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Abstract
C60H54ClN11O2, P1 (no. 2), a = 9.6795(10) Å, b = 14.8391(12)
Å, c = 18.0298(14) Å, α = 90.710(3)°, β = 92.506(3)°,
γ = 96.274(3)°, V = 2571.4(4) Å3, Z = 2, Rgt(F ) = 0.0856,
wRref(F

2) = 0.2386, T = 296(2) K.

CCDC no.: 2183722.

Table : Data collection and handling.

Crystal: Orange prism
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker APEX, φ and ω
θmax, completeness: .°, %
N(hkl)measured, N(hkl)unique, Rint: ,, ,, .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker [], SHELX [, ]
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Cl . () . () . () . ()
N . () . () . () . ()
HN . () . () . () . ()*
N . () . () . () . ()
HB . () . () . () . ()*
HC . () . () . () . ()*
N . () . () . () . ()
N . () . () . () . ()
HB . () . () . () . ()*
HC . () . () . () . ()*
N . () . () . () . ()
HN . () . () . () . ()*
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA −. . . .*
C . () . () . () . ()
HA −. . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C −. () . () . () . ()
HA −. . . .*
C −. () . () . () . ()
HA −. . . .*
C −. () . () . () . ()
HA −. . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
C . () . () . () . ()
C −. () . () . () . ()
HA −. . . .*
C −. () . () . () . ()
C −. () . () . () . ()
HA −. . . .*
C −. () . () . () . ()
HA −. . . .*
C −. () . () . () . ()
HA −. . . .*
C −. () . () . () . ()
HA . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
Oa

. () . () . () . ()*
Ca

. () . () . () . ()*
HAa

. . . .*
HBa

. . . .*
Ca

. () . () . () . ()*
HAa

. . . .*
HBa

. . . .*
Ca

. () . () . () . ()*
HAa

. . . .*
HBa

. . . .*
Ca

. () . () . () . ()*
HAa

. . . .*
HBa

. . . .*
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The molecular structure is shown in the figure (symmetry
code i) x−1, y, z; ii) −x+1, −y+1, −z+2; iii) −x+1, −y+1, −z+1).
The disordered THF molecule is not shown in the figure.
Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

Source of material

N-((Z )-amino(((E )-amino(phenylamino)methylene)amino)
methylene)benzenaminium chloride (diphenylbiguanide

chloride, HL+Cl−) and benzo[f]isoquinolino[3,4-b][1,8]
naphthyridine (anthiridine, DBA) was synthesized by
following the literature procedures [4, 5]. The title com-
pound, i.e., the cocrystal of between HL+Cl− and DBA was
prepared by dissolving the two compounds in THF solution
in a molar ratio of 1:2. The solution was filtered to obtain
a yellow clear filtrate, which was kept in a glass vial
sealed with parafilm. Prism crystals with orange color were
obtained with a few days.

Experimental details

A crystal of a size 0.20 × 0.20 × 0.10 mm was mounted on
a glass fiber with expoxy glue. Data collection was per-
formed on a Bruker D8 VENTURE Photon II diffractom-
eter. Data were processed on a PC using the Bruker AXS
Crystal Structure Analysis Package [1]. Data collection:
Bruker APEX3; cell refinement: Bruker SAINT; Data
reduction: Bruker SAINT; Structure solution: SHELXT
2014/5 [2]; Structure refinement: SHELXL-2018/3 [3]; Mo-
lecular graphics: Bruker SHELXTL [2]; Publication mate-
rials: Bruker SHELXTL [2].

The H-atoms on N-atoms were located from the
difference-Fourier maps, and refined without any con-
straints. All other H-atoms were placed geometrically and
refined using a riding model with common isotropic
displacement factors Uiso(H) = 1.2 Ueq(parent C-atom). The
two THF molecules were disordered.

Comment

The simplest biguanide, 2-carbamimidoylguanidine, was
synthesized by Rathke in 1879 [6]. 50 years later, some
biguanide derivatives, including metformin (3-(diamino-
methylene)-1,1-dimethylguanidine) were found to be able to
lower the blood glucose in animals [7, 8]. However, due to
their side effects and the availability of insulin, metformin
did not receive too much attention until its introduction into
USA by FDA in 1995 [9]. Currently, metformin is the first-line
therapy for treatment of type 2 diabetes. In addition, met-
formin and its analogues have found a variety of therapeutic
applications, such as, polycystic ovary syndrome [10], car-
diovascular disease [11], anti-aging [12] and even COVID-19
[13]. Meanwhile, biguanides also have demonstrated poten-
tial applications in the development of highly efficient solar
cells recently, due to its capability for hydrogen bonding
formation [14, 15].

Crystal engineering is the science to build crystalline
materials of specific characteristics or physicochemical

Table : (continued)

Atom x y z Uiso*/Ueq

OAb
. () . () . () . ()*

CAb
. () . () . () . ()*

HCb
. . . .*

HDb
. . . .*

CAb
. () . () . () . ()*

HCb
. . . .*

HDb
. . . .*

CAb
. () . () . () . ()*

HCb
. . . .*

HDb
. . . .*

CAb
. () . () . () . ()*

HCb
. . . .*

HDb
. . . .*

Oc
. () . () . () . ()*

Cc
. () . () . () . ()*

HAc
. . . .*

HBc
. . . .*

Cc
. () . () . () . ()*

HAc
. . . .*

HBc
. . . .*

Cc
. () . () . () . ()*

HAc
. . . .*

HBc
. . . .*

Cc
. () . () . () . ()*

HAc
. . . .*

HDc
. . . .*

OAd
. () . () . () . ()*

CAd
. () . () . () . ()*

HCd
. . . .*

HDd
. . . .*

CAd
. () . () . () . ()*

HCd
. . . .*

HDd
. . . .*

CAd
. () . () . () . ()*

HCd
. . . .*

HDd
. . . .*

CAd
. () . () . () . ()*

HBd
. . . .*

HCd
. . . .*

aOccupancy: . (). bOccupancy: . (). cOccupancy: .
(). dOccupancy: . ().
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properties through intermolecular interactions. Hydrogen
bonding, especially multi-hydrogen bonding, is very
important for crystal engineering and plays important roles
on structure stability, directionality and physicochemical
properties [16–18].

With a structure characterized with multiple –NH, it is
reasonable to assume that HL+Cl− can behave as an multi-
hydrogen bond donor, which can form multi-hydrogen
bonds with hydrogen bond acceptors to form multi-
hydrogen bond pairs, such as DD…AA or DDD…AAA.
DBA, as we can see from its structure, is a planar hydrogen
bond acceptor, i.e., AAA.Wehave found that the packing of
DBA molecules in a crystal can be tuned through crystal
engineering,which alters theway of theπ–π stacking of the
DBA molecules and leads to the change of electro-
conductivity of the crystals. Here we report the structure of
a novel co-crystal between HL+Cl− and two DBA, with the
one HL+ hydrogen bonded to two DBA through two sets of
DD…AA and each Cl− is hydrogen bonded to two DBA
through two triple C–H…Cl− hydrogen bonds and to two
HL+ through two double N–H…Cl− hydrogen bonds. All
nitrogen containing species are connected to each other or
form a hydrogen bond to the chloride anion. The disor-
dered THF molecules fill the gaps between the hydrogen
bonded molecules and ions. Bond lengths are all in the
expected ranges [19, 20].
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