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Asymmetric ditertiary stibine sulfides (C,Hs)(CHs)(S)SbCH,Sb(CH,)(C,H,) 
and [(C,H,)(CH3)(S)Sb] 2(CH2)3 have been prepared. It was found that they 
exist as only one of two possible diastereomers in the crystalline state. However, 
isomerization to the other form takes place in solution, resulting in au equilibrium 
mixture. A possibility of configurational lability of tertiary stibine sulfide was 
suggested for the first time. 

Introduction 

It has been reported that the coufiguration of tertiary stibiues is stable 
[l-5]. Thus, for example, bis(phenyhnethylstibino)methane exists as meso and 
racemic forms without any mutual interconversion at least on the PMR time 
scale [l] . On the other hand, the Sb-S bond in trimethylstibine sulfide has been 
known to be quite reactive [6-g], and it is therefore of great interest to study 
the configurational stability of tertiary stibine sulfides. 

Ekperimental 

[(C,H,)(CHs)SbCl, ]*(CH,), (n = 1 and 3) and (C,H,)(CHs)(i-CsH,)SbBr, 
were synthesized in a manner similar to that described in our previous paper El] _ 
The PMR spectra were measured using a Japan Electron Optics JNM-PS-100 
spectrometer, and the data (6) are given in ppm downfield from internal TMS. 
Molecular weights were measured in chloroform solution using a Mechrolab 
vapor pressure osmometer Model 302. IR spectra were recorded using a Hitachi 
225 spectrometer equipped with gratings. 



l%mWion of asymmetric tertiary stibine sulfides 
The sulfides described below were obtained by the reaction 1111 in 

methanol of Na2S - 9H20 (2 mol) with f(C6Hs)(CH,)SbClz] z(CHz In (n = 1 
and 3) (1 mol) or (C,H,)(CE&)(i-C,H,)SbBr, (2 mol). In the reaction with 
I(C;6H5)(CH3)SbCL*I1CH*, the expected formation of [(C~H~)(CH~)(S)S~]Z- 
CH, was not observed. 

(C~w,)(Cw,)(S)SbCW,Sb(CH3)(C,H,) (I). Methanol (80 ml) was added to 
a mixture of C(C,I&.)(CH~)SbcI, J .C!H, (9.7 g, 16.6 mmol) and Na2S - 9H,O 
(8.0 g, 33.3 mmol), and the solution was stirred for 5 h under a nitrogen atmo- 
sphere. The solvent was removed in vacua from the filfxate, and the residual 
solid was extracted with dichlorometbane (60 mi). Evaporation of the extracts 
left a solid which was recrystallized several times from ethanol to remove the 
Kberated sulfur. Colorkss cry&&. of I were obtained in 40% yield (3.2 g): m-p. 
89-90”. (Found: C, 37.89; H, 3.93. CLSHISSb2S calcd.: C, 38.02; H, 3.83%) 
Mol. wt. found: 480,490 at concentrations 0.62,0.23% W(sample)/W(solvent), 
respectively. Cakd. for monomer: 474. IR: v(Sb-S) 430 (in Nujol mull), 435 
cm-* (in CH2C12). 

[(CeHs)(CH;)(S)Sb] 2(CH2)3 (II). This compound was recrystellked from 
dichloromethene/methanol; m-p. 141-142O (85% yield). [Found: C, 38.05; H, 
4.19. C:17H3ZSb2& calcd.: C, 38.24; H, 4.15%) Mol. wt. found: 528,506 at 
concentrations 0.72,0.45%, respectively. Cakd. for monomer: 534. IR: v(Sb-S) 
435 (in Nujol mu@, 440 cm-’ (in CH,cI,). 

The time dependent PMR spectra of I and II in dicblorometbane at room 
temperature are shown in Figs. 1 and 2, respectively. 
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Fig.l.PMRsmctra of<CgHg)<CH3)(S)SbCHzSb(CH3)(C6Rs)indiehloramethasle C12wt.%)atroom 
temwxattue. 

