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Biologically active 3-amino-4-arylquinolin-2H)-ones and 3-alkenyl-4-arylquinolin-2t)-ones were
synthesized in an efficient and concise manner, utilizing readily available 4-hydroxyquinoli-@(k as
starting material. The key steps, which introduced selectivity and diversity in the synthesis, were the palladium-
catalyzed site-selective SuzukVliyaura/Buchwald-Hartwig amination and SuzukiMiyaura/Heck coupling
reactions of 3-bromo-4-trifloxy-quinolin-2H)-one.

Introduction cl O el
O
The prominence of quinolin-2H)-one in natural products OCH; NHR®
and biologically active molecules has promoted considerable FsC Ny - COE R e
efforts toward their synthesisAs a “privileged” scaffold, O NS0 & N“ 0
. . . . . . 4
quinolin-2(1H)-one shows interesting biological propertiés. H R
A B

(Figure 1) For instance, compouAdand the related reduced
allylic alcohols have been found as a novel and potent N
maxi-K channel openers useful for the treatment of male " C,C)
erectile dysfunctiod? ¢ 3-Amino-4-arylquinolin-2(H)-ones R O \__/ O :
B were discovered to possess neuroprotective propéfties. N NH O
A class of potent KDR kinase inhibitors containing the-1 H o c
indole-2-yl-quinolin-2(H)-one core structure was reported ¢
by Merck, such as compour@which has been utilized for Figure 1. Biologically active molecules. (A) For the treatment of
clinical dévelo ment for cancer therafly' 6-Functionalized male eretile dysfunction. (B) With neuroprotective properties. (C)
N P AR Merck KDR inhibitor. (D) Antitumor.
4-arylquinolin-2(H)-oneD has been identified as a novel,
selective, nonpeptide farnesyl protein inhibitor and is cur- Scheme 1

rently in human clinical trials as an orally active antitumor S”z;‘(';ﬁ,',‘fi‘g/g“'a , Buchwald-Hartwig
agent19 In connection with a chemical genetic approach %.{ﬁHRz
of analyzing biological systems by using interfacing libraries m ,
. . . . N0 palladium-catalyzed

of natural productlike molecules with biological assayge Sy sl solocti QT o oH
became interested in developing new approaches for syn-suzui-miyaura L — @i — @\/i
thesis of functionalized quinolin-2€)-ones, such as 3-alk- LN N" o N0
enyl-4-arylquinolin-2(H)-onesA and 3-amino-4-arylquinolin- NN COR? C: : crs
2(1H)-oneB, with a hope of finding more active hits or leads N o\ Heck reaction
for our particular biological assays. CHs

Although there are reported methods for the synthesis of ?
3-alkenyl-4-arylquinolin-2(H)-ones Al or 3-amino-4- Results and Discussion
arylquinolin-2(H)-one B*¢ which allows the chemists to Retrosynthetically, the key compound in our overall

synthesize the intriguing molecules individually via multiple synthetic route was identified as 3-bromo-4-trifloxy-quinolin-
steps, it is highly desired to develop even more effective 2(1H)-one3 (Scheme 1). Prompted by the recent advances
and general synthetic methodologies for these heterocycleof halogenation of 1,3-dicarbonyl compourtdge envisioned
formations in order to build up complex natural productlike that this compound could be generated by treatment of

molecules in a combinatorial format. 4-hydroxyquinolin-2(H)-one with NBS/Mg(CIQ), and tri-
fluoromethanesulfonic anhydride, subsequently. It is well-
* Corresponding author. E-mail: jie_wu@fudan.edu.cn. known that 4-hydrququmplm-Z(—l)-ones are useful inter-
t Fudan University. mediates for many industrial products, and several methods
*Chinese Academy of Sciences. for their preparation have been reportedo verify the
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Table 1. Conditions Screening for Palladium-Catalyzed Reaction of 4-Aryl-3-bromoquinolid)2gthe 4a with p-Anisidine

R

/©/B(OH)2

O PdCIy(PPhs), (5 mol%)

O\)Io
CH,

[Pd] (3 mol%)
Ligand (4.5 mol%
p-anisidine

Base, toluene, 80 °C

CH3

CH3 THF / H,0, Na,CO5
3 88% 4a 1a
R = 4-MeOCgH, R = 4-MeOCgH,
O PR, O PCy, O O
MeO OMe
O O Pth PPh2 PPh,
L1a:R=Bu L2 Xantphos DPEphos
L1b: R=Cy
entry [Pd] ligand base yield (%)
1 Pd(dba); / CsCOs 11
2 Pd(dba) Xantphos CsLCOs 78
3 Pd(dba} DPEphos CsCOs 73
4 Pd(dba} Lla CsCO; trace
5 Pd(dba) L1b CsCOs trace
6 Pd(dba}y L2 CsCO; 88
7 Pd(dba} DPPF CsCO; 65
8 Pd(dba) (R)—BINAP CsCO; 92
9 Pd(dba} (R—BINAP K,COs 52
10 Pd(dba) (R—BINAP t-BuOK 68
11 Pd(OAc) (R—BINAP CsCO; 91

a|solated yield based on 4-aryl-3-bromoquinolin3jione 4a.

practicability of the projected route as shown in Scheme 1,
an initial model study was performed using the commercially
available 4-hydroxyquinolin-2¢d)-one as the starting mate-
rial (Scheme 1).

As described above, 3-bromo-4-trifloxy-quinolin-2{t
one 3 could be easily synthesized in high yield (92%) in
two steps from 4-hydroxy-quinolin-2)-one. We conceived
that the 4-trifloxy group attached to the electron-withdrawing
o,f-unsaturated double bond in compouddnay increase
its capability to oxidatively add to the transition metals.
Therefore, the regioselective cross-coupling8 ohtalyzed

detected when ligandla or L1b was utilized in the reaction
(Table 1, entries 4 and 5). Treatment of 3-bromo-4-(4-
methoxyphenyl)quinolin-2f)-one4aandp-anisidine in the
presence of phosphine ligah@ gave the product in 88%
yield (Table 1, entry 6). Further studies revealed that the
yield could be increased to 92% wheR){BINAP was
employed in the reaction in combination with,C€s (Table

1, entry 8). Inferior results were generated when the base
was changed to ¥CO; or t-BuOK (Table 1, entries 9 and
10). Similar yield was afforded when Pd(OAayas used
instead of Pgldba) (91% vyield; Table 1, entry 11).

by a transition metal are possible. Due to their easy handling  With this promising result in hand, we started to investigate

and long shelf life, arylboronic acid derivatives would be

the scope of this reaction under the optimized reaction

the starting materials of choice. Thus, we started to explore conditions [Pg(dba} (3 mol %), R)-BINAP (4.5 mol %),

the possibility of using as an electrophile for the Suzuki
Miyaura reaction. To our delight, we found that the
corresponding producta could be afforded in 88% yield
under standard conditions [Pd@Ph),, THF/H,O, Ng&CO;]
for the reaction of 3-bromo-4-trifloxy-quinolin-2€l)-one3
with 4-methoxyphenylboronic acid. With this compound in
hand, we started to investigate the further elaboration by
installing amino groups on the 3-position of quinolin-Aj1
one (Table 1).

