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Palladium-Catalyzed Coupling between Quinolone Moieties and
Heteroaryl Stannes
—Synthesis of C-7 heteroaryl Quinolone Derivatives—

Sang-Hoon Nam, Won-Hun Ham¥, Ki-Su Kim, Tae-Gyun Lim and Jae-Gwon Yang
College of Pharmacy, SungKyunKwan University, Suwon 440-746, Korea

Abstract—The cross-coupling reaction of organo tin reagents with a variety of organic halides,
catalyzed by palladium, provides a novel method for generating a carbon-carbon bond. We used
this method for the antibacterial agents, and synthesis of new quinolone derivatives which have
carbon-carbon bond at C-7 position of general quinolone moieties. Aryl tin, quinolone moieties,
and palladium catalyst were refluxed in DMF to afford new quinolone derivatives. This palladium
catalyzed coupling reactions have capacity for further synthetic elaboration.

Keyword (] Carbon-carbon bond at C-7 position, palladium-catalyzed coupling.
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alubg o 2 DNA gyraseo] 23t DNA®} supercoi-
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oA C-781x&
Har sled, S+
28-S vlx]3 9]+ ciprofloxacine]v} norfloxacin
2 el det sk
dutg oz #AEE9 C-79%+t piperazine+ A
vh pyrrolidine-f- LAl Eot X &= lz 2 F7b2) ¢
54H2E CNZEYe] A& Sz &4 o oA
awk AzE, ok Fel 3letE BEAE A
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aefut, F#HE C79Re Aaiaiz) obd whagd
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(Fig. 1).
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Fig. 1

plinggh-g-ol ola 4 C-7o) C-CARS sz a3hEE
& e lvka Azbsle] A o] Agel M A
3AIY FgEF <FarF ¥l norfloxacin ciprof-
loxacin®] 7|2FAL fAstd4 C-7H ¢= el cou-
pling4F-$-8 %3} heterocyclic compound& =9 5}
gh2lS Agd3hal lead compound 419 Ao

ool Mg AEeA dEAE Adsta

4 #

#4el 242 GallenKamp melting point appara-
tusE A8l FAstlon] B AskAw Wtk IR
spectra®] &3 Shimadzu IR-435%5 & slgl o,
proton NMR spectra®] Z#-2 Bruker AM-200(200
MHz)3} Hitachi R-1100(60 MHz) NMR spectropho-
tometer& AH-8-8}93 0.,
#2237 tetramethylsilane % *}8-3le] ppmato
7123}9lc). TLC+ Merck precoated TLC plate(sili-
cagel 60F,s, 0.25 mm)& AF8-8}31, columnels= si-
licagel 60(Merck, 9385, 230~400 mesh)& A}-8-3}3
o, UV lamp(254 nm) 2} p-anisaldehyde& A}-8-3}o]
E4& gal sk whEel A8k flask= dry

ng AR-Ete] Az ofy ALE Falsle] A48

sfelan, wE Alokst guhe

chemical shifty= W4 %

oven
7Ax% syringed AM%
ato] Hrtsbeict n-Buli Aldrich Co. A1e}g Gil-
man double titrationd}ed A}8-3}¢ic) Ethyl ether2}

THF = A4 &3t 34 sodium o2 723} 3,
dry DMF+= benzene®} azeotropic distillation¥t %
vacuum distillationd}e] Ap-&-3lic},
7-Chloro-1-ethyl-6-fluoro-1,4-dihydro-4-oxo-quino-
line-3-carboxylic acid(intermediate 1)2| #HAMY—
Gould-Jacobs2] v ¢Jsted §Hdsieich

mp. 240~242C

'"H-NMR (DMSO-d;) §1.39~1.86, (4H, m,-cyclopr-
yopyl), 3.69~4.34(1H, m,-cyclopropyl), 8.28(1H, d,
8-H), 8.71(1H, d, 5-H), 9.39(1H, s, 2-H)

Dichloro bis(triphenylphosphine)palladium(I1)2}
H|Z=9—Palladium chloride(1.0 g, 5.7 mmol)2] 3]4]
g Ak =8(0.2-HCI/50 m!  H,0)&-4S-  triphenyl-
phospine(3.0 g, 11.5mmol)®] warm ethanol-8<}e]
2 7)), 60T off 4] 3417 stirringdt F AA® 1
g oAFste] 13, g B ethanol, ethers 2 &
“10%“3} AFrdzste] v S5 (GB4g 0%

35 thg Wbl Alg-gich

2-Tributylstannyl thiophene2| F}4—840 mg(10
mmol)2] thiophene dry ethyl ether 10 mi¢j 7}3}
o —78C 2 Wzl oS 4 mi(10 mmol)d]  #-
BuLi& #A7}gic}l. 254 2087t stirringdr &
0C 2 %5 AF-A]7]3L tributyltin chloride 2.7 mi
(10 mmol) & H7j3ht} Agog X & AA|7]a
1217k o stirringdtel, B 10miE Hof vhg-& £
Aslal ether(10 M/ X3)& FE3Uch {F7|5& 7+
magnesium sulfate® Az3}v & Z AAg b
column chromatography(Hex.)3}o] v|3}h49o] of (3.
1g, 83%)% it

2-Tributylstannyl furan2] £ —Hex : EA=80: 1,
column chromatography, 3342} 2184 g, 80%).

