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Not surprieingly, the lsoimlde (or imimide) f+uuctlonrl ercrup 

(A) has been observed rarely in organic cheuxlstry and bas been.Umited 

to those relativelyfewmolecules where it hasbeen stabCllsed.by specFsl 

structural features (2, 3). ReactionswhichshouldhavepMducedthU 

functlollal groupbave genemllyledinsteadto the isdde; for example, the 

reaction of the imldoyl chloride (I) with silver benmate gavedibensoyl- 

imide (IV) aad attempts to Isolate the suspected intermediate is-de 

III have been unsuccessful (3, 4). 
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This impli.ed rearrangement o f III to IV which involves a 1,3-bensoyl 

migration was of interest In connection with our studies (5) of 1,3-acyl 

migrations in clther systems. We have therefore investigated the possi- 

bility of placlng substituents on the molecule III which might slow its 

rearrangement to IV and permit its isolation. 

The reaction of N-(2,k_dinitrophenyl)-benzimidoyl chloride (II) (pre- 

pared frcaa benz-2,&dinitrcanillde and phosphorous pentachloride) gave 

with silver benzoate in dry ether a 47$ yield of isoimide (H-V, A.r = CeIIs, 

Ar' = 2,4_dinitrophenyl), which, purified by crystallization at 0' from 

hexane-toluene, had m.p. 90' (resolidified at lO@ and remelted at 171.5- 

1730). All new compounds described here had satisfactory carbon, hydrogen 

and nitrogen analyses. The structure was suggested by the infrared absor- 

ption at 1750 cs~.-~ attributed to the ester C-0 and at 1680 cm.-' attrib- 

uted to the C=N. Although no infrared data are available for strictly 

c-arable functional groups these frequencies are in agreement with 

structure H-V as judged by a comparison with the enol benzoate C&$OoC- 

(C&)=C(C0&JIs~-N=NC& with carbonyl absorption (5) at 1745 cm.-' The 

more closely related isoimide VII has been shown (6) to have absorption 

at 1750 cm--i ((!=O) and at 1639 cm.-l (C=N) in good agreement with the 

present work. Finally the N-arylmaleisoimides and N-srylphthalisoimides 

with reported (3) c&bony1 absorption at 1800 cm.-' and C=N absorption at 

1700 cm.'i are in reasonable agreement when allowance is made for the 

fact that the functional groups are exocyclic in a five-membered ring. 

The isoimide structure H-V was confirmed by hydrolysis of the compound 

with concentrated hydrochloric acid for five minutes at room temperature 

VII 
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to dinitrobenzanilide in 96% yield. On heating to 90' it melted and ra- 

arranged to the imide H-VI, characterized by its carbonyl absorption at 

1685 and 1655 ~m.-l (sh.) in the infrared (chloroform solution). In con- 

trast to the isolmide the imide H-VI was stable to treatment for five 

minutes with concentrated hydrochloric acid but was hydrolyzed rapidly to 

the benzanilide by treatment with boiling ethanolic potassium hydroxide. 

The p-methoxy, p-bromo, and p-nitro derivatives of V (CHsO-V, Hr-V and 

NOs-V) were obtained freon the imidoyl chloride II and the appropriate 

silver benzoate. 'Ihe melting behavior and most significant infrared max- 

ima for these canpounds and the imides (C&O-VI, &--VI and NOa-VI) formed 

from them by rearrangement are summarized in Table I. 

Table I 

Isoimide Drfrsred Maxima 
or Imide P (%.I 

InitiZ ' 

( -1) cm. 

Final 

c&o-v 

C&O-VI 

H-V 

H-VI 

Br-V 

Hr-VI 

NO_=.-V 

NOs-VI 

142-143.5 -mm 1740 1675 

171.5-173 e-w 1700 1670 

PO 171.5-173 1750 1680 

173.5-174.4 -__ 1685 1655 (sh) 

128-132 Not det. 1750 1685 

166-167 -__ 1710 1695 

135 198-1PP.5° 1755 1.690 

198-199.5 ___ 1710 1680 

kl x la'(sec.-') 
(Acetonitrile 

at 42.86O) 

0.589 + 0~~8~ 

1.18 + o.lfSa 

1.52 + 0.31b 

3.34 t o.05b 

aAverage of 3 kinetic runs. 
b 
Average of 2 kinetic runs. 

The rearrangement of H-V to H-VI in benzene, followed quantitatively 

using the absorbance of the developing imide carbonyl peak of H-VI, 

obeyed good first order kinetics to 955 completion and the rate was un- 

affected by the addition of a small amount of calcium hydride (suspended) 

or of 0.022 M acetic acid. The first order rate constants at 42.86' were 

calculated by a modified least squares mcthcd (7) and the mean of five 

indcpendcntly determined rate constants was 6.~6 x low5 sec.-' The rote 
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constant in acetoultrile at the sams temperature was 1.18 x lo4 sec.'1 

which leads to a value of flaw (measure of sensitivity of the reaction to 

change in solvent polarity) (8) of 0.36. Rates of re arrangement of H-V, 

E&V, cml NO_+J, measured In acetonltrile at 42.86', are presented in 

Table 1. A plot of log h egainst liamett's sigma constant permits a 

straight line to be drawn through the points correspcmdjsg to the brano, 

nltro aM uusubstltuted ccrmpounds but with the point for p-methoxyl well 

belou the Xii. Wo calculated from the Une drawnwithoutthe methoxyl 

point Is 40.39 eBI that from a least squares line through all of the 

points is +(x69. Whether the apparent curvature in the plot is due to a 

chenge In reaction mechanism (9) or to saw other cause has not been 

determined. 

