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Alkaloids from the Roots of Stemona saxorum
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Five newStemonalkaloids, cochinchistemoninon#)( stemokerrinN-oxide @), oxystemokerrilactonesf, saxorumamide
(4a), and isosaxorumamiddlf), as well as 12 known compounds, were isolated from the roots of Vietngstes®na
saxorum The structures of these alkaloids were characterized on the basis of spectroscopic methods.

Various species in the gen8semongStemonaceae) are widely
used in China and Southeast Asian countries as anticough and
antiparasitic remedies. Previous chemical and pharmacological
investigations have revealed that alkaloids might represent the main
bioactive constituents in these plaitsSo far, about 80 alkaloids
have been isolated and structurally identified from 8temona
genus'~® Most of them shared the same pyrrolo[bBzepine
nucleus, while several alkaloids reported from Themonapecies
were characterized by a pyrido[1¢3azepine skeletoh?2Recently,
a novelStemonalkaloid skeleton with such a pyrido[1azepine
nucleus and a spira,5-unsaturateg-lactone moiety at C-13 was
reported from VietnamesB. cochinchinensis

S. saxorunmGagnep is one of the endemBtemonaspecies in
Vietnam. In 2002, Pham et al. reported neostemonine, bisdehy- 2
droneostemonine, protostemonine, and bisdehydroprotostemonine
from the title plant® In the present paper, we describe the results
of our phytochemical investigation of the roots 8f saxorum
collected from Hanam Province in Northern Vietham. Five new
metabolites 1—3, 4a, and 4b) were isolated and structurally
elucidated. Cochinchistemoninori {s characterized as the second
cochinchistemonine-type alkaloid. Stemokenrexide @) and
oxystemokerrilactone3j belong to the stemokerrin class alkaloids.
Saxorumamide 4g@) and isosaxorumamidedl) are one pair of
diastereomers with a pyrrolo[1¢azepine nucleus. Accompanying
these new compounds, 12 known alkaloids were separated and
identified as oxystemokerrin, stemonamine, isostemonamine, maist- o
emonine, isomaistemonine, protostemonine, isoprotostemonine,
dehydroprotostemonine, oxyprotostemonine, stemocochinin, ste-

mokerrin, and oxystemokerriN-oxide’1%-12 The structures of the 2;‘) }llgi 1122‘;;; stemocochinin

new compounds were determined by 1D and 2D NMR analyses
and other spectroscopic studies. The known compounds, except for

and oneO-methyl singlet ¢ 4.18) (Table 1). These NMR data,
coupled with evidence frodH—1H COSY and HMBC spectra
(Figure 1), suggested the presence of a cochinchistemonine-type
alkaloid skeletot.The differences of*C NMR resonances between

1 and the first alkaloid of this type, cochinchistemonine, revealed
that a ketone functionality instead of a hydroxy group was located

unsaturateg-lactone moiety (1765 cnt) was indicated in the IR at C-12 of 1. This conclusion was supported by the HMBC

correlations from H-10 and #18 to C-12.
spectrum and supported B§C NMR quaternary resonancesdat .
173.1, 169.2, and 98.4. In addition, the typical maximum UV In the ROESY spectrum, the key correlations H-4/H-10a, H-10a/

Hs-18, and H-B/H-10 (Figure 2) indicated that H-4, H-10, H-10a,
and H-18 wereg-oriented. In addition, the-orientation of the
hydroxy at C-9 was elucidated from the correlation of p#8-10.

protostemonine, were isolated from this plant for the first time.
Their structural elucidation was carried out by comparison of their
spectroscopic data with those reported in the literature.
Compoundl gave the elemental composition,H833NOg by
combined analyses of its HRESIMS a€ NMR data (Table 2).
The presence of a hydroxy group (3417 dnand ana,f-

absorption was observed at 229 &hin the 13C NMR spectrum,
19 additional resonances were displayed, including one ketone
carbonyl carbon ad 208.9 and two quaternary, five methylene, . . . " -
seven methine, and four methyl carbons (Table 2). Fh&IMR The re_lat|ve c_onfl_guratlon_ of these positions remained the same as
spectrum showed characteristic resonances of one methyl single hose in cochinchistemonine. Except fof 17, Hy-22 has no direct

