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Abstxagt-the snquenchable ODPM resction observed om direct irradiation of
three Py-unsaturated ketones bas beon studied in solution and in the
vapour-phaso. The results suggest that the higher triplet state might be
the origin of this reaction. Thermal goneratios of this excited state in
one csse supports the comclusion., The vapour-phase results further suggest
the existence of both diredicsl and concerted pathways for the [1,3)-acyl
shift from the excited singlet state, and the possibility of s similar
psttorn from the higher triplet state.

Early studies on the oxadi-n-methane (ODPN) rearrangement2 (e.g. 1--» 3: 2--5 4) indicated

that the reactiom occured from the lowest excited triplet state (T, x-2*). In earlier
communicationsl:3 we have reported that the By-emone 1b yields the ODPM product $» onm direct
irradiation ss well as on semsitization by acetone or acetophemone. Similar behsviour was
oxhibited by 1a and 2. That different excited states were involved ia the two modes of

resction was indicated dy quenchimg experiments: no selective queaching was observed inm the direct
irradiations, while the sensitized ODPN reaction wes efficiently qnonchodl. There are very few
indications in the literature4 that the ODPN reaction might arise from anmy excited state other than

Ty (x-n®), and this paper documents some of our investigations into the origin of this unusual
photoreaction.
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RESUL.TS
A: Solutiop Photochemistry, The solution photochomistry of 1b has deen roportodl'3. The
published dats on the photochemistries of 125 end 26 give no indication of an ODPX
rearrangement sccompanying the [1,3)-acyl skift on direct irradiation. Very careful
reinvestigation of these reactions revealed smsll bdut reproducible yields of ODPM products (38
and 4). In both cases,these products remained unquenched in presence of quite high
concentrations of 1,3-cycohoxasdiene (Iable I). This is in marked contrast to the efficient
quenching observed in the sensitized ODPN resctions.

Further ovidence that the ODPN rearrangement was occuring from two distinct excited states of
1b oo acotone sonsitization was obtained from quenching ezperiments with plporylono3°-. At low
quencher concentrations the expected curved Stern-Volmer plot was obtained cf.1, At high quencher
concentration (0.1M) this curve showed signs of levelling off, implying that resction was also

arising from some more short-lived state.

Iadle X Solution Photochemistry of la, 1b and 2 (300om),

Epone  Quenchert (M) X Ql.s Qonw Qx.s@ ODPN Time (min.)
1s 0 0.58 0.39 0.017 2.3 30
1s 0.15 0.46 0.37 0.016 23(61)0 30
1 0 0.5¢ 0.29¢ 0.025¢ 11.5 40
1 0.19 0.39 0.24 0.022 11.0(6.9)b 40
2 0 0.711 0.29 0.004 73 37
2 0.14 0.54 0.22 0.009 22(101)® 37

81,3-Cyclohezadiene. b254nm. SValues taken from plot of Qunnn timel and nsed to
dotermine light intensities in this series of experiments.

B: Attewpted Thosmal Geperstion of Triplet Iz(p-2%) States, 1.2-Dioxetanes, on thermsl
decomposition are well-known? to yield cardonyl compounds in the triplet oxcited state. In the
case of tetramethyldioxetane the ratio of triplets to excited singlets of acetone prodmced is of
the order of 100:18. It seoemed to us that the decomposition of diozetsnes such as S might be
expectoed to yield the Tz(n—n.) states of the ketonmes 1, since the excitation sssocisted with the
thermolysis should be concentrated on the carbonyl function. We were encoursged in this view by
the publication dy Schaffner? of results of the thermolysis of 7. His data was interpreted in
teras of the initisl production of the Tz(n—n’) state, which yielded the [1,3)-acyl shift product
9 and ( supposedly by prior ioternal cooversion to Tl(n—u‘)) the ODPM product (10), (Scheme
I.

