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of 10 was placed in a 400 °C oven for 2 min. After being cooled, the
tube was opened and the contents were submitted to preparative-layer
alumina chromatography. The major product (214 mg) was shown
to be vinylogous imide 1 by comparison of H and 13C NMR
spectra.

Intensity Data, Structure Determination, and Refinement.
Integrated intensities were measured with an Oak Ridge computer-
controlled diffractometer by the 626 scan technique, to a limit of (sin
8)/\ < 0.60 A-1, using Nb-filtered Mo Ko radiation. Of the 1540
unique reflections measured, 1423 had intensities greater than 3 times
their esd’s and were used in the subsequent analysis. Each intensity
was assigned an estimated variance, c%(I), based on counting statistics
plus an empirical correction of (0.02/)?, determined during the final
cycles of refinement from plots of | AF|2 vs. |F,|2

The structure was solved using the MULTAN program!! after cal-
culating E’s assuming an anisotropic thermal model with the ORESTES
program.!2 The structure was refined by least-squares in two blocks
(nonhydrogen atoms anisotropic, hydrogens isotropic), the refinement
converging on a final conventional R(F) value of 3.3% (4.4% weighted)
and a goodness-of-fit of 1.49. No significant features were found in
a final difference map. The programs used subsequent to structure
solution were from the XRAY system.!?
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The photocycloaddition of a 3-keto-4,6-diene steroid 6 to 2,3-dimethylbutadiene formed the [4:4:4] ring adduct
7, as well as the alternative [5:4:5] ring adduct 8, which were differentiated mainly by their NMR spectra. The major
product was the trans-4¢,53-[4 + 2] adduct 9. Two other products were the 6c,7«- and 63,78-cis-[4 + 2] adducts.
In agreement with past results, the direct irradiation of the 6«,7a- and 63,73-cyclopropylenones 4 and 5 demon-
strated their remarkable photostability. They were also stereochemically stable when irradiated in the presence
of dienes. However, the irradiation of both 4 and 5 in the presence of 2,3-dimethylbutadiene led to the same photo-
product 13 where both the double bond and the 6,7-cyclopropane bond of the steroids had added to both double
bonds of the diene to form a [5:4:6] ring adduct. An equivalent head-to-head adduct is formed with 1-acetoxybuta-
diene. The photocycloaddition is not quenched with 3,3,4,4-tetramethyldiazetidine-1,2-dione indicating the singlet

state, or a very short lived triplet, as the reactive state.

The investigation of the photochemistry of conjugated
cyclopropylenones has been primarily concerned with either
bond reorganizations of the cyclopropyl group or the influence
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of the cyclopropyl group upon the di-7-methane rearrange-
ment. Direct irradiation of the epimeric gem-dimethyleyclo-
propylenones 1 caused opening of the external cyclopropyl
bond and formation of two dienones.!2 Incidental to these
results was the observation that these cyclopropylenones do
not interconvert under the irradiation conditions, i.e., they
maintain their stereochemical integrity.!

In direct contrast to this facile ring opening was the total
lack of reactivity found by Schaffner when the 6,7-cyclopro-
pyl-3-keto-4-ene steroids were irradiated. Again these iso-
meric cyclopropyl steroids 2 and 3 were not interconverted
upon prolonged irradiation.* When the cyclopropylenone
chromophore was part of a seven-membered ring, a bicyclic
system was formed by a formal [,2 + ,2] cycloaddition be-
tween the internal cyclopropane bond and the double bond.?
Our interest in this area stems from our investigations of the
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photocycloaddition reactions of a linear steroidal dienone to
various dienes whereby numerous novel cycloadducts are
formed.® Adducts corresponding to [,2 + 2 + ,2 + 2], cis-[4
+ 2| (across the 7y,6-steroid double bond), and trans-[,4 +
+2] (for the «,8 bond) additions of the dienone to the diene
have been isolated and characterized. It was of interest to us
to determine what the effect on the various cycloaddition
modes would be if the v,6 double bond of the dienone was
replaced by a cyclopropane ring. This report then details the
reaction of the cyclopropylenones 4 and 5 with dienes. Addi-
tionally, because of the importance of some of the diene ad-
ducts of the linear dienone to the structural elucidation of the
adduct of 4 and 5 with dienes, this photocycloaddition is also
described.

