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Summary The photolysis of benzyl phenyl ether gives 
rise to CIDNP in the intermediate 4-benzylcyclohexa- 
2,5-dienone ; this rearranges to 4-benzylphenol to which 
polarisation is transferred in the presence of acid. 

IN the photolysis of aliphatic,l aromatic,Z and eno13 ethers 
the homolytic cleavage of the C-0 bond is the predominant 
primary process. With aromatic ethers, fragment recom- 
bination can lead to rearranged products, e.g. substituted 
phenols. A special case, the photo-Claisen rearrangement, 
has been studied by Adam et al.4 When photolysing p-tolyl 
methylallyl ether they observed CIDNP signals due to the 
final products 2-methylallyl-4-methylphenol and 4-methyl- 

4-methylallylcyclohexa-2,5-dienone. The formation of the 
phenol was explained via the intermediate 2-methylallyl- 
4-methyl cyclohexa-3,5-dienone. However, the rearrange- 
ment to the phenol was too fast to detect this intermediate 
in polarisation. 

We studied the photorearrangement of benzyl phenyl 
ether (1) which lacks a substituent in the 4-position. This 
leads to the formation of the labile 2- and 4-substituted 
cyclohexadienones (2) and (4) respectively. It is shown 
here that the 4-substituted cyclohexadienone (4) is sufficiently 
long-lived for its polarisation to be seen. This finding 
substantiates the proposed2 9 4  mechanism for the rearrange- 
ment of aromatic ethers into the corresponding phenols. 
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Compound (I) was irradiated in C,D,, solution in situ and 
the polarised IH n.m.r. spectra (Figure) of (l), (3), (6), and 
(7) were identified by comparison with those of authentic 
samples. The polarised resonances a t  8 6.22 (dd in enhanced 
absorption) were assigned to the 2,&vinyl protons of (4) ; 

Ph-CH2-0 - Ph 

(11 * 
Al (3) * 

Observation of the polarised spectrum a t  short intervals 
immediately after turning off the light revealed that all 
resonances assigned to (4) disappeared significantly faster 
(T* ca. 4 s)  than the other polarisations (TI > 20 s). Traces 
of acid suppressed the signals of (4) entirely and the polarised 
spectrum of p-benzylphenol (5 )  was detected instead. 
Compounds (3), (5 ) ,  (6), and (7) are the main final products 
[quantum yields a t  254 nm: $ (3) ca. 0.3, $ (5 )  ca. 0.3, 
4 (6) ca. 0.2, and $ (7) ca. 0.251. 

- (51 * ( 4 )  - 
3 

Ph -CH,-CH,-Fh %-OH 

(5) * (71 * 
* Polarised; c, cage reaction; e, escape reaction. 

the 3,5-vinyl resonances are hidden under the aromatic 
proton signals. The 2,6-vinyl multiplet was analysed, to 
obtain 3 J 2 , 3  ca. 11 and 4J2,4 ca. -2 Hz assuming plausible 
values of other coupling constants. The methylene reson- 
ance of (4) would be expected around 6 2 ~ 8 1 . ~  The ob- 
served resonances in emission a t  8 2.88 and 2.78 must be 
assigned either to the doublet of the methylene protons 
(A,M system) or to part of an A,B system. The triplet 
expected in enhanced absorption, if the former case holds, 
was not observed. 

Using Kaptein's rule6 the net polarisation of the starting 
material is consistent with the cleavage of an O-CH, bond 
from the singlet state (p = - l), recombination ( E  = + l), 
and g(Ph0.) - g(PhkH,) > 0. With these parameters 
Kaptein's rule predicts enhanced absorption for the 2,6-vinyl 
protons of (4), as observed. Similarly, the polarisations of 
the phenols (3) (cage product, E = + 1) and (7) (escape 
product, E =- 1) are in accord with this rule. 
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FIGURE. 90 MHz 'H n.m.r. spectra of benzyl phenyl ether in 
CeDi, ; spectrum (a) with, and (b) without, U.V. irradiation. 
Signals A: compound (7), 5H, aryl; B: (4), 2H, Ha; C: (l), 2H, 
CH,; D: (3): 2H, CH,; E:  {6) ,  4H, CH, x 2; F: (4). 3H, CH, and 
Hb. 

To confirm the influence of a substituent in the 4-position, 
the photo-CIDNP of benzyl 4-t-butylphenyl ether was 
investigated. It showed the polarised spectrum of 4-benzyl- 
4-t-butylcyclohexa-2,5-dienone which was stable even in the 
presence of acid. In agreement with earlier r e s ~ l t s , ~  the 2- 
substituted cyclohexadienone derivatives [e.g., (2)] are too 
short-lived a t  room temperature to be detected in the 
CIDNP experiment, and polarisation is transferred to their 
rearrangement products. 

Polarised spectrum is represented by *. 
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