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daseribedl* using a Neurospura sp. (M 714). The methylene 
chloride extracts were concentrated to dryness, b l v e d  in 
10% ethyl acetate in bemene and chromatographed on 1400 
g. of silica gel. The chromatographic column was eluted SUP 

ceeaively with 10% 12% 15%, 25% 35%, 40%, and %%I 
ethyl acetate in benzene. The 50% eluates were concentrated 
b dryness and the residue was crystallbed from acetone 
cyclohexane, then from methanol, and iinally from acetone- 
cyclohexane again to yield 394 mg. of 7a-hydroxy4andro- 
stene-3,17-dione, m.p. 255-256.5", cyE 241 mfi, e 16,000. 
The m&um in the ultraviolet spectrum in OJON meth- 
anolic potassium hydroxide shifted pn standing from 241 
mp to is mp. 

75.36: H, 8.63. 

- 

Anal. Calcd. for: CloHzsOa: C, 75.46; H, 8.67. Found: C, 

?&-A ~etozy-4-androstae-S,17-diune. 7n-Hydrony4andro- 
stene-3,17-dione, 0.10 g., was dissolved in 1.5 ml. of acetic 
anhydride and 3 ml. of pyridine and allowed to stand over- 
night at  room temperature. Then the solution waa concen- 

(12) D. H. Peterson, H. C. Murray, S. H. Eppstem, 
1,. M. Reineke, A. Weintraub, P. D. Meiater, and H. M. 
Leigh, J. Am. Chem. Soc., 74, 5933 (1952). 

haw under vacuum ot *We. Toluene w w  added and 
distilled twice followed by ether-petroleum ether (b.p. 35- 
40"). The residue solidified and was prystallized from pce- 
tonepetroleum ether (b.p. 65-70') to yield 0.07 g. of 7a-acet- 
oxy4androstene-3,17-dione, m.p. 177-17Q0, X ~ ~ ~ ' '  238 mp, 
e 16,700. 

Anal. Cekd. for: CSIHSOI: C ,  73.23; H, 8.19. Fouod:jC, 
73.21; H, 8.18. 

Sources of previozLsly reported compounds. 70-Hydroxy-& 
androstene-3,17-dione was one of the products from a 
fermentation of 4androatene-3,17-dione using Rhizopus 
~tohi fer ,  ATCC No. 6227-B. The 7-position was proved by 
the shift of the ultraviolet maximum in base from 241 to 
283 mp. 7p,21-Diacetoxy-l7~-hydroxy-4pregnene-3,20-dione 
waa isolated after acetylation of a portion of the product 
obtained by the action of a Penicillium s p . ,  ATCC No. 12556 
on 17p121-dihydroxy-4-pregnene-3,20-dione. We were unable 
to separate the free trihydroxy compound from a mixture 
with other products. The action of the same organism on 
progesterone produced 7p115p-dihydroxy-4-pregene-3,20- 
done which was selectively acetylated to give the 'Ip-mono- 
acetate.*d 
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9a-Fluorohydrocorti90ne is hydroxylated by Streptamyca roseochrmpmus in the 16n- position, the 28- position, and in 
both the 28- and 16a- positions. 

The fermentative lea-hydroxylation of Sa-fluoro- 
hydrocortisone I by Streptomgees roseochrmOgmw3 
is accompanied by a complex spate of steroiCra1 by- 
products. Isomerization of the major product 9a- 
fluoro-l6a-hydroxyhydrocortisone 11, has already 
been The present paper deals with 
other reducing steroids formed in the fermentation. 
A later communication will deal with nonreducing 
steroids elaborated. 

Paper chromatographic examination of broth 
extracts revealed the presence of several reducing 
steroids including 9a-fluoro-16a-hydroxyhydrocor- 
tisone, contaminated with a reducing steroid I11 of 
slightly less mobility, the D-homoannulation prod- 
uct 9a -fluoro.- 11&16a, 17aa- trihydroxy- 17a& hy- 
droxymethyl4~-homoandrostene-3,17-dione IV, 
and a still more polar component V. 

Isolation of the steroid I11 was accomplished 
from enriched mother liquors from which re- 

(1) Paper IX. J. J. Goodman and L. L. Smith, Applied 
Microbiology, 8,363 (1960). 
(2) Present address: Wyeth Laboratories, Philadelphia, Pa. 
(3) R. W. Thoma, J. Fried, S. Bonanno, and P. G r a b  

wich, J. Am. Chem. Soc., 79, 4818 (1957). 
(4) L. L. Smith, M. M a n ,  J. J. Garbarini, T. Foell, V. E. 

Origoni, and J. J. Goodman, J .  Am. Chem. SOC., 82, 4616 
(1960). 

