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Three types of zinc complexes, chlorotris[2(1H)-pyridinethionato]dizinc (3), dichlorotetrakis[2(1H)-pyridine-
thionato]trizinc (4), and chloro[2(1H)-pyridinethionato]zinc (5) were produced by the reactions of bis[2(1H)-

pyridinethionato]zinc (2) and zinc chloride. The product in the reactions varies depending on the solvent.

The

mutual transformation reactions among 3, 4, 5, 2, and oxohexakis[2(1H )-pyridinethionato]tetrazinc were
described. The formations of 5, 4, and 3 were explained by stepwise additions of 2 to zinc chloride based upon a
view that these complexes are the adducts of 2 with zinc chloride in molar ratios of 1: 1, 2: 1, and 3: 1. Analogously,
the correlation of the known polynuclear zinc complexes was systematically rationalized by stepwise additions of

L,Zn (L=ligand) to ZnX, (X=Cl or OH) or ZnO.

In a previous paper,) we reported on the formation
of oxohexakis[2(1H )-pyridinethionato]tetrazinc (1) from
bis[2(1H)-pyridinethionato]zinc (2)2 and on the mutual
transformations between 1 and 2. Various types of
polynuclear zinc complexes have been reported. They
include LgZn O (L=ligand group),? L;Zn,0,% L,Zn,-
0,9 L;Zn,X (X=chlorine atom or hydroxyl group),?
L,7Zn,X,,% L,Zn;X,,") and L;Zn,X® type complexes.
The types of complexes are different depending on the
kind of the ligand. Correlations between these types of
complexes have not been elucidated, probably owing to
the lack of report on the formation of different type of
polynuclear zinc complexes formed with the same
ligand.®

This paper describes the syntheses of chlorozinc com-
plexes, L;Zn,Cl, L,ZnyCly, and LZnCl where L is
2(1H)-pyridinethionato group, and mutual transforma-
tions among the three complexes and the complexes 1
and 2, which contribute a systematization of polynuclear
zinc complexes.

Results and Discussion

The transformation of 2 into oxocomplex 1 has been
explained by the fission of one of four 2(1H)-pyridine-
thionato ligands in the complex 2.2 When 2 was
treated with a half-molar equivalent of benzoyl chloride
in 1,2-dichlorcethane (EDC), one of four 2(1H)-pyri-
dinethionato groups was removed as the S-benzoyl
derivative, and chlorotris[2(1H)-pyridinethionato]dizinc
(3) was obtained quantitatively. The complex 3 is a
new complex and the characterization will be described
later. The complex 3 was also obtained by a reaction
of 2 with zinc chloride in a molar ratio of 3: 1 in diethyl
ether. A treatment of 2 with a large excess molar
amount of zinc chloride (in a molar ratio of 1:1) in
ethanol gave 3, but the same reaction in acetone afforded
another product, dichlorotetrakis[2(1H)-pyridinethio-
nato]trizinc (4). The complex 4 could be obtained by
the reaction of 3 with an excess molar amount of zinc
chloride (in a molar ratio of 2: 3) in acetone. When 2
was treated with an excess molar amount of zinc chloride
(in a molar ratio of 1:2) in ethyl acetate, the third
complex, chloro[2(1H)-pyridinethionato]zinc (5) was
isolated. The complex 5 could be obtained also by the
treatment of 4 with zinc chloride in ethyl acetate. The

complexes 4 and 5 are also new compounds and the
characterization will be described later. When 5 was
treated in acetone, 4 was recovered. The treatment of
4 in ethanol gave 3. The complexes 3, 4, and 5 all
could be converted to oxocomplex 1 when they were
treated in boiling water.

The experimental results for the formation of the
complexes can be rationalized as shown in Scheme 1.
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The formation of a product in a specific solvent can be
rationalized by a ligand exchange reaction of zinc
chloride between the reactant and the solvent.

The complexes 3, 4, and 5 can be viewed as adducts
of bis[2(1 H)-pyridinethionato]zinc with zinc chloride in
molar ratios of 3: 1, 2: 1, and 1: 1, respectively. The
complex 1 is on a same level with the complex 3, since
1 is an adduct of bis[2(1H)-pyridinethionato]zinc with
zinc oxide in a molar ratio of 3: 1.

