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1,10,3,30-Tetramethyl-2,20-bi-1H-imidazolium bis(tetraphenylborate), an ion-association compound, afforded inclu-
sion crystals with a variety of guest molecules, such as ketone, aldehyde, and nitrile. X-ray crystallographic analyses
revealed intermolecular interactions between the biimidazolium dication and the guest molecules in the inclusion crys-
tals. Their contact modes depended on the molecular structures of the guest molecules, resulting in various molecular
arrangements.

Supramolecular chemistry has been a subject of great re-
search interest in various fields, such as material science, bio-
chemistry, crystal engineering, and chemical synthesis, since
molecular aggregations present novel properties and unique
functionalities.1–11 The most convenient methods for forming
molecular aggregations include designing hydrogen bonds
and/or metal–ligand (chelate) bonds, and much research work
on supramolecular synthons involving these intermolecular in-
teractions has been conducted.7–11 On the other hand, ion-asso-
ciation compounds, such as tetraphenylborate salts, are used as
reagents for separation and analysis in analytical chemistry be-
cause they form ion pairs and ion complexes in solution and
the solid state.12–15 The application of ion-association phenom-
ena to supramolecular chemistry has also been conducted.16–20

Since intermolecular interactions arising from ion association
are fundamentally Coulomb forces, these are difficult to design
and control in the aggregation structures formed as building
blocks in solution and the solid state. In addition, their struc-
tures are closely related to solvation and are modified depend-
ing on the association modes, such as the solvent-separated
type, the solvent-shared type, and the contact type.13 We re-
cently reported on the behavior of 1,10,3,30-tetramethyl-2,20-
bi-1H-imidazolium bis(tetraphenylborate) (1) in solution and
the solid state.21,22 The structure of the biimidazolium dication
is similar to that of 1-alkyl-3-methyl-1H-imidazolium, which
has attracted much attention as an ionic liquid.23–26 According
to 1HNMR analyses of 1 in acetone-d6 and acetonitrile-d3, an
upfield shift in the dication moiety was observed compared to
the corresponding trifluoromethanesulfonate (2), indicating the
formation of ion complexes in solutions. Furthermore, organic
salt 1 was recrystallized from solutions containing ketone, al-
dehyde, and nitrile to afford inclusion compounds with a vari-
ety of crystal structures. In this context, we investigated the in-
clusion properties of the ion-association compound and the in-
termolecular interactions with a variety of guest molecules to

build crystal structures using guest molecules as templates.
We report herein on the X-ray crystallographic analyses of
these inclusion compounds.

Results and Discussion

Inclusion Crystals with Aliphatic Ketone (3–7). Trifluo-
romethanesulfonate 2 was obtained in 92% yield by the meth-
ylation of 1,10-dimethyl-2,20-bi-1H-imidazole27 with methyl
trifluoromethanesulfonate in dichloromethane. Tetraphenyl-
borate 1 was prepared in quantitative yield by a counter anion
exchange reaction of organic salt 2 with sodium tetraphenyl-
borate in hot water. Recrystallization of organic salt 1 from 2-
butanone (3) afforded colorless crystals, which according to an
elemental analysis contained two molecules of the guest per
salt molecule. This phenomenon is attributable to the ion asso-
ciation arising from the tetraphenylborate anions because or-
ganic salt 2 did not produce inclusion crystals under identical
conditions. The inclusion crystals with 2-butanone decom-
posed between 103–107 �C to release the guest molecules.
The decomposition point was slightly higher than the boiling
point of 2-butanone (bp 80 �C).21 The intermolecular force be-
tween the host and the guest molecules is not strong. Figure 1a
shows the structure of the inclusion crystal. Two guest mole-
cules are solvated by coordination to the biimidazolium dica-
tion, where the distances between the carbonyl oxygen atom
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of 3 and the biimidazolium nitrogen atoms are in the range of
2.97–3.26 �A. These values are similar to the sum of the van der
Waals radii (N���O ¼ 3:07 �A).28 The dication is surrounded by
four tetraphenylborate anions and is in a specific cyclic envi-
ronment arising from eight phenyl rings (Fig. 1b), indicating
supplementary CH���� interactions between the dication and
the tetraphenylborate anions in addition to the Coulomb forces.
The crystal structure is thus formed by two types of columns,
composed of ketone–dication–ketone units and the tetraphen-
ylborate anions (Fig. 1a). In other words, the dication and
guest molecules are packed in a straight cylinder formed by
the tetraphenylborate anions.

