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Biologically Active Indole Alkaloids from Kopsia arborea
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Nine new indole alkaloids, rhazinolin&)( 19(S-methoxytubotaiwineZ), 19(R)-methoxytubotaiwine3), kopsamidine

A (4), kopsamidine BY), kopsinidine A 6), kopsinidine B {), paucidactine C8), and pericineN-oxide @), in addition

to several recently reported novel indoles and 34 other known ones, were obtained from the stem-bark extract of the
Malayan Kopsia arborea The structures were determined using NMR and MS analysis. ValparitR)esbowed
pronounced cytotoxic effects against KB and Jurkat cellgy(I3.0 and 0.9M, respectively).

The genusKopsia (Apocynaceae) comprises some 23 species also indicated that the formyl H-17 is located within the shielding
of shrubs and trees distributed mainly over Southeast Asia, India, zone of the imine double bond, which accounted for the unusually

and China, of which about 16 species occur in Malaygtdants
belonging to this genus are prolific producers of a wide variety of
indole alkaloids, including many with intriguing carbon skeletons
as well as interesting biological activitiés!® In continuation of
our ongoing studies of these plants, we wish to report the full
alkaloidal composition of the stem-bark extractkadpsia arborea
Blume (an ornamentaKopsia widely cultivated in gardens in
Malaysia), including the isolation, structure determination, and
biological activity of several new alkaloids.

Results and Discussion

Rhazinoline 1) was obtained as a colorless ois]f +136
0.07, CHC}). The UV spectrum showed absorption maxima at 211

shielded low-field resonance observed for the formyl H-17 at
0 8.60.

Compound2 was obtained as a colorless oik])p +429 (c 0.24,
CHCL). The UV spectrum showed absorption maxima characteristic
of a S-anilinoacrylate chromophore (229, 297, and 327 nm), while
the IR spectrum showed absorption bands due to NH (3360)cm
and conjugated ester (1674 chfunctions. The EIMS of showed
a molecular ion atn/z 354, and HRMS measurements gave the
molecular formula GH,eN,O;. Other major fragments were
observed atn/z 339 (M — CHj), 323 (M — OCHg), and 295 (M—
CO:Me). The'H NMR spectrum (Table 2) showed the presence
of an unsubstituted aromatic moiety, an indolic NH, and two methyl
groups ato 2.99 and 3.78, corresponding to OMe and /U@,

and 260 nm, characteristic of an indolenine chromophore, which respectively. Thé3C NMR spectrum (Table 1) showed a total of

was confirmed by the observed carbon resonanck E87.3 due

21 carbon signals (three methyls, four methylenes, eight methines,

to the imine carbon. The IR spectrum indicated the presence of anand six quaternary carbons). The signalé 86.3 and 169.7 were

aldehyde function (1718 crd). The EIMS spectrum showed a
molecular ion atn/z 292, which was also the base peak, with other
significant fragment ions observedratz 277 (M — CH3) and 263

readily assigned to C-16 and C-2, respectively, of fhanili-
noacrylate chromophore. The NMR data2afhowed a remarkable
resemblance to those of lagunami®(S-hydroxytubotaiwing,1*-2

(M — CHO). HREIMS measurements gave the molecular formula except for the replacement of the C-20-hydroxyethyl side chain by

C1gH20N20. The3C NMR spectrum (Table 1) showed a total of

a methoxyethyl group. Compourilis therefore 19)-methoxy-

19 carbon signals (one methyl, four methylenes, eight methines, tubotaiwine. The large coupling constadt€ 10 Hz) observed

and six quaternary carbons). The methine signal observedGa.6
was readily attributed to an aldehyde carbonyl carbon HHgMR
spectrum (Table 2) of showed the presence of an unsubstituted

between H-19 and H-20 suggested that the conformation adopted
about the C(19)C(20) bond is one that places the two hydrogens
at C-19 and C-2@nti to one another. The preferredti conforma-

aromatic moiety and an ethylidene side chain. In addition, signals tion was due to the presence of both the OMe and Me groups at

observed ab 4.82 (d,J = 5.1 Hz), 3.31 (br s), and 4.13 (br 4,
= 16.4 Hz), corresponding to H-3, H-15, and HAR2tespectively,
are characteristic of an akuammiline-type alkafgidche COSY

