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The t h e r m a l  i s o m e r i z a t i o n  of 2 - t r i c h l o r o m e t h y l - 4 - m e t h y l e n e - l , 3 - d i o x o l a n e s  was s tud ied .  
This  r e a c t i o n  m a y  s e r v e  a s  a c o n v e n i e n t  me thod  for  the p r e p a r a t i o n  of 2 - t r i c h l o r o m e t h y l - 4 -  
m e t h y l - 5 - a l k y l ( a r y l ) - l , 3 - d i o x o l s .  

U n s a t u r a t e d  c y c l i c  a c e t a l s  of c h l o r a l  tha t  con ta in  e x o -  and e n d o c y c l i c  double  bonds  a r e  of i n t e r e s t  a s  
po ly func t iona l  m o n o m e r s  for the s y n t h e s i s  of  p o l y m e r s  with t h e r m a l  and h y d r o l y t i c  s t a b i l i t y .  

Cont inuing o u r  s y s t e m a t i c  i n v e s t i g a t i o n  of the p r o p e r t i e s  of 2 - t r i c h l o r o m e t h y l - 4 - m e t h y l e n e - l , 3 -  
d ioxo l anes  (I) [1-3] ,  we have  o b s e r v e d  tha t  they a r e  capab le  of i s o m e r i z a t i o n  to 1 , 3 - d i o x o l s  II:  

EEl 3 ~ ECl~ 

%CH 2 - -,CH 3 

I a - c  |1  a - c  

a R=H; b R=CIt3; c R=C6H 5 

The r e a c t i o n  p r o c e e d s  on hea t i ng  wi thout  the use  of  a n y  i n i t i a t o r s ,  The e x p e r i m e n t a l  r e s u l t s  were  
e v a l u a t e d  by PMR s p e c t r o s c o p y  (Table  1). The a s s i g n m e n t  of the s i g n a l s  to the c i s  and t r a n s  i s o m e r s  Ib 

TABLE 1. P a r a m e t e r s  of the PMR S p e c t r a  of  t , 3 - D i o x o l a n e s  I a - c  
and 1 , 3 - D i o x o l s  I I a - c  

C om pound 2- H 

l a  

cis 
I b {tram 

c i s  
Ic {tram 

IIa 
Ilb 
Ilc 

6, ppm 
t 4c~-H 14B -H 

5-n (cis to I(trans to 
5-C) 15-C) 

5,47 

5,43 4,88 
5,49 5,01 

5,53 5,46 
5,71 5,78 

5,89 
5,78 
5,96 

, 4,59 3,80 4,42 
~ClS t o  / 

CC13) ! 

3,88 4,40 
3,88 4,40 

3,63 4,45 
3,78 4,51 

i 
CH:, i R 

I 
I 

4,37 
(trans to 

CCk,,) 

1,43 
1,38 

7,30 
7,30 

1,81 6,03 
1,76 1,76 
2,12 7,28 

1, H Z  

(14a,5 + 14a,R)/2 = !,8; 
15,1~ = 11,2; 
(145,5 +145,R)/2 =2,3; 

J4~,4~=2, 9 

]5fl/=6,2; ]4u,4f~ = 3,0; 
J 4.z,5 = J 4~,5 = 2,0 

14fL5 = 2,0; 14u,5 =2,2; 
]4~,4fi = 2,8 
14f~ 5 =2,2; ]4a 5=1'7; 
j4 ',4fi=2, 8 ' 

]R,CH3 = 1,6 
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TABLE 2. Dependence of the Degree  
of I s o m e r i z a t i o n  of Dioxolane Ib on 
the T e m p e r a t u r e  

T e m p . ,  
~ 

5o--1Io 
13o 
I4o 
i5o 
17o 
18o 
2oo 
80* 

DioxolaneIb, % 
cis isomei txans isomer 

65 35 
54 43 
36 46 
12 48 
21 35 

30 
0 10 

5 42 

Dioxol 
IIb, % 

0 
3 
5 

40 
44 
61 
90 
5 

* The e x p e r i m e n t  was c a r r i e d  out  for 

5 h .  

and Ie ( re la t ive  to the o r i e n t a t i o n  of the subs t i t uen t s  in the 2 and 
5 pos i t ions)  was made s t a r t i n g  f r o m  the 2-H and 5-H chemica l  
shi f ts  and is  in a g r e e m e n t  with the p r e v i o u s l y  detec ted  l o n g - r a n g e  
s p i n - s p i n  coupl ing cons tan t s  c h a r a c t e r i s t i c  for  a t r a n s  o r i e n t a -  
t ion of these p ro tons  [4]. 

