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The quest ion of the manner  in which H2S and m e r c a p t a n s  add to fl ,fi-dialkylvinyl vinyl  ketones has 
theo re t i ca l  impor t ance  for  the synthes is  of subst i tuted b ieycl ic  sulf ides by the addition of hydrogen sulfide 
to ketodienes ,  having double bonds that a r e  conjugated with the carbonyl  group.  

On the bas i s  of theore t i ca l  cons idera t ions ,  a ca re fu l  ana lys is  of the expe r imen ta l  data obtained in 
the study by Nazarov  and Kuznetsova [1]," and our expe r imen t s ,  we came  to the conclusion that the d i r e c -  
tion indicated by the authors  of [1] for  the addition of hydrogen sulfide and m e r c a p t a n s  to f l , f i -dimethyl-  
v inyt  vinyl  ketone is i nco r rec t .  Nucleophilic a t tack  of the double bond, the e lec t ron  densi ty  of which is  low 
due to coajugation with the CO group,  occu r s  in the p re sence  of alkaline ca ta lys ts  (sodittrn acetate) .  The 
e lec t ron  2ensi ty  of the double bond in the subst i tuted 

CH~..+_CH "-~-- C ---" C H ~ G  
~ ' . . C H  a 

vinyl  g roap  is high due to the + I - e f f ec t  of the two methyl  groups  (i.e.,  + 6 > + 6').  Consequently, the addi-  
t ion of KOH, I-IOH, HCN, etc. ,  should take place at the unsubsti tuted vinyl  group,  where  a t tack  by the RO-,  
OH, or CN- anion is made e a s i e r ,  which was obse rved  by Nazarov  and c o - w o r k e r s  [2-8]. 

The nucleophil ic  addition of hydrogen sulfide or m e r e a p t a n s  to fl ,f i-dimethylvinyl vinyl  ketone should 
go in the s a m e  manner  as the addition of wa te r  and alcohols to  the unsubsti tuted vinyl  g r o u p ~  
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The oxidation of sulfide (II) can be expected to yield the following compounds. 

CH3 
/CH~.CH~COCH=C< 
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\CH:ZCH~.COCH=C< 
E OH. 

H~O~ ~ Os J, KMn04 

CH~CH~C 00H CH:ZCH~C 0C 00H 

SO:z< (III) 802< (IV) 
CH:ZCH2COOH CII:ZCHsCOC00H 

* AccordJing to [9], the nucleophil ic addition of m e r c a p t a n s  has  an anionic-chain  cha rac t e r ,  for example:  
alkaline 

�9 CH2=CH--COOCH, + B S - - - _ .  RSCHzCHCOOCH3 
catalyst 

RSCH:ZCHCOOCH, + RSH ~ RSCH2CHzCOOCHs + RS- 
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The dibas ic  f l , f l ' -sulfonyldipropionic acid (III) of composi t ion CaH10OaS is known; according to [10-11], 
it me l t s  at 224 ~ and can be r e c r y s t a l l i z e d  f r o m  water .  

I t  was  shown in [1] that the addition of hydrogen sulfide to fi ,f l-dimethylvinyl vinyl ketone (at 0 ~ in the 
p r e s e n c e  of sodium acetate)  goes  exclus ively  at the subst i tuted vinyl  group.  

CH3)c----.CH--C0--CH=CH~.-~ H~S sodium acetatCeH3)C_CH~COCH=CH~ " (V) 

CH3 CH~ ~SH 

The fo rmed  m e r c a p t a n  (V) can r e a c t  with a second molecule  of fi ,f l-dimethylvinyl vinyl ketone, g iv -  
ing sulfide (VI). 

CHs CHs 
)C--CIt2COCH=CH2 + )C=CH_C0_CtI~cH:odium acetate 

CHa [SH CH~ 

CHa CH3 
\ /  

C--CH~COCH--CH._ 
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---> S (Vl) 
\ 

