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Organo(oxinato)antimony(V) compounds of the types RSbCl,Ox, R2Sb- 
Cl,Ox, RsSbClOx and R,SbOx (R = alkyl and phenyl) have been synthesized and 
investigated by spectroscopic (UV, PMR, IR) methods. All the compounds are 
monomeric in benzene. In all the compounds except RsSbClOx (R =alkyl), which 
contains penta-coordinate antimony, the oxinato group acts as a bidentate ligand in 
benzene solution. The compounds RSbClsOx and R,SbCl,Ox are also hexa- 
coordinate in ethanol (100%) and chloroform, but partial or complete rupture of the 
Sb-N coordinate bond in Ph,SbClOx and R,SbOx takes place in these polar solvents. 
The stability of the Sb-N coordinate bond in RjSbOx follows the order of the I-effect 
of the group R. 

Low-temperature PMR experiments show the occurrence of rapid pseudo- 
rotation for hexa-coordinate Me,SbOx in toluene above -70°. At - 100” two 
types of methyl groups can be distinguished, but even at this temperature a !imiting 
spectrum is not obtained. In methylene dichloride rapid pseudo-rotation takes place 
even at - 100”. Similar results are obtained for the - 100” PMR spectra of Me,- 
SbAcac in these solvents. 

The spectral results are used in discussions of the possible configurations of the 
organo(oxinato)antimony(V) compounds. 

INTRODL!CTlON 

Organoantimony(V) compounds of the type R,SbX5_, are interesting from a 
structural point of view’. Compounds in which one of the groups X is a potentially 
chelating organic ligand are of special interest in that the antimony atom has a choice 
between penta- and hexa-coordination. Recently. one group of such compounds, i.e. 
organo(acetylacetonato)antimony(V) chlorides R,SbCI,_&ac (,I = lJ.4) has been 
independently studied by two groups ‘-‘. With the exception of Ph2SbClficac 
(partly penta-coordinate in chloroform solutionJ) such compounds contain hexa- 
coordinate antimony ‘-‘. We have extended our studies to novel organo(oxinato)- 

* For part 1 see ref. 4. 
** Istituto di Chimics Generale ed Inorganica. Universit;i di Prtlermo, Italy. 
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antimony(V) compounds of the type R,SbCl,_,Ox (n= 1-4; R=aIkyI or aryl) and 
herein report the results of these investigations. 

RESULTS AND DISCUSSION 

Preparation 
Organo(oxinato)antimony(V) compounds of the type R,SbOx were prepared 

by treating oxine (%hydroxyquinoline) with R,SbOMe (R=Me, Et’, Bu, Ph6) in 
absolute methanol. Compounds of ihe type R,SbCl,Ox (R = Et, Bu) were obtained 
by the addition of an ethanol solution of oxine to a solution of the corresponding 
dialkylhydroxo(oxo)antimony compound’ in a mixture of 4 N hydrochloric acid and 
ethanol. The methy and phenyl derivatives were easily obtained by treating R2SbC13 

ANALYTICAL AND PHYSICAL DATA FOR SOME ORGA~O(OXWATO)ASTl~I0SS(~‘) CUSWOL’SDS 

Compound 

I_--__-----~ -Ix_....---__- --_- 

M.p. Anal~srP. found (c&cd.) (” ,) Mol.w1. 

(“Cl --_-__--- -_----_-.----. ..- -... __- -. Found 
C w Cl & Sb (C&d.) 

-~~-----__-~_~-~--__-_. _-._.-- -_ - . -_ ._ . _... .- . _ _.._ . 

MeSbCI,Os 14~-t-u (dsc.) 

PhSbCl,Ox X8-232 (dec.) 

