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Abstract—From the fresh leaves of Sophora tomentosa, three new lupin alkaloids, (— )-epilamprolobine, (+)-
epilamprolobine N-oxide and 5-( 3’-methoxycarbonylbutyroyl)ammomethyl -trans-quinolizidine N-oxide, have further
been isolated along with (+ )-matrine, (+ )-matrine N-oxide, (+)-sophocarpine N-oxide, (— )-anagyrine, (—)-

baptifoline, (—)-cytisine, (—)-N-methylcytisine, (— )-N-formylcytisine, (- )-N-acetylcytisine and (+)-ammo-
dendrine. The absolute configurations of (+ )-epilamprolobine N-oxide (1R:5R:6S) and (- )-epilamprolobine
(5R:65) have also been established by spectroscopic data and by comparison with synthetic (+ )-epilamprolobine
(58:6R) derived from ( — )-lupinine (5R:6R). (—)-Epilamprolobine is a diastereomer of (+ )-lamprolobine (SR:6R) in
Lamprolobium fruticosum and 5-(3'-methoxycarbonylbutyroyl)aminomethyl-trans-quinolizidine N-oxide is presumed
to be an artefact. A biosynthetic pathway for the formation of (— )-epilamprolobine is also proposed.

INTRODUCTION

As part of our studies on lupin alkaloids of leguminous
plants growing in Japan [1-10], we have previously
reported the presence of (+ )-matrine (12), (+ )-matrine
N-oxide (8), (—)-anagyrine (10), (—)-baptifoline (11),
(—)-cytisine (13), (— )-N-methylcytisine (14) and (—)-N-
acetylcytisine (16) in the dried epigeal parts of Sophora
tomentosa [1]. Further examination of the basic
constituents in the fresh leaves, stems and immature seeds
of the same plant has resulted in the isolation of (+)-
sophocarpine N-oxide, (—)-N-formylcytisine (15), (£ )-
ammodendrine and three new lupin alkaloids besides the
above seven lupin alkaloids. This paper describes the
structure elucidation of the new lupin alkaloids (+ )-
epilamprolobine N-oxide (1), (—)-epilamprolobine (2)
and 5-(3’-methoxycarbonylbutyroyl)aminomethyl-trans-
quinolizidine N-oxide (3) and the distribution of the
alkaloids in this plant. A possible biosynthetic pathway
leading to 1, 2 and (+ )-lamprolobine (5) is also proposed
from the stereochemical standpoint among the closely
related lupin alkaloids.

RESULTS AND

DISCUSSION

From the n-hexane-insoluble fraction of the total crude
alkaloid, obtained from the 75% MeOH extract of the
freshly harvested leaves, stems and immature seeds of S.
tomentosa, two new lupin alkaloids, ( + )-epilamprolobine

* This work was presented at the 99th Annual Meeting of the
Pharmaceutical Society of Japan, August 1979 (Meeting
Abstract p. 197).

N-oxide (1) and 5-(3’-methoxycarbonylbutyroyl)amino-
methyl -trans- quinolizidine N-oxide (3), were isolated
along with (—)-cytisine (13), {— )-N-methylcytisine (14),
(—)-N-formylcytisine (15), (+ )-matrine N-oxide (8),
(— ) baptifoline (11), (+ )-sophocarpine N-oxide and
other minor alkaloids. From the n-hexane-soluble
fraction, another new lupin alkaloid, (- )-epilampro-
lobine (2), was isolated together mainly with (+ )-matrine
{(i2) and (—jJ-anagyrine (i0}. Distribution of these lupin
alkaloids and ammodendrine in the various fresh parts of
this plant is listed in Table 1.

