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Ferrocene tagged functional polymer was synthesized by exploiting the propensity of the Merrifield resin
to undergo quaternization with N-ferrocenylmethyl benzimidazole followed by subsequent anion
metathesis reaction. The synthesized polymer when employed as a solid-phase reagent for O-demethyl-
ation of aryl methyl ethers, showed TON in the range of 7373-8930 and TOF in the range of 279-494 h'.

© 2012 Elsevier Ltd. All rights reserved.

Development of new solid-phase reagents is a subject of im-
mense interest in the context of generating libraries of molecules
for the discovery of biologically active leads and also for the opti-
mization of drug candidates." A number of tangible benefits arise
from the use of solid-phase reagents, chief of which are the ease
of purification process after the reaction as well as facilitating sig-
nificant advances in selectivity, recycling reproducibility, and
activity.? At the same time, they can add economic value via more
efficient consumption of energy, through the use of milder condi-
tions and achieving greater atom-economy containing fewer
steps.> As a consequence of the need for robust solid-phase re-
agents, the development of functional polymers based on Merri-
field resin has gained considerable momentum in recent years
since they provide significant stability to mechanical, chemical,
and thermal demands under diverse operating conditions.* Since
the turn of the century, there has been a constant drive to develop
new and improved strategies for organic synthesis using functional
polymers based on Merrifield resin backbone.>

The protection of functional groups and their regeneration is an
important area of research in organic synthesis.® In this context, O-
demethylation constitutes an important method in the light of its
importance for protection of hydroxyl groups from phenols and its
involvement in the manufacture of a number of pharmaceuticals,
drugs, and other fine chemicals.” It is a nearly ubiquitous process
in the synthesis of multifunctional heterocyclic compounds where
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aryl methyl ethers are used as protected phenols.® The methoxy
unit, being stable to a vast array of reaction conditions, is particu-
larly well utilized for protection of phenols which makes O-demeth-
ylation difficult under normal milder conditions.® A variety of
reagents such as aluminum chloride,'® boron tribromide,'! cerium
chloride,!? alkaline thiolate,!® r-selectride,'* iodocyclohexane,!®
[Bmim|Br,'® pyridine hydrochloride,!” protic acids in ionic liquids, '
2-(diethylamino)ethanethiol,’® sodium bis(trimethylsilyl)amide
and lithium diisopropylamide,° chloroaluminate ionic liquids,®
SiCl4/Lil/BF3,2'1-decanethiol, >? lithium thioethoxide,>® etc have
been developed for O-demethylation. However, despite numerous
and significant methods available to perform this transformation,
amild protocol for O-demethylation using a highly robust heteroge-
neous catalyst still represents a considerable synthetic challenge.

As a continuation of our on-going investigations related to het-
erogeneous catalysis,?* we report herein a solid-phase O-demeth-
ylation of aryl methyl ethers using ferrocene tagged functional
polymer.

In the synthesis of ferrocene tagged functional polymer (Scheme
1),%> Merrifield resin was quaternized with 1-N-ferrocenylmethyl
benzimidazole (1) to give [FemMerBenz|Cl (2). The resulting
compound when treated with excess of AlCl; underwent anion
metathesis reaction to afford the desired ferrocene tagged func-
tional polymer, acronymed as [FemMerBenz]Al,Cl; (3). The FT-IR
and FT-Raman spectroscopy were performed to monitor the pro-
gress of the reactions involved in the synthesis of 3. The reaction
of 1 with Merrifield resin was supervised by using FT-Raman spec-
troscopy. The negative going bands at 640 cm~! (C-Cl stretching
band) and 1267 cm™! (wagging bands of CH,-Cl) almost
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Scheme 1. Synthesis of ferrocene tagged functional polymer, [FemMerBenz]Al,Cl;.

disappeared while the peaks at 455 cm~! (Fe-Cp stretching band),
1258 cm~!, 1335 cm !, 1408 cm ™!, and 1460 cm ! (ring stretching
modes of benzimidazolium ring), 3135 cm~! and 3186 cm™! (C-H
stretching of Cp rings) increased in intensity after 72 h reflecting
the substantial grafting of 1 in the matrix of Merrifield resin. Anion
metathesis reaction was monitored using FT-IR spectroscopy.

