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SUMMARY 

Organoantimony(II1) derivatives of the types RSbX, and R,SbX in which 
X represents a iV,N-diethyldithiocarbamate, N,N-diethylcarbamate, oxinate or 
tropolonate ligand have been synthesized and investigated by spectroscopic (IR, 
UV) methods. In the RSbXz compounds (R=phenyl, alkyl) the ligand X appears to 
be bidentate both in the solid state and in solution making the antimony penta- 
coordinate. The compounds RSbOxz are exceptional in that dissolution in benzene 
or chloroform causes rupture of the weak coordinate Sb-N bond. Compounds 
R$bX, in which R=alkyl, spontaneously disproportionate into a l/l mixture of 
R,Sb and RSbXz. That the redistribution equilibrium lies completely to the side of 
RSbXz is connected with the much reduced electrophilic reactivity of RSbX, as a 
result of pentacoordination. In contrast, compounds of the type Ph,SbX appear to 
be stable. A four-coordinate structure is observed in the solid state, but three-coordina- 
tion appears to be preferred in solution_ 

INTRODUCTION 

There has recently been increasing interest in organoantimony coordination 
chemistry, and two groups have studied the preparation and properties of a series of 
hexacoordinate organoantimony(V) acetylacetonate’ - 3 and oxinate4*5 complexes. 
So far, however, the field of organoantimony(II1) coordination chemistry has remained 
unexplored. Compounds of the types R2SbX and RSbXz in which the group X is a 
potentially bidentate ligand are of special interest in that the antimony atom has a 
choice between three- and higher coordination, and so, we have studied the prepara- 
tion and properties of a series of organostibines, R,SbX and RSbX, in which R 
represents an alkyl or phenyl group and X a potentially chelating organic ligand. 
The present paper presents our results on organoantimony(II1) compounds containing 
N,N-diethyldithiocarbamate,W N,N-diethylcarbamate, oxinate and tyropolonate 
ligands. 

* Part V in the series “Investigations on Organoantimony Compounds”. For Part IV see ref. 6. 
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RESULTS AND DISCUSSION 

Preparation 

Recently we prepared a series of (diethylamino)organostibines, R,SbNEt, 
and RSb(NEtJz6. These compounds appear to be eminently suitable as starting 
materials for the preparation of other R$bX and RSbX? derivatives. 

The insertion of CS, or COz into the metal-nitrogen bond of organometal- 
amines has been widely applied as a route to organometal-substituted dithiocarbam- 
ates and carbamates (for a recent review see ref. 7). Bis(N,N-diethyldithiocarbamato)- 
alkyl- and -phenylstibines and the corresponding bis(N,N-diethylcarbamate) 
derivatives were prepared in quantitative yield by this type of reaction: 

RSb(NEt& +2 CX2 - RSb[XC(X)NEt,], (R=phenyl or alkyl; X= 0 or S) 

The corresponding reactions of Ph,SbNEt? afford the expected diphenyl- 
stibine derivatives : 

Ph,SbNEt, + CX2 - Ph,SbXC(X)NEtz (X = 0 or S) 

However, the dialkylstibine derivatives show abnormal behaviour in that they 
are apparently unstable and spontaneously disproportionate into a l/l mixture of 
trialkylstibine and RSbptC(X)NEt,12 : 

2 R,SbNEt,+2 CXI - RSb~C(X)NEt2]1+R3Sb (R=Me, Et or Bu; 
X=0 or S) 

Attempts to prepare other RSbX2 and R,SbX derivatives via acidolysis of 
RSb(NEt,), or R2SbNEt2 compounds with monoprotic bidentate ligands gave 
similar results. RSb(NEt& (R= Ph or alkyl) and Ph$SbNEt, afforded the expected 
products upon reaction with 8-hydroxyquinoline (o&e) or tropolone : 

RSb(NEt& + 2 HX - RSbXz+2 HNEt, 
Ph,SbNEtl + HX - Ph,SbX + HNEt, (R=phenyl or alkyl; HX =oxine 

or tropolone) 

The dialkyl compounds react with spontaneous disproportionation into a 
l/l mixture of R,Sb and RSbX,: 

2 R2SbNEtz+2 HX - RSbX,+R,Sb+:, HNEt, 
(R = alkyl ; HX = oxine or tropolone) 

Reaction of (halo)organostibines with the sodium salts of the corresponding 
organic ligands gives the same reaction products. Kupchik et a1.8-9 have described 
a few (dithiocarbamato)phenylstibines synthesized by this procedure. A patent 
application” claims the preparation of a series of (dithiocarbamato)organostibines, 
including the otherwise unknown dialkylantimony derivatives. 