2-Tributylstannyl pyridine2| £ —Hex : EA=20
1, column chromatography, ©|3382] A (39g,
54%)

2-Fluoro-3-tributylstannyl pyridine2| 8/ —Hex :
EA=8:1, column chromatography, w]&]e] o}
(7.1g 89%)

1-Ethyl-7-(2-furanyl)-6-fluoro-1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid(comp.3)2] §4d(method.
A)— Intermediate(1) 1 g(3.7 mmol), 2-tributylstannyl
furan(1.55 g, 5.5 mmol)3} dichloro bis(triphenylpho-
sphine)palladium(162 mg, 0.37 mmol)-&- DMF 15 m/
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Tely &l
o i 5A17kgal refluxstadet. 8vlE 7l
A 7§ F cyclohexane &2 Z A &3}a1, o] 2 chloro-

form»]— Eoll A 30%-7} stirringdtch od3slar )
Z& #3led 4 magnesium sulfate HAFs}1
42 A A3l intermediate(1)°] %14} crude pro-
duct® <&t} 7] 4eq?] piperazined gof v
ul-8-E-& norfloxacin.® 2 whEth pyridined 7+3+2
F stol AT F 10mE Fhetel 1417 b
2 acetic acid& 7}3le] FAoE 3 F A7 w
AL o35 ethers A 3te] AzbNe] wAE
24k

mp. 221~223C ; yield 28%

'"H NMR(DMSO-ds) 814(3H, t,-CH,), 4.A(2H, q-
CH,), 7.3~9.2(6H, m, aromatics), 14.8(1H, s,-COOH)

1-Ethyl-7-(2-thiophenyl)-6-fluoro- 1,4-dihydro-4-
oxo-quinoline-3-carboxylic acid(comp. 5) (method A)

mp. 2437C ; yield 26%

'H-NMR(DMSO-ds) 81.4(3H, t,-CHz), 4.6(2H, q,-
CH,), 6.5~9.2(6H, m, aromatics), 14.8(1H, s,-COOH)

1-Ethyl-7-(2-pyridinyl)-6-fluoro- 1,4-dihydro-4-oxo-
quinoline-3-carboxylic acid(comp. 7) (method B)—
Method A¢} Fd3t wi o2 kg3l Ethanol .
Acetone=1: 1] 2 A sfeich

mp. 286~287C ; yield 42%

'"H NMR(DMSO-dq) 81.4(3H, t,-CHs), 4.6(2H, q,-
CH,), 7.3~9.2(7TH, m, aromatics), 14.8(1H, s,-COOH)

1-Ethyl-7-(2-fluoro-3-pyridinyl)-6-fluoro-1,4-dihy-
dro-4-oxo-quinoline-3-carboxylic acid(comp. 9) (me-
thod. B)

mp. 261~263C ; yield 30%

'"H NMR(DMSO-ds) 81.4(3H, t-CHs), 46(2H, q.-
CH,), 7.2~9.3(6H, m, aromatics), 14.8(1H, s,-COOH)

1-Cyclopropyi-7-(2-furany!)-6-fluoro-1,4-dihydro-4-
oxo-quinoline-3-carboxylic acid(comp. 4) (method A)

mp. 167~170C ; yield 27%

'H NMR(DMSO-dg) 1.2~ 1.3(5H, m,-cyclopropyl),
7.3~9.2(6H, m,-aromatics), 14.8(1H, s,-COOH)

1-Cyclopropyl-7-(2-thiophenyl)-6-fluoro-1,4-oxo-
quinoline-3-carboxylic acid(comp. 6) (method A)

mp. 257~260C : yield 29%

'"H NMR(DMSO-ds) 1.2~ 1.3(5H, m,-cyclopropyl),
6.7~9.2(6H, m,-aromatics), 14.8(1H, s,-COOH)
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1-Cyclopropyl-7-(2-pyridinyl)-6-fluoro-1,4-dihydro-
4-oxo-quinoline-3-carboxylic acid(comp. 8) (method A)

mp. 261~263C . yield 34%

'H NMR DMSO0-ds) 81.2~1.3(5H, m,-cyclopro-
pyD, 7.2~9.3(7H, m,-aromatics) 14.8(1H, s,-COOH)

