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Abstract

Plant growth inhibitory alkaloids were isolated from the extract of mesquite [Prosopis juliflora (Sw.) DC.] leaves. Their chemical

structures were established by ESI-MS, 1H and 13C NMR spectra analysis. The I50 value (concentration required for 50% inhibition
of control) for root growth of cress (Lepidium sativum L.) seedlings was 400 mM for 30000-oxo-juliprosopine, 500 mM for secojuli-
prosopinal, and 100 mM for a (1:1) mixture of 3-oxo-juliprosine and 30-oxo-juliprosine, respectively. On the other hand, the minimum

concentration exhibiting inhibitory effect on shoot growth of cress seedlings was 10 mM for 30000-oxo-juliprosopine, 100 mM for
secojuliprosopinal, and 1 mM for a (1:1) mixture of 3-oxo-juliprosine and 30-oxo-juliprosine, respectively. Among these compounds,
a (1:1) mixture of 3-oxo-juliprosine and 30-oxo-juliprosine exhibited the strongest inhibitory effect on the growth of cress seedlings.
# 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Mesquite (Prosopis juliflora (Sw.) DC.), Leguminosae
is widespread in Saudi Arabia, the United States of
America and India (Sankhla et al., 1965; Bragg et al.,
1978; Pandit et al., 1995; Al-Humaid and Warrag,
1998). Recently, l-tryptophan, syringin, and (�)-lar-
iciresinol were isolated from mesquite leaf leachates as
candidates for allelopathy in mesquite (Nakano et al.,
2001, 2002). Among these inhibitors, l-tryptophan
exhibited the strongest activity on the growth of lettuce
and barnyard grass seedlings and is believed to be a
major allelochemical in mesquite (Nakano et al., 2001,
2002, 2003). Since most of these studies concentrated on
leachates and exudates from leaves, the plant growth
inhibitor(s) from leaf extracts of mesquite have not yet
been reported. In this study, we report the isolation and
identification of growth inhibitory alkaloids from the
leaf extracts of mesquite and their biological activities
on the growth of cress seedlings.
2. Results and discussion

2.1. Determination of isolated compounds

Fresh leaves of mesquite (Prosopis juliflora (Sw.) DC.)
were extracted with MeOH with the extract then parti-
tioned between H2O and EtOAc. The aqueous layer was
next basified with NH4OH (pH 9) and partitioned with
CHCl3. The CHCl3-soluble materials were subjected to
repeated chromatographic steps on a Sep-Pak ODS
cartridge column. Further purification using reversed-
phase HPLC afforded 30000-oxo-juliprosopine (1), secoju-
liprosopinal (2), and a (1:1) mixture of 3-oxo-juliprosine
(3a) and 30-oxo-juliprosine (3b). It was unsuccessful to
separate pure component from the mixture (3a and 3b).
Compound 1 was isolated as a colorless gum [[�]D
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+4.0� (c 1.0, MeOH)]. The positive ion ESI-MS spec-
trum of 1 displays a pseudomolecular ion peak at m/z
645 [M+H]+ and its molecular formula was inferred as
C40H73N3O3 from the HRESIMS data [m/z 644.5728
(M+H)+, DH �0.3 mmu]. The IR spectrum implied the
presence of hydroxyl, amino (3420 cm�1) and lactam
carbonyl (1680 cm�1) groups. The structure of 1 was
deduced from detailed analysis of the 1H and 13C NMR
spectral data (Table 1) aided with 2D NMR experi-
ments (1H–1H COSY, HMQC, and HMBC). The 13C
NMR spectral data indicated that the molecule pos-
sessed one lactam carbonyl carbon, one trisubstituted
olefin, two oxymethines, five methines bearing with a
nitrogen atom, one methine, two methyls, and several
methylenes. The NMR spectral data were similar to
those of juliprosopine (Ott-Longoni et al., 1980) except
for a pyrrolidine ring (C-10000-N-40000 and C-8a0000). The
1H-1H COSY connectivities of C-2 to C-6 and C-7 and
C-20 to C-60 and C-70 and the 13C NMR resonances at
�C 15.9 (2-Me, 2

0-Me), �C 57.6 (C-2, C-2
0), �C 65.8 (C-3,

C-30), and �C 58.8 (C-6, C-6
0) (Christofidis et al., 1977)

indicated the presence of two 2-methyl-3-hydro-
xypiperidine rings. HMBC correlations of H-70000 (�H
5.46, s) to C-50000 (�C 43.4), C-8a

