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A direct two-step method for the preparation of 2-aryl- and 2-vinyl-4-quinolones that utilizes a copper-
catalyzed amidation ad-halophenones followed by a base-promoted Camps cyclization of the resulting
N-(2-ketoaryl)amides is described. With Cul, a diamine ligand, and base as the catalyst system, the
amidation reactions proceed in good yields for a range of aryl, heteroaryl, and vinyl amides. The subsequent
Camps cyclization efficiently provides the desired 4-quinolones with the conditions that are described.

Introduction

The metal-catalyzed formation of aromatie-8 bonds has

become increasingly important in organic synthesis over the past,
decadé. Recently, several efficient methods have been devel-

oped in which a sequential metal-catalyzedCbond-forming/

cyclization process yields a nitrogen-containing heterocycle.

Benzimidazoleg, pyrazoles’ pyrroles®4 indoles® 2-naphthy-

antiplatelef® and antiviral"¢i activities and have positive
cardiac effect§2

Multiple methods have been reported for the synthesis of
2-aryl-4-quinolone$2 Classical approaches such as the Conrad
Limpach and Niementowski reactiodgienerally focus on the
condensation of amines and carboxyl derivatives followed by
cyclization to produce the desired quinolones. Often the substrate

ridinones, and 2-quinolongdave been synthesized via such SCOPe of these reactions is limited by the necessity to employ

sequences.

Nitrogen-containing heterocycles are present in a variety of
biologically active compounds that can be used in a wide range

of therapeutic areas.Specifically, 4-quinolone derivativés

exhibit antibacterial activity, and several quinolones, such as
oxolinic acid and ciprofloxacin, have emerged as potent anti-

harsh cyclization conditions, including temperatures of 250

or strong acids such as polyphosphoric acid or Eaton’s reagent.
Less traditional syntheses of these compolhdske use of
transition metals, including palladium-catalyzed carbonylatfon,
titanium-mediated reductive couplidtjand ruthenium-catalyzed
reduction reaction® The base-promoted cyclization ®-

biotics? More recently certain 2-aryl-4-quinolones and com- (ketoaryl)amides (the Camps cyclizatighas seen widespread

pounds containing these structures have been studied as potenti

treatments for a range of diseasas they exhibit antimitotié?

(1) (a) Jiang, L.; Buchwald, S. L. IiMetal-Catalyzed Cross-Coupling
Reactions 2nd ed.; de Meijere, A., Diederich, F., Eds.; Wiley-VCH:
Weinheim, Germany, 2004; pp 69960. (b) Hartwig, J. FSynlett2006
9, 1283-1294.
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Aftilization for the synthesis of quinolones (Schem@-1)100-17

SCHEME 1. Camps Quinolone Synthesis
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Known methods for the syntheses of the Camps precursors, the
N-(ketoaryl)amides, comprise condensation®-@fminoaceto-

(7) Pozharskii, A. F.; Soldatenkov, A. T.; Katritzky, A. R. Heterocycles
and Health. InHeterocycles in Life and Societyohn Wiley: Chichester,
UK, 1997; pp 135-164.
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SCHEME 2. Preparation of 2-Substituted-4-quinolones and 2- and 3-Substituted-indoles from 2-Halophenones
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phenones and carboxylic ac¥isor acid chloridegfb-e18
Friedel-Crafts acylations of anilides (which often result in a
complex mixture of product$}oh17cor synthesis and subse-
guent opening of a benzoxazinone with the dianion of an
N-substituted acetamidé&?17a

(8) It is known that 4-quinolones have two tautomeric forms and can be
drawn as either the 4-hydroxyquinolines in the enol-form or as 4-quinolones
in the keto-form (Scheme 1). Both forms are important in understanding
the characterization data and the chemical reactivity of such compounds.
However, it is believed that in the solid state, as well as in many solvents,
these compounds exist primarily in the keto-form. Therefore, for the
purposes of this publication, we will refer to and draw the products as
4-quinolones. For discussions on the tautomerization of hydroxyquinolines
see: (a) Reitsema, R. KLhem. Re. 1948 43, 43—68. (b) Katritzky, A.

