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Abstract

Chiral (salen)Cr(III) complex 2 is an efficient catalyst for the kinetic resolution of 2,2-disubstituted epoxides.
The scope and limitations of this methodology are described. © 1999 Elsevier Science Ltd. All rights reserved.

Recently, we reported highly effective methods for the asymmetric ring opening of epoxides catalyzed
by cobalt complex 1! and chromium complex 2.2 In particular, the hydrolytic kinetic resolution (HKR)
with catalyst 1 has been shown to provide access to a wide variety of monosubstituted terminal epoxides
in >99% ee. We became interested in extending this methodology to 2,2-disubstituted epoxides,** a
particularly challenging substrate class for kinetic resolution, but one that holds special interest since
the resolved epoxides could be elaborated readily to valuable optically-active tertiary alcohols.’ In
the context of the total synthesis of taurospongin A, we recently examined the Kinetic resolution of
epoxide (+)-3. While this substrate proved unreactive under HKR conditions with catalyst 1, the kinetic
resolution in the presence of (salen)Cr catalyst 2 and HN3 proved successful.® We have carried out further
investigations of the substrate scope for the kinetic resolution of 2,2-disubstituted epoxides catalyzed by
(salen)Cr complex 2, and we described our results herein.
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Treatment of (+)-3 with 0.55 equiv. of HN3 (generated by combining equimolar amounts of TMSN;
and 2-propanol)’ in TBME in the presence and 2 mol% of catalyst 2 led to complete consumption of
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Table 1
Kinetic resolution of 2,2-disubstituted epoxides catalyzed by (R,R)-2

RY -PrOH / TBME R’
\Ké; TMSN,, P \l{'(]) + ring-opened products
R? (R.R)-2 (2 mol%) R2
Entry Epoxide HN5 (equiv)® Yield® ee

TBSO . .
99%
1 m 0.55 42%

BnO d
] . o,
2 m 0.55 44% 95%
Ph P
d 0, ()
3 Vs\‘,/,g 0.60 44% 97%
4 \/\7/% 0.55 42% 99%*
C'05H11
5 A 0.50 46% 98%°
&' "B“OZC\‘{‘ 0.55 46% 85%°
9 (o]
C-Can

79 10 i 0 0.70 48% 80%°

TMS

? Equivalents of TMSN; and 2-propanol. ° isolated yield of the epoxide based on
racemic epoxide. © Determined by chiral GC analysis of the corresponding primary
methyl ether. ? Determined by chiral HPLC analysis. ° Determined by chiral GC
analysis. " Reaction was performed without additional solvent for 24 h at rt. ? Reaction
was performed without additional solvent for 24 h at rt with 5 mol% of catalyst 2.

HN3 within 6 h, with formation of azidoalcohol 4 and recovery of R-3 in 99% ee and 42% yield by flash
chromatography (Eq. 1).

TMSN3, i-PrOH (0.55 equiv.) TBSO T8SO
()3 \/\r(‘) + T N,
(R.R)-2 (2 mol%), TBME HO =

(1)
(R)-3 (S)-4
42%y.; 99% ee

These reaction conditions have proven effective for the preparation of a variety of 2,2-disubstituted
epoxides in high enantiomeric excess (Table 1).2 Epoxides bearing substituents with significantly
different steric properties proved to be excellent substrates (e.g. methyl versus cyclohexyl, entry 5).
More remarkable, catalyst 2 also proved effective in the resolution of epoxides bearing substituents
with similar steric and electronic properties (e.g. methyl versus n-pentyl, entry 4). While catalyst 2
efficiently differentiated between methyl groups and alkyl chains, epoxide 11 failed to give good regio-
and enantioselectivity. For more sterically demanding epoxides, such as epoxide 12, no reaction was

observed.
ph/\/g \/\:E

(o] (o}
1" 12
The methacrylate derivative 9 displayed only moderate reactivity; however, good levels of conversion
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Table 2
Kinetic resolution of 2,2-disubstituted epoxides catalyzed by (R, R)-2: Formation of azido alcohols

TMSN;, i-PrOH (0.50 equiv.) R

R N,
\|<‘0 (R.R)2 (2 mol%), TBME < OH
Entry Azido alcohols Yield® ee
1 BrO~ TN, 46% 93%”
850" < oH
SO (N, a7% 90%°
14 <on
3 PN, 45% 92%
15 ¥ OH
4 \/;/Y\Ns 44% 95%°
< oH
c-CgH
5 61;‘}%:& 40% 99%°

