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Abstract—Three new 4-quinolinone metabolites were isolated from Pseudomonas cepacia PC 11, along with the
known 2-(2-heptenyl)-3-methyl-4-quinolinone (HMQ) and 3-methyl-2-(2-nonenyl)-4-quinolinone, and their struc-
tures were established as 3-methyl-2-pentyl-4-quinolinone, 2-heptyl-3-methyli-4-quinolinone and 3-methyl-2-nonyl-
4-quinolinone. HMQ showed antifungal and red pepper growth promoting activities.

INTRODUCTION substances (PSC-A, B, C, D and E) produced by P.

The phytophthora blight of red pepper (Capsicum cepacia PC-II.

annuum) is a troublesome plant disease, especially in
continuous red pepper cropping areas. The blight is
caused by Phytophthora capsici, a plant pathogen [1]. RESULTS AND DISCUSSION
Since the pathogen is primarily soil-borne, the applica-
tion of fungicides cannot provide efficient control of the
disease. However, the bacterization of planting materi-
als as a practical technique to control the root diseases
is becoming attractive [2].

To control phytophthora blight biologically, an at-
tempt was made to isolate mciroorganisms antagonistic
to P. capcisi from rhizosphere and non-rhizosphere soil
samples of healthy red pepper plants in the
phytophthora blight-affected area. We selected an an-
tagonistic bacterial strain PC-II, that was identified as
Pseudomonas cepacia by morphological and physiolog-
ical characteristics [3]. The mycelial growth and zoo-
sporangial germination of P. capsici were remarkably
inhibited, and the growth of the red pepper plant was
significantly promoted, when this strain was inoculated
in the plants in conventional seed bed soil [4].

In this paper, we report the isolation and characteri-
zation of the plant growth promoting and fungicidal

The methanolic filtrate obtained by diluting the
culture broth with methanol was fractionated by reverse
phase silica gel chromatography with an elution gra-
dient from H,O-methanol (4:1) to methanol. Fractions
active against Pythium ultimum, P. capsici, Rhizoctonia
solani, Fusarium oxysporum and Trychophyton men-
tagrophyte were turther purified on silica gel with ethyl
acetate—acetonitrile elution. Trituration of concentrated
active fractions with ethyl acetate gave a crude white
solid material. From the crude sample, five active
compounds (PSC-A, PSC-B, PSC-C, PSC-D and PSC-
E) in the ratio of 2:67:3:26:2 were obtained by
semi-preparative reverse phase HPLC. The compounds
were fairly soluble in methanol, slightly soluble in
chloroform and ethyl acetate, and almost insoluble in
hexane and water. Recrystallization from aqueous
methanol gave white flakes or thick lobe-shaped crys-
talline solids.

Isolate PSC-B, a major metabolite, was fully char-
acterized by spectral studies, i.e. mass spectrometry
HREI and 2D-NMR spectroscopy. The molecular for-
mula of PSC-B was deduced as C,,H, NO from
analysis of the HREI mass spectrum at m/z 255.1634
[M]" and from the proton and carbon count from the
'H and '*C NMR spectra. The UV maximum absorp-
tion at 213, 244, 322 and 335 nm, and IR absorption at
1639, 1608 and 1559c¢m™' were indicative of a
quinolinoid system. The complete structure of PSC-B
was deduced from H-H COSY and HMQC experi-
ments. The alkenyl portion (C-11, C-12) was deduced
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to be trans, based on the coupling constant (J =
16.3 Hz) between two alkenyl protons in the 'H NMR
spectrum. The position of the C-9 methyl group was
clarified from analysis of the HMBC experiment. The
C-9 methyl protons (2.22 ppm) correlate to a C-4
carbonyl carbon (1773 ppm) and a C-2 quaternary
carbon (148.8 ppm). The C-2 quaternary carbon also
correlates with the protons (C-10 and C-11) at 3.57 and
5.53 ppm. All of the quaternary carbons were unam-
biguously assigned from the HMBC experiment. It is
worth noting that the H-11 and H-12 protons almost
coalesced in DMSO-d,, showing an AB spin pattern.
The spectral data indicated that the compound PSC-B
was identical with HMQ {2-(2-heptenyl)-3-methyl-4-
quinolinone], which was previously identified from a
pseudomonad [5, 6].

