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ANTIMONY 

ANNUAL SURVEY COVERING THE YEAR 1973 

LEON D. FREEDMAN AND G. 0. DOAK 

No book cr critical review devoted exclusively to organoantlmony 

chemistry was published in 1973. A review on organoarscnii, -antimony, 

and -bismuth compounds was included, however, r~ the ja:cud voilrztr .,L 'III= 

Chedcd Society’s Specialist Periodical Reports on organomecallic compounds 

Ill. Qrganoantlmony compounds have been briefly mentioned in revisw articles 

on sigma-bonded organometallic compounds [Z], the IXISS spectrometq of com- 

pounds containing the representative Group V elements [3], “‘fib Mb’ssbauer 

spectroscopy [4], NQR in organic and organonetallx chemistry ISJ, and the 

electrochemistry of onlum compounds [6]. The donor properties of tertiary 

stibines have been discussed in several books [7-g], and the relatively few 

organoantimooy compounds that were subjxtrd to X-ray analysis In 1971 and 

1972 have been listed in Volume 4 of E!~!zcuZr? SLT'UCLLL~~~ nzi iXmazsi~ns 

[lOI. 

MeinQu and coworkers [II] havs discovered that the Fnceraction of a 

trialkylscibine and sodium in liquid ammonia resulted in the cleavage of 

one alkyl-ant imony bond : 

RjSb + 

As these reactions proceeded, the 

solutions changed to the dark red 

oE trfmetbylstibine by sodium was 

2Na -c R,SbNa + RNa 

dark blue color of the ammoniacal sodium 

color of the dialkylstibides. The cleavage 

so fast that the color change occurred 

within a few minutes. A noticeable color change required about 10-15 

minutes for trietbylstibtie and 4-5 hours for trlpropylstlbine, whereas with 

Refen?nca p. 177 
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tribucylscibiue hardly any reaction took place even after 8 hours. IC was 

concluded that the rate of cleavage depended on the stability of the 

carbanion formed. When the solucioo obtained by the reaction of trierhyl- 

sclbine with 

new tertiary 

sodim in liquid ammoia 

stibine was forned: 

Ec3Sb + 2Na f Ec,SbNa 

was rreaczd tirh a-butyl bromide, a 

BLIBC 
+ ErNa -: t3 2 SbElu 

Reaction of this stibine with sodium in liquid ammonia resulred in 

of an ethyl group and made possible the synthesis of an asm?n!etric 

stibine, which was quaternized to an asymwcric tecraalkylantimony 

Et2SbBu + Wa + ErBuSbNa f EtNa 
PcBr 

-r ErPrSbBu 

EtPrSbBu + He1 + MeBcPrBuSbI 

cleavage 

trlalkyl- 

iodide: 

Tbe sodium dialkylstibides in liquid ammonia were also used for the pre- 

paration of di-tertiary stibines: 

R 
3 

Sb 
NH4Br 

+ 2Na - R2SbNa + RNa -. R,SbNa + RH i NaBr + NH3 

2R2SbNa + CH2C1, * :R2Sb)2CH, + LNaCl 

(where R was Me, Et, or PE) 

The reaction of the sodium dialkylstlbides with l,Z-dlchloroethaoe yfelded 

tecraalkyldistiblnes: 

2R2SbNa + C1CH2CH2C1 + RLSbSbR2 + CH,=CHL + 2NaCl 

The latter compounds could be converted to dialkylcblorostibinea or 

dialkylantlmony trichlorides: 

R2SbSbR2 + SOpClz - 2R2SbCL + SO2 

R2SbSbR2 + 3S02C12 + 2R2SbC13 + 3SO2 

Reaction of the sodium stibides vlth epoxides. N-benzoylrthylenimFne. or 

B-propiolactone led to the formation of functioually substituted tertiary 

stibines: 
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R2SbNa + CH~-CH(CH,J,,H c R,ab*ALCHW.: 

\/ 
0 

) (CIl,)wH 

(whelk R was Me, Et, Pr, Bu or Ph and n was 0 or 1) 

He2SbNa + CE2-CH2 

‘I! 

* Me2SbCH2CR,N (Na)COPh 

H2O 
> Me2SbCE2CH2NHCOPh 

Ue2SbNa t CH2-fZ-0 

I I 

-+ Nz$ib(CH2)2C02Na 

CH2-0 

The antimony-containing alcohols were not isolated as such, bur were converted 

into the corresponding antimony(V) dibromides by Lrebtment with bromine 10 

carbon tetracbloride. Heinema and coworkers have enhanced the lmporrance 

of the work described in their paper by shoving char the easily handled 

trialkylantimony dichlorides reacted with sodium Ln liquid ammonia to yield 

sodium dialkylstibides: 

Me3SbC.12 f 4Na - ?le_,SbNa + IleNs T ZNaCl 

Wieber and Baummn 1121 have preparad five het.=rxyclx ocganoantiwny 

compounds by the reaction oE phenyldichlorostibine ulrh vIcLnir1 dlols(pinacol 

and catechol), vicinal dithlols (1,2-ethanedithlol and 3,4_dimercapr:otoluene), 

and Z-mercaptoethanol: 

T ..Y 

PhSbC12 f PhSb 
HY' 

R+2EtjN ' < 
Y 
>R + 2LcjNHC1 

(where X and Y were 0, R was -Fle2CCMe2- or 6 
0 

cs- 

; 

where S and Y were S, R was -CH2CH2- or Me 0 ; 

and where I was 0 and Y was S, R was -CH,CH2-) 
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The two dicbLa compounds thus obtained bad relatively low meltfng points and 

were quite soluble In most organic solvents; rhey were shown to be monomeric 

by cryoscopic measurements in benzene. In contrast, rhe twa dioxa compounds 

decomposed at 2805 and were insoluble In both polar and non-polar organic 

solvents. It uas suggested that the dioxa compounds wre associared by 

intermolecular coordination of oxygen lone-pair electrons with empty 

d-orbital6 of the 

P-nercapcoethanol 

sulEoxide to have 

weight wss given. 

In 1971 Jut21 

antimony. The heterocycl ic compound prepared f corn 

melted 2~ 160-16Z5 and was soluble enougn Ln dioechyl 

its PMR speccruo recorded: no iolormacion about irs molecular 

[13] reported that the inceraicron of 5,5-dlmethyl-5,10- 

dihydrodibenzo[b,z]stannln and antimony rrichlorlde yielded 5-chloro-5,10- 

dihydrodibenz[b,e Janttionin. Meinema and coworkers [ 101 have repeated this 

reaction and extended it to the prepscariuo ot orher hcctirocyclic chloro- 

stibines: 

(where X was 0, S, SO?, CH2. or CH,CE$) 

The compounds Jere isolated in jO-?OZ yields as colcrle~s, crysraliine 

solids, which were found to be q or&mzcic lo hen2er.e. The PMR spectra of 

the antimony compounds in which X was CH 2 or CH2CH2 exhibired (ln deutero- 

chloroform solurion) methylene and ethylene proton resonances as broadened 

singlets at 84.32 and 63.24 ppm. respectively. In carbon terrachloride. 

carbon dlsulflde. and benzene solurions, rhe ethylene proron resonances 

appeared as a well resolved AA’BB’ spectrum. 

