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- The direct and sensitized irradiations of the fy-unsaturated

ketones 1(s-c) and 2 have been investigated. 1a, 1l¢ and 2, on .

direct irradiation give rise to ODPN rearrangement in addition to the

expected [1,3)-acyl shift. These represent the first examples of ODPN

rearrangoments arising from some state other than Tl(n—n‘). [1,3)-Acyl

shifts observed in the sensitized reactions can involve direct absorption

of light and singlet energy transfer from acetone in sddition to population

of the Ty(o-n*) state.
During the past twenty years, the photochemistry of fy-unsatursted ketones has excited a great
deal of interest, which has largely focussed on the two unique acyl-migration reactions, the
[1.,3]-acyl shift and the [},2]-acvyl shift or oxadi-n-methsne (ODPM) resrrangement. The earlier
literature on theso reactions has been extensively roviewedl, and the more recent mechanistic work
has boen the subject of a critical articlel, Some yoars ago wo initiated s study of substituent
and structural effects on the photochemistry of fy-emones, choosing for this purpose the
bicyclo(2,2,2)oct-5-en-2-0ne systom (1), because preliminary results were available for the
parent enone (1a)3, and because a range of substituted examples were readily aveilable from
aromatic starting materisls4. Effocts sssociated with ring-size and conformation were slso of
interest, and norbornenone(2), on which considerable data was availableS, and the
bicyclof3.2.1)oct-6-en-2-one (3) were included in the planned study. The present paper presents
some of our work with the enones 1 and 2, the basic festures of which are outlined in Scheme

1. Preliminary reports of some of these results have appearedf.
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RESULTS

A, Direct Irgradistion, Irradiation (300 om) of 1 and le¢ in a variety of solvents gave results
quslitatively very similar to those observed for 123, the expected [1.3)-acyl-shift product being
accompanied by volatile fragmentation products derived from l-methoxy-1,3-cyclohexadiene (108)°,
This group of products became more importent at longer resction times, in accord with their
observed formation as the only photoproducts from irradistion of 4% and 4ccf.3, This trend is
recorded in Jable II which lists the relative GLC peak arcas of 4% (A} 3) and the combined
fragmentation products (Ap) against resction time.

An important difference from the roported photochemistry of la was observed on direct
irradiation of l¢, when a small but reproducible yield of the ODPM product (S5¢) was formed.
Very careful reinvestigation of the direct irradiation of 1a and 2 revealed similar behaviour.
In none of the three cases was the anowmalous ODPN product selectively quenched by piperylene or
1,3-cyclohexadiene. Quantum yields for the direct irradiation and quenching experiments arec listed

io Table 1.

Iable I, Quantum Yields® for Direct Irradiations.

Eaone x 1.3 ODPN P -
1a - 0.6 0.03 -
10¢ 0.8 0.5 - 0.2
104 0.8 0.5 - 0.2 3.
e 0.5 - - -
1c 0.8% 0.66f 0.086f -
1c8 - 0.54 0.024 - e
1ed - 0.21 0.01 - 00-ne
loi - 0.14 0.008 -
2 0.6 0.3 0.004 - u

8fetones (~0.5M) irradiated (300nm). Results refer to M
~10% conversion and are the average of at lesst two runs.

GLC analyses were the aversge of at least throe injections: 12.
sstimated orror X10%. In the cases of 1a and 2

analysis was by a combination of GLC and solution ir: the
error was prodadbly D10%. Actinometry was by potassium
ferrioxalatel4 or by benzophenone-benhydro110, b F refers
to the quantum yield of combined fragmentation products.
CHeptane. YBenzene (254nm). *Mothanol. fValue obtained by
extrapolation to rero conversion. SBenzene

(14% conversion). bBenzone (0.28M piperylene). iBenzene
(1.47M piperylone).

