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Abstract: Intramolecular nucleophilic attack onto alylsulfonates
promoted by silicagel acting as an acid catalyst provides expedient
stereoselective access to 4,5-difunctionalized oxazolidin-2-ones.
Precursors were prepared efficiently from enantiopure a-amino
acids and subsequent manipulation of the oxazolidin-2-onesyiel ded
enantiopure a-hydroxy-B-amino acids.
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The stereoselective transformation of homochiral a-ami-
no acids remains an active area of research on account of
their high optical purity giving scope for further manipu-
lation into other useful compounds in high enantiomeric
excesses.! In amino acid chemistry, many efforts focus on
generating enantiomerically pure amino acohols, many
of which are considered biologically active, which aso
can be converted to biologically important compounds.?
Thus, the transformation of a-amino acids to oxazolidin-
2-ones is also attractive because oxazolidin-2-ones are
amino alcohol equivalents and show potent bioactivity as
well .2 Despite the various practical transformations of ox-
azolidin-2-ones from amino acohols,* aziridines,® alyl
alcohols,® and allyl amines,” there are but afew synthetic
routes involving adirect chiral induction step.® We found
that a chiral oxazolidin-2-one possessing avinyl group on
the 5 position could be generated by interna cyclization
of chiral carbamate onto an allylic cation (Scheme 1).
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Scheme 1

Thismethodology is appealing not only becauseit derives
from chiral amino alcohols, anideal basisfor an asymmet-
ric synthetic scheme, but also because the products are
protected a-hydroxy-p-amino acid derivatives, which are
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highly useful in their own right. In thisway, such a meth-
odology constitutes a transformation for the synthesis of
enantioenriched a-hydroxy-B-amino acids. The synthesis
of the carbamate began with N-Baoc-protected a-amino
ester 1. Reduction by LiAlIH, of 2, followed by Swern
oxidation furnished an adehyde intermediate, which was
set up for a Horner—-Wadsworth—Emmons reaction to in-
stall the allylic carbamate 3 required for the cyclization
step. Regioselective DIBAL reduction afforded allylic
alcohol 4, which was activated for the final ring forming
step using a range of different activating groups and
conditions (Scheme 2).
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Scheme 2 Reagents and conditions: i) LiAIH, (2.0 equiv), anhyd
THF, 0°C, 1 h, 90%; ii) (a) (COCI), (2.8 equiv), DMSO (4 equiv),
EtsN (8 equiv), anhyd CH,Cl,, =78 °C; (b) triethylphosphonoacetate
(2 equiv), NaH (2 equiv), anhyd THF, 0 °C to r.t., 80%; iii) DIBAL
(3.0 equiv), THF, =78 °C, 81%.

Initially, the hydroxyl group was activated by mesylation.
Inthefirst set of conditions, athermal induced cyclization
was tested, and whilst the desired product formed, the
selectivity for trans versus ciswas low (2:1) and theyield
was less than optimal.

Assuming a polar transition state, where the mesylate is
effectively partially bonded to an allylic cation, it was
decided that formation of an ion pair could assist the
departure of the nucleofuge, while giving some bias for
the elimination; accordingly, trichloroacetimidate was
screened.® In the standard thermal cyclization, the de was
dlightly more favorable than with the tosylate, however,
copper was used to augment the leaving group capacity of
the Schiff base which was unable to increase the level of
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selectivity to the required level, even though the dr in-
creased.

Therefore, two enantiomers of a chiral organocatalyst
were screened separately.'® Although the dr was indepen-
dent of the organocatalyst used, it none the less increased,
which we believe is due to stablization of the nascent me-
sylateinthetransition state, silicagel was screened, and it
was found that the dr increased to 9:1 in favor of thetrans
product (Scheme 3). This highly selectivity is believed to
be due to bounded protons and the steric effect of the het-
erogeneous catalyst (amorphous silica gel). Changing the
nucleofuge to the tosylate, lowered the yield and dr, the
former at least probably being due to the lower stability of
the tosylate compared to the mesylate.

o} o}

HN)J\O‘Bu 5% silica gel HN o
: CH3CN, reflux 45
R/\/\/OMS 3 %
R
5 6
Scheme 3

Finally, this trend was extended when the triflate, a com-
pound of low stability, gave only a trace of the desired
product (Table 1). The optimized protocol was then ex-
tended by repetition to a range of substrates derived from
naturally occurring a-amino acids. In the case of substitu-
ents containing more bulky side chains, Bn and Ph, thedrs
were good to excellent, however, as the size decreased to

Tablel Intramolecular Hydroxylation of Amino Allylic Alcohols*

(0] (0]
Bn \l/\/\ )J\ o + )]\
NH Bn““‘\_v Bn“«‘\—/»,/

Boc

6d 7d

Entry R Conditions Yield (%)° Ratio®
1 Ms Silicagd, reflux, 5h 79 91

2 Ms Reflux, 24 h 70 21

3 Ms Organocatalyst,® 2 h 60 4:1

4 Ts Silicagd, reflux,5h 45 6:1

5 T CH,Cl,, —78°C trace —d

6 TCA9  DMSO, reflux, 2 h 68 31

7 TCA  (CF,S0,Cu), 3h 70 6:1

aAll reactions were carried out in CH;CN.
b |solated yield.

