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SUMMARY 

A series of organoantimony compounds which contain the novel SbCH,Sb 
moiety was prepared. Among these, only compounds of the type P((CH@b],CH2 
were easily cleaved by a base to give (CH&Sb+ and (CH&Sb”+ species. Three 
infrared bands in the KBr region p(CH,), v,,,,(Sb-C-Sb) and v,,(Sb-C-Sb), were 
found to be characteristic of the SbCH$b moiety. A relationship obtained between 
p(CHJ and v,,(Sb-C-Sb) was interpreted by considering changes in the s-character 
of the orbitals of the antimony atom used for the Sb-C bonds. 

INTRODUCTION 

Compounds containing the PCHzP orAsCH,As moiety, such as bis(diphenyl- 
phosphino)methane or bis(diphenylarsino)methane, are well known. However, 
analogous organoantimony compounds have been prepared only recently_ We have 
reported’ that [Br(CH3)3Sb]ZCHt - 2 Hz0 was obtained unexpectedly from the 
reaction of trimethylstibine with iodoform, followed by treatment with hydrobromic 
acid. Later, we described’ a method for the preparation of bis(dimethylstibino)- 
methane and its pentavalent derivatives, such as [I(CH&Sb],CH,. 2 H,O and 
[CIz(CH3)2Sb]ZCH2- 

Here, we wish to report on a cleavage reaction and an infrared spectroscopic 
investigation of this type of organoantimony compound. Several new compounds 
have been included in this study. 

EXPERIMENTAL 

General comments 
The preparations and reactions of stibinomethanes were carried out under a 

nitrogen atmosphere, and nitrogen was bubbled into solvents before use. 

Preparation of bis(diorganostibino)ntethane, (R2Sb)2CH2 

[(CH&SblzCHz (4 f ronz [C12(CH3)2Sb]I,CH2 (IX). Compound (IX)’ (6.0 g) 
was mixed with zinc dust (2.0 g). Water (50 ml) was added dropwise, and the mixture 
was stirred for 3 h. Then ether (30 ml) was added, and stirring was continued for an 
additional 15 min. The ether layer was separated with a syringe and was distilled 
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under reduced pressure to give 2 g of a colorless liquid* (b.p. 67-68’/4 mm). PMR 5 
(neat liquid, TMS as an internal standard): (CH,-Sb), 9.20; (Sb-CZ-Z?-Sb), 8.80 ppm. 

[(C,H&%],CZZ, (XI). Triphenylstibine (19.5 g; 55.2 mmole) was dissolved 
in 300 ml of liquid ammonia at - 78O, followed by addition of sodium (2.5 g; 110 
mmole) with stirring for 5 h. At the end-point of the reaction the solution became dark 
red3. After treatment of the reaction mixture with ammonium chloride (2.95 g; 55.2 
mmole) to consume the phenylsodium, dichloromethane (2.35 g; 27.6 mmole) was 
added dropwise until the color of the solution disappeared. Ammonia was allowed to 
boil off, and water (100 ml), ether (ZOO ml) and benzene (50 ml) were added to dissolve 
the residue_ The organic layer was separated and dried with anhydrous sodium sulfate. 
The solvent was distilled off under reduced pressure, and the residual solid was re- 
crystallized from acetone to give 11.6 g (74 7:) of colorless crystals of (XI). This com- 
pound is stable to air in the solid state but oxidizes slowly in solution. 

Preparatiotz of (X2R,Sb),CH2 
[X,(C,H,),Sb],CH~ [X = (XII) ; X= Br (XZZZ)]. These halides were 

prepared from the reactions of [(CsH&Sb],CHI (XI) with SOzClz or Brz. which are 
similar to the preparation of [Cl,(CH,),Sb],CHz (IX)‘. 

[(SCAr)z(CH,)$b],CZZz (X) and [(SCN)2(C,H5)2Sb],CH, (XIV). Compound 
(Ix) was treated with NaNCS in a mixture of acetone and chloroform with stirring 
for 2 h. The filtrate was evaporated and the solid was recrystallized from acetone/ 
chloroform to give colorless crystals of (X). Similarly, (XIV) was prepared. 

