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A series of trans-stilbene derivatives containing a 3,5-dimethoxyphenyl moiety were prepared
through a new efficient solution phase synthetic pathway, and their inhibitory activities were
evaluated on human cytochrome P450s (CYP) 1A1, 1A2, and 1B1 to find a potent and selective
CYP1B1 inhibitor. We found that a substituent at the 2-position of the stilbene skeleton plays
a very important role in discriminating between CYP1As and CYP1B1. Among the compounds
tested, the most selective and potent CYP1B1 inhibitor was 2,3′,4,5′-tetramethoxystilbene.
Compound 7j, 2-[2-(3,5-dimethoxy-phenyl)vinyl]thiophene, showed greater inhibitory activities
but had a lower selectivity toward all of the CYP1s tested.

Introduction
The cytochrome P450s (CYP) catalyze phase I oxida-

tive metabolisms of a number of xenobiotics (e.g., drugs,
carcinogens, and pesticides) and endogenous compounds
(e.g., steroids and eicosanoids).1 The CYP1 subfamily
including 1A1, 1A2, and 1B1 has long been of interest
to researchers because of its relevance to chemical
carcinogenesis. CYP1B1 is expressed preferentially in
steroidogenic tissues such as the adrenal, testis, and
ovary and in steroid-sensitive tissues such as the breast,
prostate, testis, and embryonic cells.2,3 Like CYP1A1,
CYP1B1 is involved in the metabolic activation of
polycyclic aromatic hydrocarbons such as benzo[a]py-
rene, dibenzo[a,l]pyrene, 7,12-dimethylbenz[a]anthracene
(DMBA), and 5-methylchrysene.4 CYP1B1 is more active
than CYP1A1 in converting DMBA to the carcinogenic
metabolite 3,4-dihydrodiol 1,2-epoxide. CYP1B1 expres-
sion is regulated by the Ah receptor-mediated signal
pathway, and 2,3,7,8-tetrachlorodibenzo-p-dioxin, a po-
tent agonist of the Ah receptor, activates the transcrip-
tion of CYP1B1.5

CYP1B1 is known to be a major 17â-estradiol (E2)
4-hydroxylase to produce 4-hydroxyestradiol (4-OHE2).
Although the contribution of CYP1B1 and 4-OHE2 in
estrogen-induced cancer is still speculative, increasing
evidences for the carcinogenicity of estrogens suggest
that 4-OHE2 is involved in the development of breast
cancer in humans.6-8 4-OHE2 is also known to be a
long-acting estrogen.9 Cavalieri et al. have offered an
explanation for the role of 4-OHE2 in tumor initiation.10

4-OHE2 can be oxidized to E2-3,4-semiquinone and
E2-3,4-quinone, which binds to the N7-guanine in DNA
to form depurinating DNA adducts. The resulting apu-
rinic sites in DNA can result in mutations in critical
genes.11 Moreover, the semiquinone free radical gener-
ated during redox cycling of catechol estrogens may
react with molecular oxygens to form superoxide and
other hydroxy radicals.12,13 The formation of 8-hydroxyl-
ated guanines by the reaction of guanine bases of DNA

with the resulting hydroxy radicals is considered to be
an important indicator of oxidative injury to DNA and
is increased in the liver and kidney of hamsters exposed
to E2 or 4-OHE2.14 E2 treatment also enhances lipid
hydroperoxide-induced DNA adduct and malondialde-
hyde-DNA adduct formations by free radical genera-
tion.15-17

Because hydroxylation of E2 by CYP1B1 at the
4-position has been postulated to be important in
estrogen carcinogenesis, selective inhibitors of CYP1B1
may prevent mammary tumor formation, especially in
the breast. Selective inhibitors may also be very useful
as pharmacological tools to elucidate the functions of
CYPs. To find the selective inhibitors of CYP1s, many
types of compounds have been tested to date.18,19

However, compounds having a strong potency and
selectivity for specific P450 isozymes are not character-
ized well.