- 

maining 16a,17adiol I1 and other 16aJ17a-diols 
were removed by extraction with aqueous sodium 
borate solution. The new monohydroxylated Da- 
fluorohydrocortisone I11 was distinguished from 
other known monohydroxylated ( l&,5 6p-,6 1 6 ~ ~ ~ )  
9a-fluorohydrocortisones. The diacetate of I11 is 
further distinguished from the known diacetate 
of Sa-fluoro- 16&hydroxyhydrocortisone. 

The more polar steroid V was extracted into 
aqueous borate and was thus recognized as being 
16a-hydroxylated. Satisfactory isolation from the 
borate extract was not possible as boron was present 
in the preparation after .acidification and chroma- 
tography. A cyclic 16a, 17a-acetonide VI was 
formed both by conventional means7p9 using crystal- 
line mixtures containing V and by micro reaction on 

(5) W. J. McAleer, M. A. Kozlowski, T. H. Stoudt, and 
J. M. Chemerda, J. Org. Chem., 23, 508 (1958). 

(6) L. L. Smith, H. Mendelsohn, J. J. Goodman, J. P. 
Dussa, and S. Bemstein, J. Org. Chem., 26, 974 (1961). 

(7) S. Bernstein, R. H. Lenhard, W. S. Allen, M. Helier, 
R. Littell, S. M. Stolar, L. I. Feldman, and R. H. Blank, 
J. Am. Chem. Soc., 78,5693 (1956); 81, 1689 (1959). 

(8) S. Bernstein, M. Heller, and S. M. Stolar, J. Am. 
Chem. Soc., 81, 1256 (1959). 
(9) J. Fried, A. Borman, W. B. Kessler, P. Grabowich, 

and E. F. &bo, J .  Am. Chem. &oc., 80, 2338 (1958). 
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filter paper.l0 Both the free pentaol V and its acet- 
onide VI were isolated from papergrams and 
centigram amounts of V were prepared by ex- 
tended fermentation with a selected strain of S. 
roseochromogenus. Fermentation of the mono- 
hydroxy 9a-fluorohydrocortisone I11 under the 
same conditions also resulted in the formation of 
the pentaol V, as did fermentation of 9a-fluoro- 
16cx-hydroxyhydrocortisone. 

The compound I11 is thus an x-hydroxy-9a-fluoro- 
hydrocortisone, V is the x, 16a-dihydroxy-9a- 
fluorohydrocortisone, and VI is the 5, lea-dihy- 
droxy-9a-fluorohydrocortisone 16a, 17a-acetonide. 

FH2OR co 
CHiOH 
I 
co 

I c v  \\ 

60 I CH,OH 

111. R = H 
IIIa. R r A c  1 acetonelacid 

The position of attachment of the x-hydroxyl 
group was determined by studies in alkaline etha- 
nol at 60' followed by acidification of the solu- 
tions. l1 Spectral behavior typical of 2-hydroxy-A4- 
%ketones was obtained in each case. The 2 8  
hydroxy orientation was assigned on the basis of the 

(10) L. L. Smith and T. Foell, J .  Chromatography, 3,381 

(11) A. S. Meyer, J .  Orp. C M . ,  20,1240 (1955). 
(1960). 

strong levorotatory contributions to the molecular 
rotation exhibited by the several steroids in 
comparison with the non-2b-hydroxylated analogs ; 
thus the A[RiI]D calculated for 111, VI and VI are 
-519, -537, and -5540 respectively. Other 2 8  
hydroxy-A4-3-ketones on record have A[M]D of 
-535 to -768.'' 

The alkaline spectra of 9a-fluoro-29, 1Ga-di- 
hydroxyhydrocortisone V is of interest in that the 
anticipated shift of the 238 mF band to shorter 
wave length occurs, with an jnflection in the 250 
mp region, but the anticipated band near 356 
mfi (characteristic of 2fl-hydroxy-Aq-3-ketones in 
general" and of the other 2P-hydroxy steroids 111, 
IIIa, and VI) is present as an inflection at 360 
mu. The 310 xnp band displayed by other 16a,- 
17~t,21-tribydroxy-20-ketosteroids~~~~~ and their D- 
homoannulated isomers4 in alkaline ethanol is 
also present in the spectra of the pentaol V, 
superimposed on the spectral detail arising from 
the 2&hydroxy-A4-3-ketone functional group. The 
16a, 17a-acetonide VI lacks selective absorption in 
the 310-320 mu region. 

