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COMPLETE SPECIFICATION" 

Novel Steroids a.ncl Processes for the Manufacture 
Thereof 

We, Scirnmco Lil\UTED, cf Kapcllplatz JO, 
Lucerne 2, Switzerland, a Swiss Company, do 
hereby decl:irc the invention, for which we 
pray that a patent may he granted to us, ;;nd 

5 the method by which it is to be performed, to 
he particularly described in and by the follow­

' ing statement: -
. This inven:ion relates ro a group of novel 

· alkylated steroid compound~ and to methods 
10 of preparing the same. 

Anti-inflammatory steroids of the prcgnane 
series arc now well known being used in 
medicine for the treatment of inflammatory 
conditiom, rheumatic conditions and other 

15 diseases. Compounds of the prcgnane series 
which possess anti-inflammatory action are 
characterised by the prc~cnce of a double 
bond in the 4-position or double bonds in the 
1- and 4-positions, a kctonic oxygen atom in 

20 the 3- and 20-positions, a 17-ff-hydroxy group, 
a kctonic oxygen atom or ,8-hydroxyl group in 
the 11-position, and a hydrnxyl or esterified 
hydroxyl group in the 21-position. The steroid 
molecule may, as is known, ah>o contain other 

25 substitucnts but such other groups are not 
essential for the compound to have anti­
inflammatory action although they may modify 

· the exact nature thereof. It is the case how­
. ever that all compounds of the pregnane series 

30 which possess the above-mentioned character­
istic substit11cnts have anti-inflammatory 
action. 

\\'c have now found that the introduction 
of a 16{3-mcthyl group into anti-inflammatory 

f Price 5s. Od. (25p)J 

steroids of the prcgnane series confers further 3:' 
valuable properties on such compounds. Thus 
we have found that the presence of a 16,B­
mcthyl gronp confers upon rhe compound a 
pronounced and valuable naturctic and di­
uretic action. The presence of the 168-mcthyl 40 
group also confers improved anti-inftam-
tory action upon the compound . 

According to one feature of the invention 
therefore we provide novel compounds of the 
pregnanc series having anti-infiammatory 45 
activity and characterised by possessing a 
double bond in the 4-position or double bonds 
in the 1- and 4-positions, kctonic oxygen 
a toms in the 3- and 20- positions, a 17 ~­
hydroxy group, a /:l-hydroxy group or a 50 
ketonic oxygen atom in the 11-position, a 
hydroxyl or an csterified hydroxyl group in 
the 21-position, which compounds are also 
characterised by a /:l-mcthyl group in the 16-
position. 55 

The anti-inflammatory compounds accord-
ing to the invention may contain substituents 
in other parts of the molecule, for example, of 
the type hitherto used in anti-inllammatory 
steroids. As will appear hereinafter parti::u- 60 
larly valuable compounds are those which 
also possess a halogen atom (especially a 
fluorine atom) in the 9,r-position. The inven-
tion also incliides the 21-csters of the said 
16,8-mcthyl compounds. 65 

As a result of the unique and unexpected 
property of naturcsis and diuresis, steroid 
compounds \Vhich possess .anti-inflammatory 
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prop•,Ttics b;.~t which arc limited in their use­
fulness in the treatment of disease because of 
their inherent sodium-retaini11g effects have 
their usefulness extended by l 6j3-mcthylation. 
The invention also includes a therapeutic com-

where R is hydrogen or a carboxylic acid 
acyl group having from 1 to 8 carbon atoms, 
e.g. a lower alkanoyl group, such as acetyl, 
pMpionyl, trimethylacetyl, cyclopentyiacetyl 
or phenoxyacetyl, or phthaloyl or nicotinoyl; 

H 
X is = 0, or < ; Y 1s hydrogen, 

OH(,13) 
bromine, chlorine or fluorine; Ev the ex­
pression "lower alkanoyl group" ,\·e mean a 
carboxylic acyl group having from 1 to 8 
carbon atoms: "Lower" as applied to alkanc 
or alkyl groups means having not more than 
6 carbon atoms in the group. 

Those compounds wherc:in X represents 
H 

< and Y is hydrogen, although not 
OH(·:r) 

therapeutically active per se, are convertible 
by known oxidative procedures mrn 11-keto 
compounds which possess physiological 
activity. Further, as noted above, the dienes 
as represented by formula B above, manifest 
a markedly greater therapeutic activity than 
the Lr'-monocnes of formula .r... The .:.\"­
monoencs arc, however, also valuable as inter­
mediates in the preparation of the dienes of 
formula B. It is to be noted that the sub­
stitution of an a-halogen atom for hydrogen at 
position 9 is the 16/:l-methylated anti-inflam­
matory steroid~; of the invention will, as with 
those steroids pr.:viously known (e.g. pred­
nisone, prcdnisolone and the like), enhance the 
anti-inllammatory properties thereof. Unfor­
tunately, the introduction of these 9cr-halogens 
has hitherto resulted in a marked increase in 
the salt-retaining properties of the known anti­
inflammatnry steroids, thus preventing their 
oral or injection administration. in many in­
stances, and making their use by topical appli­
cation extremely hazardous. \Y/1:- have found 
unexpectedly, however, that the presence of a 
16(3-methyl radical, while inhibiting the in­
crease in salt-retention effected hv the intro­
duction of the 9:<-halogcn, docs not affect the 

posmon compnsmg a non-toxic carrier and a 
16/:l-methyl compound as defined above. 

The invention particularly relates to com­
pounds represented by the following formulae: 

0 

enhanced therapeutic properties of these halo 
derivatives. Thus, these compounds can now 
be administered safely. Similarly, the salt-re­
taining properties of the non-halogenatcc1 
steroids, such as, for example, cortisone and 
hydrocortisone, arc markedly reduced. This 
is particularly surprising when it is noted that 
the substitution of a methyl group in the 2-
or 6-position of such known steroids as 9.t~­
fluoro-hydroconisonc or 9a-fluoro-prcdnisolonc 
fails to alleviate ihcir salt-retaini1;g charac­
teristic, which prevents their employment for 
therapeutic applications such as disclosed 
herein. 

It should be noted that, while a lower alkyl 
substituent can be introduced into the 16-
position by a number of proccdu·if!f> which 
result in the formation of 16ft-alkyl conicoids 
and before or after the i.._troduction of the 
9cr-halogcn group, the following are preferred 
sequences for preparing the new anti-inflam­
matory compounds of our invention and use­
ful homologues and analogues thereof. Alter­
native procedures for introducing the 16,B­
alkyl substituent comprise, for example react­
ing a 20-keto-16-dchydro steroid with a nitro­
alkane, following by reduction, quatcrnisation 
and pyrolysis, as hereinafter more paniculariy 
described. 

Sequences A, B, and C illustrate desirable 
methods of preparation of the 16,B-alkyl corti­
coids of our invention; sequence D a practic­
able procedure for obtaining the I fo-alkyl 
corticoid analogues, and sequence E a more 
convenient mode of effecting the production 
of the 9cr-halogen derivatives of the 16:r-alkyl 
and 16.B-alkvl steroids described in the initial 
sequen~es A·, B, C and D. For purposes of 
illustration, the methyl and acetyl groups arc 
shown in these sequences, as well as in the 
subsequent description thereof, as the pre­
ferred 16-alkyl radical and 21-acyl substituent, 
respectively, and the 9lr-bromo and 9:r-fiuoro 
substituents as the 9ir-halogcn radicals. 
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SEQUENCE A-

16-Prcgncnc-37.-ol-
11,20-dionc 3-acetatc 

16:1-, 17 :r.-pyrazolino 
~· compound 

16-Methyl-16-prcgnene-
3x-ol- l l ,20-dionc 3-acetate 

l 6i~-Mcthy I pregnanc­
----+ 37.-ol-11,20-dione 

3-acetate 

16~-Mcthylprcgnanc-
3x,17:x-diole-l l ,20-dione 

16~-Mcthylpregnanc­
~ 301:,lh,21-triol-11,20-

dione 21-acctatc 

__ ,.. 
16[~-Mcthy 1 pregnane-
l 7'!.-21-diol-3, 11,20-trionc 
21-acctate 

4-Bromo-16~~-mcthyl­
pregna ne-17 :x,21-diol­

-~:> 3,11,20-trione 21-acetatc --~ 

16~~-M ethylcorti s one 
21-acetate 

16~~-lv1cthykortisonc 

"~ ~ // 
\. i/ 

16~~-_i\ilcthy 1 pred nisonc 

In that Sequence the 16/3-methyl com­
pounds of the invention arc shown produced 
from the readily available 16-pregnc:ne-3n-ol­
ll,20-dione 3-acetate. This is reacted with 
diazo-methane to give in excellent yield the 
pyrazol!no derivative, which on pyrolysis is 
converted into 16/3-methyl-16-prcgncne-3-ol-

. 11,20-dione 3-?.cetatc. If the 16B-ethyl, 16.B­
propyl or 16,B-butyl derivative is i-cquired the 
corre~;-<inding diazo-alkane is used. Although 
we prefer to pyrolyse the pyrazolino com­
pound by heating it above its melting-point, 
pyrolysis may also be eff cctcd by heating the 
substance in a high boiling inert solvent, such 
as p-cymcne or tctrahydronaphthalenc. The 
unsaturation in the. D-ring is convcaicntly re­
moved by reductive hydrogenation preferably 
in the presence of a catalyst, such as pallad­
ium, whereupon there is obtained 16{3-methyl­
prcgnane-3a-ol-11,20-·dionc 3·-acetatc. 

For the introduction of a 17 er-hydroxy 
group, we may co1wcrt the C--20 keto group 
of the 16'1-methylpregnane-3a-ol-11,20-dione 
3-acetate into an :rnol-acylate e.g. acetate by 
refluxing with acetic anhydride and a strong 
acid, e.g. p-tolucnc-sulphonic acid. W'e prefer 
not to isolate the enol-acylate but rather to 
react it in situ with a peroxy-acid, such as 
peracctic acid, whereby a second unisolated 
intermediate, the 17,20-oxido compound is 
obtained. Treatment of the reaction mixture 
with alkali hydrolyses the cpoxidc and forms 
1613 - methylprcgnane - 3a,17a - diol - 11,20 -
dionc. In this procedure, whcrebr the hydroxyl 
g!"oup is introduced at C-17, other acylating 
age.,ts, such as isopropenyl acetate, may also 
be usd in place: of acetic anhydride. Further­
more, th.: strong aciJ catalyst is not necessarily 

limited to p-tol...enesulphonic acid, since other 
strong acids such as pcrchloric acid arc equally 
cficctive in producing the intermedia tc enol­
acetatc. As indicated above, the cnol-acetat~ 
is converted to the respective 17,20-epoxide 
by means of a pcroxy-acid, as for example per­
acctic acid, pcrbenzoic acid, monopcrphthalic 
acid or pcrtrifiuoto-acetic acid. 

The invention \ \:\crcforc provides a proce5s 
for the production of a l 6/~-alkyl-17 tr-hydroxy 
stcruid which comprises reacting a starting 
material having the prcgnane carbon skeleton 
and contah,ing a 16,17-double bond in con­
jugated relationship with a 20-kcto group with 
a diazoalkane, pyrolysing the resultant 16,17-
alkylidene diazo steroid to form a 16-alkyl-16-
dehydro steroid and introducing a l 7a:-hydroxy 
group by epoxidising the 16,17-double bond, 
reacting the l 60:,17-r-cpoxidc with a hydro­
gen halide followed by catalydc hydrogenation 
whereby there is obtained the desired 16,B­
alkyl compounds, the 16-alkyl group of which 
contains up to 6-carbon atoms. Alternatively, 
the 17a-hydroxy group may be introduced by 
hydrogenating the 16, 17-dehydro compound at 
the 16, 17-positions b}' catalytic hydrogenation, 
enol-acylating the resulting compound, epoxi­
dising the enol acetate at the 17,20 positions 
and hydrolysing the 17,20-epoxidc to form 
the desired 16/~-alkyl-l 7ct-hydroxy steroid. In 
these processes the starting material may be 
a 3, 11-diketo steroid. 

Introduction of the 21-acetoxy group or 
other 21-ester is effected in the conventional 
manner, such as by brominatiOn of the C-21 
methyl group, followed by reaction of the 
bromo-compound .with, for example, sodium 
or potassium acetate, wher~by 16/:l-methyl-
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pregnane-3ri·,17(r,21-triol-11 ,20-dione 21-acct­
atc is formed. Although acctoxylation has been 
shown by way of illusrration, it will be ap­
parent that other acyloxylations, such as the 

5 introduction of a propionoxy group, for ex­
ample, can be analogously effected. 

In order to obtain the 3-keto-A·1- or 3-kcto­
A i..t_ sysrcm, the saturated pre~nane 21-cstcr 
is oxidised, preferably with N-bromoacct-

10 amide, to 16B-methylprognane-17a-21-diol-
3,1 l,20-trione 21-acetatc. Other oxidising 
agents which may be used in this reaction arc, 
for example, N-bromo-succinimide, chromium 
trioxide in pyridine, or chromium trioxide in 

15 acetone with sulphuric acid. The A·1-doublc 
bond is now conveniently introduced into the 
A-ring by brominating · 16.8-mcthylpregnane-
17a,21-dioJ-3,11,20-trionc 21-acetatc in the 
conventional manner whereby the intermediate 

20 4-bromo-compound is formed, which may or 
may not be isolated. Although we prefer to 
halogenate with bromine, other halogena•ing 
agents such as chlorine arc equally effective. 
Dchydrohalogcnation of this 4-bromo intcr-

25 mediate, also, in a conventional manner such as 
by reaction with scmicarbazidc followed by 
hydrolysis of the resultant 3-mono-se:nicarh­
azonc, or by rdluxing with d.imethvlformamidc 
optionally ·in the presence of lithii.1111 chloride, 

30 or by refluxing with organic tertiary amines 
such as co!lidine, causes elimination of hydro­
gen halide and introduction of the s'-doublc 
bond, yielding 16/]-mcthylcortisone 21-acctate. 
The dchydrobromination may be effected m 

35 the presence of calcium carbonate. This com­
pound can then be saponified to produce the 

Sequence B 
16/J - i'vlc1hylpregnane - l 7ir,21 - diol -

75 ->2,4 - dibrcmo - 16.R - mcthy!pregnane -
~16.'~ - mcthylprednisonc 21 - acetate. 

In the second of these steps dehydro­
bromination may h~ effected as in Sequence A, 
preferably using dimethylfonnamide as the 

80 dehydrobrominating agent. The product may 
be hydrolysed and rc-estcri'.'icd with any de-
sired lower alkanoic acid. · 

The foregoing reaction sequence and dis­
cussions have applied to the preparation of 

85 con:pounds containing a kcto function at 
C-11. It is apparent that if any of the start­
ing materials contains a hydroxyl group at 

Sequence C 
100 16H-.Mcthykortisone 21-acctate 

-::> 16.B-M ethylcortisone 3,20-bis-semicarbazonc 
~16/~ - mcthylhydrocortisone - 3,20 - bis -
-~ 16.B-methylhydrocortisone 
--'.> 16,B-mcthylprednisolone 

105 -> 16,8-methyl prednisolone 21-acetate 

The 3,20-bis->emicarbazonc of 168-mcthvl­
cortisone 21-acetate is first formed, and, the 
sensitive 3)20-keto groups liaving thus been 

4 

dioltrione, 16:~-mcthylcortisone, by reaction 
with hydrolytic agents such as aqueous meth­
anolic potassium bicarbonate or with such re­
agents as sodium carbonate, sodium hydroxide, 40 
sodium alkoxides, (e.g. sodium cthoxide) or 
acids such as p-tolucnesulphonic acid. 16/:J­
M.ethylcordsonc can now be re-esterified at 
C-21 by introducing any desired acid residue. 

Introduction of the ~ 1-bond ma\· be carried 45 
out by subjecting 16.B-mcthylco.rtisone 21-
acetate or 16(:1-methvlcortisonc to the micro­
biological action of a dehydrogenating micro­
organism. We prefer to use Bacillus splrnericus 
(American Type Cullure Collection 7055) or 50 
Carynebactcrium simplex (A.T.C.C.6946) ac­
cording to am:logous procedures described in 
Belgian Patent ~o. 540,478. It is essential, 
however, that the compound subjected to fer­
mentative dehydrogenation contain a 3-keto- 55 
.i '-system and thus the first opportune time 
to insert the .l 1-bond is after the formation of 
16,f:?-methylcortisone or its 21-cstcr. There is 
thus produced 16H-merllyl-1,4-pregnadienc-
l 711.21-diol-3,l l-20-trione. 60 

The dehydrogenation of the A ring whereby 
the .i 1-bond is inserted can also be accomplish-
ed by other known methods, such as by react-
ing the pregnanc ester, 1613-methylcortisClne 
21-acetate, or the saturated pregnane, 16/J- 65 
methyl - prcgnane - 17.or,21 - diol - 3,11,20-
trione 21 - acetate with selenium dioxide for 
example, or with chloranil, at elevated tem­
peratures or b\· the well-known methods of 
bromination ai1d dehydrobromination. 70 

This latter procedure is illustrated by reac-
tion Sequence B: 

3,11,20 - trione 21 - a~etate 
l 7a,21 - diol - 3,11,20 - trionc. 21 - acetate 

C-1 lcr, that group will be carried through 
the series of reactions. HO\vevcr, bearing in 
mir:d the ready availability of the original 90 
starting material, 16-pregncnc-3 cr-ol-11,20-
dionc 3-acetate, we prefer initially to carry 
our the reactions so as to produce 11-keto 
compounds and, when required, to reduce the 
11-keto group to an 11-hydroxyl group pre- 95 
fcrably havin; the ,B-configuration. Such a 
transformation is illustrated by reaction 
Sequence C. 

21-acetatc 
semicarbazone 

pretccted, the 11-kcto group is rcduct:d with 
sodium borohydride in aqueous tetra hydro- 11 O 
furan to yield the bis-semicarbazone of 168-
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· methylhydrocortisonc. The semicarbazide 
groups are removed by means of pyruvic acid, 
or by hydrolysis with dilute hydrochloric or 
nitrous acid, giving 16,8-methylhydrocortisone. 

5 

20 
5 Other methods of protecting the 3,20-keto 

16,B-mcthylcortisone to 16/J-methylprcdnisonc. 
Similarly, 16ft-methylpredniso!one can be 
esterified according to any of the well-known 
techniques so as to produce the corresponding 
21-acylate, e.g. 16fi-mcthylprednisolonc 21-
acctate. 

25 

groups may be employed, such as forming a 
3,20-bis-ethylene ketal and then reducing the 
11-kcto group by means of sodium boro­
hydridc, lithium borohydride, or lithium alu-

10 minium hydride. Acid hydrolysis of the 11-
hydroxy-bis-ketal so formed yields 16.8-
methylhydrocortisone. 

168-Mcthylhydrocortisonc can be converted 
into 1~8-methylprednisolone by means of the 

15 microbiological fermentation or chemical 
methods described above for the convcr~ion of 

16,6'-Mcthylprednisone 21-acetate itself can 
be convc::ted into 16/3-methylprednisolone 21-
acetate by first selectively protecting the 3,20-
keto groups as described above for the mono­
enes and then selectively reducing the 11-
keto function. 

35 
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The 16a-lowcr alkyl compounds arc desir­
ably prepared by the procedure illustrated in 
Sequence D. 

30 

SEQUENCE D 

3:r.-Hydroxy-16-p1cgn:me-l I ,20-dione 

~ 31.-hydroxy-l6z-methylpregna11c- l l ,20-dionc 

-> 16:x-methyl-pregnane-3:t.,17ct-diol-1 l,20-dione 

-> lfa-mcthylpregnane-3:r.,l 7,21-triol-ll,20-dione 21-acctatc 

-> lfo.-methylpregnanc-l 7'l.,21-diol-3,l l,20-trione 21· acetate 
,/ \i 

167.-mcthylprcdnisonc 21-acetatc 161.-methylcortisone acetate 
t ~ ~ 

16:.i:-methylprednisonc l 6'.'1.-methylcortisone 16'.'l.-methylhydro-cortisone . I i 
16'.l.-methylpredni;:;o!onc 

16z-methylptednisonc / 
r/ 

lfo.-methylprednisone acetate 

3cr·Hydroxy- (or acyloxy) 16-prcgnenc-
11,20-dione is added to a standard G::ignard 
reagent, for example methyl magnrsium 
iodide, and refluxed to effect the production 
of the corresponding saturated 16ff··merhyl 
derivative, 3cr-hydroxy-16cr-mcrhyl-pregnanc-
11,20-dionc. The reaction is preferably carried 
out in the presence of a copper halide such as 
cuprous or cupric chloride. The methyl iodide 
derivative is again employed merely for pur­
poses of illustration, and it will be apparent 
that where it is desired to prepare other 16a­
Jower alkyl compouads such as the l6cr-ethyl, 
l 6a-isopropyl or l 6cr-tc1·t.-butvl homologues, 
for example, the corresponding alkyl magnes­
ium iodide, or the bromine and chlorine ana­
logues thereof is employed as the Grignard 
reagent. 

The product of this Grignard reaction, 3a­
hydroxy- l 6a-methyl-pregnane- l 1,20-dione, is 
then hydroxylated by standard procedures at 
the C-17 position, as for example, by reac­
tion with acetic anhydride and p-toluene sul­
phonic acid, fnllowecl by peracctic acid and 

then by alkaline hydrolysis to form 16a­
niethylprcgnane-3tt, l 7cl·dicl-11,20-dione. In­
troduction of the 21-acetoxy group, or other 
21-acyloxy group, is accomplished by known 60 
methods, such as for example, by bromination 
of the C-21 methyl grot:p in an inert sol-
vent such as chloroform with the sequential 
reaction of this product with sodium or potas-
i.imn acetate in acetone or dimcthvlformamide. 65 
The product thus formed is 3a,17a,21-tri­
hydroxy-16a-methylprcgnanc-11,20-dione 21-
acernte. The hydroxyl group at position 3 in 
this latter compound is then transformed to a 
kcto group, preferably by means of N-brorno- 70 
acetamide to cause the production of 17o:,21 ~ 
dihydroxy - 16a - methylpregnane - 3,11,20 -
trione 21 - acetate. Other known equivalent 
?xidizing agents such as those described here­
rnabove for preparing the 3-keto derivative of '15 
the 16/3-methyl compounds can, of course, 
also be employed. The ~i. 1 -doublc bonds are 
then introduced into the A-ring bv dihalo­
genation, e.g. dibromination, of this 3-keto 
derivative by the rapid introduction of 80 
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bromine in a suilable non-reactfrc organic sol­
vent such as dioxan follo\\'cd hv dchYdrohalo­
genat!on in a conventional rn~n;1cr s1ich as re­
fluxing the brominated steroid with dimcthyl­
formamidc preferably in the presence of cal­
cium carbonatl: and lithium chloride or with 
a tertiary base e.g. collidine, or by the use of 

other standanl procedures as described here­
inahoYe with relatioa to the preparation of the 
16·'1-methyldicnes. The resultant product is 
16cr-methylprcdnisonc 21-acctatc. 

A preferred method for introducing a 9cr­
halogeno (i.e. iluoro-, chloro- or bromo-) suh­
stituent is illustrated by reaction Sequence E. 

SEQUENCE E 

16-Methylprednisolonc acetate 
.j, 

16-methyl-1,4,9(11 )-pregnatrieue-17 et.,21-diol-3,20-dione 21-acetatc 
.i 

9x-bromo-16-·mcthylprednisolonc acetate 
.j, 

9(~,l 1 r~-oxido-16-mcthyl-l ,.1:-prcgnadiene-17.r.,21-diol-3,20-dione 21-acetate 
.j, 

9:1.-fiuoro-l 6-mcthylprednisolonc 21-acctatc 
i/ "l.I 

9,._-fluoro- l 6-mcthylprcdnisolonc 9'l.-fluoro-16-mcthylprcdnisone 2i-acctatc 
\.i 

9r:1.-fluoro- l6-mcthylpredniso11c 

A 9a-halogcn atom, preferably fluorine, is 
intn;duccd into 16~a or /1-mcthylpredr.isolonc 
acetate by dehydration with an alkyl- or aryl 
sulphonyl chloride, e.g. mcthanesulpho:1yl 
chloride, in an alkaline organic medium, e.g. 
pyridine, with the production of 16(cr or /])­
methyl - 1,4,9(11) - pregmtricnc ~ l ?a,21-
diol - 3,20 - dione 21 - acetate. For con­
venience in further d,~:>cribing this series of 
reactions, the n- or Jl- isomerism of the 16-
mcthyl substitucnt will not normally be ex­
plicitly rcfrm::d to since this characteristic 
docs not affect the step-wise reactions, nor do 
these steps aITect the specific 16c.: or 16_8-
isomcri!'m of the reactant alkvlatcd steroid. 

