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L XXXI I, --Organo-der ivatives of Bismuth. Part I II .  
The Preparation of Derivatives of Quinquevalent 
Bismuth. 

By FREDERICK CHALLENGER and ARCHIBALD EDWIN GODDARD. 

WITH the object od preparing salts of the1 unknolwn compounds 
Ph,BiO or Ph,Bi(OH),, the action of aqueous potassium hydroxide 
and moist silver oxide on triphenylbismuthine dichloride has belen 
investigateld under various conditions. I n  all cases, triphenyl- 
bismuthine is regenerated. The same result is obtained i f  the 
dibromidel is treated with alcoholic sodium hydroxide. Triphenyl- 
stibine dibromide when similarly trelated yields triphenylstibine 
dihydroxide (Miohadis and Reese, A n n u l e n ,  1886, 233, 50). If 
the solution obtained from triphenylbimuthineI dichloride and 
aqueous alkali is trelated with aceltic, tartaric, or a similar organic 
acid, mixture6 are1 obtained which contain dichloride and basic 
chloride, aad very little, if any, acetate o r  tartrate. Better results 
were obtained with tThe carbonate demribed, but not analysed, by 
Michaelis and Marquardt ( A n n u l e n ,  1889, 251, 330). This com- 
pound with acetio acid givels t r ipheny lb i smuth ine  acetate ,  
Ph,Bi(OAc),. The corresponding camphorsulphonate and lactatle 
appear t o  be formed, and are1 now undelr investigation. With 
hydrisdic acid, the carbonatel reacts a t  the ordinary temperature, 
with the formatioln of a red compound, which is probably the one 
already described by Challengelr and Allpress (T., 1915, 107, 21). 
Similar re~sul t~ were obtained by triturating the carbonatel with 
water and iodine). This is further evidence of the instability of 
triphenylbismuthine di-iodide, which cannot be prepared from 
triphenylbismuthine and iodine. Triphenylbimuthine dichloride 
dissolves in cold colncentrateld sulphurio acid, giving tr iphenyl-  
b i s m z l t h k e  sulphate ,  which does notl melt a t  284'. Very little 
bismuth sulphate is producefd in this relaction if rise of temperature 
is avoided, but the amount increlasels if the solution in sulphurio 
acid is left for several hours beforel pouring into water. Solution 
in ammonia and trelatment with hydrochloric acid oonverts the 
sulphate into the basic chlovide, which, on warming with concen- 
trated hydroichlolrio acid, gives the1 dichloride. The, basic chlolride, 
Ph,Bi(OH)Cl (m. p. 160-161°), is formeld in various reactions, 
f o r  example, (a)  by the actlion of moist ammonia gas on triphenyl- 
bismuthine dichloride in chlosoform so1ut;ion (a method by which 
the1 basz'c bromide,  m. p. 150-151°, has also been prepared); 
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ORGANO-DERIVATIVES O F  BISMUTH. PART 111. 763 

( h )  from sodium and the dichloridel in ether containing a trace of 
moisture; ( c )  by the action of aqueous ammonia on the dichloride. 
Up to the present, however, this compound has not been obtained 
from the dichloride by means of water or aqueous alcohol, accord- 
ing to which method Stilp* (Diss., Rostock, 1910) preipared the 
basio bromides of tri-ptolyl- and trixylyl-bismuthines. 

When warmed with Concentrated hydrochloric acid, i t  gives the 
dichloride. Thel action of acetic acid on the! basic chloridel gives 
rise to the dichloridel and a compaund, which is probably the 
acetate, in which case the reaction may be represented thus: 

2( C,H,),Bi( OK)Cl= ( C,H,)3BiC1, + (C6H5)3Bi(OH)z, 
(C,H,),Bi(OH), + 2CH3*C0,H = (C,H,),Bi(O*CO*CH,), + 2H@. 

