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An expeditious and highly practical, microwave assisted benzylation of naphthols and 4-
hydroxycoumarin has been developed under catalyst-free & solvent-free conditions. Alcohols
undergo heat induced dehydration to form ethers,
carbocation which was captured immediately by a suitable nucleophile to furnish the benzylated

which collapse reversibly to form the

2009 Elsevier Ltd. All rights reserved.

Carbon-Carbon bond formation is one of the fundamental and
key reactions in the organic synthesis." Nucleophilic substitution
of benzylic alcohols by various nucleophiles such as naphthols®®
or coumarins™ is one of the important and highly studied C-C
bond forming reactions. In general, the direct nucleophilic
substitution reaction of benzylic alcohols was achieved by the
use of excess of sulphuricacid or phosphoric acid® and
stoichiometric amounts of Lewis acids.® As the hydroxyl
functionality is not a.good leaving group, it needs to be activated
by converting into a better leaving group and then treated with a
nucleophile under suitable conditions. For example benzylation
of naphthols has been reported from the benzylic alcohols using
p-TsOH.H,0, polymer-bound p-TsOH,’ I,,° ionic liquids,” metal
salts® such as Bi, La, Sc, Hf, Fe, Au, InCl; and Amberlyst-15.°
Similarly, benzylic alcohols were treated with 4-
hydroxycoumarin with variety of catalysts such as Pd,'® Co,'®
Cu,'™ BF;0Et,™ InCl;,'® Indium bromide,” FeCls,'®
Bi(OTf)s,™ lanthanide triflates,"” p-TsOH,” dodecyl benzene
sulfonic acid (DBSA),'™ molecular iodine,’” PMA/SIO,, "
B(CeFs); ™ and TMSOTF® for the preparation of
pharmaceutically important C3-benzylated coumarin
derivatives."

Owing to the global and environmental changes, scientists are
very keen in developing and practicing the green chemistry
approaches.” During the process several innovations were
explored, to list a few, multicomponent reactions,
Cascade/Domino/Tandem approaches, microwave reactions, on-
water synthesis, solvent-free reactions, catalyst-free reactions and
the reactions with atom & step economy.*

From Last few years, our research has been focussed to develop
novel synthetic protocols for the synthesis of biologically
important heterocyclic molecules maintaining some of the
sustainable principles.” In this process, we developed “On-Water
Synthesis” of oxindole derivatives, synthesis of various
benzopyran and benzofuran molecules under solvent-free
conditions using environmentally benign calcium salts as
catalysts. In continuation, herein we report a microwave assisted
Catalyst and solvent free benzylation of naphthols and 4-
hydroxycoumarin with various benzylic alcohols.
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Figure 1 Optimum conditions for the mw assisted benzylation of 2a with 1a under catalyst &
solvent free conditions

Our initial investigations began by heating benzhydrol (1a, 1.5
mmol) and 2-naphthol (2a, 1 mmol) at 90 °C and found that 1-
benzhydrylnaphthalen-2-ol (3a) was formed in 35% vyield after
12 h. Encouraged by this preliminary observation we repeated the
reaction at 120 °C and were glad to isolate 90% of 3a after 4 h.
Neither water nor toluene was found to be useful when 1a and 2a
were refluxed for 12 h. This indicated that the reaction works
better under solvent-free conditions. The reaction was repeated in
microwave irradiation'* at 110 °C and found that the reaction
gave better result in 20 min (84%). The raise in temperature to
140 °C was found to yield 3a in 90% after 20 min and hence
considered to be the best condition (Figure 1). After finding the
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optimum conditions™ for the benzylation of 2-naphthol (3a)
with benzhydrol (1a), we were interested to check the scope of
this catalyst free and solvent free method and hence 2-naphthol
was treated with 1-phenylethan-1-ol (1b) and the product 3b was

isolated in 90% (Table 1).

Table 1 Substrate scope of alcohols, naphthols and 4-hydroxy coumarin in microwave assisted

benzylation reaction under catalyst & solvent free conditions.*
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alcohol (1d) reacted
irradiation to furnish the

Similar way 1-(4-bromophenyl)ethan-1-ol (1c) and benzyl

-with  2-naphthol under microwave
benzylated naphthols 3c and 3d in 86,

81% vyields. Encouraged by the scope of various benzylic

alcohols in the reaction (Table 1) we aimed to check the

reactivity of some more

naphthols such as 6-bromo-2-naphthol

(2b) and 1-naphthol (2c). As planned, benzylic alcohols la and

1b were treated with naphthol 2b to yield the benzyl derivatives

3e and 3f in 81, 85% yields and they furnished 3g, 3h'in 88, 85%
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yields with 1-naphthol (Table 1, entries 5-8). Excelled by the

scope of various naphthols and alcohols in the methodology, we
were driven to look at the reactivity of other.nucleophiles such as
4-hydroxy coumarin, indole and malanonitrile (Table 1, entries 9-
15). Interestingly, benzylic alcohols 2a, 2b reacted with 4-
hydroxycoumarin under mw conditions at 140 °C and yielded the
respective C3-benzylated 4-hydroxy coumarins 3i and 3j in 91,

84% yields after 20 min.

