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is cis to the cyclopropyl residue; i.e., the oxygen 
atom is "above" the triangle. From the substances 
investigated by electron diffraction (cyclopropane- 
carboxylic acid chloride, cyclopropyl methyl ket0ne,~5 
and cyclopropylcarboxaldehyde26) only average C-C 
distances were obtained, whereas the X-ray data 
for cyclopropanecarbol~ydrazide~~ and cyclopropane- 
carboxamideZ8 yielded an asymmetry in the cyclo- 
propyl residue; the C-C bond opposite the carbonyl 
group [Le.,  C(2)-C(3)] was found to be significantly 
(3.5 u )  smaller than the other two C-C bonds in the 
cyclopropyl ring which is also true (3 u) for I, Figure 
1. That the C(2)-C(3) bond distance in I is not so 
short as in the above two cyclopropane derivatives 
might be due to  the steric hindrance between the 
C(4) and C(5) methyl groups discussed earlier. 

Within the crystal structure the molecules are 
arranged such that the methyl groups come together 

(25) L. S. Bartell, J. P. Guillory, and A. T. Parka, J .  Phys.  Chem., 69, 

(26) L. 8. Bartell and J. P. Guillory, J .  Chem. Phys., 48, 647 (1965). 
(27) D. B. Chesnut and R. E .  Marsh, Acta Crys ta l l~gr . ,  11, 413 (1958). 
(28) R. E. Long, H. Maddox, and K. N. Trueblood, ibid., 26, 2083 (1969). 

3043 (1965). 

in a region parallel to the a,b plane at c = l/z and the 
phenyl rings are not stacked but alternately packed 
around the a,b plane in c = 0. 

The intermolecular distances are all equal to  or 
greater than the sums of the corresponding van der 
Waals radii. Relatively dote contacts occur betbveen 
the chlorine aJoms, 3.375 A, and between 0(1) and 
HC(7), 2.506 A. 

The calculations were performed on a UNlVAC 
1108 computer of the Gesellschaft fur wissenschaft- 
liche Datenverarbeitung mbH, Gottingen. The 
ORTEP plots were carried out at Deutsches Rechen- 
zentrum, Darmstadt. 
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The condensation of a series of para-substituted benzylidenecyclohexylamines with succinic anhydride to yield 
the corresponding irans- and cis-l-cyclohexyl-4-carboxy-5-aryl-2-pyrrolidinones has been studied. The reactiv- 
ities of the Schiff bases have been shown to  increase with the increasing electron-donating ability of substituents, 
an order of reactivity opposite to that expected for a Perkin-type mechanism. Indirect evidence supporting a 
reaction sequence involving iminolysis of gem-dimethylsuccinic anhydride followed hy rearrangement of the 
iminolysis adduct is also presented. 

In  a recent publication2 we described the condensa- 
tion of benaylidenemethylamine l a  with succinic an- 
hydride to yield trans- and cis-l-methyl-4-carboxy-5- 
phenyl-2-pyrrolidinone (2a and 3a, respectively). In  
order to  examine the mechanism of this reaction and 
concomitantly to extend its synthetic utility to the 
preparation of substituted 5-aryl-2-pyrrolidinones of 
interest as precursors to nicotine  analog^,^ we have 
studied the condensation of the para-substituted benzyl- 
idenecyclohexylamines lb-f with succinic anhydride. 
With the exception of the para nitro compound If, 
which resisted reaction, each Schiff base yielded a dia- 
stereomeric mixture of pyrrolidinones which could be 
separated into the trans and cis isomers 2 and 3, re- 
spectively. The cis acids 3b and 3c were characterized 
as their methyl esters 3b' and 3c', respectively. 

As previously shownj2 stereochemical assignments in 
each case could be made on the basis of the magnitude 
of the coupling constant for the C-5 methine proton, 
which for the cis isomers is 9 Hz and for the trans iso- 
mers 2-5 Hz. Since the nmr signals for the methoxy- 

(1) (a) Presented in par t  a t  the 158th National Meeting of the American 
Chemical Society, New York, N.  Y., 1969; (b) NDEA Predoctoral Fellow 
and American Foundation for Pharmaceutical Education Fellow. 

