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Abstract—The structures of two ervatamine-type alkaloids previously isolated from Pandaca caducifolia are estab-
lished as the known silicine and the new 16-epi-silicine after careful NMR analysis of the two compounds and their

olefinic derivatives.

INTRODUCTION

Alkaloids of the ervatamine-type are well known to pos-
sess various pharmacological activities [1, 2]. Further-
more, structure—-activity relationships have demonstrated
that the junction between the C and D rings is critical for
their biological activities [3]. In the course of our studies
on Ervatamia species [4-7], we have carried out careful
NMR analysis of several alkaloids with an ervatamine
skeleton isolated from E. malaccensis [4, 5] and also
completed previous NMR data of several known com-
pounds belonging to this group. This was the opportun-
ity to complete the structural elucidation of alkaloid J to
be 1, previously isolated from Pandaca caducifolia [8, 9.
This compound was found to be an isomer of alkaloid K.
also present in this species, which was identified as
silicine (2) by a comparison with an authentic sample.
Silicine (2) has been isolated from Rauwolfia discolor [10]
and occurs also in Hazunta ssp. [11-14]. A vobasinic
structure was first proposed [10]. This was then revised
to 16-demethoxycarbonyl-20-epi-ervatamine and fully
established by X-ray analysis [15, 16]. We report herein
on the structure of 16-epi-silicine (1) according to NMR
data.

RESULTS AND DISCUSSION

Alkaloid J (1) and silicine (2) were isolated from the
stem bark, root bark and leaves of P. caducifolia together
with 10 other alkaloids whose structural determinations
are reported elsewhere [9, 17]. In the case of 1, if the
configuration 15-g-H is fixed for biogenetical reasons
[18, 19], the configurations at C-16 and C-20 still remain
unknown. The structure and conformation of 1 were
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established by analysis of NMR data and comparison
with those of silicine (2) as follows.

Signals in the '"H NMR and *3C NMR spectra of 1 and
2 (Tables 1 and 2) were unambigously assigned by 2-D
experiments. Direct deduction of the junction geometry
between the C and D rings of 1 from the H-15/H-16
coupling constant was impossible because of the com-
plexity of their signals and overlapping with other reson-
ances. Selective decoupling experiments and chemical
shift variations induced by N-(4) oxidation were unsuc-
cessfully tried to simplify these signals. The problem was
solved by analysing the D ring protons signals of 1 and
by comparison with those of silicine (2) which has a cis-
C/D ring junction and an x-equatorial ethyl side-chain
[16].

In both cases (1 and 2). the equatorial protons of
methylenes CH;-5 and CH,-21 were identified by their
long-range W-coupling. Their rather high down-field
shift (Ad = + 1 ppm) compared with the respective axial
protons, H-5 and H-21, favours an axial orientation of
the N-(4) doublet. Moreover, the large coupling constant
H-5/H-16 (J = 10.8 Hz for 1 and 11.3 Hz for 2) reveals
an axial orientation of H-16. Therefore, the D ring of
silicine (2) adopts, the same conformation in solution as
in the solid state (a) [16], while two chair conformations
(a and b) are still possible for compound 1 because of the
unknown coupling constant between H-15 and H-16.

The axial position of the ethyl side-chain at C-20 of
1 (al or bl) was deduced from the small coupling con-
stant H-20/H-21 (J = 2.2 Hz) by comparison with that of
2(J = 11.4 Hz), in which the ethyl group is a-equatorial.
Furthermore, the observation in 1 of nOes between the
terminal CH;-18 and H-21’ (eq), H-14, H-14" and H-16,
indicated a rrans-junction between the C and D rings
(b}), and then an « axial ethyl chain configuration. Com-
pound 1 is therefore the 16-epimer of silicine (2).
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1 H-16¢ = 16-epi-silicine

2 H-16[ = silicine

1) NaBH,

2) CHyCOOH

reflux
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a (cis-junction)

al ‘R, =CH:-CHuR,=H
2 "R,=H Rs=CH,-CH;

To confirm this structure. we have compared NMR
data of the olefinic derivatives 3 and 4 obtained from
1 and 2, respectively. In 3, the H-15 proton shows a H-
15/H-16 coupling constant (J = 10.8 Hz) fully in agree-
ment with the axial orientations of H-15 and H-16 and
a C/D trans-junction. In 4. H-15 appears as a broad
singlet consistent with its equatorial orientation and.
therefore, a C/D cis-junction.

