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water arid evaporated to dryness under reduced pressure. To the evaporated. Chromatography of the residual oil over silica gel 
vellow solid residue there was added 200 ml of methanol, 16 g (elution with 1 : 1 ether-pentane) followed by two crystallizatioria 
;)f NaOAc.3H20, 40 ml of water, and 16 ml of AcOH; the result- from acetonitrile gave 4.25 g of pure 15, mp 162.5-163.5", 
iiig solut,ion was refluxed for 4 hr. The methanol was evaporated 242 mp (E 16,700), [ c u ] ~ ~ D  $70.2" [lit.? mp 158-159", [CUI% 
arid 200 ml of 4 S HCI was added to the residual mixture of oil +62.2" (c 0.98), Xma, 241 mp (E 16,500)]. 
aiid water, which was then extracted (CH2C1,). The extract Anal. Calcd for CnHJIz: C, 80.44; H, 9.82. Fouiid: C, 
was washed with dilute base and water and was then dried and 80.27; H, 9.93. 
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The preparatioit of [17a, Ifj,-cl]-2'-n~ethylosazolirlo analogs of prediiisotie, prednisolotie, a d  !)oi-fluorc)prediii- 
solone, from lin-a~ido-5a-pregiiaiie-3P, 160i-diol-l1,20-dione s,lB-diacetate, is described. Preliminary pharma- 
cological data show that t,he osazolino analogs of prednisolone aiid 9,-fluoropredriisoloiie are significantly active 
when tested for neoglycogenetic and antiinflammatory activity in the rat. 

I n  our previous paper2 we described the preparation 
and demonstrated the st'ructure of 5cu-pregnan-3p- 
01-1 1,20-dione [ l i a ,  16a-d]-2'-methyloxazoline (IIa) . 
Due to t8he chemical stability of t'he oxazoline ring, 
this compound represented an excellent material for 
continuing our studies aimed a t  obtaining 17-nitrogen 
derivatives of steroid hormones. The present paper 
describes in detail the synt'hesis of the oxazolirie analogs 
of prednisone, prednisolone, and Sa-fluoroprednisolone. 

Starting from I I a  which was prepared from the azide 
I by an improved method compared to  that previously 
described,2 we obtained excellent yields of pregnane- 
trione I I Ia  by oxidat,ion with chromic acid in acetone. 
The introduction of a bromine at'om followed by de- 
hydrohromiiiatiori led to t'he 1J-dehydro derivative 
IV. Subsequent treatment with SeOs in t-butyl al- 
(who1 gave the diene V. This compound was more 
easily obt'ained from the 2,4-dibromo derivat'ive IIIc 
by heating in dimethylformamide (DAIF) with Li 
salts. 

Attempts to introduce a bromine atom a t  C21 in the 
oxazoline 11, under various experimental conditions, 
have failed. This absence of reactivity is not un- 
usual in 16.17-disubstituted pregnane derivat'ives and 
is reported, for instance, for 17a-bromo-3/3,16p-di- 
acet~oxy-5a-pregiian-20-orie3 and 16a,l7a-dihydroxy- 
pregn-4-ene-3,20-diorle 16,17-ac~tonide.~ Allen and 
Weisda reported further that  lBcu,lia-isopropylidene- 
dioxypregnaii-20-one derivat,ives failed to give both 
20-semicarbazones arid 21-iodo compounds. 

By cwiitrast, good results n-ere obtained in our 21- 
iodi1i:itioii of V wrording to the Ringold-St'ork method 
modified by Iiothman, et a1.j The 21-iodo derivative 
reacted regularly with triethylammonium acetate to 
give the oxazoline analog of prednisone acetate (VI). 

