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Abstract—A simple and general procedure was developed for synthesigurfctionalized-aryl-substituted
primary nitro compounds from aromatic aldehydes, carbonyl compounds with an activated methylene group,
and nitromethane.

We recently found that silylation offunctionalized guanidine [10], triphenylphosphine [11], tetrabutyl-
nitroalkanes proceeds in an unusual manner and yieldsnmonium fluoride [12], 1,8-diazabicyclo[5.4.0]un-
various products, such a¢,N-divinylhydroxylamines dec-7-ene (DBU) [13], etc. [14].

[1, 2], functionalized unsaturated oximes [3, 4], and

some other derivatives [1, 5}-Functionalized3-aryl- Scheme 1.

substituted primary nitro compound$-érylnitro- )
alkanes) attract specific interest, for their silylation .., o ArCHO Base R
could give rise to quite unexpected cyclizations [6]. : oA \C\Ar
Detailed study of such reactions requires a wide series R

of B-arylnitroalkanes to be available, which can I I I

readily be prepared from simple starting compounds.
With the above in mind, we have developed a con- . L

venient two-step procedure for synthesis of nitro R\(\Ar MeNO,/DBU R\H\/NOZ
compoundslV from accessible carbonyl derivatives e e

and nitromethane (Scheme 1, Table 1). The first step

is the well-known Knoevenagel [7] (catalyzed by I v
CH;COOH or GH,,COOH/piperidine,azeotropic

Ar

distillation of water with benzene, yield 685%) - 1 Ar -
or aldol condensation (crotonization) [8] (catalyzed by +

NaOH in aqueous ethanol, yield-886%). The second R® NO, R?
step is Michael reaction, i.e., conjugate addition of v

nitromethane to activated alkend . This process
was well studied for various nitroalkanes and Michael . ,
substrates. Usually, the reaction requires the presence 1OWEVer, the main process can be accompanied by
of a base catalyst. Numerous examples of successf?fjef reactions including formation of bis-addudts
application of various catalysts were reported,@J (Which is especially typical of nitromethane [15])

and inoraanic fluorides. on 9]. tetramethyl- @nd elimination of HNQ (in the case of polyfunc-
9 AD; [9] y tionalized alkenes) [16]. Therefore, in each particular

- _ __case thorough selection of the reaction conditions is
This study was carried out at the Research Educationglqsagsary to ensure successful Michael addition. It

Center (Institute of Organic Chemistry, Russian Academy
of Sciences, and Moscow Chemical Lyceum) under financiaehould be noted that syntheses of many compounds

support by the RussianoEndation for Basic Research |V Wwere reported previously (except for compounds
(project no. 98-03-33002) and by thetegratsiya Federal 1Vb, IVf, and IVk —IVm); however, ea?h of these
Program (project no. A0082, branch 2.1). compounds was obtained under specific conditions
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Scheme 2.
Q MeNO,—CH,Cl, (3:7) T
100 mol % DBU, 0.5h, —30°C NO,
= COOMe
ITlo IVo (51%)

using a specific catalyst. We now propose a generalbtained a large series gffunctionalized nitro com-
procedure for synthesis @farylnitroalkanedvVa—-IvVn  pounds. We are now able to perform a detailed study
(Table 1); in all cases DBU was used as catalyst. of their silylation and utilization of this reaction in

It is very important to keep the specified tempera0rganic synthesis.
ture conditions and amount of the catalyst (Table 1)
in order to minimize bis-alkylation of nitromethane,
leading to productsV. For example, addition of 1
nitromethane to alkendllc in the presence of  The "H NMR spectra were recorded on a Bruker
10 mol % of DBU in 4 h at 26C results in 90% con- AM-300 spectrometer (300 MHz) in CDgI the
version of the substrate, and a mixture of product§hemical shifts were measured relative to tetramethyl-
IVc and Vc is formed at a ratio of 4:1. The samesilane. Dry reagents and solvents were used for
reaction performed at40°C in 1 h gives better results Michael addition eactions; DBU, CHCI,, and
(Table 1). MeNO, were distilled over Cali

