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BAKER'S YEAST CATALYZED ASYMMETRIC CYCLOADDITION OF NITRILEOXIDES TO
C=C BOND : IMPROVED CHIRAL RECOGNITION BY USING F-CYCLODEXTRIN+
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Abstract : Baken's yeast catalyzes fon the {inst time the asymmetnic cycloaddition
neaction of arylsubstituted nitrileoxides 1 to vinylpyridines 2 to yiedd optically
active 2-isoxazolines 3. The stereoselectivity is enhanced by fixing the geometry of
both dipote and dipofarophife by using B-cyclodextrin as an additional binding cavity
along with Baker's yeast.

The' use of enzymes as chiral catalysts in organic synthesis is becoming increasingly
important due to their specificity, mild conditions, high yields and excellent stereo-
se1ectivit1’es.1 But their utility has not yet been explored for asymmetric induction
in dipolar cycloaddition reactions. Hence, an attempt has been made for the first time
to gain access into enzyme catalyzed asymmetric cycloaddition reactions by utilizing
Baker's yeast (Saccharomyces cerevisiae) which is earlier known to induce chirality
in various transformations for generating chiral synthons.z’3

Our continued interest on dipolar cycloaddition reactions of nitrileoxides™ and
on newer asymmetric synthesis through biomimetic modeH‘Ing,5 prompted us to investigate
the asymmetric 1,3-dipolar cycloaddition reaction of n1'c1r"i1eoxides6 1 to the active
C=C bond of 2- and 4-vinylpyridines 2 in presence of Baker's yeast, since this reaction
gives heterocyclic substituted optically active 2-isoxazolines 3 which represent the
masked form of an array of different functionalities. 7,8 The regioselective formation
of only 5-pyridyl substituted 2-isoxazolines 3 also fits the LUMO (dipole)-HOMO (dipo-
larophile) interaction” with the preferred attachment of the dipolarophilic carbon of
greater spatial requirement of vinylpyridine i.e. & -carbon, with the oxygen of the
nitrileoxide 1éad1ng to the sterically most favoured transition state.9 10
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3201



3202

The stable nitrileoxides 1 (1.55 mmol) and vinylpyridines 2 (1.55 mmol) are taken
in 30% ethanol (20 m1) and incubated at 37°C with Baker's yeast (0.5 g, Saccharomyces
cerevisiae, Type-1, purchased from Sigma Chemical Co.,U.S.A) in pH 7.2 phosphate buffer
(12.5 m1) for 20 h, extracted with chloroform and purified by flash chromatography. The
optically active 2-isoxazolines 3 thus obtained are shown in the Table. It is seen from
the results that the products from 4-vinyl series have shown better stereoselectivity.
Amongst the compodnds studied only 2-isoxazoline 3c formed from 2,6-dichlorophenyl
nitrileoxide and 4-vinylpyridine has shown modest enantioselectivity with an ee upto
25%. This 1is probably due to poor chiral recognition during cycloaddition. Hence, a
new concept has been envisaged in enzyme catalyzed reactions for improving the stereo-
selectivity by adopting two host cavities so that the geometry of both the dipole
{nitrileoxide) and the dipolarophile (vinylpyridine) may be fixed during cycloaddition
for attaining. better enantioselectivity (Figure). This -is further confirmed from the
experimental results.

Figure Enzyme catalyzed asymmetric cycloaddition using B-cyclodextrin

The inclusion complex of 4-vinylpyridine (B-cyclodextrin did not form stable complexes
with 2-vinylpyridine and nitrileoxides) with.B-cyclodextrin has been prepared by adding
4-vinylpyridine (1.55 mmol) in acetone (2 ml) to an aqueous saturated solution of
B-cyclodextrin (1.55 mmo1) at 5°C. 4-Vinylpyridine formed inclusion compound on an equi-
molar basis with cyclodextrin as determined by TH WR1) and from the amount of 4-vinyl-
pyridine extracted from known amount of the complex. The aqueous solution containing the
inclusion complex of 4-vinylpyridine with cyclodextrin is then added to the buffer solu-
tion containing nitrileoxide (1.55 mmo1) and Baker's yeast (0.5 g). It is then incubated
at 37°C for 20 h and worked out.
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Table Asymmetric cycloaddition of nitrileoxides to vinylpyridines

a) 0] deg @ 3¢
Product 3 Yield vYield D €g. ee
No. Ar R %b) p
BY BY ) BY BY BY BY
+B-CD + p-CD + B-CD
A 2,4,6-Trimethylphenyl 4-Pyridyl 82 81 + 5.1 +25.8 4.5 22.6
B 2,4,6-Trimethoxyphenyl 4-Pyridyl 88 89 -11.3 - 32.5 9.2 28.4
C 2,6-Dichloropheny]l 4-Pyridyl 83 85 +66.7 +160.0 25.6 64.0
D 2,4,6-Trimethylphenyl 2-Pyridyl 85 - + 2.8 - 2.5 -
E 2,4,6-Trimethoxyphenyl 2-Pyridyl 79 - + 5.6 - 3.6 -
F  2,6-Dichlorophenyl 2-Pyridyl 88 - +11.5 - 8.8 -

a) A1l products were obtained in analytically pure form. T4 NMR and mass spectra are
in conformity with the structure. b) Baker's yeast. c) B-cyclodextrin. d) In acetone
(C 0.1). e) Determined by ]H NMR spectroscopy with Eu(hfc); after reduction to the cor-
respond ing B-ketoalcohol with 10% Pd-C in MeOH/H,0 using phosphate buffer (Ref. 12).

It is surprising to find for the first time that by fixing the geometry of dipolaro-
phile in cyclodextrin and dipoie in the natural binding cavity of the enzyme, it is
possible to enhance the stereoselectivity of cycloaddition. It is again 2-isoxazoline
3C obtained from 2,6-dichlorophenyl nitrileoxide has shown higher enantioselectivity
with an ee upto 64% (Table). The higher asymmetric bias observed for the cycloaddition
with 2,6-dichlorophenyl nitrileoxide may be due to favourabie control of geometry in
the approach of the dipole and dipolarophile at the "active site". However, the cyclo-
addition of nitrileoxides with vinylpyridines in presence of only B-cyclodextrin without
Baker's yeast has not yielded the expected cycloadduct but only nitriles of the corres-
ponding nitrileoxides are isolated.

Thus, it has been demonstrated for the first time that enzymes can be used as chiral
catalysts in asymmetric cycloaddition reactions and that the chiral recognition during
cycloadd it fon can be improved by using cyclodextrin as an additional binding cavity.
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