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Except for our Annual Survey covering the year 1987, no book or review article 

devoted exclusively to organoantimony chemistry was published in 1989. The use of 

organoantimony and organobismuth compounds in organic synthesis has been critically 

reviewed, however, in the fifth volume of the series The Chemistry of the Metal-Carbon Bond 

edited by Professor Prank R. Hartley 111. Information about organoantimony chemistry has also 

been included in a review of organosilicon derivatives of phosphorus, arsenic, antimony, and 

bismuth [2] and in surveys of recent publications on the organometallic chemistry of the 

main-group elements [3], on the main-group elements of Croups lV and V [4]. and on the 

organ0 derivatives of arsenic, antimony, and bismuth [5]. In addition, organoantimony 

compounds have been mentioned in reviews or annual sweys on the following subjects: 

1,6_disubstituted niptycenes [6], the direct synthesis of organ0 derivatives of non-transition 

metals 171, a new approach to the preparation of gallium arsenide and related semiconductors 

[8], organometallic compounds in which the metals have uncommon valences [9], diffraction 

studies of organometallic compounds [lo], and organometallic compounds containing 

metal-metal bonds 1111. The use of tertiary stibines in organometallic vapor-phase epitaxy 

(OMVPE) has been briefly discussed in a new book [ 121. 

A new method for the preparation of phenylstibine and diphenylstibine has been 

reported [13]. The primary stibine was obtained by the hydrolysis or methanolysis of 

phenylbis(trimethylsilyl)stibine: 

Et.20 
PhSb(SiMqh + 2MeOH -5ooc_ PhSbHz + 2MqSiOMe 

Diphenylstibine was prepared in an analogous manner: 

PhsSbSiMq + MeOH PhH 
25°C 

PhsSbH + Me$iOMe 

The trimethylsilylstibines required for these syntheses were obtained by the following reactions: 

PhSbCl, + 2Mg + 2Me$iCl~ PhSb(SiM& + 2MgC!12 

Ph$%Cl + Mg + Me&Cl a PhzSbSiMes + MgClz 

Previous review sea J. Organomt. Chen.. 380 (1990) l-34 
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Diphenyl(trimethylsilyl)stibine underwent an exothermic reaction with sulfur both in benzene 

and in the absence of a solvent: 

Ph$?bSiMes + 6, - Ph.$bSSiMq 

The compound thus obtained decomposed slowly on warming to yield uiphenylstibine, 

antimony trisulfide, and bis(trimethylsily1) sulfide. The interaction of phenylbis(trimethyl- 

silyl)stibine and sulfur gave only a small amount of the expected insertion product: 

PhSb(SiM& + tSs- PhSb(SSiMe& 

The main substance obtained was diphenyl(trimethylsilylthio)stibine admixed with antimony 

trisulfide and bis(trimethylsilyl) sulfde. 

Dimesitylstibiie has been prepared by reducing trhnesitylstibine with excess lithium 

and then protonating the resulting dimesitylstibide with uimethylammonium chloride [ 141: 

Mes$b + 2Li ‘lHP + Me@bLi + Me&i 
2Y’C. 12 h 

Z[Me$IH]Cl 
- Mes.$bH + MesH + 2MqN + 2LiCl 

(where Mes was mesityl) 

The secondary stibine was surprisingly stable and showed no signs of oxidation after a period of 

weeks. The X-ray crystal structure (which was the first such type of information for a secondary 

stibine ever published) showed that the molecules possessed a C, axis, which bisected the 

C-Sb-C angle of 101.70(8)“. The presence of the Sb-H moiety was confvmed by the detection 

of a singlet at 6 4.90 in the PMR spectrum and a stretching vibration, vsbH = 1887.3 cm-l, in the 

IR spectrum. When dimesitylstibine was lithiated with butyllithium and then added to a ‘HIP 

solution of copper(L) chloride and uimethylphosphine, a dimeric Cu(I) complex was formed: 

Mes$bH + BuLi ‘HIP 
-78’C ) 

Mes$bLi + BuH 

wp\ ye-3 
Mes Cu Mes 

2MqSbLi + 2C’uCl + 4Me3Pa 
\ / xsb/ 

+2LiCl 
-78’C /? / \ 

Mes Cu Mes 

Me3p ’ ‘PMe., 

The X-ray crystal structure of this complex showed that the geometry at the antimony and 

copper atoms was distorted mtmhed&. The Cu-Cu separation (3.95A) was large enough to 

preclude any type of bonding interaction between these atoms. In the crystalline form, the 

complex was moderately stable in the absence of air but exhibited surface decomposition in the 



presence of light. Solutions of the complex decomposed in a few hours at 2Y’C. The interaction 

of lithium dimesitylstibide and coPper chloride in the absence of trimethylphosphine resulted 

in the formation of elemental copper and a distibine: 

2Mes#bLi + 2CuCl- MessSbSbMess + 2Cu + 2LiCI 

The dehalogenation of alkyldibtomostibiies with magnesium in THP has been found to 

give yellow solutions that contained (according to ‘H and t3C NMR studies) mainly 

five-membered rings together with much smaller amounts of four-membered rings [15]: 

RSbBr? + Mg - l/,,@Sb),, + MgBq 

(where R was Et, Pr, or Bu and n was 4 or 5) 

The trimers (RSb)3 could not be detected by PMR but were shown to be present by mass 

spectromeuy. Evaporation of the yellow solutions to dryness gave (reversibly) black solids 

(RSb), where x was much greater than 5: 

The alkyl groups in the cyclic compounds appeared to prefer truns configurations: 

R 
I 

R R 

8b- ;b 

Sb ’ ‘: \Sb 
I ‘Sb’l 

R R 

In solution the cyclic compounds wete stable for several days and decomposed only slowly to 

antimony, tetraalkyldistibmes, and trialkylstibines. The polymeric substances wem significantly 

less reactive than the cyclic compounds in their interaction with bromine to form 

alkyldibromostibines and their oxidation with dry air to form compounds of the type (RSbO), 

On being warmed to about 60°C in benzene, the polymeric substances were reconvetted to the 

cyclic compounds (RSb),,. The X-ray crystal structure of a 1:l benzene adduct of 

tetramesityltetrastibetane was also determined. Like the teuaalkyltetrastibetanes discussed 

above, the substituents bonded to the antimony atoms occupied rruns positions. The ring was 

sharply folded with Sb-Sb-Sb angles of 88.09“, 76.91’. 88.10’, and 76.92’. A benzene molecule 

was linked with good n6-hapticity to one antimony atom of each (Me&b)4 unit. The distance 

between the center of the benzene ring and the antimony atom was 3.81A. 

Compounds of the type R$bMSbR,, where M was Se or Te, have been obtained by the 

following type of insertion reaction [ 161: 

RsSbSbR, + M- RsSbMSbR, 

(where M was Se or Te and R was Me, Et, or Ph) 
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The products were character&d by PMR, IR, Raman, and mass spectroscopy. A remarkable 

property of both methyl compounds was their thermochromism. Thus, the selenium compound 

was an orange liquid, which solidified to form red crystals. The tellurium compound was brown 

in the liquid state and blue-violet in the solid phase. Other compounds containing Sb-Se or 

Sb-Te bonds wem prepared by the interaction of distibines and dichalcogenides at or below 

room temperature: 

RaSbSbR, + R’MMR’- 2RsSbMR’ 

(where M was Se, R was Me or Et, and R’ was Me or Ph; or where M was Te, R 
was Me or Et, and R’ was Me or 4-MeC6H4) 

All of the reactions appeared to go to completion and yielded substances that were stable enough 

to be distilled at reduced pressure. The two methyl tellurium compounds were thermochromic. 

Thus, the dimetbylstibino derivative was a red liquid that became orange in the solid state, while 

the analogous diethylstibino compound exhibited a yellow liquid and an orange solid phase. 

When the stibino selenides were heated at elevated temperatures, scrambling of substituents was 

observed: 

2R$bSeR _ RsSb + RSb(SeR’), 

After the trialkylstibines were removed Tom the equilibrium mixture by distillation, compounds 

of the type RSb(SeR’)a could be isolated. In one case (M%SbSeMe), prolonged heating gave 

not only MeSb(SeMe), but also Sb(SeMeh. Scrambling of substituents was less selective wlth 

the stibino tellurides. Mass spectrometry of the reaction mixtures revealed the presence of 

species of the types RsSb, R’aTe, RR’Te, R’TeTeR’, and RSb(TeR’)2. Separation of these 

mixtures did not appear worthwhile. PMR spectroscopy of the various compounds prepared in 

this investigation showed an increase of deshielding in the sequence MeSb<MeTeaeSe. The 

Sb-Se and Sb-Te valence vibrations of the methyl derivatives gave rise to intense and easily 

observed Raman signals. The EI mass spectra of all the chalcogenides exhibited molecular ions 

of high intensity. Fragmentation generally proceeded with complete cleavage of the organic 

substituents to give fragments of the type SbM, SbaM. or SbMa. 

Tetrakis(trimethylstannyl)distibine has been prepared by the following sequence of 

reactions [ 171: 

PhCI-IaCl + LiSb(SiMe& l 2THF 
PenH 
-3oY.J ) 

PhCH$b(SiMe& + LiCl + 2THF 

PhC!H+3b(SiMe& + 2Me$nCl Dryb PhCHaSb(SnMe& + ZMe-$iCl 

2PhCHaSb(SnMe& Dg r t w (MesSn)2SbSb(SnMes)2 + PhCI-I@I~Ph 
. .- 

(where DME was 1,2dimethoxyethane) 
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The distibine crystallized from the reaction mixture as dark red needles, which were sensitive to 

oxidation and hydrolysis. The NMR (‘H and 13C), IR, and Raman spectra of this substance 

were recorded and analyzed. Recrystallization from benzene yielded a modification, which was 

studied by X-ray diffraction. The molecular parameters thus obtained were in agteement with 

the corresponding values of a different modification that had been described earlier by other 

investigators. 

Electronic spectra of six distibines of the type R$bSbR, (where R was Me, Et, Ph. 

