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Hydroselenation of Terminal Alkynes Catalyzed by Cesium
Hydroxide: Highly Stereo- and Regio-selective Synthesis of
(E)-1-Arylselenoalkenes
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Abstract In the presence of catalytic amount of cesium hydroxide, the hydroselenation of terminal alkynes occurred in
N,N-dimethylformamide (DMF) at room temperature under nitrogen atmosphere to afford (E)-1-organseleno-1-alkene in high
yields. The reaction mechanism is that selenols reacted with cesium hydroxide to give cesium selenides, which underwent
nucleophilic addition to the alkynes to form selenium vinylic anion, hydrolyzed to give product (£)-1-organoselenovinylene
and catalyst cesium hydroxide. The method could provide a new and expedient way for the hydroselenation of unactivated

alkynes.
Keywords nucleophilic addition; regioselectivity;
(E)-1-organoseleno-1-alkene
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B SR AR, RN T ARUR, 5
OH & rHIF i /EH 89, Ml OH I H AR GG E;
[, 5 Cs"#EA MBI R AR AR G, JdR
SERE. CsSeAr /LUl CsOH 5 ArSeH W53,
CsSeAr ' ArSe™ [MEAZ M HEXT N 1) S At B 4 g 0 Sl
40 LiSeAr, NaSeAr, KseAr, RbSeAr (] ArSe” H3E#%
o, R, AR AT, A0 IR bk 5 i
T (1) B 8. A SCHRIE T FT 45 A

1 &R5E

W, BRI S 3-SR RTINS 3-H4
FETAHL(1.0 mmol), ZEAFF}(1.1 mol), CsOH (0.2 mol), VY
ZEIR (THF) (2.0 mL), 7R 25T HiH: 4.0 h, B
JRME— PP (E)-1- 2K H-3- AR UM, 72 70%.

FRIRE KW, CsOH AL T, ANG Tk bl b5 Al
(R0 RS T DA AR A

K BB BRI, DR 5 3- FF AU Y R oA A
M, RTINS SV SE . SR WA 1.

R BF RN S 3-F AR BB SR 52 T
Table 1 Influence of solvents on the reaction of benzeneselenol
with 3-methoxypropyne

Entry Solvent 7/'C t/h Yield/%
1 EtOH r.t. 3.0 Trace
2 EtOH 50 3.0 45
3 Et,O r.t. 3.0 Trace
4 Et,O r.t. 6.0 15
5 THF r.t. 3.0 60
6 THF r.t. 6.0 72
7 DMF r.t. 3.0 95
8 DMSO r.t. 3.0 96

M1 a0, T ZRE sk QIR R, A2 =il LT A R
I, AR ERSE A S NI (], 7 A PR e, (HAN R
LA THF VE¥H, A5 NACR EE 4IRS LHELf, {HAN
N DMF 5 —HIEFH(DMSO). LA DMF YE% )& —Fh
BRI FE.

B L DMF RV, SR LA BORIEE, LR
L 3-FESIE R B, 2 S AL T P Xt e R
iR 2. 4K CsOH HIE N 20 mol% i fik
#.

R 2 AR B A 5 3- AR Ak A bR S I )5 )

Table 2 Influence of catalyst amount on the reaction of ben-
zeneselenol with 3-methoxypropyne

CsOH/mol% 5.0 10 15 20 25
Yield/% 61 69 85 95 96

1E_ LIRS e [, R GG S Pl pe 5 AN ] (Kl
WY [ V. (Eq. 1), 45904 3. 459 % W, UL DMF 1E%
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7, 75 20 mmol% CsOH f74E T, 3-FRFE b, 3-H4A %
bR 3-FEIE A bR, TR IR 5 KR AR =i &
AR R R RO AT SEAZ N, L ARRIX SR PP
TEB(E)-1-J5 il 347, 2R FR AR (9 1 Joke S I 5% il
AR, A LI LA F 3, IR s Y S REAR
FHEAT. A, B BRI, X ROV AT B
SO, fEdER 1- bR R AN R RN, R R
SR NG 22 5, VA S T BRI H g b
IE BB AL AR, I FHREERK 1 B A7 485 11
SRPHL AR, (R L. peak oy S8 P LR DL by L
TR, AR SR e R A bbb
R R, R g TR, BB 0 HL T AR,
T A b 55 S5 AR B W PRI ST 2k, i
TR T IR R, AT DA B i I A Ak
fig, DAL 2o 55 55 Al A 10 2 42 n it g o A=