Our studies commenced with the reaction of 3-bromo-4-
(4-methoxyphenyl)quinolin-2{)-one 4a with p-anisidine
in toluene at 8CC catalyzed by Pddba}, in the presence
of CsCO; as the base. To our delight, we observed the
formation of desired produdta although the yield was low
(11%; Table 1, entry 1). The result was dramatically

CsCQ;, toluene, 8C°C], and the results are shown in Table
2. From Table 2, it was found that, for most of cases,
reactions of 3-bromo-4-arylquinolin-2f)-one4 with vari-

ous amines catalyzed by ®dba)/(R)-BINAP furnished the
corresponding 3-amino produdtsn good to excellent yields.
The reactions were very clean and usually completed in
several hours. No big difference was observed for the
electron-donating or electron-withdrawing groups attached
on the aromatic ring of substrates. For example, reaction of
3-bromo-4-(4-methoxyphenyl)quinolin-Z{)-one 4a with
p-anisidine afforded the desired produld in 92% vyield
(Table 2, entry 1). 3-Bromo-4-(4-cyanophenyl)quinolin-
2(1H)-one 4b reacted with p-anisidine, leading to the
corresponding produdtf in 90% vyield (Table 2, entry 8). A
93% yield of producfigwas generated when 4-fluoroaniline

improved when Xantphos was added as the ligand (78% was used instead @fanisidine in the reaction of 3-bromo-

yield; Table 1, entry 2). Similar yield (73%) was obtained

4-(4-cyanophenyl)quinolin-2()-one4b (Table 2, entry 9).

when Xantphos was replaced by DPEphos (Table 1, entryNo reaction occurred when bulky amines, such as 2,6-

3). Surprisingly, only a trace amount of produta was

diisopropylbenzenamine and 2,4,6-trimethylbenzenamine,
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Table 2. Palladium-Catalyzed Reactions of Table 3. Conditions Screening for Palladium-Catalyzed
4-Aryl-3-bromoquinolin-2(H)-one 4 with Various Amines Reaction of 4-Aryl-3-bromoquinolin-2{1)-one 4a with
R R n-Butyl Acrylate
B Pd,(dba); (3 mol%) o NHR? OMe OMe
. RONH, (R)-BINAP (4.5 mol%)
[I\j (e} Cs,CO;3, toluene, 80 °C 'T‘ (¢} O o
CHs CH;
oBy” [Pd](cat.), Ligand N R
4 ! /\n/ Et3N, solvent, 140 °C O o8y
entry R R? product yield (%3 CH3 EHS ©
1 4-MeOGH,(4a) 4-MeOGH,4 la 92 2a
2  4-MeOGH4(4a) 4-FGH, 1b 75
3  4-MeOGH4(48) CgHs 1c 90 PEy bG
4 4-MeOGH4(48) CeHeCH, 1d 79 e OM{; @ ) O
5 4-MeOGHs(4a) CHs(CHy)a le 91
6 4-MeOGH4(4a) 2,6-diisopropyl- NR P"hz PPh,
phenyl Xantphos
7 4-MeOGH4(4a) 2,4,6-trimethyl- NR - -
phenyl entry [Pd] ligand solvent yield (%)
8 4-NCGH4(4b)  4-MeOGH, 1f 90 1 Pd(PPR, / DMF 27
9  4-NCGH4(4b)  4-FCH,4 19 93 2  Pd(OAc) tri-o-tolylphosphine DMF 59
10 4-NCGH4(4b) CeHs 1h 95 3 Pd(OAc) L3 DME 67
11 GHs(40 4-MeOGH, 1i 84 4  Pd(OAc) L3 DMAc 44
12 GHs(40) 4-FGeH, 1j 72 5 Pd(OAc) PCy DMF trace
13 GHs(49) CeHs 1k 85 6 Pd(OAc) DPPF DMF NR
14  2-MeOGH4(4d) 4-MeOGH, 1l 83 7  Pd(OAc) L1 DME trace
15 3-AcGHi(4e 4-MeOGH4 Im 76 8 Pd(OAc) L2 DME 51
16  3-NCGH4(4f)  4-MeOGH, in 87 9 Pd(OAc) Xantphos DMF NR
a|solated yield based on 4-aryl-3-bromoquinolin-8jione 4. 10 Pd(OAc) L3/"BusNBr DMF 80
11  Pd(OAc) L3 DMACc 44

were employed in the reaction of 3-bromo-4-(4-methoxy-  2lIsolated yield based on 4-aryl-3-bromoquinolin8jlone4a.
phenyl)quinolin-2(H)-one 4a (Table 2, entries 6 and 7).
Moreover, aliphatic amines were also good partners in this
kind of transformation. For instance, reaction of 3-bromo-
4-(4-methoxyphenyl)quinolin-2f)-one4awith benzyl amine R o

or n-pentylamine proceeded smoothly to afford the desired Pd(OAC), (5mol%) N NoR
product in 79% or 91% yield, respectively (Table 2, entries /\n/OR L3 (10 mol%), Et:N W

4 and 5) "BuyNBr, DMF, 140 °C, 3h l}l 6]

CH
After installing amino groups in the 3-position of quinolin- 4 23

2(1H)-one via palladium-catalyzed amination reaction, we

Table 4. Palladium-Catalyzed Reaction of
4-Aryl-3-bromoquinolin-2(H)-one 4 with n-Butyl or Ethyl
Acrylate

shifted our focus for introducing an alkenyl group on the entry R nR product_ yield (%)
3-position. Initial studies were performed for the reaction % j:'\c"ﬁ%ﬁ?&%a) ngﬂ gg gg
of 4-aryl-3-bromoquinolin-2(#)-one4awith n-butyl acryl- 3 CsHs (40) "By 2 70
ate. The results of condition screening are shown in Table 4 2-MeOGH, (4d) "Bu 2d 68
3. In the presence of Pd(P®hand EtN in DMF, a 27% g g-ﬁg(éw(a% :Eﬂ 22? gg
yield of product2a was obtained (Table 3, entry 1). The 7 C6H5(4c)4 Et 29 81

result could be improved by adding different phosphine
ligands. For example, 67% yield of compour was
generated in the presenceld (Table 3, entry 3). Finally,
it was found that the yield could be increased to 80% when diversity could be easily introduced when the selectivity
tetrabutylammonium bromide was added as an additive occurred. Construction of a small library and screening for

(Tiﬁle 3, entr;; 1hO) Heck | d. db|olog|cal activity of these small molecules are under
e scope of this Heck reaction was also investigated, an investigation in our laboratory.

the results are shown in Table 4. It was found that all
reactions proceeded smoothly to afford the desired products
2in good yield, despite different aryl groups being attached
on the 4-position of substraée All reactions were performed in test tubes under nitrogen
atmosphere. Flash column chromatography was performed
using silica gel (60-A pore size, 353 um, standard grade).

