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ABSTRACT

In the present communication a number of semisynthetic cephalosporins (1 - 9) have been synthesized and characterized by UV, 1H NMR, 13C NMR
spectra and also, evaluated for their antibacterial activities in vitro against a number of pathogenic bacterial strains. The compounds 7, 8 and 9 have
shown highly encouraging results as antibacterials with MIC in the range 0.391 to 0.097 pg/mL and molecules 1 - 6 have shown substantial degree
of inhibitory action towards most of the bacteria screened in the present study. Thus, all the newly synthesized cephem antibiotics are acting as
broad-spectrum antibacterial agents. The enhanced activity of these drugs may be due to increased concentration of drugs at the target site because
all the molecules are having biodegradable ester bonds. Moreover, these newly synthesized cephem antibiotics are using enzymatically produced 7-
ACA as an intermediate thus leading to more economical and environmental friendly synthesis.
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INTRODUCTION

Cephalosporins are B-lactam antibiotics and along with penicillin,
constitute a major portion of pharmaceutical market all over the
world!2. In cephalosporin C, the four membered B-lactam ring
(which is mainly responsible for the activity) is fused with the six
membered dihydrothiazine ring to form the basic nucleus, 7-
aminocephalosporanic acid (7-ACA), to which the a-aminoadipic
acid side chain is attached through an amide bond? (Fig 1).

They are used to treat a variety of bacterial and fungal infections*.
Although cephalosporin was found to be active against a large
number of pathogenic bacteria5, the main hindrance in its
application is its low stability. Also, occurrence of bacterial strains
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that are resistant to already existing antibiotics such as methicillin
resistant Staphylococcus aureus (MRSA) and vancomycin resistant
Enterococcus faecalis has led to the search of new semisynthetic
cephalosporins with better solubility and new mechanism of action.
Only cephalosporin C (CPC) is found naturally and itself exhibits
negligible antimicrobial activity but substitutions at the C3 and C7
positions of its B-lactam ring along with other structures generate
semisynthetic cephalosporins with diversified antimicrobial activity
which are classified based on their activity profile, the antibacterial
spectrum.® Each newer generation of cephalosporin has significantly
greater Gram negative antimicrobial properties than the preceding
generations’-1% Fourth generation cephalosporins are known to have
true broad spectrum activity!1-14,

beta-lactam ring

dihydrothiazine ring

COOH 0

7-aminocephalosporanic acid

Fig. 1: Cephalosporin C

In the present work, the attempts have been taken to synthesize
some new semi-synthetic cephalosporins and some by modifying
already existing semi-synthetic cephalosporins such as cefotaxime
which is a broad spectrum antibiotic with high resistance against 8-
lactamases?s. But the main problem is that it is poorly soluble in
water. Hence, the efforts have been made to prepare cephalosporins
having better solubility using cefotaxime. All these semi-synthetic
cephalosporins are derived from the key intermediate 7- ACA, a
product derived from cephalosporin C hydrolysis. They differ in the

nature of the substituents attached at the 3 and/ or 7- position of the
cephem ring of bacteria and express various biological and
pharmacological effects. 7a-Formamido cephalosporins were
isolated as fermentation products of various gram negative bacteria.
It is also known that incorporation of a MeO group in both
cephalosporins and penicillins has led to a considerable increase in
B-lactamase stability®. These findings prompted us to prepare
methoxy and formamido derivatives of cephalosporins and screen
them for their antibacterial activity.
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7-ACA is required for the production of most of the clinically used
cephalosporin derivatives i.e. semisynthetic cephalosporins!6-17. It is
produced from cephalosporin-C (CPC) either chemically or
enzymatically. Chemical methods for 7-ACA production are time
consuming and involve multiple step; hence, enzymatic approach is
preferred by a number of workers!8-22, These enzymatic processes
have the advantage of generating less waste and requiring less
expensive chemicals. Cephalosporin acylases are industrially
important enzymes that hydrolyse cephalosporins to 7-
aminocephalosporanic acid (7-ACA)% 2. In the present work, this
enzymatic method has been employed to produce 7-ACA, the key
intermediate which is then utilized for the synthesis of new semi-
synthetic cephalosporins. Nicotinic acid, benzimidazole, imidazole or
substituted benzimidazole system has been shown to have different
pharmacological effects including antifungal, antibacterial and
antiviral effects2428, 2-substituted benzimidazoles, with various
types of biological activity, have a close relationship to nucleic acid
metabolism. Hence, semi-synthetic cephalosporins containing these
nucleuses were prepared and the assessment of these molecules has
been checked to interfere with various cellular and metabolic
processes.

