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Abstract—Polysubstituted phenol derivatives were synthesized regioselectively starting from the Baylis—Hillman adducts via the

formal [4+2] annulation protocol as the key step.
© 2006 Elsevier Ltd. All rights reserved.

Recently, we reported the synthesis of polysubstituted
benzenes starting from the Baylis—Hillman adducts.'
These valuable compounds were prepared from the Bay-
lis—Hillman acetates of alkyl vinyl ketone by the sequen-
tial Sn2’ reaction with primary nitroalkane, Michael
addition, aldol condensation, elimination of HNO,,
and the final aromatization process (Scheme 1).! In the
reaction, the modified Baylis—Hillman derivative with
nitroalkane served as a four-carbon component and
the Michael acceptor as a two-carbon unit. During the
projects we reasoned that we could synthesize polysub-
stituted phenol derivatives by using a similar protocol
when we used the Baylis—Hillman adducts of methyl
acrylate.?

Due to the importance of phenol derivatives in pharma-
cologically important molecules®> and their usefulness
as synthetic intermediates, much attention has been
focused on their synthesis.>> A variety of methods have
been examined including palladium-catalyzed enyne—
diyne cross-benzannulation,?® cycloaddition of Fisher
carbenes with alkynes, stepwise construction method
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Scheme 1.

of benzene ring of phenol by condensation reaction as
the key reaction.3®d-4

In order to examine the feasibility for the construction of
polysubstituted phenol derivatives, we made 2a from
Baylis—Hillman acetate of methyl acrylate 1a and nitro-
ethane by following the previous method'-® and exam-
ined the reaction with methyl vinyl ketone (3a) as
shown in Scheme 2. We used DBU as the base for the Mi-
chael addition and obtained the desired product 4a in
excellent yield (97%).” However, the following aldol-type
cyclization did not occur under the influence of DBU.
Thus we used potassium tert-butoxide in THF condi-
tions and obtained 5a in 69% yield.” This compound 5a
must be formed via the successive aldol-type cyclization
of 4a, followed by enolization. During the conversion
of 4a into 5a we observed the formation of trace amount
of phenol derivative 6a (4%); however, the amount of 6a
was not increased by elevating the reaction temperature
for long time. The final step, elimination of HNO, and
concomitant formal 1,3-hydrogen shift, was conducted
with DBU again to produce 6a in 62% yield.”
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Scheme 2.

With the optimized reaction conditions, we carried out
the synthesis of polysubstituted phenols 6b—f and the re-
sults are summarized in Table 1. We used Baylis—Hill-
man derivatives 2a—d as the four-carbon unit and
Michael acceptors 3a—d as the two-carbon component.

As shown, the whole reactions proceeded similarly irre-
spective of the differences of substrates. In all cases the
Michael addition reaction showed high yields of prod-
ucts 4a—f (72-97%). The next aldol-type (entries 1 and
2) or Dieckmann (entries 3-6) condensation occurred

Table 1. Synthesis of polysubstituted phenols

Entry  Substrate Michael acceptor Intermediate 4 (%)* Cyclohexene S (%)® Phenol 6 (%)°
OH OH
COOMe
oy, -COOMe Ph X o) COMe COMe
Ph X Ph
1 MVK (3a)
NO.
NO, 2a 2 4a (97) NO, 5a(69) 6a (62)
OH OH
COOMe
PR (0] Ph X COEt COEt
2 2a EVK (3b) Fh
NO.
2 4b (95) NO, 5b(68) 6b (44)
OH OH
COOMe
Ph™ X o} NN COOMe o COOMe
3 2a Methyl acrylate (3¢) OMe
NO
2 4c (83) NO, 5¢(67) 6¢c (76)
OH OH
COOEt
b~ COOE! Ph X o) NN COOEt o COOEt
4 Ethyl acrylate (3d) OEt
NO.
NO, 2b 2 4ad (72) NO, 5d(63) 6d (71)
OH OH
COOM
by, COOMe Ph X °0 P COOMe oh COOMe
5 3¢ OMe
NO, 2¢ NO de (82) NO, 5e(71) 6e (47)
OH OH
COOM
ph Sy COOMe P X °0 N COOMe oh COOMe
6 3c OMe
NO, 2d NO 4f (74) NO, 5f (66) 6f (56)

