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Abstract: The stereoselective synthesis of a novel cis conforma-
tionally constrained glutamate analogue containing an azetidine
framework was accomplished from (S)-N-tosyl-2-phenylglycine in
moderate overall yield. The key steps in the synthesis involved a N—
H carbenoid insertion promoted by Cu(acac),, a very efficient Wit-
tig olefination of an azetidin-3-one, followed by a highly stereose-
lective rhodium-catalyzed hydrogenation. Epimerization of the cis
to the trans analogue was performed using DBU as base in toluene
at reflux.
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Glutamate and aspartate are the predominant excitatory
amino acid (EAAs) neurotransmitters in the mammalian
brain.'®" These excitatory amino acids activate a family of
ligand-gated ion channels, called ionotropic receptors
(AMPA, KA and NMDA), and a family of receptors cou-
pled through GTP-binding proteins, called metabotropic
receptors, implicated in a variety of intracellular signaling
molecules.?*2¢ EAA receptors participate in fast excitato-
ry transmission as well as in more complex signaling pro-
cesses, such as those required for synaptic plasticity and
higher cognitive functions.***¢ In contrast to these normal
signaling pathways, excessive activation of the ionotropic
EAA receptors can trigger a cascade of events that even-
tually leads to neuronal death. This process, referred to as
excitotoxicity, is thought to be an underlying pathological
mechanism in a wide variety of neurological insults and
degenerative disorders, such as ischemia, trauma, hy-
poglycemia, epilepsy, Huntington’s and Parkinson’s dis-
eases. a4

In the last decades many research groups have been in-
volved with the synthesis of conformationally restricted
glutamate and aspartate analogues and the majority of the
glutamate analogues synthesized so far display a pyrroli-
dine ring as their rigid element.> Four-membered rings as
conformational constraining elements are less common
and have been attracting considerable attention lately, es-
pecially for their increased rigidity and interesting physi-
ological activities exhibited by four-membered ring
containing amino acids.® Regarding four-membered ami-
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no acids, the naturally occurring (S)-azetidine-2-carboxy-
lic acid (Figure 1) represents the prototype of an a-amino
acid containing an azetidine motif.
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Figure 1

Two illustrative examples of azetidine containing amino
acids displaying important biological activities are the
chiral glutamate analogues 1 and 2 (Figure 2).6%%¢
Glutamate 1 has been shown to act as an activator of the
metabotropic receptors, whereas analogue 2 appears to be
a potent agonist of the kainate receptor, as well as a potent
inhibitor of sodium-dependent glutamate uptake.
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Figure 2 Chiral glutamate analogues displaying biological activity

In spite of several examples of the synthesis of azetidinic
amino acids available in the literature,® the synthesis of
chiral glutamate analogues has been accomplished with
rather low stereoselectivity or has been restricted to the
synthesis of the trans-glutamate analogues.%-6¢6i

Our research group has been involved in the application of
azetidin-3-ones as key building blocks for the synthesis of
azetidines and azetidine alkaloids. As illustrated in
Scheme 1, chiral azetidin-3-ones can be readily prepared
from commercially available amino acids, which make
them potential intermediates for the synthesis of the cis-
and trans-glutamate analogues. Herein, we report a short
stereoselective synthesis of the (2R,3S) cis isomer of
glutamate 2 from (S)-N-tosyl-2-phenylazetidin-3-one (4,
Scheme 2), and a successful epimerization of the cis-
glutamate analogue to the trans analogue using DBU.
This approach extends the applicability of the metal-cata-
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Scheme 1 Strategy to construct the cis- and trans-glutamate ana-
logues

lyzed N—H insertion methodology commonly used for the
preparation of azetidin-3-ones.’

We started our synthesis with the preparation of chiral
azetidin-3-one 4® (Scheme 2). Based on a previous
protocol’ compound 4 was readily prepared in two steps
from (S)-N-tosyl-2-phenyl glycine in good overall yields.
The protocol involved the conversion of N-protected phe-
nyl glycine to the diazoketone 3 in 64% (Scheme 2), fol-
lowed by the reaction of 3 with Cu(acac), in reflux
benzene for just one minute to promote the N—H insertion
reaction in 50-55% yield."”