When the 3-keto-4,6-diene steroid 6 was irradiated in the
presence of 2,3-dimethylbutadiene, a number of adducts were
formed which could be separated by careful low-pressure
chromatography on silica gel.” The first compound isolated
in 6% vield was identified as the ladder compound 7 wherein
both double bords of the dienone had added across both diene
double bonds in a [2 + 2 + .2 + 2] cycloaddition to form a
[4:4:4]-ring system. However, in contrast to the addition of
dienone 6 to butadiene,® a second adduct 8, closely following
7, was isolated in 4% yield. This was identified as the alter-
native [,2 + .2 + ;2 + 2] adduct where the dienone had added
the diene to form a [5:4:5]-ring system. The same type of ring
system was found by Srinivasan in the intramolecular pho-
tocycloadditior: of 1,5-cyclooctadiene.® Although adducts 7
and 8 have many spectral similarities, they can be readily
differentiated. The *C NMR spectra of 7 and 8 are both
consistent with either structure, both compounds having the
same number of carbon multiplicities. Their mass spectra are
simple with the ladder compound 7 showing only a parent and
a base peak corresponding to the retrocycloaddition, which
is the loss of the diene with the transfer of a hydrogen to the
dienone. Compound 8 is similar with the only notable differ-
ence being in the loss of a methyl group from the parent peak.
The low positive molecular amplitude in the ORD spectrum
and the positive CD spectrum of isomer 7 is consistent with
« substitution and an almost planar AB-ring system and is
very similar to the 4&,5a-cyclobutane derivative of testos-
terone.”? In contrast, in the alternative isomer 8, the [5:4:5]-ring
system allows the A ring of the steroid to more nearly ap-
proach the cyclohexanone chair form, although it is still sig-
nificantly flattened. This is reflected in a greater molecular
amplitude and molecular ellipticity for compound 8 than its
isomer 7. The most pertinent differences between these two
compounds occur, however, in their NMR spectra and sol-
vent-induced shifts.'? Inspection of a model of 7 indicated that
the methyl group at C-5’, which was derived from the diene
(starred in formula), is in the deshielding cone of the C3-car-
bonyl group and would be expected to be further deshielded
in benzene while the other diene derived methyl group would
be unaffected. In a series of compounds related to 7, this was
borne out with the methyl group at C-5" being deshielded and
roughly equivalent to the chemical shift of the C-10 methyl
group and further deshielded by ¢ 0.15 to 0.25 when the
spectra were recorded in deuteriobenzene, while the methyl
group attached to C-6’ was unaffected.!! In the unsubstituted
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compounds related to 7, the proton at C-5’ is much more de-
shielded and is shifted well out of the methylene envelope.
Additionally, the structure represented by structure 7 is on
firm ground since it can be related to the adduct, mp 291-294
°C, derived from the addition of the dienone to 1-acetoxy-
butadiene, which has been saponified and oxidized to a ladder
compound containing a cyclobutanone carbonyl group.!! The
occurrence of the cyclobutanone carbonyl group at 1775 cm™!
confirms the ladder structure since the alternative addition
mode would have generated a |5:4:5] ring system which would
have yielded an additional cyclopentanone carbonyl group
after hydrolysis and oxidation. The magnitude of the de-
shielding effect of the C-3-cyclohexanone carbonyl group on
the C-5’-hydrogen (Hp) is demonstrated by its 'H NMR res-
onance at 6 3.27 as a doublet (J = 2.5 Hz) while the C4-3-hy-
drogen (H,), which is vicinal to the two carbonyl groups,
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resonates as a singlet at 6 2.79. In addition, with the two iso-
prene ladder adducts, one shows a strongly deshielded proton
and a tertiary methyl group at normal frequency while the
other isomer does not have any single proton resonances below
the normal values; the new tertiary methyl group is substan-
tially deshielded. These observations hold for the entire series
of ladder compounds synthesized by the photocycloaddition
of linear dienones to acyclic dienes.

In contrast, inspection of a Dreiding model of the alterna-
tive isomer 8 indicated that one of the diene derived tertiary
methyl groups, being remote from the functional groups,
would appear at a normal chemical shift and would be rela-
tively unaffected by aromatic solvents. However, the starred
methyl group in 8 sits underneath the C-3 carbonyl group and
the hydrogens of this methyl group are approximately 2 A
removed from the carbon—oxygen bond axis. As a result, this
methyl group would be expected to be shielded, and even
further shielded upon recording the spectrum in deuter-
iobenzene. In compound 8, the methyl group remote from the
carbonyl resonates at 6 1.07, while the other methyl group
appears at 6 0.52, which further shifts to é 0.35 in deuter-
iobenzene.!? )

The next chromatography fractions yielded a mixture of
cis- and trans-[4 + 2] adducts 9 and 10 in 32% yield, from
which a small amount of the trans-4a,58-adduct 9 could be
isolated by fractional crystallization. This compound was
readily identified by the presence of two angular methyl
groups and two vinylic methyl groups in its 1H NMR spec-
trum, while the 4« substitution was indicated by a positive
Cotton effect in its ORD spectrum and a positive CD curve.
Epimerization with sodium methoxide in methanol yielded
the cis-48,58-[4¢ + 2]-adduct 10, as indicated by strongly
negative ORD and CD curves. The reason for the ease of epi-
merization is the rigid 4cv,53-trans fusion forces the A ring of
the steroid to adopt a conformation which is equivalent to that
of an AB-trans steroid, i.e., planar. Epimerization at C-4 rel-
ieves the 1,2-diaxial interaction between the C-10 angular
methyl group and the C-5 allylic methylene group. This also
allows the AB-cis-ring fusion to attain its most thermody-
namically stable configuration and also places the C4 sub-
stituent in the more stable equatorial configuration.

