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Abstract

v

Seven new cinchona alkaloids, cinchonanines A-
G (1-7), and 29 known alkaloids were isolated
from the barks of Cinchona surrirubra and C. ledg-
eriana collected from Yunnan Province in China.
The new structures were elucidated by extensive
spectroscopic analysis. All compounds were eval-

uated for their cytotoxicity against five human
cancer cell lines. Compounds 2, 13, 14, and 15
showed moderate cytotoxicity.

Supporting information available online at
http://www.thieme-connect.de/ejournals/toc/
plantamedica

Introduction

v

Cinchona alkaloids, which originate from the con-
densation of tryptophan with secologanin and
then develop to give an impressive array of struc-
tural variants [1], are an important class of medic-
inal natural products. Some of the remarkable
cinchona alkaloids, particularly quinine, have
played a pivotal medicinal role in human society
for over 300 years in the treatment of malaria, a
disease caused by protozoans, of which the most
troublesome is Plasmodium falciparum [2]. Struc-
turally, these alkaloids can be divided into three
groups, indole alkaloids, quinoline alkaloids, and
quasi-dimeric cinchophyllines, regarding their
oxidative cleavage, ring rearrangement, cycliza-
tion, etc. [1,3-7]. Pharmacological investigations
on these alkaloids and their derivatives demon-
strated cytotoxic [8], antimalarial [9,10], antiar-
rhythmic [11], antibacterial [12,13], antifebrile,
and MAO-inhibitory activities [14]. Over the last
thirty years, cinchona alkaloids have become in-
creasingly popular in organic chemistry, being
used as chiral catalysts, ligands, and NMR dis-
criminating agents, among others [15-18].

The barks of several species of Cinchona and Remi-
jia (Rubiaceae) trees have been proven to be good
sources of cinchona alkaloids [1,3,4,14,19-22].
Up to now, over 30 cinchona alkaloids have been
characterized by structural and stereochemical
investigations. Most of them are quinoline alka-
loids, which consist of two relatively rigid entities,

an aromatic quinoline ring and an aliphatic qui-
nuclidine moiety, connected by two carbon-car-
bon single bonds differing only in their configura-
tion at the C-2 and C-3 chiral centers [18,23].
Among these quinoline alkaloids, cinchonine-HCl
and acetylcupreine, isolated from R. peruviana,
showed cytotoxic activities toward murine colon
adenocarcinoma (CT26), human colon adenocar-
cinoma (SW480), human cervical adenocarcino-
ma (Hela), human melanoma (SkMel25), and hu-
man malignant melanoma (SkMel28) cancer cell
lines, while cinchonine was more cytotoxic than
cinchonine-HCI on Chinese hamster ovary (CHO)
cancer cell line [19]. Although quinidine and its
derivatives hydrocinchonine and cinchonine had
weak cytotoxicity against human uterus sarcoma
cells (MES-SA/DX5) and human sarcoma cells
(MES-SA), the compounds enhanced paclitaxel
(TAX)-induced cytotoxicity and P-glycoprotein
(gp) substrate rhodamine accumulation in P-gp
positive expressing MES-SA/DX5 cells and facili-
tated paclitaxel-induced apoptosis in MES-SA/
DX5 cells [24]. Similarly, cinchonine has been re-
ported to modulate doxorubicin-induced apopto-
sis by enhancing Fas expression in multidrug re-
sistance cells and reverse the drug resistance of
tumoral cells more efficiently than quinine
through P-gp binding (8, 25].

The genus Cinchona, comprising about 40 species,
is native to the eastern slopes of the Andes and
cultivated in tropical regions of the world. Pre-
vious phytochemical studies on two species of
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this genus, C. succirubra and C. ledgeriana, collected in India,
South America, and Europe, showed diverse secondary metabo-
lites, including quinoline alkaloids [26-30], indole alkaloids [4],
and polyphenols [21,31,32] (henolic acids, anthocyanins, and
flavonoids). Four of the quinoline alkaloids: quinine, quinidine,
cinchonidine, and cinchonine, account for over 50% of the alka-
loid content. C. succirubra and C. ledgeriana have been introduced
from Indonesia and cultivated in Yunnan Province of China since
the 1930s [33]. The secondary metabolites would plausibly be in-
fluenced by the ecological environment, which encourage us to
search for structurally unique and biological active terpenoid al-
kaloids from them. As a result, seven new cinchona alkaloids, in-
cluding three quinoline alkaloids (1-3) and four indole alkaloids
(4-7), together with 29 known compounds were isolated. The
new alkaloids were elucidated by means of spectroscopic meth-
ods, while the known alkaloids were identified as cinchoninone
(8) [26,34], cinchotoxine (9) [14], remijinine (10) [20], cinchon-
amine (11) [3], quinamine (12) [3], liriodenine (13) [35], lysc-
amine (14) [36], cinchophylline (15) [4], quinidinone (16) [37],
quininone (17) [37], cinchonidinone (18) [38], quinine (19) [39],
quinidine (20) [38], cinchonine (21) [5,19], cinchonidine (22)
[39], 9-epiquinine (23) [39], 9-epiquinidine (24) [39], dihydro-
quinine (25) [39], dihydroquinidine (26) [39], quinine-N(4)-Ox-
ide (27) [40], quinidine-N(4)-oxide (28) [40], 10-methoxycin-
chonamine (29) [21], cinchonaminone (30) [14], cinchonicinol
(31) [14], epi-3-quinamine (32) [4], isocinchophyllamine (33)
[4], alkaloid LA 5 (34) [41], 10-hydroxyscandine (35) [42], and al-
kaloid 376 (36) [43], by comparison with data in the literature. All
compounds were evaluated for their cytotoxicity against five hu-
man cancer cell lines. The isolation, structural elucidation, and
cytotoxicity evaluation of these alkaloids are reported in this pa-
per.

