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~bslrrt The scak d Millerrio dwa (Dunn) h~vc yieldad durkttonq durmillone, rniJklurortc. 

( - ~milkttonc, ( - )-millettosin, ( - )-rotatonc. ( - )-tcphrosia. (+ )-tcphrosin. ad 6,12,dchydrodcgwhn. 

Tbc consitutiom d the new isoflavonea durkttonc (1). durtnillonc (Iy). and tnilMurottc (VIII) have ban 

established. 

Millettone is shown to be the new rotated (XIXL TJK natural co-occurrm d the rotmoidr 

( - ~milkttonc (XIX) and ( - trotatone (XX). wtth the l2,-hydroxyrotenoida ( - J-rrtilkttosm (XXI) and 

( - )-tephrosm (XXIIL and the 6,.12,dchydroroteao1d. 6,.lZ,dchydrodcguehn (XIIL u cstabhshcd The 

relatron of these obscrvatrons to the questron of the natural occurrence of l2,-hydroxyrotcnoids and 

6,. 12,dehydrorotenords IS dwcussed 

ALTHO~JGII the number of Milkrriu species is large.’ their phytochemical examination 
has been limited to only a few cases.’ The position of the Millectia genus in the 
Legwnirwsue family suggests that these plants could be sources of isoflavonoids’ 
and rotenoids’ and this is compatible with various claims that some Millerrio species 
show insecticidal and piscicidal activities.’ These activities have often been attributed 
to rotenonc but the evidence that the active constituent is in fact rotenone is in most 
cases rather slight. Preliminary reports on the extractives of various Milleftius are 
availabk including M. faiwaniunq’ M. pachycaqnq6 I3 M. teticulata,‘* M. pulchra,‘* 
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M. luurentii.’ ’ M. cersicolor . ’ ’ and M. m&i,’ ’ but the only detailed study is that due 
to Clark.” He examined the seeds of M.fernrginea (Hochst.). and identified rotenone 
and reported the isolation of 6,.12,dehydrorotenone, tephrosin, and two unknown 
compounds, m.p. 18%19O” and m.p. 164165”, formulated as ClPHl~0.(OMe)2 and 
Cz2H,,0,(OMe) respectively. As Clark’s isolation” of the latter four compounds 
involved exposure of the extract to alkali, their description as “natural products” has 
always been suspect. l ** l6 ‘I* We decided to reexamine this matter and now report 
our study of the extractives of the seeds of M. dura (Dunn).. 

The isolation of ten aromatic type natural products is described including three 
isoflavones. six members of the rotenoid class, and a compound of the chalkone type: 
The elucidation of the constitutions of nine of these compounds is now discussed. 

The isoflavones isolated from M. dura 
Dvlerrone. This compound, C2,,H,,0,(OMeX showed UV [j.,,_ 260 mu 

(E 26.400). 297 mp (e9990)] and IR [vco 1640 cm- ‘1 spectral characteristics suggesting 
an isoflavone struc~ure.~* ” This was clearly supported by its NMR spectrum which 
showed signals assignable to the isoflavonoid 2-H (T 2a, singlet), one mcthoxyl 
group (T 6.05. singlet). and a yydimethylallyl group” ” (T 4.43, triplet. fj,; I 5.39, 
doublet, H2; ‘I 8.19, broad singlet, l&). The doublet signal of the methylene 
group of the dimethylallyl residue is at considerably lower field (r 539) than the 
chemical shift normally observable for the methylene group (-7 6.7) of a 
C-yydimethylallyl substituent on an aromatic ring. This required the presence of 
an O-~dimethylallyl groupa so that durlettone could now be given the partial 
structure C,,HsO,(OMe)-(O CH2-CH=CMe2). Signals due to seven aromatic 
protons were discernible and these could be readily analysed in terms of an A,X, 
system for a pdisubstituted aromatic ring [TV 2.41, rx 294 (J,x = 9 c/s)] and the 
ABX system characteristic of a 1.2.4trisubstituted benzene ring [TV l-70. ?A 2.93, T,, 
307 (J;\x = 9 c/s. Jl\e = 2 c/s)]. It was also clear from the low field doublet of the 
ABX system (r 1.70 (J = 9 c/s)] that this signal could be assigned to a proton at 
position 5 of an isoflavone skeleton, and this leads to two possible structures for 
durlettone (I and II) both of which have oxygen substituents at positions 7 and 4’. 
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positions which are most frequently oxygenated in natural isoflavones.’ The presence 
of an 0-yydimethylallyl group in durlettone was fully confirmed by acidic hydrolysis 
which gave 4’-hydroxy-7-mtthoxyisofkvone (III). This established the constitution (I) 
for durlettone which was confirmed by synthesis. 0-Alkylation of 4’-hydroxy-7- 
methoxyisoflavone (III) with yydimethylallyl bromidt gave durkttone (I). The 
isomer II was also synthesized from formononetin: it was clearly different from the 
natural product. 

RO 

I: R = Me: R’ = CH2 CH=CMe, Durkrronc 

II : R = CH, CH -CMe, ; R’ = Me 

111: R = Me: R’ = H 

Durmilkww. The NMR spectrum of durmillone, C,,Hi50,(Oh4e), led directly to 
consideration of the structure IV and this opinion was immediately reinforced by 
reference to the NMR spectra of jamaicin” *’ (V) and ichthynonez6 (VI) (Table 1). 
Thesespectra showeda strikingcorrespondencein thechemical shiftsofcorresponding 
protons with the exception that durmillone showed an ABX system characteristic 
of 3’.4’-methylenedioxyisoflavones.z’ Further suppo rt for the structure IV for dur- 

IV. Durmlllonc 
V: R=H Jamaian 

VI: R = OMe lchrhynone 

VII 

VIII : Milkluronc 

” J A Moore and S Eng I Am Chm. Sot 78.395 (19%); A. L. Kspoor. A. Aebc and J BGchl. If& Chim 

Acre 40. 1574 (1957); 0 A Stamm. H. Schmld and J BBchi. Ibd. 41. 2006 (1958) 

