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Abstract-The aerial parts and cell cultures of Dloscoreu tokoro were found to contam two new furostanol glucosldes, 
26-O-j?-D-glucopyranosyl-(ZSR)- and (25S)-5j?-furostan-2&3a,22&26-tetraol (protoyonogenm and protoneoyono- 
genm respectively) The structures of these compounds were eluctdated chenucally and confirmed by 13C NMR 
spectroscopy Then blosynthetlc relationship to the 1-arabmosldes of this plant 1s indicated and spectral evidence IS 
given for the productlon of a A “-furostene on dehydration of the protosaponm m pyrldme 

INTRODUCTION 

SteroIdal sapogenms m the acid hydrolysate from cell 
cultures of Dzoscorea tokoro have previously been m- 
vestlgated and (25R)-steroldal sapogenms such as dlos- 
genm, yonogenm (2), and tokorogemn (4) have been 
Isolated and Identified [l] Moreover, tokorogenm (4) 
exists for the most part m the form of the furostanol 
glucoslde, prototokoronm (6a), in the cells [2] The 
biosynthetic pathway leadmg to these saponms and 
sapogenms has already been proposed on the basis of 
tracer experiments [3] 

In this paper, we report the lsolatlon and structural 
determination of two minor furostanol glucondes, proto- 
yonogenm (la) and protoneoyonogenm (1 b), from both 
cell cultures and Intact plants of Dloworea tokoro 

RESULTS AND DISCUSSION 

Cells of D tokoro tissue cultures were extracted with 
methanol at room temperature and the extract was 

*Present address Nugata Pharmaceutical College, Nugata, 
Japan 

1 a RI,Rs.R4=H, Rz=Me l25R) 

bRk=Me .Rz.R3.R4=H(25.S) 

60 RI,RJ=H . Rz=Me , R4=0-Q-L-Aro (25R) 

bRt=Me .Rz.Rs=H, R4=0-Q-L-Ara (25s) 

~~RI=H.R~=M~ ,Ra=D.R4=0-Q-L-Ara (25R) 

bRI=Me .Rz=H,Rs=D ,Rs=O-a-L-Ara (255) 

separated mto n-hexane-soluble and n-butanol-soluble 
fractions The latter, contammg the crude saponm mix- 
ture, was then further separated mto an acetone-soluble 
and a methanol-soluble fraction The acetone-soluble 
fraction was subjected to prep TLC on SI gel (chloro- 
form-methanol-water, 30 10 1) and the band (Rf 0 43) 
glvmg a posltlve Ehrhch colour test was recovered and 
recrystallized from hot water-acetone yleldmg colourless 
powder (I), C33H560 ,. $H,O mp 12%131”, [a]k6 
- 17 8” (methanol) This compound was also obtained 
from aerial parts of Intact D rokoro plants The IR 
spectrum of 1 lacked the absorption band characterlstlc of 
a splrostanol linkage [4] On hydrolysis with /?- 
glucosldase or with 5% hydrochloric acid m methanol 
followed by acetylatlon, 1 afforded glucose peracetate, 
yonogenm dlacetate (25R), and a small mount of neo- 
yonogenm dlacetate (25s) (see Expenmental) Therefore, 
1 was assumed to be an eplmerlc mixture of the furostanol 
glucosldes of 2 and 3, protoyonogenm (la) and proto- 
neoyonogenm (1 b), respectively 

Recently, structural determmatlon of natural plant 
glucosldes containing an aglycone which IS unstable under 
the acid hydrolysis condltlons has successfully been 
achieved by usmg 13C NMR spectroscopy [5], and all the 

