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was performed on integrated m/z 139 ion profiles,
acquired in selected-ion mode, with a unit response
factor applied to all of the sapogenin acetate, diace-
tate and propionate (internal standard) peaks.

RESULTS

The structure of saponin C was elucidated by a com-
bination of one- and two-dimens 1al NMR tech-
niques. NMR spectral data are giv 1 in Tables 1-4.
GC-MS analysis of the hydrolysed ethanol-water

(4:1) extracts of T. terrestris specimens from two of
four sites revealed high levels of ruscogenin and dios-
genin saponins, whereas specimens from two other
sites contained saponins derived predominantly from
tigogenin, neotigogenin, gitogenin and neogitogenin.
Sapogenin levels are given in Table 5.

Structure elucidation of saponin C

The "H NMR spectrum of saponin C determined in
C.D.N (see Table 1) included signals attributable to
an acetoxyl group, two tertiary methyl groups, three

TABLE 1 '3C and 'H NMR chemical shifts (5 in C,D,N) of diosgenin [1a], ruscogenin [1b] and saponin C [2a]
Diosgenin Ruscogenin? | SaponinC
3¢ "Ho THB 3¢ 8G "Ho HB

Aglycone signals
C-1 38,0 1,11 1,81 78,2 85,2 3,63
Cc-2 32,4 1,77 2,07 44,0 37,8 2,56 2,40
C-3 71,4 3,82 68,3 68,2 3,77
C-4 34,6 2,57-2,60° 43,7 43,6 2,55-2,66°
C-5 142,2 140,5 139,3
C-6 121,0 5,38 1243 1249
C-7 32,7 1,53 1,93 33,2 32,0 1,51 1,89
c-8 32,0 1,57 32,5 33,1 1,54
C-9 50,8 0,95 51,6 50,5 1,48
C-10 37,3 43,7 42,6
C-11 21,4 1,45-1,50P 24,4 24,2 2,85 1,59
C-12 40,2 1,14 1,73 40,8 40,2 1,36 1,66
C-13 40,7 40,4 40,4
C-14 57,0 1,08 57,2 57,2 1,24
C-15 32,6 2,02 1,43 32,6 32,4 2,03 1,45
C-16 81,3 4,53 81,2 81,2 4,53
C-17 63,2 1,81 63,4 63,1 1,91
C-18 16,5 0,85 16,7 16,9 0,90
C-19 19,8 1,04 14,0 15,0 1,38
C-20 422 1,0% 422 42,0 1,95
c-21 15,1 1, 15,1 15,1 1,12
C-22 109,4 109,3 109,4
C-23 32,0 1,55-1,69° 32,1 31,8 1,64°
C-24 29,5 1,56P 29,5 29,2 1,530
C-25 30,8 1,57 30,7 30,6 1,54
C-26 67,1 3,48 3,55 66,1 66,8 3,47 3,55
c-27 17,4 0,69 17,4 17,3 0,65
Glucose signals
C-1 100,6 4,67
c-2 79,4 4,13°
C-3 76,4 4,13°
c-4 71,5 3,90
c-5' 74,4 3,79
C6' 64,6 4,710
OCOCH 21,1 2,02
OCOCH, 170,8
Rhamnose signals
C-1" 101,5 6,37
c-2" 72,4 4,67
Cc-3" 72,5 4,56
C-4" 74,1 4,31
c-5" 69,4 4,83

bG" 19,0 1,72

& Assignments taken from Agrawal et al. (1985)
Two-f o Itiplet
¢ Overlapping multiplets
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secondary methyl groups, an olefinic proton and an
anomeric sugar proton (6,37 ppm, d, J 1,5 Hz), to-
gether with a series of signals (3,4—4,9 ppm, total 15
protons) attributable to oxygenated methylene and
methine protons. The 3C NMR spectrum consisted
of five quaternary, 20 methine, ten methylene and six
methyl carbons, the chemical shifts of which (see Ta-
ble 1) indicated (Agrawal, Jain, Gupta & Thakur 1985)
saponin C to be a ring-A disubstituted 25R-spirost-
5-ene possessing acetoxyl, glucopyranosyl and rham-
nopyranosy! groups.

The '3C and 'H NMR resonances of saponin C were
correlated in a two-dimensional NMR experiment and
compared with those reported (Agrawal et al. 1985)
for ruscogenin [1b]. A feature of the '3C NMR spec-
trum of saponin C was the occurrence of one of the
ring-A aglycone carbon resonances at 85,2 ppm. A
8C-"H correlation experiment, optimized for the de-
tection of long-range couplings, established (Table 2)
that this resonance was attributable to C-1 (rather
than to C-3). The downfield shift of 7 ppm exhibited
by C-1 (relative to the equivalent resonance of rusco-
genin) (Table 1) indicated (Agrawal et al. 1985) sap-
onin C to be a 1B-glycosylated analogue of rusco-
genin [1b].

