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ABSTRACT:

Two polymorphs (AM-A and AM-B) of azilsartan medoxrid (AM) and four AM solvatomorphs with
toluene (AM-TOL), 1,4-dioxane (AM-DIO), chloroform(AM-TCM) and N,N-dimethylacetamide
(AM-DMA) have been prepared by the hydrolysis ofsaztan medoxomil potassium in aqueous-organic
solutions. In the crystal structures of two polypits and three solvatomorphs (AM-TOL, AM-DIO and
AM-TCM), two asymmetric AM molecules form the dinwrcycle-like structures via intermolecular
N-H---N hydrogen bonds ir;@6) ring, while AM-DMA shows intermolecular N-HG -hydrogen bond
between AM and DMA molecules. The hydrogen bondsHC-O or C-H---N) ang - « (or C-H--x)
interactions are helpful to stabilize the conforiowl diversity of AM. The solvent-induced experimhe
shows that solvent molecules have great influemcéhe solvatomorph formation and DIO can form the
most steady solvatomorph than other solvents. faeral study demonstrates that toluene molecules in
three solvatomorphs (AM-TOL, AM-DIO and AM-TCM) athe most difficult to remove from the cage.
Our results illustrate that the solvent plays digaint role in tuning the size of the cage and podg the

conformational diversity of AM molecules.
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1. Introduction

Polymorphs and solvatomorphs have been theriapioissues in chemical and pharmaceutical ingasstr

[1-5]. Especially in pharmaceutical industry, polymphs of active pharmaceutical ingredients (APathough

identical in chemical composition, have receivedhynaoncerns for half a century due to the diffeesnn

solubility, dissolution rate, bioavailability, fdtability, physical stability and other propertigs11]. For the

conformational polymorphs of APIs, the conformavmetimes cannot interconvert randomly due to tlsérdit

potential energy between the conformers, which omjise the different affinity to enzyme or targetd &urther

affect the pharmacology [2, 12-16]. Also, solvatopiohas been a subject of intense interest in dodeontrol

some polymorph formation and drying process innlaaufacture of APIs [17-20].

Azilsartan medoxomil (AM) and azilsartan medoxopitassium (AMP Scheme 1.) are regarded as

the prodrug of azilsartan (Az), which are widelyedsn the treatment of circulatory diseases such as

hypertension, cardiac diseases, nephritis, stralce some other cardiovascular diseases [21-24]. As

angiotensin receptor blocker, azilsartan shouleradt catalytically with the important residues of

angiotensin |l receptor type 1 (ATthrough the active moieties. Therefore, the righhformer of

azilsartan could bind tightly to ATto feature high bioactivity [25-27]. In the molédau structures of

AM, the biphenyl rings could not freely rotate totcammodate the substrate-binding pocket due to the

strong conjugate action, which maybe produces ndliffigrent molecular configurations. In the present

work, the solvate-assisted molecular assembliesparéormed in details to explore the molecular

conformations of AM by hydrolyzing AMP under aqusearganic mixtures. Two AM polymorphs

(AM-A, AM-B) and four solvatomorphs with toluene KATOL), 1,4-dioxane (AM-DIO), chloroform

(AM-TCM) and N,N-dimethylacetamide (AM-DMA) have been prepared awell characterized by

physical methods



2. Experimental
2.1. Instrumentations and materials

All solvents and reagents (analytical grade) wértained commercially and used as received unlésswise
mentioned. Nuclear magnetic resonafieeNMR) spectra were recorded on the 400 MHz insemn(Bruker,
Germany) using DMS@g (Aldrich) as solvent and tetramethylsilicane as arternal standard.
Thermogravimetric and differential scanning calaim (TG-DSC) experiments were carried out in Netzs
STA449C equipment (Netzsch, Germany) with the hgatate of 5°C/min under a nitrogen gas purge witllow
of 20 mL/min. Fourier infrared (FT-IR) spectra wererformed on a Bruker Vector 33 in the 4000-400 camge.
Powder X-ray diffraction (PXRD) patterns were oh&d with a D8 ADVANCE powder diffractometer (Bruker
Germany) coupled with a Cudkadiation tubeX = 1.5418 A, V = 40 kV and | = 40 mA) ané &an in the 3-60°
range. Data were further processed using the JAfit#are (Rigaku, Japan). The simulated XRPD pasterere
calculated using the MERCURY software (version B.&ambridge Crystallographic Data Center, Camla;idg
UK). Crystal morphologies were analyzed by OlymBXt1 microscope (Tokyo, Japan).
2.2. Preparation of polymorphs and solvatomor phs
2.2.1. Preparation of polymorph AM-A.