I0 J S. P Schwart A I Cohen. W D Ollir L A Kaczkaand L M Jacknmn. Tmohdrm 20. 1317 (1964) 

” W D Olhsand R E Wheeler. forrhcomrng pubhcarlon 
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millone was provided by a comparison of its UV spectrum with the spectra of similar 
isoflavones’* (Table 2). The UV spectrum of durmillone is very similar to that of 
jamaicin and ichthynone. In particular it may be nottd that they all exhibit high 
intensity absorption in the 320 34Omu region.28 yet this is usually not regarded as 
being typical of compounds of the isoflavone type.‘* I9 

Catalytic hydrogenation of durmillone (IV) reduced the chromenc double bond 
giving 3”.4”dihydrodurmillone which on degradation with alkaline hydrogen 
peroxide gave the salicylic acid (VII) and piperonylic acid. This established the consti- 
tution IV proposed for durmillone since we had already rigorously established the 
structure for the salicylic acid (VII) during our investigation of the structure of ich- 
thynone (V1).26* 28 

Milldurone. The UV spectrum of milldurone, C,PH,,O,. was very similar to that of 
ichthynone (Table 2) and suggested that they both had a similar oxygenation pattern. 
Its NMR spectrum showed the presence of one methylenedioxy group and three 
methoxyl groups thus permitting its representation by the partial formula. 
C, ,H ,O,(CH,O,)(OMe),. The association of four aromatic protons with four singlets 
(T 2.37. T 3.12. T 3.17, and T 3.37) required the presence of two pairs of pare-related 
protons thus leading to two possible structures for milldurone. namely 6.7.2’- 
trimethoxy4’.5’-methylenedioxyisoflavoneor2’.4’.5’-trimethoxy-6.7-methylenedioxy- 
isoflavone. The former structure for milldurone (VIII) was establishd by its alkaline 
hydrogen peroxide oxidation. This yieldad 2-hydroxy4.5dimethoxybenz.oic acid 
identical with a synthetic specimenz’ and 6methoxypiperonylic acid previously 
isolated by a similar degradation of ichthynone.z6 

Compound C2,H220b. The amount of this compound availabk for structural 
study was small and our opinion regarding its nature rests solely upon spectroscopic 

and mass spectrometric evidence. Acetylation gave a crystalline monoacetate and a 
presumcxl diacctate. The high resolution mass spectrum of the monoacetate established 
the molecular formula. C2,H2,0S. and the prcscnce of one exchangeable hydrogen 
atom was shown by deuteration studies. The natural product. C2,H220.,. and its 
monoacetate apparently contained an o-hydroxy-carbonyl function as these two 

TAIILI: 2. t:v AILWRPlIOH SPECTRA OF DURYIl.LONE. YILlDUROh~., AND RE,.AIF,, ,X,F,A”O%TS 

)__, mp (c_.) In ethanol 

Dumullonc (IV) 

Jamatcm”(V) 

Ichthynonc” (VI) 

Mtllduronc (VIII) 

6.7-Dthydroxy4’-mcthoxyiso- 

flavoncl’ 

Afrormosm ‘O (7.hydroxy 

6.4’-dlmcthoxpollavonc) 

6.7.4’-Tr~mc~hoxy~soflavooe’” 

230 (26.700) 255 (28.600) 334 (9700) 

347 w-w 

232 IMSW 263 (347W 346 (14.500) 

232 (33.600) 262 (24.3W 309 (14.100) 

331 (11.ooo) 

34s (9400) 

232 cm.IUx)) 256 (13.110) 312 (16.Mo) 

231 (24.550) 258 (33.110) 326 

258 (23.440) 320 

261 eo.~rno) 320 

( 13.490) 

(10.m) 

(19.930) 

z’ S F Dyke. W D Olhr M. Samsburyand J S P Schwarz Trwahcdrm 20. 1331(1964) 

‘* S RaJagO&WI. T R Scshadn and S Varadarajan Proc fnd Acad SCI MA. 265 (1949) 

” T R H. McMurry and C Y Thcng. J. Chrm. Sot 1491 (1960). 
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compounds showed vco at 1640 cm-’ and a positive ferric chloride reaction; the 
presumed diacetate showed vc, at 1655 cm-’ and a negative reaction with ferric 
chloride. The UV spectrum of compound C2iHz20. (A,,: 234 and 373 mp) was 
similar to that of 2’.4’-dihydroxychalkonc A,.: 242 and 370 mp) and the expected 
hypsochromic shift was shown by the monoacetate. C2,H2.0, &,,.l: 223 and 362 mu). 
This UV and IR evidence suggests that compound C,,H,,O, is a chalkone” and as 
the mass spectra suggest the presence of a methoxyl group and a C,H,-substituent 
a partial structure of the type IX may be tentatively proposed. Further evidence 
regarding the nature of this compound is not available. 

Compounds oj the rotenoid type isolored from M. dura 
The known compounds of the rotcnoid type* which have been isolated arc rotenone 

(X). tephrosin (Xl) in the optically active and raccmic forms. and 6,.12,-dchydro- 
deguelin (XII). The relation of these results to the general question of the natural 
occurrence of I2,-hydroxyrotenoids is considered later. 

he i>MC 

X. Rorcnonc XI : Tephrosm 

OMe 

XI I : 6,. I2,-Dchydrodcguelrn 

Millettone.* This is a new rotenoid and unlike all the other natural rotenoids’ 
it is the first to be recognized which contains no methoxyl groups. This. as it transpires. 

l Our studies of nullc~~onc have bozn mentionai tn anotha pubkaarton” but unlortunatcly m~llellonc 

was mwnamal mundurrone 

” D J Adam. L Cromhlc and D A Whung J Chrm SOC (0 542 (1966) 
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is a particularly useful circumstance. Normally a complete interpretation of the NMR 
spectra of rotcnoids3’ is not possible because the methoxyl signals interfere with the 
detailed interpretation of the ABCD system associated with the four protons in 
positions 6.6,. and 12, (see formula X). The absence of methoxyl groups in millettone 
therefore permits a detailed analysis of its NMR spectrum and leads to a deduction of 
not only its constitution but also its relative configuration and conformation. 

