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ABSTRACT

Dioscin Methyl protodioscin2 X=0 HO gy
23X=8

A facile approach for the conversion of a spirostan saponin into its furostan counterpart, as illustrated by the transformation of dioscin to
methyl protodioscin (and its 26-thio-analogue), has been developed.

Steroidal saponins constitute an extremely diverse and |

abundant family of plant metabolites, with a broad range of
biological activities. They are usually divided into three R
classes, i.e., spirostan saponins, furostan saponins, anaoi/ HO.

cholestan saponins, and are biosynthetically interrefated.

O
“H this work §

Dioscin (1) and methyl protodioscir2), which bear an R 7 oy—g - /%906/
identical3-chacotriosyl ¢-L-rhamnopyranosyl-(3-2)-[a-L- HO \C>© "0 HOho™ ©OH
rhamnopyranosyl-(34)]-5-b-glucopyranosyl) moiety at the HO Dioscin 1 methy! protodioscin 2

3-OH of the steroidal aglycones, illustrate the classification
of spirostan and furostan saponins (Figure 1). Dioscin is one Figure 1. Conversion between dioscin and methyl protodioscin.
of the most common steroidal saponins that occur in plants.
It was first characterized from the rhizome Dfoscorea
tokoro Makino in 1904 and has since been isolated from
about 20 genera. Methyl protodiosc) (vas first identified
from the fresh rhizomeBioscorea gracillimaMiQ. in 1974

and was later found often co-occurring with diostitts
methoxy group in the 22-ketal function could be either
artificial® or genuiné. Among the wide range of bioactivities

that spirostan saponins display, hemolysis and cytotoxicity
are the most common ones observed. Recent studies have
shown that dioscin can induce apoptosis within tumor cells
and that it might be a potentially useful anticancer agent.
Methyl protodioscin shows no hemolytic effects but displays
a level of antitumor potency similar to that of dioséin.
Interestingly, their profiles against the NCI 60 cell line panel
(1) Hostettmann, K.; Marston, ASaponins; Cambridge University ~ are completely different, implying different mechanisms of
Press: Cambridge, U.K., 1995. antitumor actior’®
(2) tonda, JArch. Exptl. Pharmakol. Patfi904,51, 211. Because of the microheterogeneous nature of the plant

(3) Kawasaki, T.; Komari, T.; Miyahara, K. T.; Nohara, T.; Hosokawa, ‘ h A o
I.; Mihashi, K. Chem. Pharm. Bull1974,22, 2164. saponins, the isolation of homogeneous saponins is often
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difficult. Fortunately, chemical synthesis has shown promise epoxidation on the 5,6-double bond was poorly stereoselec-
as a practical alternative to access the spirostan sapbhins. tive, producing the &,6a-epoxide as the major component
In contrast, the synthesis of furostan saponins is still a of a 3:1 mixture of epoxide diastereomers. As anticipated,
difficult task. A previous route for their synthesis started from the glycosidic linkages remained intact. Significantly, when

the spirostan diosgenin and oxidatively opened the E and Fcompound3 was exposed to a solution of NaHg@
rings and subsequently introduced the sugar moieties ontoacetone—CHGF1.0 mM aqueous N&DTA (1:1:1) fol-

the 26-OH and the 3-OH of the aglycoffeThus, for the

synthesis of methyl protodioscin, the stereocontrolled instal-

lation of a chacotriosyl moiety (which lacks a neighboring
participatory group) onto the steroidal 3-OH was requiféd.

lowed by dropwise addition of Oxone in 1.0 mM aqueous
NaEDTA, the reaction was complete within 10 h (90%).
This phenomenon might be ascribed to the increased solubil-
ity of DMDO in CHCI;** and the avoidance of peroxide

To avoid this problem, we planned to access the furostan decomposition in the presence of JE®DTA.1?

saponins directly from their spirostan counterparts (Figure
1) and herein report our results.

