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Recent Advances in the Synthesis of Nitroolefin Compounds
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Development of methodology for the preparation of nitroolefins is of significant interest to organic chemists.

5 Recently, numerous useful methods have been developed, mainly including direct nitration of olefinic C-H bonds, nitro-
decarboxylation of aromatic o,B-unsaturated carboxylic acids, ipso-nitration of vinylboronic acids and
multidehydrogenative cross-coupling reaction of (hetero)arenes with nitroethane. This review will focus on the
recent achievements of nitroolefin synthesis and their mechanisms are also discussed.

40 methods for the synthesis of nitroolefin compounds.

O

1 Introduction

10 Nitroolefins are versatile intermediates in synthetic organic
chemistry as well as in the chemical industry.' They are
widely used in different constructions of carbon-carbon bond,
such as Michael reaction,> Diels-Alder cycloaddition,3 and
Morita-Baylis-Hillman reaction.® In addition, the nitro group

15 can be easily converted into other useful functional groups.'
They found wide applications in materials, pharmaceuticals,
agrochemicals and so on.® Hence, development of efficient
methods for their preparation is a very important subject. The
classical method namely the Henry reaction, relies upon base-

20 mediated condensation of carbonyl compounds with
nitroalkanes and followed by subsequent dehydration.’
Alternatively, simple approach is based on the direct nitration
of olefins C-H bonds with different nitrating agents, such as
metal nitrates, nitric acid, nitric oxide and nitrogen dioxide.?

25 However, these reactions suffer from some issues like use of
harsh reaction conditions, imperfect functional group
tolerance and formation of undesired £/Z mixtures. Although
significant progress has been made in the area of direct
nitration of olefins, however there is a great need for new

30 methods that can overcome such problems (Scheme 1).

@fcozH

Scheme 1 Recent protocols for the synthesis of nitroolefins.

2 Condensation reactions of aldehydes and their
derivatives with nitroalkanes

Recently, numerous useful methods have been developed for
the synthesis of nitroolefins, such as direct nitration of
olefinic C-H bonds, nitro-decarboxylation of aromatic a,B-
unsaturated carboxylic acids, ipso-nitration of vinylboronic
acids, and so on. In this review, we will focus on recent
advances in the synthesis of nitroolefins as well as discussion
of their mechanisms. Therefore, we sincerely hope that this
review will serve as a handy reference for chemists interested
in organic nitro chemistry and discovering novel nitration

35

45 The most common two-step synthesis of nitroolefins is the
Henry reaction, which is a classic aldol-type reaction between
carbonyl compounds and nitroalkanes followed by an
elimination reaction with removal of water when an acidic a-
proton is available.” The typical step of carbon-carbon bond

50 formation proceeds smoothly under mild basic conditions,
while dehydration step requires harsh conditions, which
strongly influence the overall yield. In spite of some
drawbacks, this reaction is still widely used in industry as
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well as in academia. In recent years, homogeneous or CH,Cl,, 1t, 0.5 h RITN R?
heterogeneous catalytic systems have been developed to NG
improve this reaction, even in combination with modern 0 . R2 20 mol% Piperidine 7 2
synthetic techniques such as microwave, ultrasound, ionic R1kH R CHZNOZW @
5 liquids, solid phase synthesis, and so on. Therefore, the latest ) PhMe, Reflux, 4 h RV\KNOZ
useful approaches will be introduced in this section. R'=Et, Bu, -Bu, +Bu, Pentyl; R” = Me, Et R2
In 2001, Sartori and co-workers reported the use of 55 (E)

propylamine supported on MCM-41 silica as a reusable
catalyst in the nitro-aldol condensation between aldehydes

10 and nitroalkanes to provide E-nitroolefins (Scheme 2).° The
supported catalyst not only exhibits high efficiency, but also
can be easily removed from the reaction mixture by filtration
and successively performed for five catalytic cycles under the
same reaction conditions. In this reaction, the supported

15 primary aminopropyl moiety first reacts with the aldehyde to
form an imine compound. The addition of nitromethane to the
imine gives the unstable supported B-nitroamine compound,
in which B-scission takes place to afford nitroolefin as the
final product.

CHO MCM-41-NH, Ny NO2
/@ + RICHNO, —— 18
- 90°C, 16 h
R'=H, OMe, NO,, CI; R? = H, Me, Et 88-98%

Scheme 2 MCM-41-NH,-promoted nitro-aldol reaction of
aldehydes and nitroalkanes.

