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siguientes documentos que eventualmente afectarian los

requisitos de patentabilidad de esta solicitud:

e ISOGAI, MITSUTAKA ET AL: "Binding affinities of
mometasone furoate and related compounds including its
metabolites for the glucocorticoid receptor of rat skin
tissue'". J. STEROID BIOCHEM. MOL. BIOL. (1993), 44(2),
141-5, XP002182261.

e PHILLIPPS G H ET Al: "Synthesis and structure-activitiy
relationships in a series of anti-inflammatory
corticosteroid analogues, halomethyl androstane-17beta-
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6,1987, pages 837-843, XP000972215.ISSN: 0022-4731.
PAGE 840-841, examples 21-24, 29-32.

e SHAPIRO E L ET AL: "17 Heteroaroyl esters of
corticosteroids 2. 11-beta hydroxy series” Journal of
Medicinal chemistry, American Chemical Society.
Washington, US, vol. 30, no. 9,1987, pages 1581-1588,
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novel topical corticosteroids". Journal of Steroid biochemistry,
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24, 29-32.
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BINDING AFFINITIES OF MOMETASONE FUROATE AND
RELATED COMPOUNDS INCLUDING ITS METABOLITES
FOR THE GLUCOCORTICOID RECEPTOR OF
RAT SKIN TISSUE

MITSUTAKA 150GAL"* HiTosHI SHIMIZU, YOsHIO EsuM,' TADA0 TeErasawa,’ TOsHIHIKO OKADA®
and KoIcHI SUGEND?
'Tokai Rescarch Laboratories, Daiichi Pure Chemicals Co., Ltd, No. 2117 Muramatsu, Tokai-mura.
Jbaraki 319-11 and *Shionogi Research Laboratories, Shionogi & Co.. Ltd, 12-4, Sagisu 5-Chome,
Fukushima-ku, Osaka 553, Japan

(Received 29 May 1992; accepted 15 October 1992)

Summary—The binding affinitics of mometasone furcate (MF). its metabolites and related
compounds for the glucocorticoid receptor of rat cpidermis and dermis were measured. MF
and its main metabolite exhibited binding affinitics higher than those of alclomethasone di-
propionate (ADP) and betamcthasone dipropionate (BDP), but equivalent to betamethasone
17-valeraie (BMV). For compound 1 (metabolite of MF), ADP, BDP and BMYV, the binding
affinity was found to be higher in epidermis relative to dermis. This difference in the dermal/
cpidermal binding ratio may be a favorable sign leading 1o a possible reduction of dermal
collagen atrophy. a known side effect of glucocorticoids. In structure-binding relationship
studics, esterification of the 17-OH by furoylation and introduction of the 92-Cl caused a
marked incrcase of the binding affinity, whereas the 68-hydroxylation led to a pronounced
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INTRODUCTION

A variety of glucocorticosteroids are widely
used as potent local antiinflammatory agents.
The skin is one important target organ in the
topical treatment with glucocorticoids.

It is well known that a spccific receptor
protein for glucocorticoids is present in the skin
of mouse [1], rat{2-4} and human|5,6]. The
receptor occurs in both the epidermis and dermis
and appears physico-chemically similar in each
tissue {3]. Since the main side effect of gluco-
corticoid is dermal collagen atrophy, develop-
ment of topical glucocorticoids with high binding
affinity for the epidermis and associated low
affinity for dermal tissue ts now required.

Momectasone furoate (MF) is a new gluco-
corticoid recently developed as a potent topical
antiinflammatory agent with a favorable ratio
between local and systemic effects [7-9}. There-
fore, it is interesting to determine the binding
affiniies of MF, its metabolites, and related
compounds for the glucocorticoid receptor in
rat epidermis and dermis. These were the aims
of this study.

*To whom correspondence should be addressed.
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EXPERIMENTAL
Chemicals

{6,7-'H]Triamcinolone acetomde (sp. act. 42.5
Ci/mmol) was obtained from Du pont NEN
Research Products. Unlabeled iriamcinolone
acetonide was obtained from Sigma. MF {9«,21-
dichloro-118,17x-dihydroxy-16x-methyl-1.4-
pregnadiene-3,20-dione 17-(2"-furcate)], its syn-
thetic precursor, compound VIl and reference
steroids alclomethasone dipropionate (ADP),
betamecthasone dipropionate (BDP) and beta-
methasone 17-valerate (BMV) were all supplied
by Schering-Plough Corporation. Among puta-
tive metabolites of MF, compounds I, 11, 111, V
and VI were prepared starting from compound
VIII according to the procedure of Shapiro et al.
{10, 11]). Compounds I'V and VII were obtained,
respectively, by direct selenium dioxide oxidation
of MF and compound V [12]. The bromohydrin-
analog of compound V was converted via de-
hydrohalogenation (KOAc) of its 21-TBDMS
derivative, followed by deprotection (HOAC) to
compound IX [13). Oxidation (PDC) of the latter
compound followed by epoxide nng cleavage
(HCI) and successive methylation gave com-
pound X [13]. Compound X1 was obtained from
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compound VIII by periodic acid oxidation and
subsequent internal acylation followed by similar
epoxide-ring cleavage and methylation {13, 14].

Preparation of cyiosols

Cytosols were prepared by a modification
of the method of Smith and Shuster{15). Rat
neonates (3 days old) of the Sprague-Dawley
strain SPF (Charles River Inc.) were killed by
decapitation and the skin was rapidly removed
from the body and incubated in buffer | (88 mM
K.HPO.. 12mM KH,PO,. 10mM sodium
molybdate, 100 mM mercaptoethanol, pH 7.0)
at 4°C. After 3h, the epidermis was removed
from the dermis. The tissucs were minced using
scissors and homogenized in 12 vol of buffer 2
(10mM  Tns. 2mM MgCl,-6H.O, 5mM
dithiothreitol, 10 mM sodium molybdate, 10%
glycerol, pH 7.25) using a Polytron homogenizer
at speed setting 6. The homogenates were centri-
fuged at 100.000 g for 1h at 2 C. The resul-
ing supcrnatant cvtosol fractions were used
immediately for binding assays.

{‘H]Triamcinolone acetonide binding assays

This assay was carricd out according to the
report of Smith and Shuster [15).

In all experiments. 0.2 ml cytosols (1.5-3mg
protein'ml) were incubated with 0.22-0.26 nM
['Hjtriamcinolone acetonide in the presence of
diffcrent concentrations of various steroids (pre-
parcd in buffer 2 containing 20% cthanol) in a
total volume of 0.5 mi of buffer 2 at 4°C. After
20 h. the reaction was terminated by adding
0.25 mi dextran-charcoal solution (3.75% acti-
vated charcoal. 0.357% dextran T-300. 10 mM
Tris. 2mM MgeCl,-6H.O. 10% glvcerol, 0.1%
gelaun, pH 7.23). The mixture was incubated
for 30 min at 4°C and then centrifuged at 1600 g
for 13 min_at 4°C. The radioactivity of [PH}-
triamcinolone acetonide in the supernatant was
counted by a liquid scintillation counter (Aloka,
LSC-900) after addition of 10 ml scintillator
{Atomlight. Du pont NEN). The nonspecific
binding was determined in the presence of
10 M nonradioactive triamcinolone acetonide.
Accordingly. the specific binding was defined as
the difference between the nonspecific and total
bindings. All the assays were conducted in dupli-
cate. Dose-response curves for various steroids
were plotted to obtain the concentration (IC,,)
necessary to displace 50% of the specific binding
of [*H}triamcinolone acetonide. Cytosol proteins
were measured by the method of Lowry er al.
{16]. The maximum number of binding sites
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{B...) and dissociation constant (K,) for epi-
dermal and dermal cytosols were estimated
from Scatchard analysis{17) of the saturation
data over the concentration range of 0.08-4 nM
[*H}triamcinolone acetonide. The inhibition
constant (K,) of each steroid was calculated
from the following equation of Cheng and
Prusoff {I§]. with the concentration (C) of
[’HJtriamcinolone acetonide used in the
experiment.

RESULTS AND DISCUSSION

The specific binding of {*H]triamcinolone
acetonide at a concentration of 0.08-4 nM in
rat epidermis and dermis showed saturation
curves. Scatchard analysis of the specific binding
data was compatible with a single population of
binding sites. In the epidermis. the dissociation
constant (K,;) was 0.178 + 0.027 nM (n = 4) and
the number of receptor sites (B,,,) was 213
= 7fmol 'mg protein (n = 4). In the dermis, K
was 0.180 £ 0.023nM (n =4) and B,, was
439 1+ 40 fmol mg protein (7 = 4). Values for
K, in the epidermis and dermis did not differ
significantly (P > 0.05). The number of receptors
in the dermis were more than that in the cpi-
dermis, which corresponds to the results of Smith
and Shuster [13). This behavior of receptor bind-
ing in rat skin is also similar to previous findings
for the receptor in mouse, rat and human skin
[1.3.6].

The inhibition of [*H]trtamcinolone acetonide
binding by MF analogs. ADP. BDP and BMV
was determined by incubating [ H]triamcinolone
acetonide (0.22-0.26 nM) at 5 10 7 concentra-
tions in epidermal and dermal cvtosols. The
inhibition constants (K,) of these compounds
arc shown in Table 1. MF and most of its
metabolites exhibited binding affinities higher
than those of ADP and BDP but equivalent to
that of BMV. The relative binding potency for
cach of the compounds is expressed as the ratio
of the inhibition constants in dermis and epi-
dermis. The values (dermis/epidermis) listed in
Table | show the degree of the binding affinity
in eptdermis relative 1o that in dermis which was
given a potency of 1. For all steroids examined,
the relative potency was calculated to be higher
than 1. In particular, the binding affinities of
compound 1, ADP and BDP were significantly
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Table |. Binding affinities of MF, j1s metabolites and related
compounds in epidermis and dermis

Relutive
potency
A, value (nM) -
Dermis
Compound Epidernis Dermis Epidermis

MF 0.177 +0.029 0.194 = 0.013 110
! 0.189 3 0.025 0.307 = 0.035° 1.62
il 0221 2 0034 0.359 1 0.043 1.62
1t <442+ 068 652+ 1.36 1.44
v 0.302 = 0.049 0.428 = 0.040 1.42
v 013420020 0.171 2 0.012 119
Vi 0.314 £ 0.043 0.43% £ 0.063 1.39
Vit 0.582 = 0061 L1+ 012 1.39
A1 969+ 126 15y + 31 1.58
BN 1.57 028 25220638 1.61
X 4.69 2092 §50=1.n 1.7
X1 0.576 = 0.062 0.804 = 0.082 1.40
ADP 0.443 - 0.043 1.0S+0.16° 2.37
BDP 0.689 x 0.07y 1364 0.24¢ 1.97
BMV 0.138 +£0.013 0.224 = 0.016° 1.42

Valuss are means + standard error of 2 esperiments, *Significantly
different from the corresponding epidermal value at P < 0.05.

higher in epidermis than in dermis. Smith and
Shuster [I5] have shown that the binding
potencies of RO 12 7024, dexamethasone,
corticosterone and cortisone among several
steroids were higher in epidermis than in the
dermis. These differences in binding in epi-
dermis and dermis show a favorable response in
view of glucocorticoid therapy since they may
account for a reduction in the side cflects which
accompany dermal collagen atrophy.

The structure~binding relationships of MF
analogs including its metabolites were also
investigated in rat epidermis and dermis. Ester-
ification of the 17-OH (furolylation) markedly
increased the binding affinity (I1—MF, -1,
VI=V. VIII=1X). During the conversion of
9B,118-epoxide 10 92,1 15-halohydrin, intro-
duction of the 9x-Cl as well as 92-F caused a
dramatic increase in affinity (II-MF, 1I1 1.
VII— VI, IX — V). Substitution of the 21-OH
by Cl also led to a pronounced increase in
affinity (VI—1, IX—1l, VIII—=IH, VII—=1V)
with the exception of one case (V—=MF) in
which the compound retained almost the same
affinity. On the other hand, a decrease in affinity
was observed for the 6f3-hydroxylation (MF —
1V, V= VII), which is also one of the tmportant
metabolic pathways for glucocorticoids. This
loss of the binding affinity agrees with the general
principle of corticoid inactivation by such a
metabolic route.

These findings are in good agreement with
those in cultured human skin cells (19]. Namely,
the presence of 9x-halogen as in 9x-fluoro-
hydrocortisone or 92-fluoro-prednisolone, the
esterification of 17-OH as in hydrocortisone-17-
butyrate or BMV and the introduction of Cl

21A29R14 | »

at the 21 position as in clobetasol. lead to an
increase of the steroid affinity for receptor.
Thesc  structure-binding relationships  are
important in the development of new topical
glucocorticoids.

Acknowledgemen:s—The  authors  are grateful 10 Dr
Masuhisa Nakamura for his valvable discussions and
advice.
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Synthesis and Structure—Activity Relationships in a Series of Antiinflammatory
Corticosteroid Analogues, Halomethyl Androstane-178-carbothioates and

-178-carboselenoates
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The preparation and topical antiinflammatory potencies of a series of halomethyl 17a-(acyloxy)-
118-hydroxy-3-oxoandrosta-1,4-diene-178-carbothioates, carrying combinations of 6a-fluoro, 9a-
fluoro, 16-methyl, and 16-methylene substituents, are described. Key synthetic stages were
the preparation of carbothioic acids and their reaction with dihalomethanes. The carbothioic

acids were formed from 178-carboxylic acids b
chloride followed by aminoelysis of the resultin

y initial reaction with dimethylthiocarbamoyl
g rearranged mixed anhydride with diethylamine,

or by carboxyl activation with 1,1’-carbonyldiimidazole (CDI) or 2-fluoro-N-methylpyridinium
tosylate (FMPT) and reaction with hydrogen sulfide, the choice of reagent being governed by
the 17a-substituent. Carboxyl activation with FMPT and reaction with sodium hydrogen
selenide led to the halomethyl 16-methyleneandrostane-178-carboselencate analogues. Anti-
inflammatory potencies were measured in humans using the vasoconstriction assay and in
rats and mice by a modification the Tonelli croton oil ear assay. Best activities were shown by
fluoromethyl and chloromethyl carbothioates with a 170-propionyloxy group. S-Fiuoromethyl
60.,9a-diﬂuoro-1lﬁ-hydroxy-16u-methyl-3-oxo-17a-(propionyloxy)androsta-l,4-diene-17ﬂ-car-
bothioate (fluticasone propionate, FP) was selected for clinical study as it showed high topical
antiinflammatory activity but caused little hypothalamic—pituitary—adrenal suppression after

topical or oral administration to rodents.

The successful development of corticosteroid ana-
logues designed to show high potency on local applica-
tion to inflamed tissue has been reviewed.!"* Although
., the avilable compounds showed only weak undesirable

_systemic side effects after topical administration, we
* "ttinued to seek further improvement. In this paper
K _describe a series of potent and novel corticosteroidal
halomethyl esters of androstane-178-carbothioic acids
with promising separations of activity.$
Earlier we reported that the normal two-carbon 178-
side chain of pregnanes was not necessary for corticoid
activity, androstane-175-carboxylates showing high topi-
cal antiinflammatory activity if both the 17a-hydroxy
and 17B-carboxylic acid functions were esterified, with
the greatest activity being shown by 17a-propionates
as fluoromethyl carboxylates,16-8
We first explored the synthesis of 17a-unsubstituted
178-carbothioates in making compounds with anaes-
thetic activity.91% Kertesz and Marx!! overcame many
difficulties while employing carboxyl-activation proce-
dures followed by reactions with alkanethiols in the
synthesis of some alkyl 17a-acyloxy 178-carbothioates
which showed good topical antiinflammatory activity.

Their synthetic methods could not, however, be applied

to the preparation of halomethyl carbothioates (ana-

logues of the potent 21-halopregnan-20-ones'~?) as
halomethanethiols are not known and would be ex-
pected to be very unstable. We therefore devised new

methods of preparing 17a-hydroxy and 17a-acyloxy 178-

* External Scientific Affairs Department, to whom communications
should be sent.

® Abstract published in Advance ACS Abstracts, September 15, 1994.
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carbothioic acids, which could then be esterified by
reacting their salts with dihalomethanes. Furthermore,
17a-acylation of haloalkyl 17a-hydroxy 178-carbothio-
ates was likely to be unselective in the presence of an
118-0l, so it would be preferable to 17a-acylate at the
carbothioic acid stage, as with the carboxylic acids.?®
The antiinflfammatory potencies of the halomethyl 17q-
acyloxy 178-carbothicates were in general high, as
delineated in Table 3.

Chemistry

The 17a-hydroxyandrostane-178-carboxylic acid in-
termediates 2 for the desired carbothioates were pre-
pared by oxidative cleavage of 21-hydroxypregnan-20-
ones 1 with periodic acid in aqueous dioxane or THF.
They were readily 17a-acylated, without concomitant
11B-acylation, by reaction with excess acy! chloride and
triethylamine followed by aminolysis of the resulting
170-acyloxy 178-carboxylic acid mixed anhvdrides with
diethylamine!?® to give the corresponding acids 3
(Scheme 1). .

Our first synthesis of carbothioic acids resulted while
studying the aminolysis of the mixed anhydride formed
by reaction of the 17a-propionyloxy 178-carboxylic acid
3d"! with dimethylthiocarbamoy] chloride in pyridine.
The mixed anhydride was initially believed to be the
thione 4a, but aminolysis with diethylamine gave the
17B-carbothioic acid 6i and it now has been assigned
the rearranged structure 4be;? this was supported by
its synthesis as the major product from the reaction of
thioacid 6i with dimethylcarbamoy! chloride and by the
lack of a carbonyl IR absorption above 1740 cm™!}, in
contrast to that observed (1783 cm~!) for the oxygen
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analogue 4ca (see Scheme 2, also Table 1 for the
definition of these compound letters).

Gais!? reported that carboxylic acid imidazolides are
accessible in almost quantitative yields from carboxylic
acids and 1,1"-carbonyldiimidazole (CDI) and that they
react rapidly with alphatic and aromatic thiols to give
thicesters in high yields. Kertesz and Marx!! applied
this method to the synthesis of alkyl androstane-175-
carbothioates. We found that the imidazolides from"
17a-hydroxy 178-carboxylic acids also react with hy-
drogen sulfide to give 17a-hydroxy 178-carbothioic acids
§. Like the corresponding carboxylic acids, these were
readily and selectively 17a-acylated without concomi-
tant 118-acylation (Scheme 2).