Examination of the infrared spectra of the 2 8  
hydroxylated steroids 111, IIIa, V, and VI indi- 
cates a slight decrease in wave length (increased 
frequency) in the A4-3-ketone band position in 
comparison with the non-2p-oxygenated analog. IF, 
Vicinal interactions characteristic of a-keto1 ace- 
t'atas have been reported for both 2a- and 2p- 
a~etoxy-A'-3-ketones~~~~~ and also for certain Za-  
and 2B-hydr0xy-A~-3-ketones.~~&,b,~~6e 

Among the poorly resolved, very polar steroids 
is one (VII) whose mobility suggests it to be the 
rearrangement isomer of 9a-fluoro-2PJ16a-dihy- 

(12) (a) H. J,. Herzog, M. J. Gentles, E. I). Hershberq, F. 
Carvajal, D. Sutter, W. Charney, and C. P. Schaffner, 
.J. Am. Chem. Soc, 79, 3921 (1957); (b) M. Shirasaka, M. 
Tsuruta, and M. Nnkamura, Bull. Agr. Chem. Sor. Japan, 
22,273 (1958); ( c )  M. Rhirasaka, R. Takaaaki, R. Hayashi, 
and M. Tsuruta, Bull. Agr. Chem. SOC. Japan, 23, 245 
(1959); (d) K. Tanahe, R. Takaaalci. R. Hayashi, and M. 
Shirasaka, Chem. and Pharm. Bull. (Tokyo), 7, 804 (1959); 
(e) R. M. Dodson, A. H. Goldkamp, and R. D. Muir, J .  Am. 
Chem. Soc., 79,3921 (1987); 82, 4026 (1960). 

(13) L. L. Smith and M. Halwer, J. Am. Pharm. ASSOC., 
48,348 (1959). 

(14) Previously unpublished spectra in 0.066N ethanolic 
alkali (60') of 9a-fluoro-16a-hydroxyhydroortisone 11, 
A,, 241 mp ( e  13,OOO), 310 m p  ( e  2240); of 9a-fluorc-16a- 
hydroxyhydrocortisone 16~,21-diacetate IIa, A,. 241 mp 
( e  13,000), 310 mp ( e  1520). 

(15) The A4-3-ketone bands for 2&hydroxylated and non- 
2&hydroxylaBd analogs are: 111, 5.97 p, I, 6.00 p ,  1113, 
5.95 p, Ia, 6.07 p, V, 5.93 p,  11, 5.98 p ,  VI, 5.93 w, Sa-fluoro- 
16a-hydroxyhydrocortisone 16u,l7a-acetonide, 6.02 p. 

(16)(a) F. Sondheimer, St. Kaufmann, J. Romo, H. 
Martinez, and G. Rosenkrane, J. Am. Chem. SOC., 75, 4712 
(1953); (b) G. Rosenkrane, 0. Mancera, and F. Sondheimer, 
J .  Am. Chem. SOC., 77, 145 (1955); (c) R. L. Clarke, K. 
Dobriner, A. Mooradian, and C. M. Martini, J .  Am. Chem. 
Soc., 77, 661 (1955); (d) S. Burstein and R. I. Dorfman, 
J .  Biol. Chem., 213,581 (1955); (e) L. R. Axelrod and P. N. 
Rao, Chem. & Znd. (London), 1454 (1959); (f) R. N. Jones 
and F. Herling, J. Org. Chem., 19,1252 (1954). 
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droxyhydrocortisone. The mme component VI1 
was also observed to form during isolation of 9 01- 

fluoro-2~,16cydihydroxyhydrocortisone via elution 
from paper chromatograms and by silica gel chro- 
matography. This component, while not isolated 
and characterized, is formulated as 9~-fluoro-28,- 
11@,16a, 17aa-tetrahydroxy-l7a~-hydroxymethyl-4 
~-homoandrostene-3,17dione VII. 

Some confirmation of the assigned structure is 
had in that fermentation of 9a-fluorc-l1/3,16a,- 
17aa-trihydroxy- 17ap-hydroxymethyl-4-~-homoan- 
drostene-3,17dione IVQ with S. roseochrmogenus 
affords a component with chromatographic and 
color test behavior identical with that of the com- 
ponent derived from the pentaol V. Also, fer- 
mentations of Sa-fluorohydrocortisone with 28- 
hydroxylating strains of 8. roseochrmogenus con- 
ducted in the presence of iron wire' led to the final 
product isomer VII. 

2&Hydroxylation is thus as general a transfor- 
mation in these strains of S. roseochrmogenus as is 
16a-hydroxylation. 28-Hydroxylation of A'-3-keto- 
steroids by other Streptomyces species and by 
other microorganisms has been reported.12J7 Early 
work involving 16a-hydroxylation of progesterone 
with actinomycete MD-242S18 and with S. argen- 
teo2us ATCC 11,00919 led to a progesterone diol 
which appears to be the 2pJl6atdol on the basis 
of the published optical rotation. 

Dehydration of the 2p-hydroxylated steroids 
111, IIIa, V, and VI by a variety of acidic condi- 
tions could not be accomplished despite implica- 
tions in the literatureq20 To date no authentic re- 
port of the preparation of a A'~4-3-ketosteroid from 
a 2p-hydroxy-A4-3-ketone has been found. 

