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ALarc-Ihc photocydoaddition of 5 5teroidal ko-3-e and a 4,6-dko-3-oix to bicydo(2.2.1)- 
heptcnc and bicydo(2.2.1~cpt&licnc hr been sdied. The pbotocydorddition to norbomeac 
fumitbcd ooly the tmnx-4a,5&cydolmtaoclDc, whik the enoae gave a mixture of ctc and rranr-(2+2] 
rdducauvellu~fimuampkofhymofen~in~~toforma6(2-norbonunyl 
l)-coojuptcd enone. The pbotoq&&dition of the dicoooc to norbomtine fomwf the 4-(7- 
norbornenyl)~bya1,4_h~rhatatbemrprprodud,t~with~uaoun6d 
the unrwmngcd wns-4u.5~-(2+2)cydobutlae. 00 the otbcr hutd, tbc cydorddition of the coooe 
to oofbornrdkoc yicldod tbc 4u-(7-norbomeoe)-&ycooae aa the major product; rccocn*ed again 
by the ulllwn qed tnuu_I2 + 2)-ddact. In titioo, the 4a,Sa-&_I3 + 21 rdduct WM obticd ti 
was formed by rcwaogcmcnt of the norbomeoyl ndiaf porn00 a4 the intcrmedLtc diradical. 

Steroidal enones readily add olefitts to form cyc- 
lobutanes in a head-to-tail fa5bion, and quenching 
studies with diencs indicated that the cycloaddition 
occurred through the ertones triplet state. In dis- 
tinct cotttmst to simpkr enooes however, there wa5 
a marked absence of products derived from byd- 
rogen transfer procc5scs.’ Although eooaes give 
mixtures of cb and muu-adducts, a linear dienone 
formed rcgio and stenXl5pcc&ally mans-fusccf cyc- 
lobutanes, again without any evidence for hydrogen 
tramfer reactions.’ In suitable system5 bowever, 
linear dienoocs are capable of H-abstraction.’ At- 
tempt5 at quenching the dienone cycloadditions 
using dieocs led to a variety of novel adduct5.” 
When non-Diels-Alder dicoes were used, the dir- 
tributioo and structure of the adducts wax charac- 
teristic of a diradical intermediate, without any 
evidence for a charge separation contributioo.6 The 
dienone dicne cycloadditions could be quenched 
however usiog Ullmann’s quencher,’ 3,3,4,4- 
tetramethyl-1,2-diazetidioe 1.2-dioxide. implicating 
a mr*-triplet state with ao ener 

Q 
of less than 

50 Kcal/mole as the reactive state. Although the 
tranr-dienooe (2 + ZJ-cycloadducts are not stable to 
GLC,’ thus precluding quenching stud&, it is oot 
unreasonable to a55ume that these adducts are also 
formed via the lowest excited triplet state of the 
dknone. 

Previous studies by Mfillougb on the photo- 
cycloaddition of simple cnoocs to norbomadiene 
(bicyclo[2.2.1Jhepta-2,S-dienc) were primarily con- 
cerned with the products formed from bydrogeo 
transfer reactions.” These adducts were enooes 
which were substituted at the a- or fl-position with a 
oorbomene, hooded at C-7, or a oortricyclaoe, and 
each of the cyclohexeoooe photocycloadditionx 
studied formed a suktantial variety of these ad- 
ducts.” Although the [2+ 2)-adducts were not io- 
vestigatcd, McCollough did obtain IRcvidence of 
cis and trans-fused cyclobutane adductx.” We 

would like to present our results oo the photqclo- 
additioo d steroidal 4cn-3-one 1 and 4,6-d&-3- 
one 2 to oorbomenc (bicyclo[2.2.l~ept-2-ene) and 
oorbomadienc which describes the 6rst hydrogen 
transfer rcaction5 undergone by these 
chromopborc5 in steroids, as well a5 the structures 
of the cycloadducts. The observation5 made oo 
tbebt steroids indicate that cycloadditions to nor- 
bomadicne are even more subtle tbao previously 
5Uppo5UI.‘0 The additions to oorbomeoe were 
studied to provide reference compound5 to the 
expectedly more complex adduct mixture5 from the 
na&omadkne irradiations. These compound5 were 
ttcex5ary because the majority of the norbomane 
NMR rc5ooaoces will occur under the steroid pro- 
too rcsooaoce and will not ordinarily be observa- 
ble. Since triplet cycloadditions have been amply 
demonstrated to proceed through a diradical inter- 
mcdiatc.z” the adducts will involve only the nor- 
bomene double bond. This ix because the 2- 
norbomyl radical has shown to be stable and does 
not uodergo the facile Wagner-Meetwein rear- 
raogemeotx so characteristic of the 2-norbomyl 
COtiOt15.‘2.‘J 

The pbotocycloaddition of dicnonc 2, although 
a more oompkx cbromophore. to oorbomene 
yielded, as with other olefins.’ only the trutu- 
4a,S&adduct 3 in 61% yield. The exe 
configuration was assigned by analogy with the 
predominant attack by ekctropbiks” and thcored- 
Cal cakulation5,” a5 well a5 similar pboto- 
cycloadductx involving norbomeoe 5omc of wbo5c 
structurec have been determined by x-ray studk5.” 

C&-addition of the excited toone to the ole6ns i5 
a55umcd,‘~ and, ba5ed oo this, exe-addition, and 
the other spcctro5copic observations, the stereo- 
chemistry about the newly formed cyclobutane 
ring5 is indicated in the formulae. The tmonr-adduct 
3 proved to be remarkably stable, requiring regux- 
iog for 16 hr in sodium methoxidc solution to cause 
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complete epimerixation to the much more stable 
cit-4&5@-adduct 4, Hydrogenation of tmns-3 with 
Pd/C gave the dihydro-4a,5~-rmns-adduct 5 which 
could be epimerizcd to the c&4&5/3-adduct 6, and 
thus these were avaiIable for compariaoo with the 
adducts of the enone 1 with norbornene. 