MATERIALS AND METHODS
Chemistry

All reactions were performed in oven dried apparatus and the
mixtures were stirred magnetically. Thiophene-2-carboxylic acid,
phenyl acetic acid, hydroxybenzotriazole = (HOBT), N-
methylmorpholine  (NMM), 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDC), nicotininc acid, pyrazine-2-
carboxylic acid, imidazole-4- carboxylic acid, 2-methyl
mercaptobenzimidazole, di-t-butyl dicarbonate, t-
butyltrichloroacetimidate, ~dimethylaminopyridine (DMAP), p-
nitrophenylchloroformate, 2,6-lutidine, 4-imidazole carboxylic acid,
and all deuterated solvents were ordered from Sigma- Aldrich, USA
and rest of the commonly used solvents and chemicals were
obtained from Merck, India. UV measurements were carried out on a
Hitachi 220S spectrophotometer. All NMR spectra were recorded on
a Varian instrument at 300 MHz (*H) and 75 MHz (33C) with D20 or
CDCl; as solvent and MesSi (TMS) as an internal standard. Chemical
shifts are expressed in 8 values (ppm) from internal reference peaks
of TMS. Multiplicities are indicated using the following
abbreviations: s (singlet), d (doublet), t (triplet), q (quartet), m
(multiplet), dd (doublet of doublet). The characterization details of
all the compounds are given in table-1. TLC analysis was performed
on precoated silica plates (purchased from Merck) using solvents
AcOEt and petroleum ether (PE) or CH:Cl: and MeOH as mobile
phases. The spots were visualized with UV light at A = 254 nm and
were confirmed by ninhydrin charring. All solvents were dried and
distilled prior to use, THF was distilled from a mixture of Na and
benzophenone, and MeCN and EtsNwere distilled from CaH.. Organic
solvents were dried over anh. NazSO: and concentration by
evaporation was carried out in vacuo.

0-methyl ester of 7-aminocephalosporanic acid (A)

500 mg of 7- aminocephalosporanic acid was dissolved in 5-10 ml of
dry methanol in a round bottom (RB) flask. 5 ml of thionyl chloride
was added and the reaction mixture was refluxed for 5 - 6 h on oil
bath. After the completion of the reaction, the solvent was
evaporated on pump under reduced pressure and O-methyl ester of
7- aminocephalosporanic acid (A) thus obtained was used in next
step without further purification.

General method for the synthesis of 1-4

Thiophene-2-carboxylic acid, phenyl acetic acid, nicotinic acid and
pyrazine-2-carboxylic acid (1 equi.) were dissolved separately in
four different round bottom flasks in 15 mL of MeCN at 0 °C. N-
hydroxybenzotriazole (HOBT, 3 equi.) along with the catalytic
amount of NMM was added and the mixture was stirred for 15 min.
To this suspension, EDC (4 equi.) and afterwards COOH protected 7-
ACA (A, 1.5 equi.) was added and left stirring overnight. Next day,
solvent was removed under vacuum and compound was taken in
AcOEt, washed with citric acid solution, saturated NaHCO3 soln,
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brine and dried on Naz2SO4. The organic layer was concentrated and
purified by cc (AcOEt/PE 3:7) to give 1-4 respectively.

Methyl ester of 7(-imidazole-2-acetamido) cephalosporanic acid

6]

To a suspension of 4-imidazole carboxylic acid (500 mg), in 10 mL of
absolute benzene, powdered phosphorus pentachloride (PCls) was
added and stirred at r. t. The reaction mixture first became clear and
then cloudy due to the formation of acid chloride. The precipitated
acid chloride was employed in the next step without further
purification. This acid chloride was added to methyl ester of 7-ACA
and mixture was stirred for 1 hr at 0 2C and additional 2 h at r.t. The
reaction mixture was acidified with 1N HCl and was extracted with
AcOEt (thrice). Organic layer was washed with saturated NaHCOs
solution and brine, dried over solid Na:SOs+ and concentrated in
vacuo. Methyl ester of 7(-imidazole-2-acetamido) cephalosporanic
acid (5) was crystallized using ethanol.

7(pyrazine-formamido)-3’-mercapto
cephalosporanic acid (6)

