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SYNTHESIS OF SUBSTITUTED B-LACTAMS 
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Abstmct-Two new methods for &lactam formation from various systans(type I) where theacti~tiog 
influence on the mcthine hydrogen is by groups other than two cater functions hrn barn developed 
ad ti new blactams synthesized. These compounds together with the various intermediates 
have been chrncterizad by pnrlysis and in most cases by IR mpcctra. 

Semmu methods have been developed for the synthesis’ of compounds containing 
the #?-lactam moiety such as penicillins and cephafosporins.’ The intramolecular 
alkylation of N-substituted a-chloracetamidomalonic ester9 has been generally used. 

A carbanion mechanism has been suggested for the intramolecular alkylation 
which can be brought about at room temperature in the presence of a weak base such 
as tritthylamine, whereas, the intramolecular alkylation of an acetamidomalonic ester 
is carried out in the presence of a strong base such as sodium alkoxide. 

It has been shown that the intramolecular afkylation of an a-haloacetamidomalonic 
ester can be effected by alcoholic potassium hydroxide in about 10 min and that 
saponification of the ester groups is not significant until the intramolecular alkylation 
is almost complete. 

Two carbethoxy functions are necessary to activate the methine hydrogen for the 
intramolecular alkylation in the presence of triethylamine4 If the formation of a 
carbanion be a pre-requisite, the rate of intramolecular alkylation depends upon the 
rate of carbanion formation which in turn depends upon the activity of the clectro- 
negative groups attached to the methinc carbon as well as on the strength of the base 
used. 

Consequently, the intramolecular alkylation in compounds of the type I where the 
hydrogen under consideration is activated by groups other than two ester functions has 
been investigated in the presence of alcoholic potassium hydroxide. 

RI 

R--N - .C/H 

i ‘R. 
ti-CH,CI 

I 

a R, = H; R, = COGEt 
b R, - H; R, - Ph 
cR,=Ph; R, - CGOEt 

1 J. C. Sheehan md E. J. Corey, Oqanfc Rracrbn (Edited by Rap Adams) Vol. IX, pp. 388. 

J. Wiky. New York, 19S7. 
’ E. P. Abrnham and G. G. F. Newton. Mm. 1.58.103 (1954). 
‘J. C. Sheehrn md A. K. Boa+ 1. Am. Chem. .5x.. 73.1761 (1951). 

’ A. K. Bose. B. N. G. Mazumdu and B. 0. Chttaja. J. Amer. Glum. Sot. St.3282 (l%O). 
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When the activation is supplied by only an ester function or a phenyl substituent 
cyclization does not take place. It is interesting to note that (i) ethyl (N-p-chloro- 
phenyl) a-chloracetamidoacettc (Ia) undergoes saponification at a faster rate at 
lower tempcraturc than at 60” and that (ii) whereas no evidence of hydrogen chloride 
elimination was detected at room temperature or at 5”, the amide Ia eliminated 
hydrogen chloride to the extent of 30% at 60”. 

Finally, compounds of the type Ic in which the activation is due to an ester group 
plus a phenyl substituent were prepared. Thcsc compounds Ic(R - Ph, pCIC,H,, 
pBr.C,H, and p-CH,C,HJ undergo rapid cyclizttion in presence of potassium 
hydroxide. As in the maIonic ester system, no product corresponding to a larger ring 
or linear polymerization could be isolated. The intramolecular alkylation is so fast 
compared to saponification that only high yields of /%lactams (II) were obtained on 
treatment of Ic with one equivalent of potassium hydroxide, but good yields of car- 
boxy B_lactams (III) can be obtained if the amides (Ic) arc allowed to stand overnight 
at room temperature with 2.2 moles of the base. 

Ph Ph 

R-N -c/H R--N-d’ 

‘COOR, - j “COOR, 
OC- CH,Cl OC-- CH, 

(a. R = Ph; b,pCIG%; c.pRrGH,; II R, - Et 
d, pMeGH,) III R, _ H 

The /I-lactams II and the acids III were characterized by IR spectra and elemental 
analysis. 

The modified one-step operation developed5 for the synthesis of /%lactams has 
been extended to the above systems with qua1 success and the products obtained were 
identical with authentic samples. 

Since with the malonic ester system, the time required for the formation of @-lactams 
V in the presence of triethylamine is considerably reduced if the reaction is carried out 
at a higher temperature, the effect of temperature in the formation of /3-lactams was 
investigated with various a-haloamides IV in dimethylformamide, the basicity of 
which is almost negligible and the b.p. is high (143-145’). The following @-lactams 
were prepared in almost quantitative yield by this method. 

