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ate, and the reaction mixture was heated under reflux for 4 hr. Sol-
vent removal and chromatographic separation gave 0.198 g (32%)
of 2-methyl-3-phenylindole (8): mp 58° (lit.!4 mp 59-60°); 'H
NMR dme,s: (CDCls) 2.28 (s, 3 H), 7.05-7.76 (m, 10 H); mass spec-
trum (70 eV) m/e 207 (M),

Registry No.—1, 16483-98-0; 3, 3469-20-3; 5, 54879-94-6; Ta,
16205-14-4; 8, 4757-69-1; benzyne, 462-80-6.
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The photolysis of 4,4-dimethylcholesta-1,5-dien-3-one
(1) has been examined in the hope that the AB portion of
the steroid nucleus would rearrange to a hydroazulene sys-
tem of the type found in the grayanotoxins.l-5 A plausible
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mechanism can be written for this transformation and the
change from a decalin system to a hydroazulene skeleton is
frequently encountered in the photochemical reactions of
dienones. Nonetheless this type of transformation was not
encountered. Photolysis of 1 in either 95% ethanol or diox-
ane in the 250-nm region produced at least eight new com-
pounds. However, photolysis at 300 nm in aqueous dioxane
gave predominantly one new compound which is assigned
structure 2,

The formation of 2 is entirely expected from the elegant
and extensive studies of Jeger, Schaffner, and their collab-
orators, who examined the photolysis of 3-oxo-178-acetoxy-
Al®-androstadiene which presents the same hexalone sys-
tem only lacking the two methyl groups at C-4.”7 The pho-
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tolysis of 3-oxo-178-acetoxy-Al-androstadiene afforded
the photoisomer 3 accompanied by three of its stereoiso-
mers.

The structure of 2 follows from a comparison of its spec-
troscopic properties with those of 3. The ultraviolet spec-
trum of 2 showed Amax 263 nm (e 8800) whereas 3 exhibited
Amax 267 nm (e 9750). The vinyl protons of 2 appeared as an
AB quartet (6 5.98 and 7.03, J = 6 Hz) similar to that found
for 3 (6 6.07 and 7.25, J = 6 Hz). The infrared spectrum of
2 had absorption maxima at 1707 and 1681 ¢m™! in good
agreement with those found for 3.

Photolysis of dienone 1 at 350 nm in dioxane-acetic acid
gave 2 along with two new photoisomers, 4 and 5. Photoiso-
mer 4 is clearly a stereoisomer of 2. Moreover, photolysis of
2 leads to the formation of 4. The third photoisomer is as-
signed structure 5 based on its spectroscopic properties
which are very similar to those found for compound 6 ob-
tained from the photolysis of 3-0x0-178-acetoxy-AlS-an-
drostadiene.
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The infrared spectrum of 5 showed carbonyl absorption
at 1667 cm~! and double bond absorption at 1640 em™!.
The 'H NMR spectrum showed an AB quartet (¢ 5.79 and
6.45, J = 10 Hz) whereas the ultraviolet spectrum showed a
maximum at 227 nm. These spectroscopic characteristics
are in good agreement with those found for 6.

The remaining structural problem is the stereochemistry
of the spiro photoisomers. It was shown previously in the
studies of 3 and its stereoisomers that the four stereoiso-
mers formed two pairs. Members of one pair reached a pho-
tostationary state but did not give rise to either member of
the other pair. Extensive degradations and circular di-
chroism measurements indicated that members of a pair
were related to one another by change in the stereochemis-
try of the spiro carbon.

Moreover, members of a pair showed enantiomeric circu-
lar dichroism curves. However, in the case at hand, both of
the stereoisomers we obtain had positive circular dichroism
curves. Although we did not establish that the spiro pho-
toisomers 2 and 4 achieve a photostationary state, it was es-
tablished that photolysis of 2 gives rise to 4 and following
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the progress of the photolysis of dienone 1, photoisomer 4
appeared only after substantial quantities of 2 had been
produced. The situation may be similar to that observed in
the photolysis of the closely related dienone, 3,7-dioxo-4,4-
dimethyl-178-acetoxy-AlbS-androstadiene. In that case,
photolysis produced the two photoisomers shown below
and it was established that photoisomer 7 was the precur-
sor to 8 and that the isomerization of 7 to 8 is irreversible.?