C--CH,,C 0CH=CH~_ 
/ \  

CH,~ CH~ 

The authors  of [1] proved the manner  in which hydrogen sulfide and mereap t ans  add by the d e s t r u c -  
t ive oxidation of the sulfide.  The conclusion that the unsubsti tuted vinyl  group was p re sen t  in the inves t i -  
gated sulfide was based  mainly  on the detect ion of fo rmic  acid (when the sulfide was ozonized) and the ab-  
sence of acetone when the sulfide was oxidized with po tass ium permangana te  [1]. The authors  of [1] indi-  
cate the detect ion of fi ,f i-dimethylvinyl vinyl  ketone in the ozonization products  of the sulfide. This  t e s t i -  
f ies  to the decomposi t ion  of the invest igated sulfide with the l iberat ion of the s ta r t ing  ketone. Consequently, 
the f o r m i c  acid could have fo rmed  f rom the fi ,f i-dimethylvinyl vinyl  ketone and a conclusion regard ing  the 
St ruc ture  of sulfide (VI) cannot be made on the bas i s  of the yield of HCOOH. The m a t e r i a l  ba lance  in the 
oxidation expe r imen t  with po tass ium permangana te  was unsa t i s fac tory ,  for which r e a s o n  a sma l l  amount of 
acetone could have r em a i ned  undetected. When the authors  of [1] oxidized the sulfide with hydrogen p e r -  
oxide they iso la ted  a dibasic  acid of composi t ion C6Ht0OGS (48% of theory) ,  which af ter  r e c ry s t a i l i z a t i o n  
f rom alcohol mel ted  at 222-223 ~ This  compound was a s sumed  to be a - k e t o - y - s u l f o i s o c a p r o i c  acid (VII) 
(previously  unknown). However ,  based  on its chemica l  nature  this acid should not be capable of r e c r y s -  
ta l l izat ion f r o m  alcohol,  and ~ven m o r e  so have such a high melt ing point.* We do not know of any cases  
where  dialkyl sulf ides a re  oxidized to sulfonic acids using H202. Actually, the authors  of [1] obtained the 
above mentioned fi , f l ' -sulfonyldipropionic acid (III). This  conclusion was ver i f i ed  by us exper imenta l ly .  

An oil, f r o m  which a c rys ta l l ine  product  cannot be isolated,  is fo rmed  when hydrogen sulfide is 
passed  for 10 h into a ref luxing acetone solution of fl ,f i-dimethylvinyl vinyl  ketone, containing a sma l l  amount 
of sodium ace ta te  (under the conditions indicated in [1] ). However ,  when hydrogen sulfide is pas sed  in for 
8 rain the r eac t i on  goes  no rma l ly  and leads to the c rys ta l l ine  sulfide in good yield. The oxidation of this 
substance  with hydrogen peroxide in acet ic  acid solution gives f i , f l ' -sulfonyldipropionic acid, which mel t s  
at 221-222 ~ and does not dep re s s  the mixed mel t ing point with authentic f l , f i ' -sulfonyldipropionic acid. The 
lat ter  was  obtained by us f rom methyl  ac ry la t e  by the scheme:  

CH2CH~COoCH8 
sodium acetate / 

2CH~Cit--COOCH3~-H~S ~ methanol S \ 
CH~CH2COOCHa 

CH2CH2C00CH3 CHo.CH2C00H 
S /  ~) KOm 8) H c ~ s /  
\ \ 

CH=CH=C 0 0 C  Ha C H~CHeC 0 0  H 
CH2CH~C00H CH2CHeC00H 

/ ~.,o, / 
S " .~ SOs 
\ \ 

CH~CH~C00H CH:CH~C00H 

The addition of hydrogen sulfide goes  quite comple te ly  in the p re sence  of a catalyt ic  amount of sodium 
aceta te  when hydrogen sulfide is passed  into a refluxing methanol  solution of methyl  ac ry la te  for 30 rain; 
the addition of a la rge  amount of sodium ace ta te  (100 g per  150 g of methyl  acry la te)  and the pas sage  of 

* For  example ,  decanesulfonic acid C10H21SO3H mel t s  at 46 ~ [12]. 
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hydrogen, sulfide for 25 h, as is  suggested in [13], a r e  comple te ly  need less .  What has been said above 
indisputably p roves  the s t ruc tu re  of sulfide (II) and the manner  in which H2S adds to the unsubsti tuted vinyl  
group of ~,f i -dimethylvinyl  vinyl  ketone.  According to [14], the addition of H2S to fl ,fi-dialkylvinyl f l ' - m e t h -  
oxyethyl ketones,  not having an unsubsti tuted vinyl group,  goes  with much  g r e a t e r  difficulty than to fl,fi-di- 
methylvinyl  vinyl  ketone. 

