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ABSTRACT 

In this work, derivatives of ciprofloxacin and cephalexin were synthesized via condensation reaction of free amine 

group or carboxyl group in there structure with diamine compounds to yield cyclic derivatives of the two antibiotics [1-9] 

like (azitidine, lactam, imidazole and formazane compound). The structure of derivatives [1-9] were confirmed by spectral 

analysis (FT.IR, H.NMR, C.H.N), melting point and screened for antibacterial activity on two types of bacteria (positive 

and negative)-gram. 
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INTRODUCTION 

Lactame ring is part of a number of synthetic antibiotic such as pencilline, cephalexine which known to inhibit the 

growth of gram positive bacteria. It was found from studies that the antibiotics incorporating heterocyclic ring have wide 

range of biological activity and pharmaceutical applications(1-4). 

Many of the new uses of β –lactames ,most notably as serine protease inhibitors. 

Cephalexin is the first major group of beta-lactam antibiotics which fights bacteria in the human body and is used 

to treat many different types of bacterial infections(5) such as bronchitis , skin infections , strep infection , it is also used for 

treatment of heart diseases. 

Ciprofloxacin is one of antibiotics series (6) that have been extensively used in treating several bacterial disease. 

Experimental 

Ciprofloxacin and cephalexin were obtained in pure form from a local pharmaceutical company , other chemical 

materials from BDH company. 

FT.IR –spectra carried out by (8300) Shimadzu , KBr –disc in the range 4000-400 cm-1 , H.NMR –spectra was 

recorded in DMSO as solvent , (C.H.N) –analysis , melting points were determined by digital apparatus , Electrothermal 

9300 , U.K., Antibacterial activity. 

Synthesis of Compounds [1-2] 

A mixture of equimolar (0.01 mole) of 2-amino thiophene (9.9 gm) with benzaldehyde( 0.01mol , 10.6 gm) heated 

in presence of drops from glacial acetic acid and absolute ethanol as a solvent , the precipitate filtered and dried , re 

crystallized from absolute ethanol to yield 82 % from compound [1] , which reacts with chloro acetyl chloride with stirrer 

for (2hrs) in presence of dioxan , the refluxed in water bath for (8hrs) , the precipitate filtered and dried , re crystallized to 
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yield 85 % from compound [2]. 

Synthesis of Compounds [3-4] 

A mixture of equimolar (0.01 mole) of cephalexine (3.45 gm) with ethylene di amine (0.66 gm) were heated at 

(80) Co in presence (4N HCl ) to yield compound [3] , which reacts with compound [2] in mechanical stirr until 

precipitation , then filtered and dried to produce 87% compound [4]. 

Synthesis of Compounds [5-6] 

A mixture of equimolar (0.01 mole) of cephalexine (3.45 gm) with benzaldehyde (1.06 g) reacted in presence of 

drops from glacial acetic acid and absolute ethanol , the precipitate filtered and dried , re crystallized from ethanol to yield 

80 % from compound [5] , which reacted with cold diazonium chloride of thiophene in ice bath at (0-5) Co for (8hrs) , the 

precipitate filtered and dried to yield 79 % of compound [6]. 

Synthesis of Compounds [7-8] 

A mixture of equimolar (0.01 mole) of ciprophlaxine (3.31 gm) with compound [2] (2.63 gm) were reacted in 

presence of acetone with stirr for (2hrs) until precipitation formed , filtered and dried with re crystallized to yield 89 % of 

compound [7] , which reacts with hydrazine in presence of absolute ethanol with reflux for (9hrs) , the precipitate filtered , 

dried and re crystallized to yield 83 % of compound [8]. 

Synthesis of Compound [9] : 

A mixture of equimolar (0.01 mole) of ciprophlaxine (3.31 gm) with ethylene di amine (0.60 gm) were heated at 

(80) Co in presence of (4N HCl ) to produce 85 % of compound [9]. 

Scheme (1): Synthesis of compounds [1-6] 
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Scheme (2): Synthesis of Compounds [7-9] 

 

 

RESULTS AND DISCUSSIONS 

In this work, derivatives of ciprofloxacine and cephalexine were synthesized which contain lactam-cycle in their 

structure which due to it has pharmaceutical applications and biological activity. 

The synthesized compound [1-9] have been characterized by their melting points and spectroscopic chemical 

methods (FT.IR, H.NMR, C.H.N –analysis) and biological methods. 

