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Abstract-Three new triterpenold sapomns were isolated from the barks of Z~zyphus joazelro and characterized as 
Jqubogemn 3-0-a-L-arabmofuranosyl-( 1 4 2)-[b-D-glucopyranosyl(1 + 3)]-a+arabmopyranoslde, Its 4”‘-0-sulphate 
and 3”,4”‘-dl-0-sulphate, respectively FAB-MS was useful m provldmg mformatlon on the molecular weight of the 
complex ohgoglycoslde sulphates 

INTRODUCTION 

The bark of ZlzyphusJoazelro Mart has been known as a 
folk medlcme m Brazil, for example as a detergent [l] 
Concerning then constituents a cyclopeptlde alkaloid 
(amphbme-D) [2], betuhmc acid and an uncharactenzed 
saponm, which upon acid hydrolysis gave ebehn lactone 
[3], were reported This paper describes the Isolation and 
structure determmatlon of three new trlterpenold 
saponms (Jqubogemn 3-0-glycoslde and Its sulphates) 
from the bark of Z Joazewo 

RESULTS AND DISCUWONS 

The methanol extractives of the bark were separated 
successively by normal-phase, sephadex and reversed- 
phase (RP) CC, and the fractions showmg a single spot on 
normal- and RP-TLC were crystalhzed and preclpltated 
to gve three compounds 1,2 and 3 

These compounds were hydrolysed Hnth acid to yield 
glucose and arabmose together with ebehn lactone (4) 
which IS obtained from JuJubogemn glycoslde by acid 
hydrolysis [4] The IR spectra of compounds l-3 showed 
no absorption due to a lactone ring, and their ‘% NMR 
spectra (Table 1) gave the signals assignable to the 
aglycone carbons whrch were m good agreement with 
those of JuJubogemn 3-0-glycoslde [S] The above data 
indicate that l-3 are 3-0-glycosldes of Jqubogenm 
possessing the glucose and arabmose units m the sugar 
moretles 

Compound 1 showed m the FAB-MS the molecular Ion 
peak as a catlomzed cluster ion ( [M (C,,H,,O,,) + K] ‘) 
at m/z 937 and m the 13C NMR spectrum three anomenc 
carbon signals appeared at 61049, 105 7 and 110.3 
Therefore, compound 1 IS regarded to consist of one mole 
each of JuJubogemn and glucose and two moles of 
arabmose Compound 2 as well as 3 gave 1 on solvolysls 
usmg a dloxane-pyndme rmxture [6], and showed ab- 
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sorption due to a sulphate group m the IR spectrum 
Therefore, both 2 and 3 must be sulphates of 1 In the 
FAB-MS of 2 and 3 the molecular ion peaks were 
observed at m/z 1055 and 1173, [M(C,,H,,O,, SO,K) 
+K]+ and [M(C46H,2011 2SO,K)+K]+), respect- 
ively, and their elemental analytical data mdlcated the 
existence of one and two sulphur atoms, respectively 
Therefore, compound 2 1s regarded as a monosulphate 
and 3 as a dlsulphate of 1 

The structure of the ohgosacchande moiety of 1 and the 
site of linkage of the sulphate groups in 2 and 3 were 
determmed as follows Permethylatlon of 1 by the 
Hakomon method [7] followed by methanolysls of the 
product (5) provided 4 and three methylated monosac- 
chandes, which were identified as methyl pyranosldes of 
CO-methyl-arabmose (S-l), 2,3,4,6-tetra-O-methylgly- 
case (S-2) and methyl furanoslde of 2,3,5-tn-o-methylar- 
abmose (S-3) Thus, the arabmofuranose and glucopy- 
ranose umts m the sugar moiety of 1 are combined, 
respectively, with the 2-and 3- or 3- and 2-hydroxy groups 
of arabmopyranose, and hence, if arabmose and glucose 
are assumed to be the most commonly found L- and D- 
series, 11s Jqubogemn 3-0-L-arabmofuranosyl-( 1 + 2 or 
1 -+ 3)-[D-glucopyranosyl (1 + 3 or 1 + 2)]+arabmo- 
pyranoslde The configurations of arabmopyranosyl, 
glucopyranosyl and arabmofuranosyl units were consld- 
ered, respectively, to be a, /I and a by their anomenc 
proton signals (d, J = 5 Hz, d, J = 7 Hz, and singlet) [S, 81 
in the ‘HNMR spectrum of 5 

