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A two-step synthesis of 5,5-diaryldipyrromethanes in good yields is described. The adopted synthetic
strategy can be used to tune the substituent at the meso-carbon very easily by choosing the Grignard
reagent of interest. Further, the influence of the incorporation of various diaryl units at the meso-carbon
atom in the inherent anion binding affinities of the dipyrromethanes through hydrogen bonding was

© 2011 Elsevier Ltd. All rights reserved.

meso-Aryldipyrromethanes are frequently synthesized as pre-
cursors to normal, expanded, contracted, and hybrid porphyrins.!
Also, the boron difluoride complexes of dipyrromethenes, which
is the oxidized form of dipyrromethane, known as BODIPY dyes,
have found importance as fluorescent dyes for biological samples.?
Compared to the meso-aryldipyrromethanes' and meso-dialkyldi-
pyrromethanes,®> the chemistry of meso-diaryldipyrromethanes
are not well established due to the presence of meso-H in the for-
mer and steric stability involved in the latter. However, the title
compounds were found to have potential application in the normal
and expanded calixpyrrole synthesis.* The dianionic form of these
compounds are widely used to stabilize the highly reactive low
valent lanthanide metals and increase the reactivity of the metal
center.” The similar chemistry is further extended to the transition
metals.®

The synthesis of this molecule was initiated in 1998, when
Eichen and co-workers reported a general methodology to synthe-
size such dipyrromethanes where pyrrole and the ketone (benzo-
phenone/di-(2-pyridyl) ketone/9-fluorenone) are mixed in the
ethanol medium in 2:1 ratio and allowed to react in the presence
of BF3-OEt; as an acid-catalyst for a week to afford the respective
dipyrromethanes in 39% yield.” Later, the same group modified
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the procedure by reducing the reaction time from a week to 5 days,
under similar conditions with overall yield of 50%.%

These two reaction conditions were recently further modified
by Gambarotta and co-workers, where 1:1 ratio of pyrrole and ben-
zophenone were mixed in 99% ethanol solution, in the presence of
methanesulphonic acid as catalyst and allowed to reflux at
60-70 °C for 4 h resulting in 13% yield.> Overall, depending on
the reaction time and the acid-catalyst used, the observed yield
is from 13% to maximum 50% only. Herein, we wish to report a
two-step synthesis for meso-diaryldipyrromethanes, which offers
promising yield in a comparatively very short reaction time. Fur-
ther, we examined the influence of the incorporation of various
diaryl units at the meso-carbon in the inherent anion binding prop-
erties of the dipyrromethanes.

Our initial synthetic strategy to obtain 5 is shown in Scheme 1,
which starts with the synthesis of diaryl pyrrole-2-carbinol (3).
Even though, the mono aryl pyrrole carbinols® are well known pre-
cursors for the porphyrin synthesis, the synthesis of diaryl substi-
tuted pyrrole-2-carbinols are quite rare in the literature.® We
achieved this through nucleophilic addition of the Grignard re-
agent to pyrrole-2-acid chloride. Pyrrole (1) reacts with triphos-
gene in the presence of N,N-dimethylaniline afforded the
corresponding acid chloride 2. Excess amount (5 equiv) of freshly
prepared phenylmagnesium bromide is added in situ at 0°C to
generate 3 in 15% yield. Without further purification, 3 was treated
with excess amount (25equiv) of pyrrole in the presence of
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Scheme 1. Synthesis of diphenyldipyrromethane.

BF5-OEt;, as an acid-catalyst, followed by column chromatographic
purification afforded the target molecule in 25% yield.

Although Scheme 1 provides a strategic route toward the syn-
thesis of 5, where we were able to decrease the reaction time inter-
val from 5 days to 6 h, but, without much improvement in the yield
as reported earlier. Alternative attempt to increase the yield was
successful, which is summarized in Scheme 2.

