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In spi te  of the l a rge  number  of invest igat ions on the addit ion of sulfenyl chlor ides  to olefins and on the 
de te rmina t ion  of the m e c h a n i s m  of the i somer i za t i on  of the vicinal  f l -chloroalkyl thio de r iva t ives  so obtained 
[1], the re  a r e  a l m os t  no invest igat ions  of the reac t ions  of these  compounds with nucleophilic reagents  [2]. 
An invest igal ion of the r e p l a c e m e n t  of the halogen by an OH group in the i s o m e r i c  anil ides of ~ - c h l o r o -  
f l -methyl th io-  and f l - c h l o r o - a - m e t h y l t h i o i s o b u t y r i c  ac ids  (IIIb and IIb) has shown that at 60 ~ in aqueous 
dioxane both i s o m e r s  give the s a m e  mix tu re  of i s o m e r i c  a - h y d r o x y - f l - m e t h y l t h i o -  and f l - h y d r o x y - a - m e t h y l -  
th io isobutyrani l ides  in a ra t io  of 1 : 1 [3]. 
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In the p resen t  work  we have inves t iga ted  the nucleophilic r e p l a c e m e n t  of the chlor ine a tom in d e r i -  
va t ives  of f l - e h l o r o - a - m e t h y l t h i o i s o v a l e r i c  acid {ID and a - c h l o r o - f l - m e t h y l t h i o i s o v a l e r i c  acid (III) -under 
va r ious  conditions. It has been found that  the r e p l a c e m e n t  of the chlor ine a tom in (IIa-c) by a hydroxy 
group in aqueous dioxane at 60 ~ leads  to a s ingle i s o m e r  in each case  (IVa-c). 
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Under 1:;he act ion of aqueous dioxane at  20 ~ on a mix tu re  of 16% of (IIa) and 84% of (IIIa), a rapid i so -  
mer i za t ion  of the unstable  i s o m e r  {IIIa) into the s tab le  i s o m e r  (IIa) and the format ion  of (IVa) (hydrolysis),  
was observed ,  the r a t e  of i s om er i za t i on  being cons iderab ly  g r e a t e r  than the r a t e  of hydrolys is .  
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TABLE 1. Isomeriza t ion and Hydrolysis of the Ad- 
ducts (IIa) and (IIIa) 

Ratio of the adducts, % ! oc 
---- ---- - -  T.. Time: 

(Ilia) (IIa) (IVa) 
Solvent 

82 
83 
21 
0 
0 
0 
0 
0 

18 0 
t7 0 

to 
70 30 
41 59 
20 80 
60 40 

20 
20 
20 
60 
0 
0 
0 
0 

lh  
th  
th  
30 min 
24h 
7 days 
14days 
24h 

Acetone  
Dioxane 
Dioxane_:water, 4 : 1 
Acetone: water, 2 : 1 
The same 

n 
n 

0,42g NaHCOs 

TABLE 2. Adducts of the Reaction 

n ~ c \  BrSCH3 tt~C\c H3C\ 
/C~CHCOR ~ CH--COg -}- /C--CH--COR 

H~C / ttsC / ] ] H3C ] I 
SCH~ Br (A~ Br SCH~ (B) 

Symbol R Time,h 
Yield of Ratio of the isomeric 

~ adducts, %._ T., adducts, 
%r (A) (B) 

a 

b 

c NHCsH5 t0 min 

- I 0  
20 

-12 
20 

~20 

45 
iO0 
60 

tO0 
50 

33 

t6 

67 
tO0 
84 

t00 
50 

Under these conditions, anhydrous acetone and anhydrous dioxane do not cause the i someriza t ion of the 
unstable adduct (IIIa). The addition of NaHCO 3 somewhat acce le ra tes  hydrolysis .  Figures  for the i s o m e r i -  
zatien and hydrolysis  of the mixture of i somer ic  compounds (IIa) and (IIIa) a re  given in Table 1. Similarly, 
f rom (IIa and b) with methanol the methyl es ter  and anilide, respect ively,  of f i -methoxy-a-methy l th io-  
i sovaler ic  acid were obtained. At - 1 5  to - 5  ~ the action of CH3ONa on (IIa) or a mixture of (IIa) and (IIIa) 
leads only to the splitting out of HC1 with the format ion of methyl p , f i -d imethyl -a-methyl th ioacry l ic  acid 
(Va). 

