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Ahstraet-A new lupin alkaloid (+)-5a,9a-dihydroxymatrine has been isolated from the leaves of Euchres& horsfedii 
(E. formosana cv riukiuensis) together with matrine, matrine N-oxide, sophoranol, sophoranol N-oxide, anagyrine, 
N-methylcytisine, N-formylcytisine and cytisine. 

INTRODUffION 

As a continuation of our screening for lupin alkaloids 
[l-6], the basic constituents of Euchresta horsfeldii (E. 

formosana cv riukiuensis) were examined This plant, 
belonging to the Leguminosae, is a perennial shrub and 
is native to the Ryukyu Islands in Japan. In previous 
work on this species, the alkaloid, cytisine, has been 
isolated by Plugge [7]. 

Further chemical examination of the constituents has 
resulted in the isolation of a new alkaloid (I) and 7 more 
alkaloids of known structure apart from cytisine. This 
report deals with the structural eludication of I as 
( + )-Sa,9a-dihydroxymatrine and also with the distribu- 
tion of the alkaloids in the stems, roots and leaves of E. 
horsfeldii. 

RESULTS AND DISCUSSION 

All 9 alkaloids were isolated by preparative HPLC 
from the basic fraction of the leaves of E. horsfeldii. The 
known 8 alkaloids, matrine, matrine N-oxide, sophoranol, 
sophoranol N-oxide [S], anagyrine, N-methylcytisine, 
N-formylcytisine and cytisine were identified by com- 
parison with authentic samples (co-TLC and co-HPLC). 
The amounts of alkaloid in the fresh stems, roots and 
leaves of E. horsfeldii are listed in Table 1. The R, (TLC) 
and R, (HPLC!) values used in the identification of these 
alkaloids are shown in Table 2. 

The new alkaloid (l), mp 192-193”, [a];” + 40.6” 
(EtOH), gave a molecular formula of C,,H,,O,N, by 
high resolution MS. Its IR spectrum (KBr) showed 
absorptions for two OH groups (3400 and 3250 cm-‘), a 
lactam-CO (1602 cm-‘) and weak truns bands (270% 
2800 cm-‘). 

The PMR spectrum (CDCl,) of 1 suggested a structure 
very similar to that of sophoranol (( +)-Sa-hydroxy- 
mat&e) in the relative configuration (Table 3), viz. a 

* This work was presented at the 98th Annual Meeting of 
the Pharmaceutical Society of Japan 4 April, 1978. 

double-doublet at S 4.31 (lH, J = 13.5 and 1 Hz), a 
doublet at 6 3.17 (H-I, J = 13.5 Hz), a multiplet at 6 3.79, 
C-17 H, (S 4.34, dd, J = 13.5 and 1.5 Hz), C-17 Hax (S 
3.21, d, .J = 13.5 Hz) and C-11 H (6 3.77, m), respectively. 
In addition, these signals both in 1 and sophoranol showed 
the same pyridine-induced chemical shifts [9]. From the 
above results, (1) was concluded to possess a sophoranol 
structure but having an extra OH group. 

The additional OH group was identified as secondary 
because in the PMR (CDCl,) of 1, a multiplet at 6 3.67 
overlapping with C-11 proton, assigned to the carbinyl 
proton from its chemical shift, and the presence of a 
carbinyl function in the molecule was further confirmed 
by i3C NMR of 1, e.g. a doublet centred at 6 62.7 
changed into a singlet by the irradiation of H (6 3.67, 
m). In the PMR of 1 with C,D,N, the multiplet separating 
from the C-11 proton, appeared as a broad triplet at 6 
4.15 with J = 12 Hz. The magnitude of the coupling 
constant is 12 Hz, which indicated that the carbinyl 
proton and its immediate neighbouring two protons are 
oriented axially to each other and the orientation of OH 
group is accordingly equatorial. 

The difference of chemical shifts (Aa) attributable to 
the C-2 H,, (S 2.78) and the C-10 H (6 3.05) was 0.27 
ppm on the PMR (CDCl,) of 1, &le the AS from 
sophoranol (S 2.86 and 2.75, in CDCl,) was 0.11 ppm. 

