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Ababact-The synthesis of substituted /%ctams has been suaxssfully extended to substituted 
plactams. Two IXW fi-lactams have been obtained from a system where CO.Ph group alone supplies 
activation for the intramolecular alkylation. The /3- and y-lactams and the intermediates have been 
characterized by analysis and IR or NMR spaxra. 

The method cmploycd for /Mactams* has been cxtendcds to the synthesis of 
y-lactams. 

The N-substituted c+bromopropionamidomalonates (I) can be cyclized to the 
corresponding ‘/-lactams (II) in a much shorter time if alcoholic potassium hydroxide 
is used instead of triethylamine. Even the amides III, which resists cyclization with 
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triethylamine, are converted to the corresponding y-lactams IV in high yields. This 
suggests that if the activating influence on the methine hydrogen is reduced, a stronger 
base is required. 

The rate of saponification becomes significant only after the amides I and III have 
been converted to the corresponding y-lactams II and IV. These are obtained in 

high yields when cquimolar proportions of the reactants are used, but in the presence 
of 2.2 moles alcholic potassium hydroxide, the corresponding y-lactam acids V are 
obtained in good yield. 

Reaction of the amides III with 2.2 molts alcoholic potassium hydroxide resulted 
in viscous liquids which could not be purified. 

The intermediate amides of the type I and III, obtained from the various amino 
esters.‘showin the IR spectra twodistinct bands in thedoublebond region; oneat 5.70 
to 5.75 p due to ester CO and the other at about 6.0 p due to the CO of the open chain 

* SptheG of substiwcd B-lactams. B. G. Chattcrjcc and V. Vcnkatawara Rae. Tefralucton 23, 
487 (mm. 

‘J. C. Sheehan and A. K. Bose, J. Amer. C-km. Sot. 72.5158 (1950). 
’ A. K. Bose, B. N. Ghoshmazumdq and 8. G. Chattcrja. J. Amer. C&m. Sot. 82, 3282 (1960). 
*A. K. Bose, 1. fnd. C&m. Sot. 31,108 (1954). 
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disubstituted amide function. The NMR spectra show the following pattern: four 
protons (a) at 2.55 7 (aromatic); one proton (b) at 4.49 7 (methine H); 4 protons 
(564. 5.75, 5.86 and 599 r-the mctbylene protons (c) split by CH, (a)) two protons 
(6.30, 6.42 and 6.54 T-the b-metbylenc protons (e) split by a-mttbylene protons (f)); 
2 protons (7.15, 7.30 and 7.44 s-the a-methylene protons (f) split by /I-methylene 
protons (c); and 6 protons (8.67, 8.78 and 890 ~-the methyl protons (d) split by 
the mcthylcne protons (c)). The IR and NMR spectra are, therefore, compatible 
with the formulation of the amide as: 

H (a) 

oc Cb-Br 
LH/ (e) 

(0 ’ 
Incidentally, compounds Ia and Id were reported earlier.’ 
The four y-lactams (Had) of the malonic ester system are liquids and after 

saponification to the acids (Vad) were characterized by (i) IR spectra, (ii) m.m.p. 
determination with samples of the acids obtained on saponification of y-lactams 11 
prepared by the triethylamine method and (iii) by analysis. 

The IR spectra of these y-lactam acids show peaks at 5.70 to 5.75 p c/-lactam CO) 
and 5.80 to 5.85 p (carboxyl function). The absence of a peak at 6.0 p indicates 
that the ring remains intact during saponification. 

The y-lactams IVa and IVc of the phcnylacetic acid system were characterized by 
IR spectra and analysis. These lactams show absorption at 5.75 ~1 and 5.80 p due to 
ester and lactam CO respectively. 

The modified one-step operation for the synthesis of /I-lactamsa was applied to 
the synthesis of y-lactams with equal success and the products were identical with 
authentic samples. 

Dimethylformamide and fused sodium aatate used for the cyclization of N- 
substituted a-haloaatamidomalonic esters’ were found equally effective for the 
cyclization of their homologues to the corresponding y-lactams. Only two compounds, 
one from each set of amides I and III were cyclized and the y-lactams obtained were 
identical with those prepared by other methods. 

