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Abstract. 3,4-Disubstituted-2(1H)-quinolones have been preparedOur results are summarized in the Table.
through a procedure based on the paIIadu‘Jm-cat.aIysed reaction of th., o Synthesis of 3 4-Disubstituted-2(1H)-quinolones 4
readily available ethyl Netethynyl))malonanilide with aryl, heteroaryl

4 X . ) oo entry RX base  yield%P  base yield %P
and vinyl halides or vinyl triflates followed by the cyclization of the 2 (coupling)2  of 3 (cyclization)® = of 4
resulting coupling derivatives under basic conditions. It is shown that (t’ifrf;‘ec“g)“ (t'fnj‘g“g)"

3,4-disubstituted-2(1H)-quinolones are useful synthetic intermediates
for the preparation of 3,4-disubstituted- and 2,3,4-trisubstituted 1 pPMeCO-CeHs-t 2a  EtoNH  3a63 (0.25) NaH 4a 75 (0.25)

quinolines. 2 pF-CgHat 2b EtoNH 3b 88 (1.0) NaH 4b 56 (6.0)
3 mOoN-CeHa-l 2¢ EtoNH 3¢ 66 (1.5) NaH 4c 70 (0.5)
The construction of heterocyclic derivatives based upon the concept o 4 2 “ « KOt-Bu 4c 62 (0.5)
paIIadlum-catglysed coupling/cyclization of al!<yne bearlr'19. a proxmatg 5 mFaC-CeHal 2d EtNH  3d 65 (1.0) NaH 4d 63 (2.5)
(pro)nucleophile has proved to be a versatile and efficient synthetic
methodology2 Our continuing interest in this area, and our © MEOOC-CeHal 2e ENH - 3e 63 (1.0) NaH  de 62 (7.0)
involvement in a program designed to identify novel non-nucleoside 7 0-MeOOC-CgHa-l 2f EtpNH 3f62 (1.5) NaH 41 63 (0.75)
2(1H)-quinolone-based anti-AIDS agents, led us to investigate the 8 p-EtOOC-CgHg-| 29 EtpNH 39 76 (1.0) NaH 4g 67 (0.75)
utll.lzatlon of this mgthodology for.the preparation of substituted 2(1H)- 4 pMeOOC-CgHa-l 2h ENH  3h 83 (0.25) NaH  4h 60 (0.75)
quinolones? In particular, we decided to evaluate the employment of . . .
10 Phl 2i EtoNH 3170 (0.5) NaH  4i 60 (4.0)

ethyl N-(o-ethynyl)malonanilidel as the starting building block. This
compound can be readily prepared in 80% overall yield fm

I
iodoaniline through a one-pot three-step procefiure. 114 EtoNH  3j72 (0.75) NaH  4j 67 (0.5)
. . 2j
Now we report that compouridreacts with aryl, heteroaryl and vinyl ‘O !

halides or triflates2 to afford the coupling derivative8® and that

subsequent treatment 8fwith NaH or KQ-Bu in DMSO leads to the 12 PhCH=CHBr 2k1  FProNH® 3k 65 (1.5)  NaH 4k 50 (0.75)
formation of the 3,4-disubstituted-2(1H)-quinolondsthrough an r
intramolecular carbocyclizati{Scheme 1). 13 @j/ez' FProNHe 3177 (0.75) NaH 4130 (1.0)
PA(OAC),(PPhy), R N
z cul, A 14 2 “ “ KOrBu 4133 (1.0)
GK) o o Et,NH or i-Pr,NH j e}
+ o OAc
N /“\/U\OEt DMF, r. t. or 60 °C N \/U\OEt
H 1 2 H 3
y 15 EtopNHf 3m 48 (3.0) NaH 4m 38 (5.0)
R = aryl, heteroaryl, vinyl g;‘;g T%IOBCU TfO 2m
X =1, Br, OTf '
R

2 Unless otherwise stated, coupling reactions were carried out at room temperature

in DMF in the presence of an excess of EtopNH (10 equiv.) under argon using the

following molar ratios: 1:2:Pd(OAc)2(PPh3)7:Cul = 1:1.2:0.04:0.01. b Yields

N [o} refer to single runs and are given for pure isolated products. All compounds had

