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A method to efficiently prepare substituted 1,2-dihydroquinolines and quinolines by Au(l)-catalyzed tandem hydroamination —hydroarylation
under microwave irradiation was developed. This method requires short reaction time (10 =70 min) and has a broad substrate scope.

Compounds containing a partially hydrogenated quinoline reported catalysts for dihydroquinoline synthesis showed
moiety are potential therapeutics such as inhibitors for lipid limited scope of substrates and modest selectivity, a mild
peroxidation, HMG-CoA reductase, and progesterone ago-and efficient protocol for the synthesis of this class of
nists and antagonistsMany synthetic methods including compounds would be highly desirable.

transition metal catalysis have been developed to generate Au(l) and Au(lll) complexes have increasingly been used
dihydroquinoline compounds?As inter- and intramolecular  as catalysts for a variety of organic transformatibhand

formation of dihydroquinolines usually requires high tem- gold-catalyzed intermolecular hydroamination of alky#és
perature and/or prolonged reaction time, and most of the

(2) (a) Hennion, G. F.; Hanzel, R. $. Am. Chem. S0d.960,82, 4908.
(1) (a) Perry, N. B.; Blunt, J. W.; McCombs, J. D.; Munro, M. H. &. (b) Taylor, E. C.; Macor, J. E.; French, L. G. Org. Chem.1991, 56,
Org. Chem1986,51, 5476. (b) Johnson, J. V.; Rauckman, B. S.; Baccanari, 1807. (c) Cooper, M. A.; Lucas, M. A.; Taylor, J. M.; Ward, A. D.;
D. P.; Roth, BJ. Med.Chem.1989,32, 1942. (c) Carling, R. W.; Leeson, Williamson, N. M. Synthesi®001, 621. (d) Ranu, B. C.; Hajra, A.; Dey,
P. D.; Moseley, A. M.; Baker, R.; Foster, A. C.; Grimwood, S.; Kemp, J. S.S.;Jana, UTetrahedror2003,59, 813. (e) Theeraladanon, C.; Arisawa,

A.; Marshall, G. R.J. Med. Chem1992, 35, 1942. (d) Carling, R. W.; M.; Nishida, A.; Nakagawa, MTetrahedror2004 60, 3017. (f) Williamson,
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and inter- or intramolecular hydroarylation of alkyhbave

been reported. Since catalytic dual activation is of interest Scheme 1

from the perspective of atom economy, we are interested to -

explore gold-catalyzed tandem hydroamination—hydroary- e 3o o0 NbsE N Ny
lation as a possible synthetic strategy for substituted 1,2-% @ = R1W R AR R LR
dihydroquinolines, particularly under microwave-assisted 2a-2k % (microwave inadiation) R! R
conditions to shorten the reaction tirfe. 4 ¥

The gold complexe&a? 1b,? 1¢® and1d'® employed in

this work were prepared by literature methods. We examined
IS Workwere prep vl . S xam 2A—K with alkynes3a—i to give dihydroquinoline deriva-

) ) tives4 and/ord’ (Scheme 1) in 42—94% yields (Table 1; a
3 — : control experiment with AQOTf/NEPFR; as catalyst afforded
—QNYN R
R [
Cl

o N tow @ 4Aain 2% NMR yield).
@P*AU*C] Cg/i >Au\ :@ cr 1 AU Ri
Buf S o
1b

1c:R'=Pr,R2=H

1a

1d: R', R? = CH, Table 1. Gold(l)-Catalyzed Reactions between Primary
Arylamines2A—K and Alkynes under Microwave Irradiation
the reaction ofm-anisidine 2A) with phenylacetylene3@a) N2 R MeO N y
. 2_0
at 80—100 °C in the presence of 5 mol % of these gold R e R wR1 Rzmph
catalysts, which gave 1,2-dihydroquinoline derivatif&a 2A30Me gz ihMCH o R Ph
. N . V4 «4-Me! N .
in up to 80% yields after 1224 h (Table S1 in the o 3! 4.CFiCeHs dAalpn T -
; ; ; ; inti ‘4 3d ! n-B 4Ab! 4-MeCgH a:
Supporthg Inform_at|on). Upon microwave |r_rad|z_at|on, the 2D; e 3eig_h:w] oV 4»01530654 4Dave
reaction time considerably shortened to 25 min, with the best 2Fi4H  3F 4-CH=CICH, 4Adin-Bu poli i
: . 4 ¢ 4-[4-(CH= 4Ae | n-hexyl H
result obtained for the Au(l) catalystdAgOTf with §‘:j§‘ oo et 4A§§Z_(§§§3)C6HA aHa'F
CH;CN as solvent in the presence of additive J®¥F; (Table 31 §3,5-(CH=C),Caty o atulcette
S2 in the Supporting Information). Under these conditions, N, OMe 41 13.5-(CHECKCety
1c/AgOTf catalyzed the reactions of primary arylamines O NHz oh

