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at 85-90° for 90 min. The mixture was cooled in an ice bath
and methanol was added. After the excess sodium and alkyl-
sodium had been destroyed, the mixture was decanted into a
250-ml separatory funnel containing 50 ml of water. The
organic layer was separated, washed once with 50 ml of water,
and dried over anhydrous magnesium sulfate. Vapor phase
chromatographic analysis of the dried organic phase on column
A revealed only one product peak, and this peak had a reten-
tion time identical to that of a mixture of the allylecyclopentenes.
The infrared spectrum indicated some methyl absorption near
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dence of any bicyclic isomers and a 339 recovery of unreacted
allyleyclopentenes was obtained.
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The reaction of bicyclo|2.2.2]oct-2-ylearbinylamine with nitrous acid gave a mixture of alcohols which
consisted of bicyclo[3.2.2]lnonan-2-0l (62%), bicyclo[3.2.2]nonan-3-0l (22%), and bicyclo[3.3.1]nonan-2-ol
(16%). Dehydration of bicyclo[2.2.2]oct-2-ylmethanol at 165° with phosphoric acid produced only bicyclo-
[3.3.1lnon-2-ene. Mechanisms for these transformations are suggested. The reaction of bicyclo[3.2.1]oct~
2-en-8-one with diazomethane gave a 3:2 mixture of bicyclo[3.2.2]non-3-en-6-one and bicyclo[3.2.2]non-2-en-
6-one which could be hydrogenated to bicyclo[3.2.2]nonan-6-one; the latter ketone could also be obtained
from the reaction of bicyclo[3.2.1Joctan-8-one with diazomethane. Reduction of bicyclo[3.2.2]nonan-6-one
with lithium aluminum hydride gave an 87:13 mixture of endo-bicyclo[3.2.2]nonan-6-0l and ezo-bicyclo-
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{3.2.2]nonan-~6-ol.

nonan-2-ol and what is believed to be ezo-bicyclo[4.2.1lnonan-2-ol.

Solvolysis of the p-nitrobenzenesulfonates of these alcohols produced bicyclo(3.3.1]-

Solvolysis of the tosylate of bicyclo-

[3.2.2]nonan-2-0] yielded the unrearranged alcohol (52%), bicyclo[3.2.2]nonan-3-0l (16%), and bicyclo-

[3.3.1]nonan-2-0l (32%).
compounds are discussed.

In a recent paper we described the synthesis of a
series of bicyclo[3.3.1]nonane derivatives.? To com-
pare the chemistry and the solvolytic reactivity of
compounds in this series to those in the bicyclo[3.2.2]-
nonane system, we undertook to prepare the four pos-
sible secondary alcohols of the latter bicyclic frame-
work. Although a number of diverse approaches for
the preparation of the bicyclo[3.2.2]nonane system
have been reported,®~!® we decided that the method
outlined by Alder®—% and his co-workers was the most
promising, since the starting materials were easy to
obtain and the conversions have been reported to be
efficient.

Bromination of cyclohexene at low temperatures
followed by dehydrohalogenation with potassium hy-
droxide in triglyme gave cyclohexa-1,3-diene of excel-
lent purity in about 409 over-all yield. Reaction of
the diene with acrylonitrile yielded 5-cyanobicyclo-
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Stereoelectronic influences governing the reactions of these bridged bicyclic

[2.2.2]Joct-2-ene which was readily reduced to bicyclo-
[2.2.2]oct-2-ylcarbinylamine (1). Reaction of 1 with
nitrous acid using Alder’s conditions’ gave a complex
mixture of products from which three alcohols could
be separated chromatographically. The components
of the alcohol fractions were present in relative yields
of 62, 22, and 169, as ascertained by integration of the
vapor phase chromatograms of the mixture. To iden-
tify the components of this mixture, both bicyeclo-
(3.2.2]nonan-2-0l (2) and bicyclo[3.2.2]nonan-3-0l (3)
were synthesized by unambiguous routes for purposes
of comparison.

Acylation of ethyl hydrocinnamate produced ethyl
3-(4-acetylphenyl)propionate in 75% yield, and oxi-
dation and saponification of the latter gave 3-(4-car-
boxyphenyl)propionic acid (78% yield). Catalytic
hydrogenation using Raney nickel followed by the
addition of cerous chloride resulted in the formation of
the cerous salt of 3-(4-carboxycyclohexyl)propionic
acid (4) which upon pyrolysis produced bicyelo[3.2.2]
nonan-2-one (5) in 229, yield (isolated as its semicar-
bazone). Reduction of § with lithium aluminum hy-
dride yielded 2, and a comparison of physical prop-
erties indicated that this compound corresponded to
the major product formed in the Demjanov reaction
of 1.

Acylation of ethylbenzene followed by cautious oxi-
dation of the product with potassium permanganate
produced p-diacetylbenzene in 639, over-all yield. A
Willgerodt reaction converted the diketone to p-ben-
zenediacetic acid (699%). Catalytic hydrogenation of
the diacid (using 509 rhodium on alumina as the
catalyst) gave a mixture of the cis and trans isomers of
1,4-cyclohexane diacetic acid (6) in quantitative yield,
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but the ratio of the two isomers was a sensitive func-
tion of the reaction conditions. When the hydrogena-
tion of p-benzenediacetic acid was carried out at 90°
and 1000 psi, reduction was rapid and exothermic;
chromatography of the esters of the product showed an
isomer distribution of 6:94 in order of retention times.
At 25° and a pressure of 95 psi the reaction was quite
slow, and the product isomer distribution was 86:14.
Pyrolysis of the cerous salt of the former mixture pro-
duced no bicyclic ketone whereas the latter mixture
produced bicyclo[3.2.2]nonan-3-one (7) in very low
yield. Reduction of 7 with lithium aluminum hydride
yielded 3; from a comparison of retention times, the
isomer formed from 1 in 229, yield was found to cor-
respond to 3.