The location of the sulphate moiety m 2 was determined 
by chemical and “C NMR spectral data Methanolysls of 
permethylate (6) of 2 afforded S-l, S-3 and methyl 
pyranoslde of 2,3,6-tn-O-methyl-glucose (S-4) along mth 
4 mdlcatmg that the sulphate group 1s combined with the 
4-hydroxy group of glucose The sIgna due to C-4”’ of 
glucose m 2 shifted to lower field compared Hrlth that m 1 
on estenficatlon [P, lo] (Table 1) The posltlon of the 
sulphate groups m 3 were suggested by comparison of the 
’ % NMR spectra of 1 and 3 (Table 1) Namely, the signals 
due to C-3” of arabmofuranose and C-4”’ of glucose m 3 
shlfted to lower field on estenficatton mdlcatmg that the 
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Table 1 “CNMR spectral data (C,D,N) for compounds 1,2 and 3 

C 1 2 3 saponm C: Ct 1 2 3 

1 38 8 388 38 8 390 
2 268 267 268 261 
3 88 7 88 I 88 7 88 1 
4 398 398 398 397 
5 562 562 562 563 
6 184 183 184 183 
7 360 362 360 360 
8 375 375 375 373 
9 530 530 530 530 
10 372 372 311 313 
11 218 218 218 218 
12 28 5 28 5 28 5 286 
13 312 372 37 1 37 5 
14 53 I 537 537 53 7 
15 369 372 37 1 37 1 
16 1106 1106 1106 1106 
17 539 539 539 539 
18 184 18 3 184 183 
19 164 164 164 164 
20 68 5 684 684 68 5 
21 300 300 300 300 
22 454 45 5 454 45 5 
23 68 5 686 68 I 68 5 
24 127 1 1270 1269 127 0 
25 1341 1341 1343 1342 
26 256 256 256 25 5 
27 189 188 188 189 
28 278 217 211 280 
29 166 165 164 168 
30 659 659 65 8 658 

1” 
2” 
3” 
4” 
5” 

1”’ 
2” 
3”’ 
4” 
5” 
6”’ 

1049 1046 1044 
770 167 716 
838 836 83 1 
68 5 686 68 7 
659 659 65 8 

1103 1100 1099 
83 5 836 82 Ob 
784 777 mb 
849 848 831b 
62 la 618 617~ 

1057 1056 1052 
75 2 148 75 1 
780 760 162 
714 760 762 
78 0 760 762 
62 5a 618 62oC 

a, b, c Assrgnments may be reversed m each vertical column 
*Ju~ubogenm 3-O-glycoside obtamed from Hovema dulcrs [5] 
tBy takmg the glycosidahon shift [ll, 121 mto account and companng with the 

spectra of reference compounds, the signals due to sugar moletIes of each glycoslde 
were assigned 

3- and Chydroxy groups of arabmofuranose and glucose, 
respectively, are sulphated 

Hydrolysis of 2 wtth a crude hesperldmase afforded a 
prosapogenm 7 Exammatlon of the acid hydrolysate and 
the FAB-MS and 13C NMR spectral data of 7 mdlcated 
that 7 was a dlglycoslde where only arabmofuranose of 2 
was removed Methanolysls of the permethylate (8) of 7 
afforded S-4 and the methyl pyranoslde of 2,4-dl-O- 
methylarabmose (S-5) 

Therefore, 7 1s JuJubogenm 3-O-j?-D-glucopyranosyl- 
(1 + 3)-a-L-arabmopyranoslde 4”‘-O-sulphate, and hence, 
the arabmofuranose and glucose units are attached, 
respectively, to the 2- and 3-hydroxy groups of arabmo- 
pyranose 

Consequently, 1 1s lulubogenm 3-O-a-L-arabmo- 
furanosyi-(1 +-i)-p-D-giuiopyianosyl(1 + 3)]-a-L-ara- 
bmopyranoslde, and 2 and 3 are 4”-0-sulphate and 3”,4”‘- 
dl-0-sulphate of 1 Several other JUJUbOgenln 3-O- and 
3,20-0-bls-glycosldes have been reported [S, 13-173 