This is analogoas to the act!ioii of acetic acid on tlhe basic bromide 
od diphenyltelluride, Ph,Tel(OH)Br, which gives rise1 to the 
dibromide, and prolbably the diacetate (Lederer, Anwlen,  191 2, 
391, 335). 

With magnesium methyl iodide, the basic chloride1 does nolt give 
t riphen ylme t hylbismuthonium hydroxide, P h,Bi (OR) CH,, but the 
dichloride and triphelnylbismuthinei, which points tlo the instability 
of the1 hydrolxide . Triphenylmethylarsanium hydroxide, howevetr, 
is a crystalline compound medting a t  125--126O, prepared by the 
action of moist, silver oxide on the1 iodide (Michaelis, A m a l e n ,  
1902, 321, 166). 

The action of copper bronze on triphelnylbismuthine dichloride 
lelads to1 the production of diphenylchlorobismuthine, probably 
owing to! the1 prolongeld action of heat, and not to contact with t,he 
copper. 

In  this connexion, i t  is worthy of note that triphenyl- and t r i - p  
tolyl-bismuthines and arsines, and also tri-a-naphthylbismuthine 
and triphenylbismuthine dichloride, have the normal molecular 
weight in benzene solution. Complexes of the type R31KMR3, 
which mightl possibly arise owing to1 the unsaturated nature of 
these organol-metallic or metalloidal oompounds, do1 not appear to 
be formed. 

The abnofrmal behavioixr of the halogen derivativw of the 
bismuthines tolwards the Grignard relagent, has been reIfe#rred t o  in 
previoas papers.+ It is further exemplified by the, fact, that, tri- 
pheaylbismuthine is the principal produd obtained when 

* The results described in this dissertation do not appear to have been 
published elsewhere. 

t Better results may possibly be obtained by modifying the conditions 
of reaction with the Grignard reagent, or by the use of organo-zinc or 
mercury derivatives. 

No compound of the! type! Ph3Bi:BiPh, was isolated. 

Experiments in this direction are in progress. 
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764 CHALLENQER AND QODDARD : 

magneeium p-hlyl bromide reaots with triphenylbismuthine 
dichloride and diphenylbrolmobismuthine, and in the reaction 
beltween triphenylbismuthine dichloride and magnesium a-naphthyl 
bromide. Lelderer (Ber. ,  1911, 44, 2287) has shown that  triphenyl- 
telluronium chloride yields diphenyltdluridel and diphenyl when 
treateld with magnesium phenyl bromide, whilst di-o-anisylblluride 
dibromide is reduced to di-o-anisyltelluride on treatmeat with 
magnBium methyl iodide [(Ber., 1920, 53, 713). Compare also the 
remarkable instability of the mixed meraury diaryls (Hilpelrt and 
Griittner, Ber., 1915, 48, 406)]. 

Iodine trichloride reacts with triphenylbismuthine, producing 
tihe dichloride and ioldobnzene. 

Tri-a-n~phthylbiSmuthvne dichlode was prepared by the action 
of chlorine on'the bismuthine; Stilp (Zoc. &t . )  was unable to obtain 
this compound. Like triphenylbisrnuthine dichloride, it is more 
stable than the correisponding dibromide. 

The action of molist silvelr oxidel in acetone is similar to  tha t  
observed witb triphelnylbismuthinel dichloridel, and givels rise) to  
tri-a-naphthylbismuthine. 

Diphenyl-a-naphthylbismuthinel has been previously described 
(T., 1914, 105, 2216). Since attempt6 t o  obtain other mixed 
bismuthines have1 failed, the reaction between diphenylbromo- 
bismuthinel and magnesium a-naphthyl bromide has been further 
studied. Whilst the, mixed bismuthine has again belen obtained 
and diphenyl-a-naphthylbismuthinel dibromide analysed, the main 
product of the relaction consists of triphenylbismuthine. 

