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In order to study thenature of the theoretically interesting 3-bicyclo{3.1.0]hexyl cation, synthetic routes to 3-bicyclo[3.1.0]-
hexanone and the eplmerlc bicyclohexanols have been devised. The cis- and trans-3- blC\ clo[3.1.0]hexy! toluenesulfonates

show contrasting behavior in acetolysis.
inn the case of the cis epimer, but not the trans.

Acetolyvsis is associated with a special salt effect ‘and some anchimeric acceleration
Also, the cis-toluenesulfonate leads to cis-acetate with complete retention

of configuration and no olefin, while the {rans- toluenesulfonate gives rise to cis-acetate with complete inversion of conﬁgura-

tion, together with consxderable olefin.
of the cis-toluenesulfonate, but not the frans.

Some years ago in another connection the
question arose whether a 3-bicyclo(3.1.0. Jhexyl
cation I might have a symmetrical non-classical
structure II. Examination of models suggested
that the amount of reorganization and rehybridi-
zation required to make carbon atoms 1, 3 and 5
equivalent, as in the case of three alternate carbon
atoms in chair cyclohexane, was not enormous.
On the other hand, substantial quantum-mechani-
cal delocalization energy could be anticipated on
theoretical grounds*® for a cation such as II.
Therefore, structure II for the 3-bicyclohexyl
cation appeared to us to be a definite possibility.
It seemed to us also that the existence of a struc-
ture such as IT would have far-reaching implications
for organic chemistry.'* Therefore, we synthesized
and studied the behavior of 3-bicyclo[3.1.0.]hexyl
derivatives in acetolysis. Some of the results of
this work are described and discussed in the present

manuscript.
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Synthesis of 3-Bicyclo[3.1.0.]hexanone.—Since
neither 38-bicyclo[3.1.0.]hexanone (XI) nor the
related alcohols XIII-C-OH and XIII-T-OH were
known when we commenced this work, it was neces-
sary to devise synthetic approaches to the 3-
bicyclohexyl system. One of our two approaches
involves formation of 3-bicyclo[3.1.0.]hexanone
(XI) from cyclopropane-cis-1,2-diacetic acid (VII).
The second method of synthes1s involves methylene
addition to A3-cyclopentenol (XII) to yield 3-
bicyclo[3.1.0. Jhexanol (XIII-OH).

While our work was in progress, a Communica-
tion by Hofmann, Orochena and Yoho® appeared

(1) First two papers in this series:
and L. de Vries, J. Am. Chem. Soc.,
stein, tbid., 81, 6524 (19359).
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(3) The main results reported in the present manuscript were pre-
sented by S. Winstein at the Welch Foundation Conference on Molecu-
lar Structure and Organic Reactions, Houston, Tex., November 7-9,
1960.

(4) (a) E. Hiickel, Z. Physik, 70, 204 (1931);
Streitwieser, Jr., and C. M. Regan, J.
(1952).

(5) (a) M. Simonetta and 8. Winstein, ¢bid., 76, 18 (1954); (b)
C. F. Wilcox, Jr., 8. Winstein and W. G. McMillan, s4id.,, 82, 5450
(1960).

(a) I, S. Winstein, J. Sonnenberg
81, 6323 (1959); (b) II, S. Win-

(b) J. D. Roberts, A.
Am. Chem. Soc., T4, 4579
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which reported a synthesis of cyclopropane-cis-
1,2-diacetic acid from 1,4-cyclohexadiene (III)
by way of 7,7-dibromonorcar-3-ene (IV) and the
3,3-dibromocyclopropane-cis-1,2-diacetic acid (V-
III). Our own synthesis of cyclopropane-cis-1,2-
diacetic acid before the experimental details of
their procedure were available®> was analogous
to theirs, except that debromination of the di-
bromonorcarene IV was carried out before oxida-
tion of the olefinic group to a dicarboxylic acid.

Treatment of 1,4-cyclohexadiene with dibromo-
carbene’ gave rise to a satisfactory yield of di-
bromonorcarene® IV, together with a small
amount of t:etrabromideeb-S V. Debromination
of the dibromonorcarene IV proceeds in high yield
with a large excess of sodium in moist methanol.”.%11

(6) (a) K. Hofmann, S. F. Orochena and C. W. Yoho, #bid., 79,
3608 (1957); (b) K. Hofmann, S. F. Orochena, S. M. Sax and G. A,
Jeffrey, ibid., 81, 992 (1959).

(7) W. E. Doering and A, K. Hofimann, ¢bid., T6, 6162 (1954).

(8) A lachrymatory material, also reported by Hofmann, Orochena
and Yoho,® was observed in 2% yield in the present work. This
proved to be benzyl bromide, formed probably from the adduct of di-
bromocarbene to 1,3-cyclohexadiene, a contaminant of the 1,4-cyclo-
hexadiene employed.

(9) This dehalogenation also proceeds well with lithium and ¢-butyl
alcoho!l in tetrahydrofurani® (unpublished work by P. Bruck).

(10) P. Bruck, D, Thompson and 8. Winstein, Chemistry & Indus-
try, 405 (1960).

(11) Norcar-3-ene has been prepared recently by H. E. Simmons di-
rectly from 1,4-cyclohexadiene with methylene iodide and the zine—
copper couple (H. E. Simmons, private communieation).
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Conversion of the norcarene VI to cyclopropane-
cis-1,2-diacetic acid was carried out by ozonolysis
in a2:1 acetic acid-acetic anhydride mixture. The
vield of acid (63%;) was definitely better than in
glacial acetic acid alone and far superior to that in
ethyl acetate.!?

The results of an attempted preparation of 3-
bicyclo[3.1.0. Jhexanone (XI) directly from the
barium salt of cyclopropane-cis-1,2-diacetic acid
were discouraging, so the Dieckmanu condensation
of the diethyl ester of the cyclopropane-cis-1,2-
diacetic acid was resorted to. By this method the
B-keto-ester X was obtained in over-all yields of
60-809% from the acid VII. By hydrolysis and
decarboxylation the keto-ester X was converted
to bicyclohexanone X1 in 509 yield.

Methylene Addition to A3-Cyclopentenol.—After
we developed a convenient preparation of A3-cyclo-
pentenol*® (XII), direct methylene addition ap-
peared to provide an attractive possible alternative
route to the 3-bicyclo[3.1.0.Jhexyl system. Photol-
ysis of diazomethane in the presence of A’-cyclo-
pentenol (XII) or its acetate in ether solution
yielded no bicyclic derivative. The diethyl ether
solvent was apparently attacked in preference to
the olefinic group.!* Preliminary work on the addi-
tion of dibromocarbene to A3-cyclopentenyl deriva-
tives showed that this method might be capable
of development into a practical synthesis, How-
ever, our best results were obtained with the
method of Simmons and Smith!® for preparing
cyclopropanes directly from olefins using methyl-
ene iodide and zinc—copper couple in ether.

A major problem in the olefin—methylene iodide
synthesis of cyclopropanes is a good, reproducible
zinc—copper couple. By modifying the procedure
described by Hennion and Sheehan,V a fairly active
zine—copper couple was obtained which worked
satisfactorily in the Simmons and Smith reactiou.
This method for preparing the couple is simple and
easily reproducible. A similar procedure has re-
cently been described. !

From the action of two parts methylene iodide
and 4 parts zinc—copper couple on one part A3-
cyclopentenol (XII), a gratifying 759, yield of 3-
bicyclo[3.1.0. Jhexanol was obtained. Vapor phase
chromatographic analysis of the product showed
less than 0.59, of one of the two epimeric bicyclo-
hexanols, the addition being highly stereospecific.
From the configurational assignments in a later
section of this paper, it is the ¢is-3-bicyclo[3.1.0.]-
hexanol (XIII-C-OH) which is produced by this
method.

The above-described reaction of A3-cyclopentenol
is, apparently, the first example of the addition of
iodomethylzinc iodide to an unsaturated alcohol.

(12} A. L. Henne and P. Hill, J. Am. Chem. Soc., 68, 732 (1943).

(13) (a) S. Winstein, E. L, Allred and J. Sonnenberg, ibid., 81, 5833
(1959); (b) E. L. Allred, J. Sonnenberg and S. Winstein, J. Org. Chem.,
25, 26 (1960); (c) J. Sonnenberg, unpublished work.

(14) This is in line with Meerwein’s report1s that diazomethane re-
acts in diethyl ether to give ethyl #-propy! and ethy! isopropy! ether as
products.

(15) H. Meerwein, H. Rathjen and H. Werner, Ber.,, 75, 1610
(1942).

(16) (a) H. E. Simmons and R. D. Smith, J. Am. Chem. Soc., 80,
5323 (1958); (b) 81, 4256 (1959).

(17) G. F. Hennion and J. J. Sheehan, ¢bid., 71, 1964 (1949).
(18) R. S, Shank and H. Schechter, J, Org. Chem., 24, 1825 (1959),
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Not only does the hydroxyl group permit addition
of methylene to the olefinic group, but it strongly
facilitates this reaction. Thus, the reaction with
Ad-cyclopentenol is much more rapid and proceeds
with much higher yield than with A%-cyclopentenyl
acetate or cyclopentadiene. The latter two sub-
stances led to ca. 39 yields of bicyclic products
under the identical conditions which gave rise to a
high yield of bicycloliexanol from A?-cyclopentenol.

