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Easy saponification by metal silanolates: application in SPPS
and in (S)-5-hydroxynorvaline preparation
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Abstract—Alkali metal trimethylsilanolates, TMSO�, M+, has been used for efficient conversion of methyl esters into their corre-
sponding anhydrous acid salts under mild non-aqueous conditions. This strategy has been applied to SPPS for the preparation of
neurotoxin cyclic analogues and in (S)-5-hydroxynorvaline synthesis.
� 2005 Elsevier Ltd. All rights reserved.
Many efforts are currently devoted to the solid phase
synthesis of cyclic peptides.1 An important part of our
on-going research on peptide synthesis is directed to-
wards a neurotoxin isolated from funnel web spider
Agenelopsis aperta venom, and especially on one of its
loops as a minimal active sequence. The aim of our ef-
forts is the discovery of new pharmacological tools for
cognition studies.2,3 We undertook the preparation of
cyclic peptides, analogues of this important loop, by
performing the replacement of carefully chosen residues
by an alanine in order to determine the key structural
features for the toxin activity.

We envisioned a new solid phase cyclisation strategy
that could be accomplished with relatively mild depro-
tection protocols. After molecular modelling studies,
peptide cyclization by amide formation between the lat-
eral chains of a native lysine and a glutamic acid or an
aspartic acid has been considered.4 The synthesis was
carried out on various acid-labile resins (BARLOS chloro-
trityl, Rink amide or Wang resins), by Fmoc strategy.
The side chain of the glutamic acid or the aspartic acid
derivative had to be orthogonally protected as methyl
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ester to avoid reaction on the lateral carboxylic acid
function during the last coupling step (Scheme 1).

To prove the feasibility of the solid phase methyl ester
selective removal, in a first step, N-protected H-
Glu(OMe)-OH or H-Asp(OMe)-OH were anchored on
the selected resins by classical procedures.5 In a second
step, and it is the aim of this report, methyl ester re-
moval was studied using alkali metal trimethylsilano-
lates (TMSONa and TMSOK). The advantage of
silanolates salts over other oxygen anions consists in
the fact that they have a good solubility in organic sol-
vents (diethylether, THF, toluene, methylene chloride).6

Substrates were converted into their alkali salts in mild
anhydrous conditions and in different organic solvents
(THF, DMF, DCM) (Scheme 2).7

Best conditions of using Na silanolates or K silanolates
were listed in Table 1.

In the standard procedure,7 yields were evaluated by
HPLC by comparison between P-Xxx-OH and P-
Xxx(OCH3)-OH peaks areas in the reaction mixture.
Selective deprotection.
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The best yield was observed with the couple TMSONa/
THF with Z-Glu(OMe)-anchored on Barlos and Wang
Table 1.

Resin:

Xxx P

O
OCH3

Silanolates Reaction tim

Barlos: 1.5 mmol/g

O
OCH3

Glu Z
TMSOK 24

TMSONa 24

Wang: 0.72 mmol/g

O
OCH3

Glu Z TMSOK 24

TMSONa 24

Rink amide: 0.7 mmol/g

O
OCH3

Glu Z TMSOK or Na 2

TMSOK or Na 2

Barlos: 1.5 mmol/g

Glu Fmoc

O
OCH3

TMSOK 2

TMSOK 2

TMSONa 2

TMSONa 2

Wang: 0.72 mmol/g

Glu Fmoc

O
OCH3

TMSOK 2

TMSOK 2

TMSONa 2

TMSONa 2

Barlos: 1.5 mmol/g

O

Asp Z

OCH3

TMSOK 24

TMSONa 24

TMSONa 24

Wang: 0.72 mmol/g

O

Asp Z

OCH3

TMSOK or Na 24

TMSOK or Na 24

Z-Glu(OMe)-OH TMSONa 20

Z-Asp(OMe)-OH TMSONa 20

Fmoc-Glu(OMe)-OH TMSONa 24

Fmoc-Asp(OMe)-OH TMSONa 24

a (/) under microwave irradiations without success (by-products and Resin d
resins. However the kinetics were low (24 h) due to the
steric hindrances of support and protecting group. The
DMF was a bad solvent with both silanolates, Na silano-
late gave better yields compare to the K silanolate, K
being too bulky.

When the ZGlu(OCH3)-OH was anchored on Rink
amide resin, the hydrolysis gave an unchanging conver-
sion rate of about 40% after 2 h whatever the solvent/
silanolate system.
e (h) Solvent Hydrolysis yield in %

(under microwave irradiations)

THF 88 (/)a

THF 100 (/)a

DMF 40 (55)

THF 61 (80)

DMF 44 (/)a

THF 40 (/)a

DCM 43

THF 35

DCM 40

THF 28

DCM 27

THF By-products

DCM 20

THF By-products

THF 41

DCM 12

THF 68

DCM 100

THF 100

THF 100

THF 100

THF 57 + by-products

THF 70 + by-products

egradation).
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With Fmoc-Xxx(OMe)-OH, whatsoever the nature of
the resin, dibenzofulvene appeared in HPLC before
cleavage and has been identified by 1H NMR after iso-
lation by silicagel column chromatography. This can
be explained by the fact that TMSONa or TMSOK
are too basic to preserve Fmoc protecting group. The
methyl ester was still present on the lateral chain of
Glu or Asp showing that the kinetics of the Fmoc re-
moval were much faster than the methyl ester
hydrolysis.

To exclude the hypothesis that the different reaction
rates were linked to the fact that the experiments were
carried out on solid support, we performed silanolate-
mediated saponifications in homogenous conditions,
obtaining the same results.

Microwave irradiations8,9 were used for hydrolysis acti-
vation on solid phase but without any success: by-prod-
ucts and support degradations were observed after 5 min
at 600 W. As described in9 only preloaded Wang resin
resisted to microwave irradiations.

Because of the interest of this method, it has been ap-
plied on the selective deprotection of the side chain carb-
oxylic function of Bn2-Glu(OMe)-OtBu, followed by a
one pot reduction using the BOP/NaBH4 system.10 In
this way, the anhydrous sodium salt obtained in the first
step was directly reduced in alcohol (Scheme 3). The
overall yield was 73–75% and the tButyl ester was not
affected by the whole procedure.11

The use of silanolates was a potent system for selective
removal of methyl esters on the lateral chain of Glu or
Asp when their NH2 were protected by Z or Bn2 group,
on solid support and homogenous conditions. Further
studies involving a Boc or a phthalimido group as N-
protection are under way in our laboratory.

For SPPS applications the last Glu or Asp derivatives
were protected by Z group and after cleavage of the
Mtt group by 1% TFA, the cyclisation smoothly oc-
curred on solid support and will be reported in due
course.
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