 EXPERIMENTAL^^ 
Papergram examination of a variety of S. roswchrmogenua 

fermentations with Sa-fluorohydrocortisone as substrate 
indicated the regular presence of six reducing components, 
catalogued by their prtpergram mobility (R value) in System 

(17) G. Greenspan, C. P. Schaffer, W. Charney, H. L. 
Herzog, and E. B. Hershberg, J .  Am. Chem. Soc., 79, 3922 
(1957). 

(18) D. Perlman. E. Titus, and J. Fried. J .  Am. Chem. 
Soe., 74, 2126 (1952). 

drkke, U. S. Patent. 2,709,705, Mav 31, 1055. 
(19) D. Perlman, J. Fried, E. 0. Titus, and A. F. Lan- 

- -  
(20). H. L. Herzog,. U.. S. .Patent 2,857,406, October 

21, 1958; M. E. Wolff and C. B. Karash, J. Org. Chem., 24, 
1612 (1959). 

(21) Melting pointa were taken on a Kofler block unleaa 
noted otherwise. Optical rotations were made on m. 0.5y0 
solutions in methanol or other specified solvent. Ultraviolet 
absorption spectra were recorded in absolute ethanol 
(other solventa specifically mentioned) with a Cary Model 
11s Recording Spectrophotometer. Infrared spectra in 
macro (1 mg. sample in 200 mg. potassium bromide) and 
in micro (100 pg. sample in 20 mg. potassium bromide) disks 
were obtained with the Perkin-Elmer Model 21 double 
beam instrument. Paper chromatographic procedures em- 
ployed have been previously described." 

(22) L. L. Smith, T. Foell, R. DeMaio, and M. Ehlwer, 
J. Am. Phcmn. ASSOC., 48,528 (1959). 

I1 relstive to 9a-fluoro-16a-hydro~~r&one as unit mo- 
bility. The components m: R 1.6, R 1.00 (major product), 
R 0.9, R 0.58, R 0,33, and R 0.15. The R 1.6 component was 
recognized aa unsltered aubetrate I, the R 1.00 component 
was 9u-fluoro-16a-hydro~yhydrmo~ne 11. 

Isolation studies were made on solvent extract concen- 
trates of S. T O S W C ~ O V W ~ ~ ~ I . M  fermentations run according 
to the conditions of Fried et &*a The harvest broth was 
extracted several times with methyl isobutyl ketone, the 
extracts pooled and concentrated to inaipient crystalha- 
tion, and the product I1 filtered. Further concentration, 
rrystdization, and filtration removed most of the major 
product 11. The mother liquor (m. 15% steroid by polarog- 
raphy) contamed the R 0.9, R 0.58, R 0.33, R 0.16 com- 
ponents together with nonreducing steroids. A 16O-ml. 
portion of the mother liquor was diluted with 300 ml. of 
methyl iaabutyl ketone and extractad with six Wml. 
portions of 5% aqueous sodium tetraborate solution. The 
organic extracts were concentrated in vacuum and the residue 
slurried with 80 g, of silica gel and benzene was added. The 
residual methyl isobutyl ketone WBB removed by further 
evaporation, and the total ma88 waa added to a column of 
950 g. of silica gel prepared in bemene. Elution with 2550% 
ether in benzene afforded 421 mg. of an unidentified phenol 
VIII, recrystalbed from acetone/bemene, m.p. 290493' 
dec: [ala. +2.5'; A- 262 mp (E::. 1268), 290 mp 
mi$. 422, shoulder), 330 mp (E:L 127, shoulder); Amin 

231 mp; 1 2  2.95 p, 3.18 p, 3.40 p, 3.53 p ,  3.85 IC, 4.00 p ,  
6.03 P, 6.19 p ,  etc. 

Anal. Found: C, 66.46; H, 4.27. Calcd. for (CBH@&: C, 
66.25; H, 4.32. 

Elution with 50-7575 ether in benzene afforded 449 mg. 
of another unidentified phenol IX, crystallized fro_m methe- 
nol, subliming UI. 270'; optically inactive; A,, 237-238 
mp. (E!& 938, inflection), 248 mp (E:k, 985), 292-301 
mp (Elm. 416, plateau); X ~ l N N s o E  258 nyr. EL. 
1154), 290 mp (E:%. 726), 331 w (E::, 600); A 2  

ntc. 
3 . 1 0 ~ ~  3 . 3 5 ~ ~  3.43~9 3.50~3 3.70j~t 3-80~, 4.00/~, 6 . 1 2 ~ ~  6 .25~)  
- _ _  . 

Anal. Found: C, 70.18; H, 4.35. Calcd. for (G&Os)=: c, 
70.21 : H, 4.29. 