In summary, we have described an efficient and general Analytical thin—layer chromatography was performed using
route for the synthesis of biologically active 3-amino-4- glass plates precoated with 0.25 mm 23®0 mesh silica
arylquinolin-2(H)-ones and 3-alkenyl-4-arylquinolin-24)- gel impregnated with a fluorescent indicator (254 nm). Thin-
ones via palladium-catalyzed site-selective cross-coupling layer chromatography plates were visualized by exposure to
reaction, starting from 4-hydroxyquinolin-2f)-one. The ultraviolet light. Organic solutions were concentrated on

a|solated yield based on 4-aryl-3-bromoquinolin-2jione 4.

Experimental Section

Conclusion
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3-(3-Bromo-1-methyl-2-oxo-1,2-dihydroquinolin-4-yI)-

°C. Commercial reagents and solvents were used as receivedoenzonitrile (4f):” 73% vyield. 'H NMR (500 MHz,

General Procedure for the Preparation of Compounds
4 through Cross-Coupling Reaction between 3-Bromo-
4-trifloxy-quinolin-2(1H)-one and Arylboronic Acids.

CDCl): 6 (ppm) 7.82 (d,J = 7.5 Hz, 1H), 7.59-7.71 (m,
3H), 7.53 (d,J = 7.5 Hz, 1H), 7.47 (dJ = 8.5 Hz, 1H),
7.16 (t,J = 7.5 Hz, 1H), 7.03 (dJ = 8.0 Hz, 1H), 3.90 (s,

Potassium carbonate (2.0 M in water, 0.75 mL) was added 3H). 3C NMR (125 MHz, CDC§): ¢ (ppm) 158.2, 148.2,

to a solution of 3-bromo-4-trifloxy-quinolin-2(4)-one (192.5
mg, 0.50 mmol)3, PdCL(PPh), (17.5 mg, 0.025 mmol),
and boronic acid (1.1 equiv) in THF (4.0 mL) under nitrogen

atmosphere. The reaction mixture was stirred overnight at

139.2,138.8, 133.5, 132.6, 132.5, 131.5, 130.1, 127.9, 123.1,
120.9,119.9,118.4, 114.9, 113.5, 31.6. MS (E®tjz 339.0
M+ + 1).

General Procedure for Palladium-Catalyzed Reactions

room temperature. Following completion of the reaction as of 4-Aryl-3-bromoquinolin-2(1H)-one 4 with Amines. A

indicated by TLC, the reaction mixture was diluted with ethyl

Schlenk flask was charged with(0.2 mmol), amine (0.24

acetate (20 mL) and separated. The organic phase was drietdhmol), CsCOs; (0.28 mmol), tris-(dibenzylideneacetone)-
and filtered, and the filtrate was concentrated to a residue dipalladium(0) (0.006 mmol, 3.0 mol % PdR¢BINAP

that was purified by flash chromatography (silica gel, 2/1

(0.009 mmoal), and toluene (1 mL) under nitrogen atmo-

(v/v) petroleum ether/ethyl acetate) to give the corresponding sphere. The reaction mixture was stirred af8vernight.

product4.
3-Bromo-4-(4-methoxyphenyl)-1-methylquinolin-2(1H)-
one (4a)? 88% yield.*H NMR (500 MHz, CDC}): 6 (ppm)
7.60 (t,J = 7.5 Hz, 1H), 7.43 (dJ = 8.5 Hz, 1H), 7.26-
7.28 (m, 3H), 7.14 (1) = 7.5 Hz, 1H), 7.07 (dJ = 8.0 Hz,
2H), 3.91 (s, 3H), 3.89 (s, 3H)!3C NMR (125 MHz,
CDCl): 6 (ppm) 159.9, 158.7, 150.6, 139.1, 131.0, 130.2,

Following completion of the reaction as indicated by TLC,

the solution was then allowed to cool to room temperature,
taken up in ether (10 mL), filtered, and concentrated. The
crude product was then purified by flash chromatography
(silica gel, 2/1 (v/v) petroleum ether/ethyl acetate) to give
the corresponding producis

4-(4-Methoxyphenyl)-3-(4-methoxyphenylamino)-1-me-

129.8, 128.8, 122.7, 121.9, 119.8, 114.5, 114.3, 55.6, 31.5.thylquinolin-2(1H)-one (1a): 92% vyield. 'H NMR (400

MS (ESI): m/z 344.0 (M + 1).
4-(3-Bromo-1-methyl-2-oxo0-1,2-dihydroquinolin-4-yl)-

benzonitrile (4b): 70% yield.*H NMR (400 MHz, CDC}):

0 (ppm) 7.86 (dJ = 7.8 Hz, 2H), 7.64 (tJ = 7.8 Hz, 1H),

7.46 (d,J = 8.3 Hz, 1H), 7.42 (dJ = 8.2 Hz, 2H), 7.16 (t,

J=8.2 Hz, 1H), 7.02 (dJ = 8.2 Hz, 1H), 3.89 (s, 3H):3C

NMR (100 MHz, CDC}): o (ppm) 157.9, 148.4, 141.8,

MHz, CDCI3) 6 (ppm) 7.39-7.38 (m, 2H), 7.32 (d) = 7.7

Hz, 1H), 7.12-7.09 (m, 1H), 7.03 (dJ = 8.2 Hz, 2H), 6.73
(d,J=8.2 Hz, 2H), 6.63 (s, 1H), 6.60 (d,= 8.7 Hz, 2H),
6.49 (d,J = 8.7 Hz, 2H), 3.89 (s, 3H), 3.75 (s, 3H), 3.67 (s,
3H). 3C NMR (100 MHz, CDCI3)d (ppm) 159.5, 158.7,
155.1, 135.4, 134.9, 132.1, 131.3, 127.2, 126.4, 125.4, 125.2,
123.6, 122.8, 122.3, 113.8, 113.6, 113.3, 55.4, 55.2, 30.4.

