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We employed an amide photo-Fries rearrangement for the
synthesis benzoheterocyclic compounds and found that direct
acylation of the α-carbon atom in an arene ring can occur upon
exposure to ultraviolet (UV) light. In this reaction, the N-acetyl
group of amides underwent rearrangement to the α-position
across the bridgehead carbon atom under UV� C light. The

reaction conditions were gentle and safe. Moreover, this
reaction proves to be more convenient for selectively manipu-
lating benzoheterocyclic compounds in comparison to tradi-
tional approaches involving Lewis acid catalysts or anionic
reagents.

Introduction

Benzoheterocyclic structures can be found in numerous drugs
of both natural and synthetic origin,[1] and active pharmaceut-
ical ingredients, such as caboxamycin, rufloxacin, antipathine A,
flumequine, boxazomycin B, azilsartan, and candesartan (Fig-
ure 2). It remains unsolved to introduce one more carbon chain
to the hetero-derived arene ring, even though these kinds of
motif are commonly used in pharmaceuticals (Figure 2). To
solve this problem, a Fries rearrangement used to directly
introduce a carbon chain into the hetero-derived arene ring
(Figure 1).

The Fries rearrangement is a reaction in which phenolic
esters can be converted to hydroxyaryl ketones by heating
under acidic conditions, such as hydrofluoric acid (HF),[2]

aluminum chloride (AlCl3),
[2] boron trifluoride (BF3),

[2–3]

titanium(IV) chloride (TiCl4),
[4] or tin(IV) chloride (SnCl4).

[4] Initially
discovered by Anderson and Reese,[5] the cation-induced photo-

Fries rearrangement has been further explored in subsequent
studies on the photo-Fries rearrangement.[6] Photo-Fries rear-
rangement is similar to Fries rearrangement, which is catalyzed
by classical Lewis acids,[7] but the former relies on a radical/
light-induced reaction mechanism facilitated by a photochem-
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Figure 1. Synthesis strategy of this study.

Figure 2. Examples of drugs containing acetyl groups.
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ical process (Figure 3 and 4). The radical mechanisms of the
photo-Fries rearrangement predominantly manifest in singlet
excited states.[6a,b,8]

The amide photo-Fries rearrangement of the N-acetyl group
on the aromatic ring has been a subject of long-standing
research. Instances of this reaction include the creation of
micelles through the photo-Fries rearrangement of a
surfactant,[9] as well as the production of an enantiomeric
quinazoline derivative through a photo-Fries rearrangement
utilizing naturally occurring amino acids.[10] Previous studies
have demonstrated that the direct acetylation at the α-position
past the adjacent bridgehead carbon of a benzoheterocyclic
compound requires a complex synthetic approach, which may
involve prolonged reflux,[11] the use of palladium catalytic
media,[11a,12] or the application of the microwave[13] condition.

Herein, a novel approach is presented for the direct
acylation of a benzoheterocyclic compound through amide
photo Fries rearrangement. We devised a gentle and uncompli-
cated amide photo-Fries rearrangement to form acylated
benzoheterocyclic compounds in which the amide moiety is
wrapped juxtaposed with an arene ring.

Results and Discussion

Previous studies have shown the feasibility of Fries rearrange-
ments in benzoheterocyclic compounds by crossing the bridge-
head carbon to the α-position. Examples are cationic photo-
Fries rearrangements and anionic Fries rearrangements using
non-nucleophilic reagents, such as lithium diisopropylamide
(LDA) and lithium 2,2,6,6-tetramethylpiperidylamide (LTPA).[14]

However, both types of Fries rearrangements resulted in low
yield and conversion rates because they were also rearranged
to positions other than the α-position past the adjacent
bridgehead carbon.[14]

The conventional cationic photo-Fries rearrangement is a
harsh reaction conducted under harsh conditions in UV� C with
a power of 100 W or more.[8c,e,15] We used the identical UV� C
but with lower watts potential light source (80 W) and
proceeded the rearrangement reaction to get the acylated α-
carbon which cross past the adjacent bridgehead carbon.

First, acetylation was conducted on the general type of each
structure to use benzoheterocyclic compound with N-acetyl

group in Table S1. In order to determine suitable wavelength
bands for synthesis, we conducted a condition optimization
search in the darkroom, blue LED (465 nm), visible light (380–
780 nm), UV� A (352 nm), UV� B (306 nm), and UV� C (253.7 nm).
Then, in the dark room without light exposure, the photo-Fries
rearrangement did not occur. The photo-Fries rearrangement
did not proceed even in light sources with longer wavelengths
such as blue LEDs and visible light. In the UV region, the
reaction yield was high in the order of C>B>A, which was the
shorter wavelength. UV� A enabled the reaction to synthesize
3a (Table S2, entry 1) in only 2a, an indole derivative in a low
yield, whereas other compounds (3b to 3 l) remained uncon-
verted. UV� B led to a rearrangement, but it was not the
regioselectivity we wanted (Table S2). Most of the starting
materials remained unconverted as well. In contrast, UV� C was
mostly rearranged to the α-position past the adjacent bridge-
head carbon we wanted, and the starting material was also
completely consumed (Table S2). Through the optimization
process, we continued our experiments using UV� C range of
the spectrum (Table 1).

