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Some steroid hemimalonates, alkylhemimalonates and aceto-
acetates have been easily prepared in high yields by the reaction
of hydroxysteroids with Meldrum acid, its alkyl- and acylderi-
vatives, respectively. Decarboxylation of the hemimalonates and
alkylhemimalonates allowed the synthesis of several hydroxy-
steroid esters, some of them being widely used in medical practice.

17a-hydroxyprogesterone hemimalonate and its acetoacetate,
in the presence of bases, undergo cyc1odehydration giving rise
to spirolactones which are potential aldosterone antagonists.

INTRODUCTION

Esterification of some natural and modified steroids is of great impor-
tance in the preparation of highly active compounds with prolonged action.
Testosterone capronate and enanthate, as well as the same esters of 17a-
-hydroxyprogesterone, are widely used in clinical practice-, Several 17a-hydro-
xyprogesterone esters have found use as Gral gestogens in the therapy of
some disorders during pregnancy". Some hydrocortisone esters (at 17a- and
21-0H groups) exhibit a high antiinflammatory potency, higher than that of
betamethasone valerate". Steroid esters have found application as tools for
the isolation of steroid-specific receptors in affinity chromatography-, as
haptens in immunological researchš and as substrates (or inhibitors) for
studying the enzyme action mechanisms",

It is known that preparation of steroid esters is often complicated by
side reactions, especially when the compounds have labile or sterically hin-
dered hydroxygroups. This report describes a rather new and simple method
for the preparation of steroid esters, in which these difficulties are avoided.

EXPERIMENTAL

Synthesis of Hemimalonates (III, VIlI, XV)

To 30 ml of a benzene solution of 1 mmol of hydroxysteroid, 1.1 mmol of
Meldrum acid (I, R = H)7 was added and the' mixture was refluxed until the
reaction was over (monitoring with TLe; reaction time and solvent systems for
TLe are shown in Table I). Benzene was evaporated in vacuo to 10 ml volume

* Dedicated to Professor Mihailo Lj. Mihailović on the occasion of his 60th
birthday.
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and the mixture was kept in the refrigerator to crystallize. The product was filtered
off and crystallized from hexane-acetone. Yields and melting points of the com-
pounds so obtained are summarized in Table I and the mass-spectroscopical data
in Table II.

TABLE I

Hemimalonates

Starting Time Hemi- Yield M. point Solvents for elution
compound hrs malo na te ----o;;- (decomp.) (TLC)(acetone-hexane)

Testosterone 8 (III) 93 170-173 CHCb - ether, 3:1
Desoxycortico- hexane - ethylacetate,
sterone 5 (VIII) 80 172-175 1 : 1
Estrone 6 (X) 85 174-178 CHCl3 - ether, 5 : 1
17a-hydroxy-
progesterone 5 (XV) 95 168-171 CHCl3 - ether, 2 : 1
17a-hydroxy- hexane - ethyl
progesterone 10 (XVI) 72 168-170 acetate, 2 : 1

+ (XX) 10
17a-hydroxy- hexane - ethyl
pro geste rone 8 (XVII) 80 168-172 acetate, 2 : 1

+ (XXI) 5
17a-hydroxy- (XVIII) 75 hexane - ethyl
progesterone 10 + (XXII) 7 168-170 aceta te, 1 : 1

Decarboxylation of Hemimalonates

The hemimalonates (III, VIlI, XV-XVIII) are cautiously heated at 160-170oC
up to melting and the end of C02 evolution. After cooling the product was cry-
stallized from hexane-acetone. Yields and melting points are given in Table III.

Synthesis of 17a-Hydroxyprogesterone Hemimalonates (XV-XVIII)

To 20 ml of a dioxane solution of 1 mm ol of 17a-hydroxyprogesterone (XIV),
1.9 mmol of an alkylderivative of Meldrum acid [8] was added and the mixture
was refluxed 8-10 hours. The solvent was evaporated in vacuo, the residue was
taken in chloroform and washed with 8% solution of NaHC03. After evaporation
of the solvent and chrornatography on silicagel (in the system hexane - ethyl
acetate, 2 : 1), 17a-hydroxyprogesterone butyrate (valerate or capronate) was isolated.
The water layer was acidified with 10% solution of hydrochloric acid and extracted
by chloroform. By routine procedure hemimalonates (XV-XVIII) were obtained.
Yields and physico-chemical data of all compounds are given in Tables I and II.