H
N
Ph
=

(4) For selected reviews on gold catalysis, see: (a) Hashmi, A. S. K. OMe
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Gold Bull. 2003,36, 3. (b) Hashmi, A. S. KGold Bull. 2004,37, 51. (c) MeO NHz 29 N N o R
Arcadi, A.; Di Giuseppe, SCurr. Org. Chem2004,8, 795. (d) Hoffman- S / .._.JR%__ Ph
Rdder, A.; Krause, NOrg. Biomol. Chem2005,3, 387. (e) Hashmi, A. S. 2K 4'Ba;OMe
OMe Ph Ph
4Ea

K. Angew. ChemlInt. Ed.2005 44, 6990. (f) Ma, S.; Yu, S.; Gu, ZAngew. 4CaiOPh
Chem, Int. Ed.2006 45, 200. (g) Hashmi, A. S. K.; Hutchings, G.Angew.

Chem.,Int. Ed.2006,45, 7896. O H OMe H Py

(5) For recent examples of gold catalysis, see: (a) Hashmi, A. S. K.; N, Ny, MO N MeO N
Frost, T. M.; Bats, J. WJ. Am. Chem. So€000,122, 11553. (b) Yao, X.; O P _ A A
Li, C.-J. J. Am. Chem. Soc2004, 126, 6884. (c) Hashmi, A. S. K.; 4Ja 4Ka 4Ka

Weyrauch, J. P.; Rudolph, M.; KurpejéyiE. Angew. Chemint. Ed.2004 “a en OMe Ph OMe Ph OMe Ph
43, 6545. (d) Zhang, J.; Yang, C.-G.; He,LAm. Chem. So2006,128, - - .
1798. (e) Genin, E.; Toullec, P. Y.; Antoniotti, S.; Brancour, C.; Gene  entry substrates  product(s)  time (min)/P (W) yield® (%)
J.-P.; Michelet, V.J. Am. Chem. So2006,128, 3112. (f) Zhang, Z.; Liu,

