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A L C O H O L Y S I S  OF 4 - P R O P E N Y L - 1 , 3 - D I O X A N E  

M.  G .  S a f a r o v ,  V .  G .  S a f a r o v a ,  
a n d  S.  R .  R a f i k o v  

UDC 547.841:541.124 

The methanolys i s  of 4 -subs t i tu ted  1 ,3-d ioxanes  p roceeds  via  the fo rmat ion  of mixed ace t a l s ,  1 ,3 -d io l s ,  
and products  of the i n t r a -  and in t e rmolecu la r  dehydrat ion of the l a t t e r  [1-4]. The composi t ion of the reac t ion  
products  depends on the nature  of the dioxane: monoalkyl -subs t i tu ted  dioxanes give mainly  the cor responding  diols 
[1, 3, 5, 6], while d ia lkyl -subs t i tu ted  dioxanes give both diols and also the i r  monomethyl  e thers  [2, 3, 7, 8], 
unsubst i tuted a lcohols ,  dienic hydrocarbons  with conjugated double bonds [2, 3, 9], and compounds with a t e t r a -  
hydrofuran  s t r u c t u r e  [10]. 

The a lcoholys is  of 4 -a lkeny l - subs t i tu ted  dioxanes has never  been studied.  The i r  involvement  in the r e -  
act ion in question may  provide  informat ion  about the connection between the nature  of the dioxane and the routes  
by which i t  is  conver ted  during a lcoholys is .  We have studied the react ion  scheme of 4 -p ropeny l -1 ,3 -d ioxane  
(I) with methanol ,  ethanol and propanol ,  and the products  fo rmed .  

It might  be expected that 4 - h e x e n - 1 , 3 - d i o l  (II) would be the m a j o r  product  or  one of the products  of the 
methanolys i s  of (I), but the reac t ion  goes in the di rect ion leading to the fo rmat ion  of 2 -me thy l -5 ,  6 -d ihydro-  
pyran  (III) and two i s o m e r i c  hydroxy e t h e r s ,  v i z . ,  3 - m e t h o x y - 4 - h e x e n - l - o l  (IVa) and 5 - m e t h o x y - 3 - h e x e n - l - o l  
(Va), while (II) and i ts  i n t r amolecu la r -dehydra t ion  products  could not be detected.  

The yield of the products  v a r i e s  ove r  a quite na r row  range  (Table 1) when the methanolys is  of (I) is  c a r -  
r ied  out under  different  condit ions.  The to ta l  yield of the hydroxy e thers  is 60-70% and that  of the pyran  is 30- 
40%. 

The kinetic curves  for  the accumulat ion of the reac t ion  products  fo rmed  by methanolys is  of (I) (Fig. 1) 
give us r e a son  to suppose that  (III), (IVa), and (Va) a r e  fo rmed  d i rec t ly  f r o m  the dioxane,  by -pass ing  the f o r -  
mat ion  of the hexenediol.  N e v e r t h e l e s s ,  we tes ted  exper imen ta l ly  the poss ibi l i ty  of (IVa) being formed by r e -  
act ion of (II) with methanol .  The expe r imen t s  showed that so lvolys is  of (II) with methanol  does indeed give the 

Cj 1 lole/liter C,mole/liter 

o,q 
Z,O 

q 

Y 

i J i J k 
q 6 

Time. h 
g z 

Fig.  1. Kinetic cu rves  for  the accumu-  
lation of products  of the react ion  of 4-  
p ropeny l -1 ,3 -d ioxane  with methanol:  1) 
(I); 2) (IVa); 3) (Va); 4) (III). T e m p e r -  
a ture  70~ [{I)] 0 = 3.0, [CH3OH] 0 = 14.6 
m o l e s / l i t e r ,  [H2SO4] = 2.9%. 
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T A B L E  1. M e t h a n o l y s i s  of  4 - P r o p e n y l - l , 3 - d i o x a n e  (I) u n d e r  V a r i o u s  

Cond i t ions  

T., ~ 

70 
70 
70 
70 
70 
70 
70 
70 
70 
50 
60 

Reaction conditions 

(I):CH3OH 
molar ratio rqso,, % 

1:5 2.0 
1:5 2.0 
1:5 2.0 
1:5 2,0 
1:5 2.0 
I:5 2,9 
1:5 4 , 0  
1:3 2,9 
1:10 2,9 
I :5 2,9 
1:5 2,9 

time, 
rain 

35 
6O 

100 
180 
300 
180 
180 
180 
180 
180 
180 

Conversion 
of (I), % 

(III) 

26,8 
31:0 
35:~ 
38,2 
41:8 
33,o 
50,0 
53,5 
37,1 
19,6 
29,0 

18,4 
27~6 
37.0 
49~0 
60,6 
52,2 
71,1 
53,0 
65,2 
14,5 
31,3 

Yield of products, 
%of theor. 