B, Sensitized Irreadiatjop., Irradiation of 1b in acetone (254 or 300 nm), or in benzene
containing scetophenone (350 nm) gave the oxpoected ODPM product (Sb) in only very low yield. The
msjor product was bicyclol(3,3,0)octen-2,7-dione (9) which was isolsted in good chemical yield.
This reaction has obvious synthetic potential, and examples of its use have npponrod9 since the
originsl rcport“-. Irradiation of 5b in acetone solution yielded 9 as the only product.
Accompanying 5b and 9 in the sensitized irradistion of 1V were 4b and the same
fragmentation products observed on direct irrsdistion. 1¢ on sensitized irradiation gave Sc as
the major product, as expected. Also formed in low yield were the [1,3)-acyl shift product (de)
and fragmentation products, Similar dehaviour was exhidbited by 1a. The quantums yields for these

sensitized reactions are, listed in Yable III. In the case of 1b the photoreaction was followed

.Prc:u-lbly 2,3-dibydroanisole is the first formed photofragmentation product. A preliminary
ntudy7 revealed that this diene on irradistion gave 2,5-dihydroanisole and anisole, the process
being more efficient in presence of the enone 1b. In methanol, cyclohex-2-enone and
cyclobez-3-¢none, presumably arising from hydrolysis by traces of vater® were also present together
with loss volatile addition compounds.
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by the analysis of aliquots. The results are illustrated in Figmze 1. A notadle feature is the
delay in the build-up of the ODPN products (5¢ snd 9), debhaviour very reminiscont of that
reportod“- for norbormenone (2). This effect was found to be concentration-dependent, snd was

not appsrent at concentrations of 10 of less than 0.025X.

Table ]1I. Fragmentation Table JIXII. Quantum Yields for Sensitized Reactions.

Yield as a Function of Time.

Time(min) Ay 3/AF Enone Sensitizer @-( @opn @1.3
4 2.2 1a Acetone® 0.3 0.19 0.08
6 2.3 1 Acotone® 0.3 0.7 0.07%
8 2.2 1% Acetophenone® 0.034 0.016 0.001
10 2.1 1¢ Acetone?® 0.42 0.18 0.045
20 1.9 2d Acetone® 0.4 0.16 0.18
43 1.8 2¢ Acetone® 0.48° 0.11 0.16
120 1.0 2d Acetopheonone 0.14 0.13 0.013

2d Benzophenone 0.071 0.042 0.006

8Solvent:300nm. bConsiderable fragmentation observed:
F 0.08, €0.057N in benzene: 350nm. dDsta from
ref.5d. ®This study.

Quelitative quenching ezperiments revealed that under conditions of either acetone- or
acetophenome-sensitized irradiation of la—¢ and 2, piperylene and 1,3-cyclohexadiene (in
concentrations of ~0.01M.) markedly lowered the ratio ¥ 1 3/@oppy. In addition, the use of
soda-glass in place of pyrex tubes in the scotophenone-sensitized reactions of 1b and 2
produced s seloctive reduction in the yield of [1,3]-acyl shift product. Quantitstive quenching
dats in acetome for the enones 1b and 1o sre presented in JTable IV snd illustrated for le
in Fizuxe 2.

Table I¥: Quenching of Acetone-Sensitized Reactions of 1% and 1le.

(als ddeo dodas doormr | e §an Ob oo
(103m) (103m)

0 1 1 1 1] 1 1

2.33 1.26 - 1,62 1.06 1,00 1.66

4.66 1.59 - 3.44 2,11 0.85 2.08

6.99 2.09 - - 3.18 1.08 2.53

8.20 1.86 - 8.70 4.24 1.11 3.40

11.65 2,09 1.08 - 5.27 1,00 4.86

30.00 1.89 - - 6.37 1,31 6.58

49.00 1.96 0.98 - 7.43 1.11 7.52
__________________________________________________ e

detormined from plateau value (2.0) (-K). ©2e¢(0.046N) in acetone irradiated

81% (0.04M) in acetone irradiated (3003) or 60min. YValue for queachable reaction,
of Qo/
(300nm: SS% conversion) after five freeze-thaw cycles.

The Stern-Volmer expression for loss of starting material or formation of product in a situation in
which both sensitizer and substrate triplets msy be quenmched, is the qusdratic equation 1.
.6 .. S NI ITCERIY V) SAUrN ) | ppe— 1.
where kg and kg sre the rate constants for quenching of enone and sensitizer triplets
respectively. Since both piperylene (Er 243.7 LIN™1) and 1,3-cyclobexadiene (Ey 219 WIN"1)10 pgve

triplet oenergies much lower than ecither scetone (Br 330.2 RIN-1) or the enones under study
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(Ex 301-309 WIN1)cf.5d. it was assumed that these rate comstants could be taken as equal to kpjfg
(3.2x1010 y~14-1)10,11, 2: k_g is the sum of the rate constants for those processes by which
acetons triplets are destroyed, and may be regarded as the reciprocal of the lifetime of this
species in the resction medium. Differentiation of equation 1. roveals that the taogent to the
curved Stern-Volmer plot at (QJ=0 should be equsl to kp;er (% ¢ lli:t_s). For the cases of 1d

and 1c (seo Figuge 2) this quantity had the values 185250 and 330230 respectively. On the
assumption that triplet quenching is diffusion-controlled these figures lead to combined lifetimes
(v + l/i:k_s) 0f 5.721.5 ne for 1 and 1021 ns for 16. Analysis of the dats for 1c

