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Abstract—Charge-transfer complexes formed between cefotaxime sodium (CFX) as electron donor with
different electron acceptors as iodine (I,), picric acid (HPA), chloranilic acid (H,CA), 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ), and 7,7',8,8'-tetracyanoquinodimethane (TCNQ) have been studied in the
liquid and solid states. The stoichiometries of all complexes were found to be 1 : 1 molar ratio between the
donor (CFX) and acceptors (I,, HPA, H,CA, DDQ, and TCNQ). Characterizations of the formed CT-
complexes were based on elemental analyses, photometric titration measurements, IR, and "H NMR spectra as
well as thermal analyses. The characteristic physical constants (Kcr, €ct, W, AG, Ip, f, Ect) of the formed CT-
complexes are shown to be strongly dependent on the type and structure of the electron acceptors. Finally, the
biological activities of the obtained CT complexes were tested for their antibacterial activities.

Keywords: charge transfer, cefotaxime, I,, HPA, H,CA, DDQ, TCNQ, UV-visible, IR, 'H NMR, TGA, DTG

spectrometry

DOI: 10.1134/S1070363215020322

INTRODUCTION

Over the last few decades, there has been a great
importance of the charge transfer in chemical
reactions, including addition, substitution, condensa-
tion [1, 2], biochemical, bioelectrochemical energy-
transfer processes [3], biological systems [4] and drug—
receptor binding mechanisms [5]. Certain m-acceptors
have been successfully utilized in the pharmaceutical
analysis of some drugs in the pure form or in
pharmaceutical preparations [6—12]. Charge-transfer
complexation is very important in many applications
and fields such as non-linear optical materials,
electrically conductive materials [13—16], second-order
non-linear optical activity [17], micro emulsions,
surface chemistry [18], photocatalysts [19], dendrimers
[20], solar energy storage [21], organic semiconductors
[22], and the investigation of redox processes [23].
Charge-transfer complexes that use organic species are
intensively studied because of their special type of
interaction, which is accompanied by the transfer of an
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electron from the donor to the acceptor [24, 25]. In
addition, the protonation of the donor from acidic
acceptors is a route for the formation of ion-pair
adducts [26-28]. In general, the charge-transfer
complexation can simply depend on the ionization
potential of the donor and the electron affinity of the
acceptor [29-31].

Cefotaxime sodium, chemically is sodium (6R,7R)-
7-[(£)-2-(2-amino-4-thiazolyl)-2-(methoxyimino)acet-
amido]-3-acetyl-oxymethyl-3-cephem-4-carboxylate
[32] and is a third-generation of cephalosporin.
Cephalosporin is antibacterial used in the treatment of
infections due to susceptible gram-positive and gram-
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Scheme 1. Structure of cefotaxime sodium (CFX).
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Scheme 2. Structure of the acceptors.

negative bacteria, including infections of the abdomen,
bone, joints, central nervous system, skin structure,
genitourinary tract, respiratory tract and in early Lyme
disease [32-36].

To continue our interest in studying the synthesis
and spectroscopic characterization of various CT-
complexes in order to understand the nature of their
CT-interaction [37, 38], we have investigated the CT
interaction of the drug (cefotaxime sodium, CFX) as
an electron donor with various electron acceptors
(I,.HPA, H,CA, DDQ, TCNQ),

The nature and structure of the final products have
been characterized using elemental analyses, electronic
absorption spectroscopy, IR, '"H NMR, and thermal
analyses.

EXPERIMENTAL

Chemicals and spectral measurements. All che-
micals used were of a high grade. The compound
(cefotaxime sodium, CFX) was obtained from Sigma—
Aldrich Chemical Co., USA with purity of > 99.00%
and was used without a further purification. lodine (1),
picric acid (HPA) chloranilic acid (H,CA), 2,3-
dichloro-5,6-dicyano-p-benzoquinone (DDQ), and
7,7',8,8'-tetracyanoquinodimethane (TCNQ) purchased
from Merck Chemical Co. and were also used as
received.

The electronic absorption spectra were recorded in
region of 200900 nm wusing UV-Vis. Spectrop-
hotometer model JASCO V-530 with quartz cell of
1.00 cm path length. The infrared spectra of the
reactants and the obtained complexes were recorded
using KBr discs on Perkin-Elmer 1430 ratio recording
Infrared spectrometer. 'H NMR spectra were recorded
on Varian spectrophotometer Brucker 400 operating at
400 MHz using dimethylsulphoxide-ds as a solvent
and TMS as the internal reference.

Elemental analyses of the dried and pure samples
were carried out in the microanalysis unit of Cairo

University, Egypt using CHNS-932 (LECO) and Vario
Elemental analysers. Chlorine was determined by
burning the substance in oxygen with platinum contact
and following titration with mercuric nitrate towards
diphenylcarbazide. The results of elemental analyses
of the solid complexes were in consistence with stoi-
chiometric ratios obtained from photometric titrations.

