Synlett G.-W. Zhang et al.

Copper-Catalyzed Base-Free N-Arylation of 8-Aminoquinoline
Amides through Chelation Assistance

Guo-Wei Zhang? o
An-Xi Zhou® L
Wei He® R
Xiao-Feng Xia*?

2 Key Laboratory of Synthetic and Biological Colloids, Ministry
of Education, School of Chemical and Material Engineering,
Jiangnan University, Wuxi, Jiangsu, 214122, P. R. of China
xiaxf@jiangnan.edu.cn

bKey Laboratory of Applied Organic Chemistry, Higher
Institutions of Jiangxi Province, Shangrao Normal University
Shangrao, Jiangxi, 334001, P. R. of China

Received: 18.07.2018

Accepted after revision: 20.08.2018

Published online: 11.09.2018

DOI: 10.1055/5-0037-1610906; Art ID: st-2018-u0458-|

Abstract A new and efficient approach for the N-arylation of 8-amino-
quinoline amides with diaryliodonium salts has been developed. This
chelation-assisted selective C-N cross-coupling reaction gave the de-
sired N-arylated 8-aminoquinoline in moderate to good yields. In con-
trast to previous reports, no additional ligands and bases are used in
this transformation. In addition, the anion of the diaryliodonium salt
plays an important role in the success of the process.
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8-Aminoquinolines, as important synthetic intermedi-
ates, are widely used in dye chemistry, medicinal chemis-
try, and materials chemistry.! Since the pioneering work of
Daugulis and co-workers,?> 8-aminoquinolines have been
widely used as auxiliary chelating directing groups to assist
C(sp? or sp?)-H functionalization, thereby providing a pow-
erful tool for the syntheses of diverse molecules.? Recently,
the C2-H, C4-H, C5-H, and C7-H transformations of 8-amino-
quinoline frameworks have also been studied for the con-
struction of C-C, C-0, C-N, C-halogen, C-P, and C-S bonds.?
However, due to difficulties in controlling its regioselectivi-
ty, direct C-H bond functionalization of 8-aminoquinolines
has encountered some significant challenges.* In addition,
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although considerable progress has been made in transfor-
mations of 8-aminoquinolines skeletons, direct functional-
ization of the N-H bond of 8-aminoquinolines has rarely
been reported. In 2015, the Nicholls group reported a cop-
per-catalyzed amidation of aryl halides with 8-aminoquin-
oline through chelation assistance.” Li and co-workers re-
cently realized a copper-promoted N-arylation of 8-acyl-
aminoquinolines with triarylbismuth reagents.® During the
preparation of our manuscript, the Yin group reported a
copper(0)-induced arylation of phosphinamides with aryl-
boronic acids.” Consequently, the development of an effi-
ciently alternative synthetic route for the functionalization
of the N-H bond of 8-aminoquinolines remains of utmost
importance.

Diaryliodonium salts are important electrophilic arylat-
ing reagents in organic synthesis due to their low toxicity,
ease of handling, and excellent selectivity, and they can be
used for regiospecific arylation of a variety of nucleophiles.?
Recently, metal-catalyzed arylations of lactams and of pri-
mary and secondary acyclic amides with diaryliodonium
salts have also been realized.® However, most N-arylation
reactions require several equivalents of base in the reaction,
which limits their widespread application in large-scale
synthesis. Therefore, development of base-free arylation
using an diaryliodonium salt was highly desirable. As a con-
tinuation of our long-term interest in the functionalization
of 8-aminoquinolines,3d we report a general protocol for the
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Scheme 1 Our reaction design
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N-arylation of 8-aminoquinolines amides through 8-amide
chelation assistance, which permits the introduction of ste-
rically hindered aryl groups under copper-catalyzed base-
free conditions (Scheme 1).

Our investigations began with the reaction of N-quino-
lin-8-ylbenzamide (1a) with diphenylodionium hexafluo-
rophosphate (2a) with Cu(OAc),-H,0 as a catalyst (Table 1).
To our delight, the N-arylation product 3aa was obtained in
66% yield after 48 hours (Table 1, entry 1). In an attempt to
improve the transformation, Ag,0 and Ag,CO; were used as
additives, but poor results were obtained (entries 2 and 3).
When 10% FeCl; was used as a co-catalyst, a lower yield was

Table 1 Optimization of the Reaction?

