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Abstract: Nitroenynes are a particular class of nitroalkenes, that have 

been recently used in organocatalysis. This review covers the recent 

examples in asymmetric catalysis using nitroenynes as electrophiles. 

The majority of the examples are enantioselective Michael additions, 

that have been categorized depending on the nucleophile, with 

representative examples providing insightful mechanistic details. 

Moreover, their applications to the synthesis of chiral heterocylces has 

also been discussed. 

1. Introduction 

The asymmetric conjugate addition of nucleophiles to α,β-
unsaturated nitroalkenes[1] is a remarkable and useful tool for the 
construction of highly functionalized synthetic building blocks. The 
Nitro functional group in the resulting product can be converted 
into a variety of other useful functional groups.[2] Numerous 
examples of organocatalytic enantioselective reactions using 
nitroalkenes have been described in the literature for the 
synthesis of chiral nitro compounds.[3] In this context, the 
conjugate addition to polyconjugated substrates[4] have received 
increasing attention in the last years, and nitroenynes are a very 
attractive class of Michael acceptors. 
The corresponding 1,4-addition product, homopropargylic nitro 
compounds, could enjoy the rich chemistry of functional-group 
transformations associated with the nitro[2] and alkynyl[5] moieties 
(Scheme 1). In all the examples discussed in this review, only 1,4-
addition was observed. The 1,6-addition products that could be 
obtained using nitroenynes as electrophiles were not detected in 
any of the examples described. Therefore, all the examples 
presented are completely regioselective for the Michael reaction. 
In this review, an overview of the use of nitroenynes in 
organocatalysis is shown, discussing the reaction conditions and 
the stereoselectivity. But also, we will focus on the use of the 
corresponding chiral homopropargylic nitro compounds for the 
synthesis of chiral heterocycles. This kind of compounds are 
present in many biologically important molecules, like natural 
products or drugs.[6] They are particularly important in 
pharmaceutical industry and chemical synthesis and countless 
approaches have been established to prepare them. In this 
context, the functionalized homopropargylic nitro derivatives are 
excellent precursors for the synthesis of chiral heterocycles, due 
to the presence of the triple bond, that could be activated using 
metal catalyzed cyclizations. 
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Scheme 1. Versatility  of nitroenynes as electrophiles in asymmetric synthesis. 

There are three general methods for the synthesis of nitroenynes 
derivatives (Scheme 2), depending on the availability of the 
starting materials.[7] In all the cases, the final step is the Henry 
reaction of the corresponding propargylic aldehyde and 
nitromethane, and subsequent dehydratation of the nitroalcohol 
product using trifluoroacetic anhydride and a base. 
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Scheme 2. Synthesis of Nitroenynes. 
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2. Reactions Using Carbonyl Compounds 

Chiral γ-nitrocarbonyl compounds are synthetic precursors for a 
vast number of bioactive molecules, and their synthesis has 
received growing attention from the organic chemists over the last 
decades. Among all the methodologies described, the 
asymmetric Michel addition of carbonyl compounds to nitroolefins, 
is one of the most direct approach to provide such compounds. In 
this context, nitroenynes represent a valuable Michael acceptor, 
due to the presence of a triple bond in the corresponding Michael 
adducts. Several carbonyl compounds have been used as 
nucleophiles in the organocatalytic 1,4-addition to nitroenynes. 
We have divided this section, regarding the carbonyl compound 
used as nucleophile: aldehydes, ketones and malonate 
derivatives.    

2.1. Aldehydes as nucleophiles 

Alexakis and coworkers in 2008, described for the first time the 
use of phenylnitroenyne in asymmetric organocatalysis (Scheme 
3).[8] His research group described the enantioselective addition 
of aldehydes to policonjugated substrates (nitrodienes) catalysed 
by (S)-diphenylprolinol silyl ether (Cat. A).[9] In this report, they 
described the enantioselective conjugate addition of 
isovaleraldehyde to phenylnitroenyne, obtaining the 
corresponding γ-nitrocarbonyl compound bearing two 
stereocenters, one of them propargylic, with good yield (83%) and 
excellent stereoselectivity (94:6 dr and 94% ee). 
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Scheme 3. The first example using a phenylnitroenyne in asymmetric 
organocatalysis (Alexakis, 2008). 

Later, in 2010, Alexakis and Krause expanded the scope of this 
reaction to other aliphatic aldehydes and nitronenynes derivatives, 
and they also studied the synthetic possibilities of the 
corresponding chiral products.[10] In this article, the reported 
optimized reaction conditions  are slightly different (-10 ºC) to the 
previous example, but using the same organocatalyst (cat. A). 
The described 12 examples (Scheme 4) all of them with good 
yields and stereoselectivities (excellent enantiomeric excesses 
and diastereomeric ratios). First they studied the reaction of 
isovaleraldehyde with aromatic nitroenynes, bearing electron-rich 
(MeO, Me) or electrondeficient (Br, CF3), in meta or para position. 
The reaction also tolerates heteroaromatic (97:3 dr, 99% ee) and 
aliphatic nitroenynes. Finally, other aliphatic aldehydes were 
tested under the optimized reaction conditions, obtaining 
excellent results. In the case of n-valeraldehyde, heptanal and 
nonanal, the reaction products were obtained with excellent 
diastereo- (99:1) and enantioselectivities (>98% ee), which were 
determined after in situ reduction to the corresponding alcohols. 
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Scheme 4. Scope of the organocatalytic 1,4-addition of aldehydes to 
nitronenynes (Alexakis, 2010). 

Alexakis, Krause and coworkers envisioned that the triple bond  in 
the resulting chiral -nitrocarbonyl compounds could be converted 
into interesting chiral oxygen heterocycles using gold-mediated 
cyclization reactions.[11] Chiral tetrahydrofurans are widely occur 
in a large number of bioactive natural products and synthetic 
compounds.[12] Thus, considerable efforts have been dedicated to 
developing efficient methodologies for their synthesis. One way to 
synthesize this class of compounds is the cyclization of bis-
homopropargylic alcohols catalyzed by gold (Scheme 5). First, 
they carried out the reduction of the Michael adduct with NaBH4 
in quantitative yield. The triple bond was subsequently activated 
with a mixture of gold and silver catalysts (PPh3AuCl and AgBF4), 
allowing the 5-exo dig intramolecular attack of the hydroxyl group 
followed by a proto-deauration process, to finally give rise to the 
chiral tetrahydrofuran with good yield (75%) using only 0.2 mol% 
of gold catalyst.  
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Scheme 5. Gold-catalyzed cyclization of bis-homopropargylic alcohol (Alexakis 
and Krause, 2009 and 2010). 

