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that the oils formed after several hours may contain 
mixtures of starting materials and products. Phenylanti- 
mony(lIl) halides that are sufficiently pure for many 
synthetic purposes were obtained when the products 
solidified after standing for several days at or below 
room temperature. Indeed, the lattice energy of the 
crystalline products could be the driving force for the 
completion of the distribution reactions. The purity of 
solid PhSbCI, or PhSbBr, judged by ‘H NMR was 
close to 100%. Solid samples of Ph,SbCl or Ph, SbBr 
contain ca. 5% of impurities (Ph,SbX,, Ph,SbX, 
PhSbX*). Further purification is achieved by crystal- 
lization from CH$I,. 

Both PhSbI, and Ph,SbI were obtained by the ex- 
change reactions (3) and (4) in ethanol. Crystaltisation 
of Ph,SbI from a solution in n-heptane gave crystals 
suitable for X-ray analyses. 

2.2. ‘H NMR spectra 

The ‘PI NMR parameters S (chemical shift) and J 
(coupling constant) of Ph,Sb, PhSbX2, Ph,SbX and 

C1, Br, 1) have been calculated for the 
phenyl protons by iterative simulation, As an example, 
the experimental and calculated spectra of Ph,SbI are 
depicted in Fig. 1. The 8 and J data are listed in Table 
1. The parameter 

S( phenylsntimony compound) - b( benzene) 

demonsrrares the effect of the different substituents. A8 
in brackets in Table 1 and is represented in Fig, 
parent compound Ph,Sb shows that rhe sub- 
effect of an antimony atom is only very small, 
ubstituent effects are observed when the phenyl 

