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The Schiff bases a-N-methyl-S-methyl-B-N-(2-hydroxy-
phenyl)methylendithiocarbazate 0-HO.CsH,.CH =
NNMeC(=S)SMe (HONMeS), its 3-methoxy derivati-
ve (3-MeOHONMeS), 1-(2-hydroxyphenyl)-2,3-diaza-
4-methylthio-5-thiahexa-1,3-diene, 0.HO.CsH«CH =
NN=C(SMe), (HONSMe) and its 5-chloro and 5-
bromo derivatives (53XHONSMe; X = Cl, Br) were
prepared. By the loss of a proton the Schiff bases
act as uni-negatively charged ONS trideniate ligands.
The complexes Ni(ONMeS)X (X = CI, Br, NCS)
are diamagnetic and square-planar, while the complex
Ni(ONMeS); is paramagnetic and octahedral. The
palladium complex Pd(ONSMe)C! was also isolated.
The copper complexes Cu(ONMeS)NO;, Cu(ONS-
Me)NO;, and [Cu(ONMeS)py1CIO, display normal
magnetic behaviour. The compound Cu(ONMeS) -
BF; has an anomalously low moment (0.88 B.M.) at
room temperature and the moment decrease to 0.38
BM. at 93°K due to antiferromagnetic interaction.
The compound Cu(3MeOONMeS)Cl; also displays an-
tiferromagnetic interaction between the two copper
atoms of the dimer. The complexes Cus(ONMeS); -
Cly and Cus(ONSMe).Cl; most likely have a linear tri-
meric structure; the magnetic data for the latter com-
pound fit an equation for a linear trimer with three
antiferromagnetically interacting copper atoms. The
compounds Cu(5CIONSMe)Cl and Cu(5BrONSMe)-
Cl are monomeric with normal magnetic moments.

Introduction

In part VI! of this series Schiff bases of the type
(I) were reported. The tautomeric forms (II) of these
compounds by the loss of two protons behave
as doubly negatively charged ONS tridentates
coordinating to metal ions via the phenolic oxygen,
the (-nitrogen, and the thiolo sulphur atoms. The
copper complexes CuL (L = I; X = 5-chloro, 5-
bromo, 3-methoxy) display antiferromagnetic beha-
viour, while the complex CuL (L = I; X = 5-nitro)
is ferromagnetic due to interaction between the cop-
per atoms in a structure involving a tetrameric metal

(1) M. Akbar Ali, S.C. Livingstone, and D.J. Phillips, Inorg. Chini.
Acta, 7, 179 (1973).
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We have now prepared the N-methyl and S-methyl
derivatives of some of these ligands in order to study
the magnetic behaviour of the copper complexes.

Results and Discussion

The N-methyl and S-methyl derivatives, which are
listed in Table I, were prepared by the condensation
of the appropriate salicylaldehyde with 2-N-methyl-S-
methyldithiocarbazate or §,S-dimethyldithiocarbazate.
They were obtained as beautifully crystalline solids
which are quite stable in air.

Some nickel complexes of (I; HONMeS) were iso-
lated (see Table II) in order to establish whether
these Schiff bases, by losing a proton, would behave
as singly negatively charged ONS tridentate ligands.
The complexes Ni(ONMeS)X (X = Cl, Br, NCS) are
diamagnetic and non-electrolytes. Their diamagne-
tism indicates that they possess a square-planar con-
figuration., The infrared spectrum of the thiocyana-
to complex shows v(C-N) at 2100 cm ', indicating a
terminal N-bonded thiocyanate group.? There is also
a band at 1520 cm™! which is assigned as the pheno-
lic C-O stretching frequency. The occurrence of a
v(C-O) band at 1520 cm™! in the spectra of the Ni-
(ONMeS)X complexes is indicative of non-bridging
oxygen;! in the case of a bridging oxygen this absorp-
tion is shifted to higher frequencies by 15-20 cm™".
Consequently the mono-ligand nickel complexes are
assigned monomeric square-planar structures with the
ligand acting as a tridentate by coordinating via the
phenolic oxygen, the B-nitrogen, and the thiocether
sulphur atoms.

(2) K. Nakamoto, «Infrared Spectra of Inorganic and Coordination
Compound», Wiley Interscience, 2nd edn., New York (1970), p. 189.
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Table 1. Salicylaldehyde Schiff Bases.

