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172. Thermal Interconversion of Phenylcarbene and Tropylidene
Preliminary communication?)

by C. Wentrup and K. Wilczek
Institut de Chimie Organique, Université de Lausanne

(22. VII, 70)

Summayry. Phenylcarbene and tropylidene interconvert in the gas-phase, as evidenced by the
formation of stilbene and heptafulvalene (5) from both at 300°. Heptafulvalene itself rearranges to
stilbene and anthracene above 500°. Phenylcarbene, but not tropylidene, undergoes ring contrac-
tion to fulvenallene (9) at 900°. Formation of fluorene from diphenylcarbene involves a complete
ring expansion to 2-phenyltropylidene (14), and subsequent ring contraction to 2-biphenylylcarbene
15).

1) A detailed paper will probably be published in Helv.
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The gas-phase reactions of aromatic nitrenes and carbenes led us to conclude that
phenylnitrene (1a) (1] [2], 2-pyridylcarbene (1b) [1] and 2-pyridylnitrene (1c) [3]
undergo reversible ring expansion to azatropylidenes (2a—c).

= N ~X
I jm— | /X e— ’ | :: §:(I\:T, EZ%H
NP N N/, NN : = , Y =2
Y X Y Y ¢ X=N, Y=N
1 2 3 d: X=CH, Y=CH

The phenylnitrene-2-pyridylcarbene equilibrium [1] [2] was strongly in favour of
phenylnitrene, and this led us to predict [3] that phenylcarbene (1d) and tropylidene
(2d) should form a similar pair in which phenylcarbene is favoured. Allowing for a
sufficient number of interconversions of 1d and 2d, carbon scrambling in phenyl-
carbene should result.

Phenyl diazomethane (4) was generated by pyrolysis of the dry sodium salt of
benzaldehyde tosylhydrazone (4] at 90°; the vapour was led directly into the pyrolysis
tube?). At 300° a 459, yield of a mixture of heptafulvalene (5), cis-stilbene (6a) and
trans-stilbene (6b) (5:4:6) was obtained?). Pyrolysis of the dry sodium salt of tropene
tosylhydrazone (7) [8] under the same conditions also gave a mixture of 5, 6a and 6b
(10:1:4; total yield ~49%,). The yields were lower in this case due to extensive
decomposition with tar-formation before entrance into the pyrolysis tube. In addition,
a 2%, yield of benzene was obtained4).

Pyrolysis of either 4 or 7 above 500° gave cis- and #rans-stilbene and anthracene
(8); at 900° in the ratio 1:3:1 (total yield 409, from 4, and 8%, from 7). The gas
chromatograms of the products from 4 and 7, including minor, unidentified peaks,
were very similar. Pure heptafulvalene (5) [8] at 900° gave the same products in the
ratio 1:4:5. It did not give any stilbene or anthracene at 300°; instead it gave other,
unidentified products which were also formed by gas chromatography at an injection
port temperature of 200°. The resulting peaks serve to identify heptafulvalene by

2H ’/\/\ AN
§ = /w‘f“ NN
ru»Q% (O,

,—— 1d =/ 5 ‘ /A\ CH= CH~/—\

I “ A ™ \_/ N/
VN _ 6a cis
CH, 6a,b []\‘ 6b trans
[
¢ !
I C=C—H =\
S | =N_N&_Tos Na®
\_/ \_/ —
9 10 7
2} All pyrolyses were carried out in a 30 cm quartz or pyrex tube at <102 Torr.