Appearance of peaks at 308 cm~', 333 cm™ !, 384cm™!, 437 cm™,

and 543 cm~! which are characteristic peaks of Al,Cl,~ confirmed
the formation of 3.2° The Al loading of the ferrocene tagged func-
tional polymer as determined by EDAX was found to be 0.048 mmol
of aluminum g~ ..

Scanning electron micrographs (SEM) at various stages of prep-
aration of 3 were recorded to understand the morphological
changes occurring on the surface of Merrifield resin. Scanning
was done across the length of polymer beads. Comparison of
images taken at a magnification of ~5 x 10? indicates that the
spherical beads of Merrifield resin with smooth surface (Fig. 1a)
were altered upon functionalization. The resin beads in 3 were
not spherical like the original Merrifield resin beads (Fig. 1). In fact
the bead degradation observed (Fig. 1b) was plausibly due to the
stress generated during the surface confinement of the Merrifield
resin with 1 and the subsequent anion metathesis reaction.?”

Thermogravimetric analysis revealed that the Merrifield resin
as well as 3 degraded in two stages (Fig 2). The former began to
decompose at 258 °C and lost almost all of its mass at 757 °C while
the latter which contained about 15% evaporable moieties such as
physisorbed water and volatile solvents occluded during handling,
started to decompose at 239 °C and lost most of its mass at 615 °C.
The profiles of thermogram manifested that 3 was comparatively
less stable than the Merrifield resin.

Our next task was to assess the catalytic activity of 3 in the O-
demethylation reactions.?® Initial studies started with the reaction
of p-methoxy acetophenone (1a) using 200 mg of catalyst
(0.96 mol %) in DMF under reflux condition (Table 1, entry 8).
The reaction was completed in 24 h as confirmed by TLC. The reac-
tion mixture was poured into water and extracted with ethyl ace-
tate. The corresponding O-demethylation product was obtained in
78% yield. A parallel experiment was also carried out to confirm
that no product was obtained in the absence of 3.

We also investigated the influence of solvent on the outcome of
the aforementioned O-demethylation reaction catalyzed by ferro-
cene tagged functional polymer (Table 1). DMF was found to be
the most effective solvent. Employing THF as the solvent signifi-
cantly decreased the yield of product. On the other hand, when
dichloromethane, methanol, ethanol, and DMSO were used as a
solvent, no reaction occurred even after prolonged reaction time.

Next, we investigated the effect of catalyst loading on the O-
demethylation of 1a (Table 1). The use of 100 mg catalyst
(0.48 mol %) afforded the anticipated product in 51% after 24 h.
When increased to 200 mg (0.96 mol %), the product yield was im-
proved to 78% after 24 h under same reaction conditions. We then
used 300 mg of catalyst (1.44 mol %), to catalyze the reaction, but
no significant change in the yield and reaction time was observed.
Thus, 200 mg of catalyst (0.96 mol %) loading was selected as the
optimum concentration for further studies.

With optimization conditions in hand, we evaluated the scope
of O-demethylation of structurally diverse aryl methyl ethers in
the presence of 3 (Scheme 2) and the results are summarized in
Table 2. A variety of aryl methyl ethers bearing electron-withdraw-
ing as well as electron-donating substituents reacted efficiently
affording products with high TON and TOF.2° The protocol fur-
nished excellent results with both heteroaromatic methyl ethers
and methyl ethers of tetralones. It is worthy of note that com-
pounds with relatively acidic protons could be O-demethylated
in better yields. Surprisingly, selective O-demethylation was ob-
served when 3,4,5-trimethoxy benzaldehyde was reacted with
functional polymer giving 4-hydroxy-3,5-dimethoxy benzalde-
hyde. This selectivity can be rationalized on the fact that once
the first deprotection has taken place, the ring becomes more elec-
tron-rich and additional demethylation is disfavored.'®

