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A number of new BODIPY dyes with benzothiazolyl substitu-
ents have been synthesized that exhibit long-wavelength ab-
sorption and act as strong fluorophores. The optical proper-
ties of the dyes were studied by using spectroscopic methods

and quantum-chemical calculations. The structural peculiari-
ties of the dyes obtained, in comparison to their analogues,
were studied by X-ray analysis.

Introduction

Borondipyrromethene dyes (4,4-difluoro-4-bora-3a,4a-
diaza-s-indacene, BODIPY, BDP) have found numerous ap-
plications in biochemistry and molecular biology owing to
their excellent thermal, chemical, and photochemical sta-
bility, high molar absorptivity, high fluorescence quantum
yield and low sensitivity to both solvent polarity and pH.!!

However, because the absorption maxima of the majority
of BODIPYs are below 600 nm, and because long-wave-
length dyes are important for both basic and applied re-
search,?! many synthetic approaches have been developed
to modify the BODIPY core to obtain structures absorbing
at longer wavelengths.'Y] One of the most promising ap-
proaches to the modification of BODIPY is its peripheral
functionalization.

Substitution of BODIPY at the 3- and 5-positions with
aryl units usually results in a redshift of the absorption
maximum, and there are many 3,5-diaryl-substituted dyes
described in the literature.*! In comparison to dye 1,%4 the
bathochromic effect in compound 2B is approximately
50 nm (Scheme 1). However, only a few BODIPYs substi-
tuted with heterocyclic rings at the 3- and 5-positions are
known.! The first representative, dye 3, which is substi-
tuted with benzothiophene moieties,[*¥ shows a redshift of
the absorption maximum of near 30 nm, compared to
BODIPY 2.

Another example is dye 4, with thienyl substituents in
the BODIPY core.**! As shown in Scheme 1, dye 4 demon-
strates a 69 nm redshift in comparison to 2. Given that the
electronic properties of thiophene rings are very similar to
those of the phenyl rings, the reason for such spectral differ-
ences could be explained in terms of the reduced steric hin-
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drance on changing from 6- to 5-membered rings. There-
fore, one of the main factors that affect the optical proper-
ties of such dyes is the efficient conjugation of the BODIPY
core with the m-system of the substituents; this can be partly
confirmed by comparing dyes 2 and 5.3

This paper addresses the synthesis and study of bis-
(benzothiazolyl)-substituted BODIPY dyes.

Results and Discussion

The parent compound that was chosen for the synthesis
of the desired dyes, was 2-(pyrrol-2-yl)benzothiazole (6).1°!
According to the literature,[*# it has been synthesized from
N-(ethoxycarbonyl)pyrrole-2-carbothioamide, and more re-
cently®! pyrrole 6 was prepared starting from 2-formylpyr-
role by using Sc(OTf); as the catalyst. We succeeded in the
synthesis of derivative 6 in good yield (91 %) from accessible
2-cyanopyrrolel® on a preparative scale (Scheme 2).

The condensation reaction of pyrroles with aromatic al-
dehydes occurred readily,!-* however, when electron-ac-
ceptor substituents were present on the pyrrole ring [e.g., 2-
(pyrrol-2-yl)pyridine] drastic reaction conditions were re-
quired.[l In the latter case, the product was prepared in
poor yield and involved a tedious purification stage. We
found that heating of pyrrole 6 with benzaldehyde and 4-
methoxybenzaldehyde, in the presence of catalytic amounts
of acetic acid and aniline, gives rise to compounds 7a and
7b in good yields (Scheme 3).

The oxidation of compounds 7a and 7b with 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) led to di-
pyrromethenes 8a and 8b, respectively. Because the reaction
between (benzothiazolyl)pyrrole 6 and 4-hydroxybenzalde-
hyde did not succeed, dipyrromethene 8¢ was obtained by
cleaving methoxy derivative 8b with hydrobromic acid in
acetic acid. Compounds 8a—c were treated with boron tri-
fluoride—diethyl ether in the presence of Hiinig’s base to
yield 3,5-bis(benzothiazolyl)-substituted BODIPY dyes 9a—
¢ (Scheme 3).
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Scheme 2. Reagents and conditions: (i) 140 °C, 2 h.

