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Abstract: The first total synthesis of 25(R)-ruscogenin-l-y113-D-xylopyranosyl-(1-~3)-[13-D-glucopyranosyl-(1--,,2)]- 
13-D-fucopyranoside (1), an Ophiopogonis saponin with strong anti-inflammatory and immunopharmacological 
activities from the tuber of Liriope muscari (Decne.), is described. The glycosylaton of a highly hindered alcohol by 
Schmidt's "inverse procedure" is demonstrated. © 1997 Elsevier Science Ltd. All rights reserved. 

A great number of  saponins from a wide variety o f  both plant and animal species have recently been 

paid considerable attention due to the importance of  their physiological and pharmacological activities. ~ On 

the other hand, few effort so far has been exerted on the total synthesis of  this important group of  natural 

products. 2 Herein, we wish to describe the first total synthesis of  a steroidal trisaccharide saponin 1, which 

was isolated and characterized by Yu and Shoji in 1990 from the tuber of  Liriope muscari (Decne.), 3 an 

Ophiopogonis plant commonly used in Chinese herb medicines? Pharmacological studies showed that 1 

possessed strong anti-inflammatory and immunopharmacological activities. 5 
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A key to assembling a saponin is the construction of  the glycosidic bond between the sugar moiety and 
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the triterpene or steroid. Therefore, 1 was retrosynthetically disconnected into steroid acceptor 2 and the 

trisaccharide donor 3 (Scheme 1). Aceeptor 2 was synthesized by introducing a 13-OH to the C-1 of diosgenin 

(Scheme 2). Oxidation of  diosgenin by DDQ gave trienone 4, which was further oxidized by 14202 to provide 

the epoxide 5. 5 was reduced with Li/NH3 to afford the A 6 diol 6, although A 5 diols were usually the main 

products under the same conditions in the previous conversion of  cholestane-type steroids to vitamin D and its 

analogues, 6 no A s diol product was detected here. When the 3-OH of diol 6 was selectively protected by 

treatment with tert-butyldimethylsilyl chloride and imidazole in DMF, in half the amount of 6 the C6-C7 

double bond was surprisingly found to be shifted to C5-C6 to furnish 7 simultaneously. Subsequent attempts 

to invert the 1-a-OH of 7 into 13 configuration by SN2 type reactions, such as Mitsunobu reaction, all failed. It 

could be explained that the reaction center of  7 (C-I) was seriously hindered by the hydrogens at C-18. 

Therefore, we have to resort to an oxidation-reduction sequence to epimerize the lc~-OH. Thus, 7 was 

oxidized by PDC to give keto 8, NaBI-h reduction of  8 afforded 113-epimer 2 mainly (2: 70%, 7: 25%), taking 

advantage of the large bulkiness of  the 313-substituted TBDMS group. 7 Desilylation of 2 furnished the 25R- 

ruscogenin, which gave identical physical data with the authentic sample. 
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Scheme 2. Reagents and Conditions: a) DDQ, dioxane, reflux, 8h, 69%; b) 1-I202, NaOMe, MeOH, rt, 
overnight, 68%; c) Li/NH3, THF, then NH4CI, 53%; d) TBDMSCI, imidazol, rt, overnight, 50%; e) PDC, 
CH2CI2, rt, 92%; f) NaBH4, THF, 70%; g) 5N HCI, acetone, rt, lh, 96%. 

In the synthetic course of  the trisaccharide donor 3, Schmidt glycosylation 8 was repeatedly used 

(Scheme 3). D-Fucopyranoside 9 9 was treated with 3% HC1/AIIOH to give allyl ct-D-fucopyranoside (10), 

which was isopropylidenated to provide acceptor 11 with 2-OH free. 13 Glucosylation of  11 with glucose 

imidate 12 ~° led to the desired disaecharide 13. Removal of  the isopropylidene group of  13 afforded 14 with 

3,4-OH free, which was selectively acetylated at 4-OH to afford 3-OH free 15." 15 was easily xylosylated with 

16 ~2 to give the desired trisaccharide 17 in high yield. The stereochemistries of  the three glycosidic linkages of 

17 were determined to be lcq 1'13, and 1"13 based on IH NMR spectrum (doublets at 8 4.98 (JI.2=3.2), 4.59 

(Ji.2.=7.8), and 4.64 (Jr..2..=6.3), respectively). Deallyllation of 17,13 followed by addition with CI3CCN, 
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afforded the trisaccharide donor 3, which was determined to be the expected Qt imidate by its IH NMR 

(doublet at 6.23 for H-l ,  J=3.5). 
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3. Reagents and Conditions: a) 3% HCI, AIIOH, 80 °C, 92.5%; b) TsOH (0.1 equiv), 
(CH3)2C(OCH3)2. rt, 83%; c) BF3OEt2 (0.7 equiv), CH2CI2, 4/LMS, -20°C, 73.1%; d) 50% HOAc, 60°C, lh, 
92.5 % ; e) CH3C(OCH2CH3)3, TsOH (0.1 equiv), rt, 20rain; then 20% HOAc, rt, overnight, 87.3%; f) BF3OEt2 
(0.7 equiv), CH2C12, 4AMS, -20 °C, 90%; g) PdC12, NaOAc, 50% HOAc, 60 °C, 87%; h) C13CCN, DBU, 
CH2CI2,49.2%. 

With donor 3 and acceptor 2 at hand, we sought to effect the final glycosylation to construct the target 

saponin (Scheme 4). However, all attempts to glycosylate the steroid acceptor 2 with imidate donor 3 failed to 
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Scheme 4. Reagents and Conditions: a) TMSOTf (0.2 equiv), -5-4) °C, CH2C12, 4/~MS, ~2 h. b) TMSOTf (2.0 
equiv), CH2C12, -78 °C, 5min; c) CH3ONa, CH3OH, rt, 3-4h, 85%. 

provide the corresponding glycoside under the normal procedure for glycosylation with imidates. '4 It is 

reasonable regarding the steric hindrance of 1-OH in acceptor 2. Fortunately, under Schmidt's "Inverse 

procedure '''~ whereby acceptor 2 was activated firstly by a catalytic amount of  TMSOTf before adding donor 3, 
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the desired glycosylation product 19 was obtained (15:cz 4.6:1, separated by silica gel column chromatography). 

It is worthy noting that Schmidt's "inverse procedure", which was developed to improve the glycosylation 

efficiency by preventing the decomposition of the highly reactive donors, was demonstrated here to be an 

efficient method for the glycosylation of highly hindered alcohols? 6 Desilylation of 1915 with TMSOTf, t7 

followed by deacetylation, then purification by silica gel column chromatography, furnished the final saponin 1. 

The physical data of 1 was in well agreement with those reported? 8 

In conclusion, the first total synthesis of the title saponin 1 was achieved, this synthesis provided an 

entry to the synthesis of other members of Ophiopogonis saponins, especially to the glycosylation of hindered 

aglycones by using Schimdt's "inverse procedure" of glycosyl imidate donors. 
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