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The aluminum chloride complex of phenylacetyl chloride undergoes an acylation-cycloalkylation reaction with
cyclohexene to afford cis-hexahydro-9-phenanthrone (3) along with chloro and unsaturated ketones which are
products of acylation. 4,5-Benzobicyclo{4.3.1]decan-2-one (4) is formed when the acid chloride is not precomplexed
with aluminum chloride. If care is not taken in the workup and handling of reaction products, isomerization of cis-3
to trans-hexahydro-9-phenanthrone (2) occurs. The stereochemistry of ketones 2 and 3 was established bv conver-
siorr to the known cis-1,2,3,4,4a,10a-hexahydrophenanthrene (17) and trans-1,2,3,4,4a,10a-hexahydrophenan-
threne (21), respectively. The reaction of the aluminum chloride complex of phenylacetyl chloride with 1-methyley-
clohexene at 0 °C is stereoselective, affording cis- and trans-methylhydrophenanthrones 30 and 31 in a ratio of 4.4:
1. When conducted in refluxing methylene chloride, the reaction is far less selective, affording ketones 30 and 31

in a ratio of 68:32.

In pursuing our studies of an acylation-alkylation ap-
proach to the synthesis of cyclic ketones,! we have conducted
an investigation of the reaction of phenylacetyl chloride with
cyclohexene. Cook? and Bergs® reported that the stannic
chloride catalyzed condensation of these reactants gave
(phenylacetyl)cyclohexene (1) and no tricyclic products.
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Gutsche and Johnson,* using aluminum chloride and refluxing
carbon disulfide, obtained a low yield of a mixture of tricyclic
ketones from which a crystalline hydrophenanthrone, which
we have now shown to be the trans isomer 2, was isolated by
way of the formation of its insoluble semicarbazone derivative.
Syntheses of a mixture of cis- and trans-hydrophenanthrones
3 and 2 have been described by Parham,5 and more recently
a photochemical conversion of 1 to 2 and 3 has been reported
by Tada.t Herein we report that a carefully worked up phen-
vlacetyl chloride—cyclohexene reaction offers a stereospecific
route to the less thermodynamically stable cis-hydrophe-
nanthrone 3 in fair yield.

Our work began with a confirmation of the results described
by Cook? and by Gutsche and Johnson.# The Gutsche and
Johnson procedure was easily reproduced and pure trans-
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ketone 2 was isolatéd via its semicarbazone derivative. When
the crude ketone mixture was subjected to column chroma-
tography, pure samples of three ketones, in almost equal
proportion, were isolated: cis-hydrophenanthrone 3, trans-
hydrophenanthrone 2, and 4,5-benzobicyclo[4.3.1]decan-2-one
(4). The bicyclo ketone 4 presumably arises by cyclization of
carbonium ion 6. The structure of 4 was suggested by the ap-
pearance of a distinct AB quartet for two benzylic hydrogens
and seven nonequivalent aliphatic carbon atoms in its 13C
NMR spectrum.”

When the reaction of cyclohexene was conducted at 0 °C
with a methylene chloride solution of the aluminum chloride
complex of phenylacetyl chloride, followed by workup with
an alcohol (generally methanol) and careful washing, there
was isolated by column chromatography the array of products
shown in Scheme [.

The noncyclized products® apparently arise by loss of a
proton from, or acquisition of chloride ion by, the intermediate
carbocations 5 and 6. Methyl enol ether 7 is an artifact of the
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workup procedure using methanol. Enol ether 10 may be
formed directly from carbocation 6 or from 3-chloro ketone
9. Diketone 12, which has not been completely characterized,
must arise from the reaction of the acid chloride-aluminum
chloride complex with unsaturated ketone 8.

When the reaction of cyclohexene with phenylacetyl chlo-
ride in methylene chloride at 0 °C or at reflux was conducted
without preforming the aluminum chloride complex, cis-
ketone 3 (25%) was accompanied by bicyclodecanone 4 (15%)
and reduced amounts (~7%) of noncyclized products 1, 8, 9,
and 11. The v-chloro ketone 9 is converted to bicyclodecanone
4 by the action of aluminum chloride, suggesting that the
failure to observe 4 in the reaction of cyclohexene with the
aluminum chloride complex of phenylacetyl chloride is due
to the absence of excess aluminum chloride.

Slow addition of aluminum chloride® to a refluxing meth-
ylene chloride solution of phenylacetyl chloride and cyclo-
hexene followed by careful workup led to the formation of
cis-hydrophenanthrone 3 (14%) accompanied by ketone 1
(12%), bicyclodecanone 4 (4%), and chloro ketone 9 (3%).

By modifying the Gutsche and Johnson procedure to the
extent of adding ethanol to the crude reaction mixture after
hydrolysis on ice, there was obtained a reaction mixture es-
sentially identical with that obtained in refluxing methylene
chloride, that is, a mixture comprised largely of cis-ketone 3
and bicyclodecanone 4 essentially free of the trans-ketone
9

In all of the carefully worked up and nondistilled reactions
we have conducted, the crude product appears to be free of
detectable amounts of trans-ketone 2. A thorough search for
2 among the products obtained employing the preformed acid
chloride~aluminum chloride complex was made by examining
the infrared spectra of chromatography fractions where the
trans-ketone 2 normally emerges. The infrared spectra of
ketones 2 and 3 show differences in the 12.9-13.39 um region.
The combined chromatography fractions where ketone 2
normally emerges were also reduced with lithium aluminum
hydride and chromatographed, and fractions where the major
reduction product, alcohol 19, emerges were analyzed by NMR
(in particular, the 3.4-3.9 ppm region). Neither procedure,
both of which have proven reliable in our work with ketones
2 and 3, indicated the presence of detectable amounts of
rrans-2.

The stereospecific formation of the less thermodynamically
stable cis ketone led us to survey the stability of 3 under a
variety of conditions. It was found that the aluminum chloride
complex of 3 in methylene chloride (deep emerald green) can
be formed and hydrolyzed without isomerization to trans-
ketone 2. The trans-ketone 2 and bicyclodecanone 4 were
similarly unaffected by treatment with aluminum chloride in
methylene chloride. Dry hydrogen chloride can be passed for
30 min through a refluxing methylene chloride solution of the
aluminum chloride complex of cis-ketone 3 without noticeable
isomerization. Isomerization of cis- 3 also did not occur when
hydrogen chloride was passed briefly, 15 min, through its re-
fluxing solution in methylene chloride; however, partial
isomerization to trans- 2 was noted when ether was used as
a solvent.

In contrast to the stability of ¢is- 3 under the conditions of
the Friedel-Crafts reaction is the ease with which it converts
to the trans-ketone 2 under other circumstances. Samples of
c¢is-3 containing byproducts capable of releasing hydrogen
chloride cause its gradual isomerization to trans-2 even at 0
°C. In our early work this was traced to the presence of a small
amount of phenylacetyl chloride in the crude product which
apparently survives thorough washing with water. As a con-
sequence, we turned to using alcohols in the workup to insure
the complete destruction of the acid chloride. On several oc-
casions we have observed the isomerization of cis-3 to trans-2
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during, or shortly after, distillation and attribute this to the
thermal release of hydrogen chloride from ketones 9, 11, or
12,

The cis-ketone 3 is stable in acetic acid. Hydrogen chloride,
hydrogen bromide, or sulfuric acid in acetic acid converts cis-3
into an equilibrium mixture of 61% trans-2 and 39% cis-3
within a period of less than 30 min. With 1 M sulfuric acid in
methanol, cis-ketone 3 is largely converted to methyl enol
ether 7, accompanied by some isomerization. Equilibration
of cis-3 with 1 M potassium hydroxide in methanol under
nitrogen also takes place in less than 30 min. In view of these
observations, we do not understand the claim by Tada and
co-workers® that cis-3 and trans-2 are stable to acid and
base.