(IVa) (Va) 

25,0 48 L2 
22~6 45~2 
21,0 43~0 
20~8 41~6 
20,1 38,0 
24,0 44,0 
17,6 32,4 
17,6 28,7 
21:0 41,~ 
28,1 51,0 
24,5 46,1 

e x p e c t e d  (IVa), as  we l l  a s  (Va), which  i s  p r e s u m a b l y  f o r m e d  by a l l y l i c  r e a r r a n g e m e n t  of (IVa). C a r r y i n g  out 
the  r e a c t i o n  at  50~ in the  p r e s e n c e  of  2.5% of  H2SO 4 g a v e  the  fo l lowing  r e s u l t s :  

Time, rain 0 t0 20 30 60 
(IVa), mole/liter - -  0,t5 0,21 0,25 0,26 
(Va), m o l e / l i t e r -  0,35 0,48 0,57 0,60 
(lI), mole/liter 0,90 0,40 0,20 0,07 0,04 

In o r d e r  to c h e c k  o u r  h y p o t h e s i s  about  the  f o r m a t i o n  of  (Va) f r o m  (IVa), we i n v e s t i g a t e d  the  b e h a v i o r  of 
the  l a t t e r  u n d e r  the  cond i t ions  e m p l o y e d  f o r  m e t h a n o l y s i s  of  (I). The  e x p e r i m e n t s  c o n f i r m e d  the  p o s s i b i l i t y  of  
the  a l l y l i c  r e a r r a n g e m e n t  of  (IVa) in to  Wa) and c o n f i r m e d  tha t  an e q u i l i b r i u m  i s  e s t a b l i s h e d  be tween  the  i s o -  
m e r i c  hyd roxy  e t h e r s  (70~ 2.3% H2SO4) 

Time. mill 0 

(IVa), mole/liter 0,90 
(Va), mole/liter - -  

tO 30 60 80 
0,65 0,40 0,29 0,29 
0,25 0,50 0,60 0,61 

We a l s o  i n v e s t i g a t e d  t h i s  e q u i l i b r i u m  in the  d i r e c t i o n  f r o m  (Va) to (IVa) u n d e r  the  s a m e  cond i t ions  a s  in  
the  p r e v i o u s  e x p e r i m e n t  

Time, min 0 i0 30 50 80 
(IVa), mole/liter - -  0,15 0,28 0,30 0,3t 
(Va), mole/liter 0,90 0,75 0,62 0,59 0,59 

It fo l lows  f r o m  the  r e s u l t s  ob ta ined  tha t  (IVa) and (Va) a r e  c a p a b l e  of u n d e r g o i n g  m u t u a l  i n t e r c o n v e r s i o n ;  
the  (IVa): (Va) m o l a r  r a t i o  in the  e q u i l i b r i u m  m i x t u r e  a t  70~ i s  ~ 1 : 2 .  

T h u s ,  on the  b a s i s  of the  da t a  d i s c u s s e d  a b o v e ,  the  hyd roxy  e t h e r s  a r e  e v i d e n t l y  f o r m e d  in p a r a l l e l  d i r e c -  
t ly  f r o m  (I) d u r i n g  i t s  m e t h a n o l y s i s .  At  the  s a m e  t i m e ,  (Va) m a y  a l s o  be f o r m e d  c o n s e c u t i v e l y  by a l l y l i c  r e -  
a r r a n g e m e n t  of (IVa). The  m o s t  p r o b a b l e  r o u t e  f o r  the  f o r m a t i o n  of (III) d u r i n g  m e t h a n o l y s i s  of (I) i s  i n t r a -  
m o l e c u l a r  r e a r r a n g e m e n t  of  (I) with e l i m i n a t i o n  of f o r m a l d e h y d e .  Th i s  hypo the s i s  i s  c o n f i r m e d  by the  f ac t  tha t  
hea t ing  (I) in a c i d i f i e d  su l fo l ane  f o r  6 h g i v e s  (III) in  a y i e l d  of 61.2% b a s e d  on the  (I) i n t r o d u c e d .  

E thano l  and p r o p a n o l  r e a c t  wi th  (I) s i m i l a r l y  to m e t h a n o l ,  g iv ing  (III) and  the c o r r e s p o n d i n g  hyd roxy  e t h e r s .  

