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Abstract

The thesis entitled ‘Investigation of Polymorphism in Inositol Derivatives:
Synthesis, Crystallographic Studies and Analysis of Intermolecular Interactions’
was motivated by the remarkable molecular association of 8[Fig.1]; the diastereomers
associated via C-H---O interactions leading to a very close packed lattice with no guest
inclusion. However, bridging of diastereomers 8 via dipolar S=O---C=0 short contacts
with a slight change in their relative orientation created voids that included a number
of guest molecules [Fig.1]. The nature and geometrical preferences of S=0O---C=0

. .. . 1
contacts in the molecular association were first recognized by us.
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Figure 1: Dimeric association of 8 via (i) C-H---O interactions in solvent free form (ii)
S=0---C=0 short contacts in pseudopolymorphs. Inset shows the molecular

organization in both the forms.

The present thesis describes the synthetic modifications of myo-inositol,
structures of which were investigated for their molecular organizations via weak non-
covalent interactions. To achieve this objective, compounds 8-23 were prepared
[Chart 1], which do not have any conventional hydrogen bonding groups (—OH, —-NH,
—~COOH, etc). Weak non-covalent interactions® are known to be involved in enzyme-
substrate binding, ligand-receptor interactions, stabilization of protein conformations
etc. Understanding of these interactions have importance in other areas such as crystal
engineering,” host-guest complexes,’ drug design’ and controlling polymorphic
modifications® in drugs, dyes and explosives. From this laboratory, we have already
reported interesting cases of polymorphism, phase transitions among them’ and

pseudopolymorphic behavior' with varying guest specificities in several myo-inositol



derivatives. The work reported in this thesis, divided into seven chapters, covers
interesting cases of polymorphism in myo-inositol derivatives, arising essentially due

to weaker interactions.
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Chapter 1 reviews polymorphic behavior and various non-covalent
interactions with special focus on dipolar interactions in molecular crystals. In the
absence of any conventional hydrogen bonding, various other weak non-covalent
interactions associate the molecules with different arrangements or conformations in
the crystal lattice leading to the formation of polymorphs. Various dipolar interactions
are reviewed, emphasizing its relevance in crystal engineering, molecular recognition
and drug design. As mentioned, observation of molecular association via S=0O---C=0

contact has been pursued in the following chapters.

Chapter 2 discusses the role of dipolar interactions in the pseudopolymorphs
and molecular organization of diastereomers in crystals of 2,4(6)-di-O-acyl-6(4)-O-
camphorsulfonyl-myo-inositol 1,3,5-orthoesters (8-12). Diastereomers of 8 are
associated via dipolar S=0---C=0 contacts (perpendicular motif, Type-I), whereas

crystal structures of 9 showed dipolar S=0O---C=0 intermolecular contacts with a



different geometry of interaction motif (sheared parallel, Type-II). The orthobenzoate
derivative 10 did not show these dipolar interactions and exhibited extensive
orientational disorder for the camphor moiety bearing sulfonyl group. Interestingly,
diastereomers of 11 associated via well known dipolar C=0.--C=0 contacts®
producing a helical molecular assembly in its crystal lattice, but 12 was obtained as

amorphous solid.

Chapter 3 reports crystal structures of 2,4-di-O-benzoyl-6-O-tosyl myo-
inositol orthoesters (13, 14 and 15) that have the flexible tosyl group instead of the
bulky chiral camphorsulfonyl group (8, 9 and 10 in Chapter 2). Among these, only
the orthoacetate derivative 14 produced conformational’ dimorphs concomitantly
(plates and needle shaped) from dichloromethane-methanol mixture in monoclinic
(P21: Form-I) and triclinic (P-1: Form-II) crystals. Tosyl groups in these dimorphs
have different conformations [Fig. 2(ii)] due to the rotation around O-S bond (torsion
angles 91° and 165° respectively). Interestingly, these two conformations are similar
to those observed for 13 and 15 respectively i.e. the orientation of tosyl group in 13
with torsion angle 81° [Fig. 2(i)] is similar to Form-I crystals of 14 [blue colored in
Fig. 2(ii)] and in 15 (torsion angle 161°) is similar to the Form-II of 14 [red colored in
Fig. 2(ii), Fig. 2(iii)] to show the extent of similarity. However, Form-II crystals of 14
and orthobenzoate derivative 15 with extended conformations of tosyl group exhibits

intramolecular S=O---C=0 dipolar contacts and 7---n interactions respectively.

0 (ii) (ii1)

Figure 2: (i) Molecular conformation of 13; (ii) Molecular overlap figure of dimorphs

14 [blue: Form-I, red: Form-I1]; (iii) Molecular conformation of 15.

Chapter 4 reports conformational dimorphs of both 16 and 17. The

polymorphs have different molecular orientations mainly because of the rotation of

3
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tosyl group about the O-S bond; torsion angles in the monoclinic (Form-I: P2;/c) and
orthorhombic (Form-II: Pbca) crystals of 16 vary significantly (80° and 141°) [Fig.
3(i)], whereas triclinic (Form-I: P-1) and monoclinic (Form-II: P2;/c) crystals of 17
showed very little difference in torsion angles (84° and 81°) [Fig. 3(iv)]. An
interesting feature in all the conformational polymorphs is the formation of an
isostructural string'® (leaving out the orientation of tosyl group) linked via dipolar
(ether)O---C=0 contacts group [Fig. 3(ii), (iii), (v) and (vi)], which are further linked
by other weak interactions to form different layers in their crystal lattice. It is
noteworthy that in Form-II crystals of 16, the tosyl group makes an intramolecular
dipolar S=0---C=0 contact, which could stabilize this conformation. Crystallization

attempts of 18 from various solvents did not produce any crystals.

(iv) v)

Figure 3: Molecular overlap figure of dimorphs (i) in 16 (iv) in 17 and isostructural
molecular chains in (ii) orthorhombic form of 16 (iii) monoclinic form of 16 (v)

monoclinic form of 17 (vi) triclinic form of 17.

Chapter 5 discusses the polymorphic search of 2-O-tosyl 4,6-di-O-acetyl-
myo-inositol orthoesters 19-21 [Chart 1]; which are positional isomers of 16-18
(Chapter 4). It is known that 14 exhibits conformational polymorphism; its analogues
19-21 were explored for the same properties. However, none of them exhibited
conformational polymorphism, but 20 showed solvatomorphism.'' Crystallization of
20 from most of the organic solvents gave moderately stable inclusion crystals. These

isomorphous solvated crystals of 20 had very similar conformations and the host



architecture bridged via weak interactions creating voids (~ 8x7A?) that are occupied
by the guest molecules [Fig. 4(1)]. It is interesting to note from the molecular overlap
of 19, 20 and 21 [Fig. 4(ii)] that significant conformational differences are again
observed in the tosyl group orientation, which distinctly different for 20. This has
been shown to be a factor responsible for creating voids in the packing of molecules.
Here again, centrosymmetric dipolar S=0---C=0 interactions are observed only for

molecular association in 21 [Fig. 4(iii)].
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Figure 4: (i) Host-guest organization in inclusion crystals of 20; (ii) Molecular
overlap plot of 19 (green), 20 (red) and 21 (blue); (iii) Intermolecular S=O---C=0

contacts in crystal of 21.

After studying the orthoester bridged systems, Chapter 6 reports simple
inositol derivatives 22 and 23. Only 22 produced crystals with the inclusion of
solvents that yield three forms. The Form-I and Form-II crystals belong to the triclinic
(space group P1), whereas the Form-III crystals are monoclinic P2;. There are two
solvent sites for the Form-II and Form-III crystals [Fig. 5(ii) and (iii)] but only one
guest site is seen for Form-I [Fig. 5(1)]. An interesting feature in all the three forms of
solvatomorphs of 22, is well-conserved dimeric association of diastereomers via
trifurcated C-H:---O interactions between the sulfonyl oxygen and inositol ring H-
atoms of the other diastereomer and vice versa. It is interesting to note that the host
molecules are organized in two different crystalline forms, triclinic [Form-I, Fig. 5(i)]
as well as monoclinic [Form-III, Fig. 5(iii)] with the same guest inclusion of
dichloromethane, termed as solvatopolymorphs.'? The detailed analysis of the host-
host and host-guest arrangements and their interactions is discussed in this chapter.
The crystallization experiments of various solvents and conditions of 23 always

yielded monoclinic crystals.
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Figure 5: Different Host-guest packing in (i) Form-I, (ii) Form-II and (iii) Form-III

crystals of 22.

Chapter 7 reports statistical analysis carried out on weak bond dipolar
interactions involving sulfonyl group with Csp? carbonyl carbon. We have classified
the dipolar S=0O---C=0 interaction motif as Type-I, Type-II and Type-III [Fig. 6(i)]
and its occurrence on statistical methods discussed in detail using Cambridge
Structural Database (CSD). We have also explored the existence of dipolar
S=0---C=0 contacts (that bind the ligands to the receptor/protein) in the Protein Data
Bank (PDB). It is noteworthy that S=0O---:C=0 contacts were observed in the binding
of N-tosyl-D-proline (ligand) to thymidylate synthase (an essential enzyme in
pyrimidine metabolism) with therapeutic applications in cancer and infectious
diseases [Fig. 6(ii)]. The studies/understanding of these weak interactions is of great
interest because of many sulfa drugs which have S=O group, that could play a role in
the ligand-receptor binding and also in the structure based drug design for potent

drugs.
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Figure 6: (i) Three possible interaction motif of S=0O---C=0 dipolar contacts; (ii)

Protein crystal structure indicating the intermolecular S=O---C=0O dipolar contacts

[PDB code no.1F4E].
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General Remarks

All the solvents used were purified using the known literature procedures.
Petroleum ether used in the experiments was of 60-80 °C boiling range, unless
otherwise mentioned.

Column chromatographic separations were carried out by gradient elution using
silica gel (230-400 mesh) with ethyl acetate-light petroleum ether mixture.

All the melting points reported were recorded using an electro-thermal melting
point apparatus or with Buchi Melting Point apparatus B-540.

IR spectra were recorded on Shimadzu FTIR instrument in chloroform solution.
NMR spectra were recorded on Bruker ACF-200 and AV-200 spectrometers.
Chemical shifts (8) reported are referred to internal reference Tetramethylsilane.
The following abbreviations were used: s = singlet, 2s = two singlet, d =
doublet, 2d = two doublet, t = triplet, ¢ = quartet, m = multiplet.

Micro analytical data were obtained using a Carlo-Erba CHNS-O EA 1108
Elemental Analyzer. Elemental analyses observed for all the newly synthesized
compounds were within the limits of accuracy (0.4 %).

The hot stage microscopy (HSM) studies were carried out on a Leica polarizing

microscope equipped with a heating stage P35.



Chapter 1

Exploring Polymorphism via Weak Non-

Covalent Interactions in Molecular Crystals



Chapter 1

1.1. Introduction

Polymorphism, the ability of a compound to exist in more than one crystal
form or modifications, has gained paramount importance in many areas of science as
well as in industries.' Mc Crone defines polymorph as ‘a solid crystalline phase of a
given compound resulting from the possibility of at least two different arrangements
of the molecules of that compound in the solid state’.* Polymorphs have the same
chemical composition but different physical properties due to their different molecular
arrangements in the crystal lattice as a result of differences in non-bonded
intermolecular interactions such as hydrogen bonding, van der Waals, electrostatic,
n---m  stacking interactions. Research involving polymorphism is becoming
increasingly important in pharmaceutical solids, dyes, pigments, explosives and
specialty chemicals because of the required consistency in physical and chemical
properties that can be achieved by restricting the formation of undesired solid
form/polymorphs.” However, the number of polymorphic modifications that can exist
or its prediction seems to be a difficult problem because of the complexity of
intermolecular interactions.’ Thus, the statement “every compound has different
polymorphic forms and the number of forms known for a given compound is
proportional to the time and energy spent in research on that compound” made by Mc
Crone in 1969 still appears to be significant.’

The investigation of polymorph formation and its control is crucial for the
design of solids with desired properties.® This is of utmost importance because of the

problems encountered with molecular solids ranging from unexpected appearance or
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disappearance of a particular polymorph, inability to reproduce known polymorphs
and conversion of one polymorph to another during processing or storage of solids
(especially in pharmaceutical industries). A well known example is that of ritonavir, a
peptidomimetic drug for the treatment of HIV-1 infection’ recalled in 1998 by Abbot
Laboratories. Investigations revealed that the appearance of a new orthorhombic
needle shaped polymorph (of ritonavir had slower dissolution) during processing
compromised the oral bioavailability [Fig. 1.1] of the drug.10 After controlling the
undesired form, the reformulated ritonavir tablet was restored in the market in 1999."!
Therefore, pharma industries employ high throughput screening to generate a number
of polymorphs of a drug or drug intermediate and attempt to understand the processes
involving the identification, characterization and their interrelationships, which can be

exploited for the selection of a suitable form as drug candidate."

S\}\ i oy \
W/( /%NXLE Nﬁ/o\/[s>
(1) O

Figure 1.1: (i) Structure of ritonavir; (i) Form I [Monoclinic, P2;]; (iii) Form II

[orthorhombic, P212:121] crystals with different molecular conformations.

Approximately one third of organic compounds and about 80 % of the
marketed pharmaceutical solids exhibit polymorphism under experimentally
accessible conditions."*'> Our quick search showed that the entries in the Cambridge
Structural Database'® reports 8051 structures that qualify the word ‘polymorph’ in
‘organic’ molecules. With the potentially high financial gain of patent protection,
pharmaceutical companies are now increasingly focusing on new intellectual property

rights on polymorphic forms that allow them to be the first in the market, keeping
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ahead of other companies. However, the use of the term New Polymorph should
proceed with the careful check of crystallographic data having significantly good
accuracy and precision, to avoid controversial debate.'”'® In addition, the crystalline
forms that are not fully characterized, contain disorder or have modulated
conformations due to the effect of temperature and pressure are also under scrutiny to
include them as ‘true polymorphs.’"’

The main objective in the study of polymorphism is to understand the effect of
various parameters of crystallization experiment in controlling the ‘nucleation’ to
obtain a desired polymorph.20 Gay Lussac observed in 19" century that during
crystallization, an unstable form was obtained first that subsequently transformed into
second stable form. This statement was then explained thermodynamically by
Ostwald, known as “Ostwald’s step rule” which states that, “In all process, it is not
the most stable state with the lowest amount of free energy that is initially formed, but
the least stable state lying in the free energy to the original state.””' The practical
inference of this rule indicates that it should be possible to isolate the different
polymorphs of a given compound at different stages of supersaturation or
supercooling. However, the crystallization of a compound is still a poorly understood
process; although it is known to be a multi step process governed by a combination of
thermodynamic and kinetic factors, like most chemical reactions.”” Depending on the
conditions, the crystallization of a polymorph from a solution may be under kinetic or
thermodynamic control. The effect of solvent, an important kinetic factor influencing
nucleation, continues to be the subject of investigations.” In a crystallization process,
two or more domains overlap forcing the polymorphs to crystallize simultaneously in
the same crystallization flask resulting in concomitant polymorphs.** The
energetically equivalent structures of concomitant polymorphs provide excellent input
for the wvalidation of lattice energy programs and crystal structure prediction

2
programs.”
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1.2. Types of polymorphism

We have classified polymorphism broadly into five categories - packing
polymorphism, conformational polymorphism, pseudopolymorphism,
solvatomorphism and solvatopolymorphism. However, the terminology used to refer
to crystals that contain solvents is not consistent and often confusing. This is
reflected in the recent debate on the term pseudopolymorphism.*® Various other terms
such as inclusion crystals, solid adducts, molecular complex, solvates, clathrates,
channel compounds, host-guest systems, etc. have been used in the literature to
address specific phenomenon of these crystals. A brief description of five categories

of polymorphism is given below.

1.2.1. Packing Polymorphism

Packing Polymorphism generally occurs in relatively rigid molecules. In
packing polymorphs, the molecules are arranged differently in the crystal lattice
resulting from different kinds of intermolecular interactions.”’” For example,
paracetamol [4-hydroxyacetanilide, Fig. 1.2(i)] exists in monoclinic (P2;/n) and
orthorhombic (Pbca) forms.”® In both the forms, the conformation of individual
molecules remains the same [Fig. 1.2(ii)]; but molecules are differently packed in

crystal via different hydrogen bonding interactions [Fig. 1.2(iii) and (iv)].
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Figure 1.2: (i) Structure of paracetamol; (ii) molecular overlap plot in monoclinic
[red] and orthorhombic [blue] forms; (iii) packing of molecules viewed down b-axis
in the monoclinic form; (iv) molecular packing viewed down c- axis in the

orthorhombic form.

1.2.2. Conformational Polymorphism

The existence of two or more polymorphs of a substance in which the
conformation of individual molecules differs significantly, are said to be
conformational polymorphs.”’ This phenomenon generally occurs with flexile
molecules, which can adopt different orientations in the crystal lattice. In
conformational polymorphs, the changes occur at molecular level due to the
involvement of intra- and intermolecular interactions. For example, sulfapyridine
[Fig. 1.3(1)], used as an antibacterial drug in the treatment of pneumonia, exhibited
polymorphic modifications with orthorhombic (Pbca) and monoclinic forms (P2;/c as
well as C2/c) with different molecular conformations [Fig. 1.3(ii)—(v)].30
Conformational polymorphism of tosylated myo-inositol derivatives is discussed in

Chapters 3 and 4 of this thesis.
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Figure 1.3: (i) Structure of sulfapyridine; (ii) Molecular overlap plot of orthorhombic
[red: Pbca] and monoclinic forms [blue: P21l/c, Green: C2/c]; Molecular
conformations in (iii) monoclinic, C2/c; (iv) monoclinic, P2;/c; (v) orthorhombic,

Pbca crystals.

1.2.3. Pseudopolymorphism

This term has been generally used to describe solvated crystals in
pharmaceutical sciences and the term has become familiar with chemists also.
Pseudopolymorphs are different crystal forms of a compound that exhibits inclusion
of solvents as well as a solvent free form; in other words, it is the polymorphic
modification of host molecule other than the included solvents.>'? Therefore,
pseudopolymorphs have different molecular organization of host molecules in their

crystals. Pseudopolymorphic behavior of inositol derivatives is described in Chapter2.
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1.2.4. Solvatomorphism

Crystalline substances with solvent molecules incorporated in their crystal
lattice via non-covalent intermolecular interactions are termed as solvatomorphs.>'
Solvatomorphs may be obtained from different solvents and/or with their different

stoichiometric ratios. Examples of solvatomorphs of myo-inositol derivative are

presented in Chapter 5.

1.2.5. Solvatopolymorphism

Solvatopolymorphism is referred to the phenomenon of existence of different
crystal modifications of the same constituents (host and guest), in the same or
different stoichiometric ratios.”> Thus, solvatopolymorphism is a special category of
solvatomorphism. Solvatopolymorphs are different crystal modifications of the same
solvate whereas; solvatomorphs are crystal forms containing different solvents.
Chapter 6 presents an interesting case of solvatopolymorphism of a myo-inositol

derivative.

1.3. Polymorphism in myo-Inositol

Inositols are cyclohexane-hexols; there are nine known stereoisomers [Chart
1.1]; out of which four isomers (myo-, neo-, chiro-, and scyllo-Inositol) have been
recognized to occur in nature while the others (cis-, epi-, allo-, and muco-Inositol) are
unnatural synthetic isomers.* myo-Inositol being the most abundant, occurs widely in
nature in both free and combined forms. myo-Inositol has five equatorial hydroxyl
groups and one axial hydroxyl group. There is a plane of symmetry passing through
C2 and C5 atoms [Chart 1.2]. The carbon atom at the axial position is labeled as C2
and the other ring carbon atoms are numbered C1 to C6 starting from C1 atom and
proceeding around the ring either in clockwise or anticlockwise fashion. According to
convention, an anti-clockwise numbering in unsymmetrically substituted myo-inositol

leads to the D-configuration and the clockwise numbering leads to L-configuration.**
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However, International Union of Biochemistry (IUB) nomenclature allows all
biologically relevant compounds to be denoted as the D-isomer.>> Although myo-
inositol has the meso configuration, many optically active derivatives of myo-inositol

occur in nature.

HO HO
QH OH OH OH
OH OH
HO OH
MOH HO OH H
OH HO
scyllo- (6e) epi- (4e/2a) neo- (4e/2a) OH
H OH HO
OH HO
OH
OH
HO OH :
OH OH
. HO
cis- (3e/3a) myo- (5e/1a) muco- (3¢/3a)
HO OH HO
OH OH HO OH
OH OH
H OH
H
OH
HO
HO OH OH HO
allo- (3¢/3a) L-chiro- (4¢/2a) D-chiro- (4¢/2a)
Chart 1.1

Chart 1.2

Chemistry and biology of myo-inositol derivatives has been investigated
extensively in the recent past due to the involvement of phosphoinositols in cellular
signal transduction mechanisms*® and anchoring of certain proteins to cell
membranes.”” These developments in biology and their consequences in medicine

have necessitated simpler methods for the synthesis of various inositol derivatives.*®
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The key intermediate for the synthesis of the biologically important derivatives of
inositols are the hydroxyl group protected derivatives (having the free hydroxyl
derivatives at the desired position) that allow further modification or derivatization of
myo-inositol to yield biologically important natural or unnatural products. Sureshan et
al. reviewed the various regioselective reactions of hydroxyl group in myo-inositol.*’
Orthoesters of the myo-inositol obtained by the simultaneous protection of the three
Cl1, C3 and C5 substituted hydroxyl groups of 1 [Scheme 1.1] are important
intermediates for the preparation of biologically important phosphoinositols and their
derivatives, glycosyl inositols and cyclitol based metal complexing agen‘[s.40 Due to
the centro-symmetry of myo-inositol orthoformate (2), substitution at C4 (or C6)
position resulted in the formation of racemates or diastereomeric mixture (if the

substituting group is chiral). i

HC(OEt)
HO
DMF, pTsA |

Scheme 1.1

Although a large number of myo-inositol derivatives were explored for their
synthetic utility and biological activities, very few are examined for solid state
properties. The crystal structure (monoclinic form, space group P2;/c) of myo-inositol
was first determined by Rabinovich and Kraut in 1964.*' However, its orthorhombic
polymorph (space group, Pna2;) was investigated recently.42 An exciting case of
jumping crystals of racemic 3,4-di-O-acetyl-1,2,5,6-tetra-O-benzyl-myo-inositol upon
heating and their thermal phase transformation into polymorphs was well
characterized by Steiner et al. in 1993.* We have investigated interesting cases of
solid state reactions (as acyl migrations) for the crystalline forms of various myo-

inositols.***® Recently, Simperler et al. correlated the melting points of various
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isomers of inositol with their hydrogen bonding patterns.*’” Day et al. used combined
methods of single-crystal structure solution, structure solution from powder
diffraction data and lattice energy search for the structural elucidation of possible
polymorphs of scyllo-inositol.**

Our group has been engaged in the synthesis and solid-state structural studies
of various protected inositol derivatives for the last two decades.’*****3 we
initiated exploring polymorphic behavior after the serendipitous discovery of selective
encapsulation of dihalomethanes by racemic 1,2,3,5,6-penta-O-benzoyl-4-O-tosyl-
myo-inositol, which showed a significant role of ‘halogen bonding’ interactions in the
inclusion crystal formation.* Gonnade et al. investigated a fascinating polymorph
conversion of hexa-O-benzoyl myo-inositol, in which the metastable chiral polymorph
formed under kinetic conditions, slowly transformed to an achiral form upon standing
in the mother liquor.”® They also reported a few more cases of transformations
amongst polymorphs of myo-inositol derivatives; (i) concomitant polymorphs and
their thermal phase transformation due to the interplay of halogen bonding

2152 (i) solvent dependent dimorphs of myo-inositol orthobenzoate with

interactions;
isostructural molecular layers linked via different weak interactions.” These
observations indicated the interplay of various weak intermolecular interactions
during nucleation for a given crystallization condition. The role of weak dipolar
interactions in the molecular association in myo-inositol derivatives were

recognized,”* pursued further by our group and is one of the main motives in

undertaking the work reported in this thesis.

1.4. Non-covalent Interactions in Molecular Crystals
Non-covalent interactions play an essential role in the molecular aggregation
to form crystals.” The study of these interactions is of great current interest because

of their involvement in various biological processes such as self-assembly of DNA,
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conformational stabilization of proteins, enzyme-substrate complexes, ligand-receptor
recognition etc.’® In depth knowledge of these weak interactions is highly desirable to
design new drugs ‘rationally’ that have better affinity/selectivity to their receptor
proteins.”” The non-covalent interactions can contribute to stabilization energies of a
maximum of ~ 10 kcal/mol and are considerably weaker than conventional covalent
bonds.”® Therefore, to recognize and describe these weak interactions, it is essential to
apply the most accurate experimental methods and quantum mechanical calculations
and is one of the most challenging tasks of contemporary science.”® Single crystal
structure analysis by X-ray/neutron diffraction is the most appropriate technique that
provide accurate information on the intermolecular interactions in the solid state.

The formation of a crystal involves overall optimization of attractive and
repulsive intermolecular interactions between the molecules that leads to the periodic
three dimensional arrangements in the crystal lattice. However, the various
intermolecular interactions that govern the process of crystallization remains
intractable even for small organic molecules because of the complexity with which
molecules interact with each other.’ Moreover, the mechanisms that drive the
nucleation of polymorphs still remain at immature stage making the prediction of
polymorphs a formidable challenge.’’

Charge density analysis has gained immense importance in recent years,
because it allows one to observe and quantify the intermolecular interactions beyond
distance-angle geometry criteria.> The non-covalent interactions in molecular crystals
can typically be divided into strong, moderate and weak interactions,’® although the
demarcation between them is not sharp. The strength of various interactions were
systematically reviewed by Munshi et al. using X-ray charge density analysis of
coumarin derivatives as model systems.” They characterized the interactions (15
types) of varying strengths. The exponential dependence of electron density, (pb) on

interaction length, (Rij) is shown in Figure 1.4.
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Figure 1.4: Exponential dependence of electron density, pb (r) [eA™] on interaction
length, Rij [A] of 15 types of interactions and 114 data points, the circles and triangles
represent experimental and theoretical values respectively and the solid and broken
black lines represent the corresponding fittings.*> The inset gives the details of the
fitting models along with correlation coefficients R and the color code for each type

of interactions. The interactions, categorized are marked accordingly.

Based on the values of Rij, in the range of 1.6 to 3.8 A and the corresponding
values of pb, lie between 0.3 to 0.005 eA™, they separated the range of interactions
from hydrogen bonds to van der Waals interactions into three categories. The
hydrogen bonds such as, O-H:--O, N-H---:O, N-H---N and N-H---S fall in the region of
strong hydrogen bonds (Rij < 2.3 A, pb > 0.08 eA™), region 1. The C-H--O
interactions reside in the weak hydrogen bond region (2.3 A <Rij <2.75 A, 0.07 eA”
> pb > 0.02 eA'3), region 2. The interactions like, C-H---n, C-H---S and n---n (O---C,
N--N, C--C, O--0O, S---S, S---C, S--N and N---C) are among the weakest types of
interactions and belong to the van der Waals interaction region (Rij > 2.75 A, pb <

0.05 eA™), region 3. However, the borders between the categories are not clear cut
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and some interactions are difficult to classify. Among non-covalent interactions,
hydrogen bonding is the most exclusively studied and recognized as strong, specific
and highly directional intermolecular interactions.”® This has emerged as the most
important organizing principle not only for the crystal engineering but also for
structure of biologically important molecules® and supramolecular chemistry.® The
significance of other weak hydrogen bonding interactions such as C-H--0,’° C-
H--N,*® C-H---F,*” C-H.--1,°*® C-H.-X (X = Cl, Br, I),”° in the molecular packing
arrangement were characterized earlier. Although the van der Waals (dipole-dipole,
dipole-induced dipole and dispersion) interactions such as m---7,”' halogen-halogen
interactions’” etc. contribute less energies among the other intermolecular
interactions, they play a decisive role in molecular aggregation in the absence of other

stronger interactions.

1.4.1. Analysis of Weak Interactions using CSD and PDB

There may be many intermolecular interactions in a crystal structure; it is not
possible that all the measured interactions have the expected geometries for stable
interactions.” Therefore, it is necessary to analyze experimentally observed
interactions on a statistical basis, taking results from a large number of crystal
structure determinations.”* The establishment of databases like Crystallographic
Structural Database (CSD),'® Inorganic Crystal Structure Database (ICSD),” Protein
Data Bank (PDB),’® etc. provide an opportunity to analyze the nature of weak
interactions. The first systematic analysis was carried out by Dunitz et al. to study the
orientational preferences of non-covalent contacts around the divalent sulfur by
electrophiles and nucleophiles.”’

The Crystallographic Structural Database (CSD) is a wealth of structural
information from which one can retrieve intermolecular interactions in

organic/organometallic compounds within an environment surrounding a specific
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functional group.”*’® The number of crystal structures stored in the CSD'® is now
sufficiently large to allow systematic survey of various weak interactions. Similarly a
large number of protein crystal structures (~ 49,000 in 2007) in the PDB’® can provide
insights into the three dimensional arrangement of macromolecules and play a very
significant role in molecular biology, medicine and drug discovery. This structural
information is useful in understanding the orientational preferences for a selected
functional group and the possible binding area of the ligand or receptor.””*® It is
noteworthy that the geometrical analysis of functional group interactions in the
enzyme-ligand complexes reported by Tintelnot and Andrews were in a good
agreement with the same deduced from the statistical studies of small molecules.®'
Another remarkable study on the preferred interaction geometries of several
functional groups found in the protein sequences were carried out by Klebe™ using
CSD. Interestingly, a similar search on the same groups found in the ligand-protein
complexes (restricted to most precise data in the PDB) also showed identical
distribution of geometries as observed from CSD. These geometrical restraints can be
translated into rules, which may serve as guidelines in drug design and are introduced
in programs [SYBYL® and LUDI*] as the ‘composite crystal field environments’.
Also, Taylor et al. highlighted the importance of crystallographic data for suggesting
isotropic replacements in modeling protein-ligand interactions and constructed
composite crystal environments for carbonyl and nitro groups.85

The weaker the interaction, the more relevant is the database analysis
approach towards their understanding.” In the absence of any conventional hydrogen
bonding, various other weak non-covalent interactions (which are energetically
equivalent) can associate the molecules with different arrangements or conformations
in the crystal lattice leading to the formation of polymorphs. Since this thesis reports

the importance of weak non-covalent interactions with a special focus on the dipolar
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contacts in the polymorphic modifications, conformational changes and solvent

inclusions, an account of dipolar interactions is given below.

1.4.2. Dipole-Dipole Interactions in Organic Crystals

When molecules pack in the crystalline state so that the (free) energy of the
total arrangement is minimized, functional groups on these molecules are probably
packed in a preferential manner that accommodates their interaction requirements.
There may be many intermolecular interactions around one molecule in a crystal and
some of the geometries may be distorted as the system compromises various possible
interactions in order to minimize the total energy of the entire crystal. However,
evaluating various weak interactions both qualitatively and quantitatively is one of the
challenging tasks especially for dipolar-dipolar interactions.*® To understand the
difficulties, one should distinguish between different types of dipoles. In the case of
molecular dipoles, there is a clear consensus in the literature. But, it is well
established that such molecular dipoles do not play a decisive role in crystal
packing.®” However, for other types of dipoles, the situation is more complicated. One
such area is the bond dipole-bond dipole interaction (A bond dipole is a dipole
moment associated with a given bond) and the dipolar contacts of this type are
investigated in the present thesis.™

Bond dipoles result from the assymmetric distribution of electrons in a
covalent bond. The more electronegative atom is surrounded by electron density in
excess that is required to balance its nuclear charge and therefore bears a partial
negative charge (&°). The less electronegative atom, lacking sufficient electron density
to balance the nuclear charge, bears a positive charge (8'). The attractive force
between these dipoles result in bond dipolar interactions and their energy is directly
proportional to the polarizabilty of the bond [Fig 1.5]. The strength of these

interactions depends on the distance and the relative orientation of the dipoles.*
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Figure 1.5: Schematic representation of bond dipole-dipole interactions.

Bolton first recognized the dipolar carbonyl-carbonyl interaction in the
organic molecular crystals in 1963.”° However, Davies and Blum had first observed
these dipolar interactions in the crystals of parabanic acid in 1953.°' Later, Bolton
examined the crystal structure of alloxan, which showed interesting molecular
association via dipolar C=0---C=0 contacts instead of conventional hydrogen bonding
(N-H---O) interactions.”® In the structural studies of quinonoid compounds, Bernstein
et al. concluded that interactions of carbonyl group possible either via C—H---O(=C) or
C=0---C=0 contacts.”” Burgi et al. correlated the nucleophilic approach of oxygen to
the carbonyl centre in the chemical reaction pathways using crystal structure data of
short O--C=0 contacts.” In contrast, Gavezzotti studied carbonyl and nitrile bond
dipoles in the Cambridge Structural Database (CSD) and concluded that even for such
strong dipoles, the electrostatic packing energy is often negligible.”” On the other
hand, Allen et al. described the nature of geometries and energies of carbonyl-
carbonyl interactions and inferred that these interactions are important in crystal
packing.”® Recently, Lee et al. reexamined the dipolar interactions of C=N, C=0 and
C—F and explained the contradiction between Gavezzotti and Allen’s results.*® The
former implicitly considered the distance dependence law, while the latter was more
concerned with orientational effects.

