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Direct C(sp2)-H Hydroxylation of Arene with Pd(ll)/O, Using
Sulfoximine as Recyclable Directing Group

Prasenijit Das and Joyram Guin*®

Abstract: The aerobic palladium(ll) catalysis presented herein offers
facile entry to various substituted phenols through site selective C-H
hydroxylation of arenes using sulfoximine as reusable directing
group. Notable aspects of our method include: a) the use of
molecular oxygen (O;) as a sole oxidant, b) the activation of
molecular oxygen via aldehyde auto-oxidation, c) operational
simplicity and d) the mechanistic studies into the catalytic C-H
hydroxylation process.

The catalytic methods that allow selective conversion of
unactivated arene C-H bond to C-O bond are deemed as the
most straightforward approach to substituted phenols. As a
result, numerous elegant transition metal catalytic processes for
the direct C-H hydroxylation of arenes have been developed.* 2
Among them, the oxidative palladium catalysis involving Pd"/Pd"
catalytic cycle receives significant attraction recently. However,
this catalytic C-H hydroxylation strategy requires the use of an
excess amount of chemical oxidant like oxone, K,S,0g, peroxide,
BQ, DDQ, PIDA and others.® In view of the increasing demand
toward green and sustainable chemical process, the use of
molecular oxygen (O,;) as an oxidant is becoming increasily
important for organic synthesis.”! As a result, the development
of an efficient palladium catalysis toward direct C-H
hydroxylation of arenes employing O, as the sole oxidant would
be highly attractive.

Although the production of substituted phenol using Pd(l1)/O-
catalytic system has been reported, the existing methods require
harsh reaction conditions,”™ additional oxidant and base® or
pyridine based directing group along with co-catalyst.”). Recently,
our group has introduced a novel C-H hydroxylation of 2-
arylpyridines with O, by simultaneous co-operation of aldehyde
auto-oxidation with palladium catalysis.®”! However, the use of
non-removable and non-modifiable pyridine moiety as directing
group has limited its application. We thus became interested in
expanding scope of the novel aerobic C-H hydroxylation method
with easily removable and reusable directing group.® Along this
line, we have examined different directing groups like
benzamide, 2-amino pyridine, 8-amino quinoline, oxime, 2-
amino pyrimidine, azo compound and sulfoximine amide in the
catalytic aerobic C-H hydroxylation process. Among the different
directing groups tested, the N-sulfoximine benzamide found to
be the most promising candidate (See Supporting Information).

Recently, sulfoximine has been introduced as an effective
and reusable directing group for the catalytic functionalization of
unactivated C-H bonds."® Despite these advancements, the
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installation of free hydroxyl group at arene C-H bond of
sulfoximine amide has been realized via a two-step reaction
procedure involving catalytic C-H acetoxy/benzoyloxylation
followed by hydrolysis of the ester functional group.*” As a
result, the direct C-H hydroxylation of sulfoximine amides, which
would improve step- and atom-economy of the process, remains
challenging. Herein, we present Pd(ll)-catalyzed direct C-H
hydroxylation of various N-sulfoximine amides using O,. In this
protocol, O, plays a dual role as a green oxidant for Pd-catalysis
and as oxygen source for the hydroxyl group (Scheme 1).
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Scheme 1. Different strategies for the synthesis of hydroxylated N-sulfoximine
amides.

Being inspired by our earlier work on the aerobic
functionalization of unactivated C-H bonds,*? we commenced
our studies by investigating the direct C-H hydroxylation of N-
sulfoximine benzamide la using Pd(ll)-catalyst in the presence
of an aldehyde under O, atmosphere. By performing the reaction
with 1a using 10 equiv. of n-butyraldehyde and 10 mol% of
Pd(OAc); in DCE at 80 °C under O, atmosphere, the desired
phenol 2a was isolated in 67% vyield (Eq. 1) (See Supporting
Information).

o]

[N 10 mol% Pd(OAc), o/
Y + 0O ‘/S\\N (Eq. 1)
PH (balloon) "PrCHO, DCE, 80 °C, 12h  pH
H 67% HO

