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Ah&act-Phenyl-substituted cyclopentadienylides have been prepared, for the most part by carbenic 
decomposition of diazocyclopentadienes copper-bronze was an effective catalyst and also enabled 
reaction to be carried out in solution 2,5-Diphenyldiazocyclopentadiene gave triphenylarsonium 
2,4-diphenylcyclopentadienylide instead of the expected product. Electrophilic substitution (acetyla- 
tion, formylation, diazo-coupling) proceeds preferentially at the 2(S)-positions, but if these sites are 
blocked, may take place at the 3(4)-positions. The spectra of 3(4)-acyl- and 3(4)-phenylazo-derivatives 
differ markedly from those of their’2(5)-analogues. Unlike their 2(S)-acyl-analogues, triphenylarsonium 
3(4)-acylderivatives are unstable to hydrolysis. 

Accounts of the chemistry of a variety of tetra- 
phenylcyclopentadienylides’ and 2,3,4-triphenyl- 
cyclopentadienylides2’ have been published; the 
preparation of a range of other phosphonium, ar- 
sonium and sulphonium phenyl-substituted cyclo- 
pentadienylides, and some of their properties are 
now recorded. They have been prepared by 
carbenic decomposition of different diazo- 
cyclopentadienes,ti by condensation reactions with 
triphenylarsine oxide,‘.‘.’ and the traditional salt 
method. 

Previous work’ had indicated that the 
diazocyclopentadiene + carbene method was in- 
applicable to diazocyclopentadienes lacking 2,5- 
aryl substituents. 

Triphenylphosphonium 2-benzyl- and 2-methyl- 
3,4,5-triphenylcyclopentadienylides have now been 
obtained by plunging an intimate mixture of the 
corresponding diazocyclopentadiene and triphenyl- 
phosphine into a bath at 140”. This technique ap- 
pears to provide a general improvement and higher 
yields than those obtained by the earlier method of 
heating a mixture of the two reactants gradually 
from room temperature. It was used for the prep- 
aration of a number of other triphenylphosphonium 
cyclopentadienylides, eg the hitherto unreported 
2,3,4 - triphenyl - 5 - p - tolyl - and 2,3,Striphenyl- 
derivatives. 2,4-Diphenyl- and 2,3,4&iphenyl- 
diazocyclopentadienes, which had at Crst been 
reported to give phosphinazines rather than phos- 
phonium cyclopentadienylides, also formed 
ylides when the newer method was employed with 
a bath temperature of 150” (cf Ref 9). 

This method also proved effective for the prep 
aration of triphenylarsonium 2 - benzyl - 3.4.5 - 
triphenylcyclopentadienylide. but little or no ylide 
was obtained from triphenylarsine and either 2 - 
methyl - 3,4,5 - triphenyl-, 2,3,6triphenyl-, 2,3,5- 

triphenyl- or 2,5 - diphenyl - diazocyclopentadienes 
under these conditions. If, however, copper-bronze, 
powder was also mixed and heated with the reac- 
tants all these diazocyclopentadienes gave ar- 
sonium cyclopentadienylides. In addition to provid- 
ing cyclopentadienylides where they could not 
otherwise be obtained, admixture of copper-bronze 
with the reactants appears in general to result in a 
marked increase in the yields of ylides; similar re- 
sults have been noted for other types of arsonium 
ylides: 

Furthermore, if a copper-bronze catalyst is used 
the ylide-forming reaction may be carried out at 
markedly lower temperatures and in solution. Thus 
refluxing benzene, cyclohexane or ethanol have 
each been used as solvents for the catalysed de- 
composition of diazocyclopentadienes and good 
yields of triphenylarsonium cyclopentadienylides 
have been obtained in this way. This modification, 
which is still being investigated, enables substrates 
to be used which were excluded in the ‘melt’ techni- 
que because they were not liquid at the melting 
point-decomposition temperature of the diazo- 
compounds. 

In two cases unexpected products were obtained. 
When diazofluorene was decomposed in the pres- 
ence of triphenylarsine the ketazine 1 was formed 
instead of the fluorenylide. Evidence was obtained 
that this product resulted uia partial formation of 
the arsonium ylide which reacted with more 
diazofluorene to give the ketazine.’ 

More surprising was the formation of 
triphenylarsonium 2,4-diphenylcyclopentadienylide 
2 when 2,5-diphenyldiazocyclopentadiene 3 decom- 
posed thermally in the presence of triphenylarsine. 
The mechanism of this rearrangement is unknown. 
It could involve migration of a hydrogen atom as 
shown in the sequence 4a-4e; participation of a 
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cyclopropenoid intermediate has been suggested in 
transformation of phenylmethylene.” 

Formation of the ylide 2 may then result from at- 
tack of triphenylarsine on the less sterically hin- 
dered form 4c rather than on form 4a. 

