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Abstmct-The isolation and structure of (-)-melanoxin a new 2.3dihydrobenzofuran is described 
Spectroscopic methods established structure I for melanoxin and confirmation was obtained by synthesis 
of Odiethyldehydromelanoxin (II, R = Et). Ozonolysis of (-)-melanoxin yielded (-)-(2S,3R)3- 

methylmalic acid (III), whilst hydrogenolysis and subsequent ozonolysis gave (+)-(RFmethyl-succinic 
acid (IV). These experiments show (-~melanoxin to have a (2S.3S)conliguration. The known (a-4’- 
hydroxy4methoxydakrgione (V) melannein (VI) and 2,5dimethoxyquinone were also isolated from 
Dalbergia mehoxylon. 

EXTRACTION of the heartwood of Dalbergia melanoxylon Guill. and Perr. (African 
Blackwood. Senegal Ebony, Mozambique Ebony) (Leguminoseae) has led to the 
isolation of S-4’-hydroxy4methoxydalbergione (V),3 6-hydroxy4(3-hydroxy4 
methoxydalbergione (V),3 6-hydroxy4(3-hydroxy4methoxyphenyl)-7-methoxy- 
coumarin (melannein) (VI),’ 2,5-dimethoxybenzoquinone4 and a new optically active 
compound C1 ,HisOs (I) for which the name melanoxin is suggested. 

(S)-4’-Hydroxy4methoxydalbergione3 was identified by consideration of its IR 
spectrum, ORD curves and formation of a triacetate. The latter compound was found 
to be identical with an authentic specimen. 
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Reductive acetylation of the 2,5-dimethoxybenzoquinone yielded a diacetate 
undepressed on admixture with an authentic sample of 2,5dimethoxyquinol 
diacetate.(j The 2,5-bisbutylaminobenzoquinone’ derivative was also prepared. The 
possibility that 2,5-dimethoxybenzoquinone was an artifact arising during extraction 
seemed unlikely as the solvent (MeOH) was acid free. However all attempts to isolate 
the 2,5-dimethoxybenzoquinone from the second batch of heartwood were unsuccess- 
ful. The heartwood samples vary considerably. An independent investigator,’ study- 
ing the petroleum ether extract of D. melanoxylon has found quinones to be present 
but not melanoxin. 

The optically active compound C, ‘H 1 *OS showed strong OH absorptions in both 
IR and NMR spectra (v,,, 3378 cm- ’ ; z 4.78 and 4.38 singlets). The assignment of 
the signals for the OH groups in the NMR spectrum were confirmed by D20 exchange 
and were characterized by formation of a diacetate (v,,, 1755 cn- ‘) and of an O- 
dimethyl ether. 

Consideration of the PMR spectra of ( - )-melanoxin and its derivatives indicated 
the presence of a 2,3_dihydrobenzofuran skeleton, with a Me and an aryl substituent 
on the heterocyclic ring. The protons of this ring when coupled with the Me group, 
analysed as an AMX, system [rA 4.98 (d, 1 H), rM 64-6*86 (m, IH!, ox 8.65 (d, 3H); 

J AM = 8.5 Hz, and JMx = 7-O Hz ()CH-CH-CH,)]. A broad singlet at T 361 was 

assigned to the C7 aromatic proton Pam-related to the C-4 proton. The signal for 
the C4 proton overlapped with an aromatic proton multiplet. 

Unequivocal proof for the assignment of an OH at position-5 and a OMe group 
at position-6 was obtained by isolation of I-(3-hydroxy4methoxyphenyl)-2-(4- 
methoxy-2,5-benzoquinonyl)propane (VII) [7 4.1 s and 7 3.59 d (J6”,“* 0.9 Hz) for the 
C,-H and C6-H of the benzoquinonyl ring respectively] as a product of hydro- 
genolysis of (-)-melanoxin. This oxygenation pattern for Ring A is present in the 
co-occurring ~hydroxy-4-(3-hydroxy-4-methoxyphenyl)-7-methoxycoumarin (VI) 
and in other naturally occurring neoflavanoids. The aromatic protons in ring B of 
melanoxin paralleled closely the pattern observed in the NMR spectrum of melannein. 
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Dehydrogenation of (-)-melanoxin with Pd-C in dry decalin gave dehydro- 
melanoxin. The UV spectrum of dehydromelanoxin [A,, 213,287, and 325 nm (log 
E 4*47,4*54,4*28)] supports the assignment of a 1,Zdiarlypropanoid skeleton. 

