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ABSTRACT: A general method for selective ortho C−H
arylation of ketone, with boron reagent enabled by rhodium
complexes with excellent yields, is developed. The trans-
formation is characterized by the use of air-stable Rh catalyst,
high monoarylation selectivity, and excellent yields of most of
the substrates.

The biaryl structural motif plays an increasingly important
role in biologically active molecules and photonic

materials.1 However, biaryl compounds have mainly been
synthesized by using aryl halides and aryl metal compounds,
releasing equivalent byproducts.2 Due to the ubiquitous nature of
C−H bonds, transition-metal-catalyzed C−H functionalization
has emerged as a useful method to build aryl−aryl stocks.3
Inspired by the pioneering work of Murai and co-workers,4

direct synthesis of carbon−carbon and carbon−heteroatom
bonds using transition-metal-catalyzed C−H functionalization
has attracted increasing attention.5 As a result, a wide range of
coordinating moieties have been utilized to efficiently activate
the C−H bonds. Among these directing groups, pyridyl,6

amino,7 azo,8 and amide groups9 have been applied to facilitate
various reactions described in the literature; however, other
functional groups, such as thio,10 hydroxy,11 carbonyl,12 ester,13

aldehyde,14 and carboxy groups,15 were less reported.
Ketone-assisted C−H functionalization (e.g., alkylation,

amination, hydroxylation, and olefination) catalyzed by Ru, Pd,
Rh, and Ir has been well-documented.16,17 However, arylation of
aromatic C−H bonds assisted by ketone has seldom been
described.18Murai et al. have reported ortho arylation of aromatic
ketones catalyzed by Ru and Pd (Scheme 1, eq 1).18a Cheng et al.
have reported Pd catalyzed ketone assisted arylation with
relatively low yield (Scheme 1, eq 2).18c In addition, they have
reported ketone-assisted dual C−H functionalization (Scheme 1,
eq 3).19 Inspired by our previous study on weak coordinating
group amide directed C−H arylation catalyzed by Rh catalyst,20

as well as others concerning Rh-catalyzed olefination and
hydroxylation directed by ketones,21 we aimed to establish a
more efficient and site-selective synthetic method to build
decorated biphenyl derivatives catalyzed by Rh catalyst using
ketone as the directing group, with moderate to high yields.
Herein, we report an interesting synthesis of biaryl derivatives
from sec-alkyl aryl ketones and boron reagent by Rh-catalyzed
C−H activation.
At the outset of our studies, we tested various reaction

parameters for the envisioned Rh-catalyzed C−H arylation of

ketone (Table 1). Among silver salts, copper salts, and other
organic oxidants, only AgF, AgOAc, and Ag2O were effective
(Table 1, entries 5, 8, 9, and 10), and Ag2O gave the highest yield
(Table 1, entry 9). As to the solvents, DCE gave the desired
products with high yield (85%) in 3 h (Table 1, entry 9), while
the other solvents, such as methanol and toluene, afforded no
desired products (Table 1, entries 11 and 12). The yield was
further elevated to 95% when the reaction time was prolonged to
6 h (Table 1, entry 13). Unfortunately, adding ligands, bases, or
acids lowered the yield dramatically (see the Supporting
Information). In addition, catalysts also evidently affected the
reaction (see Table S5). The reaction of 1-(2-methoxyphenyl)-2-
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Scheme 1. C−H Arylation Assisted by Ketone
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methylpropan-1-one (1a) with 4-methoxycarbonylphenylbor-
onic acid pinacol ester (4-CO2Me-Ph-Bpin) (2a) in the presence
of a more reactive Rh catalyst [RhCp*(MeCN)3](SbF6)2 (10
mol %) and Ag2O (0.2 mmol) in DCE (2 mL) at 120 °C for 6 h
generated a biphenyl derivative 3a in 95% yield. Control
experiments revealed that no desired product 3a was obtained in
the absence of Rh catalyst or silver salt (see Table S5).
Having identified these optimized conditions, we set out to

