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Abstract - The relative migratory aptitudes of e-substituted aryl 
groups in moving from intermediates based an pentavalent bismuth to 
carbon have been investigated far the typical cases of I-naphtha/ and 
I-carhethaxvcvclohexanone. The relative mtes for D-OMe. D-Me and 

e. d 
-NO agairki e-H (phenyl) as standard have been %easuk&! using 

mlxe arylbismuth derivatives. It is concluded that the miqratian is of 
the redukive elimination type and that discrete ions or rad%als are not 
involved. 

In the preceding parts of this series 1.2 we showed that pentavalent organoblsmuth 

derivatives are efficient reagents for ortho C-phenylation of phenols and C-phenylation of -- 
enol ic compounds, under well-deflned (basic) conditions. The reaction proceeds through a 

covalent Bi-0 intermediate, which is decomposed by reductive elimination to the C-phenylated 

substrates and a trivalent bismuth compound. We then considered two possible mechanisms for 

the transformation of the Intermediates into C-phenylated products : concerted and radical. 

The regloselectlvlty of the reaction as well as the choice of the solvents used to carry out the 

reaction is better explained by a concerted mechanism. However, 2 priori the ease of 

phenylation of some hindered substrates, such as tetraphenylacetone might be better explained 

through interaction of a phenyl radical wlth an enolate anion. 

In order to obtain evidence about these two possible pathways, we turned our 

attention to the study of the relative migratory aptitude of a variety of substituted arylblsmuth 

reagents. We now describe our investlgatlons on the synthesis of a series of symmetrical and 

unsymmetrical pentavalent trlarylbismuth reagents and their reaction with a typical phenol and 

with a representative enollc 6-keto-ester. 

‘Dedicated with respect and affection to Prof. R. A. Raphael on the occasion of his 
sixtyfifth birthday. 
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Synthesis of Symmctrlcol Triafylbismuth Compounds 

Symmetrical triarylbismuths 1, 1 and 3 were prepared by reaction of the 

appropriate arylmagnesium bromide with BiC13,3 with careful monitoring of the reaction 

temperature during the addition. In this way, a 65% yield was obtained for tri-e-anlsyl- 

bismuth 2 instead of the reported 10% yield.4” Trl-e-nitrophcnylbismuth 5 was not obtained 

by this procedure. In recent reviews on organobismuth compounds, 6.7 a synthesis of 4 has 

been attributed to Russian authors;* however, the Russian communication does not claim the 

synthesis of 0, but of the isomerlc tri(m-nitrophenyl)blsmuth. Thus, we attempted to prepare 

4 by varlous methods : reaction of e-nitrophenyldiazonium tetrafluoroborate with metallic 

bismuth prepared according to Nesmeyanov et al.‘, 

by Rlekers procedure, 
10 

or with activated metallic bismuth prepared 

gave intractable mixtures. Reaction of e-nitrophenylhydrazine and 

BiC13 in the presence of a mixture of CuCl2 and FeC13, under an atmosphere of oxygen 
11 

also 

gave complex mixtures. 
12 

Reaction of pbromonitrobenzene or @donitrobenrene with Na-Bi 

alloy was also unsuccessful. Eventually a low yield of 4 was obtained through radical type 

aryl exchange. Reaction of tri-e-tolylbismuth and e-nitrophenyldiazonium tetrafluoroborate in 

presence of metallic copper In dimethylformamlde at room temperature gave f! (1681, together 

with the unsymmetrical derivatives 20 and 2l_, - and the biaryls (4,4’-dimethyl-l ,I’-biphenyl, 

4-4’-dinitro-1 ,I’-biphenyl, and 4-methyl-4’-nitro-1 ,l’-biphenyl). 

Symmetrical Triarylbismuth Derivatlves 

Ph e-To1 E-An e-NO,-C,H, 

Ar3Bi 1 2 3 4 

Ar3BiC12 5 6 7 8 

Ar3BiC03 9 - 10 - 11 - 12 

Ar2BICI - 13 - 14 

ArBIC12 - 15 

Unsymmetrical Triarylblsmuth Derivatives 

Ph e-To1 E-An e-NO,-C,H, 

To12ArBi - 16 2 - 16 - 20 

TolAr2Bi r-r 2 19 21 

To12ArBiC12 22 6 - zo 26 - 
TolAr2BiC12 12 6 - 25 - 27 

To12ArBiC03 2 - 10 - 30 - 32 

TolAr2BiC03 29 - 10 - 31 - 33 



Ptotavafcnt organobiiuth nageottvl 3113 

Synthesis of Unsymmetrical Triorylbismuth Compounds 

Unsymmetrical triarylblsmuth compounds are usually prepared by reaction of 

organo- or diorgan~fsmuth chforfdes with Gtfgnard reagents. ‘38’4 Ofaryfbf~uth chlorides 2 

and If! and E-tofylbfsmuth dichloride 15 were prepared by dfsp~~rt~at~n between the 

appropriate trlaryfbfsmuth and bismuth trfchforidc. 15 
Pure diaryfbfsmuth chlorfdas were 

obtained by very slow addition of bfsmuth trichforide to a vigorously stirred solution of the 

triaryibfsmuth in ether, kept at O°C. On the other hand, slow addition of a solution of 

triarylbfsmuth to a vigorously stirred suspension of BiC$ in ether at O°C gave only 

arylbfsmuth dichloride. 

Reaction of 2, 2 and 15 with the appropriate Grignard reagent in ether at O°C 

gave the expected unsymmetrical triarylbismuths 16, z, E and 2. Attempts to improve the 

yield of 19 were unsuccessful. 

The @trophenyl derfvatfves E and E were obtained by reaction of 

pnitrophenyldiazonium tetrafluoroborate with tri-e-tolylbismuth in the presence of metallic 

copper in dlmethylformamide. The yields are poor due to the formatfon of a complex mixture 

of bismuth derivatives and various biaryls, 

Scheme 1 

Usually, mixed triarylbismuths are prone to dismutation 

AriAr’Bi @ Ar’AriBI _ AriBi + Ar$i 

The method of choice to check the purfty of these compounds appeared to be mass 

spcctrometry. Indeed, IR and NM? spectrometry cannot distinguish between the redistribution 

products, but mass spectrometry can show the presence of these products, as the symmetrical 

triarylbismuth compounds gave stable molecular ion. 