Allen et al. used a combination of systematic database analysis and high level
ab initio molecular orbital calculations to provide a significant insight into the nature
of non-covalent C=0--C=0 interactions.”® They classified the dipolar interactions

into three types; perpendicular (Type-I), anti-parallel (Type-II) and sheared parallel
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(Type-III) motifs as shown in chart 1.3. The results obtained from the ab initio
calculations of these interaction motifs using intermolecular perturbation theory
(IMPT at 6-31G** level), indicated an attractive energy contribution that are
comparable to medium strength hydrogen bonds. Later, Diederich et al. analyzed
other halogenated dipolar interactions, C—F---C=0, C—CI---C=0, C-Br---C=0 and C-
[.-C=0 and investigated the affinity of ligand to the thrombin active site via C—
F--C=0 contacts.” Wolf investigated an interesting case of polymorphic
transformation of sulfone fungicide in which the metastable pale yellow color crystals
(orthorhombic form) transformed to colorless monoclinic crystals in the presence of
sun light.”® The structural studies indicated that the metastable form possessed short
dipolar S=0---C=0 and C=0---S=0 intramolecular interaction whereas the monoclinic

form with longer geometries of these contacts.”
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Chart 1.3

1.4.3. Applications of Dipole-Dipole Interactions
The significance of weak interactions is recognized in all the branches of
chemistry. The studies of non-covalent interactions are of profound importance in

377 as well as controlling

crystal engineering,'” host-guest complexes,'®' drug design
polymorphic modifications in drugs,'” dyes'®” and explosives.'” The understanding
of intermolecular interactions in the context of crystal packing can be useful for the

designing of new solids with desired properties.'” There are many reports of variation

in color, mechanical properties and solubilities of polymorphs in the literature due to
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the interplay of weak interactions.'® The quantitative analysis of these interactions
can be exploited for understanding structure-property correlations, reaction
mechanisms and solid state reactivities.'®

Although dipolar C=0---C=0 contacts were observed earlier,” its importance
in various fields is being recognized only recently. The changes in the interaction
motif of carbonyl-carbonyl interactions were found to be responsible for the unusual
thermodynamic properties of acetone, which had remained a mystery since 1929.'%
Maccallum et al. demonstrated the importance of C=0---C=0 contacts in stabilizing
the a-helices, B-sheets and the right-hand twist often observed in B-strands.'”’ In depth
knowledge of dipolar interactions can be effectively exploited in medicinal chemistry
for the enhanced binding and/or selectivity in lead optimization and thereby design
novel drug candidates (Structure Based Drug Design). For example, Diederich et al.
investigated the enhanced activity of fluorinated thrombin inhibitors via dipolar C—

F---C=0 interactions in the active site [Fig 1.6(i)].”” Such dipolar interactions were

also involved in the binding of trifluoroacetyl dipeptide anilide inhibitor to porcine

pancreatic eleastase enzyme [Fig 1.6(ii)].'®

Figure 1.6: (i) Binding mode of the fluorinated inhibitor in the D pocket of thrombin
[PDB code 10YT]; (ii) C—F---C=0 interactions in the crystal structure of the complex

between porcine pancreatic elastase and and an inhibitor of the trifluoroacetyl peptide

class at 2.50 A resolution [PDB code 2EST].
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1.5. Scope of the Present Studies

The work reported in this thesis was planned with the objective of exploring
the polymorphic behavior of myo-inositol derivatives, as these compounds exhibited
fascinating structural phenomena.*>® The structures of all the molecules reported in
this thesis were so chosen that they do not bear functional groups capable of forming
conventional hydrogen bonds. It was speculated that this would offer possibilities of
observing interplay of different weaker interactions in the polymorphic modifications
of inositol derivatives. The research work initiated with the structural studies of 8
[Chart 1.4], showed rather unexpected short contacts between S=O and C=O that
associated the diastereomers of 8 (Chapter 2). This is considered as bond dipolar
interaction between S=0 and C=0, similar to C=0---C=0 and C-F---C=0 interactions
described earlier. The CSD survey showed that these contacts indeed existed in a
large number of crystal structures but were not recognized.’* It was thought
worthwhile to pursue the manifestation of this S=0O---C=0 dipolar interactions in
molecules that contain these groups in different environments. Thus, synthetic
modifications of myo-inositol (1) were carried out, structures of which were
investigated for their molecular association with a special focus on dipolar contacts.
Accordingly, compounds 9-23 containing S=0 and C=0 groups were prepared [Chart
1.4]. These studies on non-covalent interactions can have potential implications in
understanding the receptor-ligand binding and designing lead compounds in Structure
Based Drug Design approach. In this context, dipolar S=0O---C=0 interactions are

thought to be relevant because of the presence of this moiety in sulfa drugs.
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Recognition of S=0-.-C=0 Dipolar Interactions
in  Diastereomeric  Association:  Pseudo-
polymorphism in 2,4(6)-di-O-Benzoyl-6(4)-0O-
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Chapter 2

2.1. Introduction

The role of solvents in crystallization and crystal growth is not completely
understood because of the complex nature of non-bonded interactions between the
host and solvent molecules.'” Normally, during the formation of crystals of a single
compound, solute-solvent interactions are replaced by solute-solute interactions.
However, when non-covalent interactions between the solute and the solvent
molecule are comparable or more favorable than solute-solute interactions, solvated
crystals are formed. The affinity of a host molecule for a given guest depends on the
nature of host, guest and the medium of crystallization under defined conditions of
temperature, pressure and their concentration, apart from steric requirements of host
and guest molecules. An insight into inclusion behavior has applications in
pharmaceutical and chemical industries for the purification and resolution of drugs,
trapping and storage of toxic materials, matrices for slow drug release, controlling
pseudo polymorphic behavior etc.'"

This chapter reports the diastereomeric association via dipolar interactions that
led to synthesize various myo-inositol derivatives. Different molecular organization
that involves the interplay of C—-H:-O and dipolar S=O--C=0O short contacts is
observed in pseudopolymorphs of 8 [Scheme 2.1]. Molecular packing in their crystal
lattices is modulated depending upon the solvent and the nature of weak association
between the molecules. Therefore, related myo-inositol derivatives [Scheme 2.1] were

prepared to explore for their polymorphic behavior via weak interactions.
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2.2. Experimental Section
2.2.1. Synthesis
2.2.1.1. Preparation of 2,4(6)-di-O-benzoyl-6(4)-O-[(1S)-10-camphorsulfonyl]-myo-
inositol 1,3,5-orthoformate (8, mixture of diastereomers)

A mixture of racemic 2,4-di-O-benzoyl myo-inositol 1,3,5 orthoformate (0.398
g, 1 mmol), camphorsulfonyl chloride (0.750 g, 3 mmol) and pyridine (10 mL) was
stirred at room temperature for 72 h. The solvents were evaporated from the reaction
mixture under reduced pressure and the gummy residue was dissolved in chloroform,
washed with dilute hydrochloric acid, dilute sodium bicarbonate solution, water and
finally with brine. The organic layer was dried over anhydrous sodium sulphate,
solvents were evaporated under reduced pressure and the product finally purified by
column chromatography using ethyl acetate-light petroleum mixture as eluent (0.604

g, 99 %).'"
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Data for 8:

M.P.: 159-160 °C

IR (CHCL3)v: 1717, 1734 cm’

"H NMR (CDCls, 200 MHz): § 0.75-0.81 (2s, 3H, Me), 0.95-1.00 (2s, 3H, Me), 1.24-
1.32 (m, 1H), 1.63-1.69 (m, 1H), 1.84-1.98 (m, 3H), 2.04-2.11 (m, 2H), 2.85-2.98 (2d,
1H), 3.50-3.60 (2d, 1H), 4.60-4.80 (m, 2H, Ins H), 4.80-4.90 (m, 1H, Ins H), 5.50-
5.65 (m, 2H, Ins H), 5.70 (d, J = 1.0 Hz, 1H, Ins H), 5.86-5.90 (m, 1H, OsCH), 7.40-
7.65 (m, 6H, ArH), 8.10-8.20 (m, 4H, ArH) ppm.

BC NMR (50 MHz, CDCly): & 19.5, 24.9, 26.8, 26.9, 42.3, 42.7, 48.1, 48.3, 57.9,
63.3, 67.4, 67.6, 69.2, 69.5, 69.9, 72.4, 72.6, 76.6, 93.4, 96.4, 103.1, 128.6, 128.7,
128.9, 129.4, 130.0, 130.1, 133.6, 133.8, 165.0, 165.1, 165.9, 187.5, 213.8, 213.9

ppm.
Anal. Caled for C3;H3,01:S: C, 60.77; H, 5.26. Found: C, 60.56; H, 5.21 %.

2.2.1.2. Preparation of 2,4(6)-di-O-benzoyl-6(4)-O-[(1S)-10-camphorsulfonyl]-myo-
inositol 1,3,5-orthoacetate (9, mixture of diastereomers)

A mixture of pyridine (10 mL), racemic 2,4-di-O-benzoyl myo-inositol 1,3,5-
orthoacetate (0.412 g, 1 mmol) and camphorsulfonyl chloride (0.750 g, 3 mmol) were
stirred at room temperature for 24 h. Pyridine was evaporated under reduced pressure
and the residue obtained was worked up with chloroform. The crude 9 was purified
(0.451 g, 72 %) by column chromatography over silica (eluent: ethyl acetate-
petroleum ether 1:9)."'"?

Data for 9:

M.P.: 153-154 °C

IR (CHCl;)v: 1718, 1733 cm’

"H NMR (CDCl3, 200 MHz): & 0.71-0.77 (2s, 3H, Me), 0.92-1.02 (2s, 3H, Me), 1.43

(s, 1H), 1.62 (s, 3H, 0sCMe), 1.64-1.73 (m, 1H), 1.88-2.10 (m, 3H), 2.26-2.42 (m,
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2H), 2.81-2.98 (m, 1H), 3.46-3.59 (2d, 1H), 4.61-4.76 (m, 2H, Ins H), 4.76-4.83 (m,
1H, Ins H), 5.47-5.59 (m, 2H, Ins H), 5.78-5.86 (m, 1H, Ins H), 7.43-7.63 (m, 6H,
ArH), 8.10-8.18 (m, 4H, ArH) ppm.

BC NMR (CDCl;, 50 MHz): & 19.4, 19.5, 23.9, 24.7, 26.7, 26.8, 42.2, 42.6, 47.9,
48.0,48.1,57.7,57.8, 62.3, 67.3, 67.4, 67.5, 69.8, 70.0, 70.3, 72.4, 72.6, 109.2, 128.4,
128.6, 128.8, 129.3, 129.9, 130.0, 133.5, 133.6, 165.1, 165.9, 213.9 ppm.

Anal. Caled for C3;,H3401;S: C, 61.33; H, 5.47. Found: C, 61.49; H, 5.42 %.

2.2.1.3. Preparation of 2,4(6)-di-O-benzoyl-6(4)-O-[(1S)-10-camphorsulfonyl]-myo-
inositol-1,3,5-orthobenzoate (10, mixture of diastereomers)

A mixture of racemic 2,4-di-O-benzoyl-myo-inositol 1,3,5-orthobenzoate*®
(0.237 g, 0.5 mmol) and camphorsulfonyl chloride (0.375 g, 1.5 mmol) in pyridine (8
mL) were stirred at room temperature for 48 h. Pyridine was evaporated under
reduced pressure and the residue obtained was worked up with chloroform. The crude
10 was purified (0.253 g, 74 %) by column chromatography over silica (eluent: ethyl
acetate-petroleum ether 1:9).
Data for 10:
M.P.: 159-160 °C
IR (CHCL;)v: 1712, 1735 cm™
"H NMR (CDCls, 200 MHz): § 0.69-0.80 (2s, 3H, Me), 0.91-1.05 (2s, 3H, Me), 1.09-
1.25 (m, 1H), 1.40-1.77 (m, 1H), 1.82-2.13 (m, 3H), 2.18-2.44 (m, 2H), 2.83-3.03 (m,
1H), 3.50-3.63 (2d, 1H), 4.81-5.05 (m, 3H, Ins H), 5.61-5.73 (m, 2H, Ins H), 5.95-
6.03 (m, 1H, Ins H), 7.39-7.65 (m, 9H, ArH), 7.69-7.77 (m, 2H, ArH), 8.11-8.20 (m,
4H, ArH) ppm.
BC NMR (CDCl;, 50 MHz): & 19.7, 25.0, 27.0, 27.1, 42.6, 42.9, 48.3, 48.5, 58.1,

62.7, 67.7, 67.8, 68.4, 68.6, 70.9, 71.1, 71.4, 72.7, 72.9, 108.2, 125.7, 128.4, 128.8,
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129.0, 129.6, 130.3, 130.4, 133.8, 134.0, 136.3, 165.3, 165.4, 166.2, 214.1, 214.2

ppm.
Anal. Caled for C37H3601:S: C, 64.52; H, 5.27. Found: C, 64.50; H, 5.37 %.

2.2.1.4. Preparation of 2,4(6)-di-O-acetyl-6(4)-O-[(1S)-10-camphorsulfonyl]-myo-
inositol 1,3,5-orthoformate (11, mixture of diastereomers)

The dibenzoate 8 (0.612 g, 1 mmol) was heated with tertbutylamine (5 mL) in
methanol (8 mL) under reflux for 8 h. The residue obtained after removal of volatile
liquids was dissolved in pyridine (4 mL), a solution of acetic anhydride (0.3 mL, 3
mmol) in pyridine (4 mL) was added drop wise at 0 °C, and then the mixture stirred
for 24 h. Pyridine was evaporated under reduced pressure and the residue obtained
was worked up with chloroform. The crude 11 was purified by column
chromatography over silica (eluent: ethyl acetate-petroleum ether 1:9) to obtain 11
(0.464 g, 95 %) as white solid.

Data for 11:

M. P.: 152-153 °C

IR (CHCls)v: 1736, 1749 cm™

"H NMR (CDCls, 200 MHz): 6 0.84-0.94 (25, 3H, Me), 1.06-1.14 (2s, 3H, Me), 1.45-
1.84 (m, 3H), 1.92-2.02 (m, 2H), 2.14 (s, 3H, MeCO), 2.22 (s, 3H, MeCO), 2.30-2.55
(m, 2H), 2.98-3.16 (m, 1H), 3.58-3.73 (2d, 1H), 4.29-4.39 (m, 1H, Ins H), 4.46-4.54
(m, 1H, Ins H), 4.66-4.78 (m, 1H, Ins H), 5.13-5.23 (m, 1H, Ins H), 5.37-5.47 (m,
1H, Ins H), 5.48-5.57 (m, 1H, Ins H), 5.59 (d, J = 1.0 Hz, 1H, O;C) ppm.

BC NMR (50 MHz, CDCl3): & 19.5, 19.5, 20.7, 20.9, 24.5, 25.2, 26.7, 26.8, 42.3,
42.3,42.5, 42.8, 47.8, 48.0, 48.3, 57.8, 58.0, 62.5, 62.6, 66.8, 66.9, 67.1, 67.2, 68.8,
68.9, 68.9, 69.1, 72.3,72.7, 102.7, 169.5, 170.2, 214.0, 214.4 ppm.

Anal. Caled for CH,3011S : C, 51.64; H, 5.74. Found: C, 51.23; H, 5.97 %.
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2.2.1.5. Preparation of 2-O-benzoyl-4(6)-O-acetyl-6(4)-O-[(1S)-10-camphorsulfonyl-
myo-inositol 1,3,5-orthoformate (12, mixture of diastereomers)

The dibenzoate 8 (0.612 g, 1 mmol) was heated with tertbutylamine (5 mL) in
methanol (8 mL) under reflux for 8 h. The residue obtained after removal of volatile
liquids was dissolved in pyridine (4 mL), a solution of benzoyl chloride (0.12 mL,
1.01 mmol) in pyridine (2 mL) was added drop wise at 0 °C, and the mixture stirred at
room temperature for 8 h. Then a solution of acetic anhydride (0.2 mL, 2 mmol) in
pyridine (2 mL) was added to the reaction mixture and continued stirring for 12 h.
The solvents were evaporated from the reaction mixture under reduced pressure and
the gummy residue obtained worked up with ethyl acetate and finally purified by
column chromatography to obtain 12 (0.508 g, 92 %) as gum.

Data for 12:

M.P.: 56-58 °C

IR (CHCL)v: 1724, 1747 cm™ (C=0)

"H NMR (200 MHz, CDCl;): & 0.88, 0.92 (2s, 3H, Me), 1.11, 1.12 (2s, 3H, Me),
1.40-2.25 (m, 5H), 2.17 (s, 3H, MeCO), 2.32-2.50 (m, 2H), 3.02-3.17 (2d, 1H), 3.63-
3.75 (2d, 1H), 4.44-4.52 (m, 1H, Ins H), 4.59-4.69 (m, 1H, Ins H), 4.72-4.82 (m, 1H,
Ins H), 5.38-5.50 (m, 2H, Ins H), 5.56-5.62 (m, 1H, Ins H), 5.64 (d, J = 1.0 Hz, 1H,
050), 7.36-7.66 (m, 3H, ArH), 8.11-8.18 (m, 2H, ArH) ppm.

BC NMR (CDCl;, 50 MHz) &: 19.6, 20.7, 24.6, 25.2, 26.8, 26.9, 42.3, 42.4, 42.6,
42.8, 48.0, 48.1, 48.2, 48.5, 57.9, 58.0, 63.1, 67.1, 67.2, 67.3, 69.0, 69.1, 69.3, 72.5,
72.9,102.9, 128.5, 129.3, 129.9, 133.5, 165.9, 169.6, 214.0, 214.4 ppm.

Anal. Caled for C,H30011S: C, 56.72; H, 5.49; Found: C, 57.00; H, 5.40 %.

2.2.2. Crystallization
All the crystallization experiments were carried out under identical conditions,

by dissolving the diastereomeric mixture completely in the required solvent or
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mixture of solvents (1:1) followed by the addition of light petroleum ether (bp 40-60
°C) drop-wise till turbidity appeared. The clear solution obtained after vigorous
shaking or warming, was allowed to stand for 1-5 days at room temperature to obtain
colorless crystals for 8 and 11. Crystals of 9 and 10 were obtained from a solution of
dichloromethane-methanol (4:1) mixture by slow evaporation in a closed container at
room temperature. Crystallization attempts from various solvents failed to produce

crystals for 12, resulting in a gummy product.

2.2.3. Crystallographic Details

X-ray intensity data for solvates of 8 and solvent free crystals of 9-11 were
collected on a Bruker SMART APEX CCD diffractometer in omega and phi scan
mode_ A voke = 0.71073 A. Due to moderate stability (~ 2-6 days) of solvated crystals
of 8, X-ray intensities were measured at low temperature (133 K) using OXFORD
LN2 cryosystem. All the intensities were corrected for Lorentzian, polarisation and
absorption effects using Bruker’s SAINT and SADABS programs.'"” The crystal
structures were solved by Direct methods using program SHELXS-97; the full-matrix
least squares refinements on F? were carried out by applying geometrical constraints
especially for the guests having lower occupancies and disorder in the crystal lattice
using SHELXL-97.""* Planar guests like benzene (8-BZ) and pyridine (8:PY) exhibit
statistical disorder about crystallographic 2-fold axis, that is modeled using DFIX and
FLAT options whereas the disorders of dioxane (8:DX) and THF (8-THF) molecules
were modeled using the DFIX and DANG options in SHELXL-97 during refinement.
Hydrogen atoms were included in the refinement as per the riding model. All the
space groups are non-centrosymmetric (chiral) because of the presence of the
camphor moiety and flack parameters could be refined in the least-squares due to the
presence of a heavy atom (sulphur). Table 2.1 summarizes the crystallographic data

for pseudopolymorphs of 8 and 9-11.
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Table 2.1: Summary of crystallographic data for 9-11 and pseudopolymorphs of 8.

Crystal data 8 8-DX 8.DXTHF 8.BZ
Chemical Formula  C;H3,0;S C;31H3,01:1S C51H3011S  C31H3,044S
1.38(C4Hs0,) 1.0(C4HgO,) 0.75(CeHe)
0.25(C4Hs0)

M, 612.63 733.77 718.76 669.70

Temperature/K 298(2) 133(2) 133(2) 133(2)

Morphology Plate Plate Plate Plate

Colour Colorless Colorless Colorless Colorless

Crystal size (mm) 0.57x040x 037x035x 0.38 x033x 051x0.25x%
0.22 0.13 0.17 0.19

Crystal system Monoclinic Monoclinic = Monoclinic ~ Monoclinic

Space group P2, P2; P2, C2

a(A) 14.115(3) 15.937(4) 15.966(3) 31.182(4)

b (A) 11.592(3) 11.054(3) 11.068(3) 11.2219(13)

c(A) 17.743(4) 22.206(6) 22.264(5) 22.715(3)

a(°) 90 90 90 90

L) 92.529(4) 108.432(4) 108.676(4) 109.948(2)

7(®) 90 90 90 90

V(A% 2900.2(11) 3711.3(16)  3727.0(14) 7471.8(15)

Z, Dy (Mg m™) 4,1.403 4,1.313 4,1.281 8,1.191

4 (mm™) 0.175 0.154 0.151 0.143

F(000) 1288 1552 1520 2912

Tmin > Tmax 0.907,0.963  0.945,0.980 0.945,0.975 0.931,0.974

Ghnax (°) 26.0 25.0 25.0 25.0

h (min, max) (-17,17) (-18, 18) (-18, 18) (-36, 36)

k (min, max) (-14, 14) (-13, 13) (-7, 13) (-13,13)

| (min, max) (-21, 21) (-26, 26) (-22, 26) (-27,27)

No. of refl” collected 22352 35635 23847 36183

No. of unique refl" 11213 12908 9623 13103

No. of observed refl” 10237 9889 7016 8587

No. of parameters 779 875 982 900

Rint 0.026 0.046 0.059 0.026

R, _obs,R; all 0.048,0.053  0.091,0.115 0.070,0.099 0.067, 0.091

wR, obs, wR, all  0.123,0.127  0.247,0.269 0.177,0.197 0.173, 0.185

GoF 1.02 1.02 1.05 0.94

APmax, Apmin (€ A7) 0.37,-0.23 1.74,-0.48  0.61,-0.35 0.67,-0.26

Flack parameter -0.05(6) -0.21(16) 0.08(16) 0.08(10)
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Table 2.1: Continued.

Crystal data 8-DCM 8-HX 8-PY 8- THF

Chemical Formula C31H32011$ C31H320118 C31H320118 C31H32011$
1.38(CH,Cly)  0.25(C¢H 00) 1.63(CsHsN) 1.33(C4HgO)

0.75(CsH12) 0.38(H20)

M; 729.40 678.74 728.02 685.21

Temperature/K 133(2) 133(2) 133(2) 133(2)

Morphology Needle Needle Plate Needle

Colour Colorless Colorless Colorless Colorless

Crystal size (mm) 0.71x021x 0.73x0.18x 0.65x0.62x 0.38 x0.16x
0.14 0.05 0.31 0.12

Crystal system Monoclinic Monoclinic Monoclinic Monoclinic

Space group C2 C2 C2 C2

a(A) 30.561(17) 31.047(6) 30.623(9) 30.675(6)

b (A) 10.925(6) 11.2665(18)  11.129(4) 11.218(2)

c(A) 22.255(12) 22.631(4) 22.529(7) 22.323(5)

a(®) 90 90 90 90

£ 114.922(10)  109.880(4) 111.050(5) 113.729 (6)

7(®) 90 90 90 90

V (A% 6739(6) 7444(2) 7165(4) 7032(2)

Z, Dy (Mg m™) 8, 1.438 8, 1.211 8, 1.350 8,1.294

4 (mm™) 0.353 0.145 0.155 0.154

F(000) 2996 2972 3066 2888

Thmin > Tmax 0.777,0.950  0.901,0.993  0.906,0.954  0.944, 0.982

Omax (°) 25.0 25.0 25.0 25.0

h (min, max) (-36, 36) (-36, 36) (-36, 34) (-36, 36)

k (min, max) (-12, 12) (-13,12) (-13, 13) (-13,13)

| (min, max) (-26, 25) (-26, 26) (-26, 26) (-26, 26)

No. of refl” collected 24219 26352 25788 33911

No. of unique refl” 11278 11718 12508 12365

No. of observed refl" 8132 10023 11721 11604

No. of parameters 861 951 929 954

Rint 0.071 0.030 0.018 0.035

R;_obs, R, all 0.091,0.125 0.071,0.082  0.050,0.532 0.061, 0.063

wR;, obs, wR, all  0.199,0.219 0.197,0.209 0.145,0.149  0.169, 0.172

GoF 1.07 1.05 1.05 1.08

APrmaxs Apmin (€ A7) 0.98,-0.49 0.86,-0.30 0.93, -0.60 1.00, -0.28

Flack parameter 0.09(10) -0.14) 0.02(8) -0.01(8)
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Table 2.1: Continued.

Crystal data 8-PYDX 9 10 11
Chemical Formula C31H32011$ C32H340118 C37H360118 C21H280118
0.88(CsHsN)
0.38(C4H30,)
M, 691.71 626.65 688.72 488.49
Temperature/K 133(2) 298(2) 133(2) 298(2)
Morphology Plate Block Plate Needle
Colour Colorless Colorless Colorless Colorless
Crystal size (mm) 0.59 x0.29x 0.68 x0.25x 0.45x0.23 x 0.74 x 0.15 x
0.18 0.14 0.20 0.13
Crystal system Monoclinic Triclinic Monoclinic ~ Monoclinic
Space group C2 P1 P2, P2,
a(A) 30.896(3) 11.5241(16) 11.474(2) 13.429(3)
b (A) 10.9667(11)  11.6958(16)  21.557(3) 11.321(3)
c(A) 22.408(2) 12.453(2) 14.111(2) 14.888(4)
a(®) 90 80.499(3) 90 90
£ 111.469(2) 62.449(2) 98.894(4) 97.732(4)
7(°) 90 75.937(2) 90 90
V(A% 7065.8(12) 1440.8(4) 3448.4(10) 2242.8(10)
Z, Dy (Mg m™) 8,1.300 2,1.444 4,1.327 4,1.447
2 (mm™") 0.153 0.177 0.155 0.205
F(000) 2907 660 1448 1032
Tmin » Tmax 0.915,0.973  0.976,0.889  0.934,0.970 0.863,0.974
Gnax (°) 25.0 25.0 25.0 25.0
h (min, max) (-35, 36) (-13,13) (-10, 12) (-15, 15)
k (min, max) (-13, 10) (-13,13) (-23, 23) (-12, 13)
| (min, max) (-26, 14) (-14, 13) (-15,15) (-17,17)
No. of refl” collected 14077 9388 14680 16192
No. of unique refl” 9421 7596 8771 7660
No. of observed refl” 7094 7284 3660 6509
No. of parameters 923 799 325 603
Rint 0.026 0.039 0.059 0.032
R, _obs, Ry all 0.078,0.100  0.052,0.054  0.189,0.304 0.048, 0.059
wR, obs, wR, all  0.213,0.234  0.134,0.136  0.426,0.495 0.111,0.116
GoF 1.04 1.09 1.35 1.01
APrmax, Apmin (€ A7) 1.17,-0.38 0.54,-0.29 1.11,-0.42  0.46,-0.18
Flack parameter 0.00(15) 0.00(8) 0.07(5) —0.05(7)
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The crystal structure of 10 exhibited a very high degree of orientational
disorder, for the camphor moiety. The disorder became evident during the structure
solution itself, having very low peak heights and some missing atoms belonging to
this group. The alternate orientations for the camphor were difficult to resolve
individually, only the major site is included in the refinement. Geometrical (DFIX and
FLAT) and anisotropic displacement constraints (DELU and SIMU) were applied to
camphor and phenyl rings in the least-squares refinement procedure. All the atoms are
kept isotropic, as the refinement was not stable for the anisotropic treatment for the

disordered non-H atoms.

2.2.4. Thermal Analysis (DTA/TGA)

The Differential Thermal Analysis (DTA) and Thermo-Gravimetric Analysis
(TGA) of all the inclusion crystals of 8 were analyzed using a Seiko DTA/TG 320
instrument. About 3-6 mg of the crystalline sample was placed in an aluminium pan
and heated from 40 to 200 'C at a rate of 10 'C/minute. An empty pan was used as the

reference and dry nitrogen was used for purging (50 mL/min).

2.3. Results and Discussion

2.3.1. Crystallization of 8

Crystallization of 8 from different solvents showed clear preferences in crystal
growth behavior. Suitable crystals (for Single Crystal X-ray studies) were not
obtained from acetone, methanol, cyclohexane, nitromethane, trimethyl amine and
dilodomethane; whereas crystallization from chloroform, ethyl acetate,
dibromomethane and dimethylformamide gave good crystals (8) without inclusion of
any of these solvents. However, when benzene, dichloromethane (DCM),

cyclohexanone, pyridine, dioxane and tetrahydrofuran (THF) were used for
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crystallization, the crystals of 8-BZ, 8-DCM, 8-HX, 8-PY, 8-DX and 8-THF were
obtained that included the respective solvent molecules as guests in their crystal
lattice. The guest selectivities among these were further investigated using 1:1
mixture of solvents for crystallization of 8. Crystallization from DCM-benzene,
DCM-THF, DCM-dioxane, DCM-pyridine (1:1) and DCM-THF-dioxane (1:1:1)
mixtures resulted in the inclusion of the guest solvent other than DCM. Crystallization
of 8 from a 1:1 mixture of pyridine and dioxane showed a preferred inclusion of
pyridine (8-PYDX) whereas from dioxane-THF (1:1) mixture, the host molecules
favored inclusion of dioxane over THF (8:DXTHF). All the solvated crystals were
transparent and stable in open atmosphere for ~ 2-6 days and disintegrated slowly into
powder form after this period. The crystals of 8 obtained from different solvents could
be categorized into three forms. Form-I (without any solvent inclusion, 8) having the
monoclinic space group P2;; Form-II (8:DX, 8:DXTHF) belonging to the same space
group as Form-I; and Form-III (8-BZ, 8-DCM, 8-HX, 8-PY, 8:-DX and 8-PYDX)

crystals with majority of the solvents belonging to the monoclinic space group C2.

2.3.2. Thermal analysis of 8

The DTA/TGA curves for Forms I, II and III crystals are shown in figure 2.1.
The crystals of the solvent free Form-I [Fig. 2.1(i)] showed only a single sharp
melting endotherm at ~ 159.0 °C, whereas solvates showed an extra endotherm before
the final melting curve of the crystals, indicating the possible structural phase
transformation due to the escape of the guest solvent. Thermogravimetric analyses of
all the solvates showed a continuous weight loss (11-23 %), in the temperature range
55-120 °C due to the release of included solvents from the crystal lattice. However,
the final melting endotherm in the range 147-160 °C was the same for all the crystals

matching with the melting of the solvent free crystal.
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Figure 2.1: DTA/TGA curves of (i) Form-I, (ii)-(iii)) Form-II and (iv-ix) Form-III

crystals of 8.
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Figure 2.1: Continued.

2.3.3. Host-host interactions in 8

A common feature in all the three crystal forms was the molecular association
between the diastereomers of 8. In the absence of any conventional strong hydrogen
bonding interactions, the bridging of 8 occurred via two pseudo-centrosymmetric C—
H---O interactions (C6-H6---09' and C4'-H4'--09) in Form-I and via dipolar
S=0---C=0 interactions (S1'=09"--C15 and S1=09---C15") in Forms II and III [Fig.
2.2]. In all the pseudopolymorphs, the oxygen atom O9 (09') of the -SO, group from
one diastereomer approaches the Csp® atom C15' (C15) of the benzoate group of the
other diastereomer almost perpendicularly and the O---C distances are significantly
shorter (2.899-3.114 A) than the sum of the van der Waals radii of O and C atoms
(3.22 A) [Table 2.2]. It was thought worthwhile to examine the occurrence of these
short contacts in the other related structures available in the Cambridge
Crystallographic Database (CSD). The statistical survey of CSD indeed clearly
signified the existence of S=O0---C=0 interaction [details are given in Chapter 7].
However, the role of these dipolar contacts in the molecular association was first
pointed out by us.” In fact these contacts can be categorized under bond dipole-dipole
interactions, such as C=0---C=0 and C—F---C=0 suggested to play a role in folding of
proteins'®” and improved binding of the fluorinated drug to receptors’’ respectively.

As reported in the literature (C=0---C=0),” these dipolar interactions could contribute
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attractive stabilization energies, which are comparable in strength to that of weak C—

H---O interactions.

(i)

Figure 2.2: (i) Dimers of the Form-I (8) with C—H---O bridging cross over to
S=0---C=0 short contacts upon solvent inclusion [For clarity, the benzoyl groups (at
C2 and C2') and camphorsulphonyl groups (at C4 and C6') are omitted]. (ii)
Overlapping of dimers in Form I (red-8), II (blue-8:DX) and III (green-8-BZ) showing

relative movement of molecules needed to switch between the two interactions.
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Table 2.2: Geometrical parameters of S=0O---C=0 and C—H---O contacts for Forms I-

III crystals of 8 as shown in figure 2.2.

Crystals 8 8-DX 8-DXTHF 8-BZ 8-DCM
09---C15' (A) 3.570(4) 2.906(7) 2.899(6) 2.953(6)  2.890(10)
09"--C15 (A) 3.332(3)  2.999(7)  3.025(6) 3.070(6)  3.140(10)
09--C15'-08' (°)  78.6(1) 87.1(4) 86.1(1) 89.0(3) 91.2(5)
09'---C15-08 (°) 78.9(2) 82.2(4) 82.2(1) 82.7(3) 83.8(5)
S1=09---C15' (°) 165.1(2) 160.3(4) 160.1(1) 156.03) 151.3(4)
S1'=09'"---C15(°)  162.7(1) 164.53) 163.9(1) 156.03) 165.7(3)
C6-H6--09' (A) 2.43 2.68 2.66 2.85 2.65
C4'-H4"--09 (A) 2.37 2.88 2.95 2.98 2.97
C6-H6---09' (°) 139 121 122 123 122
C4'-H4'---09 (°) 139 116 115 116 114
Crystals 8-HX 8-PY 8- THF 8-PYDX

09--C15' (A) 2.980(20) 2.932(5) 3.003(5) 2.960(10)

09'--C15 (A) 3.100(20) 3.056(5)  3.169(5) 3.074(10)
09--C15-08' (°)  87.0(10)  85.7(2) 88.2(3) 88.5(1)
09'"---C15-08 (°) 82.0(10)  81.5(2) 84.4(2) 83.1(1)
S1=09---C15' (°) 162.0(10) 157.4(2) 167.43) 163.7(1)
S1'=09"--C15 (°) 159.4(8)  155.4(22) 166.8(3) 167.3(1)
C6-H6--09' (A) 2.86 2.80 2.63 2.58

C4'-H4'--09 (A) 2.95 2.82 2.71 2.75

C6-H6--09' (°) 125 126 125 124)

C4'-H4"--09 (°) 119 119 119 117

The geometrical parameters [Table 2.2] of dipolar S=0O--C=0 contacts

observed in all inclusion crystals indicate that the interaction is of Type-I motif i.e.

perpendicular interaction motif of dipoles."

