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Abstract
Because of improved methods for the conversion of nitroali- 
phatics into amines, alcohols, and carbonyl compounds, carbon­
carbon bond forming processes involving this class of substrate 
are of increasing importance. This article reviews the work of 
ourselves and others, and demonstrates that nitroaliphatic com­
pounds can show either electrophilic or nucleophilic reactivity 
at the a-, ß-, y-, and d-positions.
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On reading the current literature, one notices a consid­
erable increase in the use of aliphatic nitrocompounds, 
sought primarily as intermediates towards more com­
plex, nitro-free structures, and rarely as target mol­
ecules in their own right; indeed, there are few ex­
amples of naturally occuring nitro-aliphatic com­
pounds, or of synthetic products which have found 
significant biological use (see Table 1).
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Table 1: Some Selected Naturally Occurring and/or Biologically 
Active Aliphatic Nitrocompounds. For further examples, see 
ref. [Id].

O2N^^C13H27

Reference

ubiquitous in plants [1 d]

Miserotoxin - occurs [2] 
in vetches, causes 
livestock poisoning

Cuban termite soldier [3] 
defensive compound

Fungicide and [1 d]
acaricide

Insecticide [4]

It is the purpose of this article to highlight some of 
these more recent applications. Existing reviews [1] 
either do not stress the broad synthetic utility of ali­
phatic nitrocompounds, or are devoted to more spe­
cialised areas of the field.
To make any claim for extensive utility of a particular 
class of compound, one must first demonstrate not 
only a ready availability by a variety of routes, but 
also a breadth in the scope of subsequent intercon­
versions.

A. Preparation of Aliphatic Nitrocompounds without 
C-C Bond Formation

Scheme 1 surveys general routes to nitroaliphatic com­
pounds. It is evident that all of the classical organic
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reactions, such as nucleophilic substitution, electro­
philic addition, and oxidation processes can be used 
to good effect. Nitrocompounds are accessible from 
substrates such as alkylhalides (a), carbanionoids (b), 
hydrocarbons (c), carboxylic acids (d), amines (e), 
oximes (f) and alkenes (g -* i).

All the illustrated methods have been known [1] for 
some time, and many have undergone recent im­
provement; a selected range of such improvements is 
given in Table 2.

Scheme 1: Preparation of Aliphatic Nitrocompounds without 
C—C Bond Formation

Table 2: Experimental Conditions for Reactions of Scheme 1

Formal 
Reaction 
Type in 
Scheme 1

Conditions and Range of Yields Refer­
ences

(a) MNO2-18-crown-6
R4N®NOae
NaNO2-(CH3)2SO

35-70% [5]
[6]

40-70% [7]
(b) KNH2-liquid NH3- RONOa

FC(NO2)3
NOfBFf
LiN[CH(CH3)2]2-RONO2

40-70% [8]
89% [9]
45-90% [10]
50-65% [11]

(0 hno3 [la]
(d) 200 °C 25-65% [12]
(e) SiO2-O3

KMnO4 
3-C1CbH4CO3H

44-70% [13] 
30-50% [14] 
58% [15]

(f) Cl2 ; O3 ; Ha-Pd
CF3CO3H

40-90% [16]
30-50% [1 a]

(g) X = I, N2O4-I2 80-90% [17]
X = F, NO ® BF ® -HF-Pyridine 45-70% [18]
X = NO,NO [19]
N2O3 [20]
X = OCOCH3,NO® BF®-(CH3CO)2O 45% [21,42]

(h) X = OSO2CH3, (C2H5)3N 70-80% [22]
(hWi) X = ONO2, NaBH4-C2H6OH

X = OCOCH3, NaBH4-DMSO
60-90% [23]
40-70% [24]

(i) NaBH3CN -C3H5OH-HC1 
NaBH-ROH

70-90% [25]
70-95% [26,41]

B. Conversion of Aliphatic Nitrocompounds into other 
Functionalised Derivatives, without Change of the 
Carbon Skeleton

I. Nitrogen derivatives
As shown in Scheme 2, nitroalkanes can be reduced 
to amines (a), amides (g), hydroxylamines (d and e), 
nitrones (f), oximes (c), nitriles (i), or converted into 
nitrile oxides (h) or silyl nitronates (b). The conditions 
required to effect these transformations are described 
in Table 3.
In anticipation of some of the stereoselective results 
to be discussed in Chapter D, it is important to mention 
at this point that the reduction 1 > 2 without epi­
merisation is best achieved with Fe-acetic acid or 
catalytically [34]. In this way, the aminopiperidone 3 
was obtained [56 a].

Scheme 2: Conversion of Nitroalkanes into other Nitrogen 
Derivatives

The silyl nitronates 4 [(b) in Scheme 2] have been 
synthesised only recently [36-38], and are best ob­
tained [36] using lithium diisopropylamide and quench­
ing the resulting lithium nitronate with a trialkylsilyl 
chloride,followed by non-aqueous isolation procedures.