We first attempted to oxidatively ring open the spirostan
E and F rings on dioscin pivalatusing in situ generated
DMDO (Scheme 1). The reaction (in aceter@H,Cl,—H-0,

Scheme 1. Oxidative Opening of the E,F Rings of Dioscin
Pivalate3
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1:4:5) proceeded slowly but cleani¥affording the desired
5,6-epoxy-16a-0l hemiketal in 80% yield over 96 h. The

(4) (a) Hirai, Y.; Sanada, S.; Ida, Y.; Shoji,Ghem. Pharm. Bull1984,
32, 295. (b) Ju, Y.; Jia, Z.-Phytochemistry1992,31, 1349. (c) Hu, K;
Dong, A.-J.; Yao, X.-S.; Kobayashi, H.; lwasaki, Bhytochemistry1 997,
44, 1339. (d) Yin, J.; Kouda, K.; Tezuka, Y.; Tran, Q. L.; Miyahara, T.;
Chen, Y.; Kadota, SJ. Nat. Prod.2003,66, 646.

(5) (a) Kamel, M.; Ohtani, K.; Kurokawa, T.; Assaf, M.; El-Shanawany,
M. A; Ali, M. A,; Kasai, R.; Ishibashi, S.; Tanaka, @hem. Pharm. Bull.
1991, 39, 1229. (b) Asami, A.; Hirai, Y.; Shoji, Xhem. Pharm. Bull.
1991, 39, 2053. (c) Kostova, I.; Dinchev, D.; Rentsch, G. H.; Dimitrov,
V.; lvanova, A.Z. Naturforsch.2002,57C, 33.

2680

Because we considered that the 16-hemikdtahight
undergo ring-chain tautomerization to give a 16,22-dione-
26-0l (as in8a < 8h), we directly subjected to glycosi-
dation (Scheme 1). Unfortunately, the treatmen#éafith
2,3,4,6-tetrad@-benzoylp-glucopyranosyl trifluoroacetimidate
5% under a variety of conditions furnished the desired
glycoside 6 in no more than 36% vyield (0.25 equiv of
TMSOTf in CHCIl, at —60 °C to room temperature).
Replacement of the promoter TMSOTf with AgOTf, TfOH,
or Zn(OTf), provided no better results. It was thought that
the 5,6-epoxy group od might be playing a detrimental
role in the reaction, as the steroid#l,63-epoxide is known
to undergo rearrangement to give the corresponding 5
cholestan-6-one under acidic conditiddn this regard,
starting with the mixture of 5,65- and o,6c-epoxide4,
we only obtained the 5a,60-produ6t

We next decided to remove the 5,6-epoxide {Qrprior
to glycosylation. TMSI, which can be prepared conveniently
in situ from TMSCI and Nal in CECN, is an effective
reagent for conversion of the steroidal 5,6-epoxide into a
double bond# Thus, treatment of the 5,6-epoxidewith
Ac,0 in AcOH (to open the hemiketal) followed with TMSI
afforded the desired>®-26-acetatd in 76% yield. Removal
of the 260-acetyl group in7 with K,CO; was found not to
be as clean and complete as expected, provi8agnd8b
in 60% yield in a ratio of 2:1. Unexpectedly, treatment of
epoxyhemiketadt directly with TMSI affordedA>6-26-iodide
9 (72%), where iodination took place concurrently at C-26
(Scheme 1).

The steroidal 26-iodides (e.@) are potentially valuable
intermediates for further transformations into various ste-

(6) (a) Chiang, H. C.; Tseng, T. H.; Wang, C. J.; Chen, C. F.; Kan, W.
S.Anticancer Res1991,11, 1911. (b) Wang, Z.; Zhou, J. B.; Ju, Y.; Zhang,
H.; Liu, M.; Li, X. Biol. Pharm. Bull.2001,24, 159. (c) Cai, J.; Liu, M.;
Wang, Z.; Ju, Y Biol. Pharm. Bull.2002,25, 193.

(7) (@) Hu, K.; Dong, A.; Yao, X.; Kobayashi, H.; lwasaki, Blanta
Med. 1997,63, 161. (b) Hu, K.; Yao, XCancer Invest2003,21, 389.

(8) (&) Yu, B.; Hui, Y. In Glycochemistry Principle, Synthesis and
Applications; Wang, P. G.; Bertozzi, C. R., Eds.; Marcel Dekker: New
York, 2001; p 167. (b) Pellissier, H.etrahedron2004, 60, 5123.

