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Ab&rm&-Isolation of lanccoiatin B, the flavanoncs 1 and 2, the fiavoncs 3 and 4 and the 
dibcnzoybncthfmc S from Rf. otxWffli0 is rcoortcd. The structures were assigned from spectral data 
and cc&m4 by synthesis. _ 

In continuation of our previous work on the 
tlavonoid constituents of hf. auricufata,” we 
studied the extractives of M. owlifolia This kd to 
the ideoti&ation of six compounds which are of 
interest because they bear no relationship to the 
constituents of hf. auriculata or other MiUctia 
specks but are related rather to the constituents of 
Tqhvsia fanceolata’ and Pongamia glabra” 

TLC of the Imf extract of the ptant indicated the 
presence of three fluorescent substances, two of 
which could be separated by preparative TLC and 
are designated here as milktenins A and B. 

MiMcnin A (1) m.p. 178-W. gave a blue colour 
with hQ/HCl (an excess of the compound was 
necessary for a positive test) which suggested the 
presence of a flavanone nucleus. Its UV spectrum 
is similar to that of 6.7$‘,4’-tetramethoxy 
Uavanone’ showing substantial absorption (log z 
3.89) at 342 nm along with the expected tlavanooe 
maximum at 278 nm (log t 4.18). The lR spectrum 
shows the carbonyl band at 1685 cm-’ but is devoid 
of hydroxylic absorption. The assigned st~cture 
fdtows from these features and the NMR and mass 
spectra of the compound. The former shows clearly 
the presence of two methoxyls and one 
methyknedioxy group by singkts at 6.0s (6W and 
3.92 7(2H) respectively and the characteristic ABX 
system of the flavanone nucleus [4*55 (1H 9). 7.08 
(2Hmc)l. The aromatic region is dellned by the 
singkts of two isolated protons at 2.58 and 340 T 
arising from protons at C-5 and C-8, and a broad 
three proton multipkt centred at 2.96. similar in 
appeamncc to that observed in the spectrum of S,7- 
dihydroxv3’. 4’dimethoxy flavanone.’ 

‘I& relative positions of methoxyls and 
methykncdioxy groups as shown in 1 follow from 
the mass spectrum which shows RDA fragments at 
m/r 180 (95%) and 148 (100%) as required by 
structure 1. Co&mation of this was obtained 
ys:ir with a synthetic sample prepared by 

of 2-llydroxy-4, 5dimethoxy 
acctopbenone, available by persulphate oxidation, 

0 
I 

followed by partial me~ylation, of 2-hydroxy-d 
methoxy acetophenone. with piperonal. The result- 
ing chakone m.p. W-81” resisted cyclisation 
under basic conditions and was recovered un- 
changed after treatment with KOH in ethanol 
at room temperature for 48 h or with 
pyridinefpiperidine for 12 h under reflux. Exposure 
to refluxing aqueous ethanolic HSO, brought about 
pa&I conversion to the flavanone isomer which 
was separated by preparative TLC. As in the case 
of bavachinin* the synthetic racemic sampk had 
identical m.p, and gave no depression in mixture 
m.p. with the optically plre natural material. The 
lR spectra of the natural and synthetic products 
were also superimposable. 

Milktenin B (2) ap. 185-W was obtained in 
comparatively smaller quantities and was not anal- 
ysed. The molecular formula C,$l,,O, is derived 
from the molecular ion peak at m/e 338 (89%) and 
otbcr spectral data. Its UV spectrum is similar to 
that of milletenin A having absorption at 247,278 
and 341 nm (log l 4.3.4-O and 36). The presence of 
a furoflavanone nuckus is evident from the NMR 
spectrum in which, along with the quartet and 
multipkt centred at 4.52 and 698. the doubkts (J = 
2cls) of the a and /3 furan protons are clearly 
dircanibk at 240 and 3Gl, the latter overlapping 
putially with the multipiet of the 2’,5’.6’ protons at 
3.12. Apart from these resonances the aromatic reg- 
ion of the spectrum shows only one singlet at 2.73 
wbkb can be assign& to the C-5 proton as it is only 
sli&htly upfleld from the chemical shift of this 
proton in milktenin A. The NMR spectrum also 
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shows singlets of a methylenedioxy and an OMe 1 
group at 4.0 and 6.0 respectively. 

Added support for structure 2 is forthcoming 
from the mass spectrum in which the RDA frag- 
ments occur at m/e 190 (100%) and 148 (70%) 
which definitely places the mcthylenedioxy group 
in the A ring. 

