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The acetone Schiff base S-methyl-N-isopropylidendi-
thiocarbazate, Me,C=N—-N=C(SMe)SH (N-SH),
forms the stable. crystalline complexes [M(N-S);]
(M=Co, Ni, Pd, Pt, Cu), which are non-electrolytes
in nitrobenzene. The nickel, palladium, platinum,
and copper complexes are square-planar but magnetic
and spectral evidence indicates that the cobalt com-
plex is tetrahedral.

The pyridine-2-aldehyde Schiff base S-methyl-
N-(2-pyridylymethylendithiocarbazate, C:H,NCH=
N—-N=C(SMe)SH (N-N-SH), forms the square-pla-
nar 1:1 complexes [M(N-N-S)X] (M = Ni, Pd, Pt,
Cu; X = CI, Br, I, NCS, or NO3) and [Cu(N—N--S)-
H,0—ClOy and the octahedral 2:1 complexes [ M(N—
N-S);] (M = Fe, Ni). The manganese(Il1l) complex
[Ma(N-N=S)CL,]. 15H.0 is probably octahedral and
polymeric. With iron(I111) the complexes [ Fe(N—N—
8);]1ClIO0; and [Fe(N-N-S):][FeCli] were obtained.
Both the iron(Il1) complex and the iron(I1I) complex
cation are spin-paired. Bivalent cobalt is oxidized to
yield the cobalt(I11) complexes ion [Co(N—N-=8).],
which was isolated as [Co(N—N—-S8);]NO; H:O and
[Co(N-N—-S).[CoXs] (X = Cl, Br, NCS).

Introduction

In Part I of this series some metal complexes of
dithiocarbazic acid(I) and its S-methyl ester were de-
scribed.! As part of a detailed study of the metal
complexes formed by derivatives of dithiocarbazic
acid, we now report complexes of the Schiff bases
formed by the condensation of S-methyldithiocarbazic
acid with acetone and pyridine-2-aldehyde, viz. S-
methyl-N-isopropylidendithiocarbazate(I1) and S-me-
thyl-N-(2-pyridyl)methylendithiocarbazate(111).

The infrared spectra of (I1) and (I1I) show v(N—H)
at 3130 and 3080 c¢cm™!, respectively, but no v(S—H)
at ¢.2570 cm™!, indicating that in the solid state both
compounds exist in the forms ([la) and (IIla). Ho-
wever, in solution these compounds probably exist in
equilibrium with the tautomeric forms (IIb) and
(I1Ib).
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The acetone Schiff base, when in its tautomeric
form (IIb), by loss of the thiol proton, might be ex-
pected to act as a singly negatively charged biden-
tate ligand by coordinating to a metal ion via the
mercapto sulphur and the nitrogen bound to the iso-
propylidene group. Similarly, the tautometer (I111b)
of the pyridine-2-aldehyde Schiff base could act as a
singly charged tridentate ligand by coordinating
through the mercapto sulphur, the central nitrogen,
and the pyridine nitrogen atoms. OQur results show
that these two ligands do, in fact, behave in this way.

Results and Discussion

The acetone Schiff base (II) has been reported by
Sandstrdm, who investigated its electronic spectrum,
but no metal complexes were prepared. The pyridine-
2-aldehyde Schiff base (III), which has not been pre-
viously reported, was prepared by condensation of
S-methyldithiocarbazate  with  pyridine-2-aldehyde.
Both Schiff bases (II) and (III) readily lose a proton
in the presence of metal ions under neutral conditions
with the concomitant formation of a metal chelate.

The Schiff base (II) gives inner complexes of the
type [M(N=S5)] (N—SH = S-methyl-N-isopropyliden-
thiocarbazate; M = Co, Ni, Pd, Pt, Cu). These com-
pounds, which are listed in Table I, were obtained
as beautifully crystalline products which are quite
stable on standing. All are non-electrolytes in nitro-
benzene (A, 0—0.5 ohm™! ¢cm? mole™!).