In a similar idea various types of polynuclear zinc
complexes reported hitherto can be made systematic as
shown in Scheme 2, in which a thick arrow signifies an
addition of a unit of LyZn. A stepwise addition of L,Zn
to ZnX, or ZnO leads to a formation of each level
of zinc complexes. The several types of complexes put
in brackets are not yet reported. The stability of
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complex could be depend on the kind of the ligand and
the conditions under which the formation was performed.
The solvent is a very important factor as illustrated in
Scheme 1 for 2(1H)-pyridinethionato zinc complexes.
From Scheme 2, one can predict the presence of com-
plexes containing four and five units of (PyS),Zn, (PyS),-
Zn,Cl, or (PyS)gZn,O and (PyS),,ZngCl, or (PyS);-
Zn,Cl, but they are not yet isolated. One may be able
to isolate them when appropriate solvents are found.

Number of
L,Zn Unit
5 2L,Zn, X —= [L,ZngX,]
1 1
4 [LeZngX,] — LgZnO
1 Ll 1t
3 2L,7Zn, X &= [L4Zn,X,] — L4Zn,O
Ll L) L]
2 L,Zn X, [L4Zn 0]
1 1 S
1 2LZnX == [L,Zn,X,] — L,Zn,O
L]
ZnX, ZnO

Scheme 2. Complex types (complexes in brackets
are unknown).

In a previous report,) we have described a probable
formation of oxobis[2(1 H)-pyridinethionato]dizinc in the
reaction of 2(1H)-pyridinethione and zinc oxide in a
molar ratio of 2: 1 in water. Oxotetrakis[2(1H)-pyri-
dinethionato]trizinc can be estimated to be produced in
an appropriate solvent, since the same level chlorocom-
pound 4 is moderately stable.

Characterization of the Complexes. The compositions
of the three complexes 3, 4, and 5 were determined by
elemental analyses (C, H, Cl, N, and S). The complexes
3, 4, and 5 were obtained as powdery crystals, respec-
tively. The powder X-ray analyses showed the inde-

pendent spectrum for the three complexes and the
contamination of free zinc chloride in the complexes
was not observed.

Thermal analysis curves of 3, 4, and 5 show single and
sharp endothermic peaks at 297, 303, and 295 °C,
respectively. The mixture prepared by mixing any two
of the complexes 2, 3, 4, and 5 give thermal analysis
curves showing broad endothermic peaks at tempera-
tures different from those of the endothermic peaks for
2, 3, 4, and 5, except the mixture of 4 and 5 whose
curve shows a sharp endothermic peak but at 287 °C.
These facts indicate for the three complexes 3, 4, and 5
to be independent compounds, respectively.

The IR spectrum of the complex 3 exhibits bands due
to C=C/C=N stretching vibration at 1595 (s), 1555 (s),
1445 (s), and 1420 cm? (s), a band due to C=S stretch-
ing vibration at 1135 cm™! (s), bands due to ring vibra-
tion at 1020 (m) and 650 cm~! (w), and bands due to
C-H bending vibration at 770 (s), 765 (sh), and 760
cm™! (sh). The absorption patterns of the correspond-
ing bands in 1, 2, 4, and 5 are similar to that of bands
in 3, except that the spectrum of 2 shows doublet peaks
or peaks with a shoulder at 1455, 1420, 1020, and 645
cm~! and that the spectrum of 4 and 5 show a doublet
peak or a peak with a shoulder at 650 cm~*. The fact
thet the absorption patterns of these bands of 3, 4, and 5
are similar to that of the bands of 1 indicates that
the 2(1H)-pyridinethionato ligands act as bidentates
and bridging ligands in the complexes 3, 4, and 5.1

The mass spectra of 3, 4, and 5 exhibit several frag-
mentation ions containing zinc, 2(1H)-pyridinethionato
ligand, and/or chlorine. The peak pattern of the MS
spectra of 3, 4, and 5 differ depending on the tempera-
ture of the inlet part to which the samples were intro-
duced. The peak pattern of the MS feature higher than
mfe 209[(PyS)ZnCl] are shown in Table 1. The changes
of peak patterns of the three compounds depending on

