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The Michael addition of nitroalkanes to o, f-unsaturated enones catalyzed by a novel chiral imidazolidine-2-yltetrazole organocatalyst has
been investigated. The new more soluble organocatalyst decreases reaction times and improves enantioselectivities compared to other catalysts.
The Michael addition adducts were obtained with up to 92% ee.

The catalytic asymmetric conjugate addition of stabilized achieve asymmetric conjugate addition of nitroalkanes to
carbanions ta.,5-unsaturated carbonyl compounds is a well- a,8-unsaturated ketones in the presence of catalytic quantities
documented and fundamental synthetic procedure for carbon of, e.g., chiral bases, Lewis acids, and amines continues to
carbon bond formation in organic chemistrilitroalkanes be the subject of intense developmehtsGood results have
are a valuable source of stabilized carbanions since the highbeen achieved by Shibasaki etalsing a lanthanum tris-
electron-withdrawing properties of the nitro group provide binaphthoxide catalyst and Sods et aking a bifunctional

an outstanding enhancement of the hydrogen acidity at thecinchona catalyst, although in both cases only the reaction
a-position? The products of 1,4-addition of nitroalkanes to of chalcones with nitromethane was explored. Recently,
enonedare useful precursors for a variety of structures such Jacobsen et al. reported a high-yielding and versatile Al-
as aminocarbonyl compounds, aminoalkanes, and pyrro-salen-catalyzed Michael additiondg3-unsaturated ketones,
lidines. As a result, the development of new methods to affording Michael adducts with excellent enantioselectivities.
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We have previously reported the environmentally benign  Herein, we present a novel imidazolidine-2-yltetrazole-
imidazolidine-catalyzed Michael reaction of nitroalkanes to derived catalystl for the catalytic asymmetric conjugate
acyclic o,f8-unsaturated enones with moderate to good addition of various nitroalkanes to acyclic and cyclic enones.
enantioselectivity. Due to the importance of the optically The synthesis of catalyétis reported as well as its improved
active products obtained in this reaction, we decided to try properties in terms of catalytic activity and ability to induce
to develop a new catalyst that could lead to improved reaction enantioselectivity compared to previous imidazolidine cata-
rates as well as increased enantioselectivity in the reaction.lysts.

The phenylalanine-derived imidazolidine catalystvide Catalystl can easily be prepared using a slight modifica-
infra) has proved to be a powerful catalyst for the catalytic tion of the synthesis ofH-tetrazole-5-carbaldehyfgCAU-
asymmetric Michael reaction of, -unsaturated ketones with  TION: hydrazoic acid formed in the reaction is extremely
various Michael donor%.However, because of its low toxic) followed by condensation witN-methyl-3-phenyl-
solubility, long reaction times are often required for the propane-1,2-diamidgScheme 2).
reaction to go completion. Therefore, an alternative catalyst

with greater solubility, which would lead to shorter reaction _

times and improved enantioselectivities, would be highly ,
Scheme 2. Synthesis of

desirable. . . 5-(4-Benzyl-1-methyl-imidazolidine-2-yl)-1H-tetrazole

Tetrazoles are generally used as carboxylic acid replace-
ments in medicinal chemistry to increase solubility of a drug - N ovc— N
while retaining the properties of the acid. These properties OEt pyridine, 20°C g0 N rt N
of the t_etraz_ole mmety have also bt_aen expllo_lteq in organo- 70% yield 60% yield
catalysis to improve yield and enantioselectivity in a number
of proline-catalyzed reactiorid=urthermore, for the present NN Me N,Me

i i i ; -N NH  CH.CI

reaction we hyppthe5|zed that the increased .sterl.c bulk of o, _¢ N+ Bn__( 2~ an()\,//"‘\
the tetrazole moiety compared to the carboxylic acid would N NH, it N N
lead to a more sterically well-defined iminium ion intermedi- N
ate. This would be achieved by control of the ratio of 77%1yield

iminium ion intermediates:Il by favoring iminium ionl
even more compared tb (see Scheme 1). If further control

To our delight, we found that cataly$twas formed as a

_ single stereoisomer in the reaction as determinedHdyMR

Scheme 1. Increased Control of the Intermediate Iminium lon spectroscopy. Unfortunately, we have not been able to

Geometry determine the relative stereochemistry so far, as we have
Me Me been unable to grow suitable crystals for X-ray analysis. On
@r\)'\rN @N N the basis of previous reports with imidazolidinéhand
ot N HNf N o N HNT N imidazolidin€ catalys_ts, a cis relationship of th_e 5-benzyl
J%Me N Me)\k N and 2-tetrazole substituents is presumed, as this exposes the
Ph | | oh lone pair of the Nratom for nucleophilic attack onto the

substrate carbonyl group (see Scheme 1). On the other hand,
a 2,5-trans relationship of the two bulky substituents would
effectively shield the lone pair of the'Mtom, decreasing

of the iminium ion geometry could be achieved, higher the nucleophilicity of the catalyst and thus rendering it

asymmetric induction in the reaction might be expected, as!neffecnve_ Furthermore_, calc_ulahons at the PM3-lével

iminium intermediates and 1l obviously lead to opposite indicate that a trans relationship between the 2-tetrazole and
. 3. i i i

enantiomers of the product. N3-methyl (see Scheme 1) substituents for steric reasons is

favored by>2 kcal/mol compared to the corresponding 2,3-
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s For the addition of nitromethane (Table 2, entries 1 and

Table 1. Catalytic Enantioselective Addition of 2-Nitropropane 2), catalystl was found to be a significant improvement over
to Variousa,-Unsaturated Enones Catalyzed band 2