MqSi, MqGe, or Me$n) have been included in a paper mainly concerned with the synthesis, 

structure, and physical prop&es of tetrakis(trimethylgermyl)distibine [18]. Except for the pale 

yellow, nonthermochmmic tetraphenyl compound, the distibines were red in the solid state but 

became yellow on melting or dissolution in organic solvents. The diffuse reflectance spectra of 

the five red solids showed continuous absorption from 250 to 600 nm with several broad 

maxima. The maxima of four of these thermochromic compounds in dilute solution were blue 

shifted by 200-300 nm; solution spectra of tetraethyldistibine were not recorded, but a blue shift 

was noted when the compound was melted. Only modest differences in the absorption maxima 

were observed on comparing the spectrum of tetraphenyldistibine in the solid state with its 

spectrum in solution. It was concluded that the spectra of the distibines were consistent with the 

visibly observed thermochromism of these substances. 

Tris(pentafluorophenyl)stibine has been found to undergo facile redistribution reactions 

with antimony trichlotide (in 2: 1 and 1:2 molar ratios) in a dry oxygen-free atmosphere [ 191: 

60-7o”c 
2(C6Fs),Sb + SbCl,- 3(CWzSb~ 

(CsF5)3Sb + 2SbCls 60-700c~ 3C&SbC4 

The redistribution reactions were complete in about 3 h. The products were viscous oils, which 

soliditied on standing and could be mcrystallized from dichloromethane to give the pure 

halostibines in yields of 70-75%. Oxidative chlorination at O’C! gave the corresponding 

antimot j(V) chlorides in yields of 70%: 

m2(32 
(C&)2SbCI + CI, - (C&)$bC4 

W2Q2 
C&SbCl, + Cl, - WSSbcb 

The tetrachloride proved to be remarkably stable at room temperature and was unaffected by 

oxygen. Oxidative bromination of the halostibines at -178°C gave the expected mixed halides: 

m2a2 
(C&Q$bCl + Br2 - (q5hSM31Br2 

a2a2 
C!,&SbCla + Bra - GWb(J2Br2 



Both compounds were obtained in high yields (8385%) and were stable at room temperatum. 

All of the compounds prepared in this investigation exhibited characteristic IR absorptions 

attributed to the pentafiuomphenyl groups. The stretching vibrations of the antimony-halogen 

bonds occurred at higher frequencies than in the cotresponding phenyl derivatives. The spectra 

of all the chlorides showed a band between 320 and 340 cm-‘. which incmamd in intensity with 

increasing chlorine content. The bromides exhibited a strong band at 235 f 5 cm-‘. which was 

assigned to Sb-Br stretching vibrations. 

Methyldichlomstibiie has been prepared in 85% yield by the exchange reaction of 

equimolar amounts of dimethylchlorostibine and antimony trichloride [20]: 

Me#bCl + SbCI, 2h 2MeSbCls 

Several alkyldibmmostibines have been obtained in an analogous manner: 

RsSbBr + SbBrs - 2RSbBrz 

(where R was Me, Et, Pr, or Bu) 

Ethyldibromostibine was also synthesized by the following reaction sequence: 

Et@ 
Et.$bBr + Brz- Et.$bBrs 

Et$bBrs - EtSbBrz + EtBr 

The elimination of ethyl bromide cccurred at mom temperature and led to a 90% yield of the 

dibromostibine. The interaction of triethylstibine and antimony tribmmide resulted mainly in 

oxidation-reduction: 

3EtsSb + 2SbBrs - 3EtsSbBrs + 2Sb 

All of the mass spectra of the dihalostibiies prepared in this study exhibited molecular ions. 

The PMR spectra of these compounds were also investigated and were found to exhibit major 

solvent effects in CDCls and GD,. 

The interaction of a suspension of pulverixed antimony in diethyl ether and a hexane 

solution of !5-bromopentamethyl-13-cyclopentadiene has been found to give a good yield of a 

dibromostibine 1211: 

4Me&sBr + 2Sb ;$CC 2MeGSbBrs + (*&5)2 

The yellow powder thus obtained was too unstable to allow precise carbon and hydrogen 

analysis. The PMR spectrum exhibited a single singlet at 8 1.63, whii the 13C NMR spectmm 
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showed signals at 8 10.53 and 123.50. The intensity of the molecular ion in the mass spectmm 

was 7% of the most intense peak (Me&+). 

The heterocyclic chlorostibine Ia has been obtained in a 58% yield from 

bis(2-bromobenzyl)mcthylamine by a one-pot pmcess 1221. HaIogen exchange reactions with 

potassium fluoride or potassium iodide gave the expected fluorostibine Ib or iodostibine Ic. 

Treatment of the fluorostibme Ib with trimethylsilyl cyanide in dichloromethane afforded the 

umesponding cyanostibine Id. Reaction of the chlomstibine Ia with the appropriate 

organolithium reagents yielded the tertiary stibines Ie, If, and Ig. The interaction of the 

chlorostibine Ia and methyl iodide did not give the anticipated quarkmary ammonium salt. 

Instead, the iodostibine Ic was produced in quantitative yield. This result was rationalized by 

assuming oxidative addition of methyl iodide to tbe antimony atom and subsequent reductive 

elimination of methyl chloride. It was concluded that this unexpected reaction pathway 

indicated the existence of transannular interaction between the antimony and nitrogen atoms. 

Examination of the PMR and 13C NMR spectra of I revealed that there were linear relationships 

Me 

B&i sbQ3 
-- 

Me 

Ia 

Me 
Ie, R = Me 
If,R=Ph 
Ig, R = PhC=C 

Me 

Ib.X=F;Ic,X=I 

I 

M@iCN 

CN 

Me 

Id 

between the chemical shifts of the N-methyl groups aad the Hammtt a,,, constants of the 

substituents bonded to the antimony atoms: 

References p. 82 
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for PMR b, = 0.79o,,, + 2.46 (for Ia, b, c, e, and f) 

h, = 0.300, + 2.46 (for Id, e, f, and g) 

for 13C NMR &, = 5.870, + 41.6 (for Ia, b, c. e, and f) 

St,.,, = 1.79o, + 41.5 (for Id, e, f, and g) 

According to the authors, the occurrence of these relationships was best explained by assuming 

that the nitrogen atoms were directly donating electron density to the antimony atoms. 

The first examples of a new class of main-group metallacycles have been synthesized 

via tmnsmetalation from xirconocene derivatives [23]: 

PhH 
+ PhSbCl, - 

2sC 
+ Q2=32 

R R 
Ii 

(where R was H, Me, or Ph) 

The yields were about 85%. All three of the compounds were air-stable solids and could be 

stored indefinitely in a dry atmosphere.. Their NMR(‘H and 13C) spectra were fully consistent 

with the proposed structures. The diastereotopic methylene protons appeared as a pair of 

well-resolved doublets in the room temperature PMR, no significant broadening occurred on 

warming to 9O’C. Molecular weight determinations showed that the compounds were 

monomeric in benzene solution. 

A number of compounds containing an Sb-N bond have been obtained by one of the 

following types of reactions [24]: 

Ar,SbCl + I-IL + Et3N phH b ArzSbL + EtsN l HCl 

AqSbCl + NaLPhH Ar2SbL + NaCl 

(where Ar was Ph and I-IL was succinimide, phthaliide, isatin, 

1,2,3benzotriazole, 2-methylimidazole, 2-chloromethylbenximidazole, benxo- 

thiazoline-Zthione, or carbaxole; or where Ar was C& and I-IL was succiniide 

or isatin) 

All of the reactions were found to proceed under mild conditions and generally gave quantitative 

yields. The products were colorless solids with sharp melting points and normal molecular 

weights in freezing benzene, and they were unaffected by air, water, methanol, or carbon 

disulfide. Their molar conductances (10”M solutions in acetonitrile) ranged between 15 and 25 

ohm-’ cm2 mol-‘; these values indicated that ionic species were not present. The 

antimony-nitrogen bond in these substances was cleaved by bromine: 



Ar2SbNR2 + Brz zz. Ar#bBr + R@Br 

(where R2N was L) 

The antimony-nitrogen bond was also cleaved by acetic acid, but the structures of the substances 

thus obtained were not elucidated. Phenyl isocyanate added to the antimony-nitrogen bond in 

the following manner: 

Ar$bNR, + PhN=Ck 

The IR and PMR spectra of the compounds prepared in this investigation were consistent with 

their pmposed structures. 

Dialkyldithiophosphate derivatives of antimony@) have been prepared by one of three 

different reactions [25]: 

Ph2SbCl + NaS2P(OR), _phH. 
reflux 

Ph2SbS2P(OR), + NaCl 

Ph2SbO$Me + NaSzP(OR)2 phH 
reflux 

) Ph2SbS2P(ORb + MeC02Na 

Ph2Sb02CMe + HS2P(OR)2 PhMe 
teflux 

+ Ph2SbS2P(OR), + MeC02H 

(where R was Me, Et, Pr, Me$H, Bu, or Me$HCH$ 

All of the products were soluble in common organic solvents and were moisture sensitive. 

Osmometric molecular weights in chloroform solution showed that the substances were 

monomeric. They were also characterized by IR and NMR (‘H, 13C, and 31P) spectroscopy. 

The 13C NMR results suggested that both phenyl groups were equivalent, while the 31P NMR 

and IR data were consistent with the assumption that the dithiophosphate moieties were 

behaving as chelating ligands. It was concluded that the geometry around the antimony atom 

was trigonal-bipyramidal, with the axial positions being occupied by the phenyl groups and the 

equatorial positions by the two sulfur atoms of the ligand and by a lone pair of electrons: 

RO 

RO 
Ph 

The maction of diphenylchlotostibine with the sodium salts of monothio-S-ketones 

(NaL) in a 1:l molar ratio has been found to give high yields of compounds of the type Ph2SbL 

[26]: 

R.&rem p. 82 
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PhsSbCl + NaSC(Ph)CHC(O)R ‘IHF ~Ph#SC(Ph)CHC(O)R + NaCl 

(where R was Ph. 4-MeC$I&, 4-FC&&, 4-C&H,+ CBrC!& or 4-MeOCsH4) 

One of the substances was also obtained by the interaction of diphenylacetatostibine with the 

sodium salt of a monothio+-ketone in a 1: 1 molar ratio: 

PhzSbO$Me + NaSC(Ph)CHC(O)R CHc13 ,_+ Pl@bSC(Ph)CHC(O)R + NaO$Me 

(where R was 4-MeC&) 

Ah of these compounds were solids or viscous liquids. They were soluble in common organic 

solvents and we-m monomeric in chloroform solution at 45“C. They were moisture sensitive and 

decomposed on heating. Their IR spectra suggested that the ligands were chelating, and hence it 

was concluded that the antimony atom had a coordination number of four. The most plausible 

geometry appeared to be trigonaLbipymmida1 with an oxygen atom and a lone pair of electrons 

occupying apical positions: 

R 

This type of structure was supported by the NMR(*H and 13C) spectra of these wmpounds. 

