LETTERS TO THE EDITOR

Dear Sir

Distinction Between Epimeric 3-Hydroxy
Steroids by Mass Analysed Ion Kinetic
Energy Spectrometry

Steroids have been extensively studied by
conventional mass spectrometry,! and it is
known that the stereochemistry of the A/B
ring junction and the orientation of a hyd-
roxy substituent at the ring system may in-

fluence the peak pattern of the mass
spectra.? Recently, Larka et al.> have shown
that epimers of certain steroidal hydrocar-
bons and ketones can be distinguished by
differences in the kinetic energy released
during CH;' loss from the molecular ions.
Usually, the value of T, is larger for the
Sa-isomer. During the course of an ex-
tended study of steric effects in the mass
analysed ion kinetic energy (MIKE) spectra
of stereoisomeric cyclic alcohols* we also

investigated the fragmentations of metasta-
ble molecular ions of some stereoisomeric
3-hydroxy steroids after 70 eV electron im-
pact ionization in the 2nd field free region
of a VG ZAB 2F mass spectrometer. For all
the compounds investigated loss of CHj'
and H,O, respectively, from metastable
molecular ions was observed. The values of
the kinetic energy T released during these
fragmentations are given in Table 1. It is
clearly seen that the correlation observed by
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Larka et al.® between T, 5 of CH; loss and
the stereochemistry of the A/B ring junction
does not hold for these hydroxy steroids.
We suspect that the 3-hydroxy substituent
favours cleavage of the A ring and that the
loss of a methyl group from metastable ions
occurs after this ring cleavage. This would
also agree with the behaviour of metastable
molecular ions of substituted cyclohexanols
and decalols.* Similarly, no general correla-
tion is found between T, of the H,O
elimination and the stereochemistry of the
3-hydroxy steroid (Table 1). Small differ-
ences in the T, 5 values are observed for the
Sa- and 5B-epimers, but it obviously de-
pends on the other substituents of the 3-
hydroxy steroids as to which epimer will
give a larger value of T.
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The MIKE spectra of the 3-hydroxy
steroids contain distinct signais for ions
formed by cleavage of ring D! in addition to
signals for the loss of CH;  and H,O. With
the exception of the androstan-3-o0l-17-
ones, which give rise to an m/z 246 ion, this
additional signal appears at m/z 233. As can
be seen from the data given in Table 2, the
intensity distribution in the MIKE spectra of
the 3-hydroxy steroids depends markedly on
the stereochemistry of the A/B ring junc-
tion. Ths MIKE spectra of the 3-hydroxy-
5B-steroids with a cis-A/B ring junction are
dominated by the signal for loss of H,O,
while the MIKE spectra of the Sa-epimers
also show prominent signals for loss of CH;’
and formation of ions by D ring cleavage.
This is seen most clearly in the MIKE

spectra of the cholestan-3-ols, but also holds
for the dihydroxy steroids. Obviously, the
signal for [M—H,OJ"" ions arises mainly by
loss of the 3-hydroxy group. The orientation
of the 3-hydroxy group at the steroid skele-
ton has only a small effect on the intensity
of the [M—H,O]" signal; however, a 3a-
hydroxy substituent gives rise to somewhat
larger signals for H,O loss. The small effect
of the axial or equatorial orientation of the
3-hydroxy group on the intensity of the
H,O elimination from metastable molecular
ions indicates that metastable molecular
ions losing H,O and sampled in the 2nd
field free region of the ZAB 2F mass spec-
trometer are not only intact molecular ions
with a small amount of excess energy but
also ions which have lost most of their ex-
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Figure 1. 70 eV MIKE spectra of the molecular ions of (a) 5a-cholestan-3a-ol, {b) Ba-cholestan-3g-ol, (c) 58-cholestan-3a-ol, (d) 58-

cholestan-3g-ol.
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Table 1. Translational energy release for the

reactions [M]"" —[M-CH,]* and

Table 2. MIKE spectra® of the molecular ions of epimeric 3-hydroxy steroids

Compound [M—CHal"
M]""~[M~H,O0]"" from epimeric gq-Cholestan-3a-ol 65
3-hydroxy steroids Sa-Cholestan-38-ol 63
T, {meV)® _ ~Zy

