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A wide variety of amines were formylated by acetic formic anhydride.

Many procedures have been used to formylate
amines, but the range of applicability appears to
be limited. Formamido compounds were required
for biological testing, so that a general formylation
procedure was desired. The results of this research
show that acetic formic anhydride is an excellent
general reagent for the preparation of formyl de-
rivatives of amines.

A brief summary of the shortcomings of various
formylation procedures (particularly as applied to
heterocyclic amines in this study) will be of interest.
Formamide? serves to formylate some aniline de-
rivatives and amines such as benzylamine. It did
not give the formyl derivative of 2-amino-5-nitro-
thiazole. Esters® of formic acid gave good results
with a number of amines, but sealed tubes or
autoclaves are often required. Chloral* reacts with
many amines to furnish the formamido compound
and chloroform. Again, this reagent did not react
with 2-amino-5-nitrothiazole. Sometimes chloral
gives addition products. For example,’ 2-amino-
pyridine and chloral formed the addition compound
CH,CLN,;O which sublimed under vacuum (11
mm.) and melted at 106.5°. An odd complex re-
sulted from a reaction between 2-aminoquinoxaline
and chloral. This complex decomposed at 176°.
It could be crystallized from benzene, but an at-
tempted crystallization from 2-propanol gave the
starting 2-aminoquinoxaline (m.p. 154°). Therefore
chloral fails to formylate some amines. Formic acid
alone formylates varied aniline derivatives such as
3,4-dichloroaniline. Even weakly basic anilines
such as 3,5-dinitroaniline’ gave moderate (509)
yields of the formyl derivative upon reflux with a
large excess (8 moles) of formic acid. In some cases,
acetic anhydride has been added to a solution of
amine in an excess of formic acid. Such a procedure
was used to prepare 2-(3-nitrothiazolyl)formamide.?
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Dalgliesch® made a study of the use of mixtures of
formie acid and acetic anhydride. Acetylation some-
times occurred rather than formylation. For
example, the addition of acetic anhydride to a
formic acid solution of anthranilic acid gave the
acetyl derivative. Yet these conditions gave the
formyl derivative with phenylalanine, phenacyl-
glycine, and tryptophane. His interesting studies
with kynurenine are illustrated below.

Formylation and Acetylation of Kynurenine?®

. HCOOH
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The simple addition of two equivalents of acetic
anhydride to a formic acid solution of kynurenine
resulted in the formylation of the aliphatic amino
group and the acetylation of the aromatic amino
group. Acetic formic anhydride proved to be a
better formylation agent. In fact, it was possible
to selectively formylate the aromatic amino group
by the use of one mole of acetic formic anhydride.
A further formylation of aliphatic amino group oc-
curred upon the addition of more acetic formic an-
hydride. The acetic formic anhydride need not be
isolated. Merely allowing a mixture of acetic an-
hydride and formic acid to warm spontaneously
causes the formation of acetic formic anhydride.

(8) F. C. Copp (to Wellcome Foundation, Ltd.), Brit.
Pat. 723,948 (Feb. 16, 1955). Chem. Abstr., 50, 5036 (1956).
This patent was issued after completion of our work and
cited a m.p. of 194°.