Melting points and analytical data for the various compounds prepared are 
given in Tables 1, 2 and 3. 

Molecular weights of representative compounds were determined by osmo- 
metry and/or ebulliometry in benzene solution. The results showed that the NJ- 
diethyldithiocarbamate, the oxinate and the tropolonate derivatives are essentially 
monomeric in benzene solution. Because of the extreme sensitivity towards hydrolysis 
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TABLE 1 

ANALYTICAL. AND PHYSICAL DATA FOR A SERIES OF (N,N-DIETHYLDITHIOCARBAMATO)- AND (N,N-DIFTHYL- 

CARBA!HATO)ORGANOST~BWs 

Compound M-p. 

eC) 

N,N-dietl~yldithiocarbamates 
MeSb[SC(S)NEt,Jz 134-135 

EtSb[SC(S)NEtl]z 73-74 
BuSb[SC(S)NEt,], 62-63 
PhSb[SC(S)NEtJ, 150-153” 
Ph,SbSC(S)NEt, 68-70* 

W %) 

Found Calcd. 

28.18 28.09 
27.61 27.21 
25.95 25.60 
24.76 24.57 
28.55 28.70 

N,N-dietl~ylcarbar,lates 
EtSb[OC(0)NEt,]2 

BuSb[OC(O)NEt& 
PhSb[OC(O)NEt,], 
Ph,SbOCONEtz 

66-67 31.72 31.78 

’ 30.40 29.6 1 
75-79 28.30 28.23 
go-91 30.90 31.04 

“Ref. 9, m.p. 148-150*. b Ref. 8, m.p. 68-69”. ’ Oil. 

TABLE 2 

AXALYTICAL AND PHYSICAL DATA FOR A SERIES OF(OSINATO)ORGANOSTIBINES 

Compound M.p. 

(“C) 

Analysis Found (calcd.) ( %) 

C H N Sb 

MeSb( Ox)z - 200 (decomp.) 53.33 3.82 
(53.69) (3.55) 

EtSb(Ox), - 180 (decomp.) 54.48 4.05 
(54.70) (3.90) 

PrSb(Ox), - 10.5 (decomp.) 55.28 4.50 
(55.67) (4.22) 

BuSb(Ox), - 105 (decomp.) 56.38 4.73 
(56.57) (4.53) 

PhSb(Ox)z - 200 (decomp.) 58.35 3.81 

79-Si 
(59.17) (3.51) 

Ph,SbOx 59.35 4.10 
(60.03) (3.83) 

6.69 28.11 
(6.59) (28.64) 
6.18 27.46 

(6.37) (27.23) 
5.87 26.53 

(6.18) (26.86) 
5.85 25.73 

(5.99) (26.06) 
4.77 25.15 

(5.75) (zl. 19) 
3.48 29.20 

(3.33) (28.97) 

TABLE 3 

ANALYTICAL AND PHYSICAL DATA FOR som (~R~P~L~NATo~~R~ANo~~~D~NEs 

Compound M-p. 

(“C) 
Sb ( %) 

Found Calcd. 

EtSb(Trop), - 180 (decomp.) 30.44 31.01 
BuSb(Trop)z - 100 (decomp.) 28.53 28.91 

PhSb(Trop), - 200 (decomp.) 27.80 27.66 
PhzSbTrop 80-82 30.37 30.73 
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of the carbamate derivatives, mol. wt. determinations gave erratic values for these 
compounds. 

