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ACTION OF ALKALI METALS IN LIQUID AMMONIA ON SUBSTITUTED THIOPHENES. 

VI.* PREPARATION OF DERIVATIVES OF VINYL THIOETHERS 

E. P. Zakharov and Ya. L. Gol'dfarb UDC 542.91:547.73:547.361 

In continuation of our research on the preparation of aliphatic thioethers for substi- 
tuted thiophenes by reducing the latter with alkali metals and alcohol in liquid ammonia, 
followed by alkylation [i], we studied the possible use of other alkylating agents in this . 
reaction, with the final aim of synthesizing vinyl thioethers with an additional functional 
substituent in the molecule. 

s  + Li + t -BuOH.  ~H~ C~H~CH=C_S_Li  + A lky l a t i ng  C~H~CH----C--SR 
\ / { a g e n t  I 

S R R 
(I) - -  ( I X )  

R ---- Et ,  R '  = (CH~)4COOEt (I); R = Et,  R" = CH~COPh (II); 
R = Me, R '  = CH~CH20H (III); R = Et, R '  = CH~CHaOH (IV); 
R ---- Me, R '  ----- CH2CH(CHa)OH (V); R = Et, R '  ---- CH~.CH(CHa)OH (VI);: 
R - -  (CH2)~NEt~, R '  = CH2CH(CH~)OH (VII); R = Et, 
R '  ---- C H o H C - - C H ~  (VIII); R ---- Et ,  R '  ---- CH~CHCH~--S--C = C H E t  (IX) 

" , , /  I 1 
0 OH Et  

The thioethers ( I I I ) - (VlII )  were obtained in high yields (Table i) from the correspond- 
ing s-substituted thiophenes by alkylation of the intermediate enthi-olate with epoxy compounds, 
i.e., ethylene oxide, propylene oxide and epichlorohydrin. In the first two cases, an epox- 
ide ring opening took place with the formation of thiovinyl ethers containing an OH group 

ii2o 
Co.HsCH=C--SLi + H~C . CHR" ~ C~HsCH=C--S--CH2CHOH 

I \/ l I 
R O R R ~ 

R" ----- H, Me 

The secondary alcohol structure of the product of the alkylation with propylene oxide 
was confirmed by reductive desulfurization [of the thioether (VI)] with Raney Ni in methanol; 
isopropanol was detected [n-propanol, according to thin-layer chromatography (TLC) data, was 
absent]. Thus, the cleavage of the epoxide ring during the reaction of propylene oxide with 
the thiolate in liquid ammonia takes place selectively. The direction of the opening of the 
ring coincides with that of similar reaction carried out in different media [3]. 

*For communication V, see [i]. 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, Moscow. 
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 8, pp. 1877-1881, 
August, 1978. Original article submitted April 22, 1977. 
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During alkylation with epichlorohydrin, the reaction, in principle, can proceed at the 
halogen-carrying carbon atom, and with opening of the ring. It is known that at an equi- 
molecular ratio of the reagents, or in the presence of an excess of epichlorohydrin, the last 
reacts with the thiol only at the chlorine atom [4, 5].* The reaction proceeded similarly in 
our experiments also: The molecule of the thioether (VIII) formed included a fragment with 
the epoxide ring being retained. At the same time, if the amount of epichlorohydrin is pur- 
posed!y insufficient, together with the epoxy sulfide, a product of the ring cleavage of the 
second molecule of the thiolate is also obtained 

H~O 
C2H~CH=C--SLi ~ C1CH2HC CH~ - - - ~  (VIII) -~- (C~H~CH=C--S--CH2)~CHOH 

1 \ /  J 
C~H5 O C2H~ 

Alkylation of the reduction product of 2-ethylthiophene with phenacyl bromide leads to the 
formation of an oxo-substituted sulfide (II); a sulfide substituted with a carbethoxy group 
(I) was obtained by the action of ethyl ~-~chlorovalerate on the thiolate. The yield in the 
last case is somewhat too low, which agrees with the lower activity of alkyl chlorides com- 
pared with that of bromides and iodides of similar structure. 

The structure of the thioethers obtained was confirmed by PMR, IR, and mass spectro- 

scopy. 

Thus, using halides carrying functional groups, as well as epoxy compounds as alkylating 
agents, it is possible to prepare practically in one step unsaturated sulfides of different 
structures from a-substituted thiophenes. 

