SUMMARY

1. The new diguaianolide anabsin has been isolated from Artemisia absinthium, and its
structure has been established on the basis of chemical transformations and an analysis of

'H and *°C NMR spectra,

2. The structures bf absinthin and of anabsinthin have been reconsidered.
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SYNTHESIS AND STUDY OF HYDRAZONES OF 170~HYDROXYPROGESTERONE AND
170~-HYDROXYPREGNA-4 ,6~DIENE-3,20-DIONE AND THEIR 170-ACYLATED
DERIVATIVES

L. N. Volovel'skii, I. B, Skachek, UDC 547.677-577.17
A. G. Selichenko, and I. I. Kuz'menko

It has been shown that under mild conditions the reactions of 1l7a-hydroxy 3,20-
diones of the pregnane series with acid hydrazides lead to the formation of 3~
monohydrazones, while under severe conditions 3,20~dihydrazones are formed regard-
less of whether a C4~Cs ethylenic bond or a chain of conjugation of C4~Cs and Ce-
C; ethylenic bonds is present in the steroid molecule., The reaction of 1l7a- '
acetoxy 3,20-diketones of the pregnane series with acid hydrazides takes place
only with the formation of 3-monohydrazones. An investigation of the gestagenic
action of some of the compounds synthesized has shown that the presence of a 3-
keto group in the steroids of the pregnane series is not necessary for the reten-
tion of this effect. The replacement of the keto group at carbon atom 3 by an
azomethine group does not abolish the gestagenic action. '

According to the literature [1l], a necessary condition for gestagenic action is the
presence in the pregnane molecule of a 3-keto group and a C,~Cs ethylenic bond conjugated
with it. Until now, it has been considered [1l] that various changes connected with the re-
placement or reduction of the carbonyl group at Cs; either deprive the compound of gestagenic
activity or greatly weaken it. However, it has been shown for a number of androstane com-
pounds [2-6] that the replacement of an oxygen by a nitrogen atom at Cs in androstane hy-
droxy ketones leads to an enhancement of biological activity. ‘

A study of the reaction of the keto groups in an androstane 3,17-diketone with acid
hydrazides [7] has shown that if the steroids include saturated rings A and B or a C,-Cs
ethylenic bond conjugated with the 3-keto group, the reaction takes place at both carbonyls
with the formation of dihydrazones. 1In this case, monohydrazones cannot be cbtained by any
changes whatever in the ratio of the initial components [7]. The presence in ring A of the
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steroid skeleton of two ethylenic bonds conjugated with the carbonyl’group at C; leads to
the formation of only the monohydrazone at C;-.

In the pregnane derivatives that we are invegtigating, there are one or two double bonds
in rings A and B conjugated with the carbonyl group at Cs, and it was of interest to see what
influence they exert on the reactivity of the 3~keto group. Furthermore, in the compounds
under investigation the reactivity of the carbonyl at Czo is lowered because of the screen-
ing effect of the methyl groups at C,s; and Czo and of the 17a-hydroxy or -acetoxy groups.

) Our investigations have shown that on boiling in low-boiling aliphatic alcohols the re-
action of the above—mentioned pregnane compounds took place with the formation of 3-mono-
hydrazones in accordance with the scheme given below.

CHy CH
— - GOGH S 3
~ R:-CO-NH-NH
0 ’ _L__L RTE_HN"N

7

L

Th§ reaction with 17a-hydroxypregna~4,6-diene-3,20-dione takes place similarly (Tables
1 and 2).

It follows from the results obtained that on heating in methanolic solution, acid hydra-
zides react only with the 3-~keto group on progesterone derivatives. Thus, a Cs-Cs ethylenic
bond in ring A or a C,-Cs, Ce-C; chain of conjugated ethylenic bonds in rings A and B, unlike
A*s>*-conjugation [8], has practically no influence on the reactivity of the 3-keto group.

Raising the temperature permits l7¢-hydroxyprogesterone 3,20-dihydrazone to be obtained
in accordance with the scheme given below.

BHy H, N-NH-COR ikl oo
CH, C0-CH, _? Oty - C~CH,
0H OH
i R~E~HN—N
u.

