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Synthesis of poly-substituted nitrobenzene derivatives from
Baylis–Hillman adducts via [3+3] annulation protocol
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Abstract—Poly-substituted nitrobenzenes were synthesized from Baylis–Hillman adducts via the [3+3] annulation strategy as the
key step. 1,3-Dinitroalkanes served as the 1,3-dinucleophilic component and the Baylis–Hillman acetates as a 1,3-dielectrophilic
part.
� 2007 Elsevier Ltd. All rights reserved.
Recently, we reported the synthesis of poly-substituted
phenols starting from the Baylis–Hillman adducts.1 In
the synthesis, the Baylis–Hillman adducts served as a
1,3-dielectrophilic three-carbon component and di-
methyl acetone-1,3-dicarboxylate as the 1,3-dinucleo-
philic three-carbon unit.1 During the investigations, we
presumed that 1,3-dinitroalkane derivatives could act
the role of another effective 1,3-dinucleophilic compo-
nent in the reaction and could provide poly-substituted
nitrobenzene derivatives as shown in Scheme 1.
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Ballini et al. reported the synthetic applications of 1,3-
dinitroalkanes in their synthesis of diarylamines
and aromatic compounds.2,3 They suggested the forma-
tion of nitroarene as the plausible intermediate during
the synthesis of the diarylamines, although nitro-
arene compound was not isolated actually.2 Based on
the previous results of ours4 and others,2,3,5 we
intended to examine the synthesis of nitroarenes start-
ing from the Baylis–Hillman adducts by following
Scheme 1.
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Table 1. Synthesis of poly-substituted nitroarenesa
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a Reaction conditions in Scheme 1 were used throughout all entries.
b Crude diastereomeric mixtures of cyclohexene derivatives.
c One of the diastereoisomers was isolated and identified the structure.
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Initially, we worried about the possibility for the suc-
cessful formation of cyclohexane ring via the nitroaldol
reaction between nitroalkane and ketone moiety.6 How-
ever, to our delight, we could obtain the desired nitro-
arenes eventually and wish to report herein the results.
The reaction of the Baylis–Hillman acetate 1a and 1,3-
dinitroalkane 2a7 in the presence of K2CO3 in DMF at
room temperature showed the formation of many com-
pounds on TLC as in our previous paper.1,4 These com-
pounds were thought to be as the diastereomeric
mixtures of 3a. From the diastereomeric mixtures of
3a, we obtained 4a (p-TsOH in benzene) as a syn/anti
mixture albeit in low yield (38%).8 After the column sep-
aration of 4a as a mixture, we subjected 4a under the
conditions of K2CO3/DMF again and could obtain the
desired nitroarene 5a in moderate yield (64%) as shown
in Scheme 1.9
NO2

NO2

1a

2e

Ph
+

Scheme 2.
Based on the successful results, we examined the synthe-
sis of a variety of nitroarenes 5b–f following the same
procedure by applying 1a–d and 2a–d. The mechanism
for the formation of nitroarenes 5 could be thought as
follows: (i) SN2 0 type substitution of 2 at the primary
position of 1, (ii) intramolecular nitroaldol reaction to
form the diastereomeric mixture of 3, (iii) p-TsOH-
catalyzed dehydration to afford 4, (iv) elimination of
HNO2 and concomitant isomerization of the double
bond to 5. However, unfortunately, the yields of the cor-
responding cyclohexene derivatives 4b–f (34–48%) and
nitroarenes 5b–f (56–61%) were moderate to low in all
cases (Table 1). All the efforts to improve the yields of
products by the modification of solvent, kinds and
amounts of base, reaction temperature, etc., were found
ineffective. We could not obtain the corresponding
cyclohexene or nitroarene from the reaction of 1a and
Intractable complex mixtures
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2e (Scheme 2).10 In addition, the reaction using 1e, the
Baylis–Hillman adduct itself, and 2a gave low yield of
4a under the conditions shown in Scheme 3.

