ChemComm

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been

accepted for publication.
ChemComm

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

g;mm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

ROYAL SOCIETY
OF CHEMISTRY WwWW.rsc.org/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 6

COMMUNICATION

CREATED USING THE RSC COMMUNICATION TEMPLQH&%{/‘EFE:QII')U @E WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS

www.rsc.org/[journal] | [journal name]

M ulticomponent ternary cocrystals of the sulfonamide group with pyridine-amides and lactams

Geetha Bolla, and Ashwini Nangia*

Receipt/Acceptance Data [DO NOT ALTER/DELETE THISTEXT]

Publication data [DO NOT ALTER/DELETE THISTEXT]

s DOI: 10.1039/b000000x [DO NOT ALTER/DELETE THISTEXT

SMBA was selected as a bifunctional sulfa drug to design
ternary cocrystals with pyridine amides and lactam
coformers. Supramolecular assembly of five ternary
cocrystals of p-sulfonamide benzoic acid with nicotinamide
wand 2-pyridone is demonstrated and reproducible
heterosynthons areidentified for crystal engineering.

so With the best of planning (enthalpy,

components; (3) the components must be congruemtlgs
solubility) in some solvents while non-congruentathers; (4
hydrogen bonding between A and B (or C) must be gtanm
specific, while that between B and C should be maddeiver.
hydrogen bag-i
maximized), the results can be unpredictable,thegappearance

of polymorphs, solvates and hydrates during criyséaion. If the
Crystal engineerirgconnects chemistry to crystallography and it three components are grodintb avoid solubility issues a...
serves as a rationale for the understanding of entde solids. ~ solvated by-products, then what will be the redtstisequence”
The design and assembly of three complementarytiurat s Will crystal nucleation follow a binary to ternasgquential twc
15 groups during cocrystallization is extremely chadjimg because ~ step process or give the ternary cocrystal direnthy single sten?
this process involves a subtle discrimination oflectve
hydrogen bonding among multiple recognition sifagthermore,

:g?/uegrliilt fa(;;(;rtihsutc)gtv?/se;rr:e t;re]ar::%nir gsg;?;m?n?oif;“;? Table S1 and Figure S1, ESIt). The most recenttresuernary
20 coformeyr§ must be matched. The dgunting ’task of assembling cocrystals is Ey Desi(rjaj‘;th‘, wherein thlfy combiEed interaction

- : . - imicry, synthon modularity, as well as weak intti@ns v

thsebdégﬁregégg;i%ﬂgr Ecy)m&%ne;fﬁﬂ;r?foﬁimsmﬁégﬁg halogen bonding to assemble three complementanpanent:
hydrogen bonds and intermolecular interactionscegaling or n a smgleb cryztalllne adguct.I_Aakefgﬁha_\ée_ reportgd t;rir&ar"

: ; ; . systems based on carboxylic acid-pyridine and amie

close p?CkgngMarllq chem|;:a_l z;_nd g(iqm(tetncal factomolteclulfar s supramolecular synthons between isonicotinamideidylyand

recognition. “Making a stoichiometric ternary cocrystal irom benzimidazolyl base by introducing carboxylic acafsvaryir..

three substances that are all solids under ambdarditions is far : - - .
e . ; strengths (pKs) to preferentially bond with pyridine and am’ .
more difficult and demands a good knowledge ofitheraction functional groups of different basicity. Ternarycegstals of the

4 . . .
preferences®.Even as design strategies to make binary cocsystal anti-TB drug isoniazi@® 1,3,5-cyclohexane tricarboxylic aditi,

are well studied ternary cocrystals are relatively less explored N as well as 3 5-dinitrobenzoic afidre known. A graded variati n

comparisorf. The repor_ted systems deal W_ith hy(_jro_gen bondin hydrogen bond strength and basicity, size arapahof the
preferen%es and their s_treng?ﬁg,sfifhape/sme mlmlcryda of coformers, together with mechanochemistry and odatt
coformerihch?rgf tratmsfer |nt§Iraf[:t|o sand ?alogeér; tf)(:rr: 8, crystallization conditions for ternary cocrystalf sulfonamide.
among other factors 1o assemble lernary SySIesraiel Iese g reported in this paper. Surprisingly, thereeisitively little

studies target model compounds in which the funetigroups : . :
. - . . cocrystal engineering reported for sulfonamifles.
s are deliberately selected to maximize directed rintdecular # 4 g grep

interactions and minimize competition or cross-opairing; the
latter will result in unpredictable results or rarrtary system.
Secondly, the sulfonamide group, which is a comeesfor sulfa  heterosynthons observed in binary systems. SMBA .. °
drugs, has been studied for pharmaceutical binacyystals only  sulfonamide and carboxylic acid groups for hydrodemding
recently’ and no example of a ternary system involving the with coformers, which were selected from among gige
sulfonamide group is reported. The second functignaup in carboxamides (e.g. PAM, NAM, INA) and syn-amidegamtam.

