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Asymmetric Michael additions of cyclohexanone to both aryl and alkyl nitroolefins in the presence of 20 mol % of organocatalyst 2b and 10
mol % of n-butyric acid afford adducts 5 with high diastereoselectivities and enantioselectivities.

Much attention has been paid to the design and applicationhave been widely used in asymmetric catalydise to their
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efficient double-hydrogen-bonding interactiong/e envi-
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sioned that an appropriate combination of urea (thiourea) We were pleased to find that the newly designed pyr-

and pyrrolidine in a chiral scaffold could result in a potential

rolidine—ureas2a and2b, which were easily prepared from

bifunctional organocatalyst. Therefore, we designed two L-proline as shown in Scheme!4¢atalyzed the reaction of

pyrrolidine—urea based catalysa and 2b as shown in

cyclohexanone with both alkyl- and arylnitroolefins smoothly

Scheme 1 and found that both of them were excellent for in good to high yields with high diastereoselectivities and

Scheme 1. Synthesis oRaand2b

excellent enantioselectivities.

Initially, various solvents and additives were examined at
room temperature usiriaas a catalyst anans-nitroolefin

FiC NCX CF3 4a as a substrate. As shown in Table 1, in polar solvents
[ :] X
NH, 1) /©\
QL 2 G, .+ CHClyitt OANJLN CFy
B 2) CF3CO,H/CH,Cl NH HH L .
oc 92 X=0 86% Table 1. Effects of Solvents and Additives on the Reaction of
1 2b:X=S 80% Cyclohexanone térans-Nitrostyrené
O
NOz (20 mol %) P NO
. . . " — a mol % 2
catalyzing the asymmetric Michael addition of cyclohex- * ot/ —_— :
. - e-11 . solvent/rt 3
anone to nitroolefin§-*! In this paper, we report the s
preliminary results. 4a 5a
The or_ganpcataly_tlc asymmetrlc M|cha_el addition of entry solvent TFC ¢(d) conv® (%) syn/anti® e (%)
ketone with nitroolefins was pioneered by List and Barbas,
independently™® Since then, Barba®;'® Alexakis® and ; M;%Iil gg i trace
Kotsuki’! have shown that aminomethylpyrrolidine, 2,2 5 ’lI‘HI;F‘ 6 gzz:
bipyrrolidine, and pyrrolldmgpyndlne derivatives cogld 4 hexane o5 4 73 90/10 80
serve as powerful asymmetric catalysts for such a Michael 5  yepzene 25 2 68 99/8 67
addition. In these cases, high diastereoselectivities and 6  benzened 25 1 100 90/10 77
enantioselectivities were achieved. Very recently, Wang 7  benzene* 25 0.5 100 94/6 80
reported the reactions of aldehydes with nitroolefins catalyzed 8  neate/ 25 05 100 94/6 87
by pyrrolidine sulfonamide with high diastereo- and 9  neat* 0 15 100 97/3 89
106 neatef 0 15 100 96/4 90

enantioselectivitie® These protocols provide unique meth-
odology in asymmetric Michael addition. However, to the
best of our knowledge, no example was described on th
reaction of cyclohexanone with alkyl nitroolefins to date,

a2Unless otherwise noted, all reactions were carried out in solvent (1
mL) using3 (0.25 mL, 10 equiv) and (0.25 mmol, 1 equiv) in the presence
of 20 mol % of2a. ® Determined by'H NMR. ¢ Determined by chiral HPLC
analysis (chiralpak AD-H, hexane/2-propamel90/10).9 Acetic acid (10

e

probably due to the fact that they are less reactive than arylmol %) was added: n-Butyric acid (10 mol %) was adde20 equiv of

nitroolefins0b
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cyclohexanone was use#2b as a catalyst, OC.

such as MeOHj-PrOH, and THF, only a trace amount of
the desired adduct was observed (entrie8)l whereas in
nonpolar solvents, such as hexane and benzene, the Michael
addition reaction proceeded smoothly to give prodigcin
moderate to excellent conversions with good to high enan-
tioselectivities (entries 4 and 5). Interestingly, the addition
of a catalytic amount of organic acids could increase

(7) Selected enamine-based organocatalytic Michael reactions: (a) Chi, dramatically the reaction rate (entries 6 and 7) without a loss
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Longbottom, D. A.; Shaw, D. M.; Ley, S. \Chem. Commur2004 1808—
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of enantiomeric excess. For example, whehutyric acid

was used as an additivieans-nitroolefin was converted into

the desired product rapidly with high diastereoselectivity (94/
" 6) and good enantioselectivity (80%) (entry 7). In solvent-
free condition, the ee was improved to 87%, which further
increased to 89% ee when the reaction temperature was
lowered to O°C without a significant reduction of the reaction
rate (entry 9). The use of cataly#h instead oRa under the
same conditions gave 90% ee (entry 10).

