S
W/ TETRAHEDRON

Tetrahedron 54 (1998) 9457-9474

Pergamon — ——
A Study of Supramolecular Hydrogen Bonded Complexes formed
by Aliphatic Dicarboxylic Acids with Azaaromatic Doneors
V. R. Pedireddi, Swati Chatterjee, Anupama Ranganathan and C. N. R. Rao’

Chemistry & Physics of Materials Unit,
Jawaharlal Nehru Centre for Advanced Scientific Research,
Jakkur P.O., Bangalore 560 064, India.

Received 1 April 1998; revised 8 June 1998; accepted 11 June 1998

! structures of the hydrogen bonde

/ d, 1:
glutaric, admlc thiodiglycolic and thiodipropionic acids with 4,4'-bipyridyl have been
investigated in detail. All the dicarboxylic ac1ds form molecular tape-like structures, but
thiodiglycolic acid gives a cyclic structure, favoured by intermolecular n - n interaction
between the heteroatom-rings. The cyclic structure is indeed unique, in the sense that it
represents a noncovalent synthesis of a rectangle. Crystal structures of hydrogen bonded
molecular complexes of malonic, succinic, glutaric, adipic and thiodipropionic acids with
2.,4,6-triaminopyrimidine have been studied. By and large, only tape-like structures are
formed, the crossed ribbon network being favoured in the complexes of malonic and glutaric

acids with an odd number carbon atoms. In all the complexes of 2,4,6-triaminopyrimidine,

nraton transfer necurs from the carbavvl oraoun to the hetaraatom nitrogen oiving me

Prowon ransier oocurs irom i€ €arcoXy: group (0 In€ newerdaidm nurogen, giving rise t0 a
strong hydrogen bonded cyclic system. © 1998 Elsevier Science Ltd. All rights reserved.
Introduction

Noncovalent synthesis of supramolecular structures mediated by hydrogen bonds has gained

considerable importance in the last few years.'® A variety of hydrogen bonds such as O-H...O, N-

- N haun haoon ame ’ sea the
H...O, O-H...N, N-H...N, N-H...S and C-H...O have b t

assemblies.” !

4,4-bipyridyl. The motivation for the study was that the carboxylic group can form stable cyclic

hydrogen bonded systems with different donor molecules as shown below in Scheme 1, wherein
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p we have invesiigated the hydrogen bonded complexes formed by 4.,4'-
bipyridyl with several aliphatic dicarboxylic acids, which include malonic acid, 1, glutaric acid, 2.
3, thicdiglycelic acid, 4 and thiodipropionic aci
expected in these hydrogen bonded complexes was the possible dependence of the structure on the
number of carbon atoms in the acid. That is even and odd number dicarboxylic acids could show
differences with respect to the hydrogen bonded structure in the complex. We show two possible

structures of the complexes in Scheme 2, one involving the formation of tape-like structures  and
We have investigated the supramolecular hydrogen bonded structures of complexes formed

form the type (b) coupling in Scheme 1 and other possible structures. The dicarboxylic acids

examined with the pyrimidine are acids, 1, 2, 3, § and succinic acid.

(a) (b)

Scheme 2

Experimental

ith the donor (4 A'_hinvridvl or 2

L AV ARV \ Ty ¥ UAtIJ UJJ L
a methanol solution. The two components were taken in a 1:1 molar ratio. The dicarboxylic acids
heir complexes examined in the present study are listed below along with the

stoichiometry and symbois used to represent them.
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Acid (Figure 1) 4,4'-bipyridyl 2,4,6-triaminopyrimidine
symbol stoichiometry symbol stoichiometry

Malonic, 1 1a 1:1 6a 1:1

Glutaric, 2 2a 1:1 7a 1:1

Adipic, 3 3a 1:1 8a 3:2
Thiodiglycolic, 4 4a i:1 - -
Thiodipropionic, 5 Sa 1:1 10a 1:1

Succinic - - %9a 1:1

The crystal structures were determined and refined using the Siemens SHELXTL-PLUS

anisotropically. The hydrogen atoms were refined isotropically

L]

xcept in the structures 7a and 8a
wherein the atoms are being placed in calculated positions. We have listed all the crystal structure
data o

S PO R
the noncovalent

bonds were calculated using the program PLATON." The unique and representative bonds are

given in Table 2 and 4.
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Figure 1: Molecular structures of malonic acid, 1, glutaric acid, 2, adipic acid, 3, thiodiglycolic acid.

