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F-67401 Illkirch, France

Received 19 December 2002; revised 3 January 2003; accepted 5 January 2003

Abstract—The conditions for the epimerisation at carbon C-2 of phenyl kainic acid esters 6 and 7 and cis-3-prolinoglutamic esters
10 were systematically addressed. We found that the use of KHMDS in THF gave improved results over the existing procedures.
Some mechanistic aspects of this peculiar epimerisation are discussed. © 2003 Elsevier Science Ltd. All rights reserved.

afforded compounds 6a endo with a cis relationship at
carbon C-2 and C-3, and, therefore an additional
epimerisation step was required at the carbon C-2 to
reach the precursor 8a (Scheme 1) of the desired bio-
active stereomer. This epimerisation step is crucial and
has been used in several synthesis of kainoids.9d,e,g,10b,12

However, in our hands when we tried the reported
epimerisation procedures on compound 6a as well as on
7a exo (to get 9a, the corresponding allo analogue)10c

no convincing results were obtained.

In this letter, we present a systematic study which led to
the proposal of new reaction conditions and relevant
mechanistic considerations. It must be emphasised that
other teams encountered similar difficulties for the C-2
epimerisation: Rubio,12a in a synthesis of KA;
Ogasawara, in his synthesis of acromelic acid;10h and
more recently, Karoyan,13 faced difficulties for the
epimerisation at carbon C-2 of cis-3-prolinoglutamic
acid diester 10a. Probably the presence of the acetate
appendage at carbon C-3 induces new steric and elec-
tronic constraints, which render the C-2 epimerisation
much more complex than it is in proline itself (see
below). We focussed our study towards the phenyl

Kainic acid 2 (KA) is a naturally constrained analogue
of glutamic acid 1, the major excitatory amino acid in
the mammalian central nervous system (Fig. 1).1 KA 2
shows high affinity for specific subtypes of glutamate
receptors—the KA receptors—and is widely used as a
reference tool2 to mimic the symptoms of neuronal
injuries in animal brains such as epilepsy, Alzheimer’s
disease3 and Huntington’s chorea.4 KA is the parent
member of the large kainoid family5 including aryl
kainoids 3, acromelic acid (for ex. acromelic acid A 4)
or domoic acid 5, which are all powerful neuroexcita-
tory agents.6

The pyrrolidine skeleton, in all these molecules (2–5),
embedded three contiguous stereocenters in a typical
trans (C2–C3), cis (C3–C4) arrangement which is a
crucial feature for binding to the KA receptor.7

Recently, a shortage of kainic acid8 has prompted
several groups to search for new efficient synthetic
routes towards KA9 and the corresponding analogues
3, 4 and 5.10 As we are involved in the kainoid area, we
proposed a very short synthesis (only six steps) of
phenylkainic acid (Ar=Ph in 3).11 Our synthetic route

Figure 1. Glutamic acid and kainoid family.
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kainoids 6a,d,e (endo) and 7a (exo) and to the cis-3-
prolinoglutamic derivatives 10a–c (Scheme 1).14

First a series of investigations were performed on cis-3-
prolinoglutamates 10a–c and then extended to the kain-
oid precursors 6a, 6d and 6e, and 7a (see Table 1).15a

The cognate methods (for 10a or 10b, entries 1–6) failed
except with LDA (entry 5). In this case epimerisation to
the extent of 80% has taken place as revealed by 1H
NMR on the crude, but after the isolation step, com-
pound 11a was obtained in a low yield (<25%). The free
acid 10b (entry 6) was totally inert to strong basic
conditions. For 10a, no improvement was observed
with other alkoxides such as tBuOK (entry 7). The use
of strong bases in polar solvents like DMSO (entries
8–9) afforded partial epimerisation but under rather
harsh conditions. Then we found that KH in the pres-
ence of crown ethers gave promising results11 (entries
10–14). However, several limitations were identified,
relating firstly to the nature of the protecting group.
With the nosyl group 10c (entries 11) no reaction

occurred, whereas with the benzylcarbamate 10a and 6a
the desired epimerisation took place (entry 10 and 12).
Then, the epimerisation failed with the free acid 6d
(entry 13) indicating that the carboxylic esters must be
present under these conditions. When the epimerisation
proceeded, complete saponification of the two ester
appendages at carbons C-2 and C-3 is observed, and an
additional treatment with diazomethane is needed for
proper characterisations of the adducts. Finally the
quality of the 18-crown-6 ether seemed to be critical in
our experimental conditions (see entry 12). With pure
dry 18-crown-6, (entry 15) no epimerisation was
detectable, only deliquescent 18-crown-6 ether, recrys-
tallised in acetonitrile, gave satisfactory results. Proba-
bly a co-crystallised water molecule plays an important
role here. Changing the solvent for methanol did not
improve the results (entry 16). Due to those erratic
results, and particularly this last point, reproducible
and cleaner conditions were highly desirable. Thus we
decided to reinvestigate the hexamethyldisilyl azide salts
on 10a, 6a and 7a.

Scheme 1. Epimerisation of kainoids.