RI 

2 Ri,Rs.R4=H,Rz=Me 

3 RI=Me ,R~.RI.R~=H 

4 Ri.Rs=H .Rz=Me , R4=0H 

5 RI=Me ,Rz.Rs=H.R4=OH 

8a Ri.Rs=H .Rz=Me .R4=0-Q-L-Am (25E’) 

b Rl=Me ,R2,R3=H,R4=O-Q-L-Ara (255) 

gaRi=H.Rz=Me .R3=D,R4=O-Q-L-Ara(25R) 

bRI=Me .Rz=H .Ra=D.R4=0-Q-L-Ara(25S) 
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13C NMR signals of (25R)- and (25S)-steroldal sapo- 
genms were asslgned unambiguously [6] Thus, the 13C 
NMR spectrum of 6 was first mvestrgated m [2H5]- 
pyrldme at 80” to help elucidate the structure of 1 

’ 3C NMR signals of 6a were assigned by comparing the 
chemical shifts with those of 4 [6], tokoromn (8a), and 
methyl glucoslde and arabmoslde, usmg known chemlcal- 
shift rules [7] The C-23 signal was assigned by the 
deutermm labelhng method 23,23-Dldeutenoprototo- 
koromn mixture (7) was prepared m good yield by heatmg 
6 with dried molecular sieves m dry pyrldme at W, 
followed by hydration with D20 and repetltlon of these 
two procedures The posItIon and the extent of deutermm 
mcorporatlon were examined by mass spectrometry of the 
23,23-dldeuterlotokoronm peracetate mixture, which had 
been obtained by hydrolysis of 7 with fi-glucosldase 
followed by acetylatlon Mass spectral peaks at m/z 792 
[Ml+, 720, 517, 457, 4r5, 397 and 141 indicated that 
almost all of the hydrogen atoms at C-23 of 6 had been 
displaced by deutermm atoms [4] A ’ 3C NMR signal at 6 
36 9 (C-23) m 6a disappeared m the spectrum of 7a 
Moreover, the signals at 110 8 (C-22) and 28 3 (C-24) m 
the spectrum of 6a were shifted upfield by 0 1 and 
0 2 ppm, respectively, by the deutermm isotope effect [6] 
However, the intensity of the C-20 signal (6 40 6) m the 
spectrum of 6a was not affected by deuteratlon These 

6- 
@glucosldase 

l 9 

IO bH 
. 

,g* k-p 
m/I 720 m/z 141 

facts strongly suggest the presence of a A22(23’ mter- 
mediate (10) m the course of this reaction It 1s noteworthy 
that the dehydration of furostanol m pyrldme gave a 
A22r23’ derivative (lo), while dehydration in acetlc anhyd- 
ride was reported to yield a A20’22’ derivative [S] The C- 
21 and C-27 signals were dlscrlmmated by a ‘H selective 
decoupling experiment because the H-21 and H-27 methyl 
signals could be asslgned m the ‘H NMR spectrum of 6, as 
described below Table 1 shows the “C NMR data for 4 
[6], 6a, and 8a 

Table 1 13C NMR chemical shifts of yonogemn (Z), In, tokorogenm (4), tokoromn @a) and prototokoronm (6~) (6, m C,D,N)* 

Carbon Carbon 
No 2t,* W 4t,z gaE 6a$ No zt,* la* 4at,S ga§ W 

C-l 44 7 448 766 889 88 8 c-21 

c-2 713 713 742 750 74 911 
c-3 770 770 712 716 716 
c-4 35 5 356 353 350 349 

c-22 

C-23 

c-5 42 3 424 35 9 365 364 
C-6 269 269 26 5 262 26 1 
c-7 269 269 265 26 5 264 

C-24 

C-25 

C-8 357 357 356 358 35 7 
c-9 42 3 424 420 424 423 
c-10 372 37 2 412 41 7 410 

C-26 

C-27 

C-11 

c-12 
c-13 
c-14 

c-15 
C-16 
c-17 

21 1 
402 
408 

56 3 
32 I 
812 
63 1 

(62 9) 
166 
23 6 
420 

(42 5) 

21 1 
402 

412 

562 
323 
81 2 
639 

212 212 
401 402 
406 407 

56 3 564 
32 1 322 
81 1 81 1 
63 1 63 3 

(62 9) (63 1) 
166 165 
19 1 19 1 
420 42 1 

(42 5) (42 7) 

