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Previouslywe have studied the addition of methylsulfenyl chloride and fi-chloroethylsulfenyl chloride 
to methacrylic [I l and crotonic acid [2] derivatives. The present paper is devoted to the addition of methyl- 
sulfenyl chloride to dimethylacrylie acid, and to its acid chloride, methyl ester, anilide and amide. The 
addition was run at the lowest possible temperatures in carbon tetraehloride, in the presence of traces of 
calcium carbonate. The anilide, the methyl ester and dimethylaerylic acid readily form adducts with meth- 
ylsulfenyl chloride at -15~ The addition of methylsulfenyl chloride to the acid chloride of dimethylacrylic 
acid could be accomplished only at room temperature~ The NMR spectra were taken of a multiple portion 
of the reaction mass and of the pure compounds after isolation. By means of the NMR spectra we were able 
to establish that, the same as in the case of both the acrylic [3, 4] and the crotonic [2] acid derivatives, in 
the case of dimethylacrylie acid the intermediately formed three-membered episulfonium ring (I) is opened 
by chloride ion with the preferential formation of the kinetically unstable a-ehloro-fi-methylmercapto deriv- 
atives of isovaleric acid (II). The latter are isomerized much more easily than are the acrylic and erotonic 
acid derivatives to the more thermodynamically stable derivatives of fi-chloro-~-methylmercaptoisovaieric 

acid (Ill). 
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Thus,  for example ,  in the case  of the ani l idc of d ime thy lac ry l i c  acid we were  able to detec t  40% of 
the unstable  i s o m e r  (IId) in the reac t ion  m a s s  within 20 min  a f t e r  adding the methylsulfenyI  chloride a t  
- 2 5  to - 3 0  ~ Af ter  i sola t ion (either dis t i l la t ion or r ec rys ta l l i za t ion)  all  of the compounds w e r e  the pu re  

(HI) isomers (Table i). 

Due to the poor solubility of the amide of dimethylaerylic acid in CCI 4, the addition of methylsulfenyl 
chlor ide  could be  accompl i shed  only in CHzC1 z a t  30 ~ Together  with the no rma l  adduct, we isola ted a s e c -  
ondary chlor inat ion product ,  the s t ruc tu re  of which was not es tabl ished.  The chemica l  shifts  for compounds 
(H) and (iII) a r e  given in Table  2. I t  is known that the act ion of t r ime thy l amine  [41 and t r i e thy lamine  [3, 5] 
on the ~ - c h l o r o - 3 - a l k y l m e r c a p t o  de r iva t ives  of propionie  acid fai ls  to cause  i somer iza t ion ,  and leads  only 
to the c leavage of HC1 f rom the a l r e ady  exis t ing 3 -ch lo ro -c~-a lky lmercap to  i somer .  

An a t t empt  to conf i rm the s t ruc tu re  of the (III) compounds obtained by this method proved  u n s u e c e s s -  
ful; t r t e thy lamine  fai ls  to c leave HC1 f rom the de r iva t ives  of f l - ch lo ro -o~-methy lmercap to i sova le r i e  acid.  . 
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T A B L E 1 .  
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However,  the sulfone of the methyl es ter  of f l - eh lo ro -a -me thy lmereap to i sova ie r i c  acid (IV), obtained 
by the oxidation of the corresponding sulfide with hydrogen peroxide,  easi ly and quantitatively cleaves HC1 
under mild conditions. Based on the data of the NMR spect ra ,  the main product  (~ 80%) that is formed here  
is the sulfone of the methyl es ter  of a -me thy lmercap tod ime thy lac ry I i c  acid (V), contaminated (~ 15-20%)with 
the i somer ic  sulfone of the methyl es te r  of c~-methylmercapto-f l -methylvinylaeet ic  acid (VI). 
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The format ion of the lat ter  is probably possible due to the known ease of prototropic  r ea r r angemen t  
in d imethylacryl ic  acid der ivat ives  under the influence of bases  [6]. As a resul t ,  the s t ruc ture  of the com-  
pounds obtained by us was also cor robora ted  chemically.  

An at tempt to obtain the methyl es ter  of d imethylacryl ic  acid from the corresponding acid chloride 
and absolute methanol,  in the p resence  of tr iethylamine,  in ether solution, led to the formation of a mix-  
ture of i somer ic  es te r s ,  which analyzed 55% of the methyl es ter  of d imethylacryl ic  acid (VII) and 45% of the 
methyl es ter  of f l -methylvinylacet ic  acid (VIII) (chromatographical ly) .  The formation of the mixed es te rs  
(VII) and (VIII) can be explained by the initial eas ier  formation of the two i somer ic  ketenes (IX) and (X) from 
the acid chloride,  with a 1 - 2  and a 1 - 4  cleavage of hydrogen chloride respect ively .  An analogous cleavage 
of HC1 by t e r t i a ry  amine was observed ear l ie r  [7]. The subsequent addition of methyl alcohol to the ketenes 
leads to the mixture  of es te rs .  The mixture  obtained in this manner could be separated into the pure es te rs  
by distil lation through a column. 
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The methyl ester of dimethylacrylic acid was obtained as described in [8]. 

