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ABSTRACT: A series of 1-benzoylmethyleneisoquinoline
difluoroborates were synthesized, and their photophysical
properties were determined. The effect of the substituent and
benzoannulation on their properties was investigated to make a
comparison with recently published results focused on related
quinolines. The photophysical properties of isoquinoline
derivatives differ from those of quinolines, and the most
pronounced differences are found for the fluorescence quantum
yields. Both experimental and theoretical approaches were used
to explain the observed photophysical properties.

■ INTRODUCTION

Dyes carrying the BF2 moiety are known to be fluorescent.
Among them, the most common group are the BODIPY
dyes.1−3 Although a plethora of studies were devoted to
BODIPYs, these dyes are still in the limelight. The intense
studies concern not only their absorption and fluorescence
properties but also electrogenerated chemiluminescence, for
example.4 However, studies of the BF2-carrying fluorescent dyes
different from BODIPYs are rare. Very recently, the first survey
on these molecules was published by Ziessel et al.5 Moreover,
there are some attempts to clarify their properties by
computational approaches.6−8 Thus, there is still a need to
investigate how their properties can be tuned in order to obtain
desired photophysical characteristics. This is especially
important for fluorescence microscopy,9 anion sensing
applications10,11 or biolabeling,12 photodynamic therapy,3 and
solar cells13,14 to name a few. The compounds studied now
contain the NBF2O moiety.15−21 In the literature there exist
reports on compounds where the BF2-group is chelated also
symmetrically in NBF2N

22−25 and OBF2O
26−29 moieties. Also,

molecules carrying the NBF2O fragment, especially imines
based on hydroxyl-containing Schiff bases, are known.30−33

Tailoring molecular properties by a relatively simple
synthetic procedures is highly desirable. Systematic change of
a substituent may be a successful route in many instances.
However, benzoannulation may also possess a crucial role in
the case of π-conjugated molecules,34−39 where it is known to
have a fundamental impact (qualitative and quantitative) on the

properties of compounds exhibiting tautomerism, for example,
in heterocyclic ketones.37,40−43 Presumably, the properties of
BF2-carrying molecules may also be tuned in this way. This is
due to the fact that the proton involved in intramolecular
hydrogen bonding40,41 can be easily replaced by another acid
such as the BF2

+ cation. The proton-to-BF2 exchange thus
creates an opportunity to synthesize a number of new dyes.
There are several publications on benzoannulation of the
BODIPY core and its influence on the photophysical properties
of these molecules.44−48 This was the inspiration to study the
isomers of 2-benzoylmethylenequinoline difluoroborates stud-
ied by us recently,49 id est, the 1-benzoylmethyleneisoquinoline
derivatives. It is worth mentioning that the effect of π-electron
conjugation on the fluorescence quantum yield was studied on
model compounds.50 However, to the best of our knowledge,
no detailed studies are presented on the effect of structural
isomerism on the photophysical properties of BF2-carrying
molecules. This leads to a hypothesis that both the length and
the conjugation route should be taken into account when
designing fluorescent molecules. Chart 1 depicts 1-benzoylme-
thyleneisoquinoline difluoroborates and their numbering. The
synthesis of the parent 1-benzoylmethyleneisoquinolines was
performed as described elsewhere for similar compounds.51

The conversion of these substrates into fluorescent BF2-
carrying molecules was performed as in an earlier study.49,52
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■ RESULTS AND DISCUSSION
Linear Photophysical Properties. The photophysical

properties of compounds 1−8 (Chart 1) were studied in
chloroform. This solvent is known to prevent boron−ligand
dissociation, exciplex formation, or the photochemical reactions
possible in solvents containing Lewis bases, aromatic rings, or
double bonds.53 Moreover, self-aggregation is not preferred in
dilute solutions as has already been demonstrated for quinoline
derivatives.49 Figure 1 shows the absorption spectra of 1−8,

and the corresponding values are presented in Table 1. The
molecules show absorption spectra in solution characterized by
two distinct bands, the main band existing within the range
330−500 nm depending on the substituent and the second
band at about 300−320 nm. Absorption spectra of complexes
2−8 exhibit fine structure, although it is not as distinct as in
quinoline isomers, whereas 1 exhibits an almost structureless
band with a maximum close to 460 nm. Additionally, all eight

complexes have high extinction coefficients (26400−38800
M−1cm−1), which is typical for π → π* transitions (Figure 1).
Except for 1, the shape of the absorption spectra remains very
similar to that of the parent compound (RH), and it is
dependent on the electron-withdrawing or electron-releasing
group at different positions in the phenyl ring. The absorption
maximum and its intensity, however, differ among the studied
set of compounds.
In order to evaluate the effect of the different substituents on