Synthesis of Trkrylbismuth Carbonates 

The triaryfbfsmuth compounds l-4 and 16-21 were oxldlsed to their dichlorides 5-6 -- -- -- 
and 22-27 by reaction with sulphuryf chforfde. -- Although trf-e-nitrophcnyfbfsmuth has not 

been prevfously isolated. It must be pofnted out that Nesmyanov et al.’ succeeded to prepare 

trf-~-nftrophenylbfsmuth dichloride in a very low yfeld (5.5%). through reactfon af pnftre- 
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phcnyldiazonium tetrafluoroborate with metallic bismuth followed by oxidation of the crude 

mixture with chlorine. Most of the dlchlorldes are stable compounds. However, 3, E and 17 

were relatively unstabie and thus were quickly converted to the carbonates 2, g and 2. 

The triarylbismuth carbonates 9-12 and 28-33 were prepared by reacting the dichlorides 5-8 _- -- 
and 22-27 in acetone with aqueous potassium carbonate at room temperature.’ 

__ 

-- 

Reucrion of 2-Nophrhol 31 ond I-Carberhoxycyclohexonone 39 with Symmetrical Triorytbismuth - 
Carbonates 

Reaction of Z-naphthol 34 with symmetrlcat triarylbismuth carbonates gave 1-aryl-2- 

naphthols in good yields (69-84%). 

Table 1. Aryiation with Symmetrical Triarylbismuth Carbonates le-R-C6H,+t3BiC03. 

Yields of Aryi Derivatives I%) 

H 
cH3 

OCH3 
NO2 

34 - Js (761 2 (71) 37 (69) 38 (84) 

“3 (90) 

R 
I 

Q 0 
35 : R=H - 

(e-R-C,H,),BlcO, + 

[e-R-C,H,),BlC0, + 

C02Et 40 : R=H - 
C02Et 9’ : R = Me 

42 : R = Me0 - 

Scheme 2 

40 - 43 43 : - - - R = NO2 

The reaction with the e-substituted arylblsmuth carbonate gave only the e-substituted 

I-aryi-2-naphthol. This was strongly suggested by I. R. spectroscopy (vmax 828 cm”‘). 

‘H-NMR however was not informetive. But 
13 . 

C-NMR clearly Indicated the para substitution 

(Table 2). Attrlbutlon of the values In the 13C-NMR spectra was based on correlation with 

chemical shifts of the closely related systems : Z-naphthoi, 
16 3-substituted blphenyl” and 

I)-substituted biphcnyi.‘8 
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Table 2. 13C-NMR of I-Aryl I-Naphthol 

R 

a’, i: 

623 1 

l/ ’ \ OH 

‘\ 
I 
10 ‘, 

5 4 

2: CH3a 2: CH30a 2: NO2 
b 

c-1 

c-2 

c-3 

c-4 

c-5 

C-6 

c-7 

c-0 

c-9 

c-10 

C-l’ 

C-2’. 6’ 

C-3’. 5’ 

C-4’ 

other C 

121.2 

150.3 

117.6 

128.4 

126.6 

123.4 

124.7 

120.2 

133.5 

129.1 

134.4 

131.3 

129.6 

129.6 

121.2 120.8 

150.5 150.6 

117.5 117.4 

129.4 129.4 

126.5 126.5 

123.3 123.3 

124.8 124.8 

128.1 128.1 

129.2 129.1 

C 126.1 

133.7 133.8 

131.2 132.5 

130.4 115.3 

138.4 160.0 

21.4 55.5 

120.7 

152.7 

119.0 

131.1 

127.0 

124.2 

124.8 

129.2 

134.3 

129.9 

148.4 

133.6 

124.3 

145.2 

a): In CLK13. b) : n 1 d 6 
-acetone. c): not detected. 

All four spectra showed three groups of carbon : highest intensity for C-2’ and 6’ 

and C-3’ and 5’. lowest Intensity for quaternary carbons. In the case of the e-tolyl derivative 

of 2-naphthol, it was not possible to detect any signal for C-10, by broad band off-resonance 

or by spin-echo technique. The relevant signals for C-l, C-2, C-3 and C-4’ gave only one 

peak for compounds 2, 31 and g, Indicative of a single isomer, the e-substltuted derivative. 

Reaction of 2-carbethoxycyclohexanone 39 with symmetrical triarylbismuth 

carbonates gave the corresponding 2-aryl 2-carbethoxycyclohexanone q0 _ - 43 In yields better 

than 80% (Table 1). ‘H-NMR of the e-tolyl derivative showed only one signal for CJ3-C6H4- 

(6 2.36 ppm) and one signal for -CA- (6 6.98 ppm). The methoxy derivatlve showed one 

E3-O- signal (6 3.83 ppm) and an AB system (6 7.23 and 6.96 ppm). The e-nitro compound 

showed an AB system (6 8.28 and 7.45 ppm) for the aromatic protons. These values indicated 

also only para substitution for the compounds 90 - s. 

Reaction of I-Naphthol 2 ond 2-Carbethoxycycfohexanone 2 with Unsymmetrical 

Triorylbismuth Carbonates 

The yields obtalned in the previous sets of experiments were not different enough 

to estimate efficiently the relative migratory aptitudes. A second possible type of experlments 

would have been the competitive arylatlon of 39 and 39 with equimolecular mixtures of the 

different triarylbismuth carbonates. However, two steps are involved In the reaction [(iI 

formation of a covalent intermedlate, (ii) reductive eliminatlonl. Competition reactloos could 

be expected to be influenced by the rates of the two steps. We thus turned our attention to 
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the use of unsymmetrical triarylbismuth carbonates, avolding the influence of the first step on 

the competition studies. 

Reactlons with 2-naphthol 34 were performed In methylene dichloride for 24 hrs at - 
room temperature, while reactions with 2-carbethoxycyclohexanone 2 were performed In 6-8 

hrs at reflux. 