Infrared spectra 
The infrared spectra of compounds RSb[SC(S)NEt& (R=Ph or alkyl) 

were recorded in the 2000-400 cm- ’ region. Apart from the characteristic absorptions 
of the R groups all spectra are essentially similar in solution (Ccl* and CS2) and in the 
solid state (Nujol mull and KBr pellets). They show a strong absorption band at 
1480-1490 cm- ‘, which has previously been associated with the vibration of C-N 
bond having partial double bond character’ ‘*12. Bonati et aZ.13*14 recently showed 
that no definite evidence exists for the proposed correlation between the position 
of this band and the coordination behaviour of the dithiocarbamate ligand, but 
concluded that the region around 1000 cm-’ in particular does give indications of 
whether a complex contains a chelate- or an ester-type dithiocarbamate ligand. Lf the 
dithiocarbamate group acts as a bidentate ligand only one absorption band occurs in 
this region. A monodentate (ester-type) dithiocarbamate complex shows an additional 
absorption at slightly higher wave numbers due to an uncomplexed C- S group. 
Both the solution and the solid state spectra of compounds RSb[SC(S)NEt2]2 show 
only one intense absorption band in the region 980 t 70 cm- ‘, which strongly indicates 
the presence of bidentate dithiocarbamate ligands and therefore of five-coordinate 
antimony in these compounds (cf: refs. 12-15 for the presence of bidentate dithio- 
carbamate ligands in organogold”, organotin’3*‘4 and organothallium’3~‘s di- 
thiocarbamates). 

Comparison of the IR spectrum of Ph,SbSC(S)NEtz in solution (Ccl, CS,) 
and in the solid state (nujol mull and KBr pellets) reveals that these spectra are 
essentially identical except for the 980f70 cm-’ region. Whereas the solid state 
spectra show one intense absorption at 980 cm-’ and a weak shoulder at 1003 cm- r, 
the solution spectra show medium intensity bands at 986 and 1006 cm-’ (see Fig. 1). 

) --w 
Ph 980 

I I , , I 1 
lo50 loo0 950 1050 loo0 9% cm-l 

Fig. 1. Infrared spectra of Ph2SbSC(S)NEt, in the C=S stretching region: (a) nujol mull; (b) in C& solution. 

Absorptions due to the phenyl groups are observed at 1020 and 998 cm- ’ (cf: ref. 16, 
which deals with the IR spectra of phenyl-substituted antimony compounds). This 
suggests that in the solid state Ph,SbSC(S)NEt, contains a weakly bonded bidentate 
dithiocarbamate ligand (four-coordinate antimony) and that in solution rupture of 
the weak Sb-S coordinate bond takes place to make the antimony atom three- 
coordinate (cf refs. 17 and 18 for the presence of a monodentate dithiocarbamate 
ligand in RuNO [SC(S)NR,&). 

The IR data suggest that the carbamate analogues RSb[OC(O)NEt,], 
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likewise contain pentacoordinate antimony, both in the solid state and in solution 
(strong, broad carbonyl absorption of the bidentate carbamate ligands at 1550-1590 
cm-‘). The antimony atom in PhzSbOC(0)NEt, in the solid state appears to be 
four-coordinate (broad carbonyl absorption at 1570-1590 cm-‘). However, the 
presence of a sharp strong band at 1620 cm - 1 in benzene or Ccl4 indicates rupture of 
the Sb-0 coordinate bond upon dissolution [cf ref. 19, for a similar behaviour of 
Me,SnOC(O)NEt,]. 

The IR spectra of the oxinato(organo)stibines (see Table 2), which were run in 
the 2000-400 cm-’ region were not very informative. Apart from the characteristic 
bands due to alkyl or phenyl group absorptions these spectra are essentially similar. 
They all show a characteristic strong band in the region 510-520 cm- ‘_ This band 
which is absent in the spectrum of oxine also has been observed in the spectra of 
various other metal oxinates (cf: ref. 4 and references cited therein) and accordingly 
has been assigned to the metal-oxygen stretching vibration. 

The IR spectra of the (tropolonato)organostibines were run in the 2000-400 
cm-’ region, in the solid state (nujol mull and KBr pellet) and in CDCI, solution. 
Each of the spectra shows at least eight absorptions in the 1600-1200 cm- 1 region. 
Detailed information on the IR spectra of tropolonate complexes has been recently 
given by Junge”. A comparison of Junge’s data with the IR spectra of our complexes 
and the spectrum of tropolone methyl ether (prepared according to ref. 21) does not 
enable us to draw a definite conclusion as to whether the tropolonate ligand acts as a 
bidentate or monodentate l&and. However, based on the similarity of the spectra 
of copper(I1) tropO1onateZo, which is known to contain a chelating ligand22, and of 
RSb(Trop), we favour a structure with five-coordinate antimony for the latter 
compounds. 