25 In 2007, Iwasawa and co-workers developed a novel silica-
alumina-supported organic amines (SA-NR,) as catalyst,
which enables coexistence of strong acid and base at the
neighboring position of the solid surface without acid-base
interaction. The SA-supported aminopropyl functional group

30 (SA-NH,) catalyst exhibits high catalytic activity for nitro-
aldol reaction of benzaldehyde and nitromethane (Scheme
3).!% After completion of the reaction, the SA-NH, catalyst
can be easily separated from the reaction mixture and reused
with retention of high catalytic activity and selectivity. After

35 that, the same group reported the immobilization of organic
primary amines in acidic montmorillonite interlayers (H-
mont-NH,), which was found to be active for a tandem
deacetalization-nitro-aldol reaction of benzaldehyde dimethyl
acetal with nitromethane, affording nitrostyrene.''

0.3 mol% SA-NH,

100°C,6h
Scheme 3 SA-NH,-catalyzed nitro-aldol reaction of aldehyde
and nitromethane.

PhCHO + CH3NO, ph X NO2

45 In 2008, Fioravanti and co-workers reported piperidine-
catalyzed condensation reaction of aliphatic aldehydes with
nitroalkanes in the presence of 4A molecular sieves (Scheme
4)."> The stereoselectivity of this reaction can be controlled
simply by changing reaction conditions, such as solvent and
temperature, to obtain pure E- and Z-nitroolefins in high to
excellent yields. Except for piperidine, the role of molecular
sieves is crucial for the stereochemical control, especially for
the synthesis of the Z-nitroolefins.

Scheme 4 Piperidine-catalyzed the condensation reaction of
aliphatic aldehydes with nitroalkanes.

Alizadeh and co-workers reported the first utilization of
60 ionic liquid, 2-hydroxyethylammonium formate (2-HEAF) as
a recyclable promoter and medium for green and highly
efficient synthesis of P-nitroolefins at room temperature
(Scheme 5)."* This ionic liquid bearing hydroxy group,
ammonium acidic moiety and formate anion showed a special
65 feature, which has ambiphilic dual activation role in the
reaction. This reaction exhibits broader range of substrate
scope and excellent functional group tolerance. In addition,
the reaction is free from the use of hazardous organic solvent
and toxic catalyst. Furthermore, the ionic liquid can be
70 recovered and recycled for subsequent reactions.

NO, ® oH| O
2HEAF(1 mi) AN N2 || R~
ATCHO + R1CH;NO, ZHEAF(LM) ANy 22 N e
i, 16h R' H H™ Yo
R' = H, Me, Et 60-97% 2.HEAF

Scheme 5 2-HEAF-promoted condensation reaction of

aldehydes with nitroalkanes.

75

Pujol and co-workers reported a novel one-pot synthesis of
nitroolefins using ammonium acetate as a catalyst and
microwave irradiation or ultrasound as the energy source
(Scheme 6)."* Compared to the traditional heating conditions,

80 the time required for this reaction was much shorter and side
products formation were not observed, such as the dimers of
nitrostyrenes or dinitro compounds. In addition, the better
yields of the reaction can be obtained under microwave
conditions, particularly for heterocyclic aldehydes. Later on,

85 Dharmaraj and co-workers reported the utility of nickel
hydroxyapatite nanocomposite (Ni-HAp) as green catalyst in
a solvent free microwave-assisted nitro-aldol reaction."

30 mol% CH3C02NH4 Ar/\rNOZ
MW, 90 °C, 25 or 60 Min R
R' = H, Me, Et 17-96%

Scheme 6 Microwave-promoted condensation reaction of
90 aldehydes with nitroalkanes.
In 2013, Bez and co-workers developed the first solid phase
synthesis of nitroolefins from aldehydes (Scheme 7).'® The
use of resin-bound triphenylphosphine can simplify the
purification process, because triphenylphosphine oxide as
95 byproduct can be easily removed from the reaction mixture
by simple filtration. In addition, this protocol has several
advantages over conventional dehydrating reagents used in
solution chemistry, such as improved yield, mild reaction
conditions, no inert atmosphere and two-step one-pot strategy.

ArCHO + R'CH,NO,

100 Both aliphatic and aromatic aldehydes are suitable under this

transformation.
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1.5eq. OPPhZ

R'CHO + R2CH,NO,

R1/\(N02
R2

1.5eq. 1,
0.2 eq. Imidazole .
R' = Alkyl, Aryl  CH,Cly, rt, 1-3 h 54-93%
R2 = H, Me, Et

Scheme 7 Solid phase method for the synthesis of nitroolefins.