Millettone. C,,H t,,O,, showed a positive Durham test which suggested that it was 
a rotenoid and this was obviously supported by its UV spectrum [A,_: 243 mu 
(c 18,500). 271 mu (E 22.200) 305 mu (c 12.700)] which is very similar to that of 
munduserone” b,,,_: 232 mu (c 16.100). 278 mu (E 14.700). 314 mu (c 7900).] Its IR 
spectrum showed a carbonyl band ( vcl, 1680 cm ‘) typical of rotenoids and isoflava- 
nones bearing no I l- or Shydroxyl group respectively: for example. munduserone’” 
shows vco = 1676 cm- ‘. Other IR absorption bands of millettone could be attributed 
to the carbon-carbon double bond (v,, 1580 cm - ‘) and gem-dimethyl group (v,,,_ 
1391. 1379 cm-‘) of a 2,tdimethylchromcne systcm2”*25*26 and the bands (Y,, 
1040 and 940 cm- ‘) suggcs~af the presence of a mcthylenedioxy group.3* 

The NMR spectrum of millettone (Fig. I) clearly indicated the presence of a 2.2- 
dimethylchromene system.2”* ” a methylenedioxy group, four aromatic protons. 
and an ABCD system characteristic of rotenoids due to the four protons in position 
6.6,. and 12, (see XIII). The four aromatic protons were allocated to a pair which were 
paru-related (T 3.18 doublet* and T 3.53 singlet) and their chemical shifts indicated32 
that they were in positions I and 4 of the rotenoid skeleton with oxygen atoms in 
positions 2 and 3 which were necessarily associated with the methylencdioxy group. 
The other pair of aromatic protons (T 2.17 doublet. J = 8.5 CI’S; T 3.21 quartet. 
J = 8.5 and 0.7 c+) formed an AB system characteristic of orrho-related protons; 
the low held proton could be placed in position I I as it was deshielded by the adjacent 
carbonyl group and the chemical shift (r 3.2 I ) of the high field proton, indicated that it 
was adjacent to an oxygen atom which had to be the ether oxygen of the dimethyl- 
chromene system. The aromatic proton in position 10 clearly showed long range 
coupling (J = 0.7 c/s) with the 4’-olclinic proton (T 3.21) of the dimethylchromene 
residue (two nonequivalent methyl groups T 8.55 and T 8.61 singlets; AB system. 
T 4.47 doublet J = IO.1 C:S and T 3.21 quartet J = IO.1 and 0.7 c/s). The long range 
coupling over five bonds between the aromatic proton in position 10 and the 4’- 
olcfinic proton (see XIII) involves a geometrical sttuation identical with that observed 
in other similar -es,35 

Thus consideration of the NMR spectrum of millettonc led to the constitutional 
proposal XIII and this was confirmed by the following reactions. Catalytic hydro- 
genation of millettone (XIII) gave dihydromillcttone (XIV). Both millettone (XIII) 
and dihydromillcttone (XIV) were transformed into their 6,.12,dehydroderivatives 

l The or,Bn of this addluonal couphng (I - IO c.s) IS mdwalcd m Fig 3 

” 1. Cromblc and J W Lawn. Proc Chem Sot 299 (1961); 1. Chem Sot 775 (1962) 

” N. Finch and W D Olltr. hoc Chm. Sot I76 (1960) 

” L Bnggs. L Colebrook. tt Falcs and W C Wlldman. Analyr Chcm 29.9(# (1957) 

” D D Elleman and S L Manat!. J Gem Phys 36.2346 (1962); J. A. F.lvldgc and R. G Fosrer. J Chem 

Sot 590 (1963); M Martm-Smlrh. S T Reid and S Stemhell. Terrahedton LIrwrs 2393 (1965) and 

Refs there aled ; S Sternhell. Ret Purr ud Appl Chem 14. IS ( 1964) 
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(XV and XVI respectively) and oxidation of the latter gave dihydro-&tubaic acid 
(XVII). 

QqL” Qq 

XIII: M~llellone xv 

XIV. (Single bond a1 4’.5’) XVI : (Single bond a1 4’.5’) 

XVII. R -r H 

XVIII. R = Me 

The non-equivalence of the two methyl groups (r 8.55 and 8.61) and the two protons 
of the methylenedioxy group’6 (r 4U9 and 4.14 doublets J = 1.4 q’s) is due to the 
chirality of the rotenoid skeleton. The coupling exhibited by the methylcnedioxy 
protons matches the obsct-vations made by Crabb and Cookson” of the coupling 
constants shown by methylenedioxy groups in 5-membered rings (J = 0 2 2 c!s) 
as compared with 6-membered rings (J = 6cs). 

Consideration could now be given to the analysis of the signals due to the four 
protons in positions 6.6,. and 12, (see XIII) It is apparent that they form an ABCD 
system and first order analysis readily gave chemical shifts and coupling constants. 
A more careful examination revealed two small long range coupling constants 
(Jcl, and J,,. see Figs. 2 and 3) and using the values for coupling constants and 
chemical shifts given in Fig. 3 for the ABCDE system it was possible IO obtain a 
good match between computed* and observed spectra (Fig. 2). Signs have not been 
allocated to the coupling constants as these have little effect upon the appearance 
of the spectrum. The coupling constants establish that millettone has the sterco- 
formula (see Fig. 2). or its mirror image. and demonstrate that it has a R,,C ris ring 
fusion in accord with that of the other rotenoids.‘*.” 

l We thank Mr H Prxc for compuung the rheorewal spcclrum 

‘O I R C Blck. J Harky-Mawn. h’ Sheppard and M J Vcmcngo. I Chm Srx Iw96( 1961). R F Mar&c. 