R-N- CH(COOEt), 
DMF 

R N- -C(COOEt), 

+ 
Rcflux 

OC -CH,Cl OC ---CH, 

GR 

V 
- Ph; b,p-CIC,H,; c. pBrC,H,; d,pMcGH.; e,&C,.H,) 

Similarly the amides Ic give high yields of the corresponding /l-lactams on heating 
in dimethylformamide. 

To further investigate whether temperature alone brought about the cyclization 
or whether a base was necessary for the removal of hydrogen halide, diethyl chlor- 
acetanilidomalonate was heated under retlux in toluene and xylene solutions for 6 hr 
without success. It was found that in the absence of a base, even in the presence of a- 
pinene which is a hydrogen chloride acceptor, no cyclization occurs. 

When the amides Ia and lb were similarly heated in dimethylformamidt solution, 

’ B. G. Chartcrja, P. N. Maze and S. K. Roy, 1. Orx. Clmn. 28.1418 (1963). 
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TARLR 1. svesmvru, /?-rncr~~s PREIARED BY ALCOHOLIC KOH MEIHOD’ 

Lutam m.p. 
Yield IR (II) Found Rcquira 

% puk, 
Formula -- -- 

C H N C H N 
--- - .-- -- 

111a 169-171”d 90. 
lllb 181-182’d 80 3.6s G.H,N’,~ 6360 4.65 3.97 63.68 3.98 4.64 

J.85 
lllc 173-l74’d 80 5.68 C,,H,,NO,Rr 55~01 3.96 3.94 53.49 346 4.04 

5.86 
llld 193-194’6 89 5.72 C,,H,,~:O, 72.0s 5.26 499 72.34 5.31 4.96 

590 

l Identical with an authentic sample. 

hydrogen halide was eliminated to the extent of about 50% but the reaction products 
were intractable. 

When the amides Ic or IV were heated with an equal weight of fused sodium acetate 
in an oil bath maintained at 140-150” for l-3 hr, practically pure /?-lactams were 
obtained in 9&95 % yield. 

This method, however, failed when the activating influence on the methine hydro- 
gen is exercised by only a phenyl substituent or an ester group. 

When N-benzylchloracetanilide (Ib) was heated with fused sodium acetate even 
to a temperature of 180”. no ,!Llactam was obtained. The solid reaction product 
(980/o) was characteriztd by IR and NMR spectra and analysis as the open chain 
acetate. 

Tables 1 and 2 summarize the &lactams prepared by these methods. 

TABLE 2. Su~srmm~ /9-LACWS PRE- 

PAM0 BY D-C AND 

FUSED .SODIUM ACITATF. MFlHODS 

LaCIiUll m.p./nz Yield % 
_- -_- - -. --- 

11a 75-76” 93 
Ild 49-W 90 
Va 1.5161 98 
Vb I .5255 95-98 
vc 1.5390 9s-97 
Vd 88-90” 95-98 
VC 75-76” 9S-98 

EXPERIMENTAL’ 

A mixture ofpchloroanilinc (12.8 @ and ethyl a-bromoaatate (8.4 g) in a round-bottomal fiask 
fi~tcd with a tw+way stopcock and evacuated to 40 mm press was kept in an oven at 60-70” for 3 hr. 
The resulting solid cake was extracted with cthcx and tilt&. The residue of pchloroaniline hydrc+ 
bromide (I I g) cmrqmndcd IO 100% convcnion. The tiltrate was suaxasi vcly waahaj with 2N HCI 
and water, and dried (MgSO,). Removal of the solvent af?orded a pale yellow solid which rccrystal- 
lized from a -pet. ether (4&W) mixture as yellow nadks (9Gg, 85’/3; m.p. 91-92”. 
IR: 2.85 p (N-H stretching), 5.78 p (uta CO). (Found C. 55.93; H, 552; N, 6.63. Calc. for 
C,,H,,NO,Cl; C. 56.20; H. 5.62; N, 6&S%., 

@ For other /Gctum prepared by this method and for the various intermediates. plasc refer to 
B. G. Chattcjaz V. Vcnkatawars Rao and B. N. Ghosh Mazumdar. J. 0~. Glum. 30. 4101 
(1965). 

