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Abstract-Polygonic acid, which shows weak anticomplement activity, has been isolated from leaves of Polygonurn 
hydropiper together with four drimane-type sesquiterpenes, 1 l-ethoxycinnamolide, polygodlal acetal, valdiviolide and 
fuegin and two drimane-type norsesquiterpenes, isopolygonal and polygonone. 

INTRODUCTION 

The folk medicinal plant, Polygonurn hydropiper L. be- 
longing to the Polygonaceae elaborates the intense pun- 
gent sesquiterpene dialdehydes, polygodial (5) and war- 
burganal (7), which show potent antifeedant, antimic- 
robial, plant growth inhibitory, cytotoxic and piscicidal 
activities, together with several related drimane-type 

tTo whom correspondence should be addressed. 

sesquiterpenes [l-3]. Recently, we reported the Isolation 
of a unique tri-p-coumaryl glucoside from the root of P. 
hydropiper [4]. Our continuing study of the chemical 
constituents of P. hydropiper leaves led to the isolation of 
three new drimane-type sesquiterpenes, polygonic acid 
(2), 1 1-ethoxycinnamolide (3) and polygodial acetals (4a 
and 4b), together with the previously known valdiviolide 
(10) and fuegin (11) [S], and two new drimane-type 
norsesquiterpenes, isopolygonal (1) and polygonone (9). 
This paper reports on the isolation and structural eluci- 
dation of the novel sesquiterpenoids and their anticom- 
plement activity. 
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RESULTS AND DISCUSSION 

The diethyl ether extract of the leaf of P. hydropiper was 
chromatographed on silica gel, followed by HPLC or CC 
to give four novel drimanes, isopolygonal (l), polygonic 
acid (2), 11-ethoxycinnamolide (3), and polygonone (9), 
together with the previously known drimanes, val- 
diviolide (10) and fuegin (11) [5]. Chromatography of the 
methanol extract on silica gel resulted in the isolation of 
the polygodial acetals 4a and 4b. 

Isopolygonal(1) had the molecular formula C14H2102 
(HRMS: [M]’ 222.1643; talc. 222.1620). Its spectral data 
showed the presence of an a,@nsaturated aldehyde 
group [IR v, cm-‘: 1675, 1635; UV1, nm: 226; 
‘H NMR: 69.39 (lH, s), 196.2 (d)], a hydroxyl group 
(3540 cm-‘), three tertiary methyl groups (60.90, 0.93, 
1.15) and an olefinic proton (66.49, s). The ‘H NMR 
spectrum of 1 was quite similar to that of polygonal (S), 
previously isolated from the seed of P. hydropiper [l, 21 
except for the signal 64.66 (dd, J = 9.7,7.3 Hz) due to H-7. 
The ‘“C NMR spectrum indicated a drimane-type norses- 
quiterpenoid feature (Table 1). These spectral data sug- 
gested a close structural relationship between 1 and 8. 
Oxidation of 1 with pyridium chlorochromate [2] yielded 
polygonone (9), which was also isolated from the same 
diethyl ether extract and its spectral data were in agree- 
ment with those of 9 obtained from 8 by the same method 
[2]. This chemical conversion unambiguously verified 
that 1 has the same plane structure as 8 except for the 
configuration of the secondary hydroxyl group attached 
at C-7. The fl-configuratlon of this hydroxyl group was 
evident from the J value (9.7 Hz) for H-7 compared with 
that (W1,2 = 7 Hz) in 8. Thus, the structure of iso- 
polygonal was established to be 1. 

Polygonic acid (2) had the molecular formula 
C15HZZ03 ([Ml+ 250). Its spectral data revealed the 
presence of a carboxyhc acid group [IR v, cm- ‘: 3150, 
1705; 13C NMR: 6 176.6 (s)], an a&unsaturated aldehyde 
group [IR v,, cm-‘: 1685, 1645; UV A_nm: 225; 

