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A GENERAL METHOD FOR THE PREPARATION OF FORMATES 

M. Dymicky 

E a s t e r n  R e g i o n a l  R e s e a r c h  C e n t e r  
A g r i c u l t u r a l  Resedrcti Service 

U.S. D e p a r t m e n t  o f  A g r i c u l t u r e  
600 E a s t  Mermaid Lane  

P h i l a d e l p h i a ,  P a .  19118 

C l a s s i c a l  i i ir t t iuds of  s y r i t t i e s e s  of  fo r r i i d t e s1 -4  a r e  t inie corisuiiiirig G i l d  

5- 10 i n c o n v e n i e n t  b e c a u s e  H C 1  g a s  i s  t o x i c  and  c o r r o s i v e .  I n d u s t r i a l  m e t h o d s  

a r e  n o t  s u i t a b l e  f o r  s m a l l - s c a l e  l a b o r a t o r y  p r e p a r a t i o n s  b e c a u s e  t h e s e  

me thods  r e q u i r e  s p e c i a l  s u t o c l a o e s  and  h i g h  p r e s s u r e s  (200-700 a t m )  t o  

f o r c e  t h e  r e a c t i o n  o f  c a r b o n  monox ide  w i t h  a l c o h o l s .  T h u s ,  a v e r y  s i m p l e  

and  c o n v e n i e n t  method h a s  b e e n  d e v e l o p e d  by r e a c t i n g  e q u i m o l a r  amounts of 

f o r m i c  a c i d  and  a l c o h o l s ,  i n  t h e  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  o f  h o r o n  

t r i f l u o r i d e  m e t h a n o l  c o m p l e x ,  i n  a b s e n c e  o f  a n y  s o l v e n t .  T h i s  method was 

u s e d  t o  p r e p a r e  E. b u t y l  f o r r n a t e  and  s e v e n t e e n  g - a l k y l  f o r m a t e s  ( T a b l e  

I ) ,  i n c l u d i c g  

s t e a r y l  fo rma  

not  r e a c t .  

t h e  h e r e t o f o r e  unkriowri rionyl , t r i d e r y l  

e s .  l’hc y i e l d s  ran8f.d f rom 85-97% (Tab  

h e p t a d e c y l ,  ar id  

e 1 ) .  t -Ri i tdi iol  dit l  
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e s t e r i f i c a t i o n  b e i n g  comple te  i n  45-60 min. The o t h e r  c a t a l y s t s  r e q u i r e d  

2.5-4 h r  t o  a c h i e v e  t h e  same r e s u l t s .  Boron t r i f l u o r i d e  methanol  complex,  

i n  a n  e x c e s s  of  m e t h a n o l ,  was known t o  be  t h e  c a t a l y s t  o f  c h o i c e  f o r  

p r e p a r a t i o n  o f  methyl  esters o f  a l i p h a t i c  and a r o m a t i c  a c i d s .  11-13 

EXPERIMENTAL 

Formic a c i d  (98%) was o b t a i n e d  from Baker  & Adamson Genera l  Chemical 
Co.l4 Boron t r i f l u o r i d e  methanol  coiiiplex, w i t h  51.41% BF3, arid iiiost of  
t h e  a l c o h o l s  were o b t a i n e d  from A l d r i c h  Chemical  Co. A l l  t h e  c h e m i c a l s  
were u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  The i n d i c e s  of  r e f r a c t i o n  were 
d e t e r m i n e d  on  Bausch & Lomb r e f r a c t o m e t e r  (Abbe-3L), and t h e  m o l e c u l a r  
r e f r a c t i o n  ( T a b l e  1) was c a l c u l a t e d  from t h e  Lorenz  & L o r e n t z  r e l a t i o n . I 5  
I R  s p e c t r a  were d e t e r m i n e d  on Perk in-Elmer  421 g r a t i n g  s p e c t r o p h o t o m e t e r .  

