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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,
isofavone, prerocarpans, d-aryeowmaring, coumesiones and tne isobavan and sofavanone suggests a common
tiosyutlietic arigin.

INTRODUCTION

Dalbergia oliveri Gamble (Leguminosae-Lotoideae) is a large tree indigenous to the forest
@1 Opper Burmz, and )5 The sonree 05 Durma mipwood. Te 1ess 0} he Pyiochemea)
exaymmanon. spowed Tnelack o) nechavanods, and hvs javours Toe Pacemen of D. oh-
veri in the species series Dalbergiae brazilianae.’

Extracts of the heartwood afforded 11 natural products of which two are new 3-arylcou-
marins {3a,bl. We report here on the sotates, discuss the methods of wdentfication and
the synthesis of the new compounds.

RESULTS AND DISCUSSION

The heartwood of D. oliveri was extracted, in turn, with n-hexane, acetone and 2-
butanone. Attempted fractionation of the yellow 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,,05 and C, H ;0. Isoflavanoids are widely distributed in
the subfamily Lotoideae and D. oliveri contains an isoflavone, an isoflavanone (5), an iso-
flavan (4) pterocarpans (1a,b), coumestones (2a,b) and 3-arylcoumarins (3a,b). The optically
active pterocarpans (1a,b) were found to be the major components of D. oliveri. Their separ-
ation was achieved after acetylation to give (6aS, 11aS)-3-acetoxy-9-methoxypterocarpan
and (6aS. 11aS)-3-acetoxy-8,9-methylenedioxypterocarpan. The dextrorotatory form (1a)

* Part XI in the series “Dalbergia species”.
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occurs in other Dalbergia species.’? The (+)-pterocarpan (1b) is new to the genus but was
found previously in Aldina heterophylla® and as its glucoside in Sophora japonica*
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The presence of the coumestones, 12-O-methylcoumestrol (2a) and medicagol (2b). were
recognized from their TLC behaviour and confirmed by UV and MS analyses. The oxy-
genation pattern of the pterocarpans and coumestones was repeated in the two new 3-aryl-
coumarins. This isoflavanoid series presumably arises biosynthetically from a chalcone
precursor by an enzyme mediated aryl migration. However only isoliquiritigenin could be
found (GLC/MS) in the extracts, but no butein.

The arylcoumarins (3a.b) were isolated as an acetate mixture and scparated by TLC. The
tentative assignment of a coumarin structure was based on a comparison with standard
7-acetoxy-4'-methoxy-3-phenylcoumarin. The molecular formulae for the diacetates were
C,0H,,O- (M '368) and C,,H,,O4 (M "382) and the 14 mass unit difference supported
the existence of a methylenedioxy group in the higher molecular weight compound. The
presence of the acetoxyl groups was evident in the individual mass spectra by the consecu-
tive losses of m/e 42 fragments, and the subsequent Toss of an m/e 28 fragment ion con-
firmed the coumarin skeleton.

Signals at  2-2 in the NMR spectra were assigned to the C-4 protons and each com-
pound had a distinctive ABX pattern in the aromatic region which would agree with a
7-oxygenated system as in the co-occurring pterocarpans and coumestones. Similarly the
likely positions for the oxygen functions in the B-rings would be 2.4 and 2°.4'.5". A doublet,
ortho coupled (r 2-52) in the NMR spectrum of the methoxycoumarin supported the 2.4
pattern and methylation gave the known 7.2".4'-trimethoxy-3-phenylcoumarin. The struc-
tures (3a) and (3b) for the natural products were confirmed by comparison with authentic
samples. The diacetate of the coumarin (3a) was synthesized by the Perkin--Oglialoro reac-
tion of 2-hydroxy-4'-methoxyphenylacetic acid® with 2.4-dihvdroxybenzaldehvde in
Ac,0. Deacylation of the synthetic 3-phenylcoumarin by NH; in EtOH gave 2'.7-dihyd-
roxy-4'-methoxy-3-phenylcoumarin identical with the natural product. The diacetate of
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coumarin (3b) was synthesized by condensation of the 2-benzyloxy-4,5-methylenedioxy-
phenylacetic acid and 2.4-dihydroxybenzaldehyde.