# Conditions: 2 (1.0 equiv), 3 (1.1 equiv), DBU (1.1 equiv), CH3CN, rt, 30-180 min.
® Conditions: 4 (1.0 equiv), --BuOK (1.2 equiv), THF, rt, 1-5 h.
¢ Conditions: 5 (1.0 equiv), DBU (2.0 equiv), CH;CN (or THF), reflux, 5-29 h.
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in similar yields (63-71%). But, the yields of final elim-
ination of nitrous acid and aromatization stage were
much different. The yields of 6b, 6e, and 6f were rela-
tively low.

The reaction of the Michael addition product 4g was
also examined (Scheme 3). This compound 4g was pre-
pared by the reaction of 2a and 3d in 82% yield. When
4g was treated with ~-BuOK, we found the formation
of 5S¢ and 5d (1:2) in 65% yield. Compound 5¢ must be
produced via the transesterification process by the meth-
oxide ion, which was generated during the Dieckmann
cyclization of 4g. The reaction of 2a and acrylonitrile
(3e) gave 4h in 72% yield. However, the cyclization of
4h under various reaction conditions failed, unfortu-
nately (Scheme 4).

In summary, we disclosed the facile and regioselective
synthesis of polysubstituted phenol derivatives starting
from the Baylis—Hillman adducts via the formal [4+2]
annulation protocol as the key step.
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Compound 4a: (30 min, 97%); colorless oil; IR (CH,Cl,)
1716, 1632, 1539, 1436 cm™'; '"H NMR (CDCls, 300 MHz)
5 1.33 (s, 3H), 1.81-1.92 (m, 1H), 2.04 (s, 3H), 2.13-2.25
(m, 3H), 3.26 (d, J=14.4 Hz, 1H), 3.38 (d, J=14.4 Hz,
1H), 3.78 (s, 3H), 7.27-7.29 (m, 2H), 7.32-7.44 (m, 3H),
791 (s, 1H); *C NMR (CDCl;, 75 MHz) § 21.79, 29.80,
32.62, 35.11, 37.84, 52.17, 90.12, 127.74, 128.42, 128.62,
128.78, 135.02, 143.76, 168.06, 206.15; ESIMS m/z 320
(M*+H).

Compound 4b: (30 min, 95%); colorless oil; IR (CH,Cl,)
1716, 1631, 1539, 1442 cm™'; '"H NMR (CDCls, 300 MHz)
8 1.00 (t, J=7.2 Hz, 3H), 1.32 (s, 3H), 1.84-1.94 (m, 1H),
2.15-2.23 (m, 3H), 2.31 (q, J=7.2Hz 2H), 3.26 (d,
J=14.7Hz, 1H), 3.38 (d, J= 14.7 Hz, 1H), 3.78 (s, 3H),
7.27-743 (m, 5H), 7.91 (s, 1H); *C NMR (CDCl,,
75MHz) & 7.65, 21.73, 32.72, 35.23, 35.81, 36.49, 52.15,
90.20, 127.76, 128.43, 128.60, 128.75, 135.02, 143.72,
168.06, 208.93.

Compound 4c: (30 min, 83%); colorless oil; IR (CH,Cl,)
1732, 1716, 1631, 1543, 1439cm™!; '"H NMR (CDCls,
300 MHz) 6 1.35 (s, 3H), 1.84-1.94 (m, 1H), 2.03-2.22 (m,
2H), 2.27-2.37 (m, 1H), 3.25 (d, J = 14.7 Hz, 1H), 3.38 (d,
J=14.7Hz, 1H), 3.63 (s, 3H), 3.79 (s, 3H), 7.26-7.29 (m,
2H), 7.31-7.44 (m, 3H), 7.92 (s, 1H); *C NMR (CDCls,
75 MHz) 6 21.43, 28.63, 33.95, 35.47, 51.78, 52.19, 89.96,
127.60, 128.41, 128.67, 128.77, 134.98, 143.92, 168.04,
172.41.

