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Ah&act-The mass spectra of progesterone, 17-isoprogesterone and their 16 g-methyl derivatives were 
measured. The presence of l’lu-acetyl group causes intensive rupture of the 15-16 and 13-17 bonds 
resulting in formation of the ions at m/e 244 and 71 (or 85). 

IN THE foregoing papers of this series we have shown mass spectrometry to be 
useful for the determination of the hydroxyl group configuration in steroid alcohols l-3 
as well as the mode of ring fusion in cis and trans isomers of steroids, terpenoids 
and related compounds. ti We have now studied the mass spectra of A4-pregnene- 
3,20_diones epimeric at the 17 centre as these are of both chemical and biological 
interest. Progesterone (Ia), 174soprogesterone (Ha) and their 16gmethyl derivatives 
(Ib and IIb) are the subjects of the present investigation. 

la: R= H Ila: R = H 
Ib: R = CH, IIb: R = CH, 

A comparison of the mass spectra of the epimeric pairs (Figs. l(a, b), 2(a, b) and 
Table 1) reveals that they have the same pathways of fragmentation, but differ strongly 
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I. V. Torgov, Terrahedron 23.3667 (1967) 
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in the intensities of corresponding characteristic peaks. The largest difference is 
observed in the intensity of the m/e 244 peak, formed by cleavage of the 15-16 and 
13-17 bonds and elimination of carbon atoms 16, 17, 20 and 21. This is supported 
by the shift of this peak by 5 units (to m/e 249) in the spectrum of progesterone-d, 
(distribution of d-atoms in its molecule is established on the basis of the shifts of the 
corresponding peaks, c.f.’ and Fig. l(b, c), whereas no shift of this peak is observed 
in the spectra of 16methyl derivatives (Ib and IIb). The peaks at m/e 71 (for Ia and 
IIa) and 85 (for Ib and IIb) which are much more pronounced in the spectra of 
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Ro. 1. Mass spectra of: (a) 174soprogesterone (Ha), (b) progesterone (Ia), (c) progesterone+. 

244 
-lo5 

- 65 COW, 

S- (a) 

M+ 

% 
2/e6 326 

m/e 

FIG. 2 Mass spectra of: (a) 16p-methyl-17-isoprogesteronc (Ilb), (b) 16gmethylprogesterone 
(I@. 

’ R. H. Shapiro and C. Djerassi, J. Am Chem. Sot. %, 2825 (1964). 
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TABLJZ t. h4lWWTnS OF CHARACTERlSTlC PEAKS (% OF TOTAL IONIZATION) IN THE blA!S SPEKX’RA OF h, B 

AND IIA, 3 

Compound M+ m/e 244 
m/e 71 
(or 85) 

m/e 244 
M+ 

m/e 71 (or 85) 
Iit+ 

Ia, 17bAc 5.7 1.2 1,o 0.2 0.17 
IIa, l’la-Ac 4.2 9.4 3.4 2.2 0.8 
Ib, 17@Ac 2.3 2.3 2.6 1.0 1.1 

IIb, l’la-Ac 1.7 19.8 6.5 11.6 3.8 

lira-epimers are also due to rupture of the 13-17 and 15-16 bonds accompanied by 
hydrogen migration to the charged fragment. The origin of the m/e 71 ion is confiuxned 
by the shift of its peak mass number by 14 units in the spectra of Xb and Ifb and by 
28 units in the spectrum of 16,17dimethylprogesterone (obtained by Maximov et aL8). 
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M+ m/e 71, R = H 
m/e 85, R = CH, 

m/e 244 

It is difficult to explain the much greater intensity of the m/e 244 and 71 (or 85) 
peaks in tire mass spectra of 17aepimers when compared with their 17B_analogues. 
However, a suggestion may be put forward that the presence of 17a-acetyl group 
results in increased strain in ring D and, hence, in easier elimination of Cr6 and Ctl 
atoms. Tbis hypothesis is corroborated by the fact that in the spectrum of 17a- 
methylprog~terone the m/e 244 peak is also predominant. Nevertheless, it remains 
unclear why the decomposition leading to formation of the tricyclic fragment at 
m/e 229 is not stimulated in this case. The latter process is known to be characteristic 
of many steroid systems.g 

B V. I. Maximov, V. M. Potapov, F. k Lurji, A. M. Muclmikova, S L. Portnova and L. S. hiorozova, 
Zh. Obshch Khim. in press. 

’ H. Budzikiewiw, C. Djerassi and D. H. Williams, Structure Elucfdatkm ~#Naturd Products by Macr 
Specbometry Vol. 2; p. 94. Holdcn-Day, San Francisco, Calif (1964). 
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It should be mentioned that the intensity of the m/e 124 and M42 peaks which 
are characteristic of A4-3-oxosteroids’ is strongly decreased in the mass spectra of 
17aepimers when compared with 17fkompounda This is apparently because the 
energetically more favourable process results in formation of the m/e 244 ion instead. 

An easier elimination of C-atoms 16 and 17 with substituents (here it takes place 
from the M-18 ion) in the case of 17a-isomers when compared with their 178- 
analogues is also confirmed by analysis of the mass spectra taken by Tschesche.” 

In order to elucidate the effect of the configuration at position 16 on the frag- 
mentation of pregnene-3,2Odione derivatives, the mass spectrum of 16aepimer of 
Ib was measured. However, the spectra of Ib and its 16aepimer appeared to be 
identical. 

EXPERIMENTAL 

The mass spectra of the compounds under investigation were obtained on the commercial instrument 
MX-1303, furnished with a system allowing direct sample inlet into the ion source, at 125” (f lo) and 
ionizing energy 70 eV. 

Progesterone-d, 
Progesterone-d, was obtained by 3 hr boiling of progesterone (20 mg) in a mixture of dry THF (4 ml), 

D,O (@l ml), EtOD (@5 ml) and Na (4 mg) and after usual procedure was used directly in the mass 
spectrometric run. 
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I0 R. Tschesche, P. Welxel and H.-W. Fehlhaber, Tctrahodron, 21,1797 (1965). 


