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Dipole moments of nickel(II), palladium(II) and 
cobalt(III) complexes of six new monothio-fidi- 
ketones R’C(SH) = CHCOR2 (R’ = phenyl, 2’-naph- 
thy1 and 2’-thienyl; R2 = C2Fs and CF2CF2CF3) were 
determined by static-polarization measurements. With 
same R2 the dipole moments varies when R’ arranged 
as 2’-thienyl > 2’naphthyl > phenyl. With same R’ 
the dipole moments varies as C,F, > C2FS. The latter 
values are small: 0.03-0.37 D for the nickel, 
0.08-0.24 D for the palladium and 0.12-0.16 D for 
the cobalt complexes. Nickelill) and palladium(II) 
complexes definitely have cis-square-planar struc- 
tures. Cobalt(III) complexes perhaps have faciabcta- 
hedral configurations. 

Introduction 

In the last few years we have reported the dipole 
moments of some transition metal complexes of a 
large number of trifluoromethyl monothio$di- 
ketones (I; R2 = CFs). The solubilities in organic 
solvents and the monomeric nature of these complexes 
make it possible to determine their dipole moments 
in benzene solutions. In the course of these studies 
we have investigated the effect of substituents, both 
electrophilic and nucleophilic, in the phenyl ring of 
PhC(SH) = CHCOCFs on the dipole moment of their 
metal complexes [l-6] . The dipole moments a few 
metal complexes of difluoromethyl monothio-&di- 
ketones (I; R2 = CHF2, R’ = C6Hs, pCH,C,I-I, and 
2’-thienyl) were reported by us [7]. 

R: ,CH< ,RZ R’ 

F 
\c2H\C/R’ 

0 4, ,,.b: 
H 

I?’ CH, Rz 
\/ Xc’ 

R', /CH, R* 

i 
0 ! F F’ 

0. .O \ I’ 

II 
H 

Belcher et al. for the first time prepared [8] 
monothio derivatives of pentafluoro- and hepta- 
fluoroalkyl P-dlketones [II; R’ = (CHs)sC, R2 = C2Fs 
and CF2CF2CFs]. They could not isolate these 
perfluoro monothio+liketones in pure state and 
used the impure products for the preparation of their 
nickel complexes. However, Sweet et al. prepared this 
two monothio compounds in pure state. The position 
of sulphur atom in the pentafluoro compound was 
established by mass spectra [9, lo]. 

Now we have prepared six new monothioQ-di- 
ketones, RC(SH) = CHCOC2Fs and RC(SH) = 
CHCOCF2CF2CFs, with R = phenyl, 2’naphthyl and 
2’-thienyl. The dipole moments of nickel@), pal- 
ladium(B) and cobalt(II1) complexes of these mono- 
thio&liketones are discussed in this report. 

Experimental 

Preparation of the fl-Diketones 
The f3dlketones were prepared by Claisen con- 

densation of methyl ketone (RrCOCHa) and ethyl 
perfluorocarboxylates (CFsCF2COOC2Hs and 
CFsCF2CF2COOC2Hs), catalyzed by sodium 
methoxide [6]. 

1 , 1 , 1,2,2-Pentafluoro-S-phenyl-3,5pentanedione 
(II; R’ = phenyl, R2 = C2Fs), b.p. 226 “C (Anal. 
Found: C, 49.26; H, 2.63. Calc. for CllH7F502: 
C, 49.62; H, 2.65%). 

1 ,l ,1,2,2-Pentafluoro-5(2’-naphthy1)3,5-pentane- 
dione (II; R’ = 2’-naphthyl, R2 = C2Fs), m.p. 36 “C 
(Anal. Found: C,56.90;H,2.98.Calc. forC1sH9F502: 
C, 56.99; H, 2.87%). 

1, 1, 1,2,2-Pentafluoro-5(2’-thienyl)3,5-pentane- 
dlone (II; R’ = 2’-thienyl, R2 = C2Fs), b.p. 231 “c 
(AnaLFound: C,39.81;H,2.01.Calc.forC9H5F502S: 
C,39.71;H, 1.85%). 

