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anediol, 556-48-9; benzoyl chloride, 98-88-1; 4-benzoyloxycyclo-~ 
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I Commzlnications 
Heteroatom Directed Photoarylation. Photochemistry 

of Aryloxyenones 

Summary: Aryloxyenones l a  and l b  undergo photocycliza- 
tion-rearrangement to give dihydrofurans 2 and 7, respec- 
tively. 

Sir: Reported photoreactions of aryl ethers have been lim- 
ited to (1) cleavage of the ether bond(s) followed by hydro- 
gen abstraction from solvent to give phenols and (2) photo- 
rearrangement to give ortho- and para-substituted hydrox- 
ybipheny1s.l Photocyclization of unsubstituted diary1 
ethers or aryl vinyl ethers to annelated dihydrofurans ap- 
parently has not been ~ b s e r v e d ; ~ , ~  however, photocycliza- 
tion-elimination of o-methoxyphenyl phenyl ethers2 and 
o-chlorophenyl 1-naphthyl ether3 to annelated furans in 
low to moderate yield has been reported. Herein, we com- 
municate the photochemistry of 2-phenoxy-3,5,5-trimeth- 
ylcyclohexen-2-one ( la) ,  which represents the first report 
of nearly exclusive photochemical carbon-carbon bond for- 
mation from an unsaturated ether, to give an annelated 
dihydrofuran. 

Aryloxyenone l a  was prepared by the potassium hydride 
(0.1 equiv) assisted reaction of isophorone oxide4 with 1.1 
equiv of phenol in refluxing tetrahydrofuran solution con- 

taining 0.75 equiv of hexamethylphosphoramide (91% iso- 
lated yield, mp 104-105'). Pyrex-filtered photolysis of la 
(20 g) was performed in benzene-methanol-acetic acid so- 
lution (2000 ml, equal portions of each solvent component) 
while purged with argon. After 23 hr irradiation with a 
450-W high-pressure mercury arc lamp, <2% l a  remained 
in the nearly colorless reaction mixture; formation of dihy- 
drofuran 2 (95%), rearranged phenol 3 (-2%), and trace 
amounts of phenol and isophorone was observed (vpc anal- 
ysis). Evaporation of solvent and partition of the reaction 
components between ether and 1 N sodium hydroxide solu- 
tion gave nearly pure dihydrofuran 2 (88% yield) in the or- 
ganic layer. Two crystallizations from ether-petroleum 
ether produced analytically pure 2 (80% yield, mp 85-87', 
mle 230). 

Acidification of the sodium hydroxide layer gave, after 
ether extraction and crystallization from ether-petroleum 
ether, pure 3 (2% yield, mp 172-175', mle 230). The nmr 
spectrum of 3 in CDC13 above 5 ppm is nearly identical 
with that of 1 and displays singlets a t  1.11 (6 protons, gem- 
dimethyl), 1.83 (3 protons, vinyl methyl), and 2.42 ppm (4 
protons, two methylene groups). The phenolic proton in 3 
appears as a broadened singlet a t  5.8 ppm and exchanges 
with deuterium oxide, while the four aromatic protons ap- 
pear as a complex multiplet a t  6.8 to 7.4 ppm. Para aromat- 
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ic substitution in 3 is ruled out on the basis of NMR data. 
Good evidence for ortho substitution is obtained frcm the 
ir spectrum of 3 (Nujol) between 12 and 15 b; i.e., a single 
strong absorption appears at  13.3 I.L (C-H out-of-plane de- 
formation). 

Q 

3 

t h. 

CI 

l a ,  Ar = Ph 

1b.Ar = 

0 - 0  

4 

The process la + 2 presumably occurs by conrotatory 
photocyclizations of la, leading to intermediate carbonyl 
ylide 4, which undergoes rearrangement to give dihydrofur- 
an 2. Stereochemistry of the ring junction in 2 is considered 
to be cis, because this would be the stable configuration for 
a fused five-six-membered ring system capable of epimeri- 
zation; on treatment with methanolic sodium hydroxide a t  
room temperature, 2 was recovered unchanged. 

Extended irradiation of solutions of la resulted in in- 
creased amounts of rearranged phenol 3 at the expense of 
2. Independent photolysis of 2 gave a complex mixture of 
products, the major component of which was 3. Thus, 3 is 
not formed directly from la, but rather arises from a secon- 
dary photoreaction involving 2. The detailed mechanism 
for this process as well as 0- hydroxybiphenyl formation 
from diary1 ethers1 currently is being investigated. 

Photocyclization of aryloxyenones to dihydrofurans may 
have considerable synthetic importance. For example, ap- 
proaches toward the synthesis of morphine alkaloids, here 
represented by morphine (6a) and codeine (6b), have been 

long and hence suffer from low overall  yield^.^ Our ap- 
proach toward the synthesis of morphine confronts the dif- 
ficult task of forming the only carbon-carbon bond pos- 
sessing a quaternary carbon atom by the technique of het- 
eroatom-directed photoarylation.6 In this regard, irradia- 
tion of model system l b  resulted in nearly exclusive forma- 
tion of dihydrofuran 7.1° 

6a, R = H 
b, R = CH, 

7 

It  should be noted that 2 undergoes quantitative conver- 
sion to an ortho-substituted phenol, isolated in hemiketal 
form 5 (mp 97-98O, m / e  232), on treatment with zinc dust 
in refluxing acetic acid solution. The method described 
here for the two step conversion 1 .-. 5 complements our re- 
cently reported method for preparation of complex meta- 
substituted phenoh6 
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