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SAPONINS FROM ZYGOPHYLLUM PROPINQUUM 

VIQAR UDDIN AHMAD,* GHAWLA, SHAFI UDDIN, and SHAHEEN BANO 

H. EJ. Rerurcb lnstitute of Chemistry, University of Karacbi, KaracbL7S270, Pakistan 

ABSTRACT.-TWO new saponins, 3-O-[a-~-arabinopyryl ( 1-2) p-wuinovopyrano- 
syll quinovic acid fl] and 3-O-I~-~quinovopyranoyll quinovic acid-27-0-[~-~-glucopyrano- 
syll ester l21, along with a known saponin, 3-O-I~-~quinovopyranosyll quinovic acid 131, 
have been isolated from Zygopbyllumpropinquum and identified on the basis ofspectral and chem- 
ical evidence. 

Zygophyllum popinquum Decne. (syn. Zygophyllum roccineurn L.) (Zygophyllaceae) is 
found in the Sindh and Baluchistan provinces of Pakistan. It is known to cause lowering 
of blood pressure and is also used as a diuretic, antipyretic, and local anesthetic; it has 
antihistaminic activity and causes stimulation and then depression of isolated amphib- 
ian heart, relaxation of isolated intestine, and contraction of the uterus (1). These re- 
sults of pharmacological studies of Z .  popinquum induced us to work on its chemical 
constituents and led to the isolation and characterization of two new and one known 
saponin of quinovic acid; these are zygophyloside A 111, zygophyloside B [2}, and 3-0- 
@-D-quinovopyranosyl} quinovic acid 137, respectively. Compound 3 was previously 
isolated from cinchona bark in 1963, and its structure was determined by chemical 
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methods (2). Here, we report the structure elucidation of compounds 1-3 on the basis 
of their negative ion fabms, 'H- and 13C-nmr spectra, and chemical reactions. 

Compound 3 was purified by repeated cc: [a]20~ 33.0 (c= 0.424, MeOH). Their 
spectrum showed strong absorption at 3650-2400 cm- ' (OH of carboxylic group and 
sugars). The peak at 1700 cm- indicated the presence of a carboxylic group, while the 
sharp signal at 1069 cm-' appeared to be due to the C-0  group. The uv spectrum 
showed a broad peak at 203 nm in MeOH as end absorption. The 13C-nmr spectrum, 
summarized in Table 1, showed 36 carbon resonances, indicating the presence of a 
single monosaccharide moiety from the one anomeric signal at 6 106.52. The methine 
and methyl resonances at 6 75.93, 78.01,77.05, 72.99, and 18.23 were due to C-2', 
C-3', C-4', C-5', and C-6', respectively, of the P-D-quinovopyranosyl moiety(3). The 
downfield 13C chemical shift at 6 90.69 showed that the monosaccharide moiety was at- 
tached to C-3 of the aglycone (4). The olefinic resonances of the aglycone at 6 134.20 
and 130.13, corresponding to quaternary and methine carbons, suggested the urs-12- 
ene skeleton with a carboxylic group at C-27 ( 5 ) .  The carbonyl carbons at 6 18 1.56 and 
179.00 showed the presence of two unsubstituted carbonylic groups at C- 17 and C- 14, 
respectively, in the aglycone moiety (4,5). The 13C-nmr spectral data of compound 3 
were consistent with quinovic acid as the aglycone (4-6). 

The structure of compound 3 was further supported by its 'H-nmr and negative ion 
fab mass spectra. The 'H-nmr spectrum indicated the presence of four tertiary methyl 
singletsforc-23, C-24, C-25, andC-26at60.82, 1.01,0.97, and0.89, respectively. 
A doublet at 6 0.9 1 ( J  = 5.16 Hz) represented two secondary methyl signals of C-29 
and C-30, and a multiplet at 6 5.59 was due to H-12 of the aglycone (4,6). The 
anomeric signal of the P-D-quinovopyranosyl moiety, which appeared at 6 4.26 (d, 
J = 7.60 Hz), showed 1,2-diaxial coupling of the pyranose sugar. A doublet at 6 1.25 
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T-LE 1. '3C-nmt Spectral Data of Saponins 1-3 and Derivative 4 in CD,OD. 
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(J = 6.12 Hz) was due to the methyl signal of the quinovose moiety. The negative ion 
fib mass spectrum of compound 3 exhibited a EM - HI- ion peak at m/z 63 1 consistent 
with the molecular formula C36H5609. The other fragments observed at m/z 587 and 
44 1 were due to the loss of [M - H - COO]- and EM - H - COO - quinovose)-, re- 
spectively. 

In view of the above spectral evidence the structure of compound 3 was concluded 
to be 3-O-[~-Dquinovopyranosy~) quinovic acid. 