1, 1,1,2,2,3,3-Heptafluoro&phenyl4,6-hexanedi- 
one (II; R’ = phenyl, R2 = CFsCF2CF2), b.p. 234 “c 
(Anal. Found: C,46.02;H,2.12.Calc.forCr2H7F702: 
C, 45.57; H, 2.23%). 

l,l, 1,2,2,3,3-Heptafluoro-6-(2’-naphthyl)4,6- 
hexanedione (II; R’ = 2’-naphthyl, R2 = CFaCF2CF2), 
m.p. 31 “c (Anal. Found: C, 52.15; H, 2.35. Calc. for 
Cr6H9F,02: C, 52.48; H, 2.48%). 
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1 , 1 , 1,2,2,3,3-Heptafluorod(2’-thienyl)4,6-hex- 
anedione* (II; R’ = 2’-thienyl, R2 = CFaCF2CF2), 
b.p. 241 “C (Anal. Found: C, 37.17; H, 1.59. Calc. for 
Cl,,HsF,02S: C, 37.27; H, 1.56%). 

The molecular weight of these P&ketones were 
determined by EI mass spectra. 

Preparation of the Monothioj3diketones 
A solution of 5 g Pdiketone in 250 ml absolute 

alcohol taken in a two necked one litre round bottom 
flask and cooled in an alcohol-dry ice bath. Dry 
hydrogen sulphide was passed for 30 min. followed by 
dry hydrogen chloride for 15 min. The mixture was 
allowed to stand at room temperature for about 20 h. 
The flask was fitted with a calcium chloride drying 
tube to prevent access of moisture. The mixture was 
cooled again to -70 “C and the passage of gases were 
repeated. The mixture was then allowed to stand at 
room temperature for about 20 h. The red solution 
was poured to 400 g ice-water mixture and the 
mixture was kept in an ice bath for 30 min. The 
monothio-@diketone was extracted with 75 ml 
petroleum ether (b.p. 40”-60 “C). After drying over 
anhydrous sodium sulphate, the solvent was 
evaporated off to get the ligand as red oil. No 
attempts were made to purify the products. The 
impure products were used for the preparation of 
their metal complexes. 

Preparation of the Complexes 

Nickel(H) 
Nickel(I1) acetate tetrahydrate (1.5 g, 6 mmol) in 

warm alcohol (100 ml) was added to a solution of the 
monothio-o&ketone (12 mmol + 1 g) in alcohol (30 
ml). The mixture was cooled in ice and the resulting 
brown precipitate filtered off. The products were 
recrystallized twice from acetone-petroleum ether 
mixture. Due to high solubility the products with 
R’ = 2’-thienyl were recrystallized once only. 

Palladium(U) 
A filtered solution of potassium tetrachloropalla- 

date(I1) (2.5 g, 7.7 mmol) in water (75 ml) was added 
to a solution of the monothio_P-diketone (15.5 
mmol t 1 g) in acetone (75 ml). The resulting precipi- 
tate was recrystallized twice from acetone. The 
products with Rr = 2’-thienyl were recrystallized only 
once. 

Co balt(III) 
Cobalt(I1) acetate tetrahydrate (1 g, 4 mmol) in 

ethanol (150 ml) was added to a solution of the 
monothio-&diketone (12 mmol t 1.5 g) in ethanol 

*The compound is listed in Eastman Organic Chemicals 
(USA) Catalog No. 47 (1974). 
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(50 ml). The brown solution was filtered and air 
passed through the solution for four hours. The 
brown deposit was filtered and washed with ethanol. 
When R’ = CeHs, no solid was formed after the 
passage of air. The solution was evaporated to 75 ml 
and cooled. To this solution 5 ml water was added 
and the mixture was kept overnight in the refrig- 
erator. The solid was filtered and washed with ice 
cooled 90% alcohol. 

Analytical data for the complexes are shown in 
Table I. 