2 The S=0--C=0 and C-H--O

interactions seem to be complementary, crystals with shorter S=0O---C=0 contacts

have weaker C—H:--O contacts (in Forms II and III) and vice versa (in Form-I) [Table

2.2]. When the diastereomers are associated via C—H---O contacts, the dimers are
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closely packed and do not leave any space for the solvent inclusion [Fig. 2.3(i)].
However, molecular association via S=0---C=0 contacts generates voids which are
occupied by the guest solvents [Fig. 2.3(ii) and 2.3(iii)]. The choice between C-H:--O
and S=O---C=0 contacts for the association of diastereomers seems to depend upon
the medium of crystallization, although majority of solvents (6 out of 9) prefer the
S=0---C=0 association resulting in solvent inclusion crystals. However, the
S=0---C=0 contacts were observed only between the two diastereomers of 8, the
association in the crystal structure of separated diastereomer''® was essentially via C—

H---O interactions.

Figure 2.3: Molecular packing in (i) Form-I (8), (ii) Form-II (8:DX) and (iii) Form-III

(8-BZ) crystals. Guest molecules are omitted in (ii) and (iii) to show the voids.

A comparison of the cell parameters of Forms I to III reveal conservation of
the mode of molecular packing along the unique b- axis (~ 11.2 A). The remarkable
one-dimensional isostructucturality''® along this axis, links the ‘head-to-head’
associated dimers via C—H---O interactions (C7-H7---O5' and C7'-H7'---O5) in all the
crystal forms [Fig. 2.4]. There are additional C—H---O contacts in Forms II and III
(C19-H19---O1 and C19'-H19"--03") that bring the heads of the diastereomers even
closer [Fig. 2.4(ii) and 2.4(iii)] in comparison to that in Form-I crystals [Fig. 2.4(i)].

Conserved supramolecular association in crystals is valuable in regressing to events in
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Figure 2.4: Isostructural layers of (i) Form-I, (ii) Form-II [8:DX] and (iii) Form-III

[8-PY] crystals [only H-atoms involved in short contacts are shown].
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early nucleation,''® a stage difficult to observe experimentally. The different
‘stitching’ of these dimer-dimer chains along a-axis create voids to accommodate the
guest in crystals of Forms II and III. In Forms I and III [Fig. 2.4(i) and 2.4(iii)],
different diastereomers (blue-red) link the dimeric layers, whereas the same type
(blue-blue and red-red) associate the dimeric rows in Form II [Fig. 2.4(ii)]. In solvent
free Form-I, three C-H---O interactions, C11-H11---O1', C11'-H11"---O3 and C12'-
H12'--O11 link two different dimeric layer and the phenyl rings attached to the C2
and C2' atoms (equatorial position) from different diastereomers Cgl [C9—-C14] and
Cg2 [C9'-C14'] make moderate 7---7 interactions [Cgl--Cg2 = 4.031 A, dihedral
angle, o = 1.60°]. In Form-II, dimeric layers are linked via C13-H13---O7 and C-
H---m [C11-H11---Cg3 (C16—C21)] short contacts. Similar association exists between
the (red-red) diastereomers as well [C13'-H13"---O7' and C11'-H11"--Cg4 (C16'-
C21"]. The dimers associated via S=0O---C=0 contacts in Form-III, make C-H:--x
[C12'-H12"---Cg3 and C12-H12---Cg4] contacts with the neighboring row of dimers

[Table 2.3].

Table 2.3: Geometrical parameters of host-host interactions in Forms I, IT and III of 8

as shown in figure 2.4.

D-H--A D-H(A) H-AA) D-AA) D-H-A(°)
8 C19-H19--01" 0.93 2.72 3.444(3) 136
Form-I C19-H19--03'"  0.93 2.74 3.450(4) 134
Cl1-H1l--0OI’"  0.93 2.54 3.343(3) 145
CI11-H11"--03' 0.93 2.63 3.392(3) 140
CI12-H12'-O11"  0.93 2.55 3.419(4) 157
8-DX C19-H19--01" 0.93 2.69 3.221(1) 117
Form-I  C19-H19--03'"  0.93 2.62 3.209(1) 122
C7-H7--05' 0.98 2.77 3.697(1) 158
C7-H7"--05" 0.98 2.79 3.722(1) 160
C13-H13--07" 0.93 2.68 3313(1) 126
C13-H13--07""  0.93 2.71 3.323(1) 124
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Cl1-H11--Cg3"  0.93 2.83 3.651 149
Cl11-H11'-Cg4 " 0.93 2.87 3.718 153
8DXTHF C19-H19--O1' 0.93 2.68 3.214(10) 117
Form-Il  C19-H19--03'"  0.93 2.59 3.214(12) 125
C7-H7--05' 0.98 2.81 3.731(9) 157
C7-H7"--05" 0.98 2.80 3.737(9) 159
C13-H13--07" 0.93 2.75 3.360(10) 124
C13-H13--07"""  0.93 2.65 3.296(12) 127
Cl1-H11--Cg3"  0.93 2.92 3.709 144
C11'-H11--Cg4 ™  0.93 2.82 3.681 155
8-BZ C19-H19--01 " 0.93 2.64 3.291(8) 127
Form-IIl  C19-H19--03''  0.93 2.69 3.305(8) 124
C7-H7--05> "1 0.98 2.81 3.740(6) 159
C7-H7"--05 Vi 0.98 2.83 3.773(6) 161
C12-H12"--Cg3™  0.93 3.32 4.064 139
C12-H12--Cg4™  0.93 3.37 4.110 138
8$DCM  CI19-H19--O1" 0.93 2.64 3.177(1) 118
Form-IIl  C19-H19--03'"  0.93 2.71 3271(1) 120
C7-H7--05" "t 0.98 2.66 3.592(1) 158
C7-H7"--05 "1 0.98 2.66 3.606(1) 163
C12-H12--Cg3™  0.93 3.18 3.930 139
C12-H12--Cg4™  0.93 3.11 3.870 141
8-HX C19-H19--01 " 0.93 2.69 3.339(27) 128
Form-IIl  C19-H19--03'"  0.93 2.71 3.355(27) 127
C7-H7--05" "1 0.98 2.78 3.718(20) 161
C7-H7"--05 "1 0.98 2.78 3.729(21) 163
C12-H12"--Cg3™  0.93 3.31 4.020 135
C12-H12--Cg4™  0.93 3.36 4.058 135
8-PY C19-H19--01 " 0.93 2.63 3.233(1) 123
Form-IIl  C19-H19--03'"  0.93 2.61 3.215(1) 123
C7-H7--05" "t 0.98 2.81 3.749(1) 162
C7-H7"---05 Vi 0.98 2.82 3.768(1) 163
C12-H12--Cg3™  0.93 3.18 3.930 139
C12-H12--Cg4™  0.93 3.11 3.870 141
8 THF C19-H19--01 " 0.93 2.62 3.267(6) 128
Form-IIl  C19-H19--03'"  0.93 2.67 3.315(6) 127
C7-H7--05 "1 0.98 3.01 3.956(6) 162
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C7-H7"--05 "1 0.98 3.01 3.961(6) 165

C12-H12--Cg3™  0.93 3.29 4.042 138
C12-H12--Cg4™  0.93 3.32 4.040 136
8PYDX CI19-H19--O1" 0.93 2.73 3.247(12) 116
Form-IIl  C19-H19--03'"  0.93 2.74 3.272(10) 117
C7-H7--05> "1 0.98 2.73 3.669(9) 161
C7-H7"--05 " 0.98 2.76 3.717(9) 165
C12-H12--Cg3™  0.93 3.28 3.997 133
C12-H12--Cg4™  0.93 3.31 4.006 134

Symmetry codes: (i) x, 1+y, z; (ii) x, -1+y, z; (iii) -x, -1/2+y, 1-z; (iv) -x, 1/2+y, 1-z;
) 1-x, -1/2+y, 2-z; (vi) 1-x, 1/2+y, 2-z ; (vii) 3/2-x, 1/2+y, 1-z; (viii) 3/2-x, 1/2+y, 1-

z; (ix) 2-X, y, 1-z.

Even though crystal forms I-III show similarity in organization along b-axis,
there are differences in interactions with the neighboring host molecules along the c-
axis. These differences arise essentially due to the modulation in the native structure
upon guest inclusion.'” The oxygen atom OI11' of the camphor moiety make
bifurcated C—H---O contacts in Form-I but trifurcated C—H:--O contacts in Forms-II
and III along the c-axis [Fig. 2.5]. In Form-I, the oxygen atom O11' of the camphor
moiety makes bifurcated C—H---O contacts with the 2;-screw related molecules via
C6'-H6'---O11" and C22'-H22C---O11' [Fig. 2.5(i)]; whereas in Form-II and III, the
O11' atom makes trifurcated C—H---O contacts interactions with H6', H22D and H31E
(H30E in Form-III) along c-axis as shown in figure 2.5(ii) and 2.5(iii). The O11 atom
of the other diastereomer makes bifurcated C—H---O contacts in Form-I (with H12' and
H22A) and Form-II (with H22A and H30A), but the same makes only C22-
H22A:---O11 in Form-III crystals. Also in Form-I, the carbonyl oxygen O8 of one of
the diastereomers makes trifurcated C—H---O hydrogen bonding contacts with the 2;-
screw related C13—H13, C14-H14 and C18-H18 from two different molecules along

the c-axis. Similarly, the carbonyl oxygen O8' of the other diastereomer also makes
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Figure 2.5: Molecular layers viewed down b-axis in (i) Form-I [8] (ii) Form-II

[8:DX] and Form-III [8:PY], only H-atoms involved in short contacts are shown.
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trifurcated C—H---O contacts with C13'-H13', C14'-H14' and C20'-H20' [Fig. 2.5(1)].
In the case of solvates (Forms II and III), the carbonyl oxygen atoms O8 and O8' take
part in C—H---O contacts with the included guest molecules [Table 2.4]. There are

additional C—H---O interactions in Forms II and III crystals that are given in the table

2.4.

Table 2.4: Geometrical parameters of host-host interactions in Forms I, II and III

crystals of 8 as shown in figure 2.5.

D-H--A D-H(A) H-A(A) D-A(A) D-H-A(°)
8 C13-H13--08'" 0.93 2.67 327713) 124
Form-I C14-H14--08" 0.93 2.68 3.276(3) 123
C18-H18.-08' 0.93 2.33 3.248(3) 170
C13-H13"-08'! 0.93 2.68 3.304(3) 125
Cl4-H14"---08'" 0.93 2.71 3.3203) 124
C20'-H20'--08' " 0.93 2.38 3.291(4) 166
C6-H6'--O11' 0.98 2.59 3.360(3) 135
C22'-H22C--011""  0.97 2.40 3.222(3) 159
C12-H12--011"™ 093 2.55 3.419(4) 157
C22-H22A--O11Y  0.97 2.71 3.6153) 156
C21-H21--05'" 0.93 2.70 32133) 116
8-DX C6-H6"-011"" 0.98 2.49 3.334(1) 144
Form-II  C22-H22D--O11''"  0.97 2.25 3.182(1) 161
C31-H31E--O11'"  0.96 2.59 3.526(1) 165
C22-H22A--O11Y"  0.97 2.56 3.503(1) 165
C30-H30A--011""  0.96 2.66 3.596(1) 166
C30-H30D--010'""  0.96 2.70 3.405(1) 130
8DXTHF (C6-H6'--O11'" 0.98 2.53 3.374(9) 145
Form-II  C22-H22D--O11'"" 097 2.25 3.187(10) 162
C31-H31E--O11'"  0.96 2.59 3.522(7) 163
C22-H22A--011""  0.97 2.54 3.481(9) 165
C30-H30A--011""  0.96 2.44 3.525(9) 163
C30-H30D--010'"™  0.96 2.59 3.522(10) 163
8-BZ C6'-H6'--011' Vi 0.98 2.64 3.421(5) 137
C22'-H22D--011'*  0.97 227 3.209(5) 162
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Form-Ill  C30-H30E--O11'*  0.96 2.62 3.535(7) 160
C22-H22A--0O11* 0.97 2.67 3.624(6) 167
C31-H31A--O117% 0.96 2.63 3.572(9) 167

8$DCM  C6-H6'--011'"" 0.98 2.52 3.338(9)  142.6

Form-III  C22-H22D--O11'™  0.97 2.30 3.221(9) 159
C30'-H30E--O11'*  0.96 2.67 3.597(12) 162
C22-H22A--011* 0.97 2.57 3.514(10) 164
C22-H22C--Cl1®  0.97 291 3.762(6) 147
C31-H31D--05*"  0.96 2.64 3.464(10) 144
C31'-H31E--O1'"  0.96 2.60 3.437(8) 146
C35-H35A---08 M 0.97 242 3.366(10) 164

8-HX C6-H6'--011' Vi 0.98 2.52 3.373(17) 145

Form-IlI  C22-H22D--O11'™  0.97 2.32 3.258(23) 162
C30-H30E--O11'*  0.96 2.62 3.542(28) 161
C22-H22A--O11* 0.97 2.55 3.492(19) 163
C31-H31A--011Y%  0.96 2.59 3.534(27) 167
C31'-H31D--01'*  0.96 2.70 3.557(20) 149
C31'-H31F--010"*"  0.96 2.71 3.449(24) 134

8-PY C6-H6'--011' Vi 0.98 2.50 3.300(1) 139

Form-IIT  C22-H22D--O11'™  0.97 225 3.174(4) 159
C30'-H30E--O11'*  0.96 2.65 3.581(5) 162
C22-H22A--O11* 0.97 2.62 3.558(4) 162
C31-H31D--01'™  0.96 2.70 3.566(4) 150
C31-H31E--010"*"  0.96 2.66 3.392(5) 133

8- THF C6'-H6"--011' v 0.98 2.50 3.319(4) 141

Form-III  C22-H22D--O11'™  0.97 2.32 3.262(4) 164
C30-H30E--O11'*  0.96 2.61 3.543(6) 165
C22-H22A--011* 0.97 2.55 3.492(4) 165
C30-H30A--011Y  0.97 2.65 3.590(6) 167
C31'-H31D--05*  0.96 2.65 3.498(5) 148
C31-H31E--O1"™  0.96 2.67 3.528(4) 150

8PYDX  C6-H6E'--O11'"™ 0.98 2.53 3.369(8) 144

Form-IlI  C22-H22D--O11'*  0.97 2.26 3.199(9) 162
C30-H30E--O11'™  0.96 2.63 3.552(9) 162
C22-H22A--011* 0.97 2.56 3.509(9) 167
C30-H30C--011™  0.96 2.71 3.659(13) 171
C31-H31A--03™ 0.96 2.70 3.407(9) 131
C31-H31E--O01'™  0.96 2.65 3.499(8) 147
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Symmetry codes: (i) 1-x, -1/2+y, 1-z; (ii) -x, 1/2+y, -z; (iii) -x, 1/2+y, 1-z; (iv) x, 1+y,
z; (v) 1-x, 1/2+y, -z; (vi) 1+x, y, z; (vii) -x, 1/2+y, 2-z; (viii) 1/2-x, -1/2+y, -z; (ix)
3/2-x, -1/2+y, -z; (X) 3/2-x, -1/2+y, 1-z ; (xi) 1/2-x, 1/2+y, -z ; (xii) X, y, -1+z; (xiii) 1-
X, y, 2-z; (xiv) 1/2-x, -12+y,1-z; (xv) 1/2-x, 1/2+y, 1-z; (xvi) 3/2-x, -1/2+y, 2-z;

(xvii) 1/2-x, 1/2+y, 1-z.

2.3.4. Host-guest interactions in pseudopolymorphs of 8

There are four different possible sites of inclusion of solvents in crystals of
Forms II and III. In Form-II crystals, guest molecules occupy sites designated as A, B,
C and D [C and D sites are located in the same cavity but designated to distinguish
two different guest solvents, Fig. 2.6(1)]. In Form-II crystals, guests in sites A and B
interact with the diastereomers of 8 via O--C=0 and C-H:--O contacts, whereas
guests at sites C and D make only C—H:--O contacts with the host molecule. In Form-
IIT crystals [Fig. 2.6(ii)], guests in sites A make short contacts with one of the
diastereomers (blue molecule) and the guests at sites B make closer interaction with
the other diastereomer (red molecule). The guests in sites C and D, occupying the
cavities on a 2-fold axis do not make any significant interactions with the host
molecules. The guests at sites C and D have lower occupancies and exhibit varying
extent of disorder. In all the cases, the oxygen atoms O8 and O8' (attached to carbons
C15 and C15' involved in the S=0---C=0 bridging) from the host molecules accept
the protons from the C—H group of the guest molecules [Table 2.5]. Significant weak
interactions between each of the guests and the host molecules are shown in figure

2.7.
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(i)

Figure 2.6: Molecular packing showing the four guest sites in (i) Form-II and (ii)
Form-III crystals. The sites C and D in Form-II crystals located in the same cavity but

designated to distinguish two different guests.
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H.’!'I-'B

(vii) }

Figure 2.7: Significant host-guest interactions in pseudopolymorphs of 8; (i) 8-DX,

(ii) 8-DXTHF, (iii) 8-BZ, (iv) $:DCM, (v) 8-HX, (vi) 8-PY, (vii) 8 THF and (viii)

8-PYDX.
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Table 2.5: Geometry of C—H:--O contacts made by the guests with the carbonyl

oxygen O8 (08') associated with the dimeric bridging as shown in figure 2.7.

Solvates ~ D-H--A D-H(A) H-A(A) D-A(A) D-H-A(°
8-DX C45-H45A--08'  0.97 2.56 3.265(10) 129
Form-II ~ C42-H42B--08'"  0.97 2.67 3.430(19) 136
8DXTHF C45-H45A--08'  0.97 2.82 3.74(1) 158
Form-Il  C39-H39B.-08''  0.97 2.80 3.40(2) 121
8-BZ C34-H34--08 ™ 0.93 2.44 3.351(6) 129
Form-IIl  C38-H38--08'" 0.93 2.61 3.441(7) 136
8$DCM  C35-H35A--08"  0.97 2.42 3.366(1) 164
Form-IIl  C34-H34A--08'"  0.97 2.80 3.689(2) 152
8-HX C39-H39B--08"  0.97 2.55 3.33(5) 137
Form-III  C37-H37A--08' "  0.97 2.64 3.58(3) 161
8-PY C36-H36--08 " 0.93 2.39 3.312(6) 175
Form-IIl  C46-H46--08™  0.93 2.56 3.368(2) 144
C41-H41--08'*  0.93 2.43 3.341(6) 168
8 THF C32-H32B--08 ¥ 0.97 2.72 3.38(2) 165
Form-IIl  C37-H37B--08'*  0.97 2.88 3.58(1) 149
8PYDX  (C33-H33--08  0.93 2.55 3.33(5) 137
Form-IIl  C40-H40--08'"  0.93 2.43 3.35(1) 169

Symmetry codes: (i) X, y, z; (ii) 1-x, -1/2+y, 1-z; (iii) X, y, -1+z; (iv) 1-x, y, 2-z; (V) 1-
X, y, 1-z; (vi) X, 1+y, z; (vii) X, -1+y, 1+z; (viii) 1/2-x, -1/2+y, 1-z; (ix) 1-x, -1+y, 1-z;

(x) 172-x, -1/2+y, -z; (xi) 3/2-x, 1/2+y, 1-z.

(1) Inclusion of dioxane in Form-I1 crystals (8-DX)

Dioxane is the only guest, which produces a different cohesion of dimeric
chains producing solvate in space group P2; whereas all the other solvates belong to
space group C2. The dioxane molecules in site A, C and D take part in weak C—H:--O
interactions [Fig. 2.7(i), Table 2.5] with the host molecules. The oxygen atoms of the
guests, O13 and O14, in sites A and B make O--C=0 type short approach®® almost

perpendicular to the carbonyl carbon atoms C8' and C8 of the host molecules
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respectively [014---C8 = 3.04 A, 014.--C8=07 = 102.6° and O13--C8' = 3.21 A,
0O13--C8=07" = 106.4°]. These interactions were found to be similar to that of

dipolar C=0---C=0 interaction motif of Type-I.”

(i) Inclusion of dioxane-THF in Form-II crystals (8-DXTHF)

Binary solvent systems were used to bring out an insight into guest
preferences in crystals of 8. Crystallization of 8 from a mixture of dioxane and THF
resulted in the inclusion of both dioxane and THF, but the space group (P2;) seems to
be dictated by dioxane, which has dominance in the crystal lattice. Although, both the
guests were present in the crystals, sites A, B and D are solely occupied by dioxane,
whereas only site C contains THF. The guests in sites C, D and A take part in weak
C-H---O interactions [Fig. 2.7(ii), Table 2.5] with the host molecules (same as seen in
8:DX). The oxygen atoms of the dioxane O13 and O16 in sites A and B make short
dipolar approaches to the Csp® carbon atoms C8' and C8 of the host molecules
[016--C8 = 3.07 A, O14--C8=07 = 99.7° and O13---C8' = 3.23 A, 013--C8'=07" =

108.5°] as seen in 8-:DX.

(iii) Inclusion of benzene in Form-I11 crystals (8-BZ)

The benzene molecules in sites A and B make C—H---O contacts [Fig. 2.7(iii),
Table 2.5] with carbonyl oxygen atoms O8 and O8' of the host molecule respectively.
Also the guests in site A (C32-C37) and site B (C38-C43) have off-centered 7---7
interactions [Fig. 2.8(i)] with the phenyl rings of the host molecule [Cgl---Cg5 =
4.1458 A, a.= 6.42° Cg2--Cg6 = 4.0144 A, o= 3.84° Cgl, Cg2, Cg5 and Cg6 are
the centroids of the phenyl rings C9-C14, C9'-C14', C38-C43 and C32-C37
respectively]. Guests exhibiting extensive orientational disorder in sites C and D do

not make any notable interactions with the host molecules.

59



g

Figure 2.8: n---m interactions is made by the planar guests (i) benzene in 8-BZ and (ii)

pyridine in 8-PY as well as 8-PYDX.

(iv) Inclusion of dichloromethane in Form-I11 crystals (8-DCM)

In this structure, all the guest molecules make short contacts with the host
molecules [Fig. 2.7(iv)]. In site A, DCM molecule is held by C32-H32A.-08 (2.78 A
& 115.4°), C22'-H22D--Cl1 (2.91 A & 146.8°) and C21-H21---CI2 (2.97 A & 132.0°)
interactions, whereas in site B the guest makes only C21'-H21'"---Cl4 (2.83 A, 132.9°),
C30-H30---CI3 (2.98 A, 152.1°) contacts. The carbon atoms of DCM at C and D
occupy special positions on a 2-fold axis, making C35-H35A---08 (2.42 A, 163.7°),
C1-H1--Cl16 (3.00 A, 140.8°) and C34-H34A.--08' (2.80 A, 152.2°), C3'-H3"--CI5
(2.98 A, 149.0°) weak interactions with the host molecules at site C and D

respectively.

(v) Inclusion of cyclohexanone-cyclohexane in Form-I11 crystals (8-HX)

The crystal structure of 8-HX revealed the inclusion of cyclohexanone as well
as cyclohexane (possibly came from the precipitant petroleum ether) unexpectedly.
But inclusion of cyclohexane was not observed in crystals obtained from other
solvents although petroleum ether was used for crystallization. Interestingly, both
cyclohexanone and cyclohexane share sites A and B equally, which make weak C—
H---O contacts [Fig. 2.7(v), Table 2.5] with the host molecule. The cyclohexane
molecules in sites C and D do not make any significant short contact. Interestingly, no

crystals were obtained when cyclohexane alone was used for crystallization.
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(vi) Inclusion of pyridine in Form-111 crystals (8-PY)

The guest molecules in sites A, B and C make C—H:--O contacts [Fig. 2.7(vi),
Table 2.5] with the host molecules. The molecular packing is almost similar to that of
8:BZ (benzene) and the guests in sites A and B make moderate m---m interactions [Fig.
2.8(ii)] with the phenyl rings of the host molecules [Cgl---Cg7 = 3.9716 A, o = 2.33°%;
Cg2--Cg8 = 3.8925 A, o= 0.30° Cgl, Cg2, Cg7 and Cg8 are the centroids of the
aromatic rings C9-C14, C9'-C14', N2-C37-C41 and N1-C32-C36 respectively]. This
crystal lattice also contains two water molecules (O12 and O13), which make two
symmetric O—H:---N contacts with the two pyridine molecules in sites A and B. The
two-fold disordered pyridine in site D did not make any significant interactions with

the host.

(vii) Inclusion of tetrahydrofuran in Form-I11 crystals (8- THF)

In these crystals, only the THF molecule in site A makes C32-H32B...08
contact [Fig. 2.7(vii)] and the guest at site B makes a longer contact with O8” [Table
2.5]. This is in contrast to other solvates, where guests in site B always made short C—
H---O8' contacts. However, the oxygen atom O13 of the guest molecule in site B
makes bifurcated C—H--O contact with the host [H11'---O13 = 2.68 A, CII'-
H11"--0O13 = 149° and H24B--013 = 2.64 A, C24-H24B---013 = 136°]. The guest
molecules in site C and D are highly disordered and are not held by any significant

intermolecular interactions.

(viii) Inclusion of pyridine-dioxane in Form-Il1 crystals (8-PYDX)

This solvate includes both the guests, but the space group (C2) seems to be
dictated by pyridine, which has dominance in the crystal lattice. Although, both the
guests were present in the crystal lattice, sites A and B are solely occupied by

pyridine, which makes C—H:--O contacts [Fig. 2.7(viii), Table 2.5] similar to that seen
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in 8'PY. Here also pyridine molecules in sites A and B make moderate -
interactions with the host molecules [Cgl---Cg7 = 3.9723 A, o. = 2.69° Cg2--Cg8 =
4.0138 A, o= 5.62° Cgl, Cg2, Cg7 and Cg8 are the centroids of the aromatic rings
C9-C14, C9'-C14', N2-C37-C41 and N1-C32-C36 respectively]. Both the guests
occupy site C, whereas site D contained only dioxane. However, the guests with low
occupancies in sites C and D are highly disordered and do not make any significant

interactions with the host molecules.

It is interesting to see how compound 8 accommodates guests to produce
crystals of Forms II and IIl. The packing of molecules and the relationship between
their unit cell parameters offers an insight into the growth of these crystalline
modifications. The intercalation of the guest molecules in Forms II and III takes place
only between the two rows without interrupting S=0O---C=0 bridged diastereomers
[Fig. 2.9]. Expansions along a- and c-axis in Form-I, due to the inclusion of the
dioxane guests produces Form-II, whereas almost doubling of a-axis with a different

mode of inclusion of guests produces Form-III [Fig. 2.9(ii) and 2.9(iii)].

Figure 2.9: Molecular views down c-axis in Forms I, II and III. The dotted rectangle

highlights unperturbed 1D- isostructurality of diastereomeric association.

Another remarkable feature of these pseudopolymorphs is the symmetry

requirement of the included guests. All the guest molecules have 2-fold symmetry and
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their electron count ranges from 40 to 60 as shown below [Chart 2.1]. In Form-III
crystals, the guest molecules in sites A and B are distributed around the
crystallographic 2-fold axis, whereas the 2-fold symmetry of guest molecules in sites

C and D coincide with the crystallographic 2-fold axis (C2) [Fig. 2.10].

XoO O A O

Chart 2.1

Figure 2.10: Molecular organization in Form-III crystals (8-BZ) viewed down c-axis
revealing occupation by guests (shown in ball and stick model) on crystallographic 2-

fold axis.

2.3.5. Subtle crossover of C-H--O to S$S=O0---C=0 interactions upon solvate
formation
It is intriguing to note the interplay between two types of weak interactions,

C-H---O and S=0---C=0 that associate the diastereomers of 8. In solvent free of 8,
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the dimeric association is via C—H:--O across the diastereomers (C4'-H4'---O9 and
C6—H6---09") and the parameters for S=O---C=0 bridging are not very favorable.
However, when crystals of 8 include guests, the S=0---C=0 contacts get significantly
shorter than the sum of the van der Waals radii of O and C atoms and the C—H:--O
contacts become weaker [Table 2.2]. This crossover is achieved by ‘closing in’ of the
molecules of 8 so as to reach the S=0 dipoles closer to the Csp? carbon atoms [Fig.
2.2(i1)]. Variations in the S=0---C=0 contact geometries further correlate with the
guest binding strengths. There are differences in the binding of the guests; the guests
at site A are more tightly bound to the host molecules than the guests at site B. The
stronger association of guest molecules via C—H--O contacts seems to weaken the
S=0---C=0 bridging and vice versa [Table 2.2 and 2.5]. For example, the pyridine
molecule in site A makes stronger C—H:--O contacts than pyridine included at site B

and their S=0---C=0 contacts show just mentioned anti correlation.

2.3.6. Structural modification in the orthoester position of 8

In order to explore the dipolar S=O---C=0 association of diastereomers
further, the orthoester hydrogen was substituted with methyl and phenyl groups to
obtain the orthoacetate 9 and the orthobenzoate 10 respectively [Scheme 2.2]. The
crystallization experiments of 9 and 10 from different organic solvents / conditions
did not give any polymorphs or inclusion complexes; suitable single crystals for the
X-ray studies were obtained only from dichloromethane-methanol mixture [Table
2.1]. The crystal structure of 10 exhibited very high degree of orientational disorder
and isotropic treatment of atoms in the least-square refinement was described in the

experimental section [Fig. 2.11].
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Scheme 2.2 Diastereomeric mixture

(i)

Figure 2.11: ORTEP plots of one of diastereomers with atom numbering scheme (i) 9

drawn at 30% probability ellipsoid and (ii) 10 with isotropic atoms.

The crystal structure of 9 showed a short intramolecular C—H---O interaction
[Fig. 2.11] between H23A (H23D) atom of the camphorsulfonyl methylene group and
07 (07') atom of the equatorial benzoyl group in both the diastereomers [Table 2.6].
This intramolecular interaction could be responsible for a different orientation of the
camphor sulfonate group in 9 as compared to that in 8 [Fig. 2.12(i)]. However, the
conformation of the disordered camphor moiety in the orthobenzoate derivative 10 is
significantly different from 8 as well as 9 [Fig. 2.12(i1) and (iii)]. These differences in
conformation also influence the diastereomeric association and their molecular

organization in the crystal lattice as described below.
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Figure 2.12: Molecular overlap plots of (i) 8 [red] and 9 [blue], (ii) 8 [red] and 10
[green], (ii1) 9 [blue] and 10 [green].
2.3.6.1. Dimeric association of diastereomers in 9 and 10

As seen earlier, the association of molecules in the diastereomeric mixture of 8
that subtly switches from C—H---O to short S=0---C=0 contacts on going from the
solvent free crystal form to pseudopolymorphs. Interestingly, crystal structure of 9
also showed dimeric bridging via short S=0---C=0 contacts [09---C16' 1=3.144 (%)
A, 09--C16'=08''=92.2 (1)° and S1=09--C16'' = 123.6 (1)°; 09"--C16 " = 3.556 (5)
A, 09'--C16=08 " = 94.7 (1)° and S1'=09'--C16 " = 103.6 (1)°; symmetry codes: (i)
x+1,y, z; (i1) x-1, y, z] and C—H---O interactions [Fig. 2.13(1), Table 2.6]. However in
9, the dipolar S=0---C=0 contacts are of sheared parallel motif [ Type-III] while in all
the crystalline solvates of the orthoformate 8 [Fig. 2.2], these contacts were of
perpendicular motif [Type-I, details of different dipolar interaction motifs are given in
Chapter 7]. The crystals of the orthobenzoate, 10 on the other hand, are completely
devoid of such S=0---C=0 contacts, but the sulfonyl group is involved in only C—

H---O interactions [Fig. 2.13(ii), Table 2.7] between the diasterecomers.
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Figure 2.13: Diastereomeric association of diastereomers via S=0O---C=0 and C-

H---O contacts in (i) 9 and (ii) C—H---O contacts in 10.

2.3.6.2. Molecular organization of 9

The diastereomers of 9 associated via S=0---C=0 (and C—H:--O) interactions
are packed in the crystal lattice only via weak intermolecular interactions such as C—
H---m and C—H:--O by translation. These dimeric units translated diagonal to a- and c-
axes make somewhat off-centered C—H---w interactions between the methyl H-atoms
(H31E and H31C) of the camphor moiety and the phenyl ring of the axial benzoyl
groups as shown in figure 2.14 [H31E--Cgl' = 2.86 A, C31'-Cgl' = 3.724 A, C31-
H31E = 0.96 A and C31'-H31E--Cgl' = 151°; H31C--Cg2" = 3.06 A, C31--Cg2" =
3.943 A, C31-H31C = 0.96 A and C31-H31C--Cg2" = 153°; Cgl and Cg2 are the
centroids of the phenyl rings C17-22 and C17'-22' respectively; symmetry codes: (i)
X, y, z+1; (ii) x, y, z-1]. These molecular rows are linked to unit translated ones along
b-axis by very weak head-to-head C—H:--O contacts forming layers as shown in figure
2.14 [H8C--O1' V' = 2.75 A, C8--O1' ' = 3.644 (5) A, C8-H8C = 0.96 A and C8—
H8C--0O1' ' = 155° H8E--03 ¥ =2.79 A, C8--03 " = 3.688 (5) A, C8-HSE = 0.96

A and C8'-H8E---03 "V = 156°; symmetry codes: (iii) x-1, y+1, z; (iv) x+1, y+1, z].
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Figure 2.14: Layer of dimers linked via C-H:-m (along diagonal) and C-H---O

interactions (along b-axis) in crystals of 9.

Although dimeric association is different in crystals of 9 compared to 8, both
the structures exhibit one-dimensional isostructurality in packing of these units
although there are differences between dimer-dimer interactions [Fig. 2.4(i) and Fig.
2.14]. Also, the isostructurality in 8 and 9 is not only seen in one-dimension, but is
also present in the second dimension (along b-axis) forming almost isostructural
layers. Of course, there are differences in the weak interactions that are made between
these layers; for example, in 9 the molecular chains are linked to unit translated chains
along b-axis by head to head C8-HS8C:--O1', C8'-H8E:--O3 contacts and also by head
to tail C20'-H20"--O2' contact [Table 2.6]. In crystals of 8, although these rows
approach in head to head fashion, no head to head contacts were observed. But, these
rows interact only in a head to tail manner via C19-H19---O1 contact along the b-axis
[Fig. 2.4(i)]. However, the dimers interact diagonally via aromatic 7---m stacking

interaction and C—H---O interactions in 8, whereas via C—H---n interactions in 9.
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Table 2.6: Geometrical parameters of C—H---O interactions in crystals of 9.

