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Simple Synthesis of 5-Substituted Resorcinols: A Revisited Family
of Interesting Bioactive Molecules'
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The reaction of 3,5-dimethoxybenzyl trimethylsilyl ether (3) with different aldehydes (n-PrCHO,
n-Cy;H,3CHO, MeCHO, PhCHO) in the presence of lithium powder and a catalytic amount of
naphthalene (4 mol %) gave, after hydrolysis, the expected alcohols 4 in moderate yields. The
dehydroxylation of these compounds through the corresponding mesylates 5 or directly from benzylic
derivatives by catalytic hydrogenation, afforded compounds 6, which are finally demethylated to
yield 5-alkyl-3,5-dihydroxyresorcinols, such as olivetol (7a), grevillol (7b), 1,3-dihydroxy-5-
propylbenzene (7c), or dihydropinosilvine (7d). Dehydration of alcohol derivatives 4 followed by
demethylation led to hydroxylated stilbene-type structures, such as pinosilvine (9d), resveratrol
(9e), or piceatannol (9f), which in some cases can be hydrogenated to give saturated molecules
such as combretastanin B-4 tetramethyl ether (6f) or chrysotobibenzyl (6g). Finally, when the
naphthalene-catalyzed lithiation of compound 3 was performed in the presence of other electrophiles
[MesSiCl, t-BuCHO, CH3(CH,),CHO, 4-Me;3SiOCgH,CHO, (CH;)sCO, PAN=C=0, PhN=CHPh], the
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expected reaction products 12 were isolated, after hydrolysis.

Introduction

5-Alkylresorcinols of the general type 1 are interesting
naturally-occurring compounds, which have been isolated
from many plants including those in the Poteaceae,
Anacardiaceae, Ginkogoaceae, and Graminae families.!
They possess a wide variety of biological activities,
including fungicidal and bacteriocidal activities against
numerous pathogens.? Recently, it was reported that this
type of compound can cleave DNA at high concentrations
in the presence of copper(ll) chloride and oxygen.®# In
addition, compounds of type 1 are essential components
in the synthesis of cannabinoids (2,5-disubstituted re-
sorcinols® ). Finally, the corresponding 5-alkenyl deriva-
tives, primarily those with a stilbene structure,” show
interesting antileukemic properties.® On the other hand,
we applied recently the arene-catalyzed lithiation%1° of
O-silylated allylic and benzylic alcohols to the preparation
of the corresponding organolithium derivatives.'*'? In
this paper we describe the application of this simple
methodology to the preparation of several 5-alkyl and
5-alkenyl resorcinols, such as olivetol, grevillol, pinosil-
vine (and dihydropinosilvine), resveratrol, piceatannol,

T This paper is dedicated to Professor Antonio Gonzalez for his half-
century dedication to organic chemistry.
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combretastatin B-4 tetramethyl ether, and combretasta-
tin B-3 pentamethyl ether (chrysotobibenzyl), all of them
being interesting bioactive molecules.?
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Results and Discussion

Commercially available 3,5-dimethoxybenzylic alcohol
(2) was transformed into O-silyl derivative 3 with chlo-
rotrimethylsilane and triethylamine in THF.1* Com-
pound 3 was treated with an excess of lithium powder
(1:14 molar ratio) and a catalytic amount of naphthalene
(1:0.08 molar ratio, 4 mol %) in the presence of the
corresponding aldehyde (1:1.2 molar ratio) in THF at —30
(for compounds 4a, 4c or 4d) or 0 °C (for compound 4b)
during 2 h giving, after hydrolysis, the expected products
4 in moderate yield.'> Compounds 4a—c were trans-
formed into their dehydroxy derivatives 6a—c in a two-
step process: mesylation with mesyl chloride and trieth-
ylamine in THF? to give compounds 5a—c followed by
reduction with zinc and sodium iodide under monoglyme
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reflux.l” In the case of compound 4d, the formation of
the corresponding derivative 6d was achieved by pal-
ladium-catalyzed hydrogenation in a mixture of metha-
nol—water.*® The last step (6 — 7) was performed by
means of 45% hydrobromic acid and acetic acid under
reflux® (Scheme 1).

Pinosilvine (9d) was prepared from compound 4d by
dehydration with 85% phosphoric acid under toluene
reflux,?° to give pinosilvine dimethyl ether (8d), which
was demethylated by means of boron tribromide—dimeth-
yl sulfide complex under 1,2-dichloroethane reflux®
(Scheme 2).

