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Abstract
The synthesis and characterization of new 2,2'-bipyridine ligands bearing two phosphonic acid groups either on
the (4,4°), (5,5') or (6,6") positions are described. © 1998 Elsevier Science Ltd. All rights reserved.
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There has been a continuing interest in 2,2'-bipyridine compounds mainly due to their rich coordination
chemistry. Indeed, complexation of bipyridine derivatives affords compounds suitable for various applications
ranging from metallo-supramolecular chemistry [1], to conversion of light into chemical energy [2], catalysis [3],
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organic-inorganic materials, such as zirconium phosphonaies, or solid surfaces such as semi-conductor metal
oxides, is an important step in the development of molecular-level devices.

Phosphonic acids are well known to react with all transition metal cations and with lots of metal oxides
[6]. In some cases, with metals such as AL, Galll or Zr1V, TilV, the metal-O3PR bonds are very stable even in
severe media such as oxidative, reductive, acid or basic conditions.

Recently we embarked on a program aimed at immobilizing 2,2'-bipyridine moieties into metal

phosphonate frameworks which may find applications in supported homogeneous catalysis and photo-induced

the resulting metal
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phosphonates [7]. It was thus of interest to synthesize a series of new 2,2'-bipyridines which bear two PO3H?2

substituents, either directly bonded to the bipyridyl core (1a, 1b) or separated by a C(O)NHC3Hg spacer (Zh,
20).
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1a;: 4,4': Z = PO;H,; 2b: 5,5": Z =C(O)NHC,H,PO;H,
1b: 5,5': Z= PO3H2; 2c: 6,6‘: Z =C(0)NHC3H6P03H2

During the course of this work, Gritzel and co-workers [8] rcported the preparauon of 4-
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catalysed by Pd(PPh3)4, following the methodology developed by Hirao {9].

In our laboratory, several attempts to prepare bipyridines 6 and 7, from the corresponding dibromo- [10]
or diiodobipyridines [11], have been examined. First, we have tried the dilithiation of the 2,2'-bipyridyl moiety
from 3-5 and subsequent treatment with diethylchlorophosphate, but this procedure was unsuccessful. Then, we
have applied to dihalo-bipyridines 3-5 Hirao's conditions [9] and those modified by Gritzel for the
phosphonation of terpyridine [8], but both failed to provide the desired phosphonates §-7. The strong

coordination ability of bipyridine is probably responsible of that failure. Indeed, bipyridine might compete with
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% and 87 % yield respectively [12]. Although a large amount of triphenylphosphine is required, this latter is
easily separated by chromatography and almost completly recycled.

X\ X Et,0,P PO;Et, H,0,;P IP03H2
/\w/\ i NN i NN
N N =N N=/ iii \=N N=/
3:X=44-Br 6 : 4,4-POsEr, la: 4,4-PO;H,
4:X=55-Br 7 : 5,5-PO4Et, 1b: 5,5-PO;H,
§:X=551
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Conditions : i) HPO;Ety, Pd(PPh3),, PPhs, toluene, 110 °C (85%);
i) Me;SiBr, CH,Cly, RT ; iii) MeOH, RT (quant.)

The phosphonate groups were then converted into their acidic form under mild conditions using the Mc
Kenna's method [13]. Thus, reacting ¢ and 7 in dry dichloromethane with 10 cquwalems of

in quantitative yield.

Compounds 2b and 2¢ were prepared from the corresponding 2,2'-bipyridine-5,5'-bismethyl derivatives
8-9 [14]. The methyl substituents were oxidized to carboxylic acid groups, then converted to acylchlorides and
subsequently coupled to diethyl 3-aminopropylphosphonate [15]. After hydrolysis following the Mc Kenna's
procedure [13], 2b and 2¢ were isolated in quantitative yield.
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8:5,5-CH, 10: 5,5-C(O)Cl 2b : 5,5-C(O)NHC;HPO3H,

9:6,6'-CH; 11:6,6'-C(O)Cl1 2¢: 6,6'-C(O)NHC;HPOsH,

Conditions : i) CrO5-H,S0, (70%); (ii) SOC; (quant.);
(iii) H,NC3HPO,Et,, NEty, CH,Cl, (90%);
iv) MeaSiBr, CH,Cl, RT; then MeOH, RT (quant.)
In conclusion, we have presented an efficient and good yield method to prepare multi-gram quantities of

four new 2,2’-bipyridine-based bis(phosphonic) acids.

The preparation of metal-phosphonate materials from these phosphonic acids is now under investigation in
our laboratory, and preliminary experiments show that these ligands can be efficiently heterogenized. For
example, when 2¢ was reacted with aluminum nitrate in water (85°C, 4 days), in neutral pH conditions, the
corresponding aluminium phosphonate Al4/3(03PC3HeNHCO-CsH3N-CsH3N-CONHC3HgPO3). 4H20 (A)
was obtained; the 13C CP-MAS NMR spectrum recorded for this material show that no degradation of the
organic moiety occurs during the immobilization step [16]. On the other hand, the 31P and 27A1 MAS NMR data

give evidence that aluminium selecnvely reacts with the phosphonic acid groups, with no coordination with the
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those classically observed in aluminium alkylphosphonates [17].
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