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benzylic alcohol derivatives via Pd/NBE relay
catalysis†

Hua-Chen Shen,a Jian-Jun Li,a Peng Wang *abc and Jin-Quan Yu *d

The transition metal-catalyzedmeta-C–H functionalization of alcohols and their hydroxylamine derivatives

remains underdeveloped. Herein, we report an efficient meta-C–H arylation of both phenylethyl and

benzylic alcohols and their hydroxylamine derivatives using a readily removable oxime ether directing

group. Using electronically activated 2-carbomethoxynorbornene as the transient mediator and 3-

trifluoromethyl-2-pyridone as the enabling ligand, this reaction features a broad substrate scope and

good functional group tolerance. More importantly, with this oxime-directed meta-C–H

functionalization, this method provides a dual approach for efficient access to both meta-substituted

alcohols and hydroxylamines using two sets of simple deprotection conditions. This protocol leads to

the efficient synthesis of bioactive compounds possessing promising reactivities for the treatment of

pulmonary fibrosis.
Introduction

Phenylethyl and benzylic alcohols and their hydroxylamine
derivatives are commonly found in a wide range of bioactive
molecules, including tolvaptan, prothioconazole, tramadol,
fenaminstrobin, siponimod etc. (Scheme 1a).1 In addition, they
are also signicant and widely utilizable synthetic building
blocks that can engage in many fundamental transformations2

and heterocycle constructions.3 Thus, developing general and
practical C–H transformations of alcohols and their hydroxyl-
amine derivatives are highly valuable for late-stage diversica-
tion of alcohol or hydroxylamine containing bioactive scaffolds.
Although transition metal catalyzed ortho-C–H functionaliza-
tion of aryl alcohols has been well studied,4 diverse meta-C–H
functionalizations of those substrates are relatively less
common and inefficient in both substrate and coupling partner
scope5,6 in spite of signicant progress in the eld of transition
Scheme 1 meta-C–H functionalization of alcohol and hydroxylamine
via Pd/NBE relay catalysis.
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Table 3 Scope of aryl iodidesabc
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metal catalyzed meta-C–H activation.7–10 Taking advantage of
the Pd/NBE relay approach6,9 for efficient meta-C–H function-
alization, the only example of meta-arylation of benzylic alcohol
derivatives has been reported by the Ferreira group (Scheme
1b). However, this reaction is limited to benzylic alcohols and
a large excess of aryl iodides (4.0 equiv.) is required to give
synthetically useful yields.6 Furthermore, the preparation of the
directing group in this reaction is not straightforward. Herein,
we report a palladium-catalyzed meta-C–H functionalization of
oxime ethers using 2-carbomethoxynorbornene (NBE-CO2Me)
as a transient mediator and commercially available 3-
triuoromethyl-2-pyridone as the ligand (Scheme 1d). This
reaction features a broad substrate scope and good functional
group tolerance. More importantly, with this oxime-directed
meta-C–H functionalization, this method provides a “one
Table 1 Directing group evaluation formeta-C–H functionalization of
alcohol derivativesab

a Reaction conditions: substrate (0.1 mmol), 2j (52.4 mg, 0.2 mmol),
Pd(OAc)2 (2.2 mg, 10 mol%), L14 (4.4 mg, 20 mol%), AgOAc (25.0 mg,
0.15 mmol), NBE-CO2Me (22.8 mg, 0.15 mmol), CHCl3 (0.5 mL), air,
100 °C, 12 h. b The yield was determined by 1H NMR analysis of the
crude product using CH2Br2 as the internal standard.

Table 2 Ligand evaluation for Pd-catalyzed meta-C–H functionali-
zation of oxime ethersab

a Reaction conditions: 1 (19.1 mg, 0.1 mmol), 2j (52.4 mg, 0.2 mmol),
Pd(OAc)2 (2.2 mg, 10 mol%), L (20 mol%), AgOAc (25.0 mg, 0.15
mmol), NBE-CO2Me (22.8 mg, 0.15 mmol), CF2HCH2OH (0.1 mL), air,
100 °C, 12 h. b The yield was determined by 1H NMR analysis of the
crude product using CH2Br2 as the internal standard.

15820 | Chem. Sci., 2024, 15, 15819–15824
stone two birds” approach (Scheme 1c) for efficient access to
meta-substituted alcohols and hydroxylamines by the removal
of the directing group under different conditions.
Results and discussion