HO PIONGFe

"1
OMe HO OMe

These two coumarins are the third and fourth members of this class to be found in
nature and are the first isolated from the Dalbergio genus. Those previously isolated were
pachyrrhizin and neofolin from Pachyrrhizus erosus® and Neoratanenia ficifolia” respect-
tvety. The d-acvicoumarias ace woftavanaids tn a tigh oxidatoa stae and theie viosya-
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. ecastophyllum.® There are, at present, 12 known natural
isoflavans, 2¢#-1° 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)**. The 2'-substituent, preventing free rotation of the aryl group. results in the distinctive

® SIMONITSCH, E., FrREL H. and Scumip, H. (1957) Monatsch. Chem. 88, 54.

" BRINK, C.v.0D.M. NiL. W.. RaLL. G. J. H., Wiz, J. C. and PacHLER, K. G. R, (1966) J. S. 4. Chem. Inst.
19, 24,

¥ Kurosawa, K., OLus, W. D., Repmax, B, T.. SutHerLAND, 1. O, BRAGA DI OLIVEIRA, A.. GOTTLIER, O. R.
and MAGALHAES ALVES, H. (1968) Chem. Commun. 1263 and references therein.

® DONNELLY, D. M. X., KEENAN, P. J. and PRENDERGAST. J. P. (1973) Phytochemistry 12, 1157.

10 SHiBATA, S. and SaitoH, T. (1968) Chem. Pharm. Bull. (Tokyo) 16, 1932; BurDEN, R. S. BAILEY, J. A. and Daw-
soN, G. W. (1972) Tetrahedron Letters, 4175; PELTER, A. and AMENECH], P. L (1969) J. Chem. Soc. (C), 887;
BrRAGA DE OLIVEIRA, A., GOTTLIER, O. R., GoNGaLVES, T. M. M. and OLuis, W. D. (1971) An Acad. Brasil
Ciénc. 42, 1291 ; INGHAM, J. W. and MILLAR, R. L. (1973) Nature 242, 125.
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but more complex NMR spectrum.?? Provided the 2'-position is protected. isoflavanones
may be prepared in vitro from the corresponding isoffavans by addition of DDQ.'! Only
two of the 14 known isoflavanones arc optically active. { - )-sophorol from Sophora
Jjaponica'® and (—)-4.7'-dihydroxyisoflavanone from Pericopsis mooniana.' Formonone-
tin and (+ }liguiritigenin were also present in the extracts of D. oliveri,

EXPERIMENTAL

Unless otherwise stated. m.ps. were determined on a Kotler hot-stage apparatus. IR spectra were measured
for KBr discs UV spectra were determined for solutions in MeOH and 60 MHz. NMR spectra for solutions in
CDCly (tetramethylsilane as internal reference). Only significant bands in JR and NMR spectra are quoted. MS
- were obtained with an AET MS 902 (direct inlet) instrument. Optical rotations were measured on g Perkin- Elmer
Model 141 Polarimeter. Separations by column chromatography were carried out using Merck silica gel. Merck
Kieselgel HF 5, and HF .4, 10, were used for TLC. During isolation processes. the appropriate combination
of fractions were determined by TLC. TLC plates were examined with UV illumination and by spraying with
chlorosulphonic acid in HOAc.