Aldehydes can react with nitroenynes using other type of 
organocatalysis such as catalysis with N-heterocyclic carbenes 
"NHC".[13] Using this kind of catalysis, Liu's group described in 
2011 the reaction between α,β-unsaturated aldehydes and 
polyconjugated nitroalkenes via homoenolate addition,[14] 
including 5 examples using nitroenynes as electrophiles (Scheme 
6). Several enals, including aromatic and heteroaromatic, afford 
the corresponding products with good yields (67-78%), high 
enantioselectivity (81-97% ee) and diastereoselectivity (9:1-12:1). 
Additionally, acrolein was used as nucleophile, obtaining the 

corresponding δ-nitroester with lower yield and enantioselectivity 
(51% yield, 83% ee). 
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Scheme 6. Scope of homoenolate addition of enals to nitroenynes (Liu, 2012). 

In the field of the asymmetric conjugate addition of carbonyl 
compounds to electron-deficient alkenes, the use of acetaldehyde, 
the simplest enolizable carbonyl compound, as nucleophile 
remains a challenge.  Acetaldehyde acts as both a highly reactive 
nucleophile and electrophile, thus leading to its rapid consumption 
by self-aldolization. There are less examples of the direct 
conjugate addition reaction of acetaldehyde comparing with other 
enolizable aldehydes.[15] In this context, Shao, Peng and 
coworkers, in 2014 described the organocatalytic Michael 
addition of acetaldehyde to nitroenynes and nitrodienynes 
catalyzed by TMS-protected prolinol A.[16] The authors optimized 
the organocatalytic reaction using ((1E,5E)-6-nitrohexa-1,5-dien-
3-yn-1-yl)benzene as electrophile and acetaldehyde as 
nucleophile using several protected prolinol catalysts. Catalyst A 
in dioxane at room temperature afforded the 1,3-enyne product, 
bearing a propargylic stereogenic center, with 81% yield amd 93% 
ee (Scheme 7). The catalytic asymmetric conjugate addition could 
be performed on a gram scale, obtaining similar results to the 
small scale reaction. The authors studied the scope of the 
reaction testing 6 different nitrodienynes. Aryl-substituted 
nitrodienynes bearing both electron-rich and -deficient aryl groups 
as well as heteroaromatic group gave highly functionalized 1,3-
enyne products in good yields (61-77%) with high 
enantioselectivity (84-98% ee). Methyl-substituted nitrodienyne 
was also tested, obtaining the corresponding product in good 
enantioselectivity (88% ee), albeit in moderate yield (51%). 
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Scheme 7. Scope of the organocatalytic conjugate addition of acetaldehyde 
with nitrodienynes (Peng and Shao, 2014). 

The authors extended their methodology using nitroenynes as 
electrophiles. They tested four different aromatic nitroenynes, 
obtaining moderate to good yields and high enantioselectivities, 
independently of the electronic character of the substituents of the 
aromatic ring (Scheme 8). Chiral β-alkynyl acids represent an 
important class of pharmaceutical compounds with diverse 
biological activities,[17] therefore their asymmetric synthesis is the 
great interest for the pharmaceutical industry and medicinal 
chemistry. In order to apply their methodology for the synthesis of 
β-alkynyl acids, the authors performed the Pinnick oxidation[18] 
with the Michael adducts furnishing the corresponding chiral β-
alkynyl acids with moderate yields. The enantiomeric excesses of 
the corresponding chiral β-alkynyl acids were not determined, 
although they could measure their optical rotation. 
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Scheme 8. Scope of the organocatalytic conjugate addition of acetaldehyde 
with nitroenynes (Peng and Shao, 2014). 

Moreover, they could apply their methodology for the synthesis of 
the natural product (+)-α-Lycorane in 9 steps (Scheme 9).  (+)-α-
Lycorane is an alkaloid isolated from plants of the Amaryllidaceae 
family,[19] which has different pharmacological activities. The key 
step for the enantioselective synthesis of (+)-α-Lycorane, in which 
the chiral center was generated, was the conjugate addition of 
acetaldehyde to the nitrodienyne. The yield of the total synthesis 
was 7% after 9 steps.  
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Scheme 9. Organocatalytic enantioselective total synthesis of (+)-α-Lycorane 
(Peng and Shao, 2014). 

Kanger and coworkers, in 2015, described one example of 
organocatalytic conjugate addition of a cyclopropylacetaldehyde 
derivative to phenylnitroenyne (Scheme 10).[20] Cyclopropane-
containing amino acids are important pharmaceuticals and 
biologically active compounds. The authors developed an 
organocatalytic methodology for the conjugate addition of 
cyclopropylaldehydes to different nitroalkenes. In this report, they 
also tested the phenylnitroenyne as electrophile, obtaining 
moderate diastereoselectivivity, but high enantioselectivity (97% 
ee) for the major diastereoisomer. 
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Scheme 10. Organocatalytic conjugate addition of tert-butyl (1-(2-
oxoethyl)cyclopropyl)carbamate to phenylnitroenyne. 

2.2. Ketones as nucleophiles 

 
Ketones have also been used as nucleophiles in organocatalytic 
conjugate additions to nitroenynes, affording chiral -nitrocarbonyl 
compounds. In 2009, Ma and coworkers described the addition of 
3 different ketones (acetophenone, cyclohexanone and acetone) 
to phenyl nitroenyne using saccharide-derived bifunctional 
thiourea catalysts (Scheme 11).[21,22] The corresponding Michael 
products were obtained with high yields and excellent 
enantioselectivities. However, when cyclohexanone was used as 
nucleophile moderate diastereoselectivity was observed (71:29 
dr). 
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Scheme 11. Organocatalytic 1,4-addition of ketones to phenylnitroenyne (Ma, 
2009). 