Under the optimized conditions, a variety of nitroolefins

with different structures were investigated, and the results
are summarized in Table 2. Various styrene-type nitroolefins

(12) For the synthesis of compourid Dahlin, N.; Boegevig, A.;
Adolfsson, H.Adv. Synth. Catal2004 346, 1101-1105.
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Table 2. Michael Addition Reactions of Cyclohexanone to
trans-Nitroolefins Catalyzed byb?

o} NG 2b (20 mol %) O 8
+  ~—/ % nButyric acid (10 mol %)~ NO2
R neat, 0 °C >
3 4 5
entry product t(h) syn/ant’ y(loe/: ;1 :,Z)d
1 &;\,mz 5a 38 96/4 93 90
2 &/’»Noz 5b 60 991 93 95
2
3 ﬁu:;\,Noz 5¢c 36 91/9 99 90
4 &ngz 5d 38 96/4 95 97
~ 2
5 6’.:_;\3;)2 5e 29 991 88 9
Br
6 o @ 5 38 95/5 90 95
C':_/'\/Noz
Cl
7 o @ cl 59 49 97/3 89 97
ﬁ':_/\,No2
[eZa
of
8 0~ 5h 38 94/6 87 98
i':_/'\,Noz
OCH;
9 o @ 5i 44 97/3 95 88
oY
10 i‘;/’»NOz 5) 6d >99/1 63 94

a All reactions were carried out usirg)(0.5 mL, 20 equiv) and (0.25
mmol, 1 equiv) in the presence of 20 mol % of neat ® Determined by
1H NMR of the crude products.Isolated yield.d Determined by chiral
HPLC analysis.

The relative and absolute configurations of the Michael
adducts are shown in Table 2. The relative configurations
were assigned by comparison ¥4 and *C NMR of the
products with the known compounds. The absolute configu-
rations of productsbb, 5c, and 5i were determined by
comparing the optical rotations with the corresponding
known compounds.

The asymmetric addition of other ketones and aldehyde
to nitrostyrenetausing? as a catalyst was also investigated.
As shown in Scheme 2, acetone gave the desired product

Scheme 2. Reactions of Acetone and Isobutyl Aldehyde

with 4a
o 0, 2b (20 mol %)
)]\ . /:/ n-Butyric acid (10 mol %) )J\/\/NOZ
Ph 4a neat, rt
yield: 80% ee: 48%
I 2b (20 mol %) o Bh ‘o
é . N9 n-Butyric acid (10 mol %) <\\/\/V5I 2
/ neat, rt 3 )
Ph 4a yield: 27% Zaénla_n;l;()7/5/25
syn- o
ee,nii: 58%
o] NO, 2b (20 mol %) O ph
)K‘ . /:/ n-Butyric acid (10 mol %) )I\/\/Noz . NO,
Ph  4a neat, rt 5ma 5mb
yield: 90%
I 54/46 syn/:gt;g‘gom ee: 71%
0I NO. 2a (20 mol %) O Ph
K( +  —/ 2 p-Butyric acid (10 mol %) | NO,
PH 44 CH,Cly, rt 5n
yield: 61% ee: 82%

5k in 80% vyield with 48% ee. Methyl ethyl ketone also
worked well to give the desired products in excellent yield
with moderate enantioselectivity (70%) but poor regioselec-
tivity (54/46). Cyclopentanone and cycloheptanone are less
active. Cyclopentanone gave only 27% yield with morderate
selectivities and cycloheptanone failed to afford the desired
adduct. Isobutyl aldehyde proved a good substrate and
furnished the corresponding addubtswith good ee (82%)
in moderate yield (61%).

On the basis of the experimental results described above,
a stereochemical model was developed to account for the
high enantioselectivity and diastereoselectivity of the present
reaction. As shown in Figure 1, pyrrolidir@irea-based
catalyst2a was proposed as a bifunctional catalyst. The
pyrrolidine reacted with carbonyl compounds to form an

reacted smoothly with cyclohexanone in excellent diaste- enamine and the urea-activated nitroolefin via a hydrogen

reoselectivities and high enantioselectivities (entrie®)

bond. The enamine attacked the nitroolefin from éace

diastereoselectivities and enantioselectivities as well as thegxperimental results.

yields. For example, nitroolefins bearing both electron-

The present reaction is potentially useful in organic

withdrawing and electron-donating aryl groups gave the synthesis. For example, nitro compoubd was readily
desired products with high selectivities (dr up to 99/1 and converted into 3-phenyloctahydroinddfeand we also found
ee up to 98%) in excellent yields. Noticeably, alkylnitroole- that, in the presence of Pd/6a was easily hydrogenated

fins also worked well in this reaction. For exampl&)3-

into the corresponding nitror@in 95% yield without loss

methyl-1-nitrobut-1-ene gave the corresponding product with of ee (eq 1§ The structure of nitroné was determined by

high diastereoselectivity (99/1) and enantioselectivity (94%

ee) in good yield (63%).
Org. Lett., Vol. 8, No. 14, 2006
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Figure 1. Possible stereochemical model. Figure 2. X-ray crystal structure of compoursi

NMR, mass spectra and further confirmed by X-ray analysis, and high enantioselectivity make the current reaction poten-
which was in full accordance with the relative configuration g1y yseful. Further investigations on the application of these

as described above (Figure 2). catalysts 2a, 2b) in asymmetric catalysis are in progress.
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