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The condensation of simple lithium ester enolates with appropriately substituted aryl imines produces P-lactams 
in yields from 35 to 95%. Excellent stereoselectivity is observed in the preparation of @-lactams with chiral centers 
a t  C-3 and C-4 of the P-lactam ring. When chiral ester enolates are used, asymmetric induction occurs to  yield 
optically active @-lactams with up  to 60% ee. Synthetic and mechanistic details of these reactions are discussed. 

P-Lactams are known to be key components of many 
biologically active compounds such as penicillin and 
cephalosporin antibi0tics.l Recent syntheses of norcar- 
dicin,2 th i enamy~in ,~  and totally synthetic penems4 and 
the apparent antibiotic potential for simple P-lactams have 
provided a continuing impetus for research on P-lactam 
chemi~ t ry .~  Here we report a rather simple procedure for 
synthesis of certain aryl-substituted 0-lactams by con- 
densation of ester enolates and aryl aldimines. These 
ester-imine condensation reactions we describe are anal- 
ogous to corresponding stereoselective hydroxylation re- 
actions of enolates with ketones or aldehydes.6 

The most common procedure for preparing 0-lactams 
is based on the cycloaddition of a ketene and an imines7 
However, preparations of P-lactams by the reaction of a 
carbanionic reagent and an imine have been reported.s-10 
Related titanium tetrachloride promoted condensation 
reactions on imines with silylated ester enolates have also 
been reported.” Advantages of our procedure over those 
procedures described above include the use of readily 
available esters as starting materials, high yields resulting 
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1979, 101, 6306-10. 
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from the use of LDA as a base, and the ability to prepare 
optically active 0-lactams by using chiral esters as starting 
materials. Recent work in both this laboratory and others 
has shown that alkylations of chiral esters can proceed in 
high synthetic yield with good stereoselectivity.12 Here 
we show that asymmetric synthesis of P-lactams is feasible 
using chiral ester enolates in these enolate-imine con- 
densation reactions. 

Results and Discussion 
Our procedure for the synthesis of P-lactams involves 

an electrophilic substitution by an imine on a nucleophilic 
ester enolate (eq 1). Examples of P-lactams prepared by 

using this procedure are listed in Table I along with their 
melting points. It is evident from these results that  a 
variety of P-lactams are accessible by reaction 1. However, 
a major limitation of our procedure is the apparent re- 
quirement that  an aryl aldimine containing an aryl sub- 
stituted nitrogen be used in the ester enolate-imine con- 
densation. As a result, the 0-lactams listed in Table I 
contain aromatic substituents on N-1 and (2-4, the part of 
the p-lactam ring corresponding to the imine used. This 
required imine substitution is evidently due to the fact that 
the imine must be both electrophilic and unhindered for 
successful 1,2 addition to occur. For example, attempts 
to affect the reaction of benzophenone ani1 4 with the 

4 
.d 

5 
w 

6 u 1 
Y 

enolate of li led to recovered starting material, presumably 

(12) Kaneko, T.; Turner, D. L.; Newcomb, M.; Bergbreiter, D. E. 
Tetrahedron Lett. 1979, 103-6 and references therein. 
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Table I. 0-Lactams Prepared via Ester Enolate-Imine Condensation 

imine (Ar,CHNAr,) 6-lac- proce- % ester (R ,R2CHC0,R , )  

no. 

l a  
l b  
I C  
I d  
l e  
I f  
1g 
l h  
l i  
l i  
l i  
l i  
l i  
l i  
l i  
l i  
1 j  

Ph OH 
Ph OH 
PhCONH CH, 
PhCONH CH, 

Ph H 

Ph CH3 
Ph CH 3 

- (CH2)<- 
CH CH 3 

CH CH3 
CH CH3 
CH CH, 
CH CH, 
CH CH, 
CH CH3 
CH CH, 
PhCONH H 

Et 
menthyl 
Et 
menthyl 
Et  
menthyl 
Et 
Et  
Et 
Et  
E t  
Et  
Et  
Et 
Et  
Et  
Et  