We turn now to the stereochemistry of ketones 2 and 3.
Wolf-Kishner reduction of the semicarbazone derivatives of
2 and 3 proved unexceptable as a means of establishing the
configuration of the ketones since equilibration occurred and
both compounds afforded essentially the same mixture of 58%
trans-as-octahydrophenanthrene (22) and 42% cis-as-oc-
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tahydrophenanthrene (23).19 Lithium aluminum hydride
reduction of cis-ketone 3 gave alcohols 13 and 14 in a ratio of
4:96. Treatment of alcohol 14 with tosyl chloride in pyridine
at ambient temperature for 4 days gave only the nonconju-
gated olefin 15. Olefin 15 readily disproportionated on re-
fluxing with p-toluenesulfonic acid in carbon tetrachloride
to afford equal proportions of tetrahydrophenanthrene 24 and
as-octahydrophenanthrenes 22 and 23 (19:81 ratio).!3
Bubbling air through a methylene chloride solution of olefin
15 for several days ultimately produced a mixture of 24 and
what is tentatively assigned as benzoxepin 2514 in an isolated
ratio of 93:7, respectively.

Since trans elimination of alcohol 14 led only to 15 we
turned to a procedure involving a cis elimination. Acetylation
of alcohol 14 afforded acetate 16 which on pyrolysis at 390 °C
yielded the known cis-1,2,3,4,4a,10a-hexahydrophenanthrene
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(17)° and thus established a cis ring juncture in ketone 3.
Lithium aluminum hydride reduction of trans-ketone 2
gave a mixture of alcohols 18 and 19 in a ratio of 17:83. Tosy-
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lation of alcohol 19 gave the stable tosylate 20 which, when

heated with potassium hydroxide in methanol, afforded the
known trans-1,2,3,4,4a,10a-hexahydrophenanthrene (21),%
thereby demonstrating a trans ring juncture in ketone 2.

The olefin 27 was prepared from bicyclodecanone 4 in a
related manner.

The sensitivity of ketones 2 and 3 to oxygen has already
been noted.* We have found that air oxidation of either cis-3
or trans-2 adsorbed on silica gel or in alkaline methanol af-
fords the bright red-orange tetrahydrophenanthraquinone
28.16 Quinone 28 has also been found to result on brief ozo-

0 OH
28 29
nation (~60 s for 400 mg) of 1,2,3,4-tetrahydro-10-phe-
nanthrenol in ethyl acetate at —78 °C. If an ether solution of
cis-3 is exposed to air, a moss green compound 297 can be
isolated from the crystals which are slowly deposited.

When the phenylacetyl chloride-aluminum chloride com-
plex was reacted with 1-methylcyclohexene at 0 °C, the re-
action was found to be only stereoselective, producing cis-
ketone 30 in 22% yield and trans-ketone 3118 in 5% yield. The
stereochemistry of these ketones was established by their
conversion to olefins 32 and 33, respectively.1® The reaction
was also conducted by simultaneous addition of the acid
chloride-aluminum chloride complex and 1-methylcyclo-
hexene to refluxing methylene chloride and by addition of a
mixture of the acid chloride and olefin to aluminum chloride
in refluxing methylene chioride. Under these latter conditions,
the reaction became progressively less selective (ratios of
30/31 of 68:32 and 55:45, respectively), but the combined
yields of tricyclic ketones increased from 27 to 37 to 48%, re-
spectively.

Experimental Section

All melting and boiling points are uncorrected. Infrared spectra
were recorded on a Perkin-Elmer Infracord Model 137-B. Proton
NMR spectra were determined with Varian Associates A-60 and
Perkin-Elmer Model R-32 spectrometers. The 13C NMR spectra were
obtained on a Varian Associates CFT-20 spectrometer. Chemical
shifts are reported in ppm using tetramethylsilane as an internal
standard. Ultraviolet spectra were recorded on a Cary 15 spectro-
photometer. Mass specfra were provided by the Purdue University
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Mass Spectral Service employing Hitachi-RMU-6A or CEC-21-110
spectrometers. Gas chromatographic analyses were obtained with a
Perkin-Elmer 226 capillary gas chromatograph. Microanalyses were
performed by Dr. C. 8. Yeh and C. M. Lam.

Reaction of Phenylacetyl Chloride-Aluminum Chloride
Complex with Cyclohexene. To a stirred slurry of 8.0 g (60 mmol)
of AlCl; in 350 mL of CH5Cl; at 0 °C was added dropwise over 15 min
a solution of 8.0 g (50 mmol) of phenylacetyl chloride in 25 mL of
CH.Cls. After being stirred for an additional 15 min, the mixture was
filtered with suction through Celite. Nitrogen gas was bubbled
through the stirred yellow solution at 0 °C while 5.0 g (60 mmol) of
freshly distilled cyclohexene in 25 mL of CHCl; was added dropwise
over a period of 60 min. After an additional 60 min, 40 mL of MeOH
was added to the deep red solution dropwise (slowly at first) over 20
min. The resulting clear pink solution was poured over ice in a sep-
aratory funnel, and 100 mL of 4% HCl was added. The CHCl; layer
was extracted three times with ice-cold 4% HCI, saturated NaHCO4
solution, and water until clear yellow. The CH2Cl; layer was dried,
0.5 mL of pyridine was added, and the solvent was removed under
reduced pressure to afford 12.0 g of yellow oil.

Column chromatography was performed using 100 g of Sargent-
Welch 60-200 mesh silica gel packed under pentane in a 250 mL buret.
A total of 4 g of the crude oil in 5 mL of CCly was applied to the col-
umn, which was eluted sequentially under 5 psi of nitrogen pressure
with 150 mL of pentane, 900 mL of 2% ether in pentane, 500 mL of
5% ether, 300 mL of 10% ether, 200 mL of 50% ether, 300 mL of 100%
ether, and 300 mL of pentane while collecting 30-mL fractions.

cis-4b,6,7,8,8a,10-Hexahydro-9(5 H)-phenanthrone (3). Ketone
3 emerged between 1150 and 1600 mL on chromatography as de-
scribed above and was tightly bracketed by ketones 8 and 9. About
1.2 g of material that was approximately 54% ketone 3 was obtained
from 4.0 g of the crude oil. The cis ketone is almost always encountered
as an oil, has a faint characteristic odor (2 is odorless), and quickly
vellows in air. The purest sample of 3 crystallized on standing in a
refrigerator and showed mp 33-34 °C (sealed tube); IR (neat) 3.40
5.85, 13.31 um; NMR (CCly) 7.3-6.95 (m, 4), 3.47 (s, 2), 3.3-2.8 (brd
m, 1), 2.8-1.1 (m, 9) ppm; mass spectrum, m/e (rel. intensity) 200 (90),
145 (100), 129 (31).