Table 1. Alkaloid content (% fr. wt) in stems, roots and leaves in 
Euchresta horsjeldii (E. formosana cv riukiuensis) 

Alkaloids Stems Roots LeaVeS 

Matrine 0.041 0.051 0.114 
Sophoranol 0.023 0.019 0.120 
Anagyrine 0.013 0.038 
N-Methylcytisine 0.020 0.009 0.094 
5a,9a-Dihydroxymatrine (1) - - 0.015 
N-Formylcytisine 0.009 0.004 0.022 
Cytisine 0.164 0.155 0.280 
Matrine N-oxide 0.136 0.279 0.583 
Sophoranol N-oxide 0.008 0.007 0.107 
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Table 2. Chromatograpliic properties of the nine standard alkaloids* 

Alkaloids 
R, mt R, (min) HPLCt 

1 2 3 4 5 6 7 

Matrine 0.81 0.79 - 
Sophoranol 0.67 0.76 - 
Anagyrine 0.73 0.63 
N-Methylcytisine 0.66 0.61 - 
5a,9a-Dihydroxymatrine 0.29 0.48 0.58 
N-Formylcytisine 0.49 0.59 0.67 
Cytisine 0.41 0131 0.70 
Matrine N-oxide 0.21 - 0.59 
Sophoranol N-oxide 0.11 - 0.31 

0.77 
0.52 
0.70 
0.59 
0.06 
0.20 

- 
c 0.09 

0.03 

6.0 
- 7.1 
- 8.5 - 

10.2 - 
0.40 12.5 - 
0.39 36.0 - 

47.0 
0.44 20.2 
0.24 35.8 

* All alkaloids were detected on TLC by Dragendorffs reagent and I,. 
t See Experimental. 

Moreover, the lower-field signal@ 3.05) of 1 was affected 
by pyridine and shifted downfield and the Aa increased 
to 0.58 ppm. A similar downfield shift, however, was not 
observed in sophoranol. These data indicated that the 
additional OH group could be situated either at C-3 or 
c-9. 

To determine the position of the OH group, the 13C 
NMR spectrum of 1 was analysed; the “C NMR 
assignment of sophoranol has been previously reported 
by Bohlmann et al. [lo]. In 1 the signals for C-8 (6 26.0), 
C-9 (22.5) and C-10 (56.9) of sophoranol were absent 
but other signals at 6 3’5.0, 62.7 and 64.0 were observed. 
The other 13C NMR signals in 1 were very similar to 
those observed for sophoranol. The differences of 
chemical shift are presented in Fig. 1. Among the 
significant signals, the peak at 6 62.7 is that for the 
carbinyl group. Considering the expected substituent 
effect of an equatorial OH group [ll], the 3 signals 
shifted downfield were reasonably assigned to C-8, C-9 
and C-10 of 1, respectively. 

The structure of the new alkaloid can consequently be 
designated as ( + )-5a,9a-dihydroxymatrine (1). 

EXPERIMENTAL 

The high and low resolution MS were measured at 70 eV. 
The PMR (100 MHz) and “C NMR (25 MHz) were recorded 
using TMS as internal standard. 

Analytical TLC was performed on Si gel in the following 
systems: (1) CHCl,-MeOH- % NH,OH (90:9: 1); (2) CHCl,- 
MeOH (4: 1); (3) CHCl,-MeOH- % NH,OH (43: 6: 1) and 

Table 3. PMR chemical shifts for 5a,9a-dihydroxymatrine (1) 
and sophoranol (( +)-5a-hydroxymatrine) in CDCI, and in 

CsD,N* 

1 Sophoranol 1 Sophoranol 
(in CDCl,) (in C,D,N) 

C-17 H,, 4.31 dd 4.34 dd 4.88 dd 4.82 dd 
C-17 H,, 3.17 d 3.21 d 3.21 d 3.27 d 
C-11 H 3.79 m 3.77 m 3.72 m 3.75 m 
C-2 He, 2.78 bd 2.15 bdt 2.76 bd 2.67 bd t 
C-10 H, 3.05 bdd 2.86 bdi 3.34 m 2.77 bd t 
C-9 H 3.67 m 4.15 bt 

