ANNEX 1
CHEMICAL AND PHYSICAL DATA AND INFORMATION ON
PRODUCTION AND USE FOR OESTROGENS AND
PROGESTOGENS USED IN ORAL CONTRACEPTIVES,
PROGESTOGEN-ONLY CONTRACEPTIVES AND
POST-MENOPAUSAL HORMONAL THERAPY

Trade names for these compounds alone and in combination with other hormonal
drugs are given in Annex 2.

1. Oestrogens

1.1 Conjugated oestrogens

The term ‘conjugated oestrogens’ refers to mixtures of at least eight compounds,
including sodium oestrone sulfate and sodium equilin sulfate, derived wholly or in part
from equine urine or synthetically from oestrone and equilin. Conjugated oestrogens
contain as concomitant components the sodium sulfate conjugates of 17a-dihydroequi-
lin, 17B-dihydroequilin and 17c-oestradiol (United States Pharmacopeial Convention,
1995).

1.1.1  Nomenclature

Sodium oestrone sulfate
Chem. Abstr. Serv. Reg. No.: 438-67-5
Chem. Abstr. Name: 3-(Sulfooxy)-estra-1,3,5(10)-trien-17-one, sodium salt
IUPAC Systematic Name: Estrone, hydrogen sulfate sodium salt
Synonyms: Estrone sodium sulfate; estrone sulfate sodium; estrone sulfate sodium salt;
oestrone sodium sulfate; oestrone sulfate sodium; oestrone sulfate sodium salt; sodium
estrone sulfate; sodium estrone-3-sulfate; sodium oestrone-3-sulfate

Sodium equilin sulfate
Chem. Abstr. Serv. Reg. No.: 16680-47-0
Chem. Abstr. Name: 3-(Sulfooxy)-estra-1,3,5(10),7-tetraen-17-one, sodium salt
IUPAC Systematic Name: 3-Hydroxy-estra-1,3,5(10),7-tetraen-17-one, hydrogen sul-
fate, sodium salt
Synonyms: Equilin, sulfate, sodium salt; equilin sodium sulfate; sodium equilin 3-
monosulfate

—569-
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1.1.2  Structural and molecular formulae and relative molecular mass
Sodium oestrone sulfate

cH; P

Na0;SO

CygH,,0:S.Na Relative molecular mass: 372.4

Sodium equilin sulfate

cH,

Na05SO

CygH1905S.Na Relative molecular mass: 370.4

1.1.3  Chemical and physical properties
From Gennaro (1995)
(a) Description: Buff-coloured, odourless powder
(b) Solubility: Soluble in water

1.1.4  Technical products and impurities

Conjugated oestrogens contain not less than 52.5% and not more than 61.5% sodium
oestrone sulfate and not less than 22.5% and not more than 30.5% sodium equilin sulfate,
and the total of sodium oestrone sulfate and sodium equilin sulfate is not less than 79.5%
and not more than 88.0% of the labelled content of conjugated oestrogens. Conjugated
oestrogens contain as concomitant components (as sodium sulfate conjugates) not less
than 13.5% and not more than 19.5% 17ca-dihydroequilin, not less than 0.5% and not more
than 4.0% 173-dihydroequilin and not less than 2.5% and not more than 9.5% 17c.-oestra-
diol, of the labelled content of conjugated oestrogens (United States Pharmacopeial Con-
vention, 1995).

Conjugated oestrogens are available as tablets for oral administration, as an injection
for parenteral administration and as a 0.0625% vaginal cream (American Hospital Formu-
lary Service, 1997).

Conjugated oestrogens are also used in combination with several other pharmaceutical
preparations, including medrogestone, medroxyprogesterone acetate and methyltestos-
terone (American Hospital Formulary Service, 1997; Reynolds, 1998).
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Information available in 1995 indicated that conjugated oestrogens were manu-
factured or formulated in Argentina, Belgium, Brazil, Canada, France, India, Mexico, the
Netherlands, Portugal, Switzerland and the United States (CIS Information Services,

1995).

1.15

Analysis

Gas chromatography with flame ionization detection is used for identification and for
establishing the purity of conjugated oestrogens, their components and impurities (United
States Pharmacopeial Convention, 1995).

1.2
121

Ethinyloestradiol
Nomenclature

Chem. Abstr. Serv. Reg. No.: 57-63-6

Deleted CAS Reg. No.: 77538-56-8

Chem. Abstr. Name: (17a)-19-Norpregna-1,3,5(10)-trien-20-yne-3,17-diol

IUPAC Systematic Name: 19-Nor-17a-pregna-1,3,5(10)-trien-20-yne-3,17-diol
Synonyms: 17-Ethinyl-3,17-estradiol; 17-ethinylestradiol; 17o-ethinyl-173-estradiol;
17a-ethynylestradiol; ethinylestradiol; 17-ethynylestradiol; ethynylestradiol; 17a-
ethinylestradiol; ethynyloestradiol

1.2.2  Structural and molecular formulae and relative molecular mass
C,oH2,0, Relative molecular mass: 296.4
1.2.3  Chemical and physical properties of the pure substance

From Budavari (1996) and Reynolds (1998), unless otherwise specified

(@)
(b)
(©
(d)
124

Description: White to creamy- or slightly yellowish-white, odourless, crystalline
powder

Melting-point: 182-184°C

Solubility: Practically insoluble in water; soluble in acetone (1 part in 5), ethanol
(1 part in 6), chloroform (1 part in 20), dioxane (1 part in 4), diethyl ether (1 part
in 4) and vegetable oils

Optical rotation: [a]Z, less than —27° to —30° (Council of Europe, 1997)

Technical products and impurities

Ethinyloestradiol is commercially available as tablets alone and in combination with
progestogens, as described in the monograph on *Oral contraceptives, combined’.
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1.2.5  Analysis

Several international pharmacopoeias specify infra-red and ultra-violet absorption
spectrophotometry and thin-layer chromatography as methods for identifying ethinyl-
oestradiol; thin-layer chromatography, liquid chromatography, ultra-violet absorption
spectrophotometry and potentiometric titration are used to assay the purity of ethinyl-
oestradiol and to determine its content in pharmaceutical preparations (British Pharmaco-
poeial Commission, 1993; Secretaria de Salud, 1994, 1995; United States Pharmacopeial
Convention, 1995; Schweizerischen Bundesrat, 1996; Council of Europe, 1997).

1.3 Mestranol

1.3.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 72-33-3
Deleted CAS Reg. No.: 43085-54-7; 53445-46-8
Chem. Abstr. Name: (17a)-3-Methoxy-19-norpregna-1,3,5(10)-trien-20-yn-17-ol
IUPAC Systematic Name: 3-Methoxy-19-nor-17a-pregna-1,3,5(10)-trien-20-yn-17-ol
Synonyms: Ethinylestradiol 3-methyl ether; 17o-ethinylestradiol 3-methyl ether; ethi-
nyloestradiol 3-methyl ether; 17a-ethinyloestradiol 3-methyl ether; ethynylestradiol
methyl ether; ethynylestradiol 3-methyl ether; 17-ethynylestradiol 3-methyl ether;
17a-ethynylestradiol 3-methyl ether; 17c-ethynylestradiol methyl ether; ethynyl-
oestradiol methyl ether; ethynyloestradiol 3-methyl ether; 17-ethynyloestradiol 3-
methyl ether; 17a-ethynyloestradiol 3-methyl ether; 17o-ethynyloestradiol methyl
ether; 3-methoxy-17o-ethinylestradiol; 3-methoxy-17ca-ethinyloestradiol; 3-methoxy-
17a-ethynylestradiol; 3-methoxyethynylestradiol; 3-methoxy-17o-ethynyloestradiol;
3-methoxyethynyloestradiol; 3-methylethynylestradiol; 3-O-methylethynylestradiol;
3-methylethynyloestradiol; 3-O-methylethynyloestradiol; A-MVE

1.3.2  Structural and molecular formulae and relative molecular mass

HoCO
C,Hy0, Relative molecular mass: 310.4

1.3.3  Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1998)
(a) Description: White to creamy-white, odourless, crystalline powder
(b) Melting-point: 150-151°C
(c) Solubility: Practically insoluble in water; sparingly soluble in ethanol; slightly
soluble in methanol; soluble in acetone, dioxane and diethyl ether; freely soluble
in chloroform
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1.3.4  Technical products and impurities

Mestranol is commercially available as a component of combination tablets with
norethisterone, chlormadinone acetate, norethisterone, ethynodiol diacetate, lynoestrenol
or norethynodrel (Reynolds, 1998; see the monograph on ‘Oral contraceptives, combined’
and Annex 2).

1.3.5 Analysis

Several international pharmacopoeias specify infra-red and ultra-violet absorption
spectrophotometry with comparison to standards as methods for identifying mestranol;
ultra-violet absorption spectrophotometry and potentiometric titration with sodium
hydroxide are used to assay its purity. Mestranol is identified in pharmaceutical prepa-
rations by thin-layer chromatography; liquid chromatography is used to assay for mes-
tranol content (British Pharmacopoeial Commission, 1988; Secretaria de Salud, 1994;
United States Pharmacopeial Convention, 1995; Schweizerischen Bundesrat, 1996;
Society of Japanese Pharmacopoeia, 1996; Council of Europe, 1997).

1.4 Oestradiol

1.41  Nomenclature
Chem. Abstr. Serv. Reg. No.: 50-28-2
Chem. Abstr. Name: (17)-Estra-1,3,5(10)-triene-3,17-diol
IUPAC Systematic Name: Estra-1,3,5(10)-triene-3,17f3-diol
Synonyms: Dihydrofollicular hormone; dihydrofolliculin; dihydromenformon;
dihydrotheelin; dihydroxyestrin; 3,17B-dihydroxyestra-1,3,5(10)-triene; 3,17-epi-
dihydroxyestratriene; -estradiol; 173-estradiol; 3,17B3-estradiol; (d)-3,173-estradiol;
oestradiol-17f3; 17B-oestradiol

1.4.2  Structural and molecular formulae and relative molecular mass

CygH20, Relative molecular mass: 272.4

1.4.3  Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1998)
(a) Description: White or creamy-white, odourless, crystalline powder
(b) Melting-point: 173-179°C
(c) Solubility: Practically insoluble in water; soluble in ethanol (1 part in 28), chloro-
form (1 part in 435), diethyl ether (1 part in 150), acetone and dioxane
(d) Optical rotation: [e]%, +76° to +83°
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Oestradiol hemihydrate is a white crystalline powder: it is practically insoluble in
water, soluble in ethanol and acetone and slightly soluble in dichloromethane and diethyl
ether. Approximately 1.03 g of oestradiol hemihydrate are equivalent to 1 g of the anhy-
drous substance (Reynolds, 1998).