138.9, 132.6, 131.2, 129.6, 127.6, 122.8, 120.4, 119.0, 118.3MS (ESI): m/z387.1 (M" + 1). Anal. calcd for G4H2,N,Os:

114.6, 112.7, 31.3. MS (ESI)/z 361.0 (M" + Na). Anal.
calcd for G7H11BrN;O: C, 60.20; H, 3.27; N, 8.26. Found:
C, 60.04; H, 3.45; N, 8.01.
3-Bromo-1-methyl-4-phenylquinolin-2(1H)-one (4c):
87% yield.'H NMR (500 MHz, CDC}): ¢ (ppm) 7.58-
7.63 (m, 1H), 7.49-7.58 (m, 3H), 7.44 (d) = 8.5 Hz, 1H),
7.26-7.30 (m, 2H), 7.16-7.20 (m, 2H), 3.90 (s, 3H):*C
NMR (125 MHz, CDC}): d (ppm) 158.6, 150.8, 139.1,

C, 74.59; H, 5.74; N, 7.25. Found: C, 74.18; H, 5.96; N,
7.06.
3-(4-Fluorophenylamino)-4-(4-methoxyphenyl)-1-meth-
ylquinolin-2(1H)-one (1b): 75% yield.*H NMR (400 MHz,
CDCl) 6 (ppm) 7.42-7.41 (m, 2H), 7.38 (dJ = 8.2 Hz,
1H), 7.15-7.10 (m, 1H), 7.08 (dJ = 8.7 Hz, 2H), 6.77 (d,
J= 8.2 Hz, 2H), 6.66-6.58 (m, 5H), 3.89 (s, 3H), 3.76 (s,
3H). 3C NMR (100 MHz, CDC}) 6 (ppm) 159.6, 158.9,

137.6,131.0, 130.1, 128.8, 128.2, 127.7,122.7,121.6,119.4138.1, 135.3, 131.3, 131.2, 127.1, 127.0, 126.9, 125.7, 122.7,

114.5, 31.5. MS (ESl)m/z 314.0 (M" + 1).
3-Bromo-4-(2-methoxyphenyl)-1-methylquinolin-2(1H)-
one (4d)7 85% yield.*H NMR (500 MHz, CDC}): d (ppm)
7.56-7.61 (m, 1H), 7.487.52 (m, 1H), 7.43 (dJ = 8.0
Hz, 1H), 7.077.17 (m, 5H), 3.89 (s, 3H), 3.74 (s, 3HJC
NMR (125 MHz, CDC}): o (ppm) 159.6, 156.4, 148.4,

122.6, 122.4, 114.5, 114.3, 114.0, 113.8, 55.2, 30.4. MS
(ESI): m/z 375.0 (Mf + 1). Anal. calcd for GgH;oFNO2:
C, 73.78; H, 5.11: N, 7.48. Found: C, 73.59; H, 4.96: N,
7.31.

4-(4-Methoxyphenyl)-1-methyl-3-(phenylamino)quino-
lin-2(1H)-one (1c):90% yield.*"H NMR (400 MHz, CDC})

139.1, 131.1, 130.8, 130.6, 130.1, 128.2, 126.5, 122.7, 121.1 (ppm) 7.43-7.40 (m, 3H), 7.157.13 (m, 3H), 6.95 (tJ

120.2, 114.5, 111.7, 56.0, 31.4. MS (EShHvz 344.0 (M"
+ 1).
4-(3-Acetylphenyl)-3-bromo-1-methylquinolin-2(1H)-
one (4e):75% yield.*H NMR (400 MHz, CDC}): 6 (ppm)
8.11-8.09 (m, 1H), 7.89-7.88 (m, 1H), 7.69-7.51 (m, 2H),
7.50-7.45 (m, 2H), 7.147.10 (m, 2H), 3.89 (s, 3H), 2.65
(s, 3H).13C NMR (100 MHz, CDC}): ¢ (ppm) 197.2, 157.9,

= 7.8 Hz, 2H), 6.78 (dJ = 8.7 Hz, 2H), 6.74 (t) = 7.7

Hz, 1H), 6.64 (dJ = 7.7 Hz, 2H), 6.56 (bs, 1H), 3.88 (s,
3H), 3.75 (s, 3H).*C NMR (100 MHz, CDC}) 6 (ppm)
159.7,158.9,142.1, 135.7, 131.1, 130.5, 128.7, 127.9, 127 .2,
127.0, 125.9,122.4,122.3,121.3,120.0, 114.0, 113.8, 55.2,
30.4. MS (ESI): m/z 357.1 (M + 1). Anal. calcd for
CasH20NO,: C, 77.51; H, 5.66; N, 7.86. Found: C, 77.88;

149.2,138.7,137.6, 137.3, 133.1, 130.9, 129.0, 128.3, 127.8 H, 5.28; N, 7.59.

123.1,120.7,119.1,114.3, 31.1, 26.6. MS (ESIJz375.0
(M* + Na). Anal. calcd for GH14BrNO,: C, 60.69; H,
3.96: N, 3.93. Found: C, 60.92; H, 3.99: N, 3.72.

3-(Benzylamino)-4-(4-methoxyphenyl)-1-methylquino-
lin-2(1H)-one (1d): 79% yield.*H NMR (400 MHz, CDC})
0 (ppm) 7.34-7.28 (m, 2H), 7.23-7.14 (m, 5H), 7.16-7.02
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(m, 4H), 6.96 (dJ = 8.2 Hz, 2H), 5.64 (bs, 1H), 3.86 (s,
3H), 3.77 (s, 3H).%C NMR (100 MHz, CDC4) & (ppm)
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CoaH20N202: C, 77.51; H, 5.66; N, 7.86. Found: C, 77.05;
H, 5.97; N, 7.46.