(2) N. Castagnoli, Jr., J. Org. Chem., 84, 3187 (1969). 
(3) N. Castagnoli, Jr., A. P. Melikian, and V. Rosnati, J .  Pharm. Sci., 

68, 860 (1969). 

carbonyl protons in the corresponding cis methyl esters 
appear about 0.4-0.5 ppm upfield from the trans estersj2 
it was possible to estimate the relative yields of the 
diastereomers by integration of the nmr spectra of the 
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mixture of esters obtained by diazomethane treatment 
of the crude carboxylic acid products. The pertinent 
analytical and physical data for these compounds are 
recorded in Table I. 

TABLE I 
PHYSICAL A N D  ANALYTICAL DATA FOR 

~-CYCLOH~XYL-4-CARBOXY-5-ARYL-2-PYRROLIDINONESa 
Reaction 
solvent Crystn Yield? 

Compd Mp,  O C  (time, hr) solvent % 
2b 226-227 MeOH 37 

3 b ' 164-1 65 MezCO 3c 
2~ 217-218 MeOH 75 

3 ~ '  127-128 Me&O-H20 10' 
2d 167-168 50% EtOH 68 

3d 252-283 95%EtOH 7 
2e 164-165 50%MeOH 63 

3e 254-255 hIe&O 8 
a Satisfactory analytical data (&0.3BOj, for C, H, and N )  were 

reported for all compounds in the table: Ed. Calculated 
from total yields of diastereomeric acids and per cent composi- 
tion determined by nmr of methyl esters. Refers to yield of 
cis acid. 

CiHo (12) 

CBHB (12) 

C6H6 (24) 

Xylene (24) 

Mechanistically this reaction can be viewed as pro- 
ceeding in a manner analogous to the base-catalyzed 
Perkin condensation,4 in which case product formation 
would be expected to  proceed via the adduct 4. An 
alternative proposal invokes rearrangement of the 
iminolysis adduct 5a G? 5b, the formation of which finds 
analogy in the benzylideneaniline-acetic anhydride 
condensation product, 6.5 Ogata and Tsuchida6 have 
demonstrated that the base-catalyzed Perkin condensa- 
tion of acetic anhydride with substituted benzaldehydes 
proceeds more readily the greater the electronegativity 
of the aromatic substituent. In  contrast to  these 
effects, an electron-donating substituent would be ex- 
pectd to facilitate the iminolysis reaction through the 
increased nucleophilicity of the Schiff base and increased 
ability to  stabilize the positive charge developed during 
formation of 5a. In dimethylacetamide the 6O-MHz 
nmr signals for the methine protons of imines lb-f 
appear as singlets near 5.2 ppm and the doublets of the 
C-5 methine protons of the pyrrolidinones are centered 
near 5 ppm. Since no other signals for reactants or 
products occur in these regions, i t  was possible to  follow 
the course of the reaction by nmr and to examine sub- 
stituent effects on the reactivity of the imines. 

Equimolar solutions (0.1 M )  of the imines and suc- 
cinic anhydride in dimethylacetamide were heated at  
100" in sealed nmr tubes for specified time periods. 
After the reactions were quenched by cooling to O o ,  the 
nmr spectra were recorded at  ambient temperature. 
The per cent imine remaining vs. time was plotted and 
the 50% reaction time was determined. Based on 
these values, the relative reactivities of the imines are 
as follows: 1b : lc : ld : le : l f  = 100:22:5:5:<1. The 
same order of reactivities in terms of product formation 
was also observed. Furthermore, the addition of tri- 
ethylamine to  the benzylidenecyclohexylamine reaction 

