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The nucleophilic addition of thiols to vinylacetylene under mild conditions (50-60 ~ in alcohol) leads 
mainly to the format ion of 1-alkyl(aryl) thio- l ,3-butadienes  and a small  amount of other compounds [1] 

[-~ RSCH=CH--CH=CH2 

CH~=CH--C--CH q- RSH -~ RSCH~--CHz--C----CH 
-~ RSCH~--CH=C=CH~ 

[-~ CH~=C--CH=CH~ 
I 
SR 

The separation of these mixtures is quite difficult. A more convenient method for the preparation of 

the c i s - l -Mkyl (a ry l ) th io - l , 3 -bu tad ienes  could be the selective hydrogenation of c i s - l - a lky l (a ry l ) th io -1 -  
buten-3-ynes ,  which are  easi ly obtained by the s tereospecif ic  nucleophilic t rans-addi t ion of thiols to diace-  
tylene in alcohol medium [2] 

H~ 
BSCtt=CH--C=---CH --> RSCH =CH--CH = CH~ 

In connection with this we investigated the possibil i ty of the selective hydrogenation of the methyl- ,  
t e r t -bu ty l -  and pheny l - l -bu ten -3 -ynes .  At the same time, this synthesis  route could be regarded as being 
a counter synthesis,  which co r robora t e s  the c i s - s t ruc tu re  of the alkyl(aryl)thiobutadienes that are  formed 
by the nucleophilic thiylation of vinylacetylene inprotonic solvents [1]. For  the select ive reduction of the 
acetylenic bond before the double bond it is cus tomary  to use either Lindlar catalyst  [3] o r  Raney nickel 
[4, 5] in the p resence  of amines.  As was shown by Marvell and Tashiro  [6], unsaturated compounds in their 
ease of hydrogenation can be ar ranged in the following order :  R - C - CH > R - C = C - R > R - C = CH 2 
> R - CH = CH - R. The same authors [6], and also Crombie and co-workers  [7], employed selective 
semireduet ion of the acetylene bond for the prepara t ion of cer ta in  dienes and t r ienes  f rom the cor respond-  
ing enyne and dienyne compounds. There  is little information in the l i te ra ture  on the catalytic hydrogena-  
tion of unsaturated sulfides [8, 9]. 

By means of p re l iminary  experiments  it was established that the hydrogenation of alkylthiobutenynes 
over  Lindlar catalyst  proceeds  at an ext remely  slow rate (in the presence  of 200 mg of catalyst ,  a total of 
only 0.4 mole of hydrogen, when based on one bond, is absorbed in 6 h). The more  active and stable pal-  
ladium catalyst ,  obtained by the reduction of palladium chloride with sodium borohydride as descr ibed in 
[10], proved to be especial ly suitable. Although the catalyst  is poisoned and the reduction rate of repetit ive 
samples Of the alkylthiobutenyne dec reases  when 1-alkylthiobutenynes are hydrogenated completely to the 
sulfides, this poisoning has a revers ib le  charac te r .  After washing the catalyst  severa l  t imes with methanol 
the rate of hydrogenation on it, for example, of cyclohexene (as a standard) gradually reaches  near ly  its 
initial value. The hydrogenation was run at room temperature  and atmospheric  p r e s su re  in methanol solu- 
tion. The course  of the react ion was followed via the GLC analysis  of individual samples,  which were taken 
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Fig. 1. Composi t ion of ca ta lyzate  during the hydrogenat ion of c i s - 1 -  
me thy l th io - l -bu t en -3 -yne :  1} c i s - l - m e t h y l t h i o - l - b u t e n - 3 - y n e ;  2) c i s -  
1 -methy l th io - l ,3 -bu tad iene ;  3) and 4) c i s - t r a n s - l - m e t h y l t h i o - l - b u t e n e ;  
5) methyl  butyl sulfide. 

Fig.  2. Composi t ion of ca ta lyzate  during the hydrogenat ion of e i s - l - t e r t -  
bu ty l t h io - l -bu t en -3 -yne :  1) c i s - 1 - t e r t - b u t y l t h i o - 1 - b u t e n - 3 - y n e ;  2) 1 - t e r t -  
bu ty l th io- l ,3 -butad iene ;  3) 1 - t e r t - bu ty l t h io - l -bu t ene  and butyl t e r t -bu ty l  
sulfide.  

during the hydrogenat ion p r o c e s s .  Curves  were  cons t ruc ted  on the bas i s  of the obtained data, which cha r -  
ac te r i zed  the change in the composi t ion of the ca ta lyza te  as a function of the amount of added hydrogen.  