C-19, which apparently causes steric hindrance to free rotation about
the C(19)-C(20) bond. This was further supported by the observed
NOEs between H-18/H-21 and 19-OMe/H-15 and the absence of

and HMQC spectral data also disclosed partial structures that areNOEs between H-18/H-15 and 19-OMe/H-21 (Figure 1). Another

reminiscent of an akuammiline skeleton, except that the NCHCH
CH partial structure, corresponding to C{Z}(14)-C(15), has been
extended to include a CHCHO fragment, corresponding to C{16)

noteworthy observation is that the chemical shift of H-12 imas
relatively deshieldedd( 3.50) compared to the chemical shift of
H-15 in the 19R)-epimer3 (6 3.13) ide infra). This is attributed

C(17). These observations revealed the similarity of rhazinoline to to paramagnetic deshielding caused by the proximity of the OMe

the akuammiline-type alkaloid strictalamine, previously reported
from Rhazya strictd® However, theW-coupling observed between

oxygen atom to H-15, which is only possible if rotation about the
C(19)-C(20) bond is indeed restricted (Figure 1).

H-140 and H-16 requires the stereochemistry at C-16 to be assigned Compound3, 19(R)-methoxytubotaiwine, was obtained as a

as S thus indicating that compound is the C-16-epimer of
strictalamin€e'® This was further supported by the NOEs observed
between H-B/H-16, H-16/H-18, and H-18/H-17. The latter NOE

colorless oil, fjp +442 (€ 0.14, CHC}). The UV and IR spectra
were similar to those d, suggesting a tubotaiwine-type compound
with similar functionalities. The EIMS showed a molecular ion at
m/z 354, and HRMS measurements established the molecular

* Author to whom correspondence should be addressed. Phone: 603-formula as GiH26NOs, indicating that compoun@ is isomeric

79674266. Fax: 603-79674193. E-mail: tskam@um.edu.my.
T University of Malaya.
* The Kitasato Institute.
#Temko Corporation.
§ lwaki Meisei University.
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with 2. ThelH and3C NMR data of3 (Tables 2 and 1, respectively)
are similar in all respects to those Bfexcept for the chemical
shifts of H-15, H-21, and 19-OMe in thél NMR spectrum. This
suggested tha is the C-19-epimer o2. The 19R) configuration
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Table 1. 13C NMR Data ¢) for 1-9 (100 MHz, CDC})2

C 1 2 3 4 5 6 7 8 9
2 187.3 169.7 170.9 72.3 66.7 71.7 77.2 70.8 1355
3 55.2 45.2 44.9 49.5 40.9 46.6 46.5 40.5 66.2
5 51.5 53.7 53.6 49.6 51.3 52.8 53.9 166.7 74.9
6 38.7 44.2 43.2 36.8 34.4 53.5 52.6 82.9 22.6
7 53.9 54.8 54.7 56.6 58.0 60.7 60.3 48.5 108.3
8 137.8 136.0 136.2 137.2 141.3 130.0 131.8 129.9 132.3
9 122.5 119.8 120.3 113.8 121.9 115.4 116.9 115.7 118.1
10 126.5 1211 121.2 100.6 120.0 100.0 109.6 109.1 120.2
11 128.9 127.4 127.3 147.5 126.7 148.0 153.1 154.4 123.2
12 121.7 109.8 109.7 133.8 110.6 132.5 140.5 140.4 110.8
13 155.2 143.8 1435 130.6 148.9 132.0 134.6 133.7 135.5
14 32.3 275 28.0 126.9 18.6 15.0 15.4 19.7 26.6
15 30.6 27.6 28.9 133.0 80.8 33.6 34.9 33.5 40.4
16 62.0 96.3 95.5 76.1 43.7 81.5 81.9 74.9 142.0
17 200.6 40.0 32.2 42.1 43.3 39.3
18 12.7 16.5 16.0 26.7 334 20.8 20.5 21.9 13.7
19 120.9 74.8 75.5 28.9 27.3 35.9 31.9 29.9 127.1
20 143.3 46.4 455 36.8 36.1 33.5 33.1 33.7 128.1
21 53.5 62.6 62.0 66.9 63.3 69.7 69.6 64.6 71.9
22 215.4 213.9 169.4 119.0
COMe 51.1 51.2 52.7 52.1
CO:Me 168.9 168.3 174.4 174.7
NCOMe 53.9 54.0
NCO;Me 156.2 154.6
OCHO 100.7 100.7
11-OMe 56.3 56.2
12-OMe 59.9 60.0
15-OMe 56.9
19-OMe 56.4 55.5

a Assignments based on HMQC and HMBC.

