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B-Amino carbonyl compounds

The efficient synthetic construction of f-amino carbonyl
compounds is one of the most intensely studied areas in
organic synthesis.' Chiral a-substituted B-amino nitriles.
since cvano group is easily converted to other functional
groups. would be vemsatile syvnthetic intermediates for the
synthesis of B-amino acids and the corresponding chiral
diamine derivatives which are employed as medicinal agents
or chiral ligands.” Enantioselective Mannich reactions are
efficient and powerful methods to prepare B-amino carbonyl
derivatives.” Tremendous efforts have been made in the
development of efficient chiral metal and organic catalysts for
enantioselective Mannich reactions with pre-formed enolates
and enolizable methylenes and methines. " Recently. Shibasaki
et al. have reported a highly enantio- and diastereoselective
Mannich reaction using a-cvanoketones. catalyzed by chiral
amide ligand associated with a rare earth metal complexes.”
However. a highly enantioselective Mannich reaction of o-
cvanoketones with simple imines remains elusive: although.
if successfully promoted with a practically accessible chiral
catalyst under air- and moisture-tolerant conditions. it could
provide a highly attractive, convergent approach toward
optically active -amino nitriles.

As part of research program related to the development of
synthetic methods for the enantioselective constnuction of
stereogenic carbon centers.” we recently reported the catalyvtic
electrophilic amination and fluorination of active methines
promoted by chiral palladium complexes with excellent
enantioselectivities.'”

Herein. we wish to describe the direct enantioselective
Mannich reaction of w-cvanoketones with simple N-Boc
imines catalvzed by air- and moisture-stable chiral palladium

complexes (Fig. 1).
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Figure 1. Structure of chiral palladium complexes.

To determing suitable reaction conditions for the catalytic
enantioselective Mannich reaction of a-cvanoketones, we
initially investigated the reaction system with 2-cyano cyclo-
pentanone (2a) and N-Boc benzaldimine (3a) in the presence
of 5 mol% of catalyst in THF at roomn temperature (Table 1).
We first examined the impact of the structure of catalysts 1 on
enantioselectivity (Table 1, 25-88% ee. entries 1-6). The best
results have been obtained with catalysts 1¢. In the presence
of 2.6-di-tert-butyl-4-methyvlpyridine as base. the reaction
proceeded rapidly without a significant change of enantioselec-
tivity (entries 3 and ?).mb Conceming the solvent (entries
7-13). the use of THF and acetone gave the best results in the
vield and the enantiomeric excess (entries 7 and 10). The
stereochemistry of 4a was determined by comparing chiral
HPLC. optical rotation. and '"H NMR data with literature
value.®

We then explored the possibility of extending of tlus
reaction to gther para-substituted aromatic aldimines 3 with o-
cyanoketones 2a under the optimized reaction conditions. As
shown in Table 2. the products 4a-e was formed in high vields

Table 1. Optimazation of the reaction conditions

(0] 0 HBoc
% N ,\1’B°° cat. 1 (5 mol%) Ph
+ B
Ph) solvent, rt V%N

2,6-di-t-butyl-d-methyl-

2a 3a pyridine (2 eq) 4a
entry cat. 1 solvent  time (h) vield (%) svrann®  ce (%)

19 1la THFE 48 55 50/50 52
29 1b  THF 48 80 30430 25
3 1¢  THF 90 63 75125 88
49 14 THF 48 79 50/50 25
59 le THF 36 75 25175 37
6 1f  THF 36 60 66/33 33
7 lc THF 10 78 83/17 91
8 l¢ MTBE 24 40 70/30 52
9 1¢ DCM 7.3 96 A0/60 30
10 1lc acetone 24 83 90/10 89
11 l¢ CH;CN 35 63 70/30 76
12 1l¢ MeOH 33 70 60/40) 0
13 1¢  PhMe 7.3 31 30450 0

“Refers to the isolated mixture of diastereomers. 'Determined bv 'H
NMR of the crude reaction mixture. ‘Enantiomeric excess of the sy
diastereomer. determined by chiral HPLC. “Reactions were carried aut
without base (2.6-di--butvl-4-methvlpyridine ).
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Table 2. Variation of the N-Boc imine
(o] O NHBoc