When a functional polymer that mimics 3 but without ferro-
cene tag ([MeMerBenz]ALCl;)*® was used as a catalyst, the
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Figure 1. Scanning electron micrographs of (A) Merrifield resin and (B) [FemMerBenz]Al,Cl,.
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Figure 2. TGA curves of Merrifield resin and [FemMerBenz]|Al,Cl;.

efficiency of O-demethylation was low and the isolated yield of the
product was only 51%. We have also synthesized and studied the
catalytic activity of the corresponding functional polymer possess-
ing bulky benzyl group instead of ferrocene tag which is acrony-
med as [BnMerBenz]Al,Cl;2° Although [BnMerBenz]AlLCl;
showed an increase in catalytic activity as compared to [MeMer-
Benz]Al,Cl; (ca. 59%), it was still lower as compared to 3. It is rea-

[FemMerBenz] AlLCl,

Ar—OMe Ar—OH

DMF, Reflux

Scheme 2. O-demethylation using [FemMerBenz]Al,Cl;.

sonable to assume that the significantly improved catalytic activity
of 3 may stem from ferrocene tag that enhances micropolarity; a
key factor that ascertains the catalytic properties of heterogeneous
catalysts.3! The presence of ferrocene results in unsymmetrical
charge distribution on the benzimidazole ring resulting in the sig-
nificant enhancement of overall polarity of 3.

A tentative mechanistic rationale for the O-demethylation using
functional polymer is presented in Scheme 3. Initially, aluminum
coordinates to oxygen atom of methoxy functionality. This phe-
nomenon activates the C-O bond between oxygen and methyl
group. This process is followed by an attack of chloride anion to
methyl carbon atom with a subsequent loss of methyl chloride.

The successful recovery and reuse of catalyst is an essential as-
pect of green chemistry and is one of the important factors in
determining its potential value for large-scale operation and indus-
trial point of view. To check the possibility of the catalyst recycling,

Table 1
Optimization studies of O-demethylation reaction®”
COMe COMe
[FemMerBenz]Al,Cl,
solvent, reflux
OMe OH
1a 2a
Entry Amount of catalyst (mg) Solvent Yield® (%) TON¢ TOF® (h!)
1 200 Dichloromethane NR — —
2 200 MeOH NR — —
3 200 EtOH NR - —
4 200 DMSO NR — —
5 200 THF 61 6334 263
6 50 DMF 24 2492 103
7 100 DMF 51 5296 220
8 200 DMF 78 8100 337
9 300 DMF 79 8203 341
10 Nil DMF NR - —

3 All products were characterized by IR, "H NMR, '*C NMR, and mass spectrometry.
Reaction time of 24 h.

Isolated yields after chromatography.

% Conversion per mol of catalyst.

b
c
d
€ TON per hour.
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Table 2
0O-demethylation of aryl methyl ethers using [FemMerBenz]Al,Cl;*
Entry Aryl methyl ether 1 Product 2 Yield® (%) TON TOF (h™ ')
COMe COMe
a © © 78 8100 337
OMe OH
CHO CHO
b © © 86 8930 425
OMe OH
COMe COMe
c ©\ @\ 76 7892 438
OMe OH
COOH COOH
d © © 73 7580 291
OMe OH
CH,OH CH,OH
e © © 79 8203 292
OMe OH
CHO CHO
f 81 8411 336
OH OH
OMe OH
OMe OH
g 80 8307 361
Me Me
Cl Cl
CHO CHO
h 78 8100 279
MeO OMe MeO OMe
OMe OH
CHO CHO
i 73 7580 344
O,N OMe O,N OH
OH OH
MeO HO
j \©E\> \©E\> - 7373 320
N N
(0] (0]
OMe OH
(0] (0]
1 /@é J@é 79 8203 410