Analysis of the '"*C NMR data of 1-4 shows that
changing from the cis-series (2 and 4) to the rrans-series
(1-3) results in deshielding of C-5. C-6, C-7, C-14, C-15
and C-20. This can be interpreted by a more planar
geometry of the molecule that releases the steric compres-
sion observed in the cis-compounds. Conversely, C-19
becomes shielded according to tts change from the equa-
torial to the axial posttion. These observations fully agree
with the proposed conformation of 1 as b.

It should be noted that the majority of ervatamine-
type alkaloids belong to the ¢is-C/D series. In the trans-
series, besides 16-epi-methuenine and its N-(4)-oxy deriv-
ative, alkaloid 1 appears to be the third example of this
type. To the best of our knowledge, this compound has
only been isolated from P. caducifolia.

b (trans-junction)
bl =1

__ nOe interactions

EXPERIMENTAL

General. 'H and '3C NMR were recorded at 300 and
75 MHz, respectively. Chemical shifts are reported in
& from TMS. 1-D (‘*H and '3C) and 2-D expts were
performed using standard Bruker microprograms.

Plant material. Pandaca caducifolia Mgf. was collected
at Sahafary, in the Diego Suarez region of northeast
Madagascar. Sample was directly compared with holo-
type, Capuron 20179.

Extraction and isolation. Tsolation of 1 and 2 from
stem bark, root bark and leaves of P. caducifolia is
reported in refs [8, 19].

16-epi-Silicine (1). Ceric-spray: greenish. Mp 153°.
[2]p + 20° (CHCl;; c1). UV [MOH ym: 213, 238, 314.

“max

IR vEHEL cm = 1: 3300, 2940, 2780, 1630, 1580, 1540, 1460,

1330. MS mj/z (rel. int.): 296 [M]* (100), 267 (11), 253 (8),
138 (40), 130 (14), 124 (27),98 (13). 'H, '*C NMR (COSY,
NOESY, XHCORRD, COLOC). see Tables 1 and 2.
Silicine (2). Ceric-spray: greenish. Mp 95-102°.
[«]p — 20° (CHCl;; c1). UV JMOH nm: 213, 238, 314.

max

IR vEHCh om ~ 12 3280, 2920, 2780, 1630, 1560, 1520, 1450,

max

1320. MS m/z (rel. int.): 296 [M]" (64), 268 (5), 199 (10),



Table 1. '"HNMR data (300 MHz) of compounds 14 (J; (J = Hz)

16-epi-Silicine from Pandaca caducifolia

989

H 1* 2% 3t 4t
3 — 6.26 dd (12.2, 2.8) 6.34 dd (12.3, 2.9)
5 1.78 ¢ (10.8) 1.98 ¢ (11.3) 1651 (11.3) 1951 (11.2)
5 2.97 ddd 295 ddd 291 ddd 2.38 bd
(10.8, 3.6, 1.3) (11.3,39, 1.1) (11.3, 35, 1.2) (11.2)
6 2.83 dd (16.4, 6.5) 245 dd (15.1, 9.9) 2.39 dd (15.7, 10.3) 292 dd (16.5, 3.4)
6 3.17 dd (16.4, 6.5) 342 dd (15.1, 6.9) 2.71 dd (15.7. 1.6) 3.01 dd (16.5, 4.7)
9 7.67 bd (8.1) 7.70 bd (7.0) 7.30 bd (7.0) 7.30 bd (7.1)
10 7.15 ddd 7.16 td 6.89 td 6.87 td
(8.1,7.3,1.2) (7.0, 1.0) (7.0, 1.2) (7.1, 0.8)
11 7.34 ddd 7.34 td 6.95 1d 6.94 td
8.1,7.3,1.2) (7.0, 1.0) (7.0, 1.2) (7.1,0.8)
12 7.41 bd (8.1) 7.41 bd (7.0) 7.14 bd (7.0) 7.12 bd (7.1)
14-14  2.824d(5.7) 2.49-2.60 m 5.37 dd (12.2, 2.5) 5.43 dd (123, 1.0)
15 1.73-1.83 m 204-2.13 m 2.3 ddi 2.75 bs
— — (10.8, 4.0, 2.8) (W 1/2:9)
16 2.18-232m 2.23-2.60 m 1.83-1.94 m 2.26-238m
18 0971t (74 0.86 1 (7.4) 078 t (7.4) 0.86 1 (7.4)
19 1.33-147 m 1.28-147m 1.20-1.40 m 1.22-1.36 m
19’ 1.55-1.73 m 1.28-147 m 1.20-1.40 m 1.22-1.36 m
20 1.55-1.73 m 1.72-1.85 m 1.46-1.57 m 1.68-1.80 m
21 1.87 ddd 1.60 ¢t (11.4) 1.83-1.94 m 1.68-1.80 m
(11.3, 2.2, 1.0)
21 292 dr(11.3,1.7) 2.68 bd (11.4) 2.86 dt (11.3, 2.0) 2.53 bd (7.8)
N@4)CH; 2255 233s 215 s 205 s
NH 9.15 bs 9.42 bs $ 1
*CDCl;.