Inclusion crystals were obtained by the recrystallization of
organic salt 1 from cyclohexanone (4). The crystal structure
was identified to have a 1:2 molar ratio of 1 to 4. Figure 2
shows the structure of the cocrystal; the tetraphenylborate
anions are omitted for clarity. The intermolecular distances be-
tween the carbonyl oxygen atoms of 4 and the biimidazolium
nitrogen atoms range between 3.02 and 4.55 �A. The crystal al-
so has a columnar structure containing ketone–dication–ketone
units and tetraphenylborate anions. The unit cell has a triclinic
shape and the columnar structure is different from the mono-
clinic one shown in Fig. 1a. This result implies that a columnar
structure with a monoclinic shape is more unstable than that
with a triclinic shape, due to a steric hindrance between the cy-

clohexane rings. Therefore, the crystal has a triclinic structure
without any steric hindrance. The structures of selected guest
molecules affect the molecular aggregation of ion complexes
involving them and the biimidazolium dication.

In order to investigate cocrystals containing diketone as
guest molecules, cis-bicyclo[3.3.0]octane-3,7-dione (5) was
employed to prepare inclusion crystals. Figure 3 displays the
columnar structure of the cocrystal, having one molecule of di-
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b) 

Fig. 1. Structure of inclusion crystal with 3: a) columnar
structure, b) packing mode.

Fig. 2. Columnar structure of inclusion crystal with 4
(BPh4 anions are omitted).

Fig. 3. Columnar structure of inclusion crystal with 5
(MeOH molecules are omitted).
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ketone 5 per biimidazolium dication, which is solvated by one
molecule of methanol. This structure demonstrates that the di-
ketone can behave like two molecules of ketone. However, di-
ketone 5 is disordered due to its relatively flexible skeleton. In
addition, its molecular size is small for the distance between
the two dications. The distances between the carbonyl oxygen
atoms of 5 and the biimidazolium nitrogen atoms are in the
range of 3.53–3.93 �A. These facts suggest that the intermolec-
ular interaction is not strong enough to connect the diketone
with the two dications in the columns.

Guest molecules, 2,4-adamantanedione (6) and 2-adamanta-
none (7), were applied to the preparation of inclusion crystals,
since they have rigid skeletons. Cocrystals with a 1:1 molar ra-
tio of 1 to 6/7 were obtained. These two cocrystals are isomor-
phic and their molecular arrangements are very similar to each
other. The structure of a cocrystal with 1 and 6 is shown in
Fig. 4. One carbonyl oxygen atom of 6 comes in contact with
the biimidazolium nitrogen atom (N���O ¼ 3:79 �A), while the
other is not used for coordination with the tetraphenylborate
anion.

Inclusion Crystals with Aromatic Compounds (8 and 9).
The role of aromatic compounds as guest molecules was inves-
tigated for the preparation of inclusion crystals. Single crystals
were grown from a mixture of organic salt 1 and benzonitrile
(8). Cocrystals with a 1:2 molar ratio of 1 to 8 were obtained;
their structure is displayed in Fig. 5. The distances between the
nitrogen atom of 8 and the biimidazolium nitrogen atoms are
between 3.15 and 3.39 �A. These values are comparable to
the sum of the van der Waals radii (N���N ¼ 3:10 �A).28 Two
nitrile molecules are in contact with the dication on the same
side. This interaction mode differs from those observed in in-
clusion crystals with aliphatic guest molecules. Furthermore, a
column composed of the tetraphenylborate anions was not
found in the crystal. In order to investigate the interaction
mode observed in inclusion crystals with benzonitrile (8),
benzaldehyde (9) was used as a guest molecule for crystalliza-
tion. The crystal structure resembles that shown in Fig. 5, in-
dicating that the moieties of the aromatic guest molecules
are able to modify the contact mode and not the functional
groups. These results were elucidated by increasing the num-

ber of aromatic moieties, which afforded additional CH���� in-
teractions. These resulted in interaction modes different from
those of crystals with aliphatic guest molecules.

