Statistical analysis of C—H--:N hydrogen bonds in the solid state: there arereal
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A survey of the Cambridge Structural Database reveals
hundreds of C-H--N contacts which are significantly
shorter (<2.45 A) than the sum of the van der Waals radii
(2.75 A), effectively refuting recent claims to the contrary
and supporting the description of this interaction as a
hydrogen bond.

The nature of nonbonded C-H--:N interactions has been called
into question in the form of a recent publication which has
appeared in this Journal.X Based on a self-declared ‘ superficia
check of the literature’, the authors of this work manage to
discredit certain observations of C-H--N hydrogen bonds,
while at the same time putting forward their own example of an
apparently uncommon and authentic case of this phenomenon.
A more thorough search however indicates that the published
structure is not extraordinary, rather only one among nearly a
thousand such cases.

We were first alerted to problems with the aforementioned
paper by simple comparison with some of our own work. The
authors make two major assertions, that: (i) ‘in most, if not all,
of the previously claimed examples of C-H--N “hydrogen
bonds” the contact is little (or no) different from that expected
for an ordinary, classic van der Waals contact,” and (ii) the
C-H--N distance in Co(dpa), ‘is among the shortest of the
CH--Y,Y = N or Odistances . The Co(dpa), complex has a
C-H--N distance of 2.44 A and C-H-N angle of 177°.1 By way
of comparison, the triazine—2Br, complex2 has a C—H-N
distance of 2.42 A and a C-H-N angle of 180°, and, indeed,
even this is not a particularly remarkable example of such
nonbonded contact when the literature on the matter is properly
consulted. A dtatistical analysis of the problem using the
Cambridge Structural Database3 currently indicates no lessthan
967 observations of intermolecular C—H--N contact with
distances (r) less than 2.45 A and C-H-N angles () between
120 and 180°, as identified using the query dialogue within
QUEST3D3 represented in Fig. 1. Histogramsfor both variables
r and o are illustrated in Figs. 2 and 3. The mean C-H--N
separation within the sample taken is 2.38 A4 effectively
disputing point (ii). Y et another claim, that ‘the angles at the H
atom are well below (often far below) 180°'* isaso called into
question by the datain Fig. 3, which show that over 100 entries
have C—H—N angles between 170 and 180°. In fact, the mean o
value of 155° isnot far off that for classic N-H---O interactions,
which is 161°.5

Another difficulty with such a sweeping statement as (i)
above is that it entirely ignores the fact that C—H bonds can
under some circumstances be as polar as a hydroxy group,
whose capacity to participate in hydrogen bonding is not in
guestion. A good example of an interaction involving an acidic
CH is seen in the crown ether 1-nitromethane complex®
(Fig. 4) with its C-H--N distance of 2.21 A and C-H-N angle
of 178°.

Fig. 1 The QUEST3D query, with conditionsr < 2.45A and 120 < o <
180°

An entirely systematic study of this phenomenon would
involve sampling the nearest neighbour contacts for every
(CH atom in every structure containing C, H and N and
demonstrating that the proportion of close approaches to
nitrogen is statistically greater than the stoichiometric content of
N in the database. In consideration of the number of structures
involved this is clearly not practicable. However, in ground-
breaking work, Taylor and Kennard,” using a small but
representative subset of the databse (relevant neutron diffrac-
tion structures), were able to show that ‘counterintuitive
C—H:-C and C-H--H close contacts are comparatively rare,8
and one could reason that the profusion of short C—H--N
distances strongly implies atendency for (C-)H to interact with
nitrogen in preference to non-H-bond acceptors. Because such a
strong case for C-H--O hydrogen bonding has already been
made,82 it islogically contentious to challenge the existence of
C—H--N hydrogen bonds, since N is generally a more effective
hydrogen acceptor than O.1° Thus, although it is not possible to
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Fig. 4 Crystal structure of the 1-MeNO, complex (ref. 6). The C—H--N
distance (2.21 A, dashed line) is actually shorter than the C—H---O distances
(2.39 and 2.44 A, dotted lines).

deliberate over the precise nature of these contacts without
individually examining the many hundred occurrences of
C—H-N relationshipsin the literature, the fact that such alarge
number are significantly shorter than the 2.75 A sum of the van
der Waals radiil! indicates that the distinction between the
classical van der Waal sinteraction and the hydrogen bond is not
necessarily being ‘blurred’,l at least not when al of the
available data are taken into consideration.
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