For all BODIPYs synthesized, an intensive absorption
band near 620 nm was observed that showed almost no de-
pendence on the solvent polarity. Molar absorption coeffi-
cients of the dyes were in the range of 40000-
57000 m'cm™!, which is comparable with another
BODIPYs.'3 Dyes 9a—¢ are fluorophores and exhibit
strong emission near 640 nm (Figure 1, Table 1). Fluores-
cent quantum yields (@) are high and reach maximum val-
ues for 9b.

Dye 9¢, containing a hydroxy group at the terminal posi-
tion, was further explored for the purpose of altering its
optical properties by treatment with basic reagents. On ad-
dition of excess pyridine to a solution of 9¢, the absorption
spectrum hardly changed, whereas the fluorescence of 9¢
drastically decreased (Table 1). Similar effects were ob-
served for other BODIPY hydroxy derivatives.®!

Eur. J. Org. Chem. 2010, 2746-2752

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

$=0.38 (CHCl,)

NH, ,
0., + O —— %SE
an SH H N
6

Besides long-wavelength absorption bands, dyes 9a—c
also exhibited relatively intensive short-wavelength absorp-
tion bands (Figure 1).

For a better understanding of the origin of the electronic
transitions, DFT/B3LYP/6-31 G(dp) calculations for dye 9b
were performed. The Firefly QC package,® which is par-
tially based on the GAMESS (US)P" source code, was used
to perform the calculations.

Analysis of the calculated absorption spectrum of dye 9b
shows that the long-wavelength band corresponds to the
electronic transition So—S;. The short-wavelength band, lo-
cated in the region of 460 nm, bears three electronic transi-
tions: Sop—S,, Sp—S;, and Sy—S,, each roughly composed,
to a considerable degree, by three transitions (H-1—L, H-
2—L, and H-3—»L). HOMO-1, HOMO-2, and HOMO-3
are local orbitals that lie very close to one another in energy
2747
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Scheme 3. Reagents and conditions: (i) aniline, ArCHO, acetic
acid, 140 °C, 15 h; (i) DDQ, CH,Cl,, room temp., 30 min; (iii)
BF;-Et,0, iPr,EtN, CH,Cl,, room temp., 1 h; (iv) R = OCH3, HBr
48%, acetic acid, reflux, 16 h; (v) BF5-Et,O, NiPr,Et, CH,Cl,,
room temp., 3 h.

(Table 2); H-2 and H-3 are degenerate, with the electron
density mainly localized on the benzothiazole substituent
(Table 2, Figure 2).

The position of highest electronic transitions in the
short-wavelength region is illustrated by the fluorescence
excitation anisotropy spectrum (Figure 1). Two minimums
at approximately 460 and 330 nm, were observed for dye 9b
in glycerol solution that correspond to electronic transitions
with dipole moments at an angle to the dipole moment of
2748
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Figure 1. Absorption (—), fluorescence (----), and excitation anisot-
ropy (O) spectra of 9b in glycerol.

Table 1. Optical properties of the synthesized dyes.

Entry Dye Solvent Jabs &1073 Jem®! @

[nm]  [M'em']  [nm]

1 9a EtOH 619 48 639 0.43
403 13

2 9a CH,(Cl, 623 48 643 0.86
399 14

3 9a DMF 620 40 642 0.66
406 12

4 9b EtOH 616 47 637 0.94
460 18

5 9b CH,(Cl, 624 57 643 1.00
460 21

6 9b DMF 617 44 641 0.81
468 18

7 9c CH,(Cl, 618 54 639 0.53
448 18

8 9¢ CH,CL, + Py 616 54 638 0.11

[a] ¢ = 2X 1073 M. [b] Excitation at 550 nm.

Table 2. Calculated energy of molecular orbitals for dye 9b.

HOMO-3 HOMO-2 HOMO-1 HOMO LUMO
[eV] [eV] [eV] [eV] [eV]
9b —6.26 —6.25 —-6.18 —5.44 -3.06

the transition S;—S;. The anisotropy in both minimums
was -0.16 and, hence, according to the equation r =
(3cos?B — 1)/5,119 the angles amount to approximately 75°
each.

