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Aliphatic alcohols [1] and amines [2] react  with CO in the presence  of Hg(OCOCH3) 2 to give symmet r i -  
cal dialkyl carbonates and N-alkylformamides.  In the present  paper  we studied the possibi l i ty of carbonyl-  
ating the amino alcohols: ethanolamine, 3-amino-  1-propanol and 3- amino- !-butanol,  and also some cyclic 
amines:  morpholine and eyclohexylamine. The react ion was run at 100-200~ and 100-]50 atm of CO. It 
was established that the amino alcohols react  with CO at the NH 2 group to give the corresponding N-hydroxy- 
alkylformamide.  The hydroxyl group does not take par t  in the earbonylation reaction. The amino alcohol 
and CO react  in a 1 :1  ratio. The yie ldof  the carbonylat ionproducts  is 1.4-2.5 M/M of reacted  Hg(OCOCH3) 2. 
On the example of ethanolamine it was shown that increasing the react ion temperature  up to 200 ~ facilitates 
an increase  in the amounts of reacted CO and amino alcohol by a factor  of 2 and 4, respectively.  Here the 
yield of N-(~ -hydroxyethyl)formamide decreases  and the yield of the high-molecular  condensation products,  
which contain CO (1660-1680 cm-1), NH (3400-3450 cm-l),  and OH (3600-3660 cm -1) groups, increases  
sharply. These condensation products  are  soluble in water, dilute alkali and acid solutions, and are  in- 
soluble in the common organic solvents. The yield of the water that is l iberated during the condensation of 
N-(~-hydroxyethyl)formamide increases  by ~20 t imes when the tempera ture  is ra ised f rom 100 to 200 ~ 
The other react ion products are the salt of the amino alcohol, Hg and CH3COOH. 

Morpholine is carbonylated with the formation of two products:  the formyl derivative and 4 , 4 ' - c a r -  
bonyldimorpholine. An increase  in the tempera ture  in the range 150-200 ~ facilitates the carbonylation: the 
amount of reacted CO and the yields of formylmorpholine and 4,4 ' -carbonyldimorpholine increase  by ~2 
t imes.  Cyelohexylamine reacts  with CO almost  completely to give N-cyclohexylformamide and 1,3-di- 
cyclohexylurea in a 1 : 1.8 ratio.  

Previous ly  we had shown [2] that aliphatic and cycloaliphatic amines, which are  strong Lewis bases,  
are  easi ly carbonylated by CO in the presence  of Hg(OCOCH~) 2 to give predominantly the formamide der i -  
vative. Amino alcohols behave in a s imilar  manner,  in which connection the NH 2 group takes par t  in the 
formation of the intermediate complex [3]. Dehydration condensation of the carbonylation products occurs  
at high tempera tures ,  and probably of the start ing amino alcohol, with involvement of the hydroxyl groups. 

The insert ion of a second heteroatom into the cycloaliphatic amine molecule, for example oxygen, 
changes the direct ion of the carbonylation. Thus, if in the react ion products the ratio of the formamide and 
urea  derivatives during the carbonylation of piperidine is 5-7 : 1, then during the carbonylation of morpholine 
this rat io is ~1 : 1. This is apparently explained by a decrease  in the basici ty of the amine. Actually, the 
pKa value of morpholine is equal to 8.64, and that of piperidine is 11.8. It is known [2] that a decrease  in 
the basici ty  of the amine favors  the formation of the urea  derivative. Thus, in the carbonylation of aniline 
(pK a 4.6) the sole react ion product is 1,3-diphenylurea, while formanil ide is not formed at all. Together 
with the urea  derivative, cyclohexylformamide is formed in the carbonylation of cyclohexylamine (pK a 
10.64). 
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T A B L E  1. 
M e r c u r i c  A c e t a t e  a t  150 a r m  of CO 

T. ,  ~ 

100 
170 
200 

~ a r b o n y l a t i o n  of E t h a n o l a m i n e  in the  P r e s e n c e  of 0.09 M 