Anal. Caled for C14H160: C, 83.96; H, 8.05. Found: C, 84.18; H,
7.72.

The orange 2,4-DNP derivative of cis-ketone 3 was recrystallized
from EtOAc and EtOH and displayed mp 180-181 °C,

Anal. Caled for CogH9oN4O4: C, 63.14; H, 5.29. Found: C, 63.30; H,
5.51.

The semicarbazone of cis-ketone 3 was recrystallized from MeOH
and showed mp 201-202 °C dec.
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Anal. Caled for C15H9N30: C, 70.01; H, 7.44. Found: C, 70.29; H,
7.36.

cis-9-Methoxy-4b,5,6,7,8,8a-hexahydrophenanthrene (7). Enol
ether 7 is a liquid and emerged from chromatography between 250
and 325 mL, bracketed by telomeric alkyl chlorides and enol ether
10. cis-Enol ether 7: IR (neat) 3.44, 6.09, 6.72, 6.90, 7.21, 7.94, 8.38,
8.56, 12.30, 13.35 um; NMR (CCly) 7.2-6.7 (m, 4), 5.38 (brd s, 1), 3.63
(s, 3), 3.2-1.8 (m, 2), 1.8-1.2 (m, 8) ppm; mass spectrum, m/e (rel.
intensity) 214 (100), 199 (9), 185 (18), 172 (18), 171 (36), 141 (22), 115
(18).

6-Benzylidene-7-oxabicyclo[3.2.1]octane (10). The crude re-
action mixture as described earlier was first distilled?® to give 7.2 g
of oil, bp 110-115 °C (0.35 mm), which was then chromatographed
as described above. The crystalline residues of the fractions collected
hetween 325 and 600 mL were recrystallized twice from MeOH to
obtain 53 mg (4.4%) of 10 per gram of distillate. Compound 10 readily
converts to a yellowish viscous oil on exposure to air. An analytical
sample of 10 showed mp 80-83 °C (sealed tube); IR (KBr) 3.40, 5.99,
5.28, 8.86, 10.45, 10.98, 14.40 um; NMR (CCly) 7.55-6.9 (m, 5), 5.06
(s, 1), 4.84 (m, 1), 2.78 (m, 1), 2.3-1.2 (m, 8) ppm; mass spectrum, m/e
(rel. intensity) 200 (95), 122 (87), 118 (87), 105 (100), 84 (50), 82 (47),
77 (64), 87 (65), 54 (54).

Anal. Caled for C14H;60: C, 83.96; H, 8.05. Found: C, 84.19; H,
8.23.

Ozonolysis of 10 in CHCl, at —78 °C followed by reductive workup
with Zn and HOAc yielded, on chromatography, benzaldehyde, iso-
lated &s its 2,4-DNP derivative, mp 237.5-238.5 °C (lit.2! 237 °C), and
other carbonyl-containing products which were not fully character-
ized.

2-Chloro-1-(phenylacetyl)cyclohexane (11). Column fractions
collected between 800 and 1000 mL were recrystallized from methanol
to yield colorless plates: mp 39-41 °C; IR (melt) 3.42, 5.82, 6.68, 6.88,
13.13, 13.62, 14.14 um; NMR (CCly) 7.19 (s, 5), 4.2-3.8 (m, 1), 3.69 (s,
2), 2.5-3.0 (m, 1), 2.5-1.0 (m, 8) ppm; mass spectrum, m/e (rel. in-
tensity) 236 (13), 145 (38), 91 (43), 81 (100).

3-Chloro-1-(phenylacetyl)cyclohexane (9). Column fractions
collected between 1650 and 1900 mL were combined and recrystallized
twice from MeOH to give plates: mp 69-71.5 °C; IR (CCly) 3.39, 5.82,
6.90, 8.95, 10.10, 13.15, 14.30 um; NMR (CDCl3) 7.23 (s, 5), 4.33 (brd
m, 1), 3.72 (s, 2), 2.7-1.4 (m, 10) ppm; mass spectrum, m/e (rel. in-
tensity) 236 (19), 147 (34), 145 (100), 117 (44), 91 (98), 82 (26), 81 (86),
65 (34), 41 (43), 39 (36).

3-(Phenylacetyl)cyclohexene (8). This ketone was isolated as
an oil from chromatography fractions collected between 800 and 1150
mL: IR (neat) 5.82, 6.70, 7.55, 10.186, 13.22, 14.2 um; NMR (CDCl,)
7.25 (s, 5), 5.79 (m, 2), 3.76 (s, 2), 3.19 (brd m, 1), 2.2-1.4 (m, 6)
ppm.

The semicarbazone of ketone 8 was purified by trituration with
MeOH and showed mp 237-238.5 °C.

trans-4b,6,7,8,3a,10-Hexahydro-9(5 H)-phenanthrone (2). The
crude mixture from the reaction of phenylacetyl chloride with cy-
clohexene as described above was dissolved in 15 mL of glacial HOAc,
and 1 mL of 48% HBr was added. After being stirred at ambient
temperature for 60 min, the solution was poured into 50 mL of water
and extracted with 50 mL of CHCls. The CH,Cl; layer was washed
with water and saturated NaHCOj solution and dried. Solvent re-
moval under reduced pressure followed by distillation of the residue
vielded 7.2 g of light yellow oil, bp 93-111 °C (0.2 mm). Chromatog-
raphy as described above for cis-ketone 3 afforded crystalline material
in fractions collected between 1300 and 1600 mL. Recrystallization
from MeOH yielded 626 mg (5.3%) of ketone 2: mp 65-66 °C (lit.*
66-66.5 °C); IR (KBr) 3.38, 3.48, 5.84, 6.94, 12.93, 13.11, 13.78 um;
NMR (CCl,) 7.36-7.1 (m, 4), 3.46 (s, 2), 2.85-1.0 (brd m, 10) ppm; mass
spectrum, m/e (rel. intensity) 200 (100), 145 (83), 139 (59), 115
(41).

Anal. Caled for C4H60: C, 83.96; H, 8.05. Found: C, 83.81; H,
7.92.

The semicarbazone of ketone 2 was prepared and recrystallized with
difficulty from MeQOH, mp 221.5-222.5 °C dec (lit.4 221-222 °C).

The 2,4-DNP derivative of ketone 2 was recrystallized from EtOAc
to yield orange needles and yellow fluff crystals, mp 197-198 °C (lit.*
195.5-198 °C).

When 85 mg of trans-ketone 2 was kept for 30 min in 3 mL of
methanol containing 1 drop of concentrated HoSOy, an oil was ob-
tained after pouring the solution into water and extracting with
CHoCly. Thin-layer chromatography with 10% ether in pentane gave
32 mg (35%) of the methyl enol ether of trans-ketone 2, Rf 0.6, as a
low-melting solid: IR (melt) 6.12, 7.73, 7.96, 8.38, 8.52, 9.63, 12.39,
13.37, 13.71 um; NMR (CCly) 7.15-6.75 (m, 4), 5.42 (brd s, 1), 3.66 (s,
3), 2.65-1.0 (m, 10) ppm; mass spectrum, m/e (rel. intensity) 214 (24),
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158 (33), 141 (50), 129 (38), 128 (67), 127 (25), 115 (100), 63 (24), 41
(81), 39 (34). There was also recovered 38 mg of trans-ketone 2 which
was partially isomerized to cis-ketone 3.

