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Abstract—Structures of three Stemona alkaloids from a Chinese medicinal plant are described. Both stemotinine 1
and isostemotinine 2 isolated from the roots of Stemona tuberosa Lour. (Stemonaceae) are shown to be pentacyclic
compounds coniaining two a-methyl-y-lacione rings; the structure of stemonidine isolated in 1948 has also been
determined as 3. Structure elucidations are based on detailed 'H- and "*C NMR studies. A preliminary account is
given on a line-broadening effect of "H NMR signals which are in spatial proximity with incipient N*-D bonds.

The roots of Stemona tuberosa Lour. and related Ste-
mona species (Stemonaceae) are used in Chinese medi-
cine as insecticides andfor anticough agents. So far the
structures of eleven stemona alkaloids, i.e. stemonine,
protostemonine, tuberostemoenine, tuberostemonine A,
oxotuberostemonine, stenine, stemonine, stemofoline,
stemonamine, isostemonamine, and croomine, have been
determined, mostly by X-ray analyses.”” In this paper
we wish to report the structures of stemotinine 1 and
isostemotinine 2 which were isolated from the roots of
Stemona tuberosa Lour., collected in Yunnan Province
in China, and that of stemonidine 3, isolated from ano-
ther Stemona species:' we also report a diagnostically
useful 'H NMR abservation which played a crucial role
during structural studies.

The molecular formula of stemotinine 1, CgH2sNOs,
M* at mfz 335.1751 (Calc 335.1730) requires seven
degrees of unsaturation. The presence of two singlets at

tFormerly spelt as J. S. Hsu; Visiting Scientist, Suntory In-
stitute for Bioorganic Research, from March (981 to Feb. 1982,

$Present address: Jiangxi Institute of Materia Medica, Nan-
chan, China.

179.2 and 179.7 ppm in the *C NMR CO region and a
strong IR absorption around 1764 cm™ suggested that
two y-lactones were present. This evidence together with
the lack of olefinic carbons (NMR), lack of NH and OH
groups (IR), and lack of UV-absorbing chromophores
(end absorption in UV) indicated that stemotinine con-
sisted of a pentacyclic skeleton incorporating two y-
lactones, one ether and one f-amine.

Detailed 'H NMR (360MHz) studies utilizing
differential NOE, spin tickling, twe dimensional J tech-
niques,” ete, led to full clarification of the proton signals
(Table 1); thes¢ data in conjunction with '*C NMR
results led to the four partial structures 5-8 (Fig. 1). Of
the four quaternary carbons present in stemotinine, two
are due to the lactones and the remaining two are
assignable to moieties 7 and 8. Upon addition of DCI (far
less mole equiv) to the CDCI, solution of stemotinine, the
NMR signals of protons close to N in partial structure §
(see also 1) underwent the following downfield shifts
(and line-broadening—see below): 3a—H +0.09, Sa-H +
0.12; 58-H +0.18; 6-H+0.07; 14-H +0.32. In structure
5, 14-C and 17-0 are linked to form the y-lactone which is
apparent in the M'-CsH,0, peak; this MS fragment is

2 Isostemotinine

3 sremenidine

4 Croomine
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Table 1. 'H NMR data (360 MHz) of stemotinine, isostemotinine, stemonidine and croomine in CDCL

No. Stemotinine )} Isostimotinine 2

Ta, B 1.86 & 1.91 m 1.88 & 1.92 m

2a,B 1.72 & 1.98 m 1.60 ¢ 2.15 m

k)3 2.86 ddd 10.8(28),8.8(148),5.8(2a) 2.93 ddd 10.8(28),7.8(148},6.1(2a)
So 3.00 444 10.7(58),6.3(6),1.4(7qa) 3.04 44 10.4(58),6.31(6}

58 3.22 4 10.7{5al 3.20 a4 10,4{5u)

[ 4.59 m 6.3(5a)},2.0(72),2,0{78),1.4(8a) 4.68 448 6.3(5a),2.0(7a},2.0(78)
Ta 1.81 m 13.5(8B),12.6(78),5.9(8a)

78 1.62 bdd 12.6(7a),5.4(88),1.8{8a)

8a 1.55% ddt 13.5(88),5.9(7a),1.8(78),1.8(6)