‘H NMR: 69.38 (s); 13C NMR: 192.6 (d)], three tertiary 
methyl groups (60.92, 0.95, 0.97) which were similar to a 
drimane-type sesquiterpenoid. The ‘H NMR and 
13C NMR spectra of 2 were found to be very similar to 
those of polygodial(5), the main pungent substance of P. 
hydropiper [l, 21 but, significantly, the secondary al- 
dehyde group at C-9 in 5 was absent. These facts suggested 
that the carboxylic group in 2 might be placed at C-9. 
Treatment of 2 by trifluoroacetic anhydride gave a lactol 
(12). The direct ‘H NMR measurement of 12 indicated 
the presence of a singlet methine bearing a trifluoroacetate 
at 66.80 assignable to H-12 and an olefinic proton at 66.34 
due to H-7 which was shifted to a higher field since the 
conjugation was broken, suggesting that the carboxylic 
acid group in 2 should be placed at C-9. The orientation of 
the carboxylic acid group at C-9 was established by 
comparison of the ’ 3C NMR chemical shifts with those of 
polygodial (5) and isopolygodial (6) (Table 1). Namely, 
the chemical shifts of 2 were almost identical with those of 
5, except for C-9 and C-l 1 which were shifted due to the 
effect of the different functional groups on each other, 
whereas the signals (649.5,15.2) due to C-5 and C-15 in 2 
were found to be different from those in 6 (644.5, 21.5), 
thus suggesting that the carboxylic acid at C-9 had to be in 
the /&configuration as in 5. Thus, the structure of 
polygonic acid was established to be 2. 

11-Ethoxycinnamolide (3) showed the presence of a 
conjugated y-lactone moiety (IR v, cm- ‘: 1755, 1685; 
UV A_ nm: 218). The ‘H NMR spectrum revealed the 
presence of three tertiary methyl groups (60.83,0.91,0.93), 
an olefinic proton [66.84 (ddd, J = 4.7, 3.9, 3.6 Hz)] 
assignable to a /?-proton of an a&conjugated double 
bond, a methine [65.32 (d, J = 6.1 Hz)] attached to an 
acetal carbon [6104.0 (d)] and also an ethoxy group 
[al.27 (3H, t, J = 7.2), 2.95 and 3.69 Hz (each lH, m)] 
attached to an asymmetrical carbon. The “C NMR 
spectrum (Table 1) and the extensive selective decoupling 
experiments of the ‘H NMR spectrum (see Experimental) 
of 3 disclosed that it is a drimane-type sesquiterpene. 

Table 1. 13C NMR spectral data of compounds 1-6 (100.61 MHz, CDCI, TMS as int 

standard) 

C No 1 2 3 4 5 6 

1 38.0 (t) 40.1 (t) 39.3 (t) 39.9 (f) 39.1 (t) 37.2 (t) 

2 18.5 (t) 186(t) 18.5 (t) 18.5 (t) 18.0(t) 18.5 (t) 

3 41.5 (t) 42.0 (t) 42 3 (t) 42 0 (t) 41.9 (t) 42.2 (t) 
4 33 0 (s) 33.2 (s) 33.1 (s) 33 3 (s) 29.6 (s) 32.9 (t) 
5 48.6 (d) 49.5 (d) 49.7 d) 49.9 (d) 49.2 (d) 44.5 (d) 
6 210 (1) 24.8 (t) 25.1 (t) 23.1 (t) 25.1 (t) 25 7 (t) 
I 67 7 (d) 151.0(d) 136.0(d) 121.2 (d) 154.2 (d) 153.1 (d) 
8 139.1 (s) 139 1 (s) 128.2 (s) 131.1 (s) 139.0 (s) 137.6 (s) 
9 164.5 (d) 55.3 (If) 51.6 (if) 58.0 (d) 606(6) 58.8 (d) 

10 37 l(s) 35.1 (s) 34.1 (s) 33.4 (s) 36 9 (s) 37 7 (s) 
11 116.6 (s) 104.3 (d) 104.0 (d) 202 1 (d) 201 7 (lf) 

12 196.2 (d) 192.6 (d) 167.8 (s) 107.0 (d) 193 6(d) 1926(d) 

13 21.3 (4) 22.1 (4) 21.4(q) 21 5(q) 21.8 (q) 21.9(q) 
14 32 7 (4) 33.3 (4) 33 2 (4) 33.1(q) 33 O(q) 32.7 (q) 

