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ABSTRACT: The potential triple-halogen-bond acceptor, sym-triiodo-trifluorobenzene 1f,Bhas been co-crystallized with a
series of bipyridyl derivatives2(-4) to gain insight to the factors controlling formation of multiple halogen bonds with a single
aromatic system. Co-crystes-7 were obtained that consistently contained twe-Nhalogen bonds. The reluctance to the formation

of a supramolecular assembly having a thire¢-Nhalogen bond does not depend on the size of the bispyridine donor systems
(2—4). Apparently, there are limitations to the number of halogen bonds that can be formed with a single aromatic halogen donor.
The solid-state structure of co-cryst&) ontains short+t-F contacts of 2.96 and 3.05 A. DFT calculations were performed at the
PBEO/(apcl-aSDBDZ)//PBEO/(pcl1-SDBDZ) level of theory to investigate the nature of the interaction between the pyridine nitrogen
and IFB (). These calculations reveal a weakening ef-Ninteractions as more pyridine moieties coordinate to the [EBwhich

might be a contributing factor to the consistent formation of two rather than threehdlogen bonds.

Introduction co-crystallization with bispyridine derivatives is well-studied

Hal bonding invol . ion in which a hal and leads to hexagonal networks that can exhibit complex
alogen bonding involves an interaction in which a halogen ;o nenetratio?212230we envisaged 1,3,5-triiodo-2,4,6-tri-

atom (Cl, Br, 1) acts as an acceptor for lone-pair electrpns of a fluorobenzenel) (IFB)®32as an ideal candidate, because the
heteroatom (N, O, S, P). Halogen and hydrogen bonding have o aiyely electron-poor iodine atoms in IFB)(should be good
somewhat analogous characteristics in terms of directionality ojactron acceptors for halogen bonding with, for example
andn — o* donor—acceptor interactions. Perfluorination of an nitrogen-containing donor molecules (Scheme 1). Both 1,4- and

iodo/ br°m°'hydf°cafb°” results in enhanced acceptor ab_'"ty' 1,3-diiodo-tetrafluorobenzene form co-crystals with bipyridyl
and the interactions become comparable to, or even dominateya iyativests Packing effects play an important role in the

over, hydrogen bondinglts use in co-crystallization and solid- ¢, mation of halogen-bonded supramolecular assemblies, as they
state reactivity hz_as been demonstrated in recent years by thq,nay favor a linear arrangement of pyridyl groups, to fill space
groups of Resnati, Hanks, and qthéré.E_xa_mpIes of halogen_ without requiring interpenetrating halogen-bonded networks.
bonding as a tool for the formation of liquid crystals show its Furthermore;z-stacking/aggregation of chromophores such as
potential for the development of new materigfNevertheless, bis-1,4-(4-pyridylethyl-enyl)-benzene (BPEB), trans-1,2-di-

the number of new derivatives prepared for halogen-bonding (4-py’ridyl)-ethylene (DPE3), and 4,4—bipyridin”e (BiPy,’4) in

studies (especially flgorinated examples) is relatively small o o4jig state might be affected by stacking interactions with
compared to the growing number of hydrogen-bonded supramo-|eg 1y 5,33 DFT calculations were performed to evaluate the

lecular systems. In addition, several theoretical investigations additive effect of pyridine donors on the strength of the-N
on halogen bon(_jlng have beef‘ reported? Clearly, there_ IS interactions. Weakening of the halogen bond occurs as more
ample opportunity for t_he deS|gn .Of new molec.ular bU|I_d|ng pyridines coordinate to the IFBL), which may contribute to
blocks for halogen bonding applications in many different fields, the experimental findings that the number of halogen-bond

ranging from liquid crystals to enzymesubstrate interactioris. interactions on an aromatic acceptor is limited
We have recently reported on the preparation and solution and '

solid-state properties of a stilbazole derivative that combines
halogen-bonding donor and acceptor sides in the same fluori-
nated chromophor®.Compounds combining halogen donor and The results obtained from the co-crystallizations of IF (
acceptor sites are rat€.*® Remarkably, no halogen-bonding  yth bipyridines2—4 are summarized in Scheme 1 and Tables
studies for trigonal fluorinated halobenzenes have been reported, gnqg 2.

