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m - TAO dlroct and rrnsitirod irrrdirtrons of tbo py-unsaturated 
totones If&-c) and 2 have boon invoati#ated. la. la and 2, on - 
direct irradiation (iv. riro to ODPW roarrrn)omont in addition to tbo 
expected Il.31-rcyl rbift. TAoso reproroot the first exarplos of ODPU 
roartrn~erontr rriainl from SOI. atate other than fl(n-no). Il.31-Acyl 
shifts observed in the ron8ititsd rorctions can rnvolvo direct absorption 
of light and rin~lrt onor)y transfer from acetone ia addition to population 
of the f2fD-.*) *taco. 

During the part twenty years. tbo photochemistry of Py-unsaturated krtono~ Aas excited l 8ro.t 

doal of interest. which bar largely locussed OD the two unique rcyl-migration roactionr, the 

L31-rcvl U and tbo U.2l-rcd m or &-n-mot- COOpWl rearran~omont. Ae earlier 

Iitoratwe on them reactions brr been oxtenrivoly roriowodl. and the more recent mecbanirtrc work 

bar been the subject of l critical article2. Some years l )o wo initiated l study of rubstituont 

rod rtructnrrl effects on tbr photochemistry of by-enones. cboo~ln~ for tbls pnrposo the 

bicycloI2.2.2loct-5-on-2-one syatom (11. bocrosr preliminary results were mvrilrble for the 

paroat emmo (laI3, and because a ran‘s of robrtitutod rxarpler wore readily available from 

rromatlc rtrrtin( utorialsd. Effects l arociated with rin)-rrro and conformation were also of 

intorest. and q orbornrnono(2). OD which conridorabl~ data was l railablo3. and the 

bicycloI3.2.lloct-6-en-2-one (3) wore included lo tbo planned study. The prcront paper prcsoatr 

SOLO Of our work with the ononoa 1 and 2, the basic features of wbrch are outlined in a 

1. f’reliminrry reports of smo of tbero rosulta have appoared6. 
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L lU9a ius.iU~tiob Irradiation (300 01) of lb and la in a varrety of rolrcntr &av’r royalty 

qool~totively very rlmilor to those observed for Id. thr expected I1.31-rcyl-shift product beiq 

accomprn1.d by volrcile fra6mencation products derived from I-metboxy-1.3-cyclohoxadiene (lGb)*. 

This 6ronp of products booam more important at lon6rr toaction timor. in accord wrth their 

obsemod formation .s the only photoprodncts from irradiation of 4b and 4eCf.3. This trend is 

rrcorded in frpLr n which list8 the relative GLC perk .re.s of 4b (A1,3) .nd the combined 

f?*)=*ntatioo products (Al?) r6ainSt rO*CtiOD tim. 
An important difforonco from the reported photochemistry of l* was obrorvod on direct 

irradiation of lo. when . rmll but roprodociblo yield of the ODPM product (Jo) ..s formod. 

Vary careful rcinvorti[rtion of the direct irradiation of la rod 2 rovealod similar bohavioar. 

IO DODO of the three C.LOI “.s the l ncaaloos OWli product selectively quenched by pipcrylrae or 

1.3-cyclohoxrdionr. Qmntru yioldr for thr direct irradiation rad qoonchin6 exporiuntr .rc listed 

in X&k A. 

fiuz L Guantur Yields’ for Dirrct Irradiationa. 

EOOllO Et g 1.3 @ ODPY ’ Fb 
_____________________________________________________--____ 

lo - 0.6 0.03 

lbc 0.8 0.5 0.2 

lbd 0.8 0.5 0.2 

lb* 0.5 

10 0.85 0.661 0.056f - 

la8 - 0.54 0.024 

lob - 0.21 0.01 

loi - 0.14 0.008 

2 0.6 0.3 0.004 

__-_--_________-_______--~_____-__~~-__~_~~~~--___~~~-~_~~~ 

‘Ketonea C-0.5)0 irrodirtrd (3OOnm). Rrs~lcs rrfrr to 
-1oG conrorsioa and .ro thr .rrr.‘r of at lerrt two ran‘. 
CLC rnrlyrer ..re the rvrr.(e of at least tbrro injrctionr: 
rstirrted .rror ilOS. In the 0,s.. of Ia and 2 
rnrlysio .I. by l combination of GLC and solution ir: the 
.rror ..a probably >101. Actinartry ..s by po nsimm 
frrrioxrlrt.l4 or by brnrophrnono-b.nhydrol~“. b Y F r.fOrr 
to the quantum yiald of comblard fr~)~entrtion products. 
CEeptrnr. dg,nxmo (254nm):‘Yothanol. fV.lo. obtained by 
l xtrapolation to L.fO conrrr~ion. 18rnxono 
(14% convrrrion). be..X.DO (0.28Y piporylonr). iB..tsno 
(1.471 piperyleno). 
--_______---_________-_~_~___---__~____--__-_________-_____ 

BASIpritirrd- Irradiation of lb in l catone (254 or 300 mm). or in bonrono 

contrir1in6 l cetophrnonr (350 nm) 8.". the axpoctod GGPW prodnct (sb) in only rrry low yirld. ‘T%o 

major product . . . bicyclo[3.3.0loctrn-2.7-diomo (9) which . . . ioolotod in 6ood chomicol yield. 

This reaction bar obvious ryathrtic potential, and exarplor of itr 1180 hare .ppo.rod9 since the 

ori6inal report 6a.. Irradiation of n in l cotono solution yielded 9 l * the only product. 

