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Other than our annual survey covering the year 
1989, no review dealing exclusively with bismuth was 
published in 1991. An excellent review of the prepara- 
tion of tertiary phosphines, arsines, stibines, and bis- 
muthines by the cleavage of compounds of the type 
R3E or R2ER' (where R and R' were alkyl or aryl 
groups, and E = P, As, Sb, Bi) by an alkali metal in 
liquid ammonia, to give pnictides R2EM or RR'EM 
(where M---Li, Na, K), followed by reaction with an 
organic halide R'X to give unsymmetrical tertiary 
phosphines, arsines, stibines, or bismuthines, was pub- 
lished [1]: 

R3E + 2M + NH 3 

R 2 EM + MNH 2 + RH 

R2EM + R'X , R2ER' + MX 

These reactions were termed the method of Miiller, 
Hewertson, and Watson by the author of this review. 
Although all three carbon-bismuth bonds of triphenyl- 
bismuthine are cleaved by sodium metal in liquid am- 
monia, it is possible to prepare the bismuthide Ph2BiNa 
under certain conditions. The dialkylbismuthides are 
readily prepared from tertiary bismuthines by alkali 
metal cleavage in liquid ammonia. From the bis- 
muthides unsymmetrical tertiary bismuthines and/or  
dibismuthines were prepared: 

2 R2BiM + XCH2CH2X 

R2BiBiR 2 + CH2=CH 2 + 2 MX 

Organobismuth compounds were briefly mentioned in 
two volumes of the Annual Reports on the Progress of 
Chemistry, published by the Royal Society of Chemistry 
[2,3]. The use of tetral~henyldibismuthine for the 
preparation of compounds of the type Ph2BiEPh 
(where E = Se, Te) was discussed in a volume devoted 
to mechanisms of inorganic and organometallic reac- 
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tions [4]. A discussion of the preparation of 
organometallic compounds of the main group elements 
in a new text entitled Organometallic Chemistry in- 
cluded examples of the preparation of organobismuth 
compounds [5]. Wardell briefly reviewed organobis- 
muth compounds described in the 1990 chemical litera- 
ture [6]. The thermochemistry of several organic com- 
pounds of bismuth was briefly mentioned in two arti- 
cles dealing with the energetics of organometallic 
species [7,8]. 

In continuation of studies of the main group chem- 
istry of the highly hindered ligand I, Jones et al. [9] 
synthesized arsenic, antimony, and bismuth compounds 
containing this ligand. 

~ C(SiMe3) 2 
/ 

I 

Thus, the corresponding chlorides ECI 3 were treated 
with the lithium derivative of I to yield the compounds 
II: 

EC13 + ( N ~ / ~  
C(Li)(SiMe3) 2 

Et20 ~, ~ ~  
- 80oc 

C(SiMe3) ~ 

EC12 

II 

(where E = As, Sb, Bi). 
The bismuth compound was obtained as yellow 

prisms (after recrystallization from toluene) in 44% 
yield. It was characterized by ~3C and IH NMR and 
mass spectrometry, and by elemental analyses (results 
not reported). The molecular structure of the antimony 
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compound was reported to be distorted trigonal-bi- 
pyramidal with the carbon atom, one chlorine atom, 
and the antimony lone pair forming the equatorial 
plane. The bismuth compound was said to have a 
similar structure, but no structural data were reported. 

Although the reaction of 2 mol equiv, lithium 
derivative of I with AsC13 or SbC13 yielded intractable 
oils, a red crystalline solid was obtained from BiC13 at 
temperatures below 0°C. Above 0°C this solid decom- 
posed to give orange crystals of compound III, which 
was shown by X-ray diffraction to have the following 
structure: 

[ ~ N ¢ . .  )C(SiMe3)2 

III 

The two N-Bi  distances in IlI were 2.95 and 2.485 ,~,. 
That one Bi-N bond was so much longer than the 
other Bi-N bond was unexpected, and was explained 
as a result of geometrical constraints of the pyridyl 
group and of the allyl plane of the potentially bidentate 
ligand. 

When BiC13 was treated with 3 mol equiv, lithium 
derivative of I, a black solid of unknown composition 
and the bismuth-free compound IV were obtained. 

~ CH(SiMe3) 2 

IV 

Compound IV was characterized by 1H and 13C NMR 
spectroscopy and by X-ray diffraction. 

In a paper in a series devoted to the reactivity of 
molecules containing element-element bonds, Calder- 
azzo et al. [10] studied exchange reactions of transition 
metal compounds containing element-element bonds 
such as Mn-Mn, Re-Re,  Mo-Mo, and W-W. In such 
systems as Mn2(CO) w + Re;(CO)10 ~ 2MnRe(CO)10 
and M o 2 ( C s H s ) 2 ( C O ) 6  + W 2 ( C s H s ) 2 ( C O )  6 ~ 2 
MoW(CsHs)2(CO) 6 (where CsH 5 was cyclopentadi- 
enyi), the reactions were found to reach an equilibrium 
value close to the statistical distribution. By contrast, 
when the same compounds were allowed to react with 
compounds containing element-element bonds of the 
main group elements As, Sb, or Bi, the exchange 
reactions went to completion. Thus, (Ph2Bi) 2 reacted 
with Cr2(CsHs)2(CO)6 in toluene solution at room 
temperature to give Cr(C5Hs)(BiPh2)(CO) 3 in 68% 
yield. The compound was characterized by elemental 

analysis and IR spectroscopy. The two compounds 
M(CsHs)(BiPhz)(CO) 3 were prepared by two different 
methods: 