methylbenzimidazole

Acid chloride of pyrazine-2- carboxylic acid was prepared as above
was employed in the next step without further purification. To a
solution of sodium salt of 7-ACA (540 mg) and NaHCOs (540 mg) in
water (10 mL) and acetone (7 mL), the solution of acid chloride
(formed previously) was added dropwise at 0 °C with stirring. The
reaction mixture was stirred for 1 hr at 0 2C and additional 2 h at r.t.
The reaction mixture was acidified with 1N HCI and was extracted
with AcOEt (thrice). Organic layer was washed with saturated NaHCOs
solution and brine, dried over solid Na2SO4 and concentrated in vacuo
to give 7-(pyrazine-2-formamido) aminocephalosporanic acid. It was
crystallized using ethanol. A solution of 7-(pyrazine-formamido)
aminocephalosporanic acid (500 mg), NaHCOsz (100 mg) and
mercaptobenzimidazole (300 mg) in phosphate buffer was stirred for
6 h at 60 °C. The reaction mixture was acidified with 1N HCl and
extracted with AcOEt (thrice). Organic layer was washed with
saturated NaHCO3 solution and brine, dried over solid Na;SOs+ and
concentrated in vacuo. The final compound 7 (pyrazine-formamido)-3’-
mercapto methylbenzimidazole cephalosporanic acid (6) was purified
by silica gel cc using DCM and MeOH as solvent and was crystallized
using acetone.

(t-BOC):0 protection of cefotaxime (for analogues 7 - 9)

500 mg of cefotaxime (1 mmol, leq) was dissolved in saturated
sodium bicarbonate solution and stirred at 0 2C. 330 mg of (t-
BOC)20 (1.5 mmol, 1.5 eq) was dissolved in dioxane and added to
the stirred reaction mixture at 0 2C and allowed to stir for 3-4 h.
After the completion of the reaction, the reaction mixture was
acidified using saturated citric acid solution (1N HCI can not be used
otherwise BOC will cleave), extracted with AcOEt (thrice). Organic
layer is washed with saturated citric acid solution and brine, dried
over solid sodium sulphate and concentrated in vacuo. The solid
compound thus obtained is used in next step without further
purification.

(4-carboxamido)-cefotaxime methyl ester)-7-aminocephalos
poranic acid (7)

Sodium salt of cefotaxime (B, 500 mg) is dissolved in methanol (10
mL) and 5 - 6 mL thionyl chloride was added, reaction mixture was
refluxed for 4-5 h. All the solvent is removed using rotavapour and
then it is treated with neat TFA for 2 h at r.t. TFA is removed and
COOH protected cefotaxime (C) thus obtained is used further. 500
mg of 7-ACA (1.8 mmol, 1eq) was dissolved in saturated NaHCOs
solution and stirred at 0 2C. 590 mg of (t-BOC)20 (2.7 mmol, 1.5 eq)
was dissolved in dioxane and added to the stirred reaction mixture
at 0 °C and allowed to stir for 3-4 h. After the completion of the
reaction, the reaction mixture was acidified using saturated citric
acid solution (1IN HCI can not be used otherwise BOC will cleave),
extracted with AcOEt (thrice). Organic layer is washed with
saturated citric acid solution and brine, dried over Na:SO: and
concentrated in vacuo. The solid compound thus obtained is used in
next step without further purification. 744 mg of BOC protected 7-
ACA (2 mmol, 1 eq) was taken in a round bottom flask and dissolved
in MeCN at 0 °C. 810 mg of HOBT (6 mmol, 3 eq) was added along
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with the catalytic amount of NMM at 0 2C and stirred for 15 min. To
this suspension, 1.5 g of EDC (8 mmol, 4 eq) and afterwards 1.3 g of
COOH protected cefotaxime C (3 mmol, 1.5 eq) was added and left for
stirring overnight. Next day TLC was checked, solvent was removed
under vacuum and compound was taken in AcOEt, washed with citric
acid solution, saturated NaHCOs solution and brine (saturated sodium
chloride solution), dried on solid Na;SOs Organic layer was
concentrated and purified by column chromatography in chloroform
and methanol (10%) to give BOC derivative of analogue 7. BOC
protected analogue 7 (500 mg) is dissolved in methanol (10 mL) and 5
- 6 mL thionyl chloride was added, reaction mixture was refluxed for
4-5 h. All the solvent is removed using rotavapour and then it is
treated with neat trifluoroacetic acid for 2 h atr. t. TFA is removed and
(4-carboxamido)-cefotaxime methyl ester)-7-aminocephalosporanic
acid or analogue 7 is obtained in good amount.

3’-(mercaptobenzimidazole) cefotaxime methyl ester (8)

BOC protected cefotaxime (500 mg) is dissolved in methanol (10
mL) and 5 - 6 mL thionyl chloride was added, reaction mixture was
refluxed for 4-5 h. All the solvent is removed using rotavapour. A
solution of BOC protected methyl ester of cefotaxime (500 mg),
NaHCOs (100 mg) and mercaptobenzimidazole (300 mg) in
phosphate buffer was stirred for 6 h at 60 °C. The reaction mixture
was acidified with 1N HCl and extracted with AcOEt (thrice). Organic
layer was washed with saturated NaHCOs3 solution and brine, dried
over solid Na:SOs and concentrated in vacuo. The final compound
was purified by silica gel column chromatography using
dichloromethane and methanol as solvent. All the solvent is
removed using rotavapour and then it is treated with neat
trifluoroacetic acid for 2 h atr. t. TFA is removed and analogue 8. e.
3’-(mercaptobenzimidazole) cefotaxime methyl ester is obtained. It
was crystallized using acetone.