Table 2. 'H NMR Data ) for 1—3, 8, and9 (400 MHz, CDC})2

H 1 2 3 8 9
3 4.82d (5.1) 2.55m 2.59td (12.2, 5.6) 2.86 dt (13, 3) 3.65dd (14.1, 7)
3 3.10m 3.17m 4.28dd (13, 4) 3.90m
5 2.79 dd (14, 5.1)) 2.90m 2.90m 3.72m
5 2.85dd (14, 6.3)) 3.13m 3.22m 3.86m
6 2.10dd (13.9, 5.1)3) 1.89m 1.96 m 4.75brs 3.10 br d (14)
6' 3.11td (13.9, 6.3)d) 2.92m 2.93m 3.84m
9 7.37d(7.3) 7.16d (7.5) 7.23d (7.6) 6.80d (8.2) 7.42d (8)
10 7.251d (7.6, 1.0) 6.90td (7.5, 1.0) 6.931(7.6) 6.69d (8.2) 7.13ddd (8, 7.1, 1.0)
11 7.38td (7.6, 1.2) 7.14td (7.8, 1.2) 7.13td (7.6, 1.0) 7.22.ddd (8, 7.1, 1.0)
12 7.68d (7.8) 6.83d (7.8) 6.83d (7.8) 7.37d (8)
14 1.94 dd (14.5, 2.95) 1.85m 1.86m 1.47m 1.71m
14 2.61ddt(14.5,5.1, 2)) 1.85m 1.86m 1.47m 2.621t(14.1,7)
15 3.31brs 3.50 brs 3.13brs 1.35m 3.94m
15 1.60 m
16 3.20dt (3.5, 2)
17 8.60d (3.5) 1.65d (15)
17 2.33dd (15, 2)f)
18 1.77 dd (6.8, 2.4) 0.96d (6.1) 0.91d (5.8) 1.60 m 1.75ddd (7.1, 2.4, 1.7)
18 2.51.ddd (13, 12, 2)
19 5.53 q (6.8) 2.52 dq (10, 6.1) 2.43dq (10, 5.8) 1.27m 5.95 br q (7.1)
19 1.92 ddd (13,12, 7)
20 2.11dt (10, 2.4) 2.10 dt (10, 2.4)
21 3.20d (16.4)d) 3.95brs 4.48brs 3.58brs 4.16d (15)
21 4.13 brd (16.4)8) 4.43 dt (15, 2.0)
22 5.43s
22 5.53s
NH 8.95brs 8.84brs 8.62brs
19-OMe 2.99s 2.66s
CO:Me 3.78 s 3.78s
16-OH 6.14 brs
11-OMe 3.88s
12-OMe 3.81ls
NCOMe 3.84s

a Assignments based on COSY, HMQC, HMBC, and NOE.

of 3 can be readily verified by applying the same analysis carried the paramagnetic deshielding experienced by H-18 was now

out for compound?2 (Figure 1). In compound, NOEs were observed for H-21 instead i (Figure 1).

observed between H-18/H-15 and 19-OMe/H-21, while NOEs  Kopsamidine A 4) was obtained as a colorless oik]p +97 (c
between H-18/H-21 and 19-OMe/H-15 were not seen. In addition, 0.15, CHC}). The IR spectrum showed bands at 3447, 3350, and
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1720 cn1! due to OH, NH, and ester functions, respectively. The

UV spectrum showed absorption maxima at 220, 245, and 281 nm,
suggesting the presence of a dihydroindole chromophore. The

EIMS of 4 showed a molecular ion at/z 396, with peaks due to
loss of CHCH, and CGQMe observed atm/z 368 and 337,

respectively. HRMS measurements gave the molecular formula

CoH24N20s. The 1H and 13C NMR data of4 (Tables 3 and 1,

respectively) are generally similar to those of the aspidofractinine

alkaloid, 11,12-methylenedioxykopsinalitfeexcept for the pres-

ence of an additional disubstituted double bond. The two olefinic

hydrogens ¢y 5.72 and 5.54) were readily assigned to H-14 and

H-15 from the COSY spectrum, which showed the presence of the

NCH,CH=CH partial structure, attributed t¢-C(3)—C(14)—C(15).
Kopsamidine A is therefore 11,12-methylenediaxd-2kopsina-
line.

