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Construction of an All-Carbon Quaternary Stereocenter by the
Peptide-Catalyzed Asymmetric Michael Addition of Nitromethane to
f-Disubstituted o,p-Unsaturated Aldehydes**

Kengo Akagawa and Kazuaki Kudo*

Recently, considerable attention has been devoted to the
synthesis of chiral y-amino acid derivatives!' because of
their biological activity in relation to y-aminobutyric acid
(GABA), a major inhibitory neurotransmitter in central
nervous system. y-Amino acids are also of great value as
non-proteinogenic amino acid components involved in bio-
logically active short peptides such as pepstatin,”! hapalosin,!
and dolastatin 10.”) Among the diverse structural variants of
chiral y-amino acids, those with a substituent at the $-position
are an important class of pharmaceuticals, which includes
baclofen,”™ pregabalin,”’ and phenibut.'”! Whereas a variety
of methods have been developed for the synthesis of chiral
B-monosubstituted y-amino acids, there are only limited
examples for the preparation of B-disubstituted derivatives.!'!
Furthermore, the reported reaction scope is confined to those
having two alkyl groups on the 3-carbon of y-amino acids, and
catalytic enantioselective construction of an all-carbon-sub-
stituted quaternary stereocenter at the f3-position has not yet
been achieved.[13]

One plausible route to obtain a y-amino acid with
a quaternary chiral center at the B-position is an enantiose-
lective Michael addition of nitromethane to a (3-disubstituted
o,pB-unsaturated aldehyde followed by the transformation of
functional groups (Scheme 1). However, although the
Michael addition of nitromethane to [-monosubstituted
substrates has been attained by chiral secondary amine
catalysts through an iminium activation,'¥ the application
of such a catalytic system to a -disubstituted o,p-unsaturated
aldehyde has not been realized thus far.'>'®! Because the

?
NH; NO, RZ/'""' CH3-NO,
R2 R2
R1></002H = R1></CHO = R1J\/CHO .
sterically ~ reactive
(R', R? % H) congested functional group
B-carbon

Scheme 1. Proposal for the synthesis of y-amino acids with an all-
carbon quaternary center.
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reaction center of the P-disubstituted substrate is sterically
congested for C—C bond formation, it is supposed that side
reactions such as the 1,2-addition of nitromethane and an
aldol-type reaction of the products could accompany the
reaction to a considerable extent, thus resulting in a decrease
in the product yield. To suppress such side reactions and
promote the desired conjugate addition, a catalyst with high
potential for iminium activation is necessary.

Meanwhile, our group has developed resin-supported
peptide catalysts (Figure 1) for organocatalytic reactions.!"” "
The specific feature of these catalysts is that the presence of

Pro-D-Pro-Aib-(Trp), - (AA),~Q

(Leu)as 4

(AA), = { )
(Leu-Leu-Aib),

—-Q = amphiphilic resin

Figure 1. Resin-supported peptide catalyst.

a helical segment, (AA),, significantly enhances the reaction
rate and the enantioselectivity under aqueous conditions. In
some cases, this type of peptide catalyst was found to be
superior to a conventional low-molecular-weight catalyst. We
envisaged that, by employing the resin-supported peptide
catalyst in aqueous media, the enantioselective Michael
addition of nitromethane to -disubstituted o,p-unsaturated
aldehydes could be performed.

Initially, the Michael addition of nitromethane to com-
pound 6a, which has methyl and phenyl groups at the
B-position, was examined (Table 1). With resin-supported
peptide 1, which consists of a catalytically active N-terminal
proline and polyleucine, the reaction proceeded smoothly in
water to afford the product with moderate enantioselectivity
(entry 1). The significant effect of the polyleucine portion of
the catalyst was indicated by the result obtained when using
D-prolyl polyleucine catalyst 2. In this case, the mismatched
chirality of the terminal prolyl group and the polyleucine
chain sharply lowered the reaction rate and enantioselectivity
(entry 2).”% Catalyst 3, which possesses five terminal residues
and has been shown to be highly effective in asymmetric
induction for other reactions,'”*"! gave good enantioselectiv-
ity (entry3).P) In our recent study, it was found that
replacement of the polyleucine unit with a (Leu-Leu-Aib),
sequence (Aib =2-aminoisobutyric acid) improved the cata-
lyst activity in an asymmetric Friedel-Crafts-type reaction in
water.'’?l The use of catalyst 4 for the present reaction also
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Table 1: Michael addition of nitromethane to -disubstituted aldehyde.

~. _CHO 1) catalyst (20 mol%)
+ MeNO, H,0, RT, 20 h
¥ (5 equiv) 2) NaBHg (5 equiv)
(Er6a EtOH, RT,5h
Entry Catalyst Conversion [%] ee [%]
] 1 62 _798d
2 2 1 12
3 3 69 89
4 4 90 95
> 5 9 93
& 3 27 73
7 5 56 (12)" 88
8 4 98 (70)1 97
o 4 9 98

[a] A minus sign denotes the R isomer as the major product. [b] Reaction
was performed in MeOH. [c] Benzoic acid (40 mol %) was added. [d] The
value in parentheses is the yield of isolated product. [e] The amount of
nitromethane was 10 molar equiv. [f] Reaction was performed in THF.

