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Abstract—A mononuclear coordination complex, quinidinum-zinc(II)-trichloride (I), and a multi-compo-
nent ionic complex, quinidinum iron(I1I) tetrachloride hydrogen chloride hydrate (II), have been synthe-
sized and characterized by elemental analyses, IR spectra, and single crystal X-ray diffraction (CIF files
nos. 1497628 (I) and 1497629 (II)). The weak hydrogen-bonding interactions exist in both complexes I
and II. Both complexes crystallize in the chiral space groups with the absolute configuration. Complex I crys-
tallizes in the orthorhombic space group P2,2,2, with a = 7.6651(6), b = 11.4923(9), ¢ = 24.653(2) A, and
Z = 4. Complex II crystallizes in the monoclinic space group P2, with a = 6.6425(15), b = 18.660(4), c =

10.958(3) A, B = 104.973(3), and Z=2.
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INTRODUCTION

The modification of existing anti-malarial drugs by
coordination to a metal center has attracted consider-
able attention in past decades. Obviously, the syn-
thetic strategy involves modification of the activity of
the anti-malarial drugs through the incorporation of a
transition metal into the molecular structure, which
may enhance anti-malarial activities of such com-
plexes [1]. Despite the fact that various metal com-
plexes of anti-malarial drugs, such as amodiaquine
and chloroquine, and ferrocenic complexes of quinine
have been reported, their according mode of coordi-
nation and geometry still remain a matter of discus-
sion [2, 3]. Up to date, quite few reports on the prepa-
ration and coordination chemistry of quinine have
appeared in several papers [4—10]. As well-known,
quinine has four potential donor sites which are the
hydroxyl group, quinuclidinic nitrogen, quinolinic
nitrogen and the olefinic carbon—carbon double
bonds. Accordingly, coordination of transition metals
using the four potential donor sites of quinine was also
reported in [5]. It has thus noted that the pharmaco-
logical action of quinine seems to be associated with its
ability to form metal complexes. First-row transition
metal such as Cu(II), Co(II), Cr(II), and Zn(II) coor-
dination complexes and second-row transition metal
such as Pt(IT) and Pd(II) organometallic complexes
with quinine as a ligand have been synthesized and
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structurally characterized [5]. In our approach to the
synthesis of the quinine-metal complexes, we tried to
devise a typical process that could use zinc(II) chlo-
ride and iron(IIl) chloride to react with quinine,
respectively, and a mononuclear complex, quinidi-
num-zinc(II)-trichloride (I), and a multi-component
complex, quinidinum iron(III) tetrachloride hydro-
gen chloride hydrate (II), were accordingly isolated
and structurally characterized in this paper.

EXPERIMENTAL

Materials and methods. All syntheses were carried
out under a nitrogen atmosphere. Quinine was phar-
maceutical grade from Sigma Pharmaceutical. All
other commercial solvents and reagents were of high
purity (Aldrich and Sigma) and were used without fur-
ther purification. ZnCl, and FeCl; were used as metal
ion source. Infrared spectra (KBr) were recorded on a
Perkin-Elmer 16 PC FT-IR spectrophotometer with
the use of pressed KBr pellets. Elemental analyses
were carried out using a Perkin-Elmer 2400 CHN
analyzer.

Synthesis of complex I. To a solution of quinine
(78.2 mg, 0.2 mmol) in methanol (10 mL), a solution
of ZnCl, (27.2 mg, 0.2 mmol) in methanol (10 mL)
was added. The mixture was stirred and heated at 50°C
for 2 h, and cooled to room temperature. The resulting
solution was treated with aqueous HCI and filtered to
remove staring materials. By slow evaporation of the
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filtrate at room temperature, white single crystals suit-
able for X-ray diffraction were obtained after two weeks.
The complex was identified as [(Quin)ZnCl;] (I). The
yield was 78.8 mg (79.3%).