[FJCZZ&Sb],CFZ2 (v/Ill). Compound (IX) was mixed with silver fluoride in 
methanol, and the mixture was stirred for 3 h. The solid obtained by evaporating the 
filtrate was recrystallized from acetone to give colorless crystals of (VIII). 

O[NO,(CZZ,),S6]QZ, (VII). Compound (IX) was mixed with silver nitrate 
in methanol. The solid obtained by evaporating the filtrate was thought to be [(NO,),- 
(CH&Sb]&Hz; h owever recrystallization from moist acetone gave colorless 
crystals of (VII). An infrared band at 775 cm- ’ which is characteristic of the SbOSb 
moiety was observed for this compound. 

Preparation of [Y(CH&Sb],CH, [Y = C104, NCS or 0.5 (SO,. 3 H20)] 
These onium salts were prepared in a manner similar to that reported’,’ for 

[N0JCH&Sb]&H2 (VI), h- h w IC was prepared from the reaction of D((CH,),Sb12- 
CH2- 2 Hz0 (X = Br or I) with AgNO,. 

Properties and analytical data of new compounds thus obtained are given in 
Table 1. 

Cleavage reaction qf[Br(CH,),Sb],CH2 - 2 Hz0 (IV) 
Wirh Ag?O. Compound (IV) (1.3 g; 2.4 mmole) was treated with silver oxide 

(0.7 g; 3.0 mmole) in water. To the filtrate *, hydrochloric acid was added dropwise. 
The resulting white precipitate was recrystallized from acetone to give 0.50 g (88 %) 

* We reported’ that bis(dimethylstibino)methane (I) prepared from dimethylchlorostibine, sodium and 
dichloromethane, was a yellow liquid, since the yellow color did not disappear even after several distillations. 
The Ph4R spectra of these yellow liquids always show, i! addition to the two main peaks, a small singlet- 
peak at 9.03 ppm. In the present preparation the yellow color may be attributed to an impurity. 
* At this stage, the PMR spectrum (dioxane as an internal standard) in D,O showed two peaks due to 
(CH,)+Sb+ (+2.13 ppm) and (CH&Sb’+ (t2.19 ppm). 
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of (CH&SbCI,, m-p. 224” decomp. (reporteda, m.p. 224” decomp.). Evaporation of 
the filtrate gave a solid, which was recrystallized from moist acetone to give 0.50 g 
(96 “/d) of (CH&SbCI. This was converted to (CH3);SbN03 by AgNO, and identified 
by comparison of its IR spectrum with that of an authentic sampIe5. 

Wrlz NaOH. Compound (IV) and sodium hydroxide were mixed in D70 in 
a PMR tube. The PMR spectrum (dioxane as an internal standard) showed that the 
peaks (SbCH2Sb, + 1.30 ppm; SbCH,, + 1.97ppm)due to the(CH,),SbCH$b(CH& 
group disappeared and were replaced by those attributed to (CH,),Sb i (+ 2.13 ppm) 
and (CH&Sb’ + ( + 2.19 ppm) groups. 

Physical nleamreinents 

The PMR spectra were measured using Japan Electron Optics JNM-3H-60 
or HNM-MH-60 spectrometers. The IR spectra were measured using Hitachi EPI- 
2G or 225 spectrophotometers, both equipped with gratings. 

Relevant infrared frequencies of the compounds containing the SbCH2Sb 
moiety are shown in Table 2. 

DISCUSSION 

From the reactions of the halides, (X2R2Sb)&H2 (R=CHs or C,H,; X=CI 

or Br), with sodium or silver salts, various derivatives were obtained without cleavage 
of the Sb-C-Sb linkage. 

In the case of p(CH,),Sb12CHz, similar reactions were observed only with 
sodium or silver salts of strong acids. Separation of the reaction products was success- 
ful with the silver saits. 