Isolation of the constituents of Dalbergia oliverl. The heartwood shavings (1 kg) were extracted with hot n-hex-
ane (3 daysy and subsequently with hot acetone (2 days). The latter extract (26 g) was re-extracted with E(,O.
The soluble material (14 g} constituted the sample analysed and was fractionated by column chromatography
(silica-gel: 750 g). Elution with CHCl; gave fractions 1--3, the first of which was discarded. Elution then with
CHCl13;-Me,CO (19: 13 gave fractions 4 and 5 and finally with CHCl;- Me,CO {9: 1) gave fraction 6. Fraction
(2). a brown oil {(1-75g), was rechromatographed (silica gel column (70 g): eluent Et.O). The major fraction
afforded an impure solid (14 g) m.p. 1301327 An NMR spectrum indicated a mixture (1: 1) of 3-hyvdroxy-9-meth-
oxypterocarpan and 3-hydroxy-8.9-methylenedioxypterocarpan. Acetyviation (Ac,O-pyridine) and subsequent
separation of the pterocarpan acelates i TLC: cluent- EtOAc: petrol. b.p, 60- 80 271 3) gave 3-acetoxy-9-methoxy-
pterocarpan as needles from EtOAc and petrol thp. 60~ 8§ il mp. 1200121 (Lit'™ mp, 127 128 [#]50 + 170
CHCH 1 NMR 7 709 (5. OAc) 62 (s, OMe 63 045 (. 6a-H. 6-Hax), 5:04 395 (m. 6-Heg). 43445 gn Ha-H),
T 32d 4-H) 1y, 302 (g 22Hy oy 2358 (d M) (ABX system J, L 8 Hzo J,, 2 He) oy 353 (g 8-H) 1, 354, 10-H)
Ty 28 (d. 7-H) ABX system (- ¢ 83 Hz Jg, 25 Hz). The more polar fraction gave 3-acctoxy-89-methylenc-
dioxypterocarpan as needles (EtOAc)H mup. 174175 (ie® mop. 176 177 ) [«f;' + 173 (CHCl) NMR
7 402 (s. O.CH,.0). Fracuon 3 was & brown oil, which solidified on adding MeOH. Acetvlation and
separation of the acctates by TLC with CHCly vielded 7-acetoxy-11.12-methylencdioxy-coumestone and
7-acetoxy-12-methoxycoumestone {12 mg)*® mp. 310 315 and (4 )-mucronulatol diacctate.” Fraction 4
was a brown sohd (90 mg) which when crystallized (MeOH) afforded 7-hyvdroxy-4-methoxyisoflavone as
needles (mamep: NMR. [R. MS of formononetin). The monoacetate had a m.p. and mmp. 170171,
Fraction § was a brown o1l {980 mg) which on TLC in Et.O gave a yellow solid m.p. 183 {440 mg). Acetylation.
followed by TLC in VO petrol (2:1) gave a faster moving component, which vielded (£ kviolanone.
m.p. 200202 ' after deacetvlation. The slower moving material was treated with EtOH to give the solid 2°.7-
diacetoxy-4"-methovy-3-phenyleowmarin (80 mg) as plates. The filtrate. following TLC (in CHCl, » 3 gave
2 7-diacetoxy-4" 5 -methylenedioxy-3-phenvicoumarin (12 mg).

(+)-3.7-Diacetoxy-2 4 -dimethoxvisoffavanone, an oil, {7, O - MS(rel ) M " 400 (10) 358 (407 316 (12) 222
{(10) 180 (100) 137 (80}, Cale. for € HapOx M ' 400, NMR 1 769, 7:66 (5. 2 % OACk 62 618 (5, 2 x OMe). 582
S5 2-HL 3-H) 326 (. J 9 Heo 3-H) 297 (4 7 9 Hzo 6-H) 1:95 (d, J 9 Hz 5-H). Deacetylation (dilute acid
EtOH) gave (4 )-3".7-dihydroxy-2"4-dimethoxyisoflavanone nep. 200 201 (from C H,.1

2 7-Digcetoxy-4-methox y-3-phenyvleoumarin was crystallized (EtOH) mop. 139 161 . (Found: C. 650: H. 43,
ChoH 0 Ox requires C 6520 H. 4:3%1 2, (nm) (Jog €) 235 sh (4:24). 280 (406} 3-27 (4360;1 1760 cm ™!
1720ecm™ 7 1620 em ™' NMR 1 7-8. 7:62 (s, 2 < OAc). 611 (5. OMe). 2:24 (s, 4-H).

