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Summary 

The 19F NMR technique has been used to study the ground-state electronic 
effects of univalent organo-antimony and -bismuth substituents in compounds 
of the type (C6Hs),iL1SC6HJF-3, (C6H5),hlSC6H4F-4. (C,H5),SbOC,~F-3, 
(&,H,),SbOC,H,F-4 and (4FC6H4),SbX, where (C,H,),M = (C,H5)2Sb, (C6HS)ZBi 
and (C6H5)4Sbr X = C6H5S, CH,COO, Cl, Br. It has been found that the electron- 
donating effect of the sulphur-containing groups increases in the order: 
(C,H,),SbS C (C6HS)?BiS < (C6H5)&bS, the substituents (C6H5@bS and 
(C6H5)$b0 being the most electron-releasing among the (C6H5)“MS and 
(C6HS)nM0 groups containing heavy non-transition metals. From the viewpoint 
of solvent susceptibility of their electronic effects the (C6H5)2SbS, (C6H5)2BiS 
and (CBHS)JSbS groups resemble the (C,H,),SnS and (CbH5)3PbS substituents, 
and differ from the &H,HgS group, whereas the (C6H5)4Sb0 substituent differs 
in this respect from aLI other (C6Hs),M0 groups. The low conjugating ability 
of the (&H,),SbS substituent and slight influence of steric hindrance upon its 
electronic effect have been explained by the operation of conformationai 
factors. tt has been established that the electronic interactions across the 
antimony-heteroatom bonds are mainly of inductive character and that the 
order of electron withdrawal for the ArSbX substituents can be reversed on 
transfer from an inert to coordinating solvent. 

Introduction 

In a previous paper [l] it has been shown that the ground-state electronic 
effect of the Ar,Sb and Ar,Bi substituents directly bonded to the aromatic ring 
is mainly inductive, its solvent susceptibility being in most cases close to zero. 
The present study was undertaken to obtain quantitative data concerning the 
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ground-state electronic effects of organometailic substituents of the type 
(C6Hs),M0 and (C6H5)nMS (M = Sb, Bi) and their dependence on solvent 
and steric hindrance. The other aim was to elucidate to what extent the nature 
of the ligand on the metal atom influences the electronic effect of the ArSbX 
group and its solvent susceptibility. Also these data were compared with the 
available information on the electronic effects of similar organometaIlic groups 
containing mercury, tin and lead [ 21, and with the electronic influences of the 
OH, CH30, SH and CH$ substituents [3]. As in earlier investigations, the 19F 
NMR technique was used. This is known to be a valuable and sensitive method 
of studying ground-state substituent effects and their dependence on solvent [ 3 1. 

Resufts and discussion 

For this investigation a number of substituted bis(p-fluorophenyl)stibines 
as well as organo-antimony and -bismuth derivatives of m- and p-fluorophenols 
and thiophenols of the type: (4-FCbH4),SbX (X = Cl, Br, OCOCHl, SC6HJF-4), 
Ar,MSC6E4F-3 and Ar,.,iMSC&F-4 (Ar,,M = (C6H5)?Sb, (C6H5)?Bi, (C6H5)$b, 
(C6Hs)$bOC6&F-3 and (C6H5)ASbOC6H,F-4) have been prepared. The 19F 
chemical shifts relative to internal fluorobenzene have been determined for the 
compounds indicated in benzene, chloroform and pyridine. Benzene was chosen 
as a relatively inert solvent from the viewpoint of specific metal solvation, 
chloroform as a weakly acidic solvent capable of forming hydrogen bonds, and 
pyridine as a strongly coordinating solvent. The data on fluorine chemical shifts 
in fluotophenols, fiuotothiophenols and their derivatives are listed in Table 1. 

