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Summary

The exchange reactions between substituted thiophenols and their
(C¢Hs).Sb and C¢HsHg derivatives are slow on the PMR time scale in chloroform.
The corresponding equilibrium constants indicate that the strength of the virtual-
ly chelate rings involving the (C¢Hs).Sb group is lower than those of the chelate
rings involving the CsHsHg group or hydrogen. :

Results and discussion

The PMR spectrum of an equimolar mixture of (CsHs),SbSC¢H; (I) and
CsH;HgSC-H;(CH;),-2,6 (II) in CHCIl; solution (0.1 M in each of the compo- -
nents) show two CH; group resonances, one of which (2.63 ppm downfield
from TMS) corresponds to the starting compound (II) and the other (2.41 ppm
downfield from TMS) fo (CsHs).SbSCsH3(CHs),-2,6, (III). These data show that
in CHCl; solution a metal—metal exchange reaction of the type shown in egn.
(1) occurs. The exchange is slow on the PMR time scale. Equilibrium is estab-

(CGHs)zsb805H5 + CGHngSCGH3(CH3)2-2 6 CGHSHgSCGHS ' ’ (1)
+ (CGHS)ZSbSCGHs(CHs)z-Z 6

hshed rapidly on mixing the reactant solutions, the same ethbnum posxtxon
being attained i in the reaction between (III).and C¢HsHgSC¢Hs. Integration of
the CH; group peaks of (II) and (III) in the spectra of the reaction mixtures
made it possible to determine the equ]hbnum constants for the exchanges be- -
“tween (C¢Hs),SbSAr and (II).

. As can be seen: from Table 1, the equlhbnum constant for the exchange .
reaction between (I) and (II) is equal to unity, showing that the steric require-
ments of the CﬁHng and (CGHs)sz groups are practically the same in the sys- -
tems studied. Introduction of 3-Cl or. 4-(CH,3),N substituents into the CGHSS X
mmety shlfts the equlhbnum only shghtly These results mdlcate that. stenc or ..
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) TABLE 1 : - .
- EQU‘,(LIBRIUM CONSTANTS FOR 'n—n-: EXCHANGE REACTIONS IN CHLOROFORM AT 34

: Heactants o i o ‘ K
,’Csusﬁgscsﬂa(CHa)z-z.s + (CgHs)2SbSCgHs . ) : 1.0
' C¢HsHgSCgH3(CH3)2-2,6 + (CgHs5)2SbSCgH4CI-3 0.77

- 'CeHsHgSCgH3(CH3)2-2,6 + (CgHs5)2SbSCgH4N(CH3)2-4 0.59
- CeHsHgSCgH3(CH3)2-2,6 4+ (CgHs)2SbSCgH40CH3-2 . 6T

CeHsHeSCgH3(CH3)2-2.6 .. +-(CeHs5)28SbSCeHgNO2-2 - - - - 1.4
CsHsHgSCgH3(CH3)2-2,6 = + (CgHs5)2SbSCgH4F-2 2.6
CeHsHgSCgH3{CH3)22,6 + (CeHs5)2SbSCgH4Cl1-2 . 2.4
CgHsHgSCgH3(CH3)22,6  + (CgHs)2SbSCgH4Br-2 4.0

_ (CgHs)2SbSCEH3(CH3),-2.6 + HSCgHs - _ 3.9

- (CgHs)2SbSCEH4CH;3-2 + HSCgHjs 2.3
(CeH5)2SbSCgH3(CH3)2-2,6 + HSCgH3Cl12-3.5 = . : 4.1
(CH35)2SbSCgH3(CH3)2-2,6 + HSCgHgN(CH3)2-4 5.4

© (CgH5)2ShSCsH3(CH3)2-2.6 + HSCcH40CH3-2 2.9

. (CeHg)2SbSCgH3(CH3)2-2,6 + HSCgH4NO3-2 0.49
(CH5)2SbSCgH3(CH3)2-2.6 + HSCgH4F-2 1.4
(CeHs)2SbSCgH3(CH3),-2,6 + HSCgH4CI-2 : 1.1

.- (CeHs)2SbSCgH3(CH3)2-2,6 + HSCgH3Br-2 1.0

- polar effects of substituents have no apprec1able influence on the position of
the equilibrium.

The introduction of ortho-substituents contammg lone electron pairs leads
to a pronounced displacement of the equilibrium in favour of the ortho-substi-
tuted phenylmercury thiophenoxides. The equilibrium constant increases in the
order: F ~ Cl < Br < OCH; < NO,. This can be explained by the greater strength
of intramolecular coordinate bonds with the C; HsHg group [1] than with the
(C6H5)ZSb group [2] in the organometalhc derivatives of o-substituted thiophen-
ols. ,

Equilibrium constants for the exchange of (II1) with substituted thiophen-
ols (egn. 2) which is also slow on the PMR time scale, indicate that the equilib-

(CsHs),SbSCeH;(CH;),-2,6 + HSAr = HSCgH;3(CH;),-2,6 + (CsHs),SbSAr  (2)

rium is only slightly influenced by the polar effects of the 4-(CH;),N and 3,5-Cl,
substituents. The non-randomness of the equilibrium for the exchange of (III)
“and (C¢Hs).SbSC-H,CHs -2 (IV) with CsHsSH arises from the increased steric re-
quirments of the (C¢H;),Sb group compared with those of hydrogen. ortho-Ha-
logen substituents decrease the equilibrium constant by a factor of approxima-
tely 4, whereas according to the Van der Waals’ radii for the halogen and methyl
-substituents [3] and the data for (I1II) and (IV), it should have been reduced
.only two-fold in the case of non-bonded interactions with the ortho-substituents.
This may be a consequence of the greater strength of the internal hydrogen bond
in ortho-halothlophenols [41] relative to that of the intramolecular coordinate
“bond mvolvmg the (CsHs):Sb group. A further decrease in equilibrium constant
with an 0-NO; group demonstrates the increasing difference in the strengths of
the chelate rings involving hydrogen- and the (C¢Hs).Sb group on passmg from"
the flve—membered to sixmembered nng, whereas in the case of the o- CH3O
.g;roup the strengths of the chelate nngs appear to be comparable. :
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Experimental

PMR spectra were recorded on a Hitachi—Perkin—Elmer R-12.spectrometer
at 834°. 0.1 M solutions of reactants were used, the error in equilibrium constants
being not greater than + 10%. The diphenyl(arylthio)stibines and phenylmercury
thiophenoxides studied in the present communication were prepared by the ac-
tion of [(C¢Hs),Sb],0 and C;H;HgOH on the corresponding thiophenols and
were characterized by their melting points, Ry ’s and analytical data.

References

1 D.N. Kravtsov, B.A. Kvasov, L.S. Golovchenko, E.M. Rokhlina and E.I. Fedin, J. Organometal. Chem.,
39 (1972) 107.

2 H.A. Meinema and J.G. Noltes, J. Organometal. Chem., 25 (1970) 139.

3 A. Bondi, J. Phys. Chem., 68 (1964) 441.

4 T. Kobayashi, A. Yamashita, Y. Furuya, R. Horie and M. Hirota, Bull. Chem. Soc. Japan, 45 (1972)
1494.