Thermal analyses (TG, DTG) were carried out
using a Shimadzu TGA-50 H computerized thermal
analysis system. The system includes a program which
processes data from the thermal analyzer with the
ChromotPac C-R3A. The rate of heating of the
samples was kept at 10°C/min. Sample masses 4.597,
3.477,4.270, 3.119, 2.539, and 4.761 mg for CFX and
its complexes I-V, respectively were analyzed under
N, flow at 20 mL/min.

Spectrophotometric titration measurements.
Photometric titrations at 291, 360, 354, 391, 305, 359,
455, and 838 nm were performed for the reactions
between CFX and acceptors I, HPA, H,CA, DDQ,
TCNQ, respectively in methanol at 25°C using a
Helios Gamma Unicam UV-Vis. Spectrophotometer
and Jenway Visible range spectrophotometer model
6300 as follows. A 0.25, 0.50, 0.75, 1.00, 1.25, 1.5,
2.00, 2.50, 3.00, and 3.50 mL aliquot of a standard
solution (1.0 x 10* M) of each acceptor in MeOH was
added to 1.00 mL of 1.0 x 10 M CFX, which was
also dissolved in MeOH. The concentration of CFX
(C%) in the reaction mixture was maintained at 1 x 10~
M, while the concentrations of the acceptors (C9) were
changed over a wide range of concentrations (0.25 x
10 M to 3.5 x 10* M) to produce solutions with an
acceptor molar ratio that varied from 0.25 : 1.00 to
3.50 : 1.00. The stoichiometry of the molecular CT-
complexes was obtained from the determination of the
conventional spectrophotometric molar ratio according
to the known method ]39].

Preparation of the solid complexes. The solid
[(CEX)I]Ts (D), [((HCFX)(PA)] (ID), [(HCFX)(HCA)]
(IID), [(CFX y)(HDDQ)] (IV), and [(CFXlp)
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(HTCNQ)] (V) complexes were prepared by adding a
methanolic solution (20.0 mL) of the acceptors (1.00
mmol) to a methanolic solution (10.0 mL) of the donor
CFX (1.00 mmol). The resultant dark brown, scarlet-
yellow, dark violet, dark red and dark green solutions
of complexes I-V, respectively, were stirred for about
2 h at room temperature then left overnight to separate
the solid complexes. The precipitated complexes were
filtrated off, washed with MeOH (3 x 0.5 mL) and
dried in vacuo over CaCl,.

[(CFX),II*I; (I). '"H NMR spectra (400 MHz,
DMSO-dy), 8, ppm: 2.03 s (3H, CHs), 3.42 d (2H,
CHa), 3.90 s (3H, CH), 5.18 s (1H, CH), 5.05 d (2H,
CH,), 5.95 s (1H, CH), 6.84 s (1H, CH), 6.94 d (2H,
NL), 9.79 s (1H, NH). Found, %: C 26.25, H 2.28, N
957, S 875 . C32H3214N10N32014S4. Calculated, %: C
26.28, H2.21, N 9.58, S 8.77. M 1462.51.

[(HCFX)(PA)] (I). 'H NMR spectra (400 MHz,
DMSO-d), 8, ppm: 2.03 s (3H, CHz), 3.32 d (2H,
CH>), 3.83 (s, 3H, CHs), 4.92 s (1H, CH), 4.72 d (2H,
CH,), 5.21 s (1H, CH), 6.78 s (1H, CH), 7.34 d (3H,
NH;"), 8.59 s (2H, H*", PA), 9.54 s (1H, NH). Found,
% C 3726, H 286, N 1584, S 9.04.
CyH19NgNaO4S,. Calculated, %: C 37.40, H 2.71, N
15.86, S 9.08. M 706.55.

[(HCFX)(HCA)] (III). 'H NMR spectra (400 MHz,
DMSO-dy), §, ppm: 2.04 s (3H, CH;), 3.22, 3.45 ABq
(2H, CH,), 3.84 s (3H, CHs), 4.77 s (1H, CH), 5.00 d
(2H, CH,), 5.77 s (1H, CH), 6.75 s (1H, CH), 7.31 d
(3H, NH;"), 9.59 s (1H, NH), 9.27 s (H, OH). Found,
%: C 3825 H 276, N 10.16, S 9.32.
C22H13C12N5Na01182. Calculated, %: C 3849, H 264,
N 10.20. S 9.34. M 686.43.