In any event, the cyclopropane ring juncture was not
changed in any of the previous photochemical studies.
Hence, we make the assumption that the spiro photoisom-
ers in the present study have the same stereochemistry at
the cyclopropane ring juncture. The 'TH NMR spectra and
the circular dichroism measurements are consistent with
the stereochemistry indicated for photoisomer 4. Thus 4
showed an intense positive Cotton effect and the vinyl pro-
ton at C-1 were found at 8 7.72 which compares favorably
with the properties of the relevant photoisomer from the
photolysis of 3-0xo0-178-acetoxy-AlS-androstadiene (an in-
tense positive Cotton effect; § 7.92 for the C-1 proton). The
stereochemistry of 2 is thus as shown in structural formula
2, differing from 4 only in the configuration of the spiro
carbon. Moreover, subséquent chemical transformations
indicate that 2 and 4 have the same configuration at C-8,
which is consistent with the stereochemical proposals. Both
spiro photoisomers were subjected to the action of hot ace-
tic acid. A single compound was produced in high yield in
both instances. The chemical transformations and spectro-
scopic properties of this material indicate structure 9.

The infrared spectrum of 9 showed carbonyl absorption
at 1750 cm~! ascribed to a cyclopentanpne moisty along
with absorption at 1637 em™! indicating a carbon—carbon
double bond. The ultraviolet spectrum did not show ab-
sorption characteristic of conjugated double bonds, The 'H
NMR spectrum showed a two-proton doublet (J = 2 Hz) at
§ 2.78 ascribed to the C-2 protons coupled to the vinyl pro-
ton at C-1 which appears as a triplet at § 5.40. Treatment of
9 with deuterium oxide and acid in tetrahydrofuran re-
sulted in the incorporation of two deuteriums and the 'H
NMR spectrum showed the expected changes, namely, the
loss of the signal at § 2.78 and the collapse of the triplet at &
5.40 to a singlet.

Treatment of 9 with 0.1 N sodium hydroxide in aqueous
ethanol gave a mixture of materials from which 9 was iso-
lated (68%) and an isomerization product (16%) which is
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assigned structure 10. The infrared spectrum of 10 shows
absorptions at 1716 and 1591 ¢cm™! ascribed to the cyclo-
pentenone moiety whereas the ultraviolet spectrum showed
a maximum at 213 nm (¢ 12700). The ultraviolet absorption
maximum is at somewhat shorter wavelength with a greater
extinction coefficient than the corresponding values for cy-
clopentenone. However, the shape of the curve, the posi-
tion of the maximum, and the extinction coefficient are
very well approximated by adding the ultraviolet absorp-
tion spectra for cyclopentenone and 1,2-dimethylcyclohex-
ene. The 'H NMR spectrum of 10 revealed two complex
one-proton multiplets at § 6.08 and 7.14 ascriped to the
vinyl protons at C-2 and C-1, respectively. Decoupling ex-
periments yielded the coupling constants between the pro-
tons at C-1, -2, and -5 (see Experimental Section). The base
peak of the mass spectrum appears at m/e 310, suggesting
that the most prominent fragmentation is the loss of the
entire A ring by cleavage of the doubly allylic single bond
joining the A ring to the remainder of the molecule.

That the conversion of 9 to 10 is a simple base-catalyzed
double bond isomerization is indicated by an experiment in
which pure 10 gave rise to 9 under the equilibrating condi-
tions. Equilibration of 9 in deuterated solvent afforded
doubly deuterated 10 in 15% yield. The 'H NMR spectrum
of this material showed a singlet at § 6.08 and 2.69, ascribed
to the protons as at C-2 and C-5, respectively, were missing.
The same experiment afforded doubly deuterated 9 which
exhibited the same 'H NMR spectrum as the material pro-
duced by acid-catalyzed exchange.