3’-[1-(2-methylenebutyl)-4-nitrobenzene] cefotaxime methyl
ester (9)

555 mg amino protected cefotaxime (1 eq, 1 mmol) was suspended
in dichloromethane (1- 15 mL). Anhydrous hydrochloride (4 N in
dioxane, 1.3 eq, 300 pl) was added, and the reaction mixture was
stirred for 30 minat r. t. tert-Butyl trichloroacetimidate (3 eq, 200 pl,
3 mmol) was added, and the rection mixture was stirred overnight
at r.t. Next day, the reaction mixture was washed consecutively with
water, saturated sodium bicarbonate solution and brine. Organic
layer was dried using solid sodium sulfate and solvent was removed
under vacuum. O-tertiary butyl ester of (t-BOC)20 protected
cefotaxime was purified by filter cc eluting with a solvent consisting
of AcOEt and hexane. To a solution of this in dimethylformamide
(DMF) and dichloromethane (DCM) was added trifluoroacetic acid
(1 mL), and the solution was stirred for 2 h at r. t. The solvent was
removed and ethyl ether was added. The solid was filtered and
washed with ether to give O-tertiary butyl ester of cefotaxime which
was (1.2 g, 1 eq, 2.2 mmol) dissolved in methanol (10 mL) and solid
potassium carbonate (120 mg) was added. The mixture was stirred
for 2 h at r.t. and acetic acid (200 pl) was added to quench the
reaction. The solvent was removed and the product was purified
flash cc eluting with 10% acetone in DCM to afford D in 28% yield.
Compound D was dissolved in anhy THF, and DMAP, p-
nirophenylchloroformate (0.2 g, 1 mmol) and 2,6-lutidine (120 pl, 1
mmol) were added sequentially. The reaction mixture was stirred
overnight at r.t. The solvent was removed and the product was
purified by cceluting with 5% AcOEt in DCM to afford final drug 3’-
[1-(2-methylenebutyl)-4-nitrobenzene] cefotaxime methyl ester (9)
in 65% yield.

Pharmocology
To determine zone of inhibition by Kirby-Baur’s method

The antibacterial susceptibility test was done by determining zone
of inhibition by Kirby- Baur’s method. The stock solution of each of
the semi-synthetic cephalosporin was prepared in water/DMSO and
was serially doubly diluted (400, 200, 100, 50, 25 pg/mL). Sterilized
filter discs were dipped in these solutions and subsequently dried to
remove excess solvent. Nutrient Agar medium plates were prepared
using Muller- Hinton broth and allowed to solidify. Different
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bacterial strains were selected, viz. Citrobacter freundii, Proteus
mirabilis, Klebsiella pneumoniae, Escherichia coli ATCC 25922,
Salmonella typhi MTCC 3216, Salmonella typhimurium, Salmonella
paratyphi, Shigella flexinii, Vibrio cholerae, Pseudomonas aeruginosa
ATCC 27853, Proteus vulgaris and Helicobacter pylori (Gram-
negative) as well as Gram - positive cocci like Enterococcus facealis
ATCC 29912, Staphlyococcus aureus 1 ATCC 25923, Listeria
monocytogenes, Staphlyococcus aureus 11 and Streptococcus
heamophila and 1 mL of each bacteria and culture broth were added
to the plates and spread with the help of sterile spreader. The filter
paper discs soaked in bacterial strain were placed aseptically over
the inoculated plates using sterile forceps. The plates were
incubated at 37 °C for 24 h, in upright position. The zone of
inhibition was measured using scale, table- 2.

To determine MIC by the Microdilution Broth Susceptibility
Test method

The stock solution of 400 pg/mL each of the semi-synthetic
cephalosporin was prepared in water/DMSO and was serially
doubly diluted (200, 100, 50 , 25, 12.5, 6.25, 3.125, 1.562, 0.781,
0.391, 0.195, 0.978 pg/mL).Different concentrations of all the
compounds were prepared in sterile dry test tubes to determine
minimum inhibitory concentration (MIC). Nutrient broth was
prepared and 2.9 mL of it was taken in each test tube and were
sterlised after plugging. After cooling 0.1 mL of each dilution was
added to the test tubes and the final volume was made upto 3.0 mL.
To each of test tube 0.1 mL of bacterial culture broth was added. The
test tubes were shaken to mix the inoculum with the broth
uniformly. The tubes were incubated at 37°C for 24 h. The lowest
concentration at which there has been no visible growth of
microorganism is reported as MIC, table- 3.

