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number of methods have been reported for the stereoselective
syntheses afi-hydroxy3-amino acid derivatives using different
strategie$, including epoxidatiorf,amino hydroxylatior?, de-
rivatization of amino aldehydéspitro aldol reactiori? nucleo-
philic addition to chiral aldehydéd, and amided? In the
previous report? we described that chiral oxazolidin-2-ones
possessing a vinyl group on the 5 position can be generated by
the internal cyclization of a chiral carbamate onto an allylic
cation. This synthetic route is appealing, not only because it
represents an ideal basis for an asymmetric synthetic sequence,
but also because we were able to show that the products were
easily transformed inta-hydroxy{3-amino acid derivatives.
Although the diastereoselectivity of the reaction was moderated,
it was realized that the cyclic nature of the oxazolidin-2-one
cyclization products coupled with the acidity of the ester
o-protons could enable us both to improve this selectivity and
to access the epimeric product. In this article we focus on the
development of a stereodivergent base-promoted strategy to
access bothciss and trans-carbomethoxy oxazolidin-2-one
intermediatesq{and8). Because in the original communication

of our cyclization reaction we only used secondary carbamates,
which afforded secondary oxazolidin-2-ones, we began by
synthesizing theN-benzylated tertiary oxazolidin-2-one ana-
logue, which allowed us to conduct the initial epimerization
studies on the monoanion. Synthesis began witkalinal 3,
which was easily prepared formvaline!*1> The addition of
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The high diastereoselectivity of the base-catalyzed epimer- 45, 2288-2290. (d) Nezami, A.; Luque, I.; Kimura, T.; Kiso, Y. Freire,

ization of oxazolidin-2-oneg and8 is shown to depend on
the nature of theN-substituent (R group); when R Bn,
the 4,5trans-product (4,5R)-9 is formed, whereas when R
= H the 4,5¢is-product (459-10 is formed, both with

E. Biochemistry2002 41, 2273-2280.
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>99:1 dr. The successful hydrolysis of the oxazolidin-2-one gy73 (b) Shuto, D.; Kasai, S.; Kimura, T.; Liu, P.; Hidaka, K.; Hamada,

group in bothcis- and trans-derivatives show this to be a
stereodivergent route to enantiopusehydroxy{5-amino
isopentanoic acids R39-1 and (Z5,39)-2.
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C. M. Tetrahedron Lett1995 45, 8237-8330.

(6) For areview, see: (a) Bergmeier, S. Tetrahedror200Q 56, 2561~

Over the recent years, there has been an increased interest ig>76. (b) Liu, Mei.; Sibi, M. PTetrahedron2002 58, 7991-8035.

synthetic routes to optically puwe-hydroxy{3-amino acids, not
only because of their wide-ranging chemical utifitbut also

because this functionality is a key component in a number of

biologically active natural productsAlthough a-hydroxy-

amino acids have been implicated in the development of both

supermolecular drugsind conformationally stable oligband
dipeptide species,the scope for the development of this
important functional group is still very broad. Accordingly, a
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SCHEME 1. Preparation of Carbomethoxy
Oxazolidin-2-one
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aReagents and conditions: (i) refs 14 and 15; (ii) vinylMgBr, THA,0
°C, 2 h, 90%; (iii)t-BuOK, THF, —78°C — rt, 12 h, 80%; (iv) (a) Os@
NMO, acetone, rt, 24 h, 86%; (b) NadOEtOH/H,O (2:1), 1 h, 85%; (c)
KMnOa, KoCOs, THF/H0 (2:1), 1t, 1 h, 70%; (v) Chl, K2COs, DMF, 0
°C —rt, 2 h, 85%.

vinylmagnesium bromide to aldehydeafforded a 2:1 trans/
cis mixture of allylic alcohol productd. Stirring this in the
presence ot-BuOK at —78 °C over 12 h allowed efficient
cyclization to generate the oxazolidin-2-ob@s a 2:1 mixture
of trans/cis distereoisomers. To progress toward the amino aci
motif, oxidation of the vinyl group using OsJollowed by
periodate cleavage of the product diol, in the presence of
KMnQ,, gave the corresponding carboxylic aédTreatment
with CHsl gave estef7 with no epimerization (Scheme 1).

