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Abstract

The seeds of Mucuna pruriens (L.) DC. after chemical analysis afforded four tetrahydroisoquinoline alkaloids which have been iso-
lated for the first time from M. pruriens. Out of them, two are new whose structures have been elucidated by spectroscopic methods.

© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Mucuna pruriens DC. is a herbaceous twining annual
found in bushes and hedges at damp places, ravines and
scrap jungles throughout the plains of India. It is culti-
vated for its pods for vegetable and young leaves for
fodder. Pods are reported to be used as famine food
after repeated boiling and throwing away the water.

Traditionally, in India, the seeds of M. pruriens are
used as a tonic and aphrodisiac for male virility. The pods
are anthelmintic and seeds anti-inflammatory (Anony-
mous, 1962). The seed powder has recently been found
to show the anti-Parkinsonism effects which are probably
due to the presence of L-DOPA. It is well known that
dopamine is the brain neurotransmitter. The dopamine
content in the brain tissue gets reduced because of its
blockade of crossing over the blood brain barrier to reach
the site of action. As L-DOPA is the precursor of dopam-
ine, it crosses the barrier and gets converted into dopam-
ine resuming the neurotransmission (Kulhalli, 1999).

These important biological actions have led to the
chemical investigations of M. pruriens seeds to isolate
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several fatty acids, amino acids besides L-DOPA (Sid-
dhuraju et al., 1996). The presence of alkaloids has also
been reported with the tentative names like prurienine,
prurieninine, prurienidine, or bases — P,Q,R,S,X etc.
(Rakshit and Majumdar, 1956; Ghosal et al., 1971).
The structures of these compounds have not been prop-
erly elucidated. The present paper describes the presence
of 1,2,3,4-tetrahydroisoquinoline alkaloids (1-4) whose
structures have been determined by spectroscopic meth-
ods. It has been shown that 1,2,3,4-tetrahydroisoquino-
line-3-carboxylic acids (Tic) are very potent and selective
towards p opioid receptors for peptide hormones and
neurotransmitters as their bicyclic structure provides
conformational constraints and greatly reduced flexibil-
ity (Wang and Mosberg, 1955; Kazmierski and Hruby,
1988).
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2. Results and discussion

The spectral data of compounds 1 and 2 were fully
comparable to L-3-carboxy-6,7-dihydroxy-1,2,3,4-tetra-
hydroisoquinoline and (—)-1-methyl-3-carboxy-6,7-
dihydroxy-1,2,3,4-tetrahydroisoquinoline which have
been earlier reported from M. mutisiana and M. deer-
ingiana, respectively and structure was also confirmed
by synthesis (Daxenbichler et al., 1972; Bell et al.,
1971). The '*C NMR values of 1 and 2 have also been
included in Table 1 as they were not available in the lit-
erature and are comparable to the values for similar
molecules assigned by Sattoh et al. (2001).

Compound 3, assigned the molecular formula
C1,H 504N on the basis of HREIMS which had a differ-
ence of 14 in [M]* compared to 2. The 'H NMR
(Daxenbichler, 1972) spectrum of 3 was very much sim-
ilar to 2 except having two signals for methyls at J 1.61
and 1.75. Similarly, the '>*C NMR compared well with
that of 2 except for the two methyl signals at ¢ 28.7
and 27.9. The other signals in '"H NMR were the typical
ABX system at 6 3.19, 3.02 and 3.93 (J=6, 11, and 16
Hz). Also, the two singlets at 6 6.59 and 6.71 in 'H
NMR clearly supported the presence of isolated protons
at C-1 and C-4 in the benzene ring. The NOE experi-
ments showed strong effect of H-10 upon H-3 and weak
effect of H-11 and H-4 upon H-8 and H-5, respectively.
Similarly, the values of '*C NMR (Table 1) and IR
established the 3-carboxy-6,7-dihydroxy-1,2,3,4-tetra-
hydroisoquinoline structure with dimethyl at C-1 for
compound 3.

Compound 4 also showed a similar '"H NMR spec-
trum to 3 except for the presence of two doublets at o
6.55 and 6.77 (J = 8.0 Hz) in place of two singlets at o
6.59 and 6.71 in 3. This difference clearly indicated that
these protons are located at ortho position to each
other, substantiating the fact that the hydroxyl groups
are situated either at 5 and 6 or 7 and 8 positions. Since
the NOE experiment on methyls at § 1.97 and 1.78 did
not show any effect on these doublets, it was obvious

Table 1

13C NMR spectral data for compounds 1-4 (CD;0D, 100 MHz)
Carbon 1 2 3 4

C-1 552 (CH,) 56.7(CH) 589 (C) 59.5 (C)
C3 54.2 (CH) 520 (CH)  54.0 (CH) 53.8 (CH)
C-4 30.5 (CH,) 289 (CH,)  30.6 (CH») 31.1 (CH,)
C-4a 123.4 (C) 123.9 (C) 122.7 (C) 124.4 (C)
C-5 113.37 (CH) 112.97 (CH) 112.3” (CH)  120.3° (CH)
C-6 146.0° (C) 143.4° (C) 145.7° (C) 115.3° (CH)
Cc-7 145.29 (C) 144.0° (C) 146.0° (C) 144.4" (C)
C-8 1157 (CH) 1158’ (CH) 115.9" (CH) 143.17 (C)
C-8a 124.4 (C) 125.1 (C) 129.7 (C) 123.3 (C)
Cc9 178.5 (C) 178.9 (C) 179.0 (C) 179.3 (C)
C-10 - 17.8 (CH;)  28.7* (CH;)  26.1* (CHj)
C-11 - - 27.9* (CH;)  24.1" (CHs)

79 Values interchangeable for substance.

that the hydroxyls are positioned at 7 and 8 in this com-
pound. However, the NOE showed strong effect upon
H-3 and weak effect on H-5. The rest of the spectral data
('3C NMR, HRMS and IR) were in complete agreement
with the structure of 4 as (—)-3-carboxy-1,1-dimethyl-
7,8-dihydroxy-1,2,3,4-tetrahydroisoquinoline.