0000 (�C 59.9), and C-10
00

(�C 35.7), H-1
0000 to C-20000 (�C 30.1) and C-3

0000 (�C 176.6),
and Hax-5

0000 (�H 4.06) to C-60000 (�C 135.1) and 1H–1H
COSY connectivities of C-70000 to C-8a0000 and C-10000 to
C-20000 revealed that 1 possessed an indolizidine-3(2H)-
one moiety. Thus, the structure of 1 was assigned to be
30000-oxo-juliprosopine.
Compound 2 was obtained as a colorless gum ([�]D

28

+5.0� (c 1.0, MeOH)) and the molecular formula,
C36H69N2O3, of 2 was established by its positive ion
HRESIMS [m/z 577.5336 (M+H)+, DH+2.7 mmu].
The 1H NMR spectrum (Table 1) of compound 2 indi-
cated the presence of one olefinic proton (H-70000, �H
6.54, t, J=7.7 Hz) and one aldehyde (H-50000, �H 9.28, s).
1H–1H COSY connectivities of C-2 to C-6 and C-7 and
an HMBC correlation between H-2 and C-6 (�C 135.1)
indicated the presence of two 2-methyl-3-hydroxy-
piperidine rings. HMBC correlations of H-50000 to C-100000

(�C 25.5), C-6
0000 (�C 145.2), and C-7

0000 (�C 157.6), H-10
0000

(�H 2.19, t, J=7.3 Hz) to C-50000 (�C 197.3), C-6
0000, and C-

70000, and H-80000 (�H 2.34, dt, J=7.3, 7.3 Hz) to C-60000 and
C-70000 revealed the presence of a a, b-unsaturated alde-
hyde functionality (C-50000 to C-70000) connected between
C-1000/C-60000 and C-80000/C-70000, which was supported by
the IR (1681 cm�1) and UV [lmax 224 nm (� 4700),
MeOH] spectra. The geometry of the trisubstituted ole-
fin at C-60000 was elucidated to be E from NOESY
correlations of H-50000 to H-70000 and H-1000 to H-80000.
Thus, structure 2 was determined to be
secojuliprosopinal.
Compounds 3a and 3b were obtained as colorless gum

([�]D
28 +3.0� (c 1.0, MeOH)) and displays a pseudomo-

lecular ion peak at m/z 624 (M+) in the positive ion
ESIMS. HRESIMS analysis revealed the molecular
formula to be C40H70N3O2 [m/z 624.5446 (M+), D �2.2
mmu], indicating an oxidized form of juliprosine
(Dätwyler et al., 1981). The 1H and 13C NMR spectra
(Table 1) of 3a were similar to those of juliprosine
except for signals due to a 2-methyl-3-hydroxypiperidine
ring (N-1 to C-7). The 1H–1H COSY connectivities of
C-2 to C-7 and C-4 to C-6 and HMBC correlations of
H-2 (�H 3.91), H-4 (�H 2.92), and H-5 (�H 1.88 and 2.19)
to C-3 (�C 195.7) indicated the presence of 2-methyl-3-
oxopiperidine ring. The 1H and 13C NMR spectra
(Table 1) of 3b were similar to those of juliprosine
except for signals due to the 20-methyl-30-hydroxy-
piperidine ring (N-10 to C-70). The 1H-1H COSY con-
nectivities of C-20 to C-70 and C-40 to C-60 and HMBC
correlations of H-20 (�H 3.91), H-40 (�H 2.92), H-50 (�H
1.88 and 2.19) to C-30 (�C 195.7) indicated the presence
of a 20-methyl-30-oxopiperidine ring. HMBC corre-
lations of H-50000 (�H 8.65) to C-30000 (�C 61.3), C-6

0000 (�C
143.7), C-70000 (�C 146.6), C-8a

0000 (�C 157.3), and C-10
0000

(�C 34.0), H-7
0000 (�H 8.20) to C-5

0000 (�C 139.6), C-8a
0000, C-

1000, and C-10000 (�C 34.0), and H-1
0000 (�H 3.50) to C-8

0000,
C-8a0000, C-20000 (�C 22.9), and C-3

0000 revealed that 3a and
3b possessed the dihydroindolizinium moiety connected
between C-60000/C-1000 and C-80000/C-10000, which was sup-
ported by UV spectrum [lmax 276 (� 3400) and 284
(2800) nm, MeOH]. Thus, the structures of 3a and 3b
588 H. Nakano et al. / Phytochemistry 65 (2004) 587–591



were assigned to be 3-oxo-juliprosine and 30-oxo-juli-
prosine, respectively.