From the results it can be seen that organometallic substituents of the 
ArzMS type exert a smaller overatl electron-donating effect from the p-position 

TABLE 1 

‘9FCHEMlCAL SHIFTS RELATIV2 TO INTERNAL FLUOROBENZENE (IN ppm) 

Solvent 

Cd.36 

- 078 
- 0.18 

2.38 
- 0.46 
- 0.80 

2.37 
3.17 
7.06 
4.40 
3.96 
1.80 

- 223= 
- 2.13 

1.06 
- 3.3ld 
- 2.89 

1.32 
- 1.33 

CHCI3 CsHsN 

- 0.70 - o.i?o 
- 0.26 - 0.49 

2.59 2.14 
- 0.60n - 0.53 
- 0.900 - 0.75 

2.13 2.39 
2.69 3.91 
7.38 7.06 
-r.lo” 1.75b 
3.5an 4.57 
1.58 3.11 

- 2.53’ - 1.45C 
- 2.38 - 1.47 

0.89 2.47 
- 3.7ld - 2.16d 
- 3.27 - 2.09 

1.79 1.05 
- l.KP - 1.47 
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T.%BLE 1 (continued) 

Compound 
Solvent 

C&b CHC13 C5H5N 

HOC6HqF-3 - 1.10 - lAoa - 0.85 
(Cc,H5hSbOCgHqF-4 16.80 17.20 16.50 
CHJOC~H~F-4 11.58 11.30” 11.50 
HOC,&F-4 11.60 11.10 13.48 

o From ref. 2. ’ From ret, 10.’ For the (4-FC,Hq)+b group. d For the 4-FC6HaSb group. 

relative to those of the HS and CH&3 groups. At the same time, the (C,H,),BiS 
group is more electron-releasing than the (C,H,),SbS group both from the 
m- and p-positions, which apparently indicates a greater polarity of the BI-S 
bond relative to that of the Sb--S bond. Further, the data in Table 1 reveal that 
the fhOtitX shielding increases dramatically in going from the (CbH5)?SbS to 
the (C,H,)A SbS substltuent. The considerably greater electron-donating ability 
of the organometallic substituent containing pentavalent antimony compared to 
that containing trivalent antimony is evidently due to the greater polarity of 
the metal-sulphur bond in the former case. This is in good agreement with the 
available literature data [4, 51. 

A comparison of the present results with the data obtained previously [2] 
shows that the substituents (C,H,),SbS and (C,H,),SbO are the most electron- 
donating among the univalent organometallic groups of the types Ar,MS and 
Ar,MO containing heavy non-transition metals. The introduction of p-fluoro 
substituents into the (C6H5)2SbS group decreases the polarity of the Sb-S 
bond in benzene and chloroform. However, the introduction of fluorine in the 
thiophenol moiety hardly changes the electron density on the antimony atom, 
as evidenced by the comparison of the fluorine chemical shifts in the fluoro- 
phenyl groups on the metal atom for the compounds (4-FC,H,),SbSC,H, and 
(4-FC6&)2SbSC6H4F-4. An appreciable effect is observed in chloroform and 
benzene only in the case of the simultaneous introduction of two Eluoro sub- 
stitueats in the thiophenoi moieties of the compound 4-FC,H,Sb(SC,H,),. 

Considering the solvent influences on the electric effects of organometal- 
\ic substituents, it is appropriate to discuss the behaviour of the derivatives of 
p-fluorothiophenol and p-fluorophenol. For these derivatives the solvent effects 
should be more pronounced due to the competetive conjugation with the 
aromatic ring of the sulphur or oxygen lone-pair electrons and those of the 
fluorine_ The solvent susceptibility of the electronic effect of the (CbH5)+bS 
group, which can be taken, as a first approximation, as the change in fluorine 
chemical shift in (C,Ii,),SbSCbt-&l?-4 on transfer from an inert to a proton-donat- 
ing or coordinating solvent, is close to zero. The behatiour of the (C6H5)2BiS 
group in this respect is different and similar to that of the SH substituent, the 
fluorine shielding decreasing on transfer from benzene to chloroform and 
increasing on transfer to pyridine in both cases. 

