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A general and convenient synthesis of substituted quinolines by regioselective copper- or palladium-
catalyzed 6endedig cyclization—dehydration of 1-(2-aminoaryl)-2-yn-1-ols is reported. The crude
substrates were easily obtained by the Grignard reaction between the appropriate alkynylmagnesium

bromide and 2-aminoaryl ketones and could be

used without further purification for the subsequent

cyclization step. Heteroannulation reactions were carried out in MeOH or DME as the solvent at 60 or
100°C in the presence of Cugbr PdX; (in conjunction with 10 equiv of KX, X= Cl, 1) as the catalyst
to afford the quinoline derivatives in good to excellent isolated yields based on starting 1-(2-aminoaryl)-

2-yn-1-ols (66-90%).

Introduction

Quinolines are a very important class of heterocyclic com-
pounds. The quinoline core is present in many biologically active
natural products, in particular, alkaloids. Moreover, substituted

anticancer activity! In view of the remarkable importance of
this class of heterocyclic compounds, during the last years many

(2) For recent examples, see: (a) Narender, P.; Srinivas, U.; Ravinder,
M.; Rao, B. A.; Ramesh, C.; Harakishore, K.; Gangadasu, B.; Murthy, U.

quinolines are known to display a wide range of pharmacological S. N.; Rao, V. JBioorg. Med. Chem2006 14, 4600-4609. (b) Holla, B.

activities, such as antiinflammatotyantibacteriaf, antiproto-
zoan3 antimalarial antiasthmatié, antituberculosi§, anti-
Alzheimer! antihypertensivé,anthelmintic® anti-HIV,1° and
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Bhushan, K. R.; Sapra, P.; Saxena, R. K.; GuptaBiRorg. Med. Chem.
200Q 8, 69—-72. (f) Fujita, M.; Chiba, K.; Tominaga, Y.; Hino, KxChem.
Pharm. Bull. 1998 46, 787-796. (g) Kayirere, M. G.; Mahamoud, A.;
Chevalier, J.; Soyfer, J. C.; Cremieux, A.; BarbeEdr. J. Med. Chem.
1998 33, 55-63.
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efforts have been devoted to the development of new regiose-

lective synthetic methodologies for their productiénin

Gabiriele et al.

We report here a general and convenient synthesis of
substituted quinoline8 through copper or palladium-catalyzed

particular, new synthetic strategies based on metal-catalyzed6-endodig heteroannulatiordehydration of 1-(2-aminoaryl)-
heteroannulation of acyclic precursors have attracted consider-2-yn-1-ols 2,1415 easily obtained by the Grignard reaction

able attention, owing to the possibility to construct the quinoline
ring with the desired substitution pattern in one step under mild
conditions starting from readily available starting materfals.

(4) For recent examples, see: (a) Joshi, A. A.; Viswanathan, Bidorg.
Med. Chem. Let2006 16, 2613-2617. (b) Joshi, A. A.; Narkhede, S. S;
Viswanathan, C. LBioorg. Med. Chem. LetR00§ 15, 73—76. (c) Dow,

G. S.; Koenig, M. L.; Wolf, L.; Gerena, L.; Lopez-Sanchez, M.; Hudson,
T. H.; Bhattacharjee, A. KAntimicrob. Agents Chemoth&004 48, 2624
2632. (d) Portela, C.; Afonso, C. M. M.; Pinta, M. M. M.; Ramos, M. J.
Bioorg. Med. Chen004 12, 3313-3321. (e) Ziegler, J.; Linck, R.; Wright,
D. W. Curr. Med. Chem2001, 8, 171-189. (f) Billker, O.; Lindo, V.;
Panico, M.; Etienne, A. E.; Paxton, T.; Dell, A.; Rogers, M.; Sinden, R.
E.; Morris, H. R. Nature 1998 392 289-292. (g) Ismail, F. M. D,
Dascombe, M. J.; Carr, P.; Merette, S. A. M.; Rouault,JP.Pharm.
Pharmacol.1998 50, 483-492. (h) Go, M. L.; Ngiam, T. L.; Tan, A. L.
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2002 57, 235-242. (c) DubeD.; Blouin, M.; Brideau, C.; Chan, C. C;
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(6) For recent examples, see: (a) Nayyar, A.; Malde, A.; Jain, R.;
Coutinho, EBioorg. Med. Chem2006 14, 847—-856. (b) Nayyar, A.; Jain,

R. Curr. Med. Chem2005 12, 1873-1886. (c) Monga, V.; Nayyar, A,;
Vaitilingam, B.; Palde, P. B.; Jhamb, S. S.; Kaur, S.; Singh, P. P.; Jain, R.
Bioorg. Med. Chem2004 12, 6465-6472 (correction:2005 13, 1879).

