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ABSTRACT

Mono- and bis hydrzides derived from the condensation of S-methylhyd-
razinecabodithioate =~ with  benzoylchloride and tere- and iso-
‘ phthaloydichloride, respectively, were prepared. Their reactions with secon-
: dary (piperazine) and tertiary (N,N,N’,N’,-tetraethylethynediamine) diamines
forming ionic polymers, and nickel(II) salts forming different polymeric com-
plexes were investigated. Elemental analysis, infrared and electronic spectra
have shown that the mono- and bishydrazides bahave differently toward the
nickel(I) salts. With nickel(II) acetate the monohydrazides behaves as
bridged dibasic tetradentate molecule forming polymeric nickel(I) complexes
while with nickel(II} chloride it behaves as monobasic bidentate ligand. The
tere- and isophthaloyl bis-hydrazide behave as bridged dibasic molecule with
eight center of coordination in the complexes derived from nickel(II) acetate
and four center of coordination in complexes derived from nickel(II) chloride.
The thermal properties of the ionic polymers and the polumeric nickel(Il)
complexes were also investigated.

INTRODUCTION

S-methylhydrazinecarbodithioate, I, is a very useful starting material for the
synthesis of many complexes (Ali, etal., 1971; Iskander and El-Sayed, 1971) many
Schiff bases, (El-Sayed et al., 1972, 1974; El-Toukhy et al., 1982, 1983;
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Ionic Polymers and Polymeric Complexes

Iskander et al., 1979) many thiosemicarbazones (Klayman et al., 1979, 1984) and
thiocarbohydrazide (Kurzer and Wilkinson, 1970). These nitrogen-sulphur
containing molecules act as good chelating agents, and have been found to possessa
wide range of chemotherabutic properties (Klayman et al., 1979, 1984; Kurzer and
Wilkinson, 1970; Maiti et al., 1988; Mohan et al., 1985). They provide a good
potential for development as active agents since they are not found in nature and
therefore no organismic resistance can have developed by prior exposure. The
activities of these ligands can also be modified by derivatization since small changes
to the ligand have been shown, in some instances to markedly alter antiviral
(Shipman et al., 1981) or carcinostatic activity (Scovill et al., 1982, 1984). Many
chelates of hydrazinecarbodithioate derivatives have been studied as potential
antitumor agents (Das and Livingstone, 1976, 1978).

The reaction of Lwith benzoylchloride and phthaloyldichloride afford mono and bis
hydrazide of S-methylhydrazinecarbodithioate derivatives II and IIla,b,
respectively, the starting materials for many 1,3,4-oxadiazoles and
1,3,4-thiadiazoles, scheme 1, (Mansour et al., 1988). We believe that synthesis of
these organic ligands, II and III, their spectral and thermal behaviour will provide
information that will be able to be used to aid in the generalization of both the
pharmacological and the synthetic inorganic applications.
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EXPERIMENTAL
Materials

S-methylhydrazinecarbodithioate, L and its analogue S-methyl-N-methylhyd-
razinecarbodithioate, were prepared and purified by a literature methods
(Iskander and El-Sayed, 1974; et al, 1972). Benzoyl chloride, terephthaloyl

dichloride, isophthaloyldichloride and piperazine (Aldrich) and nickel (ID)
salts (BDH) were used as received. Piperidine, and N,N,N',N'-tet-
raethylethylenediamine (Aldrich) were dried over 4 A° molecular sieves and

distilled under reduced pressure before use.

Preparation of S-methylbenzoylhydrazinecarbodithioate, II.

Benzoylchloride (0.01 mole) was added slowly to a stirred solution of
S-methylhydrazinecarbodithioate (0.01 mole) in dimethylformamide (30 ml). After
one hour stirring, the reaction mixture poured into cold water, filtered, and
recrystalized from alcohol. White solid, yield 78% m.p. 180-182°C. 'Hnmr
(DMSO-de); &, 2.43ppm (s, CH3, 3H); §,7.47-7.8 ppm (m, aromatics, SH); 811.0
ppm (s. NH, 2H) disappeared upon deuteration.