Irradiationoftbetnone1inthcpreaenaof 
norbonrmelcdtoavarktyofadductswhichaAd 
be isolated by column chromatography. The fint 
compound so isolated was not, however a [2 + 21 
adduct but posses& an a,~-uruaturated enone 
chromopbore in the IR and W. Its elemeotal 
anal* and maas spectrum indicated a mono- 
adduct and the absence of ole6nic ruonemaa in tbc 
NMR allowed the formulation of 7 as the 4-(2- 
norbomyl)-derivative of the starting enonc 1, The 
exe-ttcrcochemiatry was assignqd for the rca8ons 
previously given. The major product i41%) isolated 
was the cis-4a,Sa-(2 + 21 adduct 8,’ while a 26% 
yield of the aant-adduct 5, identical with the lam- 
pie prepared by hydrogenation of the dicoone 
hanr-adduct 5, was obtained. In addition to there 
adducts, a small amount (2%) of a &-4&S& 
adduct 9 was obtained. This was assigned the anti- 
coofiguration based on the results of McCdhgb et 
al.” They demonstrated, based on x-my ruulta, 
that the fronr-isomer of a variety of cyclohcxe- 
none-cyclopcntene adducts epimerixc to the ryn- 

adduct, while the cis-adducts possess the anti- 
configuratioo.‘b” Among the enone studied was 
3-methykycMBcnone which ScmB es an excel- 
lent model for the enone 1. lhis meana that the 
Q&SfGsomers 4 and 6, derived from the 4a,S& 
W-isomers poascss tbc syn-amflgumtion and this 
is in agreement with the least rtericaIIy hindered 
approach of the okti to the excited enooe. The 
iaolrtioa of the cfs-fused @zycIobutane 9 indicates 
that, in agreement with the results of thermal rcac- 

t.iOUS,” a amaIl amount of cycloaddition can aIao 
occur from the B-face of the steroid in these 
enooes. 

The enonc adduct 7 can be formed either directly 
through a 13-hydrogen shift or indirectly through a 
l,S-hydrogeo shift to form a 4-norbomyl-3-keto-5- 
ene adduct which isomerixcs under the reaction 
conditions to form the conjugated enonc 7. In 
order to differentiate between these two pos- 
sibilities the den&rated eoone 13 was synthcsizd. 
The 3f3-hydroxy-5-cne steroid” 10 was oxidized to 
the 3-keto-5cne steroid 17 with buffered 
pyridinium chIorochmmatc’O and isolated by Bash 
chromatography” in 45% yidd. The &y- 
unttaturated enone 11 was preferentially dcuteratcd 
at C-4 by a modScation of the procedure described 
by RingokLp AIthough the original procedure al- 
led for refiuxing the &y-unsaturated enonc with 
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deuterium oxide in methoxyethyl ether (diglyme). 
under the conditions compound 11 rearranged to 
conjugated a&unsaturated enone 1 with 
deuterium incorporation at carbons 2, 4 and 6. 
However, refluxing compound 11 in 1,2- 
dimethoxycthane for 30 h formed the partially 4- 
deuteratcd steroid 12 which analyzed, by mass 
spectrometry.” for 35% DI, 7.9% Dz and only 
1.2% D,. Acid catalyzed isomerixation of 12 pm- 
ceeds through the dicnol with spedec protooation 
of C-6 and formed the 4deutcratcd enone 13 with 
44.0% D, and only 1.4% D1. If the formation of 
the norbornyl enone 7 proceeds through initial 
formation of a 4-norbomyl-3-keto-Scnc adduct, 
analogous 10 the latter described additions of 
enoncs 1 and 2 with norbomadieae, then the 
deuterium will be lost in the conjugation to form 
the observed adduct 7. If, on the other hand, the 
adduct 7 is formed directly through a 1,lhydrogen 
shift then the deuterium will be retained in the 
adduct. When the deuterated enonc 13 was ir- 
radiated in the same manner as eoone 1 with 
norbomene and the adduct 7 was isolated, it was 
found by mass spcctrometry 10 contain 28% D, 
and 1% D2. Sodium m&oxide catalyzed exchange 
on adduct 7 furnished the same dcuterium incorpo- 
ration results. This result indicates that, in the 
absence of a deuterium isotope effect, 64% of 7 is 
formed directly by a 1,3-hydrogen shift in the 
l&diradical. However, since the hydrogen abstrac- 
tion reaction is finely balanced with the ring form- 
ing reactions, a deuterium isotope effect probably 
occurs and the adduct 7 is formed exclusively 
through a 1,3-hydrogen shift. 

Based on McCollough’s results on the photoaddi- 
tion of enoncs to norbornadiene,‘O we expected a 
complex mixture from irradiation of the dienone 2 
in the presence of this dienc. Thus we were pleas- 
antly surprised when the photoaddition of the 
dienone yielded only two major adducts and a 
third, as yet unidentified, minor adduct. Separation 
by column chromatography yielded the major pro- 
duct 14 and this was shown to be a d&one by its 
characteristic absorptions in the IR and W. The 
pa&ion of attachment to the steroid was deter- 
mined to be at C-4 when the C6,7+leAnic protons 
appeared as a doublet of doublets due to vi&al 
coupling and allylic coupling to the axial go- 
hydrogen.” The position of attachment of the 
steroid lo the norbomene was determined by NMR 
using a combination of europium induced shifta and 
double resonance to be anti at C-7. The structural 
assignment was based on the presence of a one 
proton broad singlet whose shape is consistent with 
a ‘I-anti rubstituted norbomcne ring, but not for a 
S-substituted ring. Due lo stuic interactions bc- 
tween the norbomene ring and the B-ring of the 