Amount reacted, _~Amount 

ethan----SK- Iof H~o 
CO [ amine | fo rmedJ  

Obtained 
N-(t3-Hydroxyethyl) fo rmamide 

in %of reacted 
M ethanolamine 

0,26 91,5 
0,36 64,5 
0,t2 5,3 

0,31 0,33 0,05 
0,67 0,66 0,20 
0,75 t,24 0,94 

in %of reacted 
ethanolamine 

8,5 
34,4 
94., 0 

T A B L E  2. C a r b o n y l a t i o n  of Morpho l i ne  in the  
P r e s e n c e  ot 0.09 M M e r c u r i c  A c e t a t e  a t  100 a rm 
of CO 

A IT o u n t  

T . ,  ~ 
CO 

i50 0,t2 
t70 0,2t 
200 0,37 

reacted,___~ A moun_____~t formed, M 
morpho-lformyl- ! 4,4-carb- " 
line / ~ ,. ~onyldimorph- |morpnoane oline 

I),28 0,10 0,02 
0,35 0,12 0,09 
0,55 0,20 0,08 

t a r  

0,02 
0,02 
0,02 

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

Into a r o t a t e d  0.25 l i t e r  s t e e l  a u t o c l a v e  w e r e  
c h a r g e d  ~0.1  M of Hg(OCOCH3) 2 and 0 .5-1 .2  M of the  
amino  a lcoho l  o r  amine ,  the  s y s t e m  was  p u r g e d  with 
CO (99% p u r e ) ,  the  CO p r e s s u r e  was  r a i s e d  to 100- 
150 a tm ,  and the  au toc l ave  was  hea ted  fo r  5-6 h. The 
r e a c t i o n  p r o d u c t s  w e r e  s e p a r a t e d  f r o m  the  Hg and 
fractionally distilled in a Favorskii flask using a 

vacuum of 10-20 ram. The fractions, corresponding 

to the carbonylation products, were purified by re- 

p e a t e d  v a c u u m - d i s t i l l a t i o n .  The  IR s p e c t r a  w e r e  t aken  on a UR-20  i n s t r u m e n t ,  and the NMR s p e c t r a  w e r e  
t a k e n  on an RS-60  i n s t r u m e n t  in CD3CO so lu t i on  r e l a t i v e  to HMDS. The s o l i d  c a r b o n y l a t i o n  p r o d u c t s  w e r e  
p u r i f i e d  by  r e c r y s t a l l i z a t i o n  f r o m  the  a p p r o p r i a t e  so lven t .  

C a r b o n y l a t i o n  of E t h a n o l a m i n e .  The c a r b o n y l a t i o n  was  run  at  150 a rm in the  r a n g e  100-200 ~ (Tab le  
1). The m a i n  p r o d u c t  a t  low t e m p e r a t u r e s  was N - ( B - h y d r o x y e t h y l ) f o r m a m i d e  (bp 186-188 ~ (18 ram),  n~  
1.4782, d 2~ 1.1514. Found :  C 40.50; H 8.30; N 14.89%. C3HTNO 2. C a l c u l a t e d :  C 40.44; H 7.86; N 
15.73%). IVMR s p e c t r u m  (5, p p m ) :  7.6 ( s ing le t ,  NH), 3.9 ( s ing le t ,  OH), 3.0 (mul t ip le t ,  HOCH2) , 2.8 (mu l t i -  
p l e t ,  CH2N). At  170 ~ the  y i e ld  of N - ( ~ - h y d r o y e t h y l ) f o r m a m i d e  when b a s e d  on the s t a r t i n g  m o n o e t h a n o l -  
a m i n e  is  1.5 t i m e s  g r e a t e r ,  but  h e r e  the  y i e l d  of the  t a r r y  c o n d e n s a t i o n  p r o d u c t s  i n c r e a s e s  s h a r p l y .  At  
200 ~ the  y i e ld  of N - ( g - h y d r o x y e t h y l ) f o r m a m i d e  d e c r e a s e s  s h a r p l y ,  but  h e r e  the  e t h a n o l a m i n e  r e a c t s  a l m o s t  
c o m p l e t e l y ,  be ing  c o n v e r t e d  to t a r r y  c o n d e n s a t i o n  p r o d u c t s  to the  ex ten t  of 94%. 

