
Phpochmwry, 1976, Vol. 15, pp. 1745-1748. Pcrgamon Press. printed in England 

PREGNANES IN THE ROOT BARK OF 
NERWM OL?ORUM’ 

FUMKO ABE and TATSUO YAMAUCHI 

Faculty of Pharmaceutical Sciences, Fukuoka University, Fukuoka, Japan 

(Received 26 April 1976) 

Key Word ldex-Nerim &m; Apcqnaceae; oleander; pregnanes; defence substance. 

Abstract-Neridienone-A (12#Lhydroxy-pregna-4,6,16-triene-3,2Odione), neridienone-I3 (20#?,21-dihydroxy-pregna-4,6- 
diene-3,12dione), 12/&hydroxy-pregna+Gdiene-3,20-dione, 12/Shydroxy-pregn-4-ene-3,2Odione and 12/?-hydroxy- 
l&-methoxy-pregna_4,6diene-3,2@dione were obtained from the root bark of N&urn &rum. 

RWRODUCI’ION 

While many pregnane alkaloids have been isolated from 
Apocynaceae plants, only two genera in this family, 
Ho2arrhena and Paravalhris, are known to contain usual 
pregnanes [l-3]. During an investigation on the con- 
stituents of Neriwn tiorwn, we previously reported preg- 
nenolone glucosides [4]. This paper deals with the isola- 
tion and structure elucidation of the pregnanes from the 
same plant, including neridienone-A (11, neridhone-B 
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RESULT!3 

Several substances reacting positively to 2,4dinitro- 
phenylhydrazine reagent on TLC were observed in the 
benzene soluble compounds of a methanol extract of the 
root bark, and five of them (l-5) were isolated with 
the aid of column chromatography. According to colour 

* Part 7 in the series “N&m” by T. Y. For Part 6 see 
Yamauchi, T., Takahashi, M., and Abe, F. (1976) Pkyfochtvnis- 
try, 15, (in pressr 

reactions, molecular formulae, and NMR spectra, they 
were found to be pregnanes. Neridienone-A (1) was the 
major compound of the five and its structural elucidation 
has already been briefly described [S]. 

Neridienone-A (1) appeared to have 4,6&m-3-one and 
16en-2@one systems, shown principally by absorptions 
in UV (283 and 245nm) and IR (1665, 1640, 1612, 
1580cm-i) spectra and by the presence of olefhric pro- 
tons (S 5.67, 6.12) revealed by NMR spectroscopy. The 
location and configuration of a hydroxyl group were sug- 
gested as 128 by doubltioublet lines of a hydroxyl- 
methyne proton, coupled with adjacent methylene pro- 
tons, centered at 6 3.71 with a spacing of 5 and 10 Hz, 
and by the fact that the dihydroderivative obtained by 
NaBH4 reduction of 1, afforded a diacetate whereas 1 
was unreactive with AC@ and pyridine. The structure 
was finally co&r& by the direct comparison of the 
hexahydro-triketo derivative 8, derived from 1 by CrOj 
oxidation following catalytic hydrogenation, with the 
authentic sample synthesized from hecogenin [6]. 

NeridienoneB (2), CZ1Haa04, mp 179--181”, [aID 
+ 85.7”, isolated from the most polar fraction in the ben- 
zene extractives, also had the 4,6dien-3-one system 
according to the absorption at 280nm in the IJV spec- 
trum and the appearance of vinyl protons in the NMR 
spectrum. However, no acetyl methyl signal was 
observed in the region of 6 2.G2.5, and instead, three 
protons, ascribable to hydroxyl-methynes were found at 
6 3.4-3.9. On acetylation of 2 with Ac,O/pyridine at 
room temperature, mono- and d&acetates (9 and 10) were 
obtained. The NMR spectrum of 9 indicated downfield 
shifts of two of the protons in 2 to 6 4.01 and 4.27, 
both as double-doublets, which were collapsed to doub- 
lets respectively by irradiation of the remaining multiplet 
at 6 3.55. These facts revealed that 2 contained a glycol 
system in which one hydroxyl was primary, and this was 
located at C-20, C-21. In addition to the 4,6-&n-3-one 
system, 2 was also considered to have another carbonyl 
group, whose location was assigned tentatively at C-12, 
on the basis of the C-l 2 oxygen function found in 1, 3, 
4 and 5. In order to elucidate the structure, 9 was con- 
verted into a saturated triketone (13) by Jones’ oxidation 
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of one of tetrahydro derivatives (12). On tie other hand, 
an acetoxyl group was introduced at C-21 of 3#I-hydroxy- 
9a-pregnan-12,2&dione upon reaction wi+ Pb(OA& in 
benzene-methanol [7-J, and further oxidation of this 
product furnish4 a triketone, which was identical with 
13. As a result of the positive molecular rotation differ- 
ence between the 20,21-d&U-acetate (10) and Bhydroxy- 
21-O-acetate (a), the configuration of the hydroxyl at 
C-20 was assigned as 8. The structure of 2, therefore, 
was established as 20P,21-dihydroxy-pregna+-diene- 
3,12-dione. 

