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Design and synthesis of novel photoaffinity reagents for labeling
VEGF receptor tyrosine kinases
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Abstract—Novel biotin-tagged photoaffinity probes based on a trifunctional tertiary amine scaffold were synthesized and evaluated
as vascular endothelial growth factor receptor-2 (VEGFR-2) inhibitors. Probes 3a–c inhibit VEGF induced proliferation in HUVE
cells, with IC50 values of 29.7, 33.3, and 37.7 lM, respectively. Moreover, we identified the interaction of 3b with VEGFR-2 in
photoaffinity labeling experiment using HUVE cells.
� 2006 Elsevier Ltd. All rights reserved.
Angiogenesis is a process of new blood vessel formation
from preexisting blood vessels and is essential for the
growth of solid tumors and their metastasis.1 Vascular
endothelial growth factor receptors (VEGFRs) stimu-
late endothelial proliferation and play a critical role in
endothelial cell survival/growth and tumor angiogene-
sis.2 Recently, Casanovas et al. have demonstrated that
the inhibition of VEGFR-2 in endothelial cells is impor-
tant to prevent tumor growth.3 Several VEGFR-2 inhib-
itors have been shown to inhibit tumor angiogenesis.4

Photoaffinity labeling is a powerful method in the chem-
ical proteomic approach of protein functions. This
method is especially useful for the identification of
ligand-binding sites of target proteins and the investiga-
tion of ligand–receptor interactions.5 Biotinylated
photoaffinity probes can be applied to separate labeled
proteins from complex mixtures as well as to study the
interactions of ligand–protein in living cells.6

Previously, we have described the preparation of a
photoaffinity probe 2 that is a potent VEGFR-2 inhibi-
tor.7 Moreover, we carried out the photocrosslinking
experiment using HUVE cells and identified the interac-
tion of 2 with VEGFR-2. The specific binding of 2 with
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VEGFR-2 was confirmed by the disappearance (or
reduction) of the corresponding band under the condi-
tion in the presence of two-fold molar excess of non-
labeled mother compound, CB676475 (data not shown).
However, in the case of probe 2, a photolabel tag and
a bioactive ligand have been attached to two functional
groups of biocytin, which has a number of disadvan-
tages to insert a spacer between biotin and a photo-
affinity moiety/ligand and to facilitate interactions
between ligand and proteins in cells. This led to the de-
sign of a trifunctional scaffold for photoaffinity labeling,
which can change the length of the side chain and en-
hance the inhibitory potency. Here, we developed an
efficient synthesis of trifunctional probes that contain a
photoreactive group, a biotin tag, and a bioactive ligand
(see Fig. 1).

To introduce the side chains of various lengths between
a photophore and biotin, we prepared the mono-Boc-
protected compounds 4–6 by treatment of diamines with
di-ter-butyl dicarbonate (Boc2O) (Scheme 1).8 Trifunc-
tional tertiary amine derivatives (22–24) were prepared
as illustrated in Scheme 2. Reductive amination of
monoprotected amines (4–6) with perfluorobenzalde-
hyde afforded the pentafluorobenzylamine derivatives
7–9 in good yields.9 The biotinylated precursors 13–15
were synthesized by deprotection of the Boc group with
trifluoroacetic acid (TFA) followed by coupling with
biotin in the presence of 1-ethyl-3-(3-dimethylaminoprop-
yl)carbodiimide hydrochloride (EDC).10 The interme-
diates (16–18) were obtained by the condensation of
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Figure 1. Structures of CB676475 (1) and biotin-tagged photoaffinity probes.
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Scheme 1. Reagents and conditions: (a) (i) n = 0, (Boc)2O, CHCl3, 0 �C to rt, 24 h, 98%; (ii) n = 1, NaOH, MeOH/THF, rt, overnight, 97%; (iii)
n = 2, (Boc)2O, dioxane, rt, 5 h, 97%.
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Scheme 2. Reagents and conditions: (a) (i) MgSO4, NEt3, MeOH, rt, 1.5 h, (ii) NaBH4, 0 �C, 2 h; (b) TFA, CH2Cl2, rt, 1 h; (c) EDC, MeOH/CH3CN
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Scheme 3. Reagents and conditions: (a) DCC, NHS, DMF, rt,
overnight; (b) DMF, rt, overnight.