Results and Discussion

v

Cinchonanine A (1) was isolated as colourless oil and gave a pos-
itive reaction with Dragendorff’s reagent, characteristic of alka-
loids. Its molecular formula CygHyg N2O, was determined by the
molecular ion at m/z 320.1526 [M]" in the HREIMS, indicating
twelve degrees of unsaturation. The UV spectrum of compound
1 demonstrated the presence of a quinoline moiety by presenting
maximum absorptions at 206 and 334 nm [44]. The IR spectrum
showed a strong absorption band at 1622 cm™, consistent with
the presence of an a,f-unsaturated carbonyl functionality. Ac-
cording to the above data, together with one methyl at dy 3.83
(s, 3H), one characteristic terminal vinyl group, and five olefinic
protons in its "TH NMR spectrum, compound 1 was readily identi-
fied as a quinoline alkaloid, with a disubstituted quinoline ring
moiety and a methoxyl signal at C-10 [39].

Analysis of the 3C NMR and DEPT spectra (© Table 3) of 1 re-
vealed the presence of 20 carbon resonances, ascribed to one
methoxyl group, four methylene, nine methine, and six quater-
nary carbons (one ketonic carbonyl group and four aromatic car-
bons). These data suggested that 1 was a cinchona alkaloid re-
lated to quinidinone with identical quinoline ring [40]. Besides
one quinoline moiety, one ketonic carbonyl group, and one char-
acteristic terminal vinyl group, the remaining three degrees of
unsaturation should reside in the quinuclidine ring moiety. Be-
cause no sp? carbons were observed in the quinuclidine moiety
in 1, an additional ring structure should be assigned. Its '"H and
13C NMR data (© Tables 1 and 3) indicated that it was similar to
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quinidinone. A significant difference was that a new carbon-car-
bon bond between C-3 and C-17 was formed in 1. The conjecture
was supported by the HMBC correlations of 6y 1.87 (1H, br. d,
J=13.1Hz, H-16ex) with d¢ 52.6 (s, C-3) and 41.2 (d, C-20), and
of &y 2.21 (1H, m, H-14ex) with 8¢ 32.8 (t, C-16), 47.1 (d, C-17),
and 41.2 (d, C-20). The ROESY spectrum showed correlations of
H-19/H-21c, H-21¢/H-14ex, H-20/H-15, and H-20/H-16ex. Based
on the consideration of the biosynthesis of cinchona alkaloids
such as quinione, quinidine, cinchonine, and cinchonidine, which
have a quinuclidine moiety, the absolute configurations at C-15
and C-20 were concluded to be S and R, respectively. In addition,
the ROESY correlations of H-17ex/H-16ex, H-16ex/H-20, and H-
17ex/H-21t suggested an R configuration for C-17. Thus, the
structure of cinchonanine A (1) was established as shown in
OFigs.1and 2.

Cinchonanine B (2) had a molecular formula of C1gH,9 N»O; as es-
tablished by HREIMS. The UV absorption bands at 294 and
206 nm suggested the presence of a quinoline chromophore,
while the IR spectrum absorption bands at 3422 and 1725 cm™
showed the existence of -OH and carbonyl groups. The 'H and
13C NMR (© Tables 1 and 3) data of 2 were similar to those of cin-
choninone [26,34], except for a hydroxyl substituent at C-17 in 2.
The assumption was supported by HMBC correlations of 6y 4.24
(1H, dd, J=9.0, 4.2 Hz, H-3), 3.08 (1H, dd, J=10.7, 4.8 Hz, H-21t),
2.48 (1H, m, H-21c), 1.72 (1H, m, H-16en), and 1.57 (1H, d,
J=11.9 Hz, H-16ex), with 6 69.8 (d, C-17). The relative configura-
tion of 2 was confirmed on the basis of the ROESY experiment, in
which ROESY correlations of H-17ex with H-16ex, H-14en, H-21t,
and H-3 suggested the configuration of C-17. The configurations
of C-3, C-15, and C-20 in this cinchona alkaloid were confirmed
as 3R, 15S, and 20R, respectively, on the basis of its biogenetic
pathway. Detailed analysis of its 2D NMR data (HSQC, HMBC,
and ROESY) established the structure of 2 to be 17-hydroxy cin-
choninone, and named cinchonanine B.