Since in neither case, even under ve ry  mild conditions, was it possible to record  the second kineti- 
cal ly-control led i somer  (a-hydroxy-fi-methylthio) ,  it may be assumed that the substitution of the halogen 
in (IIa) takes place through an intermediate  carbonium ion. However, a compar ison of the ra tes  of hydrol -  
ysis  of /3-bromoisovaler ic  acid and f l -b romo-~-methyl th io i sova le r ic  acid has shown that that of the second 
compound is 175 t imes grea ter  than that of the first .  Thus, in this case nucleophilic substitution takes place 
through an intermediate  episulfonium ion if). The derivatives of f i -b romo-a-methy l th io i sova le r ic  acid (Via- 
c) were obtained by the addition of methanesulfenyl bromide to the corresponding derivatives of fi,fi-di- 
methylacryl ic  acid (Table 2). In this case,  a more  ready isomeriza t ion of the kinet ical ly-control led adduct 
into the thermodynamical ly  more  stable adduct than in the case of the a -cb loro- f i -methyl th io isova ler ic  acid 
derivatives [4] was observed. It was impossible to obtain f i -chloroisovaler ic  acid or its derivatives by the 
chlorination of i sovaler ic  acid with sulfuryl chloride in the p r e s e n c e  of benzoyl peroxide [5], since chlor i -  
nation takes place preferent ial ly  not in the ~-bu t  inthe 7-posi t ion,  with the formation of 7 -ch lo ro - f i -  
methylbutyric acid (as deduced f rom the PMR spectra).  

The s t ruc tures  of all the compounds were confirmed by their  PMR spectra  (Table 3) and, in a number 
of cases,  by chemical  t ransformat ions .  The oxidation of (IVa-c) with H20 2 gave the corresponding sulfones 
(VIIa-c) (Table 4). 

Since no i somer iza t ion  was observed in the sulfones, the replacement  of the hydroxy groups in (VIIa- 
c) by chlorine atoms with PC15 or SOC12 could form thesulfones (VIII) or (IX'), which were obtained specially 
by the oxidation of the mixture of sulfides (IIa) and (IIIa). However, the react ions with PC15 or SOC12 un- 
expectedly gave the sulfones of the methyl es ter  and anilide of 2-methyl th io-3-methylbut-3-enoic  acid (XIa, 
b), which unambiguously confirms the s t ruc tures  WIIa and b): 
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TABLE 3. PMR Spectra  of the Substances  Obtained ( " P e r -  
l d n - E l m e r  R-12"  s p e c t r o m e t e r ,  60 MHz, 5% solution in 
CC14, in ternal  s tandard HMDS) 

R 1 

OH 
OH 
OH 
OCH3 

OCH3 

OH 

OH 

OH 
SCHa 

Br 
SCH8 

Br 
Br 

Br 

SOsCH3CI 

(Ctt3)2CRI--CHR~--COR s 

R~ R ~ 

SCH a OH 
SCH 3 NHC~H5 
SCH3 OCH8 
SCHa OCH3 

SCH a NHC~Hs 

S02CH 3 OH* 

S02CH 3 NHC~Hs* 

SO~CH3 0CH3 
Br OH 

SCH 3 OH 
Br OCH3 

SCH3 0CH8 
H OH 

H NHC~H5 

OCH8 

Va 

(XI b)* 

(XIIb) * 

* 5 % solution in CF a COOH. 