1. LiN[CH(CH3)2]2/THF

2. RfSiCl

R\ æ/°s'R33

eR2 Oe 

4

RW = n-C5Hu/H, RI = (CH,)3 or (CH3)2t-C4H, 
= C9H6/H, Ri = (CH3)2t-C1H6 
= H5C2OCO(CH2)2/H, RI = (CH3)3 
= CH3/CH3, Ri = (CH3)2t-C4H9 
= n-C6H13/CH3, R! = (CH3)2t-C4H9 
= -(CH2)5-/H, Ri = (CH3)2t-C4H9

The yields range from 85-90%, and the products are 
remarkably stable if kept anhydrous (even at temper-
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Formal Conditions and Range of Yields Refer-
Reaction ences
Type in 
Scheme 2

Table 3: Experimental Conditions for Reactions of Scheme 2

(a) H2-catalyst 50-100% [27,56]
Al(Hg)-H2O [28,134]
LiAlH4 50-100% [29,36,84]
Li [(CH 3OCHaCH2O)aAlH2]-C6H8 75-85% [30]
NaBH4-RSH 30-50% [31]
KHFe(CO)4 [32]
Sn-HCl 57% [33]
Fe-CH3CO2H [34]
e®-H2SO4 [35]

(b) LiN [CH(CH3)2]2-R]SiCl 85-90% [36]
(C2H5)3N-(CH3)3SiCl [37]
CH3C[OSi(CH3)3]=NSi(CH3)3 [38]

(c) CuOCOCH3—CO—HaN(CH2) aNH2 52-89% [39]
CrCL [40]
Zn-CH3CO2H 81-88% [41]
Fe-CH3CO2H [42]
HC1 gas or HBr [43]
hr [44]
n-C4H9OH-heat [45]

(d) Al(Hg)-H2O [28,46]
Zn-H® 20-30% [47]
H®,(CH3CO)2O,orhv [48]

(e) cone. HO 50-70% [49]
(f) RMgBr 30-50% [50]

Zn-H ® -intramolecular trapping 50-70% [51]
(g) R1NHMgBr-Fe(CO)5 42-99% [52]

R^OFefCOlf 71-86% [53]
(h) ArNCO RIN [54]
(i) PCl3-pyridine 30-80% [55 a]

NaBH2S3 80% [55 b]

atures in excess of 100 °C). This is in marked contrast 
to the thermal lability of alkyl nitronate esters, which 
readily fragment into carbonyl compounds and oximes 
[57],

Scheme 3: Some Transformations of Silyl Nitronates

Silyl nitronates show considerable synthetic promise. 
Preliminary experiments [83] with those derived from 
primary nitroalkanes show that they can be converted 
into aldehydes, acetals, and oxime silyl ethers (Scheme 
3). For further applications, see Chapter D3.

2. Oxygen Derivatives
The Nef reaction [1,58] (Equation la) is one of the 
most important transformations of nitroalkanes.
In common with a number of other classical reactions, 
the method can be capricious, with success often depend-

r1co2h

'----

(a), R1, R2 = H, alkyl, 
aryl

(b), R2 = H

(1)

ing on the particular structure of the substrate. Conse­
quently, organic chemists have developed several 
variations of the original procedure of solvolysis of 
alkali nitronates with aqueous or alcoholic sulphuric 
acid. Such variations include reductive [Ti(III), V(I1)] 
and oxidative (O3, RONO) conditions, as well as the 
use of sodium methoxide impregnated silica gel (for 
examples and conditions, see Table 4).
With concentrated mineral acid[l] or NaNO2/RONO/ 
dimethyl sulphoxide (DMSO) [79,84] primary nitro­
alkanes are converted into carboxylic acids (Equation 
lb).
Equation (2) illustrates sequential nucleophilic sub­
stitution and a Nef reaction [85] (the nitroolefin is 
acting as an electrophilic enolate equivalent; see 
Scheme 4). Equation (3) shows [la,86] that the Nef 
reaction can be combined with a Schmidt rearrange­
ment, yielding amides. The direct conversion [la] of 
nitroalkanes into acetates is alluded to in Equation 4; 
the scope of this process is at present largely undefined.

(2)

BF3
R2 h (CH3CO)3O r2. zh

(3)

R1- "no2 40-50% r1/\ococh3

R1 = H, R2 = H, CH3 
R1 = CH3,R2 = n-C6H13
R\R2 = CH3,-(CH2)6-

(4)

3. Nitrite as a Leaving Group
In addition to being a precursor [84,87] to almost all 
of the common organic functionalities (Scheme 2, 
Tables 3,4, Equations 2-4), the nitro moiety can also 
undergo removal under eliminative or reductive con­
ditions (see Table 5).
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Table 4: The Nef Reaction

Conditions Examples and Yields Refer­
ences

1. Solvolytic
NO2 NO2 0 o

i, (CHa)aNH; ii, HClaq ^ ' X^ ^ 39%
[59]

k A ------------- *■ k /R 55-65%

no2 0

i, NaOH-C8H5OH; ii, HClaq
°2n cr^ ° o<\

70% [60]

^/CQjCHg ^CO2CH3

i, NaOCH3-CH3OH; ii, H2SO4-CH3OH J 1 । --------” f ^ CHIOCH3>2 78% [61]
NC^'N^ NO2 NC-^ N

Bz Bz

i,NaOH; ii, HCl; üi,NaNOa-H® AV -------- ............... 60-70% [62,63]
no2 V-O\

q o
i, NaOCH3; ii, H2SO4aq —x^x''^co2ch3   ► C/*^“^^'coft 56% [62,64]

