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Abstract - Both anti and asyn enantiomerically pure
functionalized a-amino-S-hydroxy acids and derivatives were
synthesized starting from norephedrine-derived oxazolidine
(1. The key-steps of the synthesis were the nucleophilic
epoxidation of (1) and the nucleophilic opening of epoxy
acid (3) with ammonia, both reactions proved regio- and
diastereospecific. High yield preparation of the target
anty aldehyde (9) was accosplished using standard
procedures. The complementary gyn aldehyde (23) wae
obtained yia alkaline isomerization of the cig
oxazolidinone (13) to the trans one. The aldehyde function
ot (9) and (23) provides a useful handle for manipulation
to more complex structures, allowing potential access to a
range of optically pure a-amino-f-hydroxy acids. The formal
total synthesis of the monocyclic f-lactam antibiotic
“carusonam” was accomplished using the present methodology.

Over the past titty years many unusual amino acids have been isolated from natural
sources.1 Whereas their biological role and biogenesis cannot always be clearly
seen, the antibiotic activity demonstrated by many of these compounds either alone
or as a part of larger systems (i.e. polypeptides) make them attractive synthetic
targets. In particular a-a-ino-B-hydroxy acids of varying coamplexity are important
as components of biologically active peptidesza (e.g. Echinocandins, 3-520,
vancomycin, Ristocetin A, Teicoplanin, Bouvardin, Cyclosporine A), of toxic
peptides,2b of peptidaaes,zc of the polyoxins,2d as enzyme inhlbitors.ze as
precursors to S-lactam anc1b10c1c5,3 and offer considerable challenge in terms of
stereochemical control and synthetic efficiency.

Our group has been interested in the asymmetric synthesis of a-amino acids using
different methods: the asymmetric electrophilic nninatlon‘ (Fig.1l, disconnection a)
and the glycine enolate synthon npproachs’.-d (Fig.1, disconnection c).

Fig.1
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In this paper we disclose our results regarding the asyametric synthesis of
functionalized ac-amino-f-hydroxy acids by the use of a nucleophilic amination
apptoach6 (Fig.1l, disconnection b).

In recent years these compounds have been the target of a great deal of effort by
many research qrbupn,7'a particularly the groups of Nukniya-.,g schollkopf.lo
Evnns,11 and Seeb.ch.lz
T. Mukaiyama and coworkers used both the nucleophilic amination appronchga and a
chiral glycine enolate nynthon9b in their enantioselective synthesis of
polyhydroxy-a-amino acids. U. Schollkopf and coworkers used both an achiral glycine
enolate synthon (ethyl 1sOCynnoacetnté)]°"b and the chiral one (bis-lactim
ether)loc'g in their outstanding synthesis of functionalized a-amino-f8-hydroxy
acids (Scheme 1).
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Scheme 1

D.A. Evans and coworkers synthesized both gyn and anti enantiomerically pure
a-amino-f8-hydroxy acids via diastersoselective aldol addition of chiral
3-isothiocyanocacetyl- and 3-haloacetyl-2-oxazolidinones (Scheme 2).11
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Scheae 2
Several ayn a-amino-f-hydroxy acids of high enantiomeric purity were synthesized by
Seebach and couorkerslz'vtl diastereoselective aldol reaction of chiral
imidazolidinone-enolates with carbonyl compounds.

Our method starts with the a,f-unsaturated aldehyde (1), which can be easily
prepared on a large scale from one of the two commercially available norephedrine
enantiomers (1R,28). It is known that these substrates show a high degree of sn-face
differentiation induced by the norephedrine-derived oxazolidine, and that
nucleophilic additions to the conjugated systel13 give a better performance than
electrophilic additions to the double bond.l‘ Aldehyde (1) was subjected to various
nucleophilic epoxidation conditions (sodium hypochlorite in aqueous pyrldine,15
alkaline hydrogen peroxi ,16 potassium tert-butyl peroxldel7). The best results
were obtained using potassiua hypochlorlt.e18 in agqueous THF: the epoxidation was
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complete after 1.5 hr at 0 deqg.C, but the mixture was stirred two additionml hours
at room temperature to oxidize the epoxy aldehyde (2) to epoxy acid (3), which was
obtained in 90% overall yield as a single isomer (>20:1 by lx NMR spectroscopy)
(Scheme 3).