: OE correlations to any resonances in rings A, B, and @,in
0 2.01), one methyl doublet(1.23), one methyl tripletd 1.08), 8 ) ; P ’
( ) y ( ) Yl triplety ) while obvious NOE correlations among422, H-10, and H18

+To whom correspondence should be addressed. F@6-21-5080 were observed in cochinchistemoniig.was implied thatl has a
6726. Fax: +86-21-50807088. E-mail: yye@mail.shcnc.ac.cn. different spiro configuration at C-13. Given that C-13 isSft

T Shanghai Institute of Materia Medica. configuration, theT HGS stereochemistry molecular model showed

*Hanoi National University of Education. that the H-22 moiety was remote from other protons. Conversely,
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Table 1. 'H NMR Data for Alkaloids1—3, 4a, and4b

12 28 3P 4 4?2
1 1.90, m 153, m 4.25,dd (4.1, 2.2) 1.77, m 1.70, m
2.14,m 1.92, m 2.02,m 2.01,m
2 1.56, m 1.55, m 1.86, m 237, m 2.38,dd (10.5, 4.4)
2.02, m 1.78, m 221, m
3 1.56, m 1.58, m 1.35 m
1.83, m 1.93, m 1.66, m
4 3.45 ' m 3.22,m 2.56, ddd (11.0, 8.4, 2.0)
5 2.60, dd (14.0, 12.4) 2.62,m
4.08, dd (14.0, 2.3) 4.08,m
6 3.34,m 3.42, m 3.04, dd (12.5, 5.9) 1.42, m 1.42, m
3.75,m 3.46, m 3.32,m 1.74, m 1.75, m
7 2.02, m 2.03, m 1.68, m 1.38, m 1.40, m
2.38,m 3.29,m 1.86, m 2.12,m 215 m
8 1.77, m 5.42,ddd (6.7, 5.0, 1.6) 1.72, m 3.78,ddd (13.0, 10.2, 2.7) 3.88, m
2.18, m 2.16,m
9 2.10,m 2.12,m
9a 3.93, m 3.92, m
10 3.60,dd (12.5,5.3)  4.48,brs 3.01, brd (9.2) 2.38,m 2.12,m
10a 3.75, m 3.22, m 3.44,brs
11 2.60,dq (12.5,7.4)  2.88,dq (7.0, 1.6) 2.82,dq (7.2, 1.6) 3.87,dd (8.8, 2.0) 3.52,dd (7.9, 6.9)
12 4.96, dd (3.8, 2.0) 4.78, ddd (6.9, 3.9, 1.8)
13 6.99, m 7.15,t(1.6)
14
15
16 1.94,dd (1.7,1.7) 1.93,dd (1.7, 1.9)
17 2.01,s 2.05, s 1.10, d (6.6) 1.13,d (8.0
18 1.23,d (7.4) 1.38, d (7.0) 1.32,d (7.2)
19 3.36, m 3.86, m 3.56, ddd (11.7, 8.5, 3.4)
20 153, m 142, m 1.40, m
1.65, m 1.60, m 1.68, m
21 1.08,t(7.1) 1.01,t(7.4) 0.99,t(7.3)
22(OMe) 418, s 4.18, s
2In CDCl. PIn CD;0OD.
Table 2. 13C NMR Data for Alkaloids1—3, 4a, and4b observed in its IR spectrum, which was supported by the maximum
12 2a 3 4 A2 UV absorption at 306 nm. In théH NMR spectrum, some

resonances were observed, such as one methyl sing2106),

; gg'i : gg? : ;;';1 ? 32,3';1 tt gg'g tt one methyl doubletd 1.38), one methyl tripletd 1.01), one

3 227 t 227 t 362 t 1741 s 1740 s O-methyl singlet§ 4.18), and one olefinic proton (5.42, ddd.J

