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Abstract-—Six alkaloids have been isolated from fresh bulbs of Crinum delagoense. The alkaloids, delagoen-
sine and delagoenine, are reported here for the first time. The structure and stereochemistry of the new al-
kaloids have been determined by physical and spectroscopic methods. 'H and '*C NMR spectra were
completely assigned by means of 2D NMR techniques. > 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION

Plants of the Amaryllidaceae, belonging almost
exclusively to the tribes Amaryllideae and
Haemantheae {2]. have for sometime been used in
the medicinal preparations of several of the indigen-
ous peoples of South Africa [3,4]. In this regard,
Crinum delagoense, which is distributed throughout
the Gauteng and KwaZulu-Natal Provinces of
South Africa, is used in Zulu and Xhosa traditional
medicine. the Zulus in particular employ aqueous
extracts to treat urinary tract infections and swel-
ling of the body [3]. However, substantiated
reports [5] of the cure of a human cancer by the
oral intake of a hot water extract of five species,
including C. delagoense, led us to select this species
as a viable candidate for phytochemical analysis.
This investigation forms part of our ongoing
research of the Amaryllidaceae endemic to southern
Africa (for a revision, see ref. [6]). Inititially, a pre-
parative HPLC investigation of a hot water extract
of bulbs of the plant yielded five major components,
one of which was active against BL6 mouse mela-
noma cells. Subsequently, an ethanolic extract of
fresh bulbs was investigated and after repeated col-
umn chromatography (see Experimental) six alka-
loids were isolated, four of which are known, while
the remaining two, delagoensine (1) and delagoe-
nine (2), are novel compounds. Lycorine, which is

*Author to whom correspondence should be addressed.
§Part 6 in the series “Alkaloids from South African
Amaryllidaceae”. For part 5 see ref. [1].

widely distributed in this genus and is known to
exhibit several biological and pharmacological
activities [7], was found to be the principal constitu-
ent. All six compounds were examined for cytotox-
icity but only lycorine and 6-hydroxycrinamine (the
water-soluble component), were active against BL6
mouse melanoma cells. The isolation of criwelline
and 6-hydroxycrinamine from the same plant is of
biosynthetic significance [8]. Compounds 1 and 2
are the first crinane-type alkaloids with an hydroxyl
group in the C-12 position. as opposed to the usual
11-substitution.

RESULTS AND DISCUSSION

The absolute configuration of alkaloids with a
5,10b-ethano bridge (hamayne, 6-hydroxycrinamine,
1 and 2) were determined from circular dichroism
(CD) curves, which were qualitatively similar to
those of the 2-5,10b-ethanophenanthridine alkaloids
with a maximum around 290 nm and a minimum
around 250 nm [9-11].

Compound 1, CgH> NOs. as well as the related
compound 2, CoH,sNOs. were isolated for the first
time from a natural source. The IR spectrum of
both exhibited carbonyl and the hydroxyl bands.
Compound 1 exhibited, additionally, a band corre-
sponding to a methylenedioxyl group. Their El
mass spectra displayed a similar fragmentation
pattern, with an intense [M]" at m/z 331 and 347,
respectively, and important fragments at m/z
[M—44]". [M—101]", [M—=103]", [M—104]".
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1: R1+R2=OCH20'
2: R, =R,=OMe
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[M—105]", [IM—130]", [M—131]", [M—146]"
and 115. The base peaks at m/z 226 and 243, re-
spectively, were associated with the loss of the acet-
oxyl group from the [M —44]" fragment.

The signals in the 'H NMR spectrum of 1
(Table [) were similar to those of maritinamine [12]:
however, due to the presence of the hydroxyl group
at the 12exo position, supported by the NOE effect
(Table 2) between H-12e¢ndo (6 5.04) and H-6a (6
3.90), a pronounced deshielding effect
(Ad ~2.2ppm) on H-12endo, with respect to the
maritinamine data was observed. A less pronounced
deshielding effect (Ad ~ 1.05 ppm). due to the pre-
sence of the acetoxyl group, was observed for the
H-3 (6 5.20) resonance. The magnitude of the coup-
ling constant between H-2ax (J 1.82) and H-3. and