Inclusion Crystals with a �-Extended Aromatic Dicarbo-
nitrile (10 and 11). In order to investigate the utility of �-ex-
tended aromatic systems as guest molecules, 4,40-biphenyldi-
carbonitrile (10) was employed for the crystallization of inclu-
sion crystals. The obtained crystals had one guest molecule per
two salt molecules. Dication–guest–dication units were ob-
served in the crystal structure. A top view of the components
is shown in Fig. 6a. The nitrogen atoms of the cyano groups
overlap the imidazolium five-membered rings with intermolec-
ular distances in the range of 3.35–3.77 �A. These values are
approximately equal to the sum of the van der Waals radii
(C���N ¼ 3:25 �A, N���N ¼ 3:10 �A).28 During crystal formation,
this component is alternately packed, as shown in Fig. 6b. In-
clusion crystals were grown with 3,30-biphenyldicarbonitrile
(11), a regioisomer of 10. A single crystal with a molar ratio
of 2:1 for organic salt 1 to 11 was obtained. Figure 7a shows
the arrangement of the dication and the guest molecules.
The intermolecular distances in this case are not as close
(N���N ¼ 4:39, 6.45 �A) as those of the inclusion crystal with
10. This is because the rotational vibration in the biphenyl
moiety may decrease the intermolecular contact between the
biimidazolium dication and the cyano groups in the crystal
growth in addition to the inherent, weak intermolecular force.
The biimidazolium dication forms a dimer through the CH����
interactions between the methyl group and the imidazolium
five-membered ring. The dimer is packed to build the inclusion
crystal, as shown in Fig. 7b.

Conclusion

Inclusion crystals of organic salt 1 were prepared with a va-
riety of guest molecules, such as ketone, aldehyde, and nitrile,

Fig. 4. Structure of inclusion crystal with 6 (BPh4 anions
and H2O molecules are omitted).

Fig. 5. Structure of inclusion crystal with 8 (BPh4 anions
are omitted).
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and their intermolecular interactions were studied. We identi-
fied two types of intermolecular contact modes between the
biimidazolium dication and the aliphatic as well as aromatic
guest molecules. These crystals were formed by molecular col-

umns, which depended on the structures of the selected guest
molecules. The intermolecular force between the dication
and the guest molecules is not strong enough to govern the en-
tire crystal structure as a template. However, a possibility ex-
ists that organic salt 1 could be studied in supramolecular
chemistry. Furthermore, organic salt 1 is of interest in green
chemistry, since the biimidazolium dication has the skeleton
of 1-alkyl-3-methyl-1H-imidazolium, which has recently been
focused upon as an ionic liquid. The intermolecular interac-
tions arising from the ion association may be used for con-
structing unique molecular assemblies of liquids.

Experimental

General. Melting points were measured on a Yanaco micro
melting-point apparatus and were uncorrected. IR spectra were
obtained with a JASCO FT/IR-5300 spectrometer. 1HNMR spec-
tra were recorded with a Varian GEMINI spectrometer (300 MHz)
with tetramethylsilane as an internal standard. Guest compounds
629 and 10, 1130 were prepared by following procedures previous-
ly reported in the literature. Crystallographic data have been de-
posited with Cambridge Crystallographic Data Centre as supple-
mentary publication. Copies of the data can be obtained free of
charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from
the Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033; or deposit@
ccdc.cam.ac.uk).