3)  Thisreaction was recently reported by two other groups of workers [5] [6], but evidence for the
reversibility of the ring expansion 1d - 2d was lacking [5], and it was assumed that tropyli-
dene would be stable relative to phenylcarbene [5]. It is not evident that this should be so; for
instance, dibenzo[b, f]tropylidene is known to be much more reactive than diphenylcarbene,
apparently adding instantaneously to olefins at 77 K {7].
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vapour phase chromatography. However, at 600° 5 gave a 709, yield of 6a, 6b and 8
(1:5:22). Stilbene was stable to pyrolysis at 900°. These results indicate that hepta-
fulvalene is the source of anthracene and some of the stilbene obtained from 4 or 7
above ca. 500°, but heptafulvalene cannot be the source of the stilbene obtained from
7 at 300°. Accordingly, the results are best explained in terms of thermal inter-
conversion of phenylcarbene (1d) and tropylidene (2d). The apparatus used by Jones
et al. [5] (pyrolysis at 250° in a stream of N, over glass beads (cf. ref. [6], footnote 2))
apparently favoured dimerisation of 2d before it could rearrange to 1d.

The rearrangement of heptafulvalene to stilbene may be rationalised in terms of a
double cycloheptatriene-norcaradiene valence tautomerisation, with subsequent
opening of the three-membered ring and hydrogen migration.

Pyrolysis of 4 at 900° also gave a liquid product (7-209,) which after distillation
was analysed by NMR., IR. and vapour phase chromatography, and found to consist
of benzene, toluene and fulvenallene (9) (1:1:2) together with a trace of the primary
ring contraction product, 10%). Benzene and toluene were also formed by pyrolysis of 7
at 900°, but only a trace of fulvenallene (9) was present. Thus, as in the isosteric
phenylnitrene [1] {9], ring contraction does not proceed via the ring-expanded carbene
2d, but rather wia ‘hot’ phenylcarbene (1d). Formation of benzene and toluene is
analogous to the reactions of phenyl azide [9].

We have previously used the formation of carbazole from 2-biphenylylnitrene as
an intramolecular trap for the phenylnitrenes formed by isomerisation of 2-pyridyl-
carbenes [1]. In order to gain more evidence for the carbene interconversion 1d 2 2d,
we have now used the formation of fluorene in the gas-phase pyrolysis of diphenyl
diazomethane [10] as a trap for 2-biphenylylcarbene, supposedly formed by rearrange-
ment of phenyltropylidene. Fluorene could be formed from diphenylcarbene (11) by
either of two mechanisms which may be distinguished by methyl-labelling: (a) via the
mesomer 12, in which case the fluorene 13 would be formed; or () by phenylcarbene-
tropylidene interconversion via 14 and 15. In the latter case skeletal rearrangement to
16 would be observed.

OLLT — T -~ 0L
” |\/
oM = o~ oo

14

Pyrolysis of p, p’-ditolyl diazomethane (precursor of 11) at 500-800° gave a 759,
yield of 2,7-dimethylfluorene (16) which was identified and distinguished from 3,6-

4)  Products were identified by NMR., mass spectrometry, and vapour phase chromatography
(59 silicone oil 550 on Chromosorb G; N, carrier gas).

5)  Hedaya ¢! al. [6] reported this ring contraction recently, and characterised the products 9 and
10.
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dimethylfluorene (13) by the m.p. (114-115°; lit, [11] for 16: 114-115°; lit. {12] for 13:
131°) and the NMR. spectrum)?) (60 MHz (CCl,)):  7.50 (d, J = 7.65 4 0.10 Hz;
H-C4), 7.20 (s, H-C1), 7.04 (d, J = 7.65; H-C3), 3.68 (s, CH,), 2.36 (s, CH,). In
addition, 119, p-tolunitrile (presumably formed by pyrolysis [14] of the tetramethyl-
benzophenone azine [15] corresponding to 11) and a trace of tetratolylethylene
(formed by dimerisation of 11 or pyrolysis [14] of the azine) were obtained.

The result demonstrates that phenylcarbene-tropylidene interconversion does
take place, and that the equilibrium can be displaced in favour of phenylcarbene when
this is intramolecularly trapped. Of the two carbenes 11 and 15, 11 must be the more
stable due to better orbital overlap [16].

