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Almtraet--The synthesis of a range of bismuth(III) arenethiolates and a thiolato anion are 
described together with two X-ray crystal structure determinations of SC6F5 derivatives. 

The presence of  bismuth in one of the classes of  
copper oxide based superconductors with some of 
the highest Tc values 1 has led to a resurgence of 
interest in the preparation and characterisation of 
bismuth(III) amides 2 and alkoxides 3 in view of their 
potential use in sol-gel or MOCVD synthetic routes 
to these materials. In contrast, the chemistry of 
bismuth(III) thiolates, Bi(SR)3, remains largely 
undeveloped in spite of  their potential use as solu- 
tion or vapour phase precursors to bismuth(III) 
sulfide and related compounds, which are impor- 
tant as photovoltaic materials. The only com- 
pounds reported to date of which we are aware, are 
Bi(SPh)3 (1),4 Bi(SC6Fs)3 (2), 5 Bi(S-o-CO2 
MeC6H4)3, 4b Bi(SEt)3, 6 Bi(Sbenzyl)3, 6 Bi(SCH2 
CH2OH)3, 6 Bi(SBut)3, 7 Bi(S-4-FC6H4)3 8 and Bi(S- 
2,4,6-Bu~C6H2) 3 (3), 9 many of which are not well 
characterised ; only 3 has been characterised by X- 
ray crystallography. 9 Herein, we report the syn- 

* Author to whom correspondence should be addressed. 
t Satisfactory analytical and spectroscopic data were 

obtained for all new compounds. 

thesis of a range of bismuth(III) arenethiolates and 
a bismuth(III) thiolato anion together with crystal 
structure determinations of examples of  each con- 
taining the SC6F 5 group. 

Whilst a few synthetic routes to bismuth(III) thi- 
olates have been described, 4-9 a convenient and high 
yield route (typical yields range from 50-85%) to 
the complexes Bi(SR)3 (1, R = Ph; 4, R = 4-Me- 
C6H 4 ; 5, R = 2,6-Me2-C6H3 ; 6, R -=- 3,5-Me2-C6H3) 
involves the reaction between BiCI3 and three equi- 
valents of NaSR in thf followed by solvent removal 
in vacuo, extraction in hexane (5), Et20 (1 and 
4) or CH2C12 (6), filtration and low temperature 
crystallisation (using a hexane overlayer in the case 
of 1, 4 and 6).t Complexes 4-6 afforded feathery 
orange crystals unsuitable for X-ray crystallo- 
graphy, but seemingly well formed X-ray quality 
orange crystals of 1 were obtained from hexane 
at -30°C.  A preliminary analysis of X-ray data 
collected for 1 (two data sets) shows that the repeat 
motif  is a Bi(SPh)3 unit with similar geometrical 
parameters to that found for 3. There are no short 
intermolecular Bi-- .  S contacts, but there are some 
close S . . . S  contacts along the short crystallo- 
graphic b axis. However, there is a possibility that 
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this arises f rom an artefact o f  pseudosymmetry  
associated with the bismuth atoms, and hence we 
will defer a full description o f  the structure to a 
later publication. 

In contrast  to the above, the reaction between 
BiC13 and three equivalents o f  NaSC6F5 in thf  
afforded, after work up similar to that  described 
above for 5, orange crystals not  o f  the expected 
product ,  2, but  o f  an ionic c o m p o u n d  identified by 
X-ray crystallography:~ as [Naz(thf)4][Bi(SC6Fs)5] 
(7).t  A view of  the [Bi(SC6Fs)5] 2- anion in 7 is 
shown in Fig. 1. The structure comprises a bismuth 
a tom bonded to five SC6F5 groups with a square- 
based pyramidal  coordina t ion  geometry.  Of  the five 
Bi - -S  bond  lengths, the shortest is the apical bond  
[Bi--S(5) 2.609(10) A] with the basal bonds being 
some 0.14).3 ~ longer (the shorter o f  these trans 
to the longer ones);  none o f  the interbond angles 
deviate significantly f rom 90 or 180 °. In addit ion to 
this pr imary coordinat ion sphere, a close contact  
exists between the bismuth centre and one o f  the 
fluorine a toms [Bi . . .  F(416) 2.94 A] such that this 