TasLE 1. MaASs SPECTRAL DATA FOR THIONATOZINC COMPLEXES (m/e)
Temperature®
Compound
120 °C 150 °C 180 °C
(PyS)3Zn,Cl 3 458[(PyS)3Zn,). 458[(PyS);3Zn,] 490[ (PyS)3Zn,S]
284[(PyS),Zn] 284[(PyS),Zn] 458[(PyS);Zn,]
209[(PyS)ZnCl)] 209[(PyS)ZnClI] 284[(PyS),Zn]
220[(PyS),]
209[(PyS)ZnCl]
(PyS)4Zn,Cl, 4 458[(PyS)3Zn,] 490[(PyS)3Zn,S]
284[(PyS),Zn] 458[(PyS)3Zn,]
209[(PyS)ZnCl] 394[(PyS)3Zn]
383[(PyS),Zn,Cl]
362[(PyS),(py)Zn]
284[(PyS);Zn]
220[(PyS),]
209[(PyS)ZnCl]
[(PyS)ZnCl], 5 284[(PyS),Zn] 284[(PyS)yZn] 458[(PyS);Zn,]
209[(PyS)ZnClI] 209[(PyS)ZnCl] 383[(PyS),Zn,Cl]
362[(PyS),(py)Zn]
284[(PyS),Zn]
209[(PyS)ZnCl]

a) The temperature at which the spectra were measured.
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the temperature are clearly different, respectively. This
phenomena can not be rationalized at present, but the
results indicate that the complexes 3, 4, and 5 are
independent compounds. Although there is no certain
evidence, 5 seems to be not monomeric. This is suggest-
ed by the high melting point of 5 and by MS peak of 5
at mfe 284[(PyS),Zn] which was observed in the spectra
measured even at 120 "C.

Experimental

All melting points were determined in a liquid bath unless
otherwize mentioned and were uncorrected. The powder
X-ray diffraction was measured on a Rigaku D, X-ray dif-
fractometer. The thermal analyses were performed on a
Rigaku 8085 differencial scanning calolimeter. The IR
spectra were measured in KBr disks with a Hitachi Perkin-
Elmer 225 and a Hitachi EPI-G2 grating infrared spectrom-
eter. The mass spectra were measured with a Hitachi M52
mass spectrometer.

Materials. Commercial anhydrous zinc chloride was
used after drying over diphosphorus pentaoxide. Bis[2(1H)-
pyridinethionato]zinc (2) was prepared by the method previ-
ously reported. Commercial benzoyl chloride was distilled
before its use.

Chlorotris[ 2( IH ) -pyridinethionatoldizinc (3). a) Reaction of 2
with Zinc Chloride in Ethanol: A solution of zinc chloride (95
%> 0.43 g, 3.0 mmol) in ethanol (30 ml) was added to a
suspension of 2 (0.86 g, 3.0 mmol) in ethanol (40 ml) with
stirring at room temperature and the mixture was stirred at
room temperature for 12 h. The precipitate was collected by
filtration, washed with ethanol (80 ml), and dried at 70 °C for
24 h under reduced pressure to give 0.98 g (989%,) of colorless
crystalline powder; mp 294—298 °C. Found: C, 36.35; H,
2.57; Cl, 7.09; N, 8.16; S, 19.149%,. Calcd for C,;H;, CIN,S,-
Zn,: C,36.27; H,2.44;Cl, 7.14; N, 8.46; S, 19.379,. Molecu-
lar weight of the product could not be determined owing to
the poor solubility in most organic solvent except N, N-dimeth-
ylformamide, in which the product was partly hydrolyzed with
a slight amount of water contained in the solvent.

b) Reaction of 2 with Zinc Chloride in Diethyl Ether: Zinc
chloride (95%,, 0.72 g, 5.0 mmol) was treated with 2 (4.29 g,
15.0 mmol) in diethyl ether (100 ml) at room temperature for
17 h. The precipitate was collected by filtration and washed
with diethyl ether (20 ml) to give 4.93 g (99%,) of 3 as colorless
crystalline powder; mp 294—298 °C. The IR spectrum of the
powder was identical with that of the product obtained in a).
Thermal analysis curve of the solid exhibits an endothermic
peak at 297 °C.1D)

¢) Reaction of 2 and Benzoyl Chloride: A solution of benzoyl
chloride (2.81 g, 20 mmol) in 1,2-dichloroethane (EDC) (40
ml) was added drop by drop to a suspension of 2 (11.43 g. 40
mmol) in EDC (110 ml) with stirring at room temperature
and the mixture was stirred for 18.5 h. The precipitate was
collected by filtration and washed with EDC (20 ml) to give
9.90 g (1009%) of 3 as colorless crystalline powder. The IR
spectrum of the powder was identical with that of the product
obtained in a). The filtrate separated from 3 and washings
were combined and concentrated under reduced pressure.
Diethyl ether (70 ml) was added to the residue and filtered
leaving insoluble materials. A solution of zinc chloride (959,
1.38 g, 9.6 mmol) in diethyl ether (50 ml) was added to the
filtrate and the mixture was stirred at room temperature for
21.5 h. The precipitate was collected by filtration and washed
with diethyl ether (20 ml) to give 4.74 g (849%,) of bis(2-ben-
zoylthiopyridine)dichlorozinc (6) as colorless solid. The IR
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spectrum of the solid was identical with that of authentic
sample.

