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Several new N(D) and Co(D) complexes with 
4substituted phenyl methyl sulfoxides have been 
prepared and characterized. All are six-coordinate and 
exhibit metal-oxygen bonding as indicated by i.r. 
spectroscopy. Visible and near i.r. spectral results 
were used to calculate the ligand field parameters, 
Dq and B. These suggest that these sulfoxides are 
somewhat stronger field donors than most of the 
others which have been studied to date, 

Introduction 

Almost two decades have passed since the first 
transition metal complexes of a sulfoxide ligand 
(dimethylsulfoxide) were reported [I] . Since that 
time interest in the coordinating ability of the 
sulfoxide moiety and its potentially ambidentate 
nature has led to the preparation of a great many 
compounds of first row transition metals with sulf- 
oxides, including aliphatic [2-S] , alicyclic [6-121 , 
aromatic [2, 12, 131, and multidentate [14-171 
ones, Despite this extensive activity the effect of 
electronic factors on the coordinating properties of 
the sulfoxide group has not been investigated. We 
wish to report our efforts in this regard, which have 
entailed the synthesis and characterization of nickel 
and cobalt complexes of a series of para-substituted 
phenyl methyl sulfoxides. 

Experimental 

Materials 
Ni(C10&*6H20 and Co(ClO&* 6Hz0 were 

obtained from G. F. Smith Chemicals and were used 
without further purification. The sulfoxides were 
synthesized by the hydrogen peroxide-acetic acid 
oxidation of the respective sulfides [ 181. The 
sulfoxides were recovered from the reaction mixture 
by extracting with CHCla after the acetic acid had 
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been neutralized rather than by steam distillation. 
Those sulfides which were not commercially available 
were prepared by standard methods, i.e., reacting 
either an alkyl halide or dimethyl sulfate [19] with 
the sodium salt of the parent thiophenol. The only 
exception was pCHaOC&$CHa, which was 
obtained by reacting dimethyl sulfate with p-HO&- 
H4SCH3. The prepared sulfoxides were purified by 
recrystallization or distillation in vacua: The boiling/ 
melting points were: C6HsS(0)CHa 136-137 “C (11 
torr), p-CH&H$(O)CHs 138-140 “C (4 tort), 
p-CH30C,H4S(OFH3 153-155 “C (6 torr), p-Cl&- 
H,S(O)CHa 42 C, C6HsS(0)CaHs 118-121 “C (5 
torr). All other chemicals were of reagent grade and 
were used as received. 

Preparation of Complexes 
The complexes were prepared by mixing warm 

ethanolic solutions (5 ml) of the appropriate ligand 
(.006 mol) and a hydrated metal perchlorate (.OOl 
mol) to which 2,2-dimethoxypropane(.Ol mol) had 
been added as a dehydrating agent. The solutions 
were cooled in ice or evaporated partially at room 
temperature to obtain solid products which were 
washed with ethanol and dried in vacua. 

Analyses and Physical Measurements 
Perchlorates were determined by precipitation 

with nitron [20]. Carbon and hydrogen analyses were 
performed by Strauss Microanalytical Laboratory, 
Oxford, England. 

Infrared spectra were obtained as Nujol mulls in 
the 4000-500 cm-’ region using a Beckman IR-12 
spectrophofometer. Near infra-red and visible spectra 
of the compounds in Nujol mulls spread on filter 
paper were recorded on a Cary 14 spectrophoto- 
meter. 

Discussion 

All of the complexes prepared appear to be six- 
coordinate as shown by the analytical data of Table I 
and the colors and electronic spectra exhibited, which 
are those expected for Oh symmetry (see below). 
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TABLE IV. Calculated Ligand Field Parameters. 

D. Richardson and A. P. Zipp 

NiLe(ClO& 

L Dq (cm-r ) B (cm-‘) Ref. 

C&WWH3 829 886 This work 

?‘CH&jH&G)CHa 833 890 This work 

pCHaOCtjH&G)CHa 820 896 This work 

pClC& VWH3 833 890 This work 

CeH,S(D)CzHs 833 882 This work 

CeHsS(G)CeH, 796 908 8 

CH3S(0)CH3 800 887 6 

C4QvWX 823 885 8 

CsHtoS(G) 851 887 8 

[CeH,S(G)CH, 1 z racemic 809 899 15 

meso 792 901 15 

[C5H,W)l2CHz racemic 812 863 15 

meso 199 885 15 

coL6(c104)2 

L Dq (cm-’ ) B (cm-’ ) Ref. 

CeHsS(G)CHa 929 802 This work 

PCH3C&4%O)CH3 945 799 This work 

pCHaGCeH4S(G)CHa 939 796 This work 

p-CICtjH4S(0)CH3 945 807 This work 

C6H,%O)C2 H, 952 780 This work 

CeHsS(G)CeH, 862 821 8 

CH3S(0)CH3 830 826 6 

C4 H&G) 830 826 6 

[CeHsS(G)CH,I 2 racemic 862 759 15 

meso 869 802 15 

[CsHs WV1 2CH2 racemic 869 797 15 

meso 863 800 15 

One of the original goals of this work was to deter- 
mine whether a relationship between Dq and the 
electronic properties of the ligands as determined by 
the para-substituents could be found. As can be seen, 
however, the similarity of the values do not suggest 
such a trend, in contrast to the results obtained for 
a series of 4-substituted pyridine N-oxides [35]. 
The absence of such a relationship is somewhat 
surprising, particularly in view of the fact that the 
pK, s of these sulfoxides are governed by the nature 
of the para substituents [36], but may be due to the 
greater steric requirements introduced by placing 6 
ligands around the metal ion. 

The B values are also very similar for each set of 
compounds and indicate a moderate degree of 
covalent character in the metal oxygen bond [37]. 
Not surprisingly, the B values for the d8 Ni(II) ion 
are somewhat larger than those for the d’ Co(R) 
species. 
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