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Study of Cesium Hydroxide-Catalyzed Reactions of Diaryl Disulfides
and Ditellurides with Terminal Acetylenes

XIA, Xiang*”  ZOU, Kang-Bing” LI, Ruo-Xin”  ZHANG, Zun-Ying’
SHAO, Ling-Ling”  FANG, Da-Wei” XU, Xin-Hua™*”
(“ Department of Biological and Chemical Engineering, Shaoyang University, Shaoyang 422400)
(* College of Chemistry and Chemical Engineering of Hunan University, Changsha 410082)

Abstract In the presence of catalytic amount of cesium hydroxide, under nitrogen atmosphere terminal
alkynes reacted with diaryl disulfides at room temperature in commercial THF to give almost exclusive
(£)-1,2-diarylthio-1-alkene in good yields, but under air atmosphere the reaction gave a mixture of alkynyl
sulfide and (2)-1,2-diarylthio-1-alkene. But for the reaction of diarylditellurides with terminal alkynes,
whether it was performed under nitrogen atmosphere or air atmosphere, it only gave alkynyl tellurides.
However, the yields of the alkynyl tellurides obtained under nitrogen atmosphere is only 50% of yields ob-
tained under air atmosphere. The reaction mechanism was discussed.

Keywords cesium hydroxide; diaryl disulfides; (£)-1,2-bis-(arylthio)-1-alkene; diarylditellurides; alkynyl
tellurides
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1.2 ZHEZERBSmMRRNEK(2)-1,2-ZF5REE

5 6.0 mL PUSEIR, 1.1 mmol bk, 1.0 mmol — 7%
iR & 0.2 mmol E AL INAF] 50 mL [ KK
o, AV FEEERSRE. TLC MRERR Y, HH
TR TR SR A IRONE. e A R DY SRR, R A
JhEE 50 mL #kE, A 10 mL 7K, KA HUATEZE 2 his
F I 3 2 i A R AT A4k, F A R 28K (30/1,
VIMPEBEIE R, 374

(2)-1,2- “ KGR -3-F0 L -3- L T4 3a)™Y: 'H
NMR §: 1.46 (s, 6H), 2.18 (s, H), 7.12~7.16 (m, 1H),
7.24~7.42 (m, 10H); *C NMR &: 29.8, 75.1, 125.4, 127.0,
127.6, 128.4, 129.1, 130.3, 134.5, 135.0, 134.7, 137.3.
Anal. caled for Cj;H;50S,: C 67.5, H 6.00; found C 67.6,
H6.01.

(2)-1,2- (4 B A 38)-3- 32 FE A 4 (3b): "H NMR 4
0.95 (s, OH), 2.32 (s, 3H), 2.34 (s, 3H), 4.10 (s, 2H), 6.96
(t, J=1.02 Hz, 1H), 7.10 (d, J=8.0 Hz, 2H), 7.12 (d, J=
8.0 Hz, 2H), 7.45 (d, J=8.0 Hz, 2H), 7.48 (d, /=8.0 Hz,
2H); *C NMR 6: 21.5, 67.6, 124.8, 126.7, 130.4, 130.7,
132.6, 133.1, 133.7, 1373, 137.7. Anal. calcd for
C7H,50S,: C 67.5, H 6.00; found C 67.3, H 6.02.

(2)-1,2- ZKBi3E-3- AL N 3e) "™ 'H NMR o:
3.31 (s, 3H), 3.95 (s, 2H), 6.96 (s, 1H), 7.23~7.34 (m,
6H), 7.40 (d, J=7.6 Hz, 2H), 7.45 (d, J=7.6 Hz, 2H); "*C
NMR J: 57.9, 74.4, 126.8, 127.1, 127.2, 129.0, 129.1,
130.0, 130.5, 133.4, 1342, 134.7. Anal. calcd for
C16H,60S;: C 66.6, H 5.59; found C 66.7, H 5.52.

(2)-1,2-ChF H A 3 )-3- F 4 36 A5 (3d): 'H NMR
9: 2.33 (s, 3H), 2.35 (s, 3H), 3.26 (s, 3H), 3.91 (s, 2H),
6.95 (t, J=1.02 Hz, 1H), 7.10 (d, J=8.0 Hz, 2H), 7.15 (d,
J=8.4 Hz, 2H), 7.46 (d, J=8.0 Hz, 2H), 7.48 (d, J=8.4
Hz, 2H); >C NMR ¢: 21.1, 57.8, 76.5, 123.9, 125.8, 128.0,
130.1, 130.3, 137.6, 132.8, 133.2, 1335, 137.6. Anal. calcd
for C;3H,,0S,: C 68.3, H 6.37; found C 68.5, H 6.38.