Oxidation of the 3-bicyclo[3.1.0.]hexanol (XIII-
C-OH) from the Simmons—Smith reaction by means
of chromium trioxide in pyridine gave rise to bi-
cyclohexanone X1 in good yield.

3-Bicyclo[3.1.0. Jhexanone and its Reduction.—
The 3-bicyclo[3.1.0.Jhexanone differs from the
previously reported 2-bicyclo[3.1.0.]hexanone!® in
physical properties and in melting point and ultra-
violet spectral properties of the corresponding
2,4-dinitrophenylhydrazones. The infrared spec-
trum of the 3-bicyclohexanone XI is summarized in
the experimmental section together with the ultra-
violet spectrum of ketone XI and those of A®-
cyclopentenone, cyclopentanone and cyclohexanone
for comparison.

The ultraviolet spectra of bicyclohexanone XI
and its olefinic analog, A%cyclopentenone, are of
some interest in connection with the subject of
“innteractions®® 2 between non-conjugated chromo-
phores.” In the w—>n*-region of the spectrum
(ca. 2800 A.), neither 3-bicyclo[3.1.0.]hexanone
(XI) nor A’-cyclopentenone show the enhanced
extinction coefficient characteristic of many §,v-
unsaturated ketones.?® Also, in the shorter wave
length region of the spectrum down to ca. 1860 A..
neither compound shows evidence of any new
m—>7* band such as those that appear in the spectra
of certain 8,y-unsaturated ketones.?%® .

As regards the enhancement of the n—7™-
extinction coefficient of certain B,y-unsaturated
ketones, Labhart and Wagniere?® have cor-
related this phenomenon with overlap of a nomn-
bonding p-orbital on the oxygen atom with 'ghe
bonding olefinic w-orbital. On this basis, no in-
crease of n—>r*-extinction coefficient would be
anticipated for As-cyclopentenone, since the perti-
nent overlap integral has a value of zero tor sym-
metry reasons.’ Since A®-cyclopentenone shows
no increase in intensity of the # — m*-transition,
nomne is expected for the bicyclohexanone XI.

Reduction of the 3-bicyclo[3.1.0.}hexanone by
several methods gave rise to mixtures of the two
epimeric ¢is- and trams-3-bicyclo (3.1.0. Jhexanols
(XIII-C-OH and XIII-T-OH). The reduciig
agents included lithium aluminum hydride in
ether? at —78°, lithium tri-&-butoxyaluminohy-
dride in tetrahydrofuran,?? sodium borohydride in
pyridine®® and aluminum isopropylate i isopropyl

(19) N. A. Nelson and G. A. Mortimer, ibid., 22, 1148 (1947).

(20) (a) R. C. Cookson and N. S. Wariyar, J. Chem. Soc., 2302
(1956); (b) H. Labhart and G, Wagniere, Helv, Chim. Acta, 42, 2219
(1959},

» !211 A. Streitwieser, Jr., and W. D. Schaeffer, J. Am. Chem. Soc.,
79, 6233 (1957).

(22) H. C. Brown and R. F. McFarlin, ibid., 78, 252 (19:56); 80,
5372 (1958),

(23) W. G. Dauben, G. J. Fonken and D. S. Noyce, ibid,, 18, 2379
(1956).
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alcohol.?* The proportions of the two epimeric
alcohols in the product could be determined by
vapor phase chromatography, and the results are
summarized in Table I.

TABLE I
ForMATION AND EQUILIBRATION OF BICYCLOHEXANOLS
FROM 3-BICYCLO[3.1.0.] HEXANONE

102 yield Isomer ratio in

Temp., moles (recov- distilled alcohol
Method °C. ketone ery) cis:trans
Reductions
LiAlH,-ether —78 29.0 85 89:11
25.0 87.5:12.5
LiAlH(OBu-¢),-THF 25 2.1 88:12
NaBHpyridine 75 2.3 44 64 x 2:36 = 2
Al(OPr-7);—4-PrOH 75 31.3 40:60
1.0 44:56
Equilibration
Al(OPr-2)s:-PrOH 82 2.5°% 89 72:28
2.1 62 76:24

3 90:10 cis:trans mixture of the 3-bicyclo [3.1.0.]hexanols.
b 60:40 cis:trans mixture of the 3-bicyclo[3.1.0.]hexanols.

Equilibration of the two bicyclohexanols was
carried out by the procedure of Eliel and Ro?*
using aluminum isopropylate with a trace of ace-
tone in refluxing isopropyl alcohol.  As summarized
in Table I, a 74:26 equilibrium mixture of epimeric
alcohols is approached from both directions.

From the 88: 12 ¢is-rich alcohol mixtures obtained
by hydride reduction of the bicyclohexanone, the
pure ¢gs-aleohol XIII-C-OH could be obtained by
chromotography. The trans-alcohol XIII-T-OH
could be obtained free from the cis epimer by
chromatographic separation of the 60:40 frans-
rich alcohol mixture from aluminum isopropylate
reduction of the ketone,

Assignment of Configuration to the Bicyclo-
hexanols.—The 3-bicyclo[3.1.0lhexyl derivatives
can be expected to have a chair-like conformation
resembling the chair conformation of cyclohexane
and a puckered® conformation of the cvclopentane
ring.® Due to the restriction of the fused 3-
membered ring, the puckering of the cyclopentane
ring occurs primarily at the 3-position and does
not oscillate around the ring. For this reason
the 5-membered ring may be expected to assume
the Cs¥ or envelope® form, and the cis- and #rans-
3-bicyclo[3.1.0Jhexanols will have largely equatorial
and axial dispositions of the hydroxyl group,
respectively. This is depicted in formulas XIII-
C-OH and XIII-T-OH. With the available evi-
dence it is possible to make a convincing assignment
of configuration to the two bicyclohexanols ob-
tained in reduction of 3-bicyclo[3.1.0]hexanone.

The results obtained in reduction of the bicyclo-
hexanone and equilibration of the bicyclohexanols

(24) E. L. Eliel and R. 8. Ro, J. Am. Chem. Soc., 79, 5992 (1957),

(25) (a) J. G. Aston, 8. C. Schumann, H. L. Fink and P. M. Doty,
ibid., €8, 2020 (1941); 68, 341 (1943); (b) J. E. Kilpatrick, K. S.
Pitzer and R. Spitzer, bid., 69, 2483 (1947).

(26) In carbonyl stretching frequency (1739 cm.™!), the 3-bicyclo-
{3.1.0.Jhexanone resembles cyclopentanone (1743 cm.-1) much more
closely than cyclohexanone (1709 cm.-t), This resemblance exists
also for the n — =*-absorption in the ultraviolet.

(27) K. S. Pitzer and W. Donath, J. Am. Chem. Soc., 81, 3213

(1959).
(28) F. V. Brutcher, et al., £bid., 81, 4915 (1939).
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can be used to assign configurations to the epimeric
3-bicyclo[3.1.0]hexanols. Thus, reductions of rel-
atively unhindered cyclohexanones with lithium
aluminum hydride conventionally lead to a high
proportion of the more stable equatorial alcohol,??
while aluminum isopropylate tends to give more of
the less stable axial alcohol. On this basis, the
3-bicyclo[3.1.0 Jhexanol favored at equilibrium and
formed predominantly in the hydride reductions is
the equatorial cis-alcohol XIII-C-OH. The bi-
cyclohexanol which is formed predominantly by
aluminum isopropylate reduction is therefore the
axial tfrans-alcohol XIII-T-OH.

Observed relationships between other c¢is and
trans pairs of cyclopentane derivatives as regards
physical properties and relative stability also sup-
port the above configurational assignments to the
3-bicyclo[3.1.0]hexanols. In the cyclopentane
series, the trans isomer tends to have the higher
boiling point and refractive index.?® With=the
1,3-dimethylcyclopentanes, the c¢is isomer has been
found to be the thermodynamically more stable
one.® These are just the relationships which ob-
tain with the ¢is-and ¢rans-3-bicyclo[3.1.0]hexanols
as regards boiling point, refractive index and rela-
tive stability.

Other chemical evidence strongly supports the
above assignment of configuration to the 3-
bicyclo[3.1.0]hexanols. One such piece of evi-
dence is the facilitating stereospecific effect of the
hydroxyl group of A3-cyclopentenol in the Sim-
mons—-Smith reaction. This must be due to some
participation by the hydroxyl group in the mecha-
nism of methylene addition by the iodomethylzine
iodide.’® Without attempting to go into details,
the hydroxyl participation must involve oxygen
atom codrdination to zinc. This would make the
methylene addition to the olefinic group occur cis
to the hydroxyl grotp, cis-3-bicyclo[3.1.0]hexanol
(XIII-C-OH) being the expected product from an
hydroxyl group-facilitated reaction.?! Another im-
portant piece of chemical evidence supporting the
stated configurational assignment to the bicyclo-
hexanols is the relative behavior of the correspond-
ing toluenesulfonates XIII-C-OTs and XIII-T-
OTs in acetolysis, which is described below and in
the subsequent paper. Anchimeric acceleration of
ionization of the ¢zs epimer XIII-C-OTs compared
to the frams, with formation of a non-classical
carbonium ion, is in line with the present configura-
tional assignment, but could not be understood
with a reversed one.

Rates and Salt Effects in Acetolysis.—In Table II
are summarized the measured first-order rates of
acetolysis of the ¢is- and trawns-3-bicyclo[3.1.0]-
hexyl toluenesulfonates (XIII-C-OTs and XIII-
T-OTs), as well as the cyclopentyl ester which was
examined for comparison. Rates were measured
at 50° and 75° in anhydrous acetic acid both with
and without added sodium acetate or lithium per-

(29) S. F. Birch and R. A. Dean, J. Chem. Soc., 2477 (1953).