The diamagnetism of the nickel complex indicates
a square planar configuration. The palladium and
platinum complexes are also doubtless square-planar.
The ready solubility of the copper complex in chloro-

(1) M Akbar Ali, S.E. Livingstone, and D.]J. Phillips, Inorg. Chim.
Acta, 4, 119 (1970).
(2) J. Sandstrém, Acta Chem. Scand., 17, 937 (1963).
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Table I. Metal Complexes of S-Methyl-N-isopropylidendithiocabazate (N--SH).
Magnetic Analyses %
moment Calcd.
Compound Colour M.p. at 298°K Found
u (BM.) C H N S M
[CO(N—S);] bluish-green 195° ‘4,94 31.5 4.8 14.7 33.6 154
31.7 49 149 325 15.5
[Ni(N—=S).] brown 212 d. diam. 31.5 4.8 14.7 33.6 15.4
31.2 4.7 15.2 328 15.4
[Pd(N—S).] orange 220 d. diam. 28.0 4.2 13.1 29.9 24.8
28.1 4.1 12.8 28.7 24.8
[Pt(N—S).] yellow 205 diam. 23.2 3.5 10.8 24.8 37.7
23.7 3.8 10.5 240 37.5
[Cu(N-S5).] black 125 1.85 311 47 145 33.2 16.5
309 4.7 14.8 323 16.5
d. decomposes.
Table Il. Electronic Spectral Bands of Bis(S-methyl-N-iso- from the analytical data, indicate that the ligand be-
propylidendithiocarbazato)cobalt(ID). haves as a uni-negatively charged tridentate chelating
‘T(F<'A, ‘T(P<'A, agent. All the compounds are beautifully crystalline
State R W and stable in air.
v(em™) £ v(em™) € The orange manganese(I1l) complex Mn(N—-N-S)-
Solid 8500 — 16000 — Cl,. 4H,O was obtained from thq reaction of t}}c
9900 — 17000 sh 500 Schiff base with manganese(I1) chloride. Its magnetic
Chrloroform solution 8350 57 16100 - moment is within the range expected for manganese
9900 62 17000 sh —

form suggests a square-planar rather than a polymeric
octahedral structure. This is supported by a molecu-
lar weight determination which showed that the com-
plex is monomeric in dichloroethane (Calcd: M, 386.
Found, M, 407).

However, the colour and the magnetic moment
(4.94 B.M.) of the cobalt complex are in accord with
a tetrahedral but not with a square-planar configur-
ation. Further evidence for a tetrahedral structure is
provided by the electronic spectrum. The spectral
bands for the cobalt complex in the solid state and
in chloroform solution are listed in Table II. The
frequencies and intensities of the bands are typical
of tetrahedral cobalt(11). Both the transitions v, and
v; usually occur as multiple absorptions.

Attempts to prepare complexes of manganese(Il)
and iron(IIT) were unsuccessful. No colour develop-
ed when manganese(II) chloride was added to a solu-
tion of the ligand (I). Ferric chloride gave a reddish
colouration but no compound could be isolated.

Attempts to isolate 1:1 complexes of the type
M(N-5)X, by means of the use of excess metal halide,
were also unsuccessful. Similarly, attempts to pre-
pare complexes containing the neutral ligand were
abortive: preparations under acid conditions and at-
tempts to protonate the complexes led to decomposi-
tion. However, metal complexes are known with
the neutral and deprotonated forms of the acetone
Schiff base of thiosemicarbazide, (CH;);C=NN=C-
(NH)SH.*

The metal complexes which were obtained with
S-methyl-N-(2-pyridyl)methylendithiocarbazate (N—N—
SH) are listed in Table III. The formulae, derived

(3) A.B.P. Lever, « Inorganic Electronic Spectroscopy », Elsevier,
Amsterdam (1968).

(4) A.V. Ablov and N.V. Gerbeleu, Russian [. Inorg. Chem., 9,
40 (1964).
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(III). The diffuse reflectance spectrum shows some
broad absorption below 8000 cm~! but any band
which might be attributed to the Ty «—E, transition
of octahedral manganese(I11)® is masked by strong
ligand absorption above 17000 cm~!. The insolubili-
tv of the complex is consistent with a polymeric struc-
ture and it is likely that the complex is six-coordinate
with bridging chloro or thiolo groups.

