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The mass spzctrometric behavior of isomeric ketones J— ¥ and alcohols ¥/— X of Wesiphalen
type is described. The differences in fragmentation patterns of these compounds are discussed
in dependence on the position and the configuration of the substituent.

The mass spectrometric behavior of steroid compounds has been the subject of
a number of papers in the past. Their results are summarized in several review
articles'>2. The classical papers by Dijerassi and his group®~® have explained the
effect of the keto group on the fragmentation of steroids with normal cholestane,
androstane and pregnane skeletons. Extensive studies of the elimination of water
from ionized molecules of steroid alcohols® ™ have contributed to the elucidation of
the mechanism of this reaction and its dependence on structural and stereochemical
factors. Therefore it was interesting to investigate the influence of the positions or
configurations of the oxygen functions on mass-spectrometric fragmentations of
steroids with non-classical skeletons. As suitable models we have used the series
of simple steroids of Westphalen type, i.e. 5-methyl-19-nor-58-cholest-9-enes (A)
prepared earlier (compounds I —X).

The mass spectra (high mass regions only) of three isomeric ketones I, III and V
are shown in Figs 1 —3. The results of the measurement of accurate masses of abun-
dant ionic species and the observed metastable transitions are summarized in frag-
mentation maps (Scheme 1—3). The lower parts of the spectra (mfe 20—200) con-
tained the series of homologous ionic species C,H3,_3, C,H3,_s and C,H3,_, only.
The splitting off of the cholestane side chain (ions C,H,,0*, m/e 271) and the clea-
vage of the ring D (ions C;¢H,,0%, mfe 229) are common in the majority of ketones
with a cholestane skeleton®. In addition to these fragmentations, however, fragmen-
tation could be observed in the case of ketones I — ¥ which had no analogy with the
corresponding cholestanones.

* Part CCXVII in the series On Steroids; Part CCXVI: This Journal 44, 260 (1979).
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ScHEME |
Partial [ragmentation map of 5-methyl-19-nor-58-cholest-9-en-3-one (1)
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SCHEME 2 :

Partial fragmentation map of 5-methyl-19-nor-54-cholest-9-en-4-one  (I1I)
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SCHEME 3
Partial fragmentation map of 5-methyl-19-nor-5p-cholest-9-en-6-one (V)

Tons C,,H33, mfe 326 are formed by the loss of fragment C;HgO (Fig. 1). From ion-
ized molecules of 5-methyl-19-nor-5p-cholest-9-en-3-one (I), Labelling with deuterium
in the positions C,y and C4, (compound IT) has shown that the split off three-carbon
fragment contained carbons C,y, C(35y and C4y. The transfer of both hydrogen atoms
onto the neutral fragment was not accompanied by the scrambling of hydrogens of
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High Mass Region of the Mass Spectrum of Ketone I
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the A-ring. The effect of the keto group resembles in this case rather the effect of the
16-keto group of Sa-androstan-16-one'®. On cleavage of the ring A the ions C,;H3;,
m/e 314 and C,;HI;, mfe 313 are formed (transfer of one hydrogen to the neutral
fragment). Labelling with deuterium (compound II) again proved the splitting off of
the carbons C,y, C(3y and Cyy,, while the fourth carbon in the neutral fragment comes
probably from C,,.

In the spectrum of the isomeric 4-ketone I1] (FigA 2), the dominant feature is the
cleavage of the A-ring. Ions C,6HJ;, m/e 356, (M—CO)*", are further fragmented
by losing a methyl (ions C,sHy,, m/e 341), or the cholestane side chain (ions C,gHJ,
mfe 243), or by the cleavage of the ring D (ions C,sHJ,, m/e 201). An alternative
route to jons m/e 341, i.e. the cleavage of the C4;—Cs) bond, followed by McLafferty
rearrangement, can be excluded on the basis of the labelling of the position C;,
with deuterium (compound IV). The ions (M—C;H;0O), m/e 327, can be formed either
by the loss of the fragment C,y—C3;—C4, with hydrogen transfer, or by a combined
splitting off of the fragment C3y—C4, and the methyl group from Cs,. The forma-
tion of homologous jons (M—C4H7O)+, m/e 313, can be represented quite analogous-
ly. The extensive cleavage of the ring A, observed in the spectrum of 5-methyl-19-
-nor-5p-cholest-9-en-4-one (111} has no analogy in corresponding 4-cholestanones
and 4-androstanones'! or in l-cholestanones and 1-androstanones'? either. The
reason for this easy cleavage is evidently the low dissociation energy of the C(4y—Cs,
bond due to the combined effect of the Cs5)-methyl group, the double bond in the
position 9 and the keto group in the position 4.