2a 
2a 
2a 
2a 
2a 
2a 
2a 
2a 
2a 
2b 
2c 
2d 
2e 
2f 
2g 
2h 
2a 

Ar L Ar, tam 

P11 Ph 3a 
Ph Ph 3a 
Ph Ph 3b 
Ph Ph 3b  
Ph Ph 3c 
Ph Ph 3c 
Ph Ph 3d 
Ph Ph 3e 
Ph Ph 3f 

p-ClC,H, Ph 3h 
Ph p-CH,C6H, 3i 
p-CIC6H, p-CH,C,H, 3j 

2-furan Ph 31 
2-thiophene Ph 3m 
Ph Ph 3n  

p- (  CH3 '1'6 H4  Ph 3g 

P-KCH,),-NlC,H, Ph 3k 

d u e a  

C 
C 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
A 

yield mP, "C 

74b 190-191 
7 0  187-189 

149-151 9 1  
75' 181-183 
90d  137-139 
85esf 167-169 

84 141.5-142.5 
75 147.5-148.5 
82 87-89 
9 5  91-92.5 
84 137-139 
8 0  141.5-143 

141-142 
67 108-109 
8 9  11 2-1 1 3  
4 5  159-160 

35f  129-130 

66 

See the Experimental Section. Observed 14% ee. Observed 4% ee. An 8 : l  mixture of diastereomers (by NMR) 
was obtained. e Observed 60% ee. f The trans isomer was prepared. 

because of the steric constraints imposed by the two phenyl 
groups. Similar attempts to react enolate li with S- 
methylthiobenzanilide (5), 6, or 7 also failed. In the latter 
two cases, deprotonation of the alkyl-substituted imine cy 
to the nitrogen may have occurred to generate an azaallyl 
anion. 

There is more versatility in the type of esters which can 
be used to prepare P-lactams since ester enolates can be 
readily prepared from both substituted and unsubstituted 
esters by hindered amide base deprotonation.13 Thus C-3 
of the eventual p-lactam ring could contain a variety of 
substituents; heteroatom substituents or a mixture of two 
alkyl or aryl substituents have no adverse effect on the 
ultimate yield of P-lactam product. However, the addition 
proceeds poorly if a,a-disubstituted esters are not used. 
For example. all attempts to generate a P-lactam from 
either ethyl acetate or ethyl propionate in the presence of 
N-benzilideneaniline (2a) resulted in recovered imine plus 
other incompletely characterized products (IR spectra 
failed to show either p-lactam or @-amino ester products.) 
Since the addition of ester enolates,to imines occurs only 
after the reactions are warmed to 0 "C these failures may 
be due to  a lack of stability of the enolate under the re- 
action conditions. The titanium tetrachloride promoted 
condensation of silylated ester enolates with imines would 
be a preferable route to p-lactams in these cases.l' 

High stereoselectivity was typically observed when 
preparing P-lactams with chiral centers a t  C-3 and C-4 of 
the lactam ring. For example, for compounds 3a, 3b, 3d, 
and 3n, only the trans diastereomer was formed in the 
ester enolate-imine reaction while compound 3c was 
prepared as an 8:1 mixture of trans-cis diastereomers. We 
believe this stereoselectivity can be explained in terms of 
the probable mechanism for this reaction (Scheme I). The 
high stereoselectivity of these reactions must be the result 
of kinetic or Thermodynamic factors associated with the 
first step of Scheme I since the carbon-carbon bond is 
formed in thi3 step. If step 1 is irreversible, the observed 
preference for trans P-lactam products could be due to 
factors directly analogous to those discussed by others as 
a basis for stereoselectivity in hydroxylation reactions of 
ketone enolates.6 According to these arguments, steric 
factors imposed by R1-Ar or R2-Ar interactions in a 
"closed" or "cycloaddition"-type transition state account 

(13) Olofson, R. A.; Dougherty, C. M. J .  Am. Chem. SOC. 1973, 95, 
582-4. Rathke, XI. W.; Lindert, A. Ibid.  1971, 93, 2318-20. 