Conversion of VI int'o the 1 I@-hydroxy derivative 
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via the 3,20-bis(semicarbazone), reduction with cwm- 
plex metal hydrides, and hydrolysis of the biesemi- 
carbazone did not give appreciable yields of the re- 
quired compound XII. I t  was found to  be much more 
convenient t o  reduce the 20-semicarbazone VII,  ob- 
tained from IIa ,  with SaBH4. The facile conversion 
of I Ia  to  the semicarbazone VII ,  when compared with 
the lack of reactivity of 20-ketopregnaiie-l6a,l7a- 
dihydroxyacetonides, suggests that other factors, and 
not merely steric hindrance, must intervene in order 
to  explain the noteworthy different chemical behavior 
betlveen the D-ring-fused oxazoline- arid dioxolidine- 
pregnanes. The 1 lp-hydroxy derivative VI11 was 
hydrolyzed to IX by merely boiling with HC1 in 
aqueous methanol. This process has given better yields 
than other methods6 which necessitate the use of pyruvic 
or nitrous acid. Selective oxidation of the 3-hydroxyl 
of IX, according to  Oppenauer, led to  the %keto deriva- 
tive X, and the diene XI was obtained from this, by 
dibromination in dioxane and dehydrobroniiiiation 
with Li salts and DMF. 21-Acetoxylation performed 
as described for 1'1 furnished the oxazoline analog 
of prednisolone (XII) .  

The synthesis of the Sa-fluoro derivative XV was 
performed in a routine manner, dehydrating7 the l l p -  
hydroxy steroid XI1 to A1~4~9(11)-trierie XI11 ; on adding 
HOBr to  the 9,11 double bond and treating the bromo- 
hydrin with alkali the Sp,llp-epoxide XIV was obtained. 
Reaction of XIV with anhydrous HF supplied the re- 
quired [licu,l6a-d]-2'-methyloxazoline of 9cu-fluoro- 
prednisolone (XV) . 8 s 9  

Biological Results.lO--The conil)ouiids have been 
examined for neoglycogeneticil and antigraiiulomiltous 
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I IIa, R = H 
b, R = A c  

IV, R =  H; A '  
V, R = H; Ai) '  

VI. R =  OAc; Ail'  

VII, X = 0 Z = NNHCONH, 

VIII. X =  <OH; z= "HCONH, 
'H 

IX. X=<OH; Z = O  
'H 

X ,  R =  H, X =OH,  Y = a.H 
XI. R = H , X = O H ,  Y = a  H, A '  I 

XIII, R=OAc,  X .  Y =doublebond,  
XIV, R = O H ,  X.Y = 8-epoxyde, A'"  

XII, R = O A c . X = O H , Y = a - H , A ' "  

XV. R = O H , X = O H , Y = a - F  A''' 

activitiesL2 in Wistar iiiale rati.  Compound XI1 
revealed an activity 10 arid 35 times greater than that 
of' hydrocortisone in the two t e i t s  mentioned, while 
the Sa-fluoro derivative XT' was 180 and 230 times ~ n o r c  
poteiit, respectively, than  li! clrocortisoiie. ,Is far 
i t \  n e  lmow, t h k  i i  thc hrst csainple of  highly active 
c*orticoids iii n hich the os en group at C17 is replaced 
b>* a iiitrogeii atoim 11 hich in turn forim part of a fused 
heterocyclic ring at CIJ'li. 
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(:ride sitbstance. Yiirificatioii by column chromatography on 
SiOz aiid crystallization from acetone-hexane yielded 2.38 g of 
I-, mp 230-232", identical on ir anal to the prodiict ohtairied 
wcordiiig to A, biit still contaminated with the A1 derivative 
IS: recognized by ultraviolet analysis and thin layer chromatog- 
raphy. 