Our first attempts along these lines were directed at Se becanse of the ready availadility
of enone 1¢10. Reaction with leOCE-PO;ll gave the enol ethers 11 and 12 in fair yield, and
in sbout equal quantities, as judged by GLC asnalysis. Attempted purification by distillation gave
s single isomer, the nmr spectrum of which showed it to be 12 (Sgheme II). Enone 1b on
similar troatment gave two products (14 snd 13), in comparable yield, slthough here agsin the
ratio appeared to change on distillation, separable in 98% purity by preparative GLC. Their
structuros were assigned on the basis of their namr spectra (sece Experimental section).

Attempted pholooxldatlonlz of the enol others 12, 14, and 15 proved disappointing. In
all three cases photooxidation was efficient, as measured by the dissppesrence of the starting
material, but only in the case of the Z-isomer 15 was there any indicatioa of dioxetane
formation, and even in that cese it was very much the minor product. In all cases, hydroperoxide
formation was the preferred mode of reaction (Scheme II). Thermolysis of the photoozidation
mixtures led, in the cases of 12 and 14 to no recognisable products. In the case of 15
bowever small quantities of materials, identical by GLC to the [1,3)-scyl shift and ODPN products,

were observed. The relative proportions of these products obtained on direct irradistion, oan



Photochemical studies on bicyclic Sy-unsaturated ketones—II 3761

sensitized irradiation, and on thermolysis of the dioxetane (18) are listed in Table II.

& (31—
e

u 2. oo
n.
”
Ot [ ]
1. 1¢
@; @Xn 18
B
(. ]
18 17
Scheme 111
—
L )

Table JI: (1,3)-acyl shift and ODPN products
of 1b : dependence of relative importance on
roote of formation.

Conditions. 91'3/9009)‘
Direct Irradiation. 11.0
Acetone Sensitization. 0.30
Thermolysis of 18, 2,38
C.Flash Vacuym Thermolysis Exzperjments, It bas

been sn.;o-todl3 that a possible mechanism for
some [1,3]-acyl shbift reactions might iavolve
excitation to Sy(n-n®) followed by retarn to the
ground-state PE-surface on which rearrangement
subsequontly occurs. Ia the case in question, a
thermal [1,3)-acyl shift had slso been
observedl4, we explored this possibility in the
cases of 1b and le. The ketone was allowed

to distil under vacuum (mercury diffusion pump)
through a tubular silica furnsce (20cms.) hested
to temperatures betwoen 300 and 500°C., The
distillate was collected in a liquid nitrogen
trap. In neither case was any photoproduct
observed, but ecnone 1¢ gave a clean (~50%
chemical yield) comversion to the comjugated
enone 6. This i3 also the product of the
non-aqueous scid-catalysed rearrangement of
1610, Further work is needed to establish if
this thermsl process is & surface acid-catalysed
reaction, or an unusual, but allowed

(24 + g24 *+424) pericyclic resction (Scheme
an.
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D; Yspour Phase Studies, (Qualitative studies were performed on enones 1a,1b aad 2. The

enones were introduced as vapour into & quarts reaction vessel evacuated to 10-4 torr. (soe
Experimental section), and irradisted (300 or 253.7 am) in the cavity of s Rsyonet photochemical
reactor for varying periods of time. The products were then comdensed, dissolved in solvent and
analysed by GLC and solution ir. The results revesled that the importsnce of the [(1,3)-acyl shift
relstive to the ODPN reaction was much reduced in the vapour-phase snd that s wavelength effect
existed, the ratio in question being lower st 253.7 than at 300 mm. There also appesred to de &
minor wavelength effect in solution (Takle J). No indication as to whethor those changes
reflected a decrease in ’1‘3 or an increase in Qopp- ( or doth) could be obtained from these

results,

Table I1I: Quantitative Vapour Phase Results.

Enone Time (sec.) Q-l ’l,.‘i .on” QI.J/QODPI
1a 600 0.53 0.02 0.003 6.7
1 300 -a 0.03 0.04 0.8
1b 900 0.56 0.11 0.023 4.8
1» 2580 0.27 0.01 0.005 2.0
900 0.35 0.05 0.005 10.0
900 -8 0.04 0.004 10.0

SApparent values of ’-g woere impossibly large ()1) im these exporiments: see
discuasion.

