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THE ANTHRAQUINONES OF MELAi’VOXYLON BRAUNIA* 
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Abstrac-The wood and bark of Mehwxylon brauma Schott (Legumin~Ceasalpmo&zte) pelded 
@tosterol, l-1, lupenone, betulinic acid, 6,m-O-methylem& (Ia), 6,84-O-me@l+hydroxy- 
emodin (Ib), 1,7~y~o~d,&o~-3-~y~~~one (IIa) and 8-methw-3-methyl-1,2,6,7- 
tetrahydroxyantbraqunmne (me). 

INTRODUCTION 

Melanoxylon bruuniu Schott (Legummosae-Caesalpinioideae) is a large tree w&h heavy, 
resistant wood whose dark brown colour with even darker striping &Ives it great beauty. 
In central Brazil, it is used for radroad ties, posts and brldges.3 

‘Braha bark, softwood and heartwood were extracted separately with volatde solvents. 
A combmation of chemical and chromatographic methods led to the separation of 
&sitosterol, lupeol, lupenone, an orange and a red pigment from the bark extract; and of 
betulimc acid, @sitosterol and two ad&tional orange pigments from the softwood extract. 
One of these latter pigments 1s by far the most abundant extractive of the heartwood, which 
also contains fi-sitosterol. 

The Pigments of ‘Braha’ Wood 
RESULTS 

The two orange pigments of ‘bra&&-wood were identied through spectral analysis 
as 6,8-di-0-methylemodin (Ia) and 6,8-dl-O-methyl-o-hydroxyemodin (Ib). The identifica- 
tion of (Ia) was cowed by direct comparison with an authentic sample.4 The identifica- 
tton of the other pigment was conGrmed through direct comparison of its diacetate with the 
diacetate Ic prepared by acetylation of Ia to Id, followed by benzylic bromination (Id +- Ie), 
and substitution of the bromine by acetate. Ib, although apparently a new natural com- 
pound, has been obtamed previously by methylation of questmol, a metabohte of the fungus 
PenicilIium frequentam Westhng.5 

+partxxXintheseries”ThachermstryofBrazilian~~”.ForpartxwCseeRef.1.Thls 
roper IS based on the M SC. thesis submitted by H. Martms to the Univemidade Federal de Minaa Genus, 
&lo Honzonte For a p~lmunary commuma&on sea Ref 2. 
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Z%e Pigments of ‘Bratbra Bark 

The two pigments isolated from the bark were also classtied as anthraquinones upon 
inspection of their u.v., 1.r. and NMR spectra. The orange pigment was recogmzed as con- 
tammg two hydroxyl groups through the formation of a dzacetate. One of the hydroxyls 
must be located at C-l, smce It forms a chelate bridge with one of the carbonyls (v,, 
1642 cm-‘; U.V. spectral shift upon addition of Al&). The other hydroxyl must be con- 
jugated with the unchelated carbonyl (v~= 1664 cm-’ weak shoulder as for other poly- 
hydroxyanthraqumones;6 U.V. spectral shift upon add&on of NaOAc). The unperturbed 
carbonyls of anthraquinone gzve rise to a maximum at 1675 cm-l.’ Of the two positions 
whzch would allow conjugatzon of a hydroxyl with the unchelated carbonyl, C-2 cannot 
represent the correct alternative. A hydroxyl at C-2 would entail the existence of an orth- 
dzhydroxy group, which is absent (no alteration of the U.V. spectrum upon addition of 
HJBOJ + AcONa). The hydroxyl must, therefore, be located at C-7. 

The formulation of this 1,7-dlhydroxyanthraqumone had to be completed by allocatzon 
of two methoxyls, one methyl and three aromatic protons, structural features whose 
presence was indicated by the NMR spectrum. A more detazled exammatzon of this spectrum 
showed that two of the aromatic protons were not only meta-related, but also both spm-spm 
coupled to the benzyhc hydrogens of the C-methyl group. A CH-CCHB=CH system 
fitted only mto the I-hydroxylated ring, leaving the three posztzons of the ‘I-hydroxylated 
rmg to the two methoxy groups and the thud aromatic proton. This proton should be located 
at C-5 meta to the 7-OH group, since only a slight paramagnetzc shzft of the corresponding 
singlet occurred upon passmg from the NMR spectrum of the pigment to the spectrum of its 
acetate. The acetylauon reaction can thus be formulated only as IIa --f IIb. The mass spec- 
trum favoured placement of the methoxyls as represented m IIa. Thepara-relation of one 
of these groups with a carbonyl would ratzonahze the observed facile loss of 15 a.m.u., 
while the o&o-relation of the other with a carbonyl would explain the loss of the elements 
of water.8 1,7-Dzhydroxy-6,8-dzmethoxy-3-methylanthraqumone (Ha), although as far as 
we know a new compound, has the same substitutzon pattern as dermoglaucin (IIc), a 
metabohte of the fungus Cortmarws sangumeus Frg 

