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ABSTRACT

New N-alkyl-3,3 '-bimorpholine derivatives (  iPBM) were revealed to be efficient organocatalysts for the asymmetric direct Michael addition of

aldehydes to nitroolefins and a vinyl sulfone. In these transformations using

iPBM, 1,4-adducts were afforded in high yields, with good to high

levels of diastereo- and enantioselectivity. The stereochemical outcome of the reaction could be explained by an acyclic synclinal model.

Interest in the field of organocatalysis has increased inten-

sively in the past few yeafs> Many asymmetric reactions

catalyzed byL-proline. Only recently, a great number of
examples have been reported opening new areas for enamine

can be promoted by organic amino compounds. Thesecatalysis. Among all these organocatalyzed reactions, con-
aminocatalysts operate through diverse mechanisms byjugate addition has been less extensively expléréd,
converting the substrates either into activated nucleophilesalthough it represents one of the most importantCCbond

or electrophiles. Among these mechanisms, enamine catalysis

involves a nucleophilic enamine intermediate catalytically
generated via deprotonation of an iminium ion. The first
asymmetric enamine catalysis was developed by Wieéhert,
Hajos, and Parrishfor the intramolecular aldol reaction
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forming reactions in organic chemistiyIn this area, we

We have first preparel-alkyl-3S,3'S-bimorpholine de-

have recently synthesized new chiral pyrrolidine-type amine rivatives 2a—c using our methodology based on aminal

organocatalysts derived from 2@ipyrrolidine, and we have

applied them to the enantioselective conjugate addition of

formation, followed by its reduction (Scheme1y.

aldehydes and ketones to nitroolefins via an enamine_

intermediate in high yields and selectivitidgsWe have
furthermore developed the first asymmetric Michael addition
of aldehydes to vinyl sulfones catalyzed by our diamines in
enantioselectivities up to 80% é&.

In our investigations to design new organocatalysts, we
have described the first asymmetric synthesis of heterocyclic

C,-symmetric 3,3'-bimorpholin& and we were interested
in introducingN-alkyl moiety to perform asymmetric con-
jugate additions of carbonyl donors to Michael acceptors.

Other than the results reported by Seebach on diastereo-
selective conjugate addition of preformed enamine derived

from morpholine to nitroolefing? only Dixon has performed
an enantioselective variatt.Typically, pyrrolidine-based

catalysts are much more effective than six-membered cyclic
amines as organocatalysts. Although some organocatalysts
contain a morpholine moiety or morpholine sometimes acts

as organocatalysf to the best of our knowledge, there is
no example of efficient bicyclic six-membered ring organo-
catalysts, such as 3,3'-bimorpholine derivatives.

Herein, we present the synthesis of nB\alkyl-3S,3'S-
bimorpholine derivatives and their applications in asymmetric
direct Michael addition of aldehydes to nitroolefins and a
preliminary result concerning conjugate addition of iso-
valeraldehyde to 1,1-bis(benzenesulfonyl)ethylene.
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Scheme 1. Synthesis of 3,3'-Bimorpholine Derivativea—c
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The N-iPr-353'S-bimorpholine 2a (iPBM) was pre-
pared starting from 8,3'S-bimorpholind and acetone. The
imidazolidine or aminal was formed easily and reduced with
sodium borohydride in methanol with acetic acid without
previous purification. The monh-iPr-diamine2a (iPBM)
was obtained in 72% overall yields after purification by
Kugelrohr distillation. TheN-Me-3S,3'S-bimorpholin@b
was similarly obtained in 83% overall yields. FinallizZBM
hydrochloride2c was formed nearly quantitatively using a
solution of 1.25 M HCI in methanol. A comparative study
of their catalytic activity and selectivity has been carried out
for the organocatalyzed Michael addition of aldehydes and
ketones to nitroolefins.

These new diamineRa—c were first tested in the
asymmetric addition of isovaleraldehy8ato j3-nitrostyrene
4in CHCI; at room temperature using 15 mol % of catalyst
corresponding to the same conditions as described previ-
ously*! (Table 1).

