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A Modified Curtius Reaction!
Josera WEINSTOCK
Received December 27, 1960

The Curtius rearrangement, which involves
heating an acid azide to cause loss of nitrogen and
formation of an isocyanate, is a valuable method
for the conversion of acids to amines.? The usual
procedurc of obtaining acid azides, which con-
sists of treating an acid chloride with sodium
azide, suffers from the disadvantage that it is often
difficult to obtain pure acid chlorides in good yield
from acids which either decompose or undergo
isomerization in the presence of mineral acids.
The much less convenient alternative sequence of
ester to hydrazide to azide has been used to cir-
cumvent this difficulty. ‘

Recently the use of mixed carboxylic-carbonic
anhydrides in peptide synthesis and in the place
of acid chlorides for the preparation of amides and
esters of sensitive acids has been developed.? We
have found that mixed anhydrides react with
sodium azide under very mild conditions to form
acid azides in excellent yield. These can be re-
arranged to the isocyanate and hydrolyzed to the
amine without isolation of intermediates. Ifor
example, cis-2-phenylcyclopropylaminet was pre-
pared in 779, yield from cis-2-phenyleyclopropane-
carboxylic acid. In the original preparation of this
amine it was found necessary to avoid preparation of
the acid chloride to prevent isomerization to the
trans acid chloride. This new procedure has been
applied extensively in our laboratories and else-
where with excellent results.’

EXPERIMENTAL

cis-2-Phenylcyclopropylamine. cis-2-Phenyleyclopropane-
carboxylic acid (14.0 g., 0.086 mole) was suspended in 15 ml.
of water and sufficient acetone was added to complete the
solution. The solution was cooled to 0° (ice-salt bath) and
10.2 g. (0.1 mole) of triethylamine in 175 ml. of acetone was
added. While maintaining the temperature at 0°, a solution
12.5 g. (0.11 mole) of ethyl chloroformate in 45 ml. of acetone
was added slowly. The mixture was stirred for 30 min. at 0°
and then a solution of 8.6 g. (0.13 mole) of sodium azide in 30
ml. of water was added dropwise. The mixture was stirred
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(0°) for 1 hr.; then it was poured into an excess of ice water.
The oil which separated was extracted into ether and the com-
bined ether extracts were dried with magnesium sulfate.
Solvent was removed 7n vacuo at room temperature to leave
a dark red oil (azide), which was dissolved in 50 ml. of anhy-
drous toluene. The toluene solution was heated on a steam
bath until no more nitrogen was evolved. Removal of toluene
in vacuo afforded a mobile red liquid which was shown to be
almost pure isocyanate by its infrared spectra (4.4 u). The
isocyanate was suspended in 90 ml. of 209, aqueous hydro-
chloric acid and the mixture was heated under reflux for 9 hr.
Evaporation of the resulting solution 7n vacuo gave a dark
semi-solid residue. This was dissolved in 100 ml. of water
and the solution was made strongly alkaline by the addition
of a 409 sodinm hydroxide solution. The oil which separated
was extracted into ether and the combined extracts were
dried with anhydrous magnesium sulfate. Removal of the
solvent under reduced pressure gave a clear pale brown oil.
This was distilled 7n vacuo (using a bath at a temperature of
70° or below) and gave 8.9 g. (77%) of colorless free base;
b.p., (0.3-0.4 mm.) 50-52°.

A hydrochloride was prepared in the usual manner (iso-
propyl aleohol-ether); it melted at 169-170° and did not
depress the melting point of an authentic sample of ¢is-2-
phenyleyclopropylamine hydrochloride.

In a variation of the above procedure used in subsequent
work the acid azide was extracted directly into toluene rather
than into ether. The toluene solution was then dried over
magnesium sulfate and added dropwise to a flask equipped
with a stirrer which was heated on a steam bath. This helped
to control the vigorous evolution of nitrogen which takes
place during the rearrangement.
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A New Intermolecular Hydrogen-Transfer
Reaction!
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The reactions of mesoxalic acid derivatives with
1,2-diamines which have previously been reported
appear to be uncomplicated. Thus, the condensa-
tion of sodium mesoxalate with 4,5-diaminopyrim-
idines yields derivatives of 7(8H)-pteridinone-6-
carboxylic acid (I)>® and is completely analogous
to the condensation of diethyl mesoxalate with 1,2-
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diamines in the henzene,* pyridine,® and pyrimi-
dine®¢ series. Mesoxalic acid itself, liberated in
solution from its sodium salt with hydrochloric
acid, reacts rapidly with o-phenylenediamine hy-
drochloride at room temperature or on warming to
give 2(1H)-quinoxalone-3-carboxylic acid (II) in
it least 807, yield.” The eondensation of mesoxalic
acid with o-methylaminoaniline procecds similarly
to give 1-methyl-2(1H)-quinoxalone-3-carboxylic
acid.

