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Alcohol and indole derivatives are widely recognized as versatile building blocks in both chemical and

biochemical synthesis. The formal conjugate addition between these two classes of compounds

provides a powerful and sustainable strategy for constructing g-hydroxyindoles, owing to the reaction's

100% atom economy and the ready availability of starting materials. In this study, we report a redox-

neutral cross-coupling reaction between indoles and allylic alcohols, catalyzed by a manganese(I) pincer

complex, which enables the efficient synthesis of a broad range of g-hydroxyindoles under mild

conditions. The reaction featured broad substrate scope with good functional tolerance under simple

conditions (24 examples, 60–83% yields).
Introduction

Indoles represent a privileged class of nitrogen-containing
heterocycles, widely recognized as ubiquitous structural
motifs in synthetic chemistry and advanced materials science.1

Among these, g-hydroxyindole derivatives are of particular
pharmacological signicance, frequently serving as core phar-
macophores in bioactive natural products, therapeutic agents,
and alkaloid scaffolds (Fig. 1). For instance, vilazodone,
a partial agonist of 5-HT1A receptors, functions by selectively
inhibiting serotonin reuptake in the central nervous system.2

Compound A is a potent neuraminidase inhibitor that exhibits
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signicant inhibitory activity against inuenza virus.3 In addi-
tion, compound B, a ligand with high d2 receptor affinity and
selectivity, has exhibited promising antipsychotic properties.4

Given their relevance, signicant efforts have been devoted
to the efficient synthesis of g-hydroxyindoles. While a one-pot
synthesis from cyclic enol ethers and phenylhydrazine has
been developed, its applicability is constrained by limited
product diversity.5 Currently, the base-mediated 1,4-Michael
addition of indoles to a,b-unsaturated carbonyl compounds,
followed by carbonyl reduction, remains the predominant
approach.6 However, this strategy oen involves multistep
procedures and generates considerable chemical waste. There-
fore, the pursuit of straightforward and sustainable synthetic
methods, with simplied operations and minimal environ-
mental impact, remains a compelling yet challenging goal.

The borrowing hydrogen (BH) strategy, rst proposed by
Williams and colleagues,7 has recently witnessed a resurgence
in organic chemistry. This approach leverages readily available
alcohols as sustainable and safe coupling partners through
simple metal catalysis, eliminating the need for stoichiometric
oxidants, reducing agents, toxic bases, or multistep procedures.
Over the past few decades, noble metals such as Ru, Rh, Ir, and
Pd have proven to be highly efficient catalysts in BH reactions
enabling the facile transformation of primary or secondary
alcohols into green alkylating and arylating reagents.8 A striking
example of this utility is the BH-mediated cross-coupling of
indoles and alcohols, which provides a powerful method for
constructing functionalized indole derivatives. However, the
limited availability and high cost associated with noble
metals—along with the challenges of removing residual metals
from the nal products—have spurred interest in developing
© 2025 The Author(s). Published by the Royal Society of Chemistry
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alternative catalytic systems based on earth-abundant 3d tran-
sition metals.

As the third most abundant transition metal in the Earth's
crust, manganese has recently emerged as a valuable alternative
for constructing indole scaffolds via borrowing hydrogen (BH)
transformations.9 In 2020, Rueping and co-workers demon-
strated that a PNP–Mn complex could catalyze the regioselective
dehydrogenative alkylation of indolines with readily available
alcohols.10 Subsequently, Srimani reported that a manganese
NNS pincer complex enabled the catalytic a-C3 alkylation of
indoles (Scheme 1A).11 In 2022, Shao and co-workers developed
an elegant method for C3-alkylation and alkenylation of indoles
using Mn-catalyzed dehydrogenative coupling of benzylic alco-
hols and 2-arylethanols, although the reaction was limited by
substrate scope, as secondary alcohols and methanol could not
be used as alkylating reagents.12 Around the same time, Ruiter
synthesized a new class of PCNHC–P Mn(I) pincer complexes
and explored their activity in the a-methylation of indoles.13

Very recently, a novel base-catalyzed conjugate addition strategy
for constructing indole derivatives from allylic alcohols was
disclosed by Ke and co-workers.14 However, this methodology
demonstrates narrow substrate scope, particularly when indole
substrates bear electron-withdrawing groups or when employ-
ing alkyl allylic alcohols instead of cinnamyl alcohol derivatives,
without target product generation. Expanding base-metal-
catalyzed BH processes to include a broader range of alkyl
Scheme 1 Mn catalyzed borrowing hydrogen transformations of
alcohols with indoles.