evaluate the scope for this new reaction. A variety of substituted
substrates were surveyed (Scheme 2). Various substrates were
smoothly transformed into the corresponding ortho-arylated
products in moderate to high yields. Substrates with electron-
donating groups in the ortho, meta, and para sites afforded the
desired products in excellent yields (3a−g) (Scheme 2). In
particular, the regioselectivity was high, and only monosub-
stituted product was generated for each substrate. As
demonstrated by the reaction of 1 bearing halogen groups, the
functional group tolerance was high, although the yields were
modest (3h−m) (Scheme 2), which allowed additional
modification reactions in the halogenated positions. Moreover,
reactions of other sec-alkyl aryl ketones, such as tertiary butyl,
ethyl, propyl, cyclohexyl, and phenyl aryl ketones, afforded the
desired products with excellent yields (3n−s) (Scheme 2). α-
Tetralone gave moderate yield (53%), which can be attributed to
its restricted structure (3t). Notably, benzophenone (3s)
(Scheme 2) was also tolerated, which has rarely been reported
until now.
Afterward, this C−H bond functionalization reaction was

successfully extended to various arylboronic acid pinacol esters
with 1a under the optimized conditions (Scheme 3). Non-
substituted arylboronic acid pinacol ester (2j) (Scheme 3) gave
the desired product with excellent yield (93%). Likewise,
substrates with halogens in para positions (2e−g) (Scheme 3)
also did so. In particular, arylboronic acid pinacol esters with a
nitro group (2h) (Scheme 3) gave the desired products in 70%
yield. We also prepared 3e on gram scale to demonstrate the
further application of this transformation (Scheme 4).

To gain insights into the mechanism, deuterium-labeling
experiments were conducted to determine the kinetic isotope

Table 1. Optimization of Reaction Conditionsa

entry oxidant solvent yieldb (%)

1 BQ DCE NR
2 O2 DCE NR
3 PhI(OAc)2 DCE NR
4 Cu(OAc)2 DCE NR
5 AgF DCE 52
6 Ag2CO3 DCE NR
7 Ag3PO4 DCE NR
8 AgOAc DCE 53
9 Ag2O DCE 85
10 Ag2O DCM 65
11 Ag2O MeOH NR
12 Ag2O toluene NR
13c Ag2O DCE 95

aConditions: 1a (0.1 mmol), 2a (0.3 mmol), [RhCp*(MeCN)3]-
(SbF6)2 (10 mol %), oxidant (0.2 mmol), solvent (2 mL), N2, 3 h, 120
°C. bThe yield was determined by 1H NMR analysis of crude product
using CH2Br2 as an internal standard. cReaction time 6 h.

Scheme 2. Scope of Ketone Substrates.a,b

aConditions: 1a−t (0.1 mmol), 2a (0.3 mmol), [RhCp*(MeCN)3]-
(SbF6)2 (10 mol %), Ag2O (0.2 mmol), DCE (2 mL), N2, 6 h, 120 °C.
bIsolated yield.

Scheme 3. Scope of Arylating Reagentsa,b

aConditions: 1a (0.1 mmol), 2b−j (0.3 mmol), [RhCp*(MeCN)3]-
(SbF6)2 (10 mol %), Ag2O (0.2 mmol), DCE (2 mL), N2, 6 h, 120 °C.
bIsolated yield.
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effect (KIE). The observed intermolecular KIE of 3.7 and parallel
KIE of 2.3 revealed that the orthoC−Hbond cleavage may be the
rate-determining step (see the SI). On the basis of the results, a
possible reaction mechanism was proposed for this catalytic
reaction (Scheme 5). Coordination of the carbonyl of 1 to the Rh

