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ABSTRACT

A systematic analysis of the Cambridge Crystallographic Database has been made for
supramolecular architectures sustained by C—I---m(chelate ring) interactions where the iodide
atom is directed towards the ring centroid, Cg, of the arene ring, i.e. with the angle subtended
at the iodide atom, C—I---Cg (0) being > 160°. The majority of the 181 identified aggregates

are one-dimensional chains of varying topology (100 examples) followed by zero-dimensional

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

aggregates (71 examples) with only a small number of two-dimensional arrays (4 examples).
The overall likelihood for the formation of these delocalised interactions is around 4%, a
number that increases to around 15% when the angle 0 restriction is relaxed to 90°. A
comparison has been made with the formation of C—X---m(chelate ring) interactions for the
lower (X =) bromide, chloride and fluoride congeners. This shows these interactions are more

likely to form in the order X =1> Br> Cl >>F.

1 Electronic supplementary information (ESI) available. See DOI:10.1039/xxxx
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It is well-established that arene rings can play pivotal roles in the supramolecular organisation
of molecular compounds in the condensed-phase!? and have long attracted interest owing to
their impact in chemistry and biology endevours.>* The magnitude of parallel stacking
interactions between arene rings can be moderated by substitution patterns,>° the degree of off-
set”? and whether the arene ring is involved in coordination to a metal centre.”!? Naturally,
other entities can interact with arene rings with the most notable being hydrogen, giving rise
the archetypal T-shaped or end-on C-H:--m(arene) interactions.!'"!3 Arene rings can also
interact with alkyl residues,'* metal centres, be they neutral,'>!¢ cationic!’-2° or anionic,?!-?3
lone-pairs of electrons?*26 and of the latter, prominent examples among these species are
halides.

The o-hole (polar cap) model?’-*? has emerged as a unifying concept to provide an
explanation for some of the aforementioned contacts which, at first sight, suggest attractive
interactions between like-charged species, e.g. lone-pair---m(arene) and halide:--m(arene)
interactions. In its simplest description and relevant to the work described herein, i.e. an
evaluation of C—I---n(arene) interactions in crystals, a 6-hole can be described as a region of
reduced electronic density for the halide (X) atom at the extension of a C—X bond. If the
electronic density is low, as in the case of an iodide atom, positive electrostatic potential will
be associated with this site, and it is this which can form an attractive interaction with an
electron-rich system, such as an arene ring. Far from being a crystallographic curiosity
restricted to molecular structures, C—X:--m(arene), for X = F, Cl, Br and I, interactions play
real roles in chemistry and biology.

The interactions between halides with biological molecules is well-documented33-36 and
have important ramifications for drug discovery and the delineation of mechanisms of action.3”-

3% The important biological roles notwithstanding, intramolecular C-I---m(arene) interactions
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occurring at the stereogenic centre are proposed as being crucial in the stabilisation of akey o s
intermediate in the reaction mechanism leading to the formation of difluorinated B-substituted
stryenes,* C—I---m(arene) interactions are vital in the uptake of molecular iodine in metal-
organic frameworks*' and covalent organic frameworks,*> and in moderating band structure
formation in semi-conducting complexes of SnCly.** 1In a very recent application, C70-
decorated chromatography columns were able to alter the retention times of variously
substituted halobenzene molecules and the strength of the C—X- - -w(arene) interactions enabling
this behaviour shown to be in the order F < Cl < Br < [.44

The aforementioned 6-hole model of bonding along the extension of the C—X bond for
C-X---m(arene) interactions does not preclude other modes of approach of X to an arene ring.
Thus, complementing the end-on approach, where the C—X---ring-centroid(arene) angle
approaches 180°, is a side-on approach where, at the other extreme, the C—X:--ring-
centroid(arene) angle approaches 90°, and implies a X(lone-pair)---m(arene) interaction.43-46
Indeed, a classification for the different geometries associated with interaction of an entity with
an arene ring exists in the literature,*’*® namely, delocalised, for an end-on approach, semi-
localised in circumstances where the approaching entity is directed to a specific n-bond of the

ring, and localised where the entity is directed to one atom of the ring only. While a localised

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

contact might be indicative of a m-hole interaction,’'*° there is not necessarily a direct
relationship between a geometry of approach and the mode of bonding as seen recently in a
Br---m(arene) contact which was described as a simultaneous c-hole/n-hole interaction.>”
Before proceeding further, it is appropriate to make some comments on the energy of
stabilisation provided by delocalised C—I---m(arene) interactions in crystals where they are
formed. Given the interest in this type of interaction, classified among the general class of
halogen bonding interactions,’! it is not surprising there are a number of thorough studies

directed towards this question, both experimentally and through computational chemistry
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investigations.’>>® For example, the calculated energy of stabilisation for a delgcaliseds Coctoiryrs

I---m(arene) interaction for a pair of C¢HsI molecules in the gas-phase is 3.63 kcal/mol.>” The
cited studies show energies in the range from 1.29 to 3.63 kcal/mol and it is acknowledged the
strongest of these interactions can be competitive with other halogen bonding interactions and
indeed hydrogen bonding.’**8>° The nature of the C—X---m(arene) interaction is mainly
dispersive with smaller contributions from coulombic attraction and charge-transfer, and these
terms are at a maximum for the least electronegative iodide atom, which accounts for the
relative strength of C—X---m(arene) interactions, i.e. X =1> Br > Cl >>F.

With the foregoing in mind and in connection of on-going studies of the interactions of
arene rings involving non-traditional donors/acceptors, e.g. element(lone-pair)- - -m(arene),*® C—
H---n(chelate-ring)®92 and C—Cl---n(chelate-ring),®® herein, a survey of the formation of
delocalised C—I---m(arene) interactions is made along with a description of the supramolecular
architectures they sustain and an assessment of the propensity of such interactions to form in
molecular crystals of iodide-containing analogues and in comparison in the crystals of their

bromide, chloride and fluoride congeners.

Methods

The CSD% (version 5.41, two updates) was searched for C—I---n(chelate) contacts employing
ConQuest (version 2.0.4)% employing the protocols indicated in Fig. 1. The vector normal to
the plane through the arene ring with the origin at the ring centroid, Cg, is V;. The value of 6
is the angle subtended at the iodide atom by the carbon atom to which it is attached and Cg.
The value of 6 was constrained to lie between 160 and 180° to determine the presence of a
delocalised C—I---m(arene) contact.*”*8 The other constraint was, d, the distance between Cg
and the iodide atom. The value of d was set to 3.88 A, being the sum of the van der Waals

radius of iodide, i.e. 1.98 A,% and that assumed for an arene ring, i.e. 1.90 A.67
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Fig. 1 An illustration of the search protocols employed for the identification of delocalised C—
I---m(arene) contacts in molecular crystals. The vector, V7, is the normal to the plane through
the arene ring with the origin at the ring-centroid (Cg), d is the separation between Cg and the
iodide atom, and 0 is the angle subtended at the iodide atom by the carbon atom it is bound to
and Cg.

Additional constraints were applied to the search in that structures with R > 0.075, were
polymeric or suffered from errors and/or disorder were excluded as were heavy element-
containing structures. All 233 retrieved hits were evaluated manually to ensure the identified

C-I---n(arene) contact was operating independently of other non-covalent interactions, most

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

notably hydrogen bonding; duplicates were also removed. The data analysis was performed
employing both PLATON® and DIAMOND,® with all diagrams generated with the latter.
After sorting, there were 181 crystals featuring supramolecular architectures sustained
primarily by C—I---m(arene) interactions. As the purpose of the present survey is directed
towards an analysis of the role of C—I---n(arene) interactions upon supramolecular aggregation
patterns, full descriptions of the three-dimensional packing are not given. The exception to
this is in usually only in circumstances where C—I---m(arene) interactions outside the search

criteria are apparent. The structures are divided into single-molecule containing crystals and
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multi-component crystals. Within each category, zero-dimensional aggregation patterns;

discussed before one- and two-dimensional examples. Within each classification, molecules
with one iodide atom are described before those with two iodide atoms, efc. Similarly,
aggregates sustained by a single C—I---m(arene) interaction between molecules are discussed
before those featuring two or more interactions per molecule. Within each category of
structures, aggregates are ordered in terms of increasing values of d. Images of all aggregation
patterns, values of d and 0 for each contact along with full details of crystal composition are

given in ESI Tables 1-8.

Supramolecular architectures

Zero-dimensional aggregates sustained by a single C—I---mw(arene) interaction

There are 17 structures in this category and the chemical diagrams for the interacting species
are given in Fig. 2. The common feature of each of 1,70 2,71 3,72 4,73 5,74 6,75 776 and 877 is the
presence of a single iodide atom in the molecule and at least two independent molecules in the
crystallographic asymmetric unit. In this structural motif, a single C—I---n(arene) interaction
is formed between two independent molecules leading to a zero-dimensional aggregate; in 1,
there are three independent molecules and two of these are connected by a single C—I---n(arene)
contact. A representative aggregate for this motif is illustrated in Fig. 3(a) for 5.7 Several of
the aggregates, exemplified by 473 in Fig. 3(b), are orientated to allow for a second, putative
C—I---m(arene) interaction leading to a dimeric aggregate sustained by two such interactions.
However, the geometric parameters characterising the second contact are outside of the
specified search criteria for this survey. In the case of 4, while the value of d = 3.6406(16) A
is within the distance limit, the 6 angle of 146.42(12)° is outside the specified angle range;
similar angular deviations are noted in the crystals of 372> and 67° — the geometric parameters

for these interactions are included in ESI Table 1.
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Fig. 2 Chemical diagrams for molecules 1-17 which form zero-dimensional aggregates in their
crystals sustained by a single delocalised C—I---n(arene) interaction. Compound 13 is bis(4-

iodophenyl)-o-carborane.

Five molecules, i.e. 9,78 10,7 11,30 128! and 13,32 feature two iodide atoms in their
molecular formula. In each two-molecule aggregate formed in the respective crystal, sustained
by a C-I---n(arene) interaction, only one of the iodide atoms participates in the contact. In 9,
four independent molecules comprise the asymmetric unit but, only two of these are connected
to form a two-molecule aggregate via a C—I---n(arene) interaction. In 10, Fig. 3(c), there are

six independent molecules but, again, only two of these associate via a C-I---m(arene)
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interaction. In 11-13, the C—I---m(arene) connection is made between the two independeénts; s
molecules comprising the asymmetric unit. In 13,8 Fig. 3(d), the alignment of the molecules
suggests a second contact but, the parameters defining this are outside the search criteria, ESI
Table 1. There are three molecules having three iodide atoms and as for other aggregates in
this section, all associate via a single C—I---m(arene) interaction. In 14,3 there are four
independent molecules and two of these associate to form a dimeric aggregate. The other two
molecules associate in a similar fashion but with d beyond the sum of the van der Waals radii,
ESI Table 1. In 15,34 Fig. 3(e), the dimeric aggregates thus formed are assembled into a twisted
chain when contacts beyond the search criteria are taken into consideration. In the crystal of
16,3 additional C-I---m(arene) interactions outside the search criteria complemented by
I---O=C halogen bonding interactions lead to a hexagonal array, as described in the original
report.®> In the last structure to be discussed in this section, only one of the four iodide atoms
in the tetra-iodide molecule, 17,8 forms a C-I---m(arene) interaction, occurring between the

two independent molecules comprising the asymmetric unit, Fig. 3(f).

oA N ¥
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Fig. 3 Supramolecular aggregation in zero-dimensional aggregates sustained by a,singl& Ciio s
I---m(arene) interaction, represented as a pink-purple dashed line, in: (a) 5, (b) 4, (¢) 10, (d) 13,
(e) 15 and (f) 17. Colour code for this and subsequent molecular structures diagrams: iodide,
pink; sulphur, yellow; oxygen, red; nitrogen, blue; carbon, grey; olive-green, boron; hydrogen,
green. The arene ring participating in the C—I---m(arene) contact is shown in purple. Non-

acidic hydrogen atoms are omitted for clarity.

