
STEROIDAL ANALOGUES OF UNNATURAL 
CONFIGURATION-X’ 

SYNTHBSIS OF 9-METHYL-19-NOR-9/3,1Oa-PROGESTERONE 

J. R. BULL*, J. FLIER and A. TUINMAN 
National Chemical Research Laboratory, South African Council for Scientific and Industrial Research, Pretoria, 

WOI, South Africa 

(Received in UK I April 1975; Acceptedforpublicalion I8 April 1975) 

Abstmt-The reaction of 3,3-ethylenedioxy-9-methyl-9~-oestr-5(IO)-en-l7-one (4) with tosylmethyl isocyanide and 
base afforded the l7fl- and 17a-carbonitriles (5 and 6). Treatment of the 17gzpimer (5) with methyl lithium gave, 
after hydrolysis, 9-methyl-l9-nor-98-pregn-5(IOteae-320-dionc (8). The same reaction sequence employed on 3,3; 
5J-bisctbyleaedioxy-Pmethyl~~-~c~9~,10a~str-l7-om (12). with subsequent cyclixation, yielded the 5& 
hydroxy-3,2Odiketones (I7 and 18) as well as 9-methyl-IPnor-9S.IOa-progesterone (19) and its I’la-epimer (20). 

The synthesis of steroids possessing the 9 - methyl - 19 - 
nor - 9&lOa - skeleton (19(10+9/l)abeo - 1Oa - steroids] 
has hitherto been confined to the testosterone analogue (1) 
and some of its derivatives.“’ Following a report’ from 
this laboratory on the total synthesis of 1, the compound 
has also been prepared by Coombs et al.,’ using the same 
method of stereoselective introduction of the 9/l-methyl 
group. The structure of 1 has since been conlirmed by 
X-ray crystallography.’ 

In view of our continuing interest in the properties of 
skeletally modified steroids, the synthesis of further 
analogues of the natural steroidal hormones was under- 
taken. We now report the synthesis of 9 -methyl - 19-nor - 
9/3,10a - progesterone (19). through the application of a 
novel method5 for converting 17-0x0- to 17-acetyl 
steroids. 

Treatment of 178 - hydroxy - 9- methyl - 98.10~ - oestr- 
4 - en - 3 - one (1) with ethylene glycol-p-TsOH under 
standard conditions atforded a mixture of acetals, which 
was readily separated by chromatography and shown to 
comprise the A’-isomer (2; 445%) (olefinic H at 8 5.28 in 
NMR) and the A”‘“-isomer (3; 52%) (no olefinic H in 
NMR). Acetalization of IPnortestosterone under similar 
conditions has also been shown6 to give a mixture of 
double bond isomers. 

Treatment of the mixture of 2 and 3 under more 
vigorous acetalization conditions (longer reaction periods 
at higher temperature and catalyst concentration) resulted 
in the exclusive formation of the A”‘)-isomer (3). In view 
of ensuing difficulties in regenerating the A’-3-one system 
by conventional hydrolysis of a AJuO’-3-acetal in this 
series, reaction conditions were sought for the selective 
formation of the A’-isomer (2) from 1. Despite extensive 
experimentation this was unsuccessful since the most 
favourable result, obtained by treatment of 1 with 0.01% 
p-TsOH in benzene under gentle reflux for 30 minutes, 
atforded a mixture, shown by GU: (OV-210,210+24O’), 
to contain 2 and 3 in the ratio 5 :3. More prolonged 
reaction resulted in a slow increase of 3 at the expense of 
2. 

Exchange acetalization of 1 using 2ethyl-2-methyl 
dioxolane,7 also resulted in prefetential formation of 3, 
while acetalization in the presemz of fumaric acid as 
catalyst’ atforded a mixture of products, which was 
shown by GLC to contain the pres med A’-3-acetal(9; ca. 
42%) together with 2 (ca. 15%) P (cu. 6%) and starting 
material (1; co. 30%). 

With the exception of the method leading to exclusive 
formation of 3, the quantitative results of the acetalization 
experiments were diflicult to reproduce. 

