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Reaction of aqueous solutions of salts of acrylic acids with thioepi- 
chlorohydrin affords thietyl acrylates, which on hydrolysis give 3-hy- 
droxythietane, and on oxidation with hydrogen peroxide give 3-hydroxy - 
thietane 1,1-dioxide. The diene synthesis was carried out with these 
acrylates, and also with aeryloyl and methacryloyl isothiocyanates. 

A c r y l i c  e s t e r s  p a r t i c i p a t e  r e a d i l y  in  t h e  d i e n e  s y n -  

t h e s i s  [1]. We h a v e  i n v e s t i g a t e d  t h e  r e a c t i o n  of s o m e  
s u l f u r - c o n t a i n i n g  d e r i v a t i v e s  of a c r y l i c  a c i d  ( 3 - t h i e t y l  
a c r y l a t e s ,  w h i c h  w e r e  p r e v i o u s l y  u n k n o w n ,  and  a l s o  
a e r y l o y l  and  m e t h a c r y l o y l  i s o t h i o c y a n a t e s ) w i t h d i e n e s .  

We s y n t h e s i z e d  3 - t h i e t y l  a c r y l a t e s  b y  r e a c t i n g  
a q u e o u s  s o l u t i o n s  of  a c r y l a t e  s a l t s  w i t h  t h i o e p i c h l o r o -  

h y d r i n .  T h i s  r e a c t i o n  m i g h t  b e  e x p e c t e d  to  g ive  e i t h e r  
t h i o g l y c i d y l  a c r y l a t e s  o r ,  by  a n a l o g y  w i t h  a c e t a t e  s a l t s  
[2], t h i e t y l  a c r y l a t e s  : 

Clt2=CRCOOK + CICH~I~,H--Ctl2S 

CH2=CRCOOCH.CH--CH2S 

/ 
/ c n s \  ~.~=c.coo-~,.. ?\c ~ = . ,  c. .  

of a d d u c t s  of t he  i s o t h i o c y a n a t e  g r o u p ,  s u c h  as  h a s  

r e c e n t l y  b e e n  found  f o r  b e n z o y l  i s o t h i o c y a n a t e  [4] w a s  
no t  o b s e r v e d .  

The  s t r u c t u r e  of t he  i s o t h i o c y a n a t e s  o b t a i n e d  w a s  

c o n f i r m e d  by  c o n v e r s i o n  to  the  c o r r e s p o n d i n g  t h i o u r e a s :  

I1 + ArNHz ~ R ~ I / R  ' 
~ , J - - C - - N  H--C-- N HAr 

ti tl 
O S Y 

IV + ArNH~ ~ R' 
-~/C--NH--C--NH Ar 

II El 
O S VI 

Va R=R'=H, Ar=C~Hs; b R=H, R'~CH3, AI.~0-Ctl3C6114; 
d ~:= CH M R'=H, Ar=CoHs; d R=R'=CH a, Ar=o-CH3C6H4; 
e R=CI, R'=H, Ar= CtiHs; f R=CI, R'=CH3, Ar=o.CHsC6114, 

Via R'= H, Ar=CsHs; b R'=CH3: Ar-~oJ~bl-zCstt4 - 

T h e  IR s p e c t r a  of t h e  t h i o u r e a s  e x h i b i t  a b s o r p t i o n  
b a n d s  due  to  t h e  C~----O g r o u p  ( 1 6 9 1 - 1 7 0 8  c m - 1 ) ,  C-~-~C 
( 1 6 2 5 - 1 6 5 0  c m - 1 ) ,  and  N- -C  ( 1 5 3 0 - 1 5 5 0  c m - 1 ) ,  c o n -  

f i r m i n g  t h e  c o r r e c t n e s s  of t h e  p r o p o s e d  d i e n e  r e a c t i o n  
s c h e m e .  

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

T h i o g l y c i d y l  m e t h a c r y l a t e  had  b e e n  o b t a i n e d  o r e v i -  
o u s l y  by  r e a c t i o n  of t h i o u r e a  w i t h  g l y c i d y l  m e t h a c r y l a t e  
[3]. T h e  s t r u c t u r e  of t h e  a c r y l a t e s  w h i c h  we h a v e  p r e -  

p a r e d  h a s  b e e n  c o n f i r m e d  by  a l k a l i n e  h y d r o l y s i s  to  3 -  
h y d r o x y t h i e t a n e .  In a d d i t i o n ,  o x i d a t i o n  of t h e  a c r y l a t e s ,  

and  a l s o  of 3 - h y d r o x y t h i e t a n e ,  w i t h  h y d r o g e n  p e r o x i d e  
g a v e  3 - h y d r o x y t h i e t a n e  1 , 1 - d i o x i d e ,  t h u s  c o n f i r m i n g  

t h e  p r e s e n c e  of t h e  t h i e t a n e  r i n g .  

