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The chemistry of organobiamutb compounds vas nor: extensively reviewed 

in 1973. These substances were brieEly discussed, however. in the second 

volume of The Chemical Society’s Specialist Periodic&l Reports oo orgaao- 

metallic compounds [l] and in reviews on the mass specrromeery of compounds 

containing the representative Group V elements [21 and NQR in organic and 

organometallic cbamietry [3]. The use of tertiary bismuthties as ligands 

has been mentioned In a book devoted to transition metal complexes of 

phospbinea, arsines, and etlbines [4J, and a list of the few organobiszuutb 

compounds that were subjected to X-ray analysis in 1971 and 1972 was 

published in Volt 4 of MoZacaAr Stmctures and Dimmiom 151. 

It has been claimed in the patent literature [61 that bis(l-oxopyridine- 

2-thiolato)phenylbismuthine (I) MS a Ngbly eEfective antibacterial and 

antifungal agent and that it was, therefore, a desirable component of 

toothpaste, soap, cosmetics. vood preservatives, etc. Tbe compound was 

prepared by tbe reaction of sodium 1-oxopyridine-2-rhiolate with either 

acetatodiphenylblsuzuthine or a phenyldihalobismuthirre. 

The conformation of tris@-chlorophenyl)bismothLne in benzene solution 
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has been investigated by means of molar Kerr constant, dipole mount, and 

dielectric relaxation nez3surements [ 71. The results obtalned were compared 

vith an earlier study of the conformation of trlpheoylbismuthine in bepzene. 

The experimental moment of 2.6D found for the chloro compound suggested that 

the zero moment previously reported for triphenylbisrnuthfne was due to each 

Ph-Bi group being effectively non-polar. It was concluded that In terms of 

electron pair moments the resultant of the three C-B1 bonding electron pairs 

vas equal In magnitude but opposite in direction to chat of the bismuth lone 

pair. The assumption that the Ph-Bi group vas non-polar led to a calculated 

value of 93” for the C-Bi-C bond angle Lo both tertiary bismuthines. The 

data also yielded the conclusion that the aryl groups vere rotated (in the 

same sense) through an angle of 4S” from a model in which these groups 

intersected along the syxmeery axis. 

Rellvinkel and cob-orkers 183 have included triphenylbismurhine. 

5-phenyldibenzobismole, and pentaphenylbismurh In an investigation of tbe 

mass spectra of a variety of trivalent and pentavalent organic derivatives 

of phosphorus, arsenic, antimony, and bismurh. In agreement ulth earlier 

vorkers, It was found that the 61+ ion was the dominant peak in the spectrum 

of tripbenylb%-chine. The second most intense pezk corresponded to 

phM+. only two other bismuth-contaming species were noted: a 

molecular ion and a slightly 

appropriate metastable peaks 

cation of both the PhBi+ and 

stronger Ph2Bi+ ion. The presence 

shoved that the BI 
+ 

ion was formed 

the Ph Bi 
2 

+ ions: 

Ph3Bi+ 
* 

,* phJ31+ 

1 * * e 
‘, Bi 

very veak 

of the 

by fragmen- 

Three bismuth-containing fragments were noted in the spectrum of S-phenyl- 

dibenzobiamole, the umst intense befog the Bi* iOIl. Relatively veak peaks 

vere found for the molecular ion and for an ion in vhich the heterocyclic 

ring war3 atill Lntact: 
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Tbe mass spectrum of pentapbenylbismuth exhibited five bismuth-containing 

fragments but no molecular ion. The IKEC intense peak was for the Bif ion, 

and there was a somevbar weaker peak for PhBi+. There were also weak peeks 

for Ph3gif, Ph2Bi , + and (Ph2Bi-28)+, the last of which was attributed to the 

dibenzoheterocyclic ion shown above. It was presumably formed by an “ortho 

coupling” react ion, but the exact pathway was OOL elucidated. 

Several Investigations in which tertiary bismuchines were involved have 

bean reviewed under Antimooy. Described in these publxarlons were a study 

of the lg F NMR spectra of a number of criarylbisuuthines containing one or 

more fluorophenyl groups [9]. the forrrutlon of crans-stilbeoe, biphenyl, 

and ~~XZS, Crcm&-1,4-diphenylbutadlenh by r:he incerairlon of rriphenyl- 

bismrhlne and etFene in the presence of paIladlwn(I~) acerare [lo], and 

the atteznpted preparation of tris(3,3,3-trifluoro-l-propynyl)blsmuchlne from 

the corresponding organolithium reagent [ll]. 

Calculation of the electron configurarion of rripneaylphoaphine. 