1-Cyclopropyl-7-(2-fluoro-3-pyridinyl)-6-fluoro-1,4-
dihydro-4-oxo-quinoline-3-carboxylic acid(comp. 10)
(method B )

mp. 270~271C  yield 32%

'H NMR(DMSO0-d¢) §1.2~1.3(5H, m,-cyclopropyl),
7.5~9.0(6H, m,-aromatics), 14.8(1H, s,-COOH)

dat g n

7 $12)ef] C-NZA o] obd C-CH3}7] flaixe
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obdl MzE FAduel wglo] daslyrk MRE
W0 23= cuprated o] &% chemistry £+ palla-
diumg ©| 48 couplingd+-2& o]&s 7} gic)
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A Fr7l&ehell He Sl 27} 53] W] w o, ub
SE27 H(—78C ~30C )l A wbSA171E cup-
rate chemistry ©]&& 47} ¢ldch oebsd 7.2
of| A% Hhg-o] A Adoful palladium catalyzed tin
coupling®h-8-8 o] 83le] 7 2ol W 2EQ hetero
aromatic %2 aromatic ringS %4 5}7] 118}04 &t
A& %33k o2& palladium catalyst& 2F--oll
18- dl= @e] W% 1 glct. Thomas R. Bailey
arylhalide A}e] 2]
Pd-catalyzed coupling ¥F8-8 Y 3 3l¢ir}? Vittori
o] g-ato FAIgk A= ce-
phalosporinef-=#& 2.35}91 " John SKiely %

A& EA sh5HE Ao o) 8- Hux glo?
°]€1ﬂ HHE-& 3 A]7]7] $fell 4+ 7H A o) ha-
lides 714l &8 moieties®} tin compounds 28] 32
palladium catalyst”} 9 8 3}edr) intermediate(1)=}
2y 7]E2 uhdel] o)sted 44 FAE 5= gledepi
Heteroaryltrialkyltin = compounds(2-tributylstannyl-

o

% trialkylheteroarylstannes 2}

Farina%§-& palladium%

thiophene, 2-tributylstannyl-furan, 3-tributylstannyl-
pyridine, 2-fluoro-3-tributylstannyl-pyridine)2] §HA!
& ubH el hydrogen-metal exchange® el wje}s]
tkE9ic}. 2-Tributylstannyl-thiophene-%- ethero] —
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78C ol A} thiopheneg £313 2 »n-BulLig 7}s}d
thiophene$] 2¥ €17} g lithiationHt}? o 7|0
electrophile 24 tributyltin chloride & 7}8l metal-
metal exchange”} Qolvtx $2]7t Y%} tin com-
pounds® 3HA3¥ < 2l cHScheme I).

Coupling ¥H5-2 £3 A2% FE8 =49 ¥
232 Scheme I1¢} 3t} DMFE 4ol 2 Ap8-8l1 di-
chlorobis(triphenylphospine)palladium(IT)-& catalyst
2 AMsle] ube-& A FTh vk SubEAl e
Ay Ao A aeksl W k<l piperazine® BH-E-A1A
71&2] otex &l norfloxacin ¥ ciprofloxa-
cin®. 2 3o A7 sk vHcompound 3,4,5,6). L 2|9
A QA 9fste] AAFc

AAHoz whge] Fgo] Fx R3lolA catal-
ystZ AlL83  dichlorobis(triphenylphospine)palla-
dium(ID 2} uk-g-Ade] -psicki delx 9le tris
(dibenzylideneacetone)dipalladium<  A}&-3}e] H <}
ou E kg abeld Mo ¥sker At
3} chloroformel| &J&ted A| A7} Lolgh Wb Fab=
44 AAT 5 ol FHE AT et olFA
slod o]z 870¢] compounds(Table 1) ¥ == MIC
(Table I+ b7 2t} MICel reference 2+ cip-

rofloxacing AF&-3kict
d B

A2 peo] AL 7)Fed Ui gAdudd
Gould-Jacobs¥¥3} Bayerdb®d¥ell 2]al| 4} interme-
diate® A}-83F 7-chloro-1-ethyl-6-fluoro-1,4-dihydro-

Table 1

o Q

F.
OH

Ry

R, R, R, R,
Inter. 1 Ethyl Q Iner.2 | Cyclopropyl a
Comp. 3 Ethyl O— Comp. 4 Cyclopropyl O__
Comp. § Ethyl U— Comp. & | Cyclopropyl U—
s s
7 v
Comp. 7 Ethyl . l Comp. 8 Cyclopropyl |
N N
7
Comp. % Ethyl i Comp. 10 | Cyclopropyl CT
SN F N F|

n-BuLi/Ether/-78°C
{ V...,

é ) >
s Bu 3SnCl/Ether/R.T. s

n-BuLi/Ether/-78°C
é \s > @—&Bn 3
o Bu 3SnCl/Ether/0°C o
0‘* n-BuLyTHF/-78°C AN
N Bu 3 SRCUTHF/R T. Q