The first new alkaloid, (+ )-epilamprolobine N-oxide
(1), was a colourless, amorphoussohd C,sH,,N,O,(M™,
m/z 280.179, calc. 280.179), [«]Z° +14.9° (EtOH) Its IR
spectrum revealed the presence of an imide group at 1715
(weak) and 1660cm™! (strong). The mass spectrum
(70eV) of 1 showed the parent peak at m/z 280 (28 %) and
the fragment ions at m/z 264 (28) and 263 (100)
corresponding to M* — O and M™* — OH, respectively,
characteristic of aliphatic amine N-oxides [5,8,11].1was
quantitatively reduced by H,SO, or by 109, Pd-C/H,
(MeOH) to a deoxygenated product which was shown to
be identical with those of the second alkaloid, (—)-
epilamprolobine (2), in all measurable respects.

The second new alkaloid, (— )-epilamprolobine (2), was
isolated as colourless needles from n-hexane-benzene,
havingmp 101.5°, [oz]:,6 s —13.8° (EtOH) and a molecular
formula of C, H,,N,O, (M™, m/z 264.182 (35%), calc.
264.183). The IR spectrum of 2 showed the presence of a
trans-quinolizidine conformation (2800, 2760 and
2670cm 1) and of an imide group at 1715 (weak) and
1660 (strong) cm™!, The mass spectrum (70eV) of 2
exhibited fragment ions at m/z 152 (48 %), 138 (100), 110
(49), 97 (57) and 83 (57) which were similar to those of the
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Table 1. Distribution of lupin alkaloids and (+)-ammodendrine in the various fresh parts of Sophora
tomentosa*

Immature Immature

Alkaloids Leaves  Stems seeds pods
Total alkaloids 0.15 0.22 0.64 0.37 9, /fr.wt
(+ )-Matrine (12) 17.3 31 10.4 5.8
(+ )-Matrine N-oxide (8) 28.0 10.6 349 389
(+ )-Sophocarpine N-oxide 2.1 3.2 tr 0.5
(—)-Anagyrine (10) tr tr tr tr
(—)-Baptifoline (11) 0.4 5.7 0.1 0.4
(—)-Cytisine (13) 20.6 40.4 13.7 30.8
(—)-N-Methylcytisine (14) 7.7 5.5 1.5 24
(—)-N-Formylcytisine (15) 0.1 0.3 1.0 0.5
(—)-N-Acetylcytisine (16) tr tr tr 0.1
(+)-Ammodendrine tr tr tr tr
(- )-Epilamprolobine (2) 1.0 tr 7.0 tr
(+ )-Epilamprolobine N-oxide (1) 10.2 29 15.2 13.5
5-(3'-Methoxycarbonylbutyroyl)amino-

methyl-trans-quinolizidine N-oxide (3) tr tr tr tr

* Alkaloid contents were quantitatively estimated by liquid chromatography (HPLC) as described in the
Experimental and are shown in % /total alkaloids. S. tomentosa was collected in December at the Ishigaki Island.

2ol
Ryukyu, Japan.
tr = trace.

spectra of (— )-lupinine {(4) and (+ )-epilupinine (6)
[2-4,6,7,127, suggesting the presence of a lupinane moiety
in the molecule. In the **C NMR spectrum of 2, the nine
signals attributable to the quinolizidine moiety resonated
within 1.7ppm of the corresponding signals for (—)-
lupinine (4) [13], except for one due to C-4 which was
considered to be affected by a bulky substituent at C-11.
The other signals, shown in Table 2, at 6 172.6 (s), 33.1 (¢)
and 17.3 (r) corresponding to two carbonyl, two
methylene and one methylene carbons, respectively,
suggested the presence of a symmetric glutarimide moiety
in the molecule of 2. From the above results, 2 was
presumed to be 5-glutarimidomethylquinolizidine having
the same relative configuration as (— )}-lupinine (4).

2 was isolated for the first time as a natural product but
its racemate has already been synthesized by Yamada et
al. [14] and named (+ )-epilamprolobine. 2 was
completely identical with synthetic (+ J-epilamprolobine
in all measurable respects (TLC, HPLC, MS and 'H
NMR). Therefore, the second and first alkaloids were
determined to be (- )-epilamprolobine (2) and its N-
oxide (1), respectively. 2 is one diastereomer of (+)-
lamprolobine (5) which has been found by Hart er al. [15]
in the leaves of Lamprolobium fruticosum of the same
family.

