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Abdnd--Irradiation of ecaopheaom or bcruDpbmoae in the plracace of -De Of quadlicycknC gives 1: 
l-adducts. These arise via reaction of the ketone bipkt with tbc quadricyckne. !Jimikr reactivity is exhiited in an 
inbamokcular sense by 7-pbcnac~ and the ccwcspomiing qusdrkyckne. Addition of bipkt 
bcnzopbelnJne to kaetbykae wborwne is rcgiospccifk in contraat to expectations based on a wmpahn of 
the rcactivitks of 2-methyklS- nnd~ae.Thepossibilityis~that,iacon~ttothcsimpk 
ok!ins and the quxdricyclencx. excipkxcs formed by reaction of the rigid homoconjugated dknes with the triplet 
ketoncareardoorkntatcdwitbpahc@ionofbothdoubkbounds. 

It has been known for many years that the electronically 
excited states of carbonyi compounds will add to doubk 
bonds to form oxetanes. The majority of exampks of the 
Pa&no-Btichi reacti~n,‘~ a~ it is known, involve addi- 
tion of a carbony triplet state to a o-system, most 
commonly an isolated double bond. It is accepted that an 
in&mediate in this reaction is a l,+biradical with a 
lifetime long enough to destroy the stereochemical in- 
tegrity of an acyclic double bond? Evidence has been 
putforw~tosuggestthatthebimdkalisforzmzdviaa 
triplet exciplex or charge-transfer stabilised compkx.” 
Decay of this exciplex to ground states provides a 
pathway for energy wastage and the efficiency for adduct 
formation is normally very low. As far as we are aware 
definitive data concerning the extent to which biical 
formation may be reversible do not exist. 

Our interest in such reactions arose from work on the 
triplet sensitised interconversion of mn%or&kne (1) 
and quadricyclene (2). Hammond et al9 ori&ally 
showed that a photostationary state between 1 and 2 is 
established, the position of which is apparently depen- 
dent on the tripkt energy of the sensitiser employed. We 
have since provided evidence that the conversion of 1 to 
2takesplaceviatbefreeno&ornadknetripktwhereas 
the reverse reaction proceeds via a tripkt exciplex.‘” 
During this work it was noticed that, ahhough irradiation 
of benxophenone or acctophenone in the presence of 
norbor&iene (1) or its 2uthoxycarbonyl analogue (3) 
led to rapid formation of the corresponding quadricy- 
cknes 2 and 4, loss of volatile material occurred with the 
formation of 1: l-adducts, apparently derived from the 
aromatic ketone and the norbor&kne. The results 
descrii here show that the adducts arise via addition 
of the ketone triplet to the conesponding guadricyclene. 
In connect&m with these findings we have (a) in- 
vestigated the intramol~ light-indWed reactivity of 
7-phe1bacylwrbor~die and the two 7-phenacyhmr- 

‘A pb&statioaprv state, [21:[1]-84: 16, has been npatcd 
forthislracthPCthCTP 

borneMand(b)compaIedthereactivityofnorbornadkne 
towards triplet benzophenone with those of 5-methy- 
lenenorbomene and the related ole6n.s 2-methyknenor- 
bornane and norbornene. In Table 1 are reproduced triplet 
quenching rate constants, t triplet self-quenching rate 
constants, &, and rate constants for triplet decay in 
benzene, kr, pertinent to this work, which have previously 
been determined by us.” 

Adducts fern irmdhtion of benwphetme ond aceto- 
phenone in the pnsence of no~omaa?enes and qua&- 
cyclenes 

Steady state irradiations through pynx have been 
performed, using ni@ogen purged benzene solutions of 
either benzophenone or acetophenone in the presence of 
land2ortheirethoxycarbonylanalogues3and4.Inall 
cases ir&ation in the presence of the norbomadiene kd 
to rapid formation of the corresponding quadricyclene. 
In the case of benxophenone and 1 a photostationary 
state, [2] : [l] = 92.5 : 7.5, was apparently established;’ in 
other instances complete conversion to the quadricy- 
ckne was observed. For all irradiations loss of volatile 
materkl took place to give 1: l-adducts which were 
isolated by dry column chromatogmphy on alumina 
Commencement of the reaction with either the nor- 
bomadiene or the corresponding quadricyclene gave the 
same adducts in essentially the same isolated yields. 
ThC%dataUCS mmarkd in Table 2 (experiments la). 
The chemical yields of isolated adducts are high in the 
cases of 1 and 2 (W-9096). For 3 and 4 with ben- 
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I R=H 2R=H 