2-Naphthol with the phenyl e-tolyl derivatives 28 and 29 gave mixtures of 35 and - - 
36 which were not resolved by preparative t.1.c. or by column’ chromatography. However, a 

measure of the ratio was possible by g.1.c. through comparison with authentic samples. 

Reaction of I-naphthol with the e-anlsyl-e-tolylbismuth derivatives 30 and 31 gave similarly a 

mixture of 2 and 37 whose ratlo was determined by comparison of the integrals of the - 
=3-C6H4 (6 2.37 ppm) and CH30-C6H4 (6 3.77 ppm) in ‘H-NMR. Reaction of 2-naphthol with 

the e-nitrophenyl-e-tolylbismuth derivatives 32 and 33 gave the I-aryl-2-naphthols 2 and Js - - 
which were purified by preparative t.1.c. 

Table 3. Arylation of I-naphthol with Unsymmetrical 

Triarylbismuth Carbonates Ar’AriBiC03 

Reagent Arl 
Formula Ar: 

Overall Tolyl Aryl Ratioa 

Yield (%) (%) (%) AryllTolyl 

28 - 

29 - 

30 - 

31 - 

32 - 

33 

phenyl e-tolyl 99 49 51 2.88 

e-tolyl phenyJ 95 17 83 2.44 

98 81 19 0.47 e-anisyl e-tolyl 

e-tolyl e-anisyl 90 50 50 0.5 

e-nitrophenyl e-tolyl 86 20 80 8 

e-tolyl e-nitrophenyl 92 6 94 7.8 

J: corrected statistically for the n&bar of aryls on bismuth. 

Reaction of 2 with the phenyl-e-tolyl derivatives 18 and 29 produced mixtures of ‘0 

and Ul which were estimated by measurement of the ‘H-NMR integrals of C6H5 (6 7.07 ppm) and CH3- - 
C6H4 (6 6.93 and 2.3 ppm), and by comparison wlth measurement on known mixtures of 40 and 2. 

Reaction of 39 with the e-anisyl-e-tolylbismuth compounds 30 and 31 yielded a mixture of 41 and 

‘(2, estimated by the integrals of CJ3-C6H4 (6 2.3 ppm] and CH,O-C6H4 (6 3.73 ppm). Reaction of 

39 with the e-nitrophenyl-e-tolylbismuth derivatives 32 and 33 gave mixtures of 41 and 43 which - - - - - 
were also estlmated by the ‘H-NMR Integrals of CH3-C6H4 (6 6.93 ppm) and 02N-C6H4 (6 8.35-8.13 

(2H) and 7.8-7.6 ppm (ZH)]. 

Table 4. Arylation of 2-Carbethoxycyclohexanone with Unsymmetrical 

Triarylbismuth Carbonates Ar’Ar:BIC03 

Reagent Arl 
Formula 

At-: 
Overall Tolyl Aryl RatIoa 

Yield (8) (%) (%I Aryl/Tolyl 

28 - 

29 - 

30 - 

r 

32 

33 - 

phenyl e-tolyl 87 59 41 1.4 

ptolyl phenyl 91 21 79 1.9 

82 86 14 0.32 e-anisyl e-tolyl 

e-tolyl e-anisyl 86 49 51 0.52 

e-nitrophenyl e-tolyl 76 25 75 6.00 

e-tolyl e-nitrophenyl 92 08 92 5.75 

a: corrected etatfstically for the nuprbcr of l ryls on bfamuth 
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Conclusion 

The relative mlgratory aptitudes were thus determined from the ratlos 

Ar-Subst.IPh-Subst. in both sets of experiments and were found to be In the Z-naphthol 

series (Table 3): e-NO,, 3.55; H, f: e-CH,, 0.4s; e-CH30, 0.22, and in the 2-carbethoxy- 

cycfohexanone series (Table 41: pt-40,. 3.55: H, 1; g-CH3, 0.60: @N30, 0.25. 

Comparison of these values with those reported for plnacolk transposition” 

discards any cationk mechanism: pNO2 < 0.1; H, 1: e-CH,, ‘15.7: pCli30, 500, On the 

other hand, comparison of these values with a radical l-2 aryl rearrangement 20.21 , the 

decarbonylation of 6-arylisovalcraldchydc: e-NO,, 31; l-t, 1; e-CH,, 0.72; pCH30, 0.35, 

indicates that the involvement of free radicals is possible. but not in accord with the Q-NO, 

result. Wowever, some more closefy related systems, such as the unsymmetrical hydroxytetra- 

arylstiboranes s, are reported to rearrange to the triarylstiblne oxide, via a radical 

mechanism. In this reaction,” the relative migratory aptitudes are slightly different e-NO 

5.6; p-CH30, 2.6: @H,, 1.3: H, 1 . A plot of log (migratory aptitude) vs. Hammett op 5 

gives a U-shaped curve, and substituted aryl groups have always a greater migratory aptitude 

than phenyl (Scheme 4). 

This was rationalised by a greater stability of the substituted aryl radical 

compared to the phenyl radical and by a conjugation effect of the substituent on the ease of 

homolytk cleavage of the C-Sb bond. 

Ar’ArlSbOH ----> 
3 ArtArGSbO + Ar$bO + Ar’H 

Ar’Ar21+t3F - 4 
+ EtC- ----> Ar’H + Ar’H + Aril 

4s - 
Scheme 3 

Scheme 4. Arylatlon of 2f! and 39 wfth triarylbismuth carbonates 

and thermal decomporltlon of hydroxytetraarylstiboranes. 

Migration ratio log [ArlPh) vs. op. 
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ethoxlde, 24 
In the reaction of unsymmetrical dlaryliodonium tetrafluoroborate fi with sodium 

a free radical pathway has been invoked and a study of the relative aryl migratory 

aptitudes gave the series: m-N02, 5.6; e-CH,, 1.1: H, 1; e-CH,O, 0.8 . In thls reaction, 

charged intermedlates are involved and the values reflect not only the influence of the bond 

dissociation energy, but also the stability of the transition states. 