The presence of a trans-quinolizidine moiety in 2 is
apparent from the IR spectrum and the signals due to the
two amino-methylene carbons at the C-2 and C-10
positions having the same chemical shifts in the ' *C NMR
spectrum (Table 2) [8, 16]. The close similarity of the 'H
NMR spectrum of (— )-epilamprolobine (2) to that of its
N-oxide (1) also indicates that 1 possesses the same
stereochemistry as 2. Thus, the 'H NMR spectrum of 2
showed the signals at 6 3.77 (1 H,dd,J = 13and 3Hz, H,)
and 4.28 (1 H,dd, J = 13 and 10.5Hz, H,) due to the C-11
methylene protons. Both chemical shifts and coupling

characteristics of the methylene protons indicate that the
conformation of 2 can be shown as 2a, in which one (H,) of
the methylene protons is trans to 5-H and close to the N-1
lone pair. The 'H NMR spectrum of 1 showed similar
signals due to the C-11 methylene protonsat 4 3.83 (1 H,m
(apparent br d), J = 13Hz, H,)and 492 (1 H, dd, J = 13
and 11 Hz, H,), although they were shifted downfield by
the effect of the N*—O~ bond [5]. These 'H NMR data
also suggest that 1 has the same stereochemistry as 2, and
hence the ring-junction of the quinolizidine moiety is
trans. This assumption was proved by fact that the '*C

Table 2. '*C NMR spectra of (+ )-epilamprolobine N-oxide (1),
{— )-epilamprolobine (2) and ( —)-lupinine (4) in CDCl;*

Carbon No. 1 2 4

2 69.5 (1) 57.2 (1) 57.2 ()
3 16.6 (1) 21.2 (0 22,6 (1)
4 257 () 26.7 (1) 30.5 (1)
5 37.0(d) 371 (d) 388 (d)
6 72.6 (d) 65.2 (d) 65.0 (d)
7 24.7 (1) 29.6 (1) 29.6 (1)
8 23.7 (1) 25.1 (1) 24.8 (1)
9 20.6 (1) 25.6 (t) 25.6 (1)
10 69.5 (1) 57.6 (1) 57.2 (1)
11 384 (1) 37.8 (1) 64.7 (1)
13 [72.7 (s) 172.6 {s)
14 33.0 (1) 330 ¢n
15 173 (1) 17.3 (1)

16 330 (1) 331 (0

17 1727 (s) 172.6 (s)

* § values in ppm from TMS as internal standard.
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NMR spectrum of 1 exhibited the signal at 6 69.5 assigned
to the two magnetically equivalent amino-methylene
carbons which were equally deshielded by the positive
nitrogen of the N-oxide group, compared with that of 2.
The substituent effect of the N-oxide bond in the spectrum
of 1 agreed with those in (+ )-7-epinupharidine (7) [17]
and (+)-matrine N-oxide (8) (I. Murakoshi et al,
unpublished observation) bearing a trans-quinolizidine
moiety (Fig. 1).

The absolute configuration of (— )-epilamprolobine (2)
was shown to be 5R:6S from the fact that the optical
rotation of 2, [@]32; —13.8° (EtOH), showed an opposite
value to that of a synthetic (+ )-epilamprolobine (9),
[«]2%, +16.8° (EtOH), derived from (—)-lupinine (4,
SR:6R) [18] as shown in Scheme 1, which was unknown
so far in nature.

The third new alkaloid (3) has an empirical formula of
C,6H,3N,0, (M™*, m/z 312.205, calc. 312.205). Its mass
spectrum showed the parent peak at m/z 312 (49,) and
fragment ions at m/z 296 (21), 295 (15) and 294 (15)
corresponding to M* — O, M* — H,0, respectively,
which were characteristic of aliphatic amine N-oxides
(5,8,11]. The 'H NMR spectrum of 3 exhibited a sharp
three-proton singlet at § 3.65 and a broad one-proton
signal at 10.90 assigned to a methoxycarbonyl group and
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an amide-NH, respectively. From these results, it can be
assumed that the third alkaloid is 5-(3’-methoxycarbonyl-
butyroyl)aminomethyl-trans-quinolizidine N-oxide (3). 3
is considered to be an artefact produced from 1 during the
extraction and purification procedures of the alkaloids, as
3 was easily formed by allowing 1 to stand in MeOH at
room temperature.