Bis( 2-benzoylthiopyridine) dichlorozinc (6). A solution of
zinc chloride (959%,, 0.72 g, 5 mmol) in diethyl ether (30 ml)
was added drop by drop to a solution of 2-benzoylthiopyri-
dine!® (2.15 g, 10 mmol) in diethyl ether (20 ml) with stirring
at room temperature. The precipitate was collected by filtra-
tion and washed with diethyl ether (20 ml) to give 2.73 g (96
%, of colorless powder; mp 182—185 °C. Found: C, 50.76;
H, 3.05; Cl, 12.67; N, 4.70; S, 11.199%,. Calcd for C,,H,Cl,-
N;0,S.Zn: G, 50.85; H, 3.20; Cl, 12.51; N, 4.94; S, 11.319.

Dichlorotetrakis[2 ( TH ) -pyridinethionatoltrizinc (4). a) Reaction
of 2 with Zinc Chloride: A solution of zinc chloride (959%,, 4.30
g, 30 mmol) in acetone (45 ml) was added to a suspension of
2 (8.57 g, 30 mmol) in acetone (150 ml) with stirring at room
temperature and then the mixture was stirred at room tempera-
ture for 4 h. The precipitate was collected by filtration and
washed with acetone (90 ml) to give 10.48 g (999,) of colorless
crystalline powder; mp 305—308 °C. Thermal analysis curve
of the powder exhibits an endothermic peak at 303 °C. Found:
C, 33.72; H, 2.28; ClI, 10.13; N, 7.75; S, 17.899%,. Calcd for
CyoH;;CLLN,S,Zn,: C, 33.94; H, 2.28; CI, 10.02; N, 7.94; S,
18.129,. Molecular weight of the product could not be deter-
mined owing to the poor solubility in most organic solvent
except N,N-dimethylformamide, in which the product was
partly hydrolyzed with a slight amount of water contained in
the solvent.

b)  Reaction of 3 with Zinc Chloride: Zinc chloride (95%,
0.27 g, 1.8 mmol) was treated with 3 (0.60 g, 1.2 mmol as
monomer) in acetone (110 ml) at room temperature. The
mixture was refluxed for 3 h and stirred at room temperature
for 7 h. The precipitate was collected by filtration and washed
with acetone (50 ml) to give 0.63 g (99%) of 4 as colorless
solid; mp 304—307 °C. The IR spectrum of the solid was
identical with the product obtained in a).

Chloro[ 2(1H)-pyridinethionato] zinc (5).  a) Reaction of 2 with
Zinc Chloride: A solution of zinc chloride (95%, 0.44 g, 3.0
mmol) in ethyl acetate (50 ml) was added to a suspension of
2 (0.43 g, 1.5 mmol) in ethyl acetate (40 ml) with stirring at
room temperature and then the mixture was refluxed for 5 h.
The precipitate was collected by filtration and washed with
ethyl acetate (100 ml) under dried nitrogen atmosphere to
give 0.62 g (98%,) of colorless crystalline powder; mp 296—
298 °C. Thermal analysis curve of the powder exhibits an
endothermic peak at 295 °C. Found: C, 28.65; H, 1.66; CJ,
16.95; N, 6.50; S, 15.319,. Calcd for C,;H,CINSZn: C, 28.46;
H, 1.91; Cl, 16.80; N, 6.64; S, 15.20%,.1»

b) Reaction of 4 with Zinc Chloride: Zinc chloride (95%,
0.43 g, 3.0 mmol) was treated with 4 (1.06 g, 1.5 mmol as
monomer) in ethyl acetate (80 ml) at room temperature. The
mixture was refluxed for 4 h and stirred at room temperature
for 9h. The reaction mixture was treated in the similar
manner as in a) to give 1.19 g (949%,) of 5 as colorless crystal-
line powder; mp 296—298 °C. The IR spectrum of the
powder was identical with the product obtained in a).