In summary, we prepared some interesting poly-substi-
tuted nitrobenzenes starting from the Baylis–Hillman
adduct via the [3+3] annulation strategy as the key step.
In the reaction, 1,3-dinitroalkanes served as the 1,3-
dinucleophilic component and the Baylis–Hillman ace-
tates as a 1,3-dielectrophilic part.
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8. The cyclohexene derivatives were obtained as syn/anti
mixtures in all cases and we used them without further
separations. For the case of 4d we could separate one of
the two isomers and could confirm the structure as
follows:
Compound 4d: colorless oil; IR (film) 2925, 1599, 1556,
1522, 1491, 1348 cm�1; 1H NMR (CDCl3, 300 MHz)
d 2.32 (s, 3H), 3.02–3.09 (m, 1H), 3.33–3.41 (m, 1H),
4.70–4.76 (m, 1H), 5.25–5.27 (m, 1H), 7.21–7.46 (m, 7H),
8.23 (d, J = 8.7 Hz, 2H); 13C NMR (CDCl3, 75 MHz) d
15.55, 28.01, 46.34, 85.13, 124.60, 129.00, 129.05, 129.66,
130.37, 133.59, 134.80, 135.59, 136.34, 142.67, 144.89,
148.15.

9. Typical procedure for the synthesis of 4a and 5a: A mixture
of 1a (218 mg, 1.0 mmol), 2a (210 mg, 1.0 mmol) and
K2CO3 (414 mg, 3.0 mmol) in DMF (3 mL) was stirred at
room temperature for 2 h. The reaction mixture was
poured into cold water and extracted with ether
(50 mL · 2). The organic layers were washed with dilute
HCl solution and dried with MgSO4. After the removal of
solvent, the crude reaction mixture was dissolved in
benzene (5 mL), and p-TsOH (190 mg, 1.0 mmol) was
added and heated to reflux for 7 h. After the usual
aqueous workup and column chromatographic purifica-
tion process (hexanes/EtOAc, 9:1), we obtained 4a as a
syn/anti mixture, 134 mg (38%). A mixture of 4a (105 mg,
0.3 mmol) and K2CO3 (125 mg, 0.9 mmol) in DMF (2 mL)
was heated to 50–60 �C for 30 min. After the usual
aqueous workup and column chromatographic purifica-
tion process (hexanes/ether, 30:1), we obtained 5a, 59 mg
(64%). The spectroscopic data of prepared compounds are
as follows:
Compound 5a: 64%; yellow solid, mp 89–90 �C; IR (KBr)
3028, 1529, 1369 cm�1; 1H NMR (CDCl3, 300 MHz) d
2.21 (s, 3H), 4.07 (s, 2H), 7.13–7.40 (m, 12H); 13C NMR
(CDCl3, 75 MHz) d 14.15, 39.43, 126.52, 127.96, 128.04,
128.24, 128.32, 128.66, 128.67, 128.71, 131.41, 132.24,
136.66, 138.79, 140.11, 151.75; FAB Mass 304 (M++H).
Anal. Calcd for C20H17NO2: C, 79.19; H, 5.65; N, 4.62.
Found: C, 79.01; H, 5.87; N, 4.59.
Compound 5b: 58%; white solid, mp 121–123 �C; IR
(KBr) 2933, 1610, 1529, 1489, 1369, 1250 cm�1; 1H NMR
(CDCl3, 300 MHz) d 2.17 (s, 3H), 3.81 (s, 3H), 4.02 (s,
2H), 6.92 (d, J = 8.7 Hz, 2H), 7.06 (d, J = 8.7 Hz, 2H),
