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ANALYTICAL AND INORGANIC
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Summary: The coordination chemistry of 1-(N-B-ethyl-morpholine}-S-nitromidazole, a chemo-
therapeutic agent, is carried out and is reported. This ligand can be compared with that of DME
and DMP in its structure. In this paper the synthesis and characterization of 1-(N-f-ethyl-
morpholing)-5-nitroimidazole{EMNI) compounds of the type M(ENMD)X; where M = Co(II),
Ni(Il}, Cu(Il), Zo(I1}, Cd(1I) and Hg(ll), while X=Cl, Br, I, and NO; and based on the usual
physical methods /.e. spectroscopic, magnetic and conductance measurements, Thermal studies
(thermogravimetric analysis) are carried out to explain the mode of decomposition, results are

reported and discussed.

Introduction

The coordination chemistry of compounds
containing the grouping -(N-(CH:),-N)-having
acyclic and cyclic structures have been studied [1-
9]. These chelating agents confer several
geometrics which covers the range from octahedral
to tetrahedral and square-planar [10-13]). The
ligands  dimorpholinocthane  (DME)}  and
dimorpholinopropane (DMP), which can be viewed
as N,N-substituted ethyienediamiin: and
propylenediamine  respeciiscly  act  as s
stereospecific  chelating zgents, It has  been
observed that certaiz mictal compounds cause
destruction or diminution of virus which causes
cancer while others are found for antitumor activity
[14,15]). As a result considerable interest has been
developed to design metal complexes which could
minimize the interaction of metal ion with DNA
[16-18]. Realizing the importance of metal chelates
in the biological activity, we have thought it, of
interest to synthesize and study the coordination
chemistry of ligands which have biologically active
sites linked to the grouping -(N(CHp),-N)- by
replacing morpholine moiety of DME by imidazole
or its derivative. Imidazole has been proved to be of
prime importance in biological systems [19-21].
The coordination chemistry of imidazole and its
dernivatives has been drastically studied [19-33].
The compound chosen for metal chelation is I-(N-
B-cthyimorpholine)-5-nitroimidazole (EMNI), as it
has -(N(CH>),-N)- linkage and imidazole unit in its
structure.

N/
NN /C\NDO

NO,
1(N-g-ethyl-morpheline)- 5-nitroimidazole

The EMNI, synthesized by Giraldi, er al
[34] has a wide applications in pharmacological
industry. It is chemotherapeutic agent with a high
activity against trichomonas vaginalis and other
protozoa [35,36]. In the present paper we report
Co(II), Cu(Il), Zn(II), Cd(II) and Hg(Il) complexes
with that of EMNI, and their melecular properties
are compared with DME. The structural
assignments have been justified by magnetic,
conductance, analytical and U.V visible and LR
data.

Results and Discussion

Characterization of the ligand and complexes

The ligand EMNI has been characterized by
its melting point, elemental analysis, mass spectra,
NMR and IR spectra. The complexes are

characterized by their clemental analysis,
conductance measurements, magnetic
susceptibility, IR and Uv-visible spectra. In

*To whom all comrespondence should be addressed.



iHAD AL1 KHAN et al,

Jour,Chem,Soc.Pak. Vol. 19, No. 1, 1997 21

250
200 e s
oA \\, i A
E e g L A
@ /‘.- f' ‘_\., W,
o 150 7 s [ I~ \\
2 7 e . Q
O 4 TN AN
8_ { £ L ’ f’ N _,>' p r Q'\.\
4] 10C |~ “____",.4-' o ,"" ™
% t-\""'"-._ L - // }./ "."‘“ ......... .’ '\\.‘\. \ \.\
. - L . *
L \ \ - s }\\ \‘.\
P - - .
50 | > - NN
" e "'\\\\7«..
'-_\\:\‘ ‘_""‘---.__
0 i W,
400 450 500 550 600 650 700 750 800

Wave length{nm]
-~Cabalt lodide -: Cobalt Bromide ~-Cobalt Chiloride - Cobalt Nitrate

Fig. 1:

addition to characterization of complexes the
thermal measurements are also studied,