* 6 Values in ppm from TMS as internal standard. 
t Assignments could be reversed. 
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Fig. 1. Structure of (+)-5a-9a-dihydroxymatrine and differences 
in 13C NMR values (ppm) from sophoranol. 

on Al,O, in (4) C,H,-Me,C&MeOH (18:l:l); (5) C,H, 
Me,CO-MeOH (6: 1: 1). Analytical HPLC was carried out 
with solvents (6) [15x MeOH-Et,O]-2.5% NH,OH (5O:l) 
and (7) [25% MeOH-Et,O]-H,O-25% NH,OH (100:4:3) at 
a flow rate of 1 ml/m@ using a LiChrosorb SI-100 (Merck, 10 
p+ 0.3 x 50 cm) column and UV detector (220 nm) Prepara- 
tivf-HPLC was perfotied on LiChrosorb SI-100 (10 pm) 
monitoring with a RI or UV (220 nm) detector. 

Isolation of alkaloids. E. horsfeldii was collected in February, 
in Iriomote-jima, Ryukyu Islands, Japan and divided into stems, 
roots and leaves. The alkaloid fractions (2.1,0.7 and 1.0 g) were 
obtained from the 75% MeOH extracts of the fresh leaves 
(140 g), stems (160 g) and roots (195 g), respectively. The basic 
fraction (2.1 g) from the leaves was extracted with boiling C&H, 
The C,H, soluble fraction (1.2 g) was analysed by preparative- 
HPLC using solvent 6. The alkaloids were eluted in the follow- 
ing order; matrine, sophoranol, anagyrine, N-methylcytisine, 
the new alkaloid (1X N-formylcytisine and cytisine. 

1 was obtained as colourless crystals from Me&O. mp 
192-193” (uncorr.) [u]? +40.6” (c = 0.17, EtOH); Iz!ccm-‘: 
3400 and 3250 (2 OH), 27W2800 (trans quinolizidine), 1602 
(lactam C=O); MS (70 eV): m/e 280.1803 (M+ C,,H,,O,N,, 
requires; 280.1787), m/e 280 (M+, 42x), 263 (M+ - OH, 54), 
221 (31), 112 (87), 55 (100). PMR (CDCI,): 6 4.31 (dd, lH, 
J = 13.5 and 1 Hz, C-17 He,), 3.79 (m. 1H. C-11 H). 3.67 (m, 
1H. C-9 H). 3.17 (d, lH, J = 13.5 HZ C-17 HaX), 3.05 (bdd, lH, 
J = 10 and 4 HZ C-10 He,), 2.78 (bd, lH, J = 10 Hz, C-2 H_); 
PMR (C,D,N): 6 4.88 (dd, 1H. J = 13 and 1 Hz, C-17 H_). 4.15 
(bt,,lH, J = 12 Hz, C-9 H), 3.72 (m, lH, C-11 H), 3.34 (m. IH, 
C-10 H,,), 3.27 (d, lH, J = 13H2, C-17 H,,, 2.76 (bd lH, 
J = 12 Hz C-2’H); ‘% NMR (CDCI,) (assignments were made 
by the aid of off-resonance and selective proton decoupling 
technique): carbon atom (chemical shift in ppm) 2 (6 56.3), 3 (22.5), 
4 (36.9), 5 (68.0), 6 (67.2), 7 (38.4), 8 (35.0), 9 (62.7), 10 (64.0), 
11 (53.8), 12 (26.8), 13 (18.6), 14 (32.6), 15 (171.2), 17 (46.5). 
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Matrine N-oxide and sophoranol N-oxide were isolated 
from the C,H, insoluble fraction by preparative HPLC. 

Identification and estimation of alkaloids. The 8 known alka- 
loids were identified by co-TLC and co-HPLC with authentic 
samples, as described in previous papers [I-6]. The alkaloid 
contents in the stems, roots and leaves were determined by 
HPLC. 
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