in sharp contrast with the wealth of somewhat analogous trigonal g4, evaporation of a chloroform solution at room temper-
building blocks available for supramolecular synthesis using 4o containing IFBY) and BPEB 2) in a 2:3 molar ratio
hydrogen bonding®-2” Trigonal molecular building blocks like gave light yellow crystals suitable for X-ray crystallography.
1,3,5-cyclohexane tricarboxylic acid, 1,3,5-benzenetricarboxylic 11,4 co-crystal structurg has two N-+I halogen bonds (Figure

acid (trimesic acid), and similar derivatives have proven 1y compoundd and2 co-crystallize preferably in a 1:1 molar
extremely fruitful crystallization partners in the engineering of |atio instead of the anticipated 2:3 ratio, as might be expected
supramolecular structures through hydrogen bon#ird§.Their for a system having three possible sites for ioeifyridine—

nitrogen interactions. Co-crystallization of compouhdith 3
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Scheme 1. Co-crystallizations of IFB (1) with Bipyridyl Derivatives 2-4.2
/ A\
- N
N Y
= BPEB (2) Co-crystal 5
3 equiv. molar ratio IFB : BPEB =1 : 1
| F N =\ /\ /N
2 equiv. F | \ 7/ - DPE (3) Co-crystal 6
3 equiv. molar ratio IFB : DPE=1:1
| F
IFB (1)
WA Y BiPy (4) Co-crystal 7

3 equiv.

molar ratio IFB : BiPy =1 :1

aCompounds were mixed in a 2:3 Molar Ratio in chloroform at room temperature. Applying a 1:3 ratio of compoands? also resulted in

co-crystalb.
Table 1. Compound 1 and Co-Crystals 57 with Selected Angles, Intramolecular Distances, and Classification
observed solvent, C—I--:Nangles |-l dist. (A) I---F dist. (A)  stacking
compd molar ratio  molar ratio concentration NI dist. (A) (deg) (contacttype)  (contacttype)  dist. (A)
IFB (1)2 hexane 3.746(1) (1) 3.556(3) 3.54(5)
BPEB @) 2:3and 1:3  5(1:1) CHCE, 20 mM 2.829(3) 165.4(2) notrelevant  2.942(3) (1) 3.45(6p
2.928(3) 167.2(2)
2.799(3) 173.2(1) 3.051(2) (1) 3.60(%)
2.961(3) 160.6(1)
DPE ) 2:3 6(1:1) CHCE, 20 mM 2.821(7) 173.9(3) notrelevdnt  3.483(4} 3.58(6)
2.846(7) 171.1(3)
BiPy (4) 2:3 7(1:1) CHCE, 40 mM 2.841(1) 171.5 not relevént  3.149(9) (I) 3.80(2%
2.94(2) 164.7 3.55(1)

a See the Supporting Information for detaitd:+I distances between stacked moleculeslassification not applicablé.From the angle§; (124.5 resp
136.9) and#, (144.6 resp 139.1), this would be type | contacts, but the-F distances of 3.56 and 3.48 A for compouhend co-crystab, respectively,
are larger than the sum of van der Waals radii. The 3.45 A type Il coniaet 13.C°, 6,= 165.0) of 1 is exactly the sum of the van der Waals radii.