Ferrous chloride yields the low-spin octahedral iron
(Il complex [Fe(N-N—S);]. The Mossbauer spec-
trum shows a quadrupole splitting of 0.57 mm sec™’
at 293°K, indicating that there is some anisotropy in
the bonding, as expected for an NNS donor ligand.

The iron(I1I) complex [Fe(N-N-S),]ClO,, which
is also low-spin, was prepared from ferric perchlorate.
The magnetic moment (1.86 B.M.) is rather low, since
most spin-paired iron(ITI) complexes have moments
within the range 2.2—2.5 B.M. However, the analy-
ses show that the compound is not likely to be con-
taminated with the iron(II) species. The Mossbauer
spectrum shows large quadrupole splitting (2.42 mm
sec™' at 293°K), indicating that the symmetry of the
complex is well removed from octahedral (O,). The
isomer shift of 0.36 mm sec™! at 293°K is a little less
than that found for the iron(II) complex (0.47 mm
sec™!). The values for both compounds are typical
for low-spin iron compounds.’

Ferric chloride gives the complex [Fe(N-N—-S).]-
[FeCly] which is a uni-univalent electrolyte in nitro-
methane. The magnetic moment per iron atom is
4.43 B.M. at room temperature. The moment is al-
most independent of temperature (see Table 1V). The
molar susceptibility (x'w) at 298K is 16400. The
susceptibility of the cation [Fe(N-N-S),]*, as deter-
mined for [Fe(N-N-S),]ClO,, is 1420, making the
susceptibility of the anion 14980; this gives a mo-
ment of 6.00 B.M. for the anion. Previous measure-
ments of the susceptibility of the [FeCls]~ anion have

(5) R.L. Martin and 1 A.G. Roos, personal communication.
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Table lll. Metal Complexes of S-methyl-N-(2-pyridyl)methylendithiocarbazate (N--N—SH).
Magnetic moment Mol. conduct. Analyses %
per metal atom A in MeNO, Calced.
Compound Colour at 298°K at 25° Found
v (B.M.) (ohm™'cm’mole™?) C H N S - M
[Mn(N-N—S)Cl;] . 1" H,O  orange 4.80 insol. 27.8 26 12.2 18.6
278 2.8 12.3 18.3
[Fe(N—N—S),] deep green 0.7 0 403 34 17.6 269. 117
39.9 34 17.2 27.2 12.0
[ Fe(N—N-S),]ClO, dark brown 1.86 24a 334 28 14.6 223 9.7
33.8 3.0 142 21.9 9.5
[Fe(N—N—S),][FeCL] dark brown 443 70 285 24 12.5 19.0 16.6
285 24 125 19.0 16.8
[Co(N—N—S),;]NO; . H;O red diam. 80 34.3 3.2 17.5 229 10.5
34.4 3.2 17.5 23.0 10.8
[Co(N—N—S). ][ CoCL] reddish-brown 2.98 111 33.1 2.8 14.5 22.1 15.2
31.6 2.6 13.8 20.4 14.9
[ Co(N—N—S).].[ CoBr:] brown 2.88 126 28.7 24 12.6 19.2 13.2
28.2 23 12.4 18.4 13.6
[Co(N—N—S),]:[ Co(NCS),] black 2.71 132 346 26 17.9 30.8 14.1
344 2.7 17.9 29.9 14.2
[Ni(N—N—S)Cl1] reddish-brown diam. 0 316 26 13.8 21.1 19.3
31.7 2.6 13.7 21.1 194
[Ni(N—N-S)Br] brown diam. 2 275 23 12.0 18.4 16.8
27.4 2.6 119 18.2 16.9
[Ni(N—N—S)I] brown diam. 19 243 2.0 10.6 16.2 14.8
24.6 2.5 10.6 16.1 14.9
[Ni(N—N—S)NCS] dark brown diam. 2 33.1 25 17.1 29.4 17.9
33.1 25 17.0 29.6 17.8
[Ni(—N—S).] reddish-brown 3.10 1 40.1 34 175 26.8 12.2
40.2 3.6 17.6 25.8 123
[PA(N—N—S)C1] orange diam. 2 273 23 11.9 30.1
272 2.4 12.2 30.0
[Pt(N—N—S)CI1] dark red diam. 1.5 21.8 1.8 9.5 443
: 225 1.9 9.6 44,1
[Cu(N—N-S)C1] green 1.90 05 31.1 2.6 13.6 20.7 20.6
31.0 27 13.4 20.0 20.4
[ Cu(N—N—S)Br] green 2.13 0.6 27.2 23 119 18.1 18.0
273 25 11.4 18.1 17.8
[ Cu(N—N—S)NO;] dark green 1.82 7 28.6 24 16.7 19.1 18.8
28.2 24 16.4 18.7 18.9
[Cu(N—N—S)H.0]ClO, green 2.12 72 24.6 2.6 10.7 16.4
24.5 2.8 10.1 15.5

