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Complexes of iron(III) with 2-{(acetylamino)benzoic acid, 2<{(benzoylamino)benzoic acid, maleanilic acid, malea-1-
naphthanilic acid, 2-(aminocarbonyl)benzoic acid, 2-[(phenylamino) carbonyl]benzoic acid, 2-[(1-naphtha-
lenylamino)carbonyllbenzoic acid, 2-[(2-aminophenylamino)carbonyi]benzoic acid, 2-aminobenzanilide and 2-
(aminobenzoyl)benzoic acid have been prepared. These have been characterized on the basis of chemical analyses, magnetic
susceptibility and IR, NMR, electronic and Mdssbauer spectral data.

Metal ion interaction with ligands containing amide
group plays a vital role in a vast number of widely
differing biological processess'’2. In addition, amide
group containing compounds such as aminopterin,
phenylalanine mustard, D-pencillamine, 6-mercapto-
purine and S-fluorouracil, which are used as
therapeutic agents in the treatment of cancer, are
found to have increased anticancer activities when
administered as metal complexes®. Complexes of many
amide containing ligands such as pyrazine-2-amide*,
N-(picolinamide)salicylaldimine®, N-benzyl-N-pyridi-
niumthiocarbamide® ’ and salicylamide® ® have been
prepared and characterized. In view of the biological
significance and diverse coordinating behaviour of
ligands containing amide group, it was considered
worthwhile to study the interaction of some of these
compounds with iron(III). In the present investigation,
complexes of iron(III) with 2-(acetylamino)benzoic
acid (AABAH), 2<{benzoylamino)benzoic acid
(BABAH), maleanilic acid (MAH), malea-1-
naphthanilic acid (MNAH), 2-
(aminocarbonyl)benzoic acid (ACBAH), 2-
[(phenylamino)carbonyl] benzoic acid (PACBAH), 2-
[(1-naphthalenylamino)carbonyl] benzoic acid
(NACBAH), 2-[(2-aminophenylamino)carbonyl] be-
nzoic acid (APACBAH), 2-aminobenzanilide (ABn),
and 2-(aminobenzoyl)benzoic acid (ABBAH) are
discussed.

Materials and Methods

All the chemicals used were of AR grade. ABBAH
was obtained from Aldrich Chemical Company
(USA). All the other ligands were prepared by the
literature methods'®'*.

To a warm absolute ethanolic solution of the metal

salt (1 mmol), dehydrated with a few ml of 2,2-

dimethoxypropane, a warm ethanolic solution of the
ligand (3 mmol) was added dropwise with stirring. The

mixture was refluxed on a water bath for 1 hr; on®

cooling, a brick red solid separated out which was

washed with ethanol, and ether and dried in vacuo.
The complexes were analysed for metal content by

standard method. The carbon, hydrogen and nitrogen

analyses were obtained from the Microanalytical

Laboratory, Calcutta University, Calcutta.

The low frequency IR spectra were measured in the

range 600-200 cm ' on a Perkin-Elmer 577
spectrophotometer available at 1.1.Sc., Bangalore.
Modssbauer spectra were recorded using an Elsint
spectrometer working in constant acceleYation mode
in conjunction with a multi-channel analyser
(promeda) using 512 channels. Each spectrum was
recorded in 256 channels with its mirror image in equal
number of channels. The details of the other
measurements are the same as given earlier'®

Results and Discussion

All the complexes are stable at room temperature
and are nonhygroscopic. The complexes are slightly
soluble in MeOH, EtOH, and freely soluble in DMF
and DMSO. Some of the complexes are soluble in
water also.

Analytical data (Table 1) indicate that the metal
chelates of AABAH, BABAH, MAH, MNAH,

. ACBAH, PACBAH, NACBAH and ABn have-1:3

(metal:ligand) stoichiometry whereas those of
APACBAH and ABBAH have 1: 2 stoichiometry. The
molar conductance values of AABAH, BABAH,
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Table 1—Analytical and Physical Data of Iron(I1) Complexes