Tbe photoelectron spectra of phosphorin (phosphabenzene), arsenin 

(arsabenzene). and antimanin (stibabenzene) have been determined, and ab 

initio calculations have been carried out to aid in the assignment of the 
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observed bands 1151. Tbhls work haa b+en discussed undar Arga~c. calcu- 

lation of the electron configuration or’ Lriphenylpho3phLne, --Bcs~o-_, 

-sLibine, and -bismurhine has been described ro Lhe liuasialr lircraLur&[l6]. 

Azerbaev and coworkers have synLhsslLcd a lcirge uumber of organo- 

antimony compounds containing rhe carbon-carbon rcrpla bocd. Hydroxy- 

alkynyldiphenylstibines of tha type Ph,SbC=iC(OH)rR)R’ -ere preparsd by 

reaction ot the corresponding acerytenlc alcohol HC-CilOH)rRJR’ uirh two 

moles of trhylmagnesium brormde and subsequent LrcaLu,cnL I_L Lhe ri;ulLlng 

reaction mixture vlth diphenylchlorostlbsoe 1171. The rccclary sciblr.es 

thus obtafned were converted co ancimcny(Y) dihalid- es by reaction with iodine 

bromine, or copperfll) chloride. The br~go,rd re-;c Lun 1*-s also deed to 

prepare (dialkylamloopropynyl)diphenylst~bines 1181: 

PhpSbC1 + EirMgC~CCH2NR, - Ph2sbC-CCH2NR7 + MgBrCl 

[where R2N was dialkylaoino, bl>(h~droKyalkyl;lmino), 

morpholino, or piperidlno] 

InteracLlon of these Loopounds ulLh hili+;As d! >. &J-c _L j I..,.. ,‘;I ~:.__,dt.=. 

Acerylenic alkoxides of the type T:,SnZ:c ;whLte ; udr i-c ,Lhynyl ;n 

hydroxyalkynyl group) i.‘ere prepared by cerathesls il5l: 

Ar,SbX + NOR - .%rZSbOR + MS 

(where X was a halogen and M wds an alkali metal) 

Foss sod couorkers I201 have found char the interaction of alko.uydialkyl- 

stibines and enol trifluoroacetates resulted In the fornution of dialkyl- 

stibiao-substituted ketones. 1-Cyclohexen-l-y1 criEluoroaceeaLe was found LO 

yield a tautomeric mixture of organoaotimony compounds: 

EtZSbOHe + CFjCOZ -0 1’ > 

Et$.b 
-0 

+ Et,SbO + CFJC02P!e 
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The PHR spectrum of the tautomeric mixture showed that the C- and O-isomers 

were rapfdly intrrconvereed; as the temperacure vds raised the concencracioo 

of O-isomer increased. An attempt to distill the mlxrure in a high vacuum 

resulted in decomposition at a barb temperacore of 90-100’. Dtichyl- 

aminodialkyletibines were found LO eeact even wlrh vinyl esters ot Unbub- 

sticuted acetic acid When l-cydopencen-i-y1 aceLare was used, a 

tautomeric mixtwe was again obtained: 

(He.,C),SbNMe2 t MeCC_, 

(He3C12Sb + (t4e3C)2"b0 + MeCOEMe2 

In this case, the rate of incerconversicn of rhe Isomers *rd& lauer, and rhr 

EWK signals of the protons of the C- and O-isomers uere not averaged out. 

As in the tautomerlc equilibrium discussed above, the content of 0-lsomer 

increased vith temperature. Afeer CYO slow vacuum dis~illatfona, a non- 

equilibrium mixture containing as much as 80% of the O-Isomer could be 

obrained. On standing for about a day, equilibrium was reestablished. The 

equilibrium crixture contained 20X of the O-isomer at 20’ and SOZ ac 113=. 

Nesmeyanov and coworkers 1211 have reported a Lomparaeive 
19 

P Nuk study 

of symnecrical and unsymmeerical compounds of the type lr,-FC6H4MAr2 and 

P-pC(j94m*, where H was CE,N,Sb, or Bi and Ax was Ph, m-FC6HG, or p-FC6H4. 

The symmetrical atibines and bismuthin& uxe prepared by the interaction of 

II+ or p-fluorophenylmagnesium bromide and aotimony(III) or bismuth(ZII) 

chloride, uhile rhe unayuanetrical stibines and bismuthines were obtained by 

the reaction of the GrigPard reagents with dlphenylchlorosribine or 
\ 

-bismuthine. The chemkal shifts were measured (relative LO inrerd 

fluorobenzene) in cyclohexane. chloroform, pyridtie and IJI several cases lo 

anisole or phenol. It uaa found that a change UI salvent from cyclohexaoe 

to chloroform had little influence (co.3 ppm) on the 19 
F chemical shift of 
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any of the triaryl ccmpounds. A change co phenol alsc had little effect. 

It MS concluded that the lone-pair electrons OF criarylties, -stibines, 

and -bisczuthines are inert to hydrogen bond formation with zhloroforn or 

phenol. The use of pyridine as a solvent produced a significant change 

only for tris(m-fluorophenyl)- and tris(p-f 1uorophenyl)bifllluthine. The 

chemical shift of the mata compound changed from -1.76 ppm In cyclohexane to 

-1.05 ppm in pyridine. uhLZe the change for the pma compound was from 

-0.48 ppm in cyclohexane to 0.16 ppn Ln pyridine. A3 a generdl rule, 

therefore, the triaryl compounds appeared to be incapable of coordinating 

to the molecules of strongly solvating solvents despite the possession of 

vacant orbital6 by the metal atoms. The data also showed that the intro- 

duction of Ar,Sb or Ar2Bi groups into aromatic rings led, as a rule, co a 

decrease in the fluorine shielding at the mzta and FUG positicns. The 

Ph2Bi group was an exception in that It caused a slight increase in the 

fluorine shielding at the ma position. In order to obtain quantitative 

estimates of the electronic effecrs of the substituent~ studied, the (3 
I 

and o 
0 

R 
values of the PhZCE, Ph2N, Ph2Sb. and Ph2BI groups were calculated 

from the Taft correlation equations. In all cases, ehe oI values were 

small and positive, while the 0: values were smll and negative. The 

electronic effect of the PhgSb and Ph2Bi groups wdb almost entirely lnducrive, 

The electron-uitbdrawing inductive effect of the antimony and bismuth groups 

was virtually the same as that of the Ph2N substicuenc and larger than the 

almost nil inductive effect of the Ph2CE group. The small O: values For the 

Ph$b(-0.01) and P$Bi(-0.04) groups suggested the absence of any perceptible 

electron-vithdraving effect due to 4-p, conjugation between the n-electrons 

of the aromatic ring and the vacant orbitsls of the mccal atom. There 

was apparently also no significant electron-releasing effect associated 

tith p,-p, conjugation between the metal lone-pair electrons and the 

aromatic ring. In contrast, both the PhZCB and PhZN groups exerted a 

definitely perceptible electron-releasing conjugative effect. 

