yellow orange. After complete addition, the solution was warmed to
—10 °C for 30 min, then was rechilled to —40 to —50 °C, and finally
was carefully quenched in 250 ml of ice water. After complete hy-
drolysis, the pale yellow organic layer was dissolved in methylene di-
chloride, dried (MgSQy), and the solvent distilled off. The residual
oil crystallized to give 16.5 g (77%) of crude product which was re-
crystallized from hexane to afford pure 6 (R = Cl): mp 77.5-78 °C;
ir (mull) 1805 (C==0), 1597, 1590, 1572 cm~! (C=C); NMR (CCly)
1H § 7.5-8.1 (m), °F ¢ —110.5 (s).

Anal. Caled for CgHsCIF,0: C, 55.97; H, 2.35;F, 17.71. Found:
C,56.23; H, 2.44; F, 17.64.
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Abstract: The aim of this study was to examine the styrene group as a cyclization terminator of a biomimetic polyene cycliza-
tion, in the hope that it would participate so as to favor formation of a five-membered ring as suggested by the conversion of
cation G into H. The model substrate 1 was synthesized from the bromodiene 6 (prepared according to Scheme 1) by the se-
quence outlined in Scheme 1. On treatment with stannic chloride in dichloromethane at —78 °C, substrate 1 underwent cycli-
zation to give as the major product a hydrocarbon, presumably 11, evidently produced from the initially formed benzylic cation
by a series of 1,2-hydride and methyl shifts. Cyclization of 1 with trifluoroacetic acid, on the other hand, led to the bicyclic al-
cohol 12. The structure and configuration of this product were established by degradation to the diol 18, which was oxidized
to the previously known dione 10. Reduction of 10 with sodium borohydride gave the isomeric diol 19, differing from 18 in the

orientation of the hydroxyl at C-1.

Up to now the only generally successful method for the
stereospecific production of five-membered rings via bio-
mimetic polyene cyclizations has been through the participa-
tion of acetylenic bonds in the ring-closure process.3 This result
may be rationalized by postulating that a cation like A would
prefer to cyclize so as to give a linear rather than a bent vinyl
cation, i.e., B rather than C.

Systems with an appropriately placed isopropylidene ter-
minating group (see cation D) have been shown also to give

five- rather than six-membered rings, presumably because of
a preference for forming the tertiary cation E over the six-
membered ring secondary cation F. Such systems, however,

Na T

have not yet been useful in synthesis because cations like E have
a susceptibility to undergo backbone rearrangement.*

The present paper discloses the first phase of a study of the
use of the styrene terminating group which, when incorporated
in a molecule as suggested by partial formula G, was envisaged
as likely to yield products derived from five-membered ring
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closure to form the resonance-stabilized benzylic cation H in
preference to the alternative six-membered ring homobenzylic
cation I. The styrene terminator has an additional potential
advantage in that its olefinic bond is more nucleophilic than
an isolated alkene bond; hence it might be a better participant
in cyclization.® Moreover, the styrene system offers the op-
portunity of further increasing the nucleophilicity of its olefinic
bond by the introduction of appropriate substituents (e.g.,
p-CH3) in the aromatic ring. These predictions regarding the
behavior of the styrene terminator have been borne out and the

CeH

CeHs

7
| CeH,
\\ X
+
G
|
OH

1

present paper describes our initial studies involving the syn-
thesis and cyclization of the trienol 1.

The allylic alcohol 1 was prepared by modification of a
general method reported previously.326 The required
homoallylic bromide 6 was prepared as shown in Scheme L.

Schemie I
C(QHS
—_—

(0] (0]

CO.CH R

2 3, R=CO,CH,

4 R=H
jBH% C6H5
- 17 - 0s
Br
HO
5 6

Alkylation of a 20% excess of the sodium enolate of 1-meth-
ylcyclopropyl carbomethoxymethyl ketone 27 with trans-
cinnamyl chloride afforded an 82% yield of alkylation product
3 after distillation. Decarboxylation was smoothly effected by
treatment with barium hydroxide in refluxing aqueous ethanol
to give the cyclopropyl ketone 4 in 94% yield. The cyclopropyl
carbinol 5 was obtained in 99% yield by reduction of 4 with
lithium aluminum hydride. Stereoselective rearrangement of
alcohol § to the trans-bromodiene 6 was accomplished by the
modified Julia olefin synthesis.® Treatment of an ethereal so-
lution of 5 with s-collidine and lithium bromide, followed by

phosphorus tribromide at =78 °C, gave a mixture of bromides
which was directly isomerized with zinc bromide in ether at
0 °C to afford the crude trans-bromodiene 6 in 80% yield. This
material was contaminated with less than 2% of the corre-
sponding cis isomer.

The dianion formed by treatment of lithium 3-methyl-2-
butenoate with diisopropylamine and n-butyllithium was al-
kylated with the bromodiene 6 and the crude product was
esterifed with iodomethane and potassium carbonate in ace-
tone® to give the 3,v-unsaturated ester 7 (see Scheme 1I) in

Scheme |l
CH;

CO.CH,
7

CeH;

70% yield after chromatography. Equilibration with potassium
tert-butoxide in tert-butyl alcohol resulted in a 96% yield of
an 8:92 mixture of the 8,y- and the desired «,3-unsaturated
esters 7 and 8, respectively. Two successive treatments with
methyllithium gave in 98% yield the allylic alcohol 1 con-
taminated with 15% of the corresponding homoallylic alcohol
derived from the isomer 7. The all-trans alcohol 1 could be
obtained in greater than 95% purity by chromatography on
neutral alumina impregnated with 20% silver nitrate.