Triphenylarsonium 2&diphenylcyclopenta 
dienylide 2 was also prepared by condensation of 
triphenylarsine oxide with 1,4diphenylcyclo- 
pentadiene in triethylamine in the presence of 
phosphorus pentoxide. If it is assumed that this re- 
action involves attack of an acetoxyarsonium ion 
on the 1,3diphenylcyclopentadienide anion 5, 
then reaction again takes place preferentially at 
the least sterically hindered site in the ring. 

cyclopentadienes which may in turn be converted 
into cyclopentadienylides by the salt method. For 
example, when dry hydrogen bromide was bubbled 
through solutions of either 2,3,4,5tetraphenyl- or 
2,3,4-triphenyl-diazocyclopentadienes in dry ether 
at room temperature, the corresponding phenylated 
bromocyclopentadienes were obtained in good 
yield, presumably by nucleophilic substitution of 
the protonated diazctcyclopentadienes. Since these 
two diazocyclopentadienes can be simply prepared 
from the readily available tetraphenylcyclo- 
pentadienone” and 2,3.4 - triphenylcyclopent - 2 - 
en - 4 - 01 - 1 - one’* respectively, this proves an 
attractive alternative route to the bromocyclo- 

Ph,AsO + AGO - lT’h,isOAc][OAc]- 

Ph \ /Ph 0 + Et,N - 
Ph@Ph 

IEt,NHl’ 
t ‘“q;h, 

2 

Methylphenylsulphonium cyclopentadienylides 
have been prepared by heating mixtures of 
thioanisole and 2 - benzyl - 3,4.5 - triphenyl-, 
2,3,4 - triphenyl - 5 - p - tolyl- or 2.3,4 - triphenyl - 
diazocyclopentadienes. In the last two cases im- 
proved yields were again obtained when 
copper-bronze powder was mixed with the reac- 
tants. When diazofiuorene and thioanisole were 
heated together the ketazine 1, rather than an ylide, 
was again formed. 

Diazocyclopentadienes have also proved to be 
useful intermediates in the preparation of cyclopen- 
tadienylides by converting them into 5-bromo- 

Ph 

pentadienes. Chlorocyclopentadienes were ob- 
tained similarly, but when hydrogen iodide was pas- 
sed through an ethereal solution of 2,3,4- 
triphenyldiazocyclopntadiene the resultant pro- 
duct was the hexaphenyldihydrofulvalene 6. It had 
been observed earlier that the reaction of iodine 
with lithium 1,2,3-triphenylcyclopentadienide gave 
a fulvalene rather than an iodotriphenylcyclo- 
pentadiene,” although with lithium tetra- 
phenylcyclopentadienide iodotetraphenylcyclo- 
pentadiene was obtained.” 

Attempts had been made previously to prepare 
the hydrobromide of triphenylarsonium 2,3,4- 

R’ 

AsPh, - ,isPh, 

8 6 Br- 

7 
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triphenylcyclopentadienylide (7; X = As) by reac- 
tion of bromo-1,2,3-triphenylcyclopentadiene with 
triphenylarsine in a melt but they were unsuccess- 
ful, although the phosphonium analogue had been 
readily obtained in this way.’ The substitution of 
the bromine atoms in 3,Sdibromocyclopentene by 
triphenylarsine was achieved by keeping a solution 
of the reactants in nitromethane at room tempera- 
ture,” and this method also proved successful with 
the bromotriphenylcyclopentadiene, and provided 
an alternative method for the preparation of the 
ylide (8: R’ = R* = R’ = Ph, R’ = H)Z)2.s which had not 
previously been prepared by the salt method. 
Under these conditions however triphenyl- 
phosphine again only effected protodebromination 
of the bromotriphenylcyclopentadiene. It would 
seem that the more nucleophilic triphenyl- 
phosphine attacks the bromine atom in a rapid reac- 
tion (cf Ref 2) whereas triphenylarsine is not suffi- 
ciently nucleophilic to attack the bromine atom but 
will take part in normal nucleophilic substitution 
but very slowly. The phosphonium salt (7; X=P) is 
stable in nitromethane and so cannot be an inter- 
mediate in the protodebromination. 

Bromo - 1,2,3 - triphenylcyclopentadiene also 
reacted with dimethyl sulphide in nitromethane at 
room temperature to give a low yield of the hydro- 
bromide of dimethylsulphonium 2,3,4-triphenyl- 
cyclopentadienylide but if it was heated in re- 
fluxing dimethyl sulphide without other solvent, 
the product was I-methylthio-2$,4-triphenylcyclo- 
pentadiene, presumably formed by loss of methyl 
bromide from the initially formed ylide hydro- 
bromide; the mass spectrum of this hydrobromide 
indicated that it lost methyl bromide very readily. 
When this bromotriphenylcyclopentadiene was 
heated with benzyl methyl sulphide in refluxing nit- 
romethane yet another type of reaction ensued and 
the hexaphenyldihydrofulvalene 6 was isolated in 
good yield, but its mode of formation is presently 
not known. No reaction took place between bromo- 
triphenylcyclopentadiene and benzyl methyl sul- 
phide when either a solution of them in nit- 
romethane was kept at room temperature, or they 
were heated together without solvent at 150”. 

