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Metallic complexes with furan oximes. Part 5 - synthesis and char-
acterization of 5-nitro-2-furfuraldoxime complexes with 3d ele-

ment dihalides

Gilles M. Bouet™, Ghassan Ibrahim and Mustayeen A. Khan

Laboratoire de Chimie de Coordination, Université d' Angers, Fuculté de Pharmacie, 16 Boulevard Daviers, F-49 100

Angers, France

Summary

Following our investigations into the complexing proper-
ties of 3-substituted 2-furfuraldoximes, we describe here
the first complexes obtained from 5-nitro-2-furfural-
doxime (5-NO,-FDH or L) and 3d element dihalides,
formulated as [ML,X,], [ML;X,] and [ML,X,]
(M = Co, Ni or Cu: X=CI or Br). The structures are
discussed on the basis of analytical, i.r. spectral data and
thermal analysis.

Introduction

In our continuing investigations of furanic oximes as
ligands''-* we describe here some complexes derived from
5-nitro-2-furfuraldoxime and copper(Il), nickel(Il} and
cobalt(I1) chlorides or bromides. The therapeutic proper-
ties of S-nitrofurans are well known: they show a bac-
tericidal activity® ™ but, as far as we know. their
complexing properties towards transition metal salts have
yet to be studied. In a preceding paper''’, we demon-
strated that no change occurs in the coordination mode
when a methyl or an ethyl group is located at the 5-
position of the furan ring. The aim of this work is to
describe the effect of the nitro group in the same posi-
tion.

Experimental

The ligand 5-nitro-2-furfuraldoxime or nifuroxime (E
isomer) from Janssen was used as supplied.

Preparation of the complexes

Unless otherwise indicated, the complexes were prepared
in anhydrous EtOH from 1.56¢ (0.01 mol) of 5-nitro-2-
furfuraldoxime (used vol. in brackets). After verifying the
purity by t.lc.. the products are finally dried under re-
duced pressure at room temperature. They are slightly
hygroscopic and must be kept in a dry atmosphere.

Dichlorobis( 5-nitro-2- furfuraldoxime jcopper( 1)

To copper (II) chloride (CuCl,-2H,0) (0.86 g, 0.05 mol,
13cm?), a solution of the oxime (100cm?®) was added
slowly at room temperature. After 10min, the brown
solid which appeared was removed by filtration, washed
twice with EtOH and then with small quantities of n-
pentane.

* Author to whom all correspondence should be directed.
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Dibromobis( 5-nitro-2-furfuraldoxime )copper( 11 )

An EtOH solution (15¢m?) of CuBr, (1.12 g, 5 mmol) was
cooled in an ice-bath and the oxime (62.5cm?) was added
slowly. After [ h stirring at ca. 4 "C, a brown solid ap-
peared. [t was isolated by filtration and washed with
n-pentane.

Dichlorobis( 5-nitro-2- furfuraldoxime )nickel( 11 )

NiCl,-6H,0 (1.25g, 5.25 mmol) was dissolved in EtOH
(16 cm?®). The solution was held at the reflux temperature,
then, a solution of the ligand (75cm?) was added drop-
wise. After refluxing for 1.5h, a yellow solid precipitated
which was removed and washed in n-pentane.

Dichlorotris( 5-nitro-2- furfuraldoxime Jnickel( 11 )

NiCl,-6H,0 (2.33 g, 7.2mmol) was dissolved in EtOH
(20cm?) and heated to the reflux temperature. The sol-
ution of the ligand (97.5 cm*®) was added slowly. The reflux
temperature was maintained for 30 min after the addition.
On cooling, the complex partly precipitated. After remov-
ing the solvent at room temperature under reduced pres-
sure, the residue was washed with cyclohexane.

Dibromobis( 5-nitro-2- furfuraldoxime Jcobalt( 11 )

Under EtOH reflux, the ligand (87.5cm?) was added
dropwise to a solution (20ecm?®) of CoBr, 6H,0 (1.75¢g,
4.5mmol). After 1 h refluxing, and slow cooling, the sol-
vent was removed under reduced pressure at room tem-
perature. The residue was then washed with n-pentane.