Our group has reported palladium-catalyzed hydroxy-directed
ortho-C–H olenation of tertiary phenethyl alcohols with the
assistance of an MPAA ligand.4a–c However, directed meta-C–H
arylation using the native hydroxy group under our previous
a Reaction conditions: 1 (38.3 mg, 0.2 mmol), 2 (0.4 mmol), Pd(OAc)2
(4.5 mg, 10 mol%), L8 (6.5 mg, 20 mol%), AgOAc (50.1 mg, 0.30
mmol), NBE-CO2Me (45.7 mg, 0.30 mmol), CF2HCH2OH (0.2 mL), 100
°C, 12 h. b Isolated yield. c Ar–Br was used instead of Ar–I.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Scope of acetone oxime ethersabcde

a Reaction conditions: 4 (0.2 mmol), 2j (104.8 mg, 0.4 mmol), Pd(OAc)2 (4.5 mg, 10 mol%), L8 (6.5 mg, 20 mol%), AgOAc (50.1 mg, 0.30 mmol), NBE-
CO2Me (45.7 mg, 0.30 mmol), CF2HCH2OH (0.2 mL), 100 °C, 12 h. b Isolated yield. c TFE was used. d AgOAc (100.1 mg, 0.60 mmol) was used. e L14
was used instead of L8.
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meta-C–H arylation conditions resulted in no reaction and the
slight decomposition of the primary alcohol. Despite methyl
ether (DG2) being stable under these conditions, no desired
product was observed either. Although the pyridine directing
groupDG3 is inert, we are pleased to nd that the acetone oxime
directing group (DG4) could provide the desired meta-arylated
product in 14% NMR yield. Cyclohexanone oxime ether (DG5)
also showed similar reactivity (Table 1). Following this nding,
systematic evaluation of reaction parameters was conducted to
further improve the outcomes using the acetone oxime ether as
the directing group (Table 2). Notably, uorinated alcohols can
raise the yield drastically, and 2,2-diuoroethanol was identi-
ed as the most efficient solvent for this reaction due to the
better mass balance (for more details, see the ESI†). With 2,2-
diuoroethanol as the optimal solvent, the ligand effect was
further evaluated, and we are pleased to nd that the pyridone
ligands are superior to the mono-protected amino acid (MPAA)
ligand (L1), pyridine ligand (L2), and bulky carboxylic acid (L3).
In general, both electron-rich (L4, L5) and electron-decient
(L6–8) 2-pyridone ligands could dramatically improve the yield
© 2024 The Author(s). Published by the Royal Society of Chemistry
of this reaction, in which commercially available 3-
triuoromethyl-2-pyridone L8 gave the best outcome (87%
yield). Switching the CF3 group to other positions at the 2-pyr-
idone scaffold (L9, L10) or more electron-decient 2-pyridone
ligands (L11, L12) cannot further enhance the reactivity. The
mono-protected 3-amino-2-pyridone ligands (L13, L14) also
provide the desired product in 68% and 85% yields, respec-
tively. It is worth mentioning that the control experiments
indicate the pyridone ligand is crucial for accelerating thismeta-
arylation of phenethyl alcohol-derived oxime ether, and only
21% NMR yield of the desired product was obtained in the
absence of ligand.

Under the optimal conditions, the scope of aryl iodides was
evaluated using 2-(m-tolyl)ethan-1-ol derived acetone oxime 1 as
the model substrate (Table 3). In general, para-substituted aryl
iodides containing both electron-rich substituents (2b–d) and
electron-decient substituents (2e–l) were all suitable coupling
partners, providing the desired meta-arylated products in
40–84% yields. The 3-substituted (2m, 2n) aryl iodides showed
similar reactivities in comparison to the para-substituted aryl
Chem. Sci., 2024, 15, 15819–15824 | 15821
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Scheme 2 Gram-scale reaction and synthetic applications.

Scheme 3 Proposed mechanism.
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iodides. Under the highly acidic conditions, 2-substituted aryl
iodides are highly active, resulting in more side products via the
classic Catellani reaction pathway. Accordingly, less reactive
aryl bromides (2o, 2p) provide higher yields than the corre-
sponding aryl iodides. Multiple substituted aryl iodides (3q–t)
were also evaluated, affording the desired products in good
yields. Notably, the heteroaryl iodides, containing pyridine (2u,
2v) and thiophene (2w) motifs, were well tolerated with this
procedure. Aryl iodides derived from estrone (2x) and cipro-
brate (2y) were also investigated, which further demonstrated
the generality of this reaction towards the complex scaffold.
15822 | Chem. Sci., 2024, 15, 15819–15824
Next, we turned our attention to check the breadth of
aromatic oxime substrates (Table 4). The simple phenethyl
alcohol-derived acetone oxime ether (4a) gave a mixture of
mono- and di-products in 69% total yield with a mono/di ratio
of 1.5/1.0. The phenethyl alcohol-derived oxime ethers bearing
both electron-donating and electron-withdrawing substituents
at the 3-position (4b–h), such as phenyl, methoxy, tri-
uoromethoxy, and acetylamino groups and halides, were all
tolerated, providing the desired products in high efficiency. For
ortho-substituted phenethyl alcohol derivatives (4i–l), 2,2,2-tri-
uoroethanol (TFE) was found to be a more efficient solvent
than CF2HCH2OH, giving the arylated products in 43–76%
yields. The meta-C–H bond on the thiophene ring could also be
arylated (4m) with a lower yield probably due to the stability of
the substrate under the reaction conditions.