As can be seen  f rom Figs.  1 and 2, the hydrogenat ion of the t r iple  bond in the c i s - m e t h y l -  and e i s -  
te r t -butyl th iobutenynes  p roceeds  quite se lec t ive ly .  After  the absorpt ion  of 1 mole of H 2 pe r  mole  of s t a r t -  
ing butenyne the reac t ion  mix ture  contains 85-90% of the diene sulfide, 5-6% of the products  of fu r the r  r e -  
duction, and the s ame  amount of the s ta r t ing  compound. However ,  for  the p r e p a r a t i v e  isolat ion of the 1- 
a lky l th io - l ,3 -bu tad ienes  it is bes t  to stop the hydrogenat ion af ter  the absorpt ion of 0.85-0.9 mole  of hydro -  
gen, where the reac t ion  mixture  contains 80-85% of the diene, 3-4% of alkylthiobutenes,  and 12-17% of the 
s ta r t ing  butenyne.  The la t te r  compounds can be eas i ly  removed  by t reat ing the ca ta lyzate  with ammoniaca l  
s i lve r  complex.  The s t ruc tu re  of the 1 -a lky l th io - l ,3 -bu tad ienes  is conf i rmed by the data of the IR spec t r a ,  
in which intense bands at 1577 and 1625 cm -1 co r respond  to the conjugated diene grouping; the bands of the 
deformat ion  v ibra t ions  of the c is - th iovinyl  hydrogens a re  also p re sen t  at 760 cm -~. Based on the GLC data, 
these compounds a re  complete ly  identical  with the c i s - l , 3 - d i e n e  adducts that are  obtained under  the condi- 
tions of the nucleophilic reac t ion  of thiols with vinylacetylene in alcohol medium [1]. 

Under analogous conditions, f rom the t r a n s - l - m e t h y l t h i o - l - b u t e n - 3 - y n e  that was obtained via the 
p r e p a r a t i v e  g a s - c h r o m a t o g r a p h i c  par t i t ion  of a mix ture  of the c i s -  and t r ans - l -me thy l th iobu tenynes  [11], 
was isola ted a product  that contained 50% of the t r ans -d iene ;  the other  50% rep re sen ted  the products  of the 
fur ther  hydrogenat ion of the diene. Apparently,  the se lec t iv i ty  of reduct ion of the t r ans -bu tenynes  is lower 
than that of the c i s - i s o m e r s .  In the IR s pec t rum of the obtained mix tu re  the doublet of bands at 1570 and 
1620 cm -1 co r r e sponds  to the 1,3-diene grouping. 

The resu l t s  of the reduct ion of the pure  i s o m e r s  of the methyl thiobutenynes tes t i fy  to the fact  that 
thei r  hydrogenat ion is not accompanied  by noticeable c i s - t r a n s  i somer i za t i on  with r e spec t  to the double bond. 
This  is also co r robo ra t ed  by means  of spec ia l  exper imen t s  that were  run on keeping a mix ture  of the c i s -  
t rans  methyl thiobutenynes over  a hyd rogen- sa tu ra t ed  Pd - B ca ta lys t  in a ni t rogen a tmosphere .  Neither  
hydrogenat ion of the t r ip le  bond due to the hydrogen of the ca ta lys t  nor  c i s - t r a n s  i somer i za t ion  is obse rved  
under  these conditions.  Analys is  of the compounds containing the ter t -butyl th io  group is somewhat  difficult, 
s ince as yet  we have been unable to se lec t  the p rope r  GLC conditions for  effecting a separa t ion  of the c o r -  
responding c i s -  and t r ans -compounds  and the sa tu ra ted  sulfide. 

The hydrogenat ion of c i s - l - p h e n y l t h i o - l - b u t e n - 3 - y n e  apparent ly  p roceeds  in the s ame  manner  as in 
the case of i ts  alkylthio der iva t ives .  Not making a p r e p a r a t i v e  isolat ion of the products ,  it was shown by 
us that the absorpt ion of 1 mole  of hydrogen leads to a compound that is ch romatograph ica l ly  identical  with 
the c i s - l - p h e n y l t h i o - l , 3 - b u t a d i e n e  fo rmed  during the nucleophilic thiylation of v inylacetylene  by thiophenol 
in alcohol med ium [1]. As by-produc ts  we also detected compounds that a re  fo rmed  by the fu r the r  reduction 
of e i s -  1 -pheny l th io - l -bu t en -3 -yne .  
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Fig.  3. Composit ion of catalyzate during the 
hydrogenation of c i s - t r a n s - l - m e t h y l t h i o - 1 -  
buten-3-ynes :  1) and 2) c i s -  and t r a n s - 1 -  
me thy l th io - l -bu ten -3 -ynes ;  3) and 4) c i s -  
and t r ans - l -me thy l th io - l , 3 -bu tad i enes ;  5) 
and 6) cis and t r a n s - l - m e t h y l t h i o - l - b u t e n e s ;  
7) methyl butyl sulfide. 