Kertesz and Marx!? reported that CDI failed to
activate 17a-acyloxy 17f8-carboxylic acids, but we found
that CDI i n dimethylformamide at 22 °C activated the
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17-propionate acid 3d to reaction with NaSH (to give
6i) or NaSMe (to give 9) but not to reaction with H,S.
The reaction of H,S with other carboxyl-activated spe-
cies is known to be base-catalyzed.!> The known
thiocester 91! could also be prepared by methylation of
6i. The nature of the activated species was studied by
partitioning the reaction mixture between water (not
acid) and ethyl acetate (Scheme 3). The two major
components isolated by preparative TLC were the
diastereoisomeric 17-spiro-2°-(1-imidazolyl)-1°,3"-diox-
olan-4"-ones 7. The structures of each were indicated
by their characteristic IR absorption (1810 cm™!) for the
spirocyclic carbonyl and by their !3C NMR spectra,
where the spirocyclic ring carbon atoms were readily
assigned. In particular the 2'-carbon resonances (112.1
and 112.0 ppm) in the two isomers showed no C-H
coupling in the off-resonance spectra. These and the

o
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Table 1. Physical Properties of Intermediates®
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HO 17
113
L]
(a)p deg UV, daa,s (EtOH)
no. 6a SYa 16 17a 178 mp, °C (dioxane) formula apal b nm (¢ x 1073)
- 28 F H H OH CO.H 241~248 +54 CzoHasFOs CH 242 (15.3)
2b H F H OH CO.H 289-293 +669 C20HasF Oy CH 239.5 (14.5)
2¢ F_F__=CH, _OH CO;H 248-252¢ -24 C21H2F50s CH 238 (16.0)
3a H H OCOC;Hs CO.H 224-227 +3 C23HzsFO¢ CH 242(14.3)
4ba H F aCHs OCOCH; COSCONMe; 191-193 +82 CnHwFNOsS CHN,S 239(18.7)
~4b H F BCH; OCOCH; COSCONMe; foam +172 C2HaFNOsS  CHNS 238(19.6)
. j4bc H F  pCH, OCOCH, COSCONMe; 167-170 +185 CrHyFNOeS CHN 237.5(19.8)
72" H F =CH; OCOC;Hy COSCONMe; 189-192 +6 CrHyFNOsS CHNS 236.5 (19.2)
! H F SCHs OCOCH5 CO,CONMe; 200-203 +74 CyHseFNO, CHN 238 (15.9)
% H F H OH COSH 222-225 +116 CxHxFO.S CH 244 (19.3)
5b H F aCHy OH COSH 209-214 +104 C2BnFOS CHS 245 (17.6)
Se F F aCHs OH COSH 230~232 +94 CnHaF20.S CHS 243 (21.0)
=4 H F BCHy OH COSH 198-201¢ +189 CaHnFO,S CHS 243 (19.5)
F F =CH; OH COSH 251-256° +58 CaHaF20.8 CHS 242 (20.5)
. F H H OCOC;Hs COSH 189-193 +72 CasH2sF0sS C.H.S 247(18.1)
6b H F H OCOC;H; COSH 136~138 +75 CasH2FOsS CHS 245 (18.4)
6c H F aCHy OCOCHs COSH 141-143 +30 C2H3 FOsS CH 243 (16.3)
6d F F oaCHy OCOCH, COSH 175-177 -10 CasH2sF20S CHS 242.5 (18.0)
e F F oCHy OCOCH, COSH 161-164 -27 C24HsoF20:S CHS 243(18.9)
of F F aCHsy OCOCsH, . COSH 155-157 +21 CzsH3F70sS CHS 242.5(18.4)
6g H H BCHy; OCOCH; COSH 159-163 +113 C2H3:0:8 CH.S 247(17.8)
6h H F BCH; OCOCH; COSH 178.5-179 +98 C2.H%FOsS CH,s* 242(17.8)
6i H F BCHy OCOCHs COSH 177179 +110 CaHy ) FOsS CHS 242(18.3)
6j H F BCHy OCOCH,; COSH 175-176 +107 CasHyF O3S CH,s 244 (18.1)
6k H F =CH; OCOCH; COSH 236-239 -n CaH2FOsS CHS 242(17.7)
Ta H F B-CH, 8piro(CsHaN; 0¥ 193-195 +96 C2:HssFN20Os CHN 240 (14.3)
) H F BCH spiro(CoHgN,0,) 168—176 -8 C2:HaFN,0s CHN/ 240 (14.5)
8 H F BCHy OCOC:Hs CO(CsHsNz)  190-203 +52 CH33FN;05 CHN~ 240(17.3)
10 F H H OCOC;H; COSCH,Cl 188-191 +48 CxHwCIFOsS CHCLS 240(18.7)
16 H F aCHs OCOCH; COSCH:Cl 247-250 +50.5 CpHxCIFOsS CH.CLS 238 (19.0)
10k F F aCHy OCOCHs COSCH;C 280283 +45 C2H2CIF,0s8 C.H.CLS 238.5(19.8)
100 F F aCHs OCOCsH,; COSCH.Cl 235-238 +49 C2HuCIF20sS  CHCLS 238.5(19.9)
11 ¥ H H OCOC;H; COSCH.l. 195-187 +18 C34H30F10:S CHIS 243.5(20.7)
«v1t¢ H F H OCOC;Hs COSCH.l 175-178 +4 C2H3oFT0sS CHJ 242(17.9)
"/1d {'F F aCHs OCOCH, cosq_x»gzl,\/ 241-243 +78 CaHxFd0sS CHLLS 240 (20.2)
' “"( F F oCHs OCOCH, COSCH.  233-23¢  +87  CuHuFsl0S CHIS 241 (206)
1 \F F oaCHy OCOC3H; COSCHal 210-212 +89 CyHysF2l0sS  CHIS™ 241(20.7)
I._/H F BCH;y OCOCHs COSCH,I. 204+ 205 -29 CuHxFI0sS  CHUIS 241 (20.6)
11lh H F =CH. OCOC;H; COSCH.I 191-199 -31 CasHsoF105S CHIS 241 (19.8)
16 H F SCHy epoxide COSCH,Cl 246-251 +131 CxHCIFOS CH,QO) 239 (20.5)
N H F «CH; OH COSCH,Cl 242-243 +36 CxHxCIFO,S CH 239.5(19.4)
» H F BCHy epoxide COSeCH, 297-299 +156 CnHnFOSe C.H,Se 239 (16.3)
b H F  BCHy epoxide COSeCH,Cl  229-232¢ +111 CzHxCIFOSe CH,CH 237.5(16.5)
%% H F =CH; OH COSeCHj 248-254¢ +82.5  CyuHunFO.Se C.H.Se 240.5(15.9)
1% H F =CH; OH COSeCH,C!  237-239 +45.5  CxH2CIFOSe CH.ClSe 240.5 (16.3)
20a° H F =CH; OH COSeCHs 225-235¢ +124 C2HFO.S CH 238(15.7)
2004 H F «=CH; OH COSeCH,C1  209-210 +142 CxHyCIFOSe CH 237(16.1)
21a¥ H F «CH; OCOCH; COSeCH, 209-211 -9 Ca2sHzsFOsSe C,H,Se 237 (16.0)
21 H F =CH, OCOCHs COSeCH,Cl  156-158 -8 CasHnCIFOsSe CH 237(16.1)
2c H F =CHy OCOC;Hs COSeCH,l 174-175 -70 CasHyF10sSe  C.H,Se 238(16.7)
224 H F =CH; OCOC;Hs COSeCH,F 216-218 -43.5  CpHyF0s8e CH 239.5(16.8)
4 H F BCHy OCOCHs COS)» 234-235 +107 CuBeoF2010S; CH.S™ 238(37.1)

° 'H NMR and infrared spectra were obtained for all compounds, and data are in the Experimental Section for selected compounds.
¢ Persistent solvation was confirmed spectroscopically. ¢ Decomposition. ¢ 11-Ketones. ¢ Solvate (0.5EtOAc). / Solvate (0.25MesCO). # Solvate
(1.0H;0). * Solvate (0.25H,0). { Isomer A./ Isomer B. * Solvate (0.16EtOAc). ! Solvate (0.2EtOAc). » Solvate (0.5H;0). * Solvate (0.33H,0).

° Solvate (0.6MeOH). » Disulfide.

C-17 resonances (92.1 and 91.1 ppm) were structurally
characteristic, and the 'H NMR confirmed that the ethyl
groups in each isomer were no longer part of an ester
function; the configurations of the two isomers were not
established. From a further experiment, in which the
reaction mixture was treated with dimethylamine, the
same dioxolanones 7 were isolated together with a
minor third component of intermediate polarity, identi-
anenBef a5 the imidazolide 8, vy 1742 cm™!. The dioxol-

anones 7 each reacted with NaSMe to give 9, but not
with NaSH. There was insufficient 8 to test its reactiv-
ity.

Chloromethyl carbothicates 10 were prepared from
carbothioate salts by alkylation with bromochlo-
romethane, or chloroiodomethane, in dimethylaceta-
mide. The chloromethyl thioesters 10 reacted with
sodium iodide to give iodomethy! thioesters 11, which
in turn reacted with sodium bromide or silver fluoride
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Table 2. Biologically-Assayed Halomethyl Androstane-178-carbothioates and -17f-carboselenoates (Physical Properties®)

COSeCH,X
HO OCOR
"
Y
10,11,12,13 n

mo. 2 Y X R 16 mp, °C [alp, detg (dioxane) formula apal. UV, Amas (EtOH) nm (¢ x 10-3)
132 H F F CHs H 224-225 +70 CaHyoF2058 CHFS 238.5(17.4)
10a F H C CHy H 196-199 +38 C2HsoCIFOsS CHS 238(16.9)
i1sb F H F CHs H 207-211 +70 CaHyoF20sS CHFS 237(17.1)
13¢c F H F CjHg oCHy 242-243 +37 CysHsF205S CHS 237 (18.0)
*“y F F Q CiHs a-CHy  272-275 +49 CasHsCIF;04S CH 238 (20.0)
F F F CHy. oCHy 308-310 +29 CaHnFyOsS CHS 236 (19.0)
‘ewe F F F CHs; aCHs 274-275 +32 C2sHy,F30sS CHFS 236.5 (18.6)
18t F F F CyHy aCHy 249-252 +32 CasHxF30eS CHFS 237(19.1)
10c H H C CH; pCHy 192-193 +65 CasHysCl06S CHCLS 241(17.8)
13z H H F CiHs BCHs 223-225 +108 CzsHxFOsS CHS 240(16.3)
dd F H C CHy pBCHy 220-223 +39.5 CiHCIFOsS CH.CLS 238 (18.4)
3h* F H F CH; BCHy; 248-249 +101 CaHsoF205S CHFS 237(17.7)
10e F H Cl CHs BCH:y 212-214 +44 CuHyCIFOsS CHCLS 238.5 (18.8)
12 F H Br C;Hs BCH; 1865-187 +2 CHxBrFOsS CH,Br,S 241 (19.9)
11a¢ F H 1 CHs B-CHy 196~197 -32 C2sH 53 F10sS CH]IS 242 (20.2)
18i F H F GCHs pCHy 237-241 +98 CasHoF205S CHF.S 237(17.4)
10f F H C CiHy, BCHy 172-175 +46 CsHuCIFOS CH.CLS 239 (18.7)
10g F H C CHs =CH; 212-221 -56 CxaHssCIFOsS CH,CLS 239(19.5)
13f F H F CHsy =CH; 205-215 ~58 20sS CHFS 237(18.1)
1oh F F Cl CHsy =CH; 242-245 -56 CuHxCIF,068 CHCLS 238.5(19.9)
13k F F F CiHgs =CH, 251-255¢ ~56 C2sHzF30sS CHS 236.5(19.1)
22 F H H CHs =CH; 225-227 -37 CasHyiFOsSe  C.H,Se 239.5(16.3)
22b F H CI CHs; =CH, 212-214 —48 C.H.C1,Se 240.5 (16.6)

° 'H NMR and infrared spectra were obtained for all compounds, and data are in the Experimental Section for selected compounds.
® Solvated with 0.5 mol of H30. ¢ Solvated with 0.33 mol of H20. ¢ Decomposition.

Scheme 4
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to give the bromomethyl and fluoromethyl thicesters 12
and 13, respectively. The fluoromethyl thioester 13e
was also prepared directly from the potassium salt of
the carbothioic acid 6e, using fluoroiodomethanel or
bromofluoromethane? (Scheme 4).

Kertesz and Marx!! reported that 2-fluoro-N-meth-
ylpyridinium tosylate (FMPT) could be used for the
activation of 175-carboxylic acids in the presence of a
16a,17a-acetonide but that neighboring group partici-
pation dominated the chemistry of 17a-hydroxy or 17a-
agy}ggy comg,ggnld,g. FMPT also activated the 16a,170-

NI

AN
epoxy-168-methyl 178-carboxylic acids 14 to reaction
with HzS. The resulting carbothioic acid 15 was un-
stable but treatment with bromochloromethane in situ
gave the chloromethy)] carbothioate 16. This could be
rearranged with trifluoroacetic acid to the 16-methylene
17a-0] 17 which on propionylation in the presence of

.acid gave a mixture of the 17a-ester 10g and the

isomeric 118-monoester (Scheme 5).
Activation of 14 with FMPT and reaction with .

.. NaSeH!¢ gave the corresponding carboselenoic acid,: .- : '
which could be alkylated in situ to the methyl or
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chloromethyl carboselencates 18a,b. Epoxide rear-
rangement (CF3;CO-H) then gave the corresponding 115-
17a-diols 192,b. In this series, oxidation of 19a,b to
the 11-ketones 20a,b prior to 170-propionylation fol-
lowed by selective reduction of 11-oxo esters 21a,b to
the 118-alcohols 22a,b avoided unwanted 118-esterifi-
cation (Scheme 6).

Reaction of the iodomethyl selenoester 22¢ with silver

fluoride in acetonitrile gave the corresponding fluoro-

methy! selenoester 22d as a minor product (3%), but

the major groduct (29%) was the 178-acyl fluoride 23,
BNSDOCID: <XP~  2025925A | »

presumably formed by silver ion-assisted displacement
of the selenide group by flucride ion. While 23 was not
analytically pure, the structure of the major component
(83% by HPLC) was clearly revealed by its highly
characteristic !H, 13C, and 19F NMR, infrared, and mass
spectra. The same main fragment jons were observed
in the chemical ionisation mass spectra of both 22d and
23, the initial losses being those of HSeCHF and HF,
respectively, from the major MH* molecular ions. The

-MH?* peaks were confirmed by HRMS accurate mass

measurements.:



3722 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 22 Phillipps et al.

Table 3. Biological Activities of Halomethyl Androstane-178-carbothioates and -17f-carboselenoates
' coscmX

° Human vasoconstrictor activity relative to fluocinolone acetonide (100). Numbers in parentheses are 95% confidence level intervals
or G represents a graphical estimate. ® Topical antiinflaramatory activity relative to fluocinolone acetonide (100). Parentheses as for a.
« Systemic corticostervid activity after topical application relative to fluocinolone acetonide (100). Parentheses as for a. 4 Mean of two
results: 35 (21-58) and 117 (81—167). * Mean of three results: 103 (60—176), 84 (47~158), and 76 (37—156). / Mean of two results: 134
(85-212) and 86 (46—150). £ Mean of two results: 72 (57—90) and 97 (70~ 136). » Mean of two results: 530 (G) and 370 (G). ‘ Standard.

..The 'H NMR spectra of carbothioic acids were best .
“sured in deuteriochloroform if solubility was suf-
n~<iit, 25 in Me:SO-d¢ impurity signals gradually
appeared due to oxidation to the neutral disulfide (e.g.,
with 6i), a process complete in a longer time or at
levated temperature.

In each series of halomethyl 17a-acyloxy 178-carbo-
thioates the ultraviolet extinction coefficients increased
from ca. 16 000 to ca. 20 000, and the positions of the
maxima moved slightly to higher wavelength (ca. 239
to 244 nm) on progressing from fluoromethyl through
to iodomethy) thioesters. Gradations of optical rotation
at 589 nm were also noted, increasing when a 16a-
methyl substituent was present but decreasing when a
168-methyl or no substituent was present. Presumably
the contribution due to the carbothioate chromophore:
is considerably influenced by its conformation, and this
in turn depends on the nature of ring D and its
substituents.

Biological Results and Discussion

Topical activity in humans was measured by the vas--
oconstriction assay according to the method of McKenzie
and Atkinson.}? Topical antiinflammatory activity was
measured in rats and mice by modifications of the croton
oil ear assay of Tonelli et al.}® The undesired hypotha-
lamic~pituitary—adrenal (HPA) function suppression
was assessed in rats and mice by measuring reductions ..
of levels g& gg}ﬂqting corticosterone in response to ether

RNRQIYYIN: <XP

stress, using the procedure of Zenker and Bernstein 1
The results are shown in Table 3.

In the vasoconstriction assay, fluoromethyl carbo-
thioates 13 were in general more active than their
chloromethyl analogues 10 (13h, 10d; 13g, 10c; 13e,
10b; 18b, 10a; 13§, 10g; 13k, 10h; six pairs); however,
for another pair (13i, 10e) the chloro analogue had the
slightly greater potency. The bromomethyl and iodo-
methyl carbothioates 12 and 11a were less active than
the chloromethyl analogue 10e. 17-Propionates 10e,
18e were better than the acetate (10d, 13d) and
butyrate (10f, 13f) analogues, although the potency of
the propionate (18i) was marginally less than that of
the acetate (13h). A similar pattern was found in the
mouse and rat antiinflammatory activities. A different
pattern was found for HPA suppression where the 16a-
methyl compounds 10b, 18d, and 13e showed little

effect in both mouse and rat. The most active of these
* in the vasoconstriction and antiinflammatory tests was

13e (fluticasone propionate, FP), so this was chosen for
more detailed examination. ‘The carboselenoates 22a,b
showed moderate activity but were not examined fur-
ther as it was considered unlikely that drugs containing
selenium would be acceptable: .

The fluoromethyl and chloromethyl carbothioates 13i
and 10e were, respectively, more than 3.5 and 1.5 times

-as active than their oxygen analogues! in the vasocon-

striction test, while the methyl carbothioate analogue

“of FP (18e) has been reported!! to show topical activity -

N COSeCH,X
0 OCOR O OCOR
"w e
° o
Y Y
10,11,12,13 2
mouse rat
no. ZY X R 16 bhuman V= AIT® HPA« AIT® HPA¢
13a HF F CHs H 697 (230—-2438) 56 (36—-86) >200(G) 97 (62—-156) -
10a F HCl CHs H 916 (471-1874) 20(14~29) 100(G) - -
13b F HF CHs B 1984 (1023-4013) 63(39-105) 149 (103-219) 39(27-56) 1.5(G)
~ 13¢ F HF CHs a-CH;y 653(311-1395) - - - - o
' 10b F F Cl CHy, a-CH; 124 (63-231) 56 (37-86) 0.04 (0.01-0.09) 29(25-32) <0.02(G)
vl 134 F F F CHy a-CHs 392(159-959) 764 2.9(1.4-5.2) 88* 3(G)
13e F F F CHs ocCH; 945(551-1655) 113 1.0(0.5-2.1) 854 1.5(0.8-2.2)
13f F F F CiHy; o-CH; 299(98-953) 55(34-87) 0.7(G) 55(35-86) -— :
10¢ H H C CHg B-CHy 295(72-1148) 27(17-44) - 29(19-44) 1:4(0.5-3.2)
13g H HF CHs $CHs 800(231-2773) 50 (35-71) - 44 (30-63) 5.1(1.8-11.8)
10d F H C1 CHy p-CHy 544(154-2047) 59(33-103) 14.7 (8.8—24.6) 24 (G) 0.5(G)
13h F H F CHy; BCHs 1388(374-5370) 67 (47-95) ~— 40 (25-64) 13.5(G)
10e F H C CHs p-CHy 1469 (858—2541) 41(27-64) 44(G) 36 (24-53) 0.9(0.5-1.7)
12 F H Br CHs f-CH: 254(Q) - - - -
11a F H1 CHs $-CHy 41 (G) - - Co- -
13i F H F CHs p-CHy 1262(597-2669) 89 (45—-169) 450* 39(30-52) 13(8-24)
10f F H Cl CH, g-CHs 143(41-435) - - - : -
10g F H C CHs =~CH: 365(198-665) 42(28-64) 2(1-3) 12(9-17) 0.8(G)
13j F HF CH; =CH; 1497 (575-4085) 41 (28-64) 44 (27-76) 20(14~26) 2.5(G)
10h F F Cl CHs =CH: 170(G) 108 (70—171) >100(G) - -
13k F F F CHs =CH: 1048(G) 197(G) >100(G) - -
22a F HH CHy =CH; 187(85~-415) 27(16—44) - 19(12-29) <0.2
22b F H Cl CHs =CH; 200(103-388) 40(27-61) 2(G) 16 (9-26) -
(fluocinolone acetonidey 100 100 100 100 100

e
RPN L
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in the vasoconstriction test only in the order of that of
the standard, fluocinolone acetonide.

FP did cause HPA suppression if given as a suspen-
sion in saline by the subcutaneous route in rats [1.2
(0.8—1.7)) and mice [0.7 (G)], compared with betametha-
sone (1.0); in rats the suppression was measured by
weighing the adrenals. Given orally, however, it showed
only weak adrenolytic activity in rats [0.13 (0.08—0.21)]
and depression of corticosterone levels in mice {0.01
(0.004—0.03)] compared with betamethasone (1.0). Weak
glucocorticoid activity after oral administration is par-
ticularly of value in the treatment of airway conditions
where a high proportion of the dose is swallowed.??

~, FP has been reported® to be rapidly converted by liver
.:-:/homogenates (from mouse, rat, or dog) into the known
- axylic acid 3f.}' This acid has since been confirmed
L..cé the principal metabolite in a study?® of the human
pharmacology of FP, arising from orally administered
drug by first-pass conversion in the liver, 3f showed

'gligible HPA suppression as measured by its adre-

Aytic activity in rats [ <0.01 (G)] and by depression of
corticosterone levels in mice [ <0.001 (G)) compared with
betamethasone (1.0) by the subcutaneous route. For-
mulations of FP have now received approval for the
treatment of rhinitis (Flixonase?!), asthma (in UK,
Flixotide?!), and steroid-responsive dermatoses (in USA,
Cutivate?!).

