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The first intermolecular electrophilic dearomatization of halonaphthols with benzyl/allyl bromides is de-
scribed. Halonaphthols are used as carbon-nucleophiles in dearomatization to form three-dimensional
cyclic enones with excellent chemoselectivity, in which etherification of phenolic hydroxyl group could be
restrained well by using cesium carbonate as the base. A wide range of cyclic enones is directly prepared
from various substituted benzyl/allyl bromides and halonaphthols. Mechanistic investigations suggest a
direct SN2 reaction pathway.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Dearomatization reaction has become a powerful synthetic
strategy for the construction of three-dimensional cyclic enones
from two-dimensional planar aromatic molecules. In recent years,
great efforts have been dedicated to innovations and developments
as well as remarkable achievements related to this area [1-5].
For the synthesis of several medicinally important and biological
natural products, oxidative dearomatization was recognized as an
efficient pathway involving catalytic oxidation of phenols [6-11].
However, the oxidative procedure usually contains difficulties for
tolerating sensitive functional groups that would be hard to sur-
vive in the presence of oxidants. To overcome this limitation, elec-
trophilic dearomatization using phenols as carbon nucleophiles at-
tracts increasing attention. In this aspect, a series of transforma-
tions for C-substituted phenolic molecules have been successfully
achieved with different electrophiles (Scheme 1a) [12-35]. Usu-
ally, the carbon substituent bonded on the aromatic ring of phenol
plays an important role in electrophilic dearomative transforma-
tion to enhance the nucleophilicity of the substituted position. In
stark contrast, compared with C-substituted phenolic compounds,
halophenols generally have a lower nucleophilicity. Therefore, ef-
ficient electrophilic dearomatization of halophenols is more chal-
lenging than the similar transformation using C-substituted phe-
nols.
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The former electrophilic dearomatization of halophenols
showed that the scope of the reaction was mostly limited to hard
electrophiles such as halogen- or nitro-electrophiles (Scheme 1b)
[36-44]. When soft carbon-electrophiles were applied in such
a process, etherification caused by the phenolic hydroxyl group
would become an unavoidable problem, and successful examples
are few and far between [45-48].

Riccardis and co-workers used Al''-activated halophenols com-
plexes and vinyl epoxides to approach the corresponding dearom-
atization product, but due to the C(sp3)-Br bonds of dearoma-
tized adducts were unstable, only '"H NMR spectra of the product
could be confirmed (Scheme 1c) [45]. Recently, a Mg'!-catalyzed
dearomatization of «-fluoro-B-naphthol with alkynes has been
demonstrated, which was the only example for obtaining stable
cyclic a-haloenones products through electrophilic dearomatiza-
tion of halophenols (Scheme 1d) [48]. Besides the above results,
the C(sp3)-electrophiles were absent from the direct dearomatiza-
tion of halophenols. Obviously, compared with electrophilic alkyla-
tive dearomatization of halophenols, halogenated dearomatization
of alkylphenols could avoid the etherification byproducts and con-
trol the regioselectivity very well, and this is the reason why most
synthetic methods chose the latter to prepare cyclic ¢-haloenones
from phenolic compounds [48-50]. On the other hand, if a direct
and concise alkylation-dearomatization of halophenols could be
established, abundant commercial C(sp3)-electrophiles and easily-
obtained halophenols would promote this strategy to access new
chemical space with the broad application potential. Thus, to over-
come the reactive limitations intrinsic to conventional electrophilic
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(a) Dearomatization of C-substituted phenolic compounds with electrophiles

(b) Dearomatization of halogenated phenolic compounds with electrophiles
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Scheme 1. Dearomatization of halophenols.
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Scheme 2. Reaction exploration by combining «-fluoro-B-naphthol (1a) with
C(sp®)-electrophiles (2).

alkylative dearomatizations, we designed a direct dearomatization
of halonaphthols with C(sp3)-electrophiles (Scheme 1e).

To probe this hypothesis, our exploration was started by testing
the reaction performance of a-fluoro-B-naphthol (1a) with various
commercially available C(sp3)-electrophiles (2). The preliminary
study revealed that alkyl-, isopropyl-, tert-butyl- and electron-
deficient alkyl-electrophiles were prone to be attacked by the hy-
droxyl group of 1a, leading to etherification products 4 without
forming any desired product, and only benzyl bromide could par-
ticipate well in the dearomative pathway with 1a, and the corre-
sponding dearomatized product 3a was successfully detected and
isolated in 12% yield (Scheme 2).

