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prepared from ent-4 following the 0-acetylation procedure de- 
scribed for the preparation of 8. Pure 12 was obtained as a 
colorless oil after purification of the crude product by flash 
chromatography (eluent EhO) in 92% yield 'H NMR (DMSO-ds) 
S 1.48 (8 ,  3 H), 1.51 (8,  3 H), 2.04 (8, 3 H), 2.10 (s,3 H), 2.48 (9, 
3 H), 4.26 (m, Au = 8.0, 2 H), 4.38 (m, Au = 13.9 Hz, 1 H), 5.05 
(d, J = 4.0 Hz, 1 H), 7.26-7.41 (4 H, aromatics); IR (CCl,) 1748, 
1670,1380,1220 cm-'; M S  m/z  (relative intensity) 338 (M+ + 1; 
53), 280 (loo), 238 (22), 220 (35). 
(4R ,SR )-44 Acetoxymethy1)-5-[ 4 4  methylt hio)phenyl]-2- 

methyl-1,3-oxazoline (loa and lob) from 12. Compound 12 
(5 g; 14.8 mmol) was added under nitrogen at 25 'C to a stirred 
solution of CH&O9H (3.7 g; 39.0 "01) and AqO (1.5 g; 15 "01) 
in CHCls (EtOH free, 10 mL). The solution (solution B) was 
heated at 35 'C for 20 min. 

The solution was poured into a stirred solution of EbO (250 
mL) and Et,N (4.6 g; 45 mmol). Water (220 mL) was added to 
the mixture, and the organic phase was washed with 10% aqueous 
NH4Cl solution (50 mL) and with water (50 mL). The organic 
extract was dried over sodium sulfate and evaporated under 
vacuum to give a 10a,b mixture 10a/10b = 97/3)le (3.96 g; 14.2 
mmol; 96% yield). In a parallel experiment, solution B was kept 
at 35 'C for 16 h. After workup, a 10a,b mixture 10a/10b = 90/10) 
(3.92 g; 95% yield) was obtained. 

Enantiomerically Pure (+)-( lSfR)d-Amino-3-[ 44 meth- 
ylthio)phenyll-13propaneaiolo)phenyl]-1,3-propanedo1(11) from 7. sodium hydroxide 
(1.76 g; 44 "01) was added at room temperature to a suspension 
of crude 7 (10 g; 33.9 "01) in water (17 mL); the suspension was 
heated at reflux with stirring for 8 h. Water (25 mL) was added 
to the solution and the mixture was cooled to 15 'C over 1 h. The 
mixture was filtered, and the insoluble material was washed with 
water (3 X 5 mL) and dried under vacuum to give crude 11 (6.65 
8). Crystallization from toluene gave enantiomerically pure 11 
(6.0 g; 83% yield): [alDP -32.8' (c 2, HC10.1 N) (lit" [a]~~-35'); 
mp 117-119 'C; 'H NMR (DMSO-dd S 2.45 (s,3 H), 2.78 (ddd, 
J = 7.00,6.23,4.54 Hz, 1 H), 3.26 (dd, J = 10.44,7.00 Hz, 1 H), 
3.38 (dd, J = 10.44, 4.54 Hz, 1 H), 4.37 (d, J = 6.23 Hz, 1 H), 
7.23-7.28 (4 H, aromatics). 
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(N-Alkyl-N-phenylamino)ketenes were prepared in the presence of various imines, and a [2 + 21 cycloaddition 
reaction occurred to yield 3-(N-alkyl-N-phenylamino)-2-azetidinones. The size and electronic nature of the imine 
substituents were varied in order to probe those factors that influence the stereochemistry of the cycloaddition. 
The stereochemistry of the 2-azetidinone was determined by the substitution pattern of the imines. In general, 
the stereochemistry of the 2-azetidinone products are significantly influenced by the bulk of the N substituent 
on the imine. These results are discussed in terms of a two-step zwitterionic intermediate. 

The 2-azetidinone (&lactam) ring system is the center 
of reactivity of the penicillins and related  antibiotic^.'-^ 
The first 2-metidinone ring system was synthesized by 
Staudinger in 1907, but 2-metidinones as a class of com- 
pounds became important only after it was established that 
penicillin contained a 2-metidinone unit as the structural 
f e a t ~ r e . ~ ~ ~  

The reaction of acid halides and imines serves as a 
general synthetic method to 2-azetidinones when the a- 
position of the acid halide contains an anion-stablizing 

Examples of acid halides employed include 
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E.; Strohmeyer, T. W.; Hegde, V. R.; Manhas, M. S.; Bose, A. K. J. Org. 
Chem. 1988,53,4227. 

