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Hydrogen-bonded supramolecular motifs

in trimethoprim—terephthalate—terephthalic

acid (2/1/1)

In the title compound [2,4-diamino-5-(3,4,5-trimethoxy-
benzyl)pyrimidin-1-ium terephthalate terephthalic acid],
2C,,H 0N, 05" -CeH, 0,2~ -CgH O, the trimethoprim molecule
is protonated at one of the pyrimidine N atoms. The
terephthalate anion and terephthalic acid molecule are
centrosymmetric. The carboxylate groups of the terephthalate
anion form double hydrogen bonds of type N—H.--O,
resulting in a fork-like interaction with the protonated
diaminopyrimidine rings.

Comment

Trimethoprim [2,4-diamino-5-(3,4,5-trimethoxybenzyl)pyrim-
idine], TMP, is a well-known antifolate drug. It selectively
inhibits the bacterial dihydrofolate reductase (DHFR)
enzyme. The present study has been undertaken as part of our
research programme to explore hydrogen-bonding patterns
involving aminopyrimidine—carboxyl(ate) interactions.
Hydrogen bonding plays a key role in molecular recognition
(Goswami & Ghosh, 1997) and crystal engineering (Goswami
et al., 1998). The design of highly specific solid-state structures
is of considerable significance in organic chemistry, due to
their important application in the development of new optical,
magnetic and electronic systems (Lehn, 1990). Weak C—
H..-O interactions are also important in building up the
supramolecular organization (Desiraju & Steiner, 1999). The
crystal structure of terephthalic acid itself has been reported
(Bailey & Brown, 1967). Aminopyrimidine—carboxylate
interactions are very important for biological functions. For
example, in the DHFR-trimethoprim complex, the proton-
ated diaminopyrimidine ring of the drug makes a pair of N—
H---O hydrogen bonds with the carboxylate group of the
enzyme (Hitching et al., 1988). This bimolecular hydrogen-
bonded cyclic motif is present in many crystal structures of
aminopyrimidine—carboxylate complexes. This hydrogen-
bonded motif can self-organize in various ways, leading to a
variety of supramolecular architectures (Robert et al., 2001).
The crystal structure of aminopyrimidine—terephthalic acid
has also been reported (Goswami et al, 1999). Amino-
pyrimidine—carboxylate interactions are of current interest
(Francis et al., 2002). In particular, we are applying crystal-
engineering techniques to diaminopyrimidine—carboxylate
salts. Some of the hydrogen-bonded supramolecular motifs in
diaminopyrimidine—carboxylate salts have been reported
recently from our laboratory (Stanley et al., 2002). We have
already determined the crystal structures of TMP formate
(Umadevi et al., 2002), TMP salicylate monohydrate (Muru-
gesan & Muthiah, 1997), TMP hydrogen maleate (Prabakaran
et al., 2001), TMP hydrogen glutarate (Robert et al., 2001),
TMP sulfate trihydrate (Muthiah er al, 2001), TMP
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perchlorate (Muthiah et al., 2002), TMP salicylate methanol
solvate (Panneerselvam et al., 2002) and TMP trifluoroacetate
(Francis et al., 2002). In this paper, the conformation and
hydrogen-bonding patterns of trimethoprim—terephthalate—
terephthalic acid (2/1/1) (TMPT), (1), are discussed.

NH,
OCH;
OCH;
OCHs
COOH
COOH
OCH;
CH;0
CHyO

The title compound (I) (with labelling of atoms in the
asymmetric unit only) is shown in Fig. 1. The asymmetric unit
contains one TMP cation, a half of the terephthalate anion and
a half of the terephthalic acid molecule. TMP is protonated at
N1 of the pyrimidine moiety, which is evident from the
increase in the internal angle at N1 (C2—N1—C6) from
115.46 (5)° in neutral TMP (Koetzle & Williams, 1976) to
119.26 (9)° in the present study. This increase of the internal
angle has also been observed in many TMP-carboxylate salts
(Panneerselvam et al., 2002). The dihedral angle between
pyrimidine and phenyl planes is 72.34 (5)°. This value is in the
reported range of 69.96 (8)-89.5 (2)° (Giuseppetti et al., 1984;
Muthiah et al., 2001; Panneerselvam et al., 2002). The torsion

Figure 1
View of the title compound, (I), showing 50% probability displacement
ellipsoids.