species followed by ortho metalation gives a five-membered
intermediate 2. Then coordinative insertion of Ar-Bpin into the
Rh−aryl bond of metallacycle 2 provides the intermediate 4,
which undergoes reductive elimination to afford the ortho
arylated product 3 and Rh(I) species. Subsequently, Rh(I)
species are oxidized by Ag2O to regenerate the reactive Rh(III)
species for the next cycle.
In summary, we have developed a rhodium-catalyzed,

chelation-assisted C−H functionalization reaction of aryl
ketones and phenylboronic acid pinacol ester to afford biaryl
derivatives in good to excellent yields. The catalytic reaction is
highly regioselective, without disubstituted products. This
procedure appears to be an effective and useful method to
synthesize biaryl derivatives using ketone as directing group for
C−H functionalization. Our group still endeavors to apply this
method in natural product synthesis and to unravel the
underlying mechanism.
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Friend, R. H.; MacKenzie, J. D. Science 2001, 293, 1119. (c) Chang, J.;
Reiner, J.; Xie, J.Chem. Rev. 2005, 105, 4581. (d) Feliu, L.; Planas, M. Int.
J. Pept. Res. Ther. 2005, 11, 53. (e) Corbet, J.-P.; Mignani, G. Chem. Rev.
2006, 106, 2651. (f) Travelli, C.; Aprile, S.; Rahimian, R.; Grolla, A. A.;
Rogati, F.; Bertolotti, M.; Malagnino, F.; di Paola, R.; Impellizzeri, D.;
Fusco, R.; Mercalli, V.; Massarotti, A.; Stortini, G.; Terrazzino, S.; Del
Grosso, E.; Fakhfouri, G.; Troiani, M. P.; Alisi, M. A.; Grosa, G.; Sorba,
G.; Canonico, P. L.; Orsomando, G.; Cuzzocrea, S.; Genazzani, A. A.;
Galli, U.; Tron, G. C. J. Med. Chem. 2017, 60, 1768.
(2) (a) Sheffy, F. K.; Stille, J. K. J. Am. Chem. Soc. 1983, 105, 7173.
(b) Mowery, M. E.; DeShong, P. I. Org. Lett. 1999, 1, 2137. (c) Miura,
M. Angew. Chem., Int. Ed. 2004, 43, 2201. (d) Suzuki, A. Chem. Commun.
2005, 38, 4759. (e) Corbet, J. P.; Mignani, G. Chem. Rev. 2006, 106,
2651.
(3) (a) Xiao, B.; Fu, Y.; Xu, J.; Gong, T.-J.; Dai, J.-J.; Yi, J.; Liu, L. J. Am.
Chem. Soc. 2010, 132, 468. (b) Jiao, L. Y.; Oestreich, M. Chem. - Eur. J.