2 Isolated yield of the azido alcohol based on racemic epoxide. b Determined by
chiral HPLC analysis. “Determined by chiral GC analysis of the comesponding
primary methyl ether. “Determined by chiral HPLC analysis of the azido O-acetate
derivative. ® Determined by chiral GC analysis.

were attainable by performing the reaction in the absence of additional solvent, and the epoxide was
recovered in 85% ee (Table 1, entry 6). Although epoxides bearing terminal alkyne substituents proved
to be completely unreactive under the reaction conditions, TMS-protected alkynes were acceptable
substrates. Thus, kinetic resolution of epoxide 10 afforded the desired enantioenriched epoxide in 48%
yield and 80% ee, although 0.7 equiv. of TMSN3 and 2-propanol and 5 mol% of catalyst 2 were required.
In the case of substrates 10 and 11, it was not possible to attain higher enantiomeric excesses in the
recovered epoxides simply by extending reaction times or using excess reagents. Although the reasons
for this are not yet clear, it may be due to competitive catalyst destruction by HNj in the kinetic resolution
of these less reactive substrates.

The azido alcohol products of this kinetic resolution are also synthetically valuable chiral building
blocks, as they can be derivatized into $-amino tertiary alcohol derivatives.? Good regioselectivity was
observed with epoxides listed in Table 1, with the expected primary azide products predominating. For
example, when epoxide 5 was treated with 0.5 equiv. of TMSN3 and 2-propanol and 2 mol% of catalyst
2, azido alcohol 13 was produced in 46% yield and 93% ee (Table 2). The regioisomer resulting from an
internal attack of the azide was obtained in 4% yield and 20% ee.!® All attempts to increase either the
yield or the enantiomeric excess of the latter product were unsuccessful. Similar results were obtained
with other epoxides, with a small amount (4-6%) of the tertiary azide product recovered in low ee in all
cases.!! However, primary azido alcohols 14-17 were obtained in good yield and enantiomeric excess.

The kinetic resolution of 2,2-disubstituted epoxides has considerable potential as a synthetic strategy,
given that the resulting enantioenriched epoxides can be elaborated further to afford optically active
tertiary alcohols that can be difficult to access otherwise using existing asymmetric methods. The
effective resolution of epoxides bearing sterically-similar substituents also provides another example
of the remarkable enantiodiscrimination attainable with metal salen-based catalysts.

Representative procedure:'? (-)-(R)-1-Methyl-1-pentyloxirane (6). To a solution of ()-1-methyl-
1-pentyloxirane (6) (2.20 g, 17.2 mmol) in TBME (6.0 mL) was added (R,R)-2 (220 mg, 0.343 mmol).
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The resulting brown mixture was stirred for 5 min at rt, then cooled to 0°C. To this mixture, was added
2-propanol (730 pL, 9.44 mmol), followed by TMSN3; (1.30 mL, 9.44 mmol). The brown mixture was
warmed to rt and stirred for 6 h. The solvent was removed under reduced pressure, and the residue is
purified by flash chromatography (5% ether/pentane) providing the desired enantioenriched epoxide as a
colorless liquid (925 mg, 42% yield). [o]p —10.65 (c, 3.92, CHCl3); 'H NMR (400 MHz, CDCl3) § 2.60
(d, J=5 Hz, 1H), 2.57 (d, J=5 Hz, 1H), 1.62-1.55 (m, 2H), 1.50-1.24 (m, 6H), 1.30 (s, 3H), 0.89 (t, J=7
Hz, 3H); '3C NMR (100 MHz, CDCl3) § 56.7, 53.6, 36.6, 31.7, 24.8, 22.4, 20.7, 13.8; IR (NaCl, film)
2960, 2935, 2860, 1460, 1390, 905, 800 cm™!; HMRS (CI*) calcd for CgHzoNO [M+NH4]*: 146.1545.
Found: 146.1539. The enantiomeric excess was determined to be >99% (=200:1) by chiral GC analysis
(y-TA, 35°C isothermal, tg 13.04 (major), 16.26 (minor)).
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