T All m.ps are uncorrected. 
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Ethyl N+chbropheny&schloracwmi&acetate Ia 

N+hloropIunyI)glycine ester (SO g) and monochloroacetic acid (5.0 g) in dry benzene (75 ml) 
wac heated under rcfiux with PC& (2.5 ml) for 4 hr. The cooled benzene soIn was decanted from the 
reaction mixture and wuhcd thoroughly with water. The soin wan dried (Na$O,) and the solvent 
removed. The residue which solidified on scratching, rsryrtailimd from Iigroin as colourlas crystaB 
(6a g; 83x), m.p. 69-71”. IR: 5.75 )A (ester CO), 645 p (open chain disubstituted amide function). 
(Found C, 49.65; H, 448; N, 4.80. CL&. for C,,H,.NO,CI,: C. 49.6s; Ii, 450; N, 4.82%) 

Atrrntpted cyclizarion of ethyl N~pchloropiuny~~or~et~eta;e 

To an EtOH soln of ethyl N_eshlorophmyI)chlo raatamidoacetatc (2.9 g, 10% akohobc KOH 
(69 ml) was added and the mixture WBJ allowed to stand at room temp. The shining crystalline 
material formed during b hr was removed by filtration and the filtrate acid&d with gIaciaI &OH. 
The residue. on removal of the solvent. was taken up in benrene and wa.&ed with water. RemovaI of 
benzene atTorded a gummy mass which could not be crystallized. 

The shining uyrtailinc materiaI obtained above, was dissolved in water and aciditkd with dil. 
HNO,. The oil that separated out soliditkd on scratching and was reaystaBized from bznzeru 
(Q78 g; 30x), m.p. 135-137”. 

The filtrate when treated with AgNO,aq showed the presence of negligible amount of &I. 
Sina the acid could not be obtained analytically pure, methyl N+hlorophenyl)chIomcetamid~ 

acetate was similarly prepared and saponified with alcoholic KOH. A comparison of the m.p. and 
mixture m.p. determination ddnitcly established the acid as N-@chIorophenyl)chlomcetamidoaatic 
acid. 

N-lknrylclrloroaccra&&(Ib) 

This was obtained by chloraatylating benzyIaniIinc (5-O g) with monochloraatic acid (SO g) and 
FCI, (2.5 ml) in dry benzene. ti product on crystollimtion from bautnbpet. ether (4&60”) 
afforded colourlus crystahine piata (57 g; 800A, m.p. 74-75”. IR: strong band at 6.0 p (amide 
function). 

Attempted cyclizotbn of N-benzylchloracetanih& 

An abs. EtOH soln of Ib (2.6 g) was treated with 10% akohotic KOH (6.0 ml) at room temp. As 
there was no immediate separation of KC1 the reaction mixture was allowed to stand for 12 hr before 
working up. The haiide ion found ti 30% baaed on AgCI. The viscous liquid residue afforded, 
after several extractions with pet. ether (6&80’), a few mg of a colourkss solid, m.p. 52-53’. IR: 
60 p; halogen free. 

A ~yplcalprocedure for the synthesis of /Llac:am II Md III 

(a) Ethyl a.-(pcNorwnilino)piuny~ela:e. A mixture of pchloroaniiine (25.6 g) and ethyl a- 
bromophenyiaatate (24.5 g) in a round-bottomed flask was evacuated to 40 mm prua. After allowing 
the tlask to stand at -70’ in an oven for 8 hr the rcaulting solid cake wu extracted with benzene and 
thepchloroanilinc hydrobromide (19.9 g; 95 %) was filtered off. The tihrate after washing suazuivcly 
with 2N HCI and water was dried (Na,SO,). Rcmovnl of the solvent and crystahization of the crude 
material with benzene-pet. ether (4&t%‘) atTorded colourlcss plates (27.5 g; 90.4; m.p. 82-83’. IR: 
2.85 cc (N-H band), 5+30~ (ester CO). (Found C, 6625; H, 5.65; N, 4.75. QJc. for C,,H,,NO,Ci: 
C. 66.32; H. 5.52; N. 4.85’/..) 

(b) Ethyl N+-chlorophenyl) a-chloracetamidoplunylacetate (1~). This wu obtained on chlor- 
acetyIating ethyl a-(pchloroanilino)_phenylaatate (59 g) with monochloroacetic acid (5a g) and 
PCI. (2.5 ml) in dry benrmc. The product obtained on crystallization from -1. ether (4& 
60”) atforded colourlus prisms (SO g; 82.4; m.p. 7677”. IR: 5.7s p (cater CO). 995 /r (amide CO). 
This was found to be identical with an earlier sampk.‘ 

(c) l-pClroloro~nyl4plnyl-4’-cclrbcrho~y~ef~~2~~ (II). An EtOH soIn of Ic (366 g) was 
treated with 10% akohobc KOH (69 ml) and worked up after 15 min. The oily product obtained on 
evaporative distilktion afforded a golden yellow liquid, $,’ 1.5775. yield 80%. This was characterized 
after saponiI3cation. 