CsOH (20 mol%) R H

— - !
ArSeH + R H O DMF rt.30h | ‘sear @

2a~2h

K3 (B)-1-F7 LN £k
Table 3 Synthesis of (E)-1-organoseleno-1-alkenes

Entry R ArSeH Yield/%
2a CH;OCH, C¢H;sSeH 95
2b CH;0CH, p-CH;C¢H,sSeH 90
2¢ CH;OCH, o0-BrC¢H,SeH 85
2d HOCH, CsHsSeH 89
2e Ph C¢HsSeH 91
2f PhOCH,  CgHsSeH 86
2g PhOCH, p-CH;C¢HySeH 85
2h Ph p-CH;CgH,SeH 89
2i n-C,Ho C¢HsSeH NR

LA 3- VAR AR g Rl I T s A B2, R i<
JE AR SN, S5 R IR 4. ik 4 TR, AR
FARIZAE N, CsOH RIS S b (1 #4280

F4 RS R 2 AL TR RN 250
Table 4 Influence of various alkali metal hydroxides on the
reaction yields

Entry 1 2 3 4 5 6
Base LiIOH NaOH KOH RbOH CsOH Cs,CO;
Yield/% 0 5.6 38 75 95 84

© 2013 Chinese Chemical Society & SIOC, CAS
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4n Scheme 1. {EMEALIEIAH, SUEAALEE SR s N =4
[R5 A, S0F B R AT AR N, T U R 47 25 1,
bt JE K AT 274, RIS T il A A .

FEMISEAREE R T LU T TH NMR #iE. Db &)
2a 1. 2a ) 'TH NMR 475 6 5.84~5.91 ({2 Hik
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W (A8 &8 B J=15.2 Hz, WU AT .
5 6 6.45 SAHIE MR %R 2 PhSe, 1Y 6
5.84~5.91 ZUAHIE [ RUBERRIZE B2 CH;OCH,, G &R T
LA A, i8S CH G, 05k £ Sk,

2 #ig

T I M S 4 5 o L AR e I ) % SR LA A
T AR 1 TE K R A B S R ) R A e 2 L
MATTE R TIX SR E, A 75 S AT BR /K AL 2,
EHIESES Y, U REAENEA, HRA
BN G5 A AN, WSO i B v R L AR R X Sk k. ATy
A6 BUE)-1-J5 SR B T — 4 T 2 ik 12
3 ZEES
3.1 UEHIKF

'H NMR(L TMS i AR)HiT °C NMR(EL TMS 4
Fr)H INOVA-400 RGN, ik fi HPS989A Il ;
JCE /M Yanaco CHN CORDER MT-3 ! [ 8 704>
A5 ; IR 1 Perkin-Elmer 683 JGil Al . w7
DMF AR ZFR/K A, FERR T B4 T =, &5
15 N Aldrich 2 &) 5.
32 ZWAHE

# DMF (2.0 mL). ¥fii%f(1.0 mmol). fif¥(1.1 mmol)
J (0.2 mmol) I B F K, 7Rl AU
AR R HERE 3.0 h. N 20 mL 7K, A7 (30 mL X
)AL, To7K NaySO4 T4, KA HUARNERE b,
RYNEFEZ A, A e B D V=3 DIE
Ve, 43 HARr=9) 2a~2h.

(E)-1-ZKA3E-3- A R M 2a)! ) LRy, 'H
NMR (400 MHz, CDCl;) &: 3.37 (s, 3H), 3.96 (d, J=6.0
Hz, 2H), 5.85~5.92 (m, 1H), 6.47 (d, J=15.2 Hz, 1H),
7.28~7.36 (m, 5H); *C NMR (100 MHz, CDCl;) §: 57.5,
71.5, 126.7, 127.1, 128.3, 129.2, 130.2, 134.7; IR (film)
Vi 3051, 2931, 1590, 1452, 1035, 930, 750 cm '; MS
m/z: 228 (M1).

(E)-1-Cf F LSRR 5L )-3- AR R N A 2b)! ) et
JRY. "H NMR (400 MHz, CDCly) 8: 2.34 (s, 3H), 3.40
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(s, 3H), 4.15 (d, J=6.0 Hz, 2H), 5.83~5.88 (m, 1H), 6.38
(d, J=15.2 Hz, 1H), 7.13~7.26 (m, 4H); *C NMR (100
MHz, CDCly) d: 212, 58.4, 69.2, 127.2, 127.9, 129.8,
132.4, 136.7; IR (film) vy 3023, 2905, 1596, 1480, 1038,
958, 824, 769 cm”'; MS m/z: 242 (M ™).

