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Catalytic, regioselective Friedel–Crafts alkylation
of beta-naphthol†

Jeffrey Ash,a Emarose Ahmed,a Ngantu Le,a Hai Huang b and Jun Yong Kang *a

A catalytic, regioselective Friedel–Crafts alkylation of beta-naphthol

with allylic alcohols has been developed. This procedure allows for

selective a-alkylation of b-naphthol with a p-toluenesulfonic acid

catalyst. This transformation demonstrated functionalized naphthol

synthesis under mild reaction conditions with high product yields –

20 examples with up to 96% yields. The synthetic utility further

proved the versatility of the allyl naphthol products.

Beta-naphthol and its derivatives are important structural
motifs found in a diverse range of functional compounds. They
have shown broad applications and attracted significant atten-
tion in recent years.1–10 For example, beta-naphthol (Fig. 1, A)
has been used as a urinary biomarker, indicating airborne
exposure to polyaromatic hydrocarbons such as naphthalene.1

6-Bromonaphthalen-2-ol (Fig. 1, B) and (S)-naproxen (Fig. 1, C)
serve as molecular recognition tools through phosphorescence
and as pharmaceutical agents, respectively.2,3 Larger naphthol
derivatives, such as beta-naphthol-based polymers (Fig. 1, D),
are used for biofuel production.4 In addition, 1,10-bi-2-naphthol
(BINOL) derivatives (Fig. 1, E) have been used as chiral ligands
and catalysts for various catalytic and enantioselective trans-
formations.5–9,11 Moreover, a liposomal-encapsulated DVM1 is
developed as a cancer cell imaging agent (Fig. 1, F).12

With its wide applications, beta-naphthol has been functiona-
lized via different transformations: alkylation,13–22 cyclization,16,23–29

and arylation.30–35 In particular, C–H functionalization of arenols via
Friedel–Crafts (FC) alkylation reaction constructs a new C–C bond.
FC alkylation of beta-naphthol tolerates various functional groups
such as enone,36,37 imine,38 and alcohol.39–41 This reaction has been
comprehensively studied with primary and secondary alcohols

(Scheme 1). For example, the Nakata group reported a dehydrative
FC alkylation of beta-naphthol with benzylic alcohols using a
SnBr4 catalyst. (Scheme 1a).39,40 Yang and co-workers released a
similar transformation using a phosphomolybdic acid catalyst
(Scheme 1b).41 In addition, Yaragorla and co-workers disclosed
microwave-assisted benzylation of naphthol with primary and
secondary alcohols (Scheme 1c).42 Furthermore, Muzart and
Rodriguez reported nucleophilic substitution reactions of allylic
and benzylic alcohols.43,44 This method, however, is limited to
arenes and heteroarenes.

FC alkylation of b-naphthol with allylic alcohol substrates,
however, is underdeveloped owing to their instability and
regioselectivity issues.45–48 In addition to the challenging regios-
electivity control, the poor leaving group ability of the hydroxyl
group induces further challenges.39,40 Another challenge is the
competition between the desired activation of allylic alcohol
electrophile and the undesired deactivation of naphthol nucleo-
phile by acid catalysts. Recognizing the scarcity of FC alkylation
reaction of beta-naphthols using allylic alcohols and the need to
understand better their regioselectivity, an efficient FC alkyla-
tion of beta-naphthol with allylic alcohols is highly desirable.

Although allylic alcohol substrates have demonstrated metal-
catalyzed alkylation with indole derivatives, FC alkylation between
naphthols and allylic alcohols is underdeveloped.45,47–49 If allylic

Fig. 1 1. Representative b-naphthol applications.
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alcohols can participate in FC alkylation of beta-naphthol, it will
generate new structural scaffolds beneficial for exploring signifi-
cant naphthol derivatives (Fig. 1). Importantly, this FC alkylation
can serve as a metal-free alternative to the Tsuji–Trost allylation
reaction of arenols.50–55 To the best of our knowledge, FC allylation
of beta-naphthol with allylic alcohol remains elusive. Considering
these synthetic shortcomings, we were interested in developing a
facile, efficient FC alkylation of b-naphthol with allylic alcohols
using an inexpensive, commercially available Brønsted acid
catalyst (Scheme 1d). Hence, we hypothesized that FC alkylation
of beta-naphthol with allylic alcohol could be achieved by identify-
ing an appropriate Brønsted acid catalyst to form versatile
naphthol scaffolds.