Preparation of Trifluoromethanesulfonate Salt 2. To a so-
lution of 1,10-dimethyl-2,20-biimidazole27 (1.42 g, 8.8 mmol) in
dry dichloromethane (3 mL) in an ice-cold water bath under nitro-
gen was added dropwise methyl trifluoromethanesulfonate (2.2
mL, 19.5 mmol). The reaction mixture was stirred at room temper-
ature for 3 h. After the addition of ether (120 mL), the white pre-
cipitate was filtered. Recrystallization from 1-propanol afforded
organic salt 2 (3.95 g, 92%) as colorless crystals: mp 285–287
�C; 1HNMR (acetone-d6, 0.10 mol dm�3) � 4.20 (s, 12H, CH3),
8.33 (s, 4H, CH). Found: C, 29.59; H, 3.31; N, 11.50%. Calcd
for C12H16F6N4O6S2: C, 29.39; H, 3.29; N, 11.43%. Slow
diffusion of n-hexane (1.5 mL) into a solution of organic salt
2 (2.5 mg, 0.005 mmol) in 2-butanone (0.5 mL) afforded
colorless prisms. Crystal data for 2: 0:20� 0:25� 0:10 mm3,
C12H16F6N4O6S2, M ¼ 490:39, orthorhombic, space group
Pbca, a ¼ 15:151ð1Þ, b ¼ 12:0180ð8Þ, c ¼ 21:954ð2Þ �A, V ¼
3997:6ð5Þ �A3, Z ¼ 8, Dc ¼ 1:629 g cm�3, � ¼ 0:359 mm�1,
Fð000Þ ¼ 2000. A total of 4554 reflections for 2�max ¼ 55� were
collected [I > 2�ðIÞ] using a Rigaku MSC MercuryCCD diffrac-
tometer (MoK� radiation, � ¼ 0:71070 �A) at 296 K. The struc-
ture was solved using the direct method (SHELXS-97),31 and
refined by a full-matrix least-squares analysis (teXsan),32 giving
values of R1 ¼ 0:098, R ¼ 0:127, Rw ¼ 0:194, GOF ¼ 1:68,
�max=�min ¼ 0:74=�0:64 e �A�3. CCDC 237604.

Preparation of Tetraphenylborate Salt 1. A solution of or-
ganic salt 2 (1.98 g, 4.0 mmol) in water (60 mL) was added to a
solution of sodium tetraphenylborate (2.81 g, 8.2 mmol) in boiling

a) 

b) 

Fig. 7. Structure of inclusion crystal with 11: a) arrange-
ment, b) packing (BPh4 anions are omitted).
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Fig. 6. Structure of inclusion crystal with 10: a) overlap
mode, b) packing (BPh4 anions are omitted).
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water (240 mL). The reaction mixture was stirred for 30 min. The
white precipitate was filtered and washed with water and ethanol
to afford organic salt 1 (3.35 g, 100%). mp 233–235 �C; 1HNMR
(acetone-d6, 0.10 mol dm�3) � 3.77 (s, 12H, CH3), 6.85 (t, 8H,
J ¼ 7:4 Hz, Ph), 7.00 (t, 16H, J ¼ 7:4 Hz, Ph), 7.43 (m, 16H,
Ph), 7.80 (s, 4H, CH). Found: C, 83.65; H, 6.90; N, 6.67%. Calcd
for C58H56N4B2: C, 83.86; H, 6.80; N, 6.75%.

Inclusion Crystals with 2-Butanone 3. Organic salt 1 (20
mg, 0.024 mmol) was dissolved in 2-butanone (5 mL). Slow vapor
diffusion of n-hexane into the solution afforded colorless blocks;33

decomp 103–107 �C; IR (KBr) 1714 cm�1 (C=O). Crystal
data for 1�2(3): 0:78� 0:65� 0:60 mm3, C66H72B2N4O2, M ¼
974:90, monoclinic, space group P21=n, a ¼ 12:934ð1Þ, b ¼
29:803ð2Þ, c ¼ 14:612ð1Þ �A, 	 ¼ 92:65ð1Þ�, V ¼ 5626:5ð7Þ �A3,
Z ¼ 4, Dc ¼ 1:151 g cm�3, � ¼ 0:07 mm�1, Fð000Þ ¼ 2088. A
total of 6539 reflections for 2�max ¼ 50� were collected
[I > 2�ðIÞ] using a Siemens P4 four circle diffractometer (MoK�
radiation, � ¼ 0:71073 �A) at 150 K. The structure was solved
using the direct method (SHELXS-86),34 and refined by a
full-matrix least-squares analysis (SHELXL-93),35 giving values
of R1 ¼ 0:0564, wR2 ¼ 0:1529, GOF ¼ 1:011, �max=�min ¼
0:37=�0:36 e �A�3. CCDC 135517.