Resveratrol and piceatannol were prepared starting
from the same common material 3 using 4-methoxyben-
zaldehyde and 3,4-dimethoxybenzaldehyde, respectively,
as electrophiles during the lithiation/condensation step
at 0 °C, so the expected compounds 4e and 4f were
isolated in moderate yield, after hydrolysis. These alco-
hols were dehydrated under DMSO reflux,?? giving the
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corresponding trans-olefins 8e and 8f, respectively, which
after final full demethylation with an excess of methyl-
magnesium iodide?® (1:20 molar ratio) under heating at
100—160 °C gave resveratrol (9e) and piceatannol (9f)
(Scheme 3).

Finally, we prepared combretastatin B-4 tetramethyl
ether (6f) and combretastatin B-3 pentamethyl ether (6g)
starting from the corresponding alkenes 8f (see Scheme
3) and 89 [prepared from commercially available 3,4,5-
trimethoxybenzyl alcohol (10) by silylation (to give O-silyl
alcohol 11) followed by naphthalene-catalyzed lithiation
in the presence of 3,4-dimethoxybenzaldehyde and final
hydrolysis], respectively, by palladium-catalyzed hydro-
genation in the presence of anhydrous ammonium for-
mate under methanol reflux?* (Scheme 4). The demeth-
ylation of compounds 6f and 6g tried by the different
methods used in this work failed.?

Lastly, we applied the methodology described here to
prepare other dimethylated 5-substituted resorcinols
from the starting material 3. Thus, when the naphtha-
lene-catalyzed lithiation of compound 3 was carried out
in the presence of Me;SiCl, t-BuCHO, CH3(CH,),CHO,
4-Me3SiOCgH,CHO, (CH,)sCO, PhNCO, or PhCH=NPh
under the reaction conditions described above for com-
pound 4a, the expected products 12a—g were isolated
after hydrolysis (Scheme 5 and Table 1).

In conclusion, the chemistry described in this paper
offers an easy and versatile approach to a biologically
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Table 1. Preparation of Compounds 12a—g

product
entry  electrophile E* no. E yield (%)
1 MesSiCl 12a MesSi 64
2  BuUu'CHO 12b BuCHOH 55
3 Me(CH2)4CHO 12c Me(CH3)sCHOH 41
4 4-Me3SiOCgH,CHO 12d 4-Me3SiOCgH4CHOH 43
5 (CH,)sCO 12e (CH)sCOH 52
6 PhNCO 12f PhNHCO 27
7 PhCH=NPh 12g PhCHNHPh 44

a Isolated yield after flash chromatography (silica gel, hexane/
ethyl acetate).

interesting family of compounds, namely 5-substituted
resorcinols. We are now studying the possibility of
o-lithiation of compounds of type 6% in order to prepare
molecules of the general fomula 13, which show high
antibiotic activity.?”

MeO OMe
R
13

Experimental Section

General Methods. For general information see ref 28.
Benzylideneaniline?®* and 4-(trimethylsiloxy)benzaldehyde®
were prepared according to the literature procedure. *H and