Experimental Section

Melting points were determined on & Kofler block and are
uncorrected. Optical rotations were determined in dioxane at
20-22 °C; '"H NMR spectra were determined in Me;SO-ds
(unless stated otherwise) at 60, 90, or 100 MHz on Perkin-
Elmer R24B, R32, or JEOL MH100 spectrometers, respec-
tively. The R32 instrument was also used at 84.68 MHz for
¥F NMR. A JEOL FX100 Fourier-transform spectrometer was

,\Esed at 25.05 MHz for 3C NMR or at 100 MHz for *H NMR.
;},hemical shifts are relative to Me;Si(CH;):SOsNa in Me,sSO-
.-de and SiMe, in CHCls-d for *H and 3C NMR and to CFCls
ft " NMR, as internal standards. IR spectra were recorded

fi jol mulls, or in CHBry where so indicated. Mass spectra

were determined on a Finnigan MAT 4600 spectrometer using
positive-ion chemical ionization with ammonia as the reagent
© ~s. Accurate mass measurements were made on a Kratos
ncept spectrometer by Mrs. V. Boote, Department of Chem-
sstry, University of Manchester. Organic reaction extracts
were routinely dried over magnesium sulfate prior to removal
of the solvent by rotary evaporation at ca. 20 mmHg. at or

below 50 °C. Products were dried in vacuo at up to 50 °C..

Analytical TLC was conducted on Merck Kieselgel 60 Fas
plates, developed with chloroform:acetone (e.g., 4:1) for neutral
compounds or chloroform:acetone:acetic acid (e.g., 30:8:1) for
acidic compounds. Preparative-layer chromatography (PLC)

was performed in the same solvent systems on Merck Kieselgel |

60 PFas, « 3s. Products were usually detected at 254 nm and
eluted with ethyl acetate. Physical properties of intermediates
are given in Table 1. those of biologically-assayed compounds
are in Table 2. *H NMR (in Me;SO-d; unless stated otherwise)
and infrared spectra {in Nujol unless stated otherwise) were
taken for all compounds, and where solvation is tabulated this
was confirmed from the spectra. P
6a-Fluoro-115,17a-dihydroxy-3-oxoandrosta-1,4-diene-
178-carboxylic Acid (2a). A solution of 6a-flucro-118,17a,-
21-trihydroxypregna-1,4-diene-3,20-dione (12)2 (4.99 g, 13.2
mmol) in tetrahydrofuran (50 mL) was stirred with a solution
of periodic acid (10.0 g, 45 mmol) in water (24 mL) at 22 %C
for 50 min. The tetrahydrofuran was removed in vacuo to
leave an aqueous suspension which was filtered, and the solid
was washed with water and dried to give 2a (4.80 g, 100%). A

portion (0.271 g) was crystallized from methanol to give the

apalytical sample of2a (0.171 g, 63%).
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Sa-Fluoro-115,17a-dihydroxy-3-oxoandrosta-1,4-diene-
178-carboxylic Acid (2b). A stirred suspension of Sa-fluoro-
118-17a.21-tribydroxypregna-1,4-diene-3,20-dione (1b)? (10.0

€, 26.4 mmol) in tetrahydrofuran (55 mlL) was stirred .at 22 .

°C for 2 b with a solution of periodic acid (9.0 g, 39.5 mmol) in
water (90 mL) and then poured into water (150 mL) and
crushed ice (250 mL). Filtration gave 2b (9.42 g, 98%), a
portion (0.100 g) of which was recrystallized from ethanol to
give the analytical sample of 2b (0.060 g; 55%). :
6a,9a-Difluoro-118,17a-dihydroxy-16-methylene-3-
oxoandrogta-1,4-diene-175-carboxylic Acid (2¢). 6a,9a-
Difluoro-115,170.21-trihydroxy-16-methylenepregna-1,4-diene-
3.20-dione (1e)** (3.6 g) was oxidized as in the preceding
experiment to give 2¢ (3.40 g, 98%). A portion (0.250 g)
crystallized from aqueous methanol gave the analytical sample
of 2¢ (0.162 g, 64%).
6a-Fluoro-115-hydroxy-3-oxo-17a-(propionyloxy)an.
drosta-1,4-diene-178-carboxylic Acid (3a). A salution of
2a (4.49 g, 12.3 mmol) and Et;N (4.46 mL, 31.6 mmol) in CHz-

Cl2 (160 mL) at -5 °C was treated dropwise with stirring with

propionyl chloride (2.80 mL., 32 mmol) in CH;Cl; (5 mL) during
5 min. After 20 min the reaction mixture was diluted with
CH;Cla, washed with aqueous NaHCO; and then H;0, dried,
and evaporated to give the intermediate mixed anhydride as
a solid (5.70 g). This was stirred in acetone (30 mL) with Et,-
NH (4.6 mL, 44.3 mmol) for 30 min to give a clear yellow
solution which was concentrated, diluted with water (150 mL),
and washed with EtOAc. The aqueous phase was acidified to
pH 2 with 2 N HCl (50 mL) and extracted with EtOAc. The
extract was washed with water and evaporated to give a foam
(5.82 g), a portion of which (0.304 g) was crystallized from
EtOAc to give the analytical sample of 3a (0.144 g, 47%) as
plates. .
Formation of 175-[(N,N-dimethylcarbamoylthio}car-
bonyl Compounds 4b. General Method A. The stervid
17B-carboxylic acid 3 (1 equiv) stirred in CHCl; (ca. 15 ml/g
of 3) was treated Successively with EtyN (1 equiv) and N N-
dimethylthiocarbamoyl chloride (2 equiv) under N; at 20 °C,
the reaction being monitored by TLC until no further con-
sumption of starting material was observed (usually 6-30 h).
The reaction mixture was diluted with EtOA¢ (ce. 50 ml/g of
3), washed with 1IN HC}, 5% NaHCO;, and water, dried, and
evaporated to give the crude anhydride 4b, purified by
crystallization or by PLC then crystallization.
178-{{(N,N-Dimethylcarbamoyl)thio}carbornyl}-Sa-flu-
oro-115-hydroxy-16a-methyl-17a-(propionyloxy)androsta-
1,4-dien-3-one (4ba). Sa-Fluoro-118-hydroxy-16a-methyl-3-
oxo-17a<(propionyloxy)androsta-1,4-diene-178-carboxylic acid
(3b)® was treated by general method A, but with the addition
of Nal (1 equiv) to the reaction mixture, to give crystalline
4ba (63%) recrystallized twice from acetone to give the
analytical sample: IR (CHBr;) 3610 (OH), 1740, 1710 (w)
(COSCON, propionate), 1670, 1632, 1618 (A'4-3-one) em=t.
-17a-Acetoxy-178-[[(N,N-dimethylcarbamoyl)thio}car-
bonyl]-9a-fluoro-115-hydroxy-165-methylandrosta-1,4-
dien-3-one (4bb). 17a-Acetoxy-9a-fluore-115-hydroxy-168-
methylandrosta-1,4-diene-178-carboxylic acid (3c)!! treated by.
general method A gave crude anhydride (87%, ca. 90% pure
by TLC), purified by PLC to give the analytical sample of 4bb

..as a foam: IR (CHBry) 3590 (OH), 1735 (COSCON, propi-.

onate), 1665, 1630, 1612 (A1*:3-one) cm~t. - -

178-[{(V,N-Dimethylcarbamoyl)thio]carbonyl}-Sa-flu-

©oro-113-hydroxy-165-methyl-17a-(propionyloxy)androsta-

S

1,4-dien-3-one (4be¢). 9a-Fluoro-115-hydroxy-168-methyl-3- -

oxo-17a-{propionyloxy)androsta-1,4-diene-175-carboxylic acid

* (3d),* solvated with 0.75 mol of EtOAc (4.99 g, 9.96 mmmol)
" in pyridine (20 mL), was treated with dimethylthiocarbamoy}

chloride (2.69 g, 21.8 mmol) for 19 h at room temperature. TLC
indicated that only half of the starting material had been
consumed. Isolations in general method A gave the crude
anhydride (2.10 g, 40.5%), part of which was purified by PLC
and crystallization from ether to give the analytical sample of
4bc: IR (CHBr;) 3670 (OH), 1740 (COSCON, propionate),

- 1670, 1636, 1618 (A14:3-0ne) cm~!; 'H NMR (90 MHz) 0.99(13-. -
" CHy 8) 1.07 (propionate CH,, tJ = 7 Hz), 1.29 (168-CHy, d, J
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= ¢ Hz), 2.39 (propionate CHj, q,J = 7 Hz), 2.99, 3.04 (NMe,,
singlets), 7.32 (1-H,d, J = 10 Hz2).
" " In a second method, Sa-fluorc-118-hydroxy-164-methyl-3-
oxo-17a-( pmpionyloxy)andmsta-l.4-diene—17,8—carboﬁ\ioic acid,
6i, solvated with 0.75 mol of EtOAc (517 mg, 1.0 mmol) and
Et3N (0.49 mL, 3.5 mmol) in CH2Cl2 (10 mL), was treated with
N N-dimethylcarbamoyl chloride (0.37 mL., 4 mmol) and stirred
under nitrogen at room temperature for 24 h. The mixture
was diluted with EtOAc, washed successively with 1 N HCl,
aqueous NaHCO;, and H,0, dried, and evaporated to a foam
(674 mg). PLC gave solvated 4bc as a solid (249 mg, 44%):
falp +168° (c 1.05); MS m/e 522 (MH*), 417 (MH* — Mer
.NCOSH), with mass, IR, and 'H NMR spectra closely similar
to those of the above. Anal. (CxHyFNO(S0.5EtOAc) C, H,
N, S.
175-{l{N,N-Dimethylcarbamoyl)thio}carbonyl]-Sa-flu-
o=~-115-hydroxy-16-methylene-17a-(propionyloxy)an-
ta-1,4-dien-3-one (4bd). 9a-Fluoro-115-hydroxy-16-
L Nnylene-a-oxo-17u-(propionyloxy)androm-1,4—diene—17ﬁ-
carboxylic acid (3e)® treated by general method A gave the
crude anhydride (86%), a portion of which was purified by PLC
aund crystallization from acetone to give the analytical sample
4bd (43%): IR (CHBry) 3620 (OH), 1740, 1710 (COSCON,
_ropionate), 1665,-1630, 1612 (A!4-3-one) em™™. .
175-({(NN-Dimethylcarbamoylloxylcarbonyl)-9a-fluoro-
115-hydroxy-165-methyl-17a-(propionyloxy)androsta-
1,4-dien-3-one (4ca). 9a-Fluoro-115-hydroxy-16-methyl-3-
ox0-17a- propionyloxy)androsta-1,4-diene-178-carboxylic acid
(3d),} solvated with 0.75 mol of EtOAc (491 mg 0.98 mmol)
in pyridine (2 mL), was treated with dimethylcarbamoyl
chloride (208 mg, 1.94 mmol) at room temperature for 2 h.
Isolation as in general method A gave the crude anhydride
(489 mg), which was purified by two recrystallizations from
acetone to give the analytical sample of 4ca (73%): IR (CHBrs)
3625 (OH), 1783 (COOCON), 1740, 740 (propionate), 1673,
1634, 1618 (A}*-3-0ne) em™1.

Formation of 17a-Hydroxy 178-Carbothioic Acids 5.
General Method B. A solution of the 17a-hydroxy 175-
carboxylic acid 2 (1 equiv) in DMF (ca. 20 ml/g of 2) was
treated with 1,1-carbonyldiimidazole (2 equiv), and the mix-
ture was stirred under nitrogen at room temperature for ca. 4
h. Hydrogen sulfide was bubbled into the reaction for 15-30
min. After 0.5—4 h the reaction mixture was poured into 2N
{}"“\,.and jce, and the precipitated acid 5 was collected by
. tion.

\ . a-Fluoro-115,17a-dibydroxy-3-oxoandrosta-1,4-diene-
175-carbothioic Acid (5a). The carboxylic acid 2b treated
by general method B gave 5a (97%), mp 219-222 °C. A
ortion (0.12 g) crystallized from ethanol gave the analytical
.ample 5a (0.07 g, 57%). '
90-Fluoro-115,17a-dihydroxy-16a-methyl-3-oxoandros-
ta-1,4-diene-178-carbothioic Acid (5b). 9a-Fluore-118,17a-
dihydroxy-16a-methyl-3-oxoandrosta-1,4-diene-178-carbox-
ylic acid (2d)® by general method B gave the analytical sample
of 5b (97%). )
60.9a-Difluoro-118,17a-dihydroxy-16a-methyl-3-oxoan-
drosta-1,4-diene-178-carbothioic Acid (6¢). 6a,9a-Dif-
luoro-118,17a-dihydroxy-16a-methyl-3-oxcandrosta-1,4-diene-
178-carboxylic acid (2e)!! by general method B gave the
analytical sample of 5¢ (92%): *H NMR (100 MHz) 0.85, (16a-
CH,. &, J = 6 Hz), 0.97 (13-CH,, 8), 1.50 (10-CH,, 5), 4.20 (11a-
H, m), 5.35 (115-OH, m), 6.10 (4-H, m), 6.26 (2-H, dd, J = 10,
2 Hz), 7.26 (1-H, broad 4, J = 10 Hz).
9a-Fluoro-115,17c-dihydroxy-165-methyl-3-oxoandrosta-
1,4-diene-178-carbothioic Acid (6d). 9a-Fluoro-118,17a-
dihydroxy-168-methyl-3-oxoandrosta-1,4-diene-178-carbox~
ylic acid (20" by general method B, except that the first stage
was carried out at =5 °C for 18 h and the product was isolated
by extraction with EtOAc and crystallized twice from EtOAc
to give 5d (60%): '*H NMR (90 MHz) 1.02 (13-CH,, ), 1.10
(168-CH,, 4, J = 6 Hz), 1.56 (10-CHj;, 5), 4.22 (110-H, m), 4.09
(;;H. m), 6.28 (2-H, dd, J = 10, 2 Hz), 7.37 (1-H,d, J = 10
).

6a,90-Difluoro-115,17a-dihydroxy-16-methylene-3- -

oxoandrosta-1,4-diene-178-carbothioic Acid (5e). The.
carboryh;%o%gg‘ml: by general method B gave Se (89%). A

aNaRCIn: A YD
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portion (0.25 g) crystallized from ethyl acetate gave the
analytical sample of 5e (0.10 g, 36%).

Formation of 17a-Acyloxy 178-Carbothioic Acids 6.
General Method C. The crude 175-[(N,N-dimethylcarbam.
oybthiolcarbonyl compound 4b prepared by general method
A was refluxed under nitrogen in Et,NH (5-20 mL/g) for 3.5-6
h. The cooled reaction mixture was poured into 6 N HCI (ca.
60 mL/g) and ice (ca. 60 mL/g). The product was extracted
into EtOAc, and the extract was washed with water before
back-extraction into 5% NazCOs (ca. 120 mL/g). The aqueous
layer was acidified with HCl to pH 1 and the product extracted
into EtOAc, washed with water, dried, and evaporated to give

6.

General Method D. The crude 17a-hydroxy 178-carboth-
joic acid (5), prepared by general metbod B, with Et;N (ca.
3.5 equiv) in CH;Cl; (ca. 25 mL/g) at ca. 0 °C was treated
dropwise with an acyl chloride (ca. 4.5 equiv) and then stirred
for ca. 45 min. The solution was washed with 2 N Na,CO;,
water, 2 N HCl, water, and brine, dried, and evaporated to
jeave a residue of the intermediate anhydride. This was
dissolved in acetone (ca. 25 mL/g) and treated with Et;NH (ca.
10 equiv) for ca. 1 h and then poured into 2 N HCl (ca. 40
ml/g) and ice (ca. 40 mL/g) to precipitate the carbothioic acid
5

6a-Fluoro-115-hydroxy-3-oxo-17¢-(propionyloxy)an.
drosta-1,4-diene-178-carbothioic Acid (6a). The 178-car-
boxylic acid 3a was converted by general methods A and then
C and the product ized from a mixture of acetone and
petrol (bp 60~80 °C) to give Sa (46%).
8¢-Fluoro-115-hydroxy-3-oxo-17a-(propionyloxy)an-
drosta-1,4-diene-175-carbothioic Acid (6b). The 175-car-
boxylic acid 2b was converted by general methods B then D
(using propionyl chloride) to give crude 6b (93%), mp 118-
120 °C. A portion (0.35 g) crystallized from EtOAc gave the
analytical sample of 6b (0.16 g, 44%).
9a-Fluoro-115-hydroxy-16a-methyl-3-0xo-17a-(propio-
nyloxy)androsta-14-diene-178-carbothioic Acid {6¢). Sa-
Fluoro-118-hydroxy-16a-methyl-3-oxe-17a-(propionyloxy)an-
drosta-1,4-diene-17p-carboxylic acid (3b)® was converted by
general methods A then C, and the product was crystallized
twice from acetone to give 6¢ (29%). The 17a-hydroxy
compound 5b also gave 6¢ (90%), mp 134137 °C, by general
method D, using propionyl chloride.
l"la-Acetoxy-sa,Su-diﬂnomuﬁ-hydroxy-lGu-methyH!—
oxoandrosta-1,4-diene-178-carbothioic Acid (6d). The
17a-hydroxy compound 5¢ was converted by general method
D using acetyl chloride to give 6d (94%). Crystallization of a
portion (0.40 g) from EtOAc gave the analytical sample of 6d
(0.28 g, 64%). .
6a,9c-Difluoro-115-hydroxy-16a-methyl-3-oxo-17a-(pro-
pionyloxy)androsta-1,4-diene-178-carbothioic Acid (6e).
The 17a-hydroxy compound 5¢ was converted by general
method D using propionyl chloride to give 6e (91%). Crystal-
lization of a portion (0.40 g) from EtOAc gave the analytical
sample of 6e (0.29 g, 54%): 'H NMR (90 MHz, in CHCly-d)
0.99 (16a-CHjs, 4, J = 7 Hz), 1.15 (propionate CH,, t, J = 7
Hz), 1.16 (13-CHa, s), 1.54 (10-CHi, 5), 2.40 (propionate CH,,
q.J = 7 Hz), 4.46 (11a-H, broad m), 5.46 (6-H, broad dm, ca. J
= 50 Hz), 6.40 (2-H, broad d. J = 10 Hz), 6.46 (4-H, m), 7.18
(1-H, d,J = 10 Hz). 6a,9a-Diflucro-118-hydroxy-16a-methyl-
3-axo-17a-{propionyloxy)androsta-1.4-diene-178-carboxylic acid

“ (3 also gave 6e (25%) using general methods A then C.

170-(Butyryloxy)-6a,9a-difluoro-115-bydroxy-16a-meth;
yl-3-oxoandrosta-1,4-diene-175-carbothioic Acid (60. The
17a-hydroxy compound 5S¢ was converted by general method
D using butyryl chloride to give 6f (89%). Crystallization of 2
portion (0.40 g) from EtOAc gave the analytical sample of 6f
(0:27 g, 60%). - -

115-Hydroxy-168-methyl-3-0xo-17a-(propionyloxy)an-
drosta-1,4-diene-178-carbothoic Acid (6g). 115-Hydroxy-
168-methyl-178-(propionyloxy)-3-oxoandrosta-1,4-diene-175-
carboxylic acid (3g)® was converted by general methods A then
C and crystallized from ethyl acetate to give 6g (24%).