Cinchonanine C (3) was isolated as colourless oil and had a mo-
lecular ion peak [M]* at m/z 310.1686 in its HREIMS, identified
as Cy9H2,N50,, 16 mass units higher than that of cinchotoxine.
The 3C NMR spectrum of 3 showed a ketonic carbonyl group,
two methylenes, a cis-4-alkyl-3-ethenylpiperidine, and a mono-
substituted quinoline moiety. Thus, it was readily identified as
cinchotoxine-N(4)-oxide from its 'H and '*C NMR data (© Tables
1 and 3), in particular the characteristic downfield shifts of the
carbon resonances of C-17 (8¢ 60.1) and C-21 (6¢ 65.5), compared
with those of cinchotoxine [14]. Other parts of 3 were identical to
those of cinchotoxine, supported by its HSQC, HMBC, and ROESY
spectral data.

The molecular formula CogH,g N2O3 of cinchonanine D (4) was es-
tablished by HREIMS ([M]* at m/z 342.1940). Its UV spectra
showed absorption maxima at 207, 260, and 302 nm, which is
characteristic for oxindole chromophores [45], while the IR spec-
trum revealed the presence of a hydroxyl group at 3332 cm™, an
amide carbonyl group at 1686 cm™, and an aromatic ring at 1610
and 1493 cm™. The 'H and *C NMR spectra of compound 4 (© Ta-
bles 2 and 3) suggested an indoylquinuclidine-type alkaloid with
a B-hydroxyethyl side chain. The protons assignments of the qui-
nuclidine moiety were established by HSQC, HMBC, and ROESY
experiments, which were in agreement with a previous work
[19]. The 1D (© Tables 2 and 3) and 2D NMR data of compound 4
were similar to those of remijinine (10) [20]. A significant differ-
ence was a methoxyl group (dy 3.78, 8¢ 56.3) substituted at C-10
of the benzene ring in 4, which presented the ABX proton spin
system signals, and then was further supported by the HMBC cor-
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No. 1 2 3 Table 1 "H NMR data of 1-3%
3 4.24dd (9.0, 4.2) 3.16m (6 in ppm and J in Hz).
5 8.78d(3.7) 9.05d (4.4) 9.04d(4.3)

6 7.32 overlap 8.15d(4.4) 7.85d(4.3)
9 7.10d (2.7) 8.28d(8.4) 8.29d(8.4)

10 7.67t(8.4) 7.67t(8.4)

1 7.39 overlap 7.81t(8.4) 7.81t(8.4)

12 8.01d(9.2) 8.12d(8.4) 8.12d(8.4)

14en 2.24m 1.76m 1.62m

14ex 221Tm 2.26 overlap 1.62m

15 2.19m 2.26 overlap 1.54m

16en 2.02m 1.72m 2.08 m

16ex 1.87br.d(13.1) 1.57d(11.9) 1.28m

17en 2.39t(10.4)

17ex 2.87br.s 3.62d(4.9) 2.39t(10.4)

18t 5.04d(18.4) 5.06d (17.1) 5.16d(17.2)

18¢ 5.01d(10.8) 5.03d (10.4) 5.05d(10.2)

19 5.78 ddd (17.2,10.8, 6.8) 5.77 ddd (17.1,10.6, 6.3) 6.11dt(17.4,10.0)

20 2.28m 2.38m 2.53m

21t 3.48m 3.08dd (10.7,4.8) 3.12dd(17.4,7.5)

21c 3.08dd (14.8,7.4) 2.48m 2.58dd (14.3,11.7)

10-OMe 3.90s

@ Compound 1 was measured in CDCl5; 2 and 3 in acetone-dg
Table2 'H NMR data of 4-79 (6 in ppm and | in Hz).

No. 4 5 6 7
3 3.30 overlap 3.71t(9.6)
5a 3.23td(10.1,5.9) 3.90t(6.0) 3.77m 4.06t(8.3)
5b 3.08td (10.0,5.2) 3.90t(6.0) 3.77m 3.50m
6a 2.18 ddd (13.0, 9.6, 6.0) 3.19t(6.0) 3.15m 2.86br.s
6b 2.05ddd (13.1,9.7,5.2) 3.19t(6.0) 3.08m 2.29dd (11.5,4.1)
9 6.91d(2.2) 7.55d(7.9) 7.57d(7.8) 7.37d(7.4)

10 7.10t(7.9) 6.98t(7.8) 6.83t(7.4)

11 6.79dd (8.2,2.2) 7.17t(7.9) 7.07t(7.8) 7.10t(7.4)

12 6.82d(8.2) 7.31d(7.9) 7.44d(7.8) 6.54d (7.4)

14en 211m 6.76 d (6.5) 2.55br.d (13.7) 1.61m

14ex 1.95m 2.10 overlap 2.47t(11.6)