(26) (a) Durrani, A. A.; Tyman, J. H. P. J. Chem. Soc., Perkin Trans.
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Synthesis 1991, 98.
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1541.
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13C NMR spectra were recorded using CDCl; as solvent (unless
otherwise stated). High resolution mass spectra were per-
formed at the corresponding service at the University of
Zaragoza. Compounds 11,3 4e,” 4f,” 12a,% 6a,'% 6b,* 6¢,%%2
6d,26b 7a’13d,e 7b,* 7¢,26a 7d’26b 8d,% 9d, 8e,” 8f,7 89,34 9e,8 Of 8
6135 and 6g,%¢ which are partially described in the literature
were fully characterized by spectroscopic means (IR, *H and
13C NMR, and MS) and are included as supporting information.
General Procedure for the Preparation of O-Silylated
Alcohols 3 and 11. To a solution of the corresponding alcohol
(10 mmol) and triethylamine (20 mmol) in THF (20 mL) was
dropwise added chlorotrimethylsilane (10 mmol) at 0 °C. After
1 h stirring at temperatures ranging between 0 and 20 °C the
resulting mixture was hydrolyzed with water (10 mL) and
extracted with ether (2 x 20 mL). The organic layer was
washed with water (1 x 10 mL) and dried over anhyd Na,SO..
Solvents were evaporated (15 Torr), and the resulting residue
contained the title compounds 3 and 11 (>95% yield; >90%
pure by 300 MHz *H-NMR) were submitted to the lithiation/
condensation step without further purification.
[(3,5-Dimethoxybenzyl)oxy]trimethylsilane (3): oil, R¢
= 0.56 (hexane/ethyl acetate 6/1); tr = 11.78 min; IR (film)
1610, 1461, 1250, 1155, 1100, 1054 cm~%; *H NMR 6 0.16 (s,
9H), 3.78 (s, 6H), 4.64 (s, 2H), 6.35 (t, J = 2.4, 1H), 6.49 (d, J
= 2.4, 2H); *3C NMR 9 —0.4, 55.25, 64.55, 99.05, 104.2, 143.5,
160.8; MS m/z 240 (M*, 75%), 151 (100).
General Procedure for the Preparation of Compounds
4 and 12. To a green suspension of lithium powder (100 mg,
14 mmol) and naphthalene (10 mg, 0.08 mmol) in THF (5 mL)
was added a solution of the corresponding O-silylated alcohol
3 or 11 (1 mmol) and the electrophile (1.2 mmol) in THF (2
mL) at —30 or O °C (see text) under argon for 5 min. Stirring
was continued for 2 h, allowing the temperature to rise to O
°C. The resulting mixture was then hydrolyzed with water
(5 mL) and extracted with diethyl ether (2 x 20 mL) and the
organic layer dried over anhyd Na,SO,. Solvents were evapo-
rated (15 Torr), and the resulting residue was chromatogra-
phied (silica gel, hexane/ethyl acetate) to afford pure title
compounds 4 and 12. Yields are included in Scheme 1 and
Table 1; analytical and spectroscopic data follow.
1,3-Dimethoxy-5-(2'-hydroxypentyl)benzene (4a): oil,
Rt = 0.30 (hexane/ethyl acetate 2/1); tr = 13.81 min; IR (film)
3403, 1606, 1463, 1206, 1151, 1066 cm™*; *H NMR 6 0.94 (t, J
= 6.7, 3H), 1.37—-1.68 (m, 4H), 2.04 (br s, 1H), 2.57 (dd, J =
13.4, 8.5, 1H), 2.77 (dd, J = 13.4, 3.9, 1H), 3.72—3.86 (m with
s, 7H), 6.35 (t, J = 2.1, 1H), 6.38 (d, J = 2.1, 2H); 3C NMR ¢
14.05, 18.95, 38.95, 44.4, 55.25, 72.2, 98.4, 107.35, 140.95,
160.9; MS m/z 224 (M*, 21%), 152 (100); HRMS calcd for
C13H2003 2241412, found 224.1395.
1,3-Dimethoxy-5-(2'-hydroxytridecyl)benzene (4b): oil,
R¢ = 0.18 (hexane/ethyl acetate 6/1); tr = 18.96 min; IR (film)
3414, 3004, 1606, 1464, 1206, 1152, 1069 cm~%; 'H NMR 6 0.88
(t, 3 = 6.7, 3H), 1.26—1.53 (m, 20H), 2.56 (dd, J = 13.4, 8.7,
1H), 2.75 (dd, J = 13.4, 4.0, 1H), 3.78 (m with s, 7H), 6.34 (t,
J=2.1,1H),6.37 (d, J = 2.1, 2H); 3C NMR 8 14.1, 22.7, 25.75,
29.35, 29.6, 29.65, 31.9, 36.85, 44.4, 55.25, 72.5, 98.4, 107.3,
141.0, 160.9; MS m/z 336 (M*, 3%), 152 (100); HRMS calcd
for C,1H3603 336.2664, found 336.2648.
1,3-Dimethoxy-5-(2'-hydroxypropyl)benzene (4c): oil, R,
= 0.31 (hexanel/ethyl acetate 2/1); tr = 11.81 min; IR (film)
3416, 1608, 1461, 1206, 1150, 1069 cm™*; 'H NMR 6 1.25 (d, J

(31) Midgley, J. M.; Millership, J. S.; Whalley, W. J. Chem. Soc.,
Perkin Trans. 1 1976, 1384.
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K. N. Aust. J. Chem. 1994, 47, 1205. Chem. Abstr. 1994, 121, 133567d.

