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Abstract

DAAD hydrogen bond donor (D) and acceptor (A) arrays 1 were synthesized and the recognition of the
complementary ADDA substrates 2 and heterodimer formation by four hydrogen bonds was measured by 'H
NMR titrations. The binding energy of a sterically not crowded dimer is in accordance with the value calculated
from increments. © 1998 Published by Elsevier Science Ltd. All rights reserved.
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Intermolecular interactions, especially hydrogen bonds between atoms X with a free electron
pair and Y with an acidic hydrogen atom, are the bases of many processes of supramolecular

chemistry and molecular recognition [1-9]. The strength of these interactions depends on the

number of the hvdrogen bonds. With an increasine number of hvdrocen bonds the molecular
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Only two dimers are possible with two hydrogen bonds while three hydrogen bonds give
three [10] and four hydrogen bonds will already give six possible combinations. Some of these
dimers are homodimers, 1.e. they recognize and bind themselves (AD, ADAD, AADD) but for an
aimed molecular recognition, especially for the construction of supramolecular structures,
heterodimers are necessary.

In the literature not many dimers containing four neighboring hydrogen bonds have been
described [11-15]. All these structures are h modimer. Here we describe heterodimers which are
hrind u four hvudrnoen hande (cide hy cide linear fanr naint recnonitinn)
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ureas 4' were used. The synthesis of the naphthyndln e receptors 17 starting from 2,6-diamino-3-
formylpyrnidine 5 [21] is summmarized in Scheme 1
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The formation of heterodimers between 1 and 2 was investigated by 'H NMR spectroscopy in
CDCl; (500 MHz) at 295 K. The association constants K, for the formation of 1 : 1 complexes
were calculated from the changes of the chemical shifts of the NH protons of 1. For comparison

the dimer formation between 1 and the ADD unit 3, as well as the dimer formation between 1
and the non onmnlemenmrv DADD unit 4h were measured. Table 1 summarizes these data. The
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reaction enthalpies AG were determined from the association constants K, and are compared
A AN faYa ) ] 1

with the reaction enthalpies calculated from increments (AG,) [22]. The increment for a

hydrogen bond is 7.9 kJmol™, a secondary [23] repulsive or attractive electrostatic interaction is

+ 2.9 kimol™!. As X-ray analyses, NMR and IR spectroscopy show [24], 2, 3 and 4 are able to

form intramolecular hydrogen bonds. Therefore in the calculations of AG.’, 7.9 kJmol ™ were

taken into account for the cleavage of the intramolecular hydrogen bond.

K.ss were determined from titrations at at least seven different ratios followed by non-linear
st squares curve fitting [25] (R > 0.99). The formation of strong hydrogen bonds between 1a

east
and 2a (Kas = 2000 M) could also be followed by IR in solution [IR(CHCI;): 2a: Vyy(free):

p—.‘
o

1 From 2,6-diaminopyridine and isocyanates in toluene: 4a: "H NMR (200 MHz, CDCls): 8 = 1.2-2.1 (m, 10 H), 3.7-3.9 (m, IH) 430 (br. s, 2
H), 6.06 (d, 8.0 Hz, 1 H), 6.13 (d, 8.0 Hz, 1 H), 7.32 (t, 8.0 Hz, 1 H), 7.89 (br. 5, 1 H, NH), 9.15 (d, 7.6 Hz, 1 H, NH). 4b: 'TI NMR (200 MHz,
CDCL): = 0.96 (t, 7.1 Hz, 3H), 1.3-1.7 (m, 4H), 3.37 (m., 2H), 4.32 (br. s, 2H) 6.06 (d, 8.0 Hz, 1 H), 6.13 (d, 7.7 Hz, 1 H), 7.33 (m,, 1 H),
8.01 (br. s, 1 H, NH), 9.14 (m,, 1 H, NH). 4c: "H NMR (200 MHz, [Ds]-DMSO): 5 = 0.89 (t, 7.1 Hz, 3 H), 1.2-1.5 (m, 4 H), 2.10 (s, 3 H), 3.19

(me, 2 H), 6.76 (d, 7.9 Hz, 1 H), 7.40 (d, 7.9 Hz, 1 H), 7.58 (t, 8.0 Hz, 1 H), 8.68 (m,, 1 H, NH), 9.09 (br. s, 1 H, NH), 10.23 (br. s, 1 H, NH).

