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Abstract—The properties of a number of heteronium tetraphenylcyclopentadienylides with a variety of
hetero-atoms are reported, including their UV spectra, basicities, and reactivities towards aldehydes and
nitrosobenzene. These properties are very dependent on the identity of the hetero-atoms; with elements
of either Group V or Group VI of the periodic table the dipolar and nucleophilic character of the ylides
increases and their stability decreases as one descends the periodic table.

THERE has been much recent interest in the comparisons of ylides having different
hetero-atoms, and in particular in the comparison of sulphonium and arsonium
ylides with the extensively examined phosphonium ylides.

The preparation of various tetraphenylcyclopentadienylides (1, Il and I1I) by thermal
decomposition of diazotetraphenylcyclopentadiene in the presence of appropriate
carbene-acceptors has provided a unique series of stabilised heteronium ylides,
differing solely in the identity of the hetero-atoms. This series includes the first isolated
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examples of stibonium,! bismuthonium,? selenonium,® and telluronium?* ylides as
well as pyridinium,’ phosphonium,® ’ arsonium® and sulphonium?® ylides. Compara-
tive studies on these ylides are now reported.

The phosphonium ylide (I; X = P) was also prepared from 5-bromo-1,2,3,4-
tetraphenylcyclopentadiene by a modification of the salt method for the preparation
of ylides. Earlier work® had suggested that this was not possible but the use of a modi-
fied method'® has enabled its preparation in high yield.

* Author to whom correspondence should be addressed.
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All of these ylides have been isolated as solids, many of them crystalline. They were
insoluble or almost so in water, ethanol, ether or light petroleum but dissolved in
chloroform or benzene. In both the Group V and Group VI series the m.ps tend to be
lower with increasing atomic weight of the hetero-atoms (X = P, As, Sb, Bi; m.p. =
297-299°, 228-230°, 196-198°, ca 165°; Y = S, Se, Te; m.p. = 216-218°, 189-190°,
193-5°).

They are far more stable than most ylides because the carbanionic portions of the
molecules in their dipolar canonical forms (IA, 1IA) consist of cyclopentadienide
anions which are stabilised by having delocalised sextets of n-electrons. The triphenyl-
phosphonium, triphenylarsonium, diphenylsulphonium and diphenylselenonium
ylides are completely stable in air, although exposure to sunlight caused darkening
of the exposed surfaces in the case of these Group VI ylides. The pyridinium and
triphenylstibonium ylides are stable as solids but decompose slowly in solution, while
the triphenylbismuthonium and diphenyltelluronium ylides decompose slowly in the
solid state and more rapidly in solution.

The relative stabilities can be correlated with the nature of the bond linking the
hetero-atom to the S-membered ring and the relative contributions of what will be
called the ‘dipolar’ (A) and ‘covalent’ (B) canonical forms.

TABLE 1. LONGEST WAVELENGTH ABSORPTION MAXIMA OF HETERONIUM TETRAPHENYLCYCLOPENTADIENYLIDES

Ylide: I LX=P LX=As LX=8b LX=Hh
—r— —A—

Amax(nNm): 538 595 288 291 349 525 596

Solvent EtOH PhH EtOH* EtOH* CHCl,* EtOH PhH

Ylide: ILY=S I,Y = Se ILY = Te

e . r —_——— ——

Amax(nM): 292(sh328) 294(sh347) 335(sh280)347(sh280)

Solvent: PhH* EtOH* MeOH PhH

* The wavelength of the absorption maximum does not vary with the solvent in these cases. The solvent
used for quantitative measurement depended on the solubility of the particular ylide.

