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A new polymorph of Bisacodyl
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A new polymorph structure of bisacodyl, (pyridin-2-ylmethylene)bis(4,1-phenylene) diacetate, was determined.
The starting bisacodyl was extracted from suppositories with petroleum ether and the precipitate was recrystallized
from acetone. The purity of the recrystallized product was verified with powder X-ray diffraction. The single crystal
structure of bisacodyl shows that the compound crystallizes in a noncentrosymmetric manner in orthorhombic P2,2,2,
space group, with unit cell parameters a = 8.06862(18) A, b = 8.27567(18) A, ¢ = 28.3631(7) A.
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INTRODUCTION

Bisacodyl, (pyridin-2-ylmethylene)bis(4,1-phe-
nylene) diacetate, [4-[(4-acetyloxyphenyl)-pyridin-
2-ylmethyl|phenyl] acetate); is a stimulant laxative,
widely used for the relief of occasional constipation
[1, 2]. It is an over-the-counter drug sold under dif-
ferent brand names: Dulcolax, Correctol, Bisacolax,
Bisac-Evac, Alophen, Feen-A-Mint. Bisacodyl is
a white or almost white crystalline powder poorly
adsorbed in vivo as it is practically insoluble in
water. It is soluble in acetone, sparingly soluble in
ethanol (96% v/v) and it dissolves in dilute min-
eral acids [3]. Bisacodyl mode of action requires its
hydrolyzation by intestinal deacetylase enzymes to
bis-(p-hydroxyphenyl)-pyridyl-2-methane (BHPM)
[4, 5]. BHPM is also the active metabolite of so-
dium picosulfate [6]. Bisacodyl can be administered
orally or as suppositories. Though oral administra-
tion of Bisacodyl is easier the observed side effects
(stomach or abdominal irritation, pains, vomiting)
have forced the implementation of pharmaceutical
approaches such as “controlled” pH-, time-, and en-
zyme-dependent release [4, 7]. Normally, new drug
formulations are permitted only if they contain a
particular polymorph (solid form), or a defined mix-
ture of polymorphs (solid forms) [8], of the Active
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Pharmaceutical Ingredients. Consequently, it is im-
portant to control the crystallization conditions in
order to allow the crystallization of only one par-
ticular solid form. In order to avoid problems linked
with the crystallization of undesired solid forms
(e.g. amorphous vs crystalline) or the crystalliza-
tion of a new and unexpected crystal polymorph
usually polymorphic screening is performed [9].
Up to now, data for only one crystal structure
of Bisacodyl could be located in the databases
(CCDC-CSD). The Bisacodyl structure was origi-
nally solved by powder diffraction ([10], poly-
morph 1) in P1 space group (SG). In the present
work we have identified and report the crystal
structure a new polymorph (polymorph 2) of
Bisacodyl (space group P2,2.2,). Interestingly
the crystals were grown from acetone, like those
(space group P1) structure reported in [10].

EXPERIMENTAL

Bisacodyl purification and preparation of solid
form: 20 suppositories of bisacodyl (10 mg) were
dissolved in 20 ml petroleum ether (b.p. 40-60 °C).
After precipitation, the petroleum ether was decant-
ed and the crude bisacodyl was washed with petro-
leum ether (2x10 ml). The bisacodyl precipitate was
dried in air for 24 h and then recrystallized from
acetone at room temperature which resulted in for-
mation of colorless crystals.
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POWDER X-RAY DIFFRACTION
(PXRD)

The PXRD investigations were performed on
an X-ray powder diffractometer D2 Phaser (Bruker
AXS) using CuKa radiation, with a step size 0.02° 26
and a collection time of 8 s per step. The simulated
XRPD patterns were calculated with Mercury soft-
ware (version 3.9) [11].

SINGLE CRYSTAL X-RAY
ANALYSIS

A suitable single crystal of bisacodyl was select-
ed and mounted on a glass capillary. All intensity
and diffraction data were collected on an Agilent
SupernovaDual diffractometer equipped with an
Atlas CCD detector using micro-focus Cu Ka ra-
diation (A = 1.54184 A) at 290 K. Collection and
data reduction program was CrysAlisPro, Rigaku
Oxford Diffraction, 2017, version 1.1.171.37.35
[12]. The crystal structure was solved by direct
methods and refined by the full-matrix least-squares
method on F? with ShelxS and ShelxL programs
[13]. All non-hydrogen atoms were located suc-
cessfully from Fourier maps and were refined ani-
sotropically. Hydrogen atoms were placed at calcu-
lated positions using a riding scheme (Ueq = 1.2,
aromatic C-H =0.93 A and Ueq =1.5, methyl C-H =
0.96 A). The ORTEP [14] drawing of the molecule
present in the asymmetric unit (ASU) and the most
important crystallographic parameters from the data
collection and refinement are shown in Figure 1 and
Table 1 respectively. The figures concerning crystal
structure description and comparison were prepared
using Mercury software (version 3.9) [11].