© 2025 The Author(s). Published by the Royal Society of Chemistry
and allylic alcohols, especially in formal conjugate addition
reactions with indoles, remains a challenging yet desirable goal.
In line with our continued interest in BH chemistry,15 we envi-
sioned a strategy involving the formal conjugate addition of
allylic alcohols with indoles acting as carbon nucleophiles,
coupled with regeneration of hydroxyl groups through hydro-
genation of in situ generated carbonyl intermediates (Scheme
1B). A key challenge was the suppression of undesirable side
reactions, such as aldol-type self-condensation of a,b-unsatu-
rated carbonyl compounds and competition between 1,2- and
1,4-addition of indoles to these intermediates. Herein, we
report manganese pincer complex enabling the efficient
synthesis of g-hydroxyindoles via the formal conjugate addition
of nitriles with allylic alcohols, achieving 100% atom economy
(Scheme 1C). This protocol has a wide substrate scope with
good functional tolerance under simple conditions (22 exam-
ples, 60–83% yields).

Results and discussion

At the outset of our investigations, the reaction between model
substrates indole (1a, 0.5 mmol, 1 equiv.) and crotonyl alcohol
(2a, 1.0 mmol, 2 equiv.) was carried out usingMn-1 (1 mol%) as
the catalyst and KOtBu (10 mol%) as the base at 110 °C (Table 1,
entry 1). Gratifyingly, complete conversion of indole was
Table 1 Optimization of reaction conditionsa

Entry Cat. Base Temp (oC)
t
(h) Yieldb (%)

1 Mn-1 KOtBu 110 24 50
2 Mn-2 KOtBu 110 24 38
3 Mn-3 KOtBu 110 24 30
4 Mn-1 KOtBu 90 24 Trace
5 Mn-1 KOtBu 130 24 26
6 Mn-1 Cs2CO3 110 24 82
7 Mn-1 K2CO3 110 24 60
8 Mn-1 Na2CO3 110 24 55
9c,d Mn-1 Cs2CO3 110 24 40, 79
10 Mn-1 Cs2CO3 110 24 35e, 58f

11g Mn-1 Cs2CO3 110 24 70
12 — Cs2CO3 110 24 NDh

a Reaction conditions: 1 (0.5 mmol, 1 equiv.), 2 (1.0 mmol, 2 equiv.),
toluene (1.0 mL), [Mn] (1 mol%), and base (10 mol%) at certain
temperature under Ar. b Isolatedyields. c 5 mol% of Cs2CO3 was used.
d 15 mol% of Cs2CO3 was used. e Tert-amyl alcohol was used as
solvent. f i-PrOH was used as solvent. g 0.5 mol% of Mn-1 was used.
h ND = not detected.

RSC Adv., 2025, 15, 30622–30626 | 30623
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observed, and the desired conjugate addition product 3a was
isolated in 50% yield. Notably, no 3-alkylation product was
detected under these conditions. In contrast, manganese
complexes Mn-2 (ref. 16) and Mn-3 (ref. 17), bearing other tri-
dentate ligands, exhibited signicantly lower catalytic activity
(Table 1, entries 2 and 3). Temperature screening revealed that
decreasing the reaction temperature to 90 °C nearly shut down
product formation, while increasing the temperature above
110 °C had no noticeable effect (Table 1, entries 4 and 5). Next,
a series of bases were evaluated, among which Cs2CO3 was
identied as the optimal choice, affording product 3a in 82%
yield within 24 hours (Table 1, entries 6–8). Modifying the
loading of Cs2CO3 to either 5 mol% or 15 mol% did not lead to
any improvement in yield (Table 1, entry 9). Further solvent
optimization showed that conducting the reaction in tert-amyl
alcohol or i-PrOH resulted in a decreased yield of product 3a
(Table 1, entry 10).