(d) Vangapamdu, S.; Jain, M.; Jain, R.; Kaur, S.; Singh, Biéorg. Med.
Chem.2004 12, 2501-2508. (e) Jain, R.; Vaitilingam, B.; Nayyar, A.;
Palde, P. BBioorg. Med. Chem. LetR003 13, 1051-1054.

(7) See, for example: (a) Camps, P.;r@ez, E.; Muwz-Torrero, D.;
Badia, A.; Vivas, N. M.; Barril, X.; Orozco, M.; Luque, F. J. Med. Chem.
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1998 53, 399-404.

(10) See, for example: (a) Franck, X.; Fournet, A.; Prina, E.; Mahieux,
R.; Hocquemiller, R.; Figadere, Bioorg. Med. Chem. Let004 14,
3635-3638. (b) Baard, C.; Zouhiri, F.; Normand-Bayle, M.; Danet, M.;
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14, 2473-2476. (c) Fakhfakh, M. A.; Fournet, A.; Prina, E.; Mouscadet, J.
F.; Franck, X.; Hocquemiller, R.; Figadere, Bioorg. Med. Chem2003
11, 5013-5023. (d) Fournet, A.; Mahieux, R.; Fakhfakh, M. A.; Franck,
X.; Hocquemiller, R.; Figadere, Bioorg. Med. Chem. Let2003 13, 891—
894. (e) Zouhiri, F.; Desmaele, D.; d'Angelo, J.; Ourevitch, M.; Mouscadet,
J. F.; Leh, H.; Le Bret, MTetrahedron Lett2001, 42, 8189-8192.

(11) See, for example: (a) Tsotinis, A.; Vlachou, M.; Zouroudis, S.;
Jeney, A.; Timar, F.; Thurston, D. E.; Roussakis|€tt. Drug Des. Disco.
2005 2, 189-192. (b) Martirosyan, A. R.; Rahim-Bata, R.; Freeman, A.
B.; Clarke, C. D.; Howard, R. L.; Strobl, J. 8iochem. PharmacoR004
68, 1729-1738. (c) Perzyna, A.; Klupsch, F.; Houssin, R.; Pommery, N.;
Lemoine, A.; Haaichart, J. PBioorg. Med. Chem. LetR004 14, 2363~
2365. (d) Abadi, A. H.; Brun, RArzneimittel-Forsch2003 53, 655-663.

(e) Charris, J.; Martinez, P.; Dominguez, J.; Lopez, S.; Angel, J.; Espinoza,
G. Heterocycl. Commur2003 9, 251-256. (f) Lamazzi, C.; Leonce, S.;
Pfeiffer, B.; Renard, P.; Guillaumet, G.; Rees, C. W.; BessorBidorg.
Med. Chem. Let200Q 10, 2183-2185. (g) Osiadacz, J.; Kaczmarek, L.;
Opolski, A.; Wietrzyk, J.; Marcinkowska, E.; Biernacka, K.; Radzikowski,
C.; Jon, M.; Peczynska-Czoch, \Anticancer Res1999 19, 3333-3342.

(h) Kaczmarek, L.; Peczynska-Czoch, W.; Osiadacz, J.; Mordarski, M.;
Sokalski, W. A.; Boratynski, J.; Marcinkowska, E.; Glazman-Kusnierczyk,
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between the appropriate alkynylmagnesium bromide and 2-ami-
noaryl ketoned (Scheme 1). The intermediat2sleriving from

the first step could be used without further purification for the
second step, thus facilitating the synthetic procedure.