3 Nitration of olefins C-H bonds

The direct nitration of olefinic C-H bond is apparently more
5 attractive. It is quite challenging to achieve this
transformation, due to highly sensitive nature of the vinylic
side chain. In the past several decades, much efforts have
been made to develop the nitrating agents for the nitration of
olefins, such as MNO;(M=Na, K)-H;PO,,"” NaNOz-I-IgCIZ,18
10 AgNO,/PhSeBr/HgCl1,,"> AgNO,/1,,*° NO,X-Et;N,*' HNO;-
H,S04,* RONO,* C(NO,),** CeNH4(NO;),> N,0,%
NO,,”” NO®® and so on. In spite of much progress in this area,
still there are some drawbacks like poor stereoselectivity, and
imperfect functional group tolerance as well as general safety
5 concerns. More recently, numerous new methods have been
developed for the nitration of olefins. In this section, the most
recent useful applications will be introduced.
It is well-known that nitro radical can be in situ generated
from the thermal decomposition of metal nitrates, which has
20 been applied in the synthesis of nitro compounds.?’ In 2010,
Taniguchi and co-workers developed an iron-mediated
nitration reaction of alkenes to give halo-nitro compounds.
This reaction undergoes the radical addition of nitrogen
dioxide, which is in situ generated by thermal decomposition
25 of iron(IIl) nitrate, and subsequent trapping of the resultant
radical by a halogen atom in the presence of halogen salt.
Application of this methodology for the synthesis of
nitroolefins has been achieved through dehydrohalogenation
with  LiOH-H,0 (Scheme 8).° Aliphatic alkenes,
30 cycloalkenes and styrene are all compatible with this
transformation. The use of nontoxic, inexpensive, accessible
iron reagents as the catalyst and the simple, safe experimental
procedure increases the synthetic and commercial utility of
this method.

1.2 q.Fe(NO3); - 9H,0
1.5 eq. FeClj
MeCN, Reflux, 1-3 h
10 eq. LiOH- H,0

Reflux, 0.25-3 h

N0z pp SN0 @
Y NO,

82% 66% 62% 56%
Scheme 8 Iron-mediated direct nitration reaction of alkenes.

R/\ /\/NOZ

NO,

35

In 2013, Maiti and co-workers developed an efficient and
highly regio- and stereoselective nitration of olefins using
silver nitrite (AgNO,) in combination with 2,2,6,6-
tetramethylpiperidine-1-oxyl (TEMPO).*' This new approach
represents an exceedingly practical and safe method for the
synthesis of nitroolefins. Not only a wide range of functional
groups can be tolerated, but also a wide array of aromatic,

45 aliphatic, and heteroaromatic olefins can be carried out
successfully for the direct nitration (Scheme 9). It was found
that the electronic and steric effects of the substituents had
little or no effect on the yields of the reaction. In addition,
this protocol is applicable to the gram-scale synthesis of f3-

50 nitrostyrene with excellent yield under the optimized

condition. More importantly, all these reactions
exclusively afford E-nitro products.
Interestingly, the site selectivity of olefin nitration is
sensitive to the steric and electronic environment. For a
55 substrate with multiple olefins, selective nitration took place
at the terminal olefin in the presence of cyclic internal olefin
or internal olefin. In addition, for a substrate with two
terminal  olefins embedded in different electronic
environments, nitration occurred exclusively at the olefin
60 existing in the close vicinity of a electron-rich group. This
methodology can be also applied to the nitration of complex
natural products. Nitration can be exclusively achieved at
styrene by covalently attaching substituted aliphatic olefins in
an electronically unbiased natural product skeleton.
65 Disubstituted terminal olefin was selectively nitrated in the
presence of cyclic internal olefin. Although stereogenic
centers were involved in these cases, nitration took place with
retention of stereochemistry. These results indicated that this
new method can be applied in synthesis of large
70 pharmacological molecules. On the basis of electronic and
steric environment of the olefin, the site of nitration can be
predicted in the multiple olefins. The order of reactivity of
olefins can be concluded in Figure 1.

can

R’ 3.0eq. AgNO, R? >(Nj<
R1J\ 0.4 eq. TEMPO R1/§(N02 )
r3 DCE,70°C e .
TEMPO
/@/\/ NO, /@/\/ NO, ©\/\/N02
NC MeO,C Br
81% 86% 92%
SN0, o Me
@/\/ /@\\\.g
A\
CHO s Me NO:

82% 60% 69%(E/Z=3:1)

O/\/ NO, /\/OW NO,

(0]
86% 55%
Me o NO, NO>
. T(@/\/
(e}
J ?
/\
Me Me)L
75 67% 40%

Scheme 9 Nitration of olefins with AgNO,/TEMPO.