Pregna-l,4-dien-21-0l-3,11,2O-trione [ 17a,16a-d] -2'-methyl- 
oxazoline 21-Acetate (VI).-Ground CaO (9.9 g) and 01,a'- 
2tzabisisobutyroiiitrile (330 mg) were added to a solution of V 
(6.6 g)  in 100 ml of tetrahydrofuran (THF)-methanol ( 1 : l ) .  
The suspension was t,reated dropwise under vigorous stirring with 
a sollition of iodine (6.6 g)  in T H F  (33 ml) and methanol (19.2 
ml). The colorless suspension was diluted with CHZCL (100 nil) 
and filtered from inorganic salts. The filtrate was washed with 
3yo aqueoris Na2S203 and water and evaporated at  low tempera- 
ture. The residue (8.5 g)  dissolved in acetone (36 ml) was added 
t o  a mixtiire of triethylamine (60 ml), acetone (60 ml), and 
glacial acetic acid (36.2 ml) and boiled for 45 min. After con- 
wiltration to a small volnme, dilution with water, and extraction 
wit,h ethyl acetate, crude 21-acetat'e (VI,  6.9 g)  was obtained. 
Piirificatioii by coliimn chromatography on Si02 aiid recrystal- 
lization from CH3Cl3-isopropyl ether gave 3.43 g of pure 1.1: 
mp 172-174'; [ a ] ~  +152" ( e  0.5); A,,, 238 mp 353.9) 
(CH3OH); ir, v 1750 (C21=O), l i3S (C20=0), 1713 (Cll=O), 
166.5 (C3=0, C=N) em-1, characteristic band of t,he 3-keto-A1s4 
gcoiip, 890 cm-l; nmr, T = 9.22 (l&CH,), 8.56 (19-CHa), 
7.98 and 7.83 ppm (CH3COO and CH,C=N-). 

Snal .  Calcd for C2SH20K06: C, 68.32; H, 6.65; N, 3.20. 
Found: C, 68.44; H, 6.80; E, 3.11. 

Fia-Pregnan-3p-ol-l1,20-dione [ 17a,16a-d] -2'-methyloxazoline 
20-Semicarbazone (VII).-A solution of semicarbazide hydro- 
chloride (8.3 g) in water (50 ml) and pyridine (5.75 ml) was 
added, over 10 min, to a boiling solution of I I a  (10 g) in methanol 
(350 ml). After boiling for 5 hr, the liquid was concentrated 
in vacuo until i t  became pasty, and the product precipitated by 
adding 300 ml of water. The semicarbazone VI1 (11.5 g), mp 
2t33-2380, was obtained. I t  was difficult to crystallize and was 
used as such for the next step without further purification; 
ir (Niijol), v 3450 and 3250 (OH and NH), 1690 (Cl1=0, amide 
I) ,  1635 (C=K), 1575 (amide 11) em-'; nmr (pyridine-&), 
T = 9.26 (18-CH3), 8.87 (lS-CHa), 7.93 and 7.73 ppm (21-CH3 
and CH3C=N-). 

5a-Pregnane-3p,llp-diol-20-one [ 17a,l6a-d]-2'-methyloxazo- 
line 20-Semicarbazone (VIII).-A solution of VI1 (9 g)  in 95% 
ethanol (230 ml) was treated first with KHCOD (3.6 g), dissolved 
in water (36 ml), and then, on boiling, with NaBH4 (2.34 g). 
After 30 min a second portion of NaBH4 (2.34 g) was added and 
heating was continued for 90 min. After cooling, the solution 
was iieutralized with aqueous 5% AcOH and most of the alcohol 
was i,emoved in vacuo; dilution with u-at,er gave crude VIII 
(8.5 g) :  nip 277-281"; in this case also the semicarbazone was 
iiot purified; ir (Sujol), v 3300 (OH and N H )  broad, 1680 
(amide I), 1655 (C=S),  1575 (amide 11) em-'; nmr (pyridine-&), 
7 = 8.73 ( B C H , ) ,  8.67 (19-CHa), 7.97 and 7.68 ppm (21-CHa 
and CH3C=N-). 
5a-Pregnane-3p,ll P-diol-20-one [ 17a,16a-d] -2'-methyloxazoline 

(IX).-Crude VI11 (7.7 g)  was refluxed for 1 hr with 75 ml of 
methanol and i 5  ml of 10yo HC1. The solution was decolorized 
with charcoal and t,he methanol was evaporated an vacuo. On 
neutralization with 10% NaOH, a bulky precipitate of I X  (6.3 g)  
melting at  240-250" was obtained. The product for analysis, 
crystallized from met,hanol, melted a t  2.54-259'; [ a ] ~  f103.8" 
(c 0.S, dioxane); ir (Sujol), v 3380 and 3280 (OH), 1700 (Cio=O), 
1640 (C=K) cm-l; nmr (pyridine), 7 = 8.79 (IS-CHa), 8.68 
(lO-CIfa), 7.99 and 7.67 ppm (21-CHs and CH3C=N-). 