Accompanyin R and 9 in the sensitirrd irradiation of lb .or. 4b and the s..o 

fra6mrntation products ob8erv.d on direct irradiation. lo on sonritixed irrrdiation ‘.ve SC .I 

the major product. .s expmctrd. Alro formed in lor yield .oro the 11,31-•cyl rhift product (40) 

and frr6msntation prodnctr. Similar behaviour ..I oxhihited by la. The qoanttu yields for there 

rrnritixed rractioor .re.listed in m W. In the CIIO of lb the pbotoroaction ..s followed 
_-__---_______--____________ .._._______________ _._________.._______._____-_-_.--___..----- ..---- 

l Pr.rw.bly 2.3-dihydroani.olo ia the firat formed photofra6mentacion prodoct. 
rt.dy’ 

A pro1 iminary 
revealed that this diono on irradiation 6.“. 2,5-dihydroanigolo and l mi#olo, the proecrs 

boia6 more efficient in prersnco of the enone lb. In metbonol. cyclohox-2-ononc oad 
cyclohrx-3-rnone, proaombly l risia6 from hydrolysis by traces of water* .er. nlro prorent to4ather 
with lera volatile addition compoondr. 
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by the l nalyrlr of l llqoots. ‘l-be results ,II illnstrrtod in m 1. A notable Ioature is the 

delay in the build-mp of thr ODPY products (50 rnd 9). bohrvionr wry rr=ioircent of that 

reportsdsd. for norboroonone (2). l-Ala effect w,s found to bo concentration-drpondsnt. and ..a 

not .pparent .t concentratrons of lb of loss than 0.0251. 

3ab.h n- Fragmntation 
Yield aa l Function of fimo. 
_-_._- _.__-__-__--__--_----- 

_._____ ______ __- _-__--_--_-- 

4 2.2 

6 2.3 

8 2.2 

10 2.1 

20 1.9 

45 1 .J 

120 1.0 

m Ill. thantom Yields for Senritirrd Rrrctlo~s. 

_______________________________________________-____- 

__________________-_------ ___________________________ 

la 

lb 

lb 

lo 

2d 

20 

2d 

2d 

Ace tono’ 0.3 0.19 o.oa 

Acotono~ 0.3 0.7 o.o+ 

Acetophononrc 0.034 0.016 0.001 

Acetons~ 0.42 0.18 0.04s 

Acr ton.’ 0.4 0.16 0.11 

Acetone O.JV 0.11 0.16 

Acotophanoae 0.14 0.13 0.013 

Bemophmonr 0.071 0.042 0.006 

________________________-__- 

l Solront:30~. bCon,id.rablr fra8mrntatiom obrrrvrd: 
F 0.08. CO.OS7Y la brmrrne: 3SOam. dht. from 

ref.Jd. ‘Als stndy. 

Qualitative quracAim# experiments rer.alad that under condition* of l ithrr acetone- or 

wotopbonose-arnritired irradiation of la-a and 2. plprrylonr aad I,3-cyclohexadirnr (in 

concentrations of -o.OlY.) markedly lorerrd the ratio @l,3/)DDP”. In addition, the 0.1 of 

mdr-#lrra in place of p,rex tubes in the l cotopA.nono-senslt1t.d rractioos of lb mad 2 

produced . ~olectivr rrdootlon in tbr yield of I1,31-•cyl shift ptodoct. thntitatir. quracbln~ 

data ID acetome for the .DOD~S lb and lo .re prorentod in u n rod illurtratrd for lo 

in ehc.¶ 1. 

u n: Onencbln) of Acetone-S.nsitlrod Ooactionr of lb rnd lo. 

____________--___________________________~-~-~~- _________________-__-~_-~_~~_~~_~~~ 

IQl. ~,,@w ipo/@ (1.3) ~,~~oDPtt)b IQlC ao/(p (1.3) #o/# (ODPW) 

(103&l) cldr, 
____________________..~--_-~_-~~~~~~-_~~__~----~-,._~____________--~--~--~~~_~~~~~__~_ 

0 1 1 I 0 1 1 

2.33 1.26 1.62 1.06 1 .oo 1.66 

4.64 1.59 3.44 2.11 O.EJ 2.08 

6.99 2.09 3.18 1 .os 2.J3 

8.20 1.86 8.70 4.24 1.11 3.40 

11.65 2.09 I .os J.27 1 .oo 4.86 

30.00 1.89 6.37 1.31 6.55 

49.00 1.96 0.96 7.43 1.11 7.52 

---~-______----~-._-_----------_-__-____________*____-________________--_-________ 

.lb (O.OuO in l catoaa Irradiated (3 bv.1.. for qooachable rractioa. 
detomiwd fra plateau value (2.0) C1e(0.046N) in acetone irradiated 
(3OOm: JR coaror~ion) after fire frr*xe- 

Ae Stern-Volrer l xpteraion for 101~ of startin material or forution of product in . l ltoatioa la 

rblcb both l ensltirer and subntrrt. ttlpleta .., be qneacA.d, 

@,I@ 

ia tba qoadratic equation 1. 

