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INTRAMOLECULAR CYCLIZATION OF STEROIDAL DIKETO-ALDEHYDES TO ACETALS
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Abstract: The oxidative cleavage of rings A and B of steroidal keto-diols 5 and & led to
the corresponding diketo-aldehydes 1 and 2. Compounds 1 and 2 spontaneously

cyclized to acetals 10 or 11, respectively.

We have been interested in the synthesis of diketo-aldehydes 1 and 2 as
intermediates required for the synthesis of heterocyclic steroids. As an
attempt to prepare these intermediates conjugated ketones 3 and 4 were conver-

ted to the respective keto-diols 5 and 6 1.2

which were treated with periodic
acid and independently with lead tetraacetate. However, instead of the
desired diketo-aldehydes 1 and 2, unexpected and interesting cyclized
products were obtained.

Treatment of the mixture of isomeric keto-diols 5 with periodic acid
3 (85 %) and lactone-
(10 ). Compound 8 apparently derived by the cyclization of the

-C

in methanol gave two known compounds: keto-acid 7
aldehyde 8 4
intermediate hydroxy-aldehyde-acid 9 which was formed by cleavage of C

(4)
bond in one of the isomeric keto-diols 5. Trans fusion of the six-membered

(5)

lactone and B ring showed that lactone-aldehyde 8 could be formed from keto-
diol 5b with 4§ and 58 hydroxyl groups.

When keto-diols 5 were treated with lead tetraacetate in benzene in the
presence of glacial acetic acid keto-acid 7 (10%) and acetal 10 (70%) were
formed. The structure of product 10 was established by its elemental analysis
and ir, 1Hnmr and 13Cnmr spectra.5 The configquration at C-3 and C-4 atoms was
established by a novel method consisting in Cotton's effects studies of
transition metal complex with diols.6 A fusion of the acetal and B ring was
confirmed by nOe's effect between 4-H and 2-H. The elucidation of the

structure of acetal 10 will be a subject of a separate paper.7
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The keto-diol 6 treated with periodic acid in methanol afforded methoxy-

8 (80%) . Structures of
5

-acetal 11a (10%) and 3P-acetoxy-lactone-aldehyde 12
compounds 11a and 12 followed from their analytical and spectral data.
Treatment of keto-diol 6 with lead tetraacetate in benzene and methanol (10:1)
gave a mixture of methoxy-acetal 11a (70%), acetal 11b (15%) and known keto-
acid 14 9(6%),whereas a similar reaction without methanol afforded acetal 11b
(78%) and keto-acid 14 (15%). Analytical and spectral data of 11b indicated
the presence of hydroxyl groups and acetal rings.5 The configurations at C-5
and C-6 atoms were assigned by CD method as in analogical acetal 19.7
Application of nOe's effect between 6-H and 9d-H protons to determine the
fusion of acetal and B rings shown that the molecular conformation of
compound 11b to be as pictured below. It should be noted that the structure
of acetal 11b is similar to that for acetal 10.

CgHyz

3 5 a)440H,540H
J b)aROH 5B0H

\\\\ \\ ;
-— |
0 0" HOOC g o o o Y
tHO
7

o
OH OCHO
16

AcO

11 a) R=CHy
— b) R:H l

AcO




3769

In order to gain more information about the cyclization reaction further
oxidations of acetals 10 and 11b with lead tetraacetate were carried out. In
both cases the oxidation reaction led to known keto-acids 7 and 14,
respectively. It suggested that the formation of these compounds, during the
reaction of keto-diols 5 and 6 with lead tetraacetate must arise not directly,
but via intermediates 15 and 16 or17 and 18, resPéctively.

In order to obtain evidence for the formation of acetals 10 and 11b
various modifications were tried. When keto-diols 5 were treated with lead
tetraacetate in benzene without glacial acetic acid the same product 10 as in
the previous experiment was obtained. Inspection of the course of the reaction
by tlc analysis showed the presence of a non-polar product in the reaction
mixture. However, attempts of isolation of this compounds failed and only
acetal 10 was isolated. When keto-diol 6 was treated in similar manner
diketo-aldehyde 2 was formed in 81% yield. 1Hnmr spectrum showed that
compound 2 is a mixture of two conformers as it is pictured below. The diketo-
aldehyde 2 appeared sensitive to chromotography being readily cyclized to
acetal 11b.

In view of the above findings it is evident that acetals 10 and 11b are
formed by cyclization of diketo-aldehydes 1 and 2, respectively, as it is
presented below.
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