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precipitation from ethanol and diethyl ether, m.p. 240°C (dec.); 
[ a ] 5 5 —140° (c 1.0, water). MS: M * 700.

N-(6,14-endo-Etheno-7,8-dihydromorphine-7ai-carbonyl)-L- 
-phenylalanyl-L-leucinol (14)

The hydrochloride of 12 (1.63 g, 2.4 mmol) was converted into the 
base and dissolved in 30 ml of anhydrous 2-propanol. To this 
solution, 1.5 g (15 mmol) of anhydrous calcium chloride and 
1.14 g (30 mmol) of sodium te trahydrobora te  were added. The 
conversion was complete (TLC) after 6  days at 35°C. Water 
(50 ml) was then added and the mixture acidified with 2 N hydro
gen chloride to pH 2-3. Extraction with a mixture of chloroform 
and 2-propanol ( 2 :1 )  at pH 8  and work up in the usual way, 
yielded 1.2 g (78%) of 14, which was pure according to TLC. It 
was recrystallized from aqueous ethanol;  m.p. 235°C (dec.); 
[ a ] , 25 —172° (c 0.3, 0.1 N hydrogen chloride). Calcd. for 
C 3 5 H 4 3 N 3 0 6 (601.72): C 69.86, H 7.20, N 6.98; found: C 69.5, 
H 7.3, N 6.7. MS: M * 601. Pure according to HPLC.
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Trimethylacetic formic anhydride. Improved preparation and use as a highly 
efficient and selective N-formylating reagent

Edward J. Vlietstra, Jan W. Zwikker*, Roeland J. M. Nolte and Wiendelt Drenth

L a b o ra to ry  fo r  Organic C h em istry  o f  the U niversity , C roeses traa t  79, 3522 A D  Utrecht,
The N etherlands  
( R ece ived  June 17th, 1982)

Abstract. T he  title c o m p o u n d  was p r e p a r e d  f ro m  t r im e th y la c e ty l  c h lo r id e  a n d  s o d iu m  f o r m a te  in 
the  p re sen c e  o f  18-c row n-6 .  T h e  m ix e d  a n h y d r i d e  p ro v e d  to be a very  useful r e a g e n t  fo r  the  N- 
- f o r m y la t io n  o f  am in es .  Even  a m in e s  w h ich  are  u n s ta b le  w h e n  d e p r o t o n a t e d  can  be fo r m y la te d .