Inclusion Crystals with Cyclohexanone 4. Organic salt 1 (10
mg, 0.012 mmol) was dissolved in cyclohexanone (2.5 mL). Slow
vapor diffusion of n-hexane into the solution afforded colorless
plates;33 decomp 133–139 �C; IR (KBr) 1702 cm�1 (C=O).
Found: C, 81.63; H, 7.48; N, 5.52%. Calcd for C70H76B2N4O2:
C, 81.86; H, 7.46; N, 5.42%. Crystal data for 1�2(4): 0:35�
0:20� 0:10 mm3, C70H76B2N4O2, M ¼ 1026:97, triclinic, space
group P�11, a ¼ 14:174ð2Þ, b ¼ 15:911ð3Þ, c ¼ 14:026ð3Þ �A,
� ¼ 102:668ð15Þ�, 	 ¼ 90:867ð17Þ�, 
 ¼ 76:685ð15Þ�, V ¼
3001:1ð9Þ �A3, Z ¼ 2, Dc ¼ 1:136 g cm�3, � ¼ 0:067 mm�1,
Fð000Þ ¼ 1100. A total of 8602 reflections for 2�max ¼ 50� were
collected [I > 2�ðIÞ] using a Rigaku MSC AFC-7R diffractometer
(MoK� radiation, � ¼ 0:71069 �A) at 296 K. The structure
was solved using the direct method (SIR97),36 and refined by a
full-matrix least-squares analysis (SHELXL-97),37 giving values
of R1 ¼ 0:0585, wR2 ¼ 0:2081, GOF ¼ 0:946, �max=�min ¼
0:260=�0:297 e �A�3. CCDC 184420.

Inclusion Crystals with cis-Bicyclo[3.3.0]octane-3,7-dione 5.
Organic salt 1 (10 mg, 0.012 mmol) was dissolved in methanol (12
mL). Then, diketone 5 (10 mg, 0.012 mmol) was dissolved in the
solution. Evaporating the solvent slowly afforded colorless blocks;
decomp > 180 �C. Found: C, 80.18; H, 6.78; N, 5.70%. Calcd for
C67H70B2N4O3: C, 80.40; H, 7.05; N, 5.60%. Crystal data for
1�5�CH4O: 0:70� 0:55� 0:50 mm3, C67H70B2N4O3, M ¼
1000:89, monoclinic, space group P21=c, a ¼ 19:7322ð14Þ,
b ¼ 19:0567ð13Þ, c ¼ 14:5189ð11Þ �A, 	 ¼ 91:523ð4Þ�, V ¼
5457:6ð7Þ �A3, Z ¼ 4, Dc ¼ 1:218 g cm�3, � ¼ 0:07 mm�1,
Fð000Þ ¼ 2136. A total of 5124 reflections for 2�max ¼ 46� were
collected [I > 2�ðIÞ] using a Siemens P4 four circle diffractome-
ter (MoK� radiation, � ¼ 0:71073 �A) at 130 K. The structure was
solved using the direct method (SHELXS-86),34 and refined by a
full-matrix least-squares analysis (SHELXL-93),35 giving values
of R1 ¼ 0:0546, wR2 ¼ 0:1527, GOF ¼ 1:030, �max=�min ¼
0:48=�0:36 e �A�3. CCDC 135518.

Inclusion Crystals with 2,4-Adamantanedione 6. Organic
salt 1 (20 mg, 0.024 mmol) was dissolved in methanol (14 mL).
Then, diketone 6 (79 mg, 0.48 mmol) was dissolved in the solu-
tion. Evaporating the solvent slowly afforded colorless blocks;
decomp > 85 �C; IR (KBr) 1699 cm�1 (C=O). Crystal data for
1�6�0.5H2O: 0:70� 0:30� 0:10 mm3, C68H70B2N4O2:5, M ¼

