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Abstract -Two novel pterocarpans, 8-hydroxy-3,9-dimethoxy- and 3,8dihydroxy-9-methoxypterocarpan and a new 
santal analogue were isolated from the heartwood of P. soyuuxii. These are accompanied by several known 
pterocarpans. isoflavans, isoflavones and [runs-pterostilbene. From the heartwood of P. marsupium were obtained 
8-C-/?-o-glucopyranosyl-3,7,4’-trihydroxy- and -3,7,3’,4’-tetrahydroxyflavone, representative of the first 5deoxy 
C-C-coupled flavonol glucosides, and the rare 3’C-fl-o-glucopyranosyl-cx-hydroxydihydrochaIcone, their structures 
being determined by means of high resolution NMR techniques. 

We have recently indicated the co-existence of a- 
hydroxydihydrochalcones, a-methyldeoxybenzoins and 
isoflavonoids in the heartwood of Pferocarpus angolensis 
DC. and also demonstrated the in uifro transformation of 
a-hydroxydihydrochalcones into a-methyldeoxybenzoins 
[I]. This prompted reinvestigation of the heartwoods of 
P. soyuuxii [2] and P. marsupium 13-73 in order to give 
credence to the presumed biogenetic relationship between 
these different classes of natural products. 

RESULTS AND DISCUSSION 

Successive extraction of the heartwood of P. soyauxii 
with n-hexane and methanol led to the isolation of 
( - )-homopterocarpin [8]. ( - )-vestitol’ [9], (+ )- 
mucronulatol* [IO], formononetin [I I], prunetin 
(I) [ 123, (runs-pterostilbene [l3], the rare (3R)- 
claussequinone* [9] and santal (3) [8]-the latter two 
being obtained from the title species for the first time. 
These compounds are accompanied by the novel 
(6aR.l laR)-8-hydroxy-3,9-dimethoxy- (7) and 
(6aR,ll aR)-3,8-dihydroxy-9-methoxypterocarpan (9) 
and the new santal analogue (5). 

The pterocarpanoid character of both (7) and (9) is 
apparent from their ‘H NMR spectra which revealed the 
characteristic chemical shifts and coupling patterns [e.g. 
65.45 (d,J = 6.8 HI H-l la),4.23 (dd,J = 4.9.11.0 Hz, H- 
6,,), 3.64 (dd, J = 10.5, 11.0 Hz, H-6,,), and 3.50 (ddd, J 
= 4.9, 6.8, 10.5 HI H-6a) for (7)] associated with the 
ABMX system of ring B. The aromatic substitution 
pattern was defined in each case by an ABX system (A- 
ring) and two high field singlets (D-ring) in the benzenoid 
region. While chemical shift differences between aromatic 
protons of the phenolic compounds 7 and 9 and their 

‘Absolute configurations were determinai by comparison of 
CD data with that of (3R)-7-O-methylvestitol obtained by 
hydrogenolysis of ( - bhomopterocarpin. 

acetates 8 and 10 allowed the allocation of methoxyl 
groups, definition of the 6aR,I 1aR absolute configur- 
ations [ 14-163 for both 7 and 9 follows from their CD 
curves which exhibit Cotton effects almost identical to 
that of (- )-homopterocarpin. 

The ’ H NMR spectrum of the diacetate (6) of the novel 
santal analogue (5) revealed a low field singlet (67.86). 
characteristic of the H-2 vinylic proton of isoflavones. 
Two mera-coupled doublets (66.78 and 6.63; A-ring) and 
an ABX system for the B-ring partially define the 
aromatic oxygenation pattern. Comparison of the chemi- 
cal shifts of the A-ring doublets with those of di-O- 
acetylprunetin (2) and tri-0-acetylsantal (4) indicated 
identical A-ring substitution in all three cases. The ABX 
pattern is compatible with four B-ring arrangements, i.e. 
two each for 3,4-and 2+disubstitution (e.g. 3-methoxy4 
acetoxy vs 3-acetoxy4methoxy). Long range decoupling 
of the methoxyl group at 63.88 led to sharpening of the m- 
doublet (67.14) of the ABX system only. This taken in 
conjunction with the absence of prominent loss of 
methoxyl radical, a typical MS fragmentation of 2’- 
methoxyisoflavones [ 123, strongly indicates structure 5 
for the isoflavone derivative. 

