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Abstract—A catalytic enantioselective Strecker-type reaction to N-(2-pyridylsulfonyl)imines in the presence of chiral bis(oxazoline)s
afforded the products with a high enantioselectivity. A dynamically induced new chiral center on the sulfur by discriminative coor-
dination of a chiral Lewis acid to one of the sulfonyl oxygens efficiently controlled the enantioselectivity.

© 2006 Elsevier Ltd. All rights reserved.

The enantioselective Strecker-type reaction is one of the
most important methods for the synthesis of optically
active a-amino acids. Therefore, a variety of chiral cat-
alysts have been developed to achieve a high level of
asymmetric induction in the addition of a cyanide to
imines.! Although the N-sulfonyl group certainly acti-
vates the electrophilicity of the imino carbon center,
there was no report on the catalytic enantioselective
Strecker-type reaction to N-sulfonylimines except for a
paper, which appeared very recently.?? Since N-sulfon-
ylimines would be conformationally flexible, it is neces-
sary to control the conformational change for achieving
a high enantioselectivity. We recently proposed a 2-pyr-
idylsulfonyl group as a new type of activating group of
the imino group.*> In the 2-pyridylsulfonyl group, there
are three possible coordinative sites, a pyridyl nitrogen
in the 2-pyridyl group and two sulfonyl oxygens. If the
coordinative position of Lewis acids to these hetero-
atoms can be controlled, the 2-pyridylsulfonyl group
becomes a powerful stereocontroller.® Herein we report
a catalytic enantioselective Strecker-type reaction of
N-(2-pyridylsulfonyl)imines (Fig. 1).

The enantioselective Strecker-type reaction was carried
out using a variety of C,-symmetric bis(oxazoline)
ligands in combination with Lewis acids. The results
are shown in Table 1. Since the reaction of N-aryl-

* Corresponding authors. Tel./fax: +81 52 735 5217; e-mail addresses:
snakamur@nitech.ac.jp; toru@nitech.ac.jp

0040-4039/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2006.08.064

and N-alkyl-substituted imines la—c did not give the
products (entries 1-3), various N-(arylsulfonyl)imines
1d-g were examined by treating them with TMSCN
(1.3 equiv)’ in the presence of a catalytic amount of
Mg(OTY), (0.3 equiv) and bis(oxazoline) 3 (0.31 equiv)
as a chiral Lewis acid. N-(Tolylsulfonyl)- and N-
[(2,4,6-triisopropylphenyl)sulfonyljimine 1d,e did not
give good results whereas the reaction of N-(2-pyr-
idylsulfonyl)imine 1f gave 2f in good yield with a good
enantioselectivity (entries 4-6). Unfortunately, N-(quin-
olylsulfonyl)imine 1g did not give the product although
the starting 1g disappeared during the reaction (entry 7).
The chiral Lewis acids derived from other magnesium
salts such as Mg(ClOy4), and MgBr, OEt, were also
examined in the reaction of 1f to give 2f in high yield
but with a low enantioselectivity (entries 8§ and 9). When
Cu(OTI), or Cu(SbFg), was used as a Lewis acid, 2f was
obtained with a good enantioselectivity but in a low
yield (entries 10 and 11).® Enantioselectivity was im-
proved by the use of a stoichiometric amount of the
Cu(OTf),-bis(oxazoline) 3 complex or by the addition
of molecular sieves 4 A to the reaction mixture,
although the yield still remained moderate to low (en-
tries 12 and 13). Strangely enough, Mg(OTf), in the
presence of bis(oxazoline)s 4 and 5 did not activate the
reaction of 1f with TMSCN (entries 14 and 15). It
should be noted that 2f obtained with the Mg(OTf),-
bis(oxazoline) 6 complex in high yield and a high enantio-
selectivity has the configuration opposite that obtained
with the bis(oxazoline) 3 (entry 16).° The Mg(ClOy)-
DBFOX 9 complex also catalyzed the reaction to give
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Figure 1. 2-Pyridylsulfonyl group as a new coordinative activating group as well as a stereocontroller.