Another series of organoantimony(III) compounds containing Sb-S bonds has been 

obtained by the following type of reaction [27]: 

Ph$bCl + M&P /O\G PhH 

‘0’ 
reflux 

) Ph$bSP<‘> + MCl 

0 

(when M was Na or NH,, and G was CMe$M%, CH&!Me&H~. CH$Et@-I~, 

or CM&H$I-IMe, where OGO was (OPh),) 

The products were described as colorless or light yellow viscous liquids or semi-solids. L&e the 

dialkyldithiophosphates and the monothio-$-ketone derivatives discussed above, they were 

moisture sensitive, soluble in organic solvents, and monomeric in chloroform. Spectral data 

again supported the conclusion that the antimony atom in these substances was 

four-coordinated. The following type of trigonal-bipyramidal structure was suggested: 

Ph 
\ 

sib s 

Ph’i ii 
S 

..-. -P-O 
I 

0 
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An eight-membered hetetccyclic sulfur diimide derivative of antimony has been 

obtained as a chromium complex by means of the following reaction [28]: 

Me&, ,%l 
Sb’ 

20C 1 
MeCN 

.cf 
CO + 2KsSNs - 

-4KCl 
OC’I ‘CO -WCO)s 

co 

The arsenic (but not the phosphorus) analog could be prepared in a similar manner. Attempted 

decarbonylation of the above antimony-containing heterocycle led to decomposition of the ring. 

Esters (mixed anhydrides) of carboxylic acids and suitable thiohydmxamic acids have 

been found to react with tris@henylthio)stibine at room temperature to give high yields of 

nor-alcohols [29]: 

Me 
?C(O)R 

1 
1 )= S + (PhS)$b ;@ w ROH 

(where R was primary, secondary, or tertiary) 

The decarboxylative hydroxylation reaction appeared to involve a radical chain mechanism in 

which a carbon-centered radical attacked the stibine and formed an oxygen-sensitive 

organoantimony compound: 

R. + (PhS)$b F RSb(SPh)s + PhS. 

Spontaneous reaction of these intermediates with air and water presumably produced the 

nor-alcohols and antimony(III) oxide. In one experiment performed under strictly anaerobic 

conditions, it was found that the intermediate reacted with hydrochloric acid to yield mainly the 

hydrocarbon RI-I. Moreover, in a separate experiment, oxidation of the intermediate with 

nitrogen dioxide (instead of oxygen) gave the nitroalkane RNOs in modest yield. Further 

evidence for the proposed mechanism is discussed in the Annual Survey of Bismuth. 

A number of new, air-stable heterocycles have been obtained by the following type of 

reaction [30]: 

cl 
Cl 

Li 

+ 2ECls _* +6LiCl 
Li 

Cl 

(where E was P, As, Sb, or Bi) 
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The molecular weights of these substances were confirmed by mass spectrometry, except for the 

di-tertiary bismuthine for which the molecular ion could not be detected. The dilithio compound 

required for these syntheses were prepared in situ by the interaction of butyllithium in hexane 

and either 2,5dichloro-3,4_diiodothiophene or 2.5dichloro-3Jdibromothiophene in ether. 

The decomposition of tris(trlmethylsilyl)antimonite (II) at 200°C has been found to 

produce trimethylstibine and hexamethylcyclotrisiloxane [31]: 

o’Jko 
(Me$iO)sSb ~ Me I 1 .,Me + M@b 

II Me 
:S< Si 

0’ ‘Me 

The interaction of II and antimony trichloride resulted in the following metathetical reaction: 

(Me.$iO)$b + SbCls - (Me$iO),SbCl + MesSiOSbClz 

II 

The mass spectrum of II was also studied. 

A potentially bidentate ligand has been obtained by the following reaction sequence 

[32]: 

2-Me$bCeH4Br + BuLi 
Et*0 

-63’C 
) 2-Me-#bC!&I&i + BuBr 

ZMe$bC&+Li + MeTeTeMe - ZMe$bC&TeMe + LiTeMe 

The air-sensitive liquid thus obtained was easily quatemized to a solid, mp 90-92% 

Me-+0 
2-MeTeC&I,$bM~ + Me1 - 2-MeTeCel-I$bMQ 

The PMR spectrum of the tertiary stibine exhibited a singlet at 6 0.94 for the methyl groups 

bonded to antimony. On quatemixation, the singlet shifted downfield to 6 1.88. The position of 

the MeTe PMR signal was almost the same in both compounds (6 2.15 for the stibine; 6 2.1 for 

the methiodide). The stibme was further characterized by 13C and r-e NMR spectms~py and 

by mass spectmmetry. The base peak in the mass spectrum corresponded to the (M-Me)+ ion; 

the intensity of the molecular ion was 25%. 

The kinetics of radical exchange (transmetallation) between phenyllithium and 

14C-labelled triphenylstibine or -bismuthine in various mixtures of pentane and diethyl ether has 

been studied at temperatures ranging from 248 to 307 K [33]: 

(14CsHs)sE + 3PhLi _ Ph$ + 314C&sLi 

(where E was Sb or Bi) 
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The reaction was found to be second order overall, Le. first order with respect to each reagent. 

The rate constant for triphenylstibine was two orders of magnitude higher than that for 

triphenylbismuthine. In the solvents having dielectic constant values (6) greater than 2.8, the 

exchange rate constant for both compounds could be described in terms of the Kirkwood 

equation. As the value of E increased, both the enthalpy and entropy of activation decreased and 

there was a direct linear relationship between the latter two parameters. The free energy of 

activation, however, remained practically constant for each system. It was concluded that the 

effect of the solvent on the reaction rate was primarily due to preferential non-specific solvation 

of the transition state. 

In a paper devoted mainly to the conversion of organobismuth compounds to ketones or 

biaryls, the palladium-catalyzed decomposition of triphenylstibine has been reported to give a 

93% yield of biphenyl[34]: 

Pd 2Ph$b - 3Ph-Ph + 2Sb 

The reaction was car&d out by adding 2 mmol of triethylamine to a solution of 1 mm01 of 

palladium@) acetate in hexamethylphosphoramide (HMPA), then adding 1 mm01 of the stibine, 

and finally heating the mixture at 65T for 10 min. A black powder precipitated, which was 

shown to contain metallic palladium. A high yield of biphenyl was also obtained when 

triphenylantimony dichloride was allowed to react under similar conditions except that only 0.05 

mol of palladium(U) acetate per mol of organoantimony compound was used. 

Professor Yao-Zeng Huang and his coworkers have continued to report interesting new 

uses of tertiary stibines in organic synthesis. In 1989 they published six papers on this subject. 

The fit of these papers described the preparation of a&unsaturated niniles in good yields by 

the interaction of chloroacetonitrile and an aldehyde in the presence of tributylstibine [35]: 

1 lo-12OT 
RCH=o + CKX-I&!N + Bu,Sb----, 

2-16 h 
RCH=CHCN + fBu3SbClz + fBu$b(OH)P 

(where R was Pen, Oct. tranr-HepCH=CH, 2-Fu, ZThi, Ph, 4-ClC&, or 

trarrr-PhCH=CH) 

The ratio of trans to cis in the products was estimated by PMR and was found to vary from 

55:45 to 75:25. Cyclopentanone and cyclohexanone were also converted to a$-unsaturated 

nitriles, but the yields were only 33 and 50% , respectively. Acetophenone. however, did not 

react under the conditions employed. Heating was not requited to effect the 

tributylstibine-mediated interaction of iodoacetonitrile and benzaldehyde; in fact, an exothermic 

reaction occurred at room temperature when the reagents were mixed. The following 

mechanism was proposed for the reactions described in this paper: 
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Bu$b + XCH&N - [ B~&X CH~CN] R’RZC=O_ [Bu$‘x$-] 

- [ Bu$b(OH)X] + R’R2C=CHCN 

fBu3SbX2 + fBusSb(OH), 

All of the a$-unsaturated nitriles prepared in this investigation were characterized by IR, PMR, 

and mass spectrometty. 

A second paper from Huang’s laboratory was concerned with the use of tributylstibine 

to mediate the olefination of aldehydes with a-bmmo ketones [36]: 

RCH=O + 2BrCH2 Me 
fi 

r.t. - 50°C 
+ 2BusSb - 

1-16 h 
0 

Q-RCH=CH 

(where R was Bu, Ott, a-CrrHp, rrans-MeCH=CH. nanr-HepCH=CH, 2-F”, 

2-Thi, Ph. or pans-PhCH=CH) 

The yields of a&unsaturated ketones ranged from 78-9346. The reactions were carried out 

without solvents or in aprotic solvents such as benzene, THF, dichloromethane, or acetonitrile. 

Triphenylstibine could also promote the interaction of bromoacetone and aldehydes, but higher 

temperatures were required and the yields were lower. Chloroacetone proved to be much less 

reactive than bromoacetone. a&Unsaturated ketones were also prepared from the following 

a-bmmo ketones: bromoacetophenone, 3-bromo-2-butanone, and 1-bmmo-3-methyl- 

2-butanone. The yields in most cases were very good. 