Investigations then began into base-catalyzed epimerization.
Treatment olN-benzyl7 with 2 equiv of LHMDS afforded the
lithium enolate, which upon treatment with either methanol or
TBP [2,4,6-tri-tert)-butylphenol] afforded as a single product
the trans-diasterecisomer @5R)-9 in >99:1 dr. Then a
sequence of catalytidN-debenzylation followed by base-
catalyzed hydrolysis of the oxazolidin-2-one gave the fully
deprotectedo-hydroxy3-amino acid (R39-1 as a single
diastereoisomer in 53% overall yield. Since tieproduct was
elusive in this manifold, our attention turned to epimerization
of the secondary oxazolidinore which was available as a 2:1
mixture of diastereoisomers ty-debenzylation of the cycliza-
tion product 7 under Birch reduction conditio4. Thus,
treatment of8 with 2 equiv of LHMDS at— 78 °C generated
the dianion, and the facial selectivity of protonation with a range
of different Bronsted acids was investigated. In contrast to the
anion of 7, treatment of the dianion & with MeOH led to a
1:2 cis/trans mixture of diastereoisomers. However, exposing
the dianion to the more sterically demanding proton source,
TBP, gave (£59-10as a>99:1 cis/trans mixture. As before,
base-catalyzed hydrolysis of the oxazolidin-2-driiegave the
fully deprotecteda-hydroxy3-amino acid (&39-2 in 57%
yield with no epimerization at the center. The spectroscopic
data forl and2 are consistent with those of the diastereomic
mixture 16

Because it appears that thealkyl substituent has a signifi-
cant effect on the protonation selectivity, to gain a deeper

(15) (a) Golebiowski, A.; Jacobsson, U.; Raczko, J.; Jurczak, Org.
Chem.1989 54, 3759-3760. (b) Ginesta, X.; Pericas, M. A.; Riera, A.
Synth. Commur2005 35, 289-297.

(16) (a) Mohan, R.; Chou, Y. L.; Bihovsky, R.; Lumma, W. C.; Erhardt,
P. W., Jr.; Shaw, K. JJ. Med. Chem1991, 34, 2402-2410. (b) Peet, N.
P.; Burkhart, J. P.; Angelastro, M. R.; Giroux, E. L.; Mehdi, S.; Bey, P.;
Kolb, M.; Neises, B.; Schirlin, DJ. Med. Chem199Q 33, 394-407.
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SCHEME 2. Epimerization of Carbomethoxy

Oxazolidin-2-one$
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a Reagents and conditions: (i) Li, lig N\HE®O, —70 °C, 5 min, 76%;
(i) LHMDS, TBP, THF, —78 °C, 8 h, 70%; (iii) LHMDS, TBP, THF,
—78°C, 4 h, 85%; (iv) (24 N KOH, EtOH, reflux, 10 h, 78%; (b) 20%
Pd(OHY/C, MeOH, rt, 12 h, 80%; (v4 N KOH, EtOH, reflux, 12 h, 82%.

understanding of the effect of steric environment on the
selectivity of the epimerization, thil-methyl analogue was
synthesized using a similar strategy to that shown above in 76%
overall yield. In general, the lithium anion of this species showed
similar reactivity to the dianion of. Thus, its protonation with

gMeOH led to a small excess of thigansproduct, while

protonation with a bulky proton source gave a 10-fold excess
of the cismoiety (Scheme 2).

With these results in hand, a plausible rational for the
stereoselectivity of the epimerization can be given by consider-
ing the steric effects of both the isopropyl group and the
N-substituent in terms of A(1,3) strain. In the case &f
formation of the dianion is expected to lead to considerable
A(1,3) strain between the enolate and the 4-isopropy! group.
This will force the latter to adopt a pseudoaxial position and,
hence, disfavor protonation cis to it. The efficiency of steric
shielding has then been shown to be dependent upon the steric
presence of the proton source: in the case of sterically
undemanding MeOH, 1,2-steric interactions between the acid
and the isopropyl group are not sufficient to induce a facial
bias, and, thus, thieans-product is marginally favored, giving
a 3:1 mixture of diastereoisomers; whereas when the bulky acid,
TBP, is used, the increase in 1,2-steric interactions between the
acid and the isopropyl group results in the formation ofdise
derivative, the kinetic product, in 99:1 dr.