(4) R=H ,R'= H (M R=H (9)
(S R=H , R'= CBZ (8) R= SiMe,Bu'
(6} R=Et, R'= CBZ

R
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(10) R= SiMe,Bu! (12) CBZ =~COCH,Ph
(n R=H
Scheme 3

The stereochesical outcome of this epoxidation can be rationalized using the
transition structure models A and B (Fig. 2). The very electroneqative allylic
substituent (oxygen) is aligned "anti* to the forming bond in both A and B, so that
the withdrawal of electrons from the s-system can be saximized (Felkin-Anh
model).'?® Wmen the o"._; orbital 1s aligned “anti to the forming bond, its
overlap with the HOMO of the transition state, consisting of a mixture of the
nucleophile HOMO and the electrophile LUMO, is increased, and stabilization is
uaxilized.XSh A is favored over B, apparently for steric rensonl.13
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Ixans epoxy acid (3) was then treated with 23% aqueous ammonia solution at 70 degqg.C
for 3 hr to give, regio- and scereonpecificnlly,zo the anti oc-amino-f-hydroxy acid
(4) in quantitative yield as a single isomer (>50:1 by lﬂ NMR spectroscopy). The
anti configuration was proved by conversion of (4) into the ¢ig oxazolidinone (14)
(a. COC1 ,KOH,Hzo; b. CHZNZ; c.BOCZO) characterized by a coupling constant JA-B'
8.9 Hz.z Isomerization of ¢is (13) under alkaline conditionsSd (KOH,MeOH, ref lux)
followed by standard derivatization ( a. CH2N21 b. BOCZO) gave coaplete conversion
(>100:1) into the grans oxzazolidinone (16) characterized by a coupling constant

JA-B' 2.9 Hz.21 (Scheme 4)
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a-Anino-f-hydroxy acid (4) was then transformed into the N-CBZ derivative (5)
(CBZZO, Shotten-ﬁaunann),zz which was treated with diazoethane23 to give, after
flash-chromatography, ethyl ester (6) in 64% overall yield from compound (1) with
no intermediate purification (91% average yield per step). The chiral oxazolidine
was then removed by treatment of (6) with ethanedithiol and BF3-OEt2 in methylene
chloride to give (7) (67%; 90% recovery of optically pure N-tosyl norephedrine),
which was protected as TBDMS ether (TBDHS-OT!,lutidine,CH2C12,80t).24 Dithiolane
(8) was then hydrolysed (CH31.CACO3,acetone-uater)zs to give the target aldehyde
(9) in 80% yield. The aldehyde function of (9) provides a useful handle for
sanipulation to more complex structures, allowing potential access into a range of
optically pure polyfunctional a-amino-f-hydroxy acids, especially those of unusual,
non-protein or unnatural types which are not easily accessible by fermentation.
The absolute configuration and the optical purity of aldehyde (9) were confirmed by
reduction to give (10) (NaBH‘,HeOH,HZO,GSt), hydrolysis of the silyl ether to give
(11) (HF,CH3CN,H20,85\),26 and ketal formation (acetone,2,2-disethoxypropane,
p-TsOH, 90%) to give (12) with the same optical rotation as that reported for the
compound previously synthesized by Moriwake and coworkers from D-tartaric acid.ap

A simple and straightforward application of the method described above
(preparation of enantiomerically pure functionalized anti c-amino-f-hydroxy acids)
is the formal total synthesis of the monocyclic B-lactam antibiotic "carumonam”,
which is under joint development by Hoffmann-La Roche and Takeda Chemical
3e.f Starting from 18,2R norephedrine, and following our procedure,
compound (17) was synthesized and subjected to solvolysis with methanolic ammonia

to give amide (18) {n 70% yield (Scheme 5).27 Nine step conversion of (18) into

Industries.

“carumonan” was recently reported by Hoffmann-La Roche chemists, who utilized
L-ascorbic acid as starting laterial.3e't
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The complementary gyn a-amino-f-hydroxy acid series was easily accessible through
the oxazolidinone chemistry described above (Scheme 4). Anti a-amino-f-hydroxy acid
(4) was converted into the cis oxazolidinone (13) C a. COClz.KOH,Hzo b. Cquzs 75%
overall yield from (1)) which was completely isomerized to Lrang oxazolidinone
(KOH,MeOH,reflux) and saponified (KOH,HeOH-Hzo) to give the s¥yn a-nning;ﬂ-hydroxy
acid (19). Treatment of (1l9) with CBZZO under Shotten-Bausann conditions followed
by dxazoechane23 gave, after flash-chromatography, ethyl ester (20) in 70% overall
yield from oxazolidinone (13) without intermediate purification. The target
syn-aldehyde (23) was easily prepared from (20) through the same sequence of
reactions described above for the anti series ( a. ethanedithiol, 8F3-02t2 b.
TBDMS-0Tf ,lutidine c. CH31,CaC03,acetone-uater)(Schele 6).
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In conclusion, norephedrine-derived oxazolidine (1) has proven to be a useful and
versatile synthon for the synthesis of both anti and gyn enantiomerically pure
functionalized a-amino-f-hydroxy acids and derivatives.
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EXPERIMENTAL