Wolf-Kishner Reduction of trans-Ketone 3. A mixture of 1.51
g of KOH and 390 mg (1.57 mmol) of the semicarbazone derivative
of trans-ketone 3 in 10 mL of trimethylene glycol was heated under
nitrogen at 135 °C for 7 h and was then poured into 20 mL of water,
5 mL of 5% hydrochloric acid, and 15 mL of CH5Cls. The organic layer
was washed with water and dried, and the solvent was removed to
afford 244 mg of light brown oil. Thin-layer chromatography, eluting
twice with pentane and extracting the first band, yielded 183 mg of
a colorless oil which proved to be a mixture of cis- 23 and trans-22 by
capillary gas chromatography.

Essentially the same mixture of 22 and 23 was obtained when the
semicarbazone of cis-ketone 2 was subjected to the conditions de-
scribed above.

4,5-Benzobicyclo[4.3.1]decan-2-one (4). A solution of 10.0 g (65
mmol) of phenylacetyl chloride and 6.0 g (74 mmol) of freshly distilled
cyclohexene in 200 mL of CH3Cl; was added dropwise over 60 min to
a refluxing slurry of 9.5 g (70 mmol) of AlCl3 in 100 mL of CHoCl,.
After an additional 60 min the brown-black solution was poured over
ice in a separatory funnel, and after shaking 30 mL of EtOH was added
followed by 100 mL of 4% HCl. The CHyCl; layer was extracted with
4% HCI, saturated NaHCO3 solution, and water until clear yellow. The
solution was dried, 0.5 mL of pyridine was added, and the solvent was
removed under reduced pressure to yield 17 g of yellow oil. Distillation
of this residue afforded 5.5 g of oil, bp 116-127 °C (0.86 mm), which
was chromatographed as described earlier. Fractions collected be-
tween 1550 and 1950 mL were combined and recrystallized from
MeOH to yield 731 mg (8%) of ketone 4. An analytical sample was
prepared by sublimation in vacuo: mp 74-74.5 °C; IR (KBr) 3.39, 5.87,
13.08, 13.49 um; NMR (CCly) 7.25-6.95 (m, 4), 4.52 (d, 1, J = 13 Hz),
3.31 (d superimposed on brd m, 2, J = 13 Hz}, 3.0-1.0 (complex m, 9)
ppm; 13C NMR (CDCly) 211.77 (s), 141.71 (s), 131.53 (d, 2), 131.12 (s),
127.13 (d), 126.45 (t), 50.72 (t), 45.71 (d), 38.82 (d), 35.96 (t), 28.87 (t),
28.14 (d), 18.73 (t) ppm; mass spectrum, m/e (rel. intensity) 200 (100),
144 (31), 129 (58), 116 (29), 115 (49), 91 (33).

Anal. Caled for C;4H60: C, 83.96; H, 8.05. Found: C, 83.92; H,
8.05.

The semicarbazone of ketone 4 was recrystallized from EtOH and
exhibited mp 199.5-201 °C dec.2?

Anal. Caled for C1sH19N30: C, 70.01; H, 7.44. Found: C, 70.29; H,
7.68.

The 2,4-DNP derivative of ketone 4 was recrystallized from EtOAc
and gave two isomers: orange, mp 168.5-173.5 °C, and yellow, mp
210-213 °C. The elemental analysis was performed on the latter
isomer.

Anal. Caled for CooHogN4Oy4: C, 63.14; H, 5.29. Found: C, 63.14; H,
5.69.

Lithium Aluminum Hydride Reduction of cis-Ketone 3.
Chromatographic fractions described earlier (2.4 g) that were rich in
cis-ketone 3 were slowly added to 280 mg (7.2 mmol) of LiAlH4 in 20
mL of ether. After 30 min, water was added, the slurry was filtered,
and the filtrate was dried. Solvent removal under a nitrogen stream
yielded 2.2 g of solid, which was applied to a silica gel column in 7 mL
of CCly and eluted sequentially under 5 psi of nitrogen pressure with
200 mL of 5% ether, 1400 mL of 10% ether, 800 mL of 25% ether, 300
mL of 50% ether, 300 mL of 100% ether, and 300 mL of pentane.

Fractions collected between 2000 and 2750 mL were combined and
recrystallized several times (hexane-ether) to provide 630 mg of
trans,cis-alcohol 14 as crystalline mats, mp 120.5-122 °C. An ana-
lytical sample displayed mp 121-122 °C; IR (KBr) 3.0, 9.48, 9.57, 9.73,
13.05, 13.68 um; NMR (CDCly) 7.6-7.0 (m, 4), 4.12 (d of d of d, 1, Jga 9
= 2.8 Hz), 2.95 (m, 3), 2.7-1.0 {m, 10) ppm; mass spectrum, m/e {rel.
intensity) 202 (100), 184 (89), 145 (51), 143 (51), 142 (45) 141 (59), 129
(39), 128 (34), 115 (35).

Anal. Caled for C14H50: C, 83.12; H, 8.97. Found: C, 82.97; H,
8.81.

cis,cis- Alcohol 13 can be isolated from the mother liquor from the
recrystallization of 14 by repeated thin-layer chromatography (50%
ether in pentane), followed by three recrystallizations from hexane.
Alcohols 14 and 13 were isolated in a ratio of 96:4, respectively. An
analytical sample of 13 displayed mp 82-84.8 °C; IR (KBr) 3.0, 9.65.
9.99, 13.03, 13.48 um; NMR (CDCly) 7.25-7.0 (m, 4),4.18 (d of d of d,
1, Jga9 = 8.3 Hz), 3.3-2.5 (d of d of d superimposed on m, 3}, 2.3-1.1
(m, 10) ppm; mass spectrum, m/e (rel. intensity) 202 (56), 185 (52),
184 (100), 156 (39), 145 (40), 142 (78), 141 (86), 129 (52), 128 (51), 115
(52), 105 (42), 91 (46).

Anal. Calced for C14H150: C, 83.12; H, 8.97. Found: C, 82.89; H,
8.90.
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Dehydration of trans,cis-Alcohol 14 with p-Toluenesulfonyl
Chloride. To 423 mg (2.0 mmol) of p-toluenesulfonyl chloride in 3
ml of pyridine was added in one portion 178 mg (0.9 mmol) of alcohol
14 in 2 mL of CHsCls. The solution was stirred at ambient tempera-
ture for 4 days and was then poured into 20 mL of water and 10 mL
ot CH»Cly. The organic layer was thoroughly extracted with 1% HCl
and dried, and the solvent was removed by warming in a stream of
nitrogen to leave 160 mg of crude 1,2,3,4,4a,9-hexahydrophenanthrene
(15) as a slightly vellowish 0il: NMR (CDClg) 7.3-6.9 (m, 4), 5.48 (brd
s 13, 3.5-3.2 (m, 2). 3.2-2.8 (m, 1), 2.5-1.0 (m, 8) (a trace of tosylate
was evident) ppm.

