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Benzylic Hydroxylation of 11 -Ox0 -0estrones by Hydration of Quinone Methides. 
A Novel Demonstration of the Presence of a Reactive Intermediate 

By GAVIN M. BUCHAN, JOHN W. A. FINDLAY, and ALAN B. TURNER* 
(Chemistry Department, University of A berdeen, Aberdeen AB9 2UE) 

Summary Oxidation of 3-hydroxy- 1-methyloestra- 1,3,5- 
(10)-triene-1 1,17-dione (1) with dichlorodicyanobenzo- 
quinone (DDQ) in aqueous dioxan gives the 9P-hydroxy- 
derivative (2) by a mechanism involving addition of 
water to the intermediate quinone methide (4). 

 METHYL-^ 1-0x0-OESTRONE (1) reacts slowly with DDQ 
in 1% aq. dioxan to give the 9P-ketol (2). A 0 . 2 ~  solution 
of steroid (1) and of DDQ gradually deposits crystals of 
dichlorodicyanohydroquinone (5 days ; 20"). Evaporation 
after removal of the hydroquinone, followed by addition of 

t Satisfactory analytical and spectral data were obtained for all . n  

ethyl acetate, gave the ketol (2), m.p. 218-220" (decomp.),t 
[m/e  314 (M+, 16y0), 296 (32), 229 (80), and 176 (loo)], in 
50% yield. Further crystals were obtained from the 
mother liquors, raising the yield to 65%. The ketol (2) 
gave the monoacetate (3), m.p. 191-192" [m/e 356 (M+, 
IS%), 271 (55), 229 (48), and 176 (loo)], after acetylation 
with acetic anhydride in pyridine. The 9p-configuration of 
the tertiary hydroxy-group in these compounds was clear 
from i.r. studies, which showed intramolecular hydrogen 
bonding in the ketol system.l The pregnane (5)  was 
similarly oxidised to the ketol (6), m.p. 188-191", in 3574 
yield. 

lew compounds. 
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The hydroxy-group introduced at the 9p-position was 
shown to originate from water by labelling experiments. 

0 

0 

(7) R’ =R2= H 
( 8 )  R’ =OMe; R2=H 
(91 R’ = R2 = OMe 

When the reaction was 

0 J p r  
OMe 

(10) 

run in dioxan containing 1% 
H21s0, the first crystals of ketol contained 85% 9$-leOH 
[ m / e  316 (M+, 20%), 298 (50), 296 (42), 231 (68), and 178 
(loo), monoacetate m/e 358 (M+, 13%), 273 (45), 231 
(as), and 178 (loo)]. Retention of in the major frag- 
ments, apart from that formed by loss of HalsO, was 
established by accurate mass measurements. Further 

crystals of ketol, from the mother liquor, unprotected 
against atmospheric moisture, contained decreasing amounts 
of 1 8 0 .  This suggested that the intermediate quinone 
methide (4) was present in the mother liquors, and was only 
slowly hydrated, since no DDQ remained at  this stage. 
This was confirmed by repeating the original reaction in 
Ha160-dioxan and adding H,laO to the reaction mixture 
after all the DDQ had been consumed and after about 50% 
of the unlabelled ketol had been isolated, when 18% 
le0-incorporation was observed. Attempts to obtain 
direct spectroscopic evidence for the intermediate (4), 
particularly from U.V. studies, were hindered by the forma- 
tion of purple by-products, and no adducts were obtained 
when simple aliphatic alcohols were used instead of water. 

Similar oxidation of guaiacylacetone (7) in 5% meth- 
anolic dioxan gave the methoxy-derivative (8) in 50% yield 
(g.1.c.). It was also formed by oxidation in pure MeOH and 
characterised as its monoacetate. The product (8) was 
resistant to DDQ in methanolic dioxan at  Z O O ,  but further 
oxidation occurred in refluxing solution, and the dimethoxy- 
derivative (9) was formed. Only an intractable mixture 
was obtained when the phenol (7) was oxidised in aq. 
dioxan, and in the anhydrous solvent polymeric material 
was obtained. These results indicate formation of the 
extended quinone (lo), which either polymerises or is 
trapped by the addition of methanol.2 

In these substrates when the carbonyl group is adjacent 
to the benzylic centre undergoing oxidation the usual 
hydride abstraction mechanism3 is prevented, so the forma- 
tion of the intermediate quinone methide may involve a 
concerted p r o c e s ~ , * ~ ~  leading directly to the quinone 
methide and dichlorodicyanohydroquinone, or one-electron 
oxidation to the phenoxyl radical, followed by further 
oxidation to the phenoxonium cation and subsequent 
proton loss from the 9a-position.6 
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