(Isble ¥Y) using a non-linear least squares regression progn-l2 gave essentially identical
coefficients (230 and 23S5) for the quadratic expression 1. This led to values for t and III:k_s
of 6.9 and 7.1%20.7 ns. These values are in fair agreement with the result obtained by the simple

construction of a tangeot at the origin.
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Figaze 1: Irradistion of 1b(0.065N): Fisnze 2: 1.3-Cyclohezadiene quenching of
composition as function of time: o--1b, of the acetone-sensitized irradiation
e--45,0--5, 4--9, A--9(0.017N) of l¢ (0.044N),

C. Iriplet Sepsitizatiop Vis Tetrametbyldioxotane Thermolysis. It is well establishedl3 cthat the
thermolysis of tetramethyldioxetsne (TMD) results io the formation of a high yield of acetone
triplots and a very small yield of acetone singlets. Fiperiments were performed in which degassed
solutions of up to 0.75N TMD in benzene containing ~0.3M enone (1a,1d snd 2) were hested to

75°C and the products snalysed both by GLC and by solution ir. In all three cases the yield of
[1,3)-acyl shift product was much less than in photosensitized reactions carried out to the same
conversion (ODPN yiold)s‘. In the case of 1a the cyclodbutanone carbonyl vibration could not be
detected, in the case of 1b it was barely detectable and in the case of 2 it was loss than 20%

of the vealue from the photochemical experiment.

RISCUBSION

The series of Py-enones (la-c,2), while superficially oxhiditing the familiar dlchotonyl

botween direct ([1,3)-acyl shift) and sensitized (ODPM) irradiation, have on closer cxamination,
charscteristic roactivities which add to our understanding of these reactions,

A, Direct Irrediation, The question of whether the (1,3]-acyl shift involves a concerted

(n2g o2s) sigmatropic rearrangement or a-clcavage followed by radical recombination, has been
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debated since the first observation of this reactionl3. There sre to hand many cxamples of direct
irradiation leading to charscteristic radical-pair reactions: radical-recombination,
disproportionatioa, decarbonylation etc.16, It has not alvays been clear however that the
a-cleavage lay on the pathway to the [1,3)-acyl shift. More recently it hss been shown
unoqntvocnblyl7 that this resction may follow either a singlet or triplet radical-pair pathway in
cortain casos. None of theso results of course preclude the concerted pathway as a competing, or
dominant process ia some cases®, Ia particular the [1,3)-acyl shift observed on direct irrsdistion
of 1a bas been claimed as an example of such s proccsa’. This conclusion was based upon the
observations that the resction was not reversible, irrsdiation of 4a yielding only cyclohexzadie: :
and keteno, and that ketene did not appear to de & primary photoproduct. Houkl¢. has pointed out
that the results are equally compatidble with a-cloavage being the primsry photoreaction of both

1s and 4a, the resulting diradical reacting rapidly to give 4a and only slowly to give

ketene, recyclisation to la being uncompetitive.

1b behaved in a very similer fashion, but the dats of Table IJ. in spite of some scstter
st short reaction times, confirmed that in this case fragmentation, presumably via a-clesvage, is
compotitive with (1,3)-acyl shift. This result carries no implications adboant the multiplicity of
the intermediate diredical, or of the excited state from which it derives. The greater importance
of fragmentation in the photochemistry of 1b may reveal more facile a-cleavage. Alternatively
it may meroly indicete a ‘looser’ geometry for the dirsdicall®. FEither treod is in keeping with
the koown stabilizing effoect of the methoxzyl group on radical centres20,

The formation of ODPM products on direct irradistion of 1a,l¢ and 2 is perticularly
intriguing. The ODPM reaction on direct irrsdiation has rsrely been reported, intersystem crossing
to Tl(u-n‘) being uncompetitive with processes leading to (1,3]-acyl shifel.2, Exzceptions usually
iavolve compounds in which the two chromophores are poorly aligned for interaction2l or are not
rigidly so nligncd°f-22. In such cases the ODPM product is efficiently and selectively quenched by
triploet quenchers. The idea thst the resctions under discussion might also occur via intersystem
crossing to Ty was discounted by the observation that po differential quenching of the ODPN product
by 1,3-cyclobexadiene was observed (see Igble I). In contrast the production of the same
compound by sensitized irradistion was officiently quenched by concentrations of 1,3-cyclohexadiene
one or even twvo orders of magnitude less.