4 and thiodipropionic acid, 5. Notice the difference in the orientation of -COOH with respect to the
number of -CH, groups.

Results and Discussion
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alonic acid, 1, glutaric

acid, 2 and adipic acid, 3. We were not able to get good crystals of 4,4'-bipyridyl with succinic acid.
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1.1 complexes 1a, 2a and 3a, formed by 4,4"-bipyridyi
with 1, 2 and 3 respectively in detail.

Molecular complexes of 4,4'-bjpyridyl with aliphatic dicarboxylic acids, 1, 2 and 3: The crystal
structures of the complexes 1a, 2a and 3a (see Table 1) reveal that the recognition between acid and
pyridyl moiety occurs primarily through the formation of O-H...N / C-H...O cou gs as shown in

scheme (1c). The hydrogen bond distances and angles in these complexes are listed in Table 2.

Contrary to our expectations (scheme 2) all the three complexes la - 3a form molecular tapes

tapes in the structures of 1a and 2a differ distinctly from the tapes in 3a in the three-dimensional
arrangement as can be seen from Figure 2. The linear tapes in 3a are arran

form planar sheets, stacked in a three-dimensional arrangement. The tapes 1a and 2a are arranged in

a crossed fashion, as commonly found crinkled tapes as shown in Figure 3 in the case of 1a. This

with even or odd -CH; groups is noteworthy.

The features of hydrogen bonds listed in Table 2 suggest that the affinity of interaction

ilar 1Y N
iai 1i...1

£

distances. The H...N distances in the O-H...N bonds are in the range of 1.59 — 1.80A while the
H...O distances in the C-H...O bonds fall in the range of 2.62 — 2.77A.'8
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1Have

investigated the hydrogen bonded complexes of thiodiglycolic acid, 4 and thiodipropionic acid, 5.

with 4,4;-bipyridyl to see in what way the presence of a heteroatom instead of a —-CH, group affects

"

na crimzAatisea T < ~ PO D S |
he structure. T

ic and pimelic acids respectively. 4,4'-

hese two thioacids are analogous to glutari

5»

bipyridyl forms good crystalline 1:1 complexes, 4a and Sa, with the acids 4 and 5 respectively. The
complexes 4a and 5a show unique structural features (Table 1). In the complex, 4a, the molecules
of bipyridyl and thiodiglycolic acid molecules interact in a manner that a cyclic supermolecule is
formed as shown in Figure 4. Each supermolecule consists of two molecules of each of bipyridyl
and the acid, 4 (four molecules in total) connected through four O-H...N / C-H...O couplings. Each

coupling is formed between the nitrogen atoms of bipyridyl and the carboxyl group of the acid. The

approximately the same, with H...N distances of ~1 .57A and H...O distances in the C-H...O bonds
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Figure 2: Molecular tapes in the complexes 1a, 2a and the two-dimensional arrangement of tapes in
41

Figure 3: Three-dimensional arrangement in the crystal structure of the complex, 1a.
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Table 2: Relevant hydrogen bond distances and angies in the hydrogen bonded complexes 1a — 5a.
complex Inieraciion H...donor (OD) acceptor (A).. ‘d(a)nor (D) | D-H...A
distance (A) distance (A) angle ()

O(212)-H(212)...N(14) 1.80 2.61 172

la C(15)-(H15)...0211) 2.62 3.31 128
0O(312)-H(312)...N(11) 1.63 2.62 164
0(352)-H(23)...N(21) 1.68 2.64 173
0O(452)-H(452)...N(22) 1.74 2.65 165

2a 0(412)-H(412)...N(12) 1.59 2.64 176
C(18)-H(18)...0(411) 2.69 3.39 128
C(23)-H(23)...0(351) 2.63 3.31 128
0(212)-H(212)...N(14) 1.60 2.66 166
0(412)-H(412)...N(34) 1.65 2.67 166
C(13)-H(13)...0(211) 2.67 3.32 115