(d) l-pChlorophenyl4phenyl-4’-crYboxyo=rrld III. An EtOH soIn of IC (366g) was 
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allowed to ruct with 10% akoholic KOH (It.5 ml) for 12 hr. The acid obtained (2.45 g; 80’4 was 
crystallized from acetot~benzene; m.p. 181-182’ @cc). IR: 565 p (B-lactam CO), 5.85 p (carboxyl 
function). (Found C. 6360; Ii, 4.65; N, 3.97. UC. for Ci,Hi,NO,Cl: C. 6368; H, 3.98; N. 

464%) 

A fyplcafprocedure/or Ihc onestep Synthesis of the /J-Iactam II and III 

I-p701y14p~ny1~‘_carbcrhdxy~~t~2~~ (II). A mixture of 2.7 g of ethyl x-@-toluidino)- 
phmylaoaatc and 1 ml of chloroacetyl chloride was heated for 4-5 min at 80’ and then treated with 
10 ml of abs. EtOH. AIta cooling the reaction mixturc to room temp it WIU Imated with 10:: 
alcoholic KOH (I 5 ml) and was kept at room tanp for 15 min. The reaction mixture was worked up 
in the usual way and the product obtained was crystallized from ligroin to afford 2.5 g (817;) of 
colourlus prisms; m.p. 49-SI”. The cmnpd was identical with an authentic sample. 

l-pTolyl4phmyf4’-carboxyazetidin-2-one (III). After reacting 2.7 g of ethyl a+toluidino) 
phenylacetatc with 1 ml of chloroaatyl chloride for S min at 80” the mixture was tirst treated with 
10ml EtOH and then with 10% alcoholic KOH (21 ml) and kept at room temp (overnight). The 
reaction mixture was worked up in the usual way and the acid obtained (2.3 g; 81%) was crystal- 
lized from a mixture of benzene and aatone; m.p. 193-194’ (dec). Thecompd was identical with an 
authentic sample. 

Typlcalproccdwcsfir the synthesis of &Llactams wig (a) dimethylformamide and (b) fused AcOH 

(a) I-p Tolyf4.4’-dicarbethoxyazmi%n-2+nc V. Asoln of 3.42g of dicthyl N+tolyl)chloracetami- 
domalonatc in 20 ml dimethylformamidc was &rued for 3 hr. The solvent was removed under red. 
press. and the residue taken up in benzene. The benzene soln was washed thria with water. The com- 
bined aquwus washings on treatment with AgNO, after acidification with HNO, yielded 1.4 g (99::) 
of AgCI. The benzene soln was dried (Na,SO,). and the solvent distilled off. The crude product on 
crystallization from cyclohexane aII’orded colourkss crystals; m.p. 88-90”. The compd was identical 
with an authentic sampk. 

(b) I-&Naphthy/4. 4’dicarkthoxyazctidin-2-ant (V). An intimate mixture of dicthyl N-(/L 
naphthyl) chloracetamidomalonate (I .9 g) and fused AcONa was heated at 140.14S in an oil bath for 
1 hr. The reaction mixture was then poured into a large volume of distilled water. The product was 
collected by filtration and dried. The crude materiai (166 g; 98%) was crystahized from benzen+ 
pet. ether (60-80”); m.p. 75-76”. IR: 5.6s ~1 @actam). 5.7s p (ester function). The compd was 
identical with an authentic sampk. 

Attrqued cyclization of N-benzylchloracetanilidc (Ib) with AcQNa: Isolation of N-bcn.zyl-sacetox~- 
acrtanihde 

A mixture of N-benzykhlomcetani lidc (2.6 g) and fused AcONa (2.6 g) was heated in an oil bath 
at 180” for 3 hr. The reaction mixture worked up in the above way when a colourlcss crystalline 
material was obtained. Crystallization of the produa from benzene-pet. ether (60”) yielded 
colourkss plates; m.p. 92-93”. IR: 5.75 ,u (ester CO). 6.0 p (amide CO). (Found C. 72.72; H. 
6.39; N. 4.87. WC. for C,,H,,NO,: C. 72.08; H. 6tJO: N. 4.59x.) 
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