
A

e
S
p
N
c
9
p
©

K

1

p
t
m
s
i
o
l
p
[

p
i
h
e
d
a
l

1
d

Journal of Molecular Catalysis A: Chemical 276 (2007) 57–61

Esterification of tertiary alcohols in steroids under different conditions

Z. Rezaei ∗, S. Khabnadideh, M.M. Zarshenas, M.R. Jafari
Department of Medicinal Chemistry, Faculty of Pharmacy, Shiraz University of Medical Sciences, P.O. Box 71345, Shiraz, Iran

Received 6 December 2006; received in revised form 2 June 2007; accepted 9 June 2007
Available online 16 June 2007

bstract

Steroids can be made more lipid-soluble or more water-soluble simply by making suitable ester derivatives of hydroxyl groups. In this study,
sterification of tertiary alcohols of cyproterone (CYP) and medroxyprogesterone (MPG) was comparatively conducted under different conditions.
everal catalysts including basic and acidic ones such as dimethylaminopyridine (DMAP), N-methylimidazole, pyridine, 3-(1-methyl-2-pyrolidinyl)
yridine, and N-bromosuccinimide (NBS) were examined in the presence of appropriate acid anhydride or acyl chlorides. The results showed that
BS could be used as an effective catalyst for synthesis of propionate, butyrate, pentanoate, and hexanoate esters of CYP and MPG under mild
onditions. The yield and the rate of the reactions were dependent on the chain length of substituted acyl groups. The yield ranged from 85% to
5% and the reaction time was between 10 and 12 h. Benzoate ester of CYP was also directly produced using CYP acetate and benzoic acid in the
resence of sulfuric acid as catalyst.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Structure modification on drug molecules leads to changes in
hysicochemical and pharmaceutical properties such as absorp-
ion, solubility, and duration of action. Steroids can be made

ore lipid-soluble or more water-soluble simply by making
uitable ester derivatives of hydroxyl groups. Derivatives with
ncreased lipid solubility are often made to decrease the rate
f release of the drug from intramuscular injection sites. More
ipid-soluble derivatives also have improved skin absorption
roperties, and thus are preferable to dermatologic preparations
1].

CYP acetate (6-chloro-17-hydroxy-1�, 2�-methylene-4,6-
regnadien-3,20-dione 17�-acetate) is an antiandrogen and it
s orally and topically used in the treatment of acne and
irsutism [2]. MPG acetate (17�-hydroxy-6�-metylpregn-4-
ne-3,20-dione acetate) is used for treating many menstrual
isorders [1]. The transdermal application of progestines has

lso become an increasingly popular research target during the
ast decade [3].
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In this study on the modification of the structure of CYP (I)
nd MPG (II) their different esters were synthesized for improv-
ng topical application. In order to esterify the tertiary alcohol
ith sterical hindrance in CYP and MPG structures, we reviewed
ifferent esterification conditions for these alcohols. Many meth-
ds have been reported for acetylation of tertiary alcohols [4]
nder different conditions. CYP contains vulnerable groups such
s 1, 2-cyclopropyl, 6-Cl, and 17�-OH. To maintain the pharma-
ological effects of the drug, the configuration of OH or OR (in
ster form of CYP) should not be changed. Therefore, we need
o find a desirable method for estrification to keep the stability of
he structure. So, we selected several basic and acidic catalysts
nd compared these methods to find the best method for ester-
fication of tertiary alcohols in steroids with sterical hindrance
n OH.

. Experimental

.1. Material and reagents

All solvents and reagents were purchased from Sigma or

erck Chemical Companies. The products were purified by thin

ayer chromatography techniques. NMR spectra were recorded
n a Brucker Avance DPX 250 MHZ instrument. Mass spectra
ere recorded on a Hewlett-Packard GC–MS.

mailto:rezaeiza@sums.ac.ir
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Scheme 1. Hydrolysis of
.2. Preparation of CYP and MPG