(30) J. N. Haresnape, Chemistry & Industyy. 1091 (1933).

(31) The stereospecific facilitating effect of the hvdroxy! group in the
reaction of Adcyclopentenol with iodomethylzinc iodide is analogous
to similar effects of the hydroxy! group in olefine addition reactions
observed by Henbest {¢.2., H. B. Henbest and R. A. Wilson, J. Ckem.
Soc., 1958 (1957) 1.
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chlorate. The latter salt was added especially to
determine whether acetolysis of any of the sub-
stances was subject to a special salt effect.3?

With cyclopentyl toluenesulfonate, added sodiuni
acetate increased the first-order titrimetric rate
constant, ks, by amounts corresponding to the
so-called ’‘normal” salt effect.?*3® In Table III
is summarized the corresponding b-value derived
from the fit of the salt effects to the linear relation?
1, where %% is the titrimetric rate constant at zero
salt concentration.

O [1 + b(salt)) (1)
Be = ket [1 + 5(LICIO)] (2)

With the c¢is-3-bicyclo[3.1.0]hexyl toluenesulfo-
nate (XIII-C-OTs), added 0.03 M sodium acetate
caused an unusually large rate enhancement, the
apparent d-value being 30 compared to 1--2 for the
cyclopentyl and Af-cyclopentenyl analogs. Added
lithium perchlorate definitely gave rise to a steep
special salt effect at low concentrations, followed
by the normal, more shallow, linear pattern of
salt effects at the higher concentrations. Fitting
the normal linear portion of the A vs. [LiClO4]
plot to eq. 2, where ke« is a rate constant which
includes the special but nome of the normal salt
effect, one obtains a Zext® A ratio of 3.2. This
measures the magnitude of the special salt effect.?*
The efficiency of lithiun perchlorate in the special
salt effect may be gauged from the value of 4 X
10=3% 1/ for [LiClO,]., the salt concentration which
ntroduces half of the special salt effect.

By contrast with its cis epimer, the frans-3-
bicyclo[3.1.0]hexyl toluenesulfonate (XIII-T-OTs)
displayed little or no special salt effect in its acet-
olysis. With this epimer, there is some un-
certainty in the " value because of difficulties
discussed miore fully in the Experiinental section.
However, auy special salt effect of lithium per-
chlorate is quite small. For example, a kex ft°
value of 1.17 is obtained by applying eq. 2 to the
ke values at 0.02, 0.04 and 0.08 M lithium per-
chlorate concentrations and comparing the de-

(32) S. Winstein. ¢f al., (a) J. Am. Chem. Soc., T8, 2597 (1954);
(b) Chemistry & Industry, 664 (1954); (c) Experientia Suppl. 11, 137

(1953); (d) J. Am. Chem. Soc., 80, 169 (1938).
(33) S. Winstein and A. H. Fainberg, 7b7/., T8, 2763 (1936).
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Tapre 11
RATES OF ACETOLYSIS OF SOME TOLUENESULFUNATES

1ROTsl, Temp o Other Concn,, 108 %, sec.™!
108 °C. solute 102 M Integ. Graphical
¢is-3-Bicyclohexyl
18.0* 350.0 2.31 £+ 0.02 2.34
18.2° 50.0 .... .. 2.33 = .03 2.56°
1828 75.0 ..., .. 409 £ .3 40.9°
12.6° 30.0 ... .. 2.44 & .02 2.43
g.0% 500 ... . 2.47 = 05 2.43
9.0° 50.0 ... . 2.46 & .04 2.51
12.6° 50.0 NaOAc 3.05 4.60 = .08 4.757
12.6° 75.0 NaOAc 3.05 69.0 =+ .20 720/
9.9¢ 50.0 LiClOy 0.40 5.40 & .05 5.36
12.3° 50.0 LiClO, 1.00 7.69 & .08 7.64
9.4% 50.0 LiClO, 2.00 10.5 =% .1 10.5
$.3% 50.0 LiClO, 3.00 12.7 =+ .2 12.7
12.9° 50.0 LiClO, 4.00 14.9 =+ .2 14.9
12.4° 30.0 LiCl0., 6.00 18.9 =% .3 19.0
12.5° 50,0 LiClo, 8.00 22.1 £ .2 22,1
trans-3-Bicyclohexyl
17.79 750 ... P 3.80
53" 75.0 ... L. ... 4.80
8.6 30.0 .... . 0.266 =+ 0.023 .
13.27 75.0 NaOAc 3.05 ........ 5.10
8.3% 50.0 NaOAc 3.05 .. ...... 0.295
8.17 75.0 LiClO; 2.00 7.66 % 0.07 7.64
8.0° 75.0 LiClO, 4.00 9.92 + .26 9.89
7.6° 75.0 LiClOo, 8.00 14.1 =+ .2 14.0
Cyclopentyl

228 50.0 ... .. 3.60 &= .13

29.5 50.0 NaOAc 3.05 3.76 & .05

28.2 73.0 NaOAc 3.05 341 =+ .8

s Toluenesulfonate prepared from an 89:11 cis:trans mix-
ture of the 3-bicyclo{3.1.0lhexanols; m.p. 46-48°. °b°
Toluenesulfonates prepared from the chromatographed cis-3-
bicyclo[3.1.0]-hexanol; m.p. 51.6-51.8° and 51.5-52.°0,
respectively., ¢ Toluenesulfonate prepared from ms—alcohol
from the Siminons and Smith reaction; m.p. 50.6-51.6°.

¢ At 50.0°; AH=+ = 24.1 keal./mole; AS* = —5.0e.u. f At
50.0°; AH* = 23.7 kcal./mole; ASt = —5.2 e.u. ¢ Tolu-
ensulfonate, m.p. 70.5-72.0°. * Toluenesulfonate, ni.p.
70.8-71.3°.

rived kex® value with the %0 values listed in Table
IT1.

Solvolysis Products.—Vapor phase chromato-
graphic analysis using #n-decane as an internal
standard showed that the product from solvolysis
of the c¢is-3-bicyclo[3.1.0]hexyl toluenesulfonate
(XIII-C-OTs) in acetic acid containing sodium
acetate is quantitatively the bicyclohexyl acetate.
The extent of olefin formation must have been
less than (.59. On the other hand, the frans-3-
bicyclo[3.1.0]hexyl toluenesulfonate (XIII-T-OTs)
gave rise only to 67% of bicyclohexyl acetate.
The remaining 339, must be attributed to olefin
formation. Three new peaks were observed in
vapor phase chromatography of the product, two
of them with retention times similar to that of
cyclohexene and the other with a somewhat longer
retention time. However, the hydrocarbon frac-
tion was not investigated further.

In order to determine the proportions of cis
and ¢rans isomers in the acetate products from
solvolysis, they were reduced with lithium alumi-
num hydride and the product alcohols were ex-
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TaABLE 111
SUMMARY OF OBSERVED SALT EFFECTS IN ACETOLYSIS OF SEVERAL TOLUENESULFONATES
ial
Temp., Sl:;gﬁa ——105 k, sec, 7! ——— b-Values Av, fit b-Values

ROTs °C. effect Roxt? kg0 koxt 0/ R0 LiC10¢ % of k NaOAc
¢is-3-Bicyclo[3.1.0] hexyl 50.0 Yes 7.87 2.48 3.17% 22.9 1.2 30°
trans-3-Bicyclo[3.1.0]hexyl 75.0 4 5.60 4.80 1.17 18.8 0.7 2.0°
A%.Cyclopentenyl® 50.0 No 0.436 0.438 0.99 30.4 1.0 1.8
Cyclopentyl 50.0 No 3.60 *1.5
Cyclohexyl® 50.0 No 0.179 37.2

2 (LiClOg)1/yis 4 X 1073 M.
at 50.0° is 3.6. ¢ Data of Fainberg and Winstein.3¢

amined vapor phase chromatographically using a
carbowax column. The product alcohols from
both cis-and frans-toluenesulfonates were nearly
pure cis, the one from cis-toluenesulfonate being
at least 98.59, cis, and the one from trans-toluene-
sulfonate being at least 99.59, cis. The results
are summarized in Table IV. A control experi-
ment on a 70:30 cis:irans mixture of 3-bicyclo-
[3.1.0]hexyl acetates showed that the acetates
quantitatively survived the reaction conditions
and confirmed the reliability of the whole workup
and analytical procedure (Table IV).

Discussion.—Examining the available evidence
for any indication that a unique carbonium ion
species may intervene in solvolysis of a 3-bicyclo-
[8.1.0]hexyl toluenesulfonate, we come first to
the question of anchimeric acceleration. As is
brought out in Table V, the rate data do give some
indication of slight anchimeric acceleration of
solvolysis of the c¢is-3-bicyclo[3.1.0]hexyl toluene-
sulfonate (XIII-C-OTs). However, the usual prob-
lem exists regarding what is the best compound for
comparison with the cis-toluenesulfonate in assess-
ing anchimeric acceleration in the latter. Cyclo-
pentyl and cyclohexyl toluenesulfonates, either of
which might be suggested as models, differ between
th%mselves by a factor of 20 in acetolysis rate at
50°.