[(CFX_y)(HDDQ)] (IV). 'H NMR spectra (400 MHz,
DMSO-dy), &, ppm: 1.98 s (3H, CHs), 3.20 d (2H,
CH,), 3.83 s (3H, CHs), 4.66 s (1H, CH), 5.04 d (2H,
CH,), 5.12 s (1H, NH"), 5.82 s (1H, CH), 6.74 s (1H,
CH), 9.66 s (1H, NH). Found, %: C 40.62, H 2.52, N
1292, S 9.23. C24H16C12N7N3.0QS. Calculated, %: C
40.92, H2.29,N 13.92, S 9.10. M 754.45.

[CFX_y)(HTCNQ)] (V). 'H NMR spectra (400 MHz,
DMSO-dg): 6, ppm: 2.02 s (3H, CH;), 3.54, 3.61 ABq
(2H, CH,), 3.89 s (3H, CH;), 4.71 s (1H, CH), 5.01 d
(2H, CH,), 5.17 s (1H, NH"), 5.78 s (1H, CH),
7.22,7.32 d (4H, H,4, Hss, TCNQ), 6.84 s (1H, CH),
9.69 s (1H, NH). M 681.63. Found, %: C 49.25, H
3.21, N, 18.41, S 9.46. Calculated, %: C 49.34, H 2.96,
N 18.49,S 9.41. M 681.63

Antibacterial activity. The antimicrobial activities
of the newly synthesized CT complexes and the pure
solvent were tested in vitro against Bacterial strains
(Pseudomonas aeruginosa, Staphylococcus aureous,
Bacillus subtillis, Escherichia coli) using agar well
diffusion method. The samples were dissolved in
DMSO to make a concentration of 100 pg/mL. The
inoculum (1 x 10* Cfu/mL) was added to molten agar
and the media were shaken to disperse the
microorganisms. Four millimeters diameter wells were
punched in the agar with a sterile cork borer. A 10 mL
of the sample was introduced in the well. Anti-
microbial activity was evaluated by measuring the
diameter of inhibition zone in mm. The experiments
were conducted in triplicate [40, 41].

RESULTS AND DISCUSSION

Electronic spectra. Electronic absorption spectra
of the donor CFX and of the formed CT-complexes are
shown in Fig. 1. These spectra have revealed new
strong absorption bands attributed to the CT-
interactions. These bands are not present in the spectra
of the free reactants and are observed at 291,354 ,360 ,
,391 ) 305, 359, 455, and 838 nm for the complexes,
[(CEX)I]-I; (I), [(HCFX)(PA)] (II), [(HCFX)(HCA)]
(), [(CFX y)(HDDQ)] (IV), and [(CFX p)
(HTCNQ)] (V), respectively. The appearance of two
absorption bands in the electronic spectrum of the
iodine complex I are well known to be characteristic
for the formation of polyiodide ion (Z,, n = 3, 5, 7)
[42].

Photometric titration measurements based on these
characteristic CT-absorption bands of the CT-
complexes (Fig. 2) confirmed the complex formation
in a ratio, CFX: acceptor of 1 : 1 in all cases. Here, we
indicated that the observed relative low CFX acceptor
molar ratios compared with those known for other
related donor-acceptor systems could be attributed to
the relatively high sterric effects of the systems under
investigations [43]. The obtained spectrophotometric
data (Tables 1 and 2) were used to calculate the values
of both equilibrium constants, Kcr, and extinction
coefficient, € of the CT-complexes in MeOH for
[(CEX)I]s, [(HCEX)(PA)], [(HCEX)(HCA)], [(CEX p)
(H,DDQ)] and [(CFX »)(HTCNQ)] complexes based
on the known Eq. (1) for the 1 : 1 stoichiometry ]44].
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Fig. 1. Elecectronic absorption of (a) : CFX-I, reaction in MeOH {(/) [CFX] =1 x 10*M, (2) [,]1 x 107, and (3) [CFX-I,
product] =1 x 10 M}; (b) CFX-HPA reaction in MeOH {(J) [CFX] =1 x 10*M, (2) [HPA] =1 x 10* M, and (3) [CFX-HPA
product] = 1 x 10* M}; (c) CFX-H,CA reaction in MeOH {(/) [CFX] =1 x 10*M, (2) [H,CA] =1 x 10*M, and (3) [CFX-H.CA
product] = 1 x 10*M}; (d) CFX-DDQ reaction in MeOH {(/) ([CFX] =1 x 10*M, (2) [DDQ] = 1x10*M, and (3) [CFX-DDQ
product] = 1 x 10™*M}; (¢) CFX-TCNQ reaction in MeOH {(/) ([CFX] =1 x 10*M, (2) [TCNQ] = 1 x 10™*M, and (3) [CFX-

TCNQ product] = 1 x 107 M}.

where C° and (% are initial concentration of the
acceptor (I,, HPA, H,CA, DDQ, TCNQ) and donor
CFX, respectively. 4 is the absorbance of new strong
bands at (291, 360), (354, 391), (305), (359), (455,
838) nm. When. C9C%A are plotted against (C2 + CY),
a straight line is obtained with a slope of 1/¢ and
intercept of 1/eK..

