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Biguanidium tris(biguanide-«*’N*,N*)manganese(IV) hexani-
trate, (C,HoNs)[Mn(C,H;N5);](NO3)g, is a cocrystal of the
[Mn"V(C,H;N5);]*" ion and biguanidium. The cocrystal
exhibits a double hydrogen-bonding interaction between the
biguanide and nitrate groups, which is rarely observed in
crystal structures but is proposed as a recognition mode for
guanidinium-recognizing anionic groups in biological systems.
In this cocrystal structure, biguanide moieties exist both as
divalent cations and as neutral molecules.

Comment

Das et al. (2001, and additions and corrections) reported the
synthesis and crystal structure of [Man(C2H7N5)3]4+, a rare
stable mononuclear complex of manganese(IV) in aqueous
solution. We have also encountered this cation, but in crystals
in which it co-exists with biguanidium, forming a complex
structure of overall formula (C,HoN5)[Mn(C,H7Ns)3](NO3)s,
which can be viewed as a mixture of [Mn(C,H;N5);](NOs),
and (C,HoN5s)-(NOs3),. In this complex, (I), we find a double
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hydrogen-bond interaction between the biguanide and nitrate
groups, which has rarely been observed in crystal structures
but which is proposed as a molecular recognition mode for
guanidinium-recognizing anionic entities, such as carboxylates,
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Figure 1
The structure of (I), with displacement ellipsoids drawn at the 30%
probability level for non-H atoms.

phosphates, sulfates and nitrates, in biological systems (Baggio
etal.,1997; Liu et al., 2001; Lu et al., 2001; Best et al., 2003). We
report here the structural characterization of (I).

A single crystal of (I) was prepared according to the
procedure described by Das et al. (2001). However, not only is
the stoichiometry of the present crystal different from that of
Das et al., but the quality of the present crystal is also much
improved. The R value (0.046) for the present structure, with
the triclinic space group P1, is better than that (0.094) of the
previously reported monoclinic crystal, with space group I2/a
(Das et al., 2001).

The geometric parameters of (I) are listed in Table 1 and the
molecular conformation is illustrated in Fig. 1. The crystal
structure of (I) consists of three different chemical moieties,
namely the [Mn"(C,H;Ns);]*" cation, the C,HoNs** cation
and six nitrate anions (Fig. 1). The [Mn"'(C,H;Ns);]*" cation
is similar to that reported by Das et al. In the complex tetra-
cation, six N atoms from three neutral biguanide moieties
coordinate to the Mn" atom, forming an octahedron. The
Mn —N bonds range from 1.918 (2) to 1.952 (2) A, and the bite
angles of the biguanide ligands at the Mn'' atom are
86.43 (10)° for N4—Mnl—N1, 85.68 (10)° for N11—Mnl—
N14 and 84.30 (10)° for N9—Mn1—N6. The free biguanide
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Figure 2
The double hydrogen bonding of biguanide-recognizing anions in (I).
[Symmetry codes: (A) x+1,y,z; (B) x — 1, y, z.]
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moieties exist in the form of divalent cations, with charge
balance achieved by six nitrate anions. Thus, two forms of
biguanide moieties, viz. divalent cations and neutral molecules
(as ligands), are present in the crystal.

There are hydrogen bonds between all biguanide and
nitrate groups (Table 2). The biguanides, whether coordinated
to the Mn" atom (neutral) or free (divalent cations), interact
with the nitrate groups via strong double hydrogen bonds. In
these bonds (Fig. 2), the D---A distances range between
2.820 (3) and 2.906 (3) A, forming an elongated hexagon that
was suggested for guanidinium-recognizing anions, such as
amino acids (Galan et al., 1992; Kanyo et al., 1996; Metzger et
al.,, 1996) and nucleotides (Andreu et al., 1994; Kato et al.,
1994; Schliessl & Schmidtchen, 1994; Lu et al, 2001). In
previous reports, the guanidinium group present in the side
chain of the amino acid arginine, being a vital component of
enzymatic catalytic domains that participate in the binding of
anionic substrates (Cotton et al., 1979; Christianson & Lips-
comb, 1989), attracted great attention. An array of receptors
containing guanidinium groups for the purpose of binding
anions has been designed and synthesized (Best et al., 2003). It
has been proven that a strong interaction between the
guanidinium groups and anions through charge pairing and
hydrogen bonding facilitates the recognition of small target
anions by receptors containing guanidinium groups in
competitive solvent systems (Best et al., 2003), but few crystal
structure studies have been reported to date. Our results
provides direct crystallographic evidence for this interaction.

Experimental
The title complex was prepared according to the procedure reported
by Das et al. (2001).