AMP (40 mg) was dissolved in 14 mL of acetdl@fwater (6:1, v/v) or acetone/water (6:1, v/v)dastirred at
50-55°C for 2 h. The resulting solution was slowboled down to room temperature for slow evaponafiche
fine sheet crystals suitable for single crystalay-diffraction were obtained after 7 days. Yiel@: g (55%).
'H-NMR 6 (ppm ): 12.36 (bs, 1H), 7.74 (d, J = 7.8 Hz, TH$8-7.63 (m, 2H), 7.56-7.51 (m, 2H), 7.47 (d, 2.6
Hz, 1H), 7.23-7.19 (m, 3H), 7.00 (d, J = 7.8 Hz) 25155 (s, 2H), 5.11 (s, 2H), 4.60 (q, J = 7.0 ), 2.16 (s,
3H), 1.39 (t, J = 7.0 Hz, 3H). The result is in d@xcordance with the literatures [28-29].

2.2.2. Preparation of polymorph AM-B.



AM-B was obtained unexpectedly during the crystaliion process of AM-A in acetonitrile/water (6vly)
system. During the repeated experiment for polymadkM-A, a small needle crystal was found attachimghe
beaker along the surface of solution. The colortegstal was identified to be suitable for singigstal X-ray
diffraction. We also attempted to repeat the cijggdion conditions for AM-B, but failed.

2.2.3. Preparation of solvatomorph AM-TOL

AM-TOL was obtained by dissolving AMP (20 mg) in b of the TOL/water (6:1, v/v) mixture under
50-55°C for 3 h, and the resulting solution wassyocooled down to room temperature. The aqueoyer lvas
removed and the organic layer was left for slowpevation. The fine block crystals suitable for $ngrystal
X-ray diffraction were obtained after 20 days. ¥iel2 mg (60%)'*H-NMR & (ppm): 12.37 (bs, 1H), 7.73 (d, J =
7.7 Hz, 1H), 7.68-7.63 (m, 2H), 7.56-7.51 (m, 2H}7 (d, J = 7.6 Hz, 1H), 7.27-7.12 (m, 5.5H), 7(60J = 7.9
Hz, 2H), 5.55 (s, 2H), 5.11 (s, 2H), 4.60 (q, J.& Fz, 2H), 2.30 (s, 1.5H), 2.16 (s, 3H), 1.38)(t 7.0 Hz, 3H).
2.2.4. Preparation of solvatomorph AM-DIO

The same procedure as that of AM-TOL was appligt @iO/water (1:1, v/v) mixture in place of TOL/veat
one to obtain crystals in 10 days in 77% yiel-NMR &: 12.37 (bs, 1H), 7.73 (d, J = 7.9 Hz, 1H), 7.6847(m,
2H), 7.56-7.52 (m, 2H), 7.47 (d, J = 7.5 Hz, 1H23#7.19 (m, 3H), 7.00 (d, J = 7.7 Hz, 2H), 5.56(8), 5.12 (s,
2H), 4.60 (g, J = 7.0 Hz, 2H), 3.57 (s, 6H), 2.463H), 1.39 (t, J = 7.0 Hz, 3H).

2.2.5. Preparation of solvatomorph AM-TCM

AM-TCM was obtained analogously with AM-TOL, bugtkingle crystals were obtained by dissolving AM-A
(20 mg) in chloroform (8 mL). The resulting solutioas left for slow evaporation. Yield 7 mg (85%) H-NMR
8:12.40 (bs, 1H), 8.32 (s, 1H), 7.73 (d, J = 7.8 H&), 7.69-7.63 (m, 2H), 7.56-7.51 (m, 2H), 7.d6J = 7.6 Hz,
1H), 7.23-7.18 (m, 3H), 6.99 (d, J = 8.0 Hz, 2H}5H(s, 2H), 5.12 (s, 2H), 4.60 (g, J = 6.9 Hz, , 2H]6 (s, 3H),

1.39 (t, J = 7.0 Hz, 3H).



2.2.6. Preparation of solvatomorph AM-DMA

AM-DMA was obtained by dissolving AMP (40 mg) im@_ of DMA/water (1:1, v/v) solution and leaving the
solution for slow evaporation at room temperatdree fine block crystals suitable for single cryskatay
diffraction were obtained after 7 days. Yielti8 mg (45%)*H-NMR &: 12.36 (bs, 1H), 7.73 (d, J = 7.8 Hz, 1H),
7.68-7.63 (m, 2H), 7.56-7.51 (m, 2H), 7.47 (d, 2.5 Hz, 1H), 7.23-7.19 (m, 3H), 7.00 (d, J = 7Z, PH), 5.55
(s, 2H), 5.11 (s, 2H), 4.60 (g, J = 6.9 Hz, 2HY42(s, 3H), 2.78 (s, 3H), 2.16 (s, 3H), 1.95 (s),3H38 (t, J = 7.0
Hz, 3H).
2.3. Solvent-induced study