The observed difference in the solvent susceptibilities of the electronic 
effect for the (CJ-L),SbS and (C6HS)2BiS substituents is probably associated 



with the different Lewis acidities of the corresponding metals, which can be 
explained by their position in the periodic table. Thus it is known [6] that 
there are two factors determining the variation of the acidity of heavy metals 
atoms h the same group with increasing nuclear charge. On the one hand, the 
decrease in the attraction between the metal nucleus and lone-pair electrons of 
the donor atom, which arises from the increased shielding of the nucleus by the 
inner electron shells, should reduce the acidity of the metal. On the other hand, 
the energy difference between the p and d orbit& decreases with increasing 
atomic number, which should lead to a decrease in energy espenditure required 
for the rehybridization of the metal orbitals accompanying the formation of 
solvated species. From the greater acidity of bismuth relative to antimony, shown 
by the present results, it may be concluded that the latter factor is predominant 
in determining the acidity of these metals. 

The irxrease in electron-accepting properties of the aromatic radicals on 
the antimony atom enhances fhe coordinating ability of the metal considerably, 
since on transfer from benzene to pyridine the fluorine shielding in the thio- 
phenol moiety of the compound (4-FC,&)$bSC6H,F-4 increases by approxima- 
tely one ppm. It is also noteworthy that the increase in electron density on the 
antimony atom upon specific solvation is transmitted to the fluorine atoms of 
all three aromatic rings with approslmately the same efficiency. T’nis apparent- 
ly arises because the transmission of solvation effects to the fluorine atoms of 
the (4-FCsHA)$b group proceeds only inductively [l], whereas the transmission 
of these effects to the fluorine atom of the SC6HJF-4 moiety is enhanced in 
addition by the conjugation of the suiphur lone-pair electrons with the aromatic 
ring. A similar situation has been met previously in the case of 4-FC6HGHgSC6HJF-4 
[ 21. Finally, the decrease in fluorine shielding in (C6H5),BiSC6H,F-4 on going 
from benzene to chloroform may be connected with hydrogen bonding between 
chloroform and the sulphur atom, which corresponds to the greater polarity of 
the Bi-S bond relative to that of the Sb-S bond. 

From the data obtained in the present work and the greater electronegativi- 
ty of oxygen relative to tk.at of sulphur [7] it may be expected that the polarity 
of the metal-heteroatom bonds and the partial positive charge on the metal 
atom WiIl increase in the suktituent order: (C6H5),SbS < (C6H5)qSbS < (C6H,)JSb0. 
This should have led to an increase in coordinating ability of antimony in the 
same sequence, due to the greater attraction of the donor lone-pair electrons 
and reduced energy of the vacant d orbitals, facilitating sp3d hybridization upon 
salvation [S]. However, the data in Table 1 indicate that the substituents 
(C,H,)$bS and (CbH5)G3b0 possess practically no solvent susceptibility of 
electronic effect. This is probably connected with the steric hindrance produced 
by the four phenyl groups, which inhibit the approach of solvent molecules to 
the metal atom. It should be noted that the above factor cannot be responsible 
for the lack of coordinating ability of antimony in the (CgHs)$bS group, since 
the inspection of molecular models shows that in (C6H5)2SbSC6H4F-4 the ap- 
proach of solvent molecules to the metal abom is not hindered by the ligands. 
Ln general, it should be concluded that from the viewpoint of solvent suscepti- 
bility of their electronic effects the (CBH,),SbS, (C6H5)-1SbS and (C6H,)2BiS 
groups are similar to the (C6H5)$nS and (C6HS)3PbS subsiituents, but ciiffer- 
ent from the CbHSHgS group [2]. At the same time, the (CsHs)JSbO substituent 
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TABLE 2 