Cyclization Studies. Treatment of the substrate 1 (2 X 1072
M) with 4 mol equiv of stannic chloride in dichloromethane
at =78 °C, similar to conditions employed successfully in
previous studies,* resulted in the formation of considerable high
molecular weight material plus a 40% yield of distillable
product containing a single hydrocarbon A. The formation of
“polymer”’ was suppressed by conducting the cyclization at a
tenfold dilution and the yield of distillable material rose to 75%,
90% of which consisted of hydrocarbon A, as shown by VPC
analysis. This hydrocarbon (m/e 294), isolated by preparative
VPC, was expected to have the structure 9; however, attempted
oxidation with ozone, osmium tetroxide, or ruthenium te-
troxide!? failed to give the known dione 10,32 but led instead
to complex mixtures. The NMR spectrum of hydrocarbon A
exhibited one-proton singlets at 6 4.51 and 4.80 characteristic
of a terminal methylene group and a two-proton singlet at ¢
2.60 indicative of a benzylic methylene. A signal for one an-
gular methyl group was observed at § 0.85. Weak absorptions
at 6.14 and 6.25 p and a strong absorption at 11.23 u in the ir
spectrum suggested a conjugated diene and a terminal vinyl
group. Additionally, uv absorptions at 220 (¢ 4560) and
235-240 mm indicated a noncoplanar conjugated diene and
a substituted styrene system, respectively. Taken altogether,
this evidence suggested that hydrocarbon A was the rearranged
bicyclic substance 11a or 11b, which could arise via a series of
1,2-hydride and methyl shifts from the initially formed cation
as shown, Seemingly, the driving force for this rearrangement
is the formation of a relatively stable allylic cation via suc-
cessive suprafacial group migrations followed by deprotona-
tion. Similar rearrangements attending biomimetic polyene
cyclizations have been observed previously.*

Cyclization of 1 (2 X 1072 M) in dichloromethane with 4
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mol equiv of trifluoroacetic acid at =78 °C, followed by hy-
drolysis of the crude product with potassium carbonate in
aqueous methanol, gave a high yield of a cyclized alcohol A
contaminated with impurities which could not be removed
without a substantial loss of material. The cyclization was
complete in less than 8 min, as determined by observing the
disappearance of 1 by VPC. An analytical sample of alcohol
A was obtained by column chromatography on silica gel fol-
lowed by evaporative distillation. Oxidation of the crude al-
cohol with Jones reagent!' followed by preparative TLC af-
forded an 87:13 mixture, as shown by VPC, of two phenyl
ketones in 79% yield based on the cyclization substrate 1.

The NMR spectrum of ketone A, the predominant com-
ponent, exhibited an angular methyl absorption at 6 1.23, while
ketone B, the component of higher VPC retention time, ex-
hibited an angular methyl absorption at  0.80. Equilibration
of the ketone mixture with sodium ethoxide in refluxing ethanol
gave a new mixture of ketones A and B in a ratio of 44:56, re-
spectively. Partial purification by dry column chromatogra-
phy'? afforded material containing 81% of ketone B. Equili-
bration of this material resulted in a 47:53 mixture of ketones
A and B, respectively, demonstrating that the two ketones are
interconvertible epimers.

The constitution of alcohol A and ketones A and B was es-
tablished as 12, 13, and 14, respectively, as follows. Attempted

H CG H5 Ce,

j
H

dehydration of alcohol A by a variety of conditions resulted in
product mixtures consisting in part of the aforementioned
rearranged hydrocarbon 11. Ozonolysis of the isopropylidene
group of ketone A in 1:1 methanol-ethyl acetate at =78 °C
afforded the crystalline dione 15, mp 161-162 °C. Treatment
of the dione with sodium borohydride in absolute ethanol'3 at
5-10 °C effected selective reduction to give the hydroxy ketone
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16RH
, R=Ac

16, which was converted to the acetate 17. Baeyer-Villiger
oxidation of the keto acetate 17 with peroxytrifluoroacetic acid
in the presence of disodium hydrogen phosphate, conditions
known to minimize nuclear oxidation of the phenyl ring,'*
followed by hydrolysis afforded the crystalline diol 18, mp
145-146 °C. Oxidation of this material gave crystalline
4,4 8-trimethyl-trans-hydrindan- 1,5-dione (10), mp 56.5-59.0
°C. The ir spectrum of this material was identical in all respects
with that of an authentic specimen of dione 1032 and a mixture
melting point was undepressed.

The epimeric phenyl ketone B was degraded in the same
manner as described above to afford a second crystalline diol
19, mp 159.5-161.0 °C, identical in all respects with the diol

OH

HO !
H

19

obtained by reduction of dione 10 with sodium borohydride.
By analogy to the course of the borohydride reduction of both
C-17 and C-3 keto steroids, which results in 8-oriented alco-
hols, it is assumed that the C-5 hydroxyls of diols 18 and 19,
as well as the C-1 hydroxyl of 19, are 8 oriented. Since diols
18 and 19 differ only in the orientation of the hydroxyl at C-1,
the C-1 hydroxyl of 18 is considered to be «. Finally, since the
Baeyer-Villiger oxidation proceeds with retention of config-
uration, the « orientation of the benzylic sidechain of alcohol
A is established as depicted by structure 12.

Experimental Section!?