159.4,159.0, 139.8, 134.5, 133.5, 131.8, 128.2, 128.0, 127.2, 3-(4-Fluorophenylamino)-1-methyl-4-phenylquinolin-
126.8,125.4,124.7, 123.8, 122.3, 120.6, 113.8, 113.6, 55.2,2(1H)-one (1j): 72% yield.'H NMR (400 MHz, CDC}) ¢
49.4, 30.5. MS (ESI):m/z371.1 (Mf + 1). Anal. calcd for (ppm) 7.42-7.41 (m, 2H), 7.33 (d) = 8.7 Hz, 1H), 7.22
CoaH2oN20,: C, 77.81; H, 5.99; N, 7.56. Found: C, 77.93; 7.11 (m, 6H), 6.66 (bs, 1H), 6.616.57 (m, 4H), 3.90 (s,
H, 6.04; N, 7.12. 3H). 13%C NMR (100 MHz, CDC}) 6 (ppm) 159.6, 159.5,
4-(4-Methoxyphenyl)-1-methyl-3-(pentylamino)quino- 157.1,138.1, 138.0, 135.2, 134.9, 131.3, 130.1, 128.2, 127.5,
lin-2(1H)-one (1€):91% yield.*H NMR (400 MHz, CDC}) 127.0,126.6, 125.6, 123.1, 123.0, 122.5, 122.2, 114.6, 114.3,
0 (ppm) 7.31-7.25 (m, 4H), 7.11 (dJ = 6.4 Hz, 1H), 7.05 114.0, 30.5. MS (ESI):m/z 345.0 (M" + 1). Anal. calcd
(t, J=7.8 Hz, 1H), 7.00 (dJ = 8.8 Hz, 2H), 5.28 (bs, 1H), for CxH.;FN,O: C, 76.73; H, 4.98; N, 8.13. Found: C,
3.88 (s, 3H), 3.85 (s, 3H), 2.49 d,= 6.8 Hz, 2H), 1.3+ 76.54; H, 5.02; N, 7.70.
1.29 (m, 2H), 1.16-:1.08 (m, 4H), 0.81 () = 7.3 Hz, 3H). 1-Methyl-4-phenyl-3-(phenylamino)quinolin-2(1H)-
13C NMR (100 MHz, CDC}) 6 (ppm) 159.4, 158.9, 135.0,  one (1k): 85% yield.'H NMR (400 MHz, CDC}) 6 (ppm)
133.2,131.8,128.6, 125.0, 124.5,124.1, 122.2, 119.1, 113.7,7.43-7.37 (m, 3H), 7.247.11 (m, 6H), 6.93 (tJ = 7.8
113.6, 55.2, 45.4, 30.4, 29.9, 28.8, 22.3, 13.9. MS (ESI): Hz, 2H), 6.73 (tJ = 7.3 Hz, 1H), 6.64 (tJ = 7.8 Hz, 2H),
m/z351.1 (M" + 1). Anal. calcd for GoHoeN202: C, 75.40; 6.62 (bs, 1H), 3.89 (s, 3H}*C NMR (100 MHz, CDC}) ¢
H, 7.48; N, 7.99. Found: C, 75.53; H, 7.47; N, 7.55. (ppm) 159.6, 135.6, 134.9, 130.5, 130.0, 128.3, 128.2, 127.9,
4-(3-(4-Methoxyphenylamino)-1-methyl-2-oxo-1,2-dihy- 127.5,127.2,125.7,122.4,122.0, 121.5, 120.3, 114.0, 30.4.
droquinolin-4-yl)benzonitrile (1f): 90% vyield. *H NMR MS (ESI): m/z327.0 (Mf + 1). Anal. calcd for G;H1gN,0:
(400 MHz, CDC}) 6 (ppm) 7.44-7.40 (m, 4H), 7.18 (dJ C, 80.96; H, 5.56; N, 8.58. Found: C, 80.86; H, 5.27; N,
= 8.2 Hz, 1H), 7.1%+7.09 (m, 2H), 6.96 (bs, 1H), 6.57 (d, 8.42.
J = 8.2 Hz, 2H), 6.45 (dJ = 8.7 Hz, 2H), 3.92 (s, 3H), 4-(2-Methoxyphenyl)-3-(4-methoxyphenylamino)-1-me-
3.69 (s, 3H).2*C NMR (100 MHz, CDC}) 6 (ppm) 159.2, thylquinolin-2(1H)-one (1l): 83% yield. 'H NMR (400
156.1, 140.6, 134.3, 134.2, 132.9, 131.6, 131.3, 126.5, 125.6 MHz, CDCk) 6 (ppm) 7.36-7.34 (m, 2H), 7.13-7.00 (m,
124.2,122.7,121.9, 120.4, 118.6, 114.2, 113.4, 110.6, 55.4,4H), 6.81 (dJ = 7.3 Hz, 1H), 6.77 (bs, 1H), 6.665.62 (m,
30.6. MS (ESI): m/z 382.0 (M" + 1). Anal. calcd for 3H), 6.46-6.43 (m, 2H), 3.89 (s, 3H), 3.66 (s, 3H), 3.60 (s,
CosH1oN302: C, 75.57; H, 5.02; N, 11.02. Found: C, 75.69; 3H). 13C NMR (100 MHz, CDC}) 6 (ppm) 159.5, 156.3,
H, 5.31; N, 10.94. 155.3,134.8,134.3, 132.5, 131.4, 129.2, 126.0, 125.3, 124.5,
4-(3-(4-Fluorophenylamino)-1-methyl-2-oxo-1,2-dihy- 123.9,122.4,122.3,121.0,120.4, 113.7, 112.8, 110.2, 55.4,
droquinolin-4-yl)benzonitrile (1g): 93% yield.*H NMR 54.8, 30.4. MS (ESI):m/z387.1 (M" + 1). Anal. calcd for
(400 MHz, CDC#) 0 (ppm) 7.49 (d,J = 6.8 Hz, 2H), 7.45 CoaH2N20s: C, 74.59; H, 5.74; N, 7.25. Found: C, 74.22;
7.44 (m, 2H), 7.27 (d) = 6.8 Hz, 2H), 7.18-7.12 (m, 2H), H, 5.41; N, 7.09.
6.92 (bs, 1H), 6.656.58 (m, 4H), 3.91 (s, 3H}:*C NMR 4-(3-Acetylphenyl)-3-(4-methoxyphenylamino)-1-meth-
(100 MHz, CDC}) J (ppm) 159.9, 159.2, 157.5, 140.3, ylquinolin-2(1H)-one (1m): 76% yield."H NMR (400 MHz,
137.4,137.3,134.8, 131.9, 131.8, 131.1, 127.1, 124.4, 124.3CDCl) 6 (ppm) 7.71 (d,J = 7.3 Hz, 1H), 7.57 (s, 1H),
124.2,122.8,122.6, 121.3, 118.4, 114.9, 114.6, 114.3, 111.0,7.41-7.29 (m, 4H), 7.16 (dJ = 7.3 Hz, 1H), 7.09 (tJ =
30.6. MS (ESI):m/z370.0 (M" + 1). Anal. calcd for GsH16 8.2 Hz, 1H), 6.89 (bs, 1H), 6.58 (d,= 8.7 Hz, 2H), 6.40
FN;O: C, 74.78; H, 4.37; N, 11.38. Found: C, 74.30; H, (d,J=8.7 Hz, 2H), 3.93 (s, 3H), 3.63 (s, 3H), 2.47 (s, 3H).
4.19; N, 10.91. 13C NMR (100 MHz, CDC}) ¢ (ppm) 197.6, 159.4, 155.7,
4-(1-Methyl-2-oxo0-3-(phenylamino)-1,2-dihydroquino- 136.7,135.8, 134.9, 134.6, 134.4, 132.9, 130.7, 128.3, 126.8,
lin-4-yl)benzonitrile (1h): 95% yield."H NMR (400 MHz, 126.4,125.4,124.7,122.6,122.5, 122.0, 114.0, 113.3, 55.3,
CDCly) 6 (ppm) 7.45-7.43 (m, 4H), 7.29 (dJ = 7.8 Hz, 30.6, 26.4. MS (ESI):m/z 399.0 (M" + 1). Anal. calcd for
2H), 7.23 (dJ= 8.2 Hz, 1H), 7.16-7.12 (m, 1H), 7.01 (bs, = CzsH2:NOs: C, 75.36; H, 5.57; N, 7.03. Found: C, 75.00;
1H), 6.90 (t,J= 8.2 Hz, 2H), 6.77 (tJ = 7.3 Hz, 1H), 6.60 H, 5.77; N, 6.75.
(d, J = 7.7 Hz, 2H), 3.91 (s, 3H)}*C NMR (100 MHz, 3-(3-(4-Methoxyphenylamino)-1-methyl-2-oxo-1,2-dihy-
CDCl) 6 (ppm) 159.3, 140.9, 140.3, 134.9, 131.8, 131.3, droquinolin-4-yl)benzonitrile (1n): 87% yield.'H NMR
131.1,128.1,127.1,124.5,122.8,122.7,121.9, 121.2, 118.6,(400 MHz, CDC}) 6 (ppm) 7.41-7.23 (m, 6H), 7.1%7.06
114.3, 114.6, 110.9, 30.6. MS (ESljz 352.1 (M" + 1). (m, 2H), 6.99 (bs, 1H), 6.59 (d,= 9.1 Hz, 2H), 6.47 (dJ
Anal. calcd for GsHi7N3O: C, 78.61; H, 4.88; N, 11.96. = 9.1 Hz, 2H), 3.92 (s, 3H), 3.70 (s, 3HFC NMR (100
Found: C, 78.16; H, 5.17; N, 11.70. MHz, CDCk) 6 (ppm) 159.2, 156.1, 136.7, 134.9, 134.3,
3-(4-Methoxyphenylamino)-1-methyl-4-phenylquinolin- 134.2,134.0,133.1, 130.5, 128.8, 126.4,125.8, 124.1, 122.7,
2(1H)-one (1i): 84% yield.*"H NMR (400 MHz, CDC}) ¢ 122.1, 119.5, 118.4, 114.1, 113.4, 112.0, 55.4, 30.6. MS
(ppm) 7.41-7.38 (m, 2H), 7.28-7.08 (m, 7H), 6.66 (bs, 1H),  (ESI): m/z 382.1 (M" + 1). Anal. calcd for GsH1dNzO2:
6.60 (d,J = 8.7 Hz, 2H), 6.46 (dJ = 8.7 Hz, 2H), 3.90 (s, C, 75.57; H, 5.02; N, 11.02. Found: C, 75.85; H, 5.45; N,
3H), 3.66 (s, 3H).:*C NMR (100 MHz, CDC}) 6 (ppm) 10.69.
159.6, 155.2,135.2, 135.1, 134.8, 132.0, 130.2, 128.1, 127.2, General Procedure for Palladium-Catalyzed Reaction
126.4,125.3,125.1, 124.0, 122.6, 122.3,114.0, 113.9, 113.30of 3-Bromo-4-arylquinolin-2(1H)-one 4 with n-Butyl
55.4, 30.5. MS (ESI):m/z 357.1 (Mt + 1). Anal. calcd for Acrylate or Ethyl Acrylate. A Schlenk flask was charged
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with 4 (0.2 mmol),n-butyl acrylate, or ethyl acrylate (0.4 (E)-Butyl 3-(4-(3-acetylphenyl)-1-methyl-2-oxo-1,2-di-
mmol), EgN (0.6 mmol), Pd(OAc) (0.01 mmol, 5.0 mol hydroquinolin-3-yl)acrylate (2e): 67% yield.'"H NMR (400