H satisfactory elemental analysis and spectral data were consistent with the

4 postulated structures. © Reactions were carried out at 80 °C in DMSO under argon
using the following molar ratio: 3:base = 1: 1.5. d As an E/Z mixture. However,
only the styryl derivative from the E isomer was isolated. © At 60 °C. {1:2m =
1:1

Most probably the carbocyclization proceeds through a mechanisfig keep the methodology as simple as possible, we briefly investigated

similar to that proposed for the carbocyclization of propargylthe development of am situ coupling/cyclization procedure starting
ethylmalonatesand involves the intramolecular nucleophilic attack of o the silyl derivatives. We used reaction conditions similar to those
the carbanion, generated fro8 on the carbon-carbon triple bond

foordlng., after protonation, - a sn-(-membere.d ring methyl'de”e[(trimethy|si|y|)ethyny|]phenyl acetates with aryl halides or vinyl
intermediate that isomerizes to the gquinolone derivativiche nature of . 7 . ;

. ) . . . . triflates.” This protocol, however, provided satisfactory results only

the substituent linked to the acetylenic moiety, R, is crucial for the . .

o . ., with p-iodoacetophenone (Scheme 2).

success of the cyclization step. Best results were obtained in the

presence of aromatic rings bearing electron-withdrawing substituent§he scope of this facile synthesis of 2(1H)-quinolones is tremendously

No quinolone derivative was obtained, under our standard conditions, froadened by the ease of their conversion into a variety of 3,4-

the presence of the electron-donatmnmethoxyphenyl group or the disubstituted- and 2,3,4-trisubstituted quinolines through the

butyl group. corresponding triflates6.8° For example, quinoline derivatives

COOEt

Scheme 1

employed by us in the palladium-catalysed coupling/cyclizatioo- of
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. Ar
iMe,
A Pd(PPhy),, COOEt
o O KOtBu
/U\/U\ + A DMSO,
N OEt 110°C N™ "0
H 5 H 4
Ar = p-MeCO-CgHg- 57% (0.25 h)
Ar = p-EtOOC-CgH4-  14% (0.5 h)
Ar = m-F3C-CgHg4- 5% (3 h)

Scheme 2

7a-d1%-17 were obtained in good to high yields fr&h!8 according to
the conditions reported in Scheme 3.

.~ COOEt
O e

7a (78%)

Pd(OAc),, dppf,
HCOOH, Et;N

DMF, 60 °C,
1h

DMF, r.t.,
1h

PhN(Tf),,
NaH

=m
PdACl,,
Cul, Et;N

DMF, 60 °C,
0.75h

6b (93%)

CO, MeOH
Pd(OAc),(PPhy),

Et;N, DMF,
rt,6h

Et,NH

DMSO, 40 °C,
1h

I,
N

7d (90%)

NEt,

Scheme 3
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Preparation of ethyl Nefethynyl))malonanilidel: to a solution of
o-iodoaniline (3.0 g, 13.7 mmol) in DMF (6.0 mL) were added
EtoNH (10 mL), trimethylsilylacetylene (2.28 mL, 16.4 mmol),
Pd(OAc)(PPhy), (0.205 g, 0.27 mmol) and Cul (0.104 g, 0.54
mmol). The reaction mixture was stirred at room temperature
under argon for 2 h. After this time, it was diluted with ethyl
acetate, washed with a saturated,8Hsolution and a saturated
NaCl solution. The organic layer was separated, driegSCg

and concentrated at reduced pressure.

To the residue were added MeOH (10 mL) anC®s (0.189 g,

1.37 mmol) and the mixture was stirred at room temperature for 1
h. Then, MeOH was evaporated under vacuum and the residue
was dissolved in ethyl acetate. The solution was washed with a
saturated NaCl solution, the organic layer was separated, dried
(Na,SQy) and concentrated at reduced pressure.