17a-Acetoxy-9a-fluoro-115-hydroxy-165-methyl-3-oxoan-
drosta-1,4-diene-175-carbothioic Acid (6h). Crude 4bb
was converted by general method C to give 6h' (51%).: A
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portion (0.150 g) crystallized twice from EtOAc gave the
analytical sample of 6h (0.127 g, 43%).
9a-Fluoro-115-hydroxy-165-methy!-3-oxo-17a-(propio-
nyloxy)androsta-1,4-diene-178-carbothioic Acid (6i).
Crude 4bc was converted by general method C and crystal-
lization to give 6i (42%), mp 172-173 °C; a portion was
recrystallized twice from acetone to give the analytical sample
of 6i: 'TH NMR (30 MHz) 1.00 (13-CHj, 5), 1.07 (propionate CHj,
t, J = 7 H2), 1.29 (168-CH;, d, J = 6 Hz), 1.54 (10-CH,, s),
2.37 (propionate CH,, q, J = 7 Hz), 4.30 (11a-H, broad m),
5.45 (118-OH, m), 6.07 (4-H, m), 6.27 (2-H, d, J = 10 Hz), 7.32
(1-H, d, J = 10 Hz) with signals for the disulphide developing
with time; 'H NMR (90 MHz in CHCl;-d') 1.07 (13-CH3, 5), 1.17
(propionate CH,, t, J = 7 Hz), 1.37 (165-CH,, d, J = 6 Hz),

-~ 1.57 (10-CH,, s), 2.38 (propionate CH,, q, J = 7 Hz), 4.46 (11a-
....") H, broad m), 6.17 (4 H, m), 6.37 (2-H, d, J = 10 Hz), 7.27 (1-

Vi =g J = 10 Ha).

he 170-hydroxy compound 5d was also converted into 6i
153%), mp 174-17S °C from EtOAc, using general method D
with propionyl chioride. In a third method, the carboxylic acid
8d!!(0.70 g, 1.40 mmo)) and CDI (0.473 g, 2.9 mmol) in DMF
‘26 mL) were stirred at 22 °C under N, for 19.5 h. A dark-
.ue solution, prepared by passing H,S through sodium
hydride (60% in oil, 0.235 g) in DMF (10 mL), was added, and
stirring was continued for 5.5 h. The mirture was diluted with
EtOAc (100 mL), washed with 2N HC), water, and brine, dried,
and evaporated in vacuo to give 6i (0.186 g, 26%).
17a-(Butyryloxy)-Sa-fluoro-115-hydroxy-165-metbyl-3-
oxoandrosta-1,4-diene-178-carbothioic Acid (6j). 17a-
(Butyryloxy)-Sa-fluoro-115-hydroxy-165-methyl-3-oxoandrosta-
1,4-diene-17f-carboxylic acid (3h)® was converted by general
methods A then C and crystallization from EtOAc to give 6j
(34%).
9a-Fluoro-115-bydroxy-16-methylene-3-oxo-17a-(pro-
pionyloxy)androsta-1,4-diene-178-carbothioic Acid (6k).
Crude 4bd was converted by general method C to give crude
6k (44%), purified by crystallization of a portion (0.20 g) from
EtOAc to give the analytical sample of 6k (0.137 g, 30%).
Sa-Fluoro-115-hydroxy-165-methyl-3-oxoandrosta-1,4-
diene-17(R)-spiro-5'-[2'4-ethyl-2¢-(imidazol-1-y])-1°,3"-di-

-, oxolan-4’-one}, Isomers 7a and 7b. A solution of 3d (1.337
v} g, 2.67 mmol) in DMF (40 mL) was stirred under N, and
- treated with CDI (0.910 g, 5.6 mmol). After 5 h at 22 *C the

’  jon mixture was poured into water (250 mL) and ex-
| :d with EtOAc. The extract was washed with water: 3%
.Na;CO,, water, and brine, dried, and evaporated in vacuo. PLC

gave the more-polar isomer 7a (0.41 g, 32%), crystallized from

TtOAc: IR 1810 (4"-one), 1660, 1620, 1604 (Al4-3-one) em™;

I NMR (90 MHz) 0.85 (ethyl CH;, 1, J = 8 Hz), 1.14-(13-CH,,

s), 1.17 (168-CHs d, J = 7 Hz), 1.47 (10-CH,, s), 2.31 (ethyl
CHa, q,J = 8 Hz), 7.02, 7.27, 7.81 (imidazole protons); }2C NMR
8.6, 34.8 (ethyl), 17.1(C18), 24.4(C19), 71.4 (C11), 92.1 (C17),

102.1 (C9), 112.1 (C27), 117.7, 130.8, 135.3 (imidazole), 153.8
(C1), 170.2 (C4).. The less-polar isomer 7b (0.218 g, 17%)
crystallized from EtOAc: IR 1810 (4’-one), 1667, 1629, 1604

{414-3-0ne) cm™!; '"H NMR (90 MHz) 0.82 (ethyl CHs, t,J = 8

Hz), 0.85 (168-CHs, d, J = 7 Hz), 1.25 (13-CHs, s), 1.56 (10-

CH,, s), 2.27 (ethyl CH3, q, J = 8 Hz), 7.02, 7.37, 7.87

(imidazole protons); 3C NMR 8.6, 34.0 (ethyl), 17.2(C18), 24.5

(C19), 71.6 (C11), 91.1 (C17), 102.4 (C9), 112.0 (C2), 118.0,

131.0, 136.0 (imidazole), 154.0 (C1), 170.7 (C4). In a repeat.

experiment on (0.455 g, 1.05 mmol) in which dimethylamine
1 mL) in DMF (9 mL) was added after 4 h, and stirring
continued for 24 h, the isomers 7a and Tb were accompanied
by a compound of intermediate polarity which erystallized from
EtOAc—petroleum ether (bp 60—90 *°C) to give 1-{(8a-fluoro-

118-hydroxy-165-methyl-3-oxo0-17a-propionyloxyandrosta- .

1,4-dien-178-yl)carbonyllimidazole (8, 0.039 g, 4%): IR
1742 (imidazole C=O and ester), 1669, 1625, 1605 (A}*-3-one)
em*; *H NMR (90 MHz) 0.84 (propionate CHj, t, J = 7 Ha),
1.08 (13-CH,, 8), 1.35(168-CH;, d, J = 7 Hz), 1.54 (10-CHj, s),
2.43 (propionate CH,, q, J = 7 Hz), 7.08, 7.69, 8.31 (imidazole
protons).

S-Methyl . 9a-Fluoro-115-hydroxy-165-methyl-3-oxo- L
-17a-(propionyloxy)androsta:1,4-diene-178-carbothio- -

ansDBM(Ble Ao mixtuxe of 6i (0.277 g. 0.61 mmol) and NaHCO,

1A%
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(0.167 g, 1.99 mmol) in CH,l (0.3 mlL, 4.8 mmol) and dimethyl-
acetamide (2 mL) was stirred at room temperature for 3 h,
diluted with EtOAc (150 mL), washed with 10% sodium
thiosulfate (50 mL), water, 1 N HCL, water, 5% NaHCO,, and
water, dried, and evaporated in vacuo to give a foam (0.221 g)
which was crystallized twice from methanol to give 9 (0.191
g, 67%): mp 235—237 °C; Amax (EtOH) 239 nm (¢ 18 995) [lit. 11
mp 223-224 °C; Ama (MeOH) 239 nm (¢ 18 890). Alterna-
tively, 3d (0.681 g, 1.36 mmol) and CDI (0.456 g, 2.8 mmol)
were stirred under N; at 22 °C in DMF (26 mL) for 19.5h. A
solution made from NaH (60% in oil, 0.285 g) in DMF (10 mL)
saturated with MeSH was added, and after 5.5 h EtOAc (100
mL) was added and the solution was washed with 2 N— HC),
water, 2 N— Na;CO,, H;0, and brine, dried; and evaporated
in vacuo to give 9 (0.306 g, 45%). Similarly, 7a (0.131 g) with
MeSNa in DMF for 1 h gave crude 9 as a foam (0.103 g, 81%)
and 7b (0.042 g) gave crude 9 (0.041 g, 104%).

Formation of S-Chloromethyl 178-Carbothioates 10.
General Method E. A solution of the carbothioic acid 6 (1
equiv) in dimethylacetamide (3.5~10 mLl/g) was stirred with
NaHCO, (2 equiv) and bromochloromethane (2—5 equiv) for
1-2 h, diluted with EtOAc (ca 200 mL/g), washed with 5%
NaHCO; and water, dried, and evaporated in vacuo to give
crude 10. ’ S

S-Chloromethyl 9a-Fluoro-115-hydroxy-8-oxo-17a-
(propionyloxy)androsta-1,4-diene-175-carbothioate (10a),
General method E on 6a and two crystallizations from
methanol gave 10a (52%). : .

S-Chloromethyl 8a,9a-Difluoro-115-hydroxy-16a-meth.
yl-3-ox0-17a-(propionyloxy)androsta-1,4-diene-175-car-
bothioate (10b). General method E on 6e and crystallization
from EtOAc gave 10b (67%): 'H- NMR (80 MHz) 0.94 (16a-
CHs, 4, J = 7 Hz), 1.06 (13-CH,, 5), 1.06 (propionate CHy, t,
= 7 Hz), 1.54 (10-CHj, 8), 2.40 (propionate CHy, q, J =7 Hz),
4.29 (11a-H, broad m), 5.22 (CH,Cl, s), ca. 5.65 (6-H, broad
dm, J = 50 Hz), 6.18 (¢-H, m), 6.36 (2-H, broad d, J = 10 Hz),
7.31 (1-H, broad d, J = 10 Hz). A o

S-Chloromethyl 115-Hydroxy-168-methyl-3-0x0-17a-
(propionyloxy)androsta-1,4-diene-173-carbothioste (10¢).
General method E on 6g and crystallization from EtOAc gave
10c (76%). . <o N

S-Chloromethy! 17a-Acetoxy-9a-fluoro-115-hydroxy-
163-methyl-3-oxoandrosta-1,4-diene-175-carbothioate
{10d). General method E on 6h and two crystallizations from
EtOAc gave 104 (76%). : .

S-Chloromethyl 9a-Fluoro-115-bydroxy-165-methyl-3-
oxo-17a-(propionyloxy)androsta-1,4-diene-175-carboth.
ioate (10e). General method E on 6i and two izations
from methanol gave 10e (36%): *H NMR (30 MHz) 0.98 (13-
CHs, 5), 1.06 (propionate CHs, t, J = 7 Hz), 1.37 (165-CH,, 4,
J = 7 Hz), 1.53 (10-CHs, ), 2.38 (propionate CHj, q, J = 7
Hz), 4.28 (110-H, broad m); 5.11 (CH1C}, s), 6.05 (4-H, m), 6.27
(2-H, broad d, J = 10 Hz), 7.29(1-H, 4, J/ = 10 Hz). A similar
result was obtained with ICH,Cl in place of BrCH,Cl.

S-Chloromethy! 17a-(Butyryloxy)-9a-fluoro-115-hy-
droxy-165-methyl-3-oxoandrosta-1,4-diene-178-carboth-
ioate (10f). General method E on 6j and crystallization from
EtOAc gave 10f (53%). . .

S-Chloromethyl 9a-Fluoro-1 18-hydroxy-16-methylene-

* 30x0-17a-(propionyloxy)androsta-1,4-diene-178-carboth-

‘ioate (10g). General method E on 6k and PLC followed by 6.

two crystallizations from EtOAc gave 10g (50%): *H NMR (90

MHz) 1.01 (propionate CHy, t, J = 7 Hz), 1.01 (13-CHj, s), 1.54

{10-CH,, s), 2.32 (propienate CH,, q,.J = 7 Ha), 4.30 (11a-H,

m), 5.21 (CH;Cl, s), 5.50—5.71 (16=~CHa and 118-OH, m), 6.08

g-zl{. m), 6.29 (2-H, dd, J = 10, 2 Hz), 7.32(1-H, 4, J = 10
). :

S-Chloromethyl 6a,9a-Difluoro-115-hydroxy-16-meth-
ylene-3-oxo-17a-(propionyloxy)androsta-1,4-diene-178-
carbothioate (10h). General methods D then E on Se, with
Plé% and crystallization from aqueous methanol, gave 10h
(19.7%). : e

S-Chloromethyl 6a-Fluoro-118-hydroxy-3-oxo-17a-(pro-
‘pionyloxy)androgta-1,4-diene-178-carbothioate (105). Geir-

eral method E on &a and crvetallizatinon fmm nrotans and
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petroleum ether (bp 60—80 °C) then EtOAc and petroleum
ether (bp 60—80 °C) gave 10i (81%).

S-Chloromethyl Sa-Fluoro-115-hydroxy-16a-methyl-3.
ozo-17c-(propionyloxy)androsta-1,4-diene-175-carboth-
joate (10j). General method E on 6¢ and two crystallizations
from acetone gave 10j (36%).

-S-Chloromethyl 17a-Acetoxy-6a,9a-difluoro-115-hy-
droxy-16a-methyl-3-oxoandrosta-1,4-diene-178-carbo-
thioate (10k). General method E on 6d and crystallization
from acetone gave 10k (74%).

S-Chloromethyl 17a-(Butyryloxy)-6a,9a-difluoro-1 18-

- ‘hydroxy-16a-methyl-3-oxoandrosta-1,4-diene-178-car-

bothioate (101). General method E on 6f and two crystalli-
2ations from acetone gave 101 50%).
Formation of S-lodomethyl 175-Carbothioates 11. Gen-

" eral Method F. The S-chloromethy] carbothioate 10 (1 equiv)

and Nal (ca. 4 g/g, ca. 12 equiv) were refluxed in acetone (10—
" ml/g) for 3-7 h. EtOAc (150 mL/g) was added, and the
ution was washed with water, 10% sodium thiosulfate or
5% sodium metabisulfate, 5% NaHCO;, and water, dried, and
evaporated in vacuo to give crude 11.

~  S-lodomethyl 90-Fluoro-118-bydroxy-165-methy)-3-

xo-17a-(propionyloxy)androsta-1,4-diene-175-carbo-
hioate (11a). General method F on 10e and PLC and then
two crystallizations from acetone gave 11a (41%): 'H NMR
(90 MHz in CHClyd) 4.26 and 4.52 (CH,I, dd, J = 11 Hz).

S-Iodomethy! Gc-ﬂnoro-llﬂ-hydroxy-a-oxo-l'la-(pro-
pionlyoxy)androsta-1,4-diene-175-carbothioate (11b). Gen-
eral method F on 10i and two crystallizations from acetone
and petroleum ether (bp 60-80 °C) gave 11b (76%).

S-Jodomethyl 90-Fluoro-114-hydroxy-3-oxo-178-(pro-
pionyloxy)androsta.-14-diene-178-carbothiocate (11¢). Gen-
eral method F on 10d and crystallization from methanol gave
1lc (81%).

S-lodomethyl l‘la—Acetoxy-Go..sa-diﬂuoro-ll&hydmxy-
16a-methyl-3-oxoandrosta-1,4-diene-178-carbothioate
(11d). General method F on 10k and crystallization from
EtOAc gave 114 (82%).

S-lodomethyl M-Diﬂuoro—llﬂ-hydmy-lsa-methyl-
3-oxo-17a-(propionyloxy)androsta-1,4-diene-175-carbo-
thioate (11e). General method F on 10b and crystallization
from EtOAc gave 11e (85%): 'H NMR (90 MHz) 4.63 (CH,I,
‘s). .
~S-lodomethyl 17a-(Butyryloxy)-6a,9a-difiuoro-115-hy-

. ( :y.16a-methyl~3-oxoa_nd.roata-l,4—diene—l7ﬁ-carbo-

7
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.. sate (110. ‘General method F on 101 and erystallization

from EtOAc gave 11f (85%). .

. S-Iodomethyl 17a-Acetoxy-9a-fluoro-118-hydroxy-165-
1ethyl-3-oxoardrosta-1,4-diene-175-carbothioate (11g).
seneral method F on 10d then PLC and two crystallizations

from EtOAc gave-1lg (71%).

S-lodomethyl 9a-Fluoro-115-hydroxy-16-methylene-3- '

oxo-l7a-(propionyloxy)udroata-l.4—diene-l7ﬁ-carbo-
thioate (11h). General method F on 10g then PLC and two
crystallizations from acetone gave 11h (74%). .

S-Bromomethyl Sa-Fluoro-115-hydroxy-165-methyl-3-
oxo- l~7a-(propionyloxy)lndrosta-1.4adiene-l7ﬂ-carbo-
thioate (12). A solution of 11& (0.660 g, 1.12 mmol) in acetone
(20 mL) was stirred with LiBr (0.972 g, 11.2 mmo)) at room
temperature for 5 d. The reaction mixture was diluted with
EtOAc (150 mL), washed with 10% sodium thiosulfate, water,
and brine, dried, dnd evaporated in vacus to give a foam (0.624
g)- This crystallized from acetone and petroleum ether (bp 40~
60 °C) to give 12 (0.499 g, 82%): 'H NMR (90 MHz in CHCly
d) 4.51 and 4.89 (CH,Br, dd, J = 11 Hz).

Formation of S-Fluoromethy} 178-Carbothioates 13.”

General Method G. The S-iodomethyl carbothioate (11, 1
equiv) and AgF (3-10 equiv) were stirred in the dark at room
temperature in CHyCN (12-75 mL/g) for 1-72 h. The highest
reaction rates were -achieved with finely pulverized AgF,
obtained in granular form (from Ventron). The reaction
mixture was diluted with EtOAc (ca. 150 ml/g) and fltered
through' kieselguhr. The fltrate was washed with water,
dried, and evaporated in vacuo to give crude 13. g
S:Fluoromethyl 6a-Fluoro-115-hydroxy-3-oxo- 17a-(pro-
* pionyloxy)androsta-1,4-diene-178-carbothioate (13a). Gen-
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eral method G on 11b and two crystallizations from acetone

and petroleum ether (bp 60—80 °C) gave 13a (62%).
S-Fluoromethyl 9a-Fluero-118-hydroxy-$-oxo-17a-(pro-

pionyloxy)androstra-1,4-diene-175-carbothioate (13b).

General method G on 11c and two crystallizations from MeOH

gave 13b (58%).

S-Fluoromethy! 9a-Fluoro-115-hydroxy-16a-methyl-3.
oxo-17a-(propionyloxy)androsta-1,4-diene-178-carbo-
thioate (13c). General methods F then G on 10j, without
purification of the intermediate S-iodomethyl carbothioate,

PLC, and two crystallizations from acetone gave 13¢ (43%).

S-Fluoromethyl 17a-Acetoxy-6a,9a-difluoro-118-hy-
drox'y-lsu-methyl-s-oxoandrosta-l.4-dien‘e-l7ﬁ-—cai'bo-
thioate (13d). General method G on 11d and rearystallization
from EtOAc gave 13d (70%). .

S-Fluoromethyl 60,9a-Difluoro-115-hydroxy-16a-meth-
yl~3-oxo-170-(propionyloxy)androsta~l,4—diene-l7ﬁ-car-
bothioate (13e). Small pieces of AgF (2.46 g, 19.4 mmel) were
stirred in CHsCN (320 mL, dried over molecular sieves) for
17h. The S-iodomethyl ester 11e (5.9 g, 9.7 mmol) was added,-
and the reaction mixture was stirred for 2h. Finely powdered
AgF (2.46 g, 19.4 mmol) was added, and after being stirred
for a further 2 h the reaction mixture was concentrated to ca.
50 mL in vacuo and diluted with EtOAc (800 mL). After
filtration through kieselguhr, The filtrate was washed with 2
N HCI (400 mL), water (3 x 400 mL), and brine (400 mL),
dried over MgSO,, and evaporated in vacuo to low volume
when crystallization occurred: The white crystals (4.2 g, 87%)
were collected and ized from acetone to give 13e (3.6
g, 74%): IR 3350 (OH), 1750 (propionate), 1708 (carbothioate),
1668, 1622, 1612 (A'4-3-one) em~*; '"H NMR (90 MHz) 0.96
(160-CH,, 4, J = 7 Hz), 1.06 (propionate CHy, t, J = 7 Hz),
1.07 (13-CHj, 8), 1.56 (10-CHj, s), 2.33 (propionate CH;, q, J
= 7 Hz), 4.32 (11a-H, broad m), 5.63 (11-OH, broad d, J = 4
Hz), ca. 5.75 (6-H, broad dm, J = 50 Hz), 6.00 (SCH,F, d, J =
S1 Hz), 6.19 (4-H, m), 6.37 (2-H, dd, J = 10, 2 Hz), 7.33 1 -H,
d, J = 10 Hz).

The fluoromethy] ester 13e was also prepared from the
carbothioic acid 6e (0.5 g, 1.07 mmol) in DMF (2.05 mL) by
first stirring it at —5 °C under nitrogen for 5 min with K;COs
(0.118 g, 1.18 mmol). Cold (—60 °C) bromofluoromethane
(0.138 g, 1.22 mmol) was added, and the mixture was stirred
at 0 °C to —5 °C for 1 b and then diluted with EtOAc (6 mL).