The azetidin-3-one 4 was then converted to the enoate 5 in
quantitative yield by a Wittig olefination reaction'! using
the stabilized ylide carboethoxyethylidene-triphenylphos-
phorane. Catalytic hydrogenation of enoate 5 was carried
out under a variety of conditions aiming at optimization of
the stereoselectivity and yield of this key reduction step
(Table 1). Hydrogenation using palladium on carbon as
catalyst gave only 19% of the desired ester 6 in a dia-
stereomeric ratio of 95:05 for the cis:trans stereoisomers,
together with 81% of some unidentified material.'?

o) 1. CICOCOCI,
CH,Cly, DMF, 2 h
OH

2. THF, CHoN,

HNTs 3 HNTs N2 4 Ts
(S)-N-tosyl-2-phenylglycine 64%
[o]p +219.5 (¢ 2.58, CHCl3)

[o]p +112.4 (¢ 4.30, MeOH)

EtO ., @

Hg, MeOH, CeHe
Rh/C 10 mol%, 24 h

Table 1 Conditions Employed for the Reduction of Enoate 5

Condition* Yield of diester 6 (%)  cis:trans
H,, Pd/C 19° 95:05
H,, Pt/C 0

Et,SiH/ Wilkinson cat. 80° 88:12
H,, Rh/C 90° 92:08

2 Reductions were carried out at atmospheric pressure using a balloon
filled with hydrogen.

® Average of two experiments.

¢ Average of three experiments.

Hydrogenation using platinum over carbon failed to pro-
vide the diester 6. Better results were obtained using rhod-
ium on carbon or Et;SiH in the presence of the Wilkinson
catalyst.!? Under these conditions the cis-ester 6'* was ob-
tained in good yields (90% and 80%, Table 1) and in good
diastereoselectivities (92:8 and 88:12, cis:trans ratio, re-
spectively).

As planned, the phenyl ring of 6 was then converted to the
carboxylic acid by oxidation with RuCl; hydrate and
NalO," followed by addition of diazomethane to furnish
the cis-diester 7'¢ in moderate yields ranging from 40% to
54%. A small 3% epimerization was observed at this step,
as the cis:trans ratio dropped from 92:08 to 89:11 as ob-
served by GC (average of three experiments). Next, hy-
drolysis of the diester 7 with LiOH!” gave the N-protected
glutamate acid derivative 8 as a white solid (91% yield,
cis:trans = 89:11). The major cis-compounds 6, 7 and
even 8 could not be separated from their respective trans
isomers by column chromatography along the synthetic
pathway. Fortunately, after a careful recrystallization
(ethanol-hexane) of diacid 8 (cis:trans = 89:11) we were

Cu(acac),, 10 mol% o ©
H CeHg reflux, 1 min \]t‘
N

50-55%
[olp +272.0 (¢ 1.05, CHCly)

e

PPhzCHCOOEt
CGHG! reflux, 1 h

1. NaIO4, RUC|3, le} E’L
EtOAc, H20, 6
MeCN, 3 h
2. CHoNp, Et,0

*Ts
90% ds =92:08 (GC)

EtO.
=
(0] N,
5 Ts
quantitative (E+Z mixture)

NOE = 3°/;,\'
0} (0]
) HO. I Na/CioHs o |
EtOY H THF: HZO \n/ = Non THF \n/ = Son
o D\l\ dowex 50 H* 0 9 D\l\
91 °/oTS H
40—54% ] quantitative
ds = 89:11 (GC) ds = >98:02 (GC) ds = > 95:05 ("THNMR)

Scheme 2  Synthesis of glutamate analogue 9
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after recrystallization (EtOH/hexane)
[o]p +1.6 (c 2.44, THF)

[o]p — 4.8 + 0.5 (¢ 0.3, Hp0)
(ORD)
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able to obtain this key compound in almost pure form (ds
> 98:02 after a single recrystallization).'

Finally, completion of the synthesis of the novel confor-
mational restricted cis-azetidine glutamate 9 was carried
out by N-deprotection of diacid 8 with Na/naphthalene in
quantitative yield, after purification on ion exchange resin
(Dowex 50 HY)."

After completion of the synthesis of the cis-glutamate an-
alogue 9, we have also examined the conversion of the
cis-diester 10 (prepared from diacid 8 with diazomethane)
to its trans stereoisomer. The use of bases such as LH-
MDS, KHMDS, #-BuOK, proton sponge, Me,NH? and
pyridine led to no epimerization®! at C2 or led to decom-
position of the diester 10. However, reaction of diester 10
with DBU (10 equiv) in toluene at reflux for seven hours
provided a diastereomeric mixture of diester 10 and 11 in
a 20:80 (GC) ratio as described in Scheme 3. Attempts to
carry out this epimerization step beyond the cis:frans ratio
of 20:80 were fruitless.

NOE = 0.8%
o] o]
MeO | MeO "'.H H
0o Y ome
O N DBU, 10 equiv O N,
10 Ts PhMe, reflux, 7 h 11 Ts

cis:trans >98:2 cis:trans = 20:80

Scheme 3 Epimerization of 10 with DBU

In summary, we have accomplished for the first time the
stereoselective synthesis of the novel cis-glutamate ana-
logue 9 containing an azetidine nucleus in seven steps in
15% yield from the chiral (S)-N-tosyl-phenylglycine.
Epimerization of the cis-glutamate analogue 10 with DBU
allowed the synthesis of the trans-glutamate analogue 11
with good diastereoselectivity. The synthesis of other con-
strained azetidine glutamates and aspartates will be re-
ported in due course.
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