BLLaaaear 9.177 
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In a paper on the mass spectra of a variety of trivalent and pentavaleot 

organic derivatives of phosphorus, arsenic. antimony, and bismuth, Elellwinkel 

and coworkers [Zi!] have included triphenylstibIne, 5-phenyl-, 5-methyl-, 

and 5-+blphenylyldibenzosclbole, pentapnenylantimon), and 5-phenyl-5,5’- 

spirobis(dibenzostibole). The most intense peak in tne spectrum of triphenyl 

stlbine was the PhSbt ion, while the molecular ion was the second most 

intense peak. The other antimony-containing fragments were (in order of 

relative intensity) Ph2Sbc, C6HqSbt, (Ph2Sb-ZH)‘, Sb+, and Ph3Sb2’. The 

(PhBSb-2R)+ fragment was believed to be a dibenrohecerocyclic ion formed by 

loss of two hydrogen atoms from the PhBSb+ ion : 

Not surprisicgly, this heterocyclic ion was prominent in the spectra of the 

trivalent ciibenzostibole derivatives. It was the most intense peak in the 

spectrum of 5-nethyldibenzostibole and the second largest antioony- 

containing peak for 5-phenyl- and 5-o-biphenylyldibenzostlbole. Tine most 

intense peak in the spectra of the latter two compounds corresponded to 

the nolecular ion. The molecular ion was very weak in rhe spectrum of 

pentaphenylantimony. The most intense peak was for the Ph,Sb+ ion, and 

there was a somewhat weaker peak for PhSbf. There were rather weak peaks 

for Ph,Sb+, Ph2Sbf. (Ph,Sb-ZB)+, C6H4Sbt, Sb+, and (Ph,Sb-H)+. As was the 

case for tdpbenylstibine, the (Ph Sb-ZH) 
2 

’ fragnent was formed fros Ph2Sb+ 

and presumably had the heterocyclic structure noted above. By far the 

most proaent fragment in the spectrum of 5-phenyl-5,5’-spirobis(dibenzo- 

stibole) was Formed by loss of a phenyl group from the molecular ion. 

Interpretation of this spectrum was complicated by the possibility of the 

themal rearrangement of rhe Spiro compound to a tertiary stibine containtig 

a nine-membered heterocyclic ring: 
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Lemmon and Jackson [23] have prepared and studied the IR, Raman, and 

19 
F NMR spectra of tris(3,3.3-trifluoro-1-propynyl)phospbe, -arsine, and 

-stibine. The compounds were obtained by the following reacrion sequence: 

CF3C-CH + BuLi -30’ j 
EL,0 

CF~CXLL + 6uH 

3CF3C-CLi + MC13 
-30” > 

Et20 
(CF3CX)3EI + ~LLCI 

Several attempts to prepare tris(3.3.Scrir’luoro-l-propynyljblsmuthine 

by the same general procedure met with uncertain success. The IR spectra 

used to monitor the reaction products indicated that the bismuthine had been 

(where M was P, As, or Sb) 

formed in minure amounts, but the authors were unable co pur1Ey a sufEicient 

quantity to permit characterization. The vibrational spectra of the 

phosphine , arslne, and stibine were satisfaccorlly explained by CJ,, selection 

rules, and it vss concluded that the molecular framework was that of a 

trlgonal pyramid. Tbe 
19 

F N4(R spectra at 34” showed that the nine fluorines 

in each molecule were magnetlcally tquivalent and provided no evldin&= <or 

hindered roration of the CF3 groups. 

Asano and coworkers [24] have reported that the interaction of triphenyl- 

pbasphine, -arsine, -stlbine, or -bismuthine with styrene in tbc presence 

of palladium(II) acetate led to cleavage of the carbon-heteroatom bond and 

formation of trans-stilbene: 
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Ph3H + PhCE+CE12 
Pd(02CW2 

> 
M.eC028, Dioxaoe 

Rm&-PhCEI-CHPb 

The reactions were carried out by refluxing equLma!ar amounts of the 

triphenyl compound. atyrene, and palladium(II) acetate io a mFrture of 

acetic acid and dioxane. With respect to the formation of kvzs-stilbeoe. 

the reactivity of the tripbenpl compounds was in the order 

Ph3As>Pb3Sb>Ph3PWb3Bi. Thus, triphenylarsine gave a 99% yield of tnmS- 

stilbene. while trlphenylblsmuthFne gave only 3%. (Yield data were based 

on palladiua(II) acetate.) IO addition to Lzwza-stilbene, biphenyl was 

isolated fron the reactions of the arsine, stibine, and blsmuthine; the 

latter tw compounds yielded 108% biphenyl, while the arslne yielded 14% 

biphenyl. Tripheoylbisnruthine also gave UX tmna, Lrwza-1,4-diphenyl- 

butadiene, and triphenylphosphfne gave 22% methyldipoenylphosphine oxide. 

Tbe origin of the methyl group of the laccer compound was not elucidated. 

TriphenylanCne was also found to react with styrene snd palladlum(l1) 

acetate, but 80 kruna-stilbene MS obtained in this case; instead, a 

41% yield of ?zz%vza-p-diphenylaminoatilbene was recovered from the reaction 

mixture. When the reaction of triphenylbfsmtithtie with styrene was 

carried out In the absence of the palladium compound, benzene and biphenyl 

were the only organic products Isolated. 

