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ABSTRACT

This study is concerned with the synthesis and afiarization derivatives of the-lactams 2a-2c.These
compounds were synthesized by reacting phenylsiccaimhydride with the appropriate Schiff base (iesinla-1c in
moderate yields (60-71 %). The structures of thelsetams were established on the basis of the spetzta like IR 'H-
NMR,**C-NMR, HSQC'H-"*C-NMR
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INTRODUCTION

Five-membered ring lactams, which are known-tsctams or 2-oxopyrrolidines, are important stnosal motifs
in biologically active natural produétsihich are also found in medicinalleads and appiaireigs. SubstitutegHactams,
in particular, have potential application in dreygnthesis, but the development of stereoselecsiyethesis of chiraj-
lactams remains a challeng&Molecules of natural origin containing a functibned y-lactam (pyrrolidin-2-one) ring
system with a quaternary stereocehtrG hold a prominent position in chemistryand bioldgyportant examples of
thesey-lactams include the proteasome inhibitors lacttinyand salinosporamide , dysibetaine ,severahples from the

oxazolomycin family of antibiotics.
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Figure 1. Some Biologically ImportantI'-Lactam

Experimental

Wherever necessary, the solvents were distilleetddprior use by standard methods. All solvent exsravere
dried over anhydrous sodium sulphate unless otfige specified. ThéH-NMR spectra were recorded, using VARIAN
spectrophotometer (300 MHz). THE-NMR spectra were recorded, using VARIAN spectaipmeter (75 MHz). HSQC
'H-*C-NMR spectra were recorded, using VARIAN spectaipmeter (600 MHz, 150 MHz), the above measurements
were recorded in National Hellenic Research Fouadatnstitute of Biology Medicinal Chemistry anddBechnology,
Molecular analysis Group, Athens, Greece. The cbainghift values are expresseddir{ppm), using tetramethylsilane
(TMS) as internal standard and using DMSO-d6asesuly IR spectra were recorded using Shimadzu FaffRity
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spectrophotometer as KBr disks. Only principal apson bonds of interest are reported and are sseckin crit.
General Procedure for the Preparation of Imines lakc

Preparation of mono-imines l1a-1cIn general, the mono-imines 1a-1c were prepafday refluxing 0.01 mol
amine, 0.01 mol aldehyde and 4-6 drops of acefitd mcchloroform (25 mL) at 55-60 °C for 2-4 h witltirring. The
progress of the reaction was followed by TLC. Aftempletion of the reaction, the solvent evaporated the product

was recrystallized from a suitable solvent. Thegitgl data of mono-imine (1a) and the reactantgaen below.

N-(4-Chlorobenzylidene)-5-methylpyridine-2-amine a1t was prepared by reacting 2-amino-5-methylliye
(0.01mole, 1.08g) with p-chlorobenzaldehyde (0.0tbmb.40g). Yield = 68%, m.p. = 97-48 IR (KBr disk): 1620 cm
(C=N).

Table 1: Physical Properties of Imine 1a

Imines2(H,l) | M.P °C Yield % Color
la 150-151 85 green

Preparation of bis-imines (1b,1c) In general, the bis-imines (1b,1c) were prepdrgdefluxing, 0.01 mol
amine, 0.02 mol aldehyde and 4-6 drops of aceiit imcchloroform (25 mL) at 55-60 °C for 2-20 h Wittirring. The
progress of the reaction was followed by TLC. Aftermmpletion of the reaction, the solvent was evagat and the
product was recrystallized from a suitable solvdiite physical data of bis-imines (1b,1c¢) and thectants are given
below.

(N,N"-4,4'-Methylenebis(N-benzylideneaniline) (1) was prepared by reacting 4,4'-diphenylmethitsngin
(0.01 mol, 1.98 g) with benzaldehyde (0.02 mol21g]1 1.09 mL). Yield = 82 %, m.p. = 129-130 °C.(KBr disk): 1612
cm® (C=N).

N1,N4-dibenzylidenebenzene-1,4-diamine (1c): It weepared by reacting p-phenylenediamine (0.0, (6B
g) with benzaldehyde (0.02 mol, 2.12 g, 2.07 mlLigley = 80%, m.p. = 141-143 OC. IR (KBr disk): 16d@™* (C=N).