The mixture was washed with 5% Na;COs, and the aquecus

layer was extracted with EtOAc (6 mL). The combined organic
extracts were washed with H,O (4 mL) and concentrated in
vacuo to ca. 1.5 mL. After the suspension was ¢ooled to 0 °C*
and stirred for 1 h, the solid was collected by filtration and
dried at 40 °C in vacuo for 16 h to give 18e (0.370 g 69.3%),
with a secand crop (0.050 g, 9.4%) by concentration of the
mother liquors. .

The fluoromethyl ester 13e was also prepared from the
carbothioic acid 6e (47.9 g, 102 mmol) in DMF (190 mL) by
first stirring it with KHCO, (11.26 g, 112 mmol) at room
temperature for 10 min under N2. Fluoroiodomethane (17.2
g, 107 mmol) was added over 3—4 min with cooling to keep
the temperature at 22—25 °C. Isolation after 0.25 h as in the
preceding experiment gave 13e (67.1%), mp 184—185 °C, with
IR and 'H NMR spectra resembling those detailed above. ‘The
latter showed solvation with DMF (ca. 0.05 mol). -

S-Fluoromethyl 17a-(Butyryloxy)-64,9a-difluoro-118- |
hydroxy-16a-methyl-3-oxoandrosta- 1,4-diene-178-carsv .

bothioate (13f). General method G on 11f and crystallization
from EtOAc gave 13f (76%). .

S-Fluoromethy! 115-Bydroxy-168-methyl-3-oxo-17a-
(propionyloxy)androsta-1,4-diene-178-carbothioate (13g).
General methods F then G on 10¢, without purification of the
intermediate S-iodomethyl carbothioate, and crystallization
from EtOAc gave 13g (23%). o )

S-Fluoromethyl 170-Acetoxy-8a-fluoro-115-hydroxy-
lGﬂ-metbthi-dxoandrosta-l.4-diene-l’lﬂ-carbothioate
(13h). General method G on 11g and two crystallizations from
acetone gave 13h (35%).

". S-Fluoromethyl m-ﬁuoﬁliﬁ-hydﬁx&-lsﬁ-meth)"‘l-& St

oxo-17a-(propionyloxy)androsta-1,4-diene-178-carboth-

I3
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joate (13i). General method G on 1la with PLC and
crystallization from MeOH then MeOH and Et,0 gave 13j
(33%).
The fluoromethyl ester 13i was also prepared from the
chloromethyl ester 10e (0.377 g, 0.760 mmol) with AgF (0.669
g. 5.3 mmol) in CH,CN (6 mL) in the dark for 38 days.
Isolation as in general method G gave 13i (0.070 g, 19.2%):
YH NMR (90 MHz) 0.94 (13-CHj, s), 1.06 (propionate CH,, t, J
= 7 Hz), 1.35 (168-CH3, 4, J = 7 Hz), 1.52 (10-CH,, s), 2.38
(propionate CHy, q,J = 7 Hz), 4.27 (11a-H, m), 5.84 (CH,F, d,
J = 51 Hz2), 6.04 (4-H, m), 6.24 (2-H, dd, J = 10, 2 Hz), 7.29
(1-H, d. J = 10 Hz);, "F NMR (84.68 MHz) ~187.5 (CH,F, t.J
= 51 Hz), —162 (9a-F, broad dd).
S-Fluoromethyl 9a-Fluoro-118-hydroxy-16-methylene-
... 3-ox0-17a-(propionyloxy)androsta-1,4-diene-175-carbo-
_-...)thioate (13j). General method G on 11h with PLC and two
"5/ e—-=ta]lizations from acetone gave 13j (22%).

"luoromethyl 6a,9a-Difluoro-115-hydroxy-16-meth-
yiwsie-3-0x0-17a-(propionyloxy)androsta-1,4-diene-175-
carbothhioate (13k). General methods F then G on 10h,
without purification of the intermediate S-iodomethyl car-
* sthioate, PLC, and crystallization from aqueous acetone gave

& (79%): 'H NMR 0.98 (13-CH,, s), 1.03 (propionate CHj,
v, J = 7 Hz), 1.55 (10-CHj, s), 2.34 (propionate CH;, q,J = 7
Hz), 4.32 (11a-H, m), 5.63 (16=CH;, broad m), ca. 5.7 (6-H,
broad dm, J = 50 Hz), 5.95 (SCH,F, 4, J = 51 Hz), 6.18 (4-H,
m), 6.35 (2-H, dd, J = 10, 2 Hz), 7.30 (1-H, broad d, J = 10
Hz). :
S-Chloromethyl 160,17a-Epoxy-8a-fluoro-115-hydroxy-
165-methyl-3-oxoandrosta-1,4-diene-175-carbothioate (16).
A suspension of 16a,17a-epoxy-9a-fluoro-118-hydroxy-165-
methyl-3-oxoandrosta-1,4-diene-178-carboxylic acid (14)% (0.753
8, 2.0 mmol) and FMPT (0.680 g, 2.4 mmol) in CH,Cl; (7 mL)
was treated dropwise at 0 °C with Et,N (1.39 mL, 10 mmol)
and then stirred at 0 °C for 1 h. HaS was passed through the
mixture for 15 min, and the resultant solution was stirred at
0 °C for 1 h. After addition of BrCH,C] (0.26 mL, 4 mmol)
the mixture was stirred for 1.5 h at room temperature, diluted
-with EtOAc (250 mL), washed with 2 N HCl, 5% NaHCO;,
and water, dried, and evaporated in vacuo to give a yellow
....solid (0.818 g). This on PLC and then crystallization from
“acetone gave 18 (51%). ' .
/' S.Chioromethyl 8o-Fluoro-115,17a-dibydroxy-16-meth-
y" 3-oxoandrosta-1,4-diene-175-carbothioate (17). A
s¢. nof 16(0.400 g, 0.91 mmol) in CFyCO3H (16 mL) was
stirred for 5.5 h at room temperature, evaporated to near
dryness in vacuo, and dissolved in EtOAc (100 mL). The
" ‘ution was washed with 5% NaHCO; and water, dried, and
iporated in vacuo to give a foam (0.466 g), part of which on
rLC and two crystallizations from acetone gave 17 (70%).
The 118,17a-diol 17 (0.227 g, 0.52 mmo)) in propionic acid
(2.2 mL) and (CF3C0%0 (0.7 mL) was treated with a dry
solution of p-toluenesulfonic acid in CHC; (0.044 mL, contain-
ing ca. 0.08 g/mL) and then stirred at room temperature for 6
b and at 3 °C for 16.5 h. The reaction mixture was diluted
with EtOAc, washed with 5% NaHCO;, H;0, and brine, dried,
and evaporated in vacuo to give a mixture of 115- and 17a-
monopropionates. Purification by PLC gave sample of 10g
(48%) containing ca. 7% of the 118-monopropionate.

Se-Methyl 16a,17a-Epoxy-9a-fluoro-115-hydroxy-16- .

methyl-3-oxoandrosta-1,4-diene-175-carboselenoate (18a).
The 178-carboxylic acid 14 (0.376 g, 1.0 mmol) and FMPT
(0.340 g, 1.2 mmol) were stirred under N; at 0 °C, and Et,N
{0.70 mL, 5.0 mmol) was added dropwise. After 70 min a
solution of NaSeH [prepared under N; by the addition of EtOH
(3 mL) to 2 mixture of NaBH, (0.063 g, 1.66 mmol) and
powered Se (0.118 g, 1.5 mmol) at 0 °C followed by stirring
for 20 min) was added, and the brown solution was stirred at
0 °C for 1.25 h. Mel (0.12 mL, 2.0 mmol) was added under
N2, and the yellow solution was stirred for 3.75 h at reom
temperature. The reaction mixture was diluted with EtOAc
(200 mL), washed with 2 N HCl, 5% NaHCO;, and water,
dried, and evaporated in vacuo to give a solid (0.390 g). PLC

and two crystallizations from acetone gave. 18a 0.174. g, .

38.4%): IR (in CHBr;) 1680 (carboselenoate) cm™"; 'H NMR
BNSDOCID: <XP 20256254 | >
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(90 MHz) 1.38 (13-CH,, s), 1.54 and 1.58 (168-CH; and 10-
CH,;, singlets), 2.22 (SeCH,, s).

Se-Chloromethyl 16a.17a-Epoxy-So-fluoro-115-hydroxy-
16f-methyl-3-oxoandrosta-1,4-diene-178-carboselen-
oate (18b). The carboxylic acid 14 (0.376 g, 1.0 mmol) reacted
as in the preceding experiment, using FMPT~NEt,, NaSeH
[from Se (2.0 mmol)) and BrCH,C! (0.130 mL, 2.0 mmo)) in
place of Mel, to give, after crystallization from acetone, 18b
(29.5%): IR 1710 (carboselenoate) cm~}; 'H NMR (90 MHz)
1.41 (13-CHj, 5), 1.54 and 1.58 (168-CH; and 10-CH;, singlets),
5.06 (SeCH,C], s). o

Se-Methyl 9c-Fluoro-115,17a-dihydroxy-16-methylene-
3-oxoandrosta-1,4-diene-175-carboselencate (18a). The
epoxide 18a (0.574 g, 1.27 mmol) in CF3COzH (25 mL) was
stirred at room temperature for 2.5 h and then diluted with
5% NaHCO; (550 mL). The product was extracted into EtOAc,
and the extract was washed with water, dried, and evaporated
in vacuo to give a yellow foam (0.561 g). PLC and two

izations from acetone gave 19a (0.326 g, 56.8%): IR
1700 (carboselenoate) cm~}; 'H NMR (90 MHz2) 0.91 (13-CH,,
s), 1.53 (10-CHi;, s), 2.06 (SeCHj, s), 4.97 and 5.22 (16=CH,,
broad singlets), 6.38 (17a-OH, s).

Se-Chloromethyl 9a-Fluoro-114,17a-dihydroxy-16-meth.
ylene-3-oxoandrosta-1,4-diene-178-carboselenoate (19b).
The epoxide 18b (1.332 g), in a mannef similar to the preceding
experiment, gave crystalline 19b (0.276 g, 20.7%): IR 1720
(carboselenoate) cm~!; *H NMR (50 MHz) 0.96 (13-CH,, 8), 1.53
{10-CHg, s) 5.01 (SeCH,Cl, 8), 5.00 and 5.25 (16=CHy, broad
singlets), 6.71 (17a-OH, 8).

Se-Methyl Sa-Fluoro-17a-hydroxy-16-methylene-3,11-
dioxoandrosta-1,4-diene-178-carboselenoate (20a). Py-
ridinium dichromate?’ (0.130 g, 0.345 ramol) was added to a
solution of 19a (0.125 g, 0.246 mmol) in DMF (1.4 mL), and
the mixture was stirred at 0 °C for 6 h. More pyridinium
dichromate (0.130 g, 0.345 mmol) was added, and stirring
continued for 24 h at 3~4 °C. The mixture was diluted with
water (20 mL), and the product was extracted into EtOAc. The
extract was washed with water, dried, and evaporated in vacuo
to a yellow gum (0.116 g) which, on PLC and two crystalliza-
tions from acetone, gave 20a (0.050 g, 45.0%): IR 3390 (OH),
1718 (11-one), 1689 (carboselenoate) cm™!; *H NMR (90 MHz)
0.66 (13-CHs, 8), 1.53 (10-CHs, s), 2.09 (SeCH,, 's), 5.04 and
5.29 (16=CHy:, broad singlets), 6.92 (17a-OH, s). .

Se-Chloromethyl 9a-Fluoro-17¢-hydroxy-16-methylene-
3,11-dioxoandrosta-1,4-diene-178-carboselenoate (20b).
Pyridinium dichromate (7.825 g, 20.8 mmol) was added to a
stirred solution of 18b (4.155 g, 8.32 mmol) in DMF (46 mL),
and after 3.25 h the product was isolated as in the preceding -
experiment to give crude 20b (3.00 g, 74.2%). Two crystal-
lizations of a portion (0.150 g) from acetone gave the analytical
sample of 20b (0.056 g): IR 3350 (broad, OH), 1720 (11-one),
1709 (carboselenoate); *H NMR (90 MHz) 0.83 (13-CHj, s), 1.54
(10-CHs, 3), 5.06 (SeCH,C}, s), 5.06 and 5.34 (16=CH,, broad
singlets), 7.26 (17a-OH, s). :

Se-Methyl 9a-Fluoro-16-methylene-3,11-dioxo-17a-(pro-
pionyloxy)androsta-1,4-diene-178-carboselenoate (21a).
A solution of 20a (1.451 g, 3.214 mmol) in propionic acid (14.5
mL) and (CFsCOXO (5.8 mL) was stirred and treated with a
solution of p-toluenesulfonic acid (0.016 g) in CHCl; (0.20 mL)
for 38 h at room temperature. The mixture was poired into
5% NaHCO; (400 mL), and the product was extracted into _
EtOAc (300 mL). The extract was washed with water, dried,
evaporated in vacuo, and purified by PLC to give 21a (1.095
g 67%). A portion of (0.250 g) recrystallized twice from
acetone gave the analytical sample of 21a (0.198 g): IR 1740
(propionate), 1722 (11-one), 1678 (carboselenoate) cm™!; 'H
NMR (90 MHz) 0.71 (13-CHj, 5), 1.05 (propionate CHy, t, J =
7 Hz), 1.55 (10-CH,, 5), 2.23 (SeCH,, s), 2.39 (propionate CHj,
q,J = 7 Hz), 5.64 and 5.70 (16~CHa, broad singlets). -

Se-Chloromethy! 9a-Fluoro-16-methylene-3,11-dioxo-
17a-(propionyloxy)androsta-1,4-diene-178-carboselen-
oate (21b). Propionylation of 20b (2.850 g, 5.87 mmol) as in
the preceding experiment but for 6 days gave 21b (2.380 g,
75%). A portion (0.150 g) crystallized twice from acetone gave

the analytical sample of 21b (0.070 g): IR 1744 (propionate), . ;" .. . - .

1718 (11-one), 1688 (carboselenoate) cm=?; *H NMR (90 MHz)
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0.77 (13-CH,, s), 1.06 (propionate CH;, t, J = 7 Hz), 1.55(10-
CHa. s), 2.42 (propionate CH3, q, J = 7 Hz), 5.21 (SeCH.Cl, s),
4.30 (16=CHa, broad).

Se-Methyl 9a-Fluoro-118-hydroxy-16-methylene-3-oxo-
17a-(propionyloxy)androsta-1,4-diene-178-carboselen-
oate (22a). A suspension of 21a (0.841 g, 1.66 mmol) and
NaBH, (0.069 g, 1.82 mmol} in EtOH (12 mL) was stirred at
room temperature for 1.3 h, treated with acetone (3.5 mL),
and concentrated to near dryness in vacuo. EtOAc (100 mlL)
was added, and the sclution was washed with IN HC) and
water, dried, and evaporated in vacuo to give a white foam.
Two crystallizations from acetone gave 22a (0.657 g, 77.7%):
IR 3340 (broad, OH), 1744, 1735 (propionate), 1718 (carbose-
lenoate) cm~!; 'H NMR (90 MHz) 0.96 (13-CH,, s), 1.02
{propionate CHs, t, J = 7 Hz), 1.54 (10-CH, s), 2.20 (SeCH,,
s), 2.32 (propionate CHy, q, J = 7 Hz),'5.61 and 5.66 (16~=~CH.,
broad singlets).

/ Chloromethyl 9a-Fluoro-115-hydroxy-16-methylene-

~17a-(propionyloxy)androsta-1,4-diene-175-carbose-
lenoate (22b). The 11-ketone 21b(2.656 8, 4.90 mmol) was
reduced as in the preceding experiment to give 22b as a white
foam (1.802 g, 67.7%). A portion (0.500 g) was recrystallized

-ice from EtOAc to give the analytical sample of 22b (0.297

IR 3310 (broad, OH), 1740 (propionate), 1724 (carbosele-
noate) cm~!; 'H NMR (30 MHz) 1.01 (13-CH,, s), 1.01 (propi-
onate CHj, t,J = 8 Hz), 1.55 (10-CH;, s), 2.33 (propionate CHa,
q, J = 8 Hz), 429 (11a-H, 'm) 5.19 (SeCHzCl 8), 5.60 (115-
OH, m), 5.62 (16=CHj, broad).

Se-lodomethyl 9¢-Fluoro-118-hydroxy-16-methylene-
3-0x0-17a-{propionyloxy)androsta-1,4-diene-175-carbose-
lenoate (22¢). A mirture of the Sechloromethyl selenocester
22b (1.291 g, 2.37 mmol) and Nal (4.447 g, 29.7 mmol) in
acetone (40 mL) was heated under reflux for 24 h. The
mixture was cooled, diluted with EtOAc (200 mL), washed with
water (60 mL), 10% sodium -thiosulfate (2 x 60 mL), 5%
NaHCO,; (60 mL), and water (2 x 60 mL), dried, and evapo-
rated to a foam (1.392 g). PLC gave colorless crystals (1.225
g. 81%), a portion (0.225 g) of which was recrystallized twice
from acetone to give 22¢ (0.201 g, 72%): IR 1744 (propionate),
1728 (carboselenoate) em™}; *H NMR (90 MHz) 1.00 (propi-
onate CH3, t, J = 8 Hz), 1.02 (13-CHj;, s), 1.53 (10-CHj, s),
1.00 (propionate CH,, t, J = 8 Hz), 1.02 (13-CHj s); 1.53 (10-
CH;, s), 2.31 (propionate CHa, q, J = 8 Hz), 4.43 (SeCHal, s),
5.53—-5.71 (16=CHj, 11-OH, broad).

{ 1ction of 22¢ with Silver Fluoride. 22¢ (1.0 g) and
T A 2.0 g 10 equiv) in CHyCN (16 mL) were stirred at
ambient temperature in the dark for 24 'h. The reaction
mixture was diluted with EtOAc (300 mL), solid material was

wmoved by filtration, and the filtrate was washed with water,

.ed, and concentrated to & foam (0.690 g). Silica gel
caromatography eluting with CHCl; gave a white solid (0.027
g, 3%, mechanical loas) which was recrystallized from EtOAc—
petroleum ether (bp 40-60 °C) to give colorless crystals (0.008
g) of Se-fluoromethyl 9a-fluoro-115-hydroxy-16-methyl-
ene-3-oxo-17a-(propionyloxy)androsta-1,4-diene-17-car-
boselenoate (22d): IR 3600-3000 (OH), 1738, 1708, 1695,
(shoulder) emm~?; *H NMR (100 MHz) 4 0.96 (13-CH,, s), 1.00
(propionate CHj, t, J = 7 Hz), 1.51 (10-CH,, 5) 2.32 (propionate
CH,, q, J = 7 Hz), 5.5-5.6 (16=CH,;, 11-OH, broad), 6.22
(SeCH,F, 4, J = 50 Hz), MS m/e (rel intensity) Se cluster MH*
531 (23.0), 529 (100), 527 (52), 526 (19.4), 525 (19.9), 523 (3.0),
fragments 415 (14.7)MH — SeCH,F), 359 (12.4), 313 (35.1),
293 (24.2). The MH" ion-cluster had relative peak intensities
close to the calculated values for the seven Se isotopes, HRMS
mle caled for CosHi F20:%Se (MH*) 529.1304, found 529.1269.