The bombardment of benzene with high-energy carbon atoms leads to toluene and
cycloheptatriene, presumably formed from phenylcarbene and tropylidene, respec-
tively [17]. The distribution of radioactivity in the toluene obtained from benzene and
uC-atoms decreases in the order CH; » C-1 > C-2 > C-3 > C-4 [18]. This order is
now explicable if it is assumed that a series of phenylcarbene-tropylidene inter-
conversions takes place under conditions of high energy.

The tropylium ion is the commonly accepted structure for the C;H,* ions formed
by mass spectrometry of benzylic compounds [19], but in some cases evidence for
benzyl ions has been advanced [20]. The mass spectrum of doubly labelled toluene
indicates the formation of a tropylium ion in which all carbon atoms have been
randomised [21]. It may-be that a series of benzyl-norcaradienyl-tropylium ion inter-
conversions similar to the above mechanism is involved in this randomisation.

We thank the Fonds National Suisse de la Recherche Scientifique for financial assistance to
Professor H. Dahn, whose support of this work is highly appreciated.
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173. Utilisation d’ylides du phosphore non stabilisés
en chimie des sucres
V1. Sucres ramifiés dérivés des di-O-isopropylidéne-1,2:5,6-a-D-ribo-et
-a-D-xylo-hexofurannosul-3-oses

par J.M. J. Tronchet et J. M. Bourgeois
Institut de chimie pharmaceutique de I'Université, 10, boulevard d’Yvoy, 1205 Genéve

(26 VI 70)

Summary. The cis and frans isomers of 3-deoxy-1,2:5, 6-di-O-isopropylidene-3-C-methylthio-
methylene-a-D-xylo- and -a-D-ribo-hexofuranoses have been prepared by treatment of 1,2:5,6-di-
O-isopropylidene-a-D-xylo- and -«-D-ribo-hexofuran-3-uloses with methylthiomethylene-triphenyl-
phosphorane. Configurations are assigned by NMR. A new type of 1] is described. Hydrogenation-
desulfurization of the methylthiovinylic sugars affords 3-deoxy-3-methyl sugars of the p-allo, D-
gulo, and D-galacto series. Derivatives of 3-deoxy-3-methyl-pD-lyxose and 3-deoxy-3-methyl-b-
ribose are prepared by chain-shortening of derivatives of the corresponding 3-deoxy-3-methyl-
hexoses.

La premiére synthese d’'un sucre ramifié insaturé, par application d'une réaction
de Wittig a un sucre cétonique, a été réalisée par Rosenthal & Ngwyen [1] qui ont
utilisé un réactif de Wittig modifié, stabilisé par résonance, amenant la fixation sur le
sucre d’une chaine latérale & deux carbones.

La plupart des sucres ramifiés naturels portant une chaine latérale monocarbonée,
nous avons exploré [2] [3] V'intérét potentiel en chimie des sucres de trois ylides du
phosphore non stabilisés permettant I'introduction d’une telle chaine: le méthyléne-
triphénylphosphorane, le méthoxyméthyléne-triphénylphosphorane et le méthyl-
thiométhyléne-triphénylphosphorane. C’est ce dernier ylide que nous avons finalement
retenu en raison de sa facilité d’emploi et des rendements généralement treés élevés en
sucres insaturés qu’il nous a permis d’obtenir. Nous I'avons utilisé A I’extension de la
chaine carbonée d’aldéhydo-sucres [3] [4] et 4 la synthése de sucres ramifiés [5] [6].
Quelques mois aprés notre premiére communication [2], Lance & Szarek [7] décrivaient
quelques autres exemples de réaction du méthyléne-triphénylphosphorane avec des
sucres carbonylés.

Lesrésultats que nous décrivons ci-dessous et qui ont fait I’objet d’une communica-
tion préliminaire [5] sont relatifs 4 ’action du méthylthiométhyléne-triphénylphos-