RZ

RN

80 Figure 1 The order of reactivity of olefins.

R2
RN

> >>

R
R3

A plausible mechanism for nitration of olefin was proposed
by the author (Figure 2). Nitro radical can be in situ generated
from AgNO, under the reaction conditions. The addition of

85 nitro radical into the carbon-carbon double bond of olefin
results in the formation of a carbon-centered radical A at the
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more substituted (or benzylic) position that determines the complex molecule makes this method advantageous.
regioselectivity of the reaction in terms of stability of the
radical. Next, nitroolefin can be formed through two paths. In R2 2.0 eq. '‘BUONO R2
one hand, TEMPOH is generated upon abstraction of H-atom 1N 0.4 eq. TEMPO 1)\(,\102
5 from intermediate A. And then TEMPOH can be oxidized to R Di ir. 90°C. 12 h R
R3 Dioxane, air, , 3
TEMPO by excess AgNO,. Thus, AgNO, may play a dual R
role in the reaction, as source of nitro radical and Me
stoichiometric oxidant. On the other hand, TEMPO may N NO, S _NO - NO,
intercept the carbon-centered radical to form a TEMPO- O/\/ 2
10 alkane-NO, intermediate B, which can afford stereoselective N~ Me Me CIH,C
nitroolefin via anti-elimination. 82% 89% 75%
Ag(0) Ag(DX Me Me o
Path a NO © ﬁ/vl/
e TEMPO  TEMPOH .
AgNOz z
RITX J\(N02LL> Rw)\(Noz 520 Me™ X Me™ XX
NO, NO,
AgO) Al 72% 53% (E/Z=15:1)
Path b Scheme 11 Nitration of olefins with ‘BuONO/TEMPO.
, TEMPO  TEMPOH
RH\ AgNO, No2 TEMPO EQKNOZL_AV R1J\(N02 In 2011, Vankar and co-worker developed a new reagent
R3 R 50 system for the synthesis of 2-nitroglycals from the
A corresponding glycals (Scheme 12).>* This reagent system
Figure 2 Possible mechanism includes acetyl chloride, silver nitrate and acetonitrile which

15

In order to avoid using the expensive silver nitrite, the same
group used cheap and easily available ferric nitrate as
nitrating agent (Scheme 10).>? A broader range of substrates
such as aliphatic, aromatic, heteroaromatic olefins can

20 undergo this reaction in excellent yields. This protocol
exhibits an excellent E-selectivity in all the observed cases.
Aditionally, this reaction can tolerate the chloromethyl group
of 1-(chloromethyl)-4-(2-nitrovinyl)benzene, which failed to
produce the desired nitro compound with AgNO,, because it

25 can be easily oxidized to the corresponding aldehyde under
the previous condition.

R®  20eq. Fe(NOs)* 9H,0
RITX 0.2 eq. TEMPO

R3 DCE, 4 A MS, air, 80 °C, 12 h

R2
NO,

R
R3

P
OZNWO\//

(0]

0N Br
58%

xNO; o x_NO, NO
o e
CIH,C 0 NO, 0O Me

76% 1% 65%
Scheme 10 Nitration of olefins with Fe(NO,);/TEMPO.

67%

30 From the point of view of organic synthesis, the
development of efficient nitration of olefins under metal-free
conditions is highly desirable, due to its close association
with the pharmaceutical industry. The same group reported
the metal-free stereoselective nitration of olefins using tert-

35 butyl nitrite (BuONO) and TEMPO (Scheme 11).** Within the
realm of nitrating agents, nitric oxide has been envisaged as a
metal-free alternative for nitration of olefin, because it can
generate a nitro radical in the presence of air. The thermal
decomposition of fert-butyl nitrite can readily lead to the

40 formation of nitric oxide under the heating conditions. A
broader range of olefins with diverse functionalities has been
nitrated in high yields. The procedure is operationally simple
and relatively safe. In addition, site selective nitration in a

can introduce the nitro group. The interaction of acetyl
chloride and silver nitrate in the reaction system can firstly
55 produce a new source of acetyl nitrate, which behaves as an
excellent source of nitronium ion A. Subsequently, the
electrophilic addition of olefin with nitronium ion can take
place to give carbocation intermediate B, followed by
deprotonation to afford the nitroolefin product (Figure 3).
60 Although Application of this methodology for the nitration of
simple olefins has been achieved, but poor regio- and
stereoselectivities has been observed in all the cases.

1.1 eq. AgNO3
1.1eq. CH3COCI
MeCN, 55 °C RO
BnO OBn
O
nO =
NO,
62% 94%

o o o
| | |
Aco“'[‘J\No2 BnO" NO, BnO" No2 BnO NO,
OAc OBn OBn

82% 33% 39%
65 Scheme 12 Nitration of glycals with AgNO3/AcCl.