Compound [M—%Eisl““ [M—H,01* gg_g:g::::: z_gg_g: Gg
5a-Cholestan-3a-0! 61 44
5a-Cholestan-38-o! 64 44 M~CH,]"
58-Cholestan-3«-ol 46 47 S5a-Androstan-3a-ol-17-one 17
5B-Cholestan-38-ol 42 46 S5a-Androstan-33-ol-17-one 14
Ba-Androstan-3a-ol-17-one 95 50 58-Androstan-3a-ol-17-one 5
5a-Androstan-3a-ol-17-one 100 50 58-Androstan-38-oi-17-one 13
5p8-Androstan-3a-ol-17-one — 43 [M—CHJ*
5B-Androstan-38-ol-17-one 99 40 . N
Ba-Androstan-3a,178-diol 60 3g  Da-Androstan-3a,17g-diol 31
Ba-Androstan-38,178-diol 60 38  Da-Androstan-3§,178-diol 31
5B-Androstan-3e,178-diol ~ — 42  B5B-Androstan-3a,178-diol 1
58-Androstan-38,178-diol 54 50  9B-Androstan-38,175-diol 8
5a-pregnan-3«,20a-diol [M—CH3l*
5a-Pregnan-33,20a-diol 63 46 5a-Pregnan-3a,20a-diol 6
5a-Pregnan-38,208-diol 65 38 5a-Pregnan-38,20a-diol 18
58-Pregnan-3a,20c-diol — 27 5a-Pregnan-33,20B8-diol 16
58-Pregnan-3a,208-diol — 27 58-Pregnan-3a,20a-diol 0.5
5B-Pregnan-33,20a-diol 74 29 58-Pregnan-3a,208-diol 2
2 Measured at 50% of maximum peak height 2B-Pregnan-3g,20«-diol 6

and corrected for the width of the main ion

beam.

[M-HOI"" m/z 262 m/z233 m/z216
6.5 7.6 21 —
5 7 19 —
86 1 3 2
22 2 1 1
[M—H, 01" m/z257 m/z 254 m/z 246 m/z 213
48 2 5 20 4
37 3 7 24 7
85 1 — 3 —
73 3 — 6 1
IM—H,0I"" m/z 266 m/z248 m/z 233 m/z 166
44 1 1 15 5
27 —_ 3 28 7
95 3 — 0.5 —
89 — — 1 0.5
{M—H,01"" m/z 287 m/z284 m/z233 m/z 194
84 2 2 5 0.5
47 3 2 27 1
52 2 1 24 1
95 0.5 0.5 3 0.5
89 0.5 1 8 0.5
80 — 5 5 0.5

270 eV El; only signals with intensity

>0.5% total ionization are given.

cess energy by ring cleavage reactions. This
agrees with the results obtained for other
cyclic alcohols.* Nevertheless, even after
cleavage of one of the C—C bonds of ring A
in the molecular ions of 3-hydroxy steroids,
more hydrogen atoms at the steroid skeleton
are accessible for the hydroxy group by
starting with a 5B-configuration and this
would explain the typically large signals for
[M—-H,O]J* ions in the MIKE spectra of
the 5B-epimers. The only exception to this
rule observed so far is Sa-pregnan-3a,20a-
diol, which gives a predominant [M—
H,O]* signal in spite of a 5a-configuration,
probably because of the «-orientation of
both hydroxy groups.

The general trend for the influence of the
stereochemistry on the intensity of the [M—
H,O1" ions in the MIKE spectra of 3-
hydroxy steroid ions has also been observed
in the conventional electron impact (EI)
mass spectra of these compounds.” How-

ever, it is much more convenient to deter-
mine the stereochemistry of the A/B ring
junction of a 3-hydroxy steroid by its MIKE
spectrum than by the EI mass spectrum.
The intensities of the [M]*" and [M~H,0O]"
ions in the EI mass spectra depend consid-
erably on the type of mass spectrometer
used and are very sensitive to thermal de-
gradations of the samples in the inlet system
and ion source. These effects are absent in
the MIKE spectra. Furthermore, the MIKE
spectra of the 3-hydroxy steroids contain
only a few signals, and, as can be seen from
the example shown in Fig. 1, reflect clearly
the stereochemistry of the steroid skeleton.

Yours

JAIME ESPINOSA GONZALEZ and
HANS-FRIEDRICH GRUTZMACHER
(to whom correspondence should be
addressed)

Fakultit fur Chemie,

Universitidt Bielefeld,
Universitatsstrafe,
D-4800 Bielefeld 1,
West Germany
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