In 2010, Alexakis’s group described one example of the 
enantioselective addition of cyclohexanone to phenylnitroenyne 
using as organocatalyst a chiral secondary amine F (Scheme 
12).[10] If we compare with the previously described reaction, the 
example of Alexakis is superior because the diastereoselectivity 
obtained was 95:5 with 92% ee. 
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Scheme 12. Organocatalytic 1,4-addition of cyclohexanone to phenylnitroenyne 
(Alexakis, 2010). 

In 2017, Wu and coworkers described the addition of aromatic 
ketones to polyconjugated nitrodienes.[23] In this report, they 
described one example using phenylnitroenyne as electrophile 
and acetophenone as nucleophile (Scheme 13). The 
corresponding chiral -nitro ketone was obtained with 81% yield 
and 93% ee. These results are slightly inferior to the ones 
reported by Ma and the reaction takes place for 7 days. 
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Scheme 13. Organocatalytic 1,4-addition of acetophenone to phenylnitroenyne 
(Wu, 2017). 

In the same year, Palomo and collaborators performed the 
organocatalytic alkylation of a -tetralone using as electrophile 
phenylnitroenyne (Scheme 14).[24] The corresponding chiral -
nitroketone with two stereogenic center, one of them 
tetrasubstituted, was obtained with good yield (70%) high ee (88% 
ee) and excellent diastereoselectivity (>20:1) using as catalyst a 
bifunctional squaramide (catalyst H). Although the 
enantioselectivity is not excellent, this example is remarkable, due 
to the reaction is completely regioselective, both in the 
nucleophile and the electrophile, generating 2 chiral centers, one 
of them quaternary. 
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+

Ph
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O
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Scheme 14. Regio-, diastereo-, and enantioselective Cα-alkylation of -
tetralone and phenylnitroenyne (Palomo, 2017). 

The last example using ketones as nucleophiles in asymmetric 
organocatalytic 1,4-addition to nitroenynes, was described by 
Peng and Sao in 2017.[25] They described the addition of aromatic 
ketones and acetone to nitrodienynes, using as catalyst a chiral 
thiourea-primary amine and 4-methoxybenzoic acid as co-
catalyst (Scheme 15). This report is highly valuable, because the 
corresponding chiral -nitroketones are interesting building blocks, 
due to the existence of a carbonyl and nitro groups present in a 
1,3-enyne compound. The authors described a broad substrate 
scope regarding aromatic ketones and nitrodienynes. Several 
aromatic nitrodienynes reacted smoothly with aromatic ketones, 
with good yields and excellent enantioselectivities (94-98% ee). 
Only when 2-thienyl substituted nitrodienyne was used, they 
observed lower enantioselectivity (83% ee). Moreover, an alkyl-
substituted nitrodienynes was suitable compound for this 
enantioselective transformation obtaining the corresponding 
chiral 1,3-enyne in 73% yield and 91% ee. The authors extended 
their methodology to acetone, however the enantioselectivities 
were slightly lower (80-93% ee) comparing with aromatic ketones. 
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Scheme 15. Enantioselective conjugate addition of aromatic ketones and 
acetone to nitroenynes (Peng and Shao, 2017). 

The authors demonstrated the versatility and utility of the obtained 
chiral Michael adducts. The treatment of 1,4-adducts prepared 
from aromatic ketones with H2O in the presence of p-TsOH (20 
mol%) in refluxing toluene, produced chiral 1,5-diketones bearing 
three contiguous stereogenic centers with high yields and 
excellent diastereoselectivity, maintaining the optical purity 
(Scheme 16). This transformation represents a tandem process, 
with first a regioselective hydratation of the triple bond, and then 
a diastereoselective intramolecular Michael reaction yielding the 
cyclic compound. 
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H2O (4 eq.)

toluene, reflux, 5-8 h

O

R
O2N

OAr

Mechanism

Ar

O
NO2

R

Alkyne 
hydratation

Ar

O
NO2

H3O
+

OR

Ar

OH
NO2

OR

Diastereoselective
intramolecular 

Michael reaction

Ar

O
NO2

OR

13 examples
80-93 % yield

88-98% ee
>20:1 dr

  

Scheme 16. Tandem hydratation/intramolecular Michael cyclization. 

Remarkably, when the authors test the same reaction conditions 
with the chiral 1,4-adducts prepared from acetone, a different 
chiral product was formed. Using H2O, p-TsOH and refluxing 
toluene, a chiral cyclic dienone was obtained. The authors 

provided a different mechanism to explain the different reactivity 
(Scheme 17). First, the regioselective hydration of the triple bond 
takes place affording a chiral enone as a product. Then, two enol 
tautomeric forms can be proposed. The more substituted enol 
form is the responsible for the diastereoselective intramolecular 
Michael addition, that the authors suggest that this reaction could 
be slow. While the less substituted enol form, could react with the 
carbonyl group of the enone by an intramolecular aldol reaction 
(faster than other Michael cyclization), followed by a dehydration 
to form the corresponding chiral dienone. 

Me

O
NO2

Ar

p-TsOH (20 mol%)
H2O (4 eq.)

toluene, reflux, 1-2 h

O

Ar
O2N

OMe

Mechanism

Me

O
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Ar

Alkyne 
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Me

O
NO2

H3O
+

OAr

Me

OH
NO2

OAr

Diastereoselective
intramolecular 

Michael reaction

Me

O
NO2

OAr

7 examples
90-96% yield
85-94% ee

NOT FORMED

O

Ar

NO2

H3O
+

OH
NO2

OAr

SLOW

Intramolecular 
aldol reaction

FAST
O

NO2

Ar
OH

Dehydratation
-H2O

O

NO2

R

  

Scheme 17. Tandem hydratation/intramolecular aldol cyclization/ dehydratation. 