In the case of the pyridinium ylide (III) there can be little stabilisation due to the
contribution of form B but in the other cases both forms would be expected to contri-
bute significantly. However it would be expected that as one goes down the periodic
table the increasing size of the hetero-atoms and the more diffuse d-orbitals would
lower the effectiveness of the overlap between the 2p-orbitals of the carbanionic
moieties and the vacant nd-orbitals of the hetero-atoms, leading to decreased con-
tributions from the covalent forms to-the structures of the molecules and, in turn, to
decreased stabilities. In addition, the trend towards lower stability on descending
the table should be increased by the decreased electrostatic interaction between the
carbanionic moieties and the heteronium atoms due to the greater lengths of the carbon-
hetero-atom bonds and the lower electronegativity of the hetero-atoms.

The differing contributions of the covalent forms to the overall structure are apparent
from the electronic spectra of the ylides. (Table 1)
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With decreasing contributions from the covalent form the absorption maxima shift
to longer wavelengths. In particular there is a striking difference between the pyridi-
nium and triphenylbismuthonium ylides and the other ylides. The latter are yellow and,
with the exception of the diphenyltelluronium ylide which shows a small solvent
shift, the wavelength at which they absorb is independent of the solvent. In contrast
the pyridinium and bismuthonium ylides are dark blue-purple and show solvato-
chromism. Similar solvatochromism has been observed'!-!? and commented upon'?
in the case of unsubstituted pyridinium cyclopentadienylide. It must be inferred that
there is considerable similarity between the electronic structures of the triphenylbis-
muthonium and pyridinium ylides, whence it would appear that for the former, as for
the latter ylide, the contribution of the covalent form is minimal. This is presumably
because the overiap of the very large and diffuse 6d-orbitals of bismuth with the pn-
orbitals of the cyclopentadienide ring is also minimal. Pentaphenylbismuth is also
deep violet whereas pentaphenyl-phosphorus, -arsenic and -antimony are colourless
or yellow.!? This sharp difference between the pyridinium and bismuthonium ylides
and all the other ylides is surprising, but in the case of the other heteronium ylides no
absorption at comparable long wavelength was observed even in highly concentrated
solutions. It is still possible of course that there is such absorption but that it is of very
low intensity.

Increased contribution of the covalent forms B 1o the structure of the ylides results
in their having an overall lower polarity and, in general, the ease with which they are
attacked by either nucleophilic or electrophilic reagents can be correlated with a de-
creased contribution of the covalent form.

Thus the triphenyl-phosphonium and -arsonium and diphenyl-sulphonium and
-selenonium ylides were recovered unchanged after they had been heated in refluxing
ethanolic potassium hydroxide for 18 hr., whereas the triphenyl-stibonium and -bis-
muthonium and diphenyltelluronium ylides were rapidly attacked and decomposed
by alkali. Attempts to recrystallise the stibonium ylide from ethanol led to its almost
complete conversion into tetraphenylcyclopentadiene and triphenylstibine oxide.

The ylides having Group V hetero-atoms, but not those having Group VI hetero-
atoms, were basic and formed salts. Thus the triphenyl-phosphonium, -arsonium and
-stibonium ylides were soluble in dilute mineral acids and gave crystalline perchlorates,
but the stibonium perchlorate had to be filtered off rapidly to prevent its hydrolysis.
The triphenylbismuthonium ylide however decomposed at once on admixture with
dilute or concentrated mineral acids. The diphenyl-sulphonium and -selenonium
ylides were insoluble in acids ; addition of perchloric acid to an ethanolic solution of the
diphenyltelluronium ylide produced no change in its UV spectrum, indicating that it is
not protonated to any extent under these conditions.

Johnson'* has shown that the pK, values for the dissociation of a series of phen-
acylheteronium salts into the related stabilised a-keto-ylides are in the order S>P)As.
The pK,, values for the perchlorates of the ylides (I; X = P, As or Sb) were determined
spectroscopically in 95% ethanol using Johnson’s method'® so that the results he
obtained and those presently described should be comparable; these values cannot
of course be compared with pK, values determined in aqueous solution but should be
mutually consistent. For the perchlorates of (I; X = P)and (I; X = As)pK, = 53,76,
respectively. An accurate value could not be obtained for the perchlorate of (I: X = Sb)
owing to the rapid hydrolysis of both salt and ylide which took place in 959/ ethanol but
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rough measurements suggested its pK, > 7-6. These results indicate that the basicity
of the ylides lies in the order

SbY>As)>P))Se~S,

which suggests in turn that their polarity lies in the same order, as also inferred from
their spectra and stability.