INDUCTIVE .4ND RESONANCE PARAhlETERS OF SUBST!TUENTS 

Substituent 
01 

CbHg CHC13 Cc_HdN 

aoR 
CbHb CHC13 C.jHsN 

(CbHs)$bS 
(CbH j)zBtS 
(Q,H&SbS 
CH3S 
HS 

(C,H~)aSbO 
CH30 
HO 

0.19 0.18 0.11 -0.11 -0.10 -0.09 

0.11 0.12 0.02 -0.11 -0.10 -0.15 
-0.25 4.18 -0.22 -0.16 -0.16 -0.17 

0.15 0.17 0.16 -0.17 -0.16 -0.14 
0.20 0.23 0.19 -Q.16 -0.15 -0.1-i 

-0.10 -0.17 -0.06 -0.53 -0.52 -0.53 

0.27 0.28 0.29 -0.43 -aA3 -O.-i:-1 

0.3-l 0.59 0.20 -O.-l3 -O.-z2 -O.-l8 

contrasts sharply in this respect with the (C,H,),SnO, (C;,H5)J?b0 and C6HSHg0 
groups [2]. 

In order to obtain quantitative characteristics of the electronic effect of 
the substituents studied, thz v;dues of oI and o: were calculated from the fluorine 
chemical shifts by using the Tzft equations [9, lo]. These values are given in 
Table 2 together with the corresponding data for the HO, HS, CH30 and CH3S 
groups, partly determined in the present investigation and partly taken from 
the literature 12, 9, lo]. Inspection of Table 2 shows that substitution of the 
(C,Hj),Sb group for hydrogen in the HS substltuent reduces the electron-accept- 
ing inductive effect of the latter. The mesomeric electron-donating effect of the 
(CbH5)2SbS group turns out to be considerably smaller than those of the HS 
and CH3S substituents. On the basis of the inductive effects of the (C6H5)$bS, 
CH$ and HS g-roups, it might have been espected that the conjugating abilities 
of these substituents should have been comparable. The opposite situation 
actually observed can be esplained by the possible operation of the following 
factors. First, with the (&H,),SbS substituent, the d,-p, conjugation between 
the sulphur lone-pair electrons and metal vacant orbitals is theoretically possible, 
and this may impede the p,,-p7 conjugation of sulphur electrons with the 
aromatic nng. Secondly, the conformational effects, which will be discussed 
below, may play a substantial role. 

The introduction of the (C,H,),Bi group instead of hydrogen reduces the 
electron-accepting inductive effect of the HS substituent in all solvents to a 
greater extent than does the introduction of the (C6H5)$b group, due to the 
greater polarity of the Bi-S bond compared to that of the Sb-S bond. The 
conjugative electron-donating effect of the (C6HS)2BiS substituent turns out 
to be smaller than that of the HS group in all solvents except pyridine. The 
reduced conjugating ability of this substituent in benzene and chloroform can 
be determined by the same factors, as in the case of the (CbH5)$bS group, 
which are counterbalanced in pyridine by the effect of the metal solvation. 

Tha data of Table 2 reveal that substitution of the (C6H5)4Sb group for 
hydrogen in the HS and HO substituents produces a great change in the eiectron- 
ic effects of these groups. In contrast to the HS, CH3S, HO and CH,O groups, 
the values of (11 become negative, indicating the electron-donating inductive 
effect of the (C6H5)$bS and (C6H5)Sb0 substituents, while the conjugating 
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TABLE 3 

lgF SCS VALUES FOR SUBSTITUENTS IN CHLOROFORM (IN ppm) 
- 

Compound Substilusnt scs 

(c,$-I5)$bSc,+~F-~ (‘+,H5):SbS 
Cf-i$%&HqF-4 CH3S 
HSCdH4F-4 HS 
(C6H5)?SbSC6H2(CH3)2.2.6-F--I u&H5@bS 
CH 3SC6H2(CH 312-!2.6-F-4 CHJS 

HSC,H2(CH3)~-2.6-F-1 HS 

2.13 
4.10= 
3.500 
0.12 

-l.loa 
3.00a 

p Taken fzom ref. 1% 

ability also increases in the latter case, being close to that of the HS and CH3S 
groups in the former. The difference between the mesomeric behaviour of the 
above substituents and that of the (C,H5)$bS group can be explained by the 
greater polarity of the (C6H5)4Sb--X bonds relative to that of the (C6H5)$b-x 
bonds. This cancels or outweighs the influence of the conformational factors 
to be discussed later. 