Quantitative experiments were performed using 2-hezanome actinometrylS, In view of the low
volatility of the substrates, and the very low proportion of the imcident light absorbed ia these
irradistioas, calculations of quantum yields were based upos GLC snalysis wsing sn iaternal
standard (diglywe, 1a and 2: triglyme, 1), snd the relative solution extinction

coefficients of substrates and 2-hexsnone. Experiments were also performed in presence of aitrogen

and of zemon (15torr.). The results are listed in Takle IV.

Takle I¥: Effect of Inert Gasses on Vapour Phase Photochemistry.

1a 900 0.34 0.12 0.002 60
1 300 - 0.06 0.022 2.7
2 600 0.62 0.06 0.002 30

1a %00 0.56 0.16 0.003 53.3

1 300 - 0.08 0.019 4.2

2 600 0.46 0.018 0.003 $.3
RISCURSION

Solutiop Phase Experiments, Pbotolyses iam solution showed quite clearly that in the case of the

three fy-unsaturated ketones la, 1% and 2, the ODPN rearrangement originates, rather
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inofficiontly, from some state otber than Tl(x-w.) as well as, officiently, from that state on
sensitization. No ideatification of the state responsible was possible from theso experiments,
although the queaching studies indicated that it was of short lifotime. The present state of
knovledge of fy-enone photochnhtryz-“ would point to Sl(n-n°) or 'I'z(n-u°). (or possibly both)
as the origin of this unusus] photoreaction.

Djoxetage Thormolysis. The formation and thermolysis of dioxetanes such es 18 turned out, im oumr
hands to be very unpredictable aad sensitive to structure. Our limited success in this sres is
open to more than one interpretation.

1). Thermolysis leads to formation of the T;(n-n') state, which then partitions between [1,3]-acyl
shift and ODPM rearrangement. If the further assumption is made that intoroal conversion from
‘rz(n—n°) to Tﬂn—n') is uncompetitive with processes loading to resctioncf-17, then the solution
photochemistry of 1b can be represented by Scheme IV¥. Qualitatively similar schemes could

presumably describe the photochemistrios of 1a and 2.
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2). Thermolysis leads to the Ty state which then partitions detween [1,3)-acyl shift snd imternal
conversion to Ty(n-n®) which in turn yields the ODPM product. This scheme would rale ocut Ty as an
importsnt contributor to the solution photochemistry of 1b, since in that case the ODPN product
formed on direct irrsdiation is unquenchable. Clearly intermediste possidilities also exist and
future experiments to clarify this issue must include the pyrolysis of dioxetanes ssch as 18 in
proesence of efficient triplet quenchers.

Finally, the assumption that the thermolysis of such diozotanes must lesd to the production of
the Ty(n-x°) state may itself be suspect in the case of conformatiomslly rigid systems such as
18. The (proesumably) sterically preferred gado-photooxidastion may well lesd on thermolysis to
interaction with the orbitals of the slkene moioty, and direct production of the Tl(x-n°) state.
Here again, thermolysis experiments in presence of quenchers are indiceted. Vork is ip hend
designed to avoid the preparstive difficultios encouatered in this study, snd to probe the

involvement of Ty (n-n") in the thermolyses.

Vapour-Pbase Experiments. Msny vapour-phase studies on carbonyl compouads have been reported, aad
the subject has been revieved!®. To our knowledge, the only other vapour-phase stody of s
fy-unsaturated ketone is that by Schaftnerl? oa the 3-scetylcyclopentens (8), conducted in
presence of s sufficient pressure of imert gas to onsure that the excited states involved were
fully vibrationally relezed defore roaction. Our experiments were conducted in the first instance
at low pressures ( ~O.ltorr,) which approximate to 'isolsted molecule’ comditions, inm the hope of
seeing changes in reactivity which could bde associsted with vidbrations]l excitstion, and probed bdy
collisional relaxation in presence of inert gases.