Zero-dimensional aggregates sustained by two C—I---w(arene) interactions

There are 32 molecules forming very similar dimeric aggregates in their crystals, Fig. 4, each
sustained by a pair of C—I---m(arene) interactions. These are, in order of increasing values of
d, 18,57 19,88 20,89 21,9 2291 23,92 24,93 2594 26,95 27,9 28,57 29,8 30,9 31,100 32,101 33 102
34,103 35,104 36,105 37,106 38 107 39 108 4 109 47 110 42 111 43 112 44 113 45 114 46,115 47,116 48117
and 49;''3 details are collated in ESI Table 2. All of aforementioned dimeric aggregates are
disposed about a centre of inversion with a representative example, i.e. 28,°7 shown in Fig.
5(a). In 20,%° two independent molecules comprise the asymmetric unit, and each of these
assembles about a centre of inversion with one dimeric aggregate shown in Fig. 5(b). A

comment on the values of d and 6 in 20% is apt. For the illustrated molecule in Fig. 5(b), d =

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

3.566(4) A and 6 = 166.2(3)°, and these compare with d =3.791(5) A and 6 = 173.8(3)° for the
second dimeric aggregate, indicating the shorter value of d is not correlated with a more linear
approach of the C—H vector to the ring centroid, Cg. Two independent molecules also comprise
the asymmetric unit of in each of 23°? and of 36.!° In each of these crystals, only one of the
independent molecules self-associates about a centre of inversion to form a dimeric aggregate;
the second independent molecule is similarly orientated but, with parameters outside the search
criteria, see ESI Table 2. Despite having the common feature of two independent molecules in

the crystallographic asymmetric unit, a different situation pertains in the crystals of each of
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30% and 42.!!! In these crystals, while one of the independent molecules in each cgystal, S0P o 20%
a dimer across a centre of inversion, the second independent molecule does not form analogous
C-I---m(arene) interactions at all, even outside the search criteria. The dimeric aggregate in the
crystal of 31,90 Fig. 5(c), is notable in that there is also a bromide substituent in the molecule.
Similarly, molecules in 37 and 44!3 feature bromide substituents. The presence of both
iodide and bromide atoms in these crystals suggest a possible competition between the
formation of C—I---n(arene) and C—Br -m(arene) interactions. In neither 31 nor 44 is there
evidence of C—Br---m(arene) interactions. However, 37, where there are two bromide
substituents in the molecule, a C—Br---m(arene) interaction, with d = 3.4843(19) A and 0 =
151.16(17)°, is apparent and complements the C—I---n(arene) contact. In each of 45''4 and

49118 with chloride substituents, C—Cl---mt(arene) interactions are not observed in their crystals.

10
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Fig. 4 Chemical diagrams for molecules 18-49 which form zero-dimensional aggreges,in {heit

crystals sustained by two C—I---m(arene) interactions.
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Fig. 5 Supramolecular aggregation in zero-dimensional aggregates sustained by a two C—
I---m(arene) interactions: (a) 28, (b) 20, (¢) 31, (d) 51, (e) 52, (f) 58 and (g) 61. Extra colour

code: selenium, orange; bromide, dark-green.

The molecules in 50,19 51,120 52,121 53 122 54 123 55 124 56125 and 57'%6 each carry two
iodide substituents, see Fig. 6 for chemical diagrams. A greater variety of supramolecular
association is apparent in this series, at least in terms of the symmetry associated with the
resulting aggregates. When a dimeric aggregate is formed, it is always sustained by a pair of
C-I---m(arene) interactions. Three of the crystals feature a single molecule in the asymmetric
unit, and each of these self-associates about a centre of inversion to form a dimeric aggregate,
namely in the crystals of 51,'2° Fig. 5(d), 54'?3 and 56.'> Again with a single molecule in the
asymmetric unit, the aggregates in 52,'?! Fig. 5(¢), and 57'?¢ are disposed about a 2-fold axis
of symmetry. In each of 53'?2 and 55,'** two molecules comprise the asymmetric unit. One of
these in each crystal forms a centrosymmetric dimer via C—I---n(arene) interactions whereas

the second independent molecule does not form C-I---m(arene) interactions. A different

12
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situation pertains in the crystal of 50'"” where three independent molecules compgisestheso s
asymmetric unit. One of these forms a centrosymmetric dimer whereas the other two associate
via a pair of C—I---m(arene) interactions. One of the C—I---w(arene) interactions within the non-
symmetric dimer has d = 3.4948(14) A and 6 = 164.56(11)°. A longer separation, i.e. d =
3.6428(15) A is noted in the centrosymmetric dimer but, the angle is closer to linearity, i.e. 0

=172.29(11)°.

O O

+ T
f;r QQQ o A oo

54
[

Me:S‘%_f”SiMe: OH
[N i A
|

N

56 57 58 & 59 60 61

Fig. 6 Chemical diagrams for molecules 50-61 which form zero-dimensional aggregates in

their crystals sustained by two C—I---m(arene) interactions.

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

In zwitterions 58, Fig. 5(f), and 59,27 which differ in the number of co-crystallised
water molecules in their crystals, and in 60,'2® Fig. 6, there are four iodide atoms available for
forming C—I---m(arene) interactions yet, only one does so in each case. The asymmetric unit
in the crystals of each of 58 and 59!’ comprises two independent molecules and in each case,
these associate via a pair of non-equivalent C—I--m(arene) interactions; in 60,'*® the dimer is
centrosymmetric. Despite there being six iodide atoms in the molecular formula of 61,'* Fig.
6, only one C—I---m(arene) interaction falls within the search criteria. This leads to the two-

molecule aggregate disposed about a 2-fold axis of symmetry illustrated in Fig. 5(g).

13


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

CrysttEngComm Page 14 of 64

View Article Online

Linear, one-dimensional supramolecular chains sustained by C—I---mw(arene) ., ,;.030/00cc016070
interactions

There are 17 molecules forming a linear, one-dimensional supramolecular chains sustained by
an average of one C-I---m(arene) interaction per repeat unit in their crystals: 62,01 63,130 64,31
65,132 66,133 67,134 68,135 69,136 70,137 71,138 72,139 73,135 74,140 75,141 76,142 77143 and 78:141 see
Fig. 7 for their chemical diagrams. A representative chain is shown in Fig. 8(a), namely for
heteroatom-rich 64.13! With one exception, all crystals but that of 66!33 have one molecule in
the asymmetric unit. In the exceptional example, 66,33 there are two independent molecules.
Each of these self-assembles into a linear chain but, for one of the independent molecules, the
geometric parameters characterising the C—I---m(arene) interaction are outside of the search
limits for delocalised C—I--m(arene) interactions. The structure of 7743 is notable in that, being
published in 1986, is the earliest structure described in this survey featuring an intermolecular,

delocalised C—I---m(arene) interaction in its crystal.

14
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Fig. 7 Chemical diagrams for molecules 62-89 which form linear, one-dimensional chains in

their crystals sustained by a single C-I---m(arene) interaction per repeat unit.

15
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. . . . . ‘
Linear, one-dimensional supramolecular chains sustained by an average, of, ones Cicio s

I---m(arene) interaction per repeat unit are also evident in the crystals of molecules 79,4+ 80,14
81,146 82,147 83148 and 84,4 each having two iodide substituents; see Fig. 7 for chemical
diagrams. The linear supramolecular chain in 84! is illustrated in Fig. 8(b) and in common
with 80,4 82!47 and 83!4% has one molecule per asymmetric unit. In 79,4 Fig. 8(c), two
independent molecules comprise the asymmetric unit and these assemble into a two-molecule
aggregate via a single C—I---m(arene) interaction with d = 3.516(4) A and 6 = 161.0(2)°. The
dimeric aggregates thus formed, assemble into a linear chain via a second C-I---m(arene)
interaction. The values of d=3.620(4) A and 6 = 174.0(2)° associated with the latter interaction
again show there is no direct correlation between d and the linearity of the approach of the
iodide atom to the ring-centroid. Two molecules comprise the asymmetric unit of 8146 but,
only one of these assembles into a linear chain. A variation occurs in the crystal of 85,'%° Fig.
7, in that, on average, there are two C—I---m(arene) interactions per molecule as illustrated in
Fig. 8(d). The molecule itself is disposed about a centre of inversion and associates with

translationally-related molecules to form the linear chain.

16
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5
Sr

Fig. 8 Supramolecular aggregation in linear, one-dimensional chains by C-I---m(arene)

interactions: (a) 64, (b) 84, (c) 79, (d) 85 and (e) 89. Extra colour code: fluoride, plum.

The next two molecules have three iodide substituents, i.e. 86'>! and 87.,% Fig. 7, and
each assembles into a linear chain via a single C—I---w(arene) interaction in a fashion similar to
tetra-substituted 88,'°2 and 89,!53 Fig. 7, with chain for the latter shown in Fig. 8(¢). It is noted
the non-solvated form of 87, i.e. 16, associates into a two-molecule aggregate via a single C—

I---m(arene) interaction. There are two independent molecules in the crystal of 89.153 The

17
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second independent molecule assembles as shown in Fig. 8(e) but having d = 3.976(4) A

0 = 134.9(2)°, with both parameters outside the search criteria. The aggregation in the crystal
of 86,'3! can be compared with that in the solvent-free form, i.e. 15,34 Fig. 3(e), in which a two-
molecule aggregate assembled via a single C—I---m(arene) interaction is observed. Each of the
remaining iodide atoms in 87,% also participates in a C—I---m(arene) interaction but, with
geometric parameters outside the search criteria, see ESI Table 3. If these interactions are

considered, a flat, two-dimensional array is realised.”®

Zig-zag, one-dimensional supramolecular chains sustained by C-I---w(arene)
interactions

In this section, there are 14 examples of molecules bearing a single iodide atom forming an
average of one C—I---m(arene) interaction per molecule to form a one-dimensional chain with
a zig-zag topology. The chemical structures for these molecules, i.e. 90,34 91,155 92,156 93 157
94,149 95158 96,159 97,160 98 161 99 162 10,163 101,94 102! and 103,'% are shown in Fig. 9.
The common feature of all supramolecular zig-zag chains is their propagation by
crystallographic glide symmetry, see ESI Table 4. A representative chain in the crystal of 93157
is shown in Fig. 10(a). With two exceptions, the asymmetric unit comprises one independent
molecule. The deviations from this generalisation are found in 92!5¢ and 97'%° where half the
molecule comprises the asymmetric unit in each case owing to crystallographically-imposed
mirror symmetry in the molecule. The crystal of 99162 is of interest in that this is one of two
examples of polymorphic structures in this review. While 99162 is orthorhombic (Pbca), a
monoclinic form (C2/c) is also known,'” in which there are no notable C-I---m(arene)

interactions.
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Fig. 9 Chemical diagrams for molecules 90-112 which form zig-zag, one-dimensional chains

in their crystals sustained by a C—I---m(arene) interactions.

The next six molecules, i.e. 104,18 105,1%° 106,70 107,171 108'72 and 109,!7? each have

two iodide atoms in their molecular formula, Fig. 9. The first five molecules, exemplified by

106'7° in Fig. 10(b), feature zig-zag chains propagated by zig-zag symmetry and are sustained
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by a single C-I---n(arene) interaction, on average, per molecule. A difference occuys in 10917250005
as 1), the molecule has mirror symmetry and ii) there are on average two C-I:--m(arene)
interactions per molecule, Fig. 10(c); there is only one other example with as many C—
I---m(arene) interactions between repeat units among one-dimensional chains, namely, in 85,50
illustrated previously in Fig. 8(d). As shown in Fig. 9, the molecule in 110,*® contains three
iodide atoms and those of 111'74 and 112,'”> four. The molecule in 1104® has mirror symmetry
and forms a single C—I---m(arene) interaction, on average, per molecule with the interacting
iodide atom lying on the plane. The zig-zag chain is propagated by glide-symmetry. The arene
rings related across the plane also form C—I---m(arene) interactions but these are operating in
concert with bifurcated O—H- -1t contacts are so are ignored in this survey. In each of 111,'74
Fig. 10(d), and 112!7> only one of the four available iodide atoms participates in a delocalised
C-I---m(arene) interaction to generate a zig-zag chain (glide-symmetry); additional C—
I---m(arene) interactions are noted in the crystal of 112!75 but, with geometric characteristics

outside the search criteria, see ESI Table 4.

Fig. 10 Supramolecular aggregation in zig-zag, one-dimensional chains sustained by C—

I---m(arene) interactions: (a) 93, (b) 106, (c¢) 109 and (d) 111.
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Helical, one-dimensional supramolecular chains sustained by C-I:--w(arene)
interactions

In this section, the most represented class of supramolecular chains sustained by C—I---n(arene)
interactions are summarised, namely those with helical topology. There are 36 examples, Fig.
11, of molecules having the sole iodide atom present in their molecular formula forming the
contact: 113,76 114,77 115,'7® 116,'”° 117,'80 118,'8! 119,'82 120,' 121,'8* 122,85 123,186
124,187 125,188 126,189 127,19 128,191 129,192 130,19 131,194 132,195 133,19 134,197 135,19
136,1°° 137,200 138,201 139,292 140,29 141,294 142,29 143,296 144,27 145,28 146,2° 147°!° and
148.2' Two representative examples, namely for the DDT (dichlorodiphenyltrichloroethane)
analogue, 126,'% and 127,'%0 are shown in Figs 12(a) and (b), respectively; the latter is notable
for having a —CF; group but no C—Cl---n(arene) interactions are noted in the crystal. The
common feature of all of the helical chains is that they are propagated by 2,-screw symmetry
in their crystals, see ESI Table 5. Further, except for 114,77 121'3* and 129,'°? each features a
single molecule in the crystallographic asymmetric unit. In 114,77 each of the two molecules
in the asymmetric unit form helical chains. Highlighting the pervasive nature of helical chain

formation, in each of 121'3* and 129,'°? one of the independent molecules forms a helical chain

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

and so does the second but, with geometric parameters outside the search limits for delocalised

C-I---m(arene) interactions, ESI Table S5.
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Fig. 11 Chemical diagrams for molecules 113-148 which form a helical, one-dimensional

chain in their crystals sustained by a C—I---m(arene) interactions.
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(d)
Fig. 12 Supramolecular aggregation in helical, one-dimensional chains sustained by C—

I---m(arene) interactions: (a) 126, (b) 127, (c) 155 and (d) 156.