Various trans-stilbene compounds were reported to
be inhibitors of CYP. Resveratrol (1a, Figure 1) showed
an inhibitory effect on human CYP1A1 and CYP1B1.20,21

Recently, rhapontigenin (2), a natural hydroxystilbene,
showed a strong selectivity of CYP1A1 inhibition19 and
it was found that the selectivities and inhibitory potency
of stilbene compounds tested against CYP1s were sensi-
tive to the substitution patterns on the trans-stilbene
template. On the basis of these studies, we investigated
the synthesis and biological evaluation of various trans-
stilbene analogues in order to find a potent and selective
CYP1B1 inhibitor. We designed and prepared a series
of compounds of general structure (3, Figure 1) in which
the phenyl ring on site A contains dimethoxy groups on
the 3- and 5-positions instead of the corresponding
dihydroxyl groups of the natural products 1 and 2. We
envisioned that the substitution by dimethoxy groups
could enhance the activity since previously reported
potent CYP1 inhibitors are generally lipophilic com-
pounds. Several structural changes were made on site
B in order to obtain compounds with the high selectivity
that we were seeking. We report here the CYP1 inhibi-
tion of synthesized trans-stilbene analogues and our
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discovery of 2,3′,4,5′-tetramethoxystilbene to be a selec-
tive and potent CYP1B1 inhibitor.

Chemistry

The preparation of 3,5-dimethoxy-trans-stilbene de-
rivatives was carried out according to Scheme 1. The
stilbene skeleton could be constructed by Wittig reac-
tions between an aromatic aldehyde and an aromatic
phosphonium ylide. However, semistabilized ylide, like
benzyl ylide, usually provides a mixture of Z and E
isomers22,23 as well as triphenylphospine oxide as a
byproduct that necessitates chromatography or crystal-
lization for purification. For a practical and efficient
synthesis of trans-stilbene, we employed a Honer-
Wadsworth-Emmons reaction, which offers the advan-
tage of generating the water soluble dimethyl phospho-
ric acid byproducts, instead of triphenylphospine oxide,
as well as providing the desired trans isomer as the
major product.24 It was felt that this would remove one
of the key obstacles in preparing the large number of
trans-stilbene derivatives and could be utilized in a
solution-phase stilbene library synthesis.

Honer-Wadsworth-Emmons reactions between phos-
phonate 4 and commercially available aromatic alde-
hydes 5 (1.1 equiv) in the presence of freshly powdered
KOH and a catalytic amount of 18-crown-6 in CH2Cl2
yielded a mixture of olefins 6 with a Z/E ratio of ca. 1:3
to 1:5 by thin-layer chromatography (TLC) intensity
(Scheme 1). After standard aqueous work up, the excess
aldehydes of 5 could be removed from the mixture by
treatment with Girard’s reagent T ((carboxymethyl)-
trimethylammonium chloride hydrazide) and acetic
acid.25 The products obtained after aqueous work up
were very pure (>98% purity by nuclear magnetic
resonance (NMR) analysis). These Z/E mixtures of 6
were efficiently converted to E isomers of 7 by heating
with catalytic amounts of iodine in refluxing heptane.26

The reaction mixtures were diluted with diethyl ether
and washed with saturated aqueous sodium bisulfite
and water to remove iodine from the trans-stilbene
derivatives. The NMR spectra of synthesized trans-
stilbenes showed that these are very clean and did not
contain any notable impurities.

The amide analogue 9 was obtained by the condensa-
tion of acid with amine as depicted in Scheme 2. The
commercially available 3,5-dimethoxybenzoic acid (8)

was treated with trichloroacetonitrile and triphenylphos-
phine in CH2Cl2 at room temperature, and then, the
aroyl chloride formed was converted to the amide 9 in
good yields by adding, in situ, 2,4-dimethoxyaniline and
triethylamine.27 The corresponding imine analogue 11
was prepared by condensation of 3,5-dimethoxy benzal-
dehyde (10) and 2,4-dimethoxyaniline using a Dean and
Stark apparatus (Scheme 2).

Results and Discussion

The inhibitory effects on ethoxyresorufin O-deethy-
lation (EROD) by trans-stilbene compounds were de-
termined in bicistronic bacterial membranes containing
human CYP1A1, CYP1A2, and CYP1B1.19,28 As indi-
cated in Table 1, among the compounds tested, 2,3′,4,5′-
tetramethoxystilbene (7a) was found to be the most
selective and potent CYP1B1 inhibitor to date. Com-
pound 7a showed a potent inhibitory effect on CYP1B1
(IC50 ) 6 ( 2 nM) and, to a lesser extent, on CYP1A1
(IC50 ) 300 ( 20 nM) and CYP1A2 (IC50 ) 3100 ( 880
nM). Compound 7a is a methylated derivative of natu-
rally occurring oxyresveratrol (1b, Figure 1). Compound
1b inhibited CYP1s having IC50 values of 15, 150, and
34 µM for 1A1, 1A2, and 1B1, respectively.19 These
results showed that replacement of four hydroxyl groups
of 1b with methoxy groups potentiated the inhibitory
activity and caused profound changes in selectivity.