The mol. wt. of the red pigment, determmed by mass spectrometry, was consistent with 
a methoxy-methyl-tetrahydroxyanthraqumone structure. The substztuuon pattern became 
clear when it was found that hydrolysis with sulfunc acid led to 3-methyl-1,2,6,7&penta- 
hydroxyanthraqumone (IIIa) which could be acetylated to 3-methyl-1,2,6,7,8-pentaacetoxy- 
anthraqumone (IIIb) and methylated with dzmethyl sulfate to 3-methyl-1,2,6,7,8-penta- 
methoxyanthraquinone (111~). The formulae IIIa, b and c represent known compounds 
whose pubhshed datato agree with the data obtained for the derivatives of the red ‘bratina’ 
pigment. While dzmethyl sulfate methylauon of the ongmal pigment also yielded IIIc, 
dlaxomethane methylatzon afforded a sole monohydroxyanthraqumone (later formulated 
IIId). This indicates the presence of only one hydroxyl at one of the two oxygenated perz- 
posztzons. Again, as m the prevzous case, the mass spectrum was consistent with the pre- 
sence of a methoxyl at a perz-position. A fragment of high relative abundance, resulting 
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through the loss of the elements of water from the molecular ion, was observed. The evi- 
dence leads to structure IIIe or IIIf. The former is preferred as the pigment is stable in alka- 
hne solution. 

Conk-matron of the relative position of the hydroxyls and the methoxyl in IIIe was 
adduced by NMR spectrometry. The H-4 and H-5 signals are easily distinguished by their 
width at half height. This width IS considerably larger in the case of the H-4 band, due to 
the benxylic coupling of the correspondmg proton to the protons of the methyl group at 
C-3. The shifts of these signals, upon passing from the methyl ether 111~ to the acetate IIIg, 
can thus be followed unambiguously. As Table 1 shows, these shifts are quite different. The 

TABLE 1 O-METHYL AND 0-ACETYL DERIVATIVES OF IHe Axounc RIXXON OF 60 
MHz-NMR SPEW IN CDCl3 

Peak-wrdth at 
half he&t 

(Ppm) 

IIIC JHg IIIC IHg A(IIIo-IHg) 
:: 1.6 1-O 24 19 243 2 37 2 1 91 08 0 0 29 52 

four hydroxyls thus are not arranged symmetrically at positions 1,2 and 7,8 and the meth- 
oxyl cannot be located at C-6. Furthermore, this paramagnetic shift is relatively small for 
the H-5 signal. Thus the acetylation should not have occurred at the orrho andpura-positions, 
and the methoxyl cannot be located at C-7. 

Agam, although 8-methoxy-3-methyl-l,2,6,74etrahydroxyanthraquinone (IIIe) seems 
to be a new compound, anthraqumones of identical substitution pattern have been pre- 
viously isolated from Cas&a obtusifolia L.” 

EXPERIMENTAL 

For experunental techniques see Ref. 1. The dnect comparison of samples mcluded co-chromatography, 
mu&mp.andrr.spectra. 

Isolation of ‘Bra&a’ Constituents 

Benzene extractmn of the bark of M. brauma. The powdered bark (2 0 kg) was contmuously extract4 
wrth hot benzene The solvent was evaporated and the restdue (8 g) was chromatographed on s&a (250 g), 
gwmg the followmg fractrons wrth the mdrcated eluants: Ai (benzene), A, @enzene-CHCIS 8*2), A3 
(benxene-CHCll 1 .l), & @enzene-CHCl~ 2 8), Al (CHCl,), As (CHC&MeOH 95:5), A, (CHCl3- 
MeOH 8 2), Aa (MeOH) Al, upon ad&tion of AcOEt, gave a crystallme cmpd , rap 81-83”, of ahphatrc 
nature which was not further exammed AZ and At gave Mitosterol(300 mg) & and AS gave lupenone 
(73 mg) As gave lupeol(700 mg) A, was recrystalhzcd from EtOH, yielding IIa (30 mg) As gave betuhmc 
acrd (500 mg) 

Ethumf extractron of the bark of M brauma The ground wood, after extra&on wrth hot benzene (see 
above), was contmuously extracted wrth EtOH. The solvent was evaporated and the resrdue (12 g) was washed 
successrvely with aq 20% NaHCOB, 10% NatCOs, and 5 % NaOH The NaHCOB-solutron was acnh6ed 
and repeatedly extracted wrth EtOAc The orgamc solutron was washed wrth water, drred and evaporated 
The residue was recrystallized from MeOH, yreldmg IIIe (800 mg) The NaKO&olutron was acuh6ed 
and extracted wtth CHCle The orgamc solutron was washed wtth water, drred and evaporated. The residue 
was recrystallized from CHC13-MeOH (1 2) yreldmg Ia (50 mg) The NaOH solutron, treated stily, 
drd not lead to a pure compound 