Further elution gave a white foam (0.543 g, 80%), which was”

recrystallized twice from. acetone to give coloriess crystals
(0.196 g, 29%) of 9a-fluoro-115-hydroxy-16-methylene-3-oxo-
17a-(propionyloxylandrosta-1.4-diene-178-carbonyl fluoride
23: 83% pure by HPLC: mp 193—-195 °C; [a)p —82° (c 0.93);
Aemax 239 nm (E;o* 346); IR (CHBrs) 3605 (OH), 1842 (COF),
1738 and 1262 (propionate), 1668, 1630, and 1612 (A!4-3-one)
cm~}; 'H NMR (90 MHz) 1.01 (propionate, t, J = 8 Hz), 1.10
(13-CHys, s), 1.54 (10-CH,, 3), 2.38 (propionate, q, J = 8 Hz),
6.55 and 6.65 (16~CH,, 11-OH, broad); !F NMR (84.68 MHz)

+29 (COF, 8), —161.7 (3a-F, m); }*C NMR (25.05 MHz) 174.3 -
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(s, propionate C=0), 159.3 (d, *Jcr = 365 Hz, COF), 145 4 (s,
C16), 120.9 (s. 16=CH;; off-resonance t), 87.8 (d, 2Jcr = 50
Hz, C17), 10.1 (s, propionate CH;, off-resonance q); MS m/e
(rel intensity) 435 (98.7, MH*), 415 (100, MH* ~ HF), 359
(35.7), 313 (16.7), 293 (15.8); HRMS m/e caled for C3.HF,0;
(MH*) 435.1983, found 435.1982. Anal. (C2HxF:05)H,F;C
caled, 66.3; found, 65.3.
Bis[Sa-fluoro-115-bydroxy-168-methyl-3-0xo-17a- (pm—
pionyloxy)androsta-1,4-dien-178-yhcarbonyl) Disulfide.
The carbothioic acid 6i (0.104 g, 0.230 mmol) in DMSO (1 mL)
was stirred and heated at 85 °C for 1.5 h. The solution was
diluted with EtOAc (100 mL), washed with 5% NaHCO; and

- water, dried, and evaporated in vacuo to a solid (0.108 g). PLC

and two crystallizations from acetone gave the title disulfide
(0.068 g, 65.6%): 'H NMR (90 MHz) 0.99 (13-CH,, s), 1.06
(propionate CHy, t, J = 7 Hz), 1.32 (168-CHs, d, J = 6 Hz),
1.52 (10-CH;, s), 2.42 (propionate CH;, q,J = 7 Hz), 4.33 (11a-
H, m), 5.72 (118-OH, m), 6.08 (4-H, s). 6.29 (2-H, d, J = 10
22;37.836 (1-H, d, J = 10 Hz). Anal. (C.sHeoF2010S70.5H,0)

Test Methods. Human Vasoconstrictor Activity. The
method used was a modification of that described by McKenzie
and Atkinson.!” Six male and six female subjects with six
marked sites on the flexor surface of each forearm were treated
with 12 test solutions, allocated by means of a 12 x 12 latin
square. The test solutions (0.02 mL) were four graded doses
of the standard fluocinolone acetonide (3, 12.5, 50, 200 ng) and
of two test steroids in ethanol. They were pipetted on to the
marked circular areas (ca. 2.25 cm?) and spread as evenly as
possible. The solvent was allowed to evaporate, and the
forearms were enclosed in polythene tubing secured at each
end by elastic surgical tape. The tubing was left in place
overnight (ca. 16 h), and 1 h after its removal the arms were
assessed for areas of vasoconstriction. The areas were scored
as either positive or negative, and estimates of relative potency
were obtained by analysis of the data using the method of
Litchfield and Wilcoxon.?®

Topical Antiinflammatory Activity in Rats. The method
used was a modification of that described by Tonelli et al.’®
and used 7 groups of 10 rats (54=70 g) in each experiment.
Croton oil soluton was prepared by mixing croton oil (5 vol),
EtOH (20 vol), and Et,0 (75 vol). Graded doses of the standard
fluocinolone acetonide and test steroid were dissolved in the
croton oil solution such that the doses (standard steroid 0.06,
0.25, and 1 ug) were contained in 0.04 mL. The doses were
applxed to the inner aspect of both ears, the control group
receiving croton oil solution without medication. Six hours
later, the rats were sacrificed by CO; inhalation and both ears
were removed and weighed separately. The metameters used
for the analyses of variance and calculation of relative poten-
cies were the logarithm of the applied dose and ear weights.

Topical Antiinflammatory Activity in Mice. The meth-
odology was similar to that for rats except that a mixture of
croton oil (2 vol), EtOH (20 vol), and Et;0 (78 vol) was used
and the dose volume was 0.02 mL. Nine groups of 10 mice
(22—28 g) were used, and doses of the standard fluocinolone
acetonide were 0.015, 0.06, 0.25, and 1 ug.

Systemic Corticosteroid Activity aftéer Topical Ap-
plication to Rats. Seven groups of six rats (170-200 g at
the beginning of the experiment) were used. The fur on the
dorsal skin was removed by clipping, and a circular area (ca.
2 cm?) was marked using an indelible marker. ‘Graded doses
of the standard fluocinolone acetonide and test steroid were _
dissolved in acetone such that the doses (0.5, 2, 8 ug of
standard) were contained in 0.02 mL. The rats were treated
once daily for seven consecutive days: one group which received
unmedicated vehicle acted as controls. On the day after the
final dose, the rats were stressed by exposure to Et;0 vapor
for 1 min. Twenty minutes later, the rats were re-anaesthe-
tised with intraperitoneal pentobarbitone, and blood was
withdrawn by cardiac puncture into heparinized tubes. Plasma
corticosterone levels were measured for each blood sample by
a modification of the fluorimetric method of Zenker and
Bernstein.!* Alternatively, adrenal glands were removed,
blotted, and weighed. The metameters used for the analyses

: of variance and caiculation' of relative potencies were the -
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logarithm of the daily dose and plasma corticosterone concen-
trations or adrenal weights.

Systemic Corticosteroid Activity after Topical Ap-
plication to Mice. The methodology was similar to that for
rats except that nine groups of 10 mice (25-30 g) were used
and that, after stressing, the mice were re-anaesthetised with
Et;0. Daily doses of the standard fluocinolone acetonide were
0.47,1.9,7.5, and 30 ug. The blood from two mice was pooled
to obtain sufficient for the corticosterone estimation.

Systemic Corticosteroid Activity after Subcutaneous
or Oral Administration to Rats and Mice. The methods
involved seven daily doses of the standard betamethasone (2.5,
10, and 40 ug to rats and 1.56, 6.25, and 25 ug to mice) and
the test steroid given subcutaneously as a suspension in
normal saline containing 0.5% Tween 80 by volume (0.2 mL

