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ABSTRACT

A new approach for the regioselective functionalization of the C-3-position of quinolines is described. The method utilizes heteroatom guided
regioselective C-3 palladation followed by arylation via transmetalation with aryl boronic acids to yield 3-aryl-N-acyl-1,2-dihydroquinolines. In a
one-pot sequence, N-deacylation followed by aromatization leads to important 3-arylquinolines in good yields.

Heteroatom-guided transition metal catalyzed C�H
functionalization is one of the fastest developing tools
in organic synthesis.1�5 Regioselective direct arylation of
substrates is an extremely important synthetic tool in
organic transformations. Before the advances in C�H
functionalization,2 a fewmethods were available for direct
arylation of arenes or heteroarenes. The usual approaches
for (hetero)biaryl formation employed either Ullmann
couplings or transition metal catalyzed cross-coupling
reactions between aryl halides or pseudohalides (Ar-X)
with aryl stannates, boronates, aryl zinc, magnesium, or
silicon reagents (Ar-M) (Scheme 1) or via other homocou-
pling reactions.6

Quinolines are important constituents of several natural
productspossessingbiologicalpropertiesofhigh importance.7

There are several methods for the synthesis of quinolines
which have traditionally been used, including recent ones
employing transition-metal catalysis. 3-Arylquinolines, in
particular, are vital molecules in medicinal chemistry and
have also been isolated from natural sources.8 A recent
report8i has brought out an extremely important aspect of
biological activity of substituted 3-arylquinolines, several of
which showedhigh activity against various human tumor cell
lines and low cytotoxicity in the normal human liver cell line.
Of the methods available for the synthesis of 3-arylqui-

nolines, one of themost frequently adoptedmethodologies

Scheme 1. Conventional Biaryl Synthesis
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are the Suzuki or Stille cross-couplings of 3-haloquinolines
with suitable coupling partners. This approach obviously
needs prefunctionalization of the quinoline substrate
and at times limits the utility. A recent report by Wang
and co-workers utilizedan iron-promoted tandemreaction
of styrene oxides and anilines to yield 3-arylquinolines

in good yields.9 We report herein a new approach to
3-arylquinolines which utilizes a regioselective C�H func-
tionalization via a heteroatom-guided palladation fol-
lowed by transmetalation with arylboronic acids and in
situ aromatization. The method has broad scope and
results in good yields in almost all substrates. This method
effectively amounts to a two-step arylation reaction of
quinoline itself.
The starting material 2 for the C�H activation step was

easily prepared from the parent quinoline via either
NaBH4 reduction and in situ acylation or via stepwise
LAH reduction and N-acylation. A variety of conditions
and combinations of catalyst systems and oxidants were
screened for optimization of the reaction (Table 1). Under
most of the reaction conditions attempted, C-3 arylation
was the major isomer, with varying amounts of homocou-
pling product resulting from of the aryl boronic acid.
Interestingly, the reaction under acidic conditions (entry
10, Table 1) resulted in minimum amount of homocou-
pling but also resulted in C-4 arylation as a minor product
(C-3/C-4 arylation 3:2). The C�H functionalization at
C-4 most probably resulted from a concerted metala-
tion deprotonation (CMD) process. Of all the condi-
tions screened, the best conditions for regioselective C-3
arylation were found to be Pd(OAc)2/Cu(OTf)2/Ag2O in
toluene (entry 12, Table 1).

Under these conditions, the homocoupling of the aryl-
boronic acid was the least and the formation of the parent
quinoline 1 fromN-acyl-1,2-dihydroquinoline 2 was mini-
mal. The substrate scope of the reaction is depicted in
Scheme 2.
The reaction sequence worked well on unsubstituted as

well as substituted quinolines, leading to decent yields of
substituted 3-arylquinolines.