a.8-Unsaturated aldehvde (1). A solution of fumaraldehyde bisdimethyl ncetalze

(6.05 g, 36.}9 mmol) in dry benzene (100 ml) was treated with (1R,28) j-p-tosyl
norephedrine (4.20 g, 13.77 mmol) and pyridinium tosylate (1.38 g, 3.50 mmol),
under nitrogen with stirring. The aixtuye was heated at reflux for 30 min, with a
bypassed dropping funnel filled with 4 molecular sieves between the flask and the
reflux condenser. Then the mixture was cooled to room temperature, ethyl ether (60
ml) and a saturated aqueous ammonium chloride solution (100 ml) were added, the
organic phase was separated, dried over sodium sulfate, filtered and the solvent
evaporated under reduced pressure. The crude product was purified by flash
chromatography (n-hexane-ethyl acetate 8:2) to give the dimethyl acetal of aldehyde
(1) 1in 89% yteld. The dimethyl acetal was dissolved in acetone-water (54:1; 55 ml)
and treated with Amberlyst-15 (1.3 g). After stirring for 3 hr at room temperature,
the resin was filtered off and the solvent evaporated under rfduced pressure to

give (1) in quantitative yield. [al.=»-47.6° (c=0.98, CHCl,). "H NMR (CDCl,, 80 MHz)¢
0.75 (3H, 4, J=6.70 Hz), 2.40 (3H, 8), 3.75-4.25 (1H, m),°4.40 (1H, d, J=3.55 Hz),
5.70 (1H, d4d, J=3.90, 0.80 Hz), 6.52 (lH, dd4d, J=7.70, 16.10, 0.80 Hz), 6.93 (1H,
dd, J=3.90, 16.10 Hz), 7.9?—7.93 (94, m), 9.60 (1H, d, J=7.70 Hz). IR (CHCla) 14
1695, 1600, 1355, 1165 cm (selected values). Anal.Calcd for C2°H21N0‘8: C, 64.67;
H, 5.70; N, 3.77. Found: C, 64.00; H, 5.78; N, 3.88.

Trans epoxy acid (3). A solution of a,f-unsaturated aldehyde (1) (13.4 g, 36'}8
amol) in THF (99.5 ml) was treated with a ca. 1.5-2.0 N KC10 agqueous solution

(142 ml) at 0°C. After 30 min more KC1l0 aqueous solution (142 ml) was added and the
mixture was stirred 1 hr at 0°C and 2 hr at rooa temperature to complete the epoxy
aldehyde oxidation to epoxy acid. 5% aqueous KOH solution (268 ml) was then added
and the reaction mixture was extracted with n-hexane-ethyl ether 4:1 (3 x SO ml).
The aqueous phase was acidified to pH=3 with 10% aqueous HC1l at 0°C and extracted
with ethyl acetate. The organic phase was washed with 5% agueous HC1l, 10% aqueous
sodium sulfite solution, brine, dried over sodium sulfate, filtered and the solvent
evaporated under reducei pressure to give, without further purification, the epoxy
acid (3) . Yield: 90%. "H NMR (CDC1.-D,O0, 80 MHz) 4 0.80 (3H, d, J=6.70 Hz), 2.47
(3H, 8), 3.75 (1H, d4ad, J=1.92 Hz), 3.83 (1H, d, J=1.92 Hz2), 3.9014.21 (1H, m), 4.30
(1H, 4, J=5.10 Hz), 5.35 (1H, d, J=1.92 Hz), 7.00-7.90 (9H, wm). C NMR (CDC1,, 80
MHz) 4 16.6, 21.6, S0.3, 58.5, 58.6, 81.8, 87.3, 125.8, 127.9, 128.2, 13?.4, i30.3,
134.3, 134.6, 144.9, 172.8. IR (CHCl3)v 3500, 1770, 1730, 1355, 1165 ca (selected
values).