5,6-Dimethoxy..2-(3,4-dimethoxyphenylt3-methylbervofuran was synthesized by 
reaction of the Na salt of 3,4-dimethoxyphenol with 1-bromo-1-(3,4-dimethoxy- 
phenyl)prop2-one’ and was found to be identical with 0-dimethyldehydromelanoxin. 
The placement of the second OH group at position 3’ was confirmed by identification 
of 0-diethyldehydromelanoxin with 5-ethoxy-2-(3-ethoxy4methoxyphenyl)-6- 
methoxy-3-methylbenzofuran (II, R = Et). 

The magnitude of the vicinal coupling of C, and C, protons does not unequivocally 
define the relative stereochemistry of dihydrobenzofurans,” however, the z value of 
8.6 for the Me protons on C3 of (-)-melanoxin suggests a trans-arrangement. The 
C,-Me protons in a cis-3-methyl-2-phenyl-2,3_dihydrobenzofuran would be shielded 
and register a signal at 9.2 7. 

The relative stereochemistry of (-)-melanoxin was determined by the ozonolysis 
of the natural product and the isolation of (-)-erythro-3-methylmalic acid. The di-p- 
bromophenacyl ester of (-)-erythro-3-methylmalic acid was compared with the 
diester of its antipode (+)-erythro-3-methylmalic acid. The racemate, ( f)-erythro-3- 
methylmalic acid di-p-bromophenacyl ester, prepared by crystallization of equimolar 
quantities of (+) and (-)-enantiomers was identical with an authentic sample.‘O 

Ozonolysis of (+)-1-(3-hydroxy4methoxyphenyl)-2-(4-methoxy-2,5-benzo- 
quinonyl)propane (VII) and subsequent decomposition of the ozonide with H,O, 
gave (+)-(R)-methylsuccinic acid (IV). Thus an (R)-conliguration may be assigned to 
compound VII. The assignment of a (2S,3S) configuration for melanoxin is based on a 
knowledge of the absolute stereochemistry of (+)-1-(3-hydroxy4methoxyphenyl)-2- 
(4methoxy-2,5benzoquinonyl)propane (VII) and of a trans arrangement of the 
substituents in the 213 positions of the dihydrobenzofuran. 

As a consequence, the absolute stereochemistry of the erythro-3-methylmalic 
acids is known. ( - )-Erythro-3-methylmalic acid has a (2S,3R) configuration. 

A second dihydrobenzofuran 2R,3R-( + )-obtusafuran has been recently isolated 
from the heartwood of D. obtusa Lecomte (sym. D. retusa).’ 2 

EXPERIMENTAL 

PMR spectra were obtained with a Varian HRdOA Spectrometer in CDCI, using TMS as internal stand- 
ard. The IR spectra were measured on a Grubb Parsons Spectrometer usually as KBr pellets and UV 

spectra were determined on a Bausch and Lomb Spectronic 505. Mps were taken on a Kofler block and are 
uncorrected. Analytical and preparative TLC plates were prepared with Kieselgel G (Merck). The micro- 

analyses were determined by Mrs. E. M. Carey of this department. Rotations were determined on a Perkin- 
Elmer Model 141 Polarimeter. 