Ihese zesnlts would swmesx to cepresent the Llixst exameles of ODPN reesransemests
erisimatiag from some excited state of a Sr-encme (sresumably x-=°) other thas Iy.

Further studies on the mechanism of this interesting and hitherto unsuspected photoreaction are
described ia the sccompenying pnpor23.

B. Sensitized Irradistion, Tbo detailed mechanism of the photosensitized coaversion of 5b to 9
has not been studied by us, but may reasonsdbly be supposed to arise by a-cleavage of the
cyclopropane ring followed dy the formal loss of the methyl .roup" and adstraction of a hydrogen
stom (Scheme I). The cleavage resctions of cyclopropyl ketomes are well-knowal4 but do not
normally appear to intervene in ODPM resctions, The stabilizing effect of the methosxyl ;ronpzo on
one of the radical ceatres of the proposed intermediate (8) may be considered adequate to explain
the unususl behaviour of 5b.

The T) lifetime of 72 0.7 ns estimated for lc (Table IV and Figege 2) is in good
sgreoement with the values of 4 ns obtained by s competitive quenching cxperi.cntzs" for
bicyclo(4,4,0]dec-1(6)-en-3-one, and 6 ns obtained by s comdined sopsitizstion-quenching
experiment25d. for 3-chlorodbicyclo(3,2,1)oct~2-en-T7-0one. The comstruction of a tangent at the
origin of the curved Stern-Volmer plot gives an upper limit for Ty lifetimes, and may de thought

more coavenient, if less accurate than the Cristol method26, especially in cases where relatively

®A vapour-phase study of the photochemistry of 11 revealed that s part of the (1,3)-scyl shift
srose via a process bebaving towards quenchers as expected of a concerted procensIa.

*®It has been established that the metbyl group is lost as s wmethyl radical by the observation of
ethane smong the products (K.Schaffoner, Personal commupication).
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little substrate is available.

The values of 1/F k_g for 16 and 1e (~7 ns) deserve further comment. Zk_g would be
sxpected to include the rate constant for intersystem crossing to ground-state acetone (kyg).
(1065-1)10, qnd that for triplet energy transfer to the enmome (kpy.[(K)). kgT has been estimated by
several groups?2:27 to be of the order of 1x107¥"14-1, At the concentration of emone (le) used,
k_g should then bave s value of 1.46x1076 -1 and l/i:k_s s value of ~700 ns! This very large
discrepancy betwoen prediction and observation requires that an additional process for destruction
of acetone triplets with a rate constent k, ~108 -1 operates in these systems, which are
distinguished by the fact that virtually sll the incident light is absorbed withio the first
0.1-0.2 mm of neat acetons (15N) solutions. This will lead to a bigh concentration of scetone
triplets in this region, compared with that produced in dilute solution of acetonme. This in turn
may lead to the possidbility of triplet-triplet snnibhilation (equation 2)

Act ¢ AcT —-- ETT --% Acgy + Acg ------ 2.
Tho rate constant for this process (kyr) usually approaches kp;s¢ and for benzophenone in Freon is
221010y~1,-1 28 For ko (= kTT.[AcT]) to resch the required value of 1.4x108s"1 the concentration
of acetone triplets in the narrow, absorbing region of solution wowld need to reach 3.4x1073y,
This does not seem an unsttainable value, given the light intensities used (~3z1017 photons s~y

Each of the four enones studied yielded ODPXN products (Se, SO + 9, Sc and 7) on
irredistion in acetone, or in presence of acetophenone with quantum yields which fall within the
expected range (Iable Ve The sigaificantly lower quantum yield for the acetopbenone vs. the
scotone-sensitized reaction of 1b suggests a value for Ey of ~310 KIN"!, in sccord with other
ostimates3d.,27b..36 1a 411 four cases, the [1,3)-acyl shift product was also formed, and its
origin forms the subject matter of the remaining Discussion.