Reaction of Hexahydrophenanthrene 15 with Air. Dry air was
bubbled through a solution of 160 mg of 15 in 5 mL of CHCl; for 7-10
days, the solvent being replenished as needed. The yellowish oil that
remained on evaporation was applied to a preparative thin-layer plate
and eluted three times with pentane. Extraction of the band with Ry
0.2 gave 101 mg of 1,2,3,4-tetrahydrophenanthrene (24): IR (neat)
3.3, 341, 12.02, 12.49, 13,04, 13.54 um; M. (EtOH) (log €) 231 (4.96),
283 (3.76), 316 (2.75), 324 (2.75) nm; NMR (CDCl3) 8.1-7.0 {complex
m, 6}, 3.3-2.7 (m, 4}, 2.1-1.7 (m, 4) ppm; mass spectrum, m/e (rel.
Intensity) 182 (100), 165 (28), 154 (87), 153 (43), 152 (33), 141 (34), 89
(:32).

Extraction of the band with Ry 0.08 afforded 8.5 mg of a yellowish
oil which was tentatively assigned as benzoxepin 25: IR (neat) 3.29,
1441, 6.0, 6.09, 8.16,9.02,9.2,9.81,12.77, 13.24 um; Anax (EtOH) (log
€) 242 (4.33), 269 (3.41), 341 (2.64), 375 (2.54), 396 (2.45) nm; NMR

(‘I)(l:,)" 3-6.9(m, 4),6.41(d,1,J = 5.9Hz),5.87(d, 1,J = 5.9 Hz),
2(m, 4), 1.8- 1o(m 4)ppm,“C NMR(CDCL;) 156.71 (s, 1, JHoc

t H 14881 (d, 1), 140.22 (s, 1), 134.76 (s, 1), 128.51 (d, 1), 126.65
d 1. 126.231(1, l).126.11 d, 1), 11908(% 1), 117.96 (d, 1), 29.82 (t,
1), 28.75 (t, 1), 23,08 (t, 2) ppm; mass spectrum, m/e (rel 1nten51ty)
198 (100}, 170 (37), 169 (24), 157 (62), 142 (40), 141 (64), 129 (24), 128

(46), 115 (37).

Acetate 16. A solution of 256 mg (1.3 mmol) of alcohol 14 in 15 mL
of freshlv distilled acetic anhydride was stirred at ambient temper-
ature for 5 days and was then poured into 100 mL of water and stirred
for 3 h. This mixtire was extracted with CHyCls. The CH,Cly solution
was extracted with NaHCQ; solution and dried, and the solvent was
removed to vield 292 mg of yellow oil. Thin-layer purification with
200 ether in pentane vielded 245 mg (80%) of viscous oil. Recrystal-
lization from MeOH vieided crystals: mp 74-75.5 °C; IR (neat) 3.4,
5.79.8.1,9.75, 1298, 13.5 um; NMR (CDCly) 7.18 (m, 4), 5.19 (brd m,
.30 tm, 2), 2.7-2.0 (m. 2), 2.07 (s, 3), 2.0-1.0 (m, 8) ppm; mass
spectrum, m/e (rel intensity) 184 (77), 142 (52), 141 (100}, 128 (41),
43 (81).

Anal. Caled for CigHonOs: C, 78.65; H, 8.25. Found: C,
84T

cis-1,2,3,4,4a,10a-Hexahydrophenanthrene (17). Into a “loop-
the-loop™ Pyrex tube (8 mm o.d.) filled with glass helices and im-
mersed in a Wood’s metal bath at 392 °C was admitted 126 mg (0.52
mmuol) of acetate 16 in a nitrogen stream. The exiting vapors were
condensed in a dry ice cooled tube. Thin-layer purification of the
pyrolysate with pentane yielded 26 mg (27%) of cis- 17: IR (neat) 3.30,
141, 3.50.6.71, 6.9, 12.65, 13.45, 14.48 um; NMR (CDCla) 7.1 (m, 4),
6.45 (d of d, 1, Jg’;() = 9.7 Hz, Jg_l()a <20 HZ), 5.76 (d Ofd, 1, Jg'm =
9.7 Hz, J10.10a < 2.0 Hz), 2.70 (m, 2}, 2.1-1.1 (m, 8) ppm; mass spec-
trum, m/e (rel. intensity) 184 (56), 142 (53}, 141 (100), 128 (43), 115
(26), 84 (23).

A superior procedure for preparing cis- 17 involved pyrolysis of the
{S)-methyl xanthate of alcohol 14, A mixture of 556 mg of pentane-
washed 50% sodium hydride (oil dispersion) suspended in 10 mL of
hexane and 144 my (0.7 mmol) of alcohol 14 in 10 mL of benzene was
refluxed for 1 h and cooled, and 2 mL of carbon disulfide was added.
Atter heating for 7 h, 1 mL of methyl iodide was added. After refluxing
for 2 h, water and methylene chloride were added. The organic layer
was washed with water, dried, and evaporated to leave 400 mg of an
orange oil. Thin-layer chromatography using pentane gave 25 mg of
dimethyvl trithiocarbonate and 167 mg (80%) of xanthate: IR (neat)
82, 9.45, 10.45, 13.00, 13.53 um; NMR (CDClg) 7.4-7.0 (m, 4), 5.99 (m,
11, 3.18 (m, 3), 2.5H (s, 3), 2.35 (m, 2}, 2.0-1.1 (m, 7) ppm; mass spec-
trum, m/e (rel. intensity) 185 (34), 184 (100}, 143 (25), 142 (23), 141
(41), 129 (30), 128 (26), 117 (57), 84 (21).

Heating 84 mg of the xanthate to 195 °C in a sublimation apparatus
under aspirator pressure gave a liquid condensate which when purified
by thin-layer chroraatography, eluting twice with pentane, afforded
21 mg (40%) of cis- 17,

Lithium Aluminum Hydride Reduction of trans-Ketone 2. To
250 mg (6.4 mmol) of lithium aluminum hydride in 35 mL of ether was
slowly added 1.2 g (6.0 mmol) of ketone 2. After 30 min, water was
added, the slurry was filtered and rinsed, and the filtrate was dried.

78.48; H,

Valko and Wolinsky

Solvent removal yielded 1.1 g of crystalline clumps. The solid was
recrystallized from hexane-ether to give 791 mg (65%) of trans,
trans-alcohol 19: mp 90.0-90.5 °C; IR (KBr) 3.0, 3.45, 6.97, 9.6, 9.91,
12.92, 13.49 um; NMR (CDCl3) 7.4-7.0 (m, 4), 3.71 (d of d of d, 1, Jeae
=17.5Hz), 2.94 (d of d of d, 2), 2.55-2.1 (m, 3), 2.05-1.8 (m, 3), 1.6-0.9
(m, 5) ppm; mass spectrum, m/e (rel. intensity) 202 (71), 184 (100),
142 (45), 141 (54), 129 (32), 128 (33), 115 (42), 105 (31), 91 (33).

Anal. Caled for C4Hq80: C, 83.12; H, 8.9%7. Found: C, 83.16; H,
9.05.

Thin-layer chromatography of the mother liquors from the re-
crystallization of 19 using 50% ether in pentane yielded 166 mg (14%)
of the higher Ry cis,trans-alcohol 18: mp 102-102.5 °C; IR (KBr) 3.0,
3.43, 9.25,12.98, 13.79 um; NMR (CDCljy) 7.4-7.0 {m, 4), 3.94 (m, 1,
Jsag = 2.3 Hz), 2.98 (d of d of d, 2), 2.52 (m, 2), 2.1-1.1 (m, 9) ppm;
mass spectrum, m/e (rel. intensity) 202 (12), 184 (100}, 156 (27), 142
(47), 141 (65), 129 (23), 128 {29), 115 (32).