R.; Lagowski, J. M. Prototropic Tautomerism of Heteroaromatic Com-
pounds: II. Six-Membered Rings. ldvances in Heterocyclic Chemistry
Katritzky, A. R., Ed.; Academic Press, Inc.: New York, 1963; Vol. 1, pp
339-437. (c) Mphahlele, M. J.; EI-Nahas, A. M. Mol. Struct 2004 688
129-136.

(9) (a) Osawa, T.; Ohta, H.; Akimoto, K.; Harada, K.; Soga, H.; Jinno,
Y. 4(1H)quinolone Derivatives. Eur. Patent 0 343 574, 1994. (b) Huang,
L.-J.; Hsieh, M.-C.; Teng, C.-M,; Lee, K.-H.; Kuo, S.-Bioorg. Med. Chem.
1998 6, 1657-1662. (c) Takami, H.; Kishibayashi, N.; Ishii, A.; Kumazawa,
T. Bioorg. Med. Chem1998 6, 2441-2448. (d) Lee, H.-Z.; Lin, W.-C.;
Yeh, F.-T.; Wu, C.-HEur. J. Pharmacol1998 354, 205-213. (e) Jackson,

S. P.; Robertson, A. D.; Kenche, V.; Thompson, P.; Prabaharan, H.;
Anderson, K.; Abbott, B.; Goncalves, |.; Nesbitt, W.; Schoenwaelder, S.;
Saylik, D. Inhibition of Phosphoinostide 3-Kinase Beta. PCT Int. Patent
WO 2004/016607, 2004. (f) LliraBrunet, M.; Bailey, M. D.; Ghiro, E.;
Gorys, V.; Halmos, T.; Poirier, M.; Rancourt, J.; Goudreau,JNMed.
Chem 2004 47, 6584-6594. (g) Wu, F. X. H.; Nakajima, S.; Or, Y. S
Lu, Z.-H.; Sun, Y.; Miao, Z.; Wang, Z. Aza-Peptide Macrocyclic Hepatitis
C Serine Protease Inhibitors. PCT Int. Patent WO 2005/010029, 2005. (h)
Pal, M.; Khanna, I.; Subramanian, V.; Padakanti, S.; Pillarisetti, S.
Heterocyclic and Bicyclic Compounds, Compositions and Methods. PCT
Int. Patent WO 2006/058201, 2006. (i) Frutos, R. P.; Haddad, N.; Houpis,
I. N.; Johnson, M.; Smith-Keenan, L. L.; Fuchs, V.; Yee, N. K.; Farina,
V.; Faucher, A.-M.; Brochu, C.; Ha¢h®.; Duceppe, J.-S.; Beaulieu, P.
Synthesi®006 2563-2567.

(10) Selected references on 2-aryl-4-quinolones as antitumor agents: (a)

Kuo, S.-C.; Lee, H.-Z.; Juang, J.-P.; Lin, Y.-T.; Wu, T.-S.; Chang, J.- J,;
Lednicer, D.; Paull, K. D.; Lin, C. M.; Hamel, E.; Lee, K.-d. Med. Chem.
1993 36, 1146-1156. (b) Li, L.; Wang, H.-K.; Kuo, S.-C.; Wu, T.-S.;
Lednicer, D.; Lin, C. M.; Hamel, E.; Lee, K.-Hl. Med. Chem1994 37,
1126-1135. (c) Li, L.; Wang, H.-K.; Kuo, S.-C.; Wu, T.-S.; Mauger, A.;
Lin, C. M.; Hamel, E.; Lee, K.-HJ. Med. Chem1994 37, 3400-3407.

(d) Sui, Z.; Nguyen, V. N.; Altom, J.; Fernandez, J.; Hilliard, J. J.; Bernstein,
J. |.; Barrett, J. F.; Ohemeng, K. Aur. J. Med. Chem1999 34, 381—
387. (e) Xia, Y.; Yang, Z.-Y.; Xia, P.; Hackl, T.; Hamel, E.; Mauger, A.;
Wu, J.-H.; Lee, K.-H.J. Med. Chem2001, 44, 3932-3936. (f) Hadjeri,
M.; Peiller, E.-L.; Beney, C.; Deka, N.; Lawson, M. A.; Dumontet, C.;
Boumendjel, AJ. Med. Chem2004 47, 4964-4970. (g) Hradil, P.; Krejci