(9) C. E. Dalgliesch, J. Chem. Soc., 155, 137 (1952).
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- e e o o If desired, an excellent'® preparation of pure
Z | < : g | g 0 acetic formic anhydride can be made from ketene
and formic acid. A formylation of 2-amino-3-
- methylpyridine was accomplished!! with one mole
Sl =~ 1 of acetic formic anhydride in ether. A similar treat-
'% «® ment of 2-aminoquinoxaline gave a low yield of
3 crude 2-quinoxalinoformamide which was puri-
= [ B> S oo B SR - . . . .
mls W o = o fied with difficulty. Some of starting 2-amino-
@R en ¥ @ quinoxaline was recovered. However, when the
quantity of acetic formic anhydride was doubled,
Jdlols I o8 2% an excellent yield (919,) of high purity product
g © oW o ma w W was obtained by filtration of the reaction mixture.
Ei ' Evidently, the three basic nitrogen atoms of 2-
<| x5 B 2 l S = aminoquinoxaline require that the reaction mixture
N~ a o~ contain more than a mole of acetic formic anhy-
dride and a mole of acetic acid. It is noteworthy
51 © | that 2-quinoxalinoformamide and 2-acetamido-
. &} t l | I . R . . °
. quinoxaline'? have the same melting point (194°).
= A mixture of the two gave a sharp lowering of the
© o5 8 =¥ 8 3 melting point. ' . .
<+ @ we ¢ o The versatility of the acetic formic anhydride
formylation procedure is shown by the results
N T L given in Table I. All types of amines—especially
& 3 55 3 3 amines of heterocyclic compounds—gave good
ields of the desired formamido derivatives. The
y . . . .
o experimental section describes the preparation of
g g > »A » 2-quinoxalinoformamide as an illustration of the
Z 212 4 QY 2@ Q . .
S glz 5 S method. In all other cases, an overnight reaction
2 El% © %28 Z 2 X . . :
~ & SiE =55 = = period was satisfactory. Experimental details are
=S © 0 VU U U given also for 3’,4’-dichloroformanilide because it
g g was the only formyl compound which was soluble
e 5 5 g in the reaction mixture.
3 £ 2
5l % |- B3 -
=l Sg|T 2% 32 g 2 EXPERIMENTAL
R = 2 S £
‘é;b 2% §‘§ © % =X ag Microanalysis by Clark Microanalytical Laboratories,
S5 €L 85 §-:>'> = -é = Urbana, 11l Melting points (uncorrected) were taken with
£sg8gz ESS Anschutz thermometers using a Hershberg-type apparatus.
m o[ AR Q& 2-Quinozalinoformamide. The acetic formic anhydride
was prepared (but not isolated) by heating acetic anhydride
(20.4 ml.) and formic acid (8.6 ml,, 98%,) for two hours at
©  «® 50-60° in a flask equipped with a stirrer and drying tube,
~ 3 2 8. The solution was cooled to 27°. A gradual addition of 2-
MO TEE 22 O 9% aminoquinoxaline (14.6 g., 0.1 mole, Merck) was made over
P ; z T az 2 15-min. period using a water bath to maintain a tempera-
g8ve B8 8 2 ture below 39°. Some of the 2-aminoquinoxaline dissolved.
- T e | The reaction mixture was cooled to 30° and ether (50 ml.)
was added to the suspension. The mixture was allowed to
= stir about 60 hr. (no doubt a shorter time would be satis-
TRl o Fe oy o factory) at room temperature. A filtration removed the
= 5 =1 =31 © 0 0 < .
> product, which was washed with ether (25 ml.). The crude
product weighed 159 g. (919,). It sintered at 175° and
melted at 190-192° (dee.).
© A preliminary run with one-half the above quantity of
- 2 acetic formic anhydride gave a very low yield of 2-quin-
g ;“g’ o 5 g oxalinoformamide along with recovered 2-aminoquinoxaline.
g B 2, E E —_—
ElE E ER £ & (10) C. D. Hurd and A. 8. Roe, J. Am. Chem. Soc., 61,
2i5 5 &8 = = 3355 (1939).
g‘ 3 % E=Z93 ¢ (11) G. R. Clemo and G. A. Swan, J. Chem. Soc., 148,
S|E & 5%32 £ 603 (1945).
g e ¢85 §§ = (12) J. Weijlard, M. Tishler, and A. E. Erickson, J. Am.
£ 8 g ZES ¥ Chem. Soc., 66, 1958 (1944).
5’ By ﬁ » § CQO ;g (13) G. Fravagli and O. Barnabei, Atti. accad. sci. Fer-
& oAl & & rara, 29, 133 (1951-52); Chem. Abstr., 48, 807 (1954). No
physical constants are given in Chem. Abstr.
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An analytical sample was obtained by crystallization of the
crude material from benzene followed by 3 recrystalliza-
tions from ethyl acetate. It softened at 150° and melted
at 192.5-104.0°.

