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Many organic molecules possess both acidic and basic function-to the 2-carbon atom of the naphthyl ring occur for derivativges
alities that experience enhanced acidity and basicity, respectively,and4, leading to deuterium exchange at this position, but ESIPT
when the molecule undergoes electronic excitation. This simulta- with similar efficiency also occurs to the-garbon atom of the
neous change in proton donating and accepting power is significantaccepting naphthyl ring, bringing about a novel net ring-closing
enough on many occasions to promote the transfer of a proton fromreaction, to form dihydrobenzoxanthene derivatives in high yield.
the acidic group to the basic group, via the process known as A simple H-D exchange reaction stemming from ESIPT (as
excited-state intramolecular proton transfer (ESIPNearly all observed forl) would not change the chromophore, and hence no
examples of ESIPT involve an OH or NH acid, and a heteroatomic changes to the absorption spectrum would be observed with
basic group, such as an aromatic heterocyclic nitrogen or a carbonylphotolysis. However, to our surprise, photolysis3of~10-° M,
oxygen atom. In such cases, the proton transfer is usually facilitated deoxygenated 9:1 (v/v) CHCN—H,0, Aex = 300 nm) led to
by ground-state hydrogen bonding interactions between the protondramatic changes in the absorption spectrum, indicating the
donor and acceptor. Such proton transfers are reversible, with theformation of a product with a different chromophore (Figure 1).
reverse reaction often being very fast. Consequently, such systemsThe absorption bands with maxima at 222 and 283 nm characteristic
have found extensive use as photostabilizers, and there is interesbf 3 were converted to new bands with maxima at 215, 270, and
in exploiting their inherent photochromic properties for use as laser 307 nm on photolysis. A preparatory scale photoRygis10-2 M,

dyes and in other applicatiods. 9:1 (v/v) CHCN—H,0, 20 min) was carried out, and the primary
The first examples of ESIPT to a carbon atom were reported by photoproduct was chromatographically isolated (10% ether in
Yates and co-worketdor o-hydroxystyrene and-hydroxyacety- hexane, silica gel). This product was air stable and was analyzed

lene. They showed that on photolysis in water, these substratesby NMR and MS. All data are consistent with the assignment of
underwent ESIPT from the phenol to tjfecarbon atom to give the photoproduct to structuge(yield ~ 80%), which was readily
the corresponding tautomer (arguinone methide), which was then  oxidized to 1,9-benzoxanthen@)by refluxing in toluene contain-
trapped by water to give the photohydration product. More recently, ing catalytic amounts of Pd/C (eq 2). This reaction represents a
we reportethe first examples of ESIPT from phenol to a carbon new synthetic route to benzoxanthene derivatives.

atom that is part of an aromatic ring as shown for 2-phenylphenol

(1) ineq 1. ESIPT ofl-OD led to formation ofo-quinone methide 7
2-2’D, which underwent reverse proton transfer to regenerate OH . @
starting material with deuterium introduced at thep@sition of O O H0CHCN

the less-substituted ring to givie2'D. This new type of ESIPT
was observed in a variety of solvents, as well as in the solid state.
After a preliminary investigatiott into the geometric requirements
for this new type of ESIPT, it was concluded that ondy o
hydroxybiaryls that are twisted in the ground state are able to :
undergo this reaction. The twisted geometry allows overlap between O
the s-orbital of the acidic proton on the phenol with the accepting {
mr-system, forming a weak ground-state hydrogen bond, which is a 2 7
prerequisite for the proton transfer.

2
3

To monitor whether a deuterium exchange reaction analogous
OH(D) O H H(D) OH HD) to that reported fol was also occurring foB, preparatory scale
_%. QQ _— M photolyses were run in which the aqueous cosolvent was replaced
with D,O, and the products were analyzed by 500 MHZNMR.
Recovered starting material showed deuterium exchange primarily
at the 2-position of the naphthalene ringb(= 0.14 4+ 0.02)8
To explore whether the above ESIPT is available for other indicating that an analogous ESIPT reaction does occur. Also
o-hydroxybiaryls, we considered derivatives for which a naphthyl formed was5-7'D (® = 0.20+ 0.02)8 with one of the methylene
group is the proton accepting ring. The steric bulk imposed by the protons (H) replaced with deuterium. The presence of deuterium
naphthyl ring would ensure a highly twisted ground-state geometry, in 5-7’D strongly indicates that the cyclization reaction also
a feature apparently required for ESIPT. We prep&ehe simplest proceeded from an initial ESIPT from the phenol to the naphthalene
o-hydroxybiaryl containing a 1-naphthyl proton accepting ring, as ring.
well as binaphthyl derivativd, which is structurally similar to the Analogue4 behaved similarly on photolysis. UWis, NMR,
extensively used chiral discriminating agent 'IBINOL. We and MS data are wholly consistent with formation7oPhotolysis
present results that demonstrate that not only does efficient ESIPTin D,O resulted in deuterium exchange analogous to that observed
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Figure 1. UV -—visible spectra showing the conversion ®fto 5 with sop

photolysis time. Traces were recorded after 0, 0.25, 0.5, 1, 2, 3, 5, and 7
min of photolysis time in a Rayonet photoreactor fitted with 300 nm lamps

(9:1 CHCN—-H;0, deaerated) position. This finding rules ou as being a common intermediate
. —Mo0, .

to both3-2’D and5-7'D. A preferred mechanism involves water-
mediated ESIPT to the'-¢arbon atom, forming quinone methide
9 (Scheme 1). Ring closure giv&s7'D directly. This mechanism
is consistent with exclusive isolation (from,O runs) of5-7'D in
which the 7-position is exactly 50% exchanged with deuterium.
While it is apparent from the deuterium labeling experiments
that3-2'D and5-7'D do not result from the same quinone methide
intermediate, the similarity in their water dependence does suggest
a common intermediate prior to quinone methide formation. One
such possible intermediate could result from initial water-mediated
‘ ESIPT from the phenol to the naphthytsystem, forming the
4 6 8 0 12 16 zwitterionic “protonatedsz-complex” 10. Once formed, intra-
[D20] (% (v/v) in CH;CN) molecular rearrangement can lead to formation of the two possible
Figure 2. Plot of yield of 5-7'D (M) and3-2D (O) vs D,O content (in quinone methides. While further study is required to address such
CHsCN). Samples £102 M in 50 mL of solvent) were irradiated in a ~ mechanistic details, it is apparent from this work that the photo-
Raygnet reactor with 16 lamps (300 nm) for 20 min. Estimated errors are cyclization of o-(1-naphthyl)phenols is a new reaction pathway
+10%. initiated by ESIPT. It is a clean, efficient, and high-yielding route
for 3. Recovered was starting material with deuterium incorporation @ Penzoxanthenes and dihydrobenzoxanthenes, which are not
at the 2-position of the naphthalene ring>(= 0.11+ 0.02f and readily accessible by thermal methqu. Moreover, the prollfer.atlon
photoproduc? (® = 0.11- 0.02§ with 50% deuterium incorpora- of Pd-based arytaryl coupllng_ reactions enables the synthes_l_s of
tion at the 7-position (H). an abundr_:mt number of starting phenols a_nd hence the ability to
In the ESIPT reaction reported fd, it was observed that ~ Make a wide variety of benzoxanthene derivatives.
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