Table 2: Physical Properties of Imine 1b, 1c

imines2(h,i) | m.p °C Yield % Color

1b 129-130 82 White
1c 140-142 80 yellow

General Procedure of Mono and Bid'-Lactams (2a-2c)

Preparation of monoy-lactams 2aln general the mong-lactam (2a) were preparéd by refluxing, at 55-60
°C, 0.01 mol mono-imine 2aand 0.01 mol of phenytsnic anhydride in 25 mL of chloroform for 12-17with stirring.
The progress of the reaction was followed by TL&eAcompletion of the reaction, the solvent waapmrated and the
product was recrystallized from a suitable solv@iie physical data of the monpdactam (2a) and the reactants are given

below.
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2-(4-Chlorophenyl)-1-(4-methylpyridine-2-yl)-5-ox&phenylpyrrolidine-3-carboxylic acid (2a): is pegpd by
reacting(1a) (0.01 mole, 2.30 g) and (0.01 mole, 1.76 g) ofrpi&uccinic anhydride. Yield =68 %, m.p. = 130-*81 IR
(KBr disk): 1681 crit (-N—C=0), 1705 cfh (HO—-C=0),"H-NMR: 3.28 (d, J= 9Hz, 1H, £H), 3.67 (d, J= 9Hz, 1H, £
H), 4.03 (s, 1H, §H), 6.46 - 8.24 (m, 12H),°C-NMR: 59.64 (G-H), 78.55 (G-H), 111.92 — 159.97 (Aromatic C),
178.39 (N-C=0), 175.15 (COOH).

Table 3: LPhysical Properties ofl" -Lactams 3a

M.P°C
277-278

Yield %
65

Colour

Wight

I'-Lactams

2a

Preparation of bisy-lactams (2b,2c)Iin general the big-lactams (2b,2c) were prepared by refluxing 0.01 ofio
bis-imine (1b,1c) nand 0.02 mol of phenylsuccimtydride in 25 mL of chloroform at 55-60 °C for 12Z-h with stirring.
The progress of the reaction was followed by TL&eAcompletion of the reaction, the solvent waapmrated and the
product was recrystallized from a suitable solvdiite physical data of the bislactams (2b,2c) and the reactants are

given below.

1,1'-(Methylenebis(4,1-phenylene))bis(5-oxo-2,3kgipyl pyrrolidine-3-carboxylic acid) (2b): is prepd by
reacting(1b) (0.01 mole, 3.74 g) and phenylsuccinic anhydrid®Z0nole, 3.52 g). Yield = 60 %, m.p. = 185-186 K.
(KBr disk): 1651 crit (-N—-C=0), 1720 cih (HO—-C=0),*H-NMR: 2.66 (s, 1H, GH), 3.07 (s, 1H, GH), **C-NMR:
49.90 (G-H), 78.55 (G-H), 120.46 — 142.06 (Aromatic C), 177.24 (N-C=0}1.95 (COOH).

1,1'-(1,4-Phenylene)bis(5-oxo-2,3-diphenylpyrraligi3-carboxylic acid) (2c): is prepared by reac{ihg) (0.01
mole, 2.84 g) and phenylsuccinic anhydride (0.02em8.52 g). Yield = 71 %, m.p. = 187-189 °C. IRB{Kdisk): 1658
cm® (-N-C=0), 1697 cil(HO-C=0),*H-NMR: 2.71 (d, J= 6Hz, 1H, £H), 3.12 (t, J= 6Hz, 1H, £H), 4.06 (s, 1H, &
H), 6.46 - 8.24 (m, 12H)C-NMR: 49.92 (G-H), 78.55 (G-H), 120.46 — 162.17 (Aromatic C), 177.26 (N-C=0}2.10
(COOH).

Table 4: Physical Properties ofl" -Lactams 3b, 3¢

v-lactams | m.p °C Yield % Color
2b 185-186 60 Wight
2c 187-189 71 Yellow

RESULTS AND DISCUSSIONS

y-Lactams are widely found among natural prodti¢t®iologically important lactam&**® are obtained from the
reaction of imines with phenylsuccinic anhydridegtee purey-lactams. The key step in the synthesis mono acytlc
y-lactams (2a-2c) involved the treatment of the smonDiimines (1a-1c) with phenyl succinic anhyeric chloroform to

afford y-lactams (2a-2c)as shown in Schemes 1 and 2.
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Scheme 2: Synthesis of BiE —Lactams

di-imine (1b,1¢)

The general mechanisii!’ of formation of both mono and bislactams (Scheme3) involve formation of a
zwitterionicenolate intermediate from phenylsuctianhydride. Formation of the enolate is favoreddblpcalization of

negative charge by the aromatic ring if one isadlit positioned. The enolate zwitterions cycliséaion the lactam rings.
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Scheme 3: Mechanism of Formation of -Lactams
The structures of the mono and bicyclitactams were established on the basis of tRNMR,**C-NMR, and
HSQC'H-"*C-NMR spectral data.