2.3. 1,3-dicarbonyl compounds as nucleophiles 

Other carbonyl compounds that have been used as nucleophile 
for the organocatalytic Michael addition to nitroenynes are dialkyl 
malonates.[26] This represent a straightforward manner to obtain 
chiral β-alkynyl acids derivatives, which constitute a class of 
building blocks as well as biologically active compounds.[17] The 
first authors that described the use of malonates as nucleophiles 
were Shao and coworkers (Scheme 18).[27] They studied different 
bifunctional organocatalysts, being the best catalyst a 
squaramide derived from dihydroquinine. Using diethylmalonate 
as nucleophile, they studied the scope of the reaction regarding 
the nitroenyne. The corresponding chiral Michael adducts were 
obtained with moderate to good yields (55-75%) and high 
enantioselectivities (86-99% ee), using aromatic and aliphatic 
nitroenynes. Interestingly, alkyl-substituted nitroenynes afforded 
the products with higher enantioselectivity. After, the authors 
studied the scope using other 1,3-dicarbonyl compounds. 
Dimethyl malonate gave lower yield and enantiomeric excess 
than diethyl malonate, while di-t-Butyl malonate did not react 
under the optimized reaction conditions. Acetyl acetone gave the 
corresponding product with 91% yield and 86% ee. Remarkably, 
diethyl 2-methylmalonate was tested as nucleophile obtaining 
good results (74% yield, 92% ee). It is interesting to note that if 
three equivalents of nitroenyne were used, the bis-addition 
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product of malonate to two nitroenyne molecules was the major 
product. 

N

H
N

N

MeO

CF3

CF3
H
N

S
+ NO2

R4
R1

O

R2

O
NO2

R4

R1OC COR2

Cat. J (10 mol%)

toluene, -10 ºC

Catalyst J

R3

R3

NO2

Ar

EtO2C CO2Et

Ar= Ph, 75% yield, 90% ee
Ar= 4-Me-C6H4-, 60% yield, 90% ee
Ar= 4-MeO-C6H4-, 61% yield, 92% ee
Ar= 4-F-C6H4-, 55% yield, 86% ee

R= CH3(CH2)3-, 65% yield, 96% ee
R=CH3(CH2)2-, 61% yield, 99% ee
R= PhCH2CH2-, 69% yield, 90% ee

NO2

R

EtO2C CO2Et

R= MeO, 56% yield, 87% ee
R= t-BuO, trace, -
R= Me, 91% yield, 86% ee

NO2

Ph

ROC COR

74% yield, 92% ee

NO2

Ph

EtO2C CO2Et

93% yield
93% ee: 93% ee

1:1 dr

NO2

Ph

EtO2C COMe

2 eq.

NO2

Ph

EtO2C CO2Et

Ph

NO2

with 3 equiv. of nitroenyne

45% yield
  

Scheme 18. Enantioselective Michael addition of 1,3-dicarbonyl compounds to 
nitroenynes (Shao, 2011). 

Furthermore, in 2012, Peng, Shao and coworkers developed the 
asymmetric Michael addition to nitroeynes of α-substituted -
ketoesters catalyzed by  a bifunctional squaramide (Scheme 
19).[28] The corresponding products are very interesting due to the 
presence of two contiguous stereogenic centers with several 
functional groups. First they studied the scope of the reaction 
using ethyl 2-oxocyclopentane-1-carboxylate and 6 different 
substituted nitroenynes, obtaining in all cases high yields (80-
93%), excellent enantiomeric excess (92-95% ee) and excellent 
diastereoselectivity (94:6-99:1), for aromatic and aliphatic 
nitroenynes. Ethyl 2-oxocyclohexane-1-carboxylate and 2-
acetylbutyrolactone afforded the corresponding Michael adducts 
with lower enantiomeric excess (84% ee and 78% ee 
respectively). Finally, the authors tested an acyclic α-fluorinated 
β-keto ester, affording high enantioselectivity (96% ee) but 
moderate diastereoselectivity (63:37 dr). 

+ NO2
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O
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O
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Et2O, -10 ºC

R= Ph, 92% yield, 95% ee, 98:2 dr
R= 4-MeO-C6H4-, 93% yield, 92% ee, 95:5 dr
R= 4-Me-C6H4-, 84% yield, 96% ee, 94:6 dr
R= 4-F-C6H4-, 80% yield, 94% ee, 95:5 dr
R= PhCH2CH2-, 87% yield, 95% ee, 99:1 dr
R= CH3(CH2)3-, 85% yield, 95% ee, 99:1 dr

n
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N
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OO
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CF3

F3C

PhPh
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O

n

R

O2N

CO2Et

O Ph
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O
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O
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O2N

CO2Et

O
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*
CO2Et

Ph

O2N

F
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PhO

 

Scheme 19. Enantioselective Michael addition of α-substituted -ketoesters to 
nitroenynes (Shao, 2012). 

Furthermore, the authors developed the synthesis of 
conformationally constrained bicyclic 2-amino acid derivative,  
starting from the organocatalytic 1,4-addition product showing the 
aplicability of the developed methodology (Scheme 20). 

Ph

O2N

CO2Et

O

Zn, HCl (3M)

EtOH, 35 ºC

N

CO2Et

Ph

95% ee
87% yield

1) NaCNBH3, AcOH
CH3CN, rt

2) (Boc)2O, CH2Cl2, rt N

CO2Et

Ph

N

CO2Et

Ph

+

Boc Boc

46% yield (2 steps)
93% ee, 93% ee, 1: 1.1 dr   

Scheme 20. Synthetic transformation of the chiral -ketoesters (Shao, 2012). 

Additionally, in 2017, Guichard, Palomo and coworkers 
developed the Michael addition of diethyl malonate to different 
nitroalkenes using chiral oligo-ureas as bifunctional catalysts.[29] 
These molecules are of considerable size and present multiple 
hydrogen bond donors and acceptors bonds, for which the 
authors formulated the hypothesis of that a network of 
intramolecular hydrogen bonds is established that allow the 
catalyst to adopt a helix shape, making it a  highly active 
organocatalyst. With the oligo-urea catalyst L (0.1 mol%), the 
Michael reaction of diethyl malonate to phenylnitroenyne was 
tested, obtaining similar enantiomeric excess (91% ee) than 
Shao’s report, but with lower yield (38%) (Scheme 21). 