Kopsamidine B %) was obtained as a colorless oilp]p
—46 (¢ 0.22, CHC}). The UV spectrum was similar to that of

kopsinin&3 with absorption maxima observed at 212, 245, and 295

nm, while the IR spectrum showed peaks due to NH (3348m
and ester (1729 cn) functions. The El-mass spectrum showed a

molecular ion atm/z 368, and HRMS measurements established

the molecular formula as&H»gN,O3. Other significant fragments
were observed atvVz 337 (M — OCHg) and 309 (M— COMe).
The H and3C NMR spectral data (Tables 3 and 1, respectively)
were similar to those of kopsinirfé except for the presence of an
additional OMe group. Analysis of the COSY and HMQC spectral

data indicated that the OMe group was substituted at C-15. The

correlations observed between H-15 and H:B5 well as H-18

in the NOESY spectrum established the stereochemistry of the

15-OMe group ast. This was further confirmed by the significant
downfield shift of H-21 (from cad 3.00 in kopsinine t@ 3.44 in

5) observed in théH NMR spectrum (Table 3) due to its proximity
to thea-oriented OMe group at C-15. Kopsamidine B is therefore
15a-methoxykopsinine.

Kopsinidine A @) was obtained as a colorless oi]p —15 (C

Lim et al.

IR spectrum indicated the presence of OH (3323 Hmketone
(1756 cntl), and carbamate (1679 ci) functions. The mass
spectrum showed a molecular ionratz 440, which analyzed for
Co4H2eN206. TheH and3C NMR spectral data (Tables 3 and 1,
respectively) were similar to those of 11,12-methylenedioxykop-
sineZ3 except that the aromatic methylenedioxy substituent has been
replaced by two methoxy groupéy 3.87 and 3.77).

CompoundB, paucidactine C, was obtained in minute amounts
as a colorless oil,d]p +250 € 0.01, CHC}). The IR spectrum
showed bands at 3373, 1768, 1706, and 1686'csuggesting the
presence of OH, lactone, lactam, and carbamate functions, respec-
tively. The UV spectrum showed absorption maxima at 220, 247,
and 280 nm, indicating the presence of a dihydroindole chro-
mophore. The ESIMS o8 showed the MHF ion atm/z 471, and
HRMS measurements gave the molecular formujgHgsN,Osg.
Analysis of the NMR data readily reveal&to be a congener of
the paucidactine-type alkaloi@%.In common with the other
paucidactines, théH and 3C NMR spectra (Tables 2 and 1,
respectively) displayed characteristic signals due to a carbamate
function Oy 3.84,0c 154.6), a lactam carbonyl at C-64 166.7),

a lactone carbonyl functiond¢ 169.4), an oxymethined(; 4.75,

dc 82.9), an oxygenated quaternary carbdn{4.9), and a hydroxyl
group at C-16 ¢y 6.14). The NMR data 08 (Tables 1 and 2) are
essentially the same as those of paucidactiré éxcept that the
aromatic methylenedioxy substituent in paucidactine B has been
replaced by two methoxy groupéy{ 3.88, 3.81 and 56.2, 60.0,
respectively).

Compound, pericineN-oxide, was obtained as colorless crystals
(mp 205-208 °C), with [a]p +71 (c 0.21, CHC}). The UV
spectrum (227 and 301 nm) showed absorption maxima charac-
teristic of an indole chromophore, while the IR spectrum showed
the presence of an NH (3378 c#) function. The ESIMS of9
showed an M atn/z 294, analyzed for gH2,N,O, 16 mass units
higher than that of pericin®: 2> Compound9 was readily identi-
fied as theN(4)-oxide of periciné*2>from its NMR data (Tables
1 and 2), in particular the characteristic downfield shifts of the
carbon resonances for C-3, C-5, and C-21, when compared with
those of pericine.