The absolute configurations of (—)-epilamprolobine
(2) and its N-oxide (1) at the C-5 position are the same as
those at the C-7 and C-9 positions of the (+ )-sparteine-
type alkaloids (17, 18) [19] and the (— )-anagyrine-type
alkaloids (10, 11) [19], but that of the (+ )-matrine-type
alkaloids (8, 12) {20], coexisting in the same plant at the
C-5 position corresponding structurally to the C-5
position of 2 and 1, is the opposite. Furthermore, 2 is the
enantiomer of (4 )-epilamprolobine (9) that is chemically
derived from (— )-lupinine (4) and that has not been found
so far in nature. 2 is also the diastercomer of (+)-
lamprolobine (5) corresponding stereochemically to (+ )-
epilupinine (6).

Judging from the above stereochemical point of view
among the lupin alkaloids coexisting in the same plant
and from the chemotaxonomic stand-point for the lupin
alkaloids in leguminous plants, (— )-epilamprolobine (2)
and its N-oxide (1) appear to be either one product arising
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Fig. 1. Substituent effects of N-oxide bond on **C NMR shifts of
(+ )-7-epinupharidine (7), (+ )-matrine N-oxide (8) and (+)-
epilamprolobine N-oxide (1).

from a hypothetical intermediate, ‘active lupinine’ [217],
for the biosynthesis of lupin alkaloids or an oxidative
metabolite derived from a C4-C, or C,~C, bond
cleavage of the (+)-sparteine-type alkaloids (17, 18)
rather than the (—)-anagyrine-type alkaloids (10, 11) as
shown in Scheme 2. (+)-Lamprolobine (5) is also
assumed to be either one product produced from the
‘active lupinine’ of (+ )-epilupinine-type alkaloids or an
oxidative metabolite of the (- )-fS-isosparteine-type
alkaloids (19).

CH,OH

TsCl

NH,

o

(:“,H

11) Glutaric anhydride
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EXPERIMENTAL

Mps are uncorr. The high and low resolution MS were
measured at 70eV. The 'H NMR (100 MHz) and '*C NMR
{25 MHz) were recorded using TMS as an int. standard. TLC
was carried out in the following solvent systems: I,
CH,Cl,~MeOH-28%, NH,OH (90:9:1) for Si gel; 2,
C H,~Me,CO-MeOH (24:3:3) for Al,O;. The R , values for 1
obtained in these solvents were 0.20 and 0.16, respectively, whilst
2 czve the following values. 0.65 and 0.64, respectively. Under the
same conditions, 3 moved at R ;s of 0.16 and 0.11, respectively.
Analytical HPLC was perf>rmed with solvents 3 [i5%,
MeOH - Et,0-25", NH,OH (50:1}] and 4 [259
MeOH - Et,0-H,0-25", NH,OH (100:4:3)]. using a
LiChrosorb SI 100 {Merck, 10um, 0.3 x 50cm) column
employing a monitoring flow system (220 and 310 nm) coupled to
arecorder at a flow rate of 1 ml/min. The R, (min)values for | and
3 obtained by solvent 4 were 12.5 and 13.5, respectively., whilst 2
moved at R, of 9.8 in solvent 3. Prep. HPLC was performed on
LiChrosorb SI 100 (10um, 0.5 x 50cm or | x 50cm) column
using solvents 3 and 4 under the same conditions.