In order to investigate the solvent effect on thenfation of solvatomorphssolvent-inducedstudy was
carried out by complexing AM-A (1000 mg) with thexed solvent composed of the equimolar amount of , TO
acetone (ACE), acetonitrile (ACN), DIO, TCM and ldimromethane (DCM) (a total volume of about 18 rak)
solvent molecules. The suspension mixture wasestiat room temperature, and then about 0.5 mL ss&pe
mixture was collected into micro centrifuge tubéa4, 8, 12, 24, 48 and 96 hour time points. Sampere
separated by centrifuging at 12,000 rpm for 2 naimg then the solid precipitates were washed quiuliti
diethyl ether for twice (0.5 mL). The final solidere dissolved in DMS@; for '*H-NMR analyses. The mixture
was left for three months at room temperature, #redresulting solid was checked again accordingho
methods above.
2.4. X-ray crystallography

All the crystal structures were determined by tingle-crystal X-ray diffraction experiments. Thdfdiction
data for AM-B and AM-TOL crystals were collected @n Oxford Xcalibur Gemini Ultra diffractometer wian
Atlas detector operating at 40 kV and 40 mA usingKa radiation § = 1.54178 A), while the other diffraction

data for AM-A, AM-DIO, AM-TCM and AM-DMA were perfomed on a Bruker Apex Il CCD diffractometer



operating at 50 kV and 30 mA using MaKadiation § = 0.71073 A). All the crystal structures were sal\by
direct methods using SHELXS program and refinedh 8iHELXL program [30-31]. The final refinements wer
performed by full-matrix least-squares methods \aitisotropic thermal parameters for all non-hydrogeoms
on F2 The hydrogen atoms on non-carbon atoms weredddabm difference Fourier maps and the hydrogen
atoms riding on the carbon atoms were determineth wieoretical calculation and refined isotropigall
Crystallographic parameters and hydrogen bonds ligteel in Tables 1 and 2.
3. Result and discussion
3.1. Preparation of polymorphs and solvatomor phs

AMP approved by US FDA as API in Edarbi tablet istable and easily hydrolyzed to azilsartan (Azhim
gastrointestinal tract after administration. HoweweMP can hydrolyze to produce AM in agueous-oigan
systems. Based on the reaction mechanism aboverystal forms could be prepared by hydrolyzing AMPBhe
agueous-organic solvents, respectively. The figstats of AM-TCM suitable for single crystal X-ralffraction
could be easily obtained by crystallizing AM-A froR€M as a sole solvate. In this study, the mixddesds are
divided into two categories: whole intersoluble grattial intersoluble dual-liquid systems. The ragmopic
images for all six compounds show different morpl@s as shown in Fig. 1. The solvent amounts i fo
solvatomorphs are also determined HyNMR spectra and TG analyses, which are excedieategies to identify
the amount of disordered solvent molecules. Fh&IMR results shown in Fig. 2 suggest being 0.51501.00
and 1.00 solvent molecules per AM molecule in AMLT@M-DIO, AM-TCM and AM-DMA (Figs. S1-S5 in
Supporting Information), respectively, which aregood agreement with the corresponding resultsirgfles
crystal X-ray diffraction analyses and TG analydd® IR spectra (Fig. S6 in Supporting Informatifegture
some apparent differences in vibration peaks (nsitg and shape) observed in the ranges of 1750-a50

1100-700 crit suggesting the change in the vibration modes ofrfAMecules when the solvates are formed.



3.2. Crystal structure analyses

Polymorph AM-A is in the solvent-free form crystaéd in monoclinic PZn space group. Two asymmetric
AM conformers coexist in the unit cell as showrFig. 3a. In the crystal structure, the N-H- - - N log#én bonds
between oxadiazole moiety and benzimidazole groephee major interaction connecting the two asyminéiM
conformers to form a dimeric cycle-like structurighin the R (26) hydrogen bond (Fig. 3a). The H---N distances
in N—H- - -N hydrogen bonds adetermined as 1.90 A and 1.96 A, respectively @ahl Importantly, two dimeric
unit are further connected through an oftsetr stacking interactions (Fig. 3a). Furthermore, dimaeric units
associate along thac-plane through C—H-z-interactions to form one-dimensional structureb{@a3). In the
crystal structure, two phenyl rings (C and D) andaadiazoles ring don't lie in the same plane, taeddihedral
angles between C and D rings are 44.2(2) and 47,3€spectively (Table 4), which suggests thatahergy
stabilized by ther-electrons delocalization of two phenyl rings istpghed by the steric hindrance. It is found out
that the biphenyl and dioxolyl groups are locataedlifferent sides of the benzimidazolyl plane ire @onformer,
and on the same side in the other conformer. Trekwe-H- --N and C—H-- - O hydrogen bonds not onlyetnn
the dimeric structure, but construct the three-disienal structure as well (Table 3).