(2)-1,2- KB -3- K AL NI (3e): 'H NMR o
4.56 (s, 2H), 6.76 (d, J=8.0 Hz, 2H), 6.95 (t, J=7.2 Hz,
1H), 7.24 (t, J=8.0 Hz, 2H), 7.26~7.31 (m, 6H), 7.48 (s,
1H), 7.50~7.51 (m, 2H), 7.58~7.60 (m, 2H); *C NMR §:
723, 114.6, 121.3, 127.4, 127.6, 128.3, 128.5, 129.1,
129.5,129.6, 130.2, 132.5, 132.8, 134.1, 157.5. Anal. calcd
for C,;H30S,: C 72.0, H 5.18; found C 71.9, H 5.19.

(2)-1,2- (4 H 2 3%)-3- R A L I (3F): 'H NMR
8:2.33 (s, 6H), 4.53 (s, 2H), 6.78 (d, J=8.0 Hz, 2H), 6.95
(t, J=6.8 Hz, 1H), 7.10 (d, J=8.0 Hz, 4H), 7.21~7.26
(m, 2H), 7.36 (m, 3H), 7.47 (d, J=6.8 Hz, 2H); *C NMR
5 21.5, 72.8, 115.3, 121.5, 124.8, 127.5, 127.6, 129.8,
130.1, 130.2, 133.1, 133.4, 133.7, 138.1, 138.3, 158.6.
Anal. calcd for C,3H»,08,: C 72.9, H 5.86; found C 72.8,
H5.87.

(2)-1,2- " FIRFIE 253 "H NMR §: 7.06 (s,
1H), 7.23~7.35 (m, 9H), 7.44~7.53 (m, 6H); *C NMR ¢:
126.1, 127.3, 127.5, 128.1, 128.5, 128.7, 128.9, 129.3,
129.5, 129.7, 132.2, 132.4, 133.2, 133.7. Anal. calcd for
CaoH60S,: C 71.4, H 4.79; found C 71.5, H 4.78.

1.3 il 5um R [ & R R B

¥ 6.0 mL PUSE IR, 2.2 mmol %54k, 1.0 mmol =75
FE Ak &2 0.2 mmol EEALEE NN E] 50 mL [ ECEEIE
W ARSI S AGURBERE 40 h e 2 ) DU AU,
FA i 50 mL Fike, A 10 mL 7K, 55 HUATER: 2
PV 0 i 1 TR S 3l 0 R R AT Al Ak, A ek £ Tk
(3071, VIMPELEIR I, 1374 6.

3- AR 2R IR Tk (6a): 'H NMR J: 3.42 (s,
3H), 4.39 (s, 2H), 7.26~7.28 (m, 3H), 7.69~7.71 (m,
2H); “C NMR J: 44.8, 57.6, 61.0, 111.0, 112.4, 128.0,
129.7, 135.4; IR (film) v: 2150 cm™'; MS m/z: 276 (M").
Anal. caled for C;gH;(OTe: C 43.9, H 3.68; found C 43.7,
H 3.69.

3-ZRAE N RFE R LA (6b): 'TH NMR o: 4.93 (s,
2H), 6.96~6.98 (m, 4H), 7.22~7.31 (m, 4H), 7.62~7.64
(m, 2H); "C NMR §: 29.7, 57.1, 109.9, 112.3, 115.0,
121.4, 128.0, 129.4, 129.7, 135.5, 157.6; IR (film) v: 2145
cm ' MS m/z: 333 (M"). Anal. calcd for C;sH;,OTe: C
53.6, H 3.60; found C 53.9, H3.61.

3-FRHL TN BRI TR LT K (6c): 'H NMR o 2.02 (s,
1H), 4.53 (s, 2H), 7.27~7.28 (m, 3H), 7.70~7.72 (m,
2H); IR (film) v: 2140 cm'; MS m/z: 262 (M"). Anal.
calcd for CoHgOTe: C 41.6, H 3.10; found C 41.9, H 3.09.

TE SRR B (6d): '"H NMR §: 0.87 (t, J=6.8
Hz, 3H), 1.07~1.74 (m, 8H), 2.58 (t, J=6.9 Hz, 2H),
7.10~7.26 (m, 3H), 7.53~7.74 (m, 2H); IR (film) v: 2140
ecm s MS m/z: 316 (M"). Anal. caled for C,HsTe: C
53.6, H 5.78; found C 53.8, H 5.77.

W LIRFEIR LT BE(6e)': "TH NMR d: 7.26~7.30
(m, 1H), 7.33~7.36 (m, 5H), 7.51~7.53 (m, 2H), 7.59~
7.62 (m, 2H); IR (film) v: 2135 cm™'; MS m/z: 308 (M ).

IR LRIEXT A R SE R (6D "H NMR 6: 3.70
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(s, 3H), 6.79 (d, J=9.0 Hz, 2H), 7.30~7.42 (m, 5H), 7.71
(d, J=9.0 Hz, 2H); IR (film) v: 2140 cm '; MS m/z: 338
M.