These data would seem to secure the structures of the
photochemical products and the material produced by
acid-catalyzed rearrangement of the spiro photoisomers ex-
cept for some stereochemical questions.

Experimental Section?

Photolysis of 4,4-Dimethylcholesta-1,5-dien-3-one in Acetic
Acid-Dioxane. A sample of 4,4-dimethylcholesta-1,5-dien-3-one®
(1.6 g) was dissolved in 120 ml of dioxane-containing 6% acetic
acid. The solution was placed in a 30 X 404 mm Pyrex tube and ni-
trogen was bubbled through for 30 min. The solution was photo-
lyzed at 6° for 30 min. Removal of the solvent gave a light yellow
gum.

A. 4,4-Dimethyl-1(10--6¢)-abeo-cholesta-1,5(10)-dien-3-one
(5). The crude photolysis product obtained above was chromato-
graphed on silica gel (50 g). Elution with 2 1. of 20% benzene in
hexane gave a mixture (600 mg) of starting dienone and 5. further
elution afforded 200 mg (ca. 20% based on unrecovered starting
material) of 5: mp 83-85.5° from ethanol; ir (CCly) 1667 (C=0),
1640 (C=C), and 1570 em~! (C=C); 'H NMR (CCl,) 6 0.74 (s,
CHs-18), 0.85, 0.91, 0.95 (m, CH3-21, -26, and -27), 1.30 (s, CH3-4),
1.44 (s, CH3-4), 1.19 (br s, CH3-19), 3.29 (complex m, CH-6), 5.79
(d, J = 10 Hz, CH-2), 6.45 (d, J = 10 Hz, CH-1); uv Ap.x (EtOH)
227 nm (e 9200); and the mass spectrum had a molecular ion (m/e)
peak of 410 (caled mol wt 410.17).

Anal. Caled for CopHye0: C, 84.88; H, 11.22. Found: C, 84.98; H,
11.42,

B. 68,10-Cyclo-(5R)-1(10—~5)-abeo-4,4-dimethylcholest-1-
en-3-one (4). Further elution with 2.5 L. of 25% benzene in hexanes
gave 360 mg (36%) of photoisomer 4: mp 107-108° from ethanol; ir
(CCly) 1712.(C=0), 1670 (C=C), and 1575 cm~! (C==C); 'H NMR
(CCL) 8 0.73 (s, CH3-18), 0.88 (d, J = 7 Hz, CH3-26, -27), 0.94 (d, J
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= 5 Hz, CH3-21), 0.96 (s, CH3-4), 1.10 (s, CH3-4), 1.34 (s, CH.-19),
6.06 (d, J = 6 Hz, CH-2), 7.72 (d, J = 6 Hz, CH-1); near ir (CCly)
1.85 u; uv Amax (EtOH) 263 nm (¢ 9400); mass spectrum m/e (rel in-
tensity) 410 (40), 395 (26), 297 (70), 275 (100); CD (c 4.6 X 1074
cyclohexane) [f]ag70 +6800, [6]ss +13500, [6]sas +14100, [6]ass
+10300.

Anal. Caled for CogHugO: C, 84.88; H, 11.22, Found: C, 84.80; H,
11,49,

C. 68,10-Cyclo-(58)-1(10—5)-abeo-4,4-dimethyicholest-1-
en-3-one (2). Elution with 2.5 1. of 30% benzene in hexane gave
370 mg (37%) of photoisomer 2: mp 72-72.5° from ethanol; [o]&s
~10.80° (¢ 0.148); ir (CCly) 1711 (C==0), 1681 (C==C), and 1591
em~! (C==C); 1H NMR (CCly) 6 0.72 (s, CH3-18), 0.89 (d, J = 7 He,
CH;-26, -27), 0.94 (d, J = 6 Hz, CH3-21), 1.06 (s, CHj3-4), 1.17 (s,
CHs-4), 1.37 (s, CHy-19), 598 (d, J = 6 Hz, CH-2), 7.03 (d,J = 6
Hz, CH-1); uv Amax (EtOH) 263 nm (¢ 8800); mass spectrum m/e
(rel intensity) 410 (25), 395 (15), 297 (70), and 275 (100); CD (¢ 4.7
X 1074, cyclohexane) [flass +520, (6]asz +1040, [6]aze +1080, [f]a10
+1765.

