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Leading to Ketene Selenothioacetals and Selenothioesters
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Abstract: The reaction of lithium alkyneselenolates generated from terminal acetylenes with
thiols gave rise to lithium eneselenolates with high stereoselectivity. The trapping with alky| halides
afforded ketene selenothioacetals, whereas the trapping with allylic bromides yielded y,8-unsaturated
selenothioesters via seleno-Claisen rearrangement.

Organoselenium chemistry is of current interest from synthetic and structural point of view.!
Nevertheless, synthetic methods of organoselenium compounds via lithium eneselenolates,? i.e., selenium
counterparts of lithium enolates, have not been studied to any great extent, although the similar approach using
lithium enethiolates has been extensively explored.3 The ordinary route to lithium eneselenolates may be the
proton abstraction from the corresponding selenocarbonyl compounds.?2 However, some of them such as
enolizable selenoaldehydes and selenoketones? are not stable enough to treat under basic reaction conditions.
Furthermore, only a limited number of selenocarbonyl compounds are easily accessible’ except for

selenoamides.® Very recently, we have found that selenothioesters 6 were synthesized by the reaction of
lithium alkyneselenolates 2 with thiols (Scheme 1).7
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We report here the generation of lithium eneselenolates 3 from terminal acetylenes with high stereoselectivity
and their trapping with alkyl halides or allylic bromides to lead to ketene selenothioacetals or selenothioesters,
respectively (Scheme 1).

Lithium alkyneselenolate 2 (R = Ph) derived from phenylacetylene (1a) was slowly added to iso-
butanethiol at -78 °C. Then, to the resulting mixture was added benzyl chloride (4a) at room temperature to
give Se-benzyl ketene selenothioacetal 5a (R = Ph, R' = iso-Bu, R" = PhCHy) (E/ Z = 8/92) as a major
product in 47% yield.

The intermediacy of lithium eneselenolate 3 in the present reaction was confirmed by NMR spectra in
d8-THF. The selected NMR data of 3a generated from 1a was shown in Figure 1.

The nucleus observed was denoted in parenthesis. IH NMR spectrum of 1 59_0(7739)

the mixture of iso-butanethiol and lithium alkyneselenolate 2a (R = Ph), N _ 269 (1 H)

showing the signals of the vinylic proton and SCH? of 3a (R =Ph,R' = SeLi

iso-Bu) at 6.55 and 2.69 ppm was in good agreement with those of 3a Ph SCH,CH(CH3)»

generated by the proton abstraction of the corresponding selenothioester 6 H

(R = Ph, R' = iso-Bu). The stereochemistry of E and Z isomers of 3a 13
44.7(°°C)

was assigned through the differential NOE experiment. Irradiation of the 6.55(1 H)
signal at 2.69 ppm of 3a enhanced the intensity of vinylic proton of 3a by .
3 %. The ratio of E and Z isomers of 3a was determined to be 6 : 94. Figure 1
The signals of 3a from 1a in !3C and 77Se NMR spectra were also consistent with those of 3a from 6a.