7.18–7.29 (m, 6H); 13C NMR (CDCl3, 75 MHz) d 14.10,
38.73, 55.23, 114.17, 127.80, 128.38, 128.75, 128.81,
129.19, 129.95, 131.28, 132.09, 132.32, 137.33, 139.04,
151.85, 159.71; HRMS (MALDI-TOF) m/z calcd for
C21H19ClNO3 (M++H): 368.1053, found: 368.1076.
Compound 5c: 56%; colorless oil; IR (film) 2922, 1529,
1477, 1446, 1369 cm�1; 1H NMR (CDCl3, 300 MHz) d
2.21 (s, 3H), 2.33 (s, 3H), 4.03 (s, 2H), 7.03 (d, J = 4.8 Hz,
2H), 7.13 (d, J = 4.8 Hz, 2H), 7.20 (d, J = 4.8 Hz, 1H),
7.25 (d, J = 4.8 Hz, 1H), 7.33–7.39 (m, 5H); 13C NMR
(CDCl3, 75 MHz) d 14.13, 20.99, 39.03, 127.90,
128.05,128.20, 128.29, 128.57, 128.66, 129.39, 131.33,
132.14, 135.70, 136.09, 136.71, 140.41, 151.73. Anal. Calcd
for C21H19NO2: C, 79.47; H, 6.03; N, 4.41. Found: C,
79.35; H, 6.22; N, 4.32.
Compound 5d: 58%; white solid, mp 135–137 �C; IR
(KBr) 2923, 1601, 1520, 1489, 1348, 849 cm�1; 1H NMR
(CDCl3, 300 MHz) d 2.23 (s, 3H), 4.07 (s, 2H), 7.08
(d, J = 8.7 Hz, 2H), 7.23 (d, J = 8.1 Hz, 1H), 7.31 (d,
J = 8.1 Hz, 1H), 7.31 (d, J = 8.7 Hz, 2H), 7.52
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(d, J = 9.0 Hz, 2H), 8.27 (d, J = 9.0 Hz, 2H); 13C NMR
(CDCl3, 75 MHz) d 14.23, 38.87, 123.96, 127.95, 128.70,
128.98, 129.13, 129.98, 130.35, 131.64, 132.63, 136.82,
141.27, 143.07, 147.86, 151.44.
Compound 5e: 60%; colorless oil; IR (film) 2976, 1529,
1475, 1371 cm�1; 1H NMR (CDCl3, 300 MHz) d 1.18 (t,
J = 7.5 Hz, 3H), 2.63 (q, J = 7.5 Hz, 2H), 4.11 (s, 2H),
7.14–7.41 (m, 12H); 13C NMR (CDCl3, 75 MHz) d 14.86,
21.97, 38.32, 126.53, 128.08, 128.31, 128.43, 128.63,
128.69, 128.78, 131.93, 132.35, 133.47, 136.71, 139.42,
139.68, 151.46. Anal. Calcd for C21H19NO2: C, 79.47; H,
6.03; N, 4.41. Found: C, 79.37; H, 6.29; N, 4.47.
Compound 5f: 61%; white solid, mp 87–89 �C; IR (KBr)
3026, 1529, 1493, 1369 cm�1; 1H NMR (CDCl3, 300 MHz)
d 2.23 (s, 3H), 4.08 (s, 2H), 7.13–7.35 (m, 7H), 7.43–7.52
(m, 3H), 7.82–7.87 (m, 4H); 13C NMR (CDCl3, 75 MHz) d
14.18, 39.46, 125.75, 126.50, 126.53 (2C), 127.36, 127.69,
128.09, 128.25, 128.46, 128.52, 128.66, 128.72, 131.48,
132.22, 132.87, 133.13, 134.06, 138.79, 140.21, 151.92.
Anal. Calcd for C24H19NO2: C, 81.56; H, 5.42; N, 3.96.
Found: C, 81.39; H, 5.37; N, 4.01.

10. Trials for the synthesis of nitrobenzene derivative having
an alkyl group at the 3-position instead of the benzyl
group failed. When we examined the reaction of 2a and
the Baylis–Hillman acetate, derived from hexanal and
MVK, we could not obtain the corresponding nitroben-
zene derivative at all. The reaction showed a very complex
nature on TLC as in the previous papers.1,4a
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