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The development of novel effective chiral catalysts for enan-
tioselective synthesis is a current topic of interest in synthetic
organic chemistry.Hydroxamic acids are good ligands for metal
ions and are used as indicators for detecting metaldem4.977,
Sharpless and co-workers reported that hydroxamic acids are very
resistant to oxidation and seem to bind well to molybdenyl and Sch 2 Iterative Positional Optimization A h
vanadium ions. They performed the asymmetric epoxidation of cheme 2. lterative Fositional Dptimization Approac
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N
=" "N

optically active
carboxylic acid

R*—CO,H

NHOH —}’
ArJ\Ar
hydroxylamine

NHOH
HoN__COoH /k
+ H +
B Ar Ar

acid anhydride 2 a-amino acid 3 hydroxylamine 4
(for protection) (chirality source)

amic acids** However, catalysts of this type were not developed j\h }gi_ AAISU 1f: TFI,?1
: g. Phe

to a useful level, due to ligand deceleration along with dynamic =" N"TPh 46l val 1h: Trp
ligand exchange processes in this systaffe recently described 0 R OH }d_: |I_Ie 1i: Lys(Pht)
the vanadium-catalyzed asymmetric epoxidation of allylic alcohols ! lekeu 1 Met
using chiral binaphthyl-modified hydroxamic acit®ur results 6 mn iido part
et ; ; 1k: 4-(Me)Pht 1p: 2,3-Nap
suggested that several characteristics of the chiral vanadium N\/{LN/LPh 11 tetra(HPht 19: 18-Nap
complex play an important role in increasing the rate and & G da im: tetra(Cl)Pht 1r: 4-Br-1,8-Nap
enantioselectivity, i.e., the starting oxidation state of vanadium, T~ }“f 2,3-di(Meymaleoyl 1s: Ant
. . .. i . . o: 2,3-di(Ph)maleoyl
the coordination ability of hydroxamic acids, aneinteraction ||
or steric repulsion between the metal-binding site and oxidant. o A:Q'A;'Alrrpa” w
B ; i i Ar 1t o-To 1y: fuluorenyl
To improve this cata[yst system, we plan.ed to use gomblnatorlal O u b 1u: o-(-Pr)Ph 12: dibenzosuberyl
and related strategiego identify effective vanadium-based Y7 ONT AT tvimmedi(tBu)oPh 1AX(R)-phenethyl
H H H H : 1w: 1-naphthyl 1B:(S)-phenethyl
catalysts for asymmetric epoxidation. For this purpose, our o] AN OH Ix: 2-(MaO)aphth-1-y1

hydroxamic acid-bearing binaphthyl group can be reconstructed
to novel a-amino acid-based hydroxamic acids suitable for the ) . o
synthesis of a ligand library (Scheme 1). We report here that chiral Which was transformed to acid chloride in the usual manner, and
a-amino acid-based hydroxamic acid ligands with a very simple then treated with hydroxylamine to give the desired hydroxamic
structure are efficient catalysts for the asymmetric epoxidation acid® These features prompted us to optimizamino acid-based

of allylic alcohols. hydroxamic acids as ligands in the asymmetric epoxidation of
In a preliminary experiment, hydroxamic adid derived from allylic alcohols by using an iterative positional optimization

phenylalanine gave better results than the peptide hydroxamic@pproach, which involves screening one component of a ligand

acid 7 in the asymmetric epoxidation ofE)-2,3-diphenyl-2- structure for selectivity, while holding the other units consfant.

propen-1-ol (eq 13.This reaction was also conducted in a water- ~ We developed a family of chiral hydroxamic acid ligands with
a general structure df, which consists ofx-amino acid3, N°-

o protecting group2, and hydroxylamine4 (Scheme 2¥. The
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H H enantioselectivities of epoxy alcoh®d obtained from asymmetric
Ph\/NY\/U\N/\r(N\:_)LN)\ph 'N\:)J\N*ph epoxidation in the presence of VO({@?r); (1 mol %) and ligand

o] ’; o] ’\PhéH o, ?\PhCIJH 1 (1.5 mol %) at 0°C for 6 h intoluene were investigated, and