Introduction of a halogen, preferably 
bromine at this point in r;1c procedure, at the 
9a-carbon position is accomplished by con­
ventional means, such as, for ::xamplc, by 
reacting the j."" 111 -s1croid with hydrobromom 
acid which can be and indeed is preferably 
prepared in situ from Jhc reaction of, for ex­
ample, N-bromoacctamidc and perchloric acid, 
yielding directly the coL"respo11ding 9n-bromo­
l 6-methy J prcdnisolonc 21-accrn tc. Esters of 
this type arc useful anti-inffammatory com­
pounds ai1d arc at the same time readily con­
verted by oxidation into the corresponding 11-
kctoncs by knO\Vll techniques such as, for 
exampk, with chromium trioxide in pyridine 
and readily hydrolyzed at the C-21 position 
by such standard hydrolytic agents as aqueous 
methanolic potassium bicarbonate, sodium 
carbonate or conccntrntcd hydrochloric acid in 
methanol-chloroform as clisdoscd hcrrinabove, 
to prepare the corresponding 21-alcohols. 

Again alternatively, the 9a-bromohydrins 
can be refluxed with mild alkali, such as 
sodium acetate in methanol, to form the cor-

responding 9ft,llf3 - oxido derivative, 98,11/~ -
oxido - 16 - methyl - 11 1

·" - pregnadicne -
l ?!r,21 - dial - 3,20 - dionc 21 - acetate. This 
latter compound is then reacted with hydrogen 
fluoride in chloroform with or without ethanol 
and/or tct<::thydrofuran to produce 9~r - fluoro -
l 6 - mcthylprcdnisolone acetate. The substitu­
tion of anhydrous hydrogen chloride for 
hydrogen fluoride in this re::iction results in 
the production of the corresponding 9n-chloro 
derivatives. Again these compounds can be 
oxidized to the corresponding 11-ketoncs by 
standard :i.gcnts, e.g. chromium trioxide or 
N-halosuccinimides, or hydrolyzed to the cor­
responding 21-akoho!s by standard saponifi­
cation p~·occdures (e.g. aqueous methanolic 
potassium bkarbonatc or concentrated hydro­
chloric acid in methanol). 9a - Fluoro - 16 -
lower alkyl prcdnisolones and 9a - iluoro -
l 6 - lower alkyl prednisones and particularly 
9ff - fluoro - 16:r - mcthylprcdnisolonc, 9a -
fluoro - l6rt - methylprednisone, 9ir - fiuoro -
16.!J - mcthylprednisolone and 9n - fiuoro -
16{3 - mcthylprcdnisone may be prepared by 
these procedures. 

The invention also provides processes for 
the preparation of a 16(a or H)-methyl -
1,4,9(11) - pregnatriene - 3,20 - dione -
17a,21 - dial or a 21 - carboxylates thereof 
which comprises dehydrating a 16(a or {3) -
methyl - 1,4 - prcgnadienc - 11H,17a - 21 -
trio! - 3,20 - dione or a 21 - carboxylate 
thereof, \\·hereafter, if desired, the tricnc is 
reacted with a hypohalous acid to produce a 
9.,r-halo compound in which the 9-halogcno 
atom is bromine, chlorine or iodine, whercaftcr 
if desired the 9cr-halo compound is reacted 
with a hasc to form a 9i":i',l liJ-oxido compound. 
The 9fJ~I 1 e-oxido compound may then be 
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reacted with hydrogen fluoride to form a 9ct -
fluoro - 11J3 - hydroxy compound which is 
then, if desired, oxidised to form the 9a -
fluoro - 11 - ketone. 

In the above processes the following novel 
intermediates are hence important com­
pound: -

(i) 16(a or /3) - methyl - 1,4,9(11) - prcgna­
triene - l 7a,21 - diol - 3,20 - dione and 
21-esters thereof particularly the 21-
acctate. 

(ii) 9/J,11{3 - oxido - l6(!Y or /$) - methyl -
1,4 - pregnadicnc - 17<1,21 - diol - 3,20 -
dionc and 21-esters thereof particularly 
the 21-acetate. 

7 
·-------------------

(iii) 9tr - halogcno - 16(,!r or /3) - methyl -
1,4 - pregnadienc - l 1/1,17a - 21 - trio! -
3,20 - dione and 21-esters thereof, par­
ticularly the 21-acctate, in which the 9-
halogeno atom is chlorine, bromine or 
iodine. 

(iv) t..·1 compound corresponding to (i). 
In certain cases both the 16ct- and the 16/3-

alkyl steroids are produced. For example from 
hydroconisone, cortisone and their 9<t-halo~cno 
{i.e. bromo-, chloro- and fiuoro) derivatives, 
there may be obtained the corresponding 16-
dchydro compounds. This is illustrated by the 
following series of reactions (Sequence F) 
starting from 9a-tluoro-hydrocortisonc: 

20 

25 

30 

SEQUENCE F 

9:.:-Flu orohydrocortisonc-bis-semicar bazone 
t 

9z-fluoro-4, 16-prcgnadiene-l l ~,21-diol-3,20-·dionc 
t 

9:-..:-fluoro-16:1.-nitromcthyl-4-pregnenc-11 ~,21-diol-3,20-dionc 
t 

16z-aminomcthyl deri\'ative 
t 

9:1.-fiuoro-16-mcthylenc-4-prcgnenc-l l?,21-diol-3,20-dionc 
t 

9:-..:-fluoro-16-mcthyl-4,16-prcgnadiene-11 ~,21-diol-3,20-dionc 
t 

9:x-fiuoro-16:1., 17 'l.-oxido-16-mcthyl-4-prcgnenc- l l~,21-diol-3,20-dionc 
t 

9:.c-fluoro-lfo.-bromo-16-methyl-4-pregncnc- l l '.~,l 7:1.,21-triol-3,20-dionc 
t 

9z-fluoro- l 6-methyl-4-pregncne- l l '.~, 17 :.-:,2 l-triol-3,20-dione 

9a-Fluorohydrocortisone, in the form of its 
bis-scmicarbazonc in order to protect the kcto 
groups at C3 and C.20, i~ dehydrated by heat­
ing with acetic anhydride to give the 4,16-
prcgnadicne and the semicarbazide residues 
are removed with pyruvic acid and p-tolucne­
sulphonic acid. The product is treated with 
nitromethane in pyridine to give the 16(\'.­
nitromethyl derivative, which is reduced, e.g. 
with tin and hydrochloric acid, to the lfo­
aminNnc:thyl compound. This is then converted 
by exhaustive methylation e.g. with mcthd 
iodide and pyrolysis of the quaternary salt into 
the 16-methylcne compounds, which isomcrises 
to 9a - fluoro - 16 - methyl - 4,16 - prcgna-
diene - llB,21 - diol - 3,20 - dione. This is 
reacted with hydrogen peroxide to yield the 
16a, 17a-oxido compound which is rearranged 
by hydrogen bromide to form the 17.a-hydroxy 
compound which on reduction forms a mixture 
(separable by chromatography) of 9::r - fluoro -
16£t and 1~8 - methyl - 4 - pregncne -
11P,17{r,21 - triol - 3,20 - dioncs. This pro­
duct may be converted into the corresponding 
1,4 - pregnadienc by means of cultures of 
Bacillus sphacricus (A.T.C.C. 7055) or 
Corynebactcrium simplex (A.T.C.C. 6946). 

If, instead of nitromcthanc, nitro dc:riva-
tives of other lower alkancs arc used in this 60 
series of reactions the corresponding 16-
alkancs, e.g. 16-ethyl, 16-propyl and 16-butyl 
compounds. 

The 16-alkvl-16-dehvdro-20-kt:to steroids 
resulting from ·the pyrol~·sis of the quaternizi.:d 65 
steroids can be converted to conicoids in the 
manner already described, e.g. hydrogenation 
of the double bond with palladium on carbon 
or Raney nickel, introduction of the 17-
hydroxy group by means of enol acylation and 70 
peroxidarion (e.g., acetic anhydride and p­
toluenesulphonic acid followed by treatment 
with peracetic acid), imroduction of the 21-
acetatc by means of bromination and aceroxy­
lation (sodium accratc in dimcthylformamide) 75 
and elaborarion of the A ring in the conven­
tional manner to introduce the ~ 4 or A 1•

4
-

double bond(s) and 3-kcto group. Alternative-
ly, they may be epoxidiscd with alkaline 
hydrogen peroxide to yield lfo,17!1-cpoxy- 80 
l 6/1-alkyl-20-kcto-steroids. These arc then 
treated with a hyurohalic acid such as hydro-
gen bromide and reduced e.g. with zinc dust 
or Raney nickel or palladium and hydrogen. 
This results in the formation of both 16a - 85 
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alhl - 17ct" - hydroxy - 20 - keto. steroids, 
and 16/J - alkyl - 17a - hydroxy - 20 - keto 
steroids. After separation, e.g., by chromato­
graphy, these arc then handled in the usual 
fashion, e.g. the 21-acctate is introduced via 
br0111ination and aceroxylation, and the A ring 
elaborated via oxidation of the 3-hydroxyl (if 

prcscm), follO\ved by bromination dcbromina­
tion. 

Since the higher diazo-alkanesc arc not 
easily prepared it is preferred to follow reacM 
tion Sequence G when a 16,B-alkyl steroid is 
desired. 

SEQUENCE G 

----------
16z-Mcthyl-4-pregncne-3,l l ,20-trionc 

I Br 
t 

l 7-bromo- l 6z-methyl-4-pregncnc-3, 11,20-trione 

1-HBr 
t 

16-methyl-4,16-pregnadicnc-3, 11,20-trione 

I Hz 
t 

16~-mcthyl-4-pregn~ne-3,11-20-trione 

Thus far, we have described as starting 
materials only compounds which arc available 
from bile acids. There arc, however, several 
other classes of starting material which are 
extremely useful, e.g. diosgenin and smil­
::gcnin. 

For example, diosgcnin is readily converted 
into 16-dehydropregnenolonc and thence, by 
Grignard reaction with methyl magnesium 
halide, into 16!1'.-methylprcgnenolonc or by the 
diazo-mcthane reaction, into 16/J - methyl -
16 - pregnenolone. The former compound is 
hydrogenated, e.g. by means of palladium cata­
lyst, to 16,t - methylalloprcgnanc - 3/J - ol -
20 - one, and the cortical side chain elaborated 
in the usual way (enol acctylation ar C--17 
and epoxidation) to give the 17« - hydroxy -
20 ketone followed bv bromimnion and acct­
oxylation at C-21. ,The C-3 hydrnxyl is 
oxidized to the ketone, a 2,4-dibromo is pre­
pared using bromine and dioxan or other inert 
solvent and dehydrobromination is eilccted by 
means of a tertiary base e.g. collidine, or di­
methylformamide to yield 16a - methyl -
A 1 ··• - pregnadiene - l'J,,r,21 - diol - 3,20 -
dione 21 - acetate. This can be hydroxylatcd 
at position C-11 to yield either 16ct - mcthyl­
prednisolonc or 16~r - methyl - 11 - epipred­
nisolone. This last compound may be acctyl­
ated selectively at C-21 to yield a mono~· 
acetate and then oxidized at C-i 1 to give' 
16:~ - mcthyJprednisone 21 - acetate. Also, 
16a - methyl - 11 - epiprednisolone 21 -
acetate may be dehydrated at C-11 by tosyla­
tion of the C-lla-hydroxyl followed by treat­
ment with sodium acetate to yield 16(t -
methyl 1

•
1 ·rn 1i-pregnatriene - 17.cr,21 - diol -

3,20 - dionc 21 - acetate, a compound pre­
viously dl:~cribed as an intermediate for the 

preparation of 9('( - halo - 16ct - methyl corti­
co·ids. 

Alternatively, 16a- or 16.B - alkyl - allo­
pregnanc - 170: - 21 - diol - 3,20 - dione or 
its 21 - acetate can be microbiologically hy­
droxylated in the I I-position, e.g. with 
Rhizop11s nigricans {A.T.C.C. 6227B) or 
Cw<'1t!a;-ia lunata (N.R.R.L. 2380), the C-21 
hydroxyl acctylated and the 3 - keto - S' -
or 3 - kc.to - D.. 1

•
1 

- system introduced in the 
usual manner. 

The 1 G - methyl - 16 - dehydropregneno­
lone described above is hydrogenated to 16/J -
methylallopregnane - 3H - ol - 20 - one. This 
may be treated in an exactly analogous 
fashion to yield 16 r~ - methyl - A i. 1 

- prcgna­
dicne - l 7a,21 - diol - 3,20 - dione 21 - ace­
tate, 16/J - methylprednisolone 21 - acetaic, 
16 1:i - mt·thyl - 11 - epi - prednisolonc 21 -
acetate, and 16/~ - methyl - ~1.1.''•"! - prcgna­
tr :enc - l 7a,2 l - diol - 3,20 - dione 21 -
acetate (a compound previously described as 
an intermediate for the preparation of 9ct -
halo - 16!J - methyl corticoids). 

Other important starting materials arc the 
12-oxygcnated sapogcnins, such as hccogcnin, 
rockogcnin and gemrogeinin. For example, 
heco!!;cnin has been converted to 11 - keto -
16 - ·dehydro.llloprcgnanc - 3,i:J - ol - 20 - one. 
A l 6n-methyl substitu~nt can be introduced 
by means of the Grignard reaction and the 
side chain and A ring elaborated in the usual 
manner to contain the ·1A- or ti 1·•-double 
bond<s) and 3-keto and 21-acyloxy or 
hydroxyl groups, or rhc 16H-methyl substituent 
can be introduced via the diazomerhanc reac­
tion and the side chain and A ring elaborated 
again by these same procedures. 

The invention also includes a process for 
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the pre11aratio'~ of 2,4 - dibromo - 16(a or f3) -
methyl prcgnanc (511 or 50) - 17n,21 - dial -
3, 11,20 - trionc 21 - ester which comprbes 
dibrominating 16(n: or /3) - methyl pregnane 

5 (5« or m - 17a,21 - dial - 3,11,20 -
trione 21 - ester with a brominating 
agent e.g. molecular bromine. The resulting 
2,4 - dibromo compound may then be con­
verted to the corresponding ~' ··1-compound by 

10 dehydrobromination with a dchydrobromina­
tion agent e.g. dimcrhylformamide (if desired 
in the presence of calcium carbonate) or a 
tertiary amine e.g. collidine. 

The invention also includes a process for 
15 the preparation of 4-bromo-16/J - methylpreg­

nane - 17a,21 - dial - 3,11,20 - trione 21 -
ester and a process for the <lchydrobromina­
tion of this compound to the corresponding 
s 1-compound, the bromination and dehyctro-

20 bromination being effected in an analogous 
manner to Lhe preparation of the 2,4-dibromo 
and !11

•
4-compounds as described above. 

The invention also includes analogous pro­
cesses for the preparation of corresponding 

25 11 - desoxy - 2,4 - dibromo, 11 - desoxy ~1.·1 , 
1 l - desoxy 4 - bromo and 11 - desoxy .'.\"1 

compounds. 
The various bromine compounds produced 

in these processes arc also included in the 
30 invention i.e . 

a) 2,4 - dibromo - l6(1t or /?)methyl pregnane 
(5.a or 5/J) - 17a,21 - diol - 3,11,20 -
tnone 21-cstcr e.g. the 21-acctate 

b) 4 - bromo - 16[3 methyl prcgnane 17.(t,21 -
35 dial - 3,11,20 - trionc 21--ester e.g. the 21-

acetate. 
c) 2,4 - dibromo - 16/3 methyl pregnanc (51r 

or 5_8) - 17<r,21 - dio! - 3,20 - dione 21-
ester e_g_ the 21-acetate. 

'10 d) 4 - bromo - 16.R - methyl pregnane -
17{r,21 - diol - 3,20 - dione - 21 - ester 
e.g. the 21-acetate. 
The invention also provides a process for 

the preparation of 11 - dcsoxy - i6((\' or /3) -
45 alkyl - 17<r - hydroxy .. 20 - keto compounds 

of the pregnane (5<1· or _sm series in which an 
11 - desoxv - l 6 - alkvl - 20 - kcto com­
potm0 ?f tiie pregnane series, said alkyl group 
c~mammg 1-6 carbon atoms, is enol acylatcd 

50 wnh a lower alkanoic acid anlwdridc in the 
prescnc1:: of a i.trong acid catalyst; the ~ 1 • ""' -

ddiyc!ro - 20 - acylo~:y compound thereby 
formed is reacted with a peroxy acid and the 
result~nt 17,20-epoxide is hydrolyzed. The 

55 resu!tmg compound may then be subjected to 
the further steps of introducing a C-21 
alkanoyloxy group by bromination at C-21 
followed bv treatment with an alka Ii metal 
lower alkaiioate to form a 21-alkanoate of a 

60 3,17,t,21 - trihydroxy - 20 - keto - 16 - alkyl­
pregnane (.r: or 5/3), oxidizing the 3-hvdroxy 
group to keto, and imroducing ~4 or t.·1.1 un­
~aturation in the A-ring. Hydroxylation may 
tic. eff~ctcd at C-16 by a microbiological 

65 ox1danon procedure. 

It should be noted that the invention speci­
fically includes within its scope the following 
useful imermcdiates. 

1) A 16 - (ll' or /J) - alkyl - 1711· - hydroxy -
20 - keto - pregnanc (5<r or SJ~) having 70 
a 3-X-21-R substituent wherein R 
represents hydrogen, bromine, hydroxyl 
or alkanoyloxy; and X represents hy­
droxy, alkanoyloxy or oxo, the 16-alkyl 
group containing 1-6 carbon atoms. 75 

2) A 16(a or /3) - alkyl - 21 - alkanoyloxy -
17(20) - pregnene (5<r or 5{3) - 3 - ol and 
3-alkanoyl esters thereof, the 16-alkyl 
group containing 1--6 carbon atoms. 

3) A 16(« or /3) - alkyl - 17,20 - oxido - 80 
· 20 - alkanoyloxy - pregnanc (5a or 5 B) -
3 - ol and 3-alkanoyl esters thereof, the 
16-alkyl group containing 1-6 carbon 
atoms. 

4) A 16(a or ,d) - alkyl - 20 - keto - 21 - R - 85 
pregnanc (5<r or 5/3) - 3,17n - diol and 
3-alkanovl esters thereof wherein R is a 
hydrogc~ or a bromine atom or an 
alkanoyloxy group, the 16-al'kyl group 
containing 1---6 carbon atoms. 90 

5) A 16(a or /3) - alkyl - 3 ,20 - diketo­
pregnanc (5!r or 5/3) - 17tt,2 l - diol and 
21-afaanoyl esters thereof, the J 6-alkyl 
group containing 1--6 carbon atoms. 

6) A 16(it or /J) - alkyl - 3,20 - dikcto - 4 - 95 
pregnanc - l 7a,21 - diol and 21-aikanoyl 
estrrs thrreof, the 16-a!l,yl group con­
taining 1-6 carbon atoms. 

7) A 16(a or /)) - alkyl - 3 ,20 - dikcto -
1,4 - prcgnadiene - P..r,21 - diol and 100 
21-albnoyl esters thereof, the 1 G-alkyl 
group containing 1---6 carbon atoms. 

8) 16tc - ,\1.cthylallopregnane - 3_i3,17a -
diol - 20 - one. 

9) l 61t - J\iethy lpregnane - 3er,17 :1 - dial - l 05 
20 - one. 

10) 16rt - Methylallopregnane - 3/:J,17.a,21 -
trio! - 20 - one 21 - alkanoate. 

11) 16(\, .. J1;icthylpreernrnc - 3cr,17a,21 - trio! -
20 - one 21 - alkanoate. 11 O 

12) 16:t - Mcthylprcgnane - l 7a,21 - diol -
3,20 - dione 21 - alkanoate. 

13) 16tt - methylallopregnane - 17a,21 - diol -
3,20 - dione 21 - alkanoate. 

14) 16,,· - Methyl - 4 - pregnene - l7a,21 - 115 
diol - 3,20 - dione 21 - alkanor.te. 

15) 16rr - Methyl - 1,4 - pregnadie:1c -
17,r,21 - diol - 3,20 - dione 21 - alkano­
ate. 

16) 16tr - .Methyl - 1,4 - pregnadienc - 120 
17<l',21 - diol - 3,20 - dione. 

\\.'c have found lhat, as is generally known 
m the art, esterification e.g. with mono- or 
poly-carboxylic acids can further enhance the 
duration of activity of the active steroid 125 
alcohol and provides a compound which is 
more effectively administered patentcra.lly. We 
have found that acid residues, e.g. derived 
from unsubstituted or cycloalkyl substituted 
alkanoic acids having nor more than 8 carbon 130 
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atoms such as obtained from acetic acid, pro­
pionic aci~ trimethylaceric acid, tcrt-butyl­
acetic acid, cyclopcnylpropionic acid, furoic 
acid or phcnoxyacetic acid provide useful 
esters. Similarly, partia 1-csters of poly-basic 
acids, such as obtained from phthalic, su:::cinic, 
tartaric, citric and the like, provide esters 
which can be solubilized bv formation of a 
salt of the free carboxyl group with an alkali 
metal, such as sodium. In place of the dibasic 
organic acids, there can be used mono- or 
poly-basic inorganic acids which may form 
partial esters suitable for salt formation, such 
as phosphate, thus producing a dihydrogen 
pho:;phate ester which itself can be further 
so!ubilised by salt formation. Such esters can 
-be formed by conventional methods. 

Certain of the novel compounds of our in­
vention arc valuable as intermediates in the 
formation of the corresponding 11-kcto 
steroid;;, e.g. 16f3-alkyl cortisone, 16/J-alkyl 
prcdnisonc. The alkylated (notably the 16[3-
methyl-substituted) dicnes with or without the 
9a-halogen substituent arc parricularly valu­
able therapeutic agents possessing similar 
therapeutic effects in the treatment of inflam­
matory diseases, such as for example, arthritis, 
dermatitis, asthma, and the like, and are 
normally administered in a daily maintenance 
dosage range of 0.50 to 10 mg.; the preferred 
daily dose of the non-halogenated dicnes being 
from about 2 mg. to about 10 .:ng. and that 
of the halogenated, and preferably the 9,t­
fluoro-alkylatt:d dienes being in the range of 
0.5 mg. to 5 .0 mg. 

The non-halogenated 168-methvl anti-in­
flammatory mon~enes of our invention arc, in 
addition to being valuable intermed:atcs 111 

the formation of the corresponding dicnes, also 
r.ctivc as anti-inilammatory agents and in in­
hibiting renal tubular rcabsorprion of sodium. 
A daily dosage of 25 mg. to 100 mg. is recom-

ministered parentcrally in the form of thera­
pcmically acceptable solutions and suspensions, 
e.g., in aqueous media, or where oral adminis­
tration is indicated, can be incorporated into 
tablets (Xormally from about 0.50 mg. to 
5 mg. per tablets), elixirs and other known 
pharnrnceurical dosage forn1s by standard pro­
cedures. Thcv can also be administered topic­
ally in the form of ointments or creams, or as 
solutions, e.g. m dimethyl acetamide or di­
ethyl acctamidc, or 111 the form of supposi­
tories d:ssolvcd or ~uspcndcd m a fatty or 
waxv vehicle which melts at approximately 
bod;· temperature, or as aerosols when mixed 
with suitable ma tcrials, such as isopropyl 
myristate and c!icblorodiflnoromethanc. 

In the specification of the copending appli­
cation No. 7840/62 (Serial Xo. 901093). 
there is described and claimed a steroid of 
the prcgnane [5:r, 5/3 or :,: .. ;•] series having 
a 3-hydroxy or alkanoyloxy substilllent, a 20-
keto suhstituem, an l I-hydroxy or 11-keto 
substitucnt and at C-16 and C--17 an alkyl­
cn::diazo grouping, said compounds having a 
D-ring with substitucnts as shown in the 
formula 

wherein R represents hydrogen or an alkyl 
group containing 1-5 carbon atoms, and the 
preparation thereof by reacting the corres­
ponding 16(17)-ene with ctiazornethanc o!" with 
a diazoalkane containing 2 to 6 carbon atoms. 