Extrucfion ojDalbergia melanoxylon Guill. et Perr. hearrwood 
Isolation of melanoxin (I), S-4’-hydroxy4methoxydalbergiom? (V), melann& (VI) and 2,5-dimethoxy- 

benzoquinone.4 Shavings of the heartwood (1.67 kg) were exhaustively extracted with ligroin and the extract, 
after concentration and addition of Et,O. gave a gre.y amorphous solid (15 g), which on repeated crystalliza- 
tion from ligroin afforded hydrated melanoxin in needles m.p. 54-74”. This material was dried at 78”/ 
lo-’ mm when it crystallized from ligroin in needles, ap. 107-108”. [a];’ -49” (acetone). (Found: C, 
67.2; H, 6.1; OMe 2@3C,,H,,O, requires: C, 675; H.60; OMe, 2@5%);&.(EtOH)207 nm(logs4.53). 
233 nm (log E 4a8) inll., 291 nm (log E 3.73). 3a5 mn (log E 3.8); v, 3378 cm-’ (OH). 

The heartwood shavings were subjected to further exhaustive extraction with EtOH and evaporation of 
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the solvent yielded a brown oil (490 g), which was subsequently extracted with benzene. An aliquot (10 g) of 
the benzene extract (350 g) in CHCI, was fractionated chromatographically using a silica gd column 
(500 g). Elution with CHCls gave S-4’-hydroxy4methoxydalbergione (60 mg), mp. 143-146” (dec); the 
derivative S-4’-acetoxy4methoxydalbergione quinol diacetate had a mp. 126127.5”. A further fraction 
from the column gave melannein (110 mg), which crystallixed from EtOH in yellow rhombs, m.p. 22@5- 
222”; the derivative 0-dimethylmelannein had a mp. 220-221”. 

A second batch of heartwood shavings (1.8 kg) previously extracted with ligroin, was exhaustively ex- 
tracted with MeOH (Merck) Evaporation of the solvent afforded an oil (520 g), which was re-extracted with 
benzene. Addition of Et,0 to the residual oil (91 g; from C,H, extract) caused precipitation da brown solid 
(fraction I). Concentration of the filtrate gave two further solids (fractions II and III) and total evaporation 
of the Et,0 filtrate afforded an oil (fraction IV). 

Fraction I. Crystallized from EtOAc in yellow leaflets of 2,5-dimethoxybenxoquinone (530 mg), m.p. 
298” (dec); v, (CHCl,) 1667 cm-’ (CO). NMR spectrum (CHCl, + TFA) r 605 singlet (2 x OMe); 
r 3.9 singlet (2 x xO-C&=C-); the derivatives 2.5dimethoxyquinol diacetate had m.p. 183-1W6 
and 2,5-bisbutylamino-p-benxoquinone had mp. 162-163”.’ Fraction II. Crystallized from ligroin in 
needles of melanoxin hydrate. Fractions 111 and IV These yielded melannein (120 mg), m.p. 2205-222”. 

Dehydromelanoxin PdC (10%; 20 mg) was added to a soln of (-bmelanoxin (250 mg) in dry de&in 
(5 ml) and the mixture refluxed for 6 hr. Chloroform was then added. Evaporation of the filtrate gave a brown 
oil which was puriiied by preparative TLC (silica gd HF) 6 times developed with C,H&HCls (1 : 1). 
Elution with CHCls of the blue fluorescent spot silica gel gave a solid (IO mg) which crystallixed from EtOH 
in pale yellow needles, mp. 171-172”. & (MeOH) 213,287 and 325 MI (log E 4.47.404.4.28); PMR spec- 
trum I 76 singlet (CH,); r 6.1 singlet (2 x OMe); r 4.78 and 4.35 singlets (2 x OH). 

0-Diacetylmelanoxin A mixture of melanoxin (100 mg), anhyd pyridine (1 ml) and AcsO (2 ml) was kept at 
room temp for 12 hr. Dilution of the mixtute with ice-water (50 ml) gave Odiacetybnelanoxin which 
crystallixed from EtOH in needles (a0 mg), mp. 111-l 13”, [a];“ - 15.5” (acetone). (Found: C, 65.4; H, 
5.7. C,,H,,O, requires: C, 65.4; H, 5.7%); v, 1755 cm-i (CO); L,_ (MeOH) 210 nm (log E 4.24), 225 nm 
(log E 4.14), 2.93 nm (log E 3.71); PMR spectrum; 7* 489. d (1H). 7" 6.39-6.87, m (1H) 7x 864, d (3H). AMX, 

system, JU 85 H& J, 7.0 Hx [)CH -C H-Me]; 7 6.12 and 6.14, s’s (2 x OMe); 7 7.12 s (2 x OCO. 
Me); 7 345, s (C,-proton); 7 3-17-275, m (4 x aromatic protons). 