Recently, we investigated the mechanism of CYP1B1
inhibition by 7a.29 Compound 7a is a competitive
inhibitor of CYP1B1 with a Ki value of 3 nM. 4-Hy-
droxylation of E2 by CYP1B1-expressing membranes or
purified CYP1B1 were strongly blocked by compound
7a. However, 7a does not cause a time-dependent
inactivation of CYP1B1. It was also found that 7a is
relatively stable in the presence of CYP1B1.

Modification of the phenyl ring on site B by the
addition/deletion or change in the position of methoxy
groups (compounds 7b-e) resulted in decreased potency
and selectivity. These observations indicated that the
exact locations of methoxy groups are a very important
feature for selectivity. In comparison with 7a, compound
7e differed structurally by only the methoxy group at
the 2-position. The inhibitory activities of 7e against
1A1 and 1A2 were only slightly decreased as compared
to compound 7a. However, 7e was found to be about
130 times less active against 1B1 (IC50 ) 790 ( 100 nM)
than 7a. These results suggested that the presence of a
2-methoxy group may play a very important role in
binding to the active site of CYP1B1. Therefore, we
replaced the 2-methoxy group with an F or OH group
(compounds 7f,g). These compounds also preferentially
inhibited 1B1 over 1A1 and 1A2 and exhibited better
properties than compound 7e. However, the inhibitory
potentials and selectivities were diminished substan-
tially as compared to 7a. When the ethylene bridge of
compound 7a was replaced with an amide or an imine
linkage (compounds 9 and 11), none showed significant
activities, but the selectivity between 1As and 1B1 was
shown as to be expected.

In another modification, we replaced the phenyl ring
on site B with 4-pyridyl, 3-furanyl, and 2-thiophenyl
rings (compounds 7h-j). However, none of them was
as selective as 7a. Whereas compounds 7h,i had weak
inhibitory effects on CYP1s, compound 7j containing a

Figure 1. Structures of 1a, 1b, 2, and general structure 3.
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2-thiophenyl ring showed remarkably greater inhibitory
activities against all of the CYP1s tested, which had IC50

values of 61 ( 21, 11 ( 2, and 2 ( 1 nM for 1A1, 1A2,
and 1B1, respectively. Compound 7j exhibited a 30-fold
greater selective inhibition of 1B1 over 1A1, but the
selectivity between 1B1 and 1A2 was much lower than
that of 7a (about 5-fold as compared to a 500-fold
selectivity).

In conclusion, a series of lipophilic stilbene derivatives
have been prepared and evaluated as to their effects
on the activity of CYP1A1, CYP1A2, and CYP1B1 with
the goal of identifying a potent and selective CYP1B1
inhibitor. From our results, the most selective and
potent CYP1B1 inhibitor was 7a and the most active
CYP1B1 inhibitor was compound 7j. We found that the
presence of a substituent at the 2-position of the stilbene
skeleton plays a very important role in discriminating
between CYP1As and CYP1B1 and influencing the
pharmacological effect. Our results are of interest for
establishing the preliminary structure-activity rela-
tionships of stilbenes as CYP1s inhibitors and allowing
the design and synthesis of a stilbene derivative that
has a superior selectivity and activity. In addition, the
active trans-stilbene analogue 7a can be a useful
compound for characterizing the enzymatic properties
of CYP1B1 because of its strong selectivity. It may also
be valuable for the development of a chemopreventive
or therapeutic agent for cancer by protecting the
CYP1B1-dependent E2 metabolism.

Experimental Section

General. Except where indicated, materials and reagents
were used as supplied by the manufacturer. Melting points
were determined with a Bûchi melting point B-540 apparatus
and were not corrected. NMR spectra were recorded at 300
MHz using a Varian Gemini 2000 spectrometer with tetra-
methylsilane as an internal standard. Electron impact mass
spectra were taken on a HP 5989B mass spectrometer at 70
eV. Elemental analyses were performed on an EA1110 el-
emental analyzers. The results were within 0.4% of calculated
values. Reactions were monitored by TLC analysis using E.
Merck silica gel 60 F-254 thin-layer plates. Flash chromatog-
raphy was carried out on E. Merck Kieselgel 60 (230-400
mesh) silica gel.