To analyze the structural peculiarities of the synthesized
dyes and their known analogous, the molecular structure of
compound 9b was determined by single-crystal X-ray dif-
fraction. A perspective view of molecule 9b is given in Fig-
ure 3. The central six-membered ring B(1)N(3)C(13)C(12)-
C(11)N(2) is not planar (the maximum deviation from the
least-square plane is 0.075 A) and has a semi-boat confor-
mation. The heterocycles C(8—11)N(2) and C(13-16)N(3)
are planar to within 0.001 A, whereas the C(1-7)S(1)N(1)
and C(17-23)S(2)N(4) substituents are twisted around the
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Figure 2. Molecular orbitals and electronic transitions for dye 9b.

central C(8-16)N(3)B(1)N(2) system by 43.86° and 50.41°,
respectively. Due to intramolecular steric interactions, sub-
stituents C(1-7)S(1)N(1) and C(17-23)S(2)N(4) are almost
orthogonal (the dihedral angle is 85.55°). The dihedral an-
gle between the C(24-29) and C(8-16)N(3)B(1)N(2) sys-
tems is 48.43°.

According to the literature,[?! the dihedral angles be-
tween the BODIPY chromophore and the thienyl substitu-
ents for dye 4 in the crystal state (Scheme 1) are 25.2° and
21.6°, respectively, leaving the sulfur atoms on the edges
turned out. Unlike compound 4, the X-ray analysis of
BODIPY 9b reveals that the sulfur atoms of the benzothia-
zolyl substituents are turned towards the fluorine atom,
with interatomic distances of 2.92 A and 3.10 A, respec-
tively, which is shorter than the sum of sulfur and fluorine
van der Waals radii.l''® There is a report in the literature
that refers to S—F intramolecular interactions!''® and, evi-
dently, a weak intramolecular bonding of a similar type
may also occur in this case.

However, the dihedral angles for such BODIPY dyes in
the solid state cannot be responsible for the spectral proper-
ties in solution due to the strong dependence upon the crys-
tal packing (Figure 4).13¢:40]

Since the synthesized dyes, like the majority of BODI-
PYs, show very weak solvatochromism,!'-! the optimized
calculated geometry in the gas phase could adequately
model the optical properties of such dyes in solution.
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To clarify the relationship between the structure and op-
tical properties of the synthesized BODIPY, we have ana-
lyzed the calculated dihedral angles around the bonds be-
tween the BODIPY chromophore and the substituents for
a series of BODIPYs (2, 4, 5, and 9b).

In the pair of compounds 2 and 5, the substituents are
equivalent in their electronic properties. The only difference
being that in dye 5 the rotation around the aryl-pyrrole
bond is prevented by the ethylene bridge. For this pair, the
DFT calculations give dihedral angles of 34.6° and 18.0°,
respectively (Table 3), and the absorption band of dye 5 is
80 nm redshifted in comparison to 2.

For dyes 4 and 9b, the calculations give the following
conformations with the lowest energy: the thienyl substitu-
ents and the BODIPY system in 4 subtend an angle of
22.1°, with the sulfur atoms twisted into different direc-
tions; in the case of 9b, the sulfur atoms are turned towards
the fluorine atoms, the dihedral angles amounting to ap-
proximately 16°.

The fact that the optical properties of BODIPYs 4 and
9b are very similar can be explained on the basis of two
factors: The first factor is the dihedral angle between the
central framework and the substituents, which — as illus-
trated by the difference between the pair of 2 and 5 — plays
a crucial role. The second factor is the electronic effect of
the substituents, which is difficult to quantify correctly, ow-
ing to the different dihedral angles; however, the thienyl
2749
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Figure 3. Molecular structure of compound 9b. Selected bond
lengths [A] and angles [°]: N(2)-C(8) 1.358(4), N(2)-B(1) 1.575(2),
N(3)-C(16) 1.363(4), N(3)-B(1) 1.553(2), C(1)-C(8) 1.461(4), C(8)—
C(9) 1.402(4), C(9)-C(10) 1.357(4), C(10)-C(11) 1.414(4), C(11)-
C(12) 1.399(4), C(12)-C(13) 1.401(4), C(12)-C(24) 1.482(4), C(13)-
C(14) 1.402(4), C(14)-C(15) 1.362(5), C(15)-C(16) 1.393(4), C(16)—
C(17) 1.457(4); C(27)-O(1)-C(30) 117.8(3), C(8)-N(2)-B(1)
128.2(2), C(16)-N(3)-B(1) 127.1(2), C(11)-C(12)-C(24) 121.7(3),
C(13)-C(12)-C(24) 118.2(3), N(2)-C(8)-C(1) 127.1(3), C(1)-C(8)—
C(9) 123.5(3), N(3)-C(16)-C(17) 127.0(3), C(15)-C(16)-C(17)