K H Shm. A R Ba~rcrsby and D F Shaw. Canad J C’hm. 43. 21g3 (1965) 

” T A. Cnbb and R. C Cookson. Tcrtahcdron I*lrm No. I2 679 (1964); R. C. Cookson. T. A. Crabb. 
J J. Frankcl and J ttudck. ~urrohedrm Supplemenr h‘o 7. 355 (I9661 

” G Buch, L Cromble P J Godm. J S Kalrcnbronn. K S Slddalmgamh and D. A Whwng I Chm. 

sot- 2K43 (I961 1 
JO C DJC~~SSI. W D Ollsand R C Russ&I Chum Sot- 144R( 1961) 
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C 

FIG I k~clcar magncw resonance spectrum of m~llet~onc (XIX) (CDCI, solution) 

FIG 2 The sfereochem~s~ry d millertone and the analyst of rhc ABCDE system of IIS NMR 

spectrum (CDCI, solution) 



4750 W. D. OILIS. C. A. RHODES and 1. 0. Sr:nlrxux;r, 

() flp “c 
1 (’ B () 

% 

! H” 
0 =I 

fiE 

Chcmxal rhlfls T Couphng conslanls c, s 

HA 5.1 1 J 3.2 

HD 5-42 J:: 1-I 
Hc 5-M J AD 4Q 
H, 625 JDC I22 
H, 318 J, I.1 

J Dt. 10 

Fh. 3 The chemical shifts ad coupling constants deduced by the analysis d cbc spectrum 

given in Fig 2 The long mog coupliog I, and ID, ICCOUOI for additional couplmg 
seen in the signals of protons C, D, and E 

The absolute conliguration XIX for (-)-rnillcttone was now established by a 
comparison of its ORD curve (Fig 4) with the ORD curve (Fig 5) of rotenonc (XX) 
of proven absolute stereochemistry.” In our earlier studie? of the absolute 
stereochemistry of natural rotenoids. it was shown that they all showed a positive 
Cotton effect to be associated with the (6,-S, 12,-S) absolute configuration with, of 
course. a B;C cis fusion. Through the kindness of Professor C. Djerassi (Stanford 
University) it was later possible to determine the ORD curves of millettone and 
rotenone (Figs 4 and 5) down to lower wavelengths and it is clear that the positive 
Cotton effect described previously ‘* IS associated with negative Cotton effects qj 

n~uch larger amplirudes at shorter wavelengths. These ORD curves show the appro- 
priatc relation to the corresponding CD curves and the IJV absorption maxima of 
millettonc (XIX) and rotenone (XX) (see Figs. 4 and 5) and confirms the (6,-S, 12,-S) 
absolute conliguration of millcttonc. 

XIX: ( - )_MlllcrrofK XX’ ( - )-Rorenone 

It is possible that millettone may be a fairly widely distributed rotenoidsince we 
have found it to be also present in plants belonging to two other genera. namely 
Piscidia eryfhrina” and Lonchocarpus ru~osus.* ’ 

do C P Falshaw. W D 0111s. J A Moore and K Magnua TrrAwdron Supplcmcn~ No 7. 233 (IYW) 
l ’ B Blcssinglon (lJnwcrstry of Sheflield) IJnpubhshcd obscrvatlon 
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FIG 4 Oplical rotalory dqerrmn and arcular dtchroum curves d ( - )_millatone (XIX) 
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Milletrosin. Only a small quantity of this compound was isolated so initially a 
reasonable constitution was proposed on the basis of physical data and then this 
was confirmed by the partial synthesis of its racemate. 

The mass spectrum of millettosin showed a parent peak at m/e 394 which could 
correspond either with the molecular formula C,,H,,O, (an isomer of rotenone) 
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or Cz2H,s0, (a hydroxy derivative of millettone). The latter possibility was im- 
mediately attractive because the IR spectrum of millettosin was almost super- 
imposable upon that of millet tone and showed carbonyl absorption (v,, 1674 cm - ‘) 
and bands characteristic of a 2,Zdimethylchromene residue”- 2s 26 (v,, 1639, 1390. 
1380 cm- ‘) and a methylenedioxy group” (v,, 1040, 940 cm-‘) Millettosin like 
tephrosin (XI) gave a negative Durham test and no coloration with ferric chloride. 
This information suggested that millettosin was 12,-hydroxymillettone and this 
received striking support from a comparison of the mass spectra of millettosin and 
tcphrosin (XI) which showed a number of common or corresponding fragment ions 
(see Fig. 6). The fragmentation patterns of these 12,-hydroxyrotenoids are similar to 
those which have been observed for rotenoids.*2 Acid-catalysed dehydration of 
millettosin gave 6,,12,-dehydromillettone (XV) but this dehydration was not ob- 
served during its mass spectrometric study 

x = Y - OMe 
X. Y = OCHIO 

i - 

m.‘e 41r 

mlc 394’ 

m:c 203’ ’ 

1 
l ?I ‘I 0 

\ 

(‘% 
m,r 18l- ’ 

+ 

X-Y=OMe mie 208’ 
X. Y = OCH,O m,‘C 19P 

,m* - albo6’ 
m* - 190’ 

, 

Y 

X-Y-OMe Iwe 207. 
X. Y - OCHIO mie 191’ 

FIG 6 The man spectra d tcphrosin and milkttosm. ‘Ihc ION from tcphrosm are labellad ’ 

and those from milktosm ‘. 

l 1 R 1 Reed and J M Wilson. J Chem. Sot 5949 (1963) 
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The constitution 12,-hydroxymillcttonc was therefore proposed for millettosin 
and this was confirmed by the transformation of millettone into the racemic a-ketol 
which was shown to correspond with natural (- )-millettosin. It has been shown in 
a definitive study by Crombic and Godin ” that aerial oxidation of deguelin gives 
(f )_tephrosin and ( f)_isotcphrosin and their configurations were established as 
tephrosin (XI; B/C cis) and isotephrosin (XI; B/C rrans). Tephrosin shows intra- 
molecular hydrogen bonding (vc, 1675 and VoH 3509) and comparison with ( -)- 
millettosin (v,, 1674 and voIi 3508 cm- ‘) shows that it also has the BE cis 
configuration. 