15 20 l(4) 152(q) 15.3 (4) 14.1 (4) 15.1(q) 21 5 (4) 
OMe - 55.7 (q) - - 

sm (4) 
OCHJ& - - 14.7(q) - - 

OC&Me - 664(t) - - 
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Although the molecular ion in the mass spectrum was 
absent, a prominent peak [M - OEt]+ at m/z 233.1522 
(C15Hz102) was detected, indicating that the ethoxy 
group could be incorporated into the acetal function. It 
was verified that the ethoxy group was bonded to C-l 1 
since the methine proton C65.32 (d)] attached to the acetal 
carbon collapsed to a singlet on irradiation at H-9 (62.53). 
On consideration of the drimane-type sesquiterpene 
skeleton, coupled with the spectral data mentioned above, 
compound 3 might be a cinnamolide bearing the ethoxy 
group at C- 11. Although there is no proof to support the 
assigned stereochemistry of the ethoxy group at C-l 1 at 
present, it was considered to be in the a-orientation which 
is the thermodynamically stable form [S]. 

Polygodial acetals (4a and 4b) were isolated from the 
methanol extract. Their IR and “C NMR spectra did not 
show any absorptions attributable to carbonyl groups. 
The ‘H NMR spectrum showed a drimane-type sesqmter- 
pene with, in particular, two methoxy groups (63.40,3.41 
for 4a and 3.44, 3.49 for 4b) and two different methines 
C64.90 (d, J = 4.0 Hz), 5.11 (s) for 4a; 4.90 (d, .I = 4.0 Hz), 
5.39 (s) for 4b] attached to an acetal carbon. Polygodlal(5) 
was treated with methanol in the presence of p- 
toluenesulphonic acid to afford 4a and 4b, the formation 
of which was confirmed on TLC. Thus, 4a and 4b were the 
methanol adducts of polygodial(5). It is noteworthy that 
4b was easily isomerized to 4a even during the measure- 
ment of the NMR spectra in deuterochloroform and this 
resulted in a mixture of 4a and 4b being formed. The 
stereochemistry of 4a and 4b remain to be clarified. It IS 
considered that the acetals 4a and 4b may be artefacts 
because they were isolated from the methanol extract. 

Table 2 shows the anticomplement activity of the 
isolated drimanes. Polygonic acid (2) possessed moderate 
activity among the new drimane-type sesqui- and nor- 
sesquiterpenoids. 

EXPERIMENTAL 

Mps: uncorr. The solvents used for spectral determinations 
were CD& [‘HNMR (400 or 2OOMHz); ‘“CNMR 
(100.61 MHz)], CHCIJ ([aID and IR), unless otherwise stated, 
EtOH (UV). MS: 70 eV; CC: silica gel (Merck 70-230 mesh); 
TLC: precoated sdica gel plates Fzs4 (Merck, 0.25 mm). Spots 
were visuahzed by UV (254 nm) and 40 % CeSO,-HzS04 or 2,4- 

Table 2 Armcomplement activity* 

Compounds 1~~0 WW 

Isopolygonal (I) >500 
Polygomc acid (2) 250 
1 I-Ethoxycmnamolide (3) >lOOO 
Polygodial acetals (4~ and 4b) >lOOO 
Polygodial (5) [2] 10.5 
Isopolygodial (6) [2] >500 
Warburganal (7) [Z] 1500 
Polygonal (8) [2] >500 

l EA: 1 x 10s cells/ml; l/180 GPC in GVB2+ 
[2] EA, Sensitized sheep erythrocytes; GPC, 
guinea ptg serum (complement); GVB*+, isotomc 
Verona1 buffered saline contammg 0.1% gelatin, 
0 15 mM CaClz, and 10 mM MgClz, pH 7 3 and II 
= 0.147 

dnutrophenylhydrazme HPLC: LS-410 KG 20 x 300 mm (flow 
rate 9.9 ml/min), p-Porasd 8 x 300 mm (3.5 ml/mm), detected at 
230 or 254 nm. 

Pht marenal. Polygonurn hydroplper was identified by one of 
us (Y.A.) and a voucher specimen has been &posited in the 
Herbarium of the Institute of Pharmacognosy, Tokushima Bunn 
University. 