P.; Hlava, J.; Wiedermanndvad.; Lycka, A.; Bertolasi, V.J. Heterocycl.
Chem 2004 41, 375-379. (h) Lai, Y.-Y.; Hung, L.-J.; Lee, K.-H.; Xiao,
Z.; Bastow, K. F.; Yamori, T.; Kuo, S.-Bioorg. Med. Chem2005 13,
265-275. (i) Ferlin, M. G.; Chiarelotto, G.; Gasparotto, V.; Via, L. D.;
Pezzi, V.; Barzon, L.; Palu, G.; CastagliuoloJl.Med. Chem2005 48,
3417-3427. (j) Gasparotto, V.; Castagliuolo, I.; Chiarelotto, G.; Pezzi, V.;
Montanaro, D.; Brun, P.; Palu, G.; Viola, G.; Ferlin, M. &.Med. Chem.
2006 49, 1910-1915.

Herein we report a simple sequence that employs a copper-
catalyzed amidation reaction of 2-halophenones with aryl,
heteroaryl, and vinyl amides for a means to acdéegketoaryl)-
amides and their subsequent Camps cyclizations to 2-aryl- or
2-vinyl-4-quinolones (Scheme 2). We also demonstrate the
ability of these same amidation products to undergo McMurry
titanium-mediated coupling reactions to form indoles as devel-
oped by Fustnerl418.19

Results and Discussion

On the basis of the Cu(l)-catalyzed amidation of aryl halides
in the presence of 1,2-diamine ligands developed in our gfbup,
we focused on the application of this methodology to aryl halides
with o-substituted ketones. As a test case, 2-bromoacetophenone
was allowed to react with benzamide by using 10 mol % Cul,

(11) Conrad-Limpach type methods: (a) Li, J. J. Conrad-Limpach
Reaction inName Reactions: A Collection of Detailed Reaction Mecha-
nisms 2nd ed; Springer-Verlag: Berlin, 2003; p 81. (b) Staskun, B.;
Israelstam, S. Sl. Org. Chem1961, 26, 3191-3193. (c) Giardina, G. A.
M.; Sarau, H. M.; Farina, C.; Medhurst, A. D.; Grugni, M.; Rveglia, L. F.;
Schmidt, D. B.; Rigolio, R.; Luttmann, M.; Vecchietti, V.; Hay, D. W. P.
J. Med. Chem 1997, 40, 1794-1807. For methods utilizing Eaton’s
reagent: (d) Dorow, R. L.; Herrinton, P. M.; Hohler, R. A.; Maloney, M.
T.; Mauragis, M. A.; McGhee, W. E.; Moeslein, J. A.; Strohbach, J. W.;
Veley, M. F.Org. Process Res. De2006 10, 493-499. (e) Zewge, D.;
Chen, C.-Y.; Deer, C.; Dormer, P. G.; Hughes, DJLOrg. Chem2007,

72, 4276-4279. Niementowski methods: (f) NiementowskiB&r. Dtsch.
Chem. Gesl894 27, 1394-1403. (g) Fuson, R. C.; Burness, D. M.Am.
Chem. Socl946 68, 1270-1272. (h) Ogata, Y.; Kawasaki, A.; Tsujimura,
K. Tetrahedronl971, 27, 2765-2770. (i) Son, J. K.; Kim, S. I.; Jahng, Y.
Heterocycle2001, 55, 1981-1986.

(12) (a) Tang, J.; Huang, XSynth. Commur2003 33, 3953-3960. (b)
Beifuss, U.; Ledderhose, Synlett1997 313-315. (c) Strekowski, L.;
Wydra, R. L.; Cegla, M. T.; Czarny, A.; Harden, D. B.; Patterson, S. E.;
Battiste, M. A.; Coxon, J. MJ. Org. Chem199Q 55, 47774779.

(13) (@) Kalinin, V. N.; Shostakovsky, M. V.; Ponomaryov, A. B.
Tetrahedron Lett1992 33, 373-376. (b) Torii, S.; Okumoto, H.; Xu, L.
H.; Sadakane, M.; Shostakovsky, M. V.; Ponomaryov, A. B.; Kalinin, V.
N. Tetrahedron1993 49, 6773-6784.