B ®
N + o |—PFg L N7
HN\n/Ph PH solvent Ph/N\n/Ph
1a © 2a 3aa ©
Entry Catalyst Additive Solvent Yield® (%)
1 Cu(OAc),H,0 (20%) - DCE 66
2 Cu(OAc),»H,0 (20%)  Ag,0 (1.2 equiv) DCE 11
3 Cu(OAc),H,0 (20%)  Ag,CO; (1.2 equiv) DCE 33
4 Cu(OAC),-H,0 (20%) FeCls (10%) DCE 39
5  Cu(OAc),-H,0 (20%) Phen (20%) DCE 20
6 CU(OAC)2~ 0 (20%) PPh; (20%) DCE 14
7  Cu(OAc),-H,0 (20%) 4AMms DCE 73
8 Cu(OAc), (20%) - DCE 46
9 Cu(OAc), (20%) 4AMS DCE 57
10 Cu(OAc), (20%) H,0 (2.0 equiv) DCE <5
11 Cu(OAc),-H,0 (10%) 4AMs DCE 49
12 Cu(OAc),-H,0 (30%) 4AMS DCE 58
13 Cu(OTf), (20%) 4AMS DCE 49
14 Cucl (20%) 4AMs DCE 37
15 Cul (20%) 4AMS DCE 41
16 Cu(OAc),H,0 (20%) 4AMS CH,Cl, 17
17 Cu(OAc),H,0 (20%) 4AMS DMF 0
18  Cu(OAc),-H,0 (20%) 4AMS 1,4-dioxane 0
19 - 4AMS DCE 0
20°  Cu(OAc)yH,0 (20%) 4AMS DCE 0
219 Cu(OAc),H,0 (20%) 4AMS DCE 0
22 Cu(OAc),-H,0 (20%) 4AMs DCE 63

2 Reaction conditions: 1a (0.2 mmol), salt 2a (2.0 equiv), catalyst, additive,
solvent (3.0 mL), in air, 80 °C, 48 h.

b |solated yield.

¢ [PhI*Ph]BF,™ (2 equiv) was used.

4 [PhI*Ph]OTf- (2 equiv) was used.

¢ [PhI*Mes]PFg~ (2 equiv) was used.

obtained (entry 4). In addition, the ligands 1,10-phenanth-
roline (Phen) and PPh; were detrimental to the reaction
(entries 5 and 6). Interestingly, when 4 A MS was added as
an additive, the yield increased to 73% (entry 7). When an-
hydrous Cu(OAc), was used without 4 A MS, a lower yield
(46%) was obtained (entry 8). Interestingly, when 4 A MS
was added to the system with anhydrous Cu(OAc),, a higher
yield was obtained (entries 9 and 8), demonstrating that 4
A MS was essential for this transformation. In addition, the
addition of two equivalents of water completely shut down
the reaction (entry 10). No improved results were observed
on decreasing or increasing the loading of the catalyst (en-
tries 11 and 12). Several other copper catalysts [Cu(OTf),,
Cu(Cl, and Cul] were tried, but did not give better results
(entries 13-15). Other solvents were also tested; CH,Cl,
gave only a 17% yield (entry 16), and no product was ob-
tained when DMF or 1,4-dioxane was used as the solvent
(entries 17 and 18). The copper catalyst was crucial for the
transformation, and no target product was detected when it
was omitted (entry 19). Finally, the influence of the iodoni-
um counterion was investigated, and the triflate and tetra-
fluoroborate both failed to cause reaction under the stan-
dard conditions (entries 20 and 21). When mesityl(phe-
nyl)iodonium hexafluorophosphate was used instead of its
diphenyl analogue, a lower yield (63%) was obtained (entry
22), showing that [PhI'Ph]PFs- is more active than
[PhI*Mes|PF; in this transformation.

With the best reaction conditions in hand (Table 1, en-
try 7), we examined the scope of the reaction for the phe-
nylation of 8-aminoquinoline amides 1 with the iodonium
salt 2a (Figure 1). First, the effects of various functional
groups, including fluoro, chloro, bromo, trifluoromethyl,
tert-butyl, and ether groups, in various positions of the
benzoyl group of 1 were examined, and moderate to good
yields were obtained. Electron-withdrawing substituents
favored product formation (3ae, 3af, 3ag, and 3ai), whereas
electron-donating groups slightly hindered the reaction
(3ab, 3ac, 3ad, and 3ah). A sterically demanding ortho-
methyl group did not hamper the transformation, and a
high yield of 3ak was obtained. Then, amides with butyl or
cyclohexyl substituents on the acyl group were tried under
the standard conditions, and moderate yields of the corre-
sponding products 3al and 3am were obtained. A thienyl
substituent was also tolerated, giving a 76% yield of product
3an. A tosyl-protected 8-aminoquinoline was also suitable
for this reaction, giving a 77% yield of product 3ae. N-(6-
Methoxyquinolin-8-yl)benzamide delivered the corre-
sponding product 3ap in moderate yield, whereas, due to
steric hindrance, N-(2-methylquinolin-8-yl)benzamide
gave only a low yield of 3aq.