Table 2. Selected Bond LengthsR, in A) of IFB (1) and
Assemblies 8-10 Calculated at the PBEO/(pc1-SDBDZ) Level

of Theory
IFB 8 9 10

C-l r 2.093 2.123 2.121 2.119

ra 2.093 2.096 2.121 2.119

r3 2.093 2.096 2.097 2.119
l-+-N rg 2.791 2.822 2.852

rs 2.822 2.852

re 2.853

The crystal structure of co-crystdiselates to a monoclinic
spacegrouP2/c (No. 13). The unit cell contains two half IFB
(2) molecules on a 2-fold rotation axis, one in a general position,
two half BPEB @) molecules on an inversion center, and one
in a general position. The unit-cell dimensions are 18.066(4),
9.135(2), and 31.410(6) A for the b, andc axes, respectively.
Molecules? are arranged in a herringbone-type fashion (along
the a axis), separated by layers of molecdleBoth nitrogen
atoms of compound are involved in N--I halogen bonding in
the a—c plane of the crystal lattice. Two different interacting
IFB (1) and BPEB ) pairs exist in the co-crystal; one pair has
N---| distances of 2.829(3) and 2.928(3) A4G--N angles
165.4(2) and 167.2(2) respectively), whereas the second IFB
(1) and BPEB 2) couple has NI distances of 2.799(3) and
2.961(3) A, respectively (with €I-+*N angles of 173.2(1) and
160.6(1y, respectively). These distances are-260% shorter
than the sum of the van der Waals radii (3.51 A), which is in
good agreement with other -Ml halogen bond$1° The
distances of 3.45(6) and 3.60(5) A between two moleculés of

point to significant stabilization byr-stacking interactions.
Another view of the overall structure & is shown in Figure

2, where compound4 and 2 are categorized by symmetry
equivalence. Both compoundsand 2 are divided into three
groups, meaning that each molecule has three symmetry-
unrelated molecules in the asymmetric unit (in accordance with
a Z value of 8).

The IFB moleculeq are aligned in a face-to-face orientation
along thea axis and an edge-to-edge orientation along lthe
axis. As symmetry-nonequivalent molecules are lying face to
face, the alignment is not perfectly columnar but shows a
slippage; this is in contrast with structurésand 7, in which
alignment is perfect (vide infra). The edge-to-edge arrangement
involves symmetry-equivalent moleculésnd shows remark-
ably short t-+F contacts of 2.962(3) and 3.051(2) A (15 and
11% less than the sum of the van der Waals radii, 3.43 A. These
[---F contacts are also much shorter than the-l contacts of
3.556(3) A in the crystal structure of compoufidAlthough
intermolecular halogenhalogen interactions are well-docu-
mente®* we found only three other examples of short, nonionic,
[---F interactions in organic crystais37 All of these k--F
interactions occur in highly reactive compounds with hyperva-
lent fluorinated iodine atoms, resulting in highly polarized
structures and short intermolecular-F contacts. Moreover,
in co-crystal5, the angle®; for C—I---F and#, for I---C—F
are equal, both being 18dor the I---F interactions with an
intermolecular contact distance of 2.942(3) A. The andles
and6, are 162.1(1) and 162.3(2jor the second contact with
an intermolecular-t-F distance of 3.051(2) A.
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Figure 1. Crystal structure of co-crysté&lillustrating the herringbone arrangement (left) and shertidind I---F distances (right). Co-crystallizing
either 2:3 or 1:3 molar ratios of IFBLf and BPEB 2), respectively (from chloroform at room temperature), led to the same strdctuit a 1:1
molar ratio. Colors: carbon, gray; nitrogen, blue; fluorine, yellow; iodine, purple.

Figure 2. Crystal lattice of co-crystd colored according to symmetry
equivalence. Symmetry-equivalent molecules of compoundad 2

are shown in the same color. Along the stacking direction, aiBA
C—B pattern is apparent. Note the twist in orientation of symmetry-
nonequivalent molecul2 in the “stacks”.

Figure 3. View of 1:1 co-crystab with the two NI halogen bonds
of 2.821(7) and 2.846(7) A. Note that the intermoleculaiH distance

is much longer (3.483(4) A) compared to those found in co-cntal
(2.942(3) and 3.051(2) A). Co-crystaB were prepared by slow
evaporation at room temperature of a chloroform solution of IEB (
and DPE 8) with a 2:3 molar ratio. Colors: carbon, gray; nitrogen,
blue; fluorine, yellow; iodine, purple.