Determination of the Dipole Moments 
Dielectric constants were measured at 25 “C with 

a WTW Dipolemeter Type DM 01 with DFL-1 cell. 
Refractive indices were obtained at 25 “C with an 
Abbe 60 Refractometer. The detailed procedure of 
the calculation of the dipole moments was described 
in our earlier report [6] . 

Results and Discussion 

The oxygen atom of the Pdiketones which is 
further from the electronegative CaFs and CaF, 
groups were replaced by a sulphur atom during the 
preparation of the monothio-/3-diketones. This has 
been proved by the presence of R’CS in the EI mass 
spectra of the palladium complexes. 

The rate of conversion of fluorinated P-diketones 
to their monothio derivatives decreases as the number 
of fluorine atoms in R2 increases i.e., CHF2 > CFa > 
C2F5 > CsF,. This was evident from the rate of the 
development of red colour of the monothio com- 
pounds after H2S and HCI gases were passed through 
the alcoholic solutions of @liketones, and required to 
pass the gases twice when R2 = C2Fs and C3F7. It has 
been suggested that the percentage of enolic form of 
P-diketone increases with increasing fluorination of 
R2. The reaction of H2S with @-diketones occurs 
when the latter are in keto form and the function of 
HCl, by increasing to polarity of the solvent, shifts 
the keto-enol tautomeric equilibrium toward the 
keto form [ 121. 

Dipole moments of the metal complexes of the 
monothio-fldiketones were determined by the static- 
polarization measurements and the values are given in 
Table II together with the moments previously 
reported for the related metal complexes. The latter 
values are shown for the purposes of comparison. 
Metal chelates often have an appreciable value for 
atomic polarization [ 13, 141. This is due to the vibra- 
tion of the chelate rings with respect to the rest of 
the molecule and its value increases with the 
increasing number of chelate rings. Dipole moment 
determined by the static-polarization method include 
the contribution due to this effect. Our earlier results 
[l, 31 indicate that the average values for atomic 
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TABLE I. Analytical Data for the Complexes of R’C(SH) = CHCOR’. 
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R’ R2 Compound M.p. “C % Found % CaIcd. 

C H Metal S C H Metal S 

Phenyl C2F5 

2’-Naphthyl C2F5 

2’-Thienyl CzF5 

Phenyl C3F7 

2’-Naphthyl C3F7 

2’-Thienyl C3F7 

NiL2 148 42.52 
PdL2 152 39.48 
CoL3 91 44.16 

NiL2 193 49.78 
PdL2 203 46.83 
CoL3 209 51.43 

NiLz 184 34.16 
PdL2 210 32.04 
CoL3 231 35.09 

NiL2 125 39.91 
PdL2 138 31.24 
CoL3 103 40.81 

NiLz 181 46.18 
PdL2 164 44.33 
CoL3 202 47.48 

NiL2 162 33.02 
PdL2 179 30.31 
CoL3 217 33.53 

1.69 9.51 
1.62 15.99 
1.91 6.51 

2.11 8.26 
2.29 13.86 
2.18 5.47 

1.42 9.35 
1.11 15.64 
1.19 6.30 

1.77 8.11 
1.53 13.72 
1.58 5.61 

1.95 7.15 
1.94 12.10 
2.01 4.19 

1.03 1.98 
1.10 13.53 
1.07 5.41 

9.98 42.53 
9.41 39.50 

10.46 43.92 

8.65 49.91 
8.36 46.86 
9.06 51.36 

19.88 35.15 
19.11 31.76 
20.81 35.23 

8.96 39.98 
8.64 37.50 
9.37 41.09 

1.61 46.82 
1.43 44.25 
7.65 41.95 

16.90 32.11 
16.38 30.76 
17.81 33.65 

1.95 9.45 
1.81 15.91 
2.01 6.53 

2.24 8.14 
2.09 13.84 
2.30 5.60 

1.27 9.21 
1.18 15.63 
1.31 6.40 

1.68 8.14 
1.57 13.84 
1.72 5.60 

1.96 7.15 
1.86 12.25 
2.01 4.90 

1.10 8.01 17.49 
1.03 13.63 16.43 
1.13 5.50 17.96 

10.32 
9.59 

10.66 

8.89 
8.34 
9.14 

20.25 
18.83 
20.90 

8.89 
8.34 
9.14 

7.81 
1.38 
8.00 

TABLE IL Dipole Moments of the Metal Complexes of 
R’C(SH) = CHCOR’. 