The influence of the substituents on th&3S-bimor-
pholine was very significant. According to the preliminary
results N-iPr (entry 1) has been revealed to be more selective
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Table 1. Asymmetric Conjugate Addition of Isovaleraldehyde
3ato S-Nitrostyrene4 Catalyzed by 3,3'-Bimorpholine
Derivatives2a—c

cat. 2a-c

o] (0] Ph
15 mol % -
H)j\+ phe X NO2 GHCl, 1t H)J\i/\/Noz
4 PN
3a 5a
10 equiv
dre
time conv® yield® synaanti eef (syn)
entry cat. (days) (%) (%) (%) (%)
1 2a 3 100 85 94:6 88
2 2b 8 73 59 93:7 64
3 2¢ 8 100 68 95:5 91

apetermined by*H NMR on the crude materiaP.Isolated yields after
purification by column chromatography on silica geEnantiomeric excess
determined by chiral SFC. Relativeyf) and absolute configuration of
aldehydesawere determined by comparison with known literature §ata.

enantioselectivity and diastereoselectivity were observed with
iPBM hydrochloride2c (entry 3) to the detriment of reactivity
and yield. Consequently, we have focused our attention on
theN-iPr derivativelPBM 2areaching the best compromise
in terms of selectivity and reactivity. Moreover, although
our 2,2-bipyrrolidine derivatives have proved themselves to
be efficient organocatalysts in conjugate additi®¥BM 2a
has displayed better stereoselectivity (entry Fydranti 94:
6, 88% ee) thamN-iPr-2S,2'S-bipyrrolidine in this case (dr
syn:anti87:13, 73% ee):1’

We suppose that selectivity depends on steric hindrance

and reaction rate. Thereby, if the reaction rate decreases while "
keeping enough reactivity, the stereoselectivity can increase.

The preferred diastereo- and enantioselectivity could be
explained in terms of the potential transition steResReor
Si,Sifor the 1,4-addition usingPBM 2a as organocatalyst
(Scheme 2). Thanti enamine would be formed selectively

The bulky isopropyl group would promote the selective
formation of theanti enamine and selective shielding of the
Re,Re approach. Consequently, the less hindei®idSi
transition state is well favored compared to fRe,Reand
leads to thesyn (S,R) adduct.

Then, with the optimal catalys$®BM 2ain hand, we have
examined several aldehyd®8a—f to confirm the efficiency
of 3,3'-bimorpholine derivatives in the addition fenitro-
styrene4 (Table 2).

Table 2. Asymmetric Conjugate Addition of Aldehyde&a—f
to B-Nitrostyrened Catalyzed byiPBM

Q iPBM (15 mol % 9 F;h
R! PH CHCI, &1
3a-f 4 5a-f
dre ee’
R! reaction conv® yield® syn:anti (syn)
entry (ald./prod.) conditions (%) (%) (%) (%)
1 iPr 3 days, rt 100 85 94:6 88
(3a/5a)
tBu 8 days, rt 0
(3b/5b)
Me,Me 8days, rt 0
(8¢/5¢)
4 nPr 3 days, rt 100 88 87:13 89
(3d/5d)
5 cHex 13 days, rt 100 88 95:5 90
(3e/5e)
6 Me 1 day, rt 100 90 82.18 74
(31/5¢)
Me 3 days, —3°C 100 86 90:10 80
(3/5¢)

apDetermined by*H NMR on the crude materiaP.Isolated yields after
purification by column chromatography on silica geEnantiomeric excess
determined by chiral SFC or chiral GC. Relative (syn) and absolute
configuration of aldehydé&a, 5d, and5f were determined by comparison
with known literature daté&11The stereochemistry of aldehyBehas been
assigned by comparison with analogous compounds.

Scheme 2. Proposed Transition State Model

O_O\N::O o-> ’E
e L HA O/'+ |- o Ph
A N\@r -/ { Ph HJJ\LS)/(R)\/NOZ
S C B ;
SiSi

and would react with nitroolefins via an acyclic synclinal
transition state described by Seeb&tim which there are
favorable electrostatic interactions between the nitrogen of
the enamine and the nitro group, as shown previously with
2,2'-bipyrrolidine derivative!-1?

(17) This result was obtained for Michael addition of isovaleraldehyde
3a to -nitrostyrene4 catalyzed byN-iPr-2S,2'S-bipyrrolidine (iPBP) at
room temperature in 2 days for total conversion.