The UV spectra of all the phenyl-substituted 
cyclopentadienylides very closely resemble those 
of their tetraphenyl-analogues.’ Unlike any previ- 
ously described arsonium cyclopentadienylides, 
however, triphenylarsonium 2.3,~~triphenyl- and 
2.4diphenyl-cyclopentadienylides showed a small 
bathochromic shift in the longest wavelength ab- 
sorption maximum when methylene chloride re- 
placed methanol as solvent. Such solvatochromism 
has previously only been observed for 
pyridinium,‘,‘,‘6 bismuthonium’,” and telluronium’.” 
cyclopentadienylides. 

In accord with earlier work on tetraphenyl-’ and 
2,3,4-triphenyl-cyclopentadienylides,3 the presently 
described triphenylarsonium cyclopentadienylides 

reacted with p-nitrobenzaldehyde to give good 
yields of fulvenes. whereas the corresponding 
triphenylphosphonium cyclopentadienylides did 
not react. 

Because of the partial cyclopentadienide charac- 
ter of cyclopentadienylides they may undergo elec- 
trophilic substitution in the five-membered ring. 
Thus triphenylphosphonium and triphenylarsonium 
2,3&triphenylcyclopentadienylides were acylated 
at the 5-position,3 while unsubstituted cyclopen- 
tadienylides underwent electrophilic substitution 
preferentially at the 2(5)-position.‘5”e” This prefer- 
ence was rationalised’J2’.n in terms of the structures 
of the transition states for the substitution reactions 
at positions 2 and 3, which were assumed to be 
closely related to the cr-complexes involved in 
these reaction paths. 

When the 2(5)-positions in the cyclopentadiene 
ring are blocked by substituents, acetylation may 
take place at the 3(4)-position. Thus triphenyl- 
phosphonium 2,5diphenyl- and 2,3,%.riphenyl- 
cyclopentadienylides were each acetylated at the 
vacant 3(4)-position. In the case of 2,4- 
diphenylcyclopentadienylides, where both types of 
position in the cyclopentadiene ring are available 
for attack, the triphenylphosphonium compound 
gave a mixture of 3- and 5-acetylated products with 
the latter the major product, while the triphenylar- 
sonium compound gave only the S-acetyl- 
derivative, albeit in an impure state, contaminated 
with higher molecular weight impurities (from MS). 

All the 2(S)-acetylated cyclopentadienylides 
show carbonyl stretching peaks in their IR spectra 
in the range 1560-1570 cm-‘. This low value is attri- 
buted to the major contribution of a canonical form 
!Jc wherein the negative charge is sited on the ox- 
ygen atom and there is intramolecular association 
between the oxygen and heteronium atoms; this 
contribution has been confirmed by an X-ray crys- 
tallographic examination of a 2-acetylcyclopenta- 
dienylide.2) 

9a 9b 

By contrast the carbonyl stretching peaks for 
3(4)-acetylated cyclopentadienylides appear at ca 
1640 cm-‘. Less negative charge is sited on the ox- 
ygen atom in the latter compounds and in- 
tramolecular interaction between the oxygen and 
hetero-atoms is not possible. 

Triphenylphosphonium 2,4diphenylcyclopenta- 
dienylide was formylated by the Vilsmeier method 
to give a 3,S-diformyl derivative. This diformyl 
compound showed IR absorptions at 1622 and 
1645 cm-’ due to its two different carbonyl groups. 
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Whereas triphenylarsonium 2,3,4-triphenyl 
cyclopentadienylide readily formed a stable 5- 
formyl derivative, triphenylarsonium 2,3,5- 
triphenylcyclopentadienylide gave a product which 
could not be purified satisfactorily, but gave a 
molecular ion peak in its mass spectrum corres- 
ponding to the expected Cformylated derivative. 
From the IR spectrum of this product it appeared 
that hydrolysis of the formylated ylide was taking 
place. The corresponding 4-acetyl derivative was 
also unstable. Interaction between the acyl oxygen 
atom and the arsonium atom is not possible in these 
compounds and this may account for their lower 
stability to hydrolysis vis-a-vis their 2(5)-acyl 
analogues. Triphenylphosphonium 3-acetyl-2,5- 
diphenyl- and 3-acetyl-2,4,5-triphenyl- 
cyclopentadienylides are however stable to hyd- 
rolysis. The greater resistance to hydrolysis of the 
phosphonium ylides compared to their arsonium 
analogues may be due to a smaller contribution 
from dipolar canonical forms in the former case; 
there is ample evidence that arsonium ylides have 
more polar character than their phosphonium 
analogues (cf Refs 1, 3, 8). Likewise the lower sta- 
bility of the 3(4)-acyl arsonium ylides compared 
with their unacylated analogues may be associated 
with a greater dipolar contribution in the acylated 
compounds. 