OR

RO
[e]
RO~
OBn
BnO 0]
nO =
NO,

55%

¢

93%

42%

AgNO,
* = AgCl + )k rx@o‘e“/;» >ﬁ® ~ =/
o O,N , ON
M A g

Figure 3 Possible mechanism.

70 In order to avoid the formation of nitroacetamide byproducts
via acetonitrile attack at the carbocation, the same group
developed another reagent system for the synthesis of 2-
nitroglycals from various protected glycals (Scheme 13).%
They used tetrabutylammonium nitrate (TBAN) replacing

775 silver nitrate which is only soluble in acetonitrile. This new
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system tetrabutylammonium nitrate (TBAN)- trifluoroacetic
anhydride (TFAA)- triethylamine (TEA) gives exclusively 2-
nitroglycal products with good yields. It is worth noting that
some non-carbohydrate olefins can be successfully converted
to the corresponding nitroolefins with high stereoselectivity
and in good yields by using this new method. They proposed
a plausible mechanism for this transformation (Figure 4). The
nitronium trifluoroacetate species B can be in situ generated
from tetrabutylammonium nitrate (TBAN)-trifluoroacetic
anhydride (TFAA), which reacts with an olefin to form nitro
trifluoroacetate D via a carbocation C. Subsequent
elimination of the trifluoroacetate moieties under the base
condition provides the nitroolefin as single product.

10

o OR 116q."BUNNO;  RQ OR
&o 1.1 eq. (CF5C0O),0 0
RO—= CH,Cly, 0°C-it  RO™ 7

Then 1.0 eq. EtzN

é&ﬁ/&

62% 72% 56% 78%

OMe H OTBDPS
%\ BnO o) BnQ
MeO 0 Ph7 970 @ 0
MeO = AcO = BnO NO, BnO =
NO, NO, NO,

61% 52% 72% 74%
Scheme 13 Nitration of glycals with "Bu,NNO/(CF;CO),0.

15

o o
@) o JCNe
N_ NO; + (CF3C0)0 OCOCFa * FCT U0 TG,
H/ H/ H A B
F
o 0 a O Et,N
e @ OCOCF3 3
F,¢” 07 0 T’
© O,N O,N OzN

B c D
Figure 4 Possible mechanism.

20 4 Nitration of a,B-unsaturated carboxylic acids

Carboxylic acids are commercially available with a large
structural variation. They are easy to store, simple to handle
and convenient to prepare by means of a large number of well
established methods. The ready availability of carboxylic
25 acids make them extremely promising raw materials for
chemical synthesis. Recently decarboxylative nitration of
aromatic a,f-unsaturated carboxylic acids has been developed
for the synthesis of nitroolefins.
In 2002, Roy and co-workers reported a facile
30 nitrodecarboxylation of aromatic o,B-unsaturated carboxylic
acids under the effect of nitric acid and catalytic AIBN
(Scheme 14).*® From the effect of various additives, they
postulated that an acyloxy radical can be generated either by
the decomposition of acylnitrate or by the reaction of a NO;
35 radical with acid. Then the NO, radical can combine in a
bimolecular fashion with the acyloxy radical to promote
nitrodecarboxylation (Figure 5).

0.7 mol% AIBN
MeCN, 50 °C, 21 h Ar

/@/\/NOZ mNO Meo:@/\/ NO,
€0 MeO Me €0

A3 -COH + HNO; X NO;

OMe
75% 75% 80%
o X NO, N NO, x_NO,
<O]©/\/ m
62% 58% 40%

40 Scheme 14 AIBN-catalyzed nitrodecarboxylation of o,p-
unsaturated carboxylic acids.

Ar/\/COZH + HNOj

Ar/\/COZNOZ + Hy,0

X -CONO, A X -C02" + NOp*
3HNO; NO,» + NOg + (H;0-HONO,)
Ar/\/COZH + NOj* Ar/\/COZ. + HNO,

A X-NO2 + CO,

Ar/\/COZ' + NOZ.

Figure 5 Possible mechanism.
45
In 2004, Fiorentino and co-workers had shown
nitrodecarboxylation of cinnamic acids using cerium (IV)
ammonium nitrate supported on silica (CAN/SiO;) as a
nitrating reagent.’’ However, the nitration of the aromatic
50 ring was also observed in all the cases, which dramatically
limits the application of this reaction. After that, Rao and co-
workers developed a simple and efficient method for the
nitrodecarboxylation of aryl o,B-unsaturated carboxylic acids
using ceric ammonium nitrate as a nitrating reagent at room
55 temperature (Scheme 15).*® It is worth noting that the solvent
of the reaction, acetonitrile, is crucial for the exclusive
formation of the ipso-products, without the ring-substituted

products.
S COH 2.0 eq. CeNHy(NO3), Ar/\/NOZ
Ar MeCN, rt, 1-5 h
HO - NO, N0, X NO;
75% 70% 40%

MeO. X NO,
MeO ~_NO
MeO
o
e0 OMe

70% 75% 75%
Scheme 15 Nitration of o,fB-unsaturated carboxylic acids with
CeNH4(NO3)4.