The results described here must be regarded as preliminary in natore, snd inherently somewhat
inaccurate. This is particularly true of the values of ’-l: those of Ql‘g and §00P‘l carey
grester confidence. In spite of these caveats, some clearly defined trends are revealed and
teatative conclusions may be drewn which sre ssfficiently novel in the comtext of currest

lhooryz'“ to merit discussion at this stage.

A. The date of Yables I snd JY show that §1,3 is dramatically redoced compared with its valwe
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in solution, while 900” is but little affected. At the same time, thoe efficiency of
fragmentation processes are high in the vapour-phaso, and the values of Q.{ , while intrinsically
unreliable, do not seem to be markedly lower than in solution. The effect of added nitrogen is to
increase Ql.! but not to restore it to the solution value.

A simple interpretation of theose observations could be that a-cleavage to a singlot
diradical is very efficient from the higher vibrational levels of Sy(n-x*). 1In solaution the
radical centres, constrained within bonding distance by the solvent cage can lead relatively
efficiently to {1,3)-acyl shift, or to fragmentation products. In the vapour-phase the excess
energy of the vibrationally uanrelaxed singlet state (SI.n-x') should result in vidbrational and
rotational motions of the diradicsl, placing it in a conformation from which fragmentation is
favoured (Scheme ¥). The effect of added nitrogen (15torr.) must be to bring adbout vidbrational
rolaxation of the Sy(o-x®) statecf-21.228.. Tho enhanced value of 91'3 under these conditions s
interesting. since even at the lowest vibrational level of Sy (Eg = 359.SkIM 1)) the energy is much
in oxcess of that required to bring about c—clonvnlozo. The rosults would appear to indicate
that from the lower levels of Sy, a copcerted (425 * n2g) [1,3)-acyl shift occurs in each of the

three cases studied.

]l

————+ Pragmentation
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These results are in goneral agreement with Shaffnor’s? and Schuster’sl? observation of a
diradical route to the [1,3)-acyl shift from Sl(n-ﬂ°) involving an activation barrier. Similar
conclusions have boen derived from the vapour-phase photochemistries of cyclobutanone,
cyclopentanone and 7-norbornanone2l:22, The wavelength effect in the solution photochemistry of
1b, irrediation at 254nm populating higher vibrational levels of S; than st 300nm is also in line
with this anslysis. The conclusion that a concerted route to the (1,3)-acyl shift product might be
followed from the vibrationally relaxed S; state is supported by the ntudyl9 of the vapour-phase
photochemistry of 8. Addition of nitric oxide or oxygen led to substantial quenching of the
[1,3)-acyl shift, but s residusl resction behaved ss though concerted.

It should be noted that an alternative interpretation of these results is possidble. It is
Xnown that for simple carbonyl compounds the rate of non-radistive decay of the S‘(n-=°) state is
dramatically enbanced by excess vibrational energy. In more than one case the enhancement hes been

related to an increase in the rate of internal conversion (S;——- kic--» 53)23. It may be that
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our results can be accounted for in terms of internal returo to a 'hot’ ground state (S;) from
which a-cleavage is efficiont in the absence of collisional relazation®.

This anslysis would predict that 0_‘ should decrease in presence of moderate pressures of
nitrogen, throwgh vibrationsl relazation of the ‘hot’ ground state. Our present techniques are
inadequate to test this hypothesis, bnt work is in hand which will allow more precise moasurement
of ’_‘.

B. The effect of sdded xenos is particulerly iateresting (Table Y). In the cases of 1a and

Id the effect is pot markedly different from that of nitrogen, although the slight increase ix:‘i'
might be o resl offect. In the cese of 2, po incresse in 61.3 relative to the low pressure

experimont was observed. In all three cases the effect on QOOP' was too small to merit comment at

this stage.

The ability of xenoam, like other heavy atoms, to onhance intersystem crossing by spin-orbit
coupling is widely knovnz‘, slthough no such perturbation has been observed in the photochemistry
of simple carboayl co-ponndlzs. More recently, Schustor!7 has shown that the process
$y--- Kisc--» Tz(n-l°) is oenhanced in solution by zenon. To our kmowledge, no other study on the
effect of 20800 on the vapour-phase photochemistry of Py-enones has been reported.