2 In nitrobenzene.

Table IV. Magnetic Data for the Complex [Fe(N—N—S),]-
[FCCL]

1 (B.M.)
T °K) 10°% M per iron atom
303 16308 4.46
273 18006 445
243 20162 4.49
213 22828 443
183 26488 441
153 31500 4.40
103 44942 4.30

given values within the range 5.9-6.0 BM.* The M&ss-
bauer spectrum shows the presence of two types of
iron atom. The values for the isomer shift and the
quadrupole splitting of the low-spin iron(III) atom
were found to be 0.34 and 2.38 mm sec™!, respectively,
at 293°K, in close agreement with the values found
for [Fe(N—N-S);]ClO;. The isomer shift for the
high-spin iron(ITI) atom in the [FeClL]~ anion was
found to be 0.49 mm sec™! at 293°K; the small qua-
drupole splitting (0.22 mm sec™") indicates only slight
distortion from tetrahedral symmetry.

(6) L.F. Lndoy, S.E. Livingstone, T.N. Lockyer, and N.C. Stephen-

son, Austral. ]. Chem., 19, 1165 (1966).

The interaction of cobalt(Il) nitrate with the Schiff
base (III) yields the red, diamagnetic cobalt(III) com-
plex [Co(N-N-S);]JNO;.H,0. Similar rapid oxid-
ation of cobalt(I) to give a cobalt(111) complex oc-
curs with monothio—fB—diketones.” On the other
hand, cobalt(I1) chloride, bromide, and thiocyanate
react to give the complexes [Co(N—N=S);];[ CoX:]
(X = ClI, Br, NCS), which contain diamagnetic cobalt
(IIT) in the cation and high-spin cobalt(II) in the
anion. This formulation of these complexes is confir-
ed by the magnetic and spectral data. Calculations
of the moment of the cobalt(II) atom in the anion
from the molar susceptibilities of the complexes give
the following values: [CoCls]?*~, 5.10 B.M.; [CoBr4]*-,
4.88 B.M.; [Co(NCS),]*~, 4.58 BM. No T.I.P. cor-
rections were applied in these calculations. The va-
lues are close to those previously reported for these
[CoX,]* anions.?"

The bands in the electronic spectra of the cobalt
complexes are listed in Table V. All the spectra

(7) S.H.H. Chaston and S.E. Livingstone, Austral. ]. Chem., 20,
1065 (1967).

(8) B. Chiswell and S.E. Livingstone, J. Chem. Soc., 97, (1960).

(9) F.A. Cotton, D.M.L. Goodgame, M. Goodgame, and A Sacco,
]. Amer. Chem. Soc., 83, 4157 (1961).

(10) F.A. Cotton, D.M.L. Goodgame, and M. Goodgame, J. Amer.
Chem. Soc., 83, 4690 (1961).
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Table V. Reflectance Spectral Bands of the Cobalt and Copper Complexes of S-methyl-N-(2-pyridyl)methylendithiocarbazate.