The reactivities of these ylides with carbonyl compounds in Wittig reactions would
also be expected to correlate with their polarity and this is borne out by the results
given in Table 2.

TABLE 2. REACTIVITIES OF TETRAPHENYLCY CLOPENTADIENYLIDES WITH ALDEHYDES

Ylide: (JLY=S) (ILY=2Se) (ILY=Te)(1,X=P) (L, X=As) (I,X=S8b)

Yield of Fulvene from
benzaldehyde :* 0 0 - 0 169 409

Yield of Fulvene from
p-Nitrobenzaldehyde :* 0 0 t 0 959% 99,

* Yield after ylide and aldehyde had been heated irr refluxing carbon tetrachloride for 18 hr.
t Decomposition of the ylide supervened.

It is noteworthy that both the arsonium and stibonium ylides gave rise to fulvenes
(IV) and not epoxides (V), especially since the only other reported reaction of a stibo-
nium ylide with a carbonyl compound, namely that between triphenylstibonium
methylide and benzophenone produced triphenylstibine and diphenylacetaldehyde,
which the authors suggested was formed by rearrangement of an intermediate

epoxide.!5- 7
Ph Ph Ph
Ph CH + C¢H,Z
CH-C,H,Z [::><-7 stle
Ph Ph (o)
Ph Ph
1AY v Z = Hor p-NO,

It has been suggested that the more stabilised arsonium ylides give rise to olefins
and triphenylarsine oxide whereas less stabilised arsonium ylides produce epoxides
and triphenylarsine.!® !® In each case reaction presumably proceeds via the betaine

adduct(Q)
RyAs—C h g
3AS Cc=cC +
- . P - R,ASO ()
. R3As—C or
o—c” o
o=c \ ~/\ ~
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Thereafter either a cyclic rearrangement of the electrons ensues giving rise to the
olefin or else nucleophilic displacement of the arsonium group by the oxygen pro-
vides the epoxide. Two factors may promote the former course, namely the pro-
duction of the oxide bond and of the olefinic bond. In the case of phosphonium ylides
the great bond strength of the phosphine oxide bond drives the reaction exclusively to
the formation of olefin. The strength of the arsine oxide bond is much less so that this is
of less significance and the course of the reaction will be determined much more by the
nature of the olefinic bond which is formed. In the case of unstabilised arsonium
ylides, such as arsonium methylides, an isolated double bond is formed but in the
case of stabilised ylides, such as a-keto-ylides or cyclopentadienylides, the newly
formed olefinic bond forms part of a conjugated system and there is more energetic
gain in its formation. If it is assumed that the relative energies of the transition states
leading from the betaines to the final products reflect the stabilities of these products,
the above considerations explain why both the arsonium and stibonium cyclopenta-
dienylides form fulvenes rather than fulvene epoxides. A similar suggestion has been
made in connexion with results obtained with phenacylides.!®

Samples of the fulvenes were also prepared from tetraphenylcyclopentadiene and the
aldehydes by established methods?® and had identical m.p. and spectra.

A similar pattern of reactivity obtained in the reactions of these ylides with nitroso-
benzene to produce either the anil (VI} or anil oxide (VII), as shown in Table 3.

Ph Ph Ph
Ph Ph Ph
PhNO
@:A _PhNO @:NPh and/or @:NPh
Ph Ph Ph }
Ph Ph Ph O
Vi VIt

TABLE 3. REACTIVITIES OF TETRAPHENYLCYCLOPENTADIENYLIDES WITH NITROSOBENZENE

Ylide: (ILY=S8 (LY=S¢) (LX=P) (ILX=As) (I,X=Sb)
Reaction time 18 hr. 18 hr. 18 hr. 4 hr. 10 min.
Yield of anil (VI) 0 0 0 35% 0

Yield of anil oxide (VII) 5% 80°%, 0 489, 80%

It is of interest that in this case only the arsonium ylide gave some anil as well as anil
oxide. Reaction is presumed to follow similar paths to those involving carbonyl
compounds, viz.