Complementing 37 examples in this category with a single iodide substituent, are seven
molecules with two iodide substituents, i.e. 149,212 150,213 151,214 152,215 153,216 1542!7 and
155,218 and two with three, ie. 156*® and 157;>'° see Fig. 13 for chemical diagrams.
Representative aggregation patterns are illustrated for 155%'® and 156 in Figs 12(c) and (d),
respectively. In all crystals but 157,2'° one molecule comprises the asymmetric unit; in the
extraordinary case, two molecules comprise the asymmetric unit and each forms a helical chain
in the crystal. All helical chains are propagated by 2;-screw symmetry and each molecule
accepts and donates one C—I---m(arene) interaction. A solvated form of 156*® also features in

this survey, namely in 110.#® In this case, a zig-zag supramolecular chain is formed.
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Fig. 13 Chemical diagrams for molecules 149-157, having multiple iodide substituents, which
form a helical, one-dimensional chain in their crystals sustained by a C-I---m(arene)

interactions.

Two-dimensional aggregates sustained by a C—I---w(arene) interactions
There are four crystals in this category, three having two iodide substituents in their molecular
formula, i.e. 158,220 159221 and 160,2??> and one having four substituents, namely 161;%?3 see

Fig. 14 for chemical diagrams and ESI Table 6 for further details.

O
nHex@ /?

T qob g e

Fig. 14 Chemical diagrams for molecules 158-161 which form two-dimensional arrays in their

nHex

crystals sustained by C—I---m(arene) interactions.
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Two distinct structural motifs are observed for the compounds with two iqdidg atoifis. o s
The first of these, illustrated in the two views of Fig. 15(a), is found in the crystal of 158,220
where two molecules comprise the asymmetric unit. Each of the molecules accepts and donates
two C-I---m(arene) interactions which extend laterally to form a two-dimensional array, two
molecules thick. In the second motif, found in each of 15922! and 160,22 one arene ring, located
about a centre of inversion, accepts two contacts, one to either side, and each of the iodide
atoms participates in a C—I---w(arene) interaction. Again, these extend laterally to form a two-
dimensional array as illustrated for 159%2! in Fig. 15(b). In the tetra-iodide species, 161,>%3
again one ring accepts two C—I---m(arene) interactions but only two of the iodide atoms

participates in these contacts, giving rise to the array shown in Fig. 15(c).

(© ' 's '
Fig. 15 Supramolecular aggregation in two-dimensional arrays sustained by C—I---w(arene)

interactions: (a) 158 (plan and side-on views), (b) 159 and (c) 161.

Aggregates sustained by C-I---w(arene) interactions in multi-component crystals
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For completeness, in this section, multi-component crystals found to present C—:; m(atete)
interactions between the different constituents in their crystals are described. There are two
examples of solvates, namely 1622>* and 163;%>° see Fig. 16 for chemical diagrams and ESI
Table 7 for details. In the former, a 2:3 solvate, an iodide atom of CH;I, interacts with a ring
of the tetra-brominated species to form the two-molecule aggregate shown in Fig. 17(a); no C—
Br---m(arene) interactions are noted in the molecular packing. In the second solvate, 163,22
each of the constituents is disposed about a 2-fold axis of symmetry and line up along this axis
to form a twisted chain, Fig. 17(b). The arene rings accept two C—I---m(arene) interactions but

only two of the six iodide atoms in the hexa-iodide species are involved in such contacts.
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Fig. 16 Chemical diagrams for the interacting constituents connected by C—I:; m(@tete) o oos
interactions in multi-component crystals 162-181. Crystals of 166-171, 176 and 178-180 are
co-crystals with 1,4-C¢F4l,, and crystals of 172-175, 177 and 181 are co-crystals with 1,3,5-

CeFsls.

The remaining structures to be described fall under the aegis of co-crystals. The co-
formers of co-crystals 164,22 165,22 166,%*’ 167,2*® 168,2% 169,2° 170,23 171,27 172,%!
173,32 174,233 and 175,72 Fig. 16, adopt a common, zero-dimensional motif comprising two
different molecules connected by a single C—I---n(arene) interaction. With the exceptions of
165,726 Fig. 17(c), which is a 1 (iodide-containing species):2 co-crystal monohydrate, and
171,727 Fig. 17(d), a 3:2 co-crystal, the remaining examples are solvent-free, 1:1 co-crystals,
ESI Table 8. Interestingly, the aggregates formed in 165%2¢ and 171?%7 are, to a first
approximation, the same as those aggregates found in the pure 1:1 co-crystals containing the
same species, i.e. 164*2° and 166,>%7 respectively. Further, in its pure form the iodide-
containing co-former of each of 164%>2° and 165°*° forms a single C—I---n(arene) interaction
between a pair of independent molecules to form a two-molecule aggregate, see 2.7! Of the

aforementioned di-and tri-iodide co-crystals, only in 167>?® is there a suggestion of an

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

additional C-I---m(arene) interaction, outside the specified search criteria for delocalised
interactions, leading to a higher aggregation pattern, in this case, a linear chain, see ESI Table

& for details.

27


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

CrystEngComm Page 28 of 64

)\ View Article Online
DQI:*L(I1039/ CE01677B
‘/‘\IA\A.O
-, o

fi} - ‘\‘ . '\‘r—z\‘r/."
(@) 2 (9 \ :‘(E{ (d) {-\ (e)./b\r‘\‘i
, , w
¢ ¢ ¢
3 ' 'd
I%XHH < a----éi—---m..ﬂJ)%@-----éx----wﬂ Ly
‘ j‘i?‘ Q\. ‘ ¥, Y ‘ }’3 O

(b)

(f) (9)

Ao T

1 {, .\i /I\T o
w*I/‘\. qf‘\.
(h}
Fig. 17 Supramolecular aggregation sustained by C—I---m(arene) interactions in multi-

component crystals: (a) 162, (b) 163, (c) 165, (d) 171, (e) 176, (f) 178, (g) 180 and (h) 181.

Related zero-dimensional aggregates are noted in the crystals of 176,23 Fig. 18(e), and
177.2% In these instances, two rings of the accepting molecules connect to the co-crystal co-
formers, leading to three-molecule aggregates. In 176,234 the naphthalene molecule is disposed
about a centre of inversion, and if there search criteria were relaxed, each ring effectively

connects to two different 1,4-C¢F4I, molecules with the result being the formation of a
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supramolecular tape, see ESI Table 8. In 177,2° the asymmetric unit compyises, FouE: s
independent, donating 1,3,5-C¢F;I3; molecules and two independent, accepting 1,2-
dihydroacenaphthylene molecules with the result that two independent, three-molecule
aggregates are formed. Ifadditional C—I---m(arene) interactions outside the search criteria were
taken into consideration, a second iodide atom in each case participates in a C—I---m(arene)
interaction so that each ring accepts two contacts. In this scenario, the result is a two-
dimensional array with an undulating topology, see ESI Table 8.

In the remaining aggregates to be described, the donating molecules form bridging
interactions to arene rings. The chemical diagrams for 178,>3¢ 179,237 180237 and 18123% are
given in Fig. 16. A three-molecule is seen in the crystal of 178,236 Fig. 17(f), where the 1,4-
C¢F4l, molecule is disposed about a centre of inversion. In each of 17927 and 180,%% Fig.
17(g), the co-formers are disposed about centre of inversion and the resultant linear,
supramolecular chain has a step-ladder topology. Finally, in 181,23 where the 1,3,5-C4F;1;
molecule has 2-fold symmetry and the pyrene molecule is situated about a centre of inversion,
a zig-zag, supramolecular chain results as only the symmetry-related iodide atoms form C—

[---m(arene) interactions, Fig. 17(h).

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

Overview

The results of a survey of the crystallographic literature seeking the presence of delocalised C—
I---m(arene) interactions has been presented. A total of 181 crystals were found to feature such
interactions with the distance between an iodide atom and the ring centroid (Cg) of an arene
ring it approaches being less than 3.88 A and with the C—1---Cg angle lying in the range 160-
180°. The identified contacts are operating independently of any other obvious atom-to-atom
contacts. There were 77 zero-dimensional, supramolecular aggregates sustained by delocalised

C-I---m(arene) interactions, 100 supramolecular chains and four two-dimensional arrays.
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Among the zero-dimensional aggregates, the maximum number of molecules comprising the'ss .o,
aggregate was two. In nearly 75% of zero-dimensional aggregates, there were two delocalised
C—I---m(arene) interactions between the molecules. By contrast, in the overwhelming majority
of one-dimensional chains there was, on average, one C—I---m(arene) interaction per repeat unit,
there being only two exceptions, i.e. 85139 and 109,'”3 out of 100 examples. In keeping with
the delocalised nature of the C-I---m(arene) interactions, there were no bifurcated C—
I---m(arene) interactions. In terms of the accepting arene rings, in most cases, the ring accepted
a single C—I---m(arene) interaction only, there being only four instances where the ring accepted
two contacts, i.e. in the two-dimensional arrays of 159,22! 160?%2 and 161,%>2* and in the one-
dimensional chain of 163.2%°

Allowing for multiple aggregates in the surveyed crystals, there are 199 independent
C—I---m(arene) interactions. The range of d values was 3.272(5) A in 16325 to 3.8785(7) A in
49.'18 The average value of d was 3.674 A and median value, very similar at 3.678 A. Owing
to the intention to evaluate delocalised C—I---n(arene) interactions only, the values of 6 were
limited to lie between 160 and 180°. This constraint notwithstanding, the average value of 6
was 166.9° and median value 166.6°. It is noted the shortest value of d in the surveyed crystals
is associated with the widest angle, i.e. 180° in 49.!'% However, a plot of 0 versus d, see ESI
Fig. 1, showed this structure was in fact an outlier and that no correlation between 6 versus d
is evident. This lack of correlation is well established for non-covalent interactions?°->4! and
has been highlighted in several instances in the present review for parameters within the same
crystal, e.g. 20,37 50,11%, 79,144 ¢fc.; also, see below. The absence of a correlation between 0
versus d generally relates to a number of chemical factors such as different electronic effects
impacting upon both the iodide donor and accepting arene ring, steric hindrance, competing or
even complementary intermolecular interactions, etc.?’*2*#* In addition, the crystalline

manifold and the conditions under which the crystallographic experiment is conducted, such
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as temperature, can have an impact upon the geometric parameters defining, ,WeaKs o ivs
intermolecular interactions.?**?% In this context and the above notwithstanding, it is worth
mentioning a room temperature, variable-pressure study?*® of previously described 19,8 which
is a centrosymmetric, two-molecule aggregate. Under ambient conditions, d = 3.563(2) A and
0 = 164.78(14)° but when the pressure was increased to 4.88 GPa, d reduced to 3.215(3) A with
an accompanying straightening of the 0 angle to 169.3(3)°. Certainly, more systematic

crystallographic studies in this area are warranted, especially under non-ambient conditions.

Likelihood of formation

Attention is now directed towards evaluating the propensity for the formation of C—I---n(arene)
interactions. In the present survey, 181 crystals were identified as having delocalised C—
I---m(arene) interactions. An additional search of the CSD% was conducted, employing the
same restrictions as outlined above in the Methods section, for every crystal with a C—I bond
and an arene ring. This retrieved over 4200 hits (no sorting) implying just over 4% of all
possible crystals where these interactions can form actually feature delocalised C—I---m(arene)
interactions. When the range of 0 angle was expanded to 90-180°, allowing for the possibility

of both semi-localised and localised C—I---m(arene) interactions, 645 hits (no sorting) were

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

retrieved corresponding to a considerably greater adoption rate of 15%. Either percentage
adoption rate does not suggest a particularly great prevalence of this mode of association
between molecules. The 4% adoption rate for delocalised C—I:--m(arene) interactions may be
compared with 6% adoption of delocalised M(lone-pair)- - -w(arene) interactions in antimony?#!

and in tellurium?#° crystals capable of forming such interactions.

Several additional surveys of the crystallographic literature were conducted employing

the CSD.% These included a search for structures with the identical molecular formula as for
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the iodide-containing molecule of each of 1-181 to ascertain whether specific molecyples exHibit o . 20s
a propensity to form C—I---m(arene) interactions. Also, a search was made for congeners, i.e.
analogous molecules where the iodide atom(s) of 1-181 were substituted for a bromide,
chloride and fluoride atom(s). Unlike the CSD search leading to the identification of 1-181,

no restrictions were applied to the angle 0 in the searches for congeners; the other criteria were
retained. The results of the additional CSD searches are summarised in ESI Table 9.