Crystal data

(C,HoN5)[Mn(C,H;N5)35](NOs)g Z=2
M, = 83352 D,=1811Mgm™

Triclinic, P1
a=94222(19) A
b =12.803(3) A
c=14452(3) A
o = 105.673 (2)°
B = 104.037 (2)°
y = 104.891 (2)°
V =15283(5) A®

Data collection

Bruker SMART 1K CCD area-
detector diffractometer

¢ and o scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 2000)
Tinin = 0.874, Tpax = 0.898

6316 measured reflections

Refinement

Refinement on F?
R[F? > 20(F%)] = 0.046
wR(F?) = 0.110
§=098

5274 reflections

479 parameters

Mo Ka radiation
Cell parameters from 2688
reflections
6 =2.4-26.5°
©n=0.55mm"
T=184(2)K
Block, red
0.25 x 0.20 x 0.20 mm

1

5274 independent reflections
4160 reflections with I > 20(1)
Rine = 0.022

Omax = 25.0°

h=-11— 11
k=-15—15
[=—-15—=17

H-atom parameters constrained

w = 1/[c*(F2) + (0.058P)?]
where P = (F2 + 2F%)/3

(A/0)max < 0.001

APmax =041 A3

ApPmin = —055e A3

Table 1 .

Selected geometric parameters (A, °).

Mnl—N4 1.918 (2) Mnl—N1 1.937 (2)
Mnl—N11 1.924 (2) Mn1—N9 1.947 (2)
Mnl—N14 1.931 (2) Mnl—N6 1.952 (2)
N4—Mnl1—Ni1 91.80 (10) N14—Mnl—N9 92.22 (10)
N4—Mnl1—N14 175.03 (10) N1—Mnl—N9 175.62 (10)
N11—Mnl—N14 85.68 (10) N4—Mn1—N6 92.87 (10)
N4—Mnl—N1 86.43 (10) N11—Mnl—Né6 170.82 (10)
N11—Mnl—N1 96.47 (10) N14—Mn1—N6 90.22 (10)
N14—Mnl1—N1 89.59 (10) N1—Mnl—N6 91.70 (10)
N4—Mnl1—N9 91.95 (10) N9—Mn1—Né 84.30 (10)
N11—Mnl—N9 87.65 (10)

N4—Mnl1—N1—C1 0.6 (3) N14—Mnl—N11—C6 354 (2)
N9—Mn1—N6—C3 358 (2)

Table 2 .

Hydrogen-bonding geometry (A, °).

D—H.---A D—H H---A D---A D—H.--A
N1—HI.--03' 0.88 2.06 2.934 (3) 173
N3—H3...05" 0.88 1.94 2.788 (3) 161
N4—H4.--O7 0.88 2.00 2.848 (3) 160
N5—H5A---09 0.88 2.16 2.961 (4) 152
N5—H5B- - -06" 0.88 2.04 2.913 (3) 175
N6—H6-. --013 0.88 222 3.009 (3) 150
N7—H7A.--015 0.88 2.10 2.854 (3) 143
N7—H7B- - -08"t 0.88 229 3.060 (4) 146
N9—H9. --01 0.88 221 3.077 (3) 167
N11—H11---06 0.88 2.16 2.984 (3) 157
NI12—HI12B- - -02" 0.88 2.04 2.919 (3) 177
N13—H13.--03" 0.88 2.08 2.841 (3) 144
N14—H14. --015" 0.88 2.04 2.894 (3) 162
N16—H164. - -011" 0.88 1.94 2.820 (3) 173
N16—HI16B- - -O4" 0.88 221 3.017 (3) 152
N17—H17A4. - 012 0.88 2.01 2.883 (3) 170
N17—H17B- --016" 0.88 1.97 2792 (3) 156
N18—HI18..-O14 0.88 1.97 2.839 (3) 170
N19—H194. - -010 0.88 1.98 2.841 (3) 165
N19—H19B---017' 0.88 2.03 2.818 (3) 148
N20—H20A4- - -012 0.88 2.05 2.906 (3) 165
N20—H20B- - -013 0.88 1.9 2.866 (3) 177

Symmetry codes: (i) x,1+y,z; (i) —x, 1 —y,1—z; (iii)) x —1,y,z; (iv) 1 —x, 1 —y,
1—z;(V) —x,1—y,—z; (vi) 1 —x, —y, —z; (Vi) 1 —x, 1 — y, —z.

H atoms attached to N atoms were found in a difference map but
were placed in idealized positions (N—H = 0.88 A) and constrained
to ride on their parent atoms [U;o(H) = 1.2Uo(N)].

Data collection: SMART (Bruker, 2000); cell refinement: SAINT
(Bruker, 2000); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
SHELXTL/PC (Sheldrick, 1999); software used to prepare material
for publication: SHELXTL/PC.
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