3 R = CO2E’ 4 R=Cvt 
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T~1.~w~~forrepctivityofacctopbeaonemdbenzopbeaoae~ipktainbenzene' 

llokCamtanh Acmtqlkomna Bonzophrnm 

(a) kd I md”;’ 

ndmmdlum (1) 3.9x109 9.7x10* 

Wcyclm@ 4.3x lb 8.3x10* 

k~l.ne (3 5.4r109 2.1 x lo9 

2~~Wboylpu#tlcycl~M (_4) 6.6x IO8 1.3x10* 

(Cmthyl~(29 1.4x10* - 

2ethyiormorbarnanrLn) 6.2xld 

lwbammw 0 l.5xdb 3.2x 107 

(b) k$md-'s-l 46~10~~ . 4.0x105 

(c) kd/;' 2.5x 16 1:5x IO5 

zophcnoncthcyieldsarelowcr(-5096)andwithaccto- showcdchantct&stics~ngIRabsoip~ninthe960- 
pbcmmc adduct furmatioo is slow and the resulting WOcm-’ region’* and two one proton doublets (J=5- 
reactkmmixtunkssckan.lldspossiblyrcfkctsthcfact 6Hz) in their NMR spectra, typical of the two endo 
that the quenchiug of the higher energy tripkt by 4 mcthinc protons, OIE adjaccot to oxygen (5.3-5.7 7). 
iocludcs a sign&ant energy transfer contributioa.‘” The lack of coupline with the bridgehead hydrogcns 

IbestIWWesoftbCadductsfoUowprincipalyfrom indicatedthecx0oricntationoftbeoxetaacring.Inthe 
spectral data matal). In particular the oxetancs case of 5 hydroge&ion over platinum gave the know0 

EJqtulrnt RaehIts . Ad&es 
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~e.w,~(15%) 

~W%L32(10%) 

33(68%) 
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5 R=R’=Ph 6 R=R’=Ph 

70 R=Mc, R’=Ph 60 R=Me, R’=Ph 

7b R=Ph, R’=Mc l b R=Ph, R’=Me 

@ R=R’=Ph 

I20 R=Me. R’=Ph 

I2b R=Ph. R’=Me 

IO R=R’=Ph 

180 R=Me, R’=Ph 

ISb R=Ph. R’=Me 

II 

oxetane formed by addition of triplet benzopbenope to 
norh~&~*” (ui& infre). The Sri116 ethers showed a 
one proton tripkt (5.6-5.9~;J-1Hx) in their NMR 
spectraduetotbe~methheprotonadjacentto 
oxy6cn. The adducts from experiments (7) and (8) could 
not be properly identitkd due to dilRculties in isolatin6 
pure material. 

&iginof1:h7ddncrls..ompolmdsoftypes5alMl6 
ckarlyappcartobeproductsofdecayofasetof 
iatercunvertin6 bhdicals (14.15 and 16) of tbe bomoal- 
lyl%cyc4opropykarbinyl type. TlK kkntkai F of the 
finalpKXllW0nnactionOfeitbatlM&JOrMdW 
tbecolTespoadin6quadricycknesIl6geststbPteither(~ 
adducts are formed from only one of these substrates or 
(b) equilibration of the biradhls, e.g 14, 15 and 16, is 
fast relative to &lapse to products. we have shown that 
gtihn are only formed by addition to the quadricy- 

Tbe’most clear cut experiments concerntbeesters3 
and 4 since their relative rates of reaction with the 
ketone triplets, particularly in tbe sue of benxciphenone 
(see Tabk 1). allowed better time resolution of the 
product formin events. On irradiation of benxene solu- 
tions of either acetophenone or benxopbenone containi 
3uaderconditionswberetbeketoneabsohedaUthe 
incident li6ht (313nm”) tho@out tbe reaction and 3 

it-kaachimedtimta3d&~for;nedbysdditioatonor- 
bordimc.Qllacyckncwasnatmeotioaal. 