A mixed melting point of 2-quinoxalinoformamide and 2-
acetamidoquinoxaline (m.p. 192.6-193.8°)!? showed a sharp
depression.

3',4'-Dichloroformanilide. Acetic formic anhydride was
prepared from acetic anhydride (40.8 ml.) and 989, formic
acid (17.2 ml.). This mixture was cooled in an ice bath
to 12°. A gradual addition of 3,4-dichloroaniline (32.4 g.,
0.2 mole) was made so that the temperature did not rise
above 40°. The dark red solution was held at room tempera-
ture (35°) for five hours after which ether (100 ml.) was
added. The following day the dark purple solution was
extracted  with 2 X 100 ml. of water. The ether layer was
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evaporated on the steam bath to furnish 36.7 g. (96.5%)
of crude material, m.p. 94-103°. A hot benzene (150 ml.)
solution of the crude product was treated with Nuchar C.
The filtrate was cooled for several hours prior to collecting
the product by filtration. A cold benzene wash was applied
to the gray solid. The purified 3’,4’-dichloroformanilide
weighed 30.4 g. It sintered at 99° and melted at 110-112°,
Recrystallization from a large volume of carbon tetrachlo-
ride furnished off-white erystals with no change in melting
point. The product is soluble in chloroform and cyclohexene
but insoluble in petroleum ether or cyclohexane. Possibly
a reduction in the quantity of acetic formiec anhydride to
slightly over one mole would give a satisfactory result for
this type of preparation.
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Ethenesulfonamide has been prepared in moderate yields by heating 2-sulfamylethylamines and their salts.

The literature records three different sets of prop-
erties for ethenesulfonamide (I).2~? None of these
are those that would be predicted from the prop-

CH,CH,S0,
0—80,—0
VI lNHx
NH:
CICH,CH,S80,Cl —> N(CH,CH:30,NH,);, etc.
1T III
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HCON(CHas):
(2) H2804

H;PO.
(CH,):NCH,CH,S0,NH; —> CHz=CHSO,NH,

VII I
CaO
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AlLOs NH;

A
CH;OCH,CH,SO,NH, ALO:
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NH;
CH;COOCH,CH,80,Cl —> HN(CH.CH,S0,NH.)
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882 (1955).
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erties of the closely related ethanesulfonamide.0.1t
These discrepancies prompted a reinvestigation
of the preparation of 1.

Ethenesulfonamide has now been prepared in
539 yield by heating with alumina a mixture ob-
tained by ammonolysis of 2-chloroethanesulfonyl
chloride (II). After crystallization from ether it
melted at 24° and was soluble in ethanol, water,
ethyl acetate, and acetone but insoluble in benzene
and hexane. Ammonia added readily to I to form
tris(2-sulfamylethyl)amine (III) and thiophenol
added to I to form 2-phenylthioethanesulionamide.
No Diels-Alder reaction occurred with anthracene
on heating with I at 100° for 72 hr.

The formation of I on heating is believed to occur
by elimination of ammonia from the mixture of 2-
sulfamylethylamines obtained by ammonolysis of
II.12 The preparation of I (in 359, vield) from bis-
(2-sulfamylethyl)amine (IV) under the same condi-
tions lends support to this view. Heating the hydro-
chloride of IV also gave I in 309, yield. The sample
of IV used was prepared by ammonolysis of 2-
acetoxyethanesulfonyl chloride (V).

Another source of mixtures containing 2-sulf-
amylethylamines was the reaction of ammonia

(10) I. Kolker and A. Lapworth, J. Chem. Sec., 127,
314 (1928).

(11) A. P. N. Franchimont, Koninkl. Akad. Wetenschap.
Amsterdam, 22, 285 (1913); Chem. Zentr., 84, II, 1960
(1913).

(12) H. W. Coover and N, H. Shearer, Jr. [U.S. Patent
2,719,178 (1955)] report the preparation of N,N-dimethyl-
methacrylamide by passing its dimethylamine adduct over
alumina at 550°.