1004:94, monoclinic, space group C2=c, a ¼ 32:913ð2Þ, b ¼
13:633ð1Þ, c ¼ 28:354ð1Þ �A, 	 ¼ 117:857ð5Þ�, V ¼ 11247ð1Þ
�A3, Z ¼ 8, Dc ¼ 1:187 g cm�3, � ¼ 0:548 mm�1, Fð000Þ ¼
4288. A total of 7631 reflections for 2�max ¼ 115� were collected
[I > 2�ðIÞ] using an Enraf Nonius CAD-4 diffractometer (CuK�
radiation, � ¼ 1:54178 �A) at 296 K. The structure was solved
using the direct method (SHELXS-97),31 and refined by a full-
matrix least-squares analysis (teXsan),32 giving values of R1 ¼
0:073, R ¼ 0:165, Rw ¼ 0:193, GOF ¼ 1:36, �max=�min ¼
0:59=�0:65 e �A�3. CCDC 237605.

Inclusion Crystals with 2-Adamantanone 7. Organic salt 1
(20 mg, 0.024 mmol) was dissolved in methanol (14 mL). Then,
ketone 7 (72 mg, 0.48 mmol) was dissolved in the solution.
Evaporating the solvent slowly afforded colorless blocks;
decomp > 115 �C; IR (KBr) 1698 cm�1 (C=O). Crystal data
for 1�7�0.5H2O: 0:50� 0:20� 0:15 mm3, C68H72B2N4O1:5,
M ¼ 990:96, colorless block, monoclinic, space group
C2=c, a ¼ 32:982ð4Þ, b ¼ 13:653ð1Þ, c ¼ 28:232ð3Þ �A, 	 ¼
117:899ð9Þ�, V ¼ 11235ð2Þ �A3, Z ¼ 8, Dc ¼ 1:172 g cm�3, � ¼
0:527 mm�1, Fð000Þ ¼ 4240. A total of 5718 reflections for
2�max ¼ 100� were collected [I > 2�ðIÞ] using an Enraf Nonius
CAD-4 diffractometer (CuK� radiation, � ¼ 1:54178 �A) at 296
K. The structure was solved using the direct method (SIR97),36

and refined by a full-matrix least-squares analysis (teXsan),32 giv-
ing values of R1 ¼ 0:072, R ¼ 0:213, Rw ¼ 0:190, GOF ¼ 1:19,
�max=�min ¼ 0:65=�0:85 e �A�3. CCDC 237606.

Inclusion Crystals with Benzonitrile 8. Organic salt 1 (5 mg,
0.006 mmol) was dissolved in benzonitrile (0.7 mL). Slow vapor
diffusion of n-hexane into the solution afforded colorless blocks;33

decomp 139–165 �C; IR (KBr) 2228 cm�1 (C�N). Found: C,
83.41; H, 6.59; N, 8.10%. Calcd for C72H66B2N6: C, 83.39; H,
6.42; N, 8.11%. Crystal data for 1�2(8): 0:70� 0:40� 0:40
mm3, C72H66B2N6, M ¼ 1036:97, orthorhombic, space group
P212121, a ¼ 14:793ð2Þ, b ¼ 19:141ð2Þ, c ¼ 21:247ð2Þ �A, V ¼
6016ð1Þ �A3, Z ¼ 4, Dc ¼ 1:145 g cm�3, � ¼ 0:066 mm�1,
Fð000Þ ¼ 2200. A total of 7415 reflections for 2�max ¼ 55� were
collected [I > 2�ðIÞ] using a Rigaku MSC MercuryCCD diffrac-
tometer (MoK� radiation, � ¼ 0:71070 �A) at 296 K. The struc-
ture was solved using the direct method (SIR97),36 and refined
by a full-matrix least-squares analysis (teXsan),32 giving
values of R1 ¼ 0:069, R ¼ 0:088, Rw ¼ 0:142, GOF ¼ 1:37,
�max=�min ¼ 0:28=�0:23 e �A�3. CCDC 184421.

