ASYMMETRIC SYNTHESLS OF HIGHLY STRAINED HETEROCYCLIC

COMPOUNDS AND OF B~ AND 1-AMINO ACTDS USING
A VERY INNOVATIVE METHODOLOGY

Research in asymmetric synthesis
is receiving a great impulse in
industrial and academic laborato-
ries because of a growing need for
new enantiomerically pure bioactive
products. The use of carbanions in
carbon-carbon bond formation is a
well-known methodology for the
obtainment of racemic products;
their use in chiral synthesis is now
emerging.! Because of this need for
chiral compounds, the development
of enantioselective methods invol-
ving anions or nucleophilic interme-
diates has become a challenge for
chemists. In this contest, the che-
mistry of lithiated heterosubstituted
oxazolines can be considered of
interest because of the possible
synthetic potentials offered. In this
paper we demostrate that lithiated
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aspects of the reactivity of these
systems are highlighted. They can
react as nucleophiles by the nitro-
gen lone pair or by the oa-carbon
once deprotonated, with nucleo-
philic species at the a-carbon if a
leaving group is present, or at the
C=N iminic moiety. Moreover, by
using optically active oxazolines,
promptly available from chiral amino
alcohols, it is also possible to per-
form asymmetric synthesis.3

Vito Capriati

o-Lithiated alkyl and chloroalkyl
oxazolines have attracted our atten-
tion because of their synthetic
potential. They have been used as
Darzens' reagents,* cyclopropana-
ting reagents® and intermediates
for vicarious nucleophilic substitu-

oxazolines are useful intermediates
for the preparation of building blocks such as amino
acids and new heterocyclic derivatives with a high
degree of stereo- and enantio- selectivity.

Two different types of lithiated oxazolines have been
studied in some details: a) o-lithiated oxazolines and
b) o- and B- lithiated oxazolinyloxiranes (Figure 1).
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The chemistry of the oxazoline ring, which is a known
masked form of carbonyl compounds,2 has been
exploited in many different areas of organic chemistry,
from synthesis to catalysis, and the reactivity and appli-
cations are still an attracting area.3 In Figure 2 some
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By combining the chemistry of lithiated oxazolines with
that of peculiar electrophiles such as nitrones it is
possible to prepare strained heterocyclic compounds,”
stereodefined oxazolinylalkenes8, oxazolinyl[1,2]oxaze-
tidines® and B-amino acids.10

REACTION OF o-LITHIATED CHLOROALKYLOXAZO-

LINES WITH NITRONES: SYNTHESIS OF OXA-
ZOLINYLI1,210XAZETIDINES.

Lithiation of 2-(1-chloroethyl)-4,4-dimethyl-2-oxazoline 1
with LDA at -98 °C in THF generated lithio derivative 2,
which proved to be quite stable under the reaction con-
ditions. Spectroscopic investigations (NMR and React-
IR®) showed that the lithiated intermediates is an
azaenolate likely with E geometry.1! The addition of N-
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[ tert-butyl-nitrones 3 followed by quenching with sat. aq.

NH,CI after 3h resulted in the formation of the R*S*
oxazolinyl[1,2]oxazetidines 4 in good yield (75 %)
together with a small amount of the R*,R* isomer 5.%
Reaction with aromatic nitrones gave quite good yields
of oxazolinyl[1,2]oxazetidines 4 highly stereoselectively.
In the case of the reaction with the p-chlorophenyini-
trone appreciable amount of the diastereomeric oxa-
zolinyl[1,2]oxazetidine 5 was isolated (Scheme 1).

Scheme 1
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It has been demonstrated that oxazolinyl[1,2]oxaze-
tidines can derive from a sort of ring contraction invol-
ving spirocyclic compounds as intermediates. An inves-
tigation on the reaction mechanism92 using N-tert-butyl-
a-phenylnitrone, revealed that quenching the reaction
mixture at shorter reaction times (1 min) furnished the
spirocyclic precursors 6b and 7b which have been iso-
lated and fully characterized by NMR and X-ray analy-
ses (Scheme 2).

which converts more slowly into the oxazetidine 5. In an
experiment planned to support the above considera-
tions, a sample of 6b was treated with 1 equiv. of LDA in
THF (-98 °C, THF): oxazetidine 4 formed quantitatively
thus proving the stereospecificity of the reaction.