MezShCl,Oa 

EtzSbCi20x 

Bu,SbCIZOx 

Ph,SbCllOx 

160-161 

fU)-141 

IO’-10-s 

10%110 

Me,SbClOx 

Et,SbCIOx 

Ph,Sbi7lOx 

143-145 

7S-79 

198-205 

Me&Ox 

Et,SbOx 

Bu,SbOx 

Ph,SbOxc 

SW7 

oil 

72-73 

189-193 

31.66 

(31.01) 
_3Y.x3 

fJo.OW 

36.33 
(35.97) 
?P.79 

{ 39.49) 
45.15 

(45.13) 
_w.60 

(21.3) 

3 I .52 3.62 
(31.62) (3.33) 
36.61 5.55 

(36.3YJ (5.311 
61.09 3.13 

(60.3Y) (3.93) 

4.17 
(J.(U) 
3.X 

(3 61) 
2.75 

(2.70) 

4827 -a.99 4.3s 
(47.85) (5.2-Z) (1.29) 
54.17 7.16 3.54 

(53.42) (6.80) (3.66) 
59.70 8.65 2.35 

(60.74) (8.56) (2.83) 
68.61 1.78 2.50 

(69.01) (4.56) (2.43) 

3.99 
(3.17) 

3 ” 
(3.iGl 
5.53 

(5.32) 
j.37 

(\.26) 

39’ 
(357) 

b 

Xkz 
(3.acr) 
3.v 

(XS) 
530 

(533) 

30s 
(326) 
374 

(382) 

(iii, 
597 

(574) 

a Analyses were carried out at this Institute by Mr. W. J. Buis (C. H. N) and Mr. C. W. Dekker (Sb, Cl). 
’ Not determined due to limited solubility in benzene. c During the course of this study, the preparation 
of hexa-coordinate Ph,SbOx (m.p. 188-190”) has been reported3. 
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(R=Me*. Ph’) with oxine in dry ethanol solution. Similarly, reaction of RSbCl, 
(R=Me. Ph”) with oxine in absolute ethanol afforded RSbCl,Ox. Attempts to pre- 
pare R,$bClOx by reacting R,SbC12 with oxine were unsuccessful. However. these 
compounds were easiiy obtained by treating R,SbC12 with sodium oxinate in dry 
ethanol in a l/l molar ratio. 

All compounds with the exception of Et,SbOx are crystalline solids, which 
except for the colourless Me,SbClOx and Et,SbClOx are yellow. Each of the anti- 
mony oxinates has been found to be monomeric in benzene. 

Melting points, analytical and molecular weight data for the various com- 
pounds prepared are given in Table 1. 

The shift to foneer wavelength of the 320 nm absorption of oxine in the UV 
spectrum of an oxinato%ctal complcs is generally considered to be a reliable 
indication for the presence of a chelating oxine ligand” -13. The UV spectra of the 
organo(oxinato)antimony compounds RSbCl,Ox (R = Me, Ph), RzSbClzOx and 
R,SbOx (R = Me. Et. Bu. Ph) in benzene solution each show an absorption at approxi- 
mately 380 nm (c 1.5-2.3 x 103). We therefore assume that in benzene solution, these 
compounds contain a chelated oxinatc l&and. Noteworthy is the appearance of an 
additional band at 338 nm (E 2.~-2.1 x 103) in the benzene solution spectra of the 
(alkyl),SbOx compounds. This band, which is absent or very weak in the spectra of 
the other organoantimony(V) oxinates, also has been observed in the spectra ofother 
chclatcd metal oxinatcs’ ‘. 

The mapnitudc of the shift of the 320 nm absorption in the UV spectrum of 
chrlatcd osinato complcscs has been correlated with the complex stability’ 2. (6_ also 
ref. 14). The constant position of the oxinatc absorption at approsimately 380 nm 
in all our chclatcd complcscs R,SbCIJ_,Os (rt = 1.2.4) is therefore noteworthy, since 
it can bc reasonably assumed that progressive replaccmcnt of organic groups R by 
chlorine atoms will increase the cffcctivc nuclear charge of the antimony atom and 

Fig. 1. Absmption spectra of KHJ$bOx. The molar extinction coefficient, E, plotted aginst the wave- 
Iength i. (nm); 1 in benzene; 2 in chloroform; 3 in absolute ethanol. 
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hence the complex stability (cf. our PMR results). That the oxinate iigand is indeed 
weakly chelated in R,SbOx follows from the UV spectra recorded in the more polar 
solvents ethanol (lOO”/O) and chloroform. Depending on the nature of R the Sb-N 
coordinate bond is partly or completely broken in these solvents, as indicated by the 
diminished extinction or complete disappearance of the 380 and 338 nm absorptions, 
which is accompanied by the commensurate appearance of the 320 nm absorption 
(see Fig. 1; cf. refs. 14 and 15 for a discussion of the UV spectrum of Ph,SnO% in polar 
soivents). The results shown in Table 2 indicate that the strength of the Sb-N co- 
ordinate bond decreases in the order PhQSbOx > Me,SbOx M Et,SbOx > Bud- 
SbOx, which agrees with the order of the inductive effect of the organic groups R. 

