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The molecular and crystal structure of p-methylbenzamidinium formate monohydrate,
CoH 4N,0,, was solved by direct methods. The positions of all the atoms were localized and
the structure was refined anisotropically. The final value of the R factor equalled 0-043 for 1 150
observed reflections (I > 1-960(I)). The substance crystallizes in the P2,/c monoclinic space
group with lattice parameters a = 10389(4), b= 1146-1(5), ¢ = 912-4(3) pm, B = 94-77(3)°,
Z = 4. The molecule contains an amidirium-carboxylate bond, formed by two intramolecular
hydrogen bridges of the N—H..-O type. Intermolecular hydrogen bonds are formed by the
side hydrogen atoms of the amidine and the hydrogen atoms of the water molecule and are of
the N——H:--O and O—H---O types; they form a three-dimensional network in the crystal
structure. In this, the structure of p-methylbenzamidinium formate monohydrate differs from the
related structures of benzamidinium pyruvate and benzamidinium bromoacetate, characterized
by infinite intermolecular chains formed through hydrogen bonding.

The specific interaction of an enzyme containing an arginine active site with a carbo-
xylate substrate can depend on the formation of two parallel hydrogen bonds of
the N—H-..-O—C type, as has been demonstrated, for example, for lactate dehydro-
genase'. Through this interaction, the substrate is suitably fixed to the active site
in the enzyme. In addition to this bond of the substrate to the enzyme, amidine—carbo-
xylate interactions play an important role in fixing the tertiary structure of proteins
or in the formation of nucleoproteins?. Amidinium carboxylates are suitable model
molecules for simulation of this interaction. A great deal of attention has been paid
to the structure of these compounds. So far, only the structures of bis(acetamidinium)
carbonate monohydrate®, formamide oxime oxalate*, benzamidinium pyruvate® and
benzamidinium bromoacetate® are known. The studied compound, p-methyl-
benzamidinium formate monohydrate, is a further member in the series of benza-
midinium carboxylates. The structure of these compounds (see refs®:6) is character-
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ized by two parallel intramolecular hydrogen bonds forming interactions between
the nitrogen atoms of the amidinium group and the carboxyl oxygen atoms. The
amidinium side-chain hydrogen atoms form two intermolecular hydrogen bonds,
once again between nitrogen and oxygen atoms (in neighbouring molecules), so that
the final crystal structure is characterized by infinite chains bonded together through
van der Waals interactions.

The studied structure of p-methylbenzamidinium formate monohydrate is unusual
in the presence of water molecules and their effect on the system of hydrogen bonds
and the geometry of the amidinium—carboxyl interactions.

EXPERIMENTAL

Synthesis of the crystals of the studied compound was based on p-methylbenzamidiniumchloride,
prepared by the procedure of Glock’. p-Methylbenzamidinium chloride (1 g) was dissolved
in 100 ml of water and applied to a column containing 30 g of Amberlite IRA - 400 (100— 200
mesh) converted to the formate cycle. Elution with water and evaporation of the eluate yielded
1-02 g (97% of the theoretical yield) of p-methylbenzamidinium formate, m.p. 240—241°C.
For CoH,,N,0, (180-2) calculated 59-99% C, 6-71% H, 15-54%; N and found 59-797; C,
6:71% H, 15-22% N. The product was recrystallized from aqueous acetone (acetone: water =
= 9:1). It was later found from solution of the crystal structure that the recrystallization did
not yield the anhydrous salt (p-methylbenzamidinium formate), but rather the monohydrate.
Chemical analysis was carried out on the anhydrous salt.

The studied crystals of p-methylbenzamidinium formate monohydrate, CgH;4N,0; (198:2),
were not very stable in the air and dehydrated after several weeks, reflected in whitening
of the originally transparent crystals. The density of the transparent crystals of p-methylbenzami-
dinium formate monohydrate was found by the flotation method in a mixture of tetrachloro-
methane-hexane at 23°C.

The preliminary dimensions of the unit cell and the space group symmetry were determined
from Weissenberg patterns (extinction hO/:[= 2n-+ 1, OkO : k = 2n-+ 1). A single crystal
with dimensions of 0-30 X 0-25 X 0-10 mm was employed for refinement of the lattice parameters
(15 centred high angle reflections) and measurement of the intensities on the Syntex P2, four-
circle diffractometer. Graphite-monochromated MoK, radiation (A = 71:069 pm) was employed
and the measurement was carried out at a temperature of 23°C. No significant fluctuations in
three intensities of the standard reflections were found during the measurement. A total of 1 423
reflections were measured in the range 20 = 60°, of which 1150 were considered observed
(I > 1-96 o(I)). Correction for absorption was neglected.

