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Abstract—Olefination of �-silyl-, �-phosphoryl- and �-stannyl-stabilised phosphonate carbanions derived from cyclo-[L-AP4-D-
Val] Li+4b–d− allow a (Z)-selective access to the �,�-substituted vinylphosphonates 7A–E that have been transformed into
enantiomerically pure 4-alkylidene AP4 derivatives 12A,B and 13A,C. According to semi-empirical (PM3) calculations, the
preference for like topologies in the intermediate adducts of the phosphonate addition step accounts for the highly (Z)-selective
course of the ‘tin-Peterson-like’ olefination. © 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

As the major excitatory neurotransmitter in the central
nervous system, (S)-glutamic acid operates through
different classes and subtypes of ionotropic and
metabotropic glutamate receptors (iGluRs and
mGluRs, respectively) which constitute potential targets
for therapeutic intervention in a number of neurological
disorders.1 In particular, several phosphonic acid
isosters of glutamic acid, the 2-amino-4-phosphonobu-
tanoic acid (AP4) derivatives, have been found to have
potent and selective activity at group III of mGluRs
(mGluR4 and mGluR6-8).2 Therefore, there is consid-
erable interest in the development of practical and
versatile methodology for the preparation of AP4
derivatives, that may result in useful tools for charac-
terising the molecular pharmacology of the mGluRs.

As part of an ongoing program aimed to the search of
agonists and antagonists for the group III of mGluRs,3

in this communication we wish to report the synthesis
of a series of (4Z)- and (4E)-alkylidene AP4 derivatives
1 in enantiomerically pure form (see Scheme 1). In this
area, we have recently found that electrophilic substitu-
tions on the bis-lactim ether derived from cyclo-[L-AP4-
D-Val] 2a take place in a regioselective fashion, � to the
phosphonate group, and allow a direct and stereoselec-
tive access to a variety of 4-substituted AP4 deriva-
tives.3a Based on these precedents we envisaged that
electrophilic substitutions on 2a with phosphonyl, silyl
or stannyl groups could be followed by Wadsworth–
Emmons or Peterson-like olefinations of carbonyl com-
pounds, giving rise to the vinylphosphonates 3,4 as
precursors of the targeted 4-alkylidene AP4 derivatives.

2. Results and discussion

We first examined the olefination reactions of benzalde-
hyde, as model carbonyl compound, using the �-
trimethylsilyl-, �-diethoxyphosphoryl- and
�-triphenylstannyl-stabilised phosphonate carbanions
derived from bis-lactim ethers 2b–d. Towards this end,
the phosphonate carbanion Li+4b− was generated by
the addition of �-silylvinylphosphonate 65 to a solution
of lithium azaenolate 5, derived from (3R)-2,5-
diethoxy-3-isopropyl-3,6-dihydropyrazine,6 at −78°C in
THF, while Li+4c− and Li+4d− were prepared by adding
bis-lactim ethers 2c and 2d3a to solutions of LDA at
−78°C in THF (see Scheme 2).8 Benzaldehyde was
slowly added 15 min later, and the reaction mixtures
were gradually warmed to 0°C during 4 h. After

Scheme 1. a, X=H; b, X=SiMe3; c, X=PO3Et2; d, X=
SnPh3.
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Scheme 2. Reagents and conditions : (i) THF, −78°C, 15 min;
(ii) LDA, THF, −78°C, 15 min; (iii) benzaldehyde, THF, −78
to 0°C, 4 h (70–85%). b, X=SiMe3; c, X=PO3Et2; d, X=
SnPh3.

place with an outstanding level of stereoselection giving
rise, exclusively, to the kinetically favoured (Z)-
vinylphosphonates.

The selective formation of (Z)-vinylphosphonate 7A in
the Wadsworth–Emmons olefination of benzaldehyde
with Li+4c− is remarkable, since the reactions of car-
bonyl compounds with lithioalkylidenebisphosphonates
have been reported to yield selectively �- and �,�-sub-
stituted vinylphosphonates with (E)-configuration.4g–l

Conversely, the stereochemical course of the ‘tin-Peter-
son-like’ olefinations with Li+4d− is similar to that
previously encountered in the preparation of other �,�-
substituted vinylphosphonates.4e The exclusive forma-
tion of the (Z)-vinylphosphonates 7A–D in the
reactions of the �-triphenylstannylphosphonate carban-
ion with aldehydes 9A–D can be understood as a
consequence of the preferential formation of the like
�-stannyl-�-alkoxyphosphonates which then irre-
versibly collapse to the (Z)-vinylphosphonates. Pre-
sumably, the higher stereoselectivity observed in the
present work may be accounted for the additional
coordination of the lithium cation with a nitrogen atom
of the bis-lactim ether moiety. In agreement with this
proposal, semi-empirical molecular orbital calculations
(PM3 Hamiltonian) for the addition process of Li+4d−