A total of 50 alkaloids (see Experimental Section) were thus
obtained from the present investigation of the stem-bark extract of
the MalayanK. arborea Of these, several, such as mersicarpine
(10),2 arboflorine (1), valparicine (2),* arboricine (3),°> arbo-
ricinine (14),> arboloscine 15),6 and pericidine 16),% which are
notable for incorporating novel or intriguing molecular skeletons,
have been reported in preliminary communications. The unusual
cage indole, arbophyllinel®), postulated to derive from an

0.17, CHC). The UV spectrum showed absorption maxima at 221, ayammiline-type precursor, has also been reported from the leaf

242, and 277 nm, suggesting the presence of a dihydroindole gxiract? while the tetracyclic dihydroindole mersicarpirid) was
chromophore, while the IR spectrum showed absorption bands duegisg found in anotheKopsia viz., K. singapurensié

to OH (3447 cm?'), NH (3350 cn1?), and ketone (1748 cm)
functions. The EIMS ob showed a molecular ion at/z 366, in
addition to a significant fragment ion at/z 338, which can be
attributed to loss of CO or ethene. HREIMS measurements (
366.1579) gave the formula{,,N,0, (calcd 366.1580), differing
from 11,12-methylenedioxykopsiffeoy 58 mass units, suggesting
replacement of a CfMe group with H. ThelH and 13C NMR

We previously reported the structure and partial synthesis from
pericine of the new pericine-type alkaloid valparicin&2)(*
Valparicine was found to display strong cytotoxicity toward
drug-sensitive (16 13.0uM) as well as drug-resistant KB cells
(ICsp 2.72 uM against KB/VJ300), as well as Jurkat cells £{C
0.91uM). Other alkaloids such as arboloscirib) and vincadif-
formine showed moderate cytotoxicity toward KB cells, while

spectra (Tables 3 and 1, respectively) showed the presence of &oricine (3), arboricinine 14), 19(S-methoxytubotaiwine 2),
methylenedioxy substituent at C-11 and C-12 (a pair of aromatic 5 19R)-methoxytubotaiwine 3) showed moderate activity in

AB doublets aby 6.84 and 6.33 and another pairdgt5.88, 5.83,

reversing multidrug resistance in vincristine-resistant KB (VJ300)

0c 100.7), and the presence of a ketone function was indicated by /|5 (Table 4).

a carbonyl resonance at215.4. The NMR data (Tables 1 and 3)

revealeds to be an alkaloid of the kopsine type and are generally Experimental Section

similar to those of 11,12-methylenedioxykopsfiexcept for the

General Experimental Procedures.Optical rotations were deter-

absence of peaks associated with the carbamate group. Kopsiniding,inad on a JASCO P-1020 digital polarimeter or an Atago Polax-D

Ais thereforeN(1)-decarbomethoxy-11,12-methylenedioxykopsine.

Another new kopsine derivative obtained is kopsinidine7B (
[a]p +113 (€ 0.18, CHC}). The UV spectrum is characteristic of

polarimeter. IR spectra were recorded on a Perkin-Elmer RX1 FT-IR
spectrophotometer. UV spectra were obtained on a Shimadzu UV-
3101PC spectrophotometéH and3C NMR spectra were recorded

a dihydroindole chromophore (219, 239, and 285 nm), while the in CDCl; using TMS as internal standard on a JEOL JNM-LA 400



