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The reaction of nitrocompounds with azomethine functions to
afford 1,2-nitroamines, the aza-Henry (or nitro-Mannich) reaction,
is a highly valuable €C bond forming process. The resulting
nitroamine adducts can either be redug¢gdyducing 1,2-diamines,
or oxidized? affording o-amino acids. While the production of both
families of target molecules in nonracemic form bears considerable

interest, the use of the aza-Henry approach in that endeavor remains

nearly unexplored because of the long-standing lack of (catalytic)

asymmetric versions. Several groups have recently reported enan-

tioselective aza-Henry protocols involving metdlias well as
purely organi€ catalysts. Despite the remarkable levels of selectivity
so far reporte&f these methods are restricted, with almost no
exception, to non-enolizable aldehyde-derived azometHifids
availability of catalytic, enantioselective protocols also suitable for

Table 1. Screening of Bases and Quaternary Ammonium Salts in
the Reaction of o-Amido Sulfones 1a/2a with Nitromethane?

substrate salt base product conv. (%)” ee (%)°
la 5 CsCOs 3a 33 82
la 5 CsOHH0 3a >95 90
2a 5 CsCOs 4a 23 65
2a 5 CsOHH0 4a 90 65
la 5 K2CO3 3a 38 80
la 5 KOH 3a 36 82
la 6 CsCOs 3a 40 76
la 6 CsOHH-0 3a >95 85
la 7 CsCOs ent-3a 17 44
la 7 CsOHH,0 ent-3a 90 84

a Reactions conducted at 0.5 mmol scale in 1.5 mL of toluene using a
nitromethane:base:ammonium salt molar equivalent ratio of 5:3:1-2@t

enolizable substrates would considerably expand the aza-Henry’C for 40-44 h." Determined by'H NMR. © Determined by HPLC.

reaction. We have found recently thatamido sulfones are
appropriate in situ precursors of enolizable aldehyde-derived
azomethine compounds in the context of the asymmetric Mannich
reaction® In connection to our recent interest in the afeaye
present here a new asymmetric aza-Henry technology with broa
substrate scope based on the uset@mido sulfone substrates
and phase transfer catalysis (PTC).
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Given that in situ generation of azomethines fraramido
sulfones requires stoichiometric bd8¢he base-promoted, nonse-
lective background aza-Henry reaction constitutes an initial ob-
stacle!! It seemed that phase transfer conditions using chiral
quaternary ammonium saftsn combination with a nonsoluble base
would render the competitive undesired reaction marginal.

The initial screen of several commercially available chiral
quaternary ammonium salts—7 and inorganic bases for the
reaction ofa-amido sulfonela and nitromethane in toluene as
solvent was informative (eq 1 and Table 1). After 44 h of stirring
at —40 °C, only CsOHH,0 exhibited, among the bases tested,

In subsequent experiments, it was found that catalytic quantities
of 5in combination with CsOFH,0 (120-150 mol %) sufficed
for the reaction of nitromethane with a varietyafamido sulfones

d 1. As data in Table 2 show, the enantiomeric excesses are generally

high for aryl-substitutedi-amido sulfonesih—m) irrespective of

the electronic nature of the aromatic ring: heteroaromatic azome-
thines being also toleratedrf). Most remarkably, the aza-Henry
reaction with an array of enolizable aldehyde-dexil azomethines
gave enantiomeric excesses regularly abo94%. Hence, both
linear as well as branched chain alkytamido sulfonesla—g,
which show uneven degrees of steric hindrance, gave the corre-
sponding adduc3 in good yields and enantiomeric excesses in the
94—98% range. Again, catalyStperformed slightly better thaé
(compare entries 1/2, 3/4, and 10/11).

