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Recently a number of addition reactlonr or @otochemlcally exoited 

moleculee to sxtq~~@eculas bon& hrve been dercribed (1). We would like to 

repox+ the renritizxM photoaddltlon reaction of -tit0 both activated 

andunactivated, exbrawlecular double bonde (2). 'Ihc reactions of coumarin 

with tetramdhybhylene, cyclopentene andketene diethylacetal are 

dISCUSBed. 

A solution of coumwin (.02l me), tetremethylethylene (.2Xl mole), 

benwphenone (.Od+ mDle) and dioxane (.083 iwle) wae Irradiated tbrougb 

pyrex glass with a 500-w&t mercury arc lamp. A 51per'centyleld of the 

:ounwin-tetramcthylethylene 1:l adduct I, m.p. 8l", wae obtained by this 

procedure. The inirared spectrum of the adduct shows strong carbonyl 

rbeorption at 5.7311. The n.m.r. spectrum; in accord w-BJ~the desired adduct, 

lhowe four methyl groups at 8.73, 8.78, 8.98 and 9.25 7(singletr), four' 

uwaatic hydrogen8 at 2.9 T(nnzltiplet) end two cyclobutane hydrogens, in an 

B pattern, at 6.62 and 6.82 r(JAP - lb c.p.8.). 

*AU n.m.r. spectra were taken by w. W. F’ulwr and group on a Varian A-60 
Spectrophotaneter. 
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These photoaddition reactions require the presence of the triplet state 

sensitizer. Competing with the desired addition is the reaction of an excit 

benzophenone triplet with olefln to give the corresponding oxetane (3). No 

appreciable awunt of cowln dimer was Isolated during this reaction. BSSI 

on the n&r. spectrum of I, it is believed that the rings are fised cis. I? 

large coupling constant (J - 10 c.p.6.) obtained for the cyclobutane hydroge: 

Is in agreement with that found for cis cyclobutane hydrogens in a similar 

system (4). In addition, this large coupling constant requires a dihedral 

angle of approximately 0’ or 180’ between the two cyclobutane hydrogen6 (5) 

an angle of 180” does not seem reasonable for this particular fused system. 

Mercury-arc irradiation of a solution of coumarin (.028 mole), cyclopen 

(.283 mole), benzophenone (A05 mole) and dioxane (.059 mole) gave a 50 per 

yield of the coumarin-cyclopentene 1:l adduct II, m.p. 139”. The infrared 

spectrum of the adduct contains a strong carbonyl absorption at 5.7l.a. Ihe 

n.m.r spectrum shows four aromtic hydrogens at 2.9 7 (multiplet), two 

cyclobutane hydrogen6 at 6.2 7(multiplet), two cyclobutans hydrogens at ‘6.8 

(multiplet), and six methylene hydrogens at 8.0 - 8.5 r(multiplet). 

9 3 + 1 
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As with the previous reaction, the triplet state sensitizer is 

necessary for the reaction. !l'he formation of an oxetsne from bensophenone 

and cyclopentene again appears to be a competing reaction. In this photo- 

addition, a minor product is the trans-head-to-head co-in dimer (6). in 

the absence of bensophenone, a small smount of the cis-head-to-head coumarin 

dimer was detected (7). 

Anet (7) had reported that irradiation of coumarin in ethanol solution 

produces the cis-head-to-head coumarin dimer. Schenck (6) has shown that 

irradiation of benzene solutions containing coumarin and bensophenone led 

to the formation of the trans-head-to-head dimer. ~ssnsoti(8) has since 

demonstrated that in the absence of a triplet sensitizer the cis-head-to- 

head coumarin dimer arises from attack of an excited coumarin singlet on 

ground state coumarin. In the presence of a triplet state sensitizer, the 

trans-head-to-head dimer arises from interaction of excited triplet coumarin 

with ground state co-in. In the case of the sensitized cycloaddition 

reaction of co-in with cyclopentene, it seems probable that attack of an 

excited co-in triplet on ground state olefin is involved. The stereo- 

chemistry of the coumarin-cyclopentene adduct II is uncertain, however, the 

five- and six-membered rings are probably anti. 

In the last photoaddition reaction exsmined, a solution of coumarin 

(.O29 mole), ketene diethyl acetal (.193 mole), benzophenone (JO6 mole) and 

dioxsne(.O6mol&as irradiated through Pyrex glass with the 500~watt mercury 

arclsmp. A 41 per cent yield of the coumarin-ketene diethyl acetal 1:l 

adduct III, b.p. 95-100'/.25 mm was obtained. The infrared spectrum of the 

adduct contains strong carbollyl absorption at 5.70~. The n.m.r. spectrum 

shows two methyl triplets at 8.75 and 9.00 7, four aromatic protons centered 

at 2.8 7 (multiplet), another broad complex multiplet at 6.1-7.0 7, con- 

sisting of two cyclobutane hydrogens and the four methylene hydrogens of the 

ethoxy groups (two separate quartets). The two methylene cyclobutane 
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hsdcogenS appeared 8t 7.33 7 sdl 7.307 , e8Ch 8s 8 doublet with ~O~plin@ 

constsnfs of J = 7 d.p.6. 8M J'- 5 c.p.8. respectively. 

III 

Once agaIn expminmntr ahomdthrtthe triplet rt8te rensitiserls 

requlred. ire appreciable emant of coumrrin dimer ~8s irohted during th 

reaction. IXetane fonmtlonbetueeabeneophenone and ketene dietbyl 

acetel ie agaIn observed 8.1 8 cor&&ing re8ctlon (9). A minor anwuht of 

~-diphenyl+3-Igdaay ethylpropion8te w818lsoisol8ted fromthirr reacti< 

A choice between the two possible orientations for the coumprin- 

ketene dietbyl acetaiL adduct, III and IV, can be xmde on chemical grounds 

-04sis of III with dilute hydrochloric acid given the keto-scid V, 

m.p. 140 - 10,’ which under 8cid conditiona and additional heating does no 

decarboxyl8te. The infmred mctrumof Vcont8inr strong c8rbonyl 

8bSOrptiOn 8t 5.59 8nd 5.7&i and broad hydrO%y 8bsOrptiOn 8t 3.0@. The 

Il.&r. 8pcCtIYIm Shows four 8rOmrtiC hydrogen8 8t 2.8 7 (pailtiplet) three 

cyclobut8ne hydrogen8 center.& at 6.6 ~(multiplet) 8nd one cyclobutane 

hydrogen 8t 5.25 rsplit into 8 doublet (J = 7 C.p.8.). 

V 
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The oxetane obtained in this reaction has been identified a8 
2-Propnone, 1,3-~~-l,l,dipheqy~diethyl acetal. !lhe chemical shift 
of the two meth#ene qvclobutane hwlrogens is consistent with this 
assignment (3). 

Calculations a8 cited by E. J. Corey (lb). 