Polymorph AM-B is also solvent-free form crystadliz in monoclinic C2/c space group, and only one AM
conformer exists in the asymmetric unit as showign 3b. The dimer is also cyclized through interecular B
(26) N—H- - -N hydrogen bonds as found in AM-A, witile dimeric cycle-like units extend through = stacking
interactions along the-axis to form one-dimensional chain structure (Big, Table 3). The biphenyl group and
the dioxolyl ring are located on the same siddeftienzimidazolyl group in the conformer. The twemyl rings
are not in the same plane and form the dihedral &§(2)° to meet the direction of the hydrogen béwttiitionally,
the dimeric skeleton is stabilized by intermoleculxrH- - nt interactions in the dimeric structures (Table 3).

Although the dimeric units are automatically orgghin angular shape to each other, the solvenssitite void is



found to be 166 Ain the crystal lattice obtained using the PLATOBR], The weak C-H---N and C-H---O
hydrogen bonds is only found between the dimerotwstruct the three-dimensional structure (Table 3)

Solvatomorph AM-TOL crystallizes in triclinic P-pbace group. Two asymmetric AM conformers coexist in
the unit cell as shown in Fig. 4a. As found in AMaAd depicted in the Fig. 3, two asymmetric AM roales are
connected by R26) hydrogen bonds consisting of oxadiazole anizingidazole groups to form the dimeric
cycle-like structure. The H---N distances in N-N-hydrogen bonds are determined to be 2.01 A aba A,
respectively (Table 2). In the crystal structuhe biphenyl group and the dioxolyl ring are locatedthe same
side of the benzimidazolyl plane in two conformesich is obviously different from those in AM-A.hEse
conformations are advantageous to form a cageghromo dimers, which is occupied by two toluene eales
(Fig. 4a). It is strange to find that only the C~HN interactions are observed within the dimer,thetC-H- -z
andz- - « stacking interactions are eliminated, which isilgtdifferent from polymorphs AM-A and AM-B.

In the solvatomorph AM-DIO, two asymmetric AM confeers coexist in the unit cell to form the dimer
connected by §26) N-H---N hydrogen bond (Fig. 4b), which is éstesit with AM-TOL. The biphenyl group
and the dioxolyl ring in the crystal structure dweated on the same side of the benzimidazolyl glianone
conformer, while in the other conformer, The bipfiegroup keeps locating on one side, and the didxolg is
nearly lying in the same plane with benzimidazaiylg, which is obviously different from those fourial
AM-TOL. The change enables three DIO moleculeséaértially wrapped by two dimers, in which the DIO
molecules are tightly tied by the C-H---O hydrogends between AM and DIO molecules (C-H---O angles
being 164 and 172°, C--- O distances being 3.455(8B.516(4) A, respectively) (Fig. 4b).

The crystal structure of AM-TCM is very similar #®M-TOL, and two asymmetric AM molecules are
connected by two hydrogen bonds consisting of @zalé and benzimidazole groups to form the cydle-li

structure. Four chloroform molecules are encapsdlat the cage formed by two dimers (Fig. 4c).



Solvatomorph AM-DMA crystallizes in a monoclinic {2 space group, and only one AM conformer exits in
the unit cell. AM molecule forms hydrogen bond wiitle carbonyl O atom of DMA molecule as receptastasvn
in Fig. 5. The biphenyl group and the dioxolyl rizuge located on the same side of the benzimidaptdyle in the
conformer. The intermolecular N-H- - - O hydrogen bmdle is obviously different from the polymorphsldhe
other solvatomorphs which are N-H---N mode composéenzimidazolyl and oxadiazolyl groups. The weyak
intermolecular C—H- - - O hydrogen bonds forfi2&) and R(38) rings as shown in Fig. 5, and further expatu
construct three-dimensional structure (Table 3).