Table 1. Various Catalyst Systems Screened

entry reaction conditions yield (%)

1 Pd(OAc)2/Cu(OAc)2 3H2O/THF/65 �C/24 h trace
2 Pd(OAc)2/AgOAc/Tol/110 �C/12 h trace
3 Pd(OAc)2/Cu(OTf)2/Ag2O/

Amyl�OH/80 �C/12 h
20

4 Ni(acac)2/Cu(OTf)2/Ag2O/Tol/110 �C/12 h homocoupling
5 [Ru(p-cymene)Cl2]2/AgOAc/Xylene/110 �C/12 h NR
6 Pd(OAc)2/BQ/Ag2O/Tol/110 �C/12 h <10
7 PdCl2(PhCN)2/Cu(OTf)2/Ag2O/Tol/110 �C/12 h
8 Pd(O2CCF3)2/Cu(OTf)2/Ag2O/Tol/110 �C/12 h 81
9 PdCl2(dppf)/Cu(OTf)2/Ag2O/Tol/110 �C/12 h 35
10 Pd(OAc)2/Cu(OTf)2/Ag2O/TFA/74 �C/16 h 85% total yield

(3:2 C3/C4
arylation)

11 Pd(OAc)2/K2CO3/TFA/75 �C/30 h trace
12 Pd(OAc)2/Cu(OTf)2/Ag2O/Tol/110 �C/8 h 78

(3) For selected references on olefinations and arylations via heteroatom-
guided metalation, see: (a) Stadler, A.; von Schenck, H.; Vallin, K. S. A.;
Larhed, M.; Hallberg, A. Adv. Synth. Catal. 2004, 346, 1773–1781.
(b) Hatamoto, Y.; Sakaguchi, S.; Ishii, Y.Org. Lett. 2004, 6, 4623–4625.
(c) Bai, Y.; Zeng, J.; Cai, S.; Liu, X.-W. Org. Lett. 2011, 13, 4394–4397.
(d) Kim, D.; Hong, S.Org. Lett. 2011, 13, 4466–4469. (e) Bi, L.; Georg,
G.Org. Lett. 2011, 13, 5413–5415. (f) Yu,Y.-Y.;Niphakis,M. J.; Georg,
G. Org. Lett. 2011, 13, 5932–5935. (g) Moon, Y.; Hong, S. Chem.
Commun. 2012, 48, 7191–7193. (h) Min, M.; Hong, S. Chem. Commun.
2012, 48, 9613–9615. (i) Pankajakshan, S.; Xu,Y.-H.;Cheng, J.K.; Low,
M. T.; Loh, T.-P.Angew. Chem., Int. Ed. 2012, 51, 5701–5705. (j)Moon,
Y.; Kwon, D.; Hong, S. Angew. Chem., Int. Ed. 2012, 51, 11333–11336.
(k) Gigant, N.; Gillaizeau, I.Org. Lett. 2012, 14, 3304–3307. (l) Petit, A.;
Flygare, J.; Miller, A. T.; Winkel, G.; Ess, D. H. Org. Lett. 2012, 14,
3680–3683. (m)Wang, H.; Guo, L.-N.; Duan, X.-H.Org. Lett. 2012, 14,
4358–4361. (n) Chen,W.-L.; Gao, Y.-R.;Mao, S.; Zhang, Y.-L.; Wang,
Y-F; Wang, Y.-Q. Org. Lett. 2012, 14, 5920–5923. (o) For a different
perspective, see: Chen, Y.; Wang, F.; Jia, A.; Li, X. Chem. Sci. 2012, 3,
3231–3236. (p) Min, M.; Kim, Y.; Hong, S. Chem. Commun. 2013, 49,
196–198. (q)Gigant,N.;Chausset-Boissarie,L.; Belhomme,M.-C.; Poisson,
T.; Pannecoucke, X.; Gillaizeau, I.Org. Lett. 2013, 15, 278–281.

(4) For some selected references related to indole and furan systems,
see: (a) Itahara, T.; Ikeda, M.; Sakakibara, T. J. Chem. Soc., Perkin
Trans. 1 1983, 1361–1363. (b) Grimster, N. P.; Gauntlett, C.; Godfrey,
C. R. A.; Gaunt, M. J. Angew. Chem., Int. Ed. 2005, 44, 3125–3129. (c)
Stuart, D. R.; Fagnou, K. Science 2007, 316, 1172–1175. (d) Stuart,
D. R.; Villemure, E.; Fagnou, K. J. Am. Chem. Soc. 2007, 129, 12072–
12073. (e) Ferreira, E.M.; Zhang,H.; Stolz, B.M.Tetrahedron 2008, 64,
5987–6001. See also: (f) Neufeldt, S. R.; Sanford, M. S. Acc. Chem. Res.
2012, 45, 936–946.

