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Abstract—Twenty three lycorine derivatives and naturally occurring alkaloids, structurally related to lycorine, were
tested for their ability to inhibit ascorbic acid biosynthesis in potato tubers. The following relationships between
structure modification and activity were observed: (a) cleavage of the acetalic bonds on the dioxole ring had no effect on
activity; (b) derivatives with a methoxy group on C-8 (A ring) were inactive; (c) oxidation of NCH,-7 to an amide group
(B ring) caused loss of activity; (d) modification of the C/D ring junction had no effect on activity when the D ring
assumed a § configuration whereas a great decrease of activity was observed when that ring assumed an o configuration;
(e) selective or complete acetylation of hydroxyl groups of the C ring, epimerization or oxidation of the hydroxyl group
on C-2 led to a loss of activity; (f) a compound with a double bond located in the 1,2 position showed activity almost
identical to lycorine; (g) stereoselective hydrogenation of the double bond of the C ring induced a considerable increase

of the activity; (h) protonation of the nitrogen atom had no effect on activity.

INTRODUCTION

The effects of lycorine 1 [1], an alkaloid extracted from
various Amaryllidaceae [2], on several important
physiological processes such as inhibition of growth and
cell division in higher plants, algae and yeasts [3],
inhibition, at low concentration (10~ ® M) of ascorbic acid
biosynthesis [4], prevention of cyanide-insensitive respir-
ation [5], have made this substance a valuable tool for
studying a number of biological effects. Thus, investiga-
tions on the mechanism of action of lycorine in vivo and in
vitro are actively pursued.

This paper describes the results of a systematic investi-
gation of the inhibitory activity of synthetic lycorine
derivatives and naturally occurring Amaryllidaceae al-
kaloids on ascorbic acid biosynthesis.

RESULTS AND DISCUSSION

Studies on structure-activity relationships in this
family of alkaloids were feasible as a large number of
chemically modified lycorine derivatives had been pre-
pared and several naturally occurring Amaryllidaceae
alkaloids were available.

In order to clarify the structure—activity relationships
the following structural modifications were tested:
cleavage of acetal bonds on to the dioxole ring; substi-
tution by 8-methoxylation of the aromatic ring (ring A)
and 7-oxidation of the B ring; change of the C/D ring
junction combined with variation of the configuration of
the D ring; 1 and/or 2-acetylation, 2-oxidation, 2-epi-
merization and the presence, in the 1,2-position, of a
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double bond or an epoxy group on the C ring; « and §
hydrogenation of the double bond located in the 3,3a-
position; protonation of the nitrogen atom.
Twenty-three compounds representing the above
modifications were tested for their inhibitory effects on
ascorbic acid biosynthesis in potato tubers [4]. The
structural variations were tested, routinely, in turn but
sometimes simultaneously. Inhibition by natural and
chemically modified alkaloids were determined over the
range 540 uM; in each case dose-response effects were
observed. However, comparison of the inhibitory activity
was carried out at a standard concentration of 20 uM. The
results are summarized in Table 1. Only compounds 15
and 18 showed stimulation of ascorbic acid biosynthesis.
It was apparent that the differences in activity were not
random, but were rather determined systematically by the
nature and combination of the structural modifications.
Protonation of the nitrogen atom (lycorine HCI, [6])
did not modify the inhibitory activity of lycorine. It was
therefore possible for us to bioassay the alkaloids as bases
or as salts. Cleavage of the acetal bonds and the con-
sequent opening of the dioxole ring (galanthine 13, [2]
and methylpseudolycorine 14, [2]) caused a slight de-
crease in activity. Therefore the total loss of the inhibitory
activity showed by norpluviine (15, [2]) was due to the
absence of the 2-hydroxyl group in this compound. This
result was unaffected by the different nature of the
substituent group on C-9 (cf. activity of 15 with those of
13 and 14). Substitution on C-8 of the aromatic ring witha
methoxy group gave derivatives which were devoid of
actwvity. In fact, ambelline (20, [2]), an alkaloid of the
crinine-type, had no biological effect, whereas bupha-
nisine (19, [2]), an alkaloid belonging to the same group,
was almost as active as lycorine. The different nature of
the substituent group on C-11 (D ring), present in these
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Table 1. Inhibition of ascorbic acid biosynthesis in the presence
of lycorine derivatives and naturally occurring Amaryllidaceae
alkaloids