Synthesis of Hydroxysteroid Acylacetates (V -VII, XI, XII)

To 20 ml of a benzene solution of 1 mmol of the hydroxysteroid, 1,8 mmol
of 5-acyl-2,2-dimethyl-1,3-dioxane-4,6-dione (II)O was added and the mixture was
refluxed until the reaction was over (monitoring with TLC). The solvent was
removed and the residue was chromatographed on a column with silicagel. The
product was eluted with chloroform-ether, 5 : 1, and purified by crystallisation. The
reaction conditions, yields and physico-chemical data are given in the Tables II
and IV.
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TABLE III

Hydroxysteroid Esters

Starting
hemimalonate Ester

Yield M. point/PC Reference
% (hexane-acetone)

85 136-137 [12]
92 156---':158 [13]

50 142-143 [14]
91 243-245 [11]
5

89 130-132 [15]
93 136-138 [15]
95 119-121 [15]

(III)
(VIII)
(X)

(XV)

(XVI)
(XVII)
(XVIII)

(IV)
(IX)
Estrone
acetate
(XIX) +
(XXVIII)
(XX)
(XXI)
(XXII)

TABLE IV

Hydroxysteroid Acylacetates and Acylspirolactones

Starting compound Reaction Reaction Yield M. pointjDC
product time, hrs (hexane-acetone)

Testosterone (V) 2.5 42 87- 88.5
Testosterone (VI) 2.5 93 76- 77
Testosterone (VII) 2.5 38 83- 84
19-Nortestosterone (XI) 1.5 40 94- 95
Cholesterol (XII) 1.5 71 68- 69
17a-Hydroxypro-
gesterone (XXIV) 6 76 229-230
17a-Hydroxypro-
gesterone (XXV) 0.75 70 222-224
17a-Hydroxypro-
gesterone (XXVI) 2 80 215-216

Synthesis of Acylspirolactones (XXIV-XXVI)

To 30 ml of a benzene solution of 1 mmol 17a.-hydroxyprogesterone (XIV),
1.7 mmol of compound II and 1.7 mmol of triethylamine were added and the
mixture was refluxed until the reaction was completed (4-6 hours; monitoring
with TLe). After removal of the solvent in vacuo and chromatography of the
residue on silicagel (elution with chloroform-ether, 5: 1) the acylspirolactones
(XXIV-XXVI) were isolated. Yields and physico-chemical data are summarized
in Tables II and IV.

Synthesis of Spirolactone (XXVIII)

a) To 4 ml of a pyridine solution of 140 mg (0.34 mmol) of the hemimalonate
(XV) a drop of pyperidine was added and the mixture was heated for 4 hours
at 50-60 DC. After cooling and diluting with chloroform, the mixture was washed
with 100/0 solution of hydrochloric acid and water. The organic layer was dried,
evaporated in vacuo and the residue was chromatographed on silicagel, Elution
with hexane-ethylacetatel: 1 gave 85 mg (700/0) of the spirolactone (XXVIII), m. p.
226-228 DC (hexane-acetone)'" and 20 mg (15%) 17a-hydroxyprogesterone acetate
(XIX), m. p. 243-245 DC (acetonej.t-
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b) Decarboxylation of 100 mg of (XXVII) according to the method described
above) and crystallisation of the product from hexane afforded 85 mg (960/0) of
the spirolactone (XXVIII) identical in every respect to the compound obtained
above. Spectral data are given in Table II.

Synthesis of Carboxyspirolactone (XXVII)

a) To 5 ml of a methylene chloride solution of 140 mg of the hemimalonate
(XV), 1 ml of pyridine and a drop of pyperidine were added and the mixture was
refluxed for 4 hours. After cooling, washing with 100/0 solution of hydrochloric
acid and water, with subsequent crystallisation from acetone, 120 mg (90%) of
the carboxyspirolactone(XXVII) m. p. 175-177° (decomp) were obtained.

b) To 5 ml of a benz ene solution of 50 mg (XV), 10 mg of ammonium acetate
and two drops of acetic acid were added and the mixture was refluxed for 8
hours. After the usual treatment and crystallisation from acetone, 45 mg (95%)
of (XXVII) were obtained. Spectral data are given in Table II.