Some spectroscopic and physical parameters such
as standard free energy (AG"), transition dipole
moment (W), oscillator strength (f) and the ionization
potential (/p) were estimated for complexes dissolved
in MeOH at 25°C and summarized in Table 3.

The oscillator strength (f) is a dimensionless
quantity used to express the transition probability of
the CT band. From the CT absorption spectra, the
oscillator strength (f) can be estimated by Eq, (2) [45].

f: 4319 x 1079 (gmaxAvl/Z)a (2)

where €. 1S the maximum extinction coefficient of
the CT band, and Av,, is the half-bandwidth in cm'
(i.e., the bandwidth at half of the maximum extinction
coefficient value).

The transition dipole moments (p) of the CFX CT-
complexes have been calculated from equation 3 [46].
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Table 1. The values of C°C5 and C? +C? for complexes I and IL. C%is 1.00x 10* M in all systems

Complex I Complex II

cix10+| Rato | GRG0 ot o8 T T T 4 [ccha | 4| Cica | 4 | ccua
291 | x10°® | 360 | x10®° | 354 | x10® | 391 | x10°®

0.25 0.25 1.25 0.25 0.099 | 2525 [0.034| 7352 | 0.14 | 1700 |0.146 | 1.712
0.50 0.50 1.50 0.50 0.176 | 2.840 |0.078 | 6.410 | 031 | 1.600 |0.202 | 2.475
0.75 0.75 1.75 0.75 0.284 | 2.640 [0.129| 5.813 | 040 | 1.847 |0.304 | 2.467
1.00 1.00 2.00 1.00 0.351 | 2.849 [0.182| 5490 | 049 | 2016 | 0367 | 2.724
1.25 1.25 225 1.25 0.385 | 3246 |0.214| 5.841 | 0.51 | 2450 |0.391 | 3.196
1.50 1.50 2.50 1.50 0.394 | 3.836 |0243| 6.170 | 0.53 | 2.824 |0.382| 3.926
2.00 2.00 3.00 2.00 0.455 | 4395 [0.308| 5.763 | 0.54 | 3.690 | 0.417 | 4.796
2.50 2.50 3.50 2.50 0.498 | 5.020 |0.347| 7.204 | 0.54 | 4.612 |0.418| 5980
3.00 3.00 4.00 3.00 0.523 | 5736 |0.372| 8.064 | 0.55 | 5.454 |0.422| 7.109
3.50 3.50 4.50 3.50 0.632 | 5.537 |0.391| 8950 | 0.56 | 6250 |0.424 | 8254

Table 2. The values of C2°C and C° +C¥ for complexes III-V. CYis 1.00 x 10* M in all systems

Complex ITT Complex IV Complex V
%10 I:?t(ii" A+Ax 104 Ax10% | 4 | Aca | a4 A | a4 [ Acya]l a4 | Ay
' 305 | x10° | 359 | x10°® | 455 | x10® | 838 | x10°
025 | 025 1.25 0.25 0.062 | 4.03 [0.064| 3.900 |0.089 | 2.800 | 0.044 | 5.68
0.50 | 0.50 1.50 0.50 0.142 | 352 [0.105| 4760 |0.182| 2.740 | 0.121 | 4.13
0.75 | 0.75 1.75 0.75 0.174 | 431 [0.161| 4.650 | 0253 | 2.964 | 0.180 | 4.14
1.00 | 1.00 2.00 1.00 0.221 452 [0212| 4716 |0318| 3.144 | 0219 | 4.56
125 | 1.25 2.25 1.25 0.228 548 0231 | 5411 |0.324| 3.858 | 0232 | 538
150 | 1.50 2.50 1.50 0239 | 627 [0272] 5510 |0.329| 4.559 | 0263 | 5.70
2.00 | 2.00 3.00 2.00 0.242 826 [0.289| 6.920 |0.336| 5952 | 0278 | 7.19
2.50 | 2.50 3.50 2.50 0.243 | 1028 [0.302| 8278 |0.348 | 7.183 | 0.293 | 8.53
3.00 | 3.00 4.00 3.00 0.246 | 12.19 [0.331| 9.063 |0.378 | 8356 | 0.346 | 8.67
3.50 | 3.50 4.50 3.50 0.248 | 14.11 [0.352| 9943 |0.412| 9485 | 0378 | 925

£ AVl 12
Mpebye = 0.958 [ 12}
Vmax

The ionization potentials (/p) of the CFX donor in

(3)  the CT complexes were calculated using the empirical

equation (4) derived by Aloisi and Pignataro [47].
In (eV)=5.76 + 1.53 x 10 *ver, 4)

