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Abstract—The co-crystal structures of 2-aminopyrimidine (APY) with diols have been analysed and poly-component hydrogen
bond arrangements have been found. In addition, a novel supramolecular synthon has been identified and rationalised in the
co-crystal structure of APY and 1,4-naphthalenedicarboxylic acid (NDA). © 2002 Elsevier Science Ltd. All rights reserved.

The role of hydrogen bonding in crystal engineering
and the creation of desired supramolecular structures is
well established.1–4 So-called strong hydrogen bonds,
such as O�H···O, N�H···O and O�H···N interactions,5

play a particularly important structure-directing role.
Furthermore, those supramolecular arrangements that
possess proportionally more strong hydrogen bonds are
likely to be favoured amongst possible alternative
arrangements. When designing supramolecular tapes
involving carboxylic acids and N-heterocycles, there-
fore, synthon I is likely to be preferred to synthon
II—synthon I creating two strong hydrogen bonds
whereas synthon II is composed of one weak (C�H···O)
and one strong hydrogen bond.

In the Cambridge Structural Database (CSD),6 22
structures have been reported to date for co-crystals
involving 2-aminopyrimidine (APY). Of these, 21
involve APY co-crystallised with molecules possessing
at least one carboxylic acid group and in each structure,
synthon I is observed.7 Thus, from the existing crystal-
lographic data, it is possible to predict with reasonable
confidence at least the local supramolecular arrange-
ment in carboxylic acid/APY co-crystals, i.e. interaction
via synthon I. Despite the abundance of carboxylic
acid/APY co-crystals within the CSD, there is little
information concerning the types of synthons or
supramolecular structures that APY will form with
other types of functional groups. Diols, for example,
are of interest from the viewpoint of crystal engineering
because they can be considered as being derived from
carboxylic acids with the carbonyl group (C�O) omit-

ted. The carbonyl group is clearly essential in the
formation of synthon I. In the absence of appropriate
crystal structures, a possible new synthon (synthon III),
which retains the original O�H···N interaction in syn-
thon I and creates a new N�H···O interaction, might be
predicted as the likely hydrogen bond arrangement in
diol/APY co-crystals (Schemes 1 and 2).

Scheme 1.

Scheme 2.
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To investigate this hypothesis, two representative diols,
hydroquinone (HQ) and 1,4-benzenedimethanol
(BDM),8 were co-crystallised with APY. Two co-crystals
in the molar ratio 1:2 (HQ·2APY and BDM·2APY)9 were
obtained by slow evaporation at room temperature from
a 1:1 diol/APY solution in ethanol.

It transpires that synthon III is found in neither of the
two diol/APY co-crystals, and instead larger cyclic
hydrogen-bonded motifs are formed. In the structure of
HQ·2APY (Fig. 1) molecules assemble in an R3

3(10)
trimer arrangement (synthon IV) involving N�H···N,
N�H···O and O�H···N hydrogen bonds [N···N, H···N,
N�H···N (−x, y−0.5, −z+0.5): 3.06, 2.18 A� , 144°; N···O,
H···O, N�H···O (−x, y+0.5, −z+0.5): 3.00, 2.13 A� , 144°;
O···N, H···N, O�H···N: 2.76, 1.78 A� , 174°].10,11 This
supramolecular hydrogen-bonded ring adopts an ‘envel-
ope’ conformation similar to that for cyclopentane, and
results in a noticeable non-linear arrangement for the N
donor hydrogen bond. Infinite supramolecular sheets are
formed exclusively using synthon IV.

In the structure of BDM·2APY (Fig. 2), an R4
4(12)

hydrogen-bonded cyclic synthon exists (synthon V)
involving two APY molecules and two BDM molecules.
An inversion centre exists within the ring and a boat-
like conformation is adopted, in which a pair of O�H···N
and N�H···O hydrogen bonds exist [N···O, H···O,
N�H···O: 2.91, 2.03 A� , 143°; O···N, H···N, O�H···N
(−x+1, −y+2, −z+1): 2.83, 1.86 A� , 173°]. Again
supramolecular sheets are formed, in which molecules
are linked by synthon V as well as APY R2

2(8) dimers
with Ci symmetry [N···N, H···N, N�H···N (−x, −y+2,
−z): 3.03, 2.04 A� , 168°].

The absence of synthon III in these two diol/APY
structures may be rationalised in part by the poor
directionality of the N�H···O hydrogen bond (theoreti-
cally ca. 130°) that would exist within such a synthon—
especially when considered in competition with more

geometrically favourable synthons such as IV and V.
Similarly, it is noteworthy that in the presence of
carboxyl groups (C�O), synthon I is more preferable
than synthon IV and V in the molecular assemblies of
carboxylic acid/APY co-crystals.

As part of a more general study, we have also been
interested in co-crystals formed with 1,4-naphthalenedi-
carboxylic acid (NDA).12 On the basis of existing crys-
tallographic data, we would predict that synthon I
would be the only direct hydrogen bond arrangement
between the carboxylic acid group and APY in
NDA·APY co-crystals. Interestingly, when co-crystals
of APY and NDA9 are obtained from slow evaporation
at room temperature from a 1:1 (acid:base) molar ratio
in N,N-dimethylformamide, synthon III is observed
[N···O, H···O, N�H···O: 3.17, 2.42 A� , 130°; O···N, H···N,
O�H···N (−x−1, −y+1, −z+3): 2.65, 1.67 A� ,
159°]. As shown in Fig. 3, supramolecular sheets are

Figure 2. The supramolecular sheet in the co-crystal structure
of BDM·2APY involving synthon V.

Figure 3. The supramolecular sheet in the co-crystal structure
of NDA·APY involving synthon I and synthon III.

Figure 1. The supramolecular sheet in the co-crystal structure
of HQ·2APY involving synthon IV.
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formed by the alternate packing of two distinct tapes,
one of them formed entirely by synthon I while the
other tape involves both synthon I and III. Tapes
interact via C�H···O interactions to form supramolecu-
lar sheets.

The structure of the terephthalic acid (TA)/APY co-
crystal reported in the CSD allows us to rationalise the
existence of synthon III in NDA·APY. In TA·APY,13

supramolecular tapes are formed via synthon I. In
addition, tapes assemble via inter-tape C�H···O interac-
tions to create supramolecular sheets (Fig. 4). In
NDA·APY, however, supramolecular tapes formed only
by synthon I cannot, unlike TA, pack efficiently
because of the asymmetry created by the naphthalene
ring on NDA. Synthon III is then utilised as an alterna-
tive choice for close packing. Additionally, the existence
of synthon III may result from the presence of the
carboxyl group, which may prevent the formation of
other geometrically more favourable synthons such as
synthons IV and V. Clearly therefore, under appropri-
ate conditions synthon III becomes viable.
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