Compound 4d: (30 min, 72%); colorless oil; IR (CH,Cl,)
1733, 1715, 1632, 1541, 1446cm™'; 'H NMR (CDCl,,
300 MHz) & 1.21 (t, J=7.2Hz, 3H), 1.33 (t, J=7.2Hz,
3H), 1.35 (s, 3H), 1.84-1.93 (m, 1H), 2.01-2.22 (m, 2H),
2.28-2.37 (m, 1H), 3.26 (d, J=14.7Hz, 1H), 3.38 (d,
J=147Hz, 1H), 408 (q. J=7.2Hz 2H). 424 (q.
J=72Hz, 2H), 7.27-743 (m, 5H), 7.92 (s, 1H); 1°C
NMR (CDCl;, 75MHz) § 13.90, 13.97, 21.31, 28.78,
33.88, 35.36, 60.50, 61.26, 89.89, 127.87, 128.31, 128.47,
128.64, 134.99, 143.44, 167.44, 171.81.

Compound 4e: (60 min, 82%); white solid, mp 78-80 °C;
IR (CH,CL,) 1738, 1712, 1539, 1492, 1446 cm™'; '"H NMR
(CDCls, 300 MHz) 6 0.62 (t, J=7.5Hz, 3H), 1.65-1.77
(m, 1H), 1.81-1.94 (m, 1H), 1.97-2.23 (m, 4H), 3.26 (s,
2H), 3.64 (s, 3H), 3.78 (s, 3H), 7.26-7.29 (m, 2H), 7.31-
7.43 (m, 3H), 7.88 (s, 1H); '>*C NMR (CDCls, 75 MHz) §
7.88, 28.20, 28.43, 29.19, 32.20, 51.74, 52.16, 93.25, 127.89,
128.40, 128.57, 128.74, 135.02, 143.52, 168.11, 172.44.
Compound 4f: (180 min, 74%); colorless oil; IR (CH,Cl,)
1739, 1720, 1635, 1539, 1439 cm™'; 'H NMR (CDCl;,
300 MHz) & 0.75 (t, J= 7.2 Hz, 3H), 0.81-0.94 (m, 2H),
1.12 (quintet, J = 7.2 Hz, 2H), 1.57-1.67 (m, 1H), 1.73-
1.84 (m, 1H), 1.96-2.25 (m, 4H), 3.27 (s, 2H), 3.64 (s, 3H),
3.77 (s, 3H), 7.27-7.43 (m, 5H), 7.87 (s, 1H); '*C NMR
(CDCls, 75 MHz) 6 13.60, 22.64, 25.60, 28.50, 29.84, 32.59,
34.92, 51.75, 52.16, 92.85, 127.92, 128.39, 128.58, 128.75,
135.05, 143.38, 168.11, 172.45.

Compound 4g: (30 min, 82%); colorless oil; IR (CH,Cl,)
1720, 1631, 1543, 1442 cm™'; '"H NMR (CDCls, 300 MHz)
8 1.22 (t, J=7.2 Hz, 3H), 1.35 (s, 3H), 1.84-1.94 (m, 1H),
2.02-2.21 (m, 2H), 2.27-2.37 (m, 1H), 3.25 (d, J = 14.7 Hz,
1H), 3.38 (d, J=14.7Hz, 1H), 3.79 (s, 3H), 4.08 (q,
J=72Hz, 2H), 7.27-7.30 (m, 2H), 7.31-7.43 (m, 3H),
7.92 (s, 1H); *C NMR (CDCls, 75 MHz) 6 14.08, 21.39,
28.88, 33.96, 35.52, 52.17, 60.66, 89.99, 127.61, 128.41,
128.65, 128.76, 134.97, 143.87, 168.03, 171.95.
Compound 4h: (30 min, 72%); colorless oil; IR (CH,Cl,)
2251, 1714, 1632, 1541, 1494, 1445cm™'; '"H NMR
(CDCls, 300 MHz) & 1.41 (s, 3H), 1.86-1.96 (m, 1H),
2.13-2.19 (m, 2H), 2.31-2.41 (m, 1H), 3.27 (d, J = 14.4 Hz,
1H), 3.37 (d, J = 14.4 Hz, 1H), 3.81 (s, 3H), 7.27-7.29 (m,
2H), 7.35-7.46 (m, 3H), 7.97 (s, 1H); 3*C NMR (CDCls,
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75 MHz) 6 12.44, 21.84, 34.08, 34.96, 52.37, 89.47, 118.24,
126.89, 128.29, 128.95, 128.99, 134.73, 144.55, 167.81.
Synthesis of 5a (Typical procedure): To a stirred mixture of
4a (319 mg, 1.0 mmol) in THF (3 mL) was added ~-BuOK
(135 mg, 1.2 mmol) and the reaction mixture was stirred at
room temperature for 2h. After the usual aqueous
extractive workup with ether and column chromatographic
purification process (hexanes/EtOAc, 7:1), we obtained 5a
as a white solid, 199 mg (69%). The other compounds were
synthesized analogously and the spectroscopic data are as
follows.