+CDCl; + CH;0D (two drops).
+NH exchanged.

Table 2. 3CNMR data (75 MHz) of compounds 1-4 (J:

CDCly)

C 1 2 3 4
2 1326 1324 1319 132.3
3 1944 195.2 119.1 121.3
5 635 58.6 639 56.1
6 272 258 29.5 27.7
7 1231 1216 1132 1104
§ 1275 127.1 128.4 128.5
9 1205 120.6 118.0 117.5

10 1200 1200 119.3 118.5

11 1261 126.2 121.6 121.5

12 1123 112.2 110.6 1103

13 1367 136.8 135.2 135.5

14 469 354 134.5 126.1

15 420 354 49.8 419

16 359 354 329 37.1

18 12.8 11.4 13.0 109

19 18.8 237 19.6 235

20 431 411 433 425

21 578 57.3 577 56.4

*Data in agreement with ref. [12].

172 (4), 138 (30), 130 (16), 124 (100), 122 (8), 98 (18). 'H,
B3CNMR (COSY, NOESY, XHCORRD, COLOC): see
Tables 1 and 2.

Dehydroxy-16-epi-silicinol (3). To a soln of 1(30 mg)in
MeOH (2 ml), 10 mg of NaBH, was added slowly. The
mixt. was stirred for 2 hr at room temp., then dil with
H,O and extracted with CH,Cl,. The organic layer was
washed with H,O, dried over Na,SO, and evapd under
red. pres. The residue was dissolved in 1 ml HOAc and
the soln refluxed for 3 hr. The soln was then basified with
Na,CO,; and extracted with CH,Cl,. The organic layer
was washed, dried and evapd to give a residue (15 mg;
yield 53%) which contained 3 in a pure state. Ceric-spray:
yellowish. UV /MO nm: 238, 307 sh, 316, 323 sh, 338 sh.
IR vEHCh em ™12 3220, 2960, 2920, 2860, 2780, 1650. MS

/z (rel. int.): 280 [M]* (100), 265 (16), 251 (16), 237 (13),
236 (13), 222 (16), 208 (16), 194 (14), 180 (19), 168 (12), 167
(12), 138 (30), 137 (16), 124 (10); 'H, '*C NMR (COSY,
HMBC, HMQC): see Tables 1 and 2.

Dehydroxy silicinol (4). From 2 (30 mg), the same pro-
cess gave 4 (16 mg) in a pure state. Ceric-spray: yellowish.
UV MO nm: 241, 310sh, 318, 326sh, 342sh.
IR vCHCL cm =1 2920, 1630, 1460. MS m/z (rel. int.): 280
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[M]7 (79), 279 (14), 265 (3). 251 (8), 237 (5), 180 (11). 124
(100), 98 (23). 'H, '*C NMR (COSY. HMBC, HMQC):
see Tables 1 and 2.
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