the linear optical properties, −CF3 was used as a benchmark
acceptor group, as this moiety is the strongest acceptor in the
series. In comparison with others, 8 (4-CF3) shows a similar
but blue-shifted and less intense absorption band. Absorption at
λmax was found to progressively shift to longer wavelength upon
replacing this substituent by weaker electron-withdrawing (Br)
and then electron-releasing (4-Me, 4-OMe, and 4-NMe2)
substituents (Table 1). This effect was accompanied by an
increase of the absorption intensity. A considerable red shift of
the major absorption band was observed for compound 1 (4-
NMe2) (Figures 1−2). The 4-NMe2 substituent causes a 66 nm
red shift in absorption relative to the parent compound 5. This
result indicates that the absorption arises from polarized π−π*
transition in the NMe2 substituted molecule. The character of
this transition will be discussed in more detail in the subsequent
section. The significant density reorganization upon excitation
was prevented after the addition of gaseous HCl into the
measurement cell (Figure 2) and formation of the 4-NMe2H

+

cation. The absorption maximum of the 4-NMe2H
+ derivative

was blue-shifted when compared with the free base and the
unsubstituted congener (5). Similar to another report,49 this
reveals that the 4-NMe2H

+ group has weak electron-acceptor
properties, which is in agreement with its cationic character.
This effect retracts after the addition of gaseous ammonia to a
solution of protonated 1. A similar effect was observed for 2-

Chart 1. Reaction Scheme and Structures in 1-Benzoylmethyleneisoquinoline Difluoroborates

Figure 1. Electronic absorption spectra of 1−8 in CHCl3.

Table 1. Photophysical Dataa for Compounds 1−8

λmax
ab τ1 τ2

no. substituent ε*104 λmax
Fl Δν1 Δν2 ϕFl α1 α2 τav χ2 kr knr

1 4-NMe2 466 3.15 512.4 1943b 0.743 458 4.33 2427 95.67 2341.7 1.83 3.17 1.10
2 4-OMe 410.5 3.88 478.2 1320 3449 0.313 405 15.75 1061 84.25 957.7 1.29 3.26 7.18
3 4-Me 404 3.52 471 1113 3521 0.087 348 92.82 747 7.18 376.7 1.28 2.32 24.23
4 3-Me 401.5 3.26 464.8 1077 3392 0.060 242 98.27 825 1.73 252.1 1.17 2.37 37.30
5 H 400 3.14 463.2 1139 3411 0.046 191 98.77 1109 1.23 202.3 1.16 2.28 47.15
6 4-Br 403 3.80 466.4 1118 3373 0.049 211 98.19 1374 1.81 232.1 1.12 2.10 41.00
7 3-Br 399.5 3.05 465 1082 3526 0.033 154 97.33 1249 2.67 183.2 1.50 1.82 52.76
8 4-CF3 398.5 2.64 464.6 1092 3570 0.026 127 98.63 1053 1.37 139.7 1.20 1.88 69.71

aAbsorption (λmax
ab ; nm), fluorescence maxima (λmax

Fl ; nm), shift (Δν, cm−1), maximum extinction coefficient (ε; M−1cm−1), fluorescence quantum
yield (ϕFl), fluorescence lifetime (τ; ps), their amplitudes (α) and correlation coefficients (χ2),and radiative (kr; 10

8 s−1) and nonradiative (knr; 10
8

s−1) rate constants. bThe difference between positions of the band maxima of the absorption and emission spectra of 4-NMe2.
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benzoyl(4-dimethylamino)methylenequinoline difluorobo-
rate.49

Likewise, the emission spectra and fluorescence lifetimes of
1−8 were measured in chloroform. The results are given in
Figure 3 and Table 1. All compounds exhibit fluorescence

ranging from the blue to green region. Figure 3 compares the
parent compound (RH) with its derivatives containing
electron-withdrawing and electron-donating groups to explore
substituent effects on fluorescence spectra. As for the
absorption spectra of 1−8, decreasing accepting strength and
increasing donating ability of the substituent result in stronger
and red-shifted emission. Among them, 1 and 2 exhibit the
strongest fluorescence, whereas the weakest emission occurs for
the complex containing the 4-CF3 substituent. However, the
fluorescence of 1 (4-NMe2) is different from that of the others
because the emission spectra of 1 show an unstructured band
(the corresponding Stokes shift is 1943 cm−1). The same is
observed in many other compounds including BODIPY dyes
after the introduction of a strong electron-donating amino
group.54−58

A mirror symmetry holds between the absorption and
emission spectra as shown in Figure 4 (for compound 5, the
remaining spectra are given in Supporting Information)

suggesting a weak structural relaxation of the Franck−Condon
singlet excited state.

