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Abstract-The heartwood of Dalbergia oliveri has yielded 11 natural products of which two are new 3-phenylcou- 
marins. The structures of the extractives have been examined by physical methods and in addition the assigned 
structures have been confirmed by synthesis. The oxygenation pattern relating the structures of chalcone, 
is0%2v022e, pkro~~rpans, 3+2ryk0umarins, cuumestones ana tk iso& van sect iso,% +‘afzof2e suggests a COR~II~DR 
biosynthetic origin. 

INTRODUCTION 

Dalbetgia oliveri Gamble (Leguminosae-Lotoideae) is a large tree indigenous to the forest 

CnS Upper Burma, anb is 1Ynhe somce 05 Burma 11I5;,pw 00b. The rest>% DS the phy’Iochemica5 
exatima%on, showeB &lack 05 neoBavand1bs. anb %IUS Savours 1hhe $acemen’r 05 I). ok- 

ueri in the species series Dalbergiae brazilianae.’ 
Extracts of the heartwood afforded 11 natural products of which two are new 3-arylcou- 

marins j3aJ$. We report here on the iso’rates, discuss the methods OF identification and 
the synthesis of the new compounds. 

RESULTS AND DISCUSSION 

The heartwood of D. oliwri was extracted, in turn, with n-hexane, acetone and 2- 
butanone. Attempted fractionation of the yeIIow oil from the n-hexane extract left insuffi- 
cient material in the purified isolates for the assignment of structures. From the behaviour 
on TLC, GLC and the spectral data. the compounds resembled triterpenoids. 

The extractives from acetone afforded a series of isoflavanoids, which included the two 
unknown coumarins C,,H,20, and ClhH1006. Isoflavanoids are widely distributed in 
the subfamily Lotoideae and D. oliveri contains an isoflavone, an isoflavanone (5), an iso- 
flavan (4) pterocarpans (la,b), coumestones (2a,b) and 3-arylcoumarins (3a,b). The optically 
active pterocarpans(la,b)were found to be the major components of D. olicrri. Their separ- 
ation was achieved after acetylation to give (6aS, 1 laS)-3-acetoxy-9-methoxypterocarpan 
and (6aS. 1 laS)-3-acetoxy-8,9-methylenedioxypterocarpan. The dextrorotatory form (la) 

* Part XI in the series “Dalhmgia species”. 
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occurs in other Dulhtwqi~~ species.‘,’ The ( + )-pterocarpan (1 h) is ne\\. to the genus but was 
found previously in .dldir?a h~tlJr.oph!,lln3 and as its glucoside in .%~~/tortr jrtpor~icrr.~ 

H”qLae, H”lqz’&;, H”xYIEJ&~ 
(1) (2) (3) 

(a) R-H;R,=OMe (b) R,R, = O.CH,.O 

(4) (5) 

The presence of the coutnestones, I l-O-methylcoumestr(,1 (2a) end tnedicapol (2h). were 
recognized from their TLC behaviour and confirmed by 1’V and MS analyses. The oxy- 

genation pattern of the pterocarpans and coumestones was rcpeatcd in the tuo new 3-aryl- 
coumarins. This isoflavanoid series prcsumahly arises biosynthetically frotn a chalcone 
precursor by an enzyme mcdiatcd aryl migration. Ho\ic\.cr only is,licluiritigenill could be 
found (GLC,/MS) in the cxtracls, but no hutein. 

The arylcoumarins (3.13) were isolated as an acetate tnisturc‘ and sep:lrated b!’ TLC. The 

tentative assignment of ;1 coumarin structure uas based on a comparison v,zith standard 
7-acetoxy-4’-methoxy-3-phenylcoumarin. The molecular formulae for the diacetates were 
C2,,H,,0? (M ’ 3%) and C‘,,,H ,JOx (M +3X2) and the 14 mash unit tiiffcrettce supported 
the existence of a methylcncdioxq group in the hi&r tttolccul;tr weight compound. The 
presence of the acetoxyl groups CI‘;IS evident in the individual mass spectra I~\ the consecu- 
tivc losses of ~qc 42 fragments, and the subsequent loss of an uz o 3S I’ragtncnt ion cott- 
firmed the coumarin skeleton. 