To our delight, phenethyl alcohols bearing both a- (4n–o)
and b-substituents (4p–r) were tolerated with this procedure
(4n–s), indicating the great potential of the current method for
late-stage modication of complex primary and secondary
alcohols. Less challenging benzylic alcohol derivatives with
various substituents on the aromatic ring (4t–v) and the benzyl
position (4w–y) were also investigated. Generally, the benzylic
alcohol derived substrates showed higher reactivities than
phenethyl alcohols.

The scalability of this reaction was demonstrated by con-
ducting this reaction on a 5.0 mmol scale, affording the desired
arylated product 3j in 86% yield (Scheme 2a). Gratifyingly, the
acetone oxime directing group could be selectively converted to
alcohol 7 and hydroxylamine 6 in high yields under reductive
conditions and mild hydrolysis conditions, respectively. The
newly developed protocol could not only provide an efficient
strategy for the late-stage installation of functionalities at the
meta-position of the aromatic alcohols and their hydroxylamine
derivatives, but also paved a new way for the synthesis of
bioactive compounds. For example, the 2,5-diaryl substituted
phenylethanol 11 and its hydroxylamine derivative 12, both
possessing promising reactivities for the treatment of pulmo-
nary brosis,11 could be prepared in high efficiency within three
steps by leveraging our method as the key synthetic step
(Scheme 2c). For comparison, those compounds were prepared
in nine (for 11) or eleven steps (for 12) starting from 5-bromo-2-
hydroxybenzaldehyde.11

Based on the previous works on the meta-C–H activation via
Pd/NBE relay catalysis,9 a proposed mechanism is depicted in
Scheme 3. Firstly, oxime directed ortho-C–H activation occurs to
give Int I, followed by the migration insertion of NBE-CO2Me,
and sequentialmeta-C–H activation to generate Int II. Themeta-
functionalization happened via the oxidative addition with aryl
iodide and reductive elimination. NBE-CO2Me could be regen-
erated by b-C elimination, and the product was formed via
protodemetalation of Int IV.

Conclusions

In summary, a Pd-catalyzed meta-functionalization of oxime
ethers was realized by using Pd/NBE relay catalysis. The 3-tri-
uoromethyl pyridone ligand was identied as the enabling
© 2024 The Author(s). Published by the Royal Society of Chemistry
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ligand, which could signicantly enhance the efficiency of this
meta-functionalization. This procedure features a broad
substrate scope and remarkable functional group compatibility,
thus paving a practical way for the construction of meta-
substituted alcohols and their hydroxylamine derivatives.
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Angew. Chem., Int. Ed., 2022, 61, e202201750.

10 For meta-C–H functionalization by either steric or electronic
inuences: (a) T. Ishiyama, J. Takagi, K. Ishida, N. Miyaura,
N. R. Anastasi and J. F. Hartwig, J. Am. Chem. Soc., 2002, 124,
390–391; (b) J.-Y. Cho, M. K. Tse, D. Holmes, R. E. Maleczka
Jr and M. R. Smith III, Science, 2002, 295, 305–308; (c)
Y. Saito, Y. Segawa and K. Itami, J. Am. Chem. Soc., 2015,
137, 5193–5198; (d) R. Bisht and B. Chattopadhyay, J. Am.
Chem. Soc., 2016, 138, 84–87; (e) B. Ramadoss, Y. Jin,
S. Asako and L. Iles, Science, 2022, 375, 658–663; (f)
R. J. Phipps and M. J. Gaunt, Science, 2009, 323, 1593–
1597; (g) Y.-H. Zhang, B.-F. Shi and J.-Q. Yu, J. Am. Chem.
Soc., 2009, 131, 5072–5074. For an example using
a traceless directing group relay strategy: ; (h) J. Luo,
S. Preciado and I. Larrosa, J. Am. Chem. Soc., 2014, 136,
4109–4112.

11 K. A. Duggan, WO2016/145479A1, 2016.
© 2024 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4sc03802a

	meta-Ctnqh_x2013H functionalization of phenylethyl and benzylic alcohol derivatives via Pd/NBE relay catalysisElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d4sc03802a
	meta-Ctnqh_x2013H functionalization of phenylethyl and benzylic alcohol derivatives via Pd/NBE relay catalysisElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d4sc03802a
	meta-Ctnqh_x2013H functionalization of phenylethyl and benzylic alcohol derivatives via Pd/NBE relay catalysisElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d4sc03802a
	meta-Ctnqh_x2013H functionalization of phenylethyl and benzylic alcohol derivatives via Pd/NBE relay catalysisElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d4sc03802a
	meta-Ctnqh_x2013H functionalization of phenylethyl and benzylic alcohol derivatives via Pd/NBE relay catalysisElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d4sc03802a
	meta-Ctnqh_x2013H functionalization of phenylethyl and benzylic alcohol derivatives via Pd/NBE relay catalysisElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d4sc03802a
	meta-Ctnqh_x2013H functionalization of phenylethyl and benzylic alcohol derivatives via Pd/NBE relay catalysisElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d4sc03802a
	meta-Ctnqh_x2013H functionalization of phenylethyl and benzylic alcohol derivatives via Pd/NBE relay catalysisElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d4sc03802a