It was found f r o m  an eva lua t ion  of the i n t e g r a l  i n t e ns i t i e s  
of the s igna l s  that the c i s - t o - t r ans  i s o m e r  r a t i o s  for Ib and Ic 
a r e  65 : 35 and 75 : 25, r e s p e c t i v e l y . *  The componen t s  of the 5-H 
s igna l  (6 5.01 ppm) of the t r ans  i s o m e r  Ib a r e  b roadened  in c o m -  
p a r i s o n  with the r e s o n a n c e  l ines  of the o ther  s i g n a l s ;  this is  a 
consequence  of the l o n g - r a n g e  s p i n - s p i n  coupl ing in  the H -  
C ( C C 1 3 ) - O - C - H  f r agmen t .  F o r  the s a m e  r e a s o n  the 2-H s igna l  
of the t r a n s  i s o m e r  (6 5.49 ppm) is  a doublet ,  which is  conver ted  
to a s i n g l e t  on s u p p r e s s i o n  of the s igna l  a t  6 5.01 ppm (double - 

r e s o n a n c e  method) .  

The r e s u l t s  of the i s o m e r i z a t i o n  of 2 - t r i e h l o r o m e t h y l - 5 - m e t h y l - 4 - m e t h y l e n e - l , 3 - d i o x o l a n e  (Ib) on 
hea t ing  in  sea led  ampu l s  at  50-200 ~ for  30 mi n  a r e  p r e s e n t e d  in Table 2. In t ens ive  f o r ma t i on  of the endo 
i s o m e r  of IIb is o b s e r v e d  only above 150 ~ and the i s o m e r i z a t i o n  of the eis  i s o m e r  of Ib p roceeds  m o r e  
r e a d i l y  than that  of the t r ans  i s o m e r .  I n c r e a s i n g  the t e m p e r a t u r e  to 220 ~ en ta i l s  r e s i n i f i e a t i o n  of the r e a c -  
t ion m i x t u r e .  At 200 ~ the y ie ld  of i s o m e r i z a t i o n  p roduc t s  was 85%. At 130-150 ~ the cu rve  of the depen-  
dence of the r e l a t i v e  p e r c e n t a g e  of the t r an s  i s o m e r  of Ib on the t e m p e r a t u r e  has a m a x i m u m ,  which a t t e s t s  
to an i n c r e a s e  in the f r ac t i on  of i t  p r e s e n t  as  a g a i n s t  the sha rp  d e c r e a s e  in the f r ac t i on  of cis  i s o m e r  Ib. 

Consumpt ion  of the eis i s o m e r  of Ib may  a p p a r e n t l y  occur  in t w o d i r e c t i o n s  - i n  the f o r ma t i on  of dioxol 
IIb and in c o n v e r s i o n  to the t r an s  i s o m e r .  To c o n f i r m  the l a t t e r  a s s u m p t i o n ,  we c a r r i e d  out the i s o m e r i z a -  
t ion of Ib a t  80 ~ for 5 h. The r e s u l t s  (Table  2) unambiguous ly  a t t e s t  to c o n v e r s i o n  of the cis  i s o m e r  to the 
t r a n s  i s o m e r .  It  follows f r o m  Fig .  1 that  dioxol IIb fo rms  f rom both the c is  and t r a n s  i s o m e r s  of Ib. 

The m e c h a n i s m  of the i s o m e r i c  t r a n s f o r m a t i o n  of 2 - t r i c h l o r o m e t h y l - 5 - m e t h y l - 4 - m e t h y l e n e - l , 3 - d i -  
oxolane can be r e p r e s e n t e d  in the fol lowing way: the r e a c t i o n  begins  with de t achmen t  of a p ro ton  as  a r e -  
su l t  of h o m o l y s i s  of the C - H  bond i n t h e  5 p o s i t i o n o f  the dioxolane r i n g ;  the r e s u l t i n g  r a d i c a l  is  s t ab i l i zed  
by con juga t ion  with the 7r e l e c t r o n s  of the double bond and the methy l  group a t t ached  to the r e a c t i o n  c e n t e r ;  
this leads  to i n t e r m e d i a t e  s t r u c t u r e  A, which is  c lose  to that of a p l a n a r  p y r a m i d  [5]. In the second  step of 
the r e a c t i o n ,  r e c o m b i n a t i o n  of r a d i c a l s  is p o s s i b l e  e i t he r  by addi t ion  of hydrogen  to the s i te  of i ts  de tach-  
m e n t  (in this  case  both f ron ta l  a t tack  and approach  f rom the " r e a r "  with r e s p e c t  to the c e n t r a l  a tom can be 
r ea l i zed )  or  by addi t ion  of hydrogen  to the opposi te  end of the conjugated  s y s t e m  (B). In the f i r s t  case  the 
c is  and t r an s  i s o m e r s  of Ib a r e  f o r m e d ,  while dioxol tIb is fo rmed  in the second case :  

A 

CH 3 

B 

nb 

The s m a l l  a m o u n t  of the t r a n s  i s o m e r  of Ib that is fo rmed  f rom the c is  i s o m e r  under  condi t ions  that co in -  
cide with the m o s t  i n t e n s i v e  i n c r e a s e  in the c o n c e n t r a t i o n  of IIb (Fig.  1) is appa ren t l y  a consequence  of 
i s o m e r i z a t i o n  in the r e a c t i o n  c e n t e r .  