- (1 l k~.r.lQl)(l l k~.ll~k_g.IQI) __--_-1. 

vbere kf and k$ .r. the rate constanta for qoeocAln( of .noae and senaitixer triplstr 

re~pectirsly. SIDCS both piperylens CFq 243.7 urn-l) and 1.3-cyclohexadieoo (ET 219 UM-l)lo Aare 

triplet enerlier much lorer fban eitbsr .cetoae ts, 330.2 UN-l) or the enone, under study 
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Cl+ 301-309 kJKljcf.5d. it .,s l sonmod that those rote coostoats could be taken .s oquol lo kDi[f 

(3.2x1010 Y-1,-1)10.11. c-’ k S 1s the .IUI of thr rate constants for those processes by rhlch 

.cot~ao triplets .ro destroyed. rnd .ry bo ro8ord.d .s tbc reciprocrl of the lifctimo of this 

spocxos in rho reaction medium. Difforontiotion of l quatron 1. rovorls that the l~n~onl lo lho 

curved Stem-Volmor plot l t [01-O should be equal to lt~,~~.(r + l/~k_s,. For the c..es of lb 

and la (soo w 2) this qnontity hod the voluos lSSt50 and 330*30 rcspoctivoly. On lho 

rssnmption that triplet quenchins Is diffusion-controlled these fiSuros load to combined lifctimos 

(x l l/&k-s, of 5.721.5 II, for lb and 10f 1 ns for lo. Analysis of the doto for lc 

cw p, Ulirl~ I non-liflorr lrrot sqo.rrs ro)rossion proSro.12 h.vo ossontiolly idonticol 

corfficionts (230 and 235) for the qurdrotic oxprossion 1. This led to vrluos for r and l/ck_S 

of 6.9 and 7.1f0.7 es. Thesr vrl~rs .ro in fair o#rooment rrth the result obtriaed by the simple 

conslruclion of 1 lan~ool at lh. O?i~irl. 

- 1: Irrrdirtion of lb(O.065U): 
ccnposition l s function of time: o--lb, 
.--&,a--~. A--,. A--9(0.017!4) 

I 
2 1 6 9 

kr]x lo-‘PI- 

w 1: 1.3-Cyclohorrdrono quonchin~ of , 
of the l cetono-sensitized lrrodirtron 
of la (0.044U). 

L w s u frtrlrcchvlDioxocrec w It is roll estoblishodl3 that the 

thormolysis of totromolhyldioxotono (I’WD) rosolts in the formation of l hiah yield of l cotono 

triplets and . “ory lull ylold of rcolone Sin6lOlS. F~poriments rero performed in which dotrssod 

solutions of mp to 0.75X TM.0 in bemono contriniq -0.3Y enone (la.lb rnd 2) .oro hooted to 

7J°C end thr products rnolysod both by GU: rod by solution ir. In l ll three cosos the yield of 

[1.31-•cyl ohift product ..s much loss thou IO photosonsitixed roostions corriod out to the s..o 

conversion (ODI’N yiold)60. In tho c.so of la tho cyclobutonono corbonyl vibrotlon could not bo 

doloclod, in tho E.S. of lb it w.s boroly dotoctoble l ad in tho c.so of 2 it ..s loss than 2C6 

of the roluo from rho photochcmrcol exporimont. 

The sorios Of py-ononos (lo-u.2). while suporficiolly oxhibrtinl the fomilior dichotomy* 

botroon direct (11,31-ocyl shift) rnd sonsilixod (DDP?l) irrodiotion, hove on closer oxomiaetion. 

chrroctorlstic rorcliritios which add to our undorstondlng of those rooctions. 

& Direct w The question of rhothor the 11,31-•cyl shift involvos l concerted 

(“2, l 02,) StWotrOPic roorroa&osont or a-clcovogc followed by rodlcol rocombinolion, her boon 



Ptwwkmistry of bicyclic By-umturatal ketones 3753 

d.b.t.d since the firat ob..rv.tion of this r..ction15. There .re to b.nd PD, srampl.. of direct 

irr.diation lordin to cb.r.ct.ristic rrdical-prir rerctions: radic.l-r.cabin.tron. 

disproportiooltion. decrrbonylrtlon .tc.l6. It bra not rlvayr been clsrr bow.ver th.t tb. 

o-cl.av.~. lag OD Ch. prthray to the Il,Ol-.cyl shift. More r.c.otly it bar been shorn 

onrqoivocablyl’ thrt this r..ction ..y follor eitbrr . sin4l.t or triplet radical-pair pathmy in 

c.rt.in C.‘... Non. of tbrn. rs.ults of coor.. proclad. tb. concsrtrd prtbwy .s . cap.tin~. or 

dominrnt proc... in mm. cas.s.. In partic.1.r tb. [1,31-myI shift observed OIL direct irradiation 

of 1. brs b..n claimed .I .D exampI. of such . proc.ss3. This conclusion ..I bared opon the 

obsarvrtions thrt th. r..ction . . . not reversible, trrrdiation of 4a yirldin) only cyclohsxadi..: 

and k.t.o., and that k.t.n. did not .pp.rr to b. . primary photoproduct. Roooklc~ h.s pointed out 

that tb. rerultr .I. .qo.lly cap.tibl. with o-cl.rva(. being th. primary photorractioo of both 

1. and 4a. the rraoltin6 dirrdical rractrn6 rapidly to 81~0 4a and only slorly to (tv. 

k.C.0.. r.cyclis.tioo to lm bein) nncap.titiv.. 

lb b.b.r.d in . v.ry strilrr fashion, but th. drca of frLlr IL, in spit. of no.. scatter 

.t rbort r..ction tim... confirmed th.t in tbir C.L. fra)m.ntation. presumably via a-clcrva~.. is 

cap.titiv. with l1,31-rcyl shift. Tbls resolt carrier no implications rboot th. n oltiplicity of 

tb. int.rm.diat. dir.dic.1, or of tb. .xcit.d st.t. from which it derive.. Tb. (r.mtcr importance 

of frram.nt.tion in CA. photocbari.try of lb ..y rcv.at .or. facile a-cl.avr4s. Alt.rn.tivcly 

it my m.r.ly rndicat. . ‘loosor’ gromotry for tb. dir.dic.lr9. E:tb.r trend ir in keeping with 

th. known st.bilirin~ .ff.ct of the m.thoxyl ‘romp oo radical c.ntr~.~~. 