(14) Fustner, A.; Hupperts, A.; Ptock, A.; Janssen,JEOrg. Chem
1994 59, 5215-5229.

(15) Tollari, S.; Cenini, S.; Ragaini, F.; CassarJLChem. SocChem.
Commun.1994 1741-1742.

(16) (a) Camps, RChem. Ber1899 32, 3228-3234. (b) Pflum, D. A.
Camps Quinolinol Synthesis. Mame Reactions in Heterocyclic Chemistry
Li, J. J., Corey, E. J., Eds.; Wiley-Interscience: Hoboken, NJ, 2005; pp
386—389.

(17) (a) Clemence, F.; Le Martret, O.; Collard, J. Heterocycl. Chem
1984 21, 1345-1353. (b) Dubroeucq, M.-C.; Bains, E. L.; Paris, J.-M.;
Marne, V. S.; Renault, C. Quinolyloxyacetamides. U.S. Patent 5017576,
1991. (c) Hadjeri, M.; Mariotte, A.-M.; Boumendjel, &hem. Pharm. Bull
2001, 49, 1352-1355. (d) Ding, D.; Li, X.; Wang, X.; Du, Y.; Shen, J.
Tetrahedron Lett2006 47, 6997-6999.

(18) Furstner, A.; Jumbam, D. NTetrahedron1992 48, 5991-6010.

(19) For areview: Frstner, A.; Bogdanovic, BAngew. Chemlint. Ed.
Engl. 1996 35, 2442-2469.
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N(H)Me NH, TABLE 2. Cu-Catalyzed Amidation of 2-Halophenones
Me(HIN  NHMe 0 R R
(o) OMe Dy e R 1T wate cooieai R
X ) toluene N/Ic];R3
L1 L2 L3 ()1 fclla'.urwl) 1.2equiv molecular sieves (5A) H
- 24 h, 110 °C
FIGURE 1. Diamine ligands for Cu-catalyzed amidation reactions of _X gmd“ct yield (%)* X groduct yield (%)?
aryl halides.
TABLE 1. Ligand Screening for Cu-Catalyzed Amidation with N F N
Benzamide Hz\é\@ H/g\©
o) o}
o) benzamide 0
(1.2 equiv) Ve Br CﬁLMe g @ ® I /@ﬁLMe e e
Me “20 mol% ligand, ﬂf@ F NT
KoCO3 (2 equiv) N
Br toluene, 24 h HO Q Q
(1 equiv) M M
Br ° @ s |&r © @) 77
GC GC Nol ) F Hol )
Cul temp molsieves conversioA yield® o Z
entry ligand (mol %) (°C) (BA) (%) (%) MeO Me
1 L1 10 110 no 98 78 Br ©\)LMe . 4) 86 Br \Cfl\/ CI(11) 72
2 L2 10 110 no 100 54 NoT ) H@\(j
3 L3 10 110 no 100 75 o &
4 L1 10 90 yes 100 94 veo 1 e
5 L1 0 90 yes 3 0 | @ﬁme e e Cﬁ& W
6 none 0 90 yes 2 0 NS N S
7 none 10 90 yes 76 66 Ho HO |y

aGC yields and conversions are the average of two or more runs.

6 81° |Br 779

@
I= i=o
=
@
»
4 :=O
=
@
=
L

o

S
~
I
° o
é

20 mol % ligand, and 2 equiv of ££O; in toluene at 110C

for 24 h. In a preliminary screen employing ligand$—L3 o Me o s | CﬁLMe P
(Figure 1), the reaction with1 proceeded in the highest yield NI N Mo

(Table 1, entry 1). We observed that 2-hydroxyacetophenone "< "o

was generated from the reaction of 2-bromoacetophenone with Ve

traces of water, presumably introduced into the reaction mixture Br N (15 8"
by moisture in the base. The formation of this byproduct could }3

be suppressed and the yield of the-deSired product improvgd a|solated yields are the average of two or more riirideated to 90C
by the use of activated molecular sieves or by a reduction in ¢ Without mo)llecular sieveé’.Heatged for 42 h with KPQ. © Aryl iodide
the reaction temperature to 9C (Table 1, entry 4). generated in situ from aryl bromid&With 2 equiv of KsPOj,. 9 With 20