The following Examples arc further illus­
trative of the invention:·-

mended for oral adminiscrn ti on of these mono- EXAMPLE 1 
encs to induce sodium and water diuresis, e.g. 16'i-Mcthvlconisone 21-Acttatc 
in the treatment of ascitcs, congestive heart A. Produ.~t from' the reaction of 16-prcgnen-
failure and cvclirnl edema. 3,,r-01-11,20-dionc 3-acetate and diazo-

Similarly, the 9-halo-16~-methylatcd anti- methane 
inflammatory monocucs of our invention arc A solution of 3.72 grams of 16-prcgncn-3a-
also useful as anti-inflamm::-.tory agents, since ol-11,20-c!ione 3-acctatc in 5 ml. of methylene 
they manifest an enhanced activity in the chloride is added to a solution of about 1 
trcatmc:nt of such i1if1ammatorv disease as gram of cliazomcthane in 70 ml. of ether which 
arrhritis, dermatitis, asthma, a;1d the like. had been cooled to - 10°C. The mixture is 
When adminisrercd orally, the recommended kept at 0° C for four hours, then allowed to 
daily dosage is in the range of 4 mg. to 15 warm up to room temperature. The resulting 
mg. pyrazo!inc crystallizes directly from the reac-

\Vhcn treatment so indicates, these 16f,- tion mixture to yield 3.32 g., m.p. 199-200° 
methylated dicnes and monoencs can be ad- C. dee., [,a]n+ 149.6° (dioxan). 

Anal. Calcd. for C~.,H3 .1 0.1 N~: C, 69.23; H, 8.27; N, 6.'l6. 
Found: C, 69.51; H, 7.98; N, 6.69. 
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11,20 - d:onc 3 - acetate precipitate is filtered and cl.ried_, yielding 2.12 

The pyrazoline of Example IA (3.00 g.) is g. of 16-nmhyl-Ui-pregnen-3.:\·-ol-11,20-dione 
heated under reduced pre~;s!m.! 10 :::bot1r 2 HF' 3-:,cctatc, m.p. 163-l 66·'C., [ff];,··· 69.9:' IO 

5 C until the evolution of nitrogen ceases. The (dioxan) ,\ max 248 111.'( (<i 10,800). 
resulting oil is cooled to room temperature, 

Anal. Calcd. for C~JI3 • 1 0.1 : C, 74.57; II, 8.87. 

15 

20 

Found: C, 74.85; H, 8.55. 

C. 16/3 - l\lcthylpregnan - 3a - ol - 11,20 -
dione 3 - acetate 

A solution of 12.0 g. of the 16-pregncnc 
compound of Example 1 B in 250 ml. of 
glacial acetic acid is hydrogen;:tccl at room 
temperature and atmospheric pressure in the 
presence of 3.0 g. of l0/'0 palladium on char­
coal catalyst. ;\ftrr the reduction is completed 
(about 1 .5 hours), the catalvst is removed bv 
filtration, and the filtrate c~nccntrated und1;r 

Anal. Ca led. for C~.JI",O,: C, '/4.19; H, 
Found: C, 74.3 7; I-I, 9.06 

35 D. 16/1 - Mcthylpregnane - 3,{\',17(, - diol -
11,20 - dione 

A solution of 6.77 g. of 16/~--methylpreg­
nane-3,r-ol-11,20-dione 3-acetare, in 156 ml. 
of acetic anhydride co:naining 3.89 g. of p-

40 tolnene-sulphonic acid is kept at 100° C for 
six lwurs; during which time about 16 ml. of 
distillate is removed cvcrv ha 1f hour bv the 
application of vacuum. Th~'. rcm!ting oil); resi-

45 

50 

55 

due is dissolved in 80 ml. of bt:nzene and 
washed three times with water, then with a 
solurion of 1.55 g. of so~lium acetate in 20 
ml. of water. TJ1e hen~ene · l:iycr is dried 
over magnesium sulphate, and then stirred for 
] 8 hours at 25 ° C with a mixture of 0.52 g . 
of sodium acetate in 12 ml. of commercial 
40~{ pcracctic acid. Excess pcracetic acid is 
then destroyed by the dropwisc addition of a 
solution of 15.5 g. of ~odi;.1m sulphite in 52 
ml. of water, while maimaining the tempera­
ture between 10---20° C. An addirional l.57 
g. of sodiu:n sulphite is then added, and the 

reduced pressure to about 100 ml. The residue 
is poured into watrr, and th.:! precipitated solid 
filtered, washed and dried, yi;:lding l 1.4 g. of 
impure l 6o'J-methy lpregnan--3 ,r-ol-11,20-dione 
3-acctatc, m.p. 148-155° C. After recry5tal­
lization from itcctone-hexane there is obtained 
8.40 g. of ~he product of this example i.e. m.p. 
160--163° C, no U.V. abso;ption at 220-
300 m.'(, [1r] 1>-·f 93.6° (dioxan). 

9.34 

25 

30 

mixture stirred overnight until a starch-iodide 
test is negative. The b,;nzcnc layer is separc:tcd, 
washecl thfcc times \Yith v;atcr, and evapor­
ated. To the resulting residue which is dis- 60 
solved in 345 ml. of methanol, there is added 
a solution of 3.62 g. of sodium hydroxide in 
39.5 ml. of water. and the mixture refluxed 
for 15 mi:nltcs. Afrcr neutralization with 4 
ml. of glacial acetic acid, the solution is con- 65 
crntratccl under reduced pres~ure to a volume 
of ;:bout 50 ml. This concrmrate is poured 
into a mixtmc of ice and water and tilt.: slilid 
which precipitates is filtered and dried, yield-
ing G.69 g. of impure 16'':1 - mcthylpregnane - 70 
3a,l 7cr - diol - 11,20 - dionc, m.p. 105-154' 
C. This is chrom.nograph.::d on "Florisil," 
(Registered Tnodc Mark) and the m?.tcrial 
eluted with 33-50°/~ ether hexane is com­
bined and crystalliz.cd from acctonc-hcxanC', 75 
yielding 2.09 g. of l 6.U - mcthylpregnanc -
3a,17a-dio!-1 l,20-dionc, m.p. 181.)-185·:c. 
[!r]n 83.6 (dioxan). 

80 
Anal. Calcd. for C2"H,i.,O.,: C, 72.89; H, 9.45 

Found: C, 72.82; I-I, 9.25. 

85 

95 

100 

16/: - M.tthylpregnane - 3a,17n - diol -
11,20 - dionc 3 - acetate is prepared by add­
ing to 1 gram of the corresponding 16(3 -
methylprcgnanc - diol a solution of 0.5 ml. of 
acetic :rnhydridc in 2.3 ml. of pyridine. After 
standing one hour at room temperature, the 
reaction mixture is poured into ice and 

Anal. Cakd. for C~,H""O.;: C, 71.25; 
Found: C, 71.29; I-I, 7.92. 

E. 16,.'3 - Methylpregnane - 3!v,t7a,21 - trio! -
11,20 - di one 21 - accta te 

A solution of 362 mg. of 16P - methyl­
pregnanc - 3ff,17a - diol - 11,20 - dione in 

hydrochloric acid. The resulLing solid is filter­
ed, dried, and recrystallized from acetone­
hexane to yield 16[3 - mcthylprcgnanc ·· 3cr,­
l 7n - diol - 11,20 - dione 3 - acetate, m.p. 
169-172° C. Its infrared spectrum indicates 
the presence of an acetate, hydroxyl and two 
kctonic groups. 

H, 7.97 

18 ml. of chemically pure Chloroform (con­
taining a few drops of chloroform previously 
saturated with hydrogen bromide) is hromin­
ated at - 25° C by the addition (over a three 
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.hour period) of 165 mg. of bromine in 10 ml. 
of chloroform. After removal of the solvent 
under reduced pressure, 10 ml. of dimcthyl­
formamide and one gram of sodium accuac :i.rc 
added to the resulting corresponding 2,4-di­
bromo compound. The mixture is stirri:.d at 
60:'.} C for two hours, allowed to stand over­
night at room temperature, then heated an­
other two hours at 60°C. The mixture is 
then poured into water, and the precipirnted 
solid filtered and dried, yielding 370 mg. of 
impure 16f3 - mcthylpregn.:ine - 3a,17H,21 -
trio! - 11,20 - dione 21 - acct.He, m.p. 192-
2030 C. Recrvstallization from acetone hexane 
gives 280 mg~ of the product of this example, 
111.p. 199-205° C. The analytical sample, 
after another recrysralliza rion, melts at 200-
205 .50 C. 
Anal. Ca!cd. for C,,I{1u00 : C, 68.54; H, 8.63 

Found: C, 68.79; 1-I, 8.39. 

F. 16/3 - Methylpregnanc - 17a,21 - dial -
3,11,20 - trione 21 - acetate 

A solution of 180 mg of 16(3 - nmhylprcg­
nanc - 3n,1?.n:,21 - trio! - 11,20 - dione 21 -
acetate, in 30 ml. of 80~{ acetone-water is 
cooled to 10::i C. One drop of concentrated 
hydrochioric acid is added, along with 150 
mg. of N-bromo-succinimidc, and the mix­
ture allowed to react 22 hours at 10° C in 
the d8rk. Excess sodium sulphite solution is 
then added, and the mixture conce:1ma1cd 
under reduced pressure to a small volume 
from wl1ich precipitates 120 mg. of imp:.irc 
16/:J - methylprcgnanc - lh,21 - diol -
3,11,20 - trionc 21-acctatc, m.p. 190--·195° 
C. dee. Purification is diccted by means of 
zinc dust m aqueous acetone containing 2 
drops of acetic acid. The zinc is rcmo\'cd by 
filtration, the filtrate concentrated, r.nd 110t 
water added to cn•stdlize 108 m~. cf the 
product of this cxai1iplc, m.p. 193__:202c: C. 
G. 4/3 - Bron10 - J 6.B - mcrhyiprc<;nanc -

171.~,21 - diol - 3,11,20 - trione 21 -
acetate 

A solution of S·i mg. of 16P - mcthylpreg­
nanc - l?n,21 - dial - 3,11,7.0 - trione 21 -
acetate in 3 ml. of tat.-butyl alcohol and 3 
ml. of methylene chloride is brominatcd a r 
30-35::> C by the rapid addition of a solu­
tion tif 32 mg. of bromine in 3 ml. of tert.­
butyl alcohol.~ After bromination is complete 
(1-3/4 hours), the solmion is evaporated to 
dryness under reduced pressure. The residue 
is slurried with water, filtered and dried to 
yield 90 mg. of 4/3 - bromo - l 6e - mcthyl­
pregnanc - 17<t,21 - diol - 3,11,20 - trione 
21 - acetate m.p. 115-130° C. dee., which is 
of sufficient purity for the conversion described 
in the following pro;:cdurc. 
IL 16/J - Methylcortisone 21 - acetate 

The 4f3 - bromo - I 6_!3 - methylpregn~ne -
17c~,21 - d!ol - 3,11,20 - trione 21 - acetate 
of above Example lG is dissolved in a mixture 
of 30 mg. of semicarbazide, 4 ml. of tcrt.-

butvl alcohol and 2 ml. of methvlcnc chloride, GS 
ancf stirred in a nitrogen atmosphere for two 
hours at 25-30° C. After removing the sol-
vent under reduced pressure, the residue is 
dissolved in 5 ml. of S0/10 acetic acid-water 
along with excess 7010 pyruvic acid, and the 70 
reaction mixture allowed to stand at room 
temperature for 20 hours. The solution is 
brought to about pH 7 with dilute (5 %) 
sodium hydroxide, and then is extracted with 
methylene chloride. The organic extracts arc 75 
evaporated to a residue, and the residue 
chromatographed m1 "Florisil". Crystalline 
material (25 mg.) obtained from the 50% 
ether-hexane and 1001~ ether eluates, on 
crvsrnllization from acetone-hexane viclds 20 80 
mg. of 16/J-methylconi~onc 21-acctatc, m.p. 

198--208° C. ,\ MeOH 238 11111 (,; 12.800). 
max ' 

•EXAMPLE 2 
16/3-,\kthvlcortisonc 

One gram ·of 16>-methylconisone 21- 85 
acetate (prepared as m Example 1) is dis­
solved 111 25 ml. of methanol and 5 ml. of 
water containing 0.2 g. of potassium bicarbon-
ate. This solution 1s refluxed for 1/2 hour, 
then ·concentrated under reduced pressure. 90 
\X'atcr is added to the residue, and the result-
mg precipitate is filtaed and d:icd. Crysrnl­
fo:ation from acetone-hexane gives 16_1]­
mcthy lcortisonc. 

EXAMPLE 3 95 
16f:l-Methvlhvdroconisonc 

A. 16/J - J\lcthylco;tisonc 3,20 - bis - scmi­
carbazonc 

A mixture of 5.0 g. of 16/1-mc-thyirortisonc~ 
S.3 g. of scn~icarbazidc hydrochloride, G g. of . 100 
pyridine, 50 ml. of water and 200 ml. of 
methanol is rciluxcd for 16 hours. The so!u-
tion is concentrated to about 60 ml., rhen 
pou"·..::d inro water to precipitate l6:'i-mct11yl-
cortirnne-3,20-bis-semicarbazonc. 105 
B. Hi) - M.cthylhyc!rocortisonc 3,20 - bis -

scmicarbazone 
A solution of 6.0 g. of the bis-~emioubazone 

of above Example 3A and 4 g. of potassium 
borohvdridc in 200 ml. of tetralwdrofurcrn and 110 
100 1111. of water is reflm:ed for" 6 hours. The 
solution is cooled, and acetic acid added to pH 
5 .5. The organic solvent is distilled and the 
solids in the residue arc filtered to give 16;':1-
methylhydrocortisonc 3,20-bis-semicarhazone. 115 
C. 16/5-Methvlhvdrocortisone 

Under a ni"trogen atmosphere, 5 .0 g. of the 
bis··~emicarbazonc of above Example 3B is 
dissolved in 250 ml. of 2.4 N hvdrochloric 
acid. The solution is cooled to 5° C, then 120 
2.5 g. of sodium nitrite in 25 ml. of water 
is added over a 15 minute period at 5° C. 
The reaction mixture Is stirred an o.dditional 
30 minutes, then cooled to below J 5° C, 
neutn1li:wd with 20'/c sodium hydroxide, and 125 
extracted several times with chloroform. The 
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solvent 1s evaporated unde:r reduced pressure 
to give a solid residue which, after crystalliza­
tion from acetone-hexane, yields 16/J-methyl­
hydrocortisone. 

EXAMPLE 4 
16/~-Mcthylhydrocortisone 21-Acetatc 

To one gram of l6i)-methylhydrocortisone, 
prepared as in Example 3, is added 0.5 ml. of 
acetic anhydride in 2.3 ml. of pyridine. After 
standing for one hour at room tempernture, 
the mixture is poured into ice and hydro­
chloric acid. The resulting precipitate is filter­
ed and recrystallized from aqueous methanol 
to yield 16f1-methy!hydrocortisone 21-acetate. 

EXA!\'.l.PLE 5 
9:r-Bro1110-l6(J-methvlh1·drocortisonc 2J­

Acctatc 
A. 16/3 - Methyl - 4,9 - prcgnadicne - I7u,21 -

diol - 3,20 - dione 21 - Acetate 
To a solution of 16:3-methylhydrocortisone 

21-acctate (03 g.), prepared as in Exai;iplc 
4, in 5 ml. of pyridine there is added 0-2 ml. 
of bcnzcncsulphony1 chloride in 3 ml. of 
pyridine. The solution is allowed to stand for 
4 hours, then is poured into ice-hydrochloric 
acid. A solid precipitate which is filtered and 
crystallized from acetone-hexane ro give 16fJ -
methyl - 4,9 - prcgnadienc - 171l',21 - cliol -
3,20 - dionc 21 - acetate, A MeOH 239 11111. max · 
(d6,020)_ 
B. 9rr - Bromo - l 6H - methylhydrocortisonc 

21 - Acetate 
A suspension of 0.2 g. of the 16fJ-methy1-

4,9-pregnadiene of abo\·e Example 5A m 20 
ml. of purified dioxan, 2 mL of water and 
containing 0.1 g. of ~-bromoacetamid('. and 
1 ml. of 1.5 N perchloric acid 1s gently 
agitated for two hours. Durin:.-; this time the 
mixture becomes homogeneous~ A solution of 
0.2 g. of sodium sulphi.te in 2 ml. of water is 
then ~ddcd, and the solution extracted with 
methylene chloride. The c.rganic extracts arc 
washed wirh w.:ter, dried and evaporated to 
a solid rc~idue which is crvstaliized from 
acetone to give 91r-bromo--l6i3-merhvJJn-dro-
conisonc: 21-acetatc ,\ MeOI:I 24· _, • • (.: ' max l11,'! 
16,100). 

EXAMPLE 6 
9a-.Bromo-l6,fJ-methylhydrocorti&one 

A mixture of 0.5 g. of 9a-bromo-l 6.B­
mcthylhydrocortisone 2 I-acetate, prepared as 
in Example 5 in 100 ml. of methanol, 20 mL 
of chloroform, 5 ml. of water and 5 ml. of 
conccntra ted hydrochloric acid 1s allowed to 
stand 48 hours at room temperature. \Vatcr is 
then added, and the mixture extracted with 
methylene chloride. The organic extracts arc 
washed with water, dried and concentrated to 
a residue. Crystallization of thi~ residue from 
acetone yields 9tr-bromo-16B-methvlhydro-
~orrisone. • -

-EXA:IU'LE 7 
9rr-F1uoro-16B-mcthylcortisonc 21-:\cetate 

A. 9,:':l,11[3 - Oxido - 16(3 - methyl - 4 -
pregncnc - 17<1,2 l - diol - 3,20 - dionc 65 
21 - Acetate 

To 9a-bromo-16/3-mcthylhydroconisonc 21-
acctate (0.3 g.), prepared as in Example 5, in 
20 ml. of methanol there is added 0.3 g. of 
potassium acetate. The mixture is refluxed 70 
for 2 hours, then concentrated in vacua to a 
rcsicbe_ \Vater is added to the residue, and a 
solid separates w)lich is filtered and crystal­
lized from methanol-\\"atcr to give 0.1 g. of 
9a,l l(J - oxido - 16/1 - methyl - 4 - preg- 75 
nene - l7a,21 - diol 3,20 - dione 21 - acetate. 
B. 9:~ - Fluoro - 16/:f - mcthylhydrocortisone 

21 - Acetate 
A solution 0.2 g. of the 9f1,1 l/:l-oxido-4-

p1 egwne of above Example 7A in 10 ml. of 80 
ll.lcohol-free chloroform is saturated with an­
hydrous hydrogen fluoride at o=-c. ·1 he mix-
ture is allowed to stand 4 hours ar o')c, then 
concentrated m a residue m ·vacuo. Crystal­
lization of the residue from acetone-hexane 85 
gives 0.1 g. 9:1-lluoro-16/1-mcthylhydro-
cortisone 21-acetate. 
C. 9a - Fluoro - I 6!~ - l'victhyl - 4 - Preg­

nene - 17a,21 - Diol - 3,11,20-Trione 
To a solution of 100 mg. of 9,r-fluoro-l Ml- 90 

mctlwl lwdrocortison::: 21~acetare in 5 ml. of 
accto~e, ~dd a solntion of 50 mg. of c:1rornium 
trioxide in 5 ml. of :icctonc containing 1 ml. of 
5 N sulnhuric acid. AllO\v the mixture to si:rnd 
for five' minutes at room temperature. Dilute 95 
with water and filter the prccipitaied 11-
ketonc. Upon crpralliz:nion fro:n acetonc­
hexane, there 1s obtained 9o·-fiuoro-J 6/-1-
mcthyl cortisone 21-acctatc. Hydrolysis of the 
21-cstcr is effected by following the procedure 100 
described in Example 6 and there is obtained 
the compound of this example. 

EXAMPLE 8 
9cr--Ch!oro- l 6,f:i-mcthylhydrocortisonc 7, I 

Acetate 105 
A solution of 0.2 g. of the 9.':i,l l/J-oxido-4-

prcr;nenc of Example 7;\ in 30 ml. of alcohol-
frcc chloroform is saturated at o=-c with an­
hydrous hydrogen chhride, and the mixrme 
allowed to stand at Q'JC for $ix hours. The 110 
solvent is distilled in 1H1cuo from the reaction 
mixture leaving a residue which, wlu.:n crystal-
lized from acetone-water gi\'es 0.2 g. of 9a-
l l J 6 .. , h 1l d . . Me OH c 1 oro- . >.·:.-met y iy rocorusonc, '·max 

241 111.'t (<i 16,600). 115 
-EXAMPLE 9 

9a-Fluoro-1611-mcthylhydrocort isonc 
In the manner described in Example 6, 9cr-

fl uoro-1613-mcthylhydrocortisonc 21--acctatc, 
prepared as in Example 7, is converted to 9n- 120 
fluoro-1 GfJ-methylhydrocortisone h~· me?.ns of 
hydrochloric acid in mcthyl-chloroform­
water_ 

i 
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EXAMPLE 10 
9cr-llromo-16a-mi:thylhydrocortisone 21-

Acetate 
A. 16wMethylpregnane-3n-ol-l l,20-dione 

A mixture of 3.72 g. of 16-pregncne-3«-ol-
11,20-dione in 20 ml. of dry toluene is added 
to a Grignard reagent prepared from 7 g. of 
methyl iodide and 1.2 g. of magnesium in 40 
ml. of ether, and containing 200 mg. of cupric 
chloride. The reaction mixture is distilled until 
a vapour tcmpcratnrc of 100'.)C is reached. 
The distillation is then stopped, and the reac­
tion temperature maintained at lOCPC for 
five hours. The mixture is then cooled, poured 
onto ice and an aqueous solution of am­
monium chloride, and the solvent foyers sepa­
rated. The organic layer is distilled in 'l:acuo 
to an oily residue (3.9S g.) which is chromato­
graphcd on "Forisil". The 20/~ ether-hexane 
eluates arc combined and evaporated to give 
2.08 g. of a residue which is crystallized from 
acetone-hexane to yield 16n-mcthylprcgnanc-
3cr-ol-ll,20-dionc, m.p. 149-154° C, [a)n+ 
100.5° (dioxan). 
B. 16a - Mcthylprcgnanc - 3cr,17~t diol 

l l.20 - dionc 
16n, - M.ethylpn:gnanc - 3n: ol 

11,20 - dione (7A.J. g.), prepared as in nbove 
Example JOA is dissolved in 156 ml. of acetic 
anhydride containing 3.89 g. of p-tolucncsul­
phonic :tcid. The reaction mixture is heated to 
1ooa C, and c,1. 10 mi. of distillate removed 
in rncuo every 30 minutes. After 6 ho;.U"s, the 
renrnining oily residue is dissolved in 80 ml. of 
benzene, and the solution washed three times 
with water, and once with a solution of 1.55 g. 
of sodium acetate in ?.O ml. of water. A 
mixture of 12 ml. of 407~ peracetic acid con­
taining 0.52 g. of ~odium acetate is added to 
the benzene solution and the mixture stirred 
at room temperature for 19 honrs. A solution 
of 15.5 g. of sodium sulphite in SO ml. of 
water is added at a temperature bc:low 25° C, 
then an additional 1.6 g. of sodium sulphite is 
added and the mixture stirred ovt:rnigh. The 
solvent layers arc separated. The organic layer 
is washed three times with water, dried over 
calcium chloride, filtered, and evaporated to 
an oily residue under reduced prcss.,rc. The 
resid11al oil is dissolved in 345 ml. of methanol 
and 39.5 ml. of water containing 3.62 g of 
sodium hydroxide, and the mixture refluxed 
15 minutes. After neutralizing the excess alkali 
with 5 ml. of acetic acid, the methanol is dis­
tilled in rncuo. \\'ater is added to the resultant 
residue, and a solid (5.25 g., m.p. 173-179° 
C) separates which, when Jiltcred and crystal­
lized from acetone, yields 2.36 g. of 160:­
mcthyl - pregnanc - 3cr, 17H - diol - 11,20 -
dione, m.p. 181.5-184° C, [a]i,+74.4° (di­
oxan). 
C. l6cr - 1\fothylpregnanc - 3•'.i.,17cr,21 - trio] -

