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Reaction of a molecular Co(II) maleate, [Co(Hmal)2(H2O)4],
with pyridine yields a Co(II) fumarate, [Co(fum)(H2O)4], with
a chain structure and a chiral pyridylsuccinic acid zwitter
ion, −OOC–CH(N+C5H5)–CH2–COOH, in almost quantita-
tive yields, while the reaction of 4,4′-bipyridine (bipy) with the
Co(II) maleate, on the other hand, almost quantitatively gen-
erates a polylmeric Co(II) maleate, [Co(mal)(bipy)]n·(n/2)H2O
along with the adduct of fumaric acid with bipyridine.

Isomeric maleic and fumaric acids have been used as bridging
ligands in generating metal–organic coordination polymers with
diverse and interesting structural features.1–2 Several metal deriva-
tives of these dicarboxylic acids possessing interesting structures
with or without any auxiliary ligands have been described in
the literature.3–17 In the absence of other strongly coordinating
multidentate ligands, metal(II) fumarates tend to form linear or
zig-zag polymeric chain structures with the trans carboxylate
functions acting as the bridging units.1 Metal(II) maleates do not
form such one-dimensional structures because of the sterically
crowded disposition of the carboxyl groups. While working with
metal maleates (mal) and fumarates (fum), we have encountered
two types of cobalt(II) maleates, [Co(mal)(H2O)2]·H2O, 1, and
[Co(Hmal)2(H2O)4], 2 whose structures are known.16 The violet-
coloured compound 1 containing the dianionic maleate ion (mal2−)
with a metal : maleate ratio of 1 : 1, has a three-dimensional
structure, with the carboxylate moiety acting as the bridging unit
between Co(II) ions. 2 is a molecular compound with the maleate
in the mono-deprotonated form (malH1−) and a metal : maleate
ratio of 1 : 2 (Fig. 1). Molecular compounds and coordination
polymers based on 1 involving Lewis bases are known.18 Thus,
with pyridine 1 forms a simple adduct. However, there are no
reports on the reaction of 2 with pyridine or other Lewis bases. We
have found an unexpected transformation wherein 2, on reaction
with pyridine, yields a linear chain cobalt(II) fumarate along with a
chiral pyridylsuccinic acid zwitter ion. On carrying out the reaction
of 2 with 4,4′-bipyridne (bipy), we do not observe the formation of
a chiral zwitter ion analogue or the transformation of the cobalt(II)
maleate to the cobalt fumarate. Instead, we obtain the adduct of
fumaric acid with bipyridine and a polymeric cobalt(II) maleate.
We describe these unusual transformations in this communication.
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Fig. 1 The extended 3-dimensional structure of 1 (a) and that of the
molecular compound 2 (b).

Reaction of 2 with pyridine yields a pink coloured cobalt(II)
compound 3 and a colourless organic compound 4 in nearly
quantitative yields.‡

3, with the composition [Co(C4H2O4)(H2O)4], has an asymmet-
ric unit containing 13 non-hydrogen atoms. The structure of 3
comprises a one-dimensional chain formed by fumarate units
(Fig. 2).§†

Clearly, the maleate in 2 transforms completely to the fumarate
on reaction with pyridine. The Co(II) ion in 3 is coordinated by
four different water molecules which form a plane of a distorted
CoO6 octahedron. The remaining two oxygens situated in the
opposite corners of the octahedron are from two monodentate
fumarate units. The fumarate units link the two CoO6 octahe-
dral units giving rise to the infinite one-dimensional structure. The
structure of 3 is stabilized by both intra- and inter-chain hydrogen
bonding interactions among the coordinated water molecules or
between the water and the carboxylate ions. The Co–O bond
distances in 3 are in the range 2.084(2)–2.133(2) Å. The other
product we could isolate from the reaction of pyridine with 2 was a
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Fig. 2 The molecular structure of 3 showing linear 1-D arrangement (a)
and packing features (b).

colorless, water-soluble crystalline organic compound 4, analyzing
for the composition C9H9NO4.¶.

4 is not a pyridinium salt of maleate or fumarate but a zwitter
ion where the pyridine bonds to an olefinic carbon of maleic
acid (Fig. 3) as reported earlier.19 4 contains both carboxylate
ion and carboxylic acid functions. Besides being a zwitter ion
with a positive charge on the pyridinium nitrogen and a negative
charge on the carboxylate, group, it is chiral and occurs as racemic
mixture. The structure of 4 is stabilised by strong intermolecular
H-bonds between the free COOH group and the negatively
charged carboxylate oxygen. The O · · · O and H · · · O distances
are 2.5393(19) and 1.731(2) Å, respectively, and the O–H · · · O
angle is 168.3(2)◦.