The molecular mass (m/z 257 for C,,H,,NO) of
compound PSC-C was 2 amu more than that of PSC-B,
and the UV spectrum was slightly different in that the
maximum absorption of PSC-B at 244 nm was shifted
to 239 nm in PSC-C. Two alkenyl proton signals of
PSC-B disappeared in PSC-C, and four more protons
appeared in PSC-C in the range 1.40-1.73 ppm in the
"H NMR spectrum. Therefore, the structure of PSC-C
was deduced to be a reduced form of PSC-B with a
saturated side chain, 2-heptyl-3-methyl-4-quinolinone.
The structure was further confirmed by chemical syn-
thesis, from the reaction of aniline with ethyl 2-methyl-
3-oxodecanoate [7, 8]. PSC-C was known from the
reduction of HMQ [5], but was not reported from
nature.

Compound PSC-D showed similar spectral patterns
(UV and IR) to PSC-B. The EI and HREI mass spectra
revealed a molecular formula of C,,H,.NO
(283.1936 amu), indicating two more methylene groups
than in PSC-B, and the fragmentation pattern (m/z 212,
198 and 184) was quite similar to that of PSC-B. The
'H NMR spectrum also indicated four more protons
(two methylenes) in the range 1.25-1.36 ppm. These
observations suggest that the compound PSC-D is 3-
methyl-2-(2-nonenyl)-4-quinolinone (known as NMQ),
and supported by literature comparison [6].

The molecular weight of compound PSC-E was
determined to be 285 (HREI mass spectrum at m/z
285.2087, C,,H,,NO), 2 amu more than that of PSC-D.
The 'H NMR spectrum showed no alkenyl proton
signals, but instead four more protons in the range
1.38-1.73 ppm than in PSC-D. These observations
suggest the structure of PSC-E is a reduced form of
PSC-D. By the similar spectral properties (UV, IR and
NMR) with PSC-C, except two more methylene signals
in the range 1.27-1.34 ppm in the 'H NMR spectrum
than in PSC-C, the compound PSC-E was determined
to be 3-methyl-2-(nonyl)-4-quinolinone. This was fur-
ther confirmed by chemical synthesis.

Compound PSC-A was the least retained on a C-18
HPLC column. The HREI mass spectrum gave m/z
229.1459, corresponding to a molecular formula of
C,sH,,NO, and the fragmentation pattern (m/z 200,
186, 173 and 144) was similar to those of PSC-C and
PSC-E. The 'H NMR spectrum showed only four

methylene signals in the range 1.40-2.81 ppm, together
with two methyl groups (0.93 and 2.15 ppm) and the
quinolinoid system. The IR and UV spectra were almost
the same as those of PSC-C and PSC-E. Therefore,
PSC-A was determined to be 3-methyl-2-pentyl-4-
quinolinone. An antibiotic compound, 2-pentyl-4-
quinolinone, similar to PSC-A, was reported from a
marine pseudomonad, P. bromoutilis [9].

The minimum inhibitory concentration [10] of PSC-
B was 32-128 ugml™' against several plant patho-
gens, i.e. P. capsici, F. oxysporum, P. ultimum and R.
solani. Interestingly, when red pepper seeds coated with
celite containing PSC-B were planted in autoclaved pot
soil, growth of the resulting seedlings was significantly
enhanced. Seed treatment with 9.7-485 ug of PSC-B
per gram of red pepper seeds resulted in a 40-76%
increase in weight and 16-22% in height of plants after
30 days [4]. This is the first report of plant growth
promoting effect of 4-quinolinone compounds.

The compounds PSC-A, PSC-C and PSC-E are
newly isolated minor metabolites from P. cepacia PC-I
and chemically related to the antifungal compounds,
PSC-B and PSC-D, which were previously character-
ized from a culture broth of a pseudomonad [5, 6].
Several antibiotic 4-quinolinone compounds have been
reported from fluorescent pseudomonads [11], i.e.
cepacin [12], and from other sources, i.e. aurachins
[13]. PSC-E was reported to show NADH-ubiquinone
oxidoreductase inhibitory activity [14]. Anitfungal ac-
tivity against several other plant pathogens, and the
plant growth promoting effects of each metabolite, are
presently under evaluation. The detailed biological
properties of these quinolinone metabolites will be
reported elsewhere.

