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ABSTRACT: One formidable challenge in sp* C—H
activation is how to achieve high para selectivity on electron-
deficient arenes because such site selectivity is disfavored by
the electronic bias induced by the electron-withdrawing

groups. The first highly selective para-C—H acetoxylation of

various benzoic acids using a nitrile-based template was
realized. Removal of the template leads to para-hydroxylated

gN.Me
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overriding the intrinsic CN
electronic and steric bias

benzoic acids, which are versatile intermediates for a wide range of synthetically useful transformations.

B enzoic acid and its derivatives are ubiquitous in
pharmaceutical compounds, agrochemicals, and materi-
als." Traditionally, derivatization and modification of benzoic
acids highly depend on the electrophilic aromatic substitution,
where the reaction usually takes place at the meta position with
respect to the carboxylic acid functional group.” However,
harsh conditions, such as high reaction temperature and/or
strong acid additives, are often required for achieving reactivity
because of the deactivating effect of the carboxylic acid.
Recently, a transition-metal-based directing group assisted C—
H activation reaction has emerged as a useful tool for rapid
access to these types of molecules. A number of directing
groups including native, free carboxylic acids were developed
for the ortho-functionalization of benzoic acids under different
metal catalysis through the formation of thermodynamically
stable five-membered cyclometal intermediates (Scheme 1A).’
Meta-selective C—H activation is another notable area.
Although sterics and electronics can be utilized to achieve
meta-selectivity in the nondirected C—H activation, a series of
drawbacks such as the excess amount of substrate and limited
scope of transformation hampered its utility.” To address this
issue, in 2012, our group developed an end-on template which
typically contains a linear nitrile group for meta-selective C—H
functionalization of toluene derivatives and hydrocinnamic
acids.’

In this case, a large cyclophane-like transition state (>12
membered ring) was required for precisely dictating the meta
selectivity. Since then, this template-directed strategy has
proven to be applicable to a variety of arenes, such as phenyl
acetic acids, benzyl alcohols/amines, and benzoic acids, by our
group and others.” Despite the rapid growth in both ortho-
selective C—H activation and meta-selective C—H activation
reactions, remote para-selective C—H activation reactions still
remain a formidable challenge for the following reasons: (a)
the long distance between the target C—H bond and directing
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group; (b) the ortho directing effect arising from directing
group; and (c) the high strain energy for the large cyclophane-
like transition state. In 2015, the group of Maiti reported a
para-C—H functionalization of toluene derivatives by using a
nitrile-based D-shaped biphenyl template (Scheme 1A).° A
specially designed two sterically incumbent isopropyl moiety at
the tethered Si atom ensured the high para-selectivity through
the Thorpe—Ingold effect. Following this work, a para-C—H
functionalization of electron-rich phenols was accomplished by
switching the connecting carbon and oxygen atom in the
template.” However, to the best of our knowledge, there are
still no precedents of remote para-selective C—H functional-
ization of electron-deficient arenes, possibly due to the low
reactivity of electron-deficient arenes toward C—H palladation
as well as the difficulty of overriding the innate ortho and meta
selectivity.'’ Herein, we disclose the first remote para-selective
C—H acetoxylation of electron-deficient benzoic acid deriva-
tives (Scheme 1B). Simple hydrolysis of the products can
deliver the p-hydroxybenzoic acids, which are a key structure
moiety for many bioactive compounds including diploicin,
platencin, and zeranol (Scheme 1C).

We commenced our study by designing a new template
suited for para-C—H functionalization of benzoic acid
(Scheme 2). Inspired by the previous work on the develop-
ment of a nitrile-containing end-on template, we envisioned
three basic rules for the template design as follows: (1) a
simple amide or ester linkage is desirable in terms of
practicality; (2) an appropriate conformational rigid biphenyl
skeleton is considered to be able to fix the metal to the target
para-C—H bond without interference with the ortho/meta-C—
H bonds; and (3) easy preparation of the template is required
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Scheme 1. Transition-Metal-Catalyzed C—H
Functionalization of Arenes
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to avoid the pitfall of overengineering. With these in mind, we
first attached a simple template T1 bearing a methyl group on
the nitrogen atom to benzoic acid and tested the Pd-catalyzed
C—H acetoxylation reaction. The substrate was treated with 10
mol % of Pd(OAc), and 2 equiv of PhI(OAc), in HFIP at 80
°C for 12 h. To our delight, the acetoxylation products were
obtained in 51% yield with the para position as the dominating
product. However, product formation at the ortho/meta