(2) Arrieta, A.; Cossio, F. P.; Palomo, C. Tetrahedron 1985,41,1703. 
(3) Bo%, A. K.; Manhas, M. S.; Van Der Veen, J. M.; Amin, S. G.; 
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Penicillin; Princeton University Press: Princeton, 1949. 
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chloroacetyl chloride, azidoacetyl chloride, and phtha- 
loylglycyl chloride. I t  is usually difficult to predict the 
stereochemistry of the products, as some reports describe 
the [2 + 21 cycloaddition to be s t e r e o ~ p e c i f i c , ' ~ ~ ' ~ ~ ~ ~  while 
others observe a mixture of cis- and trans-2-metidinones.' 
Two different mechanisms have been proposed in the 
literature to explain the formation of the 2-metidinones: 
(1) bonding of the imine nitrogen to the carbon atom of 

(9) Bose, A. K.; Kapur, J. C.; Dayal, B.; Manhas, M. S. J. Org. Chem. 

(IO) Bose, A. K.; Lai, B.; Dayal, B. Tetrahedron Lett. 1974, 2633. 
(11) Bose, A. K.; Spiegelman, G.; Manhas, M. S. Tetrahedron Lett. 

(12) Bose, A. K.; Anjaneyulu, C.; Shattacharya, S. K.; Manhas, M. 5. 

(13) Boee, A. K.; Dayal, B.; Chawla, H. P. S.; Manhas, M. S. Tetra- 

(14) Lattrell, R.; Lohaus, G. Liebigs Ann. Chem. 1974, 87. 

1974,39, 312. 

1971, 3167. 

Tetrahedron 1967,23, 4769. 

hedron Lett. 1972, 2823. 
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the carbonyl group of acyl chloride followed by ring closure 
in the presence of triethylamine11~12~1"'8 and (2) prior 
formation of a ketene by reaction of the acid chloride with 
base and subsequent cycloaddition of the ketene with the 
imine, via a zwitterionic intermediate.'&% Generally, the 
ketene pathway is assumed because treatment of an acid 
halide with triethylamine in the presence of an alkene 
results in the corresponding cyclobutanone by a [2 + 21 
cycloaddition. 

We describe an investigation of the cycloaddition of 
(N-alkyl-N-pheny1amino)ketenes with various imines to 
yield 3-amino-2-azetidinones. The prime objective in in- 
itiating this work was to provide a systematic study of the 
cycloaddition of an aminoketene to imines. There are only 
a few scattered reports in the literature on the chemistry 
of aminoketenes, and these reports are limited to amino- 
ketenes in which the nitrogen atom was substituted by an 
electron-withdrawing substituent such as succinoyl, maleyl, 
or phthaloyl group.26 (N-Alkyl-N-pheny1amino)ketenes 
are unusual ketenes because of the amino group and the 
large difference in the size of the two substituents bonded 
to the ketene functionality. 

The conventional method of generating ketenes is 
treatment of an appropriate acid chloride with triethyl- 
amine. This method was unsuccessful for the generation 
of (N-alkyl-N-phenylamin0)ketenes. An alternate method, 
as previously reported from this laboratory, involves 
treatment of the appropriate amino acid hydrochloride 
with p-toluenesulfonyl chloride.n-m A mixture of N-al- 
kyl-N-phenylglycine hydrochloride and p-toluenesulfonyl 
chloride in benzene yields a mixed anhydride which in the 
presence of triethylamine undergoes elimination of p- 
toluenesulfonic acid to generate (N-alkyl-N-phenyl- 
amino)ketene 1 (Scheme I). We have previously demon- 
strated the intermediacy of the aminoketene by reaction 
of N-methyl-N-phenylglycine hydrochloride, p-toluene- 
sulfonyl chloride, triethylamine, and an alkene to yield the 
corresponding c y c l ~ b u t a n o n e . ~ ~  

w i c a l l y ,  N-alkyl-N-phenylglycine hydrochloride was 

(15) Sheehan, J. C.; Ryan, J. J. J. Am. Chem. SOC. 1961, 73, 1204. 
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Volante, R. P.; Smith, G. B.; Shinkai, I. J .  Org. Chem. 1989, 54, 3792. 
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treated with 1 equiv of p-toluenesulfonyl chloride, 1 equiv 
of an imine, and 5 equiv of triethylamine in benzene a t  
room temperature and stirred overnight. The corre- 
sponding 2-amino-2-azetidinones were obtained in mod- 
erate to good yield (Scheme 11). 

Various imines with different substitutents were pre- 
pared and used in this study as illustrated in Table I. 

The structures of the 2-azetidinones were determined 
by IR and 'H and 13C NMR spectra. Attached proton test 
(APT) NMR experiments were performed to distinguish 
the different carbons. The stereochemistry a t  C3 and C4 
of the 2-azetidinone rings was determined by 'H NMR. 
Previous investigations have shown that coupling constants 
of vicinal protons in monocyclic azetidinones, Jci, > J-, 
may be used to distinguish the  isomer^.^'-^ The range 
of coupling constants in this study was 1.5-2.2 Hz for J- 
and 4.4-5.1 for J+ Only a single isomer (cis or trans) was 
observed in each cycloaddition reaction. Control experi- 
ments under the reaction conditions did not result in any 
isomerization of the 3-amino-2-azetidinones. 

