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Abstract-Further mvestrgatron of the natural sweeteners of Periandra dulcrs afforded a new sweet tnterpene- 
glycoslde, perlandrm I, the structure of whrch was determined to be 3-P-O-[/I-D-glucuronopyranosyl-(l--,2)-/3- 
D-glucuronopyranosyl]-25-al-olean-18(19)-en-3O-orc acrd by chemmal and physrcochemlcal evidence and also by 
X-ray crystallographrc analysis of a derivative 

INTRODUCTION 

In a previous paper [l], we reported on the strtm- 
tures of two new sweet trrterpene-glycosrdes, pen- 
andrm II and IV, which were obtained from the roots 
of Penandra dubs Mart Further mvestlgatron of the 
roots has led us to the isolation of a new triterpene- 
glycostde, perrandrm I (l), as a major sweetener of 
this plant 

RESULTS AND DISCUSSION 

Pertandrm I (l), C42H62016 4H20, was crystallized 
from methanol-water as colourless plates The IR 
spectrum of 1 exhibited hydroxyl (33OOcm-‘) and 
carboxyl (1700 cm-‘) absorption bands On acid 
hydrolysis, 1 yielded glucuromc acrd, perlandrlc acid 
I (2, GHti04, a new trtterpenold) and an umdenttied 
trrterpenotd which was formed from 2 by the acid 
treatment Enzymatic hydrolysis of 1 with /3- 
glucuromdase afforded 2 and a prosapogenm (3, 
C36Hs2010 0 5H20), the latter being possessed of the 
sweet property Compound 3 1s a monoglucuromde of 
2 as revealed by acid hydrolysis 

Methylatron of 2 with dlazomethane afforded a 
monomethyl ester (4) which gave a methyl ester 
monoacetate (5) with acetic anhydrrde m pyrldme 
The ‘H NMR spectrum of 5 showed SIX singlet 
methyl signals at SO 78,O 83,O 93,0 99, 1 02 and 1 24, 
an acetoxymethyl signal at 62 01, a carbomethoxy- 
methyl signal at S3 66, an acetoxymethme signal at 
S4 51 (lH, dd, J = 5, 11 Hz), a singlet signal of an 
olefimc proton at S5 19 and a formyl proton signal at 
810 27 These ‘H NMR data suggested that 2 was a 
member of the olean-18(19)-en series m which two 
methyl groups were replaced by a formyl group and a 
carboxyl group The mass spectrum of 5 showed the 
charactertstrc fragmentation of the C-rmg of a A”- 
amyrm derivative [2], grvmg rise to peaks at m/r 263, 
262, 248 and 189 These peaks indicated the presence 

of a carbomethoxyl group in ring D/E and an acetoxyl 
group and a formyl group m rmg A/B 

By dlssolvmg rt m methanol, compound 2 was 
easily converted to an acetal (6) whose ‘H NMR 
spectrum showed an acetalmethyl signal at S3 32, an 
acetalmethme at 65 08 (lH, s) and a methme at S3 20 
(lH, t-like) which could be attributed to a proton on a 
carbon bearing an oxygen, but no formyl proton 
signal Compound 6 gave a monomethyl ester (7) with 
dlazomethane but did not grve an acetate with acetic 
anhydrrde m pyrldme The ‘H NMR and chemical 
properties of 6 were the same as those of a compound 
having an acetal linkage between C-3 and C-25 which 
was synthesized from perlandrrc acid II under the 
same reaction condltron [l], thereby suggesting the 
presence of a hydroxyl group at C-3/3 and a formyl 
group at C-25 In addition, oxldatron of 5 with Jones’ 
reagent [3] followed by hydrolysis gave a dlcar- 
boxyhc acid (9) which furnished a b-lactone (10, 
1720 cm-‘) on treatment with p-toluenesulphomc acid 
m benzene [4] The downfield shrft of a proton at C-3 
(64 05) m the ‘H NMR spectrum of 10 mdrcated that 
the S-lactone was formed between C-3 and C-25, and, 
therefore, the hydroxyl and the formyl groups were 
located at C-3/3 and C-10, respectively 

