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Concerning the Ring-opening of Substituted Cyclopropyl Radicals

By Roger P. Corbally, M. John Perkins,* t and (in part) Arkadi P. Elnitski, Department of Chemistry, King’s
College, Strand, London WCR 2LS, and Department of Chemistry, Chelsea College, Manresa Road, London

SW3 6LX

The stereochemistry of the conversion of cyclopropyl radicals to allyl radicals is discussed.

The rearrangement of

1.5-dimethyl-6-bicyclo[3.1.0]hexyl radicals to 1,3-dimethylcyclohex-2-enyl radicals affords a new example of
disrotatory opening. and. taken in conjunction with the apparent failure of 2,2,3,3-tetramethylcyclopropyl radicals
to rearrange under comparable conditions, is considered to exclude the possibility of any significant preference for

conrotatory opening. in contrast to early predictions.

UNTIL recently, rearrangement reactions of free radicals
have afforded a rather limited field for the organic
chemist. Although there are notable exceptions, the
vast majority of examples fall into two or three clearly
definable classes. These include (a) 1,2-shifts, where
the migrating group, ¢.g. phenyl, vinyl, or halogen, has a
low-lying orbital capable of accepting the unpaired
electron, and (b) intramolecular analogues of well-
established bimolecular reactions such as radical
addition and atom transfer.!

The short life-time of reactive radicals in solution
prevents observation of many rearrangements where
activation energies are > ca. 15 kcal mol™. However,
recent conflict between various theoretical predictions
regarding pericyclic changes in free radicals has stimu-
lated an interest in more elaborate radical rearrange-
ments. To force such reactions to occur within the
short lifetime of the radical, various devices have been
adopted; e.g. a large exothermicity has been built into
the rearrangement pathway, or high temperatures have
been employed. The former technique is exemplified in
the ring-opening reactions of suitably substituted cyclo-
propyl radicals, and an interesting case of the latter was
the recent demonstration of conrotatory closure of a
pentadienyl radical to a cyclopentenyl radical.2

A more elegant solution to the problem of radical life-
time has been the use of the adamantane matrix-
isolation technique, in which radical rearrangements with
significantly higher activation barriers can be observed
directly by e.s.r. spectroscopy.?

Much of the theoretical effort on pericyclic reactions
of free radicals has been concentrated upon the cyclo-
propyl—allyl transformation.? Here, early predictions
that pericyclic radical reactions would be governed by
the singly-occupied HOMO of the radical,® and hence
follow the same course as predicted for the corresponding
anion, were relatively easily tested by detailed MO
calculations on the reaction pathway. These calcu-
lations showed considerable activation barriers for both
disrotatory and conrotatory modes of ring opening, but,
in contrast to the simplest ideas, they clearly favoured
a disrotatory mode for the thermally activated reaction.
The calculations, at various levels of sophistication, were
for processes in which symmetry (either C, for con-
rotatory or o, for disrotatory) was maintained along the

t Present address: Department of Chemistry, Chelsea College,
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An improved synthesis of trans-cyclo-octane is also reported.

reaction co-ordinate; an early qualitative suggestion by
Bauld € that this was not the case found strong support
in MINDO/3 calculations, the results of which suggested
that the transition state was reached by rotation of only
C-2 (or C-3) of the cyclopropyl radical, C-3 (or
C-2) remaining substantially undisturbed.? Therefore
whether a disrotatory or conrotatory path was followed
must be determined after the transition state has been
passed and no appreciable energetic discrimination
between the two modes could be expected. The
reliability of the MINDO/3 procedure for calculating
reaction paths cannot yet be considered to have been
established and therefore experimental evidence is still
needed that will indicate which (if either) stereochemical
course is preferred. This paper does not provide that
evidence, but, we believe, it does add a little to our
knowledge of the problem.