Signals at 5 2.2 in the NMR spectra were assigned to the C-4 protons and each com- 
pound had a distinctive AHX pattern in the aromatic region which would agree with a 
7-oxygenated system as in the co-occurring ptcrocarpans and coumcstottcs. Similarly the 
likely positions for the oxygen functions in the B-rings u;ould bc 1'.4' and 2’,4’,?. A doublet, 
wtho coupled (r 2.52) in tltc NM R spectrum 01’ the tnctho\>cou marin supported the 1’,4 
pattern and mcthylation gabc the known 7 .3’.4’-trilnetho*~-.~-~~li~tl~ Icoutttsrin. The struc- 
tures (3a) and (3b) for the natural products l\et-e conjirmcd 1, comparison with authentic 
samples. The diacetnte of the coumarin (3a) ~v;ts sq nthcst/cd Lb! the Porkin Oglialoro reac- 
tion of ?‘-hydroxy-4’-tnethoxyphenylacctic acid’ with ;2.1-(iih4tirc,\Yhcn~nIdchyde in 
Ac,O. Deacylatiott of the synthetic 3-phenqicoumarin 17) Nli, in t:tOH gave 2’.7-dihyd- 
roxq-4’-mcthoxy-3-~licn~,lcoLlmarili identical \vith the attut-aI product. The diacetatc of 
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coumarin (3b) was synthesized by condensation of the 2-benzyloxy-4,5_methylenedioxy- 
phenylacetic acid and 2,4_dihydroxybenzaldehyde. 

These two coumarins are the third and fourth members of this class to be found in 
nature and are the first &&ted from the Ddwqin genus. Those previously isolated were 
pachyrrhizin and neofolin from Pachywhizus e~osd and Neoratmenia ,ficifolia’ respect- 
irve’ry. Ttze 3-ar$Koumarins are isof?avar~oiirs in a I@$ oxidation state and their biosyn- 
thesis may involve allylic oxidation of an “isoflav-3-ene” by analogy to the proposals in 
the pterocarpan, pterocarpene coumestone series. 

The isoflavan (4) obtained, was optically inactive and its m.p. and spectroscopic proper- 
ties were in agreement with those of (+)-mucronulatol. The laevorotatory form accom- 
panied by the racemate have been isolated from the closely related Macherium genus’ and 
a racemate alone is present in D. ecastophy/h.m9 There are, at present, 12 known natural 
isoflavans, 2d,8-10 none of which carries a methylenedioxy group, even though their pro- 
posed precursors isoflavones and pterocarpans do. The same oxygenation pattern to that 
of mucronulatol was present in an isoflavanone and it was shown to be (+ )-violanone 
(5)2”. The 2’-substituent, preventing free rotation of the aryl group, results in the distinctive 

” SIMONITSCH. E.. FKFI, H. and SCHMID, H. (1957) Mo~ntsck. Chow. 88, 54. 
’ BRINI(, c.v.11.M. NIL. W.. RALL. G. J. H., WI IT%. J. C. and PArrrLrR, K. G. R. (1966) JI. S. A. Chrvr. Inst. 