1.44  Technical products and impurities

Oestradiol is commercially available as micronized tablets, as topical transdermal
patches, as a vaginal cream and as an extended-release vaginal insert (ring) (United
States Food & Drug Administration, 1996; American Hospital Formulary Service, 1997).

15 Oestradiol benzoate

1.5.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 50-50-0
Chem. Abstr. Name: (17B)-Estra-1,3,5(10)-triene-3,17-diol, 3-benzoate
IUPAC Systematic Name: Estradiol, 3-benzoate
Synonyms: Estradiol benzoate; 3-estradiol benzoate; B-estradiol 3-benzoate; 17p3-estra-
diol benzoate; 17(-estradiol 3-benzoate; estradiol monobenzoate; 1,3,5(10)-estra-
triene-3,17B-diol 3-benzoate; B-oestradiol benzoate; B-oestradiol 3 benzoate; 17j3-
oestradiol benzoate; 17B-oestradiol 3-benzoate; oestradiol monobenzoate; 1,3,5(10)-
oestratriene-3,173-diol 3-benzoate

15.2 Structural and molecular formulae and relative molecular mass

Cy5H,604 Relative molecular mass: 376.5

1.5.3  Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1996)
(a) Description: White crystalline powder
(b) Melting-point: 191-196°C
(c) Solubility: Practically insoluble in water; slightly soluble in ethanol and diethyl
ether; and sparingly soluble in acetone and vegetable oils
(d) Optical rotation: [o]Z, +58° to +63°
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1.5.4  Technical products and impurities

Oestradiol benzoate is commercially available as an injection (oily or agueous sus-
pension) and as implants (British Pharmacopoeial Commission, 1993; Society of Japanese
Pharmacopoeia, 1996).

1.6 Oestradiol cypionate

1.6.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 313-06-4
Chem. Abstr. Name: (17p)-Estra-1,3,5(10)-triene-3,17-diol, 17-cyclopentanepro-
panoate
IUPAC Systematic Name: Oestradiol, 17-cyclopentanepropionate
Synonyms: Cyclopentanepropionic acid, 17-ester with oestradiol; cyclopentanepro-
pionic acid, 3-hydroxyestra-1,3,5(10)-trien-17f3-yl ester; depo-estradiol cyclopentyl-
propionate; depoestradiol cypionate; estradiol 173-cyclopentanepropionate; estradiol
cyclopentylpropionate; estradiol 17-cyclopentylpropionate; estradiol 17B-cyclo-
pentylpropionate; 173-estradiol 17-cyclopentylpropionate; estradiol cypionate; estra-
diol 17-cypionate; estradiol 17p3-cypionate

1.6.2  Structural and molecular formulae and relative molecular mass

C6H3604 Relative molecular mass: 396.6

1.6.3  Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1996)
(a) Description: White, odourless crystalline powder
(b) Melting-point: 151-152°C
(c) Solubility: Practically insoluble in water; soluble in ethanol (1 part in 40), chloro-
form (1 in 7), diethyl ether (1 in 2800), acetone and dioxane
(d) Optical rotation: [a]%, +45°

1.6.4  Technical products and impurities

Oestradiol cypionate is commercially available as injectable suspensions in oil for
parenteral administration (United States Food & Drug Administration, 1996; American
Hospital Formulary Service, 1997).
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1.7 Oestradiol valerate
1.7.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 979-32-8
Deleted CAS Nos.: 907-12-0; 69557-95-5
Chem. Abstr. Name: (170)-Estra-1,3,5(10)-triene-3,17-diol, 17-pentanoate
IUPAC Systematic Name: Estradiol 17-valerate
Synonyms: Oestradiol valerate; estradiol 173-valerate; estradiol valerianate; estra-
1,3,5(10)-triene-3,17B-diol 17-valerate; 3-hydroxy-173-valeroyloxyestra-1,3,5(10)-
triene

1.7.2  Structural and molecular formulae and relative molecular mass
o)
, O—C—CH;CH,CH,CH,

Cy3H5,04 Relative molecular mass: 356.5

1.7.3  Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1996)
(a) Description: White, crystalline, odourless powder
(b) Melting-point: 144-145°C
(c) Solubility: Practically insoluble in water; soluble in benzyl benzoate, dioxane,
methanol and castor oil; sparingly soluble in arachis oil and sesame oil

1.7.4  Technical products and impurities

Oestradiol valerate is commercially available as injectable suspensions in oil for
parenteral administration; it is also commercially available as tablets alone or in combi-
nation with progestogens (Reynolds, 1996; United States Food & Drug Administration,
1996; American Hospital Formulary Service, 1997; Editions du Vidal, 1997).

Other esters of oestradiol that have been reported and that may have been used as
pharmaceuticals include oestradiol 173-acetate 3-benzoate, oestradiol 3,173-dipropionate,
oestradiol 3,17B-diundecylenate, oestradiol 17B3-oenanthate, oestradiol 173-hexahydro-
benzoate, oestradiol 17B3-phenylpropionate, oestradiol 173-stearate, oestradiol 17f3-un-
decylate and polyoestradiol phosphate.

1.7.5  Analysis
Several international pharmacopoeias specify infra-red and ultra-violet absorption
spectrophotometry with comparison to standards and thin-layer chromatography as
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methods for identifying oestradiol and its hemihydrate; ultra-violet absorption and liquid
chromatography are used to assay its purity. Oestradiol in vaginal creams and tablets is
identified by thin-layer chromatography; liquid chromatography is used to assay the
oestradiol content of these preparations. Oestradiol in pellets and sterile suspensions is
identified by infra-red spectroscopy with comparison to standards; ultra-violet absorp-
tion spectrophotometry is used to assay the oestradiol content. Methods for identifying
oestradiol benzoate include infra-red absorption spectrophotometry with comparison to
standards, fluorescence and thin-layer chromatography. Ultra-violet absorption spectro-
photometry, thin-layer chromatography and liquid chromatography are used to assay its
purity. Methods for identifying oestradiol cypionate include infra-red and ultra-violet
absorption spectroscopy with comparison to standards; high-pressure liquid chromato-
graphy is used to assay its purity. Oestradiol valerate is identified in pharmaceutical
preparations by infra-red absorption spectroscopy with comparison to standards, and
liquid chromatography is used to assay the oestradiol valerate content (British Pharma-
copoeial Commission, 1988, 1993; United States Pharmacopeial Convention, 1995;
Society of the Japanese Pharmacopoeia, 1996; Council of Europe, 1997).

1.8 Oestriol

1.8.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 50-27-1
Chem. Abstr. Name: (160.,178)-Estra-1,3,5(10)-triene-3,16,17-triol
IUPAC Systematic Name: Estriol
Synonyms: Estra-1,3,5(10)-triene-3,16c.,17B-triol; estratriol; 16a-estriol; 160,1703-
estriol; 3,16a,17fB-estriol; follicular hormone hydrate; 16c-hydroxyestradiol;
3,160.,17B-trihydroxyestra-1,3,5(10)-triene; trihydroxyestrin

1.8.2  Structural and molecular formulae and relative molecular mass

Cyi5H,404 Relative molecular mass: 288.4

1.8.3  Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1998)
(a) Description: White, odourless, crystalline powder
(b) Melting-point; 282°C
(c) Solubility: Practically insoluble in water; sparingly soluble in ethanol; soluble
in acetone, chloroform, dioxane, diethyl ether and vegetable oils
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(d) Specific rotation: [a]Z, +58

1.8.4  Technical products and impurities
Oestriol is commercially available as tablets and as a cream. Sodium succinate and
succinate salts of oestriol are also available (Morant & Ruppanner, 1991; Thomas, 1997).

1.8.5  Analysis

The Japanese and United States pharmacopoeias specify infra-red and ultra-violet
absorption spectrophotometry with comparison to standards as methods for identifying
oestriol; ultra-violet absorption spectrophotometry, thin-layer chromatography and liquid
chromatography are used to assay its purity (United States Pharmacopeial Convention,
1995; Society of Japanese Pharmacopoeia, 1996).

1.9 Oestrone

1.9.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 53-16-7
Deleted CAS Reg. No.: 37242-41-4
Chem. Abstr. Name: 3-Hydroxyestra-1,3,5(10)-trien-17-one
IUPAC Systematic Name: 3-Hydroxyestra-1,2,5(10)-triene-17-one
Synonyms: d-Estrone; d-oestrone

1.9.2 Structural and molecular formulae and relative molecular mass

CysH»,0, Relative molecular mass: 270.4

1.9.3  Chemical and physical properties of the pure substance

From Budavari (1996) and Reynolds (1998)

(a) Description: White to creamy-white, crystalline powder

(b) Melting-point: 254.5-256°C

(c) Solubility: Practically insoluble in water (0.003 g/100 mL at 25°C); soluble in
ethanol (1 in 250), chloroform (1 in 110 at 15°C), acetone (1 in 50 at 50°C),
dioxane and vegetable oils; slightly soluble in diethyl ether and solutions of
alkali hydroxides

(d) Specific rotation: [0]%, +152°
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1.9.4  Technical products and impurities

Oestrone is commercially available as pessaries and as a sterile suspension in water
or 0.9% sodium chloride for injection. Oestrone benzoate and oestrone sodium sulfate
are also available (Thomas, 1991; Gennaro, 1995; American Hospital Formulary
Service, 1997).

195 Analysis

The United States Pharmacopeia specifies infra-red and ultra-violet absorption
spectrophotometry with comparison to standards and thin-layer chromatography as
methods for identifying oestrone; liquid chromatography is used to assay the purity of
oestrone and to determine its content in pharmaceutical preparations (United States
Pharmacopeial Convention, 1995).