General Considerations. The prefix ““d/"" has been omitted from the
names of all racemic compounds described in this section. Micro-
analyses were performed by E. H. Meier and J. Consul, Department
of Chemistry, Stanford University. Melting points were determined
on a Kofler hot-stage microscope. NMR spectra were determined
under the supervision of Dr. L. J. Durham on Varian Associates T-60
and XL-100 NMR spectrometers. Unless otherwise stated deuter-
iochloroform was used as the solvent. Chemical shifts are reported
as ¢ values in parts per million relative to tetramethylsilane = 0. Mass
spectra were determined on an A.E.l. MS-9 spectrometer under the
supervision of Dr. A. M. Duffield. Infrared (ir) spectra were recorded
on a Perkin-Elmer Model 137 spectrometer and ultraviolet (uv)
spectra were recorded on a Cary Model 14 spectrometer using |-cm
quartz cells. Vapor-phase chromatographic (VPC) analyses were
performed on a Hewlett-Packard HP 402 chromatograph using a '4
in. glass column packed with 3.8% SE-30 on Chromosorb W.H.P.
(unless otherwise indicated) using helium as the carrier gas. Silica gel
HF,s4 (E. Merck A.G.) was used for both analytical and preparative
thin-layer chromatography (TLC). Column chromatography was
conducted using Florisil (100-200 mesh), silica gel (E. Merck, 7-230
mesh), and neutral alumina (Woelm, activity I). “Evaporative dis-
tillation"" refers to bulb-to-bulb short-path distillation in which the
bulb was heated in a hot-air oven (Buchi Kugelrdhrofen). The cited
temperatures for these distillations pertain to the oven temperature
and are thus not true boiling points.

1-Methylcyclopropyl 1-Carbomethoxy-4-phenyl-¢rans-3-butenyl
Ketone (3). A sodium hydride suspension was prepared by washing 2.79
g of a 57% oil dispersion of sodium hydride {0.066 g-atom) with dry
pentane (3 X 75 ml) under nitrogen; then 60 ml of dry THF was
added. The suspension was cooled to 0 °C and stirred, while a solution
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of 9.38 g (0.060 mol) of the cyclopropyl keto ester 27 in 60 ml of dry
THF was added over a period of 30 min. The cooling bath was re-
moved and the yellow soution was stirred for 2 h at room temperature,
then the solution was filtered through Celite and the filtrate concen-
trated under reduced pressure to afford a pale yellow solid which was
used directly for the alkylation.

A solution of 7.63 g (0.050 mol) of rrans-cinnamyl chloride in 10
ml of dry THF was added to a mixture of 8.25 g (0.055 mol) of sodium
iodide and 10 ml of acetonitrile and the resultant mixture was stirred
at 0-5 °C for 45 min under nitrogen. The cooling bath was removed
and a solution of the above sodium enolate in 20 ml of acetonitrile and
10 ml of DMF was added over a period of 25 min. The reaction mix-
ture was stirred for 3 h at room temperature, then for 18 hat 60-70
°C. The mixture was cooled to room temperature and poured into 100
ml of 1:1 5% hydrochloric acid-brine. Ether extraction with a base
wash!5 afforded 11.14 g (82% yield, 94% pure by VPC) of keto ester
3 as a pale yellow liquid, bp 131-142 °C (0.008 mm). An analytical
sample was prepared by two successive evaporative distillations at 125
°C (0.012 mm); ir Apmax/1m 5.73 (ester C=0), 5.91 (C=0), 10.32
(trans-CH=CH), 13.41, and 14.45 u (aromatic); NMR § 0.57-0.87
(m, 2 H, cyclopropyl CH»), 1.07-1.40 (m, 2 H, cyclopropyl CH>),
1.07-1.40 (m, 2 H, cyclopropyl CH3), 1.33 (s, 3 H, cyclopropyl CH3),
2.71 (t,J = 7 Hz, 2 H, allylic CH»), 3.67 (s, 3 H, ester CH3), 3.77 (t,
J=7Hz, 1 H, COCHRCO,CH3), 5.80-6.67 (m, 2 H, CH=CH),
and 7.27 (brs, 5 H, aromatic).

Anal. (C17H2003) C, H.

1-Methylcyclopropyl 4-Phenyl-trans-3-butenyl Ketone (4). A so-
lution of 12.9 g (0.0474 mol) of distilled keto ester 3in 90 ml of 95%
ethanol was added to a mixture of 87.5 g (0.277 mol) of barium hy-
droxide octahydrate and 300 ml of water. The resultant mixture was
stirred under nitrogen and heated at reflux for 22 h. The mixture was
cooled to room temperature, poured into 180 ml of benzene, acidified
to pH 1 with 10% hydrochloric acid, and the total volume adjusted
to 900 ml with brine. Extraction with benzene using a base wash (5%
aqueous sodium hydroxide solution),!s followed by evaporative dis-
tillation at 123-126 °C (0.025 mm) afforded 9.50 g (94% yield) of
the ketone 4 as a colorless liquid, which was >99% pure by VPC (160
°C). An analytical sample was prepared by preparative TLC (R, 0.67,
4:1 benzene-ethyl acetate) followed by evaporative distillation at 85
°C (0.005 mm): ir Apa, ™ 5.91 (C=0), 10.32 (2rans-CH=CH)),
13.41, and 14.45 u (aromatic); NMR § 0.50-0.90 (m, 2 H, cyclopropyl
CH3), 1.07-1.30 (m, 2 H, cyclopropyl CH>), 1.33 (s, 3 H, cyclopropyl
CH3), 2.33-2.57 (m, 4 H, -CH,CH,-), 5.80-6.60 (m, 2 H,
CH=CH), and 7.27 (br s, 5 H, aromatic).

Anal. (CysH,50) C, H: calcd, 8.47; found, 8.90.

