HETEROCYCLES, Val. 23, No. 8, 1985

OH THE CATALYTIC REDUCTION OF SOME 12-SPIRO-DERIVATIVES OF 8-AZA-11-OXASTERQIDS

[ ]
Cogsimo Altomare, Francesco Campagna, and Angelo Carotti

Dipartimento Farmace-Chimico dell'Universita, Via Amendola 173, 70126 -
- Bari, Italy
Wayne E.Steinmetz

Chemistry Dept., Pomona College, Claremont CA-81711, U.S.A.

Abstract - The catalytic reduction over Pd on carbon of some 8-aza-ll-oxo-
-gona- and D-homo-gona-1,3,5(10),6,13-pentaene derivatives 1, carrying
either a barbituric or & 1,3-indandione meiety as the spiro-substituent at
C-12, is reported, Different spectral means, including proton-proton nuclear
Overhauser effect (nDe) measurements, have been used toc get structure
elucidation., A detailed analysis of the 1H—NMR spectra at 400 ¥Hz of some

reducticn products is alsc reported.

The great interest in the chemistry and pharmacology of heterosteroidsl prompted us ta report
recently a simple route to 8-aza-ll-oxasteroids 12 and to 7,8-dlaza-ll-oxasteroids 23, all carrying
spiro—substituents at C-i? (Fig.1). Since preliminary pharmacological screening on some oxazaste-
roids 1 and 2 were not very gratifyinga, we decided to synthesize some congeners in which the bulky
spirg-substituents at C-1@ were m‘.ssim_’,ﬂL and to modify the lead structure 1 with the aim of pre-

paring compoundds closer in structure to the naltural estrogens.
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Thus oxazasteroids 1 were reduced in dicxane solution under atmespheric pressure using Pd on carbon
as catalyst. Due tc both low sclubility and low reactivity of 1 at room temperature, the catalytic
hydrogenations were carried cut at higher temperature as indicated in Scheme 1, The reaction mixtu-
res were monitored by TLOC analysiss and worked-up only when the starting material completely disap-
peared. Compounds le,d, which carry a barbituric meiety as the spirc-substituent, yielded products
3c,d6'7, which resulted from the expected reduction of the AG double bond (Scheme 1}. However,
under the same experimental conditicns, compounds la,b yielded in addition te a very small amount of
monoreduced compounds 3a,b two more reduction products. Analytical and spectroscoplc properties
{Tables 1 and 2) clearly indicated that these products are sterecoisomers (4a,5a and 4b.5b)8’9 and
that reduction of one carbonyl group had taken place.
The UV data (Table 1] indicate the presence of the enaminone chromophore in all the reduction pre-
ducts. Depending on the size of the steroidic D-ring, this chromophore absorbs in the range 280--300
nm.10 The UV date are complemented by the infrared evidence.lo All products have a strong enamincne
carbonyl stretching absorption in the region 1590-1530 cmﬂl. In contrast, spectral evidence for the
1,3~indanedione chromophore was obtained only with the monoreduced species. The 1,3-indanedicne chro-
mophore is characterized by two UV absorption maxima near 230 and 250 nm.ll The UV spectra of the
monoreduced species 3 show this feature whereas the products 4 and 5 derived from a double reduction
have a single maximum close to 245-250 nm. Two infrered bands near 1705 and 1745 cm_l,which are as-
signable to the asymmetric and symmetric carbonyl strefching modes of the 1,3-indanedione moiety H