3.3. PXRD analyses

Powder X-ray diffraction is an effective tooldifferentiate polymorphs and/or solvatomorphsedasn line
profile. The PXRD patterns for AMP, AM-A and founlsatomorphs are shown in Fig. 6. The base linethef
experimental patterns are nearly flat and the pea&ssymmetric and sharp suggesting that the sanhalee
excellent crystallinity. Calculated PXRD patterme generated from the single crystal structuresgusiercury
software. The experimental PXRD patterns are adfebly preferred orientation effects and match wiéh the
calculated patterns irb2which indicates that the crystal structures apresentative for the bulk materials.
3.4. Solvent-induced study

The solvent-induced results are shown in Fig. 7 sughest that C¥N can combine with AM molecules
quickly, TCM and DCM molecules can gradually ingeto AM-A molecule up to 0.36 and 0.24 molecules p
AM molecule after 24 h soaking. DIO can slowly irisato AM-A in the experimental time, but toluehas
hardly been detected. Keeping the suspension wmbéxd for three months at room temperature, thel sol
gradually and wholly transforms to be crystal fomhich is identified to be AM-DIO byH-NMR and single
crystal X-ray diffraction (unit cell parameters=ad2.473(3) A, b = 14.823(3) A, ¢ = 18.437(4)dds 94.552(4)°,

B =108.627(4)°y = 99.373(4)°, V = 3155.3(12)3} This phenomenon suggests that AM-A without asités

10



void could change its stereo configuration to fahm cage with the help of GEN (TCM or DCM) solvent and
that DIO has been preponderant in the competitivdusion into the void. Toluene can hardly into tege
caused by the dimeric AM molecules. From thesesfaombined with the crystal structures, it is fouhal the
solvents may freely insert/escape from the voidndt by two dimeric units, and then AM graduallynsrms
into the stable state AM-A when the organic solsefaicetonitrile or acetone ) are small moleculegalume
without forming the hydrogen bond between solvent &AM molecules, When the solvents (toluene or
chloroform) are slightly larger molecules and da fusm hydrogen bond with AM molecules, the solweate
encapsulated into the cage constructed by two dinvéhen the DIO solvent form the weak hydrogen bwitd
AM molecules, the cage with two holes are formelédilled with three DIO molecules in two dimekowever,
the solvent DMA completely breaks the dimeric c#g®ugh its hydrogen bond to AM molecule. During th
transformation process, the conformational fleiipils very important to match the requirement ofifiguration
through the different conformers and to reduce dtezic hindrance. Ten different conformers produbgd
solvent-induced effect in six compounds are founthg to the significantly conformational flexibyit(Fig. 8),
and the dihedral angles between A-C, C-D and DeEirathe ranges of 73.4(3) -89.7(3)°, 40.5(2)-52)5&nd
49.3(2)-62.5(3)° as listed in Table 4, respectivélj)e compounds except AM-A show the existence of
solvent-accessible voids. The solvent amounts masth the requirement of the void volumes (The axiprate
volumes for the organic solvent molecules are 86Aacetonitrile, 122 Afor acetone, 132 &or TCM, 142 B
for DIO, 155 & for DMA, 176 A for TOL), and the calculated void volumes aftenowal of solvent molecules
based on the crystal data follow the order: AM-T(841 A% > AM-DIO (508 A} > AM-TOL (486 A >
AM-DMA (318 A% > AM-B (166 A%).

Hydrogen bond also plays dominant role in aalitry molecular assemblies and stabilizing thetigpa

configurations of AM molecules due to its suffidiglirectionality [33-42]. In the crystal structurespolymorphs

11



(AM-A and AM-B), the hydrogen bond interactions uktsin the different molecular conformers and cayst
symmetry. For three solvatomorphs (AM-TOL, AM-DIidca AM-TCM), the N-H---N hydrogen bonds are
unique formed by benzimidazolyl and oxadiazolylupsin B(26) ring. The H- - - N distances and N-H- - -N angles
are in the ranges of 1.88-2.06 A and 170-176°, vfeature the stronger hydrogen bond interactioitis figh
linearity in assemble the molecular structures.th&rmore, the non-classical hydrogen bond intevasti
(C-H---N or C-H---0O) are also found in all compaunghich further strengthen the crystal structuaes
regulate the bioactivity [36-41]. Another importdattor on molecular assembly is C—Ht interactions and
n-- 7 interactions (Table 3) [42-45], which are the digon interaction between AM molecules. Althoubése
weak interactions are unable to control the mokgooitientation in molecular assemblies, they abtupact the
stability and the crystal packing.
3.5. Thermal stability analysis