The crystals obtained from the column fraction duted 
between 1 and 2 was found by W and MS to be a 
mixture of two compounds, 3 and 4, which were isolated 
as their acetates by PLC after acetylation. Compound 

,3-acetate was shown by W, NMR, and MS, to be a 
4,~diens%one containing an acetyl side chain at C-17, 
and one hydroxyl group. Therefore 3 was considered to 
be the 16,17-dihydro homologue of 1, and the structure 
was proved by the catalytic hydrogenation of 3 to afford 
12#I-hydroxy-5/?-, and-or-pregnane-3,Ddione (6 and 7), 
which had already been obtained from 1 by the same 
reaction conditions. 

The structure of 4 was confirmed as 12-hydroxy- 
progesterone by the W absorption at 24Onm, absence 
of olefinic protons at C-6 and C-7 in the NMR spectrum, 
and by the similar MS patterns of 3-acetate and 4- 
acetate. 

Compound 5, G2&$14, was shown to have a 
4,6-diene-3-one system, by W absorption at 282 nm and 
NMR signals due to the olefinic protons. Additionally, 

L the pres&ce of a methoxyl group &.s shown by a 
at 6 3.39, which was eliminated to yield 1 in the 
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medium, accompanied by disappearance of 1 H multiplet 
at 6 4.20. Thus, 5 was a methanol adduct of 1, the meth- 
oxyl residue being located at C-16. When 1 was treated 
with methanolic KOH, a methoxyl group was introduced 
into the 16-lr po&ion [SJ and the product was iden+al 
with 5. The conf&uration at C-16 was confhmed as CL 
by a negative molecular rotation diffierence of !&acetate 
and 3-acetate [6]. 

DKCXJSSKIN 

The d$-diene-3-one system, found in compounds 1, 
2, 3 and 5 is preent in the przgnane cumpounds 
obtain4 from Puruoallaris nrrrrtipI~_~mIL [93. and seems to 
be one of the characteristic features of the pregnanes 
isolated from Apocynaceae. 

Although the formation of 5 was not observed when 
1 was refluxed with methanol for 24 hr, the possibility 
of methoxylation during extraction or isolation can not 
be ruled out. While 5 is quickly converted into 1 with 
a trace amount of acid, it remains to be determined if 
it is 1 or 5 which is originally present in the plant. 

Recently, compounds 3 and 4 were isolated from In- 
dian water-beetles and they are known to act as defence 
substances against fish [lO]. In the present examination 
neridienone-A and neridienone-B appeared to have simi- 
lar taxic activities towards goldfish as those reported for 
cortexone and cybisterone derivatives [ 111. 

EXPERIMENTAL 

Extruction and isolation of pregnanes. Dried powdered root 
bark was percolated with MeOH. To the corxentrated perco- 
late, = equal vol. of ?I$3 was added and the mixture was 
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partitioned with hexane, C,H,, and then with CHCl, . C6Hd 
extractives were sut@cted to Si gel column chromatography 
using C,H,-Me&O as eluant, and each fraction was checked 
on TLC with 2,4_dinitrophenylhydrazine reagent. Pregnanes, 
sensitive to the reagent, were isolated in the order: Compound 
9 (O.o008%), neridienoned (1) (0.037%), Compounds 3 and 
4 (0.002%), and neridienone-I3 (2) (0.004%). 2 was also obtained 
from CHCls extractives after Si gel column chromatography 
(0.001%). 