The different type of fragmentation of 5-methyl-19-nor-5B-cholest-9-en-6-one (V),

Fig. 3, can be explained by the activation of the C(5;5—C ) bond under the combined-

effect of the Cg)-keto group, the C5-methyl group and the double bond in the posi-
tion 9. The main fragmentation reaction of the ionized molecules is the retro-Diels—
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~Alder cleavage of the ring B, under formation of the ions C,sHj5, mfe 342. These
arc further fragmented by the loss of methyl (ions m/e 327), the loss of the side chain
(ions C,;HJs, mfe 229) or by the splitting off of the A-ring after migration of the
double bond into the ring C (ions C,gH3,, m[e 245). The ions with equal nominal
masses but different elemental composition (mfe 245, C,;H,,0* and mfe 229,
C,6H,,0%) are formed from ionized molecules by cleavage of the ring D.

From a comparison of the mass-spectrometric behavior of ketones of the West-
phalen type (I, 111, V) with analogous cholestanones® with normal skeletons the
following can be inferred: 1) The effect of the double bond in the position 9 and of
the C(.)-methyl is manifested by a higher abundance of the ions formed by cleavage
of the rings A and B, while in the spectra of corresponding cholestanones these
processes are substantially less frequent; 2) the greater extent of the cleavage of the
rings A and B is manifested by a deepening of the differences in the spectra of iso-
meric ketones I, I11 and V, differing in the position of the keto group.

The effect of the position of the hydroxyl group on the cleavage of 5-methyl-19-nor-
-5B-cholest-9-ene skeleton of isomeric alcohols VI~ X is less pronounced in compari-
son with ketones I— V. The main fragmentations of ionized molecules of alcohols
VI—X are the following: Loss of methyl, loss of water, combined loss of methyl and
water, splitting off of the cholestane side chain (ions C,gH,,0%, m/fe 273) and the
cleavage of the D-ring (ions C,,H,50*", m/e 246 and C,4H,,0", m/e 231). On com-
bination of the loss of water and the loss of the side chain or the cleavage of the ring D
the following ions are formed: (M—C,H,,—H,0)", m/e 255, (M—C,  H,,—H,0)",
mfe 229, and (M—C;,H,5—H,0)", m[e 255. In addition to these fragmentations
which are common for the alcohols ¥I—X, we also observed in the case of 4B-hydroxy
derivative VIII the cleavage of the ring A (ions C,4H3,, mfe 327,and C,5Hj3,, mfe 313)
which is analogous to the fragmentation of the 4-oxo derivative II1. 6B- and 6o~
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-Hydroxy derivatives IX and X are fragmented, after ionization, by retro-Diels—-Alder
reaction (ions m/e 342) analogously as the corresponding 6-oxo derivative V. The
abundance of the ions (M—C,H,0)**, m[e 342, is dependent on the configuration
of the hydroxyl.

The effect of the position or of the configuration of the hydroxyl group on the
fragmentation of alcohols VI—X is most strikingly evident from the relative abun-
dance of ions (M—H,0)** (Table I). It was shown'?-'* that the loss of water from
ionized molecules of cyclic alcohols takes place predominantly as a 1,3- or 1,4-eli-
mination. Under the assumption that in our substances a primary ring cleavage
does not take place, the accessibility of the hydrogen atoms in individual positions of
the skeleton of alcohols ¥I—X can be estimated from Dreiding models (Table II).
However, the striking difference in the abundance ratios [M—H,0]**[[M]** of
epimeric 3B- and 3o-hydroxy derivatives VI and VII (Table I) cannot be referred
simply to the accessibility of the skeletal hydrogens (Table II). Should we suppose,
however, on the basis of analogies®!°*'¢ that the hydrogen transfer takes place pri-
marily from the activated allylic position C(y,, the effect of the configuration of the

TABLE I
Abundance Ratios [M—H20]+'/[M]+' of Aleohols VI— XII in Their Mass Spectra

Alcohol Vi vl v IX IX+Xx X1 xi
[M—H,01*/
/[M]+' 015 095 0-32 3-85 2-48 132 57
TABLE IT

Accessibility of Hydrogens in Compounds ¥I—X for the Elimination of Water (according to
Dreiding models)