-arsine, -st ibine , and -bismurhine has been described an 

literature [12]. Another Russian paper has reporLrd rhe 

Rf values) of a series of organobismuth compounds during 

tography on alumina [13]. 

ch.z Russiaa 

behavior (including 

thin-layer chroma- 

Coel and Prasad [14] have prepared triphenylbismurh diazide and dicyanide 

by the metathetical reaction of tripbenylbismuth dichloride with an aqueous 

solution of sodium azide or potassium cyanide, respectively. The 

decomposed slowly in the solid state: 

Ph3Bi(N3) 2 -> ?h2BIN 
3 

+ PhN3 

Tbe solid dicyanide was stable at room temperature but decomposed on heating. 

At 140°, complete cleavage of tbe Ph-Bi and Bi-CN bonds occurred. and evolu- 

diazlde 
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tion of cyanogen MS observed. both cbe diazide and dicyanide were Insoluble 

in petroleum ether but soluble In ocher COIIPDOLI organic solvents. In solut loo, 

however, the dicyanide decomposed in several hours to yield cyanodiphenyl- 

bismurhine and benxonitrfle. Treatment of the dicyanide with mercuric oxide 

gave tripbenylbiamuthiue oxide: 

Ph3BI(CN)2 + tlgo -:* PhjBiO + Hg(m)2 

Attempts to obtain triphenylbismuch dicyanaee by oxidation oi the dicyanide 

with manganese dioxide or treatment of the dlazide with carbon monoxide were 

unsuccessful. Molecular ueighr. and conductance measurements shoked thar the 

diaxide and the dicyanide exiared in solution as non-ionic, monomeric species. 

kfrared and laser tin spectra lndlcated thiic both conpounds had ~rigonal- 

bipyranidal sfruc~ures analogous co cbac previously esrablzshed ior 

triphenylbismuth dlcbloride by Y-ray diftracefon studies. 

Beaumont. Coel, and Prasad [15] have reported chat treatment of u-oxo- 

bis(triphenyltismuth) diperchforate with O-donor bases resulted in the 

formstioa of pentacoordinate cationic comple~s of the type [(Ph3BiL)20](C104)2, 

where L was dlmethyl sulfoxide (DMSO), pyrfdfne N-oxide (PyO), trfphenyl- 

phosphine oxide, or trlphenylarsine oxide. Pentacoordinate complexes of the 

type (Pb3BiL21X2. vhere X vas ClO,, BF4, or PF6, were prepared by the follov- 

iog reaction: 

Ph EiCL2 
3 

+ ZL + Wg-y --> (Ph3BiL2’X2 + ZAgCl 

An unstable dfnttrate, [Ph3BI(OAsPhj)~f(NOg)q, was obtained in a similar 

manner. Except for this compound, all the complexes were stable in the solid 

state at room temperature for at least several months. In dichloromethane 

solution the complu [Ph3Bf (OAaPb3)2] (BF412 d ecomposed to yield triphenyl- 

bismuth dif luoride: 

[Pb3Bi(OAePh3)2](BFq)2 -> Ph5BIF2 + 2Ph3AsOBF3 
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The LR spectra of the complexes clearly showed the presence ot lone perchlorate, 

tetrafluoroborate, hexafluorophosphate, or nitrate groups as well as cations 

of the type Ph3BiL2'+ or [(Ph3BiL),0]'+ . m which the ligands L were bonded to 

bismuth through their oxygen atoms. It vas concluded rhat the bismuth atoms 

In these compounds possessed a trigonal-bipyramidal configuration wlch the 

phenyl groups occupying equzrorial posrtlons. Conduccaoce measurements showed 

that the complexes behaved as 1:2 eleccrolytej in nltromethane. Ln dichloro- 

methane, however, the molar conductance values for the oxybis complexes in 

which L was DMSO or PyO were lower than ancicipaced for 1:2 electrolytes. It 

was suggested that the decrease in conductivity resulred from the following 

type of equilibrium reaction: 

[(Ph3W2012+ + 2C104 ,' [Ph3B1(C;04,]2" 7 2~ 

In accordance with this hypothesis, the ccnductance of dichloromechane 

Solutions of these DtiSO or PyO compleves increasrd markedly upon addition 

of free llgand. The complexes [Ph3Bl(OAsPhj),]X,, where X was BF4 or PF6, 

were found to form solvates with acetone, dlerhyl &cone, or acerylaceeone. 

The IR and NYR spectra of the solvares showed, however, rhaL rhe ketone 

was not coordinated to the bismuth. 

Faraglia and coworkers [16] have Investigated the structure of the 

organobismuth(V) derivatives Ph3BiCl(Ox) and Ph3B1Br(Ou), where Ox was the 

oxinate (&quinolinolate) group. The compounds were obtaLned by the inter- 

action of equimolar amounts oE triphanylbismuth dihalide and sodium oxinste. 