Th. formation of ODPY products om direct irrmdi.tlon of la.lc and 2 is prrticolrrly 

intrigtIin4. Tb. ODPU r..cCioo on direct irr.di.tion hr. rat.11 bean reported. interryrtrm crorrin6 

to f,(a-n*) b.in) oncorprtitir. with proc..... l.rdioa to I1,31-acyl rhift1e2. Exc.ptionr uro.lly 

involve compound. in which tb. two cbrooopbor.s .r. poorly rli8o.d for int.r.ction21 or .ra not 

riaidly .o .li‘nrdCf*22. In rucb c.s.. th. ODPY product is .fftci.otly and r.l.ctively quenched by 

trip1.t qo.ncb.rl. l-b. id.. thrt th. r.rctiona wider dircuasion mi6ht also occur VI. rntcrsyrtem 

cro.rina to fl w.s dircoontrd by tb. obrervrtiom tb.t DO diff.r.nti.1 qn.ncbin~ of cb. ODPW product 

by 1,3-cyclob.x~d1.n. ..s observed (se. m 1,. In contrast th. prodaction of the sm. 

compound by ..n.itit.d lrradi.tion ma. .fficieotly qornched by conc.ntr.tioas of 1,3-cyc1ob.rrdi.m 

on. or .v.n tro ordrrs of ulnitnd. loss. 

~xa&ml_u~~~~*~~ti~~ 

lxmMsimfK9BlPlL~LLLtLPt~#t~~ E?&ntlurIkrIl. 

Further rtodi.8 on the m.ohanirm of thir int.r..tin~ and hitb.rto onsurpectrd pbotorerction rre 

d.rcr1b.d in th. l CCmpanyin8 ~.p.r~~. 

&SIlrittrrdZrrrdir(ioa. IA. detailed l .ch.ni.r of the pbotos.nait1x.d conv.rrion of Sb to 9 

hrr not brro studied by OI, bot .ry rrrrombly b. ruppomd to arise by a-cl.av.#. of the 

cyc1oprop.n. rln) fol1cn.d by tb. formal loss of the methyl group.* .nd l b.tr.ctioa of . hydroasn 

.tom (_ 1,. Tb. cl.rva(. r..ctionr of cyclopropyl ketonss .r. r.ll-kown24 but do not 

normally rppsrr to 1nt.rv.n. in ODPM r.actionr. A. rt.bilixin6 effect of the ssthoryl ‘roopZo on 

on. of th. rrdic.1 contros of tb. proposrd int.rm.diat. (8) ..y be considered l deqnat. to .xpl.rn 

tb. unnsu.1 brhavionr of Sb. 

Th. fl Irfetlr. of 7f0.7 D. .stImt.d for lo CfrcLt 11 and m 2, is in 4ood 

l (r..m.ot with tb. valuea of 4 DI obtained by . colpetitiv. queochina .xperim.nt 25a. for 

bicycloI4.4,01d.c-l(6)-eo-3-onc. and 6 as obtained by . combined r.o.itix~tfon-posochinL 

ewrim.nt2sb. for 3-cblorobicycloI3,2,lloct-2-sn-7-on.. The coa.troction of . t.n).nt at the 

origin of the curved St.ro-Volmer plot :lv.s an app.r limit for ft lifetimea. and my be tbooaht 

mar. conv.ni.nt. if 1.18 accurat. than the cristo~ mthod26, .~p.cially in EI~CL rh.re relatively 
_____-_--___-______-__-___-___~~-_~~--~-~--~~-_~~__~~~-~-~-~~~_~~---~~-_~--_~~-_~~-_~--__-___~_____ 

*A vapoor-phar. study of CA. pbotocb.mirtry of 11 r.va1.d that . part of th. [1,31-•cyl shift 
.ros. via I process b.havio# towards qo.nch.rs .I .xp.ct.d of . conc.rt.d proc.srl*. 

**It has been .stabllrh.d that tb. methyl ,roup is loat .s . l .thyl radical by th. ob#.rrrtion of 
sthan. .oon# the products (K.Schaffo.r, eorlonrl s). 
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little substrata is rvrilablo. 

Tbo VllUo. Of ‘/ck-S for lb mad lo (-7 nr) doaervo forthor cwer,t. ck_S rould bo 

l xpoctod to imclndr the rat. constant for lntorsyatem crossinS to Sroond-stat@ .c.tone (km). 

(106*-lll”, aad that for triplet onor‘, tramsfor to thr .mcme (k~.[Kl). km has been estimated by 

srvrral (r0up~2~~~’ to be of tbs ordrr of l~lO’~la-i. At the concentration of emono (101 orcd. 

k-S should then ha*. . value of 1.46~10-~ r-l and l!zk_S . value of -700 nrl ‘Ibis very IrrSo 

discropmcy between prodiction and obaervrtion rrqmiror that .D additional procors for dertrmction 

of l c.tooo triplets rich . rate constant LA -lo* s-l operatom in thelo aystema. which .r. 

dirtinSuished by thr fact that virtnrlly all the incidrnt li4ht is absorbed within the first 

0.1-0.2 I of noat •CotOII~ (1SY) l lut1onr. Tbia will lead to . hiSh concentration of acetone 

triplets in this region. ccaparod with that produced in dilute solution of acetone. Thtr in turn 

m., lord to the possibility of triplet-triplet l noihilrtion (oqmtlon 21 

ACT + ACT --- krr --+ AC, . ecu ------ 2. 

The rat. constant for thla pros... (km1 urnally l pproaohra kDiff and for bonrophcnoao in Freon is 
2.101Ow-1,-l 28. For LA (- k~.IAql) to reach the reqolred ralw of 1.4~10Ss-~ the concentration 

of aceton. triplets in tha m.rr01. absorbin r.Sion of solution romld arod to roach 3.4x10-3U. 