The use of tributylstibine to promote the synthesis of certain 1,1,2-trisubstituted 

cyclopropanes in good yields was reported in a third paper [37]: 

X 

C02R 

CH&!Hx + Br2C(CK&R)2 + B@b L 
0.5 h 4 + BusSbBq 

co,R 

(where X was CH=O, C(O)Me, CN, or CO&t and R was Me or Et) 
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Replacement of the dialkyl dibromomalonate with ethyl dibromocyanoacetate gave similar 

results. Cyclic a$-unsaturated ketones reacted with the dibmmo compounds in the presence of 

tributylstibine to give good yields of the expected bicyclic derivatives. Some olefiis 

(acrylamide, cinnamic ester, crotonic ester, 8-ionone. p-chlorochalcone, styrene, maleic 

anhydride. diethyl maleate, and diethyl fumarate), however, did not give substituted 

cyclopropanes. When diethyl maleate or diethyl fumarate was used as the oleftic component, 

dimethyl dibromomalonate was found to undergo a coupling reaction: 

60°C 
2BrzC(COzMe), + 2BusSb 4h (Me02C)&!=C(C0,Me)~ + 2Bu$bBrz 

The reaction of ethyl dibromocyanoacetate with an acrylic ester gave not only the trisubstituted 

cyclopropane but also two reduction products: 

BusSb 
CHz=CHC!OsMe + Br&(CN)CO,Et - 

COzMe 

CN 4 + BrCH(CN)CGsEt + NCCHzCOzEt 

I 
COzEt 

68% 

Two isomeric cyclopropane derivatives obtained from the reaction of acrylonitrile with ethyl 

dibromocyanoacetate were shown to have E and 2 configurations on the basis of PMR data; the 

E to Z ratio was 6238 as determined by GLC analysis. The reaction of ethyl 

dibromophenylacetate with electron-deficient olefms in the presence of tributylstibine gave 

cyclopropanes only in low to moderate yields. The cause of the lower yields was shown to be 

competing side-reactions that formed two reduction products as well as the coupling product. 

The reaction of dimethyl dibromomalonate with the oletins was found to be promoted not only 

by tributylstibine but also by triethylstibine, triphenylstibine, tributylarsine, or 

tributylbismuthine. The two trialkylstibines gave the best yields of cyclopropane derivatives. 

When dimethyl dibromomalonate was tefluxed in benzene with triphenylstibine in the absence 

of an olefin, triphenylantimony bromide hydroxide and dimethyl bromomalonate were formed 

almost quantitatively: 

2BrzC(COzMeh + PhsSb e PhsSb(OH)Br + CHBr(C02Me)2 

The formation of these products was explained by the following mechanism: 

Ftefe- p. 82 
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PhsSb + Br,C(CO,Me), - PhsS+bBr Br&C02Me)2 1 
H20 

- Ph$b(OH)Br + CHBr(C02Me)2 

Mechanisms were also proposed for the other reactions studied in this investigation. 

A fourth paper from Huang’s laboratory described the preparation of a&unsaturated 

esters and amides by the trialkylstibine-promoted reaction of derivatives of a-halo carboxylic 

acids with aldehydes or ketones [38]: 

R’R%=O + RCH(Br)COY + BusSb it: g: ti 

R1R2C=C(R)COY + iBu3SbBr2 + fBu$b(OHh 

(where R’ was Pr, n-Ct,Hu, MeCH=CH, Me$=CHCH2CH2C(Me)=CH, 2-Fu, 

Ph, or PhCH=CH, R2 and R were H, and Y was OEt; where R1 was Ott, 

PrCH=CH, 2-Fu, 2-Thi, or Ph, R2 was H, R was Me, and Y was OEt; where R’ 

was Ph, R2 and R were H, and Y was OMe; where R’ was Ph, R2 was H, R was 

Et, and Y was OEt; where Rt and R2 were Me, R was H, and Y was OEt; where 

R1R2 were (CH2)4 or (CH2)5, R was H, and Y was OEt; where R’ was 

Me.$HCH,, 2-Fu, or 4-ClC6H4, R2 and R were H, and Y was NEt2) 

The yields obtained with the aldehydes were good or excellent, whereas the ketones gave only 

fair or poor yields. Ethyl chloroacetate reacted just as well as the bromo compound, but ethyl 

2-chloropropanoate did not react even at 150°C. Triethylstibine was as effective as 

tributylstibine, while triphenylstibine, antimony trichloride, and tributylphosphine did not 

promote the olefination reaction. The reactions could be carried out without a solvent or in such 

aprotic solvents as THF, acetonitrile, hexane, or benzene. Ethyl bromoacetate and 

bromo-IVJUiethylacetamide were found to react with trialkylstibines to yield oily products, 

which were identified as quatemary antimony bromides from PMR, IR, and MS data. The 

bromides were converted by anion exchange to crystalline tetraphenylborates: 

RsSb + BrCH2COY r.t. RsS+bCH2COY Br - ;zHh4 .RsS+W2COY P4B- 

(where R was Et or Bu. and Y was OEt or NEt,) 

Heating uibutylcarbethoxyantimony bromide or tetraphenylborate with benzaldehyde gave a 

high yield of ethyl cinnamate: 

PhCH=O + Bus&~,co,Et X - 
80 - !WC 

- PhCH=CHC02Et 
3h 

(where X was Br or Ph,B) 
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The authors concluded that a quaternary antimony halide was an intermediate in the 

trialkylstibine-mediated olefination reaction, and they proposed a mechanism. 

The reduction of several types of organic compounds by uialkylstibmes was reported in 

a fifth paper published by Huang and coworkers [39]. For example, a number of nitmarenes 

were converted to azoxy compounds in good yields by the following type of reaction: 

2ArN02 + 3RsSb THF 
P 

7 ArN=NAr + 3RsSbO . . 

(where Ar was Ph, 2-ClC,H,, 4-ClC,H+ 3-BGH.+ 4-BrC&I~, 4-IC&, or 

2-Me-4-CICsHs and R was Et or Bu) 

Other reduction products were not detected in these reactions. Surprisingly, the interaction of 

1-bromo-2-nitrobenzene and a trialkylstibine did not proceed cleanly but gave an intractable 

mixture. The failure of ldimethylamino-4nitrobenzene to react even in refluxing THF was 

attributed to the presence of an electron donating group. The reaction of electron-deficient 

nitroamnes such as 4-nitrophthalic anhydride and 4-nitrobenzoyl chloride with uialkylstibines 

resulted in polymerization of the substrates. Triphenylstibine proved to be inert towards 

nitrobenzene in refluxing THF. Treatment of quinone with tributylstibine in THF gave 

hydroquinone after pmtolysis: 

0 OH 

BusSb, THF H20 

500C,5h- 

The yield was 91%; the fate of the trialkylstibiie was not mentioned. When Ctoluenesulfonyl 

chloride was mixed with tributylstibme, an exothermic reaction took place. 4-Toluenesulfinic 

acid was isolated from the tea&on mixture in 98% yield after protolysis: 

S02H 

BusSb H20 
b 

r.t., 0.5 h 
+ Bu$b(OH)Cl 

An exothermic reaction also occurred when a-bromophenylacetonittile was mixed with 

tributylstibine. The product obtained in 91% yield showed that coupling had taken place: 

2PhCH(Br)CN + BusSbL 
10 mitt 

PhCH(CN)CH(CN)Ph + BusSbBr2 

Referencea p. 82 
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1,2-Dibromo-l-phenylethane was debrominated by nibutylstibine at 1OO’C to give a 70% yield 

of stymne: 

100°C 
PhCH(Br)CHaBr + Bu$b 4h PhCH=CHa + Bu$bBrz 

The debmmination of 3.4~dibromobutanone was said to be more facile, while 

1,2dibromo-2-methylpropane did not react with tributylstibine even at 15O’C. 

The last organoantimony paper published by Huang’s group in 1989 described the 

synthesis of alkyl aryl sulfones via the tributylstibine-assisted coupling of Ctoluenesulfonyl 

chloride with alkyl halides [40]: 

r.t. - 50°C 
4-MeC&SOsCl + RX + BusSb - 

0.5 - 12 h 
4-MeC,J&SOaR + BuSb(X)Cl 

(where RX was MeI, BuI, CHs=CHCHsI, CHa=CHC!HaBr, PhCHaBr, 

PhCOCHaBr, MeOsCCHsBr, or (0MeC!H=CHCHsBr) 

The yields of sulfones ranged from 51 - 90%. The alkyl bromides were less reactive than the 

iodides, while the chlorides were not effective at all. A mechanism for the coupling reaction 

was proposed by the authors. 

The oxidative fluorination of tris(pentafluorophenyl)stibine with elemental fluorine in 

nitrogen (the Fa to Ns ratio was 1 to 20) has been found to give a 98% yield of the corresponding 

difluoride [41]: 

CClsF 
(C6F5)3Sb + F2 _400c - (C,F,hSbF, 

The colorless compound thus obtained was soluble in organic solvents, was air-stable, and 

possessed spectroscopic properties in agreement with those in the literature. An attempt to 

prepare the difluoride by the interaction of tris(pentafluorophenyl)antimony dichloride and 

cesium fluoride was unsuccessful but afforded the tris(pentafluorophenyl)trifluoroantimonate 

anion: 

(C&)sSbCl, + 3CsF = Cs[(C6FShSbFs] + 2CsC1 

The same complex was formed in good yield by the following addition reaction: 

(C&)$bF2 + CsF = WW3hSWl 

The substance was a colorless solid, which was not sensitive to air or moisture. Its lsF NMR 

spectrum supported the conclusion that the (C&)sSbFs- anion had the mer configuration. The 

adduct was also characterized by a molecular weight determination (which showed that the 
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substance was a I:1 electrolyte in acetonitrile) and by Raman spectroscopy. A later paper from 

the same laboratory described the preparation of tris(pentafluorophenyl)antimony difluoride by 

the use of xenon difluoride [42]: 

MeCN 
(C6F5)sSb + XeF2_3ooc- (C6F5)3SbF2 + Xe 

The colorless product was formed in quantitative yield and was spectroscopically identical to 

the antimony difluoride obtained by the use of elemental fluorine. 

Salts of the type lPh3Elj[AsFa] have been prepared in high yields by oxidizing 

triphenylphosphine. -amine, -stibine, or bismuthine with iodine and then adding silver 

hexaflu oroarsenate to the reaction mixture [43]: 

(where E was P. As, Sb, or Bi) 

All of the salts were characterized by PMR. IR, and Raman spectroscopy. Direct evidence for 

the E-I bond was found in all four Raman spectra. For example, the Raman spectrum of the 

antimony compound exhibited a peak at 183.5 cm-’ that was assigned to vsbI. The IR of all four 

salts had peaks that were assigned to vheF and 8&-F With the exception of the bismuth 

compound, the salts were stable for several days at room temperature in an inert atmosphere. 