Polymorph AM-A and four solvatomorphs are invediigbby TG-DSC under nitrogen gas atmosphere (Figs.
S7-S11 in Supporting Information). The TGA profilgsown in Fig. 9 feature that AM-A has no weigtddo
before decomposition at 217 °C, suggesting that ABBmple does not contain solvent molecules. AM-TOL
shows obvious mass loss in the 140-205 °C temperaange , and loses about 7.15% of total moleawaght
corresponding to half a TOL molecule per AM molec(theoretical value: 7.50%). AM-DIO exhibits apgatr
mass loss in the temperature range of 120-200rMtClpaes about 10.05% of total molecular weightesponding
to three-quarters DIO molecule per AM molecule ¢tie¢ical value: 10.41%). AM-TCM shows obvious miass
in the temperature range of 100-213°C, and losestaly.14% of total molecular weight correspondingne
TCM molecule per AM molecule (theoretical value:35%6). AM-DMA shows mass loss in the temperatungea
of 125-220 °C, and loses about 12.86% of total mdés weight corresponding to one DMA molecule p&t

molecule (theoretical value: 13.29 %). These resuit TG analyses further identifies the conclusiufitsl-NMR

12



spectra and single crystal X-ray diffractions.

3.6. Hirshfeld surface analysis

Molecular Hirshfeld surfaces calculations were perfed by CrystalExplorer 3.1 software based onltesu

of single crystal X-ray diffraction studies [46-48hich can used to identify the nature and typethef

intermolecular interactions, and proportion of theeraction in the crystal. Strengths of intermolec

interactions and a 2-D fingerprint plot (Fig. Sh2Supporting Information) within the crystal areppad onto the

Hirshfeld surfaces using the descripdigkm Which is a ratio encompassing the distance ofsanface point to the

nearest interior (§ and exterior (¢) atom to the van der Waals radii of the atoms.c&ange distribution of

various intermolecular contacts to the Hirshfeldaee areas of ten AM conformers have been showviaign10.

Overall, the majority of Hirshfeld surface contriton is H---H, H---O, H---C and H---N close contddie

H---H, H---O, H---C and H---N contacts vary frofd%8521.5%, 14.7% and 6.6% to 42%, 34.2%, 21.2% and

8.8% for ten conformers, respectively. Due to tlpidal C-H---O interactions and/or classical N-B---

interactions in AM-A, AM-DIO and AM-DMA, the H- - - @teractions in AM-A, AM-DIO and AM-DMA have a

more significant increase in percentage distributiban those in AM-B, AM-TOL and AM-TCM. For two

conformers of AM-TCM, others contacts contribute@®0 and 27.7% of the total Hirshfeld surfaces, Wwtace

mainly due to extra H---Cl, C---Cland O- - Clautgons.

4. Conclusion

The solvent-induced conformational assemblies Hememn illustrated for AM molecules in aqueous-organi

systems characterized by a series of physical rdstl&ix single crystal structures of AM are firstivealed and

ten conformers are found in the studied systems 3élvent can induce the change of AM molecular

configurations to form the cage occupied by theesal moleculesia intermolecular N-H- - -N hydrogen bonds.

The solvent amount encapsulated in the cage i$yfiratated to the solvent molecular volume. The-ptassical

13



hydrogen bonds (C-H---N or C-H---0) andither (or C—-H--m) stacking interactions are observed in the
compounds to stabilize the crystal structures admolecular configurations.
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Table 1.

Crystallographic parameters of polymorphs and setvaf AM

AM-A AM-B AM-TOL AM-DIO AM-TCM AM-DMA

chemical formula C3oH24N4Og C30H24N4Og C30H24N4Og, C30H24N4Og, C30H24N4Og, C30H24N4Og,
1/2GHg 3/4C4Hg0, CHCl; C4HgNO

formula sum C30H24N40g C30H24N403 C335H28N40s C33H3o Ny Og 5 C31H,5CIsN,Og C34H33Ns0q
formula weight 568.53 568.53 614.60 634.61 686.89 655.65
crystal system monoclinic monoclinic  triclinic triclinic triclinic monoclinic
space group P2,/n C2/c P-1 P-1 P-1 P2,/n
TIK] 298(2) 298(2) 298(2) 298(2) 298(2) 298(2)
a[A] 13.8673) 26.7661(12) 11.8159(3) 12.416(3) 12.171(2) 16.427(5)
b[A] 13.376(3) 10.7467(5)  13.6418(2) 14.763(3) 13.534(2) 9.562(3)
c[A] 29.422(6) 20.7113(8) 19.8791(4) 18.392(4) 19.769(3) 21.968(6)
al’] 90 90 94.115 (1) 94.59(3) 92.250(3) 90
LI 99.44(3) 96.097(4) 94.863(2) 108.67(3) 96.380(3) 109.076(4)
vl 90 90 103.192(2) 99.38(3) 102.595(3) 90
z 8 8 4 4 4 4
VA% 5383.3(19) 5923.8(4) 3094.79(11) 3119.4(11) 3151.6(9) 3261.1(16)
Do [g cm ™3] 1.403 1.275 1.319 1.351 1.448 1.335
M [mm_l] 0.104 0.788 0.795 0.101 0.348 0.098
reflns. collected 28489 11924 92947 24251 17609 20148
unique reflns. 7139 3445 7623 4721 6122 4791
observed reflns. 9163 5180 10546 10869 11041 7432
Ry [I>20(1)] 0.0407 0.0502 0.0548 0.0486 0.0664 0.0500
WR; (all data, F) 0.1202 0.1042 0.1587 0.1200 0.1756 0.1316
GOF 1.076 1.013 1.037 0.978 1.097 1.033
largest diff. peak 0.447 and 0.241 and 0.456 and 0.319 and 0.706 and 0.398 and
and hole [e-A”)] -0.228 -0.189 -0.399 -0.288 -0.679 -0.277
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Table 2.