(tA.1ng;ﬁ;h1§19;x_gg1§_&11* Epoxy acid (3) (13.1 g, 32.5 mmol) was dissolved in 17%
aqueous ammonia solytion (174 ml), the reaction vessel was stoppered and the
sixture stirred at 70°C for 2 hr. Then 34% aquecus ammonia solution (87 ml) was
added, and the mixture stirred under the above conditions for 1 additianal hr. Then
the reaction mixture was concentrated in vacuo and azeotroped with absolute
methanol (4 x 400 ml) to give compound (4) in quantitative yield with no further
purification. "H NMR (nnso-us/n 0, 300 MHz) 4 0.80 (3H, d, J=7.50 Hz), 2.40 (3H,
8), 3.57 (1H, 4, J=3.75 Hz), 3.36 (1H, d4, J=3.75, 6.20 H2), 3.96 (1H, 4, J=5.20
Hz), 4.26-4.33 (1H, m), 5.60 (1H, 4, J=6.20 Hz), 7.12-7.31 (SH, m), 7.50 (2H, 4,
J=8.50 Hz), 7.93 (24, 4, J=8.50 Hz).

-CBZ-a- -$- A solution of a-amino-f-hydroxy acid
(4) (341 g, 7.4 mmol) in 1l,4-dioxane(74 ml) and 1N NaOH (8.1 ml) was treated with
CBZ.,0 (2.7 g, 9.6 mmol). The reaction mixture was stirred at room temperature for
4.52hr then concentrated in vacuo, acidified with S% HCl at 0°C, extracted with
ethyl acetate. The organic extracts were dried over sodium sulfate, and evaporated
under reduced pressure. The isude product was dissolved in ethyl ether-MeOH (1:1)
and treated with diazoethane to give, after flash chromatography (n-hexane-ethyl
acetate 7:3), ethyl ester (6) in 64% overall yield froam compound (l)l(without
intermediate purification). Cal)_ *-13.7°c=1.9, CHCl,). mp 40-43°C. "H NMR
(CDC13/020, 80 MHz) 4 0.85 (3H, d5 J=6.67 Hz), 1.25 (3H, t, J=7.47 Hz), 2.44 (3H,
s), 4709°(1H, 4d, J=7.30, 2.20 Hz), 4.00-4.40 (4H, m), 4.91 (1H, 4d, J=2.20, 9.02
Hz), 5.13 H, 8), 5.21 (1M, d, J=7.30 Hz), 5.80 (lH, 4, J=9.02 Hz), 7.00-7.90
(14H, m). C NMR (CDCl,, 80 MHz)d 14.2, 17.2, 21.6, S56.3, 59.3, 61.8, 67.1, 76.7,
81.5, 90.4, 156.1, 169.3 (selected values). IR (CHCl,) v 3440, 1730, 1510, 1505,
1345, 1160 cm (selected values). Anal.Calcd for C3°H34N2088: C, 61.84; H, 5.88;
N, 4.81. Found: C, 61.88; H, 5.89; N, 4.79.

Dithiolane (7). A solution of ethyl ester (6) (2.6 g, 4.47 mmol) in methylene
chloride (44.7 ml) was treated with ethanedithiol (3.7 ml) and boron trifluoride
etherate (1.6 ml, 13.41 mmol), under nitrogen with stirring. After stirring for 15
hr at room temperature, 5% sodium bicarbonate aqueous solution was added and the
reaction mixture extracted with methylene chloride. The organic extracts were dried
over sodium sulfate and evaporated in vacuo. The crude product was purified by
flash chromatography (diisopropyl ethfr-benzene 6:4) to give dithiolane (7) in 67%
yield. Ca l.= -31.9%°(c=0.97, CHCl,). "H NMR (CDC1 ’DZO' 80 Mhz) 4 1.30 (3H, ¢,
J=7.20 Hz), 3.17 (4H, s), 3.69 (13, dd, J=3.47, 8.67°Hz), 4.17 (2H, q, J=7.20 Hz),
4.60 (1H, 4, J=8.67 Hz), 4.62 (}5, dd, J=3.47, B8.00 Hz), 5.09 (2H, s), 5.64 (1lH, q,
J=8.00 Hz), 7.20-7.32 (S5H, m). C NMR lCDC13, 80 MHz) 4 14.1, 37.7, 38.7, SS5.6,
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57.3, 61.9, 67.2, 77,4, 156.1, 169.4 (selected values). IR (CHCl,) ¥ 3440, 1725,
1600, 1510, 1505 c» (selected values). Anal. Calcd for Clsﬂzllasszx C, S1.73; H,
5.70; N, 3.77. Pound: C, 51.80; H, 5.65; N, 3.80.

