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We have p r ev ious ly  repor ted  the addition of methanesulfenyl  chlor ide to der iva t ives  of d imethyl -  
ac ry l i c  acid [1, 2]. In the presen t  work  we have studied the addition of benzenesulfenyl  chlor ide to di -  
me thy lac ry l i c  acid and its der iva t ives .  

In CC14 solution in the p re sence  of t r a c e s  of CaCO3, benzenesulfenyl  ch lor ideadds  to d imethylacry l ic  
acid and i ts  methyl  e s t e r  (at ~20 ~ with the fo rmat ion  of a mix tu re  of the adducts (Ia-c) and (IIa-c). The 
addition of benzenesulfenyl  chlor ide  to the anilide of the acid takes  place mos t  readi ly  (at ~0~ Because 
of the poor solubil i ty of d imethy lac ry lamide  in CC1 o i ts  reac t ions  with benzenesulfenyl  chlor ide were  p e r -  
fo rmed  in CH2C12 at  37-40 ~ which led to the fo rmat ion  of a single i s o m e r  (IId). Benzenesulfenyl  chlor ide 
does not add to d imethylacry loyl  chlor ide in CC14 at 20 ~ 

HaC 0 ~ HaC 0 ~ H~C 0 

~C=C[_I~ C6HsSC1. I \C  CH--CS 1 r--~ \C--CH--C// 

/ I / I scum ct 
(Ia-c) 

! 
CH3 0C2H5 O HaC 0 ~-~ H3C 0 

\c~_cH_cS \ , /  ~o~ \C_CH_CJR ; C--CH--C--R 
/ I \ / I  1 / I  t 

CH3 SC~H5 R H3C C1 SO~C6H~ (IIIa-d) H3C C1 SC6H~ 
(IV) I 1 (IIa-b) CS(NH2)2, C~H~OH 

R ~ NHC6H5 (a)l 0CHa (b); OH (c); NHz (d)~ 

The s t ruc tu re s  of the i s o m e r i c  adducts  and their  ra t ios  were  shown by the i r  PMR spec t ra  and by 
a number  of chemical  t r ans fo rma t ions  (Tables 1-3). 

Compounds (Ia-c) i s o m e r i z e  into the s table  adducts (IIa-c) at  different  r a t e s  and with much g r ea t e r  
difficulty than the ~ -ch lo ro - f i -me thy l th io i sova le r i c  acid der iva t ives  descr ibed  previous ly  [2]. In the case  
of (Ia) at  ~20 ~ i somer i za t ion  is comple te  a f t e r  14 h. The i somer i za t i on  of (Ib, c) r equ i r e s  a longer t ime  
at ~20 ~ (see Table 1). In tMs case ,  the i somer i za t ion  of (Ia-c) into (IIa-c),  taking place through an in te rmedia te  
episulfonium ion, is r e t a rded  by the dec rea se  in the nucleophilicity of the sulfur  a tom,  the unshared pair  
of e lec t rons  of which is conjugated with the ~ - e l e c t r o n s  of the phenyl nucleus. The H202 oxidation of (IIa- 
d) (Table 4) f o r m s  the cor responding  sulfones (IIIa-d) (Table 5). 

The ease  of the nucleophilic r ep l acemen t  of the chlorine a toms in der iva t ives  of f i - c h l o r o - a - m e t h y l -  
th io isovaler ic  acid has been shown previous ly  [3]. The presen t  invest igat ion has shown that the halogen 
a toms  in compounds (IIa-d) or in the i r  mix tu res  with (Ia-c) a r e  a lso  replaced by hydroxy or methoxy groups 
on heating in aqueous dioxane or methanol  at  60-70 ~ with the fo rmat ion  of der iva t ives  o f /3 -hydroxy-a -pheny l -  
th io-  or f i -me thoxy-a -pheny l th io i sova le r i c  acids ,  respec t ive ly .  At room t empera tu r e ,  in cont ras t  to the 
der iva t ives  of f i - ch lo ro -~ -me thy l th io i sova l e r i c  acid, comple te  r ep l acemen t  of halogen did not take place. 
The ra t e  of hydro lys i s  of the chlorine a tom in f i -ch loro-~-phenyl th io i sova le ran i l ide  (IIa) in aqueous dioxane 
i s  given in Table 2. 
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TABLE 1. Addition of C6H5SC1 to 
(CH3)2C =CHCOR, Accompanied by the 
I somer iza t icn  (I) ~ (II) 