Fig. 1. ORTEP drawing of the molecule present in the asym-
metric unit (atomic displacement parameters are at 50%
probability); hydrogen atoms are shown as spheres with ar-
bitrary radii.
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Table 1. Most important crystallographic parameters for data
collection and refinement of bisacodyl

Empirical formula C,H ,NO,
Formula weight 361.38
Temperature/K 290

Crystal system Orthorhombic
Space group P222,

a/A 8.06862(18)

b/A 8.27567(18)

c/A 28.3631(7)

a/° 90

pre 90

y/° 90

Volume/A? 1893.90(8)

VA 4

Peac lem? 1.267

wmm™ 0.714

F(000) 760.0

Crystal size/mm? 0.25x0.2x0.2
Radiation Cu Ko (A=1.54184)
20 range for data 11.138 to 149.058
collection/

Index ranges -9<h<9,-9<k<4,-34<1<31

Reflections collected/

Independent 6518/3717
R/ Ripa 0.0236/0.0289
Data/restraints/ 3717/0/246
parameters
Goodness-of-fit on F? 1.046
Final R indexes R,=0.0386
[I>=2c (D] wR,=0.0993
Final R indexes R,=0.0435
[all data] wR,=0.1047
Largest diff.
peak/hole / e A3 0.12/-0.16
Flack parameter -0.25(17)
CCDC number 1831419
RESULTS AND DISCUSSION

The comparison of the powder and the single
crystal generated diffraction patterns clearly shows
the existence of two polymorphic forms (Fig. 2).
The assessment of the purity of the polymorph 1
from powder patterns of ref. [10] and this shown on
Fig. 2 suggests that the employed purification pro-
cedure yields cleaner bisacodyl substance than that
one purchased from Heowns Biochem Technologies
LLC (considering the observed halo in the 5-15 26°
region of [10]).

The new polymorph of Bisacodyl crystalizes
in the orthorhombic P2,2 2, space group with one
molecule in the ASU and four molecules in the unit
cell (Z = 4) (Fig. 1). The values for the most bond
lengths, angles and torsion angles (Table 2) are com-
parable with the other similar structures from the
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Fig. 2. Comparison between the powder and single crystal generated diffraction patterns of polymorph 2.

Table 2. Selected bond lengths, angles and torsion angles of the crystal structure

of polymorph 2
Bond lengths A Angles °
N3—C2 1.335(3) | C22—C21—027 119.2 (3)
N3—C4 1.340 (4) | C25—027—C21 118.4 (2)
Cl1—C8 1.523 (3) | C18—Cl—C2 109.97 (18)
Cl—C2 1.526 (3) | O17—C14—C15 126.4 (3)
C1—CI8 1.525(3) | O17—C14—O016 122.7 (2)
Cl1—O016 1.406 (3) | N3—C4—C5 124.3 (2)
027—C21 1.411 (3) | 027—C25—C24 110.9 (2)
016—C14 1.350 (3) | 026—C25—C24 126.3 (3)
027—C25 1.337 (3) | Torsion angles °
017—C14 1.187 (3) | C21—027—C25—026 0.6 (5)
C25—026 1.173 (3) | C2—C1—C8—C9 75.2(3)

CSD-database 5.38 [10, 15—17]. A detailed compar-
ison molecular packing similarity [18] of bisacodyl
from polymorph 1 [10] and polymorph 2 shows an
overall root mean square deviation (rms) of 1.017
and reveals that main difference is in the orientation
of the acetate moieties (Fig. 3). Indeed the minimal
variations of molecular geometry are the reason for
the existence of the two polymorphic forms. The
existence of a third polymorph form, which differs
by the orientation of only one of the acetate moie-
ties can be envisaged. The geometry around the —
CH center is also interesting. Because of the two
identical substituents (phenyl acetate) the C is not

Fig. 3. Overlaid molecules [100] of polymorph 1 (in light
gray) [10] and polymorph 2 (in black). The main difference
between the forms is the torsion of the acetate moieties.
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truly “chiral” and the polymorph in ref. [10] crystal-
lizes in centrosymmetric SG PI. Nevertheless the
second polymorph crystallizes in a noncentrosym-
metric manner (SG 19) with only one molecules in
the ASU. Having in mind that the active metabo-
lite of bisacodyl BHMP is hydrolyzed by intestinal
enzymes one could expect that after the production
of one —OH moiety the enzymes will continue to
act only on the correct R or S 4-((4-hydroxyphenyl)
(pyridin-2-yl)methyl)phenyl acetate. Thus for the
reduction of the administered bisacodyl dose (e.g.
by a factor of two) one should obtain the “correct”
molecular orientation in the solid form.