The ‘*’ Sb &ssbauer spectra at 4°K and the 
121 

Sb and 
123 

Sb NQR spectra 

at 3OO’K of di-tertiary stibines of the type Ph2Sb(CH2),SbPh2. where n 

was 1,4, or 10, have been compared with analogous data obtained with 

rrinethyl- and triphenylstibine [ZS]. All of the compounds exhibited 

little or no asymmetry lo the electric field gradient about the antimony 

nucleus. (In contrast to this result, earlier workers [26] had found very 

hrge asymmetry parameters for diphenylchlorostiblne and bis(dlphenyl- 

stibino)acetylene and had suggested that the presence of unlike substituenta 

bonded to the antimony stem caused a highly asymmetric electron distribution 

around it.) The isomer shift for trimethylstibine was -0.22 xmn/sec (re- 

lative to I&b), and the shifts fez the other compounds were in the narrow 
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range -0.50 to -0.69 mm/set. The quadrupole ctiupling Lirnscancb for Lhe 

five etlblnes were quite similar LO one anocher. The luvrt negaclve value 

for the isomer shift of rrimerhylsribine suggested Lhar the antimony in 

cbis compound had slightly less a-eliccroo deosscy. ihr p~e~brxt of phenpl 

substituents in the ocher compound; apparently aildutd d small aw)lrnc of 

back-donation of electrons from the aro~~~i~ n-6ybcuLb; i.e., the over-al!. 

bonding picture probably inclded a smpli Lanrributlan ut rhe following type: 

___. 

#= 
;I@ p= 
.___ 

The di-tertiary stibines used in this study were synthesized by the inter- 

action of sodium diphenylstibide (obrained by rhe cleavage oE rriphenyl- 

stibine with sodium In liquid amzon&) aod me ;ppr.~~ridr= dlhalca!k?ne: 

ZP+SbNa -i X(CHL)n.Y A Ph2;b(CHl)fiSbPh2 

(where X sras CI or Br) 

f ;?NaX 

Gukasyan and coworkers 1271 have used MSssbauer jpecrroscopy ac abour 

8OoK to investigate the structure of five antimony(V) dihalides (PhgSbP2 

and R3SbC12. ubere R was Ph, o-HeOC6ii4, &a-ClCH-CH, or tz%vza-ClCH-CH). 

diphenylantimony tricbloride, tetraphenylantimony bromide and Lrrrafluoro- 

borate, and three triarylstibines (Ar5Sb. where Ar wab Ph, p-ClC6H4. or 

pMeOG6E4 1. The isomer shifts for all the or8anozntimzny~V) compounds 

were in the range 2.3 to 4.1 mm/set (relative LO InSb). These values are 

considerably less the isomer shifts found tor inorganic anrimony(V) com- 

pounds such as antimony pentacbloride (5.8 mmisec) and acrimony pent&- 

fluoride (11.1 mnfsec). It was concluded rhat the lower electron accepting 

ability of tbe organic groups led to relatlvely greater a-elecwon density at 

the antimony nucleus. The organoantlmDny(V) dibalides exhibited large 

negative quadrupole splittings , suggesting thee the p-electron density in rha 

Ref-p.177 
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equatorial plane of these trigonal-blp~;amlddl molciul& was greater 

than along the axis oE the apical bonds. This result ud~. actrimtzd co 

the occupation of the apical positions by the more ekcicaaegdcive groups 

(the halogen atoms) and to the presence of conjugated s-systems. To 

contrast to these findings, the quadrupola splirr~~g LOT diphenylantimony 

trichloride vas large and psaztioz. Assuming rrigoosl-bipyr&midal 

geometry for this compound, the authors suggestad that the rhreo halogen 

atoms probably occupied equatorial positions. The LW r&raphenylanrimony 

compounds exhIbited lftcle CT no qU%-,rUR&e splL:tll t;. ir ill: concluded 

chat the tetrafluoroborate was an ionic ;cjapound csntell%zns ~ni ceCra- 

hedral PhCSbi cation. The authors were reluctaoc to cJme to a similar 

coaclusion about tetraphenylanrimony braside, srnce earlzar work [28j from 

another laboratory had indicated chat the Sb-Bc bond in cnis compound was 

covalent. The isomers shifts found for the triarylsciblnes were in the 

range 0 to -0.8 mm/see and ware Tess negjcfve than the vzlurs characteristic 

of inorganic antimony(Ill) compounds; hence, the s’-eleccrcrn density at the 

antummy nucleus appeared to be lower for the organic compounds. The 

quadrupoie splittings for the triarylsribines h-are large and positive and 

suggested excess p electron density irlong the threefold rotational axis 

of the molecule. 

Several organoantimony compounds have been lnclr.Jed in a Trudy ot 

the theoretical interpretation or ancI.mony Hdssbiurr eftt~cs (29). A 

value of (&R/R)gb = - (9.8rO.G) Y 10 
-4 

was obtained by combloing molecular 

orbital esrimates of the RoRulaclun of valence electrcr. states vich the 

results of atomic Tiartree-Fock calculacioos. Tbe drutercn qusdrupole 

frequency of criphenylstibine-dU at 77-K has been observed at 135.3’0.5 LR: 

[301. The deuteron coupling constant wati 180.4-0.7, Gnd the asymmetry 

parameter ua6 0.044. 

The 11510, 75Aa. ‘*lSb, and 1x3_ hb NQR parameters of the 1:1 complexes 

of rrimathylindium with trimethylamine, -phosphlne, -arsine, and -stiblne 

have been compared with like data obtained for an analogous series OP 
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trimethylalrrminum complexes [31]. It was concluded that there was a snail 

amount of (d-d)n bonding in the indium complexes of rrimnrthylphosphini and 

its heavier congeners. Tsveekov and rowrkt-rj i32j n&b.+ derermined rhe 

enthzzlpies of mixing triethyl- or t-l-?- propylgall I- ult h tr iechylamioi, 

-amine, or -stibine. The results cbcained wire discussed in terms of the 

donor-acceptor complexes formed by rhe tvo mixed compounds. A group of 

Russian workers 1331 have also measured the heats of fusion dnd the heat 

capacities (between 60 and 298’) of trlmsthylgalllum, rriethylindium, and 

triethylstibine. Other Russian papers have desiribed rhi behavior 

(including Rf values) of organoanrimooy compounds during thin-layer 

chro=tography on alumina [INland the use of IR specrro~opy to determine 

the amounts of p- and n-complexing brcwosn pheml And tL lphenylanine, 

-phosphine. -arsine, or -stibine 1351. 

Beall and Hcuk [36j have studied the rheml ~id~~ian st the Grcjup 

VIB metal carbonyls M(C0)6, where M was Cr. MO. OI U, dish the potenci&lly 

bidentate ligarri methylenebis(dipherylsclbine), Pn,SLLH,bbPh, (Dpsn). Ihe 

initial evolution oE carbon monoxidz produced s penra~z~oonpl derlvailvc 

in which Dpsm functioned as a nonodcncacc ligend: 

H(C0)6 + Dpsn - u(Co)j(DpSP) + co 

More drastic conditions led to the formation of tetrziarbonyl dimers: 

2H(CO)5(Dpsm) * (M&0)4(DpssJ], + 2C0 

Larger yields of these dimers were obtained by taking advantage of the 

facile replacement of L,S-norbornadiene(Nbd) or N,N,N’,N’-tetramrthyl- 

1,3-propanediamine(Tmpa) from their metal carhonyls: 

2Cr (CO)4(Nbd) + 2Dps.m - lCr(CO)4(Dpsm)]2 + 2Nbd 

2Mo(CO)4 (Nbd) f 2Dpsn - [=’ (CW4 (Dpsm) 1 7 + ZNbd 

2W(C0)4(Tmpa) 9 ZDpsm -c [W(CO)4(Dpsm) I, + 2%pa 

RefuenceSp. 177 



Monomeric &~(CO)~(Dprrn) was prepared in low yield by ultraviolet irradiation 

of a hexane solution of Mo(CO)6 and Dpsm. A ericarbonyl complex of 

molybdenum was obtained by heating l!~(CO)5@psm) vlth additional llgand at 

130° Eor 13 days or by using a complex of 1,3,5-cyclohexatriene (Cht): 

Mo(C0)3(Cht) + 2 Dpsm -, r40(C0)3(Dpsm)2 + Cht 

The molecular structure of the various Dpsm complexes prepared in this work 

v2s Investigated by means of molecular weight measurements and NMR and IR 

spectral studies. 

