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Abstract-The wood of Dalbergia spruceanu contains, besides 0-acetyloleanolic acid, elemicin and 3,4,%rimethoxy- 
cinnamaldehyde; the neoflavonoids (S)-4-methoxydalbergione and dalbergin; the isoflavones biochanin-A, formo- 
nonetin, pseudobaptigenin and caviunin; and the pterocarpans (+)-medicarpin, (+)-maackiain, as well as the 3,4- 
dihydroxy-, 3-hydroxy-4-methoxy- and 4-hydroxy-3-methoxy-derivatives of (6aR,llaR)-8,9-methylenedioxyptero- 
carpan. The constitutions of the three last named compounds were deduced by spectra and confirmed by synthesis of 
(+)-4-hydroxy-3-methoxy-8,9-methylenedioxypteroca~an. 

INTRODUCTION 

Dalbergia spruceana Benth., resembling the true 
jacarandii timber tree D. nigra (Vell.) Fr. Allem., occurs 
in the ‘terra firme upland forests of the Amazonas and 
Para States, Brasil. Benzene extraction of its softwood 
yielded sitosterol, 0-acetyloleanolic acid [Z], benzoic 
acid, elemicin and 3,4,5-trimethoxycinnamaldehyde, 
besides the neoflavonoids (S)-4-methoxydalbergione [3] 
and dalbergin [4], the isoflavones biochanin-A [5], 
caviunin [6] and formononetin [l], and five ptero- 
carpans, (f)-medicarpin [7], ( f)-maackiain [8], as 
well as the 3,4-dihydroxy- (la), 3-hydroxy-4-methoxy- 
(lb) [9] and 4-hydroxy-3-methoxy- (lc) derivatives 
of (-)-8,9-methylenedioxypterocarpan. Benzene extrac- 
tion of the heartwood yielded again benzoic acid and 
(S)-4-methoxydalbergione, this time accompanied by 

* Part 5 in the series ‘Isoflavonoid Constituents of Dalbergia 
and Mwhaerium Species’. For Part 4 see ref. [ 11. 

the isoflavone pseudobaptigenin [lo] and the ptero- 
carpans (+)-maackiain, (-)-la and (-)-lc. 

RESULTS AND DISCUSSION 

PMR and MS data indicated that both novel com- 
pounds, C,5Hs0,(OH)20,CH, (la) and C,,H,O,.OH. 
OMe.O,CH, (lc) are pterocarpans. Their methyl ethers 
are identical with the methyl ether of (-)-3-hydroxy-4- 
methoxy-8,9-methylenedioxypterocarpan, i.e. Id [9], 
and this established their constitutions as (-)-3,4- 
dihydroxy-8,9-methylenedioxypterocarpan (la) and (-)- 
4 - hydroxy - 3 - methoxy - 8,9 - methylenedioxypterocarpan 

(lc). 
The synthesis of racemic lc, undertaken in order to 

confirm these structural assignments, used a method 
which has previously been applied to the synthesis 
of other pterocarpan derivatives [l I, 121. The chalcone 
2a, synthesised by the condensation of 6-benzyloxy- 
piperonal with 2,3_dibenzyloxy-4-methoxyacetophenone, 

Table 1. Pterocarpans of Dalbergia and Machaerium species 

Compound 
Substituent at position Plant 

2 3 4 6 8 9 10 Source* 

(+)-Mucronucarpan OH OMe - - OMe OH Mmu 
(+ )-Homopterocarpin - OMe - - OMe - Mve, Mvi 

(+ )-Medicarpin OH - - OMe - Dde, Dri, Dva, Mku, Mni, Mve 

(+ )-Vesticarpan OH - OMe OH Mve 
(+ )-Variabilin - OMe - OH - OMe - Dva 
(+)-Medicarpin OH - - OMe - Dee, Dde, Dec. Dsp, Dst, Dva 