Scheme I 

R, R, 

HH + 

R,O- 

Ar, Rz H R 1  

14 E N 

for the products we have obtained. However, on the basis 
of results obtained in asymmetric syntheses (vida infra), 
it  is apparent that the stereoselectivity of step 1 could also 
be due to a thermodynamic preference for 11 or 12 coupled 
with an equilibration of 11 and 12 through regeneration 
of enolate and imine. 

An alternative mechanism to that proposed in Scheme 
I would involve a ketene intermediate. In this alternative 
mechanism, the ester enolate would thermally decompose 
to form a ketene14 which would then undergo a cyclo- 
addition with the imine to give the observed products. We 
consider this mechanism unlikely since lithium ester 
enolates are relatively stable,I5 and such a mechanism 
cannot explain the high asymmetric induction observed 
in one reaction of a chiral ester enolate (vida infra). 

If a mechanism such as that described in Scheme I is 
correct, the reaction of chiral ester enolates with imines 
could lead to optically active P-lactams. To  examine this 
possibility, we used chiral I-menthyl esters as ester enolate 
precursors. The alkoxy enediolate formed by deprotona- 
tion of I-menthyl mandelate was allowed to react with 
N-benzilideneaniline (2a) to yield, after chromatography, 
P-lactam 3a in 74% yield with an enantiomeric excess (ee) 
of ca. 14%. As in the case of the ethyl ester la, only one 
diastereomer was formed. The reaction of the dianion 
from I-menthyl N-benzoylalaninate (la) with 2a similarly 

(14) Sullivan, D. F.; Woodbury, R. P.; Rathke, M. W. J .  Org. Chem. 

(15) Rathke, M. W.; Sullivan, D. F. J .  Am. Chem. SOC. 1973, 95, 

(16) Rathke, M. W.; Sullivan, D. F. Synth. Commun. 1973, 3,137-72. 

1977, 42, 2038-9. 
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Condensation of Lithium Ester Enolates 

gave P-lactam 3b in 75% isolated yield with an ee of ca. 
4%. Finally, the enolate generated from the I-menthyl 
ester If was allowed to  react with 2a to  yield 0-lactam 3c 
in 85% synthetic yield with 60% ee. While the product 
obtained from the corresponding ethyl ester was an  8:l 
mixture of diastereomers, this asymmetric synthesis of 3c 
led to  the trans P-lactam stereospecifically. The obser- 
vation of a relatively high ee (60% ) in this latter reaction 
is significant both for mechanistic reasons and as the best 
reported asymmetric synthesis of a 0-lactam. 

There are several possible explanations for the high 
asymmetric induction observed in the synthesis of 3c from 
If and 2a and for the other asymmetric syntheses. First, 
a resolution could occur if the lithium menthoxide by- 
product of the reaction could cleave the 0-lactam product 
of 13 (or 14) and its enantiomer to  give the ring-opened 
lithium amide ester and if the diastereomeric (by virtue 
of the presence of the l-menthyl group) lithium amide 
esters were in turn in equilibrium by cleavage of the C3-C4 
bond. Control experiments summerized by eq 2 and 3 

J .  Org. Chem., Vol. 45, No. 17, 1980 3415 

apparently result from thermodynamic rather than kinetic 
factors. 

