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Abstract—A mild and convenient one-pot two-step synthesis of hydroxystilbenes with trans selectivity has been developed through a mod-
ified Perkin reaction between benzaldehydes and phenylacetic acids bearing 4- or 2-hydroxy substitution at the aromatic ring, in the presence
of piperidine-methylimidazole and polyethylene glycol under microwave irradiation. The observation of a simultaneous condensation—de-
carboxylation leading to the unusual formation of hydroxystilbenes in lieu of a-phenylcinnamic acid reveals an interesting facet to the clas-
sical Perkin reaction. The developed protocol provides a green alternative to the prevalent methods employing a toxic decarboxylating agent in
the form of quinoline/Cu salt, and the requirement for harsh protection—deprotection steps for the synthesis of hydroxylated stilbenes.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Hydroxylated stilbenes constitute an important class of nat-
ural compounds due to their wide-ranging biological activi-
ties,! putative potential as nutraceuticals? as well as their
application in molecular photonics and optoelectronics.?
For instance, resveratrol (3,4’,5-trihydroxy-(E)-stilbene),
a major component of red wine, has been implicated as a
potent cardio protective agent thus lending credence to the
conjecture that red wine consumption retards cardiovascular
mortality.4 In addition, resveratrol has been shown to act
as an effective AhR antagonist thus indicating its therapeutic
significance against fatal conditions like cancer and AIDS.’
Similarly, pterostilbene has been widely used in the treat-
ment of diabetes and as an antitumour agent.® A number
of subsequent investigations have also disclosed the wide-
ranging applications of many other stilbenes.” The remark-
able biological and industrial importance of hydroxylated
(E)-stilbenes has prompted intensive efforts towards devel-
opment of their synthetic methodologies. Thus, hydroxy-
lated stilbenes have been accessed through various
synthetic approaches® including Knoevenagel-Doebner,
Heck, Wittig, Suzuki and Perkin reactions, etc. Amongst
the prevalent synthetic approaches towards these bioactive
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stilbenes, the Perkin reaction between benzaldehydes and
phenylacetic acids in the presence of acetic anhydride and
a base followed by decarboxylation with quinoline—Cu salt
has remained a prominent method® since its pioneering
application towards the synthesis'® of resveratrol in 1941.
Subsequently, some other reports describing the synthesis
of stilbenes through a modified Perkin reaction!! have also
emerged. Recently, a reinvestigation of the Perkin reaction
has been reported wherein factors governing the synthesis
of cis/trans a-phenylcinnamic acids'? followed by decar-
boxylation into the corresponding stilbene have been exam-
ined. Despite their utility, all of the above modifications to
the Perkin reaction primarily disclose a multistep approach
involving sequential protection, condensation, decarboxyl-
ation and deprotection steps for the synthesis of hydroxyl-
ated stilbenes. Evidently, the development of a simple and
convenient synthetic methodology for hydroxylated stil-
benes has been severely constrained by the extreme suscep-
tibility of the hydroxyl function towards polymerization'3
thus necessitating the tedium of harsh protection—deprotec-
tion steps. In addition, the indispensable requirement of
toxic quinoline—Cu combination!* for decarboxylation of
a-phenylcinnamic acids coupled with a low overall yield
(20—40%)'* of stilbenes at times limits the environmental
sustainability and synthetic utility of the common variants
of the Perkin reaction.

The above contemporary concerns attracted our attention
and herein we disclose a new facet to the classical Perkin
reaction through a convenient and environmentally benign
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one-pot two-step synthesis of hydroxylated (E)-stilbenes
from 4- or 2-hydroxy-substituted benzaldehydes and phenyl-
acetic acids under microwave irradiation.