11,20 - dionc 2 J - Acetate 
A solution of 362 mgm. of the 16a-mcthvl­

prcgnane-diol of Example lOB in 18 ml. -of 

chloroform is brominatcd at - 20 to -- 30° C 
by the dropwise adciition of 160 mg. of 
bromine in 10 ml. of chloroform over a 4 5 
minute period. Stirring is continud an addi­
t[onrll 20 minutes, then the solvent removed 
und::r reduced pressure at 10° C. The rcsidne 
is cli~:;olvcd in 10 ml. of dimethylfonmuuide, 
one gram of sodium acetate added, and the 
reaction mixture i,tirred at 60:: C for 12 hours. 
The reaction mixture is then poured into 10 
ml. of concentrated hydrochloric acid and ice, 
and the precipitated soiid filtered, washed with 
water and dried: 250 mg., m.p. 150-158°. 
The filtrate is extracted with mcthy:Cne 
chloride and the extracts evapora!ec! to give 
an o:Jy midue of 180 mg. The solid (250 mg.) 
and the oil (180 mg.) arc com!:,im:d and 
chromagraµhed on "Florisil." Eluates :Jf 
40/, ether-hexane arc combined and distilled 
to a residue (110 mg., m.p. 140-·155° C) sub­
stantially of 16cx-methylprt;gnanc-3:,,17<r,21-
triol-l l,20·dione 21-acetate. This p~odu~:t is 
used without fu:-thcr purifa:ation as the wtn­
ing compound in the procedure immediately 
following. 
D. 1 (,,,. - ?tlcthylprcgnane - 17a,21 - diol -

3,11,20 - trione 21 - acetate 
To a solution of 110 mg. of the product of 

above Example lOC in 2.5 ml. of 80'/ terr.­
butyl alcohol, 1.0 ml. of glacial acetic acid 
and one drop of concentrated hydrochloric acid 
is added 100 mg. of N - bromoacct<llll ide at 
5" C. and the reaction mixture ki:Dt <H - 5 8 

C fo;· 2() hours. Aqueous sodium· bi~uip!iitc 
solution is added, and the mixture extracted 
wi1h methylene chloride. The org<111ic solvent 
cxtra.:-ts arc evaporated to give a residue which 
is ckbrorninated bv treatment wi1h ;ri11c.: dust 
in acc-toac-:icetic c:~:id. After filterin:~ the zinc 
from the reaction mixtmc. water i~~ added to 

the filtrate. The rcsuliant i;rccipitatc is li!tcred 
and dried to yield 40 mg. of 16·r - mcthyl­
prcgnane - l 7n,21 - die! - 3, 1J ,20 - triune 
21 - acetate, m.p. 205--211°C. 
E. 4 - Bromo - 16,, - mcthylprcgnane - 17n,-

21 - diol - 3,11,20 - trione 21 - acetate 
I 6cr - .~.fcthylprcgnane - 17.:r,21 - di0l -

3,11,20 - trionc ~80 mg.), prepared as de­
scribed in l'.xamplc lOD is dissolved in 3 ml. 
of tcrt .-butyl alcohol and 3 ml. of methvkne 
chloride and is brominatcd at 30-35~i C by 
the rapid addition of a solmion of 32 mg. of 
bromine in 4 ml. of iert.-butyl alcohol. 
Brominati~m is complete in 2 hours, and the 
solmion evaporated lo dryness under reduced 
pre~sure. The resultant residue is slurried with 
water, filtered and dried to give 92 nw. of a 
solid of substantially 4 - hromo _ 

0

l6rr -
methylpregnane - 17.,x,21 - diol - 3,J 1.,20 -
trione 21 - acetate, which is used without 
further purification in the procedure immedi­
ately following. 
F. 16::·-!l-icthv lcorrisorn.: 21-accla te 

4 - Bro1110' - l6cr - mcthylpregnane - 17<r,-
21 - diol - 3,11,20 - trione 21 - acetate (92 
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- 1 of above Example lOE is dissolved in a 
;rrL~~urc of 30 ing. of scmicarbazidc, 4 ml. of 
urt.-butyl alcohol and 2 ml. of methylene 
chloride; and stirred in a nitrogen atmosphere 
for two hours at 25-30:· C. The 5o!venr is 
rcmo\'ed in 1:acuo and the resultant residue 
dissolved in 5 ml. of so;..-~ acetic :icirl- mncr, 
along wirh aa S molar cxc,~ss of 70%, pyrm·ic 
acid with re5pcct to thc molar quantity of the 
·i-bromo- 16n-mcthylprcgrnrnc starting com­
pound. Tl~c reaction mixture is allo\•;1~d to 
st:rnd at room tcmpcrawrc for 20 hours. 
Dilute (5 /.) aqucour. scdium hydroxide is 
added u:ni! the reaction mixi:urc is at about 
pII 7, then the solution is extracted with 
meth\·!cne chloride. The organic extracts arc 
cvap0ratL·.:J to a residue which is chromato­
graphcd on "Florisil". The 50'/0 ether-hexane 
clu.1tc::- a;1d the 100 /, ether eluates arc com­
hincd anJ evaporated to a crystuliine r.:~idnc 
(25 111;.; which is crysraliizcd from acc1one­
hcx~1k ru give 20 mg. of 16,r-mc~hykortisonc 

21 "CL'!'''.-. :\ .i'\'leOJi2"3S m·· r._.p 8()0\ 
.-'1 c• '""'.I rnax ~. :'- v~ ,, ,· 

G. l Gn - :vlethylcortisone 21 - acetate 3,20 -
bis - scmicarbazonc 

A mixtme of 16cr-mcthylcort:srnc 21-
acc!atc (2.5 g.), prepared as in Example lOF, 
4.2 g. of scmicarbazidc hydrochlc;·ide, 3 g. of 
pyridine, 25 ml. of water and 100 m!. of 
methanol is refluxed for 16 hours. The solu­
tion is concentrated to ca. 30 ml., then p•rnred 
into \Yater to precipitate tin almost qurntita­
t ive yield of 16a-mcthylcortisone 21-acernte 
3,20 -hi'.Hemicarbazo;1c \,·hich is flliercd and 
dried, and used with<v .. n forther pnriiieation in 
the pr{Kcd::rc immdi<nely follo-.,;inl,!. 
H. l 6,,- - ,\k<hylhydr0cortisone 3 ,20 - bis -

~cm i ca r~azon<: 
A soluti~m of 3.0 g. of the hi~-mnicarbazone 

of Example IOG ~1;d 2 g. of potassium boro­
hH!ridc in 100 ml. of t:ctrnlwclrnfur:m r.nd 50 
nil. 0f \1'Jtcr is rdluxcd f~r 3 hours. The 
~olurirn i~ cooled, ;:nd acetic acid added to pH 
5.5. Thc orgaa:c ~.o!wm is ro.:nwvcd bv distil­
hrion, and the solids collected bv filtr~tion to 
gi\·.:: 1 t;,.-mcrhylh~·drocortisonc 3,20-his-scmi-· 
c<irh::zoae whicL i~ ;_1se'~ withom fonhcr puri­
fi .. ~.nion in 1hc procedure immcdi«tcly foll0w-
1ng. 
l. l G:,-Mctlwlh':droc:onisone 

_ l; nd·~-" a iiitrc;1;cn atmosphere, 5 .0 g. of the 
b1,;-sc-:rnc2rbazm:c'. of Example 10H is dis­
soln·d in 250 n~!. of 2.4 N hvdrnchloric ncid. 
The solution is (00icJ ro 5° C, and a ~olution 
o: 2.5 g. of sodium nitrite in 25 ml. of water 
i;; added at 5:' Cover a 15 mim:tc period. The 
rca.::tion mixture i:; stirred an <\rlditional 30 
minmcs, and !hen i~; brou!:'l1t to neutrality 
w;,h 20}: sodi11m hvdroxidc '"'at a tempcratme 

, - ' 
bt"low IF C. Tiie reaction mixtme is exlrnct-
cd sc\·eral frlh:s with chlorcform. The chlC'ro­
fo:-m extrncts He: combined and distilled in 

i·acuo to a solid residue which, when cx-y~tal­
Iized from acetone yields 1 Gct-methylhydro-

cortisone, A l\i1cOH 2-io mit (,.: 14,7001. 65 
· max · · -

J. 16(i-,\icthylhyclrocortirnnc 21-Acctate 
16a-Methylhydrocorti,.one (JOO mg.), pre­

pared as in Example 101, is dissolved in 2 
ml. of pyridine containing 100 mg. of acetic 
anln·dridc an(\ is allowed 10 stand at room 70 
tempcratur..:: for one Jiour. The reaction mix-
ture i~ poured into ice and hydrochloric acid, 
and a solid precipitates which is filtered and 
crystallized from aqt:cous methanol to yield 

16cr-methvlhvdroconisonc 21-acetate, ~ MeOH 75 
- - max 

240 m.'' (« 15,000). ·· 
K. l 6a - /vle1hyl - 4,9 ~ 11) - pregnadicec 

17H,21 - diol - 3,20 - dione 21 - 1\cctate 
16ct - ;\icthylhydro::onison.:'. 21 - acetate 

(0.2 g.), pr~parcd as in Example 1 OJ, is dis- 80 
sokccl in 3 ml. of pyridirn: aad 0.1 ml. of 
bcnzcncsulfonyl chloride in 2 ml. of pyridine 
is added. The solution i!. allowed to stand for 
4 hours, then is poun:cl into ice-hydroch!oric 
acid. A solid precipicatcs which is filrcrcd an::l 85 
crystallized from acc:onc to gi\·e 16,~ -
methyl - 4,9 - pregnadicn~ - 17a,21 - diol -

3.20 - dionc 21 - acetate. ,\ MeOH 23S mn 
• ' 111tlX · 

(;; 16,300). 
L. 9u - Bromo - l 6n - mcthylhydroce>rtisonc 90 

21 - Acetate 
A smpcnsion of 0.2 g. of the 16:;:-mcthyl­

pregn«diene of Example lOK in 20 ml. of 
purified dioxanc, 2 ml. of water a!ld con~ain-
ing 0.08 g. of }.;-bromoacctamide and 0.8 ml. 95 
of 1.5 >l pcrchloric acid is genriy agit,ttd fo:-
t \VO hm:rs. During this time the mix1 ure be­
comes homogeneous. A solution of 0.2 g. of 
sodium sulphite in 4 ml. of water is ad~kd, 
then the ~olution is extracted with mc:-th;-lc:nc I 00 
chloride. The orr,anic extracts arc waslwd- with 
wmcr, dried, filtered and evaporated to a r.;-si-
dnc which is c;vs;a!liz<.'d from mctha:10! to 
yield 0.1 g. of, 9.·;:-brnmo-16cr-mcthylhydro-

. i\.icOH cortisone 21-acetatc ,\ 2'12 m."· (!> 105 
111(!X 

16,400). 
EXA!liPLE 11 

9cr-Fluoro-J 6:r-mcth\'lhvdrocortisonc 
A. 9.::l.1 lf:I - Oxido - fon' - mctlwl - 4 -

prcgncnc - 17:r,21 - dial - 3,20 - dione lIO 
21 - Acetate 

A mixturc of 0.3 g. of 9a-bromo-16T­
methylhydrocorti~;onc 21-accrntc, prcp:ircd as 
in Example 10, in JO ml. of merh;rnol and 
0.3 f;. of potassium acetate is refluxed for 2 115 
hours. then conccntratcct to a residue. W'atcr 
is added to th~ residue, and a solid separates 
"'·hich is tillered and crntallizcd from meth-
anol to give 0.1 g. of 9,6,11{1 - oxido - 160: -
methyl - 4 - prcgncne - 17o-,21 - diol 3,20 - 120 
dione 21 - acetate. 
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n. 9a - Fluoro - 16ir - methylhydrocortisone 
21 - acetate 

A solution of 0.2 g. of the 9/J,l l(i - oxido -
16n - methyl - ·'I- - p:·cgncnc of ab;wc Example 
IJA in 10 ml. of akohol-frce chioroform is 
saturated with anhydrous l1ydrogcn fluoride 
at Q'J C. Thr. mixture is allowed to stand 5 
hours at 0° C, then concentrated to a residue 
under reduced pressure. Crystallization of the 
re~idue from acetone-hexane yields 0.1 g. of 
9cr - fluoro - 16'.r - methylhydrocortisone 21 -

acetate, >.. ~~~~)H 238 111_11, (e 16,200). 

EXA:l-!PLE 12 
16j3-n-Butylcortisonc 21-1'\cctate 

1\. 16n - n - ]Jutylpregnanc - 3a - ol - 11,20 -
dione 

16-Pr<?:gncnc-3:c-ol-l l,20-dion-: is reacted 
with n-bmyl-ir)didc and magn;·sium in the 
mann..-:r of Example lOA to yield 16rr-n-butyl­
prcgnanc-3rr-ol-·ll,20-dio:1e, which is crystal­
lized. fro:n acc:o:1c-hcxanc. 
B. 17 - Bromo -· 16n - n - butylpregnane -

3n - ol - 11.20 - dionc 
One gram or' IG.r-i1-bmylprcgnanc 3cr-ol-

11 )0-dionc, prcF.rd as in Example 12.:\, is 
dissolved in J 0 ml. of acetic r.c:id and is 
then bromina red with 1.1 cqu!v;ilcnts of 
bromi1;c in acdi~ acid. \Vhcn the bromine 
colour is discharged, t:ie soh1: io11 is poured 
into \\'atcr rind r 11c·1·r_~ is p:·ccin!1~-.1e:d a solid 
of substnntially 17 - bromo - 1'6n - n - butyl­
prcgm.nc - 31!' - ol - 11,20 - dionc. This 17-
bromo-p:·oduct is fill<'rcd and used in t:ic next 
j)fOC\'.dure witlw:n further p11rifica:ion. 
C. 16 - I! - Butyl ·· 16 - prcgnc:n ·· 3 .. :· - ol -

11,20 - clionc 
To the 17 - b:·,i:110 - lGa - 11 - b;l(y)p;:-cg­

nanc prcpa::-cd in above Ex<i?r1p:-: 12H there is 
11<.lcb:l 10 ml. of di:rn:thy!fo:m:·midc, i1i:d ihc 
reaction mixture~ is rdluxcd !\>O hours. The 
solntirm is pour..:d imo dilu~e hyJrochloric add 
anJ then exlr?.L<cd with rncthdc:nc chloride. 
'J'1'1" 0··<>~''!0 " c~.,_-t,·,,,·:<: ,,,.,, \"~'};;,,~ '"J.t1l '"Ul•~r .,. •• l:;"'o:.a J a ""' , . •. •'"'" ~ •· (,. L "- , C... •.• It,. It,.~ \I l Yl """ ' 

dried owr n1;ign-~;;ium miph:11c, iih:c:·cd, and 
cv?.pc!!"ated. in ·cacur.1 to a rcsidnc of substan­
tinlly 16 - n - b:.11yl - 1 G - prcg;1cnc - 3n - ol -
11,20 - dionc whi,::1 is u:;cd v.·i1ho:n further 
puri:i.:a::ion in tk· ;-.::a.::tio1: procedure immcdi­
atclv followin~. 
D. JH·/3 - n ~- Bu~ylprcgr.nnc - 3t't - ol -

11,20 - dio;1c 
The 16 - n - bmyl - 16 - pr.:-v,nene - 3a -

ol - 11,20 - dio1;,:, i''"'~parcd in above Example 
12C, is dissoh·cd in 10 ml. of acetic acid and 
hydrogcnalcd using palbdium on ch~rcoal as 
ca ialyst. \\'hen on.~ mo.le of hydrogen is ad­
~mbcd, the. rca:::ti~'n is ~topped, the catalyst 
removed by filtration, and the fil1rate poured 
into w~rcr. A sn~id precipitates whi.::11 is 
filten:d .:nd ci-;-:;1;~1:i:-:cJ from :1n·wnc-hcxanc 
to give 16.B - ·;, - ln:tylpregnrnc - 3cr - ol -
11,20 - dionc. 

------------------
E. 16_8 - 11 - Butylprcgnane - 3n,17n- - tliol -

11,20 - dione 
In the manm:r described in Example ID, 65 

l 6G - n - lmtylprcgnanc - 3cr - ol - 11,20 -
dione, prepared as in Example 12D, is reacted 
fir;,t wirh p-tohtene-sulphonic acid in ;icctic all­

hydridc, tbcn with sodium acccatc in 40/, 
pcrncctic acid. and finallv with aoucous sodium 70 
hydroxide. The rcsulti;{g produ~l is isolated 
anci purified in the manner of Example ID 
to yidd 16.'3 - n - butylpregnanc - 3,t,17·(t -
diol - 11,20 - dionc. 
F. 16/3 - n - Butylprcgnane - 3Cl',17cr,21 -

triol - 11,20 .. dionc 21 - Acetate 
The ] 6/:1-n-bntylprcgnane of Example 12E 

is reacted first with bromine in ch[ornform, 
then with sodium acetate and dimcthvlform­
ami de and the prod net isola tcd and purified 
in the manner described in Exarnpk IE, to 
r;ivc 16(3 - n - butylpregnanc - 3u,17a,21 -
trio! - 11,20 - dionc 21 - acetate. 
G. 16!1 - n - Butylpregnane - 1711,21 - diol -

3,J 1,20 - trionc 21 - Acetate 
In the manner described in Exampk lF, 

16f3 - n - butylpregnane - 3a,171r,21 - trial -
11.20 - dionc 21 - acetate is brominatcd and 
th~ rc::.ulting product isolated and purii!cd to 
give lG_1] - n - butylprcgnanc - l 7rr,21 - diol -
3, 11,20 - uio::ie 21 - acetate. 
11. -1 - l3ron10 - 16,G - n - butylpregnanc -

l7u,2l - diol - 3,11,20 - trionc 21 -
.:'\c;:tati.: 

l 6/1 - n - Butylpregnane - l 7cr,21 - diol -
3,11,20 - trionc 21 - acetarl! is brominatcd in 
the manner of Example lG, to obtain 4 -
bromo - 16P, - n - butylprcgnanc - l7cr,21 -
diol - 3,i 1,20 .. trionc 21 - acetate. 
I. Hi,':! - n - Butylcorti~one 21 - Acetate 

Tile 4-bromo-dcri,·?.ti;. e of above Example 
12H is dehydrobrominatccl by m::a!JS of scmi­
c.-:rli.1z::.k and aqueous SOY, accric acid and 
70%. pyruvic acid in the manner of Exa:nplc 
llJ to obtain l6B-n-b;.1tylcortisonc 21-a-=c:tatc, 

.M.cOH 
/... max 238 m."· (•: 14,500). 

EXAMPLE 13 
16,8-n-llutylcortisone 
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10 

l 6P,-n-13utykonisolie 21-acetatc is hvdro­
Jyzcd by means of aqueous alcoholic potassiam H 
bicarbonate in the manner described in Ex­
ample 2 to yidd 16,8-n-butylcortisonc, 

>.. i\·lcOH 238 m•i. (" 15,000). 
lllllX · ' 

EXAMPLE 14 
16:'~-Methylprednisonc 21-Acclfltc 11 

A. 2,4 - Dibromo - 16fi - mcthylprcgnane -
17n,21 - diol - 3,11,20 - trionc 21 -
Acetate 

A wlurion of 167 mg. 16/J - mcthy!prcg­
nanc - 17n,21 - diol - 3,11,20 - triune 21 - 12 
acetate, the compound of Example lF, in 3 
ml. of dioxan is dibrominatcd in positions 2 
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and 4 by the rapid addition of 130 mg. of 
bro1:1i;1c in 1 ml. of clioxan at room tempaa­
tun:. The solution is pOl!rcc! into water and 
the precipitated solid is liltcrcd, yidt!in3 180 

5 mg. of 2,4 - dibromo - 16_8 - methyiprcgna:1c -
17cr,21 - diol - 3,11,20 - trione 21 - acetate 
of sufficient purity to be used -in the conv<.:r­
sion described in th:.: following procedure. 
B. 16U-.!V1e1hvlorcdni,onc 21-acetate 

10 Tl1c 2,4-dib;omide (180 mg.) as prcp?.rcd 
in above Exam1'>le 14A is dehydrobromiaatcd 
by refluxing for 2 hours with ~ ml. of di­
methyl\mnamide centai1:in;; 30 mg. of cal­
cium carbonate. The mixtmc is pomcd into 

15 dilu~e bydrcchloric ::icij aGd cxtrDcted with 
mc·thyki;c chio:·ide. The organic extrnct is 
e.,·;ipo:·~1!:~d lO a residue: (l.50 mg.), which i<: 
chron~·:tor:_rnphcd on "Florisil". The frnctions 
oh:ai:~.'d "by- clutio:1 whh 20';/ .. e1her-hcxa;1e 

20 are cry;;t~.llizcd fro:n ;;cctonc-hcxam: to give 
40 mg. of 16/l-nw.hyli'rednisone 21-acctate, 
:n.p. 210-216°. Oiic bnhcr cry:;1a1Jization 

gay;:: m.p. 215----2JS·J, ,\ !vleOH 237 m:•- (e 
max 

13,501J>. 
25 Ei.:A:,H'LE 15 

16,P-Ml:l hylpr::tlnisonl' 
16f-m.:1!1yl}1red:1i;.one Jl-acct2.rc (0.5 g.), 

the cnmpouE<l of Ex1J.m;,le 14, whe;1 hydro­
lyz,~d by means of a'.:uc·om i1 lcoholic potassium 

30 hicJ1boi:r,:c in lhl' manner dcsc·ibccl ill 
ExampL.: 2 yields l G/1-:ncthylprcdnisonc. 

1\n aher:rniivc: n::::lhod of the prcparnrion of 
the compound 0f rlii~ cx:implc is a::; fo!iows: 

JI,il. .:!! ;1:; sphttcricus :;.:ar. .f usifo;·;nis 
35 (A.T.C.C. 7055) is incub:,ted on a nutrie:n 

·agar (composed uf 1;a-:to-lx:cf extract, 3 g; 
Ba.~· to· pep tone, 5 g; Sldinm ch)oricl.c, 8 g; 
'l'-'·'r '<; .,. i 0

") ""
0 ter 1 lit,.,~ for ?.j. lwur- at 

2~'.:. 'c'.· ,_,, "1 "" ' .1.:_, ~ · ~ 

40 To 100 ml. of a m:ri:e nutrient hrnih (co:n-
rosd of 13acto-] :cd extract, 3 g; J~acto­

r-~p!O:~·~, 5 g; j)('t litre of tap water) in a 
30;·_; ;nl. il .. l~k is a(idcd one loopful of !he in­
cub:::c;i cdn:r<~ imd the broth mixt1.1rc is 

'15 fun::.: .. · jncuh::itc'd for 2,l hours at 28° C on a 
~h~'~;i::~; rna.:hin.::. Th;~ bro1::1 culture so obtain­
ed i:; c!11j+1ycd as an ino;:ubm (1 '/~). 

I1~to ''a:::h of tCil aa~'.zs cuntaining 100 ml. 
of ~lc.:·iic nutrient b:·oth is ad:lc:d J ml. of the 

50 inp-:;ukn. The ffo~k~ ar:.: l'.gitatcd on a rotary 
~ha Le;· i>r 8 lwurs <'.t 28 ::.> C at 240 strokes 
l~~-r n:iii1;te. Afta t:1is growth period, a soiu·­
l!on d 25 mg. of 1 (,j3-mcthykortisonc, the 
con:p1)1md of Exai~~plc 2, in 0.5 ml. of mcrh-

55 Hid is a~::ptically added to each tla~k which 
in wrn i'i n~shakrn and incubated for an ad­
ditional 2·1· hours. The !iirnl pH is 7.8. 

Thc :::ontt.:nts of the flri~,\~ arc then combi:1ed 
n~1d cx;::·a:-H::ll three li!Hes \vith 2 1itn:.~ of 

60 ch'.c:·o:~inn per c;,:trac~ion. The combined 
chlc1:·,;form extract~ arc evaporated to drv­
ne~s yiclJing 310 mg. of crude product. The 

crude steroid is purified by chromatograph\· on 
a chromatographic system described by -G: ,\I, 
Shull, Abstracts of Papers of the 126th Meet- f.:5 
ing of the American Chemical Society, 
December 12--17, 1954, page 9a, paper ::\"o. 
24. Chroa1atogrnphic evaluation shows a quan­
titative co:wcrsion of the starting material to 
the dicne when an authcnric sample of the 70 
16,B-mcrhylprcdnisonc is used as a control. 