Considering the high diastereoselectivity of the addition
reaction of nitrones to lithiated 2-(1-chloroethyl)-2-oxa-
zoline 2, it was almost obvious to test the chiral version
of such a reaction by using readily accessible chiral 2-
(1-chloroethyl)-2-oxazolines.%b

The (4R)-2-ethyl-4-isopropyl-2-oxazoline (+)-8 (Scheme
3) was prepared from D-valinol and triethylorthopropio-
nate.12 Chlorination of (+)-8 with tert-butylhypochlorite,
according to a known procedure,’3 gave an almost 1:1
diastereomeric mixture of the correspondig 2-
chloroethyl-2-oxazoline 9. All attempts to separate such
a diastereomeric mixture failed, so we decided to use it
as such. Lithiation of (4R,1'S)/(4R,1'R)-9 with LDA, fo-
llowed by the addition of nitrones 3, afforded the oxa-
zolinyl[1,2]oxazetidines (-)-10 in a high yield (>90 %)
and excellent stereoselectivity (dr > 95/5, er > 95/5)
(Scheme 3).
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Equally stereoselective were the reactions of oxazoline
(45,1'S)/(4S,1'R)-11, similarly prepared as a 1:1 mixture
of diastereomers from L-valinol, with nitrones. The addi-
tion of nitrones 3 to lithiated oxazoline 11-Li, generated
by lithiation of 11, produced the oxazolinyl[1,2]oxaze-
tidines (+)-10 in an excellent yield (>72 %) and stereo-
selectivity (dr > 95/5, er > 95/5). (Scheme 4).

The observed high stereoselectivity has been rationa-
lized on the basis of stereoelectronic effects and looking
at the orbitals involved in the reaction. As the Cl leaving
group departs, electrons in the ¢ bond to the migrating
group (oxygen) have to flow into the C-Cl ¢* orbital. The
best overlap between these two orbitals (o and ¢*)
occurs when they are set anti-periplanar to each other.
Such a anti-periplanar requirement is not allowed for 7a
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It was interesting and quite intriguing to note that the
reactions of a diastereomeric mixture of lithiated 2-(1-
chloroethyl)-2-oxazolines (4R,1'S)/(4R,1'R)-9-Li and
(45,1'S)/(4S5,1'R)-11-Li with nitrones occured highly
stereoselectively and enantioselectively.
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- (3R,4R,75,11S5)-(+)-30 as a single diastereocisomer in a

very good vyield (Scheme 16). The structure and
absolute configuration of (+)-30 was ascertained from
2D-NOESY correlations and finally confirmed by an X-
ray analysis. The explanation for the observed diastere-
oselection resides in the way the li- thiated oxazolinyl-
oxirane and the nitrone 3 interact each other. It is worth
pointing out that the configuration at the C-3 of 30 was
ascertained to be opposite (R) to that of the starting oxa-
zolinyloxirane (S,S)-(-)-29,26 testifying that an inversion
had occurred at this carbon.

Scheme 16
J J IPIO 01 Pr HaC
O/ Pr o (s )
(5{\ LDATi(-PrO)4 (S)(\ H;,C>= %/CHs (8,54
o] ;29
J\/CI THF, -98°C OJ\/ 50% H'S) “CHg
()28 - 8901 s-BuLiTMEDA
THF, -98 °C, 1h
\-./ (e)
(S)> CHQ
N 3
" CH
e =
. o N's)Ph ©) K/O S O&
%\ (+)30 \

(S,R129-Li l\ S (5,5129-Li

65 %
dr>99/1

The configuration to the three newly created stereo-
genic centres is presumably established in the nucleo-
philic addition of the lithiated oxirane on the re face of 3.
Assuming that the lithiated oxiranes (S,5)-29-Li and
(S,R)-29-Li may interconvert is, then, the diastereome-
ric lithiated oxirane (S,R)-29-Li (having the isopropyl
group on the C-4 of the oxazoline ring far away from the
oxirane C-Li bond) that preferentially reacts with the
nitrone, for experiencing a lower steric hindrance pro-
ducing (3R,4R,7S,115)-30.

Treatment of (+)-30 with aq oxalic acid afforded optica-
lly active 5-isoxazolidinone (+)-31 highly enantioen-
riched (ee > 99 %) and in good yield (76 %).

Similarly, lithiation of oxazolinyloxirane (R,R)-(+)-29 (dr
98/2, ee > 99 %, [0]p = +79) (Scheme 17) followed by
the addition of 3 furnished, via (35,4S,7R,11R)-(-)-30,
the enantiomeric 5-isoxazolidinone (-)-31 in high optical
purity (ee > 99 %, [a]p = -82) and good yield (60 %); this
one could be quantitatively reduced to the correspon-
ding epoxy amino acid (+)-32 (ee > 99 %, [0]p = +9).

Scheme 17
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In conclusion, novel dispirocyclic compounds, epoxy-
isoxazolidinones and o-epoxy-B-amino acids can simply
and highly stereoselectively be obtained just combining
the chemistry of lithiated oxazolinyloxiranes with that of
nitrones, which are the nitrogen fragment sources.

