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Abstract-The furostanol glucoside prototokoronin (1) has been isolated from tissue cultures of Dioscorea tokoro 
M., and labelled yonogenin and diosgenin were incorporated into (1). Sapogenin and protosaponin are thus 
seen to be interconvertible in tissue cultures. 

INTRODUCTION 

STEROIDAL sapogenin components in Dioscorea tokoro have previously been investigated 
and diosgenin, yonogenin, tokorogenin, isodiotigenin, and igagenin isolated; a 3a-hydroxyl 
group and S/&configuration have been established as characteristic structural features.’ 

In a previous report we showed that the callus derived from seedling of D. tokoro retains 
the ability to synthesize diosgenin, yonogenin, and tokorogenin; but not isodiotigenin and 
kogagenin.2 Furthermore, we proposed the biosynthetic pathway for these sapogenins in 
the callus on the basis of tracer experiments.3 

Recently Tschesche et al,,4 Kiyosawa,5 and Kawasaki et ~1.~ isolated prototype saponins 
having a furostanol glucoside structure and confirmed Marker’s hypothesis7 that spiros- 
tanol is an artifact produced by acidic treatment. This paper reports the structure of pro- 
totokoroninand the biosyntheticrelationship between furostanol glucosides and spirostanol 
sapogenins. 

RESULTS AND DISCUSSION 

Cells of D. tokoro tissue cultures grown in Linsmaier-Skoog medium fortified with 2,4-D 

and kinetin were extracted with 70”/;1 methanol at room temperature. Prototokoronin (1) 
was isolated from the extract by preparative TLC on silica gel (R,f 0.30, in CHCl,-MeOH- 
H,O, 30: 10: 1) and recrystallized from hot water to give colourless needles, 

* Part IV in a projected series entitled “Biosynthesis of Isoprenoids”. For Part III see (1973). J. Chem. Sot. 
Perkin Trans. I 2656. 
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C38H,,0,5.3H,0, m.p. 177 -178 , [x]~ -3.X (MeOH). Compound (1) gave a positive 
Ehrlich colour test and lacked the characteristic absorption band of a spiroketal linkage 
in its IR spectrum. Hydrolysis of prototokoronin with /&glucosidase afforded glucose and 
tokoronin (2) which gave tokorogenin (3) and arabinose by hydrolysis with 5”,, HCI. Treat- 
ment4 of the nonaacetate C’,,H,,OZ, (4) of prototokoronin in acetic acid gave an anhydro 
derivative C,,H,,O,, (5) m.p. 13X+140 , which was degraded with ozone to give the ester 
(6). Saponification of 6 with sodium carbonate followed bj- neutralization and acetylation 
after drying gave the acetyl glucoside (7). The MS of the methyl ester of (7) showed peaks 
corresponding to glucose’ (IJI:P 331 . 243, 343, 900. 169. 157, 145. 141. 140. 11s. 109, 103 
and 98) and methyl ~-methyl-ii-hydro~yv~~l~n~~t~~ (~7 CJ 120 and 97). These results were 
identical with those of degradation studies on sarsapsrilloside described by Tschcsche l>r 
~1.~ Thus. prototokoronin has structure 1. 

0 

CH,OH 

---- 

(8) (9) 

Furthermore, we have investigated the biosynthetic relationship between spirostanol 
sapogenin and furostanol glucosidc in the tissue cultures, since the co-occurrence of 
sapogenin and saponin in the intact plant has been pointed out by Akahori rat al.” For 
study of the incorporation of sapogcnin into protosaponin in D. toko,o tissue cultures. 
labelled diosgenin and yonogenin wcrc synthesized as follo\vs. Reduction of kryptogenin 
(8) with an cquivalcnt of tritiatcd NaBH, in ethanol yielded [l hr-“H ,]-3. 16.X-trihydroxy- 
cholest-5-en-22-one with a small amount of tetrahydrox!:cholest-5-cIlc. and the former 
compound was converted into [ 1 ~x-~H ,]diosgcnin (9) by trcatmt‘nI with acetic acid. 
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Hydrogenation of yonogenin diacetate (10) with PtO, in acetic acid containing a small 
amount of perchloric acid gave furostanol derivative C33H4h08 (lo), which was oxi- 
dized with chromic acid to give the diketone (12). Reduction of the diketone (12) with an 
equivalent of tritiated sodium borohydride followed by saponification and acidic treat- 
ment gave [16cr-3H,]yonogenin (13). These sapogenins were purified by preparative TLC 
on silica gel. Solutions of [16x-3H,]diosgenin and [16cr-3H,]yonogenin were separately 
added to callus grown on agar medium under sterile conditions. After 1 week, cells were 
harvested, and prototokoronin was isolated as described above and recrystallized to con- 
stant radiospecific activity after addition of pure carrier prototokoronin. As shown in Table 
1, prototokoronins obtained in both experiments were radioactive; they were degraded to 
determine the location of tritium in the following ways (Scheme 3). Radioactive prototo- 
koronin derived from [16cc-3H,]yonogenin was hydrolyzed with HCl to give radioactive 
tokorogenin, which was acetylated with acetic anhydrjde and pyridine. Hydrogenation of 
the acetate with PtO, in acetic acid-perchloric acid gave furostanol derivative (14) 