Their FT.IR –spectrum showed an absorption bands at 1615 cm-1 due to (CH=N) imine group(7,8) in compound [1] 

, which disappeared and other bands appeared such as {(1690 cm-1 carbonyl of amide(9) CO-N ) , (785cm-1 of(10) C-Cl )} in 

compound [2] , the carboxyl group (COOH) in cephalexin and ciproflaxine disappeared and other bands appeared such as 

{(1510 – 1520 cm-1 of C=N in imidazole cycle ) , (1685 -1698 cm-1 of CO-N amide of azetidine cycle )} in compounds 

[3,4,8,9]. Band at 1608 cm-1 due to (CH=N) in compound [5] , bands at {(1608 cm-1 of C=N ) , (1440 – 1496 of 

(N=N)(11,12) due to formazane )} in compound [6]. Bands at (670 -732) cm-1 due to (C-S) endo cycle(13,14) of thiophene ring 

in compounds [1,2,4, 6-9] , and other data of functional groups shown in table (1) and figures (1-4). 

Table 1: (FT.IR) –Data (Cm-1) of Compounds 

Comp No. I.R (KBr)  (Only Important Groups) 
[1] (CH=N) imine group: 1615. 
[2] (-CO-N) carbonyl of amide: 1687, (C-Cl) : 785. 

[3] 
(NH2) :3307 , 3320.,(-CO–NH ) carbonyl of amide :1685 ,(C=N) :1518 
endo. 

[4] 
(-CO-N-) carbonyl of amide: 1686, (C-N) endo Cycle: 1230, (C-S) endo 
cycle of thiophene : 732. 

[5] (CH=N) imine group :1608 ,(-COO- ) carbonyl of carboxyl group :1735 

[6] 
(C=N) imine group : 1608 , (N=N) azo group : 1500 , 1546 , (C-S) in 
thiophene : 727 , (COO- ) carbonyl of carboxyl group : 1740. 



4                                                                                                                                                                              Nagham Mahmood Aljamali 

  
editor@tjprc.org                                                                                                                                               www.tjprc.org 

Table 1: Contd., 

[7] 
(CO-N-) carbonyl of amide: 1698, (C-S) of thiophene : 670 , (COOH) 
carbonyl of carboxyl group : 1735. 

[8] 
(C=N) endo : 1520 , (CO-N) carbonyl of amide : 1695 , (C-S) of 
thiophene : 675 , (NH-) of amide in new diazole ring : 3240. 

[9] 
(CO-N) carbonyl of amide: 1685, (C-S) of thiophene : 672 , (NH-) of new 
diazole ring : 3260 , (C-N) cycle of imidazole : 1245. 

 

 

Figure 1: FT.IR of Compound [3] 

 

Figure 2: FT.IR of Compound [4] 

 

Figure 3: FT.IR of Compound [5] 
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Figure 4: FT.IR of Compound [6] 

Their H.NMR –spectrum signal at � 8.89 due to (CH=N) imine group (14) in compound [1], which disappeared and 

other band appeared such as (N-CH-CH-Cl) at � (2.32, 2.74) protons of azetidine cycle in compound [2]. The proton of 

carboxyl group (COOH) in cephalexin and ciproflaxine disappeared and other bands appeared at � (3.08 – 3.58) due to 

protons of (N-CH2–CH2–N) endo imidazole cycle in compounds [3,4,9] , signals at � (2.02 – 2.29 ) due to (N-CH-CH-Cl) 

protons of azetidine cycle in formatted compounds [4 , 7-9] and other signals shown in Table (2) and figures ( 5 , 6). 

Table 2: H.NMR –data (�ppm) of compounds [1-9] 

Comp No. H.NMR (Only Important Peaks) 
[1] 8.89 (CH=N) proton of imine group. 
[2] 2.32, 2.74 (CH–CH –Cl) protons of azetidine cycle. 
[3] 3.40, 3.65 (NH–CH2–CH2 –N) proton of imidazole ring. 

[4] 
3.44 , 3.58 (N–CH2–CH2–N) proton of imidazole ring ; 3.65 , 3.77 
(N–CH–CH–CO) protons of azetidine cycle ; 5.98 proton of 
thiophen ring 

[5] 
8.81 (CH=N) proton of imine group; 9.95 (NH-CO-) proton of 
amide; 13.20 (COOH) proton of carboxyl group. 

[6] 
5.90 (protons of thiophene ring); 9.90 (NH-CO) proton of amide; 
13.55 (COOH) proton of carboxyl group.  

[7] 
2.05, 2.23 (-CH –CH -) protons of azetidine ring; 13.66 (COOH) 
proton of carboxyl group. 

[8] 
2.12, 2.29 (-CH–CH-) protons of azetidine ring; 9.87 (NH–CO) 
proton of amide in new ring. 

[9] 
2.02, 2.21 protons of azetidine ring; 3.08, 3.26 (-N–CH2–CH2–N) 
proton in new imidazole ring. 