RESULT AND DISCUSSION

General synthetic routes employed for the synthesis of new semi-
synthetic cephalosporins 1- 4, methyl esters of 7-(thiophene-2-
formamido) cephalosporanic acid (1), 7-(phenylacetamido)
cephalosporanic acid (2), pyridine-3-yl -formamido)
cephalosporanic acid (3) and 7-pyrazin-formamido cephalosporanic
acid (4) is shown in scheme 1.

Literature survey revealed that in already existing second
generation cephalosporins furan or thiophene (five membered
heterocyclic ring) is present containing O or S as heteroatom. In the
present work, we tried to find out the effect of five membered ring
on the antibacterial activity by replacing it with six membered
pyridine ring, having one N and pyrazine ring with two N atoms in
the new cephalosporins 3 and 4, respectively. For the development
of better potency, we also synthesized the analogues 7-
(imidazoleformamido) cephalosporanic acid (5) and 7-(pyrazine-
formamido)-3’-mercapto methylbenzimidazole cephalosporanic acid
(6), in which we tried to replace the thiazoline nucleus of third
generation cephalosporins by the imidazole nucleus and the acetate
group is replaced by the benzimidazole moiety, scheme 2.

It is known that the benzimidazole nucleus has diverse biological
properties and this nucleus is part of several existing antibacterial
compounds, hence these analogues were expected to exhibit better
broad spectrum activity as compared to existing third generation
cephalosporins. Cefotaxim (B), first third generation cephalosporin,
which was introduced in 1980, was known to be a drug that was
able to combat the attack of nearly all B-lactamases. It had a higher
affinity to penicillin binding proteins (PBPs) of gram-negative
bacteria and was able to penetrate faster into the bacterial cell as
compared to older generation cephalosporins. Therefore, it was
considered to be a promising drug which was able to overcome the
antibiotic resistance mechanism available at that time. But
nowadays, newer mechanisms of resistance toward p-lactam
antibiotics have been found due to which the activity of this valuable
drug has reduced a lot. With the synthesis of analogues 7- 9 we tried
to improve the antibiotic property of cefotaxime by modifying it at
various positions. Acylation of 7-ACA or any semi-synthetic
cephalosporin with an amino acid presents a problem common to
peptide synthesis, ie, protection of the amino group by some
function in such a manner that the rest of the molecule is not
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affected. Review of literature showed that commonly used
protecting group N-t-butoxycarbonyl could be used satisfactorily in
the synthesis of cephalosporins. Although it can not be used in case
of penicillin since it could not be removed because of instability of
the resulting penicillin derivatives in acids. Greater acid stability of
the B-lactam system in cephalosporin permitted removal of the t-
butoxycarbonyl substituent under acidic conditions with a minimum
of undesirable side reactions. So, for analogues 7 - 9, amino group of
s
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cefotaxime is protected using (t-BOC)20 group and the product was
converted to its methyl ester (in higher yield) by treating it with
MeOH and SOCl.. It can be employed to the next step without further
purification. With an aim to discover a new generation
cephalosporin with better efficiency as antibacterial drug, we tried
to put two B--lactam rings together in case of 7. For this purpose,
carboxyl protected cefotaxime was coupled with amino protected 7-
ACA, in presence of HOBT, EDC and NMM, scheme 3.

HyoN H,N S
MeOH, SOCl,
N 0 _— N o
o = \H/ reflux 5-6 hrs. o = Y
0 0
HO' o MeO (o]
7-ACA Methyl ester of 7 - ACA
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OoH
1. MeCN, HOBT, NMM, 0°C
R%
2. EDC, MeCN, 0°C
°© 3ATL
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.- O O L

for 1l for 2 for 3 for 4
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o HN Y
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1. Pyrazine -2- carboxylic acid chloride
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2.NaHCOj,, 2-methylmercaptobenzimidazole

Scheme 2:
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N
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Scheme 3:
Finally, the (t-BOC)20 group was removed using TFA to achieve the obtained from the resulting ester by the displacement of the acetoxyl
desired semi-synthetic cephalosporin 7. The 3- group by mercapto benzimidazole in a buffer solution and subsequently
(mercaptobenzimidazole) cefotaxime methyl ester analogue 8 was deprotecting (t-BOC)20 by treating it with TFA, scheme 4.

1. (t-BOC),0 dioxane
2. SOCly, MeOH, 5-6 h, reflux n— OMe
| N
> H
B 3. Mercaptobenzimidazole, NMN S [
phosphate buffer, 60, 6h )—s N
4.TFA HoN © N~ s
o
MeO o

8

Scheme 4:

3’-[1-(2-methylenebutyl)-4-nitrobenzene] cefotaxime methyl ester (9) is obtained by replacing 3-acetoxyl group from t-butyl ester of cefotaxime by
p-nitrophenyl group Scheme 5.
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1. (t-BOC),0 dioxane
2. CH,Cl,, 4N HCl in dioxane,
B 30 minatr.t.