(+)-Maackiain OH - OCH, 0 
(-)-Medicarpin 1 OH - - - 

- Dsp, Dst 
OMe - Dst 

(-)-Maackiain OH - - OCH, 0 - Dst 

(-tla OH OH - OCH, 0 - Dsp 
OH OMe - OCH, 0 - Dsp 
OMe OH - OCH, 0 - DSP 

* Dee D. cearensis Ducke [ 161; Dde D. dectpukris Rizz. et Matt. [lfl ; Dee D. ecastophgllum (L.) Taub. [7]; Dri D. riparia (Mart.) 
Benth. [ 181; Dsp D. sprucceana Benth.; Dst D. steuensonii Stand1 [S]; Dva D. uariabilis Vog. [l] : Mac M. acutifolium Vog. [ 191; 
Mku M. kuhlmannii Hoehne [20]; Mmu M. mucromdatum (Mart.) Benth. [21]; Mni M. nictitans (Vell.) Benth. [20]: Mve M. uestitum 
Vog. [22]; Mvi M. villosumVog. [21]. 
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la R’ = R* = H 
lb R’ = H, R2 = Me 
lc R’ = Me, R2 = H 
Id R’ = R’ = OMe 

2a R = CH,Ph 
2b R = Me 

3a R’ = R* = CH,Ph 
3b R’ = H, R’ = Me 
3c R’ = CH,Ph, R2 = Me 

was converted into its epoxide, which was rearranged 
with simultaneous monodebenzylation to the isoflavone 
3a. This was debenzylated and reduced to a 2’-hydroxy- 
isoflavanol which cyclised to a racemic pterocarpan, 
identical (IR, MS, TLC) with natural (-)-lc. An 
alternative synthesis of lc was attempted which required 
selective demethylation of 3b. Although this reaction 
had been accomplished for other 2’-methoxyisoflavones 
[ 131, it failed in the present case. 

The ORD curves of the three (-)-pterocarpans 
la, lb, lc from D. spruceana are characterised by similar 
multiple Cotton effects in the 256350 nm region, and 
are approximately the mirror images of the curves 
shown by the (+)-pterocarpans isolated from other 
Dalbergia and Machuerium species (Table 1). For ( +)- 
homopterocarpin we established the 6aS, 11 aS-configura- 
tion in connection with an ORD study of isoflavans [ 141, 
and since all pterocarpans listed in Table 1 have approxi- 
mately the same value for JH_6a H_lla and should adopt 
analogous conformations of thdir &-fused rings B and 
C [15], all (+ )-pterocarpans must possess the same 
6uS, 1 laS-configuration. The 6uR,l luR-configuration 
can thus be assigned to the (-)-pterocarpans of D. 
spruceunu. 

EXPERIMENTAL 

Unless otherwIse stated spectra were measured m EtOH (UV), 
CHCI, (IR), CDCI, (60MHz PMR) and MeOH (ORD). All 
evapns of volatile material were performed under dimimshed 
pressure. 

Isolation of the constituents of D. spruceana. A specimen 
was collected near Manaus, AM, Brasil and ldentlfied by the 
botanist Apparicio Pereira Duarte. Ground sapwood (10 4 kg) 
was extracted with hot C,H,. The extract (5Og) was chromato- 
graphed on Si gel to the following products (eluant, method of 
purification and quantity indicated): fatty material (C,H,, 3.6 g), 
sitosterol (C,H,, tryst. from petrol, 170mg), elemicm (C,H,, 
rechromatography, 500 mgl (S)-4-methoxydalbergione (C,H,, 
C,H,-CHCl, (9.1) tryst. from C,H,, 200 mg), benzoic acid 
(C,H,-CHCl, (4:l) tryst. from MeOH, 2 mg), a mixture 