Yield 
Compound Reaction T.,~ ofad- 

time ] duct,O/~ 

la  

Ib 

Ic 

Id 

40 rain 
14 h 
17h 
74 h 
17h 
74 h 
30 rain 

2~ t00 

20 
20 90 
20 82 
20 95 
37 tO0 

i Ratio of the 
adducts,% 

(I) (II) 

17 83 
100 

95 
77 

- -  t00 
)5 

i somer  (VII), 

Heating (IIa) with thiourea in ethanol unexpectedly led to 
the replacement  of the chlorine not by a thiourea residue 
but by an ethoxy group with the format ion of/3-ethoxy-c~- 
phenylthioisovaleranilid e (IVa). 

Although the absence of the signal of a H - C - O H  proton 
f rom the PIVIR spec t ra  of the/3-hydroxy-c~-phenylthioiso- 
va ler ic  acid derivat ives  confirms the s t ruc ture  of the com-  
pounds contained, the oxidation of (IVa) with hydrogen pe r -  
oxide to the sulfone {VI) was performed additionally. Since 
no i somer iza t ion  is observed in the sulfones, by the rep lace-  
ment of the OH group in (VI) by an atom of chlorine under 
the action of PC15 we hoped to obtain the sulfone (Ilia) or its 

which were synthesized special ly by the oxidation of the sulfides (Ia) and (IIa). 

H3C 0 

"-C_CH_C / 

H3C / CII ~NHCsH5 
SO2C6H5 (VII) 

The sulfone (IIIa) is re la t ively  stable and only on heating is HC1 eliminated with the format ion of 
fi ,fi-dimethyl-o~-phenylsulfonylacrylanilide (VIII). However, under the act ion of PC15 on the sulfone (VI) 
at ~20 ~ a molecule of water  was unexpectedly split out and the sulfone (VIII) was isolated, apparently having 
been formed through the in termedia te  compound (IX). 

HaC O FHaC O 1 

\C_CH__C f PCh I \C--CH C S [ 
/ I  1 \ / / I  I \ / 

H~C OH S02CsH~ NHC~H5 LH3C OPCh S02C~H~ NHC6HsJ 

(vi) l (ix) --POCI~ 
--HCI 

H~C 0 H~C 0 

\C_CH__C f --HCl ~ \C=C C// 
/ ] I ~ 30h, 70 ~ / i 

HaC CI S02C6H5 NHC6H5 H~C S02C6H5 NHC6H~ 
( I I I a )  ( V I I I )  

The splitting out of a molecule of water  f rom the sulfone (V1) under the action of PC15 unambiguously con-  
f i rms  the s t ruc ture  of the compounds obtained (IVa-d). The absence of the nucleophilie replacement  of the 
chlorine in the sulfone (IIIa) and in ~,f l -dichloroisovalerani l ide  (XI) even under more  severe  conditions 
confi rms the format ion of the intermediate  episulfonium ion in these react ions.  

Thus, the nucleophilic replacement  of the chlorine a toms in (IIa-d) in this case takes place through 
an in termediate  episulfonium ion and also takes place without isomerizat ion.  