1a 2a

After identifying the optimal reaction conditions for the
aerobic C-H hydroxylation process, we decided to explore the
scope of the reaction with diversely decorated sulfoximine
amides (Table 1). Accordingly, we first tested different
substrates with varying substituent on the aromatic ring of the
benzamide unit. Substrates having benzamide as well as its
ortho, meta, and para alkyl derivatives were converted to the
corresponding ortho-hydroxylated products 2a-e in good yields
(53-73%). Likewise, the reaction proceeded well with sulfoximine
amides bearing methoxy (2f and 2g), benzyloxy (2h), O-phenyl
(2i), NH-acetyl (2j) and O-acetyl (2k) functional groups at 3- or
4-position of the benzamide unit. Substrates containing electron
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deficient chloro, bromo, and ester groups at benzoyl moiety
were transformed to the corresponding products 2I-p with this
simple hydroxylation protocol, albeit with slightly low yield of the
desired products. Further substrate scope studies were carried
out with varying substituent in both the aromatic rings of
sulfoximine amide (Table 1). Amides bearing di-methyl and iso-
propyl substituents on the sulfoximine aromatic ring exhibited
good reactivity (products 2q and 2r). The reaction showed no
considerable electronic effect on vyields of the hydroxylated
products 2s-y when electronic property of the aromatic rings of
sulfoximine units were altered by changing substituent from
electron rich (OMe) to electron deficient (F, Cl, Br, NOy)
functional groups. The reaction furnished good yield with ethyl
substituted sulfoximine benzamide (product 2z). However,
slightly low yield of the hydroxylated product 2za was obtained
with diphenyl sulfoximine benzamide presumably due to steric
reason. Notably, the reaction neither furnished C-H
hydroxylation of sulfoximine benzene ring nor bis-hydroxylated
product under the optimized reaction conditions.

2a-2az (27-77%)

Table 1. Substrate scope.
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[a] Reaction conditions: sulfoximine amides (1.0 equiv), aldehyde (10-15
equiv), Pd(OAc), (10 mol%) and DCE (0.1 M) at 80 °C for 24 h under O,. [b]
Performed using 1g of substrate. [c] Run for 36 h. [d] Recovered starting
material.
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The synthetic usefulness of the method was demonstrated
by the preparation of salicylic acid 3 in 68% yield via facile
exclusion of the sulfoximine auxiliary from the product 2a in a
traceless manner (Eq. 2). It is important to note that, unlike other
N-directing group, the sulfoximine can be recycled easily in this
hydroxylation process.

9 o (o]
N2 O
. 5 mlag. HCI (12N
NS, Smieaa HOI[MaN) OH + &l (Ea.2)
Ph
80°C, 48h o NH
OH OH
2a 3,68% DG, 73%

The aerobic direct C-H hydroxylation process was then
tested to enantioenriched N-sulfoximine amide 1la-ent. As
expected, the reaction afforded the hydroxylated product 2a-ent
with complete conservation of chirality (Eq. 3).

o 0 o O
10 mol% Pd(OA
MetS//\‘N &, mol% Pd(OAc), MeiS//cN (Eq.3)
PH "PrCHO, DCE, 80°C  pH
H HO

63%

1a-ent, 98% ee 2a-ent, 98% ee

To get insight into the reaction mechanism of the catalytic C-
H hydroxylation process, a series of control experiments were
carried out. Intermolecular competition experiment between
electronically non-equivalent substrates resulted in preferentially
C-H hydroxylation of electron rich substrate over the electron
deficient N-sulfoximine amide (Eq. 4). Likewise, difference in

o\\s/\ standard condition O
pr N - .

OMe/Cl
1g:11 (1:1)

OMe Cl

2g, 56% 2|, trace
reaction rate of the hydroxylation process was realized by
conducting the reaction using N-sulfoximine amide la and its
deuterated analogue. When the hydroxylation reaction was
studied using substrates la and la(ds) separately, otherwise
identical reaction conditions, the substrate with perdeuterated
benzamide moiety was sluggishly transformed to the
corresponding product. In line with this observation, the intra- as
well as intermolecular kinetic isotope effect (KIE) experiments
revealed ku/kp = 3.50 for intramolecular study (Eq. 5) and ku/kp =
2.12 for intermolecular study (Eq. 6). These results may indicate
that an intramolecular C—-H metalation step is involved that could
also be the rate-limiting step of the process.*?

o/ [e] H / o) H (o] D
\/S‘\N standard condition \‘ S O‘\S\ (Eq. 5)
ikt L > /% .
P Kilko = 3.50 PN tei N !
D

HO HO
1a(dy) 2a 2a(d,)
Q o
‘S/\ standard condition o\\S\
N = ———— N x (Eq.6)
| Hs/Ds kylkp =2.12 Phi | —~HyD,
Z HO
1ala(ds) 2ai2a1dy)