Table 1. Epimerisation conditions

No mol. Prot R ConditionsEntries % epi.15a Ref. Observations

NaH (2.5 equiv.), DBU (5 equiv.), benzene, rtMeCbz10a1 12e,f0
10a Cbz Me2 DBU 20°C then 130°C in xylene 0 12d

3 10a Cbz Me LiHMDS (2.5 equiv.), THF, 0°C then MeOH 0 9e,12a
4 010a 12cCbz Me MeONa, MeOH, reflux

Me LDA (2.6 equiv.), THF, −55°C, 1 h (80) 10b,12b 20% purified 11a10a5 Cbz
H KOH 50% (excess) 50°C, 4 h 0 9g10b6 H

Degradation0tBuOK (5 equiv.), THF, 70°C 20 h7 MeCbz10a
Me MeONa (3 equiv.), MeOH–DMSO, 120°C, 20 h 45 Entry 4+DMSO10a8 Cbz

10a Cbz Me9 BDU (5 equiv.), DMSO, 130°C, 20 h 25 Entry 2+DMSO
Saponification15b85KH (3 equiv.), 18–6a, benzene, 20°C, 16 h10 MeCbz10a

10c Nos Me11 KH (3 equiv.), 18–6a, benzene, 20°C, 16 h 0 No reaction
80 11 Saponification15b12 6a Cbz Me KH (3 equiv.), 18–6a, benzene, 20°C, 16 h

6d Cbz H13 KH (3 equiv.), 18–6a, benzene, 20°C, 16 h 0
6e Nos H14 KH (8 equiv.), 18–6a, benzene, 20°C, 16 h 0
6a Cbz Me15 KH (4 equiv.), 18–6 pur, benzene, 20°C, 16 h 0 No reaction

Cbz6a No reaction16 0KH (3 equiv.), 18–6a, MeOH, 20°C, 16 hMe
15% saponif.15b17 7010a NaHMDS (2.5 equiv.), THF, 0°C, 2.5 hMeCbz

10a Cbz Me18 KHMDS (2.5 equiv.), THF, 0°C 6 h Little degradation80
40KHMDS (3–4 equiv.), THF, 20°C, 16 hMeCbz7a19 �50% saponif.15b

KHMDS (5 equiv.), THF, 0–20°C, 16 hMeCbz � 70% saponif.15b6a20 95

a deliquescent 18-crown-6 recrystallised in acetonitrile.
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Scheme 2. Proposed scenario for epimerisation.

As seen before, LiHMDS failed (entry 3), but gratify-
ingly NaHMDS in dry THF gave a significative
epimerisation ratio of 10a (70%, entry 17) together with
some partial saponification. Even better results were
obtained with KHMDS: the epimerisation ratio was
now 80% (entry 18). Then these conditions were suc-
cessfully applied to the epimerisation of the 6a-(endo)
or 7a-(exo) phenylkainic esters respectively (entries 19,
20). Again we discovered the following discrepancies:
the 7a-(exo) compound is much more resistant to the
epimerisation than the corresponding 6a-(endo) one.
These results may be ascribed to the steric effect of the
phenyl group at C-4, conjugated with the strong 1,2
strength between the Cbz group on the nitrogen and the
carboxylate at carbon C-2. During the transformation
of 7a-(exo) to 9a-(exo) the phenyl group and the
‘epimerised’ carboxylate group at C-2 will be located on
the same face of the pyrrolidine ring, generating severe
steric interactions. Only two repeated reaction cycles
gave rise to an epimerisation ratio of 60%. Fortunately,
the adducts 9a-(exo) formed and the starting material
7a-(exo) could be separated by flash column chro-
matography. In contrast for the 6a-(endo) derivative
(all cis compound), the phenyl group at C-4 has a
beneficial effect on the epimerisation, by the virtue of
releasing the severe axial constraints present in 6a.
Thus, the reaction proceeds with an efficiency of 95%!
(entry 20). These mild conditions proved to be easily
reproducible on small or medium scale (1–3 mmol) but
some saponification is unavoidable15b and an additional
treatment with diazomethane is necessary to furnish
8a-(endo) in 60–75% yield.16

In order to find a rationale for this peculiar epimerisa-
tion process, we propose the following scenario for the
epimerisation of 10a. 2 equiv. of KHMDS are required
for performing this reaction, because the methylene
protons at the acetate appendage at C-3 are more acidic
than the methine proton at C-2.10b Thus, the first
equivalent deprotonates the acetic side chain and gives
10aa and the second equivalent of base produces a
series of intermediates 10ab, 10ac and 10ad susceptible

to undergo the epimerisation. Indeed dianion 10ab
(Scheme 2), in equilibrium with the bis-enolate 10ac
and with the dianion 10ad is ready to give the desired
dimethylester 11a on quenching. The alternative path-
way can be: bis-enolate 10ac, after losing a methoxylate
group, is transformed into ketene 10ae, as a ‘charge
decompressed’ species and the water quench afforded
the desired epimerised mono-acid 12 or the non-
epimerised one 13, resulting from a partial
saponification.

It is also worth noticing the influence of the cation
associated with the HMDS base with regard to the
transient dianion 10ab–10ae. The sizes of the cations
are probably providing the following explanation: the
lithium cation padlocks the two side chains, whereas
sodium or potassium will form a looser chelate with
suitable flexibility allowing the epimerisation to proceed
(see Scheme 2). The polarity of the solvent is also of
importance: THF is better than benzene.

In conclusion we disclosed new conditions for the
epimerisation of cis-3-prolinoglutamic diesters 10 as
well as that of the related phenylkainic compounds 6
and 7. Our conditions are mild and reproducible. Fur-
thermore our investigations revealed the importance of
the protecting group on the pyrrolidinyl nitrogen, a
carbamate is essential, and the influence of the aryl side
chain at C-4, the endo is favored over the exo
configuration.
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