Aiternatively, the crnde product is recrystal­
lized from acetone affording 225 mg. of 16{3-
methylprcdnisone. 

EXAMPLE 16 75 
1613-Mcihylprednisolonc 21-acetate 

A. 160-Mcthvlorednfr;olonc 
16.'~-;\kthyih~'droconison~, the compound of 

Example 3, is fermented by means of Bacillus 
sphaeric:1'.~ 'ta1'. fusiformis (A.T'.C.C. 7055) in SD 
the mann~r described in the alternate pro­
cedure of Example 15 to produce 16.rJ-mcthy[ .. 
pred1fr;0Jonc. 
B. 16_!-/-;\icthylprcdniso!onc 21-Acctate 

l6.'J-,\~cth~·lprcdnisolo:1c of Example 16A 85 
is treated with acetic acid and )'.l}Tidine in the 
manner dc~cribcd in Ex;11nplc 4 to yield 16(3-
mcthylp:·l'dniso!one 21-acetatc. 

°EXAMPLE 17 
9(\"-Bromo-16/3-methylprdaisolonc 21- 90 

Accwte 
A. l 6/J - Methyl - 1,4 ,9(11) - prcgnatriene 

l 7a,21 - diol - 3,20 - dionc 21 - Acetate 
A solution of 0.5 g. of 16,9-mcrhylpred­

nisolonc 21-acctate, the comp0u;1d of Example 95 
16, in 3 ml. of pyridirn.: is reacted with 0.3 
ml. of mcthane-~ul phony! chloride in 4 ml. 
of pyridine. The solution is allowed to stand 
for 6 hours, then poured into ice-hydrochloric 
acid. A ~olid prcdpilatc whir:h is rcmov.:-d by 100 
filtration and crvstallizcd from acctonc­
hcxaue to give 16a - methyl - 1,4,9(11) -
prcgnatricnc - l 7·i·,21 - diol - 3,20 - di~·ne 

21 , MeOH -·~ , 1 1 7 -r, 
, - acetate, "max ~'~ !11.''· \ r; 'r, ) J,.. 

B. 91t - Bromo - 16/J - methylprcdniso1om: 105 
21 - Acetate 

A susp•'nsion of 0.5 g. of the l6G-md1yl­
prcgnatricnc of above Example 17A in 50 
ml. of pmified dioxan in a 5 ml. of water 
con1aini!1g 0.2 g. of N"-bromoacetamid(; and 110 
2 ml. cf 1.5 N perchloric acid is gently 
agitr, tee! for a period of two hours, during 
which time the mixture bccome:s homogeneous. 
A solution of 0.5 g. of sodium sulphite in 5 
ml. of water is added, and the reaction mix- 115 
turc is extracted with mc1hdcne chloride. The 
organic exrracts arc washed with water, dried 
over magnesium sulphate, filtered and evapo­
rated. The z csultini~ rnliJ is cryst?.llized from 
acetone to yield 0.3 g. of 9!1' - bromo - l 6f1 - 120 

mctll\·11)1"d1•isolone 21 - acetate, i .\kOI I 
· · ~ · 'max 

242 Ill,'(, (<; 14,950). 
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EXAMPLE 18 

9a-Fluoro-16f,-methylprednisolone 21-Accta tc 
A. 9~,1 W - Oxido - 16.':1 - methyl - 1,4 -

pregnadicne - l 7ct,21 - diol - 3,20 - dionc 
21 - acetate 

One gram of 9:r-bromo-16,B-mcthylpred­
nisolonc 21-~cetate, the compo~md of Exampk 
1 '7, is added to 65 ml. of meth:mol and 1.0 g. 
of potassium acetate and The mixture is re­
fluxed for 2 l10urs, then conccn!r;ttcd to a 
residue. \Vatcr is added to the residue and tbe 
rcsultini'.7 solid is removed bv filtration and 
crysralli~ed from methanol-water to 0.6 g. of 
9(3,11,B - oxido - 16/1 - methyl - 1,4 - pregna­
dicne - l 7:r,21 - diol - 3,20 - dione 21 .. 

acetate, >.° ~;a~~I-I 242 m.ri, (" 13,850) . 

B. 9"" - Flnoro - 16/J - mcthylprednisolonc 
21 - Acetate 

A solution of 0.4 g. of the 9!5,11 f3 - oxido -
1,4 - prcgnadicnc of Example ISA in 20 ml. 
of alcohol-free chloroform is saturated with 
arhydrous hydrogen fluoride at 0° C. The 
mixture is allowed to !>tand 4 hours at 0° C, 
then concentrated ro 2 residue under reduced 
pre~sure. Crystallization of the residue from 
acetone-hexane gives 0.2 g. 9:r - fit:oro - 16/J -

I l d . I 21 ' McO II meuy pre mso one - acetate, '·max 

238 m.u (1; 15,100). 
EXAMPLE ] 9 

9:r-F luoro-16(3-mcth y l prc,lniso !one 
9,r - Fluoro - 165 - mcLhyl;)rcdnisolo~::: 21 -

acetate, the comp(1i.111d of Exc.mplc 18, is con­
verted lo 9:t-fluoro-16p-mnhylj)!Tdnisolonc by 
·means of h\·drochloric acid in mcthano!­
chloroforn1-w~t1.~r in the manner described in 
Example 6. 

Ext.!'liPUl 20 
9:i·-l3romo-16(.i'-mcthyl prcdnisolone 

9a - Bronw - 16.'J - merhylprednisDlone 21 -
acetate, 1llc compound of Example 19, is con­
verted to 9:r - bromo - 1 Gfi - mctliylpredniso­
lonc in the manacr of Exampl~ (i ming hy:iro­
chloric acid in metlu:nol-chforoform-water. 

EX."i!\H'LE 21 
9n-Chloro-l 6p-methylpredai~olone 21-

acetate 
A solutiron of 0.3 g. of 9/J,l lIJ - oxido -

16(3 ··methyl - 1,4 - pregn:idicnc - 17rr,21 -
dial - 3,20 - dioae ~ 1 - acetate·, thi.: compound 
of Example 18A, in '10 ml. of alcohoi-frcc 
chloroform is saturnt.::d al 0° C with 
anhvdrous hvdrci;!,L'll chlori:k and the mix-· 
tur; allowed. to \tand at cr'C for 6 hours. 
The mixture is conc.::ntratcd under reduced 
pressure to a residue which i> ~·:-y~tdlized frc.m 
acetone-water to give 0.2 g. of 9,r - chloro -
16/J - methylprdnisolonc- 21 - acetate, 

>.. .McOH 240 111!'· (e 15,000). max 

EXA1\1PLE 22 
91r-Chloro- l 6.R-methylprcdni:;t1lone 

In the manner of Example 6, 9 .. - chloro -
J 6f3 - methylprcdnisolone 21 - acetate is con­
\'crtcd to 9a - chloro - 16/J - methylprcdniso­
loac. 

E.XAIIU'LE 23 
9'.~-Fluoro-16/J-rnethylprednisonc 21-Acetate 

To a solution of 0.3 g. of 9.r - fluoro -
16/1 - methylprcdnisolone 21 - acetate, 1l:c 
compound of Ex;imple 18, in 15 ml. of accnc 
acid is added c.lrnpwise a solution of 60 mg. 
of chromium trioxide in 1 ml. of water and 
3 ml. of acetic acid. The resulting mixture is 
allowed to stand 5 hours, then :.liiutcd wirh 
water and extracted with mcthvicn~ chloride. 
The org,inic extracts arc washed with water, 
dried over magnesium ~ulphatc, ii!tcred and 
evaporated in a rcsiclu(; which is crystallized 
from methan:;l to give 0.1 g. of 9tt - fiuoro -
16/) - mcthylprednisone 21 - acetare. 

·EX.i\MPLE 24 
9a-Fluoro- l G[J-methy I prcdnisone 

In the man;1cr dc;::ribcd in Ex~mplc 6, 9." -
fboro - 16f:I - m<·thylprcdnisone 21 - accrnte is 
hyclro!vzed to 9:. - finoro - 16(1 - mcthyl­
p~cdnisoue by means of HCI in mcthanol­
chlorofonn-wattr. 

EXAML'f.E 25 
9,r-Chlow- l6l:?-methylprcdnisonc: 

A. 9:r - Ch!oro - lMJ - mcthy!prdnison;: 
21 - acetate 

9rr - Chloro - lG_G - mctbylprcdnisolone 21 -
11cctatl\ the co::1pocmd of Example 21, is re­
acted wirh chromium trioxide in aqueous 
acetic acid in the nrnm1er of Example 2.3 to 
give 9ff - ch!oro - 16f3 - mcthylprcdnisorn: 
21 - acetate. 
B. 9" - Chloro - 16/J - methylprcdnisonc 

In the manl!c:r described in E:-:ami1l<: 6, tl1c 
21-acctate ester of Example ;~st\ is reacted 
with hvclrocbloric acid in mcthacol-chlorn­
form-wat.cr to give 9a - chloro - 16{1 - mcthyl­
prcdnisonc. 

EXAMPLE 26 
9rr-l3rnmo- l 6,8-mcthylprcdnisonc 

A. 9:? - 13romo - 16.f:I - mcthylprcdni~one 21 -
Acetate 

91r - Broa;o - 16!~ - m..::thylprcdnisolonc 
21 - ace ta tc, the compound of ·Exam pk 17, is 
reacted with chromium trioxide in aqueous 
acetic acid in the manner of Exampk 23 to 
give 9tr - bromo - 16,B - mcthylprcdnisonc 
21 - accrntc. 
B. 9,r - Bromo - 16(~ - mcthylprcdnisone 

In the manner of Example 6, the 21-acetate 
ester of Example 39A is reacted with hydro­
chloric acid in methanol-chloroform-water to 
give 9:t - bromo - 16{1 - methylprcdnisone. 
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. EX:'.l\il'LE 27 

9. ,-J3;·omo- l6n-m::thy l prcdnisolone 

:\. 1(,,., ..• \ l·:thylpred1~i~olouc 

n· .. :r: us , •Jharricus nil'. t usif or!uis 

r.-\:i:~(::C:. 1055) is incnbatcd on a nnrncnt 

;g:,r \:0:1:poscd of Bauo-bccf extracr, 3 g., 

1.l.l~tc·:p~pcor:c, 5 g., ~t.diu1.11 ch!,oridc, 8 g., 

ag:i~. J 5 !! .. tap wa1cr, 1 lnrc) lor 2·! hmm 

:it 2.;;- c.", 
Tn JU'.l ml. of sterile nutrient broth (com­

p;l<::id uf B;:icrn-bcef extract, 3 g., BnctO·· 

1~.:p'.<;I:•:. 5 g., per litre of tap water> in a 300 

ml. li.i'~ i:- a:Jded one. loopfol of the inc;:hatcd 

cu;t!1;·,_. ;i;1j the broth mixture is furt:1Cr in­

Clil>;itd for 2.+ hours at 2s~·c on a i:ha1'ing 

m.1,·:1:11.:. Th,: broth Cilltu:·c so obiain::d is :::m­

pl..::\·~:~! ~~~ :~.n in0~uhnn (1 ;/:)· 

fm,, (;,:,:h oi ten fla~h wntaining LOO ml. 

of ~h:riL: nu;.ricni broth is .?.ddcd 1 rnL of th~ 

i1i;;;.,;ul::m. The fhs}:s ;;re agitated on a ro~ary 

~h:ik,T for ~ hcmrs a1 28°C at 2"10 stwl:es 

p~'.r mi:1:;1.::. :\f:cr thi·; growth pr:ricJd, a solu­

ii,1;1 of 7.5 mg. of l 6a-n:.ethylhy6rccortiso11('.; 

the .:,1n~p;n:nd of E:-::n1plc JOT, in 0.5 ml. of 

mc~Jun;:•l i;; ascpdcal!y added t_0 c;;ch Jh!~k 

wh:ch, m turn, is ffr,hah~n :me! rncnl!Hcd ror 

an a:!di;ion:;l 24 hot!rs. The fad p1l is 7.:L 

The conti.:nts of the fhsk;; ~r::: coJTJ,::~d n.nd 

r xtr;1.::1d three ti1n.2;; \':i:.h 2 iitrt::> of chlr1ro­

f orn1 r:~r cxtrac~ ion. ·rhc ccH1jbi1~cJ ch1f~i·otorrn 

cxtra-~is arc c:\·~rH:iL:!~~d to dryncs:~ y}l·L!ing :;;10 

n1g. of a residue \vh1ch is cr\·~tani=~~,~~ frr:n1 

ac~~t01~c-bcxanc to gi\ ... ~ 16o·-);.;crhyi.~·~;·cdni~n}­

o;1t~. 

B. J ( .-M.ethylprcd:1i~o!on;.· 21-:\.cc;a·~::: 

A ~olution of 100 ;1lf!. of Hi:•···:11:·tl1ylprcd­

ni~c1l;11~c in 2 rnl. of pyridine ccH1~~\i !:leg 100 

n1g. nf a .. :ctic nnh\"dr:dc i~ r:.Oov .. ·cd. to ~~,::~1d 

fo~· 1 hour. The n1ixtme is 1k:11 p.;ncd into 

ii:c-·li() and c: precipitate ri.=suh.~ \Yhi\:h i~ rc­

mm·c.:l bv liltra:ion. C:y't"lliz:;cir1:1 of the 

p;·-:.:ipit:::t·; from a·.[i!c~ou< i·,1;::th::r:-:l t:'.i''"'' 1.6:<­

u1 ... ~;:h::!p!·cdnisolo:~~~ 7. l-acct:J.1l.':. 

(:. 1~1r - l\i;.~thyl - 1,.-~)9~i1.) - pr~:fii;it:-L~~·;c -

l'l .... 21 - dio] - 3./.0 - c:icile 2i - :',.·::1at;~ 

.-\ sa"lnr\oa of 0.?- g. of 10,r - 1y;,~thylprd­

n:~0lc-.nc 21 - ?.,:ctat.::, 1hc Cl~:-11;;~_'Ui'.-~ of Ex­

ample 27B, in ?. ml. of pyridir,.: is :-:::.1,~t::d 

\\"ith 0.1 n1L of i11~~than(.·-sulpht1l~_:.·l chlc:·:d.e in 

2 1,11. of p~·ridinc. T!w soluti'm is allowcc: to 

~ta:1cl fo;· Ji\·.::: ho,;r,, then pnu:·,:'.c; i1nn icc­

h~·dro~·hlcwic acid. J\ ~olid p;·c::..:i·;·•it:'.rc:.: \\'hich 

is filtered anJ cn·::taliizc.:l Lon; 2cctcnc w 

giw 16,, - mcthy; -_ 1,-1,9(11) - pr::g-.i:ttri:~i1c ... 

17,...2) - diol - 3,20 - dion:: 21 - acetate, 

>. :~:~~)I·J 238 m."., (:: 15,2Q[l). 

D. 9ir - Bronw - lG~r - mct!:y1;1r;:dn'.<::ilo::c 

2 J - Acci<'.t"c 
A susprnsicin of 0.3 g. of t:1..: 1 r.,;· - methyl -

1,~,9;11) - prrg:u:ri.::nc of L:a:npk 27C in 

30 ml. of puri!icd dioxan, 3 !Hl. ,-f w.:itC'r co11-

11ining 0.1 g. of N-bron~0·.1~·c'.1~·.micle and 1 

ml. of 1.5 N pcrchloric acid is gent]~' r?git:itcd 

for a period of two h111H":-, during whid1 time 

the mixtun: becomes ho1110:(i.:neous. 1\ solution 65 

of 0.3 F· of sodium sulphit~ in 5 ml. of wr.t..:r 

is ndd::d, th~·n the solution extracted with 

methykn·~ chloride. The organic extracts arc 

washed with '.Hiter, driL'.C! over magnesium sul-

pha tc, JiltCiecl and cv<ipor;i.tcc!. The rrsuh:ng 70 

solid rc:-iduc i~ cry~rnllizcd from methanol to 

yield 0.2 p,. of 9,1· - bromo - J 6n· - m.::thyl-

lm:dnisolonc 21 - acetate, A.M.cOH 2·13 m" 
max · ' 

(c J4,800;1. 
E. 9n-Bromo-- l.15rr-mcth )'lpi'cdni~olonc 75 

In the mam1cr of b.:amplc 6, 9.r - bromo -

J 6:; - 1~1cthylprccl:fr,;>lonc 21 - acetate is rc­

acccd with hvdroc'i loric acid in chloroform­

mukmcl-watcr to gi,·c 9,,. - bromo - lG(l' -

mc1 hyir.m:dn:~olcr.e. 
80 

EX:\:'lll'I.E 28 

9.r··Fluoro-1 (j,,-rncd1y lprcdni:;olouc 

A. 9G.11C - Oxidl' - 16:.: - mctbvl - l A -
I.- • 

.. • '\ .I 

prcg;;adicne - 17,.,2 J - diol - 3,20 - clionc 

21 - Ac·~t!l.tc 
85 

A mi:.:iurc.· of 0.5 g. of 9n - b:·omo - 16ir -

mcthylpn:chisolon·~ Zl - acc~ate, the cornpo~1 nd 

of b:all1p\: 2/'D, 30 mL of methanol and 0.5 

g. of po:.as:-ium acctat.: is refluxed for 2 

lwms. then eon(\.:mrau-:d tl1 ;1 residue. \\·'lter 90 

i> ::rh"k.:l lrl the re~iJi:c irnd the resulting solid 

i~ tilil'n::d an.:l cn·::talbrd from meth~;nol to 

gi\·c 0.J g. of 9fJ, i 1/3 - oxido - 1 fo - m.::thyl -

1,'t .. P•'<?gnadicm: ~ Jh,21 - d;o! - 3,20 -

dionc 21 - ., .. ""t'" \ l'vicOH 243 m·· (•· 95 
h ..... ~l· "'"·' • n1ax · ..... · 

14.05Cfi. 
B. -9.r ' - Fluorn - 1 Gn - mcthylpredniso!onc 

21 - Acctat.: 
:\ ~olnLi0n of 0.2 g. of the 9_1n 1/3 - oxido -

1 G,~ - mcthylprc»~;1<:dirn.:: of ahove Exampll'. 100 

2S:\ in 10 ml. of alcohol-free c~1loroform is 

.<.i1lllr;;td with a1Jhydrni.:.3 hydrogen flun::idc at 

o:' C:. The mixt:m: i~ ~:ll0w.::d to ~tand 5 hours 

at 0'.) C, th;:;n co:1:rntratcd to a l'C$iduc Ulldd 

r;:Juce.j prc;;sm .::. C:T.''al\iz:Hion of 1hc resi·· 105 

dn.::: from ncctonr:-h(:xanc gh·es 0.15 g. of 

9:r - fluoro - 1(;;, - 1:1cthylprcdnisolonc 21 -

" .. ,.,, ... McOJI -·>!. .t .. " o· 
"'·' < ••• l, A iIHIX L,jc .• ll.''· , ... l, ,20, ). 

C. 9:i-Flunro-16:,···mcthylprcdnisolonP 

1\ccmding to tbc. procedure of Example 6 110 

u'iLr~ Jr,•droch Jorie acid in chlL1roform--meth-

2nol~v;:;,tcr, 9,,. - fluoro - lo:r - mcthy1prcd­

ni·;olc•n::: 21 ... nccwtc is convened 10 9cr -­

!h;,)rn - l(i,r - mcthylpredni5olonc. 

EX,\MPI.H 29 115 

9:r-Ch loro ·· l Gn··mcthylprcdniso:onc 

A. ~'.,. - Chloro - 16n - mcthylprcdnisolone 

21 - Acetate 
1\ solntion of 0.2 g. of the 9./~, 11/j - oxido -

prcgnadicnc of Example 28A in 30 ml. of l?.O 
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. 20 901,092 20 :n 
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alcohol-free cblcrofonn is s~turated at {)".' C 
with anhydrous hyth1gcn chloride, and the 
mixture a llowcc~ to ~,·:a,1d ut this tempera turc 
for 6 hours. The mixrnrc is concrntrntcd 

5 under rcd11ccd prcs~:irc ro a residue whic:1 is 
crystallized fro:11 ac.:iOae-hcxanc to give 0.15 
g. of 9cr - chloro - ] 6n· - mcrhylprcdnisolonc 
21 . \ M.cOH 241 , 15 --c·' - aCC(iitC, "max · 111,'t, v= . ,L.) 'r 

B. 9c.-Chloro-l fo-m~rhylprednisolonc 
10 AccorLling to tk· procl'dure of E):amplc 6 

nsing hydrochloric acid ia d1lorofor111-n~nh­
anol water, the 21--acctau:: compound of E:·:­
amplc 29i\ is cm~"ertcd to 9n: ·· chloro - 161, -
me thy lprcdnisolonc. 

15 ExA.\:l'LE 30 

20 

25 

30 

91l:-FJ1wro- ~ (}r; .. 1:1cthylprednisonc 
A. 9cr - Fluoro - 16" - r.1ethylprcdni~:onc 21 -

Acetate 
To a solmion of 0.2 g. cf 9:r - ~uoro -

l6rr - mcthylprcdnisc.Jonl' 21 - acetate, th\: 
co~npc•tmd c~f Ex11.m;)k. 28L,_ iO ml. of_ ncctic 
acid there is ad~1c:,t oroi11v1;c a soluu0n o! 
40 mg. of c:1romiu~n tri~n;i~-~, in 1 m1._of: wa~-~r 
and 2 1:11. of acet;c acid. J nc n:snltrng 1111:'-
turc i~ allowed w sra.r:J 6 !;ours, then dilukd 
u·j1h ,,,'c.ttcr and cxtra.:ti.~:l \Vith n1ctl:yJ.:11(: 
ch1oridc. 'l"bt' o:-gn:1!c rx:r,-:.cts arc ., .. (\1~hcd. y,·ith 
\\'~ tcr, cl rid over :1);!gi1·.'simn ~dph:~: e! . fi,lt,~~­
ec1 ::n:l evaporated 10 a rcs1du::: '.':inca is 
rry~~=1~!ii:.-:cd f!·cn1 n-h~t11~t-!l(.d to give 0.: f.. of 
9,; - fluoro - 16.r - m::t:1ylp:·rdni~onc Zl -

. , l\kOJI -yp ( , .• Qfl'\\ 
ac~tate, n. P" ·x ~ .. , nl,:~ -~ ,."°t, •....,.L,1. 

B. 9:i -Flu:·ffci-16i.--mcthylj)H::lni~onc 
In t~:c rn::irn~cr of i'.x:tmp!c 6, the 21-acctatc 

35 ·ester of E:-:ampk 3(\\ i:; hwlrolvzc.:1 to 9~<-
fi ' 10"()-1 hJ '"-']1•'"']'"'" .. ". ~ ,. ; .; '1"" . • 

40 

45 

50 

55 

.. ':. . ' ·~ " ..... i JJ ~~'- \,..~.,J. '·· •'·. 

-l~X..\~\t:'lLE ~~ 1 
9cr- Chlnro-16,.--mcthy ! prd1~ i>,'l'C 

In the man;1c~ dt>;·::ribcd !;1 Ex:l!:1plc 30, 
9·r - chl0:-o -· lG,r - mc<hylprcdnisc!onc 21 -
arrunr, the con1p-:)·.::·.\3 of E:.:~~.nplc 291\, is re­
acted with cLn~:::in1 :ri;.1xitlc:- to yield 9n­
c11 loro--1(.:1-·J1~cth:.·~ 1;:·.:_:.:l ;·.i ~;ci1:.: 21 ·-:~i...i~ i (l ! c. 

Ill t t,~ .. 11'~'1"1 ·r !;~~·(•·,·'.~.;"' ~ :."'I T:v, ""'"·•·]·• ' •·]1' ~...... olL !Al..- c ..... ; ..... ~: ... · .... U Jl ... -'-~·'.cl/J!r l: D~ ~ .e 
21-ac.:rnt~ ester oJ _:nc ccmpo-__;n(~ cf. rn_1s 
cxamrk is rr:::~clul \-"1:]; liydrnch!onc and 111 

chlowfur:n-:nctl;a::)l-'.\':.tn to vic:ld 9r;·-chJuro-
16cr-mechylprcdni:<1;1~~. ' 

Ex_), '-"'LE 32 
9t1·-l3romo- l ()·;-rn~th·,Jnrcdni~liac 

In the manner {l<·:;c:-i:,c~~' in Example 30, 
9cr - bromo - 16,,· - incthy]prcdni~olonc 21 -· 
acetatr:, the comrn~1i1 .\ nf i~xamplc 27D, is 
reacte,] with chrnmir!m trio;;ick ro vidd 9(\' -
bromo - 16n - mcihy!;)rcc!nisonc 21 ~acetate. 