Biological Assay. Bacterial coexpression plasmids for
human CYP1A1, 1A2, 1B1, or NADPH-P450 reductase were
kindly provided by Dr. F. Peter Guengerich (Vanderbilt
University, Nashville, TN). Bicistronic bacterial membranes
were prepared in accordance with Guengerich et al.33 Protein
concentrations were determined using the bichinchoninic acid
method according to the supplier’s recommendations (Pierce
Chemical Co., Rockford, IL). To measure CYP1A1, 1A2, or 1B1
enzyme activities, EROD was determined. Bicistronic mem-
branes containing 5 nM of CYP1A1, 1A2, or 1B1 were added
to 0.1 M potassium phosphate buffer (pH 7.4) containing 2 µM
ethoxyresorufin and varying concentrations of inhibitors.19 The
reaction mixtures were preincubated at 37 °C for 3 min. The
reactions were initiated by the addition of an NADPH-
generating system consisting of 5 mM glucose 6-phosphate,
0.5 unit mL-1 glucose 6-phosphate dehydrogenase, and 0.5 mM
NADP+. After 10 min of incubation at 37 °C, the reactions were
terminated by the addition of 1 mL of MeOH. The formation
of resorufin was determined fluorometrically using a Perkin-
Elmer LS 5 spectrofluorometer at excitation and emissions
wavelengths of 550 and 585 nm.

(3,5-Dimethoxy-benzyl)phosphonic Acid Dimethyl Es-
ter (4). A mixture of 3,5-dimethoxy-benzyl bromide (2.31 g,
10 mmol) and trimethyl phosphite (3.75 g, 30 mmol) in a sealed
tube was heated at 180 °C in an oil bath for 8 h. After the
mixture was cooled, the excess trimethyl phosphite was
removed in vacuo. Purification of the residue by short flash
column chromatography on silica gel (eluent: EtOAc) gave 2.42
g (93%) of 4 as an oil. 1H NMR (CDCl3, 300 MHz): δ 6.45 (t,
J ) 2.4 Hz, 2H), 6.35 (dd, J ) 4.2, 2.1 Hz, 1H), 3.77 (s, 6H),
3.70 (s, 3H), 3.66 (s, 3H), 3.10 (d, J ) 21.6 Hz, 2H).

General Procedure for the Preparation of (E)-Stil-
benes (7). To a well-stirred suspension of phosphonate 4 (1.0
mmol), freshly powdered KOH (2.0 mmol), and 18-crown-6 (0.1
mmol) in 2 mL of CH2Cl2 was added commercially available
aromatic aldehydes 5 (1.1 mmol) at room temperature. After
the mixture was additionally stirred for 3-6 h, the mixture
was diluted with 15 mL of CH2Cl2 and washed with water (10
mL) and brine (2 × 10 mL). The organic layer was dried over

Scheme 1

Scheme 2a

a Reagents: (a) i. CCl3CN, Ph3P, CH2Cl2, room temperature;
ii. 2,4-dimethoxyaniline, Et3N. (b) 2,4-Dimethoxyaniline, toluene,
reflux.
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MgSO4 and concentrated in vacuo. The residue was dissolved
in 2 mL of CH2Cl2. To this solution were added Girard’s
reagent T ((carboxymethyl)trimethylammonium chloride hy-
drazide, 0.5 mmol) and AcOH (5 mmol), and the resulting
mixture was stirred for 2 h at room temperature. The insoluble
material was filtered off, the filtrate was concentrated in vacuo,
and the residue was dissolved in 15 mL of EtOAc. The solution
was washed with brine (3 × 10 mL) and dried over MgSO4,
and the solvent was removed in vacuo to yield the desired
stilbene (ca. 0.9-0.95 mmol) as a mixture of E and Z isomers.
To the solution of this mixture in heptane (5 mL) was added
a catalytic amount of iodine (1 crystal) and then heated to
reflux for 12 h. The reaction mixture was diluted with 20 mL
of ether and washed with saturated aqueous sodium bisulfite
(10 mL) and brine (2 × 10 mL). The organic layer was dried
over MgSO4 and concentrated in vacuo to provide the desired
E-stilbene 7 (ca. 0.9-0.95 mmol).