EXPERIMENTAL

General. Mps are uncorr. 'H and '*C NMR spectra
were recorded at 500 and 125.77 MHz, respectively.
HR and LR mass spectra were obtained using tandem
MS-MS by EI. Chromatography was performed on
silica gel 60 (70-230 mesh, Merck) and LiChroprep
RP-18 (40-63 pm, Merck).

Isolation. The culture broth (101) [3] was diluted
with MeOH (201) and solid debris was filtered. The
MeOH filtrate was concd and chromatographed on a
RP-18 silica gel by successive elution with each eluent
(200 ml) as follows: H,O0-MeOH (4:1, 3:2, 1:4),
MeOH. H,0-MeOH (1:4) and MeOH eluates showed
activity against P. ultimum, P. capsici, R. solani, F.
oxysporum and T. mentagrophyte. The combined active
frs were chromatographed on silica gel using EtOAc—~
CH,CN (3:2) as eluent. The active frs were cond,
triturated with EtOAc, and filtered to afford a crude
solid powder (1.144 g). The filtrate was concd and
trituration of the conc. filtrate with EtOAc afforded an
additional amount of a pale orange solid (100 mg). A
portion of the crude solid powder (150 mg) was sepd
on a reversed phase HPLC column [C-18, Deltapak,
19X 300 mm, MeOH-H,O (3:1), Smlimin~', UV
225nm) to afford the solids PSC-A (3 mg), PSC-B
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(95 mg), PSC-C (3 mg), PSC-D (36 mg) and PSC-E
(4 mg) (RR, 21.6, 33.3, 37.1, 60.8, 75.3 min, respective-
ly). An analyt. sample was obtained by recrystallization
from aq. MeOH. They showed the following physico-
chemical properties.

PSC-A (3-methyl-2-pentyl-4-quinolinone). Mp 222-
223°% EIMS m/z 229 [M]"; HREIMS m/z (rel. int.)
229.1459 [M]" (47) (calc. 229.1467 for C,,H ,NO),
200 (90), 186 (76), 173 (100), 144 (16); UV (85%
MeOH-H,0) A, 213, 239, 321, 334 nm; IR (KBr)

max*

v 3353, 2910, 1637, 1608, 1590, 1550, 1505, 1480,
1366, 1360, 760, 690cm™'; 'H NMR (CD,OD):
80.93 (1, 3H, J=7.0Hz, H-14), 1.40-1.44 (m, 4H),
1.68-1.74 (m, 2H), 2.15 (s, 3H, H-9), 2.81 (;, 2H,
J =8.0Hz, H-10), 7.33 (ddd, 1H, J=8.2, 6.9, 1.1 Hz,
H-6), 7.53 (ddd, 1H, J=84, 1.1, 0.6 Hz, H-8), 7.62
(ddd, 1H, J=84, 6.9, 1.4Hz, H-7), 822 (ddd, 1H,
J =82, 1.4, 0.6 Hz, H-5) ppm; °C NMR (CD,OD):
8 179.6 (C-4), 153.3 (C-2), 140.6 (C-8a), 132.6 (C-7),
126.2 (C-5), 124.47 (C-6), 124.42 (C-4a), 118.6 (C-8),
116.2 (C-3), 33.4 (C-10), 32.8 (C-12), 29.6 (C-11),
23.5 (C-13), 14.3 (C-14), 10.8 (C-9).