[C,H,-CHCl, (1: 1) rechromatography to benzotc acid (4 mg) 
and (-)-lb (20 mg)], a mixture [C,H,--CHCI, (I : 1) fract. tryst. 
from MeOH to 0-acetyloleanolic acid (174 g), (k)-maackiain 
(274 mg) and (-)-1~ (30 mg)], a mixture [C,H,.-CHCl, (I : 1) 
fract. tryst. from MeOH to biochanin A (110 mg) and (+)- 
medicarpin (70 mg). rechromatography of the residual material 
to 3,4,5-trimethoxycmnamaldehyde (14 mg). dalbergin (2 mg) 
and (+)-medicarpin (45 me)], (-)-la (C6H,-CHCl, (1 :I and 
2: 3) rechromatography. 40 mg), a mixture [C,H, CHCI, (2: 3) 
fract. tryst. from MeOH to caviunm (105 mg) and (-)-lc 
(55 mg)], caviunin (C,H,-CHCI, (2:3) CHCl,. tryst. from 
MeOH, 5OOmg), formononetin (CHCl,, tryst. from MeOH, 
30 mg). Ground heartwood (1.9 kg) was extracted with hot 
C,H,. The cone C,H, soln was first washed with aq. NaHCO,. 
The aq. soln was acidified and extracted with CHCl,. Evapn of 
the CHCl, gave benzoic acid. The cone C,H, soln was next 
treated with Et,0 The ppt. was chromatographed on acid- 
washed AIZO, to (S)-4-methoxydalberglone. C -)-1~ (+t 
maackiain, pseudobaptigenm and (-)-la. Ground bark (7.1 kg) 
was extracted with hot C,H,. The extract (29 g) gave a large 
amount of fatty material and a small quantity of caviunin. 

Identzjicatlons Sitosterol, 0-acetyloleanolic acid [2]. (S-4- 
methoxydalbergione [3], dalbergm [4], (i)-medicarpin [7], 
(k)-maackiains[8], biochanin-A [5], caviunin [6]. formononetm 
Ll]. pseudobaptigenm [lo], were identified by direct comparison 
with authentic samples of natural products. Benzoic acid, 
elemicin and 3.4,5-tnmethoxycinnamaldehyde were identified 
by direct comparison with synthetic samples. 3.4.5-Trime- 
thoxycinnamaldehyde. yellow needles. mp 109-l 11 i (CHCl,X 
was prepared in 2 steps: (1) LiAIH, reduction of the correspond- 
ing acid; (2) active MnO, oxidation of the intermediate alcohol. 

(- )-3.4-Dikydroxy-8,9-methylenrdio.~~ptero~ur~on (la, a-6aH, 
s(- I 1 aH). Mp 85-87” and 186-l 87. (aq. MeOH), [a]? - 233” 
(MeOH). [Found: C. 61.27: H. 4.87. C16H120,. MeOH 
requires. C. 61.45; H, 4.82x] ~,,,(cm-I): 3500, 1635, 1610, 
1500. i mdx (nm): 235, 312 (i: 8409 6250). MS (m/e)’ 300 (100%) 
M, 163 (7), 175 (4), 162 (36), 150 (10). 877 (metastable 
ion for 300 + 162). ORD (c 0.0036): [4],,, + 6900, 

lIdJIm - 10200, [4],,, - 22500, [O],,, - 12930. Positive 
FeCl,-reaction on TLC. Diacetate, needles, mp 142-145 
(MeOH). PMR (Ca,, T): 2.65 (d, J=9 HZ H-1). 3.20 (d, J= 
9 Hz, H-2). 3.37 (s, H-7), 3 67 (s, H-10). 4.13 (s, O,CH,), 7.77 
(SI 2 OAc), 5.6-6.6 (m, 2 H-6, H-6a). 4.5 (d. J = 7 H7, H-lla). 
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Dimethyl ether (lf, a-6aH, a-llaH), rhombs, mp 218-220 
(C&H,-petrol) (lit. [7] mp 245-247”), [z];” - 134” (CHCl,). 

strong Feel,-reaction, was presumed to be the intermediate 
~-hydroxyisoflavonol, since on brief treatment with warm 

MS (m/e): 328 (100%) M, 191 (2), 175 (6), 162 (14), 178 (6). dil. HCl further lc was formed. 

