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CONVERSION OF CYCLOPENTADIENE INTO NEW
BICYCLOPENTYL DERIVATIVES

Structure Determination with the Help of
Proton Magnetic Resonance Spectroscopy

Diels-Alder  dicne assoetations, including tho
dimerization of cyclopentadiene, are susceptible to
trichloroacetic acid catalysis!, with carbonium ions as
intermediates®. Tho catalysed formation of endo-
dieyclopentadiene, C,,H,,, was studied at acid con-
contrations up to 0-16 M (25°). It has now heen
found that at higher acid coneontration, for examplo,
0-5 M, cyclopentadiene is almost quantitatively
converled into a irichloroacetic acid ester (1).
C,H;,0:01,, n2 1-5085, A, (othanol) 242 my;
Cuax. 800 1./mol.-em. This ester polymerizos so
quickly on heating that it cannot bo distilled, but
purification by fractional thawing is possible, Alka-
lino hydrolysis produces an aleohol (LI), C,,H,,0,
bp. 84-86°/0-2 mum., n2f 1:5105, A, (ethanol)
243 my, e, 400 l/mol.-em., 3,5-dinilrobenzoyl
oster m.p. 112-113°, phenyl urethane m.p. 64-65°.
Bromination and hydrogenation establishod the
presence of two double bonds in ester (I) and aleohol
(IT) ; tho doublo bonds must be conjugated because
of tho speeified position of the A, values.

There is no carbonyl frequency in the infra-red
adsorption spectrum of aleohol (1I), which excludes
the possibility of hydroxyl being attached to unsatuy-
atod carbon. Hydrogenation of aleohol (IT) produced
# salurated aleohol (111), C, H,,0, b.p. 95°/0-5 mumn.,
ny 1-4844, 3,5-dinitrobenzoyl estor m.p. 79-82°,
phenyl urethano m.p. 88-92°, acid phthalate m.p.
80-82°, which was dehydrated to hydroearbons
CoH,s, b.p. 112-115°/100 mm., ni  1-4796, the
infra-red absorption spectrwmn of which was very
similar to that of a mixture of cyclopentyl-cyclo-
pentenes, prepared according to v. Braun and colla-
borators®.

Hydrogenation of both hydrocarbons gavoe bicyclo-
pentyl C,H,;, which proves that the alcohols (III)
and (11) and cster (1) are bicyclopentyl derivatives,
Alcohol (ITT) was oxidized to a ketone, C;,H,,0,
b.p. 74-75°/1-3 min., 13 1-4743, 2,4-dinitrophenyl-
hydrazone m.p. 129-131°, semicarbazone m.p. 197
198°, which was not identical with the well-known
2-cyclopentyl-cyclopentanone. Thug, the hydroxy-
group of alcohols (ITT) or (IT) cannot be attached to a
carbon atom in juxtaposition to the junection points
of the two five-membered rings. Tho proton magnetic
resonance spectrun of pure liquid aleohol (II) ig
charactorized by peaks 4, B, ¢ and D at — 0-82,
— 0:05, 0-18 and 2-72 parts per million (p.p.m.).
These chemical shifts (which are defined by the
dimensionless number [H; — H,/{H,] *x 10° when Hj
and H, are the regonance fields of sample and refer-
ence (water)) are assigned as follows : A corresponds
to hydrogen on unsaturated carbon, B to hydroxyl
hydrogen, € to hydrogen bound together with
hydroxyl to saturated carbon and D to the other
hydrogons on saturated earbon. The assignment is
congigtont with the proton magnetic resonance
spectra of aleohol (IIT) and eyclopontanol and with
tho relative poak positions in the pure liquid state

and in carbon tetrachlorvide solution. Peak ares
measurements showed that four hydrogens must be
attached to unsaturated carbon. An investigation of
the proton magnetic resonance spectra of ester (T)
and of the trichloroacetic acid esters of aleohol (111),
cyclopentanol and ethanol load to similar conelngions.

All the observations taken together prove that
alcohol (I1) is 3-(cyclopenta-2’,4"-dienyl)-cyclopent-
anol.
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The new bicyclopentyl derivatives can bo converted
thermally and catalytically into polymers of unusual
properties, which will be described elsewhere.
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Kinetics and Mechanism

THE rato, R, of the trichloroacetic-catalysed
reaction, 2-cyelopentadienc - trichloroacetic acid - »
trichloroacetic acid ester of 3-{cyclo-2',4'-dienyl)-
eyclopentanol (see previous communication), (ester
(I)), hag been meagured. The regults cean bo
summarized by :

Reter = kegeleyelopentadieno] [trichloroacotie

acid] 1)
where k... is 10%-exp(— 9900/RT)(l./mole)? sec.”!
in carbon tetrachloride and 10%-dexp(— 9700/RT)
(1./molo)® sec.' in benzene. It has been shown
before! that the rate, Rgu.. of tho trichloroacetic
acid catalysed dimerization, 2 cyclopentadicne —
endo-dicyclopentadiene, is given by :
Ryimer = Kaimelcyclopentadione][trichloroacetic

acid) (2)

Using k.., a0d Ky, relating to 25° and carbon tetra-
chloride, the ratios Ryne/R. are 4-4 + 0-8 and
0-022 4 0:004 according to whether the trichloro-
acetic acid econcontration is 0-0050 or 1-0 M. It is
understandable, therefore, why the preparative
isolation of estor (I) is only possible if the trichloro-
acelic acid concentration is sufficiently high (sece
previous communication).

Rato oxpression (1}, the influence of polar aprotic
golvents (nitrobenzeno and nitromethane), which
increase R, and of proton accoptors (water,
ethanol, acetone dioxan) which act ag rotarders, are
compatible with a mechanism represented by :
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