Anal. Caled for CogHyg0: C, 84.88; H, 11.22. Found: C, 84.31; H,
11,25,

Photolysis of Dienone 1 at 300 nm in Dioxane-Water. Di-
enone 1 (1.08 g) was dissolved in 100 ml of pure dioxane and 5 ml
of water. The solution was deoxygenated with nitrogen and photo-
lyzed for 20 hr in a Pyrex tube using the 300-nm source. Isolation
and separation as previously described afforded 700 mg of starting
material, 200 mg of photoisomer 2 and a trace of unidentified ma-
terial,

Photolysis of Photoisomer 2. A solution of 2 (41 mg, 0.10
mmol) in 1,4-dioxane (15.0 ml) and glacial acetic acid (0.90 ml) was
placed in a 25 X 200 mm Pyrex test tube and degassed by purging
with nitrogen for 30 min. The solution was then irradiated at 3500
A and 6°C under nitrogen. The progress of the reaction was fol-
lowed by TLC. After 4 hr TLC showed that approximately half the
starting material had been consumed. The mixture was evaporated
under reduced pressure to approximately 20% of its original vol-
ume, taken up in 30 ml of toluene, and evaporated to a yellow gum.
A 'H NMR spectrum of this material showed only enone protons
of 2 and 4.

This material was separated by preparative thin layer chroma-
tography (silica gel GF, 50:50:4.5 benzene-heptane-2-propanol).
Two bands were observed and photoisomer 4 (6 mg) was obtained
from the more mobile band and identified by 'H NMR and in-
frared spectroscopy. Photoisomer 2 (7 mg) was recovered from the
less mobile band.

4,4-Dimethyl-1(10—5)~abeo-10(5->6a H)-abeo-cholesta-
1(5),9-dien-3-one (9). Photoisomer 2 (100 mg) was taken up in 15
ml of glacial acetic acid and refluxed under nitrogen for 1.5 hr.
Over this time, a new compound (9) was observed by TLC. Build-
up of an impurity caused the solution to turn red and eventually
dark. The acetic acid was removed with toluene on the rotatory
evaporator and the 100 mg of gum was chromatographed on 3 g of
silica gel. Elution with 300 ml of 10% benzene in hexane gave 94
mg (94%) of 9: mp 61.5-62.5° from ethanol; ir (CCly) 1750 (C==0)
and 1637 cm™! (C==C); 1H NMR (CCly) 5 0.76 (s, CH3-18), 0.89 (d,
J =7 Hz, CH3-26, -27), 0.95 (d, J = 8 Hz, CHj-21), 1.07 (s, gem-
CHj-4), 1.52 (br s, CHg-19), 2.04~3.00 (unstructured, miscella-
neous peaks), 2.78 AX; pattern (d, J = 2 Hz, ~-CH2C=0), 5.40 (t,
J = 2 Hz, =CHCHyC=0); uv showed only end absorption; mass
spectrum m/e (rel intensity) 410 (100), 395 (44), 382 (186), 367 (15),
353 (2), 340 (15), 325 (28), 297 (38).

Anal. Caled for CopHygO: C, 84.88; H, 11.22. Found: C, 84.53; H,
11.39.