2.2. Biological activity

The effect of the three isolated alkaloids on root and
shoot growth of cress seedlings was examined (Fig. 1).
They showed inhibitory effects on both root and shoot
growth of cress in a dose-dependent manner. The cal-
culated I50 value (concentration required for 50% inhi-
bition of control) for root growth was 400 mM for 1 and
600 mM for 2, whereas both compounds exhibited lower
inhibition on shoot growth at the same concentrations
used. On the other hand, a (1:1) mixture of 3a and 3b

showed a much stronger inhibition on both the root and
shoot growth of cress seedlings. The I50 value was 100
mM for the root and 200 mM for the shoot tissue,
respectively. Therefore, a (1:1) mixture of 3a and 3b

seemed to have the strongest activity among these com-
pounds. Although the isolation and identification of
analogous alkaloids described here has been previously
reported in mesquite leaf extracts (Ott-Longoni et al.,
1980; Dätwyler et al., 1981; Ahmad et al., 1989), the
biological activity on the plant growth has not been
reported. Thus, the study of structure-activity relationship
of these compounds described here and their analogs
would be important to investigate in the future.
3. Experimental

3.1. General

ESI-MS was recorded on a Platform LC (Waters)
and the 1H and 13C NMR spectra were on JNM
a-600 spectrometer (JEOL) and AVANCE-500 (Bruker)
spectrometers.

3.2. Isolation of alkaloids

Fresh leaves (1 kg fresh wt) of mesquite (Prosopis
juliflora (Sw.) DC.) were soaked in MeOH (6 l) for 2
weeks at room temp with the extract filtered and con-
centrated to dryness in vacuo at 35 �C, with the con-
centrate (20 g) was then partitioned between H2O and
EtOAc with the aqueous layer was basified with NH4OH
(pH 9) and extracted repeatedly with CHCl3. The com-
bined CHCl3 layers were concentrated to dryness in
vacuo at 35 �C with the concentrate (5 g) separated
by C18 cartridge chromatography (Sep-Pak Vac 35 cc
Table 1
1H and 13C NMR spectral data in CD3OD (1H; 600 MHz, 13C 150.8 MHz) for 1, 2, 3a, and 3b
1
 2
 3a
 3b
No.
 �H
 �C
 �H
 �C
 �H
 �C
 �H
 �C
1
 –
 –
 –
 –
 –
 –
 –
 –
2
 3.19–3.25
 (m)
 57.6
 3.15–3.21
 (m)
 57.7
 3.24–3.30
 (m)
 58.0
 3.85–3.95
 (m)
 58.3
3
 3.83
 (br.s)
 65.8
 3.79
 (br.s)
 65.9
 3.85
 (br.s)
 195.7
 –
 66.6
4
 1.71–1.80
 (m)
 23.6
 1.66–1.75
 (m)
 23.7
 *
 39.5
 2.63–2.77
 (m)
 *
5
 1.55–1.65
 (m)
 34.8
 1.50–1.61
 (m)
 34.8
 *
 *
 *
 *
6
 3.00–3.08
 (m)
 58.8
 2.96–3.04
 (m)
 58.9
 3.05–3.15
 (m)
 64.9
 4.05–4.10
 (m)
 59.5
10
 –
 –
 –
 –
 –
 –
 –
 –
20
 3.19–3.25
 (m)
 57.6
 3.15–3.12
 (m)
 57.7
 3.85–3.95
 (m)
 58.3
 3.24–3.30
 (m)
 58.0
30
 3.83
 (br.s)
 65.8
 3.79
 (br.s)
 65.9
 –
 66.6
 3.85
 (br.s)
 195.7
40
 1.71–1.80
 (m)
 23.6
 1.66–1.90
 (m)
 23.7
 2.63–2.77
 (m)
 *
 *
 39.5
50
 1.55–1.65
 (m)
 34.8
 1.50–1.61
 (m)
 34.8
 *
 *
 *
 *
60
 3.00–3.08
 (m)
 58.8
 2.96–3.04
 (m)
 58.9
 4.05–4.10
 (m)
 59.5
 3.05–3.15
 (m)
 64.9
700
 1.91–1.99
 (m)
 *
 1.86–1.94
 *
 *
 *
 *
 *
1000
 2.05
 (t, J=7.3 Hz)
 35.7
 2.19
 (t, J=7.3 Hz)
 25.5
 2.80
 (t, J=7.3 Hz)
 34.0
 2.80
 (t, J=7.3 Hz)
 34.0
1000
 1.91–1.99
 (m)
 *
 1.86–1.94
 *
 *
 *
 *
 *
10000
 *
 *
 *
 *
 2.80
 (t, J=7.3 Hz)
 34.0
 2.80
 (t, J=7.3 Hz)
 34.0
10000
 2.40
 (m)
 *
 –
 –
 3.50
 (t, J=7.7 Hz)
 32.4
 3.50
 (t, J=7.7 Hz)
 32.4
20000
 *
 *
 –
 –
 2.50–2.60
 (m)
 22.9
 2.50–2.60
 (m)
 22.9
30000
 *
 *
 –
 –
 4.90
 (t, J=7.9 Hz)
 61.3
 4.90
 (t, J=7.9 Hz)
 61.3
40000
 –
 –
 –
 –
 –
 –
 –
 –
50000
 Hax; 3.40
 (d, J=18.3 Hz)
 43.2
 9.28
 (s)
 197.3
 8.65
 (s)
 139.6
 8.65
 (s)
 139.6
Heq; 4.06
 (d, J=18.3 Hz)
60000
 –
 103.1
 –
 145.2
 –
 141.5
 –
 141.5
70000
 5.46
 (s)
 124.7
 6.54
 (t, J=7.7 Hz)
 157.6
 8.20
 (s)
 146.6
 8.20
 (s)
 146.6
80000
 –
 135.1
 2.34
 (dt, J=7.3, 7.3 Hz)
 *
 –
 143.7
 –
 143.7
8a0000
 –
 176.6
 –
 –
 –
 157.3
 –
 157.3
2–Me
 *
 15.9
 *
 16.0
 *
 16.1
 *
 16.1
20–Me
 *
 15.9
 *
 16.0
 *
 16.1
 *
 16.1
* Signals overlapped.
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(10 g), Waters) into three fractions of MeOH- H2O-
TFA (trifluoroacetic acid) (80: 20: 0.1, v/v), MeOH-
TFA (100: 0.1, v/v) and CH3Cl–TFA (100: 0.1, v/v),
respectively. The MeOH–H2O–TFA fraction was con-
centrated to dryness in vacuo at 35 �C. The concentrate
(1.25 mg) was subjected to HPLC (ODS-80Ts, 4.6 �

250 mm, Tosoh, MeOH:H2O:TFA=75:25:0.1, v/v, 0.8
ml/min, with detection at 214 nm). The fraction, with a
retention time of 20–35 min, yielded 30000-oxo-juliproso-
pine (1, 1.0 mg) and secojuliprosopinal (2, 2.0 mg). The
fraction, with a retention time of 0–10 min, was con-
centrated to dryness in vacuo at 35 �C. The concentrate
(323.3 mg) was further purified by HPLC (ODS-80Ts,
4.6 � 250 mm, Tosoh, MeOH:H2O:TFA=56:44:0.1,
v/v, 0.8 ml/min, detected at 254 nm), with the fraction,
with a retention time of 24–27 min, affording a (1:1)
mixture of 3-oxo-juliprosine and 30-oxo-juliprosine (3a
and 3b, 7.2 mg).

3.2.1. 30000-Oxo-juliprosopine (1)
Colorless gum, [�]D

23 +4.0� (c 1.0, MeOH), HRE-
SIMS: m/z 644.5728 (M+H)+, DH �0.3 mmu (calc. for
C40H73N3O3). IRnmax (KBr) cm�1: 3420, 2928, 2855,
1680, 1458, 1203, 1136, 837, 722. For 1H and 13C NMR
spectral analysis, see Table 1.

3.2.2. Secojuliprosopinal (2)
Colorless gum, [�]D

28 +5.0� (c 1.0, MeOH), HRE-
SIMS: m/z 577.5336 (M+H)+, DH +2.7 mmu (calc. for
C36H69N2O3). IRnmax (KBr) cm�1: 3423, 2927, 2855,
1681, 1458, 1203, 1137, 1011, 838, 801. For 1H and 13C
NMR spectral analysis, see Table 1.

3.2.3. 3-Oxo-juliprosine and 30-oxo-juliprosine (3a and
3b)
Colorless gum, [�]D

28 +3.0� (c 1.0, MeOH), HRE-
SIMS: m/z 624.5446 (M+), DH �2.2 mmu (calc. for
C40H70N3O2). IRnmax (KBr) cm�1: 3423, 2929, 2857,
1682, 1508, 1457, 1202, 1133, 834, 801, 721. For 1H and
13C NMR spectral analysis, see Table 1.

3.3. Bioassay

Ten seeds of cress (Lepidium sativum L.) were placed
on a filter paper (No. 1, Toyo) moistened with 500 ml of
test solution in a 3.3 cm Petri dish and kept for 2 days at
25 �C in the dark, after which the lengths of their roots
and shoots were measured.
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