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Reactions of Singlet Oxygen. Formation of Hydroxy Ketones in the 
Photo-oxygenation of Fluorenylidene Derivatives’ 

By WATARU ANDO* and SHIGEO KOHMOTO 
(Department of Chemistry, The University of Tsukuba, Niiharigun, Ibaraki 300-31, Japan)  

Summary Photosensitized oxygenation of fluorenylidene 
derivatives in methanol gives l-hydroxyfluoren-9-one and 
1 -hydroxy-9-methoxy-9- ( l-hydroxy- 1 -me thylethyl) fluor- 
ene which appear to arise via either 1,4-cycloaddition 
or a peroxiran intermediate ; the reaction is influenced by 
the nature of the substituents on the exocyclic carbon 
atom. 

ALTHOUGH oxygenation of fluorenylidene derivatives has 
been extensively studied by Richardson2 and Bartlett3 no 
report has appeared on the oxygenation of the aromatic 
ring of these compounds. Photo-oxygenation of the aro- 
matic ring has, however, been observed in the cases of some 
arylalkenes.* We now report that the photo-oxygenation 
of fluorenylidene derivatives gives l-hydroxyfluoren-9-one 
and its derivatives either via 1,4-cycloaddition or via a 
peroxiran intermediate formed by reaction with singlet 
oxygen. 
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(1)  ( 2 )  ( 3 )  

a, R’ = R2= Me 
b, R’= R2=-[CHJ5- 
C ,  R ’ = R L H  
d ,  R’=H,R2=Me 

( 4 )  

9-Isopropylidene fluorene (la) was photo-oxygenated in 
methanol containing 10% benzene with Rose Bengal as 
sensitizer. After irradiation for 5 h in a water cooled bath 
with a 500 W tungsten lamp, the mixture was chromato- 
graphed on silica gel to give three main products: fluoren-9- 
one (2) (5%), l-hydroxyfluoren-9-one (3) (33%), m.p. 
117-118 O C ,  m / e  196,t and l-hydroxy-9-methoxy-9-( 1- 
hydroxy-l-methylethy1)fluorene (4) (1 7 %), m.p. 98-99 “C, 
m/e 270 and 238; v (KBr) 3420 (OH) cm-l; 6 (CCI,) 9-22 
( s ,  lH), 7.65 (m, 7H), 3-43 (s ,  lH),  2-85 (s ,  3H), 1.72 ( s ,  3H), 
and 0.80 (s, 3H). Similarly photo-oxygenation of 9-cyclo- 
hexylidenefluorene (1 b) in dichloromethane, followed by 
silica gel chromatography, led to the isolation of (2) (1 1 yo), 
(3) (46%), and cyclohexanone (53%), consuming 1-6 equiv. 
of oxygen. To confirm whether these products arise from 
the reaction of singlet oxygen, ( lb )  in dichloromethane was 
irradiated for 26 h in the absence of a sensitizer with 
oxygen bubbling through the reaction mixture ; only a trace 
of (2) was obtained and (3) was not formed. It therefore 
appears that (3) arises from the reaction with singlet 

oxygen and the formation of (2) presumably involves a 
radical process3 to some extent in addition to the formation 
of a 1,2-dioxetan (Scheme 1). 
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SCHEME 1 

When 9-methylenefluorene (lc) was photo-oxygenated 
in dichloromethane with Methylene Blue for 8 h, no 
appreciable reaction was observed. For 9-ethylidene- 
fluorene (Id), the reaction was quite slow, and after 17 h 
irradiation, (2) was obtained in 49% yield accompanied 

t 1.r. and n.m.r. spectra of (3) are identical with those reported in The Aldrich Library, 1970. 
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with 7% of the starting material. Compound (Id) was also 
photo-oxygenated, under similar conditions, in the absence 
of a sensitizer with oxygen bubbling through the reaction 
mixture to give (2) (29%) and unchanged (Id) (53%). 
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SCHEME 2 

Compound (Id) did not give (3). These results suggest 
that  a very delicate electron density requirement exists for 
the formation of (3). We tentatively suggest that (3) forms 
via 1,4-cycloaddition to give (7) which undergoes 0-0 bond 
cleavage to give (8) and addition of oxygen to give (9). 
A possible mechanism for the formation of (3) and (4) is 

shown in Scheme 1. Scheme 2 shows the mechanism for the 
formation of (3) as suggested by a referee. The intro- 
duction of an  hydroxy group in these reactions may also 
involve reduction of an intermediate peroxiran by nearest 
internal aromatic olefin to give the 1 -hydroxy-9-fluorenyl- 
idene oxide (6), which would react with methanol to 
produce (4). 

Attempts to trap (6) were unsuccessful because of 
methylation of the hydroxy group. A dichloromethane 
solution of (la) was photo-oxygenated a t  -78 OC, and an 
excess of diazomethane was added. The temperature was 
gradually raised to room temperature and silica gel chrom- 
atographic analysis showed the formation of l-methoxy-9- 
fluorenone (41%) and (2) (5%). 

The effect of acid on the photo-oxygenation was also 
studied. A solution of (6a) in methanol containing 10% 
benzene was irradiated with catalytic amounts of acetic 
acid resulting in the formation of (2) (lyo), (3) (40y0), and 
(4) (43%). A significant amount of solvent incorporation 
product was obtained from (la) under these conditions. 
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