A study has been made of some of the electrochemical properties of complexes of 

iodine with triphenylamine. -phosphine, -amine, or -stibine [44]. The maximum uptake of 

iodine by each of the niphenyl compounds was determined by placing both reactants in an 

evacuated tube with contact between them only in the gas phase. In this way, it was found that 

the maximum amount of 12 absorbed per mol of triphenylstibine was 5.9 mol; the time required 

for equilibration was 25 days. Other compositions of triphenylstibine-iodine were prepared by 

thoroughly mixing and grinding weighed amounts of the two substances, sealing them in 

evacuated glass tubes, and keeping them at room temperature for 48 h. Up to an Is/Ph3Sb mol 

ratio of 1.5, only solid materials were observed. From an Is/Ph3Sb ratio of 1.5 to 3.5, a mixture 

of solid and liquid was present. Between 3.5 and the saturation value, the materials were liquid. 

Free energies of complex formation were determined from EMF data obtained Ram solid 

electrochemical cells with an AgI electrolyte. The cells were of the type 

PtlPh3Sb(I~~AgIlAg]Pt, where x was the mol ratio of 1, to triphenylstibine. The free energy of 

formation of the complex at the maximum I#h$b ratio was found to be 25 kJ/mol I,. 

Electrical conductivities of the solid complexes of triphenylstibine and iodine wem very low 

(~10~~ ohm-’ cm-‘). The liquid complex had a higher conductivity and might have been 

expected to be an ionic conductor. The observation that ac. and d.c. measurements on this 

complex yielded identical results indicated, however, that there was a significant electronic 

contribution to the conductivity. 

3,5Dinitrobenzoyl derivatives of antimony(V) have been prepared by the oxidative 
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addition of the benzoyl chloride to triarylstibines [45]: 

Ar$b + RCOCl- Ar$b(COR)Cl 

(where Ar was Ph or 4-MeC& and R was 3,5-(O&&Hs) 

The reachf,-mncwPd*u;+j -ndi~~~qu~d~ ?1~rriek-,vf~f,~~~~rf~.~,~?~R~ 
dichloromethane for 5 h. The benmyl derivhes wete p&e yellow solids, which wete soluble 

in benzene,, ddhmrti., QI~G &~&llrud~ap,, end *wl?t fj)mwr. Q, k arzrmmcnk sir. w_&&L. 

The moIar conductauces of IO%4 solutions of these substances in acetonitrile were very low (4 

- 7 ohm-l mol-’ cm*) and showed that there was little, if any, ionization. The relatively low 

melting points of the compounds were also consistent with non-ionic structures. The carbonyl 

stretchir@tq.rencies in me i’r? specn-a were in me I&i? - I&U cm-j range. i%e ank~on~-a@ 

bond was found to be stable to methyl iodide and methyl alcohol. The triphenylantimony 

derivative also f&k+ to face witzI cah.+um petc2llmre in reAuxkzg &&lumm&ane. In 

contrast to 3,5-dinitrobenzoyl chloride, other acyl halides investigated (benzoyl chloride, acetyl 

chloride, and chloroacetyl chloride) did not form addition products with triphenylstibine. 

The interaction of equimolar amounts of triphenylstibine and nitric acid in acetic 

anhydride at 0°C has been shown to yield triphenylantimony diacetate [46]: 

The product was characterized by PMR and mass spectroscopy. It was suggested that 

triphenylstibine was oxidized by the nitric acid to triphenylstibine oxide, which then reacted 

with the? act& azhytifre ID give tie tiacelale. %&rnen1 o!i aipbeny%jmne Dsbe titi ac&c 

anhydride did in fact produce the diacetate; heating the latter compound in vacua reconverted it 

to the oxide. 

The interaction of pentaphenylbismuth and triphenylstibine in toluene has been found 

to give a 43% yield of pentaphenylantimony [47]: 

20°C 
PhSBi + PhsSb - PhSSb + Ph,Bi 

The intermediacy of the following hexacovalent intermediate was postulated: 

ph,[,Ph 
Ph ’ 1 ==.Sbph, 

Ph 

A much lower yield of a pentaarylantimony derivative was obtained when a tritolylstibine was 

allowed to react with pentaphenylbismuth. The bismuth reagent effected no observable 

phenylation of bulky tertiary stibines containing three naphthyl or cymantrenyl groups. Further 
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information about this work is discussed in the Annual Survey of Bismuth. 

The reaction of triphenylstibine with vicinal diols in the presence of tert-butyl 

hydroperoxide has been employed to prepare seven heterocyclic derivatives of antimony [48]: 

Ho\ 
Ph,Sb + 

Na2S04 

HO’ 
G + MqCOOH - 

Ph,Sb 
/“\ 
‘0’ 

G + Me&OH + Ha0 

(where G was C!H$H2, CHMeCHMe, CMe,CM%, CPh,CPh,, 

CH2CH(CH20H), or 1,2-C&,, or where HOGOH was CXL 
OH OH 

The yields ranged from 71- 91%. 

Trimethylstibine has been included in a study of the influence of two different carrier 

gases (hydrogen and helium) on the temperature required for the onset of pyrolysis of twelve 

organometallic compounds [49]. As a general rule, the compounds began to pyrolyze at lower 

temperatures in hydrogen than in helium. For example, the onset temperatum for 

trimethylstibine was 394’C in hydrogen and 436’C in helium. In the case of dimethyl 

ditelluride, however, pyrolysis in hydrogen began at a temperature 42’ higher than pyrolysis in 

helium. 

Tributylstibine has been used in the preparation of alumina-supported bimetallic 

catalysts of palladium alloyed with antimony [50]. The tertiary stibine was deposited on the 

palladium-on-alumina and subsequently reduced to metallic antimony in a hydrogen atmosphere 

at 573 or 773 K. The usefulness of these catalysts for the hydrogenation of isoprene was then 

explored. 

A process known as molecular-beam epitaxy (MBE) has been employed for the 

preparation of thin semiconducting films of gallium antimonide [51]. Trimethylstibine used as 

the source of the antimony was found to decompose effectively at cracking temperatures higher 

than 800°C. The films thus obtained were said to have a mirror-like surface. 

Triphenylstibine admixed with molybdenum(V) chloride, tungsten(V1) chloride, or 

niobium(V) chloride has been employed to catalyze the polymerization of 

3-(hexyldimethylsilyl)-1-hexyne and 3-(dimethylphenylsilyl)-1-hexyne [52]. The best results 

were obtained when the stibine and molybdenum compound were used in a 1:l ratio. 

Triphenylstibine has also been claimed to be a catalyst for the disproportionation of halosilanes 

of the type H,SiX4_, where X was a halogen and n was 1,2. or 3 [53]. a beneficial component 

of photohatdenable electrostatic masters. which could be employed for electrostatic proofing 

and similar purposes [54], and a cocatalyst for the preparation of aryl esters of carboxylic acids 

‘[55]. Other tertiary stibines were said to be useful as components of organometallic catalysts for 

reactions such as low-pressure hydroformylation [56]. 
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A study has been reported of the UV absorption and magnetic circular dichroism of 

phosphabenzene, arsabenzene, and stibabenzene (the phosphorus, arsenic, and antimony analogs 

of pyridine) [57]. The lowest energy transition in each molecule was attributed to an mr state. 

Three xx* transitions were also identified and were related to the Lu, La, and B, states of the 

aromatic sextet. It was concluded from an analysis of orbital splittings that the effective 

x-orbital electronegativities of the phosphorus, arsenic. and antimony atoms in these compounds 

were higher than that of carbon. Thus, these hetematoms appeared to be acting as n-electron 

acceptors while at the same time acting as o-electron donors. 

A critical analysis has been published of the closed- and open-shell contigurations of 

heterocyclobutadienes of the following type [58]: 

101 E 

(where E was N, P, As, Sb, or Bi) 

The definition of topological resonance energy (TRB) was modified, and new TRB values were 

calculated for both kinds of configuration. The quantum chemical parameters of these 

molecules and of their acylic counterparts were also evaluated. 

Relationships have been developed that permitted the calculation of the steric effects of 

substituents bonded to sulfur, phosphorus, arsenic. or antimony [59]. The steric sub&tent 

constants, Rs(Sb), of 25 atoms or groups bonded to antimony ranged from 0.24 for H to 2.18 for 

Et&H. The substituent constant for a given atom or group decmased as the size of the 

heteroatom increased. A strict linearity was observed between the stexic effect of substituents 

on each of the four heteroatoms and the steric effect of the same substituents on carbon. Thus, 

for antimony the following equation was obeyed 

R&b) = 0.208 + 0.704Rs(C) 

There have been numerous recent publications that mentioned the use. of tertiary 

stibines as ligands in transition metal complexes. The metals coordinated to the antimony in 

these complexes included cobalt [60], copper [al], europium [62], iron [63-65]. manganese 

[66,67], molybdenum [68-731, osmium [74], palladium v5], platinum [76,77], rhodium [78-821, 

ruthenium [79, 83-871, and tungsten [70, 71, 731. The reaction of triphenylstibine with 

pemakis(2.6dimethylphenylisocyanide)cobalt(II) perchlorate hemihydrate has also been studied 

WI. 
Differential UV spectroscopy has been employed to study the 1: 1 complexes of 

antimony tribromide with the following aromatic donors: benzene, toluene, o-xylene, m-xylene, 

1,2,4+timethylbenzene, durene, pentamethylbenzene, hexamethylbenzene, and hexaethyl- 

benzene [89]. This procedure made it possible to identify the charge-transfer bands associated 

with complex formation. A linear relationship was observed between the position of the edge of 

the absorption band and the ionization potential of the organic ligand. 
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Worktm in another laboratory have recorded the Raman spectra of the 21 complexes 

of antimony trichloride with benzene, benzene-d6, toluene, o-xylene, m-xylene, p-xylene, 

mesitylene, and durene [90]. The observed complex-induced frequency shifts of vibrations 

belonging to the aromatic hydrocarbons were discussed in terms of the reduction of electronic 

charge on the ring framework and the greater amount of vibrational coupling upon complex 

formation. Vibrational coupling was observed between C=C stretching vibrations and internal 

modes of the methyl groups as well as between C-H stretching vibrations of the ring and the 

methyl groups. The postulated reduction of electronic charge was said to be directly related to 

the observed changes in the C-H stretching and out-of-plane vibrations of the ring as well as in 

the tangential C=C stretching vibrations. 

