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A multiple hydrogen-bond array based on dipyrimidin-2-ylamine is presented, which is easily accessible. The influence of a preorganizing
intramolecular hydrogen bond, tautomeric equilibria, and steric effects on the association behavior were investigated. X-ray diffraction shows
that the molecules feature an ADA (acceptor—donor—acceptor) array of hydrogen-bonding sites in the solid state. The array persists in solution,
and ™H NMR titrations show that molecules with sterically nondemanding DAD arrays are selectively bound.

In supramolecular chemisfry? one of the goals is to  the hydrogen-bonding interaction can be tuned by varying
construct functional multimolecular aggregates in a selective the number and configuration of the hydrogen bonds in an
and controlled way via reversible secondary interactions. To array from as low as 10 M up to about 1x 10°® M~1. We
allow the construction of intricate supramolecular assemblies, have shown that very strong{ > 10" M~1) complexatior
these secondary interactions need to be strong enough tas obtained in quadruple hydrogen-bonded dimers of ureido-
drive the equilibrium toward the associated product and weak pyrimidinone derivatives, which feature a self-complemen-
enough to allow the system to reach equilibrium within a tary AADD array®

reasonable time frame. Selectivity is required to drive the For the targeted construction of complex self-assembled
equilibrium to a single product and to permit the use of aggregates, however, selective association of heterocom-
different modes or motifs of association, allowing the plexes is highly desirable. In particular, the self-assembly
construction of different building blocks for supramolecular of microphase-separated architectures from reversibly as-
systems that can be used in each other’'s presence. It hasociating end-functionalized polymers requires hetero-as-
been shown that arrays of multiple hydrogen bonds display sociating functionalitie8. We report here the mode of
the required versatility and selectivity® The strength of  association of dipyrimidin-2-ylamine derivativés which
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were designed to display either an ADA or an AADA array [ NN

of hydrogen-bonding sites, depending on the tautomeric form

of the pyrimidinone unit (Figure 1). We were particularly
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Figure 1. Synthesis of dipyrimidin-2-ylamine3a (R = CHj;) and
3b (R = CR). (i) Ammonium chloride, phenol, 128C. (ii) Ethyl

Figure 2. Pluton representation of single-crystal X-ray structure
of compound3a. The dimer consists of both independent molecules.

distance between the atoms connected to the amino group
(average distance 2.49 A). This results in a nonlinear ADA
array, with an N-N—N angle of 165.2 and 167.5%or the

acetoacetate or ethyl 1,1,1-trifluoroacetylacetate, biguanidinium nonequivalent molecules in the unit cell. The molecule is

sulfate, NaOH, EtOH, reflux. (iii) 2,4-Pentanedione, HOAc, reflux.
Two tautomeric forms o8 are shown: 2-(4,6-dimethylpyrimidin-
2-ylamino)-6-methyl-[1H]-pyrimidin-4-one, featuring an AADA
array, and 6-methyl-[3]-pyrimidin-4-one, featuring an ADA array.
The observed NOE effect in theHi3 tautomer is indicated with a
double-headed arrow.

interested in the possibility of biasing the tautomeric form
of 3 by complexation with complementary DAD or DDAD
arrays.

Compound8aand3b were synthesized by two successive
cyclocondensation reactions of biguanide using ethyl
acetoacetate followed by pentanedid®and were obtained
in yields of 69% and 50%, respectively. Pyrimidinones
usually exist in the [Bl] form, presumably because this
tautomer has a smaller dipole moment than thél][1
tautomeri! We expected to observe the former tautomer in
compound3a. The relative stability of the H] tautomer
was anticipated to be higher in fluorinated derivatBie,
since the dipole moment of the pyrimidinone moiety of this
tautomer is partly compensated by thez@ffoup.

A single-crystal X-ray study (see Supporting Information)
confirms the presence of theHBtautomer of3ain the solid
state (Figure 2). The asymmetric unit consists of two
molecules, with slightly different conformations. Figure 2

shows the presence of an intramolecular hydrogen bond

between the heterocyclic units. The-NN distance between

the nitrogen atoms involved in the intramolecular hydrogen

bond (average distance 2.67 A) is larger than the- ©
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also not fully planar; the planes of the rings are at an angle
of 1.99(7Y and 4.69(7) for the two independent molecules.
These deviations from linearity may have a pronounced effect
on the capability of3ato bind molecules with linear DAD
arrays.

