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Abstract-Three new nortrlterpene glucuromdes named pfaffosldes A, Band C have been isolated from roots of Pf&a 
pandata Then structures have been established as 3/S0-[/3-D-xylopyranosyl-(1 3 2)-j-D-glucuronopyranosyI]- 
pfaffic acid, 3/?-O-[/?-D-xylopyranosyl-(1 + 2)-/3-D-glucuronopyranosyll-pfaffic acid-(28 + 1)-/?-D-glucopyranosyl 
ester and 3/?-0-[SD-glucuronopyranosyl]-pfaffic acid-(28 -+ l)-/?-D-glucopyranosyl ester, respectively, based on their 
chemical and spectroscopic propertles 

INTRODUCTION 

The roots of Pfufia panwulata Kuntze, known m Brazil as 
‘Braul gmseng’, have been used as a tome, an aphrodlslac 
and as a folk mediane for antldlabetlc purposes [l] We 
have investigated the constituents of this plant, and 
isolated, besides the new nortrlterpene pfaffic acid [2], 
three new pfaffic acid sapomns named pfaffosldes A, B 
and C and established their structures as l&4 respectively 
Furthermore a mixture of stigmasterol and sltosterol, 
their glycosides and also allantom were identified The 
mhlbitory effects of 1-4 on the growth of cultured tumor 
cells have been mvestlgated 

RESULTS AND DISCUSSION 

The roots of Pffia pandata, collected in the Galas 
area of Brazd, were treated with hot methanol and 
partItioned m an n-butanol-water mixture The water 
msoluble portion of the n-butanol layer was chromato- 
graphed on slhca gel to yield pfafiic acid and the mixture 
of stlgmasterol and sltosterol The water soluble portIon 
of the n-butanol layer was passed through a column of 
charcoal and purified by chromatography on slhca gel to 
give pfaffosldes A, B and C, allantom and a mixture of 
stigmasteryl-fl-D-glucoside and sltosteryl-/?-D-glucoslde 

Pfaffic acid (l), CZ9H4.+03, mp 285286”, [a];’ 
+ 109 2” (c 0 72, CHClJ exerted miututory effects on the 
growth of cultured tumor cells (Fig 1) The structure was 
finally established as being 3j?-hydroxy-16,2O-cyclo-30- 
norolean-12-en-28-olc acid by means of X-ray crystallo- 
graphic analysis of the methylate We have reported these 
properties and the structure ma previous communication 
PI 

Pfaffooslde A (2), C40H60013 3H20, mp 268”, [a]:: 
+ 14 8” (c 1 85, MeOH), contamed hydroxyl groups 

11 1 3 610 30 50 100 
Concentratms of I , 2.3 and 4 (pg/ml) 

Fig 1 Inhibitory effects of pfaffic acid (l), pfaffoslde A (2), 
pfaffoslde B (3) and pfaffoslde C (4) on the growth of melanoma 

(B-16) 

(3400 cm-‘) and carboxyl groups (1730 and 1700 cm-‘), 
as Judged from the IR spectrum Acid hydrolysis of 2 
yielded 1 as the aglycone and xylose and glucuromc acid as 
the sugar moleties The hepta-O-methyl derlvatlve of 2, 
prepared by the Kuhn method [3], exhibIted a molecular 
ton peak at m/z 846, peaks due to methyl pfaffate at m/z 
246 and 437, and the charactenstlc peaks due to per- 
methylated termmal pentose and pentmhexuromc acid 
moleties at m/z 175 and 393, respectively, m the mass 
spectrum The 13C NMR spectrum of 2 showed 40 carbon 
signals (Table 1) Of these, 29 were asslgned to the 
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1 R1’l-l R2 = H 
2 Rj=Glyl Rp = H 
3 Rl=Glyl R2 = Glu 
4 Rl=G\y2 R2 = Glu 