In the modified synthetic methodology, the precursor 3 was
achieved from the readily available and stable pyrrole derivative,
pyrrole-2-ester (4) which reacts with phenylmagnesium bromide
to afford 3 in a quantitative yield. The precursor 3 was further sub-
jected to the acid-catalyzed condensation with pyrrole. Interest-
ingly, the addition of the acid-catalyst, BF3-OEt,, resulted in
immediate precipitation. The precipitate was collected, washed
with 0.1 N NaOH, and then water successfully afforded the meso-
diphenyldipyrromethane (5) in 82% yield. Generalization of this
synthetic methodology was tested by incorporating other diaryl
groups at the meso-carbon such as tolyl, anisoyl, 2-thienyl, and
2-pyridyl just by using the appropriate Grignard reagent of interest
as shown in Scheme 2. The yields of 5-9 are mentioned in Table 1.
In the case of 8 and 9, the reaction was completed after 2 h and
also, the final compounds did not precipitate out; hence, the col-
umn chromatography was required to purify the compounds.
However, the generality of the reaction depends on, how feasible
the formation of particular Grignard reagent, hence introduction
of electron withdrawing group like nitrobenzene at the meso-car-
bon was not successful due to the difficulty in making the corre-
sponding Grignard reagent.

All the compounds were characterized by 'H NMR, 3C NMR
spectroscopy and FAB mass spectrometry. The final confirmation
has come from the single crystal X-ray analysis of 7, which is
shown in the Figure 1.'° The good quality single crystals were
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H 70°C, 2h H OH
4
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Scheme 2. Syntheses of 5,5-diaryldipyrromethanes.

Table 1
Yields of 5-9
Compound R Yield (%) Lit. yield (%) Mp (°C)
5 CgHs 82 504 263
6 (p-CH3)CeH4 80 - 220
7 (p-OMe)CgHy4 65 - 175
8 2-C4H5S 38 - 154
9 2-CsHyN 32 357 165

grown by slow evaporation of n-hexane into CH,Cl, solution of 7.
As predicted from the spectral analyses, two pyrrole and two ani-
soyl units are connected through the meso-carbon atom where the
NH proton of the pyrrole rings are pointing toward opposite direc-
tion. The angles between a-carbon of the pyrrole ring and the aryl
carbon atom which are connected through the meso-sp> carbon
atom are: 112.9° and 108.2° (Fig. 1b), respectively, with the mean
value of 110.6° suggests that the geometry around the meso-sp>
carbon atom is slightly deviated from the regular tetrahedral envi-
ronment. The difference in the deviation may be due to the steric
factor that arose from the bulky anisole groups at the meso-carbon.
In addition to the self-assembled dimer,!! the pyrrolic NHs are in
intermolecular hydrogen bonding interaction with phenylic
n-clouds of the adjacent molecule to generate the one-dimensional
supramolecular array in the solid state with the distance 2.94 A
and angle of 144° as shown in Figure 1c.

The anion recognition properties of diaryldipyrromethanes with
a wide variety of anions such as halides, oxoanions, etc. were
investigated by means of 'H NMR titration technique in CD3CN at
room temperature.!! In all cases, binding affinities were monitored
by the complexation induced shifts of the NH resonance of pyrrole
upon addition of anions as their tetrabutylammonium salts.

As a representative example, Figure 2 summarizes the changes
in the chemical shift values of NH proton of 7 with various anions.
Addition of one equivalent of fluoride ion showed a remarkable
downfield shift of NH signal (Ad =4.53 ppm), while the addition
of benzoate and dihydrogen phosphate anions also caused down-
field shift of the NH protons (Ad=1.52 ppm and Ad=0.83 ppm,
respectively), but only to a much smaller extent as compared to
fluoride ion. The other anions offered a very weak or almost no
interactions.

The titration profile showed in Figure 3, explains the pro-
nounced changes observed in the NMR spectrum of 6 by the addi-
tion of fluoride ion. The signals correspond to the pyrrolic NH
protons originally appeared at 8.69 ppm were deshielded to
13.37 ppm by the addition of 1 equiv of F~ anion with a difference
of 4.68 ppm which indicates a strong interaction of F~ ion with NH
proton through hydrogen bonding. Further addition of anion does
not make much change in the chemical shift value of NH proton,
giving an impression of 1:1 binding mode with the anion. The
o-CH proton of pyrrole near to the binding site, at first, experi-
enced an upfield shift up to 0.5 equiv of anion from 6.72 to
6.65 ppm, and then shifted back to 6.72 ppm, finally merging with
the phenyl protons. At the same time, the two B-CH protons and
the phenyl CH protons underwent a reasonable upfield shift
(0.19 and 0.35 ppm for pyrrolic CH; 0.05 and 0.21 ppm for phenyl
CH) which, possibly due to the electronic perturbation experienced
by the system due to the anion moiety through bond and space,
respectively.