Our preliminary results must obviously be interpreted with comsiderable caution. Our basic
assumaption was that differences in the effects of nitrogen and zenon could be attridbuted to
enhanced intersystem crossing to Ty in the latter case. On this basis we must conclude that 2 in
presence of moderate pressures of zenon undergoes efficient intersystem crossing to Tz(n—n°) from
which the dominant reaction is a-closvage leading to fragmentation prodects. The unchanged, or
possibly slightly raised value of QODPI ia this system would point to Ty as the origin of the ODPM
reaction.

The results from experiments with 1a and 1b were more ambiguous. If we ressonably sssuxe
thet in these cases also, intersystem crossing to Ty is enhanced by zenon, then theso less strained
ketones preferentially undergo s (1,3]-acyl shift from T;, presumsbly via an wnuseal2? tight
diradiceloid pathway. Im both cases, Ty is slso the origin of s rather inefficient ODPM
reaction®®,

¥e have assaomed in this discussion that in the vaposr-phase, as in solutionl the Tl(n—n°)
state is not populsted either by intersystem crossing from Sy or by internal conversion from Ty,
single oxporiment in which 1,3-cyclohexsdiene (~1Storr.) was introduced to the resction vessel
produced no selective queaching of the ODPN product.

C. Summsgy. 1). The By-onones 1a, 1b snd 2 give rise to ODPN reactions on sensitization
(from the Ty(n-n") state) and slso. on direct irradistion from the Ty(n-2*) state, (or less
probadbly, from the Sy(a-n®) state). The quantum yield (Qoon) on direct irradiation is, ia the
casos of la and 1b, comparadle with that observed in the only other unambiguous case of an ODPN
reaction originating from some other state than Tl(n—n°)‘. It is tempting to think that this
teaction may be of more geameral occuronce. A possible exemple in the )iterature is the ODPM
roaction ocurring on direct irradistion of 3-lcotylcycloponteno.9'26. It is also tempting to
speculate that this reaction may be an ozample of the illusive (n24%g2,) mechanism for the ODPH
resrrangement, rather than the commonly observed dirsdical p.(h'nyC"z. The stereochemistry
observed in the case of B-1-cysno-3,3.5-trimethylbox-1-en-4-one4 lends support to this
speculatioa.

2). The (1.,3)-acyl shift can arise in the case of 1b ( and possibly slso the other
enones studied) from both the S; and Ty states in line with recent reports on other enones?. 16

Elevated tomperatures (254am in solution: ‘isolated molecule’ conditions in the vapour-phase)

*The abseace of (1,3)-acyl shift or ODPN reaction in the Flash Vacuum Thermolysis experiments does
not conflict with this interpretation, since at the low pressures involves ( ~0.ltorr.)
fragmeststioa would be ozpected to predominate.

**The alternative interpretation, thset S1—-9 T3 is not perturbed by zenon seoms unlikely, unless
this process is already officient in these onmones. In either case this viow would point to both §
and Ty as the origin of the ODPN roactions.
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snd to fragmentation in the vapour.

3). There is evidence for a triplet dirsdical psthwsy in the vapour—phase
photochemistry of 2. If perturdation by xzenon is effoctive in all three cases then 1s and 1d
react from T, in & masner expected for s concerted [1,3]-acy] shift,

4). V¥hile there is no evidence of photockemical scyl-shift products occuring from »
‘hot' ground stato in the vapour-phase, the possidbility that this process contridutes to solution
{1,3]-acyl shifts and to vapour—phase fragmentation cannot be roled out.

While these conclusions must be regarded as tentative at this stage, our resalts do suggest
that the photochemistry of bicyclic Py-enoses msy be consideradbly more complex than i{s currently
accepted2.16  Further work is indicated and planned to test these conclusioms. It is vorth noting
that the identification of excited states involved in tho photochemistry of these bicyclic enones

is hampered by the adbsence of detectadble fluorescence in our hands.