In order to obtain evidence concemmg the influence of steric hindrance 
produced by inert substituents in the positions 2 and 6 of the benzene ring 
upon the electronic effect of the (CaHS),MS groups, we have studied the 
(C6H5),Sb denvative of 2,6-&methyl-4fluorothiophenol. Unfortunately, we 
failed to prepare the corresponding (C,H,),Bi and (C,H,),Sb derivatives due to 
their instability. The 19F SCS values for the (C6H5)$bS, HS and CH$ groups 
in the above compound, its analogue without o-methyl substituents and the 
corresponding fluorothiophenols and fluorothioanisoles in chloroform are listed 
in Table 3. inspection of the results reveals the following regularities. 

The introduction of two methyl groups in the positions 2 and 6 to the 
(C,H,),SbS substituent !eads to a decrease in the 19F SCS value for this group 
which is observed in (C6H5)$bSC6H4J?-4. This enables us to suppose that the 
(C6H5)$b group is twisted away from the plane of the thiophenol ring, due to 
nonbonded interactions between the metal atom and the CH3 groups, which 
reduces the conjugation of the lone-pair sulphur electrons with the aromatic 
ring. The change in the 19F SCS for the (&H,)$bS substituent on introducing 
o-methyl groups is close to the corresponding changes in the 19F SCS values 
for the C6H5HgS, (C6H5)3SnS and (C6H5)3PbS groups, somewhat greater than 
that for the HS substituent, and practiklly twice as low as the change in the 
“F SCS value for the CH$ group [ 11,12]. The data obtained appear to indicate 
that the phenomenological St&C requirem?ntS of the C6H5Hgr (C6&)$n, 
(C6HS)aPb and (C6H5)$b groups involved in nonbonded interactions with 
o-methyl substituents are approximately equal, being at the same time smaller 
than those of the CH; group. The equality of the steric requirements of these 
organometailic groups is associated with the fact that in the organometallic 
derivatives of 2,6climethylthiophenols the steric interactions are mainly deter- 
mined by contacts between the metal atom and CH3 groups [ 131 in which the 
aryl radicals on the metal do not participate. 

In connection with some new information on this point, it shouid be point- 
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ed out that the small changes in the 19F SCS values for the (C,HS),hlS groups 
upon introduction of o-methyl substituents may arise from conformational 
effects, rather than from small steric requirements of the (C6H5),M groups, as 
has been suggested previously [ 1 2; Thus, it has been found [ 141 that in tri- . 
phenyltin 2-methylthiophenoxide, in the crystalline state, the angle between 
the C-S-Sn plane and that of the thiopheno! aromatic ring is 80”. Assuming 
that the angle of roiation around the C-S >ond is determined mainly by the 
intramolecular factors, rather than by the crystal packing effects, it may be sup- 
posed that already in the preferred conformation of the organometallic derivativ- 
es of p-fluorothiophenol, in solution, the angle between the C-S-M plane and 
that of the thiopheno! ring is closer to 90” than to 0” due to nonbonded 
repulsive interactions between the metal and o-hydrogen atoms. This factor 
should inhibit conjugation of the lone-pair sulphur electrons with the ring even 
in the absence of two o-methyl substituents and may be responsible gor the 
reduced conjugating ability of the (C6HS),SbS group and slight influence of 
o-methyl substituents upon the electronic effect of the (C6H5),MS groups. 