cItwoddappeaffromFig.2tfmt-#)mMqudicydenccom- 
petea eikpy with 10.9M lwbondw for tripkt bell- 

qoencbed all tbe ketone tripkts produced, i.e. ikp[3] > > 
ikr +ik, (Letone] (see Table 1). anticipated xe~~~Ier 
decayof3tookphce.Tbeformationof4mirrorim& 
the decay of 3 up to 7096 conversion and theaf& loss 
of ketone and 4 to 6ive adducts took place (set F& 1). 
Similar experiments with 4 gave slower but zero-order 
decay to adducts up to > 5696 conversion. Tbcre is no 
doubtth%eforethatintbecaseof3and4adductsoniy 
arise via4. 

lEesituationwasmorecomplicatedfor1and2,in 
partkular because of the simhity of their rate constants 
for quenchin of tripkt benx&enone (Table 1). In an 
attempt to chnWh6huy dihentiate between the 
reactions of 1 and 2 with tbe triplet states of ace&h 
p F ketones were irradi- 

nohormhene. tbe ketone absorb 
in6 all tbe incident li6ht. Initially, in both cases, ZcTD- 
order production of 2 and no loss of sensitiser were 
observed(seeF~2).‘heshequentchan6eintberate 
ofproducthof2andcoacomitantcommencementof 
decay of sensitiser indicate that, within experimental 
error, adducts are derived solely from the quadricy- 
ckne.b c 

Light-indwed mmtivity of 7-phenacyhwhomadiene ad 
‘I-phcnacyho~menes 

The above results hdicate that on irradiation of 
acetopbenone or benz.ophme in the preseocc of nor- 
bon&hes 1 and 3 adduct formation only takes place 
via the comspondine quadhcyclenes 2 and 4. The evi- 
dence is however @My unsatisfactory in tbe case of 
ahnnadi~duetotbeuseofaneatsohtionofthis 
reactant. To circumvent this problem we have in- 
vestigated the pbotocbemistry of 7-pbenacyhorbor- 
Aiene (17.J a model for the intramolecular interaction of 
an acetopbenone-like triplet with the oohrnadkne sys- 
tem. For comparative purposes we have also invest@ed 
tbe photochemistry of the Jyn-and a&-7-pbenacyhor- 
bomer~s 16 sod 19. These compouDds were syntbesised 
viaroutesdescriiintheexperimentalsecth.TheUV 
spectral data for 17,16,19 and acetophewae are. shown 
in Table 3. The data @6ether with time-resolved 



cc- da- &?- cp- 
12 23 24 26 

experiments’* and the results to be descrii indicate 
that 17,ltI and 19 all have lowest n, 8* triplet states. 

hdiio of llhgeo purged bellzene solutions of 
17,lB and 19 through pyrex resulted in rapid loss of 
ketonewithin2hrinthecasesof 17andlS.Afterthis 
the 19 remained vhtually uochanged. The sole product 
from 18 was the oxetane 23 whose shucture follows 
from spectral data (Experimental), io particular a strong 
IR oxetane absorptioo at 985cm-’ and a one proton 
NMR doublet (I=5 Hz) at 5.88 r, and its esseotially 
quaotitative thermal coovasioo to the aldehyde 24. The 
latter isomerises of silica gel to the more stable epiwr 
W. The final product from 17 cootained two com- 
ponents, only one of which, the crystalline cyclobutane 
derivative 22, has been isolated ( - 50%) in a homo- 
~state.Iocontrastto~itwasstabletowardsheat 
and acid and its stncture followed principally from 
Nh!R spectral data (CIXl3 and C&J ad a comparison 
with those of &l. The secor.ld compooeot, although not 
isolated, appears to be tbe oxetane 21 00 the basis of a 
doubkt at 5% T(J = 5 Hz) in the NMR spectrum (Cd&) 
of the 6nal product mixture. The ratio of 21% was 
-2:3; they are clearly the intramol~ular equivalents of 
the oxetane 7a and the ether #a formed by additioo of 
triplet acetophenoae to quadricylene (2). Analysis of the 
light-ihccd reactioo of 17 by tk and glc showed no 
evidence for iatermedhtes 00 the way to 21 and 22. 
However, irradiation of a CaDs solution ia a seakd 
degassed pynx NMR tube ckarly indicated tbe inter- 
mediacy of 7pttenacylquadricykne (a). The NMR 
specbum of the pMoreac&o mixture showed the rapid 