To confirm the structural assignment of the products
from the present N-arylation, the structure of product 3ag
was unambiguously assigned by means of X-ray crystallog-
raphy (Figure 2).1°
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Figure 1 The scope of the 8-aminoquinoline amides

Figure 2 The structure of 3ag

Unsymmetrical phenyl(mesityl)iodonium salts with
various substituents on the phenyl group proved successful
under the optimized reaction conditions, giving the corre-
sponding products 3ba-1a (Figure 3). The iodonium salts
with electron-donating substituents such as methyl or tert-
butyl delivered better results than those with electron-
withdrawing substituents such as F, Cl, Br, CF;, Ac, or
CO,Me. When substrates containing meta-methyl or meta-
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fluoro substituents were tested in this transformation,
moderate yields of the corresponding products 3ja and 3ka
were obtained. A substrate containing an ortho-methyl was
also tolerated, but gave a lower yield of product 3la due to
the steric hindrance. Unfortunately, the substrate contain-
ing a 2-pyridyl heteroaromatic group was not suitable for
this transformation, and the starting material 3a was recov-
ered.

To gain insight into the mechanism, we performed sev-
eral control experiments and mechanistic studies (Scheme
2). First, when N-(1-naphthyl)benzamide was subject to the
standard conditions, none of the target product was ob-
tained. This showed that internal chelation assistance is
crucial for the success of the transformation. Unprotected
quinoline-8-amine also failed to react under the standard
conditions, highlighting the importance of the acyl group.
In addition, a series of bases were tested instead of the cop-
per catalyst, but no product was obtained. This confirmed
the importance of the copper catalyst. When 2,2,6,6-te-
tramethylpiperidine N-oxyl (TEMPO) was added to the re-
action system as a radical quencher, a higher yield of the
product was obtained, suggesting that the reaction does not
involve a radical pathway. Finally, when an unsymmetrical
diaryliodonium salt containing methyl and chloro groups
was used in the reaction under standard conditions, a mix-
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Scheme 2 Control experiments

ture of 3ca and 3ea in a ratio of 1.4:1 was obtained, imply-
ing that an electrophilic addition pathway might be in-
volved in this transformation.

On the basis of the control experiments, mechanistic
studies, and previous reports,>'! we propose the plausible
reaction mechanism shown in Scheme 3. First, the copper
catalyst reacts with the diaryliodonium salt to give an acti-
vated aromatic electrophile. Then the proposed Cu(III) aro-
matic electrophile undergoes ligand exchange with sub-
strate 1a to give intermediate A, which undergoes smooth
reductive elimination to deliver product 3aa with concur-
rent formation of low-valent Cu(I) species.

Importantly, the benzoyl protecting group on the prod-
ucts 3 can be easily removed by base hydrolysis (Scheme 4).
For example, treatment of amide 3ae with 15 equivalents of

Ph._ _PFe

NaOH in ethanol at 80°C for eight hours gave N-
phenylquinolin-8-amine (4) in moderate yield (68%), there-
by demonstrating the usefulness of the synthetic method.
In conclusion, we have developed a copper-catalyzed 8-
amide chelation-assisted N-arylation of 8-aminoquinoline
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Scheme 4 Removal of a benzoyl group
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Scheme 3 Proposed mechanism

© Georg Thieme Verlag Stuttgart - New York — Synlett 2018, 29, A-F

Heruntergeladen von: University of Western Ontario. Urheberrechtlich geschiitzt.



Synlett G.-W. Zhang et al.

OMe
o (0]

i | i |
ég N\ ég )
3ba, 66% 3bp, 61%

(¢] o
i | \ |
Na <j Na
F Cl
3da, 35% 3ea, 51%
o o]
i | i |
Na N
Ac COOMe
3ha, 43% 3ia, 55%
o) (o}
O O
N
ZZ\| N
S |
3la, 23% 3ma, trace

Figure 3 The scope of aryl(mesityl)iodonium hexafluorophosphates

amides with diaryliodonium salts.!? This new strategy is
operationally simple and provides a convenient synthetic
route to N-arylated 8-aminoquinolines in moderate to good
yields. No additional ligands or bases are used in the reac-
tion, making this transformation sustainable and practical.