The methanol extract of the heartwood of 
P. marsupium gave in addition to frans-pterostilbene and 
the known 2’,4,4’-trihydroxychalcone/4,4’- 
dihydroxytlavanone pair (isoliquiritigenin/liquiritigenin) 
[3, 173 also the rare 3’-C-fi-D-glucopyranosyl-a- 
hydroxydihydrochalcone, coatline A (11) [ 183 which was 
characterized as full acetate (12) by comparison of 
300 MHz ‘HNMR data at 90” with that previously 
recorded [ 181. Spin-spin decoupling of the two-proton 
doublet at 6 7.16 (H-2,6; B-ring) led to selective sharpening 
of the non-equivalent methylene resonances (63.15 and 
2.97) thus defining the aglycone moiety unambiguously as 
an a-hydroxydihydrochalcone analogue. The chemical 
shift value and coupling constant of the anomeric proton 
(64.74, J = 10.0 Hz; ct [IS], 64.78, J = 10.0 Hz) taken in 
conjunction with J-values for the methine protons (J 
= 9.1-10.0 Hz)established theC,,H,,O, residueasaC,- 
coupled /?-D-tetra-O-acetylg1ucopyranosyl group. 
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1 R=OH R’=Me. R’=R’=H 

2 R = OAc. R’ = Me, R’ = H. R’ = AC 

3 R = R’ = OH. R’ = Me. R3 = H 

4 R = R’ = OAc, R’ = Me. R’ = AC 

5 R = OH, R’ = Me, R’ = OMe. R’ = H 

6 R = OAc, R’ = Me, R’ = OMe. R3 0 AC 

7 R = Me, R’ = OH 

8 R = Me. R’ = OAc 

9 R = H, R’ = OH 

10 R = AC. R’ = OAc 

Ro<oR 

0 

11 R=H 

12 R = AC 

R’O 

13 R = RI = R’ = H 

14 R = Me, R’ = H. R2 = AC 

15 R = R’ = H. R’ = OH 

16 R = Me, R’ = Ok. R’ = AC 

Despite the availability of a well-defined CD curve, the 
absolute configuration of the chiral a-carbon could not be 
determined by direct comparison with CD data of (aR)- 
a,Z’-dihydroxy-4,4’-dimethoxydihydrochalcone [I] due 
to complexity introduced by the chiral centres of the 
pyranosyl unit. Attempts aimed at its removal either failed 
(M HCI or B-glucosidase) or led to destruction 
(HI/phenol) of the dihydrochalcone moiety. 

The compound pterosupin, from the rootwood of 
P. marsupium, with the molecular formula (C2,H240,0) 
and an aromatic substitution pattern identical to 
that of coatline A (1 l), had been designated the /?- 
hydroxydihydrochalcone configuration by Adinarayana 

l Acetylation of the phenolic fraction lad to an inseparable 

mixture of the peraaztates of 13 and IS. The absence of methoxyl 

resonances in the 80 MHz ‘H NMR spectrum of this mixture 

excludes the possibility of 13 and 15 being present as partially 

0-methylated analogues. 

et al. [3] mainly by comparison of chemical shift values of 
the propanoid ABMX system with that of known a- and 
/?-hydroxydihydrochalcones but in dijierent solvent sys- 
tems. The literature reveals a high degree of confusion 
regarding differentiation between these closely related 
classes of natural products. In the absence of synthetic 
evidence, detection of long-range coupling between H-2/6 
(B-ring) and the adjacent methylene (a- 
hydroxydihydrochalcone) methine @- 
hydroxydihydrochalcone) protc%, provides a powerful 
and reliable method for distinction between the a- and /?- 
hydroxy analogues. This has been elegantly demonstrated 
by Beltrami et al. [ I83 in the case of coatline A (11) and its 
3-hydroxy analogue coatline B. 

The above-mentioned compounds in P. marsupiwn 
are accompanied by two novel 8-CI-D-gluco- 
pyranosylflavonols 13 and 15, representative of the first S- 
deoxy C-C-coupled flavonol glucosides. Due to the com- 
plexity of the phenolic mixture these were identified as 
methyl ether acetates 14 and 16*. 



