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Abstract-The constitution of five new compounds, (-)-neorautenol, ( -)-neodunol, (-)-homoedudlol, neorau- 
teen and neoduleen, has been established m the root bark of Neorautanenm edufls 

INTRODUCTION 

THE POSITION of the genus Neorautanenm m the family Legummosae suggests that these 

plants could be sources of lsoflavonoids and rotenolds and this apparently correlates with 
claims that some Neorautanenia species have been used extensively throughout Central 
and Southern Africa as fish poisons.’ N edulis in particular has been the subject of several 
mvestigatlons2-5 concerned with the isolation of the active prmclples responsible for these 
properties. The present communication discusses the isolation, structural elucidation and 
biogenetic significance of the concurrence of pterocarpanoids and 6a, 1 la-dehydroptero- 
carpans m this plant. 

RESULTS AND DISCUSSION 

Neorawtenol(1) 

The compound, [cY]~” -273” (c = 0.3, CHCl,), was shown by analysis, and MS to have 
a formula C2,H,,04. The presence of a single OH group was shown by the formation 
of a mono-methyl ether and mono-acetate. NMR comparison (Table 1) of neorautenol 
with other pterocarpans indicates that these compounds have the same A/B/C/D ring sys- 
tem and that structural differences concern the accompanymg substitution pattern. The 
protons in the para-position on ring A resonate as singlets and the three ring-D aromatic 
protons are readily analysed in terms of an ABX system. The characteristic ABCD pattern 
of pterocarpan$ (arising from the 6a-, 1 la-, 6,,- and 6,,-protons) is easily discerned, 
although the signal from the 6,,-proton 1s partly obscured by the methoxy-resonances. 

The MS of the resulting methoxylated isoflavan (7) agrees well with the established pat- 
tern for isoflavans7s8 on the assumption that rmg A has a ;j,y-dlmethylchromon group and 
1 WATT, J M and BREYER-BRANDWIJK, M G (1962) Medical and Poisonous Plants of Southern and Eastern 

Ajixa, 2nd Edit, pp 636, E and S Livingstone, London 
* Q_&&. CL; J. H,. !+GELERECIZX,. J. P md BRL.NK,. A_ J. (.1_972).1 S. A,fimn. Chm. b~sr_ L5,. LX1 

3 VAN DUUREN, B L (1961) J Org Chem 26, 5013 

6 PACHLER, K G R and UNDERWOOD, W G E (1467) fetrahehron 23, 1817 
’ PELTER, A, STAINTON, P and BARBER, M (1965) J Heterocyclrc Chem 2, 262 
* PELTER, A and AMENEHI, P I (1969) J Chem Sot (C) 887 
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- 
* A multlplet centred at the 5 value given 

I 

- 

t A doublet at the 5 value given, showmg signs ol Curther sphttlng 
$ The A proton m an ABX system appearmg as a doublet 
Q The B proton m an ABX system appearmg as a quartet centled at the T value gl\en 
i The X proton m an ABX system appe,u mg a\ ri doublet 

rmg B two methoxy substltuents [VII FIJIAN 190 (14), n?/t’ 164 (lOO)] This evidence sug- 
gests that neorautenol IS the phenohc pterocarpan (1) This was confirmed by the conver- 
sion of 1 to homoedudlol(3) 

Homoedudlol(3) 

This compound, C2,,H200,, had \‘max (CHC13) 3370 cn- ‘. M f 324. The presence of two 
phenollc OH groups as mdlcated by the formatron ofa dlmethql ether. M’ 752 Reduction 

of neorautenol (1) with llthrum and ammonia afforded a major product ldrntlcal to the 
substance (3) This was confirmed by the converslon of homoedudiol (3) to (1) with DDQ 
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(Scheme 1). Structure (3) was hence indicated, the o&o-(3,3-dlmethylallyl)-phenol explain- 
ing the facile loss of isobutene (M+-55) in the MS.17 

Neodunol(2) 

The third compound, formulated as the new pterocarpan (2), was isolated as the acetate 
and the free phenol was regenerated by hydrolysis with ammonium hydroxide. The pres- 
ence of a benzofuran rmg system” was indicated by characteristic UV and NMR spectra 
[A,,, 246 nm (log E 4.34); z 2.42, d, J 2.2 Hz, 52’ and z 3.25, d, J 2.2 Hz, 113’1, while the 
aromatlc region in the NMR spectrum (Table 1) of neodunol suggests a similar oxygena- 
tion pattern as in neorautenol(1) and homoedudiol(3). The new compound is hence identi- 
fied as the phenohc pterocarpan (2) and its MS fully supports this structure with prominent 
ions at m/e 147 (M+ - 133), 263 (M+ - 17, metastable at 246.8) and 171 (M’ - 1 - 108). 