EXFERINECAL
Iastzxumentation aAnd matexinls sre as descridbed in the preceding paper.
E-1-lethexy-2-methoxymethkvienshiovslo(2,2.2100t-5-ene (12). To methoxymethyltriphenyl

phosphonium chloride (13.6g) suspended in sodium dried ether (S00m1), cooled to -80° and under an
stmosphere of dry nitrogen, was added butyl lithiom (1.6M: 25ml) in hexane. After 5 min. stirring,
the enone (lo: 2.0g) in other (10ml) was added and the solution alloved to wara to room

temperature and stirred for 24 hr. The solvent was removed and the residue suspended in pentane
(100ml), filtered and the filtrate washed with pentane (2x50ml). Removal of the solveat gave the
crude product (2.5g) as s yellow oil. GLC revesled four components: enone le¢ (13.3%), Z-11
(37.5%): B-12 (39.8%) and an unidentified component (9.4%). The crude product was distilled

twice using s Hickman still (ltorr.) to give a colourless liquid (1.25g). GLC anslysis shoved this
to be largely B-12 (78.7%), containing no detectadle Z-isomer: also presont were the parent

onons (l1e: 15.1%) and an uvaidentified, more volatile component (7.7%). Attempts at further
purification dy propareative OLC or column chromatograsphy led to decomposition,

Spectral dats (after romoving signsls associated with the enone 1l¢) were as follows: jr:
3060, 2870, 2840, 1680 (C=C), 1463, 1440, 1370, 1330, 1305, 1270, 1255, 1225, 1125, 950, 910, 855,
870, 750, 700 om~1. pgar: (CCly: 60MHz) 8 0.68-1.85 (4H: complex m), 1.9-2.21 (2H: doubdlet of
doudlets: Jax SHx, Jay 2Br), 2.28-2.68(1H: a), 3.28(3H: s, bridgehead OCH3), 3.43 (38: s, OCH3),
$.75-5.91(1B: t, Jys 2Hz), 5.91-6.41 (2H: m). This material was used in photooxidation experiments
withont further purification.

R- and Z-1flethoxy-3-methoxymetkvisnebiovelo(2.2,2]cet-2-ene (14 and 135). The procedure was

exactly as in the previous expefiment except that after warming to room tempersture the mizture was

stirred for only 1 hr. MNethoxymethyltriphenylphosphonium chloride (9.04g), emone 1b (1.2g) and

botyl lithiwe (1.6M in hezane: 12.36ml) gave 1.5g. of a crude prodact. GLC revesled the presence

of five volatile components: onchanged enone (11.5%), 14 (17.0%), 13 (31.5%) and two

unidentified components (25.6 and 14.6%). Distillation (twice) using a Bickman still (dbp 68-88°)

gave & colourless, viscous oil (0.7g). GLC analysis showed the same five components, 1d (11.1%),

14 (30.5%), 135 (34.2%), and unidentified components (15.8 and 8.4%). Ir (after removal of

peaks associated with 1B) showed peaks at 3105, 2965, 2885, 1690 (C=C),1610, 1460, 1365, 1325,

1305, 128S, 1265, 1240, 1205, 1180, 1105, 1035, 1005, 985, 960, 925, 835, and 785 ca~l,
Proparative GLC gave samples of 14 and 135 in greater than 98% purity ss judged dby GLC.

They were identified by thelr nmr spectra, detailed below.

Hd Hg
M OMe £
9 14. 6 1.14-1.89 (4H: cowplex =, B,), 2.13-2.34 (2B:
.\’* broad d. Jyo 2.5Hz, By), 2.56-2.89 (1H: complex m,Hy), 3.39
b (38: s, Hy), 3.53 (3H: s, Hy), 5.81-5.98(1H: ¢, Jp 2.5Hz,
g.), 6.19-6.43 (2H: complex ,m, H ).
OMe ¢ s
€
Hg QMef
H 1S, 8 1.17 (4B: complex =, H,), 2.19 (28: broad s.
7 H C By), 2.55-2.82 (18: complex m, Hy), 3.37 (3A: s, 0,), 3.52
g. = (38: s, By), $.73 (1H: broad s, B,), 6.18-6.33 (28:
complex m, H,).
H, b s
2
oM