K[M(CsHs)(CO)3 ] + Ph2BiC1 

M(CsHs)(PhzBi)(CO)3 + KC1 

M2(CsHs)2(CO)6 + (PhzBi)2 
20°C ,2 M(CsHs)(Ph2Bi)(CO)3 daylight 

(where M = Mo, W). 
The second type of reaction did not take place in 

the dark. The compounds were characterized by ele- 
mental analyses, IR, and ~3C NMR spectroscopy. When 
the above molybdenum compound in toluene was 
treated with triphenylphosphine at room temperature 
for about 40 h with the rigid exclusion of light, the 
complex Mo(CsHs)(Ph2Bi)(CO)2Ph3P was obtained. 
The corresponding tungsten compound was prepared 
in a somewhat similar manner, but its preparation 
required irradiation with a mercury vapor lamp for 24 
h. No exchange occurred between Cr(CsHsXPh2Bi)- 
(CO) 3 and triphenylphosphine, even when the mixture 
was irradiated with a mercury vapor lamp; only decom- 
position took place. The Bi-Cr or Bi-W bonds were 
cleaved by reaction of the chromium or tungsten com- 
plexes in toluene solution with iodine at room temper- 
ature: 

M(CsHs)(Ph2Bi)(CO)3 + I z 

MePh) M(C5Hs)I(CO) 3 + PhzBii 

Finally, the reaction between Mn2(CO)lo and (Ph2Bi) 2 
in toluene solution was investigated. No reaction oc- 
curred at room temperature. Irradiation with filtered 
visible light (Ama ~ = 400 nm) led to the formation of 
Mn(CO)5(Ph2Bi) in 40% yield. 

The authors discussed the reactions described in 
this paper in considerable detail and drew several 
conclusions. One major conclusion was that the ease of 
reaction was inversely proportional to the strengths of 
both the M-M (Cr, Mo, W, or Mn) and the E - E  (Bi, 
Sb, or As) bonds. Thus, the Cr-Cr and Bi-Bi bonds 
were most easily cleaved. They mentioned that no 
oxidative addition across the Cr-Cr bond occurred 
with (PhzP) 2. 

In a later paper dealing with the reactivity of com- 
pounds with element-element bonds, Calderazzo et al. 
[11] studied exchange reactions of organobismuth(III) 
and organoantimony(IlI) compounds, and the reduc- 
tion of halobismuthines and halostibines by C0(C5H5) 2 
or Co(CsMes) 2. A solution of BiI 3 and Ph3Bi (tool 
ratio 1 : 2) was sealed in an NMR tube under argon and 
the ~3C NMR spectrum was determined after several 
days. Resonances owing to Ph3Bi, Ph2BiI, and minor 
amounts of PhBil2 were found. In a second experiment 
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(Ph2Bi) 2 and 12 (tool ratio 1:1) were sealed together 
and kept at -30°C for 11 days. The 13C NMR spec- 
trum again showed a mixture of Ph3Bi and Ph2BiI, 
with minor amounts of PhBiI 2. A solution of Ph3Bi 
and I 2 (mol ratio 1 : 1) sealed at room temperature for 
4 days gave a very similar 13C NMR spectrum. The 
solvent used in all of the above experiments was 
THF/1,4-dioxane-d s. 

The preparation of (PhzBi) 2 was carried out by 
three different methods. A solution of Ph3Bi (2 tool 
equiv.) in THF was added to a solution of BiI 3 (1 mol 
equiv.) and after 6 h at room temperature, the mixture 
was cooled to 0°C and a solution of (C5H5)2C0 added 
dropwise. From this reaction (PhzBi) 2 was obtained in 
52% yield; a 96% yield of (C5H5)2Coi was also ob- 
tained. In a similar manner, the products from the 
reaction of Ph3Bi and I: were reduced at -20°C with 
(C5H5)2Co, to yield (PhzBi) 2 in 43% yield. In a third 
experiment, Ph2BiC1 was reduced in THF by 
(C5Me5)2Co at -40°C to yield (PhzBi) 2 in 76% yield. 
If, instead of (C5Me5)2Co, (C5H5)2Co was used as the 
reducing agent, the principal product obtained was not 
(PhzBi) 2 but [Co(CsHs)z][PhzBiCI2]: 

(C5H5)2Co + 2PhzBiCI 

, [(C5H5)2C0 ] [Ph2BiC12] + l(Ph2Bi)2 

The yield of the cobalt-bismuth complex was 77% 
according to the above stoichiometry. The compound 
was characterized by IR spectroscopy and elemental 
analyses. The two compounds [(4-MeC6Ha)2Bi] 2 and 
(Me2Bi) 2 were obtained by the reduction of the corre- 
sponding bromobismuthines by (C5H5)2Co. The tolyl 
compound, synthesized in 50% yield, was characterized 
by PMR and elemental analyses. The (MeeBi) 2 was 
obtained as an unstable yellow solid with a half-life at 
room temperature of about 20 min. It was character- 
ized by its PMR spectrum. In addition to the bismuth 
compounds described above, a number of antimony 
compounds were prepared which are described in Ref. 
[12]. 