The fluorescence quantum yield was determined relative to
the coumarine 1 quantum counter (ϕref = 0.64) with excitation
at 404 nm. Derivatives 1 and 2 exhibit good fluorescence
quantum yield (0.74 and 0.31), whereas for the others, it is
lower by 1 order of magnitude.
Figure 5 shows the biexponential fluorescence decay curve

for 5. The same is used for the fitting of other derivatives. An

additional long-lived component that appeared in these
compounds suggests a complex photophysical process. The
fluorescence lifetimes measured by a time correlated single
photon counting method are shown in Table 1 above.
In the parent compound (5), ϕFl and τFl are 0.046 and 191 ps

(major component), respectively. These values are diminished
to 0.026 and 127 ps, respectively, when the 4-CF3 group is
present (8). Hence, the rate constant of radiative kr deactivation
is decreased from 2.28 × 108 to 1.82 × 108 s−1, respectively,
caused by the strong electron-withdrawing character of the
substituent. However, introducing an electron-releasing sub-
stituent enhances the fluorescence quantum yields, lifetimes,
and Stokes shift, e.g., for 4-NMe2, ϕFl = 0.74, τFl = 2427 ps
(major component of different nature than that in 3−8; see
Table 1 for τ1 and τ2), and Δν = 1943 cm−1. Both ϕFl and τFl
show the monotonous increase with the increase in electron-

Figure 2. Comparison of the electronic absorption spectra of the
parent compound (5), 4-NMe2 (1) derivative, and its HCl salt (1 +
HCl) neutralized with gaseous ammonia (1 + HCl + NH3).

Figure 3. Fluorescence spectra of 1−8 (3−4 [μM]) in CHCl3. λex =
404 nm.

Figure 4. Normalized and scaled59,60 electronic absorption and
fluorescence spectra of 5 in CHCl3.

Figure 5. Fluorescence decay curve for 5 recorded in CHCl3; λex = 404
nm; λem = 450 nm.
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donating abilities of the substituent. Additionally, the data
compiled in Table 1 show that for tested compounds the
nonradiative transition rates are of the same order as the
radiative ones only for 1 and 2. In the case of others, the
nonradiative transition rates are at least 1 order of magnitude
larger than the radiative ones, which indicates contribution of
the excited singlet state that deactivates by the internal
conversion processes.
The complexes studied here can be grouped into two

categories. One includes compound 1 that is characterized by
rather large Stokes shifts with long radiative lifetimes and low-
energy emissions and 2−8 that have the high-energy emissions
and short fluorescence lifetimes. This suggests that emissions
arise from different types of excited states. Presumably, an
increase in π conjugation length typically results in a red shift of
emission and change in corresponding quantum yield.50 The
spectra roughly follow this rule, but some exceptions were also
observed. For example, the donating substituent carrying a
lone-electron pair as in 1 extends the electron conjugation with
respect to that in 5. Moreover, this allows efficient polarization
of the electronic density upon excitation leading to the largest
red-shifted emission. However, the length of conjugation is not
the only parameter that influences the emissive state energy of
the complexes. The inductive effects or mentioned charge
transfer should be also taken into account.
As stated above, the distinct red features in the absorption

spectrum for 1 are ascribed to substantial density changes in the
π−π* excited state. These features are dominated by excitations
in which charge is transferred from donor (4-NMe2) to the
acceptor (NBF2O) moiety. These observations further support
the same interpretation for the 4-OMe derivative (2) where
reorganization of electron density is less efficient than that in 1.
From the fluorescence spectra, the emission maximum of 1 is
red-shifted by 34 nm compared to that for 2. Although the
electron-donating 4-OMe does not seem to make such a
significant effect as 4-NMe2, the radiative lifetimes follow the
expected trend showing some differences in the quantum yield
and fluorescence decay. For 1, τ2 is more than twice the value
for 2, indicating a large long-lived contribution coming from the
effect of the strong electron-donating group. The more
electron-rich 1 (versus 5) may slightly weaken the acceptor
ability of the NBF2O moiety, thus increasing the energy of the
transition. Within all 1−8, where π → π* transitions dominate
the electronic transitions, the 4-OMe exerts a subtle but
measurable effect on fluorescence decay, whereas the 4-NMe2
has a significant effect on the excited-state properties.
The obtained results suggest that there may be two excited-

