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’ INTRODUCTION

Microtubules are cytoskeletal filaments consisting of α,β-
tubulin heterodimers and are involved in a wide range of cellular
functions that are critical to the life cycle of the cell.1 In the
mitotic phase of the cell cycle, microtubules are in dynamic
equilibrium with tubulin dimers as tubulin is assembled into
microtubules, which are disassembled to tubulin. Because inhibi-
tion of tubulin polymerization increases the number of cells in
metaphase arrest,2 the interference with the dynamics of tubulin
and cell division has been proven to be clinically useful for
designing anticancer agents such as paclitaxel,3 vinblastine,4 and
docetaxel and vincristine.5

Resveratrol, 1 ((E)-3,5, 40-trihydroxystilbene, Figure 1), a
polyphenolic stilbene found in the skin of red grapes, various
other fruits, and root extract of the plant Polygonum cuspidatum,
has been an important constituent of Chinese and Japanese folk
medicine.6 Resveratrol has been extensively investigated as a
cardioprotective, anti-inflammatory, and antiaging agent.7 Re-
cent studies have shown that resveratrol has potent anticancer
effects. This was evidenced by its in vitro and in vivo inhibitory
effects on the growth of a number of tumor cell lines including
lymphoma, myeloma, melanoma, breast, pancreatic, colorectal,
hepatocellular, and prostate carcinoma.8 Resveratrol has been
reported to have diverse effects on signaling molecules, such as
downregulation of the expression of angiogenesis-associated
genes, activation of the apoptotic mechanisms,9 and induction
of cell cycle arrest.10 Resveratrol was also found to sensitize resistant

tumor cell lines to a variety of chemotherapeutic agents, such as
paclitaxel, thalidomide, and bortezomib.9

In view of the great potential of resveratrol as a potent
chemotherapeutic agent against a wide variety of cancers, the
trihydroxystilbene scaffold of resveratrol has been the subject of
synthetic manipulations with the aim of generating novel resver-
atrol analogues with improved anticancer activity. The trans-
3,4,5,40-tetramethoxystilbene analogue, 3 (Figure 1), of 1 has
been shown to possess stronger antiproliferative properties than
resveratrol in HeLa cervical cancer cells, LnCaP prostate cancer
cells, and HepG2 hepatoma cells, as well as HCA-7, HCEC, and
HT-29 colon cancer cells.11

Compounds having a nitrovinyl side chain attached to the
aromatic ring (β-nitrostyrenes) have been reported as pro-
apoptotic anticancer agents, and the nitrovinyl moiety was
identified as the pharmacophore for this activity.12 These com-
pounds have also been described as highly potent and selective
inhibitors of human telomerase, by which the essential telo-
meres that protect chromosomes from exonucleolytic degrada-
tion are added to the end of eukaryotic chromosomes.13 Re-
cently, we have reported nitrovinylbiphenyls as potent cytotoxic
agents against a wide range of cancer cell lines.14 In the present
study we report the synthesis and antitumor evaluation of nitro-
vinylstilbenes that are resveratrol analogues. The trans-stilbene
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ABSTRACT: A new series of resveratrol analogues was designed,
synthesized, and demonstrated to be tubulin polymerization in-
hibitors. Most of these compounds exhibited antiproliferative
activity and inhibited in vitro tubulin polymerization effectively at
concentrations of 4.4�68.1 and 17�62 μM, respectively. Flow
cytometry studies showed that compounds 7c, 7e, and 7g arrested
cells in the G2/M phase of the cell cycle. Immunocytochemistry
revealed loss of intact microtubule structure in cells treated with 7c
and 7e. Docking of compounds 7c and 7e with tubulin suggested
that the A-ring of the compounds occupies the colchicine binding
site of tubulin, which coordinates with Cys241, Leu242, Ala250,
Val318, Val328, and I378, and that the nitrovinyl side chain forms
two hydrogen bonds with the main loop of the β-chain at Asn249
and Ala250.
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pharmacophore was functionalized with different groups such as
methyl, methoxy, methylenedioxy, 3,4,5-trimethoxy, chloro, fluoro,
and bromo groups at different positions on compounds with the
general formula 7, to furnish derivatives 7a�k.

’RESULTS AND DISCUSSION

Chemistry. The target 1,2,3-trimethoxy-5-((E)-2-nitrovinyl)-
4-styrylbenzenes 7a�kwere synthesized as outlined in Scheme 1.
2-Bromo-3,4,5-trimethoxybenzaldehyde 5 was prepared by the
bromination of commercially available benzaldehyde 4 with Br2
at room temperature. The intermediate (E)-3,4,5-trimethoxy-2-
styrylbenzaldehydes 6a�k were prepared by reaction of aryl
halide 5 with different styrenes in the presence of Pd(OAc)2.
Stilbenes 6a�k were converted to target compounds 7a�k via
nitromethane in the presence of ammonium acetate.
In Vitro Cytotoxic Activity. Nitrovinylstilbenes 7a�k were

evaluated for their antiproliferative activity against a panel of
four different human tumor cells from cervix, breast, lung,
and neuroblastoma using the sulforhodamine B assay and
were compared with the reference compound resveratrol (1). As
shown in Table 1, all of the synthesized compounds possessed

antiproliferative activities against these cell lines in a concentra-
tion-dependent manner and were more active than resveratrol.
The 4-fluoro (7a), 4-methyl (7c), 4-methoxy (7e), and 3,4-
methylenedioxy (7g) derivatives exhibited IC50 values of
<12 μM against the HeLa cell line. However, the 4-chloro (7b),
4-bromo (7i), 4-phenyl (7j), and 3,4,5-trimethoxy (7f) deriva-
tives are not active against these cells. The 4-phenyl compound
(7j) displayed high cytotoxicity against MCF7 cells, and all other
compounds showedmoderate potency. In the SK-N-SH cell line,
except for 7f and 7h, the derivatives (viz., 7a�k) are more
cytotoxic than the control compound 1. Compounds 7c, 7g, and
7k showed antiproliferative activities against A549 cells at con-
centrations of <20 μM, and 3,4,5-trimethoxy 7f and 7h were
active at <30 μM. Of the more active antiproliferative com-
pounds, several are substituted at the 4-position; interestingly,
disubstituted derivatives 7g and 7k were similarly effective
(Table 1). The compounds were further evaluated by employing
more precise biological assays to determine the microtubule-
disrupting and antimitotic effects.
Inhibition of in Vitro Tubulin Polymerization. As these

hybrid molecules contain a 3,4,5-trimethoxy ring of colchicine,
2 (Figure 1), and a trans-stilbene moiety of resveratrol as the

Scheme 1. Synthesis of Nitrovinylstilbenes 7a�k, Using Palladium-Catalyzed Heck Coupling

