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β,β-Disubstituted-1,3-dinitro compounds were obtained exclusively with an overall yield of 
83% through a domino nitroaldol/elimination/1,4-addition process, when excess nitromethane 
was added to cyclohexanone or butanone using DBU (1,8-diazabicyclo[5.4.0]undec-7-ene), as 
a basic catalyst. On the other hand, β-nitroalcohols could be obtained in 30-84% yield, when 
nitromethane reacts with different aliphatic ketones in stoichiometric amounts, in the presence of 
catalytic amounts of K2CO3(s), Amberlyst®-A21 or TBAF.3H2O (tetra-n-butylammonium fluoride 
trihydrate)/THF (tetrahydrofuran). In addition, a new and versatile route to obtainment of allylic 
nitro compounds, by treatment of acetylated nitroalcohols and aldehydes in catalytic amounts 
of DBU or TBAF.3H2O, via a one-pot elimination/nitroaldol reaction sequence, was developed.

Keywords: allylic nitro compounds, DBU, domino reaction, reaction reversible, Michael 
addition, Henry reaction

Introduction

The nitroaldol reaction (Henry’s reaction) is one of 
the most important reactions used to form C-C bonds. It 
is carried out under action of an alkyl nitronate anion on 
an aldehyde or ketone, producing β-nitroalcohols. Henry’s 
reaction is generally very easy to perform, it is catalyzed 
by a large number of different basic homogeneous or 
heterogeneous systems, it occurs at room temperature 
in the presence of different organic solvents, water or 
without solvent.1-19 The β-nitroalcohols produced are useful 
building blocks that carry the synthetically versatile nitro 
and hydroxyl groups. β-Nitroalcohols have been used 
as precursors in the synthesis of different compounds 
such as nitroalkenes, β-aminoalcohols, α-amino acids, 
hydroxycarboxylic acids, α-nitroketones, among others. In 
particular, the use of ketones as electrophiles in nitroaldol 
reactions is more limited than aldehydes, not only because 
of the lower electrophilicity generated by the electronic 
and steric effects of α,α’-carbonyl substituents, but also 

due to the inherent high reversibility of the reaction.20-23 
Generally, low-yield nitroalcohols, self-condensing adducts 
or a complex mixture of products are obtained depending 
on the proportion of reagents, strength of the base, reaction 
time and temperature.24-31 Thus, it is possible to find in 
literature yields in the formation of β-nitroalcohols varying 
from low to excellent, using the same ketone under the same 
reaction conditions.

1,3-Dinitro alkanes have gained importance in 
synthesis organic for preparation of different targets 
such as 1,3-diketones, 1,3-diamines, polyfunctionalized 
carbacycles, highly substituted arenes, phenols, among 
others.32-36 They are usually prepared in two ways: the 
first one occurs by adding nitronate anions to conjugated 
nitroalkenes produced from aldehydes. In this case, 
undesirable oligomerization products can be formed 
under basic conditions, especially if low molecular weight 
nitroalkenes are used.

The second way consists in the reaction of aldehydes 
or ketones with excess nitroalkane, under catalysis of 
specific bases leading to β-alkylates- and β,β-alkylated-
1,3-nitroalkanes, respectively. The synthesis occurs in 
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the same reaction vessel, via a domino Henry reaction/
dehydration/Michael addition sequence.34 The synthesis 
of β,β-alkylated-1,3-nitroalkanes are scarcely studied, 
due mainly the high tendency to the reversibility of the 
nitroaldol reaction in ketone.

Allylic nitro compounds have received much attention 
in the last decades because of the versatility of its functional 
groups.37-54 Its structural arrangement consists of alkenes 
bearing nitro alkyl substituents. Allylic nitro compounds 
can be obtained by nucleophilic substitution reactions 
with nitrite anion,37 ipso substitution of carboxylic acids,38 
Michael addition of alkyl nitronates to alkynes,39 and by the 
alkene isomerization of Baylis-Hillman adducts.40,41 They 
can be also obtained as byproduct from β-nitroalcohol 
related adducts. Its reactivity is similar to the alkenes 
and to the nitroalkanes. Thus, they take part in addition 
reactions (Henry and Michael reactions), are reduced to 
amines, transformed in conjugated oximes and nitriles,42 
allylic amines43 and conjugated carbonyl compounds by 
Nef reaction.45,46 They undergo elimination of nitrous 
acid or nitrite leading to allylic carbocations which were 
employed in the synthesis of dienes, naphtalenes and allylic 
sulfones.47 They also undergo nucleophilic substitution of 
the nitro group by action of soft nucleophiles releasing 
nitrite anion.48,49 Allylic substitution can occurs internally 
in some conditions. Thus, a sigmatropic rearrangement 
converts the allylic nitro compound in the respective 
gamma-nitrite allyl compound that can be converted in 
allyl alcohols by hydrolysis.50,51 They have been also used 
as nitrite donors,52 undergo allylic alkylation palladium-
catalysed44,53 and also serve as suitable allyl compounds 
for the Heck-Matsuda reaction.54