In the case of the enolate bfbenzyl7, A(1,3) strain is also
believed to force the isopropyl group to be in a pseudoaxial
environment, as before. However, to further minimize steric
interactions, the phenyl appendage of tiidenzyl group is
forced to adopt a position trans to the isopropyl group. In
contrast to the dianion &, protonation of the enolate Gfusing
either acid (MeOH or TBP) leads to thrans-derivative [proven
to be the thermodynamic product, as it is the only stereoisomer
present after epimerization of the 2:1 trans/cis diastereoisomeric
mixture of 8 under equilibrating conditions (treatment with
t-BUOK/EtOH)]. Thus, as the phenyl group is larger than the
isopropyl moiety, it consistently overrides the sterically de-
pendent directing influence of the isopropyl group, leading
exclusively to thetransproduct. Consistent with the phenyl
group being the important stereocontrol element, protonation
of the enolate of theN-methyl derivative showed similar
selectivity to that of the dianion 08. The outline of the
construction of the oxazolidin-2-one is illustrated in Table 1.
The stereochemistry of carbomethoxy oxazolidin-2-chasd
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TABLE 1. Preparation of Epimerized Carbomethoxy SCHEME 3. Preparation of Diastereomeric Mosher’s
Oxazolidin-2-one Esterst
\\_ OH OMTPA
#8* ’Q &1 o b A o Ao
NH O NH O
Tf Boc Boc
(6] O O 11 12
7 7a 1)
OH OMTPA
solvent/ ratio yield® ) 2 __OCH; MOCHS
entry R H* source base  (7a7b) (%) 2 1, A )
NH O NH O
1 H THF/CHOH LHMDS 1:3 65 Boc Boc
2 H THF/TBP LHMDS 99:1 70 13 14
3 EtOH t-BUOK 1:3 68
‘51 g"b $:E§$§3|$H :::mgg %061 ;g a8 Reagents and conditions: (i) (a) HCI, MeOH, rt, 10 h, 80%; (b)B9c
6 BH* THE/CHOH LHMDS 1_99 80 NaCOs, MeOH, rt, 24 h, 85%; (ii)R-(+)-o-methoxye-trifluoromethyl-
n Hy . a-phenylacetic acid, DCC, G4€N, rt, 12 h, 87%.
7 Bn THF/TBP LHMDS 1:99 85
8 Bn EtOH t-BuOK 1:99 82

o-trifluoromethyla-phenylacetic acid [(MTPA) “Mosher’s acid”]
with DCC in acetonitrile, as previously describ¥dAnalysis
of 12 and14 by %F NMR established the enantiomeric ratio in
1 and 2 to be >99:1 after spectral comparison to the two
1 /g diastereoisomers formed at each instance upon coupling racemic
N. MTPA with 11 and 13, respectively.
In conclusion, we have shown that the stereochemical
outcome of the base-catalyzed epimerization of ester-substituted
/ \ oxazolidinones can be effectively controlled using selective
ooyt aroup dominates - eyl aroup dominates: protonation agents. We have proved thpT viability of this
Gis-product Trans-product methodology toward the synthesis of enanti®90:1, er) and

+ O diastereopure X99:1, dr) a-hydroxy{-amino isopentanoic
HO'/ -o/ Ho’}%/ acids
) N |
H

Experimental Section

a2.4,6-Tri-tert)-butylphenol.’ Determined by!H NMR integration.
¢|solated yields.

TBPJ tert-Butyl Benzyl(4-hydroxy-2-methylhex-5-en-3-yl)carbamate
o (4). To a solution of aldehyd8 (4.0 g, 13.7 mmol) in THF (120

Meo—/ o) / mL) was added 1.0 M vinylmagnesium bromide (41.1 mL, 41.1

%9// \’%, mmol) at —10 °C. After being stirred for 40 min at room

H NH temperature, the reaction mixture was quenched with satd aqueous
NH,CI and extracted with EtOAc (X 60 mL). The combined
organic layers were washed with brine and dried oveiS@. The
FIGURE 1. Plausible mechanism of stereodivergent transformation Solvent was evaporated, and the residue was chromatographed on

of carbomethoxy oxazolidin-2-ones. silica gel (hexane/EtOAe 3/1) to give compound (3.95 g, 90%)
as an oil. IR (KBr): 3420, 2754, 1728 cth 'H NMR (300 MHz,

