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Metal Complexes of Sulphur Ligands. 
Part 19 [ 1 ] . Reaction of Nickel(I1) Monothioacetate and -benzoate Complexes with 
some Nitrogen, Phosphorus and Arsenid Donor Lewis Bases 
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Reaction of [(Ni(SOCR),O.SEtOH),J (1) (R = 
Me, Ph) with various heterocyclic nitrogen donor 
ligands (L) gives the green, paramagnetic, octahedral 
complexes [Ni(SOCR),L,J (2) (L = C,H,N, 4-MeC5- 
HJV, ‘Abipy). In contrast reaction of (1) with various 
monotertialy phosphines and Ph2P(CH,)$Ph2 (x = 
1 or 2) give the red, diamagnetic, square planar, com- 
plexes [Ni(SOCR)2(PR;)J (3b) (PR; = PPh3, PMe- 
Ph 2, PMe ,Ph) and [Ni(SOCR)2(Ph ,P(CH,)zPh J] 
(3a) respectively, shown by ir spectroscopy to 
contain unidentate S-bonded -SOCR groups. Molec- 
ular weight, electronic spectra and variable tempera- 
ture ‘H and 31P-{1H} nmr studies indicate that the 
monophosphine complexes (3b), although stable 
in solution below 220 K, are substantially dissociated 
at ambient temperature and also in dynamic equilib- 
ria with small amounts of paramagnetic isomer. 
Finally, reaction of (1) with triphenylarsine gives 
red, paramagnetic complexes [ (Ni(SOCR),AsPh 3 },,I 
(H,O), (5) believed to be of similar structure to com- 
pounds (1) (i.e. n = 2). 

Introduction 

Recently we reported the syntheses of the sulphur 
bridged polymers [{M(SOCPh)2}n] (n > 3, M = Pd, 
Pt) and their reactions with a variety of Lewis bases 
L or L-L [L = PPh3, PMePhz, PMeJ%, AsPh3, 
SbPhs, C5H5N; GL = 2,2’-bipyridyl, Ph,P[CHJ,- 
PPhZ (x = 1 or 2)] which gave the neutral, square- 
planar, monomeric complexes [M(SOCPh)ZL2] or 
[M(SOCPh)&-L)] containing unidentate, S-bonded 
SOCPh- groups [2] . 

In contrast, earlier workers [3-51 have reported 
that reaction of various nickel(I1) salts with either 
Na[SOCPh] or HSOCR (R = Me, Et) gave the dimeric 
[ {Ni(SOCR),0.5EtOH}2] complexes, shown by X-ray 
analysis [4] (for R = Ph) to have structure (1). 
Furthermore, reaction of (1) with various unidentate, 
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heterocyclic nitrogen donor ligands (L) resulted 
in the formation of green, monomeric, octahedral 
complexes [Ni(SOCR)&] (2) [L = CsHsN, 2-MeCs- 
H4N, 3-MeCSH4N, 4-MeCsH4N etc.] [3-S] in which 
the monothiocarboxylate groups are coordinated in 
bidentate fashion. Similar octahedral nickel(I1) com- 
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plexes [Ni(S-O)2LJ containing nitrogen bases and 
other monothioacid ligands (S-o- = SOCOEt [6], 
-SOCNRl [7] ) h ave also been synthesised. 

In this paper, we now wish to describe, for the 
first time, reactions of [ @i(SOCR)20.5EtOH}2] 
(R = Me, Ph) with various phosphorus donor ligands 
and to compare the results with those found using 
nitrogen donor ligands. 

Results and Discussion 

As found by other workers, [{Ni(SOCR)Z0.5- 
EtOH},] (1) (R = Me, Ph) readily reacted with a 5 
to 10 fold excess of pyridine or 4-methylpyridine 
(L) in ethanol to give green solutions from which 
green solids of stoichiometry [Ni(SOCR),Lz] (2) 
were readily isolated. As reported earlier, these com- 
plexes are monomeric, paramagnetic (Table I) and on 
the basis of electronic spectral studies contain octa- 
hedrally coordinated nickel(I1) ions. Similarly, 
reaction of (1) (R = Me, Ph) with 22’bipyridyl 
(1:2 molar ratio) gave green [Ni(SOCR)?bipy] com- 
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TABLE II. Hydrogen-l and 31P-(1H} Nmr Data in CDCl3 for Various Nickel Monothiocarboxylate Compounds. 