PSC-B (2-(2-heptenyl)-3-methyl-4-quinolinone). Mp
225-227° EIMS m/z 255 [M]"; HREIMS m/z (rel.
int) 2551634 [M]" (44) (calc. 255.1623 for
C,,H,,NO), 212 (100), 198 (74), 184 (43), 172 (10);
UV (85% MeOH-H,0) A_, : 213, 244, 322, 335 nm;
IR (KBr) v, : 3443, 2920, 1639, 1608, 1593, 1559,
1481, 1360, 1258, 996, 969, 750, 691 cm™'; 'H NMR
(CDCl,): 8 0.86 (t, 3H, J=7.5Hz, H-16), 1.25-1.30
(m, 4H, H-14, H-15), 1.97-2.01 (m, 2H, H-13), 2.22 (s,
3H, H-9), 3.57 (d, 2H, J = 6.2 Hz, H-10), 5.53 (dt, 1H,
J=16.3, 6.3Hz, H-11), 5.62 (dr, 1H, J = 16.3, 6.3 Hz,
H-12), 7.30 (dt, IH, J = 8.3, 1.0 Hz, H-6), 7.54 (dt, 1H,
J=83, 1.3Hz, H-7), 7.68 (d, 1H, J = 8.3 Hz, H-8),
8.41 (d, IH, J = 8.3 Hz, H-5), 11.22 (bs, 1H, NH) ppm;
"'C NMR (CDCl,): 8 177.3 (C-4), 148.8 (C-2), 139.2
(C-8a), 135.5 (C-12), 131.2 (C-7), 125.7 (C-5), 123.39
(C-4a), 123.36 (C-6), 123.2 (C-11), 117.9 (C-8), 115.5
(C-3), 35.6 (C-10), 32.2 (C-13), 313 (C-14), 22.2
(C-15), 13.8 (C-16), 10.6 (C-9).

PSC-C (2-heptyl-3-methyl-4-quinolinone). Mp 227—
228° EIMS m/z 257 [M]"; HREIMS m/z (rel. int.)
257.1795 [M] " (45) (calc. 257.1780 for C,H,,NO),
200 (76), 186 (61), 173 (100), 144 (24); UV (MeOH)
Apact 215, 239, 322, 335nm; IR (KBr) »,,: 3355,
2900, 1632, 1608, 1603, 1590, 1552, 1500, 1479, 1369,
1358, 1252, 995, 751, 690 cm ™ '; 'H NMR (CD,0OD}:
80.89 (t, 3H, /=7.0Hz, H-16), 1.30-1.35 (m, 4H,
H-14, H-15), 1.34-1.42 (n, 2H, H-13), 1 .40-1.46 (m,
2H, H-12), 1.68<1.73 (m, 2H, H-11), 2.15 (s, 3H, H-9),
2.81 (¢, 2H, J = 8.0 Hz, H-10), 7.33 (ddd, 1H, J = 8.2,
6.9, 1.1 Hz, H-6), 7.53 (ddd, 1H, J =84, 1.1, 0.6 Hz,
H-8), 7.62 (ddd, 1H, J =84, 69, 1.4Hz, H-7), 822
(ddd, 1H, J=82, 14, 06Hz, H-5); '*C NMR
(CD,OD): 8 179.6 (C-40, 153.3 (C-2), 140.6 (C-8a),
132.6 (C-7), 126.2 (C-5), 124.47 (C-6), 124.42 (C-4a),
118.6 (C-8), 116.2 (C-3), 33.4 (C-10), 32.9 (C-14),
30.5, 30.1, 29.9, 23.6 (C-15), 14.3 (C-16), 10.8 (C-9).

PSC-D (3-methyl-2-(2-nonenyl)-4-quinolinone). Mp
197-198°; EIMS m/z 283 [M]": HREIMS m/z (rel.

int.) 283.1952 [Ml® (37) (calc. 283.1936 for
C,,H,(NO), 212 (100), 198 (69), 184 (53), 173 (10);
UV (85% MeOH-H,0) A,,,: 213, 243, 321, 335 nm;