As a result, indole derivative 3a could be obtained in a
remarkable yield of 99%, and 3b (65%) and 3c (68%) could
also be obtained with yields exceeding 50%. The indazole
derivatives were rearranged to two positions. Two compounds
were obtained in comparable amounts: 5d (33%) rearranged to
position 3 (the amines in the ring were numbered in the
counterclockwise direction) and 4d (35%) rearranged to
position 7. Benzimidazole derivatives were rearranged to three
distinct positions: 5e (21%) rearranged to position 2, and 3e
(26%) rearranged to position 8, and 4e (23%), position 7
adjacent to it. Benzoxazole derivative 3f was obtained in a yield
of 70%. Benzothiazine derivative 3g (82%) was obtained with
high efficiency. Carbazole derivatives 3h (55%) and 4h (41%)
were rearranged to two positions, with a preference for
position 12 in 3h. The yield of dimethylindole derivative of 3 i
was 75%, a tetrahydroquinoline derivative 3 j reached 43%, the
phenothiazine derivatives 3k (25%) and 3 l (46%), respectively.
Additionally, we used ammonium persulfate as a radical initiator
under UV light, but there was no significant rate-escalating
effect (Table 2). Our reaction proceeded at room temperature,
and ammonium persulfate did not significantly function as a
radical initiator. As indicated by the Table 2’s results, rearrange-
ment occurred even under UV irradiation without ammonium
persulfate. The reaction, when influenced by UV light, transi-
tions through a planar six-membered ring cyclic transition state.
During this process, the energy level of the transition state is
influenced by the degree of planarity and aromaticity. Com-
pounds 2 i and 2 j exhibit somewhat poor planarity, making it
challenging to form a flat six-membered ring, while compound
2 l displays relatively low aromaticity. Consequently, if a radical
is generated by UV light and a six-membered ring does not
immediately form, or if the radical is generated by persulfate, it
is likely to dissociate quickly without undergoing a rearrange-
ment reaction.

Based on these results, we supposed a radical mechanism
based on a traditional rearrangement mode (Figure 5). The acyl
group of amides on benzoheterocyclic compounds will form a

Figure 3. Fundamental concept of the photo-Fries rearrangement.

Figure 4. Radical mechanism of photo-Fries rearrangement.
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stable six-membered-ring transition state and activate under
UV� C light conditions to form an acyl radical, which rearranges
to the α-carbon atom on the neighboring arene ring.

Conclusions

We studied amide photo-Fries rearrangement using ultraviolet
light, in which N-acetyl groups directly cross the adjacent
bridgehead carbon atom to the α-position for a novel synthetic
approach to modifying benzoheterocyclic compound struc-
tures. In this study, we validated that the acyl group of amides
on a polycyclic ring can be rearranged directly to the α-carbon
atom of an adjacent arene ring.

This amide photo-Fries rearrangement enables Fries rear-
rangement to be regioselective in benzoheterocyclic com-
pounds. This could contribute to simple, inexpensive, safe, and
eco-friendly synthetic methods in the fields of organic synthesis,

Table 1. Scope of photo-Fries rearrangement past the adjacent bridgehead carbon atom.[a]

[a] Yields of products refer to isolated material after purification. [b] 1 (1 equiv.), triethylamine (3 equiv.), acetic anhydride (4 equiv.), 4-
dimethylaminopyridine (0.38 equiv.), 1,2-dichloroethane, room temperature, 24 h. [c] 1 (1 equiv.), triethylamine (2.5 equiv.), acetyl chloride (2 equiv.),
dichloromethane, room temperature, 2 h. [d] 1 (1 equiv.), acetyl chloride (2 equiv.), toluene, 50 °C, 1 h. [e] 80 W UV� C mercury lamp (λmax=253.7 nm);
MeCN: acetonitrile; UV: ultraviolet.

Figure 5. The anticipated mechanism for photo-Fries rearrangement using
UV� C.
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the pharmaceutical industry, and biochemistry (Figure 1). As a
follow-up study, we plan to use the reaction in a continuous
flow system, in the hope of achieving less space, less labor, less
cost, and enhancing overall yield.

Experimental Section
General procedure for photo-Fries rearrangement under UV� C: All
photoreactions were performed in quartz test tubes until the
starting material disappeared under an 80 W UV� C mercury lamp
(λmax=253.7 nm) at room temperature on a scale of 300 μmol. After
completion of the reaction, the reaction mixture was quenched
using saturated sodium bicarbonate (1×20 mL), and the resulting
mixture was extracted with dichloromethane (1×20 mL). Then, the
product was washed with water (1×20 mL). The organic layer was
dried using magnesium sulfate and filtered. The organic layer was
then concentrated using a rotary evaporator. The residue was
purified by flash column.
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