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A convergent and efficient preparation method of the photo-
affinity 3-(4-alkoxyphenyl)-3-trifluoromethyldiazirine deriva-
tives was established by direct introduction of the photoaffinity
group utilizing the Mitsunobu reaction.

Photoaffinity labeling1 is effectively used for the identifica-
tion of the recognition site in target receptors such as enzymes.
The 3-(4-alkoxyphenyl)-3-trifluoromethyldiazirine chromo-
phore, which is one of the representative photoaffinity labeling
group,2 is chemically stable in ambient light and generates car-
bene by irradiation of 360-nm light. The generated carbene pos-
sesses the ability to randomly insert into accessible C–H bonds
of neighboring substrates such as amino acid residues to produce
irreversible photoadducts. A peptide mapping method and
MALDI-TOF Mass analysis of the photoadducts would then
characterize the modified amino acid residues, and would lead
to identifying the binding site of the enzymes. Although photo-
affinity labeling is thus quite useful, a convenient method to in-
troduce the 3-(4-hydroxyphenyl)-3-trifluoromethyldiazirine
moiety has not been well developed.

Sphingomyelinase is a key enzyme of sphingolipid metabo-
lism, and catalyzes the hydrolysis of sphingomyelin to produce
ceramide, which is regarded as a second lipid messenger and in-
duces programmed cell death (apoptosis). In our efforts to eluci-
date the catalytic action mechanism of sphingomyelinase, we
achieved the synthesis of the sphingomyelin carbon and nitrogen
analogues as tool molecules,3 which probably act at the catalytic
site of this enzyme. For the next step in our research, new types
of tool molecules such as photoaffinity labeled sphingomyelin
derivatives, which would be useful to elucidate the catalytic site
of sphingomyelinase, are required. During our synthetic study of
these molecules, we found a new straightforward introduction
method for the 3-(4-hydroxyphenyl)-3-trifluoromethyldiazirine
group utilizing the Mitsunobu reaction.4 In this communication,
the successful and direct introduction method of this chromo-
phore into primary hydroxyl groups is described.

3-(4-Alkoxyphenyl)-3-trifluoromethyldiazirine 5 is typical-
ly produced by the oxidation of diaziridine 4 with iodide, which
is prepared from the corresponding halide and 4-hydroxyaceto-
phenone 1 by the sequence of ether formation with base, conver-
sion to oxime with hydroxylamine hydrochloride, tosylation, and
diaziridine formation with ammonia in a sealed tube. Although

this procedure is well established,5 several manipulations are re-
quired after introduction of the basic skeleton, the trifluoroaceto-
phenone moiety, and therefore sensitive groups in the same
molecules could not be used in order to avoid decomposition
during these manipulations.

Direct introduction of the 3-(4-hydroxyphenyl)-3-trifluoro-
methyldiazirine moiety 6 at the desired position obviously pro-
vides a very convenient method to obtain the desired photoaffin-
ity labeled molecules, and hence, phenol 6 was first prepared
according to the reported procedure.6 Although etherification
of the phenol 6 with bromide in the presence of various kinds
of base was unsuccessful because of the instability of the diazir-
ine group under basic conditions,7 we found that the Mitsunobu
reaction4 of the phenol 6 with primary alcohols uniformly af-
forded the desired ether. Thus, the treatment of a variety of pri-
mary alcohols with the phenol 6 in the presence of triphenyl-
phosphine and diisopropyl azodicarboxylate in THF at room
temperature for 1 h produced the desired ethers in good to excel-
lent yields as shown in Table 1.

The reactions proceeded quite smoothly, even if the func-
tional groups such as olefins (Entries 2–4), an acetylene (Entry
5), epoxides (Entries 6 and 7), an acetal (Entry 8), an ester (Entry
9), a tertiary amine (Entry 10), and a bromide (Entry 11), are
present in the molecule. In particular, the starting alcohol of
the Entry 11 contains a phosphoric ester, amide, acetate, and a
double bond in addition to bromine. This is the representative
example to show how our present method is useful. Furthermore,
the compound listed in Entry 128 is the synthetic precursor of the
photoaffinity labeled sphingomyelin, which is a very attractive
molecule for the identification of the catalytic site in sphingo-
myelinase.9

A representative experimental procedure is as follows: To a
solution of an alcohol in THF were added triphenylphosphine
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Figure 2. General method to produce photoaffinity labeled sub-
strate.
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Figure 1. 3-(4-Alkoxyphenyl)-3-trifluoromethyldiazirine chro-
mophore.
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and diisopropyl azodicarboxylate at 0 �C. After the reaction mix-
ture was stirred for 10min. at the same temperature, a solution of
phenol 6 in THF was added. After the resulting mixture was stir-
red until the alcohol was completely consumed, the solvent was
removed in vacuo to afford the desired crude products, which
were purified by silica gel column chromatography. By follow-
ing this procedure, etherification of the alcohols possessing a va-
riety of functional groups successfully proceeded to give the de-
sired photoaffinity labeled compounds.

In summary, a convenient and useful method for direct in-
troduction of the photoaffinity 3-(4-hydroxyphenyl)-3-trifluoro-
methyldiazirine group was established.
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