Analysis of the 'H and *C NMR signal correlations,
established for the glycosyl atoms of saponin C in
two-dimensional 'H-'H (COSY) and '3C-'H corre-
lated experiments, together with NOE-difference and
coupling constant data, established saponin C to be
ruscogenin 1-O-a-L-rhamnopyranosyi-(1—2)-3-D-6-
O-acetylglucopyranoside [2a]. The resolution of the
300 MHz "H NMR spectrum of [2a] was such that the

chemical shifts and coupling constants of all of the
rhamnosy! protons could be recognized (Table 3). Not
unexpectedly, there was a close correspondence
between the chemical shifts and coupling constants
determined for [2a] and those reported elsewhere
(Munday et al. 1993; Mimaki & Sashida 1990) for the
equivalent a-L-rhamnosyl unit of saponins such as
[3] and [4] (Fig. 2).

The complete assignment of the carbon and proton
resonances of the glucosyl units was complicated by
the coincidence of the glucosyl H-2' and H-3' signals
at 4,13-4,14 ppm. In the COSY spectrum, this pair
of signals exhibited cross-peaks with H-1' (4,67 ppm)
and H-4' (3,90 ppm), while H-5' (3,79 ppm) exhibited
cross-peaks with H-4' (3,90 ppm), and H-6' (4,71
ppm).The 'J*3C-"H coupling constant of the glucosyl
methylene carbon (147,8 Hz, compared with 144 Hz
in B-D-glucose) located the acetoxyl group at C-6'
(Agrawal et al. 1985). The occurrence of the H-6'
resonances of saponin C at 4,79 ppm (Table 1) com-
pared with 4,05 and 4,20 ppm in [3] (Munday et al.
1993), was also indicative (Agrawal 1992) of a 6-O-
acetyl (acetoxyl) group.

The coupling constant of the H-1' proton (7,5 Hz) es-
tablished that the glucosyl unit was - (rather than
a-) linked (Agrawal 1992). The 3C resonances of the
C-2'and C-3' (79,4 and 76,4 ppm) were consistent
with a rhamnopyranosyl-(1—2)-p-D-glucopyranosyl
linkage, rather than a rhamnopyranosyl-(1—3)-B-D-
glucopyranosyl linkage, because in the latter case the
C-3' resonance would be expected to occur around
88—-89 ppm (Agrawal et al. 1985). The chemical shift
of the glucosyl C-2' resonance of saponin C [23]

TABLE 2 Selected long-range two-dimensional '*C—'H NMR correlations (8, C,D;N)

observed for saponin C [2a]

H signal Correlated *C signals

0,85 (H-27) 17,3 (C-27), 66,8 (C-26)

0,90 (H-18) 16,9 (C-18), 40,4 (C-13),57,2 (C-14)

1,12 (H-21) 15,1 (C-21), 42,0 (C-20), 63,1 (C-17), 109,4 (C-22)
1,38 (H-19) 15,0 (C-19), 42,6 (C-10), 85,3 (C-1), 139,3 (C-5)
1,72 (th H-6") 19,0 (rh C-6"), 69,4 (th C-5"), 74,1 (th C-4")

6,37 (th H-1") 69,4 (rh C-5"), 72,5 (th C-3"), 101,5 (th C-1")

Rhamnose Ain [3] Saponin C [2a] «o-L-rhamnose
H-1 6,39 (brs) 6,39 (brs) 6,37 (d, J 1,5) 5,90 (brs)
H-2 4,81 (brd,J 3,2) 4,85 (brs) 4,67 (dd, J 1,5, 3,4) 4,70 (br s)
H-3 4,64 (dd, J 3,2,9,3) 4,65 (dd, J 3,1,9,4) 4,56 (dd, J 3,4,9,4) 4,74 (dd, J 3,2, 9,2)
H-4 *(~t, J 9,4) 4,37 (t, J 9,4) 4,31 (t,J9 4) 4,33 (t, J 9,3)
H-5 5,01 (dg, J 9,5, 6,2) 4,94 (dqg, J 9.4, 6,3) 4,83 (dqg, J 9,3,6,2) 4,63 (dq, J 9,3, 6,2)
H-6 1,78 (d, J 6,2) 1,78 (d, J 6,3) 1,72 (d, J 6,2) 1,66 (d, J 6,2)
* Not orded

& Mimaki & Sashida (1990)
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