1.10 Oestropipate

1.10.1 Nomenclature
Chem. Abstr. Serv. Reg. No.: 7280-37-7
Deleted CAS No.: 29080-16-8
Chem. Abstr. Name: 3-(Sulfooxy)-estra-1,3,5(10)-trien-17-one, compd. with pipe-
razine (1:1)
IUPAC Systematic Name: Estrone, hydrogen sulfate, compd. with piperazine (1:1)
Synonyms: Piperazine estrone sulfate; piperazine oestrone sulfate; 3-sulfatoxyestra-
1,3,5(10)-trien-17-one piperazine salt; 3-sulfatoxyoestra-1,3,5(10)-trien-17-one
piperazine salt

1.10.2 Structural and molecular formulae and relative molecular mass

CH; P
//\NHZ+ 0’
L e LT
‘0—S—0
g
C,,H3,N,05S Relative molecular mass: 436.6

1.10.3 Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1998)
(a) Description: White to yellowish-white, odourless, fine crystalline powder
(b) Melting-point: 190°C; solidifies on further heating and decomposes at 245°C
(c) Solubility: Very slightly soluble in water, ethanol, chloroform and diethyl ether;
soluble in warm water and warm ethanol (1 part in 500)
(d) Optical rotation: [e]%, +87.8°
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1.10.4 Technical products and impurities

Oestropipate is available as tablets and as a vaginal cream (Gennaro, 1995; American
Hospital Formulary Service, 1997). Information available in 1996 indicated that it was
manufactured or formulated in the United Kingdom and the United States (Reynolds,
1996).

1.10.5 Analysis

Methods for the identification of oestropipate include infra-red absorption with com-
parison to standards and thin-layer chromatography; liquid chromatography and high-
pressure liquid chromatography are used to assay its purity (United States Pharmacopeial
Convention, 1995).

1.11 Production and use
1.11.1 Production

Oestrogens are either isolated from the urine of pregnant mares (conjugated and este-
rified oestrogens) or synthesized. The synthesis of ethinyloestradiol was first reported in
1938 by treatment of oestrone with potassium acetylide in liquid ammonia. It is believed to
be produced commercially by the same method (Sittig, 1988). It was produced in the
United States between 1945 and 1955 (United States Tariff Commission, 1947, 1956).
Information available in 1995 indicated that ethinyloestradiol was manufactured or formu-
lated in Argentina, Australia, Austria, Belgium, Brazil, Canada, Denmark, Finland, France,
Germany, India, Italy, Japan, Mexico, the Netherlands, Norway, Poland, Portugal, South
Africa, Spain, Switzerland, the United Kingdom and the United States (CIS Information
Services, 1995).

The first synthesis of mestranol was reported in 1954 (Sittig, 1988). Commercial
production in the United Kingdom was first reported in 1955. It was first marketed in Japan
in 1960 (IARC, 1979). Mestranol is prepared by converting oestrone to its 3-methoxy ana-
logue by reaction with methyl sulfate. The ethinyl group may then be introduced at position
17, either by reaction with sodium acetylide in liqguid ammonia followed by hydrolysis or
through a Grignard reaction with ethynyl bromide (Sittig, 1988; Gennaro, 1995). Informa-
tion available in 1995 indicated that mestranol was manufactured or formulated in
Argentina, Australia, Belgium, Brazil, Canada, Denmark, Germany, India, Japan, Mexico,
New Zealand, South Africa, Spain, Switzerland, the United Kingdom and the United States
(CIS Information Services, 1995).

The countries in which oestrogens used in oestrogen replacement therapy are manu-
factured and/or formulated are listed in Table 1.

1.11.2 Use

Conjugated oestrogens, oestradiol and its semisynthetic esters, especially oestradiol
valerate, are used mainly in the treatment of menopausal disorders and for the prevention
and treatment of osteoporosis; they have been proposed for use in the prevention of cardio-
vascular diseases (Sullivan & Fowlkes, 1996) and of Alzheimer disease (Paganini-Hill &
Henderson, 1994). Conjugated oestrogens are usually administered orally in a dose of



Table 1. Countries in which oestrogens used in oestrogen replacement therapy are manufactured or formulated

Country Oestradiol Oestradiol Oestradiol Oestradiol Oestrone Oestrone Oestriol
benzoate valerate oenanthate sulfate
Argentina X X X X X
Australia X X X X X X
Austria X X X
Belgium X X X X
Brazil X X X X X X
Canada X X X X X
Denmark X X X X
Finland X X X X
France X X X X X
Germany X X X X X X
India X
Italy X X
Japan X X X X
Mexico X X X X X
Netherlands X X X X
New Zealand X X X
Poland X
Portugal X X X X
South Africa X X X X X
Spain X X X X X X X
Sweden X X X
Switzerland X X X X X
United Kingdom X X X X X
United States X X X

From CIS Information Services (1995)

T XaNNV

189
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0.3-1.25 mg/day and have been used extensively in the United Kingdom and the United
States for the treatment of climacteric symptoms. In Europe, micronized oestradiol and
oestradiol valerate are the most popular preparations used in post-menopausal oestrogen
therapy. Oestropipate at a dose of 0.75—-3 mg per day has also been used (Ellerington et al.,
1992; American Hospital Formulary Service, 1997; British Medical Association, 1997).

Oestradiol is the main naturally occurring oestrogen. It is given in the form of oestra-
diol or one of its semisynthetic esters in cases of oestrogen deficiency, such as primary
and secondary amenorrhoea, and in the menopause (Reynolds, 1996).

Oestradiol can be administered via a percutaneous patch in which the dose of hormone
absorbed can be regulated by the surface area of the patch (Corson, 1993; Birkh&user &
Haenggi, 1994; Judd, 1994; Gordon, 1995). Patches are available that deliver oestradiol at
a dose of 25, 37.7, 50, 75 or 100 ug daily. The patches should be changed once or twice
weekly. Oestradiol can also be administered in the form of a gel applied directly to the skin
(American Hospital Formulary Service, 1997; British Medical Association, 1997).

The metabolic products of oestradiol, oestrone and oestriol, are also used in clinical
practice. Oestrone is a less potent oestrogen, but it is metabolized back to oestradiol
(Williams & Stancel, 1996). It is administered orally, mainly as the sulfate. Oestriol is a
weak oestrogen, with mainly local effects. It is used in vaginal creams and vaginal suppo-
sitories at a daily dose of 0.5-1 mg in the treatment of urogenital symptoms in women in
whom systemic effects should be avoided (Reynolds, 1996; American Hospital Formu-
lary Service, 1997; Editions du Vidal, 1997).

Ethinyloestradiol is used most extensively in oral contraceptives in combination with
a progestogen. Other indications include peri-menopausal symptoms, hormonal therapy
for hypogonadal women, treatment of post-partum breast engorgement and dysfunctional
uterine bleeding and therapy for carcinoma of the breast and prostate. It is also used in
conjunction with progestogens for the treatment of post-menopausal symptoms. Ethinyl-
oestradiol is also used in conjunction with a progestogen as a post-coital contraceptive
(Gennaro, 1995; Reynolds, 1996; Hatcher et al., 1997).

Mestranol is an effective oestrogen for the typical uses of oestrogens, but it is marketed
only in combination regimens typically containing 0.05 mg mestranol (Reynolds, 1996).
Other indications for use of mestranol combined with a progestogen are in the treatment of
dysmenorrhoea and menorrhagia, to produce cyclic withdrawal bleeding, in the treatment
of pre-menstrual tension, amenorrhoea and idiopathic infertility, for emergency control of
dysfunctional uterine bleeding, for endometriosis or to delay menstruation (Gennaro,
1995). Mestranol is also used with a progestogen to treat menopausal symptoms and for the
prevention and treatment of osteoporosis (British Medical Association, 1997).

1.12 Regulations and guidelines

The only guidelines that could be found for use of oestrogens are those in national and
international pharmacopoeias (Secretaria de Salud, 1994, 1995; United States Pharmaco-
peial Convention, 1995; Reynolds, 1996; Society of Japanese Pharmacopoeia, 1996;
Council of Europe, 1997; Reynolds, 1998; Swiss Pharmaceutical Society, 1998).
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2. Progestogens

2.1 Chlormadinone acetate

2.1.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 302-22-7
Chem. Abstr. Name: 17-(Acetyloxy)-6-chloropregna-4,6-diene-3,20-dione
IUPAC Systematic Name: 6-Chloro-17-hydroxypregna-4,6-diene-3,20-dione, acetate
Synonyms: 17a-Acetoxy-6-chloro-4,6-pregnadiene-3,20-dione; 6-chloro-As-17-ace-
toxyprogesterone; 6-chloro-Aé-[17o]acetoxyprogesterone

2.1.2  Structural and molecular formulae and relative molecular mass

C,3H,CIO, Relative molecular mass: 404.9

2.1.3  Chemical and physical properties of the pure substance
From Budavari (1996) and Society of Japanese Pharmacopoeia (1996)
(a) Description: White to light-yellow, odourless crystals
(b) Melting-point: 212-214°C
(c) Solubility: Practically insoluble in water; very soluble in chloroform; soluble in
acetonitrile; slightly soluble in ethanol and diethyl ether
(d) Optical rotation: [0]2, —10.0° to —14.0°

2.1.4  Technical products and impurities
Trade names for pharmaceutical preparations of chlormadinone acetate include
Gestafortin and Luteran (Reynolds, 1996).

2.1.5  Analysis

Several international pharmacopoeias specify infra-red and ultra-violet absorption
spectrophotometry with comparison to standards and liquid chromatography as methods
for identifying chlormadinone acetate; liquid chromatography and ultra-violet absorption
spectrophotometry are used to assay its purity (Secretaria de Salud, 1994, 1995; Society
of Japanese Pharmacopoeia, 1996).
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2.1.6  Production and use

Chlormadinone acetate does not occur naturally. Its synthesis was first reported in
1960, by the treatment of 17o-acetoxyprogesterone with ethyl orthoformate in the presence
of an acid catalyst to produce the 3-enol ether of the corresponding 3,5-dione; conversion
of this enol ether to 6-chloro-17a-acetoxyprogesterone with N-chlorosuccinimide is
followed by dehydrogenation with chloranil (Briickner et al., 1961).

Information available in 1995 indicated that chlormadinone acetate was manufactured
or formulated in Argentina, Austria, France, Germany, Japan, Mexico and Switzerland
(CIS Information Services, 1995).

Chlormadinone acetate has not been used in the United States since 1970, when the
only product (an oral contraceptive) was removed from the market. Its use in the United
Kingdom was suspended in the same year. Before suspension, chlormadinone acetate was
used in oral contraceptives either together with mestranol as a ‘sequential’ contraceptive
or as a ‘progestogen only’ oral contraceptive (IARC, 1979). Chlormadinone acetate has
been used (frequently in combination with mestranol) for treatment of threatened abortion
(Notter & Durand, 1969) and dysmenorrhoea (Roland et al., 1966).

