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Abstract—Bisphenol A derivatives, possessing a fluorescent dye and a photo-reactive group, were synthesized from bisphenol A, and
the inhibitory activity of the derivatives was evaluated against hypoxic response. The synthesized derivatives were found to inhibit
the hypoxic expression of erythropoietin in Hep3B cells as well as bisphenol A.
� 2007 Elsevier Ltd. All rights reserved.
Bisphenol A (BpA) is widely used as a major source of
polycarbonate and epoxy resins in industry and is well
known as one of the common environmental endocrine
disruptors. This molecule is a xenoestrogen and affects
the reproductive functions of animals.1 In addition, as
non-estrogenic effects, BpA was reported to induce
developmental abnormalities in the neuronal systems
of humans and animals.2 The use of BpA, however,
has not been restricted because of the lack of develop-
ment of its alternatives. Thus, the elucidation of its
mode of action and molecular mechanism is strongly
desired. It is also important to pursue the behavior of
BpA in the environment, cells, and organizations. Under
these situations, the methods for detection and measure-
ment of BpA have broadly been studied, and some
methods have been reported; for example, the use of a
specific monoclonal antibody against BpA3 and the
use of isotope-labeled BpA for detection.4 However,
the detection and the quantification of BpA are not nec-
essarily facile, because these methods often require a
special facility and instruments. In this paper, we
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describe the synthesis and evaluation of BpA derivatives
possessing a fluorescent dye in order to detect BpA more
simply and efficiently. In addition, we synthesized a BpA
derivative possessing a photo-reacting group, namely a
photoaffinity group. Furthermore, we report the synthe-
sis of a valuable BpA derivative having both fluores-
cence and photoaffinity groups. These are expected to
be useful tool molecules to elucidate the BpA behavior
based on the evaluation of their inhibitory activity
toward the hypoxic expression of erythropoietin.

In the previous study, we found that BpA inhibited the
hypoxic expression of the erythropoietin (EPO) gene,
which is known as a hematopoietic cytokine. In the struc-
ture–activity relationship study of BpA, we reported that
the blocking of two phenol groups in BpA did not change
the inhibitory effect on the induction of EPO, but the
inhibition completely disappeared with the removal of
the two central methyl groups.5 Taking into consider-
ation these previous results, we designed and synthesized
three kinds of labeled compounds as shown in Figure 1,
which have labels at the terminal of a C4 or C2 chain as a
linker extended from the hydroxyl group of phenol. One
of these compounds contains the 4-nitrobenzo-2-oxa-
1,3-diazole (NBD) group as a fluorescence-labeled
group6 (1, 2), and the second one contains the 3-(4-alk-
oxyphenyl)-3-trifluoromethyldiazirine group (3), which
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Figure 1. The structure of BpA and the derivatives.
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can produce the corresponding carbene accompanied by
liberating nitrogen by photoirradiation at 360 nm and
can form a covalent bond with the neighboring func-
tion.7 The third one contains both fluorescent and photo-
affinity groups (4, 5). The length of the linker was
considered to avoid the interaction with the central
methyl groups of BpA.

The synthesis was started from BpA as illustrated in
Scheme 1. The C4 linker was introduced to the hydroxyl
Scheme 1. Reagents and conditions: (a) MOMCl, NaH, DMF, rt, 1 h,

43%; (b) TIPSO(CH2)4OH, PPh3, DIAD, THF, 3 h; (c) TBAF, THF,

rt, 3 h, 70% (two steps); (d) (PhO)2P(O)N3, PPh3, DIAD, THF, 3 h; (e)

PPh3, H2O, 60 �C, 3 h; (f) NBDCl, Et3N, rt, 30 min, 52% (three steps);

(g) 2 M HCl, AcOH, rt, 3 days, 82%.
group of the mono-MOM ether of BpA by the Mitsun-
obu reaction using diisopropylazodicarboxylate (DIAD)
with mono-protected butanediol,8 followed by the re-
moval of the TIPS group to produce alcohol 6 in 70%
yield. The terminal hydroxyl group was converted into
azide by reaction with diphenylphosphorylazide
(DPPA), and primary amine 7 was obtained by treat-
ment of the resulting azide with triphenylphosphine.
Introduction of the NBD group was achieved by a
nucleophilic substitution reaction of 7 with 7-chloro-4-
nitrobenzo-2-oxa-1,3-diazole (NBDCl) to provide com-
pound 2 in 52% yield over three steps.9 The subsequent
deprotection of the MOM group under acidic condition
gave fluorescence-labeled BpA 1 in 82% yield.10

Next is the preparation of photoaffinity-labeled BpA
derivative 3 (Scheme 2). The synthesis was commenced
with 3-(4-hydroxyphenyl)-3-trifluoromethyl diazirine 8,
which was prepared according to the reported proce-
dure.11 The hydroxy group of phenol 8 was directly con-
nected with BpA derivative 6 using our own method
utilizing the Mitsunobu reaction to quantitatively pro-
duce 3.12 Thus, we realized the synthesis of both fluores-
cence-labeled and photoaffinity-labeled BpA derivatives.