19. ‘4. 
a KL KOSAWA. K.. OLLIS. W. D.. RI I)MA\. 8. T.. SC~IHI.ICLAYII. I. 0.. BI<AC;A 1~ OI.IVI IKA. A.. GOTTLII:K. 0. R. 

and MAGALHAES A~vrs. H. (19681 Chew. Corr~wrr~. 1263 and references therern. 
9 DONNELLY, D. M. X., KEENAN. P. J. and PKI.NDEKGAST. J. P. (1973) Ph!~tochrmistry 12, I 157. 

lo SHIBATA, S. and SAITOH, T. (1968) Chrrn. Phmm. Bull. (Tokyo) 16, 1932; BIII~DEN. R. S.. BAILEY. J. A. and DAW- 
SON, G. W. (1972) Trtrahrdron Lettm, 4175; P~LTEK. A. and AMENETFII, P. I. (1969) J. Ckern. Sot. (C), 887; 
BRAGA DE OLIVEIRA, A., GOTTLIEB, 0. R.. GONCALVES. T. M. M. and OLLIS, W. D. (1971) An Ad. Brad 
Cik. 42, 1291; INGHAM, J. W. and MILLAR, R. L. (1973) Nature 242, 115. 
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(m.m.p; UV of authentic sample). Fraction 6. Addition of CHCl, to the brown oil gave a solid (285 mg). Purifica- 
titan by TLC ICI%&\>: jMe@X?IP: 1,: &oubIe deveIopment~ afforded 2’.@ .4-tri~~~ro~~vc~a~cone 1180 m&t as an 
amorphous powder (aq. EtOH) (m.m.p; UV, NMR, IR, MS of the chalcone). I4 Acetylation of the second com- 
ponent afforded (+ )-4’,7diacetoxyffavanone as needles from CHCl,/MeOH mp. 179.- 18L”. (ht. 178”r5; [%I;4 f 
11; NMR r 7.65 (s, OAc), 6.98 (d, J2,3 10 Hz, 3-H,,), 7.02 (d, Jz,3 4 Hz, 3-H,,) 4.42 (4, J 10, 4 Hz, 2-H), 3.1 (q. 
J9.3, 2Hz, 6-H). 3.05 (d. J 2 Hz, 8-H) 2.56 (q A2Bz system J,, 9.3 Hr. ring B), I.93 (tl. J 9.3 Hz. 5-H). 

Synthesis of 2’,7’-Dih)~dro.~y-4’-metho.uy-3-p1~eny/coumari,l. 2-Hydroxy-4-methoxyphenylthiomorpholide, as 
pale yellow plates (EtOH) m.p.- 132-l 33” (lit. m.p.” i33’) resulted from theBdmixture of 2-hydroxy-4-methoxyace- 
tophenone (20g). morpholine (40g) and sulphur (14~) at 140” for 3 hr and 160” for a further 1 hr. The crude 
mbrpholide was hydrblysed with_NaOH (2OOml: lox). The hydrolysate was acidified (pH 2) and purified 
through celite and charcoal (2g) to afford 2’-hydroxy-4’.methoxyphenylacetic acid m.p. 131~133”. (lit.’ m.p. 
133‘1; NMR (DMSO-d,) r 6.59 Is_ XH, ,I. 6.3t (s. OMej. The phenyIacetic acid under acetylation. afforded 
~-acetoxy-il-~~--hybroxy-gmethoxyp~eny~~roton~c acid as needies (HC&%cj m.p. i42- f4+” (fit. ;‘+ m.p. iic_Y’j. Con- 
densation of 2.4-dihydroxybenzaldehyde and the above phenylacetic acid wrth anhydrous KOAc and AcZO for 
8 hr. gave 2’,7-diacrtoxy-C-mrtho~~-3-~hefl~~~o~~~~~i~~ as plates from EtGH, m,p. I59-161“. {Found: C. 65.1.: H. 
4.3. CZoH,,O, requires C, 65.2; H, 4.3%) The NMR. IR and UV spectra were identical with those of the natural 
product. Deacylation of the diacrtute (300 mg) in EtOH (10 ml) and NH, (15 ml. IO”‘,) afforded 2’,7-dihyd- 
ras,v-Y-tnet)ro~,vcy-3-.olreny2coutnarir~ as yellow rhombs Jaq. EtOH) m.p. and m.m.p. {with natural product) 25% 
260”. 