Table 1. Inhibition of HUVEC proliferation by novel biotin-tagged
photoaffinity probes

Compound IC50 (lM)a

1 1.7 ± 0.3
2 41.7 ± 4.7
3a 29.7 ± 1.5
3b 33.3 ± 4.2
3c 37.7 ± 2.5

a IC50 values are expressed as the average of at least three
determinations.
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secondary amines (13–15) with methyl bromoacetate.11

Treatment of intermediates (16–18) with NaN3 in addi-
tion of catalytic amount of Bu4NN3 in DMF at 80 �C
afforded the desired azides (19–20), which were con-
firmed by 19F NMR.11,12 Finally, intermediates (22–
24) were obtained by hydrolysis of methyl esters (19–
21) under basic conditions. The synthesis of novel tri-
functional probes (3a–c) is summarized in Scheme 3.
The N-hydroxysuccinimide (NHS) esters (25–27) were
synthesized by the condensation of acid derivatives
(22–24) with N-hydroxysuccinimide using dicyclohexyl-
3b
UV-crosslinking

Streptavidin-HRPUsed antibody

250-kDa

3b
UV-crosslinking

Streptavidin-HRPUsed antibody

250-kDa

Figure 2. Western blot analysis showing the interaction of 3b with VEGFR
carbodiimide (DCC). The quinazoline derivative (28)
was prepared from 3,4-dimethoxybenzoic acid, as de-
scribed previously.7 Finally, the target biotin-tagged
photoprobes 3a–c were obtained by the condensation
of the NHS esters (25–27) with 28 in moderate yield.13

In order to confirm whether a series of quinazoline
derivatives (3a–c) effectively inhibit HUVEC prolifera-
tion, we determined their inhibitory activity against
VEGF-stimulated HUVEC proliferation using Cell
Counting Kit-8 (CCK-8) assay (Dojindo laboratories)
(Table 1).14 The probe 2 had an IC50 of 41.7 lM, which
was 25-fold less potent than CB676475 (IC50 = 1.7 lM).
All probes 3a–c were found to be more potent inhibitors
compared to compound 2, with IC50 values of 29.7, 33.3,
and 37.7 lM, respectively. Activity was dependent on
the chain length of the linker between biotin and the
photoaffinity moiety/ligand. The decrease of side chain
length resulted in more potent inhibitors, which could
be explained by the decrease of unfavorable steric inter-
actions of the bulky biotinylated photoactive moiety
with the target enzymes. The result suggested that novel
probes based on a trifunctional amine scaffold are very
useful to probe the structural requirements for optimal
biological activity.

The UV absorption maxima of probes 3a–c in MeOH
showed at 250 and 330 nm. The decrease in absorption
at 250 nm was observed after 254 nm UV irradiation,
suggesting the decomposition of the azido group (data
not shown). In photoaffinity labeling experiment using
HUVE cells, VEGFR-2 was detected in all lines (1) pro-
teins only, (2) UV-irradiated proteins, (3) proteins mixed
with 3b, and (4) after proteins mixed with 3b, UV-irradi-
ated—at ca. 220-kDa using VEGFR-2 specific antibody
(Fig. 2).15,16 Proteins in the absence or presence of 3b
were irradiated at 254 nm twice for 2 min. When used
both streptavidin and biotin antibodies, which can de-
tect 3b, the immunoreactivities were detected only in
the fourth line at similar molecular weight position with
that of VEGFR-2. This indicated the interaction of 3b
Biotin-HRPVEGFR-2-HRP Biotin-HRPVEGFR-2-HRP

-2.
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with VEGFR-2. These results demonstrated that the
probes 3a–c could be powerful photoaffinity reagents
to label VEGFRs involved in various aspects of tumor
angiogenesis.

In conclusion, we have synthesized novel biotin-tagged
photoaffinity probes 3a–c and estimated the importance
of the side chain length between biotin and a photo-
active moiety/ligand. Moreover, we showed that the
probes can be used in photoaffinity crosslinking to label
VEGFR-2 in HUVE cells. Novel trifunctional reagents
for photoaffinity labeling should play a useful rule to
identify target proteins and to investigate ligand–protein
interactions in living cells. The biochemical application
of these probes is currently under investigation.
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