Results and Discussion

We have recently reported several examples of copper- or
palladium-catalyzed cycloisomerization reactions leading to
heterocyclic derivatives starting from suitably functionalized
alkyne derivatives® In particular, we have reported a general
methodology for the regioselective synthesis of substituted

(12) For an excellent recent review, see: (a) Kouznetsov, V. Vndde,
L.Y.V.; Gobmez, C. M. M.Curr. Org. Chem2005 9, 141-161. For some
very recent developments in the synthesis of quinolines, see: (b) Ichikawa,
J.; Sakoda, K.; Moriyama, H.; Wada, Bynthesi2006 1590-1598. (c)
Couturier, M.; Le, TOrg. Process Res. De2006 10, 534-538. (d) Janza,
B.; Studer, A.Org. Lett.2006 8, 1875-1878. (e) Lin, X. F.; Cui, S. L,;
Wang, Y. G.Tetrahedron Lett2006 47, 3127-3130. (f) Chaudhuri, M.
K.; Hussain, SJ. Chem. Sci2006 118 199-202. (g) Chabert, J. F. D.;
Chatelain, G.; Pellet-Rostaing, S.; Bouchu, D.; Lemaire,Tidtrahedron
Lett. 2006 47, 1015-1018. (h) Wang, G. W.; Jia, C. S.; Dong, Y. W.
Tetrahedron Lett2006 47, 1059-1063. (i) Tanaka, S. Y.; Yasuda, M;
Baba, A.J. Org. Chem200§ 71, 800-803. (j) Jia, C. S.; Zhang, Z.; Tu,
S. J.; Wang, G. WOrg. Biomol. Chem2006 4, 104-110. (k) Wu, J,;
Xia, H. G.; Gao, K.Org. Biomol. Chem2006 4, 126—129. (I) Morel, A.

F., Larghi, E. L., Selvero, M. MSynlett2005 2755-2758. (m) Yadav, J.

S.; Rao, P. P.; Sreenu, D.; Rao, R. S.; Kumar, V. N.; Nagaiah, K.; Prasad,
A. R. Tetrahedron Lett2005 46, 7249-7253. (n) Rodriguez, J. G.; Rios,

C. D. L.; Lafuente, A Tetrahedron2005 61, 9042-9051. (0) Kosiecka,

M., Maslankiewicz, A.; Maslankiewicz, M. Heterocycle®005 65, 1577
1588. (p) Zhang, X. X.; Campo, M. A.; Yao, T. L.; Larock, R. Org.

Lett. 2005 7, 763-766. (q) Chelucci, G.; Manca, A.; Pinna, G. A.
Tetrahedron Lett2005 46, 767—770. (r) Karthikeyan, G.; Perumal, P. T.

J. Heterocycl. Chenm2004 41, 1039-1041.

(13) For recent leading examples, see: (a) Jia, C. S.; Wang, Gew.
Org. Chem.2006 3, 289-291. (b) Cho, C. S.; Ren, W. X.; Shim, S. C.
Bull. Kor. Chem. Soc2005 26, 2038-2040. (c) Bose, D. S.; Kumar, R.
K. Tetrahedron Lett2006 47, 813-816. (d) Wu, J.; Zhang, L.; Diao, T.
N. Synlett2005 2653-2657. (e) Cho, C. S.; Ren, W. X.; Shim, S.Bull.
Kor. Chem. Soc2005 26, 1286-1288. (f) Cho, C. S.; Seok, H. J.; Shim,
S. C.J. Heterocycl. ChenR005 42, 1219-1222. (g) Abbiati, G.; Arcadi,
A.; Canevari, V.; Capezzuto, L.; Rossi, £.0rg. Chem2005 70, 6454
6460. (h) Taguchi, K.; Sakaguchi, S.; Ishii, Yetrahedron Lett2005 46,
4539-4542. (i) Martinez, R.; Brand, G. J.; Ramon, D. J.; Yus, M.
Tetrahedron Lett2005 46, 3683-3686. (j) Arumugam, P.; Karthikeyan,
G.; Atchudan, R.; Muralidharan, D.; Perumal, P.Ghem. Lett2005 34,
314-315. (k) De, S. K.; Gibbs, R. ATetrahedron Lett2005 46, 1647—
1649. () lgarashi, T.; Inada, T.; Sekioka, T.; Nakajima, T.; Shimizu, I.
Chem. Lett2005 34, 106-107.