“for rats and 0.1 mL for mice). Adrenal weights in rats and

~~~~~~ +korticosterone levels in mice were measured as for topical

g / ication above. Oral activities were similarly assessed.
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—The effect of various heteroaroyl groups in the 17-position of topical corticosteroids has been
studied. The corticosteroids esterified at Cyy were of 9a.11B-dichloro, 9a-chloro | 1 B-hydroxy and
9a-fluoro 118-hydroxy series. Among the 17-acyl groups 2'-furoates were most extensively in-
vestigated. although 2'-thenoates, 3.thenoates and 3-furoates were also examined. Many of these esters
exhibited enhanced topical anti-inflammatory potencies. The most potent compounds investigated were
the 21-chloro 17(2'-furoates) cither in the 9a,11p-dichloro, o in the 9a-chloro 118-hydroxy series.
These compounds were at least 6 times as potent as betamethasone 17-valerate. Among 16-substituents
studied 16a-methyl compounds had the highest potency. Topical anti-inflammatory polencies were
determined by using a S-day modification of the croton oil ear assay in mice. The more potent compounds
were alsn evaluated in the' P. ovale induced chronic psoriaform lesion in the guinea-pig.

INTRODUCTION

since the original demonstrations{1.2] of the
efficacy of cortisol and cortisol 2-acetate in the
trcatment of dermatological disorders, extensive
research has been carried out towards more effective
topical corticosteroid therapy [3). The more potent
analogs of cortisol, i.e. prednisolone, triamcinol-
one. dexamethaspne and betamethasone, were
synthesized for treatment of systemic disease, but
were useful topically when formulated in appropriate
vehicles. Further chemical modifications, as the
16.17-acetonides, 17- and/or "21-esters of antiin-
flammatory glucocorticosteroids as triamcinolone
and betamethasonc led to compounds very widely
used in local steroid therapy. Most of the topical
corticosteroids in carrent clinical use belong to these
-~ -uctural categorics, although there are important
__«amples of 17-dcoxy 21-esters. and 17-oxygenated
21-chloro corticosteroids too.

In this communication we describe a novel series
of corticosteroid 17-esters where the 17-acyl func-
tionality is derived from heteroaromatic radicals. We
found that esters of furan- and thiophenecarboxylic
acids when introduced to the 17-position of a variety
of corticosteroids possess very high topical anti-
inflammatory potency. The first part of this paper will
deal with their svnthesis, whereas the structure-
activity relationships which have been derived will
be discussed in more detail in the second part.

FXPERIMENTAL

Synthesis of corticosteroid 17-heteroarylcarboxylates

In searching for a gencral process which allows
rapid synthesis of a varicty of 17-esters we used an

*This paper is dedicated to Professor George Biichi for the
occasion of his 65th birthday.
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esterification procedure recently published (4] fora
specific application. Thus, with the usc of the ap-
propriate acid chloride and a nitrogen hase. such as
4-dimethylaminopyridinc (DMAP) for activation
of the acylating agent. a large number of 17-
heteroaromatic csters were prepared (Fig. 1)

The acylation reaction of the 17-hydroxy group
was preferentially carried out (a) in the 9.11-dichloro
series. (b) in the 9(11) serics, and (c) in the 11-keto
series, substrates having no additional hydroxyl
function. in order to avoid unwanted csterification
(Fig. 2).

Using the methodology described above we pre-
parcd a variety of diesters, with the 17-ester being a
heteroarylcarbonyl, in the 9a.11B-dichloro (EI). the
Ya-chloro 118-hydroxy (V) and the Ya-fluoro 118-
hydroxy (VHI) series.

Removal of the 21-ester with selective hydrolysis
using HCIO,~MeCH. followed by conversion via
the 21-mesylate to the 21-chloro 17-ester in the
A" _geries {d) or in the Ya-fluoro 118-hydroxy
series (e) is shown in Fig. 3.

CHy0n Cny0n
i 12,
€0 co?
SOK L+OCR
CH:
r 3 acoci or 1CON,0 CHs
) .

7~

OMmAP | anClz
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(R'sCHyCO, CHgCO, C3H7CO, CH30CHR CO: DON> 1, 3-dichloro-5, S-dimethyihydantoin].

Fig. 2.

. RESULYS

Structure-activity relationships of the 17-heteroary-
loxy corticosteroids

Croton-oil-induced ear inflammation in  mice.
Topical anti-inflammatory activity was dcter-
mined in mice by a modification of the method
of Tonelli er al[5]. Compounds ranging in concen-
tration from 107* to 107°% (w/v), were dissolvedina
mixture of 0.6-0.7% croton oil in a vehicle contain-
ing 20% pyridine, 5% water and 74% diethyl ether
(v/v). Ten-p! aliquots of each test solution were
applied to the inner aspect of both pinnae of the test
animals, daily, for 5 days. Five hours following the
last treatment the animals were sacrificed and 6-mm
punch biopsies of both cars were removed and
weighed. Using the mean of feft plus right ear punch
weights, potencies were determined relative to
betamethasone 17-valerate (compound 38). These
values are shown in Table 1 for comparison pur-
poses, relative potencies of betamethasone 17.21-

972215A | >

dipropionate {compound 39) and hydrocortisorne
(compound 40) are ais¢ listed.

P. ovale-induced chronic psoriaform lesions in
guinea-pigs. The histopathology of psoriasis 18
characterized by acanthosis, parakeratosis, abnor-
malities of cellular differentiations, and infiltration of
leukocytes. Effects of corticosteroids on these
parameters have been extensively studied in man.
Recently, Rosenberg et al (6] reported that topical
application of killed Pityrosporum ovale {Malassezia
ovalis) on rabbit skin produced a lesion resembling
psoriasis. This supports the suggestion that P. ovale.
a lipophilic veast, is associated with several skin
disorders in man, including psoriasis[7-10]. We
selected the guinea-pig to study a P. ovale-induced
psoriaform because of the analogous anatomical
character and percutancous absorption patterns be-
tween guinea-pig skin and human skin[11-13]. On
repeated application of killed P. ovale suspensions
we are able to induce classic psoriaform lesions in

3
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guinca-pigs, and these lesions responded to topical
corticosteroid therapy.

Psoriaform lesions are induced by 10 repeated
daily applications of heat-killed P. ovale suspension
to the outer surface of the right car of young male
Hartley guinca-pigs. Starting on the cleventh day. a
().12-ml aliquot of the test steroid in pyridine-water-
cther (20:5:75) is applied on the lesioned car daily
for 14 days. Twenty-four hours after the last appli-
cation of the drug the animals are sacrified, equal
portions of the drug-treated and control ears are
excised. fixed. and evaluated histologically for the
severity of acanthosis. Potency of the test drugs is
determined by comparing the reduction of mean
acanthosis 1o that obtained by betamethasone 17-
valerate (Table 2).

DISCUSSION

It is apparent from inspection of Table | that
introduction of 17-heteroaryl carboxylates affects
the topical anti-inflammatory potencies of various
series differently.

In the 9.11-dichloro series. the potency of the
17.21-dicstess with the exception of the 17(2'-
thenoate) 21-acetate (compound 4) and 17(2'-

972215A | >

furoate) 2 I-methoxvacetate (compound 7) did not
significantly differ from the standard betamethasone
valerate. Replacement of the 21-acyl function with
chiorine. and in one case with fluorine, led 1o sig-
nificant enhancement in topical anti-inflammatory
potency. ‘Thus, the 21-chloro 17(2-furoate) tcom-
pound 8) was 8 times as potent as betamethasone
valerate in the croton oil car assay, and 6 times as
potent in the guinea-pig P. ovale assay (Table .
Other 21-halogeno 9.1 1-dichloro  17-heteroaroyl
esters with significamtly enhanced topical potency
were the 21-chloro 17(2’-thenoate) (compound 10).
the 21-fluoro 17(2 -furoate) (compound 11) and the
6a-Auoro compound (compound §4). all at least 3
times as potent as standard.

In the Ya-Auoro 11 B-hydroxy serics, the (7.21-
diesters showed consistently higher potencies than
the standard betamethasone valerate. This is unusual
as dexamethasone  17.21-diesters. to which the
above compounds belong, have been rarely reported
to possess significant topical potencies. and no such
compound has been clinically introduced {3]. The
most potent compound in the series was the 17¢2°-
furoate) 2 1-propionate (compound 19) which was 6
times as potent as standard. Other compoundsin the
series with high potency were the 17(2-furoate)
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Table 2. Topical potencies of corticosteroid  17-
heteroaroyl esters in the P. ovale guinea-pig car assay
Compound
No. Topical potency®
] 5.24 {3.20-9.57)
8 6.06 (5.59-6.53)
10 0.68 (0.36-1.23)
15 2.28 {1.67-2.89)
21 3K (0.47-8.40)
27 3.92 (2.38-7.08)
29 3.8211.99-10.36)
37 —t

1.00 (standard)
1 .87 (1.09-3.85)

38 (betamethasone 17-valerate)
39 (bethamethasonc
17.2 t-dipropionate)

40 (hydrocortisont) 0.036 (0.01-0.08)

*Sqatistically derived potency relative to betamethasone
17-valerate {1.0). Numbersin parcntheses are estimated
95% level confidence intervals of pooled estimate.

tinhibition (62%) at ¢.05% (100 ul/dav).

2 1-methoxyacetate (compound 20), 17(3'-furoate)
3 1-acetate (compound 16) and 17(2'-thenoate) 21-
acetate (compound 17). all 3 times as potent as
betamethasone valerate. Two compounds in this
series (compounds 1S and 21) were tested in the
guinca pig P. ovale model (Tablc 2} showing com-
parable potency to that measured in the croton oil
car assay. The 21-chloro 17-csters (compounds 21
and 23) were twice as potent as standard. Thus in the
9a-fluoro 11B-hvdroxy series introduction of a
21-halogen has not shown the strong potency-
enhancing ctfect observed in the Ya.l 1 B-dichloro
series and in the Ya-chloro 118-hydroxy series.

In the 9a-chloro 11B-hydroxy serics both the
21-halogeno 17-esters and a few representative
17.21-diesters showed high topical anti-inflam-
matory potencies.. Thus. the 2t-chloro 17(2-

- furoate) (compound 29) was 6 times as potent as

betamethasone valerate. In the guinea-pig P. ovale
assay (Table 2). (compound 29) was approximately 4
times as potent as standard. The 21-chloro 17(2'-
thenoate) (compound 30). the 21-fluoro 17(2"-
furoate) (compound 31) and the 6a-fluoro analog
(compound 32) were all at lzast 4 times as potent as
standard. Two diesters in this series (compounds 27

~ and 28) also showed the same high topical potency

RNSNOCINY <XP

noted for the 2i-halogeno 17-esters. The high
potency of compound 27 was also confirmed in the
guinca-pig P. ovale model (Table 2). Overall. the
Ya-chloro 11B-hydroxy series provided the most
consistently potent topical anti-inflammatory agents.

Among the 17-acy! functions the 2'-furoates were
examined most extensively. Representative 3'-
furoates, 2’-thenoates, and 3'-thenoates werc pre-
pared in most active series. and did not show
significant differences from the 2’-furoates. In the
course of this work a few nitrogen-containing
heteroaromatic esters as well as substituted furoates

Q79215A ¢ >

ThoMmas L. POPPER et al.

and thenoates were also prepared. but showed lower
potencies. It is worthwhile to note that the 17(2'-
furoate) 21-methoxyacetates (compounds 7,20 and
28) consistently showed high topical anti-inflam-
matory potencies compared with other 17.21-di-
csters.

The influence of the 16-substituent is quite con-

sistent throughout the 3 series. with 16a-methyl
substitution being the most favorable. Althoughonly
a few 168-methy! 17-heteroaryl carboxylates were
prepared. their topical anti-inflammatory potency
was usually lower than the corresponding 16a-
methyl epimers. i.c. compound 12 vs 8. compound
24 vs 21, compound 18 vs 15, the only exception
being compound S, somewhat more potent than the
16a-methyl (compound ). However, compound !
has shown unusually high potency in the guinea-pig
P. ovale model (Table 2). an assay where compound
5 was not tested. A few representative 16-methylene
17-heteroaryl carboxylates were synthesized. and. at
Jeast in two cases. compound 26 vs 15 and compound
33 vs 27. their topical potencics werc significantly
lower than those of the corresponding I6a-methyl
analogs. -

“The effect of the 6a-fluoro group. normally a
potency-enhancing substituent. was somewhat in-
consistent. In the 9.11-dichloro series. compound
14. the 6a-fluoro derivative of compound 8. re-
duced the very high potency by a factor of two.
while compound 13 was more potent than the 6-
unfluorinated compound. |. In the 9.21-dichloro
series both compound 29 and its 6-fluorinated
derivative. compound 32 showed very high topical
anti-inflammatory potencies.

In summary. introduction of heteroaroyl esters.
partiuclarly the 2'-furoate function into the 17-posi-
tion cf 9a.11B-dichloro-, Ya-chloro 1 1 B-hvdroxy.
and 9a-fluoro 118-hydroxy corticosteroids, resulted
in significant enhancement of topical anti-inflam-

matory potency. The 9.21-dichloro 17(2'-furoate)

{compound 29) has been evaluated in the clinic and
was found to be a highly efficaceous. long-acting.
topical anti-inflammatory agent.

Acknowledgements—We thank Dr Edwin Peets for helpful
discussions and Mrs "Trudi Pier for the expert typing of the
manuscript.
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17-Heteroaroyl ES_E@?.S of Corticosteroids.’ 2. .llﬁ;Hydrqu;;Set_i;efs L

Elliot L. Shapiro,* MargaretJ Genﬁé;, RobertL—

leerl, Thor‘nasL Popper,* ;Ios;é;')h‘léér-ké:;l‘(opf,' harry Lutsky, _
and Arthur S, Watniq_lg I3 e G I . ;:i i | ST

vowas i HES

- FEEERT S

| .8nd topical antiinflammatory potencies of a series of 17-furoyl and -thenoyl esters of 9a-fluoro-
R }lﬁ-hydroxy-ls-méihyl and Qé-chlorp-llﬂ-hydroxy-IG-méthyl dorticosteroids are described. "The 17a-esters were
( N introduced to the 9¢-fluoro 11-ketones or to the appropriate AX!'Y compounds b i cylation wi)
- heterogryl carbonyl chloride in the'presenc_e‘of,ﬁ-(dimethylamixno)pyridi e. Functionalization of th
- completed by stg}iaa;d;methods, -The most extensively studied h_etexjocyé]

=

( e C ring was
r ] ic acyl group ‘wag 2-furoyl, but 3-furoyl .

and 2- and 3-thengyl derjvatives Were also investigated. .Antiinflammatory poteénties were easured in mice by

a 5-day modificatipn’of the Tonelli_croton oil ear’asgay. ?'I}iefnid’st'bbtep{ytopii;gl antiinflammatory agents were -

le, dexamethasohe 17. (2'-furoate) 21 propionate; dnd 2¢, the 21-chloro 17-(2'-furoate) in ‘the 9a-chioro series, both oo
being 6 times as poteng as hgtamethasdne 17-valerate. Several other 'QAZEhlor(}f 1 lﬁ-Hydroxi-_17¢}réfe(9aryl carboxylates
(2a, 2b, 2d. and 2g) wete &t least 4 times as potent as betamethasone 17-yalerate. Evaluation of 2¢ in the clinic

confirmed that ghg“cmﬂpqgnd is a potent topical antiinflamme_tqry agentf.fn,humqpszj_;; o
. ¢ g Lon o o TR S : C
In this paper we destribe a new class of topical corti- * tiinflammatory potencies in the 9,11-dichloro series,2 we = -

costeroids bearing 17lh§pelroaryl.¢ste; groups.! The pre- expected high topical antiinflammatory potencies in the
ceding publication focused on 9a,118-dichloro cortico- -~ 118-hydroxy series. The potency in this class of 17-esters
steroids;? herein described ure their 118-oxygendted = - was generally high, and some of the compounds exceeded | .
counterparts. ‘The 17-pasition has been functionalized with ~ - -the’potency of the most potent topical corticosteroids .
furoyl and thenoyl esters.” As introduction of the 17- " ‘tested in our laboratories. The 9a-fluorinated compounds
eteroa:omapic ester gto(ips fesylted in high topical an- . -are delineated in Table I, while the 9a-chloro and 9-un-
o L PN DT T gubstituted compounds are in Table I1, with appropriate
) ﬁl;apiro, f L_US. Patent 4472393, Sept 18, 1984, Chem. sub;tltutlon at positions 6, 16, and 21. ,
str. 1985, 102, 95905k, ) S 3 :
(2) Shapiro, E. L.; Gentles, M. J.; Tiberi, R. L.; Popper, T. L; Chemmtry ' . . .
Berkenkopf, J; Lutsky, B.; Watnick, A. S. J. Med. Chem. 1987, In the preceding paper we reported a process utilizing

30, 1068 direct esterification of the 17-hydroxy group with the ap-
N _ 7 0022:2623/87/1830-1581$01.50/0  © 1987 American Chemical Society *.
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propriate acid chloride or anhydride. Activation of the
" acylating agent was achieved by use of a reactive base such
. as 4-(dimethylamino)pyridine (4-DMAP).23 Uge of the
R generally available acid chlorides! avoided the necessity

;. of synthesizing the lesg accessible heteroaromatic ortho
: ester reagents.®

-~ Most of th
" cation have an 11-keto

.on selective 17-hydroxyl esterification of a f.‘gv'v. 1 ] 1
fbydroxy. substrates are reported. T AR 3

* Bsterification of the 17-hydroxy group was generally
effected with the appropriate heteroaromatic acid chloride,
although occasionally for the pyébziiaﬁoﬁ’gf the 2-furoates,
2-furoic anhydride (2-FA)s wag uded instead of 2-furoyl
- chloride (2-FC). Our generalized procéss eonsisted of | re-
acid chloride

(2-3 equiv), and 4-DMAP‘(‘4—1,Q_gquiv) in

the ‘16a-methyl-9a-fluorp 11-ketones for ﬁi’gtft.imeprepa-

. acylation step were lower.

:-Thus, 3a7 gave the 17-(2’-fli;6§£é) 4a, thg;l?-,(3f-f1_njo,a£e)~ :
L ind the 17-(2"-thenoate) 49. Th
€ 2 1lroate 4b. L A

g .
.CHy0CCHy
-0

S -ON

N nozf-'wuyli 164

¢ Ry

or; 16
4 A2 r

' Selective reduction of the 11-ketone in 4a

d with sodi

v

droxy la-d (Table D. H}drolysis

~:A9  nof 5a with the 8ppropriate acylating agents gave
j{',’_t‘})g;q-rpropionate le, the 2_"1-bgtyrate'lf, and the 21-
_.Methoxyacetate 1g (Table T). =™ S
T he preparation of thg 21’-{:}1&1;9 177%&@{33?83 gfffectgd_,

mversion of the 21-bydroxy 5a-d 1o the 21-mésylgtes™"
- 6a-d. Reaction of the 3

."yields. The 21-chiore 17-(3“furcate) 1j wag oxidized to the
. corresponding 11-ketone 11 with chromic acid. In the

(8) Kerb, U,; Stahnke, M ; Wiechert, R. German Patent 2748442,
May 3, 1979, Chem. Abstr 1980, 931684944, )
(4) Where not commercially available, the requisite acid chioride
was prepared by standard methods (SOCL,, benzene). .
.(5) Generally, 17-esters of cdnicqsu;_roiag: are obtained via_the -

1964, 60 10759¢.

(8) Scherico Ltd. British Patent
Abstr. 1963, 58, 3489¢.

(9) Shapiro, E. L., Finckenor, 1..; Pluchet, H.. Weber, L.; Robin-
son, C. H,; Oliveto, E. P.; Herzog, H. L Tabachnick, I. A ;

901093, July 11, 1962; Chem.
Collins, E. J. Steroids 1967, 9, 143.
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© "action of the 17-hydroxy sten_iid'(l'éduiv), the aifﬁfdbﬁaté_f B
. ‘Methylene chloride. Yields were generally 30-50% with.

ration. In the 168-methyl series the yields of the 17.% Loy

he isomeric 3b% gave the - R

» R 2'-(uro,l§ 160 I

vith soc um - various 21vfunctional_it__ieg. ’I_'hg,éhlorohydrins 2a-~¢ (Table
proceeded in high yield to give the desited 7

of the 21-acetate * - . b

: 2f-mesylates with lithium chloride - 1
. afforded the 21-chloro stergids Th-k (Table I) in 55-789

_chloro steroid 2g.

=+ its 9-chloro analogue 2i were

//_'—\\ "
CH0M <<':uzosozc n,)
!
C=0 C+0 -

R = 2'- turoyt; 16q .

R« _2'—A_'u'oyl-. 1683

Re ¥- furoyl; 169

ce 4 R 2'- thenoyl:l6e

16-methylene series, acylation of 7' with 2-furoic anhy-

. dride gave the 17-(2’-furoate) 8 in low yield. Reduction
of the 11-ketone afforded the fluorohydrin 1m (Table Iy

AN OO

in modest yield.

; 0
L e R 2o, Ry
b R-2'- theroyl; R'<()
¢ Re2'- furoyl; R/ oF

" In Table 11 are listed the izl}lqt\ta_g)_a_x'pm;itié_e‘sters

0earing 9a-chloro and 9a-hydrogen substituents with

IT) wére obtained from the appropriate A" compounds?

y using 1,3-dichloro—5,57dimethylhydantoin (DDH}) in
o With perchloric acid in metha‘nql?_pgocegded‘ selectivelyin.  aqueous tetrahydrofuran containing perchloric acid. Under
.. 1a=d with retention of the 17-ester function to afford S5a-d. " th

.. these conditions small amounts of the 9,11-dichloro com-

. ..pounds were also obtained asbyproducts. The A%D

gave chlorohydrin 2a; The 21-methoxyacetate

gave the 9unsubsututed 118-hydroxy steroid
2f. Exposure of 122 to DDH afforded the 6a-fluoro-9a-

. In order to complete the structure-activity relationship
studies, the S-unsubstituted 16-methylene steroid 2h and
Prepared. Also prepared were

25, 16a-methylpredxﬁsolone 17-(2"-furoate) 21-propionate,

(10) Irmscher, K.; Orth, D. British Patent 1
Chem. Abstr. 1971, 74, 63183k

(11) Upjohn Co. British Patent 902 294, Aug 1, 1962; Chem. Abstr.
1963, 59, 14078¢. .

213118, Nov 18, 1970;

ot i v b s it

T iresinem wemme
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'17-Heteroaroy1 Esters of Corticosteroids

0

‘n :
CHOCEH,

Tt '

’ : (BN 1 o o5
and 2k predmsolone 17 (2’ furoaie) 2l~ace tate. The latter
compolmd lacks both the potency enhancmg 9a-halo and
16a-methyl groups, The. syntheség of Zh -k fgllowed laiown
seqiendes of transformations 8
ExpenmentaT Sectnon T

:'l \‘.\4 BN

w‘sl

altematnve route to the 9a llﬂ'Y\a]obennsils ex n;4

plified in ‘the preparation. of tﬂe 9 11- ;:}ﬂorof;ydqn 2a.
Acylauon of the 9,11-epoxide l3a with 2-FA gave. the
17-(2"-furoate) 13b. Treatment of the epoxide 13b with
HCl in acetié acid gave 2a in 92%" yield. A distinct ad-
Vantage of this process‘ ‘over the DDH treatment of the