Fukumoto, ?iatsumura, and Okawara [37) have also prepared df-tertiary 

stibine complexes of Group VLB metal carbonyls. The reaction oE Dpsm or 

the related methyleneble(dl-p-tolylstibine) with the dieoyl derivatives 

H(CO)qL, where W vas Cr or Mn and L was 1,5-cyclooceadiene or Nbd, gav2 

tbe tetracarbonyl dimers [N(C0)4(~2SbCt12Sb~2)JZ. whrra Ar was Ph or 

P+C6B4 - Flonomeric complexes of the type Fl(CO)4<Ph2SbCH2CE12CR2SbPh2) 

were obtained, however, by the interaction of crLIl~tr.ylenebis~diphenjljcit._~e) 

and H(C016, where M was Cr. I*?, or W. 

Cardacl [38] has invastlgatad the kinetics of tbe following reaction in 

toluene solueion: 

Fe(CO)q(CH2-CHX) + Ph3Sb -. Fe(i0)4(SbPb3) + Cl$=GlX 

(where X was 0Et.Ph.Bu.C1.Br.C02He, or CN) 

The reaction was found to occur by a dissociative mechanism in which Fe(C0)4 

MS produced as an intermediate. Analysis of the effect of the substituent 

X on the stability of the complexes led to the conclusion that a-backbonding 

between the iron atom and the 01efFnic ligand was the major cause of the 

Fe-olefin bond strength. 

In addition to the papers discussed in the above three paragraphs, there 

were numerous other articles published in 1973 that described the use of 

tertiary etibLnea as ligande in transition metal complexes. The metals 
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coordinated to the antimony in these complexes included cadmium 1391. 

cobalt [40), gold 141,421, iron [43-46]. manganese [47-491, mercury [SO], 

nickel 1511, osmium [52], palladium [53-55). platinum [56-583, rhodium 

[59.60], ruthenium [61]. and silver [62]. 

Nishii. Hashimoto. and Okawara [63] have described the preparation and 

spectral properties of adducts of the type FSba4L, where R was Me,Ph. or 

p'MeC6H4 and L was one of the following oxygen donors: hexamethylphoephoric 

trismide (HMPT). pyridiue N-oxide (PyO), a-picollne N-oxide (4--KePyO), or 

dimetbyl sulfoxide (DMSO). The adducts were obtained by reaction of the 

appropriate dichlorostibine with sulfuryl chloride at -70' and subsequent 

addition of the ligand: 

RSbC12 
SOqClq 

> RSbC14 L > RSbC14L 

Unlike uncooplexed organoantinony(V) ceteahalides, rhe adducts were found 

to be stable in the solid state at room temperature. A lowering of the 

IR frequency of the P-O, N-O, or S-O stretching vibration (compared to 

the free ligand) indicated that oxygen was the donor atom: and cryoscopic 

measurements in nltrobeozene showed tbat the adducts were monomeric. 

molecular species. It was corcluded, therefore, that rhe adducte were 

derivatives of hexacoordlnated antimony. The PMR spectrum of MeSbC14.4~MePyO 

exhibited a pair of signals due to the Sb-Me protons and a second pair due 

to the C-t!! protons- The observed doubling was attributed to the existence 

in solution of cis and trvms isomers: 

cl\sb/cl i 
Cl’ I \l 

Ai the temperature of a solution of MeSbC14 .4-MePyO in nitrobenzene was 

raised above 70°. the intensities of the Sb-Ue and C-He signals began 

to decrease, and two new eignale appeared, which were assigned to the 

RafmmcMp.177 
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protons of methyl chloride and SbC13*4-MePyO. This. change was shown fo 

be irreversible and was obviously due LO decomposition: 

MeSbCl4*4-MePyO + SbC13.4-MePyiJ + MeCl 

The adducts KeSbC14’PyC) and HeSbCl4 -Ei?-lPT similarly decomposed in 

above 70°. In fact, the latter addoct gradually 

temperature. 

desompcsed even ac room 

Pligina [64] has studied the presiplcacion of cventy-three alkaloids 

and fifty-eight synthetic organic nitrogen bases by arylpantabromoantimonate 

anions of the type (YC6B4SbBr5]-. The number 0; bases precipitated by a 

specific anlou depended on the subscltuent Y and increased IKI the following 

order: n-Cl~ni-Mr~H~p-~~o-CI~O-Me. 

Do& and Summy 1651 have prepared a series of unsymmetrical diaryl- 

solution 

antimony trichlorides of the type PhArSbClg {where Ar was a phenyl group 

containing a p-CB3.p-O,N,p-Cl. m-Cl, or p-F subseltuent) by the interaction 

of an arenediazonium tetrafluoroborate and phenyldichlorostibine. 

antimony trichloride was obtained by treatment of diphenylstibinic 

with an excess of hydrochloric acid: 

PhpSbO,E + 3HCl -c PhzSbClj + 2H20 

Diphenyl- 

acid 

The stlbinic acid in turn was prepared by using alkaline hydrogen peroxide 

to cleave a pbenyl group from triphenylstibins. Attempts were made lzo 

convert the dfarylantimony trichlorides to oxides of the type (PbArSbC12)20: 