(4) R. Adams, Org. React., 1,210 (1942). 
(5) A. W. Burgstithler, J. Amer. Chem. Soc., 73,3021 (1951). 
(6 )  Y. Ogata and M. Tsuchida, J. Org. Chem., 24, 78 (1959). 
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mixture in concentrations known to catalyze the Per- 
kin condensation6 had no effect on the reaction rate, 
indicating that the observed order of reactivity was not 
a consequence of the capability of the imine to  deproto- 
nate the anhydride. These data make untenable a 
Perkin-type mechanism but are consistent with a 
mechanism involving iminolysis of the anhydride. 
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The condensation of p-methoxybcnzylidenecyclo- 
hexylamine (IC) with gem-dimethylsuccinic anhydride 
(7) was studied in an effort to  isolate the adduct 8. 
When run in benzene the reaction yielded the succi- 
namic acid 9 ,  which was also obtained in 98% yield by 
aminolysis of 7 with cyclohexylamine. The same re- 
action was attempted in refluxing xylene and the mix- 
ture was worked up by distillation. The distillation 
residue gave a low yield of the trans and cis pyrrolidi- 
nones 2g and 3g. The coupling constants of the C-5 
methine proton doublets for these two diastcreomers 
were too similar to  allow stereochemical assignments. 
However, the nmr spectra of their corresponding methyl 
esters 2g' and 3g' displayed the anticipated2 differences 
in shifts for the methoxycarbonyl proton signals. The 
distillate yielded two additional compounds which by 
glpc were shown to be present in equal quantities. The 
more volatile of these t\To compounds proved to be 
p-methoxybenzaldchyde, which was identified by glpc 
retention time and nmr after isolation via the bisulfite 
addition product. The second compound was shown 
to be l-cyclohexyl-3,3-dimethylsuccinimide (10) by 
nmr and microanalysis. Whilc these results can be 
rationalized in terms of the iminolysis mechanism, more 
definitive support for the postulated intermediate is 
being sought. 

7 8 

9 10 
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Experimental Section' 
General Procedure for the Synthesis of Schiff Bases.-The 

aldehyde (0.3 mol) and cyclohexylamine (0.3 mol) in 100 ml of 
C ~ H G  were heated under reflux for 2 hr, during which time 5.4 
ml (0.3 mol) of HzO was collected in the Dean-Stark trap. After 
removal of the solvent, the imines were obtained pure in about 
90% yield by distillation or sublimation: lb,  mp 81-82' (Anal. 
Calcd for C16HZ21\;2: C, 78.21; H ,  9.63; N,  12.16. Found: 
C, 78.28; H, 9.64; N ,  12.12); IC, mp 32-33' (lit.* mp 12'); 
Id, bp 11O-12Oo (2 mm) [lit.9 bp 83-85' (0.08 mm)]; le ,  mp 
53-54' (lit.1G mp 57-58'); If, mp 84-85' (lit.llmp 85-86'), 

trans- and cis-l-Cyclohexyl-4-carboxy-5-aryl-2-pyrrolidinones. 
-The imines lb-f (0.1 mol) and succinic anhydride (0.1 mol) 
in 100 ml of anhydrous C6He or xylene were heated under reflux 
for the times given in Table I. After cooling to room tempera- 
ture the solid which formed was collected. In the case of the 
para chloro system, e ,  the gel which formed was extracted with 
aqueous NaHC03 and the acids were precipitated at  pH 2 with 
HCl. Separations of the diastereomers were achieved as follows. 
The trans acids 2b-d were obtained by crystallization of the 
above solids from the solvents listed in Table I. In  each case, 
elemental analyses, sharp melting points, and the appearance 
of a doublet in the nmr at 6 4 ppm with J = 2-3 Hz charac- 
teristic for the trans C-5 methine signal, established the purity 
of the product. The cis acid of the p-dimethylamino compound 
3b was isolated as its 3Ie ester (3b') by treating the residue ob- 
tained from the mother liquors after crystallization of the trans 
acid with 0.2 31 methanolic sulfuric acid in the presence of molec- 
iilar sieves at room temperature for 18 hr. After filtering, the 
resulting solution in CHC13 was washed with HzO and twice with 
.i% aqueous SaHC03 and then dried (hIgso4). The residue 
obtained after removing solvent was crystallized twice from Me2- 
CO to yield pure 3b'. The cis acid of the para methoxy com- 
pound 3c was also purified as its R.Ie ester 3c' by treating the 
residue obtained from the mother liquors after crystallization 
of the trans acid with an excess of diazomethane in EtOH-Et20. 
The reaction mixture in CHCl3 was extracted twice with 5% 
aqueous NaHC03 and dried (LIgsO,), and the residue obtained 
after removing the solvent was crystallized from Me2CO and 
then h/Ie2CO-H20. The cis acid of the unsubstituted system 
(3d) was obtained directly by concentrating the bIeOH filtrate 
from crystallization of the trans acid. Recrystallization from 
EtOH provided the analytical sample. The cis acid of the para 
chloro system (3e) was obtained by treating the mother liquor 
residue from the trans acid crystallization with 50% aqueous 
hlezCO and recrystallizing the resulting solid from LIe2CO. The 
purities of the above compounds were confirmed by elemental 
analyses, sharp melting points, and the appearance of a doublet 
at 6 ~5 ppm ( J  = 9 Hz) in the nmr spectrum characteristic for 
the cis CLimethine proton. 