Molecular orbital studies suggest that nucleophilic attack 
of the imine will occur in the plane of the ketene and would 
involve reaction with the LUMO of the ketene.34*36 The 
lone pair of electrons on the aniline nitrogen atom is in 
conjugation with the LUMO of the ketene in the ground 
state, so it is reasonable to assume the LUMO orbitals will 
be polarized in the direction of the aniline nitrogen for 

(31) Nelson, D. A. Tetrahedron Lett. 1971, 2643. 
(32) Decazes, J.; Luche, J. L.; Kagan, H. B. Tetrahedron Lett. 1970, 

(33) Barrow, K. 0.; Spotewood, T. M. Tetrahedron Lett. 1966,3325. 
(34) H o d ,  K. N.; Strozier, R. W.; Hall, J. A. Tetrahedron Lett. 1974, 

(35) Seikaly, H. R.; Tidwell, T. T. Tetrahedron 1986, 2587. 

3661. 

897. 
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Table I. 3-(N-Alkyl-N-phenylamino)-2-azetidinone 

Brady and Dad 
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Ph- N 

R1 

compd R R, R9 isomer yield, 96 
1 Me CEH6 

3 Me CEH6 
4 Me p-CH30C8H4 
5 Me o-CH30CeH4 
6 Me p-FCeH4 
7 Me p-ClCEH4 
8 Me p-NOZCEH6 
9 Me p-ClCeH, 

2 Et CEH6 

- -  
CHZCEH6 cis 66 
CHCaH, cis 60 
o-cii&ii4 trans 57 
CHZCEHS cis 86 
CHZCEHS cis 59 
CH2CEH6 cis 62 
a-naphthyl trans 73 
a-naphthyl trans 79 
2,6-dimethyl- trans 67 

phenyl 

phenyl 
10 Me p-NOzCEH4 2,6-dimethyl- trans 59 

11 Me p-NOzCEH4 biphenylyl cis 83 
12 Me a-naphthyl p-CHSOCeH4 cis 58 

14 Me 2,4,6-trimethyl- p-CH30CEH4 cis 64 
13 Me a-naphthyl CeHs cis 84 

phenyl 

maximum overlap.% The stereochemistry of the products 
suggests that the p lobe on the sp-hybridized carbon of the 
aminoketene syn to the large amino group interacts with 
lone-pair electrons of the nitrogen atom of the imine. It 
is also reasonable to assume hydrogen bonding with the 
imine C-a hydrogen atom in the reaction involving the syn 
configuration of the imine (Scheme 111). This hydrogen 
bond will help to stabilize the developing positive charge 
in the transition state. 

In reactions involving the anti configuration of the imine, 
stabilization of the dipolar intermediate could occur as a 
result of the nitrogen atom of the ketene component do- 
nating a pair of electrons to the positive center of the 
dipolar intermediate (Scheme IV). The resultant dipolar 
intermediate could then undergo a conrotatory ring closure 
to yield the 2-azetidinone. 
Imines exist as both the syn and anti isomer except when 

there are large substituents on the nitrogen or the sp2- 
hybridized carbon atom of the imine. Steric interaction 
between such large substituents results in only the anti 
isomer being present. Addition of the syn isomer of the 
imine to the ketene is preferred because (1) the non- 
bonding electrons on the nitrogen in the syn isomer are 
more accessible to the sp carbon atom of the ketene and 
(2) the dipolar intermediate from the syn isomer is less 
crowded (1, 2, 4-6, 11) (Scheme V). 

Syn and anti imines equilibrate in solution due to the 
greater electronegativity of the nitrogen atom compared 
to that of carbon, which causes a lowering of the double- 
bond character of the imino linkage as illustrated (Scheme 

The stereoselectivities of all the cycloadditions are di- 
rectly related to the steric bulk of the N  substituent^.'^ 
Generally, as the steric bulk of the N-substituent of the 
imine increases in size, the stereochemistry of the 2-az- 
etidinone changes from the cis to the trans isomers (3, 
7-10). The anti isomer of the imine is responsible for the 
formation of the trans isomer of the 2-azetidinone (Scheme 
VII). 

v1).373 

(36) Ab initio &31G*//6-31G* calculations indicate that the confor- 
mation of aminoketene in which the LP-N-CIC torsional angle is Oo 
is 7.6 kcal/mol more stable compared to the 90° conformation (unpub- 
lished result), an per reviewer 1 

(37) Colemann, G. H.; Pyle, R. E. J.  Am. Chem. SOC. 1944,66, 2007. 
(38) Curtin, D. Y.; Hauaser, J. W. J.  Am. Chem. SOC. 1961,83,3474. 