: : Ph 

' s p h  

L i  nenthoxide 
T H F ,  25OC 

Ph 

1~1;s = oc _-> [ x l ; 5  = oo ( 2 )  

[al;5 = + 5 : .4O --• [31i5 = + 49.1' ( 3 )  

eliminate this possibility. A second explanation for the 
high asymmetric induction observed in reaction of If and 
2a would be that the intermediate chiral ester enolate had 
been generated with substantial (>6O%) stereoselectivity 
and that this enolate had then kinetically formed the chiral 
lithium amide ester with high stereoselectivity. As a third 
possibility, only the first step in Scheme I could have been 
reversible. Trapping the intermediate enolate as its tri- 
methylsilyl enol ether (15) and then attempting to correlate 

15 
rv 

the  relative amounts of the two possible diastereomeric 
enolates with the observed asymmetric induction could 
differentiate between these possibilities. The enolate from 
If was therefore generated a t  -78 "C (under the same 
conditions as the P-lactam asymmetric synthesis) and then 
trapped by the addition of Me3SiC116 to  yield an ca. 3:2 
mixture of diastereomers by NMR. We did not attempt 
to assign stereochemistry to  the major isomer. Never- 
theless, the fact that the stereoselectivity seen in enolate 
formation is substantially less than that seen in formation 
of the optically active 0-lactam 3c is a strong argument 
favoring a reversible first step in Scheme I. The lower ee's 
seen in the preparation of 3a and 3b may arise because the 
lithium ester enolates derived from lb and Id are more 
reactive than tha t  from If. As a result, an equilibration 
like tha t  suggested above to account for a high ee in the 
synthesis of 3c may not have occurred in these two cases. 

Conclusion 
The  ester enolate-imine condensation described above 

is a viable way to prepare selected 0-lactams in good to  
high yield with excellent stereoselectivity. When chiral 
ester enolates are used, modest to  good asymmetric 
syntheses can be obtained. The most effective asymmetric 
syntheses of @-lactams obtained by using these procedures 

Experimental Section 
General Methods. Optical rotations were measured on a 

Perkin-Elmer 241 polarimeter using a Lauda K-4/R constant- 
temperature bath. Infrared spectra of carbon tetrachloride so- 
lutions were recorded on a Perkin-Elmer 297 spectrophotometer. 
'H NMR data were recorded on a Varian T-60 NMR spectrometer 
in either CCh or CDC13 as solvent with Me@ as intemal standard. 
Chemical shifts are reported as b values in parts per million relative 
to internal standard (6mi = 0.0). Melting points were determined 
on a Thomas-Hoover capillary apparatus. All melting and boiling 
points are reported in degrees Celsius and are uncorrected. 
Unexceptional inert-atmosphere techniques were used in all re- 
action~.~' Tetrahydrofuran (THF) was dried over sodium- 
benzophenone ketyl and freshly distilled before use. Diiso- 
propylamine was distilled from calcium hydride and stored over 
molecular sieves. n-Butyllithium in hexane was obtained from 
Aldrich and titrated before use.I* Unless otherwise noted, all 
other materials were reagent grade and were used without further 
purification. Thin-layer chromatography (TLC) was performed 
by using E. Merck silica gel 60F2,, precoated plastic plates. 
Column chromatography was performed on a medium-pressure 
systemlg by using E. Merck 230-400-mesh silica gel and eluting 
with freshly distilled CH2C12. Elemental analyses were performed 
by the Center for Trace Characterization at Texas A&M Univ- 
ersity. 

The imines and esters used in this study were available through 
commercial sources or were prepared via standard literature 
procedures.20 All compounds gave satisfactory physical and 
spectral data. 

Preparation of 8-Lactams. Procedure A. The dianion of 
the appropriate ester was generated at -78 "C in a flame-dried 
flask equipped with a magnetic stirbar by addition of the ester 
as a THF solution (2-5 mmol of ester and 5-10 mL of dry THF) 
to 2.2 equiv of LDA (in 15 mL of dry THF). After being stirred 
for 15 min at -78 "C, a THF solution of the appropriate imine 
(2-5 mmol of imine and 5-10 mL of dry THF) was added drop- 
wise. The dry ice/acetone bath was allowed to expire (about 4-5 
h), after which the reaction was stirred for an additional 3-8 h 
at room temperature. The reaction was worked up by diluting 
the reaction mixture with ca. 20 mL of diethyl ether and washing 
successively with portions (3 X 20 mL) of 10% aqueous acetic 
acid (v/v), saturated NaHC03, and saturated NaCl solutions. The 
organic layer was dried over anhydrous Na2S04 or MgSO,, and 
the ether was removed in vacuo. The resulting crude product was 
chromatographed on silica gel with dichloromethane elution. 