Analyses %

Calcd.
Compound Structural Abbreviation M.p. Found
formula C S
_OH S
-N- -S- -B-N-(2-hydroxyph hylen- 7 HONMeS 121.2° 500 50 117 267
o arbaase " (xhydroryghenybmethyle CH=N-N=Cscn, 498 49 118 256
CH.,
OCH;
OH
v a-N-Methy]-S-methyLB-N-(Z-hydroxy—}-methoxyphenyl)— ©i éS 3MeOHONMeS 138 489 5.2 104 237
methylendithiocarbazate CH=N-N=C 492 53 115 234
[~ N\SCH,
CH,
OH
V  1-(2-Hydroxyphenyl)-2,3-diaza-4-methylthio-5-thiahexa- _~SCH; HONSMe 72 500 5.0 117 267
1,3-diene CH:N—N_C\ 49.8 5.0 118 259
SCH,
OH
V1 14(2-Hydroxy-5chlorophenyl)-2,3-diaza-4-methylthic- _-SCH: 5CIHONSMe 121 436 3.6 104 234
5-thiahexa-},3-diene a CH=N-N=C{_ 437 40 102 230
SCH,
J
VII 1-(2-Hydroxy-5-bromophenyl)-2,3-diaza-4-methylthio- ~SCH; SBrHONSMe 121 377 35 88 199
5-thiahexa-1,3-diene Br CH=N-N=C_ 376 26 9.0 201
SCH;
Table . Nickel and Palladium Complexes of the Schiff Bases (I11) and (V).
Analyses %
Mol. cenduct. Cald.
Compound Colour Ay at 25° Found
(ohm~' c¢m’ mole™") C H N S M
[Ni(ONMeS)Cl1] reddish brown 0.24a 36.0 3.3 8.4 19.2 17.6
36.4 3.3 8.6 19.1 17.45
[Ni(ONMeS)Br] reddish brown 054 318 29 74 17.0 15.5
32.35 3.1 7.8 16.7 15.2
[Ni(ONMeS)NCS] brown 0a 37.1 3.1 11.8 270 16.5
37.1 3.1 11.8 26.8 16.3
[Ni(ONMeS).] red 0.14 44.7 4.1 10.4 239 109
45.0 42 10.1 23.1 10.8
[Pd(ONSMe)Cl} orange 102 3{5 2.9 7.35 16.8 279
31.7 3.0 7.4 16.6 27.8
aln nitrobenzene; #in nitromethane.
Table lil. Copper(ll) Complexes of the Salicylaldehyde Schiff Bases.
Magnetic
Mol. conduct moment Analyses %
Compound Colour Ao at 25° per Cu atom Calcd.
{(obm ' cm’ moleY) at 298°K Found
@ (B.M) C H N S Cu Cl
Cu(ONMeS)NO, green 47a 1.83 329 3.0 11.5 17.6 17.4
325 2.8 11.5 17.5 17.3
[ Cu(ONMeS)py]ClO, dark green 250 1.76 374 335 8.7 13.2
37.55 3.7 8.6 12.8
Cu(NMeS)BF. yellowish green 834 0.88 30.8 2.85 7.2 16.45 16.3
31.0 3.2 6.5 15.7 16.0
Cu;(ONMeS):Cl, green 51¢ 1.95 29.6 2.7 6.9 15.8 235
29.7 2.0 6.7 14.8 23.8
Cu;(3MeOONMEeS)CI; dark green insol. 1.70 26.3 2.6 5.6 1275 253 21.15
26.1 2.8 5.15 12.8 25.7 21.4
Cu(ONSMe)NO, green 102 1.87 329 3.0 11.5 17.6 17.4
33.2 3.2 11.1 17.6 17.1
Cu;(ONSMe).Cl, dark green 17 a 2.05 29.6 2.7 6.9 15.8 235
2945 2.7 6.6 14.6 23.7
Cu(5CIONSMe)Cl green 0.24 1.87 322 2.7 75 17.2 16.9 19.0
327 29 7.3 16.9 16.9 19.3
Cu(5BrONSMe)Cl green 0.1¢ 1.84 28.8 24 6.7 154 15.2
28.8 2.6 6.0 15.1 15.1

