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Abstract. Vinyl halides react with HeSeLi in DMF to afford vinyl methyl selenides 
which are demethylated by the excess of the HeSeLi; the vinyl selenide anions thus 
obtained react with acetyl chloride to give vinyl acetyl selenides. This three 
steps one pot synthesis occurs with complete retention of configuration. The vinyl 
scetyl selenides are cleanly fragmented bv electron transfer to the vinyl selenide 

.anions; addition of iodine to the resulting solutions produced the divinyl 
diselenides with retention of configuration. The transformation of vinyl acetyl 
selenides into divinyl diselenides can also be induced by catalytic amounts of a 
solution of sodium in HMPA or of sodium methanethiolate. 

recently reported that unactivated vinyl halides react with selenium nucleophiles in Off 
. 

the products of vinylic substitution with complete retention of configuration.’ Thus vinyl 

react with lithium methyl selenide to afford vinyl methyl selenides (Scheme 1). Under more 

severe conditions and with an excess of HeSeLi the reaction products suffer a nucleophilic 

aliphatic substitution and are demethylated to the vinyl selenide anions (1) and (z).2’3 Under the 

conditions employed these anions retain the configuration of the starting products (Scheme 1) and 

do not interconvert. The sama results are obtained if the demethylatjon reaction is effected with 

sodium in ORA. 
4 

The anions (1) and (2) react with several alkyl halides to give a series of vinyl 

al&y1 selenides (1) and (j).’ The sam anions also react with unactivated vinyl halides to give 

l mtrical and unsylnmetrical divinyl selenides (5) and (5). Also in this case the substitution 

reaction occurred with retention of configuration (Scheme 1). 
4 
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SCHEME 1 
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We now report that the anions (1) and (2) react cleanly with acyl chlorides to afford the 

corresponding vinyl acyl selenides in good yields. The fragmentation of these compounds represents 

the cleanest way for the stereospecific preparation of the vinyl selenide anions (1) and (4. The 

oxidation of these anions with iodine affords the corresponding divinyl diselenides in good yields 

and in a stereospecific way. Thus divinyl diselenides are produced from vinyl halides according to 

the various steps which are indicated in the following reactions for a generic vinylic substrate: 

VinX - VinSeMe - VinSe’ - VinSeCOMe - VinSeSeVin 

The first three steps can be effected in one pot and the present procedure represents therefore a 

convenient way to effect the stereospecific synthesis of synvnetrical divinyl diselenides. 
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RESULTS AND DI5cuSSIOW 

Vinyl halides react with encess MeSeLi, at 1OOY in DW under nitrogen, to give the vinyl 

selenide anions (1) and (2) (See Scheme 1); addition of acetyl chloride to the cooled solutions, - - 

followed by the usual work up and column chromatography, afforded the vinyl acetyl selenides 

(la-c) and (e-4 in yields ranging from 65 to 90% (Scheme 2). 

SCHEME 2 

R Se- 
\=/ l MeCOCl 

1 

R 
\_ 7 + MeCOCl 

Se- 

2 

c 

R SeCOMe 
\=I 

7 

R 
* \- 

-\ 
SeCOMe 

.!L 

a:R= Ph; b:R=PhS; c:Rz PhSe 

The anion (?a) was also treated with benzoyl chloride and the (E)-g-styryl benzoyl selenide, 

PhCtMHSeCOPh, was isolated in 70% yields. This reaction therefore seems to be a general one and 

other acyl halides can very likely give similar good results. Since excess &SeLi is used for the 

production of (1) and (1). NeSeCOMe and HeSeCOPh are also formed as by-products in these 

reactions: both these compounds however are easily eliminated during the work up or the column 

chromatography of the reaction mixtures. 

Vinyl acetyl selenides are very easily fragmented by electron transfer to give back the vinyl 

selenide anions. Thus, when a solution of (3) or (8) in DMF is treated, under nitrogen at room - 

temperature, with an equimolecular amount of a solution of sodium in HWA, (1) and (2) were _ - 

obtained in quantitative yields, as demonstrated by the isolation of the (Z)- and 

(E)-g-(methylselenyl)styrene, respectively, after addition of methyl iodide. Very likely these 

reactions proceed through the intermediate formation of the corresponding radical anions which 

suffer a fast fragmentation into (1) and (2) and acetyl radicals (Scheme 3). 