The principal bands in infra red spectra of
the ligand and its complexes is given in Table-3.
The free ligand EMNI has both morpholine and
nitroimidazole moieties in its structure. The specira
exhibits strong absorption bands in the region 1060
- 920 cm’ which are due to C-O-C stretching
vibration [37,38]. There are also strong absorption
bands in the region 1130-1105 cm” which are
assigned to C-N stretching vibration of the
morpholine [39]. In addition to thesc bands a
strong band also appears at 1140 cm” which is
assigned to C-N stretching frequency of
nitroimidazole moiety. This band also appears in
nitroimidazole compound with a shoulder at 1150
cm”. In all these complexes the C-N stretching
vibrations have been reduced to either two or three
bands as compared to EMNI, where four bands arc
observed. This clearly indicates the coordination of
tertiary nitrogen of imidazole and morpholine
moieties with the metal ion. In the free ligand the
band in the region 1060-910 cm™ assigned to C-O-
C stretching vibration cither shift to higher or
lower frequency 'which may be due to weak
interactions of metal atoms with oxveen of the

Absorption spectra of EMNI with cobalt salts.

ligand, due to solid state effect. The far IR spectra
of the complexes shows multiple bands in the
region of 470-490 cm” and 260-300 cm”. The
former bands are due to v(M-X) vibrations and
later bands arc assigned to v(M-N) stretching
vibration. All the bands observed arc weak and
broad (Table-4). :

Cobalt(il) complexes

The elemental analysis and conductance
data shows that the complexes of cobalt has the
formuia [Co(EMNDX:], X stands for Cl, Br, I, and
NO;. The magnetic moments ranges from 4.02
BM to 4.56 B.M indicating the three unpaired
electrons. These complexes ¢xhibit a broad band in
between 600-700 nm (Fig. 1). With in this band
one is able to distinguish two maximum at 570 and
640 nm. The first band could be assigned to
components of ‘AyF) — °T(F) transition in
tetrahedral symmetry and the second set of bands to
the components of *A>(F) — “T (P) transition [40].

Copper(Il} complexes

The solution spectra of {Cu(EMNI);] and
[Cu(EMNI)(NOs);] are almost similar (Fig. 2). The
snectral data is nresented in Table-5. The broad
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Fig. 2: Absorption spectra of EMIN with copper salts.
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Fig. 3. Representative thermogram of zinc bromide complex of EMNI

absorption band is observed ‘from 600-1000 nm, absorption peak like that of [Cu(DME)X;]
Two maxima at 705 and 795 nm are.observed for  complexes [42]. Similar spectra were observed for
nitro complex. In C,, symmetry four transwion the other copper complexes having CuNCl,
would be expected [41]. If seems that in the spectra  chromophore “environment {43,441, suggesting
of copper complexes two peaks are buried in the  tetrahedral geometry for copper compiexes. The
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Table-1; Elemental analysis of EMNI and its complexes

Compound Colour D.pt C% N% H% Cation% Anion%
EMNI Yellow 110 47.60 2472 6.05 - -
@7.78) (23.94) (6.18) - -
Co(EMNICI;: Blue 213 30.01 16.04 379 16.25 19.67
(30.36) (15.37) (3.68) (16.55) (15.91)
Co(EMND)Br; D.Blue 196 24.30 1291 291 12.06 35.17
(24.29) (12.59) (2.94) (13.03) (35.91)
Co(EMNI)I; Blue 182 21.00 10.37 242 11.02 46.00
(20.05) (10.39) (2.43) (10.93) (47.09)
Co(EMNIXNO:) Blue 180 2730 13.26 3.53 14.40 -
(26.24) (13.69) (3.20) (14.04) -
Cu(EMNI)C, Green 173 30.00 16.89 4.77 15.31 17.53
(29.9%) (15.55) (3.90) (16.10) (17.89)
Cu(EMNI)Br; D.Red 159 25.84 13.64 3.49 13.90 3595
(24.04) (13.46) (3.14) (14.14) (33.60)
Cu(EMNI)I, D.Green 174 15.93 10.56 2.49 10.87 46.83
(19.89) 10.31) (2.41) (11.69) (46.90)
Cu(EMNIXNO,), Brown 169 26.31 13.67 329 15.15 -
(26.12) (13.549) 317 (15.53) -
Zn(EMNI)Cl2 white 238 28.39 15.75 3.85 17.71 19.63
{20.82) (15.45) (3.61) (18.03) (19.56)
Zn(EMNI)Bry white 237 2421 11.76 3.36 14.46 36.79
(23.94) (12.41) (2.90) (14.53) (35.40)
Zn{EMNI), white 228 20.32 10.39 247 12.37 46.61
(19.82) (10.27) (2.40) (11.98) (46.53)
Cd(EMNI)CI, dirty 139 26.29 13.58 3.00 - 27.44 17.21
white (26.39) (11.68) (3.20) (27.44) (1731
Cd(EMNI)Br; dirty 130 21.57 1131 2.90 21.78 32.13
white (21.6%) (11.24) (2.63) (22.55) (32.06)
Cd(EMNI)I,; white 143 19.75 10.42 227 18.62 42.51
(19.9%) (10.23) (22D {18.97) (42.84)
CHEMNIXNOG:), dirty 140 2312 12.18 2.69 24.43 -
white (23.36) (12.11) (2.83) (24.29) -
Heg(EMNI)Cl, White 129 23.04 11.84 3.15 40.00 3191
22.12) (11.26) (2.84) {40.29) (31.26)
Hg(EMNDBr; white 127 18.68 9.41 2.66 33.81 26.89
(18.42) (9.55) (2.40) (34.19) (27.25)
Hg(EMNI),; white 136 1533 7.81 1.76 29.68 37.42
(15.88) (8.23) (1.93) (29.47) (37.29)
Hg(EMNI) (NOx) white 132 19.36 9.79 2.47 35.07 -
(19.62) (2.38) (10.17) (36.42) -
Theoretical percentages are given in paranthesis.
complexes of Cadmium(Il), Zinc(Il) and ligand and anion vaporizes in the range 260-500°C