Ibefommthof23paraklsamuchcuiiurc8uit~ 
by Saucn d aL for edd-bewylwrbonrmc.” 

appeam~ at 8.607 of resonances typical of the 
quadricyleae cyclopropane proton? at the expense of 
the okhic signals of 17. Resonances characteristic of 
the ‘I-pbemtcyl grouping were retained although slightly 
shifted. In Fig. 3 the NMR integmls of the ole6nic 
protons of 17, the cyclopfopaoe protons of #), t&e 
olehic protons of 21 and 22 and the signals of 21 and 22 
between 7.50 and 8.30 r (window in the spectra of 17 and 
20) are plotted vs time. The plots clearly indicate that the 

60 8.0 

Tim, hr 

Fw 1. llIdhth at 313am of satopheaoae @.06moll-‘) and 
2cthoxycartKnly~ (3.0.1 Id 1-‘1 in benzeac. Plot.9 

of L?oncalrratiaua of 3(O) aad r(O) vs time. 



Addition of aromatk ketone triplets to quadricyckaes 

Tabk 3. UV spectral data of pheayl ketones in ethanol 

Kotam x_ (4 

aceto+mm 241(11,970), 278(1070), 313 (64) 

Fphomcylnabumdiem (17) - 243(16,ooO), 277(W), 315(m) 

~-7-~mcyinorborn (lj 243(10,&X% 277(957), 315 (72) 

anti-7-ph.mcyl~n (19) - 243(14,230), 282(1173), 314(92) 

401 

40 200 

7-h. min 

Fik2 InadiR& tblou8h pyrex of bazopbcmme (0.011 mol I-‘) 
in enc. Plots of coaceatrations of bcazopbeno~~ 

(B. 0) and quadficYckne (Q, 0) vs time. 

products of intramokcular addition, 21 ad 22, arise oia 
the corresponding quadricyclene derivative Ze, a result in 
agreement with findings concerning the correspondin 
intermokcular reaction.’ 

Aaiiucts from irm&ation of benwphenone in the 
pmcnce of methyleneno~omene, methylenenot+ornone 

and notbomene 

The experiments descrii show that triplet ben- 
xophenone adds to quadricycleoe (2) to give 1: Ladducts. 
It does not, however, add to the doubly hornocooju@d 
diene 1, despite the fact that only-54% of quenchings 
of the ketone triplet by this molecule involve electronic 
energy transfer.‘0 Because of tbis we have investigated 
the corresponding reactivity of the singly homocon- 
jugated dkoe 5-methyknenorbomeoe (26). It was of 
interest to know (a) whether triplet benxophenone adds 
to 24 and (b) if so, what, if any, sckctivity is shown in 
terms of the two types of doubk bond in the mokcule. 
In order to judge the effect of honmcoojugatioo in this 

‘Receotiy snsaki d d” have fcportd the li8bt-ioduced ad- 
ditioa of 9, lO-phcaantbrcnequinom and acenaphtbcmxqubmnc to 
mnbornadicne ad quadricyckne. Such qtines arc accepted aa 
havir15 lowest II, ti tripkt states.” With 2. adducts of types 5 
aod6wercisdatedwithloalytypcS.Nocomparisonwithor 
reference to our preliminary data” was made. 

‘nlcidcntificDtioaofthemajorisolDcrsastheexoadducta29 
and31depcndaontbcshkldingc&ctoftbe&ubkbodio29 
OllIbC-CH~fCsoapnces ad a by&ogatbn experiment 
@xpuimcatd section) which shows that the majm adducts from 
26autnhavetbcsamestrreocbemistry. 

system we have also compared the reactivity of 26 with 
those of 2-methylenenorbornane (27) and norbomene 
(28) which serve as models for the double bonds in 
question in a non-homoconjugated environment. 