EXPERIMENTAL METHOD 

Benze~esulfenyl chloride was added to the dimethylacrylic acid derivatives, and the resulting adducts 
were isolated, in a similar manner to that used previously [2]. The reaction temperatures and the yields 
of the adduct~ are given in Table i, and the melting points and analytical results in Table 4. 

p-Hydroxy-~-phenylthioisovaleric Acid Derivatives (IVa-d). A mixture of 0.001 mole of a fl-chloro- 
~-phenylthiovaleric acid derivative in 4 ml of aqueous dioxane (i : i) was heated at 70 ~ for 0.5 h, diluted with 
water, and extracted with ether, and the extract was dried with MgSO 4 and evaporated in vacuum. The 
results of the experiments are given in Table 6. 

13-Methoxy-oz-phenylthioisovaleric Acid Derivatives (IVe-g). A solution of 0.002 mole of a fi-chloro- 
cl-phenylthio~.isovaleric acid derivative in 6 ml of absolute CH3OH was evaporated in vacuum, and the residue 
was recrystallized or distilled. The results are given in Table 6. 

~-Ethexy-p-phenylthioisovaleranilide (Via). a) A solution of 1.6 g of (Ia) and 0.38 g of thiourea in 7 
ml of absolute ethanol was boiled for 1 h. The solvent was evaporated off in vacuum, giving an 80% yield of 
(IVa), mp 84-8 5 ~ 
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T A B L E  2. H y -  
d r o l y s i s  of (IIa) 
(10% so lu t i on  in  
aqueous  d ioxane ,  
3 : 1 ,  60 ~ ) 

Time. (IIa), (IVa), 
rain % * % * 

i0 74 26 
20 54 46 
30 37 63 
40 3i 68,5 
50 28 ~ 7i ,6 
60 26 74 
70 20 80 
90 i9 90 

*Ratio of (II) to (IVa) 
determined from PMR 
spectra. 

b) A so lu t i on  of 1.0 g of (Ia) in  7 ml  of a b s o l u t e  e thano l  was  bo i l ed  fo r  l h .  
Then  the  e thanol  was  e v a p o r a t e d  off and the  r e s i d u e  was  r e c r y s t a l l i z e d .  Yield  of 
(IVa) 94%, m p  85-85 .5  ~ ( f rom aqueous  e thanol) .  Found:  C 68.90; H 6.85; S 10.01%. 
CIsH2aNO2S. Ca l cu l a t ed :  C 69.26; H 7.03; S 9.73%. A m i x t u r e  of the  p r o d u c t s  o b -  
t a ined  by  the  two m e t h o d s  gave  no d e p r e s s i o n  of the  m e l t i n g  point.  

f i - H y d r o x y - ~ - p h e n y l s u l f o n y l i s o v a l e r a n i l i d e  (VI). Wi th  i c e - w a t e r  cool ing ,  
2 m l  of 30% H202 was  a d d e d  to 0.5 g of f i - h y d r o x y - a - p h e n y l t h i o i s o v a l e r a n i l i d e  in  
6 m l  of g l a c i a l  CH3COOH and 1.2 m l  of (CH3CO)20 , the  m i x t u r e  w a s  l e f t  a t  ~20 ~ 
f o r  s i x  d a y s ,  the  so lve n t  was  d r i v e n  off in  va c uum,  and the  r e s i d u e  was  r e c r y s t a l -  
l i z ed .  The  y i e l d  of (VI) was  81%, m p  131-132 ~ ( f rom C~H6). Found:  C 61.66; H 
5.60; S 8.40; N 4.35%. Cl~H19NO48. Ca lcu l a t ed :  C 61.24; H 5.74; S 9.61; N 4.20%. 

f l , ~ - D i m e t h y l - a - p h e n y l s u l f o n y l a c r y l a n i l i d e  (VIII). a) A s o l u t i o n  of 0.1 g of 
the  su l fone  (IIIa) in  5 m l  of d ioxane  and 1.5 ml  of w a t e r  was  hea ted  a t  70 ~ fo r  30 h. 
A f t e r  d i l u t i on  wi th  w a t e r ,  the  m i x t u r e  was  e x t r a c t e d  wi th  e t h e r ,  the  e x t r a c t  was  
d r i e d  wi th  MgSOt, the  so lve n t  was  e v a p o r a t e d  in  vacuum,  and the  r e s i d u e  was  r e -  
c r y s t a l l i z e d .  The  y i e l d  of (VIII) was  62%, ~np 182-184 ~ ( f rom C~H~). 

