
3. The re la t ive  amount of the i s o m e r s  in the mix tu re  and the the rmodynamic  p a r a m e t e r s  of the equili-  
b r i um w e r e  determined.  

4. The s te r ic  conditions c rea ted  by the two a ry l  rad ica l s  in the  th i rd  compound lead to a s tabi l izat ion 
of one predominant  con fo rmer  in all of the  s ta tes  of the compound, with a gauche or ienta t ion of the OCH3 with 
respec t  to the P = Se bond. 
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M E T H A N O L Y S I S  O F  4 - M E T H Y L - 1 , 3 - D I O X A N E  

M. G. S a f a r o v ,  D. L.  R a k h m a n k u l o v ,  V. G. 
S a f a r o v a ,  a n d  V. D. K o m i s s a r o v  

UDC 541.127:542.91:547.841 

The alcoholysis  of 1 ,3-dioxanes is  used  to synthesize  1,3-diols ,  alcohol e thers ,  and dienic hydrocarbons  
[1]. The  p re sen t  pape r  is  devoted to a study of the products  and kinet ics  of  the indicated reac t ion  on the ex-  
ample  of the  methanolys i s  of 4 - m e t h y l - l , 3 - d i o x a n e  in the p r e s e n c e  of H2 SO4. 

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

4-Methy l - l , 3 -d ioxane  (MD5, synthesized as descr ibed  in [2], was  repea ted ly  dist i l led ove r  Na, bp 
114.5~ n~ 1.4165; d 2~ 0.9747. The methanol  (MN) was purif ied as descr ibed  in [3]. 

The methanolys i s  of  the MD was run by heating a mix tu re  of 29.3 g of MD, 193.0 g of MN, and 26.7 g of 
H~SO4 at 60-65~ for  3.5 h. The mix tu re  was  cooled, neut ra l ized  with dry NH3, and fi l tered.  Atmospher ic  
dist i l lat ion through a p r e c i s e  f ract ionat ion column (8 theore t ica l  plates) gave 158.0 g of MN, 6.1 g of MD, and 
16.2 g (93.4%) of methyla l  (MA5, bp 42.2~ n ~  1.3530; d~ ~ 0.8610. Vacuum-dis t i l la t ion of the res idue  through 
a mic roco lumn  gave 16.0 g (93.2%5 of 1,3-butanedlol  (BD) [4] (bp 92-93 ~ (3 m m ) ;  n ~  1.4408; d~ ~ 1.0039) and 
2.0 g (6.6%) of 3 - m e t h y l - 4 , 6 - d i o x a - l - h e p t a n o l  (MDH) (bp 67-69 ~ (5 m m ) ;  n2~ 1.4220; d 2~ 0.9862). 

The reac t ion  ra te  was  studied in t he rmos t a t t ed  3 - m l  glass  ampuls.  At the end of exper iment  the ampuls  
were  cooled rapidly to - 1 8  ~ and the mix tu re  was neut ra l ized  with dry NH~ and then analyzed for  the amount 
of MD and react ion  products  by GLC ( f lame- ioniza t ion  detector ,  13% n i t r i l e - s i loxane  rubber  deposi ted on 
INZ-600, 50-120 ~ and c a r r i e r  gas = helium5. Based  on the data of the control  exper iments ,  t r ea tmen t  of the 
react ion  mix tu re  with ammonia  does not affect the analys is  resul ts .  