21 1 
402 
410 

56 2 
32 3 
81 1 
63 8 

G-l’ 

G-2’ 

G-3’ 
G-4’ 
G-5’ 
G-6’ 

C-18 
c-19 
c-20 

167 
23 6 
406 

166 
190 
406 

A-l 
A-2 
A-3 
A-4 
A-5 

150 

(149) 
1092 

(109 7) 
319 

(26 4) 
293 

(26 2) 
306 

(27 5) 
669 

(65 1) 
173 

(16 3) 

- 
- 

- 

- 

164 

1107 

372 

(37 1) 
283 

342 

(34 3) 
7s 3 

174 

1048 
(105 0) 

75 1 

78 511 
717 

78411 
62 8 

- 

- 

150 

(149) 
1092 

(109 7) 
319 

(26 4) 
293 

(26 2) 
306 

(27 5) 
669 

(65 1) 
173 

(16 3) 
- 

- 

- 

- 

- 
- 

149 

(14 7) 
1092 

(109 7) 
320 

(26 4) 
293 

(26 2) 
306 

(27 6) 
670 

(65 3) 
172 

(164) 

16 1 

1108 

369 

283 

342 

(34 3) 
752 

- 

- 

173 

(17 2) 
1045 

(104 7) 

74 911 
78 3 
719 
77 8 
629 

1077 107 5 
739 73 8 
750 75 011 
696 695 
67 3 67 3 

*Data m parentheses are those for the (25S)-eplmers Recently, the C-23, C-24 and C-25 signals of the (25s)~steroIda sapogemns 
were reasslgned smce they had been wrongly assigned [14,15] 

tData taken from ref [6] 
*Measured at 30 
§Measured at 80” 
IlAsslgnments can be interchanged m each vertxal column 



In the 13C NMR spectrum of 6 a few small signals 
accompanied those due to carbons nelghbourmg C-25 
(Table 1) The ‘H NMR spectrum of 6 was thus de- 
termined m [2H,]pyr~dme at 80” The angular methyl 
signals appeared at S 088 (H-18) and 1 35 (H-19) 
However, pairs of doublets (J N 7 Hz) were dlscermble 
for each H-21 and H-27 signal at 1 26 and 125, and at 0 99 
and 1 02, respectively Furthermore, a pax of doublets 
(J E 7 Hz) was observed at 0 90 and 0 87 for the H-27 
signal m the ‘H NMR spectrum of the peracetate of 6 
determined m CDCI, at 80” The H-18, H-19 and H-21 
signals appeared at 0 66,1 13 and 0 89, respectively These 
signal pairs seemed to correspond to those due to the 
(25R)- and (25S)-eplmers, respectively 

Acid hydrolysis of 6 followed by acetylahon afforded 
tokorogenm trlacetate together with a trace amount of 
neotokorogenm trlacetate Therefore, 6 was concluded to 
be l/J-O-a-L-arabmopyranosyl-26-O-@-glucopyrano- 
syl-(25R)-5/3-furostan-l/?,2fi, 3a, 225, 26-pentaol [proto- 
tokoromn (6a)] contammg some of Its (25S)+zplmer, lp-O- 
a-L-arbmopyranosyl-26-0-8-D-glucopyranosyl-(25St5-8- 
furostan-l&2& 3a, 225,26-pentaol [protoneotokoronm 
WI 

