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Abstract:  Asymmetric alkylation and aldol reaction of optically active (15,2R)-2-
aminocyclopentan-1-ol derived chiral auxiliary proceeded with excellent diastereofacial
selectivities (>99%) and isolated yields. (© 1997 Elsevier Science Ltd. All rights reserved.

The ot-amino acid derived amino alcohols have been conveniently utilized in numerous efficient
asymmetric syntheses.! The development of new chiral auxiliaries that are not derived from natural
aminoacids, however offers opportunities in terms of manipulation of structural properties and
conformational rigidities necessary for a particular asymmetric process.> Recently, we have reported
a number of efficient asymmetric processes involving conformationally constrained optically active
cis- 1-aminoindan-2-ols both as covalently bound chiral auxiliaries? as well as ligands in asymmetric
catalysis.* Conformationally constrained cyclic aminoalcohols are of particular interest to us because
of their utilities as amino acid surrogates as well as ligands and chiral auxiliaries for various asymmetric
synthesis. As part of our continuing interest in the design and synthesis of hydrolytically stable peptide
isosteres for the HIV protease substrate binding site, we required a number of cyclic aminoalcohols
that are not derived from natural aminoacids. In this context, we have prepared quantities of (15,2R)-2-
aminocyclopentan-1-ol conveniently from commercially available ethyl 2-oxocyclopentanecarboxylate
and examined its ability to function as an aminoacid surrogate as well as chiral template for asymmetric
synthesis. Herein, we report convenient synthesis and utilities of (4R,55)-cyclopentano[d]oxazolidin-
2-one as a highly effective chiral auxiliary in asymmetric alkylations® and asymmetric syn-aldol
reactions.

Enantiomerically pure (4R,5S)-cyclopentano{d]oxazolidin-2-one 3 was conveniently prepared in
multigram quantities by a known baker’s yeast reduction’ of B-ketoester 1 (Scheme 1), ester hydrolysis
with aqueous sodium hydroxide followed by Curtius rearrangement® of the resulting B-hydroxy acid
with diphenylphosphoryl azide in refluxing benzene for 12 h to afford 3 in 71% yield after silica gel
chromatography. Oxazolidinone 3 was lithiated with 1 equiv of nBuLi in dry THF and subsequent
reaction with 1.1 equiv of propionyl chloride at —78°C furnished the propionyl imide 4 in quantitative
yield, [a)p ~183 (c=0.46, CHCl3). Enolization of imide 4 was effected® by reaction of 4 with 1.1
equiv of dibutylboron triflate and 1.2 equiv of N,N-diisopropylethylamine at 0°C for 1 h affording the
corresponding boron enolate. Condensation of the above enolate with various aldehydes at —78°C to
0°C for several hours as monitored by TLC (4-6 h), resulted in only diastereomer § after workup and
silica gel chromatography. No other diastereomers were detected by 400 MHz 'H-NMR spectroscopy
or by HPLC analysis.!% The results of the aldol reaction of the oxazolidinone 4 with four different
aldehydes are summarized in Table 1. As can be seen, conformationally constrained oxazolidinone 5
has provided almost complete diastereofacial selectivity (>99% de) and good isolated yields (70-80%)
with various aldehydes. The removal of the chiral auxiliary was effected by exposure to lithium
hydroperoxide in aqueous THF under standard reaction conditions!! to provide the coiresponding
B-hydroxy acid (68-75% yield) and good recovery (80-85%) of the chiral auxiliary 3. The absolute
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configuration of the aldol products was assigned by comparison of the optical rotation of the resulting
B-hydroxy acid with the literature values.!? For example, acid 7 was obtained (from aldol product
5, entry 4) in 86% yield after silica gel chromatography, observed [a]p +33.6, ¢=0.7; CHCl3; lit.1
[a]p +31.03, ¢=1.07; CHCI3. Similarly, acid 8 (from aldol product 5, entry 2) was obtained in 88%
yield, [¢]p +9.8, ¢=0.31; CHCl3; lit.!? [a]p +10.54, c=1.4; CHCls.
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Scheme 1. (a) Baker’s yeast, sugar, HO; (b) aqueous NaOH, THF, 23°C; (c) (PhO); P(O)N3, Et3N, PhH, reflux, 12 h; (d)
nBuLi, THF, 0°C then MeCH,COCI, —78°C, 1 h; (e) nBupBOTI, iPr;NEt, CH2Clz, —78 to 0°C the RCHO, —78°C, 4-6
h; (f) LiOH, H20;, THF-H;0, 0°C; (g) LIHMDS, THF, —78°C, 1 h then PhCHBr or CHy=CHCH>1, —78 to —40°C, 6 h.