We have now found that sodium mesoxalate and
o-phenylenediamine react anomalously in aqueous
solution. Heating molar quantities of the two com-
ponents in water for one and one-half hours, fol-
lowed by acidification, yielded benzimidazole-2-
carboxylic acid (VI) and 3,4-dihydro-2(1 H)-quinox-
alone-3-carbozylic acid (V). The considerable stabil-
ity and insolubility (in acid) of V permitted its
ready isolation. This compound was identical with
the dihydro derivative prepared from II by reduc-
tion either with sodium hydrosulfite® or with hy-
drogen and palladium-on-carbon. Thermal de-
carboxylation of V yielded 3,4-dihydro-2(1H)-
quinoxalone (VIII), while oxidation with alkaline
ferricyanide gave 2(1H)-quinoxalone (IX). When
the reaction mixture was acidified before condensa-
tion was complete, some 2(1H)-quinoxalone-3-
carboxylic acid (II) was also isolated. The presence
of a small amount of benzimidazole (VII), arising
by decarboxylation of henzimidazole-2-carboxylic
acid (VI),? was detected in the erude acid VI by the
presence of its characteristic absorption maxima
(272 and 279 my) in the spectrum of the acid (280

and 286 mu).
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It appears that sodium mesoxalate and o-phen-
ylenediamine react initially to give 2(1H)-quinoxa-
lone-3-carboxylic acid (II) and 1,2-dihydrobenzi-
midazole-2,2-dicarboxylic acid (III) as the major
product. In an extremely efficient noncatalyzed
intermolecular hvdrogen-transfer reaction, III then
reduces II to V, being itself oxidized and decar-
boxylated to VI. The presence of an excess of re-
ducing agent in the reaction mixture was readily
demonstrated by addition (at any stage of the reac-
tion) of excess 2(1H)-quinoxalone-3-carboxylic acid
(IT), which was promptly reduced to V. Astonish-
ingly, the formation of the dihydro acid V was not
affected by bubbling a vigorous stream of oxygen
through the mixture during the entire time of
reaction. The product composition was not altered
when the reaction was carried out at lower tempera-
tures (50° for six hours).

We suggest 1,2-dihydrobenzimidazole-2,2-di-
carboxylic acid (I11) rather than its decarboxylated
product, 1,2 - dihydrobenzimidazole - 2 - carboxylic
acid (IV) as the reducing agent, since the latter
compound would not he expected to be (and is ap-
parently not) stable to oxygen. Thus, isolation of
TIT was not possible, since in the acidification of the
reaction mixture during the work-up immediate
decarboxylation of III to IV, followed by air oxida-~
tion to VI, apparently takes place.

The hydrogen transfer reaction appears to be
specific, since the reaction mixture failed to reduce
added o-nitroaniline or 2-ethylamino-4-methy!-8-
ethyl-7(8H)-pteridinone-6-carboxylic acid.?

EXPERIMENTAL

3,4-Dihydro-2(1H)quinozalone-3-carbozylic acid (V). A
solution of 8.1 g. (0.05 mole) of sodium mesoxalate and 5.3

g. (0.05 mole) of freshly crystallized o-phenylenediamine in
100 ml. of water was boiled for 1.5 hr., cooled to 60°, acidi-
fied with concentrated hydrochloric acid and then cooled to
45° with stirring and scratching. The white erystalline solid
which separated was collected by filtration and reerystallized
from water to give 1.6 g. (15%) of long white needles, m.p.
154-155° dec. (2S5 224, 305 mu; e = 29,100, 4040).

Anal. Caled. for CgHsNgOs.HQO: C, 51.4; H, 4.8; N, 13.3.
Found: C, 51.1; H, 4.9; N, 13.2.

This compound was identical in all respects with an
authentic sample of 3,4-dihydro-2(1H)-quinoxalone-3-car-
boxylie acid monohydrate, reported m.p. 152° dec., prepared
either by the method of Habib and Rees® or by catalytic
reduction of 2(1H)-quinoxalone-3-carboxylic acid in potas-
sium carbonate solution with hydrogen and palladium-on-
carbon catalyst at atmospheric pressure. When 1 g. of 2-
(1H)-quinoxalone-3-carboxylic acid, dissolved in an equiv-
alent of dilute potassium hydroxide, was added to the above
reaction mixture at any stage of the reaction, the vield of the
dihyvdro acid V was raised to 2.6 g.

Refrigeration of the acidic filtrate above yielded 3-4 g.
of a colorless solid which was shown to be predominately
benzimidazole-2-carboxvlic acid (contaminated by benzi-
midazole) by comparison of its ultraviolet absorption spec-
trum with an authentic sample® and by decarboxylation to
benzimidazole, m.p. 172-173°.