between H-3 and H-4ax (3 2.24), was small
Table 1. '"H NMR, HMQC and HMBC data for compound 1
H B} Correlated C-atom
HMQC HMBC
fax 1.88 deddd (13.5, 13.0. 4.0) 23.2¢ C-3, C4a, C-10a. C-11
leq 2.16 dddd (13.5, 3.5, 2.6, 1.0) 2321t C-3. C-4a
2ax 1.82 dddd (13.0, 12.5. 2.6. 2.5) 2481 C-4, C-10b
2eq 1.98 dddddd (12.5. 4.0, 3.5, 3.5, 1.0) 2481 C-4, C-10b
3eq 5.20 ddddd (4.0, 3.5. 2.5. 2.5, 1.0) 69.4 d COMe
dax 2.24 ddd (13.0, 12.2, 2.5) 3.0+ C32, C-10b
4eq 2.05 dddd (13.0, 5.5, 4.0, 1.0} 31.0¢ C-2, C-10b
4a 3.22ddd (12.2, 5.5, 1.0) 62.2d C-12
63 3.90 d (16.7) 58.41¢ C-7. C-10a
6ff 4.36d(16.7) 58.4¢ C-4a, C-7, C-10a, C-12
124.1 s (C-6a)
7 6.46 5 1059 4 C-6, C-9, C-10a
146.5 5 (C-8)
146.0 5 (C-9)
10 6.73 103.5d C-6a, C-8. C-10b

llexo 230 dd (135, 5.0)

1lendo 2.27 ddd (13.5, 6.5, 1.0)
1 2endo 5.04 dd (6.5, 5.0)
OCH-0 5904-592d(1.5)
COMe 1.97 s

[41.3 s (C-10a)
44.6 5 (C-10b)

47.11¢ C-1, C-4a

474t C-1, C-4a, C-10a
93.0d

100.8 ¢ C-8,C-9

21.2¢

170.2 s (COMe)

Table 2. Scalar and spatial correlation of the protons of compound 1

H COSsYy NOESY

lax H-leq. H-2ax. H-2eq H-leq. H-2eq, H-10

leq H-lax, H-2ax, H-2eq, H-3eq H-lax. H-2ax, H-2eq. H-10
2ax H-lax. H-leq, H-2eq. H-3eq H-leq., H-2eq. H-3eq, H-4ax. H-1lexo
2eq H-lax. H-leq, H-2ax. H-3eq. H-4eq H-lax. H-leq, H-2ax, H-3eq
3eq H-leq. H-2ax. H-2eq, H-4ax, H-deq H-2ax, H-2eq. H-4ax, H-4eq
4ax H-3eq. H-d4eq. H-4a H-2ax, H-3eq, H-4eq, H-11exo
4eq H-2eq, H-3eq. H-4ax, H-da H-3eq. H-4ax, H-4a

4a H-4ax, H-4eq. H-1le¢ndo H-deq. H-6f

62 H-6f3 H-6f. H-7. H-12endo

6f H-6x H-4a. H-6x. H-7

7 H-6x. H-65

10 H-lax. H-leq

1lexo H-1lendo. H-12endo H-2ax, H-4ax, H-1lendo

I lendo H-4a, H-11lexo, H-12endo
12endo H-llexo, H-11eado
OCH-0

COMe

H-1lexo, H-12endo
H-6x. H-lendo
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Table 3. '"H NMR, HMQC and HMBC data for compound 2

H I Correlated C-atom
HMQC HMBC
lax 1.97 ddd (13.4. 13.0, 4.5) 233¢ C-3, C4a, C-10a, C-11
leq 2.27 dddd (13.4, 3.7, 2.8, 1.0) 2334 C-3, C-4a
2ax 1.86 dddd (13.0, 12.5, 2.8, 2.5) 247 ¢ C-4, C-10b
2eq 2.05 ddddd (12.5, 4.5, 3.7, 3.5. 1.0) 24714 C-10b
3eq 5.23 ddddd (4.0, 3.5, 2.5. 2.5, 1.0) 68.9 d COMe
dax 2.34 ddd (12.5. 12.2, 2.5) 3031 C-2. C-10b
4eq 2.20 dddd (12.5. 5.8, 4.0, 1.0) 30.3¢ C-2, C-10b
4a 3.38 ddd (12.2, 5.8. 1.0) 62.5d C-12
6% 4.10d (16.5) 5691 C-4a, C-10a
6/ 4.42d (16.5) 56.9 1 C-da, C-7, C-10a, C-12
121.4 5 (C-6a)
7 6.52s 108.9 o C-6. C-9. C-10a
148.2 5 (C-8)
148.1 5 (C-9)
10 6.73 5 106.2 d C-6a, C-8. C-10b
139.0 5 (C-10a)
44.3 5 (C-10b)
lexo 2.37dd (13.5. 5.0) 46.2 ¢ C-1. C-4a
1 lendo 2.34 ddd (13.5, 6.2, 1.0) 46.21 C-1, C-4a. C-10a
12endo 5.20 dd (6.2, 3.0) 938 d
&-OMe 385y 56.0 ¢ C-8
9-OMe 3.885 56.0¢ C-9
COMe 2018 21.2¢
- 170.2 5 (COMe)
(2.5 Hz), denoting in both a dihedral angle of ca well as with C-10b and C-8 (HMBC