positions as well as the C1 position of the template was also
obtained in a considerable amount with a ratio of p/(o +
m):Cl = 4:1:1.7. Subsequently, regulating the distance and
geometry between the coordinating CN group and the para-
C—H bond leads to the templates T2 and T3, but diminished
yield (<10%) was observed for the desired product. Since the
substituent on the nitrogen atom can change the conformation
of the template due to steric repulsion, we explored the effect
of different substituents such as isopropyl and phenyl. Poor
yields and selectivities were obtained by using T4 and TS as
the templates, indicating that the small methyl group is better
suited for delivering the Pd to the para-C—H bond. To
suppress side reactions occurring on the template, we blocked
the C1 position with 2,6-dimethoxy and 2,6-dichloro
substituents. While T6 led to the decomposition of starting
material, T7 gave the desired product in 43% yield with two
separate products and a better selectivity (p/m = 4:1).
Notably, the ortho-C—H activation side reaction was also
suppressed, possibly due to the steric hindrance cause by the
dichloro substituents. 3,5-Difluoro-substituted T8 gave a
comparable yield (44%) but poor selectivity (p/others =
1:1). Although proven successful for meta-C—H activation, the
pyridine-based templates (T9, T10) failed to give any
products.

Having identified the optimal template (T7), we next
evaluated the reaction parameters to further improve the yield
(Table 1). First, after a careful analysis of the reaction mixture,

Table 1. Optimization of Reaction Parameters™*

(¢} 0]

,©)LT [Pd], oxidant @)LT
—_— > :
HFIP, 80 °C :

H™p - AcO"p e CN
1a 3a :

yield (p/
entry oxidant [Pd] atmosphere  m) (%)
1 PhI(OAc), (3 equiv) Pd(OAc), air 43 (4:1)
2 PhIO (3 equiv) + Ac,0 Pd(OAc), air 48 (4:1)
(6 equiv)

3 PhIO (3 equiv) + Ac,0 Pd(OAc), N, 34 (3.8:1)
(6 equiv)

4 PhIO (3 equiv) + Ac,0  Pd(OAc), 0, S5 (4:1)
(6 equiv)

S PhIO (3 equiv) + A0  DPd(OAc), 0, 66 (4.2:1)
(14 equi\cfl)

6°  PhIO (3 equiv) + A,O  Pd(OAc), 0, 73 (4.2:1)
(14 equi\?)

7°  PhIO(3 equiv) + Ac,0 Pd(OAc), 0, 73 (4.2:1)
(20 equiv)

8" PhIO (3 equiv) + A0  Pd(OAc), 0, nd
(0 equiv)

9”  PhIO (3 equiv) + Ac,0  PdCl, 0, 45 (4:1)
(14 equi\?)

10°  PhIO (3 equiv) + A0  Pd(TFA), 0, 60 (4:1)
(14 equi\crl)