TABLE 2 

INFLUENCE OF SOLVENT POLAFUTY ON THE CONFIGURATION OF R,SbOx COMF’OUNDS 

Compound Coordination in” 

C6H6 CHCI, &HsOH 

Ph,SbOx 6 6 5.6 
Me.,SbOxb 6 5-6 5 
EtSbOx 6 5.6 5 
Bu,SbOx 6 5 5 

a 6: Hexa-coordination, 380 nrn absorption present; 5: penta-coordination, 320 nm absorption present. 
* This compound is hexa-coordinate in toluene and in methylene dichloride solution. 

The UV spectra of compounds RSbClaOx and R,SbCI,Ox are the same in 
ethanol (lOO”A) and chloroform as in benzene solution (single absorption at 380 nm) 
confirming the greater strength of the Sb-N coordinate bonds in these compounds. 
The absence ofany solvent effect on the 380 nm band (a TC-+~E* absorption of the oxine 
ligand16) is noteworthy (cf. e.g. ref. 17b). 

The compounds R$bClOx with R =alkyl (Me or Et) contain a non-chelating 
oxine ligand (single absorption at 320 nm in benzene), whereas Ph,SbClOx contains a 
weakly chelated oxine Iigand (single absorption at 365 run) the Sb-N bond being 
ruptured in absolute ethanol or chloroform. The reflectance spectra of Me,SbClOx 
and Et,SbClOx (broad absorption band with the maximum at 320-330 nm) indicate 
that in the solid state also the oxine ligand is not chelated and that, consequently, the 
antimony atom in these compounds is penta-coordinate. 

PMR spectra 

PMR spectral data of methyl- and ethyl(oxinato)antimony(V) compounds in 
chloroform-d solution (27’) are tabulated in Table 3. Single signaIs were observed for 
the methyl and methylene proton resonances, which appear at progressiveIy Iower 
field upon increasing the number of chlorine atoms at antimony. For the R$bClOx 
and R,SbOx compounds, which the UV data show to contain a non- or weakly 
cheIated oxinate ligand in chloroform solution, the b-values of the signals due to the 
oxinate ligand differ only slightly from those of free oxtie”. However, the spectra of 
the strongly chelated compounds RSbCl,Ox and R,SbC120x show a considerable 
downfield shift of the 2- and &proton resonances (see Table 3). This shift is ssmewhat 
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TABLE 3 

PMR SPEW DATA FOR METHYL- AND ~n(OslNATO)ANTXh~ONY(V) COMPOUNDS IN CHLOROFORhI-d AT 270 

Compound R Chemical shifts (6“) 

CHJ(-Sb) CH,(-CH,Sb) -CH,(-Sb) 2-H(Ox) 4-H(Ox) 

RSbCl,Ox Me 2.86 0.58 8.64 
R,SbCl,Ox Me 2.38 9.36 8.5s 

Et 1.30 2.82 9.31 8.63 
R,SbClOx Me 2.08 8.76 8.23 

Et 1.42 2.45 8.70 8.20 
RISbOx Me 0.98 8.50 8.14 

Et 1.26 1.68 8.39 7.98 
HOx 8.73 8.@+ 

* ppm downfield from TMS. 

greater for MeSbClsOx than for R$bCI,Ox and this might reflect the greater Sb-N 
coordinative. bond strength in MeSbClsOx. 