Crystal data for 7 : C46H32BiF25Na20485, 
M = 1538.97, monoclinic, space group P21/n, 
a = 15.061(3), b = 19.714(6), c = 19.987(6) ~, 
/3 = 108.89(2) °, U =  5615(3) /~3, Z =  4, De= 1.82 g 
cm -3, /~ = 34.44 cm ~, (Mo-K~ radiation, 2 = 0.71069 
~) F(000) = 3000; Final R = 0.094, R' = 0.070 for 202 
parameters, including anisotropic thermal parameters for 
Bi, F and Na atoms [C6F 5 groups were refined as rigid 
groups (C--C 1.395, C - - F  1.35/~, angles 120°), thfmol- 
ecules were refined as rigid pentagons (C--C and C- -O 
1.45/~), no hydrogen atoms were included in the struc- 
ture factor calculations] by refinement on F from 7011 
unique data (20max = 44.4 °) with I > 2or(/) measured at 
298 K on an Enraf-Nonius Turbo CAD4 diffractometer 
and corrected for absorption; weighting scheme 
w = [aZ(Fo)] I with a(Fo) estimated from counting stat- 
istics. 

Crystal data for 2: C~sBiFtsS3, M = 806.34, mono- 
clinic, space group P2j/c, a = 14.4151(9), 
b = 10.3870(10), c = 14.5680(10) ~, /3 = 102.572(5) °, 
U = 2129.0(3) ~3, Z = 4, Dc = 2.516 g cm -3, p = 87.13 
cm ~, (Mo-K, radiation, 2 = 0.71069 ~) F(000) = 1496; 
Final R =0.0300, R ' =  0.0696 for 334 parameters, 
including anisotropic thermal parameters for all atoms 
by refinement on F z from 3731 unique data (20 .... = 50 °) 
measured at 293 K on an Enraf-Nonius Turbo CAD4 
diffractometer and corrected for absorption and anom- 
alous dispersion; weighting scheme w=[a2(Fo):+ 
(0.0474P) 2]-~ where P = [FZ/3+2F~/3] with a(Fo) 2 
estimated from counting statistics. 

Atomic coordinates, thermal parameters and bond 
lengths and angles have been deposited at the Cambridge 
Crystallographic Data Centre. 

Fig. 1. A view of the structure of the [Bi(SC6Fs)5] 2 anion 
in 7. Thermal ellipsoids are drawn at the 20% level. 
Selected bond lengths (A) and angles (°): Bi--S(1) 
2.988(9), Bi--S(2) 2.703(9), Bi--S(3) 2.889(9), Bi--S(4) 
2.746(10), Bi--S(5) 2.609(10) ; S(1)--Bi--S(2) 172.0(3), 
S(1)--Bi--S(3) 92.2(3), S(I)--Bi--S(4) 88.7(3), 
S(1)--Bi--S(5) 83.7(3), S(2)--Bi--S(3) 89.0(3), 
S(2)--Bi--S(4) 89.6(3), S(2)--Bi--S(5) 88.6(3), 
S(3)--Bi--S(4) 175.7(3), S(3)--Bi--S(5) 84.7(3), 

S(4)--Bi--S(5) 91.2(3). 

interaction is trans to the apical Bi - -S  bond ;  all 
other  B i . . .  F contacts  are greater than 4.0 ~ .  The 
B i - -S  bond lengths may  be compared  with those in 
3 which average 2.559 ,~,9 slightly less than in 7 
presumably resulting f rom the lower coordina t ion  
number  in 3. The only previous report  o f  a thiolato 
anion of  b ismuth(I I I )  is the complex [Ph4As] 
[Bi(SC6Fs)4] 5a a l though no structural details for 
this complex are available. Ana logous  halo- 
genoanions o f  bismuth are well known 1° but no 
examples o f  simple amido,  [Bi(NR2)3+x] x-, or  
alkoxide, [Bi(OR)3+x] x-,  anions have yet been 
described. 