O-TBDMB dithipliane (81, A solution of dithiolane (7) (1.1 g, 2.96 mmol) in dry
methylene chloride (59.3 al), at 0°C under nitrogen, wag,treated with 2,6-lutidine
(2.8 ml, 23.68 mwol) and TBOMS-OTf (2.0 ml, 5.88 mmol). After 30 min the reaction
mixture was quenched with MeOH and the solvent evaporated unxier reduced pressure.
The crude product was purified by flash ch{oantoqrnphy (n-hezane-ethyl acetate
88:12) to give compound (8) in 80X yield. "H NMR (CDCl,, 80 MMz) 4 0.28 (3H, ®),
0.32 (3H, 5), 1.05 (9K, 8), 1.42 (3H, t, J=7.20 Hz), 3727 (4H, s), 3.97 (1H, 44},
4.26 (2H, q, J=7.20 Hz), 4.72 (1H, d, J»9.30 Hz), 4.88 (1H, 4d, J=6.60, 1.30 Hz),
5.15 (2H, s8), 5.6%5 (1H, d, J=6.60 Hz), 7.26 (SH, 8). Anal.Calcd for C22H35N053281x
C, 54.40; H, 7.26; N, 2.88. Found: C, 54.48; H,7.23; N, 2.90.

Aldehvde (9)., A solution of dithiclane (8) (1.9 g, 3.94 mmol) in acetone-water 4:1
(79 ml) was treated with calcium carbonate (1.2 g, 11.8] amol) and methyl iodide
(2.4 ml, 39.40 mmol). The mixture was stirred at 60° C for 24 hr, then filtered on
a ceiite pad, washing the filter cake with methylene chloride. The organic phase
was washed with a 5 M ammonium acetate solution, water, dried over sodium sulfate
and the solvent evaporated under reduced pressure. The crude product was purified
by flash chronnt?qr:phy {n~-hexane-ethyl acetate 8:2). Yield: 808. [ & },»-33.5°
tc=1.95, CHC13). H NMR (CDCl,, 80 MHz)4 0.00 (3H, 8), 0.03 (3H, 8), 0.88 (9H,8),
1.22 (3H, t,7J=7.07 H2), 4.08-4.34 (2H, m), 4.40 (1H, 4, J=2.24 Hz), 4.80 (1H, ad,
J=2.24, 7.37 Hz), S.11 (2H, ®), 5.62 (lH, d, J=7.37 Hz), 7.33 (5H, 8), 9.62 {1H,
s8). IR (CHCl.)v¥ 3430, 2950, 2930, 2860, 1740, 1570, 1500 cm (selected values).
Anal.Calcd f8r C2°ﬁ3130681z C, 58.65; H, 7.63; N, 3.42. Found: C, %8.71; H, 7.60;
N, 3.38.

A solution of aldehyde (9) (1.3 g, 3.18 mmol) in MeOH-water (10.5:1;
34.5 ml) at 0°C was treated with NaBH, (242 mg, 6.36 mmol). After 15 min the
reaction mixture was acidified to pﬂ-s with 5% HC1l, concentrated in vacuoc and
extracted with ethyl acetate. The organic extracts were dried over sodium sulfate,
filtered and evaporated under reduced pressure. The crude product was purified by
flash cgronatoqraphy {n-hexane-ethyl acetate 7:3) to give alcohol (10) in 85%
yield. "H NMR (CDC1,,80 MHz)d 0.05 (6H, s}, 0.85 (9H, 8), 1.27 (3H, t, Jw=7.18 Hz),
2.28 ( 1H, bs), 3.63 (2H, 4, J=»S5.13 Hz), 3.92-4.10 (1H, m), 4.18 (2H, q, J=7.18
Hz), 4.52 (1H, dd, J=3.97, 8.33 Hz), 5.10 (2H, 8), 5.67 (1H, 4, JI=8.33 Hz), 7.30
(54, s). Anal.Calcd for CZOH33N0681: C, 58.37; H, 8.08; N, 3.40. Found: C, 58.43;
H, 8.09; N, 3.42.

