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Abstract

The impurity profile of ethynodiol diacetate was investigated using the HPLC/UV/MS method. Using the slightly
modified HPLC method of USP 24 two impurities, earlier isolated by preparative HPLC and investigated by NMR
spectroscopy were separated and characterised. The mass spectra amended by the diode-array UV spectra supported
the earlier found structures (E and Z isomers of 17�-ethinyl-estr-4-ene-3�,17-diol-3-acetate-17-(3�-acetoxy-2�-
butenoate). Another, hitherto not described impurity, 17�-ethinyl-estr-4-ene-3�,17-diol-3-acetate-17-(3-oxo-bu-
tanoate) has also been separated and characterised by means of its mass spectrum, NMR and UV spectra. © 2002
Published by Elsevier Science B.V.
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1. Introduction

Ethynodiol diacetate (1) is one of the first syn-
thetic progestogens used in contraceptive pills.
Almost 40 years after its introduction and in
possession of new generations of contraceptive
gestogens it is still widely used and is official
among other pharmacopoeias in USP 24 [3].

Ethynodiol diacetate is prepared from norethis-
terone (2) by reduction of the 3-keto group and
the acetylation of the 3�- and 17�-hydroxy
groups. For this reason the most probable impuri-
ties of 1 are 2, its 17-acetate (3), unacetylated
ethynodiol (4), its 3-monoacetyl (5) and (less
likely) 17-monoacetyl (6) derivative. (For the
structures see Fig. 1.) Due to the not entire
stereoselectivity of the reduction of the 3-keto
group the epimeric 3�-acetoxy derivative (7) is
also among the common impurities. The HPLC
separation and quantification of the latter was
first described by Görög and Herényi [4]. A
HPLC method is prescribed in USP 24 [3] for the

� For Part XX see Ref. [1]. This paper is Part LV in a series
on ‘‘Analysis of Steroids’’; for Part LIV see Ref. [2].
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Fig. 1. Structures of ethynodiol diacetate and its impurities.

Fig. 2. Chromatogram of a bulk ethynodiol diacetate sample. For the chromatographic conditions see System B in Section 2.2. For
the key see Fig. 1.
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Fig. 3. Diode-array UV spectra of ethynodiol diacetate (1) and impurities 9, 10 and 11.

determination of 7 (limit 1.5%). Another com-
mon impurity is 17�-ethinyl-estra-3,5-diene-17-ol
acetate (8), which is the product of the acid-
catalysed degradation of 1. Due to the high UV-
activity of 8 and the poor UV-activity of 1 the
determination of 8 in 1 is carried out in USP 24
[3] by direct UV spectrophotometry at 236 nm.

Further to the above listed impurities two un-
usual impurities (E and Z isomers of 17�-
ethinyl-estr-4-ene-3�,17-diol-3-acetate-17-(3�-acetox
y-2�-butenoate), 9 and 10 were described by
Görög et al. [5,6]. This study was based on the
detection of the impurities by RP-HPLC, their
isolation by normal-phase preparative HPLC
and structure elucidation by NMR spectroscopy.
The 3�-acetoxy-2�-butenoate moiety which can be
considered as a ‘trimerised’ acetyl group is a side
product of the acetylations catalysed by 4-
dimethylaminopyridine [7].

HPLC/MS was not involved in the above-
mentioned study [5,6]. Since in the meantime
this technique has become the key method in
drug impurity profiling [8,9a], the aim of this
study was the re-evaluation of the impurity
profile of ethynodiol diacetate supported by
HPLC/MS.

2. Experimental

2.1. Instruments

A Hewlett-Packard 1100 LC/MSD instrument,
equipped with a diode-array UV detector, was
used.

The NMR studies were performed on a Var-
ian UNITYINOVA-500 instrument in CDCl3 solu-
tion at 30 °C (�TMS=0.00 ppm). Assignments
were corroborated by the concerted use of two-
dimensional 1H–1H (gradient enhanced phase-
sensitive double-quantum filtered COSY) and
1H–13C (GHSQC, GHMBC) correlation experi-
ments as well as NOE (1D DPFGSE-NOE) ex-
periments.

2.2. Chromatographic conditions

System A (USP 24 [3]). Column: LiChro-
CART 125×4 mm i.d. (Merck); eluent: water–
acetonitrile 59:41 v/v; flow rate: 2 ml min−1;
temperature: 40 °C; UV detector: 200 nm.

System B. The same as System A except for
the eluent which was 5 mM aqueous ammonium
acetate–acetonitrile 35:65 v/v at a flow rate of
0.5 ml min−1.
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2.3. MS conditions

Electrospray positive ionisation mode (API-
ES); drying gas temperature: 100 °C; nebulizer
pressure 340 kPa; capillary voltage: 4000 V.

