55 PR e o R R 1k 5 2R 13 o by A2,
PRI 4 Jm S A 0] SN ()%, &5 SR LR 2.
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£ 2 AF SR E AL T S A5
Table 2 Influence of various alkali metal hydroxides on the
reaction yields

Entry 1 2 3 4 5 6
Base LiOH NaOH KOH RbOH CsOH Cs,CO;
Yield’/% 5.6 43 58 73 93 32

2 A%,  FEAHIRISAT N, CsOH RN H Sl 1)
EALRCR. LR T LR B S A,
BT EA R KB, HEEMR ST E g )&,
T3 CsOH " OH KI5 I mg P, CsOH Ll ) W
TER 5 lidk A ArSeCs T 5l 41251 ArSe” KILH o
IsEAZ .

23 RNIEVIERE

FERLAAEN, 5T PR IEGRIE 55 A [ Al 3 1)
J, ZiRMLA 3.

K3 (D-1-D50FE-2-TF AT ) E P
Table 3 Synthesis of (Z)-1-arylthio-2-arylselebno-1-alkene

CsOH(20mol%) R H

— + R — —
R SPh + ArSeH THF, rt. A Sph
3a~3l
Compd. R Ar Yield/%
3a HOCH, C¢Hs 82
3b CH;0CH, C¢Hs 93
3c CH;0CH, p-CH;CqHy 90
3d CH;0CH, 0-BrC¢Hy 87
3e HO(CH;),C C¢Hs 70
3f HO(CH;),C m-ClCgHy 75
3g HO(CH;3)(C,Hs)C  C¢Hs 80
3h HO(CeH;,)CH C¢Hs 86
3i HO(C,H;)CH C¢Hs 95
3j PhOCH, Ph 85
3k PhOCH, p-CH;CqHy 83
31 Ph Ph 84
3h n-C4Hy Ph NR

© 2012 Chinese Chemical Society & SIOC, CAS

345 LM, LLTHF /E# 7, 7620 mmol% CsOH
FEAER, 3-FRIE R PR IEG R . 3- AR K A bR L . 3-
AT RIERLE . K LR IEORIE 5 5P Iy 5 %30
B AR RO AT SRR N, ST AR X I P
HITE 1 (2)-1-05 B 36 -2- D5 il 305, DR IR _ AR 1 1 o
RN FE AN K, AN R LRI R A T, Nk
SV HBREAR AT . (2, Bk EIARIE T, X%
NAT SR TR, RSSO ok 5 R I AN R AR S Y

e EERIEE "TH NMR, *C NMR, MS, NOE #i
NOESY #ilF. &% 3a~3d, 3h~3k ] 'HNMR F1, %
B H 5 HHE CH, 8K 4 CH H HAB &5 %00 1.6 Hz
fiAy, RES9A, RN H SRR CH, sk it
CH A& A [F — XU s 7 b, B eA Ty 1-05 6
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JE-2- DAl 105, a0 H 530 F R CH, sk H
CH HEHAE [ — R 1 b, A, efflziar=4
SRS, HAEGEH 80 6.0 £ 4. P SLAREE K
43518 NOE FINOESY SZEGfiE. Wit &4 3b H CH,
L L H A NOE &0, H T TP L o,
CH, BV 7 12% 13558, RN Z XA i £ =X
4K, CH, 50U I H i A4 NOE R, [l A1k
A1) NOESY NMR 1] DA AR iy R . tb &
) 3b 55 3¢ ] NOESY NMR & FIEILA S W H A
AAZ A, Y Z Y

24 EENMES

IR R AT REIR S A LER 41 Scheme 1 BT 7R,

P>:<H

ArSe SPh
CsOH ArSeH
H,O
H,O
R Cs*
>:Q ArSeCs
ArSe SPh
R—==—SPh

Scheme 1

FEREAABIR T, SRR 5 Y S 7 A2 (R 95 il Ak
s, BJEBR AR BEEA TSR INR, TE RR IR A7 T K
AR EN 4, [T B A . 5 0P B X e it Tk 3
ATSRZ I CRATIE RN, 07 WAL M BOH A T o 5 e ik
FHREIIBREERR, 1AL 2T 7 B AR kg, B
N T T JIR) AR B A7 38 1 v i1 = i B e

3 &g
AT AT RN S AR, TR B RS

B, A B(Z)-1- 5 FE-2- 05 IR AL T — &/ 3k
1.
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