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Abstract - The catalytic reduction aver  Pd on ca rbon  of some 8-aaa-11-0x0- - 
-gona- and D-homo-gona-1,3,5(10),6,13-peetteee derivatives 1. carrying 

either a barbituric or a 1,3-lndandione moiety as the splra-substituent at 

C-12, is reported. Different spectral means, including proton-proton nuclear 

Overhauser effect (noe) measurements, have been used to get structure 

elucidation. A detailed analysis of the 'H-NMR spectra at 400 :MHz o f  some 

reduction products is also reported. 

1 
The great interest in the chemistry and pharmacology of heterosteroids prompted us to report 

2 3 
recently a smple route to 8-aza-11-oxasteroiris 1 and to 7,s-diaza-11-oxasteroids 2 , all carrying 

spiro-substituents at C-12 (Flg.1). Since preliminary pharmacological screening on some onazaste- 

rods 1 and 2 were not very gratifying3, we decided to synthesize some congeners in which the bulky 
4 

spit-O-~ub~tituents at C-12 were missine and to modify the lead structure 1 with the aim of pre- 

paring compounds closer in structure to the natural estroeens. 



SCHEME 1 

P d / C  10% H, 
1  a-d 

1  atm. 70' C  - 

Thus o x a r a s t e r o i d s  1 were reduced in dioxane s o l u t i o n  under atmospheric  p r e s s u r e  us ing  Pd on carbon 

as c a t a l y s t .  Due t o  bo th  low s a l v t r i l i t y  and low r e a c t l v i L y  or 1 aL room te rnpera twe ,  the  c a t a l y t i c  

hydrogenat ions were c a r r i e d  o u t  aL h igher  temjierature as i n d i c a t e d  i n  Scheme 1. The r e a c t i o n  mixtu- 
5 

res were rnonltared by TLC m a l y s i s  and worked-up only when t h e  s t a r t i n g  m a t e r i a l  completely disap-  

peared.  Coi?pounds I c , d ,  which c a r r y  a b a r b i t u r l c  moiety as  the  s p i r o - s u b s t i t u e n t ,  y i e l d e d  p roduc t s  

3 ~ , d ~ ' ~ ,  which r e s u l t e d  frorn the  expected r e d u c t ~ o n  of t h e  A double bond (Scheme 11. However, 
6  

under t h e  same experi lnental  conditions, compounds 1e .b  y i e l d e d  i n  a d d i t i o n  t u  a very smal l  allount of 

monoredvCer1 compounds 3 a , b  two more reduc t ion  products .  Ana ly t i ca l  and s p e c t r o s c o p ~ c  p r o p e r t i e s  

R , Y  
(Tables 1 and 2 )  c l e a r l y  i n d i c a t e d  t h a t  t h e s e  p roduc t s  a re  s t e r e o i s o m e r s  (4a,5a and 4 b , 5 b )  and 

t h a t  reduct .~on of one carbonyl  group had t aken  p lace .  

The UV d a t a  (Table 11 i n d i c a t e  t h e  p resence  of t h e  enaminone chromophore i n  a l l  t h e  reduc t ion  pro- 

ducts.  Depending on t h e  s i z e  of the  s t k r o i d i c  D-ring, t h i s  chromophore absorbs  in  t h e  range  ZRO-300 

10 10 
nm. The UV ,data a re  complemented by t h e  infrared ev idence .  A l l  p roduc t s  have a s t r o n g  enaminone 

-1 
carbonyl  s t r e t c h i n g  absorp t ion  i n  t h e  reg ion  1590-1530 c m  . I n  c o n t r a s t ,  s p e c t r a l  evidence f o r  the  