+ P
R,As—C\ R AsQ + C=N-— ()
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Similar considerations will determine the nature of the final products but there will
be less energetic gain in path (@) in this case, for the anils formed from cyclopenta-
dienylides may be to some extent destabilised by conjugation with the five-membered
ring since such conjugation leads to the formation of an anti-aromatic electronic
system in the cyclopentadiene ring In consequence, whereas all the present ylides
follow reaction path (a) in the case of reaction with aldehydes, only the arsonium
ylide follows this path in reactions with nitrosobenzene, and even in this case not as
the major reaction path. That any anil is formed in this case reflects the greater strength
of the arsine oxide bond compared with the sulphur-, selenium- and stibine-oxide
bonds. The phosphonium ylide which might be expected to follow path (a) predomi-
nantly because of the great strength of the phosphine oxide bond was however
unsufficiently reactive to give any product with nitrosobenzene.

Neither the anil (VI) nor the anil oxide (VII) had been reported previously. Authentic
samples, which were identical with those obtained from the ylides, were made by
reaction of nitrosobenzene with, respectively, tetraphenylcyclopentadiene and diazo-
tetraphenylcyclopentadiene; the same method had been used to prepare an anil
oxide from diazofluorene.! The product (VII) showed strong absorption bands
characteristic of aryl amine oxides at 898 and 1290 cm~'.22 It could be reduced
to the anil (VI) by reaction with triphenylphosphine in benzene, thus confirming its
structure.

No fulvenes, anil or anil oxide could be found from similar reactions of aldehydes or
nitrosobenzene with the diphenyltelluronium ylide (II, Y = Te) or the triphenyl-
bismuthonium ylide (I, X = Bi): in every case decomposition of the ylides apparently
supervened. :

It may be noted that the apparent nucleophilicity of these ylides

(Sb>As>Se>S>P)
does not run entirely parallel with their basicities
{(Sb>As>P>S~Se)

This series of compounds thus provides an excellent example of the pitfalls of assuming
precise correlation between these two types of properties, the latter of which involves a
relatively simple equilibrium while the former involves a more complex sequence of
events. The difference in this case may be connected with the lesser steric hindrance
to attack by nucleophiles on the sulphonium and selenonium ylides compared with
the phosphonium ylide.

The results described entirely confirm Johnson's suggestion*- 23 that, on descending
Group V of the Periodic Table, the tetravalent heteronium atoms are less able or
willing to undergo valence shell expansion.

Triphenylphosphonium fluorenylide has been shown to react with dichlorocarbene
to form a dichlorofulvene but no such reaction occurred with triphenylphosphonium
cyclopentadienylide,?* a difference ascribed by the authors to the greater delocalisation
of the negative charge in the latter ylide. No formation of a dichlorofulvene could be
detected under similar conditions from the ylides (1. X = P, As or Sb) and the phospho-
nium and arsonium ylides were recovered unchanged from the reaction mixtures.
Diazo-2,3,4,5-tetraphenylcyclopentadiene also did not react with this carbene.