Michaelis and Marquardt (Annalen, 1889, 25 1, 320) olbeerved 
that  excess olf arnmoaium sulphide decomposed triphenylbismuthine 
dibromide according t o  the elquations : 

(1) (C,H,),BiBr2 + (NH4)2S = (C,H,),Bi + 2NH4Br + 8 ; x- 
(2) 2(C6H.,),Bi + 3H,S= 6C6H6 + Bi,S,. 

We have found that  this reautiion caa be1 made &e basis for the 
estimation of bismuth in substances od an analogous composition 
which, unlike the! tertiary bismuthines, do not yield bismuth 
chloride with hydrolchloric acid. 

Triphenylstibine dihaloids do not react thus with hydrogen 
sulphide in alcoholic ammonia, but yield triphenylstibine sulphide. 
The biamuthine is thelrefore lem stable than the oorrespoading 
stdbine. 

* In the absence of excess of hydrogen'sulphide the bismuthine only is 
obtained. 
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OROANO-DERXVATIVES OF BISMUTH. PART m. 765 

EX P E  R I M  E N T A L .  

A c t j m  of M&st Silver Oxide om Triphenylbismwthie DichZwide. 

(a)  In the  Co2d.-Two grams of triphenylbismuthine dichloride, 
about 30 0.0. of acetone, 0.93 gram of silver oxide, and 1 Q.C. of 
water were shaken on a machine for sixteen hours, when 1-1 grams 
of triphenylbismuthine (m. p. 7 8 O )  were obtained from the acetone 
solution. The residue consisteld of silver oxide, silver chloride, and 
a trace of bismuthine. 

( b )  A t about 60°.-Five grams of triphenylbismuthine dichloride 
and 2.3 grams of silver oxide were heated in moist acetone on a 
water-bath for one hour. After removing the silver ohloride and 
unchanged silver oxide, 3.2 grams of triphenylbismuthine were 
obtained. 

A ctiom of A lco~holic Poltassium Jlydroixide om Triphenylbismuthine 
DichLZwri.de. 

(a) In the CoZd.-Thrm grams of triphenylbismuthine diohloride 
and 0.7 gram of potassium hydroxide in absolute dcohol weire 
shaken for five and a-half hours. 

Two kinds of crystals separated on keeiping, (a) stout needles, 
and ( b )  small, fine needlw mixed with a heavy powder, which were 
extracteld with absolute alcohol, leaving potassium chloride. The 
alcohollic extraot yieldetd triphenylbismuthine (m. p. 78-80O). 
The crystals (a) were found to be triphenylbismuthine dichloride. 

The main bulk of the mixture was evaporated, when more 
tlriphenylbismuthine was obtained. 

( b )  A t  the Boding P&nt .-Five grams of triphenylbismuthine 
dichloride in  absolute alcohol were boile'd for three hours with 
1.2 grams of potassium hydroxide, and the solution filtere'd. From 
the filtrate, t3hree deposits, (a), ( b ) ,  and (c), were obtained. The 
orystals (a) melted at 13S0, contained halogen, and most probably 
consisted of a mixture of triphenylbismuthine, triphenylbismuthine 
diohloride, and the basic chloride (see p. 768). 

Deposit (6) was shakein with cold light petrolerum; the extract 
delposited tiiphenylbismuthine, the insoluble portion yielding 
unohanged dichloride (m. p. 120-1210). 

Deposit ( c )  was heateld with water, the soluble portion yielding 
tsiphenylbismuthine (m. p. 7 8 O )  ; the insoluble residue consisted 
chiefly of potassium chloride. 
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766 CHALLENGER AND GODDARD : 

A4 CtiotL qf p e o u s  Y o t u s x ~ u m  Hydroade  o n  ~ ' l . i~~ei t ,~ lb i . smuthzr ,e  

Three grams of triphenylbismuthine dichloridel, 0.7 gram of 
potassium hydroxide, and 30 O.C. of water were shaken in the cold 
folr five and ++half holurs, and the1 mixture was filtered. The 
residue was triphelnylbismuthine dichloride. The filtrate was 
evaporated to  drynees and treated with absolute aloohol, which 
rmoveld potassium chloride. The solution was evaporated, and 
the residue, after CrystaJlisatioIn from light petroleum, melted a t  
77-78', and did notl deprelss the1 meltling point of  triphenyl- 
bismuthine. 

