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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 aminese2 The usual 
procedure of obtaining acid azides, which con- 
sists of treating an acid chloride with sodium 
azide, suffers from the dis:idvnntage 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 
anhydridcs in peptide synthesis and in the place 
of acid chlorides for the preparation of amides a i d  
esters of sensitive acids has been d e v e l ~ p e d . ~  We 
have fouiid 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 iholation of intermediates. For 
example, cis-2-phenylcyc:lopropylamine4 was pre- 
pared in 77y0 yield from cis-2-phenylcyclopropane- 
carboxylic acid. In the original preparation of this 
amine i t  was found necessary to avoid preparation of 
the acid chloride to  prevent isomerization to  the 
trans acid chloridc. This new procedure has been 
applied extensively in our laboratories and else- 
where with excellent  result^.^ 

EXPERIMENTAL 

cis-2-Phenylcyclopropylamine. cis-2-Phenylcyclopropane- 
carboxylic acid (14 0 g., 0.086 mole) was suspended in 15 ml. 
of water and sufficient acetonc 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 a t  0", R 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. a t  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 in  uucuo a t  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 p). The 
isocyanate was suspended in 90 ml. of 2OyO aqueous hydro- 
chloric acid and the mixture was heated under reflux for 9 hr. 
Evaporation of the resulting solution in vacuo gave a dark 
semi-solid residue. This mas dissolved in 100 ml. of water 
and the solution was made strongly alkaline by the addition 
of R 40'z sodium hydroxide solution. The oil which separated 
was extractrd into cther and the combined extracts were 
dried with anhydrous magnesium sulfate. Removal of the 
solvent under reduced prefisure gave a clear pale brown oil. 
This was distilled in uacuo (using a bath a t  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 alcohol-ether); i t  melted a t  169-170° and did not 
depress the melting point of an authentic sample of cis-2- 
phenylcyclopropylamine hydrochloride. 

In a variation of the above procediire used in subsequent 
work the arid azide was extrarted 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 nhich 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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The reactions of mesoxalic acid derivatives with 
1,Bdiamines 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) 2 , 3  and is completely analogous 
to the condensation of diethyl mesoxalate with 1,2- 
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diamines in the benzene, pyridine,j m d  pyrimi- 
dine3t6 series. hiesoxalic acid itself, liberated in 
solution from its sodium salt with hydrochloric 
acid, reacts rapidly with o-phenylenediamine hy- 
drochloride a t  room temperature or on ~varming to 
give 3( lH)-quinoxalone-3-carboxylic acid (11) in 
;itj lcast 80yo y i ~ l d . ~  Tho condensation of' mt?~osnlic: 
acid wit>h o-niet~hylaminouniliiic procecds similarly 
to give l-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 t'he t'wo 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- 
aZone-3-carbozyZic acid (17). The considerable stabil- 
ity and insolubility (in acid) of V permitted its 
ready isolation. This compound was identical with 
the dihydro derivative prepared from I1 by reduc- 
tion either with sodium hydrosulfiteY or with hy- 
drogen and palladium-on-carbon. Thermal de- 
carboxylation of V yielded 3,4-dihydro-2(lH)- 
quinoxalone (VIII), while oxidation with alkaline 
ferricyanide gave 2(  1H)-quinoxalone (IX). When 
t'he reaction mixt'ure was acidified before condensa- 
tion was complete, some 2(lH)-quinoxalone-3- 
carboxylic acid (11) was also isolated. The presence 
of a small amount of benzimidazole (YII), arising 
by decarboxylat,ion of henzimidazole-2-cal.boxylic 
acid (VI),g was detected in the crude arid T ' 3  by the 
presence of its characteristic absorption maxima 
(272 and 279 mp) in the spectrum of the acid (280 
and 286 mp). 
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i t  appears that sodium inesoxalute aiid o-phen- 
ylenediamiiie react initially to give 2(  lII)-quinoxa- 
lone-3-carboxylic acid (11) and 1,2-dihydrobenzi- 
midnzolc-2,2-dic~:trhosylic acid (111) 2s the ni:ijor 
product. In a11 extremely efficient noncatulyzctd 
intcmiolecular h.vdrogen-transfer reaction, 111 t]hcn 
r ~ d i i c t s  IT to I., Iwing it>srlf' osidixctl :ind dw: i r -  
I~oxj~lafctl t o  \-I .  Tho prese~ict! of an t:sccss of rv- 
ducing agent in the reaction mixture was readily 
demolistrated by addition (at any stage of the rear- 
tion) of excess 2 (  lH)-c~uiiioxaloiie-.-cxrl,oxylic acid 
(11), which wis prompt,ly reduced to Y. ,Istonish- 
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 
n-hen the reaction was carried out, a t  lower tempera- 
tures (50' for six hours). 