11 PhIO (3 equiv) + A,O  Pd(OPiv), 0, 78 (4:1)
(14 equi:/])

12 PhIO (3 equiv) + Ac,0 0, nd
(14 equi\(/])

“The reaction conditions: 1a (0.05 mmol), Pd(OAc),(10 mol %),
oxidant, HFIP(0.5 mL), 80 °C, 12 h. b36 h. “Yield was determined by
"H NMR analysis of crude reaction mixture using CH,Br, as internal
standard. The ratio of the product was determined by GC—MS
analysis of the crude reaction mixture.
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we found that a significant amount of PhI(OAc), was reduced
to Phl by HFIP (see the Supporting Information), which could
be the reason for the low yield obtained in this transformation.
We speculated that the yield may be able to be improved by
generating the effective oxidant PhI(OAc), in situ from PhIO
and Ac,0. Indeed, when we used 3 equiv of PhIO in
combination with 6 equiv of Ac,O as the oxidant, we obtained
the desired product in 48% yield with the same selectivity
(Table 1, entry 2). From the perspective of practicality, a series
of acylation products could be accessed by using the
combination of PhIO with the different anhydrides. Sub-
sequently, we found that the yield could be improved to 55%
when the reaction was performed under an atmosphere of O,,
while a diminished yield (34%) was obtained under the N,
atmosphere, presumably because O, is capable of facilitating
the oxidation of Pd" to Pd" species (Table 1, entries 3 and 4).
Higher loadings of Ac,0 (14 equiv) led to a dramatic increase
in yield, delivering 3a in 66% yield with a selectivity of p/m =
4.2:1 (Table 1, entry S). Furthermore, we found that the yield
was improved to 73% by prolonging the reaction time to 36 h
(Table 1, entry 6). As expected, no product was observed in
the absence of Ac,O (Table 1, entry 8). Finally, among the
various sources of Pd that we screened, Pd(OPiv), proved to
be optimal, giving the product 3a in 78% yield (Table 1, entries
9—12).

With the optimal conditions in hand, we further explored
the scope of this para-C—H acetoxylation reaction (Scheme 3).
To our delight, both electron-donating groups and electron-
withdrawing groups can be tolerated in this transformation.
For example, substrates bearing a methyl group at the ortho
and meta position underwent para-selective C—H acetoxyla-
tion smoothly, providing the corresponding products in 64%
yield (p/m = 4:1) and 57% yield (p/m = 7:1), respectively.
Notably, the template-directed C—H acetoxylation can over-
ride the ortho- and para-selective effect that originates from
strong electron-donating substituents such as OMe and OBn,
giving the products with excellent para selectivity (3d—f).
These observations further suggest that a simple electrophilic
aromatic substitution (SgAr) process is not likely involved in
this approach. Halogen atoms such as F, Br, and I are also
compatible, giving the acetoxylation products in moderate to
good vyields and high para selectivity (3h, 3i, 3k), which
provides products with further functional handles for other
organic transformations. Moreover, a continuous tetrasubsti-
tuted benzoic acid derivative can also be obtained by using this
strategy (3j, 68% yield, p/m = 10:1). In addition, using other
anhydrides, such as propionic anhydride, consistently affords
the corresponding carboxylates 31 in 56% yield. This result
further suggests that this oxidant system (PhIO/Ac,0) is more
versatile than PhI(OAc),, which only resulted in acetoxylation
products.

Removal of the template proceeded smoothly under basic
hydrolysis conditions, yielding the desired product p-
hydroxybenzoic acid in 65% yield (Scheme 4). The para-
acetoxylation product can be converted to the corresponding
aryl triflate,"" which is a valuable intermediate for a variety of
transformations. >~

In summary, we have developed the first Pd-catalyzed para-
C—H acetoxylation of electron-deficient benzoic acid deriva-
tives. A variety of synthetically useful products were obtained
with good to excellent para selectivity, demonstrating the
ability of this template-directed strategy overriding steric and
electron interference in catalysis.

Scheme 3. Substrate Scope of Para-Selective C—H
Acetoxylation”
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“Reaction conditions: 1a—l (0.05 mmol), Pd(OPiv), (10 mol %),
Ac,0 (0.7 mmol), PhIO (0.15 mmol) in HFIP (0.5 mL), under O,,
80 °C for 36 h; 1solated yield; selectivity of the products were
determined by GC—MS. b0.s equiv of PhOMe was added. “Pd(OAc),
was the catalyst. (C,H;C0),0 (0.7 mmol) was used instead of
Ac,0.

Scheme 4. Removal of Template

.Me
N con COOH
AcO cl Cl dioxane: H,0=30:1 ©

O 190 °C
S OH
O 65% yield

B ASSOCIATED CONTENT
© Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.8b03871.

Experimental procedures, characterizations of new
compounds, NMR spectra, and X-ray data (PDF)

Accession Codes

CCDC 1874180 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge
via www.ccdc.cam.ac.uk/data_request/cif, or by emailing
data_request@ccdc.cam.ac.uk, or by contacting The Cam-
bridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

DOI: 10.1021/acs.orglett.8003871
Org. Lett. XXXX, XXX, XXX—XXX


http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.8b03871/suppl_file/ol8b03871_si_001.pdf
http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.8b03871
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.8b03871
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.8b03871/suppl_file/ol8b03871_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1874180&id=doi:10.1021/acs.orglett.8b03871
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
http://dx.doi.org/10.1021/acs.orglett.8b03871

Organic Letters

B AUTHOR INFORMATION
Corresponding Authors

*E-mail: hxdai@simm.ac.cn.
*E-mail: yu200@scripps.edu.