In turn, the 21-::c.:c~::tc of the compound of 
this cx:1•11plc is m:1v._.:·;c'd w the free r.J:ohol, 
9,t ~ bromo - 16'., - mcthylprcdnisoac, by 
means of hydrochlL1ric acid in chloroform-

methanol-\vatcr accordi11g to the procedure of 
Exampic 6. 

EXAMPLE 33 
9 · r-Chloro-16'.r-mcthv !Jffdrocorti~cae 

Jn the m:~nncr rk.;cri!)cd, in Exampk 29, 
9_13,11/] - oxido - 16n: - methyl - 4 - prcgncnc -
J 7·,·,21 - diol 21 - aceuic:, the compound of 
Example 1 IA is reacted with hydrogen 
chloride in chlorofo;m to give 9a - chloro -
16n- - methylhydroconisonc 21 - acetate, 

.A ~;,~ .. on 2-12 11111, c" l 6,.100). 

The 21-acetatc of the compound of t!1is 
cx«mj~k is hydrolyzed by means of hydro­
chloric aciJ in chloroform-methanol-water ac-­
corcling 10 the procedure of Example 6, to 
obtain 9e-chloro-l 6cr-mcthylhydr::>eoni~onc. 

;EXA'.\U'LE 34 
9tr-Cb !oro-16c,-rnethyl conison:: 

In the manner dc~:cribd in Exiunulc 2:< 
9:~ - chioro - 16a - meth\·lhrdrocorriso;1c 21 : 
:lCCl<ilC is rc;ictcd with chr0:niil'l1 trioxid(~ in 
watcr <::nd acetic acid to vi(;ld 9,~ -· chloro -

- .1\kO H 
16,~ - mcthylcortisonc 21 - acetate, 1. , . m .. x 
239 lil'! \t: 15,100). 

The 21-~cnatc of the compound of this 
r:::xi!mplc i~ hyc'.rnlyzcd by rnt:ans of hydrn­
chloric achi in chl0roform--mcthanol-\-.·atcr nc­
cording to the proccdu:·c of 1~xamplc 6 io 3in~ 
9,r··CliI~1rG-16!t-.li1Cthylc(•rtisunc. 

ExA.\H'LE 35 
9a·-llromo- l 6'.,·-m c thy! conison,~ 

In the maimer dcs;:;rilw•i in E~ampk 23, 
9-r - bromo - 16(l' - mcthyli1yd;.:1cortisc•n<' 21 -
acct:.itc, the compound of Ex:unplc JOL, i~ 
rcac:cd y~!1h c_hro1niu~1? trloxidc in ai::fi.1~tn!~ 
acct1-: acid to give 9:t - l'ro:110 - 1 Gn - r.1ctm·1-

- McOlf . , 
c0rtiso;1c 2 J - acct:itc, ,\ 2.·H :;,11( ',,, 

max · ' 
14,700). 

The 21-:t>:d;!ic of th,~ C{ltnpound of thi' 
cxRmj)ic is h:,·drolyz:.:d by mc<'.m; of l1yd rn-­
chkri-:: acid L1 mi:ili:rnnl-\l'at.:r-chloroform in 
ti1c r:-rnrni-T cLscribt:d i11 Examnlc (i to give 
9:.-bn,mo-16: .. -mcthdconi~onc. ' 

EXAMPLE 36 
l 6a-;\k1hy Jallupregna n ~--3/J-ol-20-on,' 

1\ wlutic.1n of 0.5 g l6n--mcthylprcgnc11ci1011c 
[i\farker & Crookes J.A.C.S. 64, 1280 (19·12)] 
in 15 ml. of accti• acid is reduced at atmo~­
pheric prcs~ure with hydrogen and 0.3 g. of 
5'(;, palladium of charcoal catalyst. The rc,,::­
tion is ceased after one mole of hydrogen is 
consumed, the cata!yst is removed by filtration, 
and the filtrate poured into water. The pre­
cinitatcd rnlid is removed by filtration and 
cr~·~tallizcd from acetonc-hex<ine to 1·idd 0.3 
g.-of 1Gn - mcthylalloprcguanc - 3/J -·oi - 20-
one. 

In a similar mannr:::r, 16/3-methylprcgncnol-
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f\!'C is rcdu::c:cl to 16li - mcthyl:tlloprcgnane ·· 
;rn _ oi - 20 - one by mca 1E of hydrogen rncl 
a· p;illadi•::11 catalyst. 

ExM1lPLF 3 7 
J 6,.-.\Lth•;i:1lloprcgnanr:-3/:), i 7-rr-diol-20-one 
;\ ~(1!uti0:1 of 3.5 g. of 11)-r - methyl<!llo­

p:·l'i~mnc'. - 3/~ .. ol - 20 - one in 100 m!. of 
ac<:;ic a:ih·.-c!ridc containillg 0.7 r,. of p­
tc·Jue:iest:!fonic acid is kcpc at rno 0 c. for 6 
k·~:rs: ,L;,·ing this time ahom S ml. of dis­
t i lla1c i., remo'."(~d each h:1lf ho-.U" by the app!i­
c:ninn pf \·,t~·1um. The n->ulting nily re$ich~e is 
di~,o:wd in 50 ml. of hcnz1:ne and wa!;)1cd 
thrc..: time:·; w~th \Yat::r; rl:cn with a solu1:;:-,n 
of l .0 g. ,~f ~;0~liu1n ac~1at.~ in J 5 niL of v~·f1tcr. 
·1 he h:llZt'I):_: fayer i~' dri•.·tl wirh anhydrous 
n~.:~1h"".=-ii1111 s~ilnhazc. fillcrcd. t~1cn c\·~-~pni·:-,tc~d 
in ~:1 .'l~11ll Yi;l1i1nc: fo11tHr:::l h\' chr011.1aL0-
····•1-1·1\' ... ~, -,\.). ,.,·,,111~ ol' i,.-."''''" :,-.,sJ'ccl 1·1~cr-; 1 ., , ~'. I •-. <~ •' J •I... • '"' . l >... • n .... l 1 ll '".) 

~~:.:,!uri1 ~:ik::ll' '(Florisil"). rnu:icn wirh 50/~ 
:·i~~cr-1:·:\::ti:i:· n:ixturc afl 1.n·d~~~ ufter C\1apora-
1i'''1 of tk: ~-<i:wm, 3/1,20 - (:i:!.:•~toxy - JG,. . 
11,.,,· ..... I .. 1·;; 7fl .. Q110,1rr""':··11° 'fJ1" c·"Gl •'• ' 1 _' • ''.:...,,.._ • l• • ·.1· · -:_:.,l•. '·'-: 1,,.. IJ } 

a .. «.~t;,:c ~;il oh:a:i:ccl 1s d1:;snh·~·r! m 50 ml. cf 
bc;iz<·nc ('.:;· _Ptior to i~o;',~lior: of 1;1c _cnol 
;~cer:·i 1e): Uit~ nc1:.i':cn~ soiur:on is th~n st11rcd 
fo;· H;' hr111r'i Ht roo;n tenrnc;aiure with a 
J'liYtl'J"'' (Jf (' 7<; '-' Of V)··l;l;,,l "'C"''."te i11 6 I .•• ....., .. • •• ~_. t..·' , ..•..•• ~. v l.t•. ~ 

;11~. of comn:::n.:i;d 40/0 pc:·aCL'iic acid. 'fJ.i.: 
c:::ce~·:s p:.,r::i.\.~t~:: ~lJ.:id i!, dt:·~:.: ~.1ycJ by t~1c drop­
\\·i~.c: ~!d~E~i1..1:1 of n ~0Lnic1D c.f 8 g. of ~o~Funi 
~uJphitc in 25 1n!. of \\'~-~~t:r~ i.~t a ten1rn·f~·.fu!-~! 
of ca. W--·!'.O' C. An ac1d i:ion~l 1 g. of 
~n~!iu1n Slili)hi:.e i'~ then Hddrd n:1d the n~ix.t:.trc 
~tirrctl ove~ nL.:.;ri. 11n1 il a st~1~·c.b--iodid~: test. 
is P·''·'~ti'"' ·i ··,,_, h 0 --1Z•·'" 1··· ]'' .. , .. 1"s ~·····.~1··· "t"l"'l.11 ... ...... ~,,. '"'· . .... -..J. , ... J. .... -~)L' .. L.\.-l•U (• . ' 

\\·a~l1cd t:1ree tihlf'.S \vi~:1 v.:~·· l·2i" Hi.id cv,\nor­
ri1d. The rc>id:;<.: is tri:c•:-ated Fith (';·iJCr·· 
h~·x:~nc n;i:-:tt:L:: j~1 the co!(~. ·r~1c r~suhiPg 
3 ... ·;.2~_) - di~1..:::c-i.:..~x~: - lG:r - n.1:.::Lhyi - 17,20 · 

('.\};;~!ii;~~),\\~f [,j~~;;~)~\J:1·\9~i 
\~·L·:~~\r i::.c1;1i:1i:1i:1i~~ 2.7 .f!,. of· s;_!J;~:111 hyc~r!xddc, 
:tnJ t:1c in:> .. t:L·~ rcDLn::.-J 1•)1' 15 1nj1HJtt:s. 
1\fkr 1:-:::'1:1 ,·.Ji:-'.~tLio:1 1•:i1I; ~-l ml. of accti:: r;cid, 
the ~oL.n;l.,:1 is (.:01h.:;..::n1r~~.1~d under rcd'.Ji...X'cl 
p.:·t.·:--:-.!.lrl~ to a \'\"_)h::·n~~ of C~i. 30 ~nJ.~ a2id this 
i~ p~::rcd i:J:o ~!l~ ice- 'i\':~ter rnixtu~·c. 'rhe 
;)rl·~~ipitE?iL·cl ~11!'.d is r~·n10Ycd tn· filrr=ltion and 

~i;y:;~F ni~~.c! -fr~~~~(:t 1~~1f~~;i :'.;~·;·~·:;";::~'. ;.~~- ~0 3JJ ~~\: .:~ 
'.)!01 - 20 - o::e. 

Jn a ~i1riL1r fa~hion by ~.l~~)jccting 16/:? -
md1yl:d!~.iprl'f•.i:;nc - 3-'} ·· ol _ 20 - on'.'. to the 
r(·acti011 p:(lcc::hi~c hcr::in ck::cribcd, tkrc is 
~:·~parcJ 1((-J - nv:.thyl:·!lil1p!c~~n:~n~ - 3iJ,l7t~ -
u:ol - 20 - one. 

EXA:\1PLE 38 
l 6/3-Mcthy!pregnanc-3ri:>l 7"-diol-20-one 

A. 16 - M.cthyl - 16 - prcgncnc - 3(1: - ol 
20 - one 3 - acetate 

A solution of 3.71 grams of J6 - prcgnene ·· 65 
3~, - ol -- 20 - one 3 - acetate ia 5 ml. cf 
methylene chlor idc is added to a solution of 
about 1 r.ram of diazomcthanc in 70 ml. of 
ether whi'~h has been cooled to -- 10.::c. The 
mixture is Lept at O'='C. for four hours, then 70 
allowed to ·sann up rn room temperature. The 
rcsulring pyrazoJine crystallizes directly from 
rhc reactio:i. mixture and is hc<:tcd under 
reduced. pressure to about 210~ C. until the 
evohition of nitrogen ceases. The resulting 75 
c,il ;s ccokd to 1oom tcmpcrawre, then crystal-
lized by th~ addilinn of ether. Th:! prccipi-
rntc is filtrred s.nd dried, yieJ~ling 2.12 g. of 
](, - methyl - ] 6 - preg1~ene - 3(\' - e>I - 20 -
one 3 - Ecccnc. 80 
13. 16[3 - ;,, : \'t;1ylprcgnanc - 3a ·· o! - 20 - (JJ1C 

3 - ~lcet~1 re 
A soluti(l;: of 12.0 g. of the 16-prcgncne 

compoLlrld of Example 38A in 250 ml. of 
gl::cial :>.~LLi:: acid is hydro~~i::u<'.<d at 1001:1 8') 
tcmpcrat•.i:·c m:d. at atmospheric pi'<-~otirc in the 
p:·.:s:.:ncc of 3.0 g. t•f 10'>~ palbd!um o:i char-
coal cataly~!. 1\ft•.T rhc redu:.:rion is co:nplctcd 
(abmn L~ hoL1rs), the carnJ.yst is removed by 
iiltr~1ion, ~PJ tbc filtrate conrc'n:rarec! under 90 
reduced pr...,~sn;c ro about lOQ ml. The ;c~i-
duc is puwl'd ii;to water, and the precipitated 
rni\d iiitt"n:d, v:~~h::d and dricci, yir·Jdins 1] A 
g. of imp;i!l" I 6.:'3 - mi.:thylprcgn:rnc - 3ff - ol -
20 .. one ;~ - acc1::nc. After rc-:rnwl!ization 95 
fr '"l1 "!''Cl'•"c'· l' .,,.~ n" tl1•1·c 1"s 0 1)t·a;,. '··I '' .~o cr \.o.&. '.... '. •• • ..... L(~J .... ~ ._ ' iJi"-"'-. l°), ·t t>' 

of the prn~L1ct of this cxampk . 
(:. 16/J ... j\lethyl11r('g~1ane - 3:r,17o - diol ·· 

W - one 
A sohtion of 3.5 f.. of 16// - mcthylprcg- 100 

11::1:c - 3,t - cl - 20 - one 3 - Rcctatc, in 100 
n11. of a~cric anhydride ccnt:ii:1i:1g 2.0 g. of 
p-tolucn;.:·~;;lfonic r.dd is treated :H:::ordine to 
t'·' •iro~c+, .. ~ nf J<,·a···111~ '.\.., ·1·n· 'r'' i's· •·l1us Jl~ J·• I.. l."C·•\: ~ ,,.,,,J. ·~ ·'.• '' l;, < .• 

prci'arcd ti,;:: comp:.cmd 01 this cxarnple, 16U- 105 
nv.~thylpregmn:::-3n, 17,r-diol-20-·0llC. 

·EXAMPLE 39 
1 G11·-M.e1hy!pregnanc-3H-ol-20-onc 

A mixt·c1r<.: of 3.72 g. of 16 - prcgncn -
3 r - ol - 20 - one in 20 ml. of dry toluene is I JO 
added to a Grignnrd reagent prepared from 
7 g. of mc;liyl iodid:: and 1.2 g. of magnesium 
iu 40 ml. of ctbt:r, and containi;1g 200 mg . 
of cupric cldorick. The reaction mixture is 
distilled u1;til a v<i.pour tempcr::a:re of lOCF'C. 115 
is reached. The distillation is then ~topp::d, 
and the rca::tion temperature m<lintr..incd at 
lOOC)C for Jive hours. The mixture is thc~1 
cooled, pm1rcd 0:1to ice and an nquco,1s rnhr-
tion of ammonium chloride, and the solvent 120 

7u·\ 
:_7 
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layers separated. The organic layer is dis­
stilkd in rncuo to an oilv residue which is 
chrom::itographed oa "Flori.~il". The 20-~<, 
ether-hexane eluates arc combined ard evapor­
ated to give a H'.~icil;c which is crystailizcd 
from acctonc-h•'X~mc tn yield 16:r .. methyl -
prcgnanc - 3,,, - ol - 20 - one. 

EXA;\ll'LE 40 
16"-iv1c:ihylprcgnane·-3cr, 17ir,2 l-triol-20-onc 

21-acctate 
A solution of 300 mg. of 16,r - merhyl­

prcgnanc - h,l 7a - diol - 20 .. one in 15 ml. 
of chloroform is brominated at · - 20 to 
- 3CF'C by the dropwi~e addition of 165 mg. 
of bromine in 10 mJ. of chloroform over a 
45 minute period. Stirri:1~ is con•inu<:d u1 ad­
diri0nal 20 minutes. then r;ic rnlvcm removed 
under rcd11::cd nrc.,sur<' at 10''.)C. Thc residue 
is disso!vcd in ·10 ml. uf dimci:h\'lfonnamidc. 
one gram of sodium acetate added, and th;~ 
reaction mixture ~t irrcd at GO"C. for 12 hours. 
The rc:i .::tion mixture is then poured into 10 
ml. of concentrated hydrochl0ric acid ::nd ice, 
and th~· pi rcipiuncd sofa\ liitcn:d, \\'itsh;:·d with 
waler and dried. The liitr~tt.:: is cxrractcci with 
mcthyknc chloride <:nd :he cxtn1c1s evr,poratcd 
to giw au oily rc<Juc. The solid a;1d 1hc oil 
arc co;11bincd rrnd chronrntogrc:p!1cd on 
"Florisil". Eluates of 'i·'.l'/ etha-hcx<mc arc 
combined and di~ti!ld to a residue ~;ub~ wn .. 
1ially of 16.:v - mcthylpn:gnane - 3n,l7:r,21 -
1riol - 20 - 011l: 21 - :~ceiarc. Th!~ product 
is used without fun!icr purifir::ntio~1 as the 
sran:ng compound in th(; procedure of Ex­
nmolc ·~ 1. 

in a similar fa~hion, 16n· - mcthyhl!oprcg­
nan~ - 3cd7rr - diol - 20 - one; 161J - mcthvl­
prrgnanc ·_ 3:r,17a - diot - 20 - onc

1

; and 16/1 -
met~1y;:d!oprcgnanc - 3n,17cr - dio! - 7.·J - one 
arc subjected to t!E: procedure d(:~crib\:d im-­
mcdiatdy abm-c and th~re are formed respec­
tively the following compounds: 16ff - mcthyl­
alloprcgn::mc - 3a, 17.:r,21 - trio! - 20 - one 
21 - aceu:t,~; 16(} ·· rncthylprl'.gnanc - 3n)7't,-
2l .. 1riol - 20 - CJnc 21 - accra1c; and 16/J -
mcthyfa!loprcgnanc - ~h, 17,1·,2 l - lricl -- 20 -
one 21 - acetate. 

·Ex,\Ml'J.E 41 
l Grr-.\kthylprcgnan~-J 7,,,21-diol-3,20-dionc 

21-acctatc 
To a solution of JOiJ mg. of 16a - mcthyl­

pregnnn.~ - Jn,l 7'.1·,21 - triol - 20 - one 21 -
acctalc in 2.5 ml. of SO'/. tcrt. - butyl alcohol, 
J .0 ml of glacial acetic acid and one drop of 
conn·ntratcd hvclrochloric acid is added 100 
mg. of ?\-bro1110acetamide at 5 °C., and the 
reaction mixture kept ar ---5°C. for 20 hours. 
Aqueous i;odium bisu!p!1itc soiution is added, 
and the mixture extr.'.lctcd n:ith mcth\·lcnc 
chloride. The organic solvent extracts- arc 
cv::1poratcd to gi\~e a residue which is dc­
brominatl'd by treatment with zinc dllst in 

acctonc-acetic acid. After filtering the zinc 
from the reaction mixture, water is added to 
th;:' filtrate. The rcs;iltant prccipitntc is filter­
ed and dried to yield 40 mg. of 16,, - mcthyl­
pregnane - n.,,,21 - diol - 3,20 - dione 21 -
acetate. 

Si;nilarly the corrc~:ponding 16(3 · methyl­
prl'gnane, 16:r - mcthy!a!lopregnanc, and 16/3 -
mcthylprcgnane anakgs upon rnbjccrion to 
tbi~ pr(1ccdure arc conYcrtcd to re~pcctivdy, 
16(1 - methyl ·· prcgnanc - n,,,,21 - diol -
3,20 - dic1nc 21 - acetate, 16n· - mc1hylallo­
pn::g:1anc - H:<,21 - diol - 3,20 - dioae 21 -
acctat.:, and 16p - methyl:.i.!lopregnane -
J 7t1,21 - diol - 3,20 - dionc 2i - acetate. 

EXA!llPLE 42 
16cr-Ivlcthy 1-4-prcgncnc-17cr,21-diol-3 ,?.0-

dionc 21-acetate 
A. 4B .. llromo - 16.·r - mcth\'lprcgnanc 

1'7,.,21 - diol - 3,20 - dione 2l - i•c.t:talC 
A rnlutioa of 8-t mg. of ] Ga - meth\'l­

prcgnrnc - i 7ct·,21 - dio'l - 3,20 - dionc 2l -
nceiatc in 3 ml. of 1cn-bnryl alcohd and 3 
ml. of rncthvknc ch~oridc is bronfrrntcd at 
30--35c··c. b;· tk~ rapid rdc!ition of a ~;olution 
of 32 111'.!. of brnmin.: in 3 ml. of ten-butyl 
ako~1ol. AL:r brorni1:a1ion is compktc (l 3/1, 
.bc1ur~\ the solmicin is cvaporal.:d to drv11css 
t:nJn: rc·dt;._:cd prcssur('. Th~ rcsiJuc is ~lt;n-icd 
witll water. Jihcrcd rnd dried to vicld ·l-G -
bromo - lGir -· mctliylprcgrnrne :. l 7:r,2'1 -
diol - 3.20 - dionc: 21 - ncctatc which is of 
sunicicn:' pc1rity for the con\'crsion de~cribcd 
in th.: follo1»ing procedure. 
13. 16u - !vlcthyl - 4 - prcgnene - 17,,r,21 -

d'.ol - 3,20 • dinnc 21 ·- acetate 
The 'l_FJ - bromo - 1Gf3 - rnctl1ylprcp,nanc -

lh,21 - dizil - 3,11,20 - trione 21 - acetate 
of ab:wc Example 42 is dissolwd in a mixture 
of 30 rn2 .. of se:nica:-b~,zide, 4 mL nf tert­
hutyl alcohol and 2 ml. of mcthyknc~ chloride, 
and ~ljrred in a nitro.:?:cn atrnospl1.::rc f1Jr tvlo 
hours at 7.5---30°C. Aftn- removing the sol­
vcm under rccbccd pressure, the ;-esidm: i~ 
di~~olvd in 5 ml. of goz. acetic acid .. w~ter 
along with excess 7W/ pyruvic ncicl, and the 
react ilm mixture allowccl to smnd at room 
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rc.:rnp,·r«rurc for 20 hours. The solution is 
brought to about pH 7 with dilme (5 %) 
so~lium hydroxide, and then is cx1rnctcd wirh 
mctilyknc chloride. The organic extracts are 
evaporated ro a re~iduc, and the residue 
chromatogrnphcd on "Flosisil". Cryst<d!ine 11: 
n1a1crial (25 n1g.;1 obtLlincd fron1 the 50'/-~. 55 
Clhcr-h2x:ine :md } OCr/ ether cJuat:.'S. Oil 
CJ'\·'Sl.'.llliza rion from ac~tone-hcxanc \:icJds 
lGn - '.;· - methyl - 4 - pregnene - 17,;:,21 -
diol - 3,20 - dionc 21 .. aceratc. 

The identical compound is obtained by 
subjecting l 6cr - alloprqrnrnc - 17 :r,21 - d iol .. 
3.20 - dinrw 21 .. accr::t\; to this proccdun: .. 

12 (:0 

Similarly, by employing either l <i[J -
mcthylprcgnanc - l 'lir,21 - dial - 3,20 - dione It 
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21 - acetate or 16/3 - mcthylallopregnanc -
J7:r.21 c diol ·-·3,20 - dione 21 - aeei.atc there 
is p'rcparccl in both instances, 16,B - methyl -
4 - prcgnene - 17n.,21 - diol - 3,20 - cione 
21 - acetate. 