Because the mixture of aleohols which we obtained
from 1 was difficult to separate into its components, we
turned our attention to the preparation of bicyclo-
[3.2.2]non-2-ene (8). It was anticipated that oxygen
could be readily and selectively introduced into 8 (e.g.,
by selenium dioxide oxidation, hydroboration, or epox-
idation) to provide us with suitable quantities of the
desired products. The most practical source of 8 ap-
peared to be bicyclo[2.2.2]oct-2-ylmethanol (9), since
Alder’ originally reported that dehydration of 9 re-
sulted in the formation of 8 in high yield.!*

Dehydration of 9 gave a single olefin, 10, which
could be converted to an epoxide, 11, upon reaction
with peracetic acid. Reduction of 11 with lithium
aluminum hydride produced a single alcohol, 12,
which did not correspond to either 2 or 3, but to the
third and minor component of the Demjanov reaction
mixture. Since the epoxidation and reduction of 8
could have produced only 2 or 3, it follows that the
dehydration of 9 must have involved a carbonium ion
rearrangement. Oxidation of 10 with selenium diox-
ide gave an allylic aleohol, 13, which could be reduced
to 12 using hydrogen in the presence of palladium on
charcoal.

Oxidation of 12 with chromic acid gave ketone 14,

(14) On further investigation® into the chemistry of bicyclo{3.2.2]nonanes,
Alder synthesized bicyclo[3.2.2]nonan-8-one by an unambiguous route and
reduced this to bicyclo[3.2.2lnonane through a Wolff—-Kishner reaction.
Catalytic hydrogenation of what he previously formulated as 87 gave a

saturated hydrocarbon which was clearly not the same as the product
derived from the ketone. He was unable to resolve this incongruency.
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which was shown to have three exchangeable protons.
A comparison of the physical and chemical properties
of 14 and its semicarbazone with those of an authentic
sample? of bicyelo[3.3.1jnonan-2-one showed that these
substances were identical. Subsequent comparisons
of physical and chemical properties with those of
authentic samples? showed that 12 was exo-bicyclo-
[3.3.1]Jnonan-2-0l, 13 was ezxo-bicyclo[3.3.1jnon-3-en-
2-0l, 10 was bieyclo[3.3.1]non-2-ene, and 11 was the
corresponding exo epoxide. These results are sum-
marized in Chart 1. Reasonable pathways for the
transformation of the bicyclo[2.2.2]oct-2-ylecarbinyl
cation to the bicyclo[3.3.1]non-2-yl cation and to the
cationic precursors of 2 and 3 are given below.

N\

The findings cited above indicate that, under condi-
tions that approach equilibrium control, the primary
fate of the bicyelo[2.2.2]oct-2-ylcarbinyl cation is re-
arrangement to the bicyclo[3.3.1Jnon-2-yl cation.
Further evidence supporting this suggestion stems
from the fact that 2 was converted almost completely
to 10 (999%) when 2 was added to 2 N sulfuric acid and
heated at 100°. Small amounts of alcchol 12 were also
detectable by chromatography of the product; this may
arise from hydration of 10 or directly from the rear-
ranged cation. The driving force for this rearrange-
ment probably has its origin in the unfavorable con-
formational interactions which are inherent in the
bicyelo[3.2.2]nonane framework.

In 2, three serious eclipsing interactions exist which
serve to destabilize this molecule over and above the
usual destabilization energy which is associated with
the presence of the boat conformation of a cyclohexane
ring. These interactions could be relieved to a signif-

- Hy, it

icant degree if an elimination of a proton from C; to
form bicyelo[3.2.2]non-2-ene (8) were to occur. How-
ever, even in 8, serious nonbonded interactions exist
which serve as a destabilizing factor. These sources
of strain can be eliminated by a 1,3-hydride migration
in the 2-bicyclo[3.2.2]nonyl cation followed by an alkyl
shift to give the 2-bicyclo[3.3.1]nonyl cation; elimina-
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tion of a proton from C; would result in 10. In 10,
both the cyclohexane and cyclohexene rings can adopt
relatively strain-free conformations, and we believe
that the relative stabilities of 10 and 8 probably ac-
count for the observations cited above.

An approach to the synthesis of medium-sized rings
which has been successful in recent years involves for-
mation of the ring through a Dieckmann condensation
using sodium hydride and high-dilution conditions.
To develop our reaction techniques, the preparation of
cycloheptanone from dimethyl suberate was studied
using a variety of reaction conditions until consistently
good yields of ketone could be obtained. However,
when we used these reaction conditions and variations
on the dimethyl ester of 4, we were able to detect only
traces of ketonic product (presumably 5). Since the
Dieckmann condensation is an equilibrium process, the
failure of the cyeclization of the diester is probably a
consequence of the strain inherent in the bicyclo[3.2.2]-
nonane nucleus. After these studies were completed,
Berson® reported a convenient synthesis of 5 through
an oxy Cope rearrangement, and we have since used
this method to prepare the ketone in quantity.