Closely following compound 9 was the cis-6a,7a-[4 + 2]-
adduct 11 which was isolated in 27% yield. This compound was
characterized by an enone absoption in UV and IR. The NMR
spectrum again indicated the presence of two angular methyl
groups and two vinylic methyl groups. The configuration was
determined to be 6c,7« when allylic coupling was observed
between the C-4 proton and the pseudoaxial 63-hydrogen,!?
and when 11 was recovered unchanged from methanolic so-
dium methoxide solution. The 63,73-[4 + 2]-isomer 12 was
isolated in 6% vield and possessed the expected spectral
properties. In particular, the C-4 enone hydrogen appears as
a sharp singlet due to the absence of allylic coupling between
this proton and the pseudoequatorial 6a-hydrogen.13 The
63,783 isomer is the only one of the four possible cis and trans
isomers where the C-6 proton is pseudoequatorial and would
not be coupled to the allylic C-4-hydrogen. Compound 12 is
also stable to sodium methoxide in methanol. Had either of
these compounds 11 or 12 been trans fused, either 6«,70 or
68,7, the C-6-proton must necessarily be pseudoaxial and
coupled to the C-4-hydrogen. The distortion caused by this
ring fusion forces both the steroid A and B rings into the boat
conformation. Then epimerization at C-6 with sodium
methoxide would allow the steroid A and B rings to attain
their stable conformations and also lead to a strain free ring
junction between the newly formed ring and ring B. Therefore
on the basis of their chemical and spectral properties, the
6,7-14 + 2] adducts 10 and 11 were assigned the stable cis-
6c,7a and cis-603,73 stereochemistry, respectively.
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The 6,7-cyclopropylenones 4 and 5 were prepared by 1,6
addition of dimethyloxosulfonium methylide to the dienone
631415 and were separated according to the published proce-
dure.!® Both compounds have a # — 7* transition at ap-
proximately 260 nm and a n — 7* band at approximately 325
nm. We have confirmed the surprising photostability of these
steroidal cyclopropylenones, 4 and 5. Under conditions of
direct irradiation with a medium pressure mercury arc (Pyrex
filter), the only observable reaction is a slow degradation of
the steroids to undefined material. Under these conditions
there is no detectable epimerization of the cyclopropane ring
in either isomer from either direction, as was previously re-
potted by Schaffner.® Gas chromatographic separation'é of
enones 4 and 5 would have allowed detection of a fraction of
a percent of isomerization.

When the 6a,7a-cyclopropylenone 4 was irradiated in the
presence of 2,3-dimethylbutadiene, a slow reaction occurred
to form a single compound 13 in 69% yield. In addition, 16%
of unisomerized starting material 4 was recovered. That the
new product 13 was indeed an adduct of enone 4 and the diene
was proven by its analysis and mass spectrum. In the NMR
spectrum of adduct 13, there were no olefinic resonances
corresponding to the initial five olefinic protons, and the ap-
pearance of two new tertiary methyl group signals indicated
that both the steroidal double bond and one of the cyclopropyl
bonds had added to both diene double bonds. The 13C NMR
spectrum of 13 demonstrated the loss of all the olefinic car-
bons and the cyclopropane carbon atoms. The spectrum also

H,C

CH,
13

demonstrated that the only remaining functional group in the
molecule, excepting the remote C-17 lactone, was the carbonyl
group at C-3. An analysis of the off-resonance proton-de-
coupled spectrum indicated that compound 13 was a homo-
logue of either 7 or 8, which contained an extra methylene unit.
The ORD/CD spectra indicated 4« substitution and 13 was
recovered unchanged from refluxing methanolic sodium
methoxide solution. When the 63,73 -cyclopropy! isomer 5 was
irradiated under equivalent conditions, a much slower reaction
occurred to again generate a single photoproduct in 12% yield
(20% based on recovered starting material 5), together with
substantial steroid degradation, although 29% of the unepi-
merized 603,78 isomer was recovered. This photoproduct 13
was identical in all respects to that obtained from the
6, Ta-isomer 4. When either 4 or 5 was irradiated in the
presence of dimethylbutadiene and monitored as a function
of time by gas chromatography, no epimerization into the
other isomer was observed. This precluded an exiplex med-
iated isomerization analogous to the diene-catalyzed dimer-
ization of 9-phenylanthracene.!” On this basis, the photoep-
imerization of the cyelopropylenones and subsequent opening
of an exocyclic cyclopropyl ring bond was excluded.!® Indeed,
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this mechanism was not very probable, for epimerization
would involve opening of the steroidal 6,7-cyclopropane bond,
followed presumably by a second photochemical reaction with
specific opening of the exocyclic cyclopropane bond to gen-
erate the observed adduct. This is especially so since the
quantum yield for adduct formation is obviously very low and
epimerization would have been observed in view of the 50:1
ratio of resultant photoproduct 13 to contaminating 6«,7a-
cyclopropyl-4 in the starting 68,73-cyclopropyl-5 had this
mechanism been operative. The result then of these experi-
ments is that the internal 6,7-steroidal cyclopropane bonds
in the cyclopropylencnes 4 and 5 are involved in the cy-
cloaddition.