<In nitromethane; ?in nitrobenzene; ¢in dimethylformamide.
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The bis-ligand complex Ni(ONMeS), was also iso- Table IV. Magnetic Data for Copper Complexes.
d . g 3 p . .
lateh, 1t§ magnetic moment (3.10 B.M.) is typical of 10%w 1/x's w(B.M.)
octahedral nickel(II). . . T(°K) per Cu atom  per Cu atom  per Cu atom
The copper complexes which were obtained are li- o ONMeSI1(BE
sted in Table I11I. The molecular conductivity of Cu- [ Cu €$):1(BE:
(ONMeS)NO; in nitromethane (47 mho), although ggg 183 gigg 1~ég
indicating appreciable ionic dissociation, is consider- 343 426 2347 }'08
ably below that expected (c. 85 mho) for a uni-univa- 333 397 2519 1.03
lent electrolyte in this solvent. The infrared spec- 323 374 2674 0.99
trum displays strong bands at 1480 and 1280 cm~/, gég ggg %ég g-gg
indicative of a coordinated nitrato group.’ The re- 293 350 2857 091
flectance spectrum (Figure 1) is more indicative of 283 327 3058 0.86
square-planar than of any other configuration. Ac- 273 321 3115 0.84
cordingly a four-coordinate structure [Cu(ONMeS)- %gg g(l)z g;gg 8-%
NOs] is assigned to this complex. 233 280 3571 0.72
213 298 3360 0.72
193 280 3571 0.66
= 183 275 3635 0.64
- 173 240 4170 058
3 D 153 222 4501 0.52
- 123 211 4739 0.46
3 ¢ 93 195 5128 0.38
£
> g Cu,(ONMeS).Cl,
H > 333 1454 688 1.97
a 303 1574 635 1.96
3 283 1667 600 1.95
= 253 1884 531 1.96
° 223 1873 534 1.90
193 2429 412 1.95
f A s 163 2913 343 1.96
10 » o s 133 3523 284 1.94
v x107 (em™) 103 4409 227 1.91
8
FiguEeC 1. Solid state] rTflectance spectra of copper complexes: 3 7428 184 191
A, [Cu(ONMeS)py]ClO; B, Cu(ONMeS).CL; C, Cus
(ONSMe),Cl; D, Cu(ONMeS)NOs; E, Cu(ONSMe)NO. Cu:(3MeOONMeS)Cl,
343 1037 964 1.70
313 1107 903 1.67
.. . 283 1193 832 1.65
In the presence of pyridine the Schiff base (III) 253 1275 784 1.61
reacts with copper(Il) perchlorate to give the complex 223 1304 767 1-23
[Cu(ONMeS)pyICiOs which is a uni-univalent elec- igg }ig (75(7)3 }'48
trol.yte in nitrobenzene.. The infrared spectrum shoyvs 133 1462 684 1.25
a single broad absorption centred at 1070 cm™', in- 103 1366 732 1.07
dicating the presence of ionic perchlorate. The ma- 83 1185 844 0.89
gnetic moment is at the low end of the range usually Cu(ONSMe)NO,
found for copper(Il). The w(C-O) frequency occurs
at 1530 cm™! indicating the presence of a non-bridg- 303 1356 738 1.82
in h : 1 PR . . 263 1554 644 1.81
g phenolic oxygen.! The electronic spectrum (Fi-
P ! 213 1919 521 1.82
gure 1) is snmn}ar to that of [CU(ONMES)NQ3] and 163 2492 401 181
is consistent with a square-planar configuration. 113 3491 287 1.78
With copper(Il) fluoroborate the ligand (III) yields 83 4633 216 1.76
a I;eautiful]y 'cry§talline, yellowish-green complex Cu(ONSMe):Cls
having the stoicheiometry corresponding to Cu(ON-
MeS)BF;. The infrared spectrum of the complex gg };gg g% 38'5’
shows that the {luoroborate ions are not coordinated. 253 2008 198 202
The magnetic moment at room temperature (0.88 B. 223 2175 460 198
M.) is anomalously low and the moment decreases 193 2462 406 1.96
with decrease in temperature (see Table IV). This igg g’l’gg ;?g }-g;
suggests that antiferromagnetic interactions are invol- 103 3694 271 175
ved. However, the temperature dependence of the 83 4157 241 1.67
susceptibility could not be used to assign a definite
structure to this complex because of the large errors Cu(5BrONSMe)Cl
involved in measuring such low susceptibilities. Ne- 323 1266 790 l'g}t
vertheless, the oxygen-bridged binuclear structure gg; {g?g g;g i:u
(VIII) is suggested for this compound. The occur- 73 2406 416 1.83
113 3614 277 1.81
(3) B.M. Gatehouse, S.E. Livingstone, and R.S. Nyholm, /. Chem. 83 4760 210 1.78
Soc., 4222 (1957).
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rence of v(C-O) at 1550 cm™! in the infrared spec-
trum confirms the presence of bridging phenolic oxy-
gen atoms.