Nitrogen purged benzene solutions of benxophenone 
containing an excess of olelin wen irradiated until the 
ketone had been consumed. 10 each case high chemical 
yields of 1: l-adducts were produced. These consisted of 
the oxetanes 29 and 30 from 2431 and 32 from 27 and 33 
from 28. They were isolated by dry column chromate 
graphy on alumina in the yields shown in Table 2 
(Experiments 9-11). The oxetane pairs 29/30 and 31132 
could not be separated. Their structures follow from 
spectral data’ (Experimeotal), acid catalysed conversion 
to 34 and 35 and catalytic hydrogenation of 29/30 to 
31132 and of 34 to 35. The reaction of 28 to give 33 has 
been previously descrii.“S’J It is evident from these 
results that tbe addition of triplet benxophenone to 5- 
methylenenorbomene is completely regiospecifrc al- 
though not stereospecillc. 

sUntun yidds and percentage of quenchings leading to 

10 order to compare relative reactivities with respect 
to adduct formation we have determined the quantum 

Km 200 

Tlma, mln 

Pi8.3. Imdktion tbloll8h pyrex of 7-pIEnBcy~n (17) 
inc&.PiotsvstimcofttlcNMRiIltc6rals@bitKuylmits)of 
the oktInic protons of 17(O), tbc cyc~ protolls of 2)(o), 
theok6nicprotousof21ard~dprotoasof21~22 

givin8 sigds between 7.50 aad 8.30 r(A). 
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Lb -&+cbq-& 
26 29 50 

27 51 52 

LB - 
26 
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given in Table 4, serve as a basis for the following 
discussion. 

yklds 4. shown in Tabk 4. TIE rate constants given 
in Table 1 allow cakulation of the maximum possibk 
quantum yield, L = Lp [substratelffi t L [Letone] t 
L,[sul?stratcl.Thcexpcrimcatal quantumyield&.then 
gives Ibe percentage of quenchings kading to adduct, 
4 = 4 NM/& sod the effective rate constant for ad- 
duct formation, k. = k&J&. These values, which are 

The adducts formed by addition of benxophenone and 
acetop&mne triplets to quadricyclene are clearly the 
result of exe attack. Thus it is not surpris& that 7- 
phenacylquadricyclene (20) for which such attack is 
mandatory should give comsponding products. We have 
previously presented evidence’o which indicates that the 
quenching of aromatic ketone tripkts by quadricycknes 
involves charge-transfer induced decay of a tripkt 
exciplex. As shown in Table 4 approximately 1 in 10 of 
these quench& leads to 1: 1 adducts and therefore a 

Tabk 4. Qtmm yield data for adduct formation with triplet bcnmpbmone 

s- Ia’ Lb 4% kp md-‘s-’ 

0.w 0.90 9.2 7.6xld 

2--rw1=daw O O8 . 0.68 9.1 I.lXld 

*w ailawbofww (@ o.w7 0.90 0.78 10.9x 16 

2edmm 0.01 0.80 1.25 7.8x Id - 

-0 0.001 0.62 0.59 1.9x16 

ao.05Mbm+uc+m, O.OlMuhkok, 313m 
15 
. 

b wladokdud~ra~w~tmlain Tathl. 
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lnioiolmh of- 10% of qtknchings leads to bkadkal 
formatiorLTTlisisanorderofmagnitudehigbcrtbanfor 
tbeole~26,~and28forinstance.Inaddition,itappeen 
that the bir&cal produced is predominantly that 
anticip&loostabiEtygroumk.Tbisiswitnessedby 
reactkn of triplet benxophenooe with tlk ethoxycar- 
bonyfquadricyckne (4). Eighty per cent of the isolated 
productsappeartooriginatefromtbcbimdkal36in 
which the ester function slundd stab& the adjacent 
radii centre. 