Further, the binding affinities of compounds 5-9 toward F~ ion
along with CgHsCOO™ and H,PO, ions are investigated. The pres-
ence of two basic pyridyl groups enhances the deprotonation of
NH proton during the addition of F~ ion eventually restricts any
binding studies with compound 9.!' Even though the NMR titra-
tion experiments supports 1:1 binding, continuous downfield shift
of the NH protons with increase in the F~ concentration eliminates
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Figure 1. Single crystal X- ray structure of 7 with one-dimensional array.
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Figure 2. Variation of NH resonance for 7 with different anions in CD;CN at 298 K.

the chance to determine the exact ratio of binding through the Job
plot as shown by the representative example 7.!! This continuous
shift in the NH resonance may indicate the presence of multiple
equilibria with higher F~ ion concentration.!?

To clarify the binding mode of 7 with F~, density functional the-
ory (DFT) calculations have been done using Gaussian 033 at the

b 1.5 equiv l I l
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A 0.75 equiv h l I
e |
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Figure 3. 'H NMR spectra of 6 with addition of fluoride ions.

MPWB1K/6-31+G (d,p) level' for the possible modes of complex-
ation of 5-8 with fluoride anion like 1:1, 1:2, and 2:1.'! Polarizable
continuum model'® was incorporated in the DFT calculation to
provide solvation effect of the acetonitrile.
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Figure 4. Optimized geometry for 1:1, 1:2 and 2:1 complexes of 7 and F~. All bond
lengths are given in A.

Table 2
The binding constants [M~!] of 5-9 in CD5CN at 298 K
Compound F CgH5COO0 H,PO;
5 61 16 13
6 37 12 10
7 17 <10 <10
8 36 14 12
9 _a _b _b

2 Could not be obtained due to deprotonation.
> No binding. Errors estimated to be within +5%.

The binding energy for the different modes are calculated by
taking 7 as a model compound and the value obtained is 15.3,
12.3, and 9.9 kcal/mol for 1:1, 1:2, and 2:1 modes of binding,
respectively. Even though the values obtained for 1:1 and 1:2 com-
plexes are comparable, calculation of binding energy per fluoride in
1:2 complex is only 6.15 kcal/mol which is less than half of the 1:1
complex. Further, entropy will favor more the formation of 1:1
complex than three component 1:2 or 2:1 complexes. Optimized
structures of 1:1, 1:2, and 2:1 modes are given in Figure 4. The
association constants were calculated for all the 1:1 complexes
using Benesi Hildebrand equation and summarized in Table 2.

The binding constants calculated for compound 5-8 with F~ ion
are lower compared to the dialkyl and monoaryldipyrromethanes
(170 M~1),'6 and is expected by considering the stronger repulsive
interaction between the anion and the two aryl rings, where as the
binding constants with the oxoanions are found to be too low. The
observed decrease in the binding constants from 5-7 with F~ can
be correlated with the increased positive inductive effect from
phenyl to anisoyl group, which strongly affects the m-cloud of
the system with an increase in the electron density, thereby desta-
bilizing the hydrogen bond formed by F~ with NH of pyrrole.

In conclusion, we have demonstrated a two-step synthesis of
meso-diaryldipyrromethanes by using easily available and stable
precursor in comparatively shorter reaction time with high yield.
The synthetic methodology adopted here is simple and straightfor-
ward due to the absence of side products and hence easier for
purification. Also, we could tune the functional groups at the

meso-carbon just by altering the Grignard reagent of interest. Fur-
ther, the anion binding abilities of these compounds were evaluated,
which shows relatively high binding affinity toward fluoride ions
with respect to the other anions analyzed. The role of diaryl func-
tionality at the meso-position of the dipyrromethane in the binding
process is discussed, which can influence the design of novel macro-
cycles and supramolecular systems in future. Work is currently
underway in this direction in our group.
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