Vno2 \
CHO

i, NaOH-HaO-THF; n, HaSO4 [ 2_ ----- — 1 ^.-^^ 45 % [65]

2. Reductive

50-90% [66]i, NaOCH3; ii, TiCl3—NHjOCOCH3 A-nOj — )=o
R H R2

R2 = alkyl, H

Ol-^NO, /VC”0
TiCla-HaO lciy — (ch^J 55% [67]

n = 2,3

i, VC12-H2O-DMF ; ii, NaOH 2Y-no„ ~* /=0 24-70% [68]

R2 = alkyl, H

CrCla-CH3OH rch2no2 — rcho 50-75 % [69]
(as d. n. p.)

r2 CH3 r2 ch3
25-35 % [70]ascorbic acid-HCl r1 - c - c = ch - cz —► r1 - c - c = ch - cz

Il * a A 1’ *
0 NO2SM o 0
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Conditions Examples and Yields Refer­
ences

3. Oxidative

KMnO4-MgSO4

\=N02eK®

R2

<0°
CX-(CH2)6C02CH3 
'—k^NO2eK®

— / °
R2

<N-(ch2>6co2ch3

XhO

75-95 % [71]

[72]

NaMnO4-borate buffer

x

V-T^no/k®
CH3°2C' CH

,0

70% [73]

(NH4)2S2O8
f z^3

R1-C-C=CH-C

o 'no2®m®
— , f zCH3

R-C-C=CH-C
II \\
0 0

20-50% [70,74]

x°2
o3 I ^NO2QM® o 65-90% [75,76]

■O2
NO2eNa® o

66% [77]

°c2h5 OC2H5

Bu‘OOH—VO(acac)2
C2H5° j 

zb —*

C2H5°

62% [78]

NO2®K® 0

4. Neutral

NaNO2-C3H,ONO-DMSO
K H

RVR2 = alkyl

— r\ 
r°

R2
70-85 % [79,84]

5. Solid-phase

SiO2-NaOMe —^ —*
R\

R2
80-95% [80,81]

SiO2
|2 zCH3

R1-C-C=CH-C

0 no2®m®
—

, V2 zCH3
R1 —C—C = CH—C

II 
0 0

35-65% [70,82]

C. Synthesis Design and Reactivity Umpolung

The previous two chapters have demonstrated that 
nitroaliphatic compounds occupy a crucial position in 
the interconversion of organic functional groups. How­
ever, for any class of compounds to have broad syn­
thetic utility, it must also be amenable to C-C bond­

forming processes. For this purpose, nitroaliphatic 
compounds appear to be especially attractive, since 
they provide an umpolung of reactivity of amines and 
carbonyl derivatives (Scheme 4). Thus, electrophilic 
attack on a nitronate anion at carbon, and conversion 
of the product into an amine, alcohol or carbonyl 
compound by the processes already dealt with, dem-
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Table 5: Nitrite as a Leaving Group

1,2 Elimination Conditions and Yields References

DBN-DMSO-70°C or DBN-C6H6-25 °C 70-90% [88]; see 
also 
Chapter 
G4

NaBH4 [89]

pH 8 buffer [90]

OH

KaCO3-CH3OH 68% [91]

i, CN®; ii, (CaH5)3N 100% [92]

AgNO3 40-70% [93]

Cl® 40-70% [94]

co2ch3

KOC(CH3)3 or [(CH3)2CH]2NH 52% [95]

55-58% [95]

co2ch3

'''']<x''''^~''CO^CH3 Ca(Hg)-HMPA 65-87% [96]

Na2S-DMF-hv 80-90% [97]

92% [98]
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Substitution Conditions and Yields References

55% 198]

ArSe 80% [99]

71% [100]

Synthons with Synthons with
normal reactivity reactivity umpolung

Scheme 4: Reactivity Umpolung with Nitroaliphatic Compounds

onstrates that the nitronate ion is synthetically equiv­
alent to the E1, and not the normal N1, synthons 
shown. Likewise, conjugate addition to a nitro-olefin 
and subsequent transformations illustrate umpolung 
of reactivity from E2 to N2. Such considerations of 
reactivity umpolung have undoubtedly stimulated 
much of the recent interest in nitroaliphatic chemistry. 
The four most important C—C bond-forming reactions 
with any group of synthetic intermediates are al­
kylation, acylation, hydroxyalkylation, and conjugate 
additions. For nitro compounds, these are shown in 
Scheme 5; the interconnections with Scheme 4 are 
obvious. Each of these general reactions possesses 
inherent problems of varying severity, e. g., the re­
action of nitronate anions with alkyl halides normally 
results in O- and not C-alkylation. In the following 
chapters, the reactions in Scheme 5 will be discussed 
in detail, with particular emphasis on methods of over­
coming such inherent problems.

D. Reactions at the a-Carbon of Nitroalkanes

As we have recently found, the poor C-nucleophilicity 
of nitronate anions 5 can be dramatically improved 
by formation of the a,a-doubly deprotonated species 6.