The greater change in the electronic effect of the CH$ group upon intro- 
ducing o-methyl substituents, as evidenced by the 19F NMR data, suggests that 
in the predominant conformation of p-fluorothioanisolz the angle between the 
C-S-C plane and that of t!le aromatic ring is closer to 0” than the correspond- 
ing angle in tile organometallic derivatives of p-fluorothiophenol, the conform- 
ations corresponding to the coplanarity of the above planes being sufficiently 
populated. It may be supposed that the differences in the conformational 
behaviour of the CH3S and (C,H,),MS groups, which seem to exist despite the 
similarity in the values of the effective Van der Waals radii of the CH3 group 
[15, 161 and heavy metal atoms 113, 15, 171, are due to the anisotropy of the 
Van der Waa!s radius of the CHx group and synchronous rotation of the CH3 
and CH3S groups. 

Thus, the minimal Van det Waals radius of the CH3 group, which corres- 
ponds to the contacts in the direction of the bisector of the H-C-H angle, is 
1.7 A and different from the effective Van der Waals radius (2.0 A) of the CH, 
group [ 181. As a result, v&h the synchronous rotation of the CH,S group 
around the S-C9, bond and of the CH3 group around the C-S bond, the non- 
bonded repulsive interactions between the o-hydrogen atom and the CH3 
group in the eclipsed conformation may occur in the direction of the minima! 
Van det Waals radius of the latter. In this case the steric hindrance in the 
eclipsed conformation of p-fluorothioanisole wi!l be smaller and the popuIation 
of this conformation greater than in the case of contackinvolving the maximal 
or effective Van der Waals radius of the CHS group, which correspond to the 
asynchronous rotation of the CH3 and CH,S groups. In contrast, for the 
(C6H5)nMS substituents such a possibility is ruleJ out, since Van der Waa!s 
radii of atoms appear to be isotropic in the directions perpendicular to the 
valence bonds of the corresponding atom [ 151. The final solution to this problem 
can be obtained only after an electronographic investigation of thioanisoles and 
organometallic thiophenoxides of the type R,MSAr in the vapour phase. 

The last part of the present study was concerned with the inf!uence of the 
ligands on the metal atom upon the electronic effect and solvent susceptibility 
of the elctronic effect for the ArSbX groups, and involved investigation of the 
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TABLE 4 

19F CHEMICAL SHiFTS RELATIVE TO INTERNAL FLUOROBENZENE (IN PP~) 

Compound 
Solvent 

Cbf46 CHCij CjHjN 

<4-FCbH4)2SbCI -3.15 -3.7i -0.48 
@--Fc6h’4)2SbBr -3.17 -3.68 -0.6-I 
(+FG,H~)~S~OCOCH~ -2.82 -3.34 -1.01 
(4-Fc6H~):SbSCbHs -2.13 -2.38 -1.47 

(4F&&)$bX compounds_ The data on the fluorine chemical shifts in the 
corresponding systems are given in Table 4. A consideration of the results 
reveals the following regularities. The solvent susceptibility of electronic 
effect for the ArSbX substituents, in which the antimony atom is directly bond- 
ed to a heteroatom, is rather large and much greater than that of the Ar$b 
groups [ 11. The fluorine shielding diminishes on transfer from benzene to 
chloroform and increases in going from benzene to pyridine. In the former case 
this probably arises from hydrogen bond formation between the solvent and 
the anionic part of the molecule, whereas in the latter the specific salvation of 
the antimony atom apparently takes place. This interpretation is supported by 
considerably smaller changes in the fluorine shielding for (4-FC6H3)$b on 
transfer from chloroform to pyridine [ 11, despite the similarity in molecular 
geometry between this compound and substituted his@-fluorophenyl)stibines. 
According to the changes in the fluorine shielding on passing from benzene to 
pyridine, the coordinating ability of antimony changes in parallel with the 
e!ectron-accepting ability of the ligand on the metal atom. 