% Pd), tris(2,6-dimethoxyphenyl)-phosphine (0.02 mmol), MHz, CDCk) 6 (ppm) 8.11 (d,J = 7.8 Hz, 1H), 7.84 (s,
n-Bus;NBr (0.02 mmol), and DMF (1 mL) under nitrogen 1H), 7.66 (t,J = 7.3 Hz, 1H), 7.627.58 (m, 1H), 7.45 (t,
atmosphere. The reaction mixture was stirred at K@®or J = 8.7 Hz, 2H), 7.40 (d,J = 16.0 Hz, 1H), 7.23 (dJ =

3 h. The solution was then allowed to cool to room 15.6 Hz, 1H), 7.147.06 (m, 2H), 4.06 (tJ = 6.4 Hz, 2H),
temperature, taken up in DCM (5 mL), washed with water 3.85 (s, 3H), 2.64 (s, 3H), 1.58..53 (m, 2H), 1.341.28

and brine, and then separated. The solution was dried andm, 2H), 0.88 (t,J = 7.3 Hz, 3H).**3C NMR (100 MHz,
filtered, and the filtrate was concentrated to a residue that CDCl) 6 (ppm) 197.3, 167.8, 160.5, 150.7, 139.4, 137.7,
was purified by flash chromatography (silica gel, 2/1 (v/v) 137.3,136.0, 133.8, 131.7, 129.2, 128.9, 128.8, 128.6, 124.4,
petroleum ether/ethyl acetate) to give the corresponding123.5,122.3,120.7,114.2, 64.1, 30.6, 29.9, 26.7, 19.1, 13.6.

products2.