The transition dipole moment can be used to  where vcr is the wavenumber in cm ' that corresponds
determine if a particular transition is allowed; the to the CT band formed from the interaction between
transition from a bonding m-orbital to an antibonding the donor and the acceptor. The electron-donating
n*-orbital is allowed because the integral that defines power of a donor molecule is measured by its
the transition dipole moment is nonzero.

ionization potential, which is the energy required to
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Table 3. Spectrophotometric data for CFX CT-complexes in MeOH

Complex | Ama, nm | Ko, L/mol | €max, Lmol 'em™ | Ecr, eV f n In,eV | AG° (25°C), Jmol 'K
I 360 0.14 x 10* 1.42 x 10* 3.454 | 2039 | 39.070 | 10.009 ~1.65 x 10°
291 1.51 x 10* 0.66 x 10* 4273 | 14.25 | 29.687 | 11.017 -3.13 x 10*
I 354 6.66 x 10* 0.54 x 10* 3.513 270 | 14.249 | 10.082 -2.50 x 10*
391 22.70 x 10* 0.44 x 10* 3.180 2.37 | 31.768 |  9.670 -2.79 x 10*
I 305 3.76 x 10* 0.33 x 10* 3.948 4.07 | 16.245 | 10.776 239 x 10*
v 359 1.25 x 10* 0.50 x 10* 3.464 8.63 | 25.670 | 10.021 -2.14 x 10
\% 455 12.50 x 10* 0.40 x 10* 3.712 | 21.59 |39.207 | 10.327 -2.66 x 10*
838 0.75 x 10* 0.66 x 10* 1.483 | 19.00 | 58.170 | 7.585 -2.02 x 10*

Table 4. Characteristic infrared frequencies (cm ') and tentative assignments for CFX and its CT-complexes

Complex

Complex

Complex

Com-

CFX HPA | H,CA | DDQ | TCNQ |Complex I I I v plex V Assignments
3431 br|3433 br (3235w (3442 w 3350 m 3540 w | 3416 3416 3425  |v(N-H), v(O-H),
3350 br 3339w 3283 m 3347 br | m.br s.br s.br H bonded

3250 br |3265 br v(N'=H); of NH,
3259 s 3137 m.s 3092 m | 3265 m.br v(C-H), aromatic
2938 m | 2976 sh 2969 w 2941w 2941w |2948m [2945m |2941 m | vy(C—H) + v,(C-H)
2822 m | 2873 w
2243 m |2222s 2224 m |2177 m | v(C=N), DDQ, TCNQ
1761 vs 1766 vs 1769s |1778 m |1735s |1743 s |v(C=0), (lactam)
1728 s 1680 sh 1738 vs |1728 m | 1670 s 1666 | v(C=0), carboxylic
Vs ester
1648 1665s |1673 vs 1634 vs 1650 sh |1650sh [1636s |1622 |v(C=0), amide,
Vs 1634 vs | 1636 s Vs quinone
1607 vs 1558 vs Vas(NOy)
1536 vs | 1347 m.s | 1368 vs | 1358 s | 1542 s |1541Im 1525m | 1536 vs [1565m |1530s | v(C=C) stretch,
v(C=N) stretch
1388 m 1385w 1430s |1443w |1444s |1436 w | v(C-H) plane bending
1357 m 1339s |m 1376 1378 w
1240s | 1316 m.s| 1369 m | 1268 ms | 1352 m.s | 1240 m 1275s |1259s 1267s [1280 w |v(C-N)
1043 s |1147m.s|1290vs | 1216 w |1132m.s|1039 s 1039s |1046m |1115m |[1237 w |v(C-0O)
1083 m.s 1065 w vs(NO,), HPA
856 m 843 m v(C-Cl)
728 w 690m |796s 861 s 735 v.w 739w |758 w 664 w 811w | CH, rocking
783 s
733s
562 v.w | 698 s 571 ms |615s 473 vs | 563 v.w 547w |5Tlw 437 m 537w |(C-H) out of plane
646 sh
550 m 433 w 0(ONO): HPA
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Fig. 2. Photometric titration curves of (a) CFX-I, reaction in MeOH at 291 and 360 nm; (b) CFX-HPA reaction in MeOH at 354
and 391 nm; (c¢) CFX-H,CA reaction in MeOH at 305 nm; (d) CFX-DDQ reaction in MeOH at 359 nm; and (e) CFX-TCNQ

reaction in MeOH at 455 and 838 nm.

remove electron from the highest occupied molecular
orbital.

The energy values (Ect) of the n to n* and m—m*
interactions between the donor (CFX) and the
acceptors were calculated using the equation derived
by Briegleb equation (5) [48].

