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E s t e r s  of carbonic  acid a r e  now produced by the a lcoholysis  of phosgene [1] or of eh lo ro fo rmates  
[2], by the alkylation with alkyl halides of alkal i  me ta l  ca rbona tes  and sa l t s  of acid e s t e r s  of carbonic acid, 
produced by acylat ion of a lcohola tes  of the alkal i  meta l s  with carbon dioxide [4]. Cyclic e s t e r s  of carbonic 
acid and glycols  [5] a r e  produced by the t r anses t e r i f i ca t ion  reac t ion .  It has been shown for  the example  
of e s t e r s  of malonic and oxalic acids that the t r anses te r i f i ca t ion  of e s t e r s  by a leoholysis  in the p r e s e n c e  
of alkaline or acid ca ta lys t s  is a convenient p r e p a r a t i v e  method for  the production of e s t e r s  of var ious  a l -  
cohols f r o m  lower e s t e r s  [6-10]. The ease  of alkaline t r anses t e r i f i ca t ion  can be explaincd by the s tab i l -  
izing influence of the neighboring carbonyl  groups of oxalic e s t e r  [9] and by enolization of malonic e s t e r s ,  
while in the case  of acid t r anses t e r i f i ca t ion  it can be explained by the fo rmat ion  of cyclic  t rans i t ion  com-  
pounds [8-10]. The mechan i sm of alkaline t r anses t e r i f i ca t ion  of carbonic e s t e r  (SN2) can be r ep re sen t ed  
by the scheme 

--OC2H~RO --OC211.-----~ RO"-~--OC~Hz ~ RO-"C--OC2H~ ---~RO--C + 
OC2H ~ OC2H~ OC~H 5 OC2H~ OC211 ~ 

TABLE 1. Conditions of T ranses t e r i f i ca t i on  of the Ethyl Es t e r  of 
Carbonic Acid 

I1 

n-CjH9 
n-C4H9 

C2HsOCH2CH: 
n-CsHn 
n-CsHn 
n-C6H13 
n-CoHls 
cyctor-C6Ihl 
n-CTHI~ 
n-CTH15 
n-CsH17 
n-CsH17 
n-CsH17 
n-CgHz~ 
n-CgHls 
n-C10H~l 

Catalyst i 
n i t i a l  di- 
ethyl ester 
of carbonic 
acid, M 

Na0H 0,127 
NaOH+ 0,254 

I 

Mo le ratio of re agents 
carbonic ester: 
, alcohol:catalyst, M 

t :3,937:0,0354 
1:3,937:0,0394@ 

Yield, ~ 

74,6 
67,8 

Ca (OH)2 
KOIt 
NaOH 
NaOH 
NaOH 
NaOH 
KOH 
NaOH 

Ca (OH)~ 
NaOH 
Li0H 
Li0H 
NaOH 
Li0H 
NaOH 

0,t27 
0,t27 
0,127 
0,t27 
0,t27 
0,127 
0,t27 
0,t27 
0,t27 
0,t27 
0,t27 
0,t27 
0,t27 
0,t27 

0,05t2 
3,t50:0,0276 
!,968:0,0236 
6,44t:0,0354 
3,937:0,0354 
3,937:0,035"4 
3,307:0,05t2 
3,937:0,0354 
3,937:0,0512 
3,937:0,0354 
3,937:0,0984 
3,937:0,t62 
3,937:0,0354 
3,937:0,0392 
3,937:0,0354 

79,4--83,4 * 
7t 
74,5 
65,3 
78,8 
7t,2 
74,2 
77,2 
73,0 
68,8 
73,5 
76 
66,8 
84,t 

c a t i o n ,  h 

10 
t2 

2,0 
24,5 
4,0 
3,0 
8,5 
3,t7 
3 
2,5 
8,5 
6 
4 
4,5 
9 
5,5 

*The yield is cited after 4 - 5 h of exposure: after mixing of the reagents and heating to 
boiling, the mixture was allowed to cool for 5 h, after which it was heated, as usual, 
distilhng off the ethanol formed; without such exposure the yield is reduced to 50 - 607G. 