2-o; 
Scheme VI11 

R1-p- 
Rz - a-nsphlw 

The steric bulk of the aldehyde component R1 of the 
imine did not effect the stereochemistry of the 2-azetidi- 
none. Apparently, the imine reacts as the anti isomer and 
then a rotation occurs between the N and carbon atom of 
the imine (as in the imine isomerization as described 
above) to minimize the steric interaction in the dipolar 
intermediate. That is, when R1 becomes large, zwitterion 
I11 is favored since the Z/R1 interaction is relieved, and 
thus the cis-Pazetidinone results as exclusive product 
(12-14) (Scheme VIII). 

The above approach will yield the zwitterionic inter- 
mediates 1-111 in which the steric interaction has been 
minimized. The dipolar intermediates I and I11 would be 
expected when either R2 is small or R1 is large since the 
steric interactions between Z and R1 are relieved. The 
dipolar intermediate I1 would be expected when R2 be- 
comes bulky since R2/R1 interaction is relieved. Conro- 
tatory ring closure of I and I11 results in the cis-2-azeti- 
dinone, and conrotatory ring closure of I1 provides the 
trans-2-azetidinone. 

To further test the above-described model, we treated 
methoxyacetic acid with p-toluenesulfonyl chloride in the 
presence of an excess of triethylamine with the imine of 
benzaldehyde and aniline. The 2-azetidinones 15 and 16 
were obtained in 58% yield with a cis/trans ratio of 151." 
The 2-azetidinone from methoxyketene and the imine of 
p-chlorobenzaldehyde and a-naphthylamine, 17 and 18, 
were obtained in 55% yield with a cis/trans ratio of 1:12 
(Scheme IX). 

The stereoselectivities of the above cycloadditions are 
consistent with those previously described for the amino- 
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Scheme X 

ketene and dependent on which isomer of the imine un- 
dergoes cycloaddition. The addition of the syn isomer of 
the imine is responsible for the formation of the cis-2-az- 
etidinone, and the anti isomer provides the trans-2-azet- 
idinone (Scheme XI. 

In conclusion, the structure of the dipolar intermediate 
that is formed in the reaction of a ketene and an imine is 
determined by both electronic and steric considerations 
as described above. The stereochemistry of the resulting 
2-azetidinone depends on the structure of the dipolar in- 
termediate, which is determined by the substitution on the 
imine. It is the bulk of the N substituent on the imine that 
significantly influences the stereochemistry of the 2-az- 
etidinones. 

Experimental Section 
Benzene and triethylamine were dried over sodium and freshly 

distilled before use. All melting points are uncorrected. The 
imines were prepared by treating a benzene solution of the ap- 
propriate aldehyde with 1 equiv of an amine and azeotropically 
removing the water. The imines were vacuum distilled or re- 
crystallized from 95% ethanol. 

General Procedure for the Preparation of 2-Azetidinone. 
A mixture of an N-alkyl-N-phenylglycine hydrochloride with 1 
equiv of p-toluenesulfonyl chloride, 1 equiv of an imine, and 5-8 
equiv of triethylamine in benzene at room temperature were 
stirred ovemight under a nitrogen atmosphere. The benzene 
solution was washed with water and dried over magnesium sulfate. 
After filtration and evaporation of the solvent, the oily product 
was crystallized by ethanol. Recrystallization waa accomplished 
with CH2C12 and ethanol. 
cis -l-Benzyl-&(methylphenylamino)-4-phenyl-2-azetidi- 

none (1). From 2 g of Ia and 1.94 g of the N-benzylimine of 
benzaldehyde waa obtained 2.2 g (66%) of compound 1: mp 
147-148 OC; IR (CDCl,) 1740,1600,1510 cm-'; 'H NMR (CDCl,) 
6 7.5-6.5 (m, 15 H), 5.26 (d, 1 H, J = 4.6 Hz), 5.12 (d, 1 H), 4.58 
(d, 1 H, J = 4.6 Hz), 4.15 (d, 1 H), 2.8 (8,  3 H); 13C NMR (APT) 
6 (166.8 (C), 147.9 (C), 135.2 (C), 134.9 (C), 129.1 (CH), 128.9 (CH), 
128.8 (CH), 128.4 (CH), 117.6 (CH), 112.4 (CH), 72.1 (CH), 62.1 
(CH), 45.0 (CH,), 35.78 (CH,). Anal. Calcd for CBH2,N20: C, 
80.67; H, 6.48; N, 8.18. Found: C, 80.97; H, 6.30; N, 8.16. 
cis-l-Benzyl-3-(ethylphenylamino)-4-phenyl-2-azetidinone 

(2). From 2 g of Ib and 1.81 g of the N-benzylimine of benz- 
aldehyde was obtained 1.99 g (60%) of compound 2 mp 114-115 
OC; IR (CDC13 1740,1600,1510 cm-'; 'H NMR (CDCl,) 6 7.5-6.5 
(m, 15 H), 5.21 (d, 1 H, J = 4.6 Hz), 5.12 (d, 1 H), 4.78 (d, 1 H, 
J = 4.6 Hz), 4.1 (d, 1 H), 3.5 (m, 1 H), 3.1 (m, 1 H), 0.9 (t, 3 H); 'w NMR (APT) 6 166.7 (C), 146.6 (C), 135.1 (C), 134.8 (C), 129.2 
(CH),128.9 (CH),138.6 (CH),128.3 (CH), 128.0 (CH),127.9 (CH), 
127.4 (CH), 117.3 (CH), 112.8 (CH), 72.3 (CH), 62.1 (CH), 44.8 
(CH,), 43.6 (CH,) 12.9 (CH,). Anal. Calcd for CuH2,N20: C, 
80.87; H, 6.79; N, 7.86. Found: C, 81.00; H, 6.84; N, 7.92. 