15 1.80s 2.75 overlap 2.06 m 2.08 overlap

16en 1.56m 1.80m 1.81m 2.11 overlap

16ex 1.42m 1.61Tm 1.55m 2.02 overlap
17en 3.00m 3.01m 3.09 overlap 4.40m

17ex 2.47m 2.70 overlap 2.68m 3.17t(10.4)

18t 5.08d(17.4) 4.98d(17.1) 4.87d(17.4) 517m

18¢ 5.06d (10.0) 4.91d(10.1) 4.84d(9.6) 517m

19 6.04ddd (17.3,10.3,7.8) 5.61m 5.69m 5.85m

20 2.29d(8.4) 2.61dd (14.3,7.8) 2.32m 2.98dd (20.1,12,1)

21t 2.93dd (13.6,10.2) 3.27dd (13.0,8.8) 3.16dd (14.2,9.6) 3.58m

21c 2.63m 2.51d(12.7) 2.61dd (13.1,9.1) 3.34d(12.9)

10-OMe 3.78s

3-OMe 2.83s

“Compound 4 was measured in methanol-dy; 5 and 7 in CDCl3; 6 in acetone-dg

relations of 0y 6.91 (1H, d, J=2.2 Hz, H-9) with ¢ 55.5 (s, C-7),
157.7 (d, C-10), and 136.5 (s, C-13), and of 6y 6.82 (1H, d,
J=8.2Hz, H-12) with d¢ 157.7 (d, C-10) and 134.6 (s, C-8). The
ROESY spectrum showed correlations of H-3/H-21c, H-21t/H-20,
H-19/H-14ex, H-15/H-20, and H-20/H-16ex. These were in good
agreement with those of 10, which showed the same configura-
tions at C-3, C-15, and C-20. The specific rotation of compound 4
[-11.3 (c 0.08, MeOH)] had the same sign and similar value to
that of remijinine [-21.9 (¢ 0.56, MeOH)], whose absolute config-

uration was determined by X-ray diffraction, but opposite to that
of epiremijinine [+41.6 (c 0.13, MeOH)] [33]. Thus, the structure
of cinchonanine D (4) was elucidated as 10-methoxy remijinine.
The HREIMS of cinchonanine E (5) displayed its molecular ion
peak [M]* at m/z 294.1728 (CygH2;N,0). The UV spectrum
showed absorption maxima characteristic of an indole chromo-
phore (307, 233, and 206 nm) [46]. Its 'TH NMR spectrum dis-
played an ortho-disubstituted phenyl ring, two triplet signals at
Oy 3.19 and 3.90, assigned to two connected methylene groups
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Table 3 "3C NMR data of 1-79 (6 in ppm).

No. 1 2 3 4 5 6 7
2 204.8 (s) 205.9 (s) 204.7 (s) 183.1(s) 131.3(s) 136.8(s) 102.5(s)
3 52.6(s) 48.5 (d) 40.5 (t) 65.5 (d) 144.4 (s) 88.6(s) 69.1(d)
5 146.7 (d) 151.2 (d) 151.2 (d) 58.9 (t) 62.3 (1) 63.0(t) 66.0 (1)
6 118.8 (d) 121.1 (d) 120.5 (d) 393 (1) 28.0 (1) 29.4 () 413 (1)
7 1423 (s) 150.0 (s) 150.0 (s) 55.5(s) 109.6 (s) 110.2 (s) 89.3 (s)
8 125.6 (s) 125.1(s) 124.6(s) 134.6 (s) 129.7 (s) 130.3(s) 131.3(s)
9 102.5 (d) 126.4 (d) 126.4 (d) 111.8 (d) 118.6 (d) 119.4 (d) 124.6 (d)
10 158.4 (s) 128.8 (d) 128.7 (d) 157.7 (s) 119.5 (d) 119.4 (d) 120.0 (d)
11 122.5 (d) 130.5 (d) 130.5 (d) 113.8 (d) 122.5(d) 122.2(d) 129.3 (d)
12 131.4(d) 130.9 (d) 130.8 (d) 111.5 (d) 110.8 (d) 112.4(d) 108.5 (d)
13 144.7 (s) 144.1 (s) 144.4(s) 136.5 (s) 134.9(s) 135.2(s) 147.3(s)
14 24.1 (1) 26.5 (1) 28.4 (1) 233 (1) 127.1(d) 373 (1) 26.0 (1)
15 33.2(d) 39.4(d) 38.2(d) 29.5 (d) 33.4(d) 30.7(d) 27.4(d)
16 32.8(1) 36.1 (1) 28.9(t) 28.4 (1) 28.5 (1) 27.0(1) 27.6 (1)
17 47.1(d) 69.8 (d) 60.1(t) 441 (v) 47.4 (1) 41.9(t) 59.2 (1)
18 114.9 (t) 115.3 (t) 116.7 (t) 115.2 (t) 114.1 (t) 1147 (t) 116.9 ()
19 140.0 (d) 140.0 (d) 138.9(d) 143.5 (d) 1423 (d) 141.8 (d) 137.9(d)
20 41.2(d) 43.9(d) 45.3 (d) 41.5(d) 453 (d) 39.9(d) 40.6 (d)
21 47.0 (1) 56.0 () 65.5 (1) 59.1 (t) 55.3(t) 51.1(t) 723 (1)
10-OMe 55.6 (q) 56.3 (q)
3-OMe 51.7(q)

“Compounds 1, 5, and 7 were measured in CDCl3; 2, 3, and 6 in acetone-dg; 4 in methanol-dy4

Fig.1 Chemical structures of the new cinchona-
nines A-G (1-7) and the known 8-12.