To test our hypothesis, beta-naphthol 1a and (E)-4-phenylbut-
3-en-2-ol 2a were used as the model substrates (Table 1). First,
readily available Brønsted acids were screened (Table 1, entries 1–4).
Acetic acid (pKa = 4.76), trifluoroacetic acid (pKa = 0.23), and 4-
nitrobenzoic acid (pKa = 3.41) were unsuitable catalysts for this FC
reaction (Table 1, entries 1, 2, and 4). However, when a stronger
Brønsted acid such as p-TsOH (pKa = �2.8) was used, the desired
product 3a was obtained in 84% yield in DCM (Table 1, entry 3). The
regiochemistry of the reaction could be rationalized by the sterically
less hindered carbocation, to which beta-naphthol selectively attacks
the carbocation to afford the product 3a. This outcome is consistent
with the precedent-related transformation.53,56 Solvent effects were
evaluated to optimize the reaction conditions further. When the
reaction was run in acetonitrile, the yield was increased to 91%
(Table 1, entry 5). A nonpolar solvent such as toluene was also
suitable, but a lower yield (58%) was obtained (Table 1, entry 6).
Solvents containing an oxygen heteroatom, such as tetrahydrofuran,
ether, and ethanol, did not furnish the target product (Table 1,
entries 7–9). This is presumably due to competition between the
solvent protonation and the allylic alcohol protonation. Lastly, a
control experiment was conducted without a catalyst, and it gener-
ated no target products, revealing the catalyst requirement for this
transformation (Table 1, entry 10).

With the optimized reaction conditions established, the
scope of the allylic alcohol was tested to study the electronic

and steric effects on the reaction (Scheme 2). Switching the
methyl group of the allylic alcohol with a phenyl group 2b also
generated the product 3b with an 88% yield. Allylic alcohols 2c
and 2d containing electron-donating groups (4-Me and 4-MeO)
provided the target products 3c and 3d in 84% and 70% yields,
respectively. Halogenated allylic alcohols 2e and 2f were well
tolerated to furnish the desired products 3e and 3f in 89%
yields. Next, a primary allylic alcohol 2g was tested, and the
corresponding product 3g was obtained in a moderate yield
(55%), presumably due to the decreased stability of the primary
carbocation intermediate. Cyclic allylic alcohol 2h was also well
tolerated to afford the desired product 3h in 84% yield. However,
a heteroarene allylic alcohol (furanyl allylic alcohol) was an
unsuccessful substrate. Then, the reaction was tested with diaryl
alcohol to see whether a complementary benzylation could be
achieved. Diphenyl methanol 2i successfully underwent FC aryla-
tion to provide the product 3i with an 81% yield. Aryl-, alkyl-
substituted secondary alcohol 2j, however, did not form the
target product under the standard conditions. Nevertheless,
when the reaction was heated at reflux for 12 hours, the desired
product 3j was generated with a 53% yield. Compared to the
diphenyl carbocation intermediate, this less stable carbocation
intermediate may account for the low yield (Scheme 2, 3i vs. 3j).
Other diaryl methanols with different electronics, 1k and 1l (4-Me
and 4-Cl), also afforded the corresponding products 3k and 3l in
92% and 77% yields, respectively. Finally, to demonstrate the
scalability of this reaction and its applicability in pharmaceutical
processes, a scale-up experiment (3.0 mmol) with 1a was carried
out to provide the target product 3a with a 78% yield.

Next, the scope of arenol was evaluated (Scheme 3). A
naphthol with an electron donating group (7-MeO) 1b was
tested, and it provided the desired product 4a with 84% yield.
A p-electron-rich arenol such as sesamol 1c also generated the
target product 4b in 96% yield. To alter the regioselectivity from

Scheme 1 Methods of dehydrative FC alkylation of b-naphthol.