88 2.34 dt 13.5(8a),13.5(7a2),5.4(7pB)
10a 2.61 dé 14.6{108),11.6(11) 2.10 44 13.1(108),10.0011)
108 1.70 dd 14.6(10x),6.3 (11} 1.71 dd 13.1{(10a},12.6(11)
11 2.81 ddg 11.6{10c) ,7.7{11-Me),6.3(108) 2.80 ddg 12.6(108),10.0{1Cu) 7.7 (11-Me)
11-Me 1.34 4 7.7(11) 1.28 d 7.7011)
148 4.26 ddd 11.3{152),8.8(3a},5.4(158) 4.14 déd 11.3(15a),7.883a),5.41158)
15a 1.48 ddd 12.6{168) ,12.6(158),11.3(14R8)  1.58 ddad*
158 2.36 ddd 12.6{15¢a),3.0(168),5.4(14pB) 2.318 ada*
168 2.67 ddq 12.6(15a) ,9.0{15R),7.5{16=-Me) 2.66 adg*
16-Me 1.26 4 7.5(168) 1.28 a*

No. Stemenidine 3 Croomine 4

3a 3.30 dad 7.4(28),6.8(20),6.8{148) 3.36 ddd 7.4(28),6.B(20),6.8(148)
50,8 3.10m 3.2 m

BB 3.22 dd& 6.B(7a),2.4(78)

9a 3.77 44 8.0(1a),6.6(18) 3.50 dd 8.2(1a),7.8(18)
10c 2.47 44 14.0(108),11.0(11} 2.45 dd 13.5(108),10.9{11)
108 1.63 dd 14,0(100) ,8.0(11) 1.65 & 13.5{(10a),7.9(11)
11 2.71 d4dq 11.0(10a},8.0(108),7.8{11-Me) 2.72 ddg 10.9(10a),7.9(108) ,7.8(11-Me)
11-Me 1.31 4 7.8(11) 1.32 4 7.8{11)

148 4.38 ddd 11.3(15a),6.8(3a) ,5.4 (158} 4.32 4d4d 11.3{15a) ,6.8(3a),5.4(158)
15a 1.50 ddd* 1.51 dda*

158 2.38 ddd+ 2.37 dda*

168 2.62 ddg* 2.61 ddg*

16-Me 1.27 ax 1.27 d*

B-OMe 3.40 s

* J value of 15a~,158~-,168~H and 16-Me of 3_,3 and i are the same as those of 1.

characteristic of Stemena alkaloids, all of which have an
a-methyl-y-lactone linked o to a pyrrolidine ring.’

A 3.6% NOE was observed at 15a-H upon irradiation
of Ja-H, ie. the two protons are in proximity, and this
shows that the most abundant population of the pendant
y-lactone is as depicted in 1. It was noted that upon
addition of a frace of DCI to the NMR CDCl; solution,
the signals of protons spatially close to the nitrogen lone
pair, i.e. in this case 14-H, underwent dramatic line
broadening, whereas the shapes of other nearby protons,
3a-, 50-, 58-, and 6-H, were affected much less (see
below).

The other y-lactone comprises a spiro lactone system
which is supported by another prominent MS fragment
peak (M -C,H,0,~-CsH,0,). The fact that one of the

~

10-H's (10a-H) is at the low-field of 2.61 ppm, which
contrasts the 1.70 ppm shift of its geminal 108 partner, is
attributed to the anisotropic effect of the oxygen, and
determines the C-9 configuration. The 108-H undergoes
a 3.4% NOE enhancement when 13-H (11-Me} is irradi-
ated; the 11-Me hence is B-oriented. The conformation
of the perhydroazaazulene ring is as depicted on the basis
of the observation of two W-type long-rang couplings
between 5e-H/7e-H (1.4Hz) and between 6-H/8a-H
(1.4 Hz). The 5«-H is involved in NOE with all three
neighbouring protons, 58-H, 3z-H and 6-H; it is the 3.1%
NOE between Sa-H/3a-H which initially enabled one to
interrelate the two proton systems flanking the t-N in
structure §.

The MS, IR, CD and "C NMR data of isostemotinine
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NOE’s (%) (in CDCIy, CgD)

Stemotinine 1

Isostemeotinine 2

Stemonidine 3

irr.H observed irr.1l observed irr.HE observed
3o 1502 3.6 3a 154 2.7 3o 15a 407
S5a 3 3.1 S 3o 3.5 So 9a 2.9
Sa 58 12.0 5 52 3.2 OMe Bg 7.0¢
5a £ 6.4 Sy 6 6.8 108 Bg 527
11-Me 108 3.4 11-Me 108 3.4 11 100 23°
142 168 4.0 11 10w 2.7 143 168 47°
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Fig. |, (NOE's; Partial structures of 5-8).