aglycone 1 m consideration of the glycosylatlon shift of 
the a- and p-carbon atoms of the aglycone alcohol [4,5] 
The remaining 11 signals were attnbutable to the two 
sugar moieties, whose anomenc carbon signals appeared 
at 6 105 4 and 107 0 (Table 1) A comparison of the 
13C NMR chemical shifts due to the sugar moieties of 2 
wth those due to C-l, C-2 and C-3 of the inner 
glucopyranosyl unit of gmsenoslde Rbz [6], C-4, C-5 and 
C-6 of the glucuronopyranosyl unit of methyl 3j?-O-[/?-D- 
glucuronopyranosyll-oleanate [7] and the xylopyranosyl 
unit linked to the glucopyranosyl umt of hovenoslde G 
[8] isolated from the seeds of Z~zyphus ppba revealed 
that the signals due to the sugar moiety of 2 were 
attnbutable to the 3-o-D-D-xylopyranosyl-(1 + 2)-/&D- 
glucuronopyranosyl] group (Table 1) In the ‘H NMR 
spectrum of 2, two anomerlc proton signals were observed 
at 65 01 (d, J = 6.8 Hz) and 5 27 (d, J = 5 6 Hz), support- 
mg the fi-configuratlons of the glucuromc acid and xylose 
moieties In addition, consideration of molecular optical 
rotation by the application of Klyne’s rule [9] supported 
the /3-anomenc configurations of all sugar linkages 
(found [MID = + ill”, talc [MID = + 168”) Accord- 
ingly, the structure of 2 was established as 3/%0-[&D- 
xylopyranosyl- (1 -+ 2)- /I-D -glucuronopyranosyl] -pfaffic 
acid 

Pfaffoslde B (3), C46H,O01s 3Hz0, mp 255-260”, 
Cal 2: - 18” (c 105, MeOH), contained hydroxyl groups 
(34OOcm-‘), carboxyl and ester groups (1730cm-‘), as 
Judged from the IR spectrum Acid hydrolysis of 3 yielded 
1 as the aglycone and xylose, glucuromc acid and glucose 
as the sugar moieties On hydrolysis with 1 N potassium 
hydroxide, 3 yielded 2 The results suggested that one 
glucose residue was attached to the carboxyl group of 
either pfaflic acid or glucuromc acid m the ester form The 
deca-o-methyl derivative of 3, prepared by the Kuhn 
method [3], exhibited a molecular ion peak at m/z 1050, 
the characteristic peaks due to permethylated terminal 
pentose, pentosehexuromc acid and termmal hexose 
moieties at m/z 175, 393 and 219, respectively, the peak 
due to the retro-Duels-Alder fragmentation of ring C at 
m/z 450, and the peaks due to the elimination of 
pentose-hexuromc acid and hexose-carboxyl moieties 
from the molecular ion at m/z 641 and 787, respectively, in 
the mass spectrum A comparison of the 13C NMR 
spectrum of 3 with that of 2 revealed that the chemical 
shift of C-28 was displaced upfield by 3 6 ppm (Table 1) 
The 13C NMR spectrum of the glucose moiety of 3 was 
superimposable with that of chlkusetsu saponm IV 

Table 1 13C NMR chemical slufts of pfaffic acid (I), pfaffoslde 
A (2), pfaffoside B (3) and pfaffoslde C (4) 

Carbon (1) (2) (3) (4) 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
Glucuromc acid 

39 1 t 
282t 
7836 
395s 
5616 
189t 
339t 
395s 
480d 
375s 
235t 

1202d 
145 6s 
409s 
292t 
5221 
565s 
5221 
416t 
445s 
395t 
324t 
303q 
164q 
155q 
170q 
288q 

117 5s 
187q 

387t 387t 387t 
266t 266t 266t 
894d 8941 892d 
396s 396s 396s 
560d 560d 5591 
185t 187t 185t 
338t 333t 333t 
396s 396s 40 1 s 
4771 477d 478d 
369s 369s 370s 
233t 234t 234t 

1203d 121 Id 121 Id 
1456s 1447s 1447s 
407s 409s 409s 
29 1 t 290t 290t 
521d 518d* 519d* 
564s 562s 562s 
521d 52 2d* 520d* 
416t 414t 414t 
444s 444s 445s 
395t 390t 39 1 t 
322t 322t 322t 
302q 3Olq 30 1 q 
162q 162q 168q 
153q 154q 154q 
167q 173q 173q 
2784 2784 282q 

