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Dipole Moments of some Metal Complexes of Four New Monothio-3-Diketones
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Dipole moments have been determined by static
polarization measurements for the nickel(Il), copper-
(1), zinc(Il), palladium(ll), platinum(Il) and cobalt-
(IlI) chelates of the fluorinated monothio-f-diketones
RC(SH)=CHCOCF; [R = 4'CyH;CsH,, 4'C,H;s-
OCeHa, 3'5-(CH30);CsHs and 3'4'5'{CH;0);-
CsH;]. . The moments indicate cis-square-planar
configurations for the nickel, palladium and platinum
complexes. The zinc complexes have tetrahedral
structures and the configurations of copper com-
Dlexes lies between square-planar and tetrahedral
structures. The cobalt complexes perhaps have
facial-octahedral configurations. The presence of
steric hindrance when R is 3'4'5'(CH30);CsH,
lower the dipole moments. Such hindrance is absent
with R as 3'5'({CH;0),C¢H3.

Introduction

The metal complexes of S-diketones (I) are gener-
ally solvated, polymeric and insoluble in organic
solvents [1], but those of monothio-g-diketones(Il)
are anhydrous, monomeric and soluble in organic
solvents. Because of these useful properties we have
reported the dipole moments of many transition
metal complexes of fluorinated monothio-8-diketones
[2-6]. Some copper bischelates of fluorinated f-
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diketones are soluble in benzene and their dipole
moments were reported [7-9].

In the course of these investigations we have
studied the effect of substituents in the phenyl ring
of PhC(SH)=CHCOCF; on the dipole moments of
their metal complexes. Nucleophilic substituents
(methyl and methoxy) at the para and meta positions

of the phenyl ring increase the dipole moments of
their metal complexes, the group at para position
increases the value to a greater extent than that by
the group at meta position. Electrophilic substituents
(chloro and bromo) in the phenyl ring decrease the
values of dipole moments of their metal complexes,
the group at the para position decreases the value by
a greater amount than the group at the mera position.
Interesting results were obtained when R = m,p-X;-
Cs¢H; (X = CH; and CH;0). For all the metal com-
plexes studied with methyl substituents on the
phenyl ring the dipole moments decrease if the R
groups are arranged in the order: m,p{CH3),CsH; >
p-CH;C¢Hy > m-CH3C4Hy > CgHs. This is the
order expected on the basis of induction effect. In
the cases of methoxy substituents the dipole
moments of complexes of a given metal decrease in
the order: p-CH;0C¢4Hy > m,p{CH;0),C¢H; >
m-CH3;0CsH; > CgH;. Since both methyl and
methoxy groups are nucleophilic they should follow
the same order. The anomalous result in the cases
with R = m,p{CH;0),C¢H; is ascribed to steric
hindrance preventing free rotation of the methoxy
groups.

We have now prepared four new fluorinated
p-diketones and their monothio derivatives. The
dipole moments of metal complexes of these mono-
thio--diketones are discussed in this report.

Experimental

Preparation of the B-Diketones

The p-diketones were prepared by Claisen
condensation of the substituted acetophenone and
ethyl trifluoroacetate, catalyzed by sodium
methoxide.

Substituted acetophenone (RCOCHj;; 0.2 mol)
and ethyl trifluoroacetate (CF;COOC,Hs; 0.2 mol)
were added to a solution of sodium methoxide (pre-
pared by the reaction of 5 g sodium and 30 ml metha-
nol in 250 ml dry ether). The mixture was allowed to
stand at room temperature overnight. It was then
acidified with saturated KHSO, solution (pH paper).
A saturated aqueous copper acetate solution (400 ml)
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was then added, and the mixture was heated on a
steam bath to drive off ether. The green bis(g-
diketonato)copper was filtered and washed with 95%
alcohol.

Hydrogen sulphide was passed for 90 min through
the suspension of air-dried copper complex in 500 ml
ether. The copper sulphide was filtered off with the
aid of cellulose powder. The filtrate, after drying over
anhydrous sodium sulphate, was evaporated to
remove the solvent. The residue was cooled to room
temperature to find out whether the g-diketone is a
solid or liquid. The solid g-diketones were recrys-
tallized from absolute alcohol and the liquid §-dike-
tone was purified by distillation:

1,1,1-trifluoro-4(4' ethoxyphenyl)butane-2,4-dione
(I; R = 4'.C ;Hs0C¢H,), mp. 51.5 C (Found: C,
55.57; H, 4.21; C,,H,;F;0; requires, C, 55.40; H,
4.26%). 1,1,1-trifluoro-4-(3',5'-dimethoxyphenyl1)-
butane-2,4-dione [I; R = 3',5'<(CH30),C¢H;3], m.p.
73°C (Found: C, 52.10; H, 3.92. C;, H,; F;0,
requires C, 52.18; H, 4.01%.).