b) A m i x t u r e  of 0.1 g of (VI) and 0.07 g of PC15 was  g round  t o g e t h e r  and le f t  a t  20 ~ fo r  30 min ,  a f t e r  
which  a b s o l u t e  b e n z e n e  was  added  and c a r e f u l l y  e v a p o r a t e d  off in  vacuum.  The  y i e ld  of (VIII) was  52%, m p  
182-185 ~ ( f rom C6HG). Found:  C 64.21; H 5.17; N 4.22;  S 10.20%. C17HITNO3S. Ca lcu l a t ed :  C 64.74; H 5.43; 
N 4.44;  S 10.16%. A m i x t u r e  of the  s a m p l e s  ob ta ined  by  the  two m e t h o d s  gave  no d e p r e s s i o n  of the  m e l t i n g  
point .  

T A B L E  3. PMR S p e c t r a  of the  P r o d u c t s  Obta ined  ( " P e r k i n - E l m e r  
R - 1 2 "  s p e c t r o m e t e r ,  60 MHz, 5% so lu t i on  in CC14, i n t e r n a l  s t a n -  
d a r d  HMDS) " 

Chemical Chemical (CH ~)2CRI --CIIl~,~ --C 01~ (CI-I3) ~C IKI--C H g~--CO I~ a 
~hifL 5, ppm i .shift, 5, ppm 

R1 

C1 

SC6H5 

CI 

SCaH5 

SCGHB 

Cl 

CI 

CI 

SO2C6H5 

R2 

5C~ ~I 5 

CI 

SC~ Ha 

C1 

GI 

SC~ g 5 

SC, H5 

SO~ C6I 

C} 

SO Ca] 

Ir 

OH 

OH 

NHCaH5 

NHC~H5 

0CH3 

0CH3 

NH~ 

NHC6H5 

NHC6H5 

OH 

H~C / 
c~ m 

3,87 

4,19 

3,84 

4,27 

4,23 

3,) 

3,82 

4,33 

4,49 

4:39 

C1 
OH 
OH 

OH 

OCH 

OCH 

OH 

C1 

C1 

R2 

SOzC6H5 
SCsH5 
SC6H5 

SC6H5 

SC6H5 

SCaH a 

SO~C6H5 

C1 

CI 

(vm) 

Rs 

9CH8 
NHC6H 
OH 

9CHa 

NHC6H5 

OCH3 

~HC~Hs* 

Cl 

NHCsH5 

*5%solution in CF3COOH 

H3C\c 
H3C/ CH 

2,04 4,37 
i ,41 3 ,58  
i ,38 3,56 
i ,40 
i,35 3,58 
i ,39 
i,34 3,55 
i ,46 
i ,33 3,78 
i,35 
i,32 437 
t ,42 
i,77 4,74 
t ,83 
i,75 4,5i 
i ,78 
i ,76 
i ,89 -- 

T A B L E  4. Me l t i ng  Po in t s  and E l e m e n t a r y  A n a l y s e s  of Compounds  HSC>c--CH--COR-- ( I Ia-d)  
H3C I I 

CI SC6H~ 

Coii1- 

pound 

lla 

lib * 
lle 

mp, ~ (solvent) 

108.5"104 - 
(CC14 and hexane) 

57- 58 (petroleum 
etiier) 

IId 90-91 (CCh) 

Empirical 

formula 

C17H18CtNOS 

C12H15CIO28 

CllH13C102S 
CllH14C1NOS 

* bp 150~ (5ram); nD2~ 1.5495. 