The 13C NMR spectrum of 1 was then exammed in 
[‘H,]pyndme at 80” As shown m Table 1, the resonance 
posltlons for the rmg carbons of la were essentially the 
same as those of 2 or 3, and the resonance positions for the 
side chain carbons of la were tn good agreement with 
those of 6a (Table 1) As observed for 6, small accompany- 
mg signals were also dlscermble m a ratlo of 5 2 (Table 1) 
The ‘H NMR spectrum of 1 m [2H,]pyrldme at 80 
showed two smglets at 6 087 (H-18) and 090 (H-19) and 
two pairs of doublets (J ‘c 7 Hz) at 1 26 and 1 25 (H-21) 
and 0 99 and 1 02 (H-27) in a ratio of ca 5 2 A pair of 
doublets ( J z 7 Hz) was also observed at 0 90 and 0 88 for 
the H-27 signal m the ‘H NMR spectrum of the peracetate 
of 1 m CDCI, at 80” The H-18, H-19 and H-21 signals 
appeared at 0 66,O 99 and 0 89, respectively Therefore, bq 
taking the acid hydrolysis products from 1 into connder- 
ation together with the results obtained above, 1 was 
assumed to be protoyonogenm (la) contammg a small 
amount of Its (25S)-eplmer (lb) Unfortunately, separ- 
ation of the (25R)-furostanol glucosides from their (25S)- 
eplmers IS d&cult and has not been achieved yet 

It 1s already known that, m the blosynthesls of tlgogemn 
(25R), C-2 of MVA IS mcorporated predommantly into 
the methyl carbon at C-25 [9, lo], and that 27-hydroxy- 
cholesterol derived from kryptogenm IS hardly mcorpo- 
rated mto (25S)-splrostanols [ 1 l] From the blosynthetlc 
vlewpomt, it IS suggested that two routes coexist m the cell 
cultures, oxtdatton of C-27 (ortgtnattng from C-6 of 
MVA) of cholesterol leading to (25R)-sptrostanols and 
oxtdatton of C-26 (from C-2 of MVA) resulting in (25S)- 
eptmers Because tokorogentn (4) IS believed to be syn- 
thesized vta yonogentn (2) [3], compounds la and lb 
obtained tn thts work are assumed to be the btosynthetlc 

precursors of 6a and 6b, respecttvely, tn the cell cultures of 
D toho 

EXPERIMENTAL 

Grnrr al All mps are uncorr MS were determmed at 70 eV 

Chromatography was achieved using an FM1 Lab Pump fitted 
wnh a Lobar-B column at a flow rate of 3-4 ml/mm Known 
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steroidal sapogenms were identified after acetylatlon by com- 

parison of spectral data (MS, NMR, IR) wtth those of authentic 
samples, by mp and by TLC 

13C FT NMR spectra were recorded dt 25 160 MHz usmg ta 

200 mg/ml of sample solns m CDCls or [‘H,]pyrldlne contain- 
mg TMS as mt reference m 5-mm spmmng tubes at 30” and/or 
80” FT NMR measurement parameters were spectral width. 
4342 Hz, acqutsttlon time, 0 989 set, pulse width, 13 psec (flipping 

angle, 32”), number of data pomts, 8192, number of transients, 

100000-200000 ‘H FT NMR spectra were measured at 
200 06 MHz usmg L-Q 2-8 mg/ml of sample solns containing TMS 

as mt reference m CDCl, and/or [‘H,]pyrtdme m 5-mm 
spmnmg tubes at 23” or 80” FT NMR measurement parameters 

were, spectral width, 2399 8 Hz, acqutsitton time, 3 334 sec. pulse 

wtdth, 3 psec (fltppmg angle, 42”), number of data pomts, 16 000, 

number of transients, 100&2000 

Exlruct~on 0Jsaponmsjirom the cells Inittatlon of callus from 

the seedling of D tokoro has been described earlier [l] The cell 

suspension cultures (12 I) of D tokoro were grown m a 
Lmsmater-Skoog medmm supplemented with 10e6 M 2, 4-D 
under agitation (140 rpm) at 25” for 4 weeks Cells (fr wt 3 9 kg) 

were harvested, suspended m MeOH (7 1 ), and extracted by bemg 

subjected to vtbratlon for 5 hr The suspension was filtered and 

the solid was re-extracted (2 x 4 I ) The extracts were combined 
and solvent was removed The residue (55 6 g) was suspended m 

100 ml Hz0 and washed with n-hexane (3 x 250 ml) Theaq soln 
was extracted wtth n-BuOH (2 x 3OOml) and the combined 

extracts were coned to yield the crude saponms (12 g) After being 

suspended m a few ml MeOH, the crude saponm v+as further 
fracttonated by trtturatton with Me,CO (300 ml) to gave 623 mg 