D-H--A D-H (A) H--A (A) D--A (A) D-H--A (°)
C1-HI--08' 0.98 2.33 3.275(5) 161
C5-H5--09' 0.98 2.41 3.153(5) 132
C8-H8C---O1'" 0.96 2.75 3.644(6) 155
C12-H12--010™ 0.93 2.72 3.495(6) 142
C23-H23A.--07' 0.97 2.43 3.348(6) 158
C28-H28B--O11'Y  0.97 2.45 3.297(6) 146
C3'-H3"--08' 0.98 2.35 3.310(5) 167
C5'-H5'"--09" 0.98 2.63 3.351(5) 130
C8’-H8E--03" 0.96 2.76 3.658(7) 155
C18-H18"--01' 0.93 2.71 3.485(6) 142
C20°-H20’--02'¥"  0.93 2.79 3.648(6) 152
C23’-H23D---07" 0.97 2.63 3.252(5) 122

Symmetry codes: (i) x, y, z; (ii)) —1+x, y, z; (iii) 1+x, y, z; (iv) -1+x, y, -1+z; (v) 1+x,

Y, z; (Vi) 14X, -1+y, z; (vi) X, 1+y, z

The difference in stacking of the isostructural layers in 8 and 9 develops along
the third dimension [Fig. 2.15]. In triclinic crystals of 9, the successive dimeric units
are related by unit translation in both the dimensions, whereas in 8 they have 2;-screw
axis relation (monoclinic) along b-axis. In 9, the unit translated dimers are linked via
C8'-HS8E---O3 and C8-H8C---O1' contacts along the b-axis and along diagonal to ac-
plane via two C-H--O interactions namely, C1-H1--O8' and C3'-H3'--O8
interactions [Fig. 2.15, Table 2.6]. As discussed earlier, in 8 the 2,-screw axis related
dimers are associated via bifurcated C—H:--O (C22'-H22C---O11', C6'-H6'"---O11') and
trifurcated C—H---O (C13-H13---08, C14-H14---08 and C18-H18---O8) interaction’ in

bc-plane [Fig. 2.5(1)].

69



CHAPTER 2

Figure 2.15: Molecular layers of 9 in the third dimension.

2.3.6.3. Molecular organization of 10

As seen above, the pseudo-centrosymmetric diastereomeric association via
S=0-:-C=0 (and C-H---O) interactions were observed in 8 and 9, but a different type
of dimeric association via C—H---O interactions between the orthoester bridge and the
axial benzoyl group [Fig. 2.16] is seen in 10. There are four C—H---O contacts namely
CI1-H1--08', C23-H23---03', C3'-H3"--O8 and C27-H27"--O1 [Table 2.7] that bind

the diastereomers of 10 in their crystals.

Figure 2.16: Diastereomeric association of molecules in crystals of 10.

PSEUDOPOLYMORPHISM 70



CHAPTER 2

Table 2.7: Geometrical parameters of C—H:--O interactions (isotropic refinement of

atoms) in crystals of 10 as shown in figure 2.16.

D-H--A D-H(A) H-A@A) D-AA) D-H--A (°)
C1-Hl1--08'" 0.97 2.42 3.272 147
C1'-H1"--05 ! 0.98 271 3.618 153
C3'-H3"-08 ' 0.98 2.53 3.196 124
C4-H4--07'"™ 0.97 2.51 3.352 146

Symmetry codes: (i) 1-x, 1/2+y, 1-z; (ii) -1+x, y, z; (iii) 1-x, -1/2+y, 2-z; (iv) 1+x, y, z

The dimers of 10 are translated along b-axis via C—H--O contacts [shown in
figure 2.13(ii)] forming molecular chains [Fig.2.17]. These strings form two-
dimensional layer along c-axis via weak C—H---O interactions between the camphor

oxygen O11 and the orthobenzoate hydrogen H12 [Fig.2.17, Table 2.8].

Figure 2.17: Layer of dimers of 10 linked via C—H---O interactions viewed down a-

axis.

These 2D-layers weave in the third dimension along a-axis via weak C—H:---O

interactions involving the sulfonyl oxygens O9 and O9' [C5'-H5'---O9, C6'-H6'---O7
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and C28-H28D--O7 as well as via C1'-H1"---O5 and C5-H5---09', Fig. 2.18].

Figure 2.18: Molecular layer formation of 10 via C—H---O interactions.

Table 2.8: Geometrical parameters of C—H:--O interactions (isotropic refinement of

atoms) in 10.

D-H--A D-H (A) H--A (A) D--A (A) D-H--A (°)
C5-H5--09"! 0.98 2.21 3.096 150
C5'-H5"--09 " 0.98 2.42 3.288 148
C6'-H6'"--07 " 0.98 2.37 3.275 152
C12-H12--011 0.93 2.84 3.472 126
C23-H23.-03' " 0.93 2.65 3.572 172
C27-H27°--01" 0.93 2.62 3.532 168
C28-H28B--07'" 0.97 2.66 3.597 162
C28'-H28D--07 ! 0.97 2.10 3.065 177

Symmetry codes: (i) 14X, y, z; (ii) X, y, z; (iii) X, y, 1+z; (iv) 1-x, 1/2+y, 2-z. (v) 1-x, -
1/2+y, 2-z.
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‘Morphotropism’, is a phenomenon''’ that is concerned with the
isostructurality in crystal lattice upon different substitutions. It is rather extraordinary
that crystals of racemic 2,4-di-O-benzoyl myo-inositol 1,3,5-orthoformate and its
orthoacetate and orthobenzoate analogs showed almost three-dimensional
isostructuality in their molecular organization in the crystal lattices belonging to
monoclinic space groups.''® However, the systems 8, 9 and 10, with similar molecular
structural changes do not exhibit isostructural molecular organization to the third
dimension in their crystals. As described earlier, two-dimensional isostructurality
exists only between 8 and 9, but molecular organization in crystals of 10 is quite
different.

2.3.7. Structural modification by substitution of acetyl group in myo-inositol ring

As described above, the orthoester modification of methyl group resulted in
the diastereomeric association via different motif of S=0---C=0 contacts. In order to
explore the dipolar contacts and their polymorphic modifications, other related
molecules 2,4(6)-di-O-acetyl-6(4)-O-camphorsulfonyl-myo-inositol 1,3,5-
orthoformate (11) and 2-O-benzoyl-4(6)-O-acetyl-6(4)-O-camphorsulfonyl-myo-
inositol 1,3,5-orthoformate (12) were prepared by substituting the C2-O- and C4-O-
benzoyl group with acetyl group [Scheme 2.3]. It was thought that the CSp2=O group
is still present in the acetate substitution, which may give the opportunity of S=0

group to interact with carbonyl dipole.

H H
(@] (o) OA\O
Q 5 (i NP 0
M s (1), (1), (i)
CH,CO0 CeHsCOO C¢H;CO
! |
R20 RO
1 OR! 8 OR! 12 oR!
R!=CS or CH,CO Rl=CSorCH,CO CS= R:f CS or CH,CO
R2=CH,CO or CS R2= C4H;CO or CS N R2=CH,;CO or CS

N
(6]
Scheme 2.3 Reagents and conditions: (i) iso-BuNH,, MeOH, 80 °C; (ii) 1eq. C;H;COCI,
Pyridine, rt; (iii) excess (CH;CO),0, pyridine, t.
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The crystallization of 11 and 12 from most of the organic solvents / conditions
did not give any polymorphs or inclusion complexes. Monoclinic (P2;) crystals of 11
were always produced from most of the solvents but 12 failed to yield any crystals.
The crystal structure of 11 showed that the diastereomers form dimers via head to
head centrosymmetric C—H---O interactions [Fig. 2.19, Table 2.9] but did not show

any intra/intermolecular dipolar S=O---C=0 interactions.

Figure 2.19: ORTEP of 11 showing dimer formation of diastereomers via head-to-

head C—H---O interactions.

It is interesting to note that each of the diastereomers make its own helical
molecular assembly bridged essentially via dipolar C=0--C=0 and C-H:-O
interactions [Fig. 2.20(i) and 2.20(i)]."" In diastereomer-1 (2,6-di-O-acetyl-4-O-
camphorsulfonyl-myo-inositol  1,3,5-orthoformate), the 2;-screw axis related
molecules binds via dipolar C10=08---C8=07 contacts, C2-H2--O8 and C18-
H18A.--O1 interactions [Fig. 2.20(iii), Table 2.9] to form helical assembly. Similar

helical strings are also made by the diastereomer-2 (2,4-di-O-acetyl-6-O-
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camphorsulfonyl-myo-inositol 1,3,5-orthoformate) by linking the molecules with
dipolar C10'=08'"---C8'=07" contacts but with different C-H...O interactions, such as
CI'-H1'---08', C2'-H2"---08', C3'-H3"--O10"' and C5'-H5"--O7' [Fig. 2.20(iv), Table
2.9]. The dipolar C=0---C=0 interactions in both the diastereomeric chains showed a
perpendicular approach [Type-III motif*®] and O---C distances were shorter [3.011(5)
and 3.151(5) A] than the sum of the van der Waals radii of O and C atoms (3.22 A).
The geometrical parameters of C=0--C=0 interactions are O8:---C8=07 = 88.7°,
08"--C8'=07" = 87.5°, C10=08:--C8 = 136.7° and C10'=08"--C8' = 128.1° for the
Type-III motif. It is noteworthy that the solvent free crystals of 9 and 11 exhibited
dipolar interactions of sheared parallel motif (Type-III) whereas, the solvent inclusion

crystals of 8 showed perpendicular interaction motif (Type-I).''?

Figure 2.20: Helical arrangement in (i) diastereomer-1 and (ii) diastereomer-2 of 11.
Molecular association via dipolar C=0--C=0 and C-H:--O interactions in (iii)

diastereomer-1 and (iv) diastereomer-2 of 11.
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Table 2.9: Geometrical parameters of C—H---O interactions in 11 (Fig. 2.19).

D-H--A D-H (A) H--A(A) D-A(A) D-H--A (°)
C7-H7--01"" 0.98 2.65 3.198(4) 116
C7-H7'-03 " 0.98 2.61 3.175(5) 117
C2-H2--08 0.98 2.68 3.120(4) 108
C18-HI8A--O1"  0.97 2.52 3.411(4) 153
C1'-H1"--08'" 0.98 2.66 3.297(5) 123
C2-H2"--08' " 0.98 2.68 3.104(5) 107
C3'-H3'--010' ™ 0.98 2.40 3.117(5) 130
C5-H5"--07'" 0.98 2.67 3.486(5) 141

Symmetric codes: (i) x, y, -1+z; (ii) X, y, 1+z. (iii) 1-x, -1/2+y, 1-z; (iv) -x, 1/2+y, 2-z.

The neighboring helices are bridged via C—H:--O interactions to form a layered
arrangement (red and blue) as shown in figure 2.21. The helices are linked via dimeric
head-to-head C—H---O interactions [shown in figure 2.19] and C16'-H16"---O10 along
a-axis [Fig. 21]. Similarly, each helical strings [Fig. 2.20(i) and (ii)] further binds to

b-axis via C16-H16---09' and C17-H17A---O1" interactions [Table 2.10].

Figure 2.21: Helical assembly of 11 viewed down c-axis. Inset showed CPK view of

11 with close packing of helices.
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Table 2.10: Geometry parameters of C—H---O interactions in 11 as shown in figure

2.21.

D-H--A D-H(A) H-A@A) D-AA) D-H-A(®
C16-H16'--010" 0.98 2.64 3.250(6) 121
C16-H16--09' " 0.98 2.66 3.411(5) 134
C17-H17A--O1'"  0.97 2.65 3.601(5) 168

Symmetry codes: (i) -x, 1/2+y, 1-z; (i1) 1-x, -1/2+y, 2-z; (iii) 1-x, -1/2+y, 1-z.

These layers are differently stitched in the third dimension via C-H--O
interactions [Fig. 2.22]. The helical assembly of each diastereomers [Fig. 2.20(i) and
(i1)] linked along c-axis via bifurcated C—H---O interactions between camphor sulfonyl
proton, H12C with carbonyl oxygens O7 and O11lof the other diastereomer and also

via C12-H12A.--O11' and C21-H21C---O7' [Fig. 2.22, Table 2.11].

Figure 2.22: Molecular layer formation of 11 viewed down b-axis.
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Table 2.11: Geometrical parameters of C—H:--O interactions in 11 (Fig. 2.22).

D-H--A D-H(A) H-A@A) D-AA) D-H-A(9)
C12-H12C--07 ' 0.97 2.69 3.465(4) 138
C12-HI12C--011%"  0.97 2.65 3.453(5) 140
CI12-HI2A--O11'" 097 2.66 3.591(4) 161
C21-H21C--07' " 0.94 2.61 3.509(5) 160

Symmetry codes: (i) X, 1+y, z; (ii) X, 1+y, z; (iii) X, y, z; (iv) -X, -1/2+y, 2-z.

2.4 Conclusions

The molecular association via S=O--C=0 short contacts between the
diastereomers is observed and this bond dipolar interaction recognized for the first
time. The mode of association among the diastereomers of 8 decides the observed
inclusion behavior. When the dimer is formed via C—H:--O hydrogen bonds, a very
close packing of molecules results (Form-I), which does not allow the inclusion of
guest molecules. However, a slight change in the relative orientation of the two
diasterecomers and bridging via S=O0---C=0 interactions leads to the formation of
solvates (Form-II and Form-III crystals). The C—H---O and S=O---C=0 interactions
are complementary; when the C—H---O contact is stronger the S=0---C=0 is weaker.
Similarly, when the guest binding in 8 via C-H---O is stronger, the S=O0---C=0
contact is weaker. This complimentary S=O---C=0 and C-H:-O intermolecular
interactions are also observed in crystals of 9 with different geometries, whereas the
orthobenzoate, 10 associated without these dipolar contacts. The crystals of 11 choose

dipolar C=0---C=0 interactions for the helical assembly of diastereomers.
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Chapter 3

3.1. Introduction

The studies of concomitant polymorphs, in which two or more crystal forms
are grown under the same experimental conditions, are of great interest because they
represent a special situation of equilibrium arising due to different
inter/intramolecular interactions. Several mechanisms have been proposed for their
formation; due to competing processes of homogeneous nucleation of different

% or solvent mediated conversion of one polymorph to another'*® or the

polymorphs
heterogeneous nucleation (cross nucleation) of one polymorph on another.'”' If
concomitant crystallization occurs for a compound, its recognition and control is a
challenging task. Therefore, one should investigate thoroughly the factors that
influence the preferential crystallization to obtain the desired form or morphology.
This chapter describes one such interesting case of conformational polymorphs that
occur concomitantly.

As seen in the previous chapter (Chapter 2), a slight orientational change in
the molecular association of diastercomers 8 via dipolar S=0O---C=0 interactions
resulted in the formation of pseudopolymorphs. Related compounds, racemic 2,4-di-
0-benzoyl-6-O-tosyl-myo-inositol 1,3,5-orthoesters [13, 14 and 15, Scheme 3.1] were
synthesized by replacing the bulky chiral camphorsulfonate with a flexible tosyl
group, which was expected to adopt different orientations in the crystalline state. One
of our main objectives in undertaking the structural investigations of these derivatives

was also to examine the occurrence of these dipolar S=0--C=0 short contacts in

molecular association and their preferred motifs of interaction.
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3.2. Experimental section

3.2.1. Synthesis

3.2.1.1. Preparation of racemic 2,4-di-O-benzoyl-6-O-tosyl-myo-inositol 1,3,5-
orthoformate (13)

Racemic 2,4-di-O-benzoyl myo-inositol 1,3,5-orthoformate (0.398 g, 1 mmol)
was dissolved in pyridine (10 ml), added tosyl chloride (0.570 g, 3 mmol) and the
mixture stirred at 80°C for 36 h. The pyridine was evaporated from the reaction
mixture under reduced pressure and the gummy residue obtained worked up and
finally purified by column chromatography (0.508 g, 92 %).'"!

Data for 13:

M.P.: 163-164 °C

IR (CHCls)v: 1710 (C=0) cm’™

"H NMR (200 MHz, CDCl3): 6 2.40 (s, 3H, ArMe), 4.45-4.65 (m, 3H, Ins H), 5.26-
5.34 (m, 1H, Ins H), 5.52-5.58 (m, 1H, Ins H), 5.61-5.69 (m, 1H, Ins H), 5.80-5.85
(m, 1H, Ins H), 7.22 (d, J = 3.8 Hz, 2H, ArH), 7.35-7.75 (m, 8H, ArH), 8.00-8.20 (m,
4H, ArH) ppm.

B3C NMR (50 MHz, CDCL): & 21.8, 63.3, 67.3, 67.5, 69.3, 69.8, 72.2, 103.2, 128.1,
128.8, 129.5, 129.7, 130.1, 130.2, 130.3, 132.4, 133.8, 145.9, 165.1, 165.9 ppm.

Anal. Caled for CsH,4010S: C, 60.86; H, 4.38; Found: C, 60.68; H, 4.65 %.
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3.2.1.2. Preparation of racemic 2,4-di-O-benzoyl-6-O-tosyl-myo-inositol 1,3,5-
orthoacetate (14)

Racemic 2,4-di-O-benzoyl myo-inositol 1,3,5-orthoacetate (0.412 g, 1 mmol)
and tosyl chloride (0.570 g, 3 mmol) were dissolved in pyridine (8 mL) and the
reaction mixture stirred at 80 °C for 60 h. The solvent was evaporated under reduced
pressure and the residue obtained was worked up with ethyl acetate and purified by
column chromatography to obtain 14 (0.269 g, 48 %).

Data for 14:

M.P.: 184-185 °C

IR (CHClL3)v: 1726 (C=0) cm’!

"H NMR (200 MHz, CDCl): & 1.53 (s, 3H, OsCMe), 2.40 (s, 3H, ArMe), 4.44-4.52
(m, 2H, Ins H), 4.56-5.63 (m, 1H, Ins H), 5.22-5.29 (m, 1H, Ins H), 5.50 (t, 1H, J
=1.64 Hz, Ins H), 5.72-5.78 (m, 1H, Ins H), 7.20-7.72 (m, 10H, ArH), 8.02- 8.16 (m,
4H, ArH) ppm.

BC NMR (50 MHz, CDCly): & 21.6, 23.9, 62.2, 67.1, 67.2, 69.7, 70.1, 72.2, 109.2,
127.9, 128.4, 128.5, 128.6, 129.3, 129.9, 130.0, 130.1, 132.2, 133.5, 133.5, 145.6,
165.0, 165.8 ppm.

Anal. Caled for CH»6010S: C, 61.48; H, 4.63. Found: C, 61.27; H, 4.36 %.

3.2.1.3. Preparation of racemic 2,4-di-O-benzoyl-6-O-tosyl myo-inositol 1,3,5-
orthobenzoate (15)

A mixture of racemic 2,4-di-O-benzoyl myo-inositol 1,3,5-orthobenzoate
(0.474 g, 1 mmol), tosyl chloride (0.570 g, 3 mmol) and pyridine (10 mL) was stirred
at 80 °C for 96 h. The solvent was evaporated under reduced pressure and the residue
was worked up with ethyl acetate and purified by column chromatography using ethyl

acetate-petroleum ether (1:9) as eluent to obtain 15 as colorless solid (0.398 g, 63 %).
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Data for 15:

M.P.: 167-168 °C

IR (CHCl3)v: 1726 (C=0) cm’’

"H NMR (200 MHz, CDCl;): & 2.41 (s, 3H, ArMe), 4.64-4.72 (m, 2H, Ins H), 4.75-
4.83 (m, 1H, Ins H), 5.38-5.44 (m, 1H, Ins H), 5.63 (t, 1H, J = 2.54 Hz, Ins H), 5.90-
5.96 (m, 1H, Ins H), 7.23-7.73 (m, 15H, ArH), 8.05-8.23 (m, 4H, ArH) ppm.

BC NMR (50 MHz, CDCL): 8 21.9, 62.5, 67.5, 68.2, 70.8, 71.2, 72.5, 108.2, 125.6,
128.2, 128.4, 128.8, 128.9, 129.6, 130.2, 130.4, 132.5, 133.9, 136.2, 146.0, 165.4,
166.1 ppm.

Anal. Caled for C34H33010S: C, 64.96; H, 4.49. Found (%): C, 64.62; H, 4.53 %.

3.2.2. Crystallization

Slow evaporation of a solution of 13, 14 or 15 in organic solvents such as
dichloromethane, chloroform, acetonitrile, ethyl acetate (containing light petroleum
ether as precipitant), at room temperature produced crystals (needles of 13 and 15,
plates of 14). The concomitant dimorphs of 14 (plates: Form-I and needles: Form-II)
were obtained by slow evaporation of a solution of 14 (0.05 g) in dichloromethane (2
mL) and methanol (five drops) in a closed container at room temperature [Fig. 3.1].
The melt crystallization experiments of monoclinic crystals of 13, 14 and 15 were also

carried out, which did not yield any crystals.
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Figure 3.1: Photomicrograph of concomitant polymorphs of 14.
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3.2.3. Thermal Analysis

Differential Scanning Calorimetric (DSC) analysis was performed on Mettler
Toledo DSC instrument for the crystalline samples of 13, Form-I of 14 and 15. About
6-8 mg of the crystalline samples were placed in an aluminum pan and heated from 40
to 190 'C at the rate of 5 C/minute. An empty pan was used as the reference; dry
nitrogen was used for purging (50 mL/min). All the DSC curves showed a single
endothermic peak corresponding to the melting point of the sample [Fig. 3.2]. DSC

studies of Form-II crystals of 14 could not be carried out due to their low yield.
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Figure 3.2: DSC plots of (i) 13, (ii) Form-I of 14 and (iii) 15 crystals.
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Figure 3.2: Continued. DSC plots of (ii) Form-I of 14 and (iii) 15 crystals.

3.2.4. Crystallographic Details

X-ray intensity data for crystals of 13, 14 (Forms I and II) and 15 were
collected on a Bruker SMART APEX CCD diffractometer in omega and phi scan
mode, A moko = 0.71073 A at room temperature. All the intensities were corrected for
Lorentzian, polarization and absorption effects using Bruker’s SAINT and SADABS
programs. All the crystal structures were solved by Direct methods using program
SHELXS-97; the full-matrix least squares refinements on F* were carried out by using
SHELXL-97. Hydrogen atoms were included in the refinement as per the riding

model. Table 3.1 summarizes the crystal data for all the compounds.
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Table 3.1: Summary of crystallographic data for 13, dimorphs of 14 and 15.

Crystal data 13 Form-I1 (14) Form-II (14) 15

Chemical Formula CasH24010S CooH26010S  CaoH26010S Cs4H23010S

M; 552.53 566.56 566.56 628.62

Temperature/K 298(2) 298(2) 298(2) 298(2)

Morphology Thin needles  Plate Thin needles ~ Needles

Colour Colorless Colorless Colorless Colorless

Crystal size (mm) 0.74x0.04x 048 x0.37 0.42x0.06x 0.64x0.20
0.03 x 0.04 0.02 x 0.07

Crystal system Monoclinic Monoclinic  Triclinic Monoclinic

Space group P2i/c P2:/n P-1 C2/c

a(A) 15.311(6) 15.3915(19) 7.107(3) 22.30(4)

b (A) 13.352(5) 10.6781(13) 13.831(7) 19.15(3)

c(A) 12.882(5) 16.722(2) 15.272(7) 14.72(3)

a(°) 90 90 65.826(8) 90

L) 91.594(7) 95.776(2) 77.644(8) 107.00(5)

7(°) 90 90 76.627(10) 90

V(A% 2632.5(18) 2734.4(6) 1320.3(11) 5949.9(13)

Z 4 4 2 8

Dy (Mg m™) 1.394 1.376 1.425 1.389

4 (mm™) 0.181 0.177 0.183 0.168

F(000) 1152 1184 592 2624

Thmin 0.877 0.920 0.927 0.900

Tmax 0.995 0.992 0.996 0.988

Omax (°) 25.0 25.0 25.0 25.0

h (min, max) (-18, 16) (-18, 18) (-8, 8) (-26, 26)

k (min, max) (-15, 15) (-12, 12) (-16, 16) (-15,22)

| (min, max) (-15,15) (-19,17) (-18, 18) (-15,17)

No. of refl” collected 18309 18018 12755 12035

No. of unique refl" 4615 4800 4654 5256

No. of observed refl” 2551 3277 2595 2359

No. of parameters 354 363 363 407

Rint 0.153 0.033 0.080 0.068

R, obs,R; all 0.146,0.224  0.046,0.074 0.132,0.216 0.058, 0.160

wR, obs, wR;_all 0.357,0.396  0.104,0.118 0.226, 0.260 0.102, 0.127

GoF 1.16 1.01 1.18 0.93

APrmaxs Apmin (€ A7) 0.49,-0.47 0.26,-0.21  0.34,-0.32 0.18,-0.15
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3.2.5. Computational Studies

Single point ab initio energy calculation on Forms I and II of 14 (dimorphs)
were performed using the ‘Gaussian 03’ suite of programs.'*” In each case, single
point energies of isolated molecules were computed with the Hartree-Fock theory at
6-31G(d,f) level to correlate the relative energies of dimorphs without taking into

account of any intermolecular interactions.

3.3. Results and Discussion

The tosylates 13, 14 and 15 produced solvent free crystals from different
organic solvents/conditions; the orthoacetate 14 yielded concomitant dimorphs from
dichloromethane-methanol mixture with different morphologies [Fig. 3.1]. Majority
of the crystals were plates (Form-I: monoclinic, P2;/n) while very few were thin
needles (Form-II: triclinic, P-1). The DSC analysis of 13, 14 (Form-I) and 15 revealed
only a single endotherm attributed to their melting, indicating no thermal phase
transformations in the crystals [Fig. 3.2].

Crystal structure analysis of 13, 14 (Forms I and II) and 15 revealed different
conformations of the tosyl group due to rotation around O6-S1 bond [Fig. 3.3]; the
C6-06-S1-C22 (C23 in 14 or C28 in 15) torsion angles were found to be 80.6°,
91.2°, 165.5° and 160.6° respectively. As seen from the torsion angles, the
conformations of the tosyl group in 13 and 15 are quite different; interestingly
conformational dimorphs of 14 adopt two different orientations for the tosyl group,
one of them [Form-I, Fig. 3.4(ii)] is similar to the conformation of molecules in 13
[Fig. 3.4(1)] and the other [Form-II, Fig. 3.4(iii)] is similar to the conformation of
molecules in 15 [Fig. 3.4(iv)]. It is noteworthy that a marked difference in orientation
of the tosyl group (~ 74° difference in torsion angle) in crystals of Forms I and II of 14
[Fig. 3.4(i1)) and 3.4(iii)] was observed under identical crystallization conditions.

Although the conformations in 15 and Form-II crystals of 14 are similar, the
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intramolecular interactions made by the tosyl group with the benzoyl group are quite
different. The molecules in Form-II crystals (of 14) make intramolecular S=0O---C=0
dipolar short contacts between the tosyl group and the C4-O-benzoyl group [Fig.
3.3(iii)]; a difference of ~ 5° in the orientation of tosyl group changes this interaction
to intramolecular m---7 interaction in crystals of 15 [Fig. 3.3(iv)]. The geometry of
intramolecular S=0--C=0 contacts [SI=010--C16=08 = 3.157(8) A,

Z010--C16=08 = 94°, Z/S1=010---C16= 116°] observed here is of interaction motif

Type-III i.e. sheared parallel motif."'* These dipolar contacts are changed to stacking

Figure 3.3: ORTEP view of (i) 13, (i) Form-I of 14, (iii) Form-II of 14 [blue dashed
line indicates dipolar S=0---C=0 contact] and (iv) 15 [black dashed line indicates

n---1 interaction] with 30% probability displacement ellipsoids.
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interactions in crystals of 15 with parameters, Cg2--Cg3 = 3.819 A and dihedral
angle, o = 3.69° [Cg2 and Cg3 are the centroid of the phenyl rings benzoyl (C22-27)
and tosyl (C28-33) groups respectively]. These observations suggest the multiple
choice of weaker non-covalent interaction in crystals i.e. S=0O---C=0 contacts as in 14
or m---m interactions in 15, with a very slight change in the orientation of tosyl and

benzoyl groups.

(ii) (iii)

Figure 3.4: Molecular overlap of (i) 13 (orange) and Form-I of 14 (blue); (ii) Form-I

(blue) and Form-II (red) of 14 and, (iii) Form-II of 14 (red) and 15 (green).

3.3.1. Conformational Analysis of Tosyl Group in Organic Crystals

As seen above, the conformation of tosyl group varied drastically along O-S
bond upon substitution of the orthoester H by CHj; or C¢Hs (phenyl) groups.
Therefore, we carried out statistical analysis to find the orientational preference for
tosyl group in the crystalline state. The CSD version 5.29 was used for the torsion
angle (X-X-S-C, X=any element) in the crystal structures of organic compounds
containing tosyl groups. All the searches were carried out with error free structures
with 3D co-ordinates and restricted entries of disorders, ionic, polymeric and
structures elucidated from X-ray powder diffraction data. There are 1610 entries of

organic compounds with tosyl groups in the CSD; out of which 950 (60 %) were
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included in a torsion angle range of 70 and 90° [Fig. 3.5]. The conformation of the
tosyl group in 13 and Form I crystals of 14 is similar to the preferred orientation seen
in the CSD search, but the tosyl group in Form-II crystals of 14 and 15 is similar to
the less prevalent orientation seen in the CSD search (~160°). Also there are only
eight cases of tosylated derivatives exhibiting polymorphism in the CSD [Appendix].
The relative difference in the orientation of the tosyl group in these polymorphs is
slight (maximum of ~ 12°), whereas in the conformational dimorphs of 14 (Forms I
and II) reported here this relative difference is significant (74°). The single point
energy calculations of dimorphs (isolated molecule) show an energy barrier of ~ 55
kJ/mol, which could be because of the larger orientational difference of tosyl group. It
is noteworthy that the lower energy crystal form (Form-I) was obtained from most of
the solvents which was also a major product among the concomitant crystals.
However, the competitive intra/intermolecular interactions of molecules resulted in

the formation of high energetic form (Form-II) during crystal formation.
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Figure 3.5: Histogram of X—X—S—C torsion angle in the tosyl derivatives.
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3.3.2. Dimeric Association in 13-15

Although the molecular conformations in 13, 14 and 15 differ; the molecules
are associated to form dimers via centrosymmetric C—H---O interactions in the crystal
lattice. The dimer formation in 13 involves the binding of inositol proton H3 and C6-
benzoyl oxygen O8 [Fig. 3.6(i)]; whereas in Form-I of 14 dimers are formed by the
interaction of the inositol ring proton H1 with the sulfonyl oxygen O10 [Fig. 3.6(ii)].
In Form-II crystals of 14, centrosymmetric dimer is formed between the inositol
proton H6 and the orthoester oxygen O1 [Fig. 3.6(iii)] but interestingly the formation
of dimers in 15 involve the inositol proton (H5) and the orthoester oxygen (O5) as
well as the C6-benzoyl oxygen (O8) and the tosyl groups (H32) [Fig. 3.6(iv), Table
3.2].

(iv)

Figure 3.6: Dimeric association of molecules in (i) 13 (2-O-benzoyl group is not
shown for clarity), (ii) Form-I of 14, (iii) Form-II of 14 and (iv) 15 (2-benzoyl group

is not shown for clarity).
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Table 3.2: Geometrical parameters for hydrogen bonding interactions (Fig. 3.6).

Crystal D-H--A D-H(A) H-A(A) D-A(A) D-H-A(°)

13 C3-H3--08"  0.98 2.53 3.367(10) 144

Form-I (14) CI1-HI--O10" 0.98 2.50 3.328(3) 142

Form-II (14) C6-H6--O1"  0.98 2.55 3.391(9) 144

15 C5-H5--08"  0.98 2.43 3.253(4) 142
C32-H32--05™ 0.93 2.67 3.444(5) 141

Symmetric codes: (i) -x+1, -y+1, -z; (ii) -X, -y, -z ; (iii) 2-x, 1-y, 1-z; (iv) 2-x, 1-y, 2-

z.

3.3.3. Molecular Chain Formation in 13-15

The dimers of 13, 14 and 15 form 1D molecular chains via weak C-H---O, C—

H---m and n---7 interactions. Dimers of 13 are linked centrosymmetrically via C28-

H28A.---O10 interactions diagonal to ab-plane [Fig. 3.7(i) and Table 3.4]; whereas in

15 and dimorphs of 14 the dimers are linked via C—H---O and =---7 interactions [Fig.

3.7(i1), (iii) and (iv), Table 3.3] involving the C2—benzoyl group. In Form-I crystals of

14, the dimers bind via centrosymmetric 7t---w stacking interactions [C=0---Cg1] and

C13-H13--09 interactions, but in Form-II crystals they are bound via 77

[Cgl---Cgl] and C13-H13---O3 interactions. The linking of the dimers in 15 is similar

to that in Form-II crystals, via n---w [Cgl---Cg1] and C18-H18---:O10 contacts.

Figure 3.7: Molecular chain formation in (i) 13 (ii) Form-I of 14, (iii) Form-II of 14

and (iv) 15.
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Figure 3.7: Continued. Molecular chain formation in (ii) Form-I of 14, (iii) Form-II

of 14 and (iv) 15 via C-H---O and rt---7 interactions.
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Table 3.3: Geometrical parameters of n---7 interactions as shown in figure 3.7.

Crystals Y-X/Cg--Cg  Y-X/Cg--Cg Y-X-Cg/a Phenyl Rings

Form-I (14) C9=07--Cgl' 3.825A 80° Cgl: C10-C15
Form-II (14) Cgl--Cgl’ 3.743 A 0.00° Cgl: C10-C15
15 Cgl--Cgl’ 3.856 A 0.03° Cgl: C15-C20

Symmetric code: (i) -x, -y, 1-z.

3.3.4. Molecular Organization in 13-15
3.3.4.1. Molecular organization in 13

The molecular chains are linked to form a 2D-molecular net along c-axis via
weak C—H---m interactions [Fig. 3.8(i)]. These layers form cavities (~ 16 x 8 A?)
which are penetrated by the adjacent layer. This achieves a close packing in the
crystal lattice via dipolar (ether) O1--C15=08 contacts and Cl14-HI14---O5
interactions [Table 3.4]. Thus, the overall packing results from the cross-linking of

molecular chains in the crystal lattice without leaving any voids for solvent inclusion

[Fig. 3.8(ii) and (iii)].

Figure 3.8: (i) Molecular layer of 13 viewed down b-axis.
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(i11)

Figure 3.8: Continued. Cross linked molecular layers (ii) viewed down b-axis (ii)
viewed down c-axis.

Table 3.4: Geometrical parameters for intermolecular interactions [Fig. 3.7(i) & 3.8].