TaBLE IV

SUMMARY OF PRODUCTS OF ACETOQLYSIS OF 3-BicvcLo-
[3.1.0]mEXYL TOLUENESULFONATES WITH 0.10 M Sobpium

ACETATE
{RO- Alcohol
Temp., Ts], Time, Products, % compn., %
Compound °C. 102 ] hr. Acetate Olefin cts trans
cis-ROTs 50.0 8.1 42.0 100 0 98.5 1.5
trans-ROTs  75.0 8.5 38.5 66.5 33 100 0s
75.0 4.9 38.5 67.8
cis- and
trans-
ROAc® 75.0 7.3 388.5 101 0 70 30

¢ < 0.5%. ? Difference between 100 and 9%, yieid of ace-
ate. ¢ 70:30 cis:frans mixture,

Reference to Table V shows that the trans-3-
bicyclo[3.1.0 Jhexyl toluenesulfonate ranks between
the cyclohexyl and A’-cyclopentenyl analogs in
reactivity, all three of these esters having closely
similar acetolysis rate constants. On the other
hand, the &4 for the cis-toluenesulfonate XIII-C-
OTs is larger than that of the #rans epimer by ca.
one power of ten., Taking kex:® for the c¢is-toluene-
sulfonate XIII-C-OTs, since this is a better lower

(34) A. H. Fainberg and S. Winstein, J. Am. Chem. Soc., 78, 2780
(1956).

b Based on one point; includes contribution from the special salt effect.
¢ Data of Joseph Sonnenberg.!®

¢ Value observed
/ Small or none.

limit to the ionization rate constant, makes the
cis:trans rate ratio ca. 30. This estimate of the
degree of anchimeric acceleration of ionization of
the czs-toluenesulfonate would be increased further
if we allowed for the fact that the axial disposition
of the toluenesulfonoxy group in the trams-ester
XIII-T-OTs may be associated with slight steric
acceleration (as in the case of the awxial cis-4-¢-
butylcyclohexyl® ester).

TABLE V

REACTIVITIES OF SOME p-TOLUENESULFONATES IN
AcCETOLYVSIS AT 50.0°

ROTs 105 &, sec.™! Rel, k
Cyclopentyl 3.60 20.0
A3-Cyclopentenyl 0.438 2.4
trans-3-Bicyclo[3.1.0] hexyl .266 1.5
Cyclohexyl3¢ .179 1.00

cis-3-Bicyclo[3.1.0]hexyl 2.48,7.87% 13.8, 44"

@ Based on Eext®.

Another indication that there is something unique
about the solvolysis of the cis-toluenesulfonate
XIII-C-OTs is the contrast between the c¢zs and
trans epimers XIII-C-OTs and XIII-T-OTs as
regards stereochemistry and products of acetolysis.
Thus, the frans epimer gives acetate XIII-C-OAc
with complete inversion of configuration and a
substantial fraction of elimination product. This is
similar to the behavior of both the trans- and cis-4-
t-butylcyclohexyl  toluenesulfonates.® On  the
other hand, the ¢is-3-bicyclo[3.1.0]hexyl toluene-
sulfonate (XIII-C-OTs) gives rise to cis-acetate
XIII-C-OAc with complete retention of configura-
tion and no accompanying olefin.

The most striking indication that a unique species
intervenes in acetolysis of the czs-toluenesulfonate
XIII-C-OTs is the special salt effect which is
present in its acetolysis. A special salt effect does
not occur in acetolysis of the cyclopentyl, A’
cyclopentenyl!®* and cyclohexyl analogs and is
either absent or quite small with the frans-toluene-
sulfonate XIII-T-OTs. Here, as in other cases,®?
the special salt effect can be taken to be diagnostic
for the occurrence of a carbonium ion pair with a
relatively stable unique structure for the cation.

The anchimeric acceleration, stereochemistry,
lack of olefin formation and special salt effect ob-
served in its acetolysis all suggest that ionization
of ¢is-3-bicyclo[3.1.0]hexyl toluenesulfonate (XIII-
C-OTs) may indeed lead very predominantly to a
non-classical ion II which leads stereospecifically to
cis-acetate XIIT-C-OAc. The anchimerically un-
assisted ionization to the classical ion pair IC (rate

(35) S. Winstein and N. J. Holness, ibid., T7, 3562 (1953).
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constant k) would, on this basis, be negligible.
On the other hanud, ionization of the frans-toluene-
sulfonate XIII-T-OTs, with the wrong configura-
tion for anchimeric assistance, is entirely anchi-
merically unassisted (k). The classical internie-
iate I-T leads partly to olefin, while the non-clas-
sical iou II does not.

The indications of a unique intermediate i acet-
olysis of the ¢is-toluenesulionate appeared to us
to warrant isotopic labeling experiments which
would provide a definite check for the occurrence
of a cation with the symmetrical structure IT.
These are described and discussed in the following
paper.

Experimental

7,7-Dibromonorcar-3-ene.—Dibromocarbene” was allowed
to react with a 69:31 1,4-cyclohexadiene-~benzene mixture
prepared by the procedure of Wibaut and Haak.% An
equimolar amount of bromoforin (330 g., 1.7 moles) in dry
t-butyl alcoliol (90 nil.) was added in ¢ue portion to the 1,4-
cyclohexadiene (140 g., 1.75 1nolesy in benzene. To this
stirred solution a 50 molar ¢, exress of 1 A potassium -
butvlate in -butyl alcohol was slowiy added. The reaction
product in 1 liter of pentane was wasled with a total of 10
liters of water to remove most of the f-butyl alcohol. This
precipitated tetrabromide V, which was washed with pentane
and dried. This product (66 g.), in.p. 205-206° (reported?
m.p. 205-207°), was obtained in 1277 vield based on the
available bromoform.

The remaining vellow pentane soiution was dried over
anhydrous magnesium suifate. The solvent was evaporated
and the residue was distilled at 2.8 inm., a portion of the
nmiaterial boiling at 68° and the remnainder at 91°.  Absolute
ethanol was added to the distillate and thie product cooled
to give a first crop of 45.5 g. of 7.7-dibronionorcar-3-ene,
m.p. 37.8-38.8° (reported®™ m.p. 55.8-37.0°). After a
second and third crop were obtained, the remaining mother
liquor was redistilled. The distillate partly solidified after
standing in tlie refrigerator. Alter decanting off a small
liquid portion which was used later, the solid was recrystatl-
lized from absolute alcoliol. A total of 188 g. (445¢ vield
based on the available diene and bromoform) of 7,7-dibro-
monorcar-3-ene was obtained. The recrystailizations were
nupleasant becanse of the presence of a lachrymatory mate-
raik.

Tle small liquid portion remaining was distilled through a
Podbielniak column and, following a small forerun (b.p.
39.2-40.0° at 6.7 mm.}, abonut a 3-g. fraction, b.p. 55-59° at
3.8 mim., was collected. Tlis colorless fraction had strong
lachrymatory character and appeared to be benzy! browmide
on the basis of its infrared spectrum. It formed an sec-
alkylisothionroninm picrate. m.p. 188-188.5° (reporteds?
m.p. 188° for the benzyl bromnide derivative).

Norcar-3-ene.—The 7,7-dibromnonorcar-3-enc (48 g., 0.19
mole) was dissolved in ethier (200 1nl.) in a 5-liter S-neck
flask cooled in ice and equipped with a stirrer, Dry-Tce con-
denser, addition tube and dropping funnel. Metallic sodiuin
(3 g. atom) was added in roughly 2-cc. pieces during the
course of the reduction, At the sanie time wet methanol (10
ml. of water in 300 ml. of methanol) was added dropwise
with rapid stirring; 2.25 hours was required for tlhie addition
of the sodium. After the reaction mixture was stirred for 2
hours, etlier (50 ml.) was added, followed by additional
sodiuni (1 g. atorm) and wet methanl (200 ml.).  The reac-
tion mixture was stirred an additional 3 hours (sodinm was
still present) and then water (350 ml.) was added cautiously,
followed by the addition of etlier (50 i1, Tlie combined
ether solution was separated and the aqucous layer extracted
successively with penitanze (100 wel, ether (150 ml.Y and
pentane (150 1nl.). The combiasd organic layer was
waslied witi1 water (4 X 30 ml.:, the last wash: being nentral
to litmus.,  The combined organic layver was dricd over an-
hydrous magnesinm sulfate and antiydreus calcium chloride,
filtered, and distilled carchuliy to remsve nost of the pentane

(36) J. P. Wibaut and F. A. Haak, Rec, trav. caom., 67, 85 (1048).

(37) N. D. Cheronis and J. B. Entrikin, *“Semimicro Qualitative
Organic Analysis,’" Interscience Publishers, Iuc,, New York, N. Y.,
2nd Ed., 1957,
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and ether. The residue was fractionally distilled thirough a
Podbielniak column and two colorless fractions were col-
lected: (a) 1.05 g., b.p. 84-115°; and (b) 13.95 g. (77%),
b.p. 115-115.5° at 751 mm., n%.9p 1.4740. A small colored
residue remained. In another similar run, 0.5 mole of 7,7-
dibromonorcar-3-ene yielded an 887, yield of norcar-3-ene,
b.p. 115-115.5°. Vapor phase chromatographic analysis
(v.p.c.) of fraction b on didecyl plithalate indicated one
symmetrical peak.

Anal. Caled. for CGiHy: C, 89.29; H, 10.71.
C, 88.88; H, 10.63.