1-Methylcyclopropyl-4-phenyl-rans-3-butenylcarbinol (5). A sus-
pension of 2.33 g (0.0614 mol) of lithium aluminum hydride in 225
ml of anhydrous ether was cooled to 0 °C under nitrogen and a solution
of 9.31 g (0.0434 mol) of cyclopropyl ketone 4 in 125 ml of anhydrous
ether was carefully added. The mixture was stirred at 0 °C for 2 h,
then the excess hydride was decomposed by the cautious addition of
5% aqueous sodium hydroxide solution. The supernatant liquid was
decanted and the white precipitate was washed with several portions
of ether. The combined ethereal solution was dried over sodium sulfate
and concentrated at reduced pressure to give 9.35 g (99% yield) of the
carbinol 5 as a colorless liquid (>99% pure by VPC, 160 °C). An
analytical sample was obtained by three successive evaporative dis-
tillations at 95 °C (0.006 mm): ir Ama,/ '™ 2.90 (OH), 10.32 (rrans-
CH=CH), 13.42, and 14.45 u (aromatic); NMR § 0.20-0.43 (m, 4
H, cyclopropyl methylenes), 1.03 (s, 3 H, cyclopropyl CH3), 1.43-1.90
(m, 3 H, OH and 8-CHs), 2.10-2.50 (m, 2 H, allylic CH5), 2.87 (t,
J =7 Hz, | H, carbinol CH), 5.90-6.63 (m, 2 H, CH=CH), and 7.27
(brs, 5 H, aromatic); TLC R, 0.43 (4:1 benzene-ethyl acetate).

Anal. (C15H200) C, H.

8-Bromo-6-methyl-1-phenyl-trans,trans-1,5-octadiene (6). A
modification of a published procedure® was employed. A mixture of
8.88 g (0.0410 mol) of carbinol 5 in 200 ml of dry ether, 3.82 g (0.0442
mol) of anhydrous lithium bromide, and 19.4 g (0.160 mol) of s-col-
lidine was cooled to —78 °C under nitrogen. A solution of 4.06 ml
(11.58 g,0.0428 mol) of phosphorus tribromide in 150 ml of dry ether
was added to the rapidly stirred mixture over a period of 65 min. The
reaction mixture was allowed to warm to room temperature and stirred
for 20 h; then 10 ml of collidine was added and the mixture was cooled
to 0 °C. This was followed by careful addition of 32 ml of water and
the resultant clear solution was poured into 250 ml of 50% brine ov-
erlaid with 125 ml of pentane. Pentane extraction using an ice-cold

acid wash'5 afforded 10.1 g of pale yellow liquid, which was used di-
rectly in the rearrangement reaction described below,

A 49.0-g portion (0.217 mol) of zinc bromide was flame-dried under
vacuum to a fine, sand-like consistency and 200 ml of dry ether was
added. The mixture was cooled to 0 °C under nitrogen and stirred,
while a solution of 10.1 g of the above crude bromide in 120 ml of dry
ether was added over a period of 1 h. The resultant mixture was stirred
at 0 °C for 4 h, then poured into 225 ml of 50% brine overlaid with 225
ml of pentane. Extraction with pentane!® afforded 9.17 g (80% yield)
of the crude bromide 6 as a cloudy yellow liquid. Analytical VPC
(150°C) indicated this material to be 86% pure with <2% of the
corresponding cis isomer present. An analytical sample was prepared
by three successive evaporative distillations at 100 °C (0.007 mm):
it Amax"™ 6.00 (CHR=CR'R”), 10.39 (trans-CH=CH-), and 13.47
and 14.50 u (aromatic); NMR § 1.60 (s, 3 H, vinyl CH3), 2.07-2.30
(m, 4 H, C-3 and C-4 methylenes), 2.50 (t,/ = 7 Hz, 2 H, C-7 CH>),
3.40(t,/ =7Hz,2H,-CH;Br), 5.25 (brt, W,,, = 7Hz, 1 H, C-5
vinyl proton), 5.87-6.60 (m, 2 H, CH=CH), and 7.25 (br s, 5 H,
aromatic); TLC Ry 0.75 (4:1 benzene-ethyl acetate). The bromide
6 decomposed upon standing, presumably via elimination of hydrogen
bromide, as evidenced by the low bromine content of the combustion
analysis.

Anal. Caled for CysH9Br: C, 64.52; H, 6.86; Br, 28.62. Found: C,
66.80; H, 7.18; Br, 26.13.

3-Carbomethoxy-2,6-dimethyl-11-phenyl-2-trans,trans-6,10-un-
decatriene (8). A. Alkylation of Lithium 3-Methyl-2-butenoate with
Bromide 6. Lithium 3-methyl-2-butenoate was prepared in the fol-
lowing manner. A solution of 10.2 g (0.102 mol) of 3-methyl-2-bu-
tenoic acid in 300 ml of dry ether was added over a 20-min period with
stirring to a suspension of 0.80 g (0.100 mol) of lithium hydride in 20
ml of dry ether under nitrogen. The mixture was stirred at 23 °C for
22 h and the white precipitate was filtered and washed with ether. The
residue was dried in a vacuum desiccator to afford 9.96 g (92% yield)
of the acid salt as a white powder.