Estimation of Relative Yields of Cis and Trans Acids.-Sam- ~- 

ples (0.,5 g)  of the diastereomeric mixtures were methylated by 
addition of an excess of diazomethane in EtOH-Et2O. The nmr 
spectra in CDC13 of the oil obtained after removing the solvent 
displayed a singlet near 3.65 ppm for the methoxycarbonyl pro- 
tons of the trans esters and a second singlet near 3.25 ppm for the 
methoxycarbonyl protons of the cis esters. Integration of these 
signals provided an estimation of the relative amounts of the 
trans and cis acids. 

Reaction of gcm-Dimethylsuccinic Anhydride with p-Methoxy- 
benzylidenecyclohexylamine. A .  In CsHB.-p-JIethoxybenzyl- 
idenecyclohexylamine (IC, 10.86 g, 0.05 mol) and gem-dimethyl- 
succinic anhydride12 (7, 6.40 g, 0.05 mol) in 100 ml of anhydrous 

(7)  1\11 reactions mere performed under a nitrogen atmosphere and sol- 
vents were concentrated on a rotary evaporator under vacuum. Melting 
points were taken on a Thomas-Hoover apparatus and are uncorrected. 
Except where noted, nmr spectra were recorded in the Model h-6OA Varian 
Associates spectrometer using deuteriochloroform as solvent and tetra- 
methylsilane as an internal standard (ThIS = 0.0 ppm). Glpc analyses 
were performed on a Varian Model SO-P. Microanalyses were performed by  
the Microanalytical Laboratory, University of California, Berkeley. 

(8) D. Collins and J. Dreymore, J .  Chem. Soc., 9 (1957). 
(9) E. F. P ra t t  a n d E .  J. Frazaa, J .  Amer. Chem. Soc.. 76, 6174 (1954). 
(10) F. G. Baddarand Z.  Iskander, J .  Chem. SOL, 209 (1954). 
(11) F. G. Baddar, ibid., 136 (1950). 
(12) R. F. Bromn and K. A t .  van Gulioh, J .  Amer. Chem. Soc., 77, 1083 

(1955). 

C B H ~  were heated under reflux for 48 hr in a flask equipped with 
a Dean-Stark trap and reflux condenser. No water was col- 
lected during the reaction. The solvent was then removed and 
the residue was dissolved in CHCl, and extracted with NH40H. 
The aqueous layer was separated and made acidic with HCl. 
The solid collected (2.2 g, 0.01 mol, 19%) was crystallized from 
LfezCO to give pure n'-cyclohexyl-3,3-dimethylsuccinamic acid 
(9): mp 193-194; nmr (pyridine-&) 6 1.52 (br, cyclohexyl- 
methylenes), 1.55 (s, CH,), 2.80 (8 ,  CH2),4.02 (br, NCH). 

Anal. Calcd for C I Z H ~ ~ N O ~ :  C, 63.41; H ,  9.31; N, 6.16. 
Found: 

The succinamic acid was also prepared by heating under re- 
flux for 2 hr in C& gem-dimethylsuccinic anhydride (7, 640 
mg, 5 mmol) and cyclohexylamine (496 mg, 5 mmol). The solid 
obtained on cooling was precipitated from dilute NHIOH with 
HC1 to give pure 9 (1.10 g, 4.9 mmol, 987,) identical in all re- 
spects with the product from the imine condensation. 