A number of papers on the crystal and molecular structures of organoantimony(V) 

compounds from Sowerby’s laboratory in England have been published. The present paper [91] 

deals with the crystal structure of the hydrate, Ph#C!ls~H20, which can be readily obtained by 

crystallizing the anhydrous chloride from acetonitrile containiig cu. 5% water. However, when 

PhaSbBrs was recrystallized from the same aqueous solvent, a 1:l addition compound, 

Ph#bBrs.MeCN. rather than the hydrate, was obtained. This addition compound was unstable, 

and rapidly lost MeCN at room temperature. The lR spectrum of the complex gave bands at 

2270 and 2996 cm-‘, assigned to coordinated MeCN. The PMR spectrum of the complex in 

CDCls gave peaks at 8 1.71 and 1.99, assigned to coordinated and free MeCN. A similar 

complex, Ph#bCls*MeCN was obtained by recrystallizing the dimer (Ph#Cls)~ from 

anhydrous MeCN. This too was unstable and rapidly lost MeCN at room temperature. The IR 

spectrum of this complex gave bands at 2276 and 2303 cm-‘, consistent with coordinated 

MeCN, and peaks at 8 1.57 and 2.00 in the PMR spectrum, consistent with coordinated and free 

MeCN. All attempts to prepare a hydrate of Ph$bBrs were unsuccessful. An X-ray diffraction 

study of Ph#bCls.H,O showed that the geometry around the Sb atom was somewhat distorted 

octahedral. The two phenyl groups were trans to each other. There were two independent 

%-Cl distances, 2.361 and 2.462 A, with the chloride WU~IS to the water atom having the shorter 

distance. There was intermolecular hydrogen bonding, O-H-Cl, involving both hydrogen atoms 

of the water molecule. The authors suggested that the considerable stability of the hydrate 

(requiring heating to 100°C in vacua to remove the water molecule) could be attributed to this 

hydrogen bonding. The X-ray structure determination of Ph,SbBrs*MeCN revealed that the 

geometry around the Sb atom was also essentially octahedral with an Sb-N bond. The Sb-Br 

bond wum to the MeCN was somewhat shorter (2.519 A) than the independent Sb-Br distances 

(2.605 A), and the Sb-N distance (2.53 A) was long and presumable weak. There was some 

distortion of the octahedral geometry in that the Br-Sb-N angle was 82.8”, leading to a Br-Sb-Br 

angle of 93.5O. 

The crystal structures of the complexes SbC&*DPSO and Ph@Cls~DPSO (where 

DPSO was diphenylsulfoxide) have been determined [92]. The Sb-Cl bond lengths were 

somewhat longer in the latter complex. 

The interesting organoantimony(V) compound, [BuJUj2[Ph@O(MoO&, has been 

prepared by Liu and coworkers [93]. It was obtained by adding diiodotriphenylantimony in 

dichloromethane to an excess of tetrabutylammonium molybdate in methanol-dichloromethane. 
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The addition of diethyl ether then produced microcrystals which were removed by filtration and 

dissolved in acetonitrile. The addition of benzene gave colorless crystals of the 

organoantimony(V) molybdate. The crystal and molecular structure of the compound was 

determined by X-ray diffraction. The compound was centrosymmetric and contained a planar 

&membered ring formed from two octahedral PhsSbO, groups and two tetrahedral MOO4 

groups, by sharing 4 oxygen atoms alternately. The hvo organoantimony octahedra were joined 

together by edge sharing, and the benzene rings protruded out of the g-membered ring. 

In a second paper from the same laboratory, the preparation of a different product, 

[Bu4N],[Ph$b(Mo04)&3HZ0, was described [94]. This was obtained by adding 

diiodotriphenylantimony in dichloromethane to two molar equivalents of tetrabutylammonium 

molybdate in methanol solution. Addition of diethyl ether to the resulting solution precipitated 

the product which was recrystallized from acetonitrile-ether. It was characterized by elemental 

analyses, IR, UV, and PMR spectroscopy. 

In two papers devoted to the formation of metal-element double bonds by chlorosilane 

elimination, Schubert and coworkers [66,67] reported that the reaction of PhsSbBq or PhsAsClz 

and the manganese complex [MeCp(CO)@nSiMePhz]- (where Cp was cyclopentadienyl) 

occutred instantaneously to give compounds containing manganese-antimony or 

manganese-arsenic bonds: 

[MeCp(CO)ZMnSiMePhal - + Ph$bBr,-+ MeCp(CO)@nSbPhs + Ph*MeSiBr + Br - 

Dihalostibines reacted to form dinuclear stibinidene-bridged complexes of the following type 

F.w: 

R 

I 

MeCp(CO)zMn 
J.y 

Mn(CO)zMeCp 

The crystal and molecular structure of u-oxo-bis[bromotriphenylantimony(V)] has been 

determined by Ouchi and Sato [95] by means of X-ray diffraction. The compound was prepared 

by treating dibromotriphenylantimony in benzene solution with triethylamine and traces of 

water. The resulting compound, (Ph-,SbBr),O, was recrystallized from acetonitrile. There were 

8 molecules in the unit cell. There were,however, two crystallogmphic independent molecules, 

both of which contained trigonal-bipyramidal antimony atoms with the phenyl groups in 

equatorial positions and the bromine atoms in axial positions. The two antimony atoms were 

linked by an oxygen atom axial to the two antimony atoms. The two independent molecules 

differed principally in the Sb-0-Sb angle, which was 170.2’ in one molecule and 176.8’ in the 

other molecule. The Sb-Br bond distances were longer than the sum of the covalent radii while 

the Sb-0 distances were considerably shorter. 

Previous X-ray diffraction studies of the compounds PhsSb(O&Meh and 

PhsSb(O&Ph), have shown that the (C=)O-Sb distances were considerably less than the sum of 

the covalent radii and indicated weak bond formation between the carbonyl oxygens and the 
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antimony atom. Domagala and coworkers [96] have now investigated a number of compounds 

of the type R$h(O,CR>, where R was Me, cyclohexyl, Ph. dMeOG&, 4-FC&I+ and 

2,4.6-Me&&, and where R’ was a heterocylic ring (2-furyl, 2-thienyl, 2-pyrryl, and 

2-(N-methyl)pyxryl), in the expectation that these compounds might possess structures which 

approached pentagonal bipyramidal, i.e. the antimony might have a coordination number of 

seven. A total of 27 new organoantimony(V) compounds were prepared. Two different 

synthetic methods were employed. In one method compounds of the type RsSbO or R$b(OH)a 

were treated with the requisite carboxylic acid in a 1:2 molar ratio in chloroform solution. In the 

second method dibromotricyclohexylantimony was treated with silver oxide and two molar 

equivalents of the requisite carboxylic acid in aqueous acetone. The new compounds were 

characterized by elemental analyses, IR spectra, and, with a few compounds, Raman spectra and 

molecular weight determinations. Ten new organobismuth(V) compounds, described in the 

organobismuth section in this Journal, were also prepared. For all of these compounds the IR 

bands vC=O and vC-0 (in cm-‘), both in the solid state and in solution (CHCls or CS,), were 

tabulated. In addition the differences, vC=O - vC-0, in the solid state (A+) and in solution 

(AQ were calculated. Finally the differences, Avv, - AvvF were listed. With the exception of the 

tricyclohexyl and trimesityl compounds, the vC=O bands were displaced towards lower wave 

numbers in the compounds in the solid state as compared with those in solution. By contrast the 

vC-0 bands were shifted to higher wave numbers in the solid state. Again, except for the 

tricyclohexyl and trimesityl compounds, the vC=O - vC-0 differences were smaller in the solid 

state than in solution (i.e. vC=O - vC-0 was positive). The authors interpreted these results as 

indicating that the carbonyl oxygens reacted weakly with the antimony atom to give it a formal 

coordination number of seven. With the bulky cyclohexyl and uimesityl compounds, however, 

the AVL- AvvF values were negative. This result suggested that there was no interaction between 

the carbonyl oxygens and the antimony atom in these compounds. 

In the compounds other than those where R was cyclohexyl or mesityl, the Avt_- AvvF 

values were found to vary with the nature of R. Thus, where R was Me the values varied from 

9-24 cm-‘, but were from 27-49 cm-’ where R was 4-MeOC6H4, from 30-62 cm-’ where R was 

Ph. and from 50-65 cm-’ where R was 4-FC6H4. The authors attributed these results to the 

inductive effect of the R group on the Lewis acidity of the antimony atom. 

In addition to the IR (and some Raman) spectral results, an X-ray diffraction study of 

the compound Ph$b(OzCR’)a, where R’ was 2-thienyl, was carried out. The molecule could be 

considered as a greatly distorted trigonal bipyramid with the acyloxy groups in axial positions. 

The (C=)O-Sb distances (274.4 and 294.9 pm) were considerably shorter than the sum of the 

covalent radii (360 pm). One C-Sb-C angle was increased to 145.9”, while the other C-Sb-C 

angles decreased to 104.4’ and 109S”. The structure of the molecule thus tended towards a 

distorted pentagonal bipyramid, with four oxygen atoms and a carbon atom place equatorially 

and two carbon atoms place axially. 