Johnson has commented?® on the fact that alkyl heteronium ylides are more reactive
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towards clectrophiles than are aryl heteronium ylides. Methylphenylsulphonium
tetraphenylcyclopentadienylide (VIII) was prepared by the general method from
diazotetraphenylcyclopentadiene and thioanisole. This ylide was stable when stored

Ph Ph
Ph Ph + +
@: SMePh  —— SMePh PhRS+CH,Bz
Ph Ph
Ph Ph
Vil 1X

in the dark but darkened rapidly on exposure to light. Unlike its diphenylsulphonium
analogue it was hydrolysed by aqueous-ethanolic sodium hydroxide. In water it was
completely hydrolysed in ca 15 min. With perchloric acid it gave a crystalline per-
chlorate but this salt was not stable and slowly evolved thioanisole. Its pK, was not
determined because of its ready hydrolysis in 959 ethanol: however the fact that a
salt could be obtained indicates that the ylide is more basic than the ylides (II), It has
been shown'? that the pK, of the methylphenylsulphonium ylide salt (IX, R = Me)
is greater than that of the diphenylsulphonium ylide salt (IX, R = Ph), and these
authors attributed the difference to the greater inductive withdrawal of electrons by
the phenyl group compared to the Me group, leading in turn to better pn-dr overlap
between the sulphur atom and the carbanionic portion of the molecule.

The ylide (VIII) was also more reactive towards nitrosobenzene than its diphenyl
analogue (II, Y = S) and gave, after 18 hr., an 81% yield of the anil oxide (VII). It did
not however react with benzaldehyde, p-nitrobenzaldehyde or 2,6-dinitrobenzaldehyde.

EXPERIMENTAL

Light petroleum had b.p. 40-60".

Triphenylphosphonium tetraphenylcyclopentadienylide from S-bromo-1,2,3,4-tetraphenylcyclopentadiene.
The bromocyclopentadiene (0-45 g) and triphenylphosphine (0-786 g) were heated on an oil-bath at 150°
for 10 min. The mixture was cooled and addition of ether (15 ml) produced a yellow ppt of triphenyl(2.3.4,5-
tetraphenylcyclopentadienyl)phosphonium bromide (0-68 g 96 %). To a soln of this salt in EtOH (8 ml)
perchloric acid (70 %, 0-2 ml) was added, followed by ether (15 ml). The resultant perchlorate (0-66 g. 90%)
was filtered off, washed with ether, recrystailized from MeOH and was identical (m.p., IR) with authentic
samples.®” 2N NaOH (2 ml) was added to a soln of this perchlorate (0-365 g) in EtOH (15 ml) and the
mixture was shaken vigorously for 10 min and then kept for 3 hr. The pale yellow ppt (0-29 g, 93%) was
filtered off and recrystallized from benzene-nitromethane to give the ylide, identical (m.p., IR) with authentic
samples.®-7

Ethanolysis of triphenylstibonium tetraphenylcyclopentadienylide. A soln of the ylide (0-36 g) in EtOH
(15 ml) was heated under reflux for S min and cooled. Crystals of 1,2,3,4-tetraphenylcyclopentadiene separated
(0-156 g, 85%). The filtrate was evaporated, water was added to the residue and the mixture was boiled for 3
min, decanted while hot and cooled. Triphenylstibine oxide (0074 g, 40%) precipitated.

Attempted alkaline cleavage of tetraphenylcyclopentadienylides. The triphenylarsonium ylide (I, X = As:
0-34 g) was added to a soln of NaOH (1 g) in EtOH (25 ml) and the mixture was heated under reflux for
18 hr. It was then poured into water (50 ml) and extracted with chloroform. The extract was washed with
water and dried (Na,SO,). Solvent was removed and ether was added to the residue: the solid ylide was
thus recovered quantitatively. Similar results were obtained when I (X = P)and I (Y = S or Se) were used.

pK, Determinations. pK, determinations were carried out spectrophotometrically, using aqueous EtOH
(95%) as solvent throughout. (¢f ref 15). Solns of each ylide perchlorate (ca 4 mg) in EtOH (95%, 10 ml)
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were made and aliquots (1 ml) of each soln were diluted to 10 ml with, severally, 0-1M HCl, 0-1M KOH, and
an appropriate buffer soln made either from tris(hydroxymethyl)Jaminomethane hydrochloride or formic
acid-potassium hydroxide and whose apparent pH was determined potentiometrically. The absorbance
of each set of 3 soins was recorded at 5 waveiengths in the region where the ylides absorb strongly (260-350
nm) and the conjugate salts are nearly transparent. The pK, values were then calculated from these absor-
bances,2® and are the averages of determinations using at least 2 different buffers, the value for each buffer
being the average of the values obtained at each of the 5 different wavelengths.