Complex Colour Decom. Found (Calc), % Molar Herr
i temp. conductance (B.M.)
; (‘0 M C H N (ohm™*cm?mol ™)
[Fe(AlABA),] Brick red 230 9.32 54.45 413 7.04 16 591
f (940)  (5492) (4.02) (7.10)
[Fe(BABA);] Light brown 260 7.36 64.27 3.70 5.51 20 6.02
| (7.22) (64.90) (3.81) (5.42)
[Fe(MA);] Reddish 220 9.06 57.71 3.64 6.82 22 594
3 brown 892) (57.52) (3.83) 6.71)
[Fe(MNA),] Light snuff 210 7.03 65.08 3.65 5.35 20 5.96
: (7.19) (64.96) (3.86) (5.41)
[Fe(ACBA);] Light brown 225 997 5241 3.17 7.58 24 5.90
! (10.19) (52.56) (3.28) (7.66)
(Fe(PACBA);12H,0 Snuff 250 6.64 6193 4.04 5.02 16 5.73
1 687) (6208 (4.18) 5147
[Fe(NACBA);] Brown 260 6.21 69.25 3.72 4.62 18 5.61
| (6.03) (69.98) (3.88) 4.53)
[Fe(APACBA),JNO;  Dark red 290 9.02 53.37 3.39 11.27 65 6.01
| (8.89) (53.51) (3.50) (11.15)
[Fe(ABn),](NO,), Dirty yellow 255 620 5345 402 14.18 185 597
: 636) © (5331) (4.10) (14.35)
[Fe(AHBA),INO; Yellow 280 945 - 56.11 3.18 721 70 6.05
9.34) (56.20) (3.34) (7.02)

MAH, MNAH, ACBAH, PACBAH and NACBAH
complexes in DMF at 10— M concentration are low
(Table|1) suggesting that they are non-electrolytes. The
complexes of APACBAH and ABBAH, however,
exhibif molar conductance values in the range 60-70
ohm ~{em?mol ™' indicating that they are 1:1
electrojytes. The complex of ABn (Ay=185
ohm ~tcm?mol ~') is a 1:3 electrolyte.

The thermogram of Fe(IIl)-PACBA complex
exhibits two clear-cut stages: one corresponding to
dehyd ation and the other to decomposition with the
loss ;? organic moiety. The dehydration curve
corres;ionds to the loss of two water molecules in the
temperature range 80-120°C (calc. = 4.43%,; found.
=4.32%). Also, the DTA of this complex shows an
endothermic peak in the above range further giving
evidence for the presence of water molecules. The loss
of water molecules in this low temperature range
indicatgs that they are lattice-held'?. On the other
hand, the thermogram of Fe(Ill) NACBA complex
shows dnly a single decomposition curve commencing
at 260°C which corresponds to the loss of organic
moiety.jThe final products of decomposition in both
the complexes above 520°C correspond to the metallic
oxide (PACBA complex: calc.=80-32°,; found.
=79.86",, NACBA complex: calc. =82.75%,; found.
=81.95%,).

Infrared} spectra

The ligands containing carboxylic acid group show

strong IR bands around 1700 and 1330cm ! due to C
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=0 and C — OH stretching modes'? of the carboxylic
group, respectively. These bands disappear in the
complexes and are replaced by two bands at ~ 1550
and ~ 1380 cm ! assigned to v,,(COQ) and v,(COO),
respectively'*.

The v(N — H) frequency in AABAH and BABAH
shifts to lower frequency side by 100-120 cm ! in
complexes indicating that the nitrogen of the amide
group is coordinated'®. A band at 1650 cm ~! in these
ligands, assignable to v(C =O) of the amide group,
shows practically no shift in the complexes, thus ruling
out coordination through amide oxygen. In the MAH,
MNAH, ACBAH, PACBAH, NACBAH and
APACBAH complexes, v(N —H) shifts towards
higher frequency compared with the position in ligand
spectra, indicating non-participation of nitrogen atom
in coordination’'®. This may be due to the formation of
metal to oxygen bond which increases the electron
demand by the donor oxygen atom and blocks the
resonance between this oxygen and the nitrogen
resulting in an increase in the N —H stretching
frequency. In agreement with the above view, v(C = Q)
(or the amide-I frequency) in the above set of ligands
undergoes a negative shift (40 cm ) in the complexes,
indicating coordination of this group through
oxygen'®. The coordination through oxygen is also
inferred by the positive shift (20cm ') of C—N
stretching frequency'” in the complexes.

The amine (N —H) frequency in APACBAH,
ABBA and ABn complexes undergoes a lower shift
showing that nitrogen of this group is coordinating.
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The Fe(I11T)-PACBA complex shows a broad band in
the region 3500-3200 cm ! which indicates the
presence of water molecules. However, it does not
show a band in the region 900-830 cm ! which
suggests that water molecules are uncoordinated!®.

Further, the far infrared spectra of the respective
complexes show non-ligand bands corresponding to
v(M — O) and v(M — N) vibrations'®.

NMR spectra ‘

The NMR spectrum of ligand BABAH shows
(values in 0 scale) a resonance signal due to NH proton
at 6.70 ppm which is not observed in its complex in the
range studied (0-15ppm), implying a large down field
shift of this proton, and suggesting that the amide
group nitrogen participates in coordination. In
addition, a signal at 12.18 ppm in the ligand spectrum,
assignable to carboxylic proton, disappears in the
spectrum of the complex indicating deprotonation of
carboxylic group and the involvement of oxygen of
carboxylate ion in chelation.