R ecen t ly ,  we r e p o r t e d  the  sy n th es is  o f  m e th y l  2 - ( [ ‘ 3 C , 1 ^N ]-  
i s o c y a n o j p r o p i o n a t e 1. A key s tep  in this  sy n th es is  is the 
i n t r o d u c t i o n  o f  the  13C  label in the  m e th y l  es te r  o f  N- 
- ( [ ! 3 C ] f o r m y l ) [ 1 5 N ] a l a n i n e ,  the  c o m p o u n d  f ro m  w hich  
the  i s o c y a n id e  is p r e p a r e d .  I n t r o d u c t i o n  o ccu rs  by rea c t in g  
[ 1 5 N ] a l a n i n e  m e th y l  es te r  w ith  s e p a ra te ly  p r e p a r e d  acetic  
[ 1 3 C ] f o r m i c  a n h y d r id e .  T h is  r e a c t io n  a lso  a f fo rd s  the 
c o r r e s p o n d i n g  a c e t a m id e  in 8 %  yield. P r e s u m a b ly  this 
la t te r  c o m p o u n d  resu l ts  f ro m  n u c le o p h i l ic  a t t a c k  o f  the 
a m in e  n i t ro g e n  on  th e  acety l  m o ie ty  o f  the  m ixed  a n h y d r id e  
a n d / o r  the  ace t ic  a n h y d r i d e  fo r m e d  by d i s p r o p o r t i o n a 
t i o n 2. S u p p r e s s io n  o f  th is  r e a c t io n  s h o u ld  be p o ss ib le  by 
m a k in g  the  ace ty l  side o f  the m ixed  a n h y d r id e  less su s 
cep t ib le  to n u c le o p h i l ic  a t t a c k .  T h is  can  be a ch iev ed  by 
s u b s t i t u t i n g  the  oc-carbon a to m  o f  the  acety l  p a r t  w ith  
g r o u p s  h a v in g  a p p r o p r i a t e  s ter ic  a n d / o r  e lec tr ic  p ro p e r t ie s .  
T h e  m o s t  o b v io u s  c o m p o u n d  h a v in g  these  fe a tu re s  is 
t r im e th y la c e t i c  fo rm ic  a n h y d r id e .
A l th o u g h  the  ex is ten ce  o f  the  la t te r  c o m p o u n d  has  been 
su g g e s te d  in e a r l ie r  r e p o r t s ,  S c h ij f  a n d  S teven s 3  were the 
first to u n a m b i g u o u s l y  e s ta b l i sh  its p re sen ce  using  N M R  
s p e c t r o s c o p y .  T h e y  o b t a i n e d  the  m ixed  a n h y d r id e  in 6 0 %  
iso la ted  yield by r e a c t in g  t r im e th y la c e ty l  c h lo r id e  w ith  
s o d iu m  f o r m a te  in T H F  at 0 °C  for 24 h. T h e  d is t i l led  p r o 
d u c t  c o n t a in e d  1 - 2  m o l  %  o f  the  c o r r e s p o n d i n g  s y m 
m e tr ic a l  a n h y d r id e s .  C lo se r  i n v e s t ig a t io n 4  revea led  th a t  
the  m o d e r a t e  yield is d u e  to  d e c o m p o s i t i o n ,  b o th  th e rm a l ly ,  
d u r in g  the  lo n g  r e a c t io n  t im e ,  r e m o v a l  o f  the so lv en t  an d  
d i s t i l l a t io n  o f  the  a n h y d r id e ,  a n d  ch em ica l ly ,  by s o d iu m  
f o r m a te  a n d  t r a c e s  o f  c a rb o x y l ic  ac ids.  T h e  in s tab i l i ty  o f

the  p r o d u c t  o b t a in e d  by the  p r o c e d u r e  o f  S ch ijf  a n d  
Stevens  was c o n f i r m e d  by H arm an  a n d  H utch inson \  w ho  
failed to iso la te  the  p u re  a n h y d r i d e  by d is t i l la t io n  at r o o m  
t e m p e r a t u r e  a n d  18 m m  Hg.
W e wish to  r e p o r t  an  i m p r o v e m e n t  on  the  l i t e r a tu re  p r o 
c e d u re  for the  p r e p a r a t i o n  o f  t r im e th y la c e t i c  fo rm ic  a n h y 
d r ide .  In o u r  p r o c e d u r e  the  c o m p o u n d  is fo rm e d  in a fast 
r e a c t io n  a n d  no  s e p a r a t i o n  o f  so lv en t  is n ecessa ry ,  re
su l t in g  in e ffec t ive  s u p p r e s s io n  o f  the  v a r io u s  d e c o m p o s i 
t ion  p a th s  o p e n  to  the  m ixed  a n h y d r id e .
T h e  title c o m p o u n d  can  be p r e p a r e d ,  w i th o u t  us ing  a 
so lv en t ,  f ro m  t r im e th y la c e ty l  c h lo r id e  a n d  1.05 e q u iv a le n t  
o f  s o d iu m  f o r m a te  in the  p re se n c e  o f  1 0  m ol %  18-c row n-6  
at 0°C . T h e  r e a c t io n  is c o m p le te  w i th in  3 h a n d  the  p r o d u c t  
can  be iso la ted  d i rec t ly  f ro m  the  r e a c t io n  m ix tu re  by d is t i l 
la t io n  in to  a  co ld  t r a p  at 0.01 m m H g  a n d  0°C . Y ie lds  va ry  
f ro m  95 to 9 8 % .  A c c o r d in g  to  *H N M R ,  the on ly  c o n t a 
m in a n t s  are  t ra ce s  (less th a n  1 %) o f  t r im e th y la c e t i c  acid .

1 E. J. Vlietstra, R. J. M. Nolte, J. W. Zwikker , W. Drenth and 
R. H. A. M. Janssen, Reel. Trav. Chini. Pays-Bas 101, 183 
(1982).