Reaction of ylides (1) and (11) with benzaldehyde. Solns of equiv amounts (1 mmole) of the ylides and freshly
distilled benzaldehyde in CCl, (25 ml) were heated under reflux for 18 hr. Solvent was then removed. In
the case of the triphenylphosphonium, diphenylsulphonium and diphenylselenonium ylides, following
addition of ether to the residue, the original ylides were filtered off and recovered quantitatively.

In the case of the triphenylarsonium ylide, ether was added, unreacted ylide (0-3 g) was filtered off, the
ether was evaporated and the residue, in a small amount of benzene, was applied to an alumina column.
Elution with light petroleum-benzene (4:1) gave 2,3,4,5,6-pentaphenylfulvene (0-073 g, 16%) as red-brown
prisms, m.p. and mixed m.p. 197-199°. A second fraction. eluted by benzene, gave after removal of solvent
and trituration with EtOH, tetraphenylcyclopentadienone (0-004 g, 1:3%,), black crystals, m.p. 214-216°.
Finally elution with MeOH gave a yellow soln from which solvent was evaporated. Water was added to the
residue and the mixture was boiled for 5 min. When it was cooled triphenylarsine oxide (0-026 g, 8%), m.p.
192°, crystallized out. When chloroform replaced CCl, as solvent similar results were obtained, including
a 17%, yield of fulvene.

In the case of the triphenylstibonium ylide, the solvent was removed and a soln of the residue in a small
amount of benzene was applied to an alumina column. Light petroleum-benzene (4:1) eluted a red band
and a yellow band. Solvent was removed from the former and the residue was recrystallized from AcOH
to give 2,3,4,5,6-pentaphenylfulvene (0-184 g, 40%). Removal of solvent from the second fraction, followed
by trituration with EtOH, gave 1,2,3,4-tetraphenylcyclopentadiene (0055 g, 15%) Elution with methanol
provided triphenylstibine oxide (0-092 g, 25%).

Reaction of ylides (I} and (1I) with p-nitrobenzaldehyde. A mixture of the ylide (1 mmole) and p-nitrobenzal-
dehyde (0-151 g, 1 mmole) in CCl, (25 ml) was heated under reflux for 4 hr. Removal of the solvent and
addition of ether provided a quantitative recovery of the triphenylphosphonium, diphenylsulphonium and
diphenylselenonium ylides. The products from the triphenylarsonium and triphenylstibonium ylides
were each dissolved in the minimum amount of benzene and applied to an alumina column. Elution with
benzene gave a brown band and soln, wherefrom removal of solvent and trituration with nitromethane
produced red crystals of 6-p-nitrophenyl-2,3,4,5-tetraphenylfulvene, m.p. and mixed m.p. 232-234° (048 g,
95 %, from arsonium ylide: 0-49 g, 99 %, from stibonium ylide). Further elution of the column with MeOH
gave respectively. triphenylarsine oxide (0-12 g, 41 %) and tripheny!stibine oxide (0-184 g, 50 %).

6-p-Nitrophenyl-2,3,4,5-tetraphenylfulvene. A mixture of tetraphenylcyclopentadiene (0-749, 2 mmole),
p-nitrobenzaldehyde (0-377 g, 25 mmole), NaOH (2 g) and MeOH (50 ml) was heated under reflux for 6 hr.
The brown ppt was filtered off and recrystallized from nitromethane to give the fulvene (0-6 g, 60%) as red-
brown needles, m.p. 232-234° (lit.2" 227-228°), 4, (CHCl;) 273, 353 nm. (log &£ = 3-59, 3-45). (Found:
C, 84:0: H, 48; N, 3-5. Calc. for C3sH,sNO,: C, 84:0; H, 56; N, 3-2%).