Halogenr-halogen interactions have been divided into two
categories depending on the two angles of theXg--X,—C
contact?2:3438-42 Type | contacts were defined as having equal
anglesf;(C—Xi+++X3) andf,(C—Xz++-X1). In type Il contacts,
01 = 180 and 6, = 90° where, if X; = X,, the heavier (more

Figure 4. View of 1:1 co-crystal7 with two intermolecular NI
halogen bonds of 2.84(1) and 2.94(2) A. The intermoleculalF|
distance of 3.149(9) A is somewhat longer compared to those found in
co-crystal5. Co-crystals7 were obtained by slow evaporation of a
chloroform solution of compounds and 4 with a 2:3 molar ratio at
room temperature. View along tha-axis. Colors: carbon, gray;
nitrogen, blue; fluorine, yellow; iodine, purple.

polarizable) halogen is usually ;XAccording to the above
definition, a type | contact is nonstabilizing and a consequence
of crystallographic symmetry (the X atoms located across a
center of inversion), whereas a type Il contact involves
interaction between the oppositely polarized regions of atoms
X1 and X and has a stabilizing effect. Thus, according to the
abovementioned classification by Desiraju and Parthasarethip, 42
the I---F contacts in co-crystd are pure type | nonstabilizing
interactions and a result of symmetry in the crystal. Pure type
I contacts for unsymmetrical halogehalogen interactions,
especially for 1--F contacts, where the difference in polariz-
ability is at its maximum, should be highly unlikely, “barring a
fortuitous equality of angles®

Mixing chloroform solutions of compound and bis(4-
pyridyl)-ethylene (DPE)J) in a 2:3 molar ratio at concentrations
above 50 mM resulted in immediate precipitation of a white
microcrystalline solid. Crystallization began nearly instantly
when more dilute chloroform solutions (e.g., 20 mM) of
compoundsl and3 were mixed at room temperature, resulting
in the formation of white X-ray quality crystals. Co-crys@él
(spacegrougPl, triclinic) again had a 1:1 molar ratio (instead
of 2:3), analogous to co-crystal with only two of the three
iodine atoms involved in a N-I halogen bond with DPE3)
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Figure 5. Optimized geometries d3—10 calculated at the PBEO/(pc1-SDBDZ) level of theory. The bond numbering schi¢msed is shown

(see Table 2). (Atomic color scheme: C, green; H, white; N, blue; F,

Table 3. Complexation Energy AE, in kcal/mol) and Counterpoise
Corrected Complexation Energy (AECP) of the nth Pyridine (Py) to
IFB(pyridine) n—1, Calculated at the PBEO/(apcl-aSDBDZ)//PBEO/
(pc1-SDBDZ) Level of Theory

n —AE —AECP
1(9) 7.127 5.840
2(9) 6.092 4.868
3(10) 5.351 4172

Table 4. Overall APT Charge Transferred (in me) from the
Pyridine Molecules to the IFB (1) upon Complexation Calculated at
the PBEO/(apc1-aSDBDZ)//PBEO/(pc1-SDBDZ) Level of Theory

8 9 10
Pyt 64.5 57.7 51.6
Py 57.7 51.6
Py 51.1

(Figures 2 and 3). The values of the-N contacts are typical,
2.821(7) and 2.846(7) A, with €1-+-N angles of 173.9(3) and
171.1(3Y, respectively. In contrast to the structure of co-crystal
5, in co-crystalg, the asymmetric unit contains only symmetry-
related molecules af and3. The -+F distance of 3.483(4) A
involving the third iodine atom is substantially longer (ap-
proximately 0.5 A) than the {-F-distance observed in co-crystal
5. The stacking distance of 3.58(6) A between the stacked
moleculesl and 3 again implies stabilization through—z-
stacking.

Co-crystals 7 were obtained by slow evaporation of a
chloroform solution ofl and BiPy @) in the molar ratio 2:3 at
room temperature (Figure 4). Similar to co-crystaland 6,
co-crystal7 has a 1:1 molar ratio and only two of the three
possible N-+| halogen bonds (2.84(1), 2.94(2) A) and-G--

N angles of 171.5 and 164,7respectively. The unit cell of
co-crystal7 contains only symmetry-related molecules of IFB
(1) and 4,4-bipyridine @), respectively, which is similar to co-
crystal6. The stacking distance of 3.55(1) A between ufiis
comparable to the values for co-crystaéland6 (3.45(6) and

turquoise; |, purple.)