The reaction of a variety of lithium eneselenolates 3 and alkyl halides was carried out (Table 1). iso-
Butane- or n-butanethiol gave the products in the yields higher than cyclopentane- and phenethylthiols. In the
reaction with 4a—de, ketene selenothioacetals, whose synthesis and reactivity have rarely been studied2d-8
compared with ketene dithio- and diselenoacetals, 10 were obtained as a product. The efficiency of alkylation
is highly dependent on electrophiles in analogy to the alkylation of lithium enethiolates generated from
RCH2C(S)SeMe.% When methyl iodide (4b) was used as an electrophile, the corresponding Se-methyl
ketene selenothioacetal 5Sb was obtained only in 21% yield with E / Z selectivity of 6/94 at 25 °C. On raising
the temperature, the yield of the product was slightly improved, and the E isomer of Sb was predominantly
formed (entry 1). In the alkylation with ethyl iodide (4¢) under the conditions similar to entry 1, the
stereochemistry of lithium eneselenolate 3a was retained in the product 5c (entry 2). As for the reaction with
allylic bromide 4e, the stereoselectivity of the product was lowered. This is probably due to the thermal
isomerization of the starting lithium eneselenolate or the product, which is often observed for the push-pull
alkenes, although the mechanistic detail has not been understood yet.!! As an acetylene, eneyne 1b also
predominantly led to Z-isomers of 5f and Sg in good yields (entries 5 and 6), whereas the reaction using
aliphatic acetylenes such as 1-hexyne gave a complex mixture. When allylic bromides 4f and 4g were
employed as a trapping agent, the products 7a-7d where the allylation took place at the olefinic carbon away
from alkylthio group in 3 were obtained as a deep purple liquid or solid in good yields (entries 7-10). The
reaction in entry 10 gave two stereoisomers of 7d in a ratio of 86 : 14, although their stereochemistry has not
been determined yet. The esters 7 may be formed via the seleno-Claisen rearrangement2d:12 of the Se-allyl
ketene selenothioacetals 5. The formation of Se-prenyl ketene selenothioacetal in the reaction with 4e (entry
4) may support that the allylation of 3 initially occurs at the selenium atom.
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Table 1. Generation and Trapping of Lithium Eneselenolates #

2841

entry acetylene 1 temp./ °C product yield/ % °
electrophiie 4 time / h
SeR
h
P SBu-i
1 1a, 4b n,05h 5b R=CHj, 36%
66 °C, 3 h (E/Z=162/38)
2 1a, 4¢ m,15h 5¢ R =CH,CH;, 32%
66°C,3h o (E/Z= 8/92)
8d R-= 0,
3 1a, 4d n,1h 37%
66 °C, 0.5 h )j\ (E/Z=7793)
S5e = =
4 1a, 4e %, 05 h R=CHCH=C(CH,) .o,
66 °C, 3h (E/Z =52 /48)
= .
SBu-i
5 1b, 4a 1, 0.5 h 5f R =CH,Ph 57%
66 °C,3h o (E/Z= 18/82)
6 1b, 4d n,1.5h 5¢ R=)J\ 519
(E/Z= 14/86)
Se
WLSBU-J'
R R
7 1a, 4f 1, 0.5 h 7a R=Ph,R =H 55%
66 °C, 3 h
8 1a, 4g n,0.5h 7b R=Ph,R'= CHs 579,
66°C,3h
9 1b, 4f 1, 0.5 h 7e R=—© R=H 50,
66°C,3h
Se
10 1c, 4f n,0.5h 49% ¢
66 °C,3 h Ph SBu-n

7d
|

& The reaction was carried out with terminal acetylene (1 mmol), butyllithium (1 mmol),
selenium (79 mg, 1 mmol), iso-butanethiol (2 mmol), and alkyl halide (2 mmol) in THF (5 mL).
® Isolated yield. ° n-Butanethiol was used.
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As reported previously,” esters 6 were synthesized from 1a—1lc at most in 29% yields. At first, this
was considered to be due to the low conversion of 2 to 3 via selenoketene intermediates (Scheme 2).
However, the present results have suggested that 3 was generated with high efficiency. Accordingly, the
moderate yields of 6 from 2 may be ascribed to the step in the hydrolysis of 3. As a matter of fact, ester 6
was recovered only in 30% yield even in the hydrolysis of 3a generated by the addition of 6 to THF solution
of LDA. The higher yields of 7 may be partly because of the enhancement of the stability of esters 7 by
introducing allylic group to the o-position of selenocarbonyl group.!3 The high stereoselectivity of the
formation of Z-isomers of 3 may be understood by considering that the nucleophilic attack of R'SLi to
selenoketene intermediates takes place from their sterically vacant site as shown in Scheme 2.