We then performed the reaction using stoichiometric amount
of various chemical oxidants such as H,O,, m-CPBA, oxone and
(NH4);S;0s that are often used in Pd(ll)-catalyzed C-H
hydroxylation process under anaerobic condition.” To our
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surprise, none of them afforded desired hydroxylated product
with N-sulfoximine benzamide la. The reaction also did not give
any hydroxylated product in the absence of either aldehyde or
O,. Additionally, only trace amount of the product 2a was
obtained with air. These observations suggest that both O, and
n-butyraldehyde are essential for the success of the aerobic C-H
hydroxylation process (See Supporting Information).

Further mechanistic studies revealed that the reaction was
ineffective with either benzaldehyde or TBHP alone under O,
atmosphere(Scheme 2). Interestingly, by repeating the same
experiment in the presence of both the reagents afforded the
product 2a in 45% yield. These results indicate that
benzoylperoxy radical, which is known to form by the reaction of
TBHP and benzaldehyde in the presence of O,, could promote
the reaction.™ In accordance with this observation, we
proposed that the acylperoxy radical generated in situ during
auto-oxidation of aldehyde™ could be a key reactive
intermediate for the aerobic hydroxylation process. Furthermore,
the reaction was inhibited in the presence of a radical scavenger
like TEMPO. This observation may lead to the involvement of
radical intermediate in this process.

Pd(OAc), (10 mol%), TBHP (2 equiv.), O,

DCE, 80 °C, trace

o (o}
S, Pd(OAc), (10 mol%), PhCHO (10 equiv.), Oy O\\S/
/N SN
PH PH
DCE, 80 °C
H HO

PhCHO (10 equiv.), O» :
TBHP (2 equiv.) = [Phco,0] T

Pd(OAc), (10 mol%), DCE, 80 °C, 48%

Scheme 2. Control experiments.

Finally, 0 labeling experiment proved that the oxygen atom
of the hydroxyl group is indeed originated from molecular
oxygen (Eq. 7), as hydroxylated product with 89% *°0
incorporation was obtained.

o o
. 10 mol% Pd(OAC) N
Osg/, 180, 0T | Osgl (Eq.7)
Py N "PrCHO, DCE, 80°C  py{ N
H H'e0

89% '80-incorporation

Based on the results obtained in our mechanistic studies and
the literature reports,"® a probable reaction mechanism is
presented in Scheme 3. We propose that the catalytic cycle
begins with the intramolecular sulfoximine assisted ortho C-H
palladation of substrate to form the complex B. Meanwhile, the
aerobic oxidation of aldehyde produces an active acylperoxy
radical intermediate A. The assaciation of the radical A with the
complex B followed by single electron oxidation may lead to a
most likely pd"“-intermediate C. The reductive elimination via
putative pd"-species is expected to provide the desired
hydroxylated product and regenerate the Pd(ll)-biscarboxylate
catalyst. Alternatively, the involvement of a binuclear Pd"/Pd"
catalytic cycle for the reaction cannot be excluded at this
point.*”) Additional mechanistic investigation would be required
to gain better inside of the reaction mechanism. The formation of
butyric acid was confirmed by GC/MS analysis. It is important to
mention that dioxygen activation via auto-oxidation of aldehyde
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is an independent process. Furthermore, the in situ generated
acylperoxy radical A is highly reactive species, which is known
to decompose to the corresponding carboxylic acid through
alternative reaction pathway.'™ As a result, slight excess of
aldehyde was required to achieve good yield of the desired
hydroxylated product.

R
e Ar
A st\:o

OH
O e;_edl/ct/‘ve
| “Mination,

- Ry -
9 X, PA(O,CR), (X i
A OH
-~ "PrCO,H L c
Pd
0, catalysis
activation
.0._0O
[° ] R Ry
L 1y A ~
— oH X
tivatio
RCO, B act
RCO,H

Scheme 3. Proposed reaction mechanism.

In summary, the first aerobic direct C-H hydroxylation of
arene using sulfoximine as reusable directing group with Pd-
catalysis is described. Abundant, safe and environmentally
benign molecular oxygen (O) is used as the sole oxidant for the
catalytic process to afford various hydroxylated products in good
yields and functional group tolerance. Based on our mechanistic
studies, a cooperative mechanism between Pd(ll)-catalysis and
aldehyde auto-oxidation is implicated for the hydroxylation
process. Our ongoing research in this area directs to expand the
scope and to study further mechanism investigations of this
aerobic hydroxylation reaction.