27-Digceroxy-4' .S -methvlenediosy-3-phenylcowmarin crystallized in needles (ag. EtOH)} m.p. 195-196".
(Found: €. 62:4; H. 3-8 "y H Oy requires C.62:8: HL 3790: 7, (nm) (log €) 238 (4:08) 282 (4-14), 328 (+13):
e 1730 em T 1720 em Y and 1605 em

2.7-Dilydroxv-d-methox v-2-phenvlcoumarin. Deacelylation of 2.7 diacetoxy-4-methoxy-3-phenylcoumarin in
ethanolic ammonium hydroxide afforded the dihydroxy compound which crystallized from aq, FtOH as light
vellow rhombs, m.p. 258 260" (Found: C. 07'5: H. 41. C, H,,0; requires C, 67-5: H. 42} v, 3300¢cm
1680cm™ "and 1610em™ s 4, (nmy dog €) 243 (4-24), 285 sh (4-03), 343 (4-5): MO NOMe 260 (5h). 295 (4:08),
385 (432 NMR (DMSBO-d, )t 623 (5, OMe). 277 (d, J 9 Hz 6'-H), 241 (d. J 9 Hz. S-H). 219 (5. 4-H).

224 7-Trimethoxy-3-phenylcowmnarin. Methyvlation (CH, Ny of the yellow solid {mup. 183 1(12 mg) (sec above)and
subsequent purification by preparative TLC teluent: CHCly) afforded 224" 7-trimethoxy-3-phenylcoumarin (5 mg)

nax
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!

'Y KAvANAGH. P. J.(1974) Ph.D. Thesis (NUI)., U npublished results.
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S Frzarran, ML (1972) PhuD. Thesis (NUITL Unpublished results.
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(m.m.p; UV of authentic sample). Fraction 6. Addition of CHClIj; to the brown oil gave a solid (285 mg). Purifica-
tiott by TLC TCHCY: (MeL, T 1; double devetopment} afforded 2 .4 4-trinyvdraxychatcone {180 mgl as an
amorphous powder (aq. EtOH) (m.m.p; UV, NMR, IR, MS of the chalcone).’* Acetylation of the second com-
pouent afforded (+ }-4',7-diacetoxyflavanone as needles from CHClL/MeQH mup. 179-181° (lie. 178°1%; (w]2* +
11; NMR 1 7-65 (s, OAc), 698 (d, J, ; 10 Hz, 3-H,)), 702 (d, J, 5 4Hz, 3-H,,) 442 (¢, J 10, 4Hz, 2-H), 31 (g,
J 93, 2Hz, 6-H), 3:05 (d. J 2Hz, 8-H), 256 (¢ A,B, system J,z 93 Hz ring B), 193 (d. J 93 Hz, 5-H).

Synthesis of 2.,7-Dihydroxy-4'-methoxy-3-phenylcoumarin. 2-Hydroxy-4-methoxyphenylthiomorpholide, as
pale yellow plates (EtOH) m.p. 132-133° (lit. m.p.* 133°) resulted from the admixture of 2-hydroxy-4-methoxyace-
tophenone (20 g), morpholine (40 g) and sulphur (14 g) at 140° for 3 hr and 160° for a further 1 hr. The crude
morpholide was hydrolysed with NaOH (200 ml; 10%). The hydrolysate was acidified (pH 2) and purified
through celite and charcoal (2 g) to afford 2'-hydroxy-4-methoxyphenylacetic acid m.p. 131-133° (lit.> m.p.
133%1, NMR (DMSO-dg} © 6:39 (s, -CH,-}. 631 (s, OMe}. The phenylacetic acid. under acetylation, atforded
J-acetoxy-2-{2-hiydroxy-4-methoxyphenyijcrotonic acid as needies (HOAc) m.p. 142- {447 (f.*" m.p. 1457 Con-
densation of 2,4-dihydroxybenzaldehyde and the above phenylacetic acid with anhydrous KOAc and Ac,O for
8 hr. gave 2, 7-discesoxy-4 -methoxs-3-phenylcoumarin as plates from EtOR, mp. 158-161° {Found: C, 653; H,
4:3. C,0H,60, requires C, 65:2; H, 4-3%) The NMR, IR and UV spectra were identical with those of the natural
product. Deacylation of the diacetate (300 mg) in EtOH (10 ml) and NH; (15 ml, 10%) afforded 2'.7-dihyd-
roxy-4 -methoxy-3-phenytcoumarin as yvellow rhombs {ag. EtOH) m.p. and m.m.p. {with natural product) 258—
260°. .

