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Stereoselective P-Face Catalytic Hydrogenation of A4-9a-Fluoro-ll~- 
hydroxycorticosteroids : Reappraisal 

By ELLIOT L. SHAPtRO* and MARGARET JEVNIK GENTLES 
(Natural Products Research Department, Schering Corpmation, Bloomfield, New Jersey 07003) 

and ANDREW T. MCPHAIL and KAY n. ONAN 
(Paul M .  Gross Chemical Laboratory, Duke Unzvevsity, Durham, North Carolina 27706) 

Summary A t  variance with previous reports, palladium- hydroxy steroids has been reported to yield only the 5a- 
catalysed reduction of 9a-fluorohydrocortisone 2 1-acetate isomer. We now report that such reductions of 9 o ~  
(la) and 1,2-didehydro-9a-fluoro-16a-methylhydrocorti- fluorohydrocortisone 2 1 -acetate (la) and l12-didehydro-9a- 
sone 2 1-acetate (2a) yields the 5p-configuration. fluoro- 1 Gcc-methylhydrocortisone 2 I-acetate (2a) occur 

stereospecifically to give the 5P-isoniers (lb) and (Zb), 
respectively. 

In  connection with another project we conducted a single- 
CATALYTIC (Pd-C) hydrogenation of the 4,5-double bond in 
the 4-en-3-one11a and 1,4-diene-3-one3 units of 9cc-fluoro-1 lp- 
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crystal X-ray analysis of a product4 derived from the 2- 
bromo-A1-4, 5-dihydro-3-ketone (3) f and differing from it  
only at  the 2-bromo-A1 units. The 5a-configuration had 
been presumed for (3) because it had been obtained, albeit 

CH~OAC $H20R I & ogMe 
0 
0 JJ+J- 

(1 1 ( 2 )  
a;L-ene a R = Ac,l,4-diene 
b ;  5 p  b j 5[3,R = A c  
c ;  5 a  C ;  5 d , R = A c  

CH20Ac d ,  5c( ,R=H 
I e; 5 (3 ,R=H C=O 

0 LYY- (5) 

a; 5 a , X = H , Y = O H ,  R = A c  
b; S p , X = H , Y = O H , R = A c  
C; StX,X=H, Y =OH, R = H  
d ;  5 p , X = H , Y  =OH,R =H 

f ;  5p,X=Me,Y=H,  R =Ac 
e;  S a , X = M e , Y = H ,  R = A c  

as a minor product [the major product was the A4p6-' isomer 
of (2a) ] via dibromination and dehydrobromination from 
the ring-a saturated compound (2; R = Ac), the Pd-C 

hydrogenation product of (2a). One conclusion from this 
X-ray analysis was that the A-B fusion was cis. Since the 
analysed product differed from (3) only a t  the A1 unit, by 
implication (3) also had the 5p-configuration and, ad 
extensio, the ring-a saturated compound (2; R = Ac). 

We set out to determine the isomer ratio of (2b) to (2c) 
from the reduction of (2a). The ring A tetrahydro-reduc- 
tion products (Li-NH,) and (4b) (5% Pd-C, EtOAc, 
60 lb/in2 H,), both derived from ( 4 ~ ) ~  were shown to be 
different by t.1.c.i [(4a) slightly more polar than (4b)], 
n.m.r.,a c.d.,tj and mixed m.p. The molecular ellipticity 
[8] of (4b) was more negative than that of (4a), an observa- 
tion consistent with ring A,B cis and trans effects.8 Careful 
analyses (t.l.c., c.d.) revealed no 5a-isomer (4a) in the crude 

palladium-catalysed reduction product from (4c). Treat- 
ment of (4a) and (4b) with aqueous formic acid (60%) a t  
60 "C, followed by base (KOH, MeOH, H,O), generated the 
dihydroxyacetone side chain in (2d) and (2e), respectively, 
which t.1.c. showed to have a reversed order of polarity 
from (4a) and (4b). The [8] value for (2e) was less positive 
than that of (2d), and the chemical shift of the 10-methyl 
signal in (24 was upfield from that of the corresponding 
signal in (2e). Esterification (Ac,O-pyridine) of (2d) and 
(2e) gave the 21-acetates (2c) and the more polar (t.1.c.) 
(2b), with the latter being identical to the hydrogenation 
product (Pd-C, EtOAc, 50 lb/in2 H,) obtained from (2a). 
Careful (t.l.c., c.d.) examinations of the crude palladium- 
catalysed reduction product from (2a) indicated the absence 
of any (2c). 

The relationship between (3) and (2b) was determined by 
hydrogenation of (3) [5y0 Pd-C; 250% Pd-C by wt. to (3), 
EtOAc, 1 atm H,]. Complete reduction was effected and 
the product, identified as (2b) by t.l.c., c.d., n.m.r., and 
mixed m.p., was recovered in 56% yield. 

The 5P-isomer (1 b) was obtained by hydrogenation of 
(la) at  1 atm in the presence of either 5% Pd-C in methanol 

t All new compounds reported have analyses consistent with the proposed structures. 