Synthesis of 2’,7-diacetoxy-4’,5’-methylenedioxy-3-phertylcoutnarit~. 1-Benzyloxy-3,4_methylenedioxybenzene 
(228 g) was added with stirring (over 80 min) to an equimolar mixture of POCl, (15.3 g) and N-methylformanilide 
(13.5 g). During the addition the internal temperature was maintained at 23’. Dilution and subsequent extraction 
with Et,0 gave 2-benzyloxy-4,5-methylenedioxybenzaldehyde (18.7 g) as yeHow needles from EtOH, m.p. 95” 
(lit.” m.p. 95-96”). NMR r 4.82 (s, 0-CH,-$), 3.95 (s, O-CH,O), 3.32 (s. 3-H). 2.64 (s, 5-H). -040 (s, CHO). 
NaBH, (3 g) was added to a solution of the aldehyde (18 g) in aqueous dioxan (250 ml; 80%). Addition of HOAc 
(3 ml) gave a crystalline product (18 g). The 2-benzploxy-4,5-mc~~h~~lenedio.u!’hrnz~~l alcohol was crystallized from 
ChH6 in needles, m.p. 108-109’ (lit.” m.p. 1099110’). NMR [(CD3)2C0]~ 6.85 (broad s, -OH), 5.3 (s, -CH, OH), 
4.84 (s, 0. CH,&), 4.0 (s, 0. CH, .O), 3.19 (s, 3-H). 2.93 (s. 6-H). The alcohol was converted via the chloride 
to 2-benzyloxy-4,5-methylenedioxybenzyl cyanide m.p. 115--l 17” (lit.” m.p. 117-l 18 ‘); NMR T 6.35 (s, -m,CN). 

Evaporation of the solvent from the reaction of the benzyl cyanide (5.5 g) with ethanolic KOH (65 g; 20%) 
afforded a residue which was diluted and acidified. The precipitate was crystallized from EtOH and gave needles 
of 2-benzyloxy-4,5-methylenedioxyphenylacetic acid (2.5 g) m.p. 1277128” (lit. m.p. 130”). A mixture of this acid 
(2.5 g) was refluxed with 2,4_dihydroxybenzaldehyde (1.2 g), anhydrous KOAc (I.5 g) and Ac,O (6 ml) for 9 h. 
Dilution of the reaction mixture afforded 7-ucetoxy-2’-hen~~~o.~y-~~5’-~~~~~t/~~le~ledio~~-3-~~~e~~~~cot~~~~u~in as yellow 
prisms (CHCl,/EtOH) m.p. 2099210 (Found: C. 69.6. H, 4.1. CZ5 H, 8 O7 requires: C, 69.7; H, 4.2?,). E .,,,,,, nm 
(log E) 232 (4.07) 285 (4.23) 3.1 (4.12) 3.45 (4.0); v,,, 1720cm-’ and 161Ocm -‘. NMR (DMSO-d,) r 7.7 (s, OAC) 
4.92 (a 0-CH,-Ph) 3.92 (s. 0-CH, .O), 2.97 (s, 3,-H. 6-H) 2.86 (4, J 2.5. 9 HZ 6-H) 2.62 (s, 8-H). 22 (d J 9 
Hz 5-H). I.94 (s, 4-H). Debenzylation (HOAc; 80 ml)/HCI, 30 ml) and subsequent acetylation (Ac,O/pyridine) 
afforded 2’,7-dimethosy-4’,5’-~~ethy~enediouy-3-pheny/coufflorif~ as yellow needles (aq. EtUH) m.p. and m.m.p. 
(with the diacetate of the natural product) 196198”; NMR T 7.83, 7.62 (s, 2 x OAc), 3.9 (s, O.CHZ .O), 3.19 
(s, 3,-H), 3.04 (s. 6-H). 2.82 (m. 6-H, 8-H) 2.39 (d, J 9.3 Hz, 5-H). 2.25 (s, 4-H). 
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