state conformers for these compounds. One has a structure

conducive to the π → π* state being lowest energy in the
excited state and gives rise to a short-lived (127−458 ps) π →
π* fluorescence. The structure dominates for 1-benzoylmethy-
leneisoquinoline difluoroborates bearing electron-withdrawing
substituents and a weak electron-releasing group. Its share of
average fluorescence lifetime is in the range 99−93%. In the
case of compounds containing a strong electron-donor (4-
NMe2), the dominant structure gives a transition associated
with substantial charge reorganization and is the source of the
much longer-lived emission (2.5 ns). While one could expect
the systematic changes of properties related to the substituent
alteration, here a sudden drop of properties is observed when
passing from 4-Me via 4-OMe to 4-NMe2. This suggests the
existence of substances with two very different fluorescence
character in the latter derivative. A possible scenario is that a
conformer with the twisted NMe2 group (or C6H4NMe2)
exists.61−63 The excited-state geometry optimization of 4-NMe2
(at the CAM-B3LYP/6-311++G(d,p) level of theory) revealed
the existence of a stable conformer with the NMe2 group
coplanar with phenyl ring. The calculated Stokes shift (48 nm)
was found to be in excellent agreement with the experimental
value (46 nm).
In summary, the intensity of the absorption and emission

bands increases with increasing electron-donating properties of
the substituent in the phenyl moiety, and the maxima of the
bands are red-shifted. A greater disparity in the electron-
donating ability of the 4-NMe2 group seems to result in a
stronger transition with charge reorganization dominated by
the more electron-rich aryl group. However, the π → π*
transitions dominate for other 1-benzoylmethyleneisoquinoline
difluoroborates.

Comparisons of Isoquinolines with Quinolines. For
comparison purposes and in order to gain further insight into
the properties of 1−8, a series of charts were drawn
(Supporting Information). The properties of 2-benzoylmethy-
lenequinoline difluoroborates were used for these purposes.49

These comparisons allow one to draw the following
conclusions for the NMR-derived data: (a) the 15N chemical
shift (sensitive to the environment64) is linearly dependent
(correlation coefficient R = 0.99, 5 and 8 excluded) on the
substituent constant with a similar slope between the series but
a different intercept (Chart S1, Supporting Information); and
(b) the same applies for other chemical shifts as, for example,
19F data (R = 0.90, 1 excluded from correlation), 13C of carbon
no. 1 in isoquinoline (R = 0.98), CO (R = 0.95), and methine
CH carbon (R = 0.95) atoms. For the photophysical data, it can
be concluded that (a) the fluorescence quantum yields are, in

Table 2. Calculated Spectroscopic Parameters Corresponding to the Lowest Lying (π → π*) Excited State Where λv and λad
Correspond to the Vertical and Adiabatic Transitions

functionals

B3LYP CAM-B3LYP PBE0

substituent (compd) λv [nm] λad [nm] f λv [nm] λad [nm] f λv [nm] λad [nm] f exp λ0−0 [nm]

4-NMe2 (1) 460 477 0.985 394 430 1.118 422 438 1.042 491
4-OMe (2) 412 437 0.896 367 411 0.955 398 424 0.920 442
4-Me (3) 401 440 0.812 360 395 0.858 388 423 0.830 438
3-Me (4) 396 426 0.744 360 397 0.817 385 415 0.764 431
H (5) 395 426 0.726 356 390 0.781 383 413 0.745 429
4-Br (6) 400 438 0.856 359 397 0.889 388 423 0.875 432
3-Br (7) 395 438 0.743 356 393 0.798 386 414 0.780 430
4-CF3 (8) 397 432 0.739 355 393 0.789 384 418 0.745 427
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general, higher for quinoline derivatives than that for
isoquinolines (Chart S2, Supporting Information); (b) the
data of the radiative and nonradiative rate constants suggest the
nonradiative mechanism dominates (Chart S3, Supporting
Information) and is responsible for much lower fluorescence
quantum yield (Chart S4, Supporting Information) in
isoquinolines, and that (c) for the fluorescence lifetimes, the
opposite effect is observed between short and long-lived
species, id est, the correlation with the substituent constant is
observed for short lifetimes in isoquinolines (R = 0.93) and for
long lifetimes for quinolines (R = 0.97, Chart S6, Supporting
Information). The above-mentioned observations lead to the
conclusion that variable benzoannulation causes dramatic
changes in the photophysical properties of the studied
molecules. One mechanism that can cause a sudden drop in
the fluorescence quantum yield is high nonradiative processes
caused by vibrations of the molecular skeleton or by much
stronger interaction of the BF2 moiety with the solvent
molecules (compare the topology of these derivatives). The
detailed studies on these effects are in progress.
Quantum Chemical Calculations. In order to support