Other benzylic alcohols 2c and 2d also

showed the similar reactivity towards 4-hydroxycoumarin to
furnish the respective coumarin derivatives 3k and 3l in 82, 78%
yields (Table 1, entries 11,12). It was observed that indole and
malononitrile could not benzylated with benzhydrol (2a) under
catalyst free mw irradiation, rather we found that benzhydrol

underwent dehydration

to yield the respective ether. This

observation lead us to investigate the plausible mechanism for
the reaction process which is described in figure 2. Trityl alcohol
neither reacted with naphthol nor dehydrated to give the ether

(entry 15).
OH OH

1e; X=H, Y=H
1f; X=H, Y=Me
1g; X=Me, Y=H
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Scheme 1. Microwave assisted cascade benzylation/dehydration under catalyst & solvent free conditions
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mw, 140 °C
20 min

2
3m; X=H, Y=H; 72%
3n; X=H, Y=Me; 80%
30; X=Me, Y=H; 85%

An interesting observation was made when 2-naphthol was heated
with 2-(hydroxy(phenyl)methyl)phenol (1e) at 140 °C, the reaction
proceeded through a cascade benzylation followed by dehydration to
yield the 4-aryl-dibenzoxanthene 3m in 72% yield. The scope of this
was extended to other benzylic alcohols 1f and 1g with 2-naphthol
to furnish the respective dibenzoxanthenes 3n and 30 in good yields
(Scheme 1). This cascade benzylation/dehydration strategy was
extended to 4-hydroxycoumarin (Scheme 2), as planned the reaction
furnished the 4-aryl pyranocoumarins 3p, 3q and 3r in good yields.
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Scheme 2. Microwave assisted cascade benzylation/dehydration under catalyst & solvent free conditions

The plausible mechanism for the benzylation of naphthol has
been described in figure 1. Initially benzylic alcohols (1a)

undergo dehydration at
(1aa), which collapse

high temperature to produce the ether
reversibly to vyield the benzylic

carbocation. Immediately, a suitable nucleophile (naphthol) could

capture the carbocation

possibly SN1 pathway to produce the

desired product 3a (Figure 2). To authenticate this idea, ether 1aa
was isolated and treated with 2-naphthol (2a) under the same
conditions to furnish the product 3a (Scheme 3).

aReaction Conditions: Benzylic Alcohol (1, 1.5 mmol), Nucleophile (2, 1 mmol), mw, 140 °C,
20 min. ® 110°C, 20 min. (1d, 3 mmol)
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Figure 2. Plausible mechanism for mw assisted, heat induces benzylation
of naphthol under catalyst and solvent free conditons.
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Scheme 3. Reaction of 1aa with 2- naphthol

To further support the proposed mechanism through ether
formation, 1-phenylethan-1-ol (1b) was heated under mw
irradiation and the mixture of ether and styrene (by dehydration)
was isolated. This mixture was further treated with 1-naphthol
(2c) under the optimized conditions to furnish the benzyl
derivative 3h in 85% yield (Scheme 4).
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Scheme 4. Reaction of 1b with 2-naphthol. dr = diastereomeric ratio

The reaction of 1-phenylethan-1-ol (1b) showed that styrene as
an intermediate in the reaction (Scheme 4). Taking this as
advantage we extended the scope of the benzylation methodology
to styrene (Scheme 5) and synthesized the naphthol derivatives

3b and 3h in good yields.
L.,
.
3b, 90%

l i “/OH
-«———— Ph 25
Scheme 5. Reaction of styrene (1h, 1.5 mmol) with 2-naphthol (2a, 1 mmol) & 1-naphthol (2¢, 1 mmol).

mw, 140 °C,
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mw, 140 °C,
20 min

Me OH
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In summary, we developed a facile microwave assisted catalyst
and solvent free benzylation of naphthols and 4-hydroxy
coumarin. This methodology was also extended to a cascade
benzylation/dehydration  to  furnish  the  unsymmetric
dibenzoxanthenes. Control experiments suggested that the
reaction proceeds through SN* pathway.
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domestic mw (IFB) with mw output 900W, power source 230 V~50
Hz, mw frequency 2450 MHz.

General experimental procedure for the synthesis Benzyl derivatives
3: A mixture of benzylic alcohol (1, 1.5 mmol) and nucleophile (2, 1
mmol, naphthol/4-hydroxycoumarin) was weighed into a
microwavable glass tube (regular microwave vials with screw-cap)
and subjected to mw-irradiation® at 120 °C for 20 minutes. After
completion the reaction mixture was diluted with minimum amount
of dichloromethane and absorbed on silicagel (work up procedure is
not required) and was purified on silica gel column chromatography
using ethyl acetate and petroleum ether as the eluents to afford the
desired benzylated product (3). See the supporting information for
the spectral data and copies of 1H and 13C NMR spectra.



Highlights of the Work:

A Catalyst free method for benzylation of
naphthols & 4-hydroxycoumarin
Solvent free method

Short reaction time under microwave irradiation
Good Substrate Scope and Yields
Step-economy and atom-economy