I?&. 2. PI!dR spectra of I~c6fI~)<~~3)(s)sbl z<cRih in dichloromethane <2.7 wt. 5%) at room temperature. 
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(C,H,)(CH,)(i-C,H,)SbS. (90% yield.) The properties a&l the PMR dataof 
this compound have been described in our preliminary report [lo]. 

Reaction of triphenylphosphine with ditertiary stibine sulfides 
All reactions described below were carried out in PMR tubes under a nitro- 

gen atmosphere. The reaction products were identified by comparison .of their 
PMR spectra with those reported for authentic samples 111. The reactions were 
found to be complete in several minutes. 

.With L A solution of triphenylphosphine (0.38 mmol) in dicblorometbane 
(0.5 ml) was added to I (0.10 mmol). The PMR spectrum of this solution showed 
the formation of the racemic form and a very small amount of the meso form of 
[(C,H,)(CH,)Sb] 2CH2. However, when a solution of triphenylphosphine (0.30 
mmol) in dichloromethane (0.3 ml) was added to a dichloromethane solution 
(0.2 ml) of I (O-17 mmol), which had been prepared 1.5 h earlier, almost equal 
amounts of both isomers were formed. 

With IL To a mixture of triphenylphosphine (0.35 mmol) and II (0.09 
mmol), 0.5 ml dichloromethane was added. The PMR spectrum of the solution 
showed that [(C&)(CHs)Sb] Z (CH,), was formed. 

Results and discussion 

It is interesting that the reduction of one antimony(V) in [(C,H,)(CH,)- 
SbC&] 2CH2 occurred easily on treatment with sodium sulfide, affording the 
stable monosulfide (C,H,)(CH,)(S)SbCH,Sb(CH,)(C,H,) (I), while [(C,H,)(CH,)- 
(S)Sb],(CH,), (II) was obtained from a similar reaction of [(C6HS)(CH3)SbC12]2- 
(CH2)3. The sulfides I and II are monomeric in solution and their Sb-S stretching 
frequencies both in solution and in the solid are very similar to those of (CH3)3- 
SbS 1111 _ These data suggest that the sulfur atom in I and each sulfur atom in II 
are bound to one antimony atom in both states*, and in I therefore two diastere- 
omers, each of which has a pair of enantiomers, are expected to exist. 

As shown in Pig. 1, the PMR spectrum of I immediately after dissolving in 
dichloromethane at room temperature showed three main signals at 6 1.08 (A), 
l-46 (B) and 2.04 ppm (C) with very weak ones at 1.15 (A’) and 1.53 ppm (B’). 
The intensity of A’ and B’ increased gradually with time, and after the intensity 
ratio A’/A (or B’D?) had reached almost unity **, further spectral changes were 
not observed. The removal of the solvent and subsequent recrystallization from 
ethanol gave crystals which showed a similar spectral change. On the basis of the 
chemical shifts of these peaks the signals A and B are reasonably assignedto the 
methyl groups of (CsHg)(CH3)Sb and (C,H,)(CH,)(S)Sb moieties, respectively, 
in one of the two possible diastereomers of I, and A’ and B’ to those in the other 
isomer. The signal C may be due to the methylene groups in both isomers***. 

* Although the IR data and monomeric nature of I suggest the existence of a trivalent antimony atom 
in the molecule. this compound is fairly stable in air. 

** The observed value of the intensity ratio A'IA (or B'IB) WCS 1-o <OX 1,05)_ 
*** The methylene groups are dlastereotopic in both isomers and are expected to appear as two AB 

quakets. Since the signal C did not change on lowering the temperaixues even to ca -SOa, the ap- 
p-ce of only one singlet for the methylene groups may be regarded as being due to an accidental 
coincidence of the chemical shifts of the protons. 
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Onthe basis bf this assignment, it is concluded that one form of the two 
diastereorners which exists exclusively in the crystals isomer&s gradually to the 
other and that equilibrium is reached iu solution_ 

Further support for this isomer&&ion was obtained from the sulfur ab- 
straction reaction of I wi+h (C6Hs)3P_ Au addition of I into the solution of 
(GE& )3P in dichloromethane gave almost exclusively the racemic form of 
[(C~H~)(CH3)Sb],CH,, while au addition of (C,H,),P into the dichloromethaue 
solution of I, which had been prepared 1.5 h before, gave almost equal amounts 
of the racemic and meso forms of the ditertiary stibine. This observation shows 
that the isomerization of I in solution is slower than the sulfur abstraction, and 
tie abstraction reaction is stereospecific, although no information is available 
about the stereospecificity (inversion or retention). 