In our systems, a plot of log (migratory aptitude) vs. Hammett (I shows a similar 

shape for the curve to the plot A6 vs.0 , (Scheme 5) of the 

e-carbon of the corresponding substitut% benzene. 25 

13C-NMR chemicz shift for the 

Scheme 5. l3 C-NMR of monosubstituted benzene. 25 Influence of 

a substituent on the chemical shift of C-4 vs. o 
P’ 

These results, though indicating a possible free-radical mechanism, are better 

explained as the migratory aptitude being directly related to the electron density of the carbon 

C-l [C-B, bond). The bond dissociation energy would be the main factor in the relative 

migratory aptitude, as no charged species are involved in that step. In fact, e.s.r. studies 

and chemical trapping have shown that free radicals are not Involved in the C-phenylatlon - 
reaction. These results will be reported soon. 

26 

Thus C-phenylation of phenols and enolic compounds by pentavalent organobismuth 

reagents under basic conditions does not involve direct ionic aromatic substitution. In a first 

step, a covalent Bi-0 intermedlate is formed by nucleophilic displacement on the bismuth 

atom.’ In the second step, phenylatlon of the substrate occurs through a concert4 

mechanism, in which r-electrons of the nucleophilic moiety attack the e-carbon of the Ar-Bi 

bond, thus inducing phenyl migration and an overall reductive elimination (Scheme 6). 

Scheme 6 
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Experimental 
li.p.s ver. determined with . Koflcr hot-st.ge .pp.r.tur .nd 

‘H-NMK spectr. ver. determined for solutions in deuteriochloroform with 
ft,and.rd on V.ri.n T-60. V.ri.n M-360. Bruker UP-80 (80 MIIx) lad Bruker 

3119 

.re uncorrected. 
TM8 .I intern.1 
ZM-COO (400 mIs). 

“C-NWt l pectr. vere me.sured on a Bruker UP-ZOO ST .pp.r.tus. IR sp.ctr. vere recorded on . 
Perkin-Elnr 297 Instant. C.1.c. vere performed on . Cirdel 330 .pp.r.tur. Rsrr spectr. 
verc recorded with A81 IS-9 or Ml-50 instruments. All solvents .nd re.geots vere purified .nd 
dried by standard techniques. Chroutogr.phic sep.r.tioos vere performed using Xerck Kie#elgel 
60 CP-254 (Prep.r.t!ve t.l.c.), Merck Kiesalgel 608 (column chromstogr.phy .t .tmorpher!c 
pressure or under light pressure). 

Preparation of Organobismuth Reagents 

A - Symetric.1 Tr!.rylbiauth III Deriv.t!ves 

Triphenylbimth (75%). m.p. 78-C. lit. 
trichlorfde v!th phenylugoeeium bromide. 

’ 77-78.C v.s prep.red by reaction of bismut95 
Tri-ptolyl bismuth (85~~~ m.p. 119-120.C. lit. 

117-118’C. and tri-E-methoxyphenylbimnuth (65%). m.p. 185-C, lit. 190.C were s!mil.rly 
prep.red. 

Tri-e-nitrophenylbismrth.- Metallic copper (1.28 8) V.S .dded to . stirred solution of 
tri-~~lylbismut47(2.41 (I) in snhydrous benzene (501). A solution of l-nitropheoyldi.ronium 
tetr.fluorobor.te (4.74 8) in dry DliP (15 ml) v.e l lovly .dded .t room tmper.ture. and the 
mixture stirred for 18 hrs. The re.ction mixture v.s then filtered. diluted vith cold water 
md extr.cted with ether-benzene (1:I) mixtures. Distill.tion of the solvent folloved by 
colupnr chromJtogrephy6$~ uent: 
m.p. 232-235.C. [lit. 

haxure-ether 1:l) yielded trl-pnltropheoylbith, 0.5 g (16%). 
121.C. 156-C (but really tje E-nltrofsomer)]; 6 (CDCl ): 8.3-8.1 (6H. 

d. ortho H) and 7.9-7.7 (6H. d, met. It); m/z 575 (Ii ). 453 (Pi - C A NO ). 3313(H+ - 2C Ii NO ) 
.nd 209 (Bi) [Pound: C. 38.02: A, 2.30; N. 7.07. C H B!N 0 req%e?C, 18 12 3 6 37.67; H. 2.54; l?, 
7.302). 

B - Arylbismuth III Mono md Dichlorides 

Diphenylbismuth Chlor!de.- Bismuth trichloride (1.58 8) v.s .dd.d in very -11 portions 
over an hour to . vigorously stirred solution of tripheoylbismuth (4.402 8) in dry ether (125 
ml) at o*c. The q !xture v.s then stirred at 0-C until completion of the re.ction. The 
precipit.te v.s filtered, v.ahed with ether under sn .tmosphere of argon an+ recrystsllised 
from benzene to yield diphenylbiamuth chloride (4.8 8, 80%). m.p. 190*C, lit. 184-185.C. 

Di-E-tolylbismuth Chloride.- Bismuth trichloride (1.3 g) sod tri-E-tolylbismuth (4 g) in 
dry $e;l (j!cml) .t O’C g.ve l imil.rly di-e-tolylbismuth chloride (4.9 8, 92%). m.p. 185*C, 
lit. . . 

pTolylbismuth D!chloride.- A l olutioo of tri-p-tolylbismuth (3 8) in dry ether (50 ml) 
v.s .ddcd .t . very slov r.te over .o hour to . veil-stirred suspension of bismuth trichloride 
(3.92 9) in dry ether (75 ml) .t 0-C. The yellow precip!t.te v.s filtered, washed vith ether 

cryst.llised from benzene to yield ptolylbismuth dichloride (4.5 8, 60%). m.p. 209-C. 
206-207-C. 

C - Irnsyumetrical Tri.rylbismuth III Deriv.tive. 

General Procedure.- An ethereal solution of the .ppropri.te Crigo.rd re.gent V.S .dded 
dropvise to . well stirred l there.1 suspension of di.rylbismuth chloride or arylbismuth 
dichloride .t 0-C. After the end of the .dd!t!on. the re.ction mixture v.s either l tirred for 
l-2 hrs .t 0-C. or left .t room temper.ture .od stirred for en ulditional 6 hrs. The mixture 
v.s then poured into . large excess of !ce-v.ter, quickly filtered over celitc and vorked up M 
usual. 