Cassidy and Whitmire [13] described the prepara- 
tion of three new organobismuth compounds contain- 
ing Bi-Fe bonds, and one new compound containing a 
Bi-Mn bond. The first compound [Ph2BiFe(CO)a]PPN 
[where PPN was the bis(triphenylphosphine)nitrogen 
cation] was prepared according to the following equa- 
tions: 

PhzBiC1 + NazFe(CO)4 

THF, [PhzBiFe(CO)4]Na + NaCI 

[Ph2BiFe(CO)4] Na + [PPN]C1 

, [PhzBiFe(CO)4 ] PPN + NaCI 

In the first reaction, 1 mol equiv, of each reactant was 
used. If, instead of adding [PPN]C1 1 mol equiv, of 

Ph2BiC1 was added to the solution of Na[Ph2BiFe- 
(CO) 4] and the mixture stirred for 15 minutes at 0°C, 
the product obtained in 29% yield was cis-(PhzBi)2Fe- 
(CO) 4. The same product was obtained in larger yield 
(72%) when a mixture of PhzBiCI (1.15 mmol) and 
Na2Fe(CO) 4 (0.584 mmol) in THF was stirred at 0°C 
for 40 rain. This compound was unstable and was 
slowly converted in solution to [PhBiFe(CO)4] 2. This 
latter compound was readily prepared from Ph2BiC1 
and Na2Fe(CO) 4 3 /2  dioxane in 50% yield when the 
reactants were stirred together in THF solution for 
several hours. In yet another synthetic procedure Ph 2- 
BiNa (obtained from PhzBiCI and Na in liquid NH 3) 
was treated with excess Fe(CO) 5 to yield a mixture of 
c/s-(PhzBi)2Fe(CO) 4 and [PhBiFe(CO)4] 2. The prod- 
ucts were readily separated by their differential solubil- 
ity in CHzCI 2. Some (Ph2Bi) 2 was also formed by this 
procedure. The manganese compound PhzBiMn(CO) 5 
was prepared in 33% yield from Na[Mn(CO) 5] (ob- 
tained by reduction of Mn2(CO)10 with sodium amal- 
gam) and Ph2BiI or Ph2BiCI in THF. All of the new 
compounds were characterized by IR and PMR spec- 
troscopy and (except for the manganese compound) by 
elemental analyses. The mass spectrum of the man- 
ganese compound was also reported. 

The crystal and molecular structure of all four new 
compounds was determined by X-ray diffraction. The 
iron atom in the anion [PhzBiFe(CO)4]- was 
trigonal-bipyramidal with the PhzBi group in axial 
position. The bismuth atoms were pyramidal with the 
lone pair stereochemieally active. The Fe -B i -C  angles 
were 104.0 ° and 101.6 °. The iron atom in (PhzBi)zFe- 
(CO) 4 was pseudooctahedral with two Ph 2Bi groups in 
cis-positions. The compound [PhBiFe(CO)4] 2 con- 
tained a planar B i -Fe -B i -Fe  ring. The phenyl groups 
were trans to each other across the ring. The iron atom 
was pseudooctahedral with the PhBi group in cis-posi- 
tions. The Mn atom in PhzBiMn(CO) 5 was octahedral, 
and the bismuth atom was pyramidal. 

The preparation of tris[tris(2,4,6-trifluoromethyl)- 
phenyl]bismuthine and chlorobis[tris(2,4,6-trifluoro- 
methyl)phenyl]bismuthine has been described [14]. 
They were prepared from the corresponding lithium 
compound by two different methods which differed in 
the ratio of lithium compound to BiCI 3 (3 : 1 and 2 : 1) 
and in whether the BiCI 3 (in Et20 solution) was added 
to the lithium compound, or the addition was in the 
reverse order. By either procedure the two compounds 
[2,4,6-(CF3)3C6Hz]3Bi and [2,4,6-(CF3)3C6H212BiC1 
were obtained in about 30% and 10% yields, respec- 
tively. They were separated by means of their differen- 
tial solubility in Et20.  Both compounds were charac- 
terized by elemental analyses, ~H and 19F NMR, and 
mass spectrometry and, for the tertiary bismuthine, by 
its IR spectrum. The 19F spectrum of the tertiary 
bismuthine gave two singlets in a ratio of 2:1 at RT 
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but gave three singlets in a 1 : 1 : 1 ratio at -90°C.  No 
further splitting of the inequivalent o r t h o  groups was 
observed at the lowest temperature examined. The 
coalescence temperature was about - 5 5 ° C  which led 
to a calculated barrier to rotation around the B i -C  
bond of 9.2 kcal tool -1. The tertiary bismuthine was 
unstable in the air at RT. The 19F spectrum, taken 
shortly after dissolving in benzene-d 6, showed signifi- 
cant amounts of 1,3,5-tris(trifluoromethyl)benzene. Af- 
ter standing for several days in a sealed vial, 2,4,6- 
tris(trifluoromethyl)phenol was detected and after sev- 
eral months crystals of bis[1,3,5-tris(trifluoromethyl)- 
phenyl] ether (identified by mass spectroscopy) were 
found. When the tertiary bismuthine (0.023 mmol) and 
BiCI 3 (0.634 mmol) were allowed to stand in TH F  
solution in a sealed NMR tube at RT for 3 days, 19F 
signals assignable to chlorobis[tris(2,4,6-trifluorometh- 
yl)phenyl]bismuthine (in addition to those for the start- 
ing tertiary bismuthine) were found. An additional very 
small signal might have been a result of the presence of 
dichloro-2,4,6-tr is( tr i f luoromethyl)phenylbismuthine.  
The crystal structures of the two bismuth compounds 
were determined by X-ray diffraction. Both compounds 
were pyramidal with no short intermolecular distances. 
The B i -C  bond distances in the tertiary bismuthine 
were slightly longer than those found in a number of 
other compounds containing this bond (e.g. BiMe 3, 
BiPh 3, and Ph2BiBiPh2). The sum of the angles around 
bismuth (317.9 ° ) was also somewhat greater that those 
found for other  bismuth compounds (e.g. 290.1 ° for 
BiMe 3 and 282 ° for BiPh3). The sum of the angles in 
the chlorobismuthine were somewhat less (294.2°), and 
the B - C  bond distances were shorter than in the 
tertiary bismuthine. 