Biologically Active Indole Alkaloids from Kopsia arborea

Table 3. 'H NMR Data ©) for 4—7 (400 MHz, CDC})a

Journal of Natural Products, 2007, Vol. 70, NAd.385

H 4 5 6 7
3a 3.44 ddd (16.4, 3.8, 2.0) 3.38m 3.05m 3.02m
36 3.37 brd (16.4) 2.86 brd (11) 3.05m 3.02m
5a 2.791d (9, 4.6) 3.081d (9, 3) 3.06 m 3.16 dd (10, 5)
56 2.96 ddd (9, 6.4, 1.5) 3.40m 3.481(10) 3.56 t (10)
6a 1.29.ddd (12.0, 4.6, 1.5) 1.64m 2.60dd (10, 5) 2.68dd (10, 5)
66 2.21ddd (12.0, 9, 6.4) 2.66 dd (14, 3)
9 6.59d (7.7) 7.25brd (7) 6.84d (8) 7.06d (8)
10 6.35d (7.7) 6.75td (7.5, 1) 6.33d (8) 6.71d (8)
11 6.981d (7.5,1)
12 6.64d (7.5)
14a 5.72 ddd (9.8, 3.8, 2.0) 1.64m 1.26m 1.26 m
145 2.03 brd (14) 1.79m 1.80m
15 5.54 dt (9.8, 2.0) 3.10brs 1.36 m 1.31m
15 1.55m 1.31m
16 2.92t(10)
170 1.44dd (14.8,1.4) 1.42 ddd (14, 10, 1.5) 1.46 m 1.58d (15)
178 3.02dd (14.8, 2.7) 2.66 td (14, 3) 2.22.dd (15, 3) 2.38dd (15, 4)
18a 1.69m 1.95m 1.72td (12, 4) 1.67 ddd (14, 12, 5)
183 2.00m 1.24m 2.00td (12, 3) 2.46 ddd (14, 12, 4)
1% 1.24m 1.98 m 1.50 m 1.50m
19 1.76 m 1.20m 1.36 m 1.31m
21 2.60s 3.44brs 3.30s 3.13d (2)
OCH,O 5.85d (1.4) 5.83s

5.93d (1.4) 5.88s

NH 4.45brs 3.70brs 3.80brs
CO:Me 3.82s 3.77s
16-OH 414 brs 6.97 brs
11-OMe 3.87s
12-OMe 3.77s
NCOMe 3.76s
15a0-OMe 3.34s

a Assignments based on COSY, HMQC, HMBC, and NOE.

spectrometer at 400 and 100 MHz, respectively. ESIMS were obtained ylleuconolani* (0.0011), vincadifformin® (0.0027), rhazimé# (0.0031),

on a Perkin-Elmer APl 100 instrument. EIMS and HREIMS were

akuammidiné’ (0.00054), tetrahydroalstoniffe (0.00054), norf-

obtained at Organic Mass Spectrometry, Central Science Laboratory,lourocurariné® (0.027), leuconoxiri® (0.0011), pericin& 25 (0.155),

University of Tasmania, Tasmania, Australia.

Plant Material. Plant material was collected in Petaling Jaya,
Malaysia, and identification was confirmed by Dr. David Middleton,
Herbarium, Royal Botanic Garden, Edinburgh, 20A Inverleith Row,
EH3 5LR Scotland. Herbarium voucher specimens (K 668) are
deposited at the Herbarium, University of Malaya, Kuala Lumpur,
Malaysia, and at Edinburgh.

Extraction and Isolation. Extraction of the ground stem-bark (9

kg) was carried out in the usual manner by partitioning the concentrated

EtOH extract with dilute acid, as has been described in detail
elsewheré® The alkaloids were isolated by initial column chromatog-
raphy on silica gel using CHglvith increasing proportions of MeOH
followed by rechromatography of appropriate partially resolved fractions
using centrifugal TLC. Solvent systems used for centrifugal TLC were
Et,O (NHz-saturated), EO/hexane (1:1; Nitsaturated), EO/hexane
(1:3; NHs-saturated), EO/hexane (2:1; Nktsaturated), EO/MeOH
(100:1; NH-saturated), EO/MeOH (25:1; NH-saturated), EO/MeOH
(5:1; NHs-saturated), EtOAc/hexane (1:1; MHdaturated), EtOAc/
hexane (1:3; Nktsaturated), EtOAc/hexane (5:1; Msaturated), Mg
CO/hexane (1:3), CHGlI MeOH/CHCE (1:100; NH-saturated), and
MeOH/CHCE (1:50; NHs-saturated). The yields (g k§ of the
alkaloids were as follows:1 (0.0015),2 (0.0037),3 (0.0075), 4
(0.0034),5 (0.0032),6 (0.0012),7 (0.0025),8 (0.00032),9 (0.204),

