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o- and p-quinone methides (QMs, 1 and 2, respectively) are 
intermediates of relevance in a variety of areas. o-QMs are 
widely used in organic synthesis, in particular for carrying out 
"reverse electron demand" Diels-Alder [4 + 2] cycloadditions 
with electron rich alkenes, to give chroman derivatives.1 p-QMs 
have also been used in synthesis,2 notably by Angle and co-
workers.2ab Although little quantitative reactivity data are 
available, o- and p-QMs are known to be powerful electrophiles3 

and are believed to have widespread occurrence as intermediates 
in biochemical transformations. For example, the mode of 
action of some important anticancer drugs and the biological 
toxicity of some chemicals have been explained in terms of the 
electrophilic character of QMs.4 p-QMs are also relevant 
intermediates in lignin chemistry.5 m-QMs (3), of which several 
forms may be envisioned including the non-Kekul6 form 3c, 
are less widely known. A /n-naphthoquinone methide as well 
as the parent 3 have received considerable theoretical and 
experimental study.6 Most of the methods reported to date for 
generating o- and p-QMs involve high-temperature thermolysis 
and/or use of highly derivatized or structurally complex 

precursors 
1-3,6,7 Although isolated reports of the photogenera-

tion of o-QMs have appeared,8 we now report a simple and 
general method for photogenerating all three isomers of QM 
d-3). 

The method involves photolysis of readily available hydroxy-
substituted benzyl alcohols 4—10 in aqueous solution. We8ab 

and others8eJ have suggested the possibility that photolysis of 
o-hydroxybenzyl alcohols8a'be or their methyl ethers8J leads to 
the corresponding o-QM. We now offer compelling evidence 
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that o-QMs are indeed formed as intermediates from o-
hydroxybenzyl alcohol precursors with high quantum efficiency. 

13 R - H, Ph 

Photolysis of 4 and 5 (10~3 M; Rayonet photoreactor; 254 
nm; ~15 0C; argon) in 1:1 MeOH-HaO gave the corresponding 
methyl ethers cleanly in low-conversion experiments (<20%), 
with <I> = 0.23 and 0.46, respectively. The corresponding 
methoxy derivatives of 4 and 5 (i.e., 11 and 12) reacted with 
much lower efficiency (5> < 0.1). Photolysis of 4 and 5 in 1:1 
H2O-CH3CN with 0.1 M ethyl vinyl ether (EVE) gave the 
corresponding [4 + 2] cycloaddition products (regioselectively) 
in quantitative yield (eq 1). High-field 1H NMR showed that 
the adduct from 5 is predominantly (>90%) the trans diaste-
reomer. Photolysis in the presence of dihydropyran or dihy-
drofuran gave the corresponding chroman adducts 13 and 14 
(>90%), with preference for the trans diastereomer when 5 was 
used. The isolation of these chroman systems is consistent with 
formation of o-QM intermediates on photolysis of 4 and 5. 

(eql) 

~ 100% R 

Nanosecond laser flash photolysis (LFP; 266 nm; YAG laser; 
<35 mJ; 20 0C) of flowing solutions of 5 in 1:1 H2O-CH3CN 
(pH 7) gave a long-lived and strongly absorbing species (Amax 
= 345,450 nm; r = 5—10 s)9 (Figure 1) which was unaffected 
by oxygen but whose lifetime was shortened by addition of 
ethanolamine (as nucleophile) or EVE, with decay rates 
independent of A. LFP of 5 in 100% CH3CN gave much weaker 
signals; LFP of 11 and 12 in 1:1 H2O-CH3CN failed to give 
any signal.10 For 5, addition of H2O to CH3CN resulted in an 
increase in signal intensity. LFP in acidic pH resulted in 
diminishing signal intensity, with complete loss of signal below 
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Figure 1. Spectra observed on LFP of 5 and 7 in 1:1 H2O-CH3CN. 
Spectrum a is assigned to o-QM 15, and spectrum b is assigned to 
p-QM 16. 

pH 1. A plot of signal intensity vs pH showed a sigmoid pH 
titration curve (inflection point at pH « 2.5) indicating that the 
dissociated phenol (in Si)" is required for reaction. We assign 
the spectrum obtained from 5 (Figure 1) as that of o-QM 15. 
LFP of 4 also gave a long-lived species (Amax = 380 nm), but 
the spectrum was much weaker and not as well-defined. 