60

In 2007, Rajanna and co-workers developed a solvent-free

65 method for the decarboxylative nitration of a,B-unsaturated
aliphatic and aromatic carboxylic acids (Scheme 16).*° This
reaction proceeds in the presence of a few drops of HNO;
together with a variety of metal nitrates at room temperature.
The method involves simple and safe work-up procedures.
70 The reaction represents an alternative simple and practical
protocol for the synthesis of B-nitrostyrenes and nitroalkenes.
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HNO;(Drops) ~__NO takes place and selectively produces E-nitroolefins. However,
N X COH 1.5 eq. M(NO3), E 2 45 a mixture of E and Z isomers was observed without TEMPO.
R _ Grinding/rt, 1.5-2.0 h - .
§ — By + NO-— > NO,-
R = H, CI, Me, NO,, OMe, OH, etc. 30-64% BUONO ! 2 y
M = Ni, Zn, Cd, Hg, Mg, Sr, etc. BUO- NO, >—Ar
Scheme 16 Nitration of a,B-unsaturated carboxylic acids with A X -COH \ A X-CO2 NO, - o.C
HNOs/MNO; under solvent-free conditions. C ‘0L H
'BuOH A B
5 After that, Saiprakash and co-workers reported polyethylene (OTEMF’
glycol supported reaction for the synthesis of nitroolefins H _AUNO,
from o,B-unsaturated carboxylic acids under mineral acids H H Ar
free and solvent-free microwave irradiated and grinding NO, > Ar a c
conditions (Scheme 17).*° The addition of PEG accelerated TEMPO TEMPO+ CO.
10 enormously the rate of the reaction and the yields were "0 HB i(;’fe“géﬁon 2
significantly increased. PEG-300 has been found to be much . QTEMP
more efficient than other PEGs. erEltl\'}l%lg 0N AFH H Ar  NOp
2.0 eq. PEG NG A e N0z 0. D @
N X -COzH 12 eq. M(NO3), X 2 (Z/E) mixture
R _ Grinding/rt or MW R _ Figure 6 Possible mechanism.
R= H,. Cl, Me, NO,, OMe, OH, etc. 68-90% 50 Later on, Prabhu and co-workers reported the copper-
M = Ni, Zn, Cd, Hg, Mg, Sr, etc. catalyzed nitrodecarboxylation of substituted cinnamic acid
15 Scheme 17 PEG-supported nitration of o,B-unsaturated derivatives with tert-butyl nitrite as nitrating source for the

carboxylic acids with M(NO;), under solvent-free conditions.

In 2013, Maiti and co-workers developed a metal-free
decarboxylative nitration protocol for the synthesis of

20 nitroolefins from «,B-unsaturated carboxylic acids using tert-
butyl nitrite and TEMPO (Scheme 18).*' A broad range of
substrate scope of a,B-unsaturated carboxylic acids bearing
aromatic and heterocyclic moieties smoothly proceeded under
the mild condition and produced exclusively E-nitro

25 compounds. In addition, the practicality of the method has
been achieved by a successful gram scale reaction.

2.0-4.0 eq. ‘BUONO
0.8 eq. TEMPO

MeCN, air, 50 °C, 3-36 h

o O

70%

NO.
Ar/\/CO2H "/\/ 2

Me
85%
NO,

@[C “\F( E\>_/fNoz

8% 81% 74% 54%
Scheme 18 Nitration of a,p-unsaturated carboxylic acids with
30 ‘BuONO/TEMPO.

95%

They proposed a plausible mechanism for the reaction
(Figure 6). The homolytic cleavage of tert-butyl nitrite
generates nitric oxide radical under the heated conditions,
35 which can form a nitro radical in the presence of air. In the
presence of free radical, an acyloxy radical A can be
generated from o,fB-unsaturated carboxylic acids. The addition
of a nitro radical into the carbon-carbon double bond of
species A gives a benzylic radical B, which will further
40 combine with TEMPO. There are two possible pathways in
this step. The addition of TEMPO could lead to preferential
formation of an energetically more favourable intermediate C
over D. Subsequently, anti-elimination of intermediate C

synthesis of nitroolefins (Scheme 19).** g,B-disubstituted
nitroolefin derivatives can be easily synthesized by this new

55 method, which are generally difficult to access through other
conventional methods. Thiophene and furan derivatives are
well tolerated under the reaction conditions. In addition, the
reaction exhibits excellent stereoselectivity and gives
exclusively E-nitroolefins.