R SLi
R f SeLi Se
y— R SH Hzo
RC=CSelLi " -—S — >R - .
° SR’ R\)LSR'
2 H \ 6
3
R'SLi
Scheme 2

In summary, we have demonstrated that the lithium eneselenolates were generated efficiently from
terminal acetylenes. The trapping of lithium eneselenolates with alkyl halides gave ketene selenothioacetals,
whereas trapping with allylic bromides resulted in the formation of y,8-unsaturated selenothioesters via seleno-

Claisen rearrangement.

EXPERIMENTAL

Acetylenes 1a and 1b, n-butyllithium-hexane solution, selenium powder, butanethiols, and alkyl halides
4 were purchased and used without further purification. Acetylene 1c¢ was prepared by the procedure in the
literature.14 Column chromatography was run on Silica gel (70-230 mesh ASTM) of Cica Merck. High
performance liquid chromatography was performed on a model LC-908 (Japan Analytical Industry Co., Ltd.).
Melting point was determined on a Yanagimoto melting point apparatus without correction. The IR spectra
were measured on a Perkin Elmer FT-IR 1640 instrument. 1H NMR (400 MHz) and 13C NMR (100 MHz)
were recorded on a JEOL A-400 MHz spectrometer using TMS as the internal standard for 'H spectra and
CDCl; for 13C NMR. In 77Se NMR (76.3 MHz) Me;Se was used as an external standard.

General procedure for the preparation of ketene selenothioacetals 5a-5g and selenothioesters 7a-7d

To THF (3 mL) were added terminal acetylene 1 (1.0 mmol) and #n-butyllithium (1N rn-hexane solution,
0.63 mL, 1.0 mmol) and stirred for 15 min at 0 °C. Then, to the mixture was added selenium powder
(0.079g, 1.0 mmol) and stirred for S min. at that temperature. The resulting mixture was dropped to iso-
butanethiol (0.22 mL, 2.0 mmol) over 15 min. and stirred for 1 h at -78°C~25°C. Alky! halide (2.0 mmol)
was added to the solution at -78°C, and the mixture was stirred for the period at the temperature described in
Table 1. The reaction mixture was poured into water and extracted with ether and dried over MgSO4. The
solvent was removed in vacuo, and the residue was purified through silica gel column chromatography by
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using n-hexane as an eluent to give 5 or 7 with the purity higher than 90%. Further purification was
performed with high performance liquid chromatography when necessary.

Z-2-(Benzylseleno)-2-((2-methyl)propylthio Jethenylbenzene (5a) Obtained as an oil: IR (neat) 3060,
3026, 2957, 2868, 1944, 1600, 1560, 1494, 1453, 1383, 1365, 1320, 1242, 1170, 1074, 1030, 921, 888,
750, 695, 598, 552, 522 cm"!; I'H NMR (CDCl3) 6 1.04 (d, J = 6.6Hz, 6H, CH(CH3);), 1.89 (qui, J = 6.7
Hz, 1H, CH(CH3)2), 2.72 (d, J = 6.8 Hz, 2H, SCH3), 4.05 (s, 2H, SeCHjy), 7.09 (s, 1H, PhCH), 7.16-
7.34 (m, 10H, Ph); 13C NMR (CDCl3) 6 22.2 (CH(CH3)), 28.1 (CH(CH3);), 31.9(SeCH3), 44.5 (SCH»),
126.9, 127.2, 128.0, 128.4, 128.6, 128.9, 129.3, 134.5, 137.2, 138.9 (PhCH=C, Ph); 77Se NMR (CDCl3)
8 352.0; MS (m/z) 362 (M), 271 (M+-CcHsCHy), 91 (C¢HsCHa); Anal. Caled for C1gH27S8Se: C, 63.15;
H, 6.14. Found: C, 63.35: H, 6.24.