Anal. Caled for C;4H1:0: C, 83.12; H, 8.97. Found: C, 82.91; H,
8.72.

Tosylate 20. To a mixture of 15 mL of pyridine and 1.2 g (6.3 mmol)
of p-toluenesulfonyl chloride was added 489 mg (2.4 mmol) of alcohol
19 in 10 mL of CH5Cly, and the mixture was stirred at ambient tem-
perature for 8 days. The mixture was poured into 30 mL of water and
15 mL of CHCly. The CH5Cl; was extracted thoroughly with 1% HCI
and dried, and the solvent was removed to yield 684 mg of solid. Re-
crystallization from methylene chloride-methanol afforded 613 mg
{(71%) of colorless crystals: mp 107-108 °C; IR (KBr) 3.43, 6.26, 6.7,
6.9, 7.4, 8.48, 9.14, 10.87, 11.41, 11.82, 12.28, 12,9, 13.43 um; NMR
(('DClq) .82 (d, 2),7.5-6.8 (mm, 8), 4.6 (m, 1, Jy, ¢ = 8.9 Hz), 3.08 {m,

), 2.45 (s, 3), 2.6-0.9 (m, 10) ppm; mass spectrum, m/e (rel. intensity)
186 (43), 182 (85), 172 (100), 154 (30), 107 (35), 91 (74), 65 (32).

Anal. Caled for Co1Ho405S: C. 70.76; H, 6.79. Found: C, 70.67; H,
6.97.

trans-1,2,3,4,4a,10a-Hexahydrophenanthrene (21). To a re-
fluxing solution of 1.1 g (19.6 mmo}) of KOH in 8 mL of MeOH was
added 147 mg (0.43 mmol) of tosylate 20 in 3 mL. of CHoCly dropwise
over 10 min. After being heated for 4.5 h, the solution was cooled, 15
mL of CHyCls was added, and the mixture was poured into 20 mL of
water. The CHoCly was extracted with water and dried. Solvent re-
moval yielded 76 mg (96%) of olefin 21 (a colorless oil that solidified
in the refrigerator): IR (neat) 3.32, 3.42, 12.75, 13.51, 14.51 um; NMR
(CDleg) T.15 {m, 4), 6.43 (d Ofd, 1, Jg’lo = 09,5 Hz. JS,IOa =24 HZ), 5.78
(dofd, 1,Jg910 = 9.5 Hz, J10,10a < 1Hz), 2.4-1.4 (m, 10) ppm; mass
spectrum, m/e (rel. intensity) 184 (64), 142 (52}, 141 (100), 128 (30),
115 (21).

Lithium Aluminum Hydride Reduction of Bicyclodecanone
4. To 86 mg (23 mmol) of LiAlH, in ether was added 419 mg (2.0
mmol) of ketone 4 in ether. After 30 min, water was added, the pre-
cipitate was filtered out, and the filtrate was dried. Solvent removal
under a nitrogen stream gave 418 mg of very viscous oil. The oil was
applied to a silica gel column and eluted sequentially under 5 psi of
nitrogen pressure with 200 mL of 5% ether, 900 mL of 10% ether, 700
mL of 25% ether, 300 mL of 50% ether, 300 mL of 100% ether, and 300
mL of pentane. The fractions that were collected between 1600 and
1900 mL were recrystallized twice from hexane to yield 93 mg (23%)
of one epimer of 4,5-benzobicyclo[4.3.1]decan-2-0l (26): mp 85.5-88
°C; IR (KBr) 3.07, 3.45,6.97,9.61,9.82, 13.21,13.51 um: NMR (CDCly)
7.02 (s, 4), 4.1-3.7 (m, 1), 3.7-2.6 (m, 5), 2.6-1.0 (m, 8) ppm; mass
spectrum, m/e (rel. intensity) 202 (100), 184 (36), 141 (32), 131 (34),
129 (54), 128 (43), 117 (32). 116 (26), 115 (50). 105 (38), 92 (27), 91
(46).

Anal. Caled for C;4H50: C, 83.12; H, 8.97. Found: C, 82.87; H,
9.17.

Column fractions that were collected between 2000 and 2200 mL
vielded the other epimer of 4,5-benzobicvclo|4.3.1]decan-2-ol (26)
as a viscous oil: NMR (CDCls) 7.2-7.0 (m, 4), 3.92 (m, 1), 3.5-2.7 (m
3),2.6-1.1(m, 9), 2.28 (s, 1, OH) ppm.

4,5-Benzobicyclo[4.3.1]dec-2-ene (27). A solution of 211 mg (1.0
mmol) of the epimeric mixture of alcohol 26 and 82 mg of p-toluene-
sulfonic acid in 10 mL of benzene was refluxed for 4 h and then ex-
tracted with NaHCOQg solution. The benzene layer was dried, and the
solvent was removed under a nitrogen stream to give 149 mg of oil.
Thin-layer chromatography using pentane and extraction of the band
with Ry 0.5 yielded 17.5 mg (10%) of olefin 27 as an oil: IR (neat) 3.43,
6.71,6.91, 12.67, 13.27 um; NMR (CDCly) 7.2-7.0 (brd s, 4), 6.39 (d,
1,J =11.8Hz),5.81 (dofd, 1,J = 11.8 and 7.3 Hz),3.22 {m, 1}, 2.71
(m, 1), 2.2-1.0 (m, 8) ppm; mass spectrum, m/e (rel intensity) 184

{60), 169 (25), 155 (24), 143 (46), 142 (51), 141(1()() 30(35) 129 (98),
128 (76), 127 (21), 115 (78), 91 (25), 77 (25), 89 (22}, 63 (29), 51
(34).

1,2,3,4-Tetrahydro-9,10-phenanthraquinone (28). A solution
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of 117 mg of ketone 3 in 3 mL of methanol containing 3 drops of 0.8
M KOH was stirred for 20 min while exposed to air. The solution was
poured into 10 mL of water with 5 mL of CHoCly, and 2 mL of 4% HCI
was added. The CHsCly layer was washed with saturated NaHCOq
and salt water and dried. Solvent removal yielded 101 mg of red-brown
oil. About 2 mL of ether was added, and 10.4 mg of red-orange needles
was collected, mp 139-140.5 °C (lit.18 red-orange needles, dec > 120
¢(). The mother liquor contained 92 mg of oil which can be recycled.
An analytical sample of quinone 28 was recrystallized from acetone:
mp 139.5-140.5 °C; IR (KBr) 3.41, 5.90, 6.03, 6.22, 7.29, 7.717, 7.97,
12.99 um; Amax (EtOH) (log €) 260 (4.35), 344 (3.19), 425 (3.02) nm;
NMR (CDCly) 7.98 (d, 1, J = 8 Hz), 7.73-7.25 (m, 3), 2.8-2.3 (m, 4),
2.0-1.5 (m, 4) ppm; mass spectrum, m/e (rel. intensity) 212 (12), 185
{16), 134 (100), 183 (21), 166 (15), 156 (26), 155 (18), 128 (34), 115
(18).