Me "

o] 1or2 OzN | Me . . . . .
/’]‘\02 + ~ -, z U Table 2. Catalytic Enantioselective Addition of Various
Me™ "Me R R? r.t. R! R2 Nitroalkanes to Benzylideneacetone CatalyzedLland2
M 3af NO R1
Me Me 2 e} 1or2 OoN_ | Ry
~ ~ R At
R R
By )'w\,r/N‘N Bn,(N D COOH 7 Re Ph Me  rt oh Mo
HHN-y H 3 gk
1 2
] ] reaction  isolated
reaction isolated . .
time yield ee? time yield ee
1 2 1 h a
entry R R? catalyst h) %) %) entry R R catalyst (h) (%) (%)
1 Ph Me 1 78 3a,97 87(S) ! noH ! 240 3g,90 92
2 H H 2 150 3g, 48 73
2 Ph Me 2 240 3a,95 T79(S)
3 H Me 1 100 3h, 83¢  89/89
3 Ph Et 1 170 3b,94 89(S)
4 H Me 2 130 3h, 75 7173
4 Ph Et 2 300 3b,64 83 (S) . orb
5 H COqEt 1 60 3i, 85 86¢
5 p-ClIC¢H; Me 1 72 3c,83 87(S) R i
6 H COqEt 2 110 3i, 84 79
6  p-ClCgHy Me 2 130 3c,82 75(S) .
7 (CHg)4 1 120 3j, 90 80
7 p-OHC¢Hs Me 1 70 3d,83 89(S) .
8 (CHs)s4 2 100 3j, 93 77
8 p-OHC¢Hs Me 2 180 3d,81 75(S)
9 (CHa2)s 1 300 3k, 82 85
9  p-NO2C¢Hy Me 1 100 3e,96 64 (S) 10 (CHa)s 2 975 3k. 60 71
10  p-NO9Ce¢Hs Me 2 130 3e,90 65(S) ’
11 2-furyl® Me 1 200 3f,87 83(R) aDetermined by chiral stationary phase GC or HPEDiastereomeric
12 2-furyl® Me 2 200 3f, 64 70 (R) ratio was 1:0.6 as measured By NMR spectroscopyt Measured after

decarboxylation? Diastereomeric ratio was 1:1 as measuredt$yNMR
aDetermined by chiral stationary phase GC or HPLC. Absolute config- spectroscopy? Diastereomeric ratio was 1:0.9. For reaction conditions, see
uration determined by X-ray analysis of tpeCICsH4 adduct and others Table 1.
assigned by analogy .Mixture of (E)- and (3-isomers. Reaction conditions:
In an ordinary test tube equipped with a magnetic stirring bar, 0.5 mmol of
the enone was added to 1.0 mL of the nitroalkane, and then the catalyst

(0.1 mmol) was added. The test tube was closed with a rubber stopper andcatalyst2, both in terms of reaction rate and asymmetric
the reaction mixture stired at ambien t;;’:{f‘izz’ag;‘fﬁé"g;h;ﬁgfg;gf";ggid induction, as the yield was almost doubled and the enanti-
evaporation of the nitroalkane (see Supporting Information). oselectivity was increased to 92% ee. Use of nitroethane
produced a less marked effect, as the yield increased to 83%,
As expected, not only was the addition of 2-nitropropane and both diastereomers were obtained with 89% ee (Table
catalyzed byl with different aromatic enones significantly 2, entries 3 and 4).
faster compared to reactions catalyzed dybut also a Nitroacetate afforded a 1:0.6 mixture of diastereomers with
substantial improvement of the asymmetric induction was catalystl; on the other hand, cataly8tgave a 1:1 mixture,
observed. The faster reaction might be due to the tetrazoleand the optical purity was improved to 86% ee (Table 2,
unit having a different acidity compared to a carboxylic acid. entries 5 and 6). Cyclic nitroalkanes could also be added to
It is important to note that when catalystwas used, full benzylideneacetone with improved enantioselectivity, and for
conversions were in all cases obtained for the time shown nitrocyclohexane 85% ee of the Michael adduct was observed
in Table 1, while for reactions catalyzed Byhis was rarely (Table 2, entries 7—10).
achieved. We then extended our studies to the addition of nitro-
The most significant improvement was observed for methane to cyclic enones in the presence of catdly$he
reactions with benzylideneacetone: the reaction time de-results are shown in Scheme 3. The Michael addition of
creased from 240 to 78 h, and the enantioselectivity was nitromethane to cyclopentenone and cyclohexenone pro-
improved from 79 to 87% ee (Table 1, entries 1 and 2). In ceeded with full conversion after 215 and 260 h, respectively.
the case op-hydroxybenzylideneacetone, we observed that
the enantioselectivity improved from 75 to 89% ee (Table
1, entries 7 and 8). However, fprnitrobenzylideneacetone,
no improvement _of t_he enantioselectivity was observeq, Nitromethane to Cyclic Enones Catalyzed by
although the reaction time decreased by 30 h (Table 1, entries R o

9 and 10). For the furyl derivative, increases in enantiomeric ]
excess and yield of 13 and 23%, respectively, were observed é + CHaNO, Y (
(Table 1, entries 11 and 12). e " N\_NO,

Scheme 3. Catalytic Enantioselective Addition of

To further expand the.scope of Fhe reaction, various 31,0 = 1: 75% yield, 61% ee
nitroalkanes were tested in the reacion with benzylidene- 3m, n = 2: 70% yield, 7% ee
acetone.
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In both cases, yields were better and enantioselectiviesthereby proving our hypothesis. The results represent an

comparable to those reported in the literature (Scheni¢ 3). improvement of previously reported organocatalytic nitro-
The absolute configuration of the Michael adducts obtained Michael reactions ofr,3-unsaturated ketones.

using catalysi was determinated by comparison of GC, and

HPLC traces as well as optical rotation were found to be ~Acknowledgment. This work was made possible by a
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