Diphenyl-~-tolylbismuth.- Diphenylbiwuth chloride (4.8 8) in dry ether (50 ml) and 
ptolylm.gnesium braid. [frompbromotoluene (2.05 g) .nd magnesium (0.3 8) in dry ether 
(15 m.l)l gave, aft71 stirring for 6 hrs, an oil vhich cryst.llised on cooling (4.65 8, 85%). 

m.p. 4J-45-C. lit. 
377 (n - Ph), 363 

$il. 6 (CDCl ): 7.64-7.28 (14E,+m. ArH) .nd 2.32 (38, s, C H4-CJ3); m/t 
(If - Tel), 303 (?l+ - 2Ph). 286 (PI - Ph .nd Tol) and 209 (Bit 

g-E-tolylphenylbismvth.- Di-p-tolylbismuth chloride (4.8 g) in dry ether (50 ml) and 
phenylosgnesium bromide [from bromobenrene (1.76 8) and magnesium (0.28 g) in dry ether (12 
ml) 1 gave, .fter stirring for 6 hrs. 
85X). m.p. $7-69’C. 

an oil which cryst.llised from bcnsen.-meth.nol (4.45~. 

Ph). 300 04 
6 (CDC13): 7.7i7.05 (13H, m, ArN) .nd 2.32 (6H. s, C684-CH3); m/r 391 (I! - 

- Ph end Tel). 286 (PI - 2 Tol) .nd 209 (8i). 

g-p-tolyl-E_wthoxyphenylbimth.- Dl-e-tolylbismuth chloride (4.9 g) in dry ether (50 
ml) .nd ~-methoxyphenylm.gnesium bromide [from pbrow.nisol. (2.41 g) and megnesium (0.30 8) 
in dry ether (10 ml)] g.ve. .fter stirring for 2 hrs .t O*C, the title capound vhich was 
recryet.ll!sed from benzene-neth.nol (3.15 8, 65%). m.p. 109-112.C. 6 (cDc)3): 7.52-6.92 (428, 
q , Ar-IJ), 3.73 (38, s. C6H4-O-CH3) .nd 2.32 (68, l , C6E4-CK3); m/r 407 (Pf - Tel). 391 (Ii - 
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C Ii OCE ). 316 (H+ - 2 Tel). 300 (k 
4!35. 52,E21Bi0 require6 C, 

- To1 and C6H40CH3) Jnd 209 (Bi) [Found: C, 51.00; 
50.60; A, 4.222). 

H. 

Di-~*6thoxyphJnyl-p-tolylbiJmuth.- pTolylbi6muth dichloride (4.15 0) in dry ether 
(60 a Jnd pllethoxyphenylmJgn66ium bromide [from pbromoJni6ole (4.42 8) and m~gn66f~m 
(0.54 0) in dry ether (12 ml)] 6Jve, Jfter 6tirring for 1 hr Jt O*C, thr title compound 66 J 
solid vbich vJ6 rJcry6tJlli6ed from mcthylene dichloridc+ethmol (0.9 0, 162). q .p. 130-134.C. 
6 $CDCl ): 7+58-6.92 (128, m+ 
(M ) L 433 0l - Tel). 407 (H 

ArH). 3.75 (611. 6, $ H OCH ) Jnd 2.32 (3H. 6, c 
- C H OCH ), 

and 209 (Bi). [lound: C, 48.81; HP hO7? 
316 (M 6-4Tx3Jnd C 8 OCH ). 300 (&%~6~~&:~~ 

C21821Bi02 require6 C! 99.03; B. 4.09X]. 

E-E-nltrophenyl-E-tolylbiwuth and Di-p-tolyl-e-nitrophenylbiauth.- The6e bismuth 
derivJtive6 were prepJred by the 6~me procedure 66 tri-p-nitrophcnylbismuth. by adding J 

solution of pnitrophenyldiaxonium tetrafluoroborats (2.37 g) in dry Dwp (10 ml) to 6 6olution 
of tri-ptolytbismuth (2.41 8) in Jnhpdrous benzene (5 ml) in the prerence of metJllic copper 
(0.64 6). After work-up, column Chromatography of the re6 idue Jfforded 
di-ptolyl-E-nitrophenylbi6muth (eluJnt: hexJne) (0.31 8, 12$), n.p. 1$9-132-C. 6 (CDC~ ):+ 
8.14-7.39 (128. p, ArH) Jnd 2.35 (6H 6 C6H4-cR3); m/a 513 (n ), 422 (n - ptolyl). 3913(, - 
;6;qN;2); ;;’ (n - 21 tolyl) - 300 (;i’ ’ - ptolyl Jnd C H4N0 ) Jnd 209 (Bi) [Found: C. 47.12: H, 

C H18BiW0 reiuires C. 46.78: R. 3.5; 8. 2.773X]. Purther elution (hexJne-ether 
9;:;) ifiorded #-p_nitr$phenyl- 

?- 
tolylbismuth (0.41 g, 152), m.p. 145-149’C. 6 (CDC13) + 

8.17-7.39 (1211, I$, Aril) urd 2.35 3H, 6, C H -CH ); m/z 544 (M ). 453 (H - E-tolyl). 422 (M - 
CHNO). 331 (M 
2!8k; A. 5.22. 

- ptolyl Jnd C H NO ). $08 (M’ - 2C H4N02) Jnd 209 (Bi) [Found: C. 42.12; H, 
C19H15BilV204 req&$6s2C, 41.91; H. 2.96; N. 5.15X]. 

D - TriJrylbi6muth Dichloride DJrivJtiver 

CenerJl Procedure.- Sulphuryl chloride (1 equiv.) in methylcne dichloride solution (2-4 
mH/lO ml) was Jddcd dropvi66 to a cooled (-78-C) stirred methylsne dichloride triJrylbi6muth 
(2-3 mWl0 ml). The reJction mixture wJ6 further stirred for 15-30 mins at -78.C. Di6til- 
lstion of the solvent Jt room tcrmpcrature under reduced pre66ure Jnd racry6tJllisJtion of the 
eolid residue from methyl6ne dichloride or J mixture benrene-methJnol Jfforded the corre6- 
pending follow% triJrylbi6muth dichloride6 
156-160.C. lit. 159-160’C; 

: (I) Trlphenylbirnuth dichloride (96%). rn.~.~~ 
(ii) Tri-E-tolylbi6muth dichloride (98X), 1~.p.~~47-149’C, lit. 