Neridimone-A (1). Compound 1 was obtained as prisms on 
crystallization from hexan*EtOAc, 210-211” 
[a]&’ +71.5” (MeOH, c 0.21), (Found: $7 3. H 8 1’ 
C,,H,,O, requires: C, 77.3; H, 8.0%), MS: & 32k.188: 
Calcd. 326.188; NMR (100 MHz, CDQ): S 0.98 and 1.16 (3H 
each, s, C-18 and C-19), 2.43 (3H, s, C-21), 3.71 (IH, dd, J = 5, 
lOHz, C-12), 5.67 (lH, d, C-4), 5.81 (lH, s, G12-Ow, 6.12 
(2H, s, C-6 and C-7), 6.99 (lH, dd, J = 2, 5 Hz, C-16); 
Amax ‘M&H nm(E): 283 (24100), 245(12900); IR v:E~rn-~: 3420, 
3320, 1665, 1640, 1612, 1580. 

N&H4 Reduction of 1. Compound 1 (900 mg) was stirred 
with NaBH, (180mg) in aq. EtOH at 0” for 1 hr. The mixture 
was diluted with H20, extracted with CHC&, and CHC13 
extractives (850 mg) were chromatographed followed by acety- 
lation to give two products [la (200 mg) and lb (2OOmg)l. 
la (acetylated dihydroderivative of 1): solid, lzH 282; MS: 
412.233. CZSH3209 requires 412225; lb (acetylated tetrahyd- 
roderivative of 1): rng 173-174”, MS: 414.240. C23H3405 
requires 414.241; ii:: 282. 

Catalytic hydrogenation of 1. Compound 1 (200 mg) was 
hydrogenated over Pd-C and two products [6 (25 mg) and 
7 (10 mg)] were obtained on crystallization from hexane- 
EtOAc following chromatography. 6: mp 173-175”, MS: 
332233. C21H3203 requires 332.235; IR ekcm-‘: 3420, 
1720, 1680. 7: mp 157-160”, MS: 332.234. CZiH3203; 1R 
vK&cm-‘: 3480, 1720, 1710. 
’ Oxidation of 7. Compound 7 was treated with Jones re- 

agent. The product was crystallized from Me&O to give 
needles (8), mp 208-212”, [a];’ +174” (CHQ, c 0.62); MS: 
330.216. CZ1H3003 requires 330.220; IR #&cm-‘: 171O(br), 
1670, which was identified as 5a-pregna-3,12,20_trione by di- 
rect comparison with authentic sample prepared from heco- 
genin via 3&hydroxy-pregn-16-ene-12,2O-dione (mmp, IR). 

Neridienone B (2). On crystallization from hexane-Me&O, 
2 was obtained as prisms, mp 179-181”. [a]$’ +85.7” (CHCI,, 
c 1.22), n@Z nm (E): 280 (32700); MS: 345 (M+ + 1 H), 
(Found: C, 73.2; H, 8.3. CZIH2s04 requires: C, 73.2; H, 8.2%); 
NMR: S 1.21 (6H, s, G18 and G19), 3.4 -3.9 (4H, C-20, 
C-21 and -OH), 4.62 (lH, bs, -OH), 5.72 (lH, s, C-4), 6.09 
and 6.20 (1H each, d, J = 10, C-6 and G7); IR ~~~cm-~: 
3500, 3380, 1680, 1645, 1610, 1580. On acetylation, two ace- 
tates (9 and 10) were obtained. Compound 9: mp 173-175”, 
[a]&’ +59.8” (CHCla, c 0.64); MS: 387 @if + 1 H); NMR: 
S 1.18 (6H, s, C-18 and G19), 2.08 (3H, s, -OCOMe), 3.55 
(lH, m, C-20), 4.01 and 4.27 (1H each, dd, J = 5, 12, and 
3,12, C-21), 4.46 (lH, bs, -OH), 5.71 (lH, s, C-4), 6.07 and 
6.20 