Acompa&oooftbeinuan&c&rreactiooof29witb 
the inkrtnokcukr reaction of acetopbenone amI quadri- 
cyckne is of interest. tlk oxetane:5-ring ether ratios 
being 2:3 and 3:l respectively. The initial buadkal 
productofadditioooftbeketonetripktstateof28tothe 
quadricyckne au&us would be 3. Apart from the 
retkction of CHZ by 0 this specks is symmetrical (see 
3&l) and the homoallybc radicals with which it may 
undergo interconversioo (39 and 40) are enantiomeric. 
Thus, w&her or not tile oxetane 21 aml the 5-&g ether 
22areformedfromtbeselatterspecksordirectlyfrom 
31) by attack of tbc benxltydryl like radical on C(5) or 
C(6) one might anticipate approximately equal amounts 
of each. 

In the case of addition of triplet acetoptkaone to 
quadricyckne only one of the epimeric ethers 8a and b 

“lbir&urcmuldbcgreatcriffragmcotathdbirsdi&to 
@oundstatcswae~t. 

‘lbchigkat-oca#atmokurkrorbimtfor&byinteMkn 
dtbr+boadsiatbiadiaKhmh’bondisgwitbrcsp&totbat 
illtarction.TheilltcRdioadepictediOUwouldtbaeforrbe 
symmctryalbwcdifMramfdwifhreapccttotbetiltgly 
occn&dn(2p)ar*oMalsofthekctoacb+tstatc. 

48 

is formed. The obvious inference is that rotamer 4la of 
41 (corresponding to 38a) or the corresponding rotamer 
of the bonloellylic radical 43 forms the skrically most 
favourabk S-ring ether Sa. Formation of oxetane is 
st&allykssdemandingsinceamixtureof7aand7b 
(3:2 or 2:3) is obtained. Hence the kcrease in the 
oxetatkto5-ringetbl!rratioto3:1compaEdwith2:3for 
~isunderstandabk. 

(b) Notima&r~ 
It is at first sight surprise that triplet benzophenone 

doesnotaddto&WWlknetogiveadductssincewe 
have previously sllown’o that only 34% of quWhinq 
interactkns lead to triplet energy transfer. The coo- 
clu.9ioo has to be that the remaining 46% of quencltings 
donotkadtocxobMicalformatioo.Itispossibkthat 
for this 46%. decay to ground state reactants involves an 
endo orientated excipkx in which the ketone tripkt is 
assoc&dwitbbotbdoubkbonds(seeU).’!Sucban 
exciplex could only decay to an mdo biradical whose 
forma&n and/or ring-closure to oxetane would be 
staiadly unfavourabk. 

(c) h4cthyknenor6ome~ mcthyleneno~ne and 
norbomene 

Tbc t values for 2-rnetbyknenorbornane and oor- 
borneneinTable4suggestthat-Xt%ofadductsfornkd 
from 5lQathylenenorboraeae sbould result from addition 
to the endocyclic doubk bond. No such product is 
formed even tbougb this should be favoured relative to 
n&mkneduetotbeincrea&rinqstrGnin26.Tbe 
followinq expknatkos have been considered. 

(a) It is possi& that bomocoojugative in&action be 
tweeo tlk doubk bonds of 24 changes the electron 
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Table 5. Vertical ionisation Potentials and ‘C chemical shifts 

OldhI IPpo.okv a 13C-dwble bond resamc.Jppfn. 

.ndncycl ic .xaycllc 

5-mathyiemnabomm (26) 8.93, 9.31 134.4, 136.4 103.3, 149.5 

Pmothylwmnobmmm(27J 9.02 101.6, 152.4 

nabarnm(28) 8.95 135.4 

aR.C- 23. 

availability at the alternative sites of attack. That such 
interaction occurs is shown by the r-level splitting of 
0.31~0.1eVpin~compatadwithnand28asshown 
in Table 5. However, the r-ionisation potentials of 27 
and 28 are the same within experimental error and they 
should therefore contriiute qually to the highest n-level 
of 26, i.e. it is not possible to say that one particular 
double bond is predominantly associated with the lower 
ionisation potential. In Table 5 are also shown th 13C 
chemical shifts of the ole6nic carbons of 26,n and 28. 
No sign&ant changes are observed for Y compared 
with 27 and 28. The above considerations do not there- 
fore off et a ready explanation of the total re9iospeciIkity 
of triplet benxophenone addition to 26. 