A solution of 12.56 g (0.124 mol) of N, N-diisopropylamine (stored
over potassium hydroxide pellets) in 31 ml of dry THF was cooled to
0 °C under nitrogen and 49.0 ml (0.124 mol) of a 2.53 M solution of
n-butyllithium in hexane was added. The resultant mixture was stirred
for 5 min and then added over a period of 10 min to a cold (0 °C)
slurry of 13.15 g (0.124 mol) of the above acid salt in 93 ml of dry
THF. The resultant suspension was stirred at 0 °C for 30 min and
cooled to =78 °C; then a solution of 8.65 g (0.031 mol) of the bromide
6in 62 ml of dry THF was added over a period of 10 min. The reaction
mixture was allowed to warm slowly to room temperature while stir-
ring under nitrogen. Stirring was continued for 25 h; then the mixture
was poured into 500 ml of 5% aqueous sodium hydroxide solution and
extracted with 1:1 ether-hexane (3 X 250 ml). The combined organic
layers were washed with water (2 X 100 ml); then the combined
aqueous washings were cooled to 0 °C, acidified to pH 1 with 10%
hydrochloric acid, and extracted with benzene (2 X 500 ml) and
ether!? (2 X 250 ml) to yield 13.63 g of yellow liquid consisting of ca.
50% of the alkylated triene acid and 50% of a mixture of unreacted
3-methyl-2-butenoic acid and isophorone, a self-condensation product
of 3-methyl-2-butenoic acid.

B. Esterification.® A mixture of 13.33 g (ca. 0.10 mol) of the above
crude alkylation product, 200 ml of anhydrous acetone, 27.7 g (0.20
mol) of potassium carbonate (dried 16 h at 160 °C), and 28.4 g (0.20
mol) of methyl iodide was stirred and heated at reflux under nitrogen
for 1.75 h. The mixture was cooled, diluted with water, and extracted
with ether using a 10% aqueous sodium thiosulfate wash.!> Chro-
matography of the crude product on 300 g of silica gel (1-3% ether
in hexane) afforded 6.82 g (70% yield based on bromide 6) of the
3,y-unsaturated cster 7.

C. Equilibration with Potassium tert-Butoxide. To a solution of 6.73
g (21.5 mmol) of the above ester 7 in 60 ml of dry zert-butyl alcohol
was added 30.2 ml (10.8 mmol) of a 5% solution of potassium rerz-
butoxide in dry tert-butyl alcohol. The resultant solution was stirred
at 23 °C under nitrogen for 5.75 h, then poured into 275 ml of 1:1 10%
hydrochloric acid-brine overlaid with 250 ml of pentane. Extraction
with pentane' followed by evaporative distillation at 150 °C (0.015
mm) gave 6.46 g (96% yield) of a yellow liquid consisting of 92% of
the ,8-unsaturated ester 8 and 8% of the 8,y-unsaturated ester 7, as
shown by VPC (190 °C). An analytical sample was obtained by pre-
parative TLC (Rf 0.73, 4:1 benzene-ethyl acetate) followed by
evaporative distillation at 146 °C (0.015 mm): ir Amax"'™ 3.30 (CH),
5.85 («,B-unsaturated ester), 10.39 (trans-CH=CH-), and 13.50
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and 14.48 u (aromatic); NMR § 1.63 (brs, 3 H, C-6 CH3), 1.78 (s,
3 H, vinyl CH3), 1.95 (s, 3 H, vinyl CH3), 2.03-2.57 (m, 8 H, allylic
methylenes), 3.70 (s, 3 H, ester CHy), 5.00-5.37 (m, 1 H at C-7),
5.90-6.63 (m, 2 H, CH=CH), and 7.27 (m, S H, aromatic).

Anal. (C2;H230,) C, H.

2-Hydroxy-3-isopropylidene-2,6-dimethyl-11-phenyl- trans,-
trans-6,10-undecadiene (1). To a solution of 0.317 g (1.01 mmol) of
the «,8-unsaturated ester 8 in 23 ml of dry ether was added 2.0 ml
(4.52 mmol) of a 2.26 M solution of methyllithium in hexane. The
resultant mixture was stirred for 20 min at 23 °C under nitrogen, then
excess methyllithium was decomposed by the careful addition of
methanol. The mixture was poured into 20 ml of water and the
product, which was isolated by ether extraction,! was retreated with
methyllithium as described above to afford 0.310 g (98% yield) of pale
yellow liquid consisting of 85% of the desired alcohol 1, 13% of the
homoallylic alcohol, and 2% impurities as indicated by analytical VPC
(190 °C). Chromatography on 20% silver nitrate-impregnated neutral
alumina (ethyl acetate-hexane mixtures) afforded the alcohol 1 in
>909% purity as shown by VPC (190 °C): ir Apma, ™ 2.86 (OH), 3.30
(CH), 10.32 (trans-CH=CH-), and 13.42 and 14.43 u (aromatic);
NMR § 1.40 (s, 6 H, -C(CHj3),0-), 1.67 (brs, 3 H, C-6 CH3), 1.70
(s, 3 H, isopropylidene CH3), 1.93 (s, 3 H, isopropylidene CH3),
2.00-2.33 (m, 8 H, allylic methylenes), 5.07-5.37 (m, 1 H at C-7),
5.93-6.63 (m, 2 H, CH=CH), and 7.28 (m, 5 H, aromatic).