4. DMF, CH,Cl,, TFA
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Scheme 5:

All characterization details, given in table- 1, confirm the expected
structures of the analogues. All the newly synthesized molecules
were characterized by UV, 1H NMR, 13C NMR, MS and screened for
their antibacterial activities against various pathogenic gram-
positive and gram-negative bacterial strains using standard
protocols.

All the newly synthesized semi-synthetic cephalosporins were
evaluated in vitro for their antibacterial activity against a panel of
Gram-negative as well as Gram-positive cocci which is shown in
terms of zone of inhibition against 18 standard strains in table- 2.
The minimum inhibitory concentrations (MIC) is defined as the
lowest dilution of the new synthetic compound that inhibited
visible growth of the micro-organism inoculated and the MIC for

all the above mentioned antibiotics is summarized in table- 3. Each
of the above-mentioned gram positive and gram negative bacteria
were tested by Kirby Bauer Disc Diffusion (KBDD) method, as per
standard protocol?®. The compounds showing some inhibition
zone by this method were further analysed by the broth dilution
assay to determine their MIC values as per standard protocol3% 31,

The synthesized cephalosporins were dissolved in DMSO-H20
(50%) and doubling dilutions were subsequently prepared. Equal
amount of bacteria was added into each tube to bring the turbidity
level to 0.5 Mcfarlands. The tubes incubated at 37 °C for 18-24 hr
and observed for any visible turbidity in the next day. Data were
not taken for the initial solution because of the high DMSO
concentration (12.5%).
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Table 1: Characterization details of the compounds 1 - 9

Int ] Pharm Pharm Sci, Vol 4, Suppl 3, 659-667

Compound Yield UV 1H NMR 13CNMR MS
% Amax  (D20) 8 (CDCl3) m/z

1 85 262  7.6-7.2 (3H, m, thiophene ring), 8.9 (1H, s, NH), 136,130, 137,145, 168, 58.2, 58.5, 397.14
5.4 (1H, dd, H7), 5.1 (1H, d, H6), 3.11 (2H, d, H2), 170,
4.75 (2H, s, CH20), 2.01 (3H, s, CH3COO0), 126.6,27,122.8,171,50.5,171,
3.76 (3H, s, OMe) 17.4, 64

2 75 265  7.3-7.2 (5H, m, aroring), 3.42 (2H, s, CH2), 8.9 (1H, s, 127-130,136,40,171,58.8,59,170, 405.11
NH), 5.4 (1H, dd, H7), 5.1 (1H, d, H6), 3.11 (2H, d, 27,127,
H2), 4.75 (2H, s, CH20), 2.01 (3H, s, CH3C0O0), 122.8,171, 63.5,50.5,171, 17 4.
3.76 (3H, s, OMe).

3 85 267  8.7- 8.2 (4H, m, pyridine ring), 8.9 (1H, s, NH), 148,125, 137,131,152, 168, 58.7 392
5.4 (1H, dd, H7), 5.1 (1H, d, H6), 3.16 (2H, d, H2), 58.9, 170,
4.75 (2H, s, CH20), 2.21 (3H, s, CH3C00), 3.76 122.6,27,126.8,171,50.5,171,
(3H, s, OMe). 17.4, 64

4 70 258  8.90-8.5 (3H, m, pyrazine ring), 8.45 (1H, s, NH), 147.9, 143, 143.5, 145, 168, 58.9, 393
5.4 (1H, dd, H7), 5.1 (1H, d, H6), 3.16 (2H, d, H2), 57.7,170,
4.75 (2H, s, CH20), 2.21 (3H, s, CH3C00), 3.76 126.6,27,122.8,171,50.5, 171,
(3H, s, OMe). 17.4, 64

5 65 272 13.6 (1H, s, NH of imidazole ring), 8.38 (2H, m, 126,122.8,142.7,63,17.4,27, 154, 381.12
imidazole ring), 8.9 (1H, s, NH), 5.4 (1H, dd, H7), 166.5,
5.1 (1H, d, H6), 3.16 (2H, d, H2), 4.50 (2H, s, CH:0), 112, 58.5,58.8,50,170,171,171
2.21 (3H, s, CH3C00), 3.76 (3H, s, OMe).

6 80 263  8.4-8.2 (3H, m, aroring), 8.5 (1H, s, NH), 5.4 (1H, 147.7,143,143.7, 145, 167, 58, 59, 483.57
dd, H7), 5.1 (1H, d, H6), 3.16 (2H, d, H2), 3.80 (2H, 170, 29.7,
s, CH20), 7.59 - 7.22 (3H, aro ring), 5.4 (1H, NH 31.8,176,142,137,135,132, 116,
of benzimidazole ring), 2.3 (3H, s, CHz), 11.0 209,123,115
(1H, s, COOH).

