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Abstract-Reaction of a variety of rhenium(II1) or (V) precursors with the bidentate (1 -) 
mixed phosphino-thiol ligand 2-(diphenylphosphino)benzenethiol (DPPBTH) in mildly 
alkaline methanol leads to the formation of the 16-electron complex [Re(DPPBT)3] (I). 
With technetium [Tc(DPPBT),] (II), [TcOCl(DPPBT),] (III) or pcN(DPPBT),] (IV) may 
be obtained depending on the conditions and starting material. The X-ray crystal and 
molecular structures of I and II show very similar distortions from ideal geometry due to 
intraligand interactions. The complexes have been further studied by cyclic voltammetry 
and UV-vis spectroscopy. 

The coordination chemistry of mono- and poly- 
dentate thiols with both nitrogen and sulphide co- 
donor atoms has been thoroughly investigated. ‘-lo 
There are many examples of complexes containing 

* Author to whom correspondence should be addressed. 
Abbreviations : [Re(2-Ph,PC,H,S)J = tris-[2-(diphenyl- 

phosphino)benzenethiolate]rhenium(III). lTN2-Ph,PC& 
S),] = tris-[2-(diphenylphosphino)benzenethiolato]teehneti- 
urn@). 

both thiolate and tertiary phosphine donor sets, 
however, chelating ligands containing both phos- 
phorus and sulphur as the donor atoms have,not 
been studied to any great extent. ’ ‘-’ 4 

The coordination chemistry of the mixed thiol- 
phosphine aliphatic ligands Ph2PCH2CH2SH1 5 and 
PhP(CH2CH2SH)2’6 has been investigated to a 
comparatively limited extent. ‘7,‘8 More recently the 
aromatic mixed thiol-phosphine ligands [p(C&I, 
W31, PWGH4Wd ad PW(C&4Wl have 
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been reported,‘~Z together with a limited amount 
of their coordination chemistry. Within group 
VIII the complexes [ReOC1(2-Ph2PC2H4S}2]‘7 and 
[Tc(MeCN)(PPh,){P(C,H&}] and some deriva- 
tives of the latter have been described.30 We report 
here on the coordination chemistry of rhenium and 
technetium with the mixed phosphine-thiol biden- 
tate ligand 2-Ph2PC6H4SH (DPPBTH). 

RESULTS AND DISCUSSION 

Synthesis of the neutral rhenium(II1) complex 
[Re(DPPBT),] (I) can be achieved by several syn- 
thetic routes. Rea tion of the rhenium(II1) pre- 
cursors [ReBr& 0Ph)(PPh3)d 2 and [ReCl,(Me 
CN)(PPh,)J with DPPBTH methanol under reflux 
in the presence of base leads to the formation of 
[Re(DPPBT),] (I) in fair to good yield, irrespective 
of the quantity of ligand used. Reaction of the rhen- 
ium(V) precursors [ReOCl,(PPh& and [Bu”,Nj 
[ReOCl,] under the same conditions also gives I. 
This is in contrast with the behaviour of the analo- 
gous aliphatic mixed phosphine-thiol Ph2PCH2CH2 
SH.‘? Reaction of this ligand with [Re(OCl,(PPh,),3 
leads to the formation of [ReOCI(Ph2PCH2 
CH$)d. Here the presence of the apparently more 
reducing phosphine and aromatic thiol donor set 
leads to the further reduction of rhenium(V) to 
rhenium(II1). 

By contrast, whereas reaction of [TcC14(PPh3)d 
with an excess of DPPBTH in ethanol leads to a 
high yield of [Tc(DPPBT),] (II), use of only three 
equivalents of HDPPBT gives a mixture of II and a 
second technetium containing species, as shown by 
HPLC (j3 detection). These two species could 
not be separated by recrystallization, but if 
[Bu”,Nj~cOCl~] in dichloromethane is treated with 
exactly two equivalents of HDPPBT at - 80°C the 
new species [TcOCl(DPPBT),3 (III) is obtained 
in high yield, and shows no tendency to dispro- 
portionate. Addition of methanol to a dichloro- 
methane solution of III results in the bleaching 
of the initially purple solution to a pale straw 
colour, presumably due to ionization of the chloride 
ion in the more polar solvent, but after a few 
minutes unchanged purple III precipitates. It did 
not prove possible to isolate [TcO(DPPBT)~]+ by 
addition of a suitable large counter-ion. Reaction 
of [TcNBr2(PPh3)J with HDPPBT results in the 
formation of [TcN(DPPBT),] in high yield. 