RESULTS AND DISCUSSION

Our early experiments depended on the literature
reports that two phenyl substituents, at C-2 and C-3,2
or both at C-2%1 in a cyclopropyl radical provide
sufficient stabilisation to the incipient allyl radical that
ring-opening competes successfully with bimolecular
decay or reaction with solvent.} In this respect our
work was parallel with, but much less extensive than,
that of Riichardt and his co-workers,!2 and depended on
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(1a) (1b)

an investigation of the products from cis- and trans-
2,3-diphenylcyclopropyl radicals, generated from the
symmetrical diacyl peroxides (la and b). Although our
results are inconclusive, neither supporting nor opposing
the tentative conclusion that a disrotation is favoured,12
they are mentioned here since they include one point of
detail, apparently overlooked in ref. 12, which might
possibly have contributed to the failure of our experi-

} The activation energy for opening of unsubstituted cyclo-
propyl radicals has been determined from gas-phase experiments
to be ca. 19 kcal mol™.11  In solution the reaction is not observed.
Furthermore, a single phenyl substituent on C-2 provides in-

sufficient driving force for the reaction to succeed under normal
solution conditions.®



794

ment. Our approach depended on the formation of
stereochemically distinct allyl radicals (2a and b) [and
perhaps (2c)] from the two isomeric cyclopropyl radicals;

.

LI LN N BN

Ph Ph  Ph
(2a) (2b) (2¢)

it was hoped that there might be some memory of this
stereochemistry in the main products of the reaction,
namely the tetraphenylhexadiene dimers PhCH=CH-
CHPh-CHPh-CH=CHPh. However, on decomposing
both peroxides in benzene, similar proportions of the two
diastereoisomeric E,E-dimers were found, with no evidence
for Z-disubstituted olefin in the crude reaction product.
But we also found that under the reaction conditions
(boiling benzene) these dimers slowly interconvert. This
equilibration may involve a facile Cope rearrangement,!3
or a dissociation-recombination mechanism. Whichever
mechanism is operative, it seems probable that a similar
process would more rapidly remove from the product
any Z,Z- or Z,E-dimer which might result from kinetic-

(3) (4)
R ~__R R R
-
(5)R =Ph (6) R=Ph
{7)R = Me (8) R = Me

ally controlled dimerisation of 1,3-diphenylallyl radicals.
In experiments in which peroxide decomposition was
allowed to proceed only to 25—409%, completion, there
was again no evidence (n.m.r.) for ces-disubstituted
alkene in the crude product. It should of course be
noted that these experiments depended on the assump-
tion that the diphenylallyl radicals retain their con-
figuration during their transitory life-times. Whilst this
seems reasonable for simple allyl radicals, its validity
may be in doubt with strongly conjugating substituents.*

The only really satisfactory approach to determining
the stereochemistry of electrocyclic scission of a cyclo-
propyl radical involves direct observation of the radicals
by e.s.r., and conditions for this have yet to be dis-
covered; however, a more restricted approach depends
on the incorporation of cyclopropyl radicals into bicyclic
or polycyclic ring systems where geometrical constraints

* Since this paper was written, a report of the isolation of
Z,Z- and Z,E-dimers of diphenylallyl radicals formed at low
temperatures has come to our attention. In that work it was
concluded that the rotational energy barrier in the radical was
small (<9 kcal mol?); curiously, no mention was made of
diastereoisomerism in the dimers, each of which was referred to

as though it were a single compound (G. Boche and D. R.
Schneider, Angew. Chem. Internat. Edn., 1977, 16, 869).
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permit only one of the alternative modes. Some
evidence already exists which demonstrates the feasi-
bility of the disrotatory path. Thus radicals (3),1
(4),%6 (5),)7 and (9) %18 have been shown to rearrange
when generated asreaction intermediates. The situation
with (9) is less clear-cut, early indications that it would
readily ring-open to perinaphthenyl 1 not having been

substantiated.1?

A considerable driving force for rearrangement of (3),
and to a lesser extent for (4), must be relief of strain;
furthermore, in (5) the bicyclic structure is more strained
than the diphenylcyclopropyl radicals from (1a) or (1b),
and the additional cyclopentane ring carbons provide
further stabilisation for the product radical (6) than is
present in the diphenylallyl radical (2).