123.5(3).
gy
. N N
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Figure 4. Crystal packing of compound 9b.

Table 3. Calculated bond lengths and dihedral angles between
BODIPY core and substituent in o-position.

2 4 5 9b
Bond length (B3LYP) [A] 1.472 1448 1463 1458
Dihedral angle [°] 34.6 22.1 18.0 16.1

substituent probably has a larger polar effect. In the pair of
dyes 4 and 9b the combination of these factors results in
almost equal optical properties.

2750
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Conclusions

A synthesis of 2-(1 H-pyrrol-2-yl)benzothiazole has been
developed that enabled a number of new BODIPY dyes
with benzothiazolyl substituents to be generated. Although
the molar absorption coefficients of the dyes are moderate,
they exhibit intense fluorescence (up to 100%). The dyes
obtained have relatively intense short-wavelength absorp-
tion bands arising from the three highest electronic transi-
tions. The substitution of BODIPY with benzothiazolyl
moieties leads to exactly the same optical properties as ob-
served for thienyl-substituted BODIPY. Unlike BODIPY 4,
in case of dye 9b, S—F intramolecular bonding occurs in the
solid state.

Experimental Section

General: Electronic absorption spectra were recorded with a Shim-
adzu UV-3100 spectrophotometer. Emission spectra were recorded
with a Solar 2303M instrument. The fluorescence quantum yields
were determined by using indodicarbocyanine iodide (@ = 0.25,
EtOH) as a reference according to the literature.'”) "H NMR spec-
tra were recorded with Varian VXR-300 and Bruker Avance DRX
500 instruments. LC/MS spectra were recorded with a chromatog-
raphy/mass spectrometric system that consisted of an Agilent 1100
Series high-performance liquid chromatograph equipped with an
Agilent LC\MSD SL diode-matrix and mass-selective detector.

2-(1H-Pyrrol-2-yl)benzothiazole (6): A mixture of 2-cyanopyrrole
(13.7 g, 0.15mol) and 2-aminothiophenole (20 g, 0.16 mol) was
heated at 135-140 °C for 2 h. After cooling, the solid was filtered
and washed with hexane and /PrOH to give the title compound
(27 g, 90.6%); m.p. 155-156°C (CCly) (ref.lP3 167-168 °C).
C1HgN5S (200.26): caled. C 65.97, H 4.03, N 13.99; found C 66.09,
H 4.08, N 13.91. "H NMR (300 MHz, CDCls, 25 °C): § = 6.34 (dd,
3Jun = 24, 2.7 Hz, 1 H, py-H*), 6.90 (br. s, 1 H, py-H>), 6.95 (br.
s, 1 H, py-H%), 7.33 (t, 3Juu = 7.8 Hz, 1 H, benzo-H%), 7.44 (t,
3Juu = 7.5Hz, 1 H, benzo-HS), 7.85 (d, *Jyu = 7.5Hz, 1 H,
benzo-H7), 7.91 (d, 3Ji i = 8.1 Hz, 1 H, benzo-H?), 10.76 (br. s, 1
H, NH) ppm.

