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--Two bicyck43.Z.a)dienoncr. which d&r from one rnotbcr oaly by tbc prrrcoce or absence of an 0 
atom u the “p” brid#c lbow very dweP1 pbotoi8omerizatioa khvior. hdhtion of hcxlmctbyi4aAcy- 
cbop3.l)octdraow u #ivw ado4wetylpcatamctbyfbicydof3.I.Olbacmmc 16, @ably via a0 inihl(l.3] 
a@urc@c VII1 wcfnc 3). lo UWIUI. hcuwtbylbicyck(3.2.0pcpudha I4 pbotoiwwcritn via 
lo hitid [32)_signrtJopic rarraqcwd. tbc iloLled prodw aia# tbc rehtively l&b& cycbpcotdloc-kctcac 
24. Tbc mctbykne e of I4 (i.e. 32) ruraagcs simitariy, h 8tkae 33 sod rllryne 34. The mcchnisms of 
tbw p&whwiahs are discused. 

Bicycb[3.2.n)dknon 1 pbotoisomerizc by two knuwn 
paths. Thy may rearrange to keteaes 2 (a photochcmicnl 
133)sigmatropic ruurangcment).’ 0T thy may undey a 
IJ-acjrl shift (a [ IS)-sigmatropic rearrangement)” to 
give aa ‘isomeric bicycbI3.2 + a.OJdicoonc 3. Both reac- 
tions involve formal o-ckavage of tbc Co_brideebeod 
carbon bead as mi&t be expected, rad the choice be- 
tween the two rcarraqcment paths depends on X and on 
otbcr substitucnts which may be present. For example, 

when X wan a zero-atom bridge” or when % = CH,. 

>N-N< or CHKH-,” tbc [33] path was fol- 

R R 
- lowed, but wbcn X = Q 1 / both typesof producta were 

formuP md in ex8mp&s with a hydroxyl substitucat 
on tbc bridgehad carbon a to tbc CO, only tbc [l$] path 
was observed.’ In tbc UK of 4, it has been proposed 
that tl~ WI-rv atoccursvi8the’Srutcand 
the [ I.3tnurrppmeot via tbc ‘T aate ad a diradical 
intermcdhtc (S&me I).’ 

On several occahaa tbc kctcm formed by the [3,3t 
path have been observed spectroscopically’ ad have 
been trapped by nuckophiks.“~’ In the abseoce of 
nucleophika, the ketcncs usually rccyclize t&rmaIly. 
Since io kctcoc 5 the termini of tbc cycbbutcnc double 
boml are dilYcreatiatal by the OMe subtitucnt. rccy- 
clization gives eitbcr 4 or 6. 

In some iostanes, the ketene 2 may cyclic in quite a 
difitreot way. For exampk. if X is a one&n bridge 
and tbc ketcnc is eitbcr highly subatitutc& or specixlly 
activated,’ a thermal 12 t2j-cycloadditbn of tbc two 
C=C doubk bonds in 2 may occur to give a tctncyclic 
product. An exampk is tbc facik, hi& pd conversion 
of 8 to 10 via the ketcnc intemwtiate 9. 
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Tetracyclic ketone 10 was the precursor of the fas- 
cinating pyramidal carbocarion II’ and of several related 
carbocations which undergo a variety of novel rear- 
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rangements.’ We were prompted to irradiate the highly 
substituted bicyclic dienones 12 and 14 with the hope 
that they would behave similarly to 8 and furnish 13 and 
15 respectively. Although strained, the ring system in 15 
is known.’ Ketones 13 and 15. in turn might give 
pyramidal carbonations analogous IO 11 but with the 
gemdimethyl-bearing carbon replaced by an 0 atom or a 
bond. In the event, the photochemistry of 12 and 14 did 
not follow the desired paths, but the results have in- 
trinsic interest, and we describe them here. 