Pro-(Leu)s 4~ 1

Ph
D-Pro-(Leu)y 2@ 2 N Ph 5
Pro-D-Pro-Aib-(Trp)a- (Leu)zs 4~ 3 H  OTMS
Pro—D—Pro—Aib»(Trp)z—(Leu—Leu»Aib)z-o 4

enhanced both the reaction rate and the enantioselectivity
(entry 4). When diphenylprolinol silyl ether 5§ was employed
for the reaction as a control catalyst, the reaction gave low
conversion in water (entry 5), whereas in methanol it gave the
product with somewhat improved conversion, but with
lowered enantioselectivity (entry 6). When the reaction was
performed under the optimized conditions reported by Ha-
yashi etal. for the Michael addition of nitromethane to
(-monosubstituted substrates in the presence of benzoic
acid,™*¥ moderate conversion was attained (entry 7). How-
ever, many by-products were observed and the yield of the
isolated desired product was only 12 %. In the case of peptide
catalyst 4, the product could be isolated in 70 % yield when an
increased amount of nitromethane was employed (entry 8).
The use of the peptide in water was important for catalyst
effectiveness. This was demonstrated by the result of the
reaction in an organic solvent, THF, which afforded the
product with poor conversion (entry 9).

Concerning the stereochemical relationship of 3-methyl-
cinnamaldehydes and the corresponding conjugate adducts,
MacMillan et al. and List et al. independently reported the
phenomenon of enantioconvergence in a hydride transfer
reaction from a Hantzsch ester.”? In the present reaction,
such a phenomenon was also observed: the addition of
nitromethane to (Z)-6 a predominantly afforded the S adduct,
which was the same configuration as the one obtained from
(E)-6a (Scheme 2). Encouraged by this result, citral, a readily
available mixture of the diastereomers geranial and neral, was
used for the reaction. The 1,4-adduct with nitromethane was
obtained in a higher enantiomeric ratio than the starting E/Z
ratio of citral (Scheme 3). This is one of the few examples in
which a good degree of enantioconvergence was obtained
with citral.”
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86% conversion
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Scheme 2. Stereoconvergence with the Z isomer as a starting material.

N02
0,
MCHO + MoNo, 20 o), NaBhy w
(10equiv) 120 EtOH ’ OH
EIZ=65:35 RT,12h 8
71% yield
er.=85:15

Scheme 3. Michael addition of nitromethane to citral.

When 3-phenyl-2-hexanal (10), a more sterically demand-
ing substrate than 6a, was used, the yield of the desired
product was quite low, despite the high level of enantioin-
duction (Table 2, entry 1). The low yield was due to side

Table 2: Optimization of reaction conditions.

ﬁ NO,

xCHO catalyst (20 mol%) CHO
+ MeNOg —— — »

10 (10 equiv) RT, 16 h 1
Entry Catalyst Solventt! Yield® [96] ee [%]
1 4 H,0 13 9%
2 4 1,4-dioxane/H,0 22 92
3 4 CH,CN/H,0 20 85
4 4 DMF/H,0 5 81
5 4 MeOH/H,0 40 90
6 4 MeOH <5 61
71 4 MeOH/H,0 47 91
8 9 MeOH/H,0 54 96

[a] All solvent mixtures shown are 1:2 cosolvent/water. [b] Estimated by
"H NMR spectroscopy. [c] Reaction was performed at 0°C for 24 h with 5
molar equiv of nitromethane.

Pro—D—Pro-Aib-(Trp)z—(Leu—Leu—Aib)z—o 4
Pro-D-Pro-Aib-(Trp),-(Leu)s @ 9

reactions. Accordingly, further optimization of reaction con-
ditions was conducted with this substrate. It was found that
reaction in 1:2 MeOH/H,O gave the product in higher yield
than the other solvent systems tested, along with a slight
decrease in enantioselectivity (entry 5). A water-containing
solvent system was essential for the efficient reaction, which is
shown by the fact that use of MeOH alone as a solvent
brought about a sharp decrease in the yield (entry6).
Additional optimization for conditions such as temperature,
reaction time, and the amount of nitromethane somewhat
improved the product yield (entry 7). Replacing the (Leu-
Leu-Aib), moiety of peptide catalyst 4 with a hexaleucine
chain further increased the yield of the product and enhanced
enantioselectivity (entry 8). Although the full effects of this
helical part are not clear at present, the improvement of the
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reaction outcome by fine-tuning the peptide sequences
demonstrates the potential of peptide catalysis.

The substrate scope was next investigated using 1:2
MeOH/H,0 with peptide catalyst 9, (Table 3). The reaction
using aldehyde 6a gave the product in good yield and high

Table 3: Substrate scope for the peptide-catalyzed asymmetric Michael
addition of nitromethane to B-disubstituted aldehydes.