Fig. 3 Molecular structure (a) and packing diagram (b) of 4, where the
hydrogen bonding pattern is highlighted.

Motivated by the above transformation of 2 on reaction with
pyridine, we thought of generating a dichiral product by reacting
4,4′-bipyridine (bipy) with 2 under similar conditions. Surprisingly,
no chiral product of the type 4 was obtained. Out of the two
products (5, 6) of this reaction*†, the metal-containing compound
was analyzed for [Co(C4H2O4)(C10H8N2)]·0.5H2O, 5, and found
to containing bipy along with a coordinated maleate and not a
fumarate moiety. The identity of 5 as a maleate was confirmed
by chemical analysis, FTIR and UV-visible spectra and powder
X-ray diffraction (PXRD) data. The structure of 5 appears to be
similar to that of the manganese compound reported by Shi et al.6

6 is the 1 : 1 adduct formed between 4,4′-bipyridine and fumaric
acid.20 The authenticity of 6 was confirmed by chemical analysis,
FTIR, 1HNMR and PXRD.

We had first carried out the above reaction by treating one
equivalent of 2 with 0.5 equivalent of bipy anticipating the
formation of the bi-zwitter ion and cobalt(II) fumarate, 3. We
obtained 5 and 6 along with a major quantity (about 0.75
equivalent) of unreacted 2. On reacting 2 with twice its equivalent
of bipy the conversion of 2 was complete to yield 5 and 6
quantitatively.

In conclusion, we feel that the quantitative formation of the
chiral pyridyl succinic acid and the cobalt fumarate with a chain
structure by the reaction of pyridine with the cobalt(II) bis-maleate
2 is unusual in terms of the maleate to fumarate transformation
and also because of the formation of the chiral zwitter ion.
Such cis–trans transformation is not altogether common.20 The
formation of the chiral zwitter ion may be of significance owing
to the relevance of pyridinium zwitter ions in organic synthesis,
biological transformations and preparation of novel materials.21

The mechanism involved in the formation of chiral pyridinium
zwitter ion 4 and also maleate to fumarate conversion by
stoichiometric (1 : 1) reaction of pyridine on cobalt bis-maleate 2
would indeed be interesting and we feel that nucleophilic attack of
the Lewis base (pyridine) on one of the electron deficient olefinic
carbon atoms of the coordinated mono-maleate moiety could be
crucial step involved in this.22 We are currently looking at the
interaction of several substituted pyridines with 2 and hope to get
a better insight into this. Even though zwitter ions are generally
reactive species, 4 is stable and can be recrystallised from hot
aqueous solution. Attempts to resolve the racemic mixture to get
optically pure components and employing them for synthesis of
chiral derivatives are in progress. The reaction of 2 with bipy does
not yield chiral zwitter ion product but gives rise to a bipy–fumaric
acid adduct due to the cis to trans conversion of maleic acid to
fumaric acid. Unlike in the reaction with pyridine, the metal–
maleate does not transform to the metal–fumarate in this case.
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Notes and references