(lb, a-6aH. z-1 laWI. Needles, rnD 156-159” (MeOH) (lit. r71 
m&159-161”). v,, (cm-l): 35&l, i630 sh, 1615,150O. &,sx(nm$ 
229. 283. 312 Is 10050.2800. 74001. PMR IT): 2.85 (d. J = 9 HZ 
H-i), 3.j3 (d, j = 9 Hz, H-2), 3.2j (S, H-j);3.55 (s; H-10), 4.lj 
(s, OH-3), 4.10 (s, O,CH,), 5.93 (s, OMe-4), 4.50 (d, J = 7 III, 
H-l la), 5.6-6.6 (m, 2 H-6, H-6a). MS (m/e): 314 (100%) M, 177 
(3), 175 (8), 162 (32), 164 (lo), 83.6 (metastable ion for 314 -+ 162). 

Synthesis of 8~ydroxy-7,~~j~~~xy-~,5’-methyle~dioxy- 
isoflauone. (a) Preparation of 2’,3’-dibenzvloxv-2.4’-dimethoxv-4. 
5&ethyfen&oxychalcone (2b). 6-Methdxypiperonal (1 g) c23] 
and 2, 3-dibenzyloxyacetophenone (2g) as in (c) above, gave 
2b (2.8g), yellow clusters, mp 91-92” (EtOH). [Found: C, 
73.20; H, 5.45. C,,H,,O, requires: C, 73.40; H, 5.34x]. 
v_(cm-I): 1640. A,_ (nm): 245, 314, 398 (E 10300, 9050, 
15 600). (b) P~ep~~urion of ~,~-d~be~zy~oxy-2,4‘-d~me~hoxy-4,5- 
me~hyZenedioxycha~co~e epoxide. The chalcone 2b (3 g), treated 
with H,O, as in (d) above, gave the epoxide (1.68), needles, 
mp 111-113” (CHCl,-EtOH). [Found: C, 71.01: H, 5.34. 
C,,H,,O, requires: C, 71.10; H, 5.17x]. Y,, (cm-‘): 1660. 
d_ (mu): 233, 295, 293 (E 18300, 10700, 6300). PMR (7): 

5.65 (s, COCHCHAr). (c) Preparation of 8-hydroxy-7,2’- 
d~me~hoxy~,S’-me~hyfe~ed~ox~so~uo~ (3b). The epoxide (1 g) 
was treated with BF,-Et,0 as in (d) above. The C6H,-Et,0 
soln gave 3c (ca 10 mg). PMR (7): 2.09 (s, H-2). Evapn of the 
AcOEt soln and sublindation of the residue gave 3b, needles, 
mp 233-234”. v,, (cm -I): 3560, 1640, 1620, 1600, 1570, 1015, 
940. A,,, (nm): 221, 262, 304 (E 18800, 24000, 10900). Acetate, 
needles, mp 226-228” (&OH). [Found: C, 62.83; H, 4.29. 
C,,H,,O, requires: C, 62.50; H, 4.17x]. PMR (2): 2.12 (s, 
H-2). 

- 17610, [4],,, - 14180, [4],,, - 8350. 
(-)-4- Hydroxy-3-methoxy- 8,9-methylenedioxypterocarpan 

(le, a-6aH. a-1 1aH). Needles (MeOH), rhombs, mp 172-174” 
(petrol), [a]F’ -300” (MeOH). [Found: C, 63.01; H, 4.46; 
OMe, 13.77. C,,H,,O,. 1/2MeOH requires: C, 63.60; H, 
4.25; OMe, 14.10x]. v,, (cm-‘): 3500, 1640, 1600 sh, i500. 
d_ (nm): 236, 312 (s 7500, 4950). PMR (T): 2.93 (d, J = 9 Hz, 
H-l), 3.33 (d, J = ~-HZ, H-2), 3.25 (s, H-7), 3.55 (s, H-IO), 4.09 
(s, O,CH,), 4.51 (s, OH-4), 6.09 (s, OMe-3), 4.50 (d, J = 7 Hz, 
H-l la), 5.6-6.6 (m, 2 H-6, H-6a). MS (m/e): 314 (100%) M, 177 
f&175 1”U;2 r’$, 164 (5). GRD (e 0.0055): [+13+s - 1950, 

32* - 16340, c41,,, - 34OOQ c$l2s4 - 
22 280. Posit& Fe&&action on TLC. 