As can be seen from Table 4, introduction of the 4-FC,H,SbX substituents 
into the aromatic ring deshields the fluorine nucleus, the electron-withdrawing 
properties of such groups being rather pronounced. On the basis of the fluorine 
chemical shifts in chloroform and benzene, it can be concluded that the 

electron-withdrawing effect of the ArSbX groups in these solvents increases in 
the order: C!,H,S < CH,COO < Br < Cl. It is interesting to note that in pyridine 
a reversed order of electron-accepting ability of the ArSbX substituents is observ- 
ed: CI < Br < CH,COO < C6HSS, which evidently results from specific solvation 
of the metal atom. The observed behaviour of the electronic effect of the ArSbX 
groups seems to be a specific feature of organoantimony substituents, since the 
reversal of the order of electron-withdra.waI on transfer from an inert to a 
coordinating solvent has not been observed for mercury and organotin substi- 
tuent-s [ 19,29]. 

If the assumption is made that the interaction across the Sb-X bonds 
proceeds, as in the case of the Sb-Ar bond [ 11, mainly in inductive fashion, 
then it may be expected that the influence of the ligands on the metal atom 
upon the electronic effect of the ArSbX group will be de’termined by their 
inductive parameter ol_ In this connection the fluorine chemical shifts in com- 
pounds of the type (4-FC6&)2SbX were plotted against the ur values for the 
tigands on the metal atom, taken from the papers of Taft and Char-ton [9,21]. 
A good straight line was obtained (Fig. 1, Table 5). The esistence of a good 
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TABLE 5 

PARMlETERS OF THE CORRELATION EQUATION 0~ = PO, + C FOR THE COMPOUNDS 
(4-FC6Ha)2SbX IN CHLOROFORM=. b 

n P c %J 

5 -8.13 -0.02 0.33 

SC s r CL 

0.14 0.35 0.99 99.9 

LI The value Of OF for X = CeHs was calculaled from tie data for (4-FC6Ha)JSb and (C6Hs)zSbC6HAF-4 
[ 11 by usmg an additive scheme. b n = number of pomts; r = correlsrion coefficient: S = tindard error 

of tbe estunate; Sp = standard error of rbe coeffwwol p. SC = standard en‘or of Ibe coefficient C; CL = 
confidence level Ior significance of corretauon. 

linear correlation between the fluorine chemical shifts for the compounds 
(4FCJ&),SbX in chloroform and inductive parameters of the ligands indicates 
that the interactions across the Sb--X bonds are in fact mainly of inductive 
character. This observation lends further support to the conclusion that the 
reduced conjugating ability of the (ChHj)2SbS substituent arises from conforma- 
tionxl effects associated with the twist of the C-S-Sb plane from coplanarity 
with the thiophenol ring, rather than from d,-p, bonding between antimony 
and sulphur. 

Esperimental 

General 
The 19F NMR spectra were recorded at 34” using a Hitachi-Perkin-Elmer 

R-20 spectrometer operating at 56.4 MHz. All the measurements were made for 
diluted solutions at concentrations not greater than 0.2 42. The determination 
of the fluorine chemical Gifts by the substitution method has been described 
elsewhere 1221. The experimental standard error of the fluorine chemical shifts 
was not greater than t- 0.1 ppm. The solvents were purified by conventional 
procedures. Benzene was distilled over sodium before use, chloroform over 
phosphorus pentoside and pyridine was distilled over potassium hydroside and 
dried over moleclrlar sieves (4 A). The purity of the solvents was checked by 
Pnm. 

Fig. 1. Plot of Lhe f9F cbermcal sbxfts for Lha coopounds (CFC6H4)2SbX in chloroform versus the aI 
values of the group on the metal atom: 1. C6Hs; 2. SC6Hs; 3.OCOCH3; 4. Br; 5. Cl. 
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TABLE 6 

PHYSICAL PROPERTIES AND ANALYTICAL DATA OF ORGANO-ANTIMONY AND -BISMUTH 
COMPOUNDS 

Compound 
Yield h1.P.o 
(5) (OC) 

Rfb 

Adyss found 

(calcd.) (k) 

