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Regioselective synthesis of pentasubstituted benzene derivatives:
TBAF as an effective catalyst for the sequential Michael
addition-intramolecular aldolization
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Abstract—Polysubstituted benzene derivatives were synthesized starting from the Baylis—Hillman adducts via the sequential intro-
duction of primary nitroalkane at the primary position, Michael addition to B-branched Michael acceptor, aldol condensation, elim-

ination of nitrous acid, and the final aromatization process.
© 2006 Elsevier Ltd. All rights reserved.

Recently, we reported the synthesis of polysubstituted
benzene and pyridine derivatives from Baylis—Hillman
adducts.!? The synthetic pathway for the benzene deriv-
ative, as an example, is depicted in Scheme 1.! As shown
the reaction followed sequential introduction of primary
nitroalkane at the primary position of the Baylis—Hill-
man adduct, Michael addition, aldol condensation,
elimination of nitrous acid, and the final aromatization
process. !

Based both on the importance and difficulties of regio-
selective synthesis of polysubstituted benzene deriva-
tives,"> we intended to extend our protocol to the
synthesis of pentasubstituted benzene derivatives by
using B-substituted Michael acceptors. We reasoned that
if the sequential Michael addition-intramolecular aldol-
ization steps could occur successfully with B-substituted
Michael acceptor, other steps would proceed as before
and pentasubstituted benzene derivatives (Scheme 2)

Scheme 1.

could be synthesized easily including tetralone deriva-
tives* (vide infra).

Thus, we examined the reaction of 2a and chalcone (3a),
as the representative B-substituted Michael acceptor, un-
der various conditions. The reactions did not give appre-
ciable yields of the Michael addition product nor the
cyclized intermediate 4a under the conditions including
DBU/THF, DBU/CH;CN, K,CO3/CH;CN, K,COs/
DMF, and Cs,CO;/DMF.> Fortunately, we could
obtain the cyclized intermediate 4a as diastereomeric
mixtures in 80% yield when we used TBAF (n-tetrabutyl-
ammonium fluoride) as the catalyst in THF.%?®
Although we did not separate each isomer of 4a in pure
states, we could confirm the structure of 4a by carrying
out the next step (vide infra). The crude mixtures of 4a
under the influence of p-TsOH (10 mol %) in benzene
at refluxing temperature for 10 min afforded 5a as two
isomeric mixtures (syn/anti) in 56% yield. The reaction
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Scheme 2.

of 5a and K,COj3 (3 equiv) in DMF at around 120-
130 °C for 7h gave the desired final pentasubstituted
benzene 6a in 86% yield (Scheme 2).°

Encouraged by the results we carried out the reactions
of 2a-c¢ with chalcone (3a), 4-phenyl-3-buten-2-one
(3b), and ethyl cinnamate (3c) and the results are sum-

Table 1. Synthesis of polysubstituted benzene derivatives

5a (56% from 2a + 3a)

marized in Table 1. We observed in all cases the forma-
tion of variable ratios of diastereomeric mixtures 4,
which appeared just below the starting materials 2 on
TLC. We separated the diastereomeric mixtures 4 alto-
gether by column chromatography and used for the next
dehydration step. After dehydration we could obtain the
corresponding cyclohexene derivatives Sb—e in 27-71%

Entry  Substrate Michael acceptor Conditions Cyclohexenone (%)* Conditions  Product (%)
O ; K,CO
1. n-BuyNF (0.4 equiv) COPh 23 COPh
1 PR™S 0 Ph THF, reflux, 2 h; PR™S (3.0equiv)  Ph
| 2. column (4a, 80%); Ph DMF, 120~ Ph
NO, 28 Ph 3a 3. p-TsOH (10 mol %) NO, 5a(70) 130°C, 7h 6a (86)
PhH, reflux, 10 min
J)(L ' Ph/\ij\/COMe Ph/\éj:COMe
2 2a ‘ 1. n-BuyNF (0.4 equiv) K,CO3
THF, reflux, 20 h; Ph (3.0 equiv) Ph
Ph 3b 2 column (4b, 87%); NO, 5b (71) DMF, 120 6b (71)°
3. p-TsOH (10 mol %) 130°C, 5h
PhH, reflux, 10 min
COMe
3 Ph™ " "0 3b I n-BuNF (0.4equiv) T > K»COs Ph coMe
THEF, reflux, 8 h; Ph (3.0 equiv) Ph
2b b
NO, 2. column (4¢, 73%); NO, 5c (67) DMF, 120- 6c (74)
3. p-TsOH (10 mol %) 130°C, 3h
PhH, reflux, 120 min
Ph X o Ph X COMe Ph COMe
4 3b 1. n-BuyNF (1.0 equiv) K,CO;
26 THF, rt, 48 h; 2. column Ph (3.0 equiv) Ph 6d (75)°
NO, (4d, 35%); 3. p-TsOH NO; 5d(44) DMF, 120- (79)
(10 mol %) PhH, reflux, 130°C, 4h
10 min
Q COOEt COOEt
Ph™ X Ph
5 2a J)LOET 1. n-BuyNF (1.0 equiv) K,CO3
THEF, reflux, 18 h; Ph (3.0 equiv) Ph
Ph 3¢ 2. column (e, 46%); NO, 5e(27) pDMF, 120 6e (71)
3. p-TsOH (10 mol %) 130°C, 3h