1,1,1-trifluoro-4-(3' 4',5'-trimethoxyphenyl)butane-
2,4-dione [I; R =3'4',5'(CH;0);C¢H;], m.p.91 C
(Found: C, 50.82; H, 4.13; C,;3H,3F305 requires C,
50.98; H, 4.28%).

1,1,1-trifluoro-4-(4’ ethylphenyl)butane-2,4-dione
(I; R = 4'-C,HsC4Hy), b.p. 242 °C (Found: C, 58.98,;
H, 4.38. C1, Hy1F30;, requires C, 59.00; H, 4.50%).

Preparation of the Monothio-f-diketones

Dry hydrogen sulphide was passed at a rapid rate
for 30 min through a solution of the g-diketone (4 g)
in dry absolute alcohol (400 ml), cooled to —70 °C
in an alcohol-dry ice bath. Dry hydrogen chloride was
then passed for 15 min. The flask was fitted with a
calcium chloride tube to prevent access of moisture.
The mixture was allowed to stand at room tempera-
ture for about 20 hours. The red solution was poured
slowly, with stirring, into 400 g ice—water mixture.
The monothio-3-diketone was extracted with petro-
leum ether (b.p. 4060 °C).

For isolating solid 1,1,1-trifluoro-4-mercapto-4-
(3',5'-dimethoxyphenyl)but-3-en-2-one [II; R =3'5'-
(CH;0),C4¢H;], the combined ether extracts of three
batches (after drying over anhydrous sodium sul-
phate) were evaporated to a small volume (60 ml) and
then cooled in ice. The solid was filtered and recrys-
tallized from petroleum ether. The red crystals melt
at 66 °C (Found, C,49.28; H, 3.70; S, 11.11. C,;Hy, -
F303S requires C, 49.31; H, 3.79; S, 10.97%).

1,1,1-Trifluoro-4-mercapto-4-(3' 4',5'-trimethoxy-
phenyl)but-3-en-2-one [II; R = 3'4'5'-(CH;0);-
C¢H,] was isolated by a similar procedure. The red
solid melts at 91 °C (Found: C, 48.81; H, 3.92; S,
10.08. Cy3H;3F30,4S requires C, 48.43; H, 4.06; S,
9.95%).

4-(4"-Ethoxyphenyl)-1,1,1-trifluoro-4-mercaptobut-
3-en-2-one (II; R = 4'-C,HsOC¢ Hy) was separated as
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lead complex by adding an alcoholic solution (100
ml) of equivalent lead acetate trihydrate to the petro-
leum ether extract, followed by the addition of 200
ml water. The mixture was heated for 10 min and
then cooled in ice. The lead complex was filtered and
washed with hot water. The dried lead complex of
three batches was suspended in 300 ml petroleum
ether and hydrogen sulphide passed for 90 min. The
lead sulphide was removed by filtration. The red
filtrate, after drying over anhydrous sodium sulphate,
was evaporated off to get the liquid product (Found:
C, 52.33; H, 4.23. C,H;;,F30,S requires C, 52.18;
H, 4.01%).
4-(4'-Ethylphenyl)-1,1,1-trifluoro-4-mercaptobut-

3-en-2-one (II; R = 4'-C,H5C¢H,) was obtained as a
red liquid by evaporating off the solvent from the
dried petroleum ether extract (Found: C, 55.63; H,
4.58. Cy,H;, F308S requires C, 55.40; H, 4.26%). It
could not be purified via lead complex.

Preparation of the Complexes

Nickel(Il)

Nickel acetate tetrahydrate (1 g, 4 mmol) in hot
ethanol (70 ml) was added to a solution of the mono-
thio-8-diketone (8 mmol) in warm ethanol (30 ml).
The mixture was cooled in ice and the resulting
brown precipitate filtered off. It was recrystallized
from 1:1 acetone—petroleum ether mixture. When R
= 4' -C,H5 C¢ Hs, the crude product was recrystallized
from 50 ml petroleum ether.

Palladium(II)

A filtered solution of potassium tetrachloropalla-
date(II) (1.5 g, 4.6 mmol) in water (60 ml) was added
to a solution of the monothio-8-diketone (9.2 mmol)
in acetone (60 ml). The resulting orange precipitate
was filtered off and recrystallized from acetone.