(14) The formation of 6-chloro-2-cyclopropyl-4-trifluoromethylquinolin-
5-0l from 3-amino-6-chloro-2-(3-cyclopropyl-1-hydroxy-1-trifluorometh-
ylprop-2-ynyl)phenol, obtained in situ by deprotection of the corresponding
tert-butyldimethylsilyl ether with TBAF, has been briefly mentioned in the
literature as an undesired reaction, but no further experimental details
(including the product yield) have been given for this reaction: (a)
Markwalder, J. A.; Mutlib, D. D. C. A.; Cordova, B. C., Klabe, R. M,;
Seitz, S. PBioorg. Med. Chem. LetR001, 11, 619-622. Formation of
6-chloro-2-cyclopropyl-4-trifluoromethylquinoline in 81% yield by refluxing
a solution of 2-(2-amino-5-chlorophenyl)-4-cyclopropyl-1,1,1-trifluorobut-
3-yn-2-ol in chlorobenzene & h has also been reported: (b) Choudhury,
A.; Pierce, M. E.; Confalone, P. Msynth. Commur2001, 31, 37073714.

(15) The iodocyclization of 1-(2-dimethylaminophenyl)-2-yn-1-ols to give
4-hydroxy-3-iodo-1,1-dimethyl-1,4-dihydroquinolinium iodides, which, upon
heating, underwent formal loss of MeOH to give 3-iodo-1-methylquino-
linium iodides has been recently reported: Hessian, K. O.; Flynn, B. L.
Org. Lett.2006 8, 243-246.

(16) For arecent review, see: Gabriele, B.; Salerno, G.; Cost8yNlett
2004 2468-2483.
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SCHEME 1 SCHEME 2
3 3
HO R
2 . - HO R @ lo! /M2+
RrR® 1) R'C=CMgBr % % \ (M = Cu, Pd)
+ 4
NH2 2)H NH. R NH, R
R 4 R' R
aR'=R?=H, R®=Me 2 (crude product) l
bR'=R?=H, R®=Ph R® OH R® OH
¢ R'=OMe, R*=H, R®=Me Gucat l - H0 R2 M R2 3
1_ 2_ 3_ -M
dR'=H, R*=Cl, R®*=Me . N o q 4
N R Ny R\ _
R N R H H Lo \HZO
NT R
R’ path b lT 3
3

caR'=OMe, R?=H, R*=Me, R*=Bu: 76%
daR'=H, R?=Cl, R*=Me, R*=Bu. 81% Ny R
ab R'=R%zH, R®*=Me, R*=Ph: 73% H
bbR'=R?=H, R*=R*=Ph: 68%

cb R'=0Me, R?=H, R*=Me, R*=Ph: 90% SCHEME 3

dbR'=H, R*=Cl, R®=Me, R*=Ph: 78%

12 3 4 (0]
ac R'=R°=H, R"=Me, R"=t-Bu: 75%
bc R'=R?=H, R*=Ph, R*=t-Bu: 70% Me 1) BuC=ECMgBr N
cc R'=OMe, R*=H, R’=Me, R*=t-Bu: 77% NH, o Bu

R? OH R3 H
aa R'=R}=H, R=Me, R'=Bu: 80% R2 3 % R w v
ba R'=R*=H, R>=Ph, R*=Bu: 80% q - H,0 N
o
N
R

1 path a NH;

a e 0,
furans?” thiophened8 and pyrrole&’ starting from g)-2-en-4- 2aa (purified product, 60%)
yn-1-ols, ¢)-2-en-4-yne-1-thiols, andZj-(2-en-4-ynyl)amines, path bj;) 3L‘CECMQB' o |cuccat
respectively, through &xadig heteroannulationaromatization ) 2~ |MeOH, 60°C, 5 h
promoted by PdXin conjunction with KX (X= ClI, 1) or by 2aa (crude product) Me

CuCl, as the catalytic system. We have also reported a divergent cucl N

synthesis ofZ)-1-alkylidene-1,3-dihydroisobenzofurans artdt 1 —H,0 Ml;oiicztcr csn

isochromenes by PgKl-catalyzed 5exadig or 6-endadig, ' ’ N~ ~Bu

respectively, cycloisomerization of 2-alkynylbenzyl alcolt8ls. 3aa (75% based on 1a) 3aa (78% based on 2aa)
On the basis of these results, we have investigated the possibility

to synthesize substituted quinolines starting from 1-(2-ami- giq not occur in the absence of the metal catalyst, as confirmed
noaryl)-2-yn-1-ols, through a metal-promoteceelodig cy- by blank experiments (decomposition of the starting material

clodehydration route, based on intramolecular nucleophilic 14 give unidentified chromatographically immobile materials was
attack of the—NH; group to the triple bond coordinated to the jpserved under these conditions entry 13).