the sulfonamide molecule was selected as the cglibcacid to (VLM, CPR, 2HP). The three component types are labeis A
provide p-sulfonamide benzoic acid (SMBA, chemicaime 4- B and C (Figure 1). A library of binary cocrystalasvanalyze
sulfomylbenzoic acid). Yet another motivation foelexting to reveal the possible synthons, which will therovide e

45 SMBA was that the SDIH, and COOH functional groups aress template to make the target ternary systems. Gikermultiple
present in a few well-known drugs, such as furodemand pairing combinations for hydrogen bonding functiogeoups, i
bumetanide. Ternary cocrystals are important ndy @s a is difficult to predict the synthons when the stagtcompounds
challenge in supramolecular assembly, but could &iad have multiple functional group&igure 1). Our previous wofk°
application in pharmaceutical materifi$,e.g. two different  suggests that sulfonamide—lactam synthon is pieeictc
drugs in a ternary cocrystal. The self-assemblthode different 100 assemble binary cocrystals (Figure 1b). Thus, @disible binary
chemical components (A, B, C) residing in the samestal systems of SMBA (A) with B and C coformers were pr ga
lattice is one among multiple possibilities, anah¢e an entropic  and their structures confirmed by single crystalay-diffracti. »
uphill: (1) any two of the three components may bora to give (see Figure S2-S4, Table S2, ESIT). Whereas thehgimetry in

a binary system (AB, BC or AC); (2) the ternary prodsioould a majority of the cases was 1:1, a few 1:2 coclyskere als

ss be less soluble than the binary possibilities andfe pure 105 observed. The cocrystal products A-B and A-C yieldeingle

School of Chemisiry, University of Fyderabad, Prof, C. R Rao crystalline form in each case except SMBA-2HP wttiztnec
Road, Central Univérsity P.O.. Hyderabad 506046, .India.. out to be trimorphic. An encouraging observatiors Wt no B—

E-mail: ashwini.nangia@gmail.com C combination cocrystals were isolated under sinttardition:

f Electronic  Supplementary  Information  (ESI) and efforts (Figure 2). All thg b.inary .cocryste}lserw' first
Experimental procedureCCDC Nos141416:-141417". uo prepared by solvent-drop or liquid-assisted grighifi in &
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There are about 70 X-ray crystal structures ofasrsystems in
the Cambridge Structural database (ver. 5.36, M&p 2pd:
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Our strategy was to explore the synthesis of tgrmacrystals
from primary sulfonamides and cyclic amides (lactpvia @ =
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mortar pestle and the product was then recrystallitom the 17 bonding/Testacking type approact&8are inapplicable because
same solvent or solvent mixture to obtain diffractiquality  the latter directing groups are absent here. Tlesgmt strate.
single crystals (see Experimental Section in ESTbwards the  for sulfonamide ternary cocrystals builds up on ibdea of
final goal of ternary cocrystals, the three compiadA+B, C) simultaneously manipulating chemical recognitiod geometrit
us were ground and powder X-ray diffraction (PXRD) wasorded  fit,®* but with the added factor that hydrogen bond miynisr
to confirm a new crystalline phase in each casee T also optimized for the third component. In pragctiseth B anu (.
microcrystalline powder was recrystallized fromtabie solvents  coformers have the amide group and are planar miele:
to obtain single crystals which afforded structsotution for five aromatic core of 6 member ring size. Furthermore@® @ should
ternary cocrystals: SMBA-NAM-2HP, SMBA-INA-2HP, not be self-complementary (otherwise they will foembinar
120 SMBA-NAM-MeHP, SMBA- NAM-OMeHP, SMBA-PAM- cocrystal as a side-product and interrupt furthgsramolecular
MeHP (Table S2, ESIt). A detailed structure desionp of 1ss assembly with the third component) but must exhiiibng
binary cocrystals is provided in the ESIt. recognition and bonding to A. Hence the observattbay
cocrystallization of B and C did not yield a binagmplex, wa-
an important result in our ternary design plan. @uofr planarity
and geometric fit requirement of B and C were coméid in
190 experiments. NAM, PAM, INA (B molecules) and 2HP, N
OMeHP (C molecules) gave ternary complexes with SMBJ}
but not valerolactam and caprolactam (VLM, CPR, Bagire
1la), because the latter are conformationally flieximon-planc