C 

63.49 

55.53 

54o19 

54.20 

Found, % 

H C1 

5.65 10.82 

5.83 13.99 

5.37 14.28 

5.58 15.42 

N 

4.56 

5.64 

S 

9.92 

12.39 

13.02 

13.20 

C 

63.83 

55.69 

53.98 
54.20 

Calculamd, % 

H CI N 

5.67 11.08 4.37 

5.84 13.70 -- 

5.35 14.48 -- 

5.78 14.54 5.74 

S 

10.02 

12.39 

13.10 

18.15 
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H~C\ 
TABLE 5. The Sulfones .C--CH--CO~ (IIIa-d) 

HaC/I I 
C1 S02CsH~ 

rap, ~ Empirical 

~ . iYield, (solvent) formula 
% 

( benzene 
b 90 . 68--69 "l C~HIsCIO4S (hexane) / 
C 74 ]ilO 5--iti,5[ CItHmCI04S 

(i~gxane) 
d 96 I t%--175' ]CuI-II+C1NO~S 

Found, % Calculated, % 

c H Cl N s C H ct N S 

58,23 5,02 

49,39[ 5,25 

47,33 4,83 

~7,68 5,03 

i103107021 &,269,1~. 50,045,15 i0,073,98 9,ti 
- -  11,37 49,57 5fi0 12,19 - -  it,02 

t2,57 ti,60 47,74 4,73 12,8t il,58 

i3,17 5,25 11,80 g7,91 5,t2 t2,85 5,08 tt,62 

H3C 
T A B L E  6. ~ - P h e n y l t h i o i s o v a l e r i c  Ac id  D e r i v a t i v e s  ~C--CH--COR (IVa-g)  

O R" SC~H.~ 

a 1 

b 

c 

d 

i e  

f 

g 

R' 

H 

H 

H 

H 

CH3 

CHa 

CH3 

NHCsH5 

OCHa 

OH 

NH~ 

NHCsH~ 

OC]:t s 

NH~ 

80,3 

75 

85,7 

94 

92 

76 

88 

mp, ~ (solvent) 

95--95,5 
(CC14 and hexane, 1 : 1) 

bp 134" (4 mm) 
n~ .t, 5525 
86--87 
(ether and hexane) 
117--tt7,5 
(ethyl acetate and hexane) 
109--110 
(CCh and hexane, 3 : 7) 
bp 141" (5 mm) 
n~ l, 5456 
128--i29 
(ethyl ~cetam) 

Empirical 
formula 

CzTH19NOsS 

ClsHls03S 

CztH140aS 

CIIH15N02S 

ClsHmN02S 

ClaHmSO8 

C12HITNO2S 

C 

67,33 

6t ,39 

58,3t 

58,24 

68,45 

6i ,86 

60,46 

Found, % 

6,18 
I 

6,32 I 

6,25 I 

7,05 

6,70 

6,87 

7,13 

S C 

- -  10,84 67,74 

-- 14,35 59,97 

- -  13,39 58,38 

6,53 t4,37 t 58,64 
/ 

4,70 10,39 I 68 ~53  
! 