It was concluded that the solid complexes contained bismuth atoms that were 

coordinated to the oxygen and nitrogen atoms of the oxinate ligands and to 

the halogen atom; i.e., the bismuth was hexacoordinate and presumably 

octahedral. In methanol solution, however, the Bi-N bond was cleaved, and 

the complexes existed as monomeric, undissociated species in which the bismuth 

atom was bonded to the ligaad only through the cjxygen atom. 

The first unambiguous determination of the scrucLure of a quaternary 

Fkrae-p 190 
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organobimuuth compound has been effected by an X-ray diffraction study of a 

single crystal of tetraphenylbismuth percblorate 1171. The conpound was 

+ 
feud to consist of tetrahedral Ph4Bi and Clot ions. The C-Bi bond 

distance was 2.18(Z);, a value not significantly different from the corres- 

ponding distance in other organobismuth(V) compounds. Tile GC and Cl-0 

bond lengths were also in accord with accepted values. Tetraphenyl- 

bismuth perchlorate has been included in a study of the preparation and 

vibration81 Bpectra of a number of tetraphenylbismuth derivatives 1181. 

The perchlorare was prepared by the interaction of triphenylbismuth 

dichloride and silver perchlorate in acetylacetone or methyl ethyl ketone. 

Tetraphenylbismuth tetrafluoroborate was obtained in a similar manner, but 

reaction of the dichloride with other sLlver salts did not result in the 

formation of tetraphenylbismuth compounds. ?letarhecical reaction of 

tetraphenylbismuch perchlorate with potassium thiocyanace yielded tetraphenyl. 

bismuth thiocyanate, but other derivatives could not be prepared by this 

method, The compounds Ph&BiK, where X vas PF6, CC13C02, NCO, or N03, were 

obtaIned by the q etathetical reaction of tetraphenylbismuth chloride with 

the appropriate silver salt. The reaction of the chloride with sodium azide 

or potassium selenocyanate yielded tetraphenylbismuth azlde or selenocyanate, 

but these compounds decomposed rapidly at room temperature to give triphenyl- 

bimmthine. Attempts to prepare tetraphenylbiscluth fluoride, hydroxide, 

acetete, trifhoroacetate, acetylacetonate, C8rbOU8te. oxalate, sulfate. 

selenate, and chromate were unsuccessful. Tbe vibrational spectra of tetra- 

phenylbismuth pel;chloraee, tetrafluoroborate, and hexaf luorophosphate clearly 

showed the presence of the free 8nion and were consistent with 8 tetrahedral 

BiC4 skeleton for the cation. In acetonitrile or nitromethane. these three 

bl8muth coapounds behaved 8s 1:l electrolytes. Tetraphenylbismuth nitrate 

and thlocyanate were alao 1:l electrolytes in these solvents, but their IR 

spectra indicated that the anionic groups were present as monodentate 

ligands, and the Raman spectra suggested a trlgonal-bipyramidsl akeleton, 
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with the four phenpl groups occupying one axial and three equatorial positions 

and the anlonic group at the remaining dial positfon. Tetrapheaylbismuth 

trichloroacetate and cyanate were weak electrolytes fn both acetonitrile 

and nltromethane. Their vibrational spectra left little doubt that these 

c~mpoumis were non-ionic derivatives of five-coordinate bismuth. Molecular 

weight daterurinations in benzene gave normal values for the nitrate and 

trlchloroacetate and hence confirmed the molecular constitution of these 

compounds. The cyanate and thiocyanate decomposed In benzene. alcohol, or 

acetone to give triphenylbismuthlne as the sole bismuth-contalnlng product. 

A study has been made of the interaction of tetraphenylbiemuth tetra- 

fluoroborate vlth the electron donors tetramethyl-p-phenylenedfamlne (TMPD) 

and triphenylphosph ine [ 191. In both cases reactions occurred readily at 

room temperature in acetone under the Influence of diffuse light. The 

reaction vith WD gave triphenylbismuthine. benzene, and the radical cation 

TM?Dt (detected by FSR). It was concluded that the tetrapheuylbismuth cation 

had accepted an electron and had been reduced to the corresponding radical. 

An analogous process was suggested for the photochemical reaction of 

tetraphenylbiamuth tetrafluoroborate with triphenylphosphine, which led to 

the formation of tetraphenylphosphorus tetrafluoroborate (90% yield), benzene 

(10%). and triphenylblsmuthlne. A thermal reaction between tetrapbenylbismuth 

tetrafluoroborate and triphenylphosphfne in refluxing acetone MS also 

observed. This reaction required several days to give a 50% yield of tetra- 

phenylphospborus tetrafluoroboratz; triphenylbismuthlne was also isolated 

from the reaction mixture. 
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