


Preparation of Nitroalkenes
Nitration of Alkenes



Preparation of Nitroalkenes:
Henry Reaction
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aliphatic aldehyde: step-wise

aromatic aldehyde:
spontaneous dehydrationketones: much less reactive

Most widely used conditions: MOH or MOR in ROH

NH4OAc: an efficient catalyst in the synthesis of arylnitroalkenes, shortens the time and depresses polymerization

Other condensing reagents: carbonates, NR3, ion-exchange resins

Often acylation (Ac, Bz, Ms) followed by elimination is preferred to dehydration of nitroalcohols
acylation/elimination in situ: (MeCO)2O/DMAP, (CF3CO)2O/NEt3, DCC/CuCl

Difficulty: reversibility. Solution: Silylnitronate w/ cat. F-

RCH=NR' + R''CH2NO2 RCH=CR''NO2
HOAc

Alternertive way:



Preparation of Nitroalkenes:
Other Methods
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2) NH2OH•HCl
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75% yield
Takamoto, T.; Ikeda, Y.; Tachimori, Y.; Seta, A.; Sudoh, R. J. Chem. Soc. Chem. Commun., 1978, 350
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Sakakibara, T.; Ikeda, Y.; Sudoh, R. Bull. Chem. Soc. Jpn. 1982, 55, 635
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1) BuLi, THF

2) PhSeBr, THF
R
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H2O2 R
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Sakakibara, T.; Takai, I.; Ohara, E.; Sudoh, R. J. Chem. Soc. Chem. Commun., 1981, 261

55-83% yield



Reduction of Nitroalkenes



Reduction with Bakers' Yeast

Ohta, H.; Ozaki, K.; Tsuchihashi, G. Chem. Lett. 1987, 191
Ohta, H.; Kobayashi, N.; Ozaki, K. J. Org. Chem. 1989, 54, 1802
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*

R1=aryl, R2=alkyl, >90 %ee
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high ee, low dr
Kawai, Y.; Inaba, Y.; Hayashi, M.; Tokitoh, N. Tetrahedron Lett. 2001, 42, 3367
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Mechanism study:

McAnda, A. F.; Roberts, K. D.; Smallridge, A. J.; Ten, A.; Trewhella, M. A.
J. Chem. Soc., Perkin Trans. 1, 1998 501



Enantioselective 1,4-Reduction

NO2

R'R

NO2

R'R

CuOtBu, (S,R)-Josiphos

PMHS, PhSiH3, H2O
toluene, rt

Fe

(S,R)-Josiphos

P

PMe
PMHS=Poly(methylhydrosiloxane)

Czekelius, C.; Carreira, E. M.
Angew. Chem. Int. Ed. 2003, 42, 4793
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MeR

CuOtBu, (R,S)-Josiphos

PMHS, PhSiH3, H2O
nBu4NOH•30H2O

toluene, rt

NO2

R

Czekelius, C.; Carreira, E. M. Org. Proc. Res. Dev. 2007, 11, 633



Diels-Alder Reaction

Nitroalkenes as a typical dienophile:
Reacts with both strongly nucleophilic and weakly nucleophilic dienes
Often requires low temperature
Very effective at controlling the regiochemistry, overwhelming other e-withdrawing groups on -position
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toluene, 80-110 °C

O
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DBN

O

X
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Z

formal alkynone synthetic equivalent with reversed polarization 51-99% yield

THF, 0°C or rt

Corey, E. J.; Estreicher, H. Tetrahedron Lett. 1981, 22, 603
O" "



Diastereoselective Diels-Alder Reaction



Nitroalkenes as Heterodienes



Michael Addition



Et2Zn Addition

Ar
NO2

Ar
NO2

Et1) 1.2 eq Ti-TADDOLate
2) 3.8 eq Et2Zn, -90 to -75 °C

3) NH4Cl/H2O
74-90 %ee

83-95% yield
Schäfer, H; Seebach, D. Tetrahedron 1995, 51, 2305
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PhPh

Ph Ph

NO2 NO2

EtEt2Zn, 2 mol% Cu(OTf)2
4.1 mol% cat.

toluene, -30 °C

86 %ee
100% conversion

Sewald, N.; Wendisch, V. Tetrahedron: Asymmetry 1998, 9, 1341
Ligand first reported by Feringa, B. L.; Pineschi, M.; Arnold, L. A.;
Imbos, R.; de Vries, A. H. M. Angew. Chem. Int. Ed. 1997, 36, 2620
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Et2Zn Addition



R2Zn Addition



Michael Addition by Metal Catalysis

CO2EtEtO2C

NO2
Ph

5.5 mol% Ligand
5 mol% Mg(OTf)2

6 mol% NMM

CHCl3, mol. sieves, rt

EtO2C

CO2Et

NO2

Ph

95 %ee
92% yield

Ji, J.; Barnes, D. M.; Zhang, J.; King, S. A.; Wittemberg, S. J.; Morton, H. E.
J. Am. Chem. Soc. 1999, 121, 10215.