Bicyclo[3.2.2]nonan-6-one (15) was prepared from
bicyclo[3.2.1]oct-2-en-8-one (16) by treating 16 with
diazomethane and reducing the mixture of products
which was obtained. From the ring-expansion step,
a 3:2 mixture of bicyclo[3.2.2]non-3-en=6-one (17) and
bicyelo[3.2.2Jnon-2-en-6-one (18) was isolated. These
products could be separated by vapor phase chroma-
tography, and 17 was identified on the basis of the
presence of an absorption maximum in the ultraviolet
region of the spectrum (Amax 298 muy, log € 2.03) which
is characteristic of homoconjugated unsaturated ke-
tones.’* Hydrogenation of both 17 and 18 using pal-
ladium on charcoal yielded 15. This ketone could
also be prepared by reducing 16 to bicyclo[3.2.1]Joctan-
8-one (19) and treating 19 with diazomethane.

Reduction of 15 with lithium aluminum hydride
gave a mixture of alcohols 20 and 21 which were pres-
ent to the extent of 13 and 87 %, respectively, as deter-
mined chromatographically. An inspection of Dreid-
ing models indicates that four conformational modifi-
cations of 15 are possible; of these, the conformation
shown should be the most stable, since nonbonded
interactions are at a minimum when the molecule is
in this form. In this conformation the endo face of the
carbonyl group is almost completely shielded by the
C; methylene group, and approach of the reducing
agent from the exposed ero face would be expected to
be favored if steric approach control of the reagent is

(15) H. Labhart and G, Wagniere, Helv. Chim. Acta, 42, 2219 (1959),
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the determining factor.'®* That this is probably the
case was shown by the following experiment.

H
H
0
/
AlH,” q
15
Ho-@ HO«@
20 21

Although the mixture of 20 and 21 could not be
separated conveniently on a large scale, the reduction
mixture was readily converted to a mixture of p-nitro-
benzenesulfonate esters. Solvolysis of this mixture
produced two alcohols which were present to the ex-
tent of 10 and 909,. By comparison with an authen-
tic sample,? the minor component of the solvolysis
mixture was shown to be 12. If we draw the reason-
able conclusion that 12 arises from the minor compo-
nent of the reduction mixture, then the latter aleohol
must be exo-bicyclo[3.2.2]nonan-6-0l (20). On mech-
anistic grounds, only this epimer would be expected
to produce 12 on solvolysis (eq 1).
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Careful comparison of the retention time of the
major component of the solvolysis reaction with those
of all of the known bicyclo[3.3.1]Jnonanols and bicyclo-
[3.2.2lnonanols (see Table I) indicated that 22 had

TasLe I
ReTENTION TIMES OF BICYCLONONANOLS®

Compd Retention time, min
ezo-Bicyclo[3.3.1]Jnonan-2-0l 22.6
endo-Bicyclo[3.3.1]nonan-2-0l 25.2
exo-Bicyclo[3.3.1]nonan-3-0l 25.6
exo-Bicyclo[4.2.1]lnonan-2-01 (?) 27.5
Bicyelo[3.2.2]nonan-2-0l 28.0b
endo-Bicyclo[3.2.2]nonan-6-0l 28.0b
ezo-Bicyclo[3.2.2]nonan-6-ol 28.0°

Bicyclo[3.2.2]nonan-3-0l 29.5

s A 10 ft X 0.25 in. 5% Carbowax 20M on 80/100 mesh
Chromosorb P column operating at 120° and a flow rate of
100 cc/min was used for these measurements. * When analyzed
simultaneously, these can be detected as shoulders.

none of these structures; therefore, a new, bridged
bicyelic skeleton must have been formed during the
solvolysis reaction (eq 2). On mechanistic grounds
we regard exo-bicyclo[4.2.1]lnonan-2-0l to be a likely
structure for 22. Compound 22 was also detected as
a product obtained from the dehydration of 21 with
sulfuric acid. We plan to investigate these reactions
in more detail.

(16) W, G. Dauben, G. J. Fonken, and D. 8. Noyce, J. Am., Chem. Soc.,
8, 2579 (1956).
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Since the reactions of 16 and 19 with diazomethane
provided a useful entry into the bicyclo[3.2.2]nonane
framework, we explored the reaction of norbornen-7-
one with an excess of this reagent. The major product
from this reaction was bicyclo[2.2.2]oct-2-en-5-0ne,
which was isolated in 799 yield, and only trace
amounts of bicyelo[3.2.2]non-6-en-2-one could be de-
tected by vapor phase chromatography. Reaction of
bieyclo[2.2.2]octanone with diazomethane gave only
traces of bicyelo[3.2.2]nonan-2-one, and the starting
material was recovered. Evidently the success of the
ring expansion in these bicyclic systems is determined
to a large extent by the degree of strain in the starting
ketone, and the bicyclo[2.2.2]octane system is not very
reactive toward this reagent.