(33) Yasuda, M.; Isami, T.; Kubo, J.; Mizutani, M.; Yamashita, T;
Shima, K. J. Org. Chem. 1992, 57, 1351.

(34) Lin, C. M.; Singh, S. B.; Chu, P. S.; Dempcy, R. O.; Schmidt, J.
M.; Pettit, G. R.; Hamel, E. Mol. Pharmacol. 1988, 34, 200. Chem.
Abstr. 1989, 110, 68959q.

(35) Talvitie, A.; Mannila, E.; Kolehmainen, E. Liebigs. Ann. Chem.
1992, 399.
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1994, 29, 763. Chem. Abstr. 1995, 112, 209764j. (b) Medarde, M.;
Pelaez-Lamamie de Clairac, R.; Ramos, A. C.; Caballero, E.; Lopez, J.
L.; Gravalos, D. G.; San Feliciano, A. Med. Chem. Lett. 1995, 5, 229.
Chem. Abstr. 1995, 122, 239431r.
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=6.1,3H), 2.61 (dd, J = 13.2, 8.2, 1H), 2.74 (dd, J = 13.2, 4.6,
1H), 3.78 (s, 6H), 3.96—4.05 (m, 1H), 6.34—6.37 (m, 3H); *C
NMR 6 22.75, 46.1, 55.25, 68.7, 98.45, 107.3, 140.8, 160.9; MS
m/z 196 (M*, 41%), 152 (100); HRMS calcd for Ci11H1603
196.1099, found 196.1095.
1,3-Dimethoxy-5-(2'-hydroxy-2'-phenylethyl)benzene
(4d): oil, Rf = 0.29 (hexane/ethyl acetate 2/1); tg =15.88 min;
IR (film) 3439, 3085, 3061, 3028, 1597, 1461, 1205, 1151, 1067
cm™%; IH NMR 6 2.18 (s, 1H), 2.89 (dd, J = 13.6, 8.2, 1H), 2.97
(dd, 3 =13.6, 4.9, 1H), 3.72 (s, 6H), 4.86 (dd, J = 8.2, 4.9, 1H),
6.33, 7.33—7.39 (s and m respectively, 3H and 5H, respec-
tively); 13C NMR 6 46.35, 55.2, 75.0, 98.7, 107.4, 125.85, 127.55,
128.35, 140.25 143.7, 160.8; MS m/z 258 (M*, 10%), 152 (100);
HRMS calcd for C16H1503 258.1256, found 258.1260.
1,3-Dimethoxy-5-(2',2'-dimethyl-3'-hydroxybutyl)ben-
zene (12b): oil, Ry = 0.29 (hexanel/ethyl acetate 4/1); tr = 13.46
min; IR (film) 3551, 1607, 1463, 1206, 1153, 1069 cm™*; 'H
NMR ¢ 0.99 (s, 9 H), 2.40 (dd, J = 13.4, 10.8, 1H), 2.85 (dd, J
= 13.4, 1.5, 1H), 3.43 (m, 1H), 3.77 (s, 6 H), 6.33 (t, J = 2.2,
1H), 6.39 (d, J = 2.2, 1H); 3C NMR ¢ 25.8, 34.7, 38.75, 55.2,
80.3, 98.35, 107.15, 142.2, 160.9; MS m/z 238 (M*, 40%), 152
(100); HRMS calcd for C14H2,03 238.1569, found 238.1570.
1,3-Dimethoxy-5-(2'-hydroxyheptyl)benzene (12c): oil,
R: = 0.17 (hexanel/ethyl acetate 6/1); tr = 14.66 min; IR (film)
3420, 1596, 1463, 1206, 1151, 1069 cm™*; *H NMR 6 0.89 (t, J
= 6.7, 3H), 1.26—1.66 (m, 9H), 2.56 (dd, J = 13.4, 8.5, 1H),
2.77 (dd, J = 13.4, 4.0, 1H), 3.78 (m, 7H), 6.34 (t, J = 2.1, 1H),
6.37 (d, J = 2.1, 2H); 3C NMR ¢ 13.95, 22.55, 25.35, 31.75,
36.7, 44.3, 55.1, 72.4, 98.25, 107.25, 140.95, 160.75; MS m/z
252 (M*, 33%), 152 (100); HRMS calcd for C15H2405 252.1725,
found 252.1735.
2-(3,5-Dimethoxyphenyl)-1-(4-hydroxyphenyl)etha-
nol (12d): white solid, Rt = 0.32 (hexane/ethyl acetate 1/1);
mp 148—149 °C (hexane/MeOH); tg = 18.44 min; IR (KBr)