Both phenols VI11 and IX were detected on papergmma 
(R,0.86 and 0.60 respectively in System 11) by their ultra- 
violet light absorption properties. Neither responded to 
the steroidal detection reagents routinely employed.11 

Sa-Flwo-@3,i  i p , 1 7 a , ) l - t e t r a h y d r o z y - 4 - ~ e ~ , ~ ~  
d i m  111. Elution with 5-7501, chloroform in ether afforded 
a reducing steroid with about 90% of the mobility of the 
unit marker 9~-fluor~l6~-hydroxyhydrocort~ne. After 
concentration of the fractions in vacuum the residue was 
crystallized from methanol/ether (1:5), yielding 198 mg. of 
crystals, homogeneous on papergrams. A second'crop of 30 
mg. was recovered from the filtrate, also homogeneous on 
papergrams. Recrystallizations from methanol and from 
acetone (with charcoal treatment) gave the analytical sam- 
ples; m.p. 245-249'; [sly +1.5'; X,. 239 mp (e 13,950); 

(E:%.) 2 hr., 255 mp (224), 338 mp (425), 
411 mp (1731, 470 mp (179); A=* 3.00~ , 3.40 p, 5.85 P. 

11.45 p, etc. 
Anal. Calcd. for CZIHIPO~F: C, 63.62; H, 7.37; F, 4.79. 

Found: C, 63.48; H, 7.50; F, 4.84. 
Spectra in alkaline ethanol according to Meyer were re- 

corded: (E:%.) a t  60": 1 hr., 229 mp 
(410), 250 mp (175, inflection), 355 mp (45), 4 hr., 229 mp 
(410), 250 mp (146, plateau), 360 mp (60), not changed up to 
6 hr. On acidification, A, 251 mp and 300 mp. 

Paper chromatographic mobility of the 2phydroxylated 
Sa-fluorohydrocortisone in several solvent system@ was 

5.97 8, 6.14 p, 8.10 p, 8.80 b, 9.10 p, 9.16 p ,  9.57 p, 11.25 p, 

(23) J. Fried, D. Perlman, A. F. Langlykke, and E. 0. 
Titua, U. S. Patents 2,855,343 and 2,855,410, October 7, 
1958; see also referencea 1, 3, and 19. 
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compared with other monohydroxylated Sa-fluorohydru- 
cortisones. 

x-Hydroxy-9a- System System System Syatem 
fluorohydrocortisone 1 I1 I11 IV 

&Hydroxy 1.04 1.03 1.10 1.28 
2pHy droxy 0.94 0.93 1.1 1.00 
6pHydroxy 0.35 0.48 0.42 - 

16cu-Hvdroxv 1.00 1.00 1.00 1.00 

The rate of development of the diformazan celor with 
alkaline tetrazolium blue for g u - f l i i o r ~ 2 B - h y d r o ~ h y d ~  
cortisone was identical with the rate for Sa-fluorohydro- 
cortisone, with maximum color developed by 30 min. 
Porter-Silber assay24 of 9a-fluoro-Z&hydroxyhydrocorti- 
sone gave La- 415 mp (E::. 338), of Sa-fluorohydmmrti- 
sone run a t  the same time, X, 412415 m (E:%. 288). 

20 , b i - D i a c e t o x y - Q a - ~ ~ o r ~ l 1 ~ , 1 7 a - d i h ~ d r 0 ~ - & ~ ~  
S, f?Odiae IIIa. Fifty milligram of 111 was acetylated in the 
usual manner with acetic anhydride/pyridine, yielding 40 
mg. of the crystalline diacetate IIIa, homogeneous on paper- 
grams, map. 132-140'. Recrystallization from acetone and 
from methanol gave the pure diacetate methanol solvate 
map. 132-140.5'; [ a ] ~  + 48.7"; A,, 239 mp (6  14,520); 
A::!'' (E:!-) 2 hr., 259 mr (211), 338 mp (304), 410 
mp (179), 445 m r  (176, h lh t ion) ,  467 mp (179); A",' 
2.90 p, 3.40 p, 5.73 p, 5.78 p, 5.95 p ,  6.15 p ,  7.28 p, 7.28p, 
7.95 p ,  8.13 p, 9.53 p, 11.31 p, etc. 

Anal. Calcd. for C2&(H,aO$. CKO: C, 60.92; H, 7.08; F, 
3.71. Found: C, 60.61, 60.74; H, 7.17, 7.26; P, 3.66. 

Papergram mobility of the 2@,2ldmetate 1114 of 9a- 
fluorohydrocortiaone 21-acetate Ia and of triamcinolone 
16u,2l-diacetate are: System 111, RI 0.92, 0.86, 0.84; 
Byatem V, R f  0.51, 0.38, 0.26. 