(b) It is possible that the greater ability of the double 
bonds in 26 to stab&e a complex by charge-transfer 
interaction results in an enhanced sdcctiviry with respect 
to subsequent decay processes. Thus, if two distinct era 
orientated complexes may be formed depending on the 
double bond invoked (45 and 46). it is possible that, with 
respect to the corresponding mono-olefins, production of 
an intrinsically kss stabk biradiud (e.9 49) from the 
“endocyclic complex” competes less favourably with the 
alternative modes of decay of that complex than does 
production of a more stable biiical (49) from the 
“exocyclic complex”. The sire of the residue Ph&O- 
may well cause biradkal formation at the exocyclic 

double bond to be favoured even though more ring strain 
should be relieved by attack on the e&cyclic site. 

(c) The most attractive explanation of the regio 
specificity under discussion is that, as proposed for nor- 
bornadiene, methylenenorbomene (26) forms an end0 
orientated complex (47) in which both doubk bonds are 
associated with the triplet benxophenone.’ In contrast to 
44 this could give a biidical, in which the Ph&O- 
residue does not have the sterically unfavourabk endo 
orientation, i.e. 49. Closure of the latter, predominantly 
at the era face, would give the observed products. 

A&iowMgand-We tbtmk the science Research Council for 
lillancidsupport. 

&nzme (An&R grade) was distilkd from Pa aftu H2XL 
water, bicarbonste, watez uvatment Bcnxopheaone was rccrys- 
tanked from EtoH, mp. 48-W. AcetoPhemme was dWkd. 
Norbonradiene and quadricyckne were purilkd by diddon 
through a 4ft steel wool packed cdumn at 19.6~, still head 
tcmps sz (aorbornadieoe) and w (qdrkyckd. Qlradricy- 
ckae was prepared by pyrcx imdtaion of acc’“p~ ~IUJ 
mlrbomadkDc in ether.” 2-EJhoxyc.d43nyla 
2cthoxyc.donyiqmdricyckne wac prepared as &daf.” 5- 
Methykncnorborncne. Zmethykaeaorboraae aad aorbomcne. 
thelanaasmetherJoln(-5046),wrnpasscddownaaallrmiaa 
c&amadfrdonatdfromNaUVspectrawmncordedon 
a u&am sP8m spectrometeT, 95%EloH as solvcnz values in 
Ml(c).IRsp&rswereruXrdaIooaPcrkin-Elmer257kstm- 
ment,valutsincm-‘.NMRspectrawmrecordedooxVariaD 





(1 H; ti I). 7.C (1 ~;laawi s), 7% 1 ii: dd: is Ad iiw, 
8.15-8.70 OH), fl& 238 IM+. 86). 20401). 18~fOO~. 1810. 