Crystal D-H--A D-H(A) H-A(A) D-AA) D-H-A(°)
C3-H3--08' 0.98 2.53 3.367(10) 144

13 C14-H14--05" 0.93 2.70 3.403(11) 133
C28-H28A--010™  0.96 2.66 3.445(17) 139
C21-H21--Cgl™ 093 3.84 4395(12) 122
01--C15=08 - - 2.916(10)  83.8

Symmetry codes: (i) -x+1, -y+1, -z; (ii) x, -y+3/2, z+1/2; (iii) -x, -y+2, -z; (iv) X, ¥y,

z+1.

3.3.4.2. Molecular organization in dimorphs of 14

The molecular strings of dimorphs [Fig. 3.7(ii) & (iii)] are weaved differently
to form two-dimensional layers as shown in figure 3.9. In Form-I crystals of 14, the
molecular strings related by 2;-screw axis are bound together via C3-H3--O5
interactions to form 2D-layer along b-axis [Fig. 3.9(i)], whereas in Form-II crystals of
14, the molecular chains are linked to the unit-translated strings via C19-H19---O7
contacts along c-axis. It is noteworthy that the molecular strings in Form-I crystals are

stitched to each other by orthoester oxygen (O5) and the inositol proton (H3) but in
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Form-II crystals, they are linked together by C2-benzoyl oxygen (O7) and C4-benzoyl
hydrogen (H19) [Table 3.5].

Figure 3.9: Molecular layer formation of 14 in (i) Form-I of 14 viewed down c-axis

and (ii) Form-II of 14 viewed down a-axis.
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Table 3.5: Geometrical parameters for intermolecular C-H:--O interactions in

dimorphs of 14 as shown in figures 3.9 and 3.10.

Crystal D-H--A D-H(A) H-AA) D-AA) D-H-A(°)
C1-Hl1--010' 0.98 2.50 3.328(3) 142

Form-] C3-H3-.05" 0.98 2.36 3.231(3) 148

(14) C13-H13--09™  0.93 2.51 3.259(4) 138
C18-H18--08"  0.93 2.65 3.284(3) 126
C1-Hl1--08" 0.98 2.44 3.134(10) 127

Form-II o p3...08" 0.98 2.69 3.089(9) 105

(14 C5-H5--05" 0.98 2.64 3.170(9) 114
C13-H13--03""  0.93 2.64 3.546(10) 165
C19-H19--07"  0.93 2.37 3.173(15) 145

Symmetry codes: (i) -X, -y, -z; (ii) 1/2-x, 1/2+y, 1/2-z; (iii) -x 1-y, -z; (iv) =X, -y, 1-z;

W) 1+x,y, z; (vi) 1-x, 1-y, 1-z; (vil) 2-x, 2-y, 1-z; (viii) 1-x, 2-y, -z.

In Form-I crystals of 14, these molecular layers are associated in the third
dimension via centrosymmetric C—H---O interactions between the inositol proton H1
and tosyl oxygen O10 [Fig. 3.10(i)]. But in Form-II crystals, the 2D-layers are
weaved very closely via centrosymmetric C6—-H6---O1 contacts and bifurcated C—
H---O interactions between the C4-benzoyl oxygen O8 and inositol ring protons H1
and H2 [Fig. 3.10(ii), Table 3.5]. It is interesting to note that the tosyl oxygen atoms
(09 and O10) in Form-II crystals do not take part in any significant intermolecular
interaction except for intramolecular dipolar S=0---C=0 contact. As a result of intra
and inter molecular interactions, the tosyl groups are packed more closely to the axial
benzoyl groups in Form-II crystals resulting in denser crystal packing (1.425 Mgm™)

compared to Form I crystals (1.376 Mgm™).
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Figure 3.10: Molecular layer formation of 14 in (i) Form-I viewed down c-axis and

(i1) Form-II viewed down a-axis.

3.3.4.3. Molecular organization in 15

The molecular strings of 15 are unit translated along a-axis to form 2D layer
via C11-H11---O7 interaction and C—H:--1t contact between the axial phenyl H-atom
(H24) and the phenyl ring of the orthobenzoate group [C24-H24--Cg2 = 2.81 A,
C24--Cg2 = 3.668 A, £C24-H24--Cg2 = 154°, Cg2 = the centroid of C8-C13 ring,
symmetric code: 1/2+x, 1/2-y, 1/2+z] [Fig. 3.11(i)]. These molecular layers form
discrete molecular columns along c-axis via bifurcated C—H:--O interactions i.e. each
dimeric unit [shown blue or red in Fig. 3.11(ii)] is linked to each other via C6—

H6---O9 and C27-H27---O9 contacts [Table 3.6].
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Figure 3.11: Molecular layers of 15 viewed (i) down c-axis and (ii) down b-axis.

Table 3.6: Geometrical parameters of intermolecular C—H---O interactions shown in

figure 3.11.

Crystal D-H--A D-H(A) H-AA) D-AA) D-H-A(°)
C5-H5--08' 0.98 2.43 3.253(4) 142
C6-H6--09" 0.98 2.50 3.413(4) 156

Is C11-H11--07 iii' 0.93 2.34 3.294(7) 165
C18-H18--010"™  0.93 2.52 3.383(5) 154
C27-H27--09"  0.93 2.58 3.361(5) 142
C32-H32--05"  0.93 2.67 3.444(5) 141

Symmetry codes: (i) 2-x, 1-y, 2-z; (ii) 1-x, y, 5/2-z ; (iii) 1/2+x, 1/2-y, 1/2+z; (iv) 2-

X, -y, 2-z2 5 (V) X, 1-y, -1/2+z.

It is interesting to note that the tosyl oxygen atoms make intermolecular C—
H---O interactions in 13, 15 and Form-I crystals of 14, whereas in Form-II of 14 tosyl
oxygen is only involved in dipolar S=O--C=0 contacts. This can be viewed as
competition between the weak hydrogen bonding interactions as well as dipolar
S=0-:-C=0 contacts in the molecular recognition process to yield polymorphs for 14.

The former contacts favored in the formation of Form-I crystals of 14, whereas the
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later preferred results in Form-II crystals of 14. Also, significant conformational
differences were observed for 15 and Form-II crystals of 14 indicating the influence
of weaker non-covalent interactions in modifying the overall molecular conformation

during crystal growth.

3.4. Conclusions

Conformationally flexible tosyl group can adopt different conformations as
seen in crystal structures of 13, 14 and 15. The different orientations of the tosyl
group are possible due to the free rotation around S—O bond resulting in different
patterns of weak intra as well as intermolecular interactions. Only 14 exhibited
conformational dimorphism, the two distinct conformations are similar to structures
of 13 and 15. However, the Form-II crystals of 14 revealed intramolecular dipolar
S=0.--C=0 interactions, whereas a slight orientational difference (~ 5°) changes these
contacts to intramolecular -7 contacts in 15. It is noteworthy that the interplay of
different intra and intermolecular weak interactions could alter the conformation of

flexible molecules significantly, observed in many pharmaceutical compounds.*
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Polymorphs of Racemic 2,4-Di-O-Acetyl- 6-O-
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Chapter 4

4.1. Introduction

Isostructurality implies the similarity in the crystal structures of different
compounds, on the other hand polymorphism means the existence of different crystal
structures of the same compound. These two phenomena represent the two ends of the
structural property. However, fascinating cases of polymorphs which lie between
these extremes having one- and two-dimensional isostructurality have been reported
by Kélman et al. recently.''® Ofcourse in the strict sense, conformational polymorphs
cannot have isostructurality because of the different molecular conformations.'"” But,
the present chapter describe interesting examples of the existence of isostructural
molecular chains (despite the difference in the orientation of the tosyl group)
associated via weak O---C=0 dipolar interactions in the dimorphs of two myo-inositol
derivatives.

As seen in Chapter 3, relatively less conformational freedom because of the
bulky benzoyl groups in racemic 2,4-di-O-benzoyl-6-O-tosyl myo-inositol 1,3,5-
orthoesters resulted in conformational polymorphs only for orthoacetate (14)
derivative. The acetyl derivatives (16, 17 and 18) were prepared and investigated to
see if more rotational freedom for the tosyl group would yield conformational
polymorphs. Thus, racemic 2,4-di-O-acetyl-6-O-tosyl-myo-inositol 1,3,5-orthoesters
(16, 17 and 18) were synthesized from the corresponding benzoates [Scheme 4.1]. As

anticipated, conformational polymorphism was indeed observed for both 16 and 17.
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4.2. Experimental section

4.2.1. Synthesis

4.2.1.1. Preparation of 2,4-di-O-acetyl-6-O-tosyl myo-inositol 1,3,5-orthoformate(16)
Racemic 2,4-di-O-benzoyl-6-O-tosyl myo-inositol 1,3,5-orthoformate (0.552

g, 1 mmol) was heated with iso-butylamine (5 mL) in methanol (8 mL) under reflux

for 5 h. The residue obtained after removal of volatile liquids was dissolved in

pyridine (2 mL) and cooled to 0 °C; a solution of acetic anhydride (3 mL, 3.15 mmol)

in pyridine (1 mL) was added drop wise, and the mixture stirred for 24 h at ambient

temperature. The solvents were evaporated from the reaction mixture under reduced

pressure and the residue obtained was worked up with ethyl acetate. The diacetate 16

was obtained as a colorless solid (0.410 g, 96 %) after column chromatography using

ethyl acetate-petroleum ether (3:7) mixture as eluent.

Data for 16:

M.P.: 119-121°C

IR (CHCLy)v: 1712 cm’

"H NMR (200 MHz, CDCl): § 2.10 (s, 3H, MeCO), 2.25 (s, 3H, MeCO), 2.50 (s,

3H, ArMe), 4.15-4.25 (m, 1H, Ins H), 4.30-4.40 (m, 1H, Ins H), 5.55-4.65 (m, 1H, Ins

H), 5.00-5.15 (m, 1H, Ins H), 5.20-5.30 (d, J =6.0 Hz, 1H, Ins H), 5.40-5.50 (m, 1H,
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Ins H), 5.55 (d, J = 1.5 Hz, OsCH), 7.40 (d, J = 4.0 Hz, 2H, Ar H), 7.76 (d, J = 4.2
Hz, 2H, ArH) ppm.

BC NMR (50 MHz, CDCL): 6 20.3, 20.6, 21.4, 62.3, 66.2, 66.7, 68.8, 71.8, 102.5,
127.6, 129.9, 132.0, 145.5, 169.2, 169.8 ppm.

Anal. Caled for C3H,0010S: C, 50.46; H, 4.71; Found: C, 50.43; H, 4.40 %.

4.2.1.2. Preparation of 2,4-di-O-acetyl-6-O-tosyl myo-inositol 1,3,5-orthoacetate (17)
The racemic diacetate 17 was prepared as above from the racemic 2,4-di-O-

benzoyl-6-O-tosyl myo-inositol 1,3,5-orthoacetate (0.566 g, 1 mmol), using iSo-

butylamine (5 mL), methanol (8 mL), pyridine (3 mL) and acetic anhydride (4 mL,

4.20 mmol). The crude product was column chromatographed (eluent: ethyl acetate-

petroleum ether 2:8) to isolate 17 as a colorless solid (0.415 g, 94 %).

Data for 17:

M.P.: 138-139 °C

IR (CHCl3)v: 1747 cm™ (C=0)

"H NMR (200 MHz, CDCls): & 1.45 (s, 3H, 0sCMe), 2.09 (s, 3H, MeCO), 2.18 (s,

3H, MeCO), 2.47 (s, 3H, ArMe), 4.15-4.21 (m, 1H, Ins H), 4.29-4.35 (m, 1H, Ins H),

4.47-4.53 (m, 1H, Ins H), 4.97-5.03 (m, 1H, Ins H), 5.16 (t, J = 3.6 Hz, 1H, Ins H),

5.38-5.44 (m, 1H, Ins H), 7.39 (m, 2H, Ar H), 7.81 (m, 2H, Ar H) ppm.

BC NMR (50 MHz, CDCly): & 20.6, 21.0, 21.6, 23.8, 61.7, 66.6, 66.9, 69.6, 69.8,

72.3,109.0, 128.0, 130.2, 132.3, 145.8, 169.7, 170.2 ppm.

Anal. Caled for C19H;,,010S: C, 51.58; H, 5.01. Found: C, 51.71; H, 4.92 %.

4.2.1.3. Preparation of 2,4-di-O-acetyl-6-O-tosyl myo-inositol 1,3,5-orthobenzoate
(18)

The racemic diacetate 18 was prepared as above from the racemic 2,4-di-O-
benzoyl-6-O-tosyl myo-inositol 1,3,5-orthobenzoate (0.628 g, 1 mmol), using iSo-

butylamine (5 mL), methanol 8 mL), pyridine (4 mL) and acetic anhydride (4 mL,
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4.20 mmol). The crude product was flash column chromatographed (eluent: ethyl
acetate-petroleum ether 2:8) to isolate 18 as a colorless gum (0.470 g, 93 %).

Data for 18:

M.P.: 57-59 °C

IR (CHCl3)v: 1759 cm™ (C=0)

"H NMR (200 MHz, CDCL): & 2.13 (s, 3H, MeCO), 2.18 (s, 3H, MeCO), 2.47 (s,
3H, ArMe), 4.35-4.41 (m, 1H, Ins H), 4.48-4.54 (m, 1H, Ins H), 4.66-4.72 (m, 1H, Ins
H), 5.13-5.19 (m, 1H, Ins H), 5.28 (t, J = 1.8 Hz, 1H, Ins H), 5.55-5.61 (m, 1H, Ins
H), 7.32-7.44 (m, 5H, Ar H), 7.55-7.63 (m, 2H, ArH) 7.83 (m, 2H, ArH) ppm.

BC NMR (50 MHz, CDCls): & 20.6, 20.9, 21.6, 61.8, 67.0, 67.3, 70.3, 70.5, 72.3,
107.7, 125.3, 128.0, 128.1, 129.9, 130.2, 132.2, 135.8, 145.8, 169.7, 170.3 ppm.

Anal. Caled for C4H,4010S: C, 57.14; H, 4.79. Found: C, 56.95; H, 4.80 %.

4.2.2. Crystallization

Crystallization was carried out by diffusing vapors of light petroleum ether to
a solution of 16 and 17 in common organic solvents such as acetone,
dichloromethane, ethyl acetate, dioxane, nitromethane yielded plate like crystals of 16
and 17 (Form-I) at room temperature. However, thin flat crystals of 16 were obtained
from chloroform (Form-II of 16) and similar crystals were seen for 17 from
tetrahydrofuran (Form-II of 17). The crystallization of the orthobenzoate 18 from

various solvents resulted in gummy solids.

4.2.3. Thermal Analysis

Differential Scanning Calorimetry (DSC) analysis was performed on TA DSC
instrument for the Form I and II crystals of 16 and 17. About 3-6 mg of the crystalline
samples were placed in an aluminium pan and heated from 40 to 150 'C at a rate of
1'C/minute. An empty pan was used as the reference and dry nitrogen used for

purging (50 mL/min). The DSC curves of Form-I crystals 16 and 17 showed two
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sharp endothermic peaks, the first endotherm (at 112°C for Form-I of 16 and 134°C for
Form-I of 17) indicated the probable structural phase transformation, whereas the
second endotherm is attributed to the melting of the crystal. The DSC plot of Form-II
crystals of 16 and 17 showed only one endothermic peak corresponding to their

melting point [Fig. 4.1].
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Figure 4.1: DSC plot of (i) Form-I of 16, (ii) Form-II of 16, (iii) Form-I of 17 and (iv)

Form-II of 17 crystals.

4.2.4. Hot Stage Microscopy

The DSC results as described above, prompted us to carry out Hot Stage
Microscopic (HSM) analysis for Form-I crystals of 16 and 17. The Form-I crystal of
16 was heated from the room temperature at the rate of 1°C per minute. The crystals

started melting slowly ~ 110°C and further heating showed the formation of thin
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needle shaped crystals in the melt ~111.8 °C. On continuing the heating resulted in the
gradual growth of thin needles, which melted completely ~121 °C [Fig. 4.2].
However, Form-I crystals of 17 when heated on the HSM did not show any discrete
phase change until melting. The first and second endotherms are closer in 17 (133°C
and 139°C) as compared to those in 16 (111°C and 121°C). Therefore, it is possible

that the HSM experiments could not capture the transformed phase in case of 17.

110.0 °C 111.0°C 111.5°C 111.8°C

112.0°C 112.2°C 113.2°C 118.0 °C 119.0 °C

Figure 4.2: Hot stage photomicrographs of Form-I crystals of 16.

4.2.5. Crystallographic Details for the dimorphs of 16 and 17

X-ray intensity data were collected on a Bruker SMART APEX CCD
diffractometer in omega and phi scan mode, A voko = 0.71073 A at room temperature.
All the intensities were corrected for Lorentzian, polarization and absorption effects
using Bruker’s SAINT and SADABS programs. The crystal structures were solved by
Direct methods using program SHELXS-97; the full-matrix least squares refinements
on F? were carried out by using SHELXL-97. Hydrogen atoms were included in the
refinement as per the riding model. Table 4.1 summarizes the crystal data for all the

compounds.
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Table 4.1: Summary of crystallographic data for dimorphs of 16 and 17.

Crystal data Form-I of 16 Form-Il of 16 Form-1of 17 Form-II of 17

Chemical Formula ~ C;3H0010S CisH20010S  CigH2010S  Ci9H22040S

M, 428.40 428.40 442.43 442.43

Temperature/K 298(2) 298(2) 298(2) 298(2)

Morphology Plate Thin plate Flat Thin plate

Colour Colorless Colorless Colorless Colorless

Crystal size (mm) 0.62x0.26x 0.28 x0.16 x 0.55x0.14 x 0.53 x0.15 x
0.16 0.02 0.13 0.04

Crystal system Monoclinic Orthorhombic Triclinic Monoclinic

Space group P2,/c Pbca P-1 P2,/c

a(A) 16.4270(17)  6.206(2) 6.2596(8) 9.2713(11)

b (A) 6.1377(6) 14.602(5) 9.8947(12)  35.728(4)

c(A) 19.2741(19)  42.099(13) 17.022(2) 6.1772(8)

a(°) 90 90 87.723(2) 90

L) 91.317(2) 90 89.460(2) 90.872(2)

7(°) 90 90 76.195(2) 90

V(A% 1942.8(3) 3815(2) 1023.0(2) 2045.9(4)

z 4 8 2 4

Dy (Mg m™) 1.465 1.492 1.436 1.436

4 (mm™) 0.222 0.226 0.213 0.213

F(000) 896 1792 464 928

Thmin 0.875 0.940 0.892 0.895

Trnax 0.965 0.996 0.973 0.992

Gax (°) 25.0 25.0 25.0 25.1

h (min, max) (-19, 19) (-7,7) -7,7) (-11,11)

k (min, max) (-7,7) (-17,17) (-11,11) (-42, 42)

| (min, max) (-22,22) (-50, 50) (-20, 20) (-7,7)

No. of refl” collected 13355 17512 9894 19352

No. of unique refl” 3422 3352 3610 3621

No. of observed refl” 3062 1379 3110 2319

No. of parameters 265 265 275 275

Rint 0.021 0.193 0.019 0.085

R, obs, R all 0.040,0.045  0.075,0.208 0.044,0.051 0.084, 0.133

wR;, obs, wR, all  0.103,0.106  0.141,0.185 0.114,0.119 0.140, 0.149

GoF 1.05 1.00 1.06 1.20

AP, Apmin (€ A7) 023,025 0.30,-023  0.35,-024 0.27,-0.19

108



4.2.6. Computational Studies

Single point ab initio energy calculation on dimorphs of 16 and 17 were
performed using the ‘Gaussian 03’ suite of programs.'” In each case, energies of
isolated molecules were computed with the Hartree-Fock theory at the 6-31G(d,f)
level, so that the data obtained relates to the intrinsic conformational preferences

without accounting the effect of intermolecular interactions.

4.3. Results and Discussion

As mentioned earlier, 16 and 17 crystallized in two different forms but all
attempts to obtain crystals of 18 failed. Crystallization of 16 from most of the solvents
yielded monoclinic crystals (Form-I, P2,/c) but crystals from chloroform-petroleum
ether mixture were orthorhombic (Form-II, Pbca). Similarly triclinic crystals (Form-I,
P-1) of 17 were obtained from most of the organic solvents while diffusing vapors of
petroleum ether into a THF solution of 17 yielded monoclinic needles (Form-II,
P2,/c). As seen in the polymorphs of the dibenzoate (14 in Chapter 3), the dimorphs
of acetates 16 and 17 differ mainly in the orientation of tosyl group along O-S bond
[Fig. 4.3]. A major orientational change of tosyl group was observed for the dimorphs
of 16 [C-O-S-C torsion angles 86° and 142°], whereas only a slight change in the
conformation of 17 [81° and 84°] resulted in polymorphic modification [see molecular
overlap figure of dimorphs, Fig. 4.3]. It is rather intriguing that conformation of the
tosyl group in Form-I crystals of 16 and Forms I and II of 17 belongs to the preferred
orientation of tosyl group as suggested by the CSD analysis [Chapter 3, page no. 90],
whereas orientation adopted by the tosyl group in Form-II crystals of 16 is the less
preferred one. As observed in case of 14 [Chapter 3, page no. 89], this less probable
conformation showed stabilization via intramolecular S=0O---C=0 short contacts in
Form-II crystals of 16 also [Fig. 4.3(ii)]. The geometrical parameters of dipolar

S=0---C=0 short contacts [010--C10 = 3.040 (8) A, 010--C10=08 = 96.2 (4)° and
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S1=010---C10 = 118.8 (4)°] in 16.2 crystals indicated the interaction motif is of the

Type-III i.e. sheared parallel motif.''?

/g,ligcni

g X o
. — ] S1
T ()ll']*-?;z'/ Vi 010 Cis
(ii1) (iv)

Figure 4.3: ORTEP view of dimorphs of (i) Form-I of 16, (ii) Form-II of 16 [blue
dashed line indicates intramolecular S=0---C=0 short contact], (iii) Form-I of 17 and
(iv) Form-II of 17 with atom numbering scheme, displacement ellipsoids drawn at
30% probability level. Inset shows molecular overlapping plot of dimorphs [color

scheme, blue: Form-I and red: Form-II crystals].

The single point energy calculation of Form-I crystals of 16 was found to be ~
9 kJ/mol lower than that of Form-II, could be due to the larger orientational change of
the tosyl group. However, slight conformational changes (3°) in dimorphs of 17 have

a relatively smaller energy difference (~ 2 kJ/mol).
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4.3.1. Conserved One-Dimensional Isostructurality via O---C=0 Interactions
Although the diacetate molecules 16 and 17 have different orientation of tosyl
group in their dimorphic modifications, an interesting common feature observed is the
identical intermolecular association via dipolar O--C=O0 interactions between the
orthoester ether oxygen (O1) and the equatorial carbonyl carbon (C8) [Fig. 4.4, Table
4.2] to form 1D molecular chains. The molecules in these chains are also linked via
C3-H3---O5 interactions having better geometry in Form-I crystals of 16, 17 and
Form-II crystals of 17 as compared to that in Form-II crystals of 16 [Table 4.3].
Additionally, the molecules of 17 make C8-H&B---O2, C10-H10C---O1 and C18-—
H18---O7 interactions that are longer in Form-I crystals as compared to Form-II
crystals of 17. It is noteworthy that the Form-I crystals of 16 and Form-II crystals of
17 make similar C—H---O interactions involving the C2-benzoyl oxygen (O7) with the
tosyl aromatic proton (H17 in Form-I of 16 and H18 in Form-II of 17), whereas these

interactions are longer in other two forms [Table 4.3].

Figure 4.4: Identical molecular chain formation via O--C=0 and C-H--O
interactions in (i) Form-I of 16, (ii) Form-II of 16, (iii) Form-I of 17 and (iv) Form-II

of 17crystals.
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Table 4.2: Geometrical parameters of O--C=O0 interactions as shown in figure 4.4.

Crystals 0--C=0 0--C (A) 0--C=0 (°)
Form-I of 16 01.-C8=07" 2.968(2) 98.2
Form-II 16 01--C8=07" 3.080(7) 94.1
Form-I of 17 01--C9=07" 3.162(3) 98.1
Form-II of 17 01--C9=07" 3.150(5) 97.7

Symmetry codes: (i) X, y+1, z; (il) x+1, y, z; (iii) X, y, z+1

Table 4.3: Geometrical parameters for hydrogen bonding interactions (Fig. 4.4).

Crystals D-H--A D-H(A) H-A(A) D-A(A) D-H-A(°)
Form-1of16  C3-H3--05' 0.98 2.58 3.367(2) 138
C17-H17--07"  0.93 2.68 3217(3) 118
Form-IT of 16 C3-H3--05 0.98 2.75 3.497(7) 134
C13-H13--09™  0.93 2.75 3.164(8) 108
Form-Iof17  C3-H3--05" 0.98 2.64 3.540(2) 154
C8-H8B--02  0.96 2.77 3.628(3) 150
C18-H18--07™ 0.93 2.75 3.359(4) 124
Form-Il of 17 C3-H3--05" 0.98 2.54 3.448(4) 153
C8-H8B--02"  0.96 271 3.567(5) 148
C10-H10C--01" 0.96 2.61 3.286(5) 128
C18-H18--07"  0.93 2.67 3.402(6) 136

Symmetry codes: (i) x, y+1, z; (ii) x, y-1, z; (ii1) x+1, y, z; (iv) x-1, y, z; (V) X, y, z+1;

vi) x,y, z-1.

The superimposition of the molecular chains in the conformational
polymorphs clearly indicates the isostructurality in one-dimension except for the
orientation of tosyl group [Fig. 4.5]. The tosyl groups in these chains are involved in
different C—H---O interactions which perhaps adopted different conformations in their

dimorphic crystals.
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Figure 4.5: Molecular overlap figure of (i) dimorphs of 16 [ red: Form-I; blue:

Form-II] and (ii) dimorphs of 17 [ red: Form-I; blue: Form-II].

4.3.2. CSD Survey of Dipolar (ether)O---C=0 Interaction

It is remarkable to see that the molecular association via (ether)O:---C=0
interactions is retained in both the dimorphic modifications of the orthoester
derivatives 16 and 17. This brings out the significance of the O---C=0 contacts in the
aggregation of molecules, irrespective of different substitutions in the orthoester
position or even change in molecular conformation. In order to investigate these
dipolar interactions more, a survey of the Cambridge Structural Database [CSD,
Version 5.29]"® was carried out to see the geometrical preferences for the
(ether)O---C=0 intermolecular interactions. All the searches were carried out for
organic compounds with geometrical parameters cut-off value of less than 3.22 A
(sum of the van der Waals radii of carbon and oxygen) for inter atomic distance (D)
and angle (A) ranging 0-180°. The filters were used to restrict entries of R-factor
<0.10, error-free co-ordinates, disordered, ionic, polymeric and X-ray powder
diffraction structures. Interestingly, a sizable number of hits (790) was found and
majority of hits (575) were between 80-100° [Fig. 4.6], indicating the preferred
perpendicular approach of oxygen to the carbonyl carbon [Type-II motif].”® The
observed molecular association via (ether)O---C=0 interactions of dimorphs of 16 and
17 showed the same preferences [94-98°]. However, the optimum angle for the

approach of a nucleophile (O or N) to an electrophile (C=0) during chemical reaction
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has been suggested to be ~107°.' Tt is also reported in the literature that the energy

contribution of such dipolar interactions were similar to that of weak hydrogen
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Figure 4.6: CSD analysis of (ether) O---C=0 interactions (i) scatter plot of distance

O--C [d in A] vs. angle O---C=O0 [A in °] (ii) histogram of angle O---C=0, A.

4.3.3. Molecular Organization in Dimorphs of 16 and 17

It is interesting to see how these isostructural molecular strings link differently
in the crystal lattice. In Form-I crystals of 16, the identical molecular strings make
centrosymmetric head to head C7-H7---O3 interaction to form a bilayer [Fig. 4.7(i)];
whereas in Form-II crystals of 16, the identical strings are linked in a head to head
fashion by the same C-H--O interactions but via 2;-screw axis relationship [Fig.
4.7(i1)]. Almost similar bilayer formation is observed for Forms I and II crystals of 17
with centrosymmetric and 2,-screw relation respectively, linking the strings via C8—
H8C---O8 and C12-HI12C---O8 interactions [Fig. 4.7(iii) and (iv)]. The strings in
Form-II crystals of 16 make additional binding via C9-H9C---O1 interaction and via

C4-H4---05, dipolar C11=08:--C11=08 interactions in Form-II crystals of 17.
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(iv)

Figure 4.7: Head to head molecular bilayer formation via C-H--O and O---C=0
interactions in (i) Form-I crystals of 16, (ii) Form-II crystals of 16, (iii) Form-I

crystals of 17 and (iv) Form-II crystals of 17.

These bilayers are linked to the ac-plane via C18-H18A---O10 interaction in
Form-I crystals of 16, along c-axis via weak C14-H14---nt (Cg) interaction in Form-II
crystals of 16, along c-axis via centrosymmetric C15-H15---O10 interaction in Form-I

crystals of 17 and via centrosymmetric C19—H19B---O7 interaction along b-axis in

Form-II crystals of 17 [Fig. 4.8, Table 4.4].

CONFORMATIONAL POLYMORPHISM 115



CHAPTER 4

Figure 4.8: Molecular layer formation in (i) Form-I crystals of 16, (ii) Form-II

crystals of 16, (iii) Form-I crystals of 17 and (iv) Form-II crystals of 17.
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Table 4.4: Hydrogen bonding interactions as shown in figures 4.7 and 4.8.

Crystals D-H--A D-H(A) H-A(A) D-A(A) D-H-A(°)
Form-1of16 C7-H7--0O3' 0.98 2.58 3.393(2) 141
C18-H18A--010" 0.96 2.86 3.478(4) 123
Form-II of 16 C7-H7--03 0.98 2.47 3.412(7) 162
C9-H9C--01" 0.96 2.79 3.717(7) 163
Cl14-H14--Cgl¥ 093 3.209 3.938(8) 137
Form-II of 17 C8-H8C--08“ 0.96 2.62 3.359(3) 134
C15-H15--010""  0.93 2.80 3.515(3) 134
Form-Il of 17 C4-H4--0O5 " 0.98 2.65 3.469(4) 142
C12-H12C--08"  0.96 2.66 3.195(6) 116
C11-08--CI1*  1.18 3.111(6) 95.7, 164.6
C19-H19B--07™  0.96 2.91 3.720(7) 143

Symmetry codes: (i) -x, -y+1, -z+1; (ii) x, -y+3/2, z+1/2; (ii1) x-1/2, y, -z+1/2; (iv)
x+1/2,y, -z+1/2; (v) x+1/2, -y+1/2, -z; (Vi) -x+2, -y, -z+2; (vii) x+1/2, -y+1/2, -z,

(viii) x, -y+3/2, z-1/2; (ix) -x+1, -y+2, -z+1.

These molecular layers are linked differently in the third dimension to achieve
close packing in the crystal lattice. In Form-I crystals of 16, the bilayer [Fig. 4.7]
extends along a-axis via C3-H3--O8 and C9-H9A.---O10 interactions, whereas in
Form-II crystals of 16 these make C16-H16---0O10, C1-H1:--O8 and C17-H17---O8
interactions along b-axis [Fig. 4.9, Table 4.5]. In case of Forms I and II crystals of 17,
bilayers are translated along b- and a-axis respectively with different orientation of
the tosyl group. It is noteworthy that these bilayers have similar orientation of tosyl
group in Form-I crystals of 16 and 17 (tosyl group pointing opposite direction)
whereas in Form-II crystals of 16 and 17, the tosyl groups are pointing in the same
direction [See arrows shown in Fig. 4.9]. As explained earlier, the bilayers translated
centrosymmetrically along the third dimension are shown in figure 4.9. It is

remarkable to see that centrosymmetric C—H---O interaction between the adjacent
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layers through the tosyl groups links the bilayer in 16.1, 17.1 and 17.2 but the biayers

are linked via weak C14-H14---1t (Cg) interaction in 16.2 [Table 4.5].

w# &

Figure 4.9: Molecular layer formation on the third dimension in (i) Form-I crystals of

16, (ii) Form-II crystals of 16, (iii) Form-I crystals of 17 and (iv) Form-II crystals of

17. Arrows indicating the orientation of tosyl group in the bilayer.
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Table 4.5: Geometrical parameters of hydrogen bonding interactions as shown in

figure 4.9.

Crystals D—H--A D-H(A) H-A(A) D-A(A) D-H-A(°)

Form-Tof 16 C3-H3...08' 0.98 2.50 3.326(2) 142
C9-H9A--010" 0.96 2.60 3.518(3) 159
C18-HI8A--0O10™ 0.96 2.86 3.478(4) 123

Form-ITof 16 C1-H1...08 V 0.98 2.47 3.224(7) 134
C7-H7--03" 0.98 2.47 3.412(7) 162
C14-H14--Cgl"  0.93 3.209 3.938(8) 137
C16-H16--010"  0.93 2.65 3.398(8) 138
C17-H17--08" 0.93 2.68 3.311(7) 126
C18-HI8A--010"" 0.96 3.03 3.894(8) 150

Form-Iof17 cg-H8C.-08"iii 0.96 2.62 3.359(3) 134
C15-H15--010%  0.93 2.80 3.5153) 134

Form-1of 17 C4-H4..05 " 0.98 2.65 3.469(4) 142
C8-H8C---03* 0.96 2.60 3.462(5) 150
C19-H19A--010% 0.96 2.54 3.452(6) 160

Symmetry codes: (i) -x, y+1/2, -z+1/2; (i) x, -y+3/2, z+1/2; (iii) -x+1, y-1/2, -z+1/2;
(iv) x+3/2, y-1/2, z; (v) x-1/2, y, -z+1/2; (vi) 3/2-x, -y, 1/2+z; (vii) x, -y+3/2, z+1/2;

(viii) -x+2, -y,-z+2; (ix) x+1/2, -y+1/2, -z; (X) X, -y+3/2, z-1/2; (xi) -x, -y+2, -z+1.

4.3.4. Possible Pathways of Nucleation of Polymorphs of 16 and 17

The common identical molecular strings [Fig. 4.4] are stitched differently,
leading to two different paths of nucleation resulting in dimorphs. Although the
nucleation process cannot be visualized, we are proposing a probable sequence of
events extrapolated from the final observed structures (in the form of a cartoon
diagram) that result from the dynamic equilibrium between various weak interactions
in solution [Fig. 4.10]. The first step is the formation of one-dimensional strings via
O---C=0 interactions [Step 1, then their centrosymmetric [Step 2i] and screw related

[Step 2ii] adhesions via C-H--O interactions [also dipolar C=0---C=0 contacts in
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17.2] to form bilayer. These bilayers further extend the crystal lattice via C—H---O
interactions in 16.1, 17.1 and 17.2, whereas via C—H:--n adhesions in 16.2 [Steps 3i

and 3ii].