Cyclization of Alcohol 1. A. With Stannic Chloride in Dichloro-
methane. Isolation of Hydrocarbon A (11). A solution of 100 mg (0.32
mmol) of allylic alcohol 1 in 1 ml of dichloromethane was added via
syringe over a period of 8 min to a stirred solution of 0.146 ml (325
mg, 1.25 mmol) of stannic chloride in 115 ml of dichloromethane at
—78 °C under nitrogen. The syringe was rinsed with two 1-ml portions
of dichloromethane and the reaction mixture was stirred for 1.5 h; then
2 ml of }:1 diisopropylethylamine-dichloromethane was added. The
mixture was stirred for 15 min and poured into 25 ml of 5% hydro-
chloric acid overlaid with 25 ml of ether. Ether extraction using a base
wash!3 afforded 95 mg of yellow liquid consisting of 80% of one
component as shown by VPC (190 °C). Chromatography on 5 g of
silica gel (hexane) followed by evaporative distillation at 120 °C
(0.005 mm) afforded 28 mg of hydrocarbon A (11) as a colorless
liquid, which was one component by VPC (190 °C): ir Apax''™ 6.14
(C=C). 6.25 (C=C),and 11.23 u (C=CH,); NMR (CCl4) 6 0.85
(s, 3 H, CH3), 1.03 (s, 3 H, CH3;), 1.60 (brs, 3 H, vinyl CH3), 1.71
(brs, 3 H, vinyl CH3), 2.60 (s, 2 H, benzylic CH»), 4.51 (brs, 1 H,
vinyl proton), 4.80 (br s, 1 H, vinyl proton), and 7.10 (s, 5 H, aro-
matic); uv Amax©6H12 220 nm (e 4560). The mass spectrum (70 eV)
exhibited a molecular ion at m/e 294 (68%), a base peak at m/e 203
(M* — CyH>), and a major peak at m/e 91 (57%).

B. With Trifluoroacetic Acid in Dichloromethane. Isolation of
la~(a-Hydroxybenzyl)-4,4,88-trimethy|-5-isopropylidene-9a-hy-
drindan (12). A solution of 309 mg (2.71 mmol, 3.9 equiv) of trifluo-
roacetic acid in 2.65 ml of dry dichloromethane was added-with stir-
ring via syringe over a period of 3 min to a solution of 242 mg (0.697
mmol, 90% pure as shown by VPC) of alcohol 1in 35 ml of dry, ole-
fin-free dichloromethane at —78 °C under nitrogen. The resultant
mixture was stirred for 8 min at ~78 °C and poured into 40 ml of
saturated sodium bicarbonate solution overlaid with 40 ml of ether.
Extraction with ether!S afforded 300 mg of pale yellow liquid com-
prised of 75% of one component as shown by VPC (190 °C).

A mixture of the above crude product, 24 ml of methanol, 9.6 ml
of water, and 810 mg of potassium carbonate was stirred under ni-
trogen for 18 h at 25 °C. The mixture was then concentrated at the
rotary evaporator, diluted with water, and extracted with ethyl ace-
tate'” to yield 246 mg of crude bicyclic alcohol 12, which appeared
to be 90% one component by VPC (190 °C). A specimen of compa-
rable material obtained from a similar experiment was chromato-
graphed on silica gel (ether-hexane mixtures), then evaporatively
distilled at 150 °C (0.009 mm) to afford an analytical sample of 12
as a colorless liquid: ir Amax/™ 2.86 (OH), 3.38 and 3.48 (CH), and
13.08 and 14.29 u (aromatic); NMR (CCly) 6 0.87 (s, 3 H, C-8 CH3),
1.17 (s, 3 H, C-4 CH3), 1.20 (s, 3 H, C-4 CH3), 1.67 (s, 3 H, vinyl
CH3), 1.80 (brs, 3 H, vinyl CH3), 4.80 (d, / = 2 Hz, 1 H, benzylic
proton), and 7.20 (br s, 5 H, aromatic); TLC R, 0.37 (9:1 hexane-
ethyl acetate).

Anal. (C22H320) C, H.

. la-Benzoyl-4,4,88-trimethyl-5-isopropylidene-9a-hydrindan (13).
A modification of a reported procedure’! was employed. A solution
of 0.246 g (90% pure, 0.708 mmol) of crude bicyclic alcohol 12 in 9
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ml of acetone was cooled to 5-10 °C under nitrogen and 0.266 ml
(0.71 mmol) of 2.67 M Jones reagent!! was added via syringe over
a period of 8 min. The reaction mixture was stirred for an additional
15 min, then the excess oxidant was decomposed by titration with
isopropyl alcohol, The mixture was diluted with 20 ml of 50% brine
and 10 ml of ether, and stirred for a few minutes. Ether extraction,
using a 1:1 5% aqueous sodium hydroxide-brine wash,!> gave, after
preparative TLC (Ry 0.55, 9:1 hexane-ethyl acetate), 0.171 g (79%
yield) of pale yellow liquid shown to consist of the phenyl ketones 13
and 14 in a ratio of 87:13 by VPC (190 °C). An analytical sample was
obtained from comparable material by preparative TLC (1.5-h elution
with 9:1 hexane-ethyl acetate, Ry 0.57) followed by evaporative dis-
tillation at 140 °C (0.006 mm): ir Amax"'™ 3.36 (CH), 5.95 (C=0),
and 6.25, 6.33, 6.66, and 6.92 u (aromatic C=C); uv AmaxEOH 244.5
nm (e 11 600); NMR (CClg) 6 1.13 (5,3 H,C-4CH3), 1.17 (5,3 H,
C-4 CH3), 1.23 (s, 3 H, C-8 CH3), 1.57 (s, 3 H, vinyl CH3), 1.78 (br
s, 3 H, vinyl CH3), 3.33 (m, | Hat C-1),7.30-7.53 (m, 3 H, para and
meta aromatic), and 7.73-7.97 ppm (m, 2 H, ortho aromatic).

Anal. (C22H300) C, H.