(31) 7?iwmcylti (17). To crude 7.nor 
~~~~4~O~~~)~rnC~(~ 
inetbKIr(10ml)at-5~wasaddedlwinbaKutc/ctbm(1ml, 
2l~)~~~~~l~~e~ex~ 
~~a~~~~~~~y~~ 
gel wing bcxan~, ace&~, tri&ykmine (g0:S.S: 1.2) as elm&. 
‘fIda gave (a) 7-phncyh~hx&kw (15 III&, tap. 32-M’ (not 
nxryshllhad), A,, 243 (16.OWh 277 0,3l5 (70). v,, (CC&l 
30&J 3010,1690,1600. r(C.J&) 2.10-2.40 (2 H; m), 2.70-3.10 (3 H; 
m). 3.29 (2H; t:-l.SHz), 3.56 (2H t;- l.SHz), 6.70 (2H. m), 
a#t(lH;koadt;71fi),724(2H;d;7Hz).rfCCU200_2M 
QH;m).240-2#)(3H;m),3.19(2H;t;-l5HE),3.40(2H:t; 
- 13 Hz), 6.54 (2 H; m), 7.02 (3 H: ml. m/c 210 (M+, 7). 103 (106), 
91(32), 77(M). (Fouedz C, 85.4; H, 6.9. $alc. for C&x): C, 
85-R H, 6.7%). (b) 7~~~ flmttl as an oil, 
v, (Ccu 3021,3an, 1680,1600. r(C6w 2.10-240 gIi&, 

d ZT- 

T (CDCI,) 2&O-3.00 (m; loll), 3.40 (-O.SxZH; t; 3Hz), 3.32 
{-O.~X~H+OJX~H; m), 3.98 (-OJxZH; 3. 4.90 (- 
OSxZH; dd; 10 and aliz), 636 (-OSx2H: broad s). 7.31 
(-OJx2H;d;7Hz).73U1.~OHf.nJc270(Mi’,33f,l83(~, 
1m wh lus (1Oh 91 (aa), 77 (60). 
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A, 266 (21,000). AM 330 (236). v, (tilm) 3061,1686,16@. 
T(CDCI~ 1.91-2.29 (2 H; q ), -2.71 (3 H; m), 3.73 (3 El; m), 
S&i (1 H; broad s). 6.87 (1 H; broad s). 8.00-9.00 (4 H). m/r 210 
(M+, 33), 182 (loo), 154 (29), 105 (89), 77 (68). 

(33) syn-and anti-2-T-Nohomenyl-l-phmykthanoL NaBH, 
(240) was dded to a aoln of 7-@caBcyliden (3.Og) 
iapylidinc(30ml)andthemizturerefhlzcdfof#)min.Addition 
otasolnofpotassmmiodate(l.O0)iawoter(lSOml)aadstiniag 
fa 15 min followed by ethu extmction. acid-water washing, etc. 
&ove an oil (28 n) apparently ~bytk.Pmiti&oaofa 
sampk on a silica gel plate usin8 toh~~oc as clucnt followed by 
distiMion (0.17, 90”. air bath) gave a-l:1 mizturc of the 
syn-and anti-2-T dorbornmyl-lpbcnykthanols which slowly 
crystall&& mp. 35-43”, v, (llujol) 3245 (hrmbd). 3cms. 
T(CDC~~) 2.70 (5 H; m), 3.96 ( - 0.5 x 2 H; t; 2 Hz), 4.13 ( - 05 x 
2H: 1: 15 Hz). 5.30-5.60 (1 H: m). 7.25-7.62 (2 HI, 8.10-8.60 
(5 g, &90-9.1$ (2 H; m). I& 214 (M+, 12), l%(h). 168 (30), 
1551100~. 12OI31L 1071901. lOS(&II. 104128I 92f33b 91041. 

w(jg,,ib(ss,,,ni~. , I, , ,. , ,. , ,. . . . 

(34) syn-and anti-7-Phenacy/twr6o~ (18 and 19). The 
crude product from cxperimcllt (33) was oxidiscd with JoDcs 
reagent to give a product (1.97 g). Dry column chfomatogmphy of 
this product (1.3 s) on a silver nibate-silica gel cdumn using 
toluene zs eluent gave 18 as ao oil (49Sti which was 
distilkd (0.1 7,6(p, air bath). A, 243 (108oo). 277 (sm. 31s (72). - 
V_ @Ini) ti, 1670,1600. dCDCl3 2.~i20 (iHi m), 240- 
260 (3 H: m). 4.10(2 H: t: 1 Hz). 7.05 (2 H: d: 8 Hz). 7.25 (2 H: m). 
7.84il Hf t;s Hz),‘E.ltIi&O (iii; m);E.&$.lO (2-i; m).‘n& 2ii 
(M+. 17), 105 (loo), 77 (S3). Fmtbu elution with EtGAcg gave 
an oil (63Omg) which was distilkd (0.17. 6(p, air bath) to 
give 19 which crystall&d, m.p. 4iU6so. A, 243 (14230). 
282(1173), 314(92). u, (lllm) 3iVO,l670,1600. r(CDC&) 2tX!- 
216 (2 H: m). 240-260 (3 H: m). 3.94 (2 H: t: 15 Hz). 7.28 (2 H: 
d; 8&$,.7.&i (2H; m),‘796 (ifi; t; 8Hzj, s.lS-8.ij (2 Hf m); 
8.85-9.10 (2H; m). m/c 212 &I+, 2). W(27). 105(100). 77(X). 
I m.p. 198-m @to. 
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