The crystal structures of I and II 

The complexes I and II are isostructural and 
show great similarities in their structures. A view of 
II is shown in Fig. 1, and important bond lengths 

Fig. 1. A graphical representation of the structure of 
complex II, with a partial atom labelling scheme. 

and angles are given in Table 1. In each case the 
structure is [Mmer-P,mer-S3], with one ligand 
showing very significantly longer M-P and M-S 
bonds than the other two. At first it was believed 
that this might be due to the correct formulation 

Table 1. Important bond lengths and angles for I and II 

(i) Bond lengths 

M= 
M-S( 1) 
M-S(2) 
M-S(3) 
M-P( 1) 
M-P(2) 
M-P(3) 

(ii) Bond angles 

M= 
S( 1)-M-S(2) 
S( 1)-M-S(3) 
S(ljM-P(1) 
S( 1)-M-P(2) 
S( 1 j-M-P(3) 
S(2jM-S(3) 
S(2jM-P( 1) 
S(2jM-P(2) 
S(2jM-P(3) 
S(3 j-M-P( 1) 
S(3jM-P(2) 
S(3jM-P(2) 
P( 1)-M-P(2) 
P( 1)-M-P(3) 
P(2)-M-P(3) 

Re 
2.269(5) 
2.303(S) 
2.477(5) 
2.391(5) 
2.41 l(5) 
2.473(5) 

Re 
113.0(2) 
166.4( 1) 
84.3(2) 
91.7(2) 
87.4(2) 
80.6(2) 
86.0(2) 
83.9(2) 

159.6(l) 
96.4(2) 
90.4(2) 
79.0(2) 

166.7( 1) 
96.0(2) 
96.5(2) 

Tc 
2.256(2) 
2.293(2) 
2.486(3) 
2.399(2) 
2.423(2) 
2.472(2) 

Tc 
114.25(9) 
165.70(9) 
84.43(9) 
91.84(9) 
86.85(9) 
80.05(8) 
86.03(8) 
83.92(8) 

158.89(9) 
96.55(8) 
90.20(9) 
78.85(8) 

166.75(8) 
95.94(8) 
96.55(8) 
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Fig. 2. The cyclic voltannnogram of complex II in dichlo- 
romethane at a platinum working and au~l~a~ 
electrode, silver wire pseudo-reference electrode, with a 
[Bu”,Nl[BF,] support electrolyte, showing the three 

reversible redox processes. 

being [M~~PPB~~*(~DPPBT)~, however, FAB- 
mass spectral, electrochemical and other chemical 
data make this seem very unlikely. In addition, there 
is no evidence for v(SH) in the IR spectra of either 
complex, and I is EPR silent and diamagnetic in 
solution as evidenced from the NMR spectra, nor 
do the complexes show any sign of deprotonation 
on reaction with strong base. A number of close 
intraligand contacts in the crystal structure suggest 
that steric crowding is responsible for the differ- 
ences in bond length, and each PS ligand is in a 
distinct en~ronment and therefore subject to 
different steric repulsions. 

Electrochemistry 

Both I and II show two reversible oxidations and 
one reversible reduction by cyclic volt~metry in 

dichloromethane at a platinum electrode (Fig. 2). 
All three processes conformed to the conventional 
criteria for Nernstian diffusion-controlled, one- 
electron, reversible electron transfers. As would be 
expected the rhenium complex is slightly harder to 
reduce than its technetium analogue (see Table 2). 
The variety of oxidation states available to rhenium 
or technetium in this ligand enviroriment (from M” 
to Mv) is indicative of the ability of the phos- 
phino~iolate ligand to delocalize electron density 
in an analogous manner to dithiolenes. 

Complex III shows no oxidation processes from 
0 to f 1 V in dichloromethane, but reduces irre- 
versibly at cu -0.7 V at room temperature. At 
- 80°C this reduction becomes reversible (Table 2). 
The irreversibility at room temperature is possibly 
due to the loss of chloride ions from the reduced 
species. The nitrido-complex IV is rather sur- 
prisingly electrochemically inactive over the range 
&lSV. 