2013, 19, 10845. (c) Gao, P.; Guo, W.; Xue, J.; Zhao, Y.; Yuan, Y.; Xia,
Y.; Shi, Z. J. Am. Chem. Soc. 2015, 137, 12231. (d) Laforteza, B. N.; Chan,
K. S.; Yu, J.-Q. Angew. Chem., Int. Ed. 2015, 54, 11143. (e) Zhao, D.; Li,
X.; Han, K.; Li, X.; Wang, Y. J. Phys. Chem. A 2015, 119, 2989.
(4) Murai, S.; Kakiuchi, F.; Sekine, S.; Tanaka, Y.; Kamatani, A.;
Sonoda, M.; Chatani, N. Nature 1993, 366, 529.
(5) (a) Alberico, D.; Scott, M. E.; Lautens, M. Chem. Rev. 2007, 107,
174. (b) Li, B.-J.; Yang, S.-D.; Shi, Z.-J. Synlett 2008, 2008, 949.
(c) Daugulis, O.; Do, H.-Q.; Shabashov, D. Acc. Chem. Res. 2009, 42,
1074. (d) McGlacken, G. P.; Bateman, L. M. Chem. Soc. Rev. 2009, 38,
2447. (e) Yeung, C.-S.; Dong, V. M. Chem. Rev. 2011, 111, 1215.
(f) Engle, K. M.; Mei, T.-S.; Wasa, M.; Yu, J.-Q. Acc. Chem. Res. 2012, 45,
788. (g) Sun, C.-L.; Shi, Z.-J. Chem. Rev. 2014, 114, 9219. (h) Chen, Z.;
Wang, B.; Zhang, J.; Yu,W.; Liu, Z.; Zhang, Y.Org. Chem. Front. 2015, 2,
1107. (i) Davies, H. M.; Morton, D. J. Org. Chem. 2016, 81, 343.
(6) (a) Li, W.; Yin, Z.; Jiang, X.; Sun, P. J. Org. Chem. 2011, 76, 8543.
(b) Odani, R.; Hirano, K.; Satoh, T.; Miura, M. Angew. Chem., Int. Ed.
2014, 53, 10784. (c) Zhang, X.; Wang, F.; Qi, Z.; Yu, S.; Li, X. Org. Lett.
2014, 16, 1586. (d) Hubrich, J.; Himmler, T.; Rodefeld, L.; Ackermann,
L. ACS Catal. 2015, 5, 4089.
(7) (a) Jiang, Q.; Duan-Mu, D.; Zhong, W.; Chen, H.; Yan, H. Chem. -
Eur. J. 2013, 19, 1903. (b) Liang, D.; Hu, Z.; Peng, J.; Huang, J.; Zhu, Q.
Chem. Commun. 2013, 49, 173. (c) Liang, Z.; Zhang, J.; Liu, Z.; Wang,
K.; Zhang, Y. Tetrahedron 2013, 69, 6519.
(8) (a) Li, H.; Li, P.; Tan, H.; Wang, L. Chem. - Eur. J. 2013, 19, 14432.
(b) Li, H.; Li, P.; Wang, L. Org. Lett. 2013, 15, 620. (c) Song, H.; Chen,
D.; Pi, C.; Cui, X.; Wu, Y. J. Org. Chem. 2014, 79, 2955.
(9) (a) Li, S.-H.; Chen, G.; Feng, C.-G.; Gong, W.; Yu, J.-Q. J. Am.
Chem. Soc. 2014, 136, 5267. (b) Shang, M.; Sun, S.-Z.; Dai, H.-X.; Yu, J.-
Q. J. Am. Chem. Soc. 2014, 136, 3354. (c) Wu, K.; Fan, Z.; Xue, Y.; Yao,