2.2 Cyproterone acetate

2.2.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 427-51-0
Chem. Abstr. Name: (1B,2)-17-(Acetyloxy)-6-chloro-1,2-dihydro-3'H-cyclopropa-
[1,2]pregna-1,4,6-triene-3,20-dione
IUPAC Systematic Name: 6-Chloro-1f3,23-dihydro-17-hydroxy-3"H-cyclopropa[1,2]-
pregna-1,4,6-triene-3,20-dione acetate
Synonyms: Cyproterone 17-O-acetate; cyproterone 17c-acetate; 1,2c-methylene-6-
chloro-17a-acetoxy-4,6-pregnadiene-3,20-dione; 1,2a-methylene-6-chloro-A48-pre-
gnadien-17a-0l-3,20-dione acetate; 1,2a-methylene-6-chloro-pregna-4,6-diene-3,20-
dione 17c-acetate; methylene-6-chloro-17-hydroxy-la,2o0-pregna-4,6-diene-3,20-
dione acetate

2.2.2  Structural and molecular formulae and relative molecular mass

C,4H,CIO, Relative molecular mass: 416.9
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2.2.3  Chemical and physical properties of the pure substance
From Budavari (1996) and Council of Europe (1997)
(a) Description: White crystalline powder
(b) Melting-point: 200-201°C
(c) Solubility: Practically insoluble in water; very soluble in dichloromethane and
acetone; soluble in methanol; sparingly soluble in ethanol
(d) Specific rotation: [0]%, +152° to +157°

2.2.4  Technical products and impurities

Cyproterone acetate is commercially available as tablets and as an injectable solution
(Organizzazione Editoriale Medico Farmaceutica, 1995; British Medical Association,
1997).

2.2.5  Analysis

The European Pharmacopoeia specifies infra-red absorption spectrophotometry and
thin-layer chromatography as methods for identifying cyproterone acetate; liquid chro-
matography and ultra-violet absorption spectrophotometry are used to assay its purity
(Council of Europe, 1997).

2.2.6  Production and use

Cyproterone acetate does not occur naturally. No information was available on its
synthesis. Information available in 1995 indicated that its was manufactured or formulated
in Argentina, Australia, Austria, Belgium, Brazil, Canada, Finland, France, Germany,
Japan, Mexico, New Zealand, South Africa, Spain, Switzerland and the United Kingdom
(CIS Information Services, 1995).

Cyproterone acetate has a strong gonadotrophin-inhibiting effect and has clinical use
as an anti-androgen for the treatment of hyperandrogenic disorders such as hirsutism, acnhe
and seborrhoea in women. It is used as an oral contraceptive in combination with ethinyl-
oestradiol. It is given in combination with oestradiol valerate to women over 35 up to the
climacteric because its effects on the coagulation system are minimal (Hirvonen et al.,
1988; Reynolds, 1996). Cyproterone acetate is also used in the treatment of prostate
cancer and hypersexuality disorders (Cooper, 1986; Neumann & Topert, 1986; Namer,
1988) and is being investigated as a means of oral contraception in men (Moltz et al.,
1980; Wang & Yeung, 1980; Meriggiola et al., 1996). In some European countries, cypro-
terone acetate is used in sequential preparations with oestradiol valerate in the treatment
of climacteric complaints (Editions du Vidal, 1997).

2.3 Desogestrel

2.3.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 54024-22-5
Chem. Abstr. Name: (17a)-13-Ethyl-11-methylene-18,19-dinorpregn-4-en-20-yn-
17-ol
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IUPAC Systematic Name: 13-Ethyl-11-methylene-18,19-dinor-17c-pregn-4-en-20-
yn-17-ol

Synonyms: 13-Ethyl-11-methylene-18,19-dinor-17a-4-pregnen-20-yn-17-ol; 170
ethynyl-18-methyl-11-methylene-A4-oestren-17f3-ol

2.3.2  Structural and molecular formulae and relative molecular mass

C,,H3,0 Relative molecular mass: 310.5

2.3.3  Chemical and physical properties of the pure substance
From Budavari (1996) and British Pharmacopoeial Commission (1997)
(a) Description: White crystalline powder
(b) Melting-point: 109-110°C
(c) Solubility: Practically insoluble in water; slightly soluble in ethanol and ethyl
acetate; sparingly soluble in n-hexane
(d) Optical rotation: [o]%, +53° to +57°

2.3.4  Technical products and impurities

Desogestrel is commercially available only in combination with ethinyloestradiol
(Reynolds, 1996; American Hospital Formulary Service, 1997; British Medical Asso-
ciation, 1997; Editions du Vidal, 1997; LINFO Lakemedelsinformation AB, 1997;
Reynolds, 1998).

2.3.5  Analysis

The British Pharmacopoeia specifies infra-red absorption spectrophotometry and
thin-layer chromatography as methods for identifying desogestrel; liquid chromato-
graphy is used to assay its purity (British Pharmacopoeial Commission, 1997).

2.3.6  Production and use

Desogestrel does not occur naturally. It is produced by adding a solution of 11,11-
methylene-18-methyl-A4.0estren-17-one in tetrahydrofuran to potassium acetylide solu-
tion in tetrahydrofuran and acidified (Sittig, 1988).

Information available in 1995 indicated that desogestrel was manufactured or formu-
lated in Argentina, Australia, Belgium, Brazil, Canada, France, Germany, India, Mexico,
the Netherlands, South Africa, Spain, Switzerland, the United Kingdom and the United
States (CIS Information Services, 1995).
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Desogestrel is a synthetic progestogen structurally related to levonorgestrel, with
actions and uses similar to those of progestogens in general. It is reported to have potent
progestogenic activity and little or no androgenic activity. It is used as the progestogenic
component of combined mono- and multiphasic oral contraceptive preparations and as a
subdermal implantable ‘progestogen-only’ contraceptive. A typical daily dose in com-
bined oral contraceptives is 150 pug (Reynolds, 1997) with 30 ug ethinyloestradiol
(Williams & Stancel, 1996; Editions du Vidal, 1997).

2.4 Dydrogesterone
241  Nomenclature
Chem. Abstr. Serv. Reg. No.: 152-62-5
Chem. Abstr. Name: (9B,100)-Pregna-4,6-diene-3,20-dione
IUPAC Systematic Name: 10c-Pregna-4,6-diene-3,20-dione
Synonyms: 10a-Isopregnenone; dehydro-retroprogesterone; dehydroprogesterone

24.2 Structural and molecular formulae and relative molecular mass

CH3

C,1H,50, Relative molecular mass: 312.5

2.4.3  Chemical and physical properties of the pure substance

From Budavari (1996) and Reynolds (1996)

(a) Description: White to off-white, odourless, crystalline powder

(b) Melting-point: 169-170°C

(c) Solubility: Practically insoluble in water; soluble in acetone, chloroform (1 in
2), ethanol (1 in 40) and diethyl ether (1 in 200); slightly soluble in fixed oils;
sparingly soluble in methanol

(d) Specific rotation: [o]%, —484.5° (in chloroform)

2.4.4  Technical products and impurities
Trade names for pharmaceutical preparations containing dydrogesterone are listed in
Annex 2 (Table 5).

2.4.5  Analysis
Several international pharmacopoeias specify infra-red and ultra-violet absorption
spectrophotometry with comparison to standards as methods for identifying dydroges-
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terone; ultra-violet absorption spectrophotometry and liquid chromatography are used to
assay its purity. Dydrogesterone is identified in pharmaceutical preparations by infra-red
and ultra-violet absorption spectrophotometry; ultra-violet absorption spectrophotometry
and liquid chromatography are used to assay for dydrogesterone content (British Phar-
macopoeial Commission,1988; United States Pharmacopeial Convention, 1990).

2.4.6  Production and use

Dydrogesterone does not occur naturally. It is believed to be prepared commercially
from lumisterol (9p,10a.-ergosta-5,7,22-trien-3B3-ol derived from ultra-violet-irradiated
ergosterol) via a multistep synthesis involving oxidation, isomerization, lithium reduc-
tion, ozonolysis of the side-chain and a final zinc reduction (Budavari, 1996).

In hormonal therapy, dydrogesterone is used at doses of 10-20 mg per day for 10-14
days per cycle. Together with cyclic or continuous oestrogen, it gives effective cycle
control and good protection of the endometrium. It does not inhibit secretion of follicle-
stimulating hormone and does not increase basal body temperature (Reynolds, 1996;
British Medical Association, 1997; Crook et al., 1997).

2.5 Ethynodiol diacetate

25.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 297-76-7
Chem. Abstr. Name: (33,170)-19-Norpregn-4-en-20-yne-3,17-diol, diacetate
IUPAC Systematic Name: 19-Nor-17c-pregn-4-en-20-yne-3[3,173-diol, diacetate
Synonyms: Ethinodiol diacetate; ethynodiol acetate; 3-ethynodiol diacetate

2.5.2  Structural and molecular formulae and relative molecular mass

o)
[l
O—C—CH,
3

Cy4H3,0, Relative molecular mass: 384.5

2.5.3  Chemical and physical properties of the pure substance
(a) Description: White, odourless, crystalline powder (Reynolds, 1998)
(b) Melting-point: ~126-127°C (Budavari, 1996)
(c) Solubility: Very slightly soluble to practically insoluble in water; soluble in
ethanol; freely to very soluble in chloroform; freely soluble in diethyl ether
(Reynolds, 1998)
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(d) Optical rotation: [o]%, -70° to —76° (British Pharmacopoeial Commission,
1993)

2.5.4  Technical products and impurities

Ethynodiol diacetate is commercially available alone or as a component of a combi-
nation tablet containing ethynodiol diacetate plus ethinyloestradiol or mestranol (Thomas,
1991; Kleinman, 1996; Medical Economics, 1996; US Food & Drug Administration,
1996; American Hospital Formulary Service, 1997; British Medical Association, 1997;
Reynolds, 1998).

255  Analysis

The British and United States pharmacopoeias specify infra-red and ultra-violet
absorption spectrophotometry with comparison to standards as methods for identifying
ethynodiol diacetate; potentiometric titration with sodium hydroxide and liquid chromato-
graphy are used to assay its purity. Thin-layer chromatography is specified to identify ethy-
nodiol diacetate in combination formulations; liquid chromatography is used to assay the
quantity of ethynodiol diacetate in combination tablets (British Pharmacopoeial Com-
mission, 1993; United States Pharmacopeial Convention, 1995).