Deuterium Exchange of Ketone 9. A sample of 9 (100 mg) was
taken up in dry THF (2 ml) and 0.3 ml of D3O was added. After
the addition of two drops of acetyl chloride, the mixture was re-
fluxed under nitrogen for 5.5 min. The solvent was removed on the
rotatory evaporator, and the residue was taken up in 10 ml of ether
and washed with deuterium oxide. The 100 mg of yellow gum re-
sulting from evaporation of the ether was chromatographed on sili-
ca gel (2 g). Elution with 200 ml of hexane gave 80 mg of an oil
whose *H NMR spectrum indicated the incorporation of deuteri-
um at the o-methylene position: 1H NMR (CCly) 8 0.76 (s, CHs-
18), 0.85, 0.91, 0.98 (m, CH3-26, -27, -21), 1.06 (s, gem-CH3-4), 1.50
(s, CH3-19), 5.40 (s, CH-1).

4,4-Dimethyl-1(10—5)-abeo-10(5—6a H)-abeo-cholesta-
1,9-dien-3-one (10). To a solution of 9 (147 mg) in 3 ml of 95%
ethanol under nitrogen was added 1.1 ml of 0.4 N aqueous sodium
hydroxide. This mixture was stirred at reflux for 14 hr, cooled,
poured into ether, washed with water until neutral, and dried over
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magnesium sulfate. Removal of the solvent gave 125 mg of & red
gum. Chromatography of 5 g of silica gel gave 100 mg of starting
material and 23 mg of 10: mp 100-101.5°; ir (CCly) 1716 (C==0),
1591 em™! (C==C); IH NMR (CCl,) 4 0.72 (s, CH3-18), 0.88 (d, / =
7 Hz, CH;-26, -27),0.93 (d, J = 6 Hz, CH3-21), 0.99 (s, CH3-4), 1.04
(s, CH3-4), 1.67 (br s, CHs-19), 1.72 (complex m, -CHC==), 2,69
(complex m, CH-5), 6.08 (dd, CH-2), 7.14 (dd, CH-1); decoupling
experiments of the sample in CCly-MeySi gave J1 3 = 6 and Jg5 =
2 Hz; uv showed only end absorption; mass spectrum m/e (rel in-
tensity) 410 (20), 395 (18), 316 (13), 301 (100).

Anal. Calcd for CooHygO: C, 84.88; H, 11.22. Found: C, 84.54; H,
11.45.

Deuteration of 10, Sodium deuterioxide was prepared by treat-
ing 150 mg of freshly cut sodium with 8 ml of ethanol-O-d contain-
ing 1 m!} of deuterium oxide. T'o this solution was added 100 mg of
9 in 1 ml of ethanol-O-d. The solution under nitrogen was refluxed
for 3 hr, taken up in 8 ml of ether, and washed to neutrality with 3
m] of D20 in three portions. The excess D20 was removed on the
rotatory evaporator using dioxane and the resulting yellow oil
chromatographed on 6 g of silica gel. Elution with 200 ml of 30%
benzene-hexane gave 15 mg of 10, isolated as an oil: ir (CCly) 1712
(C==0) and 1569 cm™~! (C==C); 1H NMR (CCly) 6 0.72 (s, CH;3-18),
0.84, 0.90 (complex m, CHg-21, -26, -27), 0.98 (s, CHs-4), 1.02 (s,
CH3-4), 1.87 (br s, CH3-19), 7.183 (s, CH-1); mass spectrum m/e (rel
intensity) 412 (16), 411 (8), 410 (), 397 (8), 318 (5), 310 (100). Re-
covered 9 showed incorporation of two deuterium atoms: 'H NMR
(CCly) 6 0.76 (s, CH3-18), 0.85, 0.91, 0.98 (complex m, CHz-21, -26,
-27), 1.50 (br s, CH3-19), 5.40 (s, CH-1).

Registry No.—1, 6384-44.7; 2, 56761-43-4; 4, 56782-71-9; 5
56761-44.5; 9, 56761-45-6; 9 dideuterio, 56782-72-0; 10, 56761-46-7;
10 dideuterio, 56761-47-8.
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Recently we have described the use of trans-1,2-bis(tri-
n-butylstannyl)ethylene (1) as a reagent for the synthesis



