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Abstract-Three new bisnorlignans, pachypophyllin, pachypostaudin-A and pachypostaudin-B have been isolated 
from the bark of Pachypodanthium staudtii and their structures have been determined by ‘H and 13CNMR 
spectroscopy and chemical correlations. 2,4,STrimethoxystyr&e, probably a precursor of the bisnorlignans, was also 
isolated from the extracts. Furthermore, the potent antiviral flavonol, pachypodol, was obtained in significant amount. 

INTRODUCTION 

Pachypodunthium stuudtii Engl. & Diels is a small tree 
which grows in the tropical forest zone of West and 
Central Africa. Various parts of the plant are a popular 
remedy for chest pain, bronchitis, gastro-intestinal troub- 
les, oedemas and cancer [ 1,2]. Puchypodunthium stuudtii 
is known for elaborating a number of aporphine alkaloids 
[3] as well as isoquinolines [3], protoberberines [3], 
flavonoids [3] and varied benzene derivatives [4]. Our 
interest in the systematic study of the chemical con- 
stituents of Cameroonian medicinal plants has led us to 
the investigation of the stem bark of Puchypodunthium 
staudtii. We now report on the contents of the hexane 
extracts of this plant. The potent antiviral agent, 3,7,3’- 
trimethylquercetin (pachypodol) [S] was obtained along 
with three novel unusual aryltetralin norlignans, pachy- 
postaudin-A (2), pachypostaudin-B (3), and pachypophyl- 
lin (4). The benzene derivative, 2,4,Strimethoxystyrene (1) 
[4], a probable congener of the norlignans was qlso 
isolated. Whereas 1 occurs in great quantities in the 
families Piperaceae and Annonaceae [3], 3,7,3’-trimethyl- 
quercetin is rare and has been previously reported only in 
trace amounts from Euphorbiu gruntii [S] and Puchypo- 
dunthium confine [3]. 

RESULTS AND DISCUSSION 

The finely powdered stem bark of Puchypodunthium 
stuudtii was extracted successively with n-hexane, chloro- 
form and methanol. Fractionation of the concentrated n- 
hexane extract on silica gel (see Experimental) yielded 
several fractions which on further preparative chromato- 
graphic purification afforded 2,4,5_trimethoxystyrene (l), 
pachypostaudin-A (2), pachypostaudin-B (3), and pachy- 
pophyllin (4). 

*A part of this work was presented at the International 
Foundation for Science, Seminar on Pharmacological Screening 
of Medicinal Plants, Harare, December 1986. 

Compound 1 (mp 60”, M, 194) was identified as the 
known 2,4,5_trimethoxystyrene by direct comparison of 
its physical and spectral data (mp, JR, MS, ‘HNMR) 
with an authentic specimen and published data [6]. 

Compound 2, (mp, 130”) provisionally named pachy- 
postaudin-A, was unknown in the literature. Its molecu- 
lar composition was found to be CZ2H2s06 by high 
resolution mass spectroscopy. The UV spectrum of 2 
showed maxima at A,,,,, 225 and 285 nm characteristic of 
a benzene chomophore substituted by methoxyl groups 
[7]. The IR spectrum showed strong vibrations at v,_ 
2800, 1300, 1225 and 1070 cm-’ indicative of the pres- 
ence of methoxyl groups and 1600, 1580 and 1500 cm-’ 
confirming the existence of benzene rings. The ‘H NMR 
spectrum contained signals for three methylene groups (6 
1.5-2.8), six methoxyl groups [S 3.32 (3H, s), 3.62 (3H, s) 
and 3.90 (12H, s)], one benzylic methine proton at 64.78 
and three aromatic hydrogens (66.25,6.48 and 6.60). The 
EI mass spectrum showed the molecular ion M + and m/z 
388 which was also the base peak and significant 
fragmentation peaks at m/z 373 [M -Me] +, 358 [M - 2 
x Me]+, 357 [M-OMe]+, 326 [M-2x OMe]+, 220, 
194 and 167. The peak at m/z 194, which is the most 
important after the base peak, confirmed the presence of a 
2,4,5-trimethoxystyrenyl moiety that might be a congener 
of 2 (vide in@). The above data, coupled with the proper 
spin decoupling experiments in the ‘H NMR spectrum, 
suggested structure 2 for pachypostaudin-A. This struc- 
ture was further confirmed by the 13C NMR data which 
showed six aromatic C-O singlets (6 153.3, 151.0, 150.6, 
147.7, 142.3 and 140.8), six aromatic C-C, three as 
doublets (6 115.5, 98.3, and 95.7) and three as singlets 
(6134.3, 128.1 and 119.6). The six methoxyl groups re- 
sonated at 660.0, 57.2, 56.9, 56.6, 56.3 and 55.6, respect- 
ively, while the methine carbon appeared as a doublet at 
631.9. Finally, the chemical shifts of the methylene car- 
bons were observed as triplets at 629.1, 22.9 and 17.5, 
respectively. 