The proposed conditions for Michael addition Methylene-active compound# were synthesized
make it possible to obtain not onBrarylnitroalkanes by known methods (see references given above for
IV but also othery-functsionalized-substituted compounddlila -Illin and [17] forlllo) and had the
primary nitro compounds. In particular, we thus syn-following melting points,°C (published data are given
thesized 1-benzoyl-2-metoxycarbonyl-3-nitropropanén parentheses)lla , 43-44 (42-43 [18]); llIb , 45-50
(IVo) in 51% yield (after recrystallization, Scheme 2).(39-41 [19]); Illc, 131132 (133134 [20]); llid ,
The result of the present study is that we havé4-65 (60-62 [21]); llle , 54-60 (50 [22]);lIf , 84-85

EXPERIMENTAL

Table 1. Conditions of synthesis and yields gfunctionalizedB-aryl-substituted primary nitro compountiéa—IVn 2@

Comp. no. R? R? Ar Temperature,°C | Time, h | Yield,? %
IVa COOCH, COOCH, | CgHs 0 2 60
IVb COOCH, COOCH, | CgH,Cl-4 0 0.7 57
Ve COOCH, COOCH, | CgH NO,4 40 1 55
Ivd COOCH, COOCH, | CgH,OCH,4 0 0.7 63
IVe COOCH, COOCH, | CgH,CHy4 0 1 63
Ivf COOCH, COOCH, | CgH,OCH;3 0 1 43
IVg COOCH, COOCH, | CgH,OCH;2 0 1 47
IVh COOCH, CN CeHs 40 1 o5°
IVi C(O)GHs H CeHs 30 1.5 89
Vj C(O)CH, H CeHs 0 25 53
IVk C(O)CHscyclo | H CeH,OCH,-4 20 3.7 65
VI C(O)GH,CHy4 | H CgH,OCH;-4 0 2 67
IVm C(O)GH,CH4 | H CeHa(OCH,),-2,4 20 1 79
IVn COO0C @ 0 3 50

H o ’go

& Amounts of reactants: compountd , 2.5 mmol; 7:3 CHCl,-MeNO, mixture, 10 ml;DBU, 100 mol % with respect tdil .
b After recrystallization from MeOH.
¢ Purified by flash chromatography.
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Table 2. Melting points and'H NMR spectra of B-arylnitroalkanesIVa—IVo