appeared only with compounds 3. The other reduced compounds 4 and 5, display only one band near 1720-
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1705 Cm_1 and strong bands in the 3400-3250 cm—lregion, which are attributable te OH stretching vi-
brations. The above observations, together with the IH-NMR spectral data that will be discussed la-
ter, clearly demonstrate that one carbonyl group of the l,3-indanedione spiro-substituent was redu-
ced. Evidence for 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
the ¢is or trans junction between two rings sharing a nitrogen atoml2—14, we ruled out such a
possibility for the B-C rings fusioen in compounds 3-S5, because of the strong electronic delocali-
zation of the nitrogen lone pair of the enaminone group. Thus only four diastereomeric
configurations are possible for the doubly reduced compounds 4 and 5 and their configurational
assignment could be established by determining the relative position of the C-2 and C—El'l5 protons.
Careful inspection of the Dreiding models clearly showed that an overlapping between the atomic
radii of C-9 and £-3' protons resulted for one diastereocisomer only, namely that showed in Fig.2.
This observation suggested the measurements of the proton-proton nuclear Overhauser effect (nOe) to
find out such a possibilityla. The results of these experiment517 are summarized in Table 2 and
indicated that only one compound of each couple of the isclated diastereoisomers gave a positive
nle. In both cases it was the cone having the lowest Rf value, namely Sa 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 sterecisomers 4a and 4b showing no nle could be in
principle either epimers at C~3' of 5a and 5b or derived from the reduction of the other indanedione
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 protens in 5a and %b 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 indanedione carbenyl
group. The comparison of the C-9 proten chemical shifts (d) of all the reduction preducts 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 sterecisomers B5a 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-8 proton.

Fig.2 Stereostructure of compounds 5a,b Fig.3.Stereostructure of compounds 4a,b
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Tab.1

Compounds

la

2

ip

ab

1lc

1d

(a)

- WU.V. - Vis. spectral data of compounds 1-5

230 (4.70)

230 (4.87)

228 (4.73)

228 (4.67)

24B.5 (4.
252 (4.
253.5 (4.
249 (a.
247 (4.
245 (4.
245 (4,
244 (4
246 (4
250 (a.

49)
26)
27)

11)

43)
24}

20)

.10)

.21)

08)

}. nm,{ log &)
max

256 (4.44)

266 (4.25)

254 (4.16)

260 (4.07)

279.5 {4.43)
2B1.5 (4.47)
282 (4.40)
297  (4.34)
303 {4.44}
300 (4.35)
278 (4.31)
296 4.32)

345 (4.37)

356 (4.36)

346 (4.35)

357 {4.25)

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

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

tively., The U.V,-Vis

Tab.2

Compounds

spectra of starting material la~d are listed for comparison,

- Most diagnostic spectroscopic data of reduction products from la,b.

&

3b
4b
Sb

{a)

n.uv.e,

0
%

none

17

none

21

H-9, 0 ,ppm

{solvent)b
6.62 { B )
6.68 ( A}
6.00 ( A}

6.30 { B )
6.34 ( B )
5.78 { B )

I.R., I'(Br[c),cm_1
VYou VYco En. Yco Ind.
1593 1745, 1705
3240 (3360} 1550 1703
3400 (3400} 1555 1720
1560 1745, 1705
3260 {3450) 1533 1703
3300 (3440) 1530 1722

a} Since the decoupler power varied from one experiment to another the observed enhancementa

have no quantitative significance,

b) A :

bM50-d_; B : .
5’ CDC13

¢) 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
crientation 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 inwer freguency with
respect to the one observed in the ceorresponding monoreduced compounds 3 (from 1590 to 1550 cm_l)
and furthermore the position of the OH stretching absorption band in chloroform solution 18 not in-—
fluenced by the concentration. These data suggest that a strong intramclecular hydrogen bondlg moest
probably exists in all the four spiro-hydroxyindancne derivatives formed in the catalytic reduction
of la,b between the hydroxyl and the enamincone carbonyl groups, as indicated in Figs 2 and 3. The
hydrogenation reaction seems to be highly stereospecific and the attack of the hydrogen at the spi-
ro-indanedione carbonyl groups occurs from the same, probably less hindered, side affording stereoi-
somers all having the hydroxyl groups oriented in the same way. This high stereospecificity has also
been cobserved in the catalytic reduction of sterically hindered ketones.zo