The third compound pachypostaudin-B (3) had two 
hydrogen atoms less in the molecular formula, 
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C,,H,,O,, and crystallized as needles from hexane-ethyl 
acetate, mp 120”. Its structure could be deduced from the 
‘H and t3C NMR spectra (Experimental) which were in 
part similar to those of pachypostaudin-A (2). In particu- 
lar, the proton resonances for the six methoxyl groups 
and the three aromatic protons in 3 were almost super- 
imposable on the corresponding signals in the spectrum 
of 2. On the other hand, the most significant differences in 
the ‘H and r3C NMR spectra of 2 and 3 were found in the 
aliphatic region where the three methylene proton signals 
in 2 and 6 1.5-2.0 (m, 4H), 2.5-2.5 (hr m, 2H), 29.1 (I), 22.9 
(t) and 17.5 (t) were replaced by resonances for a di- 
substituted double bond [66.8 (lH, dd, J= 10; 2Hz, H,), 
5.7 (lH, ddd, J=5, 10, 2 Hz, H,,), 123.5 (d) and 121.2 (d)] 
and a single methylene group [S 2.55 (2H, m, H, and H,); 
29.8 (t)]. Catalytic hydrogenation of 3 yielded a product 
which was identical in all respects to 2 confirming the fact 
that pachyposdautin-A (2) was a dihydroderivative of 
pachypostaudin-B (3). 

Therefore, there remained only the position of the 
double bond to be determined. Spin decoupling experi- 
ments in the ‘HNMR spectrum of 3 were useful in this 
respect. Thus, irradiation of the two proton multiplet 
(H,-2) at 62.55 reduced the doublet of doublets at 66.8 
(H-4) and the double doublets at 5.7 (H-3) to an AB 
quartet (J= 10 Hz) and also collapsed the doublet of 
doublets at 4.9 (H-l). The above data, coupled with 
chemical shifts, located the double bond unambiguously 
between C-3 and C-4. The position of the double bond 
was further confirmed by the UV spectrum of 3 which 
showed a bathochromic shift of A IOnm compared to 
that of 2 indicating the extension of the benzene chromo- 
phore. Thus, structure 3 was assigned to pachypostaudin- 
B. 

A few reactions were undertaken on pachypostaudin-A 
(2) and B (3) to further confirm their structures. As already 
mentioned above, catalytic hydrogenation of pachypos- 
taudin-B (3) over PdjC gave pachypostaudin-A (2) while 
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dehydrogenation of both 2 and 3 with DDQ in refluxing 
benzene afforded the naphthalene derivative 5 whose 
structure followed from its spectroscopic data. The naph- 
thalene, mp 125-127”, C,,H,,O, from high resolution EI 
mass spectrometry, showed characteristic UV absorp- 
tions at A,,, 246 (log E 4.40), 3 10 (4.05) and 340 (3.18) nm. 
The EI mass spectrum of 5 showed M+ at m/z 384 which 
was also the base peak, and other major fragments at m/z 
338, 323 and 192. The ‘H NMR spectrum was well- 
resolved and revealed resonances for six methoxyl groups 
L-63.17 (3H, s), 3.62 (3H, s), 3.93 (6H, s) and 3.99 (3H, s)]. 
The strongly shielded methoxyl (63.17) was assigned to 
C-8. Its relatively higher shielding compared to that in 
pachypostaudin-A (2) (63.32) and in pachypostaudin-B 
(3) (63.40) is probably due to the relative orientation of 
the 2,4,5_trimethoxyphenyl moiety at C-l of the naphtha- 
lene which is presumably perpendicular to the mean 
plane of the naphthalene. Because of this orientation, the 
methoxyl group at C-8 should be fully shielded by the 
anisotropic effect of the benzene ring at C-l. Six aromatic 
protons were also identifiable in the ‘H NMR spectrum, 
three as one proton singlets and the other three as a three- 
proton multipiet. 