Hydrogen bond parameters of polymorphs and solvaitéd

H-bond do_yy (A) dy.-a (A) dp-.a (A) OD-H---A () symmetry code
AM-A
N;—Hy--Ng 0.91 1.90 2.813(2) 176.0(2) X, y,z-1
Ns—H,+Ny 0.86 1.96 2.810(2) 171.1(2) X, y, 2+1
Cio-Hio+O16 0.93 2.72 3.300(3) 121.8(2) X+3/2, y+5/2, -2+32
Ci6~Hiec 011 0.96 2.57 3.461(3) 154.3(2) X, y,z-1
Ci7~Hiza0g 0.97 2.52 3.386(2) 148.2(2) X, y,z-1
Ca7—Haze0s 0.96 2.50 3.327(3) 144.9(2) X+52, y+3/2, -2+312
Ca4~Hag 0, 0.93 2.70 3.484(3) 143.2(2) X+1/2, -y+32, z+1/2
Cas—Hasp-04 0.97 2.47 3.403(2) 161.8(2) X+3/2, y+32, -2+32
Ca7—Haza01 0.97 2.67 3.485(3) 142.4(2) X, y, 2+1
AM-B
N;=Hq--Ny 0.86 2.04 2.897(3) 175.9(2) x+1,, -z+1/2
Cy—HgOg 0.93 2.64 3.363(4) 134.9(3) X+12, y+32, -2+12
Ce—He0y 0.93 2.44 3.365(4) 170.8(3) X, y+1,2
Cao~Haos0z 0.97 3.33 3.325(4) 132.7(2) XY,z
AM-TOL
N;—Hy--Ng 0.90 2.01 2.910(3) 174.7(3) X, y-1,2
Ns—H,+Ny 0.86 2.00 2.856(3) 171.1(3) X, y+1,2
Cis5-His04 0.97 2.46 3.199(3) 132.5(2) x+2, -y+1, -z+1
Cy7-Hi7a-+00 0.97 2.55 3.349(4) 139.2(2) X, y-1,2
Cy3-HpsOgg 0.93 2.57 3.408(4) 150.0(3) x+1,-y+1, -2
Ca-Haga'+O16 0.97 2.68 3.403(4) 131.8(3) x+1,y,z
Cas-HagOgg 0.93 2.47 3.321(4) 152.5(3) x+1,y,z
Cso-Hsec O3 0.96 2.59 3.487(5) 155.3(3) x+1,-y+1, -2
AM-DIO
N;—Hy--Ng 0.93 1.88 2.802(4) 170.2(4) X, Y, 2
Ng—H,+Ny 0.89 1.96 2.845(4) 176.5(3) X, Y, 2
Cy=Hg0y 0.93 2.58 3.373(6) 143.8(3) X, -y, -z+1
Ce—He-O1s 0.93 2.56 3.429(6) 156.5(4) x+1, -y+l, -z+1
Ci7~Hizg0g 0.97 2.55 3.326(4) 137.3(3) X, Y, 2
Cy7—HazaO16 0.96 2.26 3.209(5) 170.6(3) X, y-1,2
Cas—Has+Oq 0.93 2.68 3.493(5) 146.5(4) x+1,-y+1, 2
Ca7~Haz+O1e 0.93 2.55 3.455(3) 164.1(3) X, Y, 2
Car—Ha1+Oq 0.93 2.64 3.452(4) 146.0(3) X, -y+1, -z
Cas~HagsOs 0.96 2.59 3.476(5) 153.0(3) X, Y, 2
Ceo~HeocOs 0.96 2.51 3.364(5) 149.0(4) x1,y+1,z
Ceo~Heos"*Os 0.96 2.54 3.490(5) 169.5(4) X, -y+1, -z
Cer—Heas01 0.97 2.68 3.298(7) 122.3(6) x+1,y,z
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Ny=Hy--Ng
Ns=Hy-N,
Ce—HeOg
C17~Hi78-"0qg
Cy6=Haea'O16
C34—H34O16
Cag—Hage 01
Csa—Hsa+Og