N N ) o,
/ / AN

\_/
(VIID)

The equivalent conductivity (Ajw) of this complex
(83 ohm~!) does not distinguish between the monome-
ric ionic formulation [Cu(ONMeS)IBF; and a poly-
meric one [Cu,(ONMeS),1(BFs).. The electrolyte
type can be determined by the measurement of the
equivalent conductivity (A) over a range of concen-
tration (¢) and the determination of the slope of the
plot of A.-A against V¢ (A, = equivalent conducti-
vity extrapolated to infinite dilution).* Values for
(A-A)/ V¢ have been obtained over a range of ¢
from 107*M to 2X 10~M for tri-, bi-, and uni-univa-
lent electrolytes in nitromethane.*® The complex Cu-
(ONMeS)BFs was found to have A, = 88 and (Ac
A)/ V¢ = 141 in nitromethane solution. These data
indicate that this complex is a uni-univalent electro-
lyte. The value for (A,-A)/ V ¢ differs from these for
[NBu.Br (183) and Na[BPhs] (216) but is close
to that for the complex [Ru,Cli(PEt;Ph)s]Cl (151),
which has a value of A, of 85.5 ohm~!?

The magnetic and infrared evidence suggests that
in the solid state our complex exists in the dimeric
form [Cu(ONMeS),1(BF:); but the conductivity data
show that in nitromethane solution the complex exists
as a uni-univalent electrolyte, possibly as [Cu(ON-
MeS)(MeNQ;) IBF..

With copper(I1) chloride the Schiff base (I11) vields
a green crystalline complex having the composition
Cus(ONMeS),Cls. The structures (IX - XIII) are pos-
sible. ,The magnetic moment does vary slightly with
temperature (see Table IV) and the Curie-Weiss law
(xm = ¢/T-0 is obeyed with a relatively small value
for the Weiss constant (8 = —8K). Accordingly,
there is no appreciable antiferromagnetic interaction
between the copper atoms in this complex. There-
fore the structure (IX) can be excluded, since the
bridging arrangement of the cation would be expect-
ed to lead to marked antiferromagnetic interaction as
found for [Cux(ONMeS),1(BF;).. Moreover, a fea-
ture of the electronic spectrum of the pseudo-tetrahe-
dral [CuCLJ]* anion is the presence of a band at
7800 cm~1* This band does not appear in the spec-
trum of the complex (Figure 1).

TN

N ° s % o ct \
( \Cu/ \CU/ ) CuCl, N/—>Cu‘/ \Cu/ \Cu‘c/-— N
NSNS 7 N N /
S OvN -3 Ct o]} 0
(IX) X)

(4) W.J. Geary, Coordination Chem. Rev., 7, 81 (1971).

(5) R.D. Feltham and R.G. Hayter, J. Chem. Soc., 4587 (1964).

(6) A. van der Avoird and P. Ros, Theor. Chim, Acta, 4, 13 (1966).

(7) 1.V. Quagliano, J. Fujita, G. Franz, D.J. Phillips, J.P. Walm-
sley, and S.Y. Tyree, J. Amer. Chem. Soc., 83, 3770 (1961).
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The infrared spectrum of Cu;(ONMeS),Cl; shows
the w(C-O) frequency at 1540 cm~' which is indi-
cative of the presence of a bridging phenoxy group.'
Acordingly structure (X) is unlikely. The complex
is insoluble in most solvents but is slightly soluble
in dimethylformamide. The conductivity (51 ohm™")
in dimethylformamide, while appreciable, is below
that expected (70-90 mho) for a bi-univalent electrolyte
in this solvent*’ and may be due to some decomposi-
tion in dimethylformamide. Therefore the ionic
structure (XI) is also unlikely. The most likely struc-
tures seem to be cither (XII) in which the Schiff basc
ligands are tridentate and the two terminal copper
atoms are five-cordinate or (XIII) in which the thio-
ether group of the ligand is not coordinated and all
three copper atoms have an approximately square-
planar configuration.

