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As singlet oxygen is well known (1) to react with cisord 1,3-drenes to grve Drels-Alder type of 

adducts, we are rntrrgued rnto its behavior toward quadricyclane _l_ and norbornadrene 2, both of whrch 

are known to undergo C2+2+23 cycloadditron reactions (2,3) We wish to describe the result whrch 

revealed novel reactron for singlet oxygen 

Quadricyclane l_ rn methanol was Irradiated by 300 W tungsten lamp rn the presence of methylene 

blue under stream of oxygen at room temperature Dye-bleachrng occurred rather rapidly and the slow 

formation of peroxide was observed The reactron mixture was reduced with aqueous sodium bisulfrte after 

50 hrs The product obtarned In ca 32% yield was a mixture of at least four compounds as analysedby 

glc (DEGS column, 150°) 

Although the ma/or product (colorless 011, 67% of the products) was chromatographycally pure (glc 

and tic), It was apparently an mseparable mixture of almost equal amount of two methoxy alcohols 3_ and 

4_ M’ 140 (trimethylsrlyl ether, M+ 212), v (CC14) 3580, 3540 cm“ (OH), 6 (CDC13) 3 06 (OMe), 3 39 

(OMe), 3 40 (t, J=2), 3 81 (t, J=2), 4 02 (t, J=2) and 4 11 (br s) (rntensrty ratio, 3 3 1 1 1 1) 

By the appfrcation of Eu(fod)3 shaft reagent, the NMR spectrum was analysed to lead nortricyclyl structures 

3 and 5 for these products 6 (CDCS + Eu(fod)3), & 2 15 (t, J=5, H,), 2 24 (t, J=5, H6), ! 95 (d, J= 

11, H7b), 3 36 (t, J=5, H2), 3 59 (s, OMe), 3 83 (br s, H4), 4 09 (d, J=l 1, H7a), 4 19 (t, J=2, H5), 

7 30 (t, J=2, H3), 2, 1 89 (d, J=1 1, H7b), 1 95 (t, J=5, H,), 2 26 (t, J=5, H6), 2 30 (d, J=l 1, H7a), 

2 54 (t, J=5, HZ), 3 12 (br s, H4), 3.70 (s, OMe), 5 63 (t, J=2, H5), 6 16 (t, J=2, H3) 
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Relative confrguratron 

addrtron of Eu(fod)3 

_, whrle the reverse 3 

2 R=H 

of the hydroxyl group was determrned by the magnrtude of down-fteld shaft upon the 

The srgnal due to H7a showed larger down-field shaft than that of H 
5 

rn the case of 

Is true for 4 Eprmerrc relatron of the hydroxyl groups rn 3_ and 4_ was further con- 

ftrmed by the CrO 
3 

oxrdatron of the mrxture to give a srngle ketone 5_, M+ 138, v (Ccl ) 1750 cm“ , 
4’ 

2,4-DNP, m p 160 5-161’ (4), whrch was rdentrcal wrth one of the products obtarned rn 3% yreld rn 

the sensrtrzed oxrdatron 

The another product $, (colorless 011, 17% of the products, M’ 140) contarns hydroxyl (v 3350 cm’) 

and methoxyl groups (6 3 22 ppm) From the extensrve decouplrng experrments the norbornene type struc- 

ture was deduced unequrvocal ly 6 (CDC13) 0 89 (ddd, J=12, 2 5, 2, H6n), 1 96 (OH), 2 29 (ddd, J= 

12, 8, 4, H6x)r 2 73 (ddd, J=4, 3 5, 1, H,), 2 97 (ddd, J=4, 3 5, 1, H4), 3 22 (s, OMe), 3 30 (d, 

J=2, H7), 4 57 (ddd, J=8, 4, 2 5, H5), 5 98 (ddd, 

Couplrngs between H4 and H5 (J=4) and H6” and H7 

methoxyl groups 

J-d 5, 3 5, 1, H3), 6 37 (ddd, J=6 5, 3 5, 1, H2) 

(J=2) revealed the confrguratron of the hydroxyl and 

As the manor products, two drols L (v 3300 cm’ ) and 8_ (v 3300 crri’ ) were obtained up to 5% of 



the mixture 6 (CDCl3 + Eu(fod)3 ), z, 2 20 (t, J=5, H2), 2 46 (t, J=5, H,), 2 93 (d, J=ll, H7), 

2 98 (t, J=5, H ), 3 54 (br s, H4), 3 80 (d, J=ll, H7), 4 49 (br s, H3), 6 79 (br s, H5), 8, 2 20 
6 

(d, J=l 1, H70), 2 24 ( t, J=5, H,), 2 59 (t, J=5, H2), 2 65 (d, J=l 1, H7b), 3 06 (t, J--5, H6), 

3 54 (br s, H4), 6 67 (br s, H3), 7 27 (br s, H5) Although a few more minor products are present In 

the reoctlon mixture, none was obtalned pure to allow structural assignment 

Involvement of sunglet oxygen In the reoctlon was secured by I) complete InhIbItIon of the reactlon 

In the absence of sensltlzer II) appreciable slow-down (5) by the addltlon of 1,4-dlazabtcyclo[2 2 2]- 

octane, wlthout changing the product rotlo 

Sensltlzed photooxldatlon of norbornadlene 2 was corrled out In the same condltlon described above 

In thus case, however, the reactton was extremely slow (6) and after 10 days of trradlatlon oxldatlon 

product was obtalned only In 4% yield The product was a mixture of 2 (72%) and 6, (8%) and some 

unknown compounds 

The entlre reactjon sequence can be deplcted as shown In the chart The general course of the 

reactlon 1s remnlscent of those with electrophlles for both compounds The tnltlal attack of electrophlllc 

singlet oxygen on 2 would produce the nonclassIcal Ion 2, either directly or through the corresponding 

“perepoxlde” and the ton a_ would In turn be attacked by a nucleophlle The Ion should be assymmetrl- 

cal ly perturbed to rotlonallze the stereospeclflc “exe” attack (7) to compound 2 AlternatIvely, the 

pathway from 2 to 3_ may wel I be a concerted process The formatlon of a small amount of (i IS a “leak” 

from the concerted or StereospecIfIc process and Involves the ton b which can be stablllzed by the Intro- 

molecular Ion palrIng S,,,2 type of the attack of methanol on the Ion ,b_ yields 6 stereospeclflcolly For 

the reactton of l_, a new reactlon sequence was observed In addltlon to the common pathways to 3+ and 7 

In this case, and to h The new type of the reactlon IS that utlllztng the bonding lobe of cyclopropane 

unlike In the reactlons of common electrophlles (8) Although “edge” type cleavage of cyclopropane 

rings hos precedences (9), this IS, as far as we are aware, the first Instance for 1, to undergo such a 

cleavage The resulted Ion 5 would be stablllzed by the Ion palrIng and eventually yield 4_stereospeclf- 

lcal ly Furthermore, even In the formatlon of ,a_ and b large quantltatlve difference was noted While 

the formatlon ratlo of 2 to 6_ IS 9 In the reactlon of 2_, It IS only 2 for _I_ This could only be explaIned 

by the direct formatlon of a from 1 besldes through the Ion a In any event, these reactlons revealed 
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rnterestrng pathway of singlet oxygen toward 1 and 2 

The reactions of stnglet oxygen with other strarned systems are in progress 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 
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