%, Inhibition of ascorbic acid biosynthesis

Alkaloid  5uM  10uM  15uM  20xM 40 uM
1 18 45 55 88 —
1 HCl 8 24 55 83 —
2 0 5 t1 22 —
3 0 0 19 26 —
4 - — — 12 14
5 13 13 — 16 —
6 0 0 — 12 —
7 10 33 68 100 —
8 8 40 —_ 95 —_
9 0 14 — 17 —

13 45 59 - 63 —

14 43 75 — 70 —

15 +7 +7 - 2 -

16 HCI 10 2 36 38 —

17 HCI 0 6 15 2 —

IS8HBr  +16  +21 +38 —

19 50 62 — 80 —

20 0 0 — 0 —

21 6 16 — 32 —

22 17 20 — 23 —

23 0 12 16 30 —

24 0 0 0 10 —

25 HBr — — —_ 6 23

The relative inhibition given from each compound, under
standard conditions, is reported. Stimulation was observed in the
cases of compounds 15 and 18, the values represent the relative
increase of ascorbic acid biosynthesis. The data are the mean of
three experiments run in triplicate at least.

1R]= RZ= OH, R.=
= H

2 R;= R,= OAc, Rz

Ry= OH, Ry= H
4 R = OH, R,= OAc, Ry= H
5 R= OH, Ryt Ry= 0

6 Ry= Ry OH, Ry= M

13 Ry= OH,
14 8= Ry= OH,
15 Ry= Ry= OH, Ry= H,

R2= R3= R4= OMe
Ran R4= OMe
R‘= OMe
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latter two compounds, as negligible. The result dem-
onstrated that modification of the C/D ring junction
combined with the D ring § configuration did not cause
variation in activity. Therefore the substantial decrease in
activity measured in the undulatine (21, [2]) bioassay was
probably due to 8-methoxylation and was independent
from the presence of the 1,2-epoxy group.

Modification of the C/D ring junction did not affect the
biological properties of these compounds, therefore, the
great decrease of inhibitory activity found in testing
haemanthamine (22, [2]) and the consistent decrease
observed in the haemanthidine (23, [2]) bicassay were
ascribed to the « configuration of the D ring. The presence
of either hydrogen or a hydroxyl group on C-6 (D ring)
of these two alkaloids was of secondary importance.
Furthermore, inspection of Dreiding models showed that
lycorine and buphanisine possessed a plane molecule with
low conformational freedom. Moreover, they had the
same structure and configuration, relative to the « side of
the molecule, except for the D ring. This latter result
suggested that the D nucleus was of little importance with
regard to inhibitory activity and that substitution of the
1,2-glycol system (1) with a 1,2-double bond (19) did not
affect the activity.

The 1,2-diol system of the C ring was essential for the
inhibitory activity of 1. Modifications such as 1- and/or
2-acetylation (3, [7]; 2, [7]; 4, [1]), 2-oxidation (5) and
2-epimerization (6, [ 7]) caused the loss of the activity. In
contrast, hydrogenation of the 3,3a-double bond yielded,
by two different routes, the « (7, [7]) and B (8) dihydro
derivative of 1 both of which were more active than
lycorine. These results were attributed to a larger confor-
mational freedom of 7 and 8 as compared to 1. Therefore,
in this study of ascorbic acid biosynthesis inhibition, the 7
and 8 derivatives of lycorine were the best inhibitors. The
substantial decrease in activity observed with the a-
dihydro-lycorine-lactam (9, [8]) as compared to 7 dem-

Re Rs
7 Ri= R2= OH, R3= R5= R6= H, R4= ---H
8 Ry= Ry= OH, Ry= Re= R= H, =~
9 Ry= Ry= OH, Ry=H, Ry= -=-H, R.+R.=0
10 R;= R,= OAc, Ry= Re= Re= H,  Ry= ---H
11 R = Ry= OAc, Ry= Re= Re= H, = ~H
12 Ry= Ry= OAc, Ry= H, Ry= ---H, R+ R.=0

16 R+ Ry= 0

17 R.|= OH, Rzz H



¢ ¢
(o] (o]
R OMe
19 Ry= Ry= H
20 Ry= OH, Ry=-OMe

onstrated that modifications on the B ring, combined in
this case to the drastic decrease of the basic properties of
the nitrogen atom, produced the loss of the activity.

The radical modifications of the lycorine structure
found in the Amaryllidaceae alkaloids of the lycorenine-
type (homolycorine [2] HCI, 16 HCI; lycorenine [2] HCI,
17 HCl and clivonine 24, [2]), galanthamine-type (galan-
thamine [2] HBr, 18 HBr) and lycoramine-type (lyco-
ramine [9] HBr, 25 HBr) produced, as expected, great
decreases or total loss of the activity; although 18 showed
stimulatory activity.