Of the four structures possible on the basis of the 
above spectral data 2 is strongly favoured by the 
occurrence of lanceolatin I3 in the bark extract and 
the oxygenation pattern of 1 and the other con- 
stituents of this plant. 

The third constituent millctenin C was obtained. 
only in traces and could not be crystallized to a 
sharp melting product. TLC, however, showed it to 
be pure and structure 3 for the compound is based 
on comparative TLC with the dehydrohalogcnation 
product, m.p. 251”. of 1. 

TLC of the trunk bark extract revealed the 
presence of at least six fluorescent substances run- 
ning very close to each other. Resolution by 
repeated chromatography afforded lanceolatin B’ 
along with two new compounds ovalifolin (4a) m.p. 
13s” and milletenone 5s m.p. 138”. The NMR 
spectrum of lanccolatin B shows the singlet of the 
C-3 proton at an abnormally low value 3.13. though 
the spectrum is otherwise compatible with only this 
structure. Final confirmation was obtained by com- 
parison with an authentic sample of lanceolatin B 
kindly provided by Prof. N. V. Subba Rao. 

The UV spectrum of ovalifolin is almost 
superimposable on that of lanceolatin B suggesting 
the presence of identical chromophoric systems in 
the two compounds. The NMR spectrum shows the 
presence of a yydimcthylallyloxy side chain by 
resonances at 4.43 (IH m). 5-19 (2H d) and 8.20 
(6H s). The singlet of the C-3 proton is shifted here 
even further downfield to 3.04 and this, therefore, 
seems to be a feature characteristic of furoflavoncs. 
The aromatic region of the spectrum is similar to 
that of lanceolatin B except for the absence of the 

doublet of the C-5 proton at I.83 which provides 
evidence for attachment of the O-ally1 side chain at 
C-6. Confirmation of this was obtained by hyd- 
rogenolytic or acid catalyxd cleavage of the side 
chain followed by methylation of the phenol (4b). 
m.p. 291” with diazomethanc to a product m.p. 191”. 
This agrees with the literature melting point of 
kanjone. The IR spectrum of the methyl ether is 
also superimposable on that of the published spec- 
trum of kanjone 4c.’ 

b: R=H 
c: R :CH, 

The mass spectrum of ovalifolin does not show 
the molecular ion peak, the allylic side chain being 
eliminated, as in isoauriculatin’ and other such 
compounds,” with hydrogen transfer from the gem- 
dimethyl group to give the base peak at m/e 278. 
The M’-C,H, fragment undergoes refrodiene cleav- 
age to give an ion at m/e 176 (57%) 16 mass units 
higher than the corresponding ion m/e 160 (31%) in 
lanceolatin B. 

Milletenonc SP m.p. 138“ forms. along with 
lanceolatin B. the predominant constituent of the 
bark extract. Elemental analysis and M’ at m/e 328 
(78%) lead to the molecular formula C,,HIrO,. It 
gives a green ferric colouration and a pink colour 
with Mg/HCI but the UV spectrum, which shows 
marked concentration and solvent dependence. 
rules out the usual flavonoid structure for the 
compound. The NMR spectrum provides evidence 
for the presence of two methoxyls and one 
methylenedioxy group by singlets at 6.06.6. I4 and 
397. The aromatic region of the spectrum shows 
doublets of two ortho coupled protons (J = 8.6 c/s) 
at 2.08 and 3.42. the latter distorted by overlap with 
the signal of another proton. Signals of two other 
ortho coupled protons are discernible at 2.46 and 
3.15 (J = 8.1 c/s). the former coupled further (J = 
1*5c/s) to a mere proton. Taken together with the 
sharp singlet of an isolated proton at 294 this 
indicates the presence of two trisubstitutcd ben- 
zene rings in milletenone. 

The most unusual feature of the NMR spectrum, 
however, is the presence of two sharp singlets in- 
tegrating for l/2 and l/3 proton at 6.35 and 5.52 
respectively the significance of which is discussed 
later. 

The accurate mass spectrum of the compound 
also could not be interpreted in terms of any of the 
usual flavonoid structures and suggests strongly the 
existence of a dibenzoylmethane system. 

A very characteristic feature of the mass spec- 
trum is the base peak at m/e 297 formed by 
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methoxy elimination from M’ to give a fragment 
C,,H,,O,. Other fissions of the mokcuk lead to 
fragments having the elementary composition Cl, 
Ht.03 WW, GH.0, @I%), C&O, (3!86) and 
C&f& (47%). 