In a paper devoted largely to a study of the reac- 
tions of hypervalent iodine compounds with organome- 
tallic compounds containing CF 3 groups, the reactions 
of (CF3)3Bi with 1CI 3, I(O2CCF3) 3, and CF3ICI 2 were 
reported [15]. Among the reaction products detected in 
the reaction of (CF3)3Bi with ICI 3 (in pyridine or 
acetonitrile) were (CF3)zBiC1 and CF3BiC1 z. Similarly, 
(CF3)3Bi and I(O2CCF3) 3 gave (CF3)2Bi(O2CCF3) and 
CF3Bi(O2CCF3) 2. The principal iodine compound from 
IC13 was CF3ICI 2, and from I(O2CCF3) 3 was CF 3- 
I(O2CCF3) 2. Bismuth-containing products from the re- 
action of (CF3)3Bi with CF3IC12 were (CF3) 2 and 
CF3BiCI2, and the principal iodine-containing product 
was CF3I. 

A number of compounds of the type [CsHsFe(CO)2- 
ER3]BF 4 (where E = P, As, Sb, Bi; and R = Me, Et, 
Me2CH, Ph) were prepared and extensively studied by 
Schumann and Eguren [16]. One compound containing 
an amine ligand, [CsHsFe(CO)2NMe3]BF 4, was also 
prepared. All attempts to prepare the compound 
[CsHsFe(CO)2BiEt3]BF 4 were unsuccessful. However, 
the compounds containing the ligands Me3Bi, (Me 2- 

CH)3Bi, or Ph3Bi were all readily obtained. Two meth- 
ods of synthesis were employed. One method involved 
the oxidative cleavage of the F e - F e  bond in [CsHsFe- 
(CO)z] 2 by the ferricinium ion in the presence of the 
Group 15 ligand: 

[CsHsFe(CO)2]  2 + 2[(CsHs)2Fe]  BF4 + R3E 

CH:C,:, [CsHsFe(CO)2ER3]BF 4 + 2 (CsHs)2Fe 

This method was only applicable to the preparation of 
compounds where ER 3 was PR 3, AsR3, or SbPh 3. The 
other method involved the displacement of TH F  by the 
Group 15 donor ligand: 

[CsH_sFe(CO)zTHF] BF 4 + R3E 

cH2c,~ [CsHsFe(CO)2ER3]BF4 + THF RT 

All bismuth compounds and those where E = As, Sb 
and R = Me, Me2CH were prepared by this method. 
All compounds, after recrystallization from CH2C12/ 
E t20 ,  were pale yellow crystals, and, except for the 
bismuth compounds, were air stable. The alkyl com- 
pounds, however, lost the R3E ligand in donor solvents 
such as acetone or acetonitrile. All of the new com- 
pounds were characterized by 1H and 13C NMR and 
IR spectroscopy, and with those compounds where E 
was P, by 3~p NMR spectroscopy. The F A B ( + )  mass 
spectrum of the compound where ER 3 was BiMe 3 was 
also reported. The crystal structure of the cation 
[CsHsFe(CO)2BiPh3] +, determined by X-ray diffrac- 
tion, was reported. Some bond angles and bond dis- 
tances were listed. The Fe -Bi  bond distance was only 
slightly longer than the sum of the covalent radii; this 
result would be expected for a bond involving princi- 
pally it-bonding. The structure of the compound con- 
sisted of discrete cations [CsHsFe(CO)eBiPh3] + and 
anions BF 4,  with no interaction between them. With 
the determination of the structure of this bismuth 
compound, it was possible to compare the bond dis- 
tances and bond angles in all of the cations [CsHsFe- 
(CO)zEPh3] +, where E - - P ,  As, Sb, Bi. The F e - E  
bond lengths were found to increase from 2.204 
(E = P) to 2.570 ,~ (E = Bi). This result was in accord 
with bonds involving principally tr-bonding. 

The donor properties of the ligands ER 3 and the 
bond strengths of F e - E  bonds were investigated by 
several different methods. A comparison of the u(CO) 
IR frequencies for the compounds reported herein 
showed no general trend. However, a comparison of 
the ~3C(CO) NMR shifts was more definitive. The 
authors listed in tabular form A613C(CO)values, where 
A~13C(CO) was defined as 813C(CO)[CsHsFe(CO)2- 
ER3] + -  6~3C(CO)[CsH5Fe(CO)3] + (where E = N, P, 
As, Sb, Bi and R = Me, except for the case where 
E = N, Ph). On the basis of the results listed it was 
concluded that the donor properties of the coordinated 
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EPh 3 ligands decreased in the order P > As > Sb > Bi. 
The authors stated that this result could be explained 
by either a decreasing or increasing F e - E  bond 
strength. 

A comparison of bond strengths was investigated by 
ligand substitution reactions. One tool equiv. PMe 3 
displaced all other EMe 3 ligands from the cation 
[CsHsFe(CO)zEMe3]+; whereas AsMe 3 and SbMe 3 
displaced only NMe 3 and BiMe 3. The addition of 
AsMe 3 to the SbMe 3 complex resulted in an equilib- 
rium mixture of the two complexes with the AsMe 3 
complex predominant.  One mol equiv. PPh 3 also dis- 
placed all other EPh 3 ligands, but more slowly than the 
PMe 3 displacement reactions. However, under the con- 
ditions used (CD2C12, RT, 12-24 h), no other EPh 3 
ligand displaced any other EPh 3 ligand. The results of 
these reactions were consistent with a fall in bond 
strength of the F e - E  bond in the order P > As > Sb > 
N > B i .  