Scheme 4. Gram-Scale Synthesis

Scheme 5. Proposed Reaction Mechanism

Organic Letters Letter

DOI: 10.1021/acs.orglett.7b02931
Org. Lett. XXXX, XXX, XXX−XXX

C

http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.7b02931/suppl_file/ol7b02931_si_001.pdf
http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.7b02931
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.7b02931/suppl_file/ol7b02931_si_001.pdf
mailto:luyi@nju.edu.cn
mailto:sunwy@nju.edu.cn
http://orcid.org/0000-0002-8767-7801
http://orcid.org/0000-0001-8966-9728
http://dx.doi.org/10.1021/acs.orglett.7b02931


Q.; Zhang, A. Org. Lett. 2014, 16, 42. (d) He, J.; Shigenari, T.; Yu, J.-Q.
Angew. Chem., Int. Ed. 2015, 54, 6545. (e) Zhu, C.; Liang, Y.; Hong, X.;
Sun, H.; Sun, W.-Y.; Houk, K. N.; Shi, Z. J. Am. Chem. Soc. 2015, 137,
7564.
(10) (a) Yu, M.; Xie, Y.; Xie, C.; Zhang, Y. Org. Lett. 2012, 14, 2164.
(b) Zhang, X.-S.; Zhu, Q.-L.; Zhang, Y.-F.; Li, Y.-B.; Shi, Z.-J. Chem. -
Eur. J. 2013, 19, 11898. (c) Zhang, X.-S.; Zhang, Y.-F.; Chen, K.; Shi, Z.-
J.Org. Chem. Front. 2014, 1, 1096. (d) Villuendas, P.; Urriolabeitia, E. P.
Org. Lett. 2015, 17, 3178.
(11) (a) Lu, Y.; Wang, D.-H.; Engle, K. M.; Yu, J.-Q. J. Am. Chem. Soc.
2010, 132, 5916. (b) Jazzar, R.; Hitce, J.; Renaudat, A.; Sofack-Kreutzer,
J.; Baudoin, O. Chem. - Eur. J. 2010, 16, 2654. (c) Wang, X.; Lu, Y.; Dai,
H.-X.; Yu, J.-Q. J. Am. Chem. Soc. 2010, 132, 12203. (d) Lu, Y.; Leow, D.;
Wang, X.; Engle, K. M.; Yu, J.-Q. Chem. Sci. 2011, 2, 967.
(e) Nakanowatari, S.; Ackermann, L. Chem. - Eur. J. 2014, 20, 5409.
(12) (a) Xiao, B.; Gong, T. J.; Xu, J.; Liu, Z. J.; Liu, L. J. Am. Chem. Soc.
2011, 133, 1466. (b)Mo, F.; Trzepkowski, L. J.; Dong, G. Angew. Chem.,
Int. Ed. 2012, 51, 13075. (c) Huang, Z.; Lim, H. N.; Mo, F.; Young, M.
C.; Dong, G. Chem. Soc. Rev. 2015, 44, 7764. (d) Li, G.; Wan, L.; Zhang,
G.; Leow, D.; Spangler, J.; Yu, J. Q. J. Am. Chem. Soc. 2015, 137, 4391.
(e) Lanke, V.; Bettadapur, K. R.; Prabhu, K. R.Org. Lett. 2016, 18, 5496.
(f) Lee, P. Y.; Liang, P.; Yu, W. Y. Org. Lett. 2017, 19, 2082.
(13) (a) Park, S. H.; Kim, J. Y.; Chang, S. Org. Lett. 2011, 13, 2372.
(b) Padala, K.; Pimparkar, S.; Madasamy, P.; Jeganmohan, M. Chem.
Commun. 2012, 48, 7140. (c) Sun, X.; Shan, G.; Sun, Y.; Rao, Y. Angew.
Chem., Int. Ed. 2013, 52, 4440. (d) Ghaffari, B.; Preshlock, S. M.;
Plattner, D. L.; Staples, R. J.; Maligres, P. E.; Krska, S. W.; Maleczka, R.
E., Jr.; Smith, M. R. J. Am. Chem. Soc. 2014, 136, 14345. (e) Kim, J.;
Chang, S. Angew. Chem., Int. Ed. 2014, 53, 2203.
(14) (a) Shi, Z.; Schroder, N.; Glorius, F. Angew. Chem., Int. Ed. 2012,
51, 8092. (b) Yang, F.; Rauch, K.; Kettelhoit, K.; Ackermann, L. Angew.
Chem., Int. Ed. 2014, 53, 11285. (c) Liu, X.; Li, X.; Liu, H.; Guo, Q.; Lan,