Bands v (cm™")

Compound

[Co(N—N—-S).]NO; . H,O 20000sh
[Co(N—N-=S8),]:[ CoCl,] 4800sh
[ Co(N—~N—S); |.[ CoBr,] 4500sh
[Cu(N-N—-S)CI] 15500

[ Cu(N—~N—S)Br | 15500
[Cu(N—N—-S)NO:] 16000
[Cu(N—-N—S)H.O ]ClO, 16500

5500 14700 15800 20000sh
5600 14000 15000 19500sh
7600 15800 19500sh

display an absorption at ¢. 20000 cm~!, which appears
as a shoulder on the low frequency side of the strong
ligand absorption in this region. This is assigned as
the 'T,,«=!A,, transition of low-spin octahedral cobalt
(III). The spectra of the complexes [ Co(N~N-S),]--
[CoX4] in addition dislay v; bands. (*Ti(F) « ‘A
transition) in the region 4500-7600 c¢m~' and vs
bands (*Ty(P1 <« *A, transition) within the range
14000-15800 cm~'. The frequencies of these bands
agree closely with those reported for these anions.**!

With nickel (I) the brown, diamagnetic, four-coor-
dinate complexes [ Ni(N-N-$)X] (X = CI, Br, I, NCS)
and the high-spin, six-coordinate complex [Ni(N—N-—
S).] were obtained. All except the iodo-complex are
virtually non-electrolytes in nitromethane. The small
yet appreciable conductivity (19 mho) of the iodo-
complex suggests some dissociation in solution. The
infrared spectrum of the thiocyanato-complex displays
bands at 2090 and 845 cm™!, indicative of N-bonded
thiocyanate.

Palladium(Il) and platinum(I[) yield the mono-
ligand complexes [M(N—=N-S8)Cl] (M = Pd, Pt), simi-
lar to the diamagnetic nickel complexes. These two
compounds are unusual in that the platinum complex
is deeper in colour (dark red) than its palladium ana-
logue, which is orange. This has been observed in
only a few instances: viz. with maleonitriledithiol"
and monothio-B-diketones.'?** The absorption spec-
tra of the Schiff base complexes were measured in ni-
tromethane soluiion. The lowest energy band of the
palladium complex occurs at 20800 cm™! (g, 2200),
while the spectrum of the platinum complex displays
a shoulder at 17800 cm~! and a maximum at 18700
cm~! (g, 900). These bands are attributed to the
M—L:* charge-transfer iransition.

Copper(I1) chloride, bromide, and nitrate yield the
four-coordinate complexes [Cu(N-N-S)X] (X = (],
Br, NOs), which are non-electrolytes in nitromethane.
The infrared spectrum of the nitrato complex shows
strong bands at 1485 cm™! (v4), 1275 cm~! (w), and
1007 ¢cm™! (vi); these bands confirm the presence of
a coordinated nitrato group."

Copper(11) perchlorate yields the perchlorate Cu-
(N-N-8)ClO, . H;0, which is a uni-univalent electro-
lyte in nitromethane. The single broad band centred
at 1125 cm™! and the strong band at 622 cm~' in the
infrared spectrum indicate the presence of ionic per-

(11) S.1. Shupack, E. Billig, R.J.H. Clark, R. Williams, and H.B.
Gray, ]. Amer. Chem. Soc., 86, 4594 (1964).

(12) R.K.Y. Ho, S.E. livingstone, and T N. Lockyer, Austral. J.
Chem., 19, 1179 (1966).

(13) S.H.H. Chaston and S.E. Livingstone, Ausfral. |. Chem., 20,
1079 (1967).

(14) B.M. Gatehouse, S.E Livingstone, and R.S. Nyholm, J. Chem.
Soc., 4222 (1957).
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chlorate. Accordingly, it appears that the water mo-
lecule occupies the fourth coordination site.

The electronic spectra of all the copper complexes
(see Table V) show a single broad absorption at c.
16000 cm~'. The spectra and the magnetic moments
are consistent with square-planar copper(Il) and it
seems most likely that the copper complexes have
this configuratior.