1(? (0.00054),11% (0.00043),12* (0.0022),13* (0.0016),14° (0.0011),
15°(0.0016),16° (0.081), prunifoline E (0.0011), venalstonth.022),
kopsiflorine® (0.0011), venalstonidii&(0.0032), kopsamirfé(0.054),
11,12-methylenedioxykopsifie (0.0022), kopsilongireé (0.00065),
kopsanon® (0.0054), kopsamin&l-oxide?® (0.0022),N(1)-methoxy-
carbonyl-11,12-dimethoxykopsinalif€0.00075), kopsifing (0.00043),
kopsining® (1.216), paucidactine(0.0011), pleiocarpamir&(0.0032),
15a-hydroxykopsining® (0.0011), N(1)-decarbomethoxykopsamiie
(0.039), aspidofractinirié (0.0032), dasyrachid(0.00075), methyl-
11,12-methylenedioxy(1)-decarbomethoxy!4*>chanofruticosi-
naté? (0.059), methyl-11,12-methylenediofy(-l)-decarbomethoxy-
chanofruticosina@ (0.024), methyl-11,12-methylenedioxychanofru-
ticosinaté? (0.0011), methyN(1)-decarbomethoxychanofruticosin&te
(0.00054), methyl-12-methoxychanofruticosirfai®.0012),0-meth-

rhaziniciné?® (0.00086), rhazinilad? (0.012), and 5,21-dihydrorhazi-
nilam?® (0.0094).

Rhazinoline (1): colorless oil; fjp +136 € 0.07, CHCY); UV
(EtOH)lmax (lOg 6) 211 (427), 260 (370) nm; IR (dry f||rn)max 1718
cm%; IH NMR and3C NMR data, see Table 1; EIM8yz 292 [M]*
(100), 277 [M— CHg]* (5), 263 [M — CHOJ" (85), 249 (16), 234
(39), 220 (23), 194 (22), 180 (36), 167 (24), 154 (13), 122 (39), 40
(36); HREIMS m/z 292.1574 (calcd for GH20N20, 292.1576).

19(S)-Methoxytubotaiwine (2): colorless oil; ft]p +429 € 0.24,
CHCl3); UV (EtOH) Amax (log €) 229 (3.95), 297 (3.89), 327 (3.99)
nm; IR (dry film) vmax 3360, 1674 cm’; 'H NMR and 3C NMR
data, see Table 2; EIM8vVz 354 [M]* (71), 339 [M — Me]* (45),
323 [M — OMe]" (67), 295 [M — CO,Me]" (44), 263 (53), 252
(41), 235 (39), 208 (39), 194 (61), 180 (82), 167 (63), 88 (81), 71
(100), 59 (31) 47 (40); HREIM$&Vz 354.1937 (calcd for GH26N20s3,
354.1943).

19(R)-Methoxytubotaiwine (3): colorless oil; fJp +442 (€ 0.14,
CHCl3); UV (EtOH) Amax (log €) 229 (3.88), 297 (3.75), 329 (3.87)
nm; IR (dry film) vmax 3360, 1676 cm*; *H NMR and*3C NMR data,
see Table 2; EIMSwz 354 [M]* (100), 339 [M— Me]" (46), 323
[M — OMel" (65), 297 (40), 279 (44), 252 (39), 235 (33), 220 (44),
194 (55), 180 (76), 167 (58), 95 (45), 84 (69), 71 (91), 59(31), 49(61),
40 (67); HREIMSm/z 354.1940 (calcd for GH»6N2Os, 354.1943).

Kopsamidine A (4): colorless oil; p]p +97 (¢ 0.15, CHC}); UV
(EtOH) Amax (l0g €) 220 (4.46), 245 (3.88), 281 (3.11) nm; IR (dry
film) vmax 3447, 3350, 1720 cm}; *H NMR and3C NMR data, see
Table 3; EIMSm/z 396 [M]* (100), 368 [M— CH,CH,]* (11), 337
[M — CO,Me]™ (8), 308 (20), 279 (16), 261 (13), 215 (32), 187 (7),
136 (13), 122 (22), 107 (18), 93 (8); HREIMSz 396.1685 (calcd for
C22H24N20s, 396.1685).