The hydrocarbon is a colorless liquid with a slight odor.
Tt adds bromine in carbon tetrachloride, and in 95% ethanol
iiminediately decolorizes aqueons permanganate. The in-
infrared spectrum coutains absorption bands at 1648 (C=C)
and 1018 cm. ™! (cyclopropane ring), as well as other bands at
3052(sh), 2995, 2865, 2832, 1440, 731 and 654 cm.™!. The
ultraviolet spectrum in cyclohexane shows no rnuaximum
above 2150 4., the extinction coefficient at 2160 A. being
only 59.

Cyclopropane-cis-1,2-diacetic Acid.—The norcar-3-ene
(12 g., 0.128 mole) dissolved in glacial acetic acid (160 ml.)
and acetic anhydride (80 ml.) was ozonized (3%, approximate
weight concentration of the ozone) between 0° and 20° until
ozone was detected in the exit tube. Ozone was consumed
immediately and the solution was clear during most of the
reaction. Toward the end of the reaction, the reaction
mixture became cloudy and precipitated some white semi-
solid. The excess ozone in tlie system was flushed out
with an oxygen stream before 30% hydrogen peroxide (35
ml.) and water (240 ml.) were added and the solution re-
fluxed overniglit.

The following day the water and acetic acid were remmoved
by distillation at atmospheric pressure; the last traces were
removed with the aid of a water aspirator. A slightly yellow
solid remained which was recrystallized from ethyl acetate
and washed with etlier. An over-all yield of 639, of crude
diacid was obtained in four experimeuts. Ozonolyses in
acetic acid and/or ethyl acetate gave much poorer yields
(30—45%). The initial sample of the diacid was obtained
using glacial acetic acid as the solvent. A sublimation and
recrystallization from etliyl acetate gave crystals, m.p.
131-132° (reported® 131-133°).

Anal. Caled. for C;H,0O4: C, 53.16; H, 6.37.
C, 53.11; H, 6.32.

2-Carbethoxy-3-bicyclo[3.1.0]hexanone.—A mixture of
cyclopropane-cis-1,2-diacetic acid (19.0 g., 0.12 rmole),
absolute ethanol (43.2 ml., 0.36 mole), dry toluene (22
ml.) and concentrated sulfuric acid (0.10 ml.) was placed in
a 200-ml. distilling flask counected with a downward con-
denser and magnetic stirrer. When heated in a 110-115° oil-
bath, an azeotropic mixture of alcohol, toluene, and water
began to distil at about ¥5°. Distillation was suspended
wlien most of the toluene-alcohol azeotrope (76.7°) had dis-
tilled over. Distillation was continued after a fresh portion
of alcoliol and toluene was added and the procedure re-
peated. Toluene was finally added to remove all the ethanol
by azeotropic distillation. The diester was not isolated but
the residue used directly in the Dieckmann condensation.
After small pieces of sodinm (4.5 g., 0.20 mole) were added
at one time to the cooled residual toluene solution of the
diester, the mixture was lieated slowly to 110° while being
stirred magnetically. (Approximately 3 ml. of absolute
ethanol was added to reduce the induction period.}) After
a few minutes, a vigorous reaction commenced, and soine
ethano! distilled out. A cake of the sodiun compound
separated and the solution became orange. Dry toluene
was added in order to keep the mixture fluid enongh for
efficient stirring. After tlie spontaneous reaction had
abated, the mixture was refluxed for 30 minutes before being
decomposed with ethanol. The cooled reaction mixture was
then slowly poured into cold 109 acetic acid and the organic
layer separated with the aid of pentane. The remaining
aqueous portion was then extracted successively with two
portions of pentane, toluene and ether. The united orange
organic extract was then washed successively with water, 57
sodium bicarbonate, and water until neutral. Without
drying the organic solution, the ether, pentane and toluene
were removed by distillation. The residue was distilled
under reduced pressure and this gave rise to 16.0 g. (799,
over-all vield) of the keto-ester,

Found:

Found:
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An analytical sample was prepared in a similar manner in
609, over-all yield, b.p. 85-86° (2.2 mm.), #n*D 1.4642.

Anal. Caled. for CgH:05: C, 64.27; H, 7.19. Found:
C, 64.21; H, 7.28.

The B-keto-ester is a colorless pleasant-smelling liquid
which gives & purple color with ferric chloride. The infrared
spectrum shows a small O-H absorption at 3460 cm. ™.
Other absorption bands occur at 1751, 1722, 1024 and 810
cm. "L,

3-Bicyclo]3.1.0]hexanone.—Barium lhydroxide crystals
(28.2 g., 0.165 mole) were added to a mixture of water (282
ml.) and 2-carbethoxy-3-bicyclo[3.1.0]hexanone (16.0 g.,
0.095 1mole) in a 500-ml. round-bottoin flask. The mixture
was refluxed for 30 minutes (decomposition sets i1 suddenly)
and then about 30 ml. was distilled and collected in pentane.
The aqueous phase was returned to the flask and distillation
continued. This process was repeated until ketone no longer
distilled over (three times).

The combined pentane solution was first dried over cal-
cium chloride for 15 minutes, then over anhydrous magne-
sium sulfate. The mixture was filtered, and then pentane
was removed by distillation. The remaining residue was
fractionally distilled through a Podbielniak column. Two
fractions were collected and a small residue remained: (a)
0.44 g. (5%, b.p. 50-54° (24 mm.); (b) 3.92 g. (43%), b.p.
54-55° (25 mm.), n2.5p 1.4590.

The analytical sample was prepared in a similar manner in
449, yield. On distillation througl a Podbielniak column,
the ketone boiled at 51-52° at 18 mm., #2.p 1.4590.

Anal. Caled. for CéHO: C, 74.97; H, 8.39.
C, 74.69; H, 8.43.

The bicyclohexanone is very volatile and has a pleasant
odor resembling that of cyclopentanone. The analytical
sample exhibited only one peak on v.p.c. using a Carbowax
column. The infrared and ultraviolet spectra of the ketone
are summarized in Table VI and VII.

Found:

TABLE VI

OBSERVED INFRARED ABSORPTION BANDS OF 3-BIcvcLo-
[3.1.0]HEXANONE

Cm. "t Cm. ! Cm, "1 Cm."1 Cm."t Cm.1
3462w  1763shs 1457m 1137s 962w 808m
3052m  1739vs 1407ms 1073w 918w 770shw
2915s 1700shim  1263s 1038m 903w 753m
2860ms 1643vw 1157s 1022shiw  847vw

The orange 2,4-dinitrophenylhydrazone of 3-bicyclo-
[3.1.0]-hexanone was prepared in the usual manner and
was recrystallized ufrom aqueous alcohol; m.p. 149.2-
149.8°; AEWH 35095 A, ¢ 23,100; ACEO1 3625 A., € 23,600.

Anal. Caled. for C,H2O4Ny: C, 52.17; H, 4.38; N,
20.28. Found:(C, 52.42; H, 4.15; X, 20.31.

cts- and trans-3-Bicyclo[3.1.0]hexanols.—A mixture of
these alcohols was obtained from lithium aluminum hydride
reduction of the bicyclohexanone. After the lithium alu-
minum hydride (1.1 g., 0.029 mole) was stirred magnetically
with anhydrous ether (100 ml.) for 1 hour, the 3-bicyclo-
[3.1.0]hexanone (2.8 g., 0.029 mole) in ether (75 ml.) was
added dropwise over 30 minutes while being cooled in a
Dry Ice-acetone-bath. The solution was stirred for 4 hours
at —78°, then an additional hour at room temperature.
While the solution was being cooled in ice, water (2.2 mil.)
followed by 10% sodium hydroxide (1.75 ml.) was added.
After the reaction mixture was stirred for 2 hours, the inor-
ganic salts were filtered and the ethereal solution dried over
magnesium sulfate. Distillation throughh a Podbielniak
column gave 2.40 g. (85%) of 3-bicyclo[3.1.0]hexanol, b.p.
68-69.5° (17.5 mm.), #%*9 1.4774. Analysis by v.p.c.
using a 2-meter column containing 259, Carbowax 1500
(polyethylene glycol) on 40-80 mesh firebrick operated at
140-150° showed the product to be an 89:11 cis—frans mix-
ture.

Anal. Caled. for C¢Hy,0O: C, 73.43; H, 10.27. Found:
C, 73.61; H, 10.35.

The bicyclohexanone was reduced also on a small scale
(200 mg.) with lithium tri-f-butoxyaluminohydride in tet-
rahydrofuran?®? and sodium borohydride in pyridine,?? and
the resulting alcohol mixtures were determined by v.p.c.
(Table I).

3-Bicycro[3.1.0JHEXYL SYSTEM
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TapLe VII
ULTRAVIOLET SPECTRA OF SEVERAL KETONES
Water Isobctane Isodctane
Amax, A, e Amax, A. € Amaz, A, ]
Cycloliexanone
<18553* 1980 <1860° 840 2910sh 14.9
2764 21.0 2768sh 12.8  2950sh 14.6
2847sh 14.6  3054sh 11.6
Cyclopentanone
<1850% 1269 1897 1100 2894 7.1
2799 22.0 2397 6.2  2935sh 15.5
2684 9.5 2998 18.5
2711sh 10.2  3037sh 13.0
2768sh1 13.3 3110 15.0
2799 13.7 3234 6.7
2864sh 16.2
A3-Cyclopentenone
<1860% 4390 <1860" 4300 2887sli  11.0
2593 48.5 2592 6.2 2941sh 10.0
2676 8.1 2991 10.9
2763 10.0 3104 8.4
2803sh 9.7 3230 4.2
2862 11.1
3-Bicyclo[3.1.0]hexanone
<1855% 1460 <1860°% 1510 2860sh 13.7
2797 18.9 2600 5.7 28388 14.7
2683 8.7 2993 15.1
2766 11.8 3102 11.3
2799 12,1 3217 4.6

¢ Not a maximum.