2.5.6  Production and use

Ethynodiol diacetate does not occur naturally. A method for its synthesis was first
patented in the United States in 1965. Ethindrone is reduced to ethynodiol, which is
acetylated with acetic anhydride in pyridine to produce ethynodiol diacetate. Ethynodiol
diacetate can also be prepared from ethynodiol or from norethisterone by reducing the
keto group to the carbinol and acetylating the 3- and 17-hydroxyls (Sittig, 1988; Gennaro,
1995). It is not known which process is used for commercial production.

Ethynodiol diacetate was introduced in France in 1965, in the United States in 1966,
in Italy in 1971 and in the United Kingdom in 1973 (Sittig, 1988).

Information available in 1995 indicated that ethynodiol diacetate was manufactured
or formulated in Argentina, Australia, Brazil, Canada, France, India, the Netherlands,
New Zealand, South Africa, Switzerland, the United Kingdom and the United States (CIS
Information Services, 1995).

Ethynodiol diacetate is a progestogen with actions and uses similar to those of nore-
thisterone; however, because it has a hydroxyl rather than a keto group at the 3-position
of the Aring, it has stronger oestrogenic activity and is essentially devoid of androgenic
activity. For use as an oral contraceptive, it has been combined with an oestrogen at a
typical dose of 1 mg ethynodiol diacetate and either 35 or 50 ug ethinyloestradiol or
0.1 mg mestranol (Gennaro, 1995). It is also used as a ‘progestogen-only’ contraceptive
(British Medical Association, 1997).
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2.6 Gestodene

2.6.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 60282-87-3
Deleted CAS Reg. No.: 110541-55-4
Chem. Abstr. Name: (17a)-13-Ethyl-17-hydroxy-18,19-dinorpregna-4,15-dien-20-yn-
3-one
IUPAC Systematic Name: 13-Ethyl-17-hydroxy-18,19-dinor-17a.-pregna-4,15-dien-
20-yn-3-one

2.6.2 Structural and molecular formulae and relative molecular mass

C,H50, Relative molecular mass: 310.4

2.6.3  Chemical and physical properties of the pure substance
From Budavari (1996)
(a) Description: Crystals
(b) Melting-point: 197.9°C

2.6.4  Technical products and impurities

Gestodene is commercially available as a component of combination tablets with
ethinyloestradiol (Morant & Ruppanner, 1991; British Medical Association, 1997; Editions
du Vidal, 1997; Thomas, 1997).

2.6.5 Analysis
No information was available to the Working Group.

2.6.6  Production and use

Gestodene does not occur naturally. It can be prepared from the 17-keto steroid [18-
methyloestrone methyl ether] in a multistep synthesis involving palladium-catalysed
conversion of its enol ether to an enone, reduction to the corresponding allylic alcohol,
partial reduction of the aromatic ring, regeneration of the enone and ethinylation (Bohlman
et al., 1989).

Information available in 1995 indicated that gestodene was manufactured or formu-
lated in Argentina, Austria, Belgium, Brazil, Finland, France, Germany, Mexico, the
Netherlands, New Zealand, Portugal, South Africa, Spain, Switzerland and the United
Kingdom (CIS Information Services, 1995).
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Gestodene is used only in combination with ethinyloestradiol as an oral contra-
ceptive, at a dose of 0.075 mg gestodene and 20 or 30 ug ethinyloestradiol, and in a tri-
phasic regimen at 0.05, 0.07 and 0.1 mg gestodene and 30, 40 and 30 ug ethinyl-
oestradiol (Kleinman, 1996).

2.7 Levonorgestrel

2.7.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 797-63-7
Deleted CAS Reg. No.: 797-62-6; 4222-79-1; 121714-72-5
Chem. Abstr. Name: (17a)-13-Ethyl-17-hydroxy-18,19-dinorpregn-4-en-20-yn-3-one
IUPAC Systematic Name: 13-Ethyl-17-hydroxy-18,19-dinor-17a-pregn-4-en-20-yn-
3-one
Synonyms: 13-Ethyl-17-ethynyl-173-hydroxy-4-gonen-3-one; 13-ethyl-17o-ethynyl-
17-hydroxygon-4-en-3-one; 13-ethyl-17c-ethynylgon-4-en-17f3-ol-3-one; 13p3-ethyl-
17o-ethynyl-17B-hydroxygon-4-en-3-one; 13-ethyl-17-hydroxy-18,19-dinor-170-
pregn-4-en-20-yn-3-one; 17-ethynyl-18-methyl-19-nortestosterone; 18-methylnore-
thindrone; I-norgestrel; D-1-norgestrel; D-norgestrel

2.7.2  Structural and molecular formulae and relative molecular mass

C,H»50, Relative molecular mass: 312.5

2.7.3  Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1998)
(a) Description: White, odourless, crystalline powder
(b) Melting-point: 235-237°C
(c) Solubility: Practically insoluble in water; slightly soluble in ethanol, acetone
and diethyl ether; sparingly soluble in dichloromethane; soluble in chloroform
(d) Specific rotation: [0]2, —32.4°

2.7.4  Technical products and impurities

Levonorgestrel is commercially available as a single-ingredient tablet (Kleinman,
1996; Editions du Vidal, 1997); it is also available as an interuterine system and as a
flexible, closed-capsule implant made of silicone rubber tubing (Medical Economics,
1996; LINFO Léakemedelsinformation AB, 1997). Levonorgestrel is also used in combi-
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nation with ethinyloestradiol for contraception (Kleinman, 1996; Medical Economics,
1996; Editions du Vidal, 1997) and in combination with several other pharmaceutical
preparations including oestradiol, oestradiol valerate, oestriol and ethinyloestradiol for
hormonal replacement therapy (British Medical Association, 1997; Reynolds, 1998).

2.75  Analysis

Several international pharmacopoeias specify infra-red and ultra-violet visible absorp-
tion spectrophotometry and optical rotation with comparison to standards as methods for
identifying levonorgestrel; potentiometric titration and ultra-violet absorption
spectrophotometry are used to assay its purity. Levonorgestrel is identified in pharma-
ceutical preparations by ultra-violet absorption visible spectrophotometry and thin-layer
chromatography (British Pharmacopoeial Commission, 1993; United States Pharmaco-
peial Convention, 1995; Council of Europe, 1997).

2.7.6  Production and use

Levonorgestrel does not occur naturally. Several methods for the synthesis of
norgestrel were reported in the early 1960s (Sittig, 1988; Budavari, 1996).

The activity of norgestrel is found in the levorotatory form D-l-norgestrel or levo-
norgestrel. Synthesis of the levorotatory form involves meta-cresol methyl ether, dimethyl
malonate and trans-1,4-dibromo-2-butene as starting materials. The steroid skeleton was
constructed by using an intramolecular Diels-Alder reaction of an ortho-quinodimethane
derivative, preceded by photo-enolization of an appropriate methyl-substituted aceto-
phenone derivative. Chirality was introduced at an early stage during a nucleophilic substi-
tution reaction (Baier et al., 1985). It is not known if this synthesis is used commercially.

Information available in 1995 indicated that levonorgestrel was manufactured or
formulated in Argentina, Australia, Austria, Belgium, Brazil, Canada, Finland, France,
Germany, India, Mexico, the Netherlands, New Zealand, Portugal, South Africa, Spain,
Switzerland, the United Kingdom and the United States (CIS Information Services, 1995).

Levonorgestrel is used as a combined oral contraceptive with ethinyloestradiol in
monophasic, biphasic and triphasic regimens. It is also used as a ‘progestogen-only’
contraceptive pill and subdermal implant (Kleinman, 1996).

2.8 Lynoestrenol
2.8.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 52-76-6
Deleted CAS Reg. No.: 60416-16-2
Chem. Abstr. Name: (17a)-19-Norpregn-4-en-20-yn-17-ol
IUPAC Systematic Name: 19-Nor-17a-pregn-4-en-20-yn-17-ol
Synonyms: 3-Desoxynorlutin; A4-17o-ethinylestren-173-ol; A#-17o-ethinyloestren-
17B-ol; ethynylestrenol; ethynyloestrenol; 17o-ethynylestrenol; 17a-ethynyloestrenol,
17a-ethynyl-17p-hydroxy-A4-estrene; 17o-ethynyl-17(3-hydroxy-As-oestrene
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2.8.2  Structural and molecular formulae and relative molecular mass

C,oH,60 Relative molecular mass: 284.4

2.8.3  Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1998)
(a) Description: White crystalline powder
(b) Melting-point: 158-160°C
(c) Solubility: Practically insoluble in water; freely soluble in chloroform; soluble
in ethanol, acetone and diethyl ether
(d) Specific rotation: [a]?, =13° (chloroform)

2.8.4  Technical products and impurities

Lynoestrenol is commercially available as a single-ingredient tablet and as a com-
ponent of combination tablets containing ethinyloestradiol or mestranol (Kleinman,
1996; Editions du Vidal, 1997; Reynolds, 1998).

2.8.5  Analysis

Several international pharmacopoeias specify infra-red absorption spectrophotometry
with comparison to standards as the method for identifying lynoestrenol; potentiometric
titration with sodium hydroxide is used to assay its purity (British Pharmacopoeial
Commission, 1993; Schweizerischen Bundesrat, 1996; Council of Europe, 1997).

2.8.6  Production and use

Lynoestrenol does not occur naturally. Synthesis of lynoestrenol was first reported in
1959 (de Winter et al., 1959), by treatment of 19-nortestosterone with ethane-1,2-dithiol
and boron trifluoride to give the 3-thioketal; treatment with sodium in liquid ammonia
gives 17B-hydroxyoestr-4-ene, which by oxidation with chromic acid gives oestr-4-en-
17-one. This can be converted to lynoestrenol by treatment with lithium acetylide or
Grignard reagent. Whether this is the method used for commercial production is not
known.

Information available in 1995 indicated that lynestrenol was manufactured or formu-
lated in Argentina, Austria, Belgium, Brazil, France, Germany, Mexico, the Netherlands,
South Africa, Spain and Switzerland (CIS Information Services, 1995).