N. D .  Z e l i n s k i i  I n s t i t u t e  of O r g a n i c  C h e m i s t r y ,  A c a d e m y  of S c i e n c e s  of t h e  USSR.  T r a n s l a t e d  

f r o m  I z v e s t i y a  A k a d e m i i  N a u k  SSSR,  S e r i y a  K h i m i c h e s k a y a ,  No .  2, p p .  3 0 8 - 3 1 1 ,  F e b r u a r y ,  1972 .  O r i g -  

i n a l  a r t i c l e  s u b m i t t e d  M a y  21,  1970 .  

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

262 



T
A

B
L

E
 

2.
 

n-
C

 H
9 

Ca
Hs
O-
- 

CH
.,
CI
I2
 

n-
C~
Hu
 

n-
(;

~t
tla

 

Cy
cl
o-
 

(M
Iu

 
n-

C
TI

tla
 

n-
(:

aH
17

 

n-
Cg

H
19

 

n-
C

t0
H

~l
 

E
st

er
s 

of
 C

ar
b

o
n

ic
 

A
ci

d
 P

ro
d

u
ce

d
 

b
y

 T
ra

n
se

st
er

if
ie

at
io

n
 

of
 C

O
(O

R
)2

 

B
p,

 
~ 

(p
, 

m
m

 H
g)
 

M
p,

 ~
 

~
I)

 
,~

 

V
is

co
si

ty
 ' 

ki
ne

- 
ab

so
- 

m
at

ic
 

h 
lu

te
 

~d
 

Y
t" 

cS
t]

 
~t

, c
P 

1t
8-

-t
22

 (
40

) 
--

 

13
2-

--
13

4 (
18

) 
...

. 8
6 

12
0-

-t
 2

2 
(if

))
 

14
3-

.-
14

5 
(4

0)
 

t4
7-

-.t
49

 (
to

) 
--

39
 

17
7-

-t
79

 (
50

) 

t7
3-

-t
74

 (
26

) 
-[3

~'~
--3

9,,
) 

17
0 

-1
72

 (
t0

) 
--

26
 

20
t-

-2
03

 (
4t

) 

19
4.

- 
--

t5
 

19
5,

5 
00

) 
2l

t-
-2

t3
 (

25
) 

21
2-

-2
14

 (
t0

) 
--

4,
9 

24
6-

-2
48

 (
40

) 

22
8-

-2
30

(1
0)

 
- 

-3
,3

 

t,4
10

8 
I 

0,
92

23
6 

t,4
06

9 
I 0

,9
t5

6 
t,3

98
8 

I 0
,8

97
8 

1,
42

36
] 

t,0
39

7 
t,

4t
94

 I
 

1,
4t

t1
! 

t,
0t

17
 

t,
4t

98
[ 

0,
9t

20
 

t,
4t

59
 

0,
90

33
 

t,4
07

8 
0,

88
69

 
1,

42
60

 
0,

90
26

 
t,4

22
2 

0,
89

~5
 

1,
41

42
 

0,
88

98
 

1,
46

00
 

t,0
07

9 

1,
77

4 
t,5

51
 

4,
39

5 

t,
98

8 
2,

65
5 

2,
t9

8 

3,
77

t 
2,

97
9 

I 
t ,

65
21

 2
0 

.t
,4

20
 

50
30

 

, 
, 

30
 

50
 

2O
 

30
 

5O
 

50
 

60
 

20
 

t,4
55

6 
t,0

00
4 

t,
43

t2
 

0,
89

74
 

t,4
27

4 
0,

88
97

 
t,4

19
3 

0,
87

44
 

1,
43

50
 t 

0,
89

21
 

1,
43

20
 

0,
88

47
 

1,
42

4t
i 

0,
86

98
 

t,
43

9t
 

0,
88

78
 

t,4
35

6 
0,

88
0.

1 
t,4

28
0 

0,
86

60
 

t,4
42

0 
0,

88
53

 
1,

43
80

 I 
0,

87
88

 
t,4

30
81

 0
,8

64
2 

t4
,4

91
 

t0
,5

09
 

5,
33

3 
3,

98
3 

7,
58

6 
5,

55
6 

9,
92

9 
7,

14
0 

f3
,t

53
 

9,
47

t 

fo
un

d M
R

" , c
al
cu
- 

~ 
m
m
 H
g)
l 

i l
at

ed
 

t b
p"

 

L
it

er
at

ur
e 

da
ta

 

l, 
~ 

ab
so

lu
te

 
vi

sc
os

it
y,

 
7.