(E)-1-(2,4-Dimethoxyphenyl)-2-(3,5-dimethoxyphenyl)-
ethene (7a). Yield ) 95%; mp ) 78-79 °C. 1H NMR (300
MHz, CDCl3): δ 7.49 (d, J ) 8.7 Hz, 1H), 7.36 (d, J ) 16.5 Hz,
1H), 6.94 (d, J ) 16.5 Hz, 1H), 6.67 (d, J ) 2.1 Hz, 2H), 6.50
(m, 2H), 6.36 (t, J ) 2.4 Hz, 1H), 3.87 (s, 3H), 3.83 (s, 3H),
3.82 (s, 6H). 13C NMR (75 MHz, CDCl3): δ 160.88, 160.61,
158.10, 140.37, 127.35, 126.98, 123.85, 119.33, 107.08, 104.99,
104.38, 99.41, 98.50, 97.50, 55.51, 55.40, 55.36, 55.22. EIMS
m/z: 300 (M+, 100%). Anal. (C18H20O4) C, H.

(E)-1-(3,5-Dimethoxyphenyl)-2-(3,4,5-trimethoxyphenyl)-
ethene (7b). Yield ) 95%; mp ) 136-138 °C. 1H NMR (300
MHz, CDCl3): δ 6.95 (d, J ) 16.2 Hz, 1H), 6.86 (d, J ) 16.2
Hz, 1H), 6.67 (s, 2H), 6.59 (d, J ) 2.1 Hz, 2H), 6.33 (dd, J )
2.1, 2.1 Hz, 1H), 3.85 (s, 6H), 3.80 (s, 3H), 3.77 (s, 6H). 13C
NMR (75 MHz, CDCl3): δ 161.00, 153.41, 139.22, 132.85,
130.42, 129.14, 106.70, 104.51, 99.99, 60.96, 56.14, 55.36.
EIMS m/z: 330 (M+, 100%). Anal. (C19H22O5) C, H.

(E)-1,2-Di(3,5-dimethoxyphenyl)ethene (7c). Yield )
94%; mp ) 129-135 °C. 1H NMR (300 MHz, CDCl3): δ 6.93
(s, 2H), 6.58 (d, J ) 2.1 Hz, 4H), 6.32 (t, J ) 2.1 Hz, 2H), 3.75
(s, 12H). 13C NMR (75 MHz, CDCl3): δ 160.99, 139.16, 129.20,
104.65, 100.14, 55.38. EIMS m/z: 300 (M+, 100%). Anal.
(C18H20O4) C, H.

(E)-1-(3,4-Dimethoxyphenyl)-2-(3,5-dimethoxyphenyl)-
ethene (7d). Yield ) 92%; mp ) 66-67 °C. 1H NMR (300
MHz, CDCl3): δ 6.99-6.94 (m, 3H), 6.83 (d, J ) 16.5 Hz, 1H),
6.79 (d, J ) 8.1 Hz, 1H), 6.59 (d, J ) 2.1 Hz, 2H), 6.31 (t, J )
2.1 Hz, 1H), 3.88 (s, 3H), 3.83 (s, 3H), 3.76 (s, 6H). 13C NMR
(75 MHz, CDCl3): δ 160.99, 149.44, 149.07, 139.57, 130.28,
129.00, 126.81, 120.00, 107.90, 106.60, 101.10, 55.40, 55.30.
EIMS m/z: 300 (M+, 100%). Anal. (C18H20O4) C, H.

(E)-1-(4-Methoxyphenyl)-2-(3,5-dimethoxyphenyl)-
ethene (7e). Yield ) 94%; mp ) 55-57 °C. 1H NMR (300
MHz, CDCl3): δ 7.4-7.35 (m, 2H), 6.97 (d, J ) 16.5 Hz, 1H),
6.83 (d, J ) 16.2 Hz, 1H), 6.84-6.81 (m, 2H), 6.58 (d, J ) 2.1
Hz, 2H), 6.30 (t, J ) 2.1 Hz, 1H), 3.76 (s, 9H). 13C NMR (75
MHz, CDCl3): δ 160.98, 159.41, 139.71, 129.95, 128.75, 127.79,
126.59, 114.15, 104.35, 99.65, 55.36, 55.33. EIMS m/z: 270
(M+, 100%). Anal. (C17H18O3) C, H.

