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ABSTRACT: The Michael reaction involving nitroalkanes cannot occur without base and solvent. The low yields
obtained in water are due to the limited solubility of nitroalkanes. To circumvent the drawback the reaction is studied in
a biphasic medium (water-dichloromethane). The yields are considerably increased by addition of a phase transfer
catalyst such as tetrabutylammonium chloride or bromide. The bromide being less efficient than the chloride.
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INTRODUCTION

Michael reactions are fundamental reactions in organic synthesis [1-8]. The Michael
addition of carbanions to the C-C double bond of a,B-unsaturated ketones, nitriles, amides and
esters is a method of choice for the formation of C-C bonds [1,8,9]. It is a well known fact that 1,4-
addition of nitroalkanes affords o,B-unsaturated carbonyl compounds [4,12-16] which lead to
aminoalkanes after appropriate reduction [17,18] and other functionality that can be derived from
the nitro group [7,8,19-22].

The Michael reaction of nitroalkanes does not occur in the absence of catalyst or solvent
[23]. It has been shown, however, that it can take place in water depending on their solubility and
acidity, although the reactivity is relatively limited [12,23-25]. To this respect, heterogeneous
catalysis emerges as an excellent method to enhance the reactivity [3,26-31]. Numerous reactions
have been studied in heterogeneous catalytic conditions improving noticeably selectivity. This has
been the case for reactions involving nitroalkanes and a,B-unsaturated carbonyl compounds [13-
16,32,33]. Ballini and Bosica [12] investigated such reactions in aqueous media and in the presence
of sodium hydroxide and a catalytic amount of a phase transfer agent such as cetyltrimethyl
ammonium chloride. In this context, Ballini and al. [34] have reported that Michael addition of
nitroalkanes to several electrophilic alkenes work well with short reactions times, mild reaction
conditions using a catalytic amount of cetyltrimethylammonium hydroxide (CTAOH), at room
temperature in the presence of a minimum of water.
This paper describes a comparative study of several Michael additions of nitroalkanes to alkenes
activated by electroattracting groups in the presence of various basic systems. We also examined
the activation by phase transfer catalysts in water and water-dichloromethane mixtures.

RESULTS AND DISCUSSION
The Michael addition between nitroalkanes and alkenes activated by electroattracting groups
proceeds as follows:

R! R!

\

/CH—NOQ + HC=CH ———> RQ—Clz—CHQ—CHZ
\ \

R? EWG NO, EWG
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The reactions between nitromethane or nitroethane and methylvinylketone could not proceed
without a base in methanol, ethanol, chloroform or water.
The table 1. presents the results obtained in the presence of various basic systems.

Table 1. Effect of the medium on the yield in the Michael reaction involving nitroalkanes
and o,B-unsaturated compounds.

R! R® EWG  Product Medium Yield %
38
50
48
48
40
46
42
44
18
32
66
19
43
63
58
60
19
39
60
40
46
68
64
63
52

H H CN 1

CH;s H CN 2

H H CO.Me 3

H H COMe 4

CH3 H COzMe 5

CH; H COMe 6

CN 7
C,Hs H CO.Me 8 26
COMe 9 57

A : NaOH (0.025M) ; B : EtO/EtOH ; C : MeO/MeOH ; D : NaOH/EtOH

i dl=Neol--Idi-Nol--i'di-Nol--Ndl-Nol--Idi-Noll--N"dl-NoN--It 2

In water the reactivity is enhanced with increasing chain length of the nitroalkane. The selectivity
follows the same trend due to a lower solubility of the Michael adduct formed with a subsequent
lower tendency to react further according to a second Michael addition. As an example,
nitropropane gives only the expected Michael monoadduct whereas a second addition product is
formed in the corresponding nitroethane reaction. In the case of nitromethane, three products are
formed resulting from subsequent Michael additions. Scheme 1 summarizes the products obtained
in the addition of nitroalkanes to acrylonitrile.

In the case of methyl acrylate, the Michael adduct is obtained in low yield compared to the
acrylonitrile or methylvinylketone reaction. This is ascribed to hydrolysis and transesterification in
the presence of alkoxide ions. Better yields are obtained in methanol with sodium methoxide.
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HzC—NO, + H,C=CH-CN - H2(|3‘CH2‘CH2‘CN
NO,
H20=CH—CN
CH2_CH2_CN
| H,C=CH-CN
NC-CHZ-CHZ-(ID—CHZ—CHZ-CN - NC-CHZ—CHZ—(IDH—CHZ—CHQ—CN
NO, NO,

HaC~CHp=NO; + HoC=CH-CN ————— HyC~CH~CH,~CHpCN

ON | hy,c=cH-oN
T
NG—CHy~CHy=G—CHy~CHz~CN
NO,

CQH5_CH2_N02 + HQC:CH_CN —>02H5_(|:H'CH2_CH2_CN
O,N

Scheme 1. Michael reactions between acrylonitrile and nitroalkanes.