Table 1. Enantioselective Strecker-type reaction in the presence of a Lewis acid (0.3 equiv) and a chiral ligand (0.31 equiv) to imines la—g

R Lewis acid (0.3 eq) R
N chiral ligand (0.31 eq) NH
JI§ TMSCN (1.3 eq) _lCN
H Ph H™ +"Ph
solvent, rt
1a-g 2a-g
1a: R' = phenyl
1b: R = p-methoxypheny!
1c: R' = 2-pyridylmethyl
1d: R' = p-tolylsulfonyl
1e: R' =(2,4,6-triisopropylphenyl)sulfonyl
1f: R = 2-pyridylsulfonyl
1g: R' = 8-quinolylsulfonyl
R2 R2
W><V O
| |
\) N N
Ph 'Ph -_
3 R2 = Ph ph
4:R?= /Pr =Me, Me 8 9
5: R2= tBu 7. = -(CHyp),-
Entry Imine Lewis acid Ligand Solvent Product Yield (%) ee (%)
1 1a Mg(OTf), 3 CH,Cl, 2a 0 -
2 1b Mg(OT), 3 CH,Cl, 2b 0 —
3 1c Mg(OTf), 3 CH,Cl, 2c 0 —
4 1d Mg(OTH), 3 CH,Cl, 2d 70 0
5 le Mg(OTf), 3 CH,Cl, 2e 0 —
6 1f Mg(OTf), 3 CH,Cl, 2f 81 75 (R)
7 1g Mg(OTf), 3 CH,Cl, 2g Decomp. —
8 1f Mg(ClOy), 3 CH,Cl, 2f 91 49 (R)
9 1f MgBr,-OEt, 3 CH,Cl, 2f 92 21 (R)
10 1f Cu(OTY), 3 CH,Cl, 2f 27 71 (R)
11 1f Cu(SbFg), 3 CH,Cl, 2f 28 73 (R)
12° 1f Cu(OTh), 3 CH,Cl, 2f 46 91 (R)
13°¢ 1f Cu(OTYf), 3 CH,Cl, 2f 10 94 (R)
14 1f Mg(OTf), 4 CH,Cl, 2f Trace —
15 1f Mg(OTf), 5 CH,Cl, 2f Trace
16 1f Mg(OTf), 6 CH,Cl, 2f 99 80 (S)
17 1f Mg(OTf), 7 CH,Cl, 2f 86 9 (R)
18 1f Mg(OT), 8 CH,Cl, 2f 82 13 (R)
19 1f Mg(ClOy), 9 CH,Cl, 2f 89 66 ()
20 1f Mg(OTf), 3 CICH,CH,Cl 2f 99 72 (R)
21 1f Cu(OTh), 3 CICH,CH,CI 2f 48 86 (R)
22¢ 1f Mg(OTf), 3 CICH,CH,CI 2f 99 75 (R)

#Ee was determined by the HPLC analysis using Chiralcel OD-H or Chiralpak AD-H.

® Lewis acid (1.0 equiv) was used with 3 (1.1 equiv).
“MS4A was added.
9 Catalyst loading is 10 mol %.

a good enantioselectivity (entry 19).'° The reaction of 1f
in dichloroethane improved the yield and enantioselec-
tivity of 2f (entries 20 and 21). In all these reactions,
30 mol % of the chiral catalyst was used, but it was

found that the catalytic loading of Mg(OTf),-bis(oxazo-
line) 3 complex can be reduced to 10 mol % in dichloro-
ethane (entry 22). The reaction of various N-(2-
pyridylsulfonyl)imines 1h-1 with TMSCN in the
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Table 2. Enantioselective Strecker-type reaction to various N-(2-
pyridylsulfonyl)imines 1fh-1 in the presence of Mg(OTf), (0.1 equiv)
and bis(oxazoline) 3 (0.11 equiv)