Nomura and coworkers [97] have previously reported that organoantimony(V) 

compounds Ph$b(OzCR)2 reacted with amines to produce amides and uiphenylstibiie oxide: 

Ph,Sb(O,CR), + 2R’NHZ-+ ZRCONHR’ + PhsSbO + Ha0 

References p. 82 
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Further work showed that triphenylstibine oxide would serve as a catalyst for the production of 

amides: 

Ph,SbO 
RCOZH + R’NHZ- RCONHR’ + HZ0 

The same research group [98] has now reported on the use of triphenylstibine oxide, both as a 

reactant and as a catalyst, for the formation of dipeptides. Triphenylstibine oxide was treated 

with the stoichiometdc amount of an N-protected amino acid in acetone solution to produce the 

bis(acyloxy)triphenylantimony compounds Ph$b(O.$Rh. The N-protected amino acids used 

were derived from glycine, phenylalanine, and leucine, and the N-protecting group was 

benzyloxycarbonyl. With phenylalanine, the compound with a benzoyl-protected amino group 

was also prepared. Yield data, mps, and some 13C NMR and IR data for the four compounds 

were listed. The three compounds with a benzyloxycarbonyl-protected amino group were then 

treated with an amino compound in a solvent to form the amide and triphenylstibiie oxide. 

Several different solvents were used, chloroform, uiethylamine or a mixture of the two. The 

amines used were hexylamine and the ethyl esters of glycine and leucine. A yield of 93% amide 

was obtained from hexylamine (in 20 fold excess and no solvent) and benzyloxycarbonyl 

N-protected glycine. With the ethyl esters of glycine and leucine, ethyl esters of the dipeptides 

glycylglycine, glycylleucine, and phenylalanineleucine, with the benzyloxycarbonyl-protected 

amino groups still intact, were obtained. The glycylleucine dipeptide compound was obtained in 

95% yield when the solvent was chloroform-triethylamine. Since triphenylstibme oxide and 

carboxylic acids react to form bis(acyloxy)triphenylantimony compounds, the use of 

triphenylstibine oxide as an amidation catalyst was investigated. The reaction of glycine ethyl 

ester and benzyloxycarbonyl N-protected glycine reacted to produce a 100% yield of the 

dipeptide derivative when catalyzed by 25 mol 96 of triphenylstibine oxide. The solvent was 

chloroform-DBU. The same ester and benzyloxycarbonyl N-protected phenylalanine gave a 

51% yield of the dipeptide derivative. Five mol % of triphenylstibine oxide was used, and the 

solvent was chloroform-triethylamine. 

The method described in the previous paper for the synthesis of dipeptides has been 

further improved by Nomura and coworkers [99]. They had previously found that 

triphenylstibine oxide was an excellent catalyst for converting thiocarboxylic acids into amides. 

This amidation reaction was then extended to amino acids by warming an N-protected amino 

acid with an amino acid ester in the presence of catalytic amounts of triphenylstibine oxide and 

phosphorous pentasulfide. In all but one reaction the N-protecting group was 

benzyloxycarbonyl and the ethyl esters of either glycine or leucine were. used as the amine for 

the amidation reaction. The condensation reactions were carried out at 35 or 40°C over periods 

that ranged from 2 to 7 h. In a typical reaction 5 mm01 of N-protected amino acid was stirred 

with 0.54 mmol of triphenylstibine oxide and 1 mm01 of phosphorous pentasulfide at 5O’C for 

0.5-l h in benzene solution. After cooling to room temperature, the amino acid ester and 

triethylamine (5.0 mm01 of each) were added dropwise, and the product purified by extraction 

and recrystallization. Thus, from N-protected alanine and glycine ethyl ester, N-protected 

alanylglycine ethyl ester was prepared in 90% yield. and glycylglycine ethyl ester was obtained 



in 83% yield. Only traces of the latter compound were obtained in the absence of 

triphenylstibine oxide or phosphorous pentasulflde. A total of seven different dipeptide ethyl 

esters were prepared by this procedure in yields ranging from 51-998. It was also found that 

acetic acid was converted to thioacetic acid by stirring at 35°C in benzene solution with 

uiphenylstibine oxide and phosphorous pentasulftde. The yield was quantitative. No reaction 

occurred between acetic acid and phosphorous pentasulfide in the absence of trlphenylstibine 

oxide. 

A comparison of hydrogen bonds and coordination bonds in a number of isostructural 

systems has been published [lOO]. Compounds of the type ArXH were compared with the 

compounds ArXBR,,. where Ar was C6H4Y(Y = COR, NOz, C5H4N, etc.), X was 0, S, or N, 

and E was Hg, Sn. Pb. or Sb. The extent of the interaction of these substances with nitrogen, 

phosphorous, and oxygen bases was determined from IR and W spectral data. It was 

concluded that, in spite of the great size and polarixability of ER,, groups, there was a great 

similarity between hydrogen bonds and coordination bonds. The antimony compounds included 

in this study were 4-02NC6H4SSbPh4 and 4-OsNC&OSbPh,+ 

Equilibrium constants have been determined for the complexation of compounds of the 

type 4-02NC6H,0Y and 4-OsNCsH$Y (where Y was an organometallic group which included 

Ph$b) and bases such as pyridine, triethylamine. and triphenylphosphine in benzene solution 

[loll. Differences between coordination with amines and the phosphine were consistent with 

hard and soft acid-base (I-ISAB) theory. 

Aubagnac and coworkers [ 1021 have studied the molecular structures of onium salts in 

which the cations were Ph,P+, Ph4As+. and Ph$b+, and the anion was Ph,B-. Also included in 

the study were the compounds NaBPh4, Ph4PBr, Ph,AsCl, and Ph$bBr. The authors were 

interested in discovering the effect of increasing the ionic radius of the anion and/or cation on 

the structure of salts in which both the anion and cation were monovalent. The compound 

[Ph$b] [Ph,B] had not been previously reported. It was prepared from Ph4BNa and Ph$bBr, 

and was characterized by elemental analyses and IR spectroscopy. Elemental analyses and IR 

spectra were also given for [Ph,B] [Ph,As] and [Ph,B] [Ph,P]. The compounds were studied in 

the solid state Q-ray diffraction), in solution (“B. 13C, 31P, and 7sAs NMR), and in the gas 

phase (positive ion fast atom bombardment mass spectrometry). Although the crystal structures 

of the Ph,P+, Ph4As+, Ph,Sb+. and Ph,B- ions (where the corresponding counterions were small) 

are well known from a number of previous studies, and no anomalies have been reported, the 

present authors were unable to obtain satisfactory crystal structures for the phosphonium. 

arsonium, or stibonium tetraphenylborates (apparently due to the disordered character of the 

crystals). The NMR results were normal. The main difference between the simple ions, Na+, 

Br, and Cl-, and the onium tetraphenylborates was an effect on the puru carbon atom in the 13C 

NMR spectra. Thus, SC, = 131.3 for Ph$bBr and SC, = 132.4 for [Ph,Sb] [Ph,B]. The 

positive ion fast atom bombardment mass spectra of the four compounds NaPh,B, Ph,PBr, 

PhJAsCl, and Ph$bBr were recorded and the results discussed. However, the three onium 

tetraphenylborates did not give significant results. No ions of the cationic or anionic parts were 

recorded in the positive or negative modes. Two possible explanations were offered for these 

results: (a) when the counterion size was similar to that of the ion. cleavage of the crystal lattice 

Referencea p. 82 
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became very difficult or (b) when the difference in electronegativity between the ion and 

counterion was small, the compounds had a low polar character. 

An X-ray diffraction study of the peroxide Ph&OOCMe, revealed that the antimony 

atom possessed a trigonal-bipyramidal configuration [ 1031. 

Previous reports from Sowerby’s laboratory have shown that there was considerable 

interaction between a carbonyl oxygen and the antimony atom in triphenylantimony diacetate, 

but that there was only weak interaction involving the carbonyl oxygen and antimony in 

tetraphenylantimony formate. IR evidence, however, has suggested that tetraphenylantimony 

acetate probably contained a bidentate acetate group. Bone and Sowerby [104] have now 

determined the crystal structure of tetraphenylantimony acetate. The geometry of the antimony 

atom was that of a greatly distorted trigonal bipyramid, with one phenyl group and an oxygen in 

axial positions. The O-Sb-C,iti angle was 169.8’. There was a strong interaction between the 

carbonyl oxygen and the antimony atom. This 0-Sb distance, 2.858 A, was considerably shorter 

than the Sb-0 (carbonyl) distance in triphenylantimony diacetate. 

Tetraphenylantimony acetate formed a 1:l crystalline adduct with acetic acid An 

eight-membered heterocyclic ring snucture has been suggested by previous workers for this 

compound. Bone and Sowerby have now determined the crystal structure of this adduct. The 

antimony was essentially a trigonal bipyramid but the Sb-0 (carbonyl) distance, 3.307 A, was 
considerably longer than in tetraphenylantimony acetate. The acetic acid molecule was 

hydrogen bonded to the acetate carbonyl oxygen, and was orientated away from the Ph,Sb unit. 

Previous papers from Matsuda’s laboratory have reported on the unique catalytic 

activity of tetraphenylantimony iodide in condensation reactions for the production of 

heterocyclic ring systems. A new paper [105] from the same laboratory dealt with the use of 

tetraphenylantimony iodide for the condensation of oxiranes with isocyanates to produce 

mixtures of 3,4- and 3,5-disubstituted oxazolidine-Zones (both a- and P-cleavage of the oxirane 

ring): 

R 
Ph,SbI 

+ R’N=C=O- 

It was also found that tetraphenylantimony iodide catalyzed the reaction of oxiranes with 

carbodiimides to yield only 3.4-disubstituted oxazolidine-2-imines: 

The authors stated that this was the first example of the cycloaddition of heterocumulenes via 

the selective a-cleavage of oxirane rings. The oxazolidine-Zimines were readily hydrolyzed 

under acid conditions to producce oxazolidine-2-ones, and under alkaline conditions to produce 

~aminoalcohols. 