$ Silica gel: CHC1,EtOAc (2 : 1) for (2b), (2c), (4a), and (4b) ; C,H,-EtOAc (1 : 1) for (2b) and (2e). 

5 C.d. results were obtained on a Cary 61 instrument in MeOH: [e],,, + 11,3000 (lb), [B]aga + 10,300 (2b), [6],, + 16,200 (2c), 
C812sl + 14,400 (24 .  [elzg4 + 7820 (331, [8Iase -+ 3190 (44,  [eiZee - 2460 (4% 1?1~,~ + 17,700 (5a), [8Izes + 12,600 (5b), [el,, + 
15,600 ( 5 ~ ) ~  [8lzSs + 10,700 (54 ,  [ellea + 14,600 (Se), [el,,, 3- 9640 (50. 

7 All 'H n.m.r. data were recorded at 100 MHz on a Varian XL-100-15 spectrometer in the Fourier transform mode in (CD,),SO, 
except for (5e) and (5f) which were in CDCI,, with Me4Si as internal reference. The Qa-fluoro substituent causes a downfield shift of 
the 10-methyl signal in both the 5a and 58- isomers with a larger effect in the latter: 6 1.26 in (lb), (2b), (2e), and (4b) ; 1.31 in (2c), (2d), 
and (4a) ; 1.19-1.20 in (5a-f), No diagnostically useful differences between a- and /3-isomers were noted for the 13-methyl signals: 
S 0.74 (lb), 0.84 (2b), 0-84 (2c), 0.82 (2d), 0.83 (2e), 1.08 (4a), 1.08 (4b), 0-75 (5a). 0-74 (5b), 0.72 ( 5 ~ ) .  0.72 (5d), 0.82 (5e), and 0-81 
(5f) * 



J.C.S. CHEM. COMM., 1976 963 

or EtOAcla or 5% Pd-BaSO, in EtOAc.lb Strong indica- 
tion for no formation of the 5a-product’ came from careful 
t.l.c., n.m.r., and c.d. analyses of the crude reaction product 
as well as of the analytical sample of the hydrogenation 
product. Definitive assignment was made by single- 
crystal X-ray analysis. Crystals of (1 b) are orthorhombic, 

P2,2,2,, u = 14-41(1), b = 19*26(1), c = 
ip;irl) rip= 4. Intensities for reflections with 8 < 67’ 
were measured on an Enraf-Nonius CAD 3 diffractometer 
(Ni-filtered Cu-K, radiation, h = 1.5418 A) by the 8-28 
scanning procedure. The structure was solved by direct 
methods using MULTANs and refined by full-matrix 
least-squares calculations (anisotropic C, 0 ; isotropic H) 
to R 0.054 over 1791 statistically significant reflections. 

The apparent exclusive formation of the 5,%isomer 
merits some comment. In neutral solvents or solvents 
containing acidsg mixtures of 5a- and 5fl-isomers are 
generally produced. Moreover, catalytic hydrogenations 
of 1 1 fl-hydroxyandrost-4-en-3-one substrates have been 
reported to yield 60fl : 40a mixtures.1° Obviously the 
9a-fluoro substituent has a dramatic effect on the course of 
reduction since our results reveal only cis A,B ring formation. 
It is significant that X-ray structural studies have shown 
the A ring in (la) to be appreciably more folded towards the 
a-side than is the corresponding ring in hydrocortisone.11 
The p-face in (la) should therefore be more accessible to the 
catalyst surface, a consideration which fits our findings well. 

It has generally been accepted that the direction of 
enolization of the 3-carbonyl group is dictated by the 

configuration a t  C(5) , the 5/!-isorner allowing formation of 
more A3 than A2 product while a reversed situation obtains 
for the Ba-isomer, thus leading via bromination and de- 
hydrobromination to formation of greater amounts of A4 

and A1 products, rsepectively. For this reason, the cc 
configuration was assigned to C(5) in (la) following forma- 
tion of the A1 product after bromination and dehydro- 
bromination.12 Similarly, we could have concluded that 
the formation of the 2-bromo-Al-grouping in (3) showed the 
configuration at  C(5)  to be a [via intermediates such as (A) 
or (B)]. However, our findings show this not to be the 
case, and indeed, accord well with the conclusionlo that 
in the 5p-androstan-3-one series, the 1 la-hydroxy sub- 
stituent affects the relative ratio of As-US. A3-enol formation 
compared to the ll-deoxy-5p analogue. Thus, the llp- 
hydroxy effect on the enolization ratio appears to be im- 
portant in the formation of (3) [via intermediates such as 
(C) or (D)]. We point out, however, that the additional 
influence of the 9a-fluoro substituent for the formation 
of the dibromo precursor to (3) is not yet defined. 

We thank Dr. R. Brambilla for helpful discussions on 
n.m.r. spectra, Mr. C. Eckhart for assistance in c.d. 
analysis, and R. Rausser, R. Tiberi, T. L. Popper, F. E. 
Carlon, and R. Draper for supplying (3) and the tetrahydro 
reduction product of (2a), and F. E. Carlon and R. Draper 
for suppling the reduction product of (4c). 
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