Compound 2 was purified by flash chromatography using the solvent system 
CHCI,-MeOH (87: 13), [a]*'D +34.09 (c=O.O88, MeOH). The ir spectrum showed 
strong absorption at 3650-2400 cm-' (OH of carboxylic group and sugars), 1725 
cm-' (>C=O of ester group), 1700 cm-' (>C=O of carboxylic acid group), and 
1070 cm- ' (C-0 group). The uv spectrum showed a broadened absorption at 20 1.2 nm 
in MeOH. The 13C-nmr spectrum of the intact saponin showed that the aglycone was 
quinovic acid (4-6). Anomeric signals appeared at 6 106.49 and 95.7 1, indicating the 
presence of two sugar moieties. The latter signal showed that one sugar residue was at- 
tached to the aglycone by an ester bond (4,7). Alkaline hydrolysis of compound 2 af- 
forded a prosaponin. The sugar liberated was glucose, identified by comparing with a 
standard sample on Si gel tlc. The 'H- and 13C-nmr spectra of the prosaponin exhibited 
only one anomeric signal at 6 4.27 (d,J= 7.72 Hz) and 106.47, respectively, and indi- 
cated the presence of only one sugar moiety. The disappearance of six signals at 6 95.7 1 
(CH), 74.02 (CH), 78.61 (CH), 71.46(CH), 78.38 (CH), and 62.77 (CH,)from the 
13C-nmr spectrum of the prosaponin indicated that one P-D-glucopyranosyl moiety 
was attached to the aglycone by an ester bond (4). The structure of the prosaponin was 
established as 3 by direct comparison with 'H- and 13C-nmr spectral data. The position 
of the glucose moiety linked in ester form was proposed to be at C-27 of quinovic acid 
on the basis of the '3C-resonances of C-12, C-13, C-14, and of the C-27 and C-28 car- 
boxylic groups; all these values matched well with those found in the 27-O-P-D- 
glucopyranosyl ester of quinovic acid (4). The position of glucose in the ester linkage at 
C-27 was supported by its 'H-nmr spectrum, which showed the deshielded signals of 
H-26 and H-12 at 6 0.90 (s, 3H) and 5.62 (m, lH),  respectively (4). Methylation of 
compound 2 yielded a methyl ester 4. Comparison of 13C-nmr data (Table 1) of 2 and 4 
indicated that only the 13C chemical shift of C-28 was moved upfield due to the forma- 
tion of the methyl ester in 4 while the other chemical shifts were similar to those of 
compound 2; this confirmed that the glucose moiety was attached at C-27 by an ester 
bond (4). 

The negative ion fabms of compound 2 exhibited a EM - HI- ion peak at mlz 793. 
The sugar moieties attached to the aglycone by an ester bond were eliminated first (7). 
The fragment observed at m/z 631 indicated the loss of the 27-O-glucose from the 
[M - H)- ion, while the remaining fragments at m/z 587 and 441 showed the loss of 
{M - H - glucose - COO]- and {M - H - glucose - COO - quinovose)-, respec- 
tively. 

The anomeric configuration of the sugar moieties was determined from the 'H-nmr 
spectrum (8). The anomeric proton signals appeared at 6 4.28 (d,J= 7.72 Hz) and 
5.37 (d, J =  8.04 Hz), which showed 1,2-diaxial coupling. Differentiation between 
the anomeric signals of the P-D-quinovopyranosyl and P-D-glucopyranosyl moieties 
was achieved by comparison of the 'H-nmr spectra of compounds 2 and 3. The disap- 
pearance of the downfield signal at 6 5.37 in the 'H-nmr spectrum of 3 indicated the 
position of the anomeric signal of the P-D-giucopyranosyl moiety, while the remaining 
anomeric signal was due to the P-D-quinovopyranosyl moiety. 

The above evidence led to the structure of zygophyloside B 12) as ~-O-@-D- 
quinovopyranosyl] quinovic acid-27-0-[ P-D-glucopyranosyl) ester. 
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Compound 1 was purified by flash chromatography using the solvent system 
CHCI,-MeOH (89:ll): [a]*'D -20.83 (c=O.O48, MeOH). The ir spectrum showed 
a broad signal at 3650-2400 cm-' (OH of carboxylic acid and sugar), 1700 cm-' 
(>C=O of carboxylic acid), and 1065 cm-' (C-0 group). The uv spectrum showed 
end absorption at 201.8 nm in MeOH. The 13C-nmr spectrum of the intact saponin 
showed that the aglycone was the same as compounds 2 and 3. Anomeric signals ap- 
pearedat6 106.46and 105.14inthe '3C-nmrspectrumandat64.45 (d,J=7.00Hz) 
and 4.38 (d, J=7 .47  Hz) in the 'H-nmr spectrum, which indicated the presence of 
two sugar moieties. The sequence of sugars was established from negative ion fabms, 
which exhibited a EM - HI- ion peak at mlz 763. Other fragments appeared at mlz 7 19, 
587, and 441 indicating the loss of [M - H - COO]-, [M - H - COO - pentose]-, 
and [M - H - COO - pentose - deoxyhexose]-, respectively. This sequence clearly 
suggested that pentose was a terminal sugar and deoxyhexose was linked with the agly- 
cone by an interglycosidic bond; this was confirmed by the downfield 13C chemical shift 
of C-3 of the aglycone (4,6). 