Unsubstituted cyclopentadienylides couple read- 
ily with aryldiazonium salts, exclusively at the 2- 
position.““9 Aryldiazonium salts likewise coupled 
with 2,4-diphenylcyclopentadienylides exclusively 
at their 5-positions, and none of the 3-phenylazo- 
isomers were formed. However when both the 2- 
and 5-positions were blocked, as in 2,5diphenyl- 
and 2,3,5-triphenylcyclopentadienylides, coupling 
took place at the 3(4)-position. 

All the resultant phenylazo-products are stable 
red high-melting compounds. The electronic 
spectra of 3(4)-arylazo-derivatives are markedly 
different from those of the 2(S)-arylazo-derivatives, 
and this enabled the site of reaction to be readily 
identified. The maxima in the visible region occur at 
lower wavelengths for the 3(4)-derivatives than for 
their 2(S)-isomers. Both types of isomers show sol- 
vatochromism but whereas the 3(4)-isomers show a 
sizeable hypsochromic shift when methylene 
chloride (or benzene) replaces methanol as solvent, 
the 2(5)-isomers show a small bathochromic shift. 

All these substitution reactions confirm the gen- 
eral pattern that electrophilic substitution in cyc- 
lopentadienylides takes place preferentially at the 
2(S)-position, but can also occur at the 3(4)- 
position. 

Acid salts of the present cyclopentadienylides 
were not isolated but their NMR spectra in the pre- 
sence of trifluoroacetic acid show that protonation 
takes place, but the site of protonation is varied. 
Thus triphenylarsonium and triphenylphosphonium 
2,Sdiphenylcyclopentadienylides in acid solution 

both show methylene signals in their NMR spectra 
indicating protonation at the previously unsubsti- 
tuted 3-position, but the corresponding 2,3,5- 
triphenylcyclopentadienylides show no methylene 
signal so that in these cases the unhindered position 
’ not the site of protonation. The 2.4 
gphenylc yclopentadienylides each show a 
methylene signal but it is not possible to decide 
whether protonation has occurred at the 3- or 5- 
positions. 2,3,4_Triphenylcyclopentadienylides are 
protonated at the vacant 5-position. It thus appears 
that protonation may take place at either the 2(5)- 
or 3(4)-positions, and that an unsubstituted position 
is often but not always the preferred site. Presuma- 
bly the identity of the predominant protonated 
species depends on a fine balance between steric 
and electronic factors. 

EXPERIMENTAL 
Light petroleum had b.p. 40-W. Column chromatog- 

raphy was ctied out on either activated alumina, type 
H(lOO/200 mesh), or on silica gel, grade MO. Thin-layer 
chromatography was done on silica coated plates, M;N. 
Kieselgel G. Samples analysed by means of molecular 
weight determinations were pure (TLC, spectra). 

Preparation of cyclopentadienylides from diazocyclopen- 
tadienes (no copper-bronze catalyst) 

The diazo-compound (2mmol) was ground together 
with the nucleophile (4 mmol) if the latter was a solid, or 
dissolved or suspended in the nucleophile (6 mmol) at loo” 
if it was a liquid. The mixture was placed in the reaction 
flask which was flushed with oxygen-free nitrogen and 
then plunged into a preheated bath and kept there until 
evolution of nitrogen had ceased. The progress of the 
reaction could be monitored by withdrawing test samples 
and recording their IR spectra to follow the disappearance 
of the characteristic diazo peak at ca 20%21OOcm-‘. 
Ether or ether-light petroleum was then added to the 
cooled reaction mixture to precipitate the ylide. The pro- 
duct was filtered off and washed well with ether or 
ether-light petroleum. 

Preparation of cyclopentadienylides from diazocyclo- 
pentadienes in the presence of copper-bronze catalyst 

Copper-bronze (1 mmol) was mixed with the diazo- 
compound (2 mmol) and the nucleophile (4 mmol) and the 
melt reaction was carried out as above. The reaction mix- 
ture was cooled, chloroform was added and the solution 
was filtered. Solvent was evaporated and ether or 
ether-light petroleum was added to the residue. The ylide 
was then filtered off. 

Preparation of triphenylarsonium 2,3,4 - 
triphenylcyclopentadienylide from diazo - 2.3.4 - 
triphenylcyclopentadiene in solution. The diazocyclopen- 
tadiene (O&t0 g, 2 mmol) and triphenylarsine (I.86 g. 
6mmol) were dissolved in dry benzene (3Oml). 
Copper-bronze (O*lSg) was added and the mixture was 
heated under reflux and under nitrogen for 2 h. The hot 
solution was filtered and solvent was evaporated. Ether 
was added to the residue and the ylide was filtered off and 
washed with ether (0.67g. 56%). m.p. 212-214”. mixed 
m.p. and spectra identical with an authentic sample. When 
cyclohexane or ethanol replaced benzene as &vent the 
yields were, respectively, 56% and 54%. 
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Tabk 2. Spectral data of cyclopentadienytides 
Ir 

Ylide Ultraviolet PMR 
(solvent) (solvent) 