EXPERIMENTAL 

WARNING! Technetium-99 is a weak #I emitter and 
should be handled in a properly equipped radio- 
chemical laboratory. 

All manipulations were carried out under an inert 
atmosphere of dry dinitrogen gas. Standard Schlenk 
tube-vacuum line and syringe techniques were util- 
ized throughout where appropriate. Elemental 
analyses were performed by Medac Ltd, University 
of Brunei, U.K., for the rhenium compounds, or by 
Butte~orth Laboratories Ltd, Teddington, U.K., 
for technetium samples. FAB-mass spectra were 
performed by the SERC Mass Spectrometry Service 
Centre at the University College of Swansea, U.K., 
for rhenium samples or Amersham International 
plc, Cardiff, U.K., for technetium samples. ‘H and 
31P NMR were measured using an EX270 Jeol(270 

Table 2. Electrochemical data for I, If and III’ 

Complex Couple 

[Re(DPPBT),] M”‘_M” -0.990 - 1.059 0.069 
M”‘_M’v +0.229 +0.172 0.057 
Ml”-Mv +1.013 f0.938 0.075 

CTc(DPPBT)J M”‘_M” -0.581 -0.694 0.113 
M”‘_M’v +0.506 f0.408 0.098 
Mrv-Mv +1.266 +1.161 0.105 

ncOCl(DPPBT)db Mv-M’v -0.497 -0.682 0.185 

a In 0.2 M [NBu”J[BF,] in dichloromethane. 
‘At -80°C. 
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MHz) NMR spectrometer in CDC13 solutions. UV- 
vis data were recorded on a Phillips PU8730 UV-vis 
spectrophotometer in the range 190-630 nm using 
dichloromethane solutions in quartz cells. Meth- 
anol was dried by the standard method and distilled 
under dinitrogen before use.23 Cyclic voltammetry 
measurements were made on an EG and G PAR 
model 362 scanning potentiostat, using the “Con- 
decon” family of programs and an IBM PC11 com- 
puter for evaluation. Dichloromethane was used as 
an electrochemical solvent because the compounds 
failed to dissolve in other solvents. A three-elec- 
trode cell configuration was used, with a platinum 
wire working electrode, platinum wire secondary 
electrode and a silver wire reference electrode. 
Potentials are quoted relative to the fer- 
rocene/ferrocenium couple (+ 0.54 V vs SCE elec- 
trode in THF at a platinum electrode). 

[ReOC13(PPh&,24 [Bu”4~[ReOC14],2S [ReCl, 
(MeCN)(PPh3)d,26 [ReBr,(N2COPh)(PPh,)2,27 p&1, 
PWJ’* and [TcNBr2(PPh,)2]29 were prepared 
according to the literature methods. The ligand 
DPPBTH19 was also synthesized according to the 
literature method. 

X-ray structure analysis 

Crystals of I were grown from dichloro- 
methane/methanol, those of II from dichloro- 
methane/isopropanol. 

The structure of I was determined on an Enraf- 
Nonius CAD4 diffractometer using MO-K, radi- 
ation, and solved by the Patterson method. 6729 
reflections with 12 40(I) were used in a full-matrix 
least-squares refinement. Crystal data : C54H42P3 
ReS3, monoclinic, space group P2,/n, a = 10.43(2), 
b = 17.29(l), c = 26.02(l) A, fi = 100.94(2)“, Z = 4, 
V= 4602.65 A3, Dcalc = 1.54 g CM-~, F(OO0) = 
2136, final R = 0.048, R, = 0.068. 

The structure of II was determined using a 
Rigaku AFCSS diffractometer using MO-K, radi- 
ation and solved by the Patterson method and full- 
matrix least-squares refinement using 3915 reflec- 
tions with I > 30 (I). C54H42P3S3T~, monoclinic, 
space group P2,/n, a = 10.415(2), b = 17.302(3), 
c = 26.042(4) A, j? = 100.91(l)‘, Z = 4, Dcalc = 
1.44 g cmp3, F(OO0) = 2008, final R = 0.054, 
R, = 0.063. 