2PhArSbClj + H20 3 (PhArSbC1,)20 + 2X1 

p-&o-bis(dichlorodipbeoylantimony) vas obtained in 84X yield by 

a methanol solution of diphenylantimony trichloride in a Soxhlet 

ref luring 

apparatus 

drip and removing the hydrogen chloride by alloting the condensate to 

through solid sodium carbonate in rhe Soxblet cbiz.ble. This procedure, 

uru!ortunately, was not successful with the unsymmetrical diarylanttiony 

trichlorides. It was found possible, however, to prepare u-oxo-bis(phenyl- 
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p-tolyldichloroantimony) in 93% yield by allowing a methanol solution of 

phenyl-p-tolylantimony trlchloride and sodium meKhoxlde to stand at room 

temperature for 48 hours. The FWR spectrum of this oxide at 27" exhibited 

a single sharp peak for the methyl group at T 7.6. When the tempereture 

was lowered the signal broadened, and at -90‘ there were two peaks 

(separation 1OHz at 100 MHz) in a ratio of 1:2.5. The cww(j peaks were 

attributed to the presence of dZ and mado forms, which underwent rapid 

stereomutation at room temperature. u-Oxo-bis(phenyl-?-Eluorophenyl- 

dichloroantfmony) was obtained by the same method used for the tolyl 

derivative. The fluoro compound was contaminated, however, 4th ~--3x0- 

bls(diphenyldlchloroanti.mony) hsd v-tiuo-blj(dl-p-rluorophenyld:chloro- 

antimony).The latter cospound was rfrjovcd by frectiooal crystallization 

to yield a mixture containing 772 of the desired unsymmetrical oxide and 

239, U-oxo-bis(diphenyldlchloroantimony). The I9 F NMR spectrum of this 

mixture gave a single peak at room temperature. As the temperature was 

lowered, the signal broadened and was split into two peaks (6106.2 and 

113.2 referred to fluorotrichloromethane) at -60°. It was concluded, 

therefore, that p-oxo-bis(phenyl-p-fluorophenylanclmony) also existed 

in dt and m&o forms, which underwent rapid stereoniutation at room 

tenperature. 

Meinema and Noltes 1661 have employed PMR spectroscopy to study the 

influence of stereochemistry on i3-diketonate exchange in organoantimony(V) 

complexes of the type R SbCl Acac 
2 2 

and R SbCl 
2 2 

Dpm (where R was Ph or Me, 

Acac was CH3COCHCOCEl3, and Dpm was Me3CCOCHCOGMe3) as wall as In the 

corresponding 2,2'-biphenylylene complexes. As illustrated below for the 

Ph2SbC12Acac + HDpm and the Ph2SbC1,Dpm + ElAcac sysrems. there was fast 

8-ketonate exchange only when the two aryl (or methyl) groups were trmrs 

ee oue another; the corresponding cis isomers, in fact, appeared to be 

inert to exchange with free &diketone. 

The occurrence of a slow isanerization process did lead, however, to a 
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EiAcac * EIDpm 

(slow) , 

C 

&ture of cis-diphenyl and t-rwm-diphenyl isomers of Ph2SbCl2Acac and 

Ph2SbC12Dpm. Past B-dikctonate exchange was also observed when Hhpm vas 

added to a solution of Me2SbC12Acac (which had been shown to exist only 

in the &ma-dimethyl form) and led to an equilibrium mixture of 

Ha2SbCl2Acac. He2SbC12Dpmr EAcac, and EIDpm. Tbe 2,2’-biphenylylene 

complaxea (which are capable of existing only in cis-diary1 configurations) 

did not react at all tith the free &diketoues. It was concluded that 

t&Fe investigation bas provided the first examples of the influence of 

gecmetrlc confwratim on ligand stabilization in octahedral main group 

orgenmnetallic complexes. 

Beattie and coworkers [67] have investigated the vibrational spectra 

of a nuuher of chloro and metbplcb.loro derivatives of cadmium, indium, tie, 

antimony, tellurium, and iodine. Included in this study vere trisethyl- 

antlumny dichloride, dimethylantfmony trichloride, and an adduct of the 

latter compound with tetraethylermnoniun chloride. The adduct vas prepared 

by mfxiug equlmolar ammouota of the reactants in tbianyl chloride: 

Me2SbC13 + Et,NCl + &NJ [He2SbC14] 

The spectral data suggested that the FfaIe2SbC14 anion in the adduct had a 
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octahedral structure in which the four Sb-Cl bonds were in the same plane. 

The spectra of the uncharged organoantimony species were, as expected, 

consistent with trigonal-bipyramidal structures in which the methyl groups 

occupied only equatorial positions. 

An X-tap crystal structure determination oE u-oxo-bis(triphenylazido- 

antimony), (Ph3SbN3j20, h as been completed by Ferguson and Ridley [68]. 

The compound was shown to be a non-ionic derivative of pentacoordinated 

antimony. Each metal atom was in a slightly distorted trigonal- 

bipyramidal environment with the bridging oxygen at one apex and an azido 

group at the grmp at the other. The 0-Sb-N angle was 178.3(3)“. The 

N-N-N angle was also nearly linear. The three phenyl carbon atoms bonded 

to each antimony atom were in a plane slightly below the antimony (with 

respect to the bridging oxygen) so that the mean 0-Sb-C angle was 92.9(3)“. 

The Sb-0 bond length, 1.985(3):, was significantly shorter than values 

repotted in tetraphenylantlmony hydroxide, methoxytetraphenylantimony, 

and dimethoxytriphenylantimony; it was, houever,very similar LO the Sb-0 

distance in Me3POSbCl9, in which theoretical calculations suggested that 

there was equal attraction of electrons on both side= of tk briaging 

oxygen. The Sb-O-Sb angle, 139.8(4)“. was much latgcr than tetrahedral 

as a consequence of steric interactions between phinyl groups in the 

two halves of the molecule. The mean C-Sb bond length, 2.115(9);, was 

similar to the mean values found for other equatorial C-Sb bonds. The 

C-Sb-C aPgles ranged from 115.8 to 125.b0; the deviations from 120” were 

attributed to sterlc Interactions of the three pher.yl groups ezrached to 

the antimony atom. 

Di Blanc2 and coworkers [69,70] haua lnvesrlgzr=a tile s)ntncais 

and structure of organoantlmony(V) compounds of the type R3SbL, where R 

was Me or Ph and L wag a potentially triaentate Schlfr: base dfanion that 

contained ON0 or ONS donor acams: 

Re&mncap.177 
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The complexes were prepared by using tr,e free llgaua or its disodium 

salt; 

R$Gb(O?le) 7 + H,L 
PhH 

-# K3SbL t LMtUH 

MeOH 
R3SbC12 + Na,L -* RjSbL T ZNaGl 

Attempts to prepare Me,$bBU and Me3SbAAH resuicrd in the formation af 

viscous oils of unknoum structure. Complexes of rhe cypa R3SbMT could 

not be Isolated as a result oE chelc spootareaus de.:arposicion co a 

tertiary stitine and l-acet~~l---cei~yl-;Y-1,5-benL3LhipZine: 

Tbe otbar six coaplexes appeared CQ be releclvely stable, although 

Ue_,SbSAT decomposed in about a month at room temper&cure. Molecular 

weight determinations at 37” showed that tbese complexes were uon- 

dissociating monomers. Their UV and IR spectra suggesred the following 

hexacoordinate structures: 
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R 

PMR spectroscopy indicated that the trioecnylantimony complexes had nm- 

rigid structures i@ soJ_ucion. Thus, rhe Sb-Me protons of Me3SbSAB in 

carbon terrachloride at 25O gave only one sharp slnglec, indicating a 

rapid exchange of equatorial and axial methyl groups. In tolueoe-da at 

-65”, however, the signal was split into two peaks with the expeseed 

2:l intensity ratio. He3SbSAT was more rigid and give two broad peaks 

(2:l intensity) at 25”; at -20” the peaks became sharp singlets. An 

K-ray s~~ructure derer?ninacion revealed that the antimony ato3 In 

Me 
3 
SbSM was indeed hexac0ordrnec.z and pJjsesr=d & d:jro:ced ucc=hedra- 

geometry . 