The first search for analogues among the 181 compounds, revealed the presence of two
polymorphs. For 992 (orthorhombic: Pbca and Z’ = 1), its polymorph (monoclinic: C2/c and
7> =0.5) exhibited no equivalent C—I---n(arene) interactions, and the same observation is true
for 155 (orthorhombic: P2,2,2; and Z' = 1)*?° and its polymorph (P2;/n and Z' = 1).?4’7 The
most represented of the 181 compounds covered in this survey is 4-iodophenylboronic acid
found in 2,7! and in co-crystals 164 and 165%2¢ all featuring C-I---m(arene) interactions.
However, when is 4-iodophenylboronic acid is co-crystallised with 4,4'-bipyridine, as a
monohydrate, 1.5 equivalents of trans-1,2-bis(4-pyridyl)ethene, 0.5 equivalent of 4,7-
phenanthroline,??¢ isonicotinamide, nicotinamide?*® and 1,3-dimethyl-3,7-dihydro-1H-purine-
2,6-dione,?* no C-I---m(arene) interactions were observed. The tri-iodide species, 1,3,5-
triethyl-2,4,6-tris((4-iodophenoxy)methyl)benzene, 15,3 appears in three other crystals,
namely in the m-xylene solvate, 86,'°! and in the chloroform and 1,2-dichloroethane
solvates.!>! In the latter two examples, C—I---w(arene) interactions are apparent but with the 0
angles deviating by a several degrees from 160°. Three crystals are also known to contain
tris(4-iodophenyl)methanol, i.e. the dichloromethane solvate, 110,>7 the unsolvated form,
156,37 each of which are described herein but, when this molecule is co-crystallised as the
benzene hemi-solvate,’” no C—I---m(arene) interaction is noted. Three molecules each feature
in two structures included in this survey, i.e. 16%° & 87,76 58 & 59,!%7 and 166 & 171,727 with

no additional literature counterparts. The 1:1 co-crystal formed with co-formers 1,1'-ethyne-
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1,2-diyldibenzene and 1,2,4,5-tetrafluoro-3,6-di-iodobenzene, 180,237 assemble intp,a, Jiigats, 205
chain via C—I---m(arene) interactions. The 1:2 co-crystal is also known,?” and related linear
chains are also sustained by C-—I---m(arene) interactions but, with 0 angles less than 160°.
Finally, when 29° is co-crystallised with chloroform,’® the C—I- - -n(arene) interaction no longer
persists. A similar observation is noted when 129'°Z is co-crystallised with 4,4'-bipyridine,'*?
and when 143%% is co-crystallised with 3,5-dinitrobenzoic acid.>* In summary, the analysis
of molecules featured in this survey indicates there is no inherent likelihood for the formation
of C—I---m(arene) interactions in crystals containing any of the iodide molecules of 1-181.

A survey of X = bromide, chloride and fluoride congeners of 1-181 was also conducted
with the results summarised in Table 1 and with further complete details included in ESI Table
9. The results may be considered in three categories: 1) where the iodide-containing compound
is different to all congeners in terms of the formation of C—X:--m(arene) interactions in their
crystals, ii) there are some structural similarities among the congeners and ii1) the congeners
form isostructural series. Congeners with isostructural relationships are highlighted with a
cyan background in Table 1.

The first category involves crystals 1,70 4,73 48,117 51,120 105,16° 155,295 160,22 164>2°

and 181.23% Of the nine crystals, five have congeners having C—X---m(arene) interactions and

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

of these, congeners of 4,73 i.e. bromide,?>* chloride** but, not fluoride?>> have C—X---n(arene)
interactions close to being classified as delocalised in terms of this survey. For congeners of
51,'20 j.e. chloride,>° and 181,23 ie. bromide?*® and fluoride,?’? side-on C—X---m(arene)
interactions occur in their crystals. The bromide congener of 160,>2% crystallises as two
monoclinic polymorphs?6%270 with a delocalised C—Br---n(arene) interaction occurring in the
polymorph with the molecule being disposed about a centre of inversion.?® The most studied
group of congeners are for crystal 1 for which two polymorphs are known for each of the

bromide, chloride and fluoride analogues with each series being isostructural but not
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isostructural with 1.70251.252 While the monoclinic (P2,/c) polymorphs do not exhibifsC5to s

X---m(arene) interactions, the triclinic (P1) series does exhibit side-one C-X:--m(arene)
interactions; the participating fluoride atom in the fluoride analogue is bifurcated.”®>!-22 No
C—X:--m(arene) interactions are noted in the crystals of the congeners known for 48,''7 105,'%°
15529 and 164,226 Table 1.

The second category of crystals comprises six examples. Here, there is a combination
of isostructural and non-isostructural relationships. For 80,'43 the bromide and chloride
congeners are isostructural but, that the fluoride congener is not.'* In spite of the isostructural
relationship, no C—X---m(arene) interactions are apparent in the respective crystals,'4
suggesting the C—I---m(arene) interaction in 80 is not structure-directing; no C—F---m(arene)
interaction is noted in the fluoride analogue.!4> This is the exceptional observation within this
category. Thus, for 36,071,138 127,199 130,93 and 139,72 the isostructural bromide analogues
exhibit comparable or close to delocalised C-Br---m(arene) interactions,
respectively.!05:138.258,193.264  Each of these iodide-containing molecules also has a chloride
congener, respectively,!04138.259.260.193,250  While a delocalised C—Cl---m(arene) interaction is
apparent in the congener of 127,'°° the only other congener to exhibit a C—Cl---m(arene)
interaction is that of 36,'% i.e. a side-on contact. No C—F---m(arene) interactions were noted in
four of the known fluoride congeners.!95:145.193.250 There are two polymorphs known for the
fluoride congener of 127,'°° namely two monoclinic (P2;/c) polymorphs. In the Z' = 4 form,¢!
a two-molecule aggregate formed between two of the independent molecules is sustained by a
close to delocalised C—F---m(arene) interaction with many other, side-on delocalised C—
F---n(arene) interactions being apparent. In the Z'= 1 form,?¢! a pair of rather long, side-on C—
F---m(arene) interactions sustain a two-molecule aggregate.

In the third and final category, only isostructural relationships between the congeners

are apparent. There are eleven series in this category, with the iodide-congeners being 15,34
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37,196 90,154 134,197 135,198 140,23 143,205 156,°7 159,%2! 165226 and 179.237 With the excepfions: s
of the fluoride congener of 179,237 all of the known congeners exhibit delocalised or close to
delocalised C—X:--m(arene) interactions giving rise to analogous supramolecular aggregates as
might be expected from the isostructural relationships, see Table 1 for details. The exceptional
structure is the fluoride congener of 179,237 where side-on C—F---n(arene) interactions lead to

a linear chain of alternating co-formers.
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Table 1 Summary of data for analogues and congeners of 1-181. The REFCODES highlighted with a cyan background represent isostructural

crystals within each entry.

Compound Br-analogue/REFCODE Cl-analogue/REFCODE F-analogue/REFCODE

1 POPKAI™ Hydroxy(3-iodophenyl)acetic acid: two-molecule aggregate via a single interaction
POPJEL" FIZPEL027° WESBIF017°
no interaction no interaction no interaction
POPJELO17° FIZPEL?! WESBIF?%2

d=3.521(3) A, 6 =165.0(2)° d=3.7763(19) A, 0=112.95(13)°  3.8225(10) A, 6 =110.20(7)° 3.5961(12) A, 132.46(7)°

3.7691(12) A, 78.84(8)°

4 SAJPIF7 4-lodophenylboronic acid hemihydrate: two-molecule aggregate via a single interaction
QEVSES?3 DUJKAV?# PURBAH?*
d=3.5945(18) A, 0=160.90(11)°  d=3.533(3) A, 0 =142.0(2)° d=3.6417(15) A, 0 = 139.78(8)° no interaction
15 YASQIU03% 1,3,5-Triethyl-2,4,6-tris((4-iodophenoxy)methyl)benzene: two-molecule aggregate via a single interaction
YASTOD® YASXIBO1'5! -

d=3.657(2) A, 0= 160.11(15)° d=3.5123(17) A, 0=157.64(14)°  d=3.5139(9) A, 0 = 159.70(8)°

d=3.535(2) A, 0= 152.92)° d=3.6204(17) A, 0= 156.04(14)°  d=3.6901(9) A, 0 = 155.59(8)°

36 GOYMAL!'% 9-(5-Todopyridin-3-yl)-9H-carbazole: centrosymmetric dimer
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GOYLUE!% GOYLIS!% GOYMEP!%
d=3.741(3) A, 0 =163.2(2)° d=3.646(3) A, 0 =149.74(17)° d=3.6753(12) A, 0 =72.73(8)° no interaction
d=3.635(3) A, 0 =145.6(2)° d=3.738(3) A, 06 =162.96(17)°
37 NICRAU!% 2-Bromo-10-(5-bromo-2-iodophenyl)-9-phenylanthracene: centrosymmetric dimer

NICREY'%¢ KETXOY!'% -

d=3.762(2) A, 0 = 166.46(13)° d=3.4926(17) A, 0=150.20(13)°  d=3.4912(17) A, 0 = 150.23(13)°

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2029 10

48 DEGWUJ!7 2-Todo-4-(1-(3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydronaphthalen-2-yl)vinyl)benzoic acid: centrosymmetric dimer
DEGWOD!” DEGWIX!” -
d=3.862(2) A, 0 =163.38(15)° no interaction no interaction
51 VIKHOP!?° bis(Todomethyl)phenylphosphine oxide: centrosymmetric dimer
- ODUMUX?%¢ -
d=3.6983(19) A, 6 =170.77(12)° d=3.447(3) A, 6 = 132.84(19)°
71 TUFXEZ'* 7-lodo-7-phenylbicyclo[2.2.1]heptane: linear chain
TUFXID'3#® TUFXOJ'3® -
d=3.681(5) A, 0=178.27(14)° d=13.589(3) A, 0 =176.62(9)° no interaction
80 UVECEF'% 1,1'-Pyrene-1,3-diylbis(2-iodoethanone): /inear chain
UVECAB'#% UVEBUU'# UVEBOO!%
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d=3.6473) A, 0 =165.41(19)° no interaction no interaction no interaction
90 FANJOY'>* 4-(4-(Todo)phenoxy)aniline: zig-zag chain
FANYID'* FANYEX!'# -

d=3.5100(16) A, 0 =171.39(12)°  d=3.4299(10) A, 6 = 169.66(7)° d=3.4288(11) A, 0 =168.01(7)°

105 QOMYOG!® 1,1,2,2-Tetraphenyl-3,8-diiodocyclobuta(b)naphthalene: zig-zag chain
QOMYIA!® ZIVLIZ*»? -
d=3.577(3) A, 6 =170.81(13)° no interaction no interaction

127 ZZZQAC01'*° 1,1,1-Trichloro-2,2-bis(4-iodophenyl)ethane: helical chain

ZZZQUDU01>* CPTCET 12259260 GOXCUU2!
d=13.665(4) A, 0=162.5(3)° d=13.529(2) A, 0 = 162.34(18)° d=3.4487(10) A, 0=161.56(7)°  d=23.413(2) A, 0=159.70(19)°
GOXCUU012!

d=3.9303(15) A, 0 = 83.78(9)°

130 FOYMIS'*? 2-[(2-lodophenyl)imino]-2H-1-benzopyran-3-carboxamide: helical chain
FOYMAKO1'% FOYLUD'? FOYLIRO1!3
d=3.6899(19) A, 0 =166.72(13)°  d=3.683(5) A, 6 = 166.8(3)° no interaction no interaction
134 TIHJUR! 8-lodo-6-(4-methoxyphenyl)-3-((4-methylphenyl)sulfonyl)-3-azatricyclo[5.4.1.01,5]dodec-5-ene: helical chain
- TIHKOM'’ -
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d=3.739(4) A, 0 = 163.9(2)° d=3.727(3) A, 0 = 165.7(2)°
135 VOJBAY'* 2-Chloro-4-iodoaniline: Aelical chain

HUGSAE?**? WEMDIB?% -
d=3.7399(15) A, 6 = 171.08(9)° no interaction no interaction
139 BANWIX?* N-(4-Todophenyl)quinoline-2-carboxamide: kelical chain

NAZDOJ>% RIXHUD?**! RIXJAL?!
d=3.7804(14) A, 0 = 171.57(8)° d=3.6072(13) A, 0 =172.46(10)°  no interaction no interaction
140 VIZLEW?% 4-Iodo-N,N'-dimethylbenzamidine: helical chain

VIZLAS?® - -

d=3.792(3) A, 0 = 167.48(16)° d=13.7316(14) A, 0 = 169.48(9)°

143 TITZUS? 2-lodo-N-methylaniline: helical chain
ABRTOL?% - -

d=3.8232(12) A, 0=165.50(7)° d=3.83A,0=178.9°

155 NIFHAM?!8 1,5-Diiodonaphthalene: helical chain
COXLOQ?¢ - DFNAPH102%¢7
d=3.8680(19) A, 0 =166.79(10)°  no interaction no interaction
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156 GIZTEP*’ tris(4-lodophenyl)methanol: helical chain