Based in our continuing interest to employ nitroalkanes 
as raw-material for obtainment of useful chiral and achiral 
synthetic intermediates and chiral natural products,55-66 
we now desire to relate our found about the reactivity of 
representative ketones, in nitroaldol reaction, employing 

DBU (1,8-diazabicyclo[5.4.0]undec-7-ene)67 and 
TBAF.3H2O (tetra-n-butylammonium fluoride trihydrate)68 
as basic homogeneous catalysts and Amberlyst®-A21,10 
Amberlyst®-A26 form -OH68 and K2CO3(s),69 as solid basic 
catalysts, in the absence of solvent. Our studies aimed the 
production of β-nitroalcohols, symmetric β,β-alkylated-
1,3-dinitro compounds and allylic nitro compounds. 
The retrosynthesis proposed for attain these objectives is 
shown in the Scheme 1. We hypothesized that allylic nitro 
compounds could be obtained from reaction between the 
aldehydes 18, 19 and the acetylated β-nitroalcohols 16, 
17, via a base catalyzed one pot elimination/nitroaldol 
sequence. The β-nitroalcohols 16, 17 could be produced 
via nitroaldol reaction between the nitromethane (8) and 
the ketones 1 and 3, respectively, using specific catalytic 
basic systems, followed by acetylation acid catalyzed. On 
the other hand, the symmetric β,β-alkylated-1,3-dinitro 
compounds could be synthesized via a domino nitroaldol 
reaction/dehydration/Michael reaction process, utilizing 
suitable catalytic basic conditions.

Results and Discussion

Thus, based in the retroanalysis proposed (Scheme 1), 
we started our studies investigating the nitroaldol reaction 
between the nitroalkanes (8-10) and representative ketones 
(1-7, 20), employing as homogeneous catalytic system 
the bases, TBAF.3H2O and DBU, both in tetrahydrofuran 
(THF). Aiming to employ friendly environmentally 
conditions, the solid basic catalysts Amberlyst®-A21,10 

Amberlyst®-A26 form -OH59 and K2CO3(s),69 were also 
experimented in solventless conditions. The results are 
summarized in Table 1.

Analyzing the Table 1, it can be observed that 
nitromethane 8 was utilized in stoichiometric amounts in 
THF, as solvent or in excess (20 equiv.) acting as solvent-
reagent. Thus, the addition of CH3NO2 to propanone (1) 

Scheme 1. Retrosynthesis for obtainment of allylic nitro compounds, β,β-alkylated-1,3-dinitro compounds, nitroalcohols and acetylated nitroalcohols.
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to produce 11 showed low yields when DBU 0.5 equiv./
THF or Amberlyst®-A26 form –OH/solventless were 
employed, as basic systems (entries 1, 3). Already the use of 
Amberlyst®-A21 0.3 equiv./solventless, a weak basic resin 
or TBAF.3H2O (0.2 equiv.) furnished very good yields of 
11 in multiple grams (entries 2, 4). It is worth mentioning 
that this reaction exhibited a very low reproducibility, since 
yields ranging from 5-86% have been obtained frequently, 
despite none change in the experimental conditions have 
been accomplished for us. This behavior is probably due to 
the difficulty in controlling hydration and consequently the 
basic strength of these hygroscopic catalysts. This factor 
interferes with the reversibility of the reaction, especially 
when low molecular weight ketones are used.

In fact, the use of 2-pentanone (2) in excess of CH3NO2, 
in the presence of TBAF.3H2O 0.4 equiv. produced the 
corresponding nitroalcohol 12 with only 5% yield (entry 5). 
Likewise, 3-pentanone (20) reacted under the same reaction 
conditions and no product was formed (entry 6).