The reaction takes place similarly with 17a-hydroxypregna-4 ,6~diene-3,20-dione (Tables
3 and 4).

If the 17a-hydroxy group is acylated, then, because of steric factors, the formation of
hydrazones is possible only at carbon atom 3, regardless of the conditions of performing the
reaction.

The compositions and structures of the hydrazones obtained were shown with the aid of
elementary analysis and IR spectrometry. The absorption bands observed in the spectra agree
with literature figures for analogous functional groups [10]. Consequently, the reactivity
of the 3-keto groups, even though it is lowered as a consequence of the conjugation effect,
is nevertheless higher than the reactivity of the Czo keto group.

In view of the identical stereoisomeric structural skeletons of the androstane hydroxy
ketones and the pregnane derivatives, it might be assumed that an increase inthe density of
the electron cloud at Cs of the steroid molecule comnected with the replacement of oxygen
by nitrogen should lead, if not to an enhancement, at least to a retention of the biological
properties of derivatives of the pregnane series.

To evaluate the gestagenic properties of the compounds obtained we used the Clauberg
test [11]. The experiments were performed on sexually immature female rabbits weighing 0.6~
0.8 kg. :

Results on the gestagenic activity of some of the hydrazones of the pregnane series
that we synthesized are given in Table 5. On analyzing them, it is possible to arrive at the
conclusion that the replacement of oxygen by nitrogen at Cs; of the pregnane molecules leads
to a retention of the gestagenic activity of the compounds.

The specific action of the 17a—acetoxy~A®-progesterone 3-caproylhydrazone obtained ex-
ceeds that of progesterone.
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TABLE 5. Gestagenic Activities of Some 17a-
Hydroxyprogesterone Derivatives

“Dose, Mg " 'Index of progestagenic proliferation (Clauper:
Substance Sechnva- test) the Poltowing numbers of days after the g

t ent to administration of the substance

ested progester= : -

one 3 | 7 | 10 ! 14 days
Progester= 1.0 3,60 1,50 0 -
01%6 0,8 3,40 0 - -
0,6 3,20 - - -
. 0.4 3,00 — - —
0,2 1,00 — — —_
0.1 0.33 - — -
I 1,0 1,12 - - —
vii 1,0 1,17 - — —
XHI 1.0 0.66 - - -
Vi 1,0 0,50 — - —

Xy 1.0 3,50 3,00 220 1,10
0.8 2,37 2.20 1,1v —
0.6 2,17 1,50 - -
0.4 1,17 1.80 — -
0,2 1,30 - - -
0,1 0,50 — — -
EXPERIMENTAL

The results of the elementary analysis of the compounds described agreed with the cal-
culated figures. ’

17a-Hydroxypregn-4-ene-3,20-dione 3-Isonicotinoylhydrazone (I). A mixture of 0.5 g of
17a-hydroxypregesterone, 0.75 g of isonicotinic acid hydrazide, and 30 ml of methanol was
boiled for 5 h. After cooling, the reaction mixture was poured into salted water and the
precipitate was filtered off, washed with water, and dried. The resulting hydrazone was
purified by crystallization from benzene, which yielded 0.3 g of l7a-hydroxypregn-4-ene-3,20-
diene 3~isonicotinoylhydrazone (I) (30% of theoretical) with mp 189-192°C.

The following were obtained similarly: 17a~hydroxypregna-4,6~diene~3,20-dione 3-iso-
nicotinoylhydrazone (VII), l7o0-hydroxypregn-4-ene-3,20-dione 3-enanthoylhydrazone (V), l7a-
hydroxypregn-4—ene-3,20-dione 3-caproylhydrazone (VI), l7a-acetoxypregn-4—ene-3,20-dione 3-
formylhydrazone (I1), and l7a-acetoxypregna-4,6-diene-3,20-dione 3-formylhydrazone (VIII).