Dibromotetrakis( 3-nitro-2- furfuraldoxime jcobalt(I1)

The EtOH solution containing a slight excess of
CoBr,-6H,0 (0.84 g, 0.026 mol, 50 cm?) was added to the
EtOH solution of the ligand (100 cm?) and cooled in an
ice-bath. After stirring for 1h 30 min at ca. 4°C, the sol-
vent was removed at room temperature under reduced
pressure. The dark pink residue was then washed with
a little EtOH and finally with n-pentane.

Physical measurements

The analytical and spectral techniques were described
previously'?’. The d.s.c. curves were recorded using a
Metller TC11 T.A. processor with a d.s.c. 30 furnace (J. P.
Benoit and M. C. Vénier, Laboratoire de Pharmacotech-
nie, Facult¢ de Pharmacie, Angers) from ambient

temperature up to 300 C at a rate of 10 min~', in
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Table 1. Analytical data for the complexes
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Compound Colour Yiceld M.p. Found (Caled.) (") A "w
(") ( C) C H X M (Sem “mol Yy omolwl™ (B
[CuCl,L.,] sellow green 48 224 26.6 1.8 153 1.1 16.7 insol, 1.86
(26.9) (1.9) (139 (11.2) (440)
[CuBr,L.] brown 70 213 231 1.3 299 1.0 14.3 460 1.76
(22.4) (1.3) 1299 (118 (535)
[NiCLL,]  green 51 257 27.1 1.9 16.3 13.2 30.1 550 3.33
27.2) (1.8) (16.0) (13.3) (4d2)
[NiL;]Cl, green 73 210 30.1 2.1 1.3 9.0 312 insol. 3.16
(30.1) (2.0) (11.8) (9.8) (598)
[CoBr,L,] dark pink 74 201 20.5 L7 31:2 10.6 24.6 insol. [:95
(22.6) (1.5) (30.1) (I1.1) (33D)
[CoBr,L,] dark pink 59 128 28.3 1.8 18.9 6.2 356 600 295
(28.5) (1.9) (18.9) (6.9) (843)

*Nalin EtOH (10" *moldm ") 33.9Sem ™ *mol " ': "insol.. not sufficiently soluble in PhANO,. ¢ diamagnetism corrected.

Al crucibles (40 ul). The crucibles were closed or pierced
with two holes. The reference was an identical empty
crucible.

Results and discussion

The analytical data of these new complexes are reported
in Table 1. They show that three series of complexes could
be obtained: [ML,X,], [ML,]X, and [ML,X,]. The
[ML,]X, series was not isolated with, for example, 5-
methyl- or 5-ethyl-2-furfuraldoxime'"’ but Shukla et al.*®
prepared the [CoClL,(FDH),] complex, where FDH is 2-
furfuraldoxime.

The molar conductances in EtOH correlate with those
previously obtained from our previous work*-211, They
show that these new compounds are non-ionic species
and that the two halides lie in the inner coordination
sphere of the cation. The [NiL,]Cl, complex exhibits a
higher molar conductance than the other species or Nal
(reference solution) but comparable with that of
[CoCly(FDH),]*® and, in this case, the chloride ions are
not in the coordination sphere of the metal and the correct
formula is thus [NiL,]Cl,. Finally, the molar mol. wt
indicate the process of monomeric compounds.

The magnetic moments of the copper and nickel com-
plexes are typical for high-spin species. On the other hand,
the cobalt(II) compounds exhibit low values correspond-
ing to low-spin species.

Ligand geometry

5-Nitro-2-furfuraldoxime is shown in Figure 1. Although
it is possible to separate the E and Z isomers of the
ligand'. the coordination modes described below (see
Table 2) show that this is not necessary. In addition, we
noticed that the O—H vibration regions (i.r. spectrum)
for commercial 5-nitro-2-furfuraldoxime are typical of the
E-predominant isomer, according to Hadzi and
Premru''®,

LA

0N ~07 “CH=NOH

Figure 1. 3-nitro-2-furfuraldoxime (5-NO,-FDH),

Lr. spectra

The mainir. spectral data for the ligand and its complexes
are reported in Table 2. As expected. the vibration bands
related to the nitro group, e.g. v(N—QO)and v (C—N). are
not shifted when passing from the ligand to the complex,
and this group is not involved in the coordination.