Schumann et al. [17] prepared a number of molyb- 
denum complexes of the type [CsHsMo(CO)2L2]BF 4 
(where L is a Group 15 donor ligand). In the majority 
of the compounds prepared L was a tertiary phosphine 
or P(OMe) 3, but in three of the compounds L was 
AsPh 3, SbPh 3, or BiPh 3. These last three compounds, 
as well as several of the phosphorus compounds, were 
prepared previously, but the method of synthesis re- 
ported in the present paper possessed major advan- 
tages over methods employed previously. The method 
consisted of the photochemically-initiated oxidative fis- 
sion of the M o - M o  bond in [CsHsMo(CO)3] 2 by 
[(CsHs)2Fe]BF 4 in the presence of the ligand ER 3. 
The solvent employed was 1,2-dichloroethane and the 
yields were > 90%. Z3C NMR data for the carbonyl 
carbon atom, and IR data for the carbonyl group were 
reported for each compound. 95Mo NMR data were 
also reported for all but the bismuth-containing com- 
pound which was stated to be too unstable and too 
insoluble to give satisfactory results. When attempts 
were made to crystallize [CsHsMo(CO)2(PPh3)2]BF 4 
from CH2Cl2-acetone-ether , the resulting crystals were 
found to have the structure [C5HsMo(CO)3PPh3]BF4, 
as shown by X-ray diffraction. Most of the other com- 
pounds prepared in this study underwent a similar 
decomposition when stirred in acetone or acetonitrile. 

The use of samarium compounds in inorganic and 
organic synthesis has recently been of considerable 
interest. Evans et al. [18] described the preparation of 
the compound [(CsMes)2Sm] 2 (/z-r/2:r/2-Bi2) by the 
reaction of (C5Mes)2Sm with Ph3Bi in benzene, 
toluene, or cyclohexane. The other products of the 
reaction were biphenyl and (CsMes)2SmPh [or 
(CsMes)2SmCHzPh when toluene was the solvent]. 
The bismuth-containing product was a red-brown crys- 
talline solid, characterized by elemental analysis, PMR, 
and IR spectroscopy. The molecular and crystal struc- 

ture was determined by X-ray diffraction. The com- 
pound contained a 4-membered ring with B i -Sm-Bi  
bonds. The S m - B i - S m  angloes were 129.6 ° and 127.6 °. 
The Bi-Bi  distance (2.851 A) was shorter than Bi-Bi  
single bond distances and compared with compounds 
thought to contain some multiple bonding. The exact 
nature of the bonding in the compound was uncertain. 

Huang and coworkers have written extensively on 
the use of elements of Groups 15 and 16 in organic 
synthesis. They recently showed [19] that triethyl- and 
tributylstibines were excellent reagents for promoting 
the reaction between aldehydes and allyl halides to 
form, after hydrolysis, homoallylic alcohols: 

RCHO + CH2=CHCHzX + R'3Sb 

, R C H ( O H ) C H z C H = C H  2 + ½(R'3SbX)20 

(where X = Br, I and R' = Et, Bu) 
Although the yields were excellent with aldehydes, 

the reaction failed completely with ketones. In a new 
paper from Huang's laboratory, it has been shown that 
the use of tributylbismuthine rather than tributylstibine 
allowed the condensation of both aldehydes and ke- 
tones in the above reaction [20]. In addition to the 
homoallylic alcohols, allylic ethers were also formed: 

R1R2CO + CHz=CHCHzBr  

~1) B~3~i R1 R2 C(OH) CH 2CH=CH 2 
(2) H20 

+ R1R2C(OCH 2CH--CH 2) CH 2CH=CH 2 

In the above reaction where aldehydes were used, the 
ratio between the yields of the two products depended 
on the ratio between the starting aldehyde and allyl 
bromide. When this ratio was 1 : 1, the principal prod- 
uct was the alcohol, but when > 2 mol equiv, allyl 
bromide were used, the principal product was the 
ether. By contrast, when ketones were employed, the 
alcohol was always the principal product regardless of 
the ratio between the ketone and allyl bromide. The 
following aldehydes, RCHO (where R = Ph, 4-CIC6H 4, 
4-O2NC6H 4) furfural, nonanal, or cinnamaldehyde 
were used in the above reaction. The ketones used 
were 4-O2NC6H4COMe, acetophenone, cyclopen- 
tanone, or cyclohexanone. The products were charac- 
terized by PMR, IR, and mass spectroscopy, and by 
elemental analyses. The reactions were carried out 
either without a solvent or in a solvent such as THF  or 
hexane, and the total yields of products generally ex- 
ceeded 90%. The two products formed in each reac- 
tion were readily separated by flash column chro- 
matography. 

Naumann and coworkers introduced the use of 
bis(perf luoroorgano)cadmium compounds for the 
preparation of a variety of perfluoroorgano organome- 
tallic compounds, including bismuth compounds of the 
type (C,,F2n+l)3Bi (where n = 1, 2, 3, 4, 6, 8). These 
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bismuth compounds were found to be excellent perflu- 
oroalkyl transfer reagents. They have now used the 
cadmium compound Cd(CF3) 2 • 2MeCN to prepare  two 
new bismuth compounds,  PhBi(CF3) 2 and Ph2BiCF 3 
[21]: 

PhBiBr 2 + Cd(CF3) z • 2MeCN 
MeCN 

RT, 14 d' PhBi(CF3)2 + CdBre "2MeCN 

2PhzBiC1 + Cd(CF3) 2 • 2MeCN 

MeCN 
R T ,  14 d ) 2Ph2BiCF3 + CdClz" 2MeCN 

Both new compounds were oily liquids with penetrat-  
ing odors which rapidly decomposed on exposure to 
the air. The compound Ph2BiCF 3 was obtained in pure 
form in 58% yield, but PhBi(CF3) 2 dismutated in MeCN 
during several days to give PhzBiCF3, Bi(CF3)3, and 
Ph3Bi, and the pure compound could not be isolated. 
The compound Ph2BiCF 3 also dismutated but more 
slowly: 