+
NO2

PhMeO

O

OMe

O
NO2

Ph

MeO2C CO2MeCatalyst L (0.1 mol%)
Et3N (30 mol%)
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H
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H
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H
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H
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O
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O
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H
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H
N

O

N
H

N
H

O
H
N

H
N

O

N
H

N
H
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catalyst L
  

Scheme 21. Organocatalytic addition of dimethyl malonate to phenylnitroenyne 
catalyzed by a helical oligo-urea foldamer (Guichard and Palomo 2017). 

3. Reactions Using Amines 

The previous examples were focused on the study of carbon 
nucleophilic species. However, there are very few studies based 
on the use of heteroatomic nucleophilic compounds in 
combination with nitroenynes as electrophiles, despite their 
important potential in organic chemistry for the synthesis of chiral 
β-propargylic nitroalkanes. Ooi et al. published in 2011 the 
enantioselective addition reaction of 2,4-dimethoxyaniline to 
different nitroenynes, using chiral arylaminophosphonium 
barfates as organocatalysts (Scheme 22).[30] The authors studied 
the scope of the reaction with 9 different substituted nitroenynes 
(aromatic and aliphatic) with different electronic and steric 
characteristics. Using electron-donor groups (MeO) at the para-
position of the aromatic group obtained the corresponding chiral 
propargylic amine with higher yield and enantiomeric excess than 
with an electron-withdrawing group. On the other hand, the use of 
acyclic and cyclic alkyl groups did not affect the effectiveness of 
the reaction. Additionally, the system is compatible with alkyl 
chlorides as substituents, obtaining the addition product 
quantitatively with an enantiomeric excess of 95% ee. Finally, the 
bulky tert-butyl dimethyl silyl ether group was tolerated under the 
optimized reaction conditions affording good results. 
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Cat. M (10 mol%)

CHCl3, -10ºC

Catalyst M

ArNH2

Ar = 2,4-(MeO) 2-C6H3
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R

NHAr

NO2

NHAr

R

NO2

R

NHAr
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N
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N
H
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P

H
N

N
H

BArF

Ar' = 3,4,5-F3-C6H2
BArF = [3,5-(CF3)2C6H3]4B

R= H, 92% yield, 92% ee
R= MeO, 94% yield, 94% ee
R= Cl, 91% yield, 86% ee

R= CH3(CH2)5-, 93% yield, 92% ee
R= i-Bu, 90% yield, 96% ee
R= Cy, 91% yield, 92% ee
R= Cl(CH2)3-, 99% yield, 95% ee
R= BnO(CH2)2-, 99% yield, 90% ee
R= t-BuMe2Si(O(CH2)2-, 99% yield, 90% ee   

Scheme 22. Aza-Michael reaction with nitroenyne derivatives (Ooi, 2011). 

4. Examples using Relay/Sequential Metal‐
organocatalysis 

Asymmetric metal/organo combined catalysis, applying a metal 
complex and a chiral organocatalyst in a one-pot cascade or 
tandem reaction, has emerged as a promising strategy to build up 
molecular complexity from simple materials.[31] Such type of 
catalysis merges the advantages of both metal catalysis and 
organocatalysis, providing step-economy, and, more importantly, 
the potential to achieve inaccessible reactivity by a single catalyst. 
Based on the behaviors of the distinct catalysts, combined 
catalysis can be classified into cooperative, relay and sequential 
catalysis. In cooperative catalysis all the catalysts are involved in 
bond-breaking or forming events individually and simultaneously, 
while relay catalysis refers to a one-pot cascade process in which 
individual reactions are independently promoted by distinct 
catalysts in a cascade manner. Finally, in sequential catalysis 
some of the catalysts or reagents must be added in a stepwise 
manner, due to that some catalysts become significantly 
incompatible with each other, or with reaction conditions. In this 
part of the review, several examples of sequential (one-pot) and 
relay catalysis combining metal/organocatalysis involving 
nitroenynes are described. 
The first authors that described the combination of metal and 
organocatalysis in a one-pot process using nitroenynes as 
electrophiles were Alexakis, Krause and coworkers. With the 
chiral -nitrocarbonyl compounds obtained through the 
organocatalytic conjugate addition of aldehydes to nitroenynes, 
they decided to investigate the gold-catalyzed tandem 
acetalization/cyclization[32] of the homopropargylic aldehyde 
affording chiral tetrahydrofuranyl ethers bearing three stereogenic 
centers (Scheme 23).[33]. After some optimization process, they 
could develop the one-pot reaction consisting in the 
enantioselective organocatalytic Michael addition of aldehydes to 
nitroenyne derivatives followed by a subsequent gold-catalyzed 
acetalization/cyclization, enabling them to obtain eight 
nitrosubstituted tetrahydrofuranyl ethers in high diastereo- and 
enantioselectivities and with excellent yields (Scheme 23). 
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2) PPh3AuCl (5 mol%)

   AgBF4 (5 mol%)
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+

O PhRO
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R= Et, 80% yield, 99% ee, 96:4 dr (syn/anti), 92:8 dr (cis/trans)
R= iPr, 78% yield, 99% ee, 96:4 dr (syn/anti), 88:12 dr (cis/trans)

OEtO
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R1= MeO, R2= H, 77% yield, 99% ee, 95:5 dr (syn/anti), 91:9 dr (cis/trans)

R1= H, R2= Me, 86% yield, 99% ee, 96:4 dr (syn/anti), 91:9 dr (cis/trans)
R1= Br, R2= H, 86% yield, 99% ee, 97:3 dr (syn/anti), 92:8 dr (cis/trans)

R1= CF3, R
2= H, 84% yield, 96% ee, 96:4 dr (syn/anti), 93:7 dr (cis/trans)

R2

R1

OEtO

NO2

75% yield, 99% ee, 97:3 dr (syn/anti), 89:11 dr (cis/trans)

S

(b)

(a)

(c)

dr (cis/trans) for the chiral 
centers (a) and (b)

dr (syn/anty) for the chiral 
centers (b) and (c)

 

Scheme 23. Scope of the one-pot enantioselective Michael/acetalization/gold-
catalyzed cyclization (Alexakis and Krause, 2009 and 2010). 