Conclusions

Both the ligands (IIb) and (IIib) readily lose a
proton under neutral conditions and coordinate via
the thiolo sulphur to give stable, highly crystalline
complexes. The acetone Schiff base (Ilb) forms a
diamagnetic square-planar nickel(IT) complex but gi-
ves a spin-free tetrahedral complex with cobalt(Ii).
On the other hand, cobalt(I1) is readily oxidized in
the presence of the pyridine-2-aldehyde Schiff base
(IT1Ib) to yield the cobalt(I1]) cationic complex [Co-
(N-N~8),]*. This ligand forms spin-paired com-
plexes with nickel(T1), iron(I1), and iron(111). The
ability of a ligand to cause spin-pairing is related to
its degree of « softness », together with its capacity
for metal—ligand =-bonding.'*”® Only the softest
ligands. such as cyanide ion'® and o-phenylenebisdi-
methylarsine,” cause spin-pairing with iron(IID).
Others, such as dialkyldithiocarbamates’® and mono-
thio-f-diketones,”® form iron(11I) complexes whose
moments are temperature-dependent due to a thermal
equilibrium between the nearly equi-energetic spin-
paired (,°) and spin-free (13, e,/ configurations. Con-
sequently, the spin-pairing ability of the Schiff base
(I1Ib) can be considered to be quite high, at least
greater than that of either dialkyldithiocarbamates or
monothio-B-diketones.

Experimental Section

Analyses. Carbon, hydrogen, and nitrogen were
determined by Dr. E. Challen of the Microanalytical
Laboratory, University of New South Wales. Sulphur
was determined by the Australian Microanalytical Ser-
vice, Melbourne. Iron and cobalt were determined by
atomic absorption spectrophotometry after the complex
had been dissolved in boiling concentrated hydrochlo-

(15) S.E. Livingstone, Quart. Rev., 19, 386 (1965).
(16) R.W. Asmussen, « Magnetokemiske Undersogelser over Uorgan-
iske Komplcksforbindelser », Gijellerups Forlag, Copenhagen (1944).
17) R.S. Nyholm, J. Chem. Soc., 85! (1950).
(19((32138) R K.Y. Ho and S.E. Livingstone, Austral. J. Chem., 21, 1987
).



ric acid. Nickel and copper were estimated gravime-
trically after the complex had been decomposed by
heating with a mixture of sulphuric and nitric acids.
Palladium and platinum were determined gravimetri-
cally by direct ignition of the complex.

S-Methyl-N-isopropylidendithiocarbazate. A solu-
tion of hydrazinium dithiocarbazate (14 g), prepared
as previously described,! in water (50 ml) was added
to a solution of methyl iodide (14.2 g) in alcohol (80
ml). The solution was stirred for 8 hr and stood
overnight, Acetone (12 ml) was added dropwise,
with stirring, to the solution over 10 min. The re-
sulting crystalline product was filtered off, washed
with water, and recrystallized from alcohol to give
colourless crystals of the Schiff base; yield, 12.8 g
(80%); m.p., 114° (lit.2 117°) (Found: C, 37.0; H,
6.2; N, 17.3. Calcd for CsHoN.S;: C, 37.3; H, 6.6;
N, 17.5%).

S-Methyl-N-(2-pyridylymethylendithiocarbazate. A
solution of S-methyldithiocarbazate (12.2 g), pre-
pared as previously described,! in alcohol (250 ml)
was added to a solution of pyridine-2-aldehyde (10.7
g) in alcohol (30 ml). The solution, after being heat-
ed on a steam bath for 30 min, deposited crystals,
which were filtered off, washed with a little alcohol,
and recrystallized from alcohol to give pale yellow
crystals of the Schiff base; yield, 16 g (75%); m.p.
180° (Found: C, 45.6; H, 4.3; N, 19.4; S, 30.3.
Calcd for CgHsN;S;: C, 45.5; H, 4.3; N, 19.9; S,
30.3%).

Method of Preparation of Bis(S-methyl-N-isopro-
pylidendithiocarbazato) Complexes of Cobalt(II), Ni-
ckel(Il), and Copper(1I). A hot solution of the metal
nitrate hexahydrate (0.001 mole) in alcohol (10 ml)
was added to a hot solution of the Schiff base (0.32
g, 0.002 mole) in alcohol (20 ml). The solution was
heated on the steam bath for 10 min and, on cooling,
deposited crystals of the metal complex. The product
was filtered off, washed with alcohol, and recrystalliz-
ed from chloroform; yield, 70-80%.