steroid, there is restricted rotation about the steroid 
C-4 and the norbomene C-7 bond. Based on 
Eu(Fod), studies, it was shown that the C-l nor- 
bomene bridgehead proton is close to the stcriod 
C-3 carbonyl group. la the anti-configuration 
shown in structure 14, three norbomenc protons 
are expected lo have broad singkt xignals: rht two 
bridgehead protons and the methylenc hydrogen. 
This is observed in the NMR spectrum of 14 in 
dcuterobcnxcne, and in the Eu shift studies. De- 
coupling experiments between the norbomene 
oleflnic proton signals and two of the board singlet 
signals confIrmed that two of the broad singlets 
were due to the bridgehead protons. These 
bridgehead protons have diiercnt chemical shift 
and shift at diGrent rates with Eu(Fod),. This is 
expected since rotation about the stcroid- 
norbomene dond in 14 ix restricted due to stcric 
interactions. Coupling between the bridgehead pro- 
tons and the methylene bridge hydrogen was also 
demonstrated. This coupling is one of several small 
couplings for both the bridgehead and the 
mtthylene C-7 hydrogens. If the diradical intcr- 
mediate in the norbomadienedicnone hydrogen 
transfer adduct has not rearranged but simply 
transferred hydrogen to form a 5-substituted nor- 
bomene, then no proton, other than the bridgehead 
ones, would be expected to give a singlet signal. 
The proton at C-5 in this adduct should have two 
vicioal couplings. each greater than SHx, to the 
adjacent mcthylene protons. The and-configuration 
rather than the syn was assigned to 14 on the basis 
of the europium shift studies. The norbomene C-2 
oleflnic proton, adjacent to the faster shifting 
bridgehead hydrogen at C-l, shifts more slowly 
than the C-3 deMc proton. In the syn configura- 
tion, it would be expected lo shift more rapidly. In 
the anti-isomer, however, the C-2 olefinic proton 
has a larger H-Eu-0 angle, and would be expected 
to shii slowly. The H-Eu-0 angle for the C-3- 
olefinic proton is smaller, compensating for the 
longer C->proton+uropium distance. The nor- 
bomene ring in dienone 14 could be selectively 
hydrogenated to yield the ‘I-norbomyl derivative. 
The second major product wax the traru-fused 
4qSf342 + Zkadduct 15. The stereochemistry was 
proven by its epimerization 10 the 4a,5/3-[2+2]- 
adduct 16. To prove that compounds 15 and 16 
were indeed cyclobutancs and not products derived 
from rearrangement of a possible norbomenyl radi- 
cal,” the front-adduct 15 was hydrogenated at 
WC. and 60 psi for 7 days to yield the rranr-fused 
[2+2] adduct S in 82% yield, which had been 
obtained from the photocycloaddition of enone 1 lo 
norbomene. 

In contrast to the results obtained with &none 
2, the addition of the enone 1 to norbomadiene 
gave a complex mixture of three major adducta and 
two very minor unidentified adducts 23 and 24. 
Although unidcntifM, these minor products (< 
2%) were neither hydrogen tmnxfer products 
(enones) nor nortricyc.Iane products. The major 
products of this photoaddition was the dienonc 17. 
The structure of this adduct wax determined from 
ita spectral data and chemical reactions. Its IR 
spectrum indicated an unconjugated carbonyl 
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group while the NMR spectrum indicated the prcs- 
encc of three okgnic protons. The correct struc- 
ture, a fketo-S+ne steroid substituted at C-4 by 
a norbornene group, was initally rukd out when 17 
was recovered unchanged from methanolk aodium 
m&oxide. This led us to consider that 17 was a 
4a -(2-oorbornadieayl)-Sa -H adduct; the result of 

an unprecedented 1,3hydrogeo shift, analogous to 
the norbomenecnone 1 adduct. Iqection of 
models of this molecule indicated that if the nor- 
bomadiene double bond &y- to the ketone became 
conjugated with the C-3 carbony group, severe 
steric interactions would occur between the rcsul- 
tant norbomenc ring and the steroid C6-hydrogena. 
The mass spectrum was in accord with either struc- 
ture, indicating a weak parent and a base peak at 
amu 93 which is norbomadicnc plus hydrogen. 
However consideration of the difearlty observed in 

epimerixing the rmtu-fused cyclobutane 3 promp- 

oJ$$!L_ ..@p 
H 

4 

ted us to repeat the experiment in refluxing pota+ 
sium methoxide solution. Under these conditions, 
adduct 17 smoothly isomer&d to the a$-un- 
saturated ketone 22. The stereochemistry in corn- 
pound 17 wax shown to be alpha by its very strong 
positive chimp&al effectx. To determine whether 
the intermediate oorbomeoyl radical had rcar- 
ranged prior to hydrogen abstraction, the norbor- 
oeoe double bond in compound 17 was selectively 
hydrogenated to yield the dihydro-compound 25. 
Isomerixatioo in the same way as 17 yielded the 
conjugated enonc 26, which was distinctly different 
from the enone 7. Since compound 7 was formed 
via the 2-oorbomanyl radical, which would not be 
expected to rearrange,” the hydrogen-abstraction 
product 17 is a 7-(2-norbomenyl)-&y-cnone. The 
onti-con5guration was assigned by analogy with 
compound 14 where this orkotation was demon- 
strated by NMR experimentx. Complete hydroge- 
oation of compounds 14 and 22 gave a mixture 
which was not character&d but shown by GLC on 
three columns to be identical, thus relating these 
two compounds. 