(E)-Butyl 3-(4-(4-methoxyphenyl)-1-methyl-2-oxo-1,2-
dihydroquinolin-3-yl)acrylate (2a): 80% vyield.'H NMR
(400 MHz, CDC}) 6 (ppm) 7.61-7.56 (m, 1H), 7.41 (dJ
= 8.2 Hz, 1H), 7.38 (s, 2H), 7.277.25 (m, 1H), 7.1#7.03
(m, 5H), 4.08 (t,J = 6.8 Hz, 2H), 3.90 (s, 3H), 3.83 (s,
3H), 1.60-1.55 (m, 2H), 1.371.31 (m, 2H), 0.90 (tJ) =
7.3 Hz, 3H).13C NMR (100 MHz, CDC}) 6 (ppm) 168.0,
160.8, 159.7, 152.1, 139.4, 138.6, 131.4, 130.6, 129.2, 127.3
123.6, 123.5, 122.0, 121.4, 114.1, 114.0, 63.9, 55.2, 30.6,
29.8,19.1, 13.6. MS (ESI)m/z392.1 (M" + 1). Anal. calcd
for CoaH2sNOs: C, 73.64; H, 6.44; N, 3.58. Found: C, 73.26;
H, 6.40; N, 3.25.

(E)-Butyl 3-(4-(4-cyanophenyl)-1-methyl-2-oxo0-1,2-di-
hydroquinolin-3-yl)acrylate (2b): 65% yield.*H NMR (400
MHz, CDClk) 6 (ppm) 7.86 (d,J = 7.8 Hz, 2H), 7.64-7.60
(m, 1H), 7.46-7.37 (m, 4H), 7.1#7.12 (m, 2H), 7.02 (dJ
= 8.2 Hz, 1H), 4.08 (tJ = 6.4 Hz, 2H), 3.84 (s, 3H), 1.60
1.54 (m, 2H), 1.36-1.28 (m, 2H), 0.91 (t) = 7.3 Hz, 3H).
13C NMR (100 MHz, CDCY}) 6 (ppm) 167.6, 160.2, 149.4,
140.3,139.4,137.1, 132.5, 131.9, 130.2, 128.3, 125.0, 123.4
122.4,120.1,118.1, 114.4,112.9, 64.2, 30.5, 29.9, 19.0, 13.6
MS (ESI): m'z387.1 (M + 1). Anal. calcd for GsH2,N,Oa:

C, 74.59; H, 5.74; N, 7.25. Found: C, 74.95; H, 5.95; N,
6.92.

(E)-Butyl 3-(1-methyl-2-oxo0-4-phenyl-1,2-dihydroquin-
olin-3-yl)acrylate (2c): 70% vyield.'H NMR (400 MHz,
CDCls) 6 (ppm) 7.67.50 (m, 4H), 7.427.33 (m, 3H),
7.25-7.17 (m, 3H), 7.137.09 (m, 1H), 4.07 (tJ = 6.4
Hz, 2H), 3.83 (s, 3H), 1.581.54 (m, 2H), 1.341.29 (m,
2H), 0.89 (t,J = 7.3 Hz, 3H).13C NMR (100 MHz, CDC})

0 (ppm) 167.9, 160.7, 152.1, 139.4, 138.3, 135.3, 131.5,

MS (ESI): m/z 404.1 (M" + 1). Anal. calcd for GsHos
NO4: C, 74.42; H, 6.25; N, 3.47. Found: C, 74.15; H, 6.17;
N, 3.20.

(E)-Butyl 3-(4-(4-cyanophenyl)-1-methyl-2-oxo-1,2-di-
hydroquinolin-3-yl)acrylate (2f): 60% yield."H NMR (400
MHz, CDCL) 6 (ppm) 7.84-7.82 (m, 1H), 7.7%£7.61 (m,
2H), 7.56-7.37 (m, 4H), 7.167.12 (m, 2H), 7.027.00 (m,
1H), 4.08 (t,J = 6.8 Hz, 2H), 3.84 (s, 3H), 3.69 (s, 3H),

1.60-1.56 (m, 2H), 1.36-1.30 (m, 2H), 0.90 (tJ = 7.3

Hz, 3H).1*C NMR (100 MHz, CDC}) é (ppm) 167.5, 160.2,
148.9, 139.4, 137.0, 136.9, 133.7, 132.6, 132.3, 131.9, 129.8,
128.3,125.1,123.8, 122.4,120.3, 118.0, 114.4, 113.3, 64.2,
30.6, 29.9, 19.1, 13.6. MS (ESIjn'z387.1 (M + 1). Anal.
calcd for G4H2N,Os: C, 74.59; H, 5.74; N, 7.25. Found:

C, 74.93; H, 6.03; N, 6.97.

(E)-Ethyl 3-(1-methyl-2-ox0-4-phenyl-1,2-dihydroquin-
olin-3-yhacrylate (2g):1¢ 81% yield.'H NMR (400 MHz,
CDCl) 6 (ppm) 7.60-7.50 (m, 4H), 7.41(dJ = 8.2 Hz,
1H), 7.33 (s, 2H), 7.257.17 (m, 3H), 7.127.09 (m, 1H),
4.13 (q,d = 7.3 Hz, 2H), 3.83 (s, 3H), 1.22 (§,= 7.3 Hz,

3H). 3C NMR (100 MHz, CDCH) 6 (ppm) 167.9, 160.7,
152.0, 139.4, 138.3, 135.3, 131.5, 129.2, 129.1, 128.7, 128.6,

123.8, 123.3, 122.1, 121.1, 114.0, 60.1, 29.8, 14.1.
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129.2,128.7,128.6, 123.8, 123.3, 122.1, 121.1, 114.0, 63.9,

30.6, 29.8, 19.0, 13.6. MS (ESIj'z362.1 (Mf + 1). Anal.
calcd for GgH3NOsz: C, 76.43; H, 6.41; N, 3.88. Found:
C, 76.47; H, 6.59; N, 3.46.

(E)-Butyl 3-(4-(2-methoxyphenyl)-1-methyl-2-oxo-1,2-
dihydroquinolin-3-yl)acrylate (2d): 68% yield.*"H NMR
(400 MHz, CDC}) 6 (ppm) 7.58-7.46 (m, 2H), 7.4%7.28
(m, 3H), 7.16-7.05 (m, 5H), 4.07 (t) = 6.4 Hz, 2H), 3.82
(s, 3H), 3.69 (s, 3H), 1.591.53 (m, 2H), 1.351.30 (m,
2H), 0.89 (t,J = 7.2 Hz, 3H).:3C NMR (100 MHz, CDC})

0 (ppm) 168.0, 160.8, 156.4, 149.5, 139.4, 138.7, 131.3,
130.6, 130.4, 128.7, 124.0, 123.8, 123.5, 122.0, 120.9, 120.8
114.0, 111.3, 63.9, 55.6, 30.6, 29.7, 19.1, 13.6. MS (ESI):
m/'z 392.1 (M" + 1). Anal. calcd for GsH2sNO4: C, 73.64;

H, 6.44; N, 3.58. Found: C, 73.19; H, 6.46; N, 3.26.