Kopsamidine B (5): colorless oil; ftf]p —46 (c 0.22, CHC}); UV
(EtOH) Amax (log €): 212 (4.05), 245 (3.73), 295 (3.36) nm; IR (dry
film) vmax 3348, 1729 cmt; *H NMR and**C NMR data, see Table 3;
EIMS m/z368 [M]* (34), 337 [M— OMe]* (13), 309 [M— CO.Me]*

(5), 249 (5), 221 (5), 194 (4), 168 (5), 154 (100), 139 (18), 124 (7),
109 (25), 57 (14), 40 (10); HREIMSwz 368.2100 (calcd for
C22H28N203, 368.2100).
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Chart 1

2R =p-OMe 4 R',R? = OCH,0, R® = OH, R* = H, A'15
3R =a-OMe 5R'=R2=R%®=H, R*=0OMe

MeO N
OMe R 6H
1 R2_ 3 =
6 R', R?=0CH,0, R®=H 8 R =CO,Me 9

7 R' =R? = OMe, R® = CO,Me

16 17

Table 4. Cytotoxic Effects of2, 3, 12—15, and Vincadifformine

|Cso, ,ug/mL (ﬂM)

compound KB/S KB/VJI30( KB/VJ300° Jurkat

19(S)-methoxytubotaiwineZ) >25 >25 9.5 (26.8) >25
19(R)-methoxytubotaiwine3) >25 >25 9.6 (27.1) >25
valparicine (2) 3.6 (13.0) 0.75 (2.72) 0.46 (1.67) 0.25 (0.91)
arboricine (3) >25 >25 10.8 (36.7) >25
arboricinine (4) >25 >25 9.2 (31.3) >25
arboloscine 15) 15 (44.1) 11 (32.4) 3.8(11.2) d
vincadifformine 10.2 (30.2) 6.3 (18.6) 4.5(13.3) 21.8 (64.5)

aKB/S and KB/VJ300 are vincristine-sensitive and -resistant human oral epidermoid carcinoma cell lines, respeétiétis.added vincristine,
0.1 ug/mL (0.121uM), which did not affect the growth of the KB/VJ300 celfSurkat is a human leukemic T-cell linéNot determined.

Kopsinidine A (6): colorless oil; pJp —15 (c 0.17, CHC}); UV (dry film) vmax 3447, 3350, 1748 cnt; 'H NMR and*3C NMR data,
(EtOH) Amax (log €) 221 (4.48), 242 (3.99), 277 (3.23) nm; IR  see Table 3; EIM®Vz 366 [M]* (74), 338 [M— CH,CH;]* (10), 319
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(13), 294 (18), 281 (8), 268 (100), 251 (23), 225 (18), 188 (5), 128
(7), 83 (12), 70 (15), 57 (9), 40 (27); HREIM®/z 366.1579 (calcd
for C21H22N204, 3661580)

Kopsinidine B (7): colorless oil; fjp +113 € 0.18, CHCY); UV
(EtOH) Amax (log €) 219 (4.28), 239 (3.79), 285 (3.01) nm; IR (dry
film) vmax 3323, 1756, 1679 cn}; *H NMR and **C NMR data, see
Table 3; EIMSm/z 440 [M]" (34), 412 [M — CH,CH,]" (15), 342
(100), 283 (10); HREIMSm/z 440.1939 (calcd for GH2gN2Os,
440.1947).

Paucidactine C (8):colorless oil; fjp +250 € 0.01, CHC}); UV
(EtOH) Amax (log €) 220 (4.64), 247 (3.93), 280 (3.36) nm; IR (dry
film) vmax 3373, 1768, 1706, 1686 crh *H NMR and*C NMR data,
see Table 2; ESIM$®z 471 [MH]*; HREIMS m/z 470.1690 (calcd
for C24H26N203, 4701689)

Pericine N-oxide (9): colorless crystals; mp 263208°C; [o]p +71
(c 0.21, CHCY); UV (EtOH) Amax (I0g €) 227 (4.41), 301 (4.23) nm;
IR (dry film) vmax 3378 cnt?; 'H NMR and**C NMR data, see Table
2; ESIMSm/z 294 [M]*; EIMS m/z 278 [M — O]* (100), 263 [M—

O — Me]* (78), 249 (34), 235 (51), 220 (67), 209 (62), 194 (43), 180
(30), 167 (31), 122 (46), 108 (15), 43 (23).

Cytotoxicity Assays.Cytotoxicity assays were carried out following

the procedure that has been described in detail previdtiély.
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