On the other hand, cyclic ketones 4 and 5 reacted with 
stoichiometric amounts of CH3NO2 in the presence of 
TBAF.3H2O 0.2 equiv./THF, as a basic catalyst system 
producing the desired 13 and 14 nitroalcohols with 43 and 
51% yields, respectively (entries 7, 8). Here, it was possible 
to notice that the use of cyclic ketones led to regular yields  
with high reaction reproducibility. Probably, the increased 

in the yield is due to the lower steric impediment inherent 
to cyclic ketones when compared to acyclic ketones.

The use of K2CO3 (0.2)/solventless, a basic system 
more ecologically correct,69 easy to handle and low 
cost provided 14, in 60% yield (entry 9). The reaction 
exhibited high reproducibility. It is worth mentioning that 
propanone (1), 2-pentanone (2) and 3-pentanone (20) did 
not react when K2CO3/solventless or KF 1.0 equiv./i-PrOH 
were used, as basic catalysts. Again, this reaction behavior 
makes evident the high tendency to the reversibility 
exhibited by low molecular weight aliphatic ketones. Next, 
butanone (5) was reacted with stoichiometric amounts 
of nitromethane in presence of 0.5 equivalent DBU/THF  
aiming the obtainment of corresponding nitroaldol product. 
However, the β,β-alkylated-1,3-dinitroalkane 15 was obtained 
in 45% yield (entry 10) without any detection of the product 
initially expected. The 1,3-dinitroalkane 15 was formed 
through a highly reproducible nitroaldol/elimination/addition 
1,4 sequence. On the other hand, the more sterically hindered 
ketone 6 or the less electrophilic ketone 7, when treated 
with excess CH3NO2 and DBU 0.5 equiv. or TBAF.3H2O 
0.5  equiv. did not react (entries  11  and 12). The use of 
nitroethane (9) in excess, in the presence of TBAF.3H2O 
0.5 equiv./THF or nitrododecane (10) in equal conditions did 
not lead to any product, making evident the non-reactivity 
of ketones in the presence of the bulky α-substituted 

Table 1. Reactivity of the ketones 1-7, 20, with the nitroalkanes 8-10, in different homogeneous or heterogeneous basic systems

 

entry Ketone R3CH2NO2 (equiv.)/base (equiv.) Solvent time / h Product Yielda,b / %

1 1, R1 = R2 = Me 8 (1)/DBU (0.5) THF 24 11, R1 = R2 = Me 13

2 1, R1 = R2 = Me 8 (1)/Amberlyst A-21 (0.3) solventless 12 11, R1 = R2 = Me 86

3 1, R1 = R2 = Me 8 (1)/Amberlyst A-26 form –OH (0.3) solventless 12 11, R1 = R2 = Me 12

4 1, R1 = R2 = Me 8 (1)/TBAF.3H2O (0.2) THF 18 11, R1 = R2 = Me 83

5 2, R1 = Me; R2 = Pr 8 (20)/TBAF.3H2O (0.4) THF 18 12, R1 = Me; R2 = Pr 5

6 20, R1 = Et; R2 = Et 8 (20)/TBAF.3H2O (0.4) THF 18 traces

7 3, R1 = R2 = (CH2)4 8 (1)/TBAF.3H2O (0.2) THF 24 13, R1 = R2 = (CH2)4 43

8 4, R1 = R2 = (CH2)5 8 (1)/TBAF.3H2O (0.2) THF 24 14, R1 = R2 = (CH2)5 51

9 4, R1 = R2 = (CH2)5 8 (1)/K2CO3 (0.2) solventless 18 14, R1 = R2 = (CH2)5 60

10 5, R1 = Me; R2 = Et 8 (0.5)/DBU (0.5) THF 18 15, R1 = Me; R2 = Et 45

11 6, R1 = Me, R2 = i-Bu 8 (20)/DBU (0.5) 18 N. R.

12 7, R1 = Me; R2 = Ph 8 (20)/DBU (0.5) 18 N. R.

13 1, R1 = R2 = Me 9 (20)/TBAF.3H2O (0.4) THF 12 N. R.