Figure 1. Resveratrol and (E)-1,2,3-trimethoxy-5-(4-methoxystyryl)benzene.
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scaffold, we investigated whether the antiproliferative activities of
the compounds (Table 2) were due to their interaction with
tubulin by evaluating their antitubulin activity. All of the com-
pounds and standards were employed at a 3 μM final concentra-
tion in the assay. To compare, colchicine was used as a positive
control (3 μM). The higher cytotoxicity of compounds 7c, 7e,
and 7g correlated well with their ability to effectively inhibit
tubulin polymerization. In the polymerization assays compound
7c was found to be most active, inhibiting tubulin assembly by
62%, whereas 7e and 7g inhibited tubulin assembly at 59 and
51%, respectively. In comparison, 58% inhibition was observed
with colchicine at 3 μM concentration. Interestingly, other
compounds of the series that demonstrated lower antiprolifera-
tive activities did not possess greater antitubulin activity when
compared to standard molecules. Overall, the results suggest
that compounds 7c and 7e, which manifested high antiprolifera-
tive effects, inhibit tubulin polymerization in vitro and that the

mechanism of action of the compounds other than 7c, 7e, and 7g
may not involve tubulin (Table 2). Next, we determined the IC50

values of the compounds 7c, 7e, and 7g for their ability to inhibit
tubulin assembly. As expected, compound 7c, which demon-
strated the maximum inhibition of tubulin assembly, manifested
the lowest IC50 (4.27 μM). However, compounds 7e and 7g
demonstrated IC50 values of 4.9 and 8.2 μM, respectively
(Table 3). The obtained results support the findings that the
compounds inhibit tubulin assembly in the order 7c > 7e > 7g.
Antimitotic Effects of Active Compounds. To determine

whether the cytotoxic effects induced by the treatment of these
nitrovinylstilbene derivatives were due to cell cycle arrest, we
performed flow cytometry analysis. HeLa cells were treated with
compounds 7c, 7e, and 7g at concentrations of 5 μM for a
duration of 24 h. Later, cells were harvested and analyzed by
flow cytometry. Interestingly, major populations of cells treated
with compounds 7c and 7e arrested at the G2/M phase with 66
and 60% accumulation, respectively (Figure 2 and Table 4),
and cells treated with 7g showed significant arrest at the G2/M
phase (50%). These results confirm the growth inhibitory effects
of these nitrovinylstilbene derivatives 7c and 7e on cervical
cancer cells.
Effects of 7c and 7e on Cellular Microtubules and Nuclear

Morphology. We examined the morphology of HeLa cells
treated with 7c and 7e at 5 μM concentrations for 24 h. After
24 h, cells were fixed and stained with antitubulin antibody.

Table 1. Cytotoxic Effects of Compounds 7a�k and Resveratrol on HeLa, MCF7, A549, and SK-N-SH Human Cancer Cellsa

IC50
b (pM)

compd R MCF-7 SK-N-SH A549 HeLa

7a 4-F 19.0( 0.22 18.8( 0.01 35.9( 0.10 12.4( 0.35

7b 4-Cl 25.7( 0.16 12.8( 0.1 22.8( 0.12 NA

7c 4-CH3 42.5( 0.05 12.5( 0.16 19.0( 0.14 4.4( 0.36

7d �CHdCH—CHdCH� 16.7( 0.14 12.0( 0.07 59.5( 0.08 189.3( 0.41

7e 4-OCH3 21.4( 0.09 20.7( 0.02 40.4 ( 0.09 7.8( 0.38

7f 3,4,5-(OCH3)3 13.2( 0.15 60.9( 0.17 27.1( 0.10 NA

7g 3,4-dioxane 19.2( 0.09 20.9( 0.01 16.3( 0.21 5.4( 0.17

7h H 10.9( 1.26 68.1( 0.21 28.9( 0.12 5.42( 0.35

7i 4-Br 14.6( 0.05 16.6( 0.04 41.0 ( 0.07 NA

7j 4-Ph 7.2( 0.35 35.8 ( 0.06 44.4( 0.06 NA

7k 3,5-(OCH3)2 19.2( 0.74 36.2( 0.24 15.0( 0.69 10( 0.25

1 RSV 79.1 ( 0.1 40.3( 0.01 44.7( 0.06 22.5( 0.53
aCell lines were treated with different concentrations of compounds for 48 h as described under Materials and Methods. Cell viability was measured
employing SRB assay. b IC50 values are indicated as the mean ( SD of three independent experiments. NA denotes activity >100 μM.

Table 2. Effect of Compounds 7a�k and Colchicine, 2, on in
Vitro Tubulin Polymerizationa

compd

(3 μM)

tubulin polymerization

(% inhibition)

compd

(3 μM)

tubulin polymerization

(% inhibition)

control 0 7f 20

2 58 7g 51

7a 31 7h 31

7b 33 7i 28

7c 62 7j 28

7d 32 7k 27

7e 59 7l 26
a Final concentrations of the compounds were 3 μM. The compounds
were preincubated with tubulin at a final concentration of 2 mg/mL.

Table 3. Antitubulin Activity of Compounds 7c, 7e, and 7g

compd IC50 (μM) compd IC50 (μM)

colchicine 1.96( 0.2 7e 4.90( 0.7

7c 4.27( 0.3 7g 8.02( 2.6
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40,6-Diamidino-2-phenylindole (DAPI) was used to stain the
nucleus. The microtubule network was normal in the control
cells, whereas HeLa cells treated with nitrovinylstilbenes 7c and
7e demonstrated disrupted microtubule networks, having nor-
mal bipolar spindles but incomplete chromosome separation: a
majority of plane, indicating an arrest at metaphase (Figure 3).
Activation of Caspase-3. Cells arrested at mitosis undergo

cell death in a caspase-dependent manner, due to spindle poison-
induced mitotic catastrophe or resulting from the impro-
per segregation of chromosomes, delayed mitosis, and abortive
centrosome duplications15 leading to the activation of caspase-3.

We examined the activation of caspase-3 in HeLa cells treated for
24 h at 1 and 5 μM concentrations with compounds 7c and 7e.
Resveratrol (1) was also used at the same concentrations for
comparison. Compound 7c treatments resulted in a 12-fold
increase in caspase-3 activity at 5 μM concentration. In contrast,
resveratrol did not induce any significant increase in caspase-3
activation at 5 μM concentration. However, at much higher
concentrations of 1 (40 μM), a 5�8-fold increase in caspase-3
activity was found (data not shown). Cells treated with 5 μM
compound 7e showed a 10-fold induction in caspase-3 activity
(Figure 4). In conclusion, compounds 7c and 7e activated
caspase-3 at much lower concentrations than resveratrol.
Docking Results. The hybrid molecules in the present study

were designed on the basis of the trimethoxyphenyl group from
colchicine, which occupies the colchicine binding pocket of
tubulin. To elucidate their mode of binding with tubulin and
consequent microtubule formation, we examined whether the
selected compounds 7c and 7e directly dock to the colchicine
binding site of β-tubulin. Autodock results suggest that the
docking position of the trimethoxyphenyl group of compounds
7c and 7e showed a similar binding mode to that of the A-ring of
colchicine, making extensive hydrophobic contacts with the
binding pocket of the β-chain (Figure 5A). Some of the amino
acids in contact with the A-ring of the trimethoxyphenyl group
are Cys241, Leu242, Ala250, Val318, Val328, and I378. In
addition to the good hydrophobic contacts, the nitrovinyl group

Figure 2. Antimitotic effects of 7c, 7e, and 7g by FACS analysis. HeLa cells were harvested after treatment at 5 μM concentration of 7c, 7e, and 7 g for
24 h. Untreated cells and DMSO-treated cells served as controls. Cell cycle analysis was performed employing propidium iodide as indicated
underMaterials and Methods. The percentage of cells in each phase of cell cycle was quantified by flow cytometry.