This doer not ‘..I .a unattainrbl. ralar, S1v.n the 116ht intonrities n8.d (-3~10~’ photons s-l). 

Eaah of tho foor .DOD., studied yirldrd ODPW products (Se. Sb l 9, SC rod 7) on 

irradiation la l cotomo, or in pros.ncr of l catopheoona with qrmntur yields which fall within the 

expectad rrn‘r Cm Ip)lc* The riSmificantl9 lcmrr qmmtor yield for thr rcotophenooa “8. the 

rcotono-r.nait1x.d reaction of lb roS)rrtr . raloe for I+ of -310 UR1, in accord with other 

.rtiut.rJd.,27b..36s In all foor c.*o*, thr [1.31-rcyl shift product ..s also formed. and its 

orASia forms the rubJ.ct matter of the r,maininS Dlrcosslon. 

The rarly r1.r of the I1,31-rcyl shift .s oriSlmatinS from the Sl(a-R*) *tat. of py-ononer 

bra berm oonriderably rodifird in recent ,..rr2. Aa l mrly .I 1972, reports of senritlxod 

I1,31-rc91 shift@ b.San to .ppa.rJd.,6a..29, roSSostia( . triplrt state oriSin for the reaction. 

although oavoata about sach imt.rpr.trtlona ..r. r.ir.dla.e6a.. Importrot contributions by 

Sohaffmrr1’*22 and Schort.r27b. have firmly l stabllshrd that ia certain c.so. the h1Sh.r triplet 

state [T2(0-‘*)I C.D be involvrd in the [1.31-rcyl shift either on direct irradiation by 

ioterryrtm CroasinS. or OD srnritiration by hiSh .norSy senrltlxrrr. Vhilo the early roportr of 

srnaitirrd [1,31-a091 shifts did not specify thr triplet state involvrd, .ore raoent papor.23b..30 

harr strrrrrd popolrtion of f2 .I the mrohrniro of thrro rrrctionr. Support for this proposal is 

found In the lwrr l fflolency of thr procrr. whom l crtophamooo Ce, 310) rather than acetone 

(?+ 327kJr1)10 ia wed .s the sens1tlx.r (so. m n,. 

It somod to us that thror rrchanirrs mlSht in principle contrlbutr to the renaltized 

I1,31-~91 shifts: a). dlroct l brorptlon of light by the rubrtratr, b1. sinSlet onor. tranrfer 

from the s.nrit1t.r (la the EIII of l c.toma only in view of the rev ahott lifctlmo of tho 

rcrtoph.noar excited sintlet rt.td”, and 01. population of T2 (n-r*). Direct l bmrptioa of 1iSht 

by the subrtratr ..s cona1der.d rmd rejected by EnSol 3d. for the rcotophenone-sonritixod rorctlon 

of morbornwiom. oa the Sroonda that the .nome did oat rbmrb at 366 am. the oxcitiol rarelom8th 

urrd. Gir.nPb. on tho other h&ad l cknwledSod that in the l cotophonoa.-senrltitsd reaction of 

3-bromoblcyclo[3,2,l]oct-2-~n-7-ome (-O.Ol.ro .om. 1iSht (-1.7%) . . . absorbed by tho substrate. 

and ..a rnfflclrnt to account for the obrorved 11,31-acyl shift in that c.... In the c.se. of lb 

and 2 in our hands. the simple l xpedient of usinS mda-llarr in place of pyrox vorrcla for the 

l catophooono-sonriti~od r.rctlons rarealed . relrctlvr rodoction in the yield of the 11,31-rcyl 

rhift product. Since soda-Slara outa out .or. 1iSbt of wavelea(th ( 320 ml0 the clear inferonco 

is that . part at lrrst of those rerctlona must be attributed to direct light abmrption by the 

sobrtratr. Ia acetone mlution of tours.. direct absorption of 1iSht by the onone is l lrayr l 

contin~rrlcy. and necrr~arily accounts for .ome part of tho observed quantum yield of 11.31-~91 

rhlft product. D.ubrnl.- ‘ave early raminS of thie impediment to the unambi&uour l srl~ruent of 

triplet 11.31-~91 shifts. and .o have mdo the s..o c.rort6a.. lp.ktrchi31, in . partleolarly 
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c,e,r-cot rx..pla rho.ed that the l cotono-ronrititod I1,31-•cyl shift of 14 . . . conc~ntrrtion 

dop.ndont* 

m. po,,ibifi:y that the S1(r,-w*) state of By-•oner mlBht br popmlrtod by *in#lot *noray 

transfer (SIT) fra .cotono has boon raised on . number of occ~rionr, but usually 

dirmisrrd3d. .2Jb.. The qoertion ..I directly and quamtitatir.ly addressed for the first timr by 

scburtor2fb. rho studied the flnoro~conco qoonchin# of acetone by the py-enon. 12. Be ..s able 

to put . maximum ralnr of 7xl09M-1.-l om LSm, and roached thr conclorioo that SET coold l cconnt 

for no .or. than 1% of the observed value of P 1.3 in tbo .cotono rmaltixod irradiation of 12. 

A conmfderation of CA0 qmntum yields lieted in frllu 1 rnd m, to~rthor rich tbr 

rorults of sonritiration via lXl tbormolysia and the porcootr~. of incident lifiht absorbed by the 

substrate (w 1: ost1ut.d from the r.lativr extinction coefficirntr of l c.tono and rnbstrato) 

raker possible .a .s,os,.ont of the relative importance of the three n .chanirms in tha o.sos under 

discussion. 

m p. Direct Absorption of Incident l.i~ht Dnrina Asrtosr-Sonrltlt*d 2mCtlons. 