ORCID

Ming Shang: 0000-0002-0785-8427

Hui-Xiong Dai: 0000-0002-2937-6146

Jin-Quan Yu: 0000-0003-3560-5774

Author Contributions

IM.L. and M.S. contributed equally to this work.
Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We gratefully acknowledge the Shanghai Institute of Materia
Medica and the Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, NSFC (21472211, 21502212,
21772211), the Youth Innovation Promotion Association CAS
(NO. 2014229 and 2018293), the Institutes for Drug
Discovery and Development, the Chinese Academy of Sciences
(NO.CASIMMO0120163006), and the Science and Technology
Commission of Shanghai Municipality (17JC1405000) for
financial support. We gratefully acknowledge NSF under the
CCI Center for Selective C—H Functionalization, CHE-
1205646 for financial support.

B REFERENCES

(1) Manuja, R.; Sachdeva, S.; Jain, A.; Chaudhary, J. A
Comprehensive Review on Biological Activities of P-Hydroxy Benzoic
Acid and Its Derivatives. Int. . Pharm. Sci. Rev. Res. 2013, 22, 109—
118.

(2) Taylor, R. Electrophilic Aromatic Substitution; Wiley, 1990.

(3) For selected reviews on o-C—H activation, see: (a) Lyons, T. W.;
Sanford, M. S. Palladium-Catalyzed Ligand-Directed C—H Function-
alization Reactions. Chem. Rev. 2010, 110, 1147—1169. (b) Kuhl, N;
Hopkinson, M. N.; Wencel-Delord, J.; Glorius, F. Beyond Directing
Groups: Transition-Metal-Catalyzed C—H Activation of Simple
Arenes. Angew. Chem., Int. Ed. 2012, 51, 10236—10254. (c) Acker-
mann, L. Carboxylate-Assisted Ruthenium-Catalyzed Alkyne Annula-
tions by C—H/Het—H Bond Functionalizations. Acc. Chem. Res.
2014, 47, 281-295. (d) Shang, M.; Sun, S.-Z.; Wang, H.-L.; Wang,
M.-M.; Dai, H.-X. Recent Progress on Copper-Mediated Directing-
Group-Assisted C(sp2)—H Activation. Synthesis 2016, 48, 4381—
4399.

(4) For selected examples of m-C—H activation, see: (a) Ishiyama,
T.; Takagi, J.; Ishida, K.; Miyaura, N.; Anastasi, N. R,; Hartwig, J. F.
Mild Iridium-Catalyzed Borylation of Arenes. High Turnover
Numbers, Room Temperature Reactions, and Isolation of a Potential
Intermediate. J. Am. Chem. Soc. 2002, 124, 390—391. (b) Do, H.-Q,;
Khan, R. M. K; Daugulis, O. A General Method for Copper-
Catalyzed Arylation of Arene C—H Bonds. J. Am. Chem. Soc. 2008,
130, 15185—15192. (c) Phipps, R. J.; Gaunt, M. J. A Meta-Selective
Copper-Catalyzed C—H Bond Arylation. Science 2009, 323, 1593—
1597. (d) Martinez-Martinez, A. J.; Kennedy, A. R;; Mulvey, R. E,;
O’Hara, C. T. Directed ortho-meta’- and meta-meta’-dimetalations: A
Template Base Approach to Deprotonation. Science 2014, 346, 834—
837.