par i son  both by the procedure  given in [12]: 

As a result ,  the hydrogenation of the s tereoiso-  
mer ic  alkylthiobutenynes over  Pd - B catalyst  can be 
considered to be a fair ly reliable method for the syn-  
thesis of the corresponding s t e reo i somer ic  butadiene 
compounds. The addition of the next molecule of hydro-  
gen to the formed alkylthiobutadienes can lead to the 
formation of five possible i somers  

RSCH=CH--CH=CH2 Jr H~ 

_~ RSCH----CH--CH~--CHa cis- and trans- 

RSCH2--CH=CH--CHa cis- and trans- 

RSCH~--CH2--CH=CH~ 

In the IR spect rum of the products,  obtained in 
the hydrogenation of the cis-butenynes with 2 moles of 
hydrogen, is absent the doublet of bands in the 3090- 
3100 cm -1 region that is charac te r i s t i c  for the =CH 2 
group, which excludes the presence  of the 1-alkylthio- 
3-butene in the react ion mixture.  We also failed to 
detect the 1-alkylthio-2-butene (C = C frequency in the 
IR spect rum at 1670 cm -1) in the react ion mixtures,  
which was synthesized by us for chromatographic  corn- 

hv 
CH==CH--CH=CH2 -~ RSH--~ RSCH2--CH=CH--CHa 

and by the reduction of the 1-alkylthio-2-butyne [13] over Pd - B catalyst  

H~ 
BSCH2--C--=C--CHa --> RSCH2--CH = CH--CHa 

R=CHa, t-C~H9 

Both spect roscopica l ly  and chromatographical ly ,  the hydrogenated mixture proved to be identical with 
the 1-a lkyl th io- l -butene  that was obtained by counter synthesis f rom butyraldehyde using the procedure  
given in [14] 

CH3--CH2CH2CHO -~ 2RSH -> CH3CH2CH~CH (S2R) -Hs~_. CHsCH~_C H =CHSR 
R=CH3,  t-C4H9 

In the IR spec t rum of the 1-a lkyl th io- l -butene  the intense frequency charac te r i s t ic  for the C =C 
bond had dropped to 1608-1615 cm -t,  which is evidently explained by the presence  of a sulfur atom in direct  
proximity  to the double bond. As a result ,  prac t ica l ly  only the terminal  double bond of the alkylthiobuta- 
dienes undergoes reduction under the investigation conditions, while the C = C bond, found attached to the 
sulfur atom, apparently remains  completely untouched. Analogous observations were made in [8] during 
the hydrogenation of dienes that s imultaneously contain RS and C1 attached to one of the double bonds. 

F r o m  what has been said it follows that when compounds of the type of 1 -a lky l th io - l -bu ten-3-ynes  are 
hydrogenated over  pa l l ad ium-bo r ide  cata lyst  the ease of reduction of the multiple bonds dec reases  in the 
order :  - C  -- CH > - C H  = CH 2 > - C H  = CH - SR. 

Apparently, both in the hydrogenation p rocess  (3) and when prepara t ion is by the counter synthesis 
route (6), approximately equimolar  mixtures  of the c i s -  and t r an s - l - a l ky l t h io - l - bu t enes  are formed,  since 
the ch romatograms  of the 1 -methy l th io- l -bu tene  obtained by the two methods each have two peaks of approx- 
imately the same magnitude. These same two compounds, but now in different rat ios,  are formed when 
t r a n s - l - m e t h y l t h i o - l - b u t e n - 3 - y n e  is reduced (2). As a result ,  it is possible to assume that c i s -  t rans 
i somer iza t ion  occurs  at the step of hydrogenating the 1-alkyl thio- l ,3-butadienes  to the olefin sulfides, which 
proceeds  more  profoundly when the c i s -product  is hydrogenated. A s imi lar  phenomenon during the hydro-  
genation of the t rans-alkoxybutadienes was also observed by the authors of [15]. 