(2) R,= OH; R*= H 
(24) R, = OMe, Rp = H 

12b) R? = Ok, Rz = H 
( 2 1 Rq + R* = OCH,O 

(3)R=H 
IId R = Me 

(4) R, =OH, &=I+ 
(44, 2, = Oh. R2 = H 

l4b) 2, = Ok. Rz = H 

(51 I?, +R*=OCH*O 

The pterocarpenes, neorauteen (4) and neoduleen (5) 

The UV spectra of neorauteen (4), C17H1004 and neoduleen (5), C1sH1,,05, were very 
similar to that of dehldrohomopterocarpin (8)12 and flemichapparin-B (9)13 (Table 2). 

TABLE 2 UV ABSORPTION SPECTRA OF NEODULEEN, NEORAUTEEN AND RELATED PTEROCARPENES 

I,,, nm (log E) m EtOH 

Neoduleen (5) 224 (4 30)) 252 (4 16), 294 (3 84), 346 (4 28), 364 (4 18) 
Neorauteen (4) 222 (4.35); 250 (4 17), 294 (3 82), 344 (4 36), 
Dehldrohomopterocarpm (8)‘2 

360 (4 21) 
244 (4 23)) 303 (3 81), 342 (4 61) 

Flemlchaparrm-B (9)13 215 (4.40), 244 (4 20), 291 (3 80); 339 (4 58), 358 (4 16) 

Compound (5) gave a positive Labat test for a methylenedloxy group. The IR showed 
no OH or carbonyl absorption, but a band at 1660 cm - ’ indicated olefimc unsaturation. 
This was reflected in the UV spectrum which showed high intensity absorption with max- 
ima up to 364 nm (log E 4.18). The NMR spectrum contained a peak at z 4.02 expected 
for a methylenedloxy group. The aromatic region of the spectrum consisted of 4 singlets 
(z 2.37, El; 2.94, I-J4; 3.25, HlO; 2.97, IJ7) and 2 doublets [z 2.42, 3.36; J 2.2 Hz @I2 and 
H3’)] indicative of a furan ring, while the remainder of the spectrum consisted of a singlet 
representing two protons at z 4.49 (CB, at C-6). From this evidence compound (5) was 

I1 WESSLEY, F and KOTLAN, J (1955) Monatsh 86,431 
” HARPER, S H, KEMP, A D, UNDERWOOD, W G E and CAMPBELL, R V M (1969) J Chem Sot (C), 1109 
I3 CHANDHLIRY, N A and GUPTA. P K (19701 Chem Ind. 745 



Neorauteen (4) was isolated as the acetate and methyl ether. From the spectrometrrc 
mformatton rt was evident that a very close relattonshtp exrsts between neorautcen and 
neoduleen (5) The NMR spectra of (4a) and (4b) were most mformatree where an ABX 

system (r 2.76, d, J 8 5 Hz, H7; r 3.14, q, J1 8.5 Hz. JZ 2 5 Hz. H8; r 2 92. d. J 8.5 Hz, 
HlO) m the aromatic region-&as dtscernable as the only drfferenc~ Neorauteen was thus 

the phenohc pterocarpen with constrtutton (4). 

The co-occurrence of dehydroneotenone (15),14 neotenone (14),14 neodulm (6)J3 and 
neoduleen (5) m the same plant provides cncumstantial evidence for the hypothesrs’i,‘” 
that pterocarpenes, via dn-cct oxrdattve cyclization of 2’-hydroxyrsoflavanones, are mter- 
mediates in the biosynthesis of pterocarpans. This was also shown by the chemical conver- 
sion of the rsoflavanone (12) to the pterocarpan (13) (Scheme 2). 

EXPERIMENTAL 

M ps are uncorrected IR spectra were recorded m KBr dtscs and UV spectra tn EtOH NMR were determmcd 
usmg a Vartan T-60 spectrometer and MS were recorded on an AEI MS-9 mstrument Chemtcal shafts arc 
expressed m ppm downfield from TMS Abbrevtattons F = smglet. d = doublet. nt = multtplet and hr = hro.td 
Preparative TLC was carrted out on stltca gel GFls4 plates (I mm thak) 

