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CYCLOADDITION REACTION AND STUDY ANTIHYPERGLYCEMIC  ACTIVITY
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ABSTRACT

This study is concerned with the synthesis of 3aghhio/3 phthalimido mono/bis azetidine-2-one campds
from (phenylthio aceticacid/phthalimido aceticawiidh appropriate Schiff's bases using P¢a®Id EtN in CH,CI, under
N, atmosphere and characterization of these compobydiR, UV, Mass, H-NMR, *C-NMR. and study anti
hyperglycemic activity for 2, 21, 1-(1, 4-phenylene) bis (2-(4-(dimethylamino) phenyl — oxoazetidine- 3, 1-diyl))
diisoindolin-1, 3-dione(3d). used rats Rattus norvegicus)injected with Alloxan, Alloxane a beta-cytotoxin induces
chemical diabetes through damage of insulin sexyatells.test compound3d) significantly lowered the serum glucose

levels indicating their anti-hyperglycemic activity
KEYWORDS: Damage of Insulin Secreting Cells, MonobactafAppropriate Aldehydes
INTRODUCTION

p-lactam (beta-lactam) ring, is a four-membered rifdigurel). It is named as such, because the nitragem is

attached to th@-carbon relative to the carbonyl. The simplesictam possible is 2-azetidinone.
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The B-lactam ring is part of the core structure of savantibiotic families, the principal ones beingeth
penicillins, Cephalosporins, carbapenems, and mactans, which are, therefore, also caftddctam antibiotics. Nearly
all of these antibiotics work by inhibiting bactgrcell wall biosynthesis. This has a lethal effestbacteria. Bacteria do,
however contain within their populations, in smaltpiantities, bacteria that are resistant aggidsictam antibiotics.
They do this by expressing one of mgitlactamase genes. More than 1,000 diffefetdctamase enzymes have been
documented in various species of bactérithese enzymes vary widely in their chemical stmetand catalytic
efficiencies? When bacterial populations have these resistdigrsups, treatment witprlactam can result in the resistant

strain becoming more prevalent and therefore mtgewn.

The first syntheti3-lactam was prepared by Hermann Staudinger in 19@&dction of the Schiffbase of aniline
and benzaldehyde with diphenylket&him a [2+2] cycloaddition:. (figure 2).
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Up until 1970, mosp-lactam research was concerned with the penicilia cephalosporin groupgFigure 3).
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RESULTS AND DISCUSSIONS

Taking a lead from recent earlier studi24t was considered to utilize ketene-imine cycliaatin the presence of

triethylamine for the synthesis of 3- phthalimidgf®enylthio) substitutefi-lactams 3 (a-d).

Figure 3a: 1-(4-Bromophenyl)-4-(Plydroxy-3- Figure 3b: 2,2(1,1-(1,4-Phenylene)bis
(2-Hydroxy-3-Methoxyphenyl)-3-(Pheylthio) (2-0x0-4-(Pyridine-2-yl) Azetidine3,1-Diyl))
Azetidine-2-e1{3a) $indolin-1,3-Dion (3b)
“,__./
‘I ._x
Figure 3c: 2-(1-@romophenyl)-2- Figure 3d: 2,2(1,1-(1,4-Phenylene)bis
(2-Hydroxy-3-Methoxy phenyl)-40xoazetidin (2-(4-(Dimethyl Amino) Phenyj-
-3-yl)Isoindoline-1-Bione (3c) Oxoazetidine-3,1-diyl))Boindolin-1,3-Dione (3d)

In view of the associated biological activity ants iutility in organic synthesis, the synthesis of
3-phthalimido/3-(henylthio) mono/Biscyclic azetidi2- ones3 (a-d) were performed. The key step involved the treatmen
of imine 2(a-9 with N-phthaloglycine/phenylthio acetic acid bysing triethylamine in the presence of
phosphorusoxychloride in dry methylene chloride amditrogen to afforctis/trans azetidine-2onea, 3cas shown in
(scheme 3)3b, 3d(scheme 4).

