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Quinolone Alkaloids from the Arctic Bacterium, Pseudomonas aeruginosa
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Abstract — Four quinolone alkaloids, 2-heptyl-4-quinolone (1), 2-nonyl-4-quinolone (2), 2-undecyl-4-quinolone (3), and 2-
undecen-1'-yl-4-quinolone (4), together with two nitrogen derived benzoic acid derivatives, N-acetylanthranilic acid (5) and o-
acetamidobenzamide (6) have been isolated from the Arctic bacterial strain, Pseudomonas aeruginosa. The structures of the
compounds were determined by 1D and 2D NMR, and MS experiments, as well as by comparison of their data with published
values. To the best of our knowledge, compounds 3—6 were isolated for the first time from P aeruginosa.
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Pseudomonas % (Pseudomonadaceae)E- EolY H4
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P aeruginosas Y53 22

t} > Pseudomonas EE-& Algolvt BE 18|53 A&
HYgo= Agate] B IS 7HA =AU 53, P
syringae pv. savastanor= SE|BU FEE vl5H o] Aol

o7 A oY o e o] o] ujgldx Eale
sigteEol gk A7) o] FojA] oA Ae] 4L 2=
E2E0] #HEA FFoA A™E P aeruginosazF-El
2% phenazine Al SZZO|=5-L Bacillus cereus )
g @4o] By Hn? viskd: A EA 2AE p
aeruginosa=5-E] quinolone Al ¢Z=Z°]= % rhamnolipid
SIS 3t B 3 Yelol 248 2k Z10E Haly
QA w3t S (Homophymia sp )X BAE Pseudomonas
sp=5E WHAE P2 quinolone Al IFEEL Lkl
Z2| dF Gl BYZ(Plasmodium falciparum) 2 HIV-
1 Bfo]zi 2ol i3t oA FASo] B uEdct® T, of
7] o] FEol| ek B2 3} AT H vk At
2 AF7F R =] AA] FaL9)
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= 2 55 it =3 % Ea{ 2ol glom
ohe s, R, AW ASE Got S0 olstz =
o 2Ith, 25o] So] FANAE 0220 Az 4
) 4L ol girk. ey, o] d S53 20

N d3e] Sgels AR, AUFES HEs)e] nlclel

= ZHAE %2H, A9 T s YEE 2 nYEE
o] BEFTE Holz ol d FH 9] FEG 2hA

AT ABES olgsll A B4 FEel= 9 v
AN A A $F A4 5 of okt B 2] &
A ] gk A= F&siar ok

2 ATE BT % B39 22 IAY) 433 Y2 E
o] o)} BARIEE % ol 3§ Wk 7] Hstel

B9 golA E2E P aeruginosal o EotAMEH|o|E
(EtOAc) =&l tigh g5t A& zladsiiTt.

e o

AMgixiz - A7l ARgE vElEol F(BISH6)= 2012
Q@ 539 3 ](Chukch1)6H sipeE Felwslch ARE
& 47(50 uL)= SZB "l A](glucose 20 g/L, peptone 5 g/L,
yeast extract 1 g/L, FePO, 10 mg/L, and sea water 750 mL/
LyelA 25°CE frAlste] 4 L7 wiefsiolnt. 99 Adg=
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TAAE T 2 A 1Ho] S gl A
7H A" EAN, B =7 AR; ol SAF B HEAIA
TF42)7F 16s tDNA sequenceZA AlE A E2wH 9
&1 P aeruginosa® BRI AN WE(P aeruginosa
BISH6)2 SA|AF4d] -70°CE Ha=o] ok