X Mg(OTf), (0.1 eq) o_
2PySOav 3 S(;0.11 eq) 2PySOas 4
)J\ TMSCN (1.3 eq) /L*\CN
H™ DA H ™« Ar
CICH,CH,CI, 1t
1f,h-I 2f,h-l

1h:  Ar = 4-methylphenyl
1i:  Ar=4-chlorophenyl
1j:  Ar = 4-methoxyphenyl
1k:  Ar = 1-naphthyl

1I:  Ar = 2-naphthyl

Entry Imine Product Yield (%) ee® (%)
1 1f 2f 99 75
2 1h 2h 99 72
3 1i 2i 99 72
4 1j 2§ 99 84
5 1k 2k 99 75
6 11 21 99 73

#Ee was determined by the HPLC analysis using chiral column.

presence of 10 mol % of the Mg(OTf),-bis(oxazoline) 3
complex was also found to give products 2h-1 in a good
yield with a good enantioselectivity as shown in Table 2.

The enantioselective Strecker-type reaction of N-(2-pyr-
idylsulfonyl)imines 1fh-1 gave the products in good
yield with a good enantioselectivity, although the reac-
tion of (p-tolylsulfonyl)imine 1d gave the racemic prod-
uct 2d and the reaction of N-aryl- and N-alkylimines
la—c did not afford the products.!' These results show
that the 2-pyridylsulfonyl group acts not only as

N = -
PR\ Ph
=N C
\ 4N
L“Ph
complex A
N-Mg-O, (£)
0.00 kcal/mol

an activating group but also as an efficient stereocon-
troller. Provided that the Mg(II) ion forms a tetrahedral
bidentate-coordinating complex with 1f, there are two
types of coordination for the complexes to be consid-
ered.'”> One is the N,O-type complex, in which Mg(II)
coordinates to the pyridyl nitrogen and one of the sulfo-
nyl oxygens and the other is the N,N-type complex, in
which Mg(II) coordinates to the imino nitrogen and
the pyridyl nitrogen. In order to estimate the stability
of these complexes, we studied the MO calculation of
the complexes between 1f and 3 by Gaussian 03'3 HF/
3-21+G™ (Fig. 2). The calculation showed that com-
plexes A, B, and C depicted for the stable N,O-type com-
plex is more stable than the N,N-type complex (complex
D). In order to exert a high enantioselectivity in the
N,O-type complex, one of the sulfonyl oxygens should
be selectively coordinated. Indeed, complex A in which
the pro-S sulfonyl oxygen is coordinated to Mg(II)
was shown to be much a more stable than the pro-R sul-
fonyl oxygen-coordinated complex C, because more
severe steric interaction exists in the latter complex.
The pro-S oxygen-coordinated complex A having an
(E)-imine was more stable than complex B having a
(Z)-imine by 6.5 kcal/mol. Thus, TMSCN approaches
the Si-face of the imine in complex A to form (R)-2f.'4
Dynamically induced chirality on the sulfur indeed plays
a definitive role in the induction of enantioselectivity.

In conclusion, the enantioselective Strecker-type reac-
tion to N-(2-pyridylsulfonyl)imines in the presence of
bis(oxazoline)s afforded chiral sulfonamides with a good
enantioselectivity. We found that the 2-pyridylsulfonyl
group works not only as a good activating group of
the imino group in the reaction with TMSCN but also

O 0 CN

N s

complex B complex C complex D
N-Mg-O, (2) N-Mg-O(pro-R), (E) N-Mg-N, (2)
+6.5 kcal/mol +6.2 kcal/mol +13.1 kcal/mol

Figure 2. Geometry optimization of 1f-3 complexes by Gaussian 03 HF/3-21+G".
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as a stereocontroller, which shows an excellent enantio-
selectivity through dynamically controlled chirality

on

the sulfur atom. A further extension of 2-hetero-

arylsulfonyl groups as a powerful stereocontroller in
combination with chiral ligands is now in progress.
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