The data presented in this study show that the lycorine
structural features needed to preserve the inhibitory
activity of ascorbic acid biosynthesis were an integral A
and B ring system, § configuration of the D ring when the
C/D ring junction is changed and the presence of an
electrophilic site located between C-1 and C-2 of the C
ring.

18
OH
N-Me
~OH Q
MeO’ !
25
EXPERIMENTAL

General methods. Optical rotations were measured in aq. 1%
H,S80,. Mps are uncorr. TLC was carried out on silica gel
(prepared plates): the spots were visualized by exposure to I,
vapour or UV radiation. Solvent systems: (A) EtOAc—iso-PrOH
(49:1); (B) CHCl,—iso-PrOH (9:1); (C) CHCl,—Me,CO-diethyl-
amine (5:4:1).

Inhibition in vivo of ascorbic acid biosynthesis. To determine
the effect of lycorine derivatives and naturally occurring al-
kaloids, an ascorbic acid biosynthesis, cylinders of potato tuber
(Solanum tuberosum L.) tissue, 0.9 cm in diameter, were removed

21

22 R.|= H
23 R1= OH

with a cork borer and sliced on a sliding microtome. The slices,
1 mm thick, were washed repeatedly with tap H,O and used
either immediately or after incubation at 20° for 13 hr in H,O
with or without lycorine derivatives and other alkaloids at the
concs indicated. The medium was aerated by continuous shaking.
Ascorbic acid was determined after the slices were washed with
tap H,O. Tuber slices (2 g) were homogenized in a soln of 59
H3PO, and centrifuged at 25000 g for 15 min. 0.3 ml of this
extract was added to 2.7 ml 1.5 M citrate-Na-Pi buffer, pH 6.2,
and A, 40, measured. The ascorbic acid was oxidized by adding
a small quantity of purified ascorbic acid oxidase and the decrease
in A determined. The conc of ascorbic acid (ug/100 mg fr. wt) was
then obtained from a standard curve (10-100 g of pure ascorbic
acid).

Chemicals. Lycorine (1) was obtained from dried bulbs of
Sternbergia lutea Ker-Gawl by extraction with 19, H,SO, soln
{10]. 1,2-0,0-Diacetyl-lycorine 2 [7], 1-O-acetyl-lycorine 3 [7]
and 2-O-acetyl-lycorine ‘4 [1] were prepared by known
procedures.

Lycorine-2-one (5). Toasoln of 1 (574 mg)indry DMSO (3 ml)
were added crystalline H;PO, (300 mg) and DCC (1.23 g). After
stirring for 17 hr at room temp., the mixture was diluted with
309, HOAc soln (100 ml) filtered through a glass funnel which
was then washed with the same soln (4 x 50 ml). The combined
filtrates and washings were neutralized with 1 M NaOH and,
successively, extracted with CHCI; (5 x 150 ml); the combined
extracts were dried (Na,SO,). Evaporation of the solvent gave an
oily residue which was purified by CC (solvent A). The residue of
5 crystallized from iso-PrOH (98 mg, 20%;): mp 143-145% [o]
= —99.7° (¢ = 2.5); UV ACHCL: 292 and 245 nm (¢ = 2920 and
3120 respectively); IR v2Wcm ™1 3150 (OH), 1655 (C=0);
'H NMR 270 MHz (CDCIl,-CD,COOD, 3:1, using CDCl,,
87.26, as internal standard) 63.17 (2H, m, H-4), 3.49 (1H, dd, J , ,
= 10.7 Hz, J yx = 2.6 Hz, H-11b), 3.56 (1H, m, J ,5 = 10.0 Hz,
H-5), 374 (IH, m, J,g=100Hz, H-5), 429 (1H, d, J
= 10.7 Hz, H-11¢; 1H, d, J ,g = 14.7 Hz, H-7; by 'H NMDR),
4.36 (1H,d,J ,g = 14.7 Hz,H-7),4.73 (1H,d, J yx = 2.6 Hz, H-1),
5.92(2H, s,H-12),6.05 (1H, 5, H-3), 6.65 (1H, s, H-8) and 6.82 (1H,
s, H-11); MS 70 eV, m/z (rel. int.): 285 [M]"* (30), 284 (27), 267
(100) and 226 (17).