Methyl Formate . -  A m i x t u r e  o f  13.80 g (0.3 mole)  o f  f o r m i c  a c i d ,  9.60 g 

(0 .3  mole)  of m e t h a n o l ,  and 1 m l  o f  boron  t r i f l u o r i d e  methanol  complex 

(0.00758 mole BF ) was p l a c e d  i n t o  a 100 m l  r e a c t i o n  f l a s k  equipped  w i t h  

a magnet ic  s t i r r e r  and a d i s t i l l a t i o n  s e t  up ,  w i t h  a r e c e i v i n g  f l a s k  

3 

cooled  t o  a b o u t  5'. The r e a c t i o n  f l a s k  was immersed i n  a s i l i c o n  b a t h  a t  

55-60° and h e a t e d  w i t h  s t i r r i n g .  The e s t e r  began t o  d i s t i l l  a l m o s t  

immedia te ly  a t  31.5'. I n  a b o u t  15 m i n ,  9.12 g es te r  was c o l l e c t e d  and 

t h e  b o i l i n g  p o i n t  r o s e  t o  32'. The t e m p e r a t u r e  o f  t h e  b a t h  was i n c r e a s e d  

t o  75' and w i t h i n  30 min a d d i t i o n a l  7.91 g es t e r  was o b t a i n e d ;  t h e  t o t a l  

y i e l d  was 17 .03  g (94%) 

E t h y l  Formate . -  A m i x t u r e  o f  13.80 g (0 .3  mole)  o f  f o r m i c  a c i d ,  13.82 g 

(0.3 mole)  e t h a n o l ,  and 1 m l  boron  t r i f l u o r i d e  methanol  complex was 

r e a c t e d  f o r  45 min a t  80°, a s  d e s c r i b e d  a b o v e ,  whereupon 21.65 g (97.5%) 

o f  t h e  e s t e r ,  bp .  52-53', was o b t a i n e d .  

n-Propyl  Formate . -  The same m o l e - r a t i o  was used  a s  g i v e n  a b o v e .  

r e a c t i o n  was conducted  a t  80-5', whereupon 2 1 . 1  g o f  an a z e o t r o p i c  m i x t u r e ,  

The 

bp .  72-73'; was o b t a i n e d .  The d i s t i l l a t e  formed two l a y e r s ,  1.45 g w a t e r  

and 19.65 g upper  l a y e r  which was s e p a r a t e d ,  d i s s o l v e d  i n  100 m l  anhydrous  
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A GENERAL METHOD FOR THE PREPARATION OF FQRMATES 

e t h e r ,  d r i e d  over 20 g anhydrous Na CO f o r  about  15 min, and f i l t e r e d  wi th  2 3  

s u c t i o n  through a s i n t e r e d  g l a s s  funne l  M .  A f t e r  removal of  t h e  s o l v e n t ,  

16 .2  g (92%) of  e s t e r  was c o l l e c t e d  a t  80-81O. 

n-Butyl Formate.-  The same molar r a t i o  was used ( 0 . 3  mole) ,  a s  g iven  

above. The r e a c t i o n  mixture  was hea ted  t o  abou t  85O, then  t h e  

tempera ture  of t h e  b a t h  was i n c r e a s e d  t o  125O and an  a z e o t r o p i c  mix tu re  

d i s t i l l e d  a t  91-98'. A f t e r  s e p a r a t i o n  of t h e  l a y e r s ,  t h e  upper l a y e r  was 

d i s s o l v e d  i n  100 m l  n-hexane, d r i e d  ove r  20 g anhydrous Na CO and 

f i l t e r e d  a s  above. A f t e r  removal of t h e  s o l v e n t ,  27.88 g (91%) of t h e  

e s t e r  was c o l l e c t e d  a t  105-105.5O. 