2. Results and discussion

As part of our ongoing interest in microwave-induced syn-
thesis of important bioactive compounds,'®> we had a suc-
cessful precedent in the one-pot, two-step synthesis of
FEMA-GRAS approved hydroxy styrenes via condensa-
tion of the corresponding hydroxy benzaldehydes with
malonic acid in the presence of an acetic acid—piperidine
combination.'® In the context of our current efforts to de-
vise a mild and convenient synthetic route for bioactive
hydroxylated stilbenes, we were intrigued by the possibil-
ity of utilizing our previously explored acetic acid—piper-
idine combination'® towards a microwave-induced one-pot
synthesis of stilbenes through a Perkin type reaction be-
tween hydroxy benzaldehydes and phenylacetic acids.
Consequently, a mixture of vanillin (4-hydroxy-3-methoxy-
benzaldehyde) (1a) and phenylacetic acid (1.2 equiv) was
irradiated under microwaves for 20 min in the presence of
acetic acid (7 equiv)—piperidine (2 equiv). However, the
method provided the expected stilbene in only traces
along with unreacted starting material and several side-
products. The above result led us to reason that unlike
our earlier study,'®® the use of acetic acid might not be
compatible for the condensation between benzaldehyde
(1a) and phenylacetic acid in view of the fact that the lat-
ter is a comparatively weaker active methylene compound
than malonic acid (pK,=2.83). Consequently, the above
reaction between la and phenylacetic acid (1.2 equiv)
was conducted in piperidine (5 equiv) alone and 1b was
obtained in 34% yield along with the corresponding
a-phenylcinnamic acid and unreacted starting material.
Replacement of piperidine with other bases such as triethyl-
amine, pyridine, collidine and imidazole was not found to
be suitable for further enhancement in the yield of 1b. En-
couraged by the above result with piperidine, we decided
to evaluate the effect of various high-boiling point sol-
vents on the yield of the condensation—decarboxylation
product 1b, since decarboxylation is generally known to
occur at high reaction temperatures.!” Consequently,
a range of solvents including DMF, DMSO, PEG and
DEG were examined for the above reaction in the pres-
ence of piperidine as a base. Amongst these, PEG was
found to be the optimum solvent under the given reaction
conditions (40% yield). In our quest to further increase the
yield of 1b, we searched for various options. In particular,
the use of a combination of two bases appeared interesting

2
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Table 1. Effect of different base combinations on the synthesis of 1b from 1a
under microwave irradiation®

CHO ‘
©/\coo|-| Piperidine - B O X
. Tiperidine -5 _
HO 1a PEG, MW. b

OMe

OMe
S. No. Base (B) Yield (%)
1 Imidazole 49
2 Methylimidazole 56
3 Histidine 28
4 1-Butyl-3-methylimidazoliumchloride 35
5 Pyridine 47
6 Triethylamine 43
7 Collidine 43

* CEM Discover monomode microwave. Conditions: MW (150 W,
160 °C); 4-hydroxy-3-methoxybenzaldehyde (6.5 mmol); phenylacetic
acid (7.2 mmol); piperidine (9.8 mmol); PEG (4-5 mL); base (9.8 mmol).

to us especially since a number of earlier reports'® have
demonstrated the efficacy of such a combination. In this
context, a combination of piperidine with imidazole
seemed to be an attractive option in view of the remark-
able ability of imidazole!® to efficiently absorb microwave
energy due to the formation of a polar imidazolium salt of
the aryl acid intermediate. Thus, 1a and phenylacetic acid
were treated in the presence of a combination of piperi-
dine—imidazole (1.5 equiv each) in PEG. Gratifyingly,
the yield of 1b was found to be enhanced by up to
49%. In order to further increase the yield of 1b, we
explored the dependence of yield on structural changes
in the imidazole moiety. Interestingly, methylimidazole
(Mim, Table 1, entry 2) was found to augment the yield
of 1b to 56% while histidine (entry 3) and 1-butyl-3-
methylimidazolium chloride (entry 4) provided 1b in an
inferior yield. Subsequently, various combinations of
piperidine with other bases were screened but none of
these were found to be suitable (Table 1).