Benzene extractton of the softwood of M braunia The powdered softwood (10 kg) was contmuously 
extracted wrth hot benzene The solvent was evaporated and the residue (22 g) was chromatographed on 
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mhca (5lXl g), gwmg the foilowmg fmctmns wrth the indicated ehtants: B1 (benzene), BI (benmne+CHClr 
7:3), B3 @enrem+CHCl, 2*8), B4 (CHClr), BS (Cl-K&-MeOH 95:5), Be (CHCl~-MeOH 1.1). B, (MeOH) 
B1 gave the same cmpd as Ai. B1 did not give a pure cmpd. B, gave &sltostero1(500 mg) 4 and Bs were 
umted and rechromatographed on srhca The fractron eluted with benzene-C!HCi, gave &aitosterol. The 
fractron eluted wD.h CHCL was recrystalltzcd from CHCL-MeOH 1 2, yreldmg Ia (300 mg) Bs and Be 
were umted and recrystallii from CHCkMeOH, yleldmg Ib (30 mg) Bb gave betuhmc acd 

Bexxexe extra&on of& krtwood of M. braunia. The ground heartwood (12 5 kg) was continuously 
extra&d with hot benzene The solvent was evaporated and 10 g of the resrdue (16 g) were chromatographed 
on s&a (250 g), grvmg the followmg fractrons wtth the mdicated eluants: Ci @enzene), C, (benzene- 
CHCll 9:1), C, (benmne-CH Ck 7.3), C, @enmne-CHClo 2.8), Cs Q-ICI,), Cb (CHCIS-MeOX 95*5), 
C, (MeOH) C1 gave the same cmpd. as Al. C3 gave f&hosterol(300 mg). Cb drd not grve a pure cmpd. 
Cs and Cs were umted and rechromatographed on s&a. The central fractrons were recrystalhzed from 
CHC&-MeOH 1.2, yleldmg Ia (500 mg) 

Properttes of ‘Bra&a’ Conrttuents 

6,8-Dlmethoxy-l-hy~oxy3-methy~t~~u~~~ (Ia) Orange needles, m p 211-213” (lrt * m p 213- 
214”). Acetate (Id) m D. 204-206” Methyl ether (ID m D 23&232’ (lit.” m D 230-232’9. 

B,S-DNnethdxr_lJ3-hydroxy-3-hydroxymerhyla (lb). brange needles, m.p 237-239” (hts 
238-240”) 

1,7-Dily~o~,8_3-~thoxy-3-methyla (IIa). Orange needles, m p. 238-240”. XEu 220, 
245 sh, 284,410 nm (c req. 30,600,11,080,32,500,7500); Starr+“” 235,312,405,504 (6 msp. 20,400, 
33,008,4200,7400); ~=&n+-~ 220,281,414 mn (c resp 29,500, 34,400,6600); ,JEn+**Na 253, 312, 
394, 5OOnm (e resp. 17,300, 25,800, 5500, 4900). vzz 3367 (phenohc OH), 1664 w sh (unchelated CO), 
1642 s (chelated CO), 1587, 1563 cm-’ NMR (TFA, 7). 2 28 (s, H-5). 2 32 (broad d, J 2 5 Hz, H-4), 2 77 
(broad d, J 2 5 Hz, H-2), 5 85 (s, OC&), 5.86 (s, OC&), 7 50 (s, C&) Found: M (hrgh resolutron mass 
spectrum) 3140788. Cl,Hl+Os requrres M 314G791 MS: M 314 (lOO”%), m/e (%), 291 (91X 297 (16), 
2% (15), 281 (15), 271 (20), 253 (ll), 241 (6), 225 (6), 213 (6), 200 (18), 197 0,172 (6), 169 (6), 148 (14), 
143 (ll), 128 (12), 123 (12), 115 (19), 111 (15), 109 (16) 

8-hiethoxy-3-methyl-1,2,6,7-tetrahyaYoxyanthraquinone (IIIe) Red crystals, m.p. 330” dec. AR&n 225, 
290,320,420 nm (eresp 17,700,34,880,15,800,7480) A_ nton+NaoD 239,340,4% nm (r msp. 13,300, 41,lOll 
9100) X&:u+*‘c’r 229,315,400 sh, 487 nm (e resp 17,700,34,508,4400,10,300). An&D”AdN’295,317, 
421 mn (c msp. 22,980,26,600, 7400). I\,. E’OH+H~Bo~+AcoNa 222, 301,421 nm (e resp. 20,900, 39,900,8900) 
F&3333 (pheaohc OH), 1660 w sh (unchelated CC), 1636 s (chelated CC), 1587, 1504 cm-’ Found: 
M (high resolution mass spectrum) 3160579. C16Hi~0, requires: M 3160583. MS* M 316 (lOO%), m/e 
(%), 299 (17), 298 (89), 287 (12), 286 (9), 273 (38), 270 (17), 245 (18) 242 (42), 214 (15), 199 (7), 115 (22) 