Anai. Caled for C14H 1909 C, 79.23; H, 5.70. Found: C, 79.36; H,
.68,

The quinoxaline derivative of quinone 28 recrystallized as lemon
vellow granules from ethanol-chloroform, mp 196.4-197.6 °C.

1-Keto-1,2,3,4-tetrahydro-10-phenanthrenol (29). A total of
1.45 g of chromatography fractions rich in ketone 3 was dissolved in
20 mL of ether and allowed to stand in contact with air overnight. The
darkened oil which remained was redissolved in 5 mL of ether, and
the vial was stoppered and kept at ambient temperature. The orange
solution turned red in a few days and after a week began to deposit
vellow-brown crystals. The crystals were removed and rinsed with
ether, and the filtrate was returned to the vial, allowed to evaporate
10 about 5 mL, and restoppered. In about 4 days a second crop was
collected. This process was repeated over a period of 3 weeks, by which
time 387 mg of crude crystals had been collected. A 257-mg portion
of the solid was applied as a CHClj solution to two thin-layer plates
and eluted twice with ether—pentane—chloroform (2:6:2). The foremost
vellow band was extracted with acetone to yield 55 mg of brownish-
green crystalline lumps. This solid was recrystallized twice from ac-
etone to yield 18 mg of clear, forest green plates. An analytical sample
showed mp 156.5-158 °C (violet melt); IR (KBr) 2.94, 3.42,6.10, 6.17,
8.27,6.31, 6.42, 7.33, 7.8, 8.31, 9.80, 13.23, 14.18 um; Apax (EtOH) (log
€) 233 (4.40), 255 (3.91), 264 (3.83), 291 (4.00), 363 (4.12) nm; NMR
(CDCly) 8.23(d, 1,J =8Hz),7.94(d,1,J = 8 Hz), 7.7-7.2 (m, 3), 6.92
(brd s, 1, OH), 2.84 (t, 2), 2.57 (m, 2), 1.88 (quint, 2) ppm; mass spec-
trum, m/e (rel. intensity) 212 (100), 197 (37), 183 (33), 165 (26).

Anal. Caled for C14H204: C, 79.23; H, 5.70. Found: C, 79.43; H,
5.82,

Reaction of Phenylacetyl Chloride with 1-Methyleyclohexene.
The slow addition of 1-methylcyclohexene (7.59 g) to the aluminum
chloride complex of phenylacetyl chloride (9.99 g) was followed by
the workup procedure described for the reaction with cyclohexene
to give 15.31 g of vellow oil which was distilled to yield 2.35, bp 40-118
°C (0.8 mm), and 5.44 g, bp 121-135 °C (0.8 mm). A 2.5-g sample of
the latter fraction was applied to a silica gel column and eluted se-
quentially with 150 mL of pentane, 900 mL of 2% ether, 500 mL of 5%
ether, 300 mL of 10% ether, 200 mL of 50% ether, 300 mL of ether, and
300 mL of pentane. Column fractions eluting between 1350 and 1550
mL appeared to be primarily ¢rans-ketone 31, displaying an NMR
methyl signal at 1.0 ppm. Relatively pure cis-ketone 30 emerged from
the column between 1550 and 1900 mL: IR (neat) 5.81, 6.70, 8.08, 9.65,
9.87, 13.14, 13.62 um; NMR (CDCls) 7.25 (m, 4), 3.62 (s, 2), 2.34 (m,
2), 1.6-1.2 (m, 7), 1.12 (s, 3) ppm.

(cis-4b,8a)-4b-Methyl-4b,5,6,7,8,8a,9,10-octahydrophenan-
thren-9-ol (34). Chromatography fractions (1.0 g) containing cis-
ketone 30 were reduced with 224 mg of lithium aluminum hydride in
ether as described earlier to give 966 mg of viscous oil. This oil was
applied to a silica gel column and eluted sequentially under 5 psi of
nitrogen pressure with 200 mL of 5% ether, 900 mL of 10% ether, 600
mL of 25% ether, 300 mL of 50% ether, 300 mL of 100% ether, and 300
ml. of pentane. Fractions collected between 1650 and 1850 mL were
combined and recrvstallized from hexane to yield 177 mg of alcohol
34: mp 106.0-107.5 °C; IR (KBr) 3.05, 9.53, 9.70, 13.26, 13.72 um;
NMR (CDCly) 7.4-6.9 (m, 4),4.16 (dof d of d, 1, Jga 9 = 9.0 Hz), 3.12
(dotd, 1,J =59and 151 Hz), 275 (d of d, 1,J = 10 and 15.1 Hz), 1.95
{s,1,0H), 2.2-1.5 (m, 9), 1.42 (s, 3) ppm.

cis-4a-Methyl-1,2,3,4,4a,10a-hexahydrophenanthrene (32).
To 445 mg (2.3 mmol) of p-toluenesulfonyl chloride in 7 mL of pyri-
dine was added 101 mg (0.47 mmol) of alcohol 34 in 7 mL of CH,Cls,
and the resulting solution was stirred at ambient temperature for 9
days. The reaction mixture was then poured into 20 mL of water and
15 mL of CHCly, and the resulting organic layer was extracted eight
times with 1% HCI, dried, and evaporated under a nitrogen stream
to vield 161 mg of an oil. Thin-layer chromatographic purification of
this oil by two elutions with pentane followed by extraction of the
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foremost band yielded 95 mg (57%) of tosylate 34a as an oil: IR (neat)
7.35,8.41, 8.51,9.13, 10.80, 11.30, 11.96, 12.31, 13.20, 13.69, 14.29 um;
NMR (CDCl3) 7.82 (d, 2,J = 8.0 Hz), 7.4-6.9 (m, 6),4.99 (d of d of d,
1,Jga0 =89 Hz),3.23(dofd, 1,J = 6.2and 16.0 Hz), 2.94 (d of d, 1,
J = 8.9 and 16.0 Hz), 2.40 (s, 3), 2.0-1.0 (m, 7), 1.35 (s, 3) ppm.

To a solution of 803 mg (14 mmol) of potassium hydroxide in 5 mL
of MeOH at reflux was added dropwise over 3 min 95 mg (0.26 mmol)
of tosylate 34a in 3 mL of CHoCl,. After being refluxed for 4.5 h, the
reaction mixture was poured into 20 mL of water and 10 mL of
CHsCls. The resulting organic layer was extracted twice with water,
dried, and evaporated under a nitrogen stream to give 64 mg of oil.
Thin-layer chromatographic purification of this residue using two
elutions with pentane and extraction of the foremost band yielded
46 mg (88%) of olefin 32 as an oil: IR (neat) 3.42, 6.73, 6.91, 12.71, 13.22
um; NMR (CDCls) 7.4-6.9 (m, 4),6.35(d, 1,/ = 9.5 Hz), 5.90 (d of d,
1,J =9.5and 5.6 Hz), 2.4-0.9 (m, 9), 1.10 (s, 3) ppm; mass spectrum,
m/e (rel. intensity) 198 (15), 183 (23), 1565 (32), 142 (35), 141 (100), 128
(30), 115 (53), 63 (22), 51 (26).

trans-4a-Methyl-1,2,3,4,4a,10a-hexahydrophenanthrene (33).
Chromatography fractions containing trans-ketone 31 (1.0 g) from
the reaction of phenylacetyl chloride with 1-methylcyclohexene in
refluxing methylene chloride were reduced with 225 mg of lithium
aluminum hydride in the usual manner to obtain 946 mg of viscous
vellow oil. This oil was applied to a silica gel column and eluted se-
quentially with 200 mL of 5% ether, 700 mL of 10% ether, 600 mL of
25% ether, 300 mL of 50% ether, 300 mL of 100% ether, and 300 mL
of pentane. The fractions collected between 1250 and 1550 mL were
combined to give 342 mg of alcohol 35 as an oil: IR (neat) 2.98, 9.70,
13.20, 13.89 um; NMR (CDCl3) 7.4-7.0 (m, 4),4.13 (dof d of d, 1, S 9
=24Hz),3.31(dofd,1,J =6.1 and 18 Hz),2.90 (d of d, 1.J = 2.9 and
18 Hz), 2.3-1.2 (m, 10), 1.29 (s, 3) ppm.