SCHEME 3 

7 
Na/HMPA 

DMF 
- [R\=SecoMe]F w J_ + MeCO* 

8 
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DMF 
* [RksecoMJi - .L l MeCo* 



4580 L. TESTAFERRI et al. 

The fate of the proposed acetyl radicals was beyond the scope of the present work and was 

therefore not investigated. A similar fragmentation reaction was also observed in the case of the 

corresponding vinyl alkyl selenides; 
4 

in that case however more severe experimental conditions 

were required (lOO°C; 3 - 6 h). Moreover, when the reaction was applied to the (Z)- and 

(El-l-phenylselenyl-2-methylselenyl ethylenes the fragmentation occurred at the arylselenium vinyl 

bond to afford the phenyl selenide anion. In the present case, on the contrary, the corresponding 

acetates afforded cleanly the desired anions (1~) and (zc). Clearly the vinyl acetyl selenides 

have a greater electron affinity than the corresponding vinyl alkyl selenides and their radical 

anions are also mOre easily fragmented; the fragmentation involves in every case the selenium 

acetyl bond. The procedure now described to produce the vinyl selenide anions (1) and (2) is very 

mild and offers several advantages over those reported in the previous paper and consisting in the 

dealkylation of vinyl alkyl selenides by means of HeSeLi 2.3 or of sodium4 (See Scheme 1). We have 

already applied the present method for the stereospecific synthesis of divinyl selenides with very 

satisfactory results. 
4 

A very clean method of production of (1) and (2) is an essential _ - 

prerequisite for the successful synthesis of the divinyl diselenides which is described below. 

Oxidation of (1) and (2) afforded the divinyl diselenides (!I and (lo) in good yields with 

complete retention of configuration. Although this conversion can be effected by air, as it is 

reported for the synthesis of diary1 diselenides from aryl selenide anions, 
5 

we have found that 

better results can be obtained if the oxidation is carried out with iodine.6 Thus, the OK 

solutions of (1) and (z), prepared as described above, were diluted with 10% sodium carbonate and - 

iodine was added in small portions. The divinyl diselenides (9) and (3) separated from the 

solution as orange oils (Scheme 4). 
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a: R z Ph; b:R=PhS; C: RZ PhSe 

After the usual work up most of the diselenides were obtained in pure form and no further 

purification was needed. This was very important since these compounds were not very stable and 

easily decomposed on warming or on attempted column chromatography on silica gel or in alumina. 
7 

The only way in which we succeeded in the purification of some divinyl diselenides was to wash the 

solid or oily residue with cold light petroleum; better results were obtained by using cold 

ethanol but in this case a substantial loss of product occurred. Several difficulties were 

encountered in the preparation of the compounds containing four selenium atoms in the molecule, 

i.e. compounds (9c) and (lOc), and analytically pure samples could not be obtained: nevertheless - 

spectral data of the available compounds were in agreement with the proposed structures. 
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Although other possible mechanisms for the transformation of (1) into (9) and of (z) into (JOI 

can be envisaged, a likely assumption is that (1) and (1) are first oxidized to the corresponding 

radicals which then dimerize. If this interpretation is correct, one has to assume that the vinyl 

selenyl radicals, like the corresponding anions, retain their configuration and do not 

interconvert; in fact, under the experimental conditions employed in the present work, the divinyl 

diselenides are formed with retention of configuration.’ 