A second adduct 18, obtained in 16% yield, 
contained a norbomene ring as demonstrated by 
rcsooancer for two okfinic protons in its NMR 
spectrum, aod an uncoojugatcd cyclohexanooe CO 
group in its IR spectrum. The stereochemistry 
about the newly formed bonds was detcrmiocd to 
be alpha by the positive chiroptical effects, and 

17 (doubl. bond) 

2s 

tt (bw -) when 18 was recovered unchanged from sadium 

16 me&oxide solution. Since this norbofnadknc enone 
18 wax postuhtcd to be a cyclobutane derivative, a 

*o 

f 

-1 

cn 

H 
0* 

1S (doubk bond) 
l# 

correlation with the enone-norbomene 4a,Sa-[2+ 
21 adduct 8 was attempted. Compound 18 was 
smoothly hydrogenated in dioxaoe over palladium 
on carbon to yield the dihydro-derivative 1) which 
was, however, distinctly difTercnt than the [2+ 2)- 
adduct 8, indicating that rearrangment had accur- 
red. The strwture for 18 is postulated to be 
formed through initial exo-bonding to form the 
diradical A which bridges to form the nortricyclyl 
radii1 B. The cyclopropylcarbinyl radical in B then 
opens to the homoallylic radical C and subsequent 
bond formation generates 16. All of these steps 
have ample literature prcccdents.‘uJ Bridging in 
diradicafAoccurs faster than bond formation and 
diradical B is not set up for facile bond formation, 
leaving C free to ring close to generate 18. An 
alternative structure wherein 18 is indeed a cyc- 
lobutane but resulting from c&o-addition of the 
enone to norbornadknc has not been rigidly exc- 
luded. However it is very unlikely that only an 
endo-adduct would have been isolated when e.xo- 
addition is the predominant reaction pathway.” 
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Additionally, endo-addition of enones to norbor- 
nadiene has been shown to lead to a homo-Diels- 
Alder adduct, and not cyclobutanes.” 

The Rnal major product obtained from the 
photocycloaddition of enone 1 to norbornadiene 
was obtained in 10% yield and was identitled as the 
trun.r-fused 4a,Sf3_C2 + 21 adduct 20. Its structure 
was proven by its spectral properties and its ready 
epimerixation to the &-fused 4a,S@-(2 + 21 adduct 
21. Hydrogenation of 20 over PdlC yielded com- 
pound 5, the rraonr-fused 4a,Sf3-[2+2] adduct of 
enone 1 and norbomene. 

Tbe photocycloaddition of enone 1 to b&h nor- 
bomcnc and norbomadiene was quenched by the 
addition of 2-methyl-l&butadiene (isoprene) indi- 
cating, as with previous cycloadditions, reaction 
occurring through the enonc triplet excited state. 
Since the [2+ 21 adducts of the dienone 2 are 
not stable to gas chromatography, quenching 
studies, using the low energy quencher 3.3.4.4 
tetramethyl-1.2~diazetidine 1,2_dioxide, were done 
using the decrease in the absorbtion maximum (A 
282 nm) of the dienone. Under these conditions, 
the additions to both norbomene and norbor- 
nadiene were quenched, indicating, as with the 
photocycloadditions to dienes, that the dienone 
cycloadditions occur through tbe triplet excited 
state. 

-ON 
In comparing the results obtained in this study 

with those of McCollough et of.,” the most notice- 
able difference is the isolation of only a single 
hydrogen transfer product from the steriod irradia- 
tions as opposed to a variety of such products 
obtained from the simpler cyclohcxenones. Until 
this investigation, no hydrogen transfer reactions 
had been observed in steroid 3-kcto4-ene oltgn 
additions. The conjugated norbomanyl enone 7 
derived from steroid 1 and norbornene is formally 
derivable from a 1,3-hydrogen shift in the inter- 
mediate diradical. This type of transfer was hitherto 
unknown in enone cycloadditions. However, the 
deuterium labelhng experiment clearly indicates the 
occurrence of the 1,3-shift in the direct formation 
of 7 via the 1,Cdiradical rather than the formation 
of 7 through fortuitous conjugation of a &r-cnone 
adduct formed by a 1.5hydrogen shift. In agree- 
ment, and yet contrast, the hydrogen transfer pro- 
duct 14 formed from enone 1 and norbomadiene is 
the result of the rearrangment of the norbomcnyl 
half of the intermediate diradical and subsequent 

. 

abstraction of the C-6 steroid hydrogen. Inspection 
of models indicates that this would be the 6a- 
equatorial hydrogen. Ihe gnal result is therefore a 
1,6-hydrogen shift via a seven-membered transition 
state. 10 the intermediate diradical formed from the 
addition of dienone 2 to oorbomadienc, the steroid 
C-6 hydrogen is part of an allylic radical and thus 
not available for abstraction. The initially formed 
norbomene radical does not abstract the steroid 
C4f3-hydrogen like the enone 1, an energetically 
unfavourable 1,3-shift (a four-membered transition 
state), but rearranges to the anti-7-substituted nor- 
bomcnc radical which abstracts the hydrogen in ao 
energetically more favorable 1,4-shift. Therefore in 
the systems studied, we have observed 1.3; 1.4 and 
1,6-hydrogen shifts where heretofore oone had 
been observed in steroid enonc and dienooe addi- 
tions to olefins. The apparent reason for the obser- 
vance of this type of product is the bulkiness of the 
olegns employed. We’.6 and others” have previ- 
ously shown that the photocycloaddition of enones 
and dieoooes to cycloolefins and diencs employs a 
highly ordered transition state where the olefin 
orthogonally approaches the plane of the excited 
enone with the ring methylenes of the olefin 
oriented towards the CO side of the steriod. The 
first bond formed is 4a and the methylene group of 
the norbomene has substantial steric interactions 
with the steroid B-ring preventing free rotation 
about the newly formed bond. This semi-frozen 
conformation allows hydrogen abstraction or rear- 
rangement and subsequent abstraction since the 
radical center in the norbomanc (enc) residue is in 
close proximity to the abstractable steroid C-4 or 
C-6 hydrogeos. A possible reason for the occurr- 
ence of the 1,3-hydrogen shift in the enone l- 
norbomcnc cycloaddition and its absence in the 
enone and dienone-norbomadiene cycloadditions is 
that the 2-substituted-3-oorbom-S-eoyl radical can 
rearrange whereas the 2-substituted-3-norbomyl 
radical cannot. If the rearrangement of the initially 
formed norbomenyl radical is fast compared to its 
hydrogen abstraction capability then the more fa- 
vored 1.4 and 1,6-hydrogen abstraction processes 
become the exclusive enone adduct forming path- 
ways. 