Weak hydrogen bonding interactions (C—H---O)
could be located in the structure (Table 3, Fig. 4).
In both polymorphs the number of the weak inter-
actions is two. However in the present structure
the two C—H---O involve aromatic C-H (Fig. 4b)
while in polymorph 1 one of the detected interac-
tions is obtained from a methyl group (Fig. 4a, e.g.
C-Huemy...O with H...4 distance of 2.718 A).

As the bisacodyl molecule features only classical
hydrogen bond acceptors (2 x C=0), no hydrogen
bond donors, and it is practically insoluble in water,
the three dimensional crystal packing is governed

by the network of weak interactions and the minimi-
zation of free spaces. Indeed the three dimensional
packing of the bisacodyl molecules in polymorph
2 shows a zig-zag orientation alongside b—axis and
S-shaped orientation alongside a-axis (Fig. 5).

CONCLUSIONS

In this work, we describe the crystal structure
and solid state behavior of a new bisacodyl poly-
morph. The single-crystals of the new polymorph
form were obtained by a standard procedure fol-
lowed by recrystallization from acetone. The sin-
gle crystal structure data of polymorph 2 showed
a high molecular similarity with polymorph 1 with
an overall ms of 1.017 and only the orientation
of the two acetate moieties is different. However,
we found significant differences for polymorph
2: it crystallizes in a noncentrosymmetric manner
(P2,2,2)) and C-Haromatic...O weak interactions sta-
bilizing the three-dimensional packing are prefered
over C-H,emy. . .O ones. The existence of a third pol-
ymorph modification, differing by the orientation of
only one acetate moiety should be envisaged.

Table 3. Weak intermolecular hydrogen bonding interactions of polymorph 2

D—H-A D—H@A) H-AQA) D-A(A) D—H-A (°)
C10—H10--017i 0.93 2.623 3333 (4) 134
C5—H5-+-026ii 0.93 2.546 3.243 (3) 132

Symmetry codes: (i) —x+1, y—1/2, —z+1/2; (ii) x—1, y—1, z.

Fig. 4. Observed weak interactions in a) polymorph 1 and b) polymorph 2
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Fig. 5. Zig-zag (a) and S-shaped (b) orientation of the mole-
cules of the crystal structure of polymorph 2 alongside » and
a axes respectively.
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HOB ITOJINMMOP® HA BU3AKOINJI

B. Hronrepos, Xp. Coupkosa-/lumutpona, JI. [[Beranosa,
P. Pyces*, b. llluBaueB

HUnemumym no munepanozus u kpucmanoepagus ,, Axkao. Hean Kocmog*, bvieapcka akademust
Ha Haykume, yi. ,,Axad. I'. Bonues*, 6n. 107, 1113 Cogpus, bvreapus

[Toctenuna mapr, 2018 r.; npuera anpwi, 2018 r.
(Pestome)

OmnpefeneHa ¢ KpUCTajHaTa CTPYKTypa Ha HOB MOJUMOP( Ha Ouzakomuia. V3XOMHHUAT MPOIYKT € SKCTpaXupaH
OT CYIIO3UTOPH C METPOJIEB €Tep, a NPEIUITUTATHT € MPEKPUCTAIM3UPAH C alleToH. YucToTara Ha MPEeKpUCTaIU3Upa-
HUS TIPOJIYKT € MPOBEPEHA C TIOMOIITA Ha MPAaXx0B PEHTIeHO(a30B aHAIN3. MOHOKPUCTATHHUAT PCHTICHOCTPYKTYPCH
aHaJIU3 M0Ka3a, 4¢ MOJICKYJIUTE HA OM3aKOIUII KPUCTATH3UPAT MO HELCHTPOCUMETPUYUCH HAYWH B OPTOPOMOUYHATA
P2,2,2, IpOCTpaHCTBEHA IPyNa, C IapaMeTpH Ha eleMeHTapHaTa Kietka a = 8.06862(18) A, b = 8.27567(18) A,
c =28.3631(7) A. CpaBHeHHETO MKy MPaxoBaTa PEHTTECHOTPaMa Ha MPEUHCTEHUS OM3AKOIMUNI U Ha HoauMopda,
JmoknaaBaH ot Li et al., HaBe)k1a HA MUCBHITA, Y€ MPUIIOKEHATA CKCTPAKIIUS 1aBa MPOIYKT C BUCOKA YUCTOTA.
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