3,4-Dihydro-2(1H)-quinozalone (VIII). Sublimation of 0.5
g. of 3,4-dihydro-2(1H)-quinoxalone-3-carboxylic acid at
170°/0.1 mm. gave 0.34 g. (96%,) of a white sublimate which
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was reervstullized from water to give long, white needles.
They turned yellow on standing and melted indefinitely
commencing at 136°, with a complete melt appearing only
at 195° (AR 996 306 mu; e = 24,600, 3010).

Anal. Caled. for CgHgN.O: C, 64.85; H, 5.4: N\, 18.9.
Found: C, 64.7; H, 5.2; N, 18.8.

21H)-Quinozalone (IX). To a solution of 1 g. of 3,4-dihyv-
dro-2(1-quinoxalone-3-carboxylic acid, 1.5 g. of potussium
carbonate, and 20 ml. of water was added a strong solution
of potassium ferricyanide nntil a persistent green color de-
veloped. Gas was strongly evolved and a white precipitate
separated from the reaction mixture. Filtration gave 0.63 g.
(U0C%) of fine white needles, m.p. 270-271°, which were
shown to he 2(1H )-quinoxalone by comparison with an
authentie sample.
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As part of a continuing investigation on the in-
fluence of the metallic cation in organic reactions,
we initiated a study of the cffect of varying the
alkali hydroxide on the rate of the benzilie acid re-
arrangement. After our work had been in progress
for some time, we came upon the excellent work of
. Pfeil and co-workers! bearing on this same field.
However, as our work was concerned primarily with
the alkali cation, and was done under conditions
which brought out a greater magnitude of difference
between lithium and the other alkali cations than
was done in the former study, we felt it worthwhile
to continue the project and submit the completed
results.

The mechanism of the henzilic acid rearrange-
ment has been the subject of much recent study
which has shed light on a number of disputed
points, but has not vet led to an undisputed mech-
anism. The work of Roberts and Urey? showing
that benzil undergoes rapid exchange of carbonyl
oxvgen with H.0® under alkaline conditions pro-
vides the main evidence for the generally accepted
mechanism?® involving preliminary reversible ad-

G o
CeH-COCOCsH; + OH == CGHS—C—(;—C'eHs >
on @
((‘«;Hr»):(‘—(‘oo_ (])

(1) K. Pfeil, G. Geissler, W. Jacquemin, and F. Lomker,
Chem. Beir., 89, 1210 (1956).

(2) I. Roberts and H. C. Urey, J. Am. Chem. Soc., 60,
880 (19038).

(3) C. K. Ingold, Ann. Repts. on Progr. Chem. (Chem.
Soc. London), 25, 124 (1028):

NOTES 3018
dition of hydroxide ion to benzil followed by ir-
reversible migration of a phenyl group and proton
exchange (Equation 1).

More recently, Doering and Urban* showed that
the rearrangement is subject not only to specific
hydroxide ion catalysis, as was long believed, but
may be brought about more generally by means of
certain alkoxides to yield benzilic esters as well.
Hine and Ilaworth® have demonstrated that the
rearrangement can not have as its rate-controlling
step a mechanism involving proton transfer, since
the reaction was about 859, faster with sodium
deuteroxide in deuterium oxide than with sodium
hydroxide in water under the same conditions,
Clark, Hendley, and Neville® showed that in the
rearrangement of unsymmetrically substituted
benzils, rings containing electron-withdrawing sub-
stituents migrated preferentially to phenyl, while
the reverse was true with rings containing electron-
donating substituents. These workers suggested
that the mechanism involving preliminary reversible
addition of hydroxide ion may be incorrect, and
that hydroxide ion may participate in the rate-
controlling step, preferentially attacking the more
reactive carbonyl group, and thus accounting for the
preferred migration tendencies observed.

In view of the fact that the nature of the metallic
cation has been found to play an important role in
aldol condensations of esters with ketones,” and in
certain displacement reactions® among others, we
felt it worthwhile to study the effect of varying the
alkali (and the tetramethylammonium) ecation
upon the rate of the benzilic acid rearrangement.
The kinetic results obtained with these hydroxides

TABLE 1

SECOND-ORDER RATE CONSTANTS FOR THE REACTION OF
Bexzit? wite AvLkarl Hyproxipes® 1N 679 DioxaNE—
339 WATER® aT 49.5°

105%,,
Hydroxide Used 1./mole~1/sec. ™1
Lithium? 29.96 £ 0.49
Sodium? 9.40 = 0.28
Potassium? 8.29 £ 0.38
Cesium® 8.76 = 0.41
Tetramethylammonium?® 7.98£0.15
Lithium?® 29.79+0.83

¢ Initial concentrations 0.05931-0.06174}. ® Initial con-
centrations 0.04749-0.048783,. ¢ By volume, %¢ These runs
were carried out simultaneously in the same thermostated
bath using the same reagents except for the hydroxide.
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