Identical strings

Step 1 || 0--C=0

3
z

Step 2(i) | C-H---O Step 2(ii) || C-H---0, C=0---C=0

#
¥

Dimer formation Catemer formation

Step 3(i) C-H---O Step 3(ii)| | C-H---O

i
N

Figure 4.10: Cartoon diagram of the proposed pathways of polymorph formation in

16 and 17.
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4.4. Conclusions

The sterically smaller substitution of acetyl group, as proposed exhibits
dimorphic modification for 16 and 17 having different molecular conformations. All
polymorphic crystal forms showed one-dimensional isostructural strings (except tosyl
group orientation) in their crystals via dipolar O--C=0 interactions. The Form-II
crystals of 16 adopt an extended conformation, perhaps due to stabilization from the

intramolecular S=0---C=0 interactions between the tosyl and axial benzoyl group.
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Solvatomorphic Behavior in 2-O-Tosyl-4,6-Di-

O-Acetyl-myo-Inositol 1,3,5-Orthoesters



Chapter 5

5.1. Introduction

Many organic compounds exhibit solvatomorphism by including solvent
molecules in their crystal lattice. A solvent can be associated with a crystalline solid
in different ways. In some inherently stable crystals, small guests are included in their
crystal lattice to achieve close packing; whereas in some other cases crystals are
stable only in the presence of certain guests.” Formation of inclusion crystals
involves molecular recognition processes that result from a number of non-covalent
interactions during crystallization. It was seen in Chapter 2, a slight orientational
change of diastereomeric association was enough to produce inclusion crystals of 8.
The present chapter reports structures of three tosylated orthoesters; only the
orthoacetate derivative with a different conformation of tosyl group exhibits
solvatomorphic behavior that accommodates a range of solvent molecules.

As described in the previous chapters (Chapter 3 and 4), the orientational
change of tosyl group at the C6-O6 position of the inositol ring was responsible for
the formation of conformational polymorphs in 14, 16 and 17. In order to examine the
polymorphic behavior of related molecules, racemic 2-O-tosyl-4,6-di-O-acetyl- myo-
inositol 1,3,5-orthoesters (19-21) having conformationally flexible tosyl group at
different (equatorial position, C2-O- of inositol), were synthesized [Scheme 5.1]. The
tosyl group in 19-21 indeed adopted different orientations in the crystal lattice, but did

not yield any conformational polymorphs.
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5.2. Experimental section

5.2.1. Synthesis

5.2.1.1. Preparation of 2-O-tosyl 4,6-di-O-acetyl myo-inositol 1,3,5-orthoformate (19)
A mixture of myo-inositol 1,3,5-orthoformate 2 (0.190 g, 1 mmol), tosyl

chloride (0.200 g, 1.05 mmol) and pyridine (8 mL) was heated at 80 °C for 48 h. The

reaction mixture was concentrated under reduced pressure and the residue worked up

as usual. The product was purified by column chromatography to get 2-O-tosyl myo-

inositol 1,3,5-orthoformate (0.300 g, 87 %). The 2-O-tosyl derivative (0.172 g, 0.5

mmol) and acetic anhydride (0.2 mL, 2.10 mmol) were dissolved in pyridine (6 mL)

and the mixture stirred at room temperature for 8 h. The solvent was evaporated from

the reaction mixture under reduced pressure and the residue worked up as usual. The

product was purified by flash column chromatography to get 2-O-tosyl 4,6-di-O-

acetyl myo-inositol 1,3,5-orthoformate (0.205 g, 96 %) as colorless solid.

Data for 19:

M.P.: 175-176 °C

IR (CHCl3)v: 1751 cm™

"H NMR (200 MHz, CDCls): 6 2.09 (s, 6H, MeCO), 2.47 (s, 3H, ArMe), 4.25-4.31

(m, 2H, Ins H), 4.52-4.58 (m, 1H, Ins H), 4.94-4.98 (m, 1H, Ins H), 5.46 (t, J = 3.9
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Hz, 2H, Ins H), 5.52 (d, J = 1.5 Hz, O3CH), 7.34-7.42 (m, 2H, ArH), 7.82-7.89 (m,
2H, ArH) ppm.

BC NMR (50 MHz, CDCly): 6 20.5, 21.6, 65.8, 67.5, 68.8, 69.1, 71.8, 102.7, 127.7,
129.9, 133.3, 145.5, 168.7 ppm.

Anal. Caled for C13H;0040S: C, 50.47; H, 4.71; Found: C, 50.23; H, 4.55 %.

5.2.1.2. Preparation of 2-O-tosyl 4,6-di-O-acetyl myo-inositol 1,3,5-orthoacetate (20)
2-O-tosyl myo-inositol 1,3,5-orthoacetate was prepared as above from myo-

inositol orthoacetate 3 (0.204 g, 1 mmol), tosyl chloride (0.200 g, 1.05 mmol) and

pyridine (8 mL). Subsequently 2-O-tosyl-myo-inositol 1,3,5-orthoacetate (0.179 g, 0.5

mmol) was acetylated as above using in pyridine (6 mL) and acetic anhydride (0.2

mL, 4 mmol) to get the diacetate 20 (0.208 g, 94 %) as a colorless solid.

Data for 20:

M. P.: 177-178 °C

IR (CHCl3)v: 1755 cm™*(C=0)

"H NMR (200 MHz, CDCl5) &: 1.45 (s, 3H, OsCMe), 2.07 (s, 6H, MeCO), 2.47 (s,

3H, ArMe), 4.23-4.28 (m, 2H, Ins H), 4.45-4.51 (m, 1H, Ins H), 4.85-4.89 (m, 1H, Ins

H), 5.40 (t, J = 1.9 Hz, 2H, Ins H), 7.33-7.41 (m, 2H, ArH), 7.81-7.88 (m, 2H, ArH)

ppm.

BC NMR (50 MHz, CDCls) &: 20.6, 21.6, 23.8, 66.0, 67.6, 68.1, 69.8, 109.1, 127.8,

130.0, 133.5, 145.4, 168.8 ppm.

Anal. Caled for C19H;,040S: C, 51.58; H, 5.01; Found: C, 51.56; H, 5.03 %.

5.2.1.3. Preparation of 2-O-tosyl 4,6-di-O-acetyl myo-inositol 1,3,5-orthobenzoate
(21)

2-O-tosyl myo-inositol 1,3,5-orthobenzoate was prepared as above from myo-
inositol orthobenzoate 4 (0.266 g, 1 mmol), tosyl chloride (0.200 g, 1.05 mmol) and

pyridine (8 mL). The 2-O-tosyl myo-inositol 1,3,5-orthobenzoate derivative (0.211 g,
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0.5 mmol) so obtained was acetylated with acetic anhydride (0.2 mL, 4 mmol) in
pyridine (6 mL) as above to get the diacetate 21 (0.115 g, 91 %) as a colorless solid.
Data for 21:

M. P.: 188-190 °C

IR (CHCls)v: 1755 cm™(C=0)

"H NMR (200 MHz, CDCls) &: 2.11 (s, 6H, MeCO), 2.46 (s, 3H, ArMe), 4.43-4.50
(m, 2H, Ins H), 4.65-4.73 (m, 1H, Ins H), 5.01 (t, J = 1.9 Hz, 1H, Ins H), 5.58 (m, 2H,
Ins H), 7.31-7.41 (m, 5H, ArH), 7.54-7.62 (m, 2H, ArH), 7.82-7.90 (m, 2H, ArH).

BC NMR (50 MHz, CDCls) §: 20.6, 21.6, 66.8, 67.7, 68.2, 70.5, 107.8, 125.3, 127.7,
128.0, 129.8, 129.9, 133.6, 135.8, 145.4, 168.8.

Anal. Calced for C24H24040S: C, 57.14; H, 4.79. Found: C, 57.23; H, 4.97 %.

5.2.2. Crystallization

Crystallization experiments were carried out by diffusing vapor of light
petroleum ether (bp 40-60 °C) in to a solution of 19 or 20 or 21 in common organic
solvents, at room temperature. Solvent free crystals of 19 and 21 were obtained from
acetone, acetonitrile, chloroform, dichloromethane, dioxane, nitromethane and
tetrahydrofuran. However, 20 produced inclusion crystals from various solvents such
as acetone (20-AC), acetonitrile (20-AN), chloroform (20-CF), dichloromethane
(20-DCM), dioxane (20-DX), nitromethane (20-NM), tetrahydrofuran (20-THF),
pyridine (20-PY), dichloroethane (20-DCE) and ethyl acetate (20-EA). All solvated
crystals were stable from 2 to 6 days in the open atmosphere; longer exposure led to

the formation of a powder.

5.2.3. Crystallographic Details
X-ray intensity data for 19, 21 and solvated crystals of 20 were collected on a

Bruker SMART APEX CCD diffractometer in omega and phi scan mode, A moko =
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0.71073 A at room temperature. The inclusion crystals were coated with oil to avoid
exposure to the atmosphere. All the intensities were corrected for Lorentzian,
polarization and absorption effects using Bruker’s SAINT and SADABS programs. The
crystal structures were solved by Direct methods using program SHELXS-97; the full-
matrix least squares refinements on F? were carried out by using SHELXL-97.
Hydrogen atoms were included in the refinement as per the riding model. Table 5.1
summarizes the crystal data for all the compounds.

Full-matrix least-squares refinements of solvatomorphs of 20 were carried out
by applying geometrical constraint options (DFIX and DANG) in SHELXL97 to retain
the molecular geometries of low occupied and disordered entities. Geometrical
constraint, DFIX was applied to guest molecules in 20-AC, 20-CF, 20-DCE,
20-DCM, 20-EA and 20-THF crystals, whereas for 20-DX both the constraints DFIX
and DANG were used. All the included guest solvents were kept isotropic in the
solvatomorphs of 20 due to lower occupancies (0.125-0.375), except for 20-AN,
20-NM and 20-DCM, which had higher occupancies (0.5).

Some of the included guests, such as halogenated solvents and acetone showed
statistical disorder in their crystal lattice. In 20-AC crystals, O11 and C20 atoms of
the acetone guest were disordered over two positions (011’ and C20’) having
occupancies 0.5 and 0.125 respectively. The guest in 22:CF showed two different
sites for chloroform molecule with occupancies of 0.25 and 0.0625 respectively. In
22-DCM crystals, two positions of chlorine atoms were assigned 0.5 (CI1 and CI2)
and 0.0625 (CI1* and CI2’) occupancies. The chlorine atoms (CI1 and CI2) of the
dichloroethane guest in 22-DCE crystals exhibited extensive disorder over sites CI1,
CI1’, CI1”, ClI2 and CI2” which were assigned occupancies of 0.5, 0.15, 0.5, 0.375 and

0.125 respectively.
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Table 5.1: Summary of crystallographic data for 19, 21 and solvatomorphs of 20.

Crystal data 19 20-AC 20-AN 20-CF
Chemical Formula ClgHzooloS Clgszolos ClgszoloS ClgszoloS
0.38 (C3HsO) 0.5 (CH3CN) 0.32 (CHCls)

M, 428.40 465.44 462.95 481.13

Temperature/K 298 298 298 298

Morphology Plate Thin Plate Plate Thin Plate

Colour Colorless Colorless Colorless Colorless

Crystal size (mm) 049x029x 033x0.14x 0.62x0.12x 0.59 x 0.25 x
0.13 0.05 0.10 0.06

Crystal system Triclinic Monoclinic Monoclinic ~ Monoclinic

Space group P-1 P2i/c P2;/c P2i/c

a(A) 8.5756(6) 8.200(2) 8.1948(14)  8.1940(16)

b (A) 11.0381(8)  13.855(4) 13.941(2) 13.848(3)

c(A) 11.2005(8)  21.255(6) 20.911(3) 21.345(4)

a(°) 100.426(1) 90 90 90

£(°) 103.123(1) 91.628(6) 91.544(3) 91.681(3)

7(°) 99.660(1) 90 90 90

V (A3 991.04(12) 2413.9(12) 2388.1(7) 2420.9(8)

Z 2 4 4 4

Dy (Mg m™) 1.436 1.281 1.288 1.320

2 (mm™) 0.217 0.186 0.186 0.292

F(000) 448 974 972 1003

Thin » Tmax 0.901,0.972 0.941,0.991  0.893,0.982 0.846, 0.983

Omax (°) 25.3 25.0 25.0 25.0

h (min, max) (-10, 10) (-9,9) (-9,9) (-9,9)

k (min, max) (-13, 13) (-16, 16) (-16, 16) (-16, 16)

I (min, max) (-13, 13) (-25, 25) (-24, 24) (-25, 25)

No. of refl" collected 9864 17070 16815 21717

No. of unique refl" 3581 4248 4208 4254

No. of observed refl” 3179 2719 3112 3776

No. of parameters 274 299 303 307

No. of restraints 0 5 0 6

Rint 0.020 0.079 0.044 0.037

R1_obs, Ry_all 0.042,0.046 0.091,0.140 0.079,0.108 0.106,0.117

WR;_obs, wR,_all 0.110,0.114 0.203,0.230  0.193,0.208 0.274, 0.282

GoF 1.03 1.15 1.17 1.24

APmax, Apmin (€ A 0.41,-0.22  0.46,-0.26 0.42,-0.22 0.87,-0.44
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Table 5.1: Continued.

Crystal data 20-DCE 20-DCM 20-DX 20-EA
Chemical Formula ClgszomS ClgszomS C19H220105 Clgszolos
0.5(C,H4Cl;) 0.5 (CH.CIy) 0.13 (C4Hg0,)  0.25(C4Hs0,)
My 516.47 493.75 453.44 462.44
Temperature/K 298 298 298 298
Morphology Plate Plate Plate Plate
Colour Colorless Colorless Colorless Colorless
Crystal size (mm) 0.32x0.20x 0.30%x0.23x 0.53x0.19x 0.74 x 0.39 x
0.10 0.22 0.11 0.30
Crystal system Monoclinic ~ Monoclinic  Monoclinic Monoclinic
Space group P2,/c P2:/c P2,/c P2,/c
a (A 8.2496(13)  8.2606(13)  8.2463(16) 8.2376(9)
b (A) 13.876(2) 13.881(2) 13.855(4) 13.692(2)
¢ (A) 21.133(3) 21.106(3) 21.710(4) 21.155(2)
a(°) 90.00 90 90 90.00
£(°) 91.796(3) 90.597(3) 90.753(4) 91.696 (2)
v (®) 90.00 90 90 90.00
V (A3 2417.8(7) 2420.0(7) 2504.8(8) 2385.0 (5)
z 4 4 4 4
Dy (Mg m™®) 1.419 1.355 1.202 1.288
2 (mm™) 0.378 0.321 0.176 0.187
F(000) 1071 1029 952 968
Trmin » Tmax 0.963,0.889 0.933,0.910 0.912,0.981  0.946, 0.874
Orax (°) 25.0 25.0 25.0 25.0
h (min, max) (-9,9) (-9,9) (-9,9) (-9,9)
k (min, max) (-16, 16) (-16, 16) (-16, 16) (-16, 16)
I (min, max) (-25, 25) (-25, 23) (-25, 25) (-25, 25)
No. of refl" collected 22760 17218 21103 16711
No. of unique refl” 4263 4245 4399 4185
No. of observed refl" 3292 3655 3162 3450
No. of parameters 300 317 299 296
No. of restraints 6 4 15 2
Rint 0.030 0.024 0.035 0.021
R;_obs, Ry_all 0.073,0.088 0.066,0.075 0.076,0.098  0.063, 0.072
WR;_obs, wR,_all 0.213,0.229 0.181,0.189 0.217,0.240  0.188, 0.200
GoF 1.04 1.08 1.07 1.08
APmax, Apmin (€ A®)  0.98,-0.98  0.58,-0.18  0.60, —0.30 0.99, -0.21
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Table 5.1: Continued.

Crystal data 20-NM 20-PY 20-THF 21
Chemical Formula Clgszolos ClgHzgoloS ClgszoloS C24H240105
0.5 (CH3NO;) 0.38 (CsHsN) 0.13(C4Hg0)
M 472.95 475.21 448.43 504.49
Temperature/K 298 298 298 298
Morphology Plate Plate Plate Thin plate
Colour Colorless Colorless Colorless Colorless
Crystal size (mm) 047x029%x 021x0.16x 0.57x0.28x 0.69x0.17 x
0.20 0.11 0.19 0.07

Crystal system Monoclinic Monoclinic Monoclinic ~ Monoclinic
Space group P2,/c P2,/c P2,/c P2,/c

a(A) 8.2695(12) 8.216(3) 8.2092(10)  12.3019(14)
b (A) 13.941(2) 13.960(4) 13.848(3) 8.2155(10)
c(A) 20.726(3) 21.620(7) 21.613(3) 23.551(3)

a (%) 90 90 90 90

£(°) 91.395(2) 91.697(6) 91.406(2) 91.306(2)
7(°) 90 90 90 90

V (A% 2378.5(6) 2478.5(14) 2482.3(5) 2379.6(5)

z 4 4 4 4

Dyx (Mg m™) 1.321 1.274 1.200 1.408
2 (mm™) 0.191 0.181 0.176 0.193
F(000) 992 997 940 1056

Trmin » Tmax 0.915,0.963  0.980,0.963 0.906, 0.967 0.878, 0.987
Ghax (°) 25.0 25.0 25.0 25.0

h (min, max) (-9,9) (-9,9) (-9,9) (-14, 14)

k (min, max) (-16, 16) (-16, 16) (-16, 16) (-9,9)

I (min, max) (-24, 24) (-25, 25) (-25, 25) (-28, 13)
No. of refl” collected 20561 23466 23525 11497

No. of unique refl” 4183 4348 4359 4179

No. of observed refl" 3592 3373 3620 3082

No. of parameters 312 285 295 319

No. of restraints 0 0 5 0

Rint 0.022 0.047 0.024 0.037
Ry_obs, Ry_all 0.066,0.072  0.098,0.119 0.067,0.076 0.056, 0.082
WR,_obs, wR,_all  0.212,0.221  0.241,0.257  0.206,0.222 0.114,0.123
GoF 1.08 1.13 1.06 1.08

Apmax, Apmin (€ A%) 0.77,-0.28 0.81, -0.27 0.90,-0.24  0.35,-0.22
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5.2.4. Thermal Analysis (DSC/DTA/TGA)

Differential Scanning Calorimetry (DSC) analysis was performed on Mettler
Toledo DSC instrument for the crystalline samples of 19 and 21. The Differential
Thermal Analysis (DTA) and Thermo-Gravimetric Analysis (TGA) of all the
inclusion crystals of 20 were performed using a Seiko DTA/TG 320 instrument.
About 3-6 mg of the crystalline sample was placed in an aluminium pan and heated
from 40 to 200 'C at a rate of 10 ‘C/minute. An empty pan was used as the reference

and dry nitrogen used for purging (50 mL/min).

5.3. Results and discussion

The tosylate 19 yielded triclinic, P-1 crystals from most of the solvents,
whereas 20 and 21 gave crystals that belonged to monoclinic, P2;/c space group. It is
interesting to note that structurally different (such as linear, planar, halogenated,
cyclic, aromatic, Chart 5.1) solvent molecules with electron count ranging from 22-50

numbers were included in the crystal lattice.

0
20

H;C—C=N H3C—N< )]\
0 HC CH

)(i\ H><H ( )
3 HyC 0 CH, 0
HH H a cl
)Q /*\ /\/ 0 O
cl a ¢ Cl n H 0/\/ z
Cl H H N
Chart5.1

The dimorphic modifications of 14, 16 and 17 (Chapters 3 and 4) resulted
mainly due to the orientational change of the tosyl group about O-S bond at C6-
position of inositol ring. Here also, the molecules adopted different conformations
essentially due to rotation about the same bond, although the tosyl is substituted at
C2- position of inositol ring. The conformation of the molecules in 19 and 21 is

almost the same, whereas the conformation of the molecules of 20 in its inclusion
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crystals differs from those of 19 and 21 due to the different orientations of C2-02-
tosyl and C6-O6-acetyl groups [Fig. 5.1(i)-(iii)]. The torsion angle C2-02-S1-C8
(C9 or C14) of the tosyl group was 68.89° in 19, 71.89° in 21 and ~ 60° in all the
inclusion crystals of 20. However, the variation in the torsion angle of tosyl group is
very little (deviating ~ 4°) among the inclusion crystals of 20 [Fig. 5.1(iv), Table 5.2].
The carbonyl oxygen at C6-O6- in the crystal structure of 19 is disordered over two

positions 010 and O10’ [Fig. 5.1(i)] with occupancy 0.55 and 0.45 respectively.

(iv)

Figure 5.1: ORTEP diagram drawn at 30 % probability displacement ellipsoids of (i)
19, (ii) 20-AC and (iii) 21 with atom numbering scheme. (iv) Overlap plots of
solvatomorphs of 20 [color scheme, blue: 20-AC, red: 20-AN, green: 20-CF, purple:
20-DCE, violet: 20-DCM, orange: 20-DX, pink: 20-EA, rose: 20-NM, skyblue: 20-PY

and yellow: 20-THF].
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Table 5.2: Torsion angle, C2-02-S1-C9 of tosyl group in solvatomorphs of 20.

20-AC 20-AN 20-CF 20-DCE 20-DCM 20-DX 20-EA 20:-NM 20-PY 20-THF
58.7° 56.6° 58.8° 57.8° 57.8° 59.4° 585° 55.6° 59.7° 59.6°

5.3.1. Thermal Analysis of 19, 21 and solvatomorphs of 20

The DSC curves of crystals of 19 [Fig. 5.2(i)] and 21 [Fig. 5.2(ii)] showed a
single endotherm attributed to their melting, indicating no phase transformation in the
crystals. The DTA plot of solvent free compound, 20 (obtained after column
chromatography and confirmed by 'H NMR) showed only a single melting
endothermic peak ~ 173.6 °C [Fig. 5.2(iii)], whereas DTA of solvated crystals showed
a rather broad endotherm before the melting endothermic peak [Fig. 5.2(iv)-(xii)]. The
first endotherm indicates phase transformation possibly due to escape of the guest
solvent molecules from the crystal lattice. The melting endotherm (at ~176°C),
however, was found to be the same for all the inclusion crystals. Thermogravimetric
analyses of the solvates showed a continuous weight loss of ~ 10 % in the temperature

range 60-130 °C, due to the release of the included solvent from the crystal lattice.

19 21

-

Endotherm
Heat flow / mW
Endotherm

Heat flow / mW

174.5°C
- 141 mW

-15 4 -10
T T T T T T — T T

— T —
i 50 100 150 200 ] s0 100 150 200
(I) Temperature /°C (I I) Temperature /°C

192.5%C
- 8.1 mwW

Figure 5.2: DSC plots of (i) crystals of 19 and (ii) crystals of 21. DTA/TGA curves of

(iii) 20 and (iv-xii) inclusion crystals of 20.
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Figure 5.2: Continued. (xi)-(xii) DTA/TGA curves of inclusion crystals of 20.

5.3.2. Molecular Organization in Crystals of 19

The molecules of 19 are linked sideways by centrosymmetric C-H---O
interactions involving orthoformate hydrogen H7 with carbonyl oxygen O9 of the
C4-04- acetyl group and inositol ring hydrogen H4 with ether oxygen O5 of the
orthoformate bridge, forming dimeric assembly [Fig. 5.3(i)]. These dimers upon unit
translation along a-axis, form molecular chains making C7-H7---O1 and C1-H1---O9

interactions as shown in figure 5.3(ii) [Table 5.3].

0

b

(ii

Figure 5.3: (i) Dimer formation via centro-symmetric C—H---O interactions and (ii)
molecular chain formation along a-axis via C1-H1---09 and C7-H7---O1 interactions

in crystals of 19.
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Table 5.3: Geometrical parameters of hydrogen bonding interactions in crystals of 19

as showed in figures 5.3 and 5.4.

D-H--A D-H(A) H-A@A) D-AR) D-H-A(°)
19  Cl-H1--09' 0.98 2.64 3.346(2) 129
C4-H4...05" 0.98 2.49 3.371(2) 149
C7-H7--01" 0.98 2.47 3.222(2) 133
C7-H7--09" 0.98 2.60 3.391(2) 138
C9-H9---08 VY 0.93 2.41 3.329(2) 171
C18-H18A.--09" 0.96 2.50 3.426(3) 163

Symmetry codes: (i) 1+Xx, Y, z; (ii) 1-x, -y, -z ; (iii) 2-x, -y, -z ; (iv) 2-X, 1-y, 1-z; (V)

1-x, 1-y1, -z.

The neighboring molecular chains are linked along the b-axis
centrosymmetrically via bifurcated C—H---O interactions between the sulfonyl oxygen
08 and hydrogens H9 and H16B forming a two-dimensional layer [Fig. 5.4, Table
5.3].

Figure 5.4: Molecular layer formation via C—H---O interactions in crystals of 19.
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These molecular layers are extended in the third dimension via three C-H---O
interactions, C12-H12---02, C16-H16A:--010 and C18-H18A:---O9 [Fig. 5.5 (i), Table
5.4]. The overall molecular packing was found to be compact in the crystal lattice,

which does not leave any cavities/voids for solvent inclusion [Fig. 5.5 (ii)].

Figure 5.5: Molecular layer of 19 (i) linked via C-H---O interactions viewed down a-

axis; (i) CPK plot viewed down c-axis.

Table 5.4: Intermolecular hydrogen-bonding geometry in crystals of 19 as showed in

figure 5.5.
Crystals  D-H--A D-H@A) H-A@A) D-AR) D-H-A()
19 C12-H12.-02" 0.93 2.71 3.456(3) 137
C14-H14C--05" 0.96 2.64 3.443(3) 141
C16-H16A--010"  0.96 2.63 3.458(5) 145
C16-H16B.--08 v 0.96 2.65 3.551(3) 158

Symmetry codes: (i) 2-x, -y, 1-z ; (ii) X, y, 1+z ; (iii) 1-x, 1-y1, -z ; (iv) 2-X, 1-y, 1-z.

5.3.3. Molecular Organization in the Inclusion Crystals of 20
As seen above, the molecules of 19 formed centrosymmetric dimers that

achieved closest possible packing in their crystal lattice. However, with methyl
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substitution at C7, the conformation of the molecule changed in 20, to form a helical
assembly around the crystallographic 2;-screw axis (b-axis). The successive
molecules along the helical axis (b-axis) are linked by four C-H---O interactions via

C3-H3--010, C6-H6---07, C14-H14---05 and C17-H17C---O1 [Fig. 5.6, Table 5.5].

Figure 5.6: Molecular chain formation along b-axis through C—H---O interactions in

solvatomorphs of 20.

Table 5.5: Geometric parameters of hydrogen bonding interactions [Fig. 5.6].

Crystals p_H...A D-H(A) H-AA) D-AA) D-H-A()
20-AC  C3-H3--010'  0.98 2.53 3.415(6) 150
C6-H6.-07 " 0.98 2.55 3.214(5) 125
C14-H14.-05"  0.93 2.60 3.488(6) 160
C17-H17C--01" 0.96 2.54 3.373(7) 146
20-:AN  C3-H3--010'  0.98 2.49 3.408(5) 155
C6-H6--07 " 0.98 2.48 3.171(4) 128
C14-H14.-05"  0.93 2.63 3.526(5) 161
C17-H17C--01" 0.96 2.50 3.456(6) 175
20-CF  C3-H3--010'  0.98 2.48 3.387(7) 153
C6-H6--07" 0.98 2.52 3.204(6) 127
C14-H14.-05"  0.93 2.64 3.516(6) 157
C17-H17C--01" 0.96 2.55 3.392(7) 146
20-DX  C3-H3--010'  0.98 2.55 3.433(12) 150
C6-H6--07" 0.98 2.63 3.286(10) 125
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20-DX  C14-H14--05"  0.93 2.61 3.489(11) 157

C17-H17C--01" 0.96 2.52 3.421(13) 157
200NM  C3-H3--010'  0.98 2.46 3.373(4) 155
C6-H6--07 " 0.98 2.44 3.152(3) 129
C14-H14.-05"  0.93 2.65 3.547(3) 162
C17-H17C--01" 0.96 2.63 3.474(5) 147
20-THF  C3-H3--010'  0.98 2.56 3.450(4) 152
C6-H6.-07 " 0.98 2.58 3.250(3) 126
C14-H14.-05"  0.93 2.61 3.482(4) 157
C17-H17C--01" 0.96 2.47 3.421(4) 172
20-DCM  C3-H3--010'  0.98 2.59 3.477(4) 151
C6-H6--07" 0.98 2.57 3.227(4) 125
C14-H14.-05"  0.93 2.56 3.447(4) 160
C17-H17C--01" 0.96 2.45 3.411(5) 178
20-PY  C3-H3--010'  0.98 2.51 3.414(7) 154
C6-H6--07" 0.98 2.55 3.236(5) 127
C14-H14--05"  0.93 2.65 3.532(6) 158
C17-H17C--01" 0.96 2.46 3.413(7) 171
20-DCE  C3-H3--010'  0.98 2.49 3.395(5) 153
C6-H6--07" 0.98 2.50 3.185(4) 127
C14-H14--05"  0.93 2.62 3.500(5) 159
C17-H17C--01" 0.96 2.47 3.421(6) 173
200EA  C3-H3--010'  0.98 2.49 3.359 (4) 147
C6-H6.--07" 0.98 2.54 3.204 (3) 125
C14-H14.-05"  0.93 2.62 3.509 (4) 160
C17-H17C--01' 0.96 2.36 3.319(5) 176

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

These helices are packed discretely that leave voids between them that are
included by the guest solvent molecules. Crystals in which the chirality is maintained
around crystallographic 2;-axis (resulting in helical packing of molecules) are termed

as ‘pseudoracemates.”** The neighboring helices (with opposite chirality) are
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centrosymmetrically related via rather weak m---mt stacking interactions (Cgl---Cgl)
between the phenyl rings (Cgl = C9-14) of the tosyl groups and by somewhat longer
C-H---O (C15-H15C---09) interactions, [Fig. 5.7, Table 5.6]. The dimensions of the
cavity that houses weakly coordinated guest molecules are ~ 8 x 7 A% The helical
assembly across crystallographic two-fold axis via C-H---O bonding is consistent
feature in the organization of the host molecules in all the solvates of 20. The lack of
guest specificity in solvatomorphs of 20 suggests that the role of guest solvent could
be more for ‘space filling’ to achieve the close packing. It is interesting that varying
guest solvents accommodate themselves in these voids without affecting the host
architecture. The adaptability of the host and the guest selectivity has always been an
area under investigation because of its direct applicability in drug binding via non-
covalent interactions, molecular separations and molecular recognition via selective

inclusions. 1?10

Figure 5.7: Molecular layer with included solvent molecules (violet) viewed down a-

axis in 20-AN.
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Table 5.6: Geometrical parameters of weak interactions that linking the chiral helices

in the solvatomorphs of 20 as shown in figure 5.7.

Crystals D-H--A/Cg--Cg D-H(A) H--AA) D-A/ D-H--A/
_ Cg-Cg(A) a()
20-AC C15-H15C--09'  0.96 2.82 3.523(9) 131
Cgl--Cgl" 3.843 0.02
20-AN C15-H15C--09'  0.96 2.79 3.623(7) 145
Cgl--Cgl " 3.807 0.00
20-CF C15-H15C--09'  0.96 2.86 3.593(10) 134
Cgl--Cgl" 3.802 0.00
20-DX C15-H15C--09'  0.96 2.72 3.649(16) 162
Cgl--Cgl™ 3.845 0.00
200NM  C15-H15C--09' 0.96 2.86 3.640(5) 139
Cgl--Cgl" 3.823 0.03
20-THF  C15-H15C--09' 0.96 2.87 3.627(6) 137
Cgl--Cgl™ 3.836 0.04
20-DCM  C15-H15C--09'  0.96 2.62 3.423(6) 141
Cgl--Cgl" 3.837 0.00
20-PY C15-H15C--09'  0.96 2.86 3.580(10) 133
Cgl--Cgl™ 3.847 0.00
20-DCE  C15-H15C--09' 0.96 2.73 3.591(7) 150
Cgl--Cgl" 3.7983 0.00
20-EA C15-H15C--09'  0.96 2.65 3.504 (6) 149
Cgl--Cgl™ 3.879 0.00

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

In the third dimension, these helical strings (viewed down b-axis) showed
‘dancing pair’ like organization of the molecules [red or blue moiety in Fig. 5.8]. The
unit translated dancing pair of molecules along the a-axis associate to form columnar

assembly. These columns are linked via two weak C—H---O interactions namely C19-

H19C---O1 and C13-H13---0O8 (this interaction shifted to C15-H15A---O8 in 20-AC,
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20-DCM and 20-NM due to very slight change in the orientation of tosyl group).
These columns along the c-axis are linked exclusively via centrosymmetric mt---x
stacking interactions creating cavities to accommodate the guest solvents [Fig. 5.8,

Table 5.7].