We observed that the main series of i.r. vibration bands
(Table 3). e.g. v(C=N), v(N—O (oxime)]. § (C—O—C)
and ring breathing bands, exhibit a slight shift to higher
wave numbers for the N—O oxime stretching band.
Comparison of these variations with those obtained with
FDH''", MSFDH or ETSFDH'" revealed no significant
changesfor [ML,X,]and [ML,X,](L = 5-NO, furfural-
doxime) complexes. Consequently, 5-NO,-FDH acts as
a bidentate ligand O-cycle and O-oxime atoms. whereas it
is through a monodentate ligand (N-oxime) in the
[ML,X,] series. This fact is confirmed by the presence of
two bands due to the M—O (cycle) stretching vibration in
the 670-620cm ™' region., the M—O(oxime) at ca.
500cm™'in [ML,X,] complexes.and at ca. 220 cm ™ ! for
v[M—N(oxime)] in the [ML,X,] series'!*.

In addition, all the complexes exhibit a single band
for the metal-halide vibration (Table 2), typical of trans
octahedral complexes as reported by Nakamoto'?.
This band is missing [NiL,]Cl, since the chloride
ions are not in the inner sphere of the cation as described
above.

The spectra of [NiL,]Cl, shows the same metal-oxygen
vibration bands, e.g. v[N—O(ring)] at 530 and v[N—
O(oxime)] at 669 and 641 cm ™, at a lower wave number
than in the [ML,X,] spectra. So. in this complex, the
ligand is bidentate and the coordinating atoms are O-ring
and O-oxime ones. On the other hand, the v(O—H)
vibration band at 3265 cm ™ ' is assigned to intramolecular
hydrogen bonding, as observed in [CoCl,(FDH),]®.
However, if the octahedral geometry is maintained, it is
not possible to determine the actual isomer because of the
lack of v(Ni—Cl).

Electronic spectra

The electronic spectra were recorded in ethanol solutions.
The [CuBr,L,] and [CuCl,L,] species exhibit a broad
band at 11050 and 11550cm . respectively, represen-
tative of a z-axis distorted trans octahedral complex. but it
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Fable 2. Lr. spectra (em ') for 3-NO,-FDH and its complexes
Compound O H o0 Y v(C o= N) v[NO O Ring Ring (N0 v[(CON M Xy (M O
foxime) ] breathing initrol ] tnitro} ]
S-NOL-TDH 3270 1418 1633 970 1023 15378 1530 821
’ 3170 1325 1475 1330 809
1187
937
900
[CuCT,L,] 3435 1430 1632 973 1038 1574 1528 849 270 S00(r)
3170 1312 1482 670(0)
1195 64510)
960
905
[CuBr.L,] 3430 1422 1630 978 1035 1578 1S 848 200 5101r)
3170 1315 1479 13 829 675(0)
1195 633 (0)
1179
909
901
[NiClLL,] 3430 1437 1629 972 1032 1571 1523 832 245 4901r)
3180 1320 1480 1360 819 675{0)
1192 650(0)
958
907
[NiCLL,] 3265 1413 1633 972 1028 1577 1535 837 530(r)
1320 1485 1351 811 669 (0)
1188 6411{0)
950
910
[CoBr,L.] 3380 1412 1635 972 1032 1571 1530 825 315 455(n)
3270 1325 1478 1352 810 672(0)
1192 639 (0)
952
904
[CoBr.L,] 3435 1410 1635 970 1034 1571 15330 822 322 =
3270 1308 1473 1352 810
1195
955
935
‘r.M =~ O (ring) 0. M—-0 (oxime).
Table 3. Shifts of the main i.r. vibration bands (cm ™ !) in the complexes
Compound v(C=N) viN---Ox) 0 (C—0--C) Ring breathing
[CuCl,L,] -3 +5 +7 +13
[CuBr,L,] -5 +8 +9 +10
[NiCLL,] -6 +2 +7 +7
[NiL;]Cl, 0 -8 +4 +3
[CoBr,L,] 0 +2 +4 +7
[CoBr,L,] 0 0 +3 +9
[CoBry(M3FDH),]'" + 16 +7 +16
[CoCl,(FDH);]*® +18

is not possible to observe the three bands (or the three
siioulders) which would help to calculate 10 Dq according
to Billing and Underhill**, as reported for MSFDH or
ESFDH complexes'?.