Various schiff's base®(a-c) were prepared from the appropriate aldehydes andes in dry methylene chloride
in the presence of molecular sieves (4A°) or indtbanol. The structures of the imines were corditron the basis of
their spectral data, FT. IR spectrophotometer. Beie Scheme 2.
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Table 1: The Schiff Bases 2(a-c)

Compd | Schiff Base R! R?
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The targetB-lactams3 (a-d) required for this study were prepared by treatnmiéqththaloglycine/phenylthio

acetic acid with appropriate schifbaseg(a-c)using triethylamine as a base in methylene chloaida*C
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Table 2: 3-Phthalimido/3-(Phenylthio) Azetidin-2-Ores 3 (a-d)
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ANTIHYPERGLYCEMIC ACTIVITY

Serum glucose concentration was changed as showabla (3) during experimental period, there was a
significant increase (P < 0.01) in the serum cotredion of glucose in groug2) as compared with other group.
While groups(1, 4)don’t appear significant differences between thatihese times there was not significant difference

between group3) and group 1).

Table 3
Group-1 | 6| 111.48%27.95
Group-2 | 6| 211.28+18.74
Group-3 | 6 | 88.95+14.26
Group-4 | 6| 139.04+35.29
L.S.D 41.65

Scheme 5

Alloxane a beta-cytotoxin induces chemical diabetdsough damage of insulin secreting dells
Test compound(3d) significantly lowered the serum glucose levelsidating their anti-hyperglycemic activity.
In the diabetic rats, high glucose levels and degioe in hepatic glycogen contents were observeithvbould be
attributed to the less availability of active fowh enzyme glycogen synthetase. Which in turn hanlreported to be
responsible for incorporation of glucose moietiepie-existing glycogen chaiff. This activity of test compound8d)
may be due to increased utilization of glucoseracated by decreased serum glucose levels andcaease in the

activity of glycogen synthetase enzyme as evidehgetse in liver glycogen contents in test groups.

The structures of the azetidine-2-ones were estadi on the basis of spectral dati®, mass
'H NMR, C NMR
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The IR spectra of the iminés(a-c) as KBr disc showed absorption band at (1593-1680) corresponding to
the azomethine of imine compounds. TIRespectra of 3-(phthalamido) /3-phenylthio azetidienes 3(a-d) KBr disk
and representative spectra are shown in Figure ),(1.2)(2.3)and (1.4). The IR spectra of
3-(phthalamido)/3-phenylthioazetidine-2-ones 3(ard)characterized by the five bands correspondinthé stretching
vibration of the aromatic C-H, aliphatic C-H, canlgbgroup, alkene and substituted ring which ocauithin the ranges
3005-3065, 2811-2942, 1711-1773, 1513-1644, aBdi®Bcnt respectively.

The 'H-NMR spectral data of the-ghthalimido/3-phenylthio azetidine-2-on8s,3b,3c and 3dmost of their
spectra are shown in Figures (1-5),(1-6),(1-7) @n8).

The protons at £H and G-H positions of the ring have been observed to. hé&IMR of 3a showed foure
distinct doublets ¢€H & (4.31-4.33) and £H & (3.77-3.79) withJ = 5Hz. The high value betweens;-8 and
C,H (J = 5.0Hz) is in indicative of theis configerution of3a, Also théH-NMR spectra oBa showed ab 3.46 ppm for
anisole group (CED-Ph) &, 3H, OCH), 5 (8.9) ppm for Hidroxy group (Ph-OH3,0H,0OH). Also the'H-NMR spectrum
of 3a showed aromatic protons&¥.13-8.61 ppm.

The 'H-NMR of 3b showed foure distinct doublets-€l & (4.18-4.21) and £H & (4.12-4.15) with ()=7.5Hz).
Because of @H the Jeouwing =7.5Hz and GH ineach pair and the amount of coubling consta@t5 confirming these
combond 3b. The high value betweenHCand G-H (J = 7.5Hz) is in indicative of theis configerution of3b. Also the
'H-NMR spectrum oBb showed aromatic protons&¥.27-8.47 ppm.

