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Abstract.- The control of the stereochemistry at C-l of cis-perhydroindane 
compound8, required for the synthesis of cardenolide analogs, has been achieved by 
epimerixation of the dithiane derivative at C-5. Molecular modeling of this kind of 
compounds predicted the higher stability of the C-l-&epimer in this and other 

derivatives, instead of the usually more stable C-1-u-epimer in the natural 
cardenolides and otber calculated compounds. 

‘l’he synthesis and transformation of (C,D)-&-steroids. as is the ca8e of positive inotropic cardenolides, 

is complicated by the ep imerixation at C-17. In fact the presence of a carbonyl function at C-20 promotes the 

intemonvcrsion of both epimers at this position by the effect of basic conditions, to produce mixtures with the 

more stable c8-epimer a8 the major pruduct f&n the j%epimer. AlQthydes or ketone8 at C-20 produce these non 

-natural a-epimers, thus representing an added diiculty in their transformation and in the synthesis of new 

analogs with the natural stemochemi8try at C-17. Examples of this undesirable transformation 1 am d@cted in 

figure 1. 
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Figure l.- preferred epunerixation of 
cardiac glycoside derivatives to the mot8 
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During our research devoted to the synthesis of simple analogs of cardiac glycosides, we planned the 

synthesis of the perhydroindane-l-carboxaldehyde 1. as the key inmrmediate for the preparation of more 

elaborated derivatives. Starting with the easily accessible (and colllllcrcially available) Hajos-Parrish ketone 22 

it is possible to elaborate compouud 1 in a high cnantiomeric excess, but the synthesis CHO 

has two difficulties associated with the basic cis-skeleton. Firstly, the low reactivity of 

the cyclopcntanone carbonyl, due to the increase of spatial hidrance during the 
ds 0 OH 

transformation of this function. Secondly, the preferred reactivity by the more accessible 
1 
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&face of C-l (equivalent in (CD)-cis-steroids to tlte C-17 position) of these derivatives, thus yielding the 

undesired cc-epimers as predominant reaction products. The fit problem has been successfully overcome by 

the use of the Conia3 modification of the Wittig olefination. which has allowed us to obtain methylene 

derivatives 3 from I-perhydroindanones, with >80% yield&+. 

We now present an easy solution to the steM&emical difticulty associated with the substitution at C-l 

in these compounds, based on ti favorable epimrrization to the &sired B-eplmer in an appropriate derivative. 

In order to find a derivative with favorable equilibration to the &epimer, we conclude that the functionality 

(x,Y) present in the cyclohexanic ring could play a crucial role in the stereochemical results, because of the 

,CHO 

La 
o& _!LXti _c_ 

OH Y OH 

xylq;cHo 

2 3 

: 

X LB 
Y OH 

4B 

conformational freedom associated with the &-junction of perhydroindanes type 1-4. So, we accomplished 

molecular modeling studies5 of some derivatives type 4. to know the relative stabilities associated with both 

epimrs, 4(a) and 4(p)). Changes in the hybridization and X,Y substituents at C-5 were analyzed to obtain a 

better knowledge of their influence. The studied compounds were the C-5(& ketone l(4; X,Y=O) and C- 
S(sp3) derivatives: hydrogenated compound (4a; X,Y=H). alcohols (4b; X=OH, Y=H. 4c: X=H, Y-OH). 

dioxolsne (4d; X,Y=O(CH&-0) dioxane (48; X,Y=O(CHz)3-0) and dithiane protected (4f; X,Y=S(CHi)3-S). 

‘Ike results obtained from these calcuIations are presented in Table 1. To compare these results with the model 

steroids a similar calculation was performed with the aldehyde (Fig. 1; R=R’=H). In accordance with the 

described preference for the C- 17-a-epimer, a AAH=&. 19 KcaVmol favoring this epimer was obtained In the 

hydrogenated 4a,’ the difference was similar , also favoring the C-1-a-epimer. Among the other 

pcrhydroindanes 4b-4f derivatives, some of them have a difference of stability between both epimers opposite 

to that calculated for 1.48 and the steroid, being the higher difference in the case of dithianes 41. 

Table 1. Difference of heats of formation between a and e epimers of compounds type 4. 

The MH=-2.98 Kcal/mol obtained clearly indicate that 4f@) would be the major component of the 

equilibration mixture, with a very low amount of the other epimer 41(a). The higher stability of the 4-~iwmer 

is accompanied by a conformational change of the whole indane skeleton in comparison with the If-u-isomer 

and the C-D rings of calculated steroids. As it can be seen in figure 2, the preferred conformation of 17~ and 
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17cr-steroid (R=CHO) l’l&steroid (R=CHO) 

Figure 2. - Preferred conformations of dithianes 4f and 17-CHO steroids. 

17fLsteroids (R=CHO) and 4f@) have the methyl group in axial disposition, while the preferred conformation 

of 4f@) has the methyl group in equatorial disposition. 

The syntheses of both 1 cpimers of 4f were accomplished from dithiane 3f,6 as depicted in scheme 1. 

The hydroboration-oxidation of 3f produced, as result of the favored attack by the less hindered &face, a 7:3 

mixture of 5f(u) and Sf@)7. PCC oxidation of each compound produced the expected aldehydes 4f(a) and 

4r(W 

i , ii 

75% 

i) BH,-THF; ii) HaOdOH-: 

iii) PCC (1.5 eq.), 4A MS, DC%& iv) KOH/MeOH 546, rt, lh 

4fW + 4f@) 
1: 9 

Scheme 1 

When pure 4f(u), pure 4f(p) or the 7:3 mixture 4f(u)+4f(p) (directly obtained by oxidation of the crude 

5f(u)+5f@) mixture.) were equilibrated in KOH/h&OH, the same 1:9 mixture of Sf(u) and Of@) was obtained. 

Chromatographic purification allowed us to otitain St(B) in >%I% from dithiane 3f. 

In this way, pure C-l-P-isomers of indane derivatives, useful for the synthesis of cardenolide like 

compounds, can be obtained in high yield from the Hajos-Parrish ketone. The effect produced by long distance 

substituents on the relative stability of both epimers at C- 1 is a very convenient method for this purpose. 
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