* The a s s i g n m e n t  of the p ro tons  to the eis  and t r a n s  i s o m e r s  for le was made  in analogy with Ib, but the 
o b s e r v e d  d i f f e rences  in  the s a m e  s p i n - s p i n  coupl ing cons tan t s  in  the i s o m e r s  of Ic r e q u i r e  spec i a l  e x p e r i -  
m e n t s  for the def in i t ive  so lu t ion  of this  p r o b l e m .  

TABLE 3. Re l a t i ve  P e r c e n t a g e  (%) of Dioxolanes and Dioxols in 
the I s o m e r i z a t i o n  of t a - c  (heat ing t ime  30 min) 

I 
Temp., ~ I a IIa Ib(cis+ trans) IIb /Ic (cis + trans) IIC 

I 

150 
170 
200 

88 
77 
28 

12 60 
23 56 
72 t0 

I 
40 [ 30 70 
44 I 0 100 
90 0 I00 
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Fig. 1. Dependence of the relative percentage 
of cis and trans isomers of 2-trichloromethyl- 
5-methyl-4-methylene-l,3-dioxol~e (Ib) and 
2 - t r i c h l o r o m e t h y l - ~  4 , 5 - d i m e t h y l -  1 , 3 - d i o x o l  (lib) 
on the t e m p e r a t u r e ;  1) e i s  i s o m e r  of Ib; 2) t r a n s  
i s o m e r  of Ib;  3) 1 , 3 - d i o x o l  l ib .  

One should  e x p e c t  that  the s t a b i l i t y  of the f ina l  
p r o d u c t s  wil l  i n c r e a s e  on p a s s i n g  f r o m  IIa  to IIb and 
I Ic .  In fac t ,  the r e s u l t s  of the i s o m e r i z a t i o n  of 2 -  
t r i c h l o r o m e t h y l - 4 - m e t h y l e n e - l , 3 - d i o x o l a n e  (Ia) and 
i t s  5 - s u b s t i t u t e d  a n a l o g s  (Table  3) under  c o m p a r a b l e  
cond i t i ons  d e m o n s t r a t e  that  the e f f ec t  of  a m e t h y l s u b -  
s t i t u e n t  - and ,  to an even  g r e a t e r  d e g r e e ,  a phenyl  s u b -  
s t i t u e n t  - in Ib and Ic i s  m a n i f e s t e d  in a c c e l e r a t i o n  of 
the i s o m e r i z a t i o n  to the c o r r e s p o n d i n g  1 , 3 - d i o x o l s  
I Ib ,c .  

In the i s o m e r i z a t i o n  of  Ic ,  the c i s  i s o m e r  is  
m o r e  r e a d i l y  c o n v e r t e d  to IIc than the t r a n s  i s o m e r ,  
a s  a t t e s t e d  to by a c o m p a r i s o n  of the c o m p o s i t i o n  of 
the r e a c t i o n  m i x t u r e  (af te r  hea t ing  at  150 ~ fo r  30 man) - 
15% of the c i s  i s o m e r  of Ie,  15% of the t r a n s  i s o m e r  
of Ic ,  and 70% of IIc - wi th  the i s o m e r i c  c o m p o s i t i o n  
of the s t a r t i n g  compound .  

To c o n f i r m  the h o m o l y t i c  m e c h a n i s m  for the 
i s o m e r i z a t i o n  of 1 , 3 - d i o x o l a n e s  I a - c  to d ioxo l s  I I a - c ,  we c a r r i e d  out  e x p e r i m e n t s  in the p r e s e n c e  of  c a t a -  
l y t i c  a m o u n t s  of h y d r o g e n  p e r o x i d e  (at  130 ~ for  30 min) with Ia  and  in the p r e s e n c e  of UV i r r a d i a t i o n  (at  
65 ~ for  6 tl) wi th  Ic .  A c c o r d i n g  to the PMR s p e c t r u m ,  the r e a c t i o n  m i x t u r e  in the f i r s t  c a s e  c o n s i s t e d  of 
26% Ia and 74% IIa  (95% y i e l d ) ,  whi le  only  12% IIa  was f o r m e d  wi thout  a c a t a l y s t  a t  150 ~ for  30 rain (Table  
3). In the s econd  c a s e ,  the r e a c t i o n  m i x t u r e  c o n s i s t e d  of 15% of  the t r a n s  i s o m e r  of Ic and 85% of IIc .  This  
r e s u l t  a l s o  c o n f i r m s  the no ted  fac t  of  the g r e a t e r  e a s e  of i s o m e r i z a t i o n  of the c i s  i s o m e r .  

