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Abstract—The constitution of five new compounds, ( —)-neorautenol, { —)-neodunol, (—)}-homoedudiol, neorau-
teen and neoduleen. has been established 1n the root bark of Neorautanenma edulis

INTRODUCTION

THE POSITION of the genus Neorautanenia in the family Leguminosae suggests that these
plants could be sources of 1soflavonoids and rotenoids 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
investigations® > concerned with the 1solation of the active principles responsible for these
properties. The present communication discusses the isolation, structural elucidation and
biogenetic significance of the concurrence of pterocarpanoids and 6a,11a-dehydroptero-
carpans 1n this plant.

RESULTS AND DISCUSSION
Neorautenol (1)

The compound, [«]3* —273° (¢ = 0-3, CHCl,), was shown by analysis, and MS to have
a formula C, H,30,. 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 accompanying 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 pterocarpans® (arising from the 6a-, 1la-, 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 isoflavans”'® on the assumption that ring A has a y,y-dimethylchromon group and
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TaBLE 1 ASSIGNMENTS OF CHLMIC AT SHIFTS {7 IN ppm) I Tt NMR SPLCTRA OF SOML PTEROCARPANS AND RELATLD
COMPOL NDS

Hea* H6,* Ho * Hllat H2 H? 4 H1 H4 Ho H7f  Hs HY H10
Neorautenol
1 648 G 3T 45t 857 4, iH 444 d Y67 o 284y ISR a9 o4 36t
539 5 IH J100 1100 Iya 1,90 j2s
Jo2s
ia 6§55 &4 SRY 359 360 & s 144 d a8 d 289 ¢ ISR 192 358 [T IRY 358
6oH J100 J 100 Joo j.90, OCH, 72>
Jr 28
ib 653 63% 37T 43 AR I 146 d o 2nd s 6B 28 3R T4 33
6H 7100 71100 790 7,90 OCOCH; J2%
Jo2s
Neodunol
2 637 627 S6x 430 242 ERANY 223 ¢ INT 289 36l 160
122 122 Iss 1 xS J2s
Jo2s
2a 637 61X ST 33 244 d 326 d T2 288 . 2N 38 623 5 3352
2 J22 Fou 90 OCH, /28
- 7 )
2b G5 &2 &R 429 244 o 32 d 22T 0 289 27 236 775 338
I 122 [ACAVEEY BNt QCOCH, 72+
;oS )
Homocdudiol
3 648 648 &V T2 4§ 822 A 674 d 474 E 289 447 38s
aHv " T702H 1701 H T8s } RS 12s
3a 6352 638 574 453 K27 bos 67t d 474 1 277y 356 268 3 5k 66 v H IS
6H JT02H 170 1" TSNS 1 &S 622 v H J2s
J. 25
Neorauteen
Methylether
4a 248 d 3129 d 236 ¢ 294 4450 270 314 RN 292
22 2 i A OCH, J2s
Jo2s
4b 249 ¢ 3 d 23§ 0 295 ¢ 4474 e IO 773 4 27t
J22 122 N JEN TS OCOCH, 25
]IS
Neoduleen
5 249 d I3 d 237 ¢ 294« 4490 276, OCHO 325«
122 J22 2H 402

* A multiplet centred at the 7 value given

+ A doublet at the t value given, showing signs of further splitting

1 The A proton 1n an ABX system appearing as a doublet

§ The B proton 1n an ABX system appearing as a quartet centied at the t value gnen
| The X proton n an ABX system appearing as a doublet

ring B two methoxy substituents [ VII 2% /¢ 190 (14), mye 164 (100)] This evidence sug-
gests that neorautenol is the phenolic pterocarpan (1) This was confirmed by the conver-
sion of 1 to homoedudiol (3)

Homoedudiol (3)

This compound, C,,H,,0,. had v, (CHCl;) 3370 cm ™~ '. M ™ 324. The presence of two
phenolic OH groups as indicated by the formation of a dimethyl ether. M™* 352 Reduction
of neorautenol (1) with lithium and ammonia afforded a major product 1dentical to the
substance (3) This was confirmed by the conversion of homoedudiol (3) to (1) with DDQ
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(Scheme 1). Structure (3) was hence indicated, the ortho-(3,3-dimethylallyl)-phenol explain-
ing the facile loss of isobutene (M *-55) in the MS.'”