The isolation o f  a thiolato anion in the reaction 
between BiC13 and NaSC6F5 is presumably a conse- 
quence o f  the greater Lewis acidity o f  the bismuth 
centre when bonded to the electron withdrawing 
8C6F5 groups. The neutral tristhiolate c o m p o u n d  2 
can, however, be prepared in high yield f rom the 
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Fig. 2. A view of the structure of 2. Atoms are drawn as circles of arbitrary radius. Selected 
bond lengths (/~,) and angles (°) : Bi--S(1) 2.532(2), Bi--S(2) 2.584(2), Bi--S(3) 2.540(2), Bi--S(2') 
3.323(2); S(I)--Bi--S(2) 96.51(6), S(1)--Bi--S(3) 87.57(5), S(2)--Bi--S(3) 92.76(6), 
S(1)--Bi--S(2') 158.05(6), S(2)--Bi--S(2') 77.05(6), S(3)--Bi--S(2') 72.01(6). Primed atoms are 

related to unprimed atoms by the symmetry operation - x ,  - y ,  - z .  

reaction between BiPh3 and three equivalents of 
HSC6F5 in refluxing toluene (4 days). Subsequent 
low temperature crystallisation of the reaction solu- 
tion (after reduction of  the solvent volume) 
afforded (in high yield) orange crystals of 2, one of 
which was examined by X-ray crystallography,:~ the 
results of  which are shown in Fig. 2. The structure 
comprises a loosely bound dimer (crystallo- 
graphically centrosymmetric) in which each 
bismuth centre adopts a four-coordinate, dis- 
phenoidal geometry with three short Bi--S bonds 
[Bi--S(1) 2.532(2), Bi--S(2) 2.584(2), Bi--S(3) 
2.540(2) ,~] and a longer contact [Bi . . .S(2 ' )  
3.323(2) A] approximately t r a n s  to the Bi--S(1) 
bond [S(1)--Bi--S(2')  158.05(6)°]. This geometry 
results in a slight lengthening of the Bi--S(1) bond 
relative to the terminal Bi--S(3) bond presumably 
resulting from population of the Bi--S(I)  a*- 

§ Whilst electronegativity differences would appear to 
provide a satisfactory explanation for these observations, 
they clearly do not in the case of many bismuth halide 
compounds, where it is generally observed that Bi--I--Bi 
bridges are more symmetric than Bi--C1--Bi bridges 
(with Bi--Br--Bi bridges intermediate). These matters 
are addressed in ref. 11 and we will return to this subject 
in more detail in a future publication. 

orbital by the S(2') lone pair in this secondary bond- 
ing interaction.~l 

It is interesting to compare the structure of 2 with 
the analogous bismuth alkoxide complex 
Bi(OC6Fs)3 (8) prepared similarly from BiPh3 and 
three HOC6Fs. 3f'g'h In general, bismuth alkoxides 
are not monomeric unless the alkoxide groups are 
sterically demanding, as in Bi(O-2,6-Me2C6H3)3, 3a 
or as a result of solvent coordination, e.g. in [Bi(OSi 
Ph3)3(thf)3]. 3d Thus, the structure of 8 in crystals 
obtained from toluene is found to be dimeric, i.e. 
[{Bi(OC6Fs)2(p-OC6Fs)(toluene)}2] (two crystal- 
line forms, both crystallographically centro- 
symmetric), which therefore provides for an inter- 
esting comparison with the structure of 2. For 
example, the Bi - -O--Bi  bridges in 8 [2.210(8) v s  

2.571(7), difference (A) = 0.361 A and 2.168(7) v s  

2.5553(9), A = 0.3873 A for the two crystalline 
forms] are considerably more symmetric than the 
Bi- -S--Bi  bridges in 2 [2.532(2) v s  3.323(2), 
A -- 0.791/~] ; furthermore, in 8 (both forms) there 
is a molecule of toluene coordinated (albeit loosely) 
to the bismuth centres which is absent in 2 even 
though crystallisation is from this solvent. Both of 
these factors suggest a greater degree of Lewis acid- 
ity for the bismuth centre in 8 v s  2 possibly arising 
from the larger electronegativity difference associ- 
ated with the Bi--O v s  the Bi--S bonds.§ Mono- 
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meric and hence more  soluble and volatile 
compounds  are therefore likely for b ismuth(II I )  thi- 
olates in compar ison  with bismuth(II I )  alkoxides 
without  the necessity for sterically demanding 
groups. 
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