For isolation of the R 0.58 component, suspected of being 
the rearrangement product of 9a-fluorw16ar-hydro~y- 
hydrocortisone, preparative paper chromatography of the 
extrsct concentrate was used. 

9 a-Fluoro-l l B, 16a ,I 7a a-trihydrox y - l 7 @ - h y d r o ~ ~ e t h y l - - $ -  
D-haoundroatene-b,17drone IV. The extract concentrate 
dissolved in ethyl acetate waa adsorbed onto silica gel, 
washed with ethyl acetate, and eluted (no fractionation) 
with methanol. The concentrated methanol eluates were 
streaked onto 18 sheets of Whatman No. 1 filter paper (18 
cm. wide, previously washed chromatographically with 
methanol) which were then developed chromatographically 
in System IV22 (4 hr.). Four major bands were present (as 
detected by ultraviolet light absorption on paper) with 
R, values a t  their centers of R f  0.4, 0.36, 0.29, and0.15. 
Elution of the polar regions ( R f  leas than 0.2) with hot 
methanol, concentration of the eluates and rechmmtogra- 
phy in System I1 (4-6 hr.) resolved four zones with Rf 
0.50, 0.36, 0.29, and 0.12. The R10.29 zone was eluted with 
hot methanol, rechromatographed in System I1 (5 hr.), 
and the single zone eluted and evaporated. The residue wan 
dissolved in acetone and cautiously evaporated. A t  a vol- 
ume less than 200 d. ether was added and the precipitated 
crystals centrifuged, decanted, dried, etc. Infrared spectra 
(100 pg. sample) indicated identity of the component with 
the D-homo isomer IV,' as did paper chromatographic be- 
havior. 

3~-Fluoro-b~, 11 , 9 , 1 6 a , 8 1 - p e n t c r h y d r 0 z y - 4 - p e ~ e ~ , ~  
d i m e  V .  (A) FTW S?c&wrohydrocortisae. To a 24hr. 
vegetative growth of S. roseodrrmgenvs ATCC 3347 grown 
in 30 1. of medium containing 750 g. of corn steep liquor, 
1200 g. of starch, 150 g. of calcium carbonate, 30 g. of 
dipotassium hydrogen phosphate, and 60 ml. of lard oil 
was added a solution of 7.5 g. of Sa-fluorohydrocortisone 
dissolved in 100 ml. of dimethylformamide. Fermentation 
was continued for 88 hr. at which time the total steroid con- 

(24) C. C. Porter and R. H. Siber, J .  Biol. Chem., 18J, 
201 (1950). 

tent of the broth was 132 pg./ml. as assayed colorimetrically 
with tetrazolium blue. Quantitative papergram analy6ia 
indicated that the 9a-fluo~2,3,16a-dihydroxyhydro~o~ne 
content was ea. 100 pg./ml. 

The harveated fermentation broth waa adjusted to pH 
4.3 with 50% sulfuric acid, slurried with 2360 g. of diato- 
msceoua earth filter aid, and filtered. The filter cake ws8 
reslurried with 30 1. of water (pH 3.6) and refiltered. The 
combined filtratea were readjusted to pH 6.4 with 
sodium carbonate solution, then extracted three times with 
25-1. portions of methyl isobutyl ketone. From the pooled 
extracts 4.1 g. of brown solids was isolated. The crude solids 
were dissolved in 45 ml. of pyridine, charcoal added, filtered, 
di lu td  with water, and concentrated in u m o .  The d id t i  
recovered were extracted with three portions of ethyl ace- 
tab, the ethyl acetate extracta evaporated, and the mi- 
due crystallized from acetone by addition of water, yielding 
135 mg. of crystals assaying by paper chromatography 88 a 
mixture of 9a-Buor~lBa-hydroxyhyd~orti~ne 11 and 9a- 
fluoro-2~,16rr-dihydroxyhydrocortisone V. F" the fil- 
trate a gummy residue was recovered which ww c r y s m e d  
from acetone. yielding 265 mg. of crystalline V contaminated 
with traces of 11. After several further recrystdhtions 
from hot acetone the last traces of contaminsting I1 were 
removed and the analytical m p l e  obtained, m.p. 220-223'; 
[a]% -26.5"; A, 238 mp (e 14,700); e'@:%.) 
2 hr., 280 mp (103, inflection), 339 mp (544); 2.90 
yt 2.95 Y, 3.40 r ~ ,  5.80 p, 5.93 P,  6.11 p, 8.22 p, 8.85 p, 9.21 C, . .  . .  9:40 H, 9.55 N, ii.30 p,.etc. 

Anal. Calcd. for C1,H1&F: C.  61.15: H, 7.08; F. 4.61. , ,  , .  
Found: C, 61.32; H, f l l i F ,  4.G. 

