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Abstract

The crystal structures of novel 3,4-disubstituted-5-pyridinyl-isoxazoles, such as 3-methyl-4-phenyl-5-
pyridinyl-isoxazole (1), 4-methyl-3-phenyl-5-pyridinyl-isoxazole (2) and 3,4-diphenyl-5-pyridinyl-isoxazole
(3), are governed by signi®cant CH...N interactions. # 2000 Elsevier Science Ltd. All rights reserved.

Although it is now well-recognized that C±H groups can act as weak hydrogen bond donors
and particularly the hydrogen±bond nature of the CH...O contacts found in molecular crystals
has been well-established,1 the nature of the CH...N interactions is still a subject of controversy.2

Taylor and Kennard already suggested in 1982 that some short CH...N interactions should be
similar to the CH...O type, that is, hydrogen bond-like.3 Establishing the limits between `true'
hydrogen bonds and classical van der Waals contacts for weak CH...Y (Y=O, N, Cl) interactions
is a subject of current interest and active research.
In this contribution the potential of CH...N interactions in determining the crystal structures of

3-methyl-4-phenyl-5-pyridin-40-yl-isoxazole (1), 4-methyl-3-phenyl-5-pyridin-40-yl-isoxazole (2)
and 3,4-diphenyl-5-pyridin-40-yl-isoxazole (3) is presented. Compounds 1±3 provide new examples
for solid state structures, in which the CH...N interactions are not only important as secondary
interactions, but in which they play a dominant role (besides aryl±aryl interactions) in determining
the crystal packing. Additionally, the synthesis of new isoxazole derivatives is important owing
to the potential biological activity and pharmaceutical or agricultural applications of these
compounds.4a
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Isoxazoles 1±35 were obtained in almost quantitative yields by cyclization of 3-phenyl-4-(pyridin-
40-yl)-3-buten-2-on-oxime, 2-methyl-1-phenyl-3-(pyridin-40-yl)-2-propen-1-on-oxime, and 1,2-di-
phenyl-3-(pyridin-40-yl)-2-propen-1-on-oxime in the presence of silica gel and chloroform as solvent
at room temperature. The starting pyridinyl-a,b-unsaturated ketoximes were prepared as described
in Ref. 2c,d and 6. Compounds 1±3 can also be prepared by the known method involving cycli-
zation of a,b-unsaturated ketoximes by heating in ethanol in the presence of sodium hydroxide as
base;4b however, with lower yields. Crystals of 1±3 were obtained by slow evaporation of the
solvent from ethanol solutions. X-ray crystallography 7 established that the crystal structures are
governed by short C±H...N interactions. The molecules of 1 and 2 involve both C(sp2)±H and
C(sp3)±H donors. Contrary, 3 involves only C(sp2)±H donor groups. The potential acceptors for
hydrogen bonds in all these compounds are the pyridine nitrogen, isoxazole nitrogen and iso-
xazole oxygen atoms. In all cases, the pyridine nitrogen atom participates in C±H...N interactions
with H...N distances between 2.41±2.62 AÊ and C±H...N angles in the range of 133±161�. Addi-
tionally, the molecules in the crystal structure of 1 and 3 are held together by C±H...N-isoxazole
interactions with H...N separations of 2.53±2.67 AÊ and C±H...N angles varying between 145±
164�. In all these C±H...N contacts the distance between the proton and the acceptor atom are
shorter than the sum of their van der Waals radii (2.75 AÊ ). Both the relatively large angles at the
hydrogen atom and the short H...N separations indicate the hydrogen bond nature of these
CH...N interactions.
The characteristic feature of the crystal structures of 1 and 2 is the participation of the sub-

stituent in 3 position (methyl and phenyl, respectively) in C±H...N hydrogen bonds with the
pyridine nitrogen atom of the adjacent molecule (Fig. 1a and 2). The C(sp3)±H...N-pyr distances
between the methyl hydrogen and the pyridine nitrogen of the neighbours in the crystal structure
of 1 are 2.41 AÊ (C...N 3.45 AÊ , C±H...N angle 161�, Fig. 1a). These hydrogen-bonded chains are
linked with the chains from the other layer by C(sp2)±H...N-isoxazole hydrogen bonds as shown
in Fig. 1b (H...N 2.53 AÊ , C...N 3.58 AÊ , C±H...N angle 164�).
The molecules of 2 are arranged in in®nite hydrogen-bonded chains with C(sp2)±H...N-pyr

distances of 2.62 AÊ (C...N 3.44 AÊ , C±H...N angle 133�). The molecules of 2 adopt a head-to-tail
orientation (Fig. 2). The isoxazole nitrogen atom of 2 participates only in longer CH...N inter-
actions varing from 2.81 to 2.93 AÊ (C...N 3.65 AÊ , CH...N angles 125±135�).
The crystal structure of 3 is characterized by the hydrogen bonding motif involving both the

C(sp2)±H...N-pyr and the C(sp2)±H...N-isoxazole bonds shown in Fig. 3. The C(sp2)±H...N-pyr
distances are 2.62 AÊ (C...N 3.60 AÊ , C±H...N angle 150�) and the C(sp2)±H...N-isoxazole distances
amount to 2.67 AÊ (C...N 3.61 AÊ , C±H...N angle 145�).
The crystal structures of 1±3 also show some other common features. The isoxazole oxygen

atoms of 1±3 have the tendency to participate in C±H...O contacts with longer H...O separation
of 2.80±2.90 AÊ and relatively low angles at the hydrogen atom (CH...O angle 124±129�). The
pyridine and the phenyl rings adopt the edge-to-face and o�set face-to-face orientations.
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Figure 1. The C(sp3)±H...N-pyr (a), and C(sp2)±H...N-isoxazole (b) hydrogen bonds in the crystal structure of 1

Figure 2. CH...N hydrogen-bonded chains in the crystal of 2
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The analysis of the crystal structures of pyridinyl±isoxazoles provides an interesting contribution
to the discussion about weak hydrogen bonds and to a better understanding of molecular recog-
nition phenomena.
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