Preparation of Terephthaloyl bis(S-methylhydrazinecarbodithioate ) Ila

A stirred solution of I (0.02 mole) in DMF (20 ml) was treated with a terephthaloyl
dichloride, (0.01 mol.). The reaction mixture was stirred for one hour at room
temperature, and poured into ice-water. A white solid was collected, washed and
recrystallized from dioxane. White powder, yield 86%, m.p. 250°C, 'Hnmr
(DMSO-dg); &,2.46 ppm (s, CHs, 6H); §,7.93 ppm (s, aromatic protons, 4H);
11.1ppm, §, 11.53 ppm. (s, NH, 4H) disappeared upon deuteration.

2

Preparation of Isophthaloyl bis (S- methylhydrazinecarbodithioate) Egb

The title compound was prepared as previously described for compound I1Ia except
using isophthaloyldichloride instead of terephthaloyl dichloride,, white powder, yield
65 %, m.p. 219°C'Hnmr (DMSO-d¢); ,2.47ppm (s, CHs,6H); &,8.36 ppm (s,C;,
1H); &, 8.07 ppm (d, C4 and C4-2H); & 7.66 ppm (t,Cs,1H) (these last three peaks
of aromatic protons show a long-range spin-spin coupling); §,11.19 and 11.49 ppm.
(s, NH, 4H) disappeared upon deuteration.

Preparation of terephthaloyl bis (S-methyl-N-methylhydrazinecarbodithioate)

This compound was prepared by the same method described for compound IIIa
except using S-methyl-N-methylhydrazinecarbodithioate instead of 1. White
powder, yield 78% , m.p. = 242°C '"Hnmr (DMSO-d¢); & , 2.46 ppm (s, CHs, 6H);
&> 2.93 ppm (s, N-CH3, 6H); 4, 7.96 ppm (s, aromatic protons, 4H); £ , 11.2 ppm
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(s, NH, 2H) disappeared upon deuteration.
Preparation of the ionic polymer }‘Y , (N N=Piperazine)

A stirred solution of IITa (0.01 mole) in methanol (50ml) was treated with a solution
of piperazine (0.01 mole), in methanol (20ml) dropwise with constant stirring for 30
min. and the deposited yellow compound was filtered off, washed with ether and
then recrystallized from ethanol/ether. Yield 64%, m.p. (decomp 225°C 'Hnmr
(DMSO-dg); & , 2.51 ppm (s-CH3, 6H); &, 2.63-2.97 ppm (m, CH,, 8H); &£, 8.11
ppm (s, aromatic protons, 4H).

Preparation of the ionic polymer ’I\Y, (l‘?N =TEED)

This compound was prepared by the same method described for compound IV (N
N=Piperazine) except using TEED instead of piperazine. Yellow powder, yield
86% ; 'Hnmr (DMSO-dg); &', 1.18 ppm (t, CH3, 12H); &, 2.57 ppm (s,S-CHj, 6H);
§ > 2.92-2.99 ppm (m, CH,, 12H); & , 8.01 ppm (s, aromatic protons, 4H).

Preparation of bis-piperidine adduct V.

A stirred solution of I11a (0.01 mole) in methanol (50 ml) was treated with piperidine
(0.02 mole), dropwise with constant stirring at room temperature for 30 min. The
solution was reduced to half its volume by rotary evaporator and treated with dry
diethyl ether (20 ml). The yellow precipitate was filtered off, washed with ether and
dried in vacuum. Yield 80 % 'Hnmr (DMSO-dg), &, 2.55 ppm (s, SCH; 6H); & ,1.62
ppm (s, p,¥ -CHg, 12H); &, 4.14 pm (s, < -CH,, 8H); &, 8.13 ppm (s, aromatic
protons, 4H).

Preparation of nickel (II) complexes
Preparation of polymeric (Ni(!‘l‘-ZH)]n complex

A solution of nickel (II) acetate terahydrate (0.01 mol) in ethanol (30 mi) was added
to a hot solution of II (0.01 mol mol) in ethanol (30 ml). The reaction mixture
refluxed for 30 min. The brown ammorphous precipitate deposited was filtered off,
washed several times with hot ethanol and dried in vacuum.