With copper(I1) chloride the Schiff base (IV) yields
a dark green complex Cux3MeOONMeS)Cl. This
is in contrast to the Schiff base (II1) which gives the
trinuclear complex Cu;(ONMeS);Cli. The change in
colour and stoicheiometry of the complex with the
replacement of hydrogen by methoxyl in the 3-position
of the salicyldehyde moiety suggests a different struc-
ture for the complex of the 3-methoxy ligand (IV).

The magnetic moment of Cux(3MeOONMeS)Cls
falls from 1.70 B.M. at 343°K to 0.89 B.M. at 83°K
(see Table 1V). The magnetic data fit both the
Bleaney-Bowers equation (1) for a dimeric arrange-
ment of two interacting copper atoms and the Ising
equation (2) for a linear polymeric arrangement.®!
The temperature independent paramagnetism Na is
taken as 60x107% c.g.s.u. The quality of

2.2
Xm= Nng [3+exp(=2]/kT)] '+ Na )

NBg[exp(4K) +(2+ K Yexp(2K)~K ‘exp(—2K) +5] N
12 kT [exp(2K)+exp(—2K)+2]

Ym=

=
(K=—") 2)

the closest fit for the Bleaney-Bowers equation with g
= 213 and | = =79 cm™'—Z[(Xobs—Xcatc)T I
0.14 X 10°—is better than that for the Ising equa-

(8) B. Bleaney and K.D. Bowers, Proc. Roy. Soc., A214, 451 (1952).

(g) R.W. Jotham and S.F.A. Kettle, Inorg. Chim. Acta, 4, 145
(1970).

(10) G.F. Newell and E.W. Montroll, Rev. Mod. Phys., 25, 353
(1953); G.G. Bararchlough and C.F. Ng, Trans, Faraday Soc., 60, 836
(1964); E. Sinn, Coord. Chem. Rev., 5, 313 (1970).



tion with g = 2.24 and | = —-98 cm™'—X[%os —
Xeale JTP? = 0.58 X 10*—(see Figure 2).
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Figure 2. The temperature dependence of 10°%w(A), and
1/%u (B) for Cu,(3MeOONMeS)Cl,. Experimental values are
indicated by open circles and the full curves are the calculat-
ed valves obtained from the Bleaney-Bowers equation (1)
with g = 213 and ] = =79 cm™.

The simplest dimeric structure which can be as-
signed to Cux(3MeOONMEeS)Cl; is (XIV). The w(C-
O) frequency for this complex occurs at 1560 c¢cm™!,
indicating the presence of a bridging phenolic oxygen.
The low solubility of the complex precluded a mole-
cular weight determination.

N < o] [}

( \Cu/ \Cu/

5/ \ 7 \Cl
(X1v)

In complexes of (II1) and (IV) the ligand could
coordinate via either the thioether or the thione
sulphur atom. However, in (V), (VI) and (VII) no
thione groups are present and if sulphur coordina-
tion occurs in complexes of these ligands, it must
be via the thioether sulphur. The pyridine-2-aldehyde
Schiff base of S,S’-dimethyldithiocarbazate behaves as
an NNS donor to nickel(II) and as an NN donor to
cobalt(II)."

The complex PA(ONSMe)Cl is a non-electrolyte in
nitromethane. Its infrared spectrum displays v(C-O)
at 1520, indicating the presence of non-bridging phe-
nolic oxygen. Therefore it is most likely that the
complex has a square-planar monomeric structure
with the ligand behaving as a uninegatively charged
ONS donor. The complex Cu(ONSMe)NO; has a
conductivity in nitrobenzene (10 ohm™' c¢cm? mole™)
which indicates partial dissociation in solution. How-
ever, the infrared spectrum has bands at 1480 and

(11) M. Akbar Ali, S.E. Livingstone, and D.J. Phillips Inorg.
Chim. Acta, 6, 552 (1972).
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1275 cm™', showing that the nitrato group is coor-
dinated in the solid state;® the w(N-O) band at ca.
1010 cm™' is obscured by ligand absorption. The
electronic reflectance spectrum (Figure 1) is similar
to that of Cu(ONMeS)NOs; accordingly a square-
planar structure is postulated with the ligand acting
as an ONS donor. The magnetic data are given in
Table IV; the complex obeys the Curie-Weiss law
with a small value for the Weiss constant (§ =
-5°K).