- -  14,24 61,38 

6,08 t3,26 60,22 
i 

Calculated, % 

6,35 

6,71 

6,24 

6,7t 6,22 

6,7i 4,58 

7,13 

7,16 5,85 

t0,63 

t3,34 

i4,i0 

i4,25, 

i0,16 

12,60 

13,39 

, f i - D i c h l o r o i s o v a l e r o y l  C h l o r i d e .  To 3.0 g of ~ , f i - d i c h l o r o i s o v a l e r i c  ac id ,  mp  46 ~ [4], was  added  
3.1 g of SOC12, and the m i x t u r e  was  l e f t  a t  ~20 ~ On the  fo l lowing  day,  i t  was  hea t ed  to 100 ~ and then  the 
e x c e s s  of SOC12 was  e l i m i n a t e d  in  v a c u u m  wi thout  hea t ing ,  and the  r e s i d u e  was  d i s t i l l e d .  The  y i e ld  of ac id  
c h l o r i d e  w a s  72%, bp 33 ~ (3 ram) ;  n~ 1.4720. Found:  C 32.82; H 3.75; C1 54.40%. C5H7C130. Ca l cu l a t ed .  
C 31.70; H 3.72; C1 56.13%. A c c o r d i n g  to the  PMR s p e c t r a ,  the  s u b s t a n c e  con ta ined  5% of an  i m p u r i t y ,  
p r o b a b l y  ~ - c h l o r o - f i , f i - d i m e t h y l a c r y l o y l  c h l o r i d e .  

~ , f i - D i o h l o r o i s o v a l e r a n i l i d e  (IX). W i t h  s t i r r i n g  a t  ~20 ~ 1.86 g of a n i l i ne  in  15 ml  of a b s o l u t e  e t h e r  
was  added  d r o p w i s e  to 1.89 g of ~ , f i - d i c h l o r o i s o v a l e r o y l  c h l o r i d e  in  20 m l  of a b s o l u t e  e t h e r .  The  m i x t u r e  
was  l e f t  a t  ~20 ~ fo r  0.5 h and was  then  b o i l e d  f o r  0.5 h. The  a n i l i n e  h y d r o c h l o r i d e  was  f i l t e r e d  off, and the  
e t h e r  was  e v ' t p o r a t e d  off in  vacuum.  The  y i e ld  of (IX) w a s  82%, m p  107-108 ~ ( f rom CC14). Found." C 53.82; 
H 5.40; C1 28.74; N 5.72%. CIiHI3C12NO. C a l c u l a t e d :  C 53.67; H 5.32; C1 28.80; N 5.68%. 

At temp~ at  the  H y d r o l y s i s  of (IX). A s o l u t i o n  of 0.5 g of the  a n i l i d e  (IX) in  4 .5  ml  of d ioxane  and 3 m l  
of H20 was  hea t ed  a t  65 ~ f o r  2 h and was  then  d i lu t ed  wi th  w a t e r  and e x t r a c t e d  wi th  e the r .  A f t e r  t he  e v a -  
p o r a t i o n  of tke  e t h e r ,  t h e  i n i t i a l  a n i l i d e  wi th  mp  108-109 ~ was  r e c o v e r e d .  A m i x t u r e  wi th  au then t i c  (IX) 
gave  no d e p r e s s i o n  of the  m e l t i n g  point .  

C O N C L U S I O N S  

1. B e n z e n e s u l f e n y l  c h l o r i d e  a d d s  to d i m e t h y l a c r y l i c  a c id  and i t s  d e r i v a t i v e s  wi th  the  f o r m a t i o n  of 
m i x t u r e s  of a d d u c t s  of ~ - c h l o r o - f l - p h e n y l t h i o -  and f i - c h l o r o - ~ - p h e n y l t h i o i s o v a l e r i c  a c i d s  and t h e i r  d e r i v a -  
t i v e s ,  r e s p e c t i v e l y .  

2. ~ - C h l o r o - f l - p h e n y l t h l o i s o v a l e r a n i l i d e  r e a d i l y  i s o m e r i z e s  s p o n t a n e o u s l y  a t  ~20 ~ into f l - c h l o r o -  
~ - p h e n y l t h i o i s o v a l e r a n i l i d e ;  ~ - c h l o r o - f l - p h e n y l t h l o i s o v a l e r i c  a c i d  and i t s  m e t h y l  e s t e r  i s o m e r i z e  wi th  f a r  
g r e a t e r  d i f f i cu l ty .  
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3. The nucleophilic rep lacement  of the chlorine atoms in f i -ch loro-~-phenyl th io isovaler ic  acid and 
its der ivat ives  at high t empera tu re s  by OH and OCH 3 groups, which takes place through an in termedia te  
equisulfonium ion, is not accompanied by isomerizat ion.  
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