-4nal. Calcd for C23H3:T\;Oa: C, 70.92; H, 9.06; N, 3.60. 
Found: C, 71.00; H,  9.13; X, 3.65. 

5a-Pregnan-11 p-ol-3,20-dione [ 17a,16a-d] -2'-methyloxazoline 
(X).-A solution of I X  (6 g)  in anhydrous toluene (230 ml) and 
cyclohexanone (45 ml) was treated with aluminum isopropoxide 
(3  g)  dissolved in toluene (60 ml). The mixture was refluxed, 
with stirring, for 2 hr, and most of the solvent was then removed 
by distillation in vacuo. The last traces of solvent were removed 
by steam distillation. The suspended product14 was collected 
and washed with water, and the steroid was extracted from the 

(14) It is impossible to  follow the  usual technique which involves final 
acidification of the  oxidized mixture, because of t h e  solubility in acids of this 
class of steroids containing a basic nitrogen. 

aluminum hydroxide with boiling methanol (130 ml). On 
evaporating the methanol 5.4 g of crude X was obtained. After 
piirification by column chromatography on silica gel, 5.05 g of 
a homogeneous product was isolated. Crystallization from ace- 
tone-hexane affordedpurex (3.04g): mp 196-200'; [ a ] ~  f108" 
( C  0.5); ir, v 3450 (OH), 1700 ( C 3 4 ,  C,o=O), 1650 (C=N) 
cm-l; nmr, r = 9.08 (18-CH3), 8.72 (19-CHa), 8.01 and 7.73 
ppm (21-CH3 and CH3C=N-). 

Anal. Calcd for C&&04: C, 71.29; H, 8.58. Found: C, 
71.37; H,  8.63. 

Pregna-1 ,I-dien-ll p-ol-3,2O-dione [ 17a,16a-d] -2'-methyloxazo- 
line (XI).-A solution of X (6.84 g) in anhydrous dioxane (123 
ml) containing 8.2 ml of Z570 HBr in AcOH was treated dropwise 
with Br2 (5.65 g)  dissolved in 50 ml of dioxane. Twenty minutes 
after completing the addition, the 2,4-dibromo derivative was 
isolated by pouring the reaction mixture into 1000 ml of ice-water 
containing KOAc (35 9). The dry product (9.15 g) was dissolved 
in D l I F  (120 ml) and heated under K2 for 4 hr a t  140", stirring 
vigorously, in the presence of LiBr (2.88 g)  and LilCO:, (5.76 g). 
On pouring in water and extracting with ethyl acetate, crude 
X I  (5.96 g )  was obtained. Chromatography on 100 g of Si02 and 
crystallization from methanol, gave pure X I  (2.35 g ) :  mp 279- 
280"; [ a ] D  $103.3" (e 0.5); A,,, 24C-242 mp 402) 
(CHsOH); ir, v 3580 and 3400 (OH), 1700 (Cm=O), 1650 (C3=0, 
C=N) cm-1, characteristic band of the 3-keto-AIv4 group, 886 
cm-': nmr, I = 9.02 (18-CH3), 8.52 (19-CHa), 8.06and7.75ppm 
(21-CH3 and CHzC=X-). 

Anal. Calcd for C23H20N04: C, 72.03; H, 7.62; S, 3.65. 
Found: C, '71.93; H, 7.78; N, 3.72. 