O

N N

O

R1

N
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1. nBuLi, (-)-spartein,
toluene, 78 °C

2. O2N
R2

O2N

R2

R1 N
Ar Boc

NN

(-)-spartein

Johnson, T. A.; Curtis, M. D.; Beak, P. J. Am. Chem. Soc. 2001, 123, 1004.
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86-96 %de
>80 %ee
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Evans, D. A.; Mito, S.; Seidel, D. J. Am. Chem. Soc. 2007, 129, 11583.



Michael Addition by Organocatalysis



Michael Addition by Organocatalysis



Michael Addition by Organocatalysis



Michael Addition by Organocatalysis
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toluene, rt

R1 R2
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NO2

64-98% yield
79-95 %eeCF3

F3C N
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H

S
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O

OR2

Ar

N
H

O O

Okino, T.; Hoashi, Y.; Takemoto, Y.
J. Am. Chem. Soc. 2003, 125, 12672.
Okino, T.; Hoashi, Y.; Furukawa, T.; Xu, X.;
Takemoto, Y. J. Am. Chem. Soc. 2005, 127, 119.

Thiourea catalysts

H

O

R1

Me

R2
NO2

BnHN
N
H

N
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S

NH2(20 mol%)O

tBu

H2O (5 mol%)

CH2Cl2, rt

H

O

NO2

R1 Me

R2

34-94% yield
>2:1 dr

92-99 %ee
Lalonde, M. P.; Chen, Y.; Jacobsen, E. N. Angew. Chem. Int. Ed. 2006, 26, 6366.
Some other similar thiourea catalysts for ketone addition to nitroalkenes from other groups



Michael Addition by Organocatalysis

CO2R1R1O2C

R2
NO2

N

OH

N

H

OR

(10 mol%)

THF, -20 °C

CO2R1R1O2C

R2
NO2

80-99% yield
91-96 %ee

Li, H.; Wang, Y.; Tang, L.; Deng, L. J. Am. Chem. Soc. 2004, 126, 9906.

1-10 mol% (DHQD)2PYR

X

CNNC

R1
NO2

X

CNNC
R1

NO2

Vinyl Malononitriles
Xue, D.; Chen, Y.-C.; Wang, Q.-W.; Cun, L.-F.; Zhu, J.; Deng, J.-G. Org. Lett. 2005, 7, 5293.
Poulsen, T. B.; Bell, M.; Jorgensen, K. A.; Org. Biomol. Chem. 2006, 4, 63.

Cinchona alkaloids catalysts

CH2Cl2, -40 °C



Aza-MBH Reaction by Organocatalysis



Michael Addition by Organocatalysis

CO2R1R1O2C

R2
NO2

(2 mol%)

Et2O, -40 °C

CO2R1R1O2C

R2
NO2

79-99% yield
87-98 %ee

Terada, M.; Ube, H.; Yaguchi, Y. J. Am. Chem. Soc. 2006, 128, 1454.

Chiral guanidine catalyst

N
H

H
N

NMe

Ar

Ar
Ar = 3,5-tBu2C6H3



Nitroalkane Michael Addition by Organocatalysis



Indole Michael Addition by Organocatalysis



Sulfur-Michael Addition by Organocatalysis



N and P Michael Addition by Organocatalysis

R
NO2

Ph

P

NO2

10 mol% quinine
PhO

PhO

60-85% yield
45-88 %ee N

MeO

N

H

HO
H

H

H
P

O
OPh

OPh

O

xylene, -55 °C

Wang, J.; Heikkinen, L. D.; Li, H.; Zu, L.; Jiang, W.; Xie, H. Wang. W.
Adv. Synth. Catal. 2007, 349, 1052

quinine

npentyl
NO2

npentyl

N3

NO2

20 mol% cat.

85% yield
62 %ee

toluene, -78 °C

Nielsen, M.; Zhuang W.; Jørgensen, K. A.
Tetrahedron 2007, 63, 5849

TMSN3

trimethoxybezoic acid



Application in Total Synthesis

F

N
BocAr

Ar=p-methoxyphenyl

1) nBuLi, (-)-sparteine

toluene, -78 °C
2) OTIPSO2N

O2N

N

TIPSO

F

Ar

OTIPS

(83% yield, >99:1 dr)

1) HCl

2) NaBH4

O2N

TIPSO

F

(88% yield)

OH

1) Pd/C, HCO2NH4

2) Boc2O

BocHN

TIPSO

F

(95% yield)

OH

1) MsCl, NEt3
2) KOtBu
3) TBAF

F

N
Boc

OH

1) MsCl, NEt3

2) NaH, DMF, sesamol
3) TFA

F

N
H

O O

O

(83% yield) (72% yield) (-)-paroxetine
41% overall yield

>94 %eeJohnson, T. A.; Curtis, M. D.; Beak, P. J. Am. Chem. Soc. 2001, 123, 1004.



Application in Total Synthesis

MeO O
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toluene, 0 °C

10 mol% catalyst MeO O
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75% ee
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KOH
EtOH
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H

OH

N Cl H
N

H

N Cl

(-)-epibatidine

catalyst

Hoashi, Y.; Yabuta, T.; Yuan, P.; Miyabe, H.; Takemoto, Y.
Tetrahedron 2006, 62, 365
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