After the success of 1b, the developed method (Scheme 1)
was extended to various other hydroxy-substituted benz-
aldehydes and phenylacetic acids as summarized in Table 2
It is evident from Table 2 that a 4- or 2-hydroxy substitu-
tion in either the benzaldehyde or the phenylacetic acid
provides a favourable condition for the one-pot two-step
synthesis of stilbenes. Thus, 2b and 3b were obtained in
54% and 44% yields, respectively, depending upon 4-hy-
droxy substitution at benzaldehyde or phenylacetic acid.
Similarly, the 2-hydroxy-substituted substrates (entry 12
and entry 13) were also found to be amenable towards
the above reaction; however, the corresponding stilbenes

at least one of R'or R3or R%r R® or R& or R0 = OH

and R'-R'0 = H, OMe, OH, Cl etc.

Scheme 1.
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Table 2. Synthesis of hydroxylated (E)-stilbenes (1b—17b) under microwave irradiation®
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Table 2. (continued)

S. No. Benzaldehydes (a) Phenylacetic acids

Reaction time (min)

Product (b) yieldb (%) Ref.

CHO
COOH
12 [;:I:OH [::j/ﬁ\ 10

OCHs
CHO
LT e,
1 1
OH H4CO
OCH;
HaCO CHO

COOH
‘ SO
HO
HO CHO
s \©/ ©ACOOH 20
H3CO CHO COOH
16 30
H3CO H;CO
H3CO CHO COOH
17 40
HO H3CO

XN
O 41 24b
OH

O 439
OH
HO
O nd

OCH,
H3CO O X ‘ Traces 24f
H3CO

OCH;
HSCO 42° 24f
H3CO

4 CEM Discover monomode microwave.

b Benzaldehyde (6.5 mmol), phenylacetic acid (7.2 mmol), Mim (9.8 mmol), piperidine (9.8 mmol) and PEG (4-5 mL) under microwave for 10-30 min

(150 W, 160 °C).

¢ After the formation of stilbene as described in footnote b, dimethyl sulfate (26 mmol) was added to the same pot and the mixture irradiated with microwave for

30 min.
4 Spectral data of these novel compounds are given in Section 4.

were obtained in comparatively lower yield along with the
formation of some side-products including coumarin de-
rivatives. Interestingly, an enhanced yield of stilbene
(entry 4) was obtained in the case when an electron-
withdrawing substituent (e.g., Cl) was present in the
para position of the corresponding phenylacetic acid.
The foregoing result is evidently in accordance with the
Hammett equation®® as well as the proposed mechanism,
whereby electron withdrawal by the Cl group stabilizes
the incipient carbanion of phenylacetic acid. Similarly,
the presence of an electron donating group (OMe) at the
meta position (entry 9) of phenylacetic acid led to an im-
proved performance of the reaction as compared to the
case when the methoxy group was present at the para po-
sition (entry 5). The foregoing success with 4-hydroxyl-
ated stilbenes led us to explore the developed method
towards the synthesis of some biologically important me-
thoxylated stilbenes?' from the corresponding methoxy-
lated benzaldehydes. However, the method provided the
corresponding stilbene (entry 16) only in traces. Neverthe-
less, in pursuit of our endeavour to extend the developed
method towards the synthesis of methoxylated stilbenes,
we chose to explore a hitherto unprecedented one-pot,
three-step condensation—decarboxylation—-methylation re-
action. Consequently, 1a was reacted with 4-methoxyphe-
nylacetic acid in the presence of piperidine-Mim and PEG

under microwave irradiation and upon formation of stil-
bene, dimethyl sulfate was added. To our delight, the
method led to the synthesis of the desired methoxylated
stilbene (entry 17b) in 42% yield.

We envisage that a new mechanistic pathway might underlie
the peculiar simultaneous condensation—decarboxylation
observed in our case (Fig. 1). Thus, we hypothesize that
Mim initially forms a carboxylate salt with the aryl acid in-
termediate obtained by the piperidine-induced condensation
between hydroxy-substituted benzaldehydes and phenylace-
tic acids. The polar Mim carboxylate salt subsequently helps
in the efficient absorption of microwave energy thus facili-
tating the piperidine-induced formation of para-quinone
methide. Consequently, the para-quinone methide elimi-
nates a molecule of carbon dioxide to ensure the formation
of stilbene. Further investigations regarding the elucidation
of the precise mechanism are currently under progress.