EXPERIMENTAL 

The PMR spectra were run on the DA-60-JL apparatus (60 MHz) in CCI~ with reference to 
TMS. The spectra of all the thioethers contained the signals of the vinyl proton (broadened 
triplet, 8, 5.5-5.7 ppm, J = 7.0-7.1 Hz; i H) and of the protons of the ethyl group belonging 
to the thiolate fragment of the molecule. The spectra also had sharply discernible signals, 
characteristic of given specific structures [8 (ppm), type of signal, spin--spin-interaction 
coupling constant (Hz), intensity, and group of protons are given]. (I): 4.06, q, 7.2, 2H~ 
CH3CH~O. (II): 3.83, s, --, 2H, SCH2CO; 7.91, m, --, 2H, CH aromatic (6, ~); 7.37, m, --, 3H, 
CH aromatic (~,B, y). (III): 1.87, s, -, 3H, CHsC=; 2.74, t, 6.7, 2H SCH2CH2. (IV): 2.59, 
t, 6.7, 2H, SCH=CH~ (V): 3.65, m, 6.1, IH, CH2(CH3)CHOH; 2.92, broad s, --, IH, OH; 2.64, d 
(split), 6.1, 2H, SCH___~2CH; 1.95, S, --, 3H, CH3C =. (VI): 3.62, m, 6.1; IH, CH2(CH3)CH__OH; 2.85, 
s, --, IH, OH; 2.54, d (split), 6.1, 2H, SCHzCH. (IX): 3.45, m, 5.6, IH, CH2(OH)CH_CH~. In the 
spectra of (VII) and (VIII), due to overlapping of the signals in the middle section (2-4 ppm), 
it wasnot possible to obtain accurate data on the chemical shifts and the spin-spin inter- 
action in addition to those noted above. 

The IR spectra were run on the UR-20 spectrometer (in a liquid film, KBr). Besides the 
lines present in the spectra of all the thioethers obtained, namely at 1620-1630 am -~ (C=CH), 
as well as the lines corresponding to the CH~ and CH2 groups, signals were also observed cor- 
responding to the vibrations of the OH group (3350-3540, 1030-1070 cm -~) in the spectra of 
(III)-(VII) and (IX), the epoxy group (3000, 3050, 1260 cm -:) in the spectrum of (VIII), the 
carbonyl group (1735 and 1690 cm -~) in the spectra of (I) and (II), respectively. 

The mass spectra were obtained on the MX-13-03 and Varian CH-6 apparatus. In all cases, 
the peak of the molecular ionwas recorded, with an intensity from 4% (VIII) to 55% (IV) of 
the maximum. The most intense signals corresponded to the alkyl splitting at the C-S bond, 
as well as the cleavage of the C-C bond ~ to the hetero atom (N, O, S). 

The gas--liquid chromatographic (GLC) analysis was carried out on the LKhM-8MD chromato- 
graph (flame-ionization detector, gas carrier, helium, 30 ml/min). Column A: i00 • 0.3 cm, 
5% Apiezone L on Celite-545, modified with 0.4% Na3PO4 (temperature of the column 180-200~ 
- -  for the analysis of (VII) and (IX). Column B: 200• 0.3 cm, 7% PFMS-5 on a silanized 
Chromosorb G (160-210aC) -- for the analysis of (1)-(VI), (VIII). Column C: 300 • 0.3 cm, 
otherwise similar to column B (30-50"C) -- for the identification of low-molecular-weight 
products of the reduction desulfurization of (VI) and for controlling the purity of the 

initial epoxy compounds. 

*The above information refers to reactions carried out in alcohols or without a solvent. 
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The s-substituted derivatives of thiophene were prepared by methods described in [6, 7]. 
Alkene oxides, 6-chlorovaleric acid (commercial products), were purified by distillation. 

3-(4-Carbethoxybutylthio)-3-hexene (I). Small pieces of lithium (1.39 g, 0.2 g-atom) 
were added in portions in an inert gas atmosphere, at --40~ to a stirre ~ solution of 4.48 
g (0.04 mole) of 2-ethylthiophene and 14.8 g (0.2 mole) of tert-butanol in 300 ml of liquid 
ammonia. After stirring (2 h at --40~ themixture was cooled to --70~ and then, 13.1 g 
(0.08 mole) of ethyl ~-chlorovalerate were added slowly, and then in the course of 30 min, 
5 g of NH4CI (for neutralization of traces of unreacted metal). Ammonia was evaporated, and 
the residue diluted with water, and extracted many times with ether. By distillation, 5.75 g 
(50%) of thioether (I) (see Table i) and 7.7 g of the starting ethyl chlorovalerate were iso- 
lated. Other thioethers were obtained by a similar procedure from 0.02-0.04 mole of the u- 
substituted thiophene. During the preparation of (VIII), i00 ml of ether, distilled over 
LiAIH~ immediately before the experiment, served as the cosolvent. In the synthesis of 
(IX), the molar ratio of the initial 2-ethylthiophene and the alkylating agent was 1:0.9. 

Reductive Desulfurization of Thioether (Vl). A mixture of 1.25 g of the thioether, 
I0 g of freshly prepared Raney Ni, and 6 ml of absolute methanol was stirred, with heating, 
for 4 h. The liquid was decanted from the precipitate, and centrifuged, and then a probe 
for the GLC analysis was taken. 

CONCLUSIONS 

Reduction in liquid ammonia of a-substituted derivatives of thiophene, followed by 
alkylation of the reduction product with organic halides or epoxy compounds, gave unsatu- 
rated thioethers, containing various functional groups in the molecule, in high yields. 
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