trans - 1 - (0  -Methylphenyl)-3-( met hylpheny1amino)-4- 
phenyl-2-azetidinone (3). From 2 g of Ia and 1.94 g of the 
N-(0-methylpheny1)imine of benzaldehyde was obtained 1.94 g 
(57%) of compound 3: mp 105-106 "C; IR (CDCl,) 1750,1600, 
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1505 cm-'; 'H NMR (CDClJ 6 7.5-6.6 (m, 14 H), 5.16 (d, 1 H, 
J = 1.5 Hz), 4.94 (d, 1 H, J = 1.5 Hz), 3.2 (8, 3 H), 2.4 (8,  3 H); 
19c NMFt (APT) 6 165.3 (C), 148.9 (C), 137.3 (C), 134.4 (C), 132.3 
(C), 131.7 (CH), 129.9 (CH), 129.2 (CH), 128.7 (CH), 126.8 (CHI, 
126.6 (CH), 126.4 (CH), 123.0 (CH), 119.1 (CH), 114.7 (CH), 76.4 
(CH), 62.9 (CH), 34.9 (CH,), 19.4 (CH,). Anal. Calcd for 
CBHzzN20 C, 80.67; H, 6.48; N, 8.18. Found C, 80.49; H, 6.38; 
N, 8.12. 

cis -l-Benzyl-3-(methylphenylamino)-4-(p -methoxy- 
phenyl)-2-azetidinone (4). From 2 g of Ia and 2.22 g of the 
N-benzylimine of p-methoxybenzaldehyde was obtained 3.18 g 
(86%) of compound 4: mp 129-130 "C; IR (CDCl3) 1745,1605, 
1520 cm-'; 'H NMR (CDCl,) 6 7.4-6.5 (m, 14 H), 5.20 (d, 1 H, 
J = 4.4 Hz), 5.09 (d, 1 H), 4.75 (d, 1 H, J = 4.4 Hz), 4.10 (d, 1 
H), 3.7 (8,  3 H), 2.8 (a, 3 H); 13C NMR (APT) 6 166.8 (C), 159.5 
(C), 148.0 (C), 135.2 (C), 129.1 (CH), 129.0 (CH), 128.5 (CH), 128.1 
(CH), 126.5 (C), 117.5 (CH), 113.8 (CH), 112.3 (CH), 112.1 (CH), 
71.9 (CH), 61.7 (CH), 55.0 (CH,), 44.7 (CH,), 35.8 (CH,). Anal. 
Calcd for C,H&J202: C, 77.39; H, 6.49; N, 7.52. Found C, 77.11; 
H, 6.42; N, 7.50. 

cis -l-Benzy1-3-(methylphenylamino)-4-(0 -methoxy- 
phenyl)-2-azetidinone (5). From 2 g of Ia and 2.22 g of the 
N-benzylimine of p-methoxybenzaldehyde was obtained 2.18 g 
(59%) of compound 5 mp 106-107 "C; IR (CDCl,) 1740,1605, 
1505 cm-'; 'H NMR (CDCl,) 6 7.4-6.6 (m, 14 H), 5.40 (d, 1 H, 
J = 4.7 Hz), 5.17 (d, 1 H), 5.12 (d, 1 H, J = 4.70 Hz), 4.20 (d, 1 
H), 3.4 (s, 3 H), 2.7 (8,  3 H); 13C NMR (APT) 6 167.9 (C), 157.4 
(C), 148.2 (C), 135.4 (C), 129.1 (CH), 129.0 (CH), 128.7 (CH),128.6 
(CH), 128.0 (CH), 126.7 (CH), 123.6 (C), 120.1 (CH), 117.2 (CH), 

(CHd, 35.5 (CH,). Anal. Calcd for CuHuN202: C, 77.39; H, 6.49; 
N, 7.52. Found C, 77.29; H, 6.51; N, 7.51. 