Compound 5a: (2 h, 69%); white solid, mp 173-174 °C; IR
(KBr) 2900, 1621, 1534, 1446, 1418cm '; 'H NMR
(CDCls, 300 MHz) 6 1.65 (s, 3H), 2.28 (s, 3H), 2.81 (d,
J=159Hz, 1H), 296 (d, J=159Hz, 1H), 3.38 (d,
J=15.9 Hz, 1H), 3.56 (d, /= 15.9 Hz, 1H), 7.33-7.45 (m,
5H), 7.76 (s, 1H), 15.85 (s, 1H); "*C NMR (CDCl;,
75MHz) 6 26.03, 26.19, 34.76, 35.81, 85.90, 103.79,
126.65, 128.56, 128.65, 129.63, 135.30, 136.19, 169.52,
200.91; ESIMS m/z 288 (M'-+H). Anal. Caled for
CisH17NO4: C, 66.89; H, 5.96; N, 4.88. Found: C, 66.95;
H, 6.05; N, 4.75.

Compound 5b: (1 h, 68%); white solid, mp 135-137 °C; IR
(KBr) 2980, 2903, 1624, 1577, 1535, 1446, 1414,
1342cm™!; '"H NMR (CDCl;, 300 MHz) & 1.18 (t,
J=71.2Hz, 3H), 1.64 (s, 3H), 2.48-2.70 (m, 2H), 2.80 (d,
J=159Hz, 1H), 295 (d, J=159Hz, I[H), 3.38 (d,
J=15.9 Hz, 1H), 3.55 (d, J=15.9 Hz, 1H), 7.32-7.45 (m,
5H), 7.74 (s, 1H), 15.81 (s, 1H); *C NMR (CDCls,
75 MHz) ¢ 8.03, 26.06, 31.65, 34.14, 35.79, 85.91, 103.36,
126.69, 128.55 (2C), 129.60, 135.39, 135.79, 168.51, 204.23.
Anal. Calcd for C17H;9oNO4: C, 67.76; H, 6.36; N, 4.65.
Found: C, 67.65; H, 6.25; N, 4.63.

Compound 5¢: (4 h, 67%); white solid, mp 144-146 °C; IR
(KBr) 3024, 2958, 2897, 1655, 1616, 1589, 1539, 1442,
1346 cm™'; '"H NMR (CDCl;, 300 MHz) 6 1.61 (s, 3H),
2.74 (d, J=16.5Hz, 1H), 2.93 (d, J = 15.6 Hz, 1H), 3.35
(d, J=16.5Hz, 1H), 3.52 (d, J=15.6Hz, 1H), 3.84 (s,
3H), 7.30-7.44 (m, 5H), 7.60 (s, 1H), 12.35 (s, 1H); °C
NMR (CDCl;, 75MHz) ¢ 25.87, 33.11, 35.94, 52.07,
85.75, 95.56, 126.19, 128.28, 128.50,129.46, 133.89, 135.51,
163.88, 172.36; ESIMS m/z 304 (M"+H). Anal. Calcd for
Ci6H7NOs: C, 63.36; H, 5.65; N, 4.62. Found: C, 63.51;
H, 5.81; N, 4.46.