Fig.2 Selected HMBC (=) and ROESY («) correla-
tions of 1. (Color figure available online only.)

L.
H-17ex
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Entry HL-60 SMMC-7721 A-549
2 4.4 18.1 25.0
3 16.7 >40 >40

13 6.4 12.9 14.2

14 12.5 12.7 13.8

15 5.8 11.7 16.5

Cisplatin 1.1 14.5 12.7

(J=6.0Hz), a doublet at 6y 6.76 (1H, d, J=6.5 Hz) ascribed to an
olefinic proton, and one characteristic terminal vinyl group. The
'H and 3C NMR data of 5 were similar to those of cinchonamine
[3], except for two olefinic carbons [§¢c 127.1 (d, C-14), 1444 (s, C-
3)] appearing in 5 instead of two sp? carbons of C-3 and C-14 in
cinchonamine. The assumption was supported by HMBC correla-
tions of 8y 6.76 (1H, d, J=6.5 Hz, H-14) with 8¢ 131.3 (s, C-2),
144.4 (s, C-3),33.4(d, C-15), and 45.3 (d, C-20). Furthermore, de-
tailed analysis of 1D and 2D NMR data allowed the establishment
of the structure of 5 as 3,14-dehydrocinchonamine.
Cinchonanine F (6) possessed a molecular formula of C;gHygN20-,
as deduced from HREIMS ([M]*, at m/z 326.1991, calcd. for
326.1994). Comparison of the H and 3C NMR spectra (© Tables
2 and 3) of compound 6 with those of cinchonamine showed a
close relationship between both alkaloids [3], with one more
methoxyl group (y 2.83, 6¢c 51.7) at C-3 appearing in 6. The sug-
gestion was supported by HMBC correlations from 6y 2.06 (1H,
m, H-15), 3.16 (1H, dd, J=14.2, 9.6 Hz, H-21t), 2.61 (1H, dd,
J=13.1, 9.1 Hz, H-21c), and 2.68 (1H, m H-17ex) to §¢ 88.6 (s, C-
3). The relative configuration of C-3 was established by NOE cor-
relations of H-16ex/H-15, H-17ex/H-16ex, and H-17en with the
methoxyl in its ROESY spectrum. Complete analysis of 2D NMR
data confirmed that the other parts of 6 were identical to those
of cinchonamine. Hence, cinchonanine F (6) was elucidated to be
3-methoxy-cinchonamine.

Cinchonanine G (7) gave the molecular formula of C;9H,4N,03 on
the basis of HREIMS ([M]*, at m/z 328.1782), with an index of hy-
drogen deficiency of nine. Its 'TH NMR spectrum suggested an in-
dolylquinuclidine type alkaloid [3,6]. The '*C NMR and DEPT data
of 7 were similar to those of quinamine [3], except for three
downfield carbon signals at §¢c 69.1 (d, C-3), 72.3 (t, C-21), and
59.2 (t, C-17) caused by the N(4)-oxide, which was consistent
with its molecular formula. The ROESY correlations indicated
that the relative configuration of 7 was the same to that of quin-
amine. Thus, compound 7 was elucidated to be quinamine-N(4)-
oxide.

Alkaloids 2, 3, 9, and 14 were isolated from C. succirubra, while
alkaloids 1, 5, 6, 10, 15, 24-26, 29-31, and 33-36 were obtained
from C. ledgeriana, and the other alkaloids 4, 7, 8, 11-13, 16-23,
27, 28, and 32 were ubiquitous in the two species. Comparison of
reported cinchona alkaloids showed that two aporphine alka-
loids, liriodenine (13) and lyscamine (14), one dimeric pyridine
alkaloid, alkaloid LA 5 (34), one quinoline alkaloid, 10-hydroxy-
scandine (35), and one indole alkaloid, alkaloid 376 (36), without
quinoline or quinuclidine ring, were first isolated from plants of
the genus Cinchona.