Me,CO-soluble material The residue (soluble m MeOH) was 

chromatographed on a SI gel open column with 2 4 1 CHCI,- 

MeOH-HI0 (65 25 4) and ca 400 ml crude prototokoromn 

fractton (6) (dry wt 3 0 g) was obtamed after the mrtlal 360 ml 
fraction was eluted 

Separatzon of 1 The crude Me&O-soluble fraction (623 mg) 

obtained above was subjected to chromatography on Lobar-B 

with CHCl,-MeOH-H,O (30 10 1) and then further purified 

by prep TLC m the same solvent system The fraction (R, 0 43) 

gtvmg a positive Ehrhch colour test was extracted wtth MeOH 

and the solvent was evaporated The crude material (24 9 mg) 

obtamed was chromatographed repeatedly on the same system 

for further purtficatton, and then dissolved m hot H20-Me&O 

(2 ml), refluxed for 2 hr, coned to a small vol. cooled and left to 

stand to give a colourless powder of 1 (5 mg), mp 128-l 3 1’ Half 
of this powder was acetylated wtth Ac,O and pyrtdme affording 

the peracetate (2 mg), mp 78-84”. MS m/z 846 [M - 18]‘, 787, 

515,498,457,395,373,331 (glu-OAc), 271,253,211, 169, 109, R, 

0 53 m n-hexane-EtOAc (2 3) The remammg half of the powder 

of 1 was treated wtth excess /I-glucosldase (from sweet almonds) 

m a buffer soln (0 1 M HOAc-NaOAc, pH 4 5) for 24 hr at 30 

H,O was added to the soln, which was then extracted x 3 with 

EtOAc, washed, dried and evaporated The residue was ac- 

etylated wtth Ac,Oand pyrtdmeand gave a product (0 7 mg) wtth 

R,-046m n-hexaneCHCl,-EtOAc (4 1 I), MSm/z 516 [M]’ , 
444,402, 387, 373, 342, 327, 313,282, 267, 253, 139, ‘H NMR 

CDCIJ 6 0 75 (H-18), 0 99 (H-19), 096 (H-21), 0 78 (H-27) [12], 
which was ldentlcal to an authentic sample of yonogemn 

dtacetate Another product (0 3 mg) wtth R, 042 m 

n-hexaneCHCI,-EtOAc (4 1 1) was identtfied as neoyonog- 

enm dlacetate on the basks of the following data MS m/z 516 

EM] +, 444 [M - 72]+, 402,387,373,342,327,313,282,267,253, 
139,‘HNMRCDC& sO75(H-18),099(H-19),099(H-21),108 
(H-27) [13] The aq soln was neutrahzed with Na,CO,, evap- 
orated to dryness under red pres and the residue was acetylated 

wtth Ac,O and pyrtdme The product was ldenttcal to penta- 
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acetyl glucose by TLC (R, 0 13 m n-hexane-CHCl,-EtOAc, 
4 1 1) and MS compansons 

Isolatton of 1 from mtact D tokoro plants The aerial part of 
Intact D tokoro plant (fr wt 1 kg) was extracted with MeOH 
(3 x 7 1) at room temp The extracts were combined and the 
solvent was removed The residue (52 g) was punfied as described 
above and gave 1 (30 mg) as a colorless powder by crystalluation 
from hot Me&O-H,O, mp 128-131” [a]D - 17 8” (MeOH, c 
0 21) (Found C, 60 30, H, 9 04 CssHshO1,, sH20 reqmres C, 
60 27, H, 9 28 % ) Compound 1 was further analysed by “C 
NMR by comparison with 6 Compound 1(2 mg) was hydrolysed 
with fi-glucosidase m a buffer soln followed by acetylatlon to 
afford yonogemn &acetate (0 7 mg), neoyonogenm &acetate 
(03 mg) and glucose peracetate, which were Identical with 
authentrc samples accordmg to TLC and MS 