Tris(2-diphenylphosphinobenzenethiolatoj- 
rhenium(III), [Re(DPPBT)3] 

(a) To a suspension of [ReOCl,(PPh,),] (0.1 g, 
0.12 mmol) in methanol (25 cm3) was added 
DPPBTH (0.11 g, 0.36 mmol) and triethylamine 
(0.7 cm’). The solution was heated to reflux for 30 

min to give a dark burgundy precipitate. This was 
filtered and washed with diethylether and ethanol 
and dried in z)ucuo. Yield, 0.08 g (63%). Found : C, 
60.4; H, 3.8. Calc. for CS4H4,P,S3Re: C, 60.8; H, 
4.0%. 

(b) As above using [ReBr2(N,COPh)(PPh3)2] (0.1 
g, 0.1 mmol) and DPPBTH (0.09 g, 0.3 mmol). 
Yield, 0.07 g (66%). Found: C, 60.6; H, 3.9. Calc. 
for C54H42P3S3Re: C, 60.8; H, 4.0%. 

(c) As above using [ReCl,(MeCN)(PPh,),] (0.1 
g, 0.17 mmol) and DPPBTH (0.15 g, 0.5 mmol). 
Yield, 0.07 g (66%). Found : C, 60.4 ; H, 3.9. Calc. 
for C54H42P3S3Re : C, 60.8 ; H, 4.0%. 

(d) As above using [Bun4Nj[ReOC14] (0.1 g, 0.16 
mmol) and DPPBTH (0.14 g, 0.48 mmol). Yield, 
0.12 g (70%). Found: C, 60.8; H, 3.9. Calc. for 
C54H42P3S3Re : C, 60.8 ; H, 4.0%. 

The compound showed the expected mass ion 
(1066) and isotope distribution in the FAB-mass 
spectrum. The UV-vis spectrum showed peaks at 
R max = 323 and 534 nm. 

Tris{2-diphenyljhosphinobenzenethiolato}- 
technetium(III), [Tc(DPPBT),] 

A suspension of [TcCl,(PPh,),] (0.142 g, 0.186 
mmol) and HDPPBTH (0.204 g, 0.693 mmol) 
in ethanol (10 cm’) was refluxed for 2 h. The very 
dark, blue-green product was removed by filtration 
and recrystallized from dichloromethane/iso- 
propanol, washed with ether and dried. Yield, 
0.157 g (86%). Found : C, 65.7 ; H, 4.7. Calc. for 
C54H42P3S2T~: C, 66.2; H, 4.3%. The FAB-mass 
spectrum showed the expected mass ion (979). 
The UVvis spectrum showed a strong 
absorption at 600 nm with a much weaker band at 
420 nm. 

Oxochlorobis(2-diphenyIphosphinobenzenethiolato~- 
technetium(V), [TcOCl(DPPBT),] 

A solution of [Bu”,Nj[TcOC14] (0.100 g, 0.200 
mmol) in dichloromethane was cooled in a dry- 
ice/acetone bath and HDPPBT (0.106 g, 0.361 
mmol) in dichloromethane was added. After stir- 
ring for a few minutes the solution was allowed to 
warm to room temperature, and was then evaporated 
to dryness. The purple product was triturated with 
methanol, and recrystallized from dichloro- 
methane/diethylether. Yield, 0.059 g (40%). 
Found: C, 58.2; H, 4.1 ; Cl, 4.3. Calc. for 
C36H28C10P2S2Tc: C, 58.7; H, 3.8; Cl, 4.8%. The 
product gave a very strong Tc=G stretch at 940 
cm- ’ and had a broad visible absorption at 550 mn 
in dichloromethane. 
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Nitridobis(2-diphenylphosphinobenzene- 

thiolato)technetium(V), [TcN(DPPBT),] 

A suspension of [TcNBr,(PPh,),] (0.080 g, 0.100 

mmol) and HDPPBT (0.088 g, 0.299 mmol) in ace- 

tone was refluxed for 0.5 h to give a yellow solid in 
a pale green solution. The bright yellow product 
was recrystallized from dichloromethane/heptane. 
Yield, 0.041 g (59%). Found: C, 60.9; H, 4.1 ; N, 
2.0. Calc. for Cs6H2sNP2S,Tc: C, 61.8; H, 4.0; 
N, 2.0%. A medium intensity TEN stretch was 
observed at 1070 cm- ‘. 
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