In order to ascertain the specific role of microwave irradia-
tion, 1a and phenylacetic acid were reacted in the presence
of piperidine-methylimidazole and PEG under conventional
heating at reflux temperature for 6-8 h. However, the corre-
sponding a-phenylcinnamic acid was obtained as the major
product (62%) along with 1b in 21% yield, thus unequivo-
cally demonstrating the role of microwave in effectively
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intermediates
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HO

Figure 1.

bringing about the simultaneous condensation—decarboxyl-
ation of 1a. The remarkable ability of microwaves to faci-
litate polar reactions has been well recognized.?
Presumably, such a microwave effect facilitates the simulta-
neous condensation—decarboxylation observed in our case,
especially in view of the fact that all the intermediates pro-
posed in the mechanism are more polar?? than the starting
material.

Our premise of simultaneous condensation—decarboxylation
was proved when the treatment of o-phenyl 4-hydroxy-
cinnamic acid with piperidine and methylimidazole under
microwave irradiation provided the product stilbene in infe-
rior yield.

It may be mentioned here that the venerable Perkin reaction
has been widely recognized for the synthesis of a variety of
cinnamic acid derivatives from the corresponding benzalde-
hydes including hydroxy benzaldehydes and phenylacetic
acid in the presence of acetic anhydride—triethylamine.’
However, the developed method?? reveals for the first time,
a new facet to the classical Perkin reaction through the
occurrence of an unusual microwave-induced and base-
catalyzed simultaneous condensation—decarboxylation ef-
fect leading to the direct synthesis of bioactive hydroxylated
stilbenes from the corresponding hydroxy-substituted benz-
aldehydes and phenylacetic acids.

3. Conclusion

In conclusion, a new facet to the classical Perkin reaction is
disclosed whereby an unusual simultaneous condensation—
decarboxylation provides a mild and convenient one-pot ac-
cess to various bioactive stilbenes from hydroxy-substituted
benzaldehydes and phenylacetic acids under microwave
irradiation. In addition, the method is extended towards the
formation of some important methoxylated analogues of
hydroxystilbenes via an unprecedented one-pot condensation—
decarboxylation—methylation process. The developed proto-
col affords a green alternative to the prevalent methods
employing toxic quinoline—Cu salt and harsh protection—
deprotection agents.

O COO MimH*

|
(OH
S
O COO" MimH*

4. Experimental section
4.1. General method

All the chemicals were obtained from commercial sources
(Merck and Acros) and were used without further purifica-
tion. 'H (300 MHz) and '3C (75.4 MHz) NMR spectra
were recorded on a Bruker Avance-300 spectrometer.
CEM Discover® focused microwave (2450 MHz, 300 W)
was used wherever mentioned. HRMS spectra were deter-
mined using micromass Q-TOF ultima spectrometer.

4.2. Synthesis of stilbenes under focused microwave
irradiation

A  mixture of substituted benzaldehyde (la—17a)
(6.5 mmol), phenylacetic acid derivative (7.2 mmol), meth-
ylimidazole (9.8 mmol), piperidine (9.8 mmol) and polyeth-
ylene glycol (4—5 mL) was taken in a 100 mL round bottom
flask. The flask was shaken well and irradiated under fo-
cused monomode microwave system (150 W, 160 °C) fitted
with reflux condenser for the time given in Table 2. After the
completion of reaction, the reaction mixture was cooled and
acidified with dil HCI (pH=5). Then the aqueous layer was
extracted with ethyl acetate (2x20 mL) and the organic
layer was dried over sodium sulfate and vacuum distilled
to obtain crude product, which was further purified by col-
umn chromatography using Si gel (60—120 mesh size) with
a 1:5 mixture of ethyl acetate and hexane to give the pure
stilbene whose spectral data matched well with the reported
values.® 424