Reaction of ylides (I) and (I1) with nitrosobenzene

(a) A soln of I (X = As: 067 g | mmole) and nitrosobenzene (0:107 g, 1 mmole) in benzene (25 mil) was
heated under reflux for 6 hr, a further portion of nitrosobenzene (0-054 g) being added after 3 hr. The soln
was then concentrated to 5 ml and chromatographed on alumina. Elution with light petroleum-benzene
(2:1) removed a red band which TLC showed to be a mixture of a red and a colourless product. Light petro-
leum-benzene (1 :5) then removed a trace amount of tetraphenylcyciopentadienone. Benzene eluted a green
band as a red-green soln, which on removal of solvent and trituration with EtOH (S ml) gave VII (0-23 g,
48%), identical (m.p., IR) with an authentic sample. Finally elution with chloroform removed a yellow
band which, on removat of solvent and recrystallization from water afforded triphenylarsine oxide (0-032 g,
10%). The initially eluted red band was treated thus. Alumina (5 g) was added to the eluted soln and solvent
was evaporated ofl. The residue was applied to an alumina column with light petroleum. Light petroleum-
benzene (10:1) eluted a colourless product which, after removal of solvent and recrystallization from EtOH,
proved to be triphenylarsine (0-10 g 33%). Light petroleum-benzene (1 :2) then removed a red product which
was recrystallized from nitromethane and was identical (m.p., IR) with an authentic sample of VI (0-16 g,
359%,), crimson plates.

(b) A soln of I (X = Sb:0-36 g, 0-5 mmole) and nitrosobenzene (0-053 g, 0-5 mmole) in benzene (15 ml)
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was heated under reflux for 10 min. Solvent was removed and the residue was chromatographed on alumina.
Light petroleum-benzene (1:1) removed triphenylstibine (0-12 g, 70%), benzene removed a trace of tetra-
phenylcyclopentadienone and chloroform eluted VII (0-19 g, 81%).

(c) When a soln of II (Y = S;0-55 g, 1 mmole) and nitrosobenzene (0-106 g, 1 mmole) in benzene (20 ml)
had been heated under reflux for 18 hr little change of colour occurred. After 3 hr furhter nitrosobenzene
(0-05 g) was added. Solvent was removed and ether (10 ml) added and unchanged ylide (0-37 g 67%) was
filtered off. Chromatography of the residue on alumina with chloroform gave VII (0024 g, 5%).

(d) By the method described in (c), II (Y = Se; 0-601 g, 1 mmole) gave VII (0-38 g, 80%).

(e) The ylide I (X = P) was recovered quantitatively [¢f para (c)] from attempted reactions with nitroso-
benzene.

2.3,4,5-Tetraphenylcyclopentadienone anil (V1). NaOEt [1 ml: from Na (05 g) in EtOH (10 ml)] was added
to a soln of 1,2,34-tetraphenylcyclopentadienc (0-74 g; 2 mmole) and nitrosobenzene (0-214 g, 2 mmole)
in benzene (20 ml) and the mixture was heated under reflux for 10 min, cooled, diluted with light petroleum,
and kept at room temp. Red crystals separated which were filtered off and recrystallized from nitromethane
to give the anil (0-35 g, 38%), crimson plates, m.p. 235°, 4., .(CHCl;) 256, 325 sh, 450 nm (log ¢ = 3-76, 3-23,
2:65). (Found: C, 90-8: H, 5-9: N, 3-2. C;,H, N requires: C, 91-6; H, 5:6: N, 3-1%).