Table 5. Perturbation Energy E(2) (in kcal/mol) and
Corresponding Orbital Occupancies

occupancy of N occupancy of

E(2) o-lone pair orbital ~ C—I ¢* orbital
8 C—1-+-Py! 8.20 1.8663 0.0854
C—I 0.0301
C—I 0.0301
9 C—1-+-Py! 8.15 1.8720 0.0827
C—1-+-Py? 8.15 1.8720 0.0827
(o] 0.0300
10 C—l---Pyt 7.41 1.8768 0.0785
C—1-+-Py? 7.41 1.8768 0.0785
C—1-++-Py? 6.84 1.8770 0.0763

The main characteristics regarding the short intermolecular
contacts with distance angles of co-crystais7 are given in
Table 1.

As can be seen from Table 1, both the stacking distances
between the aromatic systems and theFl distances vary for
co-crystals5—7. However, there seems to be no apparent
correlation between the size/length of the bipyridine derivative
and these distances.

Density Functional Calculations. DFT calculations were
performed to further investigate the nature of the interaction
between the pyridine nitrogen and the-Armoeity. For reasons
of computational cost, the bipyridyl ligand2-(4) were
substituted by pyridine. The complex geometries calculated at
the PBEO/(pc1-SDBDZ) level of theory are shown in Figure 5.
Table 2 lists selected equilibrium bond lengths for IAB &nd
for three IFB-(pyridine), (n = 1—3) assemblies8-10). The
calculated bond lengths of IFB)Yand IFB—(pyridine), (9) are
in good agreement with the corresponding crystal structures
5—7. Upon complexation, the €l bond is lengthened by 0.030,
0.028, and 0.026 A fo8—10, respectively. These elongations
are consistent with the weakening of the-Ibond due to the
interaction of the nitrogen lone pair with the lowest vacaht
orbital of C—1. The C-I bond involved in the 4N interaction
is shortened (by 0.002 A) and the::N halogen bond is
lengthened (by 0.03 A) each time another pyridine unit is

3.60(5) A, respectively). However, the stacking distance betweenintroduced into the system. These trends demonstrate the

the 4,4-bipyridine molecules 4) of 3.80(2) A is somewhat
larger. It should be noted that compoudhas a limited
solubility in chloroform, so a lower concentration (max. 20 mM)
had to be used to prepare co-crystélsThe solubility of
compoundd, 3, and4 in chloroform is very goodx 300 mM)
and much better than that of the resulting co-crystadsd 7.

weakening of the t*N halogen bond as more pyridines
coordinate to the IFB. Table 3 gives the-N binding energy
(AE) and the counterpoise (CP) corrected binding energy
(AE®P), i.e., the complexation energy of IFB 8, 8 — 9, and

9 — 10. The AECP of the formation of8 (5.84 kcal/mol) is
typical for such types of halogen bonding. For instance, the
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Table 6. Crystallographic Data for Compound 1 and Co-Crystals 5-7

compdl co-crystals co-crystalé co-crystal7
formula GslaF3 CoeHieF3l3N2 Ci1gH10F3l3N2 C16HgF3l3N>2
molar mass (g mof) 509.76 794.13 691.98 665.94
cryst color white yellow white white
cryst dimensions (m#) 1.0x0.1x0.1 1.0x 0.1x 0.05 0.6x 0.1x 0.1 1.0x 0.5x 0.2
cryst syst monoclinic monoclinic triclinic monoclinic
space group P2:/n P2/c P1 Pn
a(h) 13.818(3) 18.066(4) 4.7330(9) 4.0830(8)
b (A) 4.758(1) 9.135(2) 9.065(2) 9.056(2)
c(A) 15.385(3) 31.410(6) 22.598(4) 24.046(5)
o (deg) 90 90 94.53(3) 90
f (deg) 107.08(3) 105.07(3) 93.22(3) 92.17(3)
y (deg) 90 90 92.32(3) 90
4 4 8 2 2
V (A3) 966.9(3) 5005.4(18) 964.0(3) 888.5(3)
Pealcd (Mg NT3) 3.502 2.108 2.384 2.489
no. of unique data 1317 11417 2268 1611
Ry 0.0165 0.0376 0.0341 0.0434
WR, 0.0415 0.0708 0.0643 0.1132
GOF F?) 1.118 1.015 1.057 1.051