(9) For the synthesis of dioscin, see: (a) Deng, S.; Yu, B.; Hui, Y.; Yu,
H.; Han, X. Carbohydr. Res1999,317, 53. (b) Yu, B.; Tao, HJ. Org.
Chem:2002 67, 9099. (c) Zou, C.-C.; Hou, S.-J.; Shi, Y.; Lei, P.-S.; Liang,
X.-T. Carbohydr. Res2003,338, 721. (d) Hou, S.; Zou, C.; Zhou, L.; Lei,
P.; Yu, D.Chem. Lett2005,34, 1220.

(10) (a) Bovicelli, P.; Lupattelli, P.; Fracassi, Detrahedron Lett1994
35, 935. (b) Yu, B.; Liao, J.; Zhang, J.; Hui, Yetrahedron Lett2001,
42, 77. (c) Cheng, M. S.; Wang, Q. L.; Tian, Q.; Song, H. Y.; Liu, Y. X;
Li, Q.; Xu, X.; Miao, H. D.; Yao, X. S.; Yang, ZJ. Org. Chem2003,68,
3658.

(112) lida, T.; Yamaguchi, T.; Nakamori, R.; Hikosaka, M.; Mano, N.;
Goto, J.; Nambara, T. Chem. Soc., Perkin Trans.2D01, 2229.
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roidal derivatives® Thus, we further optimized the reaction || || R NN

conditions and examined briefly the scope of this novel
transformation. We found that the reagent combination of

TMSCI (5 equiv) and Nal (20 equiv) with 4 A molecular
sieves as an additive could convert epoxyhemikétaito
iodide9 in 89% yield. Related reagents such as AfIPhsP/
1,,'” and ZrCl/Nal'® did not effect this transformation. Under
the present conditions, steroidal 16-hemikefdls-17were
converted readily into the corresponding 26-iodid€s—

17ain excellent yields (81~90%) (Table 1). The glycosidic
linkages and the global acyl groups (acetyl, benzoyl, and
pivaloyl groups) remained untouched in these reactions. The

3-O-TBS group in14 was labile, however, and it was
partially cleaved to give a mixture df4a and 14b2 For
the hecogenin derivativé2, no intramolecular aldol con-

densation (between the 12-carbonyl group and 23-methylene)

was detected? The H and *C NMR spectra of the

26-iodides (in CDGJ)) gave rise to a characteristic doublet

at aroundd 3.25 ppm (J= 4.8 Hz) for the 26-methylene
protons and an upfield signal at aroufd. 7.6 ppm for the
C-26. Single-crystal diffraction analysis of iodidE3a, 123,
and 13aconfirmed the structural assignmefits.

Continuation of the present synthesis of methyl proto-

dioscin (2) called for introduction of A-b-glucopyranosy-
loxy residue onto the C-26 of iodid¥® this was realized via
an anomeric O-alkylation reactiGhHowever, treatment of
the 26-iodide9 with 2,3,4,6-tetra-O-benzoyi-glucopyra-
nosé? under a variety of conditions (e.g., NaH or A3

Table 1. Synthesis of 26-lodo-cholestan Derivatives
TMSCI, Nal,
CH5CN, 4A MS, rt

substrates products

10aY=HH

£ R = Ac (84%)
H  1y=HH H  11ay=HH
R=R' R = R (86%)
12Y=0 12aY=0
R=Ac R = Ac (83%)
o Iy

13R=Ac

() 14 R =TBS 13a R = Ac (84%)
o 15R = R! RO 14a R = TBS (40%)
16 R = R? 14b R = H (45%)
17R=R? 15a R =R’ (84%)
R = ) 16a R = R? (81%)
OPiv 17a R = R® (90%)
PivO

PivO
. PNO _OPW R2 = ’%&/
R= O/% Me 9 Aco o)
ng PivO o AcO (o) Me
BzO Me A AcOLl

. (o) cO
OBP|vO OAC AcO  (ac

e
PivO OPiv

failed to provide the desired product. On the other hand, trifluoroacetimidates (0.25 equiv of TMSOTTf, CHCl,, —78

displacement of the 26-iodide thwith a more nucleophilic
glucose 1-thiolate, derived in situ from 2,3,4,6-te@a-
benzoyl-1-thio-acetyp-p-glucopyranosé8in the presence
of ELNH in DMF at —20 °C > succeeded, affording 26-
thio-glucopyranosid&9in an excellent yield (93%) (Scheme
2). Hydrolysis of the 26-iodide i® was efficient under the
action of AgCO; and a catalytic amount of AgNG®
furnishing rapidly and quantitatively 26-8b which was in
equilibrium with the more favored hemiketda (1:4).
Coupling of the resulting mixture &aand8b with glucosyl

to —30°C) produced the desired glycosid@in 54% yield.
Selective reduction of the 16-carbonyl groupliei and 20
with NaBH, provided the hemiketé21 and22 in 60% and
52% yield, respectively?*52Finally, removal of the pivaloyl
and benzoyl groups a2 and 21 with LiOH in CH;OH—
THF—H,0 (8:8:1) at 5C°C furnished methyl protodioscia
and its 26-thio-analogu23 in excellent yields.