As free alcohols forms of CYP and MGP are not commer-
ially available, in the first step, free alcohols forms of CYP

a
H
1
a

able 1
cylation of CYP under different conditions

ntry Esterifying agent (3.3 mmol) n = 1, 2, 3, 4 Catalyst

1–4 (CH3–(CH2)n–CO)2O DMAP (3 mmol)
5–8 CH3–(CH2)n–COCl DMAP (3 mmol)
9–12 (CH3–(CH2)n–CO)2O N-Methylimidazole (3 mm
3–16 CH3–(CH2)n–COCl N-Methylimidazole (3 mm
7–20 (CH3–(CH2)n–CO)2O Pyridine (3 mmol)
1–24 CH3–(CH2)n–COCl Pyridine (2 mmol)
5–28 (CH3–(CH2)n–CO)2O 3-(1-Methyl-2-pyrrolidiny
9–32 CH3–(CH2)n–COCl 3-(1-Methyl-2-pyrrolidiny
3–36 (CH3–(CH2)n–CO)2O CH3–(CH2)n–COONa (3
7–40 (CH3–(CH2)n–CO)2O N-Bromosuccinimide (0.0
1–44 CH3–(CH2)n–COCl N-Bromosuccinimide (0.0
acetate and MPG acetate.
nd MPG were prepared from CYP acetate and MPG acetate.
ydrolysis of 4 mmol of parent compound was done using
2 mmol of LiOH in 27 ml of THF–H2O (3:1) at reflux temper-
ture (Scheme 1) for 28 h [5]. After completion of the reaction,

Solvent Time (h) Yield (%)

DMF 48 12–15
DMF 48 15–20

ol) DMF 48 32–37
ol) DMF 48 41–44

Acetonitrile 48 13–16
Acetonitrile 48 12–15

l)pyridine (2 mmol) Pyridine 48 12–16
l)pyridine (2 mmol) Pyridine 48 12–15
mmol) Acetonitrile 48 10–15
55 mmol) Dried dichloromethane 10–12 70–85
55 mmol) Dried dichloromethane 10–12 85–95



Z. Rezaei et al. / Journal of Molecular Catalysis A: Chemical 276 (2007) 57–61 59

Table 2
Comparison of NBS with other catalysts under equal conditions

Entry Catalyst Time (h) Yield (%)

1 N-Methylimidazole (3 mmol) 48 51
2 DMAP (3 mmol) 48 30
3 Pyridine (2 mmol) 48 28
4 3-(1-Methyl-2-pyrrolidinyl)pyridine (2 mmol) 48 32
5 N-Bromosuccinimide (0.055 mmol) 12 91

esis o

5
o
T
y

2

m
e

a
a
o
a
d
c
t
u

C
a
c
w
w
h

2

M

c
p

3

l
c
I
t
t
e
s
t
i
c
r
s

a
u
d
a
(
c
r
a

Scheme 2. Synth

0 ml water was added to the reaction mixture and then the
rganic phase was decanted and dried over anhydrous Na2SO4.
he solvent was removed in vacuo to obtain the product in 98%
ield.

.3. Synthesis of CYP esters

In order to prepare the esters of CYP, several esterification
ethods for tertiary alcohols described in the literature were

valuated [4].
In order to esterify CYP, we used appropriate anhydrides or

cyl halides as esterifying agents, under conditions of basic and
cidic catalysts. All the reactions were performed with 1.1 mmol
f CYP and 3.3 mmol of esterifying agents and catalyst (the
mounts of catalysts are shown in Table 1) under reflux con-
ition, and the mixture was stirred until the starting material
ompletely disappeared as monitored by TLC (Table 1). In order
o compare NBS with other catalysts several reactions were done
nder equal conditions (Table 2).

CYP benzoate was directly synthesized using 1 mmol of
YP acetate and 4 mmol of benzoic acid in the presence of
few drops of sulfuric acid 98% in acetonitrile under reflux

ondition (Scheme 2). After completion, the reaction mixture
as quenched with water and the crude product was extracted
ith CH2Cl2 and purified by thin layer chromatography, using
exane–ethyl acetate, 7:3.
.4. Synthesis of MPG esters

Aliphatic esters of MPG were synthesized from 1 mmol of
PG and 3 mmol of appropriate acyl chloride using NBS as

a
e
t
a

f CYP benzoate.

atalyst in dried CH2Cl2 under reflux condition (Table 3). The
roducts were purified as mentioned above for CYP derivatives.

