
Jourrrrrl of Natural P&s 
Vol. 50, No. 3,  pp. 349-356, Maydun 1987 

349 

ISOLATION AND STRUCTURAL ELUCIDATION OF POTENTIALLY 

COMPOUNDS FROM NEORAUTANENZA MZTZS 
INSECTICIDAL AND ACARICIDAL ISOFLAVONE-TYPE 

LUC VAN hJYVEL.DE, NORBERT DE KIMPE,’ JEAN-PIERRE MUDAHERANWA, ATHANASE GASIGA,’ 
NICEAS kHAMP,  JEAN-PAUL DECLERCQ,3 and hhURICE VAN MEERSSCHE3 

Centre Univnsitaire de Recherches Jur la Pharmucopie et la Min’ne Traditionelk (CURPHAMETRA),  
B . P .  I 17,  Butare, Rwanda 

hmcr . - Inves t iga t ion  of the mots of Nmauranenia mitis, collected in Rwanda (Cen- 
tral Africa), revealed the presence of three compounds, neotenone [l), dolineone 131, and 
pachyrrhizine 121, which were previously isolated from Nwrautanenia psardoparburrbzza, the 
former name ofthe title plant. However, neotenone 111, which was previously reported as an op- 
tically inactive substance, was isolated now in optically active form for the first time. In addi- 
tion, four isoflavanone-type compounds were isolated for the first time from N. mitis, including 
dehydroneotenone [5), neoduline [4), 12a-hydroxydolineone [6], and 12a-hydroxyrotenone 
m. Detailed 360 MHz nmr spectra of all compounds are reported for the first time, providing 
correction to previously incorrectly reported low resolution data. Also, the 13C-nmr and mass 
spectral data of all these compounds are reported for the first time. The petroleum ether total ex- 
tract of N. mitis mots showed significant acaricidal properties that were attributed to the pre- 
sence of 12a-hydroxyrotenone m. 

Neorautanenia species are a widespread group of Fabaceae (Papilionaceae) plants of 
Central and South Africa and are known for their poisonous properties (1). These plants 
are used by the native population as fish poison (2-5) and insecticide (6,7), while in the 
traditional medicine of Central Africa they are used against syphilis (8 )  and the treat- 
ment of female frigidity.4 The possible use of some of these plants for killing bilhania- 
carrying fresh water snails of the genera Bulinus and Biophalaria has also been reported 
(9). 

Several chemical studies have been performed already on Neorautanenia species, 
among others N. jkiJ$olia (3,14,15), N. edulis (2,4,12,16,18), N. pseuabpacbywhiza 
(10,11,13), N .  amboenris(5,12,17,19), and the related Padywbizuserosus(20-22). In 
the course of our investigation on medicinal plants from Rwanda (Central Africa) we in- 
vestigated Neorautanenia mitis (A. Rich.) Verdcourt (local name “Igitembatenibe” or 
“Amakubwe”) on its insecticidal and acaricidal properties because of some promising 
preliminary results. This plant was previously named Dolicbos pseudoparhvrhizas, 
Dolicbos mitis, Neorautanenia orbicularis, or Neorautanenia pseuabpacbywbiza but is now 
generally accepted as N. mitis (9). This plant has been investigated already two decades 
ago (under the name of N. pseuabpachywhiza), which resulted in the isolation of various 
isoflavanone-type compounds, including neotenone El], pachyrrhizine {2), dolineone 
131, and nepseudin (10,l l) .  The first three compounds (1,2, and 3) were also isolated 
by us from roots ofN. mitis, collected in Rwanda, but nepseudin was not found. How- 
ever, we isolated and fully identified four compounds from this plant source, namely 
neoduline 141, dehydroneotenone 151, 12a-hydroxydolineone 161, and 12a-hydroxy- 
rotenone 17). Compounds 4-7 are now described for the first time from N. mitis but 
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'H-nmr SDectrometric Data (6) of Corn TABLE 1. 