Table 4. Distribution of Cells at G1 and G2/M Phase of Cell
Cycle following Treatment with 7c, 7e, and 7g in HeLa Cellsa

compd

% of cells

in G1 phase

% of cells

in S phase

% of cells

in G2/M phase

control 69.43 9.28 21.29

7c 9.66 23.91 66.43

7e 16.64 22.96 60.40

7g 27.14 22.30 50.56
aCell cycle analysis was performed after treatment of cells with 7c, 7e,
and 7g using flow cytometry. HeLa cells were treated with 5 μM
concentration of 7c, 7e, and 7g for 24 h and subjected to cell cycle
analysis following staining with propidium iodide as mentioned under
Materials and Methods.
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extends to the nearby main-chain loop of the β-chain at Asn249
and Ala250, forming two hydrogen bonds (3.2 and 2.8 Å)
(Figure 5B). These interactions appear to be very significant in
the binding of this new series of molecules. The B-ring in the
stilbene moiety extends into the interface of the αβ-chains of
tubulin. Our aim was to vary the substitutions on this B-ring so
that they selectively inhibit formation of the α,β-dimer. 4-Methyl
and 4-methoxy groups appear to have more selectivity for
binding in this interface compared to other substitutions. More-
over, V181, Thr314, and K352 also are critical in the structure
�activity relationship displayed by the series of compounds.
Surprisingly, isostructural halogen substituents do not show
similar affinity. Other substitutions such as phenyl and naphthyl

did not yield a suitable position in the docking simulations due to
steric hindrance.

’CONCLUSION

In the present study, we performed the synthesis and biolo-
gical evaluation of synthetic antitubulin compounds 1,2,3-tri-
methoxy-5-((E)-2-nitrovinyl)-4-styrylbenzene derivatives (7a�k)
based on 1 and 2 (Figure 1). A majority of these compounds
demonstrated significant antiproliferative activity against the
cancer cell lines tested. We have identified two compounds, 7c
and 7e, as potent antiproliferative agents and inhibitors of tubulin
polymerization. Similar to other antitubulin agents, 7c and 7e
induced cell cycle arrest at the G2/M phase. Treatment of cells
with compounds 7c and 7e resulted in the formation of bipolar
spindles, indicating a metaphase arrest. The docking position of
the trimethoxyphenyl group of compounds 7c and 7e exhibited a
binding mode similar to that of the A-ring of colchicine. Hence,
the compounds of this structural class are amenable to further
modifications and will be useful as templates for the design of
new anticancer agents.

’MATERIALS AND METHODS

Biology. Materials and Methods. Cell Culture and Main-
tenance. All cell lines used in this study were purchased from the
American Type Culture Collection (ATCC). A549 (human lung carcinoma
epithelial), SK-N-SH (human neuroblastoma), andHeLa (human epithelial
cervical cancer) were grown in Dulbecco’s modified Eagle’s medium
(containing 10% FBS in a humidified atmosphere of 5% CO2 at 37 �C).
MCF-7 (human breast adenocarcinoma) cells were cultured in Eagle’s
minimal essential medium (MEM) containing nonessential amino acids,
1mM sodiumpyruvate, 10mg/mL bovine insulin, and 10%FBS. Cells were
trypsinized when subconfluent fromT75 flasks/90mmdishes and seeded in
12- or 6-well plates at a concentration of 2.5 � 105 cells/mL in complete
medium, treated with compounds at desired concentrations for 48 h, and

Figure 3. Effect of 7c and 7e on microtubule organization and nuclear condensation. HeLa cells were independently treated with 7c and 7e at 5 μM
concentration for 24 h. Following the termination of the experiment, cells were fixed and stained for tubulin. DAPI was used as counter stain. Themerged
images of cells stained for tubulin and DAPI are represented. The photographs were taken using an Olympus confocal microscope equipped with FITC
and DAPI filter settings. Data are representative of five different fields of view.

Figure 4. Effect of different concentrations of resveratrol and com-
pounds 7c and 7e on caspase-3 activity in HeLa cells. Following the
termination of incubation, caspase-3 activity from cellular lysate was
monitored by fluorometry as described under Materials and Methods.
Data represent the mean ( SD of three different experiments.
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harvested as required. For immunohistochemistry experiments, wells were
seeded on coverslips in a 6-well plate.
Antiproliferative Assays. The synthesized compounds (7a�k)

were evaluated for their in vitro cytotoxicity in four different human
cancer cell lines. A protocol of 48 h continuous drug exposure was used,
and a sulforhodamine B (SRB) protein assay was used to estimate cell
viability or growth. The cell lines were grown in their respective media
containing 10% fetal bovine serum and 2 μM L-glutamine and were
inoculated into 96-well microtiter plates in 90 μL aliquots at plating
densities depending on the doubling time of individual cell lines. The
microtiter plates were incubated at 37 �C, in 5% CO2/95% air, and at
100% relative humidity for 24 h prior to addition of experimental drugs.
Aliquots of 10 μL of the drug dilutions were added to the appropriate
microtiter wells already containing 90 μL of cells, resulting in the
required final drug concentrations. For each compound, four concen-
trations (0.1, 1, 10, and 100 μM) were evaluated, and each was done in
triplicate wells. Plates were incubated further for 48 h, and the assay was
terminated by the addition of 50 μL of cold trichloroacetic acid (TCA)
(final concentration = 10%TCA) and incubation for 60min at 4 �C. The
plates were washed five times with tap water and air-dried. SRB solution
(50 μL) at 0.4% (w/v) in 1% acetic acid was added to each of the wells,
and plates were incubated for 20 min at room temperature. The residual
dye was removed by washing five times with 1% acetic acid. The plates were
air-dried. Bound stain was subsequently eluted with 10μMTrizma base, and
the absorbance was read on a multimode plate reader at a wavelength of
540 nm with 690 nm reference wavelengths. Percent growth was calculated
on a plate by plate basis for test wells relative to control wells. The above
determinations were repeated three times. The growth inhibitory effects of
the compounds were analyzed by generating dose-response curves as a plot
of the percentage of surviving cells versus drug concentration. Sensitivity of
the cancer cells to the drug treatment was expressed in terms of IC50, a value
defined as the concentration of compound that produced 50% reduction as
compared to the control absorbance.16 The percentage of cells killed was
obtained from the following formula:

% of cells killed ¼ 100�meanODsample

meanODday0
� 100

Analysis of Cell Cycle. Human cervical cancer cells (HeLa) in
60 mm dishes were incubated for 24 h in the presence or absence of test

compounds 7c, 7g, and 7e (5 μM). Cells were harvested with trypsin�
ethylenediaminetetraacetic acid (EDTA) and fixed with ice-cold 70%
ethanol at 4 �C for 30 min; ethanol was removed by centrifugation, and
cells were stained with 1 mL of DNA staining solution (0.2 mg of
propidium iodide (PI) and 2 mg of RNase A) for 30 min as described
earlier. The DNA contents of 20000 events were measured by flow
cytometry (BD FACSCanto II). Histograms were analyzed using FCS
express 4 plus.16

Tubulin Polymerization Assay. An in vitro assay for monitoring
the time-dependent polymerization of tubulin to microtubules was
performed employing a fluorescence-based tubulin polymerization assay
kit (BK011, Cytoskeleton, Inc.) according to the manufacturer’s proto-
col. The reaction mixture in a final volume of 10 μL in PEM buffer
(80 mM PIPES, 0.5 mM ethylene glycol tetraacetic acid (EGTA), 2 mM
MgCl2, pH 6.9) contained 2 mg/mL bovine brain tubulin, 10 μM
fluorescent reporter, and 1 mM guanosine triphosphate (GTP) in the
presence or absence of test compounds (3 μM final concentration) at
37 �C. Tubulin polymerization was followed by monitoring the fluor-
escence enhancement due to the incorporation of a fluorescence
reporter into microtubules as polymerization proceeded. Fluorescence
emission at 420 nm (excitation wavelength is 360 nm) was measured for
1 h at 1 min intervals in a multimode plate reader (Tecan M200).
Nocodazole and colchicine were used as positive controls under similar
experimental conditions. To determine the IC50 values of the com-
pounds against tubulin polymerization, the compounds were preincu-
bated with tubulin at various concentrations (1, 2, 3, 4, and 5 μM).
Assays were performed under conditions similar to those employed for
the polymerization assays described above.17

Immunohistochemistry of Tubulin and Analysis of Nucle-
ar Morphology. HeLa cells were seeded on glass coverslips and
incubated for 24 h in the presence or absence of test compounds 7c and
7e (5 μM). Cells grown on coverslips were fixed in 3.5% formaldehyde
in phosphate-buffered saline (PBS), pH 7.4, for 10 min at room
temperature. Cells were permeablized for 6 min in PBS containing
0.5% Triton X-100 (Sigma) and 0.05% Tween-20 (Sigma). The per-
meablized cells were incubated with 2% bovine serum albumin (BSA)
(Sigma) in PBS for 1 h for blocking. Later, the cells were incubated with
primary antibodies diluted in blocking solution for 4 h at room
temperature. Subsequently, the antibodies were removed and the cells
were washed with PBS three times. Cells were then incubated with

Figure 5. Binding of compounds 7c (blue sticks) and 7e (green sticks) with theαβ-interface of tubulin. Note that the trimethoxyphenyl ring (ring A) of
both compounds docks well in the crevice of the β-chain (gold) whereas the nitrovinyl also makes contact with Asn249 and Ala250 main-chain amide
nitrogen atoms. The B-ring of stilbene extends into the αβ-interface.
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secondary antibodies for 1 h at room temperature. The cells were
washed three times with PBS andmounted inmedium containing DAPI.
Images were captured using the Olympus camera and analyzed with
Provision software.18

Caspase-3 Assay. HeLa cells in 6-well plates were grown to
60�80% confluence and treated with either no drug or two concentra-
tions of resveratrol, 7c, and 7g (1 and 5 μM). After 24 h, cells were
collected by scraping, washed with PBS, and centrifuged at 3000 rpm for
1min at 4 �C to collect pellet. Later, cells were lysed in 200μL of 1� lysis
buffer followed by incubation on ice for 10�20 min. The lysate was
centrifuged at 13200 rpm for 20 min at 4 �C to collect the pellet, and the
clear supernatant was used for caspase activity measurements employing
amido-4-methylcoumarin (AMC) conjugated substrates for caspase-3 as
described earlier.18

Methodology. Docking was carried out by AutoDock4,19 in the
predefined colchicine binding domain.20 TheGridmap in Autodock that
defines the interaction of protein and ligands in the binding pocket was
defined. The grid map was used with 55 points in each x, y, and z
direction, equally spaced at 0.375 Å. Docking was performed using the
Lamarckian genetic algorithm in AutoDock4.21 Each docking experi-
ment was performed 10 times, yielding 10 docked conformations.
Parameters used for the docking were as follows: population size of
150; random starting position and conformation; maximal mutation of
2 Å in translation and 50� in rotations; elitism of 1; mutation rate of 0.02
and crossover rate of 0.8; and local search rate of 0.06. Simulations were
performed with a maximum of 1.5 million energy evaluations and a
maximum of 27000 generations. Final docked conformations were
clustered using a tolerance of 1 Å root-mean-square deviation (rmsd).
The best model was picked on the basis of the best stabilization energy.

’EXPERIMENTAL SECTION

Chemistry. Materials and Methods. All chemicals were purchased
from Sigma-Aldrich and SD Fine Chemicals, Pvt. Ltd. India, and used as
received. ACME silica gel (100�200 mesh) was used for column
chromatography, and thin-layer chromatography was performed on
Merck-precoated silica gel 60-F254 plates. All other chemicals and
solvents were obtained from commercial sources and purified using
standard methods. The IR spectra of all compounds were recorded on a
Perkin-Elmer Spectrum GX FTIR spectrometer. The IR values are
reported in reciprocal centimeters (cm�1). The 1H and 13C NMR
spectra were recorded on a Bruker-Avance 300 MHz spectrometer (see
the Supporting Information). Chemical shifts (δ) are reported in parts
per million, using TMS (δ = 0) as an internal standard in CDCl3. ESI
mass spectra were recorded on a Finnigan LCQ Advantagemax spectro-
meter. High-resolution mass spectra (HRMS) were recorded on a
QSTAR XL Hybrid MS/MS mass spectrometer. All products reported
showed 1H NMR and 13C NMR spectra in agreement with the assigned
structures. The purity of compounds was determined by HRMS, and all
tested compounds yielded data consistent with a purity of at least 95%
compared with the theoretical values.
Synthesis of 2-Bromo-3,4,5-trimethoxybenzaldehyde (5).