(E)-1-( 508 R 2R i Fk )-3- FF 480 TR O (2¢): T B iR
). '"H NMR (100 MHz, CDCl;) 6: 3.36 (s, 3H), 4.15 (d,
J=6.0 Hz, 2H), 6.05~6.13 (m, 1H), 6.40 (d, J=15.6 Hz,
1H), 7.09~7.60 (m, 4H); *C NMR (400 MHz, CDCl5) ¢:
58.5,72.3, 125.2, 127.4, 128.7, 129.6, 132.0, 132.9, 133.4,
136.6; IR (film) vinae: 3048, 3005, 1594, 1435,1033, 948,
760 cm '; MS m/z: 305 (M"+1). Anal. caled for
CyoH;BrOSe: C 39.2, H 3.62; found C 39.3, H 3.61.

(E)-1-2K Al 3 -3-F2 L 9 0 )™ iRy, 'H
NMR (100 MHz, CDCl3) §: 2.25 (br s, 1H), 4.21 (d, J=6.0
Hz, 2H), 5.87~5.95 (m, 1H), 6.54 (d, J=16.0 Hz, 1H),
7.23~7.31 (m, 5H); *C NMR (400 MHz, CDCly) 6: 70.5,
127.5, 127.6, 128.9, 129.3, 130.3, 135.2; IR (film) Vi
3325, 3030, 2931, 1593, 1445, 1028, 950, 761 cm ™ '; MS
miz: 214 (M.

(E)-1-ZKTi R 2K 200 2e)": TRy, 'TH NMR
(400 MHz, CDCl3) d: 6.88 (d, J=15.6 Hz, 1H), 7.25~
7.33 (m, 9H), 7.43~7.47 (m, 2H); >C NMR (100 MHz,
CDCly) d: 123.8, 126.1, 126.9, 127.7, 128.5, 129.7, 129.9,
131.6, 135.3, 136.6; IR (film) vmae: 3028, 1582, 1473, 965,
780 cm '; MS m/z: 260 (M").

(E)-1-Al3E-3- 2R A B A 26): iR, 'H NMR
(400 MHz, CDCls) &: 4.41 (s, 2H), 5.83~5.91 (m, 1H),
6.52 (d, J=15.2 Hz, 1H), 7.21~7.43 (m, 10H); >C NMR
(100 MHz, CDCly) 6: 75.2, 1143, 121.7, 123.4, 127.2,
127.8, 128.5, 129.3, 130.4, 132.7, 134.6; IR (film) Vi
3044, 2992, 1642, 1582, 1030, 964, 770 cm '; MS m/z:
290 (M+). Anal. caled for C;sH4,OSe: C 62.3, H 4.88;
found C 62.4, H 4.87.

(E)-1-ORF FE BRIl 55 )-3- R 48 N 45 (2g): IR ).
'H NMR (400 MHz, CDCls) 6: 2.31 (s, 2H), 4.45 (s, 2H),
5.79~5.86 (m, 1H), 6.48 (d, J=15.2 Hz, 1H), 7.181~
7.36 (m, 9H); *C NMR (100 MHz, CDCl;) d: 21.4, 74.1,
113.8, 122.6, 123.1, 126.6, 127.4, 128.3, 129.8, 130.6,
132.5, 133.2; IR (film) vyney: 3093, 3001, 1650, 1594, 1020,
971, 860, 760 cm '; MS m/z: 304 (M"). Anal. caled for
Cy6H,,0Se: C 63.4, H 5.32; found C 63.5, H 5.33.

(E)-1-Ch} I FE R 35) 28 24 2oL ik 4. 'H
NMR (400 MHz, CDCl5) 6: 2.26 (s, 3H), 6.88 (d, J=15.2
Hz, 1H), 7.21 (d, J=8.0 Hz, 2H), 7.28~7.34 (m, 8H); "*C

Chin. J. Org. Chem. 2013, 33, 558~561
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NMR (100 MHz, CDCl;) J: 22.45, 124.8, 126.1, 128.3,
129.5, 131.4, 131.7, 131.9, 132.2, 137.6, 138.4; IR (film)
Vmax: 3035, 1610, 1493 1450, 1080, 962, 741, 690 cm ';
MS m/z: 274 (M.
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