5,
 c

P 

2O
 

1,
76

34
 [

 t2
] 

20
 

2,
51

58
 [

t2
] 

25
 

2,
51

58
 [

12
1 

20
 

25
 

! 
3,

56
91

 [t
2]

 

20
 

--
- 

20
 

--
 

20
 

~0
 

-.-
 

46
,8

1 
46

,8
4 

46
,9

t 
50

,5
8 

56
,0

8 
56

,t
9 

56
,2

4 
3,

40
3 

65
,3

7 
2,

66
4 

65
,4

5 
65

,5
1 

14
,6

06
 

61
,5

0 
1(

/,5
13

 
61

,4
5 

4,
78

6 
74

,5
6 

3,
54

3 
30

 
74

,7
3 

50
 

74
,6

7 
6,

76
8 

20
 

83
,9

0 
4,

91
5 

30
 

83
,9

7 
50

 
84

,0
3 

8,
8t

5 
20

] 
93

,2
6 

6,
28

6 
30

 
93

,3
0 

50
 

93
,4

6 

t0
2,

3 
/5

01
 t

02
,6

 

47
,0

69
 

98
--

99
 (t

7)
 [

t2
] 

50
,3

45
 

1t
2-

-1
t3

 (5
) [

t4
] 

56
,5

4t
 1

26
,7

--
12

7 
(t

5)
 [

t2
] 

65
,5

41
 

t5
2-

-t
54

 (2
0)

 [1
21

 

61
,1

3t
 [

'. 
ha

. 
4t

.'.
-4

2 
[t

6]
 

74
,7

77
 

14
2-

-t
44

 (5
) [

15
] 

84
,0

t3
 

t6
8-

17
0 

(5
) 

[t
5]

 

93
,2

49
 1

 
t8

7-
-t

89
 (

5)
 [

t5
] 

[ 

t0
2,

48
 !

 
20

2-
-2

04
 (5

) [
t5

1 

I 

1,
41

t7
1t

3]
 

t,4
22

71
14

l 

1,
4t

88
71

t2
] 

1,
42

74
 [

t5
] 

t,4
32

9 
[t

5]
 

1,
43

84
 [

15
] 

i,
44

t5
 [

15
 l 

t,4
43

2 
[t

5]
 

0,
92

38
 [

13
] 

1,
0&

39
 [t

4[
 

0 
91

09
 [1

21
 

0,
90

02
 1

 t 2
] 

bO
 

(3
5 



The mul t icen te r  m e c h a n i s m  of acid t r anses t e r i f i ca t ion  p roceeds  as  follows 
H---O o + H 

tRd1++llc-oc~H0-+ ~ --~,H/] ~-iRo...c--oc~I~+l+ 
i otc~H~ H to%H~ I I H t I  OC~It5 

O . . .H  O. . .H  0 . . .  t I  0 I I  O H 

[HO . , . C--OC2Hs]  --+ [RO . . . C- -0C2H~]  -~  [ 1 R O - - ~ . . .  0C2H5] --* [ H O - C . . .  0C2II5] ~ H0--Cq+[C2HsOt~' 
I I I I I I ; I : 
H 0C2H5 H OC+.H~ H. . .OC2H5 C.,HsO H C~H~O I;I 