Funding Information
We thank the National Science Foundation of China (NSF 21402066),

the Natural Science Foundation of Jiangsu Province (BK20140139),
and MOE&SAFEA for the 111 Project (B13025) for financial support.

Acknowledgment

We thank the central instrumental facilities of the School of Chemical
and Material Engineering for recording the NMR and IR spectra.

Supporting Information

Supporting information for this article is available online at
https://doi.org/10.1055/s-0037-1610906.

OMe
(0] (0]
N | N
? Ny ? Nx
3ca, 84% 3cp, 58%
o) (0]
N | A N
i N ¥z © Ny
Br CF3
3fa, 88% 3ga, 45%
o O
@AN ) O T
N
= | Ny @\
X F
3ja, 40% 3ka, 44%

References and Notes

(1) For selected examples, see: (a) Carroll, F. I.; Blackwell, J. T.;
Philip, A.; Twine, C. E. J. Med. Chem. 1976, 19, 1111. (b) Shiraki,
H.; Kozar, M. P.; Melendez, V.; Hudson, T. H.; Ohrt, C.; Magill, A.
].; Lin, A. J. J. Med. Chem. 2011, 54, 131. (c) Pal, P.; Rastogi, S. K.;
Gibson, C. M.; Aston, D. E.; Branen, A. L.; Bitterwolf, T. E. ACS
Appl. Mater. Interfaces 2011, 3, 279. (d) Aradgjo, M. ].; Bom, J.;
Capela, R.; Casimiro, C.; Chambel, P.; Gomes, P.; Iley, ].; Lopes,
F.; Morais, ].; Moreira, R.; de Oliveira, E.; do Rosario, V.; Vale, N.
J. Med. Chem. 2005, 48, 838.

(2) For selected examples, see: (a) Zaitsev, V. G.; Shabashov, D.;
Daugulis, O. J. Am. Chem. Soc. 2005, 127, 13154. (b) Shabashov,
D.; Daugulis, O. J. Am. Chem. Soc. 2010, 132, 3965. (c) Nadres, E.
T.; Santos, G. I. F.; Shabashov, D.; Daugulis, O. J. Org. Chem. 2013,
78, 9689. (d) Aihara, Y.; Chatani, N. ACS Catal. 2016, 6, 4323.
(e) Aihara, Y.; Tobisu, M.; Fukumoto, Y.; Chatani, N. J. Am. Chem.
Soc. 2014, 136, 15509.

(3) (a) Qiao, H.; Sun, S.; Zhang, Y.; Zhy, H.; Yu, X,; Yang, F.; Wy, Y;
Li, Z.; Wu, Y. Org. Chem. Front. 2017, 4, 1981. (b) Cong, X.; Zeng,
X. Org. Lett. 2014, 16, 3716. (c) Sun, M.; Sun, S.; Qiao, H.; Yang,
F.; Zhy, Y.; Kang, J.; Wu, Y.; Wu, Y. Org. Chem. Front. 2016, 3,
1646. (d) Xia, X.-F.; Zhu, S.-L.; Gu, Z.; Wang, H. RSC Adv. 2015, 5,
28892. (e) Zhu, L.; Qiy, R.; Cao, X.; Xiao, S.; Xu, X.; Au, C.-T.; Yin,
S.-F. Org. Lett. 2015, 17, 5528. (f) Qiao, H.; Sun, S.; Yang, F.; Zhu,
Y.; Zhu, W.; Dong, Y.; Wu, Y.; Kong, X.; Jiang, L.; Wu, Y. Org. Lett.
2015, 17, 6086. (g) Sahoo, H.; Reddy, M. K.; Ramakrishna, I.;

© Georg Thieme Verlag Stuttgart - New York — Synlett 2018, 29, A-F

Heruntergeladen von: University of Western Ontario. Urheberrechtlich geschiitzt.



Synlett G.-W. Zhang et al.

Baidya, M. Chem. Eur. J. 2016, 22, 1592. (h) Ji, D.; He, X.; Xu, Y;
Xu, Z.; Bian, Y.; Liu, W.; Zhy, Q.; Xu, Y. Org. Lett. 2016, 18, 4478.
(i) Guo, H.; Chen, M.; Jiang, P.; Chen, J.; Pan, L.; Wang, M.; Xie, C,;
Zhang, Y. Tetrahedron 2015, 71, 70. (j) Jin, L.-K.; Lu, G.-P.; Cai, C.
Org. Chem. Front. 2016, 3, 1309. (k) He, X.; Xu, Y.-Z.; Kong, L.;
Wu, H,; Ji, D.; Wang, Z.; Xu, Y.; Zhu, Q. Org. Chem. Front. 2017, 4,
1046. (1) Zhao, L.; Li, P.; Xie, X.; Wang, L. Org. Chem. Front. 2018,
5,1689.