experimental data, the quantum chemical calculations were
performed. In particular, one of the primary aims behind these
computations was to analyze the vibrational fine structure of
the absorption band related to the lowest-lying π → π*
transition and the associated changes in electronic density. The
oscillator strength ( f) accompanying this transition is rather
large for all studied molecules and is presented in Table 2. It
should be highlighted that the largest probability was observed
for the one-electron HOMO → LUMO excitation. The frontier
orbitals involved in the π→ π* transition for 1 and 5 are shown
in Table 3 (a complete data set for all molecules is presented in
Experimental Section). As seen in accordance with previous
conclusions based on experimental data, much more significant
density change upon excitation is found for 4-NMe2
substituent. In order to put these changes on a quantitative
basis, the fragment analysis of frontier molecular orbitals
involved in the excitation was performed (Supporting
Information). It follows from this analysis that the net charge
transferred from fragment B to fragment A (Figure 6) upon
excitation is 0.47e and 0.045e for compounds 1 and 5,
respectively.
Although the comparison of computed vertical excitation

energy with experimental absorption band maxima still remains
the most common route, critical assessment of this approach
has already been performed by some authors.65−67 In Table 2,
there is presented the wavelength corresponding to vertical

excitation (computed without zero-point vibrational energy
included) and wavelength related to the adiabatic transition
(within the IMDHO model, the latter value corresponds to the
0−0 excitation). The results clearly show that the B3LYP
functional provides the most accurate estimation of exper-
imental absorption/fluorescence crossing point (referred to as
0−0 energy). The other two functionals significantly over-
estimate the 0−0 energy; the largest deviation from
experimental data is found for compound 1, characterized by
significant charge reorganization upon excitation. Other groups
have reported the accurate estimation of the spectroscopic
parameters (within the TD-DFT scheme) for the cyanine-like
molecules (such as BODIPY).68−73

In order to gain insight into the structure of experimentally
recorded absorption bands, we have also performed a
simulation of their vibrational fine structure. The results are
presented in Figures 7 and 8. In the case of all performed
simulations, the homogeneous broadening was set to 100 cm−1,
and standard deviation of the distribution of 0−0 excitation
energies corresponding to inhomogeneous broadening was
chosen as 420(6), 450(2, 3, 5, 7, 8) 475(4), or 500 cm−1(1) to
correctly reproduce the overall absorption band shapes. As can
be seen in Figure 7, among three employed functionals, only
CAM-B3LYP satisfactorily predicts the vibrational fine
structure of the absorption band corresponding to the π →
π* transition. Two other functionals incorrectly determine the
intensity ratio for major band shoulders. Within the framework
of the applied model, it can be directly related to the
displacements between the potential energy surfaces, which
are computed based on the excited-state gradients. The
differences between the experimental band shape and the
profiles simulated using B3LYP and PBE0 functionals may
indicate, indirectly, that the latter two functionals have
difficulties in predicting excited-state gradients. Thus, the
CAM-B3LYP functional was used to simulate the band shapes

Table 3. Kohn-Sham Frontier Orbitals Determined Using the B3LYP Functional and the 6-311++G(d,p) Basis Set at the
Contour Surfaces of Orbital Amplitude 0.04 e/bohr3

Figure 6. Scheme of the decomposition of the molecule into
fragments.
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for all series of compounds (cf. Figure 8), which are in good
accordance with the experimental spectra presented in Figure 1.

■ CONCLUSIONS

The spectral and computational data show that the absorption
and fluorescence properties of substituted 1-benzoylmethyle-
neisoquinoline difluoroborates are similar to those in quinoline
derivatives, while some small spectral shifts are noticed. The
most dramatic differences between quinoline and isoquinoline
derivatives are within their fluorescence quantum yield, which
decreases quickly when going from strong to weak electron-
donating substituents. This shows that isoquinolines are less
attractive for their use as fluorescent probes. Moreover, this also

shows that special care should be paid not only to the

substituent applied, degree of π-electron conjugation, and

benzoannulation but also to the way benzoannulation takes

place. This clearly influences the synthetic procedures that

would lead to materials with desired properties. The

correlations of the NMR chemical shifts with substituent

constants are similar to those in in quinolines making the

substituent effect in the ground state similar between these

series. It has been found that only CAM-B3LYP functionals

yields the correct absorption band shape for the studied

molecules.

Figure 7. Comparison of experimental and simulated absorption spectra for the RH derivative. The spectra were shifted to match the
experimental long-wavelength feature.