Preparation of | Ni(!\l;H)z ]complex

A clear hot solution of nickel(II) chloride hexahydrate (0.01 mol) in ethanol (20 mi)
was added to a hot solution of I (0.02 mol) in ethanol (30 ml). The reaction mixture
was refluxed for 2 hour, evaporated to half of its volume and left to cool. The brown
complex deposited was filtered off, washed several times with ethanol and dried in
vacuum.

Preparation of polymeric ['Niz(LII-ZH) (0AC);),] complex
A hot clear solution of nickel(II) acetate tetrahydrate (0.025 mol) in ethanol (30 ml)
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was added to a solution of lIa or I1Ib (0.01 mol) in DMF (30 ml). The reaction
mixture was refluxed for one hour and left to cool. The deposited solid was filtered
off, washed several times with hot ethnol and dried in vacuum.

Preparation of polymeric [Ni(III-H)], complexes.
The title complexes were prepared by the same method above except using nickel(II)
chloride instead of nickel(II) acetate.

The elemental analysis for all prepared compounds are collected in Table 1.
Physical Properties

All melting points are uncorrected and were measured with a Kofler-block
apparatus. The Nujol mull electronic spectra of the prepared complexes were
recorded on a Perkin-Elmer 552 spectrophotometer. Infrared spectra (KBr disks)
were obtained with a Pye Unicam SP 2000 spectrophotometer calibrated with the
906.5 or 3026.3 cm absorption of polystyrene. 'Hnmr spectra were recorded with a
Varian XL-300 MHz spectrometer at Northeastern University, Boston, USA. The
magnet temperature was adjusted at 38°C. Tetramethysilane (TMS) signal (& =0O)
was employed as internal standard. Aldrich DMSO-dg was used as solvent.
Thermogravimetric analysis (TGA) and differential thermal analysis (DTA), were
performed by Shimadzu thermal analyzer DT-30, calibrated with both copper
sulphate pentahydrate and indium.

RESULTS AND DISCUSSION

The reaction of S-methylhydrazinecarbodithioate, I, with benzol chloride,

terephthaloyl dichloride, and isophthaloyl-dichloride gave S-methylben-
zoylhydrazinecarbodithioate, II, terephthloyl bis (S-methylhydrazinecar-
bodithioate), lga, and isophthaloyl bis (S-methylhydrazinecarbodithioate),

;_I‘I’b, respectively.

It is well known that the good leaving SCH; group can be replaced from its
compounds through nucleophilic substitution reaction with primary or secondary
amines. We intended to use this phenomina to polymeric compounds containing
thiosemicarbazide moiety (the potential complexing and biologically active
molecule) by reaction of III, (which contain two terminal SCH; groups) with
piperazine (secondary diamine). The reaction product, instead, was a yellow ionic
polymer IV, (adduct formation). The formation of this new types of ionic polymer,
1V, Scheme 2, via adduct formation was proved by the reaction of nonprotic
tetraalkylated diamines, namely, N,N,N'N'-tetraethylethylenediamine with
IIa in 1:1 molar ratio at room temperature indicating that the reaction of puis
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with the diamine is only acid-base reaction without any sign of substitution
reaction. These products are sparingly soluble in common organic solvents
presumably due to their polymeric nature. The model compound of the
polymer IV was prepared by treatment of lII with piperidine in 1:2 molar
ratio in ethanol and structure V was assigned for the reaction product.
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On the other hand, the reaction of N-methyl-S-methyl-hydrazinecarbodithioate with
terephthaloyldichloride in 2:1 molar ratio gave the N-methyl analogue of III.
Treatment of this product with diamine type bases gave no reaction under any
condition, indicating that the thioamide proton, not the amide one, in LI’I is the
responsible one for the formation of the polymeric salt.