The 'H-NMR of 3C showed foure distinct doublets-6 §(4.47-4.49)with J= 5Hz and @& §(4.13-4.15) with
(J = 5Hz). The high value between-8 and G-H (J = 5Hz) is in indicative of theis configerution of3c. Also thé
H-NMR spectra oBc showed at 3.56 ppm for anisole group (GE-Ph) &, 3H, OCH), 6 (10.15)ppm for Hidroxy group
(Ph-OH) 6,1H,0H),3s (6.89-8.97) ppm for aromatic protons.

The'H-NMR of 3d showed foure distinct doublets-8 & (5.39-5.40) with J= 2.5Hz and,& §(5.19-5.20) with
J = 2.5Hz. The high value between-B and G-H (J = 2.5Hz) is in indicative of theis configerution of3d. Also thé
H-NMR spectra of3d showed at 3.16 ppm for methyl group (GN-Ph) 6, 6H, N (CH),). O (6. 63-8.02) ppm for

aromatic protons.

The*®*C-NMR spectral data of the-ghthalimido/3-phenylthio azetidine-2-on8a, 3b, 3c and 3dmost of their
spectra are shown in Figures (1-9), (1-10), (1-aay (1-12).

The resonance compourh at & 168.07 ppm assigned to the carbonyl carbon atohereas the singlet
at 8 (116-156) ppm were belonged to the aromatic cabuamere as the two singlet &t56.58 and 68.52 ppm were
belonged to C-4 and C-3, respectively, where agabenance a 34.55 ppm were assigned the methoxy carbon atom of

anisol.

The *C NMR spectra of the8b showed two peaks where as the two singlei 81.91 and 67.53 ppm were
belonged to C-4 and C-3, respectively. Also @ NMR spectra oBb showed singlet peak &t164.89 ppm for two

carbonyl groups (equivalent carbon)

Finally the®*C NMR spectrum of th&b showed carbonyl amide signal at169.38 ppm as agefiromatic carbon
at$ 120.08- 150.71, ThEC NMR spectra of théc, the tow singlet s ai 167.9 and 164.5 ppm were assigned to the

carbonyl carbon atoms (amide and phthalimide peetvely.
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The resonances &t115.66 -124.29, ppm were attributed to the arar@tibon atoms, where as the two singlet at
8 56.7 and 56.9 ppm were belonged to C-4 and Cspewively. The singlets at56.2 ppm were assigned to methoxy.

The °C NMR spectra of théd, the tow singlet s ai 167.99 and 162.29 ppm were assigned to the carbony
carbon atoms (amide and phthalimide), respectithe resonances &at111.5-154.6, ppm were attributed to the aromatic
carbon atoms, where as the two singlet 61.9 and 62.6 ppm were belonged to C-4 and Cspectively. The singlets at

& 45.9ppm were assigned to carbon atoms.

The mass spectral data of the prepared derivasireegathered in the Figures (1-13), (1-14), andi§)}l-and the
mass spectra of compoud, 3b and3c showed the molecular ion peak corresponding tg#récular compound [¥],
m/z=456, 660, 492,. The fragmentation3af 3b and3c lead to ketene, isocyantes and imine. The fragrtientaf 3(a-¢
leading to the ketene m/z = 150, 187, 187and theesponding isocyantes m/z = 197, 160, 197, alsdrdgmentation of
this compounda, 3b and 3cshowed the imine peaks m/z = 305, 284, 305,. Tégnfientation mechanism of compounds
3cis shown beloW *{Schemes 6).
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THE EXPERIMENTAL