Neotenone 
PI 

(360 M H t ;  CDCI,) 

- 
4.50 (dxd,j=5.4 Hz, 10.8 Hz) 
4.58(drd,j= 10.8Hz, 11.4HZ) 
4.3 1 (dxd,j=5.4 Hz, 
/= 11.4 Hz) 

- 
8.25 (5) 

- 
7.08 (br s) 

- 
6.57 (s) 

- 
6.62(s) 

- 
7.57(d,/=2.3 Hz) 
6.76(dxd,]=2.3 Hz,]=l Hz) 

5.90(s) 

7.70(d,]=2.2 Hz) 
6.84(dxd,]=2.2 Hz, 1 Hz) 

5.98 (s) 

wol.  50, No. 3 

Kinds 1-7 

Dolineone 
131 

(360 MH2; CDCI,) 

- 
7.54(d, ]=2.3 Hz) 
6.73(dxd,]=2.3 Hz,J=I Hz) 

5.80and5.86(each lH, 
eachd,]= 1.3 Hz) 

4.96 (dxdxd, J= 3.2 Hz, 
/= I.OHz,/=3.9Hz) 

have all four been described from different plant sources, including neoduline 141 (4,5) 
and dehydroneotenone 151 (13) from N. &lis, dehydroneotenone 15) (1420) and 12a- 
hydroxydolineone 161 (22) from P. erorur, and dehydroneotenone 151 (12), 12a-hydro- 
xydolineone (61 (159, and 12a-hydroxyrotenone m(19) from N. amboensis. 

All compounds (1-7) were characterized by spectrometric methods ('H nmr, 13C 
nmr, ir, and ms) and by comparison with the data in the literature. Not all spectral data 
have been reported hitherto and, therefore, a detailed spectrometric study was under- 
taken (including 360 MHt 'H nmr and 20 MHt 13C nmr). A comparison was made be- 
tween some reported data from the literature and those found in this communication. 
The 'H-nmr spectrometric data of compounds (1-7) are compiled in Table 1, while 
Table 2 describes the 13C-nmr data of these compounds. Table 3 entails some physical 
data, it spectral data, and mass spectral fragmentations. 

Neotenone 111, i.e., 2'-methoxy-4',5'-methylenedioxy-2,3-dihydrohro [3", 2"- 
6, 7) isoflavone, was isolated as light green-yellow crystals, mp 152" (CHCIJMeOH). 
Literature reports claimed melting points of neotenone of 180.5" (11) (MeOH or 
CHCl,/MeOH) and 180" (Me,CO) (12). The compound with mp 180.5" corresponded 
to the racemate because of the absence of optical rotation [ O L ~ ~ O D  0" (1 1). However, it 
was reported (12) that a second crystalline modification, mp 149" (MeOH), reverted to 
mp 180" on recrystallization from C6H6. It is assumed that 1, isolated by us from N. 
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Neoduline 
I41 

(360 MHZ; CDCl3) 

7.72(s) 
- 

7.09(brs) 

1.28(dxd, J=4.8Hz, 
1=10.8Hz,H&; 

3.71 (dxd, /= 10.8 Hz, 
/= 10.4 Hz, &) 

5.75 (s) 

5.44 (S) 

- 

- 

- 

- 
7.56(d, /=2.2 Hz) 
6.72(dxd, J=2.2 Hz, 
/= 1 Hz) 

5.90and5.93(each 

J=1.3Hz) 

]=4.8 Hz, 
/= 10.4 Hz) 

5.67 (d, /= 7 .O Hz) 

1 H, eachd, 

3.59(dxdxd, /=7Hz5 

TABLE 1. Continued 

5.52 (s)L 
- 

5.48 (5). 

L.SO(dxd, /=12.9Hz, 

4.63 (dxd, ]=2.4 Hz, 
/= 12.9Hz) 

7.02 (s, bt) 

3.19 (s) 

- 

]=Z.OHz) 

- 

- 

- 

- 
- 

7.55 (d,]=2.2Hz) 
5.74 (dxd,]=2.2 Hz, 
/= 1 Hz) 

j.SO45.85(each 
lH,eachd, 
/= 1.2 Hz 

1.62 ( lH, br) 

6.53 (s) - 

- 

5.44 (s) 

1.5 (rn) 
- 

- 
- 

6.80(d, ]=8.5 Hz) 
7.7(d,J=8.5Hz) 

- 3 b )  
5.2(rn) 

4.8-5.1(rn) 
1.73 (s, br) 

- 

- 

- 
- 
- - 

4.5(rn) 

- 
- 

3.70and3.78(s) 
4.56r) 

'Attribution may be inverted. 

