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Abstract
C22H20B2F4N4, orthorhombic, Pbca (no. 61), a = 9.2506(2) Å,
b = 36.1677(13) Å, c = 12.9475(3) Å, V = 4331.9 Å3, Z = 8,
Rgt(F ) = 0.0729, wRref(F

2) = 0.1992, T = 294.4 K.

CCDC no.: 1832140

The molecular structure is shown in the Figure 1
(displacement ellipsoids are drawn at the 50% probability
level and H atoms are shown as small spheres of arbitrary
radii). Table 1 contains crystallographic data and Table 2
contains the list of the atoms including atomic coordinates
and displacement parameters.

Source of material

2-Phenylethynyl-1,3,6,8-tetramethylBOPHY was synthe-
sized from commercialized 2,4-dimethylpyrrole and boron
trifluoride etherate followed bymultisteps of condensation
and coupling according to the reported procedure [6–8].
Among the multistep reactions, the key intermediate
BOPHY was obtained by the typical procedure as Ziegler
and Jiao described [6, 7]. Subsequently, an iodine atomwas
introduced to the β position of BOPHY efficiently and gave
2-iodo-1,3,6,8-tetramethylBOPHY with 40% yield [8]. The
final coupling reaction is under standard Sonogashira

Table : Data collection and handling.

Crystal: Red plate
Size . × . × . mm
Wavelength: Cu Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: SuperNova, ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: CrysAlisPRO [], Olex [], SHELX
[, ], Diamond []
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conditions. In THF 20 mL, 2-iodo-1,3,6,8-tetramethylBOPHY
100 mg (0.17 mmol), Pd(PPh3)4 (12 mg), CuI (12 mg), and
triethylamine (10 mL) were mixed under inert atmosphere
and refluxed for 12 h. The mixture was turned from dark-red
to black. The reaction progress wasmonitored by TLC. Once
2-iodo-1,3,6,8-tetramethyl–BOPHY disappeared on the TLC
plate, the reaction was quenched by adding distilled water
50 mL and extracted with dichloromethane. The collected
organic phase was washed with brine (100 mL). Next, the
solvent was dehydrated over anhydrous MgSO4 and evap-
orated in vacuum. The residue was purified by column
chromatography with dichloromethane/hexane and affor-
ded the dark red powder (58 mg, 63%). Crystals suitable for
X-ray diffraction were obtained by slow evaporation at low
temperature of the title compound in dichloromethane
within 5 days.

Experimental details

Thehydrogen atomswere placed geometrically and refined
using a riding model with d(C–H) = 0.93 Å (aromatic),
0.96 Å (–CH3). Uiso(H) = 1.2 Ueq(C) for CH or Uiso(H) = 1.5
Ueq(C) for CH3 groups.

Comment

Since BOPHY was reported by Ziegler and Jiao and its co-
authors, more and more BOPHY derivatives were config-
ured in order to uncover newly photophysical properties or
incorporate desired functional groups [6, 7]. Structurally,
BOPHY is similar to that of the well literatured BODIPY,
having two β hydrogen atoms, which is easy to be
substituted by nucleophilic attack. Additionally, the β
position also could be efficiently attacked by a formylation
by Vilsmeier–Haack reaction or amidation. Unlike the
typical BODIPY’s strong green emission, the emission peak
of BOPHY was observed in blue-green region, which is

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

B . () . () . () . ()

B . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()

H . . . .*
C . () . () . () . ()

C . () . () . () . ()
H . . . .*
C . () . () . () . ()

C . () . () . () . ()

C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . −. .*
HC . . −. .*
C . () . () . () . ()

HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
Ca

. () . () . () . ()
CAb

. () . () . () . ()
Ca

. () . () . () . ()
Ha

. . . .*
CAb

. () . () . () . ()

HAb
. . . .*

Ca
. () . () . () . ()

Ha
. . . .*

CAb
. () . () . () . ()

HAb
. . . .*

Ca
. () . () . () . ()

Ha
. . . .*

CAb
. () . () . () . ()

HAb
. . . .*

Ca
. () . () . () . ()

Ha
. . . .*

CAb
. () . () . () . ()

HAb
. . . .*

Ca
. () . () . () . ()

Ha
. . . .*

CAb
. () . () . () . ()

HAb
. . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

F . () . () . () . ()
F . () . () . () . ()
F . () . () . () . ()
F . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()

aOccupancy: .(). bOccupancy: .().

750 Y. Liu et al.: Crystal structure of C22H20B2F4N4



shorter than that of BOPHY. However, it is longer than in
most other fluorine-boron complexes (FBC) [8]. In our
previous work, a series of aromatic alkyne derivatives were
coupledwith iodine substitutedBOPHYunder Sonogashira
conditions [9]. Due to the expansion of the conjugated
system, as expected the emission was shifted to longer
wavelengths. BOPHY is easy to crystallize in organic sol-
vents and single crystal data of its simple derivatives have
been well documented. However, the crystals of aromatic
alkyne BOPHY derivatives must be treated carefully in
saturated dichloromethane. The saturated solution of the
title compound in dichloromethane was crystallized at low
temperature. Finally, the suitable crystal was selected and
mounted for data collection. This single crystal data would
be part of our continuous research of BOPHY and its
aggregate behavior. Similarly, the framework of BOPHY is
another type of FBC, having excellent photo-stability and
thermo-stability [10–15]. For example, the sensor configu-
ration can be copied to BOPHY identically according to
BODIPY [10, 14, 16, 17]. Also, advanced functionalities in
bio-imaging and lighting materials are expected [18, 19].

In the title crystal structure, the asymmetric unit con-
tains one molecule. Bond lengths and angles are in the ex-
pected ranges. The framework of BOPHY is rigid and
coplanarwith twopyrrole rings at the periphery and two six-
membered rings. The two BF2 moieties are positioned in six-
membered rings. The BOPHY framework has an inversion
center (C2h symmetry). The bond lengths demonstrate the
regular aromaticity of the pyrrole rings. The framework of
BOPHY is coplanar (RMS deviation = 0.068 Å), except the
four fluorine atoms distributed up and down. The B–F–B
group bifurcated with an angle of 89.51°, similar to the
majority of fluorine-boron molecules. The attached
phenylacetylene also extented along the plane (RMS
deviation = 0.077 Å). In the six-membered rings of
BOPHY, the C–N (1.308, 1.320 Å) and N=N (1.394 Å) bonds
have single and double bond character. Therefore, the
aromaticity is not extended across the whole molecule. The
phenylacetylene only extends the conjugate system in one
side of BOPHY by attaching with one of the periphery pyr-
role rings. Additionally, the phenyl rings of phenylacetylene
are disorderedand treatedby twopartswith free occupancy.

The intermolecular interactions between dye mole-
cules include mainly C–H···F and π···π interactions. The
adjacent molecules are joint by C–H···F interactions
(C6–H6···F1i, i: 0.5+x, y, 0.5−z). π···π interactions
contribute the driving force for layer packing. The plane
distance of parallel BOPHY molecules is estimated to be
3.585 Å. Also, a number of weak C–H···π interactions
contribute to the cohesion of molecules [20]. The dye
molecules emit bright fluorescence in organic solvents.

However, the emission in solid state slightly shifts toward
longer wavelengths. The interactions between the dye
molecules in the solid are stronger than that between dye
molecules and solvents, which lead to the energy dissi-
pation in the excited state. Therefore, its emission
behavior is highly dependent on the aggregation of dye
molecules.
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