Asymmetric alkylation of imide 4 with benzyl bromide and allyl iodide as electrophiles was also
examined. Deprotonation of the imide 4 was carried out with lithium hexamethyldisilazide in THF
at —78°C for 1 h to afford the lithium enolate which upon reaction with benzyl bromide or allyl

Table 1. Aldol reaction of oxazolidinone 4 with aldehydes

Entry Aldehydes Yields(%)* (o]p(5) % de (5)°
1 MeCHO 70 -1213 >99
2. Me,CHCHO 71 -106.9 >99
3. Me,CHCH,CHO 73 -124.4 >99
4. PhCHO 80 -76.3 >99

*Yield of pure products after silica gel chromatography. ® Determined by HPLC and 400 MHz
'H NMR spectroscopy before and after chromatography.
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iodide at ~78° to —20°C for 6 h furnished 6 (R=Ph, vinyl) in good yields (65-72%) after silica gel
chromatography.13 In both cases, only one diastereomer was detected by HPLC analysis and only one
isomer was revealed by 'H-NMR (400 MHz) and by !3C-NMR (100 MHz) spectroscopy. Removal of
the chiral auxiliary with lithium hydroperoxide furnished the acid 9, [a]p +24.6, c=0.95; CHCl3; lie.14
[a]p +25, CHCl3, and 10, [&]p +10.1, ¢=0.54; CHCls; lit.!> [a]p +10.3, CHCl3, in excellent yield.

In conclusion, readily prepared (4R,5S)-cyclopentano[dloxazolidin-2-one 3 can be utilized as a
highly effective chiral auxiliary in asymmetric alkylations and asymmetric syn-aldol reactions. From
a synthetic standpoint, cis-2-aminocyclopentan-1-ol derived new chiral auxiliaries should find a broad
range of further applications in asymmetric synthesis.

Preparation of (4R,5S)-cyclopentano[d]oxazolidin-2-one 3

To a stirred solution of ethyl ester 27 (2.08 g, 13.1 mmol) in a mixture of THF (2 mL) at 23°C,
was added 1 M aqueous NaOH solution (26.2 mL). The resulting mixture was stirred for 1 h and
then cooled down to 0°C and carefully acidified with 1 N aqueous HCI to pH 3. The mixture was
thoroughly extracted with ethyl acetate (325 mL). The combined layers were dried over anhydrous
NazSO4 and evaporated under reduced pressure to provide the corresponding acid (1.27 g). Above
acid was suspended in dry benzene (60 mL) and to it were added diphenylphosphoryl azide (3.5 mL,
16.2 mmol) and triethylamine (2.3 mL, 16.5 mmol). The resulting mixture was stirred at 23°C for 15
min and then heated at reflux for 24 h. After this period, the reaction was cooled to 23°C and the
solvents were evaporated under reduced pressure to give a residue which was chromatographed over
silica gel (50% EtOAc in hexane as eluent) to furnish the chiral oxazolidinone 3 (1.18 g, 71%) as a
white foam (m.p. 130-132). [&]p —41.8 (¢ 1.4, CHCl3); lit’; [a]p —42.4 (c 0.98, CHCl3); 'H-NMR
(400 MHz, CDCl3) §; 5.35 (br s, 1 H), 5.05 (dd, 1 H, J=5.5, 6.5 Hz), 4.27 (1, 1 H, J=6.5 Hz), 2.15
(m, 1 H), 1.9-1.5 (m, 5 H).
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