Procedure B was used for preparation of lithium ester enolate 
and was identical with procedure A with the exception that 1.1 
equiv of LDA was used. 

Procedure C was used for preparation of dilithium enediolates 
and was identical with procedure A except that the reaction 
mixture was warmed to 0 "C for 2 h and then recooled to -78 "C 
before addition of the imine. 

A representative example of each procedure is supplied below. 
Experimental procedures, spectral data, and elemental analyses 
for the other @lactams listed in Table I are given as supplementary 
material. 

(-)- traos-3-Hydroxy-l,3,4-triphenylazetidin-2-one (3a). 
The enediolate generated from lb  (1.45 g, 5 mmol) was allowed 
to react with 2a (0.91 g, 5 mmol) to yield, after chromatography, 
1.11 g (74%) of 3a as a white solid: mp 190-191 "C; [a]25D -3.50" 
( c  2.0, CHC13). The spectral data was identical with that observed 

(17) Brown, H. C. "Organic Syntheses via Boranes"; Wiley-Intersci- 
ence: New York, 1975. 

(18) Watson, S. C.; Eastham, J. F. J. Organomet. Chem. 1967,9,165-9. 
(19) Meyers, A. I.; Slade, J.; Smith, R. K.; Mihelich, E. D.; Hershenson, 

F. M.; Liang, C. D. J. Org. Chem. 1979,44, 2247-9. 
(20) Preparation of imines: Layer, R. W. Chem. Reu. 1963,490-510. 

Simple esters: Hauser, C. R.; Hudson, B. E.; Abramovitch, B.; Shrivers, 
J. C. "Organic Syntheses"; Wiley: New York, 1955; Collect. Vol. 111, 
pp142-4. Derivatives of a-amino acids: Harada, K.; Hayakawa, T. Bull. 
Chem. SOC. Jpn.  1964,37, 191-4. Scheibler, H.; Bumgarten, P. Chem. 
Ber. 1922, 55, 1358-63. 



1980, 45, 3416-3421 3416 J .  Org. C h e m .  

for the racemic P-lactam. The enantiomeric excess (ee) was 
determined to  be ca. 14% through the use of the chiral shift 
reagent Eu(tfc)5.21'22 The shift reagent was added to an NMR 
sample until separation of the enantiotopic benzylic protons on 
C-4 of the P-lactam ring was observed. The relative areas under 
the peaks were then determined by integration. 

(+)-1,4-Diphenyl-3-N-(benzoylamino)-3-methylazetidin- 
2-one (3b). The dianion from Id (0.993 g, 3 mmol) was allowed 
to react with 2a (0.543 g, 3 mmol) to yield, after chromatography, 
0.80 g (75%) of a white solid: mp 181-183 'c; [.Iz5D +0.57' ( c  
3.5, CH2C12). The spectral data was identical with that observed 
for the racemic 8-lactam. The ee was observed to be ca. 4% by 
the method outlined above for 3a. 

(+)- trans-3-Methyl- 1,3,4-triphenylazetidin-2-one (3c). The 
enolate generated from If (1.44 g, 5 mmol) was allowed to react 
with 2a (0.91 g, 5 mmol) to yield, after chromatography, 1.24 g 
(85%) of 3c as 8 white solid: mp 167-169 "c; [(YIz5D +51.4" ( c  
3.5, CH2C12). Spectral data was identical with that observed for 
the racemic P-lactam. The ee was observed to be ca. 60% by the 
method outlined above for 3a. 