4"Ea

C.; Kinder, R. E.; Han, X.; Qian, H.; Widenhoefer, R. A. Am. Chem. 1 2A+3a  4Aa 25/26 82
S0c.2006,128, 9066. (g) Sun, J.; Conley, M. P.; Zhang, L.; Kozmin, S. A. 2 2A +3b 4Ab 30/25 81
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F. D.J. Am. Chem. SoQ006,128, 11364. (i) Dubé, P.; Toste, F. D.
Am. Chem. So®006,128, 12062. (j) Zhou, C.-Y.; Chan, P. W. H.; Che, g gﬁigd :id gggg Zg
C.-M. Org. Lett.2006,8, 325. (k) Lo, V. K.-Y.; Liu, Y.; Wong, M.-K.; © €
Che, C.-M.Org. Lett.2006,8, 1529. (I) Liu, X.-Y.; Li, C.-H.; Che, C.-M. 6 2A +3f 4Af 60/40 71
Org. Lett.2006,8, 2707. (m) Youn, S. WJ. Org. Chem2006,71, 2521. 7 2A +3g 4Ag 70/47 42
o, Sy, Caiai2006:345. 705. 6) Hachm. & S. K. Salathe, R Frey, O 2A+3h 4ah 6ous o4
v. . ,348, . ,ACS K VR , . .
W. Chem.-Eur. J2006,12, 6991. 9 24431 4Ai 60/28 52
(6) Mizushima, E.; Hayashi, T.; Tanaka, Mrg. Lett. 2003,5, 3349. 10 2B+3a 4Ba 35/19 78
(7) For examples, see: (a) Reetz, M. T.; SommefE#. J. Org. Chem. 11 2C+3a 4Ca+4'Ca 45/20 84 (11:10)
T i S I o
K.; Blanco, M. C.; Kurpejovié, E.; Frey, W.; Bats, J. \Wdv. Synth. Catal. 13 2E +3a 4Ea+4"Ea 40/25 85 (8:7)
2006,348, 709. (€) Hashmi, A. S. K_; Blanco, M. €ur. J. Org. Chem. 14 2F +3a 4Fa 40/26 74
2006, 4340. (f) Hashmi, A. S. K.; Haufe, P.; Schmid, C.; Rivas Nass, A.; 15 2G +3a 4Ga 70/21 62;c 714
Frey, W.Chem.-Eur. J2006,12, 5376. (g) Gorin, D. J.; Dubg, P.; Toste, 16 2H +3a 4Ha 70/29 54¢
F. D.J. Am. Chem. So006,128, 14480. (h) Marion, N.; Diez-Gonzélez, 17 ol +3a 4Ia 40/21 69
S.; de Frémont, P.; Noble, A. R.; Nolan, S Ahgew. ChemlInt. Ed.2006
45, 3647. (i) Toullec, P. Y.; Genin, E.; Leseurre, L.; Genét, J.-P.; Michelet, 18 2J+3a 4Ja 40/26 65
V. Angew. Chemlnt. Ed. 2006,45, 7427. 19 2K +3a 4Ka +4'Ka 30/28 94 (27:67)
(8) Nieto-Oberhuber, C.; Lopez, S.; Echavarren, A. MAm. Chem.
Soc.2005,127, 6178. aReaction conditions:2 (0.5 mmol),3 (2.5 mmol), 1c/AgOTf (0.025
(9) Barnholtz, S. L.; Lydon, J. D.; Huang, G.; Venkatesh, M.; Barnes, mmol), NH{PFs (0.075 mmol), CHCN (1 mL), 150°C with microwave
C. L.; Ketring, A. R.; Jurisson, S. $norg. Chem.2001,40, 972. irradiation.? Isolated yield based on arylamirfeA 20—40% yield of imine

(10) de Frémont, P.; Scott, N. M.; Stevens, E. D.; Nolan, S. P. was obtained? 1a/AgOTf was used as catalyst.
Organometallics2005,24, 2411.
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The 1c/AgOTf-catalyzed reactions @A with monoalkynes
3a—e afforded4Aa—Ae in 73—89% vyields (entries 15,
Table 1). Interestingly, extension of the reaction to the
substrates bearing multiple alkyne groug¥—i) gave
4Af—Ai in 42—71% vyields (entries 6—9, Table 1); each
molecule of these dihydroquinolines features two or four
terminal alkyne groups.

Reactions of3a with arylamines2B—K catalyzed by
1c/AgOTf afforded4Ca—Ka, together with4'Ba, 4'Ca,
4""Ea, andd’'Ka (entries 10—19, Table 1p-Anisidine (2B)
was the most reactive, wiiBa formed in 78% yield within
35 min (entry 10). For 4-phenoxyanilin€), a 11:10
mixture of 4Ca and 4'Ca was obtained in a total of 84%
yield (entry 11) p- andm-methyl-substituted anilines reacted
with 3ato give different products: onlyDa was obtained
(in 71% vyield) for p-toluidine @D, entry 12), but a 8:7
mixture of 4Ea and 4"Ea (in a total of 85% yield) was
formed form-toluidine @E, entry 13). In the case of substrate
2G bearing electron-withdrawing-Cl substituent, the prod-
uct4Gawas obtained in 62% yield, and changing the catalyst
to 1a/AgOTf increased the yield to 71% after reaction for 1
h (entry 15). This contrasts with the formation of similar
1,2-dihydroquinoline derivatives in<5% yields for the
arylamines bearing an electron-withdrawing substituent in
ruthenium-catalyzed reactiofsIn the presence of catalyst
1c/AgOTf, disubstituted arylamings) and2K reacted with
3ato afford4Jain 65% yield (entry 18) and a 27:67 mixture
of 4Ka and4'Ka in a total of 94% vyield (entry 19).