2, CigHNO:, M™ at miz 335.1742 (Calc 135.1730),
closely resembled those of stemotinine 1. The 'H NMR
signals are also similar except for those due to 10-H's:
in 1 they are at 2.61(dd)/1.70(dd) whereas in 2 they are at
2.10(dd)/1.71(dd), namely, the difference in & values are
much smaller in 2 (Table 1; the 7- and 8-H’s could not be
fully analysed). The closer chemical shifts of the two
10-H’s are attributable to lack of the ethereal oxygen
anisotropic effect and thus lead to the 3-iso structure 2.
Moreover, in 2 the perhydroazaazulene ring has an *“8-
CH,-down conformation” in view of the lack of W-type
coupling between Sa-H/7a-H and 6-H/8«-H. This con-
formation is further supported by the dramatic broaden-
ing of the 10a-H signal, as well as the 14-H signal, upon
addition of trace amounts of DCI, while the signal pat-
tern of 108-H remains practically unaffected. As des-
cribed below, this is accounted for by proximity of the
10a-H to the N lone pair electrons; if the perhy-
droazulene ring adopted the *8-CH,—up conformation”
(as in 1) the 10a- and 108-protons would both be
similarly situated with respect to the lone pair (see
below), which is not the case. The 11-Me configuration
rests on the fact that NOE’s were observed between
10a-H/11-H and between 108-H/11-Me.

The structure of stemonidine, m.p. 119, [a]p™ — 5.4°
(acetone), C,gH,oNOs, M* at mfz 3512020 (Calc
351.2044), which was isolated in 1948 as its hydro-

T.ET. 38/17—F

bromide from Stemona sp.', has also been determined as
3. The NMR and other spectroscopic data were similar to
those of croomine 4, the structure of which was recently
established by X-ray crystallography.” The conspicuous
differences between the two were the presence in 3 of
the 8-OMe function, & 3.40, 3H. singlet, and § 3.22, 1H
dd, = 6.8 and 2.4 Hz, and appearance of a dd signal at &
3.77 (9a-H, Table 1) in the 1H NMR of stemonidine 3.
The 8-H (3.22 ppm) undergoes a 4.6% NOE enhancement
when 108-H (1.63 ppm) is irradiated; the 8-H hence is
B-oriented. Moreaver, since a 2.9% NOE was observed at
the 9a-H 3.77 ppm peak upon irradiation of the Sea-H
3.05 ppm signal {in CDs), the configuration at C-9a is
opposite to that of croomine.

Structure 1-3 received additional support from the
following observation encountered when DC1 was added
to the CDCl, NMR solution. Thus it was noticed that
addition of a trace guantity of DCl resulted in extensive
broadening of the signals due to protons spatially close to
the nitrogen lone pair; the amount of DCI should be
such that the customary down-field shift accompanying
formation of ammonium ions is as yet not observable.™
Thus, in the case of croomine 4 with established struc-
ture, line-broadening was observed for 9ag- and 14-H
signals, but the 3a-, Sa- and 58-H peaks remained
essentially unchanged. In stemonidine 3, extensive
broadening was observed with 14-H and 10a-H but not
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with 108-H. Similarly, a trace of DCl induced broadening
of the 14-H peak in stemotinine 1, and the 14-H and
10a-H peaks in isostemotinine 2 (see above), but left all
other proton peaks nnaffected. We believe that these
observations will be of practical value in clarifying subtle
structural differences such as those encountered between
1 and 2, and between 3 and 4. Further studies are in
progress to elucidate the nature of the line-broadeining
and to delineate the applicability of the technique as a
structural tool,

EXPERIMENTAL

M.ps were determined with a Kofier m.p. apparatus and were
uncorrected. UV spectra were recorded on a Shimadzu double
beam spectrophotometer UV 210A. IR spectra were run on a
Hitachi EPI-G2 spectrometer (in Nujol). Oplical rotation were
recorded on a Perkin-Elmer Model 141 Polarimeter. CD curves
were taken on a JASCO J-20C instrument. High resolution mass
spectra were obtained at an iomizing voltage of 70eV on a
JEOL-018G mass-spectrometer. * C NMR and 'H NMR spectra
were recorded using either JEQL JNM FX-100 (100 MHz) or a
Nicolet NT-360 NMR (360 MHz} spectrometer, Chemical shifts
are expressed in ppm relative to TMS, and coupling constants (J
values) in Hz. The 360-MHz data for 2DJ spectra were obtained
with a 90°-t-180°-t-acquisition sequence. Dala processing was
carried out with standard Nicolet software. The f, (chemical shift
axis) spectral width was +2000 Hz over 8K data points; 128
spectra with t incremented by 10.0ms each time gave an f, (J
spectra) width of 50.0 Hz with a digital resolution of 0.39 Hz. The
steady state NOE difference spectra were obtained at 360 MHz
by a method of alternative acquisition technique in order to
maximize spectral quality.