All alkaloids (purities > 90%) were evaluated for their cytotoxicity
against five human cancer cell lines, HL-60, SMMC-7721, A-549,
MCF-7, and SW-480, using MTT method as reported previously
[47]. Cisplatin (Sigma, >98%) was used as the positive control.
The results showed that compounds 2, 13, and 15 exhibited sig-
nificant cytotoxicity against HL-60 cell line, with ICsy values of

Original Papers

MCF-7 SW480 Table 4 Cytotoxicity of com-

13.0 14.2 pounds 2, 3, and 13-15 (ICsg, uM).
>40 >40

25.5 28.5

12.9 11.7

14.1 13.2

17.1 16.8

44, 6.4, and 5.8 uM, respectively. Furthermore, they showed
moderate inhibitory effects against other four human cancer cell
lines, with ICsg values comparable to those of cisplatin (ICsg val-
ues from 11.7 to 28.5 uM, © Table 4). Compound 14 showed also
moderate cytotoxicity against five human cancer cell lines (ICsq:
11.7-13.8 uM), while compound 3 displayed selective cytotoxic-
ity against HL-60 (ICsg 16.7 uM). The other alkaloids were inac-
tive (ICsg values of > 40 uM).

Materials and Methods

v

General experimental procedures

Optical rotations were measured with a Horiba SEPA-300 polar-
imeter. UV spectra were obtained using a Shimadzu UV-2401A
spectrometer. IR spectra were obtained by a Bruker FT-IR Tensor
27 spectrometer using KBr pellets. 1D and 2D spectra were run
on an Avance IlI-600 MHz or a Bruker DRX-500 MHz spectrome-
ter or an AV-400 MHz spectrometer with TMS as an internal stan-
dard. Chemical shifts (§) were expressed in ppm with reference to
solvent signals. HREIMS was recorded on a Waters Auto Premier
P776 spectrometer. Column chromatography (CC) was per-
formed on silica gel (200-300 mesh, Qingdao Marine Chemical
Ltd.), RP-18 gel (20-45 pm, Fuji Silysia Chemical Ltd.), and Sepha-
dex LH-20 (Pharmacia Fine Chemical Co., Ltd.). Fractions were
monitored by TLC (GF 254, Qingdao Haiyang Chemical Co., Ltd.),
and spots were visualized by Dragendorff’s reagent. HPLC was
performed using Waters 600 pumps coupled with analytical and
semipreparative Sunfire C18 columns (150x4.6 and 150 x
10 mm, respectively). The HPLC system employed a Waters 2996
photodiode array detector and a Waters fraction collector II.

Plant material

C. succirubra and C. ledgeriana were collected from Yunnan Prov-
ince, P.R. China, and authenticated by Mr. Jing-Yun Cui, Xishuang-
banna Tropical Plant Garden. Two voucher specimens (No.
Cui20090428 and No. Cui20090429) have been deposited in the
State Key Laboratory of Phytochemistry and Plant Resources in
West China, Kunming Institute of Botany, Chinese Academy of
Sciences.

Extraction and isolation

The air-dried and powdered barks of Cinchona succirubra (16 kg)
and C. ledgeriana (11kg) were extracted with 90% MeOH
(40 Lx 3, 2 days each) at room temperature, respectively. The ex-
tracts were partitioned between EtOAc and 0.5% HCI solution.
The acidic water-soluble material, adjusted to pH 9-10 with 10%
ammonia solution, was repeatedly extracted with EtOAc for three
times, to give two crude alkaloidal extracts (118 g and 79 g).

The alkaloidal extract of C. succirubra (118 g) was subjected to a
silica gel column (200-300 mesh, 8 x 150 cm, 1.2 kg) eluted with
CHCl3/MeOH (20:1,10:1,5:1,1:1,0:1, each 10 L) to afford frac-
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tions I-V. Fraction I (1.7 g) was separated by silica gel CC (200-
300 mesh, 5x40cm, 60 g, eluted with petroleum ether-Me,CO
from 10:1to 4:1) to afford 13 (8 mg). Fraction Il (1.0 g) was grad-
ually purified by RP-18 (2.5x%25cm, 50g, MeOH-H,0, 2:8 -
8:2), then followed by silica gel CC (200-300 mesh, 2.5 x 50 cm,
30¢g, eluted with petroleum ether-EtOAc from 6:1 to 2:1) to
yield an epimer, 16 and 17 (13 mg). Fraction III (3.4 g) was sub-
jected to RP-18 (3 x40 cm, 100 g, MeOH-H,0, from 1:9 to 8:2)
and afforded two subfractions, IlI-a and III-b. Subfraction Ill-a
(1.6 g) was further purified by silica gel CC (200-300 mesh,
5x40cm, 60 g, petroleum ether-Me,CO, v/v,4:1—1:1) to yield
8 (10mg), 11 (24 mg), 12 (31 mg), and 18 (18 mg). Subfraction
IlI-b (710 mg) was chromatographed on a silica gel column
(200-300 mesh, 1.5 %30 cm, 25 g, CHCl3-MeOH, 20:1) to afford
7 (13 mg), 14 (3 mg), and 32 (21 mg). Fraction IV (55 g) was sepa-
rated by silica gel CC (200-300 mesh, 7 x 80 cm, 700 g, CHCl3 -
MeOH, v/v, 15:1 to 5:1), then by RP-18 CC (3x40cm, 100g),
eluted with MeOH-H,0 (3:7—7:3) to afford 19 (16.2g), 20
(4.6g), 21 (6.4g), 22 (3.1g), and a mixture. The mixture was fur-
ther purified by Sephadex LH-20 CC (1.5 100 cm, 50 g, CHCl3-
MeOH, v/v, 1:1), then by silica gel CC (CHCl3-MeOH, 15:1) to
give 4 (7mg) and 9 (9 mg). Fraction V (20g) was separated by
RP-18 column (4.9x46 cm, 450¢g), eluted with MeOH-H,0
(3:7—7:3) and then by silica gel CC (200-300 mesh, 4 x 50 cm,
70 g, CHCI3-MeOH, 10:1) to yield 23 (660 mg), 27 (6630 mg), 28
(1660 mg), and a mixture. The mixture was further separated on
a semipreparative C;g HPLC column (4.6 x 150 mm) with a gra-
dient MeOH-H,0 (3:7-4:6) to 2 (2 mg) and 3 (2 mg).