7171 ¥ Al2F —UV ¥ IRE 27} Shimadzu PharmaSpec-
1700 UV-visible spectrophotometer®} Bruker Tensor-27
spectrophotometer 223 AFHE-3F T 1D ¥ 2D NMR2
Bruker AVANCE(600 MHz) spectrometerS A}-8-3} %1t}
Mass spectra= BioTOF Il ESI mass spectrometers ©|-8-5}
At TLCE Merck precoated silica gel F254 platesE A}
3192, RP TLC 2% RP-CI8 F254s plates7} ©]-&-5)
At} UV lights ©]8-3}o] 254 nme} 365 nm “FgollA 12}
o= RIS 10% sulfuric acidE ©]-&-3fo] A 13}
%t} Column chromatographyell ©]-8H FZ1A|= silica gel
60(Merk Co., 70-230 mesh), RP-C18 silica gel(YMC GEL
ODS-A, 12nm, S-75pum)3} Sephadex LH-20(Pharmacia
Co.)7F o] &=t} Semi-preparative HPLCE= YL9100
HPLC system(Young Lin, South Korea)2 ©]&3}% 32,
PDA detector & Alltech reversed-phase YMC-Pak C-18
column(10 pm, 20x250 mm)S A&-3} T}

=& U 22| - P aeruginosa BISH6 dF+= 445t
30 L] ul%7]Biotron Co., Korea)ollA] 18 g/Le] HES
7}t 20 L Zobell mediumo| Al vl s} T} vl oo
Amberlite XAD-20 resin(40x8 cm)= AR5l H,0-MeOH
(100:0 to 0:100)2] &rjz=70M HA] EAL, 4.5¢2] 5=
Ag Ak wFAL SHT 0.5LE FE 2K F EtOAc
(0.5 L)E ARE3t F=31305L, o|2HE 1.5 g9 EtOAc
=2 A3k

EtOAc FZ (1.4 g)< silica gel column(230-400 mesh,
360 g), CHCL-MeOH(99:1 to 50:50)] 2A0= a2
AR, 2070 EBE(EI-E20)ES At Y=
E2(150 mg)> CHCl;-MeOH(100:0 to 80:20) &1l =710l A]
Ae7t4 A Z20tE 2 I Y(CC; ¢ 3 cm; 230-400
mesh, 300 )& WHE HAJsle] 21719 4 FEE(E2SI to
E2S21)ES AUtk &FEE E2S21(50 mg)2 Sephadex
LH-20 Z& ¥ H,0-MeOH(90:10 to 100% MeOH) &z
A0 2 AEE AN=ste] F o712 AFE(E2S21L1 to
E2S21L6)ES AU} ©] T &FF E2S21L6(25 mg)S
semiprep. HPLC 71715 AF&-3}e] RP-18 column %
MeOH-H,0(60:40 to 0:100) &7 =7 )A 1 ml/min®] -
o7 BYE A=t FFE 2(4mg, f 102 min)ot
1(5 mg, #; 104 min)S AU}