B-Dihydro-lycorine (8). To soln of 1 (2 g) in HOAc (distilled,
57 ml) was added Ni-Raney/Merck catalyst (17.8 g). Hydrogen-
ation was carried out overnight in an H, atmosphere at room
temp. under stirring. After filtration of the catalyst the solvent
was evaporated to leave a residue which on TLC analysis (solvent
C) was found to contain a-dihydro-lycorine (7), unreacted 1and a
minor product (R 0.35). The mixture was acetylated under usual
conditions with Ac,O (10 ml)and C;H N (10 ml). Purification of
the acetyl-derivatives by CC (silica gel, solvent B) gave diacetyl-
derivatives of 1 (2, 100 mg) and 7 (10, [8], 1.6 g)and 76 mg of 1,2-
0,0-diacetyl-$-dihydro-lycorine (11). 11 was dissolved in MeOH
(10.7 ml) and hydrolysed for 5 hr with 379, HCl 2.1 ml) on a
water-bath (100°). The mixture was concd under red. pres. and
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then percolated through a column of Dowex-50W x 2, 100-200
mesh (20 ml in the NH; form) which was washed with H,O
(100 ml) and successively eluted with 1M NH,OH
(100 ml). The latter effluent was lyophilized to give 8 as an
amorphous solid (54 mg, 2.7%): mp 120-123° [«]F’ = —85.0°
(c=0.5); UV ALz H:SOenm: 289 and 236 (¢= 2341 and
1936 respectively); IR vg‘gfl cm™!: 3400 (OH); 'HNMR
270 MHz (CD,0OD-CD,COOD, 3:1, using CD,0D, 83.31, as
internal standard): 61.81 (1H,dd, J ,p = 13.7Hz, J = 2.3 Hz, H-
3; 1H, m, H-4; by "H NMDR), 2.11 (1H, ddd, J ,g = 13.7 Hz, J
= 3.8 Hz, H-3), 2.23 (1H, m, H-4), 2.36 (1H, m, H-3a), 3.14 (1H, ¢,
Jap=121Hz,J = 12.1 Hz,H-11c¢),3.31 (1H,dd,J , s = 12.1 Hz,
J ax = 1.9 Hz, H-11b), 3.45 (1H, m, H-5), 3.82 (1H, m, H-5), 4.09
(1H, m, J = 1.9 Hz, H-2), 427 (1H, d, J .5 = 14.0 Hz, H-7), 4.52
(1H,d,J s = 140 Hz,H-7;1H,t,J p.x = 1.9 Hz,J = 1.9 Hz, H-1;
by 'H NMDR), 5.96 (2H, 5, H-12),6.70 (1H, s, H-8) and 6.91 (1H,
s, H-11); MS 70 eV, m/z (rel. int.): 289 [M]* (11), 288 (41)and 270
(6).

a-Dihydro-lycorine (7). 1 (1 g) in HOAc (distilled, 7 ml) was
stirred with 59, Pt—C (1.2 g). Hydrogenation was carried out
overnight in an H, atmosphere (2 kg/cm?) at room temp. After
removal of the catalyst, the mixture was evaporated in vacuo. The
solid residue, dissolved in 1 M HCl (2 ml), was purified on
Dowex-50W x 2, 100-200 mesh (20 ml in the NH; form) as
reported for 8. 7 (800 mg, 80 %/) crystallized from the basic eluent
had mp, {«] %’ and spectral values very close to those reported in
the literature [7, 11] for 7 prepared by hydrogenation followed
by hydrolysis of the 1-O-acetyl-derivative of 5.

2-epi-Lycorine (6). 5 (238 mg) and NaBH, (200 mg) in EtOH
(73.4 ml) was kept at room temp. under stirring. After 12 hr the
excess of the reagent was destroyed with 0.1 M HCI and the
mixture was diluted with H,O and extracted with CHCl; (3
x 60 ml). The combined extracts were washed with H,O and
dried (Na,SO,); evaporation of the solvent gave an oily residue
(220 mg). Purification of the reduced mixture was performed
according to the procedure used for 11. It yielded an amorphous
solid of 6 (60 mg, 40°/) which was identical to 2-epi-lycorine
prepared by another route [7].

a-Dihydro-lycorine-lactam (9). 10 (96 mg) was transformed
into 1,2-0-0-diacetyl-a-dihydro-lycorine-lactam (12) according
to the reported procedure [8]. 12 was hydrolysed (4 %, NaOH in
EtOH) to 9; crystallization from CHCl, gave white needles
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(27 mg, 45 %) similar in all respects to a-dihydro-lycorine-lactam
prepared by an other route [8].
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