REACTION OF 3-LITHIATED OXAZOLINYLOKIRANES:
STEREOSELECTIVE SYNTHESIS OF o,3-EPOKY-v
BUTYROLACTONES.

B-Lithiated oxazolinyloxiranes, generated by deprotona-
tion of the corresponding oxazolinyloxiranes, showed a
configurational stability that allowed the preparation of
useful intermediates in organic synthesis such as o,p-
epoxy-y-butyrolactones.20b ¢, 3-Epoxy-y-butyrolactones,
in particular, intervene in synthetic routes to precursors
of natural products such as epolactaene, which has a
potent neurite outgrowth activity in a human neuroblas-
toma cell line SH-SYS5,27 of (+)-cerulenine, a potent
fungal inactivator of fatty acid synthetase,28 and of a-
methylenebis-y-butyrolactones.29

Lithiation of epoxides 33 (s-BuLi/TMEDA, Et,0, -98 °C)
(Scheme 18) produced oxiranyllithiums 33-Li, which
proved to be stable at low temperature for several
hours. Trapping of 33-Li with electrophiles (D,O, Mel,
Me3SiCl and allyl chloride) afforded tetrasubstituted
epoxides in good to excellent yields upon warming to
room temperature and conventional work-up.

The stabilizing assistance to oxiranyllithiums 33-Li is
likely provided by both the oxazolinyl and the aryl
groups. Lithium cation is probably coordinated by the
aza-group of the oxazolinyl ring in lithiated species. [3-
Lithiation of substituted oxiranes has been recently
described.2® In all cases, the reaction of lithiated oxi-
ranes proceeded stereospecifically with complete
retention of configuration, thus proving the configura-
tional stability of such lithiated species. Interestingly, the
reaction of lithiated oxiranes 33-Li with ketones affor-
ded quite good vyields of spirocyclic compounds 34,
whose structure was established on the basis of spec-
troscopic evidences. In all cases, in the FT-IR spectrum
vean Of the oxazoline ring (typically at 1660 cm-1) was

lacking and in the 3C-NMR a resonance at ca. 118
ppm, characteristic of a sp3 heterosubstituted carbon

Scheme 18
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atom, was observed instead of the Csp? resonance of
the C=N of the oxazoline ring.

The formation of spirocyclic compounds 34 could likely
be explained with the nucleophilic addition of the inter-
mediate alkoxides on the C=N of the oxazoline ring.
Such a cyclization took place diastereoselectively fur-
nishing just one diastereomer. This seems to indicate
that the intermediate alkoxides, originated by the stereo-
specific reaction of 33-Li with ketones, attack just one of
the two diastereotopic faces of the oxazoline moiety.

The present oxazolinyloxiranyl anion-based methodolo-
gy to epoxylactones has been successfully extended to
the preparation of optically pure o,B-epoxybutyrolac-
tones.20b Qptically pure (S,S,R)-oxazolinyloxirane 36
was prepared from (S)-4-isopropyl-2-chloromethyloxa-
zoline (-)-28, as reported.25
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2-Chloromethyl-2-oxazoline (-)-28 was first lithiated,
transmetalated with Ti(i-PrO), and then reacted with
benzaldehyde to furnish (S,S,R)-epoxide 36 the stereo-
chemistry of which was assigned on the basis of the
NMR data and unequivocally confirmed by an X-Ray
analysis. Treatment of 36 with s-BuLi/TMEDA and tra-
pping with CHgl gave the trisubstituted epoxide 37 in a

stereoselective way with complete retention of configu-
ration at the a-carbon(Scheme 19).

Lithiation of 37 and reaction of 37-Li with benzophe-
none produced spirocyclic compound 38 (only one
diastereomer) in a good yield. Its hydrolysis with oxalic
acid afforded quantitatively epoxylactone 39 with very
good er value (Scheme 19). In the reaction of lithiated
37-Li with benzaldehyde a mixture of two diastereoiso-
mers (2:1 ratio) of spirocyclic compounds 40 was
detected by 'H NMR. These were separated and hydro-
lysed to give quantitatively diastereomeric epoxylac-
tones (S,R,S)- and (S,S,S)-41 with excellent er values.

The present work highlights the importance of lithiated
oxazolines in synthetic organic chemistry for the prepa-
ration of new heterocyclic compounds. This new
methodology is a reliable tool in the chemists' hands
when a stereoselective synthesis of such compounds is
needed. A future extension of the work will focus on the
possibility to use this chemistry for the preparation of
natural products or biological active molecules.
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