1.3- indanedlone chromophore was o b t a i n e d  on ly  with t h e  monoreduced s p e c i e s .  The 1,3- indanedione chro- 
11 

mophore is c h a r a c t e ~ i z e d  by two UV a b s o r p t i o n  rnaxma near 230 and 250 nm. The UV s p e c t r a  of t h e  

monoreduced s p e c i e s  3 show t h i s  f e a t u r e  whereas t h e  p roduc t s  4 and 5 d e r i v e d  from a double reduc t ion  
-1 

have a s i n g l e  maximum c l o s e  t o  245-250 nn. TWO i n f r e r e d  bands near 1705 and 1745 cm ,which a r e  as- 
11 

s i g n a b l e  t o  the  asymmetric and symmetric ca rbonyl  s t r e t c h i n g  modes of t h e  1,3- indanedione moiety 

appeared on ly  with compounds 3. The o t h e r  reduced compounds 4 and 5. d i s p l a y  on ly  one band near 1720- 
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1705 Crn and strong bands in the 3400-3250 cm regmn, which are attributable to OH stretching vi- 

1 
brations. The above observations, together with the H-NMR spectral data that will be discussed la- 

t e ~ ,  clearly demonstrate that one carbonyl group of the 1,3-indanedione spiro-substituent was redu- 

ced. Evidence far the location of the reduced group and the stereochemistry of the products is pre- 

sented in the following discussion. Even if several spectroscopic methods are available to establish 
12-14 

the or trans junction between two rings sharing a nitrogen atom , we ruled out such a 

possibility for the 6-C rings fusion in compounds 3-5, because of the strong electronic delocall- 

zation of the nitrogen lone pair of the enaminone group. Thus only four diastereonwic 

conf~gurations are possible for the doubly reduced compounds 4 and 5 and thew configurational 
15 

assignment could be established by determining the relative position of the C-9 and C-3' protons. 

Careful inspection of the Dreiding models clearly showed that an overlapping between the atomic 

radii of C-9 and C-3' protons resulted for one diastereoisomer only, namely that showed i n  Fig.2. 

This observation suggested the measurements of the proton-proton nuclear Overhauser effect (nOe) to 
16 17 

find out such a possibility . The results of these experiments are summarized in Table 2 and 

ind~cated that only one compound of each couple of the isolated dlastereoisomers gave a posltive 

nOe. In both cases it was the one having the lowest Rf value, namely 5e and 5b. The stereostructure 

of these compounds has to be that depicted in Fig.2. It is also fully consistent with other spectral 

data that will be discussed below. The two stereoisomers 4a and 4b showing no n0e could be in 

principle either epimers at C-3' of 5a and 5b or derived from the reduction of the other indanediane 

carbonyl group located on the far side of C-9 proton. In the latter case the C-9 protons in 4a and 

4b would have to be more deshielded than the corresponding protons in 5a and 5b and their chemical 

shifts would be very close to those observed in the corresponding monoreduced compounds 3a and 3b 

which have the C-9 protons in a similar deshielding environment produced by the indanediane carbonyl  

group. The comparison of che C-9 proton chemical shifts (6) of all the reduction products from la,b 

(Table 2 )  reveals that indeed those of compounds 4a and 4b are very close to those of the 

corresponding monoreduced products 3a and 3b and quite higher (Ad=-0.60 ppm) than those of the 

corresponding stereoisomers 5a and 5b. These data show out that compounds 4a.b should have a 

configuration in which the carbonyl group of the hydroxyindanone moiety lies on the same side of the 

C-9 proton. 

Fig.2 Stereostructure of compounds 5a.b Fig.3.Ste~eostructure of compounds 4a.b 



Tab.1 - U.V. - V i s .  spectral data of cmpounde 1-5 (a1 

Compounds nm, ( lag E 1 

la 230 (4.701 248.5 (4.491 256 (4.44) 

3e 230 14.671 252 (4.261 

4e 253.5 (4.27) 

5. 249 (4.11) 

s)All spectra were recorded in dioxane on a Cary 219 Spectrophotometer. The posltion and the 

intensity of the absorption maxima are expressed in nm and in log&, in parentheses, respec- 

tively. The U.V.-Vls spectra of starting material la-d are listed for comparison. 