The early view of the [1,3)-acyl] shift as originating from the Sl(n—ﬂ‘) state of fy-enones
has been consideradly modified in recesat yc-roz. As early ss 1972, reports of sensitized
[1,3)-acyl shifts began to apponrsd"6‘~'29. suggesting s triplet state origin for the reaction,
slthoogh caveats adout such iaterpretations were raisedla. ba. Important coatridbutions by
Schaffnerl7.22 454 Schaster27- have firmly established that in certain cases the higher triplet
state [Ty(n-n®)) can bo involved in the [1,3)-acyl shift cither on direct irradiatios by
intersystem crossing, or on sensitization by high energy sonsitizers. While the early reports of
sensitized (1,3)-acyl shifts did not specify the triplet state involved, more rocent p.p.,.2Sb..30
bhave stressed population of Ty as the mechanism of these reactions. Support for this proposal is
found in the lower efficliency of the process when acetophenone (Et 310) rather than acetone
(Er 3270I01)10 14 used as the sensitizer (soe Iable IV).

It seemed to us that three mechanisms might in principle contribute to the sensitized
[1,3)-acyl shifts: a). direct sadsorption of light by the substrate, d). singlet energy transfer
from the sensitizer (in the case of acetone only in view of the very short lifetime of the
scetophenone excited singlet llll.lo, and c). population of Ty (n-x*). Direct absorption of light
by the substrate was considered aad rejected by En;ol"- for the acetophenone-sensitized reaction
of morbornenone, on the grounds that the enone did not absordb at 366 am, the exciting wavelength
used. Givens23b. on the other band acknowledged that in the acetophenone-sensitized reaction of
3-dromodicyclol3,2,1)oct~2~en-T7-0one (~0.01M) some light (~1.7%) was sbsorbed by the substrate,
and was sufficient to sccount for the odserved {1,3)-acy) shift in that case. In the cases of 1%
and 2 in our hands, the simple expodient of using soda-glass in place of pyrezx vessels for the
scetophenone-sensitized reactions revesled a selective reduction in the yield of the [1,3)-scyl
shift product. Since soda-glass outs out more light of wavelength ¢ 320 omlO the cloar inference
is that a part at least of these resctions must de attributed to direct light absorption by the
sudbstrate, Ian acetone solution of course, direct sbsorption of light by the onone is slways a
contingency, and neocessarily sccounts for some part of the observed quantum yield of (1,3]-acyl
shift product. Daubenl!®. gave oarly warning of this impediment to the unambiguous assignment of

triplet [1,3)-acyl shifts, and we have made the same cavoatbs., lpll(schisl. in & particularly
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clear-cut example showed that the acetone-sensitized [1,3)-acyl shift of 14 was concentration
dopondont‘

The possibility that the 51(0".) state of fy-enones might be populated dy singlet energy
transfer (SET) from acetone has been raised on a number of occasions, but usually
dismissed3d..250. The quostion was directly and quaatitatively addressed for the first time Dby
Schuster27b. who studied the fluorescence quenching of scetone by the fy-emone 12. He was able
to put & maximum value of 721098 1:~1 on kgpr, snd reached the conclusion that SET could sccount
for no more than 15% of the observed value of 1,3 in the acetone sensitized irradiation of 12.

A consideration of the quantum yields listed in Tables I snd JJIL. togethor with the
results of sensitization vis TMD thormolysis and the percentage of incident light absorbed by the
substrate (Iahle ¥: ostimated from tho relative extinction coefficients of scetone and substrate)
makes possible an assessmont of the relative importance of the three mechanisms in the casos under

discussion,

IaPle ¥. Direct Absorption of Iacident Light Duriag Acetone-Sonsitized Reactions.

Enone (X) ¢(300nm) % incident 61,3(prodlctod) 01'3(obunod)
light absorbed®
1a (0.098) 107 14.25 0.087 0.08
1 (0.063) 102 10.35 0.052 0.07b (0.094)°¢
1¢ (0.044) 122 7.36 0.049 0.045
(0.036)¢ 260 12.2 0.037 0.18
(0.099)e 260 27.0 0.081 0.16

8¢(acetone) =~ 4.5. Y55% conversion., SCalculated from data of Tables I. snd IV. dRef. Sd.
SThis study.