IR (v, cm™!): 3356 v(OH), 3074 v(CH,,), 2971
V(CHaliph)~

For C20H25N202C]3Zn
anal. calcd., % C, 48.32 H, 5.07 N, 5.63
Found, % C, 48.24 H, 5.02 N, 5.59

Synthesis of complex II. To a solution of quinine
(78.2 mg, 0.2 mmol) in methanol (10 mL), a solution
of FeCl; (32.4 mg, 0.2 mmol) in methanol (10 mL)
was added. The mixture was stirred and heated at 70°C
for 4 h, and cooled to room temperature. The resulting
brown solution was treated with aqueous HCI and fil-
tered to remove staring materials. By slow evaporation
of the filtrate at room temperature, dark red single
crystals suitable for X-ray diffraction were obtained
after three weeks. The complex was identified as
[(Quin)][FeCl,] - HCI - H,O (II). The yield was
83.8 mg, 72.6%.

IR (cm™): 3362 V(OH), 3070 v(CH,,), 2974
V(CHaliph)-

For C,yH,sN,0,ClFe
anal. caled., % C, 41.59 H, 4.89 N, 4.85
Found, % C, 41.52 H, 494 N, 4.91

X-ray crystallography. Intensity data were collected
on a Bruker SMART APEX 2 CCD diffractometer
using graphite-monochromated MoK, radiation (A =

FeCls

HCl
MeOH

0.71073 A) at 296(2) K. The collected frames were
processed with the software SAINT [11]. The data was
corrected for absorption using the program SADABS
[12]. Structures were solved by the direct methods and
refined by full-matrix least-squares on F? using the
SHELXTL software package [13, 14]. All non-hydro-
gen atoms were refined anisotropically. The positions
of all hydrogen atoms were generated geometrically
(Cypy—H = 096, C,,—H = 093 and N-H =
0.86—0.93 A), assigned isotropic thermal parameters,
and allowed to ride on their respective parent carbon
atoms before the final cycle of least-squares refine-
ment. The Flack parameter values of 0.010(7) and
0.04(2) indicate that the correct enantiomorphs have
been selected in the structures of complexes I and 11,
respectively. A summary of crystallographic data and
experimental details for I and II are summarized in
Table 1. Selected bond lengths and angles for I and II
are given in Table 2. The hydrogen-bond characteris-
tics for complexes I and II are listed in Table 3.

Crystallographic data for I and IT have been depos-
ited with the Cambridge Crystallographic Data Centre
as supplementary publication (CCDC nos. 1497628
and 1497629, respectively; deposit@ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

As shown in Scheme 1, reaction of zinc(II) chlo-
ride or iron(I1I) chloride with quinine in methanol
followed by treatment of aqueous HCI afforded corre-
sponding complexes I and II in good yields. Previ-
ously, an ionic quininium tetrachloridozinc(II) com-
plex was synthesized by reaction of quinine, ZnCl, and
10% HCI in water [15].

H,CO

n
~N

Cl

9
Cl I

Scheme 1.

Additionally, a polymeric zinc(II) complex of quinine
was prepared by reactions of quinine hemisulfate and
ZnCl, in methanol [16]. In zwitterionic complex I, the
zinc atom coordinated to the quinolinic nitrogen. A
multi-component ionic complex, 2-[(R)-hydroxy(6-
methoxyquinolinium-4-yl)me-thyl]-8-vinyl-1-azoniab-
icyclo-[2.2.2]octane tetrachloridoferrate(III) chloride
monohydrate, in which the two nitrogen atoms are both
protonated [17], while in complex II, the quinuclidinic
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nitrogen is protonated only. The infrared spectra of com-
plexes I and II showed OH stretching vibration at around
3360 cm™! as a broad band. The absorption band of
2660 and 2661 cm™' due to N—HT stretching is
observed in complexes I and II, respectively [16]. The
band at 1510 cm™! in II corresponding to V(C=N) is
shifted to higher frequency (1513 cm™! in I) upon com-
plexation [16].