Fbvonoid analogues from Pterocarpus species 533 

‘H NMR spectra (300 MHz) of 14 and 16 in CDCI, 
displayed extensive broadening of signals in the aromatic 
and heterocyclic regions both at 27” and 90”. At higher 
temperatures (180”) in DMSO-d, the spectrum of the 
methyl ether acetate (14) reflected two low field benzenoid 
o-coupled doublets representative of an AB (6 8.07) and 
AA’BB’ (6 8.10) system characteristic of the H-5 and H- 
2’,6’ resonances of flavonol-O-methyl ethers [19] thus 
typifying the compound as a C-8 substituted 3,7,4’- 
trimethoxytlavonol. Comparison of the heterocyclic re- 
gions revealed a strong resemblance of chemical shift 
values and coupling constants to that of coatline A which 
established the C14H1909 residue as a C,coupled B-D- 
tetra-0-acetylglucopyranosyl moiety and thus the 
structure of 14 as 8-(2”,3”,4”,6”-tetra-0-acetyl-C-B-D- 
glucopyranosyl)-3,7,4’-trimethoxyllavone. The C-C- 
coupling was exemplified by ’ H-’ ‘C heteronuclear corre- 
lation of the anomeric proton (a 5.43 at 27O) with a carbon 
doublet (670.7) in the region characteristic of C,- 
substituted glucosides [20]. 

The structure of the remaining methyl ether acetate (16) 
followed from that of 14, since 16 exhibited spectroscopic 
properties very similar to those for 14, except for changes 
due to the presence of an extra aromatic methoxyl group. 
Thus the ‘H NMR of 16 in DMSO-d, at 180” showed a 
typical ABX system for the B-ring protons which identi- 
fied 16 as 8-(2”,3”,4”,6”-tetra-O-acety1-Gb-D- 
glucopyranosyl)-3,7,3’,4’-tetramethoxyflavone. 

The high temperature required to induce free rotation 
of the pyranosyl- and B-ring originates from steric 
crowding of the C-2”-0-acetyl group with the heterocyclic 
oxygen and C-2, as well as between the C-3” and C-5” 
substituents and the B-ring. Since the latter interaction is 
increased by introduction of a C-3’ functionality, this 
presumably also explains the remaining low degree of 
line-broadening of the B-ring protons of the tetramethoxy- 
flavonol (16) even at 180’. 

Although we were not able to detect a- 
hydroxydihydrochalcones or a-methyldeoxybenzoins in 
the heartwood of P. soyauxii, the present identification of 
coatline A in P. marsupium, taken in conjunction with the 
presence [S] of the cx-methylhydrobenzoin, marsupol (17), 
in the same species is considered as additional evidence 
towards the tentative biogenetic relationship between the 
above-mentioned groups of natural products. 

EXPERIMENTAL 

Mps arc uncorr. ‘H NMR spectra were recorded at 300 MHz 
in CDC13 (19”) with the CHCI, signal (67.24)as reference, unless 
otherwise stated. Prep. TLC was carried out using 20 x 20 cm 
plates with 1.0 mm layers of silica gel. Zones weredetected by UV 
and eluted with MezCO. Prep. PC comprised of 46 x 57 cm 
Whatman No. 3 sheets (100 mg/sheet), which were developed in 
2% aq. HOAc. Bands were detected by UV and ammoniacal 

P. soyauxii were extracted 
with hexane (3 x 3 I., 24 hr each) followed by McOH (6 x 3 I., 
48 hr each) producing on evaporation of the solvents a brown 
oil (37g) and a dark brown resin (1808) respectively. The 
hexane extract (37 g) was fractionated by CC [C6H,-Me,CO 
(95:5)] to yield eleven fractions, while similar treatment 
[C6H6-Me2CtSMeOH (14:5:1)] of the MeOH extract 
(25 g) led to eight fractions. Fractions 4 (RR, 73 hr, 3.04 g) 

and 5 (RR, 81 hr, 1.86~) of the MeOH extract were further 
fractionated by CC [both C6H,-Me&O (9:1)] to yield sub 
fractions 4.1-4.6 and 5.1-5.6 respectively, while subfraction 5.3 
(RR, 21 hr. 680 mg) was subjected to another fractionation by CC 
[hexantCHCI,-MeOH (10:9: l)] leading to five more subfrac- 
tions (5.3.1-5.3.5). 