Afterward, a-fluoro-B-naphthol (1a) and benzyl bromide (2a)
were used as the model substrates to examine different bases and
solvents. The results were summarized in Table 1. Initially, or-
ganic bases such as EtN and DBU were examined in the reac-
tion (Table 1, entries 1 and 2). Unfortunately, only etherification
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Table 1
Optimization of the reaction conditions.
F

OH
SO

base (2.0 equw

Br

solvent

temp, 10 h
1a 2a

Entry Base Solvent (mol/L) T (°C) Yield (%)

3a 4a
1 EtsN DCM (0.1) 60 n.d. 78
2 DBU DCM (0.1) 60 n.d. 53
3 K,CO3 DCM (0.1) 60 12 82
4 Na, CO3 DCM (0.1) 60 9 87
5 KOAc DCM (0.1) 60 26 63
6 CsOAc DCM (0.1) 60 42 45
7 Cs,CO5 DCM (0.1) 60 48 40
8 Cs,CO3 Toluene (0.1) 60 45 41
9 Cs,CO5 DMF (0.1) 60 trace 94
10 Cs,CO5 CHCl3 (0.1) 60 51 43
11 Cs,CO3 CHCl3 (0.2) 60 67 30
12 Cs,CO5 CHCl; (0.2) 40 91 8
13 Cs,C05 CHCl; (0.2) r.t. 76 20

2 NMR yield using dibromethane as an internal standard. n.d. = not detected.

product 4a could be detected. Then we turned our attention to in-
organic bases. Low efficiency of the desired dearomatized product
was exhibited when K,CO3 and Na,CO3 were used (Table 1, entries
3 and 4). KOAc and CsOAc gave slightly higher yields (Table 1, en-
tries 5 and 6), but 4a caused by etherification was still the major
product in the reaction. Fortunately, Cs,CO3 led to better chemos-
electivity and promoted the dearomatized pathway to obtain de-
sired product 3a in 48% yield (Table 1, entry 7). Polar aprotic sol-
vent, such as DMF, gave a trace amount of 3a and 94% of etherifi-
cation byproduct (Table 1, entry 9). Non-polar solvent CHCl; gave
the highest yield compared with DCM and toluene (Table 1, entry
10). Notably, the concentration of reaction mixture had a signifi-
cant effect on the formation of products. The reaction performed
in 0.2 mol/L of CHCl3 led to a rise of desired product 3a to 67%
yield (Table 1, entry 11). Decreasing reaction temperature from 60
°C to 40 °C also promoted the transformation with a higher yield
of 91% (Table 1, entry 12). However, the reaction at room temper-
ature gave more O-benzylation byproduct (Table 1, entry 13).
Having identified the optimized dearomatization conditions, the
substrate scope was examined (Scheme 3). Benzyl bromides bear-
ing a range of electron-donating and -withdrawing moieties were
probed the viability in the reaction process with 1a. Correspond-
ing alkylation dearomatized products (3b-3p) were successfully
obtained with moderate to good yields (52%—91%). Not only the
electrical neutrality group but also electron-donating substituents
bonded on the phenyl rings of benzyl bromides could be well tol-
erated. Substrates containing electrical neutrality substituents and
electron-donating groups, such as methyl (3b, 3c), tert-butyl (3d),
methoxyl (3e), and phenyl (3f), reacted well with 1a and converted
to desired products in high yields (81%—91%). Moreover, when flu-
oro (3g), chloro (3h), bromo (3i), and iodo (3j) substituted ben-
zyl bromides were tested, the dearomatization reactions also gave
products in good yields (79%—90%). Furthermore, strong electron-
withdrawing groups, including trifluoromethyl (3k), methyl ester
(31), nitro (3m), and oxytrifluoromethyl (3n), were tolerated well in
the new C-C bond formation leading to the products in moderate
to good yields (69%—76%). And 2-(bromomethyl)naphthalene (30)
was also proved as an effective electrophile here. In addition, steri-
cally hindered (1-bromoethyl)benzene could also participate in the
dearomatization process to afford product 3p (52% yield, dr =1:1).
Having established the dearomatization reactions of a-fluoro-
B-naphthol with various benzyl bromides, we next aimed to
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Scheme 3. Scope of «a-fluoro-B-naphthols with benzyl bromides.
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Scheme 4. Dearomatization of «-fluoro-S-naphthol with allyl bromides.