Comparison of the ORD curves of (- )-millcttosin and (- )-tephrosin shows that 
they have the corresponding stereochemical configurations XXI and XXII, but it is 
not known Whether these formulae. or their enantiomeric forms. represent their 
actual absolute configurations. As far as we are aware this is the first example of the 
isolation of opricully actire 12,-hydroxyrotenoids from natural sourccz.4b 

\ 

1 OH 

% 

:I 

0 

OH 
0 

=I Y 

X 

XXI: X. Y - OCH# (- )_M~lleflown 

XXII: x = Y = OMC ( - FTephroun 

The natural occurrence of 12,-hydroxyrorenoids and 6,. 12,-dehydrurotenoids 

The question whether 12,-hydroxyrotenoids arc genuine natural products or 
whether they arc artefacts produced by oxidation of rotenoids either after the plant 
material was collected or during the isolation procedure has been considered on 
several occasions.** I6 “. ‘” Tcphrosin (XI) has been isolated from a number of 
plants including Lonchocarpus nicou,” Derris elliprica,‘3 Tephrosia vc~elii.4’ 4b 
and Tephrosia obouafa.47 None of these reports refers to the isolation of optically 
active tephrosin and in those cases where it was examined the absence of optical 
activity is noted. In some of these cases alkaline extraction was used during the isolation 
and in view of the known ease of oxidation of deguclin” to racemic tephrosin and 
racemic isotephrosin in alkaline solution. this supports the viewa* that (2 ttephrosin 
is an artefact. However. the isolation of (- )-millettosin (XXI) and (-ttephrosin 
(XXII) from M. dura which is now reportal dots suggest that they may well be 
natural products. Comparative chromatographic examination of the initial extracts 
supportad their presence in the plant material, but the isolation of (f )-tephrosin 
from the hot methanol extract should be noted. 

In view of the established ease of dehydration of 12,-hydroxyrotenoids. 6,.12,- 
dehydrorotenoids could well be artefacts. As well as its isolation from M. duru. 

” Ii P Clark. J Am. Chum Sot 53. 729 I 193 I I 
” M 1Ianrtol. C R Ad SCI Pam 144, 150 (1907) 
” R R lc G Worsley. Ann Appl Bwl 21. 649 (1934) 

” S Rangaswaml and B V Rama Sastry. Id J Phom. IS. 339 (1956). Chum Ahsrr 51. ?ZW (1957) 

” Yuh-l.in Chcn and Ilong-Yen Hsu. Y&quku %a& 78. I98 (195X); Chcm Ahsh 52 9S20 (19%) 
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6,, 12,dehydrodeguelin (XII) has been isolated from Tephrosiu oogelii*6 and from 
Derris root.” 6,, 12,-Dehydromillettone has been isolated from Piscidiu eryrhrino.40 

FIG 7 Optical rotatory dlspcrslon curves d (- bmlllettosm (XXI) (full Itne) and ( - )- 
lcphrosm (XXII) (broken hnc) isolated from M dwa. 

EXPERIMENTAL 

NMR spectra were delcnntncd on CDCI, solns usmg a Vanan A-60 spectrometer; TMS was UKd as Ihc 

mtcrnal standard Only signilicanr bands from IR spcc~ra are quolcd 

M ps wcrc dcrcrmtncd using a Kofla hot rragc mlcroscopc and are uncorrecrcd 

Scpara~torts by column chromatography wcrc carnal OUI uang Hopkm and Wilhams’ MFC grade sthca 

Ycrck’s K~cselgcl G was used for thick and thm layer chromatography (TLC). Dunng isolruon proasscs 

the appropnatc combmatlon of fractions was dctcrmmad by cxaminatron of thar IR spectra and TLC 

bchanour Thin laycr chromatograms were examined under UV llluminatlon and by spraymg with (a) 

erhanolic fernc chlnndc soln (I “J and (h) ccnc sulphalc in sulphunc and soln (2 “/,, followal by hearing 

Exnc~rtcm of the seeds oj M~ller~la dura (Dunn) 

Thcgroundsceds(l Kg)wcreconsccut~velycxtrac~ed wtth ~hcfollowmgsolvenl~and yieldad lbcindicatcd 

fractions 

Two extractIons (24 hr periods)) wtth cold hghr pctrolcum (b p @80 ) (2 x I.5 I portions) ylcldcd 

fraction A (208 t 36g) ‘llus was shown to be fatty marenal and was not further cxamincc. 

Four extractIons (24 hr pcnods) with cold cthcr (4 x I.5 I portions) ylcldcd fraction B (18.8 + 9.8 + 

4.4 t 2 4 gJ 

One continuous extractIon (IO days) with hot ctha yleldcd fraction C (9 2 g). 

Two continuous cxtracllons (24 hr per&s) wlrh hot M&H ylcldcd fraction D (I 59 + 12 g) 

/SO~~IKM of dwletrone (I). durmtllone (IV). mtlldurom (VIII). compound C,,HI,O, (IX). (- ~miller@+u 

(XIX), (- )-millefrosin (XXI). ( - )-rorrru,~ (XXI. ( - )_rephrosm (XXII), and 6,12,drhydrodcgue/m (XIIL Tbc 

comb-maImatcnal(fract~on B. 35-4 g)from ~hccoldc~hcrcx~ract~on waachromatographcdusmgsu~vcly 

benzene (B, and B,) bcnzen+CHCl, mixtures (B, and B,). CHCI, (B, and B,). AcOEt (B,). and M&H 

(B,) as clutmg solvents Appropriate fractions (IR spectra and TLC) were combined and this yieldad YV~I 

fractions (B, -) 

B, (7 g) was a yellow 011 of a fatty nature and it was not furthcr cxammcd. 