E X P E R I M E N T A L  M E T H O D  

The NMR spect ra  were  obtained on a P e r k i n - E l m e r  P-12  spec t romete r  with an operat ing frequency 
of 60 MHz, in CCI t solution, using hexamethyldisi loxane as the internal standard.  

a -Methy lmercap to - f l - ch lo ro i sova le r i c  acid (IIIa). To 2.0 g of d imethylacryl ic  acid in 8 mI of absolute 
CC14, in the p resence  of a small  amount of CaCO 3, was added in drops,  with s t i r r ing,  at - 1 5  ~ 1.64 g of 
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T A B L E  2. NMR S p e c t r a  

Formula 

(HaC)~,C (CI) CH (SCg3) COOH 
(HaC)2C (SCH3) CH (Cl) C00H 
(H3C)2C (CI) CH (SCHa) COCI 
(H3C)~C (SCH3) CH (CI) COCl 
(H3C)2C (C1) CH (SCH3) C00CHa 
(H3C)~C (SCH3) CH (C1) C00CHa 
(H3C)~C (el)CH (SCH3) CONH 

I 
C6H5 

(H3C)2C (C1) CH (SO~CH3) C00CHa 

(H3C)2C (CI) CH (SCH3) CONH2 

Chemical shift, ppm 

CH~\C 
CHs/ CH 

1,79 3,47 
1,48 4,34 
1,76 3,85 
1,45 4,66 
1,74 3,44 
t,42 4,26 
1,76 3,42 
1,86 

1,96 4,21 
t,99 
t,74 3,42 
t,80 

SGH3 

2,32 . 
2,1t 
2,41 
2,t3 
2,22 
2,04 
2,20 

S02CHa 
3,10 
2,21 

CH3SCI in 3.5 ml of absolute CCI 4. The reaction mixture was kept at -15 ~ for 2 h and then allowed to stand 

overnight at room temperature. Removal of the CCI 4 in vacuo and subsequent recrystallization of the resi- 
due from petroleum ether gave (IIIa) in 58% yield, mp 75-76 ~ From [9]: mp 73-75 ~ 

Acid Chloride of ~-Methylmercapto-fl-chloroisovaleric Acid (lib). To 2.37 g of the acid chloride of 
dimethylacrylic acid in 8 ml of absolute CCI 4, in the presence of a small amount of CaCO3, was added in 
drops 1.64 g of CH3SCI in 3.5 ml of absolute CCI 4 at -15 ~ After adding the CH3SCI the reaction mixture 
was allowed to stand at room temperature for 48 h. The yield of (lib) was 51%, bp 70 ~ (3 ram); n~ 1.514. 
From [9]: bp 71-72 ~ (3 ram); n~ 1.514. 

M__ethyl Ester of ~-Methylmercapto-fi-chloroisovaleric Acid (lie). To 2.28 g of the methyl ester of 
dimethylacrylic acid in 8 ml of absolute CC14, in the presence of a small amount of CaCO 3, was added at 

-30 ~ in drops, with stirring, 1.64 g of CH3SCI in 3.5 ml of absolute CCI 4. After standing at-30 ~ for 1.5 
h the reaction mixture was allowed to stand for 24 h at room temperature. The solvent was removed in 
vacuo, and the residue was distilled. The yield of (IIc) was 92.9%, bp 75 ~ (4 ram); n~ 1.4812; d 2~ 1.147. 

Found: C 42.21;H 6.61; C1 17.82; S 15.82%; MR 48.823. C7H13CIO2S. Calculated: C 42.74;H 6.66;CI 18.02; 
S 16.31%; MR 49.047. 

To 0.196 g of (IIc) in 15 ml of absolute ether was added 0.202 g of triethylamine. The mixture was 

allowed to stand overnight. The ether solution was washed with water. Volhard titration of the water solu- 

tion gave 0.18% CI; calculated 18.02% CI.* 

Anilide of ~-Methylmercapto-fl-chloroisovaleric Acid (lid). To 1.75 g of the anilide of dimethylaeryl- 
ic acid in 7 ml of absolute CCI 4, in the presence of a small amount of CaCO3, was added in drops, with sti rring, at 

-30 ~ 0.82 g of CH3SCI in 1.7 ml of absolute CCI 4. After standing at -30 ~ for 0.5 h the reaction mixture 
was allowed to stand at room temperature for 0.5 h. The solvent was removed in vacuo, and the precipitate 
was recrystallized from a mixture of CCI 4 and petroleum ether (4 : i). After recrystallization the yield of 

(lid) was 80.5%, mp 112-112.5 ~ . Found: C 55.60;H 6o14; Cl 13.10; N 4.86; S 12.95%. C12HiGCINOS. Cal- 

culated: C 55.91; H 6.25; C1 13.75; N 5.43; S 12.43%. 