All the (tropolonato)organostibines show a characteristic absorption band in 
the region 500-510 cm-‘. This band which is absent in the spectra of tropolone and 
tropolone methyl ether also, has been observed in the spectra of organotinz3 and 
organothallium l5 tropolonates and accordingly has been assigned to a metal- 
oxygen stretching vibration. 

UV spectra 

The UV spectra of the (oxinato)organostibines, RSbOx, (R=Me, Et, Pr, 
Bu or Ph) and PhzSbOx in oxygen-free dry methylene chloride show an absorption 
band at 370-380 nm (&=4.1-4_3 x lo3 for compounds RSbOx, and 2.1-2.2 x lo3 
for Ph,SbOx). The presence of this absorption band in the spectra of metal oxinates 
is generally considered to be a reliable_@dication for the presence of a chelating 
oxinate li=and24-26, and so we may with bonfidence assign structures with five- and 
four-coordinate antimony respectively to the compounds RSbOx, and PhzSbOx 
in methylene chloride. 

The UV spectra of the same compounds recorded in dry, oxygen-free benzene 
immediately after the preparation of the solution likewise show an absorption band 
at 370-380 nm. However, within one minute the intensity of this absorption decreases 
and a new band appears at 320 nm (see Fig. 2) This indicates that in benzene the 
evidently weak Sb-N coordinate bond is broken, resulting in the Sb atom becoming 
three-coordinate in both RSbOxz (R= Ph or alkyl) and Ph,SbOx The same pheno- 
menon was observed in chloroform solution. 

J. Organometal. Chem., 25 (1970) 139-148 
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Fig. 2 UV absorption spectra of BuSbOx in benzene solution. The molar extinction coefficient E plotted 
against the wavelength i. (nm): 1. immediately after the preparation of the solution; 2 after standing for 
about 1 min. 

i 
I 
I 

I 300 350 4M3 htnm) 

Fig. 3. UV absorption spectra of PhSb(Trop),: 1. in benzene: 2 in chloroform; 3. in methylene chloride. 

J. Organomeral. Chem., 25 (1970) 139-148 



ORGANOANTIMONY(ii1) DERIVATIVES 145 

The magnitude of the shift of the 320 run absorption band of oxine in chelated 
oxinate complexes has been correlated with the complex stabilityZ5. However, this 
correlation apparently does not exist for organoantimony oxinates as both for the 
(oxinato)organostibines discussed in this paper and for a series of hexacoordinate 
(oxinato)organoantimony(V) compounds, R,SbCl,_,Ox with n= 1, 2, or 4, which 
contain Sb-N coordinative bonds with greatly diverging stabilities4, a constant 
position of the oxinate absorption at -380 nm has been observed. 

UV spectra of Ph,SbTrop and PhSb(Trop)z were run in benzene, chloroform 
and methylene chloride (Figs. 3 and 4). The methylene chloride solution spectra 

Fig. 4. UV absorption spectra of Ph,SbTrop: 1. in benzene; 2 in chlorform; 3. in methylene chloride. 
UV absorption spectrum of tropolone methyl ether: 4. in methylene chloride. 

resemble the UV spectrum of chelated Cu(Trop), 21*22 The benzene and chloroform . 
solution spectra of Ph$bTrop markedly differ from that in methylene chloride and 
resemble the spectrum of tropolone methyl ether” (Fig. 4), suggesting that the Sb-0 
coordinative bond in Pg,SbTrop is broken upon dissolution in these solvents. 

DISC’USSION 

The stability of organostibines RzSbX and RSbX, appears to depend on the 
nature ofX. Compounds containing a halogen2’ or methoxy2’ group are observed to 
be fairly stabie at room temperature but very sensitive towards oxidation by air- 
oxygen”. The present study reveals that when X represents a bidentate ligand, the 
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thermal and oxidative stability of compounds RSbX2 is considerably enhanced, 
probabIy as a result of the Sb atom being pentacoordinate. However, corresponding 
compounds of the type R,SbX in which R= alkyl appear to be extremely unstable 
and spontaneously disproportionate according to : 

2 R2SbX - RsSbtRSbX, 

This redistribution reaction presumably proceeds via electrophilic attack of 
antimony on carbon. This reaction which in principle is reversible lies completely at 
the right side because of the much reduced electrophilic reactivity of antimony in 
RSbX, as a result of pentacoordination. The electron withdrawing phenyl substituents 
in PhzSbX stabilize the antimony-ligand bond and favour tetracoordination. Never- 
theless, it is somewhat surprising that the Ph,SbX compounds discussed in this paper 
do not show any tendency towards disproportionation even after several hours of 
reflux in benzene. 