Ilre rraru-fused cyclobutanes obtained from the 
enone 1 and dienone 2 aod norbomadieoe bear out 
previous suppositions that this cycloaddition is 
either concerted or that the second bond formation 
occurs much faster than the possible norbomenc 
radical can rearraage.2” It also appears that if the 



2618 C&to~cui R. LKMZ 

diradical is an intetmcdiate stt.&icntly long lived to 
undergo rotation about the initially formed bond, 
rearrangement oaxtn to form the [3+2)adduct 
exclusively, as in the formation of the [3+ 2)- 
addua 18 from eaone 1 and norbomadiene. 

-AL 
GmtmL Mp pts were tiea on Thouw-Hoover Uni- 
Melt apiIkry l pparstus and xre uucorrcckd. IR spectrs 
wtrenu,inKBrusdUVrptctninma~l~~not 
reported unkn u-w*-rbrorption was oburvcd. A Vuian 
Anocista T-60, A-60. FT-80, or HA-100 mtcr 
wssuudtoreconfrpechi.AIIspectrawercr~in 
CDCl, using TM as au intemaI standard unksx other- 
wise ooted, mtd arz reported as chemiaI sh& follow&g 
by a tint or&r urulysis of the spIittiug pattern, coupling 
comtant in hertz where rpproprktc and then the intcg- 
rated signaI inteusity. oRD/CD curves were obtained on 
mtthanol solutions, unkn ocberwisc noted. in a Jasco 
oRD/Uv-s qWctromcter. Mus spcctrs werz run on a0 
A.E.I. MS30 mus meter. Miaoanxlyxes were 
psrfomtcd by fkuIe Laboxxtories MkmmtxI ’ 
vice, ut~dcx the mpervi&n of Mr. E. ZieG 2 
Cbromatogrxphkx were run under the dimction of Mr. 
Robert NicboIson. 

Tbc steroids 1 xnd 2 were obtained from &ark Cbemi- 
ak. 
rrradi4I&tofthedienate2wwlw&mue. Aaolnd2 
(10.0 & 29.2 mmol) in 145 ml EtoAc and 45 mI of 
norbornene (Aldrich) was irradiated, under N,, with I 
450 wstt mulium pmssurc Hanovia ttteralry Iamp (Pyrex 
dltcr). After 5 hr, tic indicated most of tbc stutinp 
dienone bad been conatuncd and I ppt had formed. The 
soln wu tIltcrcd to give 650mg of I polymer since the 
NMR xhowcd neither 0lcIInic sign& nor xngukr Me 
pcakx. Remov8I of the sokent gave M oil which wxs 
dimokod in 125mI EtOAc, arhaupoo 2.75~ ol photo- 
product 3 aystaIIixcd. The solvent wxs removed and the 
residue wu chromrtogrxphed oa 1400 g of E. Merck 
siIica. EIutioo with Et~A&pctrokum eth& (3:7) gave an 
xdditiooll 3.89a of 3. (totaI 6.64 II. lS.2 mmol. 61%). 
foIIowcd by 1.3 g oi Grting 2. &pouud 2 &tiitsI 
mp 23W (EtCAc/pet~&cum ether); lR 1770 an-’ 
(lactork),1720 cm-’ (aonx-fused cydohcxaoonc); NMR 8 
5.95 (ddJ - 9,l.S Ii& 1% C-7H), 5.67 (4 J - 9 H& lH, 
C-6H), 3.22 (d, I- 8 Hx, lH, 48 -?i), 1.22 (s, 3H, C-19), 
1.00 (s, 3H, C-18); ORD [#b+l940., [dl+pp 00, 
[+]26x - 26&W, a - + 284; CD: [6&xv + 14,559.; ti m/c 
434 (37%. puxot), 419 (7.9%. -CH,), 341 (31.8%. - 
uorbomcne+H), 340 (49%. -norborneae), 66 (100% 
cvclowotadknc). (Found: C. 80.35: H. 8.95. C&d for _ - 
C+,,O,:. C, 80.14: H, 8.81.) 
Epvnmuraonaf3.AsoInd3(l.OO0)infSmlMeOH 
WII cp+r&d by nfbmittg with OJaOMc) (1.0 gl for 16 
hr. Dttt. water xnd cxcax HCY was xddcd and the McOH 
removed on a rotary evaporator to give 960 mg d 4 after 
drying. Compound 4 exhibia: mp 138-140’; IR 1780 
cm-‘, 1705 cm-‘; NMR I 5.88 (dd, I- 10, 2 Hr, lH, 
C-6). 5.45 (d, J - 10 Hx, 1H). 1.00 (s, 3H, C-18). 0.93 (s, 
JH, C-19); [C&J 5.72 (dd. i * 10.2 Hx, 1H). 5.30 (dd, 
J- 10, 51 Hx, 1H). 0.83 (s, 3H), 0.78 (s, 3H); [a% 
-91.20 (c- 1.025%. CHCl,). (Found: C. 80.06; H, 8.79. 
C&d for C&H,O,: C, 80.14; H, 8.81.) 
Hydrogewion of 3 A sob d 3 (1.00 0) in 125 ml 
dio~wuhybollanr~at60priradS(Pfor48hria 
the prucuce of SK Pd/C. Filtration of the ataIyst and 
xolveat runovll gave a rexidue which was @Ii& 
from EtOAc&ctro1eum ether to give 781 mg of 5: mp 
256-7‘; IR 1770 cm-’ (Ixctoae), 1720 cm-’ (t~nx-fused 
cydohexuwnc CO); NMR g 3.27 (d. J-8 Hx, lH, 
C-4@). 1.13 (s, 3H. C-19). 0.92 (I, 3H, C-18); ORD 

C, 79.73; H, 9.58. CaIcd for C&H.&: C, 79.77; H. 
9.23.) 
Epimcrtxartoo of 5. Compound g (1.00 0, wax heated for 
16~~a~dNNIOMe(2.0O)inUlOmlMcOH.The 
soIn was oookd and dist water and em HCI was 
u&d and the M&H removed oo a rotary evsporator. 
FiItrstioo given 900 mg of 6: mp 22P (softens) 255-F 
(wfa); CR 1780 cm-i, 1697 cm-’ (cix-fused cydobcx- 
xnooc CO); NMR g 0.95 (s, 6H); [C.&J 0.83 (s. 3f4, 
0.73 (5 3Hh ORD [4hm-423S0, [&I,,,, -4016.. [db, 
Ov. 
[a z! 

