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Abstract

Chiral amines are synthetically important target compounds, since they are
found in natural products, pharmaceuticals, and other bioactive molecules. During the
initial investigation on the enantioselective nucleophilic addition of alkynylzinc
reagents to nitrones by utilizing a tartaric acid ester as a chiral auxiliary, an
unprecedented “enantiomeric enhancement by a racemic product-like additive”, was
realized. Based on this exciting result, catalytic enantioselective nucleophilic addition
of alkynylzinc reagents to nitrones was developed and excellent results were obtained
as expected. Furthermore, the enantioselective addition of phenylzinc reagents to
acyclic nitrones bearing an alkynyl substituent on the carbon utilizing the tartaric acid
ester as a chiral auxiliary was examined and the enantiomeric enhancement was
again observed. Finally, the tandem addition/cyclization reaction in the presence of
the additive to give the optically active isoxazoline was also investigated.

The development of practical and efficient methods for construction of chiral
molecules is an essential part of programs to explore new medicinal and agrochemical agents.
Most common asymmetric reactions rely on the use of catalysts, which contain one metal
center within a coordination sphere comprised of chiral ligands. For one metal chiral
reaction systems, the control of absolute stereochemistry is sometimes not enough. In my
present laboratory, a novel strategy was designed as a chiral reaction system, in which two or

three metal centers are complexed utilizing a tartaric acid ester as a chiral auxiliary (Figure

1).

Reactant A

Reactant B

i

Figure 1 (Met, Met' = Zn, Mg etc.)
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Chiral amines are synthetically important target compounds, since they are found in
natural products, pharmaceuticals, and other bioactive molecules. For example, chiral
benzylic amines are found in biologically active compounds and their building blocks. One
of the most attractive approaches to the syntheses of benzylic amines is the enantioselective
addition of metal reagents to imine derivatives. Although various methods for the
enantioselective synthesis of chiral benzylic amines are known including reduction and
alkylation of aromatic imines, direct asymmetric addition reactions to C=N bond is still one of
the challenging problems especially in terms of availability of chiral auxiliaries.

My main research is focusing on the development of enantioselective synthesis of
chiral benzylic amines by direct asymmetric addition of alkynyl- and phenylzinc reagents to
nitrones utilizing tartaric acid ester [(R,R)-DTBT] as a chiral auxiliary. First, the asymmetric
additién of alkynylzincs, which were prepared in situ from dialkylzinc and terminal alkynes,
to acyclic nitrones was achieved by utilizing (R,R)-DTBT as a chiral auxiliary to afford the
corresponding (R)-c-substituted propargylic N-hydroxylamines with enantioselectivity of up
to 83% ec (Scheme 1). However, the enatioselectivity was unsatisfactory. Thus, the
asymmetric addition reaction of alkynylzinc to nitrone was reinvestigated and an
unprecedented phenomenon, "enantiomeric enhancement by a racemic product-like additive,"
was found and the remarkable enhancement of enantioselectivities was achieved as described

in the following.

1) Me,Zn (1.0 eq.)

O\ﬁ,Bn
. 2) (1.0 eq.)
MeZnOJ,COZ'Bu Ph)LH HO. .Bn
>
MeZnO u,coztBu 3)H — Ph (1-0 eq.) Ph)(l?’\
in CH,Cl,, 0°C, 24 h Ph
(1-0eq.) 92%, 83% ee
Scheme 1

The time course of the reaction was observed in order to confirm how the reaction
proceeds. From these results, it was found that the enantioselectivity remarkably increased

as the reaction proceeds.
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Figure 2. Chemical Yields of (R)- and (S)-Enantiomers along Reaction Time

Figure 2 shows the relationship between the reaction time and chemical yields of (R)-
and (S)-enantiomers, which are estimated based on the chemical yields and ee. It is
noteworthy that after around 8 h, both the chemical yield and ee increased remarkably.
Although more precise analysis is necessary, enantioselectivity was relatively low at the initial
stage of the reaction. After ca. 8 h, (S)-enantiomer was a little accumulated and then
(R)-enantiomer looked to have been selectively produced. Based on this observation, if the
product of the reaction around 8 h was added into the original reaction system, the ee of the
product could be enhanced. In order to distinguish the enantiomers of the products at initial
and later stages of the reaction from an additive, a product-like substrate was subjected as an
additive to the reaction.

Namely, a mixture of 1.2 molar amounts of bis(methylzinc) salt of (R,R)-DTBT and 1.2
molar amounts of dimethylzinc was treated with 0.2 molar amount of
4-methoxylphenyl-substituted product-like hydroxylamine, followed by addition of 1.0 molar
amount of nitrone and phenylacetylene as shown in Scheme 2. As expected, the

enantiomeric excess was increased to 94% ee.

MeZnO\N,Bn
1) (0.2 eq.)
N Ph
MeO F
MezZnO._,CO,'Bu  2) Me,Zn (1.0 eq.) HO\N,Bn
. _ > Scheme 2
MezZnO~ “CO,'Bu O.}-Bn R? %
2
(1.2 eq. 3) (1.0 eq.) R
) R1J\H _R'=R2=Ph

4) H—=—R? (1.0 eq.) 75%, 94% ee I
in CH,Cly, 0°C, 24 h
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Such a racemic additive was applied to the asymmetric alkynylation of other nitrones
with several acetylenes. Compared with the previous results without an additive, the
enantioselectivities of the desired products were remarkably improved by employing the

racemic product-like hydroxylamine as an additive (Table 1, Scheme 2).