It has been observed’.’ that if a single electronegative group is attached to the 
methine carbon no cyclization takes place. The acidity of the C-H bond in active 
methylene compounds is attributed to a combination of the inductive electron- 
withdrawing ability of the unsaturated substituent and the ability of these substituents 
to delocalize the negative charge after a proton has been removed. The effectiveness 
of a CO function as an activating group is much greater than an ester function or a 
phenyl substituent. It was, therefore, thought of interest to examine whether the 
CO*Ph group alone induces sufficient activation for the cyclization or not. Two 
amides VI were prepared as follows: 

’ B. G. Chattcrjcc. P. N. Man and S. K. Roy, J. Org. Ckm. ZU, 1418 (1963). 
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These amides undergo facile ring closure when treated with alcoholic potassium 
hydroxide. This system, however, fails to give the /3-lactams VII in presence of 
triethylamine. 

The intermediates VI and the p-lactams VII have been characterized by analysis, 
IR and NMR spectra. The IR spectra of the amides VI show peaks at 5.80 p (ketonic 
CO) and 6-O p (amide CO). The NMR spectrum of Via shows a peak at 6.02 7 

(methylene protons a) and another at 4.85 7 (methylcne protons b) in addition to the 
peaks due to aromatic protons. The IR and NMR spectra are consistent with the 
formulation of the amide Via as: 

(b) 
Ph.N -CH,CO?h 

I 
OC---CH,Cl 

(I) 

The IR spectra of /?-lactams VII show peaks at 5.70 p (j-lactam CO) and 5.88 p 
(kctonic CO). The NMR spectrum of VIIa shows two quadruplets (7.23, 7.16, 699, 
6.93 7 and 6.70,660,6*45 and 6.35 7) due to ring methylene protons and a quadruplet 
(4.70, 4.65, 460 and 4.55 7) due to ring methiae proton in addition to ten aromatic 
protons in the usual place. 

These data establish that COPh group alone can supply enough activation for 
the cyclization of amides VI to the B_lactams VII in the presence of alcoholic potassium 
hydroxide. 

Table 1 gives the properties of the amides III and Table 2 of the y-lactams prepared 
by alcoholic potassium hydroxide method. 

EXPERIMENTAL’ 

A typical prucediue for the synrhcsic of y-&warn II and V 

l-Pluny/-5.5’-dicor&rlroxy-pyrrolidin-2-onr (II). To dkthyl o-bromopropionanilidomalonate 
(I.93 g) dissolved in EtOH, 10% alcoholic KOH (30 ml) wu added. Tkc was immediate separation 
of KBr (0.53 g; 90:<) which was ranoved by tiltration. The filtrate was nartrakd with glacial 
A&H and the solvat removed under red. pres. The reaiduc in baumc was washed with watcz and 
the soln was stripped tier drying @&SO,). Evaporative distillation a8ordcd a golden yellow liquid 
(0.97 g; 85%) $ 1.5135. This refractive index agraa well with that of an l utitic sampk. The 
wmpd was further chvaaaiabd after saponi6ation 

I -Pluny/-5sor&rbx)~5’sarboxy pyrrolkiin-2otse (V). Die&y1 a+bromopropionanilidomJonrte 
(I.93 g) was dissolved in EtOH (I5 ml) and 10% alcoholic KOH (69 ml) was added. The potassium 

a All m.p arc uncorrected. 



4% B. G. Ct~rrurre. V. VENKAlESWARA RAO, S. K. ROY and H. P. S. CUWLA 

TABLE 1. ~OPERTIW OP me AMIDES OF m 111 

M.p. IR peaks Found Rquircs Yield 
Amide (“C) @) Formula C H N C Ii N :/. 
-------- -- -_-. -- - --.-- 

llla 94-95 3.75, 6.0 C,,H,NO,Br 58.71 5.19 3.30 58.46 5.12 3.58 80 
Illb 72.-73 5.75, 6.0 C,,?l,,NO,BrCI S3.57 466 2.78 53.71 4.47 3.29 75 
Ilk 92-93 5.70. 5.95 C,,H,,NO,Br, 2.61 299 15 
llld 51-52 5.75, 6.0 C,,,H,,NOsBr 5884 5.58 3.13 59.65 544 3.46 78 

salt precipitated by the addition of ether was taken up in water and acidiftcd with dil HNO,. yielding 
an oily substance. This was taken up in ether and washed with water and dried (MgSO,). Removal 
of the solvent and crystallization of the product from bcnrtnc-pet. ether (4WW) afforded colourlcss 
naxks; mp. lS&lSl”. IR: 5.75 p (lactam CO) and 5.85 p (carboxy function). The product was 
identical with an authentic sample. 

