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Abstract—An efficient synthesis of tag introducible (3-trifluoromethyl)phenyldiazirine based phenylalanine derivatives is described.
Alkylation of a chiral glycine equivalent with a spacer containing (3-trifluoromethyl)phenyldiazirinyl bromides enables us to create
photoreactive l-phenylalanine derivatives. After introduction of biotin at the spacer, the biotinylated and photoreactive amino acid
was applied for l-amino acid oxidase and incorporated into a substrate binding site. These compounds will be powerful tools not
only for photoaffinity labeling to elucidate properties of bioactive peptides but also as trifunctional photophors to introduce a
ligand skeleton. # 2002 Elsevier Science Ltd. All rights reserved.

Photoaffinity labeling is a powerful method in the study
of biological structure and function.1�6 It will be sui-
table for analysis of biological interactions in vivo
because it is based on the affinity of the ligand moiety.
However, because of the low photolabeling yield, pur-
ification and isolation of labeled components are
hampered.6�8 We have been encouraged to try to
resolve these difficulties with a combination of avidin-
biotin systems (photoaffinity biotinylation)9�15 or
immune-interaction of photolabeling reagents.16 The
combinations enable us to detect and isolate photo-
labeled proteins and peptides without use of radio-
isotopes. It is well known that many peptides are
potentially bioactive to receptors and other biomole-
cules. Several papers have reported that photoaffinity
labeling could be utilized to investigate the functions of
these bioactive peptides.17,18 Two classes of photo-
reactive peptides have been used, synthetic peptides
containing photoreactive amino acids17 and photo-
activatable derivatives of peptides made by chemical
modification of natural products.18 In both cases tag
moieties (biotin or fluorescent group etc.) were indivi-
dually introduced at the N- or C- terminal of the
photoreactive peptides by chemical methods.

Various photophors such as phenyldiazirine, arylazide
and benzophenone, have been used. Comparative irra-
diation studies of these three photophors for living cells
suggested that a carbene precursor (3-trifluoro-
methyl)phenyldiazirine is the most promising.8

Recently, photoreactive amino acid derivatives contain-
ing benzophenone units have been utilized since the
compounds are commercially available. However, com-
parative incorporation studies of photoreactive plasmi-
nogen activator peptide with benzophenone or
(3-trifluoromethyl)phenyldiazirine at the same position
revealed that yield of the latter peptide was higher than
the former.19 Furthermore, it has been reported that the
higher specific labeling by (3-trifluoromethyl) phe-
nyldiazirine results from its closer proximity to the tar-
get biomolecule than that by benzophenone that limits
the reaction radius.19 There are only few reports on the
synthesis of (3-trifluoromethyl)phenyldiazirine based
amino acids, because of the complicated synthesis of the
diazirinyl three membered ring. One method was the
synthesis of racemic N-acetyl amino acid followed by
selective deacetylation of the l-isomer by acylase.20,21

Another involved the diastereoselective alkylation of
the glycine moiety of the complex 4 with diazirinylx
benzyl halide. This afforded the optically pure photo-
reactive l-phenylalanine.22 Both methods were applied
to the unsubstituted (3-trifluoromethyl) phenyldiazirinyl
compound (Fig. 1).
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In this report, we describe the enantioselective synthesis
of tag introducible (3-trifluoromethyl)phenyldiazirinyl
based phenylalanine derivatives to achieve one step
introduction of a tag group into an amino acid. Fur-
thermore, we tested the properties of biotinylated
phenylalanine derivatives.

We synthesized amino acid derivatives of the 3-methoxy
substituted compound, the parent skeleton in our dia-
zirine synthesis. The condensation of diazirinyl bromide
123 and the Ni complex 424 proceeded in the presence of
powdered sodium hydroxide in acetonitrile at room
temperature to afford the alkylated compound 5 with-
out diastereomer. The Ni complex 5 was heated with
1N HCl in methanol to yield the photoreactive amino
acid derivative 13.25

We have already reported that introduction of a poly
(ethyleneglycol)-type spacer between the photophor and
the tag moiety is useful to increase the solubility in
aqueous solution,9 although it cannot be applied for the
azide photophor.26 Hence we tried to establish useful
synthetic routes in which the introduction of tag com-
ponents is carried out at a later stage.

The Boc protected diazirinyl bromides 2 and 327 were
treated with 4 as described above to produce com-
pounds 6 and 10. These compounds contained two acid
labile parts (the Ni complex and the Boc group). The
conditions for releasing amino acid (1N HCl–methanol,
reflux) deprotected both the Ni complex and Boc groups
to afford the diamino compounds 14 and 17. It was
difficult to perform mono amino acylation for these
compounds. Selective deprotection of the Boc group in
the Ni complex was achieved with 50% TFA–CH2Cl2 at
room temperature to afford the amino containing Ni
complexes 7 and 11. FmocOSu was easily reacted with
in the usual manner. Subsequent acid hydrolysis
decomposed the Ni complex affording Fmoc protected
the amino acid derivative 15.