The alkaloidal extract of C. ledgeriana (79g) was chromato-
graphed on a silica gel column (200-300 mesh, 7x 120 cm,
1.0kg), eluted with CHCl3/MeOH (1:0-0:1), to yield fractions
[-VIL. Fraction I (1.4g) was gradually purified by RP-18 (2.5 x
25cm, 50 g, MeOH-H,0, 4:6 — 7:3) to afford subfractions I-a
and I-b. Subfraction I-a (1.7 g) was separated by silica gel CC
(200-300 mesh, 5 x40 cm, 60 g, petroleum ether-Me,CO, 8:1 —
4:1) to yield 6 (1 mg), 12 (20mg), and the epimer 16 and 17
(11 mg). Subfraction I-b was separated by silica gel CC (200-300
mesh, 1.5 x 25 cm, 20 g, petroleum ether-EtOAc,4:1—1:1) to af-
ford 1 (2 mg), 7 (38 mg), 11 (3 mg), 13 (6 mg), 29 (7 mg), and 34
(5mg). Fraction II (590 mg) was gradually purified by RP-18
(2.2x25cm, 30 g, MeOH-H,0, 3:7 — 5:5), then followed by sili-
ca gel CC (1.0x25cm, 10g, petroleum ether-Me,CO, 10:1 -
5:1) toyield 5 (14 mg). Fraction III (830 mg) was separated by sil-
ica gel CC (200-300 mesh, 3x40cm, 30g, petroleum ether-
Me,CO, 8:1—2:1), then by RP-18 (2.5 x 25 cm, 50 g), eluted with
MeOH-H,0 (4:6 — 7:3) to afford 25 (11 mg) and the epimer 8
and 18 (6 mg). Fraction IV (16.7 g) was gradually purified by RP-
18 (4.9x46 cm, 450 g, MeOH-H,0, 2:8 — 6:4) to give subfrac-
tions IV-a (2.3 g) and IV-b (12.2 g). Subfraction IV-a was further
purified by RP-18 (3x40cm, 100g), eluted with MeOH-H,0
(25:75 - 40:60) to afford 4 (25 mg), 10 (35 mg), and 26 (20 mg).
Subfraction IV-b was further separated by silica gel CC (4 x 50 cm,
100g, CHCI3-MeOH, 15:1—10:1) to give 19 (4635 mg), 20
(920 mg), 21 (1423 mg), 22 (352 mg), 31 (27 mg), and a mixture.
The mixture was further purified by Sephadex LH-20 CC (2 x
150 cm, 100 g, CHCI3—MeOH, 1:1), then by silica gel CC (200-
300 mesh, 1.5x%25cm, 20¢g, petroleum ether-Me,CO, 3:1) to
give 15 (8 mg), 32 (132 mg), and 33 (4 mg). The separation of frac-
tion VI (8.08 g) was gradually purified by RP-18 (3 x 40 cm, 100 g)
eluted with MeOH-H,0 (3:7 — 8:2), and then by silica gel CC
(200-300 mesh, 2.5 x50 cm, 30 g, CHCI3-MeOH, 10:1) to afford
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23 (90 mg), 24 (152 mg), 27 (1643 mg), 28 (265 mg), 30 (3 mg),
35 (44 mg), and 36 (11 mg).