Scheme 5: Carbon-Carbon Bond-Forming Reactions

rch2no2 -^ —* Vg
^0- Li' XO®

5 6

Solutions of the reagents 6 are obtained by rapid 
addition of two equivalents of n-butyl lithium to a 
solution of primary nitroalkane in tetrahydrofuran 
(THF) at - 78 °C in the presence of at least two equiv­
alents of hexamethylphosphoramide (HMPA). While 
the acidity of nitroalkanes in dipolar aprotic solvents 
has been determined [102] to be in the range of 15 to 
18 pKa units (aqueous solution [103]: 7.5-10.5), equi­
librium studies [83] indicate that the acidity of the 
remaining nitronate proton of 5 is in the same range 
as that of diisopropylamine. The relatively high acidity 
of the proton in 5 has been overlooked until now,
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probably due to the plethora of products [1c, 104] 
which can be isolated from reactions between nitro­
alkanes and organometallic reagents (Scheme 6) at 
temperatures ranging from - 40° to + 35°C. Our re­
sults constitute yet another example [105] of increasing 
selectivity with lowering of temperature.

«sololed propelsprimary process

R0° ‘ R-N^o

.h2o

R'-N=0

R\

ROH

I — R—♦ R'—• R'^R’+NO® —» R-R 

R-R’,

Scheme 6: Reactions of Nitrocompounds with Organometallic 
Reagents

1. Alkylation
Apart from the radical anion chain processes forming 
highly substituted ethanes (Equation 5) as described 
by Kornblum [1 f, 106] there are, to our knowledge, 
only two cases of C-alkylation of a simple nitronate

anion, the intramolecular cyclisations [107] of Equa­
tion (6).
In complete contrast, the dilithio derivatives 6 are 
smoothly alkylated [108] to the nitroalkanes 7 by pri­
mary alkyl and benzyl bromides and iodides in yields 
of 50-75%.

6 + R2X --------- ►
R2 XNOj

R1 = H, C2H6, n-C5H11( C6H5, C6H6S
R2 = C2H5,n-C4H9,n-C5Hxl,n-C6H13,C6H5CH2

Some other routes to higher nitroalkanes, most of 
which are highly specialised, include the electrolysis 
[109] of boranes in the presence of nitromethane, the 
palladium/phosphine catalysed reaction [110] between 
1,3-butadiene and 2-nitropropane and the trapping of 
stabilised carbonium ions (tropylium [la], immonium 
[la,29, 111]).

2. Acylation
As with attempted C-alkylation, most acylating agents 
attack nitronate anions at oxygen. Some exceptions 
are methoxy methyl magnesium carbonate (Stiles’ re­
agent), aroyl cyanides, and acyl imidazoles (see Tabled).
Again, the dilithio derivatives 6 are cleanly acylated 
[101] to give 8 in isolated yields of 55-80%.

6 ♦ r2cox —►

or

no2

R1 = H, CH3, CaHs, (CH3)2CH, n-C4H9, n-C5Hu, C6H5 
R2COX = (CH3CO)2O, (C8H5CO)2O, n-C3H7CO2CH3, 

(CH3)2CHCO2CH3, C6H5CO2CH3, CHsOCOC1, 
(CH3O)2CO, (C2H5O)sCO.X = Cl, Br, NOa

Some of the products 8 have been further transformed 
by reduction to the a-amino acid 9, «-hydroxylamino 
acid esters 10, a-oximino ketones and esters 11, or by 
Nef reaction to the a-diketone 12, and the «-ketoester 
13 [83],

Table 6: C-Acylations of Nitroalkanes

Nitroalkane Acylating Agent Product and Range of Yields References

RCH2NO2 CH3OCO2MgOCH3 RCHNO, 40-60 % [1 a, 112]
1

COaCH3

RCH=NOa-M+ R’COCN R^OCHfRlNO., 30-70% [la, 113]

CHa=NO2-M+ RCOIm
o

CH2=NO3M+ i^o

RCOCH2NO2 50-85% [114]

0
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nh3®ci®
''-^'Vo2h

9

NHOH
R’^'cOjR2

10

R‘/R2 = C6H5/CH3
= c6h5/c2h5

R^R2 = n-C5Hn/CH(CH3)2
= CH(C2H5)C4H9/CH(CH3)a
= n-C5Hu/OCH3
= CH(C2H6)C4H9/OCH3

3. Hydroxyalkylation
The addition of nitronates to aldehydes and ketones, 
the Henry [116] or nitro-aldol reaction, is a classical 
method for C—C bond formation. Due to the ease of 
its reversibility (Equation 7), it is normally carried out 
in the presence of only catalytic quantities of base 
[la, 117], although in certain cases [118] stoichiometric 
amounts are used to precipitate the product.