experimental enthalpy of formation of a complex betweenl CF
and 2,4,6-trimethylpyridine is 5.0 kcal/m® The AECP of the
formation of 9 and 10 is lower by 0.97 and 1.67 kcal/mol,
respectively. Table 4 summarizes the overall APT charge
transferred Qct) from each pyridine unit to the IFB molecule
upon complexationQcr is reduced with an increasing number
of pyridines bound to the IFB, which is in line with the
calculated trends for the bond lengths and complexation
energies. The squared correlation coefficient betweem\the

or AE®P and Q7 is 0.996, suggesting that charge-transfer
interactions play an important role in the formation efN
halogen bonds. The doneacceptor stabilization energy for
each of the 1--N bonds may be approximated by the second-
order perturbation energi(2) obtained from natural bond
orbital (NBO) analysig? Table 5 listsE(2) and the correspond-
ing orbital occupancie€(2) is in accordance with the trend of
general reduction in the-kN binding energy as more pyridines
are coordinated to the IFB (i.e., 8.20, 8.15, and 7.41 kcal/mol
for 8—10, respectively). FolO, which belongs to th€2 point
group (see computational details), b&ar and E(2) suggest
that the t--N bond parallel to theC2 axis (i.e, IFB:-Py?) is
slightly weaker than the other two halogen bonds.

Summary and Conclusions

Co-crystallization of IFB {) with a series of three different
bipyridyl derivatives 2—4) in a 2:3 molar ratio (or a 1:3 ratio
as verified for BPEB %)) consequently yields 1:1 co-crystals
with only two N---I halogen bonds. Apparently, this arrangement
is preferable in this system over the formation of a crystal lattice
with 3-fold I--+N intermolecular interactions. Three-fold inter-
molecular motifs are common with hydrogen-bonded sys-
tems2021.30 packing constraints seem to dominate over the
possibility of the formation of a third N-I halogen bond and
do not seem to be affected by the size of the bipyridyl donors.
The observed stoichiometry might be due to packing effects
that favor chain formation over 2D open layers, because this
would require extensive interpenetration to fill space. As close
packing is driven by a gain in enthalp¥this gain is obviously
larger than the benefit from a third halogen boAdternatively,
donation of charge to compouridresulting from two halogen
bonds may have a detrimental effect on the capacity of the third

type donors through halogen bonding. Halogen-bonded systems
have been compared with hydrogen-bonded systems in terms
of strength and directionality;however, a 3-fold in-plane
intermolecular halogen-bonding interaction with one aromatic
system remains of yet elusive.

Experimental Section

Chloroform (Biolab, AR) was passed over a column of basic alumina
(grade 1) and stored ové A molecular sieves. Hexane (Biolab, AR)
was distilled from calcium hydride under a nitrogen atmosphere. Bis-
1,4-(4-pyridylethylenyl)-benzene BPER)(was prepared according to
a literature procedur®, trans-1,2-di(4-pyridyl)-ethylene (97%) DPE
(3) and 4,4-bipyridyl (>99%) @) were obtained from Fluka and
Aldrich, respectively, and used as received.

1,3,5-Triiodo-2,4,6-trifluorobenzene (1). This compound was
prepared by iodination of 1,3,5-trifluorobenzene according to a literature
procedure! Suitable crystals for X-ray crystal structure determination
(small white needles, 1.0< 0.1 x 0.1 mn¥) were obtained by
recrystallization from hexane, cooling a warm (8D) solution slowly
to room temperature overnight (see Table 6 and the Supporting
Information)32 No suitable crystals of were obtained from chloroform
because of its high solubility in this solvent.