3. Results and discussion

In the course of the above mentioned earlier
studies [4–6] mixtures of methanol and water
were used as the eluents for the RP-HPLC separa-
tion of impurities 2–10. It has to be noted that

under these conditions 10 was only poorly sepa-
rated from ethynodiol diacetate (1).

In this study the system of USP 24 was
modified by incorporating ammonium acetate
into the eluent in order that the soft electrospray
(API-ES) ionisation can be used for the investiga-
tion of the thermally labile parent drug and its
similarly labile impurities. A typical chro-
matogram of a bulk ethynodiol diacetate sample
is shown in Fig. 2. In the mass spectrum of
ethynodiol diacetate (1) obtained under the condi-
tions described in Section 2 the water adduct m/z
(M+18)=402 is well detectable. The most in-
tense peaks are derivable from the loss of acetic
acid (m/z (M+H)+−60) and the splitting of the
acetyl group (m/z (M+H)+−43), respectively.
The two geometrical isomers of 17�-ethinyl-estr-4-
ene-3�,17-diol-3-acetate-17-(3�-acetoxy-2�-buten-
oate), (9 and 10) were well separated from the
main component using both system A and B;
relative retention times in System B: 1.41 and
1.09, respectively. These can be characterised by
their abundant (M+18)=486 peaks and—as in
the case of the main component—by peaks, char-
acteristic of the loss of acetic acid and acetyl
group as well. These data furnish further evidence
to the structures determined earlier by means of
NMR spectroscopy after preparative HPLC sepa-
ration [5,6].

The UV spectra obtained by the diode-array
detector are also in accordance with these struc-
tures. The evaluation of these, easily obtainable
spectra can often greatly contribute to the success
of impurity profiling [9b,10]. In this case, as seen
in Fig. 3, the �max value of the main component is
at 199 nm which is characteristic of its isolated
double bond. The slight bathochromic shift of this
and especially the shoulder around 220 nm in the
spectra of 9 and 10 are characteristic of the sec-
ond double bond in their molecules which is in
conjugation with the ester-carbonyl group of the
‘trimerised’ acetyl group [11].

In the course of this study one more, hitherto
unknown impurity (11) of ethynodiol diacetate
was also detected and characterised. Its relative
retention time in System B related to the main
component is 0.65. From the (M+18) peak at
m/z 444 and (M+H)+-60 and (M+H)+-43

Table 1
1H and 13C NMR data for 11 [17�-ethinyl-estr-4-ene-3�,17-
diol-3-acetate-17-(3-oxo-butanoate)]

13C NMRPosition 1H NMR
[� (ppm)] [� (ppm)]

C-1 25.2 1.20 ma and 2.02 ma

27.7C-2 1.42 m and 2.04 ma

70.3C-3 5.22 m
120.1C-4 5.34 m
144.7C-5

35.0C-6 2.05 ma and 2.27 m
31.4 0.96 m and 1.72 maC-7
41.2C-8 1.28 m

C-9 49.4 0.71 m
41.6C-10 1.80 ma

25.7C-11 1.16 ma and 1.84 ma

1.66 m and 1.81 maC-12 33.0
C-13 47.9

1.52 m47.7C-14
23.4C-15 1.34 m and 1.75 ma

37.2C-16 2.08 m and 2.73 m
C-17 85.8

13.5 0.89 dC-18
�C� 82.7

2.63 s75.5�CH
170.9O�(CO)�CH3

21.4O�(CO)�CH3 2.04 s
O�(CO)�CH2 165.5

�(CO)�CH3

3.42 m50.5O�(CO)�CH2

�(CO)�CH3

O�(CO)�CH2 200.3
�(CO)�CH3

30.1O�(CO)�CH2 2.27 s
�(CO)�CH3

a Chemical shift determined from the relevant cross-peak
position in an HSQC experiment.
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peaks at 367 and 384, respectively, a molecular
mass of 426 and a structure where a ‘dimerised’
rather than ‘trimerised’ acetyl group i.e. 3-oxo-bu-
tanoate (acetoacetate) is linked to the 17-hydroxy
group is derivable. As its diode-array spectrum
shows, this does not contain a second (conju-
gated) double bond. This indicates that it is not
enolised: it is present in the oxo form. This was
confirmed also by the NMR study of the synthe-
sised impurity 11; (see Table 1). This impurity can
be regarded either the precursor or the degrada-
tion product of impurities 9 and 10.

It has to be noted that the quantity of impuri-
ties 9, 10 and 11 in the investigated batches of
bulk ethynodiol diacetate were far below the limit
set by USP 24 [3] for individual impurities (0.5%).
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pp. 323–329.
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