Hetaonium A, 7 multiplicity, 
ProuP Substituents nm Qog f) (relative intensity) 

PPh, 

PPh, 

PPL 
PPh, 

PPh, 
PPh, 

PPh, 

AsPhz 

AsPh, 
AsPh, 

AsPh, 

AsPb 

SMePh 
SMePh 

SMePh 

2&Ph 

2,5-Ph 

(CHlck) 233(4*38), 29Ii4.40) 
(MeoH) 215,290 

2$,4-Ph 
2,3,S-Ph 

2-Me-3,4,5-Ph 
2-PhCR- 
-3,4J-Ph 
2.3.CPh- 

(EtOHf 286(4-30) 
(CHKL) 233.5(4*42), 278sh(4*32), 

2%(4*33) 
fMeO)f) 226,27&h, 295 
0etoH-J 227,286 
(PIAH) 292(440) 

2.3.4-Ph 
2;3;5-Ph iCH,Ci) 2&4&i), 303(4*34) 

(MeOH) 213. 296 
2-Me-3,4,5-Ph OWU 241(4.31), 246W24, 

273(4-25). 29tX4.29) 
2-PhCHz- (C&Clz)233(4.35), 296(4-29) 
-3,4,5-Ph 
2,3&Ph I 

2-PhCHz-3,4J-Ph (CH,Ck) ti3.5{4-24). 293(4-39) 

2,3,4-Ph-5-pMe&H, (MeOH) 212, 291 

(CDCI,) 2-2-3-4 m, 3.67 m 
(CDCI,--CF,CC&K) 2*2-2‘8m. 6*lOs 
(CDCI,) 2.2-3.4m. j.ssd (I 6&) 
K!DCL-CF,CO,H) 2*2-2.8m. 6.13s 
(CF,CO,H) i+-jairn (30), s&s (2) 
(CDC&-CF,C~fI) 2+2-3*2m, 3-65s 

KDCL~ 2.2-3.5m (301, 8-28s (3) 
(C&I,) 2.3-3+5m(35), 6.4~5~ (2) 

(CDCl;) 24-3*3m, 3Gd (1 2-5 Hz)’ 

(CECQH) 2.2-3.8m, 6.12s 
(CF,CO$II 2.2-3-3m(30), 5-64s(2) 
(CDC&-CF,CO&Q 2*2-3*2m, 3.65s 

(CD&) 2*3-3*6m(30), 8*1Ss(3) 

(CDCI,) 2-4-3*6m(35), 6*4Os(2) 

(CDCL) 2.63.4m(21), 6+98s(3) 
(CDCl,) 2&3+2m(25) 5.73.6-05 AB system 
(21, 7.329(3) 
(CDCI~) 26-3*2m(24), 7*27s(3), 7.75s(3) 

“Relative intensities are not given where integration of the peaks is confused by overlapping. 
‘Part of AB system. 

lhennaf decomposition of d&azo/fuomrc in rhe pnsence 
of carbene acceptors. Diazofluorene (O-39 g. 2 mmol) and 
triphenylarsine (l-23 g, 4 mmol) were ground tog&, put 
into a reaction 5sk which was flushed with nitrogen, and 
pbmged into a bath at 140”. After 15 min the reaction mix- 
ture was cooled. Addition of ether precipitated fluorenoae 
ketazine as red crystafs (O-57 g. 80%), m,p. and mixed m.p. 
2X!-274- (Ii? m.p.. 276-2770). When thioa&ole replaced 
triphenylarsine the ketazine was a&n obtained but in 
lower yield (0*143g, 20%); precipitation with ether was 
less etlkient in this case. 

~p~y~~o~~ 2.4 - ~~y~~c~~~y~ 
jrom 1,4 - dipkeny1cy a#d Mpheny~sitIe 
ox&k Phosphorus pentoxide (1.0 0) was added to a mix- 
tme of ~,~i~eny~cyc?o~n~~e (I-S3 g. 7 mmol), 
t~~~yl~ine oxide (2.25 g. 7 mmol) and triethylamine 
(40 ml) and the mixture was heated under reflux for 24 h. 
After 4 h further phosphorus pentoxide (0.5 g) was added. 
Water (100 ml) was added to the mactjon mix- and the 
resultant suspension was extqcted wie methytene 
chloride. The extract was washed weil’with water, d&d 
(N&SO.). and the solvent was cvapomtqd. Trituratkm 
of the residue with ether&bar& save the vlide fSS%L 
m.p. 193-1950 (from acetoaitrile); i&mh wit& thr;i 
obtained from triphenylarsihc and 2,4- or 2,5- 
diphenyldiazocyclopentadienes. 