Preparation of Co-Crystals (5-7). Co-crystal5: A solution of 1
(0.13 mmol) in chloroform (2 mL) was added to a chloroform solution
(8 mL) of 2 (0.20 mmol) in a 20 mL screw-capped vial at room
temperature. The vial was kept in the dark, and the chloroform was
allowed to evaporate slowly until, after formation of light yellow co-
crystalsb, exces® started to precipitate out of the solution. In several
cases, all chloroform was allowed to evaporate and the precipitating
solid was shown to be puzas judged byH NMR. Co-crystals and
7 were prepared analogously. In the case of co-crgstiile concentra-
tions of compound4 and3 were kept below 50 mM to avoid immediate
precipitation of the co-crystals, which made it difficult to obtain
specimens suitable for X-ray experiments. Relevant crystallographic
data for compound and co-crystal&—7 are summarized in Table 2.

X-ray Data Collection and ProcessingData were collected at 120
K on a Nonius KappaCCD diffractometer, MaoK(A = 0.71073 A),
graphite monochromator. The data were processed with Denzo-
scalepack. Solution and refinement: Structures were solved by direct
methods with SHELXS. Full matrix least-squares refinement on the
basis of F?2 with SHELXS-97. Refinement of? was against all
reflections. Stacking distances were determined by calculating the best
plane through a ring and subsequent determination of the distance of
the ring atoms of the neighboring molecule and averaging of these
distances. Crystallographic data for compounaind co-crystal$—7
are listed in Table 6. The X-ray structure of compouhtias been

iodine atom bound to the same aromatic system to act as anreporteoe,2 but has been remeasured and included in Table 6 for

acceptor for another halogen bond. Indeed, DFT calculations

using a model system support this hypothesis.
In conclusion, we have shown that 1,3,5-triiodo-2,4,6-tri-
fluorobenzene (IFB1) readily forms co-crystals with bipyridyl-

comparison (see the Supporting Information).

Computational Details. All calculations were carried out using
Gaussian 03, revision C.0%.The PBEO DFT exchange-correlation
functional was used for the investigatitiilhis functional is the hybrid
variant (25% HF exchange) of PBE (Perdew, Burke, and Ernzertfof's)
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nonempirical GGA functional. With this functional, two basis-set
RECP (relativistic effective core potential) combinations were used.
The first, denoted pcl-SDBDZ, is the combination of the Jensen’s
polarization consistent doubfebasis set (pc1j on lighter elements
with the Stuttgart-Dresden basis seRECP? on iodine. The second,
donated apcl-aSDBDZ, corresponds to the augmented versions of th
pc1* and SDBDZ2! basis sets. Geometries were optimized using the
former basis set, whereas the binding energies, BSSE corrections, an
NBO analysis were calculated with the latter basis set; this level of
theory is conventionally denoted as PBEO/apcl-aSDBDZ//PBEO/pc1-
SDBDZ. Geometry optimizations were carried out using the default
pruned (75,302) grid and with the highest possible symmetry constraints
In the case 09 and10 (Figure 5), however, small imaginary frequencies
corresponding to the rotation of the pyridines around the weak |
interactions were obtained even with the “ultrafine” grid (i.e., a pruned
(99 590) grid). These imaginary frequencies were eliminated when the
symmetry constraints were reduced to @eandC, point groups for

9 and10, respectively. The energies and NBO analysis were calculated
with the “ultrafine” grid as recommended in the literatGtdn the
single-point energy calculations of the larger syst@&m40, the SCF
convergence criterion was set to£@.u. For the calculation of the

halogen bond energies, the basis set superposition error (BSSE) was

taken into account using the counterpoise (CP) methgid’he donor-
acceptor stabilization energie§2) were calculated by the second-order
perturbation molecular orbital analysis using the NBO 5.0 program
suite®
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