6 
1H each, d, J = 

Cal”D 
10, Cd and C-7). Compound 10: solid, 

+ 78.6 (CHCI,, c 3.44), A[M]D = ([M],,, 10 - 
[M3,*9) = +106”; MS: 428 (M+); NMR: l-14 and 1.18 (3H 
each, 9, C-18 and C-19), 2.05 (6H, s, -OCOMe), 3.98 and 
4.38 (1H each, dd, J = 7, 12, and 3, 12, C-21), 5.02 (lH, m, 
C-20), 5.74 (lH, s, C-4), 6.10 and 6.22 (1H each, d, J = 10, 
C-6 and C-7). 

Catalytic hydrogenation of 9. Compound 9 (2OOmg) was 
shaken in EtOH with Pdx for 2 hr. The products were frac- 
tionated on chromatography followed by crystallization from 
hexane-EtOAc to give 11 (30 mg) and 12 @Or@, both as 
prisms. Compound 11: mp 105-106”, MS: 390 (M+); 12: mp 
193-203”. MS: 391 (M+ + 1 H). 

ZI-Acrtoxy-Sac-pre~nan-3,~2,20_trione (13). From 12: 12 was 
treated with Jones’ reagent to give prisms aker crystallization 
from hexane-EtOAc; mp 222-223”, MS: 388.220. C23H3205 
requires 388.225; NMR: 6 1.00 and 1.09 (3H each, s, C-18 
and C-19), 2.13 (3H, s, -OCOMe), 4.70 and 5.12 (1H each, 

d, J = 21, G21); IR @zcm-‘: 1750, 1722, 1703, 1240. (b) 
From hecogenin : 3fl-Hydroxy-Sa-pregnan-12,2&dione 
(270mg), prepared from hecogenin, was dissolved in 
MeOH-CcHB (1:9) containing BF, and stirred with 540mg 
of Pb(OAc), at room temp. for 12 hr, the mixture was washed 
with Hz0 and the solvent was evaporated in vmm Residue 
(320 mg) was subjected to Jones’ oxidation, followed by chro- 
matography and crystallization from hexane<,H, to give 
30mg of prisms, mp 221-222”, identical with 13, obtained 
from 12 in all respects. 

I2/3-Hydroxy-pregna-4,6-diene-3,20-dione (3) and I2j?- 
hydroxy-pregn4en-3,20-dione (4)+ The mixture of 3 and 4 
(mp 15Q-155°) was acetylated and subjected to PLC with 
hexane-Me&O (3 : 1) as developing solvent and sac&ate and 
4-acetate were isolated. 3-acetate: mp 153-154”, [or];” + 89.0” 
(CHC13, c, 0.87); AkcH nm(c): 283 (26200); MS: 370.215 (Mf), 
310, 268. C,,H3004 requires 370.214; NMR: S 0.94 and 1.11 
(3H each, s, C-18 and C-19), 2.01 and 2.08 (3H each, s, 
-COCH& 4.80 (lH, dd, J = 5, 11, C-12), 5.71 (lH, s, C-4), 
6.06 and 6.18 (1H each, d, J = 11, C-6 and C-7). Tetrahydro- 
derivative of 3: compound 3 (16Omg) was treated with Pd-C 
in EtOH and the products [6 (30 mg) and 7 (20 mg)] were 
obtained after chromatography; 6, mp 170-175”, MS: 332236, 
CZ1H3203 requires 332235; IR $zcm-l: 3420, 1720, 1680; 
was identical with authentic material on direct comparisons 
(mmp, IR). 7, mp 157-159”, MS: 332.226. C21H3203; IR 
$2 cm- 1 : 3480, 1720, 1710; was identical with an authentic 
sample. aacetate: solid, zHnm: 240; MS: 373.234 
(M+ + lH), 312, 270. C23H3204 + 1H requires 373.238; 
NMR: S 0.88 and 1.18 (3H each, s, C-18 and C-19), 2.00 and 
2.05 (3H each, 8, -COMe), 4.75 (lH, dd, J = 5, 11, G12), 
5.75 (lH, s, C-4). 