1,9-Bis(2-benzothiazolyl)-5-phenyl-5,10-dihydrodipyrrin (7a): A mix-
ture of compound 6 (4g, 0.02mol), benzaldehyde (1.18 g,
0.011 mol), acetic acid (1g, 0.017mol), and aniline (0.5g,
0.005 mol) was heated at 140 °C under a flow of argon for 15 h.
After cooling, the product was solidified by the addition of acetoni-
trile and washed with toluene to give compound 7a (3.36 g, 69%);
m.p. 226-228 °C (toluene). CroH»oN,4S, (488.64): caled. C 71.28, H
413, N 11.47; found C 71.06, H 4.10, N 11.58. 'H NMR
(300 MHz, CDCls, 25°C): 0 = 5.20 (br. s, 3 H, PhCH, 2 py-H),
6.55 (br. s, 2 H, py-H), 6.96-7.10 (m, 2 H, ArH), 7.15-7.35 (m, 7
H, 4 benzo-H, 3 ArH), 7.70 (d, 3JH,H = 7.5Hz, 2 H, benzo-H),
7.80 (d, 3Jum = 8.7 Hz, 2 H, benzo-H), 11.30 (br. s, 2 H, NH)
ppm.
1,9-Bis(2-benzothiazolyl)-5-(4-methoxyphenyl)-5,10-dihydrodipyrrin
(7b): The product was synthesized as for 7a. Yield: 56 %; m.p. 213—
214 °C (toluene). C30H»,N,40S, (518.66): caled. C 69.47, H 4.28, N
10.80; found C 69.34, H 4.19, N 10.84. 'H NMR (300 MHz,
CDCl;, 25°C): 0 = 3.74 (s, 3 H, OCHs»), 5.13 (s, | H, ArCH), 5.22
(br. s, 2 H, py-H), 6.52 (br. s, 2 H, py-H), 6.68 (d, 3Jiy.u = 9.3 Hz,
2 H, ArH), 6.90 (d, 3Ji iy = 8.4 Hz, 2 H, ArH), 7.15-7.35 (m, 4 H,
benzo-H), 7.66 (d, 3Jyy = 7.5 Hz, 2 H, benzo-H), 7.77 (d, 3Jyu
=9.0 Hz, 2 H, benzo-H), 11.23 (br. s, 2 H, NH) ppm.
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1,9-Bis(2-benzothiazolyl)-5-phenyldipyrrin (8a): To a stirred solution
of compound 7a (0.75 g, 1.5 mmol) in CH,Cl, (750 mL) at room
temp., DDQ (0.37 g, 1.6 mmol) was added. After 15 min, the solu-
tion was filtered to remove solid material. The solvent was distilled
off to afford 8a (0.74 g, 100%); m.p. 243 °C (toluene). CooH sN4S,
(486.62): caled. C 71.58, H 3.73, N 11.51; found C 71.85, H 3.81,
N 11.66. '"H NMR (300 MHz, CDCl3, 25°C): 6 = 6.81 (d, 3Jypu =
42 Hz, 2 H, py-H), 7.18 (d, 3Ju i = 4.2 Hz, 2 H, py-H), 7.45-7.65
(m, 9 H, 5 ArH, 4 benzo-H), 8.03 (d, *Jyu = 8.1 Hz, 2 H, benzo-
H), 8.17 (d, 3Juum = 7.8 Hz, 2 H, benzo-H) ppm. MS (APCI): m/z
=487 [M + HJ".

1,9-Bis(2-benzothiazolyl)-5-(4-methoxyphenyl)dipyrrin  (8b): The
product was synthesized as for 8a. Yield: 90%; m.p. 208-209 °C
(toluene). C;0H,N4OS, (516.65): caled. C 69.74, H 3.90, N 10.84;
found C 69.63, H 3.92, N 11.01. 'TH NMR (300 MHz, CDCl;,
25°C): 6 = 3.90 (s, 3 H, OCH,), 6.83 (d, 3Jyy.u = 4.2 Hz, 2 H, py-
H), 7.02 (d, 3Jun = 8.7 Hz, 2 H, ArH), 7.16 (d, 3Jyy i = 4.2 Hz, 2
H, py-H), 7.44 (t, 3Jyu = 7.5 Hz, 2 H, benzo-H), 7.48-7.58 (m, 4
H, 2 ArH + 2 benzo-H), 7.98 (d, 3Jy i = 8.1 Hz, 2 H, benzo-H),
8.13 (d, *Jun = 8.1 Hz, 2 H, benzo-H) ppm. MS (APCI): m/z =
517 [M + H]*.