Chemical shift, 5 ppm 

t ,49 
t ,6t 
1,93 
2,t6 

CH~--C 
t ,69 

(CH3hC SCtI~ or SOsCHs 

1,39 2,25 
i ,38 2,22 
1 ~29 2 ,t8 
t ,25 
i ,30 2 ,t6 
i ,33 
i ,39 2 ,t3 
1,30 3,02 
i ,33 
i,34 3,09 
i ,4i 
1,43 3,08 
t ,53 2 ,t6 
1,57 
i ,96 2,33 
t ,48 2,09 
1,52 
i ,96 2,26 
1,97 CH 2 

3,05 
1,92 CH~ 

2,89 
2,97 

2,05 

2,93 

2,94 1,81 
t ,96 

CH 

3 20 
3,24 
3,05 

3,33 

3,12 
4,09 

4,06 

3,37 
4,35 

3,55 
4,33 

3,56 

4,49 
CH~=C 

5,14 
5,29 

TABLE 4. The Sulfones (VIIa-c) [ (CH3) 2 C (OH) - CH (SO 2 CH3) COlt 
(Vim-c)]  

Yield, 
% 

8t 

94 

90 

=ompound 

VlIa 

VIIb 

TIIc 

Empirica: 
mp, ~ (solvent) formula 

65 IC7H140-S 
(ether and CC14) [ 

t44,5--145 [C12H170~ 
(ethyl acetate) 

tt7--t18 C6Hz205S 
(ethyl acetate) 

Found, % 

39,471 6,63 

53,03 6,15 

36,73 5,97 

S C H 

15,49] 39,98 6,71 

12,t8 t 53 ,tt 6,3t 
/ 

t6,77 / 36,72 6,16 

Calculated % 

S 

t5,25 

tt ,8t 

t6,34 

HsC 0 [[HaC C //01_, H3C 0 CH3 0 
"C 'CH--C ff PCI~ CH--C ] \C--CH--C ff \C=C--C j 
/ I  I \ or socl~ ~ ! / I ~sO~CH~\na[ f 1 \ / I \ 

H3C ~ OH S02CH3 R kH3C OX H~C SO~CH3 Ix CH3" S02CHa R 
(VII) (X) (XI) (XII) 

R = OCHa (a); NHCsIt5 (b); X = PCh, 8OC1 

Th i s  r e a c t i o n  p robab ly  t akes  p lace  th rough  the i n t e r m e d i a t e  compound (X) and not th rough  the s tage  of the 
f o r m a t i o n  of (VIII). The l a t t e r  n o r m a l l y  e l i m i n a t e s  HC1 with the f o r m a t i o n  of the c o r r e s p o n d i n g  sul fone 
of 5 , f l - d i m e t h y l - a - m e t h y l t h i o a c r y l i c  ac id  (XIIa, b). The su l fones  (XIa, b) do not i s o m e r i z e  into the s u l -  
fones  (XIIa, :b) on pro longed heat ing.  In the ea se  of the su l fone  of p - c h l o r o - a - m e t h y l t h i o i s o v a l e r a n i l i d e  
(VIIIb), HC1 sp l i t s  off unde r  mi ld  cond i t ions  d u r i n g  the ox ida t ion  of (IIb). In c o n t r a s t  to the suI fones  (VIIa, 
b), u n d e r  the a c t i o n  of SOC12 the me thy l  e s t e r  (IVa) r e a d i l y  exchanges  the hydroxy  group with the f o r m a t i o n  
of the e s t e r  *:!Ia). 

Kine t i c  s tud i e s  of the h y d r o l y s i s  of d e r i v a t i v e s  of 5 - e h l o r o - a - m e t h y l t h i o -  and 5 - b r o m o - a - m e t h y l -  
t h i o i s o v a l e r i c  ac ids  wi l l  be  publ i shed  s e p a r a t e l y .  
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T A B L E  5. Cons tan ts  of the Compounds  (IVa-e) [(CH3)2C(OR' ) - C H  
(SCH3)- COR ] (IVa-e) 

] % I(p, mm 

I 
64 to5 (3) 

t ,4765 
92 
90 i38 (4) 

1,4980 
89 75 (3) 
91 i ,4735 

i 

a H OCH, 

b, H NHC,I~, * 

, o~-~ 

d~ CHa ocH, 

e I CI-I 3 NttC.tI,:~ 

47,04,1 7,70 

IC,~H,~NO,S 59,90/ 7,08 1 

44,471 7,32 
]C~I-I~O~: 49,951 8,36 p H~eO~S 
IC.H,,NO~S 61,80[ 7,53 

Calculamd, % 

s c H 

17,27 47,t6 7,94 

13,391 60,26 7,15 
t9,32 43,88 7,37 

t6,71 49,97 8,38 

12,61 6t,62 7,55 

*Oil. 
1"Cyclohexylammonium salt, yield 92%, mp 122. 5-124~ (C2HsOH and ether). 
Found: C 54~ H9.49; S 12.21; N5.95%. 
H 9.56; $12.17; N5.31%. 
Smp I12.5-I13~ (from aqueous CH3OH ). 