N-Phenyl-2,3,4,5-tetraphenylcyclopentadienone ketoxime. (VII). A soln of diazo-2,3,4,5-tetraphenyl-
cyclopentadiene (0-79 g, 2 mmole) and nitrosobenzene (0-214 g, 2 mmole) in chloroform (20 mi) was heated
under reflux for 18 hr, a further quantity of nitrosobenzene (0107 g) being added after 6 hr. After removal
of solvent the residue was applied in benzene to an alumina column. Elution with light petroleum-benzene
(1:1) removed unchanged diazo-compound (0-31 g); benzene removed a trace of tetraphenylcyclopenta-
dienone and a small amount of nitrosobenzene. Chloroform then eluted a green band. Removal of solvent
and addition of ethanol (10 ml) produced the khaki-green ketoxime (0-19 g, 22%,), which was filtered off and
had m.p. 224-226° (from n-propanol), A, (CHCI,) 250, 363 nm (log ¢ = 3-53, 3-45). (Found: C, 88-2: H, 5-1:
N, 29. C;4H,sNO requires: C, 88-4: H, 5-25: N, 2:9%).

Conversion of ketoxime (V11) into anil (VI). The ketoxime (0-237 g, 0-5 mmole) and triphenylphosphine
(0-262 g, 1 mmole) in benzene (20 ml) were heated under reflux for 4 hr. Solvent was evaporated and the
residue was chromatographed on alumina. Light petroleum-benzene (1:1) removed triphenylphosphine
and benzene eluted the anil (0-184 g, 80%), identical with an authentic sample.

Attempted reaction of ylides (I) with dichlorocarbene. t-BuOK (03 g) was added to a soln of I (X = As:
0-335 g, 0'5 mmole) in benzene (20 ml), which was then stirred at room temp while chloroform (0-3 ml) was
added and for a further 48 hr. The soln was then filtered, washed well with water and dried (Na,SO,). Solvent
was evaporated. Addition of ether produced a ppt of unchanged ylide (0-25 g, 75%). Chromatography of the
evaporated filtrate (alumina: light petroleum, benzene) gave triphenylarsine (0-01 g) and tetraphenyl-
cyclopentadienone (0-018 g) but no 6,6-dichloro-2,3,4,5-tetraphenylfulvene. Similar results were obtained
from I (X = P or Sb) save that in the latter case, 1,2,3,4-tetraphenylcyclopentadiene was recovered instead
of the ylide.

Methylphenylsulphonium tetraphenylcyclopentadienylide (VIII) and its perchlorate. Diazotetraphenyl-
cyclopentadiene (3-96 g) was heated in thioanisole (3-72 g) at 150° for 10 min under oxygen-free nitrogen.
Ether (15 ml) was added to the cooled mixture and the very pale yellow ylide (3-2 gm 65%) separated and
was filtered off. It had m.p. 204-206° (dec) (from light petroleum-benzene), i, (EtOH) 294, 347sh nm
(log ¢ = 430, 3-61). 1 (CDCl,) 2-85m (25H), 7-24s (3H). (Found: C, 87-9; H, 5-1. C;5H ¢S requires: C, 87-8:
H, 5-7%). Addition of perchloric acid (70%, 1 ml) to a soln of this ylide (0-49 g) in EtOH (10 m!) produced
an immediate yellow ppt. Ether (10 ml) was added and the perchlorate was filtered off, washed with EtOH
and had m.p. 155° (dec), yellow needles (from AcOH with addition of ether to initiate crystallization),
Amax(EtOH) 252, 335 nm (log ¢ = 4-20, 3-61). (Found: C, 72:8: H, 4:95. C34H,,ClO,S requires: C. 73-0: H,
49%).

Reaction of methylphenylsulphonium ylide (VIII) with nitrosobenzene. A soln of the ylide (0-49 g, 1 mmole)
and nitrosobenzene (0106 g, 1 mmole) in benzene (20 ml) was heated under reflux for 15 hr, further nitroso-
benzene (0-05 g) being added after 3 hr. Solvent was removed, ethanol (15 ml) was added to the residue, and
the mixture was boiled for 2 min. Filtration of the hot mixture removed unreacted ylide (0-05 g). From the
cooled filtrate crystals of N-phenyl-2,3.4.5-tetraphenylcyclopentadienone ketoxime (0-38S g. 81°/) separated
out.
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