With the copper chloride the Schiff base (V) yields
the complex Cuj(ONSMe).Cls. The complex has a
low conductivity in nitromethane and its electronic
spectrum (Figure 1) shows no bands attributable to
thc [CuCLJ*~ ion, while the infrared spectrum di-
splays v(C-O) at 1540 cm~'. Hence the structures
(IX) and (X) are unlikely for the same reasons given
above in connection with the analogous compound
Cus(ONMeS),Cls. The magnetic moment of Cus(ON-
SMe),Cl: decreases from 2.05 B.M. at room tempera-
ture to 1.67 B.M. at 83°K (see Table IV).

The temperature dependence of the susceptibility
of Cu;(ONSMe),Cls has been compared with that ex-
pected for a dimeric structure (Equation 1) and that
for a linear trimeric structure (Equation 3).3°

Y= N@!'g [ 1 4-exp(2]/kT)+ 10exp(3J/kT)] +Na 3)
12kT[ 1 +exp(2]/kT) +2exp(3] /kT)]

The quality of the fit for the linear trimer equation
(3)—2[(Kobs—Xcatle) TI? = 0.21 X 1073, with g = 2.48
and J] = —37 cm~'—is better than for the dimer equa-
tion (1)—Z[(%obs—Xcatc) TT? = 0.50% 1073, with g =
244 and | = -38 cm™' (see Figure 3). This is in
accord with the other evidence supporting structures
(XII) or (XIII). The reflectance spectra of Cus(ON-

600
A
4400
4000 - x
X
b4
=
k)
- 4200
B
2000
00 20 30
Temperature (*K)
Figure 3. The temperature dependence of 10°%u (A) and

1/xu (B) for Cus(ONSMe),CL. Experimental values are in-
dicated by open circles and the full curves are the calculated
values obtained from equation (3) for a linear trimer struc-
ture, with ¢ = 248 and J] = —37 cm™!.

Ali, Livingstone, Phillips | Bases Derived from N-Methvl-S-methyldithiocarbazate and S,8’-Dimethyldithiocarbazate



536

MeS):Cly and Cui;(ONSMe),Cl; are very similar, sug-
gesting that the two compounds have similar struc-
tures. Whereas the latter compound shows distinct
antiferromagnetic behaviour, the data for the former
compound do not show any marked antiferromagnetic
interaction over the temperature range studied; data
are required for temperatures below 83°K to esta-
blish the presence of any antiferromagnetic interac-
tion in Cuiy(ONMeS),Cl,.

Whereas: dimeric or trimeric complexes were ob-
tained from the reaction of copper chloride with the
Schiff base (II1), (IV), and (V), the ligands (VI) and
(VII) yield the 1:1 complexes Cu(5CIONSMe)Cl and
Cu(5BrONSMe)Cl). The complexes are non-electro-
lytes in nitromethane and their infrared spectra di-
splay w(C-O) at ca. 1520 cm™!, indicating non-bridg-
ing phenoxy groups. The compounds are assumed to
possess a square-planar configuration with the ligands
acting as ONS donors. The magnetic data show that
the compound Cu(5BrONSMe)Cl obeys the Curie-
Weiss law with a value of —10°K for the Weiss con-
stant 0.

The ONSMe ligands (V), (VI), and (VII), derived
from S,S’-dimethyldithiocarbazate, cordinate to cop-
per(IT) as tridentates involving coordination via the
thioether sulphur atom. This behaviour is in con-
trast to that of the pyridine-2-aldehyde Schiff base of
S,5’-dimethyldithiocarbazate, which shows little ten-
dency to bind to copper via the thioether sulphur
atom.!