3a C(13)-H(13)...0(412) 2.77 3.77 146
C(15)-H(15)...0(411) 2.26 3.46 164
C(33)-H(33)...0(411) 2.69 3.33 128
C(35)-H(35)...0(211) 2.70 3.45 166
O(212)-H(212)...N(10) i.57 2.61 162
0(252)-H(252)...N(4) 1.56 2.63 167

4a C(5)-H(5)...0(251) 2.94 3.68 141
C(6)-H(6)...0(251) 3.04 3.43 114
0(231)-H(231)...N(14) 1.67 2.64 169

S5a C(13)-H(13)...0(232) 3.05 3.66 125

9463
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are ~ 3A. Three-dimensional arrangement of the supermolecules formed in this structure is shown

in Figure 5.

4q

Figure 4: A cyclic unit formed between thiodiglycolic acid and 4,4'-bipyridyl in the complex, 4a.
Hydrogen bonds are shown in as dashed lines.

Figure 5: Three-dimensional arrangement in the cyclic units of the complex, 4a.

The complex 5a formed by thiodipropionic acid, 5 with 4,4'-bipyridyl has features which are
completely different from those of 4a formed by thiodiglycolic acid, 4. In the crystal structure of Sa
(Table 1) molecules of bipyridyl and the dicarboxylic acid interact through O-H...N / C-H...O
hydrogen bonds yielding molecular tapes, just as the hydrogen bond complexes 1a - 3a between
bipyridyl and simple aliphatic dicarboxylic acids. The molecular tapes in 5a are shown in Figure 6.
Furthermore, the three dimensional arrangement of the tapes in complex Sa exhibits features similar
to those in the complexes 1a and 2a formed by other aliphatic dicarboxylic acids. In addition, we
see from Table 2 that the hydrogen bond distances in 4a and Sa are close to those in 1a — 3a. The
H...N and the H...O (in C-H...0) distances are in the range of 1.56 — 1.67A and 2.94 — 3.04A
respectively.

Molecular Tapes vs Cyclic Supermolecules: From Figure 4, it appears that the cyclic structure of

the complex 4a is stabilized by n-m interaction between the bipyridyl molecules. This could be




T L Man,m A 1 1 haat '

Figure 6: Two dimensional planar sheet arrangement in the molecular complex, Sa of
s . A o . . . .
thiodipropionic acid and 4,4"-bipyridyl is shown along with the three-dimensional

..
arrangement. Notice the similarity between 5a and 1a.

there by favouring the tape structure. The formation of the cyclic structure only in 4a consisting of
acid, 4 but not in the complex 2a which consists of glutaric acid, analogous to acid, 4 is rather
surprising. Based on an analysis of the structures of the parent acids 2 and 4 (Figure 1), we see that

the angle around the sulfur atom is 96° in 4 whereas the angle around corresponding carbon atom in

chains to form the cyclic structure through = - 7 interactions. While sulfur certainly seems to play a
crucial role to be used as a basis for the design of a tailor-made assemblies, as we see in the

<L

complex, 5a length of acid chain seems to decide the formation of th
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presence of the central sulfur atom.

Molecular Complexes of 2,4,6-triaminopyrimidine with acids 1, 2 and 3: In order to examine the

hydrogen bonded structures formed in a system where the nitrogens of the hetero cyclic ring as well



complexes with aliphatic dicarboxylic acids, we have investigated the complexes of 2.4.6-
triaminopyrimidine. Co-crystallization of 2,4,6-triaminopyrimidine with acids, 1, 2 and 3 resulted in

the formation of molecular complexes which we designate as 6a, 7a and 8a respectively. Crystal
structures of these complexes (Table 3) reveal a new structural feature related to the hydrogen bonds
involving the carboxylic group and heterocyclic nitrogen. The basic recognition between the

pyrimidine and the acid occurs between the carboxylic group and the pyridyl nitrogen. The

H...O bonds as sh

AEkvears UNJRS

‘\\ g ’0 4
\ \'.\’, e S
e S ‘v

o))

a /a

Figure 7: Molecular tapes formed by 2,4,6- triaminopyrimidine in the complexes, 6a and 7a. Notice
the similar recognition pattern between the pyrimidine and acid molecules. Lone atoms
represent water molecules.
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Sa

Figure 8: Arrangement of molecules of adipic acid, 3 and 2,4,6-triaminopyrimidine, in a two-
dimensional planar sheet of complex, 8a.