g these results are shown in Figuré th the first step, the source

11% ee (95% yield, 1 day) 62% ee (91% yield, 6 h - : . . . -
VO(O-+Pr); (1 mol%) @17y ) of chirality for ligand 1, the amino acid moiety, was optimized.
Ph -I-FT)3 o, Ph .. . . .
]V Hydroxamic acid (1.5 moi%) :@ The selectivity of the product gradually increased with an increase
Ph~-C" T TBAP. toluene, 0 °C ph” ~-OH @ in the steric hindrance of the side chain of the amino acid (from
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Table 1. The Asymmetric Epoxidation of Various Allylic Alcohols
in the Presence of VO(GPr) (1 mol %) and Hydroxamic Acidw
(1.5 mol %}
entry epoxy alcohol 6 time (h) yield (%)b ee (%)°
1 6 96 95
29 Ph - 6 93 96
8" 2O o1 15 99 86
4 Ph 6a 6 98 A
Ph
e,
5 J@OH 6 97 95
6b
1.,
6 O@OH 5 82 937
6c
7 i o) 6 95 819
X OH
6d
8 o, h 3 97 787
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(b) a All reactions were carried out at® in the presence of 1.5 equiv

of tert-butylhydroperoxide and 1 mol % of vanadium catalyst prepared
in situ by mixing VO(O#-Pr); and ligandlw (V/ligand 1:1.5) unless
otherwise noted? Isolated yield by column chromatograptyDeter-
mined by HPLC analysis with a chiral column (Chiral OD-H) unless
otherwise noted? Determined by GLC analysis with a chiral stationary
phase columnfd-TA). ¢ The aldehyde was obtained in 9% yield as a

|
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_ . ~ _ B . byproduct. The allyl alcohol was recovered in 8% yiél@he allyl
0 100 -200 -300 -400 -500 -600 m alcohol was recovered in 21% yieléiThe reaction was conducted under
PP an atmosphere of dry argof0.1 mol % of VO(Oi-Pr) and 0.15 mol
Figure 2. 5V NMR spectra in benzends at room temperature (VOg! % of 1w were used: 1.1 mol % of1lw was used.

0 ppm): (a) VO(OPr), (b) VO(O4-Pr) and ligandlw (molar ratio,

1:1), and (c) VO(Oi-Pr); and ligandiw (molar ratio, 1:1.5). epoxidation with high reactivity. To understand the structure of

the catalyst, &'V NMR experiment was performed (Figure 2).
When hydroxamic acidw in benzeneds was treated with an
equimolar amount of VO(O@-Pr); at room temperature, two peaks
were observed at537 and—633 ppm, as shown in Figure 2b.
The peak at-537 ppm increased when the amountlef was
increased (the ratio of integration of these peaks is 95%3{
ppm/—633 ppm) with the addition of 1.5 equiv of ligand, Figure
2c). This peak can be assigned to VO@®¥)(L) (L = hydrox-
amate oflw). This observation suggests that 1:1 complexation
o?f vanadium and ligand was effective, and this would positively
affect the enantioselectivity.

These results show that chiral amino acid-based hydroxamic
acids identified from libraries can be effective asymmetric
catalysts for the epoxidation of allylic alcohols, especially
disubstituted allylic alcohols. The mild reaction conditions, e.g.,
reasonable temperature {C), low degree of catalytic loading
(Imol % of vanadium), and halogen-free solvent (toluene), extend
the scope of this process. Experiments are in progress to identify
effective asymmetric catalysts for other important reactions using
this positional optimization strategy.

lato 1f), and the best result in this case was achieved usirtg
leucine-derived hydroxamic acid. In the second step, the imido
group was examined and optimized to 1,8-naphthalenedicarbonyl-
protected hydroxamic acitlq (87% ee). Finally, the aryl groups
near the metal-coordination site were changed. Interestingly,
ligands that connected the phenyl groups gave lowlge %).

The best result was obtained usitgbis(1-naphthyl)methyl-
substituted hydroxamic acitv (entry 1, Table 13° This reaction
system was also tested to be conducted under an atmosphere
dry argon, and gave almost the same result (entry 2).

Some mono- or disubstituted allylic alcohols were enantio-
merically epoxidized in good to high selectivity in the presence
of optimized ligandlw (Table 1). Disubstituted allylic alcohols,
except the Zis-substituted one, were epoxidized with excellent
enantioselectivities and yield$6g—c). Even thoughlw was
optimized for a particular substrate, it was an effective catalyst
for a range of disubstituted allylic alcohols, and gave products
with moderate-to-high enantioselectivity and yieBd). The
reactions of monosubstituted allylic alcohols in asymmetric
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of high enantioselectivity in vanadium-catalyzed asymmetric ing hydroxamic acid ligand and the asymmetric epoxidation of allylic
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