The exhaustive hydrogenation to the saturated sulfides was not studied in detail by us. However, f rom 
Figs.  1-3 it is quite obvious that the saturated compounds already appear in the mixture after the absorption 
of 1 mole of hydrogen. 
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E X P E R I M E N T A L  

The IR s p e c t r a  were  taken on a UR-10 ins t rument  in a cell  with a thickness of 0.026 ram. The liquid 
reac t ion  products  were  chromatographed  on an LKhM-5 ins t rument  using a 2 - m e t e r  column, which was 
fil led with poly(ethylene glycol adipate) deposi ted on Chromoso rb  W; the c a r r i e r  gas  was hel ium.  The NYK~ 
spec t r a  were  taken on an RS-60 ins t rument  in CC14 solution, using t e t ramethyIs i l ane  as the in ternal  s tan-  
dard.  The p r e p a r a t i v e  par t i t ion  of the cis - t rans  1 - m e t h y l t h i o - l - b u t e n - 3 - y n e  was run on the c h r o m a t o -  
graph desc r ibed  in [16]. 

The c i s - l - a lky l (a ry l ) th iobu tenynes  were  obtained by the method indicated in [2, 17]. 

Catalyt ic  Hydrogenat ion of 1 -A lky l th io - l -bu t en -3 -ynes .  A solution of 1.0-1.5 g of the 1 -a lky l th io-1-  
bu ten-3-yne  in 20-30 ml  of methanol  was hydrogenated over  0.15-0.20 g of Pd - B ca ta lys t  in a rocking 
hydrogenat ion ves se l  (700 turns pe r  minute) v ia  the addit ion of hydrogen f r o m  a ca l ib ra ted  bure t .  The 
quantitat ive composi t ion of the ca ta lyzate  was de te rmined  by the GLC method, employing a syr inge  to r e -  
move samples  during the course  of hydrogenat ion.  The cha rac t e r i s t i c  d i ag rams ,  obtained in the hydrogena-  
tion of the me thy l -  and ter t -butyl th iobutenynes ,  a re  shown in Figs .  1-3.  

Hydrogenat ion of Mixed cis - t r a n s - M e t h y l b u t e n y n e s  in a Nitrogen Atmosphere .  The Pd - B ca ta lys t  
(100 mg) was f i r s t  sa tu ra ted  with hydrogen for I h, af ter  which the hydrogenat ion ve s se l  was purged with 
ni t rogen and then a solution of 0.71 g of the mixture ,  having a cis  : t r ans  ra t io  of 9 : 1, in 20 ml  of methanol  
was added. After  shaking for  1.5 h in a n i t rogen a tmosphere  the composi t ion of the mixture ,  on the bas i s  
of the chromatograph ic  analysis  data, did not change.  

P r e p a r a t i v e  Synthesis of 1 -Alky l th io - l ,3 -bu tad ienes .  A solution of 1.5 g of c i s - l - m e t h y l t h i o - l - b u t e n -  
3-yne in 20 ml  of methanol ,  in the p r e s ence  of 0.15-0.20 g of the cata lys t ,  was sa tu ra ted  with hydrogen 
until 0.85-0.9 mole  pe r  mole  of s ta r t ing  compound had been absorbed.  Then the reac t ion  was stopped and 
to the obtained mix tu re  was added 1.0 g of AgNO 3 in aqueous ammonia  solution. The solution was separa ted  
f r o m  the p rec ip i ta te  and poured  into water ;  the product  was ex t rac ted  with e ther ;  yield 0.5 g (30%); n~ 
1.5490; d~ 0.9057. Found: C 59.72; 59.81; H 7.98; 7.99; S 31.69; 31.81%. C5H8S. Calculated: C 59.92; H 
8.05; S 32.02%. 

Under  analogous conditions, the diene was obtained f r o m  3.5 g of c i s - l - t e r t - b u t y l t h i o - l - b u t e n - 3 - y n e ;  
yield 1.1 g (29%); bp 55.5-56 ~ (14 ram); n~ 1.5125; d~ ~ 0.8620. Found: C 67.34; 67.45; H 9.86; 9.95; S 22.20; 
22.22%. C8H14S. Calculated:  C 67.52; H 9.93; S 22.59%. 

Butyraldehyde Dimethyl  Thioaceta l .  A mix ture  of 9.8 g of methyl  mercap tan ,  7.2 g of f r e sh ly  dis t i l led 
butyra ldehyde and 0.2 g of p- toluenesulfonic  acid was placed in a f lask,  equipped with a magnet ic  s t i r r e r  
and a ref lux condenser ,  cooled with a mix tu re  of d ry  ice and acetone.  The mix ture  was slowly heated in 
such a manne r  that the evapora t ing  methyl  m e r e a p t a n  descended f r o m  the reflux condenser  in drops .  The 
p r o c e s s  was continued until the t e m p e r a t u r e  of the reac t ion  mix tu re  reached  64~ The upper  l aye r  was 
poured  into cold caust ic  solution and ex t rac ted  with e ther .  After  drying and dist i l l ing off the solvent  the 
product  was vacuum-dis t i l l ed ;  yield 10.2 g (72%); bp 84-84.5 ~ (13 mm);  n~ 1.5080; d~ ~ 0.9733. Found: C 
47.91; 47.78; H 9.43; 9.34; S 42.29; 42.38%. CcH~4S 2. Calculated: C 48.00; H 9.33; S 42.66%. 