E3(50 mg) %] Sephadex LH-20 gel(200 g) 2H %
H,0-MeOH(90:10 to 0:100) €02 H2]& Al%=3lo]
5709 2R-3(E3L1 to E3L5)ERE Wro] B, o5
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Z B3 E E3L22 semiprep. HPLC 7]71& AHg-3lo] RP-
18 column ¥ MeOH-H,0(60:40 to 0:100) 8vjz=71o= &
g & AEste] 35S 3(0.4 mg, £, 85 min) 2 4(0.5 mg,
fx 88 min)yS EE3Ith 2588 E2S15(30 mg)S silica gel
column 3} hexane-ethyl acetate(50:1 to 1:1) 81| & A3}
o] At o} semiprep. HPLC 7]7]1& AF&-3}¢] RP-18
column 3 MeOH-H,0(70:30 to 100:0) €02 £
£ A=dle] 39HE 52 mg, , 74 miny} 3IFHE 6(2.5 mg,
tx 76 min)yS 2|3k
2-Heptyl-4-quinolone (1). White amorphous powder,
UV (MeOH) A, (log & 255 nm (4.05). ESI-MS m/z
244 M + HJ". "H-NMR (600 MHz, CD,0D, &, ppm, J/
Hz): 821 (1H, dd, /=84, 1.2 Hz, H-6), 7.69 (1H, t, J=8.4
Hz, H-8), 7.58 (1H, d, /=8.4 Hz, H-9), 7.40 (1H, t, J~8.4
Hz, H-7), 6.23 (1H, s, H-3), 2.72 (2H, t, J=7.8 Hz, H-1'),
177 (2H, quin, J=7.5 Hz, H-2'), 1.29-1.44 (8H, m, H-3'
to H-6), 090 3H, t, J=7.2 Hz, H-7). "C-NMR (150
MHz, CD,0D, §, ppm): 180.8 (C-4), 157.3 (C-2), 141.7
(C-10), 133.5 (C-8), 126.1 (C-6), 125.6 (C-5), 125.2 (C-
7), 119.2 (C-9), 108.9 (C-3), 35.1 (C-1"), 30.3 (C-2), 30.2-
33.0 (C-3' to C-5"), 23.8 (C-6"), 14.5 (C-7".
2-Nonyl-4-quinolone (2). White amorphous powder,
UV (MeOH) 2., (log & 255nm (3.90). ESI-MS m/z 272
M + H]". '"H-NMR (600 MHz, CD,OD, &, ppm, J/Hz):
820 (1H, dd, /=84, 1.2 Hz, H-6), 7.69 (1H, t, /=8.4 Hz,
H-8), 7.58 (1H, d, J/=8.4 Hz, H-9), 7.39 (1H, t, J/=8.4 Hz,
H-7), 6.23 (1H, s, H-3), 2.72 (2H, t, J=7.8 Hz, H-1'),
1.76 (2H, quin, J=7.5 Hz, H-2"), 1.28-1.43 (12H, m, H-3'
to H-8), 0.88 (3H, t, J=7.2 Hz, H-9). "C-NMR (150
MHz, CD,0D, §, ppm): 180.8 (C-4), 157.3 (C-2), 141.7
(C-10), 133.5 (C-8), 126.1 (C-6), 125.6 (C-5), 125.2 (C-
7), 119.2 (C-9), 108.9 (C-3), 35.1 (C-1"), 30.3 (C-2), 30.3-
33.1 (C-3' to C-7'), 23.8 (C-8"), 14.5 (C-9").
2-Undecyl-4-quinolone (3). White amorphous powder,
UV (MeOH) A, (log & 255 nm (4.0). ESI-MS m/z 300
M + H]". '"H-NMR (600 MHz, CD,0D, &, ppm, J/Hz):
821 (1H, dd, /=84, 1.2 Hz, H-6), 7.69 (1H, t, /=8.4 Hz,
H-8), 7.59 (1H, d, J/=8.4 Hz, H-9), 7.40 (1H, t, /=8.4 Hz,
H-7), 6.23 (1H, s, H-3), 2.72 (2H, t, J=7.8 Hz, H-1'),
1.77 (2H, quin, J=7.5 Hz, H-2"), 1.29-1.42 (16H, m, H-3'
to H-10", 0.87 (3H, t, /=7.2 Hz, H-11").
2-Undecen-1"-yl-4-quinolone (4). White amorphous
powder, UV (MeOH) A, (log & 255 nm (3.95). ESI-MS
m/z 298 [M + H]". "H-NMR (600 MHz, CD,0D, &, ppm,
J/Hz): 823 (1H, dd, J=8.4, 1.2 Hz, H-6), 7.71 (IH, t,
J=8.4 Hz, H-8), 7.58 (1H, d, J/=8.4 Hz, H-9), 741 (IH, t,



110

J=8.4 Hz, H-7), 638 (I1H, d, J=11.4 Hz, H-1), 635 (IH,
s, H-3), 6.17 (1H, dt, J=11.4, 7.6 Hz, H-2'), 2.42 (2H, dq,
J=18, 7.8 Hz, H-3"), 1.51 (2H, quint, J=7.8 Hz, H-4"),
1.26-1.37 (12H, m, H-5' to H-10"), 0.85 (3H, t, J=7.2 Hz,
H-11).