The biogenesis of tetrahydroisoquinoline alkaloids
has been studied by several groups and there exists con-
flicting ideas about the origin of C-1 in this type of nu-
cleus (Kapadia et al., 1970; Herbert and Mann, 1982).
Now, with the isolation of non-, mono-, and di-methyls
at C-1 from a single plant, it is evident that during the
biosynthesis of such molecules, a dimethyl precursor,
in addition to acetaldehyde/a-keto acids, may also con-
dense with the 3,4-dihydroxyphenethylamine to form
compounds like 3 and 4.

3. Experimental
3.1. General

NMR spectra were recorded on a 400 MHz JEOL
and IR on a Perkin—Elmer 1710 instruments. The
HREIMS were recorded on Jeol-JMS 700 while optical
rotations measured on Horiba SEPA 300. MPLC was
carried out on Gilson instrument model 303, 500 psi,
flow rate 2.5 ml/min in Buechi glass column on si gel
0.015-0.040 mm with mobile phase as butanol-propa-
nol-water, 6:6:1.

3.2. Plant material

The commonly available seeds of M. pruriens were
bought from the local market of Lucknow, India in
November 1999 and the identification of the material
was verified by the taxonomists of CIMAP and the vou-
cher specimen was deposited in the Department of Phar-
macy of the University of Munich.

3.3. Extraction and isolation of compounds

The dried, milled seeds (500 g) were defatted with ace-
tone (1.25 1) by shaking for 48 h at RT. The defatted
material was extracted with n-propanol (3 x 1.25 1) by
shaking over night. Filtrate were pooled together and
concentrated. 1/3 of the above extract after MPLC on
si gel 0.015-0.040 mm with butanol-propanol-water,
6:6:1 gave 7 main fractions. Fr. 1 gave a mixture of fatty
acids, fr. 2 gave a complex mixture which after TLC (but-
anol-propanol-water—acetic acid, 3:3:1:1) gave 1 (8 mg,
R;0.80), 3 (20 mg, R;0.75), 4 (12 mg, R; 0.60, fr. 3 after
TLC (butanol-propanol-water—acetic acid, 3:3:1:1) af-
forded 3 (25 mg, R; 0.75), 4 (12 mg, R; 0.60), 2 (7 mg,
R:0.50), fr. 4 gave a complex mixture of above mentioned
alkaloids, fr. 5 after MPLC (system as described above)
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and TLC (butanol-propanol-water—acetic acid, 3:3:1:1)
gave 2 (10 mg), fr. 6 after crystallization afforded L-
DOPA (30 mg) and fr. 7 gave a mixture of amino acids.

3.3.1. (—)3-Carboxy-1,1-dimethyl-6,7-dihydroxy-1,2,3,4-
tetrahydroisoquinoline (3)

Crystallizable viscous mass; [o]5: —155.3° MeOH,
¢=0.07); IR (CHCl;) cm™': 3400 (OH), 3340 (NH),
1622 (CO), 1370, 1360 (gem-dimethyl). HREIMS (70
eV) m/z (rel. int.): 237.2572 (10) (Calc. For C;,H ;504N
237.255), 222 (5) [M-Me]", 207 (25) [222-Me]", 193
(27) [M—CO,]", 175 (8) [193-H,0]", 157 (8), 133 (100),
127 (28), 107 (88); '"H NMR spectral data (400 MHz,
CD;0D) oH: 1.61 and 1.74 (3H each, s, Me), 3.93
(1H, dd (J=11, 6 Hz), H-3), 3.19 (1H, dd (J=16, 6
Hz), H-4), 3.02 (1H, dd (J=16, 11 Hz), H-4', 6.59
(1H, s, H-5), 6.71 (1H, s, H-8); NOE, % (CD;OD): H-
10 — H-3 (8), H-11 — H-8 (3), H-4 — H-5 (3); °C
NMR spectral data (100 MHz, CD;0D) Table 1.

3.3.2. (—)3-Carboxy-1,1-dimethyl-7,8-dihydroxy-1,2,3,4-
tetrahydroisoquinoline (4)

Crystallizable viscous mass; [o]5,: —144.2° MeOH,
¢=0.01); IR (CHCl;) cm™': 3400 (OH), 3345 (NH),
1628 (CO), 1370, 1360 (gem-dimethyl). HREIMS (70
eV) m/z (rel. int.): 237.2575 (5) (Calc. For C;,H ;504N
237.255), 222 (2) [M-Me]", 207 (3) [222-Me]", 193 (53)
[M-CO,]", 175 (7) [193-H,0]", 157 (3), 127 (19), 125
(100), 117 (63), 107 (58); '"H NMR spectral data (400
MHz, CD;0D) 6H: 1.97 and 1.78 (3H each, s, Me),
3.97 (1H, dd (J =11, 6 Hz), H-3), 3.21 (1H, dd (J = 16,
6 Hz), H-4), 3.07 (1H, dd (J=16, 11 Hz), H-4', 6.77
(1H, d (J =8 Hz), H-5), 6. 55 (1H, d (J = 8 Hz), H-6);
NOE, % (CDs;OD): H-10 — H-3 (10), H-4 — H-5 (2);
13C NMR spectral data (100 MHz, CD3; OD) Table 1.
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