Isolatron ofcompouncls Drted, mtlled bark (5 kg) was extracted m 12Og porttons utth rethlxmg hexane for 24 ht 
The combined hexane soln v+ds concentrated to gave an extract (47g) which was carefully chromatographed on 
smca gel (I7&2_rO mesh) with C,H,~CKCI, (wtth mcreasmg concentrattons of~CHC1, from 5to 60”,,) as solvzcnt 
Combmed fractions were submtttcd to preparattve TLC to purtfy the compounds (a) Neordutenol (1) ga\c col- 
ourless needles (7Omg) from~ MeOH_ mop IhX 5-1~70- After TLC m hexanc MeJCO (Ii 7) R, OhI, Mu’ 
-3-22, [*jhZ _ I88 2 jd i 5~ CHCi, j (b) Neudunui (2). TLC R, ii 54 nr irexdne Mt-,CO( i 3 7 j ~v+db crysidlhicd~ from 
C,H,, -hexane (9 1) to gave colourless needle\ (43 mg). m p I70 5.~ I7 I 5’ M _ X0 [Y!;’ - 284 9 (r- 0 X. CHd‘131 
(c) Homoedudtol (3) was obtamed ds a colourless otl(57mg) after purtficatton by TLC tn C‘HCI, -LtOAc (13 7) 
R, 0 53, M + 324, [r]&’ -246 I (c 0 8. CHCI,) (d) After TLC m CHCI, MeOH (96 4). R, 0 53, neotauteen (4) 
(73 mg). was crystalhzed from MeOH to g~vc whtte plates, mp 202 5-2040‘. M’ 27X (e) Neoduleen (5) WJS 
obtamed by TLC m C,H,,-hex‘tne (3 1). R, 0 72 Crystalltzatton from MeOH afforded whttc needles (Wmg). 
mp 2215-2230’.M’306 
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Acetylatlon and methylatlon methods A soln of the compound (2c-40 mg) m dry pyrldme (2 ml) and Ac,O (3 ml) 
was heated for 1 hr at 100” and the soln was poured mto Ice (20g) The ppt was extracted with Et20 (3 x 50 ml), 
washed with cold M HCl(2 x 20 ml) and Hz0 (3 x 20 ml) Evaporation of the solvent from the dried (MgSO,) 
extract afforded the acetates Me,S04 (1 ml) was added slowly over a period of 1 hr to a refluxmg rmxture of 
the compound (2@40 mg) m dry Me,CO (50 ml) and anhyd K,C03 (1 5 g) The mixture was stirred for 1 hr 
while heating continued After coohng 5% NaOH (20 ml) was added The soln was allowed to stand overnight, 
and the resulting ppt extracted with Et,0 (3 x 50ml) Evaporation of the solvent from the dried (MgSO,) 
extract gave the methyl ethers 

Nrorautenol monomethylrthrr (la) Methylatlon of (1) (30 mg) afforded la (24 mg) as a colourless 011, M’ 336 
Neorautenol acetate (lb) Acetylatlon of (1) (25 mg) gave (lb) (20 mg) as colourless needles, m p 102 >104”, 

M+ 380 
2”,2”-D~methyl-6,7,5”,6”-chroman-2’,4’-d~methoxy~sopauan (7) Hydrogenolysls of neorautenol (1) (50 mg) m 

EtOAc (50 ml) over 10% Pd catalyst (on carbon support), according to standard procedure gave the correspond- 
mg phenol Due to the mstabihty of this compound It was methylated to give (7) as a colourless oil, M+ 354, 
r(iOUMHz)567, 4, J1 lOHz, J, 35Hz. 2-H,600, t,J lOHz, 2-H,620_656,m, 3-H,706, brs, 4-H, 723, hr 
s. 4-H, 6 25, 5, OMe, 626, s, OMe, 3 53, d, J 2 5 Hz, 3,-H, 3 49, q, J, 9Hz, JZ 2 5 Hz, S-H, 2 91, d, J 9Hz, 
6’-H, 8 58, br s, 2’.C (Cy,), ,8 24. t, J 6 5 Hz, 3”-CI&, 7 24, t, J 6 5 Hz, 4”~C&, 3 73, s, 5-H) 3 78, s, S-H 

Birch reductmn oj neorautenol(1) LI (50 mg) was added to a soln of (1) (50 mg) m ethyleneglycoldlmethylether 
(20 ml) and hqmd NH, (30 ml) After 3 mm, H,O (30 ml) was added The orgamc phase was evaporated under 
red. pres after acidification (6 N HCl) The mixture was extracted with Et,0 (3 x 50ml) and evaporation of the 
solvent gave a mixture of compounds which was separated on TLC m hexane-MezCO (13 7) to give (3) (15 mg) 
as an WI, M’ 324. ldentlcal to an authentic sample 