¢ Determined by 'H NMR integration.

4 Not determined.

€ (+)-Cinchonine or (-)-cinchonidine.

f Trifluoromethanesul fonyl.

9 Trichloroacetimidate.
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Me, the dr decreased rapidly. For the smallest group, Me,
the dr was of no great significance (Table 2).

Ph 0
H /
NOE -
— - NH
[
NOE

Figurel

The cigltrans stereostructures of oxazolidin-2-ones were
determined by NOESY experiments and with the aid of
the X-ray crystal structure of 6d (Figure 1).1* Comparison
of coupling constants of J,5 clearly indicates the differ-
ence between cis-4,5-disubstituted (J, 5 = 4.7-7.7 Hz) and
trans-4,5-disubstituted oxazolidin-2-one (J,5 = 4.2-7.3
Hz).
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H H H H
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¢ : Dihedral angle of Hy and Hy
AE: Relative energy of ¢ = 178° and ¢ = 69° in 5a

Figure2

It is generally accepted that cis-oxazolidin-2-ones have
larger coupling constants than trans.*? The stereosel ectiv-
ity in the case of the formation of the 4,5-trans systems
arises from attack of the carbonyl oxygen of the Boc
group from the top (S) face of the prochiral center of the
alylsulfonate group. Thus, an S 2’ reaction resulted in the
highly stereoselective intramolecular cyclization. The
geometric structures of compound 5a were theoretically
optimized by Hartree-Fock/6-31G" level .22 The energy of
the trans-conformer A (¢ = 178°) was 5 kcal/mol lower
compared with that of the cis-conformer B (¢ =69°;
Figure 2). Whilst there seems to be some theoretical basis
for abias for the ground state to adopt the preferred reac-
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Table2 SilicaGel Promoted Oxazolidinonation of Amino Allyl Mesylate?

Entry Allyl acohol adduct Oxazolidin-2-one RatioP Yield®
1 Ph o} 99:1 85%
X OMs )J\
NH HN \_2/
Boc
=
5a Ph
6a
2 SN o} 99:1 65%
Qe X
: .8
ocC
A =
5b (
6b
3 o] 6:1 65%
Gy X °
N N (0]
Boc ( \/v
5¢
6b
4 . o 9:1 79%
Ph OMs )k
NH HN
Boc
5 Ph. .~ P
6d
5 0 6:1 70%
X OMs HN)J\
NH
Boc w\—k/
5e
6e
6 o] 21 75%
Y\/\OMS

a All reactions were refluxed in anhyd CH,CN.
b Determined by integration of the *H NMR spectroscopy.
¢ |solated yield.

tive conformation, the standard A1,3 strain model is in
general applicable to Z double bonds.* In this way, it
seemsthat there may be some steric effect in the transition
state, which retard the formation of the syn product as R
increasesin size.

The utility of this methodology can be shown by the use
of the oxazolidin-2-one as a protecting group of theamino
alcohol functionality. Oxidation of the vinyl group using
0s0,, followed by periodate cleavage, in the presence of
KMnQ, yielded acid 8. Oxazolidin-2-one ring was easily
cleaved by refluxing with KOH to give (2R,3S)-3-amino-
2-hydroxy-4-phenyl butanoic acid (AHPBA; 9) in 86%
yield (Scheme4). The spectroscopic data and optical
rotation for 9 are consistent with those reported.’ In
conclusion, an expedient route to enantiomerically pure
oxazolidin-2-ones has been developed using non-toxic
conditions in a short number of steps, with excellent
selectivity when strain is maximized. The potential for
derivatization of the oxazolidin-2-one has also been de-

monstrated in the synthesis of a-hydroxy-p-amino acid,
(2R,39)-AHPBA 9.

i i
HN)kO . W o .
Bn““‘\_v Bn““‘\—S/\OH
6d 7 e,
0 OH
ii OH
HNT o v, Ph
B OH NH, O
Bn™ HCI
8 o 9
(2R,3S)-AHPBA

Scheme 4 Reagents and conditions: i) 0OsO, (10%), NMO (2
equiv), acetone, r.t, 24 h; ii) (&) NalO, (1.5 equiv), EtOH-H,0 2:1,
rt., 2 h; (b) KMnO, (1.2 equiv), K,CO; (2.1 equiv), THF-H,0 2:1,
r.t., 1 h, 80%; iii) 4 N KOH, EtOH, reflux tor.t., 24 h, 86%
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