metal center followed by protonolysis and dehydration (Scheme Using CuC} as the catalyst, we next tested the reactivity of

2, patha) or vice versa (patth). , 2aain different solvents. The results, shown in Table S2, entries
The first substrate we used was 2-(2-aminophenyl)oct-3-yn- 1419 (to be compared with entry 10 of Table S1, see the

2-ol 2aa (R' = R? = H, R® = Me, R* = Bu) obtained in ca. Supporting Information), clearly indicate MeOH as the solvent
60% isolated yield by the reaction between commercially ¢ choice for the reaction.

available 2-aminoacetophenoia and 1-hexynylmagnesium

One drawback of this synthetic approach was related to the
bromide. The reactivity oRaawas initially tested at 60C in y pp

h | i th f | % of diff instability of 2aa during the purification procedures, which in
MeOH as the solvent in the presence of 2 mol % of different gg o) cases caused its partial decomposition after column

catalytic systems, based on zinc, palladium, and copper. Theqp,omatographgt However, we have found that the cyclization
results qbtalned are shown in Table S1 (see the Supportingyeaction worked nicely even on the crude product, which also
Information). As can be seen, 2-butyl-4-methylquinolBea facilitated the synthetic protocol (see Experimental Section for

was selectively formed in all cases (entries-1R), thus  yetails) Thus, when crudgaawas let to react under the same
confirming the validity of our hypothesis. The best results in ., qiicns of entry 12, quinolin@aa was obtained in 75%

terms of substrate conversion rate and product selectivity wereg | taq yield based on starting 2-aminoacetophenar{@able

obtained with CuGl as the catalyst: aftes h reaction time, 1 "any 20, and Scheme 3, paih It is worth noting that this
3aawas formed in 85% GLC yield at total substrate conversion yield was considerably higher with respect to the overall yield

(78% isolated, entry 12 and Scheme 3, pathThe reaction obtained using puraa (47% isolated yield based oha,
Scheme 3, path).
The generality of the process was then verified by varying

(17) (a) Gabriele, B.; Salerno, G.; Lauria, E.Org. Chem1999 64,
7687-7692. (b) Gabriele, B.; Salerno, €hem. Commuri997, 1083—

1084. the nature of substituents'Rnd R (on the aromatic ring), R
(18) Gabriele, B.; Salerno, G.; Fazio, @rg. Lett.200Q 2, 351-352. (at the benzylic position), and*Ron the triple bond) (Scheme
(19) () Gabriele, B.; Salemno, G.; Fazio, A Org. Chem2003 68, 1). The results are shown in Table 1. As can be seen, in most

7853-7861. (b) Gabriele, B.; Salerno, G.; Fazio, A.; Bossio, M. R.
Tetrahedron Lett2001, 42, 1339-1341.