A typical procedure /or rhe synlhcsis of y-locrams IV 

(a) Ethyl z-(w-bromopropioMnilido)phcnyloccrorc (Ma). A mixture of ctbyl a-anilinophcnyl- 
acetate (5.0 g) and 8_bromopropionic acid (54 g) was xtluxed in dry benzene with PCl, (2.S ml) for 
4 hr. The benzene soln was washed thoroughly with water and dried (Na&O,). The au& material 
(5 g. 8S’/,, was aystallizcd from benzenepet. ether (4WW); m.p. 94-95” IR: 5.75 p (ester CO) 
and 6.0 )c (amide function). (Found C, 58.71; H. 5.19; N, 3.30; CI,HYNOIBr rquires, C. 58.46; 
H. 5.12; N. 358%) 

(b) l.~Dipluny/-5’sorbcf~xypyrrolidin-2~ne (IV). To an EtOH soln of 1.9s g of the above 
amide, 10% alcoholic KOH (3.0 ml) was added at room temp. The pmcipitatcd KBr was removed by 
filtration after 15 min and the solvent was removed under red. press. after acidification with glacial 
AcOil. The crude product (1.2 g; 85%) was crystallized from bcnzenc-pet. ether (40-W); m.p. 

TABU 2. Suasmunm y-LACr*sts PREPARED BY ALCOHOLlC KOH METHOD 

Lfactams m.p./&’ IR p-h 04) 
- - - -- - .---- 

IIa 1.5135 
Va 150-151” 5.75; 5.85 
Ilb l.S?lS 
Vb 170-171°’ 5.69; 5.79 
IIC 15410 
vc 18>185’ 5.77; 5.85 
Ild 15245 
Vd 168-169@’ 5.70; 5.75 

IVa 68-69’ 3.75; 580 
IVb Vise. liquid 
IVC 6566’ 5.78; 5.80 
IVd 1.5578 

Yield 

% 
- --. - 

85. 
80- 
9(y 
86’ 
84’ 
W 
8@ 
W 
85’ 
80 
W 
80 

l Known compound (Ref. 4). 
b Characterized after saponilication. 
’ Found C, 53.73; H, 459; N, 4.01; C,,H,,NO,CI 

rquircs C. 53.61; H. 4.49; N, 4.49%. 
d Found C, 46.42; Hm 4.14; Nm 3.61; C,,H,,NO,Br 

requires C, 47.19; H. 3.92; N. 392%. 
‘Found C. 61.19; H. 5.77; N, 5.19; C,,H,,NO, 

rquira C, 61.8s; H. 5.88; N. 4.81%. 
f Found C. 73.82; H. 656; N. 4.25; C,,H,,NO, 

rquircs C, 73.78; H, 6.14; N. 453%. 
0 Found N. 3.70; C,.H,,NO,Br rquira N. 360%. 
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6869”. IR: 5.75 ~(ata)and S%O~(y-lactamC0). (FoundC.7382; H.656; N,4.25: Ct,H,,NO, 
requires C, 73.78; H, 6.14; N. 4S3%.) 

A lypicalproccdurc /or rhc one-step synrhcsis of +mms II and v 

1-Phenyl-S.S’-dicorberlcoxypyrrolidin-2-o (II). A mixture of diethylanilinomalonate (t.Sl g) and 
fi-bromopropionyl chloride (IS ml) was heated at 80” for 5 min. About 10-15 ml of EtOH was then 
addad and the soln cooled IO room temp. The precipitate obtained on addition of 10% alcoholic KOH 
(IS ml) at room temp was removed by filtration after IS min. On working up the reaction mixture in 
the usual way, the product was obtained as a viscous liquid which on evaporative distillation atTordcd 
a golden yellow liquid, I&’ 1 Sl3S. This was found to be identical with an authentic sample. 

l-P~ny/-S-cur~l-S’~o~&xyp~r~~~~~2~~ (V). After reacting 2.Sl g of dicthyl anilino- 
malonate with 1.5 ml of /?-bromopropionylchloride for S min at 80”, the reaction mixture was first 
treated with IS ml of ErOH and then with 10% Alcoholic KOH (22 ml) for 1) hr at room temp. The 
reaction mixture was worked up in the usual way and the product obtained (2.2 g; 80%) crystallized 
from benzene-pet. ether (MO); m.p. lSO-151’ (dec). The compd was identical with an authentic 
sample. 