Since the 6,7-steroid cyclopropyl bond is involved in the
cycloaddition, the structure of the photoproduct 13 is a ring
B homologue of either the ladder compound 7 or the alternate
isomer 8. Consideration of Dreiding models of both homo-
logues leads to the conclusion that while the seven-membered
steroid B ring allows a small amount of flexibility in the A ring,
the chemical shifts of the substituents observed in either ad-
duct 7 or the alternative 8 should be very similar to those of
the photoproduct 13. The only functional group remaining in
the photoproduct from the dienone and diene chromophores
is the C-3 carbonyl group. In the ladder compound 7, one of
the diene derived methyl groups is moderately deshielded by
this carbonyl group while in the alternate isomer 8 one of these
methyl groups is strongly shielded. The difference in chemical
shifts between 7 and 8 is 6 0.57 in deuteriochloroform, and the
opposite direction in chemical shifts expands this to 6 0.88 in
deuteriobenzene. Therefore comparison of the chemical shifts
of the methyl groups in the photoproduct 13 with those of the
model compounds 7 and 8 will allow a choice between the
[4:4:5] ring and the [5:4:6] ring adducts. The numbers given
next to the methyl substituents on the partial structures 7, 8,

(a4) 65 H:C (48) 74 HC (48) 64 HC
0 0O o
‘ \a ! x i
+ ' \ i \
(74) 65 :CH/ 65) 74I:D/ (62) 73 ;:Cr\]/
" CH, 61 (66) CH, 37 (26) H, 31 (21)
7 13 8

and 13 are the chemical shifts in hertz at 60 MHz in deuter-
iochloroform, while the numbers in parentheses correspond
to the chemical shift in deuteriobenzene. As can be readily
seen, one of the diene derived methyl groups is strongly
shielded in 13, and is even more strongly shielded in deut-
erobenzene, analogous to the alternative diene dienone isomer
8. In contrast, there are no downfield shifts as is observed in
the [4:4:4]-ladder compounds, of which 7 is a member. On this
basis, 13 was assigned the [5:4:6]-ring structure, homologous
to 8.

Addition of the 6a,7a-cyclopropylenone 4 to 1-acetoxy-
butadiene was also studied. Again the reaction was very slow,
8.5 mmol of 4 were irradiated for 71 h until the reaction
stopped, due to polymerization of the diene, at approximately
50% consumption of 4. However, chromatography and careful
crystallization allowed the isolation of one of the photoprod-
ucts 14 in about 90% purity. The photoproduct was one of a
pair of epimers and was determined to have the structure in-
dicated by 14 by decoupling experiments in deuteriobenzene.
The a-acetoxy proton resonated at 6 4.38 as a slightly broad-
ened doublet which double irradiation indicated was coupled
to the 48 proton at 6 3.12. Irradiation of the 48 proton col-
lapsed the a-acetoxyproton into a slightly broadened singlet.
This is clearly incompatible with this proton being part of a
cyclobutane ring.'9 Inspection of a model of 14 indicates that
the a-acetoxyproton forms approximately an 85° dihedral
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angle with the vicinal hydrogen and little, if any, coupling
would be expected.?® Hydrolysis of 14 and subsequent oxi-
dation unfortunately did not lead to definable products
probably due to fragmentation and oxidation of the inter-
mediate aldol.?! The presence of the head-to-tail isomers has
not been rigidly excluded but the head-to-tail ladder adducts
are not observed in the dienone-diene photocycloadditions.
The photocycloaddition of 4 to 2,3-dimethylbutadiene was
not quenched by Ullman’s quencher, 3,3,4,4-tetramethyl-
1,2-diazetidine 1,2-dioxide, implicating the singlet state of 4,
or a very short-lived triplet state, as the reactive species.2?
Thus the cycloaddition of 6,7-cyclopropylenones to dienes
is a unique example of a [,2 + ,2 + ,2 + ,2] cycloaddition
which js “allowed” suprafacially between an even number of
components.?3 However, an initial [,4 + ,2 + ,2] cycloaddi-
tion, followed by either a second photochemical, or a thermal,
ring closure, cannot be excluded.2* This type of cycloaddition
is unlikely, however, since although inspection of a model of
the [-4 + ;2 + ,2] adduct does indicate some unfavorable steric
interactions, there is nothing which would obviously preclude
its existence. Since the [4:4:4]-ring system found in dienone-
diene ladder compounds of type 7 is undoubtedly less stable
than the [5:4:5] system obtained as an additional product in
the addition of the excited dienone to dimethylbutadiene,
formation of compounds like 7 must occur via maximum or-
bital overlap between the 7 systems of the diene and the di-
enone.?? The addition of the cyclopropylenones to dienes re-
flects the less common reaction mode in dienone cycloaddi-
tions. However, this does offer the advantage of minimizing
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the steric interference between the «-cyclopropane ring and
the diene in the approach of the excited enone to the diene,
and additionally offers the potential for secondary orbital
overlap between the diene and the exocyclic cyclopropyl
bonds.?6 This lack of secondary orbital overlap may be the
reason that the cycloaddition of the 683,73-cyclopropylenone
to dimethylbutadiene is less facile than with its 6,7« isomer.
Also, since the cycloaddition of 6«,7a-cyclopropylenone to
the diene involves inversion at both steroid 6,7 positions and
since at some point along the reaction coordinate for the
6, 7a-cyclopropylenone cycloaddition this reaction coordi-
nate becomes identical with that of the 63,75-cyclopropyle-
none and, if the reaction were not concerted, reversal would
lead to photoepimerization of the cyclopropane rings. Since
this is not observed with either isomer, the reaction has to be
concerted.