Equilibration of the Phenyl Ketones 13 and 14. To a solution of 14.5
mg (0.63 mg-atom) of sodium in 9 ml of absolute ethanol was added
390 mg (1.26 mmol) of an 87:13 mixture of bicyclic ketones 13 and
14. The mixture was heated at reflux for 5 h and the equilibration was
followed by VPC analysis of aliquots. After 3 h equilibration appeared
to be complete. The solution was cooled, diluted with 90 ml of 1:1
ether-ethyl acetate, then washed with water. The aqueous washings
were back-extracted with ethyl acetate and the combined organic
layers afforded!s 378 mg of yellow liquid consisting of the phenyl
ketones 13 and 14 in a ratio of 44:56 as shown by VPC (3% XE-60,
190 °C). The crude ketone mixture was applied toa 1 X 12 in. dry
column of basic alumina (140 g; Woelm, activity 11, containing 0.5%
of uv indicator) according to Loev!? and eluted with carbon tetra-
chloride. Bands of separated material were visualized by uv and three
fractions were cut: fraction a (R 0.61) yielded 110 mg of material
consisting of 90% 13 and 8.7% 14; fraction b (R, 0.43) yielded 150 mg
of 20:80 mixture of 13 and 14; and fraction ¢ (Rf0.29) yielded 40 mg
of an 11:89 mixture of 13 and 14. Equilibration of a similar mixture
of ketones 13 and 14 (16:84) under the conditions described above
afforded a 47:53 mixture of 13 and 14.

1a-Benzoyl-4,4,88-trimethyl-9a-hydrindan-5-one (15). Ozone was
bubbled through a solution of 0.235 g (0.757 mmol) of phenyl ketones
13and 14 (87:13) in 14 ml of 1:1 ethyl acetate-methanol at =78 °C
until a blue color persisted. The solution was flushed with oxygen at
=78 °C and 0.5 ml of dimethyl sulfide was added; then the cooling
bath was removed and stirring was continued for 1 h. The solvent was
evaporated and the product, which was isolated with ether-dichlo-
romethane,’'® amounted to 0.200 g (93% yield) of colorless crystalline
solid consisting of the dione 15 contaminated with a trace of the 18-
epimer as indicated by VPC (190 °C). Two recrystallizations from
ethyl acetate afforded an analytical sample as flocculent colorless
crystals, mp 161-162 °C: ir ApaxKBr 3.42 (CH), 5.88 (C=0), and
6.00 1 (benzoyl C=0); NMR (CCly) 6 1.05 (s, 3 H, C-4 CH3), .10
(s, 3 H, C-4 CH3), 1.30 (s, 3 H, C-8 CH3), 3.63 (m, 1 H at C-1),
7.30-7.57 (m, 3 H, para and meta aromatic), and 7.67-7.97 (m, 2 H,
ortho aromatic); TLC Ry 0.59 (4:1 benzene-ethyl acetate).

Anal. (C19H2402) C, H.

1a-Benzoyl-4,4,88-trimethyl-9«-hydrindan-58-ol (16). Selective
reduction of the dione 15 was accomplished using a modification of
a reported procedure.!3 A solution of 225 mg (0.791 mmol) of the
dione 15 (recrystallized from ethyl acetate, >99% pure by VPC) in
20 ml of absolute ethanol and 3 ml of dry THF was cooled to 5-10°C
and 11 mg (0.297 mmol) of sodium borohydride was added in one
portion. The mixture was stirred under nitrogen for 5.5 h; then the
excess borohydride was decomposed by the addition of a few drops
of glacial acetic acid. The mixture was poured into 15 ml of water
overlaid with 15 ml of ethyl acetate, and the product was isolated by
ethyl acetate extraction using a bicarbonate wash.'S Thus there was
obtained 211 mg of pale yellow liquid consisting of 90% of the hydroxy
ketone 16 and 10% of unreacted dione 15 as shown by VPC (190 °C).
A specimen of comparable material was recrystallized twice from
hexane to afford an analytical sample as colorless microprisms, mp
117.0-118.5 °C: ir ApaxKBr 2.94 (OH) and 5.96 u (C=0); NMR
(CCly) 60.80 (s, 3 H, C-4a CH3), 1.00 (5,3 H,C-4 BCH3), 1.27 (s,
3 H, C-8 CH3), 7.30-7.63 (m, 3 H, para and meta aromatic), and
7.73-7.97 (m, 2 H, ortho aromatic); TLC Ry 0.29 (4:1 benzene-ethy
acetate).
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Anal. (C19H2602) C, H.

1a-Benzoyl-4,4,83-trimethyl-58-acetoxy-9a-hydrindan (17). To
a solution of 211 mg (0.736 mmol) of crude hydroxy ketone 16 in 0.4
ml of dry pyridine was added 0.2 ml of acetic anhydride. The resulting
mixture was stirred at room temperature under nitrogen for 29 h; then
it was diluted with 5 ml of water and the product isolated by extraction
with ethyl acetate using a saturated aqueous copper sulfate wash.!s
Thus there was obtained 211 mg of tan solid consisting of 84% of the
keto acetate 17 and 10% of the dione 15 by VPC (190 °C). Recrys-
tallization from methanol afforded 106 mg of the keto acetate as
colorless needles. A second crop of 26 mg (total yield = 54%) was
obtained from the mother liquor. Two further recrystallizations from
methanol provided an analytical sample of 17 as colorless flocculent
platelets, mp 129.5-131.0 °C: ir Amax¥B" 3.38 (CH), 5.76 (ester
C=0), 5.99 (C=0), and 6.25, 6.33, 6.78, and 6.90 u (aromatic
C=C); NMR (CCly) 6 0.89 (s, 3 H, C-4 CH3), 091 (s,3 H, C-4
CH3), 1.19 (s, 3 H, C-8 CH3), 1.95 (s, 3 H, acetate CH3), 3.53 (m,
1 HatC-1),4.33 (m, 1 H at C-5), 7.33-7.57 (m, 3 H, para and meta
aromatic), and 7.71-8.00 (m, 2 H, ortho aromatic); TLC R, 0.49 (9:1
benzene-ethyl acetate).