eo‘rhpound is the, avondance of the competxtlve for-
mat:on of t}xe undesnred 9 11- dlchloro comﬁéuh'd

«\((

An a]temauve process for the preparatlon of 28 inv lves "

direct and selective esterific cation of the 17- hydroxyl
function in 11ﬁ,17a-dnhydroxy corticosteroids. Generally,
the pfesehic of another hydroxyl function’ i3 avoided be-
¢huse of the dlfﬁcu]ty of prévénting'multiple’ wtenf' cat)on '
Thus,” "eXpo ife of 1 ﬂfetbyl‘eneprédmso]one 2i-s ace ate
(14}“ o 2.F an 4 ohdmopyn ine (4-PP) (l ol
i g’C and 6.1 mmoj of 4-PP In meﬁ\-

DRI

ylene ch]qnde) gave the 172’ f'uroate) 2hin12% yle]d '

en dexamethasone 21-pcetate (15) was. exposed to sim-
ilar conditions, 1a was obtained only in 2% yield, .

In contrast, exposure of 15 to 2-(5- methyl)thenoyl‘
chlonde in the presenée of 4-DMAP resu]ted in formation
of the 17- -monoester {n in 11% yield, Studies on selective
esterification of 118 17a a|hydroxy substgates are bemg

T dsedas ”\ !’tr{' -4,%:.

ological Begqlts ankglﬁr: ‘

d i in the :
B & AR

AS Betar%xethasone valerate’ i

“most of the compuunds prepared have shoWh }ugh ant
'mﬂamﬁfawry oiency Thus, 2¢, the 21: c]ﬂox:g 17-

(2

“topical antunflammatory potenCy

.pared li and 1b showed lower" ahtlmﬂammatory potencres

... The ‘sgracture— S ded to
'16-m;thylene ser eattq_;nclud 3 ln; and "I‘Yuese cd” -
pound_syere less potent than he analogous, iGa met yl

) Journal of Medicinal Cher try, 1987,

published in a separate paper™ .

e

cussxon o

:m a—)

Toplcal antunﬂamma}ory actmty was measured by

A modxﬁgatnon of the troton oil €ar assay of ;‘onelh etal!s
fl

‘Listed in Table

are botenc

_byéroxy comcqs‘term _}7 fneterparbmat estex;s relatlve _
tobetamethasonel -va rate (20). “Thy potencnes ‘of the -
9-chlorg and 9 nsubsmu 1 analog ted n'\ILa_b’le i
ﬁ T G "Jn ,n "ﬁb‘u i

Structure~act1vzty re]atxon ips_were estabhshed by
usmg the Ppotencies derived in, the 5: day (chronic). assdy '
bécausé ‘topical’ cortncosteroxds are used chromcalfy m
clinical practice. The 5h (acute) ; assay is, howevér, tisefal
for )dentlﬁcatron,g[ lead compot; ds Amoné-Dxe Qa-ﬂuoro
'gbmpou'nds (T able?) the 17,21-di tets showed ¢ congist- ,‘,f.-
éntly hxgher actmty than the stgpdﬁ§ n the Ai a methyi ]
(dexg_r\ngﬂ)asone series, e most potexﬂ.c‘ mpoun was "
1e, the, 17-(2 furqaie) 'l-proplonate being 6 times as -
potent as betamethasone valerate, ,Otber compounds in
the series with high potency were 1g, 17- (2-furoate) 21- =
meth’oxyacetate ie, 17-(3 furoate) 21- ﬁcetate and. 14,
17-(2'-thenoate) 21 atetate, which were 3 \Emes as’ pote

The cHorQ l7'est£rs 1h'; and C W
as t e s{ar dard thus)n
has t s on thg strotig pote
serveg in the 9o 11g-dichloro gel ger
11;3 ydroxy serieg below e D0 R R

+ In the 9a-chloro Berigs (‘f‘able H) thh ope e‘xceptlon the :
17-ester was kept conatant as the 2'- fuxoate In'this Qeries \

f' ’foate) was’ 6 tlm‘e“s ‘& m%nt' ‘Mthe st.ancrara wh

} the pid ‘chlore 3 -(2- thehbate) Ze, the 2
furoate) and 2 the ﬂug_ ro gnaJogu

least 4 imes a5 pofent as belamethaso o

series t}:e 17,21-die esters ‘and fb‘h s

A fese' }epresentatwe 16-methyl compounds were pre o

‘-methyl ana]o 188

compounds, although 2i was s ll_tvg_qe as potent as beta-_
methasone valerate, .- R B

In siwiymaty; introductlon'of the 2' furoate functlon mtp A
the 17-posmon of 9a ﬂuor0-16a~methyl and 9a chloro-

. : $HDGR
~‘~vL'l ‘-Ffw—_m ,L'Zl“u ,"{P

MIRASR Y A eh

Qi\ ‘EE

(12) Olpvew E.P.; Rausser, R Weber L5 Nussbaum, A, L. Ge-

nb Comgho C.T,; HemhbergEB Tolksdort, S.; ; Bioler,

erlman P L; Pechet,M M. J Am. Chem_ Soc. 1958 80,

4431. NV ) TS 51!,1\_1 PR ".i,l
(13) Taub, D Wendler N. L, Hofsommer R. D. U.S. Patent
. 3068226 Dec 11, 1962; Chem Abstr. 1983, 58, 11451g,.

P2183AQA | >

( 14) A inore extenswe atudy on selective esterification of 118,174~ - ’

.. = dihydroxy o corticosteroids and on other products of the reaction

will be the subject ofa commumcatlon by three of us (E LS., . .
i M.J.G., and T.L.P). 2
(15) Tonelh,G Thlbault.,L ng]er I Endocmwlogy (Baltmwre)

1965 77 625 o .\ PRTRTE ,‘\-' Lt

v,v [AZAE
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' ' .
J6a-methyl corticosterdids results in significant topical
17-(2"-furoate) 2¢
ointment and cream has been clinically evaluated and was
o "founchi to be a highly efficacious;, long-acting toplcal ant;-

-~ 1a was Tound to be highly efficacious on clinical evaluation
85a0.1% 'oin,,t\ment,,v ' ‘ L

Experimental Section
Melting points were taken on

35 “Qnefastat?)ﬁl‘%o;n bar e :
.obtained in a Finnigan MAT-312 mass spectrometer operating
8t an‘uételerating voltage of 3 kV. Siljca gel prepdrative-layer
¢hromatography (1000 uM, PLC) and. analytical thin-layer

chromatography (250 M, TLC) plates were obtained from An-

&b, Inc.Silica gel used for column chromatography was 60-200
... 5h, grade 62, supplied by he Davisop Chemical Divigion of

.Cl’ac.ﬁ. rnc JRe L eI LE AT T NS .
cFluoro 6o methy! 11,170,214t isch xy-1,4:p;

e h2d dione 172 Furoate) 21Acktats (1)
thylaminofpyridine (DMAP) (2.4 ¢, 23 st

- .aloride (2-FC) (046'mL, 4.6 mniol) were

3

16 mL, 4 mi¥ed in CH,C1, (14
v Fér‘au;re‘ whs maintained

gDs
(la). 3-(Di-
(2.8 g, 23 mmof)'and ?-furoy]

he , at 0-5 °C. After
YEbV, € cooling bath, 9q-ﬂixor‘o-l7&,2}-‘dihydroxy-16a-
'!h_éihy!-l,qurégna.diené&i‘l +20-trione 21-acetate (32)7 (1.0g,23
- mmol) wai added with stirring. After 72 h the reactjon mixture

-ELOAc, 39:1), affording
* CH.Cl hexine: mp 228-281 9C; [a) 8, +44 9o 248 nm (25.
- X10%; FABMS, m/e 527(M +1); NMR 5 0.96 (16a-CH,, 4, 6
B : (21- s, 17 Hz), 6.07 (4 H), 6.1 (3 H. 4
;7 .ofd, 10 He, I Hz), 6.63-6.67 (4-H, q, 1.5 Hz), 7.27-7.40 (1-H and
- 3°H), 7.98 (5"-H). e T A
Mo a solution of 4a (0.986 g 1.8 .
#.... MeOH (3p'mL), and water, (3 mL) under N, wag added NaBH,
- {0212 g, 5.6 mmol) 4t 02 °C. After 20 min 1 N.HCL(6 ) was
addedﬂlm)d b .H 1 Na(
+*, . The white solid a8 collected and purified by PI » (CHCI,-EtOAc,
o 91" afford Ja, 0.78 (79;), .cfiété“.izé fffn CH,CL-E,0:
S0\ PR (11a-H,'9 H2), & 45 (118-OH, br), 6.:68 (4"H o
iiz'_).i‘7.13??.-?? -1, 7.9 32wy, " HruE
. 9g:Flnore 166 methyl | 18,170,21 -trihydroxy-i ¢
T ied _0;35,9}1."01,1.7-(2’-1‘fi!t0at ) Z1-Acetate (1b). As'in th
£, _ (igl:_s'g'x;_)'é'pm'_é_mt,}bf was conVerted to 4b ( 18%), which on
reduciion with NaBH, atforded 1b (80 f, 4b), crystallized
from CHLCI, EtOAe. - 70 000!

s
' LIRS

»q, 1.9

pfegim‘-
the

" diene-3 20-dione 7-(3"-Furoate) 21-Acetate (1c). As in the
iepiatioh of 1a: Sa e g (%), which o5 re
duction’ with 'I}{QB}” afforded e (76%), ‘erystallized’ § rom
CH;C],J?(;O: LR N z.; _,J:,- iy ;;,:'1_'51«:’ t
-~ 3a-Fluorp- 16a-methyl-1 lje,l7@.2'1,—'tr‘ibyd:ﬁg'>xy-"1.4-p'r'émia'-
) diene-3,26-d§9ng 17-(2-Thenoate) 21-Acetate (1d). Asin the
preparation of 1a, 3a way cohverted to 4d (39%), which on re-
-duction’ with NaBH, afforded 1d (62%), crystallized from
om0, - e evetellined from

g 'Qq-‘Flu(ird-_IGa-iix,ethyl-'l lﬁ,l7:’:.2‘1-tfibydrok&-lﬂ-pregna,—
diene-3,20-dione 17:(2-Furate) 2(-Propionate (1e). The
21-acetoxy steroid 1a (0.67g,12.7 mmol), 70% HCO, (0.86 mL),
and MeOH'(‘IS_m‘L) wore stirred for 24 h ‘at room temperature
and then added to saturated NaC solution. Ttie insolubles were
collected, washed with water, dnd dried, to obtain crude 5a (0.625
g). Purification via PL( (CHCI;-EtOAC, 5:1) and evaporation

3NSDOCIO: <XP___2153839A__I_>

antiiflammatory potency enhancemept. The 9,21-dich‘loro‘

iflammatory agent. Similarly, the 9a-fluoro 17-(2"-furoate)

187 mmol) in DMF (26 L),

the reaction éﬁixtggél'xés‘a:_ddgq to saturated Na(ll. -

Baich S e NN ST,
Qg-Flporo-lcq-methy]-l'lﬁ,l7a,21-tnhydroxy-l',«t-pregng-

|

 anll 4.57 (31.CH,, . 15 10

o 9a-_l?luorp:l€:get];y]ene-l 18,17a,2 l;'tphyd,_rox

3478and 4.99 (31.CH,  d's 15 iy

AN Ly et
from EtOAc gave 5a (0616 g, 99%), which was used in subsequent
preparations; . ST o <
The 21-hydroxy compound 5a (0.2 g, 0.4 mmol) was stirred with
propionic anhydride (0.3 mL, 22 mmol) in pyridine (2 mL) at
roorti tempetature for 18 h and then to ) ' in-
solubles were collected and placed on PLC plates (CHCI,-EtOAc,
15:1) to give 0.15'g (68%) of le, ¢rystallized from CH,Cly-hexane:
NMR §1.20 (21-0COCH,CH,, ). e
) Sa-Fluoro-lGa-mcthyHlﬂ,l7a,21-trihydroxy-I,4-biegna~
diene-3,20-dione 17-(2"-Fureate) 21-Butyrate (1f). The 21-
butyrate 1f wag prepared from 53 in 58%yield, crystallized from
CHzClz—hexane. T S P )
9a-Fluoro—lGa-methyl-l 18,17 aJl-trihyg!gpx{j:! 4-pregna-

. |diene-3,20-dione 17-(2-Furoate) 21-Methoxyacetate (1g). The

I-,met_hoxyace,tqte, g was prepared from 58 in. 68% yield,

erystallized from EtOAc-hexane oo L iisge
..2.!.79!!1.959;1!ﬂg"q-d,ihyd.mxx 3 -methyl-1 4.
b gengzadjgne.},go;dfqgé, 17-(2"-Furo, The 21-hydroxy

sterold 5a (0.27 g

" Shapiro ét al,

56 mmol), and pyridine (2.75 mL) wete stirfed ht 03 °C for 1

b and then the mixtire wds added to'a satirated NaCf solution.
] e’ihﬁé}dbl&vﬁet@cqy.eél.é& Qm'd'dri,ed_‘ to obtain 6a, which wag

5éd directly'in the riext step.

callection of the resulting solids g

wap purified via PLC (CHCl,EtOAc, 81 to

y give 21-chloro steroid
1h (0.184 g, 74%), crystallized

e v from CH.Cl-hexane: NMR 5 4.47

1-thoro-11,9,17a.qihydrogy-9q-ngor'o-m,‘e-nié{hyl-1,4-
egnadiene-3,20-dione 17-(2-Furgate) (1i). As in the prep-
Was converted to 5b (80%), and after mesylation,

pr
aration of 5a, 1b

. treatment with LiCl in DMF a.fforded_‘_l_l" (67 %), crystal!i;ed from

CHLCl,-hexame. . Coaa ST
24-Chloro-1 lﬂ.l7a-dihydroxy-9a-ﬂqup-lsq_-r_pethyl-l,'t-
prebniidiépe-&zll-dione 17-(3’-Furqat'q) (1j). As in the prep-
-aration of 5a, 1c was converted to 5c (88%), and after mesylation,
treatment with LiC] in DMF afforded 1j (69%), crystallized from

CH, 1,-hexane. e ) : :

. 21}-0!11010-l'lB,l?dfdillgy.droxy-Qq-ﬁuoro-lﬁa-methyLl,d-
Pregnadiene-3,20-dione “!Z-(Z'-Thggpqa_te)” (1k).  As in the
Preparation of 5a, 1d was converted to 5d'(90%), and after me.
sylation, treatment with LiC] in DMF afforded
tallizéd from CH,Cl,-hexane. N A '

21 hloro,-sa-ﬂuor'o,-!7a-hydroxy-lﬁa-me;hyl-l,d-pr_egna-
di‘ene}s,u,émrjone_17-(:5'1Fu_r,qa,te) 21-Acetate (11). A chromic
acid solution (0.075 g of Cr0;, 0.15' mL of water, and 2'mL of acetic
acid) was added to &'stirred suspensjon of 15 (0,25 g, 0.5 mmol)
in écéﬁlc' acid (3 mL) af 184C in 10 min. "Aftér 90 min the réaction
mixture was added to 100 mL of water containing NaHSO, 0.3
g). The collected insolybles were purified by PLC (CHCI;-EtOAc,

19:1) to afford 11 (0.2 &, 81%), crystallized from acetone-Et,0-
hexane! NMR 5 4.55 (21-CH,), 6.12 (4-H), 6.18 (2.H, d of d, 10
Hz, 2‘Hz),‘7.32 (I-H,d, 10Hz). -5 wipmnaes Pt qmoi

) ) - xy-1,4-preg-
nadig#é-@é@-,ﬂim.e..17"('.2"1!7!!!:.‘_’,‘.‘0) 2l-Acetate (Im). 9.
Tha oL methylensprednisons 2T scétate (7) (2.5 4 B ot
2FA ‘("'Ev 8.2 mmol), 4.DMAP (244'¢ 20 1

1k (71%), crys-

£ & ) =7 (244 g, 20 mmol), and CH,CI,
(12.mL) 21¢.atixred at.room teriperature fo 24 k. Evaporation
gave'a reidue, which was triturated with w; en u

HCL, and water {o atford solids (2.7'g)." Purification on'PLC
(CHCl,-EtOAc, 12:1, then'18:1, followed by hexané*EtOAe, 2:1)
gave 8 (0513 g, 20%), which way tiied i th- reductios step. The

11-keto steroid 8 (0.5 ¢, 0.95mmol), NaBH, (0.113 g, 3 mmol), -

DMF (1.1 mL}, and MeOH (41 mL) were stirred as in the prep-

aration of 1a, to afford, after PLC (CHCI;-EQAc, 6:1) putifi-

cation, 1m|(0.046 ¢, 33%,), crystallized from CH,Cl,hexane: NM
530 (11:0H, and 16-CH,,

CAnme N :

11-OH exdhangeabie). ‘ o .
9a-Chlero- 16a-methyl.114,1 7a,21-trihydroxy-1,4.pregna-
diene-3,20.dione 17-(2Furoate) 21-Acetate (2a).

Methy!-l7&,2lfdihyd'roxy-1,4,9( ll)-pregnatriepe—3,2Q7d§Qné"l'7-

{2-furcate) 21-acetete (9a) (0618 , 1.25 mmol) was dissolved in

THF (12.5 mL) and maintained at 0-2 °C under N,. A solution
of 70% HCIO, (0.23 mL) in 0,53 mL of water was added, followed
by 1,3-dich '

The 21-mésylate 8a (0.297¢, 0.49
35 g) in DMF (4 mL) were heated”

16a-

with water, then dquebus

)

0.5 mmol), imethanesulfonyl chioride (0.44 il -

oro-5,5-dimethylhydantoin (DDH) (0,173 g 088 %
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- "ypurification gave chlorohydrin 2¢ (0.169 g,65%), crystallized from 6 days at room temperature, the rea
/7 ~eous MeOH: NMR § 4.35-4,52 (1}&-H&br),§62(11ﬁ0}]. si::th a'residue, which wad triturated

]
A
3

) mr‘noli. "A'fte}ﬁ min, the cooling bath" wag Yemved and_ the ,@Jhu.’?ﬁékéﬁéﬁﬁnﬁix.tu:é.w.é.é. added to water, and the resultant

mixture was stirred at room temperature for 4 h. The reaction | solids were collectad and putified by PLC (CHCI,-EtOAc, 121,
mixture was added to water (250 mL) containing NaHSO;, (1.6 and_ hexane-E10 ¢, 4:1) to obtain 17a,21-d{hydroxy:1§-

g), followed by addition of solid NaCl, and the precipitate way rﬁétk&fehe-‘!,{gl1'1)'-pregﬁétiiené-.é;ﬁo-d;‘oné'i7-(é’-§g;’o.h_té)'.2k
collected, dried, and placed on PLC plates (CHCL-EtOAc, 9:1), acetate (17) (0.414 g, 43%), used directly in the next step: 'NM

affording 2a (0.37 g, 54%), crystallized from CH,CI,-Et,0: NMR 6.5.43.(16-CH,), 5.58 (11-H). ALETORNCE g
6 4.27-4.43 (11a-H, br), 5.55 (115-OH, d, 4 Ha)xvr g vaenpion) .4 As in the preparation of 2a, the A?@”,I_,Z‘(O..Z_ls £.0.44 mmol)

Sa-Chloro-16a-methy)'118,17a,2(-trihydroxy-1 4-pregna: grid DDH (0.1 g, 0.5 mmol) in the presence of 10% HCIO, (0,08
diene-3,20-dione 17-(2-Furoate) 21-Methoxyucetate (2b). ml) in water (0.19 mL) and THF (4 mL) gave, after the usual

16a-Methyl-170,21-dihydroxy-1,4,9(11)-pregnatriene-3.20-dione workup and PLC (CHCL:-E1QAc, 10:1), 2i (0.094 g, 39%), crys.

17-(2"-furoate) (9¢) (0.5 g, 1.12 mmol) and methoxyacetyl chloride tallized from CH,CI,-hexane: NMR 5 4.42 (ug;}fl'),ﬁ;@ (16-CH)),

(0.16 mL, 1.75 mimol) were mixed in pyridine (3 mL) at 0-2 °C. 368 (118-OH, d, 5 Hz)s 265 s wifasiogh S, RIETSRAY Ty
After 105 min and the usual workup with aquecus NaC) solution, 16a-Methy)-118,17a,21- g'j_hyd_l_'oxy-1,4-pr¢gnadjgne;3,20;

the isolated solids of 9b (0.5 g) were used directly in the next step. dione 17-(2Furoate) 21-Propionate (2j). Asin the préparation
As in the preparation of 2a, 9b (0.48 g, 0.92 mmol) with 70% of 4a, 182" was converted to 18b, which on reduction with NaBH,
HCIO, (0.17 mL) in water (0.42 mL), DDH (0.127 g, 0.64 mmol), afforded 2§ (35% from 18a), crystallized from CH,Cl;-hexane.
and THF (9 mL) gave chlorohydrin 2b in 4% yield, crystallized }L‘J_lﬂ,‘ltd7a,21-'r£i')1 d!oxy-}!4;-P[ggggﬁxf§q:3,29:_ ione 17-(2"
from CH,C1,"Et,0: NMR § 4.33-443{(1a-H), 59RO, d, ] uroate) 21-Adetats {2k). As in the Preparation of 4a;pred-
4 Hz). The related 9a,118-dichloro steroid was also obtained, in hisone 21-acetate (19a) Wwag converted to 19b (35%), which on
T sield, T T R RN reduction with NaBH| atforded 2k (58%%)’ solid Troma CHLCL
9a,2l-Dic'm,ori»1‘1ﬁ;|7a:dih'ydrqx'y.16&-metn'y|-'1,‘4:;sirég;i’é- Et,0-héxane: EI MS, mfe d496. - . csui
diene-3,20-dione 17-(2-Furoate) (2¢). As in'thé preParation” " "Prepyration of 2a via 9,11-Oxide, To a prepared mixture
of 2a, 21-chloro-lﬁa-methyl-]7a~hydroxy-1,4,9(]lf-pre'ﬁgﬁafri-' 6f4;-DMr.:\P {049g, 4 pmol), 2-FA (0412 ¢, 2'mmol), and CH (13]2
ene-3,20-dione 17-(2"furoate) (10a) (0.24 g, 0.5 mmol) with 70% # mL) éi‘fdon'; “temperature and being stirred was ad ed
-HCIO, (0.09 mL), water (0.21 mL), and IS‘D_H (0.059 g) in THF - ... 1‘7@,21-gihydrqiy.;ea;methyl-g;rw-oxido1,43>i¢gnzdi,ene.‘3.2(»
(8 mL) and the usual workup including PLC (CHCL,-EtOAe, 9:1) . dione 2L-acetate (13a) (0414 g, i mmol).’ After being stirfed for .
' ' ction mixture was evaporated

¥

MR ¢ 4.35-4 e, turated, with water, The solids were
d 9a,118-djchlc steroid was also obtaimed, -. .- tered, and purification vig PLC {évﬂblfl_?,‘tOAc,_l_&‘l) afforded
9% yield [ o G AT o s it S ¢+18b, (0.0 ¢, 88%), which was used in the folloving sie.

9a,21-Dichhlore-115,{7a-dihydro y-16a-methyl-1,4-preg- cul ’Ijq‘,l‘.‘{li (0.17 g, 0.3 mmol) wi h stirring in‘acetic acid (1.5 ml)
nadiene-3,20°dione l7-(2’l’f'h¢’xi'ojab)' (2d). As'in'the prephratiof * - wwidadded at 0-2*Ca .3 mL solution of HCl-a¢étic acid (0.0213

. Hz). The rel

° 2a, 21-ch]oro-l7a-hydroxy-16a-7neihyl-l,4,'9(1l)~ﬁfé§n"a{fri'— g HC The_Séling.batlj'ﬁié?féih'&{éa,'énd the réaction mixtude

«€-3,20-dione 17-(2"-thenoate) (10b) (1.07 g 2.2 mmol) with DDH ‘stirred for 45 min:* Water was added and the precipitate
ry 8. 70% HCIO, (0.36 mL) in water (084 mL), and THF (285 cllscted, washed (dilute dqieous Na,CO,, water); snd dried (50
mL) afforded, after PLC (CHCL,~EtO ¢, 1) purification, the °¢)_Lglvmg23 (0.16 g, 929% i AW ;B‘_ iR SNITSTH: -
9.11-chlorohydrin 2d (0.47 g, 41%), crystallized from CH,Cl,~ y ‘_'r,'g'g;‘# . Esterification of 1 l‘,'l.:;‘l-.m _ihydroxqulagght 8, .
hexane: NMR & 4.25-458 (11a-H, br), 557 (1.0H, d, 5 HY.,  |¢: ethy gne-,(fz.ﬁa;z,l-g}hyd.‘»qu:r,aiii'r‘e" diene-920-

% .
The related 9a,118-dichloro steroid was also obtained, in 8% yield. dione” J‘fv_ 2" Furogfe) ;2'3}39‘_&;;&74{3(25)‘."gggéfﬁ?mﬁ};rﬁ:é%j; O
9a-Chloro-lIB,I7a-'dihydroxy_-2'l_;.l_'lugrq-,lﬁq-mgthy)-1.4- préparatiy ‘§ﬁx‘! bu with J-pymbdinspyg:'dgnea-lpp).a‘l}_‘lﬁﬁ-# .
pregnadiene-3,20-dione 17-(2"-Furoate) (2e), Asin the prep- of | %"U{e*(},y]en‘e.ﬁﬁﬁa,éi’{;n\ya&xvt4-prégﬁa&g€ﬁ'e-§;ﬁb—§noﬁe
aration of 2a, 21-fluoro- 17a-hydroxy-16a-methyl-1,4,9(11)-preg- 2Ljacelate (14) 04148, 'T mmol), 4-PP (0.96 g, 6.1 mmol), and

patrienc-3,20-dione 17.(2-furoate) (10c)? (035 ¢) with DDH (0085 2.KC (0.12 3L, 1.2 minl) in CH,Cl, (7 mL) wabstirred atyoom .
g), 70% HCIO, (0.12 mL) in water (0.28 mL), and THF'(G,mL) terpperatre' for 4 days The solvent was’evaporated and the

afforded, after PLC purification (CHCI-EtOAc, 91) the 9,11 residue triturated succéssively with dilute aqueghs HC), water, -
chlorohydrin 2e (0.22 g, 67%). crystallized from CH,Cl,~hexane. dll{lw, Ng,CO;rand water, The collected solids were purified

xane. C ledyvig Y
The related 9a,118-dichloro steroid wag also obtained, in 8% yeld.  PLC C}_i_Clg—I:",tOAgL"f:l, 19:1) to- iyg"g‘h”(‘l?_% yield). "0 e oo

6a-Fluoro-16a-methyl- 18)7a,21-trihydréxy-1,4- pregia- .. da:Fluoke 16a methyY i 13,17 I-trihydroxy-Y,4-pregna:
diene:3,20-dione l7-(2f-Fu§-oate) 21-Acetate (21).” As'in the gﬁé%?'-'ﬁzb;dl‘one'lﬁ(g'%\’ thy‘]-é’-’héﬁt’)ﬁt’e)’21’-A"cefg&é"(ﬁifl
H ey P i P Loy s s, Y ) 3 [

Ptéparation of 4a, I'la! was gétivefge;d"tgtl;li_(lf%) v&f_\_icﬁ',b_n A: ?g,l\{l,ﬁ!_'fé‘ qfs‘{e},émetﬁqs&,ej 2?35&%“55 1%

eduction with NaBH, afforded 2 (41%). ctydtallized from Bt- - &° ,-mﬁ;‘)}henoyréﬂ ride (0.71 g, 19 o), 4" IMAP (5'e;

w SACREREY, T T Ly AR E 248 finol) in CH,CY, (lo i), and DME (25 mL) was siirred
_#~ ?1-Dichloro-1 ll?,f7é-,d,ﬁ:y3'r6x9’-gahu,o!w.lﬁg:@e.t. I at roor terfpéritITe for 3 days. The Gsia workuphd purifi-
I, éeghadicne 3,20 diope 1712 Futbate) (28).. AL In. the cation Via PLC CHCl-EtOA«, 50:1, 10:T, 20%1) affardod 18 (0,148
préparation of 2a, 21-chloro-§ Jv!lﬁéf?-f.i?é?gy roxy:loa- 8. 11%), crystallized from CH,CLYELO: NMR 8 4.18 (11a°H);
methyl L4311} pregnatriens 3 M. dione (7.5 furchte) (19) (067 a4 (118-OH, exthangeable); NMR 4 (CBCly) 253, (5-CH;)

u.
oL
]

" mmol) Was tréated with DDH (0:24 1.9 o)) ‘and 10% st Methods, Crofon i Induced Ear Inflgmmation
10, (0.3 mL) in water (0.7 mLj ar Q‘T‘p:zzsé'm‘t;)."infir‘me ' M_igg.,_'_ijopi.cgr gpijig ) f;a !—;‘Zsc’{.’vsfy‘ %3};@%‘%%&%@*

uswal workup and purification via silica gel G50, 3 (0.3, 32%) by of the met Ba‘ig,‘j:“' Compounds

v ( ' Al modificatio f the method nelli et al18"¢
was obtained and crystallized from CH,Cl,-E6,0; ELMS, m/e rangin t%\&)'::éq)ﬁége%},r\guoq ror 104 &33:19’?‘7 civ:'/v ) W f,%,:a;g-
sor(M - CH,CI; NMR §4.34-4.57 (21-CH, and 110:H), 530 and . S0lvoel 15 505 fh g of e 0.7% SH6i3h ol A VehiclE comiahtig
er, and 749 diethyl ether (v/v). Tep.

Mo st SO, &, § Haonagit 3 fusita,. 0% Byiding, S900whES o
sia-Methylene-116,17a.21-trikydroxy-14 preguadicnc. mfu%l"er eliquols o each test solution WErE'sbblied th the gt

oo i, 16 (B comue) 24iRcctate (2h). Asin hiprepa-  asbell oot pitindé‘of the test animals, daily, for 5 days. Fioe

ration of 4a, 16a’® was cop\;e 1 NI : ]

to 16b (40%)." which on‘reduction hours following the last treatment, the animals Wé’r'é“ sacrificed,

with NaBH afforded 2h (30%), crystallized for EtOAc“hexdbe.  apd 6:mm gunth biopsies of both ears &ere femoved and weighed.
Sa-Chloro-16. methylene-115,17a,21-trihydFbyy.1 d preg. - Potencies were de rmined relatiye to betamethasone 17.valerate
nadiene 3,20 dione 17-(2" Furoate) 21 Acetaie (21). Toa so- (20) by usingthe, mean of eft plus right ear punch weights,

lution of the ifﬂ-hycﬁbxy'sf_el’éid‘,zh;(iloﬂ}"2'?5:11"6] InDMF (75 . The H:h.assay wad tarried ouf id ntically, but the tesh animals
) and collidine (2.5 mL) gt § °C M’éfgféfi.éﬁfif‘?f'i?.;ﬂ;ﬁfinzﬁ: 476 Sacrificed 5 ¥ (allowing's Sine dvie weatn Tl
Souion) 1o S0, s e (AL g of eyl eridermbor XIS AP fheani r. Mohindas Bise i
solution) in SO, under N, 16 "The cooling bath waf Hirdoved, an helpful discussions concerming mesprct st op Tail
the ﬁifx'g@ir’ié'wivés ol fé'iié}h?gﬁﬁ , r}x"tén':pe?a fg??e"'fo'i'ég helpfrxl discussions concerning mterp;etgtqu of

A 2 g A (1)) Merck & Co. British Patent 888974, Feb 7, 1962;
(16) Hazen, G. G.; Rosenberg, D. W. J. Org. Chom, 1964, 29, 1930. 1983, 59, 11610d. AR Vi B

e Pt band ) uavroad B 3. 003 g 28R INDLAL S TR RS L0n
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