Compound 1 was partially hydrolyzed with 0.5 M HCI and yielded a prosaponin of 
1 by elimination of the terminal pentose moiety. The structure of this prosaponin, de- 
termined by 13C-nmr spectroscopy, was the same as that ofcompound 3. The sugar ob- 
tained from the hydrolysate was identified as arabinose on tlc by comparing with an au- 
thentic sample. The assignments of the 13C chemical shifts of a-L-arabinose were made 
by comparison with the 13C-nmr data of methyl a-L-arabinose, reported in the litera- 
ture (3) and confirmed by subtraction of the I3C-nmr data of the prosaponin from l. 
The points of attachment of sugar units were determined through I3C chemical shifts in 
which the upfield shifts of p carbons and the downfield shifts of a carbons were charac- 
teristic for the establishment of interglycosidic linkages (9). Comparison of the 13C- 
nmr spectra of compounds 1 and 3 showed that the anomeric and C-3 signal of p-D- 
quinovose appeared upfield and the C-2 signal of @-D-quinovose appeared downfield, 
which allowed us to place a (1-2) linkage between the arabinose and quinovose 
moieties. 

The anomeric configuration of the sugar moieties in compound 1 was determined 
from the 'H-nmr spectrum. The anomeric signals appearing at 6 4.38 (d, J = 7.47 Hz, 
H-1') and 4.45 (d, J =  7.00 Hz, H-1") showed 1,2-diaxial coupling which was consis- 
tent with @-quinovose and a-arabinose moieties. Hence, on the basis of the foregoing 
evidence, the structure of zygophyloside A [l] was elucidated as 3-O-[a-~-arabinopy- 
ranosyl( 1 ~ 2 ) ~ - ~ - q u i n o v o p y r a n o s y l ]  quinovic acid. 

EXPERIMENTAL 
EXPERIMENTAL I N S T R U M E N T S . ~ ~  was performed on Merck Si gel (70-230 mesh). The purity of 

the samples was checked on DC-Micro-cards SIF 37341 (size 5 X 10 cm, layer thickness = 0.2 mm); flash 
Chromatography (fc) was performed using an Eyela flash chromatograph EF- 10 and Merck Si gel (230400 
mesh) column. Negative ion fab mass spectra were recorded on a Jeol JMS-Hx 110 spectrometer coupled to 
a PDP 11/73 computer system. 'H- and '3C-nmr spectra were recorded on Bruker AM-300 and 75 MHz 
nmr spectrometers, respectively. The DEFT experiments were carried out with 8 = 45", 90", and 135"; the 
quaternary carbons were determined by subtraction of these spectra from the broad band ',C-nrnr spec- 
trum. 

EXTRACTION AND ISOWTION.-Z. popinquum (20 kg) was collected from the Sindh province of 
Pakistan. It was crushed in an Ulturrex homogenizer and extracted three times with MeOH. The com- 
bined MeOH extract was evaporated at reduced pressure to afford a gummy residue (800 g), which was par- 
titioned between EtOAc and H,O. The EtOAc fraction, after evaporation of solvent under reduced pres- 
sure, afforded 200 g of a gummy extract which was subjected to cc on Si gel using the solvent system n- 
C6HI4, n-C6H,4/Et,0, Et,O, CHCI,, CHCI,/MeOH, and finally MeOH. The fraction eluted by CHC1,- 
MeOH (4: 1) was a mixture of one minor and two major saponins. This saponin mixture was further 
chromatographed on a Si gel column using CHCI, and CHCIJMeOH in order of increasing polarity. Corn- 
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pound 3 (12.5 mg) was eluted in pure form with CHC1,-MeOH (19:1), but the fraction eluted with 
CHC1,-MeOH (17:3) was a mixture of two major saponins. This saponin mixture was purified by flash 
chromatography using a gradient ofMeOH in CHCI, as eluent. Compound 1 (45.90 mg) and compound 2 
(35.65 mg) were obtained in pure form from CHC1,-MeOH (89: 11) and CHC1,-MeOH (87: 13), respec- 
tively. 