In summary, conversion of the readily available dioscin
pivalate3 into methyl protodioscir?2 has been achieved in
six steps and 21% overall yield. This illustrates an effective

Scheme 2. Synthesis of Methyl Protodioscir2) and Its 26-Thio-analogue38)
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approach for the conversion of spirostan saponins into with the 26S linkage (in 23) should retain the native
furostan saponins; the latter is otherwise a biosynthetic geometry of the furostan saponins but prevent its enzymatic

precursor of the forme® The 26-thio-analogue of methyl
protodioscin23was also prepared efficiently (five steps, 39%
overall yield). Replacement of the ZB-glycosidic linkage

(12) Curci, R.; Fiorentino, M.; Troisi, LJ. Org. Chem1980,45, 4758.

(13) Li, S.; Parish, E. J.; Webb, T.; Brodie, A. MBioorg. Med. Chem.
Lett. 1997,7, 403.

(14) (a) Caputo, R.; Mangoni, L.; Neri, O.; Palumbo, Getrahedron
Lett. 1981,22, 3551. (b) Gutsu, E. V.; Kintya, P. KChem. Nat. Compd.
(Engl. Transl.)1989,25, 500.

(15) (a) Uhle, F. CJ. Am. Chem. So0d961, 83, 1460. (b) Arunachalam,
T.; MacKoul, P. J.; Green, N. M.; Caspi, E.Org. Chem1981,46, 2966.
(c) LaCour, T. G.; Fuchs, P. Metrahedron Lett1999 40, 4655. (d) Basler,
S.; Brunck, A.; Jautelat, R.; Winterfeldt, Elelv. Chim. Acta2000, 83,
1854. (e) Quan, H.-J.; Koyanagi, J.; Ohmori, K.; Uesato, S.; Tsuchido, T.;
Satio, S.Eur. J. Med. Chem2002,37, 659.

(16) Sarmah, P.; Barua, N. Cetrahedron Lett1988,29, 5815.

(17) Paryzek, Z.; Wydra, RTetrahedron Lett1984,25, 2601.

(18) Firouzabadi, H.; Iranpoor, N.; Jafarpour, Metrahedron Lett2004,
45, 7451.

(19) LaCour, T. G.; Tong, Z.; Fuchs, P. Drg. Lett.1999,1, 1815.

(20) Full crystallographic details of compounti8a, 12a, andl3ahave

been deposited with the Cambridge Crystallographic Data Centre (CCDC
600782, 600783, and 600784, respectively). Copies of these data may b

obtained free of charge from the director, CCDC, 12 Union Road,
Cambridge, CB2 1EZ, U.K. (fax;+44-1223-336033; e-mail, deposit@
ccdc.cam.ac.uk; or www, http://www.ccdc.cam.ac.uk).

(21) Schmidt, R. RAngew. Chem., Int. Ed. Engl986,25, 212.

(22) Fiandor, J.; Garcia-Lopez, M. T.; De Las Heras, F. G.; Méndez-
Castrillon, P. P. Synthesis985, 1121.

(23) (a) Schmidt, R. R.; Reichrath, M.; Moering, I).Carbohydr. Chem.
1994 13, 1093. (b) Lubineau, A. J.; Alais, S. E.; Bonnaft Tetrahedron
Lett. 1997, 38, 4087. (c). Utille, J.-P.; Priem, BCarbohydr. Res2000,
329, 431.
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cleavage of this sugar moiety. Thus, the 26-thio-analogue
23 should prove a valuable probe for the study of the
biological processes involving the native furostan com-
pound?” What should also be highlighted in the present work
is the ready preparation of the steroidal 26-iodid@sitd
10a—17a), which are useful intermediates for further trans-
formations.
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