Althougb there Is no direct quantitative measure of the effect of 

substituents on the srrmmtic ring attached to the nitrogen atom of the 

isolmide III the previous failure of attempts to Isolate such canpounds 

wlthout the two nitro-substltuents suggests that they play a major part 

in retardlog the resrranSement of lsoimlde to dmlde. Substantlaticu of 

this couclusion cams when an attempt was made to isolate an isoamlde wlth- 

out the E-nitro group fran the reaction of I?-(2-nitrophenyl)-benzimidoyl 

chloride (VIII) with silver benzoate; only the i&de resulting frm 1,3- 

benzoyl ml&at&n could be obtained. This observation implies that rho is 

ue@.ive with respect to variation of substituents on the phenyl ring 

attached to nitrogen. 

These tmd other results to be described are best considered In terms 

of the follwl~ mechauism. 

ants-v e-V (!Cransitlon state) VI 
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Such a mechanism, 

stltuent effects, 

which offers a ready explanation of the observed eub- 

suggests that the stereochemistry of the isolmides V Is 

of prime importance because of the likelihood that only the s-isolmlde 

can undergo rlug-closure to the proposed four-nmbered transition state 

(whlchmayormaynotbe followed by an intermediate with a four-membered 

ring). Such steric requirements for the rearrangement are supported by 

the previous work (2, 3) shauing that molecules such as IX, in which 

nucleo~llic attack by the lmlno nitrogen atan at the carbonyl group 1s 

sterlcaUy prohibited, are relatively stable. Ihe phthalisolmlde IX was 

prepared and its rearrangement to the lmlde Xexamlned. Mwas quite 

QJ' @+a 

IX X 

stable at 178’ la chlorobenseue solution and at 250' the half-time for the 

reaction was about twenty-four hours. In dloxane or nltrobenzene at 

178.23' rates were erratic and it seems likely that we may have been 

measuring the rate of an unrelated rearrangement catalyzed by traces of 

acid or base. In any case ft. Is clear that the l,j-benzoylmlgration is 

tremeodously retarded by incorporation of the lsoamlde functional group 

into such a cyclic structure, as is predicted by the mechanism above. 

It has been found that the rate constants for the ~-anti-inter- 

conversion of N-phenylbenzophenone lmlnes In non-polar solvents are of 

the order of 10 sec.-l and augmented by substltuents with a positive sigma 

constant (10) so that this represents a probable lower Umlt for k-1 in 

the present reaction sequence. It Is possible aud even likely then that 

the lsolmldes being considered here are, In solution, rapldIy lntercon- 

verting equilibrium mixtures of the G- end anti-is-r. (Xxamlnat1on Of 
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the n.m.r. spectra of the isoimldes V at 25O failed to give any indicatim 

of the &masence of a second isaner and Irradiation of Br-V in isoijctane 

for ten minutes with a medium pressure Eanovia ultraviolet lamp followed 

by Immediate measurement of the ultravlolet spectrum showed evidence of a 

certain amount of Irreversible change but no further change In the spec- 

trum occurred ou standing.) If reaction (-1) has a velocity which is much 

greater than that of reaction (2) end if the equilibrium between anti- and 

E-V is well toward the side of the anti-isaaer because of the instability 

introduced In the z-iscmer by the unfavorable steric interaction of the 

two cis-aryl groups (Xl), appllcatim of the steady stete approximation - 

shows that the experimental rate constantis koK aud the experimental 

value of rho is the sum of rho for the equilibrium plus rho for reaction 

(2), where ko is the rate constant for the isanerization of 2-V (reaction 

2) and K is the equilibrium constant for the interconversion of anti- and 

s-v. In view of previous work on imine iscnnarizatlons (10) it seems 

reasonably certain that the effect of substltuents on Arl has au effect on 

the equilibrium constant K which is small enough to make rho for the equi- 

librium unlmportant compared to rho for reaction (2). Kven with possible 

stereochemical ccmpllcations of the sort visualized, then, the experimental 

rho is primarl.ly a measure of the effect of substituents on the rate of 

reaction (2). Tnis analysis suggests another important point; it is prob- 

able that the relative stability of lsoimides of the type being considered 

here is due b&b to the low nucleophllicity of the imide nitrogen atcrn and 

to storage of the lsoimlde In solution as the unreactive anti-caapouml to 

an extant determined by the magnitude of the equilibriuu constant K. 

The l,J-benzoyl migration of V described here differs in several im- 

portant respects from the 1-3 rearrangements of acyl groups from carbon to 

oxygen and from carbon to nitrogen shown by benzeneazotribenzoylthane 

and its derivatives (5). The effects of substituents (sign of rho) are 
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the reverse in one set of reactionsof those in the other. Tne effect of 

solvent polarity in the present reaction (~a~.valus) Is significantly 

larger than with the rearrangements fran carbon to oxygen or nitrogen. 

These observations and detailed consideration of the stereoelectronics of 

the reactions suggest that the mechanisms are different in the two cases 

and that the requirement for a facile 1,3-migration of the type being dis- 

cussed here Is that the benzoyl grmp both leave fran and migrate to 811 

ataa with one or more pairs of unshared electrons. Ihe mechanism of the 

rearrangement of V to VI seems to be related to the rearrangement of 

phenylimino ethers with migration of sryl rings frau oxygen to nitrogen, 

investigated in detail by Wiberg and his associates (12); and to one step 

of the N-nltrososmide decomposition (13). 
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