The low yields in water are certainly connected to the limited solubility of nitroalkanes in
water. Thus, using a biphasic system (water-dichloromethane) improves the yields whereas the
subsequent Michael additions are partly inhibited. Once formed, the Michael adduct migrates to the
organic phase, the interactions between acidic hydrogen and hydroxide ions are less frequent. The
results are presented in the table II.

Table II. Michael reactions in biphasic medium (water-dichloromethane).

EWG R’ R! Product Yield % (E)
H 1 50
H CH; 2 57
CN C,Hs 7 63
CH; CH; 10 62
H 3 36
H CH; 5 39
CO.Me C,H; 8 45
CH; CH; 11 47
H 4 41
H CH, 6 40
COMe C,H; 9 50
CH; CH; 12 50

E : NaOH (0.025M) + CH,Cl,, 1h ;

However, the yields are not satisfactory even if the liquid-liquid biphasic system is a fair
compromise. To improve the yields we thought of interest to examine the effect of phase transfer
catalysts (Table IIL.).
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Table III. Effect of phase transfer catalysts.

2 1 Yield %
EWG R R Product Al A2 Bl B2
H 1 80 81 80 80
oN H CH; 2 85 8 87 86
C,H; 7 80 80 8 86
CH; CH; 10 74 77 80 78
H 3 72 74 74 70
H CH; 5 70 74 72 3
CO.Me C,H; 8 76 79 78 80
CH; CH; 11 70 74 75 4
H 4 81 84 8 83
H CH; 6 87 88 90 88
COMe C,H; 9 78 80 84 85
CH; CH; 12 75 80 80 80

A-1:NaOH (0.025M) + TBAB, 1h; A-2: NaOH (0.025M) + TBACI, 0.5h.
B-1: NaOH (0.025M) + CH,Cl, + TBAB, 1h ; B-2 : NaOH (0.025M) + CH,CI, + TBACI, 0.5h.

Comparison between Tables I and III reveals that the Michael reaction is essentially promoted by
the use of phase transfer catalysts. In the absence of a transfer agent the hydroxide ions attack the
carbon of the carbonyl group rather than the acidic hydrogen of the nitroalkane, particularly in the
case of methyl acrylate. To this respect, the saponification of the ester group would be profitable.
The result may be interpreted as an interaction of the Na" ion with the carbonyl group which
weakens the C=0 bond and promotes, therefore, the nucleophilic attack.

In the presence of BusN" Br' or BuyN* CI, the active base is likely to be Buy,N™ OH™ [35].
The cation cannot easily be associated with the carbonyl and hence the OH™ ions remove the acidic
hydrogen of the nitroalkane. We have observed that the reactivity depends on the nature of the
anion associated with the ammonium cation. The chloride is more efficient than the bromide.
Similar results were obtained by D’Incan in his study describing the effect of the phase transfer
agent in the Horner-Emmons reaction between benzaldehyde and 1-cyanoethyl diethylphosphonate
[36].

The liquid-liquid phase transfer used in our reactions can be schematized as follows:
- The first step consists of a transfer of the hydroxide ion from the aqueous to the organic phase by
the ammonium cation through the equilibrium

(5]
(org

® (S}
(R)4N X (org

® e
(R)4N OH ) X

(]
)+ OH (aq) aq)

- The second step is the deprotonation of the nitroalkane to form a carbanion

R! R!
® _ o \ o \ o
(R)4N OH (org) + /CH—NOQ _— (R)4N /C_NOZ( ) + Hzo
org
R2 R2

- The carbanion then condenses with unsaturated compound to form an intermediate which by re-
protonation affords the Michael adduct.

R1 R1 R‘I
o \o , ) e H,0 5 |
(R)4N C—NOz( * HQC=C<| —> R -(ID—CHZ—C\H —— R -(IJ—CHZ—C\HZ
org
R2 EWG NO, EWG NO, EWG
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In conclusion, the Michael reaction involving nitroalkanes cannot occur in the absence of a base. In
water and in the presence of sodium hydroxide, the low yields are due to the limited solubility of
nitroalkanes. When using a biphasic medium (water-dichloromethane), the reactivity is increased as
well as the selectivity with a lesser tendency of subsequent Michael additions on the primary
product. The reactions reported in this paper are particularly favoured by addition of a phase
transfer agent. Tetrabutylammonium chloride is more efficient than the corresponding bromide salt.