Under similar conditions, th&c/AgOTf-catalyzed reac-
tions of alkynes3a—c and 3e with primary arylamine2L
and2M bearing aro-alkylcarbonyl or -arylcarbonyl group
produced 2,4-disubstituted quinolinésL and 5M in
63—94% vyields within 30 min (entries-16, Table 2; a

Table 2. Gold(l)-Catalyzed Two-Component Synthesis of

Quinolines under Microwave Irradiation
5 mol % 1¢/AgOTf 4
NH, N._R
~
CCx oy
R2

15 mol % NH,PFg4
CH4CN, 150 °C, 30 min
0
R2 = Me: 2L, Ph: 2M R2 = Me: 5L, Ph: 5M

1

+

{microwave irradiation)

entry R! substrates  product yield (%)
1 Ph 2L + 3a 5La 93
2 4-MeCgH4 2L + 3b 5Lb 94
3 4-CF3C6H4 2L + 3¢ 5Lc 83
4 n-hexyl 2L + 3e 5Le 63
5 Ph 2M + 3a 5Ma 89
6 4-MeCgH4 2M + 3b 5Mb 91
7 4-(CH=C)Ce¢H4 2L + 3f 5Lf 81
8 3-(CH=C)C¢H4 2L + 3h 5Lh 72
9 3,5-(CH=C)9CsHj3 2L + 3i 5Li 65

control experiment with AgOTf/NEPF; as catalyst gavBlLa

in 4% NMR yield). These reactions are related to the

syntheses of 2,4-disubstituted quinolines from the Cu(l)-

catalyzed reactions of arylaldehydes, alkynes, and primary
arylamines:! For the reaction oL with 3a catalyzed by

Org. Lett, Vol. 9, No. 14, 2007

1c/AgOTH, the yield ofbLa remained almost the same upon
decreasing catalyst loading from 5 to 2 mol % (Table S3 in
the Supporting Information). Note that previous synthesis
of 5La and 5Ma has considerably lower product yielés
or requires a substantially longer reaction titfe For
example, the formation @Ma from the Ry(CO),-catalyzed
reaction of2M with 3a was performed at 150C for 12
h.12° In view of the potential therapeutic applicatiotisye
developed a gram-scale synthesi$bé (Scheme S1 in the
Supporting Information). It is interesting that the/AgOTHf-
catalyzed reactions &L with 3f, 3h, and3i afforded5Lf,
5Lh, and5Li, respectively, each bearing one or two terminal
alkyne groups; such compounds, along wWthf—Ai, are
potentially useful for constructing supramolecular architec-
tures* and metal—alkynyl optoelectronic materiabs.
Indoline (2N), a secondary arylamine, was also found to
react with alkynes in the presence of a Au(l) catalyst.
Treatment of2N with 3a using 5 mol % ofla/AgOTf in
CHsCN gave 4Na in 91% vyield within 10 min under
microwave irradiation (entry 1, Table 3). When the reaction

Table 3. Gold(l)-Catalyzed Reactions between Indoline and
Alkynes

R!
<§(\NH 5 mol % 1a/AgSbFg N
+

R1

- CH3NO,, 1, 23 h Z
3
2N wn K
entry R! substrates product yield® (%)
1c Ph 2N + 3a 4Na 91
2 Ph 2N + 3a 4Na 84
3 4-MeCgHy 2N + 3b 4Nb 81
4 4-CF3CgHy 2N + 3¢ 4Nec 95
5 n-Bu 2N + 3d 4Nd 58
6 n-hexyl 2N + 3e 4Ne 63
7 4-MeOCg¢H4 2N + 3j 4Nj 68
8 4-FCgHy 2N + 3k 4Nk 86

a Reaction conditions2N (0.5 mmol),3 (2.5 mmol), CHNO, (1 mL).
bIsolated yield based oN. ¢ Reaction performed in CG4CN with catalyst
1a/AgOTf under microwave irradiation for 10 min.

was performed at room temperature, a much longer reaction
time of 23 h was required and the best result was obtained
by using the solvent C¥#NO, and catalysfa/AgSbFs. Under
these conditions, reactions @N with 3a—e, 3j, and 3k

(11) (a) Yadav, J. S.; Reddy, B. V. S.; Rao, R. S.; Naveenkumar, V.;
Nagaiah, K.Synthesi®003, 1610. (b) Zhang, J.-M.; Yang, W.; Song, L.-
P.; Cai, X.; Zhu, S.-ZTetrahedron Lett2004,45, 5771.