Experimental Section

Experimental details such as synthesis, control
spectroscopy can be found in supporting information.

experiment and

Acknowledgements

We gratefully acknowledge the generous financial support from
Science  and Engineering  Research  Board, India
(EMR/2016/006344) and CSIR for fellowship to PD.

Keywords: C-H hydroxylation ¢ Pd-catalysis ¢ sulfoximine ¢
molecular oxygen ¢ aerobic oxidation

1] For some selected reviews on transition metal catalyzed C-H
oxygenation reaction, see: a)Z. Shi, C. Zhang, C. Tang, N. Jiao,
Chem. Soc. Rev. 2012, 41, 3381; b)S. Enthaler, A. Company,
Chem. Soc. Rev. 2011, 40, 4912; c)T. W. Lyons, M. S. Sanford, Chem.
Rev. 2010, 110, 1147.

[2] For review on catalytic C-H hydroxylation reactions, see: D. A. Alonso,
C. Néjera, I. M. Pastor, M. Yus, Chem. Eur. J. 2010, 16, 5274.

[3] a)A. Maji, B. Bhaskararao, S. Singha, R. B. Sunoj, D. Maiti, Chem. Sci.
2016, 7, 3147; b)T. Yamaguchi, E. Yamaguchi, N. Tada, A. Itoh,
Adv.Synth. Catal. 2015, 357, 2017; c)Y.-F. Liang, X. Wang, Y. Yuan, Y.
Liang, X. Li, N. Jiao, ACS Catal. 2015, 5, 6148; d)J. Dong, P. Liu, P.

This article is protected by copyright. All rights reserved.



ChemCatChem

(4

5]
(6]
(7]
8l
&)

[10]

[11]

[12]

(23]
[14]

[15]

Sun, J. Org. Chem. 2015, 80, 2925; e)F. Yang, K. Rauch, K. Kettelhoit,
L. Ackermann, Angew. Chem. Int. Ed. 2014, 53, 11285; f)S. Shi, C.
Kuang, J. Org. Chem. 2014, 79, 6105; g)J. Gallardo-Donaire, R. Martin,
J. Am. Chem. Soc. 2013, 135, 9350; h)D. Eom, Y. Jeong, Y. R. Kim, E.
Lee, W. Choi, P. H. Lee, Org. Lett. 2013, 15, 5210; i)P. Y. Choy, F. Y.
Kwong, Org. Lett. 2013, 15, 270; j)S.-Y. Zhang, G. He, Y. Zhao, K.
Wright, W. A. Nack, G. Chen, J. Am. Chem. Soc. 2012, 134, 7313; k)Y.
Yang, Y. Lin, Y. Rao, Org. Lett. 2012, 14, 2874, I)G. Shan, X. Yang, L.
Ma, Y. Rao, Angew. Chem. Int. Ed. 2012, 51, 13070; m)F. Mo, L. J.
Trzepkowski, G. Dong, Angew. Chem. Int. Ed. 2012, 51, 13075; n)T.-S.
Jiang, G.-W. Wang, J. Org. Chem. 2012, 77, 9504; o)R. Xu, J.-P. Wan,
H. Mao, Y. Pan, J. Am. Chem. Soc. 2010, 132, 15531; p)G.-W. Wang,
T.-T. Yuan, J. Org. Chem. 2010, 75, 476; g)L. V. Desai, H. A. Malik, M.
S. Sanford, Org. Lett. 2006, 8, 1141.

a)B. L. Ryland, S. S. Stahl, Angew. Chem. Int. Ed. 2014, 53, 8824, b)S.
E. Allen, R. R. Walvoord, R. Padilla-Salinas, M. C. Kozlowski, Chem.
Rev. 2013, 113, 6234; c)W. Wu, H. Jiang, Acc. Chem. Res. 2012, 45,
1736; d)A. N. Campbell, S. S. Stahl, Acc. Chem. Res. 2012, 45, 851;
e)A. E. Wendlandt, A. M. Suess, S. S. Stahl, Angew. Chem. Int. Ed.
2011, 50, 11062; f)J. Piera, J.-E. Backvall, Angew. Chem. Int. Ed. 2008,
47, 3506; g)M. J. Schultz, M. S. Sigman, Tetrahedron 2006, 62, 8227;
h)J. Muzart, Chem. Asian J. 2006, 1, 508; i)T. Punniyamurthy, S.
Velusamy, J. Igbal, Chem. Rev. 2005, 105, 2329.