147-C; (iii) Tri-l-mcthoxyphenylbi6muth dichloride (852), m.8. 135Y. lit. 133Y; (iv) 
Tri-pnitro-phenylbi6muth dichloride (95%). m.p. lP?‘C, lit. 160-161*C; 
tolylbi6muth dichloride (852). m.p. 121-123.C. lit. 

(v) Diphenyl-p- 
109-110.C [Pound: C. 43.08; B. 3.31: Cl, 

i:ch3!oride (43%) 
Cl98 BiC12 require6 C. 43.42; 8. 3.25;+Cl. 13.52%); (~1) Di-ptolylphqnylbismuth 

, m.p+ 132-135.C. m/z 505. 503 (M - Cl)+ 391 (M - 2Cl). 377 (M - $I1 Jnd 
ptolyl), 337. 335 (!I % Cl, Ph snd E-tolyl), 323. 321 (I! - Cl and 2ptolyl). 300 (M - 2Cl. 
Ph Jnd p-tolyl), 286 (H - 2Cl Jnd Zptolyl) Jnd 209 (Bi); 
bismuth dichloride (89%). m.p. 

(vii) Di-ptolyl-E-methoxyph6nyl- 
120-122-C. 6 (CDCl ): 8.28-8.03 (6H. m, Ar+H). 7.25-6.8 ($H, m. 

ArH), 3.75 (3H, 6. C H -0CH ) Jnd 2.32 (6H, 6, C $-CH ); m/z 535, 533 (M 407 (M - 2Cl 
and ptolyl), 391 ( rG+ 2E3Jnd E-Jnisyl), 316 (fi -221 Jnd 2ptolyl). 300&‘: 2Cl. ptolyl 
and E-Jnisyl) Jnd 209 (Bi) [Pound: C. 44.07; 8. 3.74; Cl, 12.55. C H BiCl 0 require6 C, 
44.29; H. 3.69; Cl, 12.48%); (viii) Di-l-aethoxyphenyl- -tolylbislu# &hlo?idc (90%). m.p. 
130-134.C. 6 (CDCl ): 8.28-8.03 (6H. m, ArH). 7.25-6.8 68. PI, ArH). 3.75 (68. 6, C II -0CA ) 
and 2.32 (3H. 6, Ck -CH ). 

P 
This compound ~66 rel6tively un6tJble Jnd ~66 ther6fore 

6 4 -g conver cd 
quickly to the cJr onJte derivative; g 4 -3 (ix) Di-E-tolyl-p-nitrophenylbiamuth dichloride (85%) Jnd 
di-E-nitrophenyl-E-tolylbi-th dichloride (80X) vere unstable and verc converted directly to 
the corresponding carbonJte. 

E - TriJrylbi6muth C6rbOnJte6 

TriJrylbisluth carbonate6 verelprepJred from the COrre6pOnding triJrylbi6muth dichloride6 
by ths prcviowly reported method. (i) Tri-e-pethoxyphenylbfrmuth cJrbonJte (99%). m.p. 
140-145*C (dec.) [Found: C, 44.37; H, 3.58.7 H BiO require6 C. 44.74; 8. 3.56X]; 
ii) Tri-p-nitrophenylbirth carbonJte (85X), m.p. 22 21 176-176*C; (iii) Diphenyl-E-tolylbi6muth 
cJrbonJt6 (96X). m.p. 142-146.C [Pound: C. 46.73; 8. 3.58. C E BiO require6 C. 46.60; H. 
3.50%); (iv) z-E-tolylphtnylbi6muth cJrbunJte (95%), m.p. 1%!!!6*C3[Pound: C. 48.16; H. 
3.73. 
~JrbonJt~2~H~~i,o~~~~q;1~f;~,5c~C ;;;;;;: 2 ;;6;;;;R sy),3~-~-~~~~e~~~~~~6n~~~~~l~ 

hen l-E-to1 ldi6wih cJibo:Jt; (8% ?‘m.p? 

8, 

3.7723; (vi) E-Eethox 118-121-C [Pound: ‘C. 
45.53; H, 3.77. ::~~hm~~~~~~~~3~~~~~~i~p.~quire6 ‘c. 45.v97; Rs/:6_6fl; (vii) _Dr-P-tolyl-e-nitroph6nyl- 

108-112’C; ( iii) Di p nitrophenyl 2 tolylbi6muth cJrbonJte 
. 

Arylotion of 2-Carbethoxycyclohexonone by Symmetrical Trlorylblsmuth Carbonates. 
General Procedure.- A 6tirr6d mixture of 2-cJrbcthoxycycloh6xanona (0.5 -10) Jnd 

triJrylbienuth cJrbOn6tJ (0.75 -1) in methylenc dichloride (2 ml) vJ6 heJted under rcflux 
under 6n atmoephere of argon until reaction vJ6 complete (6-8 hrr). The reaction mixture Ya6 

filtered over celite. evJporJted, 
hyJnc-ether 7:3). 

and the r66idUe purified by prepJr6tive t.l.c31 (eluJnt: 
(i) 2-CJrb6thoxy-2-phcnylcyclohexanon6 (86%). colourle66 oil, . m/t: 246 

(n ); (ii) 2-CJrbethoxy-2-p-tolylcycloh6xJaone (81X). colourle66 oil. 6 (CDC13): 6.93 (48. 6, 
ArH). 4.15 (ZH, q. J 78x. 0G2-CH3). 2.73-2.37 (4H. m, cyclic g ), 2.3 (38. #. C H4-l-g3). 
2.21-1.16 (4H. m. cyclic E2) Jnd 1.23 (3H, t. J 7HJ. 0-CH2-CH3?; m/z 260 (I4 ) [Bound: C, 
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73.94: n, 7.68; 0. 18.60. c.ALJJ requirea 
&none 

C, 73.85; 8. 7.69; 0. 18.46X]; (iii) 
(86%). colourle.. oil. 6 (CDCl_1: 7.0&6.68 (4ll. AB 2-C.rb.tho~-2-E-rutho~h~ylc’gcfoXI 

.I 711+. O-& <ii ), 3.73 (3H. l ; c li -&8 1, 2.73-2.j7 i$HH. 
cyclic CH,)ind 13.23 (38. t. J 7Iixp &Cli..-cII,); m/x 276 (H ) 

[P&d: C.?4.g5; H, 7.17; 0. 2 
2-Carbethoxy-2-p-nitrophenylcyc 

;~;~~.3n;~.~$&, require. C, 69.57; 11. 7.2t;Tf i3.19%]; (iv) 
pal. yellow oil, 6WDc1,)t 8.25 (2H. d. ArR). 