The reaction of terephthaloyl bis (S-methylhydrazinecarbodithioate), IJa and the
corresponding isophthaloyl bis (S-methylhydrazinecarbodithioate), IIIb with
nickel(II) salts afford different types of polymeric nickel(II) chelates depending on
the anion of the salt used. On using nickel(II) acetate, the reaction with ligands Illa
or IIIb proceeds instantaneously with the formation of brown nickel(II) chelates of
the general formula [Niz(lg-ZH) (OAC):] 0, VII, where (LII-ZH) refer to the
dinegative anion ligands. On the other hand, the reaction of Ia or IIb with
nickel(II) chloride resulted in the formation of reddish brown neutral nickel(II)
chelates, [Ni(LH-ZH)] n,Y_EI, irrespective of the metal to ligand molar ratio. The
very limited solubilities of the isolated complexes in common organic solvents
indicate their polymeric nature and do not permit any solution for physico-chemical
studies.

It is of interest to note that the model molecule bezoyl-S-methylhydrazinecar-
bodithioate, 1I also, behaves differently toward nickel(I) salts. The reaction
of II with nickel(II) acetate in a 1:1 molar ratio gave amorphous chelate of
stoTchiometry [Ni(dI-2H)],, where (IJ-2H) refer to the dibasic ligand.
Mononuclear bis ligand nickel(II) chelate [Ni(I~I-H)2] was isolated from the
reaction of [l with nickel(ID) chloride. Here, Il behaves as monobasic molecule.

NH NH N
P:Nl; pom—— N/ Pre—— )NL/
CHS S CH S S CH,S S
g (I-H) (I-2H)

All the prepared compounds are quite stable at room temperature and do not show
any decomposition after a long period of standing. The compounds do not possess
sharp melting points, but appear to decompose above 250°C.
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All the isolated nickel(IT) chelates prepared either from nickel acetate or nickel
chloride are diamagnetic implying an 'A,, ground state (Lever, 1968). The Nujol
mull electronic spectra of these chelates exhibit d-d transitions at ca. 450, 560 and 670
nm, no absorption was observed beyond 750 nm. Both magnetic and spectral data
are consistant with a square planar arrangement around the nickel(II) ion (El-Sayed
et al., 1974; Lever, 1968). Such an arrangement can be achieved through
polymerization and structures \LI_‘I and VlI,I, Scheme 2, can be assigned for these
chelates.

The infrared spectra of the solid free lignads Illa, IIIb, and II exhibit 2/(N-H)
absorption bands at ca. 3300 and 3150 cm™ but neither ¥ (S-H) at ca. 2570 cm™' nor ))
(O-H) at ca. 3500 cm™ are observed (Colthup et al., 1964). The infrared spectra of
organic ligands also show a strong absorption band at ca. 1660 cm™ due to amide Y/
(C=0) beside bands at about 1310 and 860 cm™ which may be assigned to thioamide
')/ (C=S) vibrations (Maiti et al., 1988; Nakamoto, 1978). Accordingly, in the solid
state}ya, Igb, and ,I_! exist in the keto-thioketo forms. However, in solution the free
lignads may form an equilibrium mixture of keto-thioketo &= keto-thiol=
enol-thioketo 2 enol-thiol tautomers.

The infrared spectra of nickel(II) complexes VII, suggest that the hgnads IIJa and
IIIb act as bridged dibasic molecule with elght centers of coordmatlon via the
deprotonated thiol sulpher, the amide keto oxygen and the two hydrazinic nitrogen
from each side of the molecule. This fact is quite evident from the disappearance of
the 9/ (C=N) stretching band at ca. 1600 cm" as compared to the parent organic
ligands. The complete deprotonation was observed in the infrared spectrum of the
model complex [Ni(II-2H)},, indicating that II behaves as doubly charged ligand
coordinating through the mercapto-sulphur, the hydroxo-oxygen and the two
hydrazinic nitrogens. The presence of uncoordinated acetate group in VII complexes
is confirmed by the appearance of Y ,ym(COO) and ?/Sym(COO) bands at ca. 1620
and 1450 cm!, respectively (Nakamoto, 1978).

In the far infrared region, the nickel (II) complexes show bands at ca. 420, 390 and
270 cm™ which are assigned to ’V (Ni-0), ) (Ni-N) and ‘2/(Ni—S) vibrations,
respectively (Nakamoto, 1978; Adams, 1979).