Treatment of perlandrrc acid I monoacetate (11) 
with sulphurlc acid m chloroform [5] afforded a y- 
lactone (12, 1765 cm-‘) and a S-lactone (13, 
1720 cm-‘) The ‘H NMR spectra of 12 and 13 did not 
show a signal of an olefimc proton nor a proton on a 
lactone ring If the carboxyl group was located at 
C-17, the formatron of only a y-lactone and the 
appearance of a proton on a lactone rmg m its ‘H 
NMR spectrum would be expected Thus, the car- 
boxy1 group must be attached on C-20 Comparrson 
of the CD spectrum of 12 to that of a y-lactone (15) 
derived from glycyrrhetrc acid acetate (14) by the 
method of Barton et al [6] exhibited a good ap- 
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proxtmatton (12 AeZls +0 559, 15 Aez,,+O 912) The The molecular structure of 17 (Fig 1) unam- 
above data suggest that the carboxyl group m perr- btguoudy indicates Its chemical structure as 30 - 
andrtc acid I (2) was located at C-20/3 m the same hydroxy - 3,25 - oxrdo - 25 - methoxy - olean - 18(19) - 
manner as m glycyrrhetrc acid en - 30 - p - bromobenzoate, which rmphes that C-30 

For confirmatton of the structure of perrandrrc acid 
I (2), X-ray crystallographtc analysis of a p-bromo- 
benzoate (17) was employed Compound 17 was syn- 
thesized from the alcohol 16 which was obtained by 
reducmg an acetal methyl ester (7) of pertandrrc actd 
I (2) with hthmm alumuuum hydride Single crystals 
of sunable quality for X-ray diffraction were obtained 
from a acetone-water solution as colourless trans- 
parent plates Crystal data trrchmc, space group P 1, 
a = 7 520(l), b = 10 653(l), c = 11 192(l) A, (Y = 
99 13(l), p = 75 88(l), y = 92 35(l)“, 2 = 1, D,,, = 
1 27 g/cm3 (by flotation method in a potassmm Iodide 
solutton), D, = 1 2611(3) g/cm3 Intensrttes of 4150 
independent reflections with 29 less than 50” were 
measured by a Rrgaku automatrc four-cycle drffrac- 
tometer, using graphite-monochromated molybdenum 
IL radtatton (A =0 71069A) Of those 2987 
reflections with IF01 > 3o(F) were used for the struc- 
ture analysts The structure was solved by the ttera- 
tton of the least-squares calculattons and the Fourier 
syntheses with the starting Fourier map based on the 
bromine atom at the origin The structure was refined 
by the block-diagonal least-squares method The 
bromine atom was kept fixed at the ortgm The 
hydrogen atoms were not clearly revealed and were 
ignored in the refinement The final residual index R 
was 0 089 wrth amsotroptc thermal parameters for the 
non-hydrogen atoms * 
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Fig 1 Molecular structure and atom numbering scheme for p-bromobenzoate (17) 

AcO 

I5 

was the carbon atom of the carboxyl group m 2 The 
bond lengths and angles are m an expected range m 
view of their estimated standard devlatlons The C- 
18-C-19 length of 1 316 A shows a localized double 
bond of C-18=C-19 The B, C and D rings assume a 
chau form, whereas rmg A assumes a boat form Ring 
E IS distorted from the chau form due to C-l&C-19 
The ring junctions of A/B, B/C and C/D are trans 
Consequently, the structure of the original aglycone 
(2) 1s designated as a 3-/3-hydroxy-25al-olean-18(19)- 
en30-olc acid 