___ _____________________-__--__-__-___________~~_~~_-~~--~--~--------------------------- 

Fmono (N) 8 (3OOam) s incident 0 l,3(prrdlctrd) d 1,3(obarrrod) 
ll6ht absorbed’ 

_____________________________________-_-__--__-_________~__~_~~~~~~--~--~---------------- 

lo (0.098) 107 14.2s 0.087 0.08 

lb (0.065) 102 10.35 0.052 o.ofb (0.094)~ 

lo (0.044) 122 7.36 0.049 0.045 

2 (0.036)” 260 12.2 0.037 0.18 

2 (0.099)o 260 27.0 0.081 0.16 

____________________-__-____--_-__-______-____-_________________~__~~_~~_~~_-~~-~~-~~-~-- 

or(rcotooo) - 4.5. bsss conrrrrioo. CColculatod from data of fiuu 1. and n. dnor. Jd. 
oTbir study. 

la and la .ro most simply doolt rich. Tbo data of m m rod y ro)leat that 

direct l brorption of liaht C.D l oco~nt for oil the I1,31-acyl shift obrorrod. fhir 18 rtron#ly 

supported by the roaultr of lXI thrrrolyrir in prrrrncr of la. mhich led to no detmtablr 

I1.31-shift product. Vo conclude that in thoro c.... photoronritirrtion by l c~ton. doer 001 

inrolre SEr. and dooa not lord to ~l~mificant ~onrltixed popolrtion of the T2 stoto*o. 

The onalyrir of the ronmltixod rooctionr of lb and 2 Is mr. corplrx, since direct 

absorption of li6ht c.n only account for port of the obrorrod raloo of 0 1.3 (lb: JJ-74%: 2: 

2S-50%). lXD thomolyrir .xporiwotr ru))ort that popolrtlon of f2(r,-n*) is wry onhport~nt 

(< 10%) in the c... of lb hot uy l ccoont for -2OS of the voloo of 1,3 in the C.S. of 2. If 

the l rsumption is that SET is rerponsiblo for the rouining yield of [1,31-rcyl ahift in each 

c..e than. usin the rote coo~tant (4x10 a- 1 S 1 lo for intorsysto~ crorrla~ for l coton*, rot0 

constoats for SEr for lb and 2 “y bo ortlmocod to br 2.66~S.661108 N-11-l l od 0.74-6.5~109 

rlr-l rerpoctivoly. Those foil within the upper limit for such l procons ortimatod by 

Schostor27b.. 

Our l nalyalr ..y b. omrirod .s follows. 1). Enonos lo and lo 6iro DO ronritlxod 

I1,31-•cyl shift products. The f1 state of those katoms ia not popolatrd cm acetone 

rensitixrtion. 2). Both lb and 2 show boharioor rhioh appears to require that SET be 

iavolvod. They are the first examples of roch beharloar. l lthoo~b direct oridomcr is lacking. rod 

the ortiutod volt108 of kS= uko it onlikely that rocb ovidonco will bo l ra11oblo from rirplo 

l cotono floororconce-qoonchio# expori~nts. 3). TAo T2 stoto of 2 11 popolotod om 

l cotono-~om*ltir~tlon, l lthou#h ot tko coacrntrotiono orod only 2m of the obrorwd rirld of ----------------------------- _____________________-____-_-__- -____________________ ______________ 

l Tbo l rtablirhront of direct absorption of light by the l sbatrato doen not of coatso role omt 
12(.-n*), popnlotod by iatorayatom cro~slo~. . . b.in# partly or .vom aololy romponslble for the 
obaervsd ll.31-•cyl shift. 

**The l ltera~tire poaribility. that tbo T2 states of chore ketones yield no I1.31-•cyl ahift 
product is partly discounted by the observation that tborul 6onorotion of lo rn thla state lead8 
to both ODPM aad ll.31-•cyt shift pro,iucts23.32. 
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[l,3]-rcyl ,hrft product cm be accounted for in this waycf.Sd.. The evidence in the c..e of lb 

is .or. epuiroc~l. but it ,,m, likely that this process contributes slt6btly to the observed 

photocbomirtry. 

Abe 6reater irportaoce of SPT in the photochemistry of lb and 2 may ho ration*lised in 

terms of their lomr rinjlot onar6ior (lb aad 2: ES 359.~ UN-I: la and la: ES 367.8 UIclI 

.s ortiutod fror their absorption spectra. AnIumin6 that the rin6lrt-tripl*t (n-n*) splittin for 

this series of eDOn,* is ririlrr. than the a... rationale ..y be applied to the creator importance 

of f2 in thr sonrltizod photochemistry of lb and 2. It u, be relevant that in OII~ other c..e 

(12) in which tbo T2 ori6in of tbo [1,31-my1 shift has bsen unambi6uously srtrblished27b., the 

**on. also has . lw rin6l.t rner‘y tb - 3s9.5 kJm-1). 

Th. .pprr,nt delay in the buildap of ODPY products durin6 the acetone-wnrltirod reactions of 

lb and 2 (m 1 and ref. Jd.) “y DOI br l xplrinod VI~J rimply. SET and absorption of 

li6ht by the substrate. both of which are concentration dependent. will be more important tn tbr 

early stales of thr reaction. At higher conversions. triplet enrr‘y tranmfor, load186 to 

population of tbr .DOD. fl(x-no) atate becorn. dominant. reanltiq in l more rapid buildup of the 

drrirrd ODPM prcdoctr. At low initial concentretioar of lb the affect, l s expected on tbia 

analysis, brcomor nndotectable. 

Finrlly. it seems rortb~bilo ropertin onr earlier rrrnin66~. that in tbr ronritirod 

photochaiatry of By-onrrtwrted ketones, the dia6noris of triplot Il.31-rcyl shifts roqoirrn 

#teat caution. l sprcirlly whrn tbr qoantnm yield for thr process OD direct irradiation is hi6h. 