The UV data for Me,SbOx (Table 2) show the presence of both the chelated 
and non-chelated configuration in chloroform solution. The observation of only one 
sharp singlet due to the methyl protons in chloroform-d at 27O points to a rapid equi- 
librium between stereochemically non-rigid penta- and hexa-coordinate species, As 
appears from the UV data Me,SbOx is hexa-coordinate in toluene. The PMR 
spectrum in toluene-ds shows one sharp signal at 27” (6 0.96 ppm), which broadens at 
-70”. At -SO” the appearance of an additional broad signal is observed. At - 100” 
the spectrum was resolved in two separate signak at 6 1.04 and 0.50 ppm with an 

, , I 

2.0 1.5 1.0 0.5 6 

Fk. 2. Methyl proton mmam spectra of (CH&SbOx in toluene-cl, solution at various temperatures. 
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intensity ratio 3/l (see Fig. 2). This indicates that, whereas at temperatures above 
-7OO rapid pseudo-rotation occurs (cf. ref. 19) at - 100” two types of methyl groups 
can be distinguished. The broadness of the signals suggest that at this temperature a 
limiting spectrum has not yet been obtained_ Moreover, this spectrum would be ex- 
pected to consist of three signals with a 2/1/l intensity ratio (structure A) rather than 
the observed two signaIs with 3/f intensity ratio. In methylene dichloride, in which 
solvent Me&box is also hexa-coordinate, the Ph4R spectrum showed even at - 100” 
one sharp singlet at 8 1.11 ppm, indicating a considerable lower energy barrier for 
pseudo-rotation. 

Me 

A e 

These results prompted us to investigate the PMR spectra of Me,SbAcac4 in 
toluene-da and methylene dichloride at - 100”. The results were consistent with those 
obtained for Me,SbOx. Whereas the PMR spectrum of Me,SbAcac in toluene-& 
at 27” shows one sharp methyl(Sb) resonance at S 1 .Ol ppm, at - 100G two broad, not 
fully resolved signals with an intensity ratio l/l are present at 6 0.86 and 1.15 ppm. 
Apparently, at this temperature the limiting spectrum for structure B (expected to 
consist of two separate signals with l/l intensity ratio) has not yet been reached. In 
methyiene dichloride at -100” pseudo-rotation is still rapid as appears from the 
presence of one sharp methyl(Sb) singlet at 6 1.21 ppm. 

MezSbClaOx, which according to the WV spectrum is hexa-coordinate in 
methylene dichloride, showed in this solvent even at - 100” one sharp singIet at 
8 2.32 ppm. Whether this is due to equivalence of the methyl groups or stiil fast 
pseudo-rotation is obscure. Due to lack of solubility this experiment could not be 
carried out in toluene-ci, solution. 

IR spectra 
The IR spectra of the organo(oxinato)antimony(V) compounds were run as 

TABLE 4 

RELEVAhi INFRARED STRE.TCHING FREQUENCJES OF XIETHYt(OXINATO)ANTIh¶ONY(V) COMPOUNDS IN THE 

650-250 cm- * REGIOh+’ 

Compound Stretching frequencies (cm-‘) 

Sb-C Sb-0 * Sb-Cl’ 

MeSbCl,Ox 545 530 410 315 
Me,SbCl,Ox 576d 520 400 290,270 
Me,SbClOx 56O’*f 515 370 < 2509 
Me,SbOx 535 2 53jk - 497 365 

p The IR spectra of all organo(oxinato)Sb’ compounds show a strong absorption at - 620 cm-‘. b As- 
signment uncertain. ‘v(Sb-Cl) For Me,SbCI, at 275 cm-’ (I$ ref. 20). dEt2SbClzOx: v(Sb-C),,, not 
observed. ‘~(Sb-c),~,,, for Me,SbClz at 577 cm-’ (4 ref. 20). IEt,SbClOx: v(Sb-C),,, 534 cm-‘. gin- 
creased absorption at 250 cm- I. k~~(Sb-C)_,, for Me,Sb+I- at 570 cm-’ (cf- ref. 21). 
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v----y 
497 

800 5x. 500 050 400 350 300 ZclD cm-’ 

Fig. 3. Infrared spectra ofoxine and methyi(oxinato)antimony(V) compounds in nujol between CSI discs. 

solids in KBr in the XlOO-4OO cm- 1 region. Spectra of the methyl derivatives Me, 
SbCl,_ .0x (n = l-4) were also recorded as nujol mulls between Csl discs in the 600- 
250 cm-’ region. The Iatter spectra are shown in Fig. 3. Relevant frequencies are 
listed in Table 4. 