All solvents were distilled / dried prior to usehe@n this seemed necessary by standard methodsolint
extracts were dried over anhydrous sodium sulphaltess other wise specifielT-IR spectrophotometer were recorded

using shimadzu FT-IR affinity spectrophotometethe Department of Chemistry, College of Scienca;Qér University,
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Irag, as KBr disks. Only principal absorption bawndsnterest are reported and expressed iftictil NMR spectra were
recorded, using gohari 810 (250 MHz) in the Deparmof chemistry, technology Shareef Universityhrba, Iran.
The chemical shift values are expressed(@pm), using TMS as reference aryDMSO as solvent°C NMR spectra,
using gohari 809 (70MHz). In the Department of Cletry, technology Shareef University, Tehran, Irdhe chemical
shift values are expressed @agppm), using TMS as reference arlDMSO as solventMass spectrawere recorded at
70 eV using Agilent technologics mass selectiveecter 5973 wett work in the department of chemjsirgchnology

shareef University, Tahran, Iran.
General Procedure for the Preparation of Schift Bases 2(a-c)®

In general, the Schiff bases were prepared byrgg#ie mixture of 0.01 mole amine with 0.01 molgealyde in
20 mL of ethanol in the presence of 2-5 drop glacitia acid was heated at 70-80 °C for 30 min. Tiogyess of the

reaction was followed by TLC, The solvent evapatatad recryastalized from a suitable solvent.

Preparation of Mono/Bis p-Lactams 3(a-d)***

1-(4-Bromophenyl)-4-(2-Hydroxy-3-Methoxyphenyl)-3-Phenylthio)azetidine-2-One (3a)

To a suspension of phenylthioaceticacid (0.5 gmQ0®. mole), 2-((4-bromo phenyl imino)
methyl)-6-methoxyphenol 2a (0.9 g, 0.003 mole) and triethylamine (1.25ml, @90.009 mole) in 40 mL of dry
dichloromethane, was added dropwis, under nitradéliC, a solution of POg{0.4ml, 0.69 g, 0.0045 mole) in 20 mL of
dry dichloromethane with stirring at 0°C. The reats were stirred overnight at room temperatureerdhafter,
the contents were washed successively with 1N HOLn{L), water (2x20 m), 5% NaHCQ (20 mL) and brine (20 mL).
The organic layer was dried p&0, The solvent was areported under vacuum to giveidecproduct which was purified

on a silica gel column using 3:7 ethyl acetate/dnexas eluent. Furnished prdactam3a.
2, 2-(1, 1-(1, 4-Phenylene) Bis (2-Oxo-4-(Pyridine-2-yl) Azigtine-3, 1-Diyl)) Diisoindolin-1, 3-Dion (3b)

To a suspension of2-(1,3-dioxoisoindolin-2-yl)acetic acid (1.23 g, 0.006 mole), N}, N*bis
(pyridine -2-ylmethylene) benzene-1, 4-diamine (2p)0.858 g, 0.003 mole) and triethylamine (2.5n8,4, 0.018 mole)
in 40 mL of dry dichloromethane, was added dropwisender nitrogen at 0°C, a solution of P@CI
(0.8ml,1.38 ¢,0.009 mole) in 20 mdf dry methylene chloride with stirring. The reactimixture was worked up as usual.
The crude product was poured on a silica gel colusing 3:7 ethyl acetate — hexane as eluent tothaeur B- lactam
3b.

2-(1-(4-Bromophenyl)-2-(2-Hydroxy-3-Methoxyphenyl)4-Oxoazetidin-3-yl) Isoindoline-1, 3-Dione (3c)

To a suspension o2-(1, 3-dioxoisoindolin-2-yl)acetic acid(0.6 g, 0.003 mole)2-((4-bromophenylimino)
methyl)-6-methoxyphenol (2& (0.9 g, 0.003 mole) and triethylamine (1.26ml,@90.009 mole) in 40nL of dry
dichloromethane was added dropwise, under nitr@gsolution of POGI( 0.4ml,0.69g, 0.0045 majén 20 mL of dry
methylene chloride with stirring. The reaction mibd was worked up as usual. The crude product waea on a silica

gel column using 3:7 ethyl acetate — hexane asiefuenished the purp-lactam3c.