Figure 2
Hydrogen-bonding patterns in (I).

angles 7,(C4—C5—C7—C1’) and 7,(C5—C7—C1'—C2’) are
—86.89 (13) and —153.81 (10)°, respectively. This TMP
conformation plays a very important role in DHFR selectivity
(Hitching et al., 1988). The carboxylate group of the tere-
phthalate anion interacts with protonated atom N1 and the
2-amino group of the pyrimidine moiety through a pair of N—
H- - -O hydrogen bonds, forming a fork-like interaction. This
can be designated by graph-set notation (Etter, 1990; Bern-
stein et al., 1995) R,*(8). This motif has been observed in
DHFR-TMP complexes (Kuyper, 1990) and it is one of the 24
most frequently observed cyclic hydrogen-bonded motifs in
organic crystal structures (Allen et al., 1998). The TMP cations
are centrosymmetrically paired through a pair of N—H---N
hydrogen bonds involving the 4-amino group and one of the
nitrogen atoms (N3) of the pyrimidine moiety, with graph-set
notation R,*(8) (Fig. 2). This type of pairing has been observed
in the crystal structures of trimethoprim hydrogen glutarate
(Robert et al., 2001), trimethoprim perchlorate (Muthiah et al.,
2002), trimethoprim salicylate methanol solvate (Panneer-
selvam et al., 2002) and trimethoprim trifluoroacetate (Francis
et al., 2002). These TMP pairs are self-organized through N—
H.---O and C—H---O hydrogen bonds, leading to the
formation of hydrogen-bonded supramolecular double chains.
Here, the H atoms of the 4-amino and methylene (—CH,)
groups are hydrogen bonded with one of the methoxy O atoms
(O2) of the phenyl moiety, leading to a seven-membered ring
(bifurcated acceptor). This can be designated by graph-set
notation R',(7). Two such hydrogen-bonded supramolecular
double chains are linked by fork-like hydrogen-bonded motifs.

One can consider the pyrimidine moiety as the head and
trimethoxy phenyl group as the tail portion. Interestingly, the
tail portions are centrosymmetrically paired through a pair of
C—H---O hydrogen bonds involving a methyl group (C10)
and atom O3, with graph-set notation R,*(6) (Fig. 3).
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Figure 3
C—H- - -0 hydrogen bonds are responsible for the TMP pair in (I).

Figure 4
Carboxyl-carboxylate interactions in (I).

The carboxyl groups of the terephthalic acid molecules and
the carboxylate groups of the terephthalate anions are
hydrogen bonded through O—H-.-O hydrogen bonds,
leading to the formation of a step-like arrangement of a
hydrogen-bonded supramolecular chain (Fig. 4). This type of
carboxyl-carboxylate interaction has recently been reported
in the crystal structures of TMP-hydrogen glutarate (Robert
et al.,2001) and pyrimethamine hydrogen glutarate (Stanley et
al., 2002). This chain can be designated by graph-set notation
C>*(18).

Experimental

A hot ethanolic solution of trimethoprim (obtained as a gift from
Shilpa Antibiotics Ltd) and terephthalic acid (Merck) were mixed in
a 1:1 molar ratio and warmed for half an hour over a water bath. On
slow evaporation, plate-shaped crystals of (I) were obtained.