Homoedudlollmethylether (3a), (3) (30 mg) was treated with an excess of CH,N2 m ether at 0” for 24 hrs Evapo- 
ration of the solvent yielded (3a) as a colourless 011 M+ 352, identical to an authentic specimen 

Rractlon of homoedudiol (3) with DDQ A mixture of (3) (30 mg) and DDQ (25 mg) m Na dried C,H, (20 ml) 
was refluxed for 30 mm The reaction mixture was filtered and chromatographed on a short alumma column 
After evaporation of the solvent the residue was submitted to preparative TLC m hexane-Me,CO (13 7), R, 
0 61, to give neorautenol(1) (12 mg) as colourless needles m p 168 5-170” from MeOH, ldentlcal to an authentic 
sample 

Nrodunol methylether (2a) Methylatlon of (2) (20 mg) gave (2a) (14 mg) as colourless needles (C,H,), m p 15% 
159”, M+ 294 

Nrodunol acetate (2b) Acetylatlon of 2 (20 mg) with Ac,O and dry pyridme according to standard procedure 
afforded (2b)( 16 mg) as plates, m p 136137”, M+ 338 Hydrolysis with 5% NH&OH of (2b) (25 mg) gave neo- 
dunol (2) (16 mg) ascolo;rless needles C,H,-hexane (9 1);mp -170 1-171 5”. M+.280 

2”.3”-0~hvdro-6,7,4”.5”-furo-2’-acetoxv-4’.5’-methvlened~oxv~soAavan (11) Hvdrogenolvsls of neodulm (6) 

(900 mg) mEtOAc-HOAc (1 1) (50 ml)wlth 10% P$C (500 mgjat 60” fir i4 hrsaffor>ed anuxture of the pheno- 
hc lsoflavan (10) and startmg material After filtration and evaporation of the solvent under red pres the crude 
mixture was acetylated After work-up the mixture was separated by TLC m CHCI, to give (11) (320 mg) as col- 
ourless needles, m p 144-145 5”, M+ 354,~ (100 MHz) 7 73, s, OCOCE,, 7 23, s, 4-H, 7 12, s, 4-H, 6 93, t, J 
8 2 Hz, 3”-H, 6 08, f, J 10 Hz, 2-H, 5.77, 4, J1 10 Hz, JZ 3 5 Hz, 2-H; 5 48, t, J 8 2 Hz, 2”-H, 4 05, s, OCE20, 
3 65, s, 3,-H, 3 40, s, 8-H, 3 33, s, 6’-H, 2 75, s, 5-H 

2”,3”-Dlhydro-6,7,4”,5”-furo-2’-acetoxy-4’,5’-methylenedloxylso~avanone (12) A soln of the lsoflavan (11) 
(350 mg) m Me&O (50 ml) was oxichzed by the dropwise addition of 5% aq KMnO, (40 ml) over a period of 
4 hr H,O (50 ml) was added before SO2 was passed through the soln The HZ0 layer was extracted with Et20 
(4 x 50 ml) after evaporation of the Me&Z0 The residue from the Et,0 extract was separated by TLC m CHCll 
to give (12) (loomgj as colourless needles (MeOH), mp 180 1-182, M+ 368, t (6dMHz) 7 ?8, s, OCOC& 
6 87. t. J 8 2 Hz. 3”-H. 5 98. d. J 8 Hz. 3-H. 5 56. d. 8 
s, 3’%, 3 33, s, i-H, j 33, s; 8:H, 2 22; s, 5-H 

.l Hz. 2-H. 5 35. d. J 8 2 Hz. 2”-H. 4 05. s. OCH,O. 3 _- 65. 

2’,3’-Dthydroneoduleen (13) A soln of (12) (100 mg) m HOAc (8 ml) and cone HCI (4 ml) was heated for 30 mm 
at loo” The resulting white ppt was filtered and crystalhzed from MeOH to give colourless needles, m p 194 
195 5”, of (13) (67 mg) 

Neoduleen (5) (13) (60 mg) and DDQ (40 mg) m dry C6H6 (30 ml) was stlrred under reflux for 2 hrs After 
filtration the mixture was separated by TLC m C,H,-hexane (3 2). R, 072, to give (5) (15 mg) as colourless 
needles, m p 222-223”, M’ 306, ldentlcal with an authentic sample 

Neorauteen methylether (4a) Methylatlon of (4) (20mg) afforded (4a) (13 mg) as a white powder, m p 20s 
201 5”, M+ 292 

Neorauteen acetate (4b) Acetylation of (4) (20 mg) gave (4b) (16 mg) as colourless needles, m p 197 s-199”, M+ 
336 
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