Spectra in alkaline ethanol: e""" (E:%) 
(60'): at 30 min., 229 mp (386), 250 mp (172, inflection), 
310 mp (a), 380 mp (38, inflection), at 3 hr., 228 mp (367), 
25(l mp (123, plateau), 3ZQ mp (73), 360 rnp (61, inflection). 

Isolation of the R 0.33 component V from a selected 
crude crystalline produet containing both I1 and V was also 
accomplished by preDarative paper chromatography. The 
eluted, crystalline preparation was identical with the fully 
c h a r a c t e d  V. 

(b) F r m  Q a - ~ ~ ~ ~ ~ a - h y d r o z y h y d r ~ l ~ a e .  To a 24-hr. 
vegetative growth of a strain of S. roseochrmogenw ATCC 
3347 in a medium consiating of corn steep liquor, 25 g./l., 
starch, 40 g./l., calcium carbonate, 2 g./l., lard oil, 0.270, 
was added 25 mg. of 9a-fluoro-2p-hydroxyhydrocortisone in 
0.5 ml. of dimethylformamide. After 48 hr. of aeration the 
fermentation broth was filtered from mycelium and the 
filtrate extracted six times with equal portiona of ethyl 
acetrrte. The combined extracts were evaporated in vacuum 
and the oily residue analyzed on paper chromatograms. 
The R 0.33 component was the major product, with some 
unaltered substrate 111 and several other components. The 
steroid mixture waa resolved preparatively on paper chro- 
matograms in System I1 (16 hr.), the R 0.33 component 
eluted with hot alcohol, and the evaporated residue crystal- 
lized from ethanol. Comparison of papergram mobilities in 
several systems and of infrared spectra (micro disk) indicated 
identity of the sample with 9a-fluoro-2~,16a-dihydroxy- 
hydrocortisone isolated under (a) above. 

Sa-FluorC-Z?&i 1 &2l-trihydrozy-l6u, 1 7 a - i S 0 p o p y l i d ~ +  
dioxy-4-pegnene-S,ZW-di0ne VI. Two hundred milligram of 
the same selected sample of crystalline 9a-fluoro-16a-hy- 
droxyhydrocortisone used for the papergram isolation of V 
above wm suspended in 10 ml. of acetone and 0.06 ml. of 
70% perchloric acid was added. After 45 min. of shaking 
the solution was neutralized with 1.6 ml. of saturated Bodium 
bicarbonate solution, inorganic salts filtered, 7 ml. of water 
added, and the filtrates concentrated in vacuum. Crystd8 
of 9a-fluoro-16a-hydroxyhydrmortisone 16a,l7~-acetonide 
were filtered, and shown to be homogeneous by papergram 
with no by-product contamination present. The mother 
liquor evaporated to about 3 ml., was analyzed in System 
11, showing very mobile acetonide components VI at R f  0.90 
and 9u-fluoro-16a-hydrocort~ne 16~,17~-acetonide at 
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R! 0.96, and heretofore undetected 9~-fluorw2Ebydroxy- 
hydrocortisone I11 st E ,  0.49, together wit,h two minor 
components. 

The mother liquor was subjected to preparative paper 
chromatography using System V, the desired acetonide VI 
zone eluted with hot acetone, and the eluate evaporated to 
incipient crystalhation. The product was recognbed by 
comparison of infrared spectra (100 pg.) and paperg" 
behavior as being identical with fully characterized 9a- 
fluoro-2~,16a-dihydrxhydrocortisone 16a,l7a-acetonide 
VI prepared by another method in these Laboratories. 

The acetonide VI is characterized by the spectral data: Xz" (E:?-.) 2 hr., 285 mp (104, inflection), 340 mp 
(497), 380 mp (61, inflection), 550 mp (11); h E  2.90 p ,  

11.60 p ,  etc.; "OB (Et:-.) at 60': 1 hr. 230 mp 
(354, 250 mp (160, inflection), 355 mp (54), 4 hr., 229 mp 
(383), 250 mp (159, plateau), 360 mp (89). 

3.39 p, 5.80 p ,  5.93 p, 6.10 p, 8.15 p, 9.20 p, 9.40 p, 11.20 p ,  

The acetonide is further characterized 1)). the folloi%ing 
data kindly supplied by Dr. N. Rigler of these Laboratories: 

A d .  Cald. for GH&F: C, 63.75; H, 7.32; F, 4.22. 
Found: C, 62.88; H, 7.57; F, 4.53. 