Experimental Section

Unless otherwise stated all the compounds, after
filtration, were washed with alcohol and dried in va-
cuo over phosphorus pentoxide.

o-N-Methyl-S-methyl-3-N-(2-hydroxyphenyl)methyl-
endithiocarbazate. Salicyldehyde (10 g) was added to
a solution of N-methyl-S-methyldithiocarbazate (10 g)
in alcohol (250 ml). The solution was heated on the
steam bath for 15 min and then allowed to stand
overnight at room temperature. The pale yellow
crystals which had formed were then filtered off;
vield, 17.0 g.

a-N-Methyl-S-methyl-3-N-(2-hydroxy-3-methoxyphe-
nyl)-methylendithiocarbazate. This compound was
prepared in a manner similar to the above except
that a solution of 3-methoxysalicylaldehyde (12.2 g)
was used instead of salicylaldehyde. The ligand form-
ed as beautifully crystalline needles; yield, 13.0 g.

1-(2-Hydroxyphenyl)-2,3-diaza-4-methylthio-5-thia-
hexa-1,3-diene. S-Methyldithiocarbazate?? (5.0 g), in
alcohol (50 ml) was added with stirring to a solution
of potassium hydroxide (2.3 g) in alcohol (50 ml). The
stirring was continued for 5 min and then methyl
iodide (5.0 g) was added, followed by the addition
of excess of salicyldeyde (20 g). The mixture was
allowed to stand overnight and then the ligand was

(12) M. Akbar Ali ,S.E. Livingstone, and D.J. Phillips, Inorg.
Chim. Acta, 5, 119 (1971).
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precipitated by the addition of water (200 ml). Re-
crystallization of the crude product from alcohol affor-
ded white crystals; yield, 6.0 g.

1-(2-Hydroxy-5-chlorophenyl)-2,3-diaza-4-methylthio-
5-thighexa-1,3-diene and 1-(2-Hydroxy-5-bromophen-
yh)-2,3-diaza4-methylthio-5thiahexa-1,3-diene. The
compounds were prepared by the same general me-
thod. S-Methyldithiocarbazate (5.0 g) was dissolved
in alcohol (100 ml) containing potassium hydroxide
(2.5 g). After the mixture was stirred for 20 min,
methyl iodide (50 g) was added. 5-Chlorosalicylalde-
hydc (7.0 g) or 5-bromosalicylaldchyde (9.0 g) in al-
cohol (100 ml) was added to the mixture which was
left overnight. The compound was precipitated by
the addition of water (500 ml). The crude product
was purified by recrystallization from alcohol; yield,
9.0 g.

General Method for the Preparation of Chloro-
Bromo-, and Thiocyanato-a-N-methyl-S-methyl-3-N-(2-
hydroxophenyl)-methylendithiocarbazatenickel(I1). A
solution of the ligand (1.0 g) in hot alcchol (50 ml)
was added to the hot solution of metal halide or thio-
cyanate (2.0 g) in alcohol (20 ml). After being heat-
ed on the steam bath for 5 min, the brown solution
slowly deposited the crystalline complexes. After 1
hr the crystals were filtered off; yield, 60-80%.

General Method for the Preparation of Dichloro-
and Dibromo-o.-N-methyl-S-methyl-3-N-(2-hydroxophe-
nyl)methyldithiocarbazateiron(111). A solution of the
Schiff base (1.0 g) in a mixture of alcohol (20 ml) and
2,2-dimethoxypropane (30 ml) was added to a hot
solution of ferric halide (3.0 g) in the same solvent
(50 ml). After being heated on the steam bath for
3 min, the brown solution deposited dark brown cry-
stals; yield, 80%.

Bis-{a-N-methyl-S-methyl-3-N-(2-hydroxophenyl)me-
thylendithiocarbazatelnickel(Il). The ligand (2.0 g)
was stirred into a solution, prepared by dissolving
sodium hydroxide (0.3 g) in 90% alcohol (100 ml).
After the mixture was stirred for 10 min, it was fil-
tered into a solution of nickel nitrate hexahydrate
(1.0 g). The solution, on being heated on the steam
bath for 5 min and cooled, deposited red crystals of
the pure complex; yield, 1.5 g.

Nitrato-a-N-methyl-S-methyl-3-N-(2-hydroxophenyl)-
methylendithiocarbazatecopper(1l). Cupric nitrate te-
trahydrate (1.7 g) in a hot 1: 1 mixture of alcohol and
2,2-dimethoxypropane (40 ml) was added to a boil-
ing solution of the ligand (0.8 g) in alcohol (50 ml).
Green crystals of the complex formed immediately;
these were filtered off; yield, 1.7 g.