A 20.4-g. (0.1 mole) quantity of distilled alumninum iso-
propoxide was added to 3-bicyclo[3.1.0]lexanone (3.0 g.,
0.031 mole) in isopropy! alcohol (98 ml.) in a flask equipped
with a downward condenser. The mixture was magnetically
stirred and heated at 92° for 17 liours. After the reaction
mixture was cooled, water (2 ml.), ethier (40 ml.) and then
16 M sodium hydroxide (25 ml.) were added. The aqueous
portion was extracted three times witli pentane and etlier and
then the combined organic layer washed with brine. After
the sclution was dried over anhydrous magnesium sulfate,
pentane and ether were distilled at atmospheric pressure,
and the isopropyl alcohol was removed carefully at 96 mm.
Using a Podbielniak columu, a slightly yellow liquid (3.35
g.) with a distinct odor, distilling mostly at 78° (20 mm.),
was obtained. A yellow residue remained. The v.p.c.
analysis of the distillate indicated a 40:60 cis—frans mixture
of the 3-bicyclo[3.1.0}hexanols, along with a 109, impurity
of unknown identity.

For the equilibration of thie ¢is- aud trans-bicyclohexanols,
isopropyl alcohol (40 ml.), acetone (0.7 ml.) and the 3-bi-
cyclo[3.1.0]liexanol (0.24 g.) were added to a small quantity
of freshly distilled aluminum isopropoxide in a 100-mnl.
round-bottom flask. After the rcaction mixture was re-
fluxed for 112 hours, 5 ml. was distilled and the cloudy mix-
ture refluxed for another 24 liours. The mixture was worked
up in the usual way, and the bicyclohexanols were isolated
by distillation and analyzed by v.p.c. (Table I).

By careful chromatograpliy on alumina, essentially pure
cis-3-bicyclo[3.1.0]1exanol was obtained from the product
of reduction of bicycloliexanone with lithium aluminum
hydride. Distillation of the earlier fractions eluted with
pentane yielded a material, b.p. 69° (19.5 mm.), #%D
1.4771, with a ¢is-alcohol coutent greater than 98.5%.

From 900 mg. of ¢is-3-bicyclo[3.1.0jhexanol the toluene-
sulfonate, m.p. 52.0-52.4°, was prepared in the usual way
in 669, vield.

Anal. Caled. for CiuH105S: C, 61.88; H, 6.39; S, 12.71.
Found: C, 61.77; H, 6.22; S, 12.49.

The toluenesnlfonate formed directly from the lithinm
aluminum hydride reduction product from 3-bicyclo[3.1.0]-
hexanone had m.p. 46-48°.
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By systematic chromatography on alumina, 3-bicyclo-
[3.1.0]hexanol, b.p. 75-76° (18 mm.), with the frans con-
tent greater than 979, was obtained from the alcohol mix-
ture which arises from aluminum isopropoxide reduction of
bicyclohexanone. From 450 mg. of tlie frams-alcohol the
toluenesulfonate, m.p. 71-72°, was prepared in 609, vield
in the usual manner.

Anal. Caled. for CpHp03S: C, 61.88; H, 6.39; S,
12.71. Found: C, 62.02; H, 6.22; S, 12.76.

Treatment of A%Cyclopentenol and its Acetate with
Diazomethane.—An ethereal solution of diazomethane (0.02
mole) was added to A3-cyclopentenol!® (0.014 mole) in ether
and irradiated by an internal ultraviolet source until the
solution became colorless. This reaction was performed at
three temperatures, room temperature, 0° and —78°, In
all three experiments, a v.p.c. analysis of tlie etlier residue
on a Carbowax column showed ouly starting alcohol and
several peaks right after the ether solvent peak. The
starting alcohol was recovered in each case.

An ethereal solution of diazomethane (0.024 mole) and A3-
cyclopentenyl acetate 1338 (0.014 mole) was allowed to stand
several months at 0° until the yellow color disappeared.
After distilling awayv most of the ethier, the residue was
analyzed by v.p.c. using a didecyl phthalate column. No
bicyclic acetate was visible; only the starting acetate and a
few new peaks, which appeared right after the ether solvent
peak, were observed. The starting acetate was recovered
as tlie corresponding alcoliol.

Zinc—-Copper Couple.—Couple A was one described by
Howard?® and recommended by Simmons and Smith.!®

Couple B was prepared as follows. Mallinckrodt analyti-
cal reagent zinc dust (24.8 g., 0.38 mole) was washed suc-
cessively with 39, hydrochloric acid (4 X 20 ml.), distilled
water (3 X 25 ml.), 2% copper sulfate solution (2 X 40 ml.),
and finally distilled water (3 X 50 ml.). The last water
wasliings were decanted directly on a Biichuer funnel. After
most of thie water was removed by suction (too much air
drying by suction caused tlie couple to lieat up), the zince—
copper couple was dried using a rotary vacuum dryer, and a
uniform finely divided active couple was obtained. On a
molar scale, less active couple was produced.

Methylene Addition to A3-Cyclopentenyl Acetate and
Cyclopentadiene.—Zinc—copper couple A (5.4 g.) was added
11 o1e portion to a solution of A3-cvclopentenyl acetate 1338
5.3 g., 0.05 mole) and methyvlene iodide (13.4 g., 0.05 niole)
in cther (50 ml.). The reaction mixture was stirred magne-
tically and refluxed for 48 hours with no noticeable effect.
After the reaction mixture was filtered, the crude acetatc
was analyzed bv v.p.c. on a Carbowax column. This analy-
sis indicated the formation of 10-18%; bicyclohexyl acetate,
the yield varying with the couple and the reaction tinie.
Since the c¢is- and frans-3-bicyclohexyl acetates are not
separated on a Carbowax column, nor on didecyl phthalate
or silicone coluinns, the acetate mixture was reduced to al-
cohol with lithium aluininum hydride in etlier and worked
up by the usual basic treatinent. Analysis of the alcoliol by
v.p.c. on a Carbowax column showed it to be predominantly
c/s, but the presence of a little methylene iodide makes the
analysis inaccurate becanse its retention time falls between
those of the two 3-bicyclo!3.1.0]hexanols. On a didecyl
phthalate column, ethylene iodide is well separated from
the bicyclohexanols, but these two alcoliols are not separated
from each other. The infrared spectrum of a 3-bicyclo[3.1.0]-
liexanol fraction obtained by preparative v.p.c. of a conibina-
tion of various reaction residues indicated that the bicyclo-
liexanol contained no more than 109; of the frans epimer.

In an experiment similar to the oue above, refluxing tet-
raliydrofuran being substituted in place of ether as the
solvent, A3-cyclopentenyl acetate gave ounly 1% bicyelic
acetate as shown by v.p.c. analysis. Tle reaction of A2-
cvclopentenyl acetate and methylene iodide with a moder-
ately active zinc—copper couple B gave a 2% yield of bicyclic
acetate as shown by v.p.c. analysis after 48 hours of gentle
refluxing in ether. The same zinc—copper couple worked
smoothly with A3-cyclopentenol, however.

An ethereal solution of methylene iodide (26.8 g., 0.1
mole) and freshly distilled cyclopentadiene (34 g., 0.52 mole)
was added to a moderately active zinc—copper couple B
(13.1 g., 0.2 mole), and the mixture was magnetically stirred

(38) J. Sonnenberg, unpublished work.
139) F. 1. Howard, J. Researh Natl.
3 10.40).
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and refluxed for 48 hours. Work-up of the reaction mixture
and v.p.c. examination of the fraction of intermediate boil-
ing point indicated the presence of two new components witl
retention times appropriate for C&-hydrocarbons. However,
these were present in only very low yield, and the reaction
mixture was not examined further.

cis-3-Bicyclo[3.1.0]hexanol from A3-Cyclopentenol.—
Anhydrous ether (60 ml.) was added to zinc—copper couple
B prepared from 24.8 g. of zinc dust in a flask equipped with a
magnetic stirrer, dropping funnel, reflux condenser and dry-
ing tube. To the above slurry, an intimate mixture of
methylene iodide (33.4 g., 0.20 mole) and A3-cyclopentenol!?
(8.4 g., 0.10 mole) was added rapidlv. This was followed by
anhydrous ether (40 ml.). After a short induction period
(5 min,), an exothermmic reaction occurred which lasted for
several minutes.

After the mixture was refluxed for an hour, it was cooled
and filtered through a Super-Cel pad on a Biichner funnel
to remove the excess zinc which was thoroughly washed with
ether. The filtrate was distilled carefully at atmospheric
pressure (bath temperature to 80°) and a yellow solution
remained to which pentane was added. On addition of
water to the organic solution, a very slight exothermic
reaction was noticed and a massive white precipitate formed.
More water and pentane were added and the mixture was
again suction filtered on a Super-Cel pad. Even after re-
peated pentane and ether washings, the smell of bicyclic
alcohol persisted on the pad.