5 NO,
R 9 (20 mol%) R2
R‘J\/CHO " (1'\32':af,) MeOH/H,0 (1:2) R13<CHO
6 RT,24 h 12
Entry R' R? 12 Yield [9%] ee [%)]
10! CeHs Me 12a 82 98
2 4-MeCeH, Me 12b 81 96
3 4-MeOCH, Me 12¢ 78 95
4 4-CIC¢H, Me 12d 70 95
5 3-CICeH, Me 12e 72 98
6 4-NO,C¢H, Me 12f 64 97
7 2-naphthyl Me 12g 76 95
gloel CeHs Et 12h 73 99
9l 4-MeOCH, Et 12i 71 98
100! 4-CIC¢H, Et 12j 65 99

[a] Yield of isolated product. [b] Reaction was performed at 0°C.
[c] Reaction time was 36 h. [d] Reaction time was 18 h. [e] The amount of
nitromethane used was 5 molar equiv.

enantioselectivity (entry 1).?Y Regardless of the electronic
nature of the substituents on the phenyl ring, the products
were obtained with high enantioselectivity (entries 2-7). The
yield of isolated product was decreased to some extent in the
case of a substrate with a strong electron-withdrawing group
(entry 6). The introduction of an ethyl substituent in place of
the methyl group at the [-position did not lower the
enantioselectivity, and the products could be obtained in
good to moderate yields with excellent ee values (entries 8—
10).

Finally, the 1,4-adducts of nitromethane were converted
into B-disubstituted
y-amino acids (Scheme 4). Compound 12d could be derivat-
ized to the pB-methylated analogue of baclofen by a simple
procedure: Pinnick oxidation followed by reduction in the
presence of Raney nickel. This is the first example of the
asymmetric synthesis of a [-disubstituted y-amino acid
possessing a [3-aryl group. When the reduction was performed
with platinum(IV) oxide after the oxidation of 12a, a new

NaCIO,, NaH,PO,

NOz 5 methyl-2-butene NO, Ra-Ni, Hy NH,
s )
L_cHo L__coH L _COH
4-CICgH, 'i‘}og/:i?r? 4-CICgH, 2 R“f??h 4-CICgH 2
12d ! 13 14
86% 91%
NaCIO,, NaH,PO, NO. NH,
NO, 2-methyl-2-butene . /4/2 PtO,, Hy .
. - - %,
L _cHO  BBUOHHO  ppSCOM  yeon COH
Ph RT, 5 min 15 RT, 48h 16
12a 92% 9%

Scheme 4. Derivatization of products into [3-disubstituted y-amino
acids.
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class of p-dialkylated y-amino acids bearing a cyclohexyl
group was obtained. These procedures offer the facile syn-
thesis of highly congested -disubstituted y-amino acids.

In conclusion, the asymmetric Michael addition of nitro-
methane to [-disubstituted a,f-unsaturated aldehydes has
been realized using a resin-supported peptide catalyst. The
use of an aqueous solvent system was essential for effective
reaction, and the hydrophobic helical part of the peptide
significantly affected the reaction rate and enantioselectivity.
With the optimized peptide catalyst, which has a hexaleucine
chain, highly enantioenriched products with all-carbon-sub-
stituted quaternary centers were obtained. This reaction
could provide a simple means of synthesizing sterically
congested P-disubstituted y-amino acids. The present study
demonstrates the high potential of peptide catalysis for
organocatalytic reactions in which a conventional low-molec-
ular-weight catalyst is ineffective.

Experimental Section

Water (334 uL) was slowly added to a round-bottom flask containing
a B-disubstituted a,p-unsaturated aldehyde (0.05 mmol), resin-sup-
ported Pro-p-Pro-Aib-(Trp),-(Leu)s (52 mg, 0.01 mmol of the termi-
nal prolyl group), and MeOH (167 pL). Nitromethane (0.5 mmol or
0.25 mmol) was added at room temperature or at 0°C, and the
resulting mixture was stirred with magnetic stirrer at ca. 500 rpm for
the given time. The peptide catalyst was filtered off and washed with
chloroform. After removal of the solvent, the residue was purified by
preparative TLC (dichloromethane as eluent) to afford the product.
In cases where isolation was not enough, further purification by
preparative TLC with hexanes/ethyl acetate (2:1) was effective.
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ate in transfer hydrogenation; see: K. Akagawa, H. Akabane, S.
Sakamoto, K. Kudo, Tetrahedron: Asymmetry 2009, 20, 461 —
466.
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When the catalyst recovered from the reaction was reused, the
conversion decreased to 33 % after 24 h. Zlotin et al. reported
the mechanism for the deterioration of an amine catalyst by
oxidation in the Michael addition of nitromethane to an ao,f-
unsaturated aldehyde (Ref.[14h]). In the present case, such
oxidation is considered to be the cause of deactivation in the
peptide catalyst.
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