
X-ray diffraction study on 2,6-dimethylpyridinium hydro-
gen fumarate reveals that the same site of O–(sp3) is confined
by hydrogen bonds not only of N+–H⋅⋅⋅O–, but also those of
C(sp3)–H⋅⋅⋅O and C(sp2)–H⋅⋅⋅O.

Since reports of separate case of C(sp3)–H⋅⋅⋅O and
C(sp2)–H⋅⋅⋅O hydrogen bonds are accelerated, it come to be
known that they play important roles in supramolecular pack-
ing.  However, objections to the existence of such hydrogen
bond are still present in resent journal.1 Normal hydrogen
bonds such as N+–H⋅⋅⋅O– are frequently observed in various
salts,2,3 and C(sp2)–H⋅⋅⋅O hydrogen bonds are observed in some
cases to appear with those normal ones.4,5 However,
C(sp3)–H⋅⋅⋅O hydrogen bonds, which have been found in
dimethyl oxalate6 and in acetamide–barbital adduct7 previously,
are not so often discussed.  At present, the structure of the title
salt has been determined by X-ray diffraction, and it is observed
that three kinds of hydrogen bonds such as N+–H⋅⋅⋅O–(sp3),
C(sp3)–H⋅⋅⋅O and C(sp2)–H⋅⋅⋅O are involved concurrently in the
same site of O–(sp3).  Of interesting is that extra energy con-
sumed for the unique conformation of the title salt is compen-
sated by C(sp3)–H⋅⋅⋅O and C(sp2)–H⋅⋅⋅O.

A single crystal used on the diffractometer for X-ray data
collection was obtained in the following procedure.  Being
heated to a threshold temperature, the mixture of fumaric acid
(FA) and 2,6-dimethylpyridine (DMP) in the molar ratios of 1:2
was solved.  Crystals of the title salt were formed in the result-
ing solutions by standing overnight at 20 °C.  The structure8 of
the title salt was solved by direct methods SHELXS-97, and
expanded using Fourier techniques.  The non-hydrogen atoms
were refined anisotropically.  While the hydrogen atoms
involved in hydrogen bonding were deduced from difference
Fourier maps, the others were placed in calculated positions.

Figure 1 shows the unit of FA and DMP with atom labels.
The FA entity is linked with DMP by intermolecular hydrogen
bond of [N⋅⋅⋅O (2) 2.619(2) Å, H(0)⋅⋅⋅O(2) 1.77 Å, N–H(0)
⋅⋅⋅O(2) 166.9°] to result the title salt.  And, by intermolecular
hydrogen bond of [O(3)⋅⋅⋅O(1) (x, y, 1+z) 2.5527(18) Å, H(3)
⋅⋅⋅O(1) 1.75 Å, O(3)–H(3)⋅⋅⋅O(1) 166.2° ], the cell unit of FA
and DMP is linked with each other.

Figure 2 shows the packing of cell unit viewed down along
c axis.  The O(2) atoms are confined by hydrogen bonds of
[C(1)⋅⋅⋅O(2) (x, –y+3/2, z+1/2) 3.248(3) Å, H(1A)⋅⋅⋅O(2) 2.42
Å, C(1)–H(1A)⋅⋅⋅O(2) 143.9°] and [C(9)⋅⋅⋅O(2) (x, –y+3/2,
z+1/2) 3.415(2) Å, H(9)⋅⋅⋅O(2) 2.51 Å, C(9)–H(9)⋅⋅⋅O(2)
163.6°].  Thus, all the unshared lone pair electron of the O(2)
atoms, and the hydrogen atom originally attaching to O(2) are
involved in hydrogen bonding.  In addition, other hydrogen

bonds of C(sp3)–H⋅⋅⋅O, and C(sp2)–H⋅⋅⋅O, i.e., [C(7)⋅⋅⋅O(1) (–x,
2–y, –z) 3.286(3) Å, H(7C)⋅⋅⋅O(1) 2.52 Å, C(7)–H(7C)⋅⋅⋅O(1)
137.0°] and [C(10)⋅⋅⋅O(4) (1–x, 2–y, 1–z) 3.568(3) Å,
H(10)⋅⋅⋅O(4) 2.68 Å, C(10)–H(10)⋅⋅⋅O(4) 160.3°] are observed
in the title salt.
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Among the known structure of carboxylic acid with chain,
there exist two types of conformers, the syn-planar and the anti-
planar, as shown in followings.