H...O. However, the couplings actually observed by us in 6a -

carboxylic group to the heterocyclic nitrogen as shown below in Scheme 3. Such proton transfer

occurs because of strong hydrogen bond initially formed between the carboxyl and the pyrid

=

Tha H N Aigtan
A...0 Uiowal

G...H-N bonds are compar

dald \T L0V T, SLIUWILL

cyclic hydrogen bond structure.

0 -—-H—N 0-"H-N
0 = —=
0—H----N ---H—N

guest molecules. In the case of 6a and 7a, wat es are the guest molecules. The interaction
of the water molecules with the acids and the pyrimidine is shown in Figure 7. However, in 8a.

length of the acid, 3 facilitated the formation of larger voids as shown in Figure 9 (right) which are
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able 4: Relevant hydrogen bond distances and angles in the hydrogen bonded complexes 6a — 10a
omplex Interaction H...donor (D) | Acceptor (A)...donor (D) | D-H...A
distance (A) distance (A) angle (°)

N(21)-H(21A)...0(111) 1.97 2.81 170
6a N(22)-H(22)...0(112) 1.81 2.75 179
N(23)-H(23A)...0(111) 1.90 2.74 164
N(23)-H(23B)...0(132) 1.80 2.84 174
N(24)-H(24)...0(131) 1.77 2.62 173
N(25)-H(25B)...0(132) 2.08 293 170
N(22)-H(22B)...O(111) 1.97 2.83 175
Ta N(23)-H(23A)...0(112) 1.79 2.64 174
N(24)-H(24A)...0(111) 1.95 2.81 177
N(24)-H(24B)...0(152) 1.86 272 175
N(25)-H(25A)...0(151) 1.82 2.67 173
N(26)-H(26B)...0(152) 1.96 2.81 173
O(132)-H(132)...N(36) 1.82 2.61 162
O(212)-H(212)...N(262) 1.59 2.60 172
8a N(31)-H(31A)...0(131) 2.18 3.02 167
N(31)-H(31B)...0(261) 1.95 2.81 178
N(32)-H(32A)...0(262) 1.85 2.70 179
N(33)-H(33A)...0(131) 2.09 2.95 174
N(33)-H(33B)...0(211) 2.06 2.80 143
N(35)-H(35B)...0(261) 2.03 2.89 171
O(100)-H(1)...0(222) 2.11 295 169
O(100)-H(2)...0(122) 1.96 2.85 176
0(222)-H(222)...0(121) 1.52 2.56 167
Sa N(31)-H(31A)...0(122) 1.91 2.84 177
N(33)-H(33A)...0(221) 2.14 3.07 169
N(33)-H(33B)...0(100) 2.03 2.88 168
N(35)-H(35A)...0(221) 2.16 2.89 136
N(35)-H(35B)...N(34) 2.08 2.98 172
N(36)-H(36)...0(121) 1.83 2.79 177
O(1)-H(1)...0(231) 1.90 2.67 157
10a N(11)-H(11a)...0(232) 1.77 273 175
N(12)-H(12)...0(231) 1.63 2.68 175
N(13)-H(13)...0(232) 2.10 2.84 174
N(13)-H(13B)...0(1) 1.90 2.85 165
C(1)-H(1B)...S(21) 276 3.72 173
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Figure 9: Left: Three dimensional arrangement of planar sheets found in the co-crystals of 2,4.6-
triaminopyrimidine and adipic acid, 3. Noticc the acid molecules pillaring the sheets.
Right: Channels viewed along a crystallographic axis in which adipic acid molecules fit
The acid molecules are not shown for a clear vision of the channels.