Experimental Section

1,2-Dibromocyclohexane.—A modification of the procedure
of Snyder and Brooks!” was used. A solution of cyclohexene
(384 g, 4.68 moles), 500 ml of carbon tetrachloride, and 45 ml of
absolute ethanol was cooled to —35° with a Dry Ice-isopro-
panol bath. The solution was stirred rapidly, and 630 g (3.94
moles) of bromine dissolved in 120 ml of carbon tetrachloride
was added from an addition funnel at such a rate that the tem-
perature could be maintained below —25°. After the addition
was completed, the reaction mixture was distilled ; 815 g (85.5%)
of 1,2-dibromocyclohexane was obtained, bp 111° (30 mm) [lit.1?
bp 108-112 (25 mm)].

Cyclohexa-1,3-diene.—A stirred solution of potassium hy-
droxide (600 g, 10.7 moles) and 1900 ml of triglyme was heated
to 150° in a 3-l., three-necked flask which was fitted with a
mechanical stirrer and an addition funnel and equipped for a
simple vacuum distillation. The pressure was reduced by
means of an aspirator to 200-500 mm, and 1,2-dibromocyclo-
hexane (910 g, 3.85 moles) was added in a steady stream with
vigorous stirring. As soon as the products began to distil from
the reaction mixture, the addition rate was adjusted so that the
distillation rate did not become too rapid. Upon completion of
the distillation, the distillate was washed with brine, dried with
magnesium sulfate, and fractionally distilled to give 126 g
(40.0%) of cyclohexa-1,3-diene, bp 77° (lit.!® bp 80°), which
contained only trace amounts (<29%) of benzene, cyclohexene
and the 1,4-diene.

Deamination of Bicyclo[2.2.2]oct-2-ylcarbinylamine.—The
hydrochloride salt of bicyclo[2.2.2]oct-2-ylcarbinylamine!® was
prepared by adding 150 ml of concentrated hydrochloric acid
to a cooled ethereal solution of 55.7 g (0.424 mole)’of the amine.
The product was filtered and dissolved in 100 ml of water con-
taining 40.0 g (0.580 mole) of sodium nitrite. The solution was
stirred and heated to reflux, and 40 ml of glacial acetic acid was
slowly added. After heating at reflux for 1 hr, 40 ml of 509,
aqueous sodium hydroxide was added; after 3 hr at reflux, the
products were isolated by steam distillation. The crude pro-
duct (46.6 g) was crystallized from pentane to give 39.8 g
(67.0%) of a mixture with five major components. Three of
these, which accounted for about 809% of this mixture, were
alecohols. Vapor phase chromatography indicated that these
alcohols were bicyclo[3.3.1Jnonan-2-01 (16%), bicyclo{3.2.2]-
nonan-2-ol (62%), and bicyclo{3.2.2]nonan-3-0l (22%); their
retention times are reported in Table I. These compounds
were isolated by preparative vapor phase chromatography and
were identified by a comparison of their physical and chemical
properties with those of the compounds described below.

Dehydration of Bicyclo[2.2.2]oct-2-ylmethanol.—In a flask

(17) H. R. Snyder and L. A. Brooks, Org. Syn., 2, 171 (1943).
(18) W. J. Bailey and W. B. Lawson, J. Am. Chem. Soc., 79, 1444 (1957).
(19) K, Alder, K. Heimbach, and R. Reubke, Ber., 91, 15168 (1958),
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fitted with a short-path distillation adapter were placed 16 g
(0.11 mole) of bicyclo[2.2.2]oct-2-ylmethanol,” 9 g of 85% phos-
phoric acid, a few crystals of hydroquinone, and a few copper
granules. The flask was heated to 160-180°; when distillation
of the dehydration product ceased, the distillate was dissolved
in pentane. The pentane solution was washed with aqueous
sodium bicarbonate, dried over magnesium sulfate, filtered, and
refluxed with several small cubes of sodium metal to remove any
unreacted alcohol. Distillation gave 4.4 g (32%) of an olefin,
mp 89-93° (lit.2 mp 96.5-97°), which was subsequently identified
as bicyelo[3.3.1jnon-2-ene,

Epoxidation of Bicyclo{3.3.1jnon-2-ene.—To a cooled solution
of 7.0 g (0.058 mole) of bicyclo[3.3.1]Jnon-2-ene in 90 ml of chloro-
form was added over a 1-hr period a mixture of 25 ml of 40%
peracetic acid (Becco) and 2.0 g of sodium acetate. The tem-
perature was kept at 0° for 3 hr and then at room temperature
for 4 hr. The chloroform solution was washed with dilute
aqueous potassium hydroxide, dried, and concentrated. Sub-
limation (100° 30 mm) yielded 5.6 g (71 %) of the epoxide, which
melted at 155-162°,

Anal. Caled for C,H1,0: C, 78.21; H, 10.21.
78.02; H, 10.28.

Bicyclo[3.3.1]nonan-2-ol.—A mixture of 2.1 g (0.015 mole) of
the epoxide, 2.0 g (0.053 mole) of lithium aluminum hydride,
and 60 m] of tetrahydrofuran was refluxed for 2 days. Isolation
of the product in the usual manner and crystallization from
pentane gave 1.6 g (77%) of exo-bicyclo[3.3.1]nonan-2-0l, mp
174.5-176° (lit.2 mp 175-177°), which was shown to be identical
(infrared and nmr spectra, retention time) with an authentic
sample.?