8, (168 g) was rcchromatographal and fracrlonal clutlon with bmzcnc first ylckicd a compound (320 mg) 

” M Mlyano. T h’ishikubo and M Marsul. Chrm & 93. 1746 (1960). 
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which was crysrallned from MeOH pving white plates, m.p. 74’. (Found: C. 77.18; H. 129 9;h Ths 

compound was ahphric co type and was not examinal further. L*ta fractions gave mfllrrron (62Oml) 

B, (860 mg) was separated by thicir layer chromatography (benmnc-CHCI, solvent SO: 50) and this 

yicldcd a number of bands whtch by scpararloh exrraction. and crysIallizaIlon yielded dwlrrrone (IS mg). 

(-brotcaone (3OmgL compound C,,H,,O. (2Omg). ti (-~milk110rk (12~ , 
B. (4.758) was separated by multiple chromatography and fracthal crystallization ‘Ihb yi&kd 

durlatone (37 mg). ( - )-rolenone (293 ma (- PIcphrosm (290 m& and 6,12,-dehydro&guclin (IO mg). 

B, (4.15 8) slmllarly ylcldcd durmtlkone (37 mg). I - )-ro~cnone (B3 rngL ( - )-Iephrosm (&m ms). and 

6,. I2,-dchydrodcguclin ( IO mg) 
B, (I@52 g) srmilarly yieldad ( - )-rotenone (102 mg). durrmllonc (199 mg). millduron (I I I mg). and 

( - )-Iephrosm (30 mg) 

B: (200 mg) wa exammal bur noihmg useful could be IsolaIcd. 

Isolufion o/ durlrrrone (I). dvmilkone (IV), m~l/duront (VIII). ( - ~millrfrone (XIX). ( - )-tounone (XX). 

( - Hephrosin (XXII). Md 6,12,-dehydrodeguelin (XII). FracIIon C (9 2 g) obraincd by exIracIion with ho1 

ether was Inturaral with benzene and IRK solubk porllon (8 65 a) was fracdonarcd chromatographlcally 

using be~~cne (C,. C,. and C,). benzene-CHCl, rmxturcs (C,. C,. and C,i CHCI, (C,). CHCI, A~OEI 

mtxIurcs (C,) and A~OEI McOH mixrurcs (C,) Appropriate fracIions (IR specrra and TLC) were com- 

bined and this ylcldcd 9 main fracuons (C , *) W~IC!I were exammcd as for fracIions B, _. 

C, (305 mg) was a ydlow OII ofa faIIy nalure. II was no1 examined furlher. 

C, (144 mg) gave ( - )-mllle1Ione (80 mg) 

C, (680 mg) gaw ( - )_rotenone (203 mg) and durlctronc (IO mg). 

C, (I07 @ gave 6,.12,dchydrodeguclm (70 mg) and durmillonc (60 mg) 

C, (lO3g) conlamed several compounds which were chromaIographically mdtca1a.i to bc rotmonc. 

6,12.-dehydrodcguclm. durmlllone. milldurone. and tephrosm nK scparailon of C, was noi pursued 

C, (163 mg) gave mlllduronc (25 mg) 

CA4 I3 rng). Cs (655 me). and C, containal mainly tephrosh, and were not examined furtbcr. 

Exominatra! ojfracrlon D 
fwlorum o/durletrone (I). durnullone (IV). (- )-millerrone (XIX), (- )-rorcnone (XX). (f )-rephrosb (XI). 

and 6,.12,-deh~drodeguelin (XII). Tbc combtnal material (IracIion D. 171 g) obtmnrd by extractIOn with 

hot MeOH was rather mrractable so only that matcnal which movai dunng thtd; layer chromatography 

usmg CHCI, as solvcn1 was exammed Thud: plates (250) yleldai IWO bands (UV light) and their extractton 

gave fracr~ons D, (320 mg) and D, (70 mg) 

D, ylelded durlctlone (5 mg). durmlllonc (7 rngl ( - )_m~lkrronc (20 mg). ( - trotenone (4 rngL and 

6,. I2,dchydrodcguclm ( I mg) 

D1 gave ( f trcphrosin (46 me). 

7-h IdenrfJkaticm ofrhe Exrractiua o/M. dun 

Extractton of the seeds (I Kg) of Y duro as indl=Ial above yielded the followmg compounds The total 

quantlrvzs of pure subslances Ihar were lsolalcd arc gvm in parenlhcscs: durkttone (I. 54 mg). durmillonc 

(IV. 303 mg). mtllduronc (VIII. I36 mg). compound CI,HzIO, (IX. 20 mg). ( - ~mlllcttonc (XIX. 720 mg). 

( - )_millcllosm (XXI. I2 mg). I - )_rolenonc (XX. 632 mg). ( - )-tephrosm (XXII. 320 mg), ( f )-tcphrosm 

(Xl. 46 mg). and 6,12,-dehydrodcguclin (XII. RI mg) The tnformation regardmg thcr compounds is now 
summanrrd 

Durkrlonc (I). mp 137‘. was obuuncd by crystalhzallon from Me011 (Found C. 74.83; H, 599; 

OMC. 992 ClaHI1O,*OMe rquircs: C. 7504; H. 599. OMc 9.22”;). L (in IIIOH) 236 mp Infl. 

(t21.100).260m)r(c26.400).~7~~nfl (c999O)v_ UnCHCI,) IUO. 163O.and 16lOcm .’ NMRspecrrum 

(In CDCI,) r 200 singlet (2-Ii); rx 1.70. rA 2.93. I, 307 (ABX sysrern JU = 9 C.S I,, 3 2 c:s. Slj. 6y. gu); 

r4 241. rx 294 (AIXI system JAx = 9 C:S. 2’u. 3’& S’u. 6’u); r 6W angle! (OCH,). r 443 tnplet 

(J = 6.5 c s. CH, <ij-CMc,). 7 5 39 doubler (I - 6.5 c s. Ctj,<H<Me,); r g-19 broad smgler 

[Ctl, CH%(C~,),] 

Durmillon (Iv), mp. 171-172’. &s TUK colourko nccdla fran MeOH. (Found: C 7016; H, 495; 