(5) For direct arylations, see: (a) Li�egault, B.; Lapointe, D.; Caron,
L.; Vlassova, A.; Fagnou, K. J. Org. Chem. 2009, 74, 1826–1835. (b)
Li�egault, B.; Petrav, I.; Gorelsky, S. I.; Fagnou, K. J. Org. Chem. 2010,
75, 1047–1060 and references cited therein. (c) Seiple, I. B.; Su, S.;
Rodriguez, R. A.; Gianatassio, R.; Fujiwara, Y.; Sobel, A. L.; Baran,
P. S. J. Am. Chem. Soc. 2010, 132, 13194–13196. See also: (d) Li, B.-J.;
Tian, S.-L.; Fang, Z.; Shi, Z.-J.Angew.Chem., Int. Ed. 2008, 47, 1115–1118.

(6) For initial reports and extensive reviews in this area, see: (a)
Ullmann, F.; Bielecki, J.Chem. Ber. 1901, 34, 2174–2185. (b) Stanforth,
S. P.Tetrahedron 1998, 54, 263–303. (c)Hassan, J.; S�evignon,M.;Gozzi,
C.; Schulz, E.; Lemaire, M. Chem. Rev. 2002, 102, 1359–1469. (d)
Anastasia, L.; Negishi, E. In Handbook of Organopalladium Chemistry
for Organic Synthesis; Negishi, E., Ed.; Wiley: New York, 2002; pp
311�334. (e) Alberico, D.; Scott, M. E.; Lautens, M. Chem. Rev. 2007,
107, 174–238. (f) Satoh, T.;Miura,M.Chem. Lett. 2007, 36, 200–205. (g)
Seregin, I. V.; Gevorgyan, V. Chem. Soc. Rev. 2007, 36, 1173–1193. (h)
Campeau, L.-C.; Stuart, D. R.; Fagnou, K. Aldrichimica Acta 2007, 40,
35–41. (i) Campeau, L.-C.; Fagnou, K. Chem. Soc. Rev. 2007, 36, 1058–
1068. (j) Kakiuchi, F.; Kochi, T.Synthesis 2008, 3013–3039. (k) Li, B.-J.;
Yang, S.-D.; Shi, Z.-J. Synlett 2008, 949–957. (l) McGlacken, G. P.;
Bateman, L. M. Chem. Soc. Rev. 2009, 38, 2447–2454. (m) Chen, X.;
Engle, K. M.; Wang, D.-H.; Yu, J.-Q. Angew. Chem., Int. Ed. 2009, 48,
5094–5115. (n) Kulkarni, A. A.; Daugulis, O. Synthesis 2009, 24, 4087–
4109. (o) Bellina, F.; Rossi, R. Tetrahedron 2009, 65, 10269–10310. (p)
Ackermann, L. Chem. Rev. 2011, 111, 1315–1345.

(7) Joule, J. A.; Mills, K. In Heterocyclic Chemistry, 5th Ed., Wiley,
UK, 2010.

(8) (a) Singh, O. V.; Kapil, R. S. Synlett 1992, 751–752. (b) Maguire,
M. P.; Sheets, K. R.; McVety, K.; Spada, A. P.; Zilberstein, A. J. Med.
Chem.1994,37, 2129–2137. (c)Dolle,R.E.;Dunn, J.A.;Bobko,M.; Singh,
B.; Kuster, J. E.; Baizman, J. E.; Harris, A. L.; Sawutz, D. G.; Miller, D.;
Wang, S.; Faltynek, C. R.; Xie, W.; Sarup, J.; Bode, D. C.; Pagani, E. D.;
Silver, P. J.J.Med.Chem. 1994,37, 2627–2629. (d)Michael, J. P.Nat.Prod.
Rep. 2001, 18, 543–559. (e) Joseph, B.; Darro, F.; B�ehard, A.; Lesur, B.;
Collignon, F.; Decaestecker, C.; Frydman, A.; Guillaumet, G.; Kiss, R.
J. Med. Chem. 2002, 45, 2543–2555. (f) Li, D.; Zhao, B.; Sim, S.-P.; Li,
T.-K.; Liu,A.; Liu, L. F.; LaVoie, E. J.Bioorg.Med. Chem. 2003, 11, 3795–
3805. (i) Xiao, Z.-P.; Lv, P.-c.; Xu, S.-P.; Zhu, T.-T.; Zhu, H.-L. Chem-
MedChem. 2008, 3, 1516–1519. (j) Tseng, C.-H.; Chen, Y.-L.; Hsu, C.-Y.;
Chen,T.-C.;Cheng,C.-M.; Tso,H.-C.; Lu,Y.-J.; Tzeng,T.-Z.Eur. J.Med.
Chem. 2013, 59, 274–282. (k) Mphahlele, M. J.; Lesenyeho, L. G.
J. Heterocycl. Chem. 2013, 50, 1–16. See also: (l) Vecchione, M. K.; Sun,
A. X.; Seidel, D. Chem. Sci. 2011, 2, 2178–2181.