Method of Preparation of Bis(S-methyl-N-isopro-
pylidendithiocarbazato) Complexes of Palladium(II)
and Platinum(II). A hot solution of potassium tetra-
chlorometallate(II) (0.015 mole) in water (10 ml) was
added to a solution of the Schiff base (0.48 g, 0.003
mole) in hot acetone (10 ml). The mixture was warm-
ed on the steam bath for 10 min and then cooled.
The resulting metal complex was filtered off, washed
with water, then dissolved in chloroform and repre-
cipitated with ligroin; yield, 80-85%.

Dichloro-S-methyl-N-(2-pyridyl)methylendithiocarba-
zatomanganese(I11) Hemihydrate. The Schiff base
(1 g) in alcohol (100 ml) was added to a hot solution
of manganese(Il) chloride hexahydrate (1.4 g) in
alcohol (50 ml). Theé mixture was stood 4 hr, where-
upon the orange crystals of the complex, which had
deposited, were filtered off and washed with alcohol;
vield, 1.5 g (92%).

Bis{S-methyl-N-(2-pyridylymethylendithiocarbazato}-
iron(II). Ferrous chloride tetrahydrate (0.5 g) in
water (5 ml) was added to a hot solution of the Schiff
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base (1.05 g) in alcohol (100 ml). The solution im-
mediately turned deep green and slowly deposited
deep green crystals of the complex. The crystals were
filtered off, washed with alcohol, and dried in vacuo;
vield, 0.9 g (75%).

Bis{S-methyl-N-(2-pyridyl)methylendithiocarbazato} -
iron(I11) Perchlorate. Ferric perchlorate hexahydrate
(1 g) in alcohol (20 ml) was added to a solution of
the Schiff base (0.9 g) in alcohol (100 ml). To this
solution was added lithium perchlorate (2 g) in al-
cohol (10 ml). Overnight the mixture deposited dark
brown crystals of the complex; these were filtered
off, washed with alcohol, and dried in vacuo; yield,
09 g (72%).

Bis{S-methyl-N-(2-pyridylymethylendithiocarbazato} -
iron(I1Il) Tetrachloroferrate(IIl). Anhydrous ferric
chloride (2 g) in hot alcohol (20 ml) was added to a
solution of the Schiff base (1 g) in alcohol (100 ml).
The mixture was heated on a steam bath for 15 min
and then allowed to cool, whereupon shining dark
brown crystals of the complex separated. The pro-
duct was filtered off, washed with alcohol, and dried
in vacuo; yield, 1.5 g (94%).

Bis{S-methyl-N-(2-pyridyl)methylendithiocarbazato}
cobalt(11l) Nitrate Monohydrate. Cobalt nitrate he-
xahydrate (1 g) in alcohol (20 ml) was added to a
solution of the Schiff base (1.4 g) in alcohol (100
ml). The dark red solution was concentrated on the
steam bath to 30 ml, cooled, and treated with ligroin
(10 ml), whereupon an cil separated. Crystallization
was induced by scratching of the inside of the beaker
with a glass rod. The red crystals so obtained were
filtered off, washed with alcohol, and dried in vacuo
over phosphorus pentoxide; yield, 0.59 g (31%).

Method of Preparation of Bis{S-methyl-N-(2-pyri-
dylymethylendithiocarbazatolcobalt(III) Tetrachloro-,
Tetrabromo, and Tetrathiocyanato-cobaltates(II). Hy-
drated cobalt(I1) chloride, bromide, or thiocyanate
(1 g) in alcohol (20 ml) was added to a hot solution
of the Schiff base (0.5 g) in alcohol (100 ml). After
5 min, the crystalline complex, which had deposited,
was filtered off in an atmosphere of nitrogen, and
washed with alcohol. The complex was dried initially
in a stream of nitrogen and finally in vacuo over pho-
sphorus pentoxide; yield, 75-80%.

Method of Preparation of Chloro- and Bromo-S-
methyl-N-(2-pyridylymethylendithiocarbazato Com-
plexes of Nickel(II) and Copper(II). The Schiff base
(0.84 g, 0.004 mole) in hot alcohol (100 ml) was added
to a solution of the metal halide (0.004 mole) in
alcohol (20 ml). The solution, after being heated on
a steam bath for 15 min and cooled, deposited the
crystalline complex, which was filtered off, washed
with alcohol, and dried in vacuo; yield, 65-80%.