Isolation  of (4 y-epilumprolobine  N-oxide (1), {-)-
epilumprolobine (2) and 3-(3-methoxycarbonylbutyroylyamino-
methyl-trans-quinolizidine N-oxide (3). Sophora tomentosa was
collected in December, at Ishigaki-island, Ryukyu, Japan.
(1) Isolation of (+ j-epilamprolobine N-oxide (1) and the Me
ester (3) from the fresh leaves. The alkaloid fraction (3.06g),
obtained from the 759, EtOH-extracts of the freshly harvested
leaves (2kg), was extracted with n-hexane. The n-hexane-
insoluble fraction (2.2 g) was chromatographed on a Si gel column
(Merck, type 60, 160g, 2.5 x 63cm). developing with
Et,0-MeOH-H,0O 28°, NH,OH (50:50:4:3) and 20ml
fractions were collected. Afier fractions containing 1 and 3 (Nos.
52-67) were pooled, the 1- and 3-rich fraction was further applied
to a prep. HPLC using solvent 4. 1 and 3 were purified
successively by this procedure. 1 (120mg) was obtained as a
colourless, amorphous solid, [2]2" +14.9° (¢ = 0.77. EtOH). MS
my/z (rel. int.): 280.179 (M " calc. for C ;H,,N,0, 280.179, 28),
264 [M — O] (28),263 [M - OH]" (100), 168 (25), 154 (73),
150 (50), 138 (38). 136 {40). 110 (20), 100 (20). Y8 (32), 83 (24).
IR(KBr) cm ' '; 1715 (weak), 1660 (strong) {imide C=0). 'H
NMR (CDCly): 6 2,65 (4H. 1. J = 6.5Hz, 14- and 16-H,), 3.83
(1 H, m (apparent br d), J = 13Hz 11-H,), 492 (1 H, dd, J = 13
and 11 Hz. 11-H,). "*C NMR (CDCl,}: 6 69.5 (1. 2-C). 16.6 (1, 3-

)

"H,OTs

jny
1111

NH. in E1OH

N at fH

2) Ac,O

9
158:6R)

Scheme 1. Synthetic route of {+ )-epilamprolobine (9).
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C),25.7(1,4-C), 370 (d, 5-C), 72.6 (d, 6-C), 24.7 (1, 7-C), 23.7 (4, 8-
), 20.6 (1,9-C), 69.5 {1, 10-C}, 38.4 {¢, 11-C), 172.7 (s, 13- and 17-
C),33.0(t, 14- and 16-C), 1 7.3 (1, 15-C). 3 (3 mg) was also obtained
as a colourless, amorphous solid. MS m/z (rel. int.}: 312.205 (M *,
calc, for C, H, N,G, 312205, 41,296 (M ~O]" (21),295 [M
—~OH]1" (15),294 [M —H,01" (151,265 (13), 152 (31), 151 (31),
150 (33), 138 (100), 111 (28), 110 (32), 97 {26), 83 (37). 'H NMR
(CDCL,): 6 3.65 3H, 5, COOMe), 10.90 {1 H, hr s, NH).

(2) Isolation of { — )-epilamprolobine (2) from immature seeds,
The n-hexane-soluble fraction (70 mg) of the total crude alkaloid
(0.23 g), obtained from the 75 %, EtOH extracts of the immature
seeds (36g), was subjected to prep. HPLC using solvent 3, as
described for 1 and 3. 2 was obtained as a crystalline solid (13 mg)
after elution of {~)-anagyrine. 2, colourless needles {(from »-
hexane), mp 101.5° [¢]2° —13.8° (¢ = 0.34, EtOH). MS m/z {rel,
int.}: 264.182 (M ", cale. for C, ;H,,N,0, 264.183, 35), 263 (19),
222 (17), 152 (48), 138 (100), 110 (49), 97 (57), 83 {(57). IR (K Br)
cm ™ *: 2800, 2760, 2670 (trans-quinolizidine band), 1715 (weak),
1660 {strong) (imide C=0). '"H NMR (CDCl,): & 2.64 (4H, ¢,
J = 6.5Hz, 14-and 16-H,),3.77 (1 H,dd,J = 13and 3Hz, | I-H,),
428 (1 H,dd, J = 13 and 10.5Hz, 11-H,). **C NMR (CDCl,): §
572 (1, 2-C), 21.2 {1, 3-C), 26.7 {1, 4-C), 37.1 {4, 5-C), 65.2 (4, 6-C),
29.6(1,7-C),25.1 (t,8-C), 25.6 (1,9-C), 57.6 (1, 10-C), 37.8 (¢, 11-C),
172.6 (s, 13- and 17-C), 33.1 (1, 14- and 16-C), 17.3 {1, 15-C).

