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Abstract

The preparation of aliphatic, aromatic or functionalized tartramides directly from tartaric acid and amines under microwaves
activation is described. A preliminary study of the chelating properties of some functionalized tartramides towards Cu®* ions is
reported. To cite this article: R. Plantier-Royon, C. R. Chimie 7 (2004).
© 2003 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Cet article décrit la synthese de tartramides par réaction directe entre I’acide tartrique et différentes amines primaires
aliphatiques, aromatiques et fonctionnalisées sous une activation par les micro-ondes. Une étude préliminaire des propriétés de
complexation de certains tartramides fonctionnalisés vis-a-vis des ions Cu”*est également présentée. Pour citer cet article : R.

Plantier-Royon, C. R. Chimie 7 (2004).

© 2003 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Keywords: Tartaric acid; Amines; Tartramides; Microwave activation; Chelating properties; Copper (II)

Mots clés : Acide tartrique ; Amines ; Tartramides ; Activation micro-ondes ; Propriétés complexantes ; Cuivre (II)

1. Introduction

L-Tartaric acid is a polar, polyfunctional and chiral
molecule with two asymmetric carbon atoms with the
absolute configuration (2R,3R), and with a C, axis of
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E-mail addresses: richard.plantier-royon @univ-reims.fr
(R. Plantier-Royon), laurent.dupont@univ-reims.fr (L. Dupont).

symmetry. The natural L-(+)-tartaric acid is one of the
cheapest enantiomerically pure organic compound de-
rived from salts present in different fruits and espe-
cially in grapes. Therefore, tartaric acid is an important
by-product of the winemaking industry.

Within the framework of a research programme
devoted to the development of non-food new applica-
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tions of renewable raw materials, we have undertaken
an exploratory study of new simple processes of trans-
formation of L-(+)-tartaric acid. Tartaric acid is not
directly obtained during the winemaking process, the
obtained raw materials are tartrates. The actual natural
compound, hydrogeno potassium tartrate (HPT), com-
monly called tartar or cream of tartar, precipitates
during the fermentation process, where the formation
of ethyl alcohol reduces its solubility. This salt is col-
lected during the extraction and the mechanical descal-
ing of the tanks to give from 100 to 350 g of HPT per
hectolitre. The second important raw material, the po-
tassium sodium tartrate, also called Seignette’s salt, is
obtained by action of sodium hydroxide on the crude
tartar and collection of these alkaline descaling solu-
tions. Tartrates collected as HPT or Seignette’s salt are
then transformed into pure tartaric acid via the forma-
tion of another salt: the calcium tartrate, by acidic
treatment and crystallisation. The refining of tartrates
into tartaric acid leads to an annual production of about
35 000 tons in the world.

Tartaric acid is mainly used industrially as additive
in various fields: food industry (manufacture of sweets,
drinks, cakes...), building industry (concrete and plas-
ter), pharmaceutical and cosmetic industry (formula-
tion of medicines, cosmetics...), and oenology (adjust-
ment of the final acidity of wines). The market prizes
for tartaric acid considerably decreased since 2000
from 7 to 2.5 €/kg, due to the international competition
and the appearance on the market of enantiomerically
pure synthetic tartaric acid from China. Therefore, it is
really interesting to find some new applications for
tartaric acid and its derivatives.

Tartaric acid played an important role in the field of
stereochemistry from both historical and chemical-
application points of view. Pasteur discovered the mo-
lecular asymmetry with the physical separation of the
two optical isomers of sodium ammonium tartrate [1].
Within the large development of the asymmetric syn-
thesis in the last decades, several applications of tar-
taric acid were reported, as optically pure building
block (chiron) or as more or less derivatized ligands
[2,3]. Simple derivatives of tartaric acid such as esters
were used as chiral ligands, for example in asymmetric
epoxidation [4], asymmetric Diels-Alder reactions [5],
and asymmetric cyclopropanation [6]. On the other
hand, more complex derivatives such as TADDOLs
proved to be efficient ligands for enantioselective ca-

talysis [7] as well as for complexing species in inclu-
sion complex formation [8].