B. In Xylene.-p-Methoxybenzylidenecyclohexylamine (IC, 
10.86 g, O.Od mol) and gem-dimethylsuccinic anhydride (7, 6.40 
g, 0.05 mol) in 50 ml of xylene were heated under reflux for 48 
hr. After removal of the solvent, the oily residue was distilled 
at  72-135' (0.2 mm) to yield a yellow liquid (9.95 g, 58%). Glpc 
analysis of the distillate ( 5 7 ,  Carbowax KOH on firebrick, 0.32 
em x 1.5 m) indicated two compounds with retention times of 
4.5 min (identical with p-methoxybenzaldehyde) and 6.0 min. 
The distillate in CHC13 was stirred for 2 hr with aqueous NaHS03 
(18 g in 85 ml) and, after separation, the aqueous layer was 
acidified with 5 ml of concentrated HzSO4 and then warmed on 
a steam bath until evolution of SO2 ceased. The oily material 
which separated was extracted into CHC13, the latter was dried 
(MgSO,), and the solvent was removed to yield p-methoxy- 
benzaldehyde (1.38 g, 0.01 mol, 20%), which was identified by 
nmr. 

The CHC13 layer obtained after the NaHSOa treatment was 
dried (MgS04) and the solvent was removed to yield a solid 
(3.02 g, 0.014 mol, 29%) mp 50-53'. Sublimation at  70' 
(2 mm) gave pure l-cyclohexyl-3,3-dimethylsuccinimide (10): 
mp 54-55'; nmr 6 1.33 (s, CH3), 1.67 (br, cyclohexylmethyl- 
enes), 2.55 (s, O=CCH2), 3.92 (br, XCH). 

Anal. Calcd for C12HllN02: C, 68.87; H ,  9.15; N, 6.69. 
Found: C,69.13; H ,  8.94; N,6.89. 

The glpc tracing of the distillate was reproduced by an equi- 
molar mixture of p-methoxybenzaldehyde and 10. 

The residue from the distillation of the reaction mixture was 
dissolved in 570 aqueous NaHCO3 and filtered, and the filtrate 
was acidified with concentrated HCl to pH 1 to yield a mixture 
of the diastereomeric acids 2g and 3g (4.66 g, 27%), mp 161- 
205'. The trans acid 2g was obtained from the above solid by 
crystallization twice from Lle2CO: mp 195-196'; nmr 6 1.10 

C, 63.53; H,9.42; N, 5.95. 

( s .  CCHa), 1.40 (3, CCHa), 2.85 (d, J =z 9 Hz, C-4 H),  3.77 (5, 

OCHs), 4.85 (d, J = 9 Hz, C-5 H) .  

Found: C.69.64: H,7.72; N.4.02. 
Anal. Calcd for C2oH27NOI: C,  69.54; H,  7.88; N ,  4.05. 

Treatment of this acid with EtOH-EtzO diazomethane gave 
the Me ester 2g' in 727, yield, which was crystallized from hex- 
ane for analysis: 

Anal. Calcd for C21H29N04: C, 70.17; H ,  8.13; N,  3.90. 
Found: C,70.23; H,8.13; N,3.86. 

The cis acid 3g was obtained by crystallization of the diastereo- 
meric mixture twice from 95% EtOH: mp 186-187'; nmr 6 

mp 115-116; nmr S 3.58 (s, O=COCHa). 

1.22 (9, CCHa), 1.25 (5, CCH,), 3.11 (d, J = 8 Hz,  C-4 H),  
3.78 (5, OCHa), 4.89 (d, C-5 H).  

Anal. Calcd for C2~H27NOa: C, 69.54; H ,  7.88; N, 4.05. 
Found: C,69.54; H,7.78; N,4.11. 

Treatment of this acid with EtOH-Et20 diazomethane gave 
the Me ester 3g' in 91'; yield, which was crystallized from hexane 
for analysis: mp 97-98'; nmr 6 3.34 (s, O=COCHa). 

Anal. Calcd for C21H29NO4: C, 70.17; H ,  8.13; N ,  3.90. 
Found: C,70.49; H,7.70; X,3.86. 

Registry No. -lb, 31235-64-0; Zb, 31281-10-4; 
2c, 31235-65-1; Zd, 31235-66-2; Ze, 31235-67-3; 2g, 

31235-71-9; 3d, 31235-72-0; 3e, 31235-73-1; 3g, 
31235-68-4; Zg', 31235-69-5; 3b', 31235-70-8; 3 ~ ' ,  

31281-11-5; 3g', 31235-74-2; 9, 31235-75-3; 10, 
31235-76-4. 


