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Abstract-Several unusual condensed flavanolds and an affluence of famlhar pyrano [3,2-c] [Z] benLopyran-6-(2H)- 
ones are accompamed m the heartwood of Peltophorum afrvzanum Sond. by a novel6,12-metano-6H,12H-dtbenzo [b, 
fJ [l, 53 dioxocm related to cyanomaclurm 

INTRODUCTION 

Peltophorum ufruxnum represents the only spectes of thts 
genus wtth a widespread dtstrtbutton m Southern Africa 
[l]. Commonly known as Weeping wattle or Afrtcan- 
wattle tt 1s valued by several local trtbes for tts gum whtch 
although poisonous, ts reputed to possess remedtal prop- 
erties [ 1, 23 Its red heartwood divulged a metabolic pool 
composed of divergent compound types comprismg sev- 
eral unusual monomertc as well as condensed flavanotds, 
pyrano [3,2-c] [2]-benzopyran-6-(2H)-ones and dtbenzo 
[b, d]pyrones* of heterodtmertc nature, stmtlar to those 
from Umt~za llsterana [3] 

RESULTS AND DISCUSSION 

[2R-(2~,3~,4a,lOb~)]-3,4,4a,lOb-Tetrahydro-3,4,8,10- 
tetrahydroxy-2-(hydroxymethy)-9-methoxypyrano-[3, 2- 
c] [2] benzopyran-6(2H)-one (bergenm) [4] occurs at 
exceptionally htgh concentratton (34% of total phenohc 
content) and was isolated from the heartwood together 
with tts 11-0-galloyl ester [S] as the 0-acetyl dertvattves 
followmg acetylatton. Coextstmg flavanoids include 
(4x, 6)-bts-( -)-fisetimdol and tts (4fl,6)-isomer wtth a nat- 
ural dtstrtbutton hitherto confined to Colnphospermum 
mopane [6, 71, the 2,3-trans-3,4-cts: 2’,3’-tram-3’,4’, CB- 

and 2,3-trans-3,4-trans. 2’,3’-truns-3’,4’-cts-[3,4’ 3’,4]-O,O- 
linked-bis-(3,4,7_trthydroxyflavans) isolated prevtously 
only from Acacta mearnszl [S, 91, (-)-fisetmidol and 
fisetm. These are accompamed by a patr of unknown 4- 
arylflavan-3-ols,? a related 6-lactonet and the cyan- 
omaclurm analogue (6R. 12R: 13S)-12,13-US-6,13-CIS- 

*Although the dlbenzo [h, d] pyrones could be typltied by 
comparattve NMR, confirmation regardmg the substltutlon 
patterns was precluded by the lack of sufficient materm-these 

are consequently not presently dlscussed 

iDetaIl? to be mcluded m an lmpendmg pubhcatton 

* Detads to be mcluded m an lmpendmg pubhcatmn 

2,3,9,13-tetrahydroxy-6,12-metano-6H,l ZH-dtbenzo[b, f ] 
[l, 51 dioxocm (I). Compound 1 represents the first 
natural 6,12-metano-6H,12H-dtbenzo[b, fl [l, 51 dt- 
oxocin dtsplaying 1,2,4-oxygenatton of the B-ring, the 
stgmficance of which 1s augmented by the previous re- 
strtctton of the natural occurrence of thts class of com- 
pounds to a smgle example, cyanomaclurm (2) [lO_121 
Acetylatton affords the tetraacetate (3, [MI’ m/z 456). 
Thts gives rise to a ‘H NMR spectrum m whtch the A- 
rmg protons resonate as an ABX-system typtcally com- 
patible wtth resorcmol-type rings, but are accompanied 
by two smglets (fi6 68, 7 16, H-4, 1. respecttvely) as 
opposed to the AB-system (66 54. 6 59, J,,, 2 3 Hz, H-2, 
4) dtsplayed by the B-ring protons of an authentic 
cyanomaclurm tetraacetate sample (4). In correspon- 
dence to the latter however, both H-6 and H-12 are 
manifested by a doublet-of-doublets (65 32, 5 49, J = 2 0, 
3.0 Hz x 2, H-6, 12, respecttvely), the smaller couplmg 
originating from a pronounced W-effect [13] resultmg 
from the rtgtd half-chair conformattons adopted by both 
the C- and D-rings As anttctpated H-13 occurs as a 
doublet-of-doublets (65 42, J = 3 0, 3 0 Hz) while 
‘H NMR (singlets, 62.02. 2 19, 2 20. 2 22) as well as mass 
spectrometry [m/z 456 [M] ’ -60 m/z 396 -42 ( x 3) m/z 
2701 are consistent with the p=ce of a single ahphattc 
and three aromatic acetoxy groups Ambtgutty regarding 
the relative postttons of rings A and B IS eliminated by 
‘H NOE difference spectroscopy mdlcatmg assoclatlon 
of H-12 wxth the low-field smglet (67 16, H-l, 44%) and 
H-6 wtth the doublet (67 34, .I = 8 5 Hz, H-7, 1 8%) CD 
of the acetate (3) exhtbtts Cotton effects stmtlar to those of 
the cyanomaclurm dertvattve (4) thus mdtcatmg the same 
(6R, 12R)-configuratton at the benzyhc choral centres 
Thts crs-Juncture between rings C and D 1s also evtdent 
from ‘H NMR couphng constants (Jb , 1 = 3 0 Hz and 
J ,2,13 = 3.0 Hz) and Dretdmg models [14] Although the 
lack of evidence precludes unambtguous assignment of 
the chtrahty at C-13, conclustons resultmg from a struc- 
tural mvesttgatton of the cyanomaclurms [ 111 [S(H- 
12)S(H-6)<0.15 for (6R.12R.13S) and 6 (H-12) (H- 
6) > 0 43 for (6R- 12R 13R)] tentatively mdtcate a 13S- 
configuratton [S(H-12)jH6) = 0 171 and hence an ab- 
solute configuration of (6R 12R 13’S) fat (3) 
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1 R’ = R’ = OH, R” = H 