Compound 5d: (4 h, 63%); white solid, mp 123-125 °C; IR
(KBr) 2984, 2909, 1643, 1616, 1585, 1537, 1445cm™"; 'H
NMR (CDCls, 300 MHz) ¢ 1.36 (t, J=7.2 Hz, 3H), 1.61
(s, 3H), 2.75 (d, J=16.8 Hz, 1H), 2.94 (d, J=15.6 Hz,
1H), 3.34 (d, J=16.8 Hz, 1H), 3.51 (d, J = 15.6 Hz, 1H),
4.29 (q, J=17.2 Hz, 2H), 7.31-7.44 (m, 5H), 7.59 (s, 1H),
12.45 (s, 1H); '3C NMR (CDCls, 75 MHz) 9 14.23, 25.82,
33.16, 35.96, 61.16, 85.81, 95.75, 126.32, 128.23, 128.50,
129.46, 133.70, 135.57, 163.79, 172.07.

Compound Se: (5 h, 71%); white solid, mp 80-82 °C; IR
(KBr) 2949, 1644, 1589, 1544, 1445, 1345cm™'; '"H NMR
(CDCl;, 300 MHz) 6 0.84 (t, J=7.5Hz, 3H), 1.94 (q,
J=17.5Hz, 2H), 2.71 (d, J=16.8Hz, 1H), 2.89 (d,
J=15.6Hz, 1H), 3.34 (d, J=16.8 Hz, 1H), 3.54 (d,
J=15.6 Hz, 1H), 3.84 (s, 3H), 7.31-7.44 (m, SH), 7.57 (s,
1H), 12.33 (s, 1H); >*C NMR (CDCl;, 75 MHz) § 7.92,
30.99, 32.10, 34.03, 52.06, 89.39, 95.59, 126.11, 128.21,
128.50, 129.39, 133.77, 135.57, 164.07, 172.40.
Compound 5f: (4 h, 66%); white solid, mp 94-96 °C; IR
(KBr) 2954, 2869, 1651, 1621, 1593, 1542, 1438 cm™; 'H
NMR (CDCl3, 300 MHz) ¢ 0.84 (t, J= 7.2 Hz, 3H), 1.10-
1.30 (m, 4H), 1.85-1.91 (m, 2H), 2.71 (d, J = 16.8 Hz, 1H),
2.89 (d, J=15.6 Hz, 1H), 3.35 (d, /= 16.8 Hz, 1H), 3.54
(d, J=15.6 Hz, 1H), 3.84 (s, 3H), 7.30-7.45 (m, 5H), 7.57
(s, 1H), 12.33 (s, 1H); '*C NMR (CDCls, 75 MHz) § 13.68,
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22.35,25.45, 31.35, 34.46, 38.80, 52.06, 89.10, 95.63, 126.16,
128.21, 128.50, 129.38, 133.76, 135.59, 164.05, 172.41.
Synthesis of 6a (Typical procedure): To a stirred mixture of
5a (144 mg, 0.5 mmol) in THF (2 mL) was added DBU
(152 mg, 1.0 mmol) and the reaction mixture was heated to
reflux for 5h. After the usual aqueous extractive workup
with ether and column chromatographic purification pro-
cess (hexanes/ether, 10:1), we obtained 6a as a white solid,
75 mg (62%). The other compounds were synthesized
analogously and the spectroscopic data are as follows.
Compound 6a: (THF, 5 h, 62%); white solid, mp 80-82 °C;
IR (KBr) 2858, 1631 cm™!; "H NMR (CDCls, 300 MHz) &
2.25 (s, 3H), 2.60 (s, 3H), 3.98 (s, 2H), 7.11 (s, 1H), 7.18—
7.30 (m, 5H), 7.39 (s, 1H), 12.46 (s, 1H); '*C NMR (CDCls,
75 MHz) ¢ 20.57, 26.77, 35.07, 119.03, 126.01, 127.39,
128.37, 128.63, 128.90, 130.20, 138.05, 140.37, 158.35,
204.60; ESIMS m/z 241 (M++H). Anal. Calcd for
Ci6H1605: C, 79.97; H, 6.71. Found: C, 79.91; H, 6.59.
Compound 6b: (THF, 11 h, 44%); white solid, mp 81-83 °C;
IR (KBr) 2916, 1636, 1610, 1456 cm™!; 'H NMR (CDCls,
300 MHz) J 1.22 (t, J= 7.2 Hz, 3H), 2.25 (s, 3H), 3.01 (q,
J="71.2Hz, 2H), 3.98 (s, 2H), 7.09 (s, 1H), 7.16-7.30 (m,
5H), 7.42 (s, 1H), 12.55 (s, 1H); '*C NMR (CDCls,
75MHz) o6 8.35, 20.62, 31.61, 35.11, 118.54, 125.99,
127.28, 127.74, 128.36, 128.91, 130.26, 137.72, 140.43,
158.34, 207.20. Anal. Calcd for C;;H;530,: C, 80.28; H,
7.13. Found: C, 80.42; H, 7.11.