Oxidation of the crude 178 - hydroxy - AHlo) - 
compound 3 with CrO,-pyridine afforded the IFketone (4; 
88% from 1). Treatment of 4 with tosylmethyl isocyanide 
(TosMIC), as described in the preceding paper,’ afforded 
a mixture (89%) of the 17/3-and 17acarbonitriles (5 and 6 
resp). The epimer ratio was estimated by GLC (OV-17, 
230+280”). and by intensity measurements of the 13/l-Me 
signals (at 8097 and 086 for 5 and 6 resp) in an NMR 
spectrum of the mixture,” to be co. 86: 14. This 
significant deviation from the isomer distribution obtained 
by TosMIC treatment of androstan-17-ones (ca. 70:30), 
could be the result of a long-range effect of the B,C-cis 
ring junction upon 17-protonation. Mild alkaline treatment 
(methanolic 0. IN KOH at 25” for 16 hr) of a small portion 
of this mixture resulted in a change of the epimer ratio 5 : 6 
to 72 : 28. The failure of more prolonged alkaline treatment 
to affect this ratio suggested that it is the equilibrium 
position for the 1Fepimers. 

Recrystallization of the mixture of 5 and 6 from 
methanol afforded the pure 17/l-isomer (5; 5% based on 
4). A further 8% of 5 was recovered by recrystallization of 
the product obtained by equilibration of the mother-liquor 
residues. This procedure was less productive than 
crystallization of the initial reaction product, owing to the 
change in epimer ratio. Chromatography of the final 
mother liquor residues, now enriched to the extent of 42% 
in the minor isomer, afforded that product (6; 8%) and 
further 5 (12%). 

Treatment of the I7/?-carbonitrile (5) with methyl 
lithium, followed by hydrolytic work-up, alforded the 
20-ketone (7) in excellent yield. As expected,’ these 
conditions did not result in any epimerization of the 
17-position. The acetal function of 7 was hydrolysed 
under mild conditions with aqueous acetic acid to give the 
AU”‘-3,2O-dione (8) as an unstable oil. 

It was expected that isomerization of the AJ”o’-bond of 
8 into conjugation would proceed smoothly to give the 
target molecule (19). However, treatment with methanolic 
potassium hydroxide under nitrogen and at various 
temperatures resulted only in extensive decomposition of 
8. Attempted isomerization under acidic conditions was 
also unsatisfactory. For example, the compound 8 
remained unchanged after exposure to M-perchloric acid 
in THF at 25” for 90 mitt, while more prolonged exposure 
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novelist) atforded no more than cu. 28% of 19 
(estimated from TLC), together with starting materiai and 
intractable degradation products. The corn~~d 7 was 
completely destroyed after 24hr in 90% acetic acid at 
loo”. 

This unexpected diffictdty suggests either that the 
equitib~um 8~2 19 favours the d~onjugat~ com~und, 
or that conjugation is strongiy inhibited in this skeleton by 
steric hindrance to protonation at the IO-position. There is 
some analogy for the former proposal in the work of 
Bu~ourt.‘* It has been shown that the energetic~ly 
favoured displacement of an olefinic bond from the 5(10)- 
to the 4-position in the natural (ail tmns-) steroids is 
partly governed by coronations ~smission effects 
acting in concert from both extremities of the molecule. 
By contrast the effect of the C,D-trans ring junction in a 
19-nor&-steroid, where the B- and C-rings are cis- 
fused, opposes the stab~ization of a A4-bond, and a 
relatively greater proportion of the A”“‘-isomer is formed 
under equilibration conditions. The same argument should 
apply q~i~tively to the 19-nor-9~-methyl-series, where 
the B- and C-rings are also &-fused. However, it is 
unlikely that a completely unfavourable equilibrium 
prevails in the case of 8, since a sample of the neat oil, 
stored for several months at room temperat~e, under- 
went appreciable conversion to the A’-isomer 19. The time 

factor and concomitant decomposition of a Iarge part of 
the sample rendered this method impracticai as a route to 
19. The lability of 8 is clearly due to the high reactivity of 
the Cposition, which is susceptible to autoxidation.” 