The nickel compounds were not soluble enough in
EtOH to assign the first v, band in the near-i.r. region and,
consequently. 10Dq. The v, bands appear at ca.
16000cm ™! and the v, bands at ca. 13200cm ™ *.

Finally. [CoBr,L,] showed a v, band at 15270cm ™!
(caled.: 15970 ecm ™), a v, band at 17500cm ™! (16950 cm ™ '),
leading to 10Dq=8135cm ™" and B=760cm™!. The
[CoBr,L,] compound has a v, band at 15300cm ™!
(15315cm ™~ ')and a vy band at 17700cm ~ ! (17720cm ™ 1),
with 10Dq =8150cm ™' and B= 770 cm ™ '. These values

were obtained through Konig's relationships''®. It is
noteworthy that, in electronic transitions, the energies of
the corresponding levels are the same irrespective of
whether they are calculated on a weak or a strong ligand
field basis''®. The 10Dq values are comparable with
those previously published for methyl or ethyl 5- sub-
stituted furfuraldoxime''! but B values, on the other hand,
are lower. A similar value was observed in the complex ion
[Co(4-methylpyridine),]***®. This shows that the bond
between Co*™ and 5-NO,-FDH is more covalent than
the bond between the same ion and 5-methyl-FDH or
5-ethyl-FDH'"". The nitro group induces a greater elec-
tronic delocalization along the molecule. In the whole
series, the rrans octahedral geometry is confirmed.
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Table 4. Thermal analysis data (d.s.co for ligand. mixtures and complexes

Compound of mixture

Crucible!
3-NO,-FDH (L) ¢
0
[CuL,Cl,] C 126 [+ 23]
0 15[ +67]
[CuL,Br,] c 131 [=7]
0
[NiL,Cl,] ¢
0
[NiL,]Cl, c
0 85[-7]
[CoL,Br,] c
o
[CoL,Br,] c 103 [—-21]
0
[NiCl,(M5FDH),]* ¢
0
[NiH,0),]CIS c 103 [+ 123]
0 86 [—216]¢
2L + INICK c 163[+]
3L + INiCE c 147[—]
4L + INICl c 137[+]
0 101 [+]

Main peaks { CL[AH (kI mol ']

157 [+37) 202 [— 180]

157 [+25] 205 [ —193]
143 [ -28] 157 [—653] 275 [ ~200]
151 [ =13] 163 [—78]
160 [—185] 208 [—20] 262[—39]
172 [=244] 190 [—8] 275[-9]
247 [ —407]
248 [—317]
186 [ —44] 222[—119]
166 [—72] 195 [ —160]
210 [ —53]
208 [ —280] 265 [ —206]
141 [ —454] 269 [ —934]
144 [—239] 269 [ —546]
234 [—516]
244 [+ 21] 250 [+2]
193 [ +22] 244 [ +20]
174 [+ 36] 252 [+9]
175 -] 222 0=
167 [—] 213[(-]
162[—] 207 [ -]
158 -] 201 -]

2¢. Closed. o. open, " MSFDH. 5-methyl-2-furfuraldoxime: © Prolabo p.a.: ¢ the molar enthalpies cannot be calculated, the sign is given: *fused peaks

with several shoulders.

Thermal analysis

We recorded two series of d.s.c. diagrams: the first with
closed and the second with open crucibles. For the sake of
comparison, we recorded the d.s.c. curves of the similar
compound [NiCl,(M5FDH),]""', where MSFDH is a 5-
methyl-2-furfuraldoxime, and of the present ligand. as
well as those of mixtures in the proportions of one NiCl,
2. 3 or 4 molecules of 5-nitro-2-furfuraldoxime. In all three
cases, the molar enthalpies could not be calculated as the
molar mol. wt is unknown. These results are reported in
Table 4 and the diagrams are shown inFigure 2.

The ligand melts at 157 °C (A H = 30kJ mol ™!}, typical
of E 5-NO,-FDH'"'""'® and decomposes at ca. 200°C
(AH ~ — 185kImol™ 1), as indicated by an exothermic
peak. There is no significant difference between closed and
open crucibles in this context, which demonstrates the
absence of an intramolecular exothermic reaction in the
temperature range studied.