3416, 3198, 1606, 1517, 1202, 1143, 1067 cm™%; *H NMR 6
(CD3sCOCD3) 2.81—2.95 (m, 2H), 3.71 (s, 6H), 4.04 (d, J = 3.7,
1H), 4.77—-4.82 (m, 1H), 6.28, 6.35 (t and d respectively, J =
2.0 Hz, 1H and 2H, respectively), 6.76, 7.18 (2d, J = 8.5, 4H),
8.18 (br s, 1H); *3C NMR ¢ (CDsCOCD3) 47.35, 55.35, 75.15,
98.7, 108.35, 115.5, 128.1, 137.3, 142.35, 157.2, 161.45; MS
m/z 256 (M* —18, 100%). Anal. Calcd for C16H1504: C, 70.04;
H, 6.62. Found: C, 69.59; H, 6.68.
1-(3,5-Dimethoxybenzyl)cyclohexanol (12e): oil, Rs =
0.29 (hexane/ethyl acetate 4/1); tg = 14.97 min; IR (film) 3504,
1596, 1462, 1205, 1150, 1062 cm™%; *H NMR ¢ 1.21-1.75 (m,
11H), 2.68 (s, 2H), 3.78 (s, 6H), 6.37 (s, 3H); 13C NMR 0 22.1,
25.75, 37.35, 48.95, 55.2, 71.0, 98.3, 108.6, 139.35, 160.5; MS
m/z 250 (M*, 12%), 152 (100); HRMS calcd for CisH2,03
250.1569, found 250.1570.
(3,5-Dimethoxyphenyl)-N-phenylacetamide (12f): oil, R¢
= 0.39 (hexanelethyl acetate 1/1); tr = 17.31 min; IR (film)
3303, 1662, 1597, 1205, 1154, 1066 cm™*; IH NMR 6 3.67 (s,
2H), 3.80 (s, 6H), 6.43, 6.47 (2m, 1H and 2H, respectively),
7.28—7.53 (m, 5H); 13C NMR ¢ 45.2, 55.4, 99.6, 107.5, 119.8,
124.45, 128.95, 136.5, 137.55, 161.45, 168.75; MS m/z 271 (M*,
68%), 152 (100); HRMS calcd for C16H17NO3 271.1208, found
271.1205.
2-(3,5-Dimethoxyphenyl)-N,1-diphenylethylamine (129):
oil, R = 0.56 (hexanel/ethyl acetate 2/1); tr = 19.91 min; IR
(film) 3404, 3052, 3023, 1601, 1505, 1204, 1151, 1067 cm™%;
H RMN 6 2.93 (dd, J = 13.8, 8.2, 1H), 3.08 (dd, J = 13.8, 5.8,
1H), 3.71 (s, 6H), 4.16 (br s, 1H), 4.56 (dd, J = 8.2, 5.8, 1H),
6.25 (d, J = 2.1, 2H), 6.32 (t, J = 2.1, 1H), 6.46 (d, J = 7.6,
2H), 6.60 (t, J = 7.6, 1H), 7.05 (t, 3 = 7.6, 2H), 7.23—7.36 (m,
5H); 13C NMR ¢ 45.35, 55.15, 58.95, 98.7, 107.2, 113.6, 117.4,
126.45, 127.0, 128.5, 128.95, 139.8, 143.35, 147.2, 160.75; MS
m/z 333 (M*, 1%), 182 (100); HRMS calcd for C;;H23NO,
333.1729, found 333.1722.
General Procedure for the Preparation of Mesylates
5. To a solution of the corresponding alcohol 4 (1 mmol) and
triethylamine (1.25 mmol) in THF (5 mL) at 0 °C was dropwise
added methanesulfonyl chloride (1.2 mmol) over a period of 5
min. Stirring for additional 60 min completed reaction. The
reaction mixture was hydrolyzed with water (10 mL) and
extracted with ether (2 x 20 mL). The organic layer was
washed with water (1 x 10 mL) and dried over anhyd Na,SO,.
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Solvents were evaporated (15 Torr), and the resulting residue
contained the title compounds 5 (>90% pure by 300 MHz *H-
NMR) which were submitted to the next step. Yields are
included in Scheme 1; analytical and spectroscopic data follow.