The role of steric hindrance to protonation at C(I0) in 
the dienolate derived from 8 is uncertain, but it has been 
shown’ that a-alkyiation of a des-A-9&methyM-one 
occurs exclusively at C(6) rather than at C(M) although 
the 5(10)-enolate is predictively favoured. It is therefore 
probable that both steric and the~od~~ic factors are 
responsible for the difficulty in converting 8 to 19. 

In view of this obstacle, alternative routes to 19 were 
sought. Initiaiiy, some attention was given to different 
methods of protecting the A-ring of 1. The A*- and 
As-3-acetab (9 and 2 resp) were regarded as unsatisfactory 
in view of the lack of selectivity in their preparation and it 
was considered that protected dienyl derivatives (e.g. the 
dienyl ether of 1) might be too labile to survive successive 
oxidation, TosMIC treatment, and aikylation. 

Although BF,-cataIysed treatment of 1 with 
ethanedithiol afforded the A4-3dithioacetaI (10) in excef- 
lent yield, the attempted regeneration of the A-3-one was 
less successful. Several recently described methods” 
were examined, but the yields were not good enough to 
justify the use of 10 as an intermediate. 

The problem of protecting the A-ring with suitable 



Steroidal analogues of unnatural configuration--X’ 2159 

I ix 

viii KOH-MeOH 
ix p.TsOH-CaH6 

functionality for regenerating the A’3-one was circum- 
vented by.carrying out the desired D-ring transformations 
on a tricyclic precursor of 1, from which the A -ring was 
formed subsequently. 

The seco-steroid’ (11) was converted to the correspond- 
ing bis-acetal, which was not characterized, but directly 
oxidized with CrG,-pyridine to the IFketone (12: 60% 
from the A’-5oxo-precursor of 11). This product (12) was 
treated with TosMId to give a mixture of the 17- 
carbonitriles (13 and 14) containing 84% of the major 
isomer (13), as shown by GLC (OV-101,225”) and NMR.’ 
Although the pure 17g-isomer (13) could be isolated by 
crystallization, the mixture of 13 and 14 was treated with 
methyl lithium in THF to give the corresponding mixture 
of 20-ketones (IS and 16 resp). Chromatography of a 
portion of this material revealed that separation of the 
isomers was possible at this stage, although the 17a- 
acetyl compound (16) was slight1 contaminated with an 
unidentified impurity. 

ut the remaining steps 

of 20-ketones (15 and la), sin it was expected that 

by alkaline treatment 

of the resultant trione afforded a chromatographically 
inseparable 4: 1 mixture of 19 and 29 (28%) together with 
the S/3-hydroxy-3,2Odiketones (17 and 18) (14 and 3.5% 
resp; all yields from 12) which were readily separated. 

Crystallization of the mixture of 19 and 28 afforded 
pure 9 -methyl - 19 -nor - 9fi,lOa -progesterone (19) (50% 
recovery). Attempts to recover further material through 
equilibration of the mother-liquor residues (19:u) ratio of 
ca. 60:40) were unsuccessful, owing to decomposition 
arising from concomitant enolization of the A’-3-one 
moiety (cf. lability of 8). 

The CD spectrum of 19(Fig. 1) showed that, although the 
Cotton effect of the 3CO group is partly obscured, the 
characteristic transitions of the A’-3-one chromophore in 
the 9/?,lOa-skeleton” are present, together with that for a 
178 -acetyl group.” 

In view of the discrepancy between the Ar value for the 
s + W* transition of 19 and that published* for 1, the latter 
compound was reexamined. The previously recorded 
value was determined on an instrument which gave 
inferior spectra at low wavelength, and the data recorded 
here [AC - 15.8 and +2-2 (at 243 and 315 nm resp)] (Fig. I) 
are considered to be more accurate. 

The assignment of S/3-stereochemistry to the two 
hydroxydiketones (17 and 18) was made upon the basis of 
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