mitis, corresponded to the latter "crystalline modification," although we believe that we 
did not isolate the racemate (*)-neotenone, but instead an optically active substance 
due to its optical rotation, {a)'% (c 18.1 mg/lO ml) -5.5" (589 nm), -8.8" (578 
nm), - 14.9" (546 nm), - 134.3" (436 nm). The 'H-nmr spectral data agreed with 
those found in the literature (1 l), but some more accurate (and corrected) 'H-nmr data 
(360 MHz) are reported now together with the 20 MHz 13C-nmr data and the mass 
spectral data, both the latter being reported for the first time. The structure of 1 was 
unambigously proved by X-ray crystallographic analysis (to be published separately). 

Pachyrrhizine 127, previously named neorautone (4), revealed identical 'H-nmr 
data as those reported previously (13). The compound was easily identified by its ir 
spectrum, which pointed to a lactone structure (v,,, 1728 cm-') instead of the usual 
isoflavanone type structure. The 13C-nmr and mass spectral data are reported here for 
the first time. 

Dolineone 131, previously named dolichone (lo), was identical with the reported 
compound (1 1). However, a much more detailed 360 MHz 'H-nmr spectrum is pre- 
sented here while also complete 13C-nmr data and mass spectral fragmentations are re- 
ported. 

Neoduline [41, previously named edulin (4), was now isolated for the first time 
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from N. mitis and agreed with the reported 'H-nmr data (4,14). Again we present for 
the first time high resolution 'H-nmr data (360 MHz). The 13C-nmr data are nearly 
identical (shift difference of about 1 ppm) to those reported (23). 

Dehydroneotenone E51 was easily identified due to its analogy with neotenone E l ) .  
Its isolation from N. mitis is reported for the first time in this article, while full spectral 
data, including 'H-nmr, ir, and ms data, are reported for the first time. The mp 239- 
240' agreed with the value reported in the literature Imp 240-24 1' (12)). 

12a-Hydroxydolineone E61 is reported now for the first time from N. mitis, while 
complete and detailed 'H-nmr (360 MHt) and 13C-nmr data are given. Our more de- 
tailed 'H-nmr values corresponded with those reported earlier (19,22). 
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TABLE 2. '3C-nmr spec 

- 
71.3(t) 
48.3 (d) 

192.6(s) 
120.8 (I) 
115.6(s) 
159.2 (s). 
99.6(d) - 
- 
- 
- 

122.6(s) 
152.86) 
95.4(d) 

147.8 (I) 
141.4(s) 
109.8(d) - 
- 

146.O(d) 
107.0(d) 
101.3 (t) 

118.80) 
- 
- 
- 

159.9 6). - 
- 
- 

56.5(q) 

Lb*CAttribUtion may be 

Pachyrrhitine 
t21 
DMSO, 1:5) 

- 
173.2 (s) 
124.0 (s). 
142.4 (d) 
119.6 (d) 
124.8 (s). 
156.2(s) 
99.5 (d) 
- 
- 
- 
- 
- 

151.7 
95.5(d) 
148.8(s) 
141.3 (s) 
110.3 (d) 
- 
- 

146.7 (d) 
106.4 (d) 
101.5 (t) 

116.2(s) 
- 

- 
- 

156.2 
- 
- 
- 

56.9(q) 

ometric Data 

Dolineoae 
t31 

(CDCld 

106.9(d) 
143.2 (s) 
147.9(s). 
98.9(dP 

66.4(t) 

99.8 (dp 
158.6 (sr 
123.1(s) 
12 1.0 (d) 
190.6(s) 

- 

- 

- 
- 
- 
- 
- 
- 
- 
- 

146.2(d) 
106.9(d) 
101.2(t) 
105.3 (I) 
148.5 (s). 
72.1 (d) 

159.8csF 
- 
- 

116.1 (I) 

45.3(d) - 

122.9(d) 
122.4(s) 
15 5.7 (6 )  

99.91d) 

67.0(t) 
104.7 (d) 
141.8 (s) 
148.2(s) 
93.8(d) 

- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

145.1 (d) 
106.3 (d) 
101.3(t) 
116.5(s) 
153.5 (I) 
40.6(d) 

1 17.9 (s) 

154.2(s) 
79.2 (d) 