Org. Lett, Vol. 8, No. 12, 2006

The reactivity differs significantly depending on the type
of aldehyde donor. The bulkier 3,3-dimethylbutyraldehyde
3b (entry 2) and isobutyraldehyde (entry 3) did not react
with nitrostyrene4, probably due to a too large steric
hindrance. The reaction with moderate hindered aldehydes,
such as isovaleraldehydga (entry 1), valeraldehyde&d
(entry 4), and 2-cyclohexylacetaldehy8e (entry 5), has
proceeded with the formation of the desired prod&etsl,e
in high yields and with high diastereo- and enantioselectivi-
ties. Propionaldehydef corresponding to the smallest
substrate has produced addbicat room temperature in good
yield but with a slightly lower selectivity (entry 6) than that
of the others aldehydes. Besides affording good results, linear
aldehydes, such as valeraldehygttand propionaldehyde
3f, have shown the highest reaction rate at room temperature.
Finally, decreasing the temperature has allowed the enantio-
and diastereoselectivity to increase from 74% ee and 82:18

2561



dr syn:anti(entry 6) to 80% ee and 90:10 dyn:anti(entry
7) for propionaldehydéf.
Since the methyl group is one of the most interesting

on the nitroolefin has played a crucial role in terms of
reactivity. Although the stereoselectivity was maintained, the
reactivity and, consequently, the yield have dramatically

substituents in organic synthesis, we have investigated thedecreased in the case of saturated nitrool6tinentry 5).

addition of propionaldehydaf to various nitroolefingl and
6a—d to conclude our study (Table 3).

Table 3. Asymmetric Conjugate Addition of Propionaldehyde
3f to Nitroolefins4, 6a—d Catalyzed byiPBM

o iPBM (15 mol % Q 52
HJH v rontre) HANgANO;
R2 CHCI3, -3 °C =z
3f 4, 6a-d 5f, 7a-d
dre
R2 time conv yield syn:anti ee®(syn)
entry (nitrool./prod.) (days) (%) (%)® (%) (%)
1 Ph 3 100 86 90:10 80
(4/5%)
2 2-thienyl 3 100 89 89:11 79
(6a/7a)
3 4-C1Ph 3 100 84 80:20 75
(6b/7b)
4 4-MeOPh 3 100 81 84:16 78
(6¢/7c)
5 cHex 13 25 23 85:15 85
(6d/7d)

aDetermined by*H NMR on the crude materiaP.Isolated yields after
purification by column chromatography on silica geEnantiomeric excess
determined by chiral SFC or chiral GC. Relative (syn) and absolute
configuration of aldehyde8a—d have been assigned by comparison with
aldehydesf.

353'SBimorpholine derivativea (iPBM) has given good
results in the asymmetric Michael addition, but it was also
found to be general with regard to aromatic nitroolefins
(entries 1—4). Interestingly, the nature of the aromatic

nitroolefins had no influence either on the stereoselectivity

or the yield. Neutral nitroolefid (entry 1), heteroaromatic
nitroolefin 6a (entry 2), electron-poor nitroolefiib (entry
3), and electron-rich nitroolefiréc (entry 4) have been

Finally, irrespective of the substitution pattern, good dia-
stereo- and enantioselectivity were obtained regardless of the
nitroolefin (entries 1-5).

Finally, the results of a preliminary study have demon-
strated thatPBM 2a has also catalyzed Michael addition of
aldehydes to 1,1-bis(benzenesulfonyl)ethyl8n&nder the
reaction conditions described previoudhyaddition of iso-
valeraldehyd@ato vinyl sulfone8 resulted in the formation
of the adduc® in 79% yield and 55% ee (Scheme 3).

Scheme 3. Asymmetric Conjugate Addition of
Isovaleraldehyd@&a to Vinyl Sulfone 8 Catalyzed byiPBM

o}
y + SO,Ph PBM (25 mol %) SO,Ph
SO,Ph CHCl3, 2 h,-60 °C /:\ SO,Ph
3a 8 79% 9
55% ee

In conclusion, we have developed new'&Bnorpholine
derivatives for the asymmetric conjugate addition of various
aldehydes to different nitroolefins. The reaction WitkiPr-
3,3'-bimorpholineiPBM has proceeded in good yields,
enantio- and diastereoselectivities. Moreover, we have found
thatiPBM can be interestingly used to promote asymmetric
Michael addition of aldehydes to vinyl sulfones. Hence}-3,3
bimorpholine derivatives have proved to be a new class of
efficient bicyclic six-membered ring organocatalysts.
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