We have synthesised a diacyl peroxide precursor to
(7), and find that in boiling benzene this also decomposes
to give a product (10) resulting from dimerisation of a
monocyclic radical (8). Particularly significant here,
however, was our failure to detect any rearrangement
product from the related 2,2,3,3-tetramethylcyclopropyl
radical, generated in a similar fashion. Instead, this
gave low yields of two volatile products, (12) and its
1,4-dihydro-derivative, apparently resulting from attack
of the unrearranged cyclopropyl radical on benzene,

Me
; Me 2

N
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Me Me
(10)
Me Me Me Me
> ) —
Me H Me
Me Me
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+
Me
Me
H H
H
Me
Me

followed by disproportionation of the cyclohexadienyl
adduct (11).

These two results permit a useful comparison to be
made. Both reactions involve 2,2,3,3-tétra-alkylcyclo-
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propyl radicals, but in (7) there is the additional ring
strain of the bicyclohexane. Making appropriate allow-
ance for the cis-methyl interactions, the strain difference
between the two radicals is probably no more than 4 kcal
mol1.19 If this is the major factor which causes the two
to behave differently when generated under comparable
conditions, it appears to be possible to conclude that,
for the general case, either disrotatory opening is
marginally preferred, or the difference between the
activation barriers for the two pathways must be very
small indeed. Were there to be an appreciable prefer-
ence for a conrotatory path, as one might be led to expect
from the early discussion by Woodward and Hoffmann,®
then it seems improbable that (6) would rearrange by a
necessarily disrotatory path and the tetramethylcyclo-
propyl radical under similar conditions would not re-
arrange but instead react with solvent. However, even
these simple conclusions must be qualified. If, as
suggested by the MINDO/3 calculations, the dis-
rotatory reaction follows an appreciably unsymmetrical
pathway, the energy of the transition state might be
raised for opening of (7) by conformational strain. The
experimental result therefore argues against a highly
unsymmetrical path.* On the other hand, for the
symmetrical disrotatory pathway, two of the methyl
groups of the tetramethylcyclopropyl radical will come
together in the transition state and thus inhibit reaction
by simple steric interference; indeed, it was once
suggested that the tetramethylallyl radical adopts a
twisted conformation, but the species under observation
later proved to have been incorrectly identified.2®
Similar allyl radicals with a substituent on the central
atom have now been shown to be non-planar,? but the
central substituent is apparently essential for this.22
Establishing the feasibility of conrotatory opening of
cyclopropyl radicals by a similar device requires con-
struction of a suitably strained #rans-bicyclo[x.1.0]alkyl
radical precursor. 9-Ethoxycarbonyl-trans-bicyclo-
[6.1.0]nonane was therefore prepared from #rans-cyclo-
octene,t and hydrolysed, and the resulting acid was
converted to the diastereoisomeric peroxides (13) using
hydrogen peroxide and dicyclohexylcarbodi-imide.

R Me
<}—co2 C@—coz
Y
R
2 Me 2
(13) R=H
(14) R =Me

(15)

However, when this peroxide mixture was allowed to
decompose in boiling benzene, the only identified pro-
ducts were the carboxylic acid, a compound considered
to be 9-phenyl-trans-bicyclo[6.1.0]nonane, and the parent
trans-bicyclononane. To extend this experimentation

* This point can more forcibly be made for the rearrangements
of {3) and (4), but here the strain factor is of course very much
greater.

795

to a proper analogue (14) for the tetramethylcyclopropyl
case would necessitate commencing with 1,2-dimethyl-
trans-cyclo-octene. This is unknown, and has so far
resisted our modest synthetic overtures.

Two other points are of interest. The precursor for
the dimethylbicyclo[3.1.0]Jhexyl radical was obtained
via ethoxycarbonylcarbene addition to 1,2-dimethyl-
cyclopentene. This gave a mixture of exo- and endo-
ethoxycarbonyl derivatives of dimethylbicyclohexane;
these were separated by preparative gas-liquid chromato-
graphy, each was hydrolysed, and the acids were
separately converted to peroxides. Whilst the exo-acid
gave a crystalline peroxide (15) which could be handled
without difficulty, the endo-acid gave an oily product,
contaminated with starting acid, which decomposed

H H
1

[

(16) \17)

rapidly in warm benzene to give, after work-up, the acid
as the only identified product. Further investigation of
this unexpected behaviour seems warranted.