0-Dimethylmelanoxin. A mixture of melanoxin (200 mg), Me,SO, (O-3 ml), anhyd KsCO, (2 8) and dry 
acetone (10 ml) was reiluxed for 48 hr. The K salts were removed and washed with hot acetone. Evaporation 
of the combined filtrate gave a residue which was taken up in Et,O, washed with IO y0 NaOH aq, water and 
dried. Evaporation of the ethereal soln afforded 0-dimethylmelanoxin which crystallized from EtOH as 
plates, m.p. 74-75” ; [a]if’; +41” (acetone). (Found: C, 69.1; H, 6.7. C,,H,,Os requires: C, 69.1; H, 6.6%); 
PMR spectrum: 7* 489, d (lH), 7,, 6.29-684, m (1H); 7x 8.6, d (3H), AMXs system JM 90 HS J, 7Q Hz 

I> 
CH-CH-Me]; 7 6.12, and 6.1, s (4 x OMe); 7 3.43, s (C-proton); 7 322-28, m (4 x aromatic), 

I 
O-Dimethyldekydromelanoxin (II R = Me). W-C (loo/,; 10 mg) was added to a soln of Odimethyl- 

melanoxin (160 mg) in dry decalin (5 ml) and the mixture was refluxed for 24 hr. Chloroform was then 
added. Evaporation of the filtrate gave a solid which crystallixed from EtOH in needles of O-dimethyl- 
dehydromelanoxin (50 mg), m.p. 148-149”. (Found: C, 696; H, 6.1; OMe, 384. C1sHsOOs requires: C, 
695; II, 6.1; OMe, 37.8%); L_(MeOH) 286 nm (log E 4.18), 3.24 nm (log E 4.49); PMR spectrum 7 7.6, 
s (CH,); 7 6Qs. s (4 x OMe); 7 3162.57, m (aromatic). 

0-Diethyldehydromelanoxin (II R = Et). Ethylation (Et,SO,-anhyd K,COs-acetone method) of (- )- 
melanoxin afforded 0-diethylmelanoxin which was crystallixed from EtOH in plates, m.p. 74~576.5”. 
Dehydrogenation (method as for Odimethylmelanoxin above) of the foregoing ether gave the dehydro 
deriuatiue which crystallixed from EtOH as plates, m.p. 1365-138.5”. (Found: C, 707; II, 71. CsrHs.0, 
requires: C, 708; H, 68%); L_ (MeOH) 221 nm (log E 43), 285 nm (log e 4.17), 324 nm (log E 4.5). 

I-Bromo-l-(3,4-dimethoxyphenyI)propen-2-one. Bromine (8.1 g) was added dropwise during 90 mitt to a 
stirred soln of 1-(3,4-dimethoxyphenyl)propan-2-one1z (9 g) and benzoyl peroxide (01 g) in CHCI, (100 ml) 
at < 10”. The reaction mixture was stirred at 22” for 2 hr. The CHCls soln was washed with loo/, NaHCOs 
aq, water and dried (Na,SO,) Evaporation gave a brown oil which gradually solidified on trituration with 
light petroleum (b.p. 40-60”). Fractional crystallization from light petroleum (b.p. 40-60”)-Et10 afforded 
two compounds (a) I-bromc+l43,4-dimethoxyphenyl)propan-2-one9 (2.1 g) as plates, m.p. 82-84”. and 
(b) l-(2-bromo-4,5-dimethoxyphenyl)-3-bromopropan-2-one (3 g) as needles, m.p. 107-108”. (Found: C. 37.5 ; 



Daltcrgia species-VII 4413 

H,3~6;OMel7~8;Br,455.C,,H,,Br,O~rcquires:C,37~5;H.3~4;OMe,l7~6;Br,45~40/,);v_l7l8cm~1 
(CO); PMR spectrum, t 6.17, s (2 x OMe); c 605 and 6G!, s’s (-C&-CO.C&Br); r 3.25, s (C,- 
aromatic proton); T 2.96. s (Cs-aromatic proton). 