A comparison of crystal packing of the complexes 6a — 8a, reveals that the number of -CH, groups

in the constituent acid dictate the pattern of crystailization. This becomes evident from the two-

dimensional network observed in 8a (Figure 8), consisting of adipic acid, an acid with even number
cxrosls 1 .

-CH, groups. The complexes, 6a and 7a with acids possessing an odd number -CH, groups.

constitute three- dimensional crossed networks (Figure 10). The guest molecules are situated within

' Iy <7 P e TaT e )

7a. Incorporation of the guest molecules in complexes 6a - 8a appears to be possible due to the

incompatible dimensions between the acids and the pyrimidine molecules. Such a situation i not

of the supermolecules is somewhat different. For instance, 6a and 7a are formed in a 1:1 ratio, with

each pyrimidine attached to two acid molecules (Figure 7), through O"...H*-N / N-H...O hydrogen

N - o . rae
bonds. In 8a, however, the comp

triaminopyrimidine (Figure 8), and each pyrimidine is attached to two acid molecules as in 6a and
he acid molecules is not deprotonated and forms O-H...N / N-H...O bonds. In

-

addition, the acid which is not deprotonated bridges the adjacent sheets as shown in Figure 9.
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Rl . g

* -
oaea 10. Th A3 1 t nf 1 ) 3
Figure 10: Three-dimensional arrangement of molecular tapes observed in the crystal structure of
} . N ..
complex 6a of 2,4,6-triaminopyrimidine and malonic acid

d id, 9a.
The structure of 9a (Table 3) is similar to complexes 6a - 8a. The molecules of pyrimidine and
id interact again through O...H'-N / N-H...O hydrogen bonds, but each of the
pyrimidine is attached to only one acid molecule. The recognition pattern shown in Figure 11, has
the adjacent pyrimidine molecules interacting with each other through the formation of

centrosymmetric N-H...O hydrogen bonds.

Figure 11: Recognition pattern
the molecular tapes into planar sheets.
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Figure 12: Arrangemen molecules of 2,4,6-triaminopyridine and thiodipropionic acid in the
molecular complex, 10a. A two-dimensional arrangement of TrIECuldr tapes is shown

acid, 5, and 2,4,6-triaminopyrimidine. The two-dimensional arrangement of the molecules in 10a

(Table 3) is shown in Figure 12. This complex has the same recognition pattern and forms a regular

--+ -

hydrogen bonded coupling of O"...H'-N / N-H...O with H...O distances of 1.63 and 1.77, as in 6a -

8a. However, the adoption of a planar sheet arrangement as in Figure 12 is reminiscent of the
structures of the complexes 3a, 8a and 9a, rather than of 1a, 2a, 5a, 6a, and 7a. An interesting

feature of 10a is that the solvent of crystallization, methanol, is located in the available void space in

determining the structure of the complex. As a result, larger molecules like -CH;O0H rather than

H,0 molecules, as noted in the complexes 6a and 7a, could be incorporated.

Conclusions
The present sysiemaiic siudy of hydrogen bonded molecular complexes of aliphatic
dicarboxylic acids with 4,4-bipyridyl have shown that molecular tape structures are generally
formed in all the systems, independent of whether the acid has ven or an odd number of carbon

atoms. The only exception was in the case of thiodiglycolic acid where n - 7 interactions between
eterocylic molecules seems to favour the cyclic structure. Alhough such a cyclic structure is
rare, the one found by us provides a nice rectangle by noncovalent synthesis. Synthesis of such

rectangles has been reported in recent years in the literature.2?* The hydrogen bonded molecular
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compiexes of dicarboxylic acids with 2,4,6-triaminopyrimidine also yielded tape structures.
involving cyclic hydrogen bonded motifs where there is proton transfer from carboxylic group to the
heterocyclic ring nitrogen, through the initial formation of a strong hydrogen bond. In this system.
the acids with an odd number of carbon atoms seem to form cross ribbon networks. The

composition of the complex with adipic acid consist of even number of carbon atoms di

from those with an odd number of carbon atoms. While we have obtained some interesting and
€ pr

useful hydrogen bond structures formed by supramolecular organization, the present study indicates
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hydrogen bonded molecular assemblies.
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