RESULTS AND DISCUSSION

Synthesis of Hemimalonates and Their Decarboxylation

It is very convenient to use Meldrum acid (I, R =H) and its 5-alkylderi-
vatives as acylating agents for the synthesis of hemimalonates. The reaction
resu1ts mostly in a high yield when components are boi1ed in benzene or
dioxane solution according to the following scheme:

r

Scheme I

R-t:x
O

(/)

St-OH ----------. St-OCOCHRCOOH
Hemimalonates

(II)

St-oCOCH2COR
Acylacetates

St-OCOCH2R
Esters

St-residue of steroid molecule
R -H or Alkyl
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Scheme Il

(llI) R= COOH

(IV) R=H

(V) R= COC3H7-iso

(VI) R= COCH2CH2COOCH3

(VII) R= COCI.Hg-iso

(VIlI) 'R = COOH

(XI) R= H

(X) IXI)

~"
O." COOCH3

~, O O
( Xlll)

The structures of the compounds obtained are shown in Schemes I and II.

The hemimalonates (III, VIlI, X, XV-XVIII) easily undergo decarbo-
xylation on heating to the melting point (usually at 160-170°C) with the
formation of the corresponding esters (IV, IX, XIX-XXII). Some of them
(XIX, XXII) are used as gestogens of prolonged action. It should be noted
that decarboxylation of the 17a-hydroxyprogesterone hemimalonate (XV) is
accompanied with formation of small quantities (up to 5%) of the spirolactone
(XXVIII) (see below).

The reaction leading to hemimalonates (XVI-XVIII) is usually accompa-
nied with further decarboxylation to esters (XX-XXII), the yield of which
does not exceed 10010.
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Scheme III

COOH

(X[V)

(XV) R = H (X[X) R= H

Et3N ([[)
(XVI ) R= Et (XX) R= Et

(XV[[) R = Pr (XX[) R= Pr

(XVI[[) R = Bu (XX[[) R= Bu

(XX[[[)
(XX[V} R Me

(XXV) R B-iso

(XXV[) R = CH2CH2COOMe

Synthesis of Steroid Acetoacetates (V-VII, XI, XII)
and Spirolactones (XXIV-XXVIII)

Heating of hydroxysteroids (testosterone, 19-nor-testosterone, cholestero 1)
with 5-acylderivatives (II) of Meldrum acid in inert solvents leads to the
formation of acylacetates (V-VII, XI, XII)16in good yields. Strange as it may
see, but in the case of desoxycorticosterone this reaction gave a mixture of
products from which it was impossible to isolate the desired compound.

17a-hydroxyprogesterone (XIV) reacts with 5-acylderivatives of Meldrum
acid rather easily (in benzene solution in the presence of triethylamine) giving
rise to the corresponding acylacetates, which undergo cyclodehydration with
the formation of acylspirolactones (XXIV-XXVI). An analogous transformat-
ion was found in the case of 17a-hydroxyprogesterone hemimalonate (XV).
Its heating with ammonium acetate in benzene or with pyridine and pyperi-
dine in methylene chloride afforded the carboxyspirolactone (XXVII). The
heating of XV in pyridine with some pyperidine leads to cyclodehydration
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with the subsequent decarboxylation and formation of the spirolactone
(XXVIII), which can also be obtained by simple thermal decomposition of
XXVII.

The spirolactones so obtained are of inter est as potential aldosterone
antagonists!".
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SAŽETAK

Sinteza i fiziološka aktivnost steroidnih estara i spiro-Iaktona

Boris M. SeLetsky, George M. SegaL i Igor V. Torgov

Dejstvom Meldrum-ove kiseline, odnosno njenih alkil- i acil-derivata na hi-
droksi-steroide, lako postaju odgovarajući hemimalonati, alkil-hemimalonatt i aceto-
acetati u visokom prinosu. Dekarboksilacijom hemimalonata i alkil-hemimalonata
dobiven je veći broj estara steroidnih alkohola, od kojih se neki primenjuju i u
medicinskoj praksi.

Kada se hemimalonat i aceto-acetat 17a-hidroksi-progesterona izloži dejstvu
baza vrši se ciklodehidratacija, pri čemu se grade spiro-laktoni koji su potencijalni
aldosteron-antagonisti.