The pentane solution was separated and the agueous por-
tion continuously extracted with ether—pentane mixtures.
The combined organic material developed a light purple
color which was removed by washing with aqueous sodium
thiosulfate. After the organic solution was dried over an-
hydrous magnesium sulfate, a crude distillation gave 7.6 g.
of material, b.p. 63-69° (17 mm.). On v.p.c. analysis this
crude product proved to be ¢is-3-bicyclo[3.1.0]hexanol
contaminated with up to 29, of methylene iodide, 2% of tlie
starting Ad-cyclopentenol, and the impurities contained in
the latter, namely, 4% cyclopentanol and 2% of an unidenti-
fied component.!® Fractionation of the crude product gave
rise to a material, b.p. 68° (18 mm.), #?p 1.4781, whose in-
frared spectrum was identical to that of authentic cis-3-
bicyclo[3.1.0]hexanol, n25p 1.4770.

The fractionated cis-3-bicyclo[3.1.0]hexanol (containing
a trace of methivlene iodide) gave rise to a p-toluenesulfonate,
m.p. 46.2-49.5°.  This crude product was dissolved in ether
and washed with sodium thiosulfate and water. Recovery
and recrystallization of the toluenesulfonate led to a 66%
vield of colorless product, m.p. 50.5~51.4°, m.p. 50.5-51.5°
on admixture with authentic cis-toluenesulfonate. On acet-
vlation with acetic anhydride in pyridine, the fractionated

alcohol gave rise to a quantitative yield of acetate. The
analvtical saniple had b.p. 71° (15 mm.), n%D 1.4492.
Anal. Caled. for CgH;20:: C, 68.54; H, 8.63. Found:

C. 68.49; H, 8.65.

Methylene iodide, which was not effectively removed
from the cis-3-bicyclo[3.1.0]hexanol by fractional distilla-
lation, was eliminated by chromatography on alumina.
Analysis of the chromatographed alcohol by v.p.c. on a
Carbowax column showed the absenice of frans-alcohol, and
on didecy] phthalate the absence of methylene iodide.

I another experiment starting with A%-cyclopentenol (7.8
g.) and a moderately active zinc—copper couple B, a work-up
involving one filtration was used. After being refluxed for
an hour, the reaction mixture was cooled to room tempera-
ture. When water was added, the reaction mixture becaie
exothermic and ethier refluxed for several minutes while pre-
cipitation occurred. The mixture was then suctiou filtered
and washed several times with ether. The organic layer was
separated and the aqueous layer extracted with ether. '}‘he
combined ether solution was washed successively with brine,
sodium thiosulfate solution, and finally with brine. The
resulting colorless solution was dried over anhydrous mag-
nesium sulfate and the ether removed. The resnlting residue
was chromatographed on alumina, ether being used to re-
cover all the alcohol product. The slightly colored ether
solution was washed with sodium thiosulfate solution, briue,
dried and distilled. A crude distillation gave 7.5 g. (79%) of
material, b.p. 65-66° (15 mm.). Redistillation thirough a
Podbielniak column gave a fraction of cis-3-bicyclo[3.1.0]-
lexanol, L.p. 76° (27 mn.), #¥p 1.4775. As noticed with
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other samples of the cis-alcohol, the refractive index de-
creased on contact with air.

A 2.2-g. portion of the cis-3-bicyclo[3.1.0]liexanol was
converted to acid phthalate by a procedure adapted from
that of Levene aund Mikeska.® Evaporation of the etlier
solution of the acid plithalate gave rise to 5.42 g. (98.59,) of
material, m.p. 122-125°. This crude ester was recrystal-
lized once from ether-pentane, which led to 3.6 g. (65%) of
product, m.p. 125.5-126.5°. Recrystallization of a portion
of this material led to a melting point of 126.0-127.0°.

Anal. Caled. for C,¢H1,Os: C, 68.28; H, 5.73. Found:
C, 68.49; H, 5.81.

Saponification of a 2.46 g. of acid phthalate, m.p. 125.5~
126.5°, gave rise to 0.86 g. (889%) of cis-alcohol, b.p. 71.0-
71.5° (22 mm.). From a redistillation a center cut, b.p.
66° (16 mn.), n%Dp 1.4770, was collected.

Anal. Caled. for CH,,;O: C, 73.43; H, 10.27.
C, 73.63; H, 10.53.

Oxidation of c¢is-3-Bicyclo[3.1.0]hexanol.—To a solution
of chromic trioxide (4.5 g., 0.045 mole) in pyridine# (45 ml.),
a solution of the alcohol (1.0 g., 0.01 mole) in pyridine (10
ml.) was added, and the resulting mixture was stirred niag-
netically at room temperature for 20 hours. During the
first half-hour, the mixture turned from vellow to dark
brown. Water (112 ml.) was added aund the solution ex-
tracted with ether (3 X 100 ml.). The combined organic
layer was washed successively with water, 1.8 M sulfuric
acid, water, sodium bicarbouate, and water, and then dried
over magnesium sulfate. The odor of pyridine was still
present so the organic solution was washed with portionus of
hydrocliloric acid. After washing away the acid as before
and dryving tle resulting organic phase, the ether was re-
moved by distillation and 0.50 g. (519,) of material, b.p.
40-50° (20 mm.), was isolated. The infrared spectrum of
this material was identical withh that of authentic 3-bicyclo-
[3.1.0]hexanone.

Acetolysis Products.—A 102.8-mg. quantity of ¢is-3-
bicyclo[3.1.0]hexyl toluenesulfonate, m.p. 50.6-51.4°, and
62.5- and 108.0-mg. samples of {rans-toluenesulfonate, ni.p.
70.8-71.3° and 69.5-70.3°, respectively, were eacli sol-
volyzed under the conditions summarized in Table IV. A
control run with a 51.3-mg. sample of a 70:30 cis—trans mix-
ture of 3-bicyclo[3.1.0]liexy]l acetates, b.p. 68.5-70.5° (14
mni.), #? D 1.4488, was also carried out (Table IV).

After tlie acetolysis solutions were coonled, tlie ampoules
were opened and their contents transferred to a separatory
funuel witlh the aid of pentane and water. Tlien a known
weight of n-decane (53.0 1ng. for the c¢is-toluenesulfonate)
was added. A total of 45 1nl. of distilled water was added to
the acetolysis products and tlhie decane, and this mixture
extracted with pentane (4 X 50 ml.). The combined pen-
tane solution was then washed successively with water (2 X
5 ml.), 5% sodium bicarbonate (1 X 5 ml.), and water (1
X 5 ml.). After the pentane solution was dried with
magnesiuimn  sulfate, the pentane was carefully distilled
thirougl au efficient column with the bath temperature main-
tained below 60°. The inside of tlie columin was waslied
with a small quantity of pentane, and the acetate residue
analyvzed directly by v.p.c. using a didecyl phithalate coluinu.
With the aid of a detector response factor determined on four
syvntlietic mixtures of decane and ci#s-3-bicyclo[3.1.0lhexyl
acetate, tlie vield of acetate is given by tlie relative v.p.c.
areas of decane and acetate.

After the v.p.c. analyses of the acetates were performed,
anhiydrons etlier was added to thie reinaining pentane solu-
tion and the pentane removed by azeotropic distillation.
More anlivdrons ether was added to the residue and the 1nix-
ture cooled to 0°.  Ag the mixture was being magnetically
stirred and cooled, an ethereal 0.8 37 lithinm aluminum hiy-
dride solution (10 ml.) was added over several minutes.
The reaction mixture was stirred for a half-hour at room
temperature, and then the excess hvdride decomposed by
water (0.6 ml.) followed by 109 sodium hydroxide (0.5 ml.).
Following an additional half-hour of stirring, the reaction
mixture was allowed to stand overnight. The following day
the mixture was carefully suction filtered and the salts
wagshed thoroughly with ether. The ether solution was

Found:

(40) P. A. levene and I. A. Mikeska, J. Biol. Chem., 78, 587
(1927},

(41) G. I. Poos, G. E. Arth, R, E. Beyler and L. H. Sarett, J. 4.
Chem, Soc., T8, 422 (1933).
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dried with anhydrous magnesiwuin sulfate and the ether care-
fully distilled through an efficient column with the bath
teinperature maintained below 60°. After the inside of the
column was washed with a small gquantity of pentane, the
alcoliol residue was analyzed directly by v.p.c. on a Carbo-
wax column.

The alcoliol product from the cis-toluenesulfonate was
very predominantly the cis-alcohol, no more than 1.5% of
trans-alcoliol being present. This was indicated by compari-
son with a synthetic mixture of 29 frans-alcohol in ¢is-alco-
hol from saponification of the acid phthalate. This synthetic
mixture suggested that 0.5% of the trans-alcohol could be ob-
served in the presence of the ¢is-alcohol. The v.p.c. analysis
of the alcohol product from the frans-toluenesulfonate
showed only c¢is-alcoliol, no frans-alcohol being detected.

Control experiments showed that the extraction teclinique
caused no change in tlie ratio of decane to acetate, and that
conversion of acetate to alcohol introduced no error. Tle
latter point was checked on pure cis-acetate and on the 70:30
cis-trans mixture.

Kinetic Measurements.—Cyclopentyl toluenesulfonate,
m.p. 28-29° (reported$?+3 m.p. 28-29°; 27-28°), was pre-
pared in the usual way.