The (E)- and (Z)-g-styryl acetyl selenides, (!a) and C&I, under the influence of catalytic 

amounts of sodium or of sodium methanethiolate, in OK at room temperature under nitrogen, were 

transformed into the corresponding (E)- and (Z)-tl-styryl diselenides, (gal and (e), in good - 

yields. Similarly, (e) was also obtained from the decomposition of the (E)-B-styryl benzoyl 

selenide induced by catalytic amounts of the solution of sodium in HMPA. lndependent experiments 

showed that the styryl acetyl selenides, when dissolved in DMF, do not suffer any decomposition; 

they were in fact recovered unchanged after 24 h at 40’C. The observed transformation into the 

diselenides thus does not occur thermally but it requires sodium or methanethiolate anions to be 

stimulated. Since both these reagents are good electron donors and the vinyl acetyl selenides are 

good electron acceptors it could be suggested that an electron transfer occurs to afford the 

radical anions of the vinyl acetyl selenides. This could be the first step of a chain mechanism, 

involving vinyl acetyl selenide radical anions and vinyl selenide anions, from which vinyl selenyl 

radicals are produced; these radicals then dimerire to the divinyl diselenides. The various steps 

of the proposed mechanism are indicated below for a generic vinyl acetyl selenide: 
9 

VinSeCOMe 

[ 1 
7 

VinSeCOMe 

VinSe’ + VinSeCOMe 

2 VinSe- 

e [,i.SeCOMe] 5 

VinSe’ + MeCO- 

[ VinSeCOM.]; l VinSe- 

VinSeSeVin 

Since the divinyl diselenides are produced with retention of configuration, if this mechanism is 

correct, once again one has to assume that vinyl selenyl radicals do not interconvert under the 

experimental conditions employed. This decomposition reaction seems not to be limited to vinylic 

substrates. Under the same conditions (catalytic amounts of sodium in HMPA or of MeSNa), the. 

phenyl acetyl selenide, PhSeCOMe, was converted into diphenyl diselenide in good yields. Further 

work is necessary and is presently under way to find other experimental evidences for the 

mechanism proposed above. 

The results presented in this paper show that vinyl acyl selenides can be very easily obtained 

and are very versatile selenium derivatives which can find synthetic applications other than those 

described by us in the present and in the previous paper. 
4 

To our knowledge the divinyl 

diselenides described in this work represent the first examples of this kind of compounds: 

previous synthesis of diselenides were in fact mainly concerned with symmetrical diary1 
5,6,10 

or 

dialkyl 
11 

or unsymmetrical alkyl methyl and alkyl phenyl derivatives. 
12 
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EXPERlllERTM 

The structures of the vinyl acetyl selenidcs (I) and (!) and of the divinyl diselenides (9) and 
(3) were assigned on the basis of their proton, carbon-13 and mass spectra, and of their 
elemental analyses. Proton nmr spectra were recorded at 90 Mir on a Varian EM 390 instrument in 

COC13 solutions and, in some cases, in C60 

4 

(TM as reference). Carbon-13 nmr spectra were 
recorded (CDCl solutions, TMS as reference at 20.15 fliz on a Bruker Wp 80 SY instrument 

operating in t e Fourier transform mode with proton decoupling throughout. Mass spectra were 2 

obtained with a Varian KAT 311 A instrument at 35 eV using an all glass inlet system. The presence 

of six natural isotopes of selenium leads to highly characteristic groups of picks for sel@yy 

containing fragments, but at the same time makes the analysis of these picks more difficult. ' 

:;; ~t~~e",r~~",a:",,l~~er~~ 
or only to the prominent picks; for the ions containing selenium only 
Se isotope is given. Elemental analyses were carried out on a Carlo 

Erba Model 1106 Elemental Analyzer. Glc analyses were performed on a Hewlett-Packard 5830 A 

chromatograph with a 20 in., 10% UCW 982 column. 

(2)- and (E)_g-Bromostyrenes, (Z)- and (E)-l-chloro-2-phenylthioethyleq;a (Z)- and 
(E)-1-chloro-2-phenylselenylethylene were prepared as described in previous works. 

Synthesis of the Vinyl Acetyl klenidas, (7) and (RI. 

wor:Z "'* 

ution of lithium methyl selenide (20 mmol) in THF, prepared as described in previous 

I a solution of the vinyl halide (5 mmol) in DMF (15 ml) was added. The flask was 
immersed into a silicon oil bath kept at 100°C and the THF was left to distill off under nitrogen. 