14 4, R1 = R2 = (CH2)5 10 (1)/TBAF.3H2O (0.4) THF 18 N. R.
aAfter purification on gel silica column; ball reactions were accomplished by thin layer chromatography, eluted with hexane/ethyl acetate (50:50), at room 
temperature. N. R.: no reaction; THF: tetrahydrofuran; DBU: 1,8-diazabicyclo[5.4.0]undec-7-ene; TBAF.3H2O: tetra-n-butylammonium fluoride trihydrate.



Ketones as Electrophile in Nitroaldol Reaction J. Braz. Chem. Soc.1578

nitronate anions20-23 (entries 13, 14). Stimulated by the 
efficient production of β,β-disubstituted-1,3-nitroalkane 
15, under DBU catalysis (Table 1, entry 10), we decided 
to investigate the addition of nitromethane to ketones 2, 4, 
5, 20 using DBU 0.5 equiv., taking into account the well-
known capacity of DBU to promote elimination reactions 
efficiently.67 The Table 2 summarizes the results obtained. 
Initially, butanone (5) was reacted in stoichiometric amounts 
of nitromethane (8) in the absence of solvent,  producing 
15 in 45% yield (entry 1). The use of 20 equivalents of 
nitromethane increased the yield to 84% (entry 2). It is 
important to mention that the use of other basic catalytic 
systems, such as TBAF.3H2O (0.2 equiv.), Amberlyst® A21 
(0.6 equiv.), Amberlyst® A26 form -OH (0.4 equiv.), KF/i-
PrOH (0.2 equiv.), K2CO3 (0.2 equiv.) and CH3NO2 in excess 
(20 equiv.) did not produce 15. The domino process proved to 
be highly efficient under DBU catalysis, highlighting the total 
reproducibility of the reaction. Next, the cyclohexanone (4) 
was reacted with stoichiometric amounts of 8, been formed 
21 in 55% yield (entry 3). The use of excess of CH3NO2 
increased the yield of 21 to 88% (entry 4). On the contrary, 
the use of excess cyclohexanone (20 equiv.) did not lead to 
the formation of any product (entry 5). As expected, the use 
of aliphatic ketones 2-pentanone (2) and 3-pentanone (20), 
provided β,β-disubstituted-1,3-dinitroalkanes 22 and 
23, respectively, in low yields. These low yields can 

be explained by the high reversibility of the acyclic 
aliphatic ketones 2, 20 (Table 1, entries 5, 6) in the initial 
nitroaldol reaction that constitutes the domino process. 

Analyzing the general reactive behavior of ketones 1-7, 
20 in the nitroaldol reaction (Tables 1 and 2) it is evident 
that there is a high tendency to retro-nitroaldolization and 
that this behavior is difficult to control, especially when the 
aliphatic acyclic ketones are used (entries 1-6, Table 1). In 
fact, when 11 was submitted to acetylation (CH3CO)2O/
CH2Cl2/DMAP (4-dimethylaminopyridine) 10%) or 
silanization (TBDMS-Cl (tert-butyldiphenylsilyl chloride)/
CH2Cl2/imidazole 10% or DMAP 10%) in basic medium, no 
product was observed. In practice, there was the formation 
of retro-nitroaldolization products 8 and 1. These could not 
be isolated, as they are volatile and were lost by evaporation 
in the reaction workup. In order to confirm the high trend 
towards reversibility of the reaction, the nitroalcohol 11 was 
reacted with chiral (R)-glyceraldehyde 19, easily obtained 
from D-(+)-mannitol.60 The probable nitro alcohol 24 was 
not formed. Instead, the β-nitroalcohol 25 was produced in 
60% yield in an anti:syn ratio, 3.2:1.0 (Scheme 2).

The formation of β-nitroalcohol 25 may be occurring 
in two ways (Scheme 3). The first one consists of a 
retronitroaldol in 11, followed by a nitroaldol where the 
methyl nitronate anion would be added to 19 (way I). The 
greater electrophilicity of aldehyde 19 compared to that of 

Table 2. Reactivity of 2, 4, 5, 20 with CH3NO2 catalyzed by 0.5 equivalent of DBU aiming to produce β,β-disubstituted-1,3-dinitroalkanes

entry Ketone (1.0 equiv.) Solvent CH3NO2 (8) / equiv. 1,3-Dinitro compound Yielda,b / %

