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(Received in USA 21 August 1967) 
We have recently succeeded in preparing a series of spiro[2.5]octa-k,i'-dien-6-ones (1) and 

find the photochemistry oftheae ccmpowds to differ from that reported (2a-c) for the parent 

dienone 2 (B-c). Schuster and coworkers report that irradiation (>28&) of an ethereal 

solution of 2 lmds to intermediate diradlcal z which subsequently reacts with solvent to give 

29 $ 2, and 2. To account for phenolz, formed in yields of 6,8-15.8$, a novel hydrogen atom 

shift was postulated to give rise to quinone methide 2 which, although not detected, was 

suggested as a precursor to 2. 
The bipolar species, 2, a reasonable precursor of 2, was 

rejected since it was deemed unlikely to lead to products 2, %, and 2, but rather would be 

expected to regenerate the original spircdienoue. On the basis of the observed products and the 

results of deuterium labeling studies, these workers favor diradical spircdienone excited states. 
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We find that the photolyais of several alkylated spircdienones leads to a more ccolplicated 

sequence of events in that not one but three simultaneous photoreactions are observed. 
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Irradiation Of 4.5 x 10-2, cyclOhexaIE solutions of cis-l,2dmsthyl-5,-f-dl-~-butyl- - 

spiro[2.5]octa-4,7-dien-6-one, 2, (Raymet Fhotochemicsl Reactor, 8 2537: lamps, nitrogen swept 

quartz vessels, 8-13Oc) causes initial photoismrization to the corresponding 

I&), tith slower conccmitant formation of two lsaneric qulnone methides, 13 and lk, in a time 
- 

dependent ratio. Both spircdlenones sre consumed before a photostationsry cis:trans ratio Is -- 

established. Similar irradiation of 4.2 x 10-2 solutions of the pure e spirodienone, l-0, 
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- 

leads to berely detectable smounts of 2 before esse~i~ COmplete conversion (s. 3.5 hrs.) 

to a mixture (~8. 1.1:l.O) of quinone methides I-J and 2. Righ qulnone msthlde yields (8M 

by mm) may be obtained by stopping the photolysis at the opMmum time. 

Table I suzanarizes the tins depeMence of the z:lO amI z,:z ratios upon Irradiation of 
- 

the c&-spirodienone, 2, as determined frm the vinyl proton region of the mr spectrum of 

the total mixture. F%gure 1 shows this region of the nmr spectrum after a two hr. irradiation 

perid. The cis ana tram dimethylspirooctadienones cannot be readily distinguished by other -- 

c-on anslyticalmethcds. 

Fhotoconversion of spiro[2.5]octe-4,7-dien-6-ones to quinone methides extends to the 

l,l-dimethyl splrodienone 2 (prepared by the method described in (1) and previously reported 

in (3~)) end to the 1,1,2,2-tetrsmthyl spirodienone I2 an3 may be general. Irradiation of 

0" 
4.5 x lo-% cyclohexane solutions of g (RPR, 16 2537A lamps) leads to a mixture of quinone 

methides 2 and ,I& (~a. 9.4:l.0 ratio after 1.5 hrs; ~a. 6.0:l.0 ratio after 5 hrs.). Similar 

irradiation of a 6.5 x 10'2 solution of 2 leads to quinone m&hide 2, a conversion which is 

facile in ether as well as in cyclohexane. 
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FIGuRF 1 Vinyl Proton Region of the NMR Spectrum of the Product Mlxtw 
frcm a Two Hour Irradiation of the 9-Spircdienone, 2 
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TABLE I" Time Depelldence of the Producta of kadiation of 
cis-1,2-Dimethyl-~,7~i-~-butylspFro[2.~]octa-\c,7ilien-6-one - 

Time (hrs.) $10 13:14 

0.00 ""z - NI, 

0.25 9.0 

0.50 4.5 

1.00 1.6 2.3b 

2.00 0.9 2.6 

3.00 
c 

only g 
1 

2.0 

4.00 LdetectableJ 1.7 
1 

Ihe ratio determinations were s~times complicated by overlapping resonances and 
should be considered to have only qualitative significance. Additionally, incident 
light Intensity may not have been Identical for sll samples. Thermal reaction was 
excluded by the appro@ate control. 