We suggest 1,2-dihydrobenziniidazole-2,2-di- 
carboxylic acid (111) rather than its decarboxylated 
product, 1 ,2  - dihydrobenzimidazole - 2 - carboxylic 
acid (IV) as t,he reducing agent', since the latter 
compound n-ould not he expected to be (and is ap- 
parent'ly not) stable to oxygen. Thus, isolation of 
I11 was not. possible, since in the acidification of the 
reaction mixture during the work-up immediate 
decarboxylation of I11 to IV, followed I)y air oxida- 
tion to T'I, apparently t a l e  place. 

The hydrogen transfer reaction appears to be 
specific, since the reaction mixt'ure failed to reduce 
added o-nitroaniline or 2-ethyla,inino-4-methyl-8- 
ethyl-7(8H)-ptcridinone-A-carboxylic acid.? 

EXPERIMEXTAL 

5,4-Dihydro-a( 1 H)qiLinoxalone-S-carboxUlic acid (V). A 
solution of 8.1 g. (0.05 mole) of sodium mesoxalat,e and 5.3 
g. (0.05 mole) of freshly crystallized o-phenylenedinmine in 
100 ml. of water was boiled for 1.5 hr., cooled to BO", acidi- 
fied with concentrated hydrochloric acid and then cooled to 
45" with stirring and scratching. The white crystalline solid 
which separated \vas collected by filtration and rreryst,allizcd 
from water to give 1.6 g. (l5Yc) of long white ncedles, m.p. 
154-155" dec. ( X 2 ; f 6 O H  224, 305 mp; e = 29,100, 4040). 

Anal. Calcd. for CQH&?O~ .H?O: C, 51.4; H, 4.8; T, 13.3. 
Found: C, 51.1; H, 4.9; X, 13.2. 

This conipound was identical in all rcspects with an 
authent.ic sample of 3,4-dihydro-2(1H)-yuinnxalone-3-car- 
ljoxylic acid monohydrate, reported m.p. 152' dec., prvpared 
cxither hy the method of Hahib and Rws* or by catalytic 
reduction of 2( 1 H)-quinoxnlone-3-carboxylic acid in potas- 
siiiin carbonate solution with hydrogen and 1):tlladium-on- 
carbon catalyst a t  atmospheric pressure. V h e n  1 g. of 2- 
( 1 H)-quinosalone-3-carboxylic acid, dissolved in an equiv- 
alcnt of dilute potassium hydroxide, >vas added to the above 
reaction mixture a t  nny stage of the rwrtion, the yield of the 
dihydro acid V  as raised to 2.1'3 g. 

Refrigeration of the acidic filtrate above yielded 3-4 g. 
of a colorless solid which \vas shonn to  be predominately 
I)enzirnidazolc-2-c:~rl~oxylic arid (contm7inated hy benzi- 
midazole) by comparison of its ultraviolet alisorption spec- 
trum with an authentic sampleQ and by decarboxylat'ion to 
benzimidazole, m.p. 172-173". 

S,4-Dihydro-2( IH)-qninozalone (VIII). Sublimation of 0.5 
g. of 3,4-dihydro-2(1H)-quinoxalone-3-carboxylic acid a t  
170'jO.l mm. gave 0.34 g. (96%) of a white sublimate which 



i : i l l i z i d  from n.atcxr t,o give long, whitc: needles. 
'rht:y tiirncd ~ .c l lo \ r  on  stxnding arid melt,ed intlctinitely 
cwnnwiic~iny a t  186", Kith a complete melt appearing only 
at l Y . i O  ( h ~ ; Z ~ l L o H  226, 306 nip; t = 24,600, 3010). 