D i c h l o d e  . 

,4 t t e m p t s  t o  Isolate Triphenylbismzcthime &hydroxide or  
Tr@hemylbismuthke Ox ide .  

(1) Triphenylbjsmuthinel dichloiride was treated witlh aqueoius 
potassium hydroxide in the cold as before, and the solution 
extracted three times with either. The extractj became cloudy on 
keeping, possibly owing t o  the absorption of atmospheric carbon 
diolxide. A solid finally separated which, on crystdlisation from 
petroleum, melted at 74O. This was shown to  be impure1 triphetnyl- 
bismuthine. The quelous portion also became cloudy and 
depositeld tlriphenylbismuthine, which melteld a t  78-79O after 
crystallisation from alcohol. No compound colrrespoading with a 
dihydroxidel olr oxide was isolated. 

(2) Triphenylbismuthine dibromide was dissolved in alcoholic 
sodium hydroxidel, and the prelcipitate oif soldium bromide filtered 
off. No further deposit was noticed after the solution had 
remained for a week. Par t  of the, alcohol was therefore 
evaporatled, when long needles of triphelnylbismuthine were 
deposited. 

Preparat ion of Michaelis's so-cazled Basic Garb omate. 

Triphelnylbismuthine dibromide (m. p. 122-124O) was suspended 
in  alcohol and treated with excess of solid sodium hydroxide. 
Carbon dioxide was passeld through tbs solution, the voluminous, 
white precipitate, collelcted, and the, operation repeated until 
no1 further deposit was folmed. The solid was washed with 
much cold water, and appeared to  be1 frele from halogen. I n  olrdelr 
t o  free it from adhezing alkali carbonate, it was boiled with watea, 
but even after coatinued boiling it gave the flame reaction for 
sodium. This trace of impurity probably accounts for the low 
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ORCIANO-DERIVAEIVES 0" BISMUTH. PART III. 767 

percentages of carbon obtained in the analyses. It did not melt 
a t  220° (Found: C=44-40, 44.16; K=3.01, 3.07; Bi=41-87, 41.45. 
C,,H,,O,Bi require6 C-45-68; I I=3*03;  Bi=41-67 per cent.). 

It is evident from these results that the compound which 
Michaelis describeld as a basic carbonate, Ph,BiO + CO,, is in reality 
the normal carbonate, Ph,BiCO,. 

Triphenylbismuthine ca,rbonate is insoluble in ordinary organic 
solvents ; different, preparations varied in colour from pure1 white 
to pale yellow. With concentrated hydroichloric acid, effervescence 
to'ok place, and triphenylbismuthinel dichloride' (m. p. 1 2 6 O )  was 
obtained. 

Action of Glacial Acetic A c i d  on Triphemylbisrnuthime Carbonate. 

Three grams of triphenylbimuthine carbonate wetre dissolved in 
a small quantity of glacial acet'iic acid by the aid of heat. Carbon 
dioxide was evolved, and, on cooling and adding a small quantity 
of water, a white precipitate was obtaineld, which was collected and 
washed with light petroleum, air being drawn through until the 
solid not longer had the odour of acetJc acid. The) substance melted 
sharply at  162O, and on crystallisation from water and acetic acid 
had the1 same mellt'ing point. The! yield was 3.3 grams (Found: 
C=47.06, 47.58; H=3.86, 3.72; Bi=37*31, 37.13. C,,H2,0,Bi 
requires C = 47-39 ; H = 3.79 ; Bi = 37.32 per cent.). 