s " ~ + 
\ c u /  ,~o , ~:oou,. \ cHS  ~o 

T h e  d i e n e  s y n t h e s i s  w a s  c a r r i e d  out  w i t h  t h e  s y n -  
t h e s i z e d  d i e n o p h i l e s  u s i n g b u t a d i e n e ,  i s o p r e n e ,  c h l o r o -  
p r o n e  and  c y c l o p e n t a d i e n e  a s  t h e  d i e n e s .  In a l l  c a s e s ,  
t he  c o r r e s p o n d i n g  a d d u c t s  w e r e  o b t a i n e d  ( e i t h e r  e s t e r s  
o r  a e y l  i s o t h i o c y a n a t e s )  : 

/sCH~ 

"5 + - - .  
RE CR'-- CO R" N, Clt2/ 

~CIi 2 I, II(a-e) O II R'~--N=C=$ 
I a R = R ' = H ;  b R ~ H ,  R '=CH~;  C R=CH 3, R ' = H ;  d R = R ' = C H  3 

II a R = R ' = H ;  b R = H ,  R '=CH3;  c R=CIt3, R ' = f l ;  d R = R ' = C H 3 ;  
r R = C I ,  R ' = H ;  f R = C I ,  R ' = C H  z 

CH, ~ O /CH2\ 
+ II " ~ / W _ R .  [11 R . . . . .  CH S 

c P,'COR" ,, \cu2/ 
O IV R '=~N~C=S 

lU, IV (a, b)  
l U a  R ' = H ;  b R '=CH a. IV a R ' = H ;  b R '=CH3 

A c r y l o y l  and  m e t h a e r y l o y l  i s o t h i o e y a n a t e s  r e a c t e d  
w i t h  a c t i v a t e d  C = C  b o n d s ,  bu t  s i m u l t a n e o u s  f o r m a t i o n  

3-Thietyl acrylates. Acrylic or methacrylic acid in water was neu- 
tralized with potassium carbonate, and to the solution of the salt thus 
obtained was added the calculated amount of thioepichlorohydrin. The 
mixture was heated with stirring for 8 hr at 60 ~ C in the presence of 
copper powder, hydroquinone, and Neozone D as inhibitors. When the 
reaction was complete, the lower layer was separated. The aqueous 
layer was extracted with ether, the ethereal extract combined with the 
lower layer and dried over calcined MgSO 4. The ether was distilled off, 
and the residue distilled in vacuo. The following acrylates were pre- 
pared: 

3-Thietyl acrylate, bp59.5 ~ C (2 ram); d~ ~ 1,1649, n~ 1.5115; yield 
74%. Found, % C 49.37, 49.60; H 5.371 5.601 S 22.75, 22.33. M 148.0, 
148.3; MRD 37.06. Calculated for CGHsOsS,~ C 50.00; H 5.55; S 22.22. 
M 144. MR D 37.09. 

3-Thietyl methacrylate, bp 70-73 ~ (2 mm); d~ ~ 1.1274, n~ 1.5050, 
yield 78.5%. Found, %: C 52.50, 53.00; H 6.22, 6.36; S 20.36, 20.43. 
M 160.0, 161.51 MR D 41.54. Calculated for CTHioOzS, %: C 53.16; 
S 20.25. M 158, MR D 41.73. 

3-Thietyl methacrylate was hydrolyzed by gradual addition tometh- 
an.lie KOH, and heating the mixture on the water bath. Themethanol 
was distilled off, the residue extracted with ether, and the ethereal ex- 
tract dried over calcined MgSO4. The ether was distilled off and the 
residue distilled in vacuo, giving the product, bp 75-76 ~ C (6 ram), 
n~ 1.5412 (literature [5]values, bp 51-52* C (0.9 ram), n~ 1.5408). 

The 3-hydroxythietane obtained was oxidized with hydrogen perox- 
ide. This was effected by dropwise addition to a 30% solution of hydro- 
gen peroxide warmed to 40* C. The excess peroxide was decomposed 
catalyricaliy (Pt), and the solution evaporated until crystals separated. 
The crystals were twice recrystallized from alcohol, when they melted 
at 99-100 ~ C (lit. [5], mp 101-102" C). A mixed mp with pure 3-hy- 
droxythietane 1,1-dioxide gave no depression. 

3-Thieryl acrylate was hydrolyzed similarly. In this case, in addi- 
rion to 3-hydroxythietane 1,1-dioxide, acrylic acid polymer was also 
obtained. 
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Com- 
pound 

Ila 

llb 

IIc 

lid 

lie 

I l f  

IVa 

IVb 

T a b l e  2 

C o n s t a n t s  a n d  A n a l y s e s  o f  t h e  I s o t h i o c y a n a t e s  

Bp, "C (pres- nD~O 
sure. mm) 

96--98 (3) 

93--96 (6) 

95--97 (2) 

84--85 (2) 1.5412 

119--121 ('l) 1.5770 

I I I - - I12(I)  1.5640 

88--91 (2) 1.5686 

81 (1) ' 1.5570 

MR 9 

d, 2o , caleu- 
found lated 

] Found Calculated 
Molecular I - -  
formula N, % M ,[ N, % M 

i i: 
1.5480 51.90 52.24 ! 