C H 

99 79-80 

99 89.90 

79 od 

80 48.49 

90 OLJ 

64 Oil 

78 107-108 

8-? 120.121 

100 73.79 

80 13-f-135 

8-f 130.131 

82 139-l-11 

88 159-160 

4 120.121 

66 50.52 

0.4 

0.4 

0.6 

0.6 

0.7 

0.6 

0.5 

0.7 

0.7 

0.7 

0.7 

0.1 

0.6 

- 

43.98 3.05 

(44.09) (2.88) 
43.84 2.95 

(44.09) (2.88) 
53 96 3.56 

(53.63) (3.5C) 
53.37 3.58 

(53.63) (3.50) 
51.54 3.11 

(51.33) (3.11) 
48.99 2.51 

(49.21) (2.7 1) 
49.2-f 2.70 

(49.68) (3.23) 
45.89 2.53 

(45.89) (2.57) 
55.24 3.95 

(55.72) (4.21) 
64.28 A.21 

(64.66) (4.31) 
64.61 4.13 

(64.66) (4.34) 

66.16 a.35 

(66.58) (4.47) 
66.29 1.36 

(66.58) (1.47) 
44.72 2.99 

(45.33) (2.99) 

36.58 1.94 
(36.78) (2.06) 

o Tbe compounds melt with decompontlon. ’ A mL’tture of petroleum ether and acelone (6/l) wasused 
as eluent. 

in 75 ml of concentrated hydrochloric acid was added, with cooling and 
vigorous stirring. The pale yellow precipitate formed was filtered, washed with 
2% hydrochlcfic acid, ethanol, ether and dried to give 100 g (60%) of the 
double diazonium salt. 

25 g of zinc dust was placed in a four-necked flask equipped with a stirrer, 
reflux condenser and thermometer. After addition of 300 ml of hot ethyl 
acetate, 100 g of the double diazonium salt was added in small portions with 
vigorous stirring. The solvent began to boil and a vigorous decomposition of the 
salt occurred. After the evolution of nitrogen had ceased, the reaction mixture 
was filtered and the filtrate evaporated under vacuum without heating. The 
residue was washed with 50 ml of 5 N hydrochloric acid and then with 25 ml 
of the same acid. The residue was dissolved in a five-fold volume of ethanol, and 
the resulting solution cooled with ice and the precipitate formed was filtered. 
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The tfikrate was poured into a mixture of 5% ammonia and crushed ice, with 
stirring. The precipitate formed was washed repeatedly with water and then 
treated with ether. After filtration the ethereal solution was evaporated, afford- 
ing di@-fluorophenyl)stibinoxide as a red oil. This was treated with acetic acid 
to give 6.9 g (4%) of a white crystalline solid, m.p. 120-121”, after recqstalliza- 
tion from acetic acid. 

Di(p-fiuorophenyl)bromostibine 
2.0 g (6 mmol) of di@-fluorophenyl)acetosystibine was dissolved in 10 ml 

of hot acetic and then rapidly cooled to room temperature. An escess of 48% 
hydrobromic acid was added to the resulting solution, leading to the separation 
of a pale brown oil which crystallized on standin g. The resulting solid was filter- 
ed with suction and dried in vacuum over NaOH and PZ05, affording 1.6 g (66%) 
of crystals. Attempts to find a solvent for recrystallization failed. 

Tetraphenylantimony p-fiuorophenoxide 
A mixture of 1.1 g (2.5 mmol) of tetraphenylantimony methoside [25] 

and 0.28 g (2.5 mmol) of p-fluorophenol in 25 ml of dry benzene was refluxed 
for 2 h. The solvent was removed under vacuum to give 1.2 g (88%) of a solid 
which formed colourless crys+As after recrystallization from octane. 

Tetraphenylantimony p-fiuorothiophenoxide 
A mixture of 1.1 g (2.5 mmol) of tetraphenylantimony methoside and 

0.32 g (2.5 mmol) of p-fiuorothiophenol in 25 ml of dry benzene was refluxed 
for 2 h. After evaporation of the solvent, 1.3 g (84%) of a colourless solid was 
obtained which was recrystallized from octane. 
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