A 500 mL round-bottom flask was charged with 3,4,5-trimethoxyben-
zaldehyde 4 (5.00 g, 25.5 mmol), methylene chloride (100 mL), and
acetic acid (200 μL). The flask was cooled to 0 �C in an ice bath, and
bromine (1.31 mL, 25.5 mmol) in methylene chloride (10 mL) was
added dropwise via an addition funnel over 15 min. After 30 min of
stirring at 0 �C, aqueous sodium thiosulfate was added, and the mixture
was extracted three times with methylene chloride. The combined
organic layers were washed with saturated aqueous sodium bicarbonate
and brine and dried over sodium sulfate. Removal of the solvent under
reduced pressure gave a solid, which was recrystallized from ethyl
acetate/hexane (EtOAc/hexane) to give 5 (6.37 g, 31.1 mmol, 91%)
as colorless needles: mp 67�69 �C; IR (neat) 2981, 1690, 1579, 1481,

1385, 1286, 1199, 1166, 1045, 922 cm�1; 1H NMR (300 MHz, CDCl3)
δ 3.91 (s, 3H), 3.92 (s, 3H), 3.99 (s, 3H), 7.32 (s, 1H), 10.13 (s, 1H);
13C NMR (75 MHz, CDCl3) δ 56.2, 61.1, 61.2, 107.4, 115.6, 128.8,
148.7, 150.6, 152.9, 190.9.
General Procedure A for the Synthesis of Stilbenes 6a�k.

To a mixture of aryl halide 5 (1.0 equiv) and styrene (1.2 equiv) into
dimethylacetamide (DMA, 3 mL) in a 50 mL round-bottom flask were
added 3 mol % Pd(OAc)2 and 1.5 equiv of K3PO4, and the reaction
mixture was subjected to reflux at 150 �C for 12 h. Reaction was
monitored by TLC and purified by column chromatography.

(E)-2-(4-Fluorostyryl)-3,4,5-trimethoxybenzaldehyde (6a). Follow-
ing general procedure A, compound 6a was purified by column
chromatography, eluting with hexane/EtOAc (9.7:0.3): 96% yield; pale
yellow solid; mp 83�86 �C; IR (KBr) υ 2937, 1686, 1588, 1485, 1334,
1125, 1071, 984 cm�1; 1H NMR (300 MHz, CDCl3) δ 3.86 (s, 3H),
3.95 (s, 6H), 6.58 (d, 1H, J = 16.2 Hz), 7.01�7.09 (m, 2H), 7.24�7.33
(m, 2H), 7.45�7.53 (m, 2H), 10.10 (s, 1H); 13C NMR (75 MHz,
CDCl3) δ 56.0, 61.0, 106.6, 115.6, 115.8, 119.0, 128.2, 128.4, 129.9,
130.3, 133.0, 136.9, 161.0, 164.3, 190.9; ESI MS (m/z) 317 (M + H).

(E)-2-(4-Chlorostyryl)-3,4,5-trimethoxybenzaldehyde (6b). Follow-
ing general procedure A, compound 6b was purified by column
chromatography, eluting with hexane/EtOAc (9.6:0.4): 91% yield; pale
yellow solid; mp 78�81 �C; IR (KBr) υ 2924, 2850, 1680, 1585, 1487,
1331, 1124, 1075, 983 cm�1; 1H NMR (300 MHz, CDCl3) δ 3.86 (s,
3H), 3.95 (s, 6H), 6.58 (d, 1H, J = 15.8 Hz), 7.26 (s, 1H), 7.3�7.4 (m,
3H), 7.45 (d, 2H, J = 8.3 Hz), 10.09 (s, 1H); 13C NMR (75 MHz,
CDCl3) δ 56.1, 61.0, 106.7, 120.0, 127.9, 128.9, 129.9, 130.0, 133.9,
135.2, 136.7, 146.9, 151.6, 152.9, 190.8; ESI MS (m/z) 333 (M + H).

(E)-3,4,5-Trimethoxy-2-(4-methylstyryl)benzaldehyde (6c). Follow-
ing general procedure A, compound 6c was purified by column
chromatography, eluting with hexane/EtOAc (9.5:0.5): 97% yield; pale
yellow solid; mp 79�82 �C; IR (KBr) υ 2919, 2850, 1737, 1637, 1461,
1372, 1241, 1123, 1026 cm�1; 1H NMR (300 MHz, CDCl3) δ 2.38 (s,
3H), 3.85 (s, 3H), 3.95 (s, 6H), 6.56 (d, 1H, J = 16.2Hz), 7.15 (d, 2H, J =
7.9 Hz), 7.26 (s, 1H), 7.30 (d, 1H, J = 16.2 Hz), 7.40 (d, 2H, J = 7.9 Hz),
10.10 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 21.2, 56.0, 61.0, 106.4,
118.2, 126.6, 129.4, 129.9, 133.8, 134.0, 138.3, 147.0, 149.9, 151.6, 152.7,
191.0; ESI MS (m/z) 313 (M + H).

(E)-3,4,5-Trimethoxy-2-(2-(naphthalen-2-yl)vinyl)benzaldehyde (6d).
Following general procedure A, compound 6d was purified by column
chromatography, eluting with hexane/EtOAc (9.6:0.4): 96% yield; pale
yellow solid; mp 89�91 �C; IR (KBr) υ 2925, 2854, 1677, 1582, 1486,
1335, 1125, 1030, 986 cm�1; 1HNMR(300MHz, CDCl3) δ 3.89 (s, 3H),
3.96 (s, 6H), 6.79 (d, 1H, J = 15.9 Hz), 7.28 (s, 1H), 7.42�7.54 (m, 3H),
7.75�7.85 (m, 5H), 10.17 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 56.0,
61.0, 106.6, 119.6, 123.3, 126.3, 126.4, 127.2, 127.7, 128.0, 128.4, 130.0,
130.6, 133.2, 133.5, 134.2, 138.3, 147.0, 151.7, 152.8, 190.9; ESIMS (m/z)
349 (M + H).

(E)-3,4,5-Trimethoxy-2-(4-methoxystyryl)benzaldehyde (6e). Fol-
lowing general procedure A, compound 6e was purified by column
chromatography, eluting with hexane/EtOAc (9.4:0.6): 92% yield;
pale yellow solid; mp 98�101 �C; IR (KBr) υ 2928, 2851, 1677, 1595,
1479, 1336, 1122, 1029, 979 cm�1; 1H NMR (300 MHz, CDCl3) δ
3.85 (s, 6H), 3.95 (s, 6H), 6.53 (d, 1H, J = 16.2 Hz), 6.86 (d, 2H, J = 8.7
Hz), 7.21 (d, 1H, J = 16.2 Hz), 7.25 (s, 1H), 7.44 (d, 2H, J = 8.7 Hz),
10.10 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 55.3, 56.0, 61.0, 106.3,
114.1, 117.0, 128.0, 129.6, 129.9, 131.0, 137.9, 146.9, 151.5, 152.6,
159.8, 191.0; ESI MS (m/z) 329 (M + H).