Tetrachloro-bisju-N-methyl-S-methyl-38-N-(2-hydroxo-
phenylymethylendithiocarbazateltricopper(1I). Cupric
chloride dihydrate (1.7 g) in alcohol (100 ml) was
added with stirring to a hot solution of the ligand
1.0 g) in alcohol (50 ml); a green precipitate formed.
The mixture was heated on the steam bath for 5 min
and the crystalline precipitate was filtered off; yield,
1.2 g.



o.-N-Methyl-S-methyl-3-N-(2-hydroxophenyl)methyl-
endithiocarbazatemonopyridinecopper(I1) Perchlorate.
Copper perchlorate hexahydrate (1.0 g) in a mixture
of alcohol (20 ml) and 2,2-dimethoxypropane (5 ml)
was added to a hot solution of the ligand (1.0 g) in
a mixture of alcohol (50 ml) and pyridine (2 ml).
The mixture, on being heated on a steam bath, de-
posited dark green crystals of the complex which was
filtered off; yield, 1.2 g.

o-N-Methyl-S-methyl-3-N-(2-hydroxophenylymethyl-
endithiocarbazatecopper(1l) Tetrafluoborate. Copper
tetrafluoborate (2.0 g) was stirred into a hot mixture
of alcohol (20 ml) and 2,2-dimethoxypropane (10
ml). The mixture was then filtered hot into a solu-
tion of the ligand (0.7 g) in alcohol (50 ml)). The
mixture was heated on a steam bath for 5 min, where-
upon the dark brown solution deposited yellowish-
green crystals of the complex; yield, 0.8 g.

Nitrato-1-(2-hydroxophenyl)-2,3-diaza-4-methylthio-
5-thiahexa-1,3-dienecopper({l). A solution of cupric
nitrate tetrahydrate (1.5 g) in a mixture of alcohol
(30 ml) and 2,2-dimethoxypropane (20 ml) was treat-
ed with a solution of the ligand (1.0 g) in alcohol (20
ml). The mixture was heated on the steam bath for
5 min to give a deep green solution. Ligroin (10
ml) was added to the solution which, on cooling, de-
posited green crystals of the complex; vield, 0.4 g.

Tetrachloro-1-(2-hydroxophenyl)-2,3-diaza-4-methyl-
thio-5-thiahexa-1,3-dienetricopper(II). A solutioh of
the ligand (0.5 g) in hot alcohol (10 ml) was added
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to a hot solution of cupric chloride dihydrate (1.5 g).
On cooling, the solution deposited deep green crystals
of the complex; yield, 0.5 g.

General Method for the Preparation of Chloro-1-(2-
hydroxc-5-bromophenyl)-2,3-diaza-4-methylthio-5-thia-
hexa-1,3-dienecopper(Il) and Chloro-1-(2-hydroxo-5-
chlorophenyl!)-2,3-diaza4-methylthio-5-thiahexa-1,3-di-
enecopper(ll). A solution of the appropriate Schiff
base (1.5 g) in hot alcohol (200 ml) was mixed with
a solution of cupric chloride dihydrate (1.0 g) in al-
cohol (100 ml). The resulting solution was heated on
a steam bath for 10 min, whereupon shining, needle-
shaped crystals of the complex were deposited; yield,
0.4-0.5 g.

Trichloro-o-N-methyl-S-methyl-8-N-(2-hydroxo-3-
methoxyphenyl)methylendithiocarbazatedicopper(II).
A solution of the ligand (1.0 g) in alcohol (100 ml)
was added to a hot solution of cupric chloride dihy-
drate (3.0 g) in alcohol (150 ml). The mixture, after
being heated on the steam bath for 5 min, deposited
fine, greenish-black crystals of the complex; yield,
1.6 g.

Chloro-1-(2-hydroxophenyl)-2,3-diaza-4-methylthio-
5-thiahexa-1,3-dienepalladium(Il). Potassium chloro-
palladate(1T) (0.5 g) in water (10 ml) was added,
with stirring, to a boiling solution of the ligand (0.5
g) in acetone (15 ml). The resulting orange precipi-
tate of the complex was filtered off, washed with
water, then with acetone, and finally with ligroin;
yield. 0.3 g.
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