7 45 267  8.45 (2H, s, overlap, NH), 5.4 (2H, dd, overlap, H7), 171 (overlap), 170 (overlap), 162, 724.23
5.1 (2H, d, overlap, H6), 3.16 (4H, d, overlap, H2), 123.2,172,
4.75 (4H, s, overlap, CH:0), 2.25 (6H, s, overlap, 17.4 (overlap), 27, 26.6, 63.3, 61, 63,
COCHs), 9.15 (2H, s, NH2), 7.7 (1H, thiazole ring), 4.0 (3H, s, 123,127,50.5,58.2, 58.9, 54.5, 59,
NOCH3), 3.77 (3H, s, COOCH3). 163, 164,108, 139

8 78 260 9.5 (2H,s,NH2), 7.5 (1H, s, thiazole ring), 8.9 (1H, s, NH), 5.4 (1H, 172,139,108, 164, 162,123.2,172, 560.1
dd, H7), 5.1 (1H, d, H6), 3.16 (2H, d, H2), 4.50 (2H, s, CH:0), 4.0 (3H, 58.2,58.8,29.7,121.8, 50.5, 54.5,
s, NOCHs), 3.77 (3H, s, COOCHz), 7.70-7.20 (4H, m, aro ring), 8.5 31.8,141.5,138,123,115
(1H, s, imidazole ring).

9 65 265 9.9 (2H,s,NH), 7.5 (1H, s, thiazole ring), 8.4 (1H, s, NH), 5.4 (1H,dd, 171, 162,128.2,172,139,17.4, 633

H7),5.1 (1H, d, H6), 3.16 (2H, d, H2), 4.8 (2H, s, CH20), 4.1 (3H, s,

NOCH3), 8 -7.50 (4H, m, aro ring), 1.4 (9H, s, t-butyl group).

58.2,58.9,54.5,59, 163, 164, 108,
121,171, 128.1, 151, 122, 145, 160,
125,75, 29.

Table 2: In vitro antibacterial activity in terms of zone of inhibition (mm, and is the average of 3 since every reading was taken in

triplicate) of newly synthesized semisynthetic cephalosporins 1 - 9 against various grampositive and gram -ve bacteria.

Bacteria Gram Drug Drug Drug Drug Drug Drug Drug Drug Drug
positive/negative 1 2 3 4 5 6 7 8 9
Citrobacter freundii negative 8 9.2 11.5 10 13 14 14 15 20
Klebsiells pneuminoae negative 5 6 15.5 14 5 9 9 10 11.5
E.coli ATCC 25922 negative 6 6.5 11 8 14 14.7 16 16 17
Entero. Facealis positive 8 8.2 10 7.5 13.5 14 16 15 16
ATCC 29912
MTCC 3216
Staph. Aureus positive 12 12 14 10 11 9 13 15 16
ATCC 25923
Acinetobacter 426 negative 6 6 8 6 7 9 10 10 12
Salmonella typhimurium negative - - 2 - - - 3 4 2
Salmonella paratyphi negative - - 1 - - - 4 2 2
Shigella flexinii negative 6 6 8 6 8 10 13 12 16
Vibrio cholerae negative 4 4 6 4 6 10 13 12 12
Pseudo.aeru. negative 6 6 8 6 10 12 14 15 16
ATCC 27853
Proteus vulgaris negative 6 6 10 8 9 10 10 12 14
Listeria monocytogenes positive - - 2 - - 4 4 3 3
Helicobacter pylori negative - - 2 - - 6 4 - -
Staph. Aureus positive 8 8 10 6.5 10 11.4 14 12 15
Strptococcus heamophila positive - - 2 - - 6 6 5 4
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Table 3: In vitro antibacterial activity in terms of MIC (pg/ml) of semisynthetic cephalosporins 1 - 9 against various gram positive and
gram -ve bacteria.