(5) (a) Ball, L. T.; Lloyd-Jones, G. C.; Russell, C. A. Gold-Catalyzed
Direct Arylation. Science 2012, 337, 1644—1648. (b) Boursalian, G.
B.; Ngai, M.-Y,; Hojczyk, K. N.; Ritter, T. Pd-Catalyzed Aryl C—H
Imidation with Arene as the Limiting Reagent. J. Am. Chem. Soc.
2013, 135, 13278—13281. (c) Cheng, C.; Hartwig, J. F. Rhodium-
Catalyzed Intermolecular C—H Silylation of Arenes with High Steric
Regiocontrol. Science 2014, 343, 853—857. (d) Kuninobu, Y.; Ida, H,;

Nishi, M.; Kanai, M. A meta-Selective C—H Borylation Directed by a
Secondary Interaction between Ligand and Substrate. Nat. Chem.
2015, 7, 712—717.

(6) Leow, D.; Li, G; Mei, T.-S.; Yu, J.-Q. Activation of Remote
meta-C—H Bonds Assisted by an End-on Template. Nature 2012,
486, 518—522.

(7) (a) Bera, M.; Modak, A; Patra, T.; Maji, A.;; Maiti, D. Meta-
Selective Arene C—H Bond Olefination of Arylacetic Acid Using a
Nitrile-Based Directing Group. Org. Lett. 2014, 16, 5760—5763.
(b) Bera, M.,; Maji, A; Sahoo, S. K; Maiti, D. Palladium(II)-
Catalyzed meta-C-H Olefination: Constructing Multisubstituted
Arenes through Homo-Diolefination and Sequential Hetero-Diolefi-
nation. Angew. Chem., Int. Ed. 2015, 54, 8515—8519. (c) Bera, M,;
Sahoo, S. K.; Maiti, D. Room-Temperature meta-Functionalization:
Pd(II)-Catalyzed Synthesis of 1,3,5-Trialkenyl Arene and meta-
Hydroxylated Olefin. ACS Catal. 2016, 6, 3575—3579. (d) Maji, A.;
Bhaskararao, B.; Singha, S.; Sunoj, R. B,; Maiti, D. Directing Group
Assisted meta-Hydroxylation by C—H Activation. Chem. Sci. 2016, 7,
3147-3153. (e) Bag, S.; Jayarajan, R; Dutta, U; Chowdhury, R;
Mondal, R;; Maiti, D. Remote meta-C—H Cyanation of Arenes
Enabled by a Pyrimidine-Based Auxiliary. Angew. Chem., Int. Ed. 2017,
56, 12538—12542. (f) Bera, M.; Agasti, S.; Chowdhury, R.; Mondal,
R; Pal, D.; Maiti, D. Rhodium-Catalyzed meta-C—H Functionaliza-
tion of Arenes. Angew. Chem., Int. Ed. 2017, 56, 5272—5276.

(8) (a) Bag, S.; Patra, T.; Modak, A.; Deb, A; Maity, S.; Dutta, U,;
Dey, A.; Kancherla, R;; Maji, A; Hazra, A; Bera, M.; Maiti, D.
Remote para-C—H Functionalization of Arenes by a D-Shaped
Biphenyl Template-Based Assembly. J. Am. Chem. Soc. 2015, 137,
11888—11891. (b) Maji, A;; Guin, S.; Feng, S.; Dahiya, A.; Singh, V.
K,; Liu, P.; Maiti, D. Experimental and Computational Exploration of
para-Selective Silylation with a Hydrogen-Bonded Template. Angew.
Chem., Int. Ed. 2017, 56, 14903—14907.

(9) Patra, T.; Bag, S.; Kancherla, R.; Mondal, A.; Dey, A.; Pimparkar,
S.; Agasti, S.; Modak, A.; Maiti, D. Palladium-Catalyzed Directed para
C—H Functionalization of Phenols. Angew. Chem., Int. Ed. 2016, S5,
7751-=7758S.

(10) For other examples of para-C—H activation: (a) Sokolovs, L;
Suna, E. Para-Selective Cu-Catalyzed C—H Aryloxylation of Electron-
Rich Arenes and Heteroarenes. J. Org. Chem. 2016, 81, 371-379.
(b) Berzina, B.; Sokolovs, I; Suna, E. Copper-Catalyzed para-
Selective C—H Amination of Electron-Rich Arenes. ACS Catal. 2015,
S, 7008—7014. (c) Saito, Y.; Segawa, Y.; Itami, K. para-C—H
Borylation of Benzene Derivatives by a Bulky Iridium Catalyst. J. Am.
Chem. Soc. 2015, 137, 5193—5198. (d) Okumura, S.; Tang, S.; Saito,
T.; Semba, K; Sakaki, S.; Nakao, Y. para-Selective Alkylation of
Benzamides and Aromatic Ketones by Cooperative Nickel/Aluminum
Catalysis. J. Am. Chem. Soc. 2016, 138, 14699—14704. (e) Yang, L.;
Semba, K; Nakao, Y. para-Selective C—H Borylation of (Hetero)-
Arenes by Cooperative Iridium/Aluminum Catalysis. Angew. Chem.,
Int. Ed. 2017, 56, 4853—4857.