4 700 d 819 d 66.2 d =6.7, 5.0, 1.6). Comparing its NMR data with those of methoxy-
5 404 t 404 t stemokerrinN-oxide; the similarity of most chemical shift values,
6 430 t 541 t 445 t 258 t 259 t  the lack of oneO-methyl resonance, and the slight difference of
! 205 t 185 t 287 t 360 t 360 t  chemjcal shift values for the 1-hydroxypropyl moiety (Tables 1
8 289 t 985 d 362 t 801 d 797 d q 2 ted that 10-de-methvl derivafi p

9 810 s 1577 s 1171 s 551 d 556 d 2and 2) suggeste was a 13-aé-methyl derivalive o

9a 560 d 559 d methoxystemokerritN-oxide. The suggested structure was further

10 468 d 429 d 556 d 376 d 397 d supported by its molecular composition. The NOESY cross-peaks
10a 642 d 783 d 661 d H-4/H-10a, H-4/H-@, H-10a /H-10, H-10/H18, and H-18/Hs-

ﬂ Zgg-g g 13;85-% i 13891-81 ds 883661 dd 852-69 dd 22 revealed that the relative configuration of C-10, C-10a, C-11,
13 906 s 1237 s 1458 d 1470 d C-12, C_:-13, a_nd 53-19 remained the same as those of methoxyste-
14 1692 s 1629 s 1312 s 1308 s MmokerrinN-oxide. .

15 984 s 977 s 1741 s 1740 s Compound3 had a molecular formula of §H,5NO,, as indicated

16 1731 s 169.7 s 108 q 107 q by its HRESIMS (M + NaJ*, 318.1710). The IR spectrum

17 86 q 92 q 159 g 165 ¢ displayed absorption bands at 3430 and 1780%torresponding

18 128 q 218 q 163 q to hydroxy and ester carbonyl groups, respectively. FaeNMR

%g ;g'g ? Zéé td 273? td spectrum displayed 16 resonances, including two methyls, six
21 99 q 86 g 106 q methylenes, six methines, and two carbonyls. Resonances of one
22(0OMe) 603 q 592 q methyl doublet § 1.32) and one methyl tripletd(0.99) were

observed in its'H NMR spectrum. NMR data comparison 8f

a b
In CDC. In CDLOD. and oxystemokerrin showed that they shared the same structural

the C-13R*-configuration HGS model disclosed thag-B2 should
show apparent NOE correlations to H-10 angt 18, which was
well-demonstrated in the case of cochinchistemohifkerefore,
the C-13S*-configuration was deduced fdr Such spiro isomers
are commonly found istemonalkaloids, e.g., C-12 spiro isomers
of maistemonine, C-11 spiro isomers of stemoninine, and C-9 spiro
isomers of croomine. 'H-H COSY

The HRESIMS of compound suggested its molecular formula HMBC H-—=C
as G,H310s. The presence of a hydroxy group (3430 ¢jnand Figure 1. 'H—!H COSY and selected HMBC correlations for
ana,S-unsaturateg-lactone moiety (1747, 1681, 1621 cHwas cochinchistemoninonely.
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Figure 2. Key ROESY corrections (dashed lines) of compounds
1, 4a, and4b.

moieties of rings A, B, and C and the 1-hydroxypropyl side chain.
However, an ester carbonyl (81.1), instead of aa,5-unsaturated
y-lactone moiety, was located at C-12 &f Such an assignment
was supported by HMBC correlations from H-10 to C-12 and from
Hs-17 to C-12. ROESY correlations of H-1/H-10, H-4/H-10a, and
H-35/H-19 indicated tha8 had the same relative configuration as
that of oxystemokerrin.