Table 1 Optimization of reaction conditiona

Entry Catalyst Solvent Yield (%)

1 C1 DCM —
2 C2 DCM —
3 C3 DCM 84
4 C4 DCM —
5 C3 ACN 91
6 C3 Toluene 58
7 C3 THF —
8 C3 Ether —
9 C3 Ethanol —
10 No catalyst ACN —

a Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), catalyst (0.01 mmol)
in solvent (1.0 mL) at room temperature for 2 h. Isolated yield.
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ortho to para, 2,6-dimethyl phenol 1d, an ortho-blocked arenol,
was subjected to the reaction conditions. This reaction afforded
the corresponding para-substituted product 4c in 81% yield. In
addition, alpha-naphthol 1e was evaluated as the nucleophile,
and it furnished the corresponding product 4d in 60% yield.
These results demonstrate that an array of arenols, including
alpha-naphthol, is suitable for this FC alkylation reaction with
allylic alcohols. Importantly, this procedure solely controls the
regioselectivity.

Having a wide range of substrate scope demonstrated, the
synthetic utility of 3a was explored (Scheme 4). Using William-
son ether conditions, alcohol alkylation of 3a provided benzyl
naphthyl ether product 5a (84% yield), which can serve as a

thermal paper sensitizer.57 Next, 3a was treated with an acid
chloride to furnish aryl carbonate product 5b, which has been
used for the carboxylesterase studies.58 In addition, when
n-thiosuccinimide was used as an electrophilic sulfur species,
3a was transformed into benzohydrofuran 5c which is known
for cytoprotective agents.59 Furthermore, phosphorylation of 3a
was demonstrated with a phosphoryl pyridinium intermediate
to form 5d in 71% yield.60 This naphthyl phosphate increases
both hydrophobicity and acidity for prodrug application.61

Based on these results, the hydroxyl and olefin groups on the
allylic naphthol products can effectively serve as synthetic
handles for further significant functionalization.

On the basis of the substrate scope study and literature,62,63

a plausible mechanism is proposed (Scheme 5). First, the
hydroxyl group of the allylic alcohol 2a is protonated by the
p-TsOH catalyst and then is eliminated to form a secondary
allylic carbocation intermediate I. Next, the intermediate I
undergoes FC alkylation reaction with beta-naphthol 1a at the
a-position to form the Wheland complex II.64,65 Finally, the
carbocation intermediate II is deprotonated to yield the target
product 3a and the p-TsOH catalyst is regenerated.

Scheme 2 Substrate scope of allylic alcohol electrophilea. a Reaction
conditions: 1a (0.2 mmol), 2 (0.2 mmol), p-TsOH (0.01 mmol) in ACN
(1.0 mL) at room temperature for 2 h. Isolated yield. b A scale-up experi-
ment with 1a (3.0 mmol). c Reflux for 12 h.

Scheme 3 Substrate scope of arenol nucleophilea. a Reaction conditions:
1 (0.2 mmol), 2a (0.2 mmol), p-TsOH (0.01 mmol) in ACN (1.0 mL) at room
temperature for 2 h. Isolated yield.

Scheme 4 Synthetic utility of beta-naphthol 3a.

Scheme 5 Plausible mechanism.
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We have developed a catalytic, regioselective, and atom-
economic Friedel–Crafts alkylation reaction of beta-naphthol using
allylic alcohols. This reaction provides both allylation and benzyla-
tion products from beta-naphthols employing p-TsOH as an
inexpensive. and readily available catalyst. The reaction demon-
strates a wide range of substrate scope, including alpha-naphthol.
In addition, the synthetic utility of the allylic naphthol product
proves to be valuable transformations, including cyclization to
synthesize a highly functionalized benzohydrofuran. Finally, this
transformation can serve as a general method for regioselective FC
alkylation of various arenols under mild, metal-free conditions.
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