GIZTALY -
d=3.6600(18) A, 0=169.77(15)°  d=23.5428(14) A, 0= 172.21(11)°
159 LITBIA*! 2,2"-bis(Todo)-(1,1":4',1"terphenyl: two-dimensional array

PORRAQ™ _

d=3.606(3) A, 0= 171.50(16)° d=3.4877(11) A, 0 = 166.81(7)°

160 TBILEN??? 1,4-bis(Iodo)-2,5-dimethylbenzene: two-dimensional array
JAQJANO12¢ -
d=3.849(3) A, 0 = 173.66(8)° d=3.5691(8) A, 0 =157.13(5)°
JAQJAN?0

no interaction

164 RORPEV?% (4-Iodophenyl)boronic acid phenazine: two-molecule aggregate via a single interaction
- RORNOD??*

d=3.678(2) A, 0 =166.45(12)° no interaction

165 RORPAR?*¢ (4-Todophenyl)boronic acid bis(phenazine) monohydrate: two-molecule aggregate via a single interaction
RORNUJ?%¢ -

d=3.839(3) A, 0= 169.36(10)° d=3.756(3) A, 0 = 167.93(13)°

40
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179 GUFNOM?¥’

CrysttngComm

1,1'-Ethene-1,2-diyldibenzene 1,2,4,5-tetrafluoro-3,6-di-iodobenzene: linear chain

d=3.580(6) A, 0 =166.7(4)

181 QEVWEW?238

Pyrene 1,3,5-trifluoro-2,4,6-triiodobenzene: zig-zag chain

QEVXOH2# -

d=3.792(3) A, 0 = 162.86(15)° d=3.597(4) A, 0 =88.2(2)°

41

TIJTUB?"!

d=3.635(4) A, 0 ="71.6(2)°

77Z7GKE012?72

d=3.4918(16) A, 0 =90.82(11)°
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Also included in Table 1 are the key geometric parameters, i.e. d and 0, characteri§
the specified C—X:--m(arene) interactions. As a generalisation, contact distances, d, decrease
in the order I > Br > C1 > F, in accord with expectation. Also, interactions involving iodide are
generally more linear than comparable contacts involving bromide and chloride. While
fluoride analogues of 1-181 are known, these rarely follow the same structural behaviour as
their higher congeners consistent with the well-documented enigmatic behaviour of fluoride,

at least when this relates to participation in supramolecular association.?”3

Conclusions

In all, 181 crystals were found to exhibit delocalised C-I---m(arene) interactions where the
iodide atom sits approximately prime to the ring centroid of an arene ring and operating in
isolation of conventional supramolecular synthons such as hydrogen bonding. This form of
halogen bonding is shown to stabilise zero- and one-dimensional aggregates and, rarely, two-
dimensional arrays. The formation of unaided, delocalised C—I:--m(arene) interactions in
crystals where they can potentially form is rather low at just over a 4% adoption rate; this
number increases to approximately 15% when semi-localised and localised C—I---n(arene)
interactions are included. While not negating the role of C—I---m(arene) interactions in specific
circumstances, such a low adoption rate indicates a relatively small utility as a widely useful
design element in crystal engineering. A systematic survey of the crystallographic literature
for congeners of the 181 iodide-compounds suggests delocalised C—I---m(arene) interactions
are more prevalent than those involving bromide which in turn are more common than
equivalent interactions formed by chloride and certainly more so than involving fluoride. An
evaluation of isostructural series of crystals indicates than C—I---m(arene) interactions can be

structure directing, especially for X = iodide and bromide congeners.

42

Page 42 of 64

icle Online

E01677B


https://doi.org/10.1039/d0ce01677b

Page 43 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

CrysttEngComm

View Article Online

Conflicts of interest DOI: 10.1039/DOCE016778

There are no conflicts to declare.

Acknowledgements

The author gratefully acknowledges Sunway University Sdn Bhd (Grant no. STR-RCTR-

RCCM-001-2019) for support of crystallographic studies.

43


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

CrysttEngComm Page 44 of 64

View Article Online

References DOI: 10.1039/DOCE01677B

1 C. A. Hunter and J. K. M. Sanders, J. Am. Chem. Soc., 1990, 112, 5525-5534.

2 F. Cozzi, M. Cinquini, R. Annunziata, T. Dwyer and J. S. Siegel. J. Am. Chem. Soc.,
1992, 114, 5729-5733.

3 S. K. Burley and G. A. Petsko, Science, 1985, 229, 23-28.

4 K. E. Riley and P. Hobza, Acc. Chem. Res., 2013, 46, 927-936.

5 S. E. Wheeler, Acc. Chem. Res., 2013, 46, 1029-1038.

6 L.-J. Riwar, N. Trapp, B. Kuhn and F. Diederich, Angew. Chem., Int. Ed., 2017, 56,
11252-11257.

7. J. M. Zivkovié, I. M. Stankovié, D. B. Ninkovié and S. D. Zari¢, Cryst. Gowth Des.
2020, 20, 1025-1034.

8. D. B. Ninkovi¢, G. V. Janji¢, D. /7. Veljkovi¢, D. N. Sredojevi¢, S. D. Zari¢,
ChemPhysChem, 2011, 12, 3511-3514.

9 D. P. Malenov, J. L. Dragelj, G. V. Janji¢ and S. D. Zari¢, Cryst. Growth Des., 2016,
16,4169-4172.

10 D. P. Malenov, and S. D. Zari¢, Coord. Chem. Rev. 2020, 419, article no. 213338.

11 M. Nishio, CrystEngComm, 2004, 6, 130—156.

12 M. Nishio, Y. Umezawa, K. Honda, S. Tsuboyama and H. Suezawa, CrystEngComm
2009, 71,1757 1788.

13 M. Nishio, Y. Umezawa, J. Fantini, M. S. Weiss and P. Chakrabarti, Phys. Chem.
Chem. Phys., 2014, 16, 12648—12683.

14 D. B. Ninkovi¢, J. P. Blagojevi¢ Filipovi¢, M. B. Hall, E. N. Brothers, S. D. Zari¢,
ACS Cent. Sci. 2020, 6, 420-425.

15 J. C. Ma and D. A. Dougherty, Chem. Rev., 1997, 97, 1303—1324.

16 I. Caracelli, J. Zukerman-Schpector and E. R. T. Tiekink, Gold Bull., 2013, 46, 81-89.

44


https://pubs.rsc.org/en/results?searchtext=Author%3AMotohiro%20Nishio
https://pubs.rsc.org/en/results?searchtext=Author%3AYoji%20Umezawa
https://pubs.rsc.org/en/results?searchtext=Author%3AJacques%20Fantini
https://pubs.rsc.org/en/results?searchtext=Author%3AManfred%20S.%20Weiss
https://pubs.rsc.org/en/results?searchtext=Author%3APinak%20Chakrabarti
https://doi.org/10.1039/d0ce01677b

Page 45 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

CrysttEngComm

S. Mecozzi, A. P. West and D. A. Dougherty. J. Am. Chem. Soc., 1996, 118, 2307:5 50 cormrs
2308

S. Tsuzuki, M. Yoshida, T. Uchimaru and M. Mikami, J. Phys. Chem. 4, 2001, 105,
769-773.

A. Bauza, T. J. Mooibroek and A. Frontera, CrystEngComm, 2015, 18, 10-23.

S. Yamada, Coord. Chem. Rev., 2020, 415, article no. 213301.

A. Frontera, P. Gamez, M. Mascal, T. J. Mooibroek and J. Reedijk, Angew. Chem.,
Int. Ed., 2011, 50, 9564-9583.

M. Giese, M. Albrecht and K. Rissanen, Chem. Commun., 2016, 52, 1778-1795.

I. A. Rather, S. A. Wagay and R. Ali, Coord. Chem. Rev., 2020, 415, art. no. 213327.
H. Schmidbaur and A. Schier, Organometallics, 2008, 27, 2361-2395.

T. J. Mooibroek, P. Gamez and J. Reedijk, CrystEngComm, 2008, 10, 1501-1515.

I. Caracelli, J. Zukerman-Schpector, I. Haiduc and E. R. T. Tiekink, CrystEngComm,
2016, 18, 6960—6978.

T. Clark, M. Hennemann, J. S. Murray and P. Politzer, J. Mol. Model., 2007, 13, 291—
296.

K. E. Riley and P. Hobza, J. Chem. Theory Comput., 2008, 4, 232-242.

K. E. Riley, J. S. Murray, J. Fanftlik, J. Rezag, R. J. Sola, M. C. Concha, F. M. Ramos
and P. Politzer, J. Mol. Model., 2013, 19, 4651-4659.

P. Politzer and J. S. Murray, Crystals, 2019, 9, article no. 165.

J. S. Murray and P. Politzer, Crystals, 2020, 10, article no. 76.

P. Politzer and J. S. Murray, ChemPhysChem, 2020, 21, 579-588.

A. R. Voth Regier and P. S. Ho Shing, Curr. Top. Med. Chem., 2007, 7, 1336—1348.
H. Matter, M. Nazaré¢, S. Giissregen, D. W. Will, H. Schreuder, A. Bauer, M. Urmann,

K. Ritter, M. Wagner and V. Wehner, Angew. Chem., Int. Ed., 2009, 48, 2911-2916.

45


https://en.wikipedia.org/wiki/Journal_of_the_American_Chemical_Society
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=37032758600&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=15080813800&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=7004015277&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/sourceid/130039?origin=resultslist
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=7004015277&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=7003852716&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=7004087399&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=15080813800&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/sourceid/22687?origin=resultslist
https://www-scopus-com.ezproxy.lancs.ac.uk/sourceid/22687?origin=resultslist
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=45961195700&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=56253171800&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=7005389126&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/sourceid/22781?origin=resultslist
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=57211983778&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=57211982207&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/authid/detail.uri?origin=resultslist&authorId=57198171567&zone=
https://www-scopus-com.ezproxy.lancs.ac.uk/sourceid/23470?origin=resultslist
https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

CrysttEngComm

N. K. Shinada, A. G. de Brevern, P. Schmidtke, J. Med. Chem., 2019, 62, 93419336, 55255

D. Mitra, N. Bankoti, D. Michael, K. Sekar, T. N. Guru Row, J. Chem. Sci., 2020, 132,
article no. 93.

Y. Lu, Y. Wang and W. Zhu, Phys. Chem. Chem. Phys., 2010, 12, 4543-4551.

S. Jiang, L. Zhang, D. Cui, Z. Yao, B. Gao, J. Lin, D. Wei. Sci Rep. 2016, 6, article no.
34750.

P. J. Costa, R. Nunes and D. Vila-Visosa, Exp. Opin. Drug Discovery, 2019, 14, 805—
820.

B. Zhou, M. K. Haj, E. N. Jacobsen, K. N. Houk and X.-S. Xue, J. Am. Chem. Soc.,
2018, 140, 15206—15218.

D. Banerjee, X. Chen, S. S. Lobanov, A. M. Plonka, X. Chan, J. A. Daly, T. Kim, P. K.
Thallapally and J. B. Parise, ACS Appl. Mater. Interfaces, 2018, 10, 10622—10626.

Y. Yang, X. Xiong, Y. Fan, Z. Lai, Z. Xu and F. Luo, J. Solid State Chem., 2019, 279,
article no. 120979.

E. Wlazlak, W. Macyk, W. Nitek and K. Szacitowski, Inorg. Chem. 2016, 55,
5935-5945.

E. Kanao, T. Morinaga, T. Kubo, T. Naito, T. Matsumoto, T. Sano, H. Maki, Mingdi
Yan and K. Otsuka, Chem. Sci., 2020, 11, 409—418.

F. Zordan, L. Brammer and P. Sherwood, J. Am. Chem. Soc., 2005, 127, 5979-5989.
Y. N. Imai, Y. Inoue, I. Nakanishi and K. Kitaura, Protein Sci., 2008, 7, 1129-1137.
O. V. Shishkin, Chem. Phys. Lett., 2008, 458, 96—100.

D. Schollmeyer, O. V. Shishkin, T. Riihl and M. O. Vysotsky, CrystEngComm, 2008,
10, 715-723.

J. S. Murray, P. Lane, T. Clark, K. E. Riley and P. Politzer, J. Mol. Model., 2012, 18,

541-548.

46

Page 46 of 64


https://doi.org/10.1039/d0ce01677b

Page 47 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

CrysttEngComm

R. Shukla, N. Claiser, M. Souhassou, C. Lecomte, S. J. Balkrishna, S. Kumar and.Di 560008
Chopra, IUCrJ, 2018, 5, 647—653.

G. R. Desiraju, P. Shing Ho, L. Kloo, A. C. Legon, R. Marquardt, P. Metrangolo, P.
Politzer, G. Resnati and K. Rissanen, Pure Appl. Chem., 2013, 85, 1711-1713.

Y.-X. Lu, J.-W. Zou, Y.-H. Wang and Q.-S. Yu, Chem. Phys., 2007, 334, 1-7.