(E)-2-[2-(3,5-Dimethoxy-phenyl)vinyl]-5-methoxyphen-
ol (7f). Yield ) 90%; oil. 1H NMR (300 MHz, CDCl3): δ 7.34
(d, J ) 8.7 Hz, 1H), 7.20 (d, J ) 17.1 Hz, 1H), 6.85 (d, J )
16.2 Hz, 1H), 6.58 (d, J ) 2.1 Hz, 2H), 6.43 (dd, J ) 2.4, 8.4
Hz, 1H), 6.30-6.29 (m, 2H), 3.74 (s, 6H), 3.69 (s, 3H). EIMS
m/z: 286 (M+, 100%). Anal. (C17H18O4) C, H.

(E)-1-(3,5-Dimethoxyphenyl)-2-(2-fluoro-4-methoxyphen-
yl)ethene (7g). Yield ) 90%; mp ) 51-55 °C. 1H NMR (300
MHz, CDCl3): δ 7.43 (t, J ) 8.7 Hz, 1H), 7.10 (d, J ) 16.5 Hz,
1H), 6.91 (d, J ) 16.5 Hz, 1H), 6.64 (dd, J ) 2.7, 8.7 Hz, 1H),
6.59 (d, J ) 2.1 Hz, 2H), 6.56 (dd, J ) 2.7, 12.6 Hz, 1H), 6.32
(t, J ) 2.1 Hz, 1H), 3.76 (s, 6H), 3.75 (s, 3H). EIMS m/z: 288
(M+, 100%). Anal. (C17H17FO3) C, H.

(E)-4-[2-(3,5-Dimethoxy-phenyl)vinyl]pyridine (7h).
Yield ) 90%; mp ) 139-144 °C. 1H NMR (300 MHz, CDCl3):
δ 8.51 (d, J ) 5.7 Hz, 2H), 7.39-7.33 (m, 2H), 7.19 (d, J )
16.5 Hz, 1H), 6.93 (d, J ) 16.2 Hz, 1H), 6.63 (d, J ) 2.1 Hz,
2H), 6.40 (t, J ) 2.1 Hz, 1H), 3.77 (s, 6H). EIMS m/z: 241
(M+, 77%). Anal. (C15H15NO2) C, H, N.

(E)-3-[2-(3,5-Dimethoxy-phenyl)vinyl]furan (7i). Yield
) 91%; oil. 1H NMR (300 MHz, CDCl3): δ 7.53 (s, 1H), 7.4 (m,
1H), 6.95 (d, J ) 16.2 Hz, 1H), 6.74 (d, J ) 16.2 Hz, 1H), 6.65
(m, 1H), 6.61 (d, J ) 2.1 Hz, 2H), 6.38 (t, J ) 2.1 Hz, 1H),
3.82 (s, 6H). EIMS m/z: 230 (M+, 100%). Anal. (C14H14O3) C,
H.

(E)-2-[2-(3,5-Dimethoxy-phenyl)vinyl]thiophene (7j).
Yield ) 91%; oil. 1H NMR (300 MHz, CDCl3): δ 7.13 (m, 2H),
7.00 (br d, J ) 3.0 Hz, 1H), 6.93 (dd, J ) 3.3, 5.1 Hz, 1H), 6.78
(d, J ) 16.2 Hz, 1H), 6.55 (d, J ) 2.4 Hz, 2H), 6.31 (t, J ) 2.4
Hz, 1H), 3.75 (s, 6H). EIMS m/z: 246 (M+, 100%). Anal.
(C14H14O2S) C, H, S.

N-(2,4-Dimethoxy-phenyl)-3,5-dimethoxy-benzamide (9).
To a mixture of 3,5-dimethoxybenzoic acid (182 mg, 1 mmol)
and trichloroacetonitrile (288 mg, 2.0 mmol) in CH2Cl2 (2 mL)
was added Ph3P (524 mg, 2.0 mmol) in CH2Cl2 (1 mL) under
argon at room temperature. After the mixture was stirred for
1 h, the reaction mixture was treated with 2,4-dimethoxya-
niline (153 mg, 1 mmol) followed by triethylamine (0.42 mL,
3 mmol), and the mixture was stirred for 1 h. The reaction
mixture was poured into water and extracted with EtOAc. The