Crystal data

2C14H sN,0;5"-CsH, 047 CsHo O,
M, =912.90

Triclinic, PT

a=8438(2) A,

b =10.760 (3) A

Z=1

D, =1430Mgm™

Mo Ko radiation

Cell parameters from 1010
reflections

c=12538(3) A 6 =1.6-32.0°
a =90.26 (3)° =011 mm™"
B =9822(2)° T=293(2)K

y =109.54 (3)°
V =1060.1 (5) A®

Data collection

Plate, colourless
0.22 x 0.22 x 0.14 mm

Bruker SMART diffractometer R;, = 0.019
w scans Omax = 32.4°
Absorption correction: none h=-12 - 12
16182 measured reflections k=-15—->15
6741 independent reflections [=-18— 18

4992 reflections with I > 20(1)

Refinement

Refinement on F?
R[F? > 20(F?)] = 0.045
wR(F?) = 0.136
§=1.04

6741 reflections

395 parameters

All H-atom parameters refined

w = 1/[o*(F,%) + (0.084P)%
where P = (F,” + 2F.)/3

(A/6) max < 0.001

APmax = 029 ¢ A™3

Appin = —024 e A3

Table 1 .

Selected geometric parameters (A, °).

01-C3 1.3694 (14) 04—-C14 1.2601 (15)
01-C8 1423 (2) 05—Cl4 1.2420 (15)
02—C4' 1.3873 (15) N1—C6 13552 (15)
02—C9 1.419 (2) N1—C2 1.3549 (15)
03—C5' 1.3640 (17) N2—C2 1.3256 (19)
03-C10 1.4174 (19) N3—C2 13342 (15)
06—Cl18 1.202 (2) N3—C4 1.3425 (15)
07—C18 1.3196 (18) N4—C4 1.3380 (14)
C3'—01-C8 11660 (11)  N3—C4—N4 11650 (10)
C4'—02—C9 114.79 (11) 02—C4'—C5' 121.08 (12)
C5'—03—-C10 117.69 (11) 02—-C4—-C3 119.28 (10)
C2—N1—-Co6 119.26 (10) 03—-C5—C6’' 123.57 (11)
C2—N3—-C4 117.84 (10) 03—-C5 —-C4 116.23 (11)
N2—C2—N3 119.99 (11) N1—C6—C5 121.86 (10)
N1—C2—N3 12278 11)  06—C18—C15 12235 (13)
N1—C2—N2 117.22 (11) 07—C18—CI5 114.06 (13)
01—C3 —C4’ 115.62 (10) 06—C18—07 123.59 (14)
01-C3 —-C2 124.05 (12) 04—-C14—-05 123.07 (10)
N3—-C4—-C5 122.30 (10) 04—-Cl14—C11 119.36 (10)
N4—C4—C5 121.20 (10) 05—Cl4—Cl1 117.57 (10)
Table 2 .

Hydrogen-bonding geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N1—HI. --05' 0992 (17)  1702(17) 26832 (14) 1693 (15)
N2—H24. .04 0909 (19)  2.000(19) 29017 (17)  171.4 (16)
N4—H4A. ..02" 0852 (17)  2287(17) 31260 (17) 1683 (15)
N4—H4B- - .N3' 0.884 (16) 2.210 (16) 3.0843 (16) 169.9 (15)
07—H7---04 0.94 (2) 1.62 (2) 25499 (17) 176 (2)
C7—HITA- --06" 0974 (17)  2439(17)  33754(19) 1612 (13)
C7—H7B---02" 1056 (17)  2.540 (16)  33355(17)  1316(12)
C8—H8B- --05" 091 (2) 2493(19)  3353(2) 157.7 (16)
CI0—HI104---03% 093 (3) 253 (2) 3336 (2) 145.0 (17)

Symmetry codes: (i) 1 —x,1 —y, 1 —z;(ii)2 —x,2 —y, —z; (iii)) 2 —x,2 — y, 1 — z; (iv)
1+xy,z(VM)1+xy,z-1;(vi)1—-x,2—-y, -2z
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The completeness of the reflection data is only 88.7%, because the
crystal was of poor quality. All the H atoms were located in difference
Fourier maps and refined with isotropic displacement parameters.
The C—H, N—H and O—H bond lengths are 0.91 (2)-1.056 (17),
0.852 (17)-0.992 (17) and 0.94 (2) A, respectively.

Data collection: SMART (Bruker, 1997); cell refinement: SMART,
data reduction: SAINT (Bruker, 1997); program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
PLATON (Spek, 1997) and ORTEPII (Johnson, 1976); software used
to prepare material for publication: PLATON.
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