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Abstract-The mass spectra of twelve Shydroxysteroids (l-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 isomers 2 and 5 (Table 1). This difference may be 
the steroid series we were in need of a simple due to the more facile cleavage of the C-4, C-5 
diagnostic method for the determination of the site bond in the less stable A-B c&fused compounds 
of the new OH group. We found that mass spectro- than in the trans-isomers. 
metry can be a useful and sensitive tool for the It is possible that primary fragmentation is not 
determination of S-hydroxysteroids 1-12. the only process which leads to the formation of 

1: X=H; Y = B-OH; R = C,H,, 8: X=OH 
2: X=H: 

10: X = ol-OAc; Y = c+OH 
Y=ar-OH: R=C.H., 9: X=H 11: X=Y=&OH 

3: X=H; Y=cy-OH; R=OAc 
4: X=&OH; Y =/&OH; R= C,H,, 
5: X = P-OH; Y = a-OH; R = C,H,, 
6: X = a-OH; Y =&OH; R = C,H,, 
7: X = P-OAc; Y = a-OH; R = OAc 

12: X = Y = L-OH 

We examined the mass spectra of twelve S- 
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. 

Ions a have been detected both in k-OH and 
S&OH compounds. However, they are more 
abundant in the S@hydroxy compounds 1 and 4 
(rings A and B cis-fused) than in the Sa-OH stereo- 

“Part of this work was presented at the 41st annual 
meeting of the Israel Chemical Society, October 197 1. 

*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 mle 278 ion a in 7 may be formed by a 

Table 1 

[ion a] 
m/e - 

[M+l 
%& ion a (M+ 3 ion a) 

332 097 332 0.57 A:: 
278 1.08 
332a 10.9 

2:.: . 

332 1.8 

332 

;:; 

278” 12 ;:; 
332O l-85 22.0 
332 1-O 1.9 
332 
332O ;:; ;:; 
332 2-2 6.1 

b 

b 

b 

272.2 

27; 

E.2 
247 
273.2 
273.2 

“Most abundant ion. 
*No metastable transition detected. 
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ion a 

SCHEME 

R = OAc; m/e 278 
R = CeH1,; m/e 332 

ion a 
m/e 278 

secondary “retro-nLeIs-kI&er” {I&DA> PrFmenka- 
tion of the ~&e 331 ex\minatkoion pro&uc~ loon >M- 
MeCO,H]+. Such fragmentation route has been 
reported for 3-acetoxysteroids,l even if they are 
not substituted at C-5. No metastable transition 
has been de*<& &K wfiy S$ c+a QSV, *es&& 
processes. 

Radical ions analogous 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.2 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 H_S seems ‘ro ~ccm mtin>y ‘m tie 
high temperattire inlet system, which was em- 
ployed in 19(6D for the jnrroduclion of the mateilals 
to the ion source. In later works on mass spectro- 
metry of 3-hydroxysterols3 as well as in our mea- 
surements of 3P-cholestanol and 3/Scoprostanol, 
the ions ana&w~s 20 imps B wzze FGS& 50 & 
absent or of very low abundance. Recently, how- 
ever, it has been shown4 that 3cu-hydroxysteroids 
in which rings A and B are c&fused give rise to 
abundant [M-72]+ ions, which result from dehydra- 
tion followed by loss 05 C,H, unit Erom C->-C-4. 
It is therefcore pos&he ‘ii& ‘m CDmpDunb $, ‘m 
which the two conditions (&-fusion and 3a-OH) 
are fulfilled, the [M-72]+ ions are formed in part 
by two consecutive processes, namely elimination 
of Hz0 follcoweb’~~ ‘rhe\Dss of ~;H,.~.YI~ Cj-iieJ 
twd 3,Sdihydroxysteroids 4 and 5, however, are 
believed to g&ve tise to’lons a only by ‘rhe pTimary 

The presence of substituents at C-6 has been 
found to suppress the formation of ions a. Thus 
Scr$@dihydroxychoiesIane (IS) and 3p-methoxy- 
5ck,qG&+?&,iz4.&Y&+&& qrq &I Tti ex+&& 
ions a in their mass spectra. The loss of one and 
two molecules of water are the most important 