1778s 1742s 1742s 
187q 185q 185q 

2 
3 
4 
5 
6 

Xylose 
1 
2 
3 
4 
5 

Glucose 

(105O)t [6] 1054d 105 4d 1074d 
(83 O)t [6] 83 6d 837d 756d 
(78 1)t [6] 77 4d* 775d+ 783d 
(72 7)t [7] 73 2d 732d 736d 
(76 8)t [7] 77 8d* 778d+ 7791 

(170O)t [7] 1729s 1729s 1733s 

(106 7)t [S] 107 Od 1071d 
(759)t [S] 766d 766d 
(78 0)t [S] 78 2 d 7821 
(70 6)t [S] 71 1 d 712d 
(67 5)t [S] 67 5 t 676t - 

(95 7)t [7] - 9571 958d 
(75O)t [7] - 7421 742d 
(78 5)t [7] - 790d 791d 
(71 1)t [7] - 714d 714d 
(78 7)t [7] - 7891 190d 
(623)t [7] - 624t 625t 

‘sCNMR were recorded on a JEOL FX-100 FT-NMR 
spectrometer (25 15 MHz) The chemical shifts were expressed m 
&values m ppm relatwe to TMS used as internal standard 

*These values are interchangeable wlthm their respective 
columns 

tThe chemical shifts in parentheses were those of correspond- 
ing position m gmsenoside Rb2 [6], methyl 3~-O-fjI-~- 
glucuronopyranosyl]-oleanate [A. hovenoslde G [S] and chlku- 
setsu saponm IV methyl ester [7] 
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methyl ester [7] (Table 1) The fragmentation pattern in 
the mass spectrum and the “C NMR spectrum of 3 
suggested that D-glucopyranose was attached at C-28 of 2 
In the ‘H NMR spectrum of 3, three anomenc proton 
signals were observed at 64 99 (d, J = 6 8 Hz), 5 25 (d, J 
= 6 1 Hz) and 6.18 (d, J = 7 1 Hz) supportmg the B- 
configuratlons of the glucuromc acid, xylose and glucose 
moieties Further, the j?-D-@ucopyranosyl ester linkage 
was supported by appllcatlon of Klyne’s rule [9] [MID 
(3) - [M]D(2) = - 127”, [M]D(methyla-D-glucopyrano- 
side) = + 276” [lo], [MID (methyl /3-D-glucopyranoside) 
= - 62” [lo] Based on the above results, the structure of 
3 was established as 3j?-O-[j?-D-xylopyranosyl-(1 -+ 2)-j?- 
D-glucuronopyranosyll-pfaflic acid-(28 + l)-B-D-gluco- 
pyranosyl ester 

Pfaffoslde C (4), C41H62014 3H20, mp 2%226”, 
[a]bz + 19 7” (c 0 60, MeOH), contamed hydroxyl groups 
(3400 cm-‘), carboxyl and ester groups (173Ocm-‘), as 
Judged from the IR spectrum Acid hydrolysis of 4 yielded 
1 as the aglycone and glucuromc acid and glucose as the 
sugar moieties Enzymatic hydrolysis of 3 using crude 
narmgmase yielded 4, designated now as the structure 
lacking /I-D-xylose from 3 Further, a comparison of the 
13C NMR spectrum of 4 with that of 3 revealed that the 
signals due to C-l, C-2 and C-3 of the B-D-glucurono- 
pyranosyl moiety were shlfted by + 2 0, - 8 1 and 
+ 0 8 ppm, respectively, whde other correspondmg slg- 
nals were almost unshifted (Table 1) Therefore, it IS 
suggested that B-D-xylose 1s absent from C-2 of the B-D- 
glucuronopyranosyl moiety m 3 In the ‘H NMR spec- 
trum of 4, two anomerlc proton signals were observed at 
6504(d,J=66Hz)and622(d,J=66Hz)supportmg 
the /3-configuratrons of the glucuromc acid and glucose 
moleties In addltlon, the conslderatlon of the molecular 
optical rotation by the apphcatlon of Klyne’s rule [9] 
supported the j-anomenc configurations of all sugar 
hnkages (Found [MID = + 153”, Calc [MID = + 213”) 
The above results led to the formulation of 4 as 3/%0-[p- 
D-glucuronopyranosyl]-pfaffic acid-(28 + 1)-/i-~-gluco- 
pyranosyl ester 