EXPERIMENTAL

¢ Method A: The nitroalkane (30mmol) and the acrylic compound (20mmol) are added to a
0.025M NaOH (50mL). After stirring at room temperature for 1 hour, the mixture is saturated
with NaCl, the organic phase extracted with ether, dried on sodium sulfate and concentrated in
vacuo. The reaction product is purified on a silicagel column with hexane/ether (9/1, 8/2, 7/3, 5/5)
as eluent.

¢ Method B: A solution of sodium ethylate (0.85g, 1.25mmol), nitroalkane (30 mmol) and the
acrylic compound (20mmol) in 50 mL ethanol is stirred for one hour. The solution is concentrated
and the product purified on a silicagel column with hexane/ether (9/1, 8/2, 7/3, 5/5) as eluent.

¢ Method C: As method B replacing sodium ethoxide by sodium methoxide and ethanol by
methanol.

¢ Method D: As method B replacing sodium ethoxide by sodium hydroxide

¢ Method A-1: As method A with additional tetrabutylammonium bromide (2mmol).

¢ Method A-2: As method A with additional tetrabutylammonium chloride (2mmol) for 0.5 h.

¢ Method E: The nitroalkane (30mmol) and the acrylic compound (20mmol) in 50mL of
dichloromethane are added to a 0.025M NaOH (50mL). After stirring at room temperature for 1
hour, the mixture is saturated with NaCl, the organic phase extracted, dried on sodium sulfate and
concentrated in vacuo. The reaction product is purified on a silicagel column with hexane/ether
(9/1, 8/2, 7/3, 5/5) as eluent.

¢ Method B-1: As method E with additional tetrabutylammonium bromide (2mmol).

¢ Method B-2: As method A with additional tetrabutylammonium chloride (2mmol) for 0.5 h.

NMR Spectra: 'H (300 MHz) and e (75MHz) NMR spectra are recorded on a AC 300 Briiker

spectrometer in CDCl; using tetramethylsilane (TMS) as internal reference. All chemical shifts (d)

were reported in ppm from internal TMS.

IR spectra are recorded on a JASCO FT-IR-420 device in KBr pellets.

Microanalyses were performed using a C, H, N Analyzer Model 185 from Hewlett-Packard;

C +0.20, H +0.19.

4-Nitro-butyronitrile (1): "H-NMR (CDCls) (8/ppm) 2.23-2.36 (m, 2H), 2.50 (t, 2H, J = 7.2 Hz),

4.57 (t, 2H, J = 7.2 Hz). PC-NMR (CDCl3) (8/ppm) 17.50, 23.54, 81.52, 118.47. Analysis (%

Calculated/found) for C4He¢N2O, C: 42.10/42.32, H: 5.30/5.41, N: 24.55/24.77.

4-Nitro-pentanenitrile (2): Oil. Spectroscopic data corresponds to that reported in the literature

[37,38]. "TH-NMR (CDCls) (8/ppm) 1.83 (d, 3H, J = 7.2 Hz), 2.24-2.35 (m, 2H), 2.49 (t, 2H, J = 7.2

Hz), 4.13-4.29 (m, 1H). *C-NMR (CDCls) (8/ppm)14.70, 16.10, 30.18, 84.25, 118.40. Analysis (%

Calculated/found) for CsHgN,O, C: 46.87/46.94, H: 6.29/6.18, N: 21.86/21.97.

4-Nitro-butyric acid methyl ester (3): Spectroscopic data corresponds to that reported in the

literature [39]. 'H-NMR (CDCl3) (6/ppm) 2.27 (t, 2H, 7.2 Hz), 2.30-2.40 (m, 2H), 3.75 (s, 3H),

4.53 (t, 2H, J = 7.2 Hz). *C-NMR (CDCls) (8/ppm) 23.40, 32.92, 53.24, 80.50, 174.02.

5-Nitro-pentan-2-one (4): LR. vc_o = 1717 cm™ ; v, = 1548 cm™. '"H-NMR (CDCl3) (8/ppm)

2.18 (s, 3H), 2.08-2.20 (m, 2H), 2.45 (t, 2H, J = 7.2 Hz), 446 (t, 2H, J = 7.2 Hz). "C-NMR

(CDCl3) (6/ppm) 18.96, 25.49, 40.18, 83.06, 208.50. Analysis (% Calculated/found) for CsHgNO;

C: 45.79/46.98, H: 6.91/6.89, N: 10.68/10.86.
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4-Nitro-pentanoic acid methyl ester (5): Yellow oil. Spectroscopic data corresponds to that
reported in the literature [32,40,41]. LR. vc—o = 1735 cm! 5 Vewo, = 1545 cm™. 'H-NMR

(CDCl3) (8/ppm) 1.55 (d, 3H, J = 6.9 Hz), 2.00-2.50 (m, 4H), 3.70 (s, 3H), 4.35-4.80 (m, 1H). *C-
NMR (CDCls) (6/ppm) 16.20, 28.50, 29.00, 52.04, 84.50, 173.00. Analysis (% Calculated/found)
for CeH;1NOy4 C: 44.71/44.93, H: 6.87/6.91, N: 8.69/8.65.