D I S C U S S I O N  O F  R E S U L T S  

The main  react ion  products  of MD with methanol  a re  MA and BD. The indicated products  a r e  fo rmed  in 
para l l e l  in p rac t i ca l ly  the same yields;  in view of the las t  fact,  we analyzed for  only MD and MA in all of the 
kinetic exper iments .  The typical  kinetic curves  for  the consumption of MD and the accumulat ion of MA are  
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T A B L E  1. Dependence  of  K and kl on the Reac t ion  Condit ions 

c h "  :@, [H'SOd[[MD]0 [MN]0 1 [MD]e I [MN]r I [l'fM .liKt~rlZ 3' liter/ T . ,  

*c mole/liter mole mole �9 sec 

70,0 0,91 0,58 2t,10 0,08 20,t0 0,50 7,7 3,44 
70,0 0,9t 0,96 20,07 0,22 t8,59 0, 74 7,2 3,83 
70,0 0,91 t,53 18,60 0,52 16,57 1,0t 7,2 4,00 
60,0 0,20 0,96 2t,00 0,25 t9,58 0,7t 5,3 0,25 
60,,0 0,46 0,96 20,70 0,25 19,28 0,71 5,4" 0,56 
60,0 0,9t 0,96 20,07 0,26 t8,67 0,70 5,4 1,20 
50,0 0,91 0,96 20,07 0,29 18,70 0,67 4,4 (I,40 
40,0 0,9t 0,96 20,07 0,34 t8,83 0,62 3,2 O,lO 
Remarks. [MD]0, [MN]Q, [MDJe, [MN]e, and [MA] e are respectively the initial and 
equilibrium concentralions of the compounds. 

g iven in ~ig. 1, f r o m  which  it  can  be  seen  that  the  m e t h a n o l y s i s  of  MD is a r e v e r s i b l e  reac t ion .  To m e a s u r e  
the  empire.ca1 equ i l ib r ium cons tan t s  K of  the  p r o c e s s  the  e x p e r i m e n t s  w e r e  run  until  the r eac t ion  s topped 
comple te ly .  

As the  r e su l t  of  de t e rm i n i ng  K at v a r i o u s  t e m p e r a t u r e s  (Table  1) i t  w a s  found that  

[BD]e[MA] e 
K _ [MD]e[MN]~ = 0,6.t0~.exp (-- 6100/BT) liter/mole. 

T o g e t h e r  wi th  MA and BD, 3 - m e t h y l - 4 , 6 - d i o x a - l - h e p t a n o l  is  f o r m e d  in  the me thano ly s i s  of  MD, which 
apparen t ly  i s  the  p r i m a r y  r eac t i on  product .  The  Rssumption that  h e m i f o r m a l s  and the i r  de r iva t i ve s  a r e  
f o r m e d  as i n t e r m e d i a t e  p r o d u c t s  in  the  h y d r o l y s i s ,  e ther i f ica t ion ,  and me thano ly s i s  of  1 ,3 -d ioxanes  w a s  ex -  
p r e s s e d  p:eeviously [5-7].  In the  p r e s e n t  p a p e r  this  a s s u m p t i o n w a s  c o n f i r m e d  expe r imen ta l ly  fo r  the  f r s t  
t i m e  fo r  the  c a s e  of  me thano lys i s .  

In ~ ew of  the  above sa id  the  sequence  in the  f o r m a t i o n  of  the  me thano ly s i s  p r o d u c t s  of  MD can be  d e -  
s c r i b e d  b} the fol lowing scheme.  

CHaCH - -  CH~CHz ~ CI-13CHCHtCH~0H 
1 I -b  CH~OH Z I 
0--CH2--0 ~, 0--CH2--OCHa 

CI-IaCHCH2CI-I~OH ~, CHaCHCI-LCHz0H 
] " ~- CH30H ~ [ -t- CHs(0CHa)~ 
0--CHz--OCH3 ~ OH 

In harmony with the scheme the rate for the accumulation of MA is described by the expression: 

W = d [MA_.__~] k3 [MDH ]IMN]--k4[MA] 2 
dv = 

Sinc~ the  MN concen t r a t ion  r e m a i n s  e s s en t i a l l y  unchanged  dur ing expe r imen t ,  [MN] ~ [MN]0 , whi le  
[MDH] << i:MA], [BD] (due to the  high reac t iv i ty  o f  MDH t o w a r d  3/IN). 

