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The n,n* singlet excited state photochemistry of bridged cycloheptadlenones of general 

structure 1 involves a [3,3] sqmatroplc ring opening to a homoconlugated blcycllc ketene 1, - 
which has been directly observed by low-temperature infrared spectroscopy 1 

These ketenes can be 

usually trapped by protonlc nucleophlles to give the corresponding acid derlvatlves, or, in the 

absence of nucleophlles, undergo thermal recycllzatlon to starting dlenone and/or dlmerlzatlon 2 

Recently, it has been shown by Hart and Love3 that highly substituted ketenes (3, R=Me, Ph) pro- 

duced by the photolysls of blcyclo[3 2 lloctadlenones (%b), being unreactive towards nucleophlles, 

substantially change the course of the thermal reaction, giving tetracyclic cyclobutanones 5 by 

a “normal” n2s+n2a intramolecular cycloaddltlon 4,s 

X- electron pair, CH2, CH=CH, o-C6H4, R02CN-NC02R 

4 a, R=H - 

b, R=Me, Ph 

3759 

5 R=Me, Ph - 
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In this connection and In contlnuatlon of our earlier search for photochemlcal dlversltles 

of bridged cycloheptadienones, 
2b,6 

we wish to report a unique substltuent effect on the reactl- 

vlty of ketenes (z), which reflects the role of the ketene function In dlrectlng intramolecular 

cycloaddltlons 

-1 
Thus, 3-chloro-blcyclo[3 2 llocta-3,6-dlen-2-one (8), [m p 44-45’; vmax (chloroform) 1695 

cm , h max(cyclohexane) 270 nm (E 2300), 360 (go), nmr (CDC13)6 2 52 (2H,m), 3 32 (lH,m) 3 56 

(lH,m), 6 20 (lH,d,d,J=S 5, 3 OHz), 6 71 (lH,d,d,S 5,3 0), 7 41 (lH,d,7 0)] was synthesized by 

oxidation (“active Mn021’)7 of the mixture of chloroalcohols 1, obtalned by the Ag+ promoted hy- 

drolysis’ of the readily accessible dichloride 6 
9 

- 

6 7 8 - - 

Irradlatlon of chloroketone 8 in ether (1% solution) using 113500g11 light, 
10 

gave a single 

photoproduct by glpc 
11 

-’ (a-chl 

which was assigned structure 10 based on its spectral data, ir (CHC13) - 

1805 cm orocyclobutanone), nmr (CDC13) shows no vinyl protons, three proton signals at 

6 2 11, 2 32 and 2 82, and a complex four proton multiplet at 6 1 74 Chlorocyclobutanone 10 - 

completely converts back to 8 on heating III chloroform (sealed tube ) to 135’ (ca 25hr ), in 

perfect analogy to interconversion 5+3 
3 

Interestingly, no isomeric chloroketone 11 has been -- - 

detected 
3 

'Ge . CH2N2 '6 _Jb / ’ 
Cl 

0 

13 12 - - 11 - 
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However, m sharp contrast 

moist ether solution afforded a 
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to the behavlour of 3 (R=Me, Ph)3, Irradiation 10 
of 8 In - 

mixture (ca 1.4 by nmr) of 10 and the hygroscoplc chloroacld - 
1, 

12 [nmr (CDC13) 6 1 62 (lH,m), 1 94 (lH,m), 2 52 (3H,m), 3 84 (d,J=ll Hz), 5 76 (2H,m)] IL - 
Chloroacld 12 on reactlon with dlazomethane gave the corresponding methyl ester 13, lndls- - 

tlngulshable from the ester obtalned by photolysls of 8 In methanol solution 

Clearly, the photolysls of 8 involves the formatlon of chloroketene zwhlch, in comparable - 
rates, can either react with nucleophlles or undergo intramolecular 2+2 cycloaddltlon 

More remarkable, however, 1s the dramatlc substltuent effect on the dlrectlon of cycllza- 

tlon compared to the reaction of unsubstltuted 3 
13 

Apparently, a-chloro substitution of ketene 

(9) lowers the transltlon state energy for 2+2 cycloaddltlon compared with that for the compet- - 

Ing [3,3] sigmatropic ring closure, thus leading to exclusive formatlon of the thermodynamically 

less stable 10 This enhancement In reactivity 1s In accord with the well known higher reactl- - 
vlty of a-haloketenes as compared with unsubstltuted ketenes in cycloaddltlon reactions 

14 

Finally, it should be noted that In addltlon to the substltuent effect, geometrlcal factors 

play a critIca role in dlrectlng the reaction Preliminary studies of the phototransformatlons 

of 3-bromo-blcyclor3 2 Zlnonatrlene (14)l’ and benzochloroketone 15 
16 

showed that they do not - - 
give cyclobutanones, but Instead undergo rearrangements slmllar to that of the corresponding 

parent ketones 

14 15 - - 

We gratefully acknowledge helpful dlscusslons with Professor H Hart and Dr S Slae 

REFERENCES 

1) For an excelent recent review 01, the photochemistry of cycloheptadlenones See* H Hart, 

Pure w e , E, 247 (1973) 

2)a) 0 L Chapman, M Kane, J D Lasslla, R L Loeschen and H E Wright, J Am Chem Sot , 

L&, 6856 (1969) 

b) A S Kende, Z Goldschmldt and P T Izzo, ibid , 91, 6858 (1969) 

- 3) H Hart and G M Love, @& , 2, 6266 (1971) 

4) R B Woodward and R Hoffmann, “The Conservation of Orbltal Symmetry,” Verlag Chemle 1970, 

pp 163-168 



5) For related intramolecular cycloaddltlon see for example P Yates and A G Fallls, 

Tetrahedron Lett , 2493 (1968), R R Sauers and K W Kelly, J.Grg Chem , 2 3286 (1970) 

6) A S Kende and Z Goldschmidt, Tetrahedron Lett, 783 (1970) 

7) J Attenburrow et al --' J Chem Sot , 1094 (1952) 

8) B B Jarvls and J P Govonl , J. Org Chem , 37, 1508 (1972) 

- 9) E V Dehmlow, Tetrahedron, 2, 175 (1972) 

10) 

11) 

12) 

13) 

14) 

15) 

16) 

Rayonet RPR-100 35008 Lamps, Pyrex filter 

Glpc analyses and Separatlonswez conducted using 5% Carbowax 20M on Chromosorb W, at 110' 

cf nmr spectrum of the lower analoge J Warkentln, E Singleton and J E Edgar, 

Can J. Chem , E, 3456 (1965) 

P K Freeman and D G Kuper, Chem Ind , 424 (1965) 

For a recent review on halogenated ketenes see. W T Brady, Synthesis, 415 (1971) 

Prepared by direct bromlnation of the parent ketone In the presence of trlethylamlne. 

M Kato, Y Okamoto and T Mlwa, Tetrahedron, z, 4013 (1971) 

No 39 3762 