Table 1

Entry R! R2 t/h Yield/% eel/% (Yield/ % eel %)?
1 Ph Ph 18 75 94b (89 82)

2 4-MeOCgH, Ph 39 80 92¢ (70 74)

3 4-BrCgH, Ph 18 92 91¢ (57 77

4  2-BrCgH, Ph 18 67 95b (71 78)

5 Ph 4-MeCgH,; 18 70 86° (58 76)

6 Ph CsHqs 14 62 79b (48 57)

7 Ph ™S 20 61 96P (64 77)

3Reactions were carried out without an additive.
bEnantiomer's ratio was determined by HPLC analysis (Daicel Chiralcel OJ-H).
®Enantiomer’s ratio was determined by HPLC analysis (Daicel Chiralcel OD-H).

Based on the fact that a product-like additive enhances the enantioselectivity in the
stoichiometric addition reaction, the effect of this product-like additive was also examined in
the catalytic reaction system. Namely, to a mixture of 0.2 molar amount of bis(methylzinc)
salt of (R,R)-DTBT and 0.3 molar amount of methylzinc salt as an additive, which was
derived from racemic 4-methoxyphenyl-substituted N-propargylic hydroxylamine and
dimethylzinc, 1.0 molar amount of dimethylzinc, nitrone and phenylacetylene were
subsequently added. The enantioselectivity was also enhanced up to 96% ee by the addition

of the racemic product-like additive (Scheme 3).2

Zn0._ B
MenON n

1) (0.3 eq.)
N Ph
MeO F

MeZnO._,CO,'Bu  2) Me,2n (1.0 eq.) HO\N,Bn
j/ o Scheme 3
Mezn0” “CO;Bu  O.}.Bn Ar/'\
(0.2 eq.) 3) )L (1.0 eq.) R
» Ar H up to 96% ee
4) H—R (1.0eq.)

in Solvent, 0°C, th

Furthermore, the enantiomeric enhancement by the addition of a product-like additive
was further observed in an enantioselective addition of phenylzinc reagents to acyclic nitrones
bearing an alkynyl substituent on the carbon utilizing the tartaric acid ester as a chiral
auxiliary to produce N-(1-phenyl-3-substituted prop-2-ynyl)hydroxylamines in up to 92% ee
(Scheme 4, Table 2).>

—242—



Bn.

N,OZnMe

1) (neq.)
Q)\,h
MeO F

MeZnO._ ,CO,Bu 2) PhZnX (1.0 eq.) Bn.\-OH
5 y » : Scheme 4
Mezn0O”~ “CO,Bu ng;-0 - Ph” X
2 3) Y (0eq) /\R
(1.0+neq.) H)J\R
in CHCI3, 25°C, th
Table 2
n=0.2 n=0
Entry R X t/h  Yield/% eel% Yield/% eel!%
1 Ph Ph 0.5 72 882 70 643
2 Me°® 1 75 922
3 4-CH3CgH, Ph 1 75 872 80 7
4 Me°® 1 66 872
5  4-BrCgH, Ph 1 64 902 68 532
6 Me°® 1 70 902
7 nCeHq3 Ph 1 67 82b 61 52b
8 Me® 1 67 g7b

2Enantiomer's ratio was determined by HPLC analysis (Daicel Chiralcel OD-H).
bEnantiomer's ratio was determined by HPLC analysis (Daicel Chiralcel OJ-H).

‘PhZnMe was prepared in situ from 0.5 eq. of PhyZn and 0.5 eq. of Me,Zn.

Previously, it was found that when the addition reaction of alkynylzinc reagent to

nitrone was carried out at room temperature, the intermediary addition product cyclized to

give the corresponding 4-isoxazoline. Compounds bearing 4-isoxazoline ring skeletons are

the key components of optically active nitrogen-containing substances, which have potentially

high value in chemical and medicinal fields.

Based on the results of the investigation

described above, in which the advantage of the effect of the additive was revealed, the tandem

addition/cyclization reaction between acetylide and nitrone was examined in the presence of

an additive, and the substrate scope was also investigated (Scheme 5, Table 3).

MeZan/COZ'Bu

MezZnO~ “CO,'Bu
(0.2 eq.)

5) Me;Zn (2.0 eq.)

Bn\N,OZnMe
1) (0.2 eq.) (An=d4-methoxyphenyl)
A E
Ph Bn. .OZnMe
2) MezZn (1.0 eq.) H, N
"0.4,.Bn . RV'\
3) J‘\ (1.0 eq.) N R2
R "H
4 H——R? (1.0eq.)

in Toluene, 0 °C, 18 h
Scheme 5
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Table 3

Entry R R2 tid Yield/ % eel%
1 Ph Ph 1 73 912
2 4-BrCgH, Ph 3 72 93?
3 2-BrCgH, Ph 2 51 seb
4 Ph 4-PenCgH, 3 42 932
5 Ph 4-BrCgH, 3 62 852
6 Ph 'BUOCH, 1 43 24°
7 Ph C4Hg 3 70 80°
8 Ph 1CeHq3 3 63 85°

2Enantioselectivity (% ee) was determined by HPLC analysis (Daicel Chiralcel OD-H).
bEnantioselectivity (% ee) was determined by HPLC analysis (Daicel Chiralcel 1A).

Although the exact reaction mechanism of the “enantiomeric enhancement by a

racemic product-like additive™ is unclear, we proposed a possible mechanism below based on

various facts observed in the present investigation (Scheme 6).

DTBT Add ltlve DTBT
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