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This communication presents the synthesis and the characterization of new organic molecules bearing
up to three N-phenyl-oxalamic acid ethyl esters. The syntheses are based on Sonogashira-type
cross-coupling reactions with preformed oxalamic ester intermediate building blocks. The short syn-
thetic pathways lead easily to valuable potential oxamato-bridging ligands with overall interesting
yields.
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During the last decades, a growing interest for polymeric coor-
dination networks motivated the scientific community. Applica-
tions of three-dimensional metal-organic frameworks (MOFs) are
numerous. For example, gas storage materials1 or molecule-based
magnets2 have been reported. Coordination polymers of lower
dimentionality are also of interest.3 The controlled design of new
scaffolds is the focus of many research.4

Up to now, thousands of coordination polymers have been
reported. Nevertheless, the design and synthesis of new bridging
organic molecules remain a challenging task for the improvement
of the final materials. Various ditopic ligands have been prepared.
Their coordination chemistry has been well documented in the lit-
erature.5 Stepwise introduction of different metals, a so called
‘complex as ligand’ or ‘expanded ligand’ approach, is probably a
key step for the construction of heterometallic scaffolds.6 This
opportunity is interesting for magnetic properties regarding the
ability of ligands to propagate spin alignment.7

Magnetic exchange interactions can be strong with ligands
having one or two bridging atoms, as shown for example in cya-
no-bridged frameworks.8 However, the structural variety is rather
limited. A much larger diversity is offered by conjugated systems
having three or more bridging atoms. This higher modulation is
profitable for structure–property correlations.9 Furthermore, addi-
tional variations allow the design of unique polydentate/polytopic
ligands. Among several interesting diamagnetic-bridging ligands,
the oxamato group attracted our attention. As reported in the liter-
ature, it combines several advantages for building multidimen-
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).
sional scaffolds with magnetic properties, like the easy synthesis
and the good solubility of the corresponding precursor.10

Herein, we report the synthesis and characterization of new
organic building blocks containing up to three N-phenyl-oxalamic
acid ethyl ester groups (Fig. 1). Such ethyl esters of oxalamic acids
can be used in situ for the preparation of oxamato-bridged metal
complexes.

We present in this communication the use of iodo- and ethynyl-
functionalized phenyl-oxalamic esters as reactants in a Sonogash-
ira-type cross-coupling reaction. This enables the direct synthesis
Figure 1. Drawing of the target mono-, bis- and tris-ditopic proligands.

http://dx.doi.org/10.1016/j.tetlet.2010.07.117
mailto:christophe.stroh@kit.edu
http://dx.doi.org/10.1016/j.tetlet.2010.07.117
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Scheme 1. Synthesis of the mono oxalamic acid ethyl ester 1.

Scheme 2. General reaction scheme for the introduction of an oxamate functional
group.
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of the target molecule without the handling of amine intermedi-
ates, and/or additional protection–deprotection steps often re-
quired for the synthesis of larger molecules.

In a first step, we focused on the target compound N-(4-phenyl-
ethynyl-phenyl)-oxalamic acid ethyl ester 1. The synthesis of the
N-(4-iodo-phenyl)-oxalamic acid ethyl ester intermediate 5 in
88% yield was adapted from the literature (Scheme 1).11 This
iodo-derivative has already been synthesized in a different way,
but no full characterization has been reported.12 The second step
could be performed in standard conditions using PdCl2(PPh3)2 cat-
alyst and CuI as co-catalyst. The compound 1 could be obtained in
76% yield after column chromatography.13

To prepare the bis- and tris-functionalized ligands 214 and 315,
we used the intermediate building blocks bearing terminal triple
bonds. In a first step, we synthesized the ethynyl-building blocks
bearing an oxalamic ester group in meta-position (7) or para-posi-
tion (9) in a standard way (Scheme 2). This reaction has been done
in THF/NEt3 at 50 �C or rt using the corresponding commercially
available ethynyl–aniline derivatives 6 and 8.16

The ammonium salt has been removed by filtration before the
purification of the desired products by column chromatography
on SiO2. The 1H and 13C NMR spectra are in agreement with the
connected amide and ester functional groups of the oxalamic ester
for both compounds 7 and 9. The IR spectra also show the presence
of two bands attributed to the two different C@O bonds of such a
motif.17 Interestingly, the yields for the preparation of these pre-
cursors 7 and 9 are high (97% and 93%, respectively).

In a second step, a Sonogashira-type cross-coupling reaction be-
tween 2 equiv of the ethynyl compound 7 and 1,2-diiodobenzene 10
afforded the bis-N-phenyl-oxalamic acid ethyl ester 2 (Scheme 3).
Scheme 3. Synthesis of c
A careful purification by column chromatography on SiO2 affor-
ded this pincer-type proligand. N-(3-{2-[3-(ethoxyoxalyl-amino)-
phenylethynyl]-phenylethynyl}-phenyl)-oxalamic acid ethyl ester
2 has been characterized by 1H NMR, 13C NMR, and IR spectrosco-
pies, mass spectrometry, and elemental analysis.

A Sonogashira-type cross-coupling reaction between an excess
of the ethynyl compound 9 and butoxy-2,4,6-triiodobenzene 1118

allowed the synthesis of N-(4-{4-butoxy-3,5-bis-[4-(ethoxyoxal-
yl-amino)-phenylethynyl]-phenylethynyl}-phenyl)-oxalamic acid
ethyl ester 3. The good solubility of the compound provided by
the butoxyl group allowed purification by column chromatogra-
phy. While the 1H NMR spectrum is easily analyzed, the 13C NMR
is more complex due to the butoxyl fragment, and the C2 symme-
try along the 1,4-carbon atoms of the central phenyl ring. As a con-
sequence of the presence of this butoxyl fragment, two sets of
ethynyl-phenyl-oxalamic esters are distinguished. For instance,
four signals ranging between 85.0 and 93.7 ppm are attributed to
the 2 equiv ethynyl fragments in ortho-position of the butoxyl
and to the non-equivalent para-ethynyl fragment. The aromatic
rings and the splittings of some signals are in keeping with the
structure. Two carbonyl signals of the amide groups are clearly
observed but only a broad peak for the ester carbon atoms is seen.
This can be reasonably attributed to the overlapping of two close
signals. Our interpretation is supported by the 1H NMR spectrum,
where the chemical shifts for the two non-equivalent amide
protons are different for the same reason. The identity of the mol-
ecule is further confirmed by mass spectrometry and its purity by
elemental analysis.

In conclusion, using a standard Sonogashira-type cross-cou-
pling reaction, we could easily synthesize various scaffolds with
up to three oxalamic ester groups as potential proligands. While
the yields for the final steps are moderate, the short synthetic path-
ways to get the desired ligand precursors are attractive. The syn-
thesis of poly-functionalized organic scaffolds is now under way.
ompounds 2 and 3.
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