Figure 5.8: Molecular layer viewed down b-axis in the solvatomorphs of 20. Solvent
inclusion of (i) acetonitrile [20-AN], (ii) acetone [20-AC], (iii) chloroform [20-CF],
(iv) 1,2-dichlororethane [20-DCE], (v) dichloromethane [20-DCM], (vi) dioxane
[20-DX], (vii) ethyl acetate [20-EA], (viii) nitromethane [20-NM], (ix) pyridine

[20-PY] and (X) tetrahydrofuran [20-THF].
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Figure 5.8: Continued.
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Table 5.7: Hydrogen bonding interaction geometry in solvatomorphs of 20 as shown

in figure 5.8.
Crystals  D-H--A D-HA) H-A@A) D-AR) D-H-A()
20-AC C13-H13--08'  0.93 2.73 3.453(6) 135
C19-H19C--01" 0.96 2. 60 3.559(7) 174
20:AN  C13-H13--08'  0.93 2.72 3.446(5) 136
C19-H19C--01" 0.96 2.61 3.547(6) 165
20-CF C13-H13--08'  0.93 2.72 3.459(7) 137
C19-H19C--01" 0.96 2.62 3.551(8) 162
20-DX  C13-H13--08'  0.93 2.80 3.524(12) 136
C19-H19C--01" 0.96 2. 69 3.650(14) 177
200NM  C13-H13--08'  0.93 2.76 3.476(4) 134
C19-H19C--01" 0.96 2.81 3.582(4) 138
20-THF  C13-H13.--08'  0.93 2.74 3.471(4) 136
C19-H19C--01" 0.96 2.63 3.502(4) 176
20-DCM  C13-H13--08'  0.93 2.78 3.493(4) 135
C19-H19C--01' 0.96 2.71 3.593(5) 154
20-PY C13-H13--08"  0.93 2.76 3.501(6) 137
C19-H19C--01' 0.96 2.67 3.576(7) 158
20-DCE  C13-H13--08'  0.93 2.75 3.490(5) 137
C19-H19C--01" 0.96 2.67 3.588(6) 161
20-EA C13-H13--08'  0.93 2.73 3.462(4) 136
C19-H19C--01' 0.96 2.64 3.596(5) 172

Symmetry code: (i) x+1,y, z

5.3.3.1. Host-Guest Interactions in solvatomorphs of 20

The fact that 20 crystallizes only by inclusion of solvent molecules, and we
have been unsuccessful in obtaining solvent free crystals of 20, suggest the role of
solvent molecules in crystal formation. The structural analysis of all the
solvatomorphs indicates only one site for the guest in the crystal lattice. It is
noteworthy that the included guest solvents make different weak interactions with the

host molecules and the significant interactions are shown in figure 5.9 [Table 5.8].
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The acetone guest in 20-AC makes bifurcated C-H---O interactions to the host
[Fig. 5.9(i), Table 5.8] whereas acetonitrile linked via C-H---N contacts in 20-AN
crystals [Fig. 5.9(ii), Table 5.8]. Additionally, the acetonitrile guests themselves bind
via weak C-H---mt interactions between the methyl (H20A) and the cyanide group
(C21=N1) in the voids. It is interesting to note that all halogenated solvent molecules
(chloroform in 20-CF, 1,2-dichloroethane in 20-DCE and dichloromethane in
20-DCM linked to the host via C—H---O interaction as well as halogen bonding (C-
Cl---O) in their crystals [Fig. 5.9(iii)-(v), Table 5.8]. In 20-DX and 20-EA, the dioxane
and ethyl acetate guests make only C-H---O interaction to the host molecule [Fig.
5.9(vi)-(vii), Table 5.8]. However, the nitromethane molecules bind to the host
molecule via three weak C-H---O interactions namely, C19-H19A.--O11, C20-
H20B---010 and C20-H20C---09 in 20-NM [Fig. 5.9(viii), Table 5.8]. In case of
20-PY and 20-THF crystals, the guests (pyridine and tetrahydrofuran) linked to the

host via bifurcated C-H---O interactions [Fig. 5.9(ix)-(x), Table 5.8].

\1!' 20-AN '\f- 20-AN

H20A4

11, 34

0

(i) (i)

Figure 5.9: Significant host-guest interactions in solvatomorphs of 20. (i) Acetone in
20-AC; (ii) acetonitrile in 20-AN; (iii) chloroform in 20-CF; (iv) 1,2-dichloromethane
in 20-DCE; (v) dichloromethane in 20-DCM; (vi) dioxane in 20-DX; (vii) ethyl
acetate in 20-EA; (viii) nitromethane in 20-NM; (ix) pyridine in 20-PY and  (X)

tetrahydrofuran in 20-THF.
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Figure 5.9: Continued. Significant host-guest interactions in solvatomorphs of 20.
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Table 5.6: Geometrical parameters of host-guest interactions in solvatomorphs of 20

as shown in figure 5.9.

Crystals D-H--A D-HA) H-AA) D-AA) D-H---A (%)
200AC  C10-H10--011' 0.93 2.71 3.391(16) 131
C1-H1.-011' 0.98 2.76 3.657(15) 152
20-AN  C10-H10--N1' 0.93 2.61 3.342(10) 136
C20-H20A.--C21"  0.98 2.48 3.171(4) 128
20-CF  C21-H21.-09™ 0.98 2.29 3.12(3) 143
C21-Cl1--010" 2.797 166
C21-Cl2--010" 3.119 172
20-DCE  C10-H10--CI1" 0.93 2.93 3.731(7) 145
C21-Cl2--010 " - 3.226(7) - 161
20-DCM  C1-H1--CI1' 0.98 3.00 3.942(5) 163
C20-H20A--09"  0.97 2.63 3.343(12) 131
C21-Cl1.-010 V1 3.235 163
20-DX  C21-H21B--09™  0.97 2.65 3.35(10) 129
20-EA  C19-H19A--012"' 0.96 2.53 3.373(12) 147
200NM  C19-H19A--O11*  0.96 2.73 3.615(7) 154
C20-H20B--010%  0.96 2.74 3.281(6) 116
C20-H20C--09""  0.96 2.76 3.453(6) 130
20-PY  C20-H20--010""  0.93 2.41 3.246(9) 149
C22-H22--010"  0.93 2.71 3.500(9) 143
20-THF C10-H10--011"  0.93 2.62 3.426(17) 146
C19-H19A--011* 0.96 2.80 3.620(16) 144

Symmetry codes: (i) -x+1, y-1/2, -z+1/2; (ii) x+1, -y+3/2, z+1/2; (iii) -Xx, y-1/2, -
z+3/2; (iv) X, y+1, z; (V) -X, -y+1, 1-z; (Vi) X, Y, z; (vii) 1-X, 2-y, -z; (viii) —=x+1, y+1/2,
-z+1/2; (ix) -x+1, y+1/2, -z+3/2; (X) -x+2, y+1/2, -z+1/2; (xi) X, -y+3/2, z+1/2; (xii) 1-

X, 1-y, 2-z.

5.3.4. Molecular Organization in Crystals of 21
The crystal structure analysis of 21 revealed interesting centrosymmetric

dimeric association via dipolar S=0---C=0 and C-H---O contacts [Fig. 5.10, Table
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5.7]. The sulfonyl oxygen O7 and O8 make short contacts with the carbonyl carbon,
C23 and inositol ring proton H1 respectively of the molecule related by inversion.
Geometrical parameters [O7---C23 = 3.194 (3) A, 07--C23=010 = 84.4 (2)° and
S1=07---C23 = 147.9 (2)°; symmetry code: 1-x, 1-y, 1-z] for the approach of the S=0O
dipole towards the C=0 group indicates a Type-I (perpendicular) interaction motif.**?
A similar dipolar S=0---C=0 contact with Type-l motif was observed in the
diastereomers of 8 resulting in the inclusion of solvents whereas solvent free form of
9 had shown Type-Ill interaction motif in their crystals (Chapter 2 and 7). However
in both cases (8 and 9) these interactions participating S=O was also involved in C—
H---O interactions (complementary, Chapter 2, page no. 46). The ‘stand alone’

S=0--C=0 contacts in 21 is the only example that evidences for the existence of these

bond dipolar interactions, without masked by any other intermolecular contribution.

(ii)

Figure 5.10: (i) Dimeric bridging via of S=0O---C=0 contacts (blue dashed lines) and
C-H---O interactions (black dashed lines) in the crystals of 21; (ii) Type-I dipolar

S=0---C=0 interaction motif in 21.

The dimers associated via S=0---C=0 and C-H---O contacts are linked to form

molecular chains via weak C—H---O interactions along c-axis. The orthoester oxygen
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O3 makes contacts with H16 of the tosyl group along c-axis. These chains translated

to form 2D molecular layer via centrosymmetric C-H---O interactions between the

carbonyl oxygen O10 and inositol ring proton H5 along a-axis [Fig. 5.11, Table 5.7].

Figure 5.11: Molecular layer formation viewing down b-axis via C—H---O interactions

in the crystals of 21.

Table 5.7: Geometrical parameters of intermolecular hydrogen bonds in 21.

Crystals D-H--A D-HA) H-AR) D-A@R) D-H-A(°)
21 C1-H1.-08' 0.98 2.56 3.490 (3) 159
C5-H5--010" 0.98 2.58 3.153 (3) 117
C16-H16--03" 0.93 2.68 3.590 (4) 168
C19-H19--08" 0.93 2.72 3.299 (3) 121
C22-H22C--010" 0.96 2.63 3.435 (4) 142
C24-H24B--09""  0.96 2.46 3.360 (3) 156

Symmetry codes: (i) 2-X, 2-y, 1-z (ii) 1-x, 2-y, 1-z (iii) 2-X, -1/2+y, 1/2-z (iv) 2-x, 1-y,

1-z (v) X, -1+y, z (vi) 1- x, 1-y, 1-z.

SOLVATOMORPHISM
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These molecular layers [Fig. 5.11] are packed closely via C22-H22C---010
and C24-H24B---09 interactions in the third dimension without leaving voids for

solvent inclusion or polymorphic phase change upon heating [Fig. 5.12, Table 5.7].

(i)

Figure 5.12: (i) Molecular packing of 21 viewing down c-axis via C-H--O

interactions; (ii) CPK view of 21 viewed down b-axis.
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5.4. Effect of Molecular Conformation on Solvent Inclusion Behavior

It is intriguing to note that the orientational change of tosyl as well as acetyl
groups in the inclusion crystals of 20 is subtly modified to accommodate the guest
solvents; whereas the tosyl group in the crystals of 19 and 21 achieved a ‘close

packing’ without leaving any void for the inclusion of solvents [Fig. 5.13].

Figure 5.13: Molecular packing showing that orientational change of tosyl group
created voids for guest inclusion in 20 and a close packing in crystals of 19 and 21. (i)
molecular overlap of 19 [green], 20-AC [red] and 21 [blue]; (ii) molecular layer in 19
[down c-axis] (iii) molecular layer in 20 with voids [down c-axis] and (iv) molecular

layer in 21[down c-axis].
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5.5. Conclusions

A comparison of the conformation of individual molecules in crystals of 19,
20 and 21 reveal that a slight orientational change in 20 can create different packing
to accommodate solvent molecules in its crystal lattice. Isomorphic crystal structures
of 20 were observed in all the inclusion crystals with structurally different guest
molecules. The only example of independent S=0---C=0 contact is observed in 21, in
all other cases the same dipoles were also engaged in other weak interactions such as

C-H--0.
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Chapter 6

6.1. Introduction

As seen in Chapters 2 and 5, solvents were incorporated in the crystal lattices
as a result of either different molecular associations or conformational modifications
of myo-inositol orthoesters. However, all of them contained a rigid adamantane like
myo-inositol orthoester bridge. In order to explore (pseudo) polymorphic behavior
possibly with the involvement of dipolar interactions, hexa-O-substituted myo-inositol
derivatives were synthesized [Scheme 6.1]. Thus, diastereomeric mixture of
1,2,3,4(6),5-penta-O-acetyl-6(4)-O-[(1S)-10-camphorsulfonyl]-myo-inositol (22) and
racemic 1,2,3,4,5-penta-O-acetyl-6-O-tosyl-myo-inositol (23) were prepared, the
former showed solvent inclusion behavior. This chapter describes an interesting case

of solvatopolymorphism® in 22 with the inclusion of dichloromethane molecules.

H
04\0 CH,CO0
0 QOCCH,
1) TFA-HZO» OR?
CH,COO 00CCH
| 2) Ac,0/Py CH,COO 3
R20 1
OR! OR
11. R'=CS (CH,CO), R? = CH,CO (CS) 22. R!=CS (CH,CO), R? = CH,CO (CS)
16. R!= CH,CO (Ts), R? = Ts (CH,CO) 23. R!'=CH,CO (Ts), R?=Ts (CH,CO)
11 & 22 : Diastereomeric mixture 16 & 23 : Racemic
Scheme 6.1
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6.2. Experimental Section

6.2.1. Synthesis
6.2.1.1. Preparation of 1,2,3,4(6),5-penta-O-acetyl-6(4)-O-[(1S)-10-camphor-
sulfonyl]-myo-inositol (22, diastereomeric mixture)

The camphorsulfonate 11 (0.244 g, 0.5 mmol) was stirred with 4:1 (v/v)
mixture of trifluroacetic acid (TFA) and water at room temperature for 24 h. TFA and
water were evaporated under reduced pressure and the residue obtained was dissolved
in dry pyridine (4 mL). A solution of acetic anhydride (0.2 mL, 2.10 mmol) in
pyridine (2 mL) was added drop-wise and the mixture stirred for 12 h. The solvents
were evaporated from the reaction mixture under reduced pressure and the residue
obtained worked up with ethyl acetate. Colorless solid (22) was obtained after column
chromatography using ethyl acetate-petroleum ether as eluent (0.229 g, 76 %).

Data for 22:

M.P.: 173-174 °C

IR (CHCl3)v: 1755 cm™ (C=0)

"H NMR (200 MHz, CDCls): & 0.86 (s, 3H, Me), 1.12 (s, 3H, Me), 1.36-1.48 (m,
1H), 1.59-1.68 (m, 1H), 2.04 (s, 3H, MeCO), 2.02 (s, 3H, MeCO), 2.10 (2s, 3H), 2.13
(2s, 3H, MeCO), 2.14, 2.16 (2s, 3H, MeCO), 2.21, 2.22 (2s, 3H, MeCO), 2.32-2.50
(m, 2H), 2.96-3.06 (d, 1H), 3.48-362 (2d, 1H), 5.06-5.19 (m, 3H, InsH), 5.20-5.32 (m,
1H, InsH), 5.48 (t, J= 10.0 Hz, 1H, Ins H), 5.61-5.65 (m, 1H, Ins H) ppm.

B3C NMR (50 MHz, CDCl3): & 19.6,19.8, 19.9, 20.3, 20.4, 20.9, 20.7, 24.9 (CH,),
25.0 (CHy), 26.7 (CHy), 42.3 (CH,), 42.7, 47.6, 47.7, 48.8 (CH,), 57.8, 57.9, 67.9,
68.0, 68.3, 69.3, 70.0, 70.1, 169.3, 169.4, 169.5, 169.6, 169.7, 169.8, 214.0 ppm.
Anal. Caled for C,6H36014S: C, 51.65; H, 6.00; Found: C, 51.79; H, 6.17 %.

6.2.1.2. Preparation of racemic 1,2,3,4,5-penta-O-acetyl-6-O-tosyl-myo-inositol (23)

Racemic 2,4-di-O-acetyl 6-O-tosyl myo-inositol 1,3,5-orthoformate (16, 0.428
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g, Immol) was stirred with 4:1 (v/v) mixture of TFA and water at room temperature
for 24h. The residue obtained after the removal of solvents, dissolved in dry pyridine
(5 mL) and followed by the addition of acetic anhydride (0.3 mL, 3.15 mmol) in
pyridine (3 mL). The reaction mixture was stirred for 12 h. The solvents were
evaporated under reduced pressure and residue obtained was worked up using ethyl
acetate and finally purified by column chromatography (0.447 g, 82 %).

Data for 23:

M.P.: 191-192 °C

IR (CHCl3)v: 1759 cm™

"H NMR (200 MHz, CDCls): & 1.88 (s, 3H, MeCO), 1.94 (s, 3H, MeCO), 1.99 (s,
3H, MeCO), 2.01 (s, 3H, MeCO), 2.23 (s, 3H, MeCO), 2.44 (s, 3H, ArMe), 5.01-5.15
(m, 2H, Ins H), 4.17-5.31 (m, 2H, Ins H), 5.37-5.53 (m, 1H, Ins H), 5.58 (t, J = 2.5
Hz, 1H, Ins H), 7.23-7.39 (m, 2H, ArH), 7.66-7.82 (m, 2H, ArH) ppm.

BC NMR (50 MHz, CDCly): & 20.2, 20.3, 20.4, 20.6, 21.5, 67.8, 68.1, 68.3, 69.3,
69.9, 127.4, 129.7, 134.1, 144.9, 169.2, 169.3, 169.4, 169.6 ppm.

Anal. Caled for C23H25043S: C, 50.73; H, 5.18; Found: C, 50.63; H, 5.11 %.

6.2.2. Crystallization

Crystallization experiments were carried out by diffusing vapors of light
petroleum ether (bp 40-60°C) into a solution of 22 and 23 in the desired organic
solvents at room temperature. Very thin needles of 22 were produced from dioxane,
dimethyl formamide and tetrahydrofuran, not suitable for single crystal X-ray studies.
However, suitable plate like inclusion crystals of 22 were obtained from
dichloromethane (22-1DCM), acetonitrile (22-AN), nitromethane (22-NM), acetone
(22:AC), chloroform (22-CF) and 1,2-dichloroethane (22-DCE) by diffusing
petroleum ether (boiling range 40-60°C) to their respective solutions at room

temperature. Mixtures of solvents in different ratios (1:1, 1:3 and 3:1) were also used
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for exploring the guest selectivity. These experiments did not yield any crystals
except in acetone-dichloromethane (3:1), which also gave plates (22:2DCM). There
are three different types of solvated crystals obtained for 22, Form-I: triclinic crystals
(space group P1) from dichloromethane (22-1DCM); Form-II: triclinic crystals (space
group P1) from acetonitrile (22-AN) and nitromethane (22:-NM), and Form-IlI:
monoclinic crystals (space group P2;) from acetone (22-AC), chloroform (22-CF),
1,2-dichloroethane (22-DCE) and acetone-dichloromethane mixture (22:2DCM). All
the solvated crystals of 22 were stable in open atmosphere for ~2-4 days, after which
they slowly disintegrated into powder. We were unable to obtain solvent free crystals
of 22. The tosylate 23 gave always solvent free, colorless crystals from all the

solvents used for 22.

6.2.3. Crystallographic Details

X-ray intensity data were collected on a Bruker SMART APEX CCD
diffractometer in omega and phi scan mode, A moko, = 0.71073 A at room temperature
for the crystals of 23. Due to the moderate stability (~ 2-4 days), crystals of all the
solvatomorphs of 22 were coated with oil (to prevent atmospheric contact) and the
data measured at low temperature (133 K) using OXFORD LN2 cryosystem. All the
intensities were corrected for Lorentzian, polarization and absorption effects using
Bruker’s SAINT and SADABS programs. The crystal structures were solved by Direct
methods using program SHELXS-97; the full-matrix least squares refinements on F?
were carried out by using SHELXL-97. Hydrogen atoms were included in the
refinement as per the riding model. Table 6.1 summarizes the crystal data for all the

compounds and the ORTEP views of 22 and 23 are shown below [Fig. 6.1].
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Table 6.1: Summary of crystallographic data for 23 and solvatomorphs of 22.

Crystal data 22:1DCM 22-AN 22-NM 22-AC
Form-I Form-II Form-II Form-I11

Chemical Formula CosHas014S C26H36014S C26H36014S Ca6H36014S
0.25 (CH,Cl,) CH3CN CH3NO; 0.25 0.75(C3Hg0O)

0.5 (H20) (H20)

M, 622.84 653.66 665.65 648.17

Morphology Plate Plate Plate Plate

Colour Colorless Colorless Colorless Colorless

Crystal size (mm) 045x0.29x 0.60x0.44x 0.69x0.49x 0.62 % 0.59 x
0.22 0.35 0.13 0.38

Crystal system Triclinic Triclinic Triclinic Monoclinic

Space group P1 P1 P1 P2,

a(A) 11.499 (5) 12.404 (4) 12.401 (4) 13.597 (4)

b (A) 11.793 (5) 12.492 (4) 12.587 (4) 14.351 (4)

c(A) 12.374 (5) 13.331 (4) 13.250 (4) 17.818 (5)

a(®) 94.564 (7) 99.188 (5) 98.697 (5) 90

£(°) 101.799 (7) 109.620 (5) 108.729 (5)  91.466 (5)

7(°) 105.126 (7) 116.837 (4) 117.919(4) 90

V (A% 1569.9 (11) 1612.8 (9) 1614.5 (9) 3475.7 (18)

Z, Dy (Mg m™) 2,1.318 2,1.346 2,1.369 4,1.239

2 (mm™) 0.210 0.170 0.174 0.157

F(000) 658 692 704 1376

Trin » Tmax 0.911,0.955 0.905,0.943 0.889,0.978 0.909, 0.943

Ghax (°) 25.0 25.0 25.0 25.0

h (min, max) -13,13 -14, 14 -14, 14 -16, 10

k (min, max) -14, 13 -14, 14 -14, 14 -17, 16

| (min, max) -14, 14 -15, 15 -15, 15 -21,21

No. of refl" collected 14953 15615 14462 17415

No. of unique refl” 10787 11129 10684 11744

No. of observed refl" 7137 10663 10050 9729

No. of parameters 780 817 894 801

Rint 0.062 0.030 0.055 0.031

Ry_obs, Ry_all 0.078,0.117  0.040,0.041 0.080,0.082 0.063, 0.075

wR,_obs, wR,_all ~ 0.189,0.221  0.104,0.106 0.229,0.232  0.170, 0.185

GoF 1.01 1.04 1.08 1.03

Apmax, Apmin (€ A¥)  0.48, -0.55 0.28,-0.21  0.83,-0.43 0.60, -0.34

Flack parameter 0.11 (12) 0.02 (5) 0.08 (13) -0.01 (10)
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Table 6.1: Continued.

Crystal data 22-CF 22-DCE 222DCM 23
Form-III Form-Iil Form-IiI
Chemical Formula  CyH36014S Ca6H36014S  C6H36014S  Ca3H28013S
0.75 (CHCI3)  C,H4Cl, CHCl,
M, 703.00 703.56 689.53 54451
Morphology Plate Plate Plate Plate
Colour Colorless Colorless Colorless Colorless
Crystal size (mm)  0.63 x 0.47 x 0.49 x 0.29 x 0.39 x 0.23 x 0.69 x 0.17 x
0.28 0.18 0.07 0.11
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group P2, P2, P2, P2i/n
a(A) 13.857 (3) 13.39 (2) 13.463 (2) 15.1420 (18)
b (A) 14.298 (3) 14.35 (3) 14.451 (3) 6.8671 (8)
c(A) 17.717 (4) 17.54 (3) 17.848 (3) 25.753 (3)
a(®) 90 90 90 90
L) 90.651 (4) 91.55 (2) 91.363 (3) 100.053 (2)
7(°) 90 90 90 90
V (A% 3510.2 (14) 3372 (11) 3471.4 (11)  2636.7 (5)
Z, Dy (Mg m™) 4,1.330 4,1.386 4,1.319 4,1.372
2 (mm™) 0.343 0.319 0.308 0.188
F(000) 1471 1480 1448 1144
Tmin » Trmax 0.813,0.910 0.859,0.945 0.889,0.979  0.980, 0.882
Ghax (°) 25.0 25.0 25.0 25.0
h (min, max) -16, 16 -15, 15 -16, 16 -13, 18
k (min, max) -17,17 -17,17 -17,17 -8, 8
I (min, max) -21,21 -20, 20 -21,21 -30, 30
No. of refl” collected 42287 26497 25077 12545
No. of unique refl” 12340 10755 11847 4622
No. of observed refl" 9723 8320 9192 3600
No. of parameters 867 843 807 340
Rint 0.037 0.048 0.060 0.030
R1_obs, Ry_all 0.064,0.080 0.052,0.068 0.079,0.097 0.074,0.172
WR,_obs, wR,_all  0.173,0.189  0.123,0.130 0.209,0.229  0.095, 0.183
GoF 1.03 0.98 1.02 1.12
Apmax, Apmin (€ A)  0.69, -0.27 0.50, -0.37 0.80,-0.77 0.41,-0.33
Flack parameter 0.05 (8) 0.09 (6) 0.06 (11) -
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Figure 6.1: (i) ORTEP view of 22 (in 22-AC) with numbering scheme (30 %
probability displacement ellipsoids of diastereomer-2). The diastereomer-1, which has
camphor sulfonyl group at C4 and acetyl group at C6 position of the inositol ring, has

unprimed atom labels. (ii) ORTEP view of 23 with 30 % probability ellipsoids level.

Full-matrix least-squares refinements of Forms | and Il crystals were carried
out by applying geometrical and anisotropic displacement constraints (DFIX, DANG,
SIMU and DELU) in SHELXL97 to retain their molecular geometries close to their
ideal values. These constraints were applied particularly to the guest molecules in
22-1DCM and 22-CF, and camphorsulfonate group of the host in 22-DCE and
22-2DCM crystals. Traces of water molecules (O15 and O16) in 22-AN were picked
up in the difference Fourier, which were assigned occupancies of 0.35 and 0.15
respectively. A single water molecule (O1W) having a lower occupancy (0.25) was
also located along with nitromethane in the difference Fourier in 22-NM.

Most of the included guest solvents in Forms Il and Ill showed statistical
disorder in their crystal lattice. The oxygen atoms O17 and O18 of the nitromethane
guest in site A [see Fig. 6.8, in page no.173] disordered over two positions (O17' and
018 having 0.5 occupancy each, whereas in site B [see Fig. 6.8, in page no.173], all
the atoms are disordered over two positions with equal occupancies in 22-NM. In

22-AC, the oxygen atoms (015 and O16) of both the acetone molecules indicated two
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positions (O15' and O16') with occupancies 0.25 and 0.375 respectively. The guest in
site A of 22-CF crystals also showed two different locations for chloroform molecule
with occupancies 0.5 and 0.25 respectively. In 22-DCE crystals, two positions of
chlorine atoms were assigned in the site B with occupancies 0.875 (for CI3 and Cl4)

and 0.125 (for CI3' and CI4") respectively.

6.2.4. Thermal Analysis

The DTA/TGA of solvated crystals of 22 were carried out (using a Seiko
DTA/TGA 320 instrument) to examine the thermal stability of the solvent included
crystals. Since we were unable to obtain solvent free crystals of 22, powder form of
22 (obtained after column chromatography, dried under reduced pressure) was used
for thermal analysis to compare with the solvated form. The powder form of 22 free

of solvents was established by its *H NMR spectrum.

6.3. Results and Discussion
6.3.1. Crystallization of 22 and 23

Depending on the crystal system, three different types of solvated crystals of
22 were obtained [Table 6.1]. In order to investigate the role of solvent in yielding
different crystal forms (triclinic or monoclinic), we carried out crystallization of 22 in
mixture of solvents. A 1:1 mixture of acetone (which gave Form-Ill) and
dichloromethane (which gave Form-1) did not produce any crystals. Interestingly, the
same solvent mixture in a ratio 3:1 gave monoclinic Form-Il1 crystals, but it included
dichloromethane molecules as guests, which were obtained only as Form-I type
crystals! This cross over reveals the enigmatic way in which nucleation event takes
place. The formation of Form-Ill crystals with dichloromethane inclusion can be
viewed as a phenomenon wherein the nucleation (of Form-Il1 crystals) is initiated by

acetone, but the voids are filled by dichloromethane.
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6.3.2. Thermal Analysis (DTA/TGA) of 22

The DTA/TGA plots of solvatomorphs of 22 are shown in figure 6.2. DTA
curves showed a sharp melting endotherm at 174 °C for the powdered form of 22
(solvent free, confirmed by *H NMR), whereas all the inclusion complexes showed an
endothermic peak (100-120 °C) before the melting endotherm indicating a probable
phase transformation due to the escape of guest solvent molecules from the crystal
lattice. The thermo-gravimetric analyses of all the solvatomorphs showed a
continuous weight loss of 9-20 % in the temperature range 60-160 °C, due to the loss
of included solvents from the crystal lattice. All the solvates showed a final

endotherm corresponding to the melting of solvent free powder of 22 [Fig. 6.2].
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Figure 6.2: DTA/TGA plots of (i) 22 [powder] and (ii-viii) solvatomorphs of 22.
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Figure 6.2: Continued. (v)-(viii) DTA/TGA plots of solvatomorphs of 22.

6.3.3. Molecular Organization in Solvatomorphs of 22

The differences in the relative orientations of the two diastereomers in
different crystals were revealed by the overlapping diagram and torsion angles O4—
S1-C17-C18 [Fig. 6.3 and Table 6.2]. The crystal structure analysis of solvatomorphs
of 22 showed a slight change in the molecular conformation of host molecules
depending on the included solvent. The orientation of the camphorsulfonate group of
the diastereomer-1 in Form-1ll crystals (except 22-DCE) deviates from that in the
Form-1 and Il crystals. The corresponding deviation in torsion angles O4-S1-C17—-
C18 were found to be ~ 20° between Form-1Il and Form | (and From Il) crystals
[Table 6.2]. A similar relative orientational change was also observed for C1-, C2-
and C5-O-acetyl groups in Form-I, Il and Il crystals [Fig. 6.3(i)]. It is noteworthy

that the conformation of the diastereomer-1 in 22-DCE deviates rest of the Form-111
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crystals i.e. the orientation of the molecule is matching with the conformation of
Form-1 and Il crystals. However, the conformation of the diastereomer-2 deviates
slightly (a maximum of ~ 5°) for camphorsulfonyl group and C2'-, C3'- and C4'-O-
acetyl groups [Fig. 6.3(ii)].

&5
s
cis
i
i

0 I, ¥

Figure 6.3: Molecular overlap of solvatomorphs of 22 (i) diastereomer-1 and (ii)

diastereomer-2 [Black: 22-1DCM, Blue: 22-AN, Green: 22-NM, Red: 22-AC, Purple:

22-CF, Orange: 22-DCE, Violet: 22-2DCM].

Table 6.2: Torsion angle of camphorsulfonyl group in diastereomer-1 and 2 of

solvatomorphs of 22.

Solvated crystals 22:1DC  22-AN 22-NM 22:-AC 22-CF 22-DC 22:2DC
M E M
04-S1-C17-C18 156° 155°  157° 180°  177° 155°  179°

06’-S1’-C17°-C18* 176° 174°  174° 180°  173° 178°  177°

6.3.4. Host-Host Organization in Solvatomorphs of 22

An interesting feature in all the solvated crystals of 22 is the well-conserved
dimeric association of diastereomers via pseudo-centrosymmetric C-H---O
interactions. Three axial hydrogen atoms (H1, H3, H5 and H1', H3', H5) of myo-
inositol ring from one of the diastereomers make trifurcated C—H---O interactions with

the sulfonyl oxygens (O13' and O13) of the other diastereomer and vice versa [Fig.

164



6.4]. However, there is a slight variation in the geometry of these trifurcated
interactions in the crystals because of other weak interactions between the dimers
[Table 6.3]. These trifurcated interactions between the diastereomers appear similar to
an adamantane type framework, formed between enantiomers in the racemic crystals
as observed earlier.® It is interesting that the propensity to form the same (pseudo)

centrosymmetric association exists even between the diastereomers.

b

Figure 6.4: Conserved dimeric association of diastereomers of 22 via trifurcated C-

H---O interactions in its crystals. Camphor and acetyl groups are not shown for clarity.

Table 6.3: Geometrical parameters of trifurcated C—H---O interactions (Fig. 6.4).

Crystals D-H---A D-H (A) H-A@A) D-A) D-H-A(°)

221IDCM  C1-H1--013'  0.98 2.80 3.601(8) 139
C3-H3.-013'  0.98 2.54 3.382(10) 145
C5-H5.-013'  0.98 2.54 3.385(9) 145
C1-H1--013  0.98 2.49 3.325(10) 143
C3-H3--013  0.98 2.73 3.539(8) 140
C5'-H5'--013  0.98 2.48 3.322(8) 144

22-AN C1-H1.-013'  0.98 2.79 3.583(5) 139
C3-H3--013'  0.98 2.57 3.434(3) 147
C5-H5.-013'  0.98 2.62 3.455(4) 143
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C1-H1--013  0.98 2.53 3.381(3) 145
C3-H3.-013  0.98 2.69 3.498(5) 140
C5-H5.-013  0.98 2.59 3.413(4) 142
22-NM C1-H1--013'  0.98 2.78 3.589(12) 140
C3-H3--013'  0.98 2.60 3.460(8) 147
C5-H5--013'  0.98 2.65 3.484(10) 143
C1-H1--013  0.98 2.56 3.403(8) 145
C3-H3.-013  0.98 2.64 3.461(11) 141
C5-H5'.-013  0.98 2.60 3.423(9) 142
22-AC C1-H1--013'  0.98 2.55 3.405(1) 146
C3-H3--013'  0.98 2.59 3.434(1) 144
C5-H5..013'  0.98 2.74 3537(1) 139
C1-H1--013  0.98 2.50 3.357(1) 146
C3-H3.-013  0.98 2.61 3.415(1) 140
C5-H5.-013  0.98 2.76 3.543(1) 137
22-CF C1-H1.-013'  0.98 2.46 3.382(6) 158
C3-H3--013'  0.98 2.85 3.654(6) 139
C5-H5--013'  0.98 2.85 3.727(5) 137
C1-H1--013  0.98 2.67 3.487(6) 141
C3-H3.-013  0.98 2.46 3.338(6) 149
C5-H5.-013  0.98 2.86 3.630(5) 136
22:DCE  C1-H1.-013'  0.98 2.46 3.328(6) 147
C3-H3--013'  0.98 2.51 3.362(7) 145
C5-H5--013'  0.98 2.82 3591(7) 136
C1-H1'-013  0.98 2.46 3.402(7) 160
C3-H3.-013  0.98 2.89 3.720(8) 144
C5'-H5'.-013  0.98 2.66 3.495(7) 143
222DCM C1-H1.-013'  0.98 2.54 3.405(8) 148
C3-H3--013'  0.98 2.58 3.436(7) 146
C5-H5..013'  0.98 2.85 3.624(7) 137
C1-H1'-013  0.98 2.47 3.335(7) 147
C3-H3.-013  0.98 2.56 3.384(8) 142
C5-H5.-013  0.98 2.83 3.586(7) 135
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The organization of these dimers, linked differently in the lattice creates
different sites for the solvent inclusion. In Form-I crystals, these dimeric units were
translated to form molecular chains via C8-H8A---07', C2'-H2'---07, C12'-H12D---09
and C12'-H12F---O13' interactions along c-axis [Fig. 6.5(i), Table 6.4]. A similar
organization is also seen in Form-II crystals along b-axis which makes two additional
interactions namely C20-H20B---O8 and C2-H2---O9' [Fig. 6.5(ii), Table 6.4]. These
chains translated along a-axis form molecular layers via C10'-H10F---O11 and C20'-
H20C---O5 interactions in Form-I, whereas they are formed C10-H10B---O12' in
Form-I1. In Form-Il1 crystals, the dimers that are translated along b-axis make C8-
H8B---O11' and C12'-H12F---O11 interactions which are further linked to form a layer
via C21-H21---05 and bifurcated C-H---O interactions between H20A and H22B with

012 as shown in figure 6.5(iii).

Figure 6.5: Layer formation of diastereomers in (i) Form-I, (ii) Form-1I and (iii)

Form-111 crystals of 22.
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Figure 6.5: Continued.