Tab2 - *ast diagnostic spectroscopic data of reduction products f- 1s.b. 

n.0.e. 
(a1 Icl -1 

H-9, d ,PP. I.R.. KBr .cm Compounds 
% (sol~ent)~ v~~ VCO En. VCO Ind. 

a) Since the decoupler power varied from one experiment to another the observed enhancement8 

have no quantitative sign~ficance. 

bl A : DMSO-d ; B : CDCl . 
6 3 

c )  Values in parentheses referred to spectra in chloroformic solution 
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The only stereochemical problem left for the complete structural assignment of compounds 4a,b is the 

orientation of the hydroxyl group with respect to the enaminone carbonyl group. Fortunately a 

careful examination of the IR spectral data of compounds 3,4 and 5 provides the final solution. The 

enaminone carbonyl band in the doubly reduced compounds 4 and 5 is shifted to r w e r  frequency with 
-1 

respect to the one observed in the corresponding monoreduced compounds 3 (from 1590 to 1550 cm I 

and furthermore the position of the OH stretching absorption band in chloroform solution is not in- 

19 
fluenced by the concentration. These data suggest that a strong intramolecular hydrogen bond most 

probably exists in all the four spiro-hydroxyindanone derivatives formed in the catalytic reduction 

of la,b between the hydroxyl and the enaminone carbonyl groups, as indicated in Figs 2 and 3. The 

hydrogenation reaction seems to be hlghly stereospecific and the attack of the hydrogen at the spi- 

ro-indanedione carbonyl groups occurs from the same, probably less hindered, side affording stereoi- 

sorners all havmg the hydroxyl groups oriented in the same way. This high stereospecificity has also 

been observed in the catalytic reduction of sterlcvlly hindered ketones. 
20 

m e  200 MHZ LNMR spectra or most reduction product6 had unresolved and/or overlapping signals and 

1 
could not be asslgned completely. We thus recorded H-NMR spectra of compounds 5a and 5b at 400 

to SUP POP^ OUT previous configurational assignments and to get some clues about the preferred 

canformatlons(s! in solution. The results are summarized in Table 3 and Fig.4. At 400 MHz almost 

every proton yields a well resolved, first order multiplet and a straightforward assignment is pos- 

sible without using the complex and sophisticated techniques normally requred for the complete ana- 

1 22 
lysis of H-NMR spectra of natural steroids . All proton resonances of 5a and 5b have been assigned 
except for C-15 and C-16 methylene protons in the a and R configurationsZ3. m e  a00 MHz spectral 

1 
data of Sa and 5b in Table 3 have also been used to interpret tentatively the 200 YHz H-NMR spectra 

of the remaining reduction products (Table 41. 

1 
The H-NMR data in Table 3 and 4 are in good agreement vith those previously determined in the ste- 

24.25 
reochemi~al studies of the configuratmnal isomers of 8-azasteroids. The Karplus equation is 

useful in determining dihedral angles and conformations from the coupling constants26. More infarma- 

tion can be determined for compounds 5a and 5b as the coupling constants for these species are best 

characterized. However, the data for the other compounds are consistent vith the conclusions sum- 

marized below. The values of the vicinal coupling constant for the protons at poSitions 6 and 7 , 

J(6~,7all.J(6p.7~I=J(6a.7a)=J(6aU7~) argues for a trans diaxial position of protons 68 and 7a . 
The data for the O-ring protons follow a different pattern. The steroid 5a has a five-membered ring 

and the pattern J(l~fl,16o)=~[15o,16fl)~~(15p,16~!~~(15a,16a! is consistent with a rigid quasi-planar 

structure. The compound 5b has a six-membered D-ring and the range of values for the coupling 

constants for the protons at positions 15 and 16 suggest an equilibrium between flexible conformers. 



a) Spectra were recorded in the solvents indicated in parentheses using TUS as internal 

standard. The multiplicity is not reported because it is easily dedwible from the split- 

ting pattern indicated in Fig.4 . b) Unresolved and overlapping slgnals. c )  The split- 

ting of these sigrlals was clearly evident only after a certain period of time from dis- 

Solution. 
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