A corollary of this reversibility is that yields of isolated 
nitroalcohols are only high in intramolecularly fa­
voured cases, or with nitromethane and/or aldehydes 
as reaction partners. The product nitroalcohols can be 
dehydrated [22,87] to nitro-olefins 15, which in turn 
are readily reduced [23-26] to nitroalkanes 16; this 
obviously constitutes another way of performing over­
all C-alkylation of a nitronate anion. Alternatively, 
base-induced elimination [89] of nitrous acid from 
suitable nitro-aldols leads to the allylic alcohols [95] 
17; this process was exploited [95] in a recent synthesis 
of pyrenophorin.
The literature on the Henry reaction is vast [la], and 
only a few selected recent improvements and applica­
tions, with emphasis on our own work, will be given 
here. Continuing our studies of the dianion 6, it has 
been found [83,101,139] that hitherto unavailable 
nitroalcohols can be readily prepared in yields of 50 to 
80 %. There is no problem with reversibility, even in 
the case with benzophenone as electrophile, because

in contrast to 14, 18 is stable, and can be protonated 
at low temperature to 19. Alternatively, silylation of 
18 and subsequent acidification furnishes the silylated 
nitro-aldol 20; this can also be obtained by silylation 
of 19. In contrast to nitronates which add to enones
exclusively in the . 1,4-fashion, 6 furnishes the 1,2- 
adduct with cyclohexenone [83].

6 + R2COR3 --------—

R1 = C2H5, (CH3)2CH, CH,=CH, 1-cycloheptenyl, C6H5S
R2 = C6H5) R3 = H; R2, R3 = CH3, -(CH2)5-,

-[CH=CH(CH2)3]-, c6h6
Rf = t-C4H9(CH3)2

For the first time, a diastereoselectivity of nitro-aldol 
formation has been observed [83] in the production of 
19 or of 20; thus, 18 (R1 = C2H5, R2 = C6H5, R3 = H) 
on low temperature protonation gives 19 as a 9 :1 en­
riched diastereoisomeric mixture, while quenching 
with t-butyldimethylsilyl chloride and subsequent 
acidification gives 20 as a 1:4 mixture of diastereo­
isomers (unambiguous assignment not yet completed). 
Another improvement of the nitro-aldol reaction 
recently accomplished in our laboratories makes use 
[36] of the silyl nitronates 4. Such species undergo 
fluoride ion catalysed reaction with aldehydes (but not 
with ketones) to give 21a when silyl nitronates from 
secondary nitroalkanes are employed, and 22 in those 
cases with primary nitroalkanes, in good yields in both 
cases.

, 0r5 „
R\ \zr4

r2 NO2 H

4 ♦ R4CHO

Q® F® or
KF - [2.2.2] cryptate
CHC13

21a R5 = H
21b R5 = SiRg by subs, silyl.

23 b23 a R2 = H, alkyl

The utility of such silylated nitro-aldols 19, 21b, 22 is 
demonstrated by their facile lithium aluminium hydride 
(LAH) reduction to 2-aminoalcohols 23; attempted 
direct LAH reduction of nitro-aldols such as 21a re­
sults in [36,119] retro-aldol bond scission and sub­
sequent reduction of the original components.
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Examples of intramolecular aldol reactions will be 
found in chapter F, dealing with hetero/homo cy­
clisation reactions.

tion 10), which can be further converted into a, ^-un­
saturated 1,4-dicarbonyl compounds (see Table 4). 
Enamines themselves react with a variety of nitro­
olefins, leading to y-nitroketones [123] (Equation 11).

E. Conjugate Addition by a- and at ^-Nitro Carbon Atoms

The Michael addition of nitroalkanes to a, ^-un­
saturated aldehydes, ketones, esters, and nitriles, as 
well as to vinyl sulphones and nitroolefins, is one of 
the most efficient C—C bond forming reactions (Equa­
tion 8) involving nitrocompounds; even nitro-aldols 
themselves can be added conjugatively to a, ^-un­
saturated carbonyl compounds under the influence of 
base [56 b]. An exhaustive review is to be found in 
ref. [la], pp 182-229, and applications will be dis­
cussed in chapter F.

“>2

They also add to 2-nitroacrylate esters [89], ultimately
giving a-methylene-butyrolactones (Equation 12).

R = H, alkyl, aryl, O-alkyl 
RCO = CN, SO2R, NOa

(8)

(12)

Ho2 (9)

The same is true of the complimentary addition of 
active methylene compounds to nitro-olefins (Equa­
tion 9), ref. [la], pp 372-387; this reaction is most 
successful with well-stabilised anions, yields decreasing 
with increasing reactivity of the nucleophile, although 
alkyl groups can be added as dialkyl cuprates [120 a] 
or as cadmium alkyls [120b]. Low temperature ad­
dition of alkyl lithium reagents to nitro-olefins, followed 
by trapping of the resulting nitronate with tetranitro­
methane provides a route [121] to 1,1-dinitroalkanes. 
One application of conjugate addition of a nitroalkane 
to an enone is seen in the use [95] of 3-nitropropanoic 
acid ester 24 as an acrylate ester (S-anion equivalent; 
the 1,2-addition of 24 to aldehydes was alluded to 
earlier.

Our own results indicate that employment of low 
temperatures can overcome many of the problems of 
the addition of highly reactive anions; for example, 
even n-butyl lithium can be successfully added to 
nitro-olefins if temperatures as low as —80° to 
— 120°C are used [83,84,87,124]. A further example 
of a highly efficient (93 % yield) and stereoselective low 
temperature addition to an co-nitrostyrene is seen in 
the formation of 25 [87,125], exclusively as the threo 
(n) diastereoisomer.

25

A third application of low-temperature conditions is in 
the conjugate addition of 1,3-dicarbonyl dianions to 
nitro-olefins, forming 5-nitro-l,3-dicarbonyl com­
pounds 26; for cyclisation studies with 26, see Chapter 
F.