Attempted Resolution of Racemic 3c with Menthoxide. 
Lithium menthoxide was generated in 5 mL of T H F  from n- 
butyllithium (1.65 mL of a 1.57 N solution, 2 mequiv) and 1- 
menthol (0.28 g, 1.8 mmol) at room temperature. To this stirred 
solution was added racemic 3c (0.38 g, 1.2 mmol) as a THF 
solution (3 mL of THF)  by using a syringe (upon addition of the 

(21) Tris[3- [ (trifluoromethyl)hydroxymethylene]-d-camphorato]euro- 

(22) This experiment was initially performed in these laboratories by 
pium(II1) derivative, available from Aldrich Chemical Co. 

Mr. David L. Turner. 

P-lactam, the color changed from colorless to bright yellow). The 
reaction was stirred for 6 h a t  room temperature. It was worked 
up by being washed once with 10 mL of H 2 0  and once with 10 
mL of saturated NaCl and then extracted with diethyl ether. The 
ethereal layer was dried (MgSOJ and the solvent was removed 
in vacuo. After chromatography to remove the menthol, NMR 
and IR spectra conf i ied  that 3c was the product, and polarimetry 
showed it to be racemic. 

Control Experiment with Optically Active 3c. The above 
procedure was repeated with the exception that optically active 
3c +51.4' (c 3.5, CH2C12)) was used. After chromatography, 
NMR and IR spectra confirmed the presence of 3c; [a]25D +49.1° 
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Reaction of ortho esters or dimethylformamide acetal with o-aminobenzenesulfinamides 9 gave 1,2,4-benzo- 
thiadiazine 1-oxides 6. Reaction with 1 equiv of tributylphosphine provided the 1,2,4-benzothiadiazines 11. Excess 
tributylphosphine caused rearrangement to the benzothiazoles 12. A mechanism is proposed for this rearrangement 
via an  intermediate such as 13. The rearrangement of 13 on heating in benzene to an isomeric compound 16 
provided additional support for this mechanism. 

There is a wealth of literature on the 1,2,4-benzo- 
thiadiazine 1,l-dioxides' because of their utility as diuretics 

Scheme I 

TosNSO - yDNyR / NH2 

and antihypertensive agents, e.g., hydrochlorothiazide l2 
and diazoxide 2.3 However, there seems to be a dearth 

PhCN 
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of work on the S" and SIv analogues, the 1,2,4-benzo- 
thiadiazines, and their S-oxides. Remarkably, there is only 
one paper to our knowledge describing a synthesis of 
1,2,4-benzothiadiazine 1-oxides 64 and two reports of the 

(1) Werner, L. H. In "Burger's Medicinal Chemistry", 4th ed.; Wolff, 
M. E., Ed; Wiley Interscience: New York, 1980; Part 111, Chapter 40. 

(2) Werner, L. H.; Halamandaris, A.; Ricca, Jr., S.; Dorfman, L.; des- 
tevens, G. J. Am. Chem. SOC. 1960, 82, 1161. 

(3) Topliss, J. G.; Konzelmann, L. M.; Shapiro, E. P.; Sperber, N.; 
Roth, F. E. J .  M t d .  Chem. 1964, 7, 269. 

3 , Y = X = C 1  4a, X =  Y = C l ; R =  Ph 
b, X =  Y = C1; R =  CH, 
C, Y = H; X = C1; R = SCH, 

Y nlr" 
X 

I 
0 

& , X = Y = C l ; R = P h  

R = SCH, 

R = NHCH,Ph 

5a, X = Y = C1; R = Ph g, Y =  H ; X =  C1; 

h, Y = H; X =  C1; 

i , X = Y = H ; R = P h  

use of this ~ynthes is .~J l  A recent communication6 de- 
scribed the formation of 7-chloro-3-phenyl-l,2,4-benzo- 

b, Y =  H; X =  C1; R = SCH, 
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