The formation of these ions is compatibk only 
with structure Sa for milletenone and the break 
down pattern can be rationalised as shown on the 
basis of this structure. 

Among flavoncs OMe elimination is peculiar to 
compounds with OMe groups at C-2’ and C-3 and is 
considered to be of diagnostic value for this type of 
substitution. Thus the W-31 peak forms the base 
peak in the spectrum of 3,5,7.2’, I’-pentamethoxy 
flavonc.” The M‘ -OCH, ion here. however, can be 
derived directly from the enol Sh by analogy with 
the behaviour of ortho OMe cinnamoyl com- 
pounds.” 

m/e 165 (90%) 

H,CO 

m/r 138 (47%) 

The parent unsubstituted dibenzoylmethane has 
beon shown by spectroscopic studies to exist exclu- 
sively in the eaolic form” but that the situation here 
is more complicated is evident from the NMR 
spectrum of milletenooe. The most unusual feature 
of this, as aheady stated, are the singkts at 6-3s and 
5.52 both of which appear with reduced intensities 
after a0 exchange in neutral medium and can 
therefore be assigned only to labik protons. The 
singkt at 6.35 can be attributed to the methylene 
protons of the dibenzoylmethane and its intensity 
corresponds to the presence of - 25% of the 
diketonic form. The singlet at S.52 can be assigned 
with some certainty to the okfinic proton of the 
enolic form Se in which the ring carrying the OMe 
group is twisted out of the plane of the double bond 
so as to place the olefinic proton in the shielding 
zone of the benzene ring. Since this signal integ- 

P-? ?7 

HKoYJ=gf A pJ 
S8 

0’ 

m/r 149 (39%) 

Hq@~- _ $- 
0 m/c 122 (13%) 

6H OH 
!a m/r 297 (MO%) 
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rates only for l/3 proton the predominant endic 
form must be represented by Sd, the okfink proton 
of which is dcshkldcd by the aromatic rings on 
either sides and its signal is lost in the aromatic 
region of the spectrum. Further evidence in favour 
of these assi~nts is provided by the rise of the 
integral over the aromatic region which shows ap- 
proximately seven protons in this region as against 
six actually present. 

Structure Sa for miktenonc was con!lrmcd by 
comparison with a synthetic sample obtained by 
condensation of Z&dimethoxy acetophenone with 
methyl pipcronylate. 

-Al. 

‘Ihe m.ps were taken on a Kofkr block and are 
uncorrected. NMR spectra were determined with a Varian 
AdO D instrument in CDCI, with TMS as internal stan- 
dard. Analyses were carried out by &e Australian Mic- 
roanalytkai service, Melbourne. 

fsofufbn Air dried leaves (I kg) were tkfalted with 
light petroleum and then extracted in a soxhkt for 3 days 
with benzene. nK extract was concentrated and kft at 
room temp. The solid deposited gradually was cdkfted 
after 2 days (O-8 0). It was dissolved in CHCI, (2 ml) and 
streaked on activated silica sel G plates (20 X 20 cm. 12 
plates). which were devclopod with benze~EtOAc (6: 1) 
and the individual fluortscenr zones scrapped off and 
worked up separately. 

Mllletmin A (1). Crys~allised from light petrokum- 
benzene m cdourkss needles. m,p. 178-W (04g) 
(Found: C. 65.78; H. 4.82; Cn.H,,O, requires: C. 6585; H, 
4X?%); Mm, m/c 328; [ag = - 54” (CHCI,); A> 278, 
342 nm (log c 4.18, 3.89); NMR (r values~l$, (6H s. 
6~05);XI-C&0-(2H s, 392); C-3 8 (2H me, 7@l); C-2 v 
flHq.4~55);Ar~(iHeachs,2~S8,3~40):Ar)!(3Hm.2~%). 

Miff&n&~ B (2). Crystallised from light petrokum- 
benzene as cdourkss needles. m.p. 185-w G?S mg); hi’ , 
m/c 338; A‘:‘) 247. 278. 341 nm (loge 4.3. 4.0. 3.6); 
NMR-OCH, (3h s. 6.0): -O-CH,-O- (2H s. 4.0): C-3 H 
(2H me, 6:98j; C-i H ilH q. 41j2); A& (IH s,.2,73): Q 
and fi furan H (2H d. 240, 3@l. J = 2 c/s); ArH (3H m, 
3.12). 