. Results and discussion

It has previously been shown that tertiary alcohols are acy-
ated with acid anhydride or acyl halides in the presence of
atalytic quantity of Lewis acids and basic catalysts [4d,g].
n these reports, the catalysts are usually used for acetyla-
ion of alcohols. Panayiptis et al. showed that trimethylsilyl
rifluromethansulfonate (TMSOTF) was only an extremely pow-
rful catalyst [4f] for acetylation of OH in several steroids of a
table structure. Duan et al. also used [BMIm] BF4 for acetyla-
ion of tertiary alcohols by acetic anhydride [4g]. This method
s not appropriate for acylation of CYP and MPG, because these
ompounds are very insoluble in ionic solutions. There are no
eports for acylation of sterically hindered tertiary alcohols of
ensitive structures by other acylating agents.

First for optimization of the acylation conditions, many acidic
nd basic catalysts were evaluated. The esterification of CYP by
sing basic catalyst such as DMAP, N-methylimidazole, pyri-
ine, and 3-(1-methyl-2-pyrrolidinyl) pyridine in the presence of
ppropriate anhydrides and acyl halides proceeded very slowly
Table 1, entries 1–33). We have also applied the salts of related
arboxylic acids in the presence of the acid anhydrides. This
eaction was also very slow (Table 1, entries 34–36). Therefore,
n acid catalyst, NBS, was evaluated for the rapid and efficient

cylation of CYP. The application of NBS as a catalyst in sev-
ral chemical reactions is reported [6]. It has also been reported
hat NBS is an acid catalyst for acetylation of alcohols using
cetic anhydride [7]. Therefore, we have used this acid catalyst
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Table 3
Acylation of MPG with related acyl halides using NBS as catalyst

Entry Esterifying agent (3 mmol) Catalyst Solvent Time (h) Yield (%)

1 CH3–CH2–COCl N-Bromosuccinimide (0.055 mmol) Dried dichloromethane 10 95
2 CH3–(CH2)2–COCl N-Bromosuccinimide (0.055 mmol) Dried dichloromethane 10 95
3 55 mmol) Dried dichloromethane 10 91
4 55 mmol) Dried dichloromethane 12 85.5
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CH3–(CH2)3–COCl N-Bromosuccinimide (0.0
CH3–(CH2)4–COCl N-Bromosuccinimide (0.0

or esterification of CYP using the acid anhydrides as well as
cyl halides in dried dichloromethane. The results show that this
eaction in the presence of appropriate acyl chlorids proceeds in
ess than 12 h to give 95% yield (Table 1, entries 37–44). In
rder to compare NBS with other catalysts the esterification of
YP was done in the presence of butyryl chloride and different
atalysts under equal conditions (Table 2). The results show that
BS is a good catalyst under mild reaction condition in compar-

son with other catalysts (Table 2). We have used this catalyst for
he preparation of CYP acetate, CYP propionate, CYP butyrate,
YP pentanoate, and CYP hexanoate. The yields and the rates
f the reactions were dependent on the chain length of substi-
uted acyl groups. In this study, we used NBS of the catalytic
mount of 0.055 mmol for 1.1 mmol of alcohol that is less than
he amount used by Xu and Karimi [7]. The results show that the
sterification of these compounds has a higher yield and is also
ore rapid when acyl halides is used instead of acid anhydrides
hich were used by Karimi and Xu [7]. However, the actual role
f NBS is not clear but Karimi et al. [7b] presented a mecha-
ism in acetylation of alcohol, showing that NBS might act as
source for Br+ which in turn activates the carbonyl group of
c2O to produce the highly active acylating agent (Scheme 3).
ccording to this mechanism acyl halides acetylated the com-
ounds more rapidly than anhydrides because Br+ reacts with
− from acyl halides and RCO+ is more available for acylation

eaction.
None of the acid and basic catalysts tested resulted in a reac-

ion with an acceptable yield for the synthesis of CYP benzoate.
herefore, CYP benzoate was directly synthesized using CYP
cetate and benzoic acid in the presence of a few drops of sul-
uric acid 98% (Scheme 2). This reaction was carried out under
eflux condition for 20 h to give 60% yield.