1,3-Dimethoxy-5-[2'-(methanesulfonyloxy)pentyl]ben-
zene (5a): oil, Rf = 0.34 (hexane/ethyl acetate 2/1); IR (film)
1596, 1463, 1350, 1206, 1172, 1152, 1059 cm™%; *H NMR 6 0.95
(t, 3 = 7.2, 3H), 1.39—1.75 (m, 4H), 2.60 (s, 3H), 2.91 (d, J =
6.4, 2H), 3.78 (s, 6H), 4.80—4.89 (m, 1H), 6.35 (t, J = 2.1, 1H),
6.39 (d, J = 2.1, 2H); ¥C NMR ¢ 13.75, 18.45, 36.95, 38.0,
41.45, 55.35, 84.7, 98.85, 107.65, 139.1, 160.95; MS m/z 302
(M*, 55%), 152 (100).

1,3-Dimethoxy-5-[2'-(methanesulfonyloxy)tridecyl]ben-
zene (5b): oil, Rf = 0.68 (hexane/ethyl acetate 2/1); IR (film)
1597, 1465, 1351, 1206, 1174, 1064 cm™%; 1H NMR 6 0.88 (t, J
= 6.7, 3H), 1.25—-1.49, 1.63—1.88 (2m, 20H and 2H, respec-
tively), 2.59 (s, 3H), 2.91 (d, J = 6.7, 2H), 3.78 (s, 6H), 4.78—
4.87 (m, 1H), 6.33—6.40 (m, 3H); 13C NMR § 14.1, 22.65, 25.05,
29.3, 29.4, 29.5, 29.55, 31.85, 34.85, 37.95, 41.3, 45.75, 55.25,
55.3, 85.0, 98.8, 107.6, 139.1, 160.9; MS m/z 414 (M*, 12%),
152 (100); HRMS calcd for C,H3z50sS 414.2440, found 414.2454.

1,3-Dimethoxy-5-[2'-(methanesulfonyloxy)propyl]ben-
zene (5¢): white solid, Rs = 0.31 (hexane/ethyl acetate 2/1);
mp 44—45 °C (hexane/ether); IR (KBr) 3016, 1597, 1469, 1345,
1204, 1174, 1155, 1063 cm~%; *H NMR 6 1.45 (d, J = 6.1, 3H),
2.62 (s, 3H), 2.82 (dd, J = 14.0, 5.5, 1H), 2.94 (dd, J = 14.0,
7.8, 1H), 3.77 (s, 6H), 4.85—4.96 (m, 1H), 6.35 (t, J = 2.2, 1H),
6.38 (d, J = 2.2, 2H); ¥C NMR ¢ 21.35, 37.75, 43.1, 55.2, 81.0,
98.75, 107.45, 138.85, 160.85; MS m/z (M™, 66%), 178 (100),
151 (100). Anal. Calcd for CioH150sS: C, 52.54; H, 6.62; S,
11.66. Found: C, 53.20; H, 6.73; S, 10.69.

General Procedure for the Preparation of Compounds
6a—c. A mixture of mesylate 5 (1 mmol), sodium iodide (5
mmol), zinc powder (10 mmol), and glyme (10 mL) under argon
atmosphere was refluxed for 8 h. The reaction mixture was
filtered to remove excess sodium iodide and zinc powder.
Then, the filtrate was poured into water (10 mL) and extracted
with ether (2 x 20 mL). The organic layer was washed with
brine, dried over sodium sulfate, and concentrated under
reduced pressure (15 Torr). The residual oil was chromato-
graphed (silica gel, hexane/ethyl acetate) to afford pure title
compounds 6a—c. Yields are included in Scheme 1.

Preparation of 1,3-Dimethoxy-5-(2'-phenylethyl)ben-
zene (6d). A mixture of alcohol 4d (1 mmol) and palladium
on activated charcoal (60 mg) in a mixture of methanol—water
(5 mL/3 mL) was stirred under atmospheric pressure of
hydrogen during 36 h. The mixture was filtered through a
plug of Celite with ether to remove the catalyst. Then the
filtrate was poured into water (5 mL) and extracted with ether
(2 x 20 mL). The organic layer was washed with brine, dried
over sodium sulfate, and concentrated under reduced pressure
(15 Torr). The residual oil was chromatographed (silica gel,
hexane/ethyl acetate) to afford pure 6d. Yield is included in
Scheme 1.