&&+ 1135”. [dh (P; a = -83; cD(8&.,,-5390”; 
-59.9’ (C-0.108% CHCI,). (Found: C, 79.62; H, 

9.25. C&d for -0,: C, 79.77; 9.23.) 
Znodhrbnafdrc--1wiCirnabanrncA 
solon d l(lO.15 g; 29.5 mmol) in 45 ml norhomene and 
350 mI EtDAc was irrxdixted, under N,, with I 450 wxtt 
medium pmssarc mcmury arc (Pyrex t&r) for 12 hr. The 
reacti VU csuotially complete after 4 hr. but the R, of 
one of the pbotoproducts wax very simikr to 1 aaning m 
ovcrimdihon of cfxa 8 hr. The sotvent wu removed on 
a rotary cvaporxtor xnd chromatographed on 1.5 Rg of E. 
Merck (DMusmdt) s&a. 

Ehltion with RtOAcbenxcne (595) gsve 2.15 g (4.9 
mmol. 17%) of 7. 178-bydrorv4(Ylxo-norbornla-2’- 
yl)3-oxo&ost-4&~17&ropionk Icid+actone: mp 
163-Y (McOH/wrtcr): IR 1785 an-‘. 1680 an-‘. UV 
25s 11111‘ (c 13.000); IGR 8 1.17 Hx.(s. 3H), 0.98 (t. 
3H). [C.& 

f’ 
0.82 (s,3H), 0.81 (s 3H); DRD M&t,+ 

25?3250.. (b&M V, [6t&,-28.8200. a- +541; CD 
[e&+43,*; (og+ 89.5’ (c- 0.095%. CHCI,). 
(Found: C, 80.05; H, 9.41. C&d for &GO,: C, 
79.77; H. 9.23.) 

Coatinucd clutioa with EtOAc:bc~otenc (1:9) uave 
5.24 g (12 mmol, 41%) 0: 188-90 (ctberlpctrokum mp 
ether\: W 1785 cm-‘. 1700 an-‘: NhfR 8 0.92 (s. 3H). 
0.78 (sr 3H), IqDJ.O.80 (r, 3Hj, 0.60 (s, 3H); ORD 
bh,o+f6000, (4 

k 
0.. [&&,-86OW; a- +141; CD 

[l?L+ 10,175; [a 25.6. (c = 0.101% CHCI& MS m/e 
436 (4.3%, parent), 343 (97.6% -wrbotneae +H), 66 
(100%. C,H& (Found: C, 80.01; H, 9.18. CaIcd for 
C&&,O,z- C; 79.77; H, 9.23.) 

Ehttion with EtOAcbctuem (1585) xxve 264 ma (0.6 
mmol, 2%) of 9~ mp 14sl4~.‘(etb&/i;trokum c&r), 
iR 1780 cm-‘, 1700 an-‘; Nh4R 8 0.92 (I, 3H), 0.88 (8, 
3H1, [ 

C! 
DJ 0.80 (I. 3h). 0.65 (s. 3Hl; ORD [@l,,x- 

3279, 6 V, [&h,4+42fW; a = -76; CD I@&,- 
5800.; (u & -18.7’ (C-0.139%, CHCI,). (Found: C, 
79.67; H, 8.99, Cakd for &J&O,: C, 79.77; H, 9.23.) 

EIution with EtOAc:bcnxcoc (1:3) g8vc 3.43 g (7.8 
mmol, 26%) of S; idcotid with I umple prepsred by 
hydmgeortion of 3. Rpimcrix.ation of a sunple of the 
&DVC adduct with 8odium methoxide in methanol gave a 
4&5&cyclobutMe itkatiaI with (i. 

Eluthn with EtOA~knzeat (1:2) returned 370 mg of 
stuting etlooe 1. 
Formation of the &yemw 11. A sdn d 10 (5.00 & 
14.5 mm0I) in 7s ml %a,, containing 350 mg, 4.36 
mmol, of suxpcudcd NaOAc wax oxidi& with pyxidinium 
chIomchromatc (4.7 g, 21.8 mmol) st room temp. After 3 
It, the mixture ‘(*II dikted with et&r end IlItercd through 
C&c. The rcsiduaI &id wu wxsltcd with l:l-dicbloro- 
mcthatmcther and ftnaIIy with ether. The combined or- 
gauiu were evaporated xnd the residue fksh chnnuato- 
graphed” on a 50 mm coIumn uxiug I:4 EtOAeCH,C& 
to yickf 2.23 g of 11. mplXI-13T.; IR 1775, 1720 an-‘; 
NMR g 5.35 (m. lH), 1.21 (s. 3H), 0.99 (s, 3H); [ug- 
51’ [C - 0.105% (MCI,)], [a&t 1zT. (Found: C 76.80; 
H, 8.91. C&d for C&H,O,: C, 77.16; H. 8.83.) 
CQ-~)tucaiwn exchongc h @,y-cnonr 11. A dn d 11 
(2.45 g) in 100 ml of dry distilled (from w-i) l,2- 
dimethoxycthanc sod 10 ml d 99.9% D,O wm rthxd 
for30hrun&xNN,.Aftacooiin&~~~~~~Y 
diluted with water to yield the dcutcrated 12. Mass 
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Mapbu rnrlyur” in&at& D, 55%. D, 35%. D, 
7.9%. D, 1.2% 
c~enoncUA~dC4-dtu~ted&~- 
coooe (2.10 3 in 80 ml dry brtilkd 1.2&cthOxyctbuK 
and 20 ml dirtilkd water amtaiainS 1.0 S d p- 