Complex T/K ‘H nmr (6)a 

Me Me 
(monothioacetate) (phosphine) 

Ph 

T/K 31P-(’ H} nmr (s)b 

PWOCPhh(Pfid2 I 221 - 

[Ni(SOCPh)2(F’Me2Ph)2] 271 - 

218’ - 

[Ni(SOCPh),(PMePh,),] 271 - 

243 - 

210c - 

[Ni(SOCPh)2(Ph2P(CH2)2PPh2)] 301 - 

243 - 

INi(SOCPh)2(Ph2P(CH2)PPh2)] 301 - 

[Ni(SOCMe)2(PMe2Ph)2] 301 2.04(s) 

[Ni(SOCMe)2(Ph2P(CH2)PPh2)] 301 2.06(s) 

- 

1.61(s) 

1.55(# 

2.05(s) 

1.98(s)(broad) 

1.97(s)v. broad 

2.20(m)broade 

2.15(m)broade I 

3.41(m)(broad)f 

1.63(s) 

3.66(m)broadf 

7.0-7.5(m) 221 

271 
7.0-8.0(m) 21 8c 

263 

7.0-7.8(m) 243 

210= 

301 
7.0-8.0(m) 243 

7.1-7.8(m) - 

7.2-7.8(m) 233 

7.2-8.0(m) 223 

24.1(s) 

-5.7(s) 

-4.7(s) 

9.O(v. broad) 

9.7(s) 

10.7(s) 

56.7(s) 

58.3(s) 
- 

-5.3(s) 

26.1(s) 

s = singlet; t = triplet, m = multiplet. 
‘+O.Ol ppm. kO.05 ppm. ‘In CD2C12. d~2 J(PH) + 4J(PH)~7.50Hz. eC2H4 resonance. fCH2 resonance. 

mediate complex [Ni(SOCR)2PRk], but in view of 
the close similarity of the electronic spectra of [Ni- 
(SOCR),(PRi),] in the absence and presence of 
PR’,, a square planar configuration (4) with chelating 
and S-bonded unidentate SOCPh groups is most 
likely for the major species in solution at ambient 
temperature. 

For some of these tertiary phosphine compounds, 
solution magnetic measurements at ambient tempera- 
ture by Evans’ method [14] reveal the presence of 
a very small amount of paramagnetic material (G%). 
By analogy with earlier work on [NiX,(PR;),] com- 
pounds (X = Cl, Br, I) [15], the most probable 
explanation for this is the formation, in solution, of 
small amounts of paramagnetic, tetrahedral isomers 
although, of course, the formation of paramagnetic 
five or six coordinate isomers cannot be discounted. 

A study of the variable temperature ‘H and 31P- 
{‘H} nmr spectra of some of these phosphine com- 
plexes provide further information about their behav- 
iour in solution. Thus, the ‘H nmr spectra (methyl 
region) of [Ni(SOCPh)2(PMe2Ph)2] below 220 K in 
CDzCl2 consist of a ‘virtually-coupled’ triplet pattern 
[16] whereas at higher temperatures (up to 303 K) 
only a sharp singlet (at almost the same chemical shift 
as the triplet) is observed (Table II). This suggests 
that at low temperatures, equilibrium (1) lies com- 
pletely to the left hand side with the square planar, 
trans isomer (3b) exclusively formed (CL the ‘H 
nmr spectrum of trans-[Pd(SOCPh),(PMe,Ph),] 
[2]). Similar observations have been made for the 
related [Pt(S2CNR2)(PMePh2)?] S2 CNR2 which are 
stable at 213 K in CDC13 but extensively dissociated 
into [Pt(S2CNR2),(PMePh2)] and PMePh2 at 
ambient temperature (equlibrium [2] ) [ 171 : 

[Pt(S2CNR2)(PMePh2)?] S2CNR2 * 

[Pt(S,CNR,),(PMePh,)] + PMePh2 (2) 

The 31P-(1H) nmr spectra of all the [Ni(SOCR)?- 
(PR;)2] compounds at temperatures below 220 K 
showed a singlet and for PR& = PMe2Ph, selective 
decoupling of the phenyl protons showed Jpo~, 
to be present. On raising the temperature, the 
phosphorushydrogen coupling disappeared although 
the position of the singlet remained virtually invariant 
up to ca. 273 K. Above this temperature, however, 
the singlet broadened and then disappeared. Addi- 
tion of an excess of free phosphine at temperatures 
below 273 K produced two 31P-{1H} nmr signals, 
one corresponding to free phosphine and the other 
to the species present in the absence of free phos- 
phine. Thus, this clearly shows that loss of phos- 
phorushydrogen coupling, at least below 273 K, 
is not due to fast intermolecular PRL exchange (see 
ref. 18 for examples of this process) and also that the 
[Ni(SOCR)2(PR’,)2] complexes do not dissociate 
significantly in solution below this temperature. 
Therefore the only explanation we can offer for the 
loss of phosphorus-hydrogen couplings between 220 
and 273 K in compounds (3b) is the generation of 
increasing amounts of paramagnetic isomers on 
raising the temperature, accompanied by facile 
exchange between these and the diamagnetic isomers 
(3b) (cf. nmr studies on the related [NiX,(PR$),] 
complexes [ 151). 