In a series of control experiments, we found that the reaction mol % of L2. "With 5 mol % of Cul, 10 mol % of.1.
did not proceed in the absence of Cul indicating that the
amidation reaction does not follow a simple nucleophilic
aromatic substitution mechanism (Table 1, entries 5 arid 6).
The reaction did, however, yield product in the absence of ligand
(Table 1, entry 7). As reported previously in the Cu-catalyzed
synthesis of biaryl ethers, certain electron-withdrawing groups
in the ortho position of the aryl halide have the ability to
coordinate to copper and hasten the Ullmann-type reaétion.
Presumably, in this amidation reaction the acceleraiiagetyl
group had the ability to promote the coupling without the
diamine ligand present. Nevertheless, the diamine ligand did
enhance the rate of the amidation reaction as the ligand-free
reaction did not reach completion after 24 h.

With these reaction conditions in hand, the versatility of the
Cu-catalyzed amidation reaction of 2-bromophenones and 2.

2-iodophenones was explored (Table 2). The substrate scope
of the coupling reaction encompassed 2-halophenones bearing
both electron-withdrawingd—10) and electron-donating groups
(11 and12). As demonstrated by the use of 2-halopropiophe-
nones, the amidation reaction also tolerated larger ketone
substituents than the methyl groull(and12). The couplings
proceeded with heterocyclic amides, including 2-, 3-, and
4-pyridyl amides as well as 2- and 3-thiophenecarboxamides
(3—7, 10, and 12). Both aryl and alkyl vinyl amides could be
cross-coupled 13 and 14), and though the cyclic secondary
amide pyrrolidinone reacted in good yieltH], acyclic second-

ary amides were not effective coupling partners.

Though most reactions were conducted with the use of the
bromophenones, the low reactivity of picolinamids), (
2-chlorobenzamide9j, and crotonamideld) as nucleophiles

(20) (2) Klapars, A; Antilla, J. C., Huang, X.; Buchwald, S.L.Am. rompted us to employ the more active 2-iodophenones as
Chem. Soc2001, 123 7727-7729. (b) Klapars, A.; Huang, X.; Buchwald, P b tp tes for th ploy i 4N }t)h th
S. L. 3. Am. Chem. Soc2002 124 7421-7428. (c) Sueiter, E. R,  Substrates for these couplin§fs:*However, even with the use
Blackmond, D. G.; Buchwald, S. L1. Am. Chem. So@005 127, 4120~ of the 2-iodophenone, the yields for the synthese8 aifid 14
4121. were still only moderate. The synthesis ®from the 2-iodo-

(21) References indicating catalyst-free amination reactions: (a) Beller,
M.; Breindl, C.; Riermeier, T. H.; Tillack, AJ. Org. Chem2001, 66, 1403~
1412. (b) Shi, L.; Wang, M.; Fan, C.-A.; Zhang, F.-M.; Tu, Y.-Qrg. (22) (a) Lindley, J.Tetrahedron1984 40, 1433-1456. (b) Nicolaou,
Lett. 2003 5, 3515-3517. (c) De Lange, B.; Lambers-Verstappen, M. H.; K. C.; Boddy, C. N. C.; Natarajan, S.; Yue, T.-Y.; Li, H.; B& Ramanjulu,
Schmieder-van de Vondervoort, L.; Sereinig, N.; de Rijk, R.; de Vries, A. J. M.J. Am. Chem. S0d997, 119 3421-3422. (c) Cali, Q.; Zou, B.; Ma,
H. M.; de Vries, J. GSynlett2006 18, 3105-3109. D. Angew. Chemlnt. Ed 2006 45, 1276-1279.
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SCHEME 3. Synthesis of 9 via in Situ Formation of 2-lodo-4-fluoroacetophenone Followed by Cu-Catalyzed Amidation
Reaction

cl o
NH,

o} 10 mol% Cul o 0O

20 mol% L1 .