PhH, reflux, 24 h

@ Mixtures of syn/anti were used in the next step without separation. We isolated one major isomer of 5a and identified the structure.®
® The oxidized benzoyl derivatives were obtained in 3% (entry 2), 3% (entry 3), and 6% (entry 4), respectively.
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yields as cis/trans mixtures. The final step (elimination
of HNO, and concomitant aromatization) proceeded
effectively in all cases in good yields (71-75%). We ele-
vated the reaction temperature sufficiently (120—
130 °C) in order to convert both isomers (syn/anti) of
5b—e into the final benzene derivatives 6b—e (vide infra).
In some cases, we observed the oxidized compounds
7b-d (entries 2-4) in small amounts.

Similarly, we could obtain 6f from the reaction of 2a and
ethyl 4,4 4-trifluorocrotonate (3d) as in Scheme 3. In this
case, we could separate the cis and trans isomers Sf-cis
and 5f-trans in 26% and 31%, respectively.® The struc-
tures of Sf-cis and Sf-trans were supposed from the

results of the next elimination step. The elimination of
nitrous acid was fast (rt, <90 min) for 5f-cis, while rela-
tively slow for 5f-trans (heating, 5 h). The elimination of
HNO, for 5f-cis must occur via the facile anti-periplanar
state.!” The elimination of HNO, from 5f-frans must
occur by following the difficult syn-elimination mode.
It is noteworthy that an appreciable amount of oxidized
benzoyl derivative 7f was generated during the elimina-
tion stage.

As a next trial, we examined the reaction of 2a and
2-cyclohexen-1-one (3e) for the synthesis of tetralone
derivative. As shown in Scheme 4, we could synthesize
desired compound 6g in moderate yield by following

(1) n-BugNF (1.0 equiv) Ph X COOEt
THF, reflux, 30 h
2a . J)LOEt retlux,
F.C (2) column CF3
4f (52%, crude yield)
p-TsOH (10 mol%)
PhH, reflux, 5 h
Ph X COOEt
CF.
< Nno, 3

5f-cis (26%)

K2003 (30 eqUiV)

DMF, rt, 90 min

Ph COOEt

CF,
6f (51%)

Scheme 3.

76 (17%)

5f-trans (31%)

K>COj3 (3.0 equiv)
DMF, 80-90 °C, 5 h

coogt  6f (62%) + 7f(10%)

1. n-BuyNF (0.4 equiv)

THF, 1,24 h
2. column o
o 3. p-TsOH (20 mol%)
Ph™ " ~0 PhH, reflux, 5 h Ph X
+
Ry NO, RS 'NO,
3 no_
2a: Ry = Me e gﬁ_. ggzl\E/le,3 57§/°/0
2c: R, = Et :Ry=FEt, 37%

Ph

Scheme 4.

%CO3 (3.0 equiv)
DMF, 120-130 °C, 4 h

6g: Ry = Me, 81%
6h: R, = Et, 71%

O
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the same protocol. The reaction of 2¢ and 3e showed
similar reactivity and we synthesized 6h similarly.’

In summary, we disclosed the synthesis of pentasubsti-
tuted benzene derivatives regioselectively starting from
the Baylis—Hillman adducts via the sequential introduc-
tion of primary nitroalkane at the primary position,
Michael addition with TBAF, aldol condensation,
elimination of nitrous acid, and the final aromatization
process.
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(q, J =17.5Hz, 2H), 4.05 (s, 2H), 7.02 (s, 1H), 7.17-7.39
(m, 10H); *C NMR (CDCl;, 75 MHz) ¢ 15.71, 19.95,
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133.51, 135.35, 137.37, 138.23, 138.74, 139.01, 143.71,
198.31, 206.93.