60°, which led us to assign the equatorial disposi-
tion for H-3 and a trans-relationship between the
C-3 acetoxyl substituent (6 1.97) and the 5,10b-
ethano bridge. Additionally, a significant feature of
the "H NMR spectrum, confirmed by a COSY ex-
periment, was the long-range W coupling between
H-leq (J 2.16) and H-3, indicating that they were in
the same plane. The same feature was observed
between H-2eq (0 1.98) and H-4eq (6 2.05). The
assignment of the H-6 protons was supported by
the NOE effect between H-12¢ndo and H-6x, as well
as between H-6f (0 4.36) and H-4a; additionally,
H-6f8 was assigned at lower field due to its cis-re-
lation with the nitrogen lone pair [13]. The aromatic
singlet resonance at § 6.73 was assigned to H-10,
because of the three-bond correlation with C-6a, as

experiment [14]), and this was corroborated by the
spatial proximity between H-10 and H-leq
(ROESY experiment [15]).

The 'H NMR spectrum (Table 3) of compound 2
was similar to that of 1, only the substitution of the
methylenedioxy!l group by two methoxyl groups was
significant. The exact location of the aromatic
methoxyl groups was deduced from NOE measure-
ments (Table 4), which interrelated 9-OMe (0 3.88),
H-10 (6 6.73) and H-leq (6 2.27), while the assign-
ment of 8-OMe (5 3.85) was supported by a NOE
with H-7, and by a three-bond connectivity with C-8.

The '*C NMR spectra of 1 and 2 were similar
and the assignment of the carbon signals were con-
firmed taking into account the HMQC [16] and
HMBC connectivities (Tables 1 and 3). For com-

Table 4. Scalar and spatial correlation of the protons of compound 2

H COSY NOESY

fax H-leq. H-2ax. H-2eq H-leq. H-2eq. H-10

leq H-lax. H-2ax, H-2eq. H-3eq H-lax, H-2ax. H-2eq. H-10
2ax H-tax. H-leq, H-2eq. H-3eq H-leq, H-2¢q, H-3eq. H-d4ax, H-11exe
2eq H-lax, H-leq, H-2ax. H-3eq. H-4eq H-lax. H-leq, H-2ax. H-3eq
3eq H-leq. H-2ax, H-2eq. H-4ax. H-deq H-2ax. H-2eq. H-4ax, H-4eq
4ax H-3eq. H-4eq, H-4a H-2ax, H-3¢q. H-deq. H-11exo
deq H-2eq. H-3eq. H-dax, H-4a H-3eq. H-4ax, H-4a

4a H-4ax. H-deq, H-11endo H-4eq, H-6f

6 H-6f H-6. H-7. H-12¢endo

6f H-62 H-4a, H-6x. H-7

7 H-6a. H-6f. 8-OMe

10 H-lax, H-leq, 9-OMe

liexo H-11endo, H-12¢ndo H-2ax, H-4ax. H-1lendo
Vlendo H-4a, H-1lexo, H-12endo H-1lexo, H-12¢ndo

\ 2endo H-11exo, H-11endo H-6x. H-1lendo

8-OMe H-7

9-OMe H-10

COMe
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pound 1, at lower field, five carbon singlets for the
acetoxyl carbonyl group and the quaternary car-
bons of the aromatic ring were observed. The assig-
nation of the acetoxyl carbonyl group (¢ 170.2) at
the C-3 position was confirmed by the three-bond
connectivity with H-3. Three-bond correlations to
either H-10 or H-7 allowed the assignment of C-8
(0 146.5), C-6a (6 124.1). C-9 (4 146.0) and C-10a
(3 141.3). Finally, the singlet at é 44.6 showed cor-
relations with H-2, H-4 and H-10, and was assigned
to C-10b. The C-12 resonance (d. d 93.0) was sig-
nificantly deshielded from that observed in other
5.10b-ethanophenanthridine alkaloids [7], in which
this signal occurs at ¢a ¢ 50. This is consistent with
the presence of the hydroxyl group at the 12exo-
position. A similar pattern was observed in the '*C
NMR spectrum of compound 2.