3.4-Dihvdroxy ethyl ester (l1l). A solution of alcohol (10) (1.1 g, 2.7 ol) was
treated with a 1 M solution of HF (from 40X agueous HF) in acetonitrile (2.83 ml,
2.83 amol) at 0°C. After stirring for 8 hr at 0°C, uater was added and the reaction
mixture was extracted with methylene chloride, the organic extracts dried over
sodium sulfate and the sclvent evaporated under reduced pressure. The product was
purified by flash chro-atoqr,phy (ethyl acetate- n-hexane 75:25). Yield: 85%.
Cal,=-11.0° (c=1.1, CHC1l,) "H NMR (CDCl,, B0 MHz) 4 1.29 (3H, t, J=»7.12 Hz), 2.65
(2ZH,"Dbs), 3.67 (2H, 4, J-i.zt Hz), 3.82-%.00 (1H, m}, 4.21 {(2H, q, J=7.12 Hz), 4.41
(lH,dd, J=5,39, 7.98 Hz), 5.10 (2H, 8), 5.76 (1lH, 4, JI=7,98 Hz), 7.32 (SH, 8).

Anal.Calcd for CIQ“ISNOG: C, 56.56; H, 6.44; N, 4.7]1. Found: C, 56.60; H, 6.40;
N,4.78.

3.4-0-lgopropylidene ethyl ester (12). A solution of (11) (0.683 g, 2.3 mmol) 1in
dry acetone (1.7 ml) and 2,2-dimethoxypropane (5.6 ml) was treated with monohydrate
p-TsOH (8.7 mg, 0.046 mmol) at 0°C under nitrogen. After stirring for 8 hr, the
reaction mixture was quenched with triethylamine and evaporated under reduced
pressure. The crude product was purified by flash chromatography (ethyllncetate-
n-hexane 25:75). Yield: 90%. L @ 3.*-29.9° (¢c=0.9, methylene chloride). "H NMR
(CDC1,, 200 MHz) 4 1.27 (3H, t, J=9.25 Hz), 1.30 (3H, 8), 1.37 (3H, s), 3.98-4.12
(2H, 3), 4.21 (2H, q, J=7.25 Hz), 4.30-4.38 (1H, m), 4.44 (1H, dd4, J=4.25, B.50
Hz), S.11 (2H, s8), 5.55 (1M, d, J=8.50 Hz), 7.33 (SH, 8). Anal.Calcd for C17H23N063
C, 60.52; H, 6.87; N, 4.15. Found: C, 60.60; H, 6.89; N, 4.11.

Cis oxazelidinone {(13). A solution of g-amino-f-hydroxy acid (4) (0.425 g, 1.01
anol) in THF-toluene (5.89:1; 11.7 ml) at 0°C was treated with 0.25 N XOR (12.2 =i,
3.04 mmol) and a 20% phosgene solution in toluene (1.7 ml). After stirring for 30
ain, the reaction mixture was acidified to pH=3 with S HCl, concentrated in vacuo
and extracted with ethyl acetate. The organic extracts were dried over sodius
sulfate, filtered and evaporated under reduced pressure. The crude product was
dissolved in ethyl ether-MeOH l:1 and treated with diazomethane to give, after 1
flash chromatography (n-hexane-ethyl acetate 1:1), compound (13) in 75% yield. “H
NMR (CDCl,, 80 MHz) 4 0.71 (3H, 4, J=7.20 Hz), 2.43 (3H,s), 3.72 (3H, 8), 4.07-4.41
(1H, =), 3.62 (lIH, 4, J=5.61 Hz), 4.70 (1H, 4, J=4.49 Hx), 4.72 (1H, 4, J=2.24 Hz),
5.66 (1H, dd, J=4.49, 2.24 ,Hz), 6.01 (1H, bs), 7.02-7.91 (9H, m). IR (CHClB)v 3460,
1790, 1755, 1600, 1160 cm {selected values). Anal.Calcd for szﬂz‘lzo?S: c,
57.38; H, 5.25; N, 6.08. Found: C, 57.40; H, 5.31; N,6.01.