1a and lc are most simply dealt with., The dats of Tables I, IIJ snd Y suggest that
direct absorption of light can account for all the [1,3]-acyl shift observed. This is strongly
supported by the results of TMD thermolysis in presence of la, which led to no detectadle
[1,3)-shift product., We conclude that in these cases photosensitization by scetone does not
involve SET, and does not lesd to significant sensitized population of the Ty state®®,

The analysis of the sensitized reactions of 1b and 2 is more complex, sinmce direct
sbsorption of light can only accowat for psrt of the observed value of 91.3 (1b: $5-74%: 1:
25-50%). TMD thermolysis exporiments suggest that population of Tz(n—n‘) is very unimportsat
(< 10%) in the case of 1V but may account for ~20% of the value of j 3 in the case of 2. If
the assumption is made that SET is responsible for the remaining yield of (1,3)-acyl shift in each
case then, using the rate constant (451084-1)10 f(op intersystem crossing for acetone, rate
constants for SET for 10 and 2 may be estimated to be 2.66-5.66x108 N-15-1 and 0.74-6.5x107
W11 respectively. These fall within the upper limit for such s process estimated dy
Schuster27b.

Our snalysis may be summarised as follows. 1), Enones le and 1¢ give no sensitized
[1,3)-scyl shift products. The T; stete of these ketones is not populated on acetone
sonsitization. 2). Both 1b and 2 show behaviour which appears to require that SFET be
involved. They are the first examples of such dehaviour, slthough direct evidence is lacking, and
the estimsted values of kgpT make it unlikely that such evidence will be availadle from simple

acetono fluorescence-quenchiag experiments. 3). The T state of 2 is populated on

®The estadlishment of direct sbsorption of Jight by the substrate does not of course rule ont

Tz(n—n°), populsted dy intersystem crossing, as being partly or even solely responsible for the
observed [1,3)-acyl shift,

oo

The alternative possibility, tbat the Ty states of those ketones yield no [1,3)-acyl shift
product is partly discounted by the observation that thermal generation of 1¢ in this stste leads
to both ODPN and [1,3]1-acy!l shift products23.32,
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(1.3]-acyl shift product can be sccounted for in this waycf.5d.. The evidence in the case of 1b
is more equivocal, but it seems likely that this process contributes slightly to the observed

photochemistry.

The greater importssce of SET in the photochemistry of 10 and 2 may be rationalised in
torms of their lower singlet energies (1b snd 2: Eg 359.5 kJN"!: 1a and le: Eg 367.8 S ab b}
as ostimated from their absorption spectrs. Assuming that the simglet-triplet (a-2®) splitting for
this series of enones is similar, than the ssme rationsle may be applied to the grester importance
of Ty in the sonsitized photochemistry of 1b and 2. It msy be relevant that in one other case
(12) in which the Ty origin of the (1,3)-acyl shift has been unambiguously established27b., the
enone also has & low singlet enorgy (Eg = 359.5 Nl

The apparent delay in the buildup of ODPM products during the scetone-sensitized reactions of
1% and 2 (Figwre ] and ref. 5d.) may now be explained very simply. SET and adsorption of
light by the sudstrate, both of which sre conceatration dependent, will be more important im the
carly stages of the reaction. At higher conversions, triplet energy transfer, leading to
population of the enone Tl("'".) state becomes dominent, resulting in a more repid buildup of the
derived ODPN products. At low initisl concentrations of 1b the effect., as expocted on this
analysis, becomos undetectabdle.

Finally, it seems worthwhile repeating our earlier varnlng‘l- that in the sensitized
photochemistry of By-unsstursted ketones, the diagnosis of triplet [1,3)-acyl shifts requires
great caution, especislly when the quantum yield for the process on direct irradiation is high,
Absorption of light by the substrate is important in acetone, and may be so in
scetophenone-sensitized reactions. Further, SET cannot be ignored., and the value of Eg scems

important in this context.

Melting poists were detormined on s hot-stage, or in capillary, and are
uncorrected. GLC was performed on a Pye Model 204 using 1/8in. z 4', and 1/8in. x 9’ stainless
steel columns. Proparative GLC vas performed on the same instrument using a 1/4in. x 16’ glass
columa, or on an F and N Prepmaster Model 75 using 3/4in. x 8' stainless steel columns. Spectrs
wore obtained on the following instruments: omr: Varian MNodel A60-A, Jeol Model FX100: ir: Perkin
Elmer Models 125 and 225: wov: Unicam Model SPS80O-A: NMS: Varian Model MAT CR-7. Irradistions
were performed in a Rayonet reactor fitted with a merry-go-round sample holder and RPR 253.7, 300,
and 350 nm lamps. Sample tudbos wore of quartz, pyrex or soda-glass.