MIltcinin C (3). Owing to its lack of sohtbility in 
CHCl,. benzene, EtOAc and acetone it could not be 
cluted compktcly from the adsorbent. Evamtion of the 
CHCI, eluate kft a small amount of sticky residue which 
was hmeneous on TLC plate. Comparative TLC with 
the synthetic sampk prepared as below showed the Iwo to 
be identical. 

A mixture of milletenin A (0.1 fo, EtOH (25 ml). iodine 
(SO mg) and fused NaOAc (30 me) was refluxcd on a water 
bath for 6 h. diluted with water, extracted with CHCI,, 
dried (Na,SO,) and evaporated. Crystallisation of the 
residue from dioxan-EtOH gave Ane needles m.p. 252-53” 
(amp). TLC with natural miktenin C in acetone- 
benzene and EtOAc-benzene (1: 3) showed the two to be 
identical. 

Synthesis of mU/etnin A (1) 
2-Hydroxy4m#hoxy acrtopherwtu. A mixture of re- 

sacerophenone (9.8 0) dry acela (Ia, ml) and freshly 
disrilkd Me,SO, (6.2 ml) was rellu~ed over anhyd K,CO, 
(100, for 6h. T?te brown product obtained on work up 

waspuritkdbychromamttraphyonsitkagd.Etutiarwith 
~affordedanoilwhkhwascryataUiwdfroml&t 
petroleum, colourkss plates. m.p. 4tP (8.70). 

25fXhydroxy4mahoxy acUo&w~ A stirred ao& 
of 2hydroxyCmetboxy a&ophcwac (So) in pyridine 
(51.9ml)andaquaousKOH(S.83~in81~2ml)a~tnrtsd 
with lrqus~us potassium pmulphate (6.43 g in 2436 ml) 
for2h.Anak~pingatroomt~forUbtbtrdn~ 
acSfWwithcoacHQ(pH6)andtbeuarwtd~ 
pound was removed by extra&m with ccba. l&a aque 
0u.s laya arta extraction with atba was trated Gith 
N&SO, (8 a) and cxxc HCI (100 ml). km 00 a boilina _. waia bath foe 3omin. codui and &&cd again witi 
ether.Iheetberextractwas~&arcu&with 
wata. dried (t&SO.) and evaporated to &ve the t&k 
compouad. ap. 164O (1.2s). 

2-Hydroxy-cJ-dimethoxy oeclopherwna 2& 
Dihydroxy4methoxy acetophmoae (20, was dial&ad 
in MeOH (5Oml). treated with an excua of M 
diazcmethane, kept ova night in a refrigaa!a a& 
evaporated. ‘Ibe residue crystallised from MeOH u 
cok&ess needles, m.p. i 12-14’ (2 g). 

r-H~~xy_(‘$‘-dlmdhoxy-3,emdhyirncdbxy chd- 
COK To a soln of 2-hydroxy4$dimethoxy 
acetophenooe (0.7 p) and piperonal (OJI) in EtOH 
(13ml).KOH(lginl~SmlH,O)mrsaddoddropwiscwi(h 
shaking and the Jdn kept a1 room temp for 48h with 
occassional shaking. At the end of this period the orange 
cdoured soln was &ted with excess wata and extracted 
with ether. Work up of the ether extract afforded, afta 
crystallisation from EtOH, m needIes rap. IBZ” 
(0.52 0). (Found: C. 6570; H. 5.18; C,,H,.O. raquins: C. 
6585; H. 4.91%). 

Isomcr&albn of chafconc lo mUlrlmin A (1). A sdn of 
the above chalcom (Xl mg) in EtOH (6 ml) was r&ued 
with couc H,!jO, (0.5 ml) for 48 h, d&ted with wafer and 
extracted with ether. The residue obtained on ev~tioa 
ofetbcrwosfoundtobeamixnurofthedevPoaK:Pad 
chakone. Resolution by prepamtive TLC and crystal&a- 
lion from light pefrdeum-bmzne gave colourkss nee- 
dks, m.p. 178-800 (15mg). found identical with natural 
milletmin A by comparative TLC. mixture melting point 
and IR. 