N. Nagels, D. Hauchecorne and W. A. Herrebout, Molecules, 2013, 18, 6829—6851.
H. R. Khavasi, A. Ghanbarpour and A. A. Tehrani, CrystEngComm, 2014, 16, 749—
752.

K. E. Riley and K.-A. Tran, Crystals, 2017, 7, 273.

C. Gropp, T. Husch, N. Trapp, M. Reiher and F. Diederich, J. Am. Chem. Soc. 2017,
139, 12190—12200.

J. Cao, X. Yan, W. He, X. Li, Z. Li, Y. Mo, M. Liu and Y.-B. Jiang, J. Am. Chem.
Soc., 2017, 139, 6605-6610.

S. Scheiner, Molecules, 2017, 22, 1634.

M. E. Wolf, B. Zhang, J. M. Turney and H. F. Schaefer III, Phys. Chem. Chem. Phys.,
2019, 21, 6160—6170.

I. Caracelli, J. Zukerman-Schpector, I. Haiduc and E. R. T. Tiekink, CrystEngComm,
18 (2016) 6960—-6978.

E. R. T. Tiekink and J. Zukerman-Schpector, Chem. Commun., 2011, 47, 6623—6625.
E. R. T. Tiekink, CrystEngComm, 2020, 22, 7308-7333.

S. L. Tan, S. M. Lee, K. M. Lo, A. Otero-de-la-Roza and E. R. T. Tiekink,
CrystEngComm, 2021, 23, DOI: 10.1039/DOCE00289E

R. Taylor and P. A. Wood, Chem. Rev., 2019, 119, 9427-9477.

47


https://doi.org/10.1039/D0CE00289E
https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

CrysttEngComm

I. J. Bruno, J. C. Cole, P. R. Edgington, M. Kessler, C. F. Macrae, P. McCabe, J, 55 hoctorers

Pearson and R. Taylor, Acta Crystallogr., Sect. B: Struct. Sci., Cryst. Eng. Mater.,
2002, 58, 389-397.

A. Bondi, J. Phys. Chem., 1964, 68, 441-451.

C. Janiak, J. Chem. Soc., Dalton Trans., 2000, 3885-3896.

A. Spek, Acta Crystallogr., Sect. E: Cryst. Commun., 2020, 76, 1-11.

K. Brandenburg, DIAMOND, Crystal Impact GbR, Bonn, Germany, 2006.

S.J. Coles, A. L. Ellis, K. Leung, J. Sarson, T. L. Threlfall and G. J. Tizzard,
CrystEngComm, 2014, 16, 10816—10823.

M. R. Shimpi, N. SeethalLekshmi and V. R. Pedireddi, Cryst. Growth Des., 2007, 7,
1958-1963.

P. Quinodoz, A. Quelhas, K. Wright, B. Drouillat, J. Marrot and F. Couty, Eur. J.
Org. Chem., 2017, 2621-2626.

P. A. Suchetan, A. G. Sudha, E. Suresha, N. K. Lokanath, S. Naveen and I. Warad,
IUCrData, 2017, 2, article no. x170149.

G. Leonel, D. F. Back and G. Zeni, Adv. Synth. Catal., 2020, 362, 585-593.

G. C. Senadi, B.-C. Guo, W.-P. Hu and J.-J. Wang, Chem. Commun., 2016, 52,
11410-11413.

H. Wang and F. Chen, Private Communication to the Cambridge Structural
Database, Refcode GUQRIV, 2015.

D. A. Petrone, H. Yoon, H. Weinstabl and M. Lautens, Angew.Chem., Int. Ed., 2014,
53, 7908-7912.

J. G. Malecki, Private Communication to the Cambridge Structural Database,
Refcode CEYXALI 2018

H. Bock, M. Sievert and Z. Havlas, Chem. - Eur. J., 1998, 4, 677-685.

48

Page 48 of 64


https://doi.org/10.1039/d0ce01677b

Page 49 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

CrysttEngComm

Z.Yin, W. Wang, M. Du, X. Wanga and J. Guo, CrystEngComm, 2009, 11, 244 L35 00ctoiems
2446.

J. Barluenga, 1. Llorente, L. J. Alvarez-Garcia, J. M. Gonzalez, P. J. Campos, M. R.
Diaz and S. Garcia-Granda, J. Am. Chem. Soc., 1997, 119, 6933—-6934.

K. Kokado and Y. Chujo, Macromolecules, 2009, 42, 1418—1420.

D. Beaudoin, F. Rominger and M. Mastalerz, Eur. J. Org. Chem., 2016, 4470—4472.
V. G. Saraswatula and B. K. Saha, New J. Chem., 2014, 38, 897-901.

F. C. Pigge, V. R. Vangala, P. P. Kapadia, D. C. Swenson and N. P. Rath, Chem.
Commun., 2008, 4726—4728.

H. Nakazawa, M. Sako, Y. Masui, R. Kurosaki, S. Yamamoto, T. Kamei and T.
Shimada, Org. Lett., 2019, 21, 6466—6470.

H. Rudler, B. Denise, A. Parlier and J.-C. Daran, Chem. Commun., 2002, 940-941.
G. Wesela-Bauman, P. Cie¢wierz, K. Durka, S. Lulinski, J. Serwatowski and
K.Wozniak, Inorg. Chem. 2013, 52, 10846—10859.

A. Valkonen, M. Chucklieb and K. Rissanen, Cryst. Growth Des., 2013, 13, 4769—
4775.

C. I. Nwachukwu, N. P. Bowling and E. Bosch, Acta Crystallogr., Sect. C: Cryst.
Struct. Chem., 2017, 73, 2-8.

P. Selig, E. Herdtweck and T. Bach, Chem. - Eur. J., 2009, 15, 3509-3525.

T. Fujita, R. Kinoshita, T. Takanohashi, N. Suzukia and J. Ichikawa, Beilstein J. Org.
Chem., 2017, 13, 2682-2689.

B. Godoi, A. Speranga, D. F. Back, R. Brandao, C. W. Nogueira and G. Zeni, J. Org.
Chem., 2009, 74, 3469-3477.

T. Tomakinian, R. Guillot, C. Kouklovsky and G. Vincent, Angew. Chem., Int. Ed.,

2014, 53, 11881-11885.

49


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

95

96

97

98

99

100

101

102

103

104

105

106

107

CrystEngComm Page 50 of 64

L. Sun, Y. Zhu, J. Wang, P. Lu and Y. Wang, Org. Lett., 2015, 17, 242-245 ., |, 1036 boccorerrs
C.-K. Liu, Z. Yang, Y. Zeng, K. Guo, Z. Fang and B. Li, Org. Chem. Front., 2017, 4,
1508-1512.

R. P. Pistoia, J. A. Roehrs, D. F. Back and G. Zeni, Org. Chem. Front., 2017, 4, 277—
282.

I. M. Fellows, D. E. Kaelin and S. F. Martin, J. Am. Chem. Soc., 2000, 122, 10781
10787.

L. Zhang, Y. Zhu, G. Yin, P. Lu and Y. Wang, J. Org. Chem., 2012, 77, 9510-9520.
P. Franzmann, S. B. Beil, P. M. Winterscheid, D. Schollmeyer and S. R. Waldvogel,
Synlett, 2017, 28, 957-961.

A. Monleén, G. Blay, L. R. Domingo, M. Carmen Muiioz and J. R. Pedro, Chem. -
Eur. J., 2013, 19, 14852—-14860.

M. Li, F. Yang, T. Yuan, H. L1, J. Li, Z.-S. Chen and K. Ji, J. Org. Chem., 2019, 84,
12617-12625.

G. Bharathiraja, S. Sakthivel, M. Sengoden and T. Punniyamurthy, Org. Lett., 2013,
15, 4996-4999.

V. E. Shklover, V. A. Igonin, Yu. T. Struchkov, I. R. Golding, N. A. Vasnyova, . V.
Chernoglazova, O. L. Lazareva and A. N. Shchegolikhin, Mol. Cryst. Liq. Cryst.,
1990, 180B, 417-423.

H. Sasabe, Y. Kato, Y. Watanabe, T. Ohsawa, N. Aizawa, W. Fujiwara, Y.-J. Pu, H.
Katagiri and J. Kido, Chem. - Eur. J., 2019, 25, 16294-16300.

M. Xue, L. Ding, L. Lin, Y. Lu, B. He, Y. Deng, Y. Guo, Y. Hong, J. W. Y. Lam, H.
Qiu, Z. Zhao and B. Z. Tang, 4sian J. Org. Chem., 2012, 1, 331-335.

Z.-W. L1, J.-S. Li, S.-Y. Kang, W.-D. Liu, D.-X. Wua and Z. Cao, Chin. J. Struct.

Chem., 2013, 32, 1100-1104.

50


https://doi.org/10.1039/d0ce01677b

Page 51 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

108

109

110

111

112

113

114

115

116

117

118

CrysttEngComm

A. V. Gulevskaya, Eur. J. Org. Chem., 2016, 4207-4214. O 101059/D0C o1 emms
S. Ali, H.-T. Zhu, X.-F. Xia, K.-G. Ji, Y.-F. Yang, X.-R. Song and Y.-M. Liang, Org.
Lett., 2011, 13, 2598-2601.

N. Okamoto, Y. Miwa, H. Minami, K. Takeda and R. Yanada, J. Org. Chem., 2011,
76,9133-9138.

S. Yaragorla, D. Bag and R. Dada, Eur. J. Org. Chem., 2019, 2019, 6983—6988.

R. R. Kadiyala, D. Tilly, E. Nagaradja, T. Roisnel, V. E. Matulis, O. A. Ivashkevich,
Y. S. Halauko, F. Chevallier, P. C. Gros and F. Mongin, Chem. - Eur. J., 2013, 19,
7944-7960.

K.-G. Ji, H.-T. Zhu, F. Yang, A. Shaukat, X.-F. Xia, Y.-F. Yang, X.-Y. Liu and Y.-M.
Liang, J. Org. Chem., 2010, 75, 5670-5678.

M. M. Popa, I. C. Man, C. Draghici, S. Shova, M. R. Caira, F. Dumitrascu and D.
Dumitrescu, CrystEngComm, 2019, 21, 7085-7093.

Q. Tang, D. Xia, X. Jin, Q. Zhang, X.-Q. Sun and C. Wang, J. Am. Chem. Soc., 2013,
135, 4628-4631.

H. Al-Saraierh, D. O. Miller and P. E. Georghiou, J. Org. Chem., 2005, 70, 8273—
8280.

J. K. Furmick, I. Kaneko, A. N. Walsh, J. Yang, J. S. Bhogal, G. M. Gray, J. C. Baso,
D. O. Browder, J. L. S. Prentice, L. A. Montano, C. C. Huynh, L. M. Marcus, D. G.
Tsosie, J. S. Kwon, A. Quezada, N. M. Reyes, B. Lemming, P. Saini, A. van der
Vaart, T. L. Groy, P. A. Marshall, P. W. Jurutka and C. E. Wagner, ChemMedChem,
2012,7, 1551-1556.

A. V. Gulevskaya, R. Yu. Lazarevich and A. F. Pozharskii, Tetrahedron, 2013, 69,

910-917.

51


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

CrystEngComm Page 52 of 64

119 N. A. Riensch, L. Fritze, T. Schindler, M. Kremer and H. Helten, Dalton Txaps,,:s/bocconrs
2018, 47, 10399-10403.

120 M. A. Stevens, F. H. Hashim, E. S. H. Gwee, E. L. Izgorodina, R. E. Mulvey and V. L.
Blair, Chem. - Eur. J., 2018, 24, 15669—15677.

121 A. Rivera, D. Quiroga, J. Rios-Motta, K. Fejfarova and M.Dusek, Acta Crystallogr.,
Sect. E: Struct. Rep. Online, 2011, 67, 02256.

122 G. Raffa, S. Belot, G. Balme and N. Monteiro, Org. Biomol. Chem., 2011, 9, 1474—
1478.

123 K. C. Sproul and W. A. Chalifoux, Org. Lett., 2015, 17, 3334-3337.

124 N. Gulia, B. Pigulski and S. Szafert, Arkivoc, 2017, 18, 191-204.

125  P. B. Koswatta, J. Das, M. Yousufuddin and C. J. Lovely, Eur. J. Org .Chem., 2015,
2603-2613.

126  N. Y. Yamamoto, T. Ohno and K. Itoh, Chem. - Eur. J., 2002, 8, 4734-4741.

127  S. Mondal and G. Mugesh, Angew. Chem., Int. Ed., 2015, 54, 10833—-10837.

128 K. Prout, J. Fail, R. M. Jones, R. E. Warner and J. C. Emmett, J. Chem. Soc., Perkin
Trans. 2, 1988, 265-284.

129  N. A. Bewick, A. Arendt, Y. Li, S. Szafert, T. Lis, K. A. Wheeler, J. Young, R.
Dembinski and Curr. Org. Chem. 2015, 19, 469—-474.