60 1In the proposed mechanistic path of the reaction (Figure 7),
the o,B-unsaturated acid first reacts with Cu(I) catalyst to
form the corresponding Cu(Il) salt A, which further reacts
with a nitro radical generated from the homolytic cleavage of
tert-butyl nitrite in the presence of air to form a benzylic

65 radical B. Subsequent decarboxylation of the benzylic radical
B provides the corresponding nitroolefins.

2.0 eq. ‘BUONO

1
LCO 1, 5 mol% Cuol
Ar 2" MeCN, Air, 80°C A

Me Me Me
90 < e
Me’ Br
70% 54% 70% 55%

X NOz/@/\/NOz /—NO, /—NO,
B B
eo/©/\/ Cl QJ QJ

92% 50% 72% 41%
Scheme 19 Copper-catalyzed nitration of a,B-unsaturated
70 carboxylic acids with ‘BuONO.

R’l
Ar)\/COZH + BUONO

R
)\/Noz

R’l
Ar)\/ NO,

cu(l)
CO, + Cu(l)
cu(ll BuO* + NO-
j Air R
R’l
co ) cu (ar C0z) Cut
(ar 2) vl o, 2
2

A B
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Figure 7 Possible mechanism.

5 Nitration of vinylboronic acids

Organoboronic acids have been widely used in organic
5 synthesis for functional group transformations due to their
commercial availability and excellent stability to air and
moisture.* In recent years, much attention from chemists
have been devoted for the development of ipso-nitration
protocols via nitrodemetallation route. There are many
10 examples on the ipso-nitration of arylboronic acids in the
literature.** However, similar reaction of vinylboronic acid is
sparse in the literature.
In 2012, Maiti and co-workers reported the use of bismuth
nitrate/perdisulfate as a new nitrating agent for ipso-nitration
15 of arylboronic acids. This reaction is also suitable for the
ipso-nitration of vinylboronic acids (Scheme 20).** A radical-
based mechanism is proposed for ipso-nitration of arylboronic
acids, whereas the reaction mechanism of vinylboronic acids
is indistinct.

1.0 eq. K28208 =~ _NO
XB(OH); + Bi(NO3)3:5 HLO———"—"——> pp” " 72
P B2+ BiNOg)s -5 M0 o g0 oc, 120
48%
Scheme 20 /pso-nitration of vinylboronic acids with bismuth

nitrate/perdisulfate.

25 After that, AI-Masum and co-workers reported palladium-
catalyzed cross-coupling reaction of  potassium
styryltrifluoroborates with sodium nitrite under microwave
conditions for the synthesis of nitroolefins in high yields
(Scheme 21).* Both electron-rich and electron-poor groups

30 on the aromatic ring are tolerable under the reaction condition.

This reaction would undergo transmetallation twice.
3 mol% PdCl,(dbpf)

NaNG 5.0 eq. Na,HPO,* H,0
+
A X -BFsK T RaNO2 oo W, 120 °C. 30 min

/@/\/ NO, /@/\/ NO, /@/\/ NO,
Me Cl F

Ar/\/No2

97% 94% 50%
/©/\/ NO, /@/\/ NO, X NO,
FsC MeO ©/\/
60% 85% 92%

Scheme 21 Palladium-catalyzed nitration of potassium
35 styryltrifluoroborates with sodium nitrite.

6 Cross-coupling reactions of arenes with

nitroethane

In the past several decades, much progress has been made in
40 the cross-dehydrogenative coupling through catalytic
methods.*” Recently, Su and co-workers reported the
palladium-catalyzed multidehydrogenative cross-coupling
reactions of arenes with nitroethane for the synthesis of f-aryl
nitroethylenes (Scheme 22).** A broader range of substituted
45 benzenes smoothly undergoes this transformation. The
reactivity and regioselectivity are predominantly controlled
by the electronic effect of the substituents rather than steric
hindrance. Electron-rich arenes show higher efficiency than

electron-poor substrates. In spite of being sterically
50 encumbered, 1,3,5-trimethoxybenzene can provide the desired
product in good yield. Additionally, the electron-rich
heteroarenes such as indoles, benzothiophenes and
benzofurans are also suitable for the cross-coupling with
nitroethane (Scheme 23). A variety of functional groups can
55 be tolerated in these cross-couplings, such as fluoro, chloro,
bromo, methyl, and methoxyl. Although the mechanism of
this reaction is not yet clear, their preliminary observations
indicate that the direct B-arylation product of nitroethane
might be the intermediate in this transformation which is
60 followed by dehydrogenation to give B-aryl nitroethylenes.