The phase problem was solved by direct methods. The SHELXS 86 program8 yielded a set
of coordinates for all the nonhydrogen atoms that was later complemented by the maximum
in the differential synthesis, interpreted as the so-far neglected oxygen atom in the water molecule.
The coordinates of all the hydrogen atoms were found from the differential maps. The complete
structure was successfully refined using the SHELX 76 programg. In the final refinement cycle,
the maximal value was (A/g) = 0-037. The highest residual maximum on the final AF map had
value of 0-17 ¢/(100 pm)> and the lowest, —0-26 /(100 pm)>. The final values of the reliability
factors are R = 0-043, wR = 0-043, where w = [az(Fo) -+ 0-0009F2]~!. The geometry of the
refined structure was calculated using the PARST program!® and the structure was drawn by
Dr Maly (Institute of Physics, Czechoslovak Academy of Sciences, Prague) using his own program.
The computations were carried out on an EC 1033 computer.
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RESULTS AND DISCUSSION

The basic crystallographic data for p-methylbenzamidinium formate monohydrate
are listed in Table 1. The fractional coordinates of all the atoms and their temperature
vibrational parameters are given in Table II. Table III lists the interatomic distances
and angles.

As expected, the structure of the p-methylbenzamidinium formate monohydrate
molecule is very similar to that of benzamidinium pyruvate® and benzamidinium
bromoacetate®. The amidinium—carboxylate interaction occurs through two intra-
molecular hydrogen bonds at the HIN1 and HIN2 atoms (Fig. 1). However, a con-
siderable difference was found between the molecular arrangement in the studied
substance and in the above related salts. Originally, it was expected that the structure
of the studied compound would also consist of infinite molecular chains connected
by intermolecular hydrogen bonds through the side H2ZN1 and H2N2 atoms of the
amidinium group (see refs®:°). The presence of the molecule of crystal water in
p-methylbenzamidinium formate monohydrate is apparently the main reason for the
formation of the three-dimensional network of hydrogen bonds in the crystal struc-
ture of this substance (Fig. 2), rather than infinite chains. In the hydrogen bond
network, the N1 and N2 atoms apparently act as double proton donors, the Ol atom
as a double proton acceptor, the O2 atom as a triple proton acceptor and the oxygen
atom of the molecule of crystal water (OW) both as an acceptor and double donor
of protons. '

The optimal (least squares) plane can be fitted through the molecule of the studied
compound through the benzene ring and the atoms of the amidine group (Table 1V).
The angle between these planes equals 26-1(1)° and the torsion angles C8—C3—
—C2—N1 and C4—C3—C2—N2 equal 25:9(3)° and 26-0(4)°, respectively. These
values are very different from those found for benzamidinium pyruvate® (planar angle:
352(3)°, torsion angles: 36-5(2)° and 35-1(2)°) and for benzamidinium bromoacetate®
(33-4(4)°, 33-5(1-0)° and 32-9(9)°).

TasLE 1
Basic crystallographic data

a = 10389 (4) pm ¢, = 1122Mgm™3

b = 1146'1(5) pm 0, = 1124 Mgm™3

¢ = 91443 pm space group: P2, /c

8= 9477(3)° u(MoK_) =~ 0-086 mm !
V= 10826 (7 . 10° pm® : F(000) = 424

Z=4
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The group of atoms including the carboxyl: C1,01,02,HIN1 and HIN2 exhibits
large deviations from the optimal plane (x* = 1 104-5), while planes defined by the
same atoms were found for benzamidinium pyruvate (x> = 68-4) and benzamidinium
bromoacetate (xz = 13-8). Thus, the angle between the C1, O1, O2, HIN1 and
C2, N1, N2, HIN1, HIN2 (amidinium group) planes is not considered here, but

TABLE 11

The coordinates of the nonhydrogen (. 10*) and hydrogen (. 10%) atoms and their equivalent
and isotropic temperature parameters. In brackets are given the values of e.s.d. Uy = Uy, +

+ Uzz + U33 + 2U13 COs ﬂ)/3

Atom x y z Upg» pm?
(0] 6 469 (2) —1947(1) 1845(2) 687 (6)
02 6025(1) —3829(1) 2069 (2) 610 (5)
oW 2885(2) —5239(1) 5110(2) 714 (6)
N1 4329 (2) —1285(D) 3373(2) 572 (6)
N2 3985(2) —3176(1) 3949 (2) 533(6)
Ci 6 540 (2) —2979(2) 1495(2) 554 (8)
C2 3694 (2) —2070(2) 4075(2) 438 (6)
C3 2663(2) —1698(2) 4994 (2) 429 (6)
C4 1653(2) —2436(2) 5269 (2) 582(8)
C5 689 (2) —2055(2) 6118(3) 655(9)
C6 700 (2) —943(2) 6714 (2) 547 (8)
C7 1718 (2) —221(Q2) 6 448 (2) 554 (8)
C8 2687(2) —589(2) 5601 (2) 507(7
C9 9652 (3) —538(3) 7 645 (4) 797 (12)
Uiso - 10~1, pm?
HIW 311(2) —584(2) 441 (3) 102(8)
H2W 313(3) — 549 (2) 594 (3) 106 (9
HIN1 503 (2) —150(2) 279 (3) 82(7)
H2N1 413 (2 —53(2) 340 (2) 78(D
HIN2 461 (2) —339(2) 335(2) 64 16)
H2N2 363(2) —372(2) 444 (2) 63 (6)
HCl 709 (2) —315(2) 63 (2) 74 (7
HC4 162 (2) —317(2) 484 () 68 (6)
HC5 —4(3) —260(2) 629 (3) 86 (8)
HC7 174 (2) 5412) 689 (2) 67 (6)
HCS8 339 (2) —8(2 545(2) 56 (6)
H1C9 —78(4) —123(4) 802 (4) 145 (15)
H2C9 —90(4) —5(3) 721 (4) 124 (14)
H3C9 2(3) —9(3) 855(4) 130(12)
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only that between the C1, O1, O2 plane and the plane of the amidinium group (see
Table IV). This angle has a value of 16-2(2)° and is much larger than that found for