CHAPTER 6

Table 6.4: Geometrical parameters of C—H---O interactions as shown in figure 6.5.

D-H--A D-H(A) H-A@A) D-AA) D-H-A(°)
221 C2-H2-.07' 0.98 2.68 3.467(10) 138
DCM C8-HgA--O7'" 0.96 2.52 3.439(13) 160
C10-H10F--01™  0.96 2.73 3.634(13) 158
C12'-H12D--013""  0.96 2.51 3.447(11) 166
C12'-H12F...09'! 0.96 2.57 3.375(13) 142

SOLVATOPOLYMORPHISM
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C14-H14A.-014"  0.96 2.39 3.326(14) 166
C20-H20C---05" 0.97 2.71 3.558(12) 147
22+ C2-H2.-09'V 0.98 2.70 3.485(4) 138
AN  Cc2-H2..07V 0.98 2.60 3.393(4) 158
C8-H8A..-07"" 0.96 2.47 3.382(3) 138
C10-H10B--012' ¥ 0.96 2.67 3.509(6) 146
C12-H12D--09""  0.96 2.56 3.368(3) 142
C12-H12F--013'*  0.96 2.48 3.431(5) 169
C20-H20B.--08 0.97 2.68 3.386(4) 130
22+ C2-H2.-09'V 0.98 2.72 3.511(9) 138
NM  c2-H2...07 " 0.98 2.59 3.388(1) 139
C8-H8A..-07"" 0.96 2.51 3.386(7) 151
C10-H10B--012' " 0.96 2.78 3.594(8) 144
C12'-H12D--09Y"  0.96 2.48 3.369(7) 154
C12'-H12F--013'*  0.96 2.48 3.369(7) 154
C20-H20B.--08 * 0.97 2.69 3.411(10) 132
22-  C8-H8B--011' ™ 0.96 2.46 3.365(1) 156
AC  C12-H12A--014*  0.96 2.52 3.360(1) 146
C12-H12F--011"  0.96 2.59 3.405(1) 143
C20-H20A--012X  0.97 2.83 3.705(1) 150
C21-H21--05™ 0.98 2.89 3.530(1) 124
C21'-H21'--012"X"  0.98 2.39 3.304(1) 155
C22-H22A...08'" 0.97 2.62 3.553(1) 161
C22-H22B--012"  0.97 2.51 3.449(1) 163
22-  C8-H8B--011'* 0.96 2.47 3.429(6) 175
CF  C12-H12A--014'*  0.96 3.11 3.523(6) 108
C12'-H12F--011"  0.96 2.40 3.350(9) 168
C20-H20A--012*  0.97 2.60 3.444(12) 146
C21-H21.-05™ 0.98 2.83 3.610(10) 137
C21'-H21--.012""  0.98 2.42 3.273(9) 146
C22-H22A...08'" 0.97 2.69 3.640(9) 166
C22-H22B--012"  0.97 2.53 3.398(9) 149
22  C8-H8B--011'™ 0.96 2.47 3.426(8) 176
DCE (C12-H12A.-014'*  0.96 2.51 3.386(8) 151
C12-H12F--011"  0.96 2.47 3.382(9) 159
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C20-H20A.---012" 0.97 2.86 3.510(9) 125

C21-H21.-05% 0.98 2.83 3.466(8) 124
C21'-H21'--012""  0.98 2.44 3.308(8) 147
C22-H22A.--08'" 0.97 2.66 3.613(8) 167
C22-H22B--012"  0.97 2.81 3.732(9) 160
222 C8-H8B--011'"* 0.96 2.41 3.361(11) 169
DCM  C12-H12A.-014'*  0.96 2.40 3.347(9) 168
C12-H12F--011"  0.96 2.47 3.382(9) 159
C20-H20A--012X  0.97 2.55 3.396(20) 146
C21-H21.-05% 0.98 2.65 3.452(13) 140
C21'-H21--.012""  0.98 2.42 3.297(8) 149
C22-H22A.--08'" 0.97 2.63 3.549(11) 158
C22-H22B--012"  0.97 2.56 3.409(10) 146

Symmetry codes: (i) x, y-1, z; (ii) x, y+1, z; (iii) -x+1, y+1/2, -z+1; (iv) -X, y-1/2, -
Z+1; (V) X.y.Z, (VI) X+11 y+11 Z+1; (V”) ) X-li Y'l, Z'l; (VIII) XY, Z+1; (IX) X, Y'l’ Z,
(X) x-1,y, z; (xi) -x, y+1/2, -z ; (xii) x-1, y-1/2, -z+1.

In the third dimension, these dimeric units are translated in Forms I, Il and 11l
crystals differently as shown in figure 6.6. Molecular layers are linked via C14—
H14A.--0O14 along b-axis in Form-I [Fig. 6.6(i)] and via C26-H26B---O14 along c-axis
in Form-11 [Fig. 6.6(ii)] whereas in Form-Ill crystals, the translated layers bind

together via two C-H---O interactions along a-axis namely, C12-H12A---014' and

Figure 6.6: Molecular layer formation by diastereomers of 22 in the third dimension

(i) Form-I, (ii) Form-11 and (iii) Form-I11 crystals.
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C22-H22A---014 [Fig. 6.6(iii), Table 6.5]. It is interesting to note that the camphor
oxygens (014 and O14’) bind the dimers in the third dimension in all the three crystal

forms.

Table 6.5: Geometrical parameters of C—H---O interactions shown in figure 6.6.

D-H--A D-H(A) H-AR) D-ARA) D-H-A(°)
22:1DCM  C14-H14A.-014'  0.96 2.39 3.326(14) 166
22-AN C26'-H26E--014"  0.96 2.61 3.515(4) 158
22:NM C26'-H26E--014"  0.96 2.61 3.520(10) 159
22-AC C12-H12A--014'™ 0.96 2.52 3.360(1) 146
C22-H22A--08' " 0.97 2.62 3.553(1) 161
22-CF C12-H12A--014'™  0.96 2.71 3.633(8) 161
C22-H22A--08'"  0.97 2.69 3.640(9) 166
22DCE  C12-H12A--014'" 0.96 2.51 3.386(8) 151
C22-H22A--08' " 0.97 2.66 3.615(8) 167
222DCM  C12-H12A--014'™ 0.96 2.40 3.347(9) 168
C22-H22A--08'" 097 2.63 3.549(11) 158

Symmetry codes: (i) =X, y-1/2, -z+1; (ii) X, y+1, z; (iii) =x+2, y+1/2, -z+1.

Although identical molecular arrangement (translation of dimers) exists in
triclinic Form-1 and Form-Il crystals, the intermolecular interactions between the
dimers are different. Interestingly, Form-1 and Il crystals [Fig. 6.7(i) and 6.7(ii)] are
isostructural in two-dimensions, but the difference is in the third dimension due to
staggering of these layers differently [Fig. 6.8(i) and 6.8(ii)]. However, the dimeric
units are more closely packed in Form-1 [Fig. 6.8(i)] than in Form-II [Fig. 6.8(ii)]. As
a result, Form-1 crystals have shorter cell dimensions than that of Form-II crystals (~ 1
A along a- and c-axis and ~ 0.7 A along b-axis). The adjacent molecular chains in
Form-11 crystals create larger voids which are occupied by two guest molecules as

compared to Form-1 crystals where voids are occupied by only one guest molecule

[Fig. 6.8(ii)].
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Figure 6.7: Isostructural molecular layers of (i) Form-I [22-1DCM] and (ii) Form-II
[22.AN] crystals.

6.3.5. Host-Guest Interactions in Solvatomorphs of 22

Crystallization experiments showed crystals of 22 were always obtained with
the inclusion of solvents; indicating the necessity of guest solvent for the crystal
lattice formation. The guest solvents included in the solvatomorphs of 22 have an
electron count ranging 22-60, whereas in pseudopolymorph of 8 (Chapter 2) the
included solvents had a narrower range of electron count 40-60 and also imposing C2
symmetry restriction on the guests included.

In Form-1, host molecules contain one guest site [A in Fig. 6.8(i)] per
asymmetric unit, whereas in Forms Il and 11, there are two guest sites per asymmetric
unit [A and B in Fig. 6.8(ii) and 6.8(iii)]. All the guest solvents make weak non-

covalent interactions with the host molecules as given below.
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Figure 6.8: Molecular layer formation in (i) Form-I (22-1DCM), (ii) Form-I1 (22-AN)

and (iii) Form-111 (22-AC) crystals of 22.
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6.3.5.1. Inclusion of Dichloromethane in Form-I crystals (22-1DCM)

In case of Form-I crystals, the DCM molecule occupied only a single site [A in
Fig. 6.8(i)] and is held in the lattice by various weak interactions with the host
molecules. For example, H27A atom of the DCM makes weak C-H---O interaction
with carbonyl oxygen O14. Also, the chlorine atom (CI1) is involved in C-H---Cl as
well as C-ClI---O (halogen bonding) interactions with the host, whereas the Cl2-atom
binds to the host by trifurcated hydrogen bonds with H10C, H16C and H22D [Fig.
6.9(i), Table 6.6]. Short halogen bonding contacts (C27-CI1---O12") were observed in
this solvate with almost linear geometry [3.14 A and 158°] indicating its significant
role in the stabilization of DCM inclusion in crystals, as has been observed earlier in

our laboratory.*

6.3.5.2. Inclusion of Acetonitrile, Form-I11 crystals (22-AN)

In this crystal (Form-I11), there are two guest sites [A and B shown in figure
6.8(ii)] for inclusion of acetonitrile molecule. In site A, the guest molecule is linked to
the host via three weak hydrogen bonding interactions, namely C27-H27A.--0O8, C27-
H27B---O7' and C16'-H16D---N1 whereas in site B, the guest binds via C30-
H30B---O11 and C14-H14C---N2 interactions [Fig. 6.9(ii), Table 6.6]. As mentioned
earlier, two water molecules in both the sites are bound to the host molecules via

C10-H10C---015, C17-H17A---015 and O16---O11 interactions.

6.3.5.3. Inclusion of Nitromethane, Form-I1 crystals (22-NM)

The 018 and O16 atoms of the two guests in site A and B bind to the host via
bifurcated C-H---O interactions with H10D, H14C and H8A, H16A respectively. The
H27A and H28A atoms of both nitromethane guests were additionally linked to the

host carbonyl oxygens O8 and O11 respectively [Fig. 6.9(iii), Table 6.6]. A water
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Figure 6.9: Significant host-guest interactions in solvatomorphs of 22; (i) 22-1DCM,;

(i) 22-AN; (iii) 22-NM; (iv) 22-AC; (v) 22-CF; (vi) 22-DCE; (vii) 22-2DCM.
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molecule (bound to the host via C17-H17A---O1W interactions) is also included along

with nitromethane guest in site B.

6.3.5.4. Inclusion of Acetone, Form-I111 crystals (22-AC)
In case of inclusion crystals obtained from acetone, the guests at sites A and B
make C-H---O interactions involving guest carbonyl oxygen O15 and O16 with the

methyl H16C and H16F atoms of the host respectively [Fig. 6.9(iv), Table 6.6].

6.3.5.5. Inclusion of Chloroform, Form-11I crystals (22-CF)

In these crystals guest chloroform molecules occupy two different sites [A and
B in Fig. 6.8(v)] and bind to the host molecules via C-H:--O, C-H---Cl and C-ClI---O
(halogen bonding) interactions. In site A, the guest binds to the host via C28-
H28.--09', C8'-H8F---Cl4 and bifurcated C-H---Cl interactions of CI5 with H2' and
H12E atoms [Table 6.6]. The chlorine atom (CI1) of the guest in site B also makes
bifurcated C-H---Cl interactions with H10F and H16E of the host molecule and the
guest is additionally linked to the host via C27-H27---O7 and C8-H8C---CI3
interactions. Interestingly, chlorine atoms (CI3 in site B and CI5 in site A) of both the
guests make geometrically good halogen bonding contacts [2.85 A and 2.69 A] with

the host oxygen atoms (09 and O7') respectively [Table 6.6, Fig. 6.9(v)].

6.3.5.6. Inclusion of 1,2-Dichloroethane, Form-I1I crystals (22-DCE)

The 1,2-dichloroethane guests make hydrogen-bonding interactions such as
C-H---O and C-H---Cl with the host molecules as shown in Fig. 6.9(vi). Hydrogen
atoms H27B and H28B of the guest in site A bind to the host sulfonyl oxygen 013 via
bifurcated C-H---O interactions and also by C16-H16C---CI2 interactions. The other

guest molecule (site B) is linked to the host molecules via bifurcated C-H---Cl
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interactions (CI3 with H10E and H26D) and C29-H29B---O12' interactions [Fig.

6.9(vi), Table 6.6].

6.3.5.7. Inclusion of Dichloromethane in Form-I11 crystals (22-2DCM)

Interestingly in this crystal (Form-111, monoclinic), the dichloromethane guests

occupy two guest sites [A and B in figure 6.8(iii)], whereas the same guest occupied

only one site [A in Fig. 6.8(i)] in Form-I, triclinic crystals (22-1DCM) The guest in

site A is linked to the host via C27-H27A---O7 and C27-H27B---O9 interactions,

whereas the guest in site B binds only with C28-H28A:--O9' interactions to the host

[Fig. 6.9(vii), Table 6.6]. It is noteworthy that the guest molecules in this crystal make

only C-H---O interactions but in Form-I, the same guest molecule was bound more

closely to the host by various non-covalent interactions as described earlier [section

6.3.5.1].

Table 6.6: Geometrical parameters for host-guest interactions shown in figure 6.9.

D-H--A D-H(A) H-A@R) D-A@) D-H-A
| )
22 C10-H 10C--CI2"  0.96 2.81 3.718(18) 157
IDCM  C16-H16C--CI2"  0.96 2.95 3.520(18) 119
C17-H17A-CI1'  0.97 2.85 3.815(12) 173
C22'-H22D--CI2""  0.97 2.84 3.698(22) 149
C27-H27A--014'  0.97 2.23 3.109(31) 151
c27-Cl1.-012' " - 3.136(12) - 158.4(6)
22-AN  C10-H10C--015"  0.96 2.58 3.439(10) 149
C14-H14C--N2"V  0.96 2.66 3.563(9) 157
C16'-H16D--N1"  0.96 2.73 3.460(8) 132
C17-H17A--015"  0.97 2.55 3.453(10) 156
C27-H27A--08Y  0.96 2.54 3.451(4) 158
C27-H27B--O7'""  0.96 2.63 3.314(6) 128
C30-H30B--011""  0.96 2.70 3.385(7) 129
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22°NM  C8-H8A---016 '™ 0.96 2.68 3.292(45) 122

C10-H10D--018" 0.96 2.65 3.552(18) 157
C14-H14C--018"  0.96 2.52 3.301(28) 139
C16-H16A--016""  0.96 2.60 3.503(60) 156
C16-H16C--017"  0.97 2.63 3.433(27) 142
C17-H17A--01W"  0.97 2.59 3.484(31) 154
C27-H27A--08™  0.96 2.60 3.494(17) 156
C27-H27B--O7'"  0.96 2.67 3.258(26) 120
C28-H28A--011"  0.96 2.59 3.282(15) 129
22:AC  C16-H16C--015*  0.96 2.73 3.448(1) 132
C16'-H16F--016 ¢  0.96 2.61 3.354(1) 135
22-CF  C2-H2..CI5™ 0.98 2.89 3.656(6) 136
C8-HsC.--CI3" 0.96 2.95 3.821(7) 152
C8-—H8F--Cl4 0.96 2.72 3.673(11) 170
C10-H10F--CI1"  0.96 2.75 3.415(22) 128
C12-H 12E--CI5"  0.96 2.66 3.373(9) 131
C16'-H16E--CI1*  0.96 2.85 3.791(7) 167
C27-H27--07 X" 0.98 2.34 3.159(9) 140
C28-H28.--09' X 0.98 2.42 3.132(15) 129
C27-CI3.--09 X" - 2.845(5) - 166.6(3)
C28-Cl5--07" ™ - 2.688(6) - 157.8(4)
22 C10-H10E--CI3*  0.96 2.95 3.638(9) 130
DCE C16-H 16C--CI2*  0.96 2.78 3.711(7) 163
C26-H 26D--CI3*  0.96 2.91 3.860(9) 169
C27-H 27B--013*"  0.97 2.67 3.311(9) 124
C28-H 28B--013*"  0.97 2.67 3.054(8) 104
C28-H 28B--014*"  0.97 2.65 3.317(9) 126
C29-H29B---012' X 0.97 2.62 3.550(9) 160
222 C27-H 27A--07"  0.97 2.65 3.267(13) 121
DCM  C27-H27B--09"  0.97 2.71 3.680(11) 176
C28-H 28A--09'™*  0.97 2.67 3.316(13) 125

Symmetry codes: (i) x-1, y+1, z; (ii) X, y, z; (iii) X, 1+y, z; (iv) X, y+1, z+1; (v) x-1,y,
z-1; (vi) x+1,y, z; (vii) X, y-1, z-1; (viii) x+1, y+1, z; (iX) X, y, z+1; (X) X-1, y, z; (xi) -
x+1,y-1/2, -z+1; (xii) -x+1, y+1/2, -z+1; (xiii) -x+1, y-1/2, -z.
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6.3.2.4. Solvatopolymorphism in 22

It is interesting to note that the host molecules are organized in two different
crystalline forms, triclinic (Form-I) as well as monoclinic (Form-I11) with the same
guest inclusion of dichloromethane (DCM). The host molecules in Form-I
(22-1DCM) crystals accommodate a single guest molecule but with different
organization of the same host include two DCM guests in Form-1ll1 (22:2DCM)
crystals. These solvated crystals are termed as solvatopolymorphs,® where the same
solvent included (DCM, with different stoichiometric ratio) in the crystal lattice
creates different arrangements of host molecules, 22 [Fig. 6.8(i) and 6.8(iii)]. The
packing of host molecules can be viewed as dimeric units translated to form chains
along c-axis in 22-1DCM and further translated to a 2D layers along a-axis created
single site for DCM molecule [Fig. 6.10(i)]. Whereas in 22-2DCM, molecular strings
are formed with twisted dimeric units along b-axis and these strings, which are related
by 2;-screw axis are extended to form 2D layer having two sites for DCM guests [Fig.

6.10(ii)].

By Sk Fracle,
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Figure 6.10: Solvatopolymorphs showing different molecular packing with the

inclusion of dichloromethane in (i) Form-I (22-1DCM, down b-axis) and (ii) Form-11I
(22-:2DCM, down a-axis) crystals. Inset shows the schematic representation of

molecular organization in 22.1DCM and 22.2DCM crystals.
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6.3.3. Molecular Organization in 23

The replacement of camphorsulfonate group in 22 with a tosyl group
(resulting in 23) results in close packing of molecules in crystals without leaving any
voids for solvent inclusion. As expected association of molecules of 23 occur via
weak hydrogen bonding interactions. In crystals of 23, the C1-carbonyl oxygen O7
makes bifurcated C-H---O interactions with inositol protons H4 and H6 and translated
along b-axis to form 1D-chain [Fig. 6.11(i)]; whereas in solvatomorphs of 22, the
diastereomeric association of dimmers occurred via trifurcated C-H---O interactions
involving sulfonyl oxygen (O13 and O13') with the inositol ring protons [Fig. 6.4,
page no. 165]. The 1 D-molecular string of 23 are additionally linked by three more
interactions namely C3-H3---010, C14-H14A---0O9 and C21-H21.--O12 [Table 6.7].
The strings that are mirror related further bind to each other to form a bilayer via

C12-H12A---0O8 and C12-H12B---O10 interactions as shown in Fig. 6.11(ii).

Figure 6.11: (i) Molecular chain formation viewed along b-axis via C-H---O
interactions; (ii) bilayer formation of molecular strings along a-axis in the crystals of

23.
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Table 6.7: Geometrical parameters of trifurcated C—H---O interactions (Fig. 6.11).

D-H--A D-H(A) H-A@R) D-AR) D-H-A(°)
23 C3-H3--010' 0.98 2.55 3.225(5) 126
C4-H4...07" 0.98 2.43 3.282(5) 145
C6-H6.--O7 " 0.98 2.67 3.461(5) 138
C14-H14A.-09 " 0.96 2.54 3.444(6) 158
C21-H21.-012" 0.93 2.56 3.246(6) 131
C12-H12A--08"  0.96 2.64 3.576(7) 164
C12-H12B--010"  0.96 2.62 3.367(7) 135

Symmetry codes: (i) x, y-1, z; (ii) X, y+1, z; (iii) -x+1, -y, -z+2; (iv) -x+1, -y+1, -z+2.

These bilayers that are 2;-screw related linked each other via longer C23-

H23A.--012 interaction along a-axis [Fig. 6.12(i), Table 6.8]. The 2D-molecular

layers extended to the third dimension via C8-H8A:--013, C16-H16B---O11 and C23-

H23B---09 interactions [Fig. 6.12(ii), Table 6.8].

Figure 6.12: Molecular layers viewed down (i) c-axis (ii) b-axis in 23 crystals.

SOLVATOPOLYMORPHISM
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Table 6.8: Geometrical parameters of C—H---O interactions shown in figure 6.12.

D-H--A D-H@A) H-AR) D-AR) D-H-A(°)
23 C23-H23A.-012'  0.96 2.93 3.621(7) 130
C8-H8A--013" 0.96 2.62 3.470(5) 148
C12-H12A--08"  0.96 2.64 3.576(7) 164
C16-H16B--011"  0.96 2.53 3.348(6) 143
C23-H23B.-09" 0.96 2.71 3.577(6) 151

Symmetry codes: (i) -x-1/2, y+1/2, -z+3/2; (ii) -X, -y, -z+2; (iii) -x+1, -y, -z+2; (iv) -

xX+1/2, y+1/2, -z+3/2.

6.4. Conclusions

In open myo-inositol derivatives, only camphorsulfonyl substitution yielded

inclusion crystals whereas the tosyl substitution produced always close packed solvent

free crystals. Interesting case of solvatopolymorphs with dichloromethane represent

the diversity of molecular aggregation, keeping conserved association intact. The

dipolar contacts were not observed in crystal structures of 22 and 23.
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Chapter 7

7.1. Introduction
Inspired by remarkable specific molecular recognitions in biological

%% non-covalent interactions continue to be an area of intensive research that

systems,
has applications in crystal engineering,'® host-guest chemistry'®' and structure based
drug design.”””” Addition of any new (weak) interaction in the list of ‘non-covalent’
bonding awaits its acceptance till it is substantiated by a significant number of
experimental observations, theoretical calculations and possibly a gratification from
the Crystallographic Database. In the absence of relatively stronger interactions such
as conventional hydrogen bonds in crystals, weaker intermolecular interactions
become prominent during the aggregation of molecules. Although there could be
many weak interactions that exist in a crystal structure, it is necessary to analyze these
interactions on a statistical basis from a large number of crystal structures using
database for its preponderance.”” Amongst bond dipole-dipole interactions in organic
crystals, analysis of carbonyl, nitrile and C—F contacts have been reported in the
literature.®® However, the S=0--C=0 intermolecular contacts have not been
systematically analyzed so far, although intramolecular S=0---C=0 contacts were
noted in the crystal structures of sulfones.” This chapter gives an insight into the

geometrical aspects of dipolar S=0---C=0 interactions based on a systematic CSD

analysis and the structural observation of various myo-inositols derivatives.

7.2. Methodology for Statistical Analysis of S=O---C=0 Interactions
Version 5.29 of the CSD was used for the survey of dipolar S=0O---C=0

contacts. The searches of S=0---C=0 non-covalent contacts [Chart 7.1] were carried
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out using the programme CONQUEST 1.10 and data visualizations were performed
with programme VISTA 2.1. All the searches were restricted to those CSD entries that
satisfied the following secondary search criteria: (i) organic compounds according to
CSD chemical class definitions; (ii) error free co-ordinates after CSD evaluation
procedure; (iii) no reported structural disorder; (iv) excluded structures that are
elucidated from powder X-ray diffractions technique; (v) no ionic or polymeric
compounds according to CSD classification and (vi) R< 0.10. A non-covalent
interaction distance (D) cut-off value of 3.6 A (twice the van der Waals radius of
carbon with a tolerance of 0.2 A), angles Al [£O---C=0] and A2 [£ S=0---C] of range

0-180° were used for the search [Chart 7.1].

S (9] D=<36A
Pr Al =0-180°
D A2 = 0-180°
Al

C—
Chart 7.1: Search fragment and geometrical parameters used in the analysis.

The survey of dipolar S=0---C=0 contacts in Protein Data Bank (RSCB PDB)

was carried out to recognize their occurrence in macromolecular complex crystals.
The key words ‘sulfonyl’ and ‘tosyl” were used to search the protein structures with

the screen applied to select structures that are determined at high resolution (< 2.0 A).

7.3. CSD Analysis of Crystal Structures containing S=0---C=0 Interactions

Out of 2590 structures containing S=O and C=0 groups, a sizable number
1052 (36 %) contained non-covalent S=0O---C=0 interactions within the search criteria
as mentioned above. This statistical survey clearly signifies the existence of bond
dipolar S=O---C=0 interactions in the organization of molecular crystals. The scatter
plot of angle, Al versus intermolecular distance, D showed the geometrical preference

for the orientation of S=O towards the Csp? atom of the C=0 group [Fig. 7.1(i)],
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whereas the scatter plot of A2 vs D showed rather wide distribution [Fig. 7.1(iii)].
Histogram of O--C distance (D) did not show any trailing off value even 5 A.
Histogram of £ O---C=0 (Al) also indicated remarkable preference with an average
value 95.81° [Fig. 7.1(i1)], but the histogram of /S=0O--C (A2) showed the
distribution spread over the range 60-180 with mean value of 126.78° [Fig. 7.1(iv)].

Therefore, we have categorized S=0---C=0 interactions on the basis of the preferred

perpendicular approach of angle Al and the varying angle A2 as given below.

At N
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Figure 7.1: (i) Scatter plot of angle, Al versus inter-atomic distance D; (ii) Histogram
of angle, Al [£O---C=0]; (iii) Scatter plot of angle, A2 vs inter-atomic distance D;

(iv) Histogram of angle, A2 [ £S=0---C].
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The S=0O---C=0 dipolar contacts can be classified as perpendicular motif
(Type-I), anti-parallel motif (Type-II) and sheared parallel motif (Type-III) [Fig. 7.2],
as in the case of carbonyl-carbonyl interactions.”® The angle criteria for the three

interaction motifs are:

Type-I (perpendicular motif) Al =90+20° A2 = 160+20°
Type-II (anti-parallel motif) Al =90+20° A2 =90+20°
Type-III (sheared parallel motif) Al =90+20° A2 =120+£20°
l - S“\.\.:I
: o
h
©) )42 u:/sl]=@ %
® i © QZ— @
L ® [ ] [ ]
De De oD De

Type I Type Il Type Il

)

Figure 7.2: Different interaction motifs of dipolar S=O---C=0 interactions.

The maximum number of hits (446) was found for Type-III, followed by
Type-I contacts (179 hits) and the least hits (132) were found for Type-II. In case of
C=0---C=0 contacts, the frequency of occurrence of motifs are in the order Type-II >
Type-III > Type-1. The preferred Type-III motif (and also not preferred Type II) in
S=0---C=0 contacts may be due to the hetero dipoles having different van der Waals

radii for sulfur and carbon atoms.

7.4. Dipolar S=0---C=0 Interactions in myo-Inositol Derivative Crystals

This thesis explored the involvement of S=0---C=0 interactions in molecular
association of crystals, results obtained clearly indicated the significant role of these
dipolar interactions in the molecular aggregation. Five out of sixteen compounds

(31%) studied showed S=0---C=0 interactions for their conformational modifications
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or molecular organization. This is also in accordance with the trend observed in the
statistics from CSD. Approximately, only one third systems showing those dipolar
interactions suggests that they are not the overriding predominant interactions that
decide the molecular assembly hierarchy in crystal formation. Even then, we noted
that this weak attractive force played its role in molecular association. The
intermolecular S=0---C=0 dipolar contact of Type-I (perpendicular interaction) motif
was observed for the solvates of 8 [Fig. 7.2(i)] and solvent free form of 21 [Fig.
7.2(i1)]. The strength of these dipolar contacts were found be shorter in 8 compared to
21, could be resulted in the formation of pseudopolymorphs in the former.
Intermolecular S=0--C=0 contacts were also exhibited in the diastereomeric
association of 9 but with Type-III interaction motif i.e. sheared parallel motif [Fig.
7.2(iii)]. Conformational dimorphs of 14 and 16 adopt two significantly different
orientations for the tosyl group in their crystals and the interesting feature is the
intramolecular S=0---C=0 dipolar interactions [Fig. 7.2(iv)-(v)]. The different
molecular conformation in Form-II of 14 and Form-II of 16 crystals could be due to

this intramolecular S=O---C=0 dipolar interaction, which is Type-III motif.

BzO

Figure 7.2: Different dipolar S=0---C=0 interaction motifs of (i) Type-I in solvated
crystals of 8, (ii) Type-I in solvent free crystals of 21, (iii) Type-III in solvent free
crystals of 9, (iv) Type-III in Form-II crystals of 14, (v) Type-III in Form-II crystals
of 16.
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BzO

Figure 7.2: Continued.

All these observations seem to suggest that the sulfonyl group plays a decisive
role in the formation of polymorphs or solvates via S=O--C=0 or C-H:-O

interactions. This ability of the sulfonyl group to decisively adopt different
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conformations could have implications in molecular recognition processes and hence

the biological activity of compounds containing sulfonyl groups.

7.5. Analysis of S=0O---C=0 Interactions in PDB

Out of 196 protein structures containing ‘sulfonyl’ and ‘tosyl’ groups in the
PDB only 107 were analyzed (resolution less than 2.0 A) for the dipolar S=O---C=0
contacts. The S=0---C=0 contacts were observed for 13 hits. Many ligands (9 out of
13 hits) used these bond dipolar interactions to bind their counterpart along with other
weak interactions. For e.g. S=0---C=0 contacts were observed [Fig.7.3] in the binding
of N-tosyl-D-proline (ligand) to thymidylate synthase (an essential enzyme in
pyrimidine metabolism with therapeutic applications in cancer and infectious

diseases).'”> [Geometrical parameters of S=O---C=0 contacts is D = 3.185 A, Al=

87°, A2 = 128°].

Figure 7.3: Crystal structure of N-tosyl-D-proline-thymidylate synthase complex

indicating inter- and intramolecular S=0---C=0 dipolar contacts [PDB code no.1F4E].

7.6. Conclusions
The present statistical survey of S=0O---C=0 interactions using CSD and PDB

reveals the existence of these non-covalent interactions in molecular aggregation. The
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experimentally observed polymorphic modification of myo-inositol derivatives
endorses that the S=O--C=0 contacts could be competitive with other weak
interactions in the molecular recognition process during crystal growth. Like other
dipolar interactions (C=0--C=0 and C-F--C=0), the studies of S=0---C=0
interactions in crystal structures of small molecules can be extended to stabilization of

protein structures or improved binding of sulfa drugs to their receptors.

7.7. Scope of Future Work

As discussed so far, the synthetic and structural work pursued and presented in
this dissertation had the underlying theme of observing the interplay of weak
intermolecular interactions, particularly the bond dipolar interactions S=O---C=O0.
Having observed these short contacts in several of the structures, what should be the
next action to follow? In our opinion, this weak attractive force is worth studying in
more depth because of the presence of this group in biologically active molecules and

drugs. The work in future is proposed on three of the main topics as described below:

7.7.1. Estimation of dipolar sulfonyl-carbonyl (S=0---C=0) interaction energies
Since the bond dipolar S=0O---C=0 short contacts played a vital role in the
formation of inclusion crystals and polymorphic behavior, we have planned to
estimate their interaction energies. The energies of C=0---C=0 were estimated to
range from ~ 5 to 20 kJ/mol,”® it is to be seen how the interactions under
considerations stand in comparison with other dipolar contacts. Valuable results of
intermolecular interaction energies can be obtained from intermolecular perturbation
theory (IMPT) using high level basis sets (6-31G**). Therefore, we have planned to
carry out ab initio molecular orbital calculation of dipolar S=O---C=0 interactions to

quantify the interaction energies of three types of S=0---C=0 motifs.
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7.7.2. Experimental charge density studies on model compounds

Evaluation of weak interactions using charge density analysis allows us to
observe and quantify the intermolecular interactions beyond distance-angle geometry
criteria. This can be studied by the accurate measurement of charge densities in
molecular crystals using high resolution (~ 0.5 A) single crystal X-ray diffraction
measurements. The myo-inositol derivatives reported in this thesis are rather large
molecules for charge density studies. Therefore smaller model compound,
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thioxanthone-10,10-dioxide ™ is chosen for the charge density analysis, which

exhibited short dipolar S=0---C=0 contacts (Type-I motif) in its crystals [Fig. 7.9].

!

i 5
o L W
Figure 7.9: Structure thioxanthone-10,10-dioxide and dipolar S=O---C=0 interactions

in their crystals.

7.7.3. Protein-ligand binding studies of sulfa drugs

Analysis of dipolar S=O---C=0 interactions in the PDB reveals the existence
of these contacts involved in the binding of ligand to their receptors. Sulfa drug
compounds are planned to complex with proteins to explore their binding
characteristics in the active sites. An insight into the interaction of these sulfa drugs
can be exploited for the designing of lead compound that will have better affinity
and/or specificity towards the targeted proteins. Like C=0---C=0, C-F---C=0 and
now S=O0---C=0, there can be several combinations of bond dipolar interactions that
can exist in the crystal structures. This dissertation has given attention to only one of

them, but it could be worthwhile to investigate others.
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Appendix

There are eight compounds in the CSD containing tosyl group that exhibits

polymorphic behavior, as listed below.

No. CSD Ref Code Polymorph Torsion angle Difference (°)
X-X-5-C (°)
11  BILCOO10 Dimorphs 69.98 .
12  BILCOO11 73.05
21 CUMTAF Dimorphs 64.91 .
22 CUMTAFO1 69.42
31  DETZUX01 70.73
3.2 DETZUX01 Trimorphs 71.63 ~3
33 DETZUX01 68.49
41  JAKKUB Dimorphs 7111 .,
42  JAKKUBO1 71.67
51 JAWXEK Dimorphs 58.97 .
52  JAWXEKOL 61.40
61 NAQRIG _ 64.49
6.2 NAQRIGO1 Dimorphs 55.86 =9
71 WENVER _ 8532
72 WENVERoL ~ Dimorphs 97.72 -1
81  ZzZPUSOl Dimorphs 71.73 e
82  ZzZPUSO1 77.46
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