Finally, it is appropriate to relate our results to some
observations made recently on [x.y.1]propellane-derived
cyclopropyl radicals, e.g. (16).25 Cyclopropyl radicals
have attracted interest not only because of their re-
arrangement reactions, but also because of their high
reactivity (evident in the aromatic substitution reactions
noted here and elsewhere 26) and their pyramidal con-
figuration.??” Radical (16) apparently prefers to adopt
the configuration shown, rather than the epimeric form
(17). It was suggested that this might be the result of
a partial scission of the 1,6-bond,?® and this clearly finds
a close analogy in the actual scission of the 1,5-bond in
(6), although no information on the preferred configur-
ation of the radical centre in (6) is available. (The rapid
decomposition of the endo-peroxide, which more prob-
ably involves a carboxy inversion reaction,® is #not
considered to be relevant to this.)

EXPERIMENTAL

Preparation of Diacyl Peroxides.—The general procedure
adopted utilised the condensation of the appropriate
carboxylic acid with hydrogen peroxide promoted by di-
cyclohexylcarbodi-imide in dry ether.2? The cyclopropane-
carboxylic acids were generally obtained by reaction of
ethyl diazoacetate with olefin, catalysed by anhydrous
copper sulphate.

(i) Bis-cis,trans-2,3-diphenylcyclopropanecarbonyl per-
oxide.® This was obtained, presumably as a mixture of
diastereoisomers, as a colourless solid, m.p. 131—132 °C
(decomp.) from CCl-MeOH (Found: C, 81.0; H, 5.5.
Calc. for C;,H,60,: C, 81.0; H, 5.59,).

t Prepared by an established procedure 2 which was modified
by inclusion of an antioxidant, and reproducibly gave ca. 95%,
yield of distilled #rams-cyclo-octene (contaminated <19 cis-
iso'réler) based on (2-hydroxycyclo-oct-1-yl)diphenylphosphine
oxide.
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(i) Bis-trans,trans-2,3-diphenylcyclopropanecarbonyl per-
oxide. This was similarly obtained as a colourless solid,
m.p. 116—117 °C (decomp.).122

(313) Bis-2,2,3,3-tetramethylcyclopropanecarbonyl peroxide.
This peroxide was similarly obtained from the correspond-
ing acid 2* as colourless c¢rystals, m.p. 98 °C (decomp.)
(Found: C, 67.9; H, 9.4. C,;H,,0, requires C, 68.05; H,
9.3%); Vpmax, 1770 and 1790 cm™; 3(CCl,) 1.13 (2 H, d,
CH), 1.23 (24 H, s, 8Me).

(v)  Bis-1,5-dimethylbicyclo[3.1.0)hexane-6-exo-carbonyl
peroxides. (a) 1,2-Dimethylcyclopentene 2 (9.6 g), puri-
fied by preparative gas chromatography (30% SE30 or
Chromosorb W), and anhydrous copper sulphate (1 g) were
boiled together under reflux, and ethyl diazoacetate (16 g)
was added during 40 min. The mixture was boiled for a
further 1 h, and poured onto ice; the dried organic product
was distilled through a short column, and the fraction of
b.p. 78—90 °C (1 mmHg) was subjected to preparative gas
chromatography (209, FFAP on Chromosorb W, 210 °C)
to separate the stereoisomeric ethyl 1,5-dimethylbicyclo-
(3.1.0)kexane-6-carboxylates from unidentified by-products.
The required esters were then separated by preparative
gas chromatography on a silicone oil column (309, SE30 on
Chromosorb W, 190 °C) to give as colourless oils what were
believed to be the endo-isomer, b.p. 203 °C (3.45 g, 19%)
(Found: C, 72.3; H, 10.19,; M, 182. C,;H,;0, requires
C, 72.5; H,10.0%; M, 182.3); v, 1730 cm™; §(CDCl,)
1.12 (1 H, s), 1.17 (6 H, s, 2Me), 1.23 (3 H, t), 1.35—2.25
(6 H, m), and 4.08 (2 H, q), and the exo-isomer, b.p. 208 °C
(4.0 g, 229%,) (Found: C, 72.5; H, 9.8%; M, 182); Vinax.
1730 cm™; 3(CDCl;) 1.3 (6 H, s, 2Me), 1.25 (3 H, t), 1.47
(1 H, s), 1.5—2.1 (6 H, m), and 4.08 (2 H, q). The con-
figurational assignment is based on the relative n.m.r. shifts
of methyl and ring hydrogens on addition of a europium
shift reagent. (b) Base hydrolysis gave the corresponding
carboxylic acids as colourless solids: endo-isomer, m.p. 70 °C
(Found: C, 70.3; H, 9.19%,; M, 154. CyH,,0, requires C,
70.1; H, 9.15%; M, 154.3); v_ .. 1700 cm™; exo-isomer,
m.p. 108 °C (Found: C, 70.4; H, 94%; M, 154); v
1690 cm™. (¢) The carboxylic acids were then condensed
with hydrogen peroxide following the usual procedure.
The exo-acid gave the corresponding colourless diacyl per-
oxide, m.p. 105—107 °C (decomp.) in good yield (70%,)
(Found: C, 70.6; H, 8.5. C,;jH,,0O, requires C, 70.6; H,
8.55%); Yy 1775 and 1795 cm™. However, a similar
reaction with the endo-acid gave, after removal of dicyclo-
hexylurea and extraction of unreacted acid with 109,
Na,CO,, a pale yellow oil which could not be induced to
crystallise, which apparently contained further starting acid
(i.r.), and which decomposed rapidly (see below).