Extractron and rsolotion. Polygonurn hydropiper was collected 
m Tokushima m October 1978. The EtzO extract (250 g) of the 
leaves was chromatographed on silica gel using an n- 
hexane_EtOAc gradient to produce eight fractions. Fraction 4 (n- 
hexane_EtOAc, 4: 1) (15.3 g) was rechromatographed on s&a gel 
using a C,H,-EtOAc gradient and divided mto eight fractions. 
Fraction 4-2 (420mg) was purified with Lo-Beads S-X8 using 
C,H, followed by HPLC (LS-410 KG, MeCN-HzO, 7: 3) to give 
1 I-ethoxycmnamohde (3) (22.6 mg). Fraction 4-5 (930 mg) was 
purified with Bio-Beads S-X8 using CIHB to obtain isopolygonal 
(1) (61 mg) and polygonone (9) (1.4 mg) whose spectral data were 
identical to those of the compound previously obtained from 8 by 
pyrichum chlorochromate (PCC) oxidation [l, 23. Fraction 4-6 
(1.37 g) was further chromatographed on silica gel using CIHe 
and divided into 20 fractions Fraction 4-6-4 was purified by 
HPLC (LS-41 OKG, MeCN-H20, 1: 1) to give valdIviolide (IO) 
(10.2 mg) [5]. Fraction 4-6-5 was purified by HPLC (p-Porasd, n- 
hexane-EtOAc, 9: 1) to obtain polygonal (21 mg) previously 
Isolated from the seedsofP. hydroplper [l, 21. Fraction 4-8 (1.1 g) 
was purified with Bio-Beads S-X8 usingC,Hb followed by HPLC 
(LS-410 KG, MeCN-HzO, 1: 1) to give polygomc acid (2) 
(73 1 mg) and fuegm (11) (33 mg) [S]. 

The MeOH extract (10.0 g) of the leaf was chromatographed 
on s1hc.a gel using n-hexane-EtOAc (9: 1) and divided into rune 
fractions Fraction 1-3 (1 1 g) was rechromatographed on silica 
gel using n-hexane_EtzO (85 : 15) to gve polygodial acetal (4b) 
(50 mg). Fraction 4 (400 mg) was further purified by CC on sdlca 
gel using the same solvent system to afford polygodial acetal(4a) 
(350 mg). 

Isopolygonal (1). Colourless oil, [a]:: +73” (c 1.88); 
UV I, nm: 226 (~9330); IR v_ cm-‘: 3-3130 (OH), 1675 
(C=O), 1635 (C=C); ‘H NMR (200 MHz): SO.90 and 0.93 (each 
3H, s, H-13, H-14), 1.15 (3H, s, H-15), 1.15 (lH, dd, J = 130, 
1.6 Hz, H-5), 1.52 (lH, ddd, J = 13.2, 13.0, 9.7 Hz, H-68), 2.17 
(lH, ddd, J = 13.2, 7.3, 1.6 Hz, H&x), 4.66 (lH, dd, J = 9.7, 
7.3 Hz, H-7), 5.20 (lH, br s, O&j, disappeared on addition of 
DzO), 6.49 (lH, s, H-9), 9.39 (lH, s, C&IO); MS m/z (rel mt.): 
222.1643 CM]’ (talc. 222.1620for C14H2202) (14), 204 (26), 189 
(31), 161 (17), 126 (80), 109 (75), 41 (100). 

Polygomc acid (2). Colourless needles, mp 9697”, [a];: - 31” 
(c, 1.06) uv I, nm: 225 (~8140); IRv_cm-‘: 3150 (OH), 
1705,1685 (C=O), 1645 (C=C); ‘H NMR (200 MHz): 60.92,0.95, 
0.97(each3H,s,H-13-H-15), 1.27(1H,dd,J = 11.3,4.9 Hz,H-5), 
2.25 (lH, dddd, J = 20.1,11.3,3.4,2.4 Hz, H-6/l), 2.41 (lH, dddd, 
J=20.1,5.2,4.9,2.1HZH-6a),3.06(1H,ddd,J=3.1,2.4,2.1Hz, 
H-9), 6.96 (lH, ddd, J = 5.2,3.4,3.1 Hz, H-7), 9.38 (lH, s, CHO); 
MS m/z (rel. mt.): 250 CM]’ (8), 232 (6), 189 (9), 161 (6), 124 (68), 
109 (100) 