Gael and Prasad (711 have described pentacoordinate cationic complexes 

of rhe type [R3SbL2](C104)2, where R was Me or Ph and L was dimechyl 

sulfoxide (D?!SO), diphenyl sulfoxide (DPSO), triphenylphosphine oxide, 

or tripheoylarsine oxide. The complexes were prepared by methachesis: 

K3SbC1, + 2L + MgC104 * [R3SbL2](C104)2 t 2AgCl 

The cations were readily hydrolyzed to form the oxygen-bridged 

1CR3SbL),012+ species and were therefore much more difficult to isolate 

than the corresponding bismuth catlons. which have been found to be 

unaffected by moisture. A violent explosion occurred during one prepara- 

tion of tMegSb(D~O-d6)21(C104)2. and the authors warned that the other 

complexes should also be considered as potentially explosive The LR 

spectra of the solid complexes clearly showed the presence of ionic 

perchlorate groups and also suggested that the antimony atoms were boslded 

to the oxygen at- of the ligands. It tias concluded that the configuration 

around antimony was triganal-bipyramidal with the aechyl or phenyl groups 
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in equatorial positions. Conductance measurements showed that all of the 

complexes behaved 2s 1:2 electrolytes in nitrometbane, 2nd 1R measurements 

in dichloromethane or nitromethane indicated that the complex cations did 

not dissociate in these solvents. PKR spectra oE the trimerhylantimony 

complexes in nitromethane shoved chat the resonances due to the methyl 

groups depended markedly on the nature of the ligand L; the shielding of 

the Sb-Me prorons increased in the order D!+SO i Ph3P0 < Ph$sO. 

Relnert [72] has prepared diphenyl@-dimethylaminophenyl)antiaony 

dlbromide by the folloving sequence of reactions: 

n. Ph3SbBr2 -0 Ph7SbBr + PhBr 

Ph7SbBr f p-Me2NC6R4Li - p-l(e2NC6R4SbPhp + LlBr 

p-,M.c2NC6H4SbPh2 + Brg * Ph2(p-Me2NC6H4)SbBr2 

Triphenylantinony dichloride has been obtained by rhe inceraccion of 

trlphenylstibine and copper(I1) chloride in acetone 1731: 

Ph$b + XuC12 * Ph3SbC12 + 2CuCl 

In methanol solution, the reaction gave triphenylantimony dichloride plus 

an adduct of triphenylstibine and copper(I) chloride, which was not further 

investigated. In agreement vzth other studies, an analysis of the far IR, 

Ramen. and 
19 

F NKR spectra of tribenzylarseniz 2nd -antimony dichlorides 

and difluorides has supported the conclusion that the geometry about the 

arsenic and antimony atoms in these conpounds vas trigonal-bipyramidal 

(slightly distorted in the solid state) [74]. The vork has been discussed 

in more detail under Arsenic. In a paper dealing mainly vith reactions 

oE tertiary arsines, Ang 2nd Lien 1751 have reported chat bis(trifluoro- 

methyl) nitroxide added to trimethylstibine: 

He3Sb + 2(CF3)2N0 + ~3Sb[ON(CF3)212 

Treatment of the pentacova2ent antimony compound vith hydrogen chloride 

cleaved tbe Sb-0 bonds 2nd geve quantitative yields of the products: 



MejSb[ON(CF3)2]2 + 2ACl -c Me_,SbC12 + 2(CF3) 2NOR 
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A U.S. governmeyr report _[76] has described the preparation of organa- 

aneimony(V) compounds of the type Ph3Sb(02iXC02Me)1, rhere X was not 

defined. 

Sato, Matsumura, and Okawara 1771 have described rhe fust preparation 

of an optically-active quaternary antimony compound, Viz. dextrorotatory 

methylechylisopropylphaoylantimony iodide. ‘Ihe racemic iodide was 

obtained by the quaternizatioo of q ethylisopropylphenylsriblnc ulrh crrechyl. 

oxonium tetrafluoroborate and subsequenr treatment with potassium iodide: 

He(Me,CR) (Ph)Sb+[Et30] [BF4] * [Me(Ec)(~~iltl)(Ph)SbJ[BF~]+Er20 

1 KI 

[t-te(Ec) (!de2CH)(Ph)SblI 

The same racemic iodide could also be prepared by the interaction of 

methylisopropylphenylstibine sulfide and diethylindium Iodide: 

Me(Me2CH) (?h)SbS + Ec,InI -. lMe(Ec)(Me,CH)(Ph)Sb]L f EtInS L 

Treatment of the quaternary iodide with silver hydrogen (-I-dibenzoyl- 

tartrate and subsequent recrystalllration from EthyL acecare .ga\re a 

laevorotatory anrfmony hydrogen (-)-dibeazoyltarcrate. Potassium iodide 

in methanol then converted the latter compound to thr dexcrorotarory 

antimony iodide. 

Vetter and Rlar 1781 have prepared quacarnary nitrogen, phosphorus, 

arsenic, and antimony derivatives of rhe L,L-dinicrosoechane and a,a- 

dlnitrostoluene anicns: 

(where R was Me or Ph) 

The nitrogen. phosphorus , and arsenic compounds were deep blue, crystalline 

substances, which exblbited salt-like behavior. Thus, they were soluble 
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in polar solvents such as water, alcohols, hexamethylphosphoric triamide, 

or pyridioe and insoluble in.non-polar solvents like diethyl ether, benzene, 

or petroleum ether. The intense blue color of the solutions was attributed 

to the free RC(NO)(NO) anions. Molecular weight determinations in solution 

gave half the formula weight; i.e., each mole of compound yielded two moles 

of ions. In contrast to these observations, the antimony compounds (the 

tetramethyl- and tetrapheoylantinooy derivarives of borh anions) did not 

bebave like salts under all conditions. Thus * although the cetramethyl- 

antimony derivatives were blue sollda and dissolved in polar solvents to 

yield blue solutions, they were also soluble in non-polar solvents and 

gave yellow solutions. The tetraphenylantfnony derrvacLves were yellow 

or yellow-green even in the solid state and gave yellow solutions in most 

solvents. In methanol or ethanol, hovever, the tecraphenylantimony 

derivative of the l.l-dinicrosoethaoe anion did appear blue. Xolecular 

veight determinations shoved that the antimony coopourrds were covalenr 

in the yellow solutions but 1:l electrolytes in the blue solutions. It 

was concluded that the tetranethylantinony compounds had a greaeer 

tendency to be ionic substances, while the tetraphenylaotimony compounds 

were more covalent. The authors also suggested that the antimony atom 

in the covalent complexes vas probably hexacoordfnate. 