Above 273 K, broadening and subsequent loss of 
the 31P nmr signals can be attributed to a combina- 
tion of facile intermolecular scrambling between 
[Ni(SOCR)2(PRi)2], [Ni(SOCR)2PR’J] and PR; 
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and the formation of increasing amounts of para- 
magnetic isomer. Since the effect of the latter will 
be much less marked on the more distant protons, 
singlets are still observed at room temperature for the 
methyl resonances in their ‘H nmr spectra. 

In support of this explanation, the 31P-(1H} nmr 
spectrum of [Ni(SOCPh)@Ph,(CH,),PPh,)] (where 
molecular weight and electronic spectral studies indi- 
cate no dissociation even at ambient temperature) 
shows a sharp singlet from 301 to 243 K. 

on a Portland Electronics 310 conductivity bridge at 
298 K. Solution magnetic moments (Evans’ method 
[ 141) were obtained on a Varian Associates HA100 
spectrometer and magnetic susceptibilities (solid) 
were measured on a Faraday balance at Dundee 
University. Melting points were determined with 
a Kofler hot-stage microscope and are uncorrected. 

Finally, on prolonged reaction of [{Ni(SOCR)?- 
0.5EtOH}2] with an excess of AsPh3 in ethanol at 
253 K, dark red solids of empirical formulae [Ni- 
(SOCR)2(AsPh3)]Hz0 (R = Me, Ph) were isolated. 
Evidence that these are genuine products and not 
mixtures of starting material and [Ni(SOCR)2(As- 
Ph,),] is based on melting points, magnetic moments 
and the positions of vco and vcs vibrations in their 
infrared spectra (Table I). Thus, for [{Ni(SOCPh)2- 
(AsPh,)},] (HzO)n, the observation that vco 15 10, 
gcs 950 cm-‘, together with the occurrence of 
typical infrared absorption bands of AsPh3, is consis- 

Monothiobenzoic and monothioacetic acids 
(Aldrich), triphenylphosphine, (BDH) dimethyl- 
phenylphosphine and methyldiphenylphosphine 
(Maybridge Chemical Co.) were obtained as indicated. 
The compounds Na[SOCPh] [ 191, PhzPCHzPPhz 

12019 PMW-M zPm2 WI> [ (hli(SOCPh),- 
O.SEtOH),] [4] [ ~i(SOCMe)20.5EtOH}2] [4] 
were prepared as described earlier. 

Analytical data, characteristic ir bands and 
magnetic moments for various complexes are given 
in Table I, and ‘H and 31P-{1H) nmr data in Table 
II. Reactions involving tertiary phosphines were car- 
ried out under a nitrogen atmosphere. 

General Method of heparation of [Ni(SOCR),L2] 
and [Ni(SOCR),(L-L)] Complexes tent with these 1:1- adducts having structure 

Furthermore, although the compounds were 

AsPhx 
S 

RC( ;Ni,’ 
L 

0 S. 

0 
RCR 

(4) AsPh, 

(5) 

insoluble for molecular weight measurements, the 
magnetic moment of R = Ph is fairly similar to that 

(5). 
too 

of the parent dimer (1). Presumably, the high ‘class 
b’ character of AsPh3 inhibits further reaction with 
the ‘class a’ nickel ion. 

Experimental 

Microanalyses were by the University of 
Edinburgh Chemistry Department. Molecular weights 
were determined on a Hitachi Perkin Elmer vapour 
pressure osmometer (model 115) calibrated with 
benzil. Infrared spectra were recorded in the 250- 
4000 cm-’ region on a Perkin Elmer 557 grating 
spectrometer using Nujol and hexachlorobutadiene 
mulls on caesium iodide plates. Electronic spectra 
were obtained on a Unicam SP800 spectrophoto- 
meter using unmatched silica cells. Hydrogen-l nmr 
spectra were recorded on a Varian Associates HA-100 
spectrometer equipped with a variable temperature 
probe; proton-noise-decoupled 31P nmr spectra on a 
Jeol FX60 spectrometer operating in the pulse and 
Fourier transform modes at 24.21 MHz (31P chem- 
ical shifts quoted in ppm to high frequency of 85% 
H,PO,). Conductivity measurements were obtained 

The appropriate nickel(I1) monothiocarboxylate 
compound was suspended in ethanol and treated 
with a 5 to 10 fold excess of an ethanolic solution 
of the monodentate ligand L. The resulting mixture 
was then gently warmed with stirring for 1 hour. 
On removal of some solvent, the product precipitated 
out in some instances. If not, precipitation was initia- 
ted by addition of light petroleum (b.p. 60-80 “c). 
These products were filtered off, washed with light 
petroleum (b-p. 60-80 “C) and dried in vacua at 
40 “C. For the bidentate ligands (L-L) the molar 
ratio of ligand to complex used was 2:l to help 
prevent complete displacement of the monothio- 
carboxylate groups. 

For the preparation of [@i(SOCR)2(AsPha)}n] 

(H2O)m after reaction as above, the solution was 
reduced in volume and then stored at 253 K for 5 
days. At the end of this period, the reddish-brown 
products had precipitated out and these were 
dried as above. 
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