Z-2-(Methylseleno)-2-((2-methyl )propylthic)ethenylbenzene (5b). Obtained as an oil: IR (neat) 2957,
2927, 2868, 1719, 1686, 1655, 1638, 1598, 1560, 1508, 1490, 1464, 1444, 1382, 1365, 1267, 1243,
1168, 1076, 1030, 921, 884, 749, 693, 597, 557, 518 cm™!; lH NMR (CDCl3) 51.04 (d, J = 6.6 Hz, 6H,
CH(CH3)2), 1.92 (qui, J = 6.7 Hz, 1H, CH(CH3)2), 2.20 (s, 3H, SeCHj3), 2.71 (d, J = 6.8 Hz, 2H,
SCH3), 7.10 (s, 1H, PhCH), 7.19-7.24 (m, 1H, p-CH), 7.31 (dd, J = 8.1, 7.3 Hz, 2H, m-CH), 7.54 (d, J
= 7.3Hz, 2H, 0-CH); 13C NMR (CDCl3) 5 8.4 (SeCH3), 21.8 (CH(CH3)2), 28.2 (CH(CHz3)2), 43.5
(SCHp), 127.1, 128.0, 128.9, 133.4, 135.4, 137.3 (CgHs, C=CH); 77Se NMR (CDCl3) § 201.9; MS (m/z)
286 (M™); Anal. Calcd for C3H3SSe: C, 54.73; H, 6.36. Found: C, 54.97; H, 6.52.

Z-2-(Ethylseleno)-2-((2-methyl)propylthio)ethenylbenzene (5¢). Obtained as an oil: IR (neat) 3056,
3022, 2957, 2923, 2867, 1655, 1600, 1579, 1560, 1490, 1464, 1444, 1385, 1382, 1321, 1231, 1168,
1076, 1047, 1030, 961, 921, 887, 800, 746, 693, 596, 556, 504 cm~!; IH NMR (CDCl3) §1.05 (d, J =
6.6Hz, 6H, CH(CH3)2), 1.36 (t, J = 7.4 Hz, 3H, CH,CH3), 1.92 (qui, J = 6.7 Hz, 1H, CH(CH3)), 2.74
(d, J = 6.8 Hz, 2H, SCHp), 2.83 (q, J = 7.5 Hz, 2H, SeCH3), 7.11 (s, 1H, PhCH), 7.21-7.24 (m, 1H, p-
CH), 7.30-7.34 (m, 2H, m-CH), 7.46-7.48 (m, 2H, 0-CH); 13C NMR (CDCl3) § 15.5 (SeCHy), 21.9
(CHzCH3), 22.1 (CH(CH3)2), 28.1 (CH(CH3)7), 43.5 (SCH3), 127.1, 128.0, 128.0, 129.0, 133.9, 137.4
(CeHs, C=CH); MS (m/z) 300 (M*); Anal. Calcd for C14H20SSe: C, 56.18; H, 6.73. Found: C, 56.29: H,
6.70.

Z-2-(Acetylseleno)-2-((2-methyl)propylthioethenylbenzene (5d). Obtained as an oil: IR (neat) 3056,
3023, 2958, 2869, 1732 (C=0), 1582, 1565, 1490, 1464, 1444, 1412, 1384, 1366, 1348, 1241, 1168,
1095, 1030, 1000, 925, 888, 746, 695, 595, 570, 499 cm-!; IH NMR (CDCl3) 6 1.05 (d, J = 6.6 Hz, 6H,
CH(CH3)2), 1.94 (qui, J = 6.7 Hz, 1H, CH(CH3)3), 2.38 (s, 3H, CCH3), 2.75 (d, J = 6.8 Hz, 2H, SCH>),
7.20-7.38 (m, 6H, C¢HsCH); 13C NMR (CDCl3) 6§22.2 (CH(CH3),), 27.9 (CH(CH3),), 33.7 (CCH3),
43.5 (SCHy), 125.0 (CSe), 127.7, 128.0, 128.8, 129.6 (CH), 136.9 (ipso-C), 195.1 (C=0); MS (m/z) 314
(M+); Anal. Calcd for C14H;30SSe: C, 53.67 H, 5.79. Found: C, 53.46; H, 5.67.