This ratio may be Inaccurate since the quinone m&hides are just beginning to be 
detectable by nmr. 
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The structural assignments of 2 and 2 rest on comparison of the infrared, ultraviolet, 

and IPPT spectra Of the product mixture with those of the authentic quinone methides prepared by 

the ferricyanide oxidation (4) of 2,6&i-i-butyl-4~lsobutylphenol, l.6, and 2,6-di-4_butyl-4-z- 

butylphenol, 17. Moreover, lithium aluminum hydride reduction of the product mixture yields a 

mixture of phenols ,I& and l'J easily separable by glpc (~a. 150°C, 5' x l/4" column of 15% 

csrbowex 20M on chrcmosorb Wtreated with HMDS). 

The demonstration that spiro[2.5]octadien-6-ones may be photolytically converted to 

quinone methAdes supports Schuster's invokatlon of x as an intermediate in the photochemistry of 

2. Since both the cls-trans photoisomerlzatlon and the photorearrangement of the hindered -- 

splrodienones to quinone methides may be rationalized by either dirsdical. or dipolsr excited 

states, we prefer to postpone judgment on this Issue. Indeed, it has not been established that 

these reactions involve c-on excited states or intermediates. 

Continued Irradiation of the mixture of quinone methides l_J and 14 causes their slow 
.?A. 

disappearance a@. leads to manifold products, the structures of which are yet unknown. 

Irradiation (16 2537: lamps, nitrogen swept quartz vessel, aO°C) of a thermally stable (at 23') 

4.5 x 10msM, cyclohexane solution of authentic l$J causes no detectable photolsamerization to 14 

but does lead to slow disappearance of the quinone methlde absorption at 302 pqr tith concasltant 

appearance of a low intensity 280 mg absorption band. Thin layer chrcssatography (silica gel, 

cyclohexane) of the crude photoproduct itiicates the presence of at least ten components. The 

inf+rsred spectrum of this mixture reveals carbonyl. bands near 1640 and 1700 cm-l but no hydroxyl 

absorption, That cyclohexane has been Incorporated into sores of the products is suggested by 

the appearance of an intense, broad multlplet between ~8. T 7.5-9.5 in the nmr spectrum of the 

mixture and is further supported by preliminary mass spectral data obtained from the total 

mixture. Ihe observation of Ions at m/e 452, 426, end 288 In the U ev mass spectrum seemingly 

indicates that loss of t=butyl groups as well as Incorporation of cyclohexane has occurred on 

irradiation of 13. The observed average molecular weight (vapor pressure osmaaeter, cyclohexane 

solution) of the crude product is 457 which may Indicate SQIE polymer formation as well. Phenol 

l6, expected to arise via hydrogen atan abstraction frun cyclohexans, could not be detected in 

the product mixture by glpc anslysls. Evidence that quinone methldes can undergo photoreduction 

In hydrogen donating solvents has recently been provided by Becker (5) who observed the photo- 

sensitized reduction of 3,5-d1-t_butyUucheoms to the corresponding phenol upon irradiation in 
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isopropanol containing benzophenone or acetophenona, snd by Schuster and Krull (6) who find that 

irradiation of 

ing phenol and 

photoreduction 

hydrogen donor 

ethereal solutions of quinone methide 18 leads to minor amounts of the correspond- 
- 

to extensive solvent incorporation. Failure of @none methide 2 to undergo 

in cyclohexane may stem from the fact that this solvent is a less efficacious 

than isopropanol or ether. 

Work on the photochemistry of quinone methides is still in progress and will be reported in 

more detail at a later date. 
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