(9) Zhang, Y.; Wang,M.; Li, P.; Wang, L.Org. Lett. 2012, 14, 2206–
2209.



3312 Org. Lett., Vol. 15, No. 13, 2013

In the case of some electron-deficient boronic acids
(entries 3r�t, Scheme 2), only protodeboronation products
were obtained; the desired 3-arylquinolines were observed
only in trace quantities. In all substrates, where the reaction
worked well, the regioselectivity was excellent and C-3
arylation was the major product in all cases (Figure 1).10

Electron-rich as well as electron-neutral substituents on
both the dihydroquinolines 2 as well as the arylboronic
acids were well tolerated. The reaction worked well with
fluoro-substituted arylboronic acids. In a few cases, upon
prolonged heating, C-3 as well as C-4 arylation products
(diarylation) were detected (∼5�10%). In the case of
6-substituted dihydroquinolines, regioisomer (∼6�13%)
was also formed. These, however, could not be isolated in a
pure form but were confirmed by NMR and GC-MS. In
the case of 2-substituted quinolines, theN-deacylation and
concomitant aromatization was very slow and theN-acyl-
3-aryl-1,2-dihydroquioline was also obtained in consider-
able quantities (∼50%) along with 3p and 3q.
Aromatization of 2 to give 1 was also detected in small

quantities (∼5%). The amount of 1 formed in the reaction
was dependent on the reactivity of the arylboronic acid. In
a control experiment, the reaction was run under the same
conditions in absence of ArB(OH)2 and it resulted in 85%
of 1 after 24 h (Scheme 3). This shows that this reaction
may be a slow process with the C�H functionalization
being the faster one.

The arylation reaction also worked with N-Boc- or
N-tosyldihydroquinolines; however, best yields were
obtained with N-acetyldihydroquinolines.11 In another
experiment, the arylation was attempted on unprotected
1,2-dihydroquinoline, which resulted only in the total
decomposition of the starting materials.
The C-3 arylation probably follows the pathway deli-

neated in Scheme 4. The first step is the heteroatom-guided
C-3-palladation followed by transmetalation with the
arylboronic acid. Subsequent reductive elimination results
in the arylation product. The Pd(0) is reoxidized by
Cu(OTf)2 with Ag2O probably acting as the base as well
as the coxidant. At this moment, the exact mechanism of
deacylation and aromatization is not clear but may occur
only after the C�H functionalization step.12 This mechan-
ism is currently under investigation. In another experiment
(Scheme 3), the arylation was attempted on 1 and it
resulted in no reaction at all, thereby indirectly proving
that the C�H activation at C-3 is heteroatom-guided in 2

and that 1 is not an intermediate toward desired products.

Scheme 2. Substrate Scopea

aAll yields are isolated yields, for R2=Ac. bAn almost equal amount of
unaromatized product was also obtained. cByGCMS, product not isolated.

Figure 1. X-ray structure of 3e.

Scheme 3. Control Experiments

(10) Crystal structure submitted to the Cambridge Cystallographic
Data Centre, CCDC deposition no. CCDC 938845.

(11) The addition of arylboronic acid in small portions over a period
of 3�5 h is essential for the suppression of the homocoupling reaction.
See the Supporting Information for details.

(12) Sheinkman, A. K.; Tokarev, A. K.; Prilepskaya, A. N. Khim.
Geterotsikl. Soedin. 1972, 529–533.
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In conclusion, we have developed a new approach to
important 3-arylquinolines, utilizing heteroatom-guided
regioselective C�H functionalization as the key step in
the sequence. The approach is general and results in good

yields in almost all substrates. This methodology requires
no prefunctionalization of the quinoline for the coupling
reaction and is completely different from previously re-
ported approaches for the same class of compounds. The
ease of this C�H functionalization reaction holds a pro-
mising outlook for its utility in organic synthesis.
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Scheme 4. Plausible Reaction Mechanism
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