Lynoestrenol is used primarily as a component of contraceptive tablets at a dose of
0.75-2.5 mg in conjunction with ethinyloestradiol. It is also used as a ‘progestogen-only’
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contraceptive. It can be used in the treatment of dysfunctional uterine bleeding and endo-
metriosis (Kleinman, 1996; Reynolds, 1996).

2.9 Medroxyprogesterone acetate

29.1  Nomenclature
Chem. Abstr. Serv. Reg. No.: 71-58-9
Chem. Abstr. Name: (6a)-17-(Acetyloxy)-6-methylpregn-4-ene-3,20-dione
IUPAC Systematic Name: 17-Hydroxy-6c-methylpregn-4-ene-3,20-dione, acetate
Synonyms: 17a-Acetoxy-6o-methylprogesterone; depomedroxyprogesterone acetate;
depo-progestin; depot-medroxyprogesterone acetate; DMPA; 17-hydroxy-6a.-methyl-
progesterone, acetate; 17o-hydroxy-6c-methylprogesterone acetate; MAP; medroxy-
progesterone 17-acetate; 6a-methyl-17-acetoxyprogesterone; 6o-methyl-170-
hydroxyprogesterone acetate

2.9.2  Structural and molecular formulae and relative molecular mass

C,4H3,0, Relative molecular mass: 386.5

2.9.3  Chemical and physical properties of the pure substance

From Budavari (1996) and Reynolds (1998)

(a) Description: White to off-white, odourless, crystalline powder

(b) Melting-point: 207-209.5°C

(c) Solubility: Practically insoluble in water; slightly soluble in diethyl ether;
sparingly soluble in ethanol and methanol; soluble in acetone and dioxane;
freely soluble in chloroform

(d) Specific rotation: [o]]2’, +61° (in chloroform)

2.9.4  Technical products and impurities

Medroxyprogesterone acetate is commercially available as a single-ingredient tablet
and as combination tablets with conjugated oestrogens, oestradiol or oestradiol valerate,
and as sterile suspensions (Gennaro, 1995; Medical Economics, 1996; American Hospital
Formulary Service, 1997; British Medical Association, 1997; Editions du Vidal, 1997).
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2.9.5  Analysis

Several international pharmacopoeias specify infra-red and ultra-violet absorption
spectrophotometry with comparison to standards and thin-layer chromatography as
methods for identifying medroxyprogesterone acetate; ultra-violet absorption spectro-
photometry and liquid chromatography are used to assay its purity. Medroxyprogesterone
acetate is identified in pharmaceutical preparations by infra-red absorption spectrophoto-
metry and liquid chromatography; ultra-violet absorption spectrophotometry and liquid
chromatography are used to assay for its content in these preparations (British Pharmaco-
poeial Commission, 1993; Secretaria de Salud, 1994; United States Pharmacopeial Con-
vention, 1995; Council of Europe, 1997).

2.9.6  Production and use

Medroxyprogesterone acetate does not occur naturally. Its synthesis was first reported
in 1958. The bisethylene acetal of 17c-hydroxyprogesterone was treated with peracetic
acid to give a mixture of 5a,6c-epoxy-17o-hydroxypregnane-3,20-dione bisethylene
acetal and the corresponding 58,6B-epoxide. The 5o,60-epoxide was refluxed with
methylmagnesium bromide in tetrahydrofuran to afford the bisethylene acetal of 5c., 170t
dihydroxy-63-methylpregnane-3,20-dione. Dehydration by dilute sodium hydroxide in
pyridine produced 6B-methyl-17a-hydroxyprogesterone which was epimerized in chloro-
form saturated with gaseous hydrogen chloride to 6c-methyl-17a-hydroxyprogesterone.
Alternatively, dehydration and epimerization of 5a,173-dihydroxy-6p3-methylpregnane-
3,20-dione bisethylene acetal could be effected directly with chloroform or hydrogen
chloride. Acylation with acetic anhydride, acetic acid and para-toluenesulfonic acid pro-
duced medroxyprogesterone acetate (Babcock et al., 1958)

Information available in 1995 indicated that medroxyprogesterone acetate is manu-
factured or formulated in Argentina, Australia, Belgium, Brazil, Canada, Denmark,
Finland, France, Germany, Japan, Italy, Mexico, the Netherlands, New Zealand, Portugal,
South Africa, Spain, Sweden, Switzerland, the United Kingdom and the United States (CIS
Information Services, 1995).

For contraception, medroxyprogesterone acetate is given intramuscularly at a dose
of 150 mg once every three months (depot medroxyprogesterone acetate). It is usually
given within the first five days of the menstrual cycle (Reynolds, 1996).

Medroxyprogesterone acetate is used for post-menopausal hormonal therapy, for the
treatment of dysfunctional uterine bleeding, secondary amenorrhoea and mild to moderate
endometriosis. It is also used in the palliative treatment of some hormone-dependent mali-
gnant neoplasms, including breast, endometrial, renal and prostatic carcinoma (Reynolds,
1996).

Medroxyprogesterone acetate is also being explored as a means of oral contraception
in men, given in combination with testosterone (Melo & Coutinho, 1977; Soufir et al.,
1983).
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2.10 Megestrol acetate
2.10.1 Nomenclature
Chem. Abstr. Serv. Reg. No.: 595-33-5
Chem. Abstr. Name: 17-(Acetyloxy)-6-methylpregna-4,6-diene-3,20-dione
IUPAC Systematic Name: 17-Hydroxy-6-methylpregna-4,6-diene-3,20-dione, acetate
Synonyms: DMAP; megestryl acetate; MGA

2.10.2 Structural and molecular formulae and relative molecular mass

C,4H3,0, Relative molecular mass: 384.5

2.10.3 Chemical and physical properties of the pure substance

From Budavari (1996) and Reynolds (1998)

(a) Description: White to creamy-white, odourless, crystalline powder

(b) Melting-point: 214-216°C

(c) Solubility: Practically insoluble in water (2 ug/mL at 37°C); very soluble in
chloroform; soluble in acetone; slightly soluble in diethyl ether and fixed oils;
sparingly soluble in ethanol

(d) Specific rotation: [0, +5° (in chloroform)

2.10.4 Technical products and impurities

Megestrol acetate is commercially available as tablets and as an oral suspension
(Medical Economics, 1996; Editions du Vidal, 1997; LINFO Lakemedelsinformation AB,
1997).

2.10.5 Analysis

The British and United States pharmacopoeias specify ultra-violet and infra-red
absorption spectrophotometry with comparison to standards as methods for identifying
megestrol acetate alone and in pharmaceutical preparations; ultra-violet absorption
spectrophotometry and liquid chromatography are used to assay its purity (British Phar-
macopoeial Commission, 1993; United States Pharmacopeial Convention, 1995).
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2.10.6 Production and use

Megestrol acetate does not occur naturally. It was first synthesized in 1959 and is
now prepared by oxidation of 17c-acetoxy-3B-hydroxy-6-methylpregn-5-en-20-one
with aluminium tert-butoxide and para-quinone in dry benzene (Sittig, 1988).

Commercial production of megestrol acetate in the United States was first reported
in 1976 (United States International Trade Commission, 1977). Information available in
1995 indicated that megestrol acetate was manufactured or formulated in Argentina,
Australia, Belgium, Canada, Finland, France, Germany, Italy, the Netherlands, New
Zealand, South Africa, Spain, Switzerland, the United Kingdom and the United States
(CIS Information Services, 1995).

Megestrol acetate is used in a few countries as an oral contraceptive, usually in combi-
nation with ethinyloestradiol. It is not used as an oral contraceptive in the United States,
and such usage was discontinued in the United Kingdom in 1975 (IARC, 1979). It is used
for palliative treatment of carcinoma of the breast or endometrium, in the treatment of
acne, hirsutism and sexual infantilism in females and in the treatment of anorexia and
cachexia in patients with AIDS or cancer (IARC, 1979; Gennaro, 1995; Reynolds, 1996).

2.11 Norethisterone

2.11.1 Nomenclature
Chem. Abstr. Serv. Reg. No.: 68-22-4
Chem. Abstr. Name: (17a)-17-Hydroxy-19-norpregn-4-en-20-yn-3-one
IUPAC Systematic Name: 17-Hydroxy-19-nor-17o.-pregn-4-en-20-yn-3-one
Synonyms: Ethinylnortestosterone; 17a-ethinyl-19-nortestosterone; ethynylnortestos-
terone; 17-ethynyl-19-nortestosterone; 17a-ethynyl-19-nortestosterone; norethin-
drone; norethisteron; norethynodrone; 19-nor-17o-ethynyltestosterone; norpregne-
ninolone

2.11.2 Structural and molecular formulae and relative molecular mass

C,oH20, Relative molecular mass: 298.4

2.11.3 Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1998)
(a) Description: White or yellowish-white, odourless, crystalline powder
(b) Melting-point: 203-204°C
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(c) Solubility: Practically insoluble in water; slightly to sparingly soluble in ethanol,
slightly soluble in diethyl ether; soluble in chloroform and dioxane
(d) Specific rotation: [o]%, -31.7°

2.11.4 Technical products and impurities

Norethisterone is commercially available as single-ingredient tablets or as a com-
ponent of combination tablets with ethinyloestradiol or mestranol (Morant & Ruppanner,
1991; Kleinman, 1996; Medical Economics, 1996; British Medical Association, 1997;
Editions du Vidal, 1997).

2115 Analysis

Several international pharmacopoeias specify infra-red and ultra-violet absorption
spectrophotometry with comparison to standards and thin-layer chromatography as
methods for identifying norethisterone; potentiometric titration, ultra-violet absorption
spectrophotometry and thin-layer chromatography are used to assay its purity. Nore-
thisterone is identified in pharmaceutical preparations by infra-red absorption spectro-
photometry, thin-layer and liquid chromatography; potentiometric titration, ultra-violet
absorption spectrophotometry and liquid chromatography are used to assay for norethis-
terone content (British Pharmacopoeial Commission, 1993; Secretaria de Salud, 1994,
1995; United States Pharmacopeial Convention, 1995; Schweizerischen Bundesrat,
1996; Society of the Japanese Pharmacopoeia, 1996; Council of Europe, 1997).