12 I i 

14 15 

Phofoisomrrixation oj oxabicyclodicnont 12. Irradia- 
tion of a IOmM methanol solution of 12’ through Corcx 
gave 16 as tie major product, together with some pen- 
tamethylphcnol. The lack of symmetry in the NMR 
spectrum immediately ruled out the desired structure 13. 
as did the IR spectrum, which showed two CO frequen- 

tics (1710, 16!IOcm ‘I. Structure 16 was ass&d in part 
by comparison of the IR, UV and NMR spectra with 
those of the known 17” (which differ only by replace- 
ment of the acetyl with a Me group). TIC acetyl Me 
signal appears about 0.2ppm upheld from its normal 

1.:y2g&r fyy 155 
1.23 Lo8 
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IR(CCl,,) 1710.1690.1645 cm-' 1690.1640 cm 
-1 

uv 732 Iv (* 5970) 235 rm (c 6270) 

771 ( 37HO) 274 (3240) 

375 (34C) 310 1605) 

position, suggesting that the group has the rndo 
configuration. This surmise is supported by the quan- 
titative photochemical conversion of 16 to pentamethyl- 
phenol and kctcnc (Scheme 2). Only if the acetyl group 
in 16 is cndo can the necessary H-abstraction occur. 
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A likely mechanism by which 16 might be formed from 
12 is shown in Scheme 3. A I$-acyl shift would give the 
dihydrofuran intermediate A which. since its chromo- 
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I? A 16 

Scheme 3. 

phore would be very similar to that of 12, could absorb 
further light and undergo the “bond-switching” or [I$]- 
rearrangement IO 16. Regarding the lint step, we note 
that 12 has a C-0 bond at the bridgehead carbon a IO the 
CO and may be analogous IO rhe bridgehead OH com- 
pounds which Sasaki’ observed IO only undergo the 
(I$]-shift. As for the second step. there is ample prec- 
edent for the photoisomerization of dihydrofurans IO 
cycbpropylcarbonyl compounds.” Thtre is, however, a 
possibk difficulty with Scheme 3 and it lies in the second 
step. We observed that only w of the two possibk 
epimers of 16 was formed, with UK acctyl group ado. 
Most dihydrofuran isomerizatioas reported in the lil- 
enturc” are non-stereospccific. For example, 20 gives a 
mixture of 21 and 22.“’ Diradical inlermediates have 

20 ?? 

0 
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been propowd IO rationalize this non-stereospecificity. 
Also, the product acykyclopropanes may undergo cis- 
lmns pbo1oisomerizalion.” 

On the other hand, Schultz” has presented evidence 
that the rearrangement may sometimes be orbital sym- 
metry controlled. He found that chiral dihydrofuran 23 
rearranges lo chiral 25. presumably via the acylcyclo- 
propane 24. There are similar exampks in a related 
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photoisomerization.” Although (be Schultz exampk is 
not fully analogous lo the rcanangcmcnl of A to 16 
because it deals with the stereochemistry at a d&rent 
cyclopropane carbon in the product (j? rat&r than Q lo 
the CO). it lends to kave Scheme 3 as a possible viable 
mechanism. 

Because of the stereochemical question, we con- 
sidered allernative mechanisms. One is shown in Scbemc 
4. Because of the initial bicyclic geometry in 12, the 

B 16 

S&me 4. 

5.6douMe bond in ketene B would necessarily have the 
Z-configuration. Cyclization of highly substi~utcd dicne- 
ketenes to bicyclol3.l.Olhexenones has ampk prec- 
edent.“.” Unfortunately this route also suffers from the 
problem that B might give either 16 or ils cxo epimer. 
awl (he reason why only OIU epimer would be formed is 
no1 ckar. Furthermore, attempts IO trap B with amine 
nuckophiles under conditions where such trapping is 
usually successful” have faikd.16 Consequently we tend 
lo favor Scheme 3 despite the stereochemical problem. 