5-Nitro-hexan-2-one (6): Spectroscopic data corresponds to that reported in the literature
[12,14,40,41]. LR. Vo = 1700 cm™ Veno, = 1535 cm™. "TH-NMR (CDCls) (8/ppm) 1.55 (d, 3H, J =

6.9 Hz), 2.19 (s, 3H), 2.05-2.17 (m, 2H), 2.57 (t, 2H, J = 6.9 Hz), 4.56-4.63 (m, 1H). Analysis (%
Calculated/found) for CcH;1NO3 C: 49.64/49.79, H: 7.63/7.78, N: 9.64/9.58.

4-Nitro-hexanenitrile (7): Oil. Spectroscopic data corresponds to that reported in the literature
[37]. '"H-NMR (CDCl5) (8/ppm) 1.05 (t, 3H, J = 7.2 Hz), 1.89-2.01 (m, 2H), 2.21-2.33 (m, 2H),
2.51(t, 2H, J = 7.2 Hz), 4.08-4.19 (m, 1H). "C-NMR (CDCls) (8/ppm) 12.16, 14.71, 24.00, 28.52,
87.60, 117.87. Analysis (% Calculated/found) for C¢H oN,O, C: 50.69/50.77, H: 7.09/6.98, N:
19.70/19.58.

4-Nitro-hexanoic acid methyl ester (8): LR. vc—o = 1735 cm™ ; vy, = 1545 cm™. 'H-NMR

(CDCl3) (8/ppm) 0.95 (t, 3H, J = 7.2 Hz), 1.90-2.42 (m, 6H), 3.72 (s, 3H), 4.52-4.65 (m, 1H).
Analysis (% Calculated/found) for C7H;3NO4 C: 47.99/48.12, H: 7.47/7.57, N: 7.99/7.40.

5-Nitro-heptan-2-one (9): Spectroscopic data corresponds to that reported in the literature [12,14].
LR. Vcoo = 1700 em™; vy, = 1535 cm™. 'H-NMR (CDCls) (8/ppm) 0.96 (t, 3H, J = 7.5 Hz), 1.68-

2.15 (m, 4H), 2.16 (s, 3H), 2.50 (t, 2H, J = 7.2 Hz), 4.38-4.52 (m, 1H). Analysis (%
Calculated/found) for C7H;3NO; C: 52.81/52.98, H: 8.23/8.38, N: 8.79/8.59.
4-Methyl-4-nitro-pentanenitrile (10): "H-NMR (CDCl3) (6/ppm) 1.87 (s, 6H), 2.25 (t, 2H, J =7.2
Hz), 2.53 (t, 2H, J = 7.2 Hz). "C-NMR (CDCls) (8/ppm) 13.93, 24.35, 37.24, 86.75, 117.80.
Analysis (% Calculated/found) for C¢H;oN,O, C: 50.69/50.80, H: 7.09/6.91, N: 19.70/19.82.
4-Methyl-4-nitro-pentanoic acid methyl ester (11): Spectroscopic data corresponds to that
reported in the literature [37]. LR. Veoo = 1740 em’ ; veyo = 1554 cm”. 'H-NMR

(CDCls) (6/ppm) 1.58 (s, 6H), 2.12-2.41 (m, 4H), 3.72 (s, 3H). Analysis (% Calculated/found) for
C;H3NOy C: 47.99/48.07, H: 7.47/7.57, N: 7.99/7.86.

5-Methyl-5-nitro-hexan-2-one (12): Spectroscopic data corresponds to that reported in the
literature [14]. "H-NMR (CDCls) (8/ppm) 1.45 (s, 6H), 2.04 (s, 3H), 2.05 (t, 2H, J = 7.5 Hz), 2.34
(t, 2H, J = 7.5 Hz). "C-NMR (CDCl5) (6/ppm) 23.80, 25.75, 33.88, 38.05, 87.37, 206.49. Analysis
(% Calculated/found) for C;H3NO5; C: 52.81/52.69, H: 8.23/8.41, N: 8.79/9.00.
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