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ABSTRACT

Metal (IT) complexes of the type [M(N-
BTB),1$O, where N-BTB = C,H,CO.NH.CSCH,,
M=Mn(ll), Fe(Il), Co(Il), Ni(I]) and Zn(II); and
also [Cu(N-BTEB),|SO,, have been synthesized by
solid - solid interaction and characterised by means
of a number of techniques including elementai
analysis, IR spectra, magnetic susceptibility
measurements and electronic (reflectance) spectra.
All the complexes exhibit octahedral
stereochemistry except the Cu(Il) complex whick is
square planar. IR data indicates that the N-
Benzoylthiobenzamide coordinates to the meta) ions
in its trans-trans configurational form.

Keywordsy: Thioketoiminoketones, N-
Benzoylthiobenzamide, Spectral and Magnetic
properties

INTRODUCTION

Complexing abilities of acyclic imides
containing the -CONHCO - group have received
considerable attention over the past few decades [1-
4]. However, most of the studies have been
concerned with complexes of diacetamide,
Although the first systematic study on transition
metal complexes of these imides has been reported
by Kmihanzel and Grenda [5] very sparse
information could be found in the literature
concerning the complexing ability of other acyclic
imides, especially those containing the -CONHCS-
group [6,7].

This paper therefore reports the synthesis
of N-Benzoylthiobenzamide (N-BTB),
CH L CONHCSC,H,, by benzoylation of
ibiobenzamide and the preparation of some meta]
(I) complexes of this imide by solid-solid
interaction (4,8]. The complexes have bern studied
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from their analytical, magnetic, vibrational and
electronic (reflectance) spectral data,

DISCUSSIONS

The elemental analysis of these complexes
indicates a 1:3 (M:N-BTB) ratio formulation except
in the Cu(Il} complex where the ratio is 1:2. The
melting points are pot sharp but all complexes
melted with decomposition at the stated
temperstures (Table 1).

All complexes are stable in air and quite
soluble in acetone, ether, ethanol and chloroform.

Table 1: Physizal and Analytical Data® for [M(N-BTR)N]S0y

Commprserd Cobirar *Ereciimp =C i N L L1
Tol
| Mo{H -3T3Y,] 30, Crosm 142 140 L] & 53 [N 5] 5.8
CoHuMnM O 5, 5Y.60) (3 8y ) [4EN -] .25
-
[FaiM-BTH),| 80, Owvanga [£1] 160 1m 4.9 14 -] .00
CyHyFaN,0.5, (5740 3N ] 4.0 {1464} 163}
|CorN-&TH,J50, dk blue 11+ 5100 17 1 1410 &7
T, C MO8, (5780 (.78 (4.1} 4.5 (L1 AT
M, N ETR, 80, Brewmish 15 T80 16 waa .50 5.3
CoHphMO.S, 5140 .9 Tn {14.50 w60
[CuM-BTEL0, -~ | Coffee 21 2300 .40 408 15.00 5]
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[ 70 -BTH) 150, Creem E1] 34.90 e 443 1447 65.53
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ar the

. { dam
o Commpleses meliad wish decwmpesition.

Infrared spectra

‘ Comparison of the IR spectra of the ligand
_wltb those of the complexes (Table 2) reveal a shift
in most of the important bands. The free N-H
band in the ligand as a result of 4 trans-trans
configuration (Fig.1) of N-benzoylthiobenzamide,
appears to have shifted to lower frequencies in the
metal complexes, possibly attributable to an > N-
H._. -080, hydrogen bonding., The sulphate anion
being outside the co-ordination sphere, is involved
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Table 2: I spectral data (em™ 1) as KBr disc
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Fig. 1. Configurational forms of -CONH.CS- group (R = CHZ,

Cg Hz, R' = CgHyg')

in such a hydrogen bonding to the imide hydrogen
in the complexes. This is confirmed by a single
broad band at 980cm’! characteristic of unco-
ordinated sulphate ion [9].

In the complexes the thiopeptide linkage, -
CONHCS- does not bite the metals in the same
fashion as does monothio-B - diketones {10}, as is
evidenced by IR findings. The imide bands in the
1700-1100cm™ region are not vibrationally pure.
these bands are mainly due to the WCO+ & NH;

VCS+ ENH and also the C-N-C skeletal vibrations.
The maximum shift in the pure C=0 band in the
complexes is Scm”' whilst that foryC =S58 is 35cm™
relative to the ligand. These marked unequal shifts
in the carbony! and thiocarbonyl modes suggest
unequal biting of the metal by the -CONHCS-
group, compared with that of -COCH,CS- group in
the monocthio-B-diketone complexes [10]. The
greater shift in C=38 over that in C-O to lower
frequencies 1 the complexes could be a result of
metal-to-ligand {(d-x) back bonding thereby
stabilizing the sulphur-metal {= bonding. Thus the
{d-x} back bonding stabilizes the oxygen-metal -
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bonding to 2 much lesser extent. The bands
between 300-450 cm™' have been assigned to the M-
Ligand vibrations,

Magnetic and Electronic Spectral studies

The magnetic and electronic spectral
properties of the metal complexes are given in
Tables 3 and 4 respeclively along with the probabie
assignments for the electromic transitions based on
available literature data [5,11,12). The electronic
spectra in the UV region generally show bands
characteristic of s—w* transitions and charge
transfer bands. For the titled compounds, these are
due to the w+r*(C=0) and x-x*(C=8)
transitions. These occur at 40.36 and 32.86kK
respectively in the ligand and have been observed
to shift to lower frequencies (Table 3) in the metal
complexes, ao evidence of metal to ligand (d-w)
back bonding. The zinc (IT} complex shows bands
duec mainly to the ligand except that compared to
those of the ligand, there is & general bathochromic
shift. Magnetic data confirm a diamagnetic
character for [Zo(N-BTB),S0O, and no d-d bands
were observed as expected.
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Table 3. Reflectance Spectra of N-BTB and its metal {JI}
complexes {IkK = 1000cm™})

Lompd |
N-BTH 4035 T - wHCaln
32.85 - - wHC=5
26,08 £
Mu{N-BTB},L5O, 15,01 e o 19
3154 - rC=3)
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16.87 T, (Fh= A Fy
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25.31 T (Fre T (P
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CuN-BTHLSO, .06 e arera T
30.69 ox - T =5)
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11.84 E, =B,
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MLECT: Metal-Ligand Charge Trangfer.