/@fLMe Nal (2 equiv) dMe 1.2 equiv /@\)J\Me cl
toluene KgPO, (2 equiv)  F N
F Br  24h,110°C |F I ? to4lu(eneq ) H O

24 h,110°C °

67%
tphheeQSPrZSCOUIg. be aCmepllzheg n a one-po_t procedure fr.omTABLE_3. Base-_CataIyzed Camps Cyclization to
ponding aryl bromide by using a Cu-catalyzed halide 2-Substituted-4-quinolones
exchange reactiéh followed by the Cu-catalyzed amidation 0
reaction (Scheme 3). e B adboni |
Having developed a successful method for the synthesis of AR dadoane
N-(2-ketoaryl)amides, we focused on the base-catalyzed Camps (1 i) en ot
cyclization to yield 2-substituted-4-quinolones. The optimal starting material product _yield (%)° starting material product __yield (%)
reaction conditions for the cyclization &f-(2-ketoaryl)amide i i
6 to 4-quinolone21 were found to involve the use of-38.5 ) O | (16) 94 ®)
equiv of NaOH in dioxane at 11TC. The conditions proved to N
be generally applicable to a wide rangeN\s{2-ketoaryl)amides o o
providing the appropriate 2-substituted-4-quinolones in good to o
excellent yields (Table 3). The cyclization method was also ®@ O N' a 00 97 ®) O N'
effective for the syntheses of more highly substituted quinolones H H O
26 and27. Notably, when submitted to the reaction conditions, Q o
the py.rrolidinone-cgupled sqbstralté provided a more complex ) | 18 %0 a0 ] @5 2
tricyclic pyrrolo-quinolone ring systen2). N X F NN
The workup of the 4-quinolone compounds was particularly o N Z
facile as, with the exception @9, all the compounds shown in MeO.
Table 3 could be isolated in pure form without the need to | (19) 89 ) O |
employ column chromatography; after initial concentration of NN
the organic reaction mixture, the resulting residue was dissolved
in water, and the desired products precipitated upon neutraliza- MeO. Me
tion. (5) | N (20) 88 12) | s (27) 86
Compoundl4 has the ability to cyclize to either 2-vinyl-4- P N1
quinolone 80) or 4-methyl-3-vinyl-2-quinolone3l) depending 0 o
on the nature of the base utilized (Scheme 4). With NaOH, O

\

Iz o
n 3
[ N

(23) 90

T
-
Z

(4 72

(29 88

\
I=

=
) °

©6) | @) 97 (13) | (28) 82"

deprotonation occurred at theposition of the ketone followed N s NT NP
by the intramolecular aldol condensation. However, the use of WLy : O
a weaker base (@80s) afforded31 as the major product via 0
y-deprotonation of the amide. In both cases, traces of the other | ) o2 (5) ] 29) 94
isomer were produced, which could be readily separated by N
column chromatography on silica gel. Similarly, as Camps
observedfsubstrates with accessible protons atdhgosition 2|solated yields are the average of two or more rifrideated to 90C.
of the amide yield a mixture of 4- and 2-quinolones rendering
this method unsuitable for use with alkyl amides for the selective for the McMurry Ti-promoted coupling reaction to prepare 2-
preparation of 2-alkyl-4-quinolon@8 Unfortunately, the base- ~ and 3-substituted-indoles (Table 4). The yield was low when

|
:2 :=O

dependent selectivity observed for the synthesi8®and 31 the obtained indole contained alkyl substituents in both the 2-
was not seen for alkyl amides. and 3-positions 7).

Finally, the Cu-catalyzed amidation products in Table 2 were  In conclusion, we have demonstrated a new two-step synthesis
submitted to Frstner’s “instant” TiCk/Zn powder conditions of 2-aryl- and 2-vinyl-4-quinolones. The Cu-catalyzed amidation

reaction of 2-halophenones offers acceds-{@-ketoaryl)amides
(23) Aryl iodides were found to be better starting materials for the more that readily undergo base-promoted Camps cyclization to
difficult Cu-catalyzed amidation reactions of 2-halophenones with alkyl provide the desired 4-quinolones. We have also shown the

amides, which are not discussed in this publication due to their problematic hili _ _ ; o _
reactivity in the Camps cyclization. accessibility of 2- and 3-substituted-indoles from tRe?2

(24) KsPQ, was employed for reactions with 2-iodophenones due to the ketoary|_)amides via Ti'mediat?d redUCt?Ve _cogpling. These_
superiority of KPQy for the facilitation of Cu-catalyzed amidation with  sequential methods have potential for application in the synthesis
aryl iodides reported in our earlier work (ref 20b). i i - ini

(25) (a) Klapars, A Buchwald, S. L1, Am. Chem. S0@002 124 of substituted nitrogen-containing heterocycles.