Synthesis of 2,7-diacetoxy-4',5 -methylenedioxy-3-phenylcoumarin. 1-Benzyloxy-3,4-methylenedioxybenzene
(22-8 g) was added with stirring (over 80 min) to an equimolar mixture of POCI; (15-3 g) and N-methylformanilide
(135 g). During the addition the internal temperature was maintained at 23°. Dilution and subsequent extraction
with Et,O gave 2-benzyloxy-4,5-methylenedioxybenzaldehyde (187 g) as yellow needles from EtOH, m.p. 95°
(lit.” m.p. 95-96°). NMR 1 4-82 (s, O~CH—¢), 395 (s, O-CH,0), 3-32 (s. 3-H), 2:64 (s, 5-H), —0-40 (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 mi) gave a crystalline product (18 g). The 2-benzyloxy-4,5-methylenedioxybenzyl alcohol was crystallized from
C4Hg in needles, m.p. 108-109° (lit.!” m.p. 109-110°). NMR [{CD;),CO]Jr 6-85 (broad s, -OH), 53 (s, ~CH , . OH),
4:84 (s, O.CH,—¢), 40 (s, O.CH,.0), 319 (s, 3-H), 293 (s, 6-H). The alcohol was converted via the chloride
to 2-benzyloxy-4,5-methylenedioxybenzyl cyanide m.p. 115-117° (lit.!” m.p. 117-118"); NMR 1 6-35(s, -CH,CN).

Evaporation of the solvent from the reaction of the benzyl cyanide (55 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. 127-128° (lit. m.p. 130°). A mixture of this acid
(2-5 g) was refluxed with 2,4-dihydroxybenzaldehyde (1-2 g), anhydrous KOAc (1-5 g) and Ac,O (6 ml) for 9 h.
Dilution of the reaction mixture afforded 7-acetoxy-2"-benzyloxy-4'.5 -methvienedioxy-3-phenylcoumarin as yellow
prisms (CHCl;/EtOH) m.p. 209-210" (Found: C. 69-6. H, 4-1. C,5 H,4 O, requires: C, 69-7; H. 42%). 4,,,, nm
(log €) 232 (4-07) 285 (4-23) 31 (4-12) 345 (4°0); v, 1720cm™ ' and 1610cm ™' NMR (DMSO-d;) © 7-7 (s, OAc)
492 (s, 0-CH,~Ph) 392 (s, O-CH,.0), 297 (s, 3-H. 6-H) 2:86 (¢. J 2:5, 9 Hz 6-H) 262 (s, 8-H), 22 (d. J 9
Hz 5-H), 194 (s, 4-H). Debenzylation (HOAc; 80 ml)/HCL, 30 ml) and subsequent acetylation (Ac,O/pyridine)
afforded 2'.7-dimethoxy-4',5'-methylenedioxy-3-phenylcoumarin as yellow needles (ag. EtOH) m.p. and m.m.p.
(with the diacetate of the natural product) 196-198”; NMR ¢ 7-83, 762 (s, 2 x OAc), 39 (s, O.CH,.0), 319
(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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