J.; Wang, R.; You, J. Org. Lett. 2015, 17, 2936. (d) Santhoshkumar, R.;
Mannathan, S.; Cheng, C. H. J. Am. Chem. Soc. 2015, 137, 16116.
(15) (a) Lee, J. M.; Chang, S. Tetrahedron Lett. 2006, 47, 1375.
(b) Cornella, J.; Righi, M.; Larrosa, I. Angew. Chem., Int. Ed. 2011, 50,
9429. (c) Engle, K. M.; Thuy-Boun, P. S.; Dang, M.; Yu, J.-Q. J. Am.
Chem. Soc. 2011, 133, 18183. (d) Novak, P.; Correa, A.; Gallardo-
Donaire, J.; Martin, R. Angew. Chem., Int. Ed. 2011, 50, 12236.
(e) Chinnagolla, R. K.; Jeganmohan, M.Chem. Commun. 2012, 48, 2030.
(f) Cheng, X.-F.; Li, Y.; Su, Y.-M.; Yin, F.;Wang, J.-Y.; Sheng, J.; Vora, H.
U.;Wang, X.-S.; Yu, J.-Q. J. Am. Chem. Soc. 2013, 135, 1236. (g)Danoun,
G.; Mamone, P.; Goossen, L. J. Chem. - Eur. J. 2013, 19, 17287.
(16) (a)Martinez, R.; Genet, J. P.; Darses, S.Chem. Commun. 2008, 33,
3855. (b) Patureau, F. W.; Besset, T.; Glorius, F. Angew. Chem., Int. Ed.
2011, 50, 1064. (c) Xiao, B.; Gong, T. J.; Xu, J.; Liu, Z. J.; Liu, L. J. Am.
Chem. Soc. 2011, 133, 1466. (d) Crisenza, G. E. M.; McCreanor, N. G.;
Bower, J. F. J. Am. Chem. Soc. 2014, 136, 10258. (e) Bettadapur, K. R.;
Lanke, V.; Prabhu, K. R. Org. Lett. 2015, 17, 4658.
(17) (a) Simon,M. O.; Genet, J. P.; Darses, S.Org. Lett. 2010, 12, 3038.
(b) Padala, K.; Jeganmohan, M. Org. Lett. 2011, 13, 6144. (c) Patureau,
F. W.; Besset, T.; Kuhl, N.; Glorius, F. J. Am. Chem. Soc. 2011, 133, 2154.
(d) Singh, K. S.; Dixneuf, P. H. Organometallics 2012, 31, 7320.
(e) Zheng, Q. Z.; Liang, Y. F.; Qin, C.; Jiao, N.Chem. Commun. 2013, 49,
5654. (f) Kondo, H.; Akiba, N.; Kochi, T.; Kakiuchi, F. Angew. Chem.,
Int. Ed. 2015, 54, 9293. (g) Yamamoto, T.; Yamakawa, T. RSC Adv.
2015, 5, 105829.
(18) (a) Kakiuchi, F.; Kan, S.; Igi, K.; Chatani, N.; Murai, S. J. Am.
Chem. Soc. 2003, 125, 1698. (b) Kakiuchi, F.; Matsuura, Y.; Kan, S.;
Chatani, N. J. Am. Chem. Soc. 2005, 127, 5936. (c) Gandeepan, P.;
Parthasarathy, K.; Cheng, C.-H. J. Am. Chem. Soc. 2010, 132, 8569.
(d) Hiroshima, S.; Matsumura, D.; Kochi, T.; Kakiuchi, F. Org. Lett.
2010, 12, 5318. (e) Paymode, D. J.; Ramana, C. V. J. Org. Chem. 2015,
80, 11551.
(19) (a) Gandeepan, P.; Hung, C.-H.; Cheng, C.-H. Chem. Commun.
2012, 48, 9379. (b) Li, H.; Zhu, R.-Y.; Shi, W.-J.; He, K.-H.; Shi, Z.-J.
Org. Lett. 2012, 14, 4850.
(20)Wang, H.-W.; Cui, P.-P.; Lu, Y.; Sun,W.-Y.; Yu, J.-Q. J. Org. Chem.
2016, 81, 3416.

(21) (a) Muralirajan, K.; Parthasarathy, K.; Cheng, C.-H. Angew.
Chem., Int. Ed. 2011, 50, 4169. (b) Thirunavukkarasu, V. S.; Ackermann,
L. Org. Lett. 2012, 14, 6206. (c) Shi, X.-Y.; Li, C.-J. Org. Lett. 2013, 15,
1476.

Organic Letters Letter

DOI: 10.1021/acs.orglett.7b02931
Org. Lett. XXXX, XXX, XXX−XXX

D

http://dx.doi.org/10.1021/acs.orglett.7b02931