Figure 8. Absorption spectra simulated using the CAM-B3LYP functional.
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■ EXPERIMENTAL SECTION
The 1-benzoylmethyleneisoquinoline difluoroborates were synthesized
as before (ketone synthesis;51 complexation22). The same applies for
visible49 and NMR52 spectral measurements. Electronic structure
calculations were performed using the Kohn−Sham formulation of the
density functional theory. In order to take into account the conditions
of experimental measurements, the calculations were carried out in the
presence of the solvent, using the linear response polarizable
continuum model (LR-PCM74). Comparison of LR-PCM with more
accurate corrected LR-PCM can be found in a recent paper by Chibani
et al.75 Optimization of the ground-state geometry was carried out
using three different exchange-correlation functionals: B3LYP, CAM-
B3LYP, and PBE0. Vertical excitation energies were computed
employing time-dependent density functional theory. For all quantum
chemical calculations, the 6-311++G(d,p) basis set was used. All
electronic structure calculations were performed using the Gaussian
2009 D01 program.76 Additionally, in order to simulate the vibrational
structure of the absorption spectra, the orca_asa program was used (a
part of ORCA package).77 Simulations of the absorption bands,
interrelated with transitions to the (π−π*) excited state, were
performed using independent mode displaced harmonic oscillator
(IMDHO) approximation. In the case of the ground electronic state,
the entire set of normal modes of vibration was included in
simulations. Dimensionless normal coordinate displacements (ΔQ,k)
for the excited state with respect to the ground-state equilibrium
geometry were calculated using custom software as follows:

ω
Δ = − ∂

∂
=

⎡
⎣
⎢⎢

⎤
⎦
⎥⎥

E
Q

1
Q k

ek k Q

, 2
0

where [∂E/∂Qk]Q=0 corresponds to the excited-state potential energy
gradient along the k-th normal mode at the ground-state geometry.
The energy of adiabatic transition was computed according to the
following formula:

∑ ω
Δ = Δ − ΔE E

2v
k

k
kad
2

In this study, we also present a fragment analysis of the molecular
orbitals. It is carried out under the assumption that one can divide the
molecular structure into N fragments. The electronic density may then
be decomposed and described by means of atomic orbitals centered on
nuclei corresponding to the fragments. Fragment contribution is
computed as follows:78

∑ ∑ ∑= +
<

C c c c S2
j

n

j
j

n

i j

n

i j ijfrag
2

frag frag frag

where i and j run over the nfrag basis set atomic orbitals, ci is the
coefficient by which the basis function enters the molecular orbital,
and Sij is the basis set overlap matrix element.
Compound Characterization. All compounds were obtained22 as

described for quinoline derivatives.49 The reaction yields (after
purification) varied between 35 and 45%. The typical procedure was
as follows: to the magnetically stirred solution (nitrogen atmosphere)
of substituted 1-benzoylmethyleneisoquinoline (1g) in dry chloroform
(15−20 mL) and N-ethyldiisopropylamine (two equivalents), BF3
etherate (two equivalents) was added. The solution was stirred
overnight at room temperature, and then concentrated Na2CO3 water
solution(20 mL) was added slowly to the mixture. The organic
fraction was separated, the water layer extracted with chloroform (two
times using ca. 20−30 mL), dried (Na2SO4), and evaporated under
reduced pressure. Residual solids were purified by flash chromatog-
raphy (SiO2) using acetonitrile (1) or DCM (2−8) as an eluent.
1-(4-Dimethylamino)benzoylmethyleneisoquinoline Difluorobo-

rate (1). 0.52 g (44.6%). 1H NMR (DMSO-d6 from TMS) δ: 8.92 (d,
1H, 3JH,H = 8.3 Hz), 8.07 (d, 2H, 3JH,H = 9.0 Hz), 8.02−7.97 (m, 2H),
7.83 (t, 1H), 7.68 (d, 1H, 3JH,H = 6.8 Hz), 7.46 (s, 1H), 6.82 (d, 2H,
3JH,H = 9.0 Hz), 3.06 (s, 6H). 11B NMR (DMSO-d6 from BF3·Et2O) δ:
1.588 (t). 13C NMR (DMSO-d6 from TMS) δ: 165.8, 152.9, 152.8,

136.5, 134.3, 131.4, 129.5, 129.2, 127.8, 127.3, 123.8, 120.7, 117.8,
111.9, 87.4, ca. 40 (overlapped with solvent signal). 15N (DMSO-d6
from MeNO2) δ: −196.3. 19F NMR(DMSO-d6 from CFCl3) δ:
−138.3. Mp 260.1−263.8 °C. Anal. Calcd for C19H17BF2N2O: C,
67.48; H, 5.07; N, 8.28. Found: C, 67.41; H, 5.11; N, 8.20.