EXPERIMENTAL 

All mps were uncorr Opt& rotations were measured at 
2G28” usmg 1 dm cell ‘H NMR spectra were taken at 100 MHz 

m CDCl, soln unless otherunse specdied using TMS as internal 
standard “CNMR spectra were recorded at 25 05 MHz m 
C,D,N (TMS as mtcmal standard) employmg the FT mode The 
EI- and FAB-MS were produced on double focusing mass 
spectrometers The former was taken wrath an acccleratmg 
potential of 3 kV and an romzmg potential of 30 eV, and the latter 
at 2 kV for the ion source and 6 kV for an argon beam source and 
the spectra were obtamed from glycerol solutions using KI as 
additive Conditions of GLC [FID mode, glass column (12 m 
x 4 mm) packed with 10% l+butanedlol succmate on shlmahte 
W(60-80 mesh)] (a) column temp 160”, N, tamer gas 
(0 6 kg/cm’), (b) 167”, 0 8 kg/cm2 Solvent systems of TLC (slhca 
gel, C-18 (reversed-phase) and Avuzel) (a) CHCl,-MeOH-H,O 
(25 17 3), (b) n-hexane-EtOAc (2 l), (c) EtOAc-MeOH (50 l), 
(d) 60% MeOH, (e) upper layer of n-BuOH-AcOH-H,O 

(4 1 5) 
Zsolat~on &zyphusJoazaro was collected in the dry regon of 

Braz#s northeast A herbarmm specimen of the plant 1s on file m 
the Department of Medaznal Chermstry, Institute of Medical 
Sciences, Banaras Hindu Umverslty The bark (10 kg) was 
extracted with MeOH and the MeOH evaporated IPI uacuo to 
leave the MeOH extract (215 g) The extract was chromato- 
graphed on slhca gel (eluant CHCl,-MeOH-H,O, 65 35 10) to 
gve three crude sapomn fractions, Fr 1 (500 mg), Fr 2(7 5 g) and 
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7 R=H, R’=SO; 

8 R=Me, R’=SOi .__ _ - ___ ___ ___ --- -.. -__ 
1 R=R’=R2_zH 

2 R=R’=H, R’=SO; 

OR 3 R=H, R’=RZ=S03 

24 26 

27 

5 R=R’=RZ=Me 

6 R=R’=Me,R’=SO; 

Fr 3 (3 5 g) Each fraction was passed through a Sephadex LH-20 
column (eluant, MeOH) to gn/e saponm fractions Fr’ I(150 mg), 
Fr’ 2 (178 g)and Fr’ 3 (10 g) showmg a angle spot on TLC (slhca 
gel) Fr’ 1,2 and 3 showed two spots (major and minor) on TLC 
(C-18) and were separated by reversed-phase (C-18) CC (eluant 
70 %, 55 % and 40 % MeOH) to gve each major component The 
major components were crystalhzed and prectpltated to Bve 1 
(33 mg),Z (140 mg)and 3 (60 mg) [R,O 52,041 and0 28 sd~cagel 
(a), R, 0 09,O 47 and 0 74 C-18 (d)] 

C46H,2017 2SO; require-s S, 6 07%) Compound 3 afforded 4, 
arabmose and gh~cose on acid hydrolysis 

Compound 1 Colorless needles (from dd MeOH), mp 
250-252” (decomp), [a] D - 39 9” (MeOH, c 11) IR vg cm-’ 
3400 (OH) FARMS m/z 937 [M(C4BH7101,)+ K]+ 
Compound 1 was refluxed with 2 N H,SO, m 50% EtOH for 
2 hr and then dduted with H,O The precipitates were collected 
by filtration, dned, and subjected to preparative TLC 
(CHCI,-Me&O, 20 1) to afford 4 as an amorphous powder, mp 
73-75” IRv~~3cm-’ 3500 (OH), 1770 (y-lactone) EI-MS 
m/z 454 [M] + ‘HNMR 6078,086,099,104(3Heach,S,4 
x Me), 178, 180, 181 (3H each, s, 3 x Me) Compound 4 was 
identified as ebehn lactone by direct comparison (IR and 
‘HNMR) The filtrate was neutrahzed with Ba(OH), soln, 
filtered and the filtrate was coned and exammed by TLC [Avtcel 
(e)], and arabmose and glucose were detected 

