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Kinetic Resolution of Racemic Alchols by a New Nuclephilic
Catalyst

Takeo Kawabata, Minoru Nagato, Kiyosei Takasu and Kaoru Fuji

A new nucleophilic catalyst promotes the kinetic resolution of racemic alcohols through
enantioselective acylation at ambient temperature. The Key featlrimwdlves an induced fit
intermediate due to theTtinteraction, although exists in the open conformation in the ground state.
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Enzymatic kinetic resolution of racemic alcohols selectivity-reactivity dilemmave designed catalystin

through acylation or de-acylation has been extensivelywhich stereo-controlling chiral centers are located far
studied and established as one of the most effective

methods for the preparation of optically active alcohols.

Non-enzymatic alternatives in this field have also been

developed recently. Use of stoichiometric amounts of .

chiral acylating agents effected the kinetic resolution of  H)s g “““

racemic alcohols with high stereoselectiityOn the \O N\CHZPh

other hand, the corresponding catalytic process is still in z

the developmental stag&/e report here development

and properties of a new nucleophilic catalgst  from the active site. This catalyst is expected to cause
In designing the catalyst, we focused on how strictremote asymmetric induction through chirality transfer

stereocontrol could be realized without retarding itsfrom the C(1) and C(8hiral centers to the active site

catalytic activity. We chose 4-pyrrolidinopyridine as a (N-acyliminium) in the reactive intermediate (Figure 1).

model of the active site because it is known to be the Catalystl was prepared from a known racemic ketone

most effective catalyst for the acylation of alcohols. To2. Addition of 2-lithiomethylnaphthalene fofollowed

achieve effective stereocontrol, a conventional strategypy hydrogenolysis gav&in 80% yield. Racemi8 was

would involve the introduction of sterically demanding resolved by recrystallization of the salt obtained with (-)-

asymmetric center(s) near the active site (pyridinecamphorsulfonic acid to giv&in enantiomerically pure

nitrogen). However, this would lead to a dramatic form. A pyridine moiety was introduced inBoby the

reduction in the catalytic activity. To overcome the palladium-catalyzed coupling with 4-bromopyridine to
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give 1 in 84% yield. Using catalyst, the kinetic  (0.50~0.72 ppm) of Pand Hl indicater-minteraction
resolution of racemic alcohol4-8 was examined. between the naphthalene ring and the acylpyridinium
Treatment of racemig¢a (R='Pr) with 5 mol % ofL and  moiety. We refer to this conformation as a “closed
0.7 mol equivalent of isobutyric anhydride in toluene atconformation”. Informative NOE’'s were observed
ambient temperature ga9eand recoveredain yields of  between H and the proton, NCOCH(CHzg)», , which
60% and 27%, respectively. The optical purity of imply that thesi face of the carbonyl group is blocked by
recoveredtawas 76% ee. With pivaloath (R=!Bu), the naphthalene ring and treeface is open for reaction
the enantioselectivity increased to 94% ee. Whenwith alcohols.
benzoate and substituted benzoates were used as Catalystl exists in an “open conformationAj in its
substrates, a clear tendency was observed: the strongground state, which is free from steric interaction at the
the electron-donating ability of the aromatic ring, the active site. Thus, a facile reaction takes place with acid
higher the enantioselectivity of the reaction. Theanhydride. The resulting acylpyridinium intermediate
enantiomerically pure (>99% ee) alcohtd (R=p- (B) is stabilized by attractive-Ttinteraction between the
MeoNCgH4) was recovered from the kinetic resolution of electron-deficient acylpyridiniunm-system and the
racemicdc with 5 mol % ofl at 72% conversion. Even electron-donating naphthalene ring. The “closed
with 0.5 mol % of catalyst (substrate : catalyst = 200 : conformation” is suitable for controlling thefacial
1), the optical purity of the recoverdd was 93% ee. reactivity of theN-acyliminium ion, which directs the
The kinetic resolution of several racemic momo( enantioselectivity of the subsequent acylation of
alcohols. The reorganization of the catalyst triggered by
1LOCOR  ~_2.0H OCOR binding of the specific substrate (acid anhydride) is
(:L:OH QOCOR O?OH referred to as an “induced-fit” process, which is currently
s recognized as a key process in enzymatic catalysis.
Since the enantioselectivity of the reaction increases in
QOCOR HO  OCOR ocor proportion to the electron-donating ability of the
OH H (Iocolpr aromatic part of the substrates, it is suggested that the
7 8 9 participation of additionat—ttinteraction between the 4-
aminopyridiniumresystem oB and the aromatic ring of
dimethylaminobenzoate) of diols was examined with 5the substrates. The-1t interaction involving the
mol % of1. In both cyclic diol-monoestets7 and the  substrate-binding and -recognizing properties of catalyst
acyclic varian8, acylation proceeded enantioselectively 1 would regulate the direction of the substrate approach.
to give the recovered alcohols with 92 ~ 97% ee at 70 The total catalytic process would result from co-
77% conversion. operative and consecutive events at the active site
To obtain insight into the reaction mechanism,tHe (pyridine-nitrogen), the stereo-controlling site
NMR spectra ofl and itsN-acyliminium ion were (naphthalene moiety), and the binding site (4-
measured in CD@lat 20°C (Figure 1). The observed aminopyridiniumrtesystem). Although the proposed
NOE’s suggest that the preferred conformatiorifisran ~ mechanism is speculative, it is worth noting that catalyst
“open conformation’), in which the naphthalene ring 1 has similar properties as enzymes have acquired only
and the pyridine ring lie apart from each other. Protonsafter a long history of evolution.
H& and H are indistinguishable and appeada®.01 In summary, we have developed a cataly&ir the
ppm. Similarly, protons Mand H appear ab 6.37  kinetic resolution of racemic alcohols. The properties of
1 appear to approach some of the enzymatic functions
with regard to mildness of the reaction conditions,
enantioselectivity, and the reaction mechanism. Another

1
4 6

distinctive feature of is its catalyst design based on
¥ o N attractive interaction in non-organometallic species,
o N@N%% which is in contrast to the conventional design of
b . . . . .
> RS o catalysts based on repulsive steric interaction in the
_ . coordination sphere of the central metal. Catalyist
A (open conformation) - B (closed conformation) also expected to catalyze several other types of
Figure 1. 'H NMR study of 1 (A) and its acyliminium ion (B) in asymmetric reactions in addition to the kinetic resolution
CDCl3 at 20 °C. Arrows denote the observed NOE's. In A, Al : _
protons Ha HP and HE, HO appear 2t & 8.01 and 6.37 ppm. of alc_ohols such as pe_ptlde bond formation, carbon
respectively. In B, protons H3 HP, HE, and HY appear acylation, and lactonization.

independently at & 7.45, 8.73, 5.69, and 6.87 ppm, respectively.
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