Cgomp. mp, °C IH NMR spectrum,3, ppm
IVa 67-68 3.56 s (3H, CHO), 3.76 s (3H, CHO), 3.87 d [1H, GI(COOCH;),, 3J = 8.6 Hz], 4.25 m
(63 [17]) (1H, CHCgHy), 4.87 d.d (1H, El\HENO,, 2J = 13.1, %) = 8.2 Hz), 4.93 d.d (1H,
CHAHgNO,, %) = 5.5 Hz), 7.207.36 m (5H, GHx)
IVb 70-76 3.58 s (3H, CHO), 3.76 s (3H, CHO), 3.83 d [1H, GI(COOCH;),, 3J = 8.7 Hz], 4.22 m
(1H, CHC4H,CI-4), 4.83 d.d (1H, E€I,HENO,, 2J = 13.4,3) = 8.7 Hz), 4.91 d.d (1H,
CHAHgNO,, 3J = 5.4 Hz), 7.18 d (2H, gH,Cl-4, 33 8.7 Hz), 7.30 d (2H, gH,CI-4)
IVe 90-92 3.61 s (3H, CHO), 3.79 s (3H, CHO), 3.89 d [1H, G1(COOCH,),, 3J = 8.5 Hz), 4.38 m
(91 [28)) (1H, CHCgH,NO,-4), 4.92 d.d (1H, € HgNO,, 2J = 13.4,3] = 8.6 Hz), 4.99 d.d (1H,
CHAHgNO,, 33 = 5.5 Hz), 7.46 d (2H, gH,NO,-4, %) = 8.6 Hz), 8.21 d (2H, gH,NO,-4)
Ivd 103-104 | 3.56 s (3H, CHO), 3.75 s (3H, CHO), 3.77 s (3H, CHO), 3.83 d [1H, GI(COOCH),, 31 =
(99 [28)) 9.4 Hz], 4.19 m (1H, GIC4H,OCHy-4), 4.82 d.d (1H, €l \HgNO,, 23 = 13.4,3] = 9.4 Hz),
4.89 d.d (1H, CHHgNO,, 3J = 5.4 Hz), 6.83 d (2H, gH,0OCH;-4, 3 = 8.7 Hz), 7.14 d
(2H, CgH4OCH;-4)
Ve 77-80 2.30 s (3H, CH), 3.57 s (3H, CHO), 3.75 s (3H, CHO), 3.85 d [1H, GI(COOCH}),, 3J =
(70 [28)) 8.5 Hz], 4.20 m (1H, GIC4H,CH,), 4.84 d.d (1H, € \HgNO,, 2J = 13.1,3J = 8.5 Hz),
491 d.d (1H, CHHgNO,, 3J = 5.3 Hz), 7.11 br.s (4H, gi,CHy)
IVF 86-87 3.60 s (3H, CHO), 3.76 s (3H, CHO), 3.77 s (3H, CHO), 3.86 d [1H, GI(COOCH,),, 3J =
8.8 Hz], 4.22 m (1H, GIC4H,OCH,-3), 4.86 d.d (1H, €l \HgNO,, 2 = 13.2,3] = 8.8 Hz),
4.92 d.d (1H, CHHgNO,, 3] = 5.9 Hz), 6.746.85 m (3H, GH,OCH;-3), 7.21-7.28 m
(1H, GH,OCH;-3)
IVg 93-95 3.49 s (3H, CHO), 3.74 s (3H, CHO), 3.85 s (3H, CHO), 4.17 d [1H, GI(COOCHy),, 3J =
(45 [29)) 9.6 Hz], 4.39 m (1H, GIC4H,OCH,-2), 4.87 d.d (1H, €l \HgNO,, 23 = 13.2,31 = 5.1 Hz),
5.03 d.d (1H, CHHgNO,, 3J = 8.8 Hz), 6.846.89 m (2H, GH,OCH,-2), 7.16-7.15 m
(1H, CH4OCH;-2), 7.21-7.27 m (1H, GH,OCH;-2)
IVh Oily Two diastereoisomers, 1:1.3: 3.65 s (3H, £LH major), 3.73 s (3H, CED, minor), 3.96 d
substance [1H, CH(CH)COOCH, minor, 3] = 5.5 Hz], 4.15 d [1H, G(CH)COOCH, major,3J =
8.8 Hz], 423 m (GICgHs), 4.775.05 m (GH,HENO,), 7.25-7.40 m (GHxg)
Vi 100-102 | See [30]
(98 [30])
IVj 105-110 | 2.11 s (3H, CHCO), 2.92 d (2H, CHCO), 4.01 m (1H, BICgHs), 4.59 d.d (1H, €I \HgNO,,
(99-100 [31])]  23=12.7,30=8.1 Hz), 4.70 d.d (1H, CFHgNO,, 3] = 6.7 Hz), 7.197.37 m (5H, GHs)
IVk 53-54 0.79-1.06 m (4H, cycloCgHs), 1.89 m (1H, CHCO), 3.00 d (2H, C)€0), 3.77 s (3H,
CH30), 3.98 m (1H, GICqH,OCH;-4), 4.56 d.d (1H, G \HgNO,, 2 =12.2,31 = 8.1 Hz),
4.68 d.d (1H, CHHgNO,, 3J = 6.6 Hz), 6.85 d (2H, gH,0OCH;-4, 3 = 8.7 Hz), 7.14 d
(2H, SH4OCH;-4)
VI 60-61 2.41 s (3H, CH), 3.34 d.d (1H, G ,\HsBCO, 2J = 17.2,3) = 7.1 Hz), 3.43 d.d (1H,
CHAHgCO,3J = 6.6 Hz), 3.76 s (3H, CkD), 4.17 m (1H, CHGH,OCH,-4), 4.63 d.d (1H,
CHHENO,, 2J = 12.4,3) = 8.2 Hz), 4.80 d.d (1H, CRHgNO,, 3] = 6.5 Hz), 6.85 d (2H,
CgH,OCHy-4, 3J = 8.4 Hz), 7.20 d (2H, gH,OCH;-4), 7.25 d (2H, GH,CHz-4, 3J =
8.2 Hz), 7.82 d (2H, gH,CHs-4)
IVm 77-78 2.42 s (3H, CH), 3.45 d (2H, CHCO), 3.78 s (3H, CHO), 3.85 s (3H, CHO), 4.31 m [1H,