(6aR.11 aR) - 3.9 - Dimethoxypterocarpun[ ( - )- honwpterocar - 
pin]. Crystallization of fraction 4 (RR, 74 hr. 11.85 g) of the 
hexane extract from EtOH yielded (-)-homopterocarpin as 
white needles (7.34 g), mp 86” (lit. [S] 8S”); [a]g - 205” (CHCI,, 
c0.0210g/ml),lit.[8] [a]~“-207”(CHCI,kCD:[B]z,,0,[~]z,z 
- 5llcQ C&3 0, [%,+21010, Cel,oo 0, (M&H, c 
0.0650mg/mlk’HNMR:63.53 (lH,ddd,Jhh -4.8 WJhll. 
= 6.8 Hz, JbQx = ll.OHx, H&I), 3.63 (lH, dd, J,,,, 
= 10.3 HZ JcQx = 11.0 e H&x), 3.77 (3H, s, OMe). 3.79 
(3H, s, OMe). 4.25 (lH, dd, J6aI.b = 4.8 Hz, J6+,_ = 10.3 Hz, 
H&q), 5.51 (lH, d, Jllrk = 6.8 Hz, H-lla), 6.43 (IH. d, J,0.8 
= 2.5 HG H-lo), 6.46 (lH, dd. J8.,0 = 2.5 HS J,.s = 8.8 Hz, H- 
8), 6.46 (IH, d, J4,1 = 2.5 Hz, H-4), 6.64 (lH, dd, Jz,. = 2.5 H& 
J 2,, = 8.5 Hq H-2), 7.13 (lH, d, J,,8 = 8.8 m H-7). 7.42 (IH, d, 
J ,.2 = 8.5 Hz, H-l), MS m/z (rel int): 284 [Ml’ (100). 

(6aR,l laR)-8-Hydroxy-3.9~dimethoxypterocarpan (7). Suc- 
cessive prep. TLC purification [cyclohexane-MezCO (7:3), x 2, 
R, 0.38; hexane-1,2_dichloroethantMe,CO (50:48:2), R, 0.39 
and hexantMe,CO (7:3) x 23 of fraction 8 (RR, 125 hr, 
280 mg) of the hexane extract yielded the pterocarpan (7) (R, 

0.50) as brown needles (76 mg) from EtOH, mp 129” (found: C, 
67.RH.5.2. C,,H1601 requires:C,67.9;H,5.3%);CD:[e]z0, 0, 

co] 2x0 -50000, ce]170 0. ce]290 12000. cei3zo 0 (M&H, c 
0.0596 mg/mlk ‘HNMR:63.50(1H,ddd, Jkkq = 4.9 H&J%,,, 
= 6.8 HS JQQx = 10.5 Hz, H-6a), 3.64 (lH, dd, J601,6.q 
= 11.0 Hz, JbQx = 10.5 m Hdax), 3.78 (3H, s. OMe), 3.83 
(3H. s, OMe), 4.23 (LH, dd, J&,+, = 4.9 Hz, J6.q.6_ = 11.0 Ht. 
H-6eq). 5.24 (IH, br s, S-OH), 5.45 (IH, ii, Jb,,,. = 6.8 H& H- 
lla),6.45(lH,d,J,~, =2.3H~H4),6.46(1H,s,H-lO),6.62(1H, 
dd, J 2,4 = 2.3 H&J ,.2 = 8.5HsH-2),6.82(1H,s.H-7),7.39(lH, 
4 J1.z = 8.5 Hz, H-IX MS m/z (rel. int.): 300 [Ml’ (100). 

(6aR.l laR)-8-Acetoxy-3,9-dimerhoxypterocurpan (8). 
Acetylation of pterocarpan (7) yielded the monoacetate (8) as an 
amorphous brown solid; ‘H NMR: 62.33 (3H, s, OAc), 3.55 (lH, 
ddd, JNkq = 4.9 Hz. J4,,. = 6.8 Hz. J%,, = 10.5 HI H&), 
3.69 (1H. dd, Jk, = IO.5 Hz, J6p1.6ep = 11.0 HZ H&x), 3.79 
(3H, s, OMe), 3.81 (3H, s, OMe), 4.26 (lH, dd, Jbrq.& = 4.9 Hz, 
J LIp.6ru = 11.0 m H-6eq), 5.52 (IH, d, Jh,,. = 6.8 Hz, H-lla), 
6.49 (lH, d, Jz,l = 2.3 HI, H-4). 6.56 (lH,s, H-lo), 6.66 (IH, dd, 
J z.. = 2.3 Hz J,.l = 8.5 Hz, H-2), 6.95 (lH, s, H-7), 7.42 (1H. s, 
J ,,z = 8.5 Hq H-l). 

trans-Prerostilbene. The stilbene was obtained as needles 
(3Omg) by crystallization (petrol) of fraction 11 (RR, 175 hr, 
80 mg) of the hexane extract, mp 82” (lit. [13] 85-86”). 