Reaction of di~ot~~h~y~~~~ with hyd- 
mace bntmide. ~~e~~ykycl~n~~e (0.99 g, 

2-5 mmof) was dissolved in dry ether (30 ml) and dry hyd- 
rogen bromide gas, together with oxygen-free nitrogen, 
was bubbkd through the solution at room temperature for 
2 h. ‘I&e yeUow precipitate (O-90 g. 80%) of 5 - bromo - 
‘12.3.4 - tetmphenykyclopentadiene was then filtered off 
and .washed with ether,.and had m.p. 19%19p [from 
c~fo~~ (1: l)] (lit” t90-1917 (Found: C, 
77.8; H, 4.9. talc. for C&Hz,&: C, 77.5; H, 4.7%). 

Reactions of d&o - 2,3,4 - friphenylcyciopentadiene 
w&h hydrogen halides. (a) Diazotriphenykyclopentadiene 
(0.80 g, 2-S mmol) was treated with hydrogen bromide gas 
in an identical manna to its te~phenyl-ale and 
gave 5 - bromo - 1.2.3 - tripbenylcyclopentadiene (O-49 g, 
53%). m-p. lu)” [from chloroform-methanol (1: 111 (lit” 
iS&l52q (Found: C, 74-O; H, 4.6. Cak. for C*,H,,Br: C, 
73.9; H. 4&$). (‘b) Hydrogen chloride was used instead of 
hydrogen bromide. After 2 h solvent was evaporated and 
tbe residue was triturated with methanol to give 5 - cklon, 
* 1.23 - tdDhd??tYfCYCbDCBk3d&?W (0.531~. 65%). nolden 
nctdles (from ‘&oiethane), &p. ?55-1j&‘,- A, 
KXLCLI = 242.5. 321 nm. tloa c = 4.37. 3.91) (Found: C. 
84.0; Hy5.3. C&&f require; C, 84.0; h, 5&& (c) Hyd: 
rogen iodide repIaced hydrogen bromide. The soiution 
was stirred for 12 h. Solvent was evaporated and the re- 
sidue was triturated with methanol to 8ive yellow-green 
needles (55%) m.p. 2Ss258” (from acetone) of the hexa- 
ph~yi~y~of~v~ene 6, identical spectra to those of an 
authentic specimen. 
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Triphenyl - (2.3.4 - triphenylcyclopentadienyl)arsonium 
perchlorate and triphenylarsonium 2.3.4 - 
triphenylcyclopentadienylide. A suspension of 5 - bromo - 
1.2.3 - triphenylcyclopentadiene (0.373 g. 1 mmol) and 
triphenylarsine (0.306 g. 1 mmol) in nitromethane (25 ml) 
was stirred at room temperature for 40 h. Solvent was 
then removed in vacua, and ether (15 ml) was added. The 
precipitate was filtered off and suspended in methanol, 
and perchloric acid (60%. 0.2 ml) was added, followed by 
ether (20 ml). The pale yellow precipitate of triphenyl(tri- 
phenylcyclopentadienyl)arsonium perchlorate (0.28 g, 
40%) was filtered off and had m.p. and mixed m.p. 
220-223” (from n-propyl alcohd) (lit’ m.p. 225-226”). This 
perchlorate was converted into the corresponding ar- 
sonium ylide by treatment with sodium hydroxide.’ 

Reaction of 5 - bromo - 1,2,3 - triphenylcyclopen&iene 
with dimethyl sulphide 

(a) Bromotriphenylcyclopentadiene (0.410 g) in excess 
dimethyl sulphide was heated under reflux for 48 h. Ex- 
cess dimetbyl sulphide was evaporated and the residue 
was dissolved in the minimum of benzene and chromatog- 
raphed on alumina. Benzen+light petroleum (1: 1) eluted 
a yellow band from which the solvent was removed. Trit- 
uration of the residue with methanol gave yellow solid 
1 - methylthio - 2,3,4 - triphenylcyclopentadiene (0.23 g, 
63%), m.p. 150-152” [from chloroform-methanol (1: l)], 
A,, (CHXI) = 242,264 sh, 349 nm (log E = 4*27,-,3&Q, 7 
(CDCI,) 26-3.0 m (15I-i). 6.25 s (2H)-760 s (3H) (Fou&: 
C, 85.0: H. 5.9. GI-LS requires C. 84.7: H. 5.9%). 

(b) Bromotriphenylcyclo&.ntadie~ (O& &. dimethyl 
sulphide (0.2 ml), and nitromethane (35 ml) were stirred at 
room temperature for 23 h. Remaining bromo-compound 
(0.22 g) was filtered off and the solution was evaporated. 
The residue was dissolved in ethanol (5 ml) and perchloric 
acid (70%, 0.2 ml) was added, followed by ether (10 ml). 
The pale yellow precipitate of dimethyl - (2.3.4 - triphenyl- 
cyclopentadienyl)sulphonium perchlorate (0.10 g, 13%) 
was filtered off and washed well with ether and had m.p. 
15>155”. (Found: C, 64.2; H. 5.0. C,H&IO.S requires C, 
66.0; H, 5.1%. Recrystallisation proved to be impossible 
because of partial decomposition in hot solvents). 