10 mol% Pd(TFA), ~__NO

N N 2
R @ + CHyCH,NO, 4080 AJOAG R {j/V
Z DMSO/DME, 100 °C, 24 h =

Me

OMe
N0, N0, F\©\/\VN02©/NN02
F
Me Me MeO OMe

81% 68% 50%

Me /N0, c \fNoz c \fNoz
|8 QO ©

78%

52%(0:m:p=1.4:1:1.1) 47%(o:m:p=1.1:1:1) 55%(0:m:p=6.5:1:2)
Scheme 22 Palladium-catalyzed cross-coupling reactions of
simple arenes with nitroethane.

R? R2
10 mol% PA(TFA), NO
RLm + CH;CHNO, —%0ea:-AgOAc RLW ’
Z~X DMSO/DME, 100°C, 24h  \ A~y
X =8, 0, NPiv

NO,

ol
N
Piv

64%

NO, NO, NO,
_ _ _
F { cl {
N Me N N
s Piv P o
45% 4% ) 2
M
o}

60%
e
M NO.
R ¢ o, R=0Me, 86% N/
\_ 7/ N2 R=F,67% d
p R=Cl63% CI
R=H.71% 64% 73%

NO Cl Br Me
S S S S

65% 64% 42% 70%
Scheme 23 Palladium-catalyzed cross-coupling reactions of
Heteroarenes with nitroethane.

7 Other reactions

70 Organohalides are a class of organic compounds, which play
a very important role in synthetic organic chemistry as well as
in the chemical industry. For example, the addition of free
radical reagents to halogenated olefins is an important
transformation in organic synthesis. In 1960, Stevens reported

75 the addition of dinitrogen tetroxide into B-bromostyrene for
the synthesis of B-nitrostyrene via a radical pathway.*’ In
addition, the dehydrohalogenation or dehalogenation of alkyl
halides is the most common method for the construction of
carbon-carbon double bond. In 2005, Ranu and co-workers

80 developed a mnovel and efficient protocol for the
stereoselective debromination of vicinal-dibromides to E-
alkenes by using ionic liquid under microwave irradiation.>
The method is applicable to a wide variety of substrates.
Among these, B-nitrostyrene can be easily synthesized by this

85 method (Scheme 24). In 2007, Li and co-workers reported
dimethyl sulfoxide-mediated debromination of a variety of
1,2-dihalo compounds in absence of metal or an oxidant.*’
The B-nitrostyrene product can be obtained in moderate yield
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by this method (Scheme 25). The advantages of the reaction
are excellent stereoselectivity as well as the mild reaction
condition, easy and simple handling.

Br
. NO A\
NO. 2 C]
©)\( ’ ©N me~NEN-pent F,
Br

89% [pmIm]BF,
Scheme 24 [pmIm]BF,;-promoted debromination of vicinal-

dibromides.
Br

Br

51%

10 Scheme 25 DMSO-mediated debromination of vicinal-
dibromides.

[pPmIm]BF,

[

MW, 2-5 min

DMSO
25°C, 18 h

8 Conclusions and perspectives

In summary, we have presented an overview on the synthesis of
nitroolefins in recent years. Numerous new homogeneous or

15 heterogeneous catalytic systems have been developed for
improving the nitro-aldol condensation between aldehydes
and nitroalkanes. Many novel nitrating reagents such as nitrate
salts, nitrite salts and tert-butyl nitrite, etc. have been explored
for the direct nitration of olefins C-H bond. In addition, the ipso-

20 nitration protocols of aryl a,B-unsaturated carboxylic acids and
vinylboronic acids serve as an important complementary route to
nitroolefins.  Furthermore,  palladium-catalyzed  cross-
dehydrogenative coupling of arene via C-H bond activation
with nitroethane provides an attractive alternative to the

25 conventional methods. Mechanistic insights could help us to
understand the nature of these reactions.

However, there are still some major drawbacks that need to be
addressed in this field. Most of these methodologies have been
efficiently applied for the nitration of substrates containing

30 aromatic ring, whereas the corresponding reaction of
heteroaromatic and aliphatic substrates suffer from some issues
like poor activity or regioselectivity. So developing methods to
extend the substrates scope is highly demanding in this area. In
addition, the exploration of robust catalytic systems will continue

35 to drive this field. As a consequence, new achievements are
expected to appear in the near future.
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