(20) Gabriele, B.; Salerno, G.; Fazio, A.; Pittelli, Retrahedron2003 (21) Unidentified chromatographically immobile materials were formed
59, 6251-6259. as a result of decomposition.
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TABLE 1. Synthesis of Substituted Quinolines 3 by TABLE 2. Synthesis of 4-Substituted Quinolines 3ad and 3dd by
Cyclodehydration of Crude 1-(2-Aminophenyl)-2-yn-1-ols 2, Cu- or Pd-Catalyzed Cyclodehydration—-Desilylation of Crude
Obtained by the Reaction between RC=CMgBr and 2-Aminoaryl 1-(2-Aminophenyl)-2-yn-1-ols 2ad and 2dd, Obtained by the
Ketones 1 in the Presence of CuGlas Catalyst Reaction between TMS-C=C—MgBr and 2-Aminophenyl Ketones
- la and 1d
yield of 30
enry 1 R' R R R* 2 T(CC) 3 (%) yield of
20  1a H H Me Bu 2aa 60 3aa 75 entry 1 Rl RZ RB R4+ 2 catalyst 3P 3(%)
21 1a H H Me Bu 2aa 100 3aa 80 40 la H H Me TMS 2ad CuCh 3ad 50
22 1b H H Ph Bu 2ba 60 3ba 80 41 la H H Me TMS 2ad PdCh+ 10KCl 3ad 69
23 1c OMe H Me Bu 2ca 60 3ca 60 42 la H H Me TMS 2ad Pdhb+ 10Kl 3ad 73
24 lc OMe H Me Bu 2ca 100 3ca 76 43 1b H H Ph TMS 2bd CuCh 3bd 56
25 1d H Cl Me Bu 2da 60 3da 81 4 1b H H Ph TMS 2bd PdCh+ 10KCl 3bd 66
26 1d H Cl Me Bu 2da 100 3da 69 45 1b H H Ph TMS 2bd PdhL+ 10Kl 3bd 66
gg ig : : m: gﬂ g:g 1((5)8 g:g ?g aUnless otherwise noted, all reactions were carried out in MeOH (0.22
29 1 H H Ph Ph 2bb 60  3bb 63 _mmol of 1 per mL of MeOH, 9 mmol scale based_ @pat 100°C fo_r 5_h
30 1b H H Ph Ph 2bb 100 3bb 68 in the presence of 2 mol % of catalyst. Conversiorafas quantitative
: bb3 — ! c ;
31 1c OMe H Me Ph 2cb 60 3cb 72 in all cases?R® = H in the final product3. ¢Isolated yield based on
32 1c OMe H Me Ph 2cb 100 3cb 90 starting1.
33 1d H Cl Me Ph 2db 60 3db 78
34 1d H Cl Me Ph 2db 100 3db 74 SCHEME 5
35 la H H Me tBu 2ac 60 3ac 20° o
3 la H H Me tBu 2ac 100 3ac 68 HO Me
37 la H H Me tBu 2ac 100 3ac 75 R 1)Me3SiC=CMgBr A catalyst
38 1b H H Ph tBu 2bc 100 3hc 70 — an S SiMes MeOH
39 1c OMe H Me tBu 2cc 100 3cc 77 NH, NH, 100°C, 5 h
aUnless otherwise noted, all reactions were carried out in MeOH (0.22 :2 E;gﬁ g;: ';;"\f: ((gzg: z;gggg))
mmol of 1 per mL of MeOH, 9 mmol scale based dj for 5 h in the R
presence of 2 mol % of CuglConversion of2 was quantitative in all X
casesP Isolated yield based on startirlg ¢ The reaction also led to the catalyst=CuCl,: 50% (R=Me), 56% (R=Ph)
formation of 2-(1-methoxy-1,4,4-trimethylpent-2-ynyl)phenylamidac N” catalyst=PdI>+10KI: 73% (R=Me), 66% (R=Ph)
(30% isolated yield based on starting 2-aminoacetopheri@e? The 3ad R = Me
reaction also led to the formation 4&c (2% isolated yield based on starting 3bd R = Ph
14). € The reaction was carried out in 1,2-dimethoxyethane (DMRg-
action time was 2 h. quinoline3acbecame the main reaction product (68% isolated
yield based orla), 4acbeing formed in less than 2% isolated
SCHEME 4 yield based onla (entry 36 and Scheme 4). In a non-
HQO Me nucleophilic solvent such as 1,2-dimethoxyethane (DN8&J;
1) -BuC=CMgBr N CuCl; cat was selectively obtained with a 75% isolated yield basetiaon
12 —mM8M» A —_— L.
2)H* Ny, tBU (entry 37 and Scheme 4). Under the same conditions of entry
z 36, other substrates bearingeat-butyl group on the triple bond,
2ac (crude prodct) such as 1-(2-aminophenyl)-4,4-dimethyl-1-phenylpent-2-yn-1-
Me MO Me ol 2bc (R! = R2 = H, R® = Ph, R = t-Bu), and 2-(2-amino-

N 3-methoxyphenyl)-5,5-dimethylhex-3-yn-2-2tc (Rt = OMe,
_ + X By R? = H, R® = Me, R* = t-Bu) afforded the corresponding
N” >tBu :

- NH, quinolines3bcand3cc respectively, in good isolated yield (70%
3ac 4ac and 77%, respectively) after-5 h reaction time (entries 38
MeOH, 60°C, 5h: 20% 30% and 39).
MeOH, 100°C, 5h  68% 2% The cyclodehydration reaction could also be successfully
DME, 100°C, 5 h 75% 0%

applied to substrates bearing a trimethylsilyl group on the triple

bond, such as 2-(2-aminophenyl)-4-trimethylsilanylbut-3-yn-2-
cases, better results in terms of product yield were obtained by o 5,4 (Rl = R? :( H R3 :pMe Qﬁl - TMS).{Jnderythe sar)r/1e

working in a Schlenk flask at 108C rather than 60C. The  qjitions of entry 21, this substrate was converted into
benzylic position and the triple bond could be substituted with 4-methylquinoline3ad (R = R2 = R* = H, R® = Me), ensuing

an alkyl as well as an aryl substituent, while electron- ¢y 555 of the TMS group under the reaction conditions, in
withdrawing as well asr-donating groups could be presenton 5o isolated yield (Table 2, entry 40, and Scheme 5).