14844-14845. (b) Antilla, J. C.; Baskin, J. M.; Barder, T. E.; Buchwald,

S. L. J. Org. Chem?2004 69, 5578-5587. Experimental Section

(26) For exampleN-(2-acetylphenylyr-hexanamide 32) cyclized to L
afford 25% of 4-methyl-3-butyi-2-quinolone 83) and 49% of 2a-pentyl- General Procedure for the Amidation of o-HalophenonesAn
4-quinolone 84). oven-dried resealable test tube with a Teflon stir bar was charged
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SCHEME 4. Base-Promoted Cyclizations to Synthesize 30 and 31

o NaOH o Cs,C03 he
(1.5 equiv) Mfl (3 equiv) X
| 1 ,4-dioxaréa e y 1 ,4-dioxanc?3
1h,110° = 24 h, 110 ° N~ ~O
N e H/IC])\/\MG H
H 74%
55% 14

TABLE 4. Ti-Mediated Coupling for the Preparation of
Substituted Indoles

2
g2 TiCls (3.6 equiv) R
i Y Zn powder (7.2 equiv) N
T DME R | DR
3 =
M/gﬁ 4-28h, 90 °C N
(1 equiv)
ateria product yield (%)*
Me
0 IO m
N
H

@37 35

a|solated yields are the average of two or more runs.

with amide (1.2 equiv, 0.60 mmol), Cul (10 mol %, 0.05 mmol),
base (2 equiv, 1 mmol), and approximately 200 mg of activated 5

1076, 965, 904, 851, 798, 755, 739, 721, 611. Anal. Calcd for
CisH1.CINO,: C, 65.82; H, 4.42. Found: C, 65.69; H, 4.22.

General Procedure for the Base-Promoted Cyclization to
2-Aryl-4-Quinolones. A resealable oven-dried test tube with a
Teflon stir bar was charged witiN-(ketoaryl)amide (1 equiv)
obtained in step one and crushed NaOH 8% equiv). Anhydrous
1,4-dioxane was added via syringe such that the concentration of
the reaction mixture was 0.1 M. The test tube was then sealed with
a Teflon screw-cap and the reaction was placed in a preheated oll
bath at 110°C. The reaction mixture was stirred for-2 h and
then removed from the oil bath and allowed to cool to room
temperature. The reaction mixture was then dissolved in ethanol
and transferred to a round-bottom flask in which it was concentrated
in vacuo to remove solvent. Next, a small amount of water and a
large amount of hexane were added to the flask and the flask was
sonicated for approximately 2 min. The biphasic mixture was
neutralized to pH~7 with 1 M HCI and saturated NaHGG&olu-
tions. Solid precipitated out of the water layer and the heterogeneous
mixture was filtered through a Buchner funnel. The solid powder
was rinsed with copious amounts of hexane and minimal water.
The solid was collected and transferred to a vial with ethanol and
concentrated in vacuo to remove residual solvent. In some cases,
the hexane rinses during filtration did not completely wash away
the alkyl residue and th# NMR showed contamination. Further
purification involved a more extensive hexane wash in which
hexane was added to the vial containing the compound and the
mixture was sonicated. The solid was allowed to settle, and then
the hexane was carefully removed via pipet. Hexane was added

A molecular sieves. The test tube was sealed with a rubber septumand removed twice more before the product was dried in vacuo.

and evacuated and refilled with Argon three times through a syringe

needle. Under argow;-halophenone (1.0 equiv, 0.50 mmadW,N'-
dimethylethylenediamine_() (20 mol %, 0.1 mmol), and toluene

Representative Example of the General Procedure for the
Base-Promoted Cyclization to 2-Aryl-4-quinolones: 2-(3Chlo-
rophenyl)-4-quinolone (17). Following the General Procedure