J. Tetsuro, N. Koichi, T. Ken, F. Yuzo, Chem. Lett. 1990, 19, 1687.
Y.-H. Zhang, J.-Q. Yu, J. Am. Chem. Soc. 2009, 131, 14654.

Y. Yan, P. Feng, Q.-Z. Zheng, Y.-F. Liang, J.-F. Lu, Y. Cui, N. Jiao,
Angew. Chem. Int. Ed. 2013, 52, 5827.

P. Das, D. Saha, D. Saha, J. Guin, ACS Catal. 2016, 6, 6050.

a)M. R. Yadav, R. K. Rit, M. Shankar, A. K. Sahoo, Asian J. Org. Chem.
2015, 4, 846; b)Y. J. Park, J.-W. Park, C.-H. Jun, Acc. Chem. Res.
2008, 41, 222.

a)M. Shankar, T. Guntreddi, E. Ramesh, A. K. Sahoo, Org. Lett. 2017,
19, 5665; b)M. Shankar, K. Ghosh, K. Mukherjee, R. K. Rit, A. K.
Sahoo, Org. Lett. 2016, 18, 6416; c)K. Ghosh, R. K. Rit, E. Ramesh, A.
K. Sahoo, Angew. Chem. Int. Ed. 2016, 55, 7821; d)M. R. Yadav, M.
Shankar, E. Ramesh, K. Ghosh, A. K. Sahoo, Org. Lett. 2015, 17,
1886; e)Y. Cheng, C. Bolm, Angew. Chem. Int. Ed. 2015, 54, 12349;
f)M. R. Yadav, R. K. Rit, M. Shankar, A. K. Sahoo, J. Org. Chem. 2014,
79, 6123; g)R. K. Rit, M. R. Yadav, K. Ghosh, M. Shankar, A. K. Sahoo,
Org. Lett. 2014, 16, 5258; h)K. Parthasarathy, C. Bolm, Chem. Eur. J.
2014, 20, 4896; i)W. Dong, K. Parthasarathy, Y. Cheng, F. Pan, C.
Bolm, Chem. Eur. J. 2014, 20, 15732; j)M. R. Yadav, R. K. Rit, A. K.
Sahoo, Org. Lett. 2013, 15, 1638; k)W. Dong, L. Wang, K.
Parthasarathy, F. Pan, C. Bolm, Angew. Chem. Int. Ed. 2013, 52,
11573.

a)K. Raghuvanshi, D. Zell, L. Ackermann, Org. Lett. 2017, 19, 1278;
b)L. Wang, D. L. Priebbenow, L.-H. Zou, C. Bolm, Adv. Synth. Catal.
2013, 355, 1490; c)M. R. Yadav, R. K. Rit, A. K. Sahoo, Chem. Eur. J.
2012, 18, 5541; d)R. K. Rit, M. R. Yadav, A. K. Sahoo, Org. Lett. 2012,
14, 3724.

a)P. Biswas, S. Paul, J. Guin, Synlett 2017, 28, 1244; b)P. Biswas, S.
Paul, J. Guin, Angew. Chem. Int. Ed. 2016, 55, 7756; c)S. Paul, J. Guin,
Chem. Eur. J. 2015, 21, 17618.

E. M. Simmons, J. F. Hartwig, Angew. Chem. Int. Ed. 2012, 51, 3066.
M. Sankar, E. Nowicka, E. Carter, D. M. Murphy, D. W. Knight, D.
Bethell, G. J. Hutchings, Nat. Commun. 2014, 5, 3332.