Triphenyl bismuthine acetate is a whitel powder completely soluble 
in glacial aceltic acid or ethyl acetate on warming. It is readily 
soluble in cold chloroform or nitrobenZenel and in xylene on warm- 
ing, moderately so in warn1 beinzetne, acetonel, carbon tetrachlofride, 
or alcohol, and insolluble iii wateir or lightl petroleum. 

If tIhe aoetic acid solution of the acetate is allowed t o  remain for 
selveral days withoutl alddition of water, long, transparelnt neeldles 
separate, which soften a t  130° and melt a t  136-1370 (Found: 
Bi = 35.16, 35.36. C,,H,,O,Bi,~C,H,O, requires Bi = 35-43 pe'r 
cent.). 

If this substance is triturated with water, the acetate (m. p. 
162O) is olbtained, which, if dissollved in acetic acid and allowed t o  
crystallise, again yields the acid acetate. 

A c t i m  of Hydriodic Acul and Iodine o n  Triphenylbismuthine 
C w b  onat e . 

Hydriodio acid, colntaining as usuad a little free iodinel, was 
a,dded to the casbonatle; a red compound was immediately formed 
and an odour od iodobenzene notioed. The red product appelared 
t80t be a mixture. 
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768 CRBIILENUER AND GODDARD: 

The same result was obtaineld when the carbonate was triturated 
with an aqueous solution of iodine. 

Action of Sulphuric Acid o n  Yriphenylbisrnuthinne Dichloride. 

Triphenylbiauthine dichlolridcr (6 grams) was added during 
fifteen minutm, wi th  constant shaking, to 20 O.C. of sulphurio aoid 
maintained at about 10' Hydrogeln ohloride was evolved, and a, 
dear  solution olbtlaineld, through which air was drawn for three 
hours to remove dissolved hydrogen chloride, after which the 
mixtare was poured oln ice. The prelcipitated solid (5-3 grams) 
was well washed with water, dried, extraated twioel with boiling 
chloroform, and washed with ether. The acid wash waters 
contained inorganio bismuth, from which, however, the solid was 
free (Found: Bi = 38-60; S = 6.10. CI8H,,O,SBi relquirea 
Bi = 38-80 ; S = 5.98 per cent.). 

Tripheenylbisrnuthke sulphate is a white solid not melting below 
280°, and is very sparingly solluble in the usua,l organio solventt3. 

A etion of M o k t  Ammonk Gas o f i  Triphenylbisrnuthine Dz'chloride. 

Nine grams of triphenylbismuthine dichlolride were dissolved in  
chloroform containing a little light petrole8um. Moist ammonia 
gas was passed in, the solution beoarne cloudy, and soon 
deposited a white solid. This was collected, and t;he operation 
repeateid until no more solid separated. The depcwit was washed 
with cold water until all ammotnium chloride was removed. Wash- 
ing was then continued with boiling water. This produced violent 
frothing of the solid, and chlofroform was evolved, the latter prob- 
ably being prwent as chloroform of crystallisation. When no 
further efferveamnce was noticed, the residue was dried on porous 
porcelain, and then in the air. It melted a t  156-158O, and, after 
crystallisation a t  160-1 61°, the latter figure beJng unaltered after 
r ep eated recrys tallisation. Two separate prep mat ions were 
analysed (Found : c1= 7.25, 7-20; Bi=42.34, 42.54. CI8H,,OC1Bi 
requires Cl=7*21; Bi=42-31 per cent.). 

Triphenylbisrnzcthine hydroxychloride is a whit'e powder insoluble 
in water or light petroleum, moderately soluble in ether, acetone, 
bmzenel, or xylem, completely so in  alcohol or nitrobenzene on 
heating, and readily so in cold ahloroform. 