(E)-3,4,5-Trimethoxy-2-(3,4,5-trimethoxystyryl)benzaldehyde (6f).
Following general procedure A, compound 6f was purified by column
chromatography, eluting with hexane/EtOAc (9.2:0.8): 84% yield;
pale yellow solid; mp 103�105 �C; IR (KBr)υ 2943, 2849, 1676, 1581,
1457, 1335, 1124, 1076, 963 cm�1; 1H NMR (300 MHz, CDCl3) δ
3.84 (s, 3H), 3.86 (s, 3H), 3.91 (s, 6H), 3.95 (s, 6H), 6.52 (d, 1H,
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J = 16.6 Hz), 6.71 (s, 2H), 7.23�7.29 (m, 2H), 10.10 (s, 1H); 13C
NMR (75 MHz, CDCl3) δ 56.1, 60.9, 61.1, 103.8, 106.5, 118.7, 127.9,
130.0, 130.4, 132.4, 134.7, 138.2, 147.0, 151.6, 152.8, 153.4, 190.1; ESI
MS (m/z) 389 (M � H).
(E)-2-(2-(Benzo[d][1,3]dioxol-5-yl)vinyl)-3,4,5-trimethoxybenzal-

dehyde (6g). Following general procedure A, compound 6g was
purified by column chromatography, eluting with hexane/EtOAc
(9.4:0.6): 96% yield; pale yellow solid; mp 64�68 �C; IR (KBr) υ
2934, 1667, 1580, 1488, 1251, 1129, 1035, 969 cm�1; 1H NMR (300
MHz, CDCl3) δ 3.85 (s, 3H), 3.94 (s, 6H), 5.98 (s, 2H), 6.50 (d, 1H,
J = 16.1 Hz), 6.77 (d, 1H, J = 7.9 Hz), 6.92 (d, 1H, J = 7.9 Hz), 7.07 (s,
1H), 7.18 (d, 1H, J = 16.1 Hz), 7.24 (s, 1H), 10.08 (s, 1H); 13C NMR
(75 MHz, CDCl3) δ 56.0, 61.0, 101.2, 105.6, 106.4, 108.4, 117.4,
122.0, 129.9, 130.7, 131.3, 134.4, 137.9, 147.8, 148.2, 151.5, 152.7,
190.1; ESI MS (m/z) 343 (M + H).
(E)-3,4,5-Trimethoxy-2-styrylbenzaldehyde (6h). Following general

procedure A, compound 6h was purified by column chromatography,
eluting with hexane/EtOAc (9.5:0.5): 92% yield; pale yellow solid; mp
76�78 �C; IR (KBr) υ 2938, 2850, 1680, 1585, 1486, 1333, 1125,
1072 cm�1; 1H NMR (300 MHz, CDCl3) δ 3.86 (s, 3H), 3.95 (s, 6H),
6.60 (d, 1H, J = 16.2 Hz), 7.23�7.30 (m, 2H), 7.31�7.40 (m, 3H), 7.51
(d, 2H, J = 7.4 Hz), 10.12 (s, 1H); 13CNMR (75 MHz, CDCl3) δ 56.0,
61.0, 106.4, 119.3, 126.7, 128.2, 128.7, 129.9, 130.5, 136.7, 138.2, 146.9,
151.6, 152.8, 190.9; ESI MS (m/z) 299 (M + H).
(E)-2-(4-Bromostyryl)-3,4,5-trimethoxybenzaldehyde (6i). Following

general procedure A, compound 6i was purified by column chromatog-
raphy, eluting with hexane/EtOAc (9.4:0.6): 92% yield; pale yellow solid;
mp 102�104 �C; IR (KBr) υ 2925, 2854, 1678, 1582, 1484, 1333, 1124,
1068, 962 cm�1; 1H NMR (300 MHz, CDCl3) δ 3.86 (s, 3H), 3.96 (s,
6H), 6.57 (d, 1H, J = 15.8 Hz), 7.33�7.34 (m, 4H), 7.49 (d, 2H, J = 9.0
Hz), 10.09 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 56.0, 61.0, 106.8,
120.2, 122.1, 127.1, 128.1, 129.9, 131.8, 135.7, 136.7, 147.0, 151.7, 153.0,
190.7; ESI MS (m/z) 401 (M + Na).
(E)-2-(2-(Biphenyl-4-yl)vinyl)-3,4,5-trimethoxybenzaldehyde (6j).

Following general procedure A, compound 6j was purified by column
chromatography, eluting with hexane/EtOAc (9.4:0.6): 93% yield;
pale yellow solid; mp 85�89 �C; IR (KBr) υ 2933, 2852, 1677, 1582,
1485, 1333, 1122, 1069, 984 cm�1; 1H NMR (300 MHz, CDCl3) δ
3.87 (s, 3H), 3.96 (s, 6H), 6.65 (d, 1H, J = 16.2 Hz), 7.27 (s, 1H),
7.30�7.63 (m, 10H), 10.14 (s, 1H); 13C NMR (75 MHz, CDCl3) δ
56.1, 61.0, 106.5, 119.4, 126.9, 127.2, 127.4, 128.7, 129.3, 130.0, 130.6,
134.7, 135.7, 137.8, 140.4, 141.0, 151.6, 152.8, 190.9; ESI MS (m/z)
375 (M + H).
(E)-2-(3,5-Dimethoxystyryl)-3,4,5-trimethoxybenzaldehyde (6k).

Following general procedure A, compound 6k was purified by
column chromatography, eluting with hexane/EtOAc (9.3:0.7):
95% yield; pale yellow solid; mp 60�62 �C; IR (KBr) υ 2936,
2844, 1679, 1590, 1460, 1332, 1125, 1067, 988 cm�1; 1H NMR
(300 MHz, CDCl3) δ 3.82 (s, 6H), 3.86 (s, 3H), 3.94 (s, 3H), 3.96 (s,
3H), 6.38 (s, 1H), 6.53 (d, 1H, J = 16.2 Hz), 6.63 (s, 2H), 7.27 (s, 1H),
7.33 (d, 1H, J = 16.2 Hz), 10.10 (s, 1H); 13C NMR (75 MHz, CDCl3)
δ 55.4, 56.1, 61.0, 100.5, 104.8, 106.5, 106.9, 119.9, 121.3, 130.0,
130.3, 138.2, 138.7, 152.9, 161.0, 190.9; ESI MS (m/z) 359 (M + H).
General Procedure B for the Synthesis of Nitrovinylstil-

benes 7a�k. A mixture of biphenyl 6 (0.5 mmol) and ammonium
acetate (1 mmol, 2 equiv) in nitromethane (2 mL) was stirred at 100 �C
for 2 h. After completion of the reaction as indicated by TLC, the
reaction mixture was diluted with water and extracted with EtOAc (2�
10 mL). The combined organic layers were dried over anhydrous
sodium sulfate, concentrated in vacuo, and purified by column chroma-
tography on silica gel using hexane/EtOAc as eluent, to afford the pure
product 7.
2-(4-Fluorostyryl)-3,4,5-trimethoxy-1-((E)-2-nitrovinyl)benzene (7a).