Compound 1 (9 mg) was acetylated with Ac,O and pyrldme 
and afforded the hexa-acetate of 1(8 8 mg), mp 78-84”, [aID 0 O”, 

[a]:zs + 3 7” (pynchne, c 0 27), R, 0 53 in n-hexane_EtOAc (2 3) 
(Found C, 6248, H, 799 C4sHSs016 reqmres C, 6248, H, 
792%)MSm/z 846[M-18]+,787,515,498,457,395,373,331, 
271, 253, 211, 169, 109 

23, 23-Dldeuterlo prototokoronm nuxture (7) Crude proto- 
tokoronm (6) (101 mg) was dissolved m dry pyndme (0 6 ml) and 
heated m the presence of dned molecular Sieves (20 particles) at 
80” for 4 hr The soln was mixed with 0 3 ml D,O (95 %) and then 
evaporated to dryness The residue was dissolved m 0 6 ml D,O, 
heated for 2 hr at 10&108” with sbmng, and then the D,O was 
evaporated These procedures were repeated x 5 The product 7 
(90 mg) was dried overmght in uacuo and analysed by “C NMR 
spectroscopy 

23, 23-Dldeuteno tokoronm mtxture (9) Compound 7 was 
suspended m 4 ml 0 1 M acetate buffer (pH 4 5) and treated with 
p-glucosidase at 32” for 72 hr The soln was mixed with 20 ml 
Hz0 satd with NaCl and extracted with n-BuOH (3 x 30 ml) The 
extracts were combmed, washed with H,O (3 x 30ml) and 
evaporated to dryness The residue 9 (40 mg), treated with Ac,O 
and pyridme, gave the peracetate which was analysed by mass 
spectrometry and “C NMR MS m/z 792 [Ml’, 720 [M 
-72]‘,647[M-145]+,517[M-Ara]+,457[517-60]+,415 
[457 -42]+, 397 [457 - 60]+, 341,325,299,271,269,259, 141, 
by comparison with data for tokoronm penta-acetate, MS m/z 
790[M]+,718[M-72]+,647[M-143]+,515,455,413,395, 
341, 325, 299, 271,269, 259, 139 

Actd hydroiysls of crude prototokoronrn (6) Prototokoronm (6) 
(100 mg) was refluxed with 17 y0 HCI in MeOH for 5 hr The soln 
was combmed with Hz0 and extracted x 3 with EtOAc The 
extracts were subJected to chromatography on a Lobar-B column 
with CHCI,-MeOH (9 1) and afforded crude tokorogenm Tius 
material was acetylated and purified by chromatography on a 
Lobar-B column m the solvent system of n-hexane- 
CHCl,-EtOAc (4 1 l), avmg tokorogenm triacetate (45 mg) 

. 

and neotokorogenm trlace.tate (13 mg) Tokorogenm trlacetate 
(45 mg), mp 266” (ht 255” [16]); IR ye&c13 cm- ’ 866,897,921, 
981 (897 > 921,25R), MS m/z 574 [Ml+, 502 [M -72]‘,460, 
445,431,400,385,371,340,325,311,280,265,251,139, ‘H NMR 
CDCI, 6 077 (H-18),096 (H-19), 096 (H-21), 078 (H-27) [12] 
(Found C, 68 84, H, 8 89 &H5,,08 requws C, 68 96, H, 8 77 %) 
Neotokorogenm trlacetate (13 mg), mp 203” (ht 18%190 
[17]), IR ~2.~3 cm-’ 850,896,916-921,986 (896 < 916-921, 
25S), MS m/z 574 [Ml’, 502,460,445,431,400,385,371,340, 
325,311,280,265,251,139, ‘H NMR CDCI, 6 0 77 (H-18), 0 96 
(H-19), 100 (H-21), 108 (H-27) [13] (Found C, 68 94, H, 8 84 
CJ3HS00s reqmres C, 6896, H, 8 77%) These were also 
Identified by comparison with their authentic samples by ‘%Z 
NMR (Table 1) [6] 
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