CH3 CHs 
, /  sodium acetate / 

CH3OCH~CH~COCH=C -~ H2S - -  CH30CH~CH~COCH2CR' 
\ m 

R SII 
(R----CHa, C~H.~, C8H~)3 

The authors  of [14] indicate that  the unsubsti tuted vinyl  g roup  in fl ,fl-dialkylvinyl vinyl ketones a c c e l e r a t e s  
addition to the subst i tuted vinyl  group.  Actually,  the low r eac t i v i t y  of compounds of the type 

CH~, 

")C~CH--CO--R" / 
R 

toward the nucleophilie addition of H2S or mercaptans (and even more so,secondary and tertiary mercap- 
tans) is e.~plained simply by the presence of the substituted vinyl group, with a high electron density of the 
double bo~d, making attack by HS- or RS- difficult. 

E X P E R I M E N T A L  

P r 3 p a r a t i o n  o f  f i , f l - D i m e t h y l v i n y l  V i n y l  K e t o n e . *  A mix tu re  of 62 g of d imethy l -  
amine  hyi l rechlor ide;  18 g of p a r a f o r m ,  49 g of  m e s i t y l  oxide, 50 ml  of ethanol,  1 g of hydroquinone and 
0.5 ml  of concent ra ted  HCI solution was heated under ref lux  for 15 min  in a f lask  fitted with a s t i r r e r .  The 
r eac t i on  mix tu re  b e c a m e  comple te ly  c lear ;  then the re f lux  condenser  was rep laced  by a descending con- 
denser  a rd  m o s t  of the ethanol was vacuum-d i s t i l l ed  (30 ram), with heating on the water  bath (85~ The 
r e s idue  was t r ea t ed  with 30 m l  of wate r ,  and the obtained solution of the sal t  of the Mannieh base  was 
added qui~;e rap id ly  (in 30 rain), in drops ,  with v igorous  s t i r r ing ,  to 80 ml  of dibutyl phthalate,  heated in 
vacuo (10 ram) at 160-170 ~ (the t h e r m o m e t e r  was i m m e r s e d  in the liquid). 

The r e c e i v e r  was cooled in a mix tu re  of ice and sal t .  To the dis t i l la te  was added anhydrous sodium 
aceta te ,  and the upper  organic  layer  was separa ted ;  the sodium sulfate  p rec ip i ta te  was r insed  s e v e r a l  
t imes  witil e ther  and the e ther  ex t r ac t s  were  added to the main  substance .  0.5 ml  of acet ic  acid and 0.5 g 
of hydroq~inone were  added to the e ther  solution, and the e ther  was dist i l led under a sl ight vacuum, with 
heating on the wa te r  bath (60-65~ The re s idue  was vacuum-d i s t i l l ed .  We obtained 24 g (43.7% of theory)  
of p , f i -dimethylvinyl  vinyl  ketone as a g reen i sh  liquid, bp 57-61 ~ (20 ram). Redis t i l la t ion gave a product  with 
bp 56-57 ~ (20 ram); n 20 1 4833; d42~ 0 8869 L i t e r a tu re  data [16]: bp 57 ~ (20 mm)~ nD15 1.4823; [15]: bp 

D " " " 

60-61 ~ (2~ ram); nD2~ 1.4750; d42~ 0.9050. 

P r e p a r a t i o n  o f  b i s - ( 5 - M e t h y l - 4 - h e x e n - 3 - o n e )  S u l f i d e  ( I I ) .  To a solution of 9.5 g 
of f l , f l -dimethylvinyl  vinyl ketone in 60 ml  of acetone was added a solution of 0.2 g Of sodium aceta te  in 
2 ml  of wa te r ,  and then hydrogen sulfide was passed  into the ref luxing solution for  8 rain. The end of r e a c -  
t ion was ~e te rmined  by the solution losing i ts  yel low color .  The acetone was dist i l led off, the res idue  was 
diluted wi~h e ther ,  a sma l l  amount of anhydrous sodium sulfate  was added, the mix tu re  was f i l tered,  and 
the e ther  was vacuum-d i s t i l l ed  (3 ram) f rom the f i l t ra te ,  with heating on the water  bath.  We obtained 9.7 g 
of a l ight -colored  oil; the subs tance  c rys ta l l i zed  comple te ly  when cooled in ice.  The m a t e r i a l  was rubbed 
well  with hexane, cooled in ice,  and the snow-white  c ry s t a l s  we re  f i l te red.  We obtained 6.7 g (61% of 
~heory) of sulfide (IV), mp 37-38 ~ Found %: S 12.64. C14H2202S. Calculated %: S 12.61. L i t e r a tu r e  data 
[1]: m p 3 ~ . 5 - 4 0  ~ 