Reaction of 5 - bromo - 1,2,3 - triphenylcyclopentadiene 
with benzyl methyl sulphide. Bromotriphenylcyclopen- 
tadiene (0.373 g. 1 mmol). benzyl methyl sulphide (0.137 g, 
1 mol) and nitromethane (20 ml) were heated under reflux 
for 2 h. The precipitate was Altered off from the cooled 
solution and was 1,2,3,1’,2’,3’ - hexaphenyl - 5.5’ - dihyd- 
rofulvalene 6 (0.15 g. 51%). m.p. 261-263” (from acetone) 
(lit” m.p. 268-2700) (Found: C, 94.1; H. 5.7. Calc. for 
C-H,.: C, 94.2; H, 5.8%). 

No reaction took place between these reactants when a 
solution in nitromethane was kept at room temperature or 
when they were heated together without solvent at 150”. 

Reactions of cyclopentadienylides with p 
nitrobenzaldehyde 

(a) A solution of triphenylarsonium 2.3.5 - triphenyl- 
cyclopentadienylide (0.538 g. 1 mmol) and p-nitro- 
benzaldehyde (0.15 g. 1 mmol) in carbon tetrachloride 
(25 ml) was heated under reflux for 5 h. Solvent was 
evaporated and the residue was dissolved in a minimum of 
benzene and chromatographed on silica. Elution with ben- 
zene gave a dark red band which, after removal of sol- 
vent, was recrystallised from nitromethane to give 6 - p - 
nitrophenyl - 2.3.5 - triphenylfuluene (0.36g. 84%). m.p. 
21 l-214”, A,. (CHJJI,) = 235 sh, 271, 343 nm 

(log e = 4.22.4.50,4.34), A,. (MeOH) = 210.267.336 nm 
(Po;und: h4 427.157. CmHIIN02 requires M 427.157). 
Benzenbmethanol (4: 1) eluted triphenylarsine oxide 
(0.292 g. 87%). 

(b) Under identical conditions, triphenylarsonium 2 - 
benzyl - 3.4.5 - triphenyl - cyclopentadienylide gave 2 - 
benzyl - 6 - p - nitrophenyl - 3,4,5 - triphenylfulvene, 
orange-brown crystals, (0.517g. 62%), m.p. 192”. A,. 
(CHXI,) = 235.5, 269.5, 334 nm (log E = 4.32, 4.43, 4.26). 
T (CDCI,) 2.0-2.2 m and 2.63.5 m (25H). 6.33 s (2H) 
Found: C, 85.7; H, 5.3; N, 2.6. C,,H2,N02 requires C, 
85.9; H, 5.2; N, 2.7%). 

(c) Under identical conditions save that the mixture 
was heated for lSh, triphenylrvsonium 2,4- 
diphenylcyclopentadienylide gave 6 - p - nitrophenyl - 2, 
4 - diphenylfuloene, dark red crystals (0.12 g. 34%). m.p. 
130-132” A_ (CHKI) = 268, 361 nm (log c = 4.29, 4.12). 

(MeOH)= 224, 268, 352nm (Found: M 351.126. 
&J,,NO, requires M 351.125). 

(d) Triphenylphosphonium 2,S-diphenyL, 2,3,5- 
triphenyl- or 2 - benzyl - 3.4.5 - triphenyl - cyclopen- 
tadienylides, heated with p-nitrobenzaldehyde for up to 
20 h, were recovered unchanged in high yield. 

Acetylation of cyclopentadienylides 
(a) A solution of triphenylphosphonium 2.4 - diphenyl- 

cyclopentadienylide (0.478 g, 1 mmol) in acetic anhydride 
(10 ml) was heated under reflux for IO min. Water (30 ml) 
was added to the cooled solution and the mixture was 
shaken well. After 1 h it was extracted with chloroform 
(3 x 20 ml). The extract was washed with water and dried 
(Na,SO,) and the solvent was removed. The residue was 
dissolved in a minimum of benzene and chromatographed 
on silica. It was eluted with increasing proportions of 
chloroform to benzene. A I : 1 mixture eluted a dark band, 
which, after removal of solvent, was triturated with ether 
to give a mixture (0.20 g. 38%). m.p. ca 225”. (approx. 3 : I; 
from NMR spectrum), of triphenylphosphonium 2 - 
acetyl - 3.5 - diphenylcyclopentadienylide and triphenyl- 
phosphonium 3 - acetyl - 2,4 - diphenylcyclopenta- 
dienylide, Y, (CO) = 1566 (major product), 1624 cm-’ 
(minor product), 7 (CDCI,) 2.2-3.3 m (25H). 3.90 s and 
3.95 s (lH), 8.10 s (minor) and 8.22 s (major) (3H) (Found: 
M 520.1%. C,,H,OP reauires M 520.1%). 