The residue was dissolved in anhydrous THF and the solution was
cooled at 0 °C. Then, ethyl malonylchloride (4.1 g, 27.4 mmol)
was added at 0 °C and the resulting reaction mixture was stirred at
room temperature for 15 min. After this time, the mixture was
diluted with ethyl acetate, washed with a saturated NaCl solution,
the organic layer was separated, dried,@@) and concentrated
under vacuum. The residue was purified by chromatography on
silica gel eluting with a-hexane/ethyl acetate 80/20 (v/v) mixture

to givel (2.5 g, 80% yield; mp = 75-7 °C; IR (KBr) 3279, 2150,
1728, 1671 crit; *H NMR (CDCk) 51.33 (t, J = 7.1 Hz, 3 H),
3.55 (s, 1 H), 3.52 (s, 2 H), 4.26 (q, J = 7.1 Hz, 2 H), 7.07-8.44 (m,
4 H), 9.41 (bs, 1 H)}3C NMR (CDCk) 5 13.4, 42.1, 52.7, 79.0,
84.6, 111.5, 119.9, 123.8, 130.1, 132.3, 139.8, 163.0, 169.5; MS
m/e 231 (M', 24), 186 (3), 117 (100).

A typical procedure for the palladium-catalysed coupling is as
follows: to a solution ofl (0.200 g, 0.87 mmol) in DMF (2 mL),
Et;NH (2 mL), m-nitrophenyl iodide2c (0.259 g, 1.04 mmol),
Pd(OAc)(PPh), (0.032 g), and Cul (0.017 g, 0.087 mmol) were
added. The reaction mixture is gently purged with argon and
stirred at room temperature for 1.5 h under argon. Then, ethyl
acetate and HCIl 0.2 N were added, the organic layer was
separated, washed with a saturated Nakl€lution, a saturated
NaCl solution, dried (Ns5O,), and concentrated at reduced
pressure. The residue was purified by chromatography eluting
with a 95/5 (v/v)n-hexane/EtOAc mixture to giv8c (0.202 g,
66% yield); mp = 112-113 °C; IR (KBr) 2984, 2130, 1720, 1663
cm®; 1H NMR (CDCk) 5 1.33 (t, J = 7.1 Hz, 3 H), 3.57 (s, 2 H),
4.36(q,J=7.1Hz, 2 H),7.10 (t, J = 7.6 Hz, 1 H), 7.34-7.57 (m, 3
H), 7.95 (d, J = 7.7 Hz, 1 H), 8.16 (d, J = 8.3 Hz, 1 H), 8.48 (d, J =
8.3 Hz, 1 H), 8.76 (s, 1 H), 10.44 (sh, 1 HC NMR (CDCk) 5

14.2, 41.3, 62.4, 87.3, 94.0, 111.9, 120.1, 123.2, 123.9, 125.0,
126.8, 129.4, 130.5, 132.5, 137.5, 139.6, 148.4, 163.4, 170.5; MS
m/e 352 (M, 1), 293 (15), 277 (13), 262 (31), 208 (11), 149
(100), 144 (28).

A typical procedure for the carbocyclization is as follows: to a
solution of3c (0.200 g, 0.57 mmol) in DMSO (5 mL) was added
KOt-Bu (0.159 g, 1.42 mmol). The reaction mixture was stirred at
110 °C for 0.5 h, then poured into a separatory funnel containing
ethyl acetate and a saturated NaCl solution. The organic layer was
separated, washed with water, dried {813,), and concentrated

at reduced pressure. The residue was purified by chromatography
eluting with a 60/40 (v/vh-hexane/EtOAc mixture to givéc
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7a(prepared according to the conditions described in ref. 11): mp
= 85-7 °C; IR (KBr) 2992, 1720 cth 'H NMR (CDCl) 51.36 (t,
J=7.1Hz,3H),4.41(q, J=7.1Hz), 4.85(s, 2 H), 6.91 (t, J=8.7
Hz, 2 H), 7.05 (t, J = 3.2 Hz, 2 H), 7.54 (m, 1 H), 7.77 (m, 1 H),

8.11 (m, 1 H), 9.34 (s, 1 H}3C NMR (CDCk) 5 14.4(CH3-CH,-  17.

0), 35.6 (CH,-CgHy4-p-F), 61.9 (CH_.CH,-0), 161.5 (FE€41omatic
J = 241.0 Hz), 166.7-COOEt); MSm/e 309 (M, 5), 263 (100),
235 (21), 207 (8), 184 (7).

Cacchi, S.; Ciattini, P.G.; Morera, E.; Ortar,Tetrahedron Lett.
1986 27, 5541.