(11) (a) Raposo Moreira Dias, A.; Pina, A.; Dal Corso, A.; Arosio,
D.; Belvisi, L.; Pignataro, L.; Caruso, M.; Gennari, C. Multivalency
Increases the Binding Strength of RGD Peptidomimetic-Paclitaxel
Conjugates to Integrin ayf};. Chem. - Eur. J. 2017, 23, 14410—14415.
(b) Li, C.; Kawamata, Y.; Nakamura, H.; Vantourout, J. C.; Liu, Z.;
Hou, Q.; Bao, D.; Starr, J. T.; Chen, J; Yan, M,; Baran, P. S.
Electrochemically Enabled, Nickel-Catalyzed Amination. Angew.
Chem., Int. Ed. 2017, 56, 13088—13093.

(12) Milner, P. J.; Kinzel, T.; Zhang, Y.; Buchwald, S. L. Studying
Regioisomer Formation in the Pd-Catalyzed Fluorination of Aryl
Triflates by Deuterium Labeling. J. Am. Chem. Soc. 2014, 136, 15757—
15766.

(13) Wolfe, J. P.; Ahman, J.; Sadighi, J. P.; Singer, R. A.; Buchwald,
S. L. An Ammonia Equivalent for the Palladium-Catalyzed Amination
of Aryl Halides and Triflates. Tetrahedron Lett. 1997, 38, 6367—6370.

(14) Kwong, F. Y,; Lai, C. W,; Yu, M,; Tian, Y,; Chan, K. S.
Palladium-Catalyzed Phosphination of Functionalized Aryl Triflates.
Tetrahedron 2003, 59, 10295—10305.

DOI: 10.1021/acs.orglett.8003871
Org. Lett. XXXX, XXX, XXX—XXX


mailto:hxdai@simm.ac.cn
mailto:yu200@scripps.edu
http://orcid.org/0000-0002-0785-8427
http://orcid.org/0000-0002-2937-6146
http://orcid.org/0000-0003-3560-5774
http://dx.doi.org/10.1021/acs.orglett.8b03871

Organic Letters

(15) Thompson, A. L. S.; Kabalka, G. W.; Akula, M. R;; Huffman, J.
W. The Conversion of Phenols to the Corresponding Aryl Halides
Under Mild Conditions. Synthesis 2005, 2005, 547—550.

(16) Kotsuki, H.; Datta, P. K.; Suenaga, H. An Efficient Procedure
for Palladium-catalyzed Hydroformylation of Aryl/Enol Triflates.
Synthesis 1996, 1996, 470—472.

(17) Srivastava, R. R;; Zych, A. J.; Jenkins, D. M.; Wang, H. J.; Chen,
Z.-].; Fairfax, D. J. Application of Polymer-Supported Triphenylphos-
phine and Microwave Irradiation to the Palladium-Catalyzed
Cyanation of Aryl Triflates. Synth. Commun. 2007, 37, 431—438.

(18) Maegawa, T.; Kitamura, Y.; Sako, S.; Udzu, T.; Sakurai, A,
Tanaka, A.; Kobayashi, Y.; Endo, K; Bora, U.; Kurita, T.; Kozaki, A.;
Monguchi, Y.; Sajiki, H. Heterogeneous Pd/C-Catalyzed Ligand-Free,
Room-Temperature Suzuki—Miyaura Coupling Reactions in Aqueous
Media. Chem. - Eur. J. 2007, 13, 5937—5943.

DOI: 10.1021/acs.orglett.8003871
Org. Lett. XXXX, XXX, XXX—XXX


http://dx.doi.org/10.1021/acs.orglett.8b03871