to benzaldehyde (9A) showed that the like transition
structure and the like intermediate adduct are preferred
to the unlike ones by 2.3 and 3.6 kcal/mol, respectively
(see Fig. 1).14–17

quenching with acetic acid and aqueous work-up, the
2�-benzylidene substituted bis-lactim ethers 7A/8A were
isolated in 56–77% yield, along with 10–25% of unre-
acted starting materials.9,10 The analysis of the 31P
NMR spectra of the crude mixtures revealed different
levels of stereoselection in the formation of the new
double bond. Thus, olefinations with the �-trimethylsi-
lyl- and �-diethoxyphosphoryl-stabilised phosphonate
carbanions Li+4b− and Li+4c− led to mixtures of 2,5-
trans-2�Z and 2,5-trans-2�E bis-lactim ethers 7A/8A in
3:2 and 5:1 ratio, respectively. However, starting with
the 2�-triphenylstannyl substituted bis-lactim 2d, the
‘tin-Peterson-like’ olefination gave rise, exclusively, to
the (Z)-vinylphosphonate 7A. After chromatographic
separation of the 2�-benzylidenated bis-lactim ethers,
evidence supporting their relative configurations was
obtained from NMR analysis.11–13

Having shown the feasibility of performing the olefina-
tion process on the bis-lactim ethers derived from
cyclo-[L-AP4-D-Val] without compromising the
integrity of its chiral centers, a series of vinylphospho-
nates 7B–E was prepared in moderate yield, by applica-
tion of the ‘tin-Peterson-like’ reaction to various
structurally diverse carbonyl compounds (see Scheme
3). Thus, solutions of isobutyraldehyde (9B), 2-thienyl-
carboxaldehyde (9C), cinnamaldehyde (9D) or ciclohex-
anone (9E) in THF were added dropwise to solutions of
Li+4d− in THF at −78°C, and the reaction mixtures
were gradually warmed to 0°C during 4 h. After
quenching with acetic acid and aqueous work-up,
vinylphosphonates 7B–E were isolated in 50–61% yield,
along with 10–32% of unreacted starting materials.9–11

As was previously encountered in the reaction of Li+4d−

with benzaldehyde, after inspection of the 31P NMR
spectra of the crude mixtures obtained in the reactions
with the aldehydes 9B, 9C, and 9D, we could not detect
any absorption corresponding to the minor (E)-iso-
mers. Thus, the ‘tin-Peterson-like’ olefinations of either
�-branched, �,�-unsaturated, aromatic or heteroaro-
matic aldehydes using the �-triphenylstannylphospho-
nate lithium salt derived from cyclo-[L-AP4-D-Val] take

Scheme 3. B, R1=(CH3)2CH, R2=H; C, R1=2-(C4H3S),
R2=H; D, R1=C6H5CH�CH, R2=H; E, R1+R2=-(CH2)5-.

Figure 1. Competitive like and unlike intermediate adducts
located at the PM3 level for the reaction of Li+4d− with 9A in
the presence of one THF molecule. Hydrogen atoms are
omitted, except for the chiral centers. Relative energies to the
monosolvated coordination complex Li+4d−·9A are in kcal/
mol.
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Mild acid hydrolysis of the pyrazine moiety of the
vinylphosphonates 7A–C and 8A (0.25N HCl, THF, rt,
1–5 h) provided the corresponding amino esters 10A–C
and 11A in good yields (75–90%) after the removal of
the valine ester by chromatography (see Fig. 2).
Hydrolysis of amino esters 10A,B and 11A to the
corresponding amino acids 12A,B and 13A was accom-
plished by heating in concentrated hydrochloric acid
(12N HCl, reflux, 3 h). Hydrolysis of the thienyl substi-
tuted amino ester 10C required a sequential treatment
with trimethylsilyl bromide (CH2Cl2, rt, 40 h) and
lithium hydroxide (H2O, rt, 2 h). Under these condi-
tions, complete isomerisation of the double bond to
afford the corresponding (E)-vinylphosphonic acid 13C
was observed. After purification by reversed phase
chromatography, the 4-alkylidene AP4 derivatives
12A,B and 13A,C were isolated in good yields (68–
89%).18

3. Conclusion

In conclusion, reactions of benzaldehyde with �-silyl-,
�-phosphoryl- and �-stannyl-stabilised phosphonate
carbanions derived from cyclo-[L-AP4-D-Val] take
place without compromising the chiral integrity of the
bis-lactim ether, giving rise to vinylphosphonates with
different level of (Z)-stereoselection. The ‘tin-Peterson-
like’ olefination of structurally diverse carbonyl com-
pounds using the lithiated �-triphenylstannylphos-
phonate were found completely (Z)-stereoselective, and
allowed a direct access to a series of 4-alkylidene AP4
derivatives in enantiomerically pure form, that may
result in useful tools for the study of group III of
mGluRs. Work is now underway to explore the (Z)-
selective Wadworth–Emmons olefinations with Li+4c−

and to extend these methodologies to the synthesis of
4-alkylidene derivatives of glutamate.
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