The alkaloid contents in the various parts of S. tomentosa are
shown in Table 1.

Reduction of { + )-epilamprolobine N-oxide (1) into 2. (1) A soln
of 1 {(10mg) in MeOH was hydrogenated over 109, Pd-C atatm.
pres. at room temp. and then the catalyst was filtered off. After the
filtrate was concd to dryness, the residue was crystallized from n-
hexane to give colourless needles (8 mg), mp 101.5°, which was
identical to (- )-epilamprolobine (2) (IR, MS, co-TLC and co-
HPLC).

(2)Anagq.solnof 1 (1 mg)was satd with SO, under cooling. The
reaction mixture was made alkaline with K,CO, under ice-
cooling and extracted x 3 with CH,Cl,. The organic layer was
dried {K,CO,) and evapd to dryness in vacyo. The residue was
purified by HPLC using solvent 3. The product was identical with
(~ )-epilamprolobine (2) (¢co-TLC, co-HPLC and MS).

Methanolysis of { + )-epilamprolobine N-oxide (1}into 3.1 {1 mg)
was dissolved in MeOH (0.3 ml) and then allowed to stand for a
day atroom temp. Analysis of the reaction mixture by HPLC with
solvent 4 showed the presence of two compounds in the ratio of ce
5:1, which were found to be 1 and 3, respectively, in all measurable
respects (MS, TLC and HPLC).

Synthesis of (+ )-epilamprolobine (9) from (~ )-lupinine (4). (1)
Tosylation of { — )-lupinine. Following the procedure of ref. [22],
{—)-lupinine (1 g, 5.9 mmol) and tosyl chloride {0.56 g, 3mmol}
were dissolved in dry Me,CO (20 ml) and the mixture was stirred
for 15 hr at room temp. After the crystalline ppt. (447 mg) of
lupinine-HCI was filtered off, Me,CO was removed in vacuo to
yield crude lupinine tosylate as a pale yellow oil, which was used for
the following step without further purification.

{2) Ammonolysis of lupinine tosylate. 1-Aminomethyl-
quinolizidine was prepared from lupinine tosylate according to a
modification of the procedure of ref. [19]. The tosylate (200 mg) in
NH; satd EtOH was heated in a sealed tube at 130--135°for 15hr.
The reaction mixture was evapd to dryness in vacuo to give 1-
aminomethylquinolizidine (104 mg) as a pale yellow oil,

(3) Preparation of (+ }-epilamprolobine (9). Following the
procedure of ref. [14], to a soln of 1-aminomethylquinolizidine
(104 mg)indry Et,O (5ml), asolnof glutaric anhydride (35 mg)in

I. MURAKOSH! et al.

dry Et,0 (S ml)was added. The reaction mixture was stirred for 30
min at room temp. After the Et,O was removed in vacuo, the
residue was dissolved in 3mlAc, O and washeated onasteambath
for 30 min. The reaction mixture was poured into ice-H,0, made
atkaline with K,CO, and extracted with CH,Cl,. The extracts
were dried and evapd in vacuo. The residue was chromatographed
on ALLO, using C H, to give a crystalline solid (9} (62 mg), mp
101.5° {from n-hexane), {a]35; +16.8° (¢ = 0.50, EtOH). The
synthetic product {9) was identical with the naturally occurring
(~ )-epilamprolobine (2) by TLC, HPLC, MS and 'H NMR
spectra, except for the optical rotation.
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University of Tokyo, for kindly providing a sample of authentic
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