The fact that the rate of the isomerization was accelerated either by in- 
creasing the concentration of I or addition of (Cl&)&bS* suggests the isomeri- 
zation (inversion of configuration) proceeds through au intermolecular pathway. 
A reasonable mechanism for this intermolecular process is associative sulfur ex- 
change between two or more (C6Hs)(CH,)(S)Sb moieties through a pentacoor- 
dinate intermediate, in which antimony bonded to sulfur is expected to invert 
the configuration **_ Thus we may illustrate the isomerlzation of I as shown in 
eqns. 1 and 2. 

(1) 

On raising the temperature to ca 100” under a nitrogen atmosphere the 
four signals (A, A', B and B’) in 1,1,2,24&rachloroethane gradually broadened, 
this spectral change being reversible. However, as the pattern of such spectral 
changes with temperature was independent of the concentration, there must be 
another fiuxionality in the molecule with an intramolecular mechanism. We may 
attribute such a process to a rapid migration of sulfur between the two antimony 
atoms with different oxidation states (m and V). Further, as this process is more 
rapid than the intermolecular sulfur exchange (inversion), the intramolecular sul- 
fur migration seems to proceed through retention of configuration. The sulfur 
migration between Sbu” and SbV was also observed between (C,H,)(CH3)- 
(-C3H,)Sb and (C6&)(CH3)(i-CaH,)SbS. In the PMR spectra of a mixture of 
t&se :wo compounds in o-dicblorobenzene (ca. 7%, respectively) at ca. loo”, 

- The ffmt haWives were found to be CZL 5 rain for a concentzation of 12 rd %. ca. 15 mh for that of 
~S%rpdu_2minfor&atof4.0% OfI.dl ~~l~tiOn~~on-g 4_4timezmolezof<C~3)gSbS_ 

** ~nintrrmolccularhalogenes~geharbcensuggestedtDberespo~~e forconfigurationallabiIity 

of lZ3SaX Cl2131 _ 
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broadenings of signals, &.ich were reversible with temperature, were observed 
for the isopropyl-methyl groups and the methyl groups bonded to the antimony 
atoms [Sbnl and Sbv] - These broadenings are reasonably regarded as being due 
to a sulfur migration between the-two antimony atoms with different oxidation 
StateS. 

AS shown in Fig. 2, the PMR signals (D and D’) assigned to the methyl 
groups of the two diastereomers in II showed a change with time* similar to those 
of I, while the signal E, which is assigned to the three methylene groups in both 
isomers, did not show any change. Removal of the solvent and subsequent re- 
crystallization from dichloromethane/metbanol gave crystals which showed a 
similar spectral change. Although the dependence of the rate of inversion at 
antimony on the concentration of II in dichloromethane was not determined 
because of the limited solubiity of II, a remarkable effect of an addition of 
(CH,),SbS on that rate again was observed **_ These findings suggest that one of 
the two diastereomers (meso and racemic), which exists in the crystals, gradually 
isomerizes to the other form in solution and that the isomerization proceeds 
through sulfur exchange. 

Finally it should be noted that the PMR spectral behavior of monotertiary 
stibine sulfide (C,H,)(CH,)(i-C,H,)SbS does not tell whether this compound is 
configurationally stable or the rate of inversion is very slow on the PMR time 
scale, since the spectrum showed two doublets for the diastereotopic isopropyl- 
methyl groups invariably over a wide range of concentrations in dichloromethane 
(from 3.2 to 25 wt. 70) at room temperature and in o-clichlorobenzene at ca. loo”, 
above which decomposition occurred predominantly. Thus our observation about 
the isomerization of both I and II seems to suggest, for the first time, a possibility 
of configurational lability of tertiary stibine sulfides. 
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