Experimental Section

General. Melting points were taken on a Thomas-Hoover Uni-Melt
capillary apparatus and are uncorrected. IR spectra were run in po-
tassium bromide and UV spectra were run in methanol and are not
reported if only n — «* absorption was observed. A Varian Associates
A-60 or HA-100 nuclear magnetic resonance spectrometer was used
to record spectra, which were run in deuteriochloroform, unless oth-
erwise stated, using tetramethylsilane as an internal standard. Spectra
are reported as chemical shifts, followed by the multiplicity: s, singlet;
d, doublet; t, triplet; q, quartet; m, multiplet; the coupling constant,
in hertz, where appropriate, which is followed by integrated signal
intensity. 13C NMR spectra were run in deuteriochloroform at 25.7
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MH?z. Optical Rotatory Dispersion-Circular Dichroism spectra were
obtained on methanol solutions using a Durrum-Jasco J-20 spec-
trometer. Optical rotations were determined in chloroform on a
Perkin-Elmer Model 141 polarimeter.

The sample of the dienone 6 (Searle Chemicals) used in this study
showed only one peak on a GLC trace and has UV ibsorption at 282
nm (¢ 27 000) in methanol and n — 7* absorption which is resolved
in benzene at 350 nm (¢ 90). The 6,7-cyclopropylenones were prepared
according to the published procedure.?14-16 The 683,73-cyclopropy-
lenone 5, 6a,7a-dihydro-178-hydroxy-3-oxo-8’H-cyclopropa[6,7]-
pregna-4,6-diene-21-carboxylic acid <y-lactone, possesses: mp
171.5-175.5 °C; UV 263.5 nm (e 18 750}, [CeHg] 328 nm (¢ 80), [ethyl
acetate] 325 nm (e 75); [a] 25589 —173° (¢ 1.04%), []?3365 —6.2°. The
sample of 5 used was analyzed by GLC, according to published pro-
cedure,'® and contained 98.6% 4, 0.4% of the a-isomer 5, and 1.0% of
the dienone 6. The isomeric 6a,7a-cyclopropylenone 4, 63,73-dihy-
dro-178-hydroxy-3-oxo-8"H-cyclopropa[6,7]-pregna-4,6-diene-21-
carboxylic acid vy -lactone, possesses: mp 169-171 °C; UV 260 nm (¢
16,750), [CeHg] 326 nm (e 75), [ethyl acetate] 326 nm (e 75); [¢]?P59
+99° (¢ 1.026%), [«]%53¢5 +2035°. The sample of 4 used contained
95.2% of 4, 1.3% of isomeric 63,75-cyclopropylenone 5, and 3.5% of
the dienone 6.

The Photocycloaddition of the 4,6-Diene-3-one 6 to 2,3-Di-
methylbutadiene. A solution of 5.00 g (14.7 mmol) of the dienone
6 in 165 mL of ethyl acetate and 25 mL of redistilled 2,3-dimethyl-
butadiene (99%, Chemical Samples) was irradiated, under argon, with
a 450-W medium-pressure mercury arc (Pyrex) for 2.5 h. The solvent
was evaporated and the residue chromatographed on 250 g of Woelm
silica utilizing low pressure. Elution with 9:91 ethyl acetate-toluene
yielded 284 mg (0.67 mmol, 6%) of the ladder compound 7, [3S-
(3w.3aw,5aB,5bw,98,9aR*,10c,11,11acx,126,12aa,12bl)]-hexa-
decahydro-3a,5b,10,11-tetramethylspiro[9,10:11,12-dimethanocy-
clobutalk]cyclopentala]phenanthrene-3,2'(5H)-furan]-5',8-dione:?”
mp 224-226 °C (ethyl acetate-petroleum ether); IR 1775 cm™1, 1700;
NME 6 1.09 (s, 6 H), 1.03 (s, 3 H), 0.97 (s, 3 H), [C¢Dg] 1.24 (s, 3 H),
1.10 (s, 3H), 0.85 (s, 3H), 0.73 (s, 3 H); 13C NMR 6 213.8 (s), 176.7 (s),
96.0 (s), 60.5 (s}, 56.1 (s), 53.8 (d), 53.7 (t), 47.2 (d), 46.1 (s), 44.8 (d),
43.5 (s), 42.6 (d), 40.4 (d), 39.1 (s), 37.6 (t), 35.5 (t), 34.6 (t), 34.0 (d),
32.0 (t), 31.9 (1), 31.4 (1), 29.4 (1}, 22.9 (1), 20.8 (1), 17.7 (q), 17.1 (q),
14.8 (q), 12.1 (q); ORD [¢]a17 + 2872°; [¢]ss + 1270°, @ = +16; CD
[9]297 + 23160; [0{]25539 + 95.8° (C 0.992%), [a]25365 +409°; MS m/e (rel
%) 492 (parent peak, 12%), 407 (-methyl, 6%), 341 (-diene + H,
100%).