EXPERIMENTAL

General

Mps are uncorr. IR spectra were measured in dry
films. EIMS at 70eV. 'H, "C NMR, DEPT, 'H
COSY, HMQC, HMBC and ROESY spectra were
recorded on a Varian VXR 500, using the solvent
specified with TMS as int. standard. Chemical shifts
are reported in J units and coupling constants (J) in
Hz. Silica gel Merck (70-230 mesh) and silica gel
SDS chromagel 60 A CC (230-400 mesh) were used
for CC and flash CC, respectively. Sephadex LH-20
(Pharmacia) was used for gel filtration, and silica
gel 60 Fosy (Merck) for analytical (0.25 mm) and
prep. (1 mm) TLC. Spots on chromatograms were
detected under UV light (254 nm) and by spraying
with Dragendorff’s reagent.

Plant material

Bulbs of C. delugoense Verdoorn were collected
in February, 1993, during the flowering period, in
the Natal province (South Africa). The material
was authenticated by both Dr Anne Hutchings of
the University of Zululand and Prof. Karl Pegel of
the University of Natal. A voucher specimen is
deposited in the Compton Herbarium of the
National Botanic Institute, Kirstenbosch. South
Africa.

Extraction and isolation of alkaloids

Fr. bulbs (1.5kg) were crushed and macerated
with EtOH for 48 hr. The extract was evapd under
red. pres.. the residue dissolved in H,O and acidi-
fied to pH 4. After removing neutral material with
Et,O, the acidic soln was extracted with CHCl; to
provide extract A. Basifying the soln to pH 8-9 and
extracting with CHCl; gave extract C. Finally,
CHCl;-MeOH (3:2) extraction of the basic soln
gave extract D. Extracts A, C and D were com-
bined (5.9 g) and subjected to flash CC on silica gel,
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eluting with CHCI;-MeOH (19:1) and increasing
the gradient for the last steps until (4:1), to yield §
frs. Lycorine crystallized directly from from fr. I;
recrystallization from MeOH afforded 120 mg. Fr. 2
was rechromatographed by CC using a CHCL—
MeOH step gradient; criwelline and more lycorine
(22 mg) were isolated. Criwelline crystallized
directly and recrystallization from EtOH afforded
20 mg. After a similar chromatographic processing
to that described for fr. 2, fr. 3 afforded 6-hydroxy-
crinamine (19 mg) and criwelline (10 mg), and. fr. 4,
hamayne (30 mg) and 6-hydroxycrinamine (9 mg).
Fr. 5 was additionally purified by prep. TLC using
EtOAc-MeOH (9:1) and, after final purification on
Sephadex LH-20, afforded 1 (25 mg) and 2 (16 mg),
respectively.

Delagoensine (1). Found: C, 64.32; H, 6.55; N,
4.05. C4yH>NOs requires: C, 65.24; H. 6.39; N,
4.23%. Mp 132-134". [1]12)0-%28.2‘” (MeOH; ¢ 0.475).
CD [O]a46 — 2029, [O]ag7 +4652. IR e cm™ 'z 3131
(—OH). 2925, 2860, 1732 (>C = O), 1502. 1483,
1373, 1325, 1235, 1099, 1041, 935 (-OCH-,0-), 847,
755. EIMS 70 eV, m/z (rel. int.): 331 [M]™ (80), 287
(27), 286 (16), 230 (24), 228 (56), 227 (93), 226
(100), 216 (17), 211 (17), 201 (41), 200 (51), 199
(18), 188 (17), 187 (19), 185 (26), 115 (25). 'H
NMR (500 MHz, CDCl3) and '*C NMR (50 MHz,
CDCls), see Table 1.

Delagoenine (2). Found: C, 64.52; H, 7.30; N,
3.89. Cj9H>sNOs requires: C, 65.69; H, 7.25: N,
4.03%. Mp 120-122°, [o]¥ +34.2° (MeOH; ¢ 0.48).
CD (@42 — 1962, [O]rga+ 3844, IR vy e ™2 3166
(~-OH). 2928, 2856, 1732 (>C=0), 1509, 1464,
1373, 1310, 1252, 1139, 1108, 1068, 1023, 990, 846,
755. EIMS 70 eV, m/z (rel. int.): 347 [M]" (79). 303
(31), 302 (22). 246 (23), 244 (71), 243 (100), 242
(99), 232 (17), 228 (27), 227 (28), 217 (32). 216 (30).
215 (18), 211 (22), 203 (18), 202 (28), 201 (26). 115
(20), 91 (16). 57 (17), 55 (20). '"H NMR (500 MHz,
CDCl;) and '*C NMR (50 MHz, CDCls), see
Table 3.

Lycorine (171, hamayne [18]. 6-
hydroxycrinamine [19] and criwelline [20] were ident-
ified by a comparison of their chromatographic and
spectroscopic properties (TLC, [#]p, CD. IR, MS,
'H and '*C NMR) with those of authentic samples
obtained from other plant sources.
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