Table 4; Magnetc properties at 283k

Compd Susceptibility

Xy X 10 pobrs. B.M, +0.06

C.4.5u. CR.Eu
Mm{M-BTH|, 504 15230 388
Fe(N-BTB}, SCH 13361 5.60
Ca(N-ATH), S04 11171 s.12
WilH-BTE), 504 Prre 3.42
CufN-ATE), 504 1322 1.89
ZafN-BTB), S04 Diamugnuatic Driamagrtic

The magnetic properties of these
complexes in the solid state at 293K are given in
Table 4. There is no irregularity in the magnetic
moments as the values for the Mn(Il), Fe(lID),
Co(Il) and Ni(Il)- complexes are all within the
ranges comumonly observed for high spin octahedral
complexes [13]. The magnetic moment for the
Cu(Il) complex is reasonable and supports the
bands observed in the visible region for square
plapar copper(ll) complexes. Simple Cu(ll}
complexes, those lacking Cu-Cu interactions, are
generally in the range 1.75-2.20 B.M.[14]. A
magnetic moment value of 1.89B.M recorded for
the Cu(ll) complex coupled with the d-d bands at
15.43 and 11.84kK, which have been assigned to
2Eg ™ QBI‘(dxy,dy! = dl 2')'2); and 2AI. - IBI; (dl.z Ed
d | %% respectively, are indicative of a square
planar formulation for the [Cu(N-BTB).] SO,
complex. The third and lowest band, ’B,, + > B,
(dxy — dx?-y?), was not observed in the reflectance
spectra.

The d-d bands in the electronic spectra of
the Mn(1l) complex occur around 17.10, 19.46 and
25.27kK which have been assigned to ‘A, —

T, (G), °A), = TyG) and ‘Au - “B,, ‘A, (©)
respectively. The magnetic moment of 5.98 B.M.
confirms that the Mn (II) is in high spin with a

Fe(lf) complex, with some orbital contribution, is
5.60B.M., and supports an octahedrl
stereochemistry. The electronic spectra gives a
broad band around 11.49kK assignsble to *T,, -
SEg transition. Magnetic moment value of 5.12
B.M reported for the Co(fl) complex is
characteristic of high-spin &' octahedral Co(II)
system. The electronic spectra gives three bands at
12.60, 16.87 and 19.46kK which have been
assigned to ‘T (F) = ‘T, (F), 4T, (F) - ‘A, (F)
and “T\,(F) = *T,(P) traasitions respectively.

With a 1%, configuration having a
ground term of A,,, the Ni(ll) complex shows
three bands around 13.77, 18.02 and 25.31kK
assignable to *A,, - Ty, *A;, - *T(F) and *Ag
-+*T (P) transitions respectively; and & magoetic
moment of 3.42 B.M. at 293K confirms the
presence of two unpaired electrons typical of
octahedral Ni(1l) complexes.

EXPERIMENTAL

N-Benzoylthiobenzamide (N-BTB) was
obtained by adding 0.10 mole of benzoylchloride
slowly with stirring to an jce-cold solution of 0.10
mole of thiobenzamide dissolved in S0cm’ pyridine.
The mixtusre was stirred for 5 - 6 hr and poured
slowly with stirring into ice-cold 10% sulphuric
acid thus leading to the precipitation of N-BTB.
The product was recrystallized from toluene and
then stored in a desiccator over drierite. N-
Benzolythiobenzamide (N-BTB), C H, NOS, red
garnets: m.p 119-120°C; (lit m.p. 119°C) [15].
(Found : C,69.21; H,4.08; N,5.12; §,12.92. Calc
for C, H, NOS: C,69.68; H,4.59; N,5.81;85,13.29)

Preparation of Metal chelates.

The imide chelates were prepared by solid-
solid interactions. Stoichiometric quantities of the
imide (N-BTB) and anhydrous metsl (II) sulphate
in a 3:1 stoichiometric ratioc were ground in a
mortar; altenate 15 min period of grinding and
vacuum drying were continued until infrared data
indicated that the reaction was complete, the
products were washed thoroughly with anhydrous
ether to remove unreacted imide and dried in
vacuo for 10 min. The physical data of these
chelates are prescated in Table 1.

Physical Measurements

. The IR spectra (4000-299¢m™) as KBr
discs were recorded using a Perkin Elmer 2838 IR
spectrophotometer whilst the Diffuse Reflectance
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spectra were recorded in the 40,000-10,000cm*
range at reom temperature on & Perkin Elmer UV
552 spectrophotometer equipped with a reflectance
attachment, using BaCO, as reference, Peak
positions were read off on a Perkin Elmer IR Data
Station equipped with a UV Programme IF552
Disc, hoqkﬁd through a Perkin Elmer 283 on-line
communication accessory. Magnetic measurements
were made by the Gouy method at 293K using Hg
[Co(SCN),} as a calibrant. All samples were
measured as powdered solids,
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