Soluolys~s of2 and 3 The soln of 2 (3 mg) m pyrldme (1 ml) was 
heated under reflux for 10 mm, then droxane (4 ml) was added, 
and the nuxture was refluxed for a further 25 mm The reactlon 
mixture was diluted wtth H,O, extracted wth n-BuOH and the n- 
BuOH layer was washed and evapd The residue (solvolysate) 
showmg a smgle spot on TLC was identified with 1 by normal- 
and reversed-phase TLC [sd~ca gel (a) and C-18 (d)] Compound 
3 was solvolysed as 2 and ytelded 1 

Methylatton of 1 by the Hakomorr method Compound 1 
(20 mg) was treated wth NaH (100 mg) and Me1 (1 ml) m DMSO 
(5 ml) The reachon mixture was dduted with H,O, extracted 
with CHCl, and the CHCI, layer was washed, dned and evapd 
The residue was chromatographed on s~hca gel n-hexane- 
MeJO (3.1) to gwe 5 (15 mg) as an amorphous powder 
IRvzacm-’ no OH ‘H NMR b0 82 (6H, s, 2 x Me), 0 97 
(3H, s, Me), 106 (6H, s, 2 x Me), 1 70 (6H, s, 2 x Me), 3 16, 
3 40, 3 43, 3 50, 3 57, 3 59 (3H each, s, 6 x OMe), 3 38 (9H, s, 
3 x OMe), 440 (lH, d, J = 5 Hz, anomerlc H of arabmo- 
pyranose), 4 49 (lH, d, J = 7 Hz, anomerlc H of glucopyranose), 
5 36 (lH, s, anomenc H ofarabmofuranose), 5 22 (lH, broad d, J 
= 8 Hq H-24) 

Compound 2 Amorphous powder (from MeOH), mp 208- MethanoIysls of5 Compound 5 was heated with 10 % HCI m 
214” (decomp), [a],,-275” (MeOH, c 17) IRvEcm-’ MeOH for 2 hr, the mature was treated with Ag,CO, and 
3400 (OH), 1230, 825 (sulphate) FAB-MS m/z filtered The filtrate was evapd and the residue (methanolysate) 
1055 [M(C,eH,,O,, SOXK)+K]+ (Found s, 313 was examined by TLC [s&a gel (b) and (c)] and GLC [condmon 
C46H730,7 SO; reqmres S, 3 28 % ) On hydrolysis with acid as (a)], and 4 and three. methylated sugars were detected and they 
described for 1 compound 2 gave 4 besides arabmose and glucose were ldentdied as S-l, S-2 and S-3 by comparison with the 
[TLC Avlcel (e)] authentic samples 

Compound 3 Amorphous powder (from H,O-n-BuOH), mp Permethylate 6 of 2 (Hakomon method) Compound 2 was 
184-187” (decomp), [aID - 12 6” (MeOH, c 17) IR vz cm-’ methylated by the Hakomon method, treated as m 1, and the 
3450, 3200 (OH), 1230, 820 (sulphate) FAB-MS m/z crude methylated product was chromatographed on slhca gel 
1173 [M(C46H720,7 2SO,K)+K]+ (Found S, 539 (n-hexancMe,CO, 2 1) to grve 6 as an amorphous powder 
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IR v$!$ cm-’ no OH ‘H NMR (CDCI, + C,D,N) 60 80,O 88 
(3H each, s, 2 x Me), 105 (9H, s, 3 x Me), 168 (6H, s, 2 x Me), 
3 14,3 32,3 34,3 39,3 43,3 44 (3H each, s, 6 x OMe), 3 62 (6H, s, 
2 x OMe), 448 (lH, d, J = 5 Hz, anomenc H of arabmo- 
pyranose), 4 65 (lH, d, J = 7 Hz, anomenc H of glucopyranose), 
5 55 (lH,s,anomenc H ofarabmofuranose), 5 28 (lH, br d,J = 8 
Hz, H-24) 

Sciences, Kyushu University, for FAB- and EI-MS, 13CNMR 
and ‘HNMR data, respectively, and to Yoshltorm 
Pharmaceutical Co for elemental analytlcal data 

REFERENCES 

Methanolyszs of 6 Compound 6 was methanolysed and 
worked up m the same manner as m 5 The methanolysate was 
exammed by TLC [slhca gel (b) and (c)] and GLC [condltlon 
(b)], and 4, S-l, S-3 and S-4 were detected 