ZYGOPHYLOSIDE A Ill.-Mp 258.4' (dec), [a I2O~ -20.83 (c=O.O48, MeOH); ir (KBr) 3650- 
2400 cm-' (OH of sugars and COOH group), 1700 cm-' (>C=O of COOH group), 1065 cm-' (C-0 
group); uv A (MeOH) max 201.8 nm (end absorption); 'H nmr (CD,OD, 300 MHz) 6 5.60 ( lH,  m, H- 

]=6.00Hz, H-29andH-30),4.38(1H,d,j=7.47Hz, H-l'), 1.24(3H,d,]=6.13Hz,H-6'),4.45 
( lH,  d,]=7.00 Hz, H-1"); 13C n m r  (CD,OD, 75 MHz) see Table 1; negative ion fabms m/z [M - HI- 
763, IM - H -COO]- 7 19, [M - H -COO - arabinose)- 587, [M - H - COO - arabinose- quinose]- 
441. 

12), 0.82 (3H, S, H-23), 1.02 (3H, S, H-24), 0.97 (3H, S, H-25), 0.89 (3H, S, H-26), 0.92 (6H, d, 

PARTIAL ACID HYDROLYSIS OF COMPOUND 1 .--Compound 1 (24.10 mg) was refluxed with 0.5 M 
HCI in aqueous MeOH (10 ml) for 3 h. The MeOH was evaporated under reduced pressure, and the mix- 
ture was diluted with H20 ,  neutralized with Ag,C03, and extracted with n-BuOH. The n-BuOH extract 
was evaporated under reduced pressure and gave the prosaponin of 1 (17.54 mg). The structure of the pro- 
saponin was found to be the same as compound 3. The aqueous layer was filtered, and the filtrate was con- 
centrated under reduced pressure. The residue obtained was identified as L-arabinose by comparison with 
an authentic sample on Si gel tlc developed in EtOAc-HOAc-H,O-MeOH (6: 1: 1:2), followed by spraying 
with sugar reagent (10) and heating. 

ZYGOPHYLOSIDE B [2].-Mp 200" (dec), [a],'~ +34.09(c=0.088, MeOH); ir(KBr) 3650-2400 
cm-' (OH of COOH group and sugars), 1725 (>C=O of ester group), 1700 cm-' (>C=O of COOH 
group), 1070 cm-' (C-0 group); uv A (MeOH) rnax 201.2 nm (end absorption); 'H nmr (CD30D, 300 
MHz)65.62(1H, m,H-12),0.82(3H,s,H-23), 1.01(3H,s,H-24), 0.97(3H,s,H-25),0.90(3H,s, 
H-26), 0.92(6H,d,]=5.68Hz, H-29andH-30) ,4 .28(1H,d,]=7.72Hz,H-lf) ,  1.24(3H,d, 
]=6.12 Hz, H-6'), 5.37 (lH,d,]=8.04Hz, H-l"), '3Cnmr(CD30D, 75MHz)seeTable 1;negative 
ion fabms m/z [M - HI- 793, [M - H - glucose]- 63 1, [M - H - glucose - COO]- 587, [M - H - 
glucose - COO - quinovose]- 44 1. 

ALKALINE HYDROLYSIS OF COMPOUND 2 .4ompound  2 (25 mg) was refluxed with 2% NaOH in 
EtOH for 1 h to give a prosaponin. The structure of the prosaponin was determined by spectroscopic means 
as 3. The sugar was identified, by the procedure described for 1, as D-glucose. 

METHYLATION OF COMPOUND 2.-Compound 2 (10.0 mg) in MeOH was treated with excess 
ethereal CH2N2, and the whole reaction mixture was allowed to stand for 12 h. Removal of the solvent 
under reduced pressure gave the methyl ester 4. 

( E =  0.424, MeOH); ir (KBr) 3650-2400 cm-' (OH ofCOOH group and sugar), 1700 cm-' (>C=O of 
carboxylic acid group), 1069 cm-' (C-0 group); uv A (MeOH) max 203 nm (end absorption); 'H nmr 
(CD30D, 300 MHz) 6 5.59 ( lH,  m, H-12), 0.82 (3H, s, H-23), 1.01 (3H, s, H-24), 0.97 (3H, s, H- 
25), 0.89(3H, s, H-26), 0.91(6H, d,]=5.16Hz, H-29andH-30), 4.26(1H, d,]=7.60Hz, H-l '),  
1.25 ( d , j =  6.12 Hz, H-6'); I3C n m r  (CD30D, 75 MHz) see Table 1; negative ion fabms m / z  [M - HI- 
631, [M-H-COO]- 587, [M-H-COO-quinovose]- 441. 

3-o-{~-D-QUINOVOPYRANOSYL] QUINOVIC ACID {3].-Mp 235" (dec), [a]"D +33.0 
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