Pachypophyllin (4), C,,H,,O,, crystallized from 
ether-petrol as prisms, mp 158”. The EI mass spectrum of 
4 gave a small parent peak M+ at m/z 388 and major 
fragments at m/z 194, 179, 151, 136 and 91. The mass of 
the base peak (194 amu) is exactly half of pachypophyllin 
and corresponds to 2,4,5_trimethoxystyrene, the major 
constituent of P. stat&i. Therefore 4 could be another 
dimer of 2,4,5_trimethoxystyrene. 

The ’ 3C NMR spectrum showed only eleven resonan- 
ces (see Experimental). It was apparent therefore that 
pachypophyllin was a symmetrical dimer of 2,4,5-trim- 
ethoxystyrene. The presence of a cyclobutane ring follows 
from the fact that the non-aromatic protons (apart from 
the methoxyl groups) are a methine and a methylene, 
respectively. Furthermore, the complexity of the meth- 
ylene proton signals suggests a 1,2-rather than a 1,3- 
substitution pattern for the cyclobutane ring. 

The 200 MHz ‘H NMR spectrum of 4 is also con- 
sistent with the proposed structure. Of particular interest 
in this spectrum are the two upfield complex multiplets of 
the protons of the two methylene groups at 61.95 (2H) 
and 3.31 (2H). The complexity of these signals even after 
irradiating at the frequency of the hidden methine res- 
onances at 6 ca 3.85) lends further support for the 1,2- 
substitution pattern of the cyclobutane ring. Pachypo- 
phyllin was thus proposed to have structure 4. The 
relative stereochemistry however remains to be deter- 
mined. 

It is interesting to note that pachypostaudin-A (2), 
pachypostaudin-B (3) and pachypophyllin (4) are race- 
mic. The formation of 2 and 3 can be rationalized in terms 
of non-enzymatic controlled Diels-Alder dimerization of 
2,4,5_trimethoxystyrene (1) followed by aromatization 
and, in the case of 3, by dehydrogenation. The major 
constituents (14) of the hexane extracts of the stem bark 
of P. staudtii are easily revealed on a TLC plate (silica gel) 
by spraying with Dragendorff reagent and the fact that all 
the four spots are conspicuous even in the cold hexane 
extracts of P. staudtii is clear evidence that 24 are not 
artefacts formed during the isolation procedure. 

Pachypostaudin-A (2), pachypostaudin-B (3) and 
pachypophyllin (4) can therefore be considered to belong 
to a new class of naturally occurring bisnorlignans. It is 

however worthwhile mentioning that 2-d are closely 
related to 6, 7 and 8 obtained by Mayo [7] along with 
higher polymers during the thermal polymerization of 
styrene. 

Finally, attempts to synthesize the bisnorlignans by 
thermolysis [8] (see Experimental) on the one hand and 
by irradiation on the other hand of 2,4,5_trimethoxy- 
styrene (1) were unsuccessful. 

Our sample of 3,7,3’-tri-O-methylquercetin showed 
antiviral activity against the polio virus at a concentra- 
tion of l-50pg/ml but was inactive against Herpes 
simplex type 1 virus. These preliminary results are similar 
to those previously published by Vanden Berghe and co- 
workers who demonstrated that 3-methoxyflavones in 
general act as potent inhibitors of the viral induced block 
of cell synthesis [S]. 

EXPERIMENTAL 

General. Mps: uncorr. UV spectra were obtained in MeOH 

and IR spectra in KBr pellets unless otherwise stated. ‘H NMR 

spectra were recorded at 80 and 200 MHz in CHCI, with TMS 

as int. standard; chemical shifts are reported in 6 units. High 

resolution EIMS and low-resolution EIMS: 70 eV, direct probe 

insert between 120 and 150”. The bisnorlignans were visualized 

by spraying with Dragendorff reagent. 

Plant material, the stem bark of P. staudtii used in this study 
was collected at the Edea forest Reserve during June-July 1984. 

The identification was confirmed by Mr Benoit Mpom of the 

Cameroon National Herbarium, Yaounde, where a voucher 

specimen is kept. 