2 3'  

The remaining e s t e r s  (Table  1) were p repa red  i n  t h e  same way a s  

o u t l i n e d  f o r  t h e  p r e p a r a t i o n  of g - b u t y l  fo rma te ;  however, f o r  t h e  

p r e p a r a t i o n  of  amyl, h e x y l ,  h e p t y l ,  and o c t y l  fo rma tes ,  0 . 2  mole of each  

of  t h e  r e a c t a n t s  were used and f o r  t h e  p r e p a r a t i o n  of a l l  t h e  h ighe r  

e s t e r s  0 .1  mole. One m l  o f  t h e  c a t a l y s t  was used f o r  each  p r e p a r a t i o n ,  

i . e . ,  f o r  t h e  p r e p a r a t i o n  of  h i g h e r  e s t e r s  t h e  molar r a t i o  of t h e  

c a t a l y s t  was i n c r e a s e d .  

Nonyl Formate: A&. Ca lcd .  f o r  C H 0 C ,  69 .72 ;  H ,  5 .80  

Found: C, 69.48;  H ,  5 .88  

10 20 2 :  

T r idecy l  Formate:  Anal. Calcd .  f o r  C H 0 C ,  73.62; H, 12.40 

Found: C, 73.32;  H ,  12.24 

14 28 2 :  

Heptadecyl Formate:  Anal. Calcd. f o r  C18H3602: C ,  75.99; H ,  12 .75  

Found: C ,  75 .56;  H ,  12 .86  

Octadecyl Formate:  &&. Calcd. f o r  C19H3802: C ,  76 .44;  H, 12 .83  

Found: C, 76.19; H, 12.72 

The I R  s p e c t r a  of t h e  e s t e r s  gave a s t r o n g ,  c h a r a c t e r i s t i c  
-1 

a b s o r p t i o n  a t  2920, 2950 ( s h ) ,  1715-1725, 1460, and a t  1165-1175 cm . 
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D Y M I C K Y  

TABLE 1 .  Alkyl  Formates  (HCOOR) 

L i t .  bp.  

R 
Y i e l d  

(%I 25 
nn 

Met hy 1 
E t h y l  
P r o p y l  
- n - B u t y l  
- see. B u t y l  
n-Amy1 
Hexy 1 
H e p t y l  
O c t y l  
Nonyl 
Decyl  

Undecyl 

Dode cy 1 

T r i d e c y l  
T e t r a d e c y l  

C e t y l  

H e p t a d e c y l  
O c t a d e c y l  

9 4 . 6  
9 7 . 5  
92 
91 
8 9 . 5  
8 8 . 7  
9 1 . 5  
87.8 
9 0 . 5  
9 1 . 2  
8 8 . 5  

8 9 . 2  

8 7 . 2  

8 6 . 5  
8 7 . 7  

8 6 . 0  

8 5 . 5  
- 

1.342;  
1 .3592 
1 .3770 
I .  3888 
1.3835 
1 .3995 
1 .4067 
1 .4116 
1.4167 
1 .4231 
1 . 4 2 6 2  

1 . 4 2 9 0  

1 .4325 

1 . 4 3 7 1  
1 . 4 3 8 3  

1 . 4 4 2 5  

1 . 4 4 2 3  
- 

31.5-32  
54-54 .5  
80-81 
105- 1 0 5 . 5  
93-95 
130- 131 
151-153 
176- 177 
197-198 
222-223 
5 7 - 5 8 / 0 . 0 5  mm 
240-243/760 mm 
7 6 - 7 7 / 0 . 1  mm 
264-266/760 mm 
8 6 - 8 8 / 0 . 1  mm 
144-146/15 mm 
8 7 - 8 8 / 0 . 3  mm 
1 3 0 / 1 . 5  nun 
164-167/17 mm 
1 2 4 / 0 . 0 5  mm 
188-189/17 mm 
133-134/0 .2  mm 
136-138/0 .05  mm 
mp. 34-34 .5  

32-32 .5 '  

80  .5 -812  
542 

94-9717 
106.  7 3  

130. 43 
153 .63  
176 .73  
198 .13  
R e f .  18 
24016 

26516 

145-6/154mm 

Unknown 
166/  174mm 

188/ 174mm 

Unknown 
R e f .  19 
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