The deriva,tive containing chlolroform was nob analysd, since the 
combined solventl was liberateld on kefeping in air or drying in a 
vacuum, 
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OROANO-DERIVATIVES OF BISMUTH. PART III. 769 

Five grams of triphenylbismuthine diohloride and 1 gram of 
sodium were suspended in ether and heated on a water-bath for 
nine! hours, and the product was filtereld. The filtrate, on keep- 
ing, depositeld crystals melting a t  160--162O,  which did not deprees 
the melting point olf triphenylbismuthine hydroxychloridel. The 
sodium in the rmidue was destroyed by alcohol, and the remaining 
solid extramted with aceltone, when sodium chloride was leftl, and 
t'he solution gave a further quantity of hydroxychloride. The 
production of this compound was probably due to a trace of 
moisture in the elther. 

Actioa of TVoter o n  Triphenylbisrnzcthine Dichlode.  

Two grams of triphenylbismuthinei dichloride welre dissollved in 
aleo~ho~l, the) solution was poured into1 a large excees of water, and 
etvaporatleld slo8wly to dryness. The1 residue was elvaporated with 
water several t 'hes ,  and the melting point of the product, was 
unchanged. No hydrolxychloride, hydroxidel, or oxide had thus 
been formed. 

Act ion  of G l a c d  Acetic Acid om Triphen,?/lbismuthine 
Hydrolxychlovride. 

Two grams of triphenylbismuthine hydroxychloride were dis- 
solved in glacial acetic acid by the aid of heat. On cooling, a 
solid was deposited, which melted sharply atl 142'. This was 
boileld with acettoaa and filtered. On cooling the filtrate, crystals 
appeared (m. p. 1 5 2 - - 1 5 3 O ) ,  containing bismuth and organic 
matter, but no halogen. Recrystallisation from chloroform and 
then aloolhol gave products melting a t  146-148O and 1 5 2 - - 1 5 3 O ,  
probably impure triphenylbismuthine acetate (m. p. 1 6 2 O ) .  

The acetone mother liquors deposited well-defineld crystals mellt- 
iiig a t  128-130O after recrystallisation from alcoholl. Further 
crystallisation gavel long neleidles (m. I). 1 2 6 O ) .  which did not deprees 
the melting point of triphenylbismuthine dichloride. 

The1 residue left from the acetone extradioa of the product, 
melting at  1 4 2 O .  fused a t  136-138O, and was shaken with cold 
chloroform, in which it was completely solluble. This solution was 
oarefully investigateld, but only unchanged basic chloride, (m. p. 
160-161°) and a m a l l  amount of a viscid rmidue could be1 isolated. 
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770 CHALLENQER AND QODDARD : 

Action of Magmeskm Methyl Iodide om Tkphenylbismzcthine 
H ydrox y c hl o d e .  

Triphenylbismuthine hydroxychloride (1.2 grams) was added to 
a solution of 0.05 gram of magnesium and 0.3 gram of methyl 
iodide1 in dry &her; an olrange coloration appeared, which per- 
sisteld for some time. Next day thel mixture was heate'd on a 
water-bath for five hours and filtered. The residue contained 
practically no organic mattelr. The main elthereal solution was 
evapolrateld, when two distinct types of crystlals separated, togelther 
with a trace of olil. The crystals were washed wi th  warm alcohol; 
the residue colntained halogen, melteld at  125-126', and did not 
depress the melltling polint of triphenylbismuthine dichloride. The 
alcoholic solution yielded triphenylbismuthine. Since no trace of 
the ioldinel was discovered, it was probably containeld in the oil, 
which was too small in quantity for  further investigation. 

A ction. of Moist Ammonia Gas on. Triphenylbismuthke Dibroim&Ie. 

The preparatioa was carried out as in the case of the basic 
chloride, t'he crude product apparently containing chloroform of 
crystallisation, as beforel. After washing with hot watelr, it 
melted a t  150-151°, and, after four recryst,allisations, had a 
constant mellting point of 147-148O (Found : Br= 15.44, 15-41 ; 
Bi = 38.43, 39.13. C18H,,0BrBi requires Br = 14.91 ; Bi= 38-79 
per cent.). 

The tIwa prelparations were made a t  an interval of several 
months, and the1 somewhat high halogen content seems to point 
t'o the presence of a trace, of unohanged dibromide. 