Kok and coworkers (791 have used pulsed NMR spectroscopy to investigate 

magnetic relaxation of tbe 
121 

Sb nucleus ia tecramechylancmony iodide, 

tetraphenyiantimony sulfate, fluoride, and chloride. The msgnetlc relax- 

ation time T2 obtained with tetramethylantimony iodide in aqueous solution 

(which has been shown to contain the tetrahedral cetramerhylaotimony cation) 

was about 20O’usec and was dependent on both concentration and temperature. 

An Arrhenius plot of the longitudinal relaxation rate gave a value of 3.8 

kcal/mol. A decrease in T2 vlth increasing concentratfon vas observed 

and was attributed to ion pairing which tended to distort the tetrahedral 

sytnnetry of the tetramethylantimony cation. Ion pairing was also invoked 

to explain the small Tp value (7Opsec) of this cation la methanolic solution. 
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Aqueous solutions of tetraphenylantimony sulfate 2nd mechanolic solutions 

of tetraphrnylantimony fluoride and chloride were also studied, but signals 

were not observed because of extremely short Tp valurs i\lOuser) in cheee 

solutions. It was concluded that these results shored chat rhe geomcrry 

of the tetraphenylantimony cation in watcc or methanol dsvlatod significantly 

from tetrahedral. 

In a paper devoted largely to qtiacernary arsenic campounds, Sshiu?lear [go] 

has described some molecular wsighc and Pm m~2~urem.~nts on trlpbenyl- 

methylantimony tetraf luoroborate and tetraphenyiborare IL was concluded 

that these antimony compounds existed 65 concacc ion pairs in soluc~oos 

of chloroalkanes. In the cecrophenylbacace, the eeomatic ring current 

of the phenyl groups of the anion caused the PMK signal cl: the methyl 

protons to move upfield by about 0.7 ppm. The ion pairs were short-lived 

so that the cetraphenylborace anion t.ed rhe characccristic properties 

of an NMR shift reagent. It has been claimed in the patent literature 

1811 that nnion exchangers containing quaternary ersoaium or stibooium 

groups were prepared by treating chloromethylated divinylbenzene-styrene 

copolymers with trimethyiarslne ot -sclbloa. 

Schnidbaur and coworkers 1821 have reported chaL tetramechylanrimony 

fluoride, which previously had been prepared by the inreraccion of 

pentamethylantimony and trimethyltio fluoride, could be more readllv 

obtained by the use of hydrogen fluoride or porassium bifluoride: 

Me5Sb+BF -c Me4SbF + Me5 

Me5Sb + KBFg -. Me4SbF + MeH + KF 

The mass spectrum of tetramethylantfmony fluoride UPS decedned and 

compared with that of the analogous phosphorus compound. Corresponding 

peaks in the two spectra often appeared with quire different relative 

intensities. For example, the relative intensiriez of the ylid-like 

ions MegSbi33g+ and Me.,PCHg+ were 1OZ and 262, resperrively. The sprccrum 

Rd- p. 177 
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of the phosphorus conpound exhibired only one rlu~rrnt-~ontalning iragIWnt 

(He Pr 
3 

-+, relative intensity 100%). while the antimony compound yielded 

kie3SbF+ (iOOZ), Me2SbF+ (15%). YeSbF+ (2521, and ibF+ 18%). IL was con- 

cluded chat the greater lability JI the P-F band ceoded Lo ravor formation 

of the ylid-like ion otncioned above. The affinity or antimony for 

fluorine was also illustrated by the f&lowing addltlm reactions: 

He4SbF + Y~(a4pF c [Mc4P][MeA3bYi] 

He4SbF + Megu3PF - IMeBu P! [LMe SbF 1 
3 4 2 

The infrared spectrum of the adduce formed in the first reaction suggested 

that the compound was composed of Me,P+ 
+ 

cations and Me,+SbF2- anions. The 

31p NMR spectrun of the ocher adduct exhibited a signal at A -32.~1 ppm 

(with reference to 85% phosphoric acid). This chenFLa1 shift was considered 

EC be in the raoge-expected for trztra<oordirAt*d ptc:pnonium cations. No 

P-F coupling was observed even at -80”. 

The interaction of trl-n-butyl&ntimmJny dibronlde and methylnagnesium 
c 

iodide has been found to yield a mixture of pentaalkylantlnony compounds 

[SS]. The mi_xcure, which was analyzed by PICIR spectroscopy, contained 

75% of the expected tri-e-butyldFoethylantLmony, 207: dl-_)I-butyltrimethyl- 

antimony, 4% n-butyltetramethylantimony, and If pentamethylantimony. The 

followfog reaction sequence (possibly involving hexasoorainate antimony 

intermediates oE the type [Bug ,SbHes+lj-) was suggested: 

2.??1 + Bu3SbBr2 - Bu3SbMe2 MeH’1 b Bu SbMe 
.? 3 

=. BuSbXe 
4 

HeHgI> Me5Sb 

Similarly, the interaction of crinethylantimony dibromrdf and n-butyl- 

magnesium bromfiJe gave a mixture containing 66% of the expectcd di-n- 

butyltrimethylantimony in addition co 17% tri-n-butyldimethylantimony and 

17% n-butyltetramethylantimony. Vacuum distillation of the reaction products 
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failed to yield pure compounds. The Phi? spectra ot’ the mixtures showed 

that an increase Fn the mmber of n-bury1 groups ICI a molecule of the 

type gu,SbMeg_n led to an upiield shift in the methyl proton signal. It 

was concluded that the donor effect oE cbe n-bury1 group probably caused 

an increase in the electron density on the methyl hydrogen atoms. 

Unlike pentaphenylantiimny, which has long been known to exist 89 

square-pyramidal molecules, penta-p-tolylantrmony has been shown by 

X-ray data co exhibit the more common crigonzl-bipyramidsl structure 1851. 

The C-Sb equatorial bond length average (2.16;) was significantly shorter 

than the axial C-Sb average (2.26;). Two ot the equarorlal C-Sb-C bond 

angles (113”, 130°) differed considerably from the ideal value of 120”, 

but the other angles around antimony were normal. Prellmlnary results on 

the cyclohexane solvate of pencaphenylancimony, Ph5Sb.$Z6H12, in the solid 

state indicated a virtually undistorted trigonal-bipyramfdal configuration 

around the antimony atom. The N?4R spectrum of psnra-p-tolylantimony In 

carbon disulfide showed rapid intramolecular exchange of axial and equatorial 

groups at temperatures down to -100°C. It was concluded that pentaaryl- 

antimony derivatives consistea of highly flexible molecules and char 

relatively small variations in crystal packing energy coula be responsible 

for important structural changes in the solid state. 
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