Pho~obomtrizotion oj bicyclodienonr II. Dknotu II” 
differs from 12 only in that the oxygen bridge is replaced 
by a zcro-alom bridge. Nevertbekss, the photochemistry 
takes an entirely d&en1 path. Irradiation of a IOmM 
hexane solution of I4 through Pyrex gave an essentially 
quantitative yield of ketenc 26 (Scheme 5). The product 
had a sharp. intense ketene CO band at 212Ocm-‘. Its 
NMR spectrum was somewhat simpler than might be 
expected; both aliphadc Me’s accidentally had the same 
chemical shift. and appeared as a singlet at 6 1.00. The 
high held position of the Me attached IO the ketene 
fuactjon is accounted for by a preferred conformation in 
which the Me is “over” and deshklded by the double 
bonds in the cycbpentadkne ring. The remainder of the 
spectrum consisted of quartets at 6 1.73 and I.79 (J = 
OJ Hz) for the IWO sets of homoallylically coupkd vinyl 
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:4 (R=CH,) 

28 (R=H) 

I 

Me',. The cbcmical shifts ruk out the alternative 
kttem structure C (R = Me) for the product. 

The structure of 24 was fur&r established by trcat- 
mcnt with methanol at room temperature, which gave 
methyl ester 27 in excelknt yield. The same ester was 
obtained by irradiating 14 in methanol. The ester struc- 
ture was ckar from its spectral properties (vc-o 
173Ocm-‘; ‘H NMR peaks at d 0.92 (quaternary Me 
sin&t), 0.65 and 2.43 (doublet arnl quartet, respectively. 

/ = 7 Hz. for the McCH< moiety), 1.72 (four vinyl Me’s) 

and 3.58 (OMe). Compound 28.” lacking the C-3 Me 
substituent. pbotoisomerized in an entirely analogous 
rmnncr to give 29. 

Kctenc 24 is moderately stable, and can even with- 
stand VPC at temperatures below IHP. The neat liquid. 
however, decomposes after several hours at 0”. Hexane or 

carbon tetrachloridc solutions of I6 gradually show 
transformation to a new product with a vce at 
1745 cm-’ and an NMR spectrum with singkts at d 1.10, 
1.17, 1.27 and 1.43 and two quartets centered at 6 1.63 
(I = 0.5 Hz), all with equal intensity. We tentatively 
assign this product structure 31, which could form from 
via (2 + Zl-cycloaddition ro one of the two equivalent 
c=C double bonds. 

The formation of 24 from 14 can be rationali& via 
the bicyclic keteac intermediate C (Scheme 5). The rcac- 
tion is entirely analogous to the formation of 5 from 4 
(tic suplo). Ketcnc 5 rearranged so rapidly by a Cope 
[3$)-sigmatropic process IO 4 or 6 that it could only be 
observaf at bw temperatures and could not k trapped 
by methanol. With C, bowever, the Me substitucnts 
probably facilitate ekctrocyclic opening of the cycb- 
butene riw to give the less strati and relatively stabk 
kctem 24. Apparently this process is much more rapid 
than the reaction we originally sought, the cyclizatbn of 
c to 1s. 

Phofoisomtrization of the mtthyltne analog of 14. It 
seemed of some interest to photolyxe the methykne 
analog of 14. to determine whctber or not analogous 
rearrangements would occur via m* excitation. Irradia- 
tion of 32 in pcntam at 254nm gave the alknc 33 and 
alkync 34. The cyclopcntadicnc-alka 33 is presumably 
the initial photoproduct formed via D (Scheme 6), 
analogous to the formation of 24 from 14 via C. The 
acetyknic cyclopcntadicne 34 presumably arises from 
further photolysis of 33, either via radical-pair dis- 

Scbcw6. 
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so&tin0 and recomhinatioo, or via an ckctrocyclic 8a 
ckctroo process. The structures of 33 and 34 were 
assigned from their spectra, md received further support 
w&o it was observed that 35 pbotoisomerizcs annlo- 
gously to 36 and 37 (Scheme 6). 