2 1a: "HNMR (500 MHz, CDCLs): 8 = 0.96 (t, 7.4 Hz, 3 H), 0.97 (t, 7.4 Hz, 3 H), 1.45 (sext., 7.5 Hz, 2 H), 1.46 (sext., 7.5 Hz, 2 H), 1.75
fanint T ATl 2 Y 1 72 (anint ‘IAI-T—: 7 M ’7A0{f ‘7(1-"—; 7 HY ‘)AOH ‘7(1—!7 2 R15¢/br. s 1TH NHY R182(d RO Hz IT—T\ R 1§

\Wulliv, /.5 L3, & K1), L. 7O \Yullit., 7.7 414, & 1), &.57 W0 Lidly de K1 Jy = DT o A3l & La)y G22I \OL. 5, iK%, dNaZay, 1S58, 8.0 02,210, 8.22

(br. s, 1 I, NIfy), 8.49 (s, 1 II), 8.59 (d, 8.9 Hz, 1 H). Ib: 'HNMR(SOOMHZ CDCls): 8= 1.36 (s, 9 H), 1.40 (s, 9 H), 8.16 (br. s, 1 H, NH,),
822 (d, 8.9 Hz, 1 H), 8.47 (br. s, 1 H, NHy), 8.52 (s, 1 H), 8.62 (d, 8.9 Hz, 1 H).
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Scheme 1. Synthesis of the naphthyridine receptors 1. Reaction conditions and vields;
a) 20 eq. 6, 4 eq. piperidin dryEtOH, N., 3. 5 h reflux, 62A)
b) 2.5 - 3 eq. NEt;, 4 eq. RCO(,I dry pyridine, 2 h refiux; R' = #Bu, 62%; R’ = /By, 43%
~ A~ 1 —‘ -~ - a ﬂ ‘I Ef\ "'- - ~ - —1 - _ .
3431 cm™, VNH(mtramoiecuiar)' 0 cm™ (broad), ia: Vyu(free): 3402 cm™, 1a - 2a:

Vxu(bound): 3212 cm™ (broad)]. A NOESY spectrum showed the interaction between the 6-H-
atoms in 2a and all butyl-H atoms and the NH protons in 2- and 7-position of the naphthyridine
1a.

For the other heterodimers with complementary units 1 - 2 and 1 - 3 the maximum changes in
chemical shifts were smaller. This can be due to steric interactions between the substituents R’
and R2. But also in a dimer 1a - 3, statistically only 50% of the NH protons of 1a are bound in a

hydrogen bond. This is reflected in A8, values between 2 and 2.5 ppm.
TF thn sev e 1 1 | 17, | handa in ) 2 tal
If the intramolecular hydrogen bonds in 2 or 3 are taken into account, the increments [22]
oAbl e al Ll L .1 PN |

predict the strength of the hydrogen bonds in the sterically not strained dimer. If the steric
hindrance is increased by larger substituents R' and R? not only the constant for the dimerization
Kass diminishes drastically (for 1b - 2b only 16 M are found). Also the maximum change of the
chemical shifts A8..x drops from >4 to <1 ppm.

The heterodimers presented here with fourfold hydrogen bonds represent promissing templates
for molecular recognition. In comparison with triple hydrogen bonds as for instance in nucleic

acids the specificity of a molecular recognition is increased by the fourth hydrogen bond because
only one of ten possible partners is complementary.
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The 6-amino-2- pyrldyl ureas 4 contain a DADD hydrogen bond donor and acceptor array
Anmnrdansantam; ATYTYA mnadéana va; .

'“S‘t’i‘:au of the ConipiCicniary AuULJA paacin which

] u
complementary to the bisaminonaphthyridines i If 4b binds to ia such dime

5
3
]
1
o
'
.
cr
]
Ex
3
4]

Table 1.

Formation of heterodimers between DAAD-naphihyridines 1 and moiecuies with three (3) or four (2, 4) hydrogen bond donors and
acceptors. Non-linear least squares curve fitting of the titration data gave the maximum chemical shift of the amide-protons A8
(NH) and the association constant K. AAG, is the difference between the free enthalpy AG calculated from X and AG,

calculated from increments [22].

ABrax Kass AG AG, AAG,

R! R? NH, NH, ™M [kJmol™] {kJmol™] [KJmol ']
1a-2a nBu H 44 3.7 2000 -18.6 -17.9 0.7
1a-2b nBu Me 3.0 2.4 160 -12.4 -17.9 5.5
12-3 nBu - 22 2.5 40 9.0 -15.8 6.8
1b.2a Bu H 1.0 15 37 89 -17.9 9.0
ib-26 Bu Me 0.8 02 16 6.8 -179 11.1
1a- 4b nBu - 1.7 2.1 31 8.4 -15.8 7.4

a) [1] = 3-7 mM, the rcaction partner was added in steps at 295 K until 15-30 equivalents were reached. Estimated error: <20%. A

PR T gy

seif association of 1 was not observed in the conceniration range of the NMR titrations.
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only be bound by three bridges: DAAD - DDAD. Therefore the association constant Ky is only
31 M, comparable to 1a - 3.

The information stored in a fourfold hydrogen bond array can be increased even further when
1 ATNMNDA - DAAD

unsvmmetrical donor-accentor-arravs are used instead of the symmetrica
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be bound in two orientations due to their symmetry (e.g. 1: with the cyano group ‘left’ or ‘righ
a DDAD or AADA system has only one possible orientation in a complex. With 4a-¢ DDAD
receptors aiready exist.
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