Following general procedure B, compound 7a was purified by column

chromatography, eluting with hexane/EtOAc (9.6:0.4): 80% yield;
yellow solid; mp 108�110 �C; IR (KBr) υ 2930, 1623, 1593, 1483,
1083 cm�1; 1H NMR (300 MHz, CDCl3) δ 3.86 (s, 3H), 3.93 (s, 6H),
6.53 (d, 1H, J = 16.4Hz), 6.78 (s, 1H), 7.01�7.11 (m, 2H), 7.16 (d, 1H, J
= 16.4 Hz), 7.42�7.52 (m, 3H), 8.30 (d, 1H, J = 13.6 Hz); 13CNMR (75
MHz, CDCl3) δ 56.2, 61.0, 61.1, 106.5, 115.6, 115.9, 121.0, 123.7, 128.2,
128.3, 133.1, 136.3, 137.0, 138.4, 145.3, 152.1, 152.9; ESI MS
(m/z) 360 (M + H); HRMS (ESI) (m/z) calcd for C19H19NO5F,
360.1247, found, 360.1232.

2-(4-Chlorostyryl)-3,4,5-trimethoxy-1-((E)-2-nitrovinyl)benzene
(7b). Following general procedure B, compound 7b was purified by
column chromatography, eluting with hexane/EtOAc (9.6:0.4):
86% yield; yellow solid; mp 104�106 �C; IR (KBr) υ 2925, 1674,
1449, 1291, 756 cm�1; 1H NMR (300 MHz, CDCl3) δ 3.89 (s, 3H),
3.93 (s, 6H), 6.53 (d, 1H, J = 16.2 Hz), 6.79 (s, 1H), 7.18 (d, 1H, J =
3.77 Hz), 7.34 (d, 2H, J = 8.5 Hz), 7.41�7.46 (m, 3H), 8.29 (d, 1H,
J = 13.6 Hz); 13C NMR (75 MHz, CDCl3) δ 56.1, 61.0, 61.1, 106.4,
121.9, 123.7, 127.8, 128.4, 128.9, 133.9, 135.4, 136.1, 137.0, 138.3,
145.2, 152.1, 153.0; ESI MS (m/z) 376 (M + H); HRMS (ESI) (m/z)
calcd for C19H19ClNO5, 376.0875, found, 376.0867.

1,2,3-Trimethoxy-4-(4-methylstyryl)-5-((E)-2-nitrovinyl)benzene
(7c). Following general procedure B, compound 7c was purified by
column chromatography, eluting with hexane/EtOAc (9.6:0.4): 93%
yield; yellow solid; mp 102�105 �C; IR (KBr) υ 2935, 1625, 1588,
1487, 1329, 1262, 1124, 962 cm�1; 1H NMR (300 MHz, CDCl3) δ
2.36 (s, 3H), 3.84 (s, 3H), 3.89 (s, 3H), 3.92 (s, 3H), 6.52 (d, 1H, J =
16.4 Hz), 6.79 (s, 1H), 7.11�7.21 (m, 3H), 7.37 (d, 2H, J = 7.93 Hz),
7.48 (d, 1H, J = 13.5 Hz), 8.30 (d, 1H, J = 13.5 Hz); 13C NMR (75
MHz, CDCl3) δ 21.2, 56.1, 60.9, 61.0, 106.3, 120.2, 123.6, 126.6,
128.8, 129.4, 134.1, 136.9, 137.6, 138.3, 138.5, 145.2, 152.0, 152.7;
ESI MS (m/z) 356 (M + H); HRMS (ESI) (m/z) calcd for
C20H22NO5, 356.1497, found, 356.1481.

2-(2,3,4-Trimethoxy-6-((E)-2-nitrovinyl)styryl)naphthalene (7d).
Following general procedure B, compound 7d was purified by
column chromatography, eluting with hexane/EtOAc (9.7:0.3):
91% yield; yellow solid; mp 101�103 �C; IR (KBr) υ 2932, 1621,
1588, 1493, 1330, 1243, 1130, 1034, 958 cm�1; 1H NMR (300 MHz,
CDCl3) δ 3.89 (s, 3H), 3.94 (s, 6H), 6.75 (d, 1H, J = 16.2 Hz), 6.81 (s,
1H), 7.37 (d, 1H, J = 16.2 Hz), 7.42�7.55 (m, 3H), 7.70�7.88 (m,
5H), 8.37 (d, 1H, J = 13.4 Hz); 13C NMR (75 MHz, CDCl3) δ 56.2.
61.0, 106.4, 121.5, 123.2, 123.7, 126.2, 126.4, 127.3, 127.7, 128.1,
128.4, 133.2, 133.5, 134.3, 137.0, 137.7, 138.5, 145.3, 152.1, 152.9;
ESI MS (m/z) 390 (M � H); HRMS (ESI) (m/z) calcd for
C23H22NO5, 392.1420, found, 392.1412.

1,2,3-Trimethoxy-4-(4-methoxystyryl)-5-((E)-2-nitrovinyl)benzene (7e).
Following general procedure B, compound 7e was purified by column
chromatography, eluting with hexane/EtOAc (9.4:0.6): 91% yield; yellow
solid; mp 111�113 �C; IR (KBr) υ 2935, 1615, 1493, 1326, 1253, 1174,
1131, 1034, 958 cm�1; 1H NMR (300 MHz, CDCl3) δ 3.85 (s, 6H), 3.92
(s, 6H), 6.51 (d, 1H, J = 16.3 Hz), 6.77 (s, 1H), 6.87 (d, 2H, J = 8.87 Hz),
7.11 (d, 1H, J = 16.3 Hz), 7.39�7.51 (m, 3H), 8.32 (d, 1H, J = 13.4 Hz);
13C NMR (75 MHz, CDCl3) δ 55.3, 56.1, 60.9, 61.1, 106.3, 114.1, 119.0,
123.5, 128.0, 128.3, 129.8, 136.8, 137.3, 138.7, 145.2, 152.0, 152.6, 159.8; ESI
MS (m/z) 372 (M + H); HRMS (ESI) (m/z) calcd for C20H22NO6,
372.1447, found, 372.1457.