Anal. Caled for CagHagOs: C, 79.58; H, 9.06. Found: C, 79.42; H,
9.05.

Continued elution with the same solvent combination yielded 251
mg (0.59 mmol, 4%) of the alternative isomer 8, [3’R-(3'a,3aq,
5'a3,5'ba,8ac,10°a,10°a3,10ber,12'w,12'ac,12'bB3,13'R *)] -octadec-
ahydro-3'a,5'h,10",10'a-tetramethylspiro[furan-2(5H),3'-[3H -
10,10b,12]methenobenz[cd]indeno[5,4-flazulene}-5,8'(3'aH)-dione:??
mp 202-204.5 °C (ether—petroleum ether); IR 1775 cm™!, 1700; NMR
6 1.22 (s, 3 H), 1.07 (s, 3 H), 0.90 (s, 3 H), 0.52 (s, 3 H), [CgDg] 1.03 (s,
3H), 0.93 (s, 3 H), 0.80 (s, 3 H), 0.35 (s, 3 H); 13C NMR § 216.1 (s), 176.7
(s), 96.0 (s), 52.3 (s), 48.6 (s), 48.2 (d), 45.6 (t), 45.2 (d), 43.1 (d), 42.9
(d), 40.3 (s), 35.8 (t), 35.1 (s), 34.5 (d), 33.8 (t), 32.0 (t), 31.4 (s), 30.9
(2 X t),29.3 (t), 29.0 (d), 28.1 (1), 22.7 (t), 20.3 (t), 18.2 (@), 17.7 (@),
14.6 (g), 12.2 (g); ORD [¢]310 + 1890°, {¢]2s0 0°, [¢]o75 =175°, a = +21;
CDh [0]290 +2180°; [a]25589 +33.2° (C 0.112%); [a]25365 +180.3°; MS
m/e (rel %) 422 (parent, 17%), 407 (-methyl, 29%), 341 (-diene + H,
100%;,

Anal. Caled for CosHsgO3: C, 79.58; H, 9.06. Found: C, 79.40; H,
8.99.

Further elution gave a mixture of the cis-43,58-[4 + 2]-epimer 10
and the trans-4a,53-[4 + 2]-adduct 9. The fairly unstable trans-isomer
9 could be isolated in low yield, 350 mg (0.83 mmol, 6%), by careful
and slow crystallization of the mixture from ether. Compound 9,
3’,6’'-dihydro-17-hydroxy-4',5’-dimethyl-3-oxo-1’"H,48,583,17a-ben-
zo[4.5]androst-6-ene-17a-propionic acid vy-lactone, possesses: mp
218-223 °C; IR 1775 em™!, 1720; NMR 6 5.58 (s, 2 H), 1.66 (d, 6 H),
0.97 (5,6 H); ORD [(b}gos +4360°, [(25]235 0°, [¢]274 —~1635°, a = +60;
[ﬁ]zgg +5535°; [(1]25589 +52° (¢ 0.108%), [0(]25365 +250°.

Anal. Caled for CogH3gOs: C, 79.58; H, 9.06. Found: C, 79.40; H,
9.09.

The remainder was dissolved in 100 mL of methanol and 2 g of so-
dium methoxide was added. After standing for 18 h, and subsequent
neutralization with dilute hydrochloric acid, the methanol was
evaporated and the crystalline residue filtered. Recrystallization from
methanol-water vielded 1.58 g (3.74 mmol, 26%) of the 43,56-[4 + 2]
epimer, 10, 3’,6’-dihydro-17-hydroxy-4’,5-dimethyl-3-oxo-
1’H .4,503,170-benzo[4,5]androst-6-ene-17a-propionic acid v-lactone:

Lenz

mp 180-183 °C; IR 1770 cm~1, 1720; NMR 6 5.53 (s, 2 H), 1.68 (broad
s, 3 H), 1.58 (broad s, 3 H), 1.00 (s, 3 H), 0.86 (s, 3 H); ORD [¢]307
—7440°, [#]204 0°, [p]aso + 12 680, a = —201; CD [0] 301 —15380°.

Anal. Caled for CogHgs0s: C, 79.58; H, 9.06. Found: C, 79.37; H,
9.36.