1 5, R1 = Me; R2 = Et - -2.0 15, R1 = Me; R2 = Et 45

2 5, R1 = Me; R2 = Et - 20 15, R1 = Me; R2 = Et 84

3 4, R1 = R2 = (CH2)5 - 2.0 21, R1 = R2 = (CH2)5 55

4 4, R1 = R2 = (CH2)5 - 20 21, R1 = R2 = (CH2)5 88

5 4, R1 = R2 = (CH2)5 4 (20 equiv.) 1.0 no reaction

6 2, R1 = Me, R2 = Pr - 20 22, R1 = Me; R2 = Pr 30

7 20, R1 = Et, R2 = Et - 20 23, R1 = R2 = Et 15
aAfter purification on silica gel column; ball reactions were accomplished by thin layer chromatography, eluted with hexane/ethyl acetate (50:50), at room 
temperature by 18 h.

Scheme 2. Reaction of 11 with 19 producing 25.
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propanone could favor the way I. This way is reinforced 
since the anti:syn ratio (3.2:1.0) obtained is similar to 
that observed when the methyl nitronate anion was added 
separately to 19, under the same conditions of reaction.60 On 
the other hand, the addition of β-nitroalcohol 11 to 19 via 
way II, would be more difficult to happen due to the greater 
stereo volume of 11. If 24 was produced, a subsequent 
retro-nitroaldol in 24 would lead to 25.

Our results others24-29 have shown that the reaction 
of nitroaldol with ketones often requires a fine-tuning 
of experimental conditions for the reproducibility of the 
reaction, which is very difficult to achieve. Thus, the 
use of basic catalysts, such as Amberlyst® A21 resin or 
TBAF.3H2O, both hygroscopic, can easily change the basic 
force through the absorption of water making the yield of 
11 vary from 12 to 86% (entries 2-4; Table 1).

Considering the high tendency of acetylated 
β-nitroalcohols to undergo elimination in basic media, 
we investigate a new route for obtainment of synthetically 
versatile allylic nitro compounds (Scheme 4). 

Thus, acetylation of 11 and 26 was performed efficiently 
using Ac2O in catalytic amounts of 70% HClO4 for 1 h, at 
room temperature, furnishing 16 and 17 in 90% yield. The 
acidic medium completely inhibited the retro-nitroaldol 
reaction. Next, 16 and 17 were reacted with aldehydes 18 
and 19, respectively to produce, in a single flask, the allylic 
nitro compounds 27 and 28, via an elimination/nitroaldol 
reaction, in an overall yield of 72 and 63%, respectively. 
The rapid formation of allylic nitro compounds 27 or 28 can 
be rationalized through the mechanistic scheme proposed 
(Scheme 5). 

The base (TBAF or DBU) reacted faster with acetylated 

Scheme 3. Mechanistic rationalization to formation of 25. 

Scheme 4. Synthesis of the allylic nitro compounds 27, 28 from 11, 26.
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nitro alcohol 16, leading to ready elimination of acetate 
group, producing the trisubstituted nitroalkene intermediate 
29. This is deprotonated in the allylic position generating 
the very stable nitronate anion 30 that add to the reactive 
aldehyde 18 leading to allylic nitro compound 27. The high 
tendency to elimination of the β-acetylated nitro alcohols 
16, 17 was determinant to the obtainment of this class of 
compounds. The mechanism proposed could be supported 
from observation of a rapid and total production of the 
intermediate 29, (as well as the analogous originated from 
17), when 16 and 17 were individually placed to react in the 
same basic conditions used in the production of 27 and 28. 
It is worth mentioned that both TBAF and DBU promoted 
the formation of the allylic nitro compounds 27 and 28. 

Conclusions

Our results have shown that the β-nitroaldol reaction 
with low molecular weight ketone often requires a fine 
adjustment in the reaction conditions in order to reproduce 
useful yields. Cyclic ketones exhibited moderated yield 
and high reaction reproducibility, when catalyzed by 
Amberlyst® A21, K2CO3(s), or TBAF.3H2O in stoichiometric 
amount of CH3NO2. On the other hand, after several 
screenings with several basic catalytic systems, DBU 
50%/rt/18 h/using excess CH3NO2 (20 equiv.), proved 
to be an efficient basic system for the production of 
β,β-disubstituted-1,3-dinitroalkanes 15, 21-23, through 
of domino nitroaldol/elimination/1,4-addition sequence. 
In addition, a new and efficient route was developed to 
access synthetically versatile allylic nitro compounds 27, 
28 in 63 and 72% global yield, respectively. A mechanism 

that involves nitroaldol reaction/elimination sequence has 
been proposed.

