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Abstract— The mass spectra of twelve 5-hydroxysteroids (1-12), indicate that a common feature is
the formation of the ion a by loss of the four ring A C atoms 1, 2, 3, and 4, with the H atoms and other

substituents attached.

In the course of a study on radical oxidations in
the steroid series we were in need of a simple
diagnostic method for the determination of the site
of the new OH group. We found that mass spectro-
metry can be a useful and sensitive tool for the
determination of S-hydroxysteroids 1-12.

R

isomers 2 and 5 (Table 1). This difference may be
due to the more facile cleavage of the C-4, C-5
bond in the less stable A-B cis-fused compounds
than in the trans-isomers.

It is possible that primary fragmentation is not
the only process which leads to the formation of

X O ;
Y ]
x OH x Y

1: X=H; Y =8-OH; R=CH,, 8. X=0H 10: X = a-OAc; Y = a-OH
2: X=H; Y =a-OH; R=CsH;; 9: X=H 11: X=Y =8-OH

3: X=H; Y = a-OH; R=0Ac 12: X=Y =a-OH

4: X=p4-O0H; Y=p8-OH; R=C;H,;

§5: X=8-OH; Y=a-OH; R=C;H,,

6: X=0-OH; Y=p8-OH; R=CiH,;

7: X=B-OAc; Y =a-OH; R=0Ac

We examined the mass spectra of twelve 5-
hydroxysteroids (1-12). The general phenomenon
indicated by the mass spectra of the 12 compounds
was the formation of the radical-ions a by the loss
of four ring A C atoms 1, 2, 3 and 4 with the H
atoms and other substituents attached. The m/e
values and abundances of ions a are listed in the
Table and their formation is visualized in the
Scheme. In most cases metastable transitions have
been detected, which indicate that ions a are
formed by primary processes from the molecular
ions.

Jons a have been detected both in 5«-OH and
58-OH compounds. However, they are more
abundant in the 58-hydroxy compounds 1 and 4
(rings A and B cis-fused) than in the Sa-OH stereo-

2Part of this work was presented at the 41st annual
meeting of the Israel Chemical Society, October 1971.

*Department of Chemistry, Israel Institute of Tech-
nology, Haifa, Israel.

ion a from the molecular ion of 7, which has an
acetoxy substituent at C-3. A part of the most
abundant m/e 278 ion a in 7 may be formed by a

- Table 1
mle L;;?—:]l] %3oiona  (M* 25 jona)

1 332 0-97 14 b

2 332 0-57 0-4 b

3 278 1-08 2-1 b

4 332¢ 10-9 25-1 273-2

5 332 3-8 1-8 b

6 332 8-0 4-1 273

7 2782 12 9-6 b

8 332¢ 1-85 220 264

9 332 1-0 19 274-2
10 332 2-0 23 247
11 332¢e 27 72 273-2
12 332 2-2 6-1 273-2
2Most abundant ion.

®No metastable transition detected.
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X X .
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ion a
R =0Ac; mfe 278
R =CgH,;; mfe 332
SCHEME
acop 7%
—-I-(+) \
OE—CHs A OC—Me
RDA )
'":6:1'{_.-") (+)/,‘
OH OH .
ion a
mie 278

secondary ‘“‘retro-Dieis-Atder” {(RDA) tragmenta-
tion of the mie 332 eliimination product on M-
MeCO,H]*. Such fragmentation route has been
reported for 3-acetoxysteroids,! even if they are
not substituted at C-5. No metastabie transition
has been deireted for aay o e (wo PRASMR
processes.

Radical ions anatogous to ions a {corresponding
to the loss of carbons 1, 2, 3 and 4) were found in
1960 in the mass spectra of several 3-hydroxy-
steroids.? It appears that these ions are formed by
a ‘“retro Diels-Alder” fragmentation after the
elimination of H,O from the molecular ions. This
elimination @i W,O seems 10 DCEdr HAMY M The
high temperature inlet system, which was em-
ployed in 196D Jor the imiroduction of the malerials
to the ion source. In later works on mass spectro-
metry of 3-hydroxysterols® as well as in our mea-
surements of 38-cholestanol and 38-coprostanol,
the ions anzdogous & dows @ ware fownd & ve
absent or of very low abundance. Recently, how-
ever, it has been shown* that 3a-hydroxysteroids
in which rings A and B are cis-fused give rise to
abundant [M-72]"* ions, which result from dehydra-
tion followed vy Yoss of T, 1, voi Syom T-H-LC-S,
It is therefwore possitie InzEl M compounb ., M
which the two conditions {(cis-fusion and 3a-OH)
are fulfilled, the [M-72]* ions are formed in part
by two consecutive processes, namely elimination
of H,O follooweb'py ine"Hoss i TN).. "Yne diner
two 3,5-dihydroxysteroids 4 and 5, however, are
believed to give rise 1010ns a oy "oy Tne primary

bracess directiy trom the malecular 1an, due ta the
presence of the nyvdroxyi group at posision 3.