cis - l-Phenyl-3-(methylphenylamino)-4-(p -fluoro- 
phenyl)-2-azetidinone (6). From 2 g of Ia and 1.98 g of the 
N-benzylimine of p-fluorobenzaldehyde waa obtained 2.14 g (62%) 
of compound 6 mp 13&131 O C ;  IR (CDClJ 1745,1605,1510 cm-'; 
'H NMR (CDCl,) 6 7.5-6.6 (m, 14 H), 5.48 (d, 1 H, J = 5.12 Hz), 
5.42 (d, 1 H, J = 5.12 Hz), 2.7 (s,3 H); 13C NMR (APT) 6 165.1 
(C), 164.1 (C), 147.9 (C), 137.6 (C), 130.0 (CH), 129.9 (CH), 129.4 
(CH), 128.8 (CH), 124.7 (CH), 118.0 (CH), 117.4 (CH), 115.3 (CH), 
112.3 (CH), 71.2 (CH), 62.0 (CH), 35.9 (CH,). Anal. Calcd for 
CzzHlJ-12F02: C, 76.28; H, 5.53; N, 8.09. Found: C, 76.45; H, 
5.67; N, 8.01. 

trans - 1-a-Napht hy l-3- (met hy lphen y lamino)-4-( p -c hloro- 
phenyl)-2-azetidinone (7). From 2 g of Ia and 2.64 g of the 
N-a-naphthylimine of p-chlorobenzaldehyde was obtained 3.0 g 
(73%) of compound 7: mp 166-168 "C; IR (CDCl,) 1750,1605, 
1510 cm-'; 'H NMR (CDCl,) 6 8.3-6.7 (m, 16 H), 5.38 (d, 1 H, 
J = 2.16 Hz), 5.09 (d, 1 H, J = 2.16 Hz), 3.2 (s, 3 H); 13C NMR 
(APT) 6 166.1 (C), 149.2 (C), 135.9 (C), 135.1 (C), 134.9 (c), 132.3 
(C), 129.5 (CH), 128.6 (CH), 127.7 (C), 127.6 (CH), 126.8 (CH), 
126.7 (CH), 123.5 (CH), 123.8 (CH), 119.6 (CH), 119.3 (CH), 114.7 
(CH), 76.0 (CH), 62.2 (CH), 35.1 (CH,). Anal. Calcd for 
C2sH21N2C102: C, 75.63; H, 5.13; N, 6.78. Found: C, 75.21; H, 
5.15; N, 6.72. 

trans - l-cu-Naphthyl-3-(methylphenylamino)-4-(p-nitro- 
phenyl)-2-azetidinone (8). From 2 g of Ia and 2.75 g of the 
N-a-naphthylimine of p-nitrobenzaldehyde was obtained 3.32 g 
(79%) of compound 8 mp 155-156 OC; IR (CDCl,) 1750,1605, 
1520 cm-'; 'H NMR (CDCl,) 6 8.3-6.7 (m, 16 H), 5.48 (d, 1 H, 
J = 2.12 Hz), 5.08 (d, 1 H, J = 2.10 Hz), 3.2 (8,  3 H); 13C NMR 
(APT) 6 166.5 (C), 148.9 (C), 135.9 (C), 144.9 (C), 135.1 (C), 132.2 
(C), 129.9 (CH), 128.3 (CH), 127.5 (C), 127.2 (CH), 125.6 (CH), 
125.1 (CH), 124.9 (CH), 124.8 (CH), 124.7 (CH), 124.0 (CH), 120.2 

Anal. Calcd for CzsHzlNsO9: C, 73.74; H, 5.00; N, 9.92. Found 
C, 73.44; H, 4.96; N, 9.37. 

trans - 1- (2,6-Dimet hylphenyl)-3- (met hylpheny1amino)- 
4-(p-chlorophenyl)-2-azetidinone (9). From 2 g of Ia and 2.42 
g of the N-(2,6-dimethylphenyl)imine of p-chlorobenzaldehyde 
was obtained 2.60 g (67%) of compound 9: mp 175-176 OC; IR 
(CDCI,) 1745,1600,1510 cm-': 'H NMR (CDCl,) 6 7.4-6.7 (m, 
12 H), 5.2 (d, 1 H, J = 2.18 Hz), 5.16 (d, 1 H, J = 2.18 Hz), 3.3 
(8, 3 H), 2.4 (s 6 H); '% NMR (APT) 6 165.2 (C), 148.8 (C), 135.3 
(C), 134.6 (C), 133.4 (C), 132.3 (C), 129.4 (CH), 129.1 (CH), 128.2 
(CH), 128.0 (CH), 119.3 (CH), 114.9 (CH), 75.4 (CH), 63.5 (CH), 

112.7 (CH), 110.0 (CH), 72.1 (CH), 57.9 (CH), 54.3 (CH3), 45.1 

(CH), 119.7 (CH), 115.3 (CH), 77.0 (CH), 62.2 (CH), 35.5 (CH,). 
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2.52 g of the N-(methoxypheny1)imine of 2,4,6-trimethylbenz- 
aldehyde was obtained 2.55 g (64%) of compound 14 mp 170-171 