26O,N.

24

v co2c2h5

NO,

Both general conjugate addition processes (Equation 8 
and 9) have recently been found to be catalysed by 
“naked” fluoride ion [100,126,127] use of chiral 
quaternary ammonium fluorides inducing [127] chiral­
ity in the product. Chiral induction can also be attained 
using DDB [83,128] as co-solvent (Table 7).

As shown by the work of Severin [70,82,122], ester 
and ketone enolates add smoothly to /S-nitroenamines, 
to give the corresponding aci-nitro derivatives (Equa-

r|nr3
NO, Rl'''rT’=CH—c\

O "Of
(10)

F. Carbo- and Heterocyclisation using Nitroaliphatics

Application of the four reaction types so far discussed 
i. e., alkylation, acylation, hydroxyalkylation, and con­
jugate additions, leads to a variety of cyclisation possi­
bilities. Thus, while Robinson annélation involves 
1,5-diketone intermediates, 1,4-diketones are required
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Table 7: Enantioselective Addition of Organolithium, Organo- 
cuprate, and Organozincate Reagents to 1-Nitropropene (a) and 
co-Nitrostyrene (b)

R1Li r2 DDB-pentane Ri
no2 — 78 °C R2

a, R2 = CH3
b, R2 = C„H5

R'Li Nitro-olefin Specific Rotation 
(c = 5-10, C6H6) 
[% ee] of adduct

n-C4H9Li, (n-C4H9)2CuLi, or a + 0.82 [28]
(n-C4H9)3ZnLi 
n-C4H9Li b + 1.22

a a
b

- 4.3 [43]
+ 0.43

NO
^i^/Li a + 0.05

a - 4.25
NO

OLi R = CH3 a - 0.4
= C(CH3)3 a + 0.12 [6]
= N(CH3)2 a + 0.64 [12]

b + 1.25 [10]
= OC(CH,)3 a + 0.10

readily be used in the conception of three of these, (a) 
[129], (b) [89], and (c) [66],
Some of the target structures accessible [84,124] via 
nucleophilic addition to nitro-olefins are shown in 
Scheme 8. To amplify just one of the reactions shown, 
the nitrodiketones 26 can be cyclised to highly func­
tionalised six-membered rings 27a-f; the new bonds 
formed in the overall process are indicated by heavy 
lines, and the yields quoted are overall yields from 
polycarbonyl polyanions and nitro-olefins without 
isolation of intermediates. Furthermore, the single 
diastereoisomer formed in each case is easily isolated 
from the crude reaction product by trituration with 
dichloromethane.

27a (18%) 27 b (45%) 27 c (58%)

27d, n = 1 (50%) 27e (35%)
n = 2 (68%)

Robinson Annélation (Cyclohexenone)

27 f (40%)

OLi

27 g, n= 3
27h, n= 9

28 29 30

Scheme?: Ring Forming Reactions with Nitroaliphatic Com­
pounds

An alternative access to compounds of type 26 is by 
low temperature acylation [130] of lithium enolates 
with 4-nitrobutanoyl chloride, followed by cyclisation 
[83] (NaHCO3/THF) to give, e. g., 27g and h, and the 
further transformation products 28, 29 and 30; Equa­
tion (13) shows a further example [56] of the use of 
4-nitrobutanoic acid derivatives.

for cyclopentenone annelation. Scheme 7 shows the 
four fundamental modes of construction of such 
species; each mode contains one synthon with re­
activity umpolung, and nitroaliphatic chemistry can

(13)
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Table 8: Nitroaliphatics as Building Blocks for Ring Formation

Nitro- Synthons Product Reference
compound Nitro- Substrate 

compound

Scheme 8: Addition and Cyclisation Possibilities with Nitro­
olefins

A conceptually similar route using 3-nitropropanoyl 
chloride furnishes a general hydroxycyclopentenone 
annélation [90,131] of ketones to 31. The application 
of this simple two-step reaction to syntheses of pros-* 
tanoids, rethronoloids and jasmonoids is obvious.

RO

£66]

[100]

[89]

[133]

To summarise and further exemplify the usefulness of 
nitroaliphatic building blocks for ring formation, we 
have assembled Table 8.

G. Umpolung of Reactivity of Nitroaliphatic Compounds

Nitronate anions are usually considered to be carbon 
nucleophiles (32 b).

o§®^o® o^^o
N _________ ^ N^

a 32 b

From 32 a, the nitronate ion should also be an electro­
philic carbonyl analogue, although, apart from the Nef 
reaction, few examples of such behaviour are known 
{see first reaction of Scheme 6 and Equation (14) [1 c]; 
cf. the Butler owl Fischer Formose Reaction [136]}.

[62,63]
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2CH2NO® -> eO-N=CH-CH=NO® + HaO (14)

Another unusual type of reactivity is observed in the 
manganese (III) induced coupling [137] of nitromethane 
with arenes (Equation 15); the reactive species may be 
the nitromethyl radical, although its failure to react 
with nitrobenzene is more suggestive of a radical 
cation.

nitro-olefin has become a highly nucleophilic enamine 
double bond.

