
ONTHESTEREOCHEMISTRYOFPHOTOADDITION 
BETWEEN a&UNSATURATED KETONES ANDOLEFINCII 

Some time ago’ we proposed, on the basis of a fairly 
large number of examples collected in the course of our 
studies on natural product syntliesis, an empirictrl rule 
which allowed the p&i&ion of the axon of 
cis-photocycfo ud&ts between allene and other oktIns 
and a#hmsaturati ketones. 

The rule postulated that the preferred c&@uation of 
the excited state de&mined the c&guMion of the 
major photocyclo adduct and its assumed that the 
geometry of the excited state was (as portrayed in for- 
mula2)trigonalattheacarbooandpyramidalatthe 
&carbou. Thus the excited state could, iu principle, 
possess an additional chiral center as compared to the 
ground state 1. It was further assumed that this ad- 
ditional chiral center would select the more stable oue of 
the two posst&le epimeric co&umtions. We emphasized 
that no lhuVn&fc~ slice wat 45 yet irsc?bi to 
t~eidcoJ,aMithattheyshouldbenganiedforthetime 
being mereIy as guidelines for an empirical prediction of 
product stereochemistry. 

In the intervening years a few mere examples bave 
appearedintheliterature.Whileallofthemwerecom- 
patiie with our rule, some of them seemed to us to be 
quite cenvincing and hardly explainable in auy otlrer 
way. Thus Ziegle? has shown that compeund 3 yields 
the allene a&duct 5 in a ratio 14:l with a minor, 
presumably diastere&omeric, product. This seems im- 
pressive if contrasted with the photocycloadditbn of the 
system 648 which has been demonstrated in many 
variatbns’ to be fully stereospecitic from the /I- 
si&. The p~yc~~n of the ~~~ 
octalone 9 is now known and the alkne-adduct 11 has 
been obtaiued (spay) in a 95% yield? Ano- 
~~t~s~ofa~~~~o~ 
also by zieglef who showed that tke dimethylcyclu- 
hexenonel2yiekkdthetransoidaddnctl4asamajor 
productinaratio4:ltotheminorcisoidisomer.Inthe 
samepapertbeautb0rspointedoutthatincaseswhereit 
isneteasytoestimatetberelativestabilbsofthetwo 
epimeric excited states, one can predict the result of 
ci.r-photecyckMdition from the result of an alkali metal- 
ammonia reductbn of the same u&mUuraM ketone. 
1tisc1earthataccord&toourassumptionstheexcited 
state in photecycloadd&n and the anionic inmrmed&? 
~a~~nof~a~~ ketone should 
~~~~~~~~. 

~~nof~~~~ 
yieldedthe tnuu und c&dimethylcyclohexamm~ in a 

ratio (84:16) which was similar to the ratio of the two 
photoadducts. It seems to us however that, while the 
~~ constants between the two ~~~rne~ 
phote-excited states and aniouic intermediates respec- 
tiv~ys~dbeS~,1&nis~reasontoexpectthat 
they would be numnicauy ide&al. Consequently, we 
have avoided in our further explorations cases of a&- 
un&rrated ketones which yield diastereoisomeric metal 
ammoniareductionproductsinarationearunity.In 
such a situation a not tea large difference in equilibrium 
constant could in some cases reverse the stereoselec- 
tivity of photocycloadditiotl with respect to metal reduc- 
tion. 
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We have now started a small synthetic progmmme 
designed to test tbe addition rule in a variety of d&rent 
systems. 

!bcha~canbcprofitablycoductdwilhunder- 
gwdPatestndentsormastaJdegrct-sinceitgivcs 
pUQoSCtotbelnmlIauy~task!iofanrmdsrsRdnste 
iabo&ry.Tbesekctianofs~systemstoBdhawitJl~ 
oathcontammoftbcirmctalnductionbasbumrcc4!auy 
~~~~of~e~~~k 
byDruryCailleP 

We now wish to discluse our first two syntheses which 
seem quite rekvant to us. 

~sy~l5~~~~~~don~n 
with LgNIIs almost exclusively the tmJts dihydro 
derivative (tmrm :cis ratio 9931.” Photoaddition of al- 
lene to compound 1s under our standard conditions’ 
gave 75% of a single oily product to which the steree 
stNcture 17 was tentatively assigned lI.R (CCL): 1740, 

176Ocm-’ (C=G, )C=CHJ; NMR (ClXL): multiplets 

7 = 5.0,S.U (1H each, =CHz); m/c = lza]. 
Reductionoftheadduct17withNaB&ykldeda 

single secondary alcohol which gave a crystalline (m.p. = 
6MtP) p-bromobenxuam. The crystal and molecular 
S~Of~~~~~~.~S. 
~~~o~d~nt’~f~~~~~~ 
formula 21. 
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Theseumdsystemwhichwehavestudiedwasthe 
Q,bB ketone 18,e Metal l-&ction of this par- 
ticulafcompoundhasnotbeenn?port&butitisfairly 
clearthatthecisoidsp&sl9mustbcthemorestaMe 
one. In agreement with this assumption, a similar corn- 
pound(l8withthcanguiarMcdisplaccdtotbcposition 
indicated by the arrow) is known6 to yield exclusively 
the cisoid reduction product with Li/NH, Photoaddition 
ofalleneundcrourstandardamditionstocompound18 

tAtuleiBz3kmxofrref~weanswertheQitismkvdl- 
CdfUt&8ddithrulebyLOllflySlld&Mayo.'"WChPVC8W 
rqcatdyiathiaaadtbeprevionsartkk,thn!untilmhave 
morcexmpksaDdtbevdidityofthecullpirkalnlkisg8mrauy 
sc@cd,wcdonc4wkhtodisamitsphyskdbasis.Cob 
qtmtfy,wcfcdtbatitkoorprivikgeto-tbc 
-objectionsofLoldtyd&Mayobya”nocom- 
llWlt".OlltbUOtbCXhMd.tbUCtPimtht#l"St&ililMhWtO 

fippmChNk"Canluakethesame~osoursia~ 

uwmct.Asravcyofthesystsmspablishedinthisandthc 
prcvioosartickisquitcw5cknttomkoutthispossibility. 

yieldal 85% of a single adduct mumably 20 [IR 

(CHCL): 1735, 1668cm-’ (C=O, >C=CH& NMR 

(CDCM: multiplet centcxed at 7 = 5.08 (W, )C=CHJ; 

m/c = 1761. 
Reduction of compound 1 with NaB& and &atment 

of the resulting single alcohol with phenylisocyanate 
gave a crystall& (m.p. 93-4’) phenyl urethane which 
was rccrystaUized from n-hexane. The crystal and 
n&cohustn&reofthismat&alwasdetermMby 
Ahaml and Przybylska’ (National Research Council, 
Ottawa) and it axresponds to the formula 22. 

Webelievethatcontinuingstudiesofthistype(andwe 
hopethattheywiUhejoinedbyotherworkers)willsoon 
demonstrateiftheadditionfubbasgcneralvalidityor 
aot.IftheIlllehasgemTalorahnostgelnTalvalidityit 
mostalsohaveaphysicalbasisaaditwinbeaptotbe 
tbCO&tStO*llUlk~oUr~tbeoreticanY 
nspccfablc or provide a bet&x 0ne.t 

Inconchlsion+wesMlldliketopoilltoutthatpairsof 
systems as for example 17 and 20 which are qnxially 
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