The crystal structure of ternary system SMBA-NAM-2HP
(1:1:1) contains the robust acid—pyridine hetertdsyn (A-B),
s which extends via the amide group of pyridine caemide—
lactam synthon (B—C) to give an A—B—C array (Figurg Jae
B-—C amide heterodimers are connected as the amideviaN—
H---O hydrogen bondSwith the pyridine acceptor bonding to
o Tﬁotﬁgg 2%2” Ooff tSh'\l/;B'z Lj(la.ndrll;][:\)llirSI]%rl]’n’:Selaiﬁg %cﬁj—?il;);g molgcules and cann.ot interchange . places with . NAM (0
heterosynthon with the COOH of SMBA. The left over® equivalent PAM, INA) in the crystal .Iattlce. Thegmvatloni -
the B-C hydrogen bonded array is present in a fewater

sulfonamide groups of SMBA engages in a 1D cateraéf-N-O o . ]
chain along thé-axis (Figure S5a,b, ESIt). This ternary structure _cocrys@als even though no B-C binary complex couldsbla

) i . is ascribed to the fact that thg’f) motif (Figure 3a,b) is a self-
IS relate_d to the binary cacrystal .SMBA_NAM (1:29.5'6 S2a,b complementary amide hetero%ﬁ‘;)er, and(SL?ch disum')te worild
15 ESIT), in that the second NAM is replaced by anhetlent of - e oble 1o extend the structure. It is the dagroups in £
2HP in SMBA-NAM-2HP (1:1:1). The driving force fogrhary which propagate the structure to the ternary coalss
formation is that the heterodimer between NAM ardP2is
favored over the NAM homodimer. The addition of &thyl Desiraju extended the synthon concept to largerarozg(
group to the lactam coformer gave an analogousitgmrocrystal assemblies, referred to as Long-range Synthon Aufidadule
10 SMBA-NAM-MeHP (1:1:1), which also exhibits ABC type 1 (LSAM).} Whereas synthons provide excellent starting
units and amide-lactam tetramer (Figure 3b). In thmary s for crystal engineeringas one moves to more complex and lar~ -~
cocrystal with isonicotinamide, SMBA-INA-2HP (1:1;1he  hydrogen bonded architectures, the LSAM is a bettedel tc
strongest acid-pyridine heterosynthon (A-B) is present. The understand structure evolution and build up frome u
amide NH of INA is bonded to the dimer of 2HP viaauxiliary ~ molecules*®® The primary synthons which aggregate th . 3
1s N-H-O hydrogen bond (Figure 3c) instead of a tetranmy r molecules A, B and C in the X-ray crystal structufig(re 3,
R4%(8) motif® as in Figure 3a,b. In SMBA-PAM-MeHP (1:1:1)u0 may be built up to the next level of the structui@ amide N-
there is arintramolecular N-H-N hydrogen bond of PAM and H..-O hydrogen bond dimer to give the LSAMs dispt v
the strong pyridine N acceptor is not availableifiermolecular schematically in Figure 4. Thus the S, group of SMBA is
H bonding with SMBA. The COOH donor of SMBA is bonded  responsible to hook-up and drag the third compormetat the
1s0 the amide dimer of MeHP via an O=t® hydrogen bond (Figure supramolecular assembly while the COOH brings instheona
3d). The left over amide NH of PAM bonds with théfenyl s partner. The amide groups of the coformers extérdtérnarv
acceptor of SMBA in a B-A-C type molecular array. SMaad assembly to larger sub-structures vig(8 and RB*8) mol
PAM are hydrogen bonded via sulfonamide, amide ardonyl (Figure 4). Another point that emerges from a comspa of the
groups in a B§(26) ring motit? (Figure S5g, ESIt) involving two  structures is the isostructurality between the fyineocrystal
155 molecules, and the COOH donors bond with a diméveifiP to SMBA-NAM (1:2) and its ternary counterpart SMBA-NAM
give the observed 1:1:1 stoichiometry. The fiftmsey structure 20 2HP (1:1:1). The similar layer arrangement of tlespective
SMBA-NAM-OMeHP (2:1:2) has multiple molecules of the structures (Figure S6) highlights the hydrogen bsyrthon an |
same component in the crystallographic asymmetnit. The molecular geometry match necessary for ternarygdesihe
carboxylic acid donor of two different SMBA molecsle dimers of symmetry independent NAM molecules (bhr
150 hydrogen bond to a NAM coformer via acid—pyridimedaacid—  green) are replaced by the geometric fit and simieide
amide synthon§® Symmetry-independent OMeHP moleculess hydrogen bonding 2HP molecules in the 2D layerhef ternar,
form a R?@8) amide dimer, which is connected to SMBA cocrystal, with the SMBA molecules (green) occupysigilar
sulfonamide group via bifurcated N=HD hydrogen bond positions in both the structures. Taken togetheg LSAM
(Figure 3e). In contrast to the previous structuthss ternary  classification and binary to ternary evolution segfgstructure.
165 System has an extended molecular sequence A-B—A-C. design and predictability for a functional groupclsuas