On the  b a s i s  of a l l  the  d a t a  ob ta ined  we c an p o s t u l a t e  the  fo l lowing  r e a c t i o n  s c h e m e  f o r  the  a l c o h o l y s i s  of (I): 

[/~--CH =CHCH~ 
0 o 
\/ 

~-2ROH 
--CH~(OR): 
--H_~0 

o 
(III) 

+3ROH 
--CHz(ORh 
--H~O 

,-. CH~CH=CHCHCHzCH2OH (IV) 

OR 

T; 

CHaCHCH=CHCH~CH20H (V) 

OR 

R = CH3 (IVa), (Va); C.~H5 (IVb), (Vb); 
CzH7 (Iyc), (VC) 
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According  to the avai lable  l i t e r a tu re  data ,  the methanolys is  of a lkyl -subs t i tu ted  dioxanes p roceeds  with 
r ing-opening a c r o s s  the C2--O i bond [1, 11, 12]: The pecu l ia r  behavior  of (I) in i ts  reac t ions  with alcohols 
m a y  be due to the fact  that  the dioxane r ing in this case  is  poss ib ly  opened a c r o s s  the O3--C 4 bond, fo rming  
an al lyt ic  cat ion (VI) which is s tabi l ized  by the r e l ec t rons  of the adjacent  double bond and readi ly  undergoes  
i somer i za t i on  [13] 

CH----CHCHs CHCHCHs 
/ \ /  / \ / /  + 
I + I 
0 '~' 0 

\ \ 
I I 
OH (Vi) OH ( V I I )  

React ion of (VI) and (VII) with alcohols then leads ,  via in t e rmed ia te  h e m i f o r m a l s ,  to the i somer i c  hy-  
droxy e the r s .  In addition, carbonium ion (VII) cyc l izes  to f o r m  the pyran  

CHCHCIIa 

/ \ f  + 0 
I -I-'~ROH _ , r  f,~ 
0 ~ CHa --CH,(OR). kx/--~"3 
\ --H,O 0 

I I 
OH CH2011 

EXPERIMENTAL 

Compound (I) was synthesized as in [14] by condensation of piperylene with formaldehyde: bp 177.5~ 
d 20 0.9837; n~  1.4444. 

Chromatograph ic  analys is  was c a r r i e d  out with an LKhM-SMD ins t rumen t  with a column (2 m x 3 ram) 
containing 13% dimethyls i loxane rubbe r  on INZ-600.  The c a r r i e r  gas was H 2 (60-200 ml /min ) .  

The PMR s p e c t r a  were  r eco rded  in CCI 4. The chemica l  shif ts  a r e  given on the 6 s ca l e ,  ppm.  

Methanolysis  of (I). A m i x t u r e  of 390 g of (I), 475 g of methanol  and 51.9 g of H2SO 4 (d = 1.83) was 
heated at 60-65~ fo r  4 h. Methylal  was withdrawn f rom the reac t ion  zone as it was fo rmed .  The mix ture  
was neut ra l ized  with gaseous  NH3, f i l t e red  to r e m o v e  sa l t s ,  and dist i l led at a tmosphe r i c  p r e s s u r e  and under  
vacuum,  to give 31 g of (I) (92% convers ion) ,  120 g of (III) (43.7%), 52.1 g of (IVa) (14.3%), and 108g  of (Va) 
(29.6%). Compound (III) [15]: bp 103~ d 2~ 0.8791; n~ 1.4334. Compound (IVa): bp 40-41~ ram;  d 2~ 0.9242, 
n~ 1.4428; unsa tura t ion  0.99; PMR spec t rum 1.68 d (CH3CH); found C 64.69, H 10.52, OH 13.5, CH3024.0%, MR37.28; 
C~H1402; calcula ted C 64.61, H 10.77, OH 13.7, CH30 23.8%, MR 37.34. Compound (Va): bp 56-57~ mm;  d 2~ 
0.9249; n~  1.4458; unsa tura t ion  0.97; PMR s p e c t r u m  1.19 d (CH3CHO); found C 64.51, H 10.51, OH 13.6, CH30 
23.7%, MR 37.47; C?H1402); ca lcula ted  C 64.61, H 10.77, OH 13.7, CH30 23.8%, MR 37.34. 

Ethanolys is  of CI). A mix ture  of 240 g of (I), 280 g of abs .  ethanol and 12.7 g of H2SO 4 (d = 1.83) was 
heated at  70~ fo r  5 h. Analogous t r e a t m e n t  of the reac t ion  mix tu re  and dist i l lat ion gave 30 g (21.0%) of (III), 
52.1 g (24.7%) of (IVb), and 78.5 g (38.4%) of (Vb). Compound (IVb) [16]: bp 53-54~ mm;  d 2~ 0.9067; n~ 
1.4398; unsa tura t ion  0.99; PMR s p e c t r u m  1.64 d (CH3CH=); found C. 66.51, H 11.00, OH 11.5%, MR 41.83; 
C8H1602; calcula ted C 66.67, H 11.11, OH 11.8%, MR 41.99. 

