928

CreEmicAL COMMUNICATIONS, 1971

Preparation of Stable Crystalline Mixed Anhydrides

By KeENNETH L. SHEPARD
(Mevck Sharp and Dokme Reseavch Labovatories, West Point, Pennsylvania 19486)

Summary NN-Diphenylcarbamoylpyridinium chloride has
been used in aqueous solution to synthesize stable
crystalline carboxylic carbamic anhydrides.

IT has recently been observed that isoxazolium and benz-
isoxazolium salts, under appropriate conditions, convert
carboxylic acids into ‘‘active esters”.! The resulting
esters are, in certain cases, crystalline non-hygroscopic
materials which can be readily purified and stored.2 During
the course of a recent investigation with esters of this type
we reported® the preparation, isolation, and purification of
(Ib).* We now communicate an improved synthesis of (Ib)
and the extension of this reaction to a variety of other
stable, crystalline mixed anhydrides.

3,5-Diamino-6-chloropyrazinecarboxylic =~ NN-diphenyl-
carbamic anhydride (Ib) was originally prepared from (Ia)

ct 2N co,R =
E] PhoN-CO'N /) CI”
HaNSN~NH, \
(n (m
Cl')R =H
b; R =CO*NPh2

and NN-diphenylcarbamoyl chloride in DMF with tri-
ethylamine.? This procedure failed with several hetero-
cyclic, aromatic, and aliphatic acids. We have sub-
sequently discovered a relatively general reaction for
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synthesis of these anhydrides from the aforementioned acids.
In fact, (Ib) can be prepared in greater yield (659, vs. 449%,)
with a shorter reaction period, 0-5 rather than 24 h, than
previously. The use of NN-diphenylcarbamoylpyridinium

TaBLE 1
M.p. Yield
°C) (%)
(Ib) 228—230 65
(III) PhCO,-CO-NPh, 124—125 89
| |
(IV) O-CH:CH-CH:C-CO,-:CO-NPh, 116—118 89
V) 0-NH,-C¢H,-CO,-CO-NPh, 133—135 60

170—172 23

(VI) p-HO-CgH,-CO,-CO-NPh,
>51 a

L-PhCH,-CH-CO,-CO-NPh,
N(Phthaloyl)

& This compound is less stable than the others and was invariably
contaminated withdiphenylamine even after extensive purification
attempts.

chloride (II)® in aqueous or ethanolic solution has permitted
extension of this reaction to a number of carboxylic acids.
A solution of the acid and triethylamine in water was
added slowly to a solution of (II) in water (0—25°). After
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nucleophiles;® Sxl for diphenylcarbamoyl chloride, Sy2
for (II).

For further characterization, each anhydride in Table 1
was treated with the appropriate amine in ethanol or water
(generally for a few min at 25°) to form the amides listed in
Table 2.

Condensation of (IT) with several aliphatic acids, includ-
ing acetic, acetoacetic, and phenylacetic, failed to afford
any isolable anhydride even at 0°. Evolution of gas (CO,)
begins as soon as the two solutions are mixed, and diphenyl-
amine was isolated, apparently arising from a generated
unstable or extremely reactive mixed anhydride.} Simi-
larly attempts to use the NN-dimethyl analogue of (II),
even with those acids in Table 1, did not lead to isolable
products. To date, the only example of a successful
reaction with an aliphatic carboxylic acid is the coupling of
phthaloyl-L-phenylalanine (VII) (as the mixed anhydride
generated in situ) with ethyl glycinate in ethanol to give the
dipeptide (XIII). A more detailed study would be neces-
sary to define the use of (II) as a reagent for general peptide
synthesis, however.

These mixed anhydrides are prepared and isolated under
normal laboratory conditions with little or no precautions
necessary. Except for (VII) all compounds isolated could
be stored for at least 1 year. The isolation of the anhy-
drides from bifunctional acids, (I), (V), and (VI), in addition

TABLE 2

(VIII) (I; NHPh for OR)
(IX) PhCO-NH-CH,-CO,H

(X) (I)-CH :CH-CH é:-CO-NH-CHzPh
(X1) 0-NH,-C,H,-CO-NH-CH,Ph
(XI1) #-HO-C,H,CO-NH-CH,Ph ..
(XIII)  1-PhCH,CH-CO-NH-CH,CO,Et

N(Phthaloyl)

ca. 0-5 h or less, the precipitated anhydride was filtered off
and recrystallized (see Table 1).+ The greater efficiency of
(IT) than diphenylcarbamoyl chloride appears to be based
on the differing mechanisms by which each reacts with

M.p. (°C)
.o 198—202

M.p. (°C) (lit.)

. 185—189 1877
110—112 111—111-58
123—125 124—1258

. 157—163

.o 159—161 161—162°

[«]® — 150-16° [o]Z — 146°

to the extreme reactivity of the products in Table 1 with
amines, indicates that these reagents may be of particular
advantage where it is difficult or impossible to prepare the
corresponding acid chloride.1®

(Received, April 6th, 1971; Com. 514.)

t All compounds in Tables 1 and 2 were consistent with the assigned structures (by spectra and analyses) [exception (VII), Ac

cale. — found = 0-52]. No effort was made to maximize yields.
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