Solvents and reagents for measurement of acetolysis rates
in acetic acid, 0.01 3/ in acetic anhydride, by the sealed am-
poule technique were prepared as usual.?3 =3 In the acetoly-
sis runs in the presence of sodium acetate, all three toluene-
sulfonates listed in Table II displaved infinity titers within
ca. 19 of theoretical. With the cis-3-bicyclohexyl ester,
the first-order rate constant drifted down slightly in a run
due to the special salt effect of sodium acetate and tlie ac-
cumulation of tlie common ion salt, sodium toluenesulfo-
nate,32.44

In the absence of sodium acetate tlie infinity titer was
still close to theoretical in the case of cyclopentyl toluene-
sulfonate. However, it was only ca. 959 of theoretical in
the case of the cis-3-bicyclohexyl ester. The reason for the
low infinity titer was not further investigated, but steady
first-order rate constants were obtained on the basis of the
experimental infinity titers. With the frans-3-bicvclohexyl
ester, an infinity titer could not be measured because of
darkening of the acetolysis solution. The first-order rate
constant evaluated on the basis of tle tlieoretical infinity
titer drifted down in a run, making tlhe values listed in
Table II somewhat inaccurate, For thie run at 73° with
0.0033 M ester, the 10° k value given by a plot of log (a~x) ws.
time is 5.72, 4.80 and 4.25 for the reaction rauges, 6-17%.,
17-47%; and 39-649;, respectively. Tle intermediate value
of k is listed in Tables IT and III. For the run at 75° with
0.0177 M ester, the 10% value obtained graphically is 4.72
for the 1-38% reaction range and 3.80 for the 38-71¢; range.
The lower figure is listed in Table II. It seems quite prob-
able that the correct infinity titer to be employed under
these conditious should be lower, as in the case of the cis-
ester, but an experimeuntal figure was not available.

In the presence of added lithium perchlorate, darkening of
the acetolvsis solutions prevented determnination of an in-
finity titer with both c¢is- and trens-bicyclohexyl esters.
Acetolysis was followed to ca. 60%% and 30¢: solvolysis with
the c¢is- and frans-esters, respectively, steady first-order
rate constants being obtained on thie basis of tlicoretical in-
finity titers.

Spectral Measurements.-——The Af-cyclopentenone was
prepared by pvrolysis® of dicyclopentadienol-3. Fractiona-
tion of the ketone fraction through a Podbielniak column
gave a sample of Ad-cyclopentenone, b.p. 39.0-40.5° (39
mm.), #2p 1.4521. On redistillation, material, b.p. 41--43°
41-43° (42-45 mn.), #2Dp 1.4518, was obtained (reported+?
b.p. 41° (40 uun.), »*°p 1.4536).

Tlhe infrared spectral measuremcnts were perforied with
the neat liquids in 0.018-0.031 mm. sodium chloride cells on
a Perkin—Elmer model 21 doublc beam spcctroplhiotometer
with sodium cliloride prisms.

The ultraviolet spectral mieasurements were carried out
with a Cary model 14 spectrophotometer, the instrument
being swept with nitrogen to exclude oxygen. To reach

(42) (a) H. C. Brown and G. Ham, ibid., T8, 2735 (1956); (b) J. D.
Roberts and V. C. Chambers, ibid., T8, 5034 (1951).

(43) S. Winstein, ef al., ¢bid., T4, 1127 (1952).

(44) S. Winstein, P. Klinedinst, Jr., and G. C, Robinson, ibid., 83,
885 (1961).

(45) K. Alder and F. H. Flock, Ber., 89, 1732 (1936).
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1850 A. it was necessary to use thin cells (0.1-cin. and 0.01-
cm. path lengtl), a maximun phototube voltage (setting 4
or 5), and a slit control of 25. In the far ultraviolet region a
scanning speed of 0.5 A./sec. with a chart speed of 2 in./
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min. was used; in the near ultraviolet region a scanuing
speed of 2.5 A./sec. with a chart speed of 2 in./min. was
employed. Negligible scattering was found in the instru-
ment down to 1850 A.
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Homoconjugation and Homoaromaticity.

IV. The Trishomocyclopropenyl Cation.

A Homoaromatic Structure’?

By S. WINSTEIN AND JOSEPH SONNENBERG
RECEIVED JaNUARY 3, 1961

3-Deuterated-3-bicyclo[3.1.0]hexanols have been prepared and the correspouding toluenesulfonates acetolyzed in order
to check for the occurrence of a nniquely syimnetrical non-classical cation as an intermediate in solvolysis of the cis-toluene-

sulfonate,
product,

in the product.
tributed during acetolysis.

cation as an intermediate in solvolysis of ¢#s-3-bicyclo[3.1.0]hexy] toluenesulfonate.

In acetolysis of the frans-toluenesulfonate very little redistribution of denterium is visible in the solvolysis
In acetolysis of the c/s-toluenesulfonate, however, deuterium is distributed equally over carbon atoms 1, 2 and 5
Further, deuterimn on the cyclopropane ring of the initial cfs-toluenesulfonate is also symmetrically dis-
The results obtained are uniquely consistent with the intervention of the trishomocyclopropenyl

The theoretical relationship between

trishomocyclopropeny! and cyclopropenyl cations is discussed, and soine of the implications of the present results for organic
chemistry are outlined. Regarding the trishomocyclopropenyl cation as the first example of a homoaromatic structure, the

authors discuss a generalized concept of homoaromaticity.

The contrasting behavior of the ¢is- and trans-
3-bicyclo[3.1.0]hexyl toluenesulfonates as regards
anchimeric acceleration, special salt effects, sterco-
chemistry and olefin formation in acetolysis® was
an indication that the c¢is-epimer does indeed give
rise to the symmetrical non-classical cation II.
We had anticipated the possibility of such a struc-
ture for the 3-bicyclo|[3.1.0]hexyl cation I on theo-
retical grounds. Suitable isotopic labeling of the
3-bicyclohexyl ring systein was obviously the way
to establish whether solvolysis does indeed involve
an intermediate such as II with equivalent carbon
atoms 1,3 and 5. In this paper we report and
discuss the results of such a study which prove that
the 3-bicyclo[3.1.0]hexyl cation does indeed have
the non-classical structure I1I. Regarding this
so-called trishomocyclopropenyl cation as the first-
recognized homoaromatic structure, we go on to
propose and discuss a generalized concept of homo-
aromaticity.*

Deuterium Labeling and Kinetic Isotope Fac-
tor.—The simplest way to label the bicyclo[3.1.0]-
hexyl ring system is by substitution of a deuterium
atom for hydrogen on the carbinol carbon atom 3.
For this reason, 3-bicyclohexanone was reduced
with lithium aluminum deuteride as showu in the
Reaction Scheme. The bicyclohexanone was de-
rived from oxidation of a mixture of ¢is- and trans-

(1) This research was supported by a grant from the Petroleum
Research Fund administered by the American Chemical Society.
Grateful acknowledgment is hereby made to the donors of this fund.

(2) The main results presented in this manuscript were reported in
outline form: (a) in a preliminary Communication, S. Winstein, J.
Sonnenberg and L. de Vries, J. Am. Chem. Soc., 81, 6523 (1959); (b)
by S. Winstein at the Welch Foundation Conference on Molecular
Structure and Organic Reactions, Houston, Tex., November 7-9,
1960.

(3) S. Winstein and J. Sonnenbers, ibixd., 83, 3235 (1961),

(4) S. Wiastein, ibid., 81, 6524 (1959).

3-bicyclohexanols, designated A-OH and F-OH,
respectively. A large portion of the deuterated
¢is-alcohol B-OH was separated from the contami-
nating trans-epimer by chromatography on alumina
and then purified further by way of the crystalline
acid phthalate.? Combustion analysis of the deu-
terated cis-alcohol B-OH showed it to have 9.85
atom 9, excess deuterium or 98.59%, of theoretical
for one deuterium atom per molecule.

Saponification of the non-crystalline portion
of the acid phthalate of the deuterated alcohol
gave rise to a 6040 cis—trans mixture of deuterated
alcohols. A small amount of deuterated itrans-
alcohol G-OH was isolated by preparative vapor
phase chromatography, but this sample was still
slightly impure.

Rates of acetolysis of the toluenesulfonates of
the deuterated and ordinary e¢is-3-bicyclo[3.1.0]-
liexanols B-OH and A-OH were determined simul-
taneously at 30.0°. From these rate runs, sum-
marized more fully in the Experimental section, a
small kinetic isotope effect is indicated, (ki/kp)
being equal to 1.05.

Deuterium Scrambling and Spectra.—Acetolysis
of the toluenesulfonate B-OTs of the deuterated
cis-alcohiol B-OH at 50° in acetic acid solvent 0.10
M in sodium acetate and reduction of the resulting
acetate with lithium aluminum hydride in the usual
way?® gave rise to a cis-alecohol C-OH. The in-
frared spectra of the three cis-alcohols A-OH.
B-OH and C-OH, summarized in the Experimental
sectiot, show qualitatively that solvolysis of B-OTs
is accompatiied by the type of deuterium scrambling
expected from a symmetrical noun-classical inter-
mediate IT.

The substitution of deuterium for hydrogen on
the carbinol carbon atom 3 of the czs-3-bicyclo-
[3.1.0]hexanol causes the appearance of a number
of new infrared absorption bands, while others
disappear or are shifted. The two most prominent
new absorption bands in alcohol B-OH are the C-D
stretching absorption at 2151 cm.~! and an ab-
sorption at 723 cm.™!. These two bands can be