 

 

Figure 5: H.NMR of Compound [3] 
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Figure 6: H.NMR of Compound [4] 

Their (C. H. N) –analysis and melting points, it was found from compared calculated data with experimentally 

data of these compounds, the results compactable. The data of analysis, M.F and melting points are listed in table (3). 

Table 3: Physical Properties, (C.H.N) Analysis of Compounds [1-9] 

Comp 
No. 

M.F 
M.P 
(Co) 

Name of Compounds 
Calc. / Found. 

C% H% N% 

[1] C11H9NS 164 2-(benylidine imine ) thiophene. 
70.588 
70.413 

4.812 
4.718 

7.486 
7.323 

[2] C13H10NOSCl 189 
1-(2–thiophene )-4–phenyl-3–chloro -
2 –one –azetidine. 

59.203 
59.081 

3.795 
3.654 

5.313 
5.266 

[3] C18H20N5O2S 230 
7–(2–amino-2–phenyl acetamido)-3–
methyl-3–cephem -4 –imidazole. 

58.221 
58.144 

5.660 
5.528 

18.867 
18.641 

[4] C31H30N6O3S2 310 

7–(2–amino-2–phenyl acetamido) -3 
–methyl -3 –cephem -4 –{1-{1-(2-
thiophen ) -4 –phenyl -2 –one –
azetidine } –imidazole }. 

62.207 
62.074 

5.016 
4.928 

14.046 
13.958 

[5] C23H21N3O4S 245 
7–(2-benzylidine imine )-2–phenyl –
acetamido -3–methyl -3–cephem-4–
carboxylic acid. 

63.448 
63.357 

4.827 
4.723 

9.655 
9.419 

[6] C27H23N5O4S2 291 

7 –{2-(2 –thiopheneazo ) - 
benzylidine imine )} -2 –phenyl –
acetamido -3 –methyl -3 –cephem -4 
–carboxylic acid. 

59.449 
59.346 

4.220 
4.171 

12.844 
12.731 

[7] C30H27N4O4SF 215 

1- cyclopropyl -6 –flouro -1,4 –
dihydro-4–oxo-7-{1-(2- thiophene )-
4–(phenyl) -2 –one –azetidine}-3–
quinolone – carboxylic acid. 

64.516 
64.458 

4.838 
4.739 

10.035 
10.001 

[8] C30H27N6SF 265 

1-cyclopropyl-6–flouro -1,4–dihydro 
-7 -{1-(2- thiophene ) -4 –(phenyl) -2 
–one –azetidine} -3,4 –(1,2 –diazole -
3 –one) –quinoline. 

64.98 
64.781 

4.873 
4.724 

15.16 
15.061 

[9] C32H31N6O2SF 242 

1- cyclopropyl -6 –flouro-1,4 –
dihydro -7 -{1-(2- thiophene ) -4 –
(phenyl) -2 –one –azetidine} -4 –one -
3 –(1,3 –diazole ) –quinoline. 

52.233 
52.113 

5.326 
5.197 

14.43 
14.261 
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Biological Study (14) 

Bactria supplied from bio-lab in college education.Antimicrobial activity was tested by the filter paper disc 

diffusion method against gram positive bacteria (Staphylococcus aureus ) and gram negative bacteria (E –Coli) , 0.1 ml of 

the bacterial suspensions was seeded on agar.To determine minimum inhibitory concentration(MIC) for each 

compounds[1-9] were ranged between (8-34)mg/ml by dissolved in ( DMSO). 

The positive results or sensitivity were established by the presence of clear zone of inhibition around active 

compounds which were measured with a meter rule and diameters were recorded based on (mm), the assays were 

performed with two replicates.Generally, The results showed that the compounds[1-9] have good inhibitory effect 

against tested bacteria. 

Table (4) showed the zone of inhibition of the compounds[1-9] in this study ranged (from 34 to 8 ) mm. From 

results, we noted that the compounds [8, 9] have higher antibacterial activity against S.aureus and E-Coliis due to their 

structures (consist of imidazole ring with azitidine cycle linked with ciproflaxcindrug ).. Consequently, these compounds 

become more effective in precipitating proteins on bacteria cell walls. These atoms form hydrogen bonds with cell wall 

protein and hence, destroying the cell membranes, these compounds had abroad antibacterial activity  

Table 4: Antibacterial Activity of the Compounds [1-9] 

Compounds [1-9 ] 
Diameter of Zone (Mm) 

G+: Staphylococcus.Aureus G- : E -Coli 
Compound [1] 10 8 
Compound [2] 12 9 
Compound[3] 21 19 
Compound[4] 23 20 
Compound[5] 16 13 
Compound[6] 18 15 
Compound[7] 26 24 
Compound[8] 31 27 
Compound[9] 34 29 
*Minimum Inhibitory concentration (MIC) of compound s (2mg). 
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