We proceeded to examine the photochemical behavior of 
6—10, not expecting significant reactivity from these systems. 
However, LFP of 7 in 100% H2O also gave a strong and long-
lived transient (Figure 1; r > 5 s) which was unaffected by 
oxygen but quenchable with ethanolamine. Photolysis of 6 and 
7 in 1:1 MeOH-H2O gave the corresponding methyl ethers but 
with lower quantum yields compared to the ortho isomers (3> 
ss 0.007 and 0.1, respectively).13 We assign the transient 
spectrum obtained from 7 (Figure 1) as p-QM 16. 

Strongly absorbing transients were also observed on LFP of 
meta isomers 9 and 10 in aqueous solution (Figure 2). Their 
lifetimes (first-order decays) were significantly shorter than 
transients observed for the ortho and para isomers (r = 30 ns 
(1:1 H2O-CH3CN) and 10 ^s (100% H2O), pH 7, 20 0C, for 
the transients from 9 and 10, respectively). These transients 
were insensitive to oxygen and quenchable by ethanolamine. 
The Amax and band shape of these spectra are essentially identical 
to those of the corresponding diarylmethyl and triarylmethyl 
cations reported by McClelland et al.14 Although they did not 
photogenerate the appropriate m-hydroxy-substituted cations, the 

(9) LFP is unnecessary in these experiments. We later used a Rayonet 
reactor turned on for a brief period of time to produce the visually observable 
orange-red transient. Its lifetime was then measured with a standard 
spectrophotometer. 

(10) These two observations also apply to LFP studies of the para and 
meta isomers (for the corresponding compounds) studied in this work, 
supporting the notion that a general mechanism operates for these 
compounds, regardless of position of hydroxy substitution. 
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Figure 2. Transient spectra observed on LFP of 9 (H2O-CH3CN 1:1) 
and 10 (100% H2O). Spectrum a is assigned as m-QM 17, and spectrum 
b is assigned as m-QM 18. Inset: Clean first-order decay of 18 (A = 
430 nm; 100% H2O; pH 7; 20 0C), with a lifetime of 10 /is. 

lifetimes of those that were reported are informative. For 
example, diarylmethyl cations without strongly stabilizing 
substituents have lifetimes of less than 10 ns in aqueous solution 
and are not detectable by standard nanosecond LFP; r was 
estimated to be 1 and 6 ns for the diphenylmethyl and the (p-
methylphenyl)phenylmethyl cations, respectively.14 The life
times of the parent trityl (triphenylmethyl) cation and the (m-
methoxyphenyi)diphenylrnethyl cation were measured to be 7 
and 6 ,ws, respectively. Clearly, the transients observed from 9 
and 10 are arylmethyl carbocations, but their lifetimes are too 
long to be simply the corresponding m-hydroxy-substituted 
species. The rationale is as follows. The deprotonated hydroxy 
group (O-) is an electron-donating group on the benzene ring, 
at either a meta or para position (CTm = -0.47; av = -0.81),15 

unlike the hydroxy group itself, which is electron withdrawing 
at the meta position (om = +0.12).15 If the transient from 9 
were simply the (m-hydroxyphenyl)phenylmethyl carbocation, 
its expected lifetime in aqueous solution, using data from 
McClelland et al.,14 would be less than 1 ns! Its much longer 
observed lifetime is consistent with the hydroxyl group having 
deprotonated. We thus assign these transients (Figure 2) as 
m-QMs 17 and 18, from 9 and 10, respectively. Corroborating 
data that carbocations are indeed formed comes from the 
photolysis of 8—10 in 1:1 MeOH-H2O, which gave high yields 
of the corresponding methyl ethers, with quantum yields which 
were only fractionally lower than those measured for the 
corresponding ortho isomers (4> = 0.12 and 0.23 for 8 and 9, 
respectively). 

In summary, we have shown that all of the isomers of QM 
can be photogenerated readily, with high efficiency for the ortho 
and meta isomers, by photolysis of the corresponding hydroxy-
benzyl alcohols in aqueous solution. The method appears 
sufficiently general for the photogeneration of a wide variety 
of these intermediates. In addition, it is possible to characterize 
all three QM isomers spectrophotometrically, and we have 
shown that /n-QMs exist as singlet ground states (zwitterions) 
in aqueous solution.16 
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(16) The photochemical method for QM formation described in this work 
opens the way for studying the reactivity of these intermediates in aqueous 
solution as a function of pH, for which little data is presently available. 
These studies are in progress and will be reported in due course. 