Experimental

General information

TBAF.3H2O solid, K2CO3, nitromethane, Amberlyst® 
A21 and Amberlyst® A26 form -OH were commercially 
available from Sigma-Aldrich,® (St. Louis, USA), and were 
used as purchased. THF was dried according to a literature 
procedure.66 1H and 13C nuclear magnetic resonance (NMR) 
spectra were recorded on a Varian or Bruker spectrometer 
operating at (200, 400 or 500  MHz) and (50, 100 or 
125 MHz), at 25 °C by using CDCl3 0.5% tetramethylsilane 
(TMS) v/v as solvent. Chemical shifts (d) are reported in 
ppm and the coupling constant (J) is in hertz (Hz). The 
analyses by gas chromatography (GC)-mass was realized 
on Shimadzu GC/MS-QP 5000.

Synthesis of nitro alcohols 11, 13, 14-typical procedure

2-Methyl-1-nitropropan-2-ol (11), TBAF.3H2O, as base
To a round bottom flask was added a solution of 

TBAF.3H2O (2.57 g, 8.17 mmol), in THF anhydrous66 
(6.0 mL) followed by nitromethane (2.19 mL, 40.86 mmol). 
The reaction mixture was maintained under stirring for 
30 min, at room temperature. Next, propanone (1) (3 mL, 
2.36 g, 40.86 mmol) was added and the mixture stirred 
over night at room temperature. The β-nitroalcohol 11 was 
isolated by direct filtration over a silica gel chromatograph 
column washed with hexane/EtOAc (80:20). The volatiles 

Scheme 5. Mechanistic scheme propose for obtainment of the allylic nitro compound 27 from 18.
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were evaporated under reduced pressure to furnish 4.02 g 
(83% yield) of 11, as a fluid colorless liquid in high purity. 
1H NMR (400 MHz, CDCl3) d 1.37 (s, 6H), 3.14 (s, 1H, 
OH), 4.45 (s, 2H).

2-Methyl-1-nitropropan-2-ol (11), Amberlyst® A-21, as base
To a round bottom flask was added CH3NO2 (1.1 mL, 

20.43 mmol), Amberlyst A-21® resin (3 mL), followed by 
propanone (1) (1.5 mL, 1.18 g, 20.43 mmol). The reaction 
medium was left to react for 18 h, at room temperature, in 
the absence of stirring. After this time, the reaction medium 
was filtered through a simple funnel covered with filter 
paper and the filtered evaporated under reduced pressure 
to furnish 3.87 g (80%) of the desired nitroalcohol 11, as 
a fluid colorless liquid in high purity.

1-(Nitromethyl)cyclohexan-1-ol (14), K2CO3 as base
To a round bottom flask was added a solution of 

K2CO3 (0.208 g, 0.8 mmol), followed by 0.22 mL of 
nitromethane (0.244 g, 4 mmol). This mixture was 
maintained under stirring for 30 min, at room temperature. 
Next, cyclohexanone (4) (0.42 mL, 81.72 mmol) was 
added and the mixture stirred at room temperature for 
18 h. The reaction evolution was monitored by thin layer 
chromatography, eluted with hexane/ethyl acetate (50:50). 
The reaction medium was submitted to filtration over a silica 
gel column chromatograph washed with dichloromethane. 
After evaporation of the volatile liquid at reduced pressure, 
it was obtained 0.308 g (60% yield) of the β-nitroalcohol 
14, as a fluid colorless liquid in high purity.

Spectral data for 1-(nitromethyl)cyclohexan-1-ol (14)
1H NMR (400 MHz, CDCl3) d 1.26 (m, 2H), 1.46 (m, 

4H), 1.79 (m, 4H), 2.26 (t, 1H, J 4.0 Hz), 4.38 (s, 2H); 
13C NMR (100 MHz, CDCl3) d 21.43 (CH2), 25.15 (2CH2), 
34.91 (2CH2), 70.77 (C), 84.80 (CH2).

Spectral data for 1-(nitromethyl)cyclopentan-1-ol (13)
13C NMR (100 MHz, CDCl3) d 23.61 (2CH2), 37.95 

(2CH2), 80.14 (C), 83.56 (CH2).