Inclusion Crystals with Benzaldehyde 9. Organic salt 1 (2.5
mg, 0.003 mmol) was dissolved in benzaldehyde (0.4 mL). Slow
vapor diffusion of n-hexane into the solution afforded colorless
blocks;33 decomp 143–151 �C; IR (KBr) 1693 cm�1 (C=O). Crys-
tal data for 1�2(9): 0:25� 0:15� 0:10 mm3, C72H68B2N4O2,
M ¼ 1042:97, orthorhombic, space group P212121, a ¼
14:8033ð8Þ, b ¼ 18:949ð2Þ, c ¼ 21:330ð2Þ �A, V ¼ 5983:2ð9Þ �A3,
Z ¼ 4, Dc ¼ 1:158 g cm�3, � ¼ 0:529 mm�1, Fð000Þ ¼ 2216.
A total of 6694 reflections for 2�max ¼ 149� were collected
[I > 2�ðIÞ] using an Enraf Nonius CAD-4 diffractometer (CuK�
radiation, � ¼ 1:54178 �A) at 296 K. The structure was solved
using the direct method (SIR97),36 and refined by a full-matrix
least-squares analysis (teXsan),32 giving values of R1 ¼ 0:059,
R ¼ 0:109, Rw ¼ 0:161, GOF ¼ 1:28, �max=�min ¼ 0:46=�0:57
e �A�3. CCDC 237607.

Inclusion Crystals with 1,10-Biphenyl-4,40-dicarbonitrile 10.
Organic salt 1 (10 mg, 0.012 mmol) was dissolved in methanol (12
mL). Then, dicarbonitrile 10 (2.5 mg, 0.012 mmol) and acetone (4
mL) were dissolved in the solution. Evaporating the solvent slow-
ly afforded colorless blocks; decomp 119–125 �C; IR (KBr) 2222
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cm�1 (C�N). Crystal data for 1�0.5(10): 0:50� 0:50� 0:25
mm3, C65H60B2N5, M ¼ 932:84, monoclinic, space group
P21=c, a ¼ 19:358ð4Þ, b ¼ 14:889ð2Þ, c ¼ 20:078ð4Þ �A, 	 ¼
113:396ð4Þ�, V ¼ 5311ð1Þ �A3, Z ¼ 4, Dc ¼ 1:167 g cm�3, � ¼
0:067 mm�1, Fð000Þ ¼ 1980. A total of 12034 reflections for
2�max ¼ 55� were collected [I > 2�ðIÞ] using a Rigaku MSC
MercuryCCD diffractometer (MoK� radiation, � ¼ 0:71070 �A)
at 296 K. The structure was solved using the direct method
(SHELXS-97),31 and refined by a full-matrix least-squares analy-
sis (teXsan),32 giving values of R1 ¼ 0:098, R ¼ 0:144, Rw ¼
0:186, GOF ¼ 1:13, �max=�min ¼ 0:34=�0:28 e �A�3. CCDC
237608.

Inclusion Crystals with 1,10-Biphenyl-3,30-dicarbonitrile 11.
Organic salt 1 (10 mg, 0.012 mmol) was dissolved in methanol
(12 mL). Then, dicarbonitrile 11 (4.9 mg, 0.024 mmol) and ace-
tone (2 mL) were dissolved in the solution. Evaporating the sol-
vent slowly afforded colorless blocks; decomp 145–151 �C; IR
(KBr) 2230 cm�1 (C�N). Crystal data for 1�0.5(11): 0:40�
0:40� 0:25 nm3, C65H60B2N5, M ¼ 932:84, monoclinic, space
group P21=c, a ¼ 12:712ð3Þ, b ¼ 25:302ð5Þ, c ¼ 17:333ð4Þ �A,
	 ¼ 106:929ð4Þ�, V ¼ 5333ð2Þ �A3, Z ¼ 4, Dc ¼ 1:162 g cm�3,
� ¼ 0:067 mm�1, Fð000Þ ¼ 1980. A total of 12163 reflections
for 2�max ¼ 55� were collected [I > 2�ðIÞ] using a Rigaku MSC
MercuryCCD diffractometer (MoK� radiation, � ¼ 0:71070 �A)
at 296 K. The structure was solved using the direct method
(SIR97),36 and refined by a full-matrix least-squares analysis
(SHELXL-97),37 giving values of R1 ¼ 0:1610, wR2 ¼ 0:2980,
GOF ¼ 1:602, �max=�min ¼ 0:721=�0:448 e �A�3. CCDC 237609.
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