Dernnztives of ‘Bra&w’ Con.Wtuents 

l-Acetoxy-3-acetoxymethyl-6,8-dimethoxyanthraguinone (Ic). A solution of Id (70 mg) N-bromosuc- 
cinimide (45 mg) and benxoyl peroxide (1 mg) in CCL (28 ml) was heated under refhu and dhtmmatton 
for 24 hr. After coolmg to room temp , the solution was 6hemd and evaporated. The reardue (40 mg) was 
washed repeatedly v&h cold water, once wrth hot water and extracted w&h CHCL. The CHC& solution 
was dried, 8hered and evaporated The residue was purrfied by srka-column chromatography, a@ordmg Ie 
(23 mg), e 1783,1678,1608,1575,1333,1264,1208,1163,1130,1064,951,853,826, 756 cm-‘. Ie (23 mg) 
and excess anhydrous KOAc in ACZO (10 ml) were heated under re&x (12 hr). After cooling to room temp., 
the mrxture was poured into rce Sakes. The precrprtate was collected and extra&d with CHC& whrch was 
driedandevaporated.The~ldue~recrystallizsdfromMeOH,affordingIcasycliowaystals,IllP 168-170”. 
Gn 230, 241, 280, 340, 405nm (e msp. 17,800,20,600, 18,080,2800,4100). e 1770, 1751, 1681, 
1667,1608,1570 cm-’ 

Dnect acetylatmn of lb also afforded Ic. 
1,7-D~~toxr_6,8-duncthoxy-3-met~y~t~~~~~~ (lib) Was obtamed from Ha as yellow crystals 

(from MeOH), m p 182-184” AEtH 212,265, 35Onm (c resp 38,200, 53,700, 9200). Y”,: 1783, 1681, 
1610,1587 cm-‘. RMN (‘IFA, 7): 2 22 (8, H-5), 2-28 (broad d, 12 5 Hz, H-4). 2.75 (broad d, I2 5 Hz, H-2), 
5 83 (s, OCH,), 5 87 (s, CC&), 7 52 (s, CCQ&), 777 (s, CCC&). 

3-Methyl-1,2,6,7,8-pentuhyuVoxyanthmquznoxe @Ha). Me (100 mg) in cont. HaSO (5 ml) was mam- 
tamed at 100” for 90 mitt, and subsequently at room temp. for 24 hr. The solutron was poured into 108 
ilakes. The pmctpttate was separated by filtratmn, washed wrth water and crystalhzed from CHCl,MeOH 
1: 1 to red needles, m.p 326-329” dec. (ht. ‘em.p. 328-330” dec ). Agzn 235, 290, 325,420 MI (e resp. 
9200,23,500,6100,8400) e; 350&3250,1667 w sh (unchelated CC). 1629 8 (chelated CC), 1587 cm-‘. 
Acetate (Mb) m.p. 234-236” (htXO m.p. 235-236”). Methyl ether(IHc) m p. 130-132” (ht.‘O m.p. 132-1337. 
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l-Hydroxy-3-methyl-2,6,7,8-tetramethoxy~t~~u~o~ @IId). IIIe was methylated with CHzNz m 
ether, peldmg JXId as yellow crystals (from EtOH), mp. 176-178”. Ak2H 220,280, 312,419 nm (6 resp. 
16,100,29,500,6900,5200)~ AEzH+NaoH 269, 309, 515 nm (6 msp. 26,000,7500, 4500). ed 1672 m (un- 
chelated CO), 1637 s (chelated CO), 1587,1493 cm-’ RMN (CD&, 7): 2 37 (s, H-5), 2 43 (broad s, H-4)- 
5 95-6 02 (4 OC&), 7 62 (s, CC&). 

8-Methoxy-3-methyZ-l,2,6,7-tetraacetoxyanthraquinone @Ig). Was obtamed from IIIe as yellow needles 
(from MeOH), m p. l&182’ e; 1795, 1692, 1600 cm-‘. RMN (CDCl,, T). 191 (broad s, H-4), 2 08 -.- 
(5, H-5), 6%) (s, OCP,), 7.58 (9, CC&). 7 62 (s, COC&). 7.66 (8, COC&) 

l-Acetoxy-3-methyC2,6,7,8-tetramethoxyanthraqumme (IIIh) Was obtamed from IIId as yellow needles 
(from MeOH), m.p. 159-161”. #JzgH 215, 250, 282, 348 mn (e resp 17,000, 7300, 27,300, 7500) c; 
1786, 1675, 1587, 1493 cm-’ 
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