CH3NOa + ArH + Mn(OCOCH8)3 -> ArCH2NO2 (15) 
Ar = C6H6, CH3C3H4j

ch2oc6h4

Nitro-olefins are electrophilic (33b) at the /?-carbon 
atom; is it also possible to reverse this reactivity?

oe

b33

A serendipitous discovery in our laboratories has pro­
duced an answer [88,108,138], to this problem. When 
we attempted to apply the a, a-double deprotonation 
(-* 6) technique to 2-arylnitroethanes, we observed that 
subsequent reaction with electrophiles led to 2-substi- 
tuted- 2-arylnitroethanes. The strong base has obvi­
ously sequentially abstracted an a- and then a /?-proton 
from the nitroalkane, to give 34 a. The additional 
acidifying group Y in 34 may also be a vinyl or ester 
group, but the presence of such a group is not manda-

Scheme 9: Equivalence of Nitro-Olefin Two-Electron Reduction 
with Sequential Hydrogenation and Double Deprotonation to 
form “Superenamines”

1. a, [5-Doubly Deprotonated 2-Nitropropane 35

The yields of C—C coupling products of the dilithio 
derivative [83,138] of 35 are the lowest of this series. 
Benzylation, hydroxybenzylation, and benzoylation 
(see Formulae 37 a, b and c) proceed in yields of 40,46 
and 30%, respectively.

3534a, Y = Ar
b, Y = CH2=CH
c, Y = CO2CH3

° V°2

tory, as can be seen with 2-nitropropane, which, as it 
has only one a-proton, gives the a, /S-dianion 35 on 
sequential treatment with n-butyl lithium and t-butyl 
lithium. We believe that the species actually formed is 
the dilithio derivative of an N,N-dihydroxyenamine 36 
(“superenamine”); this species may also be considered 
as a reduced form of the nitro-olefin 33 a, see Scheme 9. 
Formally, the highly electrophilic double bond of a

2. a, ß-Doubly Deprotonated 2-Arylnitroethanes 34a 

Nucleophiles of type 34a are accessible [138,139] with 
a variety of aryl substituents, including chlorine and 
alkoxy-substituted cases; remarkably, solutions of 
such nucleophiles are stable for many hours at room 
temperature. They combine in good to excellent yields 
with alkyl halides (-*38, 60-80%), aldehydes and 
ketone (-* 39, 70-90 %), and undergo conjugate addi-

3938

R
aA^N02

Ar R Ar R1 R2

c6h5
1-naphthyl
3,4-(CHsO)2C6H3
4-ClC3H4

c6h5ch2 c6h5 c8h5 h

n-C4H, C6H5 4-ClC«H4 H
n-C3H7 CeH6 CH3 CH3
n-C6H13 C6H5 -(CH2)4-

1-naphthyl 3,4-(CH3O)2C6H3 H
4-CH3OC6H4 3,4-(OCH2O)C6H3 H
4-ClC6H4 C2H6 H
4-ClC6H4 C6H5 C6H5
c8h5 c4h5ch=ch h
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tion to enones (-> 40, 41, 50-65 %) and to nitro-olefins 
(->42, 65, 85%); some of these reactions can be per­
formed titrimetrically, using the deep red colour of the 
dianions as indicator. Other electrophiles such as 
epoxides (too low reactivity), trimethylsilyl chloride, 
and acylating agents (attack on oxygen of 34a ?) either 
do not yield any products at all, or give polymeric 
materials [88,139].

40, n = 1,2,3 41

3. 1-Nitrobutadiene Dianion 34 b

4-Nitro-l-butene, when treated with two equivalents 
of n-butyl lithium in the presence of HMPA, is doubly 
deprotonated [140] to the dilithio derivative of a 
dianion 34 b, three further resonance forms of which 
are shown in 43; deuterium quenching gives an approx­
imately equal mixture of deuterated isomers (Equation 
16, and see 43 b and c).

Alkylations of 34b occur preferentially at the ^-position 
in yields of 55-75 % ; the degree of such terminal pref­
erence is given in 44.

r^>^^no2

44

R = CH3 (1.5:1)
= (CH3)2CH (32 :1)
= CH3CH(OH)CH2 (3 :1)
= (CHINCH (4 :1)
= C6H5CHa (4 :1)
= C,H15CHa (7 :1)

Hydroxyalkylations, on the other hand, show little 
ambidoselectivity when carried out under conditions 
of kinetic control (low temperature quenching), giving 
45a and b in yields of 60-80%. If however, the re­
action mixtures are allowed to warm to room temper­
ature, ^-preferences is greatly enhanced ; cyclohexanone 
and benzaldehyde both then give (ilô ratios of 1:9, with

no diminution in yield. This proves the reversibility 
[141] of the addition of 34b to carbonyl groups, and 
further emphasises the unusual stability of this dianion 
(see the dienamine form 43 a).

RW = n-C5H„/H (56 :44)
= (CH3)3C/H (52:48)
= -(CHa)5- (50 : 50)
= C6H5/H (30 :70)
= C6H5/C6H5 (only 45 b)

With enones, we could isolate only products of con­
jugate addition from the d-position, giving 46 in yields 
of 45-70%. Additionally, the primary adduct from 
cyclohexenone could be trapped with iodomethane to 
give 47 (enolate trapping, see ref. in [105]).