Compound (Vb): bp 69-70~ ram; d 2~ 0. 9089; n~  1.4190; unsatura t ion 0.98; PMR spec t rum 1.11 d 
(CH3CHO); found C 66.55, H 10.92, OH 11.6%, MR 41.67; C8H1602; calcula ted C 66.67, H 11.11, OH 11.8%, 
MR 41.99. 

P ropano lys i s  of (I). A mix tu re  of 238 g of (I), 447 g of n -propanol  and 14.8 g of H2SO 4 (d = 1.83) was r e -  
fluxed at 70~ fo r  5 h. The mix tu re  was worked up as usual  and dis t i l led to give 34.1 g (18.7%) of (III), 38.8 g 
(13.2%) of (IVc), and 91 g (31.0%) of (Vc). Compound (IVc): bp 75-76~ mm;  d 2~ 0.9023; n~ 1.4442; u n s a t u r a -  
t-ion 0.98; PMR s p e c t r u m  1.63 d (CH3CH=); found C 68.23, H 11.21, OH 10.6%, MR 46.52; CsHisO2; calcula ted C 
68.35, H 11.39, OH 10.8%, MR 46.64. Compound (Vc): bp 90-91~ m m ;  d 2~ 0.9064; n~  1.4460; unsatura t ion 
0.97; PMR s p e c t r u m  1.12 d (CH3CHO); found C 68.17, H 11.19, OH 10.7, MR 46.49; C9H1802; calculated C 68.35, 
H 11. 39, OH 10.8%, 1VLR 46.64. 

P r epa ra t i on  of (III) f r o m  (I). A mix tu re  of 98.5 g of (I), 3.5 g of H2SO 4 (d = 1.83) and 100 ml  of sulfolane 
was heated in the st i l l  of a rec t i f ica t ion  column fo r  6 h, while withdrawing (HI) as it  was fo rmed  toge ther  with 
wate r .  The dis t i l la te  was dr ied and red is t i l led  to give 46.1 g (61.2%) o f  (III) with constants  s i m i l a r  to those 

desc r ibed  above.  
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The kinetic expe r imen t s  on the methanolys i s  of (I) were  conducted in the rmos ta t t ed  g lass  ampules  with a 
capaci ty  of 3 ml .  The ampules  we re  rapidly  cooled to --18~ at fixed i n t e rva l s ,  opened,  and the i r  contents neu-  
t r a l i zed  with gaseous  NH 3 and analyzed by GLC. The reac t ions  of (II) (synthesized f r o m  (I) as in [17]), (IVa), 
and (Va) in methanol  solution were  studied s i m i l a r l y .  

C O N C L U S I O N S  

1. Alcoholysis  of 4 -p ropeny l -1 ,3 -d i oxane  in the p r e s e n c e  of H2SO 4 gives  2 -me thy l -5 ,  6-d ihydropyran  
and the monoalkyl  e thers  of 4 - h e x e n e - 1 , 3 - d i o l  and 3 -hexene -1 ,5 -d io l ,  although the diols t hemse lves  a re  not 
detected in the reac t ion  products .  

2. The reac t ion  products  a r e  fo rmed  d i rec t ly  f rom the dioxane,  by-pass ing  the fo rmat ion  of the diols .  
This unusual  reac t ion  path is explained on the assumpt ion  that r ing-opening takes  place  a c r o s s  the O3--C 4 
bond during the a lcoholys is  of 4 - p r o p e n y l - 1 , 3 - d i o x a n e ,  resul t ing in the fo rmat ion  of an al lyl ic cation.  
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S Y N T H E S I S  O F  U N S A T U R A T E D  A M I N E S  BY R E A C T I O N  O F  

B U T A D I E N E  W I T H  P R I M A R Y  A M I N E S  IN T H E  P R E S E N C E  

O F  P A L L A D I U M  C O M P L E X E S  

U.  M.  D z h e m i l e v ,  R .  N .  F a k h r e t d i n o v ,  
a n d  G .  A .  T o l s t i k o v  

UDC 542.91:541.128:547.554 

The aminat ion of 1 ,3 -d ienes  with p r i m a r y  or  secondary  amines  in the p r e s e n c e  of Pd-containing ca ta ly -  
s is  is nonselect ive  and re su l t s  in a complex  mix tu re  of o l igomers  [1, 2]. With the object  of finding ways to 
regula te  the addition of 1 ,3 -d ienes  to p r i m a r y  amines ,  we have invest igated the effect  of var ious  ac t iva to rs  
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