MeO
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Table 2 (continued)
Entry Aryl methyl ether 1 Product 2 Yield® (%) TON TOF (h 1)
(0] 0}

m MeO HO 81 8411 494
2 All products were characterized by IR, 'TH NMR, '*C NMR, and mass spectrometry.
b Isolated yields after chromatography.
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Scheme 3. A plausible mechanism for O-demethylation using [FemMerBenz]Al,Cl;.
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Figure 3. Reusability of [FemMerBenz]Al,Cl; in O-demethylation reaction.

the O-demethylation of p-methoxy acetophenone was carried out
in the presence of 3. After the reaction, the catalyst was separated
by simple filtration, washed with DMF, and dried in vacuum before
being reused in subsequent runs. The catalyst could be reused at
least five times without noticeable decrease in the catalytic activity
(Fig. 3). The FT-IR and FT-Raman spectra of reused catalyst were
indistinguishable from those of the fresh catalyst, which revealed
that the main characteristics of the catalyst were preserved during
recycling and reuse.

In conclusion, we have developed a simple and efficient meth-
odology for the O-demethylation of aryl methyl ethers using ferro-
cene tagged functional polymer, which served as an excellent
recyclable and reusable heterogeneous catalyst. The operational
simplicity, application of stable catalyst, excellent TON, and TOF
are the unique features of the presented protocol.
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(neat, thin film): v =2922, 1658, 1386, 1252, 1183, 1015, 805, 748, 656, 543,
437, 384, 333, 308 cm™'; Raman: v = 3135, 1478, 1408, 1327, 1251, 778, 625,
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chromatography over silica gel using ethyl acetate/ petroleum ether (1:4 v/v)
afforded pure O-demethylated product, which was characterized by spectral
methods. Spectral data for p-hydroxy acetophenone (Table 1, entry 1): IR (neat,
thin film): v=3303, 1663, 2922, 1436, 1358, 1275, 1161, 1112, 848, 671,
567 cm™'; "H NMR (300 MHz, CDCl5): 6 2.59 (s, 3H), 6.90 (d, J = 8.7 Hz, 2H),
7.90 (d, J = 8.4 Hz, 2H); 3C NMR (75 MHz, CDCl5): 6 26.1, 115.3, 129.8, 131.0,
160.67, 196.8; MS(El): m/z 136 (M").

Based on the EDAX analysis of Al, the amount of Al in 3 was found to be 0.26%.
This corresponds to 0.52 mg of Al in 200 mg quantity of 3 which is equivalent
to 0.0096 mmol of Al,Cl;", which is an active site for catalysis. TON which is
equal to % conversion per mmol of active catalyst was calculated to be 8100 for
the O-demethylation of p-methoxyacetophenone which yielded p-
hydroxyacetophenone in 78% yield.

[MeMerBenz] Al,Cl; and [BnMerBenz]Al,Cl; were synthesized by using the
similar procedure depicted in Scheme 1. Data for [MeMerBenz]Al,Cl,. IR (neat,
thin film): v=2927, 1614, 1371, 1183, 1017, 876, 749, 699, 529, 364, 337,
307 cm~'; Raman: v=3057, 1450, 1350, 1189, 776, 641 cm™'; Loading:
0.084 mmol of aluminum g~ resin. Data for [BnMerBenz]Al,Cl: IR (neat, thin
film): v = 3023, 2920, 1613, 1558, 1451, 1372, 1276, 1185, 1016, 816, 749, 702,
547,357,337,305 cm~'; Raman: v = 3056, 1613, 1583, 1452, 1431, 1348, 1187,
1032, 1003, 818, 774, 642 cm™'; Loading: 0.035 mmol of aluminum g~! resin.
Burguete, M. I.; Galindo, F.; Garcia-Verdugo, E.; Karbass, N.; Luis, S. V. Chem.
Commun. 2007, 3086-3088. and references therein.
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