(m, 11 H), 5.59 (d, 1 H, J = 5.12 Hz), 5.49 (d, 1 H, J = 5.12 Hz), 
3.8 (s, 3 H), 2.9 (s, 3 H), 2.4 (s, 3 H), 2.3 (s, 3 H), 2.2 (s, 3 H); lac 
NMR (AFT) 6 165.2 (C), 156.6 (C), 149.0 (C), 137.4 (C), 136.3 (C), 
132.9 (C), 131.9 (CH), 129.9 (CH), 129.0 (C), 128.4 (C), 127.2 (C), 
118.9 (CH), 117.8 (CH), 114.7 (CH), 114.6 (CH), 71.0 (CH), 61.0 

for CzeHzsNzOz: C, 77.97; H, 7.05; N, 6.99. Found: C, 77.90; H, 
6.79; N, 6.96. 
cis-4-(C hlorophenyl)-3-methoxy-l-a-naphthyl-2-azetidi- 

none (17). From 2 g of methoxyacetic acid and 5.89 g of the 
N-a-naphthylimine of p-chlorobenzaldehyde was obtained 0.32 
g (4.3%) of compound 17 as a yellow oil: IR 1750,1600, cm-'; 
'H NMR (CDC13) 6 8.3-7.2 (m, 11 H), 5.21 (d, 1 H, J = 4.65 Hz), 
4.62 (d, 1 H, J = 4.65 Hz), 3.2 (8, 3 H); 13C NMR (APT) 6 165.5 
(C), 135.4 (C), 135.0 (C), 134.9 (C), 132.2 (C), 129.7 (CH), 128.9 
(CH), 128.1 (CH), 128.0 (CH), 127.1 (CH), 125.6 (CH), 124.3 (CH), 

trans -4-(Chlorophenyl)-3-methoxy-l-a-naphthyl-2-azeti- 
dinone (18). From 2 g of methoxyacetic acid and 5.89 g of the 
N-a-naphthylimine of p-chlorobenzaldehyde was obtained 4.12 
g (50.7%) of compound 18 as a yellow oil: IR 1750,1600, cm-'; 
'H NMR (CDCI,) 6 8.3-7.2 (m, 11 H), 5.25 (d, 1 H, J = 1.86 Hz), 
4.66 (d, 1 H, J = 1.86 Hz), 3.1 (s, 3 H); 13C NMR (APT) 6 165.5 
(C), 135.4 (C), 135.0 (C), 134.9 (C), 132.2 (C), 129.7 (CHI, 128.9 
(CH), 128.1 (CH), 128.0 (CH), 127.1 (CH), 125.6 (CH), 124.3 (CH), 
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"C; IR (CDClJ 1735,1600,1515 ~m-'; 'H NMR (CDCl3) 6 7.4-6.6 

(CH), 55.7 (CH,), 36.0 (CHJ, 21.2 (CHJ, 20.3 (CHJ. Anal. Calcd 

119.6 (CH), 90.3 (CH), 64.4 (CH), 58.9 (CH.3). 

119.6 (CH), 90.1 (CH), 64.0 (CH), 58.4 (CH3). 

Registry NO. 1,135569-37-8; 2, i35569-3a9; 3, im69-39-0; 
4, 135569-40-3; 5, 135569-41-4; 6, 135569-42-5; 7, 135569-43-6; 8, 
135569-44-7; 9,135569-45-8; 10,135569-46-9; 11,135569-47-0; 12, 
135569-48-1; 13, 135569-49-2; 14, 135569-50-5; 17, 135569-51-6; 
18,135569-52-7; PhCHeNCHZPh, 7W25-6; o-M&~H~N4XPh,  
5877-55-4; p-MeOC6H4CH=NCH2Ph, 622-72-0; 0-  
MeOC6H4CH=NCHzPh, 119405-95-7; p-FC6H4CH=NCHzPh, 

MeOCH2C02H, 625-45-6; Ph(Me)NCHzCOzH.HCl, 21911-75-1; 
Ph(Et)NCHG2C02H.HC1, 21911-78-4; N-(a-naphthyl)-4-chloro- 
benzylimine, 135569-53-8; N-(a-naphthyl)-4-nitrobenzylimine, 
967-13-5; N-(2,6-dimethylphenyl)-4chlorobenzylimine, 79937-64-7; 
N-(2,6-dimethylphenyl)-4-nitrobenzylimine, 60165-04-0; N-(4- 
methoxypheny1)- (a-napthyl)methylimine, 3525-60-8; N-phenyl- 
(a-naphthyl)methylimine, 890-50-6; N-(4-methoxyphenyl)- 
(2,4,64rimethylphenyl)methylimine, 58896-48-3. 

67907-60-2; ~ - O ~ N C ~ H I C H = N C ~ H A P ~ - ~ ,  71478-76-7; 

34.9 (CH,), 19.7 (CHS). Anal. Calcd for CuHesN2C10: C, 73.74; 
H, 5.93: N. 7.17. Found C. 73.94 H. 5.97: N. 7.13. 