MeCN PhBi(CF3)2 + Ph3Bi 2Ph2BiCF 3 . , 

When Ph2BiCF 3 was brominated at low tempera ture  
the principal products isolated were CBrF 3, PhBr, and 
BiBr 3. The 19F N M R  spectrum of the reaction mixture 
at - 3 0 ° C  gave a broad singlet at 6 - 42.5 ppm, which 
the authors said could be a result of the presence of 
Ph2Bi(CF3)Br 2. This signal disappeared when the tem- 
perature  was raised. The new compounds were charac- 
terized by 19F N M R  and by mass spectra. It was found 
that Ph2BiCF 3 reacted more rapidly than Bi(CF3) 3 
with 1C1 and with A g N O  3 to give CF3I and 
Ag[Ag(CF3)4 ] , respectively. 

In a paper  devoted to cationic complexes of 
rhodium(I), the complex [Rh(COT)(QNO)(Ph3Bi)]CIO 4 
(where COT = 1,3,5,7-cyclooctatetraene and Q N O  = 
quinoline N-oxide) was prepared  [22]. Triphenylbis- 
muthine (0.1 mmol)  was added to an acetone or 
dichloromethane solution of 0.1 mmol of [Rh(COT)- 
(QNO)2]CIO 4 to yield the triphenylbismuthine complex 
in 48% yield. It was characterized by elemental analy- 
sis and IR  spectroscopy. It was stated that this is the 
first complex containing an R h - B i  bond. The u ( N - O )  
bands in the complex occurred at 1231 and 1212 cm-1,  
somewhat lower than the same bands in uncoordinated 
quinoline N-oxide (1240 and 1220 cm-1) .  Bands at 625 
and 1095 cm-~ were attributed to the uncoordinated 
C10 4 anion. 

Zinc telluride has proved to be a promising semi- 
conductor for a variety of optoelectronic devices. Kuhn 
et al. [23] reported growing zinc telluride on GaAs, 
GaSb, and ZnTe  substrates and doping the zinc tel- 
luride with As, Bi, Ga, In, or I derived from alkyl 
derivatives of these elements. For this purpose the 
ZnTe  was grown on GaAs as the substrate at 350°C by 

means of atmospheric MOVPE.  The samples were 
characterized by photoluminescence at 2 K and the 
Hall effect. The doping experiments were performed 
with diethylzinc as the zinc precursor and diisopropyl- 
telluride as the tellurium precursor. Trimethylbis- 
muthine was used as the source of bismuth. However, 
at low concentrations this had no influence on the 
photoluminescence spectrum, and at high concentra- 
tions precipitates appeared  in the ZnTe layer. Te- 
traethyldiarsine and ethyl iodide were found to be 
promising precursors for doping ZnTe  at low tempera-  
ture. 

The only previously known tertiary bismuthines con- 
taining acetylene groups are of the type Ar2BiC~-CPh, 
prepared  by Har tmann  et al. in 1962 [24]. Rudolph and 
Wieber [25] prepared bismuthines of two different 
types, Ar2BiC~-CR (where A t =  Ph, 4-MeC6H 4 and 
R = Me, Me3C) and R2BiC~-CR' (where R = Me and 
R' = Ph, Me, Me3C). The diaryl compounds were low- 
melting solids, stable in the absence of light and mois- 
ture. The dialkyl compounds were liquids, extremely 
sensitive to light and moisture and stable at RT for 
only a few hours. Both types of compounds were pre- 
pared from diaryl- or dialkylbromobismuthines and the 
appropriate  sodium acetylide in liquid ammonia.  All 
at tempts to obtain pure tertiary bismuthines containing 
two acetylene groups from alkyl- or aryldibromobis- 
muthines and sodium acetylides were unsuccessful. The 
lH and 13C NMR spectra of the mixtures resulting 
from these reactions indicated that they contained both 
mono- and disubstitution products presumably pro- 
duced by disproportionation: 

2RBi(C~-CR')2.  " R2Bi(C~-CR' ) + (R'C~-C)3Bi 

The new compounds were characterized by elemental  
analyses and by ~H and 13C N M R  spectroscopy. The 
authors discussed the N M R  results in some detail. 

Naphthaleneyt terbium was found to react with 
triphenylbismuthine (or diphenylmercury) in T H F  to 
yield PhsYb2(THF) 4 [26]. 

Benard and Winker [27] reported on a visible wave 
length chemical laser utilizing the intense blue BiF 
chemiluminescence. The transient BiF was thermally 
produced from a mixture of FN 3 and trimethylbis- 
muthine, with SF 6 as a sensitizer using a pulsed CO 2 
laser to initiate the pyrolysis of the FN 3. The FN 3 
dissociated into FN and N 2, and the reaction of FN 
with Me3Bi produced the BiF. 

Masuda and coworkers have written a number  of 
papers  on the polymerization of substituted acetylenes. 
A recent paper  from the same laboratory concerned 
the polymerization of pentafluorophenylacetylene and 
4-butyl-2,3,5,6-tetrafluorophenylacetylene [28]. A num- 
ber of catalysts were used for the polymerizations 
inc luding  WCl6,  MoCI 5, N b C I  5, and TaCI 5. Various 
cocatalysts were also used including triphenylbis- 
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muthine. The latter compound was less effective than 
several other organometallic compounds. The chemical 
and physical properties of the polymers were de- 
scribed. 

Triphenylbismuthine and maleic anhydride in ratios 
of 1 : 1 to 1 : 1.15 were used as a cure catalyst system to 
improve the mechanical properties of hydroxy termi- 
nated binders for propellants [29]. 