In the crystalline state two hydrogen bonds are observed
between two distinct molecules adda, indicating that
interaction between molecules via hydrogen bonds is also
likely in solution. Dimerization of3a and 3b in CDCl;
solution was determined withd NMR dilution experiments,
and both compounds were indeed found to self-assodate (
Kdgim = 12 M™%, 3b Kgim = 9 M7t in CDCl; at 298 K).

Nuclear Overhauser experiments using selective excita-
tion'® were performed to establish the tautomeric form of
3ain CDCl; solution. No NOE effect was observed on the
intramolecularly hydrogen-bonded proton when the pyrimi-
dinone methyl group was excited, while a significant effect
was observed upon excitation of the pyrimidine methyl
groups. This indicates that theHP tautomer of3ais also
favored in solution.

Complexation of3a and 3b with compounds4 and 5,
featuring DAD arrays of hydrogen-bonding sites, and with
6, featuring a DDAD array, was investigated usifithNMR
titration experiments. The results were compared with
association constants of these compounds With-propyl-
thymine 7, featuring a linedf ADA array (Figure 3).

The association constants are summarized in Table 1.

N-Propylthymine7 binds to DAD molecules with little
selectivity; K, values range from 845 M for the complex
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Figure 3. Compounds used in the DABDA binding study, the
upper three3a, 3b, and7) as ADA and the lower four4( 5a, 5b,
and6) as DAD hydrogen-bonding arrays.

with 4 to 460 M for the complex withbb. Dipyridylamines
3aand3b, on the other hand, show a remarkable selectivity
for the complexation of triazind (K, = 230 and 225 M?,
respectively) relative to the ureidopyridinggand5b, which
bind with aK, less than 10 M!. Molecular models show
that the formation of triply hydrogen bonded complexes of
3 with 5aand5b is severely hampered by steric interactions
of the (trifluoro)methyl groups ir8 with the substituents
adjacent to the DAD arrays i8.

Complexation o#t with 3ais accompanied by a significant
shift of the intramolecularly hydrogen bonded proton signal

Table 1. Association Constants in M for Complexes of3a,
3b, and7 with 4, 5, and6 Determined in CDGl at 298 K

7 3a 3b
4 845 230 225
5a 2302 <10 <10
5b 4602 <10 <10
6a 57 <10 <10
6b 110 <10 <10

aData from ref 17.
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(CIS= 0.5 ppm), indicating that a significant adjustment of
the structure of the dipyridylamine takes place upon binding
of 4.

Binding of 3 to DDAD arrays of pyridylureas was
investigated to establish whether complexation-induced tau-
tomerization of3 to the [1H] form with a complementary
AADA array would occur. It has been reported that in the
uncomplexed form pyridylureas have an intramolecular
hydrogen bond® which can, however, be broken upon
complexation with a complementary guésiThe fact that
the energetic penalty for disruption of the intramolecular
hydrogen bond is relatively low is confirmed by the binding
of 7 to 6b with aK, value of 110 M, which is only a factor
4 lower than in the corresponding complex7ofith 5b. *H
NMR titrations of3aand3b with pyridylureass demonstrate,
however, that binding between these molecules is wkak (
< 10 M™1), while a small complexation-induced shift of the
intramolecularly hydrogen bonded proton signal indicates that
6 is not unfolded during complexation. We conclude that
complexation o3 in its [3H] tautomer is prevented by steric
hindrance, while the penalty for tautomerization of b8th
and 3b to their [1H] forms is too high to allow significant
binding as an AADADDAD complex.

In conclusion, we have shown that the dipyrimidin-2-
ylamines3, which are easily accessible by two consecutive
condensation reactions of biguanidedisplay an ADA
hydrogen-bonding array which is preorganized by a strong
intramolecular hydrogen bond. Compoun8sshow high
selectivity for the complexation of sterically unhindered
complementary DAD arrays, based on the steric effect of
substituents adjacent to the ADA array. Complexation-
induced tautomerization to form an AADA array in the [1H
form of 3 was not observed. We continue to investigate the
possibilities to bias the tautomeric equilibrium in derivatives
of 3in order to form a quadruple hydrogen-bonding AADA
array.
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