(4,5-cis) 10 (4 5 -trans) 9

H 0 JO o CDClg): ¢ 0.91 (1H, m), 1.43 (9H, m), 2.53 (1H, m), 3.98 (1H, d,
o -o//// MeO %9/ J=15.3 Hz), 4.36 (1H, m), 4.87 (2H, m), 5.73 (1H, m), 7~27.34
Nj H (5H, m). 13C NMR (75 MHz, CDC}): ¢ 21.1, 26.9, 28.4, 54.3,
we OH  py stens(, H 72.3,80.6, 114.2, 127.4, 127.9, 128.2, 129.2, 138.4, 157.0. Anal.
Je e S0 Calcd for GoHooNO3: C, 71.44; H, 9.15; N, 4.38. Found: C, 71.59;
H, 9.35; N, 4.49.
FIGURE 2. NOESY correlations and coupling constants of cis/trans 3-Benzyl-4-isopropyl-5-vinyl Oxazolidin-2-one (5)To a solu-
diastereomers. tion of allyl alcohol4 (3.9 g, 12.2 mmol) in THF (40 mL) was

added a solution dfBUOK (2.7 g, 24.4 mmol) in THF at78°C.
10 (Figure 1) were determined by NOESY experiments and Af_ter being stirred for 10.h at room temperature, the reaction
coupling constants (cisl = 7.7 Hz; trans,J = 3.6 Hz; Figure mixture was quenched with satd aqueous,8H(50 mL) and
2). It is known that thecis-derivative has a larger coupling ~Xtracted with EtOAC (3« 20 mL). The combined organic layers
constant than th&rans-derivative in oxazolidin-2-one¥. were washed with brine and dried overJS&,. The solvent was
To demonstrate the enantiomeric puritiesloénd 2, both evaporated, and the residue was chromatographed on silica gel

- = ' (hexane/EtOAc 4/1) to give compound (2.4 g, 80%) as an oil.
compounds were derivatized to-Boc estersl1 and13 by a IR (KBr): 3145, 1724, 1655 crit. H NMR (300 MHz, CDCH):
well-established metho#.Compoundsl1 and13 were subse- 6 0.89~0.98 (6H, m), 2.06 (1H, m), 3.20 (1H,3,= 4.3 Hz), 3.99
quently converted to the diastereomerically pure Mosher’s esters(1H, d,J = 15.2 Hz), 4.63 (1H, dJ = 4.8), 4.90 (1H, dJ = 15.2

12 and 14 (Scheme 3) by treatment withR)-(-+)-o-methoxy- Hz), 5.23 (1H, dJ = 10.9 Hz), 5.71 (1H, m), 7.257.37 (1H, m).

(17) (a) Miyata, O.; Koizumi, T.; Asai, H.; Iba, R.; Naito, Tetrahedron (18) Mazaleyrat, J. P.; Goubard, Y.; Azzini, M. V.; Wakselman, M.;
2004 60, 3893-3914. (b) Kobayashi, S.; Isobu, T.; Ohno, Wetrahedron Peggion, C.; Formaggio, F.; Toniolo, Eur. J. Org. Chem2002 1232~
Lett. 1984 25, 5079-5082. 1247.
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13C NMR (75 MHz, CDC}): o 14.9, 17.5, 27.6, 45.9, 63.8, 74.4,
117.6, 127.9, 127.9, 128.8, 159.1. HRMS calcd fagHGNO,,
245.1416; found, 245.1415.