1,2,3-Trimethoxy-5-((E)-2-nitrovinyl)-4-(3,4,5-trimethoxystyryl)benzene
(7f). Following general procedure B, compound 7f was purified by
column chromatography, eluting with hexane/EtOAc (9.2:0.8): 79%
yield; yellow solid; mp 121�124 �C; IR (KBr)υ 2932, 1616, 1495, 1323,
1254, 1177, 1129, 1031, 963 cm�1; 1HNMR (300MHz, CDCl3) δ 3.85
(s, 6H), 3.90�3.94 (m, 12H), 6.36 (s, 1H), 6.46 (d, 1H, J = 16.1 Hz),
6.68 (s, 2H), 7.12 (d, 1H, J = 16.1 Hz), 7.48 (d, 1H, J = 13.6 Hz), 8.31 (d,
1H, J = 13.6 Hz); 13C NMR (75 MHz, CDCl3) δ 55.8, 56.2, 56.1, 61.0,
61.2, 61.5, 102.2, 103.8, 104.6, 106.4, 119.4, 120.7, 124.4, 125.4, 127.0,
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129.9, 137.0, 137.6, 138.5, 153.4; ESI MS (m/z) 454 (M + Na); HRMS
(ESI) (m/z) calcd for C22H25NO8Na, 454.1477, found, 454.1458.
5-(2,3,4-Trimethoxy-6-((E)-2-nitrovinyl)styryl)benzo[d][1,3]dioxole

(7g). Following general procedure B, compound 7g was purified by
column chromatography, eluting with hexane/EtOAc (9.5:0.5): 96%
yield; yellow solid; mp 136�139 �C; IR (KBr) υ 2926, 1625, 1518, 1489,
1330, 1127, 1031, 962 cm�1; 1H NMR (300 MHz, CDCl3) δ 3.85 (s,
3H), 3.92 (s, 6H), 5.99 (s, 2H), 6.46 (d, 1H, J = 16.2 Hz), 6.74�6.81(m,
2H), 6.90 (d, 1H, J = 9.6 Hz), 7.03�7.12 (m, 2H), 7.45 (d, 1H, J = 13.6
Hz), 8.29 (d, 1H, J= 13.6Hz); 13CNMR (75MHz, CDCl3)δ 56.1, 60.9,
61.0, 101.2, 105.6, 106.3, 108.4, 119.4, 122.0, 123.5, 125.2, 126.9, 131.4,
136.8, 137.3, 138.5, 145.2, 148.2, 152.0, 152.7; ESIMS (m/z) 386 (M+H);
HRMS (ESI) (m/z) calcd for C20H20NO7, 386.1239, found, 386.1254.
1,2,3-Trimethoxy-5-((E)-2-nitrovinyl)-4-styrylbenzene (7h). Follow-

ing general procedure B, compound 7h was purified by column
chromatography, eluting with hexane/EtOAc (9.5:0.5): 90% yield;
yellow solid; mp 101�103 �C; IR (KBr) υ 2928, 1627, 1525, 1486,
1327, 1127, 1030, 962 cm�1; 1H NMR (300 MHz, CDCl3) δ 3.86 (s,
3H), 3.92 (s, 6H), 6.58 (d, 1H, J = 16.6 Hz), 6.79 (s, 1H), 7.21�7.29 (m,
2H), 7.33�7.38 (m, 2H), 7.43�7.51 (m, 3H), 8.32 (d, 2H, J = 13.6
Hz);13CNMR (75 MHz, CDCl3) δ 56.1, 61.0, 96.3, 106.5, 117.7, 121.3,
126.8, 127.0, 127.4, 128.4, 128.9, 134.4, 137.2, 137.8, 138.2, 152.7; ESI
MS (m/z) 364 (M+Na);HRMS (ESI) (m/z) calcd for C19H19NO5Na,
364.1160, found, 364.1151.
2-(4-Bromostyryl)-3,4,5-trimethoxy-1-((E)-2-nitrovinyl)benzene (7i).

Following general procedure B, compound 7i was purified by column
chromatography, eluting with hexane/EtOAc (9.5:0.5): 82% yield;
yellow solid; mp 108�111 �C; IR (KBr) υ 2926, 1622, 1586, 1487,
1324, 1234, 1128, 1031, 964 cm�1; 1H NMR (300MHz, CDCl3) δ 3.86
(s, 3H), 3.92 (s, 6H), 6.52 (d, 1H, J = 16.3Hz), 6.78 (s, 1H), 7.23 (d, 1H,
J = 16.3 Hz), 7.37 (d, 2H, J = 8.5 Hz), 7.42� 7.49 (m, 2H), 7.53 (d, 1H,
J = 13.4 Hz), 8.28 (d, 1H, J = 13.4 Hz); 13C NMR (75 MHz, CDCl3) δ
56.2, 61.0, 61.1, 106.4, 122.0, 122.1, 123.7, 128.1, 131.9, 135.9, 136.2,
137.1, 138.3, 138.5, 145.2, 152.2, 153.0; ESI MS (m/z) 420 (M + H);
HRMS (ESI) (m/z) calcd for C19H19NO5Br, 420.0446, found,
420.0465.
4-(2,3,4-Trimethoxy-6-((E)-2-nitrovinyl)styryl)biphenyl (7j). Follow-

ing general procedure B, compound 7j was purified by column chro-
matography, eluting with hexane/EtOAc (9.6:0.4): 87% yield; yellow
solid; mp 136�138 �C; IR (KBr) υ 2926, 1623, 1589, 1487, 1328, 1237,
1124, 1035, 962 cm�1; 1H NMR (300 MHz, CDCl3) δ 3.87 (s, 3H),
3.93 (s, 6H), 6.62 (d, 1H, J = 16.4 Hz), 6.79 (s, 1H), 7.26�7.51 (m, 6H),
7.54�7.61 (m, 5H), 8.34 (d, 1H, J = 13.6 Hz); 13C NMR (75 MHz,
CDCl3)δ 56.1, 61.0, 61.1, 106.4, 121.3, 123.7, 126.9, 127.1, 127.4, 128.0,
128.8, 131.7, 135.9, 137.0, 137.1, 138.5, 140.5, 141.0, 145.2, 152.1, 152.9;
ESIMS (m/z) 418 (M +H); HRMS (ESI) (m/z) calcd for C25H24NO5,
418.1654, found, 418.1662.
2-(3,5-Dimethoxystyryl)-3,4,5-trimethoxy-1-((E)-2-nitrovinyl)benzene (7k).

Following general procedure B, compound 7k was purified by column
chromatography, eluting with hexane/EtOAc (9.4:0.6): 90% yield; yellow
solid;mp 119�121 �C; IR (KBr) υ 2927, 2849, 1724, 1593, 1458, 1334, 1155,
1124, 1064, 961 cm�1; 1HNMR (300MHz, CDCl3) δ 3.82 (s, 6H), 3.85 (s,
3H), 3.93 (s, 6H), 6.37 (s, 1H), 6.50 (d, 1H, J = 16.2Hz), 6.61 (d, 2H, J = 2.2
Hz), 6.79 (s, 1H), 7.19 (d, 1H, J=16.2Hz), 7.46 (d, 1H, J=13.5Hz), 8.30 (d,
1H, J = 13.5 Hz); 13C NMR (75 MHz, CDCl3) δ 55.4, 55.8, 61.1, 61.4, 99.0,
102.1, 104.8, 105.6, 119.6, 125.3, 126.9, 136.4, 137.0, 137.5, 138.4, 143.7, 153.0,
161.0; ESI MS (m/z) 402 (M + H); HRMS (ESI) (m/z) calcd for
C21H24NO7, 402.1552, found, 402.1557.
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