TABLE 1. INCORPORATIONOFLABELLEDSAPOCTENINSINTOPROTOTOKORONININTISSUECULTURES 
OF Dioscorru tokoro 

Compounds added 
Prototokoronin 

(dpm) 

Incorporation 

(%) 

(16wT,)diosgenin 50 &i 2.11 x lo4 0.019 
(16wT,)yonogenin 50 yCi 3.36 x LO“ 0.03 1 

which was oxidized with chromic acid to give the diketone (15). The diketone (15) was con- 
verted into tokorogenin by reduction with NaBH, followed by saponification and acid 
treatment. This tokorogenin now possessed no radioactivity. Radioactive prototokoronin 
derived from [16a-3H,]diosgenin was also converted into tokorogenin via diketone deri- 
vative (15) and the tokorogenin obtained had no radioactivity. Thus the tritium atoms 
in both radioactive prototokoronin were located at C-16 in the tokorogenin skeleton, and 
labelled diosgenin and yonogenin were incorporated into prototokoronin without scram- 
bling. These results show that spirostanol sapogenin can be converted into furostanol 
glucoside with cleavage of the spiroketal linkage. Sapogenin and protosaponin are, there- 

L” i- i* i- 
(14) (15) 

SCHtME3. 
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fore. seen to be interconvertible. since [Gglucosidase is usually present in plants. That only 
the proto-form of saponin exists in the tissue culture would indicate that the tokoronin- 
prototokoronin equilibrium lies in favour of the proto-form, owing to the high glucose 
concentration in the medium. However, it is not yet known that whether biosynthesis of 
steroidal saponin proceeds in the form of a furostanol glucoside. 

EXPERIMENTAL 

Grnrrul procedure. M.ps were determined on a hot-stage apparatus and are uncorrected. Tritiated NaBH, 
(142 mCi:mmol) was purchased from Daiichi Pure Chemical Co., Ltd. (Tokyo). Radioactive measurements were 
made on Beckman DPM 100 Scintillation counter. C;as chromatography was run on a Shimazu G:I< Chromato- 
graph CC-?A (RF) instrument fitted with a H, FID. 

Tissue cultures of L)ioaco~u rotor Makino derived from seedling were cultured on Linsmaier-Shoog agat 
medulm fortified with 2.4-11(10~ ” mmol) and kinetin (02 ppm). 

Ihoicltio~~ qf p,.ororohoio/ti,t (1 J. c’nltus dcriLed from II. roioro V, crc cultured on Linsmaier Skoog agar medium 
containing 2.4-o (lo-’ mmol) and kinetin (0.2 ppm) for 4 weeks, and cells (wet &t 506 g) were harrested and 
extracted 3 x Nith 70y0 MeOH for 48 hr at room temp. The extracts were combined and the solvent uas removed. 
The residue was applied on silica gel plates (0.3 mm) and developed with CHCI,-MeOH-HZ0 (30: 10: 1) and 
the prototokoronin fraction (R, 0.3) was eluted with MeOH and rechromatographed on the same system for 
further purification. The crude prototokoronin was dissolved in hot water (2 ml), refluxed for 2 hr. and then con- 
centrated to one-third of its original vol. After cooling, the amorphous precipitate was recrystallized 3 x from 
hot water to give colourless needles. m.p. 177-180‘. [z] ,, -3,X’(MeOH) (Found: C. 55.90: H. 8.26. 
C3sH,,0,s,3H,0 requires: C. 56.00: H. 8.66j:;). 