Triphenylbismuthine (0.02% by weight) was an in- 
gredient in a rocket propellant composition [30]. A 
Japanese patent described the preparation of metal 
oxide films from triphenylbismuthine when treated at 
high oxygen pressures with a glow discharge caused by 
a high frequency or microwave plasma [31]. 

Chain decomposition reactions of the two organo- 
metallic compounds, tetramethyltin and trimethylbis- 
muthine, to produce fine metal particles with high 
efficiency were studied by Fujita and Shimo [32]. The 
decomposition was produced by a single laser irradia- 
tion using ArF (193 nm) or KrF (248 nm) excimer laser 
radiation. The explosive decomposition produced an 
excited bismuth atom and three methyl radicals. Two 
types of emission spectra were observed during the 
decomposition reaction, excited bismuth atomic lines 
and a broad structureless emission spectrum with a 
peak around 700 nm which was assigned to black body 
radiation from the fine metal particles formed during 
the decomposition. 

Hashimoto et al. described the preparation and pu- 
rification of compounds used for the preparation of 
B i - S r - C a - C u - O  superconducting films [33]. Triph- 
enylbismuthine was prepared by the Grignard reaction 
and purified by sublimation at 95°C and a pressure of 
20 m Torr. Elemental analyses of the product before 
and after sublimation showed no change in composi- 
tion. T G - D T A  curves, IR and NMR spectra were also 
unchanged by sublimation. The UV-visible spectrum of 
the bismuthine between 200 and 350 nm at concentra- 
tions of 7 x 10 -2 and 2 × 10 -2 mol 1-1, showed that it 
did not obey the Lamber t -Bee r  law, in that maximum 
absorption shifted to longer wave lengths at the higher 
concentration. 

Among the various metal oxide superconductors that 
have been intensely investigated in recent years, thin 
films of B i - S r - C a - C u - O  have been among the most 
important. The bismuth has usually been obtained by 
the decomposition of triphenylbismuthine by the 
MOCVD (metalorganic chemical vapor deposition) 
method [34-44]. Triethylbismuthine has also been used 
as a source of metallic bismuth by this procedure [41]. 

The bismuthine 4-MeC6H4SO2N=BiPh 3 was de- 
scribed as a moisture-sensitive solid, obtained by the 
reaction of triphenylbismuthine with chloramine-T in 
refluxing acetonitrile [45]. Suzuki et al. [46] were un- 
able to obtain this compound as a crystalline solid 
under the previously described reaction conditions. 

Their  product was either a pale yellow thick oil or a 
polymeric powder, insoluble in organic solvents. Three 
other bismuthimines 4-MeC6H4SO2N=BiAr 3 (where 
Ar = 4-MeC6H4, 2,4,6-Me3C6H 2, 4-CIC6H 4) were also 
prepared by the same procedure. The first two were 
pale yellow glassy solids, the third product was a yellow 
oil. All attempts to crystallize any of these compounds 
were unsuccessful. Only two of the products (where 
Ar = Ph, 4-MeC6H 4) gave satisfactory elemental ana- 
lytical results. The product where Ar = 4-CIC6H 4 was 
extremely unstable, but the products where Ar = 4- 
MeC6H 4, 2,4,6-Me3C6H 2 changed from oil to glassy 
masses on storing in vacuo. Both PMR and IR spectral 
values were reported for all four bismuthimines. 

The bismuthimines, when heated with aldehydes in 
benzene (or in one case, acetonitrile), underwent reac- 
tions analogous to the Wittig reaction: 

4-MeC6H4SO2N=BiAr3 + 4-RC6H4CHO 

, 4 -MeC6H 4SO2 N=CHC6H 4R-4 

(where Ar = Ph, 4-MeC6H4, 4-CIC6H4). 
The yields in the above reactions were generally 

small (16% where Ar =- 4-CIC6H 4 and R = H, but 80% 
where Ar = Ph and R = Me). The bismuthimine, where 
Ar = Ph, reacted with benzoyl chloride in hot benzene 
to yield Ph3BiC12 (10%) and 4-MeC6H4SO2NHCOPh 
(13%). The hydrogen bonded to the nitrogen was pre- 
sumably supplied by atmospheric moisture. A signifi- 
cant amount of a bismuth-containing polymeric sub- 
stance was also obtained. The same bismuthimine re- 
acted rapidly at RT with phenylisocyanate to give, after 
aqueous work-up, two urea derivatives, 4-MeC6H 4- 
SO2NHCONHPh (45%) and PhNHCONHPh  (38%). 
Copper powder or a copper salt promoted decomposi- 
tion of the bismuthimines to yield 4-MeC6H4SO2NH- 
Ar or 4-MeC6H4SO2NAr2, Ar3Bi, and 4-MeSO2NH 2. 
The bismuthimine 4-MeC6HaSO2N=BiPh 3, when al- 
lowed to stand in the air, decomposed to yield Ph3Bi, 
Ph3BiO, 4-MeC6H4SO2NH 2, and a bismuth-contain- 
ing polymeric powder. The authors suggested that the 
product first reported as 4-MeC6H4SO2N=BiPh 3 [45] 
was actually a mixture of these compounds. 