Synthesis of β,β-disubstituted-1,3-dinitroalkanes 15, 
21-23-typical procedure

2-Methyl-1-nitro-2-(nitromethyl)butane (15)
To a round bottom flask under magnetic stirring and 

at room temperature was added nitromethane (1.22 g, 
20 mmol) and 75 μL DBU (76.12 mg, 0.5 mmol) and the 
reaction mixture was maintained stirring for 10 min. Next, 
butanone 2 (71 mg, 74.5 μL, 1 mmol) was added and the 
reaction medium remained under stirring by 18 h. After this 

time, the reaction crude was purified by filtration in a silica 
gel column eluted twice with 50 mL hexane:ethyl acetate 
(70:30). The solvents were evaporated to produce 147 mg 
(80%) of 15, as a viscous yellow liquid.

1H NMR (400 MHz, CDCl3) d 1.00 (t, 3H, J 4.0 Hz), 
1.17 (s, 3H), 1.56 (q, 2H, J 4.0 Hz), 4.60 (q, 4H, J 4.0 Hz); 
13C NMR (100 MHz, CDCl3) d 7.32 (CH3), 19.94 (CH3), 
28.54 (CH2), 38.62 (C), 79.84 (s, 2CH2); 13C attached proton 
test (APT) NMR (100 MHz, CDCl3) d 7.32 (CH3), 19.95 
(CH3), 28.54 (CH2), 38.62 (C), 79.84 (2CH2).

Spectral data for 1,1-bis(nitromethyl)cyclohexane (21)
1H NMR (500 MHz, CDCl3) d 1.57 (m, 10H), 4.69 (s, 

4H); 13C NMR (125 MHz, CDCl3) d 20.75 (2CH2), 24.95 
(CH2), 31.25 (CH2), 38.41 (C), 78.95 (2CH2). 

Spectral data for 2-methyl-1-nitro-2-(nitromethyl)pentane 
(22)

1H NMR (400 MHz, CDCl3) d 0.94 (t, 3H, J 4.0 Hz), 
1.16 (s, 3H), 1.42 (m, 4H) 4.59 (q, 4H, J 6.0 Hz); 13C NMR 
(100  MHz, CDCl3) d 14.27 (CH3), 16.36 (CH2), 20.63 
(CH3), 38.07 (CH2), 38.56 (C), 80.12 (CH2); 13C APT NMR 
(100  MHz, CDCl3) d 14.26 (CH3), 16.36 (CH2), 20.63 
(CH3), 38.07 (CH2), 38.56 (C), 80.12 (CH2).

Spectral data for 3,3-bis(nitromethyl)pentane (23)
1H NMR (400 MHz, CDCl3) d 0.92 (t, 6H, J 4.0 Hz), 

1.57 (q, 4H, J 4.0 Hz), 4.58 (m, 2H); 13C NMR (100 MHz, 
CDCl3) d 7.61 (2CH3), 28.99 (2CH2), 74.14 (C), 82.24 
(2CH2); 13C APT NMR (100 MHz, CDCl3) d 7.61 (2CH3), 
28.99 (2CH2), 74.14 (C), 82.23 (2CH2).

Synthesis of the β-nitroacetates 16,17-typical procedure

1-(Nitromethyl)cyclohexyl acetate (17)
To a round bottom flask under magnetic stirring and 

at room temperature was added the β-nitroalcohol 26 
(3.35  g; 21.1 mmol), 20 mL of acetic anhydride and 
HClO4 70% (120 μL). After 1 h, to the reaction medium 
was added 30 mL H2O and effected the extraction with 
dichloromethane (2 × 30 mL). The reunited organic 
phases were washed with saturated sodium bicarbonate 
(2  ×  30  mL), dried over Na2SO4 and evaporated under 
reduced pressure. The residue obtained was purified by 
column chromatography on silica gel and eluted with 
hexane/ethyl acetate (70:30). It was obtained 3.8 g (90% 
yield) of nitroester 17, as a pale-yellow liquid.