Acrtylution ofprototokoronin (1). Prototokoronin (30 mg) was acetylated with Ac,O and py-ridine. The product 
(ex MeOH x 3) was obtained as colourtess needles. m.p. 129.-131,5”, [%I,, + 5,4’(pyridine) (Found: C. 5X.70: H. 
7.19. Cs6HS20Z4 requires: C. 59.04: H, 7.2504). 

Hy&oI!‘sis q~protorolio~onin (1). A buffer soln (AcOH-AcONa. pH 4.5) of prototokoronin (15 mg) was treated 
with emulsin (50 mg) for 48 hr at 30 The soln. after addition of H,O. was extracted 2 x with r+BuOH and the 
extracts were combined, washed. dried and evaporated. The residue was recrystallized from MeOH to give cot- 
ourless needles (7.3 mg). m.p. 278~280~. [llD - 12.2 (pyridine). IR 860--X50. 890, 900. 920 cm ’ (corresponding 
to the spiroketal linkage). Penta-acetate. m.p. 235.-237 (from MeOH). 1~1~ -3.1 (CHCI,) (Found: C. 64.04: 
H. 7.76. C,ZH,ZO,,I requires: C, 63.78: H. 7.90”,,). The acetate was identical with rokoronin acetate m it\ IR 
and n1.tn.p. The aq. soln \vas cvapor-atcd to dryness under I-educed pressure and the rcsiduc was accr~latcd \I ith 
p.v’idlne and :Zc,O. The product \,a5 idcnticat \~ith penta-acct~t I,-glucorc in its ‘TLC I/<, ().I.?. II-~CWIIC 
C‘HCI, MeOH. 4: I : I ) and CiLC (I”,, QF-1 on Gas Chroni Q (100 1201. ptriss 1. column. I.5 m x -! mm o.d.. 
column temp. 170 , NL 45 ml min 1. 

I’rc~ptrr.rrtion cd crn/~~,d~op~ororo~o~o,~in ~ertr[~’ (5). Prototokoronin nonaacetatc (23 mg) *as dissolved 111 I-1 OAc 
(2 cm3) and rcfuxed for 2 hr. the soln was extracted with CH,CI, after addition of H,O. The extract ws ~~aslwd 
and then dried. After removal of the solvent the residue (?l,dmg) N:IS applied to sili& gel plates and dcbctoped 
with +hexanc EtOAc (3:3). Anh!droprototoksronin acetate (Ii, Il.3 I t was cluted and I-ccr!stalli~d from McOH 
to give colourless needles ( I I rng). mp. 13X 140. [M _ I 17 1 J. 

O-_OW rfqmfarim c?f a,~/l!~diop,o~of~~~~~~~~~ilirr ucemt~ (5). A soln of anhydroprototokoronin acctntz (44 mg) in 
CHCI, was treated with 0, at --70 for 20 min. After removal of the solvent. H,O was added dropwisc to the 
olonidc Hith stirring. After continuous stit-ring for 2 hr at room temp.. EtOH (IO ml) and NaZC‘O,> (I g) W;I\ added 
to the sotn and stll-rcd fol- I hr at 50 ‘1 hc so111 ~a\ ncutrallted with I yH(‘i and c\;~po~-;~tcJ IO dr!ncas undcl 
reduced pressure. ,tnd the residue ua:,acciylatcd with Ac10 and pjrldinc. To a soln of the acidic pi-oduct ( I ,? mg) in 
acctonc (1 ml) added a soln of c’H,\iz (0.5 ml) in ether. After I hr the solvent wax evaporated and the rraiduc 
wab applied to silica gel plates and developed with C‘,,H, Et20 (I : I). The methyl ester i/i, 0.76) U;IS cluted and 
rechrom;ltographed bq the sarw \>\tem for further purification. Yield I.6 mF_ MS of (6) ‘rho\\\ the pc;rks corrc- 
spondingtoacct)l gluco~(~ ,‘iil. 243. 7J7.201). 16’). 15’. 145. 131. IJO. 1I.i. 100. 10: ;Illd %x);tnd InctI,~I;~-nietil~I 

d-hqdro\q\~llcnatc (/II t’ I3 .IIIJ 97). 
.Slvrhc,.Gr o/ [lb’Ef, ]h~~~wh (9~. TO a so111 d hryptogcnin (8. 12 I~:I in I:tOH 1.2 rn) :~ddcd N.tB’Il, (I ny. 