N-Acetylanthranilic acid (5). White amorphous powder,
UV (MeOH) A, (log & 285nm (3.89). ESI-MS m/z 180
M + H]'. '"H-NMR (600 MHz, CD,OD, &, ppm, J/Hz):
8.46 (1H, d, /=8.4 Hz, H-3), 8.02 (1H, d, /=7.8 Hz, H-6),
735 (1H, t, J=8.4 Hz, H-5), 7.04 (1H, t, /=72 Hz, H-4),
2.17 (3H, s, COCH,). "C-NMR (150 MHz, CD,0D, &,
ppm): 1749 (NHCOCH,), 1713 (-COOH), 141.4 (C-2),
132.5 (C-6), 132.3 (C-5), 1249 (C-1), 123.6 (C-4), 120.5
(C-3), 25.2 (COCH,).

o-Acetamidobenzamide (6). White amorphous powder,
UV (MeOH) %, (log & 283 nm (3.95). ESI-MS m/z 179
[M + H]". '"H-NMR (600 MHz, CD,0OD, &, ppm, J/Hz):
836 (1H, d, J=8.4 Hz, H-3), 7.73 (1H, dd, J=7.8,1.2 Hz,
H-6), 7.48 (1H, t, J=7.2 Hz, H-5), 7.15 (1H, t, J=7.8 Hz,
H-4), 2.16 (3H, s, COCH,).

it

3} gl
P aeruginosa B15H62] EtOAc FZE-2 Silica, C-18 ¥
LH-20 gel ¢ AZvlETIE WHIH 02 ALGsle] 2
g g A T £38 HPLCE A8l & 6 59 tir}
AHEES RIS THFig. 1).
et 12 B 3o 71 FElE dojxl o, ESI-
MS spectrum® Al m/z 244 [M + H] 2] pseudomolecular
ion peakES AL UV spectrume 255 nmellA] benzene
groupell sl S Wi=S ®Woth S1¥HE 12 'H NMR
spectrum-2 §y; 7.40°14] 821 ppm7Z7+A| 4 7§ 9] aromatic
proton=-< H3ow, 'H-'H COSYA A Az A7 = o]
Je-S B13KATHFig. 2). 3712 'H 2 PC NMR spectra
oA Ax1EE & 28715 YER = 8y 623 (5)/65¢
108.9 (C-3)2} 8, 157.3 (C-2)9] signale-S Btk &3, 3}
& 19 "C NMR spectrum® 3}3H4] o] &gk 8. 11924
B 3. 133.5 ppmZ7}A] 47]9] protonated®l carbon signal=
S sl 5. 125.6 (C-5)2F 5. 141.7 (C-10)014 F712]
43} SAET} 5. 180.8 (C-4)A] 3] carbonyl carbon
HoiFirh. 'H 2 °C NMR 3 'H-'H COSY 43& 7]
2 3¥HE 12 quinoloned] 7|& 318} +2E 7HAAL =
A& & 5 AU F7H421 1D 2 'H-'H COSY NMR
AHoNA heptyl 28715 ©|vsh= ¢7H2] CH, proton peak
[8, 272 2H, t, J = 7.8 Hz, H-1), &, 1.77 (2H, quin, J =
7.5 Hz, H-2'), 8, 1.29-1.44 (8H, m, H-3' to H-6),]53} 5,
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Fig. 1. Chemical structures of 1-6.

TH-TH COSY:  mm

Fig. 2. Important HMBC and COSY correlations of 1 and 5.