- 

- 
- 
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108.8 (d) 
142.9 (I) 
I5 1.2 (6 )  

101.l(d) 

63.9W 

113.2 (s) 
168.0(s) 
105.3 (d) 
130.2 (d) 
191.1(s) 

- 

- 

- - 
- 

31.1W 
88.O(d) 

142.9 (s) 
1 1 2 . 6 ~  
17.1 (q) - 
- 
- 

109.5 (s) 
148.4 (s) 
76.1 (d) 

157.7 (s) 
- 
- 

11 1.8 (s) 
67.66) 
55.9aod 

56.4(q) 

12a-Hydroxyrotenone 17 is also isolated for the first time from N. mitis. The 360 
MHt 'H-nmr data are more complete and more detailed than those reported (19). In 
addition, the 13C-nmr spectral data and the mass spectral fragmentations are reported. 

The configuration of compounds 6 and 7 at the B/C fusion is cis (thermodynami- 
cally most stable form), which is easily established by the 6 value of the shielded proton 
at the 1-position (6 6.5 ppm) (13,29). 

The petroleum ether extract of the mots ofN. mitis inhibits completely the oviposi- 
tion of the female tick Rhjpuephluc appendirulatuc at aconcentration of 2.5 mglml(25). 
The only product responsible for this activity was shown to be 12a-hydroxyrotenone 
(7), which has a MIC (minimum inhibitory concentration) of 50 pg/ml in the test des- 
cribed earlier (25). The reference used in this text was ethyl quinolin-&yl phenylphos- 
phonothionate (Backdip; Qunthiophos; Bayer 9037) (an organephosphom com- 
pound used as an acaricide in dipping-tanks in Rwanda), which has a MIC value of 0.2 
Fg/ml. 

A MeOH extract of the mots of N. mitis showed also an insecticidal activity against 
the defoliant caterpillar, Am- acmuta, which attacked the leaves of the sweet potato 
(I- batatas) (results to be published). These results agree with the known insectici- 
dal properties of rotenoids (26) and neobanone (27), the latter being isolated from N. 
amboenris. 
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EXPERIMENTAL 
'H-nmr spectra were recorded with Varian T-60 (60 MHz) and Bruker WH-360 (360 MHz) nmr 

spectrometers. Ir spectra were measured with a Perkin-Elmer model 13 10 spectrometer while mass spectra 
were obtained from a Varian-MAT 112 mass Spectrometer (70 eV). Optical rotations were measured in 
MeOH at ambient temperature using a Perkin-Elmer 14 1 polarimeter. Melting points were determined on 
a Kofler hotstage. 

PLANT u m w . - R o o t s  of N. nritis were collected in the prekcture of Kibungo (South-East of 
Rwanda) in April 1981, for extraction procedure A and in our Botanical Garden (prefecture of Butare, 
South-West of Rwanda) in July 1983, for extraction procedure B. The plant was identified by our botanist 
F. X. Ayobangira, and voucher herbarium specimens are deposited in our Department of Botany and in the 
Herbaria of the INRS (Institut National de Recherche Scientifique) at Butare. The roots were airdried and 
powdered mechanically 

EXTRACTION AND ISOLATION.-P~&~V A.-Powdered roots (1.5 kg) were extracted in a per- 
colator with petroleum ether (40-604 (9 liters). After evaporation in vacuo, a brown syrup (24.2 g, yield 
1.6%) was obtained. An amount of 12 g of the petroleum ether extract was chromatographed on a Si gel 
column (600 g) (Merck, 230-400 mesh) in petroleum ether and eluted with a petroleum etherlC6Hd 
CHClJMeOH gradient. 

Neoduline 141 was isolated from the petroleum etherx6H6 (2:8) fraction (186 mg, yield O.O25%)and 
was recrystallized from CHCI,/MeOH to afford small, white crystals, mp Table 3; A max CHCI, 305 nm. 

580 578 546 436 
(MeOH; c= 14 mgl10 ml). ia120~=-42.9 -50.7 -57.1 -94.4 

Dolineone 131 was isohed from the C6H6-cHCl3 (9: 1) fraction (122 mg, yield 0.0 16%) and recrys- 
tallized from CHC1,IMeOH to afford light brown crystals, mp Table 3. 