(4) Suess, A. M.; Ertem, M. Z.; Cramer, C. ].; Stahl, S. S. J. Am. Chem.
Soc. 2013, 135,9797.

(5) Kathiravan, S.; Ghosh, S.; Hogarth, G.; Nicholls, I. A. Chem.
Commun. 2015, 51, 4834.

(6) Xiao, Z.; Yue, Q.; Ran, Z.; Zhang, Q.; Li, D. Youji Huaxue 2018, 83,
1193.

(7) Peng, Y.; Lei, J.; Qiu, R.; Peng, L.; Au, C.-T.; Yin, S.-F. Org. Biomol.
Chem. 2018, 16, 4065.

(8) For a recent review, see: (a) Yosimura, A.; Zhdankin, V. V. Chem.
Rev. 2016, 116, 3328. (b) Aradi, K.; Toth, B. L.; Tolnai, G. L.;
Novak, Z. Synlett 2016, 27, 1456. (c) Olofsson, B. Top. Curr. Chem.
2016, 373, 135. (d) Merritt, E. A.; Olofsson, B. Angew. Chem. Int.
Ed. 2009, 48, 9052.

(9) (a) Sandtorv, A. H.; Stuart, D. R. Angew. Chem. Int. Ed. 2016, 55,
15812. (b) Tinnis, F.; Stridfeldt, E.; Lundberg, H.; Adolfsson, H.;
Olofsson, B. Org. Lett. 2015, 17, 2688. (c) Jung, S.-H.; Sung, D.-B.;
Park, C.-H.; Kim, W.-S. J. Org. Chem. 2016, 81, 7717.
(d) Lucchetti, N.; Scalone, M.; Fantasia, S.; Muiiiz, K. Angew.
Chem. Int. Ed. 2016, 55, 13335. (e) Li, P.; Weng, Y.; Xu, X.; Cui, X.
J. Org. Chem. 2016, 81, 3994. (f) Aradi, K.; Mészaros, A.; Toth, B.
L.; Vincze, Z.; Novak, Z. J. Org. Chem. 2017, 82, 11752.

(10) CCDC 1565719 contains the supplementary crystallographic
data for compound 3ag. The data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/getstructures.

(11) Sahoo, H.; Mukherjee, S.; Grandhi, G. S.; Selvakumar, J.; Baidya,
M. J. Org. Chem. 2017, 82, 2764.

(12) N-Aryl-N-quinolin-8-ylaroylamides 3aa-3ma; General Pro-
cedure
An oven-dried Schlenk tube (10 mL) equipped with a magnetic
stirrer bar was charged with the appropriate N-quinolin-8-
ylaroylamide 1 (0.3 mmol), diaryliodonium hexafluorophos-
phate 2 (0.6 mmol), Cu(OAc),-H,0 (20 mol%, 0.06 mmol), and 4
A MS (40 mg). DCE (3.0 mL) was then added from a syringe, and
the mixture was stirred for 48 h at 80 °C in air. H,0 (6 mL) was
added to quench the reaction, and the resulting mixture was
extracted with EtOAc (x2). The combined organic extracts were
washed with brine, dried (Na,SO,), and concentrated. The crude
product was purified by flash column chromatography [silica
gel, PE-EtOAc (3:1)].

N-Phenyl-N-quinolin-8-ylbenzamide (3aa)

Colorless solid; yield: 71 mg (73%); mp 125-128 °C. IR (KBr):
3054, 1660, 1594, 1493, 1463, 1343, 1310, 1269, 1177, 1132,
1075, 1028, 825, 789, 700 cm~'. '"H NMR (400 MHz, CDCl;):
0=28.89-8.91 (m, 1 H), 8.07-8.09 (m, 1 H), 7.70-7.72 (m, 1 H),
7.57-7.62 (m, 3 H), 7.45-7.49 (m, 1 H), 7.32-7.35 (m, 1 H),
7.22-7.24 (m, 4 H), 7.09-7.16 (m, 4 H). '3C NMR (100 MHz,
CDCl;): § =171.6,150.7,144.7, 144.4, 141.8,136.8, 135.8, 129.7,
129.3, 129.2, 128.9, 128.7, 127.6, 127.4, 126.9, 126.3, 125.8,
121.6. HRMS (ESI): m/z [M + HJ" caled for C,,H;7N,O:
325.13354; found: 325.13327.
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