1H NMR (500 MHz, CDCl3) d 0.89 (m, 2H), 1.33 (m, 
4H), 1.57 (m, 4H), 2.09 (s, 3H), 4.95 (s, 2H); 13C NMR 
(125  MHz, CDCl3) d 21.12 (CH2), 22.35 (CH3), 24.85 
(CH2), 32.60 (CH2), 79.41 (CH2), 82.74 (C), 170.67 (C).
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Spectral data for 2-methyl-1-nitropropan-2-yl acetate (16)
1H NMR (400 MHz, CDCl3) d 1.57 (s, 6H), 2.04 (s, 

3H), 4.85 (s, 2H); 13C NMR (100 MHz, CDCl3) d 21.98 
(CH3), 24.76 (2CH3), 77.73 (C), 80.80 (CH2), 170.46 (C).

Synthesis of the allylic nitro compounds 27, 28-typical 
procedure

1-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-3-methyl-2-nitrobut-
3-en-1-ol (27), DBU as base

To a round bottom flask contained a solution of 16 
(0.50 g, 3.85 mmol) in THF (3 mL), under magnetic 
stirring and at room temperature, was added a solution 
of chiral aldehyde 18 (0.62 g; 3.85 mmol) in THF (3 mL) 
and DBU (0.29 g, 1.92 mmol, 0.5 equivalent). The reaction 
mixture was maintained stirring for 3 h. After this time, 
the THF was evaporated at reduced pressure and the 
remaining viscous orange liquid was purified by silica 
gel column chromatography, eluted with hexane:AcOEt 
solution (85:15), furnishing 0.71 g of 27 (80% yield), 
as a pale yellow oil constituted by a mixture of three 
diastereoisomers (7.1:7.0:1.0; measured by 13C NMR).

1H NMR (200 MHz, CDCl3) d 1.48-1.3 (m, 6H), 1.91 
(m, 3H), 2.06 (d, 1H, J 9.5 Hz, OH), 3.03 (d, 1H, J 5.8 Hz, 
OH), 3.08 (d, 1H, J 3.8 Hz, OH), 4.17-3.89 (m, 2H), 4.3-
4.42 (m, 1H), 4.99 (d, 2H, J 7.7 Hz), 5.38-5.21 (m, 2H); 
13C NMR (50 MHz, CDCl3) (spectral data for major isomer) 
d 18.99 (CH3), 24.97 (CH3), 26.27 (CH3), 66.78 (CH2), 
70.23 (CH), 74.89 (CH), 93.65 (CH), 109.63 (C), 121.31 
(CH2), 136.02 (C); GC-MS (70 eV) m/z, (%) 55, 59, 73, 84, 
101 (100), 115, 131, 185, 216, 115, 101, 73, 59.

1-(Cyclohex-1-en-1-yl)-1-nitropentan-2-ol (28), TBAF.3H2O 
as base

To a round bottom flask contained 17 (0.28 g; 
1.42 mmol) was added, under magnetic stirring and at 
room temperature, 5 mL of a solution of TBAF.3H2O 
(0.062 g, 0.236 mmol) in THF. After 30 min 0.085 g 
(1.18 mmol) of butyraldehyde 19 dissolved in 2 mL of 
THF was added and the reaction stirred overnight. Next, 
the reaction crude was purified by filtration on a silica 
gel chromatograph column eluted twice with 40 mL of 
hexane:ethyl acetate (70:30). The reunited volatiles were 
evaporated at reduced pressure to produce 0.208 g (70%) 
of the alyllic nitro compound (+/–)-28 (diastereomeric 
ratio anti:syn; 7:1), as a viscous yellow liquid.

1H NMR (500 MHz, CDCl3) (spectral data for major 
isomer) d 0.94 (t, 3H, J 4.0 Hz), 2.1-1.25 (m, 12H), 2.48 
(s, 1H), 4.32 (m, 1H), 4.72 (d, 1H, J 6.0 Hz), 6.00 (bs, 
1H); 13C NMR (125 MHz, CDCl3) d 13.80 (CH3), 18.34 
(CH2), 21.59 (CH2), 22.23 (CH2), 24.58 (CH2), 25.38 (CH2), 

34.20 (CH2), 69.63 (CH), 99.38 (CH), 130.27 (C), 133.05 
(CH); 13C APT NMR (125 MHz, CDCl3) d 13.80 (CH3), 
18.34 (CH2), 21.59 (CH2), 22.23 (CH2), 24.58 (CH2), 25.38 
(CH2), 34.20 (CH2), 69.63 (CH), 99.38 (CH), 130.27 (C), 
133.05 (CH).

Supplementary Information

Supplementary data are available free of charge at  
http://jbcs.sbq.org.br as PDF file.
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