1-(4-Methoxy)benzoylmethyleneisoquinoline Difluoroborate (2).
0.41 g (35.0%). 1H NMR (CDCl3 from TMS) δ: 8.40 (d, 1H, 3JH,H =
8.3 Hz), 8.17 (d, 1H, 3JH,H = 5.4 Hz), 8.04 (d, 2H, 3JH,H = 8.9 Hz),
7.87 (t, 1H), 7.84 (t, 1H), 7.74 (t, 1H), 7.47 (d, 1H, 3JH,H = 6.8 Hz),
7.08 (s, 1H), 6.98 (d, 2H, 3JH,H = 8.9 Hz), 3.89 (s, 3H). 11B NMR
(CDCl3 from BF3·Et2O) δ: 1.762 (t).

13C NMR δ: 165.9, 162.5, 152.7,
136.6, 133.4, 131.6, 128.9, 128.7, 127.5, 126.8, 125.6, 123.8, 117.8,
114.0, 88.0, 55.5. 15N NMR (CDCl3 from MeNO2) δ: −193.6. 19F
NMR (CDCl3 from CFCl3) δ: −139.05. Mp 236.5−238.7 °C. Anal.
Calcd for C18H14BF2NO2: C, 66.50; H, 4.34; N, 4.31. Found: C, 66.39;
H, 4.52; N, 4.23.

1-(4-Methyl)benzoylmethyleneisoquinoline Difluoroborate (3).
0.49 g (41.4%). 1H NMR (CDCl3 from TMS) δ: 8.42 (d, 1H, 3JH,H
= 8.4 Hz), 8.21 (d, 1H, 3JH,H = 5.6 Hz), 7.98 (d, 2H, 3JH,H = 8.4 Hz),
7.89 (t, 1H), 7.86 (t, 1H), 7.76 (t, 1H), 7.51 (d, 1H, 3JH,H = 6.8 Hz),
7.30 (d, 2H, 3JH,H = 8.4 Hz), 7.15 (s, 1H), 2.45 (s, 3H). 11B NMR
(CDCl3 from BF3·Et2O) δ: 1.787 (t).

13C NMR δ: 166.1, 152.7, 142.1,
136.5, 133.4, 131.6, 131.5, 129.3, 128.8, 127.5, 127.0, 125.7, 123.8,
118.1, 88.8, 21.5. 15N NMR (CDCl3 from MeNO2) δ: −192.5. 19F
NMR (CDCl3 from CFCl3) δ: −138.7. Mp 231.2−233.5 °C. Anal.
Calcd for C18H14BF2NO: C, 69.94; H, 4.56; N, 4.53. Found: C, 69.75;
H, 4.71; N, 4.44.

1-(3-Methyl)benzoylmethyleneisoquinoline Difluoroborate (4).
0.51 g (43.1%). 1H NMR (CDCl3 from TMS) δ: 8.43 (d, 1H, 3JH,H
= 8.7 Hz), 8.21 (d, 1H, 3JH,H = 6.8 Hz), 7.90−7.84 (overlapped signals,
4H), 7.76 (t, 1H), 7.52 (d, 1H, 3JH,H = 6.8 Hz), 7.37 (t, 1H), 7.31 (d,
1H, 3JH,H = 7.6 Hz), 7.16 (s, 1H), 2.45 (s, 3H). 11B NMR (CDCl3
from BF3·Et2O) δ: 1.800 (t). 13C NMR δ: 166.1, 152.6, 138.4, 136.6,
134.3, 133.5, 132.3, 131.7, 128.9, 128.5, 127.6, 127.5, 125.7, 124.1,
123.8, 118.4, 89.3, 21.4. 15N NMR (CDCl3 from MeNO2) δ: −192.2.
19F NMR (CDCl3 from CFCl3) δ: −138.6. Mp 215.6−218.4 °C. Anal.
Calcd for C18H14BF2NO: C, 69.94; H, 4.56; N, 4.53. Found: C, 69.81;
H, 4.78; N, 4.49.