7.45 (2H. d, Ari), 4.15 (i~.-q, J 7Rx. 0-~2-CH3j, 2.73-2.37 (4H. a. cyi!lic ca,) and 2.1-1.6 
(4H. m. cyclic CH2). 

Competitive Arylation of 2-Carbethoxycyclohexanone by Unsymmetrical Triarylbismuth 

Carbonates. 

General Procedur..- The reaction we performed a. above. on 0.5 nrmol (O.oSS g) of 
2-carbethoxycyclohexanone. Preparative t.1.c. afforded a mixture of the 2-aryl-2_carbethoxy- 
~yc1ohexanon.a. which vaa not resolved by chromatography. Thus. the ratioa were determined by 

Ii-NMt l nalyeis of the nixtures. (I) Diphenyl-p-tolylbiemuth carbonate gave a mixture (0.106 
g, 91%) of 2-carbcthoxy-Z-phenylcyclohexanone (79%) and 2-carbethoxy-2-E-tolylcyclohexanon. 
(21%) ; (ii) Di-I-tolylph.nylbirPuth carbonate gave a mixture (0.110 g, 87%) of 2-carbethoxy- 
2-phenylcyclohexanone (41%) and 2-carbethoxy-2-I-Colyloyclohexanone (59%); (iii) Di-ptolyl- 
pmethoxyphenylbismuth carbonate gave a mixture (0.108 g, 82%) of 2-carbethoxy-2-e-methoxy- 
phenylcyclohexanone (14%) and 2-carbethoxy-2-E-tolylcyclohexanonc (86%); (iv) Di-E_a.thoxy- 
phenyl-p-tolylbiamuth carbonate gave a mixture (0.115 g, 86%) of 2-carbethoxy-2-e-aethoxy- 
phenylcyclohexanone (51%) and 2-carbethoxy-2-E-eolylcyclohexaaone (49%); (v) Df-E-tolyl-e- 
nitrophenylbienuth carbonate gave a mixture (0.107 g, 76%) of 2-carbethoxy-2-e-nitrophenyl- 
cyclohexanone (75%) and 2-csrbethoxy-2-E-tolylcyclohexanone (ZSX); (vi) Di-E-nitrophenyl-p- 
tolylbismuth carbonate gave a mixture (0.132 g, 92%) of 2-csrbethoxy-2-E-nitrophenylcyclo- 
hexanone (92%) and 2-carbethoxy-2-I-tolylcyclohexanone (a%). 

Arylation of I-Naphthol by Symmetrical Triarylbismuth Corbonates 

General Procedure.- A mixture of 2-naphthol (0.072 g, 0.5 mol) and triarylbieauth 
carbonate (0.75 nrol) in methylen. dichloride (2 ml) WI. stirred at room temperature under an 
l tmoopher. of argon until reaction wa. complete (24-36 hrs). The reaction mixture ~a. filtered 
over cellto, evaporated and the residue purified by pre,,r;;i;;.;.l.c. (eluant: hexane-ether 
7:3). (I) I-Phenyl-2-naphthol (76%). m.p. 85-86.c. lit. - ; (ii) L-E-Tolyl-2-naphthol 
(71%). a.p. 62-64-C. ,aKDC13): 7.95-6.95 (IOH, m, ArH), 5.05 (1H. 8, 011) and 2.37 (3A, s, 
C H -CH ); m/t 234 (M ) [Found: C. 86.85; H, 6.0. Cl H 0 requires C. Elg; Ii, 5.98%); (iii) 
lfi&f~l(oxyph.nyl-2-naphthol (69%). n.p. loa-iio*c. @h3): 7.83-6.91 (lOli, m, ArH). 5.05 
TlH. a, OH) and 3.77 (3H, a, C6H4-E3); m/r 250 (M ) [Pound: C, 81.69; H, 5.56; 0. 12.67. 
C H 0 require- C. 81.6; H, 5.6; 0. 12.80X]; 
2&~bS2C; 6(CDCl ) 8.5-7.0 (11A. n. ArH) and 5.0s 

(iv) I-p-Nitrophenpl-2-nsphthol (84X),, m.p. 

[Pound: C. 72.00;3R. 4.48; N, 4.98. C,6H11N03 
(lH,>, OH); m/s 265 (M’) and 219 (H - N02) 

requires C.72.18; H, 4.51; N. 5.26%). 

Competitive Arylation of I-Naphthol by Unsymmetrical Triarylbismuth Carbonates 

Generel Procedure.- A mixture of 2-naphthol (0.072 g, 0.5 mmol) and uns~etrical 
eriarylbiemuth carbonate (0.75 mol) in mcthylene dichloride (2 ml) vaa stirred at room 
temperature under an atmosphere of argon until reaction wa. cmplcte (24-36 hr.). The usual 
work-up followed by preparative t.1.c. (eluant: hexane-ether 9:l$ afforded either the pure 
producta or a mixture, vhich va. l nalysed either by g.1.c. or by H-N.H.R. (i) Diphenyl- 
ptolylbiamuth carbonate afforded a mixture (0.105 g. 95%). The ratio vax determined by 
g.1.c. (column: SE 30, 5%): l-phenyl-2-naphthol (83%) and I-E-tolyl-2-naphthol (17%); (ii) 
Di-e-tolyl-phenylbiemuth carbonate afforded a mixture (0.113 g, 9gX) of I-phenyl-2-naphrhol 
(51%) and I-p-tolyl-2-naphthol (49%); (iii) Di-e-tolyl-p-methoxyphenylbiamuth carbonate gave a 
mixture (0.117 g, 98%). whose NtiR spectrum indicated I-p-methoxyphenyl-2-naphthol (19%) and 
I-E-tolyl-2-naphthol (81%); (iv) Di-e-methoxyphenyl-E_tolylbiemuth carbonate gave a mixture 
(0.109 g, 90%) of I-E-methoxyphcnyl-2-naphthol (50%) and I-E-tolyl-2-naphthol (50%); (v) 
Di-p-eolyl-p-nitrophenylbiamuth carbonate gave I-E-nftrophenyl-2-naphthol (0.0915 g, 69%) and 
I-E-tolyl-2-naphthol (0.020 g, 17%); (vi) Di-E-nitrophenyl-E-tolylbfemuth carbonate gave 
1-e-nitrophenyl-2-naphthol (0.117 g, 86.5%) and I-E-tolyl-2-naphthol (0.006 g, 5%). 