z+ 

13: X=H; Y=BpH; Z=aOH 
14: X = OCH3; Y = @H; Z = aOH 
15: x= f’= oc=m‘H,; Z=/K?H 
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 
most abunban\ ion jrnj e 416, %S,& IQo-9>, an& it was 
‘r&h~web ‘Dy ‘rhe \DSS ~5 an aUitimn& m&c&e di 
water (mle 398, %X4,, 2.2) and of methanol (m/e 
384, %x4, 2.9). In the mass spectrum of 15 the 
m/e 390 peak (%x4, 2.7) corresponds to ion a, and 
lie ni,e ??zjS’mn j?G&b?+ canbe”rormeb>y ‘rie 
elimination of acetic acid from ion a. We cannot, 
however, ex&uhe the poss’ti&y ‘that the m\e 39% 
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ion a is formed by a secondary “retro-Diels Alder” substituent is present at position 6. The m/e 360 
process as outlined above. No metastable transi- peak is, however, of relatively high intensity 
tion has been detected for the formation of m/e (-- 30%) in the mass spectrum of 2/?,3p,5/3,14a- 
390 ion. trihydroxy-5/3-cholest-7-en-6-one (20).‘” 

m/e 444 

v 
no m* 

- m/e 330 

OH 
m/e 444 

Mass spectral data of several 5hydroxysteroids 
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 18,5 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. 

17: R = Me; R, = H 
0 

18: R = Me; R, = CF, 8 

m/e 220 
ion aI,, 38% 
ion als, 100% 

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

In the data reported for 3&S/3,1&-trihydroxy- 
5/3-cholest-7-en-6-one (19) no peak at m/e 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 

19: R = H 
20: R=OH 

Recently the formation of analogous ions has 
been reported in the case of 3,5-dihydroxy- 
bufadienolides.7b 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 

“, ’ G 
CIP OH 

HO 
OH 

hydroxybufadienolides was not provided by the mass spectral data with the aid of computer facili- 

-H,O 

OH 

0 

\’ 

--cd% , L+ H c+, 
H 

above authors since metastable peaks were not ties. Monofunctional simple compounds have been 
presented. shown to be good examples for such an approach, 

Attempts have recently been made to develop and gross structures as well as more subtle struc- 
automatic techniques for the interpretation of tural details could be deduced by the computer.8 

24 

22 

a 

I 

6 

4 

2 

50 

Fig 1. Mass spectrum of SP-cholestane-S-01 (1). 

Ion 0 

LI9+ Ho OH 

i, h 1 Ill II! II II I I I I I I 
loo IS0 260 250 300 350 400 

Fig 2. Mass spectrum of Sfi-cholestane-3/3,Sdiol(4). 
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3Y6 

a_" 6- 

Fig 3. Mass spectrum of bcholestane-3/3,5-dial(5). 
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Fig 4. Mass spectrum of SP-cholestane-3a,S-dial(6). 

OAC Ion 0 

JCt!P 

278 

AcO 
OH 

d- I 314 
b 

W’ 

Fig 5. Mass spectrum of 5a-androstane-3&5,17P-triol-3,17-diacetate (7). 
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306 

Fig 6. Mass spectrum of 5p-cholestane-4&S-diol(l1). 

6- 

6- P Ian a 
# 332 

H6 OH 

J 366 4- 

M+ 
404 

IO- 

Fig 7. 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 
prcbtems, and in tis conCed a list ofcommon mass 
spe&& k&WS Wf &%kW&y W&f&&&~ sr’&Wi& 
has &WB .GQ~&&&.%,~ We z&z& rk~2 2k+ rz~&s 
of the present work (together with the limitations 
outlined above), could be added to such a list. 

EXPERIMENTAL 

CCO~DOIIJ& 1’:. 2’5 4’?, 51p, 6’:. 7’?. IS’:. 9’: ID>:, I>>>, 
12l’ were prepared by procedures reported in the Litera- 
ture. Compounds 4*, 5*, 6@ were kindly supplied by 
PrcE. 13. Witkop. Compounds 1, 2 were &&xi& supplied 
by Prof. D. Lavie and Mr. M. Weissenberg from the 

Department of Chemistry, The Weizmann Institute of 
Science. Compound 3 was prepared by LAH reduction of 
5a_andro~-5&-qhzrfi 17-acetate (22) in-. p. 146”. 

Mass s&%e&r~ were me62furecj with azz A.?.& CxY-4 mass 
~~fitfPJB\scit~aTQ-4~~~~.T~; 
energy was maintained at 70 eV. The samples were intro- 
duced through the direct inlet system, and heated (ii 
necessary) until usable mass spectra could be obtained. 

~~~~~~~~~~-We~~~e~~~~~~~~~ 
t?d tf. +%t5sp tire supplfrlug us w&t compouu~ 4: 5; 0’ 
and to Prof. D. Lavie and Mr. M. Weissenberg for 
compounds, 1,2. 

We thank Mr. S. Gattegno for measuring the mass 
spectra. 
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