2 W. Stevens and A. van Es, Reel. Chim. Pays-Bas 83, 863 (1964).
3 R. Schijf and W. Stevens, Reel. Trav. Chim. Pays-Bas 85, 627 

(1966).
4 R. Schijf Ph.D. Thesis, State University of Leiden, The 

Netherlands, 1968.
5 A. D. Hannon and C. R. Hutchinson, J. Org. Chern. 40, 3474

(1975).
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Table I N -Formylation o f  various amine (salts) by means o f  trimethylacetic formic anhydride.
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Entry Amine (salt) Solvent Reaction tcmp./°C Yield/ %a

7

8

1 0

H 3 C — C H — C O , C H 3

N H , '  HC1

H , C — CH —  C H ,B r

N H , H B r

CHC1

CHCI3

O

HC1 H , N — ( C H , ) 4— CH

C — O C -, H21 *5
B C H X N

N

H,

\
C , H

C H ,  —  N H , CHC1

N H , CHC1

H 3 CO N H , CHC1

N H , CHC1

N H , CHC1

N H , CHC1

N O ,

0 , N N H , DM SÔ -
ace to ne

N O ,

25 97

0 81

0 91

25 94

25 96

25 93

25 95

25 1 0 0

25 95

25
5

No reaction 
No reaction

a Yields are isolated yields; all products were unambiguously characterised by means of ‘ H N M R  spectroscopy and, in the cases of solid 
formamides, melting points. b See ref. 6 . c In DMSO, decomposition of the mixed anhydride with evolution of carbon monoxide
occurs.

its a n h y d r id e ,  fo rm ic  ac id  a n d  fo rm ic  a n h y d r id e .  B ecause  
o f  this,  o u r  p r o d u c t  c a n  be kep t  fo r  severa l  m o n t h s  in a 
f reezer  w i th o u t  u n d e r g o in g  a n y  d e te c ta b le  c h a n g e .
T h e  m ixed  a n h y d r i d e  p ro v e d  to be an  exce llen t  r e a g e n t  for 
the  N - f o r m y l a t i o n  o f  a v a r ie ty  o f  a l ip h a t ic ,  benzylic  an d  
a r o m a t i c  a m in e s .  U p o n  m ix in g  a  s o lu t io n  o f  a m in e  with 
1 . 1  e q u iv a le n t  o f  a n h y d r id e  at r o o m  t e m p e r a tu r e ,  an 
e x o th e r m ic  r e a c t io n  o ccu rs .  A c c o r d in g  to ' H  N M R  a n d / o r  
T L C ,  f o r m y l a t i o n  is c o m p le t e  w i th in  5 m in u te s .  T he  
r e a c t io n  has  a g e n e ra l  a p p l ic a b i l i ty .  O n ly  in the case o f  2,4- 
- d in i t r o a n i l in e  was no  r e a c t io n  o b s e rv e d ,  no t  even a f te r  
4 days.  T h e  re su l ts  o b t a in e d  w ith  v a r io u s  a m in e s  are  c o m 
piled  in T a b le  I. In n o n e  o f  the  e x a m p le s  given in T a b le  I 
c o u ld  a t ra c e  o f  t r im e th y l a c e t a m id e  be d e tec te d  as side- 
- p r o d u c t ,  th u s  p r o v in g  the  h igh se lec tiv i ty  o f  the  re a g e n t .  
D u e  to its h igh  reac t iv i ty ,  t r im e th y la c e t i c  fo rm ic  a n h y d r id e  
is e x t re m e ly  useful in the  f o r m y la t io n  o f  a m in e s  w h ich

d e c o m p o s e  easily  via in te r-  a n d / o r  in t r a - m o le c u la r  r e a c 
t ions  w h e n  l ib e ra te d  f ro m  the i r  salts  ( c /  en t r ie s  1-3 o f  
T a b le  I). B ecause  o f  th is  d e c o m p o s i t i o n ,  the  c o m p o u n d s  o f  
en t r ie s  2 a n d  3 c a n n o t  be f o r m y la te d  using  c u r r e n t ly  
a v a i la b le  l i t e ra tu re  m e th o d s .  H o w e v e r ,  w hen  these  a m in e  
salts  a re  d e p r o t o n a t e d  in the  p re sen ce  o f  t r im e th y la c e t ic  
fo rm ic  a n h y d r id e ,  the  free a m in e  is s c a v e n g e d  a n d  an 
exce l len t  yield o f  the  c o r r e s p o n d i n g  N - f o r m a m id e  is o b 
ta in e d .