Methyl 3-Benzyl-4-isopropyl-2-oxooxazolidine-5-carboxylate
(7). To a solution of acidb (1.4 g, 5.3 mmol) in DMF (26 mL)
was added KCO; (1.5 g, 10.6 mmol) and CH (0.7 mL, 10.6
mmol) at 0°C. After being stirred fo2 h atroom temperature, the
reaction mixture was added to a mixture of EtOAc (10 mL) and 1
N HCI (5 mL). The reaction mixture was extracted with EtOAc (3

JOCNote

dicyclohexylurea. After this had stirred at room temperature for
15 min, the resulting solution of the MTPA anhydride was filtered
through a pipet capped with cotton wool and added to samples of
(R)-12 (50 mg, 0.19 mmol). The resulting clear colorless solutions
were stirred at room temperature for 20 h and then quenched with
satd aqueous NaHG@3 mL). The reaction mixture was extracted
with CHCI; (3 x 5 mL). The combined organic layers were washed
with brine and dried over N&O,. The solvent was evaporated,
and the residue was chromatographed on silica gel (hexane/EtOAc

x 15 mL), and the combined organic layers were washed with brine = 4:1) to give compound.2 (79 mg, 87%) as an oil, with care
and dried over Ng&8Oy. The solvent was evaporated, and the residue being taken not to exercise a mechanical separation of one of the

was chromatographed on silica gel (hexane/ EtGA2/1) to give
compound? (1.25 g, 85%) as an oil. IR (KBr): 3252, 2954, 1755,
1586 cmt. 'H NMR (300 MHz, CDC}): 6 0.74~0.91 (6H, m),
2.06 (1H, m), 3.50 (1H, ) = 3.6 Hz), 4.05 (1H, dJ = 15.3 Hz),
4.60 (1H, d,J = 3.1 Hz), 4.91 (1H, dJ = 15.3 Hz), 7.25-7.63
(5H, m). 13C NMR (75 MHz, CDC}): ¢ 14.8, 17.5, 28.0, 46.2,

diastereoisomers over the oth&id NMR (500 MHz, CDC}): o

0.88 (m, 6H), 1.43 (s, 10 H), 3.55 (s, 3H), 3.69 (s, 3H), 3.94 (m,
1H), 4.52 (d, 1HJ = 10.3 Hz), 5.34 (s, 1H), 7.45 (m, 3H), 7.70
(m, 2H).13C NMR (125 MHz, CDC}): ¢ 19.7, 19.8, 28.6, 30.4,
53.0, 56.1, 74.2, 80.1, 127.9, 128.8, 130.2, 132.4, 155.7, 166.4,
168.6.1%F NMR (473 MHz, CDC}): —72.08{s (>99%), CR},

52.9, 62.3, 71.1, 127.9, 128.1, 128.9, 135.3, 157.0, 170.0. HRMS —72.48{s (<1%), CF}.

calcd for GsH1gNO,, 277.1314; found, 277.1315.

Methyl 4-Isopropyl-2-oxooxazolidine-5-carboxylate (8)To a
solution of compound (0.8 g, 2.88 mmol) in EO (3 mL) was
slowly added a solution of Li (80 mg, 11.5 mmol) in liqguid ammonia
(8 mL) at—70°C under argon. After being stirred for 5 min at the

same temperature, it was quickly quenched with water (10 mL).

The reaction mixture was extracted with EtOAc %38 mL), and

(2S,35)-3-Amino-2-hydroxy-isopentanoic Acid (2).To a solu-
tion of 10 (80 mg, 0.10 mmol) in 95% EtOH (1.5 mL) was added
4 N KOH (1.5 mL). The reaction mixture was refluxed for 12 h,
cooled to room temperature, and then quenched with 10% HCI (3
mL), filtered, and evaporated. The residue was dissolved in MeOH
(3 mL) without further purification and mixed with Dowex 50W-
X8 (1 g). The mixture was filtered and then washed with MeOH.

the combined organic layers were washed with brine and dried over The remaining residue was diluted tvi8 N NH,OH solution. The
N&SQ,. The solvent was evaporated, and the residue was chro- solution was evaporated and then coevaporated with toluene to give

matographed on silica gel (hexane/ EtOAd/1) to give compound
8 (0.41, 76%) as an oil. IR (KBr): 2954, 2504, 1755 ¢m'H
NMR (300 MHz, CDC}): 6 0.89~0.94 (6H, m), 2.08 (1H, m),
3.49 (1H, t,J = 3.5 Hz), 3.76 (3H, s), 4.07 (1H, d,= 15.3 Hz),
4.60 (1H, d,J = 3.6 Hz), 4.98 (1H, dJ = 15.2 Hz), 7.25-7.45
(5H, m). 13C NMR (75 MHz, CDC}): 6 14.7, 17.5, 28.0, 46.2,

52.8,62.3, 71.1, 127.9, 128.1, 128.8, 135.9, 157.0, 170.0. HRMS

calcd for GH13NOy, 187.0845; found, 187.0792.