The organocatalytic cycle (Scheme 24) begins with the previous 
formation of an enamine intermediate between the carbonyl 
compound (isovaleraldehyde) and the chiral amine A that acts as 
catalyst (Jørgensen-Hayashi catalyst). This enamine intermediate, 
which is more nucleophilic than the initial carbonyl species, reacts 
stereoselectively with the electrophile (nitroenyne). Finally, the 
hydrolysis of the resulting iminium ion takes place, with the 
consequent release of the addition product and the recovery of 
the catalyst. On the other hand, the metal cycle begins with the 
reaction between the gold and silver precursors, forming a new 
gold complex whose positive charge is more accessible that in the 
initial precursor. This catalyst activates the carbonyl oxygen of the 
Michael adduct, increasing the electrophilicity of the carbonyl 
group and allowing the attack of alcohol. Then, the gold complex 
activates the triple bond allowing the 5-endo attack by the 
hemiacetal oxygen. Finally, the proto-deauration process takes 
place affording the highly functionalized tetrahydrofuran product.  
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Scheme 24. Proposed mechanism for the one-pot process for the synthesis of 
chiral tetrahydrofuranyl ethers (Alexakis and Krause, 2009). 

The Enders group has developed various methodologies in which 
organocatalysis and metal catalysis converge. Among them, the 
use nitroenins as electrophiles has been discussed and applied 
for the catalytic synthesis of chiral furans or pyrans. In 2015, 
Enders and coworkers described the asymmetric synthesis of 
pyrano-annulated pyrazoles using pyrazolones as nucleophiles 
and nitroenynes as electrophiles in a relay metal/organocatalysis 
methodology employing a squaramide as organocatalyst (Cat. N) 
and a silver salt (Ag2CO3) (Scheme 25).[34] Pyrazoles and their 
derivatives represent an important class of nitrogen heterocycles 
found widely in pharmaceutical and agrochemical.[35] Therefore, 
their asymmetric synthesis is highly important. In this context, 
pyrano-annulated pyrazoles have shown interesting biological 
properties. [36] Enders studied the scope and limitations of his 
Michael/hydroalkoxylation reaction with 18 different examples, 
obtaining good results in terms of yield and enantioselectivity for 
a wide variety of pyrazolones and nitroenynes, regardless of their 
electronic characteristics. The observed product is a pyrano-
annulated pyrazole resulting from the 6-endo dig attack of the enol 
form of the pyrazolone to the triple bond. It should be noted that 
when nitroenynes substituted with bulky groups are used, such as 
1-naphthyl, 2-BrPh or 2-ClPh, they observed a decrease in yield 
but maintaining the enantioselectivity, possibly due to steric 
hindrance. On the other hand, the reaction using 2,5-dimethyl 

pyrazolone as nucleophile had to be carried out at room 
temperature, due to the low solubility of the compound, thus 
obtaining the cyclization product with a low yield (48% yield) but 
a high enantiomeric excess (85% ee). Finally, the reaction 
tolerates the use of nitroenynes with aliphatic substituents, 
although the enantioselectivity decreases (77-85% ee). 
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Ar= 4-Cl-C6H4-, 93% yield, 89% ee
Ar= 2-Cl-C6H4-, 87% yield, 91% ee
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Ar= 4-CF3-C6H4-, 89% yield, 85% ee
Ar= 3-MeO-C 6H4-, 93% yield, 84% ee
Ar= 3-Me-C6H4-, 88% yield, 86% ee
Ar= 2-Cl-C6H4-, 74% yield, 88% ee
Ar= 2-Br-C 6H4-, 77% yield, 95% ee
Ar= 1-naphthyl, 77% yield, 93% ee
Ar= 2-naphthyl, 91% yield, 91% ee
Ar= 1,3-benzodioxole, 93% yield, 89% ee
Ar= 2-furanyl, 93 % yield, 82% ee
Ar= 2-thienyl, 92% yield, 89% ee

N N

Me

Ph

O

R NO2

R= CH3(CH2)3-, 95% yield, 77% ee
R= cyclopentyl, 91% yield, 85% ee

 

Scheme 25. Asymmetric tandem Michael/hydroalkoxylation cyclization 
combining silver and organocatalysis (Enders, 2015). 

1,4-Naphthoquinone skeleton is present in a wide range of natural 
products that show several biological activities.[37] Therefore, the 
synthesis of chiral compound bearing this particular skeleton is 
interesting for the synthetic community. Enders group published, 
in 2016, a study using 2-hydroxy-1,4-naphthoquinones as 
nucleophiles and nitroenynes in the synthesis of chiral 
pyranonaphthoquinones.[36] In this article, the authors develop a 
sequential catalytic process that uses a chiral squaramide O (0.5 
mol%), that catalyzed the Michael addition, and a silver salt 
(AgOTf) that catalyzed the hydroalkoxylation cyclization (Scheme 
26).  The scope of the reaction was widely investigated with 19 
examples, using several substituted nitroenynes and several 
substituted hydroxynaphthoquinones. Using 2-hydroxy-1,4-
naphthoquinone as nucleophile and phenylnitroenyne as 
electrophile, the cyclization product was obtained in excellent 
yield (93%) and excellent enantiomeric excess (98% ee) after the 
one-pot reaction. When nitroenynes with bulky substituents such 
as 1-naphthyl, 2-ClPh or 2-Br-Ph or with electron-donating groups 
(MeO, Me) the results were excellent both in conversion and 
enantioselectivity. However, the use of substrates with strong 
electron-withdrawing group such CF3 at para position or 
heteroaromatic groups, was deleterious for the yield (23-25%), 
although the enantioselectivity was still high (96-99% ee). 
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Additionally, the reaction tolerates nitroenynes bearing aliphatic 
substituents leading to the products with excellent 
enantioselectivity (95-97% ee) although with low yields (19-50%). 
Finally, the authors studied the reaction using 
hydroxynaphthoquinone substituted with electron-donating and 
electron-withdrawing groups at the aromatic ring, observing good 
results for the final products. 
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Ar= 2-Me-C 6H4-, 93% yield, 95% ee
Ar= 1-naphthyl, 94% yield, 96% ee
Ar= 2-naphthyl, 88% yield, 97% ee
Ar= 1,3-benzodioxole, 91% yield, 92% ee
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Scheme 26. Asymmetric sequential one-pot Michael/hydroalkoxylation 
cyclization combining silver and organocatalysis (Enders, 2016). 