SaBuy

Q LDA/THF/-18°C  z
X , Bu3SnCUTHFR.T. q

F

Scheme 1
o O
F
OH
M BN
Cl N S SnBu,
1
CHg
o QO
Dichlorobis(triphenyl- F OH
phosphine)palladium / l
DMF/reflux I}I
§ C,H;
Scheme 11

4-0x0-quinoline-3-carboxylic acid®?} 1-cyclopropyl-7-
chloro-6-fluoro-1,4-dihydro-4-oxo-quinoline-3-carbo-
xylic acid& &/d3}sic}. Hetero aromatic tin com-
pound+= furan, thiophen, 3-bromopyridine, 2-fluoro-
pyridineel} #n-BuLig& AF4-3}%] metallationgr ¥ tri-
butyltin chloride & AH&-3le A slgich

MIC®] Z#}= furan®} thiopheneo| |3l 31318
(compound 34,56)l 4= G(+)2F G(—)dlA =¥
F& MIC datag ¥o3F3x] Esiedch 28} pyri-
dine®} 2-fluoro pyridine®] Z$olE G(—)dll M+
o2 AME-H  ciprofloxacin®} 2-fluoro pyri-
dine®] #$-ol= G(—)ll e HETo2 AFEH cip-
rofloxacinell w] 22 E&A2 G(+)l e H2T3}
Frabst A o] F& g B FgIchl?

o]xke] intermediate®} tin compoundsE palla-
diumZo}) 3t 4] w}2-A]#H 8712] A E-$ compounds
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Table II—Antibacterial test (MIC pg/mi)

G Strains Code No Reference 3 4 5 6
Bacillus subtilis ATCC 6633 0.1 02 0.1 0.05 0.05
Staphylococcus aureus ATCC 6633 04 1.6 32 1.6 1.6

+  Staphylococcus aureus CW 106 0.1 12.8 1.6 32 1.6
Staphylococcus pyrogenes CW 102 0.1 6.4 1.6 32 16
Staphylococcus faecium CW 103 0.8 204.8 102.2 204.8 204.8
Escherichia coli ATCC 9637 0.05 6.4 1.6 64 1.6
Escherichia coli CW 108 0.4 204.8 102.2 204.8 102.4
Pseudomonas aeruginosa PAO 303 0.1 51.2 12.8 6.4 6.4

—  Pseudomonas aeruginosa Cw 114 0.1 51.2 256 12.8 12.8
Enterbacrer cloacae CW 120 0.05 3.2 0.4 0.4 0.4
Klebsiella aerogenes CW 110 0.05 51.2 6.4 6.4 32
Salmonella typhimurium CW 116 0.4 32 08 0.8 0.4

G Strains Code No  Reference 7 8 9 10
Bacillus subtilis ATCC 6633 0.1 0.1 0.006 0.05 0.05
Staphylococcus aureus ATCC 6633 0.4 0.2 0.05 0.1 0.2

+  Staphylococcus aureus CW 106 0.1 0.8 0.4 0.8 0.8
Streptoccus pyrogenes CW 102 0.1 0.8 0.8 1.6 1.6
Streptoccus faectum CW 163 0.8 51.2 6.4 25.6 25.6
Escherichia coli ATCC 9637 0.05 0.05 0.2 0.2 0.8
Escherichia coli CW 108 04 12.8 3.2 6.4 6.4
Pseudomonas aeruginosa PAO 303 0.1 16 1.6 32 1.6

—  Pseudomonas aeruginosa CW 114 0.1 3.2 0.8 3.2 3.2
Enterbacrer cloacae CW 120 0.05 0.1 0.05 0.2 0.4
Klebsiella aerogenes CW 110 0.05 0.2 0.1 0.8 0.8
Salmonella typhimurium CW 116 0.4 16 0.2 0.8 0.8

reference . ciprofloxacin
% 3HAdslgde}. o] 28 C-CH S E3)F heteroaroma- = 54

tic ring 53] pyridinefF-2} o] 2 &71ol] o714
A4rE Tl 3hgEo) FadHAdel A AR
At&Ew quinolone?) G(+)ell gk dF#Hg v}
Ao g gl 2Er)e) sie] AW C-79
Aol C-CATE 72 FEE Tavt AR
) vhsAde] USE HolFgdch

FANEIREE

R P AT
71- )\]. «

o] =¥l e Mg Ale)e
AE] g BARRA|o R o]Fojxlown] o]
i) =g MIC testd s} 54 Tl oA-rF+4%
3t aA764 o EA A=y
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