Ty Y

Neodunol (2)

The third comnonnd formulated ac the new ntaracar
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and the free phenol was regenerated by hydroly51s with ammonium hydrox1de The pres-
ence of a benzofuran ring system’'! was indicated by characteristic UV and NMR spectra
[Amax 246 nm (log € 4-34); © 242, d, J 22 Hz, HY and t 325, d, J 22 Hz, H3'], while the
aromatic 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 phenolic pterocarpan (2) and its MS fully supports this structure with prominent

1ons at mje 147 (M™ —133), 263 (M* —17, metastable at 246:8) and 171 (M* —1—108).

° OR ° Ry o oR ° R,
(o4
NS B S Rz S R X Rz

(1) R=H (2)Ry= OH; Ra= H (3)R=H (4)R = OH, Rz = H
{ta) R = Me (2a) Ry = OMe, R; = H (3a) R = Me {4a} Ry = OMe, Ry = H
(1b) R = Ac (2b) R, = OAc, R = H (4b) R, = OAc, R = H

(6) Ry + Rp= OCH,0 {5) Ry + Rz = OCH0

T he pterocarpenes, neorauteen (4) and neoduleen (5)
The UV spectra of neorauteen (4), C,,H 1004 and neoduleen (5), Cl sHmOS, were very

qimilar ta that Af dahidrahamantaranarmin (€ Fe PRINEE, AQNPN- ayl3 T
simiuar {o that of dehiar onomopierolarpii \o; and uc:uuumppal in-B \7) 1

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

Amax N (log €) m EtOH

Neoduleen (5) 224(430), 252(416), 294(384), 346(428), 364 (418)
Neorauteen (4) 222(435); 250(417), 294(382), 344(436), 360 (421)
Dehidrohomopterocarpin () 244 (423), 303(381), 342(461)

Flemichaparrin-B (9)13 215(440), 244(420), 291(380); 339(458), 358(416)

Compound (5) gave a positive Labat test for a methylenedioxy group. The IR showed
no OH or carbonyl absorption, but a band at 1660 cm ™! indicated olefinic unsaturation.
This was reflected in the UV spectrum which showed high intensity absorption with max-
1mma up to 364 nm (log € 4-18). The NMR spectrum contained a peak at 7 4-02 expected
for a methylenedioxy group. The aromatic region of the spectrum consisted of 4 singlets
(237, H1; 294, H4; 325, H10; 297, H7) and 2 doublets [t 2-42, 3-36; J 22 Hz (H2' and
H3)] indicative of a furan ring, while the remainder of the spectrum consisted of a singlet

representing two protons at t 449 (CH, at C-6). From this evidence compound (5) was

11 WessLEY, F and KOTLAN, J (1955) Monatsh 86, 431
12 HarPER, S H, KeMp, A D, UnpErwooD, W G E and CAMPBELL, R V M (1969} J Chem Soc (C), 1109
13 CHANDHURY, N A and GuPTA, P K (1970) Chem Ind. 745
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(6) (10) R = H 3121 a3
(11) R = Ac

Neorauteen (4) was 1solated as the acetate and methyl ether. From the spectrometric
information 1t was evident that a very close relationship exists between ncorauteen and
neoduleen (5) The NMR spectra of (4a) and (4b) were most informative where an ABX
system (¢t 276, d. J 8 5 Hz, H7; 7 3-14, ¢, J, 85 Hz. J, 25 Hz. H8; t 292. d. J 85 Hz,
H10) 1n the aromatic region was discernable as the only difference. Ncorauteen was thus
the phenolic pterocarpen with constitution (4).

MeO ‘ (;Aeo } SN ,O\ hgeO\\//\\\T,O>
] ! !
| S iy ‘ '\//'\o) . ﬁ/‘\i)‘q/\ )
! i i
NN [o o Lotz o
(7) 14) (15)

The co-occurrence of dehydroneotenone (15),'* neotenone (14),'4
neoduleen (5) 1n the same plant provides circumstantial evidence for the hypothesis
that pterocarpenes, via direct oxidative cyclization of 2'-hydroxyisoflavanones, are inter-
mediates in the biosynthesis of pterocarpans. This was also shown by the chemical conver-

sion of the 1soflavanone (12} to the pterocarpan (13) (Scheme 2).