Additionally, the Enders group described in 2016, another one-pot 
enantioselective addition of Michael/ hydroalkoxylation cyclization. 
In this case cyclic 1,3-dicarbonyl compounds and different 
nitroenynes were reacted, using relay catalysis: the combination 
of squaramide organocatalyst (0.5 mol% of cat. O) and Ag2O (1 
mol%) (Scheme 27).[38] In this article, the authors describe 17 
examples, obtaining in some cases chiral furans and in other 
cases chiral pyrans depending on the 1,3-dicarbonyl compound 
used. First, they studied the addition of dimedone and different 
aromatic nitroenynes affording the chiral tetrahydrobenzofurans 
with excellent yields (90-99% yield) and enantioselectivities (94-
97% ee). In these cases, after the Michael addition of the cyclic 
1,3-dicarbonyl compound to the nitroenyne, a selective 5-exo dig 
cyclization takes places catalyzed by Ag2O. After, different cyclic 
1,3-dicarbonyl compounds were tested using phenylnitroenyne as 
electrophile. 1,3-cyclohexanedione gave the chiral 
tetrahydrofuran product with lower yield (79%) but excellent 
enantiomeric excess (98% ee). The authors also tested several 
5-substituted 1,3-cyclohexanediones to introduce another 
stereocenter via desymmetrization in the final cyclization products. 
The desired tetrahydrobenzofurans were obtained in very good 
yields and enantioselectivities, but the diastereomeric ratio was 
virtually 1:1 in all the examples studied. 
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a yield and ee for the gram scale reaction  

Scheme 27. Asymmetric sequential one-pot Michael/hydroalkoxylation 
cyclization with cyclic 1,3-diketones and nitroenynes combining silver and 
organocatalysis (Enders, 2016). 

Interestingly, when the reaction was performed with 1,3-
cyclopentanedione afforded a chiral dihydropyran with moderate 
yield (63%) and excellent enantiomeric excess (94% ee). In this 
case, after the Michael addition of the cyclic 1,3-dicarbonyl 
compound to the phenylnitroenyne, a selective 6-endo dig 
cyclization takes places catalyzed by Ag2O. In a similar way, when 
cyclic 1,3-dicarbonyl compounds with heteroatoms were used, 
the dihydropyran were also obtained with slightly lower 
enantioselectivity (88-90% ee). Moreover, the authors could apply 
their enentioselective methodology at one-gram scale reaction, 
obtaining the chiral tetrahydrobenzofuran with a 97% yield (3.41 
mmol, 1.07 grams) and the same enantioselectivity (95 %ee). 
The authors proposed a reaction mechanism for their one-pot 
procedure (Scheme 28). In the first cycle, the squaramide 
catalysts acts as a bifunctional catalyst. Nitroenyne is activated 
due to the formation of hydrogen bonds between the nitro group 
and the squaramide. Simultaneously, the nucleophile is activated 
by establishing an analogous interaction of the hydroxyl group of 
the enol form with the tertiary amine. Thanks to the interaction of 
both substrates, plus the chiral environment provided by the 
catalyst backbone, the enantiomerically enriched Michael addition 
product is obtained. In the second cycle the Ag (I) species, 
activated electrophilically the triple bond via a -complex, 
facilitating the intramolecular hydroalkoxylation cyclization 
reaction, which occurs via 5-exo dig or 6-endo dig depending on 
the nature of the 1,3-dicarbonyl compound. Finally, the process of 
protodeargentation of the vinyl silver intermediate takes place, 
giving rise to the chiral tetrahydrobenzofuran or dihydropyran 
derivatives. The authors did not give an explanation for the 
different cyclization mechanisms. 
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Scheme 28. Proposed mechanism for the one-pot Michael 
addition/hydroalkoxylation cyclization (Enders, 2016). 

Another example using a combination of metal catalysis and 
organocatalysis was described by Zhou and coworkers in 2016.[39] 
They reported the sequential Au(I)/hydrogen bonding 
organocatalysis for a tandem gold mediated C-H functionalization 
of anisoles and thiophenes with diazooxindoles and subsequent 
Michael addition reaction for the synthesis of chiral oxindoles 
products bearing two stereogenic centers (Scheme 29). The first 
step is the gold catalyzed C-H insertion of the electron-rich arene 
in the diazooxindole derivative. After this reaction, they removed 
the CH2Cl2, dissolved in Et2O, added the organocatalyst P (10 
mol%), cooled to -40 ºC and followed with the addition of 
nitroenyne. It was found that by catalysis with gold (I) complexes, 
all nucleophiles reacted effectively with the diazooxindole 
derivatives, and subsequently the Michael addition to nitroenyne 
allow the formation of the oxindole with a quaternary stereocenter. 
The authors described 15 examples, using nucleophiles and 
electrophiles with different degrees of substitution. It should be 
noted that when using slightly electron-donating groups (Me) in 
the diazocompound, the yield decreases, but good results are 
obtained in terms of enantioselectivity and diastereoselectivity 
(44% yield, 99% ee, 17:1 dr). Additionally, when electron-
withdrawing groups are used in the diazocompound the yields, 
enantiomeric excess and diastereoselectivity were excellent. The 
reaction tolerates substituted nitroenynes with aliphatic chains or 
TMS group. Finally, changing the anisole nucleophile for 3,4-

dimethylthiophene or acetanilide, good yields and excellent 
enantioselectivities were obtained, but the diastereoselectivity 
decreased (1.5:1 and 5:1 dr). The authors also extended their 
methodology for O-H insertion/Michael addition sequence 
obtaining the 3-alkoxy-oxindole with good yield (62%) and high 
enantioselectivity (90% ee), but poor diastereoisomeric ratio 
(1.2:1 dr). 