the aromamc nng. ) . Interestingly, a higher selectivity towaBhd (69—73%) could
Interestingly, in the case of 2-(2-aminophenyl)-5,5-dimeth- . hiained working in the presence of RdX 10 KX (X =
ylhex-3-yn-2-ol2ac (R* = R? = H, R°= Me, R' = tert-Bu), Cl, I) as the catalytic system (entries 41 and 42 and Scheme 5).
the reaction, carried out under the same conditions of entry 20, gimilar results were observed in the case of 1-(2-aminophenyl)-
led to 2-(1-methoxy-1,4,4-trimethylpent-2-ynyl)phenylamiee 1-phenyl-3-trimethylsilanylprop-2-yn-1-dlbd (R! = R2 =H,
as the main reaction product (30% isolated yield based onps — pp g = TMS) to give 4-phenylquinolin@bd (R! = R2
starting 2-aminoacetophenoia), together with smaller amounts  _ g4 — H RS = Ph) (entries 4345 and Scheme 5).
of the expected Zert-butyl-4-methylquinoliné8ac (20% isolated
yield based onla, entry 35 and Scheme 4). Clearly, this
undesired reaction becomes competitive owing to the diminished
reactivity of the sterically hindered triple bond. However, when ~ We have developed a novel and practical synthesis of
the same reaction was carried out at 2@0rather than 60C, substituted quinolines through a two-step procedure involving

Conclusions
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Cu- or Pd-Catalyzed Cyclodehydration of 1-(2-Aminoaryl)-2-yn-1-ols ]OC Article

Grignard addition of alkynylmagnesium bromides to 2-ami- of EtMgBr thus obtained was transferred under nitrogen to a
noaryl ketones followed by regioselective copper- or palladium- dropping funnel and was added dropwise to a solution of the
catalyzed Gendedig cyclodehydration of the corresponding 1-alkyne (26.8 mmol) in anhydrous THF (7.0 mL) at'Q with
1-(2-aminophenyl)-2-yn-1-ols. The latter intermediates could be stirring. After additional stirring at GC for 15 min, thg mixture
used without further purification for the subsequent cyclization Was allowed to warm up to room temperature, maintained 4€50

e . for 2 h, and then used as such for the next step. 2-Amino ketone
step, thus further facilitating the synthetic procedure. The

lit of th has b ified b ing th (8.9 mmol) was dissolved under nitrogen in anhydrous THF (7.0
generality of the process has been verified by varying the nature ) y 504 then added dropwise to the solution of the alkynylmag-

of substituents on the aromatic ring as well as at the benzylic nesjum bromide in THF (prepared as described above) &C50

position and on the triple bond. under nitrogen. After stirring at 5C for L h (RR= R2=H, Ré =
Me, R* = Bu; Rt = OMe, R =H, R3= Me, R* = Bu; Rt = H,
Experimental Section R2=CI, R®=Me, R*=Bu), 2 h (R =0Me, R=H, R®= Me,

) ) R*=Ph;R=H,R2=CI,R®=Me, RrR=Ph; R =0Me, R =

Preparation of Substrates. 2-Aminoacetophenonela and H R®=Me, RR=t-Bu: Rl = H, R = Cl, R® = Me, R = t-Bu:
2-aminobenzophenorith were commercially available and were  R1I=R2=H R3=Me, RR=Ph; R=R2=H, R®= Me, R¢ =
used as received. 2-Amino-3-methoxyacetopheriameas prepared  {.By: Rl=R2 = H, R® = Me, R* = TMS; Rl = R = H, R = Ph,
by nitration of commercially available 3-methoxyacetophenone R4 = t.By; Rl = R2=H, R3 = Ph, R = TMS) or 3 h (Rl = R?
followed by reduction, as described in the literate?@-Amino- =H, R®=Ph, R = Bu; Rl = R = H, R® = R* = Ph), the mixture
5-chloroacetophenoried was prepared by nitration of commercially  \yas cooled to room temperature. SaturatedGlivas added with
in the Supporting Information. Pure 2-(2-aminophenyl)oct-3-yn-2-  room temperature for 15 min, AcOEt (ca. 20 mL) was added, and
ol 2aa was prepared and characterized as described in thethe phases were separated. The aqueous phase was extracted with