7b (prepared according to the conditions described in ref. 13): mp
= 128-130 °C; IR (KBr) 2927, 2212, 1729 ¢m!H NMR
(CDCly) 31.30 (t, J = 7.1 Hz, 3 H), 4.43 (M, 4 H), 6.94 (1, J = 8.4
Hz, 1 H), 7.14 (t, J = 8.4 Hz, 2 H), 7.26-7.64 (m, 8 H), 7.72 (t, J =
8.2 Hz, 1 H), 7.91 (d, J = 8.3 Hz, 1 H), 8.14 (d, J = 8.3 Hz, 1 H);
13C NMR (CDCE) & 14.3 (CHz-CH,-0), 35.0 (-CH,-CgHy-p-F),

18.
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62.4 (CHz-CH,-0), 87.4 (Cg5~CsyPh), 92.9 (C~CsrPh) 161.7
(FCoromatic J = 246.0 Hz)167.0 (-COOEt) MS m/e 409 (M,

57), 380 (100), 364 (27), 352 (19), 335 (24), 322 (21), 234 (13),
207 (17).

Cacchi, S.; Morera, E.; Ortar, 8ynthesid986 320.

7c (prepared according to the conditions described in ref. 15): oil;
IR (neat) 2951, 1728, 1605 cm'H NMR (CDCl) 5 1.29 (t, J +

7.2 Hz, 3 H), 4.09 (s, 3 H), 4.41 (g, J = 7.2 Hz, 2 H), 4.50 (s, 2 H),
6.92 (t, J = 8.6 Hz, 2 H), 7.13 (t, J = 5.5 Hz, 2 H), 7.60 (m, 1 H),
7.78 (m, 1 H), 7.98 (d, J = 8.5 Hz, 1 H), 8.28 (d, J = 8.4 Hz, 1 H);
13C NMR (CDC) & 13.8 CH3-CH,-0), 34.4 (CH,-CgHy-p-F),

60.3 (CH3-0), 62.1 (CH.CH»-0), 161.5 (FSaomatic J = 244.0
Hz), 165.6, 167.7 GOOMe and €OOEt); MS m/e 367 (M,
100), 322 (25), 307 (27), 279 (64), 263 (80), 234 (79), 207 (36),
156 (31).

Cacchi, S.; Ciattini, P.G.; Morera, E.; Ortar,T@trahedron Lett.
1986 27, 3931.

7d (prepared according to the conditions described in ref. 17): oil;
IR (neat) 3419, 2976, 1721 ¢n'H NMR (CDCl) & 0.86-1.55

(M, 9 H), 3.52 (g, J = 7.0 Hz, 4 H), 4.27 (m, 4 H), 6.91 (t, J = 8.7
Hz, 2 H), 7.05-7.35 (M, 4 H), 7.52 (t, J= 7.1 Hz, 1 H), 7.72 (t, I =
8.7 Hz, 1 H):13C NMR (CDCE) 5 13.3 (CH5-CH,-0O), 14.1 (CH5-
CHy-N), 34.8 (~-CH,-CgH4-p-F), 44.3 (CH-CH,-N), 157.3 (F-
Caromatic J = 182.3 Hz)169.6 (-COOEt} MS m/e 380 4M, 15),

351 (97), 337 (15), 305 (100), 264 (18), 235 (28), 207 (14).

Cacchi, S.; Carangio, A.; Fabrizi, G.; Moro, L.; Pac&yrletfin
press.

The triflate6b was prepared in 93% vyield by treatiig (0.140 g,
0.431 mmol) with PhN(T$(0.184 g, 0.517 mmol) in the presence
of NaH (0.021 g, 0.517 mmol) in DMF (3 mL) at room
temperature for 1 h: oil; IR (neat) 3082, 2992, 1737%cAH
NMR (CDClg) 5 1.33 (t, J = 7.1 Hz, 3 H), 4.41 (q, J = 7.1 Hz, 2
H), 4.51 (s, 2 H), 6.94 (t, J = 8.6 Hz, 2 H), 7.12 (t, J = 5.4 Hz, 2 H),
7.57 (t, J=7.1 Hz, 1 H), 7.77 (t, 8.3 Hz, 1 H), 8.00 (t, J = 8.3 Hz,
2 H); 13C NMR (CDCE) 6 14.0 CH3-CH,0), 34.9 (CH»-CgH,-
p-F), 63.1(CH3-CH,-0), 118.6 CF5, J = 320.0 Hz) 161.1 (F-
Caromatic J = 181.1 Hz), 164.5GOOEY).
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