(1 mL) were each added via syringe. The rubber septum was thengpgye 2 (107 mg, 0.39 mmol) was cyclized with NaOH (47 mg,

removed and quickly replaced with a Teflon screw-cap. The test
tube was then placed in a preheated oil bath at*CL’he reaction

1.2 mmol) in 1,4-dioxane (3.9 mL). The reaction was heated for 1
h at 110°C. After workup and filtration, 96 mg (96% yield) of a

was heated with stirring for 24 h and then cooled to room cream-colored solid was obtained. M®260 °C. *H NMR (400
temperature. The reaction mixture was partitioned between EtOAC MHz, CD;OD/CDCk) ¢ 8.26 (m, 1H), 7.76 (m, 1H), 7.67 (m, 3H),
and water and the organic layer was separated. The aqueous layey 50 (m, 2H), 7.40 (m, 1H), 6.55 (s, 1H¥C NMR (500 MHz,

was extracted with EtOAc and the organic layers were combined, CD,0D/CDC}) 6 180.4, 151.4, 141.6, 137.0, 135.9, 133.5, 131.5,
dried over magnesium sulfate, filtered, and concentrated in vacuo131.4, 128.3, 126.7, 125.8, 125.6, 125.3, 119.5, 108.7. IR (neat,

to remove solvent. The product was purified by column chroma- ¢m-1) 2193, 1604, 1572, 1558, 1503, 1445, 1350, 841, 769, 757,
tography on silica gel with EtOAc and hexane. 705.

Representative Example of the General Procedure for the General Procedure for the McMurry-Type Coupling To
Amidation of o-Halophenones: N-(2-Acetylphenyl)-3-chloroben- Form Indoles4 In a glovebox, TiC} (1.8 mmol, 3.6 equiv) and
zamide (2).Following the General Procedure above, 3-chloroben- zn powder (3.6 mmol, 7.2 equiv) were weighed into an oven-dried
zamide (93 mg, 0.60 mmol) was coupled with 2-bromoacetophe- Schlenk tube with a Teflon-coated stir bar. The Schlenk tube was
none (67xL, 0.50 mmol), using Cul (9.5 mg, 0.050 mmol)1 capped with a rubber septum and removed from the glovebox.
(10.5uL, 0.985 mmol), KCOs; (140 mg, 1.0 mmol), and 200 mg  Outside of the glovebox, the Schlenk tube was evacuated and
of activatel 5 A molecular sieves in anhydrous toluene (1 n).  refilled with Argon twice. While still under a stream of Argon, the
was purified by column chromatography with use of a hexane rubber septum was removed and Ni¢ketoaryl)amide (0.5 mmol,
EtOACc 98:2 to 90:10 gradient, and 112 mg (82% yield) of a white 1 equiv) was added quickly to the Schlenk tube. The Schlenk tube
solid was obtained. Mp 137139°C. IH NMR (400 MHz, CDC}) was recapped with the septum and evacuated and refilled with
0 12.75 (s, 1H), 8.95 (d) = 8.5 Hz, 1H), 8.07 (s, 1H), 7.98 (dd,  Argon three more times. Anhydrous DME was added via syringe
J=8.0, 1.4 Hz, 1H), 7.94 (ddd] = 7.7, 1.7, 1.1 Hz, 1H), 7.65 and the rubber septum was replaced with a Teflon Schlenk cap.
(m, 1H), 7.55 (dddJ = 8.0, 2.0, 1.1 Hz, 1H), 7.48 (8, = 7.8 Hz, The reaction was placed in a preheated oil bath at®0and the
1H), 7.20 (m, 1H), 2.74 (s, 3H}3C NMR (400 MHz, CDC}) 6 reaction was heated with stirring for28 h, monitored by TLC.
203.5,164.7,141.2,136.7, 135.5, 135.1, 132.1, 132.0, 130.2, 128.2 The reaction mixture was allowed to cool to room temperature and
125.3, 122.9, 122.0, 120.8, 28.7. IR (neat, €m3185, 3068, filtered through a pad of silica gel with copious amounts of EtOAc.
2920, 1684, 1644, 1608, 1584, 1523, 1452, 1359, 1315, 1258, 1170,The filtrate was concentrated in vacuo, and the crude material was
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