Extraction and isolation of the bisnorlignans. The powdered 

trunk bark (5 kg) was successively extracted with hex_ane, CHCI, 

and MeOH. The CHCl, and MeOH extracts constitute a 

separate study. Concentration of the hexane extract under 

red. pres. (50”) afforded a brownish semi-solid (152 g). Part of this 

material (50 g) was fractionated over silica gel (800 g) packed in 

hexane and eluted with hexane-EtOAc mixture, 250 ml fractions 

were collected. 

2,4,5_Trimethoxystyrene (1). Eluted by hexane-EtOAc (9: 1) 
and crystallized from hexane_EtOAc as cream-coloured prisms, 

(33 g), mp 64” (lit. [6] 60”), identical by direct comparison (UV, 

IR, ‘H NMR, MS) with an authentic sample and lit. data [6]. 
Pachypostaudin-A (2). Eluted with hexane-EtOAc (7 : 3); 

colourless granules from the same solvent mixture (120 mg), mp 

130” [u]i4 0 (CHCI,; c 0.8); IR Y,,, cm-‘: 2900, 1600, 1580 and 

1500 (aromatic system); UV 2:::” nm: 225 and 285; ‘H NMR 

(CDCl,, 80 MHz); 61.5&2.00 (4H, brm), 2.5-2.8 (2H, several 

multiple&), 3.32 (3H, s, OMe), 3.62 (3H, s, OMe), 3.90 (12H, s, 3 

x OMe), 4.78 (lH, m, H-l). 6.25 (lH, s, Ar-H), 6.48 (lH, s, Ar-H), 

and 6.60 (lH, s, Ar-H); 13C NMR (partial assignments only): 
6 153.3 s, 154.0 (s), 150.6 (s), 147 (s), 142.3 (s) and 140.8 (s) (six 

methoxylated carbons), 134.3 (s), 128.1 (s), 119.6 (s) (three aro- 

matic carbons), 115.5 (d), 98.5 (d) and 95.7 (d) (aromatic meth- 

ines), 60.0 q, 57.2 (q), 56.9 (q), 56.6 (q), 56.3 (q) and 55.6 (q) (six 

methoxyl carbons), and 31.9 (d, C-l), 29.1 (t), 22.9 (t) and 17.5 t 
(aliphatic carbons). Found: [M]’ at m/z 388.1884; CZ2H2s06 
requires 388.1886. HREIMS m/z (rel. int.): 220.1094 

[C,$I,,03]+ (20), 194.0948 (CllI-11403]+ (43), 167.0713 

[C$I,,O,]+ (4), and 151.0764 [CgH,,02]+ (7). 
Pachypostaudin-B (3). Colourless needles from hexane- 

EtOAc (95 mg) mp 120”, [ali 0 (CHCI,; c 0.1). UV 1:::” nm 

(log&): 235 (4.13) and 295 (4.02): ‘HNMR (CDCI,, 80MHz): 

6 2.55 (2H, m, 2H-2), 3.40 (3H, s, OMe-8), 3.60 (3H, s, OMe), 3.90 

(12H,s,4xOMe),4.90(1H,dd,J=2,8Hz,H-l),S.70(1H,ddd,J 
=2, 5, 10 Hz, H-3), 6.30 (lH, s, Ar-H), 6.50 (lH, s, Ar-H), 6.60 
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(lH, s, Ar-H) and 6.80 (lH, dd, 5=2, 10 Hz, H-4); 13CNMR 

(25.2 MHz, CHCl,): 152.5 (s), 151.6 (s), 150.7 (s), 148.0 (s), 142.5 

(s), 123.5 (d, C-4), 121.2 (d, C-3). 114.5 (d), 98.1 (d), 96.1 (d) (three 

aromatic methines), 60.4 (q), 56.9 (q), 56.7 (q), 56.3 (I), 56.1(q). 55.9 
(q) (6 x OMe), 29.8 (t, C-2) and 28.4 (d, C-l). Found [M]’ at mjz 

386.1740. C H 0 requires 386.1741. EIMS m/z (rel. int.): 355 22 26 b 
CC,,H,,W+ (4) 218 IC,,H,,O,l+ (4) 194 CG,H,,W+ 
(lOO), 151 [C,H,,O,]+ (6) and 136 [CsHsO,]’ (2). 