2.11.6 Production and use

Norethisterone does not occur naturally. A method for synthesizing norethisterone
was first reported in 1954 (Djerassi et al., 1954). It is prepared by reacting the methyl
ester of oestrone with lithium metal in liquid ammonia to reduce ring A to the 4-ene
state; the reduced product is oxidized with chromic acid in aqueous acetic acid to form
oestr-4-ene-3,17-dione. In order to prevent the 3-keto group from participating in the
ensuing ethynylation reaction, oestr-4-ene-3,17-dione is reacted with ethyl orthoformate
in the presence of pyridine hydrochloride to form the 3-ethoxy-3,5-diene compound.
Acetylene is passed into a solution of this compound in toluene, previously admixed
with a solution of sodium in tert-amyl alcohol, to form the 17-ethynyl-17-hydroxy com-
pound. Hydrolysis at the 3-ethoxy linkage by heating with dilute hydrochloric acid is
accompanied by rearrangement of the 3-hydroxy-3,5-diene compound to the 3-oxo0-4-
ene compound.

Information available in 1995 indicated that norethisterone was manufactured or
formulated in Australia, Brazil, Canada, France, Germany, India, Italy, Japan, Mexico,
New Zealand, South Africa, Switzerland, the United Kingdom and the United States (CIS
Information Services, 1995).

Norethisterone is used as an oral contraceptive alone or combined with mestranol or
ethinyloestradiol in monophasic, biphasic and triphasic regimens (Kleinman, 1996).
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It is also used to delay menstruation and in the treatment of amenorrhoea, dysfunc-
tional uterine bleeding, premenstrual tension, dysmenorrhoea and endometriosis (Gennaro,
1995; Taitel & Kafrisse, 1995; Reynolds, 1996).

212 Norethisterone acetate

2.12.1 Nomenclature
Chem. Abstr. Serv. Reg. No.: 51-98-9
Chem. Abstr. Name: (17a)-17-(Acetyloxy)-19-norpregn-4-en-20-yn-3-one
IUPAC Systematic Name: 17-Hydroxy-19-nor-17a-pregn-4-en-20-yn-3-one, acetate
Synonyms: 17a-Ethinyl-19-nortestosterone 17(3-acetate; 17o-ethinyl-19-nortestoste-
rone acetate; 17o-ethynyl-19-nortestosterone acetate; norethindrone acetate; nore-
thindrone 17-acetate; norethisteron acetate; norethisterone 17-acetate; 19-norethis-
terone acetate; norethynyltestosterone acetate; 19-norethynyltestosterone acetate;
norethysterone acetate

2.12.2 Structural and molecular formulae and relative molecular mass

Cy,H,504 Relative molecular mass: 340.5

2.12.3 Chemical and physical properties of the pure substance

(a) Description: White or creamy-white, odourless, crystalline powder (Reynolds,
1998)

(b) Melting-point: 161-162°C (Budavari, 1996)

(c) Solubility: Practically insoluble in water (1 g in > 10 L); soluble in ethanol (1 ¢
in 10 mL), chloroform (1 g in <1 mL), dioxane (1 g in 2 mL) and diethyl ether
(1 g in 18 mL) (Gennaro, 1995; Reynolds, 1998)

(d) Specific rotation: [o 2D5, —32° to —38° (United States Pharmacopeial Convention,
1995)

2.12.4  Technical products and impurities

Norethisterone acetate is commercially available as single-ingredient tablets or as a
component of combination tablets with ethinyloestradiol. For post-menopausal hormonal
therapy, norethisterone acetate is used in combination with oestradiol, oestradiol hemi-
hydrate or oestriol. It is also available as a percutaneous patch with oestradiol (Morant &
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Ruppanner, 1991; Kleinman, 1996; Medical Economics, 1996; British Medical Asso-
ciation, 1997; Editions du Vidal, 1997).

2.12.5 Analysis

Several international pharmacopoeias specify infra-red absorption spectrophotometry
with comparison to standards and thin-layer chromatography as methods for identifying
norethisterone acetate; potentiometric titration and ultra-violet absorption spectrophoto-
metry are used to assay its purity. Norethisterone acetate is identified in pharmaceutical
preparations by infra-red absorption spectrophotometry and thin-layer chromatography;
ultra-violet absorption spectrophotometry is used to assay for norethisterone acetate
content (British Pharmacopoeial Commission, 1993; United States Pharmacopeial Con-
vention, 1995; Council of Europe, 1997).

2.12.6 Production and use

Norethisterone acetate does not occur naturally. In a method for synthesizing nore-
thisterone acetate, first patented in 1957, it is acetylated with acetic anhydride in pyridine
(IARC, 1979).

Information available in 1995 indicated that norethisterone acetate was manufactured
or formulated in Argentina, Australia, Austria, Belgium, Brazil, Canada, Denmark,
France, Germany, India, Mexico, New Zealand, Poland, Portugal, South Africa, Spain,
Switzerland, the United Kingdom and the United States (CIS Information Services, 1995).

Norethisterone acetate is used in combination with ethinyloestradiol for oral contra-
ception at doses of 0.5-2.5 mg norethisterone acetate and 20-50 pg ethinyloestradiol
(Gennaro, 1995; Kleinman, 1996; Editions du Vidal, 1997). It is also used as a “‘proges-
togen-only’ contraceptive (Kleinman, 1996; Editions du Vidal, 1997) and in post-meno-
pausal hormonal therapy, both as tablets and percutaneously by a patch (British Medical
Association, 1997).

Norethisterone acetate is used in the treatment of primary and secondary ame-
norrhoea, dysfunctional uterine bleeding, endometriosis and inoperable malignant neo-
plasms of the breast (Reynolds, 1996; British Medical Association, 1997).

2.13 Norethisterone oenanthate

2.13.1 Nomenclature
Chem. Abstr. Serv. Reg. No.: 3836-23-5
Chem. Abstr. Name: (17a)-17-(Heptanoyl)-19-norpregn-4-en-20-yn-3-one
IUPAC Systematic Name: 17-Hydroxy-19-nor-170-pregn-4-en-20-yn-3-one, hepta-
noate
Synonyms: Norethindrone enanthate; norethindrone oenanthate; norethisterone
enanthate; norethisterone heptanoate; 173-hydroxy-19-nor-17o.-pregn-4-en-20-yn-3-
one heptanoate
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2.13.2 Structural and molecular formulae and relative molecular mass

0
O—C—(CHp)s—CHj

C,7H3504 Relative molecular mass: 410.6

2.13.3 Chemical and physical properties of the pure substance
No information was available to the Working Group.

2.13.4 Technical products and impurities
Norethisterone oenanthate is available commercially in an oily solution for depot
injection (Kleinman, 1996; Editions du Vidal, 1997).

2.13.5 Analysis
Norethisterone oenanthate is identified by thin-layer and liquid chromatography;
liquid chromatography is used to assay its content (Secretaria de Salud, 1994).

2.13.6  Production and use

Norethisterone oenanthate does not occur naturally. It is probably synthesized by
esterification with heptanoic acid.

Norethisterone oenanthate is used as a ‘progestogen-only’ contraceptive, mainly given
intramuscularly at a dose of 200 mg once every two months, usually within the first five
days of the menstrual cycle (Reynolds, 1996).

2.14 Norethynodrel

2.141 Nomenclature
Chem. Abstr. Serv. Reg. No.: 68-23-5
Chem. Abstr. Name: (17a)-17-Hydroxy-19-norpregn-5(10)-en-20-yn-3-one
IUPAC Systematic Name: 17-Hydroxy-19-nor-17o.-pregn-5(10)-en-20-yn-3-one
Synonyms: Enidrel; noretynodrel
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2.14.2 Structural and molecular formulae and relative molecular mass

CyoH50, Relative molecular mass: 298.4

2.14.3 Chemical and physical properties of the pure substance
From Budavari (1996) and Reynolds (1998)
(a) Description: White, odourless, crystalline powder
(b) Melting-point: 169-170°C
(c) Solubility: Very slightly soluble in water; freely soluble in chloroform; soluble
in acetone; sparingly soluble in ethanol
(d) Optical rotation: [o]%, +108° (in 1% chloroform)

2.14.4 Technical products and impurities
Norethynodrel was commercially available as a component of a combination tablet
with mestranol (United States Food & Drug Administration, 1996).

2.145 Analysis

Several international pharmacopoeias specify infra-red absorption spectrophotometry
with comparison to standards as the method for identifying norethynodrel; ultra-violet
absorption spectrophotometry and potentiometric titration are used to assay its purity (Bri-
tish Pharmacopoeial Commission, 1980; United States Pharmacopeial Convention, 1995).

2.14.6 Production and use

Norethynodrel does not occur naturally. Synthesis of norethynodrel was first reported
in 1954, in which oestradiol 3-methyl ether was reduced with lithium in liquid ammonia
and the intermediate oxidized; ethynolation produced the 3-methyl ether of norethynodrel;
treatment of this ether with acetic acid in methanol gave norethynodrel (Colton, 1954,
1955). Norethynodrel is now prepared by simultaneously saponifying and oxidizing
dehydroepiandrosterone acetate by a series of reactions to 19-hydroxyandrost-6(6)-ene-
3,17-dione. The hydroxymethyl group at the 10-position is then oxidized to carboxyl. The
resulting acid is decarboxylated with simultaneous shifting of the double bond to give
oestr-5(10)-ene-3,17-dione. Selective addition of acetylene at the expense of the 17-keto
group Yields norethynodrel (Gennaro, 1995).

Commercial production of norethynodrel was first begun in the United Kingdom in
1957 and in Japan and the United States in 1962. In 1960, the United States Food and Drug
Administration licensed the first combined oral contraceptive pill, Enovid (norethynodrel
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and mestranol), which contained much higher doses of hormones than are now routinely
used (Drill, 1966; McLaughlin, 1982). It was introduced in the United Kingdom two years
later (Thorogood & Villard-Mackintosh, 1993). Enovid was voluntarily withdrawn from the
United States market in July 1992,

Norethynodrel is also used in the treatment of dysfunctional bleeding and endo-
metriosis (Reynolds, 1996).