Triphenylbismzcthine hydroxybrovmide is a yellow powder, in- 
soluble in water, light petroleum, or ethes, sparingly soluble in 
boiling acetone or benzelne, moderately so in boiling toluene or 
xylene, and re(adi1y so in boiling alcohol or nitrobenzene and in 
cold chlorof o m .  

Action of Copper Bromze on Triphenylbiimuthine Dichlo.ride. 

Five grams of triphenylbismuthinel dichlolride and 0.6 gram of 
copper bronze were heated fojr ele'veln hours wit$ dry acetone on 
a water-bath, and the solid was separate'd. On treatment of the 
concentrated acetone solution with light peltroleurn, triphenyl- 
bismuthine, a small amount, of ooppelr chloride(, and diphenyl- 
ohlorobismuthine (2.4 grams : m. p. 184-186O) were obt'ained, 
whilst the final reeidues had a strong odour of chlorobenmne. 
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The last two1 substances were probably formed from the dichloride 
by the prolongeid heating, and not owing to  the aation of the 
copper. 

Motlecuhr W e i g h t s  of some B i s m u t h  a d  Arsenic Derivatives. 

These determinations were carriefd out by the cryoscopic method 

Triphenylbismzcthine.-O-2845 gave A = - 0-153O. M.W. 427. 

Triphenylarsi/ne.-O*2370 gavel A = - 0.179O'. M.W. 298.9. 

Tri-p-tolylbismuthine.-O-2304 gave h = - 0.115O. M.W. 458.3. 

Trirp-tolyZarsine.-0-3605 ga,ve h = - 0-241O. M.W. 342.8. 

TrilJhenylbismzcthime BichZoruide.-0.8847 gavel A = - 0.470'. 

T r i -a -naph th? / lb i~~~~th~e . -0 .15gB  gave A = - 0 ~ 1 2 2 ~ .  M.W. 577. 

All the abolve shojw normal values. 

in benzene solution. 

(C,H,),Bi requires 439. 

(C,R,),As requires 306.1. 

(C,R,),Bi relquirw 481. 

(C,H,),As requires 348. 

M. W. 498.5. 

(C,,,H,),Bi requires 589. 

(C,H,),BiCl, requires 509.5. 

A ctiom of Magnesium p-Tolyl Bromide om Triphemylbismuthirte 
D i c h l o d e .  

The Grignard solution (1-1  mols.) was addeld t o  triphenyl- 
bismuthinel dichloride suspended in ether, and the1 usual transielnt 
violet coloration observed. The whole was heated on a water-bath 
for three to' four hoiurs, wheln a granular precipitate settleld out. 
Aftler t8wedve hours, the ether was evaporated and the residue dis- 
tilled in a ourrent of steam. The product remaining in the dis- 
tillation flask solidified (m. p. 72-73O). and was rearystalliseld four 
times from alcohol, giving crops meltdng a t  76O, 78", 78O, the last 
fraction being melted with triphenylbismuthine. The mother 
liquors were fractionally crystallised, but no product other than 
tripheinylbismuthine could be isolated. 

A c t i m  of Magnesium p-ToByl Bromide o n  Diphenylbromo- 
b ismthi lne .  

The reaction was carrield out as above, and the1 mixture distilled 
in a curreat of steam; the residue meilted a t  70°, and was reorystal- 
liseld three times from acetone, but in each case the crystals melltled 
at 78O and gave the reactions of triphenylbismuthine. The mothelr 
liquors yielded a further quantity of triphenylbismuthine. 
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A ction of lodime Trichloride om Triphenylbismuthine. 

Five grams of the bismuthine were dissolveld in  dry either and 
2-7 grams of ioldine trichloride in t<he same solvent gradually added. 
A momentary red coloration appeared o n  mixing, and a pale 
brown oil separatlsd out and soon solidified. The1 elthelreal solution 
was evaporateid, yiellding an olil, which with chlorine1 in chlorofolrm 
solution gave- 0-4 gram of ioldobelnzenel dichloride. The solid, after 
crystallisation from acetone and light petroleum, melteld a t  120° 
and did notl depress the melting point, of triphenylbismuthine 
dichloride. 