I?<(CH&Sb],CHz +2 AgY - p(CH,),Sb-JICHI +2 A& 
(X=Br or I; Y = NO,, ClO&, NCS or 0.5 SO,) 

The [X(CH&3b]2CHI compounds undergo cleavage of the Sb-C-Sb linkage 
with either sodium hydroxide or silver oxide in water to give the tetramethylstibonium 
and trimethylantimony species, and derivatives were successfully prepared in the 
latter case as shown below. 

Ag20 

CWCH3Mbl,CH2 - (CHs),Sb+ -I- (CH&Sb” + 
HCI 

- (CH,),SbCI+ (CH&SbC12 

This cleavage reaction is thought to proceed by the nucleophilic attack of the 
base (such as OH-) on the antimony atom, analogous to the reaction of [(C,H,),- 
PCH$i(CH&]B r with sodium hydroxide, which has been reported6 to give CH3- 
(C6H&POH and (CH,),SiOSi(CH,),. 

Among the infrared bands characteristic of the methyl compounds shown in 
Table 2, a linear relationship between p(CH2) and the average stretching frequency 

_.=0.5(v_.,,+~,~) of Sb-C-Sb was obtained, as shown in Fig. 1. On the other 
iand, the bands due to p(CH,) or v(Sb-CH,) are complicated, and it is difficult to 
obtain a relationship between these two vibrations. 

(Continued p. 444) 
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Fig. 1. Relationship between p(CH2) and v,,(Sb-C-Sb) in methyl derivatives containing the SbCHzSb 
moiety. 

The relationship between p(CHJ and ll,,(Sb-C-Sb) may be interpreted by 
considering the variations in the s-character of the orbitak of the antimony atom 
used for the Sb-C bonds. In trimethylstibine, and perhaps in bis(dimethylstibino)- 
methane (I), the antimony atom is thought to use mainly p orbitals. This follows from 
a consideration of the bond angle*. 

Incorporation of the ligand (I) into the coordination compounds, (II) and (III), 
probably increases the C-Sb-C angles as a result of the coordination involving the 
lone-pair electrons of the antimony. In [N03(CH&Sb],CH2 (VI), the infrared 
frequencies of the NO, groups (see footnote c of Table 2) are similar to those of 
(CH,),SbfNO; with a (CH,),Sbi group of G symmetry’. Thus, the compound is 
more correctly represented as [(CH,),SbCH,Sb(CH,),]2~2(N0,)-, and the anti- 
mony atoms in this cation are considered to use sp3 hybrid orbitals. The nature* of 
the Sb-Cl bond in [C12(CH3)2Sb]2CH, (IX) _ IS similar to that in (CH&SbCI,, which 

has a trigonal bipyramidal structure with a trigonal C3Sb plane and the chlorine atoms 
at the apices”.’ l. Thus, the antimony atoms in (IX) are thought to use mainly sp’ 

* The bond angles in the pyramidal compounds N(CH&, P(CH& and As(CH&, were reported to be 
108.7 ‘, 99.P ’ and 96” ‘, respectively. The angle ofSb(CH& has not been measured, but it is reasonable 
to assume it to be 96” or less (see refs.. 8 and 9). 
* In the solid, [CI,(CHS)tSb]2CH2 and (CH3),SbCI, showed the v(Sb-Cl) infrared frequency at 285 and 
283 cm-‘, respectively_ 
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hybrid orbitak for the Sb-C bonds. From these considerations, the s-character of the 
orbitals of the antimony used for the Sb-C bonds in our compounds would appear 
to increase in order from (I) to (X). As seen in Fig. 1, this order closely parallels that 
of the increase in the frequencies of &Hz) and v,,(Sb-C-Sb). A similar relationship 
between p(CH,) and v,,,.,(TI-C) or v,,(TI-C) in compounds of the type (CH,)2TK 
was explained’” also by considering the variations in the s-character of the orbitals 
of the thallium atom in the TIC; moiety. 
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