Compound 6c¢c: (THF, 29 h, 76%); yellow solid, mp 51—
53°C; IR (KBr) 3155, 2951, 1662, 1612, 1442 cm™"; 'H
NMR (CDCl3, 300 MHz) o 2.21 (s, 3H), 3.91 (s, 3H), 3.98
(s, 2H), 7.08 (d, J = 2.1 Hz, 1H), 7.15-7.30 (m, 5H), 7.51 (d,

J=2.1Hz, 1H), 10.87 (s, 1H); 3*C NMR (CDCl;, 75 MHz)
5 20.41, 35.32, 52.16, 111.62, 125.97, 127.73 (2C), 128.34,
128.86, 129.33, 137.31, 140.46, 157.51, 170.91; ESIMS m/z
257 (M+H). Anal. Calcd for Ci6H;605: C, 74.98; H, 6.29.
Found: C, 75.12; H, 6.43.

Compound 6d: (CH3CN, 6 h, 71%); pale yellow solid, mp
52-53°C; IR (KBr) 2928, 1666, 1614cm™'; 'H NMR
(CDCls, 300 MHz) 6 1.40 (t, J = 7.2 Hz, 3H), 2.23 (s, 3H),
3.98 (s, 2H), 4.38 (q, J = 7.2 Hz, 2H), 7.07 (s, 1H), 7.16-7.30
(m, 5H), 7.52 (s, 1H), 10.96 (s, 1H); '*C NMR (CDCls,
75MHz) & 14.21, 2043, 35.33, 61.27, 111.88, 125.96,
127.64, 127.71, 128.34, 128.87, 129.30, 137.20, 140.52,
157.59, 170.54.

Compound 6e: (CH;CN, 5 h, 47%); pale yellow solid, mp
31-33°C; IR (KBr) 2952, 1667, 1613cm™!; 'H NMR
(CDCl;, 300 MHz) § 1.17 (t, J=17.5Hz, 3H), 2.52 (q,
J=7.5Hz, 2H), 3.92 (s, 3H), 4.00 (s, 2H), 7.12 (d,
J=18Hz, 1H), 7.18-7.30 (m, 5H), 7.54 (d, J= 1.8 Hz,
1H), 10.89 (s, 1H); *C NMR (CDCl;, 75 MHz) § 15.68,
27.89, 35.45, 52.17, 111.69, 125.96, 126.52, 128.34, 128.85,
129.35, 134.29, 136.34, 140.48, 157.74, 170.96; ESIMS m/z
271 (M+H).

Compound 6f: (CH3CN, 4 h, 56%); yellow oil; IR (CH,Cl,)
2954, 1674, 1612, 1442 cm™'; "H NMR (CDCls, 300 MHz)
50.90 (t, J = 7.2 Hz, 3H), 1.25-1.35 (m, 2H), 1.47-1.57 (m,
2H), 2.48 (t, J = 7.8 Hz, 2H), 3.91 (s, 3H), 3.99 (s, 2H), 7.10
(d, J=2.1Hz, 1H), 7.15-7.30 (m, 5H), 7.52 (d, J = 2.1 Hz,
1H), 10.88 (s, 1H); '*C NMR (CDCl;, 75 MHz) § 13.89,
22.22, 33.69, 34.65, 35.45, 52.15, 111.64, 125.94, 127.12,
128.32, 128.83, 129.24, 132.95, 136.79, 140.49, 157.71,
170.95.
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