1-Benzoylmethyleneisoquinoline Difluoroborate (5). 0.49 g
(41.1%). 1H NMR (CDCl3 from TMS) δ: 8.42 (d, 1H, 3JH,H = 8.5
Hz), 8.22 (d, 1H, 3JH,H = 6.1 Hz), 8.07 (d, 2H, 3JH,H = 8.2 Hz), 7.89 (t,
1H), 7.86 (t, 1H), 7.76 (t, 1H), 7.53 (d, 1H, 3JH,H = 6.8 Hz), 7.51−
7.45 (m, 3H), 7.17 (s, 1H). 11B NMR (CDCl3 from BF3·Et2O) δ:
1.805 (t). 13C NMR δ: 165.9, 152.6, 136.6, 134.4,133.5, 131.7, 131.5,
128.9, 128.6, 127.5, 126.9, 125.7, 123.8, 118.5, 89.3. 15N NMR (CDCl3
from MeNO2) δ: −195.7. 19F NMR (CDCl3 from CFCl3) δ: −138.6.
Mp 233.7−236.8 °C. Anal. Calcd for C17H12BF2NO: C, 69.19; H,
4.10; N, 4.75. Found: C, 69.13; H, 4.06; N, 4.70.

1-(4-Bromo)benzoylmethyleneisoquinoline Difluoroborate (6).
0.50 g (43.6%). 1H NMR (CDCl3 from TMS) δ: 8.42 (d, 1H, 3JH,H
= 8.4 Hz), 8.24 (d, 1H, 3JH,H = 6.8 Hz), 7.94−7.87 (m, 4H), 7.80 (t,
1H), 7.60 (d, 2H, 3JH,H = 8.5 Hz), 7.58 (d, 1H, 3JH,H = 6.6 Hz), 7.16 (s,
1H). 11B NMR (CDCl3 from BF3·Et2O) δ:1.750 (t). 13C NMR δ:
164.5, 152.3, 136.7, 133.7, 133.3, 131.9, 131.7, 129.1, 128.4, 127.6,
126.1, 125.6, 123.8, 118.8, 89.5. 15N NMR (CDCl3 from MeNO2) δ:
−190.4. 19F NMR (CDCl3 from CFCl3) δ: −138.5. Mp 231.8−234.9
°C. Anal. Calcd for C17H11BBrF2NO: C, 54.60; H, 2.96; N, 3.75.
Found: C, 54.53; H, 3.01; N, 3.67.

1-(3-Bromo)benzoylmethyleneisoquinoline Difluoroborate (7).
0.44 g (38.4%). 1H NMR (CDCl3 from TMS) δ: 8.44 (d, 1H, 3JH,H
= 8.3 Hz), 8.25 (d, 1H, 3JH,H = 6.3 Hz), 8.20 (m, 1H), 7.99 (d, 1H,
3JH,H = 8.0 Hz), 7.94−7.86 (m, 2H), 7.80 (t, 1H), 7.63 (d, 1H, 3JH,H =
8.0 Hz), 7.59 (d, 1H, 3JH,H = 6.8 Hz), 7.36 (t, 1H), 7.15 (s, 1H). 11B
NMR (CDCl3 from BF3·Et2O) δ: 1.748 (t).

13C NMR δ: 164.0, 152.3,
136.7, 136.4, 134.2, 133.7, 131.8, 130.1, 129.8, 129.1, 127.6, 125.7,
125.5, 123.8, 122.9, 119.1, 90.0. 15N NMR (CDCl3 from MeNO2) δ:
−189.8. 19F NMR (CDCl3 from CFCl3) δ: −138.5. Mp 227.5−229.2
°C. Anal. Calcd for C17H11BBrF2NO: C, 54.60; H, 2.96; N, 3.75.
Found: C, 54.48; H, 3.09; N, 3.68.
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1-(4-Trifluoromethyl)benzoylmethyleneisoquinoline Difluorobo-
rate (8). 0.48 g (41.7%). 1H NMR (CDCl3 from TMS) δ: 8.44 (d,
1H, 3JH,H = 8.5 Hz), 8.26 (d, 1H, 3JH,H = 6.6 Hz), 8.12 (d, 2H, 3JH,H =
8.3 Hz), 7.93 (t, 1H), 7.88 (d, 1H, 3JH,H = 7.5 Hz), 7.81 (t, 1H), 7.69
(d, 2H, 3JH,H = 8.3 Hz), 7.59 (d, 1H, 3JH,H = 6.6 Hz), 7.22 (s, 1H). 11B
NMR (CDCl3 from BF3·Et2O) δ: 1.770 (t).

13C NMR δ: 163.6, 152.1,
137.6, 136.7, 133.8, 132.7, 131.7, 129.2, 127.6, 127.0, 125.7, 125.5,
125.14, 123.8, 122.4, 119.4, 90.6. 15N NMR (CDCl3 from MeNO2) δ:
−190.5. 19F NMR (CDCl3 from CFCl3) δ: −138.2, −62.9. Mp 230.9−
234.2 °C. Anal. Calcd for C18H11BF5NO: C, 59.54; H, 3.05; N, 3.86.
Found: C, 59.45; H, 3.14; N, 3.81.
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