a) K. Miyamoto, J. Yamashita, S. Narita, Y. Sakai, K. Hirano, T. Saito,
C. Wang, M. Ochiai, M. Uchiyama, Chem. Commun. 2017, 53, 9781, b)
A. Maity, S.-M. Hyun, D. C. Powers, Nat. Chem. 2017; c) C. Marteau, F.
Ruyffelaere, J. M. Aubry, C. Penverne, D. Favier, V. Nardello-Rataj,
Tetrahedron 2013, 69, 2268; d) V. Chudasama, A. R. Akhbar, K. A.
Bahou, R. J. Fitzmaurice, S. Caddick, Org. Biomol. Chem. 2013, 11,
7301; e) M. Selke, M. F. Sisemore, R. Y. N. Ho, D. L. Wertz, J. S.
Valentine, J. Mol. Catal. A 1997, 117, 71; f) W. Nam, H. J. Kim, S. H.
Kim, R. Y. N. Ho, J. S. Valentine, Inorg. Chem. 1996, 35, 1045; g) N.
Mizuno, H. Weiner, R. G. Finke, J. Mol. Catal. A 1996, 114, 15; h) C. F.
Hendriks, H. C. A. van Beek, P. M. Heertjes, Ind. Eng. Chem. Prod.
Res. Dev. 1978, 17, 260; i) C. F. Hendriks, H. C. A. van Beek, P. M.
Heertjes, Ind. Eng. Chem. Prod. Res. Dev. 1977, 16, 270; j) N. A.
Clinton, R. A. Kenley, T. G. Traylor, J. Am. Chem. Soc. 1975, 97, 3752;
k) N. A. Milas, Chem. Rev. 1932, 10, 295.

[16]

[17]

10.1002/cctc.201800064

WILEY-VCH

a)J. J. Topczewski, M. S. Sanford, Chem. Sci. 2015, 6, 70; b)Q. Liu, X.
Dong, J. Li, J. Xiao, Y. Dong, H. Liu, ACS Catal. 2015, 5, 6111; c)Y.-F.
Liang, X. Li, X. Wang, Y. Yan, P. Feng, N. Jiao, ACS Catal. 2015, 5,
1956; d)J. B. Gerken, S. S. Stahl, ACS Cent. Sci. 2015, 1, 234; e)A. B.
Weinstein, S. S. Stahl, Catal. Sci. Technol. 2014, 4, 4301; f)K. J.
Stowers, A. Kubota, M. S. Sanford, Chem. Sci. 2012, 3, 3192; g)A. J.
Hickman, M. S. Sanford, Nature 2012, 484, 177; h)X. Zhao, V. M. Dong,
Angew. Chem. Int. Ed. 2011, 50, 932; i)L.-M. Xu, B.-J. Li, Z. Yang, Z.-J.
Shi, Chem. Soc. Rev. 2010, 39, 712; jjW. Oloo, P. Y. Zavalij, J. Zhang,
E. Khaskin, A. N. Vedernikov, J. Am. Chem. Soc. 2010, 132, 14400;
k)K. Mufiiz, Angew. Chem. Int. Ed. 2009, 48, 9412.

For binuclear Pd" intermediate, see: a) M. C. Nielsen, E. Lyngvi, F.
Schoenebeck, J. Am. Chem. Soc. 2013, 135, 1978; b) D. C. Powers, T.
Ritter, Acc. Chem. Res. 2012, 45, 840; c) D. C. Powers, D. Benitez, E.
Tkatchouk, W. A. Goddard, T. Ritter, J. Am. Chem. Soc. 2010, 132,
14092; d) D. C. Powers, T. Ritter, Nat. Chem. 2009, 1, 302; e) D. C.
Powers, M. A. L. Geibel, J. E. M. N. Klein, T. Ritter, J. Am. Chem. Soc.
2009, 131, 17050; f) N. R. Deprez, M. S. Sanford, J. Am. Chem. Soc.
2009, 131, 11234; g) F. A. Cotton, I. O. Koshevoy, P. Lahuerta, C. A.
Murillo, M. Sanau, M. A. Ubeda, Q. Zhao, J. Am. Chem. Soc. 2006, 128,
13674; h) R. H. Crabtree, Science 2002, 295, 288; i) F. A. Cotton, J. Gu,
C. A. Murillo, D. J. Timmons, J. Am. Chem. Soc. 1998, 120, 13280; j) T.
Yoneyama, R. H. Crabtree, J. Mol. Catal. A 1996, 108, 35.

This article is protected by copyright. All rights reserved.



ChemCatChem

Entry for the Table of Contents (Please choose one layout)

COMMUNICATION

R O

0./ Pd(OAC),
SN * 9% “pcho
Ar @ (balloon)
H

(0]

O‘\S/ ® 0, as a sole oxidant
Ar/ °N ® recyclable directing group
HO ® up to 77% yield

® 27 examples

10.1002/cctc.201800064

WILEY-VCH

Prasenijit Das and Joyram Guin*
Page No. — Page No.
Direct C(sp?)-H Hydroxylation of Arene

with- Pd(ll)/O, Using Sulfoximine as
Recyclable Directing Group

This article is protected by copyright. All rights reserved.