Tr&a-na;phthylbismuthine Dkhlo&.de. 

Five grams of the bismuthinel were! dissodved in dry chlorofolrm 
and treated with chlorine[. The addition of light petrollelwn gave 
a yellow prelcipitate (4.6 grams: m. p. 158--159O), and the mother 
liquors yielde’d a further 0-7 gram. Recrystallisation twice frolm 
chloroform-petro~leam solution gavel a product? melting sha(rp1y on 
both occasions a t  1 6 6 O  (Found : C1=10-68, 10.66; Bi=30*67, 
30.84. C,,H,,Cl,Bi requires C1= 10.74 ; Bi = 31.51 per cent.). 

Tm’-a-~pht~t?/lbismuthine dichloride is a yellow, crystallinel 
powder readily soluble1 in chloroform, moderately so in acetone o r  
beazenel, and insoluble in light petrodeurn. On heratting f o r  seve(ra1 
hours a t  looo, it did notl smell of ohloronaphthalene, was stable to 
hydrochlolric acid, and melted at 167-1 69O. 

-4 &on of Moist Silver Oxide on T?.i-a-n,nphtht?/lbismzcthzlne 
Dichloride . 

The1 dichloride (2 grams) and silver oxide (0.7 gram) weire 
suspended in moIst acetone) and well shaken. Reaction occurreid 
almost at oncel, and, after two1 days, the mixture was filtered and 
t,he residue1 extracted with chloroform, which yieldeld two deposits 
olf tri-a-naphthylbismuthinel, 0.5 gram (m. p. 230O) and 0.2 gram 
(m. p. 232O on one1 crystallisation). Spontlaneous evaporation of 
tlhe acetone solution yielded a small amount of a brown solid, which 
belcame, velry viscid o a  warming witlh alcohol, had a strong odour 
of naphthalene, and was not further examined. 

7Aph eny l-a- rmph t h y 2 h  ismut hin e 7l tb rorn ide. 

Diphenyl-a-naphthylbismuthine (0.8 gram) was treatleld in dry 
chloroform-ether solution with a slight! exoess of bromine in ohloroc 
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farm. On addition of light petroleum, 0-81 gram of dibromide 
was preaipitated (Found : Br = 24-83 ; Bi = 31.87. C,,H,,Br,Bi 
requires Br = 24.59 ; Bi = 31.99 pe8r cent .). 

Determination of the Metal in Derivatives oj Quinquevalent 
Bisrnut h . 

The substamce (0-2-0.3 gram) was treateld with about 10 C.C. 

oE an ammoniacal solution of hydrogen sulphide, and the mixture 
evaporated to dryness in an air-bath a t  115--125O, the benzene 
formed during the1 decomposition driven off, and the residue of 
bismuth sulphide and sulphur boiled for a few minutes with 10 C.C. 
of concentrated hydrmhloric aoid. The sdutioa was filtejred, 
diluted with water, hydrogen sulphide passed, and the precipitated 
bismuth sulphide filt'ered on a Goloch crucible, washed with carbon 
disulphide, dried, and wefigheid. 

The metlhod was first tested on two wedl-known compolunds, 
namely, tripheaylbismuthine. dichloride (Found : Bi = 40-44. 
C,8H,,C12Bi requires Bi= 40.78 per ce'nt.) and dibromide (Foand : 
Bi = 34.92. CI8H,,Br,Bi relquires Bi = 34-73 per cent.). 

Our thanks are duel to the4 Rese'arch Fund of the Chmioal Socielty 
for a grant whioh has defrayed t'het expense8 of t'his investigation. 

TEIE UNIVERSITY, 
EDQBASTON, BIRMINQELAM. [Received, June 3rd, 1920.1 
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