Resctions of 12. 14. and 13 with siaslet oxysem, The diene (50mg) in Freon 11 (20ml) was placed

in the outer cavity of a double-walled vessel equippod with & magaetic stirrer, and optical
windows. Polymer-bound Rose Bengal28 (400mg) was added, and a stream of oxygen passed through the
stirred solution via a capillary. The reaction mizture was cooled to -780 by means of
acetone-Drikold in the inner vessol, and irradiated for one hour with a 1000 watt tungsten lamp.
The solution was comcentrated at low tomporature, and the nmr spectrum messured. Tho important
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signals were: from 13, 8 $.25 (s): frow 14, & 5.00 {4, J=2Bz), and from 15, & 5.02 (s)

and $.33 (s). After removal of the solvent, the product was dissolved in beazene {50m1) and hested
to 80° for 20 sin., evaporatsd snd snalysed by GLC. In the case of 15 the [1.3)-scy}l ahift and
ODPM products were jdentified by adding sutheantic samples and repeating the ssnalysis, The
sssigoments were supported by nmr (seversl OMe signals, including wesk signals at § 3.37 (&)

ad § 1.32 cf.1, gnd solutiom ir analysis ( presence of peak st 1780ca).

. The reaction vessel was s guarts flask (1.235 1) whichk comld be attacked to s vacuus
line equipped with an oil diffusion pump capable of evscusting the system to 10-5torr. Also
sttaced to the system was s reference flask (pyrex: 1.15 1) sad sample flasks (10 to 100ml).
Prosedure, The sample wes thoroughly degassed. using five freexe-thaw cycles asd thes closed off
from the rest of the system which was evacuated to ~10~5 torr. The sample flask was then opsaned
to the roaction vessel and the sample flask and allowed to equilibrate st smbient tempersture.
Both flasks were then sesled from the systes and removed. The sample flask was kept in the dark
snd the resction vessel placed in the cavity of s Rayonet photochemical reactor. In the
preliminary expsriments the reactor was equiped with 16 lamps (RPR 300 or RPR 25).7am). In the
quantitative sxperiments only four lamps were fitted. All irrsdistions were performed st the
ambient temperature within the cavity (~300),

Solvent (Freon 11 or pentspe: 10ml) containing a known smousmt of the internal standsrd
(1a,2: diglyme, 1b: triglyme) was added via & needle valve, both to the reaction vessel and to
the reference flask, Further solvent was added while the flssk was 2till under reduced pressurs to
ensure that sll of the internsl standerd was introduced. The flasks were shaken vigorcusly for 3
win. snd then cooled to -200 for 1 hr. After warmiog to room temperature the flasks wers shaken
for & further 10 min., opened to the stmosphers snd the mizture sasalysed by GLC., Between
irradistions the flasks were washed thoroughly with Decon 90, rinsed several times with distilled
water and dried at 120° for 3 br.

Aetinometry. 2-Hezanone was photolysed as described sbove, with the exception that denzene was
used as internal standard. The light absorbed was calculsated from the amownt of acetons produced
{GLC snalysis) and the kmows vapour-phase qusntum yield for the reactionl3, The amomnt of light
absorbed by the By-enones 1a.,1b and 2 was calemiated from the relative extinction

coefficients in solution (KeOH), and the relstive concentrations in the reaction vessel as messured
by either use of the reference flask, or measurement of the vapour-presssre.

Fiash Yacuss Dhexmolysis Expeximents. The By-snsone (0.2g) was distilled (Hg diffasion pump) at
ambient tesperature through & silica tube (10cm or 20c¢m) heatod to 300-3500°, The distiilate was
collected in a U-tube cooled in liquid mitrogen, snd analysed by GLC. In the case of le the

major product was purified by preparative ?éc snd shown to be idestical with an anthentic sample of
1-weth -3-sp-2~ (1940,
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