-Y 

Bicycb[3.2.o)dknoas pbotoisowrix by either a 
I&3]- or a [lfj-sigmatropic rearrangement. The &- 
cular path appareotly depends on details of stnxture and 
subtitutioa. Dknones 12 and 14, which d&r in strut- 

ture only by the oxygen bridge. reur8ngc by entirely 

different paths. The observed products. 16 and zi res- 

pectively, ue formed by fur&r mment of initial 
photoproducts, which are believed to ark by [IS] and 
[X3] processes, respectively. It seems as if no oxygen 
function at Cl in these systems favors the [I$] path. 
Tricnc 32, the methylcne anabg of 14, rearranges 
similarly. 

&ncru/ ~tlXdWtJ. M NMR rptctn were meuured xl 
6OMHz urip( MeJi u M inti sluldxrd. Sltift &Ix were 
obtxbed by &I& rrmll incremeotx of Eu(fod), to fbc umpk 
rnd notips tbc extent to which ucb puk wu shifted. Nor- 
mxlixedsbpeswmob&oedby~&sbpebytheslope 
Oflbthtlhifkd~~.lRI+XC%O&hdOO~Uaiam 

SP-ml0 cpcctnwcter, were &ted x&all I polysfyreoe &I. 
UV rpcctn were w with I Uniam SPa rpectromcler. 
Mu8 lpcctrx were ObmiKd rt 7oev with 1 Hi&&Pcrkio 
Elmer RMUd hstromert. NJ’s UC u#omdcd. Vpc KPUI_ 
tiom were performed on vlrixn Aefognp4 mrtx md 
mrlyscs were performed by Sprsr Mw L&orx~orkx. 
@ukHublXMich&. 

IrTadhtioclx were carried out us& I bvh 45Ow hmp 
phced in x wrtercookd jxcket equipped with d&rest lItten. or 
x hyooet RPR-100 reactor. The solot& to be irr~I&ed vu 
phcedinrquartztcsltukMd,aftcrdcoxypartionwitbr 
sheunofArwuKlkdwitbx~CLP.TbclukwuOpbdto 
tbCilBt3lCflioaWCUOfpbdiatbrIlr~OCfE8ClOfUldlbC 

idhlbn Wll laollicorcd cbrormeoqrphiapy or spcctnnce 

PSY. 
Itilion of hexmhy/ - 8 - ax&c$o[3.2.ljocfa - 3b - 

dim-2-oru(12).A~daOf12(100rU,0.1Md)is~rnL 
MeoHwuimdhlcd&ro~rCtNextPta.Tbcructioawu 
mo&ored by VPC (SftxO.l2Sin. column, 3% SE-30 O(I 
Chromosorb W 68/lbl wrb, IZT. 3OmUmin He). Alter 2hr, 
rrvlytical vpc showed fbe pfeseoce of 40% unciB@ I2 (ret. 
time 63 min). 50% of 16 (ret. time 8.5 mia) xnd 10% of 18 (ret. 
t&e 16 min). These pr&c(J were rcp~ted by prepxntive vpc 
(5 ft x 0.25 in. columo. S% SE-30 on Cbromoxorb W. AW-DMCS 
60/w mesh. 13(r. 6OmUmin He). The Brrt woducl (ret. time 
3.2 C&I) wu recovcrrd 12. Tbe xecood produci(ret. t&e 4.0 ti) 
wu idcatided .I &ado- 14: IR (neat) 2960 (m). 2900 (w). 1710 
(I), 1690 (I). 1645 (m), I465 (w),~IJti (m). i3k (m). iti (w). 
I340 (w), IUS (m). 1215 (m). Ill0 (w). 1020 (w)cm-I; UV 
(EtOH) A, 32Snm (e 340). 272 (3780,. 232 (S970); NYR 
(CDCld. see lex1; mus spectrum, m/c (rehtive iotensicy) 206 
(2s). I91 (2). 178 (3), I64 (ES). I63 (15). IS0 (IO), 149 (loo). I35 
(IO), I21 (IS). 91 (IS), 77 (IS). 43 (65). (Pound: C. 75.69; H. 8.71. 
Cxlc. for C,,H& C. 75.69; H. 8.80%). 