Platinum(II)

A filtered solution of potassium tetrachloroplati-
nate(I1) (1.5 g, 3.6 mmol) in water (60 ml) was added
to a solution of the monothio-g-diketone (7.2 mmol)
in acetone (60 ml). The mixture was refluxed for 15
min and cooled in ice. The filtered red precipitate
was recrystallized from acetone.

Copper(Il)

Copper acetate monohydrate (1 g, 5 mmol) in hot
ethanol (100 ml) was added to a solution of the
monothio-3-diketone (10 mmol) in warm ethanol
(50 ml). The mixture was cooled in ice. The filtered
brown precipitate was recrystallized from acetone—
petroleum ether mixture. When R = 4’ -C;HsC4Ha,
the addition of 10 ml water to the reaction mixture
precipitated the complex which was recrystallized
from 50 ml petroleum ether.
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TABLE 1. Analytical Data for the Complexes.
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R Compound % Found % Calculated
C H Met S C H Met S
4'-C;HgCgHy NiL, 49.58 3.52 10.01 10.89 49.94 349 10.18 11.11
PdL, 46.16 3.11 16.62 10.15 46.10 3.20 17.03 10.26
PtL, 40.83 2.88 27.01 9.13 40.40 2.82 27.33 8.99
CulL, 49.68 3.51 11.18 10.75 49.53 3.46 10.92 11.02
ZnL, 49.57 3.44 11.29 49.42 345 10.98
CoLgy 52.06 3.75 6.85 11.41 51.68 3.61 7.04 11.50
4'-C,HsOCgH,y NiL, 47.63 3.01 9.65 10.33 47.33 3.31 9.64 10.53
PdL, 43.78 2.87 15.87 9.65 43.90 3.07 16.20 9.76
PtL, 38.49 2.62 25.85 8.57 38.67 2.70 26.17 8.60
CuL, 47.06 3.21 10.52 10.20 46.95 3.28 10.35 10.44
ZnL, 46.90 3.13 10.22 46.82 3.27 1041
CoLj 48.76 3.18 6.73 10.66 48.90 342 6.66 10.87
3',5'«(CH30),CgH3; NiL, 44.79 2.99 9.28 9.64 44,96 3.14 9.15 10.00
PdL, 41.78 2.73 15.21 9.02 4).85 2.93 15.45 9.31
Culp 44.69 3.00 9.90 9.97 44.63 3.12 9.84 9.92
ZnlL, 44.16 3.13 9.68 44 .49 311 9.90
CoL, 46.47 3.15 6.17 10.07 46.34 3.24 6.32 10.31
34',5'-(CH30)3CgH; NiL, 44.66 3.33 8.54 9.00 44.53 3.45 8.37 9.14
PdL, 41.55 3.08 14.00 8.88 41.70 3.23 14.21 8.56
Cul, 44 .47 3.42 9.12 8.90 44.23 3.43 9.00 9.08
ZInL, 4423 3.38 8.95 44.12 3.42 9.06
CoL3 45.82 3.35 5.53 9.14 45.79 3.55 5.73 9.40

Zinc(IT)

Zinc acetate dihydrate (1 g, 4.5 mmol) in hot
ethanol (100 ml) was added to a warm solution of the
monothio-§-diketone (9 mmol) in ethanol (30 ml).
The addition of 100 ml water to the cooled mixture
precipitated the yellow complex which was recrys-
tallized from petroleum ether. When R = 3',5'-(CH;-
O)2C6H3 and 3',4,,5'-(CH3O)3C6H2, the addition
of water to the cooled reaction mixture separated
the product in colloidal form which was extracted
by petroleum ether. The extract, after drying over
anhydrous sodium sulphate, was concentrated to a
small volume and cooled. The yellow solid was recrys-
tallized from petroleum ether.

Cobalt(I11)

Cobalt(II) acetate tetrahydrate (1 g, 4 mmol) in
ethanol (150 ml) was added to a solution of the
monothiof-diketone (12 mmol) in warm ethanol
(50 ml). The deep brown solution was filtered and
air passed through the solution for about three hours.
The black deposit was filtered and washed with
ethanol.

Analytical data for the complexes are shown in
Table 1.

Determination of Dipole Moments

Dipole moments were calculated from the
measurements of dielectric constants and refractive
indices of the compounds in benzene solutions at
five different concentrations. The solvent was puri-
fied by recrystallizing BDH analar grade benzene
twice, and drying it with BDH molecular sieves. The
dielectric constants were measured using a Wissen-
schaftlich-Technische Werkstatten Dipolemeter Type
DM 01 with Type DFL-1 cell. The instrument was
calibrated with pure, dry benzene and cyclohexane.
Refractive indices were measured in an Abbe 60
Refractometer. All measurements were done at
25 °C.