Whereas the assembly of two molecular componentissisame = sulfonamide, which has defied a synthon analysi# ratently

crystal lattice is difficult and requires a hetgmthon Lastly, we discuss the practical method of mechheoica

engineering strategy,bringing in a third component poses synthesi&* to obtain ternary cocrystals. The purpose of Lo

additional challenges, particularly when one israpirg in the  experiments was to examine the results dependintgeoarder o
worealm of strong hydrogen bonding functional groups, are  mixing and grinding: (A+B)+C, (A+C)+B, (B+C)+A. First <l

present in drugs. (1) Structural insulation, or mlad control for . possible binary systems were prepared by liquidistss

a functional group such as @@H, becomes increasingly grinding® and then the third component was added. Num' rc u:

difficult because its hydrogen bond synthons areesshat mixed  experiments and crystallizations performed by thepwise

in pairing hierarchy®®and (2) hydrogen bonding and halogen addition of the components resulted in either thertiag

2 | [journal], [year], [vol], 00-00 This journal is © The Royal Society of Chemistry [year|
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materials or the binary systems. SMBA formed binsygtems
240 (AB) with pyridine carboxamides and further additioh syr-
amides (C) gave the starting adduct (AB) durinystallization
from EtOAc solution. The same result was obtainéti 8MBA
and lactams (C) to give AC and then addition of piyex
carboxamides (B) gave no new compounds. This méat®hce
2sthe coformers are hydrogen bonded to SMBA, it idiatift to
dissociate the stable adduct and insert a third caemgofor
enthalpic reasons. The other sequence, i.e. whendBCawere
first ground and then A was added, gave new biadducts witt
stronger hydrogen bonding synthons, AB and AC. Rmathen
0 all the three components were ground together, the result
ternary cocrystals ABC which were recrystallized asgle
crystals for X-ray diffraction.Solution crystallization of th
ground product (confirmedocrystal by PXRD) was found to
practically suited fo obtaining the single crystals, bece the
255 product seeds act as a template to promote ciysteltt.

The present study shows that when structural cbisttacking in
strong hydrogemonded multicomponent systems, i
introducing a similarity in sz and shape of the molecu
provides a greater degree of synthon reprodugibHiactors suc
260as the solubility of a compound in a particularveak, anc
geometry of the third component play a key rol¢hi@ assembl
of ternary cocrystals. The planayrjgones proved success
compared to the non-planar lactams (FigyreEven though ther
is interplay and competition of several functiogabups in the
26s multicomponent system, when geomteric factors agpt kn
control, the hydrogen bonding synthonse predictable and
recurring for an otherwise less consistent sulfadarmgroup. The
identification of LSAMs in the ternary structurelosvs that
directed hydrogen bonding from COOH and,NH, groups of
270 SMBA to the pyridine amide and pyridone coformerss
potential in ternary cocrystals of drugs,g furosemide. The
sulfonamide functional group exhibits potential garency with
other functional groups and the synthon possiédifrom binary
to ternary adducts of SMBA are reported togetheth viiteir
27s medhanochemistry for synthetic access to crystallirslpcts.
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Design of ternary cocrystals
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Figure 1 (a) Molecular structures of the starting mats used to ob.

binary and ternary cocrystals. (b)Spdfonamide benzoic acid (SMBA),
205 model drug containing the $8H, and another strong-bonding grouy

COOH. The preference of the @1, and COOH functional groups

bond withcomplementary functional gro. was derived from an ana'ysic

of the binary cocrystals. Me to less preferresynthons are display~d

from top to bottom.

Designing of the Ternary cocrystals
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(a)

Binary and ternary cocrystals
reported in this study

| AC
1. SMBA-NAM=2HP (1:1:1) 4, SMBA-VLM (1:1)
2. SMBA-INA-2HP (1:1:1) 5. SMBA-CPR (1:2)
3. SMBA-NAM-MeHP (1:1:1) !
4. SMBA-PAM-MeHP (1:1:1) 6. SMBA-2HP-I (1:1)
5.SMBA-NAM-OMeHP (2:1:2) 5 gniga_app-11 (1:1)
SMBA-2HP-III (1:1)

AB
9. SMBA-OMeHP (1:2)

1. SMBA-NAM (1:2)
2. SMBA-INA (1:1) 10. SMBA-MeHP (1:1)

Acid-Lactam

295

8.

3. SMBA-PAM (1:1) No BC observed
(b)
Figure 2 (a) Possible supramolecular synthons of the carbc
acid and sulfonamide functional groups with o

complementary hydrogen bonding gro. (b) Binary and ternai «
305 cocrystals reported in this study.

ABC

(2) SMBA-NAM—2HP (1:1:1)

305
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330 Figure 5 Schematic representation of the results when Clagtam (nc
ternary product) or a 2HP derivative (ternary pijl
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