Ecr = (hver) = 1243.667/Acr (nm), (5)

where Act is a wavelength of the CT band.

The standard free energy of complexation AG® for
each complex was calculated using Eq. (6) [49].

AG’=-2.303RTlog Kcr, (6)

The obtained data in Table 3 showed that, the
complexes [(CFX),I]'I; and [(CFX x)(HTCNQ)]
exhibit considerably higher values of both the oscilla-
tor strength (f) and the transition dipole moment (p)
which indicated a strong interaction between the
donor—acceptor pairs with relatively high probabilities
of CT transitions [50]. The obtained negative values of
AG" for the CT-complexes indicate that the interaction
between the drug and acceptors is exothermic and
spontaneous [51, 52].
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Fig. 3. Relation between C4C%4 and A5+ for (a) CFX-I; reaction in MeOH at 291 and 360 nm, (b) CFX-HPA reaction in MeOH
at 391 nm and 354 nm, (c) CFX-H,CA reaction in MeOH at 305 nm, (d) CFX-DDQ reaction in MeOH at 359 nm, and (e) CFX-

TCNQ reaction in MeOH at 455 and 838 nm.

IR spectra. IR spectra of reactants and the obtained
products are given in Fig. 4 and the assignments of
their characteristic bands are given in Table 4. The
formation of CT-complexes during the reaction of
CFX with I, Picric acid, chloranilic acid, DDQ and
TCNQ is strongly supported by observing of main
infrared bands of the donor (CFX) and acceptors
(HPA, H,CA,DDQ, TCNQ) in the product spectra.
However, the bands of the donor and acceptors in the
complexes spectra reveal small shifts in wavenumber
values and intensities compared with those of the free
donor and acceptors. This should be attributed to the
expected symmetry and electronic structure changes
upon the formation of CT-complexes.

For the acid—base interaction, a proton transfer
from the acceptor (acid) to the donor (base) is expected
to occur. This seems to be liable to occur in the case of
CFX interaction with picric and chloranilic acids. Such
assumption is strongly supported as follow; the
spectrum of free donor reveals to absorption peaks at
3431 and 3350 cm ™' with frequency difference equals
to ~80 cm ' which is characteristic to the presence of
an —NH, group. Such absorption is not present any
more in the spectra of complexes 2 and 3, but instead a
medium intensity peaks are observed in the spectra of
the two complexes at 3250 and 3265 cm ', respectively
and are not present in the spectrum of the free donor.
Such absorption could be attributed to the (N-H)
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Table 5. '"H NMR spectra (5, ppm) for CFX and its CT-complexes in DMSO-dj
Comp. | C'°H; | C'H, | CPH; | C*H | C*H, | C°H | CPH | NH, | NH | NH;" | C=N'-| OH | Hsy/Hs | Hy3/Hs
no. CFX | CFX | CFX | CFX | CFX | CFX | CFX | CFX | CFX | CFX H |HCA | PA | TCNQ®
CFX | 199 | 321 | 385 | 475 | 499 | 556 | 6.73 | 7.22 | 9.52 -
343
I 203 | 342 | 390 | 5.18 | 5.05 | 595 | 6.84 | 6.94 | 9.79 -
I 2.03 | 332 | 383 | 492 | 472 | 521 | 6.78 - 9.54 | 7.34 8.59
I 2.04 | 322 | 3.84 | 477 | 5.00 | 5.77 | 6.75 - 9.59 | 7.31 9.27
345
v 198 | 320 | 3.83 | 4.66 | 5.04 | 5.82 | 6.74 - 9.66 - 5.12
A% 2.02 | 3.54 | 3.89 | 471 | 5.01 | 5.78 | 6.84 - 9.69 - 5.17 7.22, Hy g
3.61 7.32, Hs5

* Hy3/Hg s in free TCNQ observed at 9.06 s.

stretching vibration of hydrogen against positively
charged nitrogen. We may suggest that, the acid-base
interaction is associated with a proton migration
followed by hydrogen bonding formation. The CFX-
HPA and CFX-H,CA interaction involves a proto-
nation for the basic nitrogen of the CFX nitrogens.
Accordingly, we may formulate the complex as
[(HCFX)'(PA)], [(HCFX)"(HCA)]. Due to the
increased electron density on the picrate and
chloranilate units as a result of charge transfer
interaction and deprotonation of the acids upon
complexation, the shift of v,3(NO,) of the picric acid
and v(C—Cl) of chloranilic acid to lower frequencies
upon complexation can be attributed [53, 54].