Mercury(II) are tetrahedral due to their usual
tendencies.

Thermogravimetric analysis

The thermogravimetric analysis (TGA) of
the EMNI complexes of Co(Il), Cu(Il), Zn(II},
Cd(II) and Hg(Il) have been carried out. The
thermal behaviour of all the complexes except that
of Hg(II) is similar. In the complexes loss of weight
take place in two different steps at different
temperatures  (pointing  towards different
stabilities). In first step the ethylenemorpholine
(EM} moiety of the ligand (EMNI) detaches in the
range 170-260°C and the rest of the portion of the

leaving metal oxides behind. The representative
thermogram and thermogravimetric data are
reported in Figure: 3 and Table-6. The Hg(l)
complexes either decomposes or sublimes.

Experimental

Materials

Metal salts of, Cobalt(Ill), Copper(),
Zinc(I), Cadmium(II) and Mercury(I) were
obtained from standard source suppliers. They were
of analytical grade and used without further
purification. The nonaqueous solvents (properly
dried) used in synthetic work were distilled twice.
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Table-2: Magnetic and conductance data for EMNI

complexes
Compound Temp. A 10° % Xo™  peff (B.M)
K° (mho mal’em®)  {cgsw)
Co(EMNT)Cl, 208 27 8662 4.56
Co(EMNT)Br, 208 3.1 ey 4.49
Co(EMNI)I, 298 A7 6756 402
Co{(EMNI¥NOs), 298 3.8 7368 419
Cu(EMNICl, 2098 01 1560 192
CuEMNI)Br; 298 58 1803 208
CuEMNDI, 298 06 1428 1.85
Cu(EMNIYNOs), 298 3.1 1664 2.00
Zn(EMNI)CI, 298 09 168 dia-magnetic,
Zn(EMNT)Br, 208 086 190 do
Zn(EMNDI, 29 14 212 do
CHEMNICYH 298 14 233 do
CA(EMNIBr, 298 12 353 do
CHEMNDI, 298 07 429 do
CA(EMNIXNG,), 298 28 169 do
Hg(EMNT)CL, 208 22 276 do
Hg(EMNI)Brz 208 2.8 401 do
Hg(EMND)I, 298 12 226 do
Hp(EMND)(NO;), 298 39 168 do
Mer = 2.84 VX, T

TRANSITION METAL COMPLEXES

A required amount of partially dehydrated
salt was dissolved in a mininlum amount  of
methanol/ethanol mixture. For the preparation of
all complexes 1:2 metal/ligand ratio was emploved.
The ligand (in methanol/ethanol mixture) was
slowly added to the metal- ion ‘solution and was
stirred for 3-4 hours. The complexes were either
precipitated on standing or evaporating in vacuum
at 50°C. The product. obtained were filtered
through sintered glass crucible, washed several
times with dry acetone and dried under vacuum
and were recrystallized from suitable solvents.