Bacteria Gram Drug Drug Drug Drug Drug Drug Drug Drug Drug
positive /negative 1 2 3 4 5 6 7 8 9
Citrobacter freundii negative 3.125 3.125 1.563 1.563 0.781 0.391 0.391 0.391 0.097
Proteus mirabilis negative 6.25 6.25 1.563 1.563 0.781 0.391 1.563 0.391 0.097
Klebsiells pneuminoae negative 12.5 6.25 0.391 0.391 12.5 3.125 3.125 3.125 1.562
E.coli ATCC 25922 negative 6.25 6.25 1.562 3.125 0.390 0.390 0.390 0.390 0.195
Entero. Facealis positive 3.125 3.125 3.125 3.125 0.390 0.390 0.390 0.390 0.390
ATCC 29912
Salmo. Typhi negative 1.562 1.562 3.125 3.125 1.562 1.562 1.562 3.125 3.125
MTCC 3216
Staph. Aureus positive 0.781 0.781 0.781 1.562 0.390 1.562 0.390 0.390 0.195
ATCC 25923
Acinetobacter 426 negative 6.25 6.25 3.125 3.125 3.125 6.125 3.125 1.562 1.562
Salmonella typhimurium negative 100 100 50 100 100 50 25 50 25
Salmonella paratyphi negative 100 100 50 100 100 25 25 50 25
Shigella flexinii negative 6.25 6.25 3.125 3.125 1.562 3.125 0.781 0.781 0.391
Vibrio cholerae negative 12.5 12.5 6.25 12.5 1.562 6.25 0.781 0.781 0.781
Pseudo.aeru. negative 6.25 6.25 6.25 6.25 1.562 1.562 0.781 0.391 0.391
ATCC 27853
Proteus vulgaris negative 6.25 6.25 3.125 3.125 3.125 1.562 3.125 3.125 0.781
Listeria monocytogenes positive 100 100 25 100 50 50 50 25 25
Helicobacter pylori negative 100 100 50 50 50 25 25 50 50
Staph. Aureus positive 3.125 3.125 3.125 12.5 1.562 1.562 0.781 0.781 0.390
Strptococcus heamophila positive 100 100 25 25 6.25 50 50 6.25 6.25

Further studies were focused on determining Minimum
Bactericidal Concentration (MBC) of short-listed molecules.
Following the usual procedure of subculturing from each tube
showing MIC, we observed that MBC was equal to MIC and the
drug molecules were found to be effective bactericidal. The drug
has a bactericidal effect when given in concentration exceeding the
bacteriostatic dose. Since the molecules under study are acting as
bactericidal agent, it may be proposed that they destroy the
system that controls the osmotic properties of the bacterial cell
wall. The mode of action by which known bacteriocidal agents kill
bacteria is varied and includes disrupting membranes, interfering
with metabolism, and targeting cytoplasmic components. It may be
possible that they inhibit enzyme transpeptidase which is
essential for bacterial cell wall synthesis. Bacteria eventually lyse
due to ongoing activity of cell wall autolytic enzymes (autolysins
and murein hydrolase) while cell wall assembly is arrested. In
many cases the exact mechanism of Kkilling is not known. In this
work, further studies are going on to clarify the mechanism of
action of newly synthesized semi-synthetic cephalosporins, but it
can be hypothesized that these semi-synthetic cephalosporins are
also working on any one of these mechanisms.

CONCLUSION

In general, attempts to modify the f3- lactam thiazolidine ring system
of penicillin without loss of antibacterial activity had been
unsuccessful. The discovery, structure elucidation and modification
of cephalosporin C, which led to the marketing of important new
antibiotics, have provided additional impetus for the study and
synthesis of the B- lactam antibiotics. In the past decade, even
though cephalosporin antibiotics have made remarkable progress
and contribution in the treatment of acute disease originated from
pathogenic infection in clinics, many efforts still exist to achieve the
well-balanced broad-spectrum and to improve [--lactamases
stability. In a search for unique and potent cephalosporin antibiotics
we have prepared new semi-synthetic cephalosporins 1- 9. The
motivation for synthesizing these semi-synthetic cephalosporins
was to increase the availability of drug at the target site and their
oral absorptivity, increased stability. Thus, recurring need for an
easily cleaved blocking group for the carboxylic acid in the
cephalosporin synthetic chemistry forms the basis of the present
work. All the synthesised cephalosporins were having easily
hydrolysable esters for oral absorption studies; they were also
having such suitable blocking groups for the carboxyl, which might
be removed later without disruption of the B--lactam ring. Although
simple esters, like the methyl ester, are known to possess

diminished antibiotic acitivity compared to the free acids, the
possibility exists that more easily hydrolysable esters (by enzymatic
or chemical means) might exhibit significant in vivo activity. A
therapeutic advantage might be anticipated from derived
compounds if the structural environment of the carboxyl group is
a bar to absorption through the gastric or intestinal walls. Activity
could be inherent in the derivative or be produced a result of
enzymatic cleavage to the parent compound after absorption has
occurred. Variations of the cephalosporin C at the three possible
positions, which is exploited in the present work, lead to highly
active, acid stable, penicillin resistant, nontoxic antibiotic with
increased potency against a wide range of bacteria. There still
remain several technical considerations which require resolutions.
However, the result establish, for the synthesis of new generation
cephalosporins with different processing strategies, will be an
useful concept, which is likely to be used with considerable
advantage.
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