F O I I I I ~ :  ( ' ,  G 4 . T ;  11, 5.2; S,  18.8. 
2( IHi-Qiii'norulone (IS). T o  a solut,ion of 1 g. of 3,1-tlihv- 

( l r n - 2  I f I ~ - ( ~ ~ i i ~ i o s n l o n ~ ~ - ~ ~ ~ a r ~ ~ n s ~ ~ l i c  acid, 1.5 g. of potaasiiini 
~ ~ : i r I ~ i t ~ : ~ t ~ ,  :ind 20 ml. of ivater was added a strong snlut inn 
of l)ot :ir-iiitii i'c~rric~xnitic~ iintil a pcrsist,cnt grcm color dr- 
v ~ I o l ~ ( ~ ~ 1 .  (;:is \\:is strongly cvolvcxd and a white prrcipitatc: 
sep:ir:itcd i'roiii thc: rcsaction niist,ure. Filtration gave 0.68 g. 
(!IO' ~f fine \\.hitti riwdlrs. m.p. 270-371", which wore 
showi to he 2( 1 H kqiiinosalone by comparison with nn 
:ti i t  I I I ~ I I  t i c .  s:rniple. 

 LO/. C1:tlcti. for C,qHgS?O: C, 64.85; H, 5.4: S,  18.9. 
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.,Is part of a continuing invest'igation on thc ill; 

flwncc of the mrtallic ration in organic reactions, 
we initiatcd a study of the effect of varying the 
alkali hydroxide on the rate of the bcnzilic acid re- 
arraiigc,nicnt. Aftcr our work had been in progress 
for s o m ~  t imc, we vamc upoil the excellcnt n-ork of 
E. Pfcil and co-workers' bearing on this same field. 
Hon.cvcr, as our work was cwncerned primnri1.v with 
the alkali cation, and was done undcr ronditions 
whic*h brought out a greater magnitude of difl'crence 
betn-rcn lithium and the othcr alkali cations than 
was clonc in the former st'udy, we felt it wort,hwhile 
to cont iniie the project and  siihmit t,hr cwnplctcd 
results. 

Thc nicc*h~tnism of the henzilic acid rearrangc- 
mcrit has hccri the i;ubjcc*t of murh recent, study 
~hic411 h :1~  shed light on :i numhrr of disputctl 
point s, hut has not yet led to a11 undisput,cd mech- 
anism. rI'hc n-ork of Roberts and Grey2 shou-ing 
that bmzil undergoes rapid exchange of carbonyl 
oxygrn with IT?O1x under alkaline condit,ions pro- 
vidw thc main evidence for the generally accepted 
niwh:iiiiwi3 involving prclimiiiary reversible nd- 
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ditioii of hydroxide ioii to beneil followed by ir- 
reversible migration of a pheiiyl group and proton 
exchange (Equation 1). 

More recently, Doering and Urban4 showed that 
the rearrangement is subject not only to specific 
hydroxide ion catalysis, R S  was long believed, but 
may be brought about nioiv geiicrally b>7 niranh of 
certain alkoxides to yield benzilic esters ab ~vell. 
Hine and I I a ~ o r t h ~  have demonstrated that the 
rearrangement can not have as its rate-controlling 
itep a mechanism involving proton transfer, since 
the reaction mas about S5Y0 faster with sodium 
deuteroxide in deuterium oxide than with sodium 
hydroxide in water under the same conditions. 
Clark, Hendlep, and SevilleG 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 hvdroxide ion may be incorrect, and 
that hydroxide ion map 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  ketone^,^ and in 
certain displacement reactionsx among others, we 
felt it worthwhile to study the effect of varying the 
alkali (and the tetramethylammonium) cation 
upon the rate of the benzilic acid rearrangement. 
The kinetic results obtained with these hydroxides 

T.4BLE I 

BEXZIL' WITH ALKALI HYDROXIDES* IS S i 7  DIOXAXE- 
337@  WATER^ .IT 49.5" 

SECOSD-ORDER RATE CONST.4STS FOR THE REACTION O F  

1c5k2, 
Hydroxide Used l./moIe-l/sec.-* 

Lithiumd 29.96 =k 0 49 
Sodiumd 9 40 =t 0 28 
Potassiumd 8 29 Z!Z 0 38 
Cesiume 8 7 6 h 0  41 
Tetrametl~ylammonium~ 7 9 8 & 0  15 
Lithiume 29.79 =k 0 83 

a Initial concentrations 0.05931-0.0617464. Initial con- 
crntrations 0.04749-0.048i8A~1. By volume. d , e  These runs 
were carried out simu!taneously in the same t,hermostated 
]lath using the same reagents except for the hydroxidr. 
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