1 -Methy l th io - l -bu tene .  A mix tu re  of 8.8 g of butyra ldehyde dimethyl  thioacetal  and a catalyt ic  araount 
of phosphor ic  acid was heated in a dis t i l la t ion f lask in such a manner  that the fo rmed  1 -me thy l th io - l -bu t ene  
slowly col lected in the r e c e i v e r .  The crude product  was washed with 0.5 M NaOH solution, then with water ,  
and dr ied  over  MgSO4; yield 4 .5g  (75%); bp 122-124~ n~ 1.4812; d 2~ 0.8702. Found: C 58.47; 58.61; H 9.90; 
9.64; S 30.81; 30.74%. CsH10S. Calculated:  C 58.82; H 9.80; S 31.37%. An absorpt ion band at 1610 cm -1 is 
p r e s e n t  in the IR spec t rum,  which is cha rac t e r i s t i c  for a double bond. 

Butyra ldehyde  D i - t e r t -bu ty l  Thioaceta l .  The reac t ion  between 21 g of butyraldehyde and 52.5 g of 
t e r t -bu ty l  m e r c a p t a n  in the p r e s e n c e  of 0.4 g of p- to luenesulfonie  acid was run in the same  manner  as in the 
case  of the synthes is  of the dimethyl  thioacetal ,  but an o rd inary  reflux condenser  was used.  The t e m p e r a -  
tu re  of the reac t ion  m i x t u r e  was 84~ the yield was 16 g (23%); bp 98.5-100.5 ~ (3 mm);  1.4830; 0.9007. 
Found: C 61.70; 61.74; H 10.98; 11.12; S 26.90; 27.13%. C12H26S 2. Calculated: C 61.45; H 11.14; S 27.36%. 

1 - t e r t - B u t y ! t h i o - l - b u t e n e .  The d i - t e r t -bu ty l  thioacetal  of butyraldehyde was t r ea ted  under  the s a m e  
conditions as in the p r e p a r a t i o n  of 1 -me thy l th io - t -bu t ene .  The yield of 1 - t e r t - b u t y l t h i o - l - b u t e n e  was 3.1 g 
(50%); bp 60.5-61 ~ (15 ram); n}~ 1.4670. Found: C 66.99; 67.04; H 11.07; 11.15; S 21.58; 21.67%. CsH10S. 
Calculated: C 66.5 8; H 11.18; S 22.23%. An absorpt ion band at 1610 em -~ was detected in the IR s p e c t r u m .  
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1-Methyt thio-2-butene.  The synthesis  was run as descr ibed in [12]. Bp 122-123~ n D 1.4785. In the 

IR spect rum,  in the absorpt ion region of the double bond, was detected a doublet of bands at 1645 and 1670 
cm -1. F r o m  [12]: bp 67-68 ~ (100 ram); n~ 1.4790; in the IR spec t rum the double bond is depicted by absorp-  
tion bands at 1625 and 1655 cm -1. 

1 - te r t -Buty l th io-2-butene .  The sysnthesis  was run as descr ibed  in [12]. F r o m  13.5 g of ter t -butyl  
mercap tan  and 8.1 g of 1,3-butadiene was obtained 2.24 g (11%) of product;  bp 66-67 ~ (19 mm); n~ 1.4650. 
Found: C 66.74; 66.95; H 11.05; 11.35; S 21.71; 21.78%. C8H16S. Calculated: C 66.66; H 11.11; S 22.22%. 
In the IR spec t rum was detected a weak absorpt ion band of the double bond at 1670 em -1. 

CONCLUSIONS 

I. A method was developed for the catalytic hydrogenation of the triple bond in l-alkyl(aryl)thio-l- 
buten-3-ynes in order to obtain l-alkylthio-l,3-butadienes. 

2. The most suitable catalyst for the reduction of di-unsaturated sulfides is the Pd - B catalyst. 

3. The additionof hydrogen to l-alkyl(aryl)thio-l,3-butadienes goes in the 3,4 position with the for- 

mation of l-alkyl(aryl)thio-l-butenes. 
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