O x i d a t i o n  o f  b i s - ( 5 - M e t h y l - 4 - h e x e n - 3 - o n e )  S u l f i d e  ( I I )  w i t h  H y d r o g e n  P e r -  
o x i d e .  To a solution of 2.0 g of sulfide (II) in 10 ml  of acet ic  acid was added 10 m l  of perhydro l  (29%). - 
After seven  days the mix tu re  was cooled in ice,  and the white c rys ta l l ine  prec ip i ta te  was f i l tered and 
washed o~ the f i l t e r  with ethanol and then hexane.  We obtained 0.74 g (44.8% of theory)  of ~ , f i ' - suI fonyl-  
dipropion~c acid, mp 221-223% After r e c r y s t a l l i z a t i o n  f rom ethanol the substance mel ted  at 221-222 ~ and 
did not dep re s s  the mixed mel t ing  point with authentic f l ,f i t-sulfonyldipropionic acid. Found ~: S 15.02. 
C~H1006S. Calculated %: S 15.26. L i t e r a t u r e  data [10, 11]: mp 224 ~ 

* By a modification of the method given in [15]. 
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P r e p a r a t i o n  o f  D i m e t h y l  E s t e r  of  f l , f l ' - T h i o d i p r o p i o n i c  A c i d .  To a solution of 
18.4 g of methyl acrylate in 80 ml of methanol was added a solution of 1 g of sodium acetate in 1 ml of 
water, and then hydrogen sulfide was passed into the refluxing solution for 30 rain. After this the methanol 
was distilled off (at the e n d -  under vacuum), the residue was diluted with ether,  a small amount of anhy- 
drous sodium sulfate was added, the mixture was filtered, the ether was distilled off, and the residue was 
vacuum-distilled. We obtained 16.9 g (77% of theory) of the dimethyl ester  of fl,fl'-thiodipropionic acid as 
a colorless oil, bp 107 ~ (i ram); (5 mm); nD 2~ 1.4750; d42~ 1.1569. Found %: S 15.64; MR 50.19. C8H1404S. 
Calculated %: S 15.55; MR 50.21. Literature data [13]: bp 138-139 ~ (6 ram); nD25 1.4713; [17]: nD2~ 1.4750; 
d202~ 1.156. 

Preparation of fl,fl'-Thiodipropionic Acid. 24.3 g of the dimethyl ester offi,fl'-thio- 
dipropionic acid was heated under reflux with a solution of 14 g of KOH in i00 ml of methanol for 2 h. The 
methanol was vacuum-distilled, with heating on the water bath, and the residue was treated with 50 ml of 
water and then acidified with concentrated HCI solution (about 25 ml). The water was vacuum-distilled, 
with heating on the water bath, and the residue was extracted 4 times with hot toluene. Crystals deposited 
when the toluene was cooled, which were filtered and washed with hexane. We obtained 12.0 g (57% of 
theory) of fl,fl'-thiodipropionic acid, mp 125-127 ~ After recrystallization from toluene the substance melted 
at 126-128 ~ Found %: S 17.48. C6HI004S. Calculated %: S 17.99. Literature data [18]: mp 130-131 ~ 

Preparation of fi,fl'-Sulfonyldipropionic Acid. 1.8g of fl,fi'-thiodipropionic acid was 
dissolved in i0 ml of hot acetic acid, the solution was cooled somewhat, and then 9 ml of perhydrol (29%5 
was added to the warm solution. The next day the bulky crystalline precipitate was filtered and washed 
on the filter with acetic acid, then with benzene, and dried in the air. We obtained 1.7 g (81% of theory) of 
fl,fl'-sulfonyldipropionic acid, mp 218-220 ~ After recrystallization from alcohol the substance melted at 
219-220 ~ Found %: S 15.09. C6HI006S. Calculated %: S 15.23. Literature data [i0, ii]: mp 224 ~ 

C O N C L U S I O N S  

The nucleophilic addition of hydrogen sulfide or mercaptans to the unsubstituted vinyl group takes 
place when fl,fi-dimethylvinyl vinyl ketone is reacted with hydrogen sulfide or mercaptans. 
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