The mixture was stirred at this temperature until the starting product was consumed and the vinyl 

methyl selenide was dealkylated to the corresponding vinyl selenide anion (2 - 3 h). The progress 

of the reaction was monitored by glc after treatment of small aliquots of the reaction mixture 

with ethyl iodide. The reaction mixture was cooled in an ice bath and excess acetyl chloride (or 

benzoyl chloride) (30 mmol) was added dropwise. The resulting colourless solution was poured on 
10% sodium carbonate solution and extracted with ether. The ether was washed with water, dried and 

evaporated. The reaction product was isolated and purified by column chromatography on silica gel 

using a mixture of light petroleum and ether (98 : 2) as eluant. The reaction yields and the 
physical and spectral data of the products obtained are reported below. 

. 
_!()_=ey~~T_ac~l selenib. (IB), (80%): m.p. 54-5%. 'H-nmr a 7.3 (m. 5H), 7.0 (59 2H)v 2e45 

(s, 3H); hC6D6, 6 7.25 - 7.0 (m, 5H), 7.2 ;d, lH, J = 10.5 HZ), 6.8 (d, lH, J = lo-5 Hz)* l-85 
(s, 3H). C-nmr 6194.4 (CO), 137.3 (ipso-C), 131.2 (evin-C), 128.5 (g-C), 128.4 (m-C), 127.6 
(pC), 118.1 (s_vin-C), 34.7 (CH3). Mess, m/e 225 (22), 183 (60), 102 (31), 43 (TOO). Anal. Calcd 

for ClOHlOOSe: C, 53.34; H, 4.49. Found: C, 53.70; H, 4.48. 

. 
(E)-&Styryl acetyl selenide, (e), (86%). m.p. 7.25 - 7.1 (m, SH), 7.15 (d, lH, 
J = 16 Hz). 6.85 (d. lH, J = 16 Hz). 2.35 (s. 

48-9°C,3'H-nmr 6 
3H). C-nmr 6 195.5 (CO), 136.7 (ipso-C), 134.9 

(a_vin-C), 128.6 (o-C), i27.9 (e-C), 126.3 (m-C), 116.6 (B-vin-C), 34.5 (CH ). Mass, m/e 225 (15)~ 
183 (56), 102 (33): 43 (100). Anal. Calcd 

4.44. 

fir ClOHlOOSe: C, 53.34; H, 4.43. Found: C, 53.05; H, 

(EM-Styry 1 beuaoyL selenide, (69%;). m.p. 93-5'X. 1 H-nmr a 7.95 - 7.8 (m, 2H), 7.6 - 7.2 (m, 8H), 
7.55 (d, lH, J = 16 Hz), 6.95 (d, lH, J = 16 Hz). Mass, m/e 287 (5), 105 (loo), 77 (8). Anal. 
Calcd for C15H120Se: C, 62.72; H, 4.22. Found: C, 63.00; H. 4.18. 

. 
(Z)-2_Phenylthio-l-ethenyl acetyl selenide, (c), (89%). m.p. 39-41°Cj3'H-nmr a 7.4 - 7.2 (m, 5H), 

7.0 (d. 1H. J = 10 Hz). 6.8 (d. 1H. J = 10 Hz), 2.45 (s. 3H). C-nmr d 193.9 (CO), 134.8 
(ipso-C), 129.7 (o-C), 129.2 (m-C), 127.8 (a-vin-C), 127.1 (P-C), 119.8 (B-vin-C), 34.7. (CH ). 
bss, m/e 258 (947, 216 (loo),-135 (7), 43 (10). Anal. Calcd for C10H10055e: C, 46.69; H, 3.33. 

Found: C, 46.90; H, 3.85. 

(E)-2_Phsnylthio-l-ethsnyl ecetyl selenide, (4&d, (76%), m.p. 'H-nmr * 7.3 - 7.15 (m, 
SH), 6.7 (d, lH, 3 = 15.5 Hz), 6.6 (d, lH, J = 15.5 Hz), 2.4 (s, 58-60°Cf3 3H). C-nmr d 195.4 (CO), 133.9 

(ipso-C), 

257 (48). 