In previous papers by Ferguson, Glidewell, and 
coworkers on the structures of ylides of Group 15 
elements, it was shown that in ylides such as V or VI, 
there was considerable interaction between the hetero 
atom (As or Sb) and one of the sulfonyl or carbonyl 
oxygen atoms: 

O 
Ph Ph 

Ph,,, F .so Ph Ph, .  I Me 
y t  ' , , . .  - -  

0 Ph ~ 0  ~ ~ M e  

V VI 

(where E = As or Sb). 
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The geometry around the As or Sb atom was inter- 
mediate between tetrahedral and trigonal-bipyra- 
midal. Although the bismuth compounds correspond- 
ing to V and VI are known, they are extremely insolu- 
ble in most solvents, and crystals suitable for X-ray 
diffraction studies have not been obtained. Accord- 
ingly, Ferguson, Glidewell, and coworkers [47] decided 
to prepare bis(trifluoroacetato)triphenylantimony and 
bis(tr if luoroacetato)tr iphenylbismuth and compare 
their molecular structures. These compounds were ob- 
tained from the corresponding dibromides and silver 
trifluoracetate and crystals suitable for X-ray examina- 
tion were obtained by crystallization from petroleum 
ether. Both compounds consisted of isolated molecules. 
The geometry around the bismuth atom was that of a 
distorted trigonal bipyramid with three equatorial 
phenyl carbon atoms and the bismuth atom essentially 
planar and two oxygen atoms in axial positions with the 
O - B i - O  angle 175.1 °. However, since one carbon 
(phenyl) atom, the bismuth atom, and all four oxygen 
atoms were also essentially planar, the geometry around 
the bismuth atom could have been considered pentago- 
nal-bipyramidal with two phenyl groups in axial posi- 
tions. The B i -O  (carbonyl) distances were only about 
30% longer than the bonded B i -O  distances, with a 
ratio between bonded and non-bonded B i -O  distances 
in each case of 1.29. (If the carboxylate group was 
completely bidentate this ratio would be 1.0.) This 
result suggested considerable interaction between the 
carbonyl oxygen atoms and the bismuth atom. 

The geometry around the antimony atom in bis(tri- 
fluoroacetato)triphenylantimony was also slightly dis- 
torted trigonal-bipyramidal, with the antimony atom 
and the three carbon (phenyl) atoms essentially planar 
(the C3Sb plane). Two of the phenyl groups gave 
dihedral angles of 40.3 ° and 43.3 ° to the C3Sb plane. 
(In the bismuth compound two of the phenyl groups 
were coplanar with the C3Bi plane, the other phenyl 
group gave a dihedral angle of 98.5 ° with the C3Bi 
plane.) The principal difference between the two com- 
pounds was the increased S b - O  (carbonyl) distances in 
the antimony compound. These distances were 3.209 

o 

and 3.231 A, considerably longer than the correspond- 
ing B i -O  distances, and the ratios S b - O  (carbonyl) to 
S b - O  (bonded oxygen) were 1.52 and 1.50. These 
results suggested a very asymmetric bonding of the 
trifluoroacetato groups with essentially no interaction 
between the antimony atom and the carbonyl oxygen 
atoms. 

Sharutin and Bychkov [48] showed that vanadocene 
and cobaltocene reduced dichlorotriphenylbismuth to 
triphenylbismuthine. The reactions were carried out in 
sealed ampoules  in toluene solution. At RT, 
vanadocene was oxidized to chlorodicyclopentadienyl- 
vanadium, but at 100°C dichlorodicyclopentadienyl- 
vanadium was formed. With cobaltocene at 100°C, in 

addition to triphenylbismuthine, small amounts of 
metallic bismuth were found. 

Tr iphenylbismuth oxide was one of several 
organometallic oxide catalysts used for the preparation 
of cross-linked polymers from monomers such as vinyl 
chloride [49]. 

Unlike its arsenic and antimony congeners, PhsBi 
possesses an intense violet color. Seppelt and cowork- 
ers have published a series of papers on the synthesis 
and molecular structure of pentaarylbismuth com- 
pounds. These were found to possess either C4,  , o r  D~ h 
symmetry; only those with C4,. symmetry possessed the 
violet color. In one recent paper [50], extended Hfickel 
calculations of Bill  5 were carried out, both with and 
without relativistic corrections. While the calculations 
without relativistic corrections gave qualitatively simi- 
lar diagrams (but with smaller H O M O - L U M O  split- 
ting for the C4,. model) the H O M O - L U M O  splitting 
changed by about 27% on applying the relativistic 
correction for the C4L. model, but only about 14% for 
the D~J, model. The color then would be the conse- 
quence of relativistic effects on an empty molecular 
orbital. While these results are plausible, Pyykk6 and 
coworkers [50] suggested that they should be verified 
by more fundamental methods, applied on more realis- 
tic model systems. Accordingly, they carried out 
quasirelativistic multiple-scattering X, (MS X , )  and 
pseudopotential Har t r ee -Fock  calculations on EX 5 
model systems (where E = Bi, Sb and X = H, C~-CH) 
for C4, and D3h symmetries. It was concluded that the 
intense purple color of PhsBi was related to the rela- 
tivistic stabilization of the a~ LUMO, as previously 
concluded by Seppelt and coworkers. 

A paper from Schmidbaur's laboratory described 
the three compounds obtained from the reaction of 
[2.2.2] paracyclophane with arsenic, antimony, or bis- 
muth trichloride [51]. The bismuth compound con- 
tained 3 BiC13 molecules, each of which was engaged 
in an r/6-rr complexation with a phenyl group of the 
paracyclophane. The units were then cross-linked by 
chlorine bridges. One tool of benzene of crystallization 
was present in each molecule of the complex. This 
benzene did not participate in coordinating with the 
bismuth. The compounds were characterized by PMR 
and IR spectroscopy and by elemental analyses. The 
molecular and crystal structure of each compound was 
determined by X-ray diffraction. Selected bond dis- 
tances and bond angles were reported. The average of 
the Bi-phenyl ring distances was shorter than the 
Sb-phenyl ring distances. This result indicated stronger 
zr-bonding in the bismuth compound. 
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