Cis N-BOC oxazolidinone (l4). A solution of cis oxazolidinone (13} (32.0 mg, 0.07
mmol) in THF (0.7 =l) was treated with 80C20 (19.7 mg, 0.09 mmol), 4-dimethylamino
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pyridine (1.7 mg, 0.01 mmol) and stirred for ¢ hr at room temperature. The solvent
wvas evaporated under reduced pressure and the product purified by flash
chrosatography (n-hexane-ethyl acetate 7:3). Yield: 80%. “H NMR (CDCI3, 80 MHz) &
0.72, (3H, 4, J=7.20 Hz), 1.51 (9H, s), 2.45 (3H, 8), 3.72 (3H, 3), 4718-4.52 (2H,
a), 1562 (1H, 4, J=8.87 Hz), 4.86 (1H, t, J=8.87 Hz), 5.55 (1H, d, J«8.87 Hz),

F‘..'ﬁ W i ﬁ‘_ﬂ £ tE . = AA

in MeOH (0.9 ml) was treated with a 0.59 M solution of XOH (0.75 =ml, 0.44 mmol) in
MeOH and refluxed for 1 hr. The reaction mixture was cooled to 0°C and acidifted
with 5% HCl, diluted with water and extracted with ethyl acetate. The organic
extracts were dried over sodium sulfate, filtered and evaporated in vacuo. The
crude product was dissolved i{n ethyl ether-MeOH 1:1, treated with diazomethane and
purified by flash c;ro-ntoqraphy (n-hexane-ethyl acetate 55:45) to give compound
(15) in 70% yield. "H MMR (CDCl.,, B0 MHz) 4 0.81 (3H, 4, J=6.67 Hz), 2.46 (3H, =),
3.87 (3H, 8), 3.92-4.20 (1H, m), 4.45 (1H, d, J=5,98 Hz}, 4.83 (1K, 4, J=3.96 Hz),
5.18 (1H, dd4, J=3.96, 1.87 Hz), 5.38 (1H, d, J=1.87 Hz), 5.65 (1H, Dbs), 7.03-7.92
(9H, »). Anal.Calcd for C,,H, N,0.8: C, 57.38; H, 5.25; N, 6.08. Found: C, 57.30;
H, 5.27; N, 6.12. 227247277

Trans B-BOC oxazolidinone (16}, Trans N-BOC oxazolidinone (16) was obtained from
trans oxazolidinone (15) as reported for the synthesis of (14). Yield: 82%. "H NMR
(CDC1,, 80 MHz) 4 0.80 (3H, d, J=6.67 Hz), 1.50 (9H, 8), 2.46 (3H, s), 3.86 (3H, »),
3.87-%.20 (1H, =)}, 4.50 (1H, d, J=5.76 Hz), 4.96 (1H, 44, J=2.90, 1.80 Hz), S5.12
(14, d, J=2.90 Hx), 5.30 (lH, 4, J=1.80 Hz), 7.00-7.90 (SH, a). Anal.Calcd for
C27H32N2098: C, 57.853 H, 5.75; N, 5.00. Found: C, 57.87; H, 5.70; N, 4.94.

3.4-0-Igopropylidene amide (]18). A solution of 3,4-O-isopropylidene ethyl ester
(17) (48 mg, 0.142 mmol) in MeOH (2 ml) was treated with anhydrous ammonia at -15°C
for 1 hr and the mixture was stirred at room temperature for 8 hr. Then the solvent
was evaporated under reduced pressure and the product purified by flash
chromatography (ethyl acetnte-n3§exnne 7:3) to give amide (18) in 70% yield. 1
Lal.=+5.6° (c=0.5, DMBO), 1lit. 0] »+6.11° (c=0.,9665 ,DM80). mp 181-182°C. “H
NMR %nso-d , 200 MHz) 4 1.23 (3H, »), 9.31 (3H, 8), 3.76 (1H, dd, J=8.61, 5.49 Hz),
3.90 (1H, 48, J=8.61, 6.22 Hz), 4.07-4.25 (2H, =), 5.02 (2H, s8), 7.05 (1H, b.s),

7.30 (1H, b.s), 7.35 (1H, b.s), 7.32 (5H, s). Anal.Calcd for C15"20“2°5’ C, 58.43;
H, 6.54; N, 9,.09. Found: C, 58.33; H, 6.62; N,9.04.
-a- -p- A solution of cis oxazolidinone (13)