1 Rosa, J S and Iachan, A (1951) An Assoc Quon Brazd 10, 
236 

Partml hydrolyses of2 with a crude hesperldmase Compound 2 
(100 mg) m H,O was incubated with a crude hespendmase at 39” 
for 4 days, and the product was extracted with n-BuOH The 
extracts showing a maJor spot (R, 036) on TLC (sdlca gel, 
CHCI,-MeOH-H,O, 7 3 0 1) were evapd and chromato- 
graphed on s~hca gel (CHCI,-MeOH-H,O, 7 3 0 1) to give 7 as 
an amorphous powder (30mg) (from MeOH), mp 232-235 
(decomp ) IR vg$ cm-’ 3400 (OH), 1225,830 (sulphate) FAB- 
MSm/z 923 [M(C41H6501J SO,K)+K]+ ‘“CNMR 61057 
(anomerc C), 107 4 (anomenc C) Compound 7 gave 4, arabmose 
and glucose on acid hydrolysis as before 

2 Teschesche, R, Shah, A H, Pandey, V B, Smgh, J P, 
Radloff, M V and Eckhardt, G (1981) Pharmazte 36,511 

3 Trqueno, J A, Barbosa-Rlho, J M and Chenyan, U 0 
(1981) Clenc Cult 33, 44 

4 Kawat, K , Aklyama, T , Oghara, Y and Shlbata, S (1974) 
Phytochemrstry 13, 2829 

5 Klmura, Y , Kobayashi, Y , Takeda, T and Ogdmra, Y (1981) 
J Chem Sot Perkm Trans 1, 1923 

6 Kltagawa, I and Kobayashl, M (1978) Chem Pbarm Bull 
26, 1864 

Preparatron of 8 and Its methanolyszs Compound 7 was 
methylated m the same manner as m 1 to give 8 as an amorphous 
powder IRvscm-’ no OH ‘H NMR 60 82 (6H, s, 2 x Me), 
100 (3H, s, Me), 106 (6H, s, 2 x Me), 167, 170 (3H each, s, 
2 x Me), 3 15, 3 36, 3 44, 3 58 (3H each, s, 4 x OMe), 3 62 (6H, s, 
2 x OMe), 4 17 (1 H, d, J = 7 Hz, anomerlc H of glucopyranose), 
452 (1 H,m,W,,, = 9 Hz, anomenc H of arabmopyranose), 5 22 
(1 H, br d, J = 8 Hz, H-24) Compound 8 was methanolysed as 
before to gve 4, S-4 and S-5 [TLC silica gel (b) and (c), GLC 
condltlon (b)] 

7 Hakomon, S (1964) J Btochem (Tokyo) 55,205 

8 Nohara, T ,Yabuta, H , Suenobu, M , Hula, R , Mlyahara,K 
and Kawasaki, T (1973) Chem Phurm Buil 21, 1240 

9 Term, Y , Ton, K and TSUJI, N (1976) Tetrahedron Letters 
621 

10 Vigon, M R and Vottero, P J A (1976)Tetrahedron Letters 
2445 

11 Kasa~, R , Suzuo, M , Asakawa, J and Tanaka, 0 (1977) 
Tetrahedron Letters 175 

12 Ton, K, Seo, S, Yoshlmura, Y Anta, H and Tomlta, Y 
(1977) Tetrahedron L..etters 179 

13 Otsuka, H, Aklyama, T, Kawru, K, Shlbata, S, Inoue, 0 
and Oghara, Y (1978) Phytochemtstry 17, 1349 

14 Inoue, 0, Takeda, T and Og~hara, Y (1978) J Chem Sot 
Perkm Trans 1, 1289 

Acknowledgements-We thank Professor I Nlshloka, Kyushu 15 Okamura, N , Nohara, T, Yag, A and Nlshloka, I (1981) 
Umverslty, for the IR and ‘H NMR spectra of ebehn lactone for Chem Pharm Bull 29,676 
ldentdicatlon and Dr Y Egawa, Tanabe Pharmaceutical Co, for 16 Sharma, S C and Kumar, R (1983) Phytochemutry 22,1469 

crude hespendmase Thanks are also due to Mr R Isobe, Mr Y 17 Wagner, H , Ott, S , Jurclc, K , Morton, J and Neszmelyl, A 
Tanaka and Miss K Soeda of Faculty of Pharmaceutical (1983) Planta Med 48, 136 