1,9-Bis(2-benzothiazolyl)-5-(4-hydroxyphenyl)dipyrrin (8c): A solu-
tion of 8b (1.4 g, 2.7 mmol) and hydrobromic acid (46%, 30 mL)
in acetic acid (140 mL) was refluxed for 16 h. The reaction mixture
was diluted with an equal volume of water, and aqueous ammonia
(25mL) was added. The precipitate was filtered off to give the
crude material (0.89 g). Additional product (0.34 g) was obtained
from the mother liquor. The crude product was recrystallized from
acetic acid to afford 8c (0.87 g, 64%); m.p. 255-256 °C (HOAc).
CyoH sN4OS, (502.62): caled. C 69.30, H 3.61, N 11.15; found C
69.22, H 3.58, N 11.19. 'H NMR (500 MHz, [Dg]DMSO, 25 °C):
6 =691 (d, 3Juu = 45Hz, 2 H, py-H), 6.99 (d, 3Juu = 8.5Hz, 2
H, ArH), 7.27 (d, 3Juu = 4.0Hz, 2 H, py-H), 7.49 (d, 3Jynu =
8.5Hz, 2 H, ArH), 7.56 (t, 3Juu = 7.5 Hz, 2 H, benzo-H), 7.64 (t,
3Jun = 7.5 Hz, 2 H, benzo-H), 8.17 (d, *Jy i = 8.0 Hz, 2 H, benzo-
H), 8.28 (d, 3Jiu = 8.0 Hz, 2 H, benzo-H), 10.20 (s, 1 H, OH),
13.76 (s, 1 H, NH) ppm. MS (APCI): m/z = 503 [M + H]".

3,5-Bis(2-benzothiazolyl)-4,4-difluoro-8-phenyl-4-bora-3a,4a-diaza-
s-indacene (9a): Compound 8a (0.5 g, 1.03 mmol) was dissolved in
anhydrous CH,Cl, (200 mL), and subsequently boron trifluoride—
diethyl ether (2.25 g, 2 mL, 16 mmol) and Hiinig’s base (1.29 g,
10 mmol) were added. After 30 min of stirring, the solvent was dis-
tilled off, and the residue was purified by chromatography on silica
gel by using a mixture of ethyl acetate/hexane (1:3) to give BOD-
IPY 9a (0.61 g, 56%); m.p. 195-196 °C. C,oH;BF,N,S, (534.42):
caled. C 65.18, H 3.21, N 10.48; found C 65.12, H 3.26, N 10.40.
'"H NMR (300 MHz, CDCl;, 25°C): 6 = 6.96 (d, 3Jy = 4.5 Hz,
2 H, py-H), 7.35 (d, 3Jyx = 4.5 Hz, 2 H, py-H), 747 (t, 3Jyn =
7.8 Hz, 2 H, benzo-H), 7.52-7.65 (m, 7 H, 5 ArH + 2 benzo-H),
7.97 (d, 3Jy = 7.8 Hz, 2 H, benzo-H), 8.21 (d, 3Jy i = 8.1 Hz, 2
H, benzo-H) ppm. '°F NMR (282 MHz, CDCl;, CFCly): 6 =
—135.63 (m) ppm. MS (APCI): m/z = 535 [M + H]*.