5.6Dimethoxy-2~3.edimethoxyph~y~3-methy~benzo~r~ (II. R = Me). A mixture of 3,4-dimethoxy- 
phenol (108 g), dry THF (50 ml) and Na (161 mg) was stirred and refluxed for 12 hr. At 0” l-bromo-l- 
(3,4dimethoxypbenyl)propan-2-one (1.82 g) in dry THF (50 ml) was added slowly and the reaction mixture 
was refluxed for 3.5 hr. The NaBr was removed and washed with Et,O. The combined filtrates were 
washed with 10% NaOH aq, water and dried (MgSOJ. The oil obtained on evaporation of the solvent was 
treated with cone H,SO, (0175 ml) at 0” for 15 min and poured onto ice. The aqueous mixture was extracted 
with Et,O, which in turn was washed with 10 ‘4 NaOH aq, water and dried. Evaporation and crystallization 
from EtOH afforded a mixture which was resolved by preparative TLC with CHCICIH, (1: 1) as solvent. 
The 5,6dimethoxy-2-(3,4dimethoxyphenyl~3-methylbenzofuran, obtained by evaporation of tile eluant, 
crystallized from EtOH as needles, m.p. 148-149“. mixed m.p. with natural Odimethyldehydromelanoxin 
148-149”. 

l-Bromo-l-(3-ethoxy-4-methoxyphenyf)propun-2-one. Bromination (method as for 1-bromo-l-(3,4- 
dimethoxyphenyl)propan-2-one above) of 1-(3-ethoxy4methoxyphenyl)propan-2-onc’” gave a mixture 
of two compounds. Fractional crystallization from light petroleum (b.p. 40-6O”)-Et,O afForded (a) l- 
bromo-l-(3-erhoxy4methoxyphenyl)propan-2-one (30%) as needles, m.p. 84-85”. (Found: C, 50.2; H. 5.4; 
Br, 279 C,,H,,O,Br rquires: C, 5@2; H, 5.3; Br, 27.9%); v, 1724 cm-’ (CO); PMR spectrum r 769, s 
(CH,); 7 8.53, t and 5.87 q (J = 70 Hz) (OEt); T 6.1, s (OMe); r 4.6, s (-CuBr); 3.29-2.89, m (3 aromatic 
protons); (b) 1_(2-Bromo-5-ethoxy4methoxyphenyf)-3-bromopropan-2-one (loo/,) as needles m.p. 11+115”. 
(Found: C, 39.8; H, 3.8; Br, 43.9. C,,H,,OsBr, rquires: C, 39.3; I-I, 3.9; Br,43.7%). v, 172Ocm-’ (CO); 
PMR spectrum 7 8.55. f T 5.91,q (J = 7G Hz) (OEt); r 6.12,s(OMe); T 601 and 597, s’s(C&.CO.CI&Br); 
s 294, s (C,-aromatic proton); T 3.21, s (C, aromatic proton). 

5-Ethoxy-2i3-ethoxyQmethoxyphenyl)-6-met~xy-~~thylb~zo~~ (II R = Et). Condensation 
[method as for II (R = Me)above] of the Na salt of4-ethoxy-3-methoxyphenol and 1-bromo-143cthoxy4 
methoxyphenyl)propan-2-one gave 5ethoxy-2_(3-cthoxy4methoxyphenyl)-6-methoxy-3-me~yl~nz~ 
furan which was crystallized from EtOH as laths, m.p. 139+1@5”, mixed m.p. with natural O-diethyl- 
dehydromelanoxin (II R = Et) showed no depression. 