Transformation of 5 into 4 in Acetone. A suspension of 5
(4.22 g, 20 mmol as monomer) in acetone (100 ml) was refluxed
for 35 h. The precipitate was collected by filtration and washed
with acetone to give 3.43 g (5 mmol, 97%,) of 4 as colorless
crystalline powder; mp 304—307 °C. The IR spectrum of the
powder was identical with that of 4 obtained above. A solution
of triphenylphosphine oxide (1.26 g, 4.5 mmol) in acetone (50
ml) was added to a portion (30.0 g) of the combined solution
(85.9 g) of the filtrate separated from 4 and washings. The
mixture was concentrated under reduced pressure and the
residue was treated with ethyl acetate (50 ml). The insoluble
materials were collected by filtration and washed with ethyl
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acetate (30 ml) to give 1.08 g of colorless solid; mp 236—241
°C (on a hot plate). The IR spectrum of the solid was identical
with that of authentic dichlorobis(triphenylphosphine oxide)-
zinc.'® This result shows that at least 4.5 mmol (899%,) of zinc
chloride is generated by the above treatment of 5 in acetone.

Transformation of 4 into 8 in Ethanol. A suspension of 4
(4.25 g, 6 mmol as monomer) in ethanol (100 ml) was refluxed
for 9 h. The precipitate was collected by filtration and washed
with ethanol (50 ml) to give 3.83 g (7.7 mmol, 96%,) of 3 as
colorless crystalline powder; mp 298—300 °C. The IR spec-
trum of the powder was identical with that of 3 obtained above.
A solution of triphenylphosphine oxide (1.45 g, 5.2 mmol) in
ethanol (20 ml) was added to the combined solution of the
above filtrate and washings. The mixture was concentrated
under reduced pressure and the residue was treated with ethyl
acetate (50 ml). The insoluble materials were collected by
filtration and washed with ethyl acetate to give 1.36 g of color-
less solid ; mp 236—240 °C (on a hot plate). The IR spectrum
of the solid was identical with that of authentic dichlorobis-
(triphenylphosphine oxide)zinc.'®) This result shows that 2.0
mmol (100%) of zinc chloride is generated by the above
treatment of 4 in ethanol.

Hydrolysis of 3 in Water. A suspension of 3 (1.49¢g, 3
mmol as monomer) in water (100 ml) was refluxed for I h. The
precipitate was collected by filtration and washed with water
(40 ml) to give 1.06 g (1.1 mmol) of 1 as colorless crystalline
powder; mp above 340 °C (gradually dec).’® The IR spec-
trum of the powder was identical with that of authentic sample
1. The filtrate separated from 1 and washings were combined
and the mixture was concentrated under reduced pressure.
Ethyl acetate (50 ml) was added to the residue and the mixture
was stirred. The insoluble materials were collected by filtration
and washed with ethyl acetate (15 ml) to give 0.38 g (1.1 mmol,
of dichlorobis[2(1 H)-pyridinethione]zinc (7) as slightly
yellowish crystalline powder ; mp 248—256 °C (on a hot plate).
The IR spectrum of the powder was identical with that of
authentic sample 7.1 The filtrate separated from 7 and wash-
ings were combined and mixed with a solution of triphenyl-
phosphine oxide (0.31 g, 1.1 mmol) in ethyl acetate (30 ml).
The precipitate was collected by filtration and washed with
ethyl acetate to give 0.27 g (0.4 mmol) of dichlorobis(triphenyl-
phosphine oxide)zinc as slightly yellowish solid; mp 235-—239
°C (on a hot plate). The IR spectrum of the solid was identical
with that of authentic sample.9

Hydrolysis of 4 in Water. A suspension of 4 (4.25¢g, 6
mmol as monomer) in water (100 ml) was refluxed for 2 h.
The reaction mixture was treated in a similar manner as in the
hydrolysis of 3. The products were 2.76 g (2.9 mmol) of 1;
mp above 340 °C (gradually dec),!» 1.00 g (2.8 mmol) of
7; mp 246—254 °C (on a hot plate), and 2.11 g (3.0 mmol)
of dichlorobis(triphenylphosphine oxide)zinc; mp 236—239 °C
(on a hot plate). The IR spectra of the products were identical
with those of authentic samples.

Hydrolysis of 5 in Water. A suspension of 5 (1.69 g, 8
mmol as monomer) in water (70 ml) was refluxed for 1 h.
The reaction mixture was treated in a similar manner as in
the hydrolysis of 3. The products were 0.93 g (1.0 mmol) of
1; mp above 340 °C (gradually dec),!® 0.32 g (0.9 mmol) of 7;
mp 245—255 °C (on a hot plate), and 2.04 g (2.9 mmol) of
dichlorobis(triphenylphosphine oxide)zinc; mp 238—242 °C
(on a hot plate). The IR spectra of the products were
identical with those of authentic samples.
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