130  S. Nayak, B. Prabagar, N. Ghosh, R. K. Mallick and A. K. Sahoo, Synthesis, 2017, 49,
4261-4271.

131  P.He and S. Zhu, Tetrahedron, 2005, 61, 6088—6096.

132 P. Nosel, T. Lauterbach, M. Rudolph, F. Rominger and A. S. K. Hashmi, Chem. - Eur.
J.,2013, 19, 8634-8641.

133 G. M. Martins, G. Zeni, D. F. Back, T. S. Kaufman and C. C. Silveira, Adv. Synth.

Catal., 2015, 357, 3255-3261.

52


https://doi.org/10.1039/d0ce01677b

Page 53 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

134

135

136

137

138

139

140

141

142

143

144

145

146

147

CrysttEngComm

D. Bhattacherjee, V. Thakur, A. Shil and P. Das, Adv. Synth. Catal., 2017, 359, 22025 6e0s
2208.

M. Hussain, J. Liu, Z. Zhang, M. Hu, Y. Li and X. Min, Chem. Sel., 2018, 3, 8787—
8792

S. Ma, B. Wu and Z. Shi, J. Org. Chem., 2004, 69, 1429—-1431.

M. Wang, C. Fu and S. Ma, Chem. Sci., 2013, 4, 1016—1022.

T. Montoro, G. Tardajos, A. Guerrero, M. del R. Torres, C. Salgado, I. Fernandez and
J. O. Barcina, Org. Biomol. Chem., 2015, 13, 6194-6202.

C. Madaan, S. Saraf, G. Priyadarshani, P. P. Reddy, S. K. Guchhait, A. C. Kunwar
and B. Sridhar, Synlett, 2012, 23, 1955-1959

S. M. Allin, M. Essat, C. H. Pita, R. D. Baird, V. McKee, M. Elsegood, M. Edgar, D.
M. Andrews, P. Shah and I. Aspinall, Org. Biomol. Chem., 2005, 3, 809-815.

N. Okamoto, T. Sueda, H. Minami, Y. Miwa and R. Yanada, Org. Lett., 2015, 17,
1336-1339.

K. S. Daub, B. Habermann, T. Hahn, L. Teich and K. Eger, Eur. J. Org. Chem., 2004,
894-898.

S. C. Kokkou and C. J. Cheer, Acta Crystallogr., Sect. C: Cryst. Struct. Commun.,
1986, 42, 1074-1076.

S. Matsukawa, H. Yamamichi, Y. Yamamoto and K. Ando, J. Am. Chem. Soc., 2009,
131, 3418-3419.

P. S. Salini, S. K. Rajagopal and M. Hariharan, Cryst. Growth Des., 2016, 16, 5822—
5830.

Y. Nagata and Y. Chujo, Macromolecules, 2008, 41, 2809—2813.

J. Wang, H.-T. Zhu, Y .-X. Li, L.-J. Wang, Y.-F. Qiu, Z.-H. Qiu, M. Zhong, X.-Y. Liu

and Y.-M. Liang, Org. Lett., 2014, 16, 2236-2239.

53


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

CrystEngComm Page 54 of 64

148  L.Li, S. Li, C.-H. Zhao and C. Xu, Eur. J. Inorg. Chem., 2014, 1880—1883,,, 111056 /b0ccoterrs

149  E. Nagaradja, F. Chevallier, T. Roisnel, V. Dorcet, Y. S. Halauko, O. A. Ivashkevich,
V. E. Matulis and F. Mongin, Org. Biomol. Chem., 2014, 12, 1475-1487.

150 R.J. Marshall, S. L. Griffin, C. Wilson and R. S. Forgan, J. Am. Chem. Soc., 2015,
137, 9527-9530.

151  S. Bhattacharya and B. K. Saha, Cryst. Growth Des., 2012, 12, 169-178.

152  T.Zimmermann, R. Gompper, K. Polborn, J. G. Malecki, Private Communication to
the Cambridge Structural Database, Refcode RALDOY, 2005.

153  P. P .Kapadia, D. C. Swenson and F. C. Pigge, Cryst. Growth Des., 2012, 12, 698—
706.

154  A. Dey and G. R. Desiraju, CrystEngComm, 2004, 6, 642—646.

155 L. Kotzner, M. J. Webber, A. Martinez, C. De Fusco and B. List, Angew. Chem., Int.
Ed., 2014, 53, 5202-5205.

156 M. A. P. Martins, C. P. Frizzo, A. C. L. Martins, A. Z. Tier, I. M. Gindri, A. R.
Meyer, H. G. Bonacorso and N. Zanatta, RSC Adv., 2014, 4, 44337-44349.

157 K. Flanagan, S. S. R. Bernhard, S. Plunkett and M. O. Senge, Chem. - Eur. J., 2019,
25, 6941-6954.

158 K. Igawa, T. Kawabata, R. Ni and K. Tomooka, Chem. Lett., 2013, 42, 1374—1376.

159 M. Sengoden and T. Punniyamurthy, RSC Adv., 2012, 2, 2736-2738.

160  L.-P. Xue and J.-H. Qin, Acta Crystallogr., Sect. E: Struct. Rep. Online, 2009, 65,
01790.

161  J.N. Low, J. M. S. Skakle, J. L. Wardell and C. Glidewell, Acta Crystallogr., Sect. C:
Cryst. Struct. Commun., 2006, 62, 0423—0425.

162  A. Linden, S. Duttwyler and J. S. Siegel, Private Communication to the Cambridge

Structural Database, Refcode CIYQUYOI, 2018.

54


https://doi.org/10.1039/d0ce01677b

Page 55 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

163

164

165

166

167

168

169

170

171

172

173

174

175

176

CrysttEngComm

S. Niu, G. Ulrich, P. Retailleau and R. Ziessel, Org. Lett., 2011, 13, 4996499915 /b0ccoterrs
L.-J. Wang, H.-T. Zhu, Y.-F. Qiu, X.-Y. Liu and Y.-M. Liang, Org. Biomol. Chem.,
2014, 12, 643-650.

H. Seo, K. Ohmori and K. Suzuki, Chem. Lett., 2011, 40, 744—-746.

C. Glidewell, J. N. Low, J. M. S. Skakle, S. M. S. V. Wardell and J. L. Wardell, Acta
Crystallogr., Sect. C: Cryst. Struct. Commun., 2002, 58, 0487—0490.

T. J. Blundell, F. R. Hastings, B. M. Gridley, G. J. Moxey, W. Lewis, A. J. Blake and
D. L. Kays, Dalton Trans., 2014, 43, 14257-14264.

T. Honda, H. Nagahara, H. Mogi, M. Ban and H. Aono, Bioorg. Med. Chem. Lett.,
2011, 21, 1782-1785.

K. Tanaka, N. Takamoto, Y. Tezuka, M. Kato and F. Toda, Tetrahedron, 2001, 57,
3761-3767.

C. Hettstedt, P. Mayer and K. Karaghiosoff, New J. Chem., 2015, 39, 8522—8533.

W. Nakanishi, S. Hitosugi, Y. Shimada and H. Isobe, Chem. Asian J., 2011, 6, 554—
559.

S. Hoger, S. Rosselli, A.-D. Ramminger and V. Enkelmann, Org. Lett., 2002, 4,
4269-4272.

L. Wang, D. Deng, K. Skoch, C. G. Daniliuc, G. Kehr and G. Erker, Organometallics,
2019, 38, 1897-1902.

P. Nosel, V. Miiller, S. Mader, S. Moghimi, M. Rudolph, I. Braun, F. Rominger, A.
Stephen and K. Hashmi, Adv. Synth. Catal., 2015, 357, 500-506.

W. Lu, Z. Wei, D. Yuan, J. Tian, S. Fordham and H.-C. Zhou, Chem. Mater., 2014,
26, 4589-4598.

K. Mori, M. Kobayashi, T. Itakura and T. Akiyama, Adv. Synth. Catal., 2015, 357,

35-40.

55


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

177

178

179

180

181

182

183

184

185

186

187

188

189

190

CrystEngComm Page 56 of 64

D. R. Chisholm, G.-L. Zhou, E. Pohl, R. Valentine and A. Whiting, Beilsteipn,J, QU8 o corrs
Chem., 2016, 12, 1851-1862.

N. Bricklebank, S. Hargreaves and S. E. Spey, Polyhedron, 2000, 19, 1163-1166.

S. K. Nayak, M. K. Reddy, T. N. G. Row and D. Chopra, Cryst. Growth Des., 2011,
11, 1578-1596.

P. A. Chaloner, P. B. Hitchcock and P. G. Sutton, Acta Crystallogr., Sect. C: Cryst.
Struct. Commun., 1995, 51, 2680-2683.

H. Kawai, A. Kusuda, S. Mizuta, S. Nakamura, Y. Funahashi, H. Masuda and N.
Shibata, J. Fluorine Chem., 2009, 130, 762—-765.

J.-M. Garnier, S. Robin, R. Guillot and G. Rousseau, Tetrahedron: Asymm., 2007, 18,
1434-1442.

L. Kotzner, M. J. Webber, A. Martinez, C. De Fusco and B. List, Angew. Chem., Int.
Ed., 2014, 53, 5202-5205.

Z. Chen and G. J. Moxey, Acta Crystallogr., Sect. E: Cryst. Commun., 2015, 71,
0309-0310.

L. E. Combettes, P. Clausen-Thue, M. A. King, B. Odell, A. L. Thompson, V.
Gouverneur and T. D. W. Claridge, Chem. - Eur. J., 2012, 18, 13133-13141.

M. R. Zanwar, S. D. Gawande, V. Kavala, C.-W. Kuo and C.-F. Yao, Adv. Synth.
Catal., 2014, 356, 3849-3860.

F.Z.,Q.-Y. Xue and L. Yin, Angew. Chem., Int. Ed., 2020, 59, 1562—1566.

S. Ma, J. Zhang, Y. Cai and L. Lu, J. Am. Chem. Soc., 2003, 125, 13954-13955.
V.-A. Vu, P. Knochel and K. Polborn, Private Communication to the Cambridge
Structural Database, Refcode NAWDUL, 2005.

G. Smith, Acta Crystallogr., Sect. E: Struct. Rep. Online, 2012, 68, 02504.

56


https://doi.org/10.1039/d0ce01677b

Page 57 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

191

192

193

194

195

196

197

198

199

200

201

CrysttEngComm

V. S. Koshti, S. H. Thorat, R. P. Gote, S. H. Chikkali and R. G. Gonnade, ., 10 050/00ct010775
CrystEngComm, 2016, 18, 7078-7093.

Y. Wang, H. Shang, B. Li, H. Zhang and S. Jiang, CrystEngComm, 2017, 19, 3801—
3807.

S. V. Shishkina, I. S. Konovalova, S. M. Kovalenko, P. V. Trostianko, A. O.
Geleverya, L. L. Nikolayeva and N. D. Bunyatyan, Acta Crystallogr., Sect. B: Struct.
Sci., Cryst. Eng. Mat., 2019, 75, 887-902.

T. Hodik and C. Schneider, Org. Biomol. Chem., 2017, 15, 3706-3716.

B. Alcaide, P. Almendros, J. M. Alonso, S. Cembellin, I. Fernandez, T. M. del
Campo, M. Rosario Torres, Chem. Commun., 2013, 49, 7779-7781.

C. M. Nunn and E. J. Parker, Acta Crystallogr., Sect. C: Cryst. Struct. Commun.,
1994, 50, 2043-2045.

M.-C. P. Yeh, C.-J. Liang, C.-W. Fan, W.-H. Chiu and J.-Y. Lo, J. Org. Chem., 2012,
77,9707-9717.

Y.-H. Xu, C. Wang and F. Qu, Acta Crystallogr., Sect. E: Struct. Rep. Online, 2008,
64, 02300.

S. Huang, Y. Shao, L. Zhang and X. Zhou, Angew.Chem., Int. Ed., 2015, 54, 14452—
14456.

V. H. Thorat, T. S. Ingole, K. N. Vijayadas, R. V. Nair, S. S. Kale, V. V. E. Ramesh,
H. C. Davis, P. Prabhakaran, R. G. Gonnade, R. L. Gawade, V. G. Puranik, P. R.
Rajamohanan and G. J. Sanjayan, Eur. J. Org. Chem., 2013, 3529-3542.

Y. Wang, N. M. S. van den Akker, D. G. M. Molin, M. Gagliardi, C. van der Marel,
M. Lutz, M. L. W. Knetsch and L. H. Koole, Adv. Healthcare Mater., 2013, 3, 290—

299.

57


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

202

203

204

205

206

207

208

209

210

211

212

213

214

215

CrystEngComm Page 58 of 64

J.Y.Qi, L. Q. Qiu, Q. Y. Yang, Z. Y. Zhou and A. S. C. Chan, Acta Crystallogt.yssboceorers
Sect. E: Struct. Rep. Online, 2003, 59, 0104—0105.