The preparation of this com pound  and its use in the functiona- 
lisation of the e-amino group of lysine will be the subject of a 
forthcoming paper. Its N-formyl derivative melts at 93-94°C.
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Experimental

General

Tem peratures  are uncorrected. All manipulations with water- 
-sensitive com pounds  were carried out in an atmosphere of dry 
nitrogen. 'H  N M R  spectra were obtained using a Varian EM-390 
spectrometer, with TM S as internal s tandard. Melting points 
were determined using a Mettler-FP5 melting point apparatus.  
TLC was performed on silica gel (Merck DC-Plasticrolle- 
-Kieselgel 60 F254). Trimethylacetyl chloride and 18-crown-6 
were purchased form Aldrich and Fluka, respectively. Trimethyl
acetyl chloride was distilled immediately before use. Sodium 
formate ( BDH;  pro analysi quality) was dried at 120°C for 24 h 
and finely powdered prior to use.

Trimethylacetic formic anhydride

To a vigorously stirred, ice-cooled mixture of 9.69 g (80.4 mmol) 
of trimethylacetyl chloride and 2.00 g (7.6 mmol) of 18-crown-6 
was added 5.74 g (84.4 mmol) of sodium formate in small portions 
over a period of 15 min. At time intervals of 1 h samples were 
taken and expanded (0.5 ppm) N M R  spectra of the /e/7-butyl 
pattern were recorded. After 3 h, the reaction was found to be 
complete. The volatile com pounds  were distilled at 0°C and 
0.01 m m H g  into a cold trap affording 9.89 g (95%) of colourless 
distillate, which proved to be essentially pure trimethylacetic 
formic anhydride. 'H  N M R  (CDC13) 5 1.32 (s, 9 /m -bu ty l) ,  9.11 
(s, 1, formyl H). In addition, the spectrum showed small singlets 
at 5 1.26, 1.29, 8.02 and 8.75, which are due to traces of trimethyl
acetic acid, its anhydride, formic acid and formic anhydride, 
respectively.

Formylation o f  free  amines (general procedure )

To a solution of 1 mmol of amine in 0.5 ml of an appropria te  
alcohol-free solvent was added dropwise, with vigorous stirring, 
1.1 mmol of trimethylacetic formic anhydride. After completion 
of the reaction ( N M R  and /o r  TLC), the solvent was removed in 
vacuo. The oily or solid residue was washed three times with 10 ml 
portions of hexane in order to remove trimethylacetic acid and its 
anhydride. Removal of the last traces of hexane in vacuo afforded 
the pure formamide.

Formylation w ith amine-salts as starting compounds

To a vigorously stirred mixture of 4 mmol of amine salt and 8  ml 
of solvent was added 4.4 mmol of trimethylacetic formic anhy
dride. Subsequently, 4 mmol of triethylamine was added dropwise 
over 15 minutes. After stirring the mixture for 30 min, the solvent 
was thoroughly  removed in vacuo. In those cases where the for
mamide is ether-soluble (entries 1 and 2 of Table), further work 
up of the residue was performed using procedure A given below. 
When the form amide is insoluble in ether (entry 3 of Table), work 
up was accomplished using procedure B.

Procedure A. The residue was washed three times by stirring 
with 10 ml portions of hexane, followed by décantation. After 
the final washing, the remaining hexane was thoroughly removed 
in vacuo and the residue extracted three times by stirring with
10 ml portions of ether followed by décantation. Concentration 
of the combined ether extracts afforded the pure formamide.

Procedure B. The residue was washed three times by stirring 
with 25 ml portions of ether followed by décantation. After the 
final washing, the remaining ether was thoroughly removed in 
vacuo. The form am ide and triethylamine hydrochloride were 
separated by column ch rom atography  (column: 20 x 1.5 cm) 
over silica gel (Merck kieselgel 60: 230-400 mesh) using aceto- 
nitrile as eluent.