Methylation of 1 by Hakomon’s method [7] yielded 
an octa-O-methyl derivative (18) whose ‘H NMR 
spectrum showed an olefimc proton at 65 12 (lH, m) 
and two anomerlc protons at 84 30 (lH, d, J = 7 Hz) 
and 64 64 (lH, d, J = 7 Hz) This finding suggested 
that two glucuromc acid residues in 1 were linked 
with a /?-onentatlon Llthmm alummium hydride 
reduction of 18 followed by methanolysls liberated 
methyl-3,4-dl-O-methyl glucose and methyl-2,3,4-trl- 
O-methyl glucose They were ldentfied by GC with 
authentic samples derived from octa-O-methyl gly- 

cyrrhmn by lithium alummtum hydride reduction fol- 
lowed by methanolysls 

The accumulated evidence described above led us 
to assign the structure 3 - /3 - 0 - [p - D - glucurono- 
pyranosyl - (1+2) - /3 - D - ~ucuronopyranosyl] - 25 - 
al - olean - 18(19) - en - 30 - OK acid to perlandrm I 
(1) The sweetness of perlandrm I (1) was as strong as 
those of perlandrm II, IV and glycyrrhlzm 

EXPERIMENTAL 

‘H NMR 60, 90 or 2OOMHz with TMS as mt standard, 
MS direct inlet system, 70eV Mps are uncorr SI gel was 
used for CC and TLC Detection of the isolated spots on 
TLC was by spraying with 10 or 30% H2S04 followed by 
heating 

Plant matenal The roots of P dulcls Mart were pur- 
chased m 1976 from Moageua Botamca ‘Index’ in Brazil 

Extractron and rsolatmn The roots (20 kg) were extracted 
with Hz0 (3 x 1001) at 70” for 24 hr The extracts were 
coned to 6 1 and the ppt removed by filtration The filtrate 
was treated with EtOH (88 1) and left at 5” overnight After 
removal, the ppt was dissolved m Hz0 (4 1) and EtOH (46 I ) 
added Crude sweet materials (87Og) were obtamed by 
repeated pptation with EtOH The crude sweet materials 
(1OOg) were subjected to CC on SI gel (80 X 6 cm) with 
n-BuOH-CSH6-MeOH-28% NH40H (4 3 3 2) as the eluent 
Perlandnn I (1) was purified by repetition of the CC step 

Penandrm Z (1) Mp > 300” (colourless plates from MeOH- 
HzO), [a]$‘-23 0” (HzO, c 10) IR v,,,,~ KBr cm-’ 3300 (OH), 
2900, 1700 (COOH), 1360 and 1030 (Found C, 56 52, H, 
7 61 C42H62016 4H20 requues C, 56 36, H, 7 88% ) 

Acrd hydrolysis of penandnn Z (1) 1 (210mg) was 
refluxed with 10% H2S04 (150ml) for 3 hr The cooled 
reaction mixture was extracted with CHQ (3 x 100 ml) The 
CHCI, extracts were washed with HZ0 and evaporated CC 
of the residue on SI gel elutmg with n-hexane-Me*CO (5 1) 
afforded perlandnc acid I (2, 25 mg) and an unidentified 
tnterpenold (37 mg) Compound 2 was crystalhzed from 
EtOH-H,O as colourless needles, mp 267-268” IR vi!; 
cm-’ 3400 (OH), 2930, 1700 (COOH and CHO), 1450 and 
1380, ‘H NMR (90 MHz, CDC&) SO 75 (6H, s, 2 x Me), 0 98 
(3H, s, Me), 1 03 (6H, s, 2 x Me), 1 28 (3H, s, Me), 3 25 (lH, 
dd, J = 5, 11 Hz, W,,, =20Hz, C-3), 5 20 (lH, s, C-19) and 
10 25 (lH, s, CHO), MS m/z 452 326275 [M - 181’ (talc for 
CWHUOI, 452 328998), 407 [M - 18 -45]+, 248, 236, 234,221, 
218, 203 and 189 (base peak) The aq layer was coned and 
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YosIutam, Research Laboratory of Yamasa Shoyu Co Ltd , 
for measurements of ‘H NMR, IR and mass spectra and 
elemental analyses We are also Indebted to Mrs Y Ohta, 
Mukogawa Women’s Umverslty, for her helpful suggestIons 
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