The nickel(II) chloride hexahydrate shows an endo-
therm at 103 °C in the closed crucible (AH ~ 123kJmol™ 1)
due to the elimination of coordinated water. This peak is
absent in d.s.c. diagrams recorded with an open crucible
but there is a series of exothermic peaks and shoulders at
ca. 86 °C (see Figure 2). We believe that this is a result of
the displacement of chloride ions from the outer coordi-
nation sphere of Ni?~ into its inner sphere giving
[NIClI(H,0)s]" and [NiCl,(H,0),], respectively. We
note that many complicated temperature- and concentra-
tion-dependent equilibria occur in nickel(Il) octahedral
complexes, and that they involve various structural
types'??. This fact explains the differences appearing in
the d.s.c. diagrams 1 and 2 (see Figure 2) obtained with an
open and a closed crucible, respectively.

The d.s.c. curves of the complexes show interesting
features. First, there is no endotherm at 157 °C (ligand
m.p.) in the d.s.c. diagrams of either complexes or mix-

tures. Second. very few endothermic peaks are observed
(see Table 4): for [CuCl,(5-NO,-FDH),] at 126°C
(AH= +23kJmol™ Y in a closed crucible and at 115°C
(67kJmol~ Y and 151 °C (13kJmol™ ") in open crucibles;
for  [CuBr,(5-NO,-FDH),] at 192°C (AH=
+7kJmol™") in the open crucible only: for
[NiCl,(MSFDH),] at 244 °C (21 kJ mol™!) in the closed
crucible and at 250 "C(2kJ mol ™ *) in the open one. In this
last compound, it is interesting to note that these values fit
with those observed in the [Ni(H,0),]Cl, diagrams un-
der the same experimental conditions.

On the other hand. it has been demonstrated by t.g.a.
that in similar complexes of FDH with divalent copper,
nickel and cobalt. metallic oxide formation occurs in the
380-500 °C range?". This phenomenon, however, was
not observed in our study.

The diagrams for the nickel(II) complex with M5FDH,
e.g. [NiCl,(M5FDH),], show an exotherm at 234°C
(—516kJmol ™ ") in the closed crucible and two endother-
mic peaks (244 and 250 “C)in the open crucible, attributed
to nickel chloride as indicated above. The [NiL,Cl,]
species is more thermally stable as no phenomenon ap-
pears up to 247°C. For the complex [NiL,]Cl,, two
exotherms are observed in the closed crucible and three in
the open one; in this case, the very weak endothermic peak
at 85 °C (—7kJmol ™~ ") can be attributed to vaporization
associated with traces of ethanol.

The diagrams of the three mixtures show three en-
dotherms: in the mixture of two L and one NiCl, it
corresponds to the melting of L, slightly shifted to higher
temperatures; in the mixture of four L with one NiCl,, in
an open crucibleat 101 °Cand inaclosed one at 137 °C,in
the 200-225 "C range, several exothermic peaks are ob-
served in the [CuCl,L,] and [NiL,]Cl, diagrams.

It is noteworthy that [CuCl,L,] exhibits an endother-
mic peak at 126 °C (closed) or 115 *C (open), which corre-
sponds to the m.p. of Z-5-NO,-FDH"7"'?, In addition,
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Figure 2. D.s.c. curves (c. closed crucible. o. open crucible). (a) 1. NiCl, o: 2, NiCl, ¢: 3. 3-NO,-FDH ¢; (b) 4. INiCl, + 4 5-NO,-FDH

0: 5. [CuClL,L,] ¢ 6. [NiCl,(MSFDH),] o.