Trutmca~ of 16 (30 ml)‘witb 5 mL of McOD con- 20 m 
of NxOMe over&b! ti 10011 temp. fotbwed by dih&a with 
wrkr rod extraction wilb ether gave. dler I& uxtml wortrp. 1 
quaatitrtivc yieid of Lb&d I6 wbme NMR spectrum bcked the 
r$Bxls 11 d 1.92 ti 1.93. 

Tbc rhid pro&cl (ret. lime Urnin) wu i&at&d u pen- 
tu~ctbyipbe~~ m.p. I27.5-l2lF flit.” lt%3. with IR and NMR 
spectra *ntial wilb Ibose of rulbentic mxterial. 

hdutioa o/ 12’ (C,XD,). A so& of I2 (2@mg, I mm& in 
5 ml of MeOD con- 20 w of N&Me wu &red ovwt 
xt room temp. 1& solveaa( wu removed in wcuo lad the &id 

r&due vu truled with nter (5 mL) rod exwted with ether. 
comtim?d orpaic hyerx were wubed WitL wrtef, d&d o@oJ 
mdCnponfOdlo&ivCLTwboccNMRrpccbuedifmdfrool 
tbrld12by~tLs~rtdl.~ductocLeCcNcgoup; 
1& peak II 8 1.63 (C&e) s&r~eard b x S-I. h&&ion of 
w raipr tbe same proc&ue duuibcd for 12 pw lab&d IV 
whose NMR qmmtm di&md from tbrt d I6 by bck& fbe 
qtmmr(d l.!?2;dm,lbEpdrld I.soabupelKdIorr~l. 
Tbc pmtrwlhytpbmd &a&d from lhis r&n wu hbekd 
io tbc m-Me gruap. u sbowa by use of 4fodh. which Split cbe 
xir&rr origimxUy l t d 2.16 0l0 thne pukx wifb (from bw IO Iti& 
&Id)rehtivcueu2:I:I.p 

I-ion of 16. Imdhtion of x 1% MeOH solo of I6 through 
Corex for several hr (u described for 0). fooOwed by evxpon- 
tioa of lbe so.lvcac pvc a residue wkicb wu elscaIiany pure 
pcntxmclhyl++eool i qtmntitxtive yield. Tbe other product vu 
wlbyl rcetrte. 

Indiotion of 14. A sdn of 14” (19omg. I mmol) io IOOmL 
bexxoe vu irradhted f&o@ Pyrex. Tbc ructioo wu foolkwed 
by vpc (5fr xO.lUh. column, 5% SE-30 w C~KOWK& G. 
6WO mesh DYCS. I@‘C). Aftu 2OLr sh matcrirl tad 
dmppeued xnd I sk& product wi& I shorter retention ciw 
wu pmunl. Removal of the sdvcnl um&r reduced pressure 
pve 188 mp of x co&&u oil idea&d u Y: IR (CC&) 2950 (m), 
2120 (s), I&O (m), I385 (01). 1290 (w). I185 (m). 1090 (w), 1060 
(w). 910 (w)cm-‘; UV ILuae) A,. 228om (f 2Xx3): NMR 
CCCU see iext; mu s&mm. ;*lrT&ive in&Cy) So (28% 
162 (26). 161(13). I48 (42), I47 (100). II9 (20). I05 (In. 91(M). 77 
~iOJ3H(100~~: C. 81.96; H. 9.51. CJC. for C&O: C, 