3,5-Bis(2-benzothiazolyl)-4,4-difluoro-8-(4-methoxyphenyl)-4-bora-
3a,4a-diaza-s-indacene (9b): The product was synthesized as for 9a.
Yield: 63%; m.p. 265-266 °C. C;0HsBF,N,0S, (564.45): calcd. C
63.84, H 3.39, N 9.93; found C 63.57, H 3.48, N 10.14. '"H NMR
(300 MHz, CDCl3, 25°C): 6 = 3.94 (s, 3 H, OCH3), 7.06 (d, 3Jy i
=4.8Hz, 2 H, py-H), 7.10 (d, 3Ju = 8.7 Hz, 2 H, ArH), 7.47 (t,
3Jun = 8.1 Hz, 2 H, benzo-H), 7.51-7.64 (m, 6 H, 2 ArH + 2 py-
H + 2 benzo-H), 8.03 (d, 3/ = 8.1 Hz, 2 H, benzo-H), 8.16 (d,
3Jun = 7.8 Hz, 2 H, benzo-H) ppm. ’F NMR (282 MHz, CDCl;,
CFCly): 0 = —133.15 (m) ppm. MS (APCI): m/z = 565 [M + H]".
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3,5-Bis(2-benzothiazolyl)-4,4-difluoro-8-(4-hydroxyphenyl)-4-bora-
3a,4a-diaza-s-indacene (9¢): Compound 8c (0.3 g, 0.6 mmol) was
suspended in anhydrous CH,Cl, (300 mL), and a solution of boron
trifluoride-diethyl ether (1.42 g, 10 mmol) in CH,Cl, (20 mL) was
added dropwise. The mixture was stirred for 1 h, then a solution
of Hiinig’s base (1.1 g, 8.5 mmol) in CH,Cl, (20 mL) was added
dropwise to the resulting mixture. The solution was stirred for 2 h,
and the solvent was distilled off. The residue was purified by
chromatography on silica gel by using ethyl acetate as eluent. The
solution was concentrated in vacuo almost to dryness, and then
diluted with an equal volume of hexane. The precipitate was filtered
to afford 9¢ (0.13 g, 39%); m.p. 205 °C (dec.). C,oH;7BF,N,0S,
(550.42): caled. C 63.28, H 3.11, N 10.18; found C 63.61, H 3.23,
N 10.29. '"H NMR (300 MHz, [D¢]DMSO, 25°C): 6 = 7.05 (d,
3Jun = 7.5Hz, 2 H, ArH), 7.15 (d, 3Jyn = 4.5Hz, 2 H, py-H),
7.47 (d, 3Jyu = 4.5Hz, 2 H, py-H), 7.50-7.70 (m, 6 H, 2 ArH +
4 benzo-H), 8.17 (d, 3Jy = 7.5 Hz, 2 H, benzo-H), 8.26 (d, 3Jy i
= 8.1 Hz, 2 H, benzo-H), 10.44 (s, 1 H, OH) ppm. '°F NMR
(282 MHz, [Dg]DMSO, CFCls): § = ~131.36 (m) ppm. MS (APCI):
mlz = 503 [M — BF,].

X-ray Structure Determination for 9b: Crystal data:
C30H 9B F>N,0,Sy; M = 564.45; system: triclinic; space group: P1
(no. 2); unit-cell dimensions: a = 6.712(2), b = 12.055(3), ¢ =
15.570(5) A, a = 82.844(8), f = 87.078(9), y = 88.868(8)°; V =
1248.2(6) A% Z = 2; calculated density: 1.502gem™3; u =
0.263 mm'; F(000) = 580; crystal size ca. 0.10X0.20 X 0.50 mm.
All crystallographic measurements were performed at 123 K with
a Bruker Smart Apex II diffractometer operating in the w- and ¢-
scan modes. The cell parameters were obtained from the least-
squares treatment of 2358 reflections in the ¢ range of 2.6-21.6°.
The intensity data were collected within the range of
2.1°=0=26.4° by using Mo-K, radiation (1 = 0.71078 A). The
intensities of 10821 reflections were collected (4832 unique reflec-
tions, R;,, = 0.001). Data were corrected for Lorentz and polariza-
tion effects. The structure was solved by direct methods and refined
by the full-matrix least-squares technique in the anisotropic
approximation for non-hydrogen atoms by using the SHELXS97
and SHELXL97 programs!'>'4l and CRYSTALS program pack-
age.l>l SADABS absorption correction was applied.'®! In the re-
finement, 4832 reflections [2429 reflections with /=3c(])] were
used. Convergence was obtained at R; = 0.0372 and wR, = 0.0359,
GOF = 1.165 (352 parameters; observed/variable ratio 6.90; largest
and smallest peaks in the final difference map 0.24 and —0.25 ¢/A3).
In the refinement, the Chebychev weighting schemel'”! was used
(weighting coefficients: 0.924, -0.734, 0.756, -0.302, 0.136).
CCDC-755495 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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