46 R^R2 = -(CHa)n-, n = 2,3,4 
= C6H5/C6H6

47

Adducts of type 46 and 47 have been subjected to con­
ditions of the Nef reaction (TiCl3/H2O/THF, see 
Table 4) to give a, ^-unsaturated aldehydes 48 and 
1,7-ketoaldehydes 49 respectively; the dianion 34b 
may therefore be considered as synthetically equivalent 
with the enolate 50 of crotonaldehyde, reacting at the 
^-position (E4 synthon).

50

4. Methyl-3-Nitropropanoate Dianion 34c
Treatment of methyl-3-nitropropanoate 51 with two 
equivalents of lithium diisopropylamide inTHF/HMPA 
(5 :1) at — 78 °C generates a clear pale yellow solution 
of dilithio dianion [108] 34c, with the nitronate-enolate 
resonance form 52 a probably contributing more to the 
overall hybrid than the enamine form 52 b. In common 
with the other a, /3-doubly deprotonated compounds, 
this dianion combines with electrophiles at the carbon 
atom which underwent the later deprotonation (Hau­
ser’s Rule [142]). In other words, 34c has the chem­
ical behaviour of the inaccessible enolate of methyl 
3-nitropropanoate, the nitro group being “protected” 
here as its nitronate anion [143]. Some products of 
alkylation (— 53,70-85 %), hydroxyalkylation (-> 54, 
30-60 %), and Michael addition (-> 55,35 %) are shown.
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O2N/-^co2ch3

51

R = CH„ (CH3)2CH, 
CH2=CHCH2, n-C4H9, 
a_CgHI3, n-CgHi^, 
c8h5ch2

R^R2 = C2H5/H, 
n-C5H41/H, C6H5/H, 
3,4-(CH2O)2C6H3/H 
ch3/ch3> -(CH2)5-

results in no observable reaction, the components 
being re-isolated unchanged. Additionally, benzo­
phenone is unreactive under all conditions tried.

5. Synthetic Implications of a, p-Douhle Deprotonation 
in Nitroethane Derivatives
Inspection and comparison of Equations . (17), (18), 
and (19) demonstrates that three entirely different 
structural types are available from precursors with the 
same carbon skeletons and functionality patterns but 
at different levels of oxidation. Acetone combines as 
an electrophile with the nitronate anion to give a 1,2- 
nitroalcohol, and with the dianion derivative to give 
an isomeric 1,3-nitroalcohol, while as its nucleophilic 
enolate it adds to a nitro-olefin to give a 4-nitroketone. 
The reactions of 34b in' Chapter G4 illustrate the 
vinylogous extension of this principle. In (20), we see 
that the novel dianion reagents 34 are nitro-olefins 
with reactivity umpolung, having undergone a shift of 
the familiar attack of electrophiles at the 1-position to 
the 2-position of the nitroethyl moiety.

Alkylation proceeds well, even with 2-iodopropane, to 
give products which can be induced to eliminate nitrous 
acid, yielding 2-substituted acrylate esters such as 56; 
of the wide range of bases tested, only 1,4-diazabicyclo 
[4.3.0] non-4-ene (DBN) [144] is successful, and, re­
markably, a-allylated 53 does not undergo further con­
jugation, but rather is isolated as 57. The yields in nine 
cases of this elimination range from 65-90%. Alkyla­
tion with vinyl ether-protected 1,2-halohydrins, acid- 
catalysed lactonisation, and nitrous acid elimination 
leads to the a-methylene-y-lactones 58 in modest yields. 
This alkylation-elimination sequence shows that the 
dianion 34 c is, inter alia, synthetically equivalent with 59 
[145]. In addition, the monoalkylated compounds 53 
readily undergo a second double deprotonation and 
alkylation to give, for example, 60 a and b.

co2ch3

umpolung of reactivity at carbon 
atom 2

57 58 R = H, CH3

59 60a, R1 = CH3, R2 = C6H5CH2
60 b, R1 = C2H6, R2 = CH2=CHCH2

The primary adducts with carbonyl compounds are 
apparently formed reversibly. We conclude this from 
the observation that 54 can only be isolated in the 
quoted yields by low-temperature quenching; for ex­
ample, quenching of the benzaldehyde adduct after 
five hours at — 78 °C gives the aldol product in 91 % 
yield, whereas stirring at room temperature overnight

H. Conclusions and Future Trends

The ready access to silyl nitronates and to a, a- and 
a, ^-doubly deprotonated nitroalkanes described here 
should considerably increase the synthetic value of 
aliphatic nitrocompounds. The recent improvements 
in conditions for conjugate addition to nitro-olefins, 
and for non-connective modes of preparation and 
functional group interconversions with nitroalkanes, 
will enhance such utility even further. This present 
survey has attempted to demonstrate that aliphatic 
nitrocompounds are unique in that they appear to be 
amenable to both nucleophilic and electrophilic attack
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at each contiguous carbon atom of their skeleton, 
61-E3/N3 attack is under active investigation in our 
laboratories.

61

Recalling the functional group equivalence of the nitro 
group with hydroxyl, amino, imino, carbonyl, and 
nitrile, and the resulting possibilities of reactivity 
umpolung (Scheme 4), the question provocatively 
posed in the title may well receive an affirmative answer 
in the near future.
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