101ueouulf0aic ld wu pIAd in lhc llum cabinet at 

W for 1.75 hr. ‘Ihc wton wn aokd ~IXI dilutal with 
water to yield 1.6 Sof13. Mu, spcaogmpbic anal*= 
mduatcd: D, S4.5%. D, U.O%. D, 1.4%. 
Imadlatunlofrkdbtlvme2r~~.Alo& 
of 2 (10.0 8, 29 nund) in 15 ml norbonudim and 300 
ml EtOAc was mrd~lrd. under N,. witb l 450 wan 
mcdlum prcuurc UC mcr IUler) for 27.5 br. The umdi- 
itton soln wu filtered ftom some polymcnc mrtcnd ad 

lbc rolvcar f~00vcd iod 1bc residue cbromaloqrptbcd on 

1200 S of E Merck uba. Uutioo witb EtOAc-bcaxeac 
(1:9) 6lVC 5.99 6 of 1 mixIufc of ditoonc-oofbomAdiroc 

ldduc~s. foUrned closely by 2.27 S (6.6 mmol) of rso- 
rcrcd Qcnonc L Tbc fzmaiodcr of matenal wu very 
polar rod contamed no discrel+ spoa on ti and w,u ool 

lurlbcr uwcstiptod. Tbc ad&cl frictioar were rc- 

cbfomru~pbcd on 600 6 of Malhnckrodl CC-7 ulia 
and clution with EtOAc-p~roleum ether (1:4) gave 1.516 
8 (3 5 mmol. 16%) of II. 178-bydrory4-(7’-~ofc-2’-aor- 
bomcn-7’-yl)-3-oxo-~rortr-4.6-dwoc- 17a-proptomc 
rod-v-lautone mp 2635’ (EtOAc/ctbyl ether); 1R 
1775 cm”. 1660 an-‘. 1615 m-‘. lS50 an-‘. 
UV 291 nm (e 20,OOO): NMR 6 6.50 (dd. I- 10. 2 Hz, 
IH). 6 10 (m. 3H). 3.53 (broad s. 1H). 2.96 (broad a. 
IH). 1.03 (1. 3H). 0.98 (8. 3H); [C,DJ 6.42 W. J -10. 2 
Hz, 1H). 6.20 (rppueot 1. 2H). 5.68 &I. J -10. 2 Hz. 
lH,397(broadr. lH).3.lO&mxds. lW.2.78(lauadr. 
1H). 0.80 (8. 3H1. 0.68 Is. 3H): ORD [&ka,.+28.5OU’. 
[t&47,&; r- + 760: CD- [O&G. [Oj& 
50.76r. MS m/e 432 (parent 19.2%). 366 (12.9%. - 
c,u. 341 (51.7%.-GH,+H), 4X100X). (Fouod: C. 
80.66; H. 8.19. Calal for &H,O,: C. 80.51; H. 8 39.) 

Chmc~y followmS I@ umc 0.43O S (1 mmo1. 4%) d 10 
dduct: mp 267-4 fE~OAclc&cr). lR 1770 an-‘, 1695 
an ‘NMR 8 6.35 (q. 1H). 6.10 (m. 1H). 5.73 (m. 2H). 
3.83 (broad s. 1H). 103 (s. 3W. 0.95 (8. 3H). DRD 

428%). 366 (15.2%. -C,H& 341 (38.2X.-C,&+H). 
92 (100%. cH,t,. (Found: C.80 59; H. 8.45. Calal for 
C&H,O,: C. 80 51. H. 8.39.) 