Boltr ufmc!. Air dried tnmk bark (IO ko) was cut into 
small chips and extracted with CHCI, in a soxhkt. Rc- 
moval of the solvent under reduced pressure gave a green 
oil which was extracted with ether in a liquid-liquid cx- 
tractor. Evaporation of e&r left a dark green sticky 
residue which was dissolved in benzene and adaorbed oo 
a silica sel column. The cdumn was run with light 
petroleum, benzene. EtOAc and their mixtures. 

The light peiroku n&enzene fractions WitJl higbcr per- 
centage of benzene co&ained 5a alon with varyial 
amounts of lanccolatin B and ovaIifotin #a). Similarly the 
benzene-EtOAc fraction (9: 1) afforded a mixture of 
lanceolarin B and ovahfolin. Rechromatography of the 
fractions containing fnillclenone over silica gel using light 
petroku~ (I : 3) gave almost pure milkteaooc. 
The fractions with brnz4m+ EtOAc (9: I) were also corn- 
bined and rechromatographed over neutral altina 
(Woelm activity 1) using benzene-EtOAc (6: 1) for &I- 
tion. The earlier fractions from this ChromaIograpby 
afforded almost pure ovalifolin. Afhlta further puri&ation 
by crystallisa& the follow products were obuiosd. 

Ovalifolin (4a). Cdourkss needles from ligbl 
petroleum-be-, m.p. W-350. (0.1Sp); (Found: C. 
76.39; H, S.42; CnH,.O. requires: C. 76.28; H. 524%); 



Extractives of hfU&t& oualifoua 2815 

ha’-C,l& mlc 278; AZ 266,302 (log c 4*54,4*39); NMR 
side chain (1H m. 4.43. 2H d. S-19. 6H I, S-20); C-3 u 
(1H s. 3.04); Aru (6H m. 2.OS2.u)); Q and @ furan u (d. 
2.20. 2.80; J - 2 c/s). 

Cleavage of the side choln: (6-Hydroxy &ncco&t&~ B). 
The w_dimethyCaUyl ctba (100 me) was rclluxcd 0II a 
water bath with BtOH (2.5tnl) cattaining cow HCI 
(2.5 ml) for 4 h. ‘RK mixture was dihltcd. extlactcd with 
ether. dried and evaporated to dve a cdourfcss product 
(4b) which crystal&d from EGH as nccdks, myp. 2SW. 
A “” 26s. 301 run: AZ?-“- 280nm. 
iethyfitbn of~rhi-phenol (4). Methylah of the 

phenol (20 n& with cthcmal diazcmcthanc gave colour- 
less needles from MeOH. m.p. 191’ (Wmp). (litaaturc 
m.p. af kanjonc 191”. IR supcrimposabk). 

Lanceob~in 8. Cdourkss natdles from light 
pctroleum-bcnzne. mp. 13-2” (0.80); (Found: C. 
78.24; H. 4.21; C,,H,,O, requires: C. 77.85; H. 3+%); 
M’ . mla 262; A ‘,“I 262, 295 nm (log c 4.4.4.2S); NMR 
C-3 lj (IH s. 3.13); Aru (6H m. 2.Os2.44. IH d. 1.83 J - 8 
c/s); Q and fl furan B (2H d. 2.24. 2.80. J = 2 c/s). 

MUktcnone (50). Yellow nccdks from Iight 
petrokum-benzene m.p. 138” (0.U 0). (Found: C. 65.U; 
H. 507; C,.H,.O. requires: C. 65.85; H. 4.91%); M’ , m/e 

328:A~251.273nm;v~ 162O()GO): ISOO. 1460.8lS. 

79Ocm-’ (aromatic); NMR-OCH, (3H each s. 6.06.6.14); 
a&-@ (2H s. 397); ArH-(IH s. 2.94; 1H each d. 
2.08. 3.42. J = 8.6cls): (IHd. 3.1s. J - 8-l c/s: (IHa. 246. 
J 0 &I and 1.5 c/s); iii3H S. 6.3$ (1/2H s, j.32). -. 

Synthesis of miflcfawnc. A soln of 2+dinbcthoxy 
esetophenom (38) and methyl pipcrooylate (3s) in dry 
ether (SO ml) was added to NaoEt. prepared from Na (I a) 
ad EtOH ( - 2 ml) in ether (SO ml) and rcUuxcd for 4 h. 
Work up by addition c4 water and ether extraction gave 
product which was chromatographcd over silica gci (SO g). 
The Ii&t petroleum-bcnzn e (3: 1) eluate gave (Sa 
35Omg). m.p. IUP. identical with the natural product 
(m.m.p.. TLC, IR and NMR). 
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