Table 1. Effects of Stilbene Analogues on EROD Catalyzed by Human Cytochrome P450sa

IC50 (nM)c

compdb Ar 1A1 1A2 1B1 ratio (1A1/1B1) ratio (1A2/1B1)

7a 2,4-dimethoxyphenyl 300 ( 20 3100 ( 880 6 ( 2 50 520
7b 3,4,5-trimethoxyphenyl 140 ( 30 930 ( 120 3200 ( 560 0.044 0.29
7c 3,5-dimethoxyphenyl 920 ( 40 198 000 ( 14 000 17 600 ( 480 0.05 11
7d 3,4-dimethoxyphenyl 750 ( 80 570 000 ( 1500 3000 ( 740 0.25 190
7e 4-methoxyphenyl 830 ( 120 6200 ( 960 790 ( 100 1.1 7.9
7f 2-hydroxy-4-methoxyphenyl 980 ( 220 31 100 ( 2900 390 ( 90 2.5 80
7g 2-fluoro-4-methoxyphenyl 610 ( 40 5800 ( 1300 97 ( 30 6.3 60
7h 4-pyridyl 1100 ( 480 290 ( 110 460 ( 80 2.4 0.63
7i 3-furanyl 6600 ( 2000 740 ( 100 2100 ( 260 3.1 0.35
7j 2-thiophenyl 61 ( 21 11 ( 2 2 ( 1 31 5.5
9 see Scheme 2 1500 ( 230 64 000 ( 5500 670 ( 120 2.2 96

11 see Scheme 2 300 000 ( 6300 >2 × 106 4900 ( 1300 61 >400
1bd oxyresveratrol 15 000 150 000 34 000 0.44 4.4

a Enzyme activities were measured as described in the Experimental Section. b Compounds 7a,30 7b,22,31 7c,30,31 7d,22,31 7e,30,31 and
7h32 are previously known. c The IC50 values were means ( range of two separate experiments determined using a quadratic expression
of nonlinear regression methods with Graph-Pad Prism software (San Diego, CA). d Taken from ref 19.
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extract was washed with brine, dried over MgSO4, and
concentrated in vacuo. Purification of the residue by flash
column chromatography on silica gel (eluent: CH2Cl2/MeOH
) 40/1) gave 270 mg (85%) of 9 as a white solid; mp ) 87-89
°C. 1H NMR (300 MHz, CDCl3): δ 8.32 (d, J ) 9.3 Hz, 1H),
8.21 (s, 1H), 6.94 (d, J ) 2.4 Hz, 2H), 6.54 (t, J ) 2.4 Hz, 1H),
6.46 (m, 1H), 6.44 (s, 1H), 3.82 (s, 3H), 3.79 (s, 6H), 3.75 (s,
3H). 13C NMR (75 MHz, CDCl3): δ 164.76, 160.96, 156.55,
149.50, 137.71, 121.33, 120.67, 105.02, 103.85, 103.41, 99.66,
55.82, 55.61, 55.57. EIMS m/z: 317 (M+, 75%). Anal. (C17H19-
NO5) C, H, N.

(3,5-Dimethoxy-benzylidene)-(2,4-dimethoxy-phenyl)-
amine (11). A solution of 3,5-dimethoxy benzaldehyde (153
mg, 1 mmol) and 2,4-dimethoxyaniline (153 mg, 1 mmol) in
toluene (5 mL) was heated to reflux in a Dean and Stark
apparatus for 16 h. After the solvent was removed in vacuo,
the crude product was recrystallized from MeOH to give 151
mg (50%) of 11 as a light brown solid; mp ) 70-72 °C. 1H
NMR (300 MHz, CDCl3): δ 8.43 (s, 1H), 7.06 (d, J ) 2.4 Hz,
2H), 7.2 (d, J ) 8.4 Hz, 1H), 6.57-6.54 (m, 2H), 6.50 (dd, J )
2.7, 8.7 Hz, 1H), 3.88 (s, 3H), 3.86 (s, 6H), 3.83 (s, 3H). 13C
NMR (75 MHz, CDCl3): δ 159.5, 138.6, 134.8, 120.7, 115.1,
107.1, 107.0, 116.2, 104.3, 104.1, 103.8, 99.4, 99.3, 55.8, 55.7,
55.5, 55.4. EIMS m/z: 301 (M+, 100%). Anal. (C17H19NO4) C,
H, N.
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