General Procedure for the Preparation of Cathecols
7a—d. A solution of methyl ether 6 (1 mmol) in 3 mL of 45%
hydrobromic acid and 3 mL of glacial acetic acid was refluxed
for 3 h. The reaction mixture was hydrolyzed with water (15
mL) and extracted with ether (2 x 20 mL). The organic layer
was washed with brine, dried over Na,SO4, and concentrated
under reduced pressure (15 Torr). The residual oil was
chromatographed (silica gel, hexane/ethyl acetate) to afford
pure title 7. Yields are included in Scheme 1.

Preparation of 1,3-Dimethoxy-5-(2'-phenylethenyl)-
benzene (8d). A mixture of compound 4d (1 mmol) and 85%
phosphoric acid 0.5 mL in toluene (5 mL) was refluxed for 2
h. The resulting mixture was extracted with diethyl ether (2
x 20 mL) and the organic layer dried over anhyd Na,SO, and
evaporated (15 Torr). The obtained residue was purified by
column chromatography (silica gel, hexane/ethyl acetate),
yielding the pure title compound 8d. Yield is included in
Scheme 2.

Preparation of (E)-1-(1,3-Dihydroxyphenyl)-2-phen-
ylethene (Pinosylvine, 9d). To a 100 mL flask under an
atmosphere of argon was added approximately 30 mL of 1,2-
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dichloroethane and 7.74 mmol of boron tribromide—methyl
sulfide complex. To this solution was added dimethyl ether
8d (1 mmol). The reaction was stirred at reflux and monitored
by GC. When the starting material had disappeared, the
reaction mixture was hydrolyzed by adding 30 mL of water,
stirring for 20 min, and diluting with ether. The organic phase
was separated and washed with 1 M NaHCO3, and the phenol
was subsequently taken up with 1 N NaOH (3 x 20 mL). The
combined NaOH washings were acidified, the product was
extracted into ether and dried over anhyd Na,SO,, and the
solvent was removed in vacuo (15 Torr). The obtained residue
was purified by column chromatography (silica gel, hexane/
ethyl acetate), yielding the pure title compound 9d. Yield is
included in Scheme 2.

General Procedure for the Preparation of Compounds
8e—g. A solution of corresponding alcohol 4e—g (1 mmol) in
dimethyl sulfoxide (2 mL) was heated in an oil bath at 160—
185 °C under a reflux condenser for 2 h. The resulting mixture
was cooled, and the olephine was isolated by distillation off
DMSO (130 °C, 0.1 Torr). The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate), yielding the
pure title compound 8e—g. Yields are included in Schemes 3
and 4.

General Procedure for the Preparation of Phenols 9e
and 9f. Methyl iodide (87.8 mmol) and magnesium (23.4
mmol) were stirred together in 24 mL of dry ether until the
initial exothermic reaction had subsided. A solution contain-
ing 1 mmol of 8e or 8f in 24 mL of dry ether was added
dropwise, and then the solution was concentrated under
diminished pressure. The residue was heated to 100 °C while
still under vacuum (aspirator) and was then heated at 160 °C
for 15 min under argon. The cooled reaction mixture treated
slowly with 20 mL of 10% aqueous NH4Cl and extracted with
three 20-mL portions of ether. The combined organic extract
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was washed with 20 mL of water and 20 mL of brine. The
dried (MgSO,) organic phase was concentrated under dimin-
ished pressure. The residue was purified by flash chroma-
tography on a silica gel column yielding the pure title
compounds 9e or 9f. Yields are included in Scheme 3.

General Procedure for the Preparation of Compounds
6f and 6g. Alkene 8f or 8g (100 mg) was added under argon
to a reaction flask containing palladium on activated charcoal
(100 mg) covered by anhydrous methanol (3 mL). Ammonium
formate (6.9 mmol) was then added and the mixture refluxed
for 2 h. The catalyst was removed by filtering off the reaction
mixture through a plug of Celite and the solvent was removed
under reduced pressure. The obtained residue was purified
by column chromatography (silica gel, hexane/ethyl acetate)
yielding the pure title compounds 6f or 6g. Yields are included
in Schemes 3 and 4.
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