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Abstract—The monohgnol glu0051des (1 2 3C,y)-p- glucocoumdryl alcohol, (1,2-'3C,)-coniferin and (1,2-'3C,)-syringin, and the
glucosides of (1,2-13C,)-p- coumarlc (1,2-3Cy)-ferulic and (1,2-'>C,)-sinapic acids were synthesized by condensation of the corre-
sponding aldehydes with (1,2,3-1*C;)-malonic acid. The free acids were converted to the acyl chlorides prior to their reduction to

alcohols.
© 2004 Elsevier Ltd. All rights reserved.

Lignans are widely distributed plant metabolites associ-
ated with a range of biological activities. Podophylo-
toxin is used as an antiviral agent in the treatment of
genital warts' and secoisolariciresinol diglucoside is a
natural cancer chemopreventive agent effective against
the onset of breast, prostate and colon cancers.” The
biosynthetic pathway of lignans is not completely eluci-
dated, as it is specific to each species of plants.> Most of
the present knowledge about the conversion of mono-
lignols to their dimers lignans and the formation of cell
wall lignins in plants comes from incorporation experi-
ments using specifically labelled precursors or
substrates.*>

Monolignol glucosides (p-glucocoumaryl alcohol, conif-
erin, syringin) are considered to be the storage or excre-
tion form of monolignols.® The synthesis of monolignol
glucosides enriched with '*C at specific positions has
been used to prove their effective incorporation in lig-
nin.” However, to obtain detailed information about
the biosynthetic route of lignans in vivo, the synthesis
of multiple labelled precursors, becomes necessary. The
presence of two consecutive 13C atoms in monolignol
molecules allows to follow their conversion to dimers
due to the characteristic signals observed in the NMR
spectra of intermediates involved.
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Only one synthesis of (1,2-'>C,) coniferyl alcohol has
been previously reported.® Therefore, we decided to
prepare the three monolignol glucosides, that should
be easily incorporated by plant cells. Glucosides of
monolignols are involved in the supply of monolignols
before polymerization.” Moreover, the carbohydrate
moiety should make the substrate less toxic for in vitro
cultured cells.

In this letter, we report on the synthesis of the labelled
monohgnol glucosides (1,2-1°C5)-p- glucocoumaryl alco-
hol, (1,2-'*C,)-coniferin and (1,2-! Cz) syringin and
their [precursors, the glu0051des of (1,2-*C,)-p-coumaric,
(1,2-13Cy)-ferulic and (1,2-1*C,)-sinapic acids.

The synthetic strategy follows in part the previously de-
scribed preparation of unlabelled compounds!®!3 and is
shown in Scheme 1. Conversion of p-hydroxybenzalde-
hyde (1a), vanillin (1b) and syringaldehyde (1c) to their
corresponding B-glucosides was performed with tetra-O-
acetyl-a-p-glucopyranosyl bromide and silver oxide in
quinoline to give 2a, 2b and 2¢ in 65%, 73% and 75%
yields, respectively. The B-configuration of the glycosi-
dic bond was confirmed by NMR (J;/»» = 7.8 Hz). Fur-
ther attempts to substitute the high boiling point
solvent by pyridine or triethylamine—CaCQO3; were
unsatisfactory.

The introduction of the double '*C labelling was accom-
phshed by condensation of 2a—c¢ with readily available
(1,2,3-13C5)-malonic acid leading, after decarboxylation,
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Scheme 1. Reagents and conditions: (i) tetra-O-acetyl-a-D-glucopyranosyl bromide, Ag,O, quinoline, rt, 2h; (i) 13CH,('3COOH),, pyridine,
piperidine, 1h at 55°C and 2h at 85°C; (iii) MeONa, MeOH, rt, overnight; (iv) (COCI),, CH,Cl, rt, overnight; (v) NaBH,, THF, rt, 4h; (vi) NH;,

MeOH, rt, overnight.

to compounds 3a—c in 70% yield. The typical pattern
of consecutive labelling was observed in the '*C NMR
spectra. For example, in the spectrum of compound 3b
in CDCIl; the two doublets appear at 6 171.3 (C-1)
and o 116.1 (C-2) with a J;, = 74Hz.

Since the free acids are also interesting substrates for
biosynthetic studies, the deprotection of the sugar moi-
ety was performed in MeONa-methanol. After purifica-
tion by flash chromatography on silica gel the acids 4a,
4b and 4¢ were obtained as white solids.!

The synthesis of the labelled monolignols from the cor-
responding protected acids 3a—c can be performed by
two different routes: through esters or acyl chlorides
derivatives. Both were explored using 3b as model com-
pound. First, the methyl ester was prepared using
KHCO;-Mel-TBALI in excellent yields (93-97%). Dif-
ferent reducing conditions were tested. LiAlH4~AICl;
lead to low yields of the reduction product accompanied
by degradation by-products. On the other hand, LiBH4
at 60°C or LiAlH, at room temperature allowed to
accomplish the reduction of the carboxyl group in 63%
and 90% yields, respectively. However, after deacetyl-
ation, NMR and mass spectra showed that the isolated
product was in fact a mixture of the expected allylic

alcohol 5b and about 30-50% of a product resulting
from the reduction of the 2,3-double bond (compound
5'b). Changes in reagent and/or substrate concentration,
solvent and temperature were unsuccessful to increase
the 5b/5'b ratio and gave no reproductible yields.

Therefore, we decided to change to the acyl chloride
route. The reaction of 3b with oxalyl chloride at room
temperature gave the corresponding acyl chloride. Par-
tial degradation was observed when the acyl chloride
was prepared with thionyl chloride instead of oxalyl
chloride.

The reduction of the acyl chloride with NaBH, is
affected by the solvent employed. In diethyl ether, the
reaction did not go to completion, while the use of
THF at room temperature lead smoothly, after deacetyl-
ation, to the desired alcohol 5b, keeping the level of the
reduced double bond by-product 5’b around 5%.

Therefore, the sequence acid-acyl chloride-reduction—
deacetylation was applied to the three precursors 3a,
3b and 3¢, leading to the expected alcohols 5a,b and
5c, in 60%, 68% and 70% yields, respectively. The '*C
NMR spectra of the final products!'> showed the expected
two doublets at 6 130.05 and 61.56 (J,, = 47Hz).
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In summary, the monolignol glucosides (1,2-'°C,)-p-
glucocoumaryl  alcohol,  (1,2-'3C»)-coniferin  and
(1,2-'3C,)-syringin and their acid precursors have been
prepared for the first time.
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