NBoc cat 5 (12 mol%) NHBoc
J + CH3NO, ——— NO
Ph toluene, 40h Ph 2 )
10 3h
Absence of CsOH:H,0 (r.t.) ----> No reaction

12 mol% of CSOH:H,0 (-40°C) --- > 75% yield, 80% ee

Additional observations gave further insights on the requirements
of and role played by the base and the catalyst. Thus, amine bases,
such as DBU, also gave good conversions but at the expense of
the enantioselectivit{? The achiral amidinium nitronate, initially
generated in this instance upon nitromethane-base proton transfer,
may likely contribute to the racemic background process. On the
other hand, as results in eq 2 show, catabyatone is not capable
of promoting the reaction betweelt0 and nitromethane, and a

nearly complete conversion; in all other cases, conversions remainedscenario with the cinchona catalysts acting as concurrent acid and

below 40%. As is often customary, while quinine derivativand
cinchonidine derivativé provided products withr configuration,
cinchoninium salf7 afforded the products with opposite configu-
ration4 Good enantioselectivities were attained with all three salts
whenN-Boc sulfonela was employed, but the reactions with the
corresponding Cbz sulfona were less satisfactory.
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basé® can be ruled out in this system. Clearly, Cs®kD does

not merely act as the base fbkacyl imine formation but also
intervenes during the subsequent aza-Henry reaction. In addition,
the free hydroxyl group in catalysts-7 plays a key role in substrate
activation since the corresponding catal\&#nd9, whose alcohol
group has been protected in the form of benzyl ether, showed

10.1021/ja056594t CCC: $30.25 © 2005 American Chemical Society
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Table 2. Aza-Henry Reaction of Nitromethane and Nitroethane
with Azomethines Generated from a-Amido Sulfones 1 under
PTC2

CHaNO, NHBO;O
5 (12 mol% R :
hHBoc c§0H.Hzo)(130 mol%) 3
R SO;Tolp toluene, -50°C, 44 h NHBoc
1 CH4CH,NO, NO,
— " R
CHs
1
entry  compound R product  yield (%)° ee (%)°
1 a PhCHCH; 3 83 96
2 40 91
3 b CHsCH; 3 80 96
4 68 90
5 c CH3CH.CH; 3 78 94
6 d CHs(CHp)a CH. 3 78 98
7 e (CHs) 2CHCHp 3 75 97
8 f (CHs) ,CH 3 81 95
9 g c-CeHia 3 77 98
10 h Ph 3 79 91
11 8¢ 78
12 i 4-MeOGH4 3 82 91
13 j 4-CICeHq4 3 79 80 (96)
14 k 4-F:CCeHa 3 80 82 (90)
15 | 3-NO,CeH4 3 72 83 (90)
16 m 1-naphthyl 3 81 90 (94)
17 n 2-furyl 3 72 84
18 a PhCHCH; 11 85 91 (90:109
19 h Ph 11 88 94 (93:79
20 i 4-MeOGH. 11 87 90 (95:59
21 i 4-CICeH,4 11 88 98 (75:25

aReactions conducted at 0.5 mmol scale in dry toluene (1.5 mL) using
1:CH3NO25:CsOHH,0 in a 1:5:0.12:1.3 molar ratié.Isolated yields after
column chromatography.Determined by HPLC (see the Sl for details).
The number in parentheses refers to the product after a single crystallization
from hexaned With cat6 (conversions)e 89% ee at-20°C. f Oil. 9 Ratio
of syn/antidiastereomers in parentheses.

significantly lower efficiency (conversions typicalky10%). This
result contrasts with previous observatibrend suggests that the
present catalysts exhibit dual functiol¥sgventually, a hydrogen
bond may be formed between the hydroxyl group and the nitro
group’s oxygen, facilitating nitronate formation, and/or between
the hydroxyl and the azomethine’s nitrogen, activating the elec-
trophile and rigidifying transition structure.

The potential of this catalytic approach is further demonstrated
by the reaction of azomethine precurstesh—j with nitroethane
to afford adductd 1ah—j in syn:antirelationships up to 95:5 and
enantiomeric excesses in the range of-98% for the majoisyn
diastereomer. Finally, most products are crystalline, and essentially,
enantiopure compounds can be obtained by direct crystallization
of the crude nitroamineX.

In conclusion, a catalytic, highly enantioselective aza-Henry
methodology is described, which works under PTC conditions. As
salient features, the new method involves readily availakdenido
sulfone substratés and commercial catalysts, making it easily
scalable. Most important, it is the first protocol amenable to
enolizable aldehyde-derived azomethine substrates, thus consider
ably expanding the potential of the aza-Henry reaction in synthesis.
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