kl [MD] [MN]0 + k4[MA] ~ 
[IvIDH ] ~ k2 + ka [MN]0 

Consequent ly  

d [MA] ~ k l k  s [MD] [MN]0 ~ - -  k~k4 [MA] ~ 
d= ~ k~ ~-ka[MN]0 

Afte:c i n t eg ra t ion  and the  a p p r o p r i a t e  t r a n s f o r m a t i o n s  we  obtain  

s 

o 

~z 

- j 

2 

I 

f i I I 
2fl 

- s  < 
�9 = 

0 2  
0 

�9 '!g 6g 8g  "k', m t a  

Fig. 1. Kinet ic  c u r v e s  f o r  consumpt ion  of  MD (1) and 
accumula t ion  of  MA (2); 3) a n a m o r p h o s i s  o f  2 in the  c o -  
o r d i n a t e s :  lg{[MA] e( iMA] e - [MA])/[IVIA]e([MA]~ - 
[MA])}vs. t i m e  (70 ~ [H2SO4] 0.91 mole / l i t e r ,  [MD]0 

~0.96 mole / l i t e r ) .  
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2,3 Ig [MA]e([MA]e-- [MA]) ~ [MA]:r [MA]~ klz 
[M-~]e(iMA] e -  [MA]) N K [MN]0 

where  [MA] and [MA] e a re  respec t ive ly  the cur rent  and equil ibrium concentrat ion of MA, m o l e / l i t e r ,  and 
[MA]e = - [MA] e - K [MN] 2 0. 

The last  equation sa t is factor i ly  descr ibes  the accumulation ra te  of MA (see  Fig. 1) and makes  it poss i -  
ble  to de te rmine  kl (see Table  1). 

F rom the data in Table  1 i t  follows that: W ~ [MD]0 ~ lg ki = -4 .87  + 1.04 lg [H2SO4] , and kl = 6.9. 
1012 �9 exp ( -27 ,000/RT) .  

CON C L U S I O N S  

1. A study was made of the products  and ra te  of methanolysis  of 4 -methy l - l , 3 -d ioxane  in the p re sence  
of H~s04. 

2. The methanolysis  of 4 -me thy l - l , 3 -d ioxane  proceeds  with the success ive  cleavage of the C 2 - O i  and 
C2 -O3 bonds of the ring; 3 -methy l -4 ,6 -d ioxa- l -hep tano l  is  formed as an in te rmedia te  react ion product.  
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A C E T O X Y  D E R I V A T I V E S  O F  t r a n s - I , 2 -  

D I S I L Y L E T H Y L E N E  AND T H E I R  H Y D R O L Y S I S  

M. G~ V o r o n k o v ,  O. G.  Y a r o s h ,  
L .  V .  S h c h u k i n a ,  a n d  A.  A~ T a t a r i n o v a  UDC 542.938:547.1'128 

Alkoxysilanes when reac ted  with carboxylic  acids and the i r  anhydrides are  conver ted to the cor respond-  
ing acyloxy der ivat ives  [1, 2]. This  react ion when applied to ethynylalkoxysilanes and (CH3CO)20 is  a con- 
venient method for  the prepara t ion  of ethynylacetoxysi lanes [3]. The react ion of (CH3CO)20 with the mono- 
and dimethoxy-t  rans -1 ,2-  di s i lylethylenes ( I ), (II), and ( VII ) -(IX ), catalyzed by p-toluenesulfonic acid was 
studied in the presen t  paper .  

It was establ ished that these  compounds, s imi la r  to the alkoxysilanes,  easi ly exchange the CH30 group 
for the CH3COO group when t r ea t ed  with (CHaCO)20, with convers ion in high yield (60-90%) to the mono-  and 
d iace toxy- t rans - l ,2 -d i s i ly le thy lenes  (III), (IV), (X) -(XII). 

Acetoxysi lylethylenes (lII), (IV), (X)_(XII) a re  v e ry  sensi t ive to wate r  and even at ~20~ are  hydro-  
lyzed by it to silanols (V), (VI), (XIII)-(XV). 
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