It IS mterestrng that 2,3 and 4 are novel structures based 
on nortrlterpene glucuromdes and that 2 and 4 show 
inhibitory effects on the growth of cultured tumor cell 
melanomas (B-16) at concentrations of cn 50 and ca 
lOOpg/ml, respectively, using the method devised by 
Takemoto et al [ll] (Fig 1) 

EXPERIMENTAL 

Mps are uncorr ‘H NMR and 13C NMR spectra were taken m 
pyndme-d, using TMS as mternal standard EIMS (direct Inlet) 
was at 70 eV Crude narmgmase (Lot No N-8631) was commer- 
cially available TLC was conducted on Kleselgel 60 Fz5* 
(Merck) using solvent A CHCI,-MeOH-Hz0 (65 35 10, lower 
phase), solvent B CHCI,-MeOH (12 l), solvent C n- 
BuOH-AcOH-Hz0 (4 1 l), spots were detected by spraying 
with 10% H2S0.,, followed by heating 

Plant maternal Roots of Pfafia panrculata were collected m the 
Goias area of Brawl and ldentlfied by Prof G Aklsue and Prof F 
Ohvelra at the Umverslty of S8o Paul0 m Brazd 

Isolatton of pfajic acid (l), the mature of strgmasterol and 
srtosterol, therr glucosuies, allantom and pfaffosufes (2, 3 and 4) 
The atr-dned roots (18 kg) were crushed and treated with hot 
MeOH (3 x 200 1) Evaporation of the solvent under red pres 
yielded a brown syrup (2 kg) The MeOH extract (820g) was 
suspended m Hz0 (5OOml) and treated with n-BuOH (5 

x 500 ml) The organic layer was evaporated under red pres to 
yield a brown, gummy mass (140 g), which was dlvlded into water 
soluble and msoluble portions The water msoluble portion (27 g) 
was chromatographed on a stica gel (Wakogel C-200) column 
(700 g) wrath a gradient of hexan*AcOEt-MeOH Removal of 
the solvent from the elute Hnth hexan*AcOEt (1 5 + 0 5), 
followed by recrystalhzation from EtOH, gave a mature of 
stigmasterol and sltosterol(280 mg) Removal of the solvent from 
the eluate with AcOEt-MeOH (20 0 + 20 1) then ylelded the 
residue (15 g) containing 1 Compound 1 was isolated from the 
above residue by CC on sdica gel (5OOg) with a gradient of 
MeOH m CHClj The separation was momtored by TLC (R, 
= 044, solvent B) Pure 1 was obtamed as colourless needles 
(180 mg) after recrystallvatlon from M&H The water soluble 
portlon was adsorbed on a charcoal (Wako) column (35Og) 
Elutlon was performed with Hz0 (5OOml), EtOH (5OOml), 
EtOH-AcOEt (3 7,7 1 ), EtOH-AcOEt (2 8,5 I ), EtOH-AcOEt 
(1 9,3 1) and AcOEt (2 1) Evaporation of the solvent from the 
elute with EtOH-AcOEt (3 7 + 0 7) afforded the crude sapomn 
(19 g) as a pale yellow powder, The crude sapomn (5 g) was 
chromatographed on a slhca gel column (150 g) and eluted with 
CHCI-MeOH (20 1, 2L), CHCl,-MeOH (10 1, 1 L), CHC&- 
MeOH-Hz0 (8 2 0 5, lower phase, 3 1) to afford besides non- 
investigated pfaffosldes a rmxture of stigmasteryl-B-D-@ucoslde 
and sltosteryl-b-D-gluwslde (46Omg) which were purified by 
recrystalbzatlon from EtOH Further elutlon with 
CHCI,-MeOH-Hz0 (7 3 1, lower phase., 6 1 )affordedcrude 2,4 
and 3, other non-investigated pfaffosrdes and allantom (23 mg), 
pm&d by recrystalllzatlon from MeOH-AcOEt Crude 2,4 and 
3 were repeatedly subjected to CC on slhca gel and eluted with 
CHCls-MeOH-Hz0 (7 3 1, lower phase) or n-BuOH- 
AcOEt-H,O (4 1 2, upper phase) to afford chromatograph- 
tally pure pfatTosldes Since the pftiosldes obtained as above 
were still contaminated with the carboxylate form 
(IR vKBr _ cm-’ 1610), they were dissolved m H20, aciddied to ca 
pH 4 or treated with a cation-exchange resm (Amberllte IR- 
12OB), and extracted with n-BuOH satd with Hz0 The n-BuOH 
layer was washed with Hz0 and evaporated In uacuo to dryness 
Pure samples of 2,4 and 3 were obtamed from MeOH-AcOEt as 
needles (85 mg), amorphous solid (35 mg) and fine crystals 
(170 mg), respectively 