Closely following this mixture was 1.60 g (5.79 mmol, 27%) of the
cis-6a,Ta-[4 + 2]-adduct 11, 3/,60,6’,78-tetrahydro-17-hydroxy-4'-
,5'-dimethyl-3-0x0-17a-benzo[6,7]androsta-4,6-diene-17«-propi-
onic acid “y-lactone, possesses: mp 143 °C (methanol-water); IR 1780
cm™1, 1675, 1620; UV 240 nm (e 12 500); NMR 6 5.58 (d, J ~ 1.5 Hz,
1 H), 1.65 (broad s, 3 H), 1.56 (broad s, 3 H), 1.38 (s, 3 H), 1.00 (s, 3 H);
[0(]25539 -31° (C = 1%), [a]25365 —-228°,

Anal. Caled for CagH3503-0.56H50: C, 77.92; H, 9.11. Found: C, 77.73;
H, 8.94.

Elution with ethyl acetate-toluene (14:86) furnished 345 mg (0.82
mmol, 6%) of the highly crystalline cis-68,73-[4 + 2]-adduct 12,
3,6a,6",7a-tetrahydro-17-hydroxy-4',5'-dimethyl-3-0x0-17a-benz-
0[6,7}androsta-4,6-diene-17-propionic acid y-lactone: mp 249-252
°C (ether); IR 1775 cm™1, 1665, 1615; UV 244 nm (7 14 400); NMR
$5.72 (s, 1 H), 161 (s, 6 H), 1.36 (s, 3 H), 0.98 (s, 3 H); [] 25580 —18.7°
(c 0.097%), [a]?5365 +877°.

Anal. Caled for CogHj3s0s5: C, 79.58; H, 9.06. Found: C, 79.88; H,
9.04.

Further elution with 1:4 ethyl acetate~toluene returned 785 mg
(16%) of starting dienone 6.

The Photocycloaddition of the 6«,7a-Cyclopropylenone 4 to
Dimethylbutadiene. A solution of 3.00 g (8.47 mmol) of 4 in 160 mL
of ethyl acetate and 30 mL of redistilled 2,3-dimethylbutadiene
(Chemical Samples) was irradiated, under argon, with a 450-W me-
dium-pressure mercury arc (Pyrex filter) for 47.5 h. After 23 h, an
additional 10 mL of diene was added to replace lost solvent. During
the irradiation, a new compound slowly appeared on the TLC plates
and grew at the expense of starting material. After the irradiation was
terminated the TLC plates showed diene dimer formation and some
degradation as evidenced by substantial streaking, although the ir-
radiation solution was still clear. After removal of the solvent, the
residue was chromatographed on 400 g of Mallinckrodt CC-7 silica.
Elution with 5% ethyl acetate-benzene furnished 2.53 g (5.80
mmol, 69%) of the 1:1 adduct 13, {3R-(3a,3ax,5a8,5bc,983,-
10a,11a,11a8,13¢,13ac,13b3)|octadecahydro-3a,5b,10,11-tetra-
methylspiro{9,11:10,13]dimethano-3H-benzo[3,4]cyclobuta[4,5]-
cyclohept[1,2-e]indene(3,2'(5'H)-furan]-5",8(9H )-dione:2” mp 214-218
°C (ether—petroleum ether); IR 1780 cm~! (lactone), 1705 (cyclo-
hexanone); NMR 6 1.24 (s, 6 H), 1.08 (s, 3 H), 0.61 (s, 3 H), [CsDg] 1.08
(s,3H),1.02(s,3H),0.78 (s, 3 H), 0.44 (5, 3 H); 13C NMR 6 214.3 (s),
176.1 (s), 95.7 (s), 52.5 (s), 50.3 (d), 47.2 (s), 47.1 (3), 45.8 (2 X s), 45.4
(s), 40.6 (d), 39.0 (d), 37.5 (t), 37.3 (s), 35.5 (1), 34.7 (d), 32.9 (), 31.6
(t), 31.5 (), 31.3 (1), 29.2 (2 X t), 28.3 (1), 23.2 (1), 22.3 (q), 20.5 (t), 18.3
(q), 14.2 (q), 12.6 (q); [0(]25589 +118° [C 1 (CHle;)], [C(]25365 +1010°;
ORD [¢]a07 +2860°, [¢]2e1 0°, [¢loss —3929°, a = +868; CD [f]2ss
+5414°; MS 436 (74%, parent}, 421 (100%, —methyl).

Anal. Caled for CogHyoOx: C, 79.77; H, 9.23. Found: C, 79.46;
9.21.

Elution with ethyl acetate-benzene (15:85) returned 0.466 g of
starting cyclopropyl enone 4. GLC on a 6 ft OV-17 column at 290 °C
indicated the returned starting material was the pure « isomer and
contained none of the 3 isomer.

Reaction of 268 mg of 13 with sodium methoxide in methanol at
room temperature for 16 h returned 255 mg of unchanged 13.