i7,98 

13,39 
19,52 

i6,67 

12,65 

C12H25NOaS. ' Calculated: C 54.72; 

T A B L E  6. Melt ing Points  and Analy t ica l  C h a r a c t e r i s t i c s  of (Via-c) 
[(CH3) 2 C B r -  CH(SCH3) , C O R ]  

Symbol l~ 

NHC~H~ 
OCH~* 

OH 

Empirical 
rap, ~ (solvent? formula 

82--82,5 ~12H1,BrNOS 
[CC14 and hexane) GTH,~BrO2S 

75--76 (hexane) C~HuBrO,S 

[ 
Found, % Calculated, % 

C H Br S C H Br S 

47,t3 5,14 26,02 t4,68 &7,68 5,33 26,4/* t0,60 
35,90 5,55 33 41 13,5i 34,861 5,43 33,131 i3,29 
3i,73 4,86 35,87 i4,59 31,72 ~,88 35,18l i4,il 

*Dp 80~ (3 ram); nD2~ 1.5051. 

EXPERIMENTAL METHOD 

fi-Hydroxy-~-methylthioisovaleric Acid Derivatives (IVa-c). A solution of 0.005 mole of (IIa-c) or 

a mixture of (IIa) and (Ilia) in 9 ml of aqueous acetone (2 : I) or 9 ml of aqueous dioxane (4 : I) was heated 

at 56-60 ~ for 0.5 h. The acetone was driven off, the residue was extracted with ether (in the case of aqueous 

dioxane, this was diluted with water and likewise extracted with ether), the extract was dried with MgSO4, 

the solvent was driven off in vacuum, and the residue was distilled. The yield, properties, and analytical 

r e s u l t s  a r e  given in Table  5. 

f i - M e t h o x y - ~ - m e t h y l t h i o i s o v a l e r i c  Acid  Der iva t i ve s  (IVd-e). A solut ion of 0.005 mole  of (IIa, b) 
in 6 ml  of abso lu te  CH3OH was  boi led for  1 h, the solvent  was  evapora ted  off in vacuum,  and the r e s id u e  
was  r e c r y s t a l l i z e d  o r  d is t i l led  (see Table  5). 

Methyl  f i , f i - D i m e t h y l - ~ - m e t h y l t h i o a c r y l a t e  (Va). At - 1 5  ~ 0.6 g of CH3ONa in 24 ml  of methanol  was  
added to 1.1 g of {IIa) o r  to a m i x t u r e  of 16% of (IIa) and 84% of (IIIa). The mix tu re  was  kept  at - 5  ~ for  4 h, 
the p rec ip i t a t e  was  f i l t e red  off, the  so lvent  was  evapora ted  in vacuum,  and the r e s idue  was dis t i l led.  The 
yield  of (Va) was  83%; bp 62 ~ (3 ram); n~ 1.4940. Found: C 52.40; H 7.56; S 20.00%. C7H1202S. Calculated:  
C 52.47; H 7.54; S 20.01%. 

Addi t ion of CH3SBr to (CHa)~C = CHCOR. Methanesul fenyl  b r o m i d e  was  added to the d i m e t h y l a c r y l i c  
acid de r iva t ives  and the r e su l t i ng  adduc ts  w e r e  i so la ted  as  de sc r ibed  p r ev ious ly  [4]. The r e a c t i o n  t e m -  
p e r a t u r e s  and y ie lds  of the adducts  a r e  g iven in Tab le  2, and the i r  mel t ing  points  and ana ly t i ca l  c h a r a c -  
t e r i s t i c s  in Table  6. 