Anal. (C2]H2803) C, H.

4,4,88-Trimethyl-9a-hydrindan-1«,58-diol (18). A modification
of a reported procedure!4 was employed whereby 0.04 ml| (ca. 1.5
mmol) of 90% hydrogen peroxide was added via a glass pipette
(Caution! Only glass should be used to handle this reagent) to 1 ml
of dry dichloromethane at 0 °C. This solution was rapidly stirred while
0.25 ml (1.76 mmol) of trifluoroacetic anhydride was added; then
stirring was continued for 0.5 h at 0 °C. This solution was added via
syringe over a period of 8 min to a cold (0 °C) mixture of 100 mg
(0.305 mmol) of once-crystallized keto acetate 17, 650 mg (4.47
mmol) of disodium hydrogen phosphate (oven-dried for 48 h at 96
°C), and 2 ml of dry dichloromethane. The mixture was allowed to
warm to room temperature, then was stoppered and stirred in the dark
for 4 days. A second portion of peracid was prepared as described
above and added to the reaction mixture; then the flask was stoppered
and stirring was continued for 4 more days in the dark. The mixture
was poured into 5 ml of water overlaid with 5 ml of ethyl acetate.
Extraction with ethyl acetate!* yielded 96 mg of yellow liquid con-
sisting of one component by VPC (190 °C).

A mixture of the above crude Baeyer-Villiger product, 1 ml of
methanol, and 1 ml of 5% aqueous sodium hydroxide was heated at
reflux with stirring for 2 h under nitrogen. The resultant solution was
cooled and extracted with ethyl acetate.!® Chromatography of the
product on 1.5 g of Florisil (1:1 ether-hexane; ether) gave 21 mg (35%
yield) of the hydrindanediol 18, which was one component by VPC
(190 °C). Recrystallization from cyclohexane yielded 16 mg of col-
orless platelets. A further recrystallization from benzene afforded 10
mg of the diol 18 as colorless prisms, mp 145-146 °C: ir Ay, B 2.98
(OH), 3.40, 3.47, 6.90, 7.24, 7.52, 8.77, 9.09, 9.44, 9.75, and 10.06
u; TLC R;0.14 (1:1 benzene-ethyl acetate) and 0.17 (3:1 benzene-
acetone).

4,4,88-Trimethyl-9a-hydrindan-1,5-dione (10). The procedure
employed was similar to that described above for the oxidation of al-
cohol 12. Thus from 22 mg of the crude diol 18 there was obtained,
after chromatography on 1 g of silica gel (1:1 ether-hexane), 4 mg
of the hydrindanedione 10. Two recrystallizations from hexane af-
forded 1 mg of the dione as colorless needles, mp 56.5-59.0 °C. The
ir spectrum of this material, exhibiting absorptions for five- and six-
membered ring ketones at 5.75 and 5.86 u was identical in all respects
with the ir spectrum of an authentic specimen of the dione 10,32 mp
59-60 °C. A mixture of the authentic dione and the sample obtained
in the present work melted at 55-57 °C.

4,4,88-Trimethyl-9a-hydrindan-18,58-diol (19). A. From Phenyl
Ketone 14. The procedures employed were similar to those described
above for the conversion of the phenyl ketone 13 to the diol 18. Thus
from 300 mg of a mixture of phenyl ketones 13 and 14 to a ratio of
27:73 there was obtained 175 mg of keto acetate consisting of 21% of
17 and 79% of its 18-epimer as shown by VPC (190 °C). This keto
acetate mixture was oxidized with peroxytrifluoroacetic acid to afford
82 mg of crude ester as a yellow liquid consisting of two components
by VPC (190 °C) in a ratio of 5:1.

The crude ester mixture described above was saponified by heating
for 2 h under nitrogen in 2 ml of 1:] methanol-5% aqueous sodium
hydroxide solution to give 29 mg of yellow liquid, which appeared to
contain 66% of the diol 19 and two unidentified components by VPC
(160 °C). The crude product was chromatographed on 1.5 g of Florisil
(hexane-ether mixtures) to afford 8 mg of semicrystalline diol 19. Two
recrystallizations from benzene gave 6 mg of diol 19 as colorless
prisms, mp 159.5-161.0 °C: ir AmaXBr 2.98 (OH), 3.39 and 3.47
(CH), 6.89 (CH bending of CH3), 7.57,9.09, and 9.90 u; TLC R, 0.17
(4:1 benzene-acetone).

A mixture of this product with the specimen obtained from the dione
10 (see below) melat 160-161 °C.

B. From the Dione 10. A mixture of 5| mg (0.262 mmol, >99%
pure) of authentic dione 10,3 14.9 mg (0.394 mmol) of sodium bor-
ohydride, and 6.5 ml of dry isopropyl alcohol was stirred at room
temperature for 8 h under nitrogen. Excess hydride was decomposed
by the addition of a few drops of acetic acid and the solvent was re-
moved at reduced pressure. Isolation with ethyl acetate using a base
wash'S yielded 55 mg (106% yield) of diol 19 as a crystalline solid
which appeared to be 90% pure by VPC (158 °C). This material was
recrystallized from benzene, chromatographed on silica gel, then re-
crystallized again from benzene to afford diol 19 as colorless prisms,
mp 161.5-162.5 °C: NMR 6 0.90 (br s, 6 H, C-4 and C-8 methyls),
0.97 (s, 3 H, C-4 CH3), and 3.07-3.83 (m, 2 H, C-1 and C-5 pro-
tons).

Anal. (C]2H2202) C, H.
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