Analytical data (Table-1)

Cations were determined by using XRF-500
link system England, and C, H, and N elemental
analysis were performed through the Courtesy of

Table-3: IR bands for EMNI and its complexes.

Compound Ve om’ Ve.g.c om’ Ve om’ YC-NO; cm™
EMNI 1140s, 11255, 1115w, 11055 1060 m 1520, 1440vs 1375vs
Co(EMNI)Cl, 1135s, 1116b, 11125 1060m 1515s, 1460s 1375vs
Co(EMNI)Br; 1140s, 11225, 1112w 1065m, 10685 1520s, 14625 1375vs
Co(EMND)I; 1138s, 1125w, 1112w 107¢m, 10755 1520, 14625 1375vs
Co(EMNIYNOs), 11525, 1125w, 1110w 1055m, 1060s 1520s, 14645 1375vs
Cu{EMNI)Cl 1150s, 1110b 1068m 1480s, 1468s 1375vs
Cu(EMNI)Br, 1148s, 11100 itm 1528, 1465s 1372vs
Cu(EMNID)I, 1145, 1110 1070m 1518s, 1468 1377vs
Cu(EMNIDYNOs), 1150s, 1110w 1065m 15185, 1468s 1376vs
Zn(EMNI)CL, 11455, 1130w 1055m, 1060b 15205, 1462s 1375vs
Zn(EMNI)Bry 11425, 1130b 1055m, 1070b 1520s, 1460s 1375vs
Zn(EMND)L; 1130s, 1125% 1050m, 1065m 1520s, 1460s 1376vs
CA(EMNDCL, 1120s, 1110s 1060m, 1050m 1540s, 1460s 1375vs
CAHEMNDBr, 1120s, 1110w 1070m 1530s, 1460s 1375vs
CA(EMNT)L, 1120s, 1110s i070m 1522, 1460s 1375vs
CAEMNI}NO3), 11256, 1110w 1060m 15255, 1460s 1375vs
Heg(EMNDCL, 1140s, 1125w, 11155 1070m 1510, 1460s 1375vs
Hg(EMNI)Br; 1120, 1115w 1060m 1540s, 1465s 1375vs
Hg(EMND 1, 1135s, 1120s, 1115w 1062m, 1065m 15205, 1462s 1375vs
Heg(EMNIXNO;), 1130s, 1122m, 1110w 1060m, 1068m 1520s, 1465s 1375vs
s sharp; vs very sharp; b broad; m medium; w weak
Ligand H.E.]J. Research Institute of Chemistry, University
of Karachi on Carlo Ebra Mod 1106, where as
The ligand 1-(N-P-ethyl-morpholine)-5-  anions were determined by usual methods [45].

nitroimidazole(EMNI) was first prepared in 1970
[34] and is available in the market in the form of a
yellow colored tablets, manufactured by Punjab
drug house, Lahore (Pak.) under the liscence of
Carlo Erba and used afier necessary extraction and
purification.

Preparation of complexes

The complexes were prepared by a general
procedure as outlined below:

Magnetic susceptibility measurements (Table-2)