IR (KBr) »,,.: 3450, 2930, 1639, 1608, 1593, 1560,

1503, 1482, 1361, 1260, 1000, 969, 758, 698 cm ™~ '; 'H
NMR (CDCl,): 6 0.87 (+, 3H, J = 7.0 Hz, H-18), 1.25-
1.32 (m, 6H), 1.31-1.36 (m, 2H, H-14), 2.00-2.05 (m,
2H, H-13), 2.23 (s, 3H, H-9), 3.61 (d, 2H, J =6.4 Hz,
H-10), 5.54 (dr, 1H, J=15.3, 6.4 Hz, H-11), 5.69 (dt,
lH, J=15.3, 6.7Hz, H-12), 7.33 (s, 1H, J=8.3Hz,
H-6), 7.57 (t, 1H, J =83 Hz, H-7), 7.67 (d, 1H, J=
8.3 Hz, H-8), 8.45 (d, 1H, J = 8.3 Hz, H-5), 10.79 (bs,
1H, NH); ""C NMR (CDCl,): §176.5 (C-4), 148.0
(C-2), 138.9 (C-8a), 136.5 (C-12), 131.5 (C-7), 125.7
(C-5), 123.8 (C-6), 122.9 (C-4a), 122.9 (C-11), 117.9
(C-8), 115.7 (C-3), 35.5 (C-10), 325 (C-13), 31.6
(C-16), 29.1 (C-14), 28.9 (C-15), 22.6 (C-17), 14.0
(C-18), 10.6 (C-9).

PSC-E (3-methyl-2-nonyl-4-quinolinone). Mp 215-
216° EIMS m/z 285 [M]"; HREIMS m/z (rel. int.)
285.2087 [M]" (39) (calc. 285.2093 for C,H,,NO),
200 (46), 186 (65), 173 (100), 144 (9); UV (MeOH)
Aac 214, 239, 322, 335nm; IR (KBr) v, ,.: 3350,
2830, 1639, 1608, 1593, 1557, 1503, 1481, 1397, 1360,
1000, 758, 694cm '; 'H NMR (CD,OD): § 0.88 (1,
3H, J=7.1Hz, H-18), 1.27-1.34 (m, 8H), 1.32-1.38
(m. 2H, H-13), 1.38-1.46 (m, 2H, H-12), 1.70-1.73 (m,
2H, H-11), 2.15 (s, 3H, H-9), 2.81 (1, 2H, J=8.0Hz,
H-10), 7.33 (ddd, 1H, J=282, 6.9, 1.0Hz, H-6), 7.53
(dd, 1H, J = 8.4, 1.0 Hz, H-8), 7.62 (ddd, 1H, J =84,
6.9, 1.4 Hz, H-7), 8.22 (dd, 1H, J=8.2, 1.4 Hz, H-5);
'*C NMR (CD,O0D): § 179.6 (C-4), 153.3 (C-2), 140.6
(C-8a), 132.6 (C-7), 126.2 (C-5), 124.47 (C-7), 124.42
(C-4a), 118.6 (C-8), 116.2 (C-3), 33.4 (C-10), 33.0
(C-16), 30.6, 30.5, 30.4, 30.3, 30.0, 23.7 (C-17), 14.4
(C-18), 10.8 (C-9).

Synthesis of PSC-C. A soln of ethyl 2-methyl-3-oxo-
decanoate (20 mmol), aniline (20 mmol) and p-
toluenesulphonic acid (0.02g) in C;H, (50 ml) was
heated to reflux with stirring for 5 hr. The H,O formed
was removed by using a Dean-Stark apparatus. The
reaction mixt. was concd and diluted with diphenyl
ether (50ml) at 200° in a dropwise fashion. The
reaction mixt. was stirred at this temp. for 30 min,
cooled, diluted with EtOAc, and chromatographed on
silica gel with hexane—-EtOAc (1:1) to remove
diphenyl ether, followed by MeOH elution to afford the
main product. Concn, trituration with EtOAc and
filtration afforded the 4-quinolinone as a yellowish
solid in 65% yield. An analyt. sample was obtained as a
crystalline solid by recrystallization from aq. MeOH.
Physicochemical properties were the same as the
natural product. HPLC RR, 6.7 min [Phenomenex -
Bondapak C-18, 3.9 X300mm, UV 225nm, 1mi
min ', MeOH-H,0 (3:1)].

Svnthesis of PSC-E. The above method was applied
for the synthesis of PSC-E, starting from ethyl 2-
methyl-3-oxododecanoate. PSC-E was obtained as a
yellowish solid in 60% yield. An analyt. sample was
obtained as a crystalline solid by recrystallization from
aq. MeOH. Physicochemical properties were the same
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as the natural product. HPLC RR, 11.5 min [Phenom-
enex u-Bondapak C-18, 3.9 X 300 mm, UV 225 nm,
1 ml min~', MeOH-H,0 (3:1)].
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