(12) (a) Cheng, C.-C.; Yan, S.-Org. React1982 28, 37. (b) Tokunaga,
M.; Eckert, M.; Wakatsuki, YAngew. Chem.nt. Ed. 1999,38, 3222.

(13) Balasubramanian, M.; Keay, J. The Comprehensé Heterocyclic
Chemistry IlI; Elsevier: Oxford, UK, 1996; Vol. 5, pp 24800.

(14) (a) Fujita, M.; Ogura, KCoord. Chem. Re:1996, 148, 249. (b)
Stang, P. J.; Olenyuk, BAcc. Chem. Res1997,30, 502. (c) Fujita, M.
Chem. Soc. Re 1998,27, 417. (d) Seidel, S. R.; Stang, PAtc. Chem.
Res.2002,35, 972.

(15) (a) Long, N. J. InOptoelectronic Properties of Inorganic Com-
pounds; Roundhill, D. M., Fackler, J. P., Jr., Eds.; Plenum Press: New
York, 1999; Chapter 4. (b) Chao, H.-Y.; Lu, W.; Li, Y.; Chan, M. C. W.;
Che, C.-M.; Cheung, K.-K.; Zhu, Nl. Am. Chem. So2002,124, 14696.

(c) Lu, W.; Zhu, N.; Che, C.-MJ. Am. Chem. So2003,125, 16081.
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afforded4Na—Ne,4Nj, and 4Nk, respectively, in 5895% at room temperature for 2 h affordetNa in 79% vyield
yields (entries 28, Table 3). A similar yield o#ANaor 4Nb (Scheme 2).

was previously obtained from RICO)-catalyzed reactions On the basis of these observations and by considering

at 95°C for 16 h32 previous works on gold-catalyzed hydroamination reactions,
To provide insight into the mechanism of the Au(l)- a reaction mechanism for the formationdbénd5 from the

catalyzed transformations, we examined th&/AgOTf- Au(l)-catalyzed reactions & with 3 was proposed (Scheme

catalyzed reaction a2A with 3a at room temperature and  3), which involves hydroamination of alkynes to generate
the 1¢/AgOTf-catalyzed reaction &M with 3a at 60 °C,

which afforded ketimin®Aa in 87% yield after 30 minand N

6Ma in 90% vyield after 15 min, respectively (Scheme 2). Scheme 3
R2©/NH2 g AU Au(l) O/ TR1
m +
Scheme 2 7
R? = 3-OMe: 2 ]
5 mol % 1a/AgOTf Au(l)ls R®=
NH i N.__Ph Au(ly| 2-C(OM
SO R e 7T S
& R? = 2-C(O)Ph: =

3a 3 mol % 1¢/AgOTf
80 °C, 15 min

6Aa, 87%

H 1
NF Au(l NS N R
6Ma, 90% Rl ¥ A e @S =
LA L~ Il =
3 mol % | R? = 2-C(O)Ph

R? = 3-OMe: 2A
R? = 2-C{O)Ph: 2M

1c/AgOTf | 80 °C, 14 h 4 R! 7 R 5 Me (or Ph)
eO H N\ Ph
wph o % 1a/hgoT! CL(T an enamine intermediate in tautomerization with a ketimine,
Ph ’ Ph and reaction of the enamine or ketimine intermediate with
4ha, 91% SMa, 7% alkyne$® to form a propargylamine intermediate'® fol-
lowed by an intramolecular hydroarylation to produté
é\NH . o, _ 5mol%1a/AgsHFs N__Ph The ketimines generated froBL. and2M could undergo a
aa CH3NO,, 1, 10 min T condensation/annulation reaction to glve
2N In conclusion, we have developed a method to efficiently
n 17h prepare substituted 1,2-dihydroquinolines and quinolines by
i 53’:;&’0123’:928:% Au(l)-catalyzed tandem hydroaminatiehydroarylation un-
. Ph o der microwave irradiation. This method features a short
<§ reaction time and a broad substrate scope, including the
¢ || &j substrates bearing multiple alkyne groups.
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