OzonoIysis ofmelanoxin Melanoxin (500 mg) in HOAc (30 ml) was treated with ozone at room temp for 
10 hr. The ozonide was decomposed with H,O, (1 ml; 3O%j After 12 hr W-C was added and the mixture 
heated gently and then filtered. The residue, obtained by evaporation of the filtrate, was dissolved in water 
and NaHCO, was added. Continuous Et,0 extraction (24 hr) removed the neutral components The 
aqueous phase was adjusted to pH 3.6, saturated with NaCl and an acidic component was removed on 
prolonged ether extraction. The 3-methylmalic acid obtained by evaporation oh the dried ethereal soln, 
was dissolved in water and titrated with 10% NaOHaq (phenolphtbaleinj p-Bromophenacyl bromide 
(425 mg) in aqueous EtOH was added to the salt (147 mg) and the mixtun was rtfluxed for 2 hr. The (-)- 
erythro-3-methylmali acid di-p-bromophenacyl ester was crystallized from EtOH in plates (25 mg). 
m.p. 203-203.5” [m]i*’ -8.1” (DMSOj (+)-Erythro-3-methylmalic acid” (20 mg) was convefled to its 
di-gbromophenacyl ester (method as for the (-herythro-3-methylmalic acid above). The diester crystal- 
lized from EtOH in plates (40 mg), m.p. 202-203” [a]:” + 79” (DMSO). Crystallization from EtOH with 
an quimolecular quantity of (-)-erythro-3-methylmalic acid di-pbromophenacyl ester gave a racemate 
186”; mixed m.p. with an authentic sample of the racemate showed no depression, 

Hydrogenolysis ofmelanoxin. Melanoxin (350 mg) in AcOH (10 ml) was hydrogenated at room temp and 
atm press with a 10% Pd/C catalyst (800 mg) during 5 hr. The soln yielded the quinol. which was easily 
oxidized when oxygen was bubbled through a CH,Cl, soln of the quinol in contact with saturated K,CO, 
aq. The yellow CH,CI, soln. yielded (R)-l~3_hydroxy4methoxypheny~2~~methoxy_15_ny/)- 
propane(VIl), which crystallized from Et,O-MeOH as needles mp. 158-158.5: [a]:’ + 39.1 (Cl-ICI,). 
(Found: C, 67.2; H, 6.1: C,,H,,O, requires: C, 67.2; Y 6G)%); PMR spectrum 1 8.92 d, J = 6.5 Hz 

(--CH,); T 65-7.75, m (CH+&Z&-); r 6.19 and 6.15 S’S (2 x OMe); 7 4.41, s (OH); 7 41, s (Q-H 
of quinone): T 3.59. d J = 09 HI (C,proton of quinone ri:gj 

1-(3-Acetoxy4methoxypheny~2-(2,5-diace~oxy4me~hoxyphenyf)propane. A CHCls soln of (RFI- 
(3-hydroxy4methoxyphenyl~2-(4-metboxy-2,5-benzquinonyl)propane (4Omg) was reduced with aqueous 
sodium dithionite (So/, 10 ml) and the CHCl, layer added quickly to a mixture of Ac,O (3 ml) and py-ridine 
(3 ml). The CHCl, was then removed under N, and after I2 hr at room temp. water (20 ml) was added : 
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extraction with Et,0 yielded a solid?35 mg) and crystallization from di-isopropvl ether gave the quinol 
rriacctate as plates, mp. 14&1495”, [aliz - 19.7” (CHCl,). (Found: C, 646; H, 6.2. C23HIb07 requires: 
C, w2 ; H, 6.1%). 

(-)-Methyisuccinic acid di-pbromophenacyl ester. Compounq VII was treated with OJ in AcOH at 
room temp for 10 hr. The method of decomposition of the ozonides, isolation,of the (+)-(R)-methylsuccinic 
acid and derivative formation was similar to that described for 3-methyhnalic acid above. (- )-(R)-Methyl- 
succinic acid di-p-bromophenacyl ester crystallized for MeOH in needles, m.p. 131-133” [a]$’ -24.7” 
(CHCI,). (Found: C, 46.9; H, 3.4. CI,H,,06Br, requires: C, 46.4; H, 3.4%). An authentic sampk of (+)- 
(R)-methylsuozinic acid [a]Az + 13.5” (H,O) was prepared by resolution of ( f)-methylsuccinic acid with 
strychnine.14 
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