Redistributions similar to those reported in this paper have been observed in 
organobismuth chemistry. Whereas PhzSbSC(S)NEtz is stable in refluxing benzene, 
attempts9 to prepare the bismuth analogue resulted in a spontaneous decomposition 
into Ph,Bi, PhBi[SC(S)NEt& and BiCSC(S)NEt,],. Okawara et ~1.‘~ observed 
the same phenomenon upon addition of pyridine to Ph2BiX (X=Cl or Br), the 
products PhBiX, - 2Py and Ph,Bi being isolated. 

A discussion of the structure of the organostibines described in this paper 
must be tentative. It seems plausible that the weak coordinative bonds present in 
RSbX, (R= Ph and alkyl) and in Ph,SbX do not cause considerable distortions of 
the bond angles normally observed in three-coordinate antimony(II1) compounds 
(bond angles of N90°). PhSb[SC(S)NEt& might possess a pseudo-octahedral 
structure with the Sb-C bond perpendicular to the plane containing the non-equi- 
valent Sb-S bonds (cf: the X-ray structure of PhAs[SC(S)NEt2]z3’). 

Similar structures may be considered for the other RSbXz derivatives, 

EXPERIMENTAL PART 

General 
All reactions were carried out under oxygen-free dry nitrogen. IR spectra 

were run on a Grubb-Parsons Spectromaster. The UV spectra were obtained with a 
Car-y model 15 recording spectrometer, using 1 cm cells. Anhydrous oxygen-free 
benzene, chloroform and methylene chloride were used as solvents. The concentra- 
tions of the solutions were such as to give optical densities in the range 0.1-2.0. 

Molecular weights were measured on 0.245% solutions in benzene using 
a Mechrolab dynamic vapour pressure osmometer, and a Gallenkamp ebulliometer. 

Analytical and melting point data are given in Tables 1-3. Analyses were 
carried out at this Institute by Mr. W. J. Buis (C, II, N) and Mr. C_ W. Dekker (Sb). 
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Preparation of (N,N-diethyldithiocarbamato)organostibines 
Bis(N,iV-diethyldithiocarbamato)ethylstibine 
Method 1. Carbon disulphide (3 ml) was added dropwise to a solution of 

EtSb(NEt,), (2.56 g) in benzene (15 ml). The highly exothermic reaction was controlled 
by cooling with an ice bath. After partial evaporation of the benzene solution, pentane 
was added and 2.95 g (76 %) of EtSb[SC(S)NEt,], was precipitated as a pale yellow 
crystalline solid. 

Method 2. Carbon disulphide (1 ml) in pentane (10 ml) was added dropwise to 
a solution of Et,SbNEt, (2.92 g) in pentane (20 ml) at 0”. A pale yellow crystalline 
solid precipitated which appeared to be pure EtSb[SC(S)NEt& (1.65 g; 64%). 
Distillation of the pentane solution gave pure Et,Sb (b-p. 51”/13 mm). 

The compounds RSb[SC(S)NEt,], (R= Me, Bu or Ph) and Ph,SbSC(S)NEt, 
were obtained similarly in yields of 80 to 90%. 

Preparation of (N,N-diethyZcarbamato)organostibines 
These compounds were prepared by the procedure used for the corresponding 

dithiocarbamate derivatives. Carbon dioxide \?las bubbled through pentane solutions 
of (diethyiamino)organostibines, R,SbNEt, and RSb(NEt&. . 

Preparation of (oxinato)- and (tropolonato)organostibines 
Both (oxinato)- and (tropolonato)organostibines were prepared by the addi- 

tion of oxine or tropolone to a pentane solution of (diethylamino)organostibines in the 
required molar ratio. The compounds precipitated in nearly quantitative yield from 
the reaction mixture. 
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