Our purpose was to develop new applications of
tartaric acid using a few chemical transformations,
cheap reagents and environmentally benign processes.
Tartramides seemed to be interesting target com-
pounds: they were not so much exploited [2], and a
wide variety of simple or functionalized amines are
commercially available. On the other hand, a direct
condensation, as much as possible without using an
activated form of the acid, should give a clean process
with only water as by-product. Our goal was achieved
using microwaves activation. A great deal of interest
has been paid recently to microwaves technology in
chemistry, to take profit of both its fast and homoge-
neous heating power and specific effects on a polarized
substrate or medium [9,10,11].

2. Results
2.1. Synthesis of the tartramides

We reported recently a detailed account on the syn-
thesis of tartramides under microwaves activation,
using simple or functionalized amines [12]. This
technology proved to be well adapted, as it was
simultaneously observed by Loupy’s group on simple
acids and amines [13]. The main features and results of
our study, useful for the purpose of this paper, are
summarised in the following schemes, tables and
comments.

* Using a monomode reactor equipped for power
and temperature control of the reaction mixture
[14], satisfactory conditions were determined (re-
action between tartaric acid and benzylamine as
model) to be: 40% excess of the primary amine
(2.8 equiv.), no solvent, 12-min heating at 180 °C.
These conditions worked well for primary amines
non substituted at C-1.

» Conventional heating in an oil bath applied to the
same mixture needed 16 h for 68% yield.

Water is the only by-product in these reactions.
The reaction works efficiently, with good yields,
with primary amines but is very less efficient with
hindered primary amines such as cyclohexy-
lamine, as generally observed [15] and does not
work with secondary amines (Table 1).
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Table 1
Synthesis of tartramides from aliphatic or aromatic primary amines
under microwaves irradiation

R-NH,

HO\[COOH 2.8 equiv. HO\[CONHR
_— >
microwaves

HOY “COOH HO™ “CONHR
12 mn
Entry R Product (yield%)
1 CH,Ph 1(80)
2 CyoHa, 2(82)
3 Cyclohexyl 3 (30)
4 Phenyl 4(83)

These reaction conditions were applied to func-
tionalized primary amines (aminoalcohol, amino-
ethers, aminopyridine) in order to have access to
multidentate derivatives. Good yields were obtained,
except for N,N'-dimethylaminopropylamine, where
only 15% of the corresponding diamide was isolated
(Table 2). However, a high yielding synthesis of this
compound (91%) was achieved by conventional
condensation of the diamine with dimethyl L-tartrate.

A potential application of these new compounds is
their use as complexing agent for metallic cations. We
have started an exploratory study of the chelating pro-
perties of some synthesized tartramides towards Cu**
as a model cation.

2.2. Complexing ability of functionalized tartramides
with copper (Il)

The complexing ability of three functionalized tar-
tramides (with Y = OMe, NMe, and 2-pyridyl) with
copper (II) was investigated in aqueous medium at
Table 2

Synthesis of tartramides from functionalized amines under microwa-
ves irradiation

HO\[COOH

v Chnm,
2.8 equiv. HO\[CONH(CHz)nY

HOY SCOOH microwaves HOY CONH(CHy),Y
12 mn
Entry n Y Product (yield%)
1 2 OH 5 (68)
2 2 OMe 6 (65)
3 3 OMe 7 (60)
4 1 2-pyridyl 8(73)
5 3 NMe, 9 (15)

12
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Fig. 1. Neutralization curves of TAR—CH,-2-pyridyl in the absence
and in the presence of copper (II). 25 ml of solution were titrated by

NaOH 0.1 mol I"'; ¢, = 0.002 mol I'"; Cy; = 0.004 mol I";
Cuno, = 0.006 mol I,

25°C and ionic strength I = 0.1 adjusted with sodium
nitrate.