Z-2-(3-Methyl-2-butenylseleno)-2-((2-methyl)propylthio)ethenylbenzene (5e). Obtained as an oil: IR
(neat) 2958, 2828, 1664, 1655, 1578, 1560, 1508, 1491, 1459, 1444, 1382, 1241, 1170, 1075, 1130, 921,
888, 842, 747, 693, 596, 503 cm™!; 1H NMR (CDCl3) 5 1.05 (d, J = 6.8 Hz, 6H, CH(CH3)), 1.63 (s, 3H,
CCH3), 1.68 (s, 3H, CCH3), 1.93 (qui, J = 6.7 Hz, 1H, CH(CH3),), 2.75 (d, J = 6.8 Hz, 2H, SCH>),
3.54 (d, J = 9.0 Hz, 2H, SeCHy), 5.27-5.32 (m, 1H, SeCH,CH), 7.06 (s, 1H, PhCH), 7.20-7.25 (m, 1H,
p-CH), 7.30-7.35 (m, 2H, m-CH), 7.48-7.50 (m, 2H, 0-CH); 13C NMR (CDCl3) § 17.7 (SeCHy), 22.2
(CH(CH3)2), 25.8, 26.4 (CCH3), 28.2 (CH(CH3);), 43.6 (SCHy), 119.9, 127.1, 128.0, 129.0, 129.3,
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133.4, 136.4, 138.3 (C¢H5CH=C, C=CH); MS (m/z) 340 (M*); Anal. Calcd for C;7H4SSe: C, 60.16; H,
7.13. Found: C, 60.00; H, 7.07.

Z-2-(Benzylseleno)-2-((2-methyl)propylthio)ethenylcyclohexene (5f). Obtained as an oil: IR (neat)
3061, 3027, 2930, 2868, 2831, 1601, 1560, 1494, 1452, 1432, 1382, 1364, 1320, 1241, 1169, 1134,
1066, 1030, 918, 898, 758, 696, 602, 554, 526 cm™1; lH NMR (CDCl3) § 1.01 (d, J = 6.8 Hz, 6H, CH3),
1.50-1.58 (m, 4H, CH; (cyclohexene)), 1.85 (qui, J = 6.7 Hz, 1H, CH(CH3);), 2.04-2.14 (m, 4H, CH;
(cyclohexene)), 2.64 (d, J = 6.8 Hz, 2H, SCH>), 4.09 (s, 2H, SeCH3), 5.62 (br, 1H, CH (cyclohexene)),
6.58 (s, 1H, C=CH), 7.15-7.30 (m, SH, C¢Hs); 13C NMR (CDCl3) & 22.0 (SeCH>), 22.1 (CH3), 22.7,
25.7 (CH3 (cyclohexene)), 28.1 (CH(CHj3)»), 28.6, 31.5 (CH; (cyclohexene)), 43.6 (SCH3), 123.9 (CSe),
126.6 (CH (cyclohexene)), 128.4, 129.0, 130.6 (CH), 135.7 (ipso-C (cyclohexene)), 139.1 (ipso-C (Ph)),
139.7 (C=CH); MS (m/z) 275 (M*-CcH5CH3); Anal. Calcd for Ci9H26SSe: C, 62.45; H, 7.17. Found: C,
62.40; H, 7.34.

Z-2-(Acetylseleno)-2-((2-methyl)propylthio Jethenylcyclohexene (5g). Obtained as an oil: IR (neat)
2931, 2868, 2831, 1731 (C=0), 1612, 1560, 1464, 1431, 1383, 1365, 1348, 1321, 1270, 1241, 1169,
1134, 1097, 933, 902, 849, 798, 670, 572, 524, 464 cm~!; IH NMR (CDCl3) 5 1.00 (d, J = 6.8 Hz, 6H,
CH(CH3)3), 1.52-1.63 (m, 4H, CH» (cyclohexene)), 1.85 (qui, J = 6.7 Hz, 1H, CH(CH3)3), 2.12-2.19 (m,
4H, CHj; (cyclohexene)), 2.45 (s, 3H, CCHj3), 2.65 (d, J = 6.8 Hz, 2H, SCH3), 5.79 (br, |H, CH
(cyclohexene)), 6.77 (s, 1H, CCH); 13C NMR (CDCl3) 6 21.8 (CH, (cyclohexene)), 22.1 (CH(CH3),),
22.6, 25.9, 27.9 (CH; (cyclohexene)), 28.1 (CH(CH3)3), 33.6 (CCH3), 43.7 (SCH3), 119.1 (CSe), 132.5
(CH (cyclohexene)), 135.7 (ipso-C (cyclohexene)), 143.0 (CCH), 196.7 (C=0); MS (m/z) 275 (M*+-acyl);
Anal. Caled for C14H570SSe: C, 52.99; H, 6.99. Found: C, 52.93; H, 7.03.