1 I-Ethoxycmnamohde (3). Colourless prisms, mp 45-47”; 
UV d,nm: 218 (~8530); IR vEcm_‘: 1755 (C=O), 1685 
(C=C); ‘H NMR (400 MHz): 60.83 (3H, s, H-15). 0.91,0.93 (each 
3H,s,H-13, H-14), 1.27 (3H, t,J = 7.2,OCHzMe), 1.35 (lH,dd,J 
= 11.6,5.5 Hz, H-5), 2.03 (lH, dddd, J = 20.3,5.5,3.9,3.9 Hz, H- 
6a), 2.40 (lH, dddd, J = 20.3, 11.6,4.7,4.5 Hz, H-64, 2.53 (lH, 
dddd, J = 6.1, 4.5, 3.9, 3.6 Hz, H-9), 2.95, 3.69 (each lH, m, 
OCHzMe),5.32(1H,d,J = 6.1 Hz,H-11),6.84(1H,ddd,J = 4.7, 
3.9, 3.6 Hz, H-7); MS m/z (rel. int.): 233.1522 [M -OCHzMe]+ 
(talc. 233.1520 for C11H1102) (3), 204 (lOa), 189 (45), 109 (59). 

Polygodial acetal (48). Yellow oil, IR v!& cm-‘: 2940, 1460, 
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1440, 1090,960; ‘H NMR (400 MHz): 60.77 (3H, s, H-15), 0.87, 
091 (each 3H, s, H-13, H-14), 1.35 (lH,dd, J = 11.8,5.2 Hz, H-5), 
1.91 (lH,dddd,J = 184, 11 8, 3.7, 3.3 Hz, H-6&, 2.19 (lH, dddd, 
J = 18.4,52,3.3,3.3 Hz, H-h), 245 (lH,dddd, J = 4.0, 3.7, 3.3, 
3.3 Hz, H-9), 3.40,3.47 (each 3H,s, OMe), 4.90 (lH, d,J = 4.0 Hz, 
H-11),5.11 (lH,s,H-12),578(1H,ddd,J = 3.3,3.3,3.3Hz,H-7k 
MS m/z (rel. mt.): 249.1855 [M-OMe]+ (talc. 249.1855 for 
C,6H2s02) (30), 220 (lOO), 205 (lOO), 135 (70), 111 (85), 41 (50) 

Polygodlal acetal (4b). Yellow 011, IR vk cm-‘: 2900, 1455, 
1435, 1090; ‘H NMR (400 MHz): 60.88 (3H, s, H-15), 0.86,0.91 
(each 3H, s, H-13, H-14), 1.20 (lH, m, H-5), 1.90 (lH, m, H-6/& 
2.19(1H,m,H-6cr),2.21(lH,m,H-9),3.49,3.45(each3H,s,OMe), 
4.90 (d, J = 4.0 Hz, H-l l), 5.39 (lH, s, H-12), 5.79 (lH, ddd, J 
= 3 3,3 3.3.3 Hz, H-7); MS m/z (rel. mt.): 249.1865 [M - OMe]+ 
(talc 249.1855 for r&H2s02) (30), 220 (lOO), 205 (lOO), 135 (75), 
111 (85), 41 (60) 

Trlfluoroacerylatron of 2. A mixture of 2 (5 mg), CDCls- 
C5DSN (04-0.1 ml) and trdluoroacetic anhydride (20~1) was 
allowed to stand at room temp. in an NMR tube. After the 
reactlon was completed (talc 2 hr), the reaction rmxture was 
subJected to ‘H NMR analysis. The ‘H NMR data mdlcated the 
formatlon of trifluoroacetyl lactol (12): ‘H NMR (400 MHz): 
SO.84 (3H, s), 0 93 (6H, s), 3.03 (lH,ddd, J = 3.5,3.5,3.5 Hz, H-9), 
6.34 (lH, ddd, J = 3 5, 3.5, 3.5 Hz, H-7), 6.80 (lH, s, H-12). 

Oxldarion of 1. Compound 1 (20 mg) in CHICI (0.5 ml) was 

oxidlzed by pyridmm chlorochromate (PCC) (80 mg) in CHzClz 
(2 ml)at room temp. for 3 hr and the reaction mixture was filtered 
through a short column packed with silica gel to give polygonone 
(9) (8 mg) whose spectral data were identical with those of 9 
obtained from the PCC oxidation of polygonal (8) [l, 21. 

Preparation of polygodul acetals 48 and 4b. To a soln of 
polygodial(5) (2 mg) in MeGH (2 ml) was added one piece of p 
toluenesulphomc acid and the mixture was stirred at room temp. 
overnight. TLC exammation (n-hexane-EtzO, 75:25) indicated 
the formation of 4~ and 4b (R, 0.41 for 49 and 0.52 for 4b). 
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