OMc, 931. C,,H,,O,*OMe ra@ru: C. 6983; H, 4.79; OMe. &91’/,) L_ (in EtOH) 230~ (c 26.700). 
255~(~28,600).3Um(r(c9700~)47m)l(c9000).r,(inCHQ,)16$4lOIQ~cm-’.NMR~ 
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v_(m CHCI,) 1637.1385.1372 and I I14 cm- ‘. Ir was identical (m.p.. UV. and IR sptara) wwll an aurhcnrK 

sample Lrmdly supphcd by Professor M Mlyano ” 

Formorion o/4’-hydroxy-?-m4rhoxyi~~~~~r~ durlcltone (I) A soln of durleltonc (I9 mg) m glacial 

A&H (0 3 ml) and cone HCI (&OS ml) was hcarcd under rcllux for I hr. cooled. poured Inlo water (5 ml) 

and the pp( (17 5 mg) collcc~cd. Recrystalhzarlon from EtOH gave 111 (15 mg) as line white nccdla. m p 

221 224 (lit m p 2lg 220“)“’ ldcnruzal (mtxcd m p and IR spectrum) wllh an authcnuc specimen ” 

formononervl (7-hydroxy-4’-merhoxylwjlamne). The folloPrmg method LS more sal,sfaclory than rha~ 

uvcn In rhc hreraturc. ” 4.Merhoxybcnzyl-2.4JIhydroxyphcnyl ketone” (4 5 gl ethyl orrhoformarc 

(75 ml). anhyd pyndinc (I 50 mlL and pipcndinc (3 ml) wcrc hcarcd under rdlux for 5 hr. cooled. and poured 

on IO ICY and 2N HCl Extraction with CHCI, ylcldcd an 011 which crysralhzed. and cryslalhzarlon from 

ErOt( gave fonnononcun (302 g; 65 “,) as fine white nccdlcs. m p 254 (hr m p 251 ) ” 
Duidrrin (7.4’dlhydroxylsnllo~~PI The following method LS more sa~sfnc~ory than that oven In the 

hrcrarurc” Formononcrm II g) was hcalcd under rcllux wllh a soln ol tiBr m glaaal AcOtl (5Clml; 

22 5”; ttBr) After 24 hr the soln was coolcd and poural Inlo water (500 ml) The pp( was dlssolval m 

A&El. cxrractcd Inlo Na,CO,aq (SO,). and rhls on acidlficatlon gave the producf which ws crysralhzcd 

from FrOH Ovmg da&em (815 mg; g5”,) as cream nccdlcs, m p 318 (III m p 320 322 ) ” 
Durlc~rone (I) 4’-tlydroxy-7-mcrhoxylsoflavonc (300 mg prepared b> partial mclhylallon of daldzan”) 

was dtssolvcd In anhyd acetone (IOml) and hcalcd under rcflux with anhyd K,CO, (6CUImg) and yy- 

dlmcrhylallyl bromide ” (I 13 mg). After 41 hr rhc mlxlurc was poured Inlo waler (40 ml) and the acclonc 

removed under dlmimshcd pressure Erhcr cxlracllon followed by crysralhzarlon from Mc0H gave durlcr- 

tone (_W mg). m p 138.. ldcnrlcal (UV and IR spectra) wlrh Ihe natural producl 

l_(rl-Dbnelhylallylxy~‘-mPrhox).wflo~~ne (II) b m rhe preceding cxpcnmcnl. lormononcrm (400 mg) 

gave l~Wdimcrhylollyloxy~‘-mrfhoxyisojlawr 1400 mg) as whllc plarb m p 13X . from McOH 

The mixed m p with durlclronc was dcprcsscd (Found: C. 74 7_, ‘. H. 59g; Ohlc. 9 50 C~oH,,O,~OM~ 

rcquim: C. 1504; 11. S-99; OMe. 9.22”:) k_,, (in FIOII) 211 m)r (c ?l.wK)~ 240 rn)i (c 31.500) 252 m)r 

(E 34.200). 262 m)r (e 34.500). 299 m)r (c 14.600) v_ (In CHCI,) 1650 1630cm ’ 
Terruhydrodurrmllonr Hydrogenanon of durrmllonc (63 mg) In E10ti with plallruc oxldc calalysl 

(5 mg) for 4 hr al room ~cmp and arm press gave an 011 (65 mg) after fillralion and removal ol ~hc EIOH 

This 011 was punficd by TLC (hcnzcnc-CHCI, solvent. 25 75) Fxtracllon of the band which showed a 

purple lluorcscenoc under IIV hghr gawz ~errohydrcdurmrllone (51 mgl as colourlcss pnsms. m p 215 . 

from McOH (Found C. 69.25; H. 5 78 C1lttz#, requires: C. 69 IO; H. 5.WOu0.)ii, (m E10it) 219 mp 

(c Ig.200). 241 mp(e 15.600). 29OmrIc IS.9001 344 mp(c79OOL vru,(m CHCI,) 16hocm ’ E;MR spcclrum 

(In CIX‘I,) [T 2 15 angler (5-H). r 3,Nsinglet (3 protons. 2’-H. 3’-il.6’.H). r4Q5smglclI O--Cu,- 0 1; 
t 5 34 double! (J 2 1 c s. 0 Ct_ta CtlAr CO I. I 613 smglct ( <Ku,). 1618 triplet (I = 7 C.S. 

O-CH, -CtjAr CO J. r 125 rnplc! (J = 1 c s. Cl_, CHI- CMc, -0 ); r g IX rnplcl 

(J = 7 c.‘s. CHZ CH, CMe, 0 -). r g-59 single1 (. CM_e2-- 0 )] 

3”4’.-Dlhydrodurmillone Dunmllonc (30 mg) In Et011 (30 ml) was hydrogenated (IO”, I’d-C caialysr : 
IO mg) for 5 hr al room rcmp and aim press FIllration through klcsclguhr and cvaporahon gave an 011 
(30 mg) which was crystalhrrd from McOll giving 3”.4”-d,hydrodwmiIlonu (25 mg) ac white prisms. 

mp 226 227 (Found C. cN.25; H. 55g Cl,tlloO, rcqulres’ C. 6946. Il. 5-30”,1 L. (in EtOtl). 