No.1 2018
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Table 1. Crystallographic data and experimental details for complexes I and 11

Value
Parameter
I 11
Formula weight 497.14 577.54
Crystal system Orthorhombic Monoclinic
Space group P2,2,2, P2,
a, A 7.6651(6) 6.6425(15)
b, A 11.4923(9) 18.660(4)
c, A 24.653(2) 10.958(3)
B, deg 90 104.973(3)
v, A3 2171.7(3) 1312.1(5)
VA 4 2
Pealeds & €M™ 1.521 1.462
F(000) 1024 594
wW(MoK,), mm™! 1.518 1.462
Total reflections 13398 8155
Independent reflections 4924 4771
Rint 0.0260 0.0226
Parameters 259 296
Ry, wRy, (I >20(]))* 0.0264, 0.0488 0.0434, 0.1085
R, wR, (all data) 0.0347, 0.0513 0.0569, 0.1185
GOOF** 0.957 1.020
Largest diff. peak and hole, e A™3 0.199/—-0.156 0.406/—0.504
Flank parameters 0.010(7) 0.04(2)

* R(F) = ZI|Fy| — |FJI/ZIF,|, wRy = [Sw( Fy | — [F2)*/=wl Fa 172,

** GOOF = § = [Zw(|F,| — |F))*/(Nops — Nyaram)1 /2.

Molecular structures of complexes I and II were
further confirmed by single-crystal X-ray diffraction
analysis (Figs. 1 and 2). The Zn(II) atom in I is tetra-
hedrally coordinated to three chlorine atoms with
average Zn—Cl bond length of 2.2519(6) A and one
quinolinic nitrogen. The Zn—N distance of
2.0865(16) A is near to related zinc-nitrogen bond
length observed in the zwitterionic structure of the
product between ZnCl, and quinine hemisulfate
(2.053(4) A) [16]. The packing view of complex I along
with xz plane is shown in Fig. 1b. The crystal packing
in I molecules are governed by the weak intermolecu-
lar O—H---Cl and N—H---Cl hydrogen-bonding inter-
actions. In the crystal structure of I, the molecules are
thus arranged in discrete two-dimensional layers that
lie parallel to the crystallographic xz plane. The chlo-
ride ions act as the hydrogen-bond bridges, providing
further stability to the crystal lattice. The separation of

H(2N)--CI(3) is 2.36 A and the angle of N(2)—
H(2N)---CI(3) is 158°, which are compared with those
in the molecule of I-isomer [4].

The Fe(II1) atom in ionic complex II is tetrahedrally
coordinated to four chlorine atoms with the average
Fe—Cl bond length of 2.1894(17) A, which is slightly
shorter than that in similar complex 2-[(R)-hydroxy(6-
methoxyquinolinium-4-yl)methyl]-8-vinyl- 1-azoniabi-
cyclo-[2.2.2]octane tetrachloride-ferrate(11I) chloride
monohydrate (2.1908(14) A) [17]. The packing view of
complex II along with xy plane is shown in Fig. 2b. The
crystal structure of I contains one independent molecu-
lar quin cation, one [FeCl,]~ anion, one free hydrogen
chloride molecule and one water solvato molecule which
are involved in the formation of hydrogen-bonded three-
dimensional network via N—H--Cl, O—H--Cl, and
O—H---O hydrogen bonds, as seen in Table 3 and Fig. 2b.
Obviously, the [FeCl,]~ ion, the free hydrogen chloride

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 44 No.1 2018
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Table 2. Selected bond lengths (A) and angles (deg) for complex I and IT
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Bond d, A Bond d A

1
Zn(1)—N(1) 2.0865(16) Zn(1)—CI(1) 2.2424(6)
Zn(1)—Cl(2) 2.2463(6) Zn(1)—Cl1(3) 2.2670(6)
o(1)—C(7) 1.355(3) Oo(1)—C(9) 1.426(3)
0(2)—C(10) 1.419(2) N(1)—C(1) 1.317(3)
N(1)—C(5) 1.372(3) N(Q2)—C(15) 1.494(3)
N(Q2)—C(11) 1.510(3) N(2)—C(16) 1.512(3)