130.5 and 129.2 (g-, m-, E-C), 127.4 (a-vin-C), 115.3 (B-vin-C), 34.2 (CH3). Rass, m/e 

215 (loo), 134 (35), 104 (22), 43 (79). Anal. Calcd for ClOHlOOSSe: C, 46.69; H. 3.93. 

Found: C, 46.95; H, 3.95. 

. 
(~)_2-ph~l~l~l-l4timyl acetyl selenide, (3~). (68X), m.p. 23-4'C. 'H-nmr s 7.45 - 7.0 (mp 
7H), 2.4 (s, 3~); in C6~6, 6 7.45 {g, lH, J = 8.5 Hz), 7.35 - 7.1 (m, 2H)v 7.0 - 6.95 (mP 3H)* 6*9 

(d, lH, J = 8.5 Hz), 1.8 (5, 3H). C_nmr 6 193.7 (CO), 132.1 (o-C), 130.2 (ipso-c), 129.3 (@)v 
127.4 (pC), 125.3 (a-vin-C), 123.3 (B-vin-C), 34.6 (CH ). f@~ss, m/e 306 (35)~ 264 (62)* 182 (31)* 

104 (71), 103 (30). 43 (100). Anal. Calcd for C10H100~2: c, 39.49; H, 3.32. Found: C, 39.8; H. 

3.42. 
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(E)_2_ph~yl~l~yl-l-ethenyl metyl selenide, (&), (80%), m.p. 31-3’C. H-nmr 6 7.6 - 7.4 (b 
2~). 7.3 - 7.15 (m, 3H), 6.85 (s, 2H), 2.4 (s, 3H); in C 0 , 6 7.45 - 7.25 (m, 2H), 7.15 - 6.95 

(m, 2H), 6.9 (d, lH, J = 16 HZ), 6.7 (d, TH, J = 16 HZ), 4.8 (s, 3H). 13C-nmr 6 195.2 (CO), 132.9 
(o-C), 129.3 (m-C), 129.2 (ipso-C), 127.7 (P-C), 124.5 (a-vin-C), 118.1 (B-vi+C), 34.2 (CH3). 

h&, m/e 306 (44), 264 (89). 182 (34). 104 (72), 103 (28), 43 (100). Anal. Calcd for C10H100Se2: 

C, 39.49; H, 3.32. Found: C. 40.02; H, 3.38. 

Synthesis of tha Divinyl Diselmidss (9) and (10). 
Sodium (0.25 g) was added to HHPA (10 ml), stirred under nitrogen at 100°C. The resulting 

solution was cooled at room temperature. This solution (1 ml) was added to a stirred solution of 
the vinyl acetyl selenide (1 mmol) in DW (10 ml) kept under nitrogen at room temperature. After 

half an hour the starting product was completely fragmented (tic). A 10% solution of sodium 

carbonate (TS ml) was added. To the resulting solution iodine was added in small portions until it 

was consumed. An orange viscous oil separated during the addition. The resulting mixture was 

diluted with water, saturated with sodium chloride, and extracted with ether. The ether was washed 

with a saturated solution of NaCl, dried and evaporated at room temperature. In most Cases the 

residue was constituted by sufficiently pure divinyl diselenide. Purification was effected by 
washing with cold light petroleum or cold ethanol. Attempted chromatography on silica gel, 

deactivated silica gel 0~ alumina columns gave rise to a product which was contaminated by some 

decomposition compounds. Analitically pure samples of (SC) and (c) could not be obtained. The 
reaction yields and the physical and spectral data of the products obtained are reported below. 

1 
(2)-pStyry1 diselenide, (!a),1$82%), m.p. 72-4OC. H-nmr 6 7.4 - 7.2 (m, 5t0, 7.0 (d, TH, J = 10 -- 
Hz), 6.85 (d, lH, J = 10 Hz). C-nmr 6 136.9 (ipso-C), 131.6 (a-vin-C), 128.5 (g-C), 128.4 (m-C), 

127.7 (e-C), 126.3 (B-vin-C). Mass, m/e 364 (54), 284 (lo), 205 (40), 182 (100). Anal. Calcd for 

C16H14Se2: 
C, 52.76; H, 3.88. Found: C, 52.35: H, 3.98. 