17a-Hydroxypregna~4 ,6~diene-3,20-dione 3-p-Chlorophenoxyacetylhydrazone (IX). A mixture
of 0.2 g of 17a-hydroxypregna-4,6-diene-3,20-dione, 0.3 g of p-chlorophenoxyacetic acid hydrazide,
and 5ml of glycol was heated inWood's metal bathat 200°C for 5 h. After cooling, the react-
tion mixture was poured into salted water and the precipitate was filtered off and washed
with water. The hydrazone synthesized was purified by crystallization from ether. This
gave 0.25 g of l7a-hydroxypregna-4,6-diene-3,20-dione 3-p-chlorophenoxyacetylhydrazone (IX)
(77% of theoretical) with mp 244~-246°C.

The following were obtained similarly: 17a-hydroxypregn-4-ene-3,20-dione 3-p-chloro-
phenoxyacetylhydrazone (III); l7a-acetoxypregna—4,6-diene-3,20-dione 3-p-chlorophenoxy-
acetylhydrazone (X); l7a-acetoxypregna—-4,6-diene-3,20 - dione 3-acetylhydrazone (XIV); 1l7a-
acetoxypregna~4,6-diene-3,20-dione 3-enanthoylhydrazone (XI); l7a-acetoxypregna-4,6-diene-
3,20-dione 3-isonicotinoylhydrazone (XIII); 17a-acetoxypregn~4-ene-3,20-dione 3-isonicotinoyl-
hydrazone (IV); l7o-acetoxypregna-4,6—diene,3-20-dione 3-formylhydrazone (XII); and 1l7a-
acetoxypregna~4,6-diene-3,20-dione 3-caproylhydrazone (XXV).

17a-Hydroxypregna-4,6-diene-3,20-dione Di(acetylhydrazone) (XX). To 0.2 g of 1l7o-hydroxy
pregna-4,6-diene-3,20-dione in 5 ml of ethylene glycol was added 0.2 g of acetic acid hydra-
zide., The reaction mixture was heated at 200-210°C for 5 h. After cooling, the mixture was
poured into salted water, and the precipitate was filtered off and dried. The substance was
purified by crystallization from benzene. This gave 0.05 g of 17a-hydroxypregna~4 ,6-diene~
3,20-dione di(acetylhydrazone) (XX) with mp 340-346°C (19.5% of theoretical).

The following were obtained similarly: l7a-hydroxypregna-4,6-diene-3,20-dione di(cap-
roylhydrazone) (XXIII); l7a-hydroxypregn-4-ene-3,20-dione di(caproylhydrazone) (XVI); 1l7a-
hydroxypregn-4-ene~3,20-dione di(enanthoylhydrazone) (XVII); 17a~hydroxypregna-4,6-diene-3,
20-dione di(isonicotinoylhydrazone) (XXIV); and l7a-hydroxypregn-4—ene-3,20-dione di(acetyl-
hydrazone) (XVIII).
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17a-Hydroxypregn-4-ene—-3,20-dione Di{formylhydrazone) (XV). A mixture of 0.2 g of 17a-
hydroxypregn-4-ene-3,20-dione, 0.2 g of formic acid hydrazide, and 3 ml of methanol was
boiled for 5 h. After cooling, the reaction mixture was poured into salted water, and the
precipitate was filtered off and dried. The dihydrazone obtained was crystallized from
ether. This gave 0.15 g of 1l7a-hydroxypregn-4-ene-3,20-dione di(formylhydrazone) (60% of
theoretical) with mp 233-235°C.

l7a-Hydroxypregna-4,6-diene-3,20-dione di(formylhydrazone) was obtained similarly.

SUMMARY

1. It has been established that under mild conditions the reaction of 1l7a~hydroxy 3,20-
diones of the pregnane series with acid hydrazides leads to the formation of 3-monohydrazones
and under severe conditions 3,20-dihydrazones are formed regardless of whether a C,-Cs ethy-
lene bond or a chain of conjugation of Cg—Cs and C¢-C; ethylenic bonds is present in the
steroid molecule.

2, It has been shown that the reaction of l7a-acetoxy 3,20-diketones of the pregnahe
series with acid hydrazides leads to the formation only of the 3~hydrazones.

3. A study of the gestagenic action of some of the compounds synthesized has shown that
the presence in steroids of the pregnane series of a 3-keto group is not essential for the
retention of its effect. The replacement of the keto group on carbon atom 3 by an azomethine
group is accompanied by retention of the gestagenic action.
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