2 - M e t h y l s u l f o n y l - 3 - m e t h y l b u t - 3 - e n o a t e  (XIa). a) A m i x t u r e  of 0.42 g of (VIIa), 2.2 ml  of abso lu te  
benzene ,  and 0.7 ml  of SOC12 was  boiled for  2.5 h. The solvent  and the excess  of SOCI~ w e r e  d r iven  off in 
vacuum,  and the r e s idue  was  dis t i l led,  b) A mix tu re  of 0.21 g of (VIIa) and 0.19 g of PC15 was  ground t o -  
ge the r  f o r  10 rain and left  at ~20 ~ fo r  1 h. The POC13 was  d r iven  off in vacuum at ~20 ~ The yield of (XIa) 
was  100%; bp 146 ~ (4 ram); n}~ 1.4810. Found: C 43.71; H 6.31; S 16.80%. C7H1204S. Calcula ted:  C 43.73; 
H 6.29; S 16.67%. 
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Anilide of 2 -Methy l su l fony l -3 -methy lbu t -3 -eno ic  Acid (XIb). A mix tu re  of 0.23 g of the sulfone (VIIb) 
and 0.19 g of PC15 was ground together  for  10 rain and left  at  20 ~ for  1 h. The POC13 dr iven off in vacuum at 
20 ~ and the res idue  was r ec ry s t a l l i z ed .  The yield of (XIb) was 87%, mp 132-133 ~ (ethyl ace ta te  and 
hexane). Found: C 56.78; H 5.91; S 12.99%. C12H15NO3S. Calculated: C 56.89; H 5.96; S 12.65%. 

Methy:: f i , f l -Dimethy l -~ -methy l su l fony lac ry la te  (XIIa). A solution of 0.3 g of (IIa) in 6 ml  of aqueous 
dioxane (1 : ~) was heated at 80-90 ~ for  20 h and was then diluted with wa te r  and ext rac ted  with ether ,  and 
the ex t rac t  ~vas dr ied with MgSO 4 and evapora ted ,  and the res idue  was distil led. The yield of XIIa was 80%, 
bp 115 ~ (3 ram); n}~ 1.4817. Found: C 43.50; H 6.07; S 16.60%. C7H1204S. Calculated: C 43.73; H 6.29; S 
16.67%. 

fi,p-Dimethyl-~-methylsulfonylacrylanilide (XIIb). At 0 ~ 2 ml of 30% H202 Was added dropwise to 
0.9 g of (IIb) in 6 ml of glacial CH3COOH and 1.2 ml of (CH3CO)20. This gave (XIIb) with a yield of 20%, 
mp 164-166 ~ (ethyl acetate and hexane, 1 : I). Found: C 56.84; H 5.91; S 12.48%. CI2HIsNO3S. Calculated: 
C 56.89; H 5.96; S 12.65%. The residue was a dark brown resin. 

Methy!i fi-Chioro-~-methylthiovalerate (IIa). At 20 ~ 2 ml of SOCI 2 was added dropwise to 0.9 g of 
(IVa) in 3 m:~ of absolute benzene. There was a vigorous evolution of HCI. The solvent was evaporated in 
vacuum. Yield of (IIa) ~I00%. 

C O N C L U S I O N S  

1. The nucleophil ic r e p l a c e m e n t  of the chlor ine  a toms  in de r iva t ives  of f i - c h l o r o - ~ - m e t h y l t h i o i s o -  
va l e r i c  acid takes  place through an in t e rmed ia t e  episulfonium ion with the fo rma t ion  of de r iva t ives  of a 
single isomc;r of f i - h y d r o x y - ~ - m e t h y l t h i o i s o v a l e r i c  acid de r iva t ive  in each case.  

2. Wi1:h SOC12 or PC15, the methyl  e s t e r  and anil ide of f i - hyd roxy-~ -me thy l su l fony l i sova l e r i c  acid 
e l iminate  wa te r  with the fo rma t ion  of the methyl  e s t e r  and anil ide of 2 -me thy l su l fony l -3 -me thy lbu t -3 -  
enoic acid. 

3. The methyl  e s t e r  and anil ide of f l - ch lo ro -~ -me thy l su l fony l i sova l e r i c  acid e l iminate  HC1 with the 
fo rma t ion  of the cor responding  de r iva t ives  of f l , f l -d imethy l -~-methy l su l fony lac ry l i c  acid. 
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