Pachypophyltin (4). Colourless prisms from hexane-EtOAc, 

(800 mg) mp 158”; [ali 0 (c. 0.8; CHCl,) UV i.r$‘” nm (logs): 

225 (4.10) and 285 (3.85); ‘H NMR (CHCI,, 300 MHz): 6 1.95 

(2H, m), 2.31 (2H,m), 3.74(6H, s, 2 x OMe), 3.83 (6H, s, 2 x OMe), 

3.85 (6H, s, 2xOMe), ca 3.85 (obscured 2H, m), 6.47 (2H, s, 2 

x Ar-MH) and 6.97 (2H, s, 2 x Ar-H); 13C NMR: only 11 out of 

the 22 carbon atoms observed at 6 (151.3 (s), 147.8 (s), 143.3 (s) 

(six methoxylated carbons), 124.8 (s), 112.1 (d), 98.0 (d), 56.7 (q), 
56.8 (q), 56.3 (q), 40.6 (d) and 27.1 (t, 2 x CH,). Found 388.1886; 

CZZH2s06 requires 388.1884; EIMS m/z (rel. int.): 388 [M]’ 

(0.6), 194(100), 179 [C,,H,,O,]+ (8), 151 [C,H,,OJ+ (4), 136 

[CsHsOJ+ (2) and 91 [C,H,]’ (2). 
Interconversion of pachypostaudin-A and pachypostaudin- 

B. Pachypostaudin-B (20 mg) in EtOAc (5 ml) was shaken with 

5% Pd/C in a hydrogen atmosphere for 30 min. Filtration and 

evapn of the solvent afforded pachypostaudin-A (18 mg) which 
was crystallized from hexaneeEtOAc and mp UV, IR and 

‘H NMR identical with that of the natural sample. 

Dehydrogenation af pachypostaudin-A. Pachypostaudin-A 

(10 mg) and DDQ (10 mg) were dissolved in benzene (5 ml) and 

heated under reflux for 3 hr. Removal of solvent followed by 

prep. TLC afforded the naphthalene derivative 5 (3 mg); mp 

1255127”; (from CHCl,-hexane); UV A/::” nm (log E): 246 (4.40) 

310 (3.85) and 340 nm (sh); IR vz:: cm-‘: 2990,2930,2810,2830, 

1610,1505, 1450. 1440, 1390, 1360, 1330, 1255, 1205, 1175, 1160, 

1150, 1130, 1070, 1090. 980, 960. 915, 860, 830, 795 and 730; 

‘H NMR (CDCI,, 80 MHz): 6 3.17 (3H, s, OMe), 3.82 (3H, s, 

OMe), 3.60 (3H, s, OMe), 3.93 (6H, s, 2xOMe), 3.99 (3H, s, 

OMe), and 7.29 (3H, tn, Ar-H); HREIMS m/z (ml. int.): 384.1585 

[Ml’ (C,,H,,O,) (100). 385 [M+l]+ (79). 339.1178 
[C,,H,,O,]+ (12) 169.0579 (20). 

Attempted dimrrization of 2,4,5-trimethoxystyrene (1). 2,4,5- 

Trimethoxystyrene (1 g) was dissolved in bromobenzene (7 ml) 
with iodine (5 mg) as catalyst. This was refluxed in an atmos- 

phere of nitrogen for 24 hr at approximately 150’. The soln was 
then distilled in a Kugelrohr and heated to 150’ at 1 mm Hg 

when it immediately solidified due to polymerization. TLC 

analysis of the reaction mixture showed no trace of the hisnorli- 

gans 2, 3 or 4. 
Irradiation of‘ 2,4,5-trimethozystyrene (1). 2,4.5-Trimethoxy- 

styrene (0.5 g) was dissolved in EtOAc (200 ml) with Me,CO 

(2 ml). The soln was then irradiated in a quartz apparatus using a 

medium pressure Itanovia lamp (125 w) over a 24 hr period and 

the reaction monitored by TLC. After this period, the reaction 

mixture was evaporated to leave a brown oil which was shown 

by TLC to be the starting material. 

3,7,3’-Trimethylquercecin. Eluted by hexane-CHCl, (2 : 3). 

(1.80 g) yellow needles from hexane-EtOAc, mp 171 -172’ (lit. [S] 

169”). IR. UV, EIMS and ‘HNMR spectra were identical to 

those reported for pachypodoi [9]. 
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