The i n v e s t i g a t e d  r e a c t i o n  m a y  s e r v e  as  a conven ien t  me thod  for  the p r e p a r a t i o n  of p r e v i o u s l y  d i f -  
f i c u l t - t o - o b t a i n  [6, 7] 2 - t r i c h l o r o m e t h y l - l , 3 - d i o x o l s .  

The s t r u c t u r e  of 2 - t r i c h l o r o m e t h y l - l , 3 - d i o x o l s  I Ia ,b  i s  c o n f i r m e d  by t h e i r  IR s p e c t r a ,  in which the 
a b s o r p t i o n  bands  a t  1708 and 1724 c m  -1 c o r r e s p o n d  to the v i b r a t i o n s  of  the e n d o c y c l i c  double  bond,  whi le ,  
a s  has  been  shown in [8], the doub le t  a t  1665 and 1700 c m  -1 in the s p e c t r a  of s t a r t i n g  Ia ,b  c o r r e s p o n d s  to 
the v i b r a t i o n s  of the e x o c y c l i c  double  bond.  A s t r o n g  band a t  1672 c m  -1 with  a s h o u l d e r  on the h i g h - f r e -  
quency  s ide  (~1692  c m  -1) is  c h a r a c t e r i s t i c  fo r  the  C = C bond in Ic.  Two in t e nse  bands  a t  1683 and 1713 
c m  - 1  a p p e a r  in the IR s p e c t r a  on p a s s i n g  to i s o m e r i z a t i o n  p r o d u c t  IIc.* 

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

The P M R  s p e c t r a  in 20 m o l e  % s o l u t i o n s  in CCI 4 we re  r e c o r d e d  a t  30 ~ with  a BS 487B s p e c t r o m e t e r  
(80 MHz) with  h e x a m e t h y l d i s i l o x a n e  a s  the i n t e r n a l  s t a n d a r d .  The i n t e g r a l  i n t e n s i t i e s  of  the s i g n a l s  w e r e  
c a l c u l a t e d  with an  a c c u r a c y  of up to 2%. The IR s p e c t r a  w e r e  r e c o r d e d  wi th  a UR-10 s p e c t r o p h o t o m e t e r .  

2 ' T r i c h l o r o m e t h y l - 5 - p h e n y l - 4 - m e t h y l e n e - l , 3 - d i o x o l a n e  (Ic). A 15-g  (0.1 m o l e ) s a m p l e  of c h l o r a l  was  
added  to 15.4 g (0.11 mole)  of 2 - p h e n y l - l - p r o p y n - 3 - o l ,  a f t e r  which 1 g of  r e d  m e r c u r i c  oxide  was added  and 
the m i x t u r e  was h e a t e d .  At  110 ~ the m i x t u r e  b e g a n  to e f f e r v e s c e  and took on a g r a y  c o l o r .  I t  was then  
h e a t e d  a t  70 ~ fo r  2 h: The p r e c i p i t a t e d  m e r c u r y  was r e m o v e d  by f i l t r a t i o n ,  and the f i l t r a t e  was v a c u u m  
d i s t i l l e d  to g ive  19.6 g (60%) of  Ic with mp 54 ~ ( f rom hexane)  and bp 110 ~ (2 m m ) .  Found :  C 46,9; H 3.2;  
CI 37.9%. CllH9C1302. C a l c u l a t e d :  C 47.2;  H 3.2; C1 38.1%. 

Compounds  Ia  and  Ib w e r e  o b t a i n e d  v ia  the m e t h o d  in [1]. 

I s o m e r i z a t i o n  of  1 , 3 - D i o x o l a n e s  I a - c  to 1 , 3 - D i o x o l s  I I a - c .  A 3 - g  (0.01 mole)  s a m p l e  o f  Ic was hea t ed  
t . 

in a s e a l e d  a m p u l  a t  160 ~ fo r  30 min .  D i s t i l l a t i o n  of the con ten t s  gave 2.7 g (90%) of IIc with mp 65 ~ ( f rom 
hexane)  and  bp 119-120 ~ (2 r am) .  

Hea t ing  3 g (0.014 mole)  of Ia  in  a s e a l e d  a m p u l  a t  200 ~ for  30 min  gave  2.4 g (80%) of a m i x t u r e  c o n -  
s i s t i n g  of  72% Ha and 28% Ia .  Hea t ing  4 g (0.016 mole)  of  Ib under  s i m i l a r  cond i t i ons  gave  3.4 g (85%) of 
a m i x t u r e  c o n s i s t i n g  of 90% IIb and 10% Ib.  

* A c c o r d i n g  to the PMR s p e c t r u m ,  th is  compound  con ta in s  m o r e  than 98% IIc .  
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