(b) Triphenylphosphonium 2,5 - diphenylcyclopen- 
tadienylide (O-478 g. 1 mmol). treated as in (a), but with a 
reaction of time of 15 min, gave triphenylphosphonium 3 - 
acetyl - 2,5 - diphenylcyclopentadienylide (O.l9g, 36%) 
m.p. 208-210”. Y,.. (CO) = 164Ocm-‘, A,. (CH,CI,) = 234, 
287 nm (log c = 4.42, 4.45). 7 (CDCI,) 2.2-3.4 m (26H). 
8.05 s (31-1) (Found: M 520.1%. C,,H,OP requires M 
520.1%). 

(c) Triphenylphosphonium 2.3.5 - triphenylcyclo- 
pentadienylide (O-554 g. 1 mmol), treated as in (a) but with 
a reaction time of 30 min. gave triohenvlohosohonium 3 - 
acetyl - 2,4,5 - triphenylcy~lopentadien~f~de (6.28 g. 47%). 
m.p. 243-245”. Y,.. (CO) = 1643 cm-‘. A,. (CHKI,) = 234, 
279 nm (log c = 4.39, 2.79). T (CDCI,) 2.s3.6 m (30H). 
8.30 s (3Ii) (Found: M 596.229. C,,H,,OP requires M 
5%.227). 

(d) Triphenylarsonium 2.4 - diphenylcyclopentadien- 
ylide (0.522~. 1 mmol) was treated as in (a) but with a 
reaction time of 3 min. Chloroform-benze&(7:3) eluted 
triphenylarsonium 2 - acetyl - 3.5 - diphenylcyclo- 
pentadienylide as a dark yellow solid (0.275g); mass 
spectra showed the presence of high mol wt impurities, 
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Y, (CO) = 1560 cm-‘. T (CDCI,) 2.2-3.4 m (25H). 360 s 
(HI), 8.12 s (3H). 

Triphenylphosphonium ~ 2,4 - diformyl - 3.5 - 
diphenylcyclopentadienylide. A suspension of triphenyl- 
phosphonium 2,4 - diphenylcyclopentadienylide (O-478 g, 
1 mmol) in dimethylformamide (5 ml) was treated with 
phosphoryl chloride (0.15mI. ca 2mmol). The solution 
was warmed at 60” for IS min. Aqueous sodium hydroxide 
(2N, 5 ml) was then added. The mixture was diluted with 
water (50 ml) and extracted with benzene (3 x 20 ml). The 
extract was washed well with water and dried (Na,SO.). 
and solvent was evaporated. Trituration of the residue 
with ether gave the diformylcyclopentadtenylide (0.24 g. 
45%). m.p. 233-236”, v,. (CO) = 1622, 1645 cm-‘, A,, 
(CH2CI,) = 233.5, 287, 338 nm (log c = 448. 4.65. 4.21). r 
(CDCI,) 2.2-3.2 m (25H). 0.60 d (HI), and 080 d (III) 
I = 1 Hz) (Found: M 534.173. C,,HnO,P requires M 
534.175). 

Reaction of cyclopentadienylides with benzene 
diazonium chloride. The method of Ramirez and Levy” 
was used with a reaction time of 30min. The products, 
listed below, were all recrystahised from 
benzenemethanol 

(a) Triphenylphosphonium 2 - phenylazo - 3,s - 
diphenylcyclopentadienylide. red crystals (90%). m.p. 
245”. A, (CHCh) = 233.5, 262. 481 nm (log l =4.41. 
440,4.29), A,, (PhH) = 280,484 nm, A,. (MeOH) = 212, 
259, 476nm (Found: M 582.220. C,,HJ,NIP requires M 
582.222). 

(b) Triphenylphosphonium 3 - phenylazo - 2,s - 
diphenylcyclopentadienylidc, orange crystals @I%), m.p. 
190-192”. A,, (CH,CI,) = 233.5.261 sh. 266 sh, 408 nm (log 
E = 4.42.4*29,4*27.4.32), A_ (PhII) = 277, 400 nm, A, 
(MeOH) = 213, 338, 45Onm (Found: M 582.223. 
C,,H,,N,P requires M 582.222). 

(c) Triphenylphosphonium 3 - phenylazo - 2.4.5 - 
triphenylcyclopentadienylide, red-brown crystals (60%). 
m.p. 243”, A,. (CHCh) = 234. 267, 404 nm (log z = 4.16, 
4.43.4.35). A,.. (MeOH) = 214.255 sh, 430 nm (Found: M 
658.254. C.,H,,NIP requires M 658.254). 

(d) Triphenylarsonium 2 - phenylazo - 3.5 - diphenyl- 
cyclopentadienylide. red crystals (85%). m.p. 231240”. 
A, (CH,Ch) = 236.266.489 nm (log c = 4*41,450.4-40). 
A- (MeOH) =214, 262. 484nm (Found: M 626.171. 
C,,Hl,AsNl requires M 626.170). 

(e) Triphenylarsonium 3 - phenylazo - 2,4,5 - triphenyl- 
cyclopentadienylide, red-brown crystals (55%), m.p. 218”, 
A, (CH,Ch) = 234,265 sh, 416 nm (log c = 4.53, -, 4.27) 
(Found M 702.210. C.,H,,AsN* requires M 702.202). 
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