Iodo-S-methyl-N-(2-pyridyl)methylendithiocarbazato-
nickel(II). A solution of nickel nitrate hexahydrate
(2 g) and sodium iodide (2 g) in alcohol (50 ml) was
boiled for 15 min, then chilled in ice. The precipi-
tated sodium nitrate was filtered off and the filtrate
was treated with a solution of the Schiff base (1 g) in
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hot alcohol (100 ml). The solution slowly deposited
dark brown crystals of the iodo complex; these were
filtered off, washed with alcohol, and dried in vacuo;
yield, 1.4 g (759%).

Thiocyanato-S-methyl-N-(2-pyridylYmethylendithio-
carbazatonickel(I). This complex was prepared in a
similar manner to that described for the iodo complex;
yield, 1.3 g (85%).

Bis{S-methyl-N-(2-pyridyl)methylendithiocarbazato}-
nickel(IT). Nickel nitrate hexahydrate (1 g, 0.034
mole) in alcohol (20 ml) was added to a hot solution
of the Schiff base (2.1 g, 0.010 mole} in alcohol (150
ml). The solution was heated on a steam bath for
15 min, then allowed to stand for 2 hr, during which
the complex deposited as reddish-brown crystais.
These were fltered off, washed with alcchol, and
dried in vacuo; yield, 0,99 g (60%).

Method of Preparation of Chloro-S-methyl-N-(2-
pyridvlymethylendithiocarbazato Complexes o} Pal-
ladium(IIy and Platinum(IT). Potassium tetrachloro-
metallate(II} (0.0015 mole) in water (10 ml) was ad-
ded to a solution of the Schiff base (0.32 g, 0.0015
mole) in acetone (30 ml). The mixture was heatcd
on a steam bath for 10 min, then cooled, whereupon
the crystalline complex deposited. The crystals were
filtered off, washed with 1:1 acetone-water, and dried
in vacuo over phosphorus pentoxide; yield, 80%.

Nitrato-S-methyl-N-(2-pyridylymethylendithiocarba-
zatocopper(I). Copper nitrate hexahydrate (1 g,
0.034 mole) in alcohol (10 ml} was treated with a so-
lution of the Schiff base (0.72 g, 0.034 mole) in 2:1
alcohol-dimethoxypropane mixture. The solution was
heated on a steam bath for 10 min and cooled, where-
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upon deep green crystals of the complex deposited.
The crystals were filtered off, washed with chloroform,
then with alcohol, and dried in vacuo over phosphorus
pentoxide; yield, 0.79 g (70%).

S-Methyl-N«2-pyridylymethylendithiocarbazatoaqua-
copper(Il) Perchlorate. Copper perchlorate hexahy-
drate (1.12 g, 0.003 mole) in alcohol (15 ml) was
added to a hot solution of the Schiff base (0.64 g,
0.003 mole) in alcohol (100 ml). The solution was
chilled in ice and ligroin (20 ml) was added. Dark
green crystals of the complex separated. The com-
plex was filtered off, dissolved in alcohol, and repre-
cipitated by the addition of ligroin; yield, 0.78 g
(66%).

Spectral Measurements. The electronic diffuse re-
flectance spectra were measured on a Zeiss PMAQII
spectrophotometer from the sample diluted with ma-
gnesium carbonate and spread on filter paper. The
infrared spectra were obtained from nujol or halo-
carbon mulls on a Perkin-Elmer 337 spectrophoto-
meler.

Magnetic Measurements. The magnetic susceptibi-
lities were measured by the Gouy method. The mea-
surements other than at room temperature were made
on a Newport variable-temperature Gouy balance.

Molecular Weight Determination. The molecular
weight was determined in dichloroethane at 37° on a
Mechrolab vapour phase osmometer.

Acknowledgment. The authors are grateful to Pro-
fessor R.L. Martin and Dr. 1.A.G. Roos, Department
of Inorganic Chemistry, University of Melbourne, for
the measurements of the Mossbauer spectra.