11
Fe(1)—ClI(1) 2.2086(13) Fe(1)—Cl(2) 2.1726(16)
Fe(1)—Cl1(3) 2.1914(19) Fe(1)—Cl(4) 2.1852(18)
CI(5)—H(1S) 1.104(10) Oo(1)—C(1) 1.351(6)
O(1)—C(10) 1.406(8) 0(2)—C(11) 1.410(5)
N(1)—C(5) 1.330(6) N(1)—C(4) 1.353(6)
N(Q2)—C(12) 1.509(5) N(2)—C(16) 1.500(6)
N(Q)—C(18) 1.512(6)

Angle ®, deg Angle ®, deg

I
N(1)Zn(1)CI(1) 112.09(5) N(1)Zn(1)C1(2) 108.83(5)
CI(1)Zn(1)CI(2) 111.66(2) N(1)Zn(1)C1(3) 100.04(5)
CI(1)Zn(1)CI(3) 113.32(2) Cl1(2)Zn(1)CI(3) 110.28(2)
C(7)O(1)C() 118.77(18) C(DHN()C(5) 118.34(17)
C(15)N(2)C(11) 113.26(18) C(15)N(2)C(16) 109.52(18)
C(11)N(2)C(16) 108.9(2)

1I
CI(2)Fe(1)CI(1) 109.66(6) CI(2)Fe(1)Cl(4) 109.96(9)
CI1(2)Fe(1)CI(3) 107.80(9) Cl(4)Fe(1)CI(3) 109.57(8)
Cl(4)Fe(1)CI(1) 108.87(6) CI(3)Fe(1)CI(1) 110.97(7)
C(H)O(1)C(10) 118.0(4) COO)N(1)C4) 121.1(4)
C(16)N(2)C(12) 109.0(3) C(16)N(2)C(18) 108.9(3)
C(12)N(2)C(18) 113.2(3)

Table 3. Geometric parameters of hydrogen-bonds for complexes I and I1

Distance, A
D—H---A Angle DHA, deg
D—H H--A D---A
0(2)—H(2A)---Cl1(2) 0.82 2.52 3.254(2) 150
N(2)—H(2N)---CI(3) 0.90 2.36 3.211(2) 158
0(2)—H(2)--0O(1w) 0.82 2.10 2.857(10) 154
O2)—H(2)---CI(5) 0.82 2.77 3.398(4) 135
N(2)—H(2N)---CI(5) 0.97 2.10 3.031(4) 162
O(1w)—H(1w)---O(2) 0.88 2.29 2.857(10) 122
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol.44 No.1 2018
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Fig. 1. The content of asymmetric unit in I, showing the atom-labelling scheme (displacement ellipsoids are drawn at the 40%
probability level) (a); a packing diagram of I, projected along with xz plane (hydrogen bonds are shown as dashed lines) (b).

molecule and the water molecules act as hydrogen-bond
bridges which may provide further stability to the crystal
lattice.

Thus, two quinidinum Zn/Fe complexes are syn-
thesized and characterized by single-crystal X-ray dif-
fraction along with spectroscopic methods, of which

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 44

they were obtained from reaction of quinine and
ZnCl, or FeCl; in methanol solution. In the crystal
structure of I, the molecules are arranged in discrete
two-dimensional layers formed by the weak intermo-
lecular O—H--Cl and N—H:---Cl hydrogen-bonding
interactions, whereas the crystal packing in II displays

No.1 2018
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Fig. 2. The content of asymmetric unit in II - HCI - 2H,0, showing the atom-labelling scheme (displacement ellipsoids are drawn
at the 40% probability level) (a); a packing diagram of II - HCI - 2H, 0, projected along with xy plane (hydrogen bonds are shown
as dashed lines) (b).
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