2, 2-(1, 1-(1, 4-Phenylene) Bis (2-(4-(Dimethylamino) PhenyB-Oxoazetidine-3, 1-Diyl))
Diisoindolin-1, 3-Dione (3d)

To a suspension &-(1, 3-dioxoisoindolin-2-yl)acetic acid1.23 g, 0.006 moleN*, N*bis(4-(dimethylamino)
benzylidene) benzene-1, 4-diamine (2€).1 g,0.003 mole) and triethylamine (2.5ml,1.80@18 mole) ird0 mL of dry
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dichloromethane, was added dropwise, under nitragi®iC, a solution of POE{ 0.8ml,1.38 ¢0.009 mole ) in 2@nL of
dry methylene chloride with stirring. The reactionixture was worked up as usual. The crude prodws poured on

column of silica gel using 3:7 ethyl acetate - hexas eluent furnished the pupe lactam3d.

Evaluation of Antihyperglycemic Activity
Animals and Induction of Diabetes Mellitus

We used ratsRattus norvegicus) of male weighing 120 - 180 g were used for the wtofdthe effects of3d) on
the blood glucose levels of the animals. They wemgt in standard cages at 25and 12 h light/dark condition in the
animal house of the Department of Biology, colledecience, university of The-Qar. They were fedcommercial rats’
feeds and were given watad libitum. The animals were fasted from feeds for 12 h befoeecommencement of each
experiment, but were allowed wated libitum. The rats assigned to the diabetic groups were tagewith a freshly
prepared alloxan monohydrate dissolved in sterlamal saline at a dose of 150 mg/kg body weightajgritoneally.
Since alloxan is capable of producing fatal hypogiyia as a result of massive pancreatic releasesualin, the rats were
treated with 20% glucose solution intraperitonealtier 6 h The rats were kept for the next 24 B#mglucose solution
bottles in their cages to prevent hypoglycemiaeA# period of two weeks the rats with a blood gdeclevels greater than

150 mg/dl were considered diabetic and used farrgsearch work
EXPERIMENTAL DESIGN
Animals were divided into different groups,
Group (1) received (dmso) only.
Group (2) injected of alloxan monohydrate.
Group (3) received test compouftl) (5mg/kg,)
Group (4) injected alloxan and test compound (30)d/kg).
The rats were treated for two weeks.
Determination of Serum Glucose Level

Used Colorimetric toDetermination of Serum Glucose Level by spectrotpimeter mixed and let it about

10 minute at 37 estimated absorption of sample and standard, eyt 505 nanometer.

Procedure
Table 4
Solution Blank | Standard | Sample
Standard - 1L -
Sample - - 1QL
Working reagent, 1 ml 1ml 1ml
CALCULATION
absorpt ion of sample
[glucose]= x conc.of standand(n)

absorption of standard

= 5.56mmel /L (100mg/dl).
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STATISTICAL ANALYSIS

Blood glucose levels were expressed in mg/dl asiedD and determination of LSD. The data werastiaally

analyzed using ANOVA. Values of p<0.01 or less weken as significant.

| Al e | T 2 i i

Figure (1-1): 13 CNMR Spectra of 1-(4-Bromophenyl}-(2-Hydroxy-3-Methoxyphenyl)
-3- (Phenylthio) Azetidine-2-One (3a)
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Figure (1-2): 1HNMR Spectra 2, 2'-(1, 1'-(1, 4-Pheylene) Bis (2-Oxo0-4-(Pyridine-2-yl)
Azetidine-3, 1-Diyl)) Diisoindolin-1, 3-Dion (3b)

Figure (1-3): 1 H.NMR Spectra of 2-(1-(4-Bromophenl-2-(2-Hydroxy-3-
Methoxyphenyl)-4-Oxoazetidin-3-yl) Isoindoline-1, 3Dione (3c)
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Figure (1-4): 13CNMR Spectra 2, 2'-(1, 1'-(1, 4-Phwg/lene) Bis (2-(4-(Dimethylamino)
Phenyl)-4-Oxoazetidine-3, 1-Diyl)) Diisoindolin-13-Dione (3d)

200 430 4 b ) ) 80 5 800 B

Figure (1-5): Mass Spectrum 2-(1-(4-Bromophenyl)-Z2-Hydroxy-3-Methoxyphenyl)-4-
Oxoazetidin-3-yl) Isoindoline-1, 3-Dione (3c)
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