(4S,5R)-Methyl-3-benzyl-4-isopropyl-2-oxooxazolidine-5-car-
boxylate (9).To a solution of compound (60 mg, 0.22 mmol) in
THF (2 mL) was added slowly dropwise 1.0 M LHMDS (0.4 mL,
0.44 mmol) at—78 °C. After being stirred for 30 min, TBP (0.22
g, 0.88 mmol) in THF (0.4 mL) was added slowly dropwise to the
reaction mixture over 5 min at78 °C. The reaction mixture was
maintained at-78 °C for 4 h and then quenched with satd aqueous
NaHCG; (2 mL). The reaction mixture was extracted with EtOAc
(3 x 5 mL). The combined organic layers were washed with brine
and dried over Ng&5O, The solvent was evaporated, and the residue
was chromatographed on silica gel (hexane/EtGA2:1) to give
compound (51 mg, 85%) as an oilof]2% —37.5 € 0.5, CHC}).

IR (KBr): 3252, 2954, 1755 cnt. *H NMR (300 MHz, CDC}):

0 0.89~0.94 (6H, m), 2.08 (1H, m), 3.49 (1H,3,= 3.5 Hz), 3.76
(3H, s), 4.07 (1H, dJ = 15.3 Hz), 4.60 (1H, dJ = 3.6 Hz), 4.98
(1H, d,J = 15.2 Hz), 7.25-7.45 (5H, m).23C NMR (75 MHz;
CDCh): ¢ 14.7, 17.5, 28.0, 46.2, 52.8, 62.3, 71.1, 127.9, 128.1,
128.8, 135.9, 157.0, 170.0. HRMS calcd fordgNO,, 277.1314;
found, 277.1315.

Representative Example of the Preparation of Mosher's
Ester. Preparation of (R)-(+)-a-Methoxy-a-trifluoromethyl- a-
phenylacetic Acid Ester (12).DCC (78 mg, 0.38 mmol) was added
to a solution of R)-(+)-MTPA in acetonitrile (1.5 mL), which
immediately resulted in the formation of a white precipitaté&gf-

compound2 (15 mg, 82%) as a solid. Mp 21216 °C; [a]%%
+19.2 € 0.5, MeOH). IR (KBr): 2986, 1768, 1641 crh *H NMR
(300 MHz, B,0): 6 0.87 (6H, m), 2.02 (1H, m), 3.82 (1H,d,=
3.4 Hz), 4.51 (1H, dJ = 3.4 Hz).13C NMR (75 MHz, D,0): ¢
18.3, 19.6, 29.2, 49.5, 70.4, 174.4. HRMS calcd fgHGNO;,
147.0895; found, 147.0892.
(2R,39)-3-Amino-2-hydroxy-isopentanoic Acid (1).Compound
9 was hydrolyzed wh 4 N KOH in 95% EtOH (1.5 mL) for 10 h,
using the same procedure as compouhdThe residue was
hydrogenated with 20% Pd(OMHE (10 mg) in MeOH (2 mL) at
room temperature for 12 h. The reaction mixture was filtered and
evaporated. The residue was dissolved in MeOH (3 mL) and mixed
with Dowex 50W-X8 (1 g). The mixture was filtered and then
washed with MeOH. The remaining residue was diluted with 3 N
NH4OH solution. The solution was evaporated and then coevapo-
rated with toluene to give compourid(18 mg, 62%) as a solid.
Mp 208-209 °C; [a]?% —11.3 € 0.5, MeOH). IR (KBr): 2954,
1755, 1600 cm!. 'H NMR (300 MHz, D;0): 6 0.97 (6H, m),
1.77 (1H, m), 3.45 (1H, t) = 6.5 Hz), 4.07 (1H, dJ = 4.8 Hz).
13C NMR (75 MHz, D;0): ¢ 15.5, 17.8, 28.4, 49.8, 71.3, 174.6.
HRMS calcd for GH13NOs3, 147.0895; found, 147.0892.
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