Matexials: All solvents were of Anslar grade and were dried by standard procedures and stored
over molecular sieves. The ketones (la—c and 2) were prepared by published procodnros"33, and
purifiod by distillation, prepsrative GLC and column chromstography, Nitrogen (‘white spot’) was
freed from oxygon by bubbling through chromous chloride solution, and dried dy passage through
concentrated sulphuric acid and over KOB pellets.
Dizect Izxadiatioms of 1d 1). 1b (0.33) in ethor (15 ml1) was flushed with nitrogen for 1§
minutes and irradisted (300 nm) in & quartz tube. GLC analysis after 2 minutes rovealed a new peak
with rolstive retention time (RRT) of 1.2 (relative to starting material), and more volatile
compoanents of RRT 0.09, 0.11 and 0.14. The longer rotained peak grew to a mazimum and then began
to decsy with time. Removal of solvent followed by preparative HPLC using chloroform:hexane (3:2)
yielded three fractions. Fractjon ) contained a mixzture of 2,3-dihydroanisole, 2,5~dibydroanisole
and saisole, identified by GIC, ir sand nmr comparison with authentic samples. Frectjon 2 contained
unreacted starting material and fraction 3 contsined a low yield of a compound identified as
3-methoxvbicyclol4,2,0]l0ct-2-0n-8-0opne: (4¥). 2). 1b (0.16g) in benzenes (10ml) was flushed
with nitrogen (15 min,) and irradisted (253.7 nm) for two hours in s quartz tube. Romoval of
solvent gave s product (0.055g) containing (dby GLC) 95% of 4% (RRT 1.2): uv, 290 nm: ir (neat),
2980,2930,2850,2830,1775 (C=0),1653 (C=C),1440,1370,1270,1165,1055,790,760.680 ca~): nmr . (CCly)
8 1.6-2.4 (SH: m), 2.6-3.1 (2H: ABXY, Jag 6Hz), 3.53 (3H: s, OCH3), 3.7 (1A: m) and 4.55 (1H: d,
J=6Hz, vinyl proton). The semicardazone (ex othanol) had mp 20S°: MNS: 209 (CyoHysN302. [ AN

To 4 (0.1g) in 1,2-dimethoxyethane (DNE: 10ml1) was added 50% squeous acetic acid (Sml) and
the mixture stirred for 8 hours, poured into Nefl(O3 solution and extracted with ether. The extract
was washed with brinme, dried (MgSO4) and evaporsted. Preparative GLC gave
bicvclo[4,2,0loczan-3,8-djope as a colourless oil: uv (MeON) 295 nm(e 30): ir (CCly) 1788
(cyclobutanons),1722 (C=0), 1450,1390,1360,1315,1120,1110 cm }: nmr (CCly), 8 1.9-3.7 (m°'s):
NS: 138 (CgHyjp02, M*), 110 (M*-CO), 95 (110*-CRHjy) .
Rirect Izradistios of 1c¢ 1c (0.6g) in benzene (60ml) was placed in four phototubes, flushed
with nitrogen, sealed and irradiated in a morry-go-round apparatus for 2 hours. GLC analysis of
the product showed two new peaks (RRT 0.88 and 1.68) in the ratio of about 10:1., These were
soparsted in ) 98% purity by preparative GLC. The larger f{raction was identified as
1-pethosybicyclol4,2,0l0c3-4-en-T-one: (4c): ir (neat) 3040,2930,2830,1780 (C-0),1640
(C-C),1‘40,1388.1347,1330,1250.1222.1110.1062,1042,!030,990.925.890,870,852.745,722 and 680 ¢m!:
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ner, & 1.07-3.07 (70: ®),3.31 (3H: s, OCH3), 3.59 (1H: d.J=6Hx), $.51-6.11 (2B: m, vinyl
protons). The minor product was identified as l-methoxytricyclo{3,3,0,0¢%]loctan-3-ops. (Se),
identical by GLC, uv, ir snd nmr with the main product of semsitized irrediation of 1le.