Absorption of li6bt by tbr aobrtrrte ir important in l cwtono. and may be so in 

l cetopbroono-sensitized reactions. Further. SET cannot be 16normd. and the vrluo of Es seems 

import&at in this oontoxt. 

-: Yoltia6 poimtr ware determined OD l hot-ata6o. or in capillary. and are 
oncorrrctrd. GLC was performed on l Pye Yodel 204 orim6 Il8in. x 4’. aad ll8ln. z 9’ rtrinlesr 
steel columr. Preparative 0L.C was parformed OD thr same inrtrowot oain~ a I/410. x 16’ 6lasr 
colnma. or OD ID F and Y Prrpmrstrr Mod01 7S usin 31410. x 8’ stainloss steel colruns. Spec t r* 
Vera obtained on the follovin) inrtrorunts: Ipr: Varirn Yodel A60-A. Jo01 Wodrl FXlOO: ir: Porkin 
Elmer Yodrlr 12S and 22s: 01: Dnicrm Nod.1 SP800-A: B: Varian Nod01 MAT CII-7. Irradiations 
were performed in a Payonot reactor fitted with l marry-lo-round ramp10 bolder and llpp 2S3.7. 300. 
and 3SO nm lamp*. Sample tubes ware of qunrtr. pyre= or soda-6larr. 

W: All solvents were of Analar atada and were dried by standard procedures and stored 
over mlrcolrr rirvrr. Tbr Lotones (la-a and 2) ware prepared by pnblirbrd procodnros4*33. rod 
purified by distillation. prrparativr CLC and column ohranto6rapby. Nitrote (‘wblto spot’) .a~ 
freed from oxy6on by bobblin) tbroo6b chromoor chloride solotion, and dried by parrage tbroo6h 
concentrated aolpburio acid and over CO8 prllrts. 

Um.a&WdAb 1). lb (0.38) io sthor (IS ml) l .a flushed wrtb aitrogon for 1S 
minutea and irradiated (300 am) in a quartz tube. GM analysis after 2 minutes revealed a mew peak 
with rolativr rotration tlu (RRT) of 1.2 (rolrtiva to rtartin6 material). and more volatile 
caponrntr of lllf 0.09, 0.11 and 0.14. Thr loa6or rotainrd peak 8r.w to l maximum and then be(ao 
to dooay with timr. Pe~oral of solvent followed by preparative RPLC usin chloroform:bcrano (3:2) 
yielded three fractions. Frrction L contained a mixture of 2.3-dihydroanirolo, 2.S-dibydroanisolo 
and l nirol.. identified by CM, ir and mr comparison mith aotbrntic sampler. m 2 contained 
unreactrd startin) wtorial and w 2 contained a lo* yield of I compound Idratified aa 

-- __ 9s.: (4b). 2). lb (0.166) in benzene (l(kl) ..I flnahod 
rltb nitrogen (1S min.1 rad Irradiated (213.7 am) for tro hours tn l qnrrtr tube. Romov~l of 
rolvent 6.w l product (O.OSS[) containin (by GLC) 9R of 4b (RKY 1.2): 0~. 290 am: ir (neat). 
2980.2930.28SO.2830.177S (Cd).16S3 (C-C).1440.1370.1270,116S,10SS.790.760.6ll0 cm-l: nmr , (~14) 
6 1.6-2.4 (Sll: n ). 2.6-3.1 (28: ABXY. Jm 68x). 3.S3 (SR: 8, OC&,. 3.7 (IR: 11 and 4.SS (111: d. 
J-68x. vinyl proton). The B (m ethanol) bad l p 20s.: MS: 209 fClO83SN302. n*). 

To 4b (0.16) in 1.2-diwtboxyetbane (DUE: 1011) ..s added 50% .queour acetic acid (5~1) and 
the mixture stirred for 8 boors. poured into h’rIICO3 solution and extracted rrtb ether. The extract 
was mrrbrd with brine. dried 0(6X14) and evaporated. Proparativs GLC ‘ave 

_ - QLpan aa a colourleas oil: 
(cyclobutanon.),l722 (C-0). 

uv (YeOIl) 29s m(r 30): ir (CC14) 178s 

@: 138 tC8IIlOG2, W+), 
14S0.1390.1360.131S.1120.1110 cm-‘: mmr (CCl4). 6 1.9-3.7 (m’a): 

110 (M+-m). 9s (IlO’-CR2). 
w w & 10 lo (0.61) in benzene (6Oml) was placed an four phototube#, flurhcd 
with nitroXo0. soalrd and irradiated in . merry-lo-round apparatus for 2 hours. 
the product shored two new peaks (RJtT 0.88 and 1.68) in the ratio of about 10:l. 

GIK analysis Of 
These .ero 

aoparatod in )98% purity by preparative G1.C. The lar6sr fraction 1.1 identified as 
I-octhPiVbicyc~.3.01osl-4-cn-l-~ (4~): ic (neat) 3040,2930,2830,1780 (C-O).1640 
~C~C~.1440.I388.134’.1330,12S0,1222,1110~1062,1042,1~3~,99~,92S.890~~7~,8S2,74S.722 and 680 m-1. 
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r,.r. 6 1.07-3.07 (711: mj.3.31 (311: sr GCq3,. 3.59 (1H: d.J-68x1. 5.51-6.11 (38: l . vinyl 
prOtOol). 

_ _ Tbs minor product ..s identif1.d .I I-rctbplrlrlsrslo[3.3.0,0.‘btan 3 &?RR . (k). 
identical by GLC. u.. ir and nmr with thr uin product of semritir*d irrrdlation Of IO. 