The dielectric constant, €, and refractive index, n,
were measured for solvent and solutions. The values
of Ae (difference between the values of the solution
and solvent) and A(n?) were plotted against the
weight fractions of the solutions. The slopes of the
graphs give a, and a,. M is the molecular weight of
the compound. The dipole moment, u, was calculated
by the equation [10-13],

, 27kT 1

= ——— (@ — ay) M
e~ ds(2 +€)? (@8~ 2n)
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TABLE II. Dipole Moments of the Metal Complexes of RC(SH)=CHCOCF3.

R NiL, PdL, PtL, CuL, ZnL, CoL3
3’,5'-Dimethoxyphenyl 5.87 5.96 5.50 4.13 7.08
3',4",5 -Trimethoxyphenyl 4.32 448 3.98 3.38 5.15
4’-Ethylphenyl 5.94 6.07 6.34 5.26 3.85 743
4' Ethoxyphenyl 6.95 7.23 7.36 6.36 4.81 8.71
Phenyl 4.92% 5.02% 5.35% 4.39% 3.06° 6.54%
4'Methylphenyl 5.84% 5.91% 6.14% 5.122 3.65° 7.36%
4'-Methoxyphenyl 6.70° 7.16° 6.73° 6.02° 4.80¢ 8.57¢
3'.4’-Dimethoxyphenyl 5.62° 6.45¢ 6.07° 5.24¢ 3.96° 6.89°
3'-Methoxyphenyl 5.43° 5.88° 5.64¢ 4.91°¢ 3.94¢ 6.91°¢

8Reference 2. PReference 4. CReference 6.

k is the Boltzmann constant, N the Avogadro
number, dg the density and €; the dielectric constant
of benzene. At 25 °C the above equation can be
simplified to

u=0.0959 v/(a, — a,)M Debye

Results and Discussion

Dipole moments of the metal complexes of the
monothio-g-diketones were determined from static
polarization measurements. The values are given
in Table II together with the moments previously
reported for related metal complexes for comparison.
Metal complexes have an appreciable value for atomic
polarization [14-16]. Dipole moments determined
by the static polarization method include the
contribution due to this effect and are probably less
than 0.5 D for bis-chelate and 1.0 D for tris-chelate.
No correction was applied.

The appreciably large values of dipole moments
indicate cis-square-planar configuration for the com-
plexes of nickel, palladium and platinum. For a given
ligand the dipole moments decrease in the order:
Pt > Pd > Ni, although the variation is within 0.3
Debye. This is the order of decreasing b class char-
acter [17]. Preferential formation of cis structure in
the transition metal complexes of sulphur containing
ligands is probably due to d,-d, bonding between
the metal and sulphur atoms [18]. The dipole
moments of copper complexes are about 0.4-0.8
Debye lower than the mean values for the nickel,
palladium and platinum complexes of the same
ligand. This difference has been attributed to signifi-
cant distortion from the square-planar towards the
tetrahedral configuration in the case of the copper
complexes. Further lower values for zinc complexes
are due to their tetrahedral structure. X-ray struc-
ture determination has confirmed the cis configura-

tion for nickel [19—22], palladium [23], and plati-
num [23] complexes of some monothio-3-diketones.
The relatively high values obtained for the dipole
moments of CoL; indicate the facial-octahedral (IIT)
rather than meridional-octahedral (IV) configuration.
It is interesting to note that three sulphur atoms are
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at right angles to the metal in the facial structure and
thus in correct position for d,—d, bonding with the
metal atom. X-ray studies of the tris-chelates of
cobalt [24] and iron [25] of some monothio-§-
diketones confirmed their facial structures. Holm
et al. had postulated the facial configuration on the
basis of p.m.r. studies on some tris(monothio$-
diketonato)cobalt [26].

A strongly nucleophilic substituent, such as
methoxy group, at the para position of phenyl ring
increases the dipole moment of the metal com-
plexes. The carbon atom of the methoxy group is not
coplanar with the phenyl ring. This non-inearity
of CH;—0—C¢H, bonds causes steric hindrance which
prevents free rotation of the methoxy groups in 3’4’
(CH3O)2C6H3 and 3,,4,,5,-(CH30)3C6H2. This steric
effect may influence the dipole moment in two ways:
(a) by orienting the lone-pair orbitals in a direction
such that delocalization of lone-pair electrons into
the w orbitals of the aromatic nucleus is restricted;
and (b) by orienting the methoxy groups in a
favoured orientation thereby producing an additional
component of electric moment which reduces the
group moment Mg..n. Such interference is absent in
3',5'(CH;0),C¢H; and thus the dipole moment
increases. In the case of methoxy-substitution the
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dipole moments of complexes of a given metal ion
decrease in the order:

4'.CH;0C¢H, > 3'5'(CH30),C¢H; > 3'4'-
(CH30),C¢H; > 3'-CH30C¢H, > C¢Hs 3'4')5'-
(CH30)3C5H2.