Compound 6d: 75%; colorless oil; IR (film) 3059, 2966,
1697, 1454 cm™!'; 'TH NMR (CDCls, 300 MHz) & 0.99 (t,
J=7.5Hz, 3H), 1.92 (s, 3H), 2.11 (s, 3H), 2.40 (q,
J=1.5Hz, 2H), 4.03 (s, 2H), 7.08 (s, 1H), 7.16-7.40 (m,
10H); '3C NMR (CDCl;, 75 MHz) & 15.59, 15.82, 25.83,
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J=17.5Hz, 2H), 7.23-7.90 (m, 11H); >*C NMR (CDCls,
75MHz) & 15.33, 16.53, 25.82, 32.23, 127.82, 127.97,
128.13, 128.31, 128.63, 129.97, 130.25, 133.55, 137.28,
137.83, 138.47, 139.29, 139.80, 144.16, 198.47, 207.39.
Compound 6e: 71%,; colorless oil; IR (film) 2978, 1725,
1282, 1188 cm™!; 'H NMR (CDCls, 300 MHz) & 0.89 (t,
J=72Hz 3H), 2.05 (s, 3H), 2.20 (s, 3H), 3.91 (q,
J=7.2Hz, 2H), 4.01 (s, 2H), 7.06 (s, 1H), 7.16-7.38 (m,
10H); '*C NMR (CDCls, 75 MHz) § 13.63, 16.14, 20.02,
39.37, 60.67, 126.06, 127.06, 127.87, 128.46, 128.75,
129.46, 130.13, 132.57, 133.63, 135.60, 137.25, 138.33,
139.34, 139.93, 170.01. Anal. Caled for CoyHy,0,: C,
83.69; H, 7.02. Found: C, 83.61; H, 7.24.

10.

Compound 6f: 51%; colorless oil; IR (film) 2985, 1736,
1454, 1304, 1203, 1122 cm™'; 'TH NMR (CDCl;, 300 MHz)
5 1.36(t,J = 7.2 Hz, 3H), 2.15 (s, 3H), 2.42 (d, J = 2.4 Hz,
3H), 3.99 (s, 2H), 4.39 (q, J = 7.2 Hz, 2H), 7.07-7.32 (m,
6H); *C NMR (CDCls, 75 MHz) 6 13.95, 15.72, 19.91 (q,
J=3.1Hz, 1C), 39.44, 61.74, 122.47, 123.77, 124.94 (q,
J=277.0 Hz, 1C), 126.41, 128.64, 131.33, 133.75, 134.50,
134.97, 138.74, 143.09, 168.99. Anal. Caled for
C19H9F30,: C, 67.85; H, 5.69. Found: C, 67.59; H, 5.88.
Compound 7f: 17%; colorless oil; IR (film) 2987, 1736,
1674, 1450, 1369, 1246, 1130cm™'; '"H NMR (CDCls,
300 MHz) 6 1.38 (t, J = 7.2 Hz, 3H), 2.18 (s, 3H), 2.50 (s,
3H), 4.41 (q, J = 7.2 Hz, 2H), 7.22 (s, 1H), 7.46-7.51 (m,
2H), 7.60-7.66 (m, 1H), 7.78-7.81 (m, 2H); *C NMR
(CDCl;, 75 MHz) 6 13.94, 16.31, 19.97 (q, J=2.9 Hz,
1C), 62.04, 123.84 (q, J=273.8Hz, 1C), 126.58 (q,
J=29.7Hz, 1C), 128.84, 130.08, 130.69, 131.29, 134.07,
134.52 (q, J=2.9Hz, 1C), 135.14 (q, J=1.7Hz, 1C),
136.37, 142.91, 167.97, 196.88.

Compound 6g: 81%; white solid, mp 68-70 °C; IR (film)
2939, 1678, 1454 cm™'; 'H NMR (CDCl;, 300 MHz) o
2.09 (q, J = 6.3 Hz, 2H), 2.24 (s, 3H), 2.46 (s, 3H), 2.63(t,
J=6.3Hz, 2H), 2.81 (t, J=6.3 Hz, 2H), 4.00 (s, 2H),
7.07-7.28 (m, 6H); *C NMR (CDCls, 75 MHz) 6 17.34,
19.61, 22.50, 27.19, 39.48, 40.88, 125.90, 128.36, 128.44,
132.95, 133.04, 136.01, 136.71, 137.79, 140.34, 141.80,
201.59; LCMS m/z 264 (M+). Anal. Calcd for C;9H5,0O: C,
86.32; H, 7.63. Found: C, 86.20; H, 7.78.

Compound 6h: 71%; colorless oil; IR (film) 2962, 1677,
1453cm™!; 'H NMR (CDCl;, 300 MHz) & 1.18 (t,
J=7.8Hz, 3H), 2.08 (q, J=6.3 Hz, 2H), 2.44 (s, 3H),
2.62 (q, J = 7.8 Hz, 2H), 2.64 (t, J = 6.3 Hz, 2H), 2.87 (t,
J=6.3Hz, 2H), 4.03 (s, 2H), 7.08-7.29 (m, 6H); '*C
NMR (CDCls, 75 MHz) & 14.63, 17.43, 22.60, 25.98,
26.45, 39.71, 40.86, 125.93, 128.40, 128.47, 133.31, 134.51,
136.81, 138.08, 138.86, 140.38, 141.22, 201.68.
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