lmmuiirtely a!10 thh odducl came 0.776 S (1.8 mmol. 
8%) of 1s. mp 16>T (McOH/wrter); lR 1770 cm-‘. 
1730 an ‘, NMR 6 6.03 (I. 2W. S.77 (q. 2H). 3.05 
(d.J = 8 Hz. 1H). 1 31 (& 3H). 1 03 (5 3H); CD [Ob, + 
10.325’. MS m/c 432 (35.1%). 366 (4&2X. -C,H3,til 
(63.4%. -C,H.G). 92 (100%. C,H.G). &xnod: C. 8032: 
fi. 8.28 &ad ibr G-H, 0,. c 8’i 5i; H. 8 39:) 
PhfRandEumbdu~onfnmmt IO. nlc wnmure for 10 
wm buck minly oo tbc pmeoa of l one proton bm&l 
un~ct upal. wboae &ape D ~~nsatcot for I 7- 
norborncnc protoo but OOI for a 5-proloo. L~IC lo ucrk 
~~~cracttous. there u restricted nxatioo rbou~ rbe uenrid- 
norbonxac bood. Based oo Eu(fod), studau. it was 
abown lb11 tbc I-bydwn in the oorbomcoe rzsidoc ic 
ckr+ 10 lhc slcroicl Qaboayl pp. TIIC twa 
bndfibcd (1 sod 4) sod 7-norboroeayl bydrgns were 
readily obuncd UI dueunobctueoe roloa. Dean~pliq 
crpcnmcntr khccn Ibe norborocoe ok&tic proloaa md 
lhe downllcld uogko indkacd wblcb were lbc ho 
bndpbcad protons mod Ibc ‘I-pnxoo. Howavsr. thcac 
coupbn8 arc one of rcwral amall an~p(io~ for all tbru 
protons Fu a 5- fKMxmalylparp.nopfo8ono8bcYthM 
the two bndphead pfOLoN would be expected IO @ire I 
r103ct. Tbe 5-pnxoo should have rwo W&AI cou 
cub 2 5 Hz 10 the rd]&Xol melbykoc procoO P$ 

rntisubstitutioo wu determined by a oumpium rhitt acudy 
when the oklaw polon d~lceol lo Ebc fnler #b&in6 

bdpbud pmtoo bfted more sIowJy thla the other 
ok~cprococlLntbc~iromcr,itrouUkcrpcctedu, 
SMI more rrpidly. In tbc ati-&xna. bowcvcr. the 
okti protoo adjrcro~ lo tbc fester moving brid@ead 
paoobasalugcH-E?aADangkrndwoaldkcrpccxcd 
IO sbifl &lowly. Tbbc H-EUO M& for UK olbcr oklnr. 
mole Italolc. pa00 i SmAlkr. Ibw OxlpcnrrtinS for Ibc 
bopr europlum-b-a dutana 
Eq(mrriramn oj IS. TIC sow-uiduct IS (97 ml) wu 
suqmded in 10 ml MeOH md 250 mS NIOMC added. 
TEc mixture wu sarmd own@r. Dil Ha wu added 
and the MeOH removed on I row cnooontor. Tbc 
white pp1 was filtered oil and M-IO Pi mg d 16: 
rno 24O-2.. IR 1775 an-‘. 1697 an-‘: NMR 8 5.54.2 
Cm. 4H). 3-1s (brad s, lti). 3.02 (t&d s. 1H). 100 (s. 
6H); MS mIc 432 (Parent 10 1%). 366 (36 6%. - C,H& 
341 (9.3%. -C,H,+H). 92 (100%. C,H& (Fouod: C. 
77.03; H. 8.23. C&d for &H,,O,H,O: C. 77.30. H. 
8.50.) 
H#roSe~& of dw WWU-o&fur 1S. 100 ny d 1S 
welt dhotvul in 100 ml diouoe with 20 In6 SW Pd/c 
and bu~ul to 5(r uo&r 60 pi of bydropn for 7 day. 
lbc UldyIl VaI removed Md lbc aolveot cvrporrled. 
RcuyaWuation from Et&-bcraoc pve 82 mS IO two 
UvpavpK~~ b$roro#eSMtBo0 product wu ulcollal 10 lbc 

. 
sekcllw hydrgcnam of du Mrbanuudarblr~m 
IO. To a soin d 10 (281 mo, in 4O ml boxan. 5% PdK. 
30 ml wu added and the muturc rru-rcd mgneoally. 
Hmpn was introduad II n and rtmospbcnc pmourc 
rod ooc equtvllcnt wu oonsumcd In 7 mm TIC mln 
wu dllcfcd from utiy%l and lhco reduced lo a amall 
vohunc w&n cr)llallintioo o3mmcoccd. Ahrr dduluq 
wllb elber rod nItMing 205 lug (73%) of tbc dibyddro 
dcrivrtivc wu obuwd mp 29s3OU’. IR 3020 an-‘. 
1775. 1660. 1615; UV 291 nm (e 20,OOO); NMR 8 6.58 
(dd. 1H). 6.03 (dd. 1H). 2.92 (m. lH-). 1.03 (s. 3H). 1.00 
(s. 3Hj; [og +69.qc-0.103% (CHCQ] (Found: C. 
79.82; H. 8.78. C&d for C&i,O,: C. 80.14; H. 8.81.) 
Ilmdbononajdulvrodd~1wIdl~klu. A 
dn d 1 (10.0 6; 29 uunol) III a W&I d 150 ml and 4O 
ml oofbomdwae wa rrrrbrtcd under N, for 3.5 br ntb 
l 450 wan mcdiw praaurc mercury lamp (Fyrcr dltcr) 
-I& rolveoo were mnovcd sod Ibe feWdue cbWaWoS- 
rapbed oo luw) S of E Merck ti and 1 I. !racton, were 
colkacd. EiMioo with EfOAcJpctrolcum ether (1:4) pvc 
two fracbonc contauuoS 1.96 6 (4.52 mmol. 16%) of tic 
as-&duct 10: mp 134-40’. EtOAc-pecrokum erbcr); IR 
1780 an-’ &c~oe). 1700 an-’ (cycJobcxanooe); NMR d 
6l~~dd.J~6.3Hrl~.~.9o(dd.J-6.3~1~3.08 
f-broad a. 1H. oorbomeoe Cl 01 CT). 2 90 (broad a. 1H. 
oohorncoe Cl 01 c7); 0.97 (s. 6H. Cl8 rnd Cl9); ORD 
[&LlO+ 318S*. [&A,, 0’. l - + 52. CD [CL + SJW, MS 
m/c 434 @mot 1.4%). 343(3 5%. -C,H,) Compound 
10 could be reanwcd uo&)lmguI from 1. NaOMe tn 
MeOH win. (Faud: C. 80.3s. H. 8.88 C&d for 
&H,O,: C. 80.14; H. 8.81. 

Ibc !oUowiq ti fracaon~ pvc 6.64 6 (15.3 mmol. 
33%) of 17. mp 21617.. (ctbc~/pcoolcum her); IR 
1780 an-‘. 1720 an-’ (cy&bcuooot). NMR d 6.28 (I 
with sccoodary oplittm~ 2H), 5 43 (broad S, 1 H-). 1.13 (a. 
3H. Gl9). 0.98 (8. 3H. C-18); ORD [&I.,,,+ 14.3W. - -_._ 
lb&,. Q, lb&,‘,- 16.340.. [&h,.- 15.025’. I- +307, 
CD fOL*W. MS m/e 434 (ouxnt. 1.6%). 93 
(100%). (Fouod: C. 80.20; H. 8.94. &od f& C.&&O,: 
C. 80.14; H. 8.81.) 

Tbc folhnq trsctioo wu l mixture sod wu dh- 
@Nfxkd. Tbc 0~x1 lwo frrrtionr pve 605 ml d M oil 

from wtkb 262 ml (0.6 mawl. 2%) d 23 could be 
qst4lhd: mp 1WT. (McOH/wrtcr); IR 1780 cm ‘, 
1700 an-‘; NMR 8 6.43 (dd. J-S& 2.S HI. 1H). 5 75 
(m. 1HL 3.75 (brad s. 1W. 1.06 (s. 3H). 0.92 (8. 3H). 
[C,DJ 6 50 (dd. J-5.5. 2.5 Hx. IM. 5.67 (m. IH. 3.53 
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