For each ligand, solutions of variable ratio
R = C,/Cy, (total ligand to total metal concentration)
were neutralized by NaOH until pH 11.5. If comple-
xation occurs, neutralization curves of metal-ligand
solutions show a decrease in pH for a same volume of
NaOH added and a displacement of the equivalent
points, compared with those of ligands alone at the
same concentration (Fig. 1). Qualitative analysis of the
shape of the titration curves leads to the probable
stoichiometry of the main complexes formed.

As an example, we reported in Fig. 1 the titration
curves of TAR—CH,-2-pyridyl alone and in the pre-
sence of copper (II) ions. The ratio R = C /Cy; is equal
to 0.5. For both curves, we observed an equivalent
point around pH 8.5. The difference of the volumes of
NaOH added between the two equivalent points cor-
responds to the neutralisation of 2 H* per Cu(Il) and
the formation of the dinuclear species Cu,LH_,. In our
experimental conditions, if a mononuclear species
CuLH_, was formed, the presence in the solution of an
excess of free copper (II) would lead to the formation
of a precipitate of Cu(OH), above pH 6.5. Similar
titration curves were obtained for the two other ligands
in the presence of copper (II). Consequently, we con-
sider the formation of dinuclear species with the three
tartramides studied.
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Fig. 2. Plots of log([Cu®*]/Cy,) for Cu**~ligand systems as a function of pH (Cy; =2 x 10 mol I"'; C; =2 x 10~ mol I™").

Refinement of protometric curves using the soft-
ware PROTAF [16] were then monitored to select a
chemical model and to determine the global formation
constants of the main soluble complexes. Structural
investigation by ESR spectroscopy and mass ionisation
electrospray are in progress in order to check the valid-
ity of our hypothesis. The complete study will be
described in a forthcoming full paper. Our preliminary
results will be used to compare the chelating ability of
the three tartramides towards copper (II) with the ones
of tartaric acid itself.

In Fig. 2, we plotted the molar fraction (on a loga-
rithmic scale) of the free metal cations as a function of
pH, for a given ligand/metal ratio, for the three tartra-
mides and tartaric acid. Computation was done with
the software HYSS 2 [17], using the stability constants
and taking into account the hydroxo species CuOH*
and Cu,OH,*". The stability constants for copper (II)-
tartaric acid were available in the compilation Critical
Stability Constants [18]. Such a plot shows clearly the
dramatic difference in stability between the complexes
formed with the four ligands. In the case of tartaric
acid, chelation occurs and is more efficient at lower pH
than for two functionalized tartramides (Y = OMe,
NMe,). An increase of pH leads to the opposite trend,

indeed the fraction of free metal ions is lower at alka-
line pH for two functionalized tartramides (Y = NMe,,
2-pyridyl) than for tartaric acid. This opposite trend is
attributed to the formation of a chelate between the
heteroatom of the substituent Y and the deprotonated
nitrogen atom of the amidic moieties. The deprotona-
tion of amidic groups occurs at neutral or alkaline pH.
The chelating ability of functionalized tartramides de-
creases in the order:

TAR-CH,-2-pyridyl > TAR—(CH,);—N(CHs),

> TAR—-(CH,),~OMe

with TAR = -NH-CO-CHOH-CHOH-CO-NH-.
The better complexing ability of the pyridinium

groups compared to N-dimethylamino ones is related

to the ease of copper (II) ions to compete with protons

bound on pyridinium groups, as well as to the forma-
tion of the five-membered chelated ring species.

3. Conclusion
The potentiality of some new functionalized tartra-

mides as chelating agents towards metallic ions was
investigated. Functionalized tartramides were synthe-
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sized from tartaric acid in one step under ‘green condi-
tions’. Our preliminary results concerning the interac-
tions between these ligands and copper (II) show that
tartramides are able to bind strongly metal ions at
neutral or alkaline media, especially. The chelating
potentialities of the tartramides can be useful in appli-
cations that require selective complexation of metallic
ions such as several cleaning-up processes of industrial
effluents [19,20,21,22].
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