. trans-l-(2,6-DimethyIphenyl)-3-(methylphenylamino)- 
4-(p-nitrophenyl)d-azetidinone (10). From 2 g of Ia and 2.53 
g of the N-(2,&dimethylphenyl)imine of p-nitrobenzaldehyde was 
obtained 2.35 g (59%) of compound 10 mp 156-157 OC; IR 
(CDCI3) 1745,1605,1525 cm-'; 'H NMR (CDC13) 6 8.2-6.7 (m, 
12 H), 5.34 (d, 1 H, J = 2.2 Hz), 5.15 (d, 1 H, J = 2.2 Hz), 3.2 
(s,3 H), 2.4 (s,6 H); '% NMR (APT) 6 164.9 (C), 148.6 (C), 148.1 
(C), 144.5 (C), 133.1 (C), 132.2 (C), 129.9 (CHI, 129.7 (CH), 128.6 
(CH), 127.9 (CH), 124.8 (CH), 120.12 (CH), 115.4 (CH), 76.6 (CH), 
63.6 (CH), 35.2 (CH3), 20.13 (CH,). Anal. Calcd for CuHsN3O3: 
C, 71.80; H, 5.77; N, 10.47. Found: C, 71.94; H, 5.70; N, 10.50. 
cis-l-(4-Biphenylyl)-3-(methylphenylamino)-4-(p-nit~- 

phenyl)-2-azetidinone (11). From 2 g of Ia and 3.0 g of the 
N-biphenylimine of p-nitrobenzaldehyde was obtained 3.7 g (83%) 
of compound 11: mp 184-185 OC; IR (CDC13) 1745, 1600,1525 
cm-'; 'H NMR (CDC13) 6 8.2-6.6 (m, 18 H), 5.60 (d, 1 H, J = 5.06 
Hz), 5.51 (d, 1 H, J = 5.06 Hz), 2.7 (8, 3 H); 13C NMR (APT) 6 
163.9 (C), 148.3 (C), 142.6 (C), 140.6 (C), 138.4 (C), 136.9 (C), 129.8 
(CH),129.7 (CH),128.6 (CH),127.8 (CH),127.3 (CH),124.1 (CH), 
119.1 (CH), 118.0 (CH), 112.9 (CH), 72.13 (CH), 62.3 (CH), 36.0 
(CH& Anal. Calcd for C28H29N303: C, 74.82; H, 5.16; N, 9.35. 
Found: C, 75.09; H, 5.16; N, 9.44. 
cis - 1-(p -Methoxyphenyl)-3-( methylphenylamino)-4-(a- 

naphthyl)-2-azetidinone (12). From 2 g of Ia and 2.59 g of the 
N-03-methoxyphenyllimine of a-naphthaldehyde was obtained 
2.36 g (58%) of compound 12: mp 204-205 "C; IR (CDCl,) 1740, 
1605,1510 cm-'; 'H NMR (CDClJ 6 7.9-6.4 (m, 16 H), 6.01 (d, 
1 H, J = 5.06 Hz), 5.82 (d, 1 H, J = 5.06 Hz), 3.7 (s,3 H), 2.4 (e, 
6 H); lSC NMR (APT) 6 165.2 (C), 134.0 (C), 131.9 (C), 131.3 (C), 
130.6 (C), 129.9 (CH), 129.0 (CH), 126.3 (CH), 125.5 (CH), 125.0 
(CH), 124.9 (CH), 123.5 (CH), 119.2 (CH), 118.4 (CH), 114.9 (CH), 

(CH3). Anal. Calcd for CnHuNZOz: C, 79.39; H, 5.92; N, 6.82. 
Found: C, 79.38; H, 5.90; N, 6.85. 
cis -l-Phenyl-3-(methylphenylamino)-4-(a-naphthyl)-2- 

azetidmone (13). From 2 g of Ia and 2.29 g of the N-phenylimine 
of a-naphthaldehyde was obtained 3.16 g (84%) of compound 13: 
mp 200-201 "C; IR (CDCl,) 1740, 1600, 1505 cm-'; 'H NMR 
(CDCI3) 6 7.8-6.5 (m, 17 H), 6.05 (d, 1 H, J = 5.1 Hz), 5.87 (d, 
1 H, J = 5.1 Hz), 2.3 (a, 3 H); 13C NMR (APT) 6 165.9 (C), 148.6 
(C), 138.3 (C), 134.0 (C), 131.2 (C), 130.4 (C), 129.8 (CH), 139.3 
(CH), 129.0 (CH), 128.8 (CH), 126.4 (CH), 125.6 (CH), 125.5 (CH), 
125.4 (CH), 124.9 (CH), 123.5 (CH), 118.5 (CH), 118.0 (CH), 113.7 
(CH), 71.9 (CH), 61.0 (CH), 36.1 (CH,). Anal. Calcd for 
C2sH,N20 C, 82.51; H, 5.86; N, 7.40. Found: C, 82.00; H, 5.64; 
N, 7.31. 
cis - 1-(p -Methoxyphenyl)-3-(methylphenylamino)-4- 

(2,4,6-trimethylphenyl)-2-azetidinone (14). From 2 g of Ia and 

113.7 (CH), 113.6 (CH), 71.8 (CH), 61.1 (CH), 35.7 (CH,), 36.0 