A c k m l e d g m t .  The authors are grateful to 
W. H. Muller and I. Palestro for spectrophoto- 
metric and optical rotation measurements, to 
L. Rrancone and staff for elemeiital analyses, to B. 
Laird and R. Zimmerman for assistance in much 
of the chromatographic work, and to IT. I'ulmor 
for infrared absorption spectra, especially for help 
in those determinations involving micro potarsiiim 
bromide disk technique. 

m.p. 260-261'; [@ID + 12.9'; k z y  %Y m,u ( 6  13,600), 
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17,21-Acetonide Derivatives of 9,ll-Disubstituted Cortical Hormones 

C. H. ROBINSON, I,. I<. FIKCKENOR, R. TIRF:RT, A N D  HVGbPJIC P. 01,IW;'IT) 

Ileceiued Demnber 6, 1960 

A series of Sa,ll&dichloro- and SLu-chloro-l1,%fomoxycorticosteroids has been converted to the correspondirig seriw of 
cyclic 17a,21-aeetonides. The 17,21-acetonide system, useful aa a means of side-chain protection, has also btbc~ii f o i i t i d  to 
enhance anti-inflammatory activity in the series studied. 

The discovery of the r a d y  reaction of the corti- 
cal dihydroxyacetone side chain with 2,2dimeth- 
oxypropane, to give a cyclic 17a,21-acetonide7 
has furnished not only a route to novel hormone 
analogs, but also a new means of side chain protec- 
tion. 

The variety of readily available 9a, 1 l@dihalo-2 
and Sa-halo-1 lj3-acyloxycorticosteroids3 led us to 
undertake the preparation of the corresponding 17a, 
21-acetonides, for possible furt.her chemical transfor- 
mations. The acetonides themselves, however, 
proved to be biologically interesting and this paper 
is concerned solely with the preparation, proper- 
ties, and some reactions of this interesting group of 
compounds. 

The 17a,21-acctonide (IVa) of 9a,ll@dichloro- 
1,4-pregnadiene-17a,21-diol-3,2O-dinne (IIIa) was 
first secured, in 50% yield, by the action of a 
2,2dimethoxypropane-dimethylfomamide mixture, 
containing ptoluenesulfonic acid, for three hours 
under reflux. The course of the reaction was fol- 
lowed by periodically testing samples with tri- 
phenyltetrazolium chloride (TPTZ) reagent. 

The acetonide (IVa) gave no color with TPTZ 
reagent, showed ALTOH 236 mp (16,400) and 
gave the correct analysis. The infrared spectrum 

(1) M. Tanabe and B. J. Bigley, J. Am. Chem. So?., 83, 

(2) C. H. Robinson, L. E. Finckenor, F. P. Oliveto, and 

(3) C. H. Robinson, L. Fmckenor, M. Kirtley, D. Gould, 

756 (1961). 

D. H. Gould, J .  Am. Chem. Soc., 81,2191 (1959). 

and E. P. Oliveto, J .  Am. Chem. Soc., 81,2195 (1959). 

showed that no hydroxyl was present,, but absorp- 
tion malrima were observed a t  5.82 p (20-ketone) 
and at 6.0, 6.12, and 6.20 fi (1,4-dien-;$-one). When 
IVa was dissolved in 60% aqueous acetic acid and 
kept at steam bath temperature for ten minutes, 
cleavage of the acetonide grouping occurred, and 
9a,llB - dichloro - 1,4 - pregnadicne - 17a,21 - diol- 
3,20dione (IIIa), identical in all respect's with au- 
theihc material, was obtained in excellent yield. 

The lea-methyl and 1 (ip-methyl aiinlogs (11% 
and IVc, respectively) of 1Va werc next prcpared 
by the following reaction sequences. Addit>ion of 
chlorine, in carbon tetrachloride-pyridine, to 1Ga- 
met,hyl - 174,9(11) - pregnatriene - 17a,21 - diol- 
3,20-dione 21-acette4 (Ib) and the 16P-mcthyl 
analog5 gave the Ya,l lfidichloro derivatives (111) 
and IIc). Although we had previously2 used acetic 
acid as the solvent for the preparation of 9a,l lP- 
dichloro compounds, we have since observed that 
b0t.h shorter reaction times and higher yields a(:- 
company the use of a carbon tetrachloridc-pyridine 
system. (Thus, for example, 1,4,9( 11)-pregnatricne- 
17a,21diol-3,20aione 21-acetate (Ia) gave the 
9a,llj3dichloro compund (IIa) in about 7 5 7 ,  yield 
by the carbon tetrachloride procedure, compared 

(4 )  E. 1'. Oliveto, R. Rauwr, L. N'eber, A.  L. Xussbaiim, 
W. (iebert, C. T. Conigilio, E. B. Hershberg, S. Tolksdorf, 
M. Eider, P. L. Perlman, and M. M. Pechet, J. Am. Cheni. 
Sor., 80, 4431 (1958). 
(5) E. P. Oliveto, R. Rausser, H. L. Herzog, E. B. Hersh- 

berg, S. Tolksdorf, M. Eider, P. L. Perlman, and M. M. 
Pechet, J. Am. Chem. Soc., 80, 6687 (1958). 
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