Cytotoxicity assay

Five human cancer cell lines, human myeloid leukemia HL-60, he-
patocellular carcinoma SMMC-7721, lung cancer A-549, breast
cancer MCF-7, and colon cancer SW480 cells, were used in the cy-
totoxic assay. All the cells were cultured in RPMI-1640 or DMEM
medium (Hyclone), supplemented with 10% fetal bovine serum
(Hyclone) in 5% CO, at 37°C. The cytotoxicity assay was per-
formed according to the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide) method in 96-well microplates
[47]. Briefly, 100 puL adherent cells were seeded into each well of
96-well cell culture plates and allowed to adhere for 12 h before
drug addition, while suspended cells were seeded just before ad-
dition of the drug with initial density of 1 x 10° cells/ml. Each tu-
mor cell line was exposed to the test compound at concentrations
of 0.064, 0.32, 1.6, 8, and 40 uM in triplicate for 48 h, with cispla-
tin (Sigma) as a positive control. After compound treatment, cell
viability was detected, and cell growth curve was graphed. ICsg
value was calculated by Reed and Muench’s method [48].
Cinchonanine A (1): colorless oil; [a]3* +25.9 (c 0.18, MeOH); UV
(MeOH) Amax (log €) 334 (2.71), 206 (3.61) nm; IR (KBr) vipax
2955, 2925, 2854, 1622, 1506, 1471, 1465, 1430, 1418, 1384,
1269, 1229, 1082, 1028 cm™; 'H (600 MHz) and '*C NMR
(150 MHz) data (CDCl3), see ©Tables 1 and 3, respectively;
HREIMS m/z 320.1526 (calcd. for CyoHyg N0, [M]*, 320.1525).
Cinchonanine B (2): a white amorphous powder; [a]2® -80.6 (c
0.10, MeOH); UV (MeOH) Amay (log €) 294 (3.82), 206 (3.10) nm;
IR (KBr) vimax 3422, 3072, 2926, 2855, 1725, 1688, 1642, 1616,
1566, 1461, 1355, 1266, 1214, 1109, 1027, 964, 771, 630,
529 cm™; 'H (600 MHz) and *C NMR (150 MHz) data (Me,CO-
dg), see ©Tables 1 and 3, respectively; HREIMS m/z 308.1514
(calcd. for C19Hy9N>0 [M]+, 308.1525).

Cinchonanine C (3): colorless oil; [a]2® - 8.6 (¢ 0.13, MeOH); UV
(MeOH) Amax (log €) 294 (2.93), 206 (3.77) nm; IR (KBr) vipax
3427, 2960, 2926, 1669, 1613, 1468, 1439, 1382, 1273, 1189,
1111, 809, 582 cm™'; 'H (600 MHz) and '3C NMR (150 MHz) data
(Me,CO-dg), see ©Tables 1 and 3, respectively; HREIMS m/z
310.1686 (calcd. for C;gH;,N,0, [M]*, 310.1681).

Cinchonanine D (4): a white amorphous powder; [a]?® -11.3 (c
0.08, MeOH); UV (MeOH) A« (log €) 302 (2.61), 260 (3.22), 207
(3.60), 192 (3.00) nm; IR (KBr) vinax 3333, 2939, 2979, 2661, 2425,
1686, 1634, 1610, 1494, 1457, 1386, 1297, 1203, 1031, 910, 822,
744, 666, 608, 575 cm™; 'H (600 MHz) and *C NMR (150 MHz)
data (CD30D), see © Tables 2 and 3, respectively; HREIMS m/z
342.1940 (calcd. for CoH,6 N2O3 [M]*, 342.1943).

Cinchonanine E (5): a white amorphous powder; [a]#® -10.4 (c
0.10, MeOH); UV (MeOH) A« (log €) 307 (3.54), 233 (3.56), 206
(3.58) nm; IR (KBr) vimax 3424, 2929, 2867, 2377, 2309, 1722,
1636, 1511, 1457, 1340, 1307, 1071, 1044, 911, 835, 742,
550cm™; H (400 MHz) and 3C NMR (100 MHz) data (CDCls),
see O Tables 2 and 3, respectively; HREIMS m/z 294.1728 (calcd.
for C1gH2N,0 [M]Y, 294.1732).

Cinchonanine F (6): colorless oil; [a]3* - 11.3 (¢ 0.10, MeOH); UV
(MeOH) Amax (log €) 283 (3.11), 222 (3.73) nm; IR (KBr) vipax
3441, 3426, 2933, 2869, 1634, 1456, 1436, 1326, 1312, 1203,
1155, 1092, 1041, 1003, 743 cm™; 'H (600 MHz) and >C NMR
(150 MHz) data (Me,CO-dg), see © Tables 2 and 3, respectively;
HREIMS m/z 326.1991 (calcd. for CyoH,6N,0, [M]*, 326.1994).
Cinchonanine G (7): a white amorphous powder; [a]2® +51.0 (c
0.09, MeOH); UV (MeOH) Amax (log €) 299 (2.78), 239 (3.17), 206

Downloaded by: IP-Proxy Kunming Institute of Botany, CAS, Kunming Institute of Botany, CAS. Copyrighted material.



(3.49) nm; IR (KBr) Vimax 3407, 2925, 2854, 1727, 1613, 1472,
1378, 1283, 1199, 1120, 1073, 1020, 927, 855, 747, 619,
504 cm™; 'H (400 MHz) and 3C NMR (100 MHz) data (CDCls),
see O Tables 2 and 3, respectively; HREIMS m/z 328.1782 (calcd.
for Cqi9H24 N70O3 [M]+, 328.1 787).

Supporting information
1D, 2D NMR (HSQC, HMBC, ROESY), and MS spectra of cinchona-
nines A-G (1-7) are available as Supporting Information.
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