«-2-Propenylbenzeneethaneselenothioic acid S-2-methylpropyl ester (7a). Obtained as an oil: IR (neat)
3062, 3027, 2959, 2870, 1640, 1599, 1493, 1452, 1413, 1385, 1367, 1321, 1246, 1168, 1123, 1067,
1032, 991, 916, 831, 801, 762, 697, 657, 629, 612, 588, 533 cm™!; TH NMR (CDCl3) § 1.00 (d, J = 6.6
Hz, 6H, CH3), 2.02 (qui, J = 6.7 Hz, IH, CH(CHj3),), 2.89-2.96 (m, 1H, CH>), 3.06 (dd, J = 6.8, 13.2
Hz, 1H, SCHj), 3.14 (dd, J = 7.1, 13.2 Hz, 1H, SCHj), 3.14-3.21 (m, 1H, CH;),4.55(t, J = 7.6, 1H,
PhCH), 4.97 (d, J = 10.3 Hz, 1H, CH,=CH), 5.07 (dd, J = 1.5, 7.1 Hz, 1H, CH2=CH), 5.71 (ddt, J =
6.9, 13.9, 17.1 Hz, 1H, CH2=CH), 7.22-7.31 (m, 3H, m,p-CH), 7.45-7.48 (m, 2H, o-CH); !3C NMR
(CDCl3) 6 22.3 (CH3), 27.1 (CH(CH3)3), 41.4 (CH3), 48.6 (SCH3), 69.6 (PhCH), 117.1 (CH=CH),
127.3, 128.1, 128.4 (CH), 135.4 (CH=CH3), 139.5 (ipso-C), 245.5 (C=Se); MS (m/z) 312 (M1); Anal.
Calcd for C1sH90SSe: C, 57.87; H, 6.47. Found: C, 57.87; H, 6.65.