Hydroxy!| 3o 38 4B 6a 68
Accessible la, 6 1B, SB-CH; 1B, 2B, 6a, 6B, 3a, 4o, 4a, 48, 8B,
Hydrogens 5p-CH, 48 5§-CH3
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hydroxyl can be explained in the following manner: during the ionization of the 3a-
-hydroxy derivative VII a part of excess energy is consumed for the conformational
excitation of the A-ring, from the chair conformation 4, to the boat form 4, (Fig. 4).
The originally equatorial 3a-hydroxy group bscomes axial and comes close to the
la-hydrogen, at a distance permitting the transfer. In contrast to this the originally
axial 3B-hydroxy group of compound VI becomes equatorial on transition of the
A-ring from the chair form A4, to the boat form A,, and it is simultaneously removed
from the originally close 1B- and 5B-CHj, hydrogens. The reverse transition of the
A-ring to the chair conformation A, with an axial 3B-hydroxyl is inevitably impaired
by the 1,3-diaxial interaction of the hydroxyl group with the 58-methyl group. Even
though the energy contribution of this 1,3-diaxial interaction is only a few kcal mol ™!
(ref.!7), it can contribute to an increase in the activation energy of the loss of water,
which requires 18-H. In order to support this hypothesis we chose as model com-
pounds epimeric 2B- and 2a-hydroxy-5-cholestenes!® (XI, XII) which have a classical
skeleton with the same relative arrangement of the hydroxyl, methyl and double
bonds as both the epimeric alcohols of the Westphalen type, VI or VII. Table I shows
that the dependence of the abundance ratio [M—H,0]**/[M]** on the configura-
tion of the hydroxyl is quite analogous in alcohols XI and XII as in alcohols VI or
VII, respectively.

The low value of the abundance ratio [M—H,0]*/[M]** in 4B-hydroxy deriva-
tive VIII, which — of all alcohols investigated — has the highest number of hydrogen
atoms accessible for elimination (Table 1), can be explained in a similar manner:
In order to enable the transfer of the allylic 1B-hydrogen the A-ring must assume the

ity vitay)

vit (Az)

Fic. 4
Conformations of Alcohols VI and ViI
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twist-boat conformation 44 (Fig. 5) that pzrmits the approach of the 4B-hydroxyl
to the 1B-hydrogzn. During this conformational change, however, the 48-hydroxyl
becomes prone to a synperiplanar interaction with the 5p-methyl. The energy of this
interaction can then contribute to the increase in activation energy of the water eli-
mination proceeding by this mechanism. The values of the abundance ratios
[M—H,0]*"/[M]*" of alcohols VI and VIII in which a hindered access to the acti-
vated allylic hydrogens may be assumsd are comparable to the same values of steroidal
alcohols that do not contain a double bond?*¢,while the values for alcohols VII and
IX with easily accessible allylic hydrogens are higher by almost one order of magni-
tude (Table 1). The high abundance ratio [M—H,0]**[[M]*" in the 6B-alcohol /X
(Table I) is given probably by the accessibility of the activated 8B-hydrogen in
conformation B, (Table I, Fig. 5). The cpimeric 60-alcohol X which does not
contain an allylic hydrogen accessible to elimination (Table II) was available only
in the form of an unseparable mixture with the 6B-isomer IX. The lower
abundance ratio [M—H,0]*"/[[M]*" in the spectrum of a mixture of /X and X
(Table I) shows that the process of water loss from ionized molecules is less pronoun-
ced in the case of the 6u-alcohol X. This is consistent with the higher proportions
of the products of the comp:titive retro-Diels—Alder cleavage of the ring B (ions m/e
342) in the spectrum of a mixture of IX and X, in comparison with the pure 6B-
alcohol IX.

EXPERIMENTAL

The mass spectra were measured on a JEOL JMS D-100 spectrometer, 75 eV, with a direct
inlet system. The temperature of the direct inlet was kept at the lowest values sufficient for the
evaporation of the sample (90—100°C) so that thermal dehydration should be avoided. The
temperature of the ion source was always 140— 150°C. Moreover, the ion source was also tested
with cholesterol, as a compound inclining to thermal dehydrationw. The metastable transitions
were measured by the defocusing technique using the accelerating voltage scan. The syntheses
of compounds I, III, V, and ¥I— X have been described earlier?® ™22, The specifically labelled

Vil A 3)

F1G. 5
Conformations of Alcohols VIII and IX
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derivatives I and IV were prepared from corresponding ketones / or I by exchange of hydrogen
for deuterium (deuterium oxide, tetrahydrofuran, sodium deuteroxide, decyltrimethylammonium
bromide, 20°C, 24 h). The content of deuterium in ionized molecules was determined at 13 eV;
II:81-2%5 dg. 1679 d5, 219 d5; 1V:90-0% d;, 8:0% dy, 2:0% do.
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