there is an exotherm at 157 "C (closed) and 163 “C (open)
instead of the expected endotherm. and A H remains of the
same magnitude (ca. —70kJmol™!). The [CuBr,L,]
complex exhibits only exothermic peaks even at the tem-
perature of the m.p.s. of the two isomers of the ligand.
The numerous exothermic peaks with various molar
enthalpies (from —10 to —900kJmol™?') derive from
reactions between the ligand and the metallic halide
andor the decomposition of the oxime moiety as in-
dicated by the invariable exothermic peak at 200-205°C
in the 5-NO,-FDH diagram. Moreover, we believe that
no reaction occurs between the nitro group or the nitro-
gen oxides formed and the remaining functional groups of
the ligands: this is because of the absence of modification
of ligand diagrams when passing from closed to open
crucibles. The results obtained with the physical mixtures
of Ni*~ with various proportions of the ligand suggest
that no reaction occurs between the ligand and the Cu* ",
Ni*~ or Co*" ions, or chloride and bromide. However.
we cannot exclude oxidative decomposition of the com-
plexes as described in Bucci et al./** in the case of py-
ridine-aldoxime copper(Il) complexes. In these species,
decomposition proceeds in two steps: the first is the loss of
the organic ligands (exothermic) and the second. with
various exotherms in a dioxygen atmosphere and some

small endotherms under dynamic dinitrogen, attributed
to the oxidative decomposition of the stable intermediates
obtained in the first step. Finally, the [NiCl,(M5FDH),]
complex shows completely different behaviour: it is very
stable up to 240°C. In the open crucible, the first en-
dotherm (36 kJ mol ™ ') could be attributed to the melting
of the species, whereas in a closed crucible an exothermic
reaction is observed.

The cobalt(Il) complexes are slightly different. The
[CoBr,L,]compound is very stable up to 210 °C irrespec-
tive to the recording conditions (Table 4). On the other
hand, [CoBr,L,] is less stable and behaves identically in
both closed and open crucibles, except that a small
exotherm at 103 °C of low enthalpy (— 21 kJmol™}) is
formed in a closed capsule. In this compound, the first
exotherm can be attributed to the loss of two ligands
before oxidizing decomposition of the ligand at ca. 265 °C.
Similar reaction enthalpy values have been observed for
cobalt(Il) complexes with toluidines'*?!. In addition, the
[CoCly(FDH),] complex in an open crucible leads to an
endotherm at 181 "C(+ 91 kJmol~!)and an exotherm at
205°C (—330kJmol™")2* without any peak corre-
sponding to the m.p.s. of the two isomers of the ligand**.
This behaviour is not comparable with those of the co-
balt(") 5-NO,-FDH complexes.
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The ds.c. diagrams show that there is a wide variety of
behaviour for all the species when the temperature riscs
from ambient to 300 C. It is thercfore possible to make
two general observations: (1) the diagrams of the com-
plexes differ from those of the mixtures in the same ratio
because of the formation of the coordination bonds: (2)
the 5-NO,-FDH ligand does not react like other 5-
substituted 2-furfuraldoximes. ie. MSFDH or 3-cthyl-
2-furfuraldoxime (ESFDH).

Conclusions

We have prepared and structurally characterized six new
complexes with 5-nitro-2-furfuraldoxime (L) and copper(II),
nickel(Il) and cobalt(II) chlorides and bromides. The ana-
lytical data and the i.r. and electronic spectra show clearly
that the nitro group is not affected by chelation. The i.r.
and electronic spectra show that: (1) the complexes be-
longing to [ML,X,] and [ML,X,] series are trans oc-
tahedral: (2) in this two series, 5-NO,-FDH reacts like
FDH. M5FDH and ESFDH. and coordinates through
the same atoms.

In addition. it is possible to obtain the [ML;]X, com-
plex with nickel(II) chloride only. In this case, the ligand is
bidentate through the O-ring and O-oxime atoms and the
chloride ions are not in the inner coordination sphere of
the Ni*~ ion.

Further study of the d.s.c. diagrams from ambient to
300 "C shows the absence of reactivity by the nitro group.
but the decomposition, probably through oxidizing path-
ways. is different according to the nature of the central jon.
The d.s.c. diagrams of the previously studied ligands, e.g.
FDH, M5FDH or ESFDH, are different, indicating that
the nitro group introduced in position 5 into the hetero-
cycle induces different thermic behaviour.