225 rnp ic 29._XXI). 267 m)r (c 20.3001 296 mp (c 163OO). 324 rnp (c 12.400). vu1 (In CHCI,) IfN cm’ ’ 

Oxidow~n o/3.,.4”-dihydrudurmlllorw wfh alkalrne hydry)en peroxide 
Formation oj bcarbomer~J,xy-5-hyd:droxy-n-mrrhoxy- 2.?-dlmerhylchroman (VII) u& methyl piperonylufe. 

Dthydrodurmlllonc (50 mp) was added IO a 5”; soln (5 ml) of KOH In aqueous EIOH (X0”, EIOH) and 

the surrcd soln was warmed al 42 5 45’ dunng I hr and 8148 52 for a further hr Dunng Ihe 2 hr pcnod. 

suflicicnl M”, 11101 was added al I5 mm tnlcrvals IO mainlam a gcnllc cvoluuon of 0,; the soln was 

Imually dcc~ yellow and lhcn became colourlcss The soln wa\ then co&d. water (50 ml) was added. and 

II was shaken with clhcr Carbon dloxldc was rhcn passed rhrough the alkaline soln and the CHCI, 

cxlracllon yielded a yellow OII (2 mg) which was no1 cxamrnal furlher The bicarbonate soln was Ihen 

” F P Clark. I Am (‘hem SN 53.3 13 ( 193 I) 
” K Aghoramurlhy. N Naraslmhachan and T R Scshadn, Proc Ind Acad SCI 33A. 257 (19511 

” I: Wcsscly. L Kornfcld and 1: Lcchncr. f&-r Dlsrh (‘hem Ge.> 66B. 685 (1933). 

” W Baker and F M Eas~wood. J Chem Sot 2897 (1929) 

” A Bollclcr. K Ellcr and H Schmld. ttrh Chum Arfa 34. I86 (1951) 
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methylatcd by bolhng (6 hr) m anhyd acelone (20 ml) wuh Mel I2 ml) and anhyd K,CO, (100 mg) Tbls 

gave an oil whmh was bearal under rellux (I hr) w~lh MeOH (2 ml) and KOH aq (20’.; 2 ml) Acrdlficarion 

and extraction with A&Et gave drhydro-B-rubatc and methyl ether ,(I7 mg), m.p I IO I II , (In m p 

1 I@ I I I )” alla racrysralliranon from ether -11gh1 pcrrokum. which was ldenruzal (mixed m p. and IR 

spectrum) wlrh a sampk prcvlously ohrained by rhc dcgradauon of mundulonc ” 

Dehydration cf( - )-mil/rmsm (XXI) 

Formanon 0/6,.12,drh~dromtllerror~XV). ( - )_M~llcrrosm (5 mg) was heated under rcflux wrrh methano- 

IIC H*SO. JIO”,, I ml) for 30 mm. cooled. dllurcd wlrh waler (25 ml). and exrracral ulrh CHCI, Thrs 

yielded a yellow 011 which was crysralhsai from ErOH CHCI, givmg 6,.12,dehydrom~llerrone (3 mg). 

m p 355 , which was ldcnluzal (mixed m p. UV. and IR spccrra) with an authennc sampk (see above) 

Oxtdafron f$mrllrffone ro gice ( f )-tilltrfosv, (see XXI) 

L NaOH (0.75 ml) was added to a soln of mlllcrronc (I SO mg) in EIOH (I 5 ml) and the mlxrurc was 

acralerl ar room temp for 24 hr Afrn standing al 0 for a further 24 hr. ~hc ppr (101 mg) was colln-led and 

xpararcd by thick layer chromatography (benzene) which yleldcd recovered mrllelronc (65 mg) and ( f )- 
mlllerrosm (2Smg). mp 247 248 [Found. M (mass spectrum) 394 C2,11,,0, rcqulrcs. M. 3941 

L. (in EtOH) ?I5 mu (c lS.9OOL 232 mu fc 2O.Xo0). 251 mu Ic 21.100). 273 mu (c 24.6001 Mg m)r (E I l.OCO). 

321 nyr mfl. (cvoo0) Y,, (in CHCI,) 3508. 1674. 1639. I.590 cm ’ : rhlr spectrum was supcrlmposabk upon 

the IR spectrum of (- )-mlllcltonn 

Dehydtaricn oj( + )-rtpfwosm (XI) cud ( - )_rrphrosm (XXII) 

Formutton of 6,.12,-dehydrcdeguehn (XII). ( f )-Tephrosm t I7 mg) was heated under reflux for 40 rmn 

wtrh IO”; methanohc H,SO. (I-S ml) After cooling the ppr (I4 mg) was collcc~ai and crysrallvarlon from 

McOH gave 6,.12,dehydrodeguehn. m p 230 231 , ldentlcal (mIxal m p, UV. and IR spectra) with an 

authentic spcclmen’s (III m.p 233 1” 

Dchydrarlon of I - biephrosm (30 mg) slmllarly yleldbd 6,.12,-dchydrodegulm 123 mg) 

We thank Mr A. <i Kmyon of the Tropical Products Inshrurc. London who kmdly arranged ror the 

colla-tlon m Uganda and taxonomcc tdentlficatton of rhe seeds ol Mtllrrrw dura (Dunn) whuh wcm usal 

m rhrs mvcsr)gal)on ‘The seeds were colkc~cd by the Ehsrrrci Forest Ofliccr. Mharara Uganda 

The Mazda spectra were kindly dctermmcd by Dr C P Falshaw usmg an A E I MS-9 mass vlromcrcr 

and w-c thank bun ror his advice regarding rherr )nrcrprerauon 

” B F Burrows N Fmch. W. D 0111s and I 0 Sutherland. f’roc Chm Sot I50 (IYS9); J Nlckl. (‘hem 
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