Bicyclo[3.3.1]nonan-2-one.—ezo-Bicyclo[3.3.1jnonan-2-ol
(0.80 g, 0.0057 mole) in 15 ml of acetone was oxidized with Jones
reagent. Sublimation afforded 0.35 g (44%) of the ketone,
mp 136-139° (lit.2 mp 135-137°). The semicarbazone deriva-
tive was prepared in the usual manner, mp 179-180° (lit.?
mp 179-180°). A deuterium exchange experiment led to the
incorporation of 17.80 atom % of excess deuterium (2.49 atoms
of deuterium per molecule).2®

Selenium Dioxide Oxidation of Bicyclo[3.3.1]non-2-ene.—The
olefin was converted to exo-bicyclo[3.3.1]non-3-en-2-0l by the
procedure described previously.? Catalytic reduction of the
product to exo-bicyclo[3.3.1lnonan-2-o0l was carried out in the
presence of 5% palladium on charcoal. The physical and chemi-
cal properties of the alcohol obtained in this way were identical
to those of an authentic sample (vide supra).

Ring Expansion of Bicyclo[3.2.1]oct-2-en-8-one.—A solution
of 12 g (0.12 mole) of N-nitroso-N-methylurea in 350 ml] of ether
was converted to diazomethane in the usual way.?! To the
ethereal solution of diazomethane were added 10 g (0.082 mole)
of bicyelo[3.2.1]oct-2-en-8-one,?? 10 ml of methanol, and 0.2 g
of lithium chloride. The mixture was stirred for 3 days, and
analysis of a small sample of the reaction mixture by vapor
phase chromatography indicated that the reaction had gone
to only 60% of completion. Additional diazomethane (from
10.0 g of N-nitroso-N-methylurea) was added, and the solution
was stirred for another 3 days at which time analysis indicated
that little starting material remained. The ether solution was
washed with a saturated solution of sodium bicarbonate, dried,
and concentrated. Distillation gave a total of 7.5 g of produect,
which contained some starting material; the yield of bicyclo-
[3.2.2]nonenones was about 61%. A small sample was sepa-
rated by gas phase chromatography to give bicyclo[3.2.2]non-
2-en-7-one, mp 84-86.5°, (60% of the mixture) and bicyclo-
[3.2.2]non-2-en-6-one, mp 90-93 (40% of the mixture). The
lower melting isomer had an absorption maximum at 298 my
(log € 2.03) while the higher melting isomer had an absorption
maximum at 293 mu (log € 1.33). The infrared spectra of both
compounds were characterized by maxima at 2950 and 1715 em™1,
Catalytic hydrogenation of the mixture of unsaturated ketones
in the presence of 5% palladium on charcoal gave bicyclo[3.2.2]-
nonan-6-one in quantitative yield. The product had the same
retention time as a sample of the ketone prepared from the ring
expansion of bicyclo[3.2.1]Joctan-8-one.

Ring Expansion of Bicyclo[3.2.1]octan-8-one.—Reaction of
bicyclo[3.2.1]Joctan-8-one with diazomethane, using the pro-
cedure described above, yielded bicyclo[3.2.2lnonan-6-one in

Found: C,

(20) J. P. Schaefer and J. C. Lark, J. Orp. Chem,, 80, 1337 (1965).
(21) F. Arndt, Org. Syn., 2, 165 (1943).
(22) C. 8. Foote and R. B. Woodward, Tetrahedron, 20, 687 (1964).



DxcEMBER 1967

859, yield. Chromatographic analysis showed that the product
was contaminated with traces of starting material. The com-
pound melted at 157-160° (lit.®12 mp 169-170°) and the semi-
carbazone melted at 208-210° (lit.%1? mp 209-210°).

Reduction of Bicyclo[3.2.2]nonan-6-one.—Reduction of 1.0 g
(0.0072 mole) of ketone in 80 ml of tetrahydrofuran with 1.0 g
(0.026 mole) of lithium aluminum hydride gave 0.5 g of a mix-
ture of alcohols in the ratio of 87:13 as indicated by vapor phase
chromatographic analysis. The mixture melted over the range
of 183-194°.

Anal. Caled for CoH,60: C, 77.07; H, 11.52. Found: C,
77.31; H, 11.79.

Solvolysis of exo- and endo-Bicyclo[3.2.2]non-6-yl p-Nitro-
benzenesulfonate.-—Reaction of 0.22 g (0.0015 mole) of the
mixture of alcohols obtained from the reduction of bicyeclo[3.2.2]-
nonan-6-one with 0.40 g (0.0018 mole) of p-nitrobenzenesulfonyl
chloride yielded 0.38 g of mixed ester. This was added to 8 ml
of acetic acid containing 0.2 g of sodium acetate, and the solu-
tion was heated at 100° for 5 hr. The solution was poured into
cold water and extracted with ether. The dried ether extracts
were treated with an excess of lithium aluminum hydride.
After reaction had ceased, water was added, the solid was
removed by filtration, and the concentrated ether extracts were
analyzed by vapor phase chromatography. exo-Bicyclo[3.3.1]-
nonan-2-ol was found to be present to the extent of 109, of the
product mixture, and a new compound believed to be ezo-
bicyclo[4.2.1lnonan-2-0l was present to the extent of 909,
Insufficient material was present to allow further characteriza-
tion of the latter substance.