TH-13C HMBC: —»

0.90 (3H, t, J = 7.2 Hz, H-7")°|A] 3}2] CH, peaks Y
et} 'H-"C HMBC 2@ 14 heptyl groupe] H-1'&
quinolone®] C-29} C-32] $IX]ell Z18]3L H-3 proton C-1'
AR M2 O] AFAAAE S18HA 2™, heptyl group
quinolone®] C-2 Xl X|g= o] U2 & 4 YAt wh
2hA, slehE 19] 2= 91| 1D9F 2D NMR 23 Z3je}
T 7] vl 2J8ke] 2-heptyl-4-quinolone = &1
k=

335 2¥ 9] 'H NMR spectrume 3+8HE 12] proton
signal FENE wl-9- FARSIATE 28y 3ighE 20 CH,
group®] 3}eHE 10]] Hlste] 77l B o] E]lew, ESI-
MS A% [M + H]'o gshe ol 22 272 m/z °
A Attt mEbA Sk 282 quinolone +32] C-2
H 91X]ol| nonyl 287171 X|$=o] AS 5T F A&
™, NMR % MS #43} 23 gkaho] vlae] ojsted 2-
nonyl-4-quinolone®] +x& g1atic}. Y

3% 3HS B E 2d I WS FAHE 'H NMR
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spectrum= H ¢ o™, 8}5HE 29} vlw sl Fr1e CH,
group®] O FZEJSL, ESI-MS EAolM% [M + H]"ol 3l
Fole oS 300 mzollA AT Wk Sk 3
2 quinolone 32| C-291 $]X]9l undecyl 218717} X138k
Hol ASS 75 7 JoH, NMR ¥ MS 4% &3
wke] vlael ©sled 2-undecyl-4-quinolone®] 2= 21
k=

3 412 3HE A 4138 'H NMR spectrum
Btk 2, 88H4 olF 3k §y 638 (1H, d, J = 114
Hz, H-1)¢} 5, 6.17 (1H, dt, J = 11.4, 7.6 Hz, H-2') ° A
2 70€] trans FERC] olefin signalso] F&= AT} ol 3}
HE 3 A C-13 C2 HIAE BAE HoldeS
ot 35 49 TR - ke vlarel 95k
2-undecen-1"-yl-4-quinolone®. 2 &He13}53t}. "

313t 5H9] ESI-MS gl [M + H] ' sigsie o]
S 180 m/z oA BA&ITE B8k 'H NMR spectrume
8lstA o]F %k 8, 846 (1H, d, J = 8.4 Hz, H-3), 8.02
(1H, d, J = 7.8 Hz, H-6), 7.35 (1H, t, J = 8.4 Hz, H-5),
7.04 (1H, t, J = 7.2 Hz, H-4PlX 4112] aromatic protons
o] #AFAL, 'H-'H COSYA PN N2 Adslo} g
= SIS TH(Fig. 2). 3, acetamide groupS &7 &t=
CH, #8715 YeER = singlet signal §,; 2.17 3H, s,
COCH, A #2altt. 8l3te 52] C NMR spectrumel]
A 8eA ol FFk §. 120.5%E 8. 132.57FA] 471 €]
protonated¥l carbon signalE< XZ3ate] 5. 124.9 (C-1)¢}
8¢ 141.4 (C2pe0M 0] 43} ©b2E3 5. 174.9 (C=O)ll
A] acetamide group®] carbonyl carbon} §. 171.3 (COOH)
oA shte] carboxylic carbong HOIFAUT) ol I3HE
1] NMR spectra®} Blw3l] C-3 ¥JX]7} ring open® 3
BE 43T 4 Jon, HMBC AddA §, 8.02 (1H, d,
J = 7.8 Hz, H-6)%} ester carbonyl carbon L2|3L §; 2.17
(3H, s, COCH;)®} amide carbonyl carbon}2] correlation
A Y52 315= 51H-2 benzoic acid®] C-2 $]X] 9]
acetamide group®] *] 2% FE| Q] N-acetylanthranilic acid
sgEs wehn”