HLPRIER IR IL R (62)! 2 'H NMR 0: 2.34 (s,
3H), 7.14 (d, J=8.0 Hz, 2H), 7.31~7.33 (m, 3H), 7.47~
7.49 (m, 4H); MS m/z: 322 (M™).

2 HR5WHE

FATE 5T 3- AT I R
JOE. SIEIRr AR W S N A A X B N RAT AR KRS . AR5
U RN, AEZ N THF ARV, £33 3-SR bR
FORFERRIE LS (2)-1,2- D5 A RTR &1, AER R
PONIAT RN, A= E(2)-1,2- 05 i di. RS AR
R LR, AR U BAE SR RO, #E
BREY, 1 HBBCRAR. AR LR U, TR
WFEPEHIATRN(2)-1,2- —IF AR . FERLAAT RREAT T3
‘B 0T R T IRBEN RN, N R AR LA 1.

R gkt IR AR SOV B BUZ)-1,2- 0T RN ¢
Table 1 The reaction of terminal alkynes with diaryl disulfide
to synthesize (2)-1,2-diarylthio-1-alkenes

18 R AR b, B dn 87 HE B Bk B R T
TEBCH T, [RS8 7, B i SOkt
BUHR e, T BN i #0(2)-1,2- —JikdeM. KA
By 5 S A SN P2 A 1) ArSCs SRR BBk &, S5
F W A ST AT A 25 S AR B 2)-1,2- 5 B .

(2)-1,2- 5 mFEEMm I 45 fE 'TH NMR, °C NMR
BAE. ST AASE R L 4E NOE SEIGfiiiE.

TR R R Y, SEEG R B AN IR AE A AUR
HOE R E RV, TR A b, (EE AR R
J NG, i ik PRS0 R 4 S A 2 AU RO R — 2 (3R
2).

R 2 PILHEEE 6a~6g K5
Table 2 Synthesis of alkynyl tellurides 6a~ 6g
CsOH (cat.), Air
—_—

RC=CH + ArssAr —=OH R>:<H
1 L PLTHEN, o s
3a~3g
Compd. R Ar Yield/%
3a HO(CHy),C Ph 61
3b HOCH, p-CH3CHy 69
3c CH;0CH, Ph 82
3d CH;OCH, p-CHyCeH, 77
3e PhOCH, Ph 75
3f PhOCH, p-CH3CHy 73
3g Ph Ph 71

“EY) 3a~3g B IRE A RY).

AL FIR SN B U Z)-1,2- - D5 B FE AR 1
HLFEAN Scheme 1 fT7ks.

R H
>:< CsOH RC=CH
ArS SAr
HxO0 R 2 Cs" H,0
— RC=CTCs*
ArS SAr ArSSAr

ArSCs* S\ RC=CSAr ArSCs*

B 1 SR A (D)-1,2- 5 B AR I L
Scheme 1 Mechanism of synthesis of (Z)-1,2-bis-(arylthio)-1-
alkene catalyzed by CsOH

RC=CH + ArTeTeAr RC=CTeAr
4 5 THF, r.t. 6a ~ 6g

Compd. R Ar m.p./C  Yield/%
6a CH;OCH,  CgH; 0il 89
6b C¢HsOCH,  CgHs 0il 83
6¢c HOCH, CeHs 0il 78
6d n-CgH 3 CeHs 0il 86
6e CeHs CeHs 0il 86
6f C¢Hs p-CH;OCeH,  70~71"3 88
6g CeH; p-CH;CeH, 69~70"1 90

N HLERGN Scheme 2 BT 7.

RC=CH + CsOH —— RC=CCs + H)O
RC=CCs + ArTeTeAr —> RC=CTeArt ArTeCs
ArTeCs + H0 + O, —— ATeTeAr + CsOH

BRI 2 072k R S S S AL
Scheme 2 Mechanism of reaction of diarylditellurides with
terminal alkynes

MBS N LB RIS, AR RO, TR O Ak
Tl A B T LA Ay — 05 2k . R AR 4 S
B, AR R UR A, 05 R A RER AL, T EAR
A1 S 55 SN DR TR B i g 14 7 2 s I

AR, 07 KL e b — 05k RS
SR S NARRETE B 1,2- 07 BEOR B, (H2 050k —
Tl Ik 15 bR S B AN AR 1,2- 07 BE A ERS E
05 HETRH A7 (RS A% 6 0 LUK L 1) 07 S B 47 2
(ISR RE Sy 5. X VFZ 5 T S B 97 28 1 I RRUE g
B MG

1,2- 5 b BT Bk P T A
AR TACEYI R, V2 JERE T e AT %
H—SBCEAE A RS B3 D1 I S R T S AR AL . T
HATLI AT B R I JOK T RS AT, AL AAEOR TS
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