Pfific acid (1) Mp 28>286”, [a]g + 109 2” (c 0 72, CHCIS) 
(Found C, 79 3, H, 10 1 Cz9H4+03 requires C, 79 0, H, 10 1% ) 
IR, MS, ‘H NMR and ‘“C NMR spectra were described pre- 
v1ously [2] 

Mtxture of stlgmasterol and sztosterol The mixture was 
ldentlfied by GC and TLC (GC detector, FID, tamer gas, N1 at 
50 ml/mm, mJ temp , 300”, column temp , 230”, packed column, 
1 m x 3 mm, 15 “/, SE-30, stlgmasterol, R, = 16 mm, sltosterol, R, 
= 18 5 mm) (TLC solvent B, R, = 0 61) 

Pfifistde A (2) Mp 268”, [alA + 14 8” (c 185, MeOH) 
(Found C, 60 1, H, 8 1 C40H6001, 3Hz0 reqmres C, 59 8, H, 
83%) IRvEcm- ’ 3400 (OH), 1730 and 1700 (C02H) 
13C NMR Table 1 

Pfagosrde B (3) Mp 255-260”, [u]i* - 18” (c 105, MeOH) 
(Found C, 57 5, H, 8 0 C46H700,8 3Hs0 requires C, 57 3, H, 
79%) IR v%cm- ’ 3400 (OH), 1730 (-CO,- and <OIH) 
‘“CNMR Table 1 

P$$oslde C (4) Mp 22>226”, [a]g + 19 7” (c 0 60, MeOH) 
(Found C, 58 8, H, 7 9 C4LH62014 3H20 requres C, 59 1, H, 
82%) IRvgcm- ’ 3400 (OH), 1730 (-CO,- and C02H) 
13C NMR Table 1 

AIIantorn Allantom was identified by mmp, HPLC and the 
wmvson of IR spectra with an authentic sample (HPLC 
detector, 220nm, mobile phase, l/50 M KHzP04-1/5N HCI 
(pH 3 5), flow rate, 1 5 ml/mm, column, 3Ocm x 3 9 mm packed 
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with Nucleosd C1sr R, 2 2 mm) 
Mxture 0s strgmasteryl-B-D-gluoslde and SrtOSteryl-B-D- 

glucoslde The mixture was mchstmgmshable from the authentic 
samples by TLC and the comparison of IR spectra (TLC solvent 
A, R, = 0 63) Acid hydrolysis of the mixture (11 7 mg) yielded a 
mixture (6 7 mg) of stigmasterol and sitosterol as aglycones, 
ldentn%d by GC, TLC and the comparison of IR spectra with 
authentic samples, and D-glucose as the sugar component, 
identified by TLC and PC Hrlth an authentic sample (TLC 
solvent C, R,, 0 30, PC Toyo Filter Paper No SO, solvent C, R,, 
012) 