(E)-e-Styryl diselenide, (e), (90%]3 m.p. 62-4'X. 'H-nmr 6 7.3 - 7.15 (m. 5H), 7.15 (d, lH, J = 

16 Hz), 6.95 (d, lH, J = 16 Hz). C-nmr 6 136.9 (a-vin-C), 136.3 (ipso-C), 128.7 (0-C). 128 
(PC), 126.6 (m-C), 118 (6-vin-C). Mass, m/e 366 (50). 286 (34). 206 (64). 205 (62). 183 (TOO). 

Anal. Calcd fo; C16H14Se2: C, 52.76; H, 3.88. Found: C, 53.00; H, 3.82. 

(2)_2_~~ylthio_l_ethenyl diselenida, (%I3 (86%), m.p. 33-5’C. ‘H-nmr 6 7.45 - 7.2 (b 5H), 7.1 
(d, lH, J = 8 Hz), 6.7 (d, TH, J = 8 Hz). C-nmr 6134.8 (ipso-C), 129.5 and 129.2 (o-, m-, E-C). 
127.1 (wvin-C), 125.9 (bvin-C). Mass, m/e 427 (9), 349 (13), 241 (40), 161 (100). 135 (35). 134 

(54). 109 (65), 91 (26). Anal. Calcd for C16H14S2Se2: C, 44.86; H, 3.30. Found: C, 44.92; HP 3.36. 

(E)_2_phanyl&o-l-ethenyl diselenids, (e), (79%). oil. 'H-nmr 6 7.4 - 7.15 (m, 5H), 6.85 (d, 

lH, J = 15.5 Hz), 6.75 (d, 1H, J = 15.5 Hz). C-nmr 6 133.6 (ipso-C), 132.6 (o-vin-C), 130.5 

(O-C), 129.2 (Z-C), 127.5 (PC), 115.7 (Win-C). Mass, m/e 426 (9), 349 (5). 240 (16). 161 (TOO), 
135 (48). 134 (62), 109 (44), 77 (11). Anal. Calcd for C16H14S2Se2:: C, 44.86; H, 3.30. Found: C, 

45.02; H, 3.24. 

(2)-t-phenylselmyl-l-ethenyl diselanide, (SC), (78%), oil.l!3H-nmr 6 7.6 - 7.35 (m, 2H), 7.45 (d, 
lH, J = 8 Hz), 7.3 - 7.15 (m, 3H), 7.0 (d, 1H, J = 8 Hz). C-nmr 6 132.1 (o-C), 130.2 (ipso-C), - 
129.3 (5-C). 128.9 (a-vin-C), 127.8 (6-vin-C), 127.5 (e-C). 

(E)-2-Phanylselenyl-1-ethenyl diselenide, (s), (72%), oil. 'H-nmr 157.6 - 7.35 (m, ZH), 7.3 - 
7.15 (m, 3H), 7.0 (d, lH, J = 15.5 HZ). 6.8 (d, lH, J = 15.5 Hz). C-nmr 6 132.8 (g-C), 129.3 
(Z-C), 129.2 (ipso-C), 127.6 (e-C), 125.9 (m-vin-C), 118.4 (B-vin-C). 

Decoqosition of the Acyl Solemidas uith Sodiu or uith HeFib. 
To a solution of the acyl selenide (1 mmol) in DfV (6 ml), stirred under nitrogen at room 

temperature, the solution of sodium in HWA or solid sodium methanethiolate (10% of the 

stoichiometric amount) was added. The progress of the reaction was followed by tic. After 2 - 6 h 

the starting product was completely consumed and transformed into the corresponding diselenide. 

The reaction mixture was worked up as described above. In the case of MeSNa, (7a), (8a), and 

PhSeCOMe were converted in (!a), (lJb~) and diphenyl diselenide in 75, 72, and 85%-yields, 
respectively; when the reactions were carried out with sodium in HFPA the corresponding reaction 
yields were 81, 82, and 88%. Under these latter conditions the (E)-phCH=CHSeCOPh was transformed 

into (e) in 78% yields. 

Acknouled~t. This work was supported by a grant from the CNR program "Chimica Fine e 
Secondaria". 
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