neodulin (6)'3 and
15,16

EXPERIMENTAL

M ps are uncorrected IR spectra were recorded i KBr discs and UV spectra in EtOH NMR were determined
using a Varian T-60 spectrometer and MS were recorded on an AEI MS-9 wnstrument Chemical shifts are
expressed in ppm downfield from TMS Abbreviations s = singlet, d = doublet. m = multiplet and b = broad
Preparative TLC was carried out on silica gel GF, g, plates (1 mm thick)

Isolation of compounds Dried, milled bark (5 kg) was extracted in 120 g portions with refluxing hexane for 24 hr
The combined hexane soln was concentrated to give an extract (47 g) which was carefully chromatographed on
stlica gel (170-230 mesh) with C H, - CHC; (with increasing concentrations of CHCl; from 5 to 60°,) as solvent
Combined fractions were submitted to preparative TLC to purify the compounds (a} Neorautenol (1) gave col-
ourless needles (70 mg). from. MeQH.. mp 168 5-170- after TLC 1n. hexane Me,CO (13 7). Ry 061, M"©
322, (x5 — 1882 (1 5 CHCL) (by Neodunot (2} TLC Ry O 54 o exame Me, CO(IY 77 way crysialiwed fronr
CeH, -hexane (9 1) to give colourless needles (43 mg), mp 170 5- 1715 . M~ 280 [#]3° — 2849 (. 08._CHCl;)
(¢} Homoedudiol (3) was obtained as a colourless o1l (57 mg) after punification by TLC 1 CHCI, -LtOAc (13 7)
R, 053, M™ 324, [%]32 —246 1 (¢ 08. CHCl,) (d) After TLC in CHCl; MeOH (96 4), R, 053, neorauteen (4)
(73 mg). was crystallized from MeOH to give white plates, mp 2025-2040°, M" 278 (¢) Neoduleen (5) was
obtained by TLC in CiHg-hexane (3 1), R, 072 Crystallization from MeOH afforded white needles (80 mg),
mp 221 5-2230°', M " 306
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Acetylation and methylation methods A soln of the compound (20-40 mg) 1n dry pyridine (2 ml) and Ac,O (3 ml)
was heated for 1 hr at 100° and the soln was poured mnto 1ce (20g) The ppt was extracted with Et,O (3 x 50 mi),
washed with cold M HCl (2 x 20 ml) and H,O (3 x 20 ml) Evaporation of the solvent from the dried (MgSO,)
extract afforded the acetates Me,SO, (1 ml) was added slowly over a period of 1hr to a refluxing mixture of
the compound (20-40 mg) n dry Me,CO (50 ml) and anhyd K,CO; (1 5g) The mixture was stirred for 1 hr
while heating continued After cooling 5% NaOH (20 ml) was added The soln was allowed to stand overnight,
and the resulting ppt extracted with Et,;O (3 x 50 ml) Evaporation of the solvent from the dried (MgSO,)
extract gave the methyl ethers

Neorautenol monomethylether (1a) Methylation of (1) (30 mg) afforded 1a (24 mg) as a colourless o1, M* 336

Neorautenol acetate (1b) Acetylation of (1) (25 mg) gave (1b) (20 mg) as colourless needles, mp 102 5-104°,
M* 380

2",2"-Dimethyl-6,7,5",6"-chroman-2' &' -dimethox yisoflavan (7) Hydrogenolysis of neorautenol (1) (50 mg) in
EtOAc (50 ml) over 10%, Pd catalyst (on carbon support), according to standard procedure gave the correspond-
ing pheno! Due to the mnstability of this compound 1t was methylated to give (7) as a colourless o011, M™* 354,
T {00 MHz) 567, q, J, 10Hz, J, 35Hz, 2-H, 600, ¢, F 10Hz, 2-H, 620-6 56, m, 3-H, 706, br 5, 4H, 723, br
s, 4H, 625 5, OMe, 626, 5, OMe, 353, 4, J 25 Hz, 3-H, 349, g, J, 9Hz, J, 25Hz, 5-H, 294, 4, J 9Hz,
6-H,858, brs, 2"-C{CH;),,824,1,J 65Hz, 3"-CH,, 724,t, J 6 5Hz, 4-CH,,373, 5, 5-H, 3 78,5, 8-H

Birch reduction of neorautenol (1) L1 (50 mg) was added to a soln of (1) (50 mg) n ethyleneglycoldimethylether
(20 ml) and hquid NH; (30 ml) After 3 min, H,O (30 ml) was added The organic phase was evaporated under
red. pres after acidification (6 N HCl) The muxture was extracted with Et,O (3 x 50 ml) and evaporation of the
solvent gave a mixture of compounds which was separated on TLC 1n hexane-Me,CO (13 7) to give (3) (15 mg)
as an oil, M* 324, 1dentical to an authentic sample