3132 6912 'H NMR spectrum< 52 proton signal 3
= v AT 22y skghE 6 o] ESI-MS A
oA M + H]'ol sldshs ol &S 179 mzollx] 23
At o= sigkE 542 OH groupe] 6:9lA1= NH, group
o= XghEo] 92 & 5 ). FFE 649 'H NMR
signal5-2 SIgHE 599] dlole e} vlawate] o iz
FIo = o5 AL & F AeH, o= w1l I v
W3l BNE 69] 7= o-acetamidobenzamide@ 21 3}
s

Quinolone A 3352 Pseudomonas EE2 X351
2 N E 2 5 AE SN HAg ) G
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sponge(Isodictya setifera Topsent) ZE I A A= P
aeruginosa®| 4= diketopiperazine $}3+2E % phenazine
SRRHEEC] 2 E2F %21} quinolone 7 alkaloidE -2
AR goket. g, afA] B e e Tl AYE
P aeruginosa®| 4= quinolone®] C-2 ¥ ¢ Xl T}k
alkyl 287158 zh= 31tEEo] 2= 20> Quinolone
A 3}3EE S 2-nonenyl-4-quinolone Mycobacterium
intracellulare ¥YE|2]o} B Hale]ofol] tste] oA &Ad&
el om ® =53] 2-heptyl-4(1H)-quinolone % 2-nonyl-
4(1H)-quinolone $FHE52 AsEolA 74k 3 deke]of
FAL 7= Ao s WAL 8 A (Homophymia
sp.)ollAl AR Pseudomonas sp.2FE] 7% quinolone
A stEES detgoldFe dF 2l 44T
(Plasmodium falciparum) 2 HIV-1 vlo]&] 2o tjgt x|
2 Eo] BuHIH.”

2 AFoX e SR A& nAEETYH o)zt
ARHE S-S ©]-&-3tarat 559 24| (Chukehi)slioll A 3i
TE AFASIA P aeruginosa 5= w2 2 vttt o]
A 4 71¢] quinolone Al FFHEEC| FZ E2=AUL,
ol& ¥ 779l quinolone 3}3HE, 2-undecyl-4-quinolone(3)
3} 2-undecen-1'-yl-4-quinolone(4)2} A A7} X]$hHe &
el 2] benzoic acid F = A E N-acetylanthranilic acid(5) <+
o-acetamidobenzamide(6) 3}3HEE°] o2 EElH ).
Quinolone 3I¥HEE 5 alkyl 2H8-71¢] C-1" YAl &3}
H el ] 2-undecen-1"-yl-4-quinolone(4) 3}¢H=-S *E3}d
e o] 2-undecyl-4-quinolone(3)S 23sH ThE quinolone
FEAE Hlsle] 73ek A (algicidal) 84S 7 e
Ao g RAEYG. P olg7A] o] F ERHE HEA
= o|xtAR =l ik FH slet W Ak At
R o] A Farlorn, gko g tpfst fFEA S oy
gk A7F B Qsithal AR

4 =

E= AR (Chukchi)al| @] s|4E ANFH 3t P aeruginosa
S By 2 wjgstdnh ol 23E 4 72 quinolone
alkaloid, 2-heptyl-4-quinolone(1), 2-nonyl-4-quinolone(2),
2-undecyl-4-quinolone(3), 2-undecen-1"-yl-4-quinolone(4), <}
sHA A7 138 P e 2] benzoic acid F-=H &, N-
acetylanthranilic acid(S) % o-acetamidobenzamide(6)©]
Y=, o1& 3HEES] 2= 1D ¥ 2D NMR 7334
MS A3 3L 27 ghte] vlae) ot 783t o]
£ % 3E 3-62 P aeruginosadlX Ao 2 E2 =AU
th olE sRtE ¥ f5A 52 3, gEkelol 5] A+
o} o7 et sliroll A A1 2Rl ogt 2 B el
WA Ao o8 77 S AR AlsETh
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Ab AL
H A3= IAATA, KOPRI(PEIS100)2] A< o}
FYE AT Mgt 71238 FF 7)7] 4] A
A, s AFAEY] B8 Bgken, o AL =

Fu}.
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