TABLE II1

Interatomic distances (in pm) and angles (in °). In brackets are given the values of e.s.d. Sym-
metry code: i) 1 — %,y — 1/2,1)2— z;iD) 1 — x, —y — 1,1 — z; ii) 1 — x, y+ 1/2,1/2 — z

C9—HICS 98 (4) H1C9—C9-—H2C9 112(3)
C9—H2C9 87(4) H1C9—C9—H3C9 106 (3)
C9—H3C9 102(3) H2C9—C9—H3C9 103 (3)
C9—C6 1509 (4) c9 —C6—C7 1209 (2)
C6—C7 138-0(3) c9 —C6—C5 121-4 (2)
C1—HC7 96 (2) c6e —C7—C8 121-3(2)
C7—-C8 138:5(3) cC7 —C8—C3 120-8 (2)
C8—HCS 95(2) 8 —C3—C4 1184 (2)
C8—C3 138:6 (3) C3 —C4—Cs5 120-1 (2)
C3—C4 138-7 (3) C4 —C5—C6 121-8 (2)
C4—HC4 93(2) Ccs —C6—C7 117-6 (2)
C4—C5 138-7(3) c8 —C3—C2 120-1(2)
C5—HCS 100 (3) C4 —C3—C2 121-5(2)
C5—Ceé 138:5(3) C3 —C2—NI 119-8(2)
C3—C2 147-7 (3) HIN1—NI1—H2N1 116 (2)
C2—N1 131-4(3) C3 —-C2—N2 120-8(2)
N1—HIN1 97(2) HIN2—N2-—H2N2 119(2)
N1—H2N1 89(2) Ni —C2—N2 119-4 (2)
C2—N2 131-:0(3) o1 —-Ci1—02 127:3(2)
N2—HIN2 91 (2)

N2—H2N2 87(2

C1—0t1 122:9(3)

C1—02 124-8 (3)

Cl1—HCl1 103 (2)

Intramolecular hydrogen bonds

Ni1..-01 282:4(3) N1—HINI1---01 = 174 (2)
N2---02 293-2(3) N2—HIN2---02 179 (2)
N2.--OW 2867 (2) N2—H2N2.--OW 164 (2)

Intermolecular hydrogen bonds

OW.-..01} OW—HIW-..0t}
o1...ow# } 27682 O1—H1W...oWi } 1@
02---N1} 02—H2N1t...N1
N1..-02# } #6302 N1—H2N1---02 } 163 @
OW.-..02% 2926 (3) OW—H2W.-..02% 172(3)
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the corresponding plane in benzamidinium pyruvate molecule (5-6(3)°) and in
benzamidinium bromoacetate (3-7(6)°).

HE1

02

FiG. 1
The molecule of p-methylbenzamidinium formate monohydrate with numbered atoms

FiG. 2

The intramolecular and intermolecular hydrogen bonds (designated by dashed lines) in the crystal
structure of p-methylbenzamidinium formate monohydrate. View perpendicular to the Y-axis
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TABLE IV

The optimal least squares planes fitted through the atoms in the molecule. Each plane is defined
as AX-+ BY + CZ+ D= 0. The e.s.d. values are given in brackets. The planes are fitted only
through the atoms designated by an asterisk

Benzene ring plane® Amidine group plane® Carboxyl group plane®

atom deviation from atom deviation from atom deviation from
the plane, pm the plane, pm the plane, pm

C3x 0-5(2) C2* 0-01 (21 Clx 0

Cax —0-3(2) Nix 0-02(21) Olx 0

C5x% —0-3(3) N2x 0-03 (21 O2x 0

C6x 0-5(2) HiINix —3(2) HIN1 —61(2)

CT* —0-3(2) HIN2* 3(2) HIN2 —50(2)

C8#* —02(2)

4 —0-4551(8) X+ 0-3432(9) Y — 0-8217(5) Z + 5491(2) = 0; x% = 18-44; ® —0-608(3) X —
—0078(2) Y— 0-790(2) Z-+ 4-888(8) = 0; x> =308 °0760(3) X— 0-108(2) Y+
+ 0:641(3) Z— 631 (1) = 0.

The authors wish to thank Dr S. Smré&kovd from the Department of Organic Chemistry of the
Prague Institute of Chemical Technology for preparing the crystals of the studied compound.
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