12#Wydroxy-I 6a-methoxy-pregnu-4,6-dien~3,2O-dione (5). 
Compound. 5 was crystallized from hexane-CbHs, mp 
168-171”, n= nm(e): 282 (16100); MS: 358.210. C22H3004 
requires 358.214; NMR: 6 0.80 and 1.10 (3H each, s, C-18 
and C-19), 2.23 (3H, s, C-21), 3.40 (3H, s, -OMe), 3.61 (lH, 
dd, J = 5, 10, C-12), 4.20 (lH, m, C-16), 4.65 (lH, bs, -OH), 
5.68 (lH, s, C-4), 6.06 and 6.20 (1H each, d, J = 11, C-6 and 
C-7). S-acetate: solid, [ali0 + 7.7” (MeOH, c 0.90). 
A(M)o = ([MID.?+-acetate - [M]D.3-a&ate) = -298”. Com- 
pound 5 (20mg) in CHCIS was allowed to stand overnight 
with a small amount of trifluoroacetic acid. Solvent was eva- 
porated in vacua and the residue was crystallized from hexane- 
EtOAc to yield 1 (mp 205-206”, mmp, IR). 

Compound 5 from Neridimone-A. 1 (500 mg) was refluxed 
with methanolic KOH (0.6 g/20 ml) for 30 min, and the reac- 
tion mixture was diluted with HaO. The product was extracted 
with CHC13, followed by crystallization from hexan&,H, 
to give needles, mp 167-169’ and identified as 5 on direct 
comparisons (mmp, IR). When 1 was dissolved in MeOH and 
relIuxed for 24 hr, only 1 was detected on TLC. 

Activity of the pregmmes against goldfish. 1 and 2 were 
ground with Tween 20, diluted with Hz0 and the concen- 
tration of the pregnanes was adjusted to 5 mg/l respectively. 
Goldfishes (5 fishes each) were placed in the pregnane soln. 
The solns of 1 and 2 required 8 and 13 min, respectively, until 
&hes went down to the bottom of vessel and ceased to swim, 
while no change on fishes was observed in the solution of 
cholesterol at the concentration of 2Omg/l. 

AcknowEedgernetis-We are indebted to Mmes. T. Ogata and 
M. Takahashi, who were concerned in the early stages of this 
work, NMR and MS were measured by Assist. Prof. K, 
Mihashi and Mr. M. Nish of this University and elementary 
analyses, by the staff of central analysis room of Kyushu Uni- 
versity, to whom our thanks are due. 

REFERENCES 

1. Tschesche, R. (1966) Fortschritte der Chemie Organischer 
Naturstofe XXIV ed by L. Zechmeister, Springer-Verlag, 
p 99. 



1748 F. ABE and T. YAMHJCHI 

2. Lebeuf, M., Cave, A. and Goutarel, R. (1964) C.R.H.S. 
Ad. Sci. 259, 3901. 

3. Tschesche, R., Morner, I. and Snatzke, G. (1963) Ann. 570, 
103. 

4. Yamauchi, T., Hara, M. and Mihashi, K, (1972) Phyto- 
chemistry 13, 3345. 

5. Yammchi, T., Abe, F., Ogata, Y. and Takahashi, M. (1974) 
Cfrem. Pharm Bull. (Tokyo) 22, 1680. 

6. Wagner, R. B., Moore, J. A. and Forker, R. F. (1950) J. 
Am. Chmt. Sot. 72, 1856. 

7. Cocker, J. D., Henbest, H. B., Phtiipps, 0. H., SIater, 
G. P. and Thomas, D. A. (1%5) J. #wm. &IX. 7. 

8. Fwkushima, D. K. and Galwer, T F. (1951) J. Am 
C&m. Sot, 73, 196. 

9. Potier, P., Km, C. and LeMeu, 1. (1964) Tetrahedm Let- 
ters 1671. 

10. Chadha, M. C., Joshi, N. K., Mamdapur, V. R. and Sipahi- 
malani, A. T. {1970) Tetr&&cm 26, 2061. 

11. Schildknecht, H., Hotz, D. and Maschwitz, U, (1967) 2. 
Naturfbwh. 2210, 938. 