- Igrzadiation of 1» 1b (0.15g) in acetone (15ml) was flushed with nitrogen
(15 min.) and irradiated (300 nm). After S min., new peaks with RRT 0.14, 1.1, and 1.2 were
observed. After 30 min. a further peak (RRT 4.58) appeared. This continued to grow, sad after 20
hr. was the dominsnt feature. Preparative GLC gave bicvclo[3,3.0locten-2.7-dione. (9) as & white
crystalline solid: mp 50-520: ir (CCly) 1740 (C~0), 1400, 1360, 1170, 1150, 1120, 1090, 1070 ol
nmr, § 1.0-2.5 (complex m.): S, 138 (CgHy0, N*), 110, 96. A semicarbazone was prepared,
mp 240°0: NS 195 (CoBy3N302 ,N*). (Foupd: N,21.40. Calculated for CoHy3N3O2: N, 21.54%).

After S hr, irradiation the poak of RRT 1.1 was st its mazimum. The products of several such
irrsdistions were combined, solvents removed and subjected to prepsrative GLC. A low yield of the
product was obtained in ) 98% purity, sas judged by GLC, and identified as

o ricyclof3,3,0,0%%locten-7-ope. (5B): uv (EtOR) 270 am (¢ 180), ir (CCly)
2940 2860,2820,174S (C~0), 1400, 1225, 1160, 1130, 1090, 1025, 695 cn". amr (CClg: 100MH2),

5 2.0 (2H: »), 3.62 (30: s, OCH3): NS 152 (CgHy20,, M*), 137 (M*- CH3).

Irradiation of Sb in acetone gave the diketone (9) as the only detectable product by GLC.
This was also the only product formed on treatment of Sc in aqueous DME with toluene-p-sulphoaic
acid.

Acetone Semsitized Irradjiationm of l¢: 1lc (0.606g) in acetono (60m)) was devided betwveen 4
phototudbes and irradiated as described. After 1 br. GLC analysis showed s major new pesk (RRT
1.68), and & minor peak (RRT 0.88). Removal of solvent from the aliquot and ir (CCly) enslysis
showed carbonyl peaks at 1720 (s) and 1780 (w) ce~l., On the basis of GLC retention time and ir,
the minor pesk was identified as 4c. After further irradiation for 6 hr,, GLC snalysis revoaled
that the peak of RRT 1.68 was the msjor component. Preparative GLC gave
1 methogytricyclo[3,3,0,0%loctan-3-0pe. (Sc¢) in 98% purity, as & colourless oil: uv (NeOH)
264 nm (e 170): ir (neat) 2950, 2880, 2830, 1720 (C=0), 1325, 1310, 1225, 1140, 1115, 1090, 1005,
980, 930, 920, 882, 862, 810 ca~!: omr (CCly), & 1,6-2.3 (7B: w), 2.5 (28: broad s), 3.37 (3B:
s, OCH3).
Bogsuzeoments., All messurements were performed in the cavity of a Rayonmot

Photochemical Reactor, using s merry-go-roond attachment. All reactions were performed im quart:
(300 nm) or pyrex (350 nm) phototudbes, and were degassed defore irradiation either by flushing with
oxygen-free nitrogen, or by several frooze-thaw cycles on a vacuus-line. Light intensities were
measured both before snd after a series of determinstions, using ferriozalate 14,34 o,
benzophenonel0 sctinometry. Chemicsl yields of products and conversions of starting materiels were
determined by GLC analysis using sdded scetophenone (1d), triglyme (le¢) or diglyme (1a end
2) as internal standard. Relative response ratios of By-enones used were determined using s
calibration curve derived from analysis of known mixtaores of enmone and standard. Integration was
by triangulstion or by use of a Varisn Aerograpb Model 480 Integrator. In the case of partislly
resolved peaks (e.g. 10,4d and 50) s DuPont Model 310 Curve Resolver was used. A minimum of
three injections, and three phototubes were used in cach determinstion. The estimated orror
is 10% Io the cases of 1a and 2, in which the starting material and [1,3)-acyl shift product
were unresolved on GLC, additional asnalysis was performed by solution ir (CClq), using & Perkin
Elmer Model 225 Spectrophotometer, and acetophenone as an internal standard.
Quenchiax Experimests: Quantum yields were dotermined as described adove. Each tube contained
an accurately weighed quantity of the appropriate quencher. The phototubes were degassed either by
flushing with nitrogen, or by several freezo-thaw cycles before irrsdistion. In each
determination, one tube without quencher was usod as s standard.

Injtinted Reactions T35 was prepared and stored at -20°C in small Quantities
(~50-100mg). Solutions of TMD (~0.75M) and the appropriste coone (~0.4MH) in benzone were
degassed with oxygen-free nitrogen, sealed and heated to 75* for 2 hr. The solvents were removed
and ir (CCly), and GLC anpalysis performed.
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