4.3. One-pot three-step condensation—decarboxylation—
methylation for the synthesis of methoxystilbenes

A mixture of substituted 4-hydroxy-3-methoxybenzalde-
hyde (1a) (6.5 mmol), 4-methoxyphenylacetic acid
(7.2 mmol), methylimidazole (9.8 mmol), piperidine
(9.8 mmol) and polyethylene glycol (4-5 mL) was taken
in a 100 mL round bottom flask. The flask was shaken
well and irradiated under focused monomode microwave
system (150 W, 160 °C) fitted with reflux condenser for
10 min. After the formation of hydroxy stilbene, dimethyl
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sulfate (26.0 mmol) was added in the same pot and reac-
tion mixture again irradiated in microwave for 30 min.
Thereafter, the reaction mixture was cooled and acidified
with dil HCI (pH=5). Then the aqueous layer was ex-
tracted with ethyl acetate (2x20mL) and the organic
layer was dried over sodium sulfate and vacuum distilled
to obtain crude product, which was further purified by col-
umn chromatography using Si gel (60-120 mesh size)
with a 1:5 mixture of ethyl acetate and hexane to give
the pure stilbene in 42% yield.

4.4. Supporting information available
Spectral data of some representative stilbenes.

4.4.1. 4-Hydroxy-3-methoxystilbene (Table 2/1b).3%:242
White solid (mp 132-134°C; 1it3 mp 134°C); oy
(300 MHz, CDCl3) 7.45 (2H, d, J 7.4 Hz), 7.32-7.27 (2H,
m), 7.21-7.16 (1H, m), 7.02-6.85 (5H, m), 5.66 (1H, s),
3.89 (3H, s); 6c (75.4 MHz, CDCl3) 146.7, 145.6, 137.6,
130.0, 128.7, 127.2, 126.5, 126.2, 120.5, 114.6, 108.3 and
55.9. HREIMS data: m/z [M+H]* for C;sH;50,, calcu-
lated=227.2840; observed=227.2826.

4.4.2. 4-Hydroxystilbene (Table 2/2b and 3b).3"24¢ White
solid (mp 185-187 °C; 1it.5> mp 186 °C); 6y (300 MHz,
CDCl3) 7.40 (2H, d, J 7.6 Hz), 7.31 (2H, d, J 8.5 Hz),
724-7.19 (2H, m), 7.12 (1H, t, J 6.8 Hz), 7.01 (1H, d, J
16.7 Hz), 6.89 (1H, d, J 16.7 Hz), 6.72 (2H, d, J 8.5 Hz):
oc (75.4 MHz, CDCly) 157.0, 137.9, 129.1, 128.2, 128.1,
127.5, 126.6, 125.8, 125.4 and 115.4.

4.4.3. 4-Chloro-4'-hydroxy-3'-methoxystilbene (Table 2/
4b). White solid (mp 121-124°C); 6y (300 MHz,
CDCl3) 7.35 (2H, d, J 8.4 Hz), 7.25 (2H, d, J 8.0 Hz),
6.96-6.91 (3H, m), 6.87 (2H, d, J 8.0 Hz), 5.72 (1H,
s), 3.87 (3H, s); d6c (754MHz, CDCl;) 146.8,
145.8, 136.1, 132.7, 129.6, 129.2, 128.8, 127.4, 125.1,
120.6, 114.6, 108.3 and 55.9. HREIMS data: m/z
[M+H]* for C;5sH;40,Cl, calculated=261.7228; observ-
ed=261.7229.

4.4.4. 4-Hydroxy-3,4’-dimethoxystilbene (Table 2/5b).
White crystalline solid (mp 163-166 °C); 6y (300 MHz,
CDCl3) 7.36 (2H, d, J 8.4 Hz), 6.94-6.90 (2H, m), 6.83—
6.80 (5H, m), 5.59 (1H, s), 3.86 (3H, s), 3.75 (3H, s); oc
(75.4 MHz, CDCl;) 159.0, 146.7, 145.2, 130.3, 1274,
126.6, 126.1, 120.1, 114.5, 114.1, 108.0, 55.9 and 55.3.
HREIMS data: m/z [M+H]* for C;¢H;703, calcu-
lated=257.3103; observed=257.3149.