The molecular formula ofla was determined to be;@H,3NO,
by a combined analyses of its HRESIMS ([# H]*, 306.1699)
and3C NMR data (Table 2). The maximum UV absorption at 300
nm and IR absorptions at 1755 and 1684 ¢nndicated the
presence of amt,-unsaturated/-lactone moiety. Thé3C NMR

Notes

In the ROESY spectra of both compounds, correlations of H-9/
H-11, H-11/K-17, H-9/K-17, and H-9a/Rk17 were observed,
suggesting that H-9, H-9a, H-10, and H-11 were (&lbriented.
The difference in C-12 configuration was evident from the slight
difference of their NMR data at C-11, C-12, and C-13 (Tables 1
and 2). The correlations of H-12/H-10 and H-13/H-11 were
observed in both ROESY spectra, while the ROESY correlation of
H-12/Hs-17 was observed only ida and the ROESY correlation
of H-13/H-10 was observed only idb. The 15* and 1R*
assignments ida and 4b were clearly elucidated from HGS
stereochemistry molecular models where corresponding ROESY
correlations in each molecule were satisfactorily considered.
Additional evidence was also found in théiit NMR spectra. The
Ji1,12values ofda (2.0 Hz) anddb (6.9 Hz) agreed well with those
in the two stereoisomers of dihydrostemofolide.

In 2004, a report showed that; ;,values directly reflected C-12
configuration of 11%),12-dihydrostemofoline isometdThe Ji; 1»
value of 118),12(§)-dihydrostemofoline was 7 Hz, and that of 11-
(9,12R)-dihydrostemofoline was 3 Hz. Except for tlemethyl
at C-13, rings C and D fragments in compourddsand 4b were
very similar to those in 18),12-dihydrostemofoline. Corresponding
Ji1,12 values of4a and 4b were consistent with reportetlvalues
of the known compounds. These data further confirmed the above
conclusion.

Experimental Section

General Experimental ProceduresOptical rotations were recorded
on a Perkin-Elmer 341 polarimeter. IR spectra were recorded on Nicolet
Magna FT-IR 750 spectrophotometer using KBr disks. NMR spectra
were recorded on Bruker AM-400 and INVOR-600 NMR spectrom-
eters. The chemical shifv] values are given in ppm with TMS as
internal standard, and coupling constaniy gre in Hz. EIMS and
HREIMS spectra were recorded on a Finnigan MAT-95 mass spec-
trometer. ESIMS and HRESIMS spectra were recorded on a Micromass
LC-MS-MS mass spectrometer. The HGS stereochemistry molecular
model was Maruzen advanced set 7000 produced by Hinomoto Plastics
Co., Ltd., Japan. Silica gel was used for flash chromatography and
was produced by Qingdao Marine Chemical Industrials. Sephadex LH-
20 for column chromatography was produced by Pharmacia Biotech
AB, Uppsala, Sweden. TLC was carried out on precoated Si gel GF254
plates (Yantai Chemical Industrials), and the TLC spots were viewed
at 254 nm and visualized by spraying with Dragendorff's reagent.

Plant Material. The plants ofS. saxorumwere collected from
Hanam Province of Northern Vietnam in April 2002. A voucher
specimen (No. QM831119) is deposited in the Herbarium of Hanoi
National University of Education.

Extraction and Isolation. The air-dried roots of5. saxorum(5.2
kg) were ground into powder and extracted with 95% EtOH. After

spectrum displayed 17 resonances, including two methyls, five evaporation of the collected percolate, the crude extract was acidified

methylenes, seven methines, two carbonyls, and one olefinic
quaternary carbon. The diagnostic resonances of an allylic proton

atd 6.99 (m) and an allylic methyl at 1.94 (dd,J = 1.7, 1.7), as
well as carbon resonances®at31.2, 145.8, and 174.1, suggested
the presence of a d®-methyl a,3-unsaturated-lactone moiety

with dilute HCI (4%) to pH= 1—-2 and partitioned between GEl,

and HO. The aqueous part was made basic with aqueoustdlidH

= 9—10 and extracted with C}€l, to afford 28 g of crude alkaloids.
Crude alkaloids (15.6 g) were subjected to column chromatography
over silica gel and eluted with petroleum ethacetone (3:1, 2:1, 1:1,
1:2), acetone, and then MeOH, giving fraction (Fr.) A (1.48 g), Fr. B