The dipole moments of metal complexes are
increased by a small amount when methyl and
methoxy groups at the para position of phenyl ring
are replaced by ethyl and ethoxy groups, respectively.
This is indicative of the greater nucleophilic (+I
effect) properties of C,Hs and C, HsO compared to
CH; and CH;30 groups, respectively. The ethoxy is a
stronger nucleophile than the ethyl group.

The effect of substituents on the dipole moments
arises from a) the magnitude and direction of Ph—X
bond moments; (b) the induction effect giving rise to
a difference of electron density of the C1 and C5
carbon atoms of the ligand moieties (V) — this is

H
g ol
[« C,—C,F
5 é I(‘)Z 3 o o-
N
Met/n
v vi

affected by the nature and position of the substituent
X on the phenyl ring; (c) the change in moment
brought about by the mesomeric effect (VI) of the
substituent X; and (d) the steric hindrance.

References

1 D. P. Graddon, Coordin. Chem. Rev., 4, 1 (1969).

2 M. Das. S. E. Livingstone, S. W. Filipczuk, J. W. Hayes
and D. V. Radford, J. Chem. Soc. Dalton Trans., 1409
(1974).

10
11
12
13
14
15
17
18

19
20

21
22
23
24
25
26

83

M. Das and S. E. Livingstone, J. Chem. Soc. Dalton
Trans., 452 (1975).

S. W. Filipczuk, J. W. Hayes, D. V. Radford, M. Das and
S. E. Livingstone, J. Chem. Soc. Dalton Trans., 886
(1975).

M. Das, S. E. Livingstone, J. H. Mayfield, D. S. Moore
and N. Saha, Aust. J. Chem., 29, 767 (1976).

M. Das and S. E. Livingstone, J. Chem. Soc. Dalton
Trans., 662 (1977).

P. J.'McCarthy and A. E. Martell, J. Am. Chem. Soc., 78,
2106 (1956).

R. H. Holm and F. A. Cotton, J. Inorg. Nucl. Chem., 15,
63 (1960).

M. Das and S. E. Livingstone, fnorg. Chim. Acta, 14, 267
(1975).

G. Hedstrand, Z. Physikal. Chemie (B}, 2, 428 (1929).
E. A. Guggenheim, Trans. Farad. Soc., 45, 714 (1949).
J. W. Smith, Trans. Farad. Soc., 46, 394 (1950).

F. Moll and E. Lippert, Z. Electrochemie, 58, 853
(1954).

A. E. Finn, G. C. Hampson and L. E. Sutton, J. Chem.
Soc., 1254 (1938).

J. E. Coop and L. E. Sutton,J. Chem. Soc., 1269 (1938).
J. McQueen and J. W, Smith, J. Chem. Soc., 1821 (1956).
S. Ahrland, J. Chatt and N. R. Davies, Quart. Rev., 12,
265 (1958).

D. P. Craig, A. Maccoll, R. S. Nyholm, L. E. Orgel and
L. E. Sutton, J. Chem. Soc., 332 (1954).

L. Kutschabsky and L. Beyer, Z. Chem., 11, 30 (1971).
J. Sieler, P. Thomas, E. Uhlemann and E. Horne, Z.
Anorg. Allgem. Chem., 380, 160 (1971).

Q. Siiman, D. Titus, C. Cowman, J. Fresco and H. Gray,
J. Am. Chem. Soc., 96, 2353 (1974).

D. C. Craig, M. Das, S. E. Livingstone and N. C. Stephen-
son, Cryst. Struct. Comm., 3, 283 (1974).

E. A. Shugam, L. H. Shkol'nikova and S. E. Livingstone,
Zhur. Strukt. Khim., 8, 555 (1967).

J. Ollis, M. Das, V. J. James, S. E. Livingstone and K.
Nimgirawath, Cryst. Struct. Comm., 5, 679 (1976).

B. F. Hoskins and C. D. Pannan, Inorg. Nucl Chem.
Lett., 11,409 (1975).

R. H. Holm, D. H. Gerlach, J. G. Gordon and M. G. Mc-
Namee, J. Am. Chem. Soc., 90, 4184 (1968).