16:r-Mcthyl-l,4-prcgnadicne-17n,21-diol-
3,20-dione 21-acl'tate 

C. 2,-i - Dibromo - 16"' - rncthylpregnane 
17,,·.21 - diol - 3,20 - dione 21 - acet;nc 

A so'lutio;1 of 167 mg. 16:r - mcthylpreg­
n:inc - 1 /c.,21 - diol - 3,20 - dione 21 - acetate, 
the con1rolmd of Example 1i 1, in 3 ml. of 
dioxan is dibrominated in positioas 2 and 4 
hY ihe rapid addition of 130 mg. of bromine 
iii 1 ml. of dioxan at room temperature. The 
~nhnior, is poured into water and the prc­
cipi;:-itd solid is filtered, yielding 2,4 - di­
h:·o:no - 1()., - mcthy 1 - prcp,nane - 17 n,21 -
di1)i - 3,20 - dione 21 - acetate of sufficient 
pmity to be used in the conwr~ion dc:;;cribcd 
in <he' following procedure. 
n. 16" - :\kt!iyl- 1,4 - prcg::adiern: - 17a,21-

dicil - 3,2() - dicme 21 - acetalc 
The 2,4~dibrcmidc (lf,O mg.) as prqrnrcd 

i!1 abon~ b:r..rnple 41 is ckhydrobrominated 
h\' rcftuxinf~ for 2 hours \vith 4 ml. of di­
nic<~1yiform~:nidc containing 30 mg. of cal­
cium carbomttc. The 111i:~t!.1rc is poured imo 
dilute !iy:bichloric acid and extracted with 
mcrliyleGe chloride. The organic cxtra.:i is 
cvaporati.'d to a residue, whic!1 is chromato­
graphed 0:1 "Florisil". The fractions obrni11-
ccJ hr elution wirb 20··1 cther-hcxi>nc are 
cryst;;lli;:e:I from c.cctone-'l]cxane to give 1Gu -
mcthrl - 1,·'l - prcgnadirnc - l 7!r,21 - diol -
3,20 - dio:ic 21 - acetate. The 21 - acetate is 
ti1en hydro!y~cd by the proc·~s~ of Example 
2 to \·idd 1Ji,~ 21-akohol. 

In; sirnil:!r fashion the corresponding l(;(J -
!l1;?thyl - prcgnanc, 16a - rnethyL!Jloprcgn~nc 
and 1 Gp -- mdhyhiloprcgnanc an::dogs may he 
subjected LO the procedures of P<~rts C and D 
ah~ivc to yield the idcnticil product as 
obi a incd i:1 Part D. 

A\t('rnntin:ly the 1,4··dienc sy~tem may be 
introduced iil!o ic;,, - methyl - 4 -- prcgncne -
l ?t1·,2i - din! ·· 3,20 - dionc or the l(>;:l -
mc!ln·l f1;1.:; loc~ ns follo·.»s: · 

16;, - :\i..:\J,yl - 4 - pregne:nc - 17 .. :r,21 
diol - 3,20 . dionc 21 - acctnte (0.5 g.) is 
dissol\'cd in 20 ml. of mc1h;1nol anc! 2 ml. 
of water cc•n:aining 0.1 g. of potassium bi­
carhon:l!c. Tr.c >olmion is refluxed for 1/2 
hoar, ti1c;1 corn::cntrated in vuuo to 1/2 the 
•;ol.:m'.c ai_id water add;.;d. The precipitw:d 
~olid is dried :wd rccrysrnl!iz,~d from methanol 
to yield 16(, - methyl - 4 - prconene - l 7cr,21 -
diol - 3,20 - dionc. Thi.:; co~1t1ound is th:::n 
subjected to microbiological dchydrogcn8.tion 
as follows: 

Bacillus sphaericus var. fusiformis 
(A.T.C.C. 7055) is incuh:Hcd on a nutrient 
agar (composed of Bacto-beef extract, 3 g.; 
Bacto-peptone, 5 g.; sodium chloride, 8 g.; 

agar, 15 g.; tap water, I litre) for 24 hours 65 
at 28'.>C. 

To 100 ml. of a sterile nutrient broth (com­
posed of Bacto-bccf extract, 3 g.; Bacto-pcp­
ione, 5 g.; per litre of mp water) in a 300 
ml. fla~k is added one loopfni of the incubated 70 
culture and the broth mixture is further in­
cuh:ncd for 24 hours at 2s~·c on a shaking 
machine. The broth culture sci obrnined is em­
ployed as an inoculum (1 c~<::, 

Into c:1ch of ten flasks coataining 100 ml. 75 
of sterile nutrient broth is added 1 ml. of 
the inoculum. Tbe llasks are ar.itated on a 
rotar\' shaker for 8 hours at is°C at z,W 
strokes per minute. After tbi> growth period, 
a solution of 25 mg. of 16n - methyl - 4 - 80 
pregnene - 17tr,21 - diol - 3,20 - dionc, in 
0.5 ml. of nw1hanol is <.scptically addc<l to 
each flas!: wbcll in turn is rcshaken and in­
cubated for an additional 2·~ hours. The linal 
pH is 7.8. 85 

The cont<:nts of the fla~~s arc then com­
bined and cxtr;~ctc'd three times with 2 litres 
of chioroform pl'r extraction. The combined 
chloroform extracts arc evapora:ed ~o dry-
ness yielding 3 J 0 mg. of crude product. The 90 
crude steroid is purified by chromatogr<:phy 
on a chromawgraphic s:,'~tem described by 
G. ,\1. Shull, Abstracts t'f P:tpcrs of the 126th 
1vlccting of the America Chemical Socic:y, 
December 12-17, 19.5·1, p;ige 9,1, paper >Jo. 95 
2·L Chromatot!raphic ev;1h;n:on ~hows a ouan­
titative convc;:s:on of the stani:1g matcri'al to 

the dicne wkn an am~1.:mic sanm!e of 1 hL'. 
1 (:,, - methyl - 1,4 - prcgrncdicnc : 17a,21 -
diol - 3,2G - dic•iK is i:;;.:d as ;; control. 10(.l 

Similarly the l 6{:1-m.:rhyl an:tloguc is ~ub­
jected to this procedure to obtain 1 Gp 
methyl - 1,4 - prcgnadicnc - l ?ir,21 - diol 
3,20 - dionc. 
E. lfo - i\kthyl - l,4 - preg;rnc.kn,~ 105 

1 lfJ, l'h,21 - trial · 3,20 - dione 
A cultn;\~ of Cur·;.:uforir; l111uia (NlUZL-

2380~ is giw,rn in shab:r fla~ks for 48 hours at 
28(..C on a i~1:i.ir extn"tcL-~LK:rcJ.s;,.~-sc11t Jlh.·diu:1L 
An inoculum of 100 ml. of rhis prcp?.r~tion 110 
is i:nrodt:.:cd iato 2000 ml. of a mnricnt ar.ar 
( compos<:d of 6 g. of B:1 eta-beef extract; -·10 
g. of lhc10-pr'.j"Jlon1·; J (, g. of sodi11r11 chlorid~; 
30 g. of ng:tr; 200 rnl. o! tap water). The 
medium is :igi1a1cd rapidly with acratiuu for 115 
22 hours :it 28'.)C. The rc;,ultnnt broth is filter-
ed and 50 g. of the wet nwccfr,1111 thus obtain-
ed is adJ<.>.d to 200 ml. of water and 0 . .5 g. 
of 16u .. m.::thyl - 1,4 - prcgnadienc - l7tr,21 -
diol - 3,20 .. dionc. The rnspemion is agitated 120 
as dcscrihcd above for 22 hours at 2S"C. At 
the c;1d of this time ti1c mixture is extracted 
with chloroform. The chloroform extracts arc 
then concentrated and the residue chromato.:. 
graphed ~.ccording to the alternative. pro- 125 
cedurcs referred to in &tage D of this Exnmple. 
There is thu~ prepared Hie~ - methyl - 1,4 -
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prcg1:'1dicnc - llf3,17cr,21 trio! - 3,20 -
dione. 

In a similar fashion the 16f3-mcrhyl 
analog may be subjected to the above pro­
cedure to yield 16/3 - m.:::hyl - 1,4 - prcg­
nadiene - I lt.1,l 71r,21 - trio] - 3,20 - dione. 

Alternatively 16 (<t or /3) - methyl - 4 -
pregncnc - l ?n·,21 - diol - 3,20 - dionc is 
treated according to the a:-oYe-procedure and 
there is obtained 16 (<• or /?.) - methyl - -l -
prcgnene - ll!J,l 7c..,21 - triol - 3,20 - dionc. 
These ccmpm.:nds may th'=::i be st:bjccted to 
the microbiological procedure described in 
the alrernative process of stage D of this 
Example to yield 16 (n· or..:::. - methyl - 1,4 -
prcgnadicnc - ll.B,17a,21 - triol - 3,20 -
di one. 

Again alterirntively 16~(< or 13) - mc<hyl­
pregnanc - l 7a,21 - di0l - 3,20 - dionc or 
16(o: or /J) - methylalloprcgn::ne - ] 7a,21 -
diol - 3,20 - dionc may be subjected to the 
action of the fungus Curvul,;ria l1maia and the 
11.'3-hydroxyla tcd prodt;.:t:. obtainc.i then 
treated according to pro.:c.:!:m:s in stage~ A 
and B and/or C and D of t:1is Example for 
the introduction of the ..l 1-1:1onoenc- or J.: ·•­
dicnc systems. There can t:Y..::; be prepared by 
this alternative method the cc-:npounds rc.::icd 
above, 16(a or fj) - methyl - 4 - pregnc;:e -
11/:J,l?tr,21 - rrio! - 3,20 - d:cr:e and lG~" or 
P) - methyl - 1,4 - prcg:::?d:enc - l ltJ,17 .. ·,-
21 - trio! - 3,20 - dionc. 

EXAM\'LE -B 
In a ~omplctd): anal~g:o::s :manner as de­

scribed m stage E of J~xa.::1;-·Je 42 bt:t em­
ploying the fu:1~us Rl1i:::o,.,:1s 1:igi'icaw (A TCC 
6227b) and the ::ipprop:·i:uc conditions an­
alogous to tho~c of l\:tcrsc::1 et al. as de­
scribed in the J.A.C.S., 75. -ll2(1953), ihc 
corresponding_} 1 ,,-hi'droxy ~c.mpouuds , m~y 
be prepared. l :Lis tncre i:; l'~'::nncd 16._c or 
H) - methyl - l:.l - prer,n:i£:::{· - 11,,J7,t,21 -
trio! - 3,20 - dionc; 16(a er i]) - methyl -
4 - prcg~enc - ll ·r, 1 h·,21 - trio! - 3,20 -
dione; 16~" or ,rn - methylpregnane - lb,-
17«,21 - trial - 3,20 - dione; :md 16(-.. or 
!1) - methyl - alloprc:;na nc - 1 L, l 7a,2 l -
trio! - 3,20 - dionc, in:cr.:cr;·:.::rs:ons ~·s p~c­
viously indicated. 

EXAMPLE 44 
l 6n·-l\ le thy 1-1,4-pn:gn:idi :::1~-17a,2 l-diol-

3, ll ,20-trio:-:~ 
To a solution of 0.3 g of 16,, - mcthd 

1,4 - prcgnadi.::ne - 11G,l7c-,2i - trio! - 3,20 -
clione 21 - acetate, the rn:11p.:":.:~J of Example 
27B in 15 ml. of acetic acid is added drop­
wisc a solution of 60 mg. of chromium tri­
oxide in 1 ml. of water and 3 ml. of acetic 
acid. The resulting mixture is allowed to 
stand 5 hours, then diluted with water and 
extracted with mcthvlene chloride. The organic 
extracts arc washed \Vilh W3 :er, dried 'over 
magnesium sulphate, filrcr<'d :rnd evaporated 

in a residue which is cr\"stallized from meth­
anol to give 0.1 g. of i6,~ - methyl - 1,4 -
prcgnadicae - 17H",21 - dial - 3,11,20 - tricnc 
21 - acetate. 

This compound is then dissolved in 20 ml. 
of. methanol and 2 ml. of water containing 
0.1 g. of pntassium bicarbonate. The solution 
is refluxed for 1/2 hour, then concentrated in 
7.:acuo to 1/2 the volume and water added. 
The precipitated solid is dried and recrystal­
lized from methanol to yield 16<r - methyl -
1,4 - preg::.adiene - 17ir,21 - dial - 3,11,20 -
trione. 

Alternatively lGrr - methyl - 1,4 - pregn:::­
dicne - l l"',17a,21 - triol - 3,20 - dionc 21 -
acetate may be oxidized and hydrolyzed to 
yield the ~ar.ic product. 

In a simi!ar manner, the IG/:l-mci: 1 :"1 analog 
may be treated according to these r:·,'::cdurcs 
to yield 16/j - methyl - 1,4 - pre•···,. •=;'.'ne -
17 ~··,21 - diol - 3, 11,20 - trione. 

WHAT WE CLAIM IS: -
1. Compounds of the prcgnane ,.::: :' h:lV­

ing anti-infl.:n1n1atory activity and c~·:..:.:·~1ctcr­
ised by F05~.!ssing a doub:c bond i:: the 4-
position or double bonds in the 1- a:1d 4-
positions, kctonic oxygen atoms in the: 3- and 
20-po>itio!1s, a 17a-hydro:-.:yl group, a /~­
hydroxyl group or a ketonic oxygen aro;n in 
the 11-position, a hydroxyl er an esterificd 
hydroxyl group in the 2i-position, which 
compounds ar.:: also characterised by a /]­
methyl group in the 16-position. 

2. Cc1r11pciunds as ciaimed in claim 1 sub­
stituted by .halogen at the 9a-position. 

3. Cornpour.ds as claimed in claim 2 where­
in the halogen at the 9cr-positicn is fluorine. 

4. ] 6)' - ~,tcthyl - 4 - p:-c,;ncnc - 17rr,21 -
dio! - 21 - trio! - 3.20 - dione. 

5. IG/3 - .\!ethyl: 4 - prcgn<:ne - 1l/1,17a,-
21 - trial - 3 ,20 - di one. 

G. 16::1 - Methyl - 1,4 - pregn::idicnc -
J7,y,2 J - dioi - 3, 11,20 - trionc. 

7. l GG - ;,';.ethyl - 1,4 - prcgnadicne -
I JJJ,l 7a,21 - rriol - 3,20 - dione. 

8. 9" - Fluoro - 16.8 - methyl - 4 - prcg­
ncnc - 17u,2i - dial - 3,1 l 20 - trionc. 

9. 91t - Fluoro - 168 - methyl - 4 - prcg­
ncne - llf,, I /,;-.·,21 - trial - 3,20 - dione. 

10. 9,, - Fluoro - 16/;I - methyl - 1,4 - preg­
nadiene - 1 h,21 - diol - 3, 11,20 - trionc. 

11. 9rr - Fluoro - 16/1 - methyl - 1,4 -
pregnad!cne - l lft,l 7«,21 - trial - 3,20 -
dionc. 

12. A 21-e>ter of a compound as claimed in 
anv of claims 4--11. 

'13_ A 21-ester as claimed in claim 1 or 
claim 12 wherein the ester radical is derived 
from an organic carboxvlic acid. 

14. A 2i-cster as claimed in claim 13 in 
which the cscer radical is derived from an 
unsubstituted or cvcloalk\'l substituted 
alkanoic acid having n~t mor~ than 8 carbon 
atoms. 

15. A 21-cster as claimed in claim 13 in 
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preg::,:idienc - llfi,17a,21 - trio! - 3,20 -
dione. 

In a similar fashion the 16(1-methyl 
analog may be subjcctvd to the above pro­
cedure to yield 16/3 - methyl - l ,4 - prcg­
nadienl" - l l 11,l 7o·,21 - trio! - 3,20 - dione. 

Alternatively 16 (a or ,fl) - methyl - 4 -
pregncnc - 17,,,21 - diol - 3,20 - dione is 
treated according to the above-procedure a:1d 
there is obtaind 16 (a or /J) - methyl - 4 -
prcgnene - 1J:J,17cr,21 - trio! - 3,20 - di:rnc. 
These compo1:nds may then be st:hjectl'd to 
the microbiological procedure descri:)ed in 
the alrcnrntivc process of ~tagc D of this 
Example to yield 16 (tr or 8) - methyl - 1,4 -
prcgnadirnc - lli~,·17.,.·,21 - trio! - 3,20 -
dione. 

Again alternatively 16(rr or d) - methyl­
prcgnanc - J.7.,·,21 - dio! - 3,20 - dianc or 
16~r( or fl) - mcthylalloprcgn::nc - 17a,2 l -
diol - 3,20 - dioac rnay bl'. subjected to the 
action of the fun!!.l!S Cur·; .. 11/,,ria lunaia and the 
1 W-hydroxylatccT products obtain~·.-! th~n 
treated accon\ing to p.::oc:cdures in stag:.:s A 
and B and/or C and JJ of this Example for 
the introduction of the !1 '-monocnc- or . .'I.''­
dicnc systems. There ca:i thus be prep<:rcd by 
this alternative method the compounds rccilcd 
above, 16(0 or (3) - methyl - 4 - prcgncn.~ -
11!J,l7u,2 l - rriol - 3,20 - di one and 16("" or 
fJ) - methyl - 1,4 - prcr.n:~tlicne - 11/1,1 h-,-
21 - trial - 3 ,20 - dionc:. 

ExAMl'LE 43 
In a compktcly analogous manner as ck­

~cribed in sl<'.gc E of h:<:rnpic:- 42 but em­
ploying tl\c fu:,~:us Rf;i:::o;n1s ni::;;-icans (ATCC 
6227b) and the appropriate conditions an­
alogous to thmt· of ]\:t<:rscn et al. as de­
scrib~d in the J.A.C.S., ?S, 412(1953), th(: 
corrcspomling 11 'r-hyclroxy compouuds m:'.y 
be prepared. Theis tl1crc i:; ob:ained Hi:'.<:· or 
/J) - methyl - 1;·1 - prcgrn1ck-1~e .. 11 .) 7ct,21 -
trio! - 3,20 - dionc; 16(:1 or G) - methyl -
4 - prcgn.:nc - l l ·r,lh-,21 - trio! - 3,20 -
dionc; 16(u· or ,!J; - nH.:thylprcgnanc - lln,-
17a,2l - trio! - 3,20 - dionc; and 16(·'• or 
/~) - nit:thyl - alloprcr;n:\nc - 1 l:t,1 hi,21 -
trio1 - 3 ,!..O - dianc} in!er.:.~onv~rsion~ [LS pre­
viously indicated. 

EXAMPLE 1\4 
16n·-Mcrhyl-1,4-pn:g11.1dirnc-l 7a,21-diol-

3, l l,20--trior:c 
To a solution of 0.3 g of 16:( - methyl 

1,4 - prcguadicnc - lli~,1 "/rr,21 - trio] - 3,20 -
dio:1c 21 - acetate, the compo:.md of Example 
27B in 15 1~1!. of accLic acid is added drop­
\Vise a solution of 60 mg. of chromium tri­
oxide in 1 ml. of water and 3 ml. of acetic 
acid. The resulting mixture is allowed to 
stand 5 hours, then diluted with water and 
extracted with mcLhy!cnc chloride. The organic 
extracts arc W?.~hcd with water, dried over 
magnesium sulphate, fil!i'ft'd and evapor;\lcd 

in a residue which is cn·stallizcd from meth-
anol to p..ive 0.1 g. of i 6": - methyl - 1,4 - 65 
prcgnadicnc - 17:1-,21 - diol - 3,11,20 - tri0ne 
21 - ace1a tc. 

This compound is then dissolved in 20 ml. 
of mcthnuoJ and 2 ml. of water containing 
O.l g. of potassium bicarbonate. The solution 70 
is refluxed for 1/2 hour, Lhcn concentrated in 
i.•amo to l/2 the vclnmc and water added. 
The precipitated solid is dried and rccryslal­
lizcd from methanol to yield 16rr - metlwl -
1,4 - prcg;;adiene - 1.7n)l - diol - 3,11,ZO - 75 
trionc. 

Alternatively 16rr - methyl - 1,4 - prcgn~­
dicm~ - 1J,,.,17n,21 - trio; - 3,20 - clionc 7.l -
acetate may be oxidiz1.:d and hvdrol\'zed to 
yield the s:tmc product. - - 80 

Jn a sil1lila:· manner. the l 6::J-mc·· l· ·! ·1 p:.to" may be trc<:ted accorcling to these r· . :,j~~~c·:~ 
to yidd 16;'3 - methyl ·- l,,l - pn" :~·ne -
l"h,,21 - diol - 3,11,20 - trionc. 

\'\' IIAT \Y'E CLA J.M IS : -- 85 
1. Co:npound~ of the pr.::gnnne iiav-· 

ing nnti-inlJr,1111na1ory activity nnd ~. :: r~tctcr-
ised by posse::;s!11g a d0i1))Jc bond : i; the ·1-
posirioil or dou!JJe bond-; in the J- f'.nd 4-
positio:i:::, k.::ronic oxygen awms in th;:, 3- and 
20-po;!Lio:is, a l 7e-hydroxyl group, a /~­
hydroxyl grm•p or a ketonic oxygen ato;n in 
the 11-posi;ion, a hydroxyl or an c:;t~ri!icd 
hydroxyl grc.:;~ in the 21-positio!1, whi::h 
compounds arc also c!rnrnctt::riscd by a P­
methyl group in till· J 6 position. 

2. c,·,;11pounds as claimed in claim 1 suh­
~tituted by },~.logen at the 9<1-po~·ition. 

3. Compour;cis Rs chimed in claim 2 where­
in the halogrn at the 90'-pcisition is fluoriac. 

4. 167 - ,\i.cthyl - 4 - prcgn~nc .. 17,.-,21 .. 
dio! - 21 - trio] - 3,20 - dio:1e. 

5. ] 6/~ - ;\.lcthyl - 4 - p1·cgi1cnc - l Jp,l 7u,-
21 - trio! - 3,20 - dionc. 

90 

95 

100 

6. 168 - i\kthyl . ] ,4 .. prcgnndicnc - 105 
17",21 - dioi - 3,11,20 - trionc. 

7. 1 G!J - Mcil1yl .. i,4 .. pregnadic;w 
l !/),17n,21 - trio! - 3,20 ·· dione. 

b. 9:r - Fluoro - l G.G - methyl - 4 - preg­
ncnc - l ?,,,2j - dio! - 3,1 l 20 - trionc. 

9. 9n- - Fluoro - 16/~ - methyl - 4 - prcg­
nene - 11/I, J 'h,21 - trio I - 3 ,20 - di one. 

10. 9:r - Fluoro - I 6 1
] - methyl - 1,4 - prcg­

nadiene - 17n,21 - diol - 3,11,20 - trionc. 
11. 9n· - Fluoro - ](iii - methyl - 1,4 -

pregnadienc - ] lj],17cr,21 - triol - 3,20 -
dionc. 

12. A 21-cster of a compound as claimed in 
anv of c!a ims "1--11. 

'13. r\ 21-cstcr as claimed in claim 1 or 
claim J 2 wh.::rcin the ester radical is derived 
from an organic carboxylic acid. 

14. A 21-ester as claimed. in claim 13 in 
which the ester radical is derived from an 
unsubsti1 utd or cvcloalJ.:vl substituted 
alkanoic :icict havin~ not mor~ than 8 carbon 
a toms. 

15. A 21--c~ter as claimed in claim 13 in 
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which the ester radical is derived from acetic, 

p:opion:ic, or irimethyl-a_cetic ~cid. . . 

16. A 21-ester :i.s claimed m claim 11 :n 

which the ester radical is derived fro:11 a poly­

carboxvlic acid. 
17. -A 21-cstcr as claimed in claim 16 in 

whic~1 said polyrn:·hoxylic acid is phthalic, 

51:ccinic, tan:iric or citric acid. 
18. An alkali mewl salt of a partial 21-

cstcr of a polycarboxylic acid as claimed in 

claim 16 or claim 17. 
19. A 21-c!'tcr as claimed in claim 12 in 

which the ester radic:il is dcriYcd from furoic 

acid. 
20. A 21-cstcr as claimed in claim 12 in 

which the ester radical is derived from a poly­

hasic inorganic acid. 
21. A Zl-esrcr as claimed in cbm 20 in 

which >aid po!yb:1 sic inorganic ;1cid is phos­

phoric acid. 
22. J\ sah of a partial 21-c~tc'r of a poly­

basic inorganic acid as clainwd in claim 20 

or 21. 
23. A therapeutic composition comprising a 

n011--toxic carritr :ind a compour.d as claimed 

in r.ny of the prcccdinf'. clai~ns. 
24. A proccs~ for the prod1:ctiu1; of .'.l 16 1

] -

alkyl - 17ff-hyclroxy steroid which comprises 

rC[1Cling a ~tarting material havi:;rc: the p::eg-­

nanc carbon skeleton nud coim~ii;in~ a 16;17·· 

double bond in conjugated relationship with 

a 20-·kclo group \1·ith a di:•.zo.1L:rnc, pyrolys­

ing the rcrnlwilt 16,17--all-.ylidcnc di?.ZO 

steroid to for111 a lG-afa~'l-lG-dd1rd10-

stcro!d ai:J i!ltrochcing a l'i.r,-hydroxy group 

by epoxidizing t)1e 16,17-doublc bo;1d, react­

ing the 16ff, l 7cr-epnxidc wilh H hydrogen 

halide folio\\ cd by catalytic hydrogenation 

v;h~rcbv there is oh!ained the cb:in:d 16n­

alkyl compounds, the 16-a lkyl grm1p of whi°ch 

conn.tins up to 6-c.-:rbon atoms. 