Isolation and separation. Air dried fresh roots of Stemona
tuberosa Lour. collected in Wenshan District, Yunnan Province
in China in October 1980, were chopped and extracted with hot
EtQH. After concentration of EtOH, the residue was extracted
with dil HCi, the latter wax washed with CHCI; and then extrac-
ted again with CHCl; under basic conditions (NH,OHag).
Removal of the solvent under reduced pressure afforded crude
alkaloids. They were dissolved in dil HCl and washed with
CHCl;, then extracted with ether and CHCl; successively under
basic conditions. Each extract was then passed through a column
of silica gel, eluted with ether vnder successive addition of
acetone {1-8%). Stemotinine (yield ca 0.01%) was obtained from
the ether extract and isostemotinine (yield ca 0.008%) from the
CHCI; extract.

Stemotinine 1 was crystallized from acetone-ether as white
prisms, m.p, 207-208%; [a],2 +91.7° (c = 1.1, MeOH); IR 1764,
1190cm '; 'H NMR: see Table 1. '*C NMR (CDCly) 8 179.7(s),
179.24s), 106.9(s), 85.3(s), 83.1(d), 77.9(d), 71.4(d), 58.0(t), 36.4(t),
35.3(d), 35.1(d), 33.7(t), 3t.6(1), 29.8(1), 28.5(1), 28.0(1), 18.5(q),
14.8(q); CD (MeOH) Aeyyy—0.85; MS mfz 3351751 {11%, M*,
Cale for CgHysNOs 335.1730), 236.1317 (34%, Calc for
CHgNO, 236.1286), 138.0888 [10%, Calc for CgH;;NO
138.0918), 124.0872 (100%, Cale. for CyH,,0, 124.0888). (Calc for
Ciz:HasNOQs: C, 64.44; H, 7.52; N, 4.18%. Found: C, 64.29; H,
7.73: N, 3.89%).
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Isostemotinine 2 was recrystallized fram acetone—ether to give
white prisms, m.p. 245-246°; [e], 7 +47.5° (¢ =0.6, MeOH), IR
1750, 119 cm™"; 'H NMR: see Table 1. C NMR (CDCL) &
179.0(s), 178.6(s), 106.6(s), 83.3(s), 82.9(d)}, 77.3(d), 71.7(d), 58.0¢1},
38.2(1), 35.2(d), 34.2(d), 33.9(1), 29.9(t), 29.7(t), 29.4(t), 26.6(1),
15.5(q), 14.9(q); CD (MeOH) Aeyyo—0.68; mjz 3351742 (M"), all
peaks were superimposed to those of stemotinine.

Stemonidine 3. Slemonidine hydrobromide,' m.p. 278°, was
dissolved in dil HCI and extracted with ether under basic con-
ditions to afford the free base, which was recrystallized from
ether as white prisms; m.p. 119°; [e]p® ~3.4° (c = 0.9, acetone);
IR 2780, 1768, 1218cm™'; 'H NMR: see Table 1. "C NMR
(CDCL)" 8§ 1794 {s), 179.3(s), 90.5(s), 85.2(d), 80.1(d), 67.6(d),
63.2(d), 57.9(q), 48.8(t), 35.6(d), 35.0(d), 34.9(1), 34.6(1), 27.1{1),
26.5(t), 25.7(1), 22.4(1). 17.5(g), 14.8(q); CD (MeOH) Aey—0.21,
Agye+0.16; MS mfz 351.2020 (< 1%, M, Calc for CjsHyyNO;
351.2044), 3201858 (36%, M-QCH,, Cak for CH,NO,,
320.1860), 2521620 (100%, Calc for Cy4H;NO,, 252.1598),
154,1240 (6%, Calc for CoH, NO 154.1232).

Croomine 4. Croomine picrate’ was converted to the free base
by treatment with SN HCl and extraction with ether under basic
conditions: yeliow oil: 'H NMR: see Table 1.
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