CHCgH3(OCHy),-2,4], 4.80 d (2H, CHNO,), 6.38-6.49 m [2H, GH5(OCHy),-2,4], 7.08 d
[1H, CgHa(OCHy),-2,4,3) = 8.4 Hz], 7.24 d (2H, gH,CHy-4, 3] = 8.3 Hz), 7.82 d (2H,
CeH4CHg-4)
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ng‘np. mp, °C IH NMR spectrum,3, ppm
IVn 75-82 3.69 s (3H, CHO), 4.00 d (1H, CHCO32J = 3.0 Hz), 4.31 d.d.d (1H, BCH,NO,, 3J = 6.6,
3] = 8.0 Hz), 4.54 d.d (1H, B ,HgNO,, 2J = 13.5 Hz), 4.62 d.d (1H, CkHgNO,), 7.10-
7.42 m (4H, GHy)
IVo 58-60 3.38 d.d (1H, @ HgCO, %) = 18.1,%) = 8.1 Hz), 3.61 d.d (1H, CFHCO, 3J = 4.7 Hz),
(57 [27)) 3.76 s (3H, CHO), 3.77 m (1H, GICOOCH,), 4.77 d.d (1H, @ \HgNO,, 2J = 14.8,%) =
5.4 Hz), 4.87 d.d (1H, CRHgNO,, 3J = 6.7 Hz), 7.467.51 m (2H, GH¢), 7.57-7.64 m
(1H, GHg), 7.93-7.97 m (2H, GH)

Table 3. Elemental analyses opf-arylnitroalkaneslIVb, IVf, IVh, and IVk-IVn

Found, % Calculated, %
Compound no. Formula
C H N C H N

Vb2 49.45 4.50 4.35 C;3H14CINOg 49.46 4.47 4.44
IVf 54.11 5.35 4.47 Ci4H17NO; 54.02 5.50 4.50
IVh 57.96 4.92 11.25 CioH1oN50, 58.06 4.87 11.28
IVK 63.95 6.45 5.39 Ci14H17NO, 63.87 6.51 5.32
VI 69.03 6.05 4.52 C1gH1gNO, 68.99 6.11 4.47
IVm 66.52 6.21 4.05 C19H>1NOg 66.46 6.16 4.08
IVn 54.42 4.09 5.32 CioH11NOg 54.34 4.18 5.28

& Found, %: Cl 11.24. Calculated, %: Cl 11.23.
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Synthesis of y-functionalized B-aryl-substituted
primary nitro compounds IV ( general procedurge

1,8-Diazabicyclo[5.4.0Jundec-7-ene, 0.38 ml, was3.

added to a mixture of 2.5 mmol of compoufitl in
10 ml of 3:7 nitromethanenethylene chloride at
a temperature specified in Table 1. The progress of

the reaction was monitored by TLC (for reaction time,4.
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methanol or was purified by column chromatography
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