34X mCil sith atlrring .~t loom temp. Aftcl- 5 hi-. the aoln \vas diluted with ti2() and acldlticd \\ith FIO;\~ bcll-thut 
atlrring for 1 hr at 60 the \oln was extracted with Et,0 and the extract W:I~ ~r~~sh~d and &led. The \olvent II;!\ 
removed and the residue was applied to silica gel plates and developed with ,I-hcxanc AcOEt C’Hc‘l, (-I: I : I) 
The bands corresponding diosgenln (R, 0.2) was cluted, rechromatographcd by the same b>stern for ful-thcr puriii- 
cation. and recrystallized from methanol to give colourless needles. m.p. I98 200 3.8 x IO’ dpm 3 mg. 

S!~lhe.sis of [ 1 ~x-~H,] ~w~oqc~t~~~z. A soln of yonogenin acetate (430 mg) in HOAc containing tl-ace> of HCIO, 
washydrogenated over PtOZ (100 mgJ(uptake 47 ml of H, in 6 hr). The catalyst was filtcrcd otTand aaahed with 
HOAC (1 ml * 2). After the tittratc was diluted with H,O, the soln was extracted with FtOAc. The c\tr;tct was 
combined. \\ashcd and dried. After the \olvcnt was cvaporatcd and the rcsiduc NJ, acct>tatcd nilI \C,O and 
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pyridine. A soln of CrO, (300 mg) in HOAc (4 ml) and H,O (1 ml) was added dropwise to a soln of the acetate 
(11, 160 mg) in HOAc (13 ml) during 30 min. After further stirring for 3 hr at 25”, the soln was diluted with H,O 
and extracted with Et*O. The extract was washed and dried. The solvent was removed and the residue was 
applied to silica gel plates and developed with C,H,--Et20 (1: 1). The band corresponding to the diketon (12, 
R, 0.52) was eluted and rechromatographed by the same system for further purification. Yield 121 mg (Found: 
C, 69.40; H, 8.40. C33H4608 requires: C, 69.45; H. S.lZ:<). To a soln of 12 (12 mg) in EtOH (2 ml) added an 
equivalent of NaB3H, (1 mg, 3.08 mCi) with stirring at room temp. Further stirring for 3 hr, the soln was diluted 
with H,O (3 ml) and extracted with Et,O. The extract was washed and dried. After removal of the solvent the 
residue was dissolved in EtOH (5 ml) containing 5?; Na,CO, and the soln was refluxed for 1 hr. The soln was 
acidified with I NHCI, stirred for I hr at 60’, and extracted with EtzO. The extract was washed and dried. The 
solvent was evaporated. and the residue was applied to silica gel plates and developed with C,H,~-Me?CO (I : 1). 
The band corresponding yonogenin (R, 0.57) was eluted with CHCl,-MeOH (3: I) and rechromatographed by 
the same system. Colour test (cinnamic aldehyde-H,SO,). and R, value (C,H,-Me,CO, 1: 1) were identical with 
those of an authentic sample. Total radioactivity 4.75 x 10’ dpmi3.l mg. 

Incuhutiorr of [I 6r-3H,]~onogrrrin wirh tissur crrlturrs qf Dioscorea tokoro Mcrkirro. [16a-3H,]yonogenin 
(50 PCi) was mixed with sterile HZ0 (5 ml) containing 0.3% of Tween 80 and the mixture was added dropwise 
to cells of D. tokoro tissue cultures. After 7 days cells (wet wt 52 g) were harvested and extracted with 70% MeOH 
with stirring at room temp. The solvent was removed under reduced pressure below 60” and prototokoronin 
was isolated by preparative TLC as described above and it was recrystallized from hot H,O’to constant specific 
radioactivity after addition of carrier prototokoronin (20 mg). Total radioactivity: 3.36 x i04dpm. 