W. Chen and T. Ren, J. Cluster Sci., 2008, 19, 99-108.

S. Nishida, J. Kawai, M. Moriguchi, T. Ohba, N. Haneda, K. Fukui, A. Fuyuhiro, D.
Shiomi, K. Sato, T. Takui, K. Nakasuji and Y. Morita, Chem. - Eur. J., 2013, 19,
11904-11915.

C. Glidewell, J. N. Low, J. M. S. Skakle, S. M. S. V. Wardell and J. L. Wardell, Acta
Crystallogr., Sect. B: Struct. Sci., 2004, 60, 472—480.

W. Luo, R. Liu, Y.-H. Li, W. Chen and H.-J. Zhu, Acta Crystallogr., Sect. E: Struct.
Rep. Online, 2008, 64, 0591.

Q.-Y. Zhang, Y. Li, H.-M. Jia and B.-L. Liu, Acta Crystallogr., Sect. E: Struct. Rep.
Online, 2007, 63, 02418—02419.

S. Miiller, M. J. Webber and B. List, J. Am. Chem. Soc., 2011, 133, 18534—18537.
G. D. Cuny, A. Gutierrez and S. L. Buchwald, Organometallics, 1991, 10, 537-539.
G. Cheng, A. M. Z. Slawin, N. R. Vautravers, P. Andr¢, R. E. Morris, [. D. W.
Samuel and D. Cole-Hamilton, Org. Biomol. Chem., 2011, 9, 1189-1200.

R. Kojima, S. Sawamoto, A. Okamura, H. Takahashi, S. Tsunoi and I. Shibata, Eur. J.
Org. Chem., 2011, 7255-7258.

D.-L. Lu, Y.-H. Chen, S.-H. Xiang, P. Yu, B. Tan and S. Li, Org. Lett., 2019, 21,
6000-6004.

A. Balamurugan, A. K. Gupta, R. Boomishankar, M. L. Reddy and M. Jayakannan,
ChemPlusChem, 2013, 78, 737-745.

K. Sakakibara, K. Nakano and K. Nozaki, Macromolecules, 2007, 40, 6136-6142.

L. Damodharan, V. Pattabhi, M. Behera and S. Kotha, Acta Crystallogr., Sect. C:

Cryst. Struct. Commun., 2003, 59, 0216—0218.

58


https://doi.org/10.1039/d0ce01677b

Page 59 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

216

217

218

219

220

221

222

223

224

225

226

227

CrysttEngComm

W.-W. Yang, J.-W. Zhang, L.-L. Chen, J.-Y. Fu, J.-Y. Zhu and Y.-B. Wang, Chest;\ -6 000s
Commun., 2019, 55, 12607-12610.

J. Mili¢, M. Zalibera, D. Talaat, ] .Nomrowski, N. Trapp, L. Ruhlmann, C. Boudon,
0. S. Wenger, A. Savitsky, W. Lubitz and F. Diederich, Chem. - Eur. J., 2018, 24,
1431-1440.

I. Novak, Acta Crystallogr., Sect. E: Struct. Rep. Online, 2007, 63, 02726.

D. Mosca, A. Stopin, J. Wouters, N. Demitri and D. Bonifazi, Chem. - Eur. J., 2017,
23, 15348-15354.

Y. Qi, W. Xu, R. Kang, N. Ding, Y. Wang, G. He and Y. Fang, Chem. Sci., 2018, 9,
1892-1901.

C. Poriel, J.-J. Liang, J. Rault-Berthelot, F. Barriére, N. Cocherel, A. M. Z. Slawin, D.
Horhant, M. Virboul, G. Alcaraz, N. Audebrand, L. Vignau, N. Huby, G. Wantz and
L. Hirsch, Chem. - Eur. J., 2007, 13, 10055-10069.

E. Albright, J. Cann, A. Decken and S. Eisler, CrystEngComm, 2017, 19, 1024-1027.
K. Shah, M. R. Shah and S. W. Ng, Acta Crystallogr., Sect. E: Struct. Rep. Online,
2011, 67, 0568.

F. M. A. Noa, S. A. Bourne and L. R. Nassimbeni, Cryst. Growth Des., 2015, 15,
3271-3279.

K. Kobayashi, N. Kobayashi, M. Ikuta, B. Therrien, S. Sakamoto and K. Yamaguchi,
J. Org. Chem., 2005, 70, 749-752.

S. Seethal.ekshmi, S. Varughese, L. Giri and V. R. Pedireddi, Cryst. Growth Des.,
2014, 14, 4143-4154.

K. S. Eccles, R. E. Morrison, A. S. Sinha, A. R. Maguire and S. E .Lawrence, Cryst.

Growth Des., 2015, 15, 3442-3451.

59


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

228

229

230

231

232

233

234

235

236

237

238

239

240

241

CrystEngComm Page 60 of 64

R. Bhowal, S. Biswas, D. P. A. Saseendran, A. L. Konera and D. Chopra, ., 101056 boccorerrs
CrystEngComm, 2019, 21, 1940-1947.

Y. Xu, J. Viger-Gravel, 1. Korobkov and D. L. Bryce, J. Phys. Chem. C, 2015, 119,
27104-27117.

K. S. Eccles, R. E. Morrison, S. P. Stokes, G. E. O'Mahony, J. A. Hayes, D. M. Kelly,

N. M. O'Boyle, L. Fabian, H. A. Moynihan, A. R. Maguire and S. E. Lawrence, Cryst.
Growth Des., 2012, 12, 2969-2977.

P. M. J. Szell, S. A. Gabriel, R. D. D. Gill, S. Y. H. Wan, B. Gabidullin and D. L.

Bryce, Acta Crystallogr., Sect. C: Cryst. Struct. Chem., 2017, 73, 157-167.

K. Lisac, F. Topi¢, M. Arhangelskis, S. Cepi¢, P. A. Julien, C. W. Nickels, A. J.

J. Viger-Gravel, J. E. Meyer, 1. Korobkov and D. L. Bryce, CrystEngComm, 2014, 16,
7285-7297.

Q. J. Shen, X. Pang, X. R. Zhao, H. Y. Gao, H.-L. Sun and W. J. Jin, CrystEngComm,
2012, 14, 5027-5034.

L. Li, Z. F. Liu, W. X. Wu and W. J. Jin, Acta Crystallogr., Sect. B: Struct. Sci.,
Cryst. Eng. Mat., 2018, 74, 610—617.

V. Nemec and D. Cin¢i¢, CrystEngComm, 2016, 18, 7425-7429.

S. d’Agostino, F. Grepioni, D. Braga and B. Ventura, Cryst. Growth Des., 2015, 15,
2039-2045.

L. Li, W. X. Wu, Z. F. Liu and W. J. Jin, New J. Chem., 2018, 42, 10633—10641.

J. D. Dunitz and R. Taylor, Chem. — Eur. J., 1997, 3, 89-98.

E. R. T. Tiekink and J. Zukerman-Schpector, CrystEngComm, 2009, 11, 2701-2711.
I. Caracelli, I. Haiduc, J. Zukerman-Schpector and E. R. T. Tiekink, Coord. Chem.

Rev., 2013, 257, 2863-2879.

60


https://doi.org/10.1039/d0ce01677b

Page 61 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

CrysttEngComm

E. R. T. Tiekink, Crystals, 2020, 10, article no. 503. O 101059/D0C o1 emms
E. R. T. Tiekink, Coord. Chem. Rev., 2021, 427, article no. 213586.

K. Kersten, R. Kaur and A. Matzger, IUCrJ, 2018, 5, 124—129.

P. Sacchi, M. Lusi, A. J. Cruz-Cabeza, E. Nauha and J. Bernstein, CrystEngComm,
2020, 22, 7170-7185.

G. Wesela-Bauman, S. Parsons, J. Serwatowski and K. Wozniak, CrystEngComm,
2014, 16, 10780-10790.

M. Bolte and N.-W. Liu, Private Communication to the Cambridge Structural
Database, Refcode NIFHAMO1, 2020.

J. Hernandez-Paredes, A. L. Olvera-Tapia, J. I. Arenas-Garcia, H. Hopfl, H. Morales-
Rojas, D. Herrera-Ruiz, A. 1. Gonzaga-Morales, L. Rodriguez-Fragoso,
CrystEngComm, 2015, 17, 5166—5186.

M. TalwelkarShimpi, S. Oberg, L. Giri and V. R. Pedireddi, RSC Adv., 2016, 6,
43060—43068.

C. L. Jones, C. C. Wilson and L. H. Thomas, CrystEngComm, 2014, 16, 5849—5858.
S.J. Coles, T. L. Threlfall and G. J. Tizzard, Cryst. Growth Des., 2014, 2, 1623—1628.
S. Larsen and K. Marthi, Acta Crystallogr., Sect. B: Struct. Sci., 1994, 50, 373—381.
S. Naveen, A. G. Sudha, E. Suresha, N. K. Lokanath and P. A. Suchetan, Z.
Kristallogr. - Cryst. Mater., 2017, 232, 767-780.

P. A. Suchetan, B. T. Gowda, S. Foro and H. Fuess, Acta Crystallogr., Sect. E: Struct.
Rep. Online, 2009, 65, 03156.

P. A. Suchetan, S. Sreenivasa, K. S. Srivishnu, H. N. Lakshmikantha, G. M. Supriya,
S. Naveen and N. K. Lokanath, Z. Kristallogr. - Cryst. Mater., 2015, 230, 543—550.
L. R. Almazahreh, U.-P. Apfel, W. Imhof, M. Rudolph, H. Gorls, J. Talarmin, P.

Schollhammer, M. El-khateeb, W, Weigand, Organometallics, 2013, 32, 4523—-4530.

61


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

CrystEngComm Page 62 of 64

257  F.Toda, K. Tanaka, Z. Stein and 1. Goldberg, Acta Crystallogr., Sect. C: Crysty 1010 /b0ccoirms
Struct. Commun., 1996, 52, 177—180.

258  G. Smith, Private Communication to the Cambridge Structural Database, Refcode
777QUDUO01, 2013.

259  T.P.DeLacy, C. H. L. Kennard, J. Chem. Soc., Perkin Trans. 2, 1972, 2148—2153.

260 J. Yang, C. T. Hu, X. Zhu, Q. Zhu, M. D. Ward and B. Kahr, Angew. Chem., Int. Ed.,
2017, 56, 10165—10169.

261  X.Zhu, C.T. Hu,J. Yang, L. A. Joyce, M. Qiu, M. D. Ward and B. Kahr, J. Am.
Chem. Soc., 2019, 141, 16858—16884.

262  Z.-B. Wei, Z.-H. Liu, J.-L. Ye and H.-K. Zhang, Acta Crystallogr., Sect. E: Struct.
Rep. Online, 2010, 66, 0250.

263  S.-Q. Dou, N. Weiden and A. Weiss, Acta Chim. Hung., 1993, 130, 497-522.

264  P. Bobal, J. Sujan, J. Otevrel, A. Imramovsky, Z. Padelkova and J. Jampilek,
Molecules, 2012, 17, 1292—1306.

265  H. van der Meer, Acta Crystallogr., Sect. B: Struct. Crystallogr. Cryst. Chem., 1972,
28, 3098.

266  R. C. Haltiwanger, P. T. Beurskens, J. M. J. Vankan and W. S. Veeman, J.
Crystallogr. Spectrosc. Res., 1984, 14, 589—597.

267  A. Meresse, C. Courseille, F. Leroy and N. B. Chanh, Acta Crystallogr., Sect. B:
Struct. Crystallogr. Cryst. Chem., 1975, 31, 1236—1241.

268  P. Debroy, S. V. Lindeman and R. Rathore, J. Org. Chem., 2009, 74, 2080—2087.

269  P.G. Jones and P. Kus, Acta Crystallogr., Sect. C: Cryst. Struct. Commun., 2011, 67,
0131-0133.

270  S. A. Reiter, S. D. Nogai and H. Schmidbaur, Z. Naturforsch., B: Chem. Sci., 2005,

60, 511-519.

62


https://doi.org/10.1039/d0ce01677b

Page 63 of 64

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

271

272

273

CrysttEngComm

ew Article Online

A. S. Batsanov, J. A. K. Howard, T. B. Marder and E. G. Robins, Acta Crystallogts, o

Sect. C: Cryst. Struct. Commun., 2001, 57, 1303—1305.
J. C. Collings, K. P. Roscoe, E. G. Robins, A. S. Batsanov, L. M. Stimson, J. A. K.
Howard, S. J. Clark and T. B. Marder, New J. Chem., 2002, 26, 1740—1746.

S. Scheiner, J. Phys. Chem. 4, 2020, 124, 7290—7299.

63


https://doi.org/10.1039/d0ce01677b

Published on 11 December 2020. Downloaded by Lancaster University on 12/11/2020 10:09:20 AM.

CrystEngComm Page 64 of 64

View Article Online

Table of Contents entry: DO 10.1039/DOCE016778

The submission entitled: “Supramolecular architectures sustained by delocalised C-
I---w(arene) interactions in molecular crystals and the propensity of their formation”.

A survey of delocalised C-I--mt(chelate ring) interactions is presented.
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