Acknowledgements. We thank Mme C. Fontaine for 13C-NMR spectra, Dr. D.J. Lester for some 

prellminary results and Roussel-Uclaf for generous financial support. 

1. 

References 

Part II: D.H.R. Barton, N.Y. Bhatnager. J.-C. Blatejeweki, B. Charplot. J.-P. Pinet. D.J. 
Lester, W.B. Mothervell. H.T.B. Papoula. and S.P. Stanforth. J. Chr. Sot., Perkin Trena 
r, in preen (1985). 
Pert III: D.E.P. Berton, J.-C. Blerejeweki, B. Charplot. J.-P. Pinet, W.B. Mothervell. 
H.T.B. Pepoula. and S.P. Seanforth, J. Cba. Sot., Perkin Trans I. in preer (1985). 



3122 D. H. R. BARTON et al. 

2. 

3. 
4. 
5. 
6. 
7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 

17. 
18. 

19. 

20. 
21. 
22. 
23. 

24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 
32. 

We dorlgnate Part IV am : D.&R. Barton, 1. Charpiot, E.T. Euu Dau, U.B. Hothcrwll, C. 
Paward, and C. Pichon, Hclv. Chlm. Acta. 61, 586 (1984) and Part V as : D.A.R. Barton, B. 
Charpiot, K.U. Ingold. L.J. Jahnaton, Y.B. Motherwell, J.C. Scafano. and S.P. Stanforth. 
J. Am. Chem. Sot., 107, 3607 (1985). 
P. Pfelffer, Ber. Dtech. Chew Gem., 37, 4620 (1904). 
J. Supnlmki. Rocrnfki Cha., 5. 97 E926,. 
J. Supnimki and B. Adns, J. AD. Chem. Sot., 48, 507 (1926). 
P.C. Harriron. Organowtal. Chew Rev.. 2, 18371970). 
M. Wiaber. Cwlin Raadbuch dcr Anorpanirchen Chaic. Baud 47, Biemut-Organieche 
Verbindm en, Springer-Verlag, Berlin, 91 (1977). 
O.A. Ptitmyaa. O.A. Reutov and T.S. Ovodov. Ire. Akad. Nauk. SSSR, Otd. Khfm. Nauk., 638 
(1962); Chem. Abatr.. 57, 15147 (1962). 
A.N. Numeyanov. T.P. Kletaya and L.S. Ieaeva, 
R.D. Rleke, Act. Cha. Rae., 2, 301 (1977). 

Dokl. Akad. Nauk. SSSR. 122. 614 

A.B. Brukor and K.H. l4alkov. Dokl. Akml. Nauk. SSR. 128, 948 (1959). 
A. Cillmeieter. Ber. Dtwh. Chr. Gee.. 30, 2843 Cl8m. 
P. Challenger, J. Cha. Sot.. 105. 2210 n914); M, 109, 250 (1916). 
Ii. Gilman and A.L. Yablunky. J. Am. Chem. Sot., 63, 2077941). 
8. Gilman and A.C. SVigOOIl. J. Am. Chem. Sot., 6l_, 3586 (1939). 
U. Kitching. if. Bullpitt. D. Cartshore, ii. Adcock, T.C. Khor, D. Doddrell, and I 

(1958). 

..D. Rae, 
J. OrB. Ch&., 62, 2411 (1977). 
S.C. Baram, O.P. Shkurko and V.P. Hamaev, Itv. Ak&l. Nauk. SSSR, Ser. Khim.. 294 (1983). 
E.H. Schulman, K.A. Chrlstenaeo. D.H. Grant, and C. Walling, J. Org. Chem., 2, 2686 
(1974). 
iolec;lar Rearrangements, P. de hyo Ed., Interecience, Nev York, 1964. Vol. 1, p. 22 and 
referencea cited. 
Ibid, Vol. 1, p. 429. 
C. Ruechardt, Chem. Ber;. 96, 2609 (1961). 
P.L. Chupka. J.Y. Knapcsyk. and U.C. !4cRven, J. Ors. Chem., 2, 1399 (1977). 
C. i&arch, A. Leo, S.A. Unger, K.H. Kim, D. Nikaitani, and E.J. Lien. J. Med. Chem., 16, 
1207 (1973). 
J.J. Lubinkowski. C.C. Arriech~,Ca~SEic~~~, J. Org. Chm., 2, 2076 (1980). 
C. Breitmaier and U. Voelter, D m, Honofiraphr in Modern Chemistry, Verlag 
Chemfe. Ueinheim, New York, Vol. 5, 1978. p. 185 and reference8 cited. 
D.8.R. Barton, J.-P. Pinet, C. Ciannotti. and P. Aalley, publication in preparation. 
E.B. Starkey, J. Am. Chem. Sot., s, 1479 (1937). 
P. Challenger and C.P. Allprere, J. Chem. Sot., 119, 913 (1921). 
R.C. Coel and H.S. Praead. Can. J. Chem.. g. 2488 (1970). 
A. Michaelis and A. Harquardt, Liebins Ann. Cham.. 25J. 323 (1889). 
F.H. Beringer and P.S. Por8ione. J. Org. Chem.. Z&, 714 (1963). 
R. Huirgen. L.A. Feller, and P. Otto, Chem. Bar., 102, 3405 (1969). 