The 200 Mz 1H—NMR spectra of most reduction products had unresolved and/or coverlapping signals and
could not be assigned completely. We thus recorded lH—NMR spectra of compounds 5a and 5b at 400

to suppert our previous configurational assignments and to get some clues about the preferred
conformations{s) in soluticn. The results are summarized in Table 3 and Fig.d4. 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 required for the complete ana-
lysis of 1H—NMR spectra of natural steroidszz. All proton resonances ¢f 5a and bbb have been assigned
except for C-15 and C-16 methylene protons in the a« and B configurationsza. The 400 MHz spectral
data of Sa and 5b in Table 3 have also been used to interpret tentatively the 200 MHz 1H—NMR spectra
of the remaining reduction products (Table 4}.

The lH—NMR data in Table 3 and 4 are in pood agreement with those previously determined in the ste—

recchemical studies of the configurational isomers of 8—azasteroids.2 The Karplus equation is
useful in determining dihedral angles and conformations from the coupling constant526‘ More informa-
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 with the conclusions sum—
marized below. The values of the vicinal coupling constant for the protons at pesitions & and 7 ,
J(6B,7a)>J(68,78)=J(6a,7a)=J(6a,78) argues for a trans diaxial positien of protons 68 and 7a ,

The data for the D-ring protons follow a different pattern. The steroid 5a has a five-membered ring
and the pattern J(158,16a)=J(15a,16p)>J(158,168}=J(15a,16a) is consistent with a rigid gquasi-planar
structure. The compound Sb has a six-membered D-ring and the range of wvalues for the coupling

constants for the protons at positions 156 and 16 suggest an equilibrium between flexible conformers.
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Tab.3

68

6a

78

74

15a

168
lé6g
178
17a

3¢

Bow M

4+
s
6!
T

- 400

S e

~ W

.87

.83

.58

.00

.20

.13

.89

77

.15

.78

.39
.31
.24
.26

.64
.55
LBl
.71

MHzZ

1
H~NNR

(DMSOde)
J e}
6a Gﬁ (gem) =13.20
63 7a laa) = B8.00
68 78 lael = 3.60
6a 70 (ea) = 3.60
6a 78 (ee) = 3.60
7a 78 (gem) =10.40
15al5f8 (gem) =12.60
i5f16a (aa) = 6.00
15ﬁ163 (ae) = 2.a5
15160 (ea) = 2.40
15168 (ee) = 6.00
16&16ﬁ (gem) =13.60

le)

1-2=2-3=3-4= 6.00

4 -5'55'-6=6'-7'=6.40

data of compounds

Sa and 5b
sb  {ChCl
dlppn)
3.12 6a 68
6ﬁ 7a
68 78
2.50 6a 7a
e 78
3.79 7a 78
3.71
5,78
2.38 15158
15315a
153153
2.34 15a16f
15a164q
(b)
2.05-2.15
2.92 17a17ﬁ
178188
17816¢
2.60 17a16 8
17al6a
5.0C
3.90
7.33
7.26
7.21
7.16
7.79
7.50
7.75
7.79

a) Spectra were recorded in the solvents indicated

standard. The multiplicity is not reported because

ting pattern indicated in Fig.4 .

(a)

3)

J (Hz)

(gem) =13.20
(aa) = 6.40
(ae) = 3.60
{ea) = 3.60
{ee) = 3.60
(gem) =10.40
{gem) =11.60
(ee) = 3.60
(ea) = 4.80
{aa) = B.0O
{ae) = 3.80
(gem) =13.2C
(ea) = 4,80
(ee]l = 4.80
{aa} = B.00
({ae) = 4,80

<2

1-2=22-3=3~4= 6.40

4'-5'=5'-6'=6'-7'=6,00

in parentheses using TM5 as internal
it is easily deducible from the split-

b) Unresolved and overlapping signals. c) The split-

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

solution,
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