(v) Bis-cis-bicyclo[6.1.0]nonane-9-carbonyl peroxide.
Following essentially the procedure described under (ivb),
cis-cyclo-octene was cyclopropanated using ethyl diazo-
acetate to give, after preparative gas chromatography (209,
FFAP at 230 °C), a mixture of stereoisomeric products in
the ratio 2.5:1 (lit.,%! exo : endo ratio 2.1:1). The mixed
esters were hydrolysed with base to give the mixed carb-
oxylic acids, m.p. 110—114 °C (lit.,’2 113.5—114.8 °C).
After repeated crystallisation a sample with m.p. 112.5—
113.5 °C was obtained. This was esterified (EtOH-H,SO,)
to give a mixture of exo- and endo-bicyclononanecarboxylic
acid ethyl esters (3 : 1), suggesting that the acids cannot be
separated by crystallisation. The mixture of acids was
condensed with hydrogen peroxide in the usual way to
give a sharp-melting [111 °C (decomp.)] crystalline peroxide

J.C.S. Perkin I

(20%), also apparently as a mixture of isomers (Found: C,
71.8; H, 9.1. CyH;,04 requires C, 71.8; H, 9.0%);
Vmax, 1 795 and 1 770 cm™; 3(CDCl,) 0.5—2.5 (m, 12 CH, +
6 CH).