yen atoms gsi Born the 
of compound. nature 
rse effects on mha pro- 

tons on the one hand and meta and purrr protons on the 
ether hand The A6 values of the o&o protons in- 
crease with size of the halogen atom, whereas the A8 
~~~~t~~ of the nterr~ and prc( protons increase with 
etectrowgativity. It is p&ably a corp1?quence of the 

-757--x , , , 4 , I I a 1 , I I 

?.dO 7.36 ppm 

Fig. 1. Experimental (top) and calculated (bottom) ‘H NMR spectm 
(360 MHz) of Ph,SbI. 

inductive effect that the effects in the yam positions are 
smaller than those in the meta p&tons. The largest 
substituent effects are observed in the case of 
antimony(V) compounds of the type Ph,SbX,, where 
inverse sterical and electronegative influences seem to 
add to the constant effect. The coupling constants J are 
in the region of literature data [ 101. They vary only very 
little with the structure. 

As a consequence of the substituent effects, even in 
mixtures containing compounds of the type PhSbX,, 
Ph,SbX and Ph,SbXf, there is no overlap of the artho 
proton signals in the H NMR spectra at 360 MHz and 
hence quantitative analyses are possible. 

Bond distances and angles for Ph,Sbl are collected 
in Table 2. T&b 3 contains the atomic coordinates and 
thr equivalent isotropic displacement coefficients. The 
structure of the molecule and the num 

. 3. The unit cell is depicted in Fig. 4. Thr 
monomeric unit is pyramidal with bond angles between 
93.6’ and 88.7”. The Sb-C and Sb-I bond lengths are 
unremarkable. There are no intermolecular antimony 
iodine distances of less than 430 pm, the sum of van der 
Waals radii of antimony and iodine [11]. Weak inter- 

Table I 
‘ii NMR p&mrnetsrzi 15 amI I of triphenylantimony and pknylantimony bulidcs at 360 Mlla in CDCI \ f&3 in brackets. SCL” text) 

7.453~0.19~ 7.662 

J l,2/4,5 9X 9.61 9.51 7.64 9.64 9.58 7.77 7.99 8.01 8.0 
J 1,3/3,5 IA2 1.24 1.28 I .a0 1.26 1.25 I .27 1.01 I.00 I .o 
J I.SJ%S 0.64 0.56 0.64 0.54 0.54 0.64 0.44 0.55 0.61 0.5 
J I{5 I.31 1.39 I .49 I .37 I .32 I.27 I .&I I .7O I .74 1.7 
J 2,3/3,4 7.54 9.50 7.48 7.50 7.50 7.45 7.47 7.50 7.43 7.5 
J 284 I.33 I .sv 1.44 1.44 1.37 I.27 1.34 I.68 I.62 1.7 
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Ph$b PhpSbX PhSbXZ PhSSbXp 

O 0 O 
0 

0 
0 

0 oriho- x meia- + para-Proton 

Fig. 2. ‘H NMR parameters AS = G(phenylantimony compound) -8(henzene). 

molecular contacts (at 356 and 365 pm respectively) 
exist, however, between antimony and the C(3a) and 
C(4a) atoms of a phenyl group of a neighbouring 
molecule. The structure of Ph,SbI is very similar to the 
structure of Ph,SbBr 131, also with respect to inter- 
molecular interactions. Comparison with the structure of 
PhSbI, [4] shows that increasing phenyl substitution 

Table 2 
Important bond distances (pm) and angles (“1 in Ph,Sbl 

Bond distunws 
I( I LSM I) 277.N 1) 
SKIba11) 213.6(6) 
%MlI-U(I) 2 I X9(6) 
SMI) * * ’ c(h) 356.2 
SMI)*‘~a4a) 465.2 

&mtl cm&&Y 
I( I MN IMY I) !mm I~I)-swI)-c(II) OS.r((2) 
c(l)-styoMxI I) 98,7(2) SMlLCYILC(2) I24.0(4) 
swl)-C~l)-461 ll7.5(4) Qh(l1)-6?ll)=xxl2) ll9.6(4) 
%htI)-~ll~-Ql6) 123.5(4) 

Table 3 
Atomic coordinates f X 10’) and equivalent isotropic displacement 
coefficients (X 10J pm’) 

Atom x Y 1 ‘feq n 
l(l) 1991(i) 4193(I) -739(l) 36(l) 
WI) 2804(l) 1693(l) 4100) 33(l) 
c(I) 426%) 1631(7) - 666W 32(2) 
CI2) 44620) 582(7) - 1571(S) 33(2) 
c(3) 5455(S) 5948) - 2221(6) 39(2) 
c(4) 6239(S) 1649f8) - 1956f6) 42(2) 
c(S) 6066w 2670(8) - 10247) 47t2) 
c(6) 5086f5) 2643(8) - 39St6) 41(2) 
C(II) l832(4) 14Y(7) - 598W 32(2) 
C(l2) 1312W - 97@7) 45(6) 38(2) 
C(l3) 692(j) - 199%X7) - 573(9) 42(2) 
cxl4) SCNM, - 1927(7) - 198%7) 4ti2) 
eClS, lOl5w - 986(7) - 2454f6) 43(2) 
c(l6) l68Ow 226(7) - 18545) 35(2) 

’ Equivalent isotropic Ueo defined as one thiJ of the trace of the 
orthqonalized Uij tensor. 

leads to a reduction of the coordination at antimony as a 
consequence of a lower Lewis acidity. 

3. Experimental section 

For the ‘H NMR spectra a Bruker WH 360 spec- 
trometer working at 360 MHz was used. 

Fig. 3 The molecular structure of Ph~%bl, 

Fig. 4. Unit cell of Ph,Sbl. 



3.1. Prepararions 

The compounds Ph,SbCl, PhSbCl,, PhzSbBr. and 
PhSb& were prepared by complete redistribution reac- 
tions between SbPh, and SbCl, or SbBr, in the appro- 
priate molar ratio in the absence of solvent [l]. The 
iodides Ph,SbI and PhSbI, were obtained by exchange 
reactions of Ph,SbCl or PhSbCl, respectively with NaI 
in ethanol [6]. Single crystals of Ph,SbI suitable for 
X-ray crystallography were obtained by recrystallization 
from n-heptane at -23°C. Oxidation of Ph,Sb with 
SO&I,, Br, or I, gave Ph$bCl, [12], Ph,SbBr, [13] 
and Ph,SbI, [I31 according to known methods. 

3.2. Crystal structure determination 

3.2.1. Crystai data 
C,2H,,ISb; M = 402.9: monoclinic; a = 1213.9(2) 

pm. b = 904.5(2) pm, c = 1101.7(2) pm; p = 90.27(3R 
1209.7(4) %c”, 2 = 4, 0, = 2.212 g cm-‘; p= 

4.870 mm-‘, F(OOO) = 744; space group P2 ,/c; cays- 
tal size 0.9 X 0.4 X 0.4 mmJ. 

3,2.2. Strucr~re derermination 
Data were collected on a Siemens P4 four-circle 

diffractometer at 173 I( with Me Ka radiation, A = 
0.71073 ,& for 6539 reflections in the 20-w mode, of 
which 2791 were independent reflections (a,,,, 
and 2287 were used in the full-matrix least-squares 
refinement with SHELXPL (VMS) [I 41, The structure was 
solved by direct methods for antimony and iodine and 
difference Fourier synthesis rcvceled the positions of 

bon Utoms. Hydroysn ntQmS w4re cslculated RF4 :1 
model with ivstropis U thrirm:rl parnmcrers. After 
rption correction was applied using the prsgrum 

the final R v:~luas were W, * 4,&V% nnd 
U?, 3zz MN+5 and wR = 6.43% for ut1 data), 

ness of fit 1.30, Further detuils of the crystal 
struetwe iavestigutian am be sbtainsd from the Rehin- 
f~ations~~nt~m Kwlsruhc, Gesr?llsshaft fir wis- 
sonschaftlieh teehnisehc Infwmation mbW, D-16344 

nstein-kqxldshafen, Germany, on quoting the 
it number CSD 5W25, the names of the authors 

and the journal citation, 

The Mksbausr spectra were measured with both 
SOUtTe G”‘SnQ, (nominal 0.S mCi> and absorber at 
liquid nitrogen tempr~ture using ~1 plass crysstnt. Ah= 

stxbl?rs. contuinin I540 mp of natural antimony per 
SqUUruZ ccntimetre, we& prepared in u dry-nitrogen 
~l~+box by mixing the uppropriate amount of the 
compound :md silicone gnxss, laced holde:rs with iucite 

Tible 4 
lL’Sb Massbauer Parameters of PhSbX, 

Compound s eQVZZ 
(mm s-’ (mm s-’ 
( f 0.2)) ( f 0.5)) 

PhSbCl, - 12.9 22. I 
PhSbBr, - 13.8 22.9 
PhSbI? - 14.0 22.8 

r 
(mm s-’ 
(kO.1)) 

2.9 
3.0 
2.7 

windows, permitting sample diameters of 18 mm, were 
used. Spectra were computer fitted by a least-squares 
procedure to the sum of 12 Lorentzians. Detailed infor- 
mation on the experimental set-up and data reduction is 
given in a previous paper [ 161. The obtained values of 
the spectroscopic parameters, the chemical isomer shift 
S relative to the source, the ground state yuadrupole 
coupling constant eQV,,, and the full linewidth r are 
given in Table 4. The asymmetry parameter t) was 
always found to be less than 0.1. 
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