A typical procedure/or the synthesis oJ ;r-lactoms usiq (a) dimcthyl/orrnamide and (b) Jused hcONa : 
1 -pChlorophcnyl-S,5’&orbefhoxypyrrol (I I b) 

(a) Usiqq dimerhy/formomi&. A soln of 2.10 g of the amide lb in IS ml of dimcthylfotmamidc 
was refluxed for 3 hr. The solvent was removed under red. press. and the residue was taken up in 
benzcnc. The benzene roln was washed thrice with water. The combined aqueous washings on treat- 
ment with AgNO,. after aciditication with HNO,. gave (388 g (9S’A) of AgBr. The benzene soln was 
distilled otT IO yield lS2 g (90%) of a pale brown viscous liquid. The compd was characterized after 
saponification. 

(b) Using fused AcONa. An intimate mixture of 2.1 g of the amide Ib and 2.1 g of AcONa was 
healed in a small round-bottomed tlask fitted with an air condenser in an oil bath maintained at 
14S~~lSOO” for I hr. The reaction mixture was then poured into a large volume of water and the product 
was isolatal by extraction with benzene. Removal of benzene afforded the y-lactam which was char- 
acmizfd after saponification. 

Ani/inoaceIophenone 

A mixture of I@0 g of phenacyl bromide and IO-0 g of aniline was taken in a UOml round- 
bottomed tlask fitted with a two-way stopcock. The flask was kept in an ia bath and the inside 
pressure was gradually reduced to 20 mm, when the reaction started. The inside tanp was not allowed 
to rise above S”. A solid cake was obtained within about 20 min which was crushed and then extracted 
with ether. The aniline hydrobromide (8.4 g. 95’4 was removed by filtration. The ether soln was 
washed with 2N HCI and finally with water. After drying (MgSO,). the solvent was removed under 
red. press. The crude product (7.6 g, 8S*& was recrystallized from ligoin; m.p. 89-90’. (Found: 
N. 6.70; C,,H,,NO requires: N. 6.63%.) 

N- Phtnyl-chloracetamitop~~~ (Via) 

This was obtained by treating the anihnoaatophenonc (SO g) with monochloroaatic acid (50 @ 
and PC& (2.5 ml) in the usual way. The crude material was ~stallizcd from Iigroin (4.3 g, 63 %), 
m.p. 1 l&I IS”. IR: a broad shoulder between 583 p @tonic CO) and 6.0 p (amide CO). (Found: 
N. 4.9s; C,,H,,NO,CI requires: N. 4.87%) 

To a soln of the above amide (2.S k, in EtOH (15 ml), 10% alcoholic KOH (6.0 ml) was added. 
The reaction mixture was worked up in the usual way and the product crystallized from ligroin 
(1.S g. 80% m.p. 14S-146”. IR: peaks at S.70 P @-lactam CO) and 5.88 cc (kaonic CO). (Found: 
N, SSO; C,,H,,NO, requires: N, MS:/,.) 

p Toluidinoacttophenone 

This aminoketone was obtained on n%cting 11-O g of ptoluidine with 8-O g of phmacyl chloride 
in the way described above. The crude product (7.3 g. 70%) was crystallized from ligrom; m.p. 
121-123”. (Found: N, 6.20; C,,H,,NO ~aquircs: N. 6.22%) 

22 
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N-(p Tolyl)-ch&racerrami&acecidwcrroprhrnonr (VIb) 

The above aminoketone (S.Og) when chloraatylated with 5Og of monochloroaatic acid and 
2.5 ml of PCl, yielded the product M pink crystala (4.6 g, 70’4. It wu raqstallizd from ligroin, 
m.p. 1 I l-112”. IR: 5.83 p (ketonic CO) and 5.95 p (amide Co). (Found: N, 4.71. CIIIiI,NO,Cl 
requires: N. 4.65 ‘/..) 

I-pT01y/4&nzoyI-azcridin-2onc (VIIb) 

An EtOH soln of the above amide (2.75 @ was treated with 10% alcoholic KOH (6.0 ml) and the 
reaction mixture was worked up in the usual way afta IS min. The crude product (I.78 g, 75 ‘4. on 
recrystallization from ligroin. yielded colourlus needles, m.p. 174-175”. IR: 5.70 p (8-m CO) 
and 5.88 p (ketonic CO). (Found: N. 4.20. C,,Ii,,NO, requires: N, 4.27x.) 

Acknovla&cnunr-The authors wish to express their sinarc thanks to Prof. Ajay K. Bose of Stevens 
Institute of Technology, Hoboken. New Jersey, U.S.A. for kindly supplying the II2 and NMR. 
spactra and also for his valuable suggestions. The authon also wish to thank Dr. Jan Trojanek of 
Research Institute for Natural Drugs, Praha-8. tihoslovakia, for some of the analysu. 