N . )leBon: cat. 1c (5 mol%) &e\m
; ; solvent, rt 3
Ar CN

2 B-di-f-butyl-4-methyl-

2a 3 pyridine (2 eq) 4
, . tme  vield -~
entry 3, Ar solvent (%) syn-andi (%
1 3a, CeHs< THF 10 4a 78  83/17 91
2 3b, 2-naphthyl THF 4 4b, 95 l00/0 77
3 3b, 2-naphthyl acetone 4 4b, 94 100/0 88
4 3¢, 2-F-C¢H,  acetone 3 4¢, 93 100/0 81
3 3d, 2-C1-CtH, acetone 3  4d 92 7525 80
6 3e, 4-CI-C;H, acetone 4 e 72 7327 R0

“Refers to the isolated mixture of diastereomers. ‘Determined by 'H
NMR of the crude reaction mixture. ‘Enantiomeric excess of the sy
diastereomer. determined by chiral HPLC.

Table 3. Variation of the a-cvanoketone
o o]
cat. 1c (5 mol%)

AKCN W'B“ )YL
R + ) R N Ph

R2 PH THF, rt N
2,6-di- t-butyl-4-methyl- R2 ©N
2 3a pyridine (2 eq) 4
o]
CN 2a:n=0 mc'\' 26 n=0. R=OMe
2b:n=1 2f :n=1, R=H
" 2c:n=2 R " 2g:n=1, R=0Me
entry 2 t?}lll)e ‘(.;z l)g swanti’ (;f)c
1 2a 10 4a, 78 83/17 91
2 2b 6 4f, 81 100/0 90
3 2¢ 10 4g, 82 82/18 91
4 2d 4 4h, 93 9713 83
5 2e 12 4i, 72 88/12 83
6 2f 7 4j, 80 100/0 73
7 2g 7 4k, 71 10040 70

“Refers to the isolated mixture of diastereomers. ‘Determined by 'H
NMR of the crude reaction mixture. ‘Enantiomeric excess of the sy
diastereomer, determined by chiral HPLC. “This reaction was carried out
using cat. 1.

(72-95%). excellent diastereoselectivity (73/27-100/0), and
high enatioselectivity (77-91%).

To examine the generality of the catalytic enantioselective
Minnich reaction of ¢-cyanoketones 2 by using chiral palladium
complex ¢, we studied the Mannich reaction of various o-
cvanoketones 2 with A-Boc benzaldimine (3a). As it can be
seen by the results summarized in Table 3. the corresponding
B-aminated c-cvanoketones 4a. and 4f-k were obtained in
excellent vields (71-95%) and enantioselectivities (70-91%).
The absolute configuration of adducts 4 has been determined
for some derivatives by comparison of their optical and HPLC
data with literature values.®

Inconclusion. we have developed a highly efficient catalytic
enantioselective Mannich reaction of cyclic a-cvanoketones
using air- and moisture-stable chiral palladium complexes.

Connnunications to the Editor

The desired B-aminated products were obtained in high vields
and high enantioselectivities (70-91% ee) for various substrates.

References and notes

1. Forreviews on the synthesis of f-amino acids: (a) Ma, I. dugew.
Chem, Im. E4. 2003, 42, 4290, (b)Liw, M. Sibi, M. P. Terrahedron
2002, 58, 7991.

2. (a) Preiml, M_; Hillmaver, K.. Klempier, N. Terraltedron Leti.
2003, 44, 30537, (b) Winkler, M., Matinkova, L. Knall, A. C.;
Krahulec, S.. Klempier, N. Tetrahedron 2003, 61,4249,

. For selected recent reviews, see: (a) Verkade, J. M. M.. van
Hemert, L. J. C.. Quaedtlieg, P. J. L. M; Rutjes. F. P. J. T. Chem.
Soc. Rev. 2008, 37.29. (b) Ting, A; Schaus, 8. E. Eur. J. Org.
Chem. 2007, 3797.