Supporting Information. Characterization data for quinolidesd AcOEt (3 x 30 mL), and the collected organic layers were washed
2-(1-methoxy-1-methylhept-2-ynyl)anilinéac can also be found  \yith prine to neutral pH and eventually dried over,8@. After
in the Supporting Information. filtration, the solvent was evaporated and crude prod2cised as

Cyclodehydration of 2-(2-Aminophenyl)oct-3-yn-2-ol 2aato  gych for the next step. CuC(24.0 mg, 1.79x 10~ mmol) [or
2-Butyl-4-methylquinoline 3aa (Tables S1 and S2, See the  pgx, (1.79 x 10t mmol) in conjunction with KX (1.79 mmol),
Supporting Information). In a typical experiment, the catalyst x = Cj or I, see Tables 1 and 2] was added to a solution of crude
(5.28x 1072 mmol) [in conjunction with KX (5.28x 10~ mmol) 2 in anhydrous MeOH (40.5 mL) or DME (40.5 mL) (see Tables
in the case of PdX X = Cl or I] was added under nitrogen to & 1 and 2) in a Schlenk flask. The resulting mixture was stirred at
solution of pure2aa (574.0 mg, 2.64 mmol) in the anhydrous  the temperature and for the time indicated in Tables 1 and 2. Solvent
solvent (12.0 mL) (see Tables S1 and S2, see the Supportingywas evaporated and the crude product purified by column chro-
Information) in a Schlenk flask. The resulting mixture was stirred  matography on silica gel3aa (yellow oil, 95:5 hexane AcOER);
under nitrogen at the temperature and for the time indicated in 3pa (yellow oil, 95:5 hexane AcOEt); 3ca (yellow oil, 95:5
Tables S1 and S2. Solvent was evaporated, and the crude produchexane-acetone);3da (yellow oil, 90:10 hexaneacetone):3ab
purified by column chromatography on silica gel using 95:5 hexane- (yellow solid, mp 65-67 °C, 95:5 hexane AcOEL): 3bb (yellow
AcOEt as the eluent to giv@aaas a yellow oil. The yields obtained  spjid, mp 107-108°C, 95:5 hexane AcOEL); 3cb (yellow solid,
in each experiment are reported in Tables S1 and S2. mp 96-97 °C, 90:10 hexaneacetone)3db (yellow solid, mp 89-

General Procedure for the Synthesis of Quinolines 3 (Tables  gg °c, 99:1 hexaneacetone);3ac (yellow oil, 95:5 hexane
1 and 2).To a suspension of Mg turnings (700.0 mg, 28.8 mmol) - AcOEt); 3bc (colorless solid, mp 8687 °C, 95:5 hexaneacetone);
in anhydrous THF (2.0 mL), maintained under nitrogen and under 3cc (yellow oil, 95:5 hexaneacetone);3ad (yellow oil, 90:10
reflux, was added pure EtBr (0.5 mL) to start the formation of the hexane-acetone)3bd (yellow solid, mp 6162 °C, 90:10 hexane

Grignard reagent. The remaining bromide was added dropwise (ca.acetone). The yields obtained in each experiment are reported in
20 min) in THF solution (1.5 mL of EtBrin 15.0 mL of THF; total  Taples 1 and 2.

amount of EtBr added: 2.92 g, 26.8 mmol). The mixture was then

allowed to reflux for additional 20 min. After cooling, the solution Acknowledgment. This work was supported by the Minis-
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the Supporting Information for details). It is worth noting that in this latter

case the authors have indicated the structure of the mononitrated product : : ; .
as 5-methoxy-2-nitroacetophenone rather than 3-methoxy-2-nitroacetophe- Supporting Information Available: Tables S1 and S2, general

none. The reduction of 3-methoxy-2-nitroacetophenone to give 2-amino- experimental methods, preparation and characterizatidre, dfd,

3-methoxyacetophenone was carried out as described in ref 24. and 2aa characterization data, and copies6f and **C NMR
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