As a matter of fact, the infrared spectra of nickel(II) complexes derived from IlIa,
LI/Ib and II with nickel(II) chloride, show better resolved bands relative to nickel(II)
complexes prepared from nickel(IT) acetate. This simplify the interpretation and
help to suggest that the strong band at ca. 1670 cm™ and the weak sharp band at ca.
3200 cm in the infrared spectra of VIIIa, VIIIb and [Ni(1I-H1,) are due to?/‘(C=O)
and Y (N-H), respectively, indicating that the carbonyl oxygen in I1Ia, IIIb and I are
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not involved in the chelation process. However, the observed positive shift in
(C=0) frequencies of nickel(II) complexes may be due to the absence of
(C=0...H-N) intra- or intermolecular hydrogen bonding originally presents in the
parent organic ligands IIIb, IIIb and II. Another evidence for this conclusion is the
fact that the thioamide bands at ca. 1310 and 860 cm in the organic ligands suffered
from large negative shift or disappeared. The far infrared spectra of [Ni(Illa-2H)},,
ViIIa; [(Ni(IlIb-2H)], ViIIb, and [Ni(IlI-H),} complexes show bands at ca. 400 and
270 cm™ due to 2/ (Ni-N) and )/ (Ni-S) vibrations, respectively, but no 9/ (Ni-O) at
ca. 420 cm is observed. These results show that the orgnic ligands IIla and IIIb in
Y\I’Ia and V1Ib nickel complexes behave as a bridged dibasic ligands with four centers
of coordination, while II in [Ni(H-H)Z] complex acts as monobasic bidentate ligand
chelated to the nickel (II) ion via the deprotonated thiol sulphur and the amide
nitrogen.

Thermal Properties

The observation that compound Ilfa is melted at 250°C and solidified after this
temperature followed by remelting with decomposition at 290°C stimulate our
interest to study the thermogravemetric analysis of IIa, IlIb, I and their nickel(II)
complexes beside the polymeric compounds IV (N“N=Piperazine). This enabled us
to prepare compound VI by pyrolysis of IIla at 255°C in an oil bath at temperature
controlled to within + 2°C, and characterized it by elemental analysis, infrared and
"Hnmr spectra in DMSO dg- which showed lack of -SCHj signal at , 2.5 ppm. The
aromatic protons appeared as one sharp signal at §, 7.9 ppm while the signal of N-H
protons located at &', 10.8 ppm disappeared upon duteration.

The thermogravimetric analyses, TGA and DTA, were performed with a Shematzo
thermogravimetric system using a heating rate of 10-20 degrees C/minute. The
atmosphere was flowing air or nitrogen (50 ml/minute) as delivered from a tank of
dry air or dry nitrogen with a sample size of 10-15 mg.

The thermogram of some of these compounds are shown in Figures 1 and 2 where the
basic features involve loss of CH;SH and decomposition to inorganic residue
especially for the nickel(II) complexes. The temperature ranges for these processes
are dependent on such factors as heating rate, sample size and atmosphere and
cannot be correlated with thermodynamic stability since they represent kinetic
processes (Nikolaev and Logvinenko, 1978). Qualitative assessments of the
structure can be made through the comparison of temperatures of the CH;SH loss
from the studied compounds under the same experimental conditions.

The thermal analysis of Illa and IIIb give an initial mass loss (13.2 ;250-300°C)
which corresponds with the loss of only one CH;SH molecule (theo.. mass loss,
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12.8%) while the TG of 1V (NAN=Piperazine) gives an initial mass loss (19.9%;
225-290°C) which is consistant with theoretical loss of the two CH3SH molecules
together in one step (theor. mass loss, 20.8 %). We speculate that the driving force
for .the simultaneous loss of the two CH;SH molecules from IV may be due to the
formation of the highly conjugated oxadiazole compound P_g while in IIIa and I1Ib
rearrangements of residual parts of IiJa and IIIb take place as the first loss of CH;SH
molecule resulted in the strengthening of the other C-SCHj3 bond energy and delay
the evolution of the second CH;SH molecule, until it is lost simultaneously with
decomposition of the rest of the molecules.