4. Selected examples of metal-catalyzed Mannich-type reaction
using metal enolates, see: (a) Sikert, M_; Schneider, C. dngew.
Chent., i, Ed. 2008, 47,3631, (b)Itoh, I ; Fuchibe K ; Akivama,
T. Svarrhesis 2008, 1319,

. Selected examples of direct metal-catalyzed Mannich-type
reactions, see: (a) Hamashima, Y.; Sasamoto, N.; Umebavashi,
N.; Sodeoka, M. Chem. Asianr J. 2008, 3. 1443, (b) Chen, Z..
Monmoto, H.; Matsunaga, S.. Shibasaki, M. J. dm. Chem. Sac.
2008, 130, 2170,

6. Selected examples of direct organocatalytic Manmch-type
reactions, see: (a) Yang, J. W.. Chandler, C.; Stadler, M.; Kampen,
D.; List, B. Nature 2008, 452, 453. (b) Zhang, H.; Mitsumoeri, S.;
Utsumi, N.; Imai, M; Garcia-Delgado, N.. Mifsud, M.; Albertshofer,
K.: Cheong.P. H-Y.. Houk, K. N.; Tanaka, F.. Barbas III. C. F.
J. Am. Chen. Sec. 2008, 130, 875,

7. Selected examples of direct organocatalytic Mannich-type
reactions of f-dicarbonyl compounds, see: (a) Sorimachi, K..
Terada, M. J. Am. Chem. Soc. 2008, 130, 14452, (b) Goss, J. M.
Schaus, S. E. J. Org. Chen. 2008, 73, 7651. (¢) Marianacci, O.;
Micheletti, G.. Bemardi, L.; Fini, F.. Fochi, M_; Pettersen, D..
Sgarzani, V; Ricci, A. Chem. Eur. J. 2007, 13, 8338,

8. (a) Nojiri, A.. Kumagai, N.. Shibasaki, M. J. dm. Chem. Soc.
2008, 130, 3630. (b) Nojin. A.. Kumagai, N.. Shibasaki, M. J.
Am. Chem. Soc. 2009, 131, 3779,

9. (a) Mang, 1. Y.; Kwon, D. G.. Kim, D. Y. /. Flworine Chem.
2009, 130,259, (b) Mang, I. Y. Kwon, D. G.. Kim, D. Y. Bu/L
Korean Chem. Soc. 2009, 30, 249. (¢) Lee, N. R.. Kim, S. M.;
Kim, D. Y. Bull. Korean Chem. Soc. 2009, 30, 829 (d) Kim, S.
M. Lee, J. H; Kim, D. Y. Swrlerr 2008, 2639, (e) Jung, S. H;
Kim, D. Y. Terrahedron Lern. 2008, 49, 35327 () Kim, D. Y. Bu/l.
Kovean Chem. Soc. 2008, 29, 2036. (g) Mang, I Y. Kim. D. Y.
Bull. Korean Chent. Soc. 2008, 29, 2091, (h) Kang, Y. K ; Kim,
D. Y. Bull. Korean Chen. Soc. 2008, 29, 2093, (i) Park, E. I.;
Kim, M. H.. Kim, D. Y. /. Osg. Chem. 2004, 69, 6897. (j) Park,
E L.Kim. H R.. Joung, C. W.. Kim, D. Y. Bull. Korean Chem.
Soc. 2004, 25, 1431, (k) Kim, D. Y., Choi, Y. J.. Park, H. Y.,
Joung, C. U.. Koh, K. O.. Mang, J. Y.; Jung, K.-Y. Synh.
Commrun. 2003, 33,435 (1) Kim, D. Y., Park, E. J. Osg. Len.
2002, 4. 345 (m)Kim, D. Y. Huh, $. C.. Kim, S. M. Terrahedron
Ler. 2001, 42, 6299, (n) Kim, D. Y. Huh, S. C. Tetrahedron
2001 57_8933.

10. (a) Lee, J. H.. Bang, H. T.; Kim, D. Y. Swnletr 2008, 1821. (b)
Kang, Y. K.: Cho, M. I.. Kim, 8. M.; Kim, D. Y. Svwlerr 2007,
1135 (¢)Cho, M. J.. Kang. Y. K.: Lee, N. R.: Kim, D. Y. Bull.
Kovean Chem. Soc. 2007, 28,2191, (d) Kim, S. M.: Kang. Y. K.
Cho, M. J; Kim, D. Y. Bult. Korean Chem. Soc. 2007, 28, 2435,
(e)Kim, 8. M; Kang, Y. K.; Lee, K.; Mang_ I. Y; Kim, D. Y.
Bull. Kovean Chem. Sac. 2006, 27 423, (f)Kang. Y. K.. Kim, D.
Y. Tetrahedron Lert. 2006, 47,4263, (¢) Kim, H. R.; Kim. D. Y.
Tetrahedron Letr. 2008, 46, 3115, (h) Kim, S. M_; Kim, H. R.;
Kim, D. Y. O»g. Lert. 2005, 7. 2309.

‘4

ih