25. r\ pro~·css for the prod1:ct:on of a 16,1~­

alkyl~ 17'(-hydro~y stc:roi~ :r)ii~h c?rnprisc:s 

rc~.cun; a sn:rlujg n1~tcn~11 nHv1ng tnc ptcg­

n:i.n:~ c~.rlK1n ~k'Cl~ton and conrait~i:tg a J6,17-

dcd1lc bond in coniugatcd rcla1innsliip with 

a 20-keto g:vup with a cliazoalkan.', pyrolys­

in~-~ the rcsu!tam 16,17-alkyli,:rnc diazo Hcro:d 

w fo:·:n a 16-:tll:.yl-16-dchydro ;;t;:roicl and in­

irnducii1g a l"h-hydroxv group b)' ln·drog;~nai-· 

ing the fo,17-ddiydro co:i1p0und at'ihc 16,17-

posi tio1:s lw rn talvtic hYdror:.cna rion, enoi­

acy l;ning t(e rc!,uitant c~mpot:11d, cp:n:idis­

ing the c1:01c1cyla1c at tbc: 17,20 positions and 

h)·drnlysing the 17,20 cpoxide to form Lhc 

dc::o.ired l 6.'J--alkvl-17n-hvdrox\' steroid. 

26. A 1~roccss as cla.imccl, ia claim 2·1 or 

claim 25 in wh:ch the starling mat::'.rial i:; a 

3,11-diketo steroid. 
27. A pn.Kcss as claimed in any of claims 

24-;-26 in which the 16[3-alkyl grmip is a 16,'J­

m.::t;~yl group and the diazo:ilkane is diazo­

ll1l'thanc. 
:;.;. A pr0ccss as claimrc! in any of chtims 

7·1---27 in whid1 the pyrolysis is effected by 

hrnting the 16,17-alkylidenc-diazo compound 

abo,·e its melting. pciint. 
29. A proccs~ as claimed in any of claims 

24-27 in which the pyrolysis is effected by 

heating the 16, 17-:d\~ylidene-diazo compound 70 

in a high boiling in~rt solvent. 

30. A proccs~ for the preparation of a 

16-alkyl 5tcroicl which comprj!>;;S reacting 9. 

3,l l-dioxygcnated-16--dehydro-20-k.ew com­

pound of the prcgnane (511:- or 5/1-) series 75 

with a diazoal:~ane containin1.1 r;oi more than 

~ix carbon ato:ns to form a 16, 17-alkylidcr.c­

di~.zo pregnan:: and pyrolysing this to yield a 

3,J 1 - dioxygen:ncJ - 16 - alkyl - 16 - dc­

hydro - 20 - kcto compound of said pregnanc 80 

series. 
~ l. A yroc_ess ~~ clai1~1cd .. in claim 30 in 

wh:ch s:ud d;aw,uizane is mazomcthane. 

32. 16 - /'.·1.c:~hyl - 16 - pregncnc - 3cr -

ol - 11,20 - d!0111~ 3 - esters. 85 

33. 16lJ - M.ethylprcgnanc - 3n - ol -

11,20 - dione 3 - c~tcrs. 

34. 16/3 - M.cthyiprcgn;mc - 3.i;,17,; - diol ·-

11,20 - dionc 3 - esters. 
35. 16U - Methylprcgnanc - 3,,., l;'n,21 - 90 

trio! - 11,20 - dione 21 - esters. 
36. 16/1 - l\h~;hylprcgnane - 17u, 21 - diol · 

3,11,20 ·· trione 21 - esters. 
37. 16fJ ·· J\·k\hylprcgnane - 3n - al -

11,20 - dionc 3 - ;>.cctat~. 95 

38. 16/J - J\kth)·lprcgnanc - 3,1,l h· - diol -

11,20 .. clio;1c. 
39. J 6.1} •• Methylprcgnanc - '.LJ 7 er - dio! -

11,20 ·· di01:c 3 - ester of an a!h:noic <?cid wn-

tai ;;i;1g 1-S u.drn;i atoms. 100 

_40. 16{1 - ;\~_cthylp~q;1rnnc - . 3,,.,1 ·;,r,21 . -

trwl - 11,2,0 -· cumt'. 21 - C51'cr o; a:1 alkano:;,; 

~cid containi;1g 1---S cr.rbon· a::rns. 

41. 16/~ .. Merhylprc:gnane - 17,.,21 - diol -

3,11,28 .. trionc 21 - ester of iin alkr.noic a.:id 105 

conrni:1i:1g 1--S cMbon atoms. 

42. A compo,rnd as claiml'd in any of 

claims 39-~ 1 in which the 2i-es1cr is the 

21-acctate. 
43. 16/J - ,\1rthyl:::ortisonc - 3,20 - his - 110 

scn1icarbnzon:: 21 - acetate. 
. ·1-t. 16':1 - i\ktbyihydrocoaisonc - 3,2.0 -

bis - scmKr.rl·,no:1c. 
45. 161)' - ;\ict]1yi - 4 - prl·g ·c1:c ·· l Lr,17,,,-

21 - triol - 3.20 - dionc. 115 

46. 16(:r oi· ,•J) - .M.cthyl - 1,4 - pregn:t-

dicnc - 1 Lr,l·rT,21 .. Lricl . 3,20 - dionc. 

47. 16 11 - J\icthyl - 1,4,9(11) - pregna­

tricne - 3,20 - J7,,.,21 - diol and 21 - esters 

thereof. 120 

48. 16'] - Methyl - I,4,9(1 J) - pregna­

tricne - 3,70 - dionc - 17<1,21 - diol 21 -

~.cerate. 

49. 9f,,1 lf1 - Oxirio - 16/l - methyl - 1,'J. -

prcgnadienc: - 17r,·,21 - diol - 3,20 - dionc and 

21 - esters thereof. 
50. 9rJ,11p - 0:-.:ido - 168 - methyl - l,4 -

pregnadicnc - 17,.,21 - diol - 3,20 - dione 

21 - acetate. 
51. lG~r - M.ethyl - l,4,9(11) - prcgna- 130 
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tricnc - 3,20 - dionc - l 7ci-,21 - diol and 21 -
esters thereof. 

52. 16:r - ]\ktbyl - 1,4,9(11) - pregna­
tricnc - 3,20 - dione - 1 h-,21 - diol 21 -
acetate. 

53. 9(3, 11.G - Oxido - 16ff - methyl - 1,4- -
prcgnadiene - 17.-,21 - diol - 3,20 - dione 
and 21 - estl'!"s thereof. 

5-L 9(1, 11/] - Oxido - l 6:r - methyl - 1,4 -
prep1adicnc - 17:o,21 - diol - 3,20 - dionc 21 -
a;:etatc. 

55. A process for the prcp8.rntion of a 
l6(:t or m - methyl - 1,-1,9(11) -- prcgn:t­
tricne - 3,20 .. dionc - 17~,,:21 - diol or a 21 -
carboxylates th«rcof which comprises dehy­
drating a 16:a or /J) - methyl - 1.,4 - pregna­
dicnc - 1l(J,17 ,.,21 - rriol - 3,20 - di om~ or 
a 21 - carboxvlatc thereof. 

56. A prucc~s for the prcp::ralion of a 9.,, -
bdo - H<:o· or /]) - m:::thyl - 1,4 - pregna­
dicnc - 1.l_G,17:.,21 - trio! - 3,20 - dione or a 
21-rnr'.ioxylatc thrrcof (in which the halogen 
atom ;1t the 9-po;,ition is chlminc., bromine or 
io:Jin~) \Vhich r:..,n1pri~cs reacting a 16 (a or 
/]) - lllCthyJ - 1,-},9~]) ~ ·· pn.~gna1 I iCllL~ - 3,20 -
dionc - 17n,2l. - d:ol or a 2J -c;1!"bc~xybte 1hcrc­
of with a hypohalous acid corresponding w 
th:.- dc,ired 9., ... Jrnlo subsritucnr. 

57. A p<occss for the p;,~pararim1 of a 
9/~,l l/J - oxiclo - lG(rr or /'i) - 1~1cthyl - 1,4 -
prcgnr-.die1~c ~· 3,20 ·· d~Ol1\~ ·· 17.:~·.:21 w d!o] or 
a 21-carhoxyla!c thereof w:1ich comprises re­
acting a 9:i - ldo - 1 Ve or J:J) - methyl -
1,4 - prcgn?.dknc ·· l 1/1,17ir,21 - uiol ·· 3,20 -­
ditiric or a 21-c:irbo~ylatc thereof (in which 
the b:logc;i atom al tht. 9--positio11 i~ chlori,1e, 
bromine or iodine) with n base. 

5 S. A p:·oce<s fo: the prcp;union of a 
911 - fiuo!·o - 16~:r or /3) ·- methyl - 1,'i· -
p:·e~:nacE.:nc· lI.n,17.(f,21 - tdcJ .. 3,,20- cEonc 
N a 21-estcr tkrcof which C('mp:·i~cs reac1.. 
ing a 9R,1 l(J-oxido - 16(.,, or m - methvl -
1,4 - r;rcgn:ldicnc - 17o)O - 'ctiol - 3,io -
dionc or 21-rnrhDxylatc thereof with hydrogen 
f!uoridc. 

59. A proc.(·;,s for the prqiaraliDll of a 
9" - fluoro - 16:'.n· or fJ) - methyl - 1,-t -
pn:gnadicnc 11_e,17:1-,21 - trio! - 3,20 - dionc 
or a 21-estcr thacof which comprises dehy­
drating a 1 ()~,. or (3) - methyl - 1,4 - pregna­
dienc - UG,17.:o,21 - trio! - 3,20 - dione or 
a 2 i - carhox~·~; tc thereof to form a l 6(n or 
m -methyl - 1,4,9(11) - prcgmnric-nc - 3,20 -
diunc .. l 'h,21 - cliol or a 21 - carboxvlatt: 
thereof, re::i~ting a 16(a or p) - mctliyl -
1,~,9(11) - prep~atrienc - 3,20 - dionc -
n~i-.20 - diol or a 21 - carboxyla tc therec,f 
wit!; a hypohalous acid corrcspoi1ding to the 
desired 9,,-halo subsriruent to form a 9:r-halo--
16(« or {J) - methyl - 1,4 - pregnadicnc -
ll(J,17,.-,21 - trio! - 3,20 - dione or a 21-
carboxylatc thereof (in which the halogen 
atom at the 9-position is chlorine, bromine or 
iodine), reacting a 9.,r - halo - I G(cv or Jn -

m:::thyl - 1,-t .. pregnadiene - llf1,17rr,21 -
trio! - 3.20 - dione or a 21 -- carbox\·Jarc 
r:'icrcof w.ith a base to form a 9!:1.11 '~ - oxido -
16(·r or 13; - ll1L'thyl - 1,4 -· i'rcgnadicne -
3,20 - dione - l 7n,2 l - dial or a 21 - carh­
o~;ylatc thereof and reacting a 9,C,J 1 ·:1 - oxido -
l 6(cr or .G) - methyl - 1,4 - pregnadicne -
17·:·.-,20 - diol - 3,20 - dionc or an e;;tcr there­
of with hvdrogcn fluoride to fo:·m the desired 
compound. • 

60. A process as claimed in claim 58 or 
c:aim 59 in which the resul·;iI\!.?; compound 
is oxidisrd to form the corresponding 11-
kctonc. 

Gl. A pro::l';,s as claimd in any of claims 
55---59 in \•:hich the 21-carboxylate i~ the 
21-Rcel<ltC. 

62. 9n - Halogcno - 16!~ - methyl - 1,4 -
prq:nadicnr~ - J l 1},J7,~,21 - trio! - 3,20 -
cl ion(; r:ntl 2 l- .::<ters thereof, in ·,;,;1ich tile 9-
halogcno at urn is chlorine hoir.i:1L: e: ioJine. 

63. 9,,: - I-fah1gcno - J6!J - rn.:thvl - 4· -
prcgncnc - 11,{J h,21 - tr:c! - · 3 ,20 -
cEoi:c and ?1-·1>:tl'rs thereof, in which the 9-
h:.lo;.:cno awm is chlorine bron1in,'. or iodine. 

6{ 9"· - I-fa lor~cno - 16cr - m(·thY! - 1,4 -
pregnadicnc - (ll:i,17n21 - trio! -- 3,20 -­
d~or~c ~1r~d ~ l --c:acrs thereof, in v1·llich the 9-­
h:tlo·-~cno .:to:11 i:: chlorine brornii~·~ or iod:nc. 

GS'. 9a -- Halogcno - 1 Ge- - 1m:thyl - 4 -
prq:nc;:.: - 1 l/J,17tt,21 - tric.! - 3,20 -· 
Llionc <:nd 21-~s'.crs tl~c:rcof, i". whici.1 tl.1c. 9-
haJor~c;.io atorn 1;; chlorine bronJln~ C'r 1od1ill~. 

6G. A pro .. xss for tlil' prcp:ir,-;:ion of 2,-1 -
di~mimo - 16~<~ o:: /J~ - methyl - pregnanc (5(( 
or 5 ·"-l) - 17 ,.-,21 - diol - 3, lJ ,20 - nicmc 21-
estcr which rnmpriscs dib1w11i1nting 16(<r or 
(3) - me1l1yl prcgi::u~c (5n or 5.G; - 1 !ff, 21 -
diol - 3, I 1,20 -- trionc 21 - ester with a 
bro1r.daaung egcnt. 

67. A pro:::(:ss as c!aimccl in claim 66 in 
which th,, tv-ominating f•['.•'IH is rrio!ccular 
bromine. 

68. A process for the prq1::ration of 16(Cl' or 
/J; -· methyl - l ,4 - prcgrndic:m: - l'ia,2 l -
diol - 3,11.20 ·· trione 21 - es:a which corn­
pri,c:; dch),dn1brominating 2,-·;. - dibromo -
16:., Or ff: - mc·1hd - prcpn:rnc (),•: O!" 5if: -
171',.,21 ~ 'diol - 3:11,20 _·' trion~ 21 - ~~ter 
with a c.kh\·drnbrorninatin!', a~cnt. 

69. A procc;,s as claim~d G1 claim 68 in 
which dinicrhy!formamidc is employed as dc­
h)·drobrorni11atin,g agent. 

70. A process as claimed in claim 69 111 

which the c!diydrobromir.ation is effected m 
the presence of caki1:m carbonate. 

71. A proce~s as claimed in claim 68 m 
which the dchyclrobrominating agent is a ter­
tiary amine. 

72. A pro,:c;;s as claimed in claim 71 in 
··~'hich the t~-rtinrv amine is col1idinc. 

73. A process· for the preparation of 4 -
brorno - 16(~ - methylprcgnanc - 17a,21 -
diol - 3,11,20 - trione Zl - ester which com-
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Nisc~ · bromi.·,ating 16:'.J - mcthylpregnane -

·j ;,.,21 - diol 21 - ester with a brorni!1ating 

a::;:-nt. 
• 7-1. A process as claimed in claim 73 in 

-,,-h:,::h th:: bromin:i.ring agent is molcculnr 

hro:r:i1i:c. 
75. ;\ procc;;s for the p:·cjxtration of 1 (>,;') -

mcth\"l - 4 - prcgnc11e - l 7a,21 - diol -

3,11,20 - trione 21 - c.'>ter which comprises 

dcli-.-drnb~ominat·ing 4 - hromo - 168 - methyl­

preg.Lrnc - 17cr,21 - diol - 3,11,20 - trione 

21 - c,-.-::r with a dr:hydroh!·ominating agent. 

76. A process as claimed in claim 75 in 

whici1 dimcthylformamic:e is employed as de­

l1'•dni:~r0:nin21ing agent. 
· "i7. A process as cbimed in claim 76 in 

wh:ch ;l;.,; dchydrobromi:1aticm is cfTcctt:d in 

th~ prc.:~<:n.:1..~ of calciurn .;,,~arhvnatc .. 

/<;:;. :\ p:-occss as clnimcd in claim 76 in 

\l"hi,·h the d:hydrobromic:tting agcm is a 

1cni:'r\" ;1minc. 
79. ·A process as claim('d in claim 78 in 

wh=ch the. tertiary amin..: is collidinc. 

~O. :\ prncc:;s ·as cfoimcd in any of claims 

66--79 i :1 \'."hich the 21-cstcr is the 21-Rccta re. 

:-il. ,l - Bromo - 16,..J - mcthylprcgn:;;ic -

17,,,2 J diol - 3, 11,20 - trionc 21 - e:.1er. 

:)2. ·l - lfro:110 - 16 ·J - mcthylpll'g1rn1w 

J 7,r,21 - dit1i - 3,11,20 - trionc 21 - accl~te. 

S3. 2,4 - Dibrumo - 16::,. or /J)nit~thyl­

P':C'g~1a;1c (5rr or 5,iJ) ·· 17o,2l - dio! - 3,11,20 -

trione 71 - ester. 
S-i. 2,-1- - Dibromo - 16(a or 1J)111cthyi­

pn:,!11.'.\:1<S(l or 5_';; - Pn,21 - diol - ?,,lJ,20 -

tri011C 7.1 - acetate 
85. 2,'1 - Dib;~omo - 16':C·.- oc /;')mcthyl­

P•'[)!<•1:c(5rt or 5-'~) - 1711,21 - diol - 3,20 -

Jionc 21 - ester. 
86. 2,4 - Dihromo .. 16:a or /:J) rnc1hyl­

pregn'.;21cC.5a c-r 5 r-;) - 17(,,21 - diol - 3,28 -

dionc 21 - acetate. 
87. :\ proct:ss for tlw prqxiration of 11 -

dcsoxy ·· 16:~,, or 3j - al:;yl - 17tt - hydr,1xy -

2~. - k'.o c_mnpot_1:1ds of the p;cg:wnc (5([ or 

5·;) ~cu.::;, rn wh;-~h an 11 - dc:;ox\' -· 1 (, -

alkyl - 20 - kctJ COT'.1p~nnd of the 'rm::\nn1;e 

~cries, ~~id alkyl gt m)p co:naining '1--6 

cubon ;!lo:n;;, is cnol a.::vhlcd \"i·ith a JoFcr 

:1lkanoic acid ~,:1h\·dri.:t: {;1 1h2 nn::;::cncc· of n 

strong acid catal):sL; the .\" ,,,.: _ dcll'."dro -

20 - acyl?XY - co:11pound thc;·cby forincd is 

reacted wnh a pc:ro:-:y acid and tk rcs~iltant 

17,20-cpoxidc is hydrolYz::d. 

88. A p:·occs' as clain1ccl in claim 87 where­

in the 16-alhl groun1- is 16 (nor -"J'-mctll\"l. 
w .... 

' ) "' 

89. A procc~s as claimed in claim 87 or 

c~aim SS wherein the srarting m<.rc:rial is an 

11 - dcsoxy - 16(" or /J) _ methyl _ 3 -

hydrcrxy. - 20 - keto compound of the prcg-

1vn<: st:rn:s or an ester thereof. 

9CJ. A process as claimed in any of claims 

~7--89 including the further steps of introduc­

l!:1g a C.-21 alkanoyloxy group by bromina-­

l10n at C-21 followed hy trcail11(;11L with an 

alkali metal lower a lkanoate to form a 21-

alkano:! te of a 3,1?.-.,21 - trihydroxy - 20 -

keto - 16 - alk.ylprcgn:mc (5a or 5h'), oxidiz­

ing the 3-hydroxy groep to kcto, and intro­

ducin;~ .\' or i:.-: un~:::1mation in the A-ring. 

91.c A process as cl::imcd in any of cbims 

87---90 including the further step of hydroxy­

lati:ig at C-11 by a microbiological oxida­

tive procedure. 
92. J\ 16 - (ff o!· /!) - alky 1 - 17 er - hydroxy -

20 - kcro - pregna:1c (5o: or 5,B) having a 

3-X--21-R snb~tituc:n wherein R repre­

sents hydrogen, bromiEc, hydroxyl or alkaiwyl­

oxy; and X rcpre~cn:s hydroxy, alkanoxy or 

oxo, the 16--alkyi group contaiaing 1·-6 

carbon atoms. 
93. A 16i"tt or .P.) - aihl - 21 - alkanoyl­

oxy - 17(20;, - pr:cgncrn: (s,.. or 5,U) - 3 - ol 

and 3-alkr.noyl esters thereof, the 16-alkyl 

group containing l--6 carbon atom~. 

9-L A 16:'<r or /J) - alhl - 17,20 - oxido -

20 - alkc.ileryloxy p{-cf;n:;n;: (5;c or 5 fl) - 3 · ol 

nnd 3-albnoy! esters thereof, the 16-alk.yl 

i:.:·oup cuntaini:1g 1--6 carbon atom~ . 

95. 1\ 16~,, or /3). alkyl - 20 - keto - 21 -

R - 1wcu1~n,~ (5ll' or 5 ·) l - 3.17 n: - diol ::nd 

3-alkano\-J esters tlll'r~c;f when.:in R is a 

hydrogc1~ or a bron;iilt": nwm or an alkanoyloxy 

groqJ, tih~ 16-al~:yl group cont:>ining 1--6 

curbon atoms. 
96. i\ l6~(l or n; - alkyl - 3,?0 - dikr10-

prq;_n::n;_~ (5« or 5/1) -· 17t,,21 ·· dioi and 21-

alka;Jin·I esters thcrr:of, ti1c 16-alkyl g10tip 

:.:0~1::~i~i:r.g 1---G c:!rl~o1~ 8.torn~. 

97. /\ JG~u or.>') - ,dky~ -· 3,20 - dikcro -

4 - prq~ncnc - 17 o,71 - cl io) and 21. - rlbnoyl 

esters thereof, th::: 16--dLyl group conrnining 

1--6 carbo:1 2 rems. 
9S. A l 6~e r·r ,::}) - aE;;yJ - 3,20 - dikcto -

],,1- - prcgr.adic:nc· - lh,21 - dio! and 21-

alkanoyl <sters tltt:::\~of, the 16-a!kyl g;oup 

conti\ini;1g l---6 rnrbon a101m. 

99. 16(a or_,.~') - :1h:!.l1yh.llopn·gnane .. 3FJ,­

] 'io - a:ol - 20 - one. 

J 00. 1 G~n: or /J) - Metbylpreg:1:1!ie .. 3n,-

17u - diol - 20 - Oli·~. 

101. 1 G(<r or /J) .. ;\-1cthyblloprcgnan·:: -

3,-'l, 17,.,?.l - t:·iol .. 20 - one 21 - a'.bno:llc. 

102. 16fn or u; - Ncdh-,·JprcP.n:rnc - 3a,-

17cr,21 - t~io! -- 20 - one 2 i - a lkanoate. 

103. 1 fr'c,- or fr; - lAe:hvlm-c2nnnc - J.7,i·.21 -

cfol - 3,20 - d{o;;c 21 - ;;ibn"o:!tC. · 

104. 16(11: or .r'J) - !v\cthylallopr:-gmmc -

17,r,21 - diol - 3,20 - clionc 21 - alkwoatc'.. 

105. 16:a or .G) - ,\L:thyl - 4 - prcgnc;1r.: -

17",21 - diol - 3,20 - dionc 21 - alLurnJte. 

106. 16((l' or .U) - .\.lc;hyl - 1,4 - prcgna­

dienc - 17a,21 - diol - 3,20 - dionc 21 -

alkanoate. 
107. 16(t~ or /J) - i\lcthyl - 1,4 - prcgna­

dicne - l ?n·,21 - diol - 3,20 - dionc. 

108. 4 - Bromo - 16(a or /~) - methyl -

prcg1~ane - 17rr,21 - diol - 3,20 - dionc 21 

C~iCf. 
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109. 4 - Bromo - 16(1'1' or /3) - methyl 
prcgnanc - 17<(,21 - diol - 3,20 - dionc 21 -
acetate. 

110. J G(c~ or /1) - mct!1ylprcgnanc(5« or 
5 5/3) - lla,l 7a,21 - triol - 3,20 - dione. 
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