4.4.5. 3,4',5-Trihydroxystilbene (resveratrol) (Table 2/
6b).”"2% White crystalline solid (mp 256-259 °C; lit.”®
mp 260 °C); oy (300 MHz, CD3;COCD3) 7.37 (2H, d, J
8.0 Hz), 6.97 (1H, d, J 16.1 Hz), 6.84 (1H, d, J 16.1 Hz),
6.77 (2H, d, J 8.0 Hz), 6.51 (2H, s), 6.31 (1H, s); dc
(75.4 MHz, CD5COCD3) 159.1, 157.5, 139.9, 1294,
128.6, 128.2, 126.3, 115.9, 104.8 and 102.1.

4.4.6. 3,4-Dihydroxy-3'-methoxystilbene (Table 2/7b).24d
White solid (mp 101-104 °C; 1it.2* mp 102 °C); oy
(300 MHz, CD;COCD;) 7.95 (1H, s), 7.85 (1H, s), 7.41—
7.38 (2H, m), 7.01 (1H, s), 6.86-6.81 (5H, m), 6.75 (1H,

d, J 8.0Hz), 3.72 (3H, s); ¢ (75.4 MHz, CD;COCD3)
159.1, 145.2, 144.9, 130.6, 130.2, 127.3, 126.5, 125.3,
118.7, 115.3, 114.0, 112.7 and 54.6.

4.4.7. 4-Hydroxy-3'-methoxystilbene (Table 2/8b). White
solid (mp 132-134 °C); 6y (300 MHz, CD3;COCD3) 8.46
(1H, s), 7.39 (2H, d, J 8.5 Hz), 7.20-7.13 (1H, m), 7.07-
7.04 (3H, m), 6.97 (1H, d, J 16.1 Hz), 6.80 (2H, d, J
85Hz), 6.74 (IH, d, J 7.1Hz), 3.74 (3H, s); oc
(75.4 MHz, CD;COCDs) 160.1, 157.4, 139.4, 129.5,
129.0, 128.7, 127.9, 125.5, 118.7, 115.5, 112.7, 111.3 and
54.6. HREIMS data: m/z [M+H]* for C;sH;50,, calcu-
lated=227.2840; observed=227.2812.

4.4.8. 4-Hydroxy-3',5'-dimethoxystilbene (pterostilbene)
(Table 2/9b).°® White crystalline solid (mp 85-87 °C;
1it.°® mp 87-88 °C); oy (300 MHz, CDCl3) 7.34 (2H, d, J
8.48 Hz), 6.99 (1H, d, J 16.5 Hz), 6.85 (1H, d, J 16.5 Hz),
6.78 (2H, d, J 8.4 Hz), 6.60 (2H, s), 6.33 (1H, s), 3.77 (6H,
s); 6c (754 MHz, CDCl3) 160.9, 155.5, 139.7, 130.0,
128.8, 128.1, 126.5, 115.7, 104.5, 99.7 and 55.4. HREIMS
data: m/z [M+H]* for C,cH;703, calculated=257.3103; ob-
served=257.3175.

4.4.9. 4-Hydroxy-3',4'-dimethoxystilbene (Table 2/10b).
White solid (mp 180-182 °C); éy (300 MHz, DMSO-dj)
7.27 (2H, d, J 7.6 Hz), 7.04 (1H, s), 6.93 (2H, d, J 7.6 Hz),
6.84 (3H, m), 6.70 (1H, d, J 6.8 Hz), 3.79 (3H, s), 3.75
(BH, s); 6c (75.4 MHz, DMSO-ds) 156.7, 149.2, 148.5,
131.4, 129.3, 127.2, 126.4, 125.2, 119.2, 115.0, 112.1,
109.0 and 55.0. HREIMS data: m/z [M+H]* for C,cH;;03,
calculated=257.3103; observed=257.3160.