(vi) Bis-trans-bicyclo[6.1.0)nonane-9-carbonyl  pevoxide.
(a) trans-Cyclo-octene was first prepared from trans-(2-
hydroxycyclo-octyl)diphenylphosphine oxide by the fol-
lowing procedure, during which hydroquinone was added
in small portions at each stage (total 1.0 g) to prevent
free-radical polymerisation of the trans-cyclo-octene during
its formation and extraction. Sodium hydride (12.0 g;
809, in oil), contained in a 2-litre 3-necked flask, fitted with
a gas-tight stirrer, a dropping funnel with a side arm
adapter for nitrogen gas lead, and a double adapter for a
thermometer and reflux condenser plus calcium chloride
tube, was washed twice with light petroleum (b.p. 40—
60 °C) to remove the oil, and #rans-(2-hydroxycyclo-oct-
yl)diphenylphosphine oxide (90 g, 0.274 mol) in dry,
distilled, dimethylformamide (1 100 ml) was added with
stirring during 20 min under a nitrogen atmosphere.
Stirring was continued at room temperature for a further
30 min when the flask was cooled in a bath of solid CO,-
acetone, and water (375 ml) was added dropwise during
20 min maintaining an internal reaction temperature of
0 + 5 °C. The product was poured into ice-water (1 500
ml) which was then extracted with light petroleum (b.p.
40—60 °C, 2 x 500 ml). The petroleum extract was
washed with water and dried (Na,CO,). Solvent was
removed and the residual oil fractionated from a Vigreux
flask to give #rams-cyclo-octene (28.7 g, 959, yield) as a
colourless liquid, b.p. 145 °C.  This procedure reproducibly
gave >909, vyield of distilled trans-cyclo-octene contamin-
ated with <19, cis-isomer (g.l.c.). (b) A mixture of
trans-cyclo-octene (15 g), ethyl diazoacetate (16.7 g), and
dry ether (50 ml) was refluxed for 2.5 h. After removing
the ether, the residue was heated to 90 °C in vacuo to
remove any cyclo-octene and diazoacetate. The remaining
pyrazoline was dissolved in o-dichlorobenzene (100 ml) and
the mixture refluxed for 86 h. Solvent was removed, and
the residue distilled to give a colourless oil, b.p. 110—
130 °C at 2 mmHg. From this was obtained ethyl trans-
bicyclo[6.1.0Jnonane-9-carboxylate (6.2 g, 23%,) by pre-
parative gas chromatography (209, FFAP on Chromosorb
W at 210 °C), b.p. 96 °C at 1 mmHg (Found: C, 73.2; H,
10.3.  C,,H,,0, requires C, 73.4; H, 10.3%); v .. 1730
cm™!; §(CHCl,) 0.5—2.4 (15 H, m, 6 CH, + 3 CH), 1.24
(3H, t),and 4.11 (2 H, q). The product was contaminated
with ca. 29, of the exo-cis-isomer, which was not cleanly
removed by preparative gas chromatography. A second
g.c. fraction (2 g) contained a roughly 1: 1 mixture of the
two isomers. (c) The ester was hydrolysed with base to
give trans-bicyclo[6.1.0Jnonane-9-carboxylic acid, m.p.
109—110 °C from light petroleum (b.p. 60—80 °C) (lit.,33
m.p. 109—110 °C). (d) The acid was condensed with
hydrogen peroxide in the usual way to give, after removal of
dicyclohexylurea and unreacted acid, bis-(trans-bicyclo-
[6.1.0]nonane-9-carbonyl) peroxide as a colourless viscous
oil, Vmay, 1 795 and 1 770 cm™!, which could not be induced
to crystallise. Presumably both stereoisomers were present.

(vit) Bis-(1-methylbicyclo[3.1.0)hexane-exo-6-carbonyl) per-
oxtde. This was prepared from l-methylcyclopentene
following the same procedure as that adopted for the
dimethyl analogue [(iv) above]. The stereoisomeric ester
intermediates were separated by preparative gas chromato-
graphy, and the predominant exo-isomer was hydrolysed to
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the corresponding acid, and condensed with hydrogen
peroxide to give the desired peroxide as a colourless oil,
Viax, 17656 and 1 785 cm™, which could not be induced to
crystallise.

Theymolysis of Pevoxides in Benzene.—For product
investigation, each peroxide was added to boiling benzene,
and the mixture boiled under reflux for 20 h. The re-
actions all employed the proportions 1 g peroxide to 100 ml
benzene.

(1) Bis-cis,trans-2,3-diphenylcyclopropanecarbonyl per-
oxide. The products from this peroxide (1 g) were chro-
matographed on basic alumina, and hydrocarbon product
eluted with benzene-light petroleum (b.p. 60—80 °C)
(1:6). This comprised a 1: 1 mixture (n.m.r.) of the two
E,E-isomers of 1,3,4,6-tetraphenylhexa-1,5-diene (0.2 g,
259%). Crystallisation from light petrolenum (b.p. 60—
80 °C)—ethanol gave pure samples of the two isomers, one as
colourless needles, m.p. 140—141 °C; v_ - 850 cm™!;
3(CCl,) 3.8 (2 H, m), 6.15 (2 H, dd + 2 H dd), and 7.08
(10 H, s); and one as cubes, m.p. 140—141 °C; v . 860
cm™; §(CCl) 3.8 (2H, m), 6.4 (4 H, m), and 7.05 (10 H,
s).