(287 mg, 0.624 mmol) in MeOH (2.5 ml) was treated with a 0.59 N solution of KOH in
MeOH (2.1 ml) and heated at reflux for 1 hr. After adding a 2 N aqueous XOH
solution (4.24 ml) and refluxing for 10 hr, the reaction mixture was cooled to 0°C,
acidified to pHa3 with 5% HCl and concentrated in vacuo. The reaction mixture was
extracted with methylene chloride, the extracts dried over sod{um sulfate and
evaporated under reduced pressure to give the gyn a-amino-f-hydroxy acid
hydrochloride (19) in 80% yield with no further purification. A solution of (19)
(228 mg, 0.499 mmol} in 1,4-dioxane(5 ml) and 1 N aqueous NaOH (1.1 ml) wvas treated
with CBZ2.,0 (186 mg, 0.649 mmol). The reaction mixture was stirred at room
tenperatare for 2 hr then concentrated in vacuo, acidi{fied with 5% HCl at 0°C, and
extracted with ethyl acetate. The organic extracts were dried over sodium sulfate
and evaporated under reduced pressure. The crude product was dissolved in ethyl
ether-MeOH (1:1) and treated with diazoethane to give, after flash chromatography
(n-hexane-ethyl acetate 7:3), ethyl fater (20) in 70% overall yield from compound
(13). £a },=-35.0° (c=1,02, CHCl,). "H NMR (CDC13/D 0, 80 MHz) 4 0.90 (3H, d, J=6.67
Hz), 1.30 933, t, J=7.20 Hz), 2.37 (3H, 8), 4.00°4.80 (4H, =), 4.20 (1H, dd,
J=1.53, 7.64 Hz), 4.82 (1H, 4, J=7.64 Hz), 5.12 (2H, s), 7;90—7.90 (14H, m). IR
(CHC1,) ¥ 3500, 3430, 1730, 1600, 1505, 1500, 1345, 1160 cm (selected values).
Anal.éulcd for C30H3‘N20881 C, 61.84; H, 5.88; N, 4.81. Found: C, 61.87; H, 5.80;
N, 4.83.

Dithiolane (21). A solution of ethyl ester (20)(0.122 g, 0.209 mmol) in dry
methylene chloride (2.1 ml) was treated with ethanedithiol (0.173 ml) and boron
trifluoride etherate (0.078 ml, 0.629 mmol) under nitrogen, and stirred for 40 hr
at room temperature. During this period more boron trifluoride etherate was added
(3x0.039 =1, 3x0.314 mmol). The reaction mixture was quenched and worked up as
reported above for the preparation of (7). The crude product was purtfigd by flash
chromatography (n-hexane-ethyl acetate 7:3) to give (21) in 70% yield. "H NMR
(CDCl.,, 80 MHz) 41.28 (3H, t, J=7.05 Hz), 2.70 (1H,b.s), 3.22 (4H, s), 3.88 (1lH,.d4,
J-l.?é. 9.36 Hz), 4.21 (2H, q, J=7.05 Hz), 4.50 (1H, 4, J=9.36 Hz), 4.73 (1H, d4,
J=1.76, 9.73 Hz), 5.12 (2H, 8),_%.49 (1H, 4, J=9.73 Hz), 7.36 (5H,s). IR (CﬂCl3) v
3550, 3440, 1725, 1510, 1330 cm (selected values).

O-TBDMS dithiolane (22). (22) was obtnineg from dithiolane (21) as reported adove
for the preparation of (8) {n 80% yield. "H NMR (CDC1l,, 8¢ MHz) 8 0.00 (3H, s), 0.20
(3H, 8), 0.88 (9H, s), 1.28 (3H, t, J=7.37 Hz), 3.17 ?4H, s), 4.02-4.30 (3H, m),
4.52 (1H, 4, J=8.65 Hz), 4.83 (1H, dd4, J=9.88, 0.96 Hz), 5.14 (2H, s), S.37 (1H, d,
J=9.88 Hz), 7.36 (S5H, s8).

Aldehvde (23). (23) was obtained from (22} as reported for the preparation of (9).
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(610-06.7" (c=0.75, Cl'C13). lH MR (CDC1,, 80 MHE)40.00 (3H, s), 0.10 (3H, »),
0.887°(9H, s), 1.29 (3H, t;, J=7.24 Hz), 4.30-4.40 (2, m), ¢.60 (1K, d, J=1.92 Hz),
4.83 (1M, dd4, J=1:92, -9.61 Hz), 5.10 (2H, s), 5.41 (1H, 4, J=9.61 Hz), 7.34 (SH,
8),,9.58 ¢1H, s). IR (CHC1,)v 3440, 2960, 2930, 2860, 1760, 1510, 1505, 1260, 1250
cm (selected values). Lnil.C‘ICG for C20H31l06811 C, 58.65; H, 7.63; N, 3.42.
Found: C, $8.61; N,7.70; N, 3.40.
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