References and Notes

(1) (a) Hewawasam, P.; Fan, W.; Ding, M.; Flint, K.; Cook, D.;
Goggings, G. D.; Myers, R. A.; Gribkoff, V. K.; Boissard,
C. G.; Dworetzky, S. I.; Starret, J. E.; Lodge, N.JJMed.
Chem.2003 46, 2819-2822. (b) Boy, K. M.; Guernon, J.
M.; Sit, S.-Y.; Xie, K.; Hewawasam, P.; Boissard, C. G.;
Dworetzky, S. I.; Natale, J.; Gribkoff, V. K.; Lodge, N.;
Starret, J. EBioorg. Med. Chem. Lett2004 14, 5089-
5093. (c) Hewawasam, P.; Fan, W.; Cook, D. A.; Newberry,
K. S.; Boissard, C. B.; Gribkoff, V. K.; Starret, J.; Lodge,
N. J. Bioorg. Med. Chem. LetR004 14, 4479-4482. (d)
Glasnov, T. N.; Stadlbauer, W.; Kappe, C.DDOrg. Chem.

’ 2005 70, 3864-3870. (e) Hewawasam, P.; Fan, W.; Knipe,

J.; Moon, S. L.; Boissard, C. G.; Gribkoff, V. K.; Starret, J.
E. Bioorg. Med. Chem. Lett2002 12, 1779-1783. (f)
Angibaud, P. R.; Venet, M. G.; Filliers, W.; Broeckx, R.;



Synthesis of Functionalized Quinolin-2{}-ones

Ligny, Y. A.; Muller, P.; Poncelet, V. S.; End, D. WEur.

J. Org. Chem.2004 479-486. (g) Andresen, B. M;
Couturier, M.; Cronin, B.; D’Occhio, M.; Ewing, M. D.;
Guinn, M.; Hawkins, J. M.; Jasys, V. J.; LaGreca, S. D.;
Lyssikatos, J. P.; Moraski, G.; Ng, K.; Raggon, J. W.;
Stewart, A. M.; Tickner, D. L.; Tucker, J. L.; Urban, F. J.;
Vazquez, E.; Wei, LOrg. Process Res. 2e2004 8, 643—
650. (h) Mederski, W. W. K. R.; Oswald, M.; Dorsh, D.;
Christadler, M.; Schmitges, C.-J.; Wilm, ®ioorg. Med.
Chem. Lett1997, 7, 1883-1886. (i) Cappelli, A.; Mohr, G.
la P.; Gallelli, A.; Rizzo, M.; Anzini, M.; Vomero, S.;
Mennuni, L.; Ferrari, F.; Makovec, F.; Menziani, M C,;
Benedetti, P. G. De B.; Giorgi, Q. Med. Chem2004 47,
2574-2586. (j) Beier, N.; Labitzke, E.; Mederski, W. W.
K. R.; Radunz, H.- E.; Ruess, K. R.-Rleterocyclesl 994
39, 117-131. (k) Hino, K.; Furukawa, K.; Nagai, Y.; Uno,
H. Chem. Pharm. Bull198Q 28, 2618-2622. (I) Hino, K.;
Kawashima, K.; Oka, M.; Nagai, Y.; Uno, H.; Matsumoto,
J.-1. Chem. Pharm. Bull1989 37, 110-115.

(2) (a) Yancopoulos, G. D.; Davis, S.; Gale, N. W.; Rudge, J.

S.; Wiegand, S. J.; Holash, Nature200Q 407, 242—248.
(b) Carmeliet, P.; Jain, R. KNature 200Q 407, 249-257.
(c) Fang, Y.-Q.; Karisch, R.; Lautens, M. Org. Chem.
2007, 72, 1341-1346. (d) Kuethe, J. T.; Wong, A.; Qu, C;
Smitrovich, J.; Davies, I. W.; Hughes, D. . Org. Chem.
2005 70, 2555-2567. (e) Payack, J. F.; Vazquez, E.; Matty,
L.; Kress, M. H.; McNamara, 0. Org. Chem2005 70,
175-178. (f) Wong, A.; Kuethe, J. T.; Davies, |. W.; Hughes,
D. L. J. Org. Chem2004 69, 7761-7764. (g) Kuethe, J.

Journal of Combinatorial Chemistry, 2007, Vol. 9, No. 817

T.; Wong, A.; Davies, I. WOrg. Lett.2003 5, 3975-3978.
(h) Fraley, M. E.; Arrington, K. L.; Buser, C. A.; Ciecko, P.
A.; Coll, K. E.; Fernandes, C.; Hartman, G. D.; Hoffman,
W. F.; Lynch, J. J.; McFall, R. C.; Rickert, K.; Singh, R.;
Smith, S.; Thomas, K. A.; Wong, B. Kioorg. Med. Chem.
Lett. 2004 14, 351—-355. (i) Ferrer, P.; Avendan C.;
Sdlhuber, M. Liebigs Ann. Chem1995 1895-1899. (j)
Hopkins, A. L.; Ren, J.; Milton, J.; Hazen, R. J.; Chan, J.
H.; Stuart, D. I.; Stammers, D. K. Med. Chem2003 47,
5912-5922. (k) Freeman, G. A.; Andrews, C. W., lll;
Hopkins, A. L.; Lowell, G. S.; Schaller, L. T.; Cowan, J.
R.; Gonzales, S. S.; Koszalka, G. W.; Hazen, R. J.; Boone,
L. R.; Ferris, R. G.; Creech, K. L.; Roberts, G. B.; Short, S.
A.; Weaver, K.; Reynolds, D. J.; Milton, J.; Ren, J.; Stuart,
D. I.; Stammers, D. K.; Chan, J. H. Med. Chem2003
47, 5923-5936.

(3) (&) Schreiber, S. LScience200Q 287, 1964-1969. (b)
Schreiber, S. LChem. Eng. New2003 81, 51—-61.

(4) Wu, J.; Yang, Z.; Fathi, R.; Zhu, QJ.S. Pat. Appl. Publ.
2004 43 pp.

(5) Yang, D.; Yan, Y.-L.; Lui, BJ. Org. Chem2002 67, 7429~
7431.

(6) For recent reviews, see: (a) Miyaura, Tap. Curr. Chem.
2002 219, 11-59. (b) Suzuki, AJ. Organomet. Chemi999
576, 147-168. (c) Littke, A. F.; Fu, G. CAngew. Chem.
Int. Ed. 2002 41, 4176-4211.

(7) Wu, J.; Zhang, L.; Sun, XChem. Lett2005 34, 550-551.

CC7000937