Althoughmethyl orethyl groups introduced in position
5 in the furan ring do not modify the mode of coordina-
tion'"’, the presence of a nitro group in the same position
leads to some additional conclusions: it is possible to
obtain the [ML,]X, complex when L = 5-nitro-2- fur-
furaldoxime, and not 5-methyl- or 3-ethyl-2-furfural-
doxime. and the decomposition does not follow the same
pathway. However. attemps to prepare [NiCl,L.],
[CoCl,L,] or [CoCl,L,] were unsuccessful.

On the other hand, the [CuCl,L,] complex exhibits
cytotoxic properties towards human cancer cell cultures
and further experiments are now in progress2®.

Acknowledgements

The authors are indebted to Professor O. Benali-Baitich
(USTHB. Alger. Algeria} for measuring the magnetic
moments.

ol
wn

Furfuraldoxime metal complexes 5

References

"G, Bouel. J. Dugué and F. Keller-Besrest: Part 4 Transition
Met Chem., 15,5 (1990).

Gl Bouet and . Duguc. Transition Met, Chem.. 14, 351
(1989).

“"H. E. Paul and R. C. Bender. .J. Phurmacol. Expli. Therap.,
98. 133 (1930).

K. Miura, M. Yumoto and M. Ikeda. Ann. Report Fac.
Pharm. Kanazawa Unir., 2,66 (1952): K. Miura. M. Yumoto

_and M. Ikeda, Chem. Abstr.. 48. 8309h (1954).

'T. Uesaka, T. Wasikawa, K. Kazikawa and M. Fukuda.
Kekkaku (Tuberculosis), 28. 15 (1953; T. Uesaka. T.
Wasikawa, K. Kazikawa and M. Fukuda. Chem. Abstr.. 47,
12644e (1953), ‘

“'M. Tkeda. Ann. Report Fuc. Pharm. Kana-awa Unic., 3, 25
(1953); M. Tkeda, Chem. Abstr.. 49, 11460g (1955).

'G. A. Howarth, W. Hoyle and B. J. Wakefield. Talunta, 16,
967 (1969).

“'P. R. Shukla, V. K. Singh and G. Narain, J. Ind. Chem. Soc.,
60.7(1983).

G, Gever. J. Org. Chem.. 23, 754 (1958).

"''D. Hadzi and L. Premru. Spectrochim. Acta. 23A. 35 (1967).

‘NG, Bouet and J. Dugué. Transition Met. Chem., 15, 257
(1990).

‘2] R. Ferraro, Low Frequency Vibrations of Inorganic
and Coordination Compounds, 3rd Edit. Wiley., New York,
1971.

"' I'N. Nakamoto, Infrared and Raman Spectra of Inorganic and
Coordination Compounds, 3rd Edit., Wiley, New York, 1978.

“*'D. E. Billing and A. E. Underhill. J. Inorg. Nucl. Chem., 3,
2147 (1968).

U3VE. Konig, Structure and Bonding {Berlin). 9. 75 (1971).

%' A. B. P. Lever. [norganic Electronic Spectroscopy., 1st Edit.,
Elsevier., Amsterdam, 1968.

"W, Kemula and J. Zawadowska. Rocz. Chemie. 40, 1303
(1966).

“®'H. Gilman and G. Wright, J. 4m. Chem. Soc..52.2553 (1930).

""'R. Raffaul. J. Am. Chem. Soc., 68. 1765 (1946).

29'F. A. Cotton and G. Wilkinson, Advanced InorganicChemis-
try. 5th Edit., Wiley, New York, 1988, p. 748.

*U'P_R. Shukla. C. Srivastava. V. K. Singh and G. Narain. J.
Ind. Chem. Soc., 59, 1180 (1982).

*'G. Beech, G. Marr and B. W. Rockett. Thermochim. Acta, 1.
247 (1970).

“*'G. Bouet, M. A. Khan and J. Dugué, Unpublished work.

' Handhook of Chemistry and Physics, 69th Edit.. CRC Press,
Boca Raton. 1988-89, p. C282.

23R, Bucci, V. Carunchio, A. D. Magri and A. L. Magri. J.
Thermal Anal.. 30, 1309 (1985),

?®'G. Bouet. G. Ibrahim, M. A. Khan and I. H. Hall. Xtk
G.T.R.V. Scientific Days. Angers (France), Dec, 7-8. 1995.

(Received 29 January 1996;

Accepted 31 May 1996) TMC 3655



