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Much stereochemical interest has recently been shown on the reactions
of steroid 2,4~ and =,7-dienes with esters of azodicarboxylic acid (1-3%),
The reactions have been found to be non-stereospecific giving both 1,4~
adducts and addition-abstraction adducts (4) in different ratios.

We now wish to report in the present communication the first example
of the Diels~alder reaction of 3P-benzoyloxy-20-acetoxypregna-%,1€,20~-
triene (I) with diethyl azodicarboxylate (iI) leading to the epimeric (a%
C-16) 1,4-adducts* in high yield., and of the synthesis of new steroidal
heterocycles with a 4~oxoperhvdropyridazine system fused to ring D. The
communication furtner orovides a new information on ORD and CD that the
Octant rule (9) can be aprlied to structural elucidation of the dissym-
metric 4-oxoperhydropyridazine system (V).

The triene (I), prepared from 3B-benzoyloxypresna-=t,16-dien~20-one
(10) according to the procedure of Moffett and Weisblat (11), as colorless
needles, m,p, 133-1%Q° ** *** [g]%7 -32° (¢ 0.79), reacted readily with

. Diels-Alder reactions of steroid 16,20-dienes (1-3,5-8) have been

reported to give the 1,4-adduct with a-configuration at C-16 as the
only isolable product,

** All new crystalline compounds gave correct analyses.

*** Optical rotations refer to chloroform, IR spectra to nujol, and NMR
spectra (taken at 60 m,c, on a Varian Associates A-FO NMR spectro-
meter) to deuterochloroform. The ORD and CD curves were run on a

Japan Spectroscopic Co. ORD/UV-F automatic recording spectrometer,
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a slightly excess azo-ester (II) in refluxing benzene {(f hr) affording,
on chromatography over silica gel, a mixture of epimeric (at C-16) 1,4-
adducts, 38—benzoy1oxy—20-acetoxy—lGa,El—(N,.m!—bis(ethoxycarbonyl)hyd—
razo] presgna-%,17(20)-diene (IIla) and its l€B-evimer (IIIb), as a color—
less semi~solid, [a]%z -50° (c 1.,2%); vmax en1: no NH absorption but 1757
(s) (20-0c0CHs ), 1738 (8), 1720 (s), 1712 (s) (N-CQ G Hy, 3B~0COC¢Hy ), in
7€¥ yield. Formation of any addition-abstraction adduct was not observed.

That the product (III1) is an epimeric mixture at C-1€ was proved from
the fact that rechromatography of III over silica gel (optical rotation and
IR analyses) succeeded in separation of a small amount of a less polar com-
ponent as a colorless semi-so0lid with the optical rotation of positive sign,
[a]%7+-2° (c 0.98), and a more polar component as a colorless semi-solid
with the rotation of nezative sien, (a]%Z\l-ﬁQ‘ (c 0.97), in the ratio of
1:18, The minor (less polar) component was characterized to consist of 168-
II1Ib and the major (more polar) component was characterized as lFa-IIIa, as,
on mild alkaline hydrolysis (one ea., NalCO; -90¢ methanol, reflux for 1f min),
the minor component afforded 3B-benzoyloxy-1ff,21-{N, N, ~bis{(ethoxycarbonyl )-
hydrazo) pregn-F-en-20-one (IVb) as colorless needles, m.p. 174-17%°, [g]%u
-22¢ (¢ 1.4F), and the major component afforded SB-benzoyloxy-lGa,Zl—[m WA -
bis(ethoxycarbonyl)hydrazo]-l?a-pregn-‘-en—ZO-one (IVa) as colorless needles,
m.p. 183-1°4°, (a]%5§-10° (c 0.9), in 7% and €79 yields resvectively.
Further evidence for the epimeric character of III was provided that alkaline
hydrolysis (NaHZOy -90¢ methanol) of III itself afforded directly those 20-
keto derivatives, lfa~1Va and 168-IVb, in 74¢ arnd 127 yields respectively.

Assignment of a-conficuration at C-16 for the major product, IIla,
and its 20-keto derivative, IVa, and of B-confiruration at C-1€ for the
minor product, II1Ib, and its 20-keto derivative, IVb, was based on the
mechanistic consideration that the general mode of attack to steroidal cen-
ters of unsaturation is from the a or less hindered side.

Assicnment of cis ring juncture at C-1¢ and -17 of both IVa and IVb
was based on the stereochemical consideration that trans ring juncture of

six-membered ring on ring D appears to be very strained (7), whereas cis
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ring Jjuncture is not so., The more stable cis ring juncture is very likely
to have been produced in the ketonization at C-20 of III to IV,

For these assignments, NMR informations were of further useful clue,
The 18-methyl signal of IVa appears at*{ .07 which is 0.10 p.p.m. lower
than that of IVb, (9.17. Examination of possible conformations of Via and
VIb, which may exhibit the preferred stereochemistry around ring D of IVa
and IVb respectively, suggests that while the 18-methyl group in the 17a~
isomer lies in the area where the 20-keto group brines about a downfield
shift, the 18-methyl group in the 17p-isomer lies about within the shield-
ing corn of the 20-ket6 group. This agrees with the assignment of a-con-
figuration at C-17 (and then at C-1f) in IVa and of B-configuration at
C-17 (and then at C-1€) in IVb.

In relation to the structures and configurations of the isomeric 20-
keto compounds, IVa and IVb, their ORD and CD analyses were proved to be
very suggestive., As is shownbin Fig, 1 and 2, IVa and IVb show symmetrical
cotton effects with oprosite sign, These data can well be understood if one
applies the Octant rule to the 4-oxoperhydropyridazine system in IVa and
IVb., The relation of configurations and signs in ORD and CD of the compounds

is summarized in the Octant projection formulae Viia for IVa and VIIo for IVb.
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The Diels-Alder reaction presented above has been successfully ex-
tended, for instance, to %B,20-diacetoxypregna-%,16,20-triene, %g,20-di-
acetoxy-ll-oxo-Fa-pregna-1¢,20-diene and its 3a-acetoxy--B-isomer as diene,
and azodicarbondiamide as dienophile, The data will be published as a full

paper elsewhere,
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