0-2-Methyl-2-propenylbenzeneethaneselenothioic acid S-2-methylpropyl ester (7b). Obtained as a
solid (mp: 51.9~52.2 °C): IR (neat) 2951, 1654, 1490, 1459, 1450, 1409, 1379, 1366, 1263, 1232, 1166,
1087, 1001, 938, 910, 899, 824, 900, 780, 751, 713, 696, 649, 537, 515 cm™!; lH NMR (CDCl3) § 1.00
(d, J = 6.6 Hz, 6H, CH(CH3)2), 1.72 (s, 3H, CCH3), 2.02 (qui, J = 6.8 Hz, 1H, CH(CH3)3), 2.87 (dd, J =
4.4, 7.1 Hz, 1H, CCHy), 3.05 (dd, J = 3.2, 6.8 Hz, 1H, SCHjy), 3.13 (dd, J = 3.2, 6.8 Hz, 1H, SCH»),
3.19 (dd, J = 8.1 Hz, 14.6 Hz, 1H, CCH3), 4.69 (s, 1H, CH»=C), 4.73 (s, 1H, CH,=C), 4.77 (t, J =74
Hz, 1H, PhCH), 7.22-7.30 (m, 3H, m,p-CH), 7.47-7.49 (m, 2H, o-CH); 13C NMR (CDCl3) § 22.2, 22.3,
22.6 (CH3), 27.1 (CH(CH3)3), 45.0 (CCHy), 48.7 (SCH3), 67.9 (PhCH), 113.1 (CH»=C), 127.2, 128.1,
128.4 (CH), 139.8 (ipso-C), 142.4(C=CH3), 245.8 (C=Se); 77Se NMR (CDCl3) 8 1484.1; MS (m/z) 326
(M*); Anal. Caled for C1gHp28Se: C, 59.06; H, 6.82. Found: C, 58.97; H, 6.79.
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a-2-Propenylcyclohexeneethaneselenothioic acid S-2-methylpropyl ester (7c). Obtained as an oil: IR
(neat) 3076, 2958, 2928, 2835, 1639, 1460, 1437, 1384, 1366, 1320, 1247, 1168, 1139, 1064, 1020, 990,
915, 885, 801, 684, 617, 540 cm™!; 'H NMR (CDCl3) 6 1.04 (d, J = 7.6 Hz, 6H, CH3), 1.50-1.58 (m, 4H,
CH3 (cyclohexene)), 2.10-2.11 (m, SH, CH(CH3);, CHy (cyclohexene)), 2.62-2.69 (m, 1H, CHCH>),
2.76-2.83 (m, 1H, CHCH>), 3.14 (dd, J = 2.1, 6.7 Hz, 2H, SCHy), 3.84 (t, / = 7.6 Hz, 1H, CCH), 4.97
(dd, J = 2.0, 10.3 Hz, 1H, CH=CH}>), 5.04 (dd, J = 2.0, 17.1 Hz, 1H, CH2=CH), 5.68-5.79 (m, 2H,
C=CH, CH=CHy); !3C NMR (CDCl3) § 22.3 (CH3), 22.3, 23.1, 25.5, 26.6 (CHj (cyclohexene)), 27.1
(CH(CH3)7), 38.8 (CHCH3), 48.7 (SCH3), 71.6 (CCH), 116.3 (CH=CHj3), 125.0 (C=CH), 135.9
(C=CH), 136.0 (CH=CH}>), 246.7 (C=Se); MS (m/z) 316 (M+), 275 (M*-allyl); Anal. Calcd for C|5H24SSe:
C, 57.13; H, 7.67. Found: C, 56.84; H, 7.61.

o-2-Propenyl--methylbenzenepropaneselenothioic acid S-butyl ester (7d). Obtained as an oil: IR
{neat) 3061, 3027, 2959, 1716, 1640, 1602, 1455, 1395, 1249, 1087, 995, 916, 1764, 700, 650, 576 cm™!;
IH NMR (CDCl53) 6 0.96 (t, J = 7.3 Hz, 3H, CH>CH3), 1.21 (d, J = 6.6 Hz, 3H, CHCH3), 1.47 (qui, J =
7.3 Hz, 2H, CH,CH3), 1.74 (qui, J = 7.3 Hz, 2H, CH,CH,CH3), 1.96 (m, 1H, CHCH>), 2.51 (m, 1H,
CHCH3), 3.25 (t, J = 7.0 Hz, 1H, CHCH3), 3.32 (1, J = 7.3 Hz, 2H, SCH»), 3.50(dt, J = 3.4, 10.5 Hz,
1H, CHC=Se), 4.77 (d, J = 6.2 Hz, 1H, CH=CH3), 4.82 (s, 1H, CH=CH3), 5.50 (m, 1H, CH=CH3>),
7.20-7.35 (m, 5H, CgHs); 13C NMR (CDCl3) § 13.7 (CH,CH3z), 20.7 (CHCH3), 22.3 (CH;CH3), 28.9
(CH2CH,CH3), 39.5 (SCHj), 40.4 (PhCH), 46.6 (CHCH3,), 71.5 (CHCH3), 116.2 (CH=CH3>), 126.6,
127.8, 128.7 (CH), 135.4 (CH=CH)), 144.9 (ipso-C), 247.8 (C=Se); MS (m/z) 340 (M*); Anal. Calcd for
C17H24S8Se: C, 60.16; H, 7.13. Found: C, 60.38; H, 7.38.
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