Cerous Salt of 3-(4-Carboxycyclohexyl)propionic Acid.—To
an aqueous solution of 3-(4-carboxyphenyl)propionic acid
(117 g, 0.605 mole) was added 10%, sodium hydroxide solution
until neutrality was achieved. The resulting solution was
hydrogenated at 180° and an initial hydrogen pressure of
2000 psi for 24 hr using Raney nickel W-5 catalyst. The
hydrogenation was complete as shown by nmr analysis (deu-
terium oxide) of the sodium salt of the product. After the
hydrogenation, the catalyst was removed and a cerous chloride
solution was added until no more precipitate formed on further
addition. The precipitate was collected by filtration, pressed
dry, and dried further at 110° to give 137 g (66.8% over-all) of
the cerous salt of the diacid.

Bicyclo[3.2.2]nonan-2-one Semicarbazone.—Infusorial earth
(101 g) was added to the powered cerous salt of 3-(4-carboxy-
cyclohexylypropionic acid (137 g, 0.472 mole) in a large bottle
which was shaken vigorously for several minutes to obtain a
nearly homogeneous mixture. This mixture (in 60-g batches)
was placed in a pyrolysis oven (60 mm X 35 em) and heated to
400-420° while a slow stream of nitrogen flowed through the
system and finally through two 95% ethanol bubblers. The
bubblers were used both to meter the gas flow and to trap traces
of ketonie product which might otherwise pass into the atmos-
phere. At first, water condensed on the cooler portions of the
pyrolysis system. As the temperature approached 390° a
yellow-brown oil began to emerge from the hot oven. The
mixture was heated at the reaction temperature for 6 hr after
the oil started to form. After the pyrolysis system had cooled
to room temperature, the oil was washed from it thoroughly
using the ethanol in the bubbler traps.

To the combined ethanol solution was added an aqueous
solution of semicarbazide hydrochloride (8 g per batch) and
sodium acetate trihydrate (15 g per batech). The resultant
solution was heated to boiling in an erlenmeyer flagk until most
of the ethanol had boiled out. The solution was decanted from
a dark brown oil that settled to the bottom and was allowed to
cool, and the semicarbazone derivative was allowed to crystal-
lize. After filtration and drying, 7-8 g (29-35%) of crude
semicarbazone (prohably contaminated with much biurea) was
obtained. A total of 29 g (32%) of crude semicarbazone was
obtained from the four pyrolyses. A portion was recrystallized
from chloroform with poor recovery to give a white powder,
mp 199-201° dec (lit.!! mp 200-201° dec).

Bicyclo[3.2.2]nonan-2-one (8).—The semicarbazone of bi-
eyclo[3.2.2]nonan-2-one (8.0 g, 0.041 mole) which had been
purified by crystallization from chloroform was added to a 19
phosphoric acid solution (100 ml), and steam distillation was
carried out. The steam distillate was extracted with two
portions of pentane; the organic layer was dried over anhydrous
magnesium sulfate, filtered, and concentrated by distillation
through a Vigreux enlumn (30 cm X 15 mm). The residue was
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sublimed to give 5.0 g (88%) of ketone, mp 161-165° after pre-
parative vapor phase chromatography (lit.*!! mp 160.5-164.5°;
152.5-154.5°). When crude semicarbazone (22 g) was used,
the yield of ketone was 3.3 g (21%).

Bicyclo[3.2.2]nonan-2-01 (5).—To a mixture of lithium alumi-
num hydride (0.4 g, 0.01 mole) and anhydrous ether (10 ml) was
added a solution of bicyclo[3.2.2]nonan-2-one (0.7 g, 0.005 mole)
in anhydrous ether (10 ml). After being stirred overnight,
the solution was treated with water, filtered, and dried over
anhydrous magnesium sulfate. The drying agent was removed
by filtration, the ether was removed by distillation, and 0.4 g
(57%) of alcohol was obtained by sublimation (100°, 30 mm).
The crude alcohol had a melting range of 166-184° with soften-
ing at 130° whereas alcohol which had been recrystallized twice
from pentane melted at 186-190° (lit.!! mp. 186-190°).

Pyrolysis of Cerous 1,4-Cyclohexane Diacetate.—The pyroly-
sis of this cerous salt was carried out in the same manner as that
described for the cerous salt of 3-(4-carboxycyclohexyl)pro-
pionic acid, A trace of semicarbazone, mp 198-200°, was
obtained. The ketone, bicyclo[3.2.2]nonan-3-one, was re-
generated by steam distillation from a 3% phosphoric acid
solution. The 2,4-dinitrophenylhydrazone derivative was pre-
pared and recrystallized from 95% alcohol to give red-brown
needles, mp 159-160° (lit.!* mp 153°).

Anal. Caled for C;;HisNOs: C, 56.60; H, 5.70; N, 17.60.
Found: C, 56.69; H, 6.02; N, 17.88.

Bicyclo[3.2.2]nonan-3-0l.—The ketonic product from the
pyrolysis of cerous 1,4-cyclohexane diacetate was reduced with
an excess of lithium aluminum hydride to produce an alcohol,
mp 105-107° with softening at 90°. The retention time of this
material corresponded to that of the third alcohol obtained from
the deamination reaction. The nmr spectrum of this com-
pound showed a nine-line A,B,X pattern centered at § 4.02 for
the C; carbinyl proton with coupling constants of 5.5 and 11.1
cps. The mass spectrum showed a large peak at m/e 122
(P — 18), which would be expected for the title alcohol.