N;-H1Og
Cis~HisaO1
Ca1=Ha10g
Cs1~Hs1p+01

0.86
0.81
0.93
0.97
0.97
0.93
0.97
0.93

0.88
0.97
0.93
0.96

2.02
2.06
2.57
2.53
2.50
2.48
2.43
2.71

1.86
2.34
2.54
2.64

2.882(5)
2.864(5)
3.248(6)
3.330(5)
3.215(6)
3.371(6)
3.180(6)
3.469(6)

2.744(2)
3.183(3)
3.389(3)
3.425(4)

AM-TCM
173.0(4)
176.5(4)
129.7(4)
139.5(4)
130.7(4)
159.3(4)
134.3(7)
138.9(4)

AM-DMA
177.1(2)
145.0(2)
152.1(2)
139.4(2)

XY,z
XY,z
-x+1,y, -z+2
XY,z
x-1,y-1,2
x-1,y,2
XY,z

x+l,y,z

XY, 2
-x+1/2, y+32, -z+52
x-1/2, -y+1/2, 2-1)2

-x+1/2, y+32, -z+52
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Table 3.

n-- @t or C-H- - & interactions in polymorphs and solvates of AM

Compound Interaction® R (A)b Angle (2)
AM-A Tgo* Tas 3.980(2) 0
Ci-HizsTie 3.623(2) 159.6(3)
Cpy—HayTipy 3.986(2) 130.5(2)
Car—HazpTies 3.677(2) 156.3(2)
Coy—HsyTipy 3.849(2) 118.9(2)
Cos—Hsz+Tias 3.674(2) 137.1(2)
AM-B T, Tl 3.806(3) 0
Cps—HysTip 3.501(3) 139.1(2)
Cao-HaonTic 3.774(3) 158.2(2)
AM-DIO Cor—Harer Ty 3.561(4) 148.1(4)
Cy7—Hazp Ty 3.809(4) 161.9(4)
Ce3—Heap ' Tlar 4.394(4) 152.3(4)
AM-DMA Cas—Hazc T 3.731(3) 148.0(2)
Cag=Haan T 3.987(3) 128.9(2)

® ntis defined as the centroid of the ring.

PR is defined as the distance between the centroids of the rings.
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Table 4.

Dihedral angles (°) in polymorphs and solvates ldf A

Compounds A-B A-C C-D D-E
AM-A 1.1(3) 86.4(3) 44.2(2) 51.4(3)
1.7(3) 89.7(3) 47.3(2) 61.3(3)
AM-B 3.5(3) 73.4(3) 51.5(2) 60.6(2)
AM-TOL 3.2(3) 83.6(3) 45.9(3) 58.5(3)
5.2(3) 69.6(3) 50.6(3) 58.6(3)
AM-DIO 0.5(4) 80.1(4) 48.5(4) 49.3(2)
0.7(4) 87.1(4) 41.7(4) 58.2(2)
AM-TCM 2.1(4) 87.9(4) 50.0(4) 59.0(3)
3.0(4) 77.2(4) 49.0(4) 62.5(3)
AM-DMA 0.2(2) 82.0(3) 40.5(2) 56.2(2)
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(b)

Scheme 1. Chemical structures of azilsartan medoxomil (@) azilsartan medoxomil potassium (b). Digits

and letters are the atomic codes and ring codes.
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ACCEPTED MANUSCRIPT

Fig. 1. Photographs of crystals for polymorphs and selvaf AM (x100).
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Fig. 2. '"H-NMR spectra for AM-A, AM-TOL, AM-DIO, AM-TCM andAM-DMA.
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Fig. 3. The crystal structures and interactions of polgghs AM-A (a) and AM-B (b).
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Fig. 4. lllustration for the crystal structures of AM-Td@&), AM-DIO (b) and AM-TCM (c).
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Fig. 5. The crystal structure and hydrogen bond intesastof AM-DMA.
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Fig. 6. Experimental (red) and simulated (black) PXROgrat for AMP, AM-A and four solvates.
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Fig. 7. The amount of inclusion solvent per AM molecut®n soaking time.
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Fig. 8. Overlay diagram of ten AM conformers in differenystal structures drawn by fixing the

benzimidazolyl plane.
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Fig. 9. TGA curves of AM-A and four solvates.
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Fig. 10. Percentage distribution of individual intermoliunteractions on the basis of Hirshfeld surface

analysis of ten AM conformers in different cryss&iuctures.
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