The amino group at the spacer moiety in the Ni com-
plex enables us to introduce any tags via the amide
bond.

For example, the amino Ni compounds 7 and 11 were
reacted with (+)-biotin N-hydroxysuccinimide in the

presence of triethylamine at room temperature. HCl
treatment of the biotinylated Ni complexes 9 and 12
afforded the biotinylated phenyldiazirinyl amino acids
16 and 18, respectively.25 Both compounds have typical
diazirine UV spectra, with broad maxima near 350 nm.
This adsorption peak diminished smoothly on irradia-
tion with black light. (Fig. 2 for 18, t1/2 2.3 and 2.6 min
for 16 and 18, respectively.)

Determination of the optical purity of these derivatives
was attempted by chiral HPLC before and after Boc
protection at the a-amino group. However, optimization
is difficult due to the ethylene glycol spacers. To assign
the stereochemistry correctly, these compounds were
subjected to l- and d-amino acid oxidase reactions. The

Figure 1. Synthesis of tag introducible photoreactive amino acid derivatives. (i) NaOH, CH3CN, room temperature, 75, 70 and 68% for 5, 6 and 10,
respectively, (ii) 50% trifluoroacetic acid–CH2Cl2, room temperature, 85 and 92% for 7 and 11, (iii) Fmoc–OSu, CH2Cl2, triethylamine, room
temperature, 85%, (iv) Biotin-OSu, DMF, triethylamine, room temperature, 87 and 75% for 9 and 12, (v) 1N HCl, methanol, reflux, 65–72%.

Figure 2. Photolysis of amino acid analogue 18 in methanol. (A) UV
spectra of the photolysis reaction mixture at times (in min) indicated
with numbers. (B) The decay of the absorbance at 357 nm as a func-
tion of time of photolysis in a semi-log representation.
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amino acid oxidases catalyze the oxidative deamination
of the optically pure amino acids to yield their corre-
sponding a-keto acids.28 Those with shorter spacers, 13
and 18 were easily converted to a-keto acid with
l-amino acid oxidase, whereas that with the longer
spacer 16 was not. On the other hand, these compounds
were not substrates for d-amino acid oxidase and the
optical rotations did not change after enzymatic reac-
tions. The results show that compounds 13 and 18 are
optically pure (calculated as over 90%ee from optical
rotations before and after enzymatic reactions), but the
compound with long spacer caused loss of affinity for
l-amino acid oxidase.

To ensure the biotin properties of the synthetic amino
acids, the compound 18 was applied to an immobilized
monomeric avidin column and treated as described in
our previous work.10 The UV adsorption profile indi-
cated that the compound was absorbed on the column
and easily eluted with excess biotin (Fig. 3)

l-Amino acid oxidase is a dimeric glycoprotein con-
taining two noncovalently bound flavin adenine dinu-
cleotides (FAD) per protein molecule.29 Some affinity
probes of flavin analogues were used to elucidate the
flavin binding sites for typical flavoproteins.30�33 The
results provide very important information in deter-
mining the role of flavin compounds in enzymatic reac-
tions. Less information, however, is available on the
binding sites of enzyme substrates. The enzymatic reso-
lution studies indicated that biotinylated compound 18
was suitable for photoaffinity labeling of l-amino acid
oxidase. The diazirinyl biotinylated amino acid 18 was
incubated with l-amino acid oxidase derived from Cro-
talus adamanteus venom at 37 �C for 5 min, then irra-
diated at 0 �C for 20 min. The irradiated sample was
subjected to SDS-PAGE, blotting to PVDF membrane
and chemilminescence detection of biotinylated compo-
nents as previously reported.15 The biotinylation of the
enzyme was detected at near 68 kDa as a single band34

(Fig. 4, lane 1). The signal was completely inhibited in
the presence of large amounts of l-phenylalanine (Fig. 4
lane 2). The biotinylated amino acid analogue 18 was
recognized as substrate for l-amino acid oxidase.

We conclude that the biotinylated photoreactive pheny-
lalanine will be useful for photoaffinity labeling of
bioactive peptides in binding site studies. The shorter
spacer one was recognized as substrate for l-amino acid
oxidase. The compound should be useful in elucidating
functions of enzymes that recognize single amino acids.
Furthermore, these photoreactive reagents have tri-
functional groups, two amines and a carboxylic acid, in
their molecules. They should therefore be useful in elu-
cidating mult-ligand recognition in complex systems
with photoaffinity labeling.
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