Bicyclo[3.2.2]non-2-y1 Tosylate.—To a cooled solution of
bicyclo[3.2.2]nonan-2-0l (1.02 g, 7.26 mmoles) in dry pyridine
(10 ml) was added tosyl chloride (1.52 g, 8.00 mmoles). After
all the tosyl chloride had dissolved, the solution was stoppered
tightly and placed in the refrigerator (5°) for 24 hr. Cold water
was added, and the resulting solution was extracted with ether
(50 ml in three portions). The combined extracts were washed
with 1 N sulfuric acid (100 m! in two portions), water (50 ml),
and a saturated sodium bicarbonate solution (50 ml). After
being dried over anhydrous magnesium sulfate and filtered, the
ether solution was concentrated, and the residue was dissolved
in pentane. Reerystallization at —20° afforded 1.09 g (51%)
of white crystals, mp 46-48°,

Anal. Caled for Ci¢H32,0.8: C, 65.26; H, 7.55. Found: C,
65.58; H, 7.83.

Solvolysis of Bicyclo[3.2.2]non-2-yl Tosylate.—A solution of
0.2 N sodium acetate in glacial acetic acid (16 ml) and bicyclo-
[3.2.2]non-2-yl tosylate (0.94 g, 6.7 mmoles) were placed in a glass
tube which was sealed and heated to 100° for 5 hr. The tube
was opened, water was added, and the aqueous solution was
extracted with ether (200 ml). The ether extracts were washed
with water (200 ml in two portions) and dried over anhydrous
magnesium sulfate. The filtered ether solution was concen-
trated to a volume of 50 ml and treated with an excess of lithium
aluminum hydride. Analysis by vapor phase chromatography
indicated the presence of bicyclo[3.3.1]lnonan-2-0l (32%),
bicyclo[3.2.2]nonan-2-0l (52%), and bicyclo[3.2.2]nonan-3-ol
(16%).

Dehydration of Bicyclo[3.2.2]Jnonan-2-0l.—To 15 ml of 4 N
sulfuric acid was added 0.4 g (0.003 mole) of bicyclo[3.2.2]-
nonan-2-ol and the mixture was heated in a sealed tube at 100°
for 10 hr. Analysis of the reaction mixture using vapor phase
chromatography and nmr indicated that the products were
bicyclo[3.3.1lnon-2-ene and exo-bicyclo[3.3.1]Jnonan-2-0l (less
than 19, of the mixture).

Dehydration of endo-Bicyclo[3.2.2]nonan-6-ol.—endo-Bicyclo-
[3.2.2]nonan-6-0l was placed in a glass tube with 1 N H,S0,
(15 ml); the tube was sealed and heated to 100° for 18 hr. The
tube was cooled and opened, and ether was added to its contents.
The layers were separated, and the ether was dried over an-
hydrous magnesium sulfate and filtered. Analysis by vapor
phase chromatography and nmr indicated the presence of olefin
(ca. 50%), endo-bicyclo{3.2.2lnonan-6-ol (ca. 109%) and exo-
bicyclo[4.2.1lncnan-2-o0l (ca. 40%).
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Treatment of Norbornen-7-one with Diazomethane.—Nor-
bornen-7-one (5.0 g, 0.046 mole) was treated with an excess of
diazomethane. A large amount of bicyclo[2.2.2]oct-2-en-5-one
(79.0%) was formed. This product was identified by com-
parison of the retention time and infrared spectrum with those
of an authentic sample, There was very little material formed
which had the same retention time as bicyclo[3.2.2]non-6-en-
2-one.

Treatment of Bicyclo[2.2.2]octan-2-one with Diazomethane.—
Bicyclo[2.2.2)octan-2-one (5.5 g, 0.044 mole) was treated with
an excess of diazomethane in the same fashion as bicyclo[3.2.1]-
oct-2-en-8-one. Only a trace of new material was formed,
which had the same retention time as bicyclo[3.2.2]nonan-2-one.

Cycloheptanone.—Using the apparatus and procedure de-
scribed by Leonard,?® 40.4 g (0.200 mole) of dimethyl
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suberate was converted to cycloheptanone in 58% yield using
high-dilution conditions. The reaction time was 3 days.
When the reaction was attempted with the dimethyl ester of 4,
starting material was obtained along with a trace of product
which gave a positive 2,4-dinitrophenylhydrazine test but which
was present in amounts insufficient to characterize.

Registry No.—2, 14565-01-6; 3, 14638-73-4; 10,
6671-66-5; 11, 13366-99-9; 12, 10036-15-4; 14, 2568-
17-4; 15, 1614-77-3; 17, 14565-07-2; 18, 14565-08-3;
bieyelo[3.2.2]non-2-y1 tosylate, 14565-09-4; 20, 14565-
36-7; 21, 14565-35-6; 22, 14565-34-5.
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( £)-3-Methoxy-B-norestra-1,3,5(10),8-tetraen-178-0l (8a) was prepared in five steps beginning with

5-methoxyindan-l-one.

Metal-ammonia reduction of 8a followed by chromic acid oxidation gave a mixture

of (+)-3-methoxy-B-nor-98-estra-1,3,5(10)-trien-17-one (9a) and ( % )-3-methoxy-B-nor-8a-estra-1,3,5(10)-

trien-17-one (10a), with 9a as the predominant isomer.

two products with 10a predominating.