The IR spectra of free DDQ and TCNQ show CN
stretching frequencies at 2243 and 2222 cm’',
respectively. The significant shift of these vibrations
toward lower frequencies (2224 and 2177 cm™') on
complexation is indicative of charge transfer from
CFX to m of a C=N group of DDQ and TCNQ which
leads to a weakening of this bond. The C=0 systems of
the free donor go to lower frequencies upon com-
plexation with DDQ and TCNQ and this is in
consistence with the decreased electron density of the
donor upon complexation [55, 56].

'"H NMR spectra. The 'H NMR spectra of
complexes present the persuasive confirmation of the
complexation pathway by observing most of signals of
the free reactants with some expected shift due to the
changes in electronic density upon complexation.
Thus, the '"H NMR spectra of the CFX CT-complexes

were measured in DMSO-dg at room temperature. The
chemical shifts (8) of the different types of protons of
the CT complexes are summarized in Table 5.

The '"H NMR spectrum of complex I, [(CFX),I]"I5
shows all of the signals of the donor but with small
downfield shift compared with the corresponding
spectrum of the free donor. This shift is expected and
could be attributed to the decreased electron density of
the donor upon complexation with iodine.

The spectrum of complex II, [(HCFX)(PA)[ reveals
a signal at 7.34 ppm, which is not detected in the
spectrum of the free CFX donor, the integration of this
signal is equivalent to 3 protons. The complex
spectrum also shows the absence of the 11.94 ppm
signal which is known to be characteristic for the
phenolic proton of picric acid. Together, these data
indicate that the amino and phenolic groups are
involved in the formation of the CT complex between
CFX and HPA and the complexation is associated with
a proton transfer from the acid to the donor i.e.
protonation of the amino group [57].

The 'H NMR spectrum of the free chloranilic acid
reveals a signal at 9.15 ppm due to the two phenolic
protons [58, 59]. In the complex spectrum of [(HCFX)-
(HCA)] (III), a signal at 9.27 ppm corresponding to
one phenolic proton is observed. Furthermore, the
complex spectrum shows a new signal at 7.31 ppm.
This signal corresponds to 3 protons and does not exist
in the spectrum of the free donor. This suggests that
one of the acid phenolic protons is transferred to
protonate the amino group of the donor.
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Fig. 4. Infrared spectra of (a) CFX donor and its CT-
complexes (b) L, (¢) I, (d) I, (e) IV, and (f) V.
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Fig. 5. Thermogravimetric (TGA) and derivative (DTG) of
(a) CFX and its complexes (b) I, (c) II, (d) III, (e) IV, and
Hv.

The spectra of complexes IV and V show most of
signals due to the reactants in clear evidence
supporting its formation. The complex spectra show
the absence of any signals due to —NH, group at
7.22 ppm as reflected by the spectrum of cefotaxime
sodium (the free donor), but instead a new signal at
5.12 and 5.17 ppm for [(CFX y)(HDDQ)] (IV) and
[(CFX_ y)(HTCNQ)] (V), respectively. We may
suggest a proton transfer associated with the complex
formation, but in this case from the donor to acceptor.
One proton of —NH, group is transferred to a cyano
group of DDQ and TCNQ to give -C=N"-H and the
complexes formula may be suggested to be [(CFX p)
(HDDQ) '] and [(CFX_g) (HTCNQ)'] [59, 60].

Thermal analysis. The proposed structures for the
complexes under investigation were confirmed by
measuring TGA, and DTG thermograms (Fig. 5) under
nitrogen flow. The thermal data obtained for
complexes I-V together with the free donor, CFX are
summarized and given in Table 6.
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Table 6. The maximum temperature values for the decomposition along with the species lost in each step of the

decomposition reaction of the free CFX and its CT-complexes

Weight loss, %
Complex Decomposition Tax> C Lost species
Found Calculated

CFX First stage 217 C16H16N50582 86.82 88.49
429
507

Residue NaO, 10.50 11.51

I First main stage 201 C32H32N100]()S4 56.25 57.77
288

Second stage 639 14 34.42 34.71
710

Residue Na,04 6.93 7.52

11 First stage 167 C16H17N50582 58.72 59.93
270
311

Second stage 648 CcH,oN;0O4 31.80 32.28

Residue NaO, 06.98 07.78

1 First step 196 C6H7N505S, 60.38 61.69

Second step 652 C¢HC1,04 29.00 30.30

Residue NaO, 07.97 08.01

10% First stage 164 Ci6H5N505S, 59.46 59.82
251

Second stage 715 CgHCILN,0, 31.23 32.37
794

Residue NaO, 07.11 07.81

\% First Stage 200 C16H15N50582 60.45 61.83
252

Second stage 588 C,HsNy 30.13 30.10

Residue NaO, 07.02 08.07

The free CFX decomposes in three steps at 217,
429, and 507°C. The total weight loss associated with
these steps of decomposition is near to the theoretical
calculation. The decomposition mode of the complexes
under investigation occurs in a similar manner in
which the most residues is due to the presence of
sodium dioxide, NaO,.