IR Spectral Analysis

The IR spectra of the imines (1a-1c), in KBr dikowed absorption bond at 1612-1620cerresponding to the
azomethine group of imine compounds. The IR specfra-lactams (2a-2c) are characterized by the sevemsba

corresponding to the stretching vibration of thenaatic C-H , aliphatic C-H, carbonyl carboxylic gm carbonyl amide
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group, aromatic C=C, C-N band and substituted which occurs within the ranges 3055-3024, 2931-028528-1697,
1674-1651, 1673-1543, 1373-1311, and 925-617 cesfiectively.

'H-NMR Spectral Analysis

Some representativH-NMR spectra of the-lactams are shown in Figure 5. THe-NMR spectra of (2c)
inpyrrolidine-2-one ring doublet signal &(2.71 ppm) with (J= 6 Hz) for protan(d,1H,C-H) and triplet signal ai (3.12
ppm) with (J= 6 Hz) for protoh (t, 1H, G-H).

d2TH a1y gagy T

1 it H*Q
s 16071 - ) -

I
C - O He= sy 10.07)

|
0o 0
s{4.06) Q Q "~ 5(4.06)
P 8

i 727864} mi 7.27-8.64)
=0

Figure 1: '"H-NMR PeaksT -Lactum (2c)

Table 5
Mono & Di -T- C,H, Hz
Lactams C,H, Hz CzH COOH Ar-H
3.28 (d)
C23H19C|N203 J=9Hz ]
2a 367(d) | 403(5)| 1041(s)| 6.46-8.24
J=9Hz
Ca7H3dN-Os 2.66 (s) :
2b 3.07(s) | 4020 | 9.91(s)| 7.09-7.44
2.71 (d)
CaoH32N206 J= 6Hz ]
2c 3.12 (1) 4.06 (s) | 10.07(s)| 7.27-8.64
J=6Hz

¥C-NMR Spectral Analysis

The ®*C-NMR spectral data of the-lactams have described along with syntheses afet®empounds in the
experimental section. The compound (2c¢) show imlmine-2-one rings signal at 49.92 ppm for tveskon (equivalent
carbon)2(G-H,) respectively. The signal for carboxylic (-COOHarlson appears ad= 170.23 and 173.37 ppm
respectively as shown Figure 2.

17726

49,92 )

120046-142,07
LrERTE il

Figure 2: ®*C-NMR PeaksT -Lactum (2c)
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Table 6
I-Lactams C4Ring C, Ring N-C=0- COOH Ar-C
Ppm Ppm Ppm Ppm
CaeH 192?'\'203 59.94 78.55 175.15 178.39]  111.92 —159.97
C47H23%N206 49.90 78.55 171.95 177.24]  120.46 — 142.06
CaorielleOs | 49,92 78.55 172.10 177.26|  120.46 —162.17

¥C-NMR DEPT Spectral Analysis ofl'-Lactams

The DEPT**C-NMR spectra of2c)is shown in pyrrolidine-2-one rings signabat7.24 (-) ppm for ¢(CH,)
and DEPTC-NMR spectra of the aromatic region are withinréimge (128.16 - 140.05 ) (+) ppmAnd shown signal at
169.30 (+) ppm for the carboxylic carbonyl groupd @nother signal at 174.59 (+) ppm for the amatbanyl.

HSQC *H-1*C - NMR spectral analysis

The HSQC spectra ¢Rc), show pyrrolidine-2-one ring the correlation of fmos signals for (CE group atd
2.70 ppm with carbon signal &t42.74 ppm, and correlation of protons signals(@i,) group atd 3.07, 3.09, 3.11 ppm
with carbon signal aé 42.74 ppm of same group in which ledto the assegrtnof this signal to methylen e group, and
proton signal 4.04 ppm for (CH) group with carlsignal of same group at 49.28 ppm , whichled toatfsgnment of this
signal to (CH) group.

Anti-Hyperglycemic Activity

Serum glucose concentration is changed as showwahle (5) during the experimental period. Thusais
significant increase(P < 0.05) in the serumcorregion of glucose in groupCpntrol positive) compared with other

group whilegroups2c 50mg/kg)and(2c 100mg/kg)do not exhibit significant differences betweemthe

Table 5: Serum Glucose Levels after Treatment

Groups N Average
Control negatev 6 99.93
Control positive 6 203.38
DMSO 6 101.01
2c (50mg/kg) 6 169.60*
2c (100mg/kg) 6 114.06*
L.S.D 6.17
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