C a r b c , n y l a t i o n  of 3 - A m i n o - l - p r o p a n o l .  At  120 ~ and 105 a t m  of CO the amount  of a b s o r b e d  CO was  
0.12 M, and ~he amoun t  of l i b e r a t e d  H20 was 1.0 g. A f t e r  s e p a r a t i n g  the  Hg and u n r e a c t e d  3 - a m i n o - l - p r o -  
panol the reaction products were fotind to contain 0.12 M of N-(7-hydroxypropyl)f0rmamide (viscous liquid 
with bp 210--212 ~ (25 ram), n~ 1.4800, which crystallized on standing. Found: C 46.20; H 8.95; N 14.02~ 
C4HgNO2. Calculated: C 46.60; H 8.73; N 13.59%) and 0.04 M of tar (when based on the 3-amino-l-pro- 
panol). 

Carbenylation of 3-Amino-l-butanol. At 180 ~ and i00 atm of CO the amount of absorbed CO was 
0.I M, and Lhe amount Qf liberated H20 was 1.0 g. After separating the Hg and unreaeted 3-amino-l- 
butanol the reaction products were found to contain 0.I M of N-( ~-methyl- 7-hydroxypropyl)formamide 
(viscous liq~id with bp 205-210 ~ (30 ram). Found: C 51.72; H 9.92; N 11.40%. CsHIiNO ~. Calculated: 
C 51.28; H 9.40; N 11.96%) and 0.i M of tar. 

Carbonylation of Morpholine. The carbonylation products of morpholine at i00 arm of CO in the range 
�9 2 0  2 0  150-200 ~ w e r e  (Tab le  2): f o r m y l m o r p h o l i n e  [4] (bp 136-139 ~ (30 ram),  n D 1.4815, d 4 1.1268. F o u n d :  

C 69.52; H 8.95; N 14.23%. CsHgNO 2. C a l c u l a t e d :  C 69.69; H 9.09; N 14.14%); 4 , 4 ' - e a r b o n y l d i m e r -  
pho l ine  [4], ob ta ined  a s  c r y s t a l s  wi th  mp 143 ~ ( f rom ace tone)  (Found:  C 54.08; H 8.12; N 14.06%. CgHIG 
�9 NO 3. C a l c u l a t e d :  C 54.00; H 8.00; N 14.00%), and a s m a l l  amoun t  of t a r .  

C a r b o n y l a t i o n  of C y e l o h e x y l a m i n e .  The amoun t  of CO a b s o r b e d  at  180 ~ and 100 a tm  of CO was  0.15 M. 
In the  r e a c t i o n  p r o d u c t s  a f t e r  s e p a r a t i n g  the Hg w e r e  found 0.07 M of e y e l o h e x y l f o r m a m i d e  (bp !32-136  ~ 
(18 ram).  Yound: C 66.40; H 10.35; N 11.52%. CTHI3NO. C a l c u l a t e d :  C 66.14; H 10.28; N 11.03%), 
and 0.125 M of d i c y c l o h e x y l u r e a  [5] wi th  mp 233 ~ 

CONCLUSIONS 

Primary amino alcohols react with CO in the presence of mercuric acetate at 100-200 ~ and a pres- 

sure of i00"150 arm to give the corresponding N-(hydroxyalkyl)formamides in a yield of 1.4-2.5 M/M of 
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reac ted  Hg(OCOCH3) 2. Morpholine under  analogous conditions fo rms  the corresponding fo rmyl  der iva t ive  
and the u r e a  der iva t ive  in a 1.2-5 : 1 rat io ,  while cyclohe• f o r m s  the same  der iva t ives  in an ~0.7 : 1 
rat io.  
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