In the title salt, the syn-planar and the anti-planar conformer for
C(8)–C(9)–C(10)=O(1) and C(9)–C(10)–C(11)=O(4) concur
respectively.  Survey of several carboxylic acid shows that,
while saturated acid and α,β-unsaturated esters always show the
syn-planar conformation, the situation is not so clear for the
case of α,β-unsaturated acid.4 The anti-planar is always sta-
blized because of lateral C–H⋅⋅⋅O hydrogen bond, for example
as α-trans-cinnamic acid4 the C⋅⋅⋅O distance is of 3.66 Å. In the
title salt, the antiplanar motif C(9)–C(10)–C(11)=O(4) is sta-
blized by hydrogen bond of C(10)–H(10)⋅⋅⋅O(4).

Carboxylic groups may appear in two forms: syn-planar
and anti-planar.

While carboxylic group of O(4)=C–O(3)–H adopts a syn-planar
comformer, that of O(1)=C–O(2)–H demonstrate an anti-planar
comformer.  According to experimental9 and theoretical
results10, the syn-planar is at least 2 kcal/mol more stable than
the anti-planar.  Theoretical calculation has been published for
weakly polarized C–H groups, estimating C–H⋅⋅⋅O hydrogen
bond energy to be around 0.5 to 1 kcal/mol.11 In the title salt,
the extra energy consumed for the anti-planar O(1)=C–O(2)–H
is offset by hydrogen bond of C(1)–H(1A) ⋅ ⋅ ⋅O(2) and
C(9)–H(9)⋅⋅⋅O(2).

The average C–O distances of carboxylic groups that form
intermolecular hydrogen bonds are given by Borthwiek12 as
1.32(2) Å for the hydroxy C–OH, and 1.21(3) Å for the carbonyl
C=O bond.  The bond length of O(4)–C(11) [1.200(2) Å ],
O(3)–C(11) [1.299(2) Å] fall in the category of the normal
COOH group.

The average C–O distance in the carboxylate anion is
reported12 as 1.25Å.  In comparison by bond length of the nor-
mal carboxylate anion, while, the distance of O(1)–C(8)
[1.249(2)Å] falls in the normal one, that of O(2)–C(8)
[1.263(2)Å] is a little larger than the normal one, indicating a
carboxylate motif with slight deviation.  The deprotonation of
O(1)–C(8)–O(2) results a group as a whole with extra electron,
deloctation of which favors the formation of C(10)–H(10)⋅⋅⋅O(4)
and C(9)–H(9)⋅⋅⋅O(2) hydrogen bonding.

The C–N–C angle of pyridines is very sensitive to protona-
tion.13,14 In the title salt, protonation of the heterocycle is indi-
cated by the enlarged angle of C(2)–N–C(6) [123.92(17)°], and
the reduced angle of N–C(2)–C(3) [117.82(19)°] and

N–C(2)–C(1) [117.76(18)°].  In comparison of the geometry of
DMP in the title salt and that of unprotonated DMP15 in the 1:1
adduct of DMP and urea, the angle of C(10)–N(1)–C(14) is
enlarged by 3.92°, consequently, the angle of N–C(2)–C(3) and
N–C(2)–C(1) reduced by 2.24° respectively.  These deviations
are the indication of protonated DMP.  Theoretical studies had
revealed that the protonation of pyridine result more acidic of
C–H group.16,17 To same extension, it may account for the for-
mation of hydrogen bonds of C(1)–H(1A) ⋅⋅⋅O(2) and
C(7)–H(7C)⋅⋅⋅O(1) in this case.

The carboxylate group of O(1)–C(8)–O(2) and the ring of
pyridinium cation are not coplanar, but are skewed at a dihedral
angle of 96.4°.  As shown by the torsion angles of
C(9)–C(10)–C(11)–O(3) [8.0(3)°] and O(1)–C(8)–C(9)–C(10)
[25.8(3)°], the FA shown in the title salt is not coplanar.
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