Exchange of the cor responding  alkoxy group of carbonic e s t e r  p roceeds  success ive ly  according to the mech -  
an i sms  ci ted.  T ranses t e r i f i ca t i on  of carbonic e s t e r s ,  ca ta lyzed  by bases ,  is fac i l i ta ted  by the stabi l izing 
e l ec t ron- repe l l ing  influence of the carbonyl  oxygen, while t r anses t e r i f i ca t ion  ca ta lyzed  by acids is faci l i ta ted 
by the format ion  of a cycl ic  t rans i t ion  s ta te  [11], but in the la t ter  case  the cyclic  t rans i t ion  s ta te  is subs tan-  
t ial ly m o r e  s t r e s s e d  and energe t ica l ly  l ess  prof i table  than in the case  of rea l .h ie  and oxalic e s t e r s  [8, 9], 
s ince it is f o u r - m e m b e r e d .  As a resu l t  of this,  in the a lcoholys is  of carbonic e s t e r s ,  acid ca ta lys t s  should 
be  re la t ive ly  ineffect ive.  It has been shown exper imenta l ly  that p- toluenesulfonyl  chlor ide is l i t t le  suited as 
an acid ca ta lys t  for  the a lcoholysis  of carbonic e s t e r .  There fore ,  only the alkaline ca ta lys t s  LiOH, NaOH, 
Ca(OH)2, and KOH were  used for  the t r anses t e r i f i ca t ion  of carbonic e s t e r .  An excess  of alcohol above the 
s to ich iomet r ic  amount p romote s  exchange of both alkoxyl groups,  s ince it is evident f r o m  the mechan i sms  
ci ted that t r anses t e r i f i ca t ion  p roceeds  success ive ly  at the react ion cen te r .  

This  work p r e s en t s  the t r anses t e r i f i ca t ion  of the ethyl e s t e r  of carbonic  acid by alcoholysis  with higher 
alcohols,  cyclohexanol,  and 2-ethoxyethanol  in the p r e s e n c e  of alkal ine ca ta lys t s .  T ranses t e r i f i ca t i on  was 
conducted with an excess  of alcohol (usually 87%) in the p r e s e n c e  of 2.8-5.1 mole  % KOH, 3.5 mole  % NaOH, 
3.3-10.2 mole  % LiOH, or 5 mole  % Ca(OH)2. On the average ,  the yield of products  of t r anses t e r i f i ca t ion  
i s :  70-80% in the p r e s e n c e  of KOH, 65-84% for  NaOH, 66-77.5% for  LiOH, and 67-77% in the p r e s e n c e  of 
Ca(OH)2. Consequently, the mos t  act ive  ca ta lys t s  a r e  KOH and NaOH. The opt imum t ime  of the react ion  
is 2-5.5 h. T r e a t m e n t  of the react ion  product  cons i s t s  of f i l t ra t ion of the mixture ,  r e m o v a l  of the excess  
alcohol, and pur i f icat ion of the e s t e r  of carbonic acid obtained by f rac t ional  redis t i l la t ion.  The boiling 
points,  mel t ing  points,  indices of re f rac t ion ,  density,  and v i scos i t i e s  at var ious  t e m p e r a t u r e s  were  d e t e r -  
mined for  the compounds obtained, higher  e s t e r s  of carbonic acid, and the molecu la r  re f rac t ion  was found. 

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

The ca ta lys t  was dissolved with heating in the cor responding  alcohol, the solution cooled to 20-40~ 
the diethyl e s t e r  of carbonic acid added, and the mix ture  heated, s imul taneously  dist i l l ing off the ethanol 
fo rmed .  After  the format ion  of ethanol ceased,  the mix tu re  was cooled, f i l te red  to r e m o v e  the ca ta lys t ,  
the excess  of alcohol taken dist i l led off under vacuum, and the higher e s t e r  of carbonic acid purif ied by 
f rac t ional  redis t i l la t ion under vacuum.  The conditions of t r anses t e r i f i ca t ion  a r e  ci ted in Table  1; the e s t e r s  
of carbonic acid obtained and their  constants  a r e  ci ted in Table  2. 

C O N C L U S I O N S  

1. The cor responding  higher  e s t e r s  we re  obtained in yields of 65-84% by t r anses t e r i f i ca t ion  by a l -  
coholysis  of the diethyl e s t e r  of carbonic acid with higher alcohols in the p r e sence  of alkaline ca ta lys t s .  

2. The bes t  ca ta lys t s  a r e  KOH and NaOH in amounts  of 3-5 mole  %. Acid ca ta lys t s  a r e  re la t ive ly  
ineffect ive.  

1. 

2. 
3. 
4. 
5. 
6. 
7. 
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