Homoedudiolimethylether (3a), (3) (30 mg) was treated with an excess of CH, N, 1n ether at 0° for 24 hrs Evapo-
ration of the solvent yielded (3a) as a colourless ol M* 352, 1dentical to an authentic specimen

Reacrion of homoedudiol (3) with DDQ A mixture of (3) (30 mg) and DDQ (25 mg) in Na dried C¢H, (20 ml)
was refluxed for 30 min The reaction mixture was filtered and chromatographed on a short alumina column
After evaporation of the solvent the residue was submutted to preparative TLC n hexane-Me,CO (13 7), R,
061, to give neorautenol (1) (12 mg) as colourless needles m p 168 5-170° from MeOH, 1dentical to an authentic
sample

Neodunol methylether (2a) Methylation of (2) (20 mg) gave (2a) (14 mg) as colourless needles (C¢Hg), mp 158
159°, M+ 294

Neodunol acetate (2b)y Acetylation of 2 (20 mg) with Ac,O and dry pyridine according to standard procedure
afforded (2b)(16 mg) as plates, mp 136-137°, M* 338 Hydrolysis with 5% NH,OH of (2b) (25 mg) gave neo-
dunol (2) (16 mg) as colourless needles CoHq—hexane (9 1), mp 170 5171 5°, M* 280

2".3"-Dihydro-6,7,4".5"-furo-2'-acetoxy-4',5 -methylenedioxyisoflavan  (11) Hydrogenolysis of neoduln (6)
(900 mg) 1in EtOAc-HOAc (1 1) (50 ml) with 10% Pd/C (500 mg) at 60° for 24 hrs afforded a mixture of the pheno-
lic 1soflavan (10) and starting 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 CHCl; to give (11) (320 mg) as col-
ourless needles, mp 144-1455°, M* 354, ¢ (100 MHz) 773, s, OCOCH;, 723, s, 4-H, 712, 5, 4-H, 693, 1, J
82Hz, 3"-H, 608, t, J 10Hz, 2-H, 577, q, J, 10Hz, J, 35Hz, 2-H; 548, t, J 8 2Hz, 2"-H, 405, s, OCH,0,
365,5,3-H, 340, 5,8-H,333,5,6-H,275, s, 5-H

2",3"-Dihydro-6,7,4",5"-furo-2 -acetoxy-4,5' -methylenedioxyisoflavanone (12) A soln of the isoflavan (11)
(350 mg) In Me,CO (50 ml) was oxidized by the dropwise addition of 5%, aq KMnQO, (40 ml) over a period of
4 hr H,O0 (50 ml) was added before SO, was passed through the soln The H,O layer was extracted with Et,O
(4 x 50 mi) after evaporation of the Me,CO The residue from the Et,O extract was separated by TLC 1n CHCl,
to give (12) (100 mg) as colourless needles (MeOH), mp 180 5-182°, M™ 368, 1 (60 MHz) 778, 5, OCOCHj;,
687t J82Hz 3"-H,598,d4, J 8§ Hz, 3-H, 556, 4, J 8 Hz, 2-H, 535, 4, J82 Hz, 2"-H, 405, 5, OCH,0, 3 65,
s, 3-H,333,5,6-H,333,s5,8-H,222, 5, 5-H

2',3'-Dihydroneoduleen (13) A soln of (12) (100 mg) m HOAc (8 ml) and conc HCl (4 ml) was heated for 30 min
at 100° The resulting white ppt was filtered and crystallized from MeOH to give colourless needles, mp 194-
195 5°, of (13) (67 mg)

Neoduleen (5) (13) (60 mg) and DDQ (40 mg) in dry C¢H, (30 ml) was stirred under reflux for 2 hrs After
filtration the muxture was separated by TLC in C,H¢—hexane (3 2), R, 072, to give (5) (15 mg) as colourless
needles, mp 222-223°, M 306, 1dentical with an authentic sample

Neorauteen methylether (4a) Methylation of (4) (20 mg) afforded (4a) (13 mg) as a white powder, mp 200-
201 5°, M+ 292

Neorauteen acetate (4b) Acetylation of (4) (20 mg) gave (4b) (16 mg) as colourless needles, mp 197 5-199°, M*
336
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