The acylation of MPG was also employed using NBS as
atalyst under the same conditions used for acylation of CYP

Table 3).

In conclusion NBS has been employed as an effective cat-
lyst for the acylation of sterically hindered tertiary alcohols
n steroids of sensitive structures under mild reaction condi-

R

[

Scheme 3. The postulated mechanism of NBS catalysis [7b].

ions. As NBS was used only in catalytic amount, the reaction of
BS with alkene groups may be negligible. It has been reported

hat acetylation of optically active alcohols in the presence of
BS proceed well with complete retention of configuration [7b].
herefore, the reactions proceeded well with complete retention
f configuration of OH. This is important for pharmacological
ffects of steroids. This catalyst is not suitable for the preparation
f aromatic esters.

cknowledgments

This work was supported by Shiraz University of Medical
ciences. We are thankful to Shiraz University and Dr. Moham-
ad Navid Soltani Rad for his consultation. We are also thankful

o Dr. Nasrin Shokrpour.
eferences

1] J.H. Block, J.M. Beale (Eds.), Wilson and Gisvold’s Textbook of Organic
Medicinal and Pharmaceutical Chemistry, 11th ed., Lippincott Williams and
Wilkins, New York, 2004 (Chapter 23).



r Cata

[

[
[

[

[

Z. Rezaei et al. / Journal of Molecula

2] (a) D.M. Gruber, M.O. Sator, E.A. Joura, E.M. Kokoschka, G. heinze, J.C.
Huber, Arch. Dermatol. 134 (1998) 459;
(b) R.S. Ritmaster, Lancet 349 (1997) 191.

3] J. Riedle, P. Esperling, U. Tanber, Pharm. Res. 15 (1998) 1416.
4] (a) H. Hofle, W. Steglich, Angew. Chem., Int. Ed. Engl. 8 (1969) 981;

(b) E. Vedejs, S.T. Diver, J. Am. Chem. Soc. 115 (1993) 3358;

(c) E. Vedejs, N.S. Bennett, L.M. Conn, S.T. Diver, M. Gingras, S. Lin, P.A.
Oliver, M.J. Peterson, J. Org. Chem. 58 (1993) 7286;
(d) J. Iqbal, R.R. Srevastava, J. Org. Chem. 57 (1992) 2001;
(e) K. Ishihara, M. Kubota, H. Kurihara, H. Yamamoto, J. Org. Chem. 61
(1996) 4560;

[

lysis A: Chemical 276 (2007) 57–61 61

(f) P.A. Procopiou, S.P.D. Baugh, S.S. Flack, G.G.A. Inglis, J. Org. Chem.
63 (1998) 2342;
(g) Z. Duan, Y. Gu, Y. Deng, J. Mol. Catal. A Chem. 246 (2006) 70.

5] S. Khabnadideh, C.L. Tan, S.L. Croft, H. Kendrick, V. Yardley, I.H. Gilbert,
Bioorg. Med. Chem. Lett. 10 (2000) 1237.

6] (a) H. Hazarkhani, B. Karimi, Synthesis 2004 (2004) 1239;

(b) B. Karimi, H. Hazarkhani, J. Maleki, Synthesis 2005 (2005) 279;
(c) B. Karimi, H. Seradj, M.H. Tabaei, Synlett 2000 (2000) 1793.

7] (a) F. Xu, R.C. Sun, X.F. Sun, Z.C. Geng, B. Xiao, J. Sun, Int. J. Polym.
Anal. Character. 9 (2004) 229;
(b) B. Karimi, H. Seradj, Synlett 2001 (2001) 519.


	Esterification of tertiary alcohols in steroids under different conditions
	Introduction
	Experimental
	Material and reagents
	Preparation of CYP and MPG
	Synthesis of CYP esters
	Synthesis of MPG esters

	Results and discussion
	Acknowledgments
	References