1.552C 

CsHgNOS 

I.I073 52.23 

1.0788 56.88 

CgHHNOS 

52.24 CsH~INOS 

56.891 C~0H~3,NOS 
I 

1.28011 52.00 

: I 
8.21 I 165 I 8.38 
827 t167 I 

I7.75/180.5 7.73 
7.70 I 178 
7.60 180 7.73 
7,65 178 

7,18 7.08 196 
7,11 194 

7.00 198 6.95 
6.98 199 
6.21 212 6.49 
6.39 214 

7.65 178 7.82 
7.78 180 
7.11 192 7.25 
7.17 191 

1.2327 56.80 

1.1739 49.90 50.18 CgHgNOS 

1.14241 54.40. 54.83 CIoH,INOS 

52.42 CsHsCINOS 

57.07 C~H~0CI.NOS 

167 

181 

181 

195 

201.5 

215.5 

179 

193 

Com- 
pound 

V a  

Vb 

Vc 

Vd 

Ve 

Vf 

Via 

VIb 

T a b l e  3 

M e l t i n g  P o i n t s  a n d  A n a l y s e s  of  t h e  T h i o u r e a s  

Mp, "C 
(from 
alcohol) 

138 

66 

132 

67 

137 

106 

126 

128 

Molecular I i 
formula [ C, % 

CI,HI~N2OS 64.51 
64.21 

CISH~oN2OS 66.57 
66.32 

CI~HIsN~OS 66.00 
65.97 

C17H~N2OS 67.58 
67.50 

C14H~CIN20'S 56.71 
56 67 

CI6HIgCIN~OS 59.32 1 
59.34 I 

CIsHI~N2OS 66.17 / 
65.92 I 

C17H2oN~OS 68.06 
68.22 

Found 

It,% s,% I M 

12.29 259 
12.02 1 260 
10.87 t 292 
10.89 ] 290 
11.92 ] 274 
11.691 278 

I 
10.64 / 304 
10.12 l 301 
10.82 [ 293.5 
t0.95 1 292 
9.88 I 316.4 

t0.00 / 318 
I 1.48 / 269 
[1.60 t 271 

l 
Io.61 / 3o4 
t0.20 / 301 

c, % 

64.60 

68.70 

65.70 

67.50 

57.05 

59.60 

co6.20 

68.00 

Calc~ dated 

H.% 

6.15 

6.94 

6.56 

7.29 

5.09 

5.89 

5.88 

6.66 

S,% M 

12.31 260 

11,12 288 

11.68 274 

302 

294.5 

11..78 172 

I0~67 300 
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Diene synthesis with 3-thietyl  acrylates. Equimolecular proportions 
of the reactants in benzene (50%) were heated at 160 ~ C in sealed am-  
puls for 5-10 hr. Benzene and unreacted diene were distilled off on the 
water bath, and the residue distilled in vacuo. The reaction of 3- th ie-  
tyl acrylate with cyelopentadiene was effected under milder conditions. 
Even at room temperature, on keeping the ampul for 5 days, the yield 
of adduct amounted to 68.5% based on reacted material.  This reaction 
also proceeded without pressure, by heating the reactants in benzene 
solution in a flask under reflux on the water bath for 9-10 hr. Theyield 
in this case amounted to 88%. 

The constants and analyses of the adducts are given in Table 1. 
The diene synthesis with acryloyl and methacryloyl i~othiecyanate~, 

The dienes (butadiene, isoprene, chloroprene) and the dienophiles (ac- 
ryloyl and methacryloyl isothiocyanates, obtained from the correspond- 
ing acid chlorides and a suspension of potassium or lead thiocyanate in 
benzene, dioxane, or acetone, by previously described methods [6,7]) 
were heated in 1 : 1 molar proportions in benzene solution (50%), in 
presence of a catalytic amount of hydroquinone in ampuls at 90-95 ~ C 
for 2-10 hr. In the case of cyclopentadiene, the reaction was carried 
out at room temperature for 12 hr. Eractionation gave 60-70~ of the 
corresponding isothiocyanates (Table 2). 

Preparation of thioureas. To a solution of 0.02 mole of the isothio- 
eyanate in 50 ml of ether was added dropwise with stirring during 15 
rain a solution of 0.02 mole of the arylamine in 50 ml  of ether at 
20-25 ~ C. After 15 rain, colorless crystals of the thiourea had sepa- 
rated from the ethereal solution. Yield 95-98%. Melting points and anal- 
yses are given in Table 3. 

The authors thank M. E. Sergeeva and M. I. Mironova for the IR 
spectra and the elemental  analyses. 
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