2.15 Norgestimate

2.15.1 Nomenclature
Chem. Abstr. Serv. Reg. No.: 35189-28-7
Chem. Abstr. Name: (17cr)-17-(Acetyloxy)-13-ethyl-18,19-dinorpregn-4-en-20-yn-
3-one, 3-oxime
IUPAC Systematic Name: 13-Ethyl-17-hydroxy-18,19-dinor-17c-pregn-4-en-20-yn-
3-0ne oxime acetate (ester)
Synonyms: 17o-Acetoxy-13-ethyl-17-ethynylgon-4-en-3-one oxime; dexnorgestrel
acetime

2.15.2 Structural and molecular formulae and relative molecular mass
(@]

C,3H3NO, Relative molecular mass: 369.5

2.15.3 Chemical and physical properties of the pure substance
From Budavari (1996)
(a) Description: Crystals
(b) Melting-point: 214-218°C
(c) Specific rotation: [o]%, +110°

2.15.4 Technical products and impurities

Norgestimate is commercially available as a component of a combination tablet with
ethinyloestradiol (Morant & Ruppanner, 1991; Kleinman, 1996; Medical Economics,
1996; British Medical Association, 1997; Editions du Vidal, 1997).

2.15.5 Analysis
Norgestimate can be separated and quantified in pharmaceutical preparations by
high-performance liquid chromatography (Lane et al., 1987).
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2.15.6 Production and use

Norgestimate does not occur naturally. It can be prepared by pyrrolidine cyclo-
condensation of the appropriate secoestranedione followed by conversion to the 3-oxime
with hydroxylamine (Roussel-UCLAF, 1979).

Information available in 1995 indicated that norgestimate was produced in Canada,
Germany, Mexico, Switzerland, the United Kingdom and the United States (CIS Infor-
mation Services, 1995).

Norgestimate is a synthetic progestogen structurally related to levonorgestrel, with
actions and uses similar to those described for the progestogens in general. It is used as
the progestogenic component of combined oral contraceptives in tablets containing 0.18,
0.215 and 0.25 mg norgestimate plus 35 ug ethinyloestradiol for a triphasic regimen
(Kleinman, 1996; Reynolds, 1998).

2.16 Norgestrel

2.16.1 Nomenclature
Chem. Abstr. Serv. Reg. No.: 6533-00-2
Chem. Abstr. Name: (17¢)-dI-13-Ethyl-17-hydroxy-18,19-dinorpregn-4-en-20-yn-3-
one
IUPAC Systematic Name: dI-13-Ethyl-17-hydroxy-18,19-dinor-17c.-pregn-4-en-20-
yn-3-one
Synonyms: (17a)-13-Ethyl-17-hydroxy-18,19-dinorpregn-4-en-20-yn-3-one; methyl-
norethindrone; o-norgestrel; dl-norgestrel; DL-norgestrel

2.16.2 Structural and molecular formulae and relative molecular mass

C,,H,60, Relative molecular mass: 312.5

2.16.3 Chemical and physical properties of the pure substance

From Budavari (1996) and Reynolds (1998), unless otherwise specified

(a) Description: White, practically odourless crystalline powder

(b) Boiling-point: 205-207°C

(c) Solubility: Practically insoluble in water; slightly to sparingly soluble in ethanol;
sparingly soluble in dichloromethane; freely soluble in chloroform

(d) Optical rotation: [0]]%°, —0.1° to +0.1° (United States Pharmacopeial Convention,
1995)
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2.16.4 Technical products and impurities

Norgestrel is commercially available as a single-ingredient tablet and as a component
of combination tablets with ethinyloestradiol, oestradiol valerate or conjugated oestrogens
(Morant & Ruppanner, 1991; Kleinman, 1996; Medical Economics, 1996; British Medi-
cal Association, 1997; Editions du Vidal, 1997).

2.16.5 Analysis

Several international pharmacopoeias specify infra-red and ultra-violet absorption
spectrophotometry with comparison to standards as methods for identifying norgestrel;
potentiometric titration and ultra-violet absorption spectrophotometry are used to assay its
purity. Norgestrel is identified in pharmaceutical preparations by ultra-violet absorption
spectrophotometry and thin-layer chromatography; potentiometric titration and liquid
chromatography are used to assay for norgestrel content in these preparations (United
States Pharmacopeial Convention, 1995; Society of Japanese Pharmacopoeia, 1996;
Council of Europe, 1997).

2.16.6 Production and use

Norgestrel does not occur naturally. It was first synthesized in 1963 (Smith et al.,
1963) and was first isolated as a racemic mixture of dl-133-ethyl-173-hydroxygon-4-en-
3-one, which contains 50% of dextro- and levorotatory enantiomers (Edgren, 1963).

The activity of norgestrel is found in the levorotatory form of D-I-norgestrel or levo-
norgestrel. In a representative chemical synthesis, 6-methoxy-o-tetralone is reacted with
vinylmagnesium bromide, and the resulting 1,2,3,4-tetrahydro-6-methoxy-1-vinyl-1-
naphthol is condensed with 2-ethyl-1,3-cyclopentanedione to form initially a tricyclic
intermediate (secosteroid) containing all of the gonane skeleton carbon atoms. Cyclization
of the secosteroid via dehydration yields a 13-ethylgona-1,3,5(10)-8,14-pentaene struc-
ture which is then successively reduced and ethynylated (Klimstra, 1969).

Information available in 1995 indicated that norgestrel was manufactured or formu-
lated in Argentina, Austria, Belgium, Brazil, France, Germany, India, Japan, Mexico, the
Netherlands, New Zealand, Portugal, South Africa, Spain, Swizerland, the United
Kingdom and the United States (CIS Information Services, 1995).

Norgestrel is marketed as an oral contraceptive, both as a single entity and in combi-
nation with ethinyloestradiol. As a combination oral contraceptive, the dose is 0.25, 0.3 or
0.5 mg norgestrel plus 30 or 50 ug ethinyloestradiol per day (Kleinman, 1996). It is also
marketed as a sequential preparation for post-menopausal hormonal therapy and has been
used in combination with ethinyloestradiol to control menstrual disorders and endo-
metriosis (Reynolds, 1996; British Medical Association, 1997).

2.17 Progesterone

2.17.1 Nomenclature
Chem. Abst. Services Reg. No.: 57-83-0
Chem. Abstr. Name: Pregn-4-ene-3,20-dione
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Synonyms: Corpus luteum hormone; luteal hormone; luteine; luteohormone; A4-pre-
gnene-3,20-dione

2.17.2 Structural and molecular formulae and relative molecular mass

C,H30, Relative molecular mass: 314.5

2.17.3 Chemical and physical properties

From Weast (1977) and Windholz (1976), unless otherwise specified

(a) Description: Exists in two readily interconvertible crystalline forms: the o form,
in white orthorhombic prisms, and the § form, in white orthorhombic needles

(b) Melting-point: o form, 128.5-131°C; 3 form, 121-122°C

(c) Optical rotation: [o]?, o form, +192°; B form, +172° to +182° (in 2% wiv
dioxane)

(d) Solubility: Practically insoluble in water; soluble in ethanol (1 in 8), arachis oil
(1 in 60), chloroform (1 in < 1), diethyl ether (1 in 16), ethyl oleate (1 in 60)
and light petroleum (1 in 100) (Wade, 1977); soluble in acetone, dioxane and
concentrated sulfuric acid; sparingly soluble in vegetable oils

2.17.4 Technical products and impurities

Progesterone is available in an oily solution for injection, as pessaries or supposi-
tories and as an intrauterine device (Reynolds, 1996; British Medical Association, 1997;
Editions du Vidal, 1997).

2.17.5 Analysis

Several international pharmacopoeias specify infra-red absorption spectrophotometry
with comparison to standards and thin-layer chromatography as methods for identifying
progesterone; thin-layer chromatography is used to assay its purity. Ultra-violet absorption
spectrophotometry and high-pressure liquid chromatography are used to assay the proges-
terone content in pharmaceutical preparations (British Pharmacopoeial Commission, 1988;
United States Pharmacopeial Convention, 1990; Society of Japanese Pharmacopeia, 1996).

2.17.6 Production and use

Progesterone is a naturally occurring steroidal hormone found in a wide variety of
tissues and biological fluids, including cow’s milk. It has also been found in certain plant
species (IARC, 1979).
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Progesterone was isolated in 1929 from the corpora lutea of sows by Corner and Allen
and was first synthesized by Butenandt and Schmidt in 1934 by heating 4[3-bromo-5f3-pre-
gnane-3,20-dione with pyridine (IARC, 1979). Progesterone is produced commercially by
(1) the degradation of diosgenin (obtained from the Mexican yam, Dioscorea mexicana) to
pregnenolone, which is converted to progesterone by Oppenauer oxidation; or (2) the oxi-
dation of stigmasterol (obtained from soya bean oil) to stigmastadienone, which undergoes
further modifications to progesterone. Progesterone can also be produced from cholesterol
as a starting material (Dorfman, 1966; Harvey, 1975).

Commercial production of progesterone in the United States was first reported in
1939, and that in the United Kingdom was first reported in 1950. Progesterone was first
marketed commercially in Japan in 1954-55 (IARC, 1979).

Progesterone is used in human medicine for the treatment of secondary amenorrhoea
and dysfunctional uterine bleeding, although progestational agents which are active
orally are generally preferred to progesterone. Dosage regimens for the administration of
progesterone as an intramuscular injection vary, depending on whether it is administered
as an agueous suspension or as an oily solution. Micronized progesterone can be given
orally in a dose of 100-300 mg per day; however, it causes progestogenic side-effects,
of which drowsiness is the most common (Reynolds, 1996).

Progesterone-delivering intrauterine devices are used for contraception. Like those
containing levonorgestrel, they are also suitable for post-menopausal hormone therapy,
but the fact that they must be changed each year may diminish compliance (Treiman
et al., 1995; Reynolds, 1996).

2.18 Regulations and guidelines

Concern about an enhanced risk for thrombosis related to use of desogestrel and
gestodene in comparison with other oral contraceptives resulted in various responses
from national authorities in Europe and New Zealand, although no action has been taken
in some other countries (Griffin, 1996).

Chlormadinone acetate was removed from the market in the United Kingdom and the
United States in 1970 (IARC, 1979). Ethynodiol diacetate is also no longer used in the
United States (United States Food & Drug Administration, 1996). Megestrol has not been
used as an oral contraceptive in the United Kingdom since 1975 and is not used in the
United States (Wade, 1977). Norethynodrel as part of an oral contraceptive with mestranol
(Enovid) was withdrawn from the United States market in July 1992.

The only guidelines that could be found for use of progestogens are those in national
and international pharmacopoeias (Secretariat de Salud, 1994, 1995; United States Phar-
macopeial Convention, 1995; Reynolds, 1996; Society of Japanese Pharmacopoeia, 1996;
Council of Europe, 1997; Reynolds, 1998; Swiss Pharmaceutical Society, 1998).
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