The third derivative of labeled BpA was both fluorescent
and photoaffinity-double-labeled BpA derivative 4. The
hydroxy group of phenol 8 was reacted with mono-pro-
tected butanediol by our method utilizing the Mitsun-
obu reaction, followed by treatment with TBAF to
give the corresponding alcohol 9 in good yield. In this
case, a C4 chain was also adopted as a linker part.
Unfortunately, the direct coupling between photo-
Scheme 2. Reagents and conditions: (a) TIPSO (CH2)4OH, PPh3,

DIAD, THF, 1.5 h; (b) TBAF, THF, rt, 3 h; (c) TsCl, Et3N, DMAP,

CH2Cl2, rt, 2 h, 69% (three steps); (d) 1, NaH, DMF, rt, 5 min, 64%.



Figure 3. Inhibition of EPO induction under hypoxia by BpA and

BpA derivatives (4 and 5). The conditions are same in the legend of

Figure 2 except the concentration of the derivative 5 (300 lM). Nor,

normoxia; Hyp, hypoxia; Hyp + BpA, addition of bisphenol A under

hypoxia; Hyp + 5, addition of derivative 5 under hypoxia; and

Hyp + 4, addition of derivative 4 under hypoxia.
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affinity-labeled 9 and fluorescence-labeled 1 under the
Mitsunobu conditions did not proceed,12 and both com-
pounds were recovered. The primary hydroxy group was
then converted into the corresponding tosylate, which
reacted with the sodium phenoxide of 1 to produce the
desired 4 in 44% yield from 8.13 Thus, we succeeded in
the preparation of double-labeled BpA derivative 4.
We also synthesized another double-labeled BpA deriv-
ative 5 which contained a C4 chain as the linker part by
the same method.14

We then evaluated the biological activities of
fluorescence-labeled derivative 1, MOM ether 2, photo-
affinity-labeled derivative 3, and fluorescence-photo-
affinity-double-labeled derivatives 4 and 5. After
addition of BpA or these derivatives to Hep3B cells
under hypoxia, respectively, we measured the expression
of EPO by RT-PCR (Figs. 2 and 3).15 EPO was strongly
induced under hypoxia, and the addition of BpA com-
pletely suppressed EPO induction.5 By addition of com-
pound 1, the expected inhibition effect on EPO
expression was observed. Interestingly, the MOM ether
2 showed stronger inhibitory activity than 1, and the
magnitude of the suppression was comparable to that
of BpA. Moreover, the double-labeled compound 4 also
revealed the inhibitory activity almost equal to that of
BpA, and compound 5 showed less inhibitory activity
than compound 4 because compound 5 needed higher
concentration (300 lM) than compound 4 (200 lM) to
reveal the similar inhibitory effect. On the other hand,
photoaffinity-labeled compound 3 did not show the
inhibitory activity. These results strongly suggest that
Figure 2. Inhibition of EPO induction under hypoxia by BpA and

BpA derivatives (1–3). Hep3B cells were cultured for 6 h under

hypoxia in the presence of BpA (200 lM), the derivative 1 (200 lM),

derivative 2 (200 lM), and derivative 3 (200 lM). These chemicals

were dissolved in DMSO. Expression of the EPO gene was detected by

RT-PCR (reverse transcription-polymerase chain reaction). b-Actin

was used as a control. Bands of amplified DNA fragments on agarose

gel were quantified by NIH Image. Values in the graph are means of

two different samples and are expressed as ratios of EPO mRNA and

b-actin mRNA. Control value is set at 1.0. Nor, normoxia; Hyp,

hypoxia; Hyp + BpA, addition of bisphenol A under hypoxia;

Hyp + 3, addition of derivative 3 under hypoxia; Hyp + 1, addition

of derivative 1 under hypoxia; and Hyp + 2, addition of derivative 2

under hypoxia.
the synthesized BpA derivatives 2 and 4 would be recog-
nized in cells as well as BpA. Thus, they are considered to
be simpler and more practical tool molecules for the
detection of BpA. Furthermore, they are expected to
identify the target molecule of BpA by photoaffinity
labeling and to disclose the behavior and distribution
of BpA in cells.

In conclusion, we synthesized the BpA derivatives which
possess a fluorescent dye and a photo-reactive group. To
the best of our knowledge, these molecules are the first
examples which possess fluorescence and affinity labels
in the BpA molecule. Furthermore, we observed that
these derivatives (1, 2, 4, and 5) inhibited the hypoxic
expression of EPO in Hep3B cells as well as BpA, and
hence they are expected to be powerful tool molecules
to elucidate BpA behavior.
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