(#7) Bis-trans,trans-2,3-diphenylcyclopropanecarbonyl per-
oxide. Work-up of the products as in (i) gave a 259%, yield
of the same product, again as a 1:1 mixture of stereo-
isomers.

(#91) Bis-2,2,3,3-tetramethylcyclopropanecarbonyl peroxide.
The n.m.r. spectrum of the crude product from this peroxide
(2.1 g) showed olefinic protons, but the pattern was not
consistent with the formation of products derived from the
tetramethylallyl radical. Instead they were suggestive of
dihydrobenzene derivatives. Examination by gas chro-
matography (FFAP, 150 °C) indicated the presence of the
following products, identified as indicated below: 2,2,3,3-
tetramethylcyclopropanecarboxylic acid (250 mg, 129%);
2,2,3,3-tetramethylcyclopropyl 2,2,3,3-tetramethylcyclopro-
pane-1-carboxylate (200 mg, 11%); 1-phenyl-2,2,3,3-tetra-
methylcyclopropane (50 mg, 29,); and traces of 1-(cyclohexa-
2,5-dienyl)-2,2,3,3-tetramethylcyclopropane (ca. 0.5%) and
an unidentified volatile product (ca. 0.59). The low
product balance may, in part, be due to the formation of
dimers of cyclopropylcyclohexadienyl radicals, and pro-
ducts derived therefrom. The above ester was isolated by
preparative gas chromatography as a colourless solid, m.p.
37—38 °C (Found: C, 75.7; H, 11.2. C,;;H,,O, requires
C, 75.6; H, 11.0%); v,,. 1760 cm™; 3(CCl) 0.93 (6 H, s),
1.07 (6 H, s), 1.1 (1 H, s), 1.17 (6 H, s), 1.21 (6 H, s), and
3.25 (1 H, s). A mixture of the phenyltetramethylcyclo-
propane and its dihydro-derivative was also isolated but
could not be separated. The n.m.r. spectrum of this
mixture included peaks attributable to the diene as follows:
3(CCL) 1.03 (6 H, s, 2Me), 1.08 (6 H, s, 2Me), 2.5—2.7
(3 H, m, CH, + CH), and 5.55 (4 H, m, vinyl). The
mixture was oxidised by o-chloranil in hot benzene, in the
presence of biphenyl as internal standard for g.l.c. analysis.
The g.c. peak attributed to phenyltetramethylcyclopropane
increased as the peak attributed to the diene disappeared.
Chromatography of the total reaction product over basic
alumina followed by gas chromatographic purification of
the product gave phenyltetramethylcyclopropane identical
with a sample prepared by ultra-violet irradiation of a
solution of frans-stilbene oxide (3.8 g) and benzophenone
(1 g) in tetramethylethylene (10 g) and cyclohexane (50 ml).
The product (50 mg) from the photochemical reaction was
isolated by preparative gas chromatography (first on 309,
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silicone oil SE 30 on Chromosorb W at 180 °C, and then on
209, FFAP on Chromosorb W at 170 °C) as a colourless oil,
b.p. 213 °C (Found: C, 89.8; H, 10.5. C;H,; requires
C, 89.6; H, 10.4%); 3(CCly 0.93 (6 H, s), 1.25 (CH, s),
1.52 (1 H, s), and 7.08 (5 H, m)].

() (a) Bis-1,5-dimethylbicyclo[3.1.0]hexane-6-exo-carb-
onyl peroxide. The product mixture from the peroxide
(1 g) was washed with aqueous sodium hydroxide to remove
carboxylic acid (0.12 g). The crude neutral product
contained an olefin (n.m.r., § 5.2), which was isolated by
preparative gas chromatography (309, silicone oil SE 30
on Chromosorb W at 220 °C) as a colourless solid, m.p.
70—71.5 °C, and identified as bi-(1,3-dimethylcyclohex-
2-en-1-yl) (10) (0.15 g, 219%) (Found: C, 87.9; H, 12.0.
C,¢H,g requires C, 88.0; H, 12.09%); m/e 109 (base peak)
[FM]*; 3(CCly) 0.9 [6 H, s, 2Me (C-1)], 1.2—2.1 (12 H, m,
6CH,), 1.6 [6 H, s, 2Me (C-3)], and 5.2 (2 H, br s, vinyl).