The Photocycloaddition of the 63,73-Cyclopropylenone 5 to
2,3-Dimethylbutadiene. A solution of 1.09 g (3.08 mmol) of 5 (98.6%
B by GLC) in 160 mL of ethyl acetate and 30 mL of redistilled 2,3-
dimethylbutadiene was irradiated as above. After 24 h, TLC indicated
that the starting enone was mostly consumed and one new spot had
appeared which had the same mobility as 13. In addition the TLC
plates were heavily streaked indicating extensive decomposition of
the steroid. Chromatography yielded a fraction containing the pho-
toproduct and crystallization over night from ether-petroleum ether
yielded 144 mg (12%) of 13 which was identical in physical spectra,
TLC, mp, mmp, and GL.C behavior with material prepared from the
6a,7a-isomer 4. In addition 305 mg of starting compound 5 was re-
covered. GLC indicated that no epimerization had occurred.

Attempted Photoepimerization of the Cyclopropylenones 4
and 5. A solution of 121 mg of 4 in 250 mL of ethyl acetate was dis-
solved in 250 mL of ethyl acetate and apportioned, under nitrogen,
among eight Pyrex tubes. The tubes were irradiated on a merry-go-
round in a Rayonet Photoreactor using eight 3000-A lamps. Samples
withdrawn at 0.5-h intervals over 4 h indicated a slow decrease in the

total amount of steroid present but no conversion into the 3-isomer
5.



Photocycloaddition of Cyclopropylenones to Dienes

The same experimental procedure on 124 mg of the 3-isomer 5
yielded identical results, with no isomerization into the a-isomer 4.

Attempted Photoisomerization of 4 and 5 in the Presence of
2,3-Dimethylbutadiene. A solution of 111.7 mg of 5 in 40 mL of ethyl
acetate and 10 mL of 2,3-dimethylbutadiene was apportioned among
eight Pyrex tubes and irradiated on a merry-go-round in a Rayonet
Photoreactor equipped with eight 3000-A lamps. Samples were
withdrawn over 2.5 h and analyzed by GLC. Although the dienone was
partially consumed, there was no change in the amounts of the cy-
clopropyl enones.

Equivalent results were obtained using 111.6 mg of the a-isomer
4. The dienone was partially consumed and there was no change in
the relative amounts of the cyclopropylenones.

The Photocycloaddition of the 6«,7a-Cyclopropylenone 4 to
1-Acetoxybutadiene. A solution of 3.00 g (8.47 mmol) of 4 was dis-
solved in 160 mL of ethy! acetate and 29.5 mL of freshly distilled 1-
acetoxybutadiene was added. The irradiation was conducted under
argon with a 450-W medium-pressure mercury arc (Pyrex filter). After
71 h of irradiation, the reaction had stopped after about 50% disap-
pearance of starting steroid due to consumption of the diene. TLC
indicated that in addition to starting material, one new product had
appeared and substantial degradation was indicated by heavy
streaking on the TLC plates. After removal of solvent, the residue was
subjected to low-pressure liquid chromatography. Initial elution gave
9.4 g of diene dimers. Elution with ethyl acetate-benzene (18:85) gave
a substantial oil from which 350 mg of the photoproduct 14 was ob-
tained in two crops by careful dilution of an ether solution of the oil
with petroleum ether. Compound 14 shows: mp 152-160 °C; IR 1780
cm™! (lactone), 1740 (acetate), 1710 (cyclohexanone); NMR 6 4.60 (d,
J = 3 Hz, 1 H, a-acetoxy H), 2.98 (broad s, 1 H, C-4-3-H), 1.99 (s, 3
H, acetate methyl), 1.15 (s, 3 H), 0.92 (s, 3 H), [CgDg] 4.83 (d,J = 3
Hz), 3.12 (apparent triplet, 1 H, C-4-3-H), 1.72 (s, 3 H, acetate
methyl), 0.87 (s, 3 H), 0.72 (s, 3 H). Irradiation of the signal at  4.83
collapsed the 9 3.12 signal to a doublet (/ < 1 Hz), while irradiation
of the 6 3.12 signal collapsed the signal at 6 4.83 to a slightly broadened
sing]et: ORD [(J)]‘zog + 1350°, [(1)]296 0°, [(b]gm -3775°, a = +51; CD
(] 260 +2516°.

Anal. Caled for C2H3305: C, 74.65; H, 8.21. Found: C, 74.45; H,
8.55.

Starting material was eluted closely following the photoproduct
but was not recovered due to accidental breakage of the recovery flask.
However, a portion of the solution which was saved again showed no
isomerization of the « isomer to the 3 isomer.

Attempted Quenching of the Photocycloaddition of the o
Isomer 4 to 2,3-Dimethylbutadiene. A 3.16 X 10~2 M solution of
4 in a 15:35 v/v mixture of 2,3-dimethylbutadiene and ethyl acetate
was irradiated simultaneously in the presence and absence of 1.16 X
1072 M 3,3,4,4-tetramethyl-1,2-diazetidine 1,2-dioxide using a 450-W
mercury arc (Pyrex filter). The reaction was conducted to 20% for-
mation of the photoadduct, and allowing for the partial absorbtion
of the quencher, there was no evidence for quenching of the reac-
tion.
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