The decomposition reactions of complex I occur in
two closed main stages. The first stage of decom-
position occurs in two steps at 201 and 288°C with a
weight loss of 56.25% and the second stage at 639 and

710°C with a weight loss of 34.42%. These values of
weight loss may be due to the loss of CFX organic
moiety and iodine in good agreement with the
calculated values of 57.77 and 34.71%, respectively.

In complex I, the decomposition reactions occur in
two main stages. The first stage of decomposition
occur in there steps at 167, 270, and 311°C with a
weight loss of 58.72%. This value of weight loss may
be due to the loss of HCFX organic moiety in
agreement with the calculated value of 59.93%. The
second stage of decomposition occurs in one step at
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Scheme 3. Proposed CT-complexes of cefotaxime sodium (CFX) with different electron acceptors.

648°C with a weight loss of 31.8%. This value of
weight loss may be due to the loss of PA organic
moiety in agreement with the calculated value of
32.28%. In complex III, the decomposition reactions
occur at two closed stages, observed at 196 and 647°C
which may be attributed to the loss of the donor and
the acceptor organic moieties of the complex. The
found and calculated weight loss values are in good
agreements.

In complex IV, the decomposition reactions occur
in two main stages and each one observed at two
temperatures, 164, 251, 715, and 794°C with a weight
loss of 59.46 and 31.23%. These values of weight loss
may be due to the loss of CFX and DDQ organic
moieties in good agreement with the calculated values

of 59.82 and 32.37%, respectively. In complex V, the
decomposition reactions occur in two main stages at
200, 252, and 588°C with a weight loss of 60.45 and
30.13%. These values of weight loss may be due to the
loss of CFX and TCNQ organic moieties in good
agreement with the calculated values of 61.83 and
30.10%, respectively [61].

Antibacterial activity. The antibacterial activity of
the CFX complexes were screened in vifro against two
gram-positive bacterial strains, Staphylococcus aureus
and Bacillus subtilis, and two gram-negative bacterial
strains, Escherichia coli and Pseudomonas aeruginosa.
The tested CT-complexes were dissolved in DMSO to
obtain 100 pg/mL stock solutions. The activity was
determined by measuring the inhibition zone diameter
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Table 7. Antibacterial activity for the CT-complexes of CFX
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Inhibition zone diameter, mm
Sample Bacillus Staphylococcus Esherichia Pseudomonas
subtillis, G aureus, G* coli, G aeroginosa, G-
DMSO 0.0 0.0 0.0 0.0
Ampicilin 20 18 22 17
I 14 16 15 14
I 15 15 18 15
111 14 16 15 15
v 15 16 15 14
\% 15 17 16 16

values (mm) of the complexes against the micro-
organisms. Ampicillin was used as the positive control.
The screening data are listed in Table 7. The results
indicated that the CFX CT-complexes exhibited
moderate inhibitory results against all of the gram-
positive and gram-negative bacterial species. It is
obvious that the antibacterial activity of the CFX CT-
complexes are lower than Ampicillin standard and
complex IV have the higher antibacterial activity than
other complexes.

CONCLUSIONS

Charge transfer interactions between the donor
(CFX) and the o-acceptor like I, and m-acceptors as
HPA, H,CA, DDQ and TCNQ were studied in MeOH
at 25°C. The synthesized CT-complexes were
characterized using various spectroscopic techniques
including UV-visible, IR and 'HNMR spectroscopy
and confirmed by elemental and thermal analyses. The
reactions stoichiometries were found to be 1 : 1 for all
complexes and had the formulas: [(CFX),I]"I5 (I),
[(HCFX)'(PA) ] (II), [(HCFX) (HCA) ] (ID), [(CFX y) -
(HDDQ)'T (IV), and [(CFX.) (HTCNQ)] (V).
Reaction of CFX with iodine resulted in formation of
tri iodide. The interaction between the donor (CFX)
and HPA, H,CA acceptors was due to transfer of
proton from acceptor to nitrogen atom of donor to
make hydrogen bonding, where the interaction mode
between CFX and the DDQ, TCNQ acceptors occur
through the migration of the H™ ion from the NH, in
CFX to one of the cyano groups in the DDQ and

TCNQ acceptors to form a positive ion (-C=N'—H)
that associates with the anion to form ion pairs. The
obtained complexes are thermally stable. Physical
parameters such as (Kct, €ct, W, AG, Ip, f, Ecr) and
antibacterial activities have been estimated.

Finally, we could conclude that the interaction of
Cefotaxime sodium (CFX) as a donor with different
acceptors proceeds in a molar ratio of 1 : 1 according
to Scheme 3.
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