Synthesis of (i)-4-hydroxy-3-methoxy-8,9+nethylenedioxp 
pberocarpan (1~). (a) Preparation of 6-benzyloxypiperonal. 6- 
Hydroxypiperonal [23] (4.5 g), K,CO, (25 g), PhCH,C1(8 ml) 
and Me,CO (SO ml) were heated under reflux (24 hr). The 
usual work up led to the benzyl derivative (3.5g), needles, 
mp 97-98” (EtOH). [Found: C, 70.15; H, 4.62. CISHIIO, 
requires: C, 70.04; H, 4.69 “/ol. (b} Pre~ra~~o~ of 2,3-d~be~zy~oxy- 
4 - methoxyacetopheno~. 2,3 - Dihydroxy - 4 - methoxyaceto- 
phenone (1 g) was benzylated analogously to the dibeuzyl 
derivatives (1.1 g), rhombs. mp 40-41” (MeOH). [Found* C, 
76.07; H, 6.08. C,,H,,O, requires: C, 76.20; H, 6.07x]. (c) 
Preparation of 2,2’,3’-tribenzyloxy-4’-methoxy-4,5-methylene- 
dioxychalcone (2). To the aldehyde (1 g) and acetophenone 
(1.5 g) (see preparations a and b) in warm EtOH (10 ml) 60% 
aq. NaOH soln (25 ml) was added with stirring. Stirring was 
continued (1 hr). The ppt. was collected, washed with H,O, 
dil. HCl, H-0 and cry& to 2 (1.9 g), yellow rhombs, mp 141-142 
(EtOH). [Found: c 76.40: H,-5.58. C3sHz207 requires: C, 
76.10: H. 5.33% (d1 Preparation of 8.2’-dibenzvloxv-7- 
methoxy>‘,S-me@en%oxyisoflaoone $a). The chalcone” f 
(4 g) in Me,CO (240 ml) and MeOH (80 ml) was treated with 
30% H,O, (3 ml) and 8% aq. NaOH (3 ml). The mixture was 
shaken, brought to boiling twice during I hr, kept at room 
temp. (2 hr), further treated with 30% I&O2 (1.5 iI) and 8% 
aq. NaOH (1.5 ml) and kept ca 18 hr. H,O (200 ml) was then 
added, the Me&O and MeOH evapd and the mixture extracted 
with CHCl,. Evapn. of the CHCl, gave the chalcone epoxide 
(4 a) as a oale vellow 011. This was dissolved in drv C,H, (30 ml) 
&z treated with BF,-Et,0 (4 ml) dropwise and w;h %&ring. 
After 20 min Et,0 (100 ml) was added and the soln washed with 
H,O and extracted with 5% aq. NaOH. T&e basic soln was 
acidified and extracted with AcOEt. Evapn. of the AcOEt gave 
the monobenzyl isoflavone (400 mg). vmnax (cm-‘): 3500, 1640, 
1610, 1570, 1500. PMR (T): 2.06 (s, H-2). Evapn of the C,H< 
Et,0 soln and purification of the residue by chromatography 
gave the dibenzyl lsoflavone (3a, 500 mg). v,, (cm-‘): 1640. 
1630, 1600, 1500, 1480. (e) Preparation of (f)-4-hydroxy-3- 
me~hoxy-8,9-methyle~edioxyp~ero~arpan (1~). Hydrogenation of 
3a (500 mg) in AcOEt (10 ml) over 10% Pd/C (50 mg) gave a 
product which was dissolved in MeOH, treated with NaBH, 
(SO ml) in H,O (5 ml), kept ca 18 hr, then treated with a few 
drops of HCl and extracted with Et,O. Evapn of the Et,0 and 
Te (Si gel, CHCI,) of the residue gave t&o compouhds: Ic 
(15 mg), needles, mp 213-215” (EtOH); rhombs, mp 191-193” 
(C,H,-petrol), identical (IR, MS, TLC) with the natural product. 
Acetate, mp 195-196” (EtOH-H,O). The second compd, 
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