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Summary: The xeaction of tigogenin (lb) with amalgamated zinc - yields 

tetrahydrotigogenin (2b)and the furostan 2. - While 2b Wrgoes _- 

acid catalyzed elimination to give the rearranged product 2, 2 

spontaneously decomposes to a mixture of 3 and _S. 

One of the early evidences in favor of the presence of a spiso- 

ketal system in some steroidal sapogenins was provided by the studyof the 

Clemmensee reaction which gives, in all cases so far investigated, a tetra 

hydroderivative2. Thus, diosgenin (Jl-)qave the trio1 2a which could be - 
correlated with cholesterol establishing in this manner the stereo&emistry 

of & including the CI orientation of the methyl group at C 
203' 

Eventhough 

2a could be reduced to tetrahydxotigogenin (?k, mp. 195-7°)3 the latter - 

could not be obtained by Marker by the Clenunensen reduction of tigogenin(g) 

itself. Under forcing conditions lb was reported to give a low yield of - 
an unidentified compound (Cz7Hq602, mp. 1520j4. More recently however the 

formation of 2b from lb was repoxted,5 - -- 
In our hands when && was allowed to react with amalgamated zinc 

in acid medium' and the reaction stopped when -70% of lb had been arasm, - 
two main unstable products could be detected by thin layer chromatography! 

These were separated and identified as the trio1 2b (Q63%) andthe furostan 

2 C"37%1'- 

Compound 2 could not be obtained pure. Attempts to purify it 

by column chromatography using silica gel, always yieldedfractions am-g 

2 and a mixture of the olefin-triols 4 and 2. - Support for the structurr of 

2 was provided by analysis of the 13C NMR spectrum of a mixture containing 

'~75% of 3 and ~25% of 4 + _S and by observing the spontaneous and almost 

quantitative transformation (>95%) of mixtures containing 2, 4 and 3 in 

5 * 2 only (vide infra). 

In the 13C NMI? spectrum of 2 C22 appeared at 90.1 ppm while CI6 

resonated at 83.2 ppm 173.1 ppm in 2b') thus strongly suggesting that the _- 
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ether bond C16-O-C22 was intact8. Further support for the presence of the 

tetrahydrofuran moiety in 2 was obtained by noting that thea spectrum 

was almost Completely superimposable on that of the furostan 5 made by 

catalytic hydrogenation of lb."' - 
WbiLe a CHC13 solution of 5 remains almost unchanged for 

several weeks at rocxn temperature, a similar solution of 2 (containFng%20% 

Of 4 + 5) gave after two weeks a quantitative yield (>95%) of 4 + 2. The 

latter mixture could not be sepasated by the normal low pressure chsoma- 

tographic pracedures but their spectral and chemical properties are in 

complete agreement with the structures as proposed. The IR spectrum sh& 

bands at 1695, 1305, 990 and 971 cm -1 suggesting the presence of trans 

disubstituted olefins. The 'H NMR spectrum showed, besides a multiplet 

at 4.20 ppm (H-161, another multiplet centered at 5.45 ppm (2H) and the 

absence of methyls on a double bond thus locating the unsaturation between 

c 22 and C23 and/or C23 and C24. In the 13C NMR spectrum, Cl6 appeared at 

73.4 ppm while a doublet at 71.6 ppm and two triplets at 68.1 and 67.7 ppm 

were attributed to C3 and C26 of both isomeric olefins respectively. The 

olefinic carbons were doublets at 140.2, 138.5 and 127.9 ppm, the width of 

the latter clearly indicating superposition of two signals." Further, 

catalytic hydrogenation of 4 + 3 gave exclusively 2& identical in all 

respects with that obtained by the Clemmensen xeduction of lb. - 
This latter finding strongly suggests #at the absolute 

configuration at C2C in 4 and _5 is identical with that of 22, that is R as 

depicted. On the other hand, assuming'no changes around C20 during the 

formation of 4 and 2 from 3, we may assign the absolute configuration at 

C2C in 3 as being S as shown. The same configuration (S) at C20 is also 

founa in 2gb. Since 3 and 2 have identical configuration at C29 but differ 

greatly in reactivity as we have shown, we suggest that the difference in 

stability is due to thed having opposite configuration at C22. Knowing 

that the lattex is R in sab, it fallows that C22 in 2 is S as depicted." 

These assignments suggest that the origen of the observed unstability of 2 

is due to eclipsing of the methyl group at CzO and the bulkier group 

attached to Cz2. 1e 

The identification of 2b and 2 as the primary products of - 
the Clemmensen reaction of lb and the demonstration that 3 yields 4 and 2, - 
indicated that the unidentified product isolated by Marker'tvide SUpra)WaS 

derived &can Zb. DI fact, treatmentof thelattertitbp-tcl~sulfonicacid in 

benzene IRI&~-%~LIX gave an excellent yield of ,7 Cq l52-3O). %eqGcted,* nD6t 

abundantfragmznt inits mass spea appeared atra/e 273 resultingfrm~.the allylic 

cleavage of the C17-C2C bond. pie 'H NMR spactrun did not shcw signals for olefiuic 

protons nor for I+16 but the methyl at Cl7 appeared atO. ppm and the C20-CH3 



suffered an upfield shift resonating at 0.11 ~f?m. These latter assignments definit&Ly 

located the &n&h bond between Cl3 and C14. me~3CNMRspectrunfurther sqported 

the structure of 2 &a&ng tx0 olefinic ca&ons as singlets at 140.6 and137.9 Pw 

while the signal uxreqmnding to56 haddisappemd frmthelcw fieldregion. 

T%e facile amuersionof~into~and_5 seem an -iate starting 

pointforthesear&of allxrnati~synthetic~dures forthe cbtention of the 

iiwreasingly iqorbnt 52 and Cz3 alcohols" sti as the retx~~tly identified plant 

growthP_ brminolick (8)15. 

HO 

l_a, 5,6-c3zhydm 2, 5,6-&bydm 

2, 5a,6-dihydro &, 5a,6-dihydm 
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