R’ R* 

C3F7 C2F5 CF3 CHF2 

Phenyl NiL2 5.38 5.35 4.92a 3.27c 

PdL2 5.63 5.55 5.02’ 
CoL3 6.68 6.54 6.54’ 

2’-Naphthyl NiL2 6.07 5.86 5.4lb 
PdL2 6.24 6.00 5.55b 
CoL3 7.36 7.20 6.90d 

2’-Thienyl NiL2 6.31 5.94 5.74a 3.87c 

PdL2 6.38 6.18 5.88* 
CoL3 7.60 7.48 7.148 4.95c 

*Reference 1. bReference 4. c Reference 7. dReference 
11. 

polarization are 0.32 and 0.85 Debye for the square- 
planar and octahedral metal chelates of monothioQ- 
diketones, respectively. No corrections were applied 
for the compounds in Table II. 

The unsymmetrical bidentate ligands such as 
monothio+3diketones can form either cis or trans in 
square-planar, and facial or meridional configurations 
in octahedral complexes. 

The high dipole moments of nickel@) and pal- 
ladium(D) complexes definitely indicate their cis- 

Facial Meridional 

square-planar configurations. 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 [15] . 
The electron filled d orbitals of transition metal acts 
as a donor and the vacant d orbitals of sulphur atoms 
act as an acceptor. For such bonding the sulphur- 
metal-sulphur angle must be about 90”, resulting cis 
structures for NiL, and Pdb. An alternate explana- 
tion for the cis structure is that it may be due to the 
weak nonbonded S***S interaction [16] . X-ray struc- 
ture determinations have confirmed the configuration 
for nickel [ 16- 181 and palladium [ 191 complexes of 
some monothio+liketones. Such cis structures were 
also found in the nickel complexes of sulphur con- 
taining bidentate Schiff bases [20]. For a given 
monothio-fldiketone PdL, has slightly higher 
moment than N&. It is interesting to note that 
palladium has higher b class character than nickel 

WI. 



36 M. Das 

It is not possible from the experimental dipole 
moments of CoL, to distinguish between the facial- 
and meridional-octahedra1 configurations. However, 
relatively high values indicate the probability of their 
facial configuration. Three sulphur atoms in the facial 
structure are at right angles to the metal and thus in 
correct position for d,-d, bonding with the metal 
atom. X-ray studies of some iron(II1) and cobalt(II1) 
complexes of monothio-/3-diketones show their facial 
structures [22, 231. The ‘H NMR studies by Holm 
et al. also showed the facial structure of some tris- 
(monothio-fl-diketonato)cobalt(III) [24] . Recently 
we have reported [25] 13C and 19F NMR spectra of 
some metal complexes of RC(SH) = CHCOCF3. The 
spectra of CoL3 complexes showed single resonance 
for the CF3 carbon atom, indicating their facial con- 
figurations. Similarly 19F NMR spectra gave single 
resonance, confirming their facial structures. A 
meridional structure should give three resonances 
both for 13C and 19F in the spectra. 

When one F atom of R* = CF3 is replaced by a H 
atom the dipole moment of the complexes decreases 
by about 1.75 D for Nib 2.2 D for CoL3. This large 
decrease of the moment is due to the big difference in 
the electronegativities of F and H atoms. The replace- 
ment of one F from R* = CF3 by a CF3 group 
(making R* = C2F5) increases the moments of their 
square-planar complexes by average 0.38 D, and 0.21 
D for CoL3. This indicates that CF, is slightly more 
electronegative than F atom. By similar line of argu- 
ments the electronegativities of the groups can be 
arranged as C3F7 > C2F5 > CF3 > F. With same R* 
the dipole moments vary when R’ arranged as 2’- 
thienyl > 2’-naphthyl > phenyl. 
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