The presence of substituents at C-6 has been
found to suppress the formation of ions a. Thus
Sa,68-dihydroxychoiestane (13) and 38-methoxy-
SuS5-dhydicnaychosiare € o on wbibi
ions a in their mass spectra. The loss of one and
two molecules of water are the most important

X
z Y )
13: X=H; Y =p80H; Z=aOH
14: X =O0CH;; Y =80H; Z=aO0OH
5 X =1V =000CH;; Z =G
16: X =H; Y =aOH; Z =aOH

processes in the case of 13 and 16. In the mass
spectrum of 14 the loss of H,O gave rise to the
MOS) Aoondant Yon imie 816, T2, 10D, and it was
Sohowed ‘py Ine Yoss Ui an ablithond moecde ¥
water {mfe 398, %3, 2-2) and of methanol (mfe
384, %24 2-9). In the mass spectrum of 15 the
mfe 390 peak (%3, 2-7) corresponds to ion a, and
Ine »he S350 0N 953, D tanpe Tormeb oy ine
elimination of acetic acid from ion a. We cannot,
‘nowever, exciude ine possioiiity {nat tne mje ¥
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ion a is formed by a secondary “retro-Diels Alder”
process as outlined above. No metastable transi-
tion has been detected for the formation of m/e
390 ion.

(151" —zxcoH

L HO OAc

mle 444

nom*
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substituent is present at position 6. The m/e 360
peak is, however, of relatively high intensity

- (~30%) in the mass spectrum of 283,38,58,14a-

trihydroxy-58-cholest-7-en-6-one (20).7

T -4

—AcOH

(0]
Me—go OH

mie 444

Mass spectral data of several 5-hydroxysteroids
have been reported or discussed in the literature,
but the formation of ions a has not been pointed
out. Thus a relatively intense peak at m/e 220 has
been observed for compounds 17 and 18,° but no
route was suggested for the formation of the cor-
responding ions. It seems reasonable that the m/e
220 ions may be ions a, which are formed as a
result of the presence of the hydroxyl group at
position 5.

R

~
N
R, mfe 220
17: R=Me; R,=H

ion a,;, 38%

0 ion a4, 100%

18: R=Me; R, = CF;,&

Partial mass spectral data have also been pub-
lished previously,® for isomeric 3,5-dihydroxy-
cholestanes 4, 5, and 6, but the presence of ions a
has not been mentioned.

In the data reported for 38,58,14a-trihydroxy-
5B-cholest-7-en-6-one (19) no peak at mfe 360
which would correspond to ion a was listed.” This
seems to be in agreement with the previously dis-
cussed suppression of formation of ion a when a

R

o--
jond

HO
HO

19: R=H
20: R=0H

Recently the formation of analogous ions has
been reported in the case of 3,5-dihydroxy-
bufadienolides.” The authors claim that this frag-
mentation is best rationalized in two steps, by (a)
expulsion of H,O from ring A, followed by (b) retro-
Diels-Alder elimination of ring A, rather than as a
single-step process as suggested for 5-hydroxy-
steroids examined by us. However, the elimination
of H,O from 3-hydroxysteroids is known generally
not to be followed by a “retro-Diels-Alder”
fragmentation (step b). Moreover, the presence
of metastable peaks in the mass spectra of the
majority of both 5-hydroxy and 3,5-dihydroxy-
steroids reported here (Table 1) clearly indicates
that the formation of ions a in these compounds
is (at least in part) a single-step process. It should
be noted that we did not detect any metastable
transitions for the two-step pathway. Similar
support for the two steps mechanism in the 5-
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0 0 0
o o
N x X
o 0, o —f, " H
H
HO OH OH

hydroxybufadienolides was not provided by the
above authors since metastable peaks were not
presented.

Attempts have recently been made to develop
automatic techniques for the interpretation of

12—

mass spectral data with the aid of computer facili-
ties. Monofunctional simple compounds have been
shown to be good examples for such an approach,
and gross structures as well as more subtle struc-
tural details could be deduced by the computer.8
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Fig 1. Mass spectrum of 58-cholestane-5-o0l (1).
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Fig2. Mass spectrum of 58-cholestane-38,5-diol (4).
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Fig 3. Mass spectrum of Sa-cholestane-38,5-diol (5).

Fig4. Mass spectrum of 58-cholestane-3a,5-diol (6).
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Fig5. Mass spectrum of Sa-androstane-38,5,178-triol-3,17-diacetate (7).
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Fig 6. Mass spectrum of 58-cholestane-48,5-diol (11).
10
-]
386
M‘f
404
400

Fig7. Mass spectrum-of 5a-cholestane-4a,5-diol (12).

It appears that first steps are being made to extend
the potential of this technique to more complicated
preéterms, aad ( ¢lus caatexe 4 dist af comman mass

spevisd RauRs Il Ry yEySitias Yervids
has veer compbeb ™ Pe Iy Inar Ine resivs
of the present work (together with the limitations
outlined above), could be added to such a list.

EXPERIMENTAL
(Componnds 1T, 2%, P, B Hi2 N3 P 9 Jpn, ),
127 were prepared by procedures reported in the [itera-
ture. Compounds 4%, 5%, 6% were kindly supplied by
Prc€. 8. Witkoyg. Camgounds {, 2 were «ndly sugpled
by Prof. D. Lavie and Mr. M. Weissenberg from the

OAc OAc

O

\,
-
=)

21

Department of Chemistry, The Weizmann Institute of
Science. Compound 3 was prepared by LAH reduction of
Sa-ardrostane-5,.6-cpoxy, I 7-acetate (21) m.g. 146°

Mass spectra were measored with an Ades C1-4 mass
sgectrameter. fitted with a TQ-4 ign.saurce, . The ianisatian.
energy was maintained at 70 eV. The samples were intro-
duced through the direct inlet system, and heated (if
necessary) until usable mass spectra could be obtained.

dcknovdedqement— We, wish. ta, axgress. aue qgatitude.to,
o . #iiKap @ supmiing us wil compounad 47 X, &
and to Prof. D. Lavie and Mr. M. Weissenberg for
compounds, 1, 2.

We thank Mr. S. Gauegno Tor measuring the mass
spectra.
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