Ilrkt~oo!w~*nalruoLAcolodY(2a)ml)iolOmL 
xbs YeOH wu sw II room lcmp la 5 mia, tbeo evaporated 
todvc233mg(l~)olrcdorkuliqrtidideotiebdrsn:IR 
(our) 29w) (I). 1730 (s), 1460 (a). 1390 (w). 1360 (w). I200 (w). 
IISO (w), I060 (w)cm-‘; UV (MeOH) A, 262 om (e 3410): 
NMR (CO d 0.6s (d, 3 H. / - 7 Hz). 0.92 (I, 3 H), I.72 (m. 
12 H). 2.42 (q. I H, I = 7 Hx), 3.58 (s, 3 H); MIS spectrum. II/t 
(rehtivc ialcusily) 22 (500). 164 (II). 163 (100). I60 (IO), I49 (20). 
148 (28). 147 00). I36 (34). I35 (loo). I34 (85). 133 (40). I21 (24). 
119 (62). 107 (20). IO5 06). 91 (22). I (II), 76 (18). 6S (IO). 43 
b,&%Touml: C. 75.69; H. 9.99. C&z. for C,Ji&: C. 75.63; H. 

‘Inodiot~oltl.AAra.uA10LldtlU(3S20U.2~ol)in 
15 mLabs MeOH wu &d&cd m Pyrex for 33 hr. Evxpon- 
tioo of tbc solvent & repvltop by UC (siIii gel. tcazene) pve 
nmc(~)0rnoovcrrdt)rad90~(3246)drurcobrkrl 
oil: IR (~clt) 2930. 1730. IUS, 1330. 1260. ll7Scm-‘: UV 
(MeOH) A, 24s om (c 4760); NMR (CCIJ d 0.92 (s. 3 H). I.71 
(br s. I2 HI. 2.25 (s. 2 HI. 3.38 (I, 3 H). (Pcumd: C. 74.81; H, 9.61. 
Cxlc. for C&,0,: C. 74.96; H. 9.68%). 

Wbcatbcimdirtioaofm(~~wwuMiedoutinpeauae 
CImL) for l8hr xnd Ibe solvent Iben tnponted in WCY) 8t 
room Imp lbt residoe #bowed x kerene had 1(2l2Ocm-’ due to 
29; rdditiw of McOH ml workup pvt 85% recovered f) rod 
5% of a. Aa idea&ml pbotolysb but in MeOH pve Sl% 
rrcovered 2) lnd 26% of 30, lbe pbotoisculerization beiog furer 
inute&Molunninpeblmt. 

2 - M~h~a~h~bbil3.3.Ol~a - 3.6 - aknc (32). 
To a &I d I4 (l70& 0.$&l) b- loml xnbyd ctber vu 
dded2mL2MMcLiioctber.Tbemixtarewustirredfor2hr. 
tbra queDcbtd with waler (S mL) xnd I q L 6 NHCI. Ether 
c~tncti00. WU~ rocczuivcly with n(tr. NxHCO, 4, wrter. 
lad dry& (MLso3 pve. on evapow& of tbr sdveot. 162 m 
~)d#uraoilwhicbwu~byvpc(l096SE-30oo 
cbrowrorb W. J 11 x OU io. cdumo. 120’): IR (oat) 2’9SO (n). 
I620 (a). IUS (w), I)#) (w). IOW (s). I060 (a). 870 (1): UV 
(WeOH) A, 238 m (f 13.790); NYR (CC&) d I:i0(1.3 -i@. 1.15 
(I. 3 H). I.57 (m. 3 H). 1.73 Cm. 3 H). 433 Ib s. I w). 4.67 Ib s. 
I H); mu, &csrum. mlr (khtive &tit& lli8 (E$. 174 iiO0,; 
Isa (ro). 134 (84). 119 (loo). 10s (22). 91 09. n (24). (Poll& c. 
89.36; H. IO.@. C&. for CJ,: C. $929; H. 10.71%). 