Although the ionic polymer IV (I\?N=Piperazine) start to lose its CH3SH residue
before its parent compound Ila, the thermal product, presumably, polymeric
oxadiazole derivative IX shows a high thermal stability relative to any other
compound studied in this work (See Figure 1, (A and F)). The ionic nature and the
formation of oxadiozole moiety could be suggested as reason for this behaviour.

—N N— N—N
Ao L
o PHH N e
n
X

The nickel(IT) complexes VIIa, b and VIIIa, b are thermally degrade to NiO over the
temperature range 70-900°C. Observed (73.6, 73.8 and 83.2, 81.4% ) and theoretical
(75.3 and 82.6%) mass losses, respectively, for VIla, b and VIlIa, b, are within
experimental error (£ 2.0% ). For [Ni(II-2H)], and [Ni(g-H)z] complexes, the total
mass loss are, 70.2 and 83.7%, inconsistant with the theoritical mass loss, 71.3 and
85.3%, respectively. The mass loss in the temperature range 70-160°C (14.9, 14.7
and 21.8, 22.7%) are consistant with the simultaneous removal of two -SCHj3 group
(theor. 15.8 and 22.3%) for \ilfIa, b and VIIIa, b, respectively, presumably because
each -SCHj; group is directly attached to chelate ring resulted in lowering of the bond
energy of C-SCH; grouping. The remaining organic molecules are lost rapidly
between 280-900°C.

The infrared spectra of the deposits at various stages showed a significant loss of
intensity among the bands due to the organic ligands at 300°C but a clear retention of
vibration activity due to Ni-S, Ni-O and Ni-N stretching at 270, 420, 390 cm™ for VIIb
and Ni-S and Ni-Nstretching at 270, 400 cm? for VIIIb, respectively. At higher
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temperatures the products became increasingly contaminated with residual carbon
and the spectra were inconclusive. Between 600 and 900°C the residual sulphide is
progressively converted to NiO.

The DTA Curve in nitrogen atmosphere for V1la, Figure 2, consists of an endotherm
(T = 115°C) followed by a substantial exotherm (T = 280°C). The combination of
endo- and exotherm is common for complexes of I1I and suggests that the presence of
the metal catalyses the exothermic degradation of the ligand (Raper et al., 1984;
Atkinson et al., 1985).

Exotherm

Endotherm

q
M
w
5
=
= b

; 5 ‘ l 3 300

100 .
00 Tem:ﬁ‘ra&ure.'c 500 Temperalure,*C
Fig. 1: Thermogravimetric (TG) Fig. 2: Thermal analysis of VIIa complex.

plotsof: A, Illa; B, Vlla; a) TG b) DTA.
C, I; D, (Ni(II-2H))x;
E, (Ni ('H) ) ; F, IV.
( NN = Piperazine )

obtained at a heating rate
of 10°C/min. under air

atmosphere.
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Table 1

Analytical and Thermogravemetric Data

Compound Elemental Analysis m.p. Temp. Range, °C Number of | Loss for
N S Ni (decomp.) for CH,SH Loss | CH;SH Loss | CH,.SH
I (:;j) ézj) 200 175-190 1 ;::g)
IIa (i::;) (::;) 320 250-280 1 (11-"2-::;
b (:::;) (z:;) 330 240-265 1 (12:3)
v (:z:;) é;::) 520 225.290 2 (;z::)
v (166:;) (z::) 470 220-300 2 (:;:‘1‘)
Vila (323) é(:f) (ig:i) 290 70-160 2 (::::)
vm | 36 | 206 | 10 280 70-150 2 14.7
09.2) | QLY | 19.9) (15.8)
s | o @ |am| 10178 ’ g
o | e ot s | e |2
(Ni(IT-2H)), ;:;) ;;::) ég:z) 330 100-160 1 (:Zfs)
(Ni(II-H),) (E:z) (Zj) (i::i} 250 230-250 * *

* The [Ni(g-H)z ] complex loses simultaneously one ligand (II-H) and CH;SH
molecule from the other ligand (observed mass loss = 51.6 Theor. Mass loss =
53.5 SeeFigure 1.

a) Calculated values are given in parantheses. b) IY,NN = Piperazine C) 1V,
NN = TEED.
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