Alcohol 35 was dissolved in 15 mL of acetic anhydride, 2-3 drops
of pyridine were added, and the solution was stirred at ambient
temperature for 10 days. The solution was poured into 50 mL of water
and stirred overnight. The mixture was extracted with methylene
chloride, the resulting organic layer was washed with water and dried,
and the solvent was removed under a nitrogen stream to give 273 mg
of oil. Purification of this oil by thin-layer chromatography using two
elutions with 20% ether in pentane yielded 152 mg (37%) of oil, which
crystallized from methanol to give acetate 35a: mp 81-82 °C; IR (neat)
3.43, 5,75, 8.02, 9.65, 13.16, 13.96 um; NMR (CDCl3) 7.4-7.0 (m, 4),
5.22(m, 1),3.31(dofd,1,J = 6.3 and 18 Hz),2.89 (d of d,1,J = 2.9
and 18 Hz), 1.96 (s, 8), 2.3-1.0 (m, 9), 1.25 (s, 3) ppm.

Pyrolysis of 66 mg of acetate 35a at 360 °C in a slow stream of ni-
trogen was followed by thin-layer chromatography eluting four times
with pentane to yield 25 mg (49%) of olefin 33: IR (neat) 3.42, 6.76,
6.92, 12.81, 13.26 um; NMR (CDCl3) 7.4-7.0 (m, 4),6.41 (d of d, 1, J
=~ 3.1and 9.3 Hz),5.60 (dofd, 1,J ~ 2.3and 9.3 Hz), 2.5-1.0 (m, 9),
0.98 (s, 3) ppm; mass spectrum, m/e (rel. intensity) 198 (63), 183 (80),
155 (58), 142 (32), 141 (100), 129 (40), 128 (53), 115 (60), 39 (36).

Registry No.—2, 19634-96-9; 2 semicarbazone, 69401-70-3; 2
8;
8-1;
8, 69401-79-2; 8 semicarbazone, 69401-80-5; 9, 69401-68-9; 10,
69401-69-0; 12, 69402-02-4: 13, 69401-81-6; 14, 69401-82-7; 14 (S)-
methyl xanthate, 69401-83-8; 15, 62690-91-9; 16, 69401-84-9; 17,
16804-86-7; 18, 69401-85-0; 19, 69401-86-1; 20, 69401-87-2; 21,
16804-85-6; 22, 20480-67-5; 23, 20480-66-4; 24, 1013-08-7; 25,
69401-88-3; 26 isomer 1, 69401-89-4; 26 isomer 2, 69429-03-4; 27,
69401-90-7; 28, 69401-91-8; 28 quinoxaline deriv., 69401-92-9; 29,
69401-93-0; 30, 69401-94-1; 31, 69401-95-2; 32, 69401-96-3; 33,
69401-97-4; 34, 69401-98-5; 34a, 69401-99-6; 35, 69402-00-2; 35a,
69402-01-3; cyclohexene, 110-83-8; 1-methvlcyclohexene, 591-49-1;
phenylacety! chloride, 103-80-0; aluminum chloride, 7446-70-0.
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The double Michael reaction between 1,3-indandione or 1,3-cyclohexanedione and 1,5-disubstituted pentadien-
3-ones gives cis- and/or trans-spiranes 1-6 depending on the reaction conditions. Use of {(—)-quinine as a catalyst
gives optically active trans-spiranes. The cyclohexanone ring in the trans-spiranes was assigned a stable twist con-
formation as deduced from the symmetry of the 'H NMR and 3C NMR spectra. The twist conformation was con-
firmed by an X-ray structure determination. Using the 13C NMR method via diastereoisomer formation with (S)-
(+)-butane-2,3-dithiol, the enantiomeric purity of ¢trans-4 was found to be 30 £ 5%. Optically pure trans-4, ob-
tained via crystallization, had Aepyay +4.1. Chiroptical properties of trans-3, trans-4, and trans-6 were recorded.

Among cyclohexane derivatives stable twist conforma-
tions are seldom encountered. This may be due to the fact that
in cyclohexane itself the twist conformation has an energy
which lies about 5 kcal/mol above the energy of the chair
conformation, while the energy of the boat conformation is
some 6 kcal/mol higher than the energy of the chair confor-
mation.! Thus, the existence of stable twist conformations is
ignored in several cases,2324 although in the case of cyclo-
hexanone the energy of the twist conformation is only 2.7
kecal/mol higher than the energy of the chair conformation.!
It has been shown by X-ray analysis that 1,4-cyclohex-
anedione is a twisted molecule® and in some tert -butylcyclo-
hexane derivatives a twist conformation is most favorable.6

Most cyclohexane derivatives having a stable twist con-
formation are chiral molecules. For example, cyclohexane (if
this molecule existed as a compound with a stable twist con-
formation),” 1,4-cyclohexanedione (if this molecule did not
have two interconvertible twist conformations), and twistane
are all chiral molecules having D, symmetry (see Figure 1).

When we turn to 1,3-disubstituted cyclohexanes, which are
chiral in chair or boat form (i.e., the trans isomer), we note that
these compounds lack all elements of symmetry but that a C»
axis is present when the twist conformation is obtained.

Having these facts in hand we turned our attention to sev-
eral spiranes synthesized in our laboratory some ten years ago
by a double Michael reaction between cyclic 1,3-diketones and
1,5-disubstituted pentadien-3-ones? (Scheme I).

The cyclohexanone ring in these spiranes was assigned a
chair conformation with both R2 groups being equatorial. As
has been pointed out a cyclohexanone ring has only a small
energy difference between twist and chair conformation, and
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because in these spiranes the cyclohexanone moiety is com-
pletely rigid (by the presence of the 1,3-cyclohexanedione
moiety and the bulky R2 groups, which do not allow inter-
conversion of axial and equatorial substituents) it should be
possible to obtain such spiranes with a stable (and chiral) twist
conformation of the cyclohexanone moiety. The possibility
of obtaining e,e and e,a isomers of this spiroketone type was
demonstrated conclusively by the fact that the double Michael
reaction between 1,3-indandione and dibenzalacetone gave
rise to two different spiroketones depending on the reaction
conditions (sodium ethoxide/ethanol or acetic acid, respec-
tively)32 (Scheme II). The two isomers were assigned an e,e
(cis) and an a,e (trans) configuration for the two respective
phenyl groups with the cyclohexanone moiety having a chair
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