intercept the benzyl electrophile with various fluoronaphthols
derivatives to form three-dimensional cyclic enones. A broad
range of substituted «-fluoro-B-naphthols (1b-10) was applied in
alkylative dearomatizations with 2a. Again, electron-donating sub-
stituents and halide (OMe, OTBS, (2-methylallyl)oxy, TMS, Br, Cl)
were well-tolerated and gave the corresponding products in high
yields (3a’-3g’, 71%-93%). Moreover, «-fluoro-B-naphthols bearing
electron-withdrawing substituents (OTf, Bpin, COOEt) gave the de-
sired products successfully, albeit in diminished yields relative to
other electron-rich analogs (3h’ 68% yield 3i’ 41% yield, 3j’ 53%
yield). We supposed this was because of the detectable increased
constructions of O-alkylation byproducts in these transformations.
Additionally, aromatic ring and heterocycles (3k* 75% yield, 3I’ 85%
yield, 3m’ 88% yield) were compatible very well in dearomatiza-
tions. Notably, phenanthrol substrate gave product 3n’ in the yield
of 95%.

To extend the generality of this method, allyl bromide 5a was
tested as another C(sp?)-electrophile (Scheme 4). To our delight, 5a
also underwent dearomatization smoothly to afford product 6a in
66% yield. A control experiment for the mechanistic insights on the
formation of 6 was carried out with treatment O-allylation adduct
6’ under standard conditions, and no expected product could be
detected, indicating that product 6 was not formed through a
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Claisen rearrangement process. Encouraged by this result, we fur-
ther looked into the scope of allyl bromides (5b-5d). For substrate
5b, the desired product 6b was obtained in 45% yield. When em-
ploying prenyl bromide 5¢ and cinnamyl bromide 5d, each sub-
strate delivered the desired product in good yield with excellent
selectivity for dearomatization over etherification (62%—77%).

Then, we studied the behavior of benzyl halides with different
halogenated naphthols. Using benzyl chloride (2a’) instead of ben-
zyl bromide in the dearomatization could also afford 3a in 42%
yield. For other halogenated naphthols (X = Cl, Br, I), unprece-
dented reactivity for a—chloro-B-naphthols (7a) was observed with
giving corresponding product 8a in 69% yield (Scheme 5). Only
a trace amount of product 8b could be detected when using o-
bromo-B-naphthol, and no desired product could be obtained with
iodonaphthol 7c.

A scaled-up experiment was performed to test the synthetic
value of this new method, and 3a (1.11 g) was isolated in 93%
yield in the gram-scale synthesis (Scheme 6). Next, the dearom-
atized product 3a was used for further synthetic transformations
(Scheme 7). 3a was treated with MeMgBr in THF at —78 °C to ob-
tain tertiary alcohol 9 in 88% yield (dr > 20:1). When H,0, was
used as the oxidant under basic conditions, epoxidation occurred
with 3a to afford 10 in 74% yield. Furthermore, oxidizing 3a with
m-chloroperbenzoic acid (mCPBA) predominantly provided Baeyer-
Villiger product 11 in 48% yield. Exposed 11 to acidic conditions
in MeOH leading the ring-opening product 12 in good yield. Then,
reactions for the further dearomatization of 3b’ were performed.
After deprotection with TBAF in the condition of THF, 3b’ was con-
verted to a less electron-rich phenol 13, which could have more
potential synthetic applications.

In summary, we have achieved the first intermolecular di-
rect dearomatization of halonaphthols with benzyl- and allyl-
electrophiles in presence of stoichiometric bases. The three-
dimensional cyclic enone products were obtained in high yields
with excellent chemoselectivity. Studies on the reaction mecha-
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Scheme 7. Further synthetic transformations.

nism revealed the reaction may go through a direct Sy2 path-
way. Versatile derivatizations of the dearomatization product
were proved, which highlighted the potential utility of this con-
cise dearomatization with C(sp3)-electrophiles in further synthetic
transformations.
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