&,,ta,-- m a fi lb (0.156) in l cotoa. (lJm1) ..s flushed with nitroam 
(15 min.) and irradiated (300 am). After 5 min.. DW peak1 with RJU 0.14, 1.1, l ad 1.2 w*r* 
observed. After 30 man. . farther perk (RR-T 4.50 apprared. ‘l-Ifs cont1na.d to arow. rnd aftor 20 

hr. .,I the dominant feature. Pr.paratt.. (-XX ‘..e m 2.7 dLpnr _ _ , 0) .* . -Alto 
crystalline rolrd: mp SO-52O: ir (CC141 1740 (C-0). 1400. 1360. 1170, 1150, 1120, 1090. 1070 cm-l: 
nmr, b 1.0-2-S (caplox l .): MS, 138 (C&OG~, If*). 110. 96. A e was prepared, 

rp 2400: MS 195 (C9E13N302.Y+). Cw: N.21.40. WulatoQ fnr Cglil3N302: N. 21.56). 
After 5 hr. irradiation the perk of RRT 1.1 was at its maximum. T&e products of several such 

irradiations were corbinod. solvents removed and ruh]octod to preparative CU. A lo- yield of the 

product was obtained in > 98% parity. as jud6.d by CLC. and idrntifled l * 
. or O*.,octrn 7 - - oBp . (53): ov (EtOR) 270 nm (e 180). lr (CC141 

2940,2860.2820.1745 (C-0). 1400, 1225. 1160, 1130. 1090, 1025, 695 cm-l: amr (CCl4: 1OONRz). 
6 2.0 (2H: ml. 3.62 (311: s, OCb): NS 152 (C9Al2O2. M*). 137 ()I*- CB3). 
Irradiation of S’b in acetone gave the diketone (9) as the only detectable product by GLC. 

This was also the only product formed on treatment of So in rpueoor DYE with tolosnr-p-rnlphonic 
acid. 

&.aQwSlllltlrr(m 9$ Lp: lo (0.6066) in acetone (6091) was devidrd between 4 
phototubes and irradiated as described. Aftrr 1 hr. CLC analysis rhoted l major new pork (RRT 

1.68). and a minor peak (RRT 0.88). Removal of rolveot from the l liquot rod ir (CC14) rmlyrlr 
rhowed carbooyl peaks at 1720 (s) rod 1780 (v) cm-l. On the haala of CLC rrtrotion time and lr. 
the minor peak ..s idsotified .s 4a. After further irradiation for 6 hr., GLC l arlysir rrvoaled 
that the peak of RRT 1.68 (ras the major compooont. Preparative GLC (IV@ 
~~DrthorYtrisYc~o~3.3.~.~‘*~9~t~n-5-~oQ, (50) in 96% purity, .* . coloorlorr 011: D. (Y&E) 
264 nm (c 170): ir (aoat) 2950, 2880, 2830, 1720 (C-0). 1325. 1310. 1225, 1140. 1115. 1090, 1005. 
980, 930. 920. 882, 862. 810 cm-l: omr (CCl4). 6 1.6-2.3 (78: -1. 2.5 (28: broad a). 3.37 (38: 
s, oc53). 

!kRasRUU~ All mea~uromonts .ere performed in the cavity of a Rayonot 
Photochemical Reactor, uaiq l merry-lo-roond l ttrchmont. All reactiona were porformrd ia qnrrtt 
(300 nm) or pyre= (350 am) phototubes. and -era deRassrd boforo irradiation either by flurhin~ with 
oxygen-fro0 nltro600, or by several freoxo-thaw cycles oo l vacua-line. L16ht intesrltiea *ora 

measured both bofors and aftor a series of dotrrminrtrons. orin# forrioxalate 16.34 or 
bontophononslo rctinomotry. Chemical yields of products and convorrions of rtartin) n atrrirlr were 
doteminod by GLC anrlyrir orin added l cotophonooo (lb), tri6lymr (la) or dial-• (ln and 
2) as internal standard. Rolativo response ratios of By-ononrr oard wro detrrminrd orin l 

calrbratron c.tlr.e derived from analysts of knoro mixtwos of l mom and standard. Into6rrtioo .a‘ 
by trirn)ul~tion or by use of a Varrrn Aoro6rrph Yodel 480 Into6rator. In the case of partially 
resolved peaks cc.). lb.4b and -1 l DuPont Yodel 310 Cone Rerolvor was nsed. A minims of 
three injections. rod three phototubos more tlrod la each determination. Tbr l rtlmrtod error 
is 10%. In the c.10. of la and 2. lo which tha starting utorlal and 11,31-rcyl shift product 
w@ro unresolved oo GLC. additional analysis was performed by nolotion ir (CC14). rtsin6 , Porkin 
Elmer Nods1 225 Spectrophotometor. rod rcotophenons as l n internal standard. 
m e: Quantum yields wore decormined as doscribed above. &ch tobo contained 
an accurately ve16hod quantity of the appropriate quencher. 
flushin rrth nitro4rn. 

The phototuber .ere deBarred either by 
or by several frosro-thaw cycles hrfore Irradiation. In rach 

doterminrtion. one tube without quencher was naed as a standard. 
m Illtirtrd &RR%&RR T&s was propared and stored at -2O.C in small qtlantitior 
(-50-10Om~). Solutionl of TM) (-0.75U) sod the appropriate eoooe (-0.4)0 in honrono were 

de#arrod rrtb my&on-free nitro4on. sealed and hsated to 75. for 2 hr. The solvents were romovod 
and ar (CC14). and GLC analysis porformcd. 

m -0 of us (SDP and TJE) are (rateful for the award of SRC (am SERC) 
Studootshipr. 
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