Pregna-l,4-diene-l1 p,21 -diol-3,20-dione [ 17a,16a-d] -2'-meth- 
yloxazoline 21-Acetate (XII).-XI (2  g) was converted into the 
21-iodo derivative according to the method of example V -c VI. 
On evaporation of CHZC12, the residue was taken up in alcohol to 
give 0.54 g of 21-iodo derivative melting at  226-228'. This was 
acetylated with triethylammoniiim acetate as described for VI ; 
yield of crude 21-acetoxy derivative 0.27 g. Recrystallization 
from acetone-hexane gave 0.20 g of X I :  mp 255-256.5'; [a10 
f62.3" ( e  0.5); Amax 241-242 mp (Et:m 332.5) (CHIOH); 
ir, v 3600 and 3400 (OH), 1738 (Cn=O), 1720 (CnoZO), 1650 
(C3=0, C=X) cm-1, characteristic band of the A1s4-3-ketone 
group a t  886 cm-l; nmr, 7 = 8.97 (l&CHa), 8.54 (19-CHz), 
8.0.5 and 7.92 ppm (CHZCOO and CH&=N-). 

Anal. Calcd for C~&NOS: C, 68.0; H, 7.08; N, 3.18. 
Found: C, 67.83; H, 7.08; N, 3.09. 

Pregna-1,4,9( ll)-trien-21 -ol-3,2O-dione [17a,16a-d] -2'-methyl- 
oxazoline 21-Acetate (XIII).-A solution of XI1 (500 mg) in 
D X F  (2.7 ml) and collidine (1 ml) was treated a t  10" with 
met'hanesulfonyl chloride (0.3 ml). Then 0.25 ml of 6Y0 SO2 in 
DMF was added, and the temperature was brought to 30-35" 
for 10 min. On dilution with 30 ml of ice-water, XI11 (420 mg), 
mp 191-194', was obtained. A sample for analysis, crystallized 
from methanol melted a t  198-199'; [ a ] D  -27.1' (e 0.3); ir, 
v 1742 (Cyl=O), 1725 (Cto=O), 1660 (C3=0, C=K) cm-l, 
characteristic band of the 3-ket0-A~'~ group at  887 cm-l: nmr, 
T = 9.25 (18-CH3), 8.60 (19-CHs), 8.03 and 7.83 ppm (CHICOO 
and CH&=N-). 

Anal. Calcd for CljH2gNOj: C, 70.9; H, 6.9; N, 3.31. Found: 
C, 71.07; H, 7.2; N, 3.34. 

Sp,llp-Epoxypregna-l,4-dien-21-ol-3,23-dione [ 17a,l6a-d] -2'- 
methyloxazoline (XIV).--N-Bromoacetamide (1.1 g) was added 
to a solution of XI11 (2.4 g) in T H F  (24 ml) and 0.46 X HClOi 
(12.8 ml) protecting the flask from light. The mixture was stirred 
a t  room temperature for 4 hr, cooled to lo", aiid saturated 
NaHS03 was added until the color was discharged. The clear 
solut'ion was poured into 120 ml of ice-water, and Sa-bromo-11p- 
hydroxy derivative (2.75 g) was collected. It was dissolved in 
128 ml of a methanol-chloroform mixture (3:2 v/v), cooled to 
0 to 5" ,  and 1 -I' NaOH (3 .5  ml) was added dropwise under K2. 
After 5 min, a further 3.5 ml of 1 S NaOH was added over 30 min. 
The mixture was stirred at  0" for 2 hr, adjusted to pH 7-8 with 
AcOH, and then concent,rated in uacuo t'o approximately 20 ml 
diluted with 130 ml of ice-water. The crude epoxide XIV (1.6 g )  
separated, mp 204-210". 011 recrystallization from methanol 1.07 
g melting a t  227-230" was obtained; [ a ] ~  +39.7" (c 0.5): 
A,,, 248 mh 401.9) (CH3OH); ir, Y 3500 (OH), 1710 
(Cl0=O), 1660 (C3=0, C=N) cm-I, characteristic band L f  the 
3-keto-A134 group a t  888 vm-1; nmr, T = 9.13 (18-CH3), 8.57 
 CHI), 8.05 ppm (CHrC=?;-). 

Anal. Calcd for C23H27N05: C, 69.50; H, 6.85; N, 3.52. 
Found: C, 69.70; H, 6.60; N, 3.42. 