R2

NO2

Ar-H
N
H

O

N2

N
H

O

Ar

R2

NO2

N

H
N

N

P
OiPr

OiPr
O

Ph3PAuOTf  (1 mol%)  
CH2Cl2, -10 ºC Cat. P (10 mol%)  

      Et2O, -40 ºC

+

Catalyst P

N
H

O

Ph

NO2R

OMe
MeO

N
H

O

Ph

NO2R

MeO

N
H

O

R

NO2Cl

MeO

N
H

O

NO2Cl S

Ph

16  eq.

(1.1 eq.)

R= F, 99% yield, 99% ee, 7:1 dr
R= Cl, 96% yield, 99% ee, 7:1 dr
R= Br, 97% yield, 99% ee, 8:1 dr
R= Me, 44% yield, 99% ee, 17:1 dr

R1

R1

R= F, 96% yield, 99% ee, 14:1 dr
R= Cl, 93% yield, 99% ee, 15:1 dr
R= Br, 94% yield, 99% ee, >20:1 dr

N
H

O

Ph

NO2R

R
MeO

R= Br, 71% yield, 99% ee, >20:1 dr
R= I, 56% yield, 99% ee, >20:1 dr
R= Me, 99% yield, 99% ee, 10:1 dr

R= 4-F-C6H4-, 96% yield, 99% ee, 8:1 dr
R= CH3(CH2)4-, 99% yield, 99% ee, 8:1 dr
R= Me3Si-, 99% yield, 99% ee, 8:1 dr

82% yield, 99% ee, 1.5:1 dr

N
H

O

Ph

NO2Cl

AcHN

55% yield, 93% ee, 5:1 dr

N
H


O



Ph

NO2Cl
O

EtOH instead of Ar-H

62% yield, 90% ee, 1.2:1 dr

 

Scheme 29. Sequential C-H functionalization of arenes/asymmetric Michael 
addition using the combination of gold/organocatalysis (Zhou, 2016). 

Moreover, the authors showed the synthetic versatility of the 
functionalized chiral oxindoles with the propargylic stereocenter 
obtained with their sequential methodology (Scheme 30 A). The 
cyclization of the Michael product gave the corresponding 
spirocyclic oxindole using 1 mol% of Ph3PAuOTf maintaining the 
enantiomeric purity of the compound. Furthermore, the authors 
described the gold catalyzed regioselective hydratation of the 
triple bond of the Michael adduct through a one-pot triple 
sequential reaction to prepare the -nitroketone bearing an 
oxindole moiety.  
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Scheme 30. Synthetic transformations of the propargylic chiral compounds 
(Zhou, 2016). 

Chiral bicyclic acetals are important structures in synthetic 
organic chemistry, as they can serve as building blocks for the 
construction of complex oxygen containing heterocycles. In this 
context, Liu's group studied the addition of various racemic 
hemiacetals to aromatic nitroenynes, by a one-pot reaction using 
organocatalysis/gold-catalysis (Scheme 31) taking advantage of 
the propargylic stereocenter.[40] This case is an example of 
sequential catalysis. The authors studied 14 examples with 
different degrees of substitution, in which two separable epimers 
with several chiral centers were obtained from the racemic lactols 
precursors. In all cases, the gold catalyzed cyclization occurs 
through a 6-endo dig attack. Using cyclic five-membered 
hemiacetals substituted with neutral aromatic rings, or with 
electron-attracting groups or heteroaromatic rings, the cyclization 
products were obtained with good yields (total yield), excellent 
enantiomeric excesses (99% ee in most of the cases) and 
excellent diastereoselectivities (20:1 in most of the cases). On the 
other hand, when nitroenynes substituted with aromatic rings with 
electron-donating or electron-withdrawing groups or 
heteroaromatic rings were used, similar yields, enantiomeric 
excesses or diastereoselectivities were observed. Only in the 
case of orto-fluorobenzene derivative the diastereoselectivities 
observed were lower (6:1 and 5:1). Finally, the use of a six-
membered racemic lactol also shows the formation of the 6-endo 
dig cyclization product, with yield and enantioselectivity similar to 
the other cases, but with a slight decrease on the 
diasteresolectivity. The absolute configuration of the products 
was determined by single-crystal X-ray analysis and NOE 
experiments. 
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Scheme 31. Scope of the organocatalytic addition of racemic lactols and 
aromatic nitroenynes (Liu, 2017). 

5. Other reactions  

In the last part of this review other organocatalytic reactions 
different from Michael addition using nitrenynes are discussed. 
Looking at the literature examples, phenylnitroenyne had been 
used also in an organocatalytic Diels-Alder. The grup of Xu 
developed a Diels-Alder reaction of cyclohexenones with nitro 
polyconjugated compounds in excellent chemo-, regio- and 
enantioselectivities using supramolecular organocatalysis.[41] The 
authors claim that this chiral supramolecular catalysts, self-
assembles from chiral secondary amine (catalyst Q) with readily 
available achiral poly(alkene glycol)s through weak noncovalent 
interactions. In this article, they report one example using 
phenylnitroenyne. The corresponding Diels-Alder product is 
obtained in 94% yield, 2:1 exo/endo ratio and 85% ee for the 
major exo product (Scheme 32). 
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Scheme 32. Organocatalytic Diels-Alder reacttion of cyclohexanone and 
phenylnitroenyne using supramolecular organocatalysis (Xu, 2012). 

7. Conclusions 

In summary, in this review we have presented an overview of the 
use of nitroenynes and derivatives in organocatalytic reactions 
that have been reported in the last years. Several successful 
organocatalytic methodologies for the Michael addition of different 
nucleophiles to this particular kind of electrophile have been 
described. Moreover, the versatility of Michael adducts with a 
propargylic stereocenter have been discussed with the different 
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applications that have been described in the literature. The triple 
bond represents a powerful functional group for subsequent 
cyclizations catalyzed by gold or silver, providing an extensive 
variety of chiral heterocycles. We hope that this review will serve 
as a handy reference for synthetic chemists interested in 
developing new organocatalytic protocols using nitroenynes as 
electrophile. 
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