589 578 546 436 
(MeOH; ~ 1 2 . 2  mg/lO ml). fa120~=+36.9 +39.3 +46.7 +105.7 

Neotenone 111 was isolated from the C6H6-CHCl, (7:3) fraction(769 mg, yield 0. l%)and recrystal- 
lized from CHCI,/MeOH to afford light yellow-green crystals, mp Table 3. 

(MeOH; c= 18.1 mg/lO ml). 
589 578 546 436 
- 5 . 5  -8.8 -14.9 -134.3 . .  - .  

12a-Hydroxydolineone 161 was isolated from the CHC1,-MeOH (99: 1) fraction after p r e p t i v e  tlc 
(Merck, Si gel 60, 2 mm) using CHCI,-MeOH (96:4) as the eluent (54 mg, yield 0.007%) and recrystal- 
lized from C6Hdn-hexane to afford white crystals, mp Table 3. 

12a-Hydroxyrotenone m was isolated from the CHCl,-MeOH (99: 1) fraction after preparative tlc 
(Merck, Si gel 60, 2 mm) using CHC1,-MeOH (96:4) as the eluent (72 mg, yield 0.009%) and recrystal- 
lized from n-hexane to afford small colorless crystals, mp Table 3. 

Procedure B.-Powdered roots (5.0 kg) were extracted in a percolator with petroleum ether (40-604 
(25 liters). After concentration in vacuo, the petroleum ether phase was extracted with MeOH-HZO (9: 1). 
The petroleum ether phase was then evaporated in vacuo to give a brown syrup (18.1 g,  yield 0.36%). Af- 
terwards, the MeOWH20 phase was concentrated in vacuo in order to evaporate the MeOH. The H2O 
phase was extracted with CHCI, which gave, after evaporation in vacuo, a brown residue (24.8 g,  yield 
0.49%). 20 g of the CHCI, extract was absorbed on Si gel (75 g) and slurried onto the top ofa column con- 
taining 525 g Si gel (Merck, 230-400 mesh) in petroleum ether and eluted with a petroleum ether/toluenel 
CHCI3/Me2CO/MeOH gradient. 

Neoduline 141 was isolated from the tolueneCHC1, (9: 1) fraction (567 mg, yield 0.014%). 
Dolineone 131 was isolated from the CHCI3-Me2CO (99:l; 99:3) fraction (328 mg, yield 0.008%). 

Afterwards, three complex fractions were isolated: fraction I eluted with CHCI3-Me2CO (97:3)(3990 mg), 
fraction I1 eluted with CHCI3-Me2CO (97:3) (3990 mg), fraction I1 eluted with CHCI3-Me2CO (95:5) 
(4979 mg), and fraction 111 also eluted with CHCI3-Me2CO (95:5) (5900 mg). Fraction I was absorbed on 
20 g of Si gel and chromatographed on a Si gel column (170 g) (Merck, 230-400 mesh) in n-hexane and 
eluted with a n-hexane/toluene/CHC13/J30AdMeOH gradient. 

Neotenone [l] was isolated from the toluene-CHCI, (7:3, 6:4; 5:5; 4:6) fraction (1940 mg, yield 
0.048%). 

Dolinenone 131 was isolated from the tolueneCHC1, (9: 1, 9:2) fraction (98 mg, yield 0.002%). 
Fraction I1 was absorbed on 20 g of Si gel and chromatographed on a Si gel column ( 190 g) (Merck, 

Pachyrrhizine 121 was isolated from the toluene-CHCI, (2:8) fraction (709 mg, yield 0.017%). 
Fraction 111 was absorbed on 20 g of Si gel and chromatographed on a Si gel column (190 g) (Merck, 

230-400 mesh) in n-hexane and eluted with a n-hexaneltoluene/CHCI3/ErOAc/MeOH gradient. 

230-400 mesh) in n-hexane and eluted with a n-hexane/toluendCHCI3/EtOAc/MeOH gradient. 
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Dehydroneotenone 151 was isolated from the toluene-CHC1, (2%) fraction (1 198 mg, yield 0.029%). 

BIOLOGICAL ACrMTY.--The acaricidal activity of the extracts and purified products was deter- 
mined following the method of complete immersion offemale ticks Rbipi@bd~wrapp&&.t~wr during 10 
min in test tubes containing the plant extracts and measurement of the oviposition after 10 and 20 days as 
described earlier (25). 
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