in its structure. Such a characteristic moiety was previously reported (1.57 g), Fr. C (6.80 g), Fr. D (1.50 g), Fr. E (1.65 g), and Fr. F (2.86

in stemochinin.NMR data analysis ofaand stemochinin disclosed
that 4a had a ketone functionality at C-3, but not themethyl

g). These fractions were further purified by repeated column chroma-
tography over Si gel and then Sephadex LH-20. Accordingly, ste-

y-lactone ring as in stemochinin. This conclusion was supported monamine (5 mg), isostemonamine (7 mg), maistemonine (2 mg), and

not only by its molecular composition but also by key HMBC cross-
peaks between C-3(174.1) and K1, Hx-2, H,-5, and H-9a. The
structure o4awas further confirmed by HSQC, HMBC, afd—

IH COSY spectra. Compountb gave the same molecular formula
(C17H23NO4) asda The maximum UV absorption at 299 nm and
the IR absorptions at 1755 and 1682 ¢mm 4b also indicated the
presence of am,(-unsaturated-lactone moiety. The NMR data
comparison oftb and4arevealed that both compounds shared the
same structural skeleton. Such elucidation 4f was further
confirmed by HSQC and HMBC experiments.

isomaistemonine (3 mg) were obtained from Fr. B, oxystemokerrin (50
mg),4a (6 mg),4b (7 mg), protostemonine (18 mg), isoprotostemonine
(12 mg), dehydroprotostemonine (73 mg), oxyprotostemonine (46 mg),
and stemocochinin (26 mg) from Fr. £(36 mg),3 (4 mg), stemokerrin
(300 mg), and oxystemokerriN-oxide (120 mg) from Fr. D, andl (3

mg) from Fr. E.

Cochinchistemoninone (1): yellow-brown gum; §] E,O +39 (c
0.28, MeOH); UV (MeOHWmax (log €) 229 (3.91) nm; IR (KBrmax
3417, 2926, 1765, 1659, 1460, 1329, 1076 &mMH and *C NMR,
see Tables 1 and 2; HRESIM®/z 408.2375 [M+ H]" (calcd for
C22H34NOs, 408.2386).



Notes

Stemokerrin-N-oxide (2): light yellow powder; p]Z +118
0.24, MeOH); UV (MeOH)lmax (log €) 306 (4.30), 212 (3.89) nm; IR

(KBr) vmax 3430, 2958, 2873, 1747, 1681, 1621, 1460, 1398, 1277,

1221, 1049, 1005 cni; H and 3C NMR, see Tables 1 and 2;
HRESIMSm/z 406.2205 [M+ H]* (calcd for GoH3:NOs, 406.2230).

Oxystemokerrilactone (3): light yellow powder; ft] EO —-34 (c
0.14, MeOH); IR (KBr)vmax 3430, 2933, 1780, 1632, 1458, 1296, 1209,
1032, 976, 933 cmt; 'H and**C NMR, see Tables 1 and 2; HRESIMS
m/z 318.1710 [M+ Na]J" (calcd for GeH2sNOsNa, 318.1681).

Saxorumamide (4a): light yellow powder; i] % —15.4 ¢ 0.35,
MeOH); UV (MeOH) Amax (I0g €) 300 (2.22), 204 (4.04) nm; IR (KBr)
Vmax 3427, 2933, 2873, 1755, 1684, 1458, 1423, 1072, 1041;cH
and®*C NMR, see Tables 1 and 2; HRESIM$z 306.1699 [M+ H]*
(calcd for G7H24NO,, 306.1705).

Isosaxorumamide (4b):light yellow powder; p] 2 —152 ¢ 0.13,
MeOH); UV (MeOH)Amax (10 €) 299 (2.36), 205 (4.20) nm; IR (film)
vmax 3426, 2931, 2873, 1755, 1682, 1456, 1385, 1322, 1072, 754 cm
IH and*3C NMR, see Tables 1 and 2; HRESIMSz 328.1500 [M+
Na]t (calcd for G/H2sNO4Na, 328.1525).
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