The synthesis of B-norestrone (la) (Chart I) was
undertaken as part of our continuing efforts to sepa-
rate the lipodiatic and feminizing properties of es-
trone.>* The synthetic approach was based on the
recent method developed by Torgov® for steroidal to-
tal syntheses, which has since been extensively used
by several laboratories.?d.® 5-Methoxyindan-1-one
with vinyl magnesium bromide was readily transformed
into allylic aleohol 2 (Chart I). Alkylation of 2-
methyleyclopentane-1,3-dione with 2 in the presence
of Triton B afforded diketone 3 in 709, over-all yield
from the indanone.” Warm methanolic hydrochloric

(1) Presented in part at the 152nd National Meeting of the American
Chemical Society, New York, N. Y., Sept 1966. Taken in part from the
Ph.D. dissertation of F. C, Sciavolino, The University of Michigan, Ann
Arbor, Mich., 1966.

(2) National Institutes of Health Predoctoral Fellow, 1963-1966, Mon-
santo Co. Summer Fellow, 1863,

(3) (a) J. H. Burckhalter and J. A. Durden, J. Org. Chem., 28, 298 (1960);
(b) J. H. Burckhalter and H. Watanabe, Abstracts, 142nd National Meeting
of the American Chemical Society, Cincinnati, Ohio, Jan 1963, p 14a; (c¢)
J. H, Burckhalter and H. Watanabe, Abstracts, International Symposium on
the Chemistry of Natural Products, Kyoto, Japan, April 1964, p 253;
(d) H. Watanabe, K. Matsumori, L. W. Rampy, and J. H. Burckhalter,
Abstracts, Agricultural Chemical Society, Hokkaido, Japan, July 1964, p 140.

(4) (a) For a review of the subject with leading references, see N. Apple-
zweig, ‘' Steroid Drugs,” McGraw-Hill Book Co., Inc., New York, N. Y,, 1962,
pp 222-230; see also (b) A, H. Goldkamp, W. M. Hoehn, R. A. Mikulec, E. F.
Nutting, and D, L. Cook, J. Med. Chem., 8, 409 (1965); (c¢) G. C. Buzby, Jr.,
R. A. Edgren, J. A. Fisher, G. A, Hughes, R. C. Jones, K, Ledig, T. W.
Pattison, R. Rees, H. Smith, L. L. Smith, D. M, Teller, and G. R. Wendt,
ibid., T, 755 (1964); (d) S. Gordon, E. W. Cantrall, W. P, Cekleniak, H. J.
Albers, S. Maver, S. M, Stolar, and S. Bernstein, Steroids, 4, 267 (1964); (e)
C. H. Robinson, N, F. Bruce, E, P, Oliveto, S. Tolksdorf, M, Steinberg, and
P. L. Perlman, J. Am. Chem. Soc., 83, 5256 (1960); (f) G. P. Muller, W. F.
Johns, D. L. Cook, and R. A, Edgren, bid., 80, 1769 (1958).

(5) (a) 8. N. Ananchenko, V. Ye. Limanov, V. N, Leonov, V. N. Rzhez-
nikov, and I. V., Torgov, Tetrahedron, 18, 1355 (1862); (b) S. N. Anan-
chenko, C.-O. T'ang, and I. V. Torgov, Bull. Acad. Sci. USSR, Div. Chem.
Sei. Engl. Transl., 275 (1862); (¢) S. N. Ananchenko, V. N. Leonov, A. V.
Platonova, and I. V. Torgov, Proc. Acad. Sci. USSR, Chem. Sect. Engl.
Transl., 188, 1211 (1960).

(6) (a) T. Miki, K. Hiraga, and T. Asako, Chem. Pharm. Bull. (Tokyo),
13, 1285 (1965); (b) G. H. Douglas, J. M. H. Graves, D. Hartley, G. A,
Hughes, B. J. McLoughlin, J. 8iddsall, and H. Smith, J. Chem. Soc., 5072
(1983); (¢} T. B. Windholz, J. H. Fried, and A. A. Patchett, J. Org. Chem.,
28, 1092 (1963).

(7) All structures with the exception of 1b depict racemic mixtures.

Catalytic reduction of 8a gave a mixture of the same

Cuart 1

CH;

CH,0

acid caused 3 to undergo cyclodehydration and tetra-
cyclic ketone 4 was isolated in 929, yield. Selective
reduction of the 14,15 double bond of 4 in the presence
of 5% palladium on calecium carbonate afforded a 1:3
mixture (by nmr) of § and 6, respectively, from which
the trans ketone 6 was isolated in pure form in 25%,
vield. The configurations at C-14 were assigned on
the basis of the shielding effect of the 8,9 double bond
on the angular methyl group of 6 compared with that
of 5.8 The poor yield of 6 was overcome by relying

(8) J. A, Steele, L. A. Cohen, and E. Mosettig, J. Am. Chem, Soc., 88,
1134 (1963); (b) J. H. Burckhalter and H. Watanabe, ref 3b and o; (o)
W. N, Speckamp, U. K. Pandit, and H. O. Huisman, T'etrahedron Letters,
2781 (1966); (d) W. N. 8peckamp, H. deKoning, U. K. Pandit, and H. O.
Huisman, Tetrahedron, 21, 2517 (1965).