The magnetic moments of the solid
complexes at room temperature were determined by
the Gouy method, A double ended Gouy tube was
calibrated using Hg[Co(SCN),] as standard.
Pascal’s constants were used to the correct molar
susceptibilitics of crystalline complexes for the
diamagnetism of the ligand and the anions
involved {46].
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Table-4: Absorption frequencies in far IR region. Table-6: Thermogravimetric data
Complex V(M-X) em™ V(M-N) em’! Complex Initial Weight Loss (img) Weight loss (mg)  Residue
Co(EMNIXCL, 480-465 290-280 weight 140-250°C 260-620°C {mg)
Co(EMNI)Br, 480-475 285 (mg) (Ethylenemor- (Nitroimidzole)
Co(EMND, 485470 290,270 pholine)
Co{EMNIXNO;) 485-460 285,260 Co(EMNI)CY, 95 271 434 111
Cu(EMNT)CL, 475-460 250 (27.3) (43.7) (11.4)
Cu(EMNI)Br, 475 285-275 Co(EMNI)Br, 82 20.8 49.9 13.7
Cu(EMND)I, 480475 275-260 (21.0) (50.1) (13.8)
Cu(EMNI)(NOs): 485-470 270 Co(EMNI)I, 96 200 64.9 13.0
Zn(EMNICl, 480-470 - (20.3) (65.0) (13.4)
Zn(EMNDBr; 485-470 280 Co(EMNINNO:), 91 49.0 24.8 16,7
Zn(EMNDL, 480-465 270 (49.4) (24.9) (16.7)
CAEMNI)CL, 480-465 290-280 Cu(EMNI)Cl, 60 17.0 30.5 130
CAEMNDBr, 480-475 285 (18.0) (30.7) (13.2)
CAHEMNDL: 485-470 280 Cu(EMND)Br; 715 185 445 85
CAHEMND(NO;), 480.475 28,270 (18.1} (43.0) (10.4)
He(EMNT)Cl, 475465 315,280 Cu(EMNDI, 51 10.7 338 76
He(EMNT)Br, 480 300,275 _ (10.8) (34.3) (7.5
He(EMND) Iy 485 295,280 Cu(EMNI}NQ;), 70 376 18.9 133
He(EMNI)(NO,); 430 290,280 (37.6) (19.0) (13.9
: Zn(EMNI)C, 51 15.8 25.5 117
(16.1) (25.7) (11.5)
Table-5: UV visible spectra of EMNI complexes.. Zn(EMND)Br2 58 (1 14 f.,) (3; ;09) (110 (',?5)
Complex Pomax Viem™] e [M om’ Zn(EMNII 62 126 L1 9.0
Co(EMNT)CI, 570 17543 140 (13.0) (41.6) 9.2)
640 15625 195 CA(EMNICI, 61 16.0 27.5 17.0
Co(EMNI)Br; 575 17391 160 (16.9) (274 (16.6)
630 15873 208 CA(EMNI)Br; 60 13.5 33.0 135
Co(EMNI}; 550 18181 195 (13.7) (32.9) (3.4
590 16949 205 CA(EMND)I, 66 12.8 40.5 14.0
Co(EMNIYNO:); 565 17699 108 (12.8) (40.8) (14.3)
635 15748 . 117 CHEMNIXNG;), 56 26.8 13.4 157
Cu(EMNI)CL, 730 13699 100 (26.9) (13.6) (15.5)
840 11905 160 He(EMNI)C; 70 Sublimed - -
890 11236 145 Heg(EMNI)Br, 60 Sublimed - -
Cu(EMNI)Br, 720 13389 300 Heg(EMNI) | 45 Sublimed - -
800 12500 260 Hg(EMNI¥NO3), 47 Sublimed - -
890 11236 200 Calculated values are given in parenthesis
Cu(EMND), 705 14184 205
795 12378 197 UV-Visible spectra (Table-5)
Cu(EMND(NOy), 730 13698 163
860 11627 165 Visible and ultraviolet spectra of the

complexes in different solvents were obtained with

JASCO UNIDEC-1 recording spectrophotometer

using set of matched I cm quartz cells. The
The electrolytic conductance of the  absorption spectra were always recorded using

complexes were determined by conductivity bridge  freshly prepared solutions.

made by mullard, Inc. England. The conductivity

cell was properly calibrated. The observed  Nuclear Magnetic Resonance Spectrum

conductivity was always corrected for the specific The '"H-NMR and “C-NMR data for the

conductance of the purc solvent used [47]. ligand were obtained by NMR spectrophotometer
Mpdel INM-PMX at 300 MHz. All of the spectra

Infra-red specira (Table-3 and ) for proton and '’C were measured relative to

The Infra-red absorption spectra of the solid tetramethylsilane (TMS) as an external standard in
complexes were obtained with IR, Spectrometer  CDCls.
Model SP-3-100 PYE Unicam A M. in the range of

. 't EMN,

4000-400 cm”. The IR spectra were examined as 1058 Spectra of EMNI
KBr and Csl discs in the region 400-200 cm” (FT The mass spectra of the ligand was obtained
IR-Shimazdu). with VG-Micromass 12 spectrometer.

FElectrolytic conductance measurements (Table-2)
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Thermogravimetric analysis (Table-6)

Thermal  characterization of EMNI

complexes have been studied by means of different

thermal

and thermogravimetric  analyses.

Thermogravimetric analysis were performed on
Recording Stanton (England) thermogravimetric
balance. Analytically pure anhydrous complexes
were used and triplicate measurements were made
for each complex.
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