2 R’= R3= OH, R2= H 

3 R’= R’= OAc, RJ= H 

4 R’ = R’ = OAc, R=- = H 

EXPERIMENTAL 

Unless otherwise stated sepns were carned out by prep. TLC 
on Kreselgel PF,,, (1 mm x 20 x 20 cm) or CC utrhzing Sep- 

hadex LH-20 with EtOH as eluant Known compounds were 

identified by comparrson of published physical data (mp, [a&,, 

CD, MS and ‘H NMR). Heartwood dnlhngs (2.78 kg) from P 

ujircanum Sond were consecutrvely extd wtth EtOAc (3 x 12 1), 

Me&O (5 x 12 1) and MeOH (4 x 12 1) at room temp to yield 

crude material (28.2, 98.9 and 104.9 g, respecttvely) Bergenm 

(2 95 g) was crystallized (EtOH) from the EtOAc-extract follow- 

mg purdicatton by CC (EtOH-MeOH gradtent elutron) and was 

characterized as Its penta-0-acetyl dertvatrve [lS]. Sup- 

plementary extns by Soxhlet (EtOAc) ofcomposttes (1.1) of both 

the Me&O- and MeOH-exts with purtfied sand were respect- 

tvely succeeded by Craig countercurrent procedures (20 tubes, 

H,O-hexane-butan-2-01, 5 2 3) to yield m total five fractrons, 

A-D (from MeOH-extract) and E (from Me,CO-extract) Sec- 

ondary fracttonatron of A (3.4g) by CC produced five sub- 

fractions (Al-A5 in order of mcreasmg R,) while fractions B-E 

were refined by the same method (CC). 
TLC (C,H,-Me,CO, 6 4, x 3) of fraction A3 (110 mg) gave 

two components (R, 0 11 and 0.39) which were acetylated and 

respectrvely purified by TLC (hexane-Me&O-EtOAc, 11.6: 3, 

R, 0 30 and C&-Me&O, 9.1, R, 0 40) to yield hepta-O- 

acetyl-1 I-0-galloylbergemn (9.6 mg) [S] and the hexa-acetate of 

a 2,3-trans-3,4-trans-4-aryl-flavan-3-o1 (3.6 mg) l The 2,3-trans- 
3,4-cts-isomer (3.5 mg)* of the latter was obtained from fraction 

A2 (30 mg) followmg punfication (TLC, C,H,-MeOH, 3 1, R, 
0.32), acetylatron and repurdication by TLC (C,H,-Me&O, 

9: 1, R, 0.26). These are accompanied m fraction A4 (123 mg) by 

the related b-lactone which was isolated as the Me ether 

derivatrve (21 mg)* by TLC (C&H,-Me,CO, 19.1, R, 0.19) 

Methylatton of fraction A5 (40 mg) followed by TLC 

(C,H,-Me&O, 4: 1, R, 0.25) gave (4a,6)-brs-( -))-hsetmtdol 

hexamethyl ether which ytelded the dtacetate (8.4 mg) [6,7] on 

acetylatton. Srmrlar treatment of fraction D (56 mg) (TLC, 

C,H,-Me&O, 9.1, R, 006) produced the (48, 6)-eptmer 

(6 6 mg) [6, 73. The closely related [3,4’.3’,4]-O-O-linked-2,3- 

trans-3,4-trans 2’,3’-trans-3’,4’-crs-profisetmrdin and Its 2,3- 

trans-3,4-crs-analogue were Isolated from fraction C (43 mg) as 

the hexamethyl ethers (1.1 and 4.2 mg) [8] followmg,methylation 

to facilitate sepn by TLC (C,H,-Me,CO, 191, R, 0 61 and 0 62). 