Incuhution ~~[16r-3H,]diosgenin with tissue cultures of’D. tokoro Makino. [16%-3H,]Diosgenin (50 PCi) was 
mixed with sterile H,O (5 ml) containing 0.3% of Tween 80 and the mixture was added dropwise to cells of D. 
tokoro tissue cultures. After 7 days cell (wet wt 42 g) were harvested and extracted with 70% MeOH at room 
temp. Prototokoronin was isolated from the extract by the same manner described above, and it was recrystal- 
lized from hot water to constant specific radioactivity after addition of pure carrier compound (20 mg). Total 
radioactivity, 2.11 x lo4 dpm. 

Locution of‘ the nitiurn uro/n in prororokoronin. (i) Prototokoronin (12.1 mg. I.93 x IO4 dpm). which was 
obtained from the tissue cultures incubated with [16r-‘H,]yonogenin, was dissolved in ethanol containing 5% 
HCI and refluxed for 3 hr. The solution was extracted with EtOAC after addition of H,O. and the extract was 
washed and dried. After removal of the solvent, the residue was applied to silica gel plates and developed with 
C6H6-Me&O (1: 1). Tokorogenin (R,f 0.43) was eluted and rechromatographed by the same system for further 
purification. Total radioactivity 1.67 x lo4 dpm (6.2 mg). Radioactive tokorogenin obtained was mixed with car- 
rier tokorogenin (14 mg) and acetylated with Ac,O and pyridine. A soln of the acetate in HOAc-HClO, was 
hydrogenated over PtO> (20 mg) (uptake cu. 5.7 ml of Hz in 2 hr) and the catalyst was filtered off. After addition 
of H,O the filtrate was extracted 2 x with EtOAc. and the extract was combined, washed, and then dried. The 
solvent was evaporated to dryness and the residue was acetylated with Ac,O and pyridine. The acetate (14) 
(23 mg) was dissolved in HOAc (2 ml) and a soln of CrO, (0.2 ml, see synthesis of [16a-3H,]yonogenin) was 
added dropwise to the soln with stirring at room temp. After further stirring for 3 hr, the mixture was extracted 
with Et,0 after addition of H,O. The extract was washed and dried, and the solvent was removed to dryness. 
The diketone (lS9.1 mg, R, 0.6) isolated from the residue by preparative TLC (C,H,-Et,O, 1: 1). was dissolved 
in EtOH (1 ml) and NaBH, (I mg) was added to the soln with stirring. After continuous stirring for I hr alcoholic 
5% KOH (0.5 ml) was added and stirred for 1 hr at 60”. The soln was extracted with EtOAc after addition of 1 
N HCI (2 ml). The extract was washed and dried, and then the solvent evaporated. The residue was applied to silica 
gel plates and developed with C&H,-Me,CO (I : I). Tokorogenin (RI 0.43) was eluted and recrystallized from 

MeOH, yield 3.1 mg. Tokorogenin obtained was not contained radioactivity. (ii) Prototokoronin (11.8 mg, 
I.18 x 1h4dpm), which wasobtainedfrom the tissueculturesincubated with [16i-3HI,]diosgenin, was dissolved m 
EtOHcontainina5”,/,HClandrefluxedfor3hr.ThesolnwasextractedwithEtOAcafteradditionofH,O.Theextract 
was washed anddried. After removal of the solvent, the residue was applied to silica gel plates and developed with 
&H,-Me,CO (1: 1). Tokorogenin (R, 0.43) was eluted and rechromatographed by the same system for further 
purification. Total radioactivity I.06 x lo4 dpm (6.3 mg). Radioactive tokorogenin (6.3 mg) was mixed with car- 
rier tokorogenin (I4 mg) and the mixture was acetylated with Ac,O and pyridine. Hydrogenation of the acetate 
(26 mg) with PtOL (20 mg) followed by acetylation and oxidation with chromic acid yielded the dikctone (15). 
The diketone (7.3 mg) was dissolved in EtOH (2 ml) and NaBH, (0.7 mg) was added to the soln with stirring. 
After continuous stirring for 1 hr, alcoholic 5’:/, KOH (0.5 ml) was added and stirred for 1 hr at 60.. The soln, after 
addition of 1 N HCl (3 ml), was extracted with EtOAc and the extract was washed and dried. The solvent was 
evaporated and the residue was recrystallized from MeOH to give colourless needles. Yield 2.2 mg. Tokorogenin 
obtained was not contained radioactivity. 