A second paper [106] from Mat&a’s laboratory described the use of 

tetraphenylantimony trifluoromethanesulfonate as a catalyst for the condensation of oxiranes 

with primary and secondary amines to produce b-amino alcohols. This catalyst proved to be 

more efficient for the condensation than tetraphenylantimony iodide. llms, cyclohexene oxide 

reacted with a number of amines to produce 2aminocyclohexanols: 

Ph$bO$CF, NRR’ 

0 + RR’NH 

OH 

Both primary amines (aniline and benzylamine) and secondary amines (diethylamine. 

piperidine, and pyrrolidine) were used in the above reaction. Only nuns-amino alcohols were 

obtained. Although tetraphenylantimony iodide was only slightly less effective as a catalyst 

than the trifluoromethyl compound, no reaction cccurred when tetraphenylantimony chloride 

was used. Nor did the reaction proceed in the absence of a catalyst. In addition to cyclohexene 

oxide, the condensation of amines with mono-substituted oximnes catalysed by 

tetraphenylantimony trifluoromethanesulfonate was studied: 

R 

+ HNRa’ 
Ph,SbO&!Fs 

- RCH(OH)CHaNRa’ 

0 

(where R was Me, Ph. OMe, OAc. or OCOC(Me) = CHa) 

With one exception, the reaction was completely regiospecific in that the only product was that 

obtained by g-cleavage of the oxirane ring. However, when R was Ph and R’ was Et, a mixture 

of 2diethylamino-1-phenylethanol (65%) and 2-diethylamino-Zphenylethanol (35%) was 

obtained. All of the above reactions were carried out in dichloromethane. In the case of 

cyclohexene oxide and diethylamine. when methanol was used as the solvent, no reaction 

occurred. The authors speculated on the mechanism of the reaction involving the catalytic 

activity of the stibonium compound in the condensation of amines with oximnes to produce 

amino alcohols. 

The use of organoantimony halides as catalysts for the cycloaddition of 

heterocumulenes to strained ring compounds by regioselective ring opening was then extended 

to the reaction of heterocumulenes (isothiocyanates. carbon disulfide, and carbon dioxide) with 

substituted aziridines [107]. The products of the reaction were 1,34iazolidines when the 

heterocumulene was phenylisothiocyanate: 

F-7 Ph.$bBr 
N + PhN=C=S - Ph-N ’ 

I K 
Ph NPh 
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The reaction was carried out at SO- 1OOT with 0.1 molar equivalent of the antimony compound 

as catalyst. If tributyltin iodide was used as the catalyst, a mixture of III (57%) and the 

piperixine compound IV (23%) was obtained. 

Ph 

; 

0 
N 
, 
Ph 

IV 

Other axiridines used in this reaction were l-phenyl-Zmethyl-, 1-phenyl-Zethyl-, and 

1-butyl-2-ethylaxiridine. The catalysts used were tetraphenylantimony bromide and iodide and 

dibromo- and dichlorotriphenylantimony. When the heterocumulene was carbon disulfide, the 

main product in the crude reaction mixture was a thiazolidinethione. but after work up only an 

oxazolidinethione was obtained: 

Et 

Ph,S b1 
+ cs* ___) 

dEt Hz0 ) dEt 

N Ph MNys Ph ti 
N 0 

I K 
Ph S S 

With carbon dioxide a 1,3-oxazolidine-2-one was obtained: 

Me 

N 

I 
Ph 

Ph$bBr 
+ Co2 - .N 0 

WC Ph 
K 

0 

The reactions with both CSa and COa were carried out in autoclaves. 

The catalytic activity of tetraphenylantimony iodide was also extended to the 

condensation of heterocumulenes (carbon dioxide, phenylisocyanate, and diphenylcarbodiimide) 

with oxetanes 11081. Thus, oxetane and carbon dioxide were heated in an autoclave in the 

presence of 0.05 molar equivalent of tetraphenylantimony iodide to yield 1.3~dioxan-2-one in 

96% yield. Oxetane was also found to react with a number of isocyanates at room temperature 

in a solvent (THP or benzene) to yield l,foxaxin-Zones. A total of ten different alkyl or 

arylisocyanates were used, and the yields varied from 40 to 100%. with the largest yield 

obtained from methylisocyanate and the lowest yield from 2-chloroethylisocyanate. Three 

different carbodiimides (diphenyl, dimethyl, and methylphenyl) were found to react with 

oxetane to yield 1,3-oxaxin-3-imines in 99, 95. and 92% yields, respectively. The reactions 

were carried out by stirring the oxetane (10 mmol), the isocyanate or carbodiimide (5 mmol) 

with 0.5 mm01 of tetraphenylantimony iodide in the appropriate solvent for periods that varied 



from 2 to 65 h. The products were purified by column chromatography followed by distillation 

or recrystallization. 

In addition to oxetane itself, several substituted oxetanes (2-Me, 3-Me, 3,3-di-Me, or 

2-Ph) were condensed with carbon dioxide, or with methyl- or phenylisocyanate to yield 

substituted 1,3-dioxan-2-ones or 1,3-oxaxin-2-ones, respectively. With isocyanates and 

2-substituted oxetanes, two isomeric oxaxines (4 or bsubstituted) were possible. With 

2methyloxetane and phenylisocyanate, only the 6-methyl derivative was obtained (Le. ring 

fission occurred only at the unsubstituted site). With 2-phenyloxetane, however, and either 

methyl- or phenylisocyanate, mixtnres of the 4- and 6-isomers were obtained, with the 4- isomer 

being predominant in both cases. 

In two preliminary papers [KS. 1 lo] Akiba and coworkers have described the 

preparation of the benzoxastibole V and its conversion to an ate complex VI with methyllithium: 

+ R4Li - 

V VI 

(where R*, R2, and R3 were Ctolyl and R4 was Me) 

This reaction was carried out at -78T and the product was assigned structure VI on the basis of 

its % hIMR spectrum (two quartets). When the reaction mixture was warmed to -2OT, a new 

singlet appeared in the % spectrum to which structure VII was assigned. Finally, at -0°C a 

third singlet appeared to which structure VIII was assigned. 

At equilibrium the ratio of VI:VII:VIII was found to be 61:23:16. Several suggestions were 

considered for the mechanism of the equilibration, but no definite conclusions wem established. 

A new paper [ 11 l] from Akiba’s laboratory has greatly expanded the earlier wotk. A total of 

eleven benzoxastiboles of type V (where R’, R2 and R3 were groups such as Me, Ph. or various 

substituted phenyl groups) were synthesized. From these benzoxastiboles, eight different “ate” 

complexes of type VI (VII and VIII) were prepamd. For compound VI (R’ = R2 = R3 = Ctolyl, 

R4 = Me), the NMR evidence clearly established the assigned structure, but there was no 

chemical evidence for the assignments for VII and VIII, and in the new paper the assignments 
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from the earlier papers (given above) were reversed, i.e. VI:VIII:VII = 63:23:16 at equilibrium. 

The same equilibrium mixture was established when compound V (Rt = Me, R2 = R3 = 4-tolyl) 

was converted to an “ate” compound by treatment with 4-tolyllithium. In order to study the 

electronic effect of substituents on the equilibrium, VI F;r VII r;r VIII, compound VI (Rt = R* = 

R3 = 4-tolyl, R4 = 4-CF3QH4), was prepared from V (where R1 = R* = R3 = 4-tolyl) and 

4-CF3CsH4Li. The product when the reaction was carried out at -78’C, possessed structure VI 

(R4 = 4-CF3CeH4) exclusively (as shown by high-field ‘4; NMR, 470 MHz). and isomerixation 

to structures VIII and VII proceeded very slowly even at 2YC. After 66 h the ratio VIzVIIIzVII 

was 746~20. When compound V (R3 = 4-CF3C& R1 = R* = 4-tolyl) was treated with 

4-tolyllithium at -78’C, compounds VIII, VII, and VI (R4 = 4-CF3C&14, Rt = R* = R3 = 4-tolyl) 

were obtained in a ratio of 70:13:17. and the ratio became 11:38:51 after 32 h. It was 

concluded that the thermodynamic stability falls in the order VI > VII > VIII, i.e., the isomer 

that bears the electronegative CF3C& group anri to the oxygen as the least stable isomer. In 

support for these conclusions, ab initio calculations were carried out on three model species, 

HsSbF-, H#OH-. and H$bF2-. The results were in conformance with the previous conclusion 

that the compound with the CF3C,H4 group anti to the oxygen would be the least stable. The 

authors also studied various compounds of type VI where Rt = R* = R3 = 4-CF3C&14, and R4 

was phenyl or a substituted phenyl group (4-MeOCjH4, 4-MeCsH4, Ph. or 4-CF&!&IJ. It was 

found that the three singlets of the t9F NMR spectra for R1, R*. and R3 groups were shifted to 

higher fields as the electronegativity of the substituent on R4 increased. From this result it was 

concluded that the apical oxygen atom was electron-withdrawing. 

The authors next attempted to determine the mechanism for the isomerization VI P 

VIII * VII. It was fmt noted that the rate of isomerixation VI P VIII at -20°C (R’ = R* = R3 = 

4-tolyl, R4 = Me) was independent of the amount of added methyllithium (more or less than one 

equivalent). This result ruled out attack of methyllithium at antimony in structure V to form a 

heptacoordinate intermediate, or an intermolecular equilibrium between V and VI. It was also 

found that an equilibrium mixture of VI and VIII at -20°C, when quenched with an excess of 

ethanol, led to a mixture of two compounds, V (R* = R2 = R3 = 4-tolyl, and R’ = Me, R* = R3 = 

4-tolyl). The rate of quenching with ethanol was only one-tenth as fast as the equilibrium VI e 

VIII. This result was evidence against an intermolecular dissociative mechanism for the 

isomerization, since the Ctolyllithium (or methyllithium) formed in the dissociation should react 

much faster with the ethanol than with V: 
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+ ToLj 

To1 

(where To1 was 4-MeC&) 

It was also found that the isomerization did not occur in the presence of hexamethylphosphtic 

triamide and was greatly retied in the presence of 12-crown-4. This result strongly suggested 

that the lithium ion played an important role in the isomerization and was in agreement with the 

following dissociative mecktnism: 

The participation of the lithium ion in the isomerization was also evidence for a non-dissociative 

mechanism for the isomerization VI P VIII e VII. 

When a mixture of isomers of types VI, VII. and VIII was treated with water or a protic 

acid, an exocyclic Sb-C bond was cleaved to regenerate a benzoxastibole: 

+Lix+RH 
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If the four R groups were not the same a mixture of RH compounds was obtained. The authors 

carried out a number of studies on this protonolysis reaction, using a variety of protic acids in 

addition to water. A mechanism for the protolysis was suggested. 
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