Fraction E (207 mg) was acetylated to yteld tetra-O-acetyltise- 

tm (9 6mg) by TLC (CH,ClCH,Cl-Me&O, 19:l) Thus IS 

accompanied by the analogous (-)-fisetmtdol in fractron B 

(305 mg) which was obtained as the trimethyl ether acetate 

(51 mg) succeeding methylatton, purtficatron (TLC, 

C,H,-Me,CO, 7 3, R, 0 29) and acetylatton 

[6R 12R~13S]-l2,13-cis-l3,6-c~s-2,3,9,13-Tetro-acetox~-6,12- 

metano-6H,l2H-drbenzo[b, fl [l, Sldroxocin (3). TLC 
(C,H,-MeOH, 3 1, R, 0 42) of fraction Al gave the phenol (1) 

Acetylatron followed by TLC punficatton (C,H,-Me&O, 9 1, 

R, 0 37) gave the tetra-acetate (3) (5.1 mg) as a colourless 

amorphous solid. (Found [M]’ m/z 456 10713. C23H20010 
requires 456.10565) MS m/z (rel. mt) 456 [M]’ (23), 414 (51), 

396 (27) 372 (68), 354 (76) 330 (67) 312 (lOO), 288 (28), 287 (26), 

270 (78) 178 (59). ‘H NMR (300 MHz, CDCI,). 62 08 (s, OAc-7), 

2.27,2.28,2 30 (3 x s, OAc-2,3,9), 5.15 (dd, J = 2 0, 3.0 Hz, H-12), 

5.32-5 35 (m, H-6, 13) 6 63 (d, J = 2 0 Hz, H-lo), 6 68 (s, H-4), 

6.73 (dd,J = 2 0,8.5 Hz, H-8), 7.16(s, H-l), 7 34(d,J = 8.5 Hz, H- 

7), (300 MHz, CD,COCD,) 62.02 (s, OAc-13), 2.19, 2 20, 2.22 

(3 x s, OAc-2,3,9), 5 32 (dd, J = 2 0, 3 0 Hz, H-6), 5 42 (dd, I = 3 0, 
3.0Hz,H-13),549(dd,J=20,3OHz,H-12),665(d,J=2.0Hz, 

H-lo), 6.73 (s, H-4), 6 75 (dd, d = 2.0, 8.5 Hz, H-8), 7 32 (s, H-l), 

7 47 (d, J = 8 5 Hz, H-7). CD (MeOH) [O]sOr 0, [t’],,, + 1.920 

x 104, [0& 0, [0],,, - 1391 x 104, [0]242 -0.251 x 104, 

[Pi 228 -0 785 x 104, [01ZZ3 0, [trZI,, + 6 953 x 104. 

Acknowledgement-This work was supported by grants from the 

Foundatton for Research Development, CSIR, Pretona and the 

Sentrale Navorsmgsfonds of this Umversrty 

1. 

2. 

3. 

4. 

5 

6 

7 

8 

9. 

10 

11. 

12. 

13 

14 

15. 

REFERENCES 

Palmer, E. and Pttman, W. (1972) Trees of Southern Africa 

Vol. 2, p 887. A. A. Balkema, Cape Town. 

Palgrave, K. C (1983) Trees of Southern Africa, p. 291. 

Strmk, Cape Town. 

Burger, A. P. N., Brandt, E V and Roux, D G. (1983) 

Phytochemlstry 22, 2813. 
Tschrtschtbabm, A. E., Kussanov, A W., Korolew, A. J. and 

Woroschzow, N. N. (1929) Llebtgs Ann Chem. 469,93. 
Yoshtda, T, Seno, K., Takama, Y. and Okuda, T. (1982) 

Phytochemutry 21, 1180. 

Botha, J J., Ferretra, D and Roux, D. G. (1981) J Chem. Sot 
Perkm Trans I 1235 
Steenkamp, J. A, Malan, J C S , Roux, D G and Ferrerra, 

D. (1988) J Chem Sot. Perkm Trans. I 1325. 
Drewes, S. E and Ilsley, A. H. (1969) J Ckem. Sot. C. 897. 
Young, D. A, Ferrelra, D and Roux, D. G. (1983) J. Chem. 

Sot Perkm Trans. I 2031. 
Perkm, A G (1905) J Gem. Sot. 715. 
Nalr, P. M. and Venkataraman, K. (1963) Tetrahedron 

Letters 317. 
Marathe, K. G. and Samdane, M. T (1975) Tetrahedron 31, 

2821 
Jackman, L M and Stemhill, S (1969) Applicattons of 

Nuclear Magnetic Resonance m Orgamc Chemistry, p 334. 
Pergamon Press, Oxford 

Karplus, M (1963) J Am. Chem Sot. 85, 2870. 
Bandopadhyay, M., Dhmgra, V K., MukerJee, S K., 
Pardeshl, W. P and Seshadn, T. R (1972) Phytochemlstry 

11, 1511 