The assignment of the Sb-C stretching frequencies deserves little comment. 
Like Me,SbCl 31, MelSbCl,Ox shows a very weak v(Sb-C),,,.,,. No distinct Sb-C 
absorptions were found in the spectra ofthe butyl derivatives. The phenyl compounds 
show Ph-Sb absorptions at 450-460 cm-‘. 

The spectra of non-chelated Me,SbClOx contains bands at 580 and 48.5 cm- ’ 
which are also present in the spectrum of oxine, but which are notably absent in the 
spectra of the chelated compounds. 

The spectra of ail compounds R,SbCI,_,,Ox show a strong absorption at 
500-530 cm- ’ _ This band which is absent in the spectrum of oxine, but which has also 
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heen observed in the spectra of Sb(OX)322, organotin14*23*24 and other metal 
oxinates” is reasonably assigned to a metal-oxygen vibration. 

The spectra of the methyl derivatives Me,SbCl,_,Ox (n = I-4) show a medium 
intensity absorption in the region 365410 cm-‘. This absorption, like the 500-530 
cm-r band, shifts to lower frequency upon progressive replacement of chlorine 
atoms by methyl groups-An absorption in this same region (380410 cm-l) present in 
the spectra of methyltin oxinates has been assigned by Okawara et ~1.‘~ to the Sn-N 
stretching frequency. The 370 cm-’ band observed in the spectrum of Me,SbClOx 
cannot be due to an Sb-N absorption, since, as appears from the UV data, this com- 
pound does not contain an Sb-N bond. Likewise, the corresponding band observed in 
the spectra of the chelated compounds, is not believed to be due to a pure Sb-N 
vibration. 

DISCUSSION 

Until quite recently the chemistry of mono- and diorganoantimony(V) com- 
pounds has remained largely unexplored. The penta-coordinate haiides RSbX4 and 
RzSbX, are thermally unstable compounds26; only PhSbC1,lo and R2SbC13 
(R = Ph’, Me*) have been reported so far. However, replacement of one chlorine 
atom by a bidentate oxinato or acetylacetonato ‘s4 ligand leads to quite stable com- 
pounds with hexa-coordinate antimony. Increased thermal stability resulting from 
increasing the coordination number of the metal is not uncommon (e.g. R2AurrrX” 
and RTlXt2’ compounds). 

UV, PMR and IR spectroscopy yield .valuable information on the occurrence 
and strength of Sb-N coordinate bonding in compounds R,SbCl,_,Ox, but the data 
do not allow definite structural assignments to be made. Compounds of the type RSb- 
Cl,Ox may be formulated with R in the equatorial (I) (R and 0 either in cis- or truns- 
position) or in the axial (II) position. Structure (I) which based on PMR evidence could 
be unambiguously assigned to PhSbC1&ac2 may be favoured. 

Several structures [e.g. (III)-(V)] are possible for compounds R,SbCl,Ox. 
The presence of one Sb-C and two Sb-Cl stretching frequencies in the spectrum of 
Me,SbCl,Ox and the observation of only one methyl proton resonance at - 100” 
in the PMR spectrum favours structure (IV). The actual structure will probably be a 
cansiderably distorted octahedron. 

Compounds of the typeR$SbCl, are known to possess a trigonal bipyramidal 
structure with the two chlorine atoms occupying axial positions (cj. ref. 28). A similar 
structure (VI) for the non-chelated R,SbClOx ($2 = alkyl) compounds seems plausible 
(cf_ the presence of one Sb-C stretching absorption in the IR). The observation that 
R,SbClOx (R = Me, Et) contrary toR,SbOx compounds are non-chelated in benzene 
solution is rather intriguing, since one would expect the R3SbCl group to be a better 
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acceptor than the R,Sb group. Obviously structure (VII} which would be obtained on 
hexa-coordination of (VI) is unstable. 

%J” ?J> 

,/‘p- 
Cl 

,/i?k$? 
Cl 

(3IJ QZtIJ 

In the absence of more detailed information on the preferred orientation of the 
carbon and hetero atoms in the chefated compounds RSbCl,Ox, R,SbClzOx and 
R,SbOx a discussion of this subject is premature. 