Amide of ~-Methylmercapto-fl-chloroisovaleric Acid (lie). To a solution of 3 g of the amide of di- 

methylacrylic acid in 40 ml of absolute CH2CI2, in the presence of a small amount of CaCO 3, was added in 
drops, with stirring, at 30 ~ 2.47 g of CH3SC[. Here the temperature of the reaction mixture rose to 42 ~ 

and decolorization occurred immediately. After cooling to room temperature the CH2CI 2-insoluble precipi- 
tate was filtered to give 0.4 g (8%) of material with mp 154 ~ (C2HsOH + absolute ether) (C~HIIONSCI2). The 
filtrate was evaporated in vacuo and the residue was worked up to give an 88% yield of (IIe); mp 94-95 ~ 
(CC14). Found: C 39.70; H 6.60; C1 18.83; N 7.70; S 17.68%. C6HI2ONSCI. Calculated: C 39.66; H 6.66; C1 
19.51%;N 7.71; S 17.65%. Found: C 33.32;H 5.12; Cl 32.94; S 14.91; N 6.73%. C6HIIONSC12. Calculated: 

C 33.34; H 5.13; Cl 32.81; N 6.48; S 14.83%. 

Sulfone of Methyl Ester of o~-Methylmercapto-fi-chloroisovaleric Acid (IV). To 0.78 g of (IIc) in 6 
ml of glacial acetic acid and 1.2 ml of acetic anhydride was added in drops, with cooling in ice water, 2 

* These percentages are as given in the Russian original. Presumably they should read 18.0% and 18.02%, 

respectively - Consultants Bureau. 
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ml of 30% hydrogen peroxide solution. The solvent was evaporated in vacuo, while the precipitate was re- 
crystallized from a mixture of ether and petroleum ether. The yield of (IV) was 82%, mp 62-63 ~ Found: 

C 36.38; H 5.55; C1 14.48; S 13.94%. C7Hi3CIO4S. Calculated: C 36.79; H 5.73; Cl 15.51; S 14.02%. 

Sulfone of Methyl Ester of a-Methylmereaptodiraethylacrylic Acid (V). To 0.35 g of (IV) in i0 ml of 

absolute ether was added 0.42 ml of triethylamine and the mixture was allowed to stand at room temperature 
for 15 rain. The precipitate of triethylamine hydrochloride was removed by washing well with water. The 
ether solution was dried over MgSO 4 and then evaporated in vacuo. The yield of (V) was 93%, bp 120 ~ (7 
ram). Found: C 43.73; H 6.23; S 16.67%. C7H1204S. Calculated: C 43.74; H 6.29; S 16.68%. 

Volhard titration of the water solution gave 15.56% Cl; calculated 15.55% Cl. The NMR spectrum dis- 

closed a mixture of isomers: (IV) (5(CH3)2C= 1.95 and 2.23 ppra, 5SO2CH3 2.97 ppm, 5COOCH3 3.80 ppra) 
and the sulfone of the methyl ester of o~-methylraereapto-p-methylenebutyric acid (6CH 3 2.01 ppra, 5CH 2 

4.23 ppm, 6CH 5.32 ppm, 6SO2CH3 2.97 ppra, 6COOCH3 3.80 ppm). 

Reaction of Acid Chloride of Dimethylacrylic Acid with Methanol in the Presence of (C2H~)3N. A 
solution of 34 g of the acid chloride of dimethylacrylic acid in 150 ral of absolute ether was mixed with 14.4 
g of absolute methanol at room temperature. Then to the stirred mixture was added in drops a solution of 
30 g of triethylamine in 75 ml of absolute ether. The mixture was stirred at room temperature for 2 h, 
and then it was heated on the water bath for 0.5 h. The triethylamine hydrochloride was filtered, and the 
filtrate was washed with water, dried over MgSO4, and the solvent was removed in vacuo. We obtained 23.1 
g (70% yield) of a mixture of the (VII) and (VIII) isomers in a ratio of 45 and 55%, respectively (by- chromato- 
graphing), bp 35-40 ~ (22 ram); n~ 1.4270. 

We were able to obtain the methyl ester of /3-methylvinylacetic acid slightly contaminated with (VII), 
bp 36 ~ (22 ram); n~ 1.4170; d~ ~ 0.9314. Found: C 63.13; H 8.80%; MR 30.81. C6HI002. Calculated: C 63.13; 
H 8.83%; MR 31.10. From [i0]: bp 41 ~ (27 ram); n~ 1.4168; d~ ~ 0.931. The methyl ester of dimethylacrylic 
acid was obtained slightly contaminated with (I), bp 42 ~ (22 ram); n~ 1.4319; d42~ 0.9392. Found: MR 31.51. 
Calculated: MR 31.10. From [ii]: n~. 3 1.432; d~ ~ 0.9373; MR 31.57. 

CONCLUSIONS 

!. The addition of methylsulfenyl chloride to dimethylacrylic acid derivatives initially leads to the 
formation of the unstable ~-chloro-p-methylmercapto derivatives, which are very easily isomerized to the 
stable fi-chloro-(~-methylmercapto derivatives of isovaleric acid. 

2. The derivatives of ~-chloro-a-methylmercaptoisovaleric acid, in contrast to the derivatives of 
~-chloro-fi-methylmercaptopropionic acid, do not cleave hydrogen chloride when treated with triethylamine. 
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