Notably, even with a reduced catalyst loading of 0.5 mol%,
the reaction still proceeded smoothly, albeit with a slightly
lower yield (Table 1, entry 11). As expected, omitting Mn-1 from
the reaction entirely led to no product formation, conrming
the essential role of the catalyst (Table 1, entry 12).
Scheme 2 Mn-catalyzed cross-coupling of allylic alcohols and indoles
toluene (1.0 mL), [Mn] (1 mol%), and base (10 mol%) at heated temperatur
after column chromatography.

30624 | RSC Adv., 2025, 15, 30622–30626
With the optimized reaction conditions in hand, we next
explored the substrate scope of the formal conjugate addition
reactions (Scheme 2). Beyond crotyl alcohol, structurally diverse
alkyl-substituted allylic alcohols, such as iso-but-2-en-1-ol and
(E)-hex-2-en-1-ol, were demonstrated to be effective starting
materials, affording the corresponding products in high yields
under the optimized conditions. Subsequently, a variety of
internal aryl-substituted allyl alcohols were examined. Electron-
donating groups on the aryl ring, such as methyl and methoxy,
led to relatively higher yields (3e, 77%; 3f, 75%) compared to
electron-withdrawing substituents like triuoromethyl (3h,
50%). Notably, halogen substituents were well tolerated under
. Reaction conditions: 1 (0.5 mmol, 1 equiv.), 2 (1.0 mmol, 2 equiv.),
e under Ar. Reported yields were calculated for pure isolated products

© 2025 The Author(s). Published by the Royal Society of Chemistry
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the reaction conditions; for example, the bromo-substituted
substrate delivered the desired product 3g in 73% yield.
Furthermore, the position of the substituent on the aryl ring
showed minimal inuence on the reaction efficiency, as
demonstrated by the formation of products 3i, 3j, and 3k in
70%, 71%, and 68% yields, respectively. We then turned our
attention to the indole component. Substituted indoles bearing
groups at the C-2, C-4, C-5, C-6, and C-7 positions all underwent
smooth transformation, providing the desired g-hydroxyindoles
in moderate to good yields (3l–3v, 60–83%). Interestingly, allyl
alcohols bearing a naphthalene ring emerged as promising
substrates, affording the corresponding alkylation products 3w
with an isolated yield of up to 80%. Unfortunately, when pyridyl-
substituted allyl alcohols were used as starting materials, no
desired product was detected. These results suggest that the
reaction exhibits broad functional group tolerance and is
compatible with various substitution patterns on both reaction
partners.

To illustrate the scalability and practical value of this
method, we conducted a gram-scale experiment. Specically,
a 10 mmol scale reaction of indoles with allyl alcohol proceeded
smoothly, yielding 1.41 g of the target product 3y (80% yield)
aer 36 hours (Scheme 3). Notably, 3y serves as a key interme-
diate in the synthesis of compound A.

Conclusions

In summary, we have established an efficient and straightfor-
ward method for the cross-coupling of indoles with allyl alco-
hols to synthesize g-hydroxyindoles, catalyzed by
a manganese(I) pincer complex. This protocol featured a broad
substrate scope with a good functional tolerance under simple
conditions (24 examples, 60–83% yields). Given the use of an
earth-abundant metal and the hydrogen borrowingmechanism,
this strategy holds signicant potential for applications in both
academic research and industrial settings.

Experimental
General procedure for the synthesis of g-hydroxyindoles

To a mixture of Mn-1 catalyst (1 mol%), Cs2CO3 (10 mol%),
indoles (0.5 mmol) and cinnamyl alcohol (1.0 mmol), 1.0 mL of
toluene was added. Then, the reaction was stirred at 110 °C for
4 h under Ar in a pressure tube (ACE pressure tube, 15 mL).
Aer cooling to room temperature, the reaction was diluted
with ethyl acetate (10 mL) and water (10 mL). The organic layer
was separated, and the aqueous layer was extracted with ethyl
acetate (10 mL) for three times. The combined organic layers
were washed by brine and dried over magnesium sulfate and
the volatiles were removed under reduced pressure. The residue
was puried by column chromatography on silica gel (petro-
leum ether/ethyl acetate= 5 : 1–2 : 1) to give the desired product
g-hydroxyindoles.
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