5,4’-Diacetoxy-7.3’~dimethoxyisojfauone (6). Acetylation and 
crystallization of subfraction 4.3 (RR, 58 hr. 90 mg) from EtOH 
yielded the isotlavone as colourless needles (34 mg), mp 179” 
(found: C, 63.3; H, 4.5. Cz1H1,,08 requires: C, 63.3; H. 4.6%); 
‘HNMR: 62.36 (3H. s, OAc), 2.45 (3H, s, OAc), 3.88 (3H, s, 
OMe), 3.93 (3H, s, OMe), 6.63 (IH, d, J6,* = 2.4 HZ H-8). 6.78 
(1H. d. 56.8 = 2.4 Hz, H-6), 6.98 (lH, dd, J2.,6. = 1.9 HZ J, ,6. 
= 8.3 w H-6’). 7.07 (lH, d. J,.,,. = 8.3 Hr H-5’). 7.14 (lH, d, 
Ja.,, = 1.9 Hz, H-2’). 7.86 (lH, s, H-2); MS m/z (rel. int.): 398 
[Ml’ (100),356[M-CH,CO]+ (26),340(11),324(11),312(35), 
303(13),301(12),299(18),298[M-CH,CO-OAc+H]+ (100). 
256(22),209[M-19O+H]+ (1.7),19O[M-208]+(0.7),151[B 
- 148 + H] + (8.9). 148 [B - 15-O]+ (4.5). 

5,4’-Diacetoxy-7-methoxyisojfavone (5,4’-di-0-acetylpruetin) 
(2). Crystallization of subfraction 4.4 (RR, 68 hr. 70 mg) from 
C6H6 followed by aatylation and recrystallization from MeOH 
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x OMe), 4.tXJ-4.09 (lH, m, H-S”), 4.14-4.23 (2H, m, 6”-CH,), 

5.14 (lH, dd, 53...4.. = 9.5 Hz, Jh...I- = 9.5 m H-t”), 5.36 (IH, 

dd, J1...s.. = 9.5 Hz, J3..,... = 9.5 Hz, H-3”). 5.38 (lH, d, J,..,2.. 

= lO.OHq H-l”), 5.80 (1H. dd, J2...s.. = 9.5 Hz_ J,...I.. 

= 10.0 Hz, H-2”). 7.21 (lH, d, J,,6 = 8.9 Hq H-6), 7.22 (lH, d, 

Js..6. = 8.9 H& H-S’), 7.74 (IH, d, J2..6. = 2.1 & H-2’), 7.75 

(lH, dd, J,.,,, = 2.1 Hs Js..6. = 8.9 m H-6’), 8.11 (lH, d, J1,6 

= 8.9 Hx, H-5); MS m/z (rel. int.): 672 [M]’ (100). 

4,4’-Dihydroxyjlavone (liquiritigenin). Prep. TLC 
[cyclohcxancMe,CO (6: 4)] of a portion (100 mg) of fraction 5 

(R, 0.29) yielded liquiritigenin (R, 0.33) as white needles (21 mg) 
from EtOH, mp 200” (lit. 1223 207’). 

2’,4,4’-Trihydroxychalcone (isohquiritigenin). The cbakone 

(R, 0.65) was isolated by prep. TLC [C6H,-McrCGMeOH 

(70:2S : S)] from a portion (300 mg) of fraction 8 (R, 0.00) and 
yielded yellow needles (11 mg) from aq. EtOH, mp 1%” (lit. [ 173 

200”). 

tram-Pterostilhcac (130 mg), identical to that obtained from 

P. soyauxii, was isolated from a portion (300 mg) of fraction 8 

(R, 0.00) by prep. TLC [C6H,-MerCGMeGH (70:25:5), 
R, 0.831. 
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