Aced hydrolysrs ofpfafosrdes A (2), B (3) and C (4) Compounds 
2 (15 mg), 3 (12 mg) or 4 (12mg) were refluxed with 20% 
H#O,-MeOH (1 1, 7 ml) for 4 hr Reaction matures were 
coned under red pres to remove MeOH Addition of HZ0 gave a 
white ppt, which was collected by filtration and crystalhzed from 
MeOH to gve colourless needles (5 mg, 3 mg and 4 mg, respect- 
ively) identical m every aspect with 1 obtained directly from 
Pjafia panlculata (GC detector, FID, carrier gas, Nz at 
50 ml/nun, mJ temp ,300”, column temp ,260”, packed column, 
1 m x 3 mm 15 % SE 30; R,, 10 6 mm) The aq filtrate was coned 
under red pres , adJusted to pH 5-6 with aq satd Ba(OH)2 and 
centrifuged The supernatant was further coned under red pres 
and subJected to TLC to identify the sugar components by 
comparison with authentic samples (TLC solvent A, glucuromc 
acid, R, = 0 02, xylose, R, = 0 18, glucose, R, = 0 10) 

Alkalt hydrolysis ofpfijbslde B (3) A soln of 3 (100 mg) m 1 N 
KOH (7 ml) was heated under Nz gas flow at 95” for 3 hr The 
reaction mixture was cooled to room temp , neutrahzed with 1 N 
HCl, and extracted with n-BuOH The extract was washed with 
HZ0 and evaporated m uacuo The residue was repeatedly 
recrystalhzed from MeOH-AcOEt to afford colourless needles 
(65 mg) Identical with 2 by mmp, TLC, IR and elemental analysis 
(TLC solvent A, R,, 0 14) 

Per-0-methylatzon ofpf&osades A (2) and B (3) Followmg the 
method of Kondo et al [lo], 2 (40 mg) and 3 (200 mg) were 
methylated by the Kuhn procedure 

Enzymatzc hydrolyszs ofpfaa$oslde B (3) In accordance with the 
method of Kitagawa et al [12], enzymahc hydrolysis of 3 
(147 mg), for 12 hr using crude narmgmase (2g), afforded 4 
(63 mg), ldentlfied by mmp, TLC, elemental analysis and IR 
comparison with an authentic sample (TLC solvent A, R,, 0 11) 

Per-O-methyl pfaffoside A 17 mg, mp 85-87” (crystals from 
aq EtOH) (Found C, 66 0; H, 8 8 C47H740,3 requires C, 66 6, 
H,88”/,) IRvzcm- I 1745 (-CO,-) EIMS (probe) 70 eV, m/z 
(rel mt) 846 [M]’ (00), 437 [M-C1,H29011]+ (98), 393 
CG,h@ml+ (2 3), 246 [C~~H~~G~l+ (loo), 175 CGHI~LI+ 
(912) 

Per-O-methyl pfaffoside B 85 mg, mp 23(t232” (crystals from 
aq EtOH) (Found C, 64 0, H, 8 9 C56Hg,01s requires C, 64 0; 
H,86”/,) IRvzcm- ’ 1760 and 1750 (-CO,-) EIMS (probe) 
70eV, m/z (rel mt) 1050 [M]’ (00), 787 [M-CLLHL907]+ 
(02),641 [M-C1,H&i,]+ (09),45O[C~sH3sG,]+ (29), 393 
CC~d-bdM+ (18),219 C’%H~~0~1+ (25 9), 175 CWW’~l+ 
VW 

Inhlbztory effects of pfajic acid (1) and pfffosufes 2,3 and 4 on 
the growth of melanoma (B-16) Melanoma (B-16) cells were 
propagated ma culture medium composed of 70 % Ll5 and 30% 
Ham’s F-10, supplemented wrth 2 % fetal bovine serum, so that 
the prepared me&urn afforded 50 “/, growth of the melanoma (B- 
16) cells Cells were plated at 1 x lo5 cells per 60 mm dish m 5 ml 
of the culture medium preparations contammg 1, 2, 3 and 4, 
supplemented with 2 % fetal bovine serum and incubated at 37” m 
5% COZ and 95% au Four days after plating, the cells were 
washed twice with 5 ml saline, treated with 0 5 ml of 0 125 % 
trypsm m c&mm- and magnesium-free Hank’s soln, and re- 
suspended m 4 5 ml of saline The samples were counted m a Toa 
Microcellcounter CC-108 
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