4.4.10. 4,4 -Dihydroxystilbene (Table 2/11b).24*24¢ White
solid (mp 279-281 °C: 1it.>* mp 278 °C); &y (300 MHz,
MeOD) 7.27 (4H, d, J 8.4 Hz), 6.81 (2H, s), 6.6 (4H, d, J
8.4 Hz), 6c (75.4 MHz, MeOD) 6 156.5, 129.6, 127.0,
125.3 and 115.0.

4.4.11. 2-Hydroxy-3-methoxystilbene (Table 2/12b).24"
White solid (mp 85-87 °C); dy (300 MHz, CDCl3) 7.51
(2H, d, J 7.6 Hz), 7.44 (1H, d, J 16.4 Hz), 7.38 (1H, d, J
16.4 Hz), 7.33 (1H, t, J 7.6 Hz), 7.22-7.11 (3H, m), 6.80
(1H, t, J 7.9 Hz), 6.73 (1H, d, J 7.9 Hz), 5.95 (1H, s), 3.84
(3H, s); 0c (75.4 MHz, CDCls) 146.7, 143.5, 137.8, 129.3,
128.5, 127.3, 126.5, 123.7, 122.9, 119.5, 118.8, 109.4 and
56.0. HREIMS data: m/z [M+H]* for C;sH;50,, calcu-
lated=227.2840; observed=227.2830.

4.4.12. 2-Hydroxy-3,4’ -dimethoxystilbene (Table 2/13b).
White solid (mp 80-84 °C); oy (300 MHz, CDCly) 7.45
(2H, d, J 8.8 Hz), 7.29 (1H, d, J 16.1 Hz), 7.13 (1H, d, J
8.1 Hz), 7.11 (1H, d, J 16.1 Hz), 6.85-6.76 (3H, m), 6.71
(1H, d, J 7.6 Hz), 5.94 (1H, s), 3.83 (3H, s), 3.76 (3H, s);
oc (75.4 MHz, CDCls) 159.1, 146.7, 143.2, 130.7, 128.9,
127.8, 124.0, 120.8, 119.5, 118.6, 114.0, 109.1, 56.3 and
55.3. HREIMS data: m/z [M+H]* for C;cH;;03, calcu-
lated=257.3103; observed=257.3116.

4.4.13. 1-(4'-Hydroxy-3'-methoxyphenyl)-2-naphthyl-
ethene (Table 2/14b). White solid (mp 83-86 °C); oy
(300 MHz, CDCls) 8.22 (1H, d, J 7.6 Hz), 7.85 (1H, d, J
8.2 Hz), 7.77-7.67 (3H, m), 7.51-7.45 (3H, m), 7.11-7.09
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(2H, m), 7.08 (1H, d, J 17.0 Hz), 6.95 (1H, d, J 8.2 Hz), 5.74
(1H, s), 3.91 (3H, s); 6c (75.4 MHz, CDCls) 146.8, 145.8,
135.3, 133.8, 131.7, 131.4, 128.7, 127.8, 126.0, 125.8,
123.8, 123.6, 123.0, 120.6, 114.7, 108.6 and 56.0. HREIMS
data: m/z [M+H]* for C,oH,,70,, calculated=277.3440; ob-
served=277.3441.

4.4.14. 3,4,4'-Trimethoxystilbene (Table 2/16b and
17b).%* White solid (mp 131-134°C; 1it>* mp 133-
135°C); oy (300 MHz, CDCl3) 7.38 (2H, d, J 8.5 Hz),
6.98-6.92 (2H, m), 6.86-6.76 (5H, m), 3.88 (3H, s), 3.83
(3H, s), 3.76 (3H, s); 6c (75.4 MHz, CDCl3) 159.1, 149.1,
148.6, 130.8, 130.3, 127.4, 1264, 119.5, 114.1, 111.3,
108.6, 55.9, 55.8 and 55.3.
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