(b) The only product isolated from the pyrolysis of the
crude bis(dimethylbicyclohexane-endo-carbonyl) peroxide (1
g) was the corresponding carboxylic acid (0.5 g).

(v) Bis-cis-bicyclo[6.1.0]lnonane-exo- and -endo-carbonyl
peroxides., The product from the mixed peroxide (1 g) was
free from carboxylic acid (0.1 g, 109;) by washing with
aqueous Na,CO,. The neutral product contained an olefin
(n.m.r.) apparently similar to the cyclohexadiene reported
in (274); it was therefore dissolved with o-chloranil (0.6 g)
in CCl; (10 ml), and the mixture was refluxed for 15 min.
Chromatography on basic alumina, followed by distillation
under reduced pressure, gave a mixture of endo- and exo-
9-phenyl-cis-bicyclo[6.1.0]nonanes as a colourless oil (0.5 g,
42%,) (Found: C, 89.7; H, 10.29%,; M, 200. C,H,,
requires C, 89.9; H, 10.19%,; M, 200.3); 3(CHCl,;) 0.0—2.4
(15 H, m, 6 CH, and 3 CH) and 7.1 (5 H, m).

(vi) Bis-trans-bicyclo[6.1.0lnonanecarbonyl peroxide. The
product from decomposition of the peroxide (2.2 g) was
freed from carboxylic acid (0.86 g, 39%,) by washing with
aqueous Na,CO; and the neutral material, after n.m.r.
examination, was heated as above with o-chloranil (1.3 g) in
CCl, (50 ml). Chromatography of the product on a column
of basic alumina coated with 209, w/w silver nitrate,
beneath a column of basic alumina, and elution with light
petroleum (b.p. 40—60 °C) gave, in the first fraction, a
product which, after distillation and purification by
preparative gas chromatography (SE30, 170 °C), was
identified as #rans-bicyclo[6.1.0lnonane (0.18 g, 119%,),
identical with a (g.c. purified) sample prepared by pyrolysis
(360 °C) of the pyrazoline formed from diazomethane and
trans-cyclo-octene. Further elution of the column gave a
second product which was purified by distillation under
reduced pressure, and identified as 9-phenyl-trans-bicyclo-
[6.1.0)nonane (0.55 g, 21%,) (Found: C, 89.7; H, 10.5%;
M, 200. C,;H,, requires C, 89.9; H, 10.10; M, 200.3);
3(CDCl;) 0.3—2.6 (15 H, m, 6 CH, + 3 CH) and 7.20 (5 H,
s).

(vi) Bis-(1-methylbicyclo[3.1.0)hexane-6-carbonyl) peroxide.
This peroxide (3 g) gave carboxylic acid (1.0 g, 339%), and a
neutral product which from 'H n.m.r. evidence and gas
chromatography appeared to contain endo- and exo-1-
methyl-6-phenylbicyclo[3.1.0]hexanes and the correspond-
ing dihydro-derivatives. The mixture was not subjected to
detailed examination.

Interconversion of Diastereoisomeric trans,trans-Tetra-
phenylhexadienes.—The diphenylcyclopropylcarbonyl per-
oxides were both found to have half lives of 1.5—2 h in boil-
ing benzene at concentrations comparable to those em-
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ployed in the preparative experiments (i.r.). Decomposition
of each for ca. 1 h, and examination of the total product
(n.m.r.), indicated that the two tetraphenylhexadiene
isomers were formed in comparable amounts. However,
when each tetraphenylhexadiene isomer (50 mg) was re-
fluxed singly in benzene (10 ml) for 62 h, the following
results were obtained; isomer 1 (needles) gave a 65:35
mixture of 1 and 2; isomer 2 (cubes) gave a 45 : 55 mixture
of 1 and 2.

We are grateful to the S.R.C. for financial support, and
to Dr. G. H. Whitham for details of the procedure for
synthesis of trans-cyclo-octene. A. P. E. thanks the British
Council for an Exchange Fellowship.
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