‡ 2 was prepared by reacting CoCl2·6H2O (0.238 g, 1.0 mmol) with a
solution of maleic acid (0.174 g, 1.5 mmol) in water and adjusting the
pH to around 7.0 by the slow addition of dilute NaOH. When a clear
solution so obtained was kept for 4 days reddish pink prismatic crystals
of 2 were obtained in good yield. The powder diffraction pattern agreed
with that generated from the known crystal structure.16 After removing
the crystals of 2, the solution was further concentrated and kept for two
more days when violet crystals of 1 were obtained in moderate yield.
The sparingly soluble 1 when interacted with pyridine formed a pyridine
adduct in solution but no solid product could be isolated. On the other
hand, when we reacted 2 with pyridine in aqueous solution, two crystalline
products 3 and 4 could be isolated in almost quantitative yields (92 and 94%
respectively). Compound 4 initially separates out as colourless crystals,
which are filtered out. The coloured solution obtained after removing
4 was evaporated to get a pink crystalline powder of 3 which was then
recrystallised to get pink crystals of the compound.
§ Elemental analysis of 3 (%), calculated for Co(C4H10O8) (245.05): C
19.59, H 4.1, found C 19.8, H 4.2. IR spectrum (KBr pellet) gave broad
bands (in cm−1) in the region 3300–3500 (m(O–H), of H2O), 1558 vs (mas,O–
C=O) and 1392 vs (ms, O–C=O). UV-visible spectrum: m3 = 20100 cm−1,
m2 = 15810 cm−1 suggests Oh geometry. Thermogravimetry gave the first
stage of mass loss in the range 125–180 ◦C which indicated the loss of four
molecules of water. Crystallographic data for 3, Co(C4H10O8). M = 245.05,
monoclinic, space group P2(1)/c (no. 14), a = 7.5251(2), b = 14.4513(2),
c = 7.7358(2) Å b = 99.590(2)◦, V = 829.49(4) Å3, Z = 4, T = 293 K,
D(calc) = 1.962 g cm−3, l = 2.084 mm−1. Intensity data were collected
on a Siemen’s Smart-CCD diffractometer equipped with a normal focus,
2.4 kW sealed tube X-ray source (Mo Ka radiation, k = 0.71073 Å
operating at 40 kV and 40 mA. The structure was solved and refined
using the SHELXTL-PLUS suite of programs.23 There were 3369 measured
reflections of which 1179 reflections (Rint = 0.0282) were independent and
all are included in the refinement. R1 = 0.0246, wR2 = 0.0643 for 1087 ob-
served reflections with [I > 2r(I)], and R1 = 0.0262, wR2 = 0.0649, for all
data.
¶ Elemental analysis of 4 (%), calculated for C9H9NO4 (195.17): C 55.3,
H 4.61 and N 7.17, found C 54.9, H 4.7 and N 6.9. IR spectrum of 4,
showed in-plane and out-of-plane ring deformations of pyridine at 659
and 420 cm−1 respectively besides a band at 1686 cm−1 (free –COOH) and
mas(O–C=O) and ms(O–C=O) of the COO− at 1577 and 1338 cm−1. UV-vis
spectrum: sharp peak at 261 nm with a shoulder. 1HNMR data of 4: dH

(400 MHz, D2O) 3.22 (1H, dd, CH2), 3.35(1H, dd, CH2), 5.47 (1H, dd,
CH), 7.8 (2H, t, meta-H of pyridyl), 8.4 (1H, t, para-H of pyridyl), 8.73
(2H, d, ortho-H of pyridyl). The unusual downfield signals of the pyridine
ring show the presence of the pyridinium zwitter ion.
* An aqueous solution (10 mL) of 2 (1 mmol, 0.361 g) was refluxed with
a methanolic solution (10 mL) of 4,4′-bipyridine (2 mmol, 0.312 g). A
pink compound with a silky shining appearance was formed after a few
seconds. The mixture was refluxed for 24 h and filtered. The precipitated
pink compound 5 (yield 95%) was washed several times with water and
dried. The filtrate obtained after separating out 5 yielded colourless, thin,
needle shaped crystals of 6 after 2 days (yield 90%). Elemental analysis of
5 (%), calculated for CoC14H11N2O4.5 : C,49.71; H,3.25; N,8.28, found C,
49.04; H, 3.03; N, 8.19. IR (KBr disc; cm−1) 3425 [m(O–H)], 1558 [mas(O–
C=O)], 1416, 1392 [ms(O–C=O)], 1614,1431 and 1011 (coordinated bipy),
1045 [m(CN)]. TG analysis showed the presence of 0.5 equivalent of water of
crystallisation in 5. Elemental analysis of 6 (%), calculated for C14H12N2O4:
C, 61.76; H, 4.41; N, 10.29, found: C, 62.22; H,4.81; N, 10.22 IR (KBr
dusc, cm−1) 1701 (free COOH), 1581 and 1407 [mas(O–C=O) and ms(O–
C=O)], 1601,1431,1010 (bipy) and 1040 [m(CN)]. 1H NMR of compound
6: dH [300 MHz, D2O, 300 K] 8.86 (d, 4H ortho, bipy), 8.18 (d,4H meta,
bipy), 6.68 (s, 2H fumaric acid). 8.8 (d, 4H ortho, bipy), 8.1 (d,4H meta,
bipy), 6.5 (4H fumaric acid).
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