A similar comparison of the NMR spectrum of
ligand MAH with that of its Fe(III) complex shows
that the proton of amido group undergoes only a small
down field shift (from 3.30 to 3.42 ppm) indicating the

non-involvement of NH group in coordination. The
signal at 10.35 ppm in the ligand, assignable to
carboxylic proton, disappears in the complex
confirming the participation of this group in bonding.

Electronic spectra and magnetic moments

The high-spin iron(IIl) complexes contain five
unpaired- electrons; all d-d transitions are spin
forbidden and hence should be weak. A pattern of four
bands is usually expected for octahedral geometry
corresponding to the transitions2°:

4Tlg‘_6Alg’ 4T23‘—6A|9
*Eg—°A4gand *T(D) 4,

But all the four transitions are not observed in most of
the complexes. The Fe(III) complexes reported here
reveal two or three bands assignable to one or the other
transitions given above. Though d-d transitions are
forbidden in high-spin Fe(IIl) complexes, the high
intensity of the band at ~ 23000 cm ~' may be ascribed
to borrowing of intensity from a low lying charge
transfer band of the ligand2°. Thus, the band at 23000
cm~! is due to the transition *Ty«°4,, in an
octahedral field and is intensified due to the presence
of a nearby charge-transfer band of the ligand. The

Table 2— Mossbauer and Electronic Spectral Data of Iron(III) Complexes

Complex Mossbauer Electronic Tentative
parameters® spectral assignment

bands

é AE, {cm™Y)

(mm/sec)

[Fe(AABA),] 043 0.71 16782 ‘T, < %4,,
23040 4T, %4,,
27605 ‘E, %4,
(Fe(BABA);) 0.42 0.78 15625 ‘T,,«%4,,
22976 4T,, <54y,
28105 ‘E, %A,
[Fe(MA);] 0.41 0381 15873 4T, < %A,,
21276 4T,,+<%4,,
[Fe(MNA);] 0.39 0.75 16050 ‘T, <Ay,
21505 AT, <Ay,
[Fe(ACBA);] 041 0.72 17857 4T, —%4,,
22624 ‘T, %4,
[Fe(PACBA);J2H O 0.35 0.77 15625 AT, %Ay,
23041 4T, +54,,
27027 ‘E,«%A,,
[Fe(NACBA),] 0.32 0.78 18867 4T, <4,
22371 4Ty« %4,,
26178 ‘E,«%4,,
[Fe(APACBA),INO; 0.42 0.68 15384 4T, %4y,
22675 AT, <Ay,
27027 ‘E, <54y,
(Fe(ABn),J(NO,); 0.36 0.69 16660 4T, %A,
22522 *T,,+%4,,
[Fe(ABBA),JNO; 0.38 0.70 16949 ‘T 1e ‘—°A1,
21739 4T,,<%4,,

"“*4 i§ isomer shift relative to iron foil and Eg is quadrupole splitting.
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Fig. 1 —Mbssbauer spectra of (a) sodium nitroprusside and (b) Fe(I11)-
| ABn complex.

magnetic moment data of the complexes are given in
Table 11 The moments obtained for the present iron
(IIT) complexes of all the ligands indicate that they are
of spin-free octahedral type. However, somewhat low
moments associated with Fe(IIT)-PACBA and Fe(I1I)-
NACBA complexes might be attributed to distortion
from octahedral structure with considerable -
bonding?2.

Mossbauer spectra

Mossbauer spectrum of a representative complex,
Fe(IID)-ABn complex, is shown in Fig. 1. Isomer shift
and quadrupole splitting values are collected in Table
2. All the quadrupole-split spectra exhibited full-width
at half maximum (fwhm) for the individual
components between 0.24 and 0.4 mm/sec.

The isomer shifts for the iron(I1I) complexes of all
the ligai:nds reveal that they are of high-spin type, for
which the values lie in the range 0.3 to 0.5mm/sec
confirming the octahedral geometry around
iron(111)2* 2*, The quadrupole splitting data also secem
to underline this point. The isomer shift range is very
small for all the complexes, inspite of the different
sizes of the various ligands. This is due to the presence
of a similar configuration around the metal ion and
similar; geometry of all the complexes.
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The line width represents the nature of iron site in
the crystal lattice. If it is more than natural line width,
there may be more than one iron sites present in the
crystal. The line width (0.2 to 0.4 mm/sec) of iron(III)
complexes with all the ligands indicate the presence of
a single iron site in the crystal.
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