EXPERIMENTAL 

General 
The UV spectra were obtained with a Cary Model 15 Recording Spectrometer, 

using 1 cm cells. Anhydrous benzene, chloroform and ethanol were used as solvents. 
The concentrations of the solutions were such as to give optical densities in the range 
0.1-2.0. 

ZR spectra were run on a Grubb-Parsons Spectromaster for the 5oOO-400 
cm-’ and on a Perkin-Elmer 457 for the 600-250 cm- ’ region. 

PMR spectra were measured as S-10% solutions using a Varian HA-100 spec- 
trometer, Tetramethylsilane was used as an internal standard. 

Molecular weights were measured on 0.2-O-5 y0 solutions in benzene using a 
MechroIab dynamic vapour pressure osmometer. 

Analytical and physical data are given in Table 1. 

Preparation of organo(oxinato)antinlon~(~) compounds 
Methyltriclzloro(oxinato)antinlony. Methytdichloroantimony* 2.7 g (13 m- 

moles) dissolved in carbon tetrachloride (25 ml) was chlorinated at 0” with 0.73 g 
(13 mmoles) of chlorine dissolved in carbon tetrachloride (25 ml). Addition of 1.45 g 
(10 mmoles) oxine in absolute ethanol (25 ml) resulted in the formation of a deep 
yellow solution_ After evaporation of the soIvents and recrystallization from absolute 
ethanol 0.5 g MeSbC130x was obtained.Yield 10%; 

DintethyZdichIoro(oxinato)antirnony. Dimethyltrichloroantimony’ 2.7 g (11 
mmoles) was dissolved in absolute ethanol (25 ml) at 0”. Addition of 1.6 g (11 mmoles) 
oxine in absolute ethanol (25 ml) resulted in the formation of a deep yeliow solution 
from which after partial evaporation of the solvent 2.0 g Me2SbClzOx was obtained. 
Yield 55%. 

DiethykdichZoro(oxinato)antimony. Diethylhydroxo(oxo)antimony’ 0.42 g (2 
mmoles) was dissolved in a mixture of 4 N hydrochloric acid (1.5 ml) and ethanol 
(10 ml). Addition of 0.3 g (2 mmoles) oxine resulted in the formation of a deep yellow 
soIution. After evaporation of the solvents the remaining yellow solid afforded by 
recrystallization from 96% ethanol 0.49 g Et,SbCl,Ox. Yield 62%. 

Trimethylchloro(oxinato)antimony_ Trimethyldichloroantimony 6.0 g (25 m- 
moles) was dissolved in 100 ml absolute ethanol. Addition of 4.2 g (25 mmoles) 
sodium oxinate in 100 ml absolute ethanol resulted in the formation of a pale yellow 
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solution and the precipitation’of 1.4 g NaCI, which was removed by filtration. The 
filtrate afforded after evaporation of the soIvent and recrystallization from absolute 
ethanol 4.5 g Me,SbClOx as a colourless crystalline solid. Yield 54%. 

Phen yltri&loro-, diphenyldichloro-, dibutyldichluro-, triethykhloro- and tri- 
plzerzylclz~oro(oxinato)antifnony. These compounds were isolated by recrystallization 
from ethanol (PhSbCl,Ox, yieId 25% ; Ph2SbC1,0x, yield 47% ; Bu,SbCl,Ox, yield 
67%), benzene/light petroleum (Ph,SbClOx, yield 55%) and light petroIeum (40-60°) 
(Et,SbClOx, yield 51%). 

Tetranzethyl-, terraethyl-, tetrabutyl- and tetraphenyi(oxinato)autimony. These 
compounds were obtained in nearly quantitative yield upon addition of oxine to a 
methanol solution of the corresponding tetraalkyl- or tetraphenyhnethoxoantimony 
compounds. After evaporation of the solvent recrystallization from light petroleum 
(4&60”)afforded yellow crystaIIine compounds (R = Me, Bu, Ph). The ethyl derivative 
appeared,to be a yellow oil at room temperature_ 
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