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Sammy-The effect of various heteroaroyl groups in the 17-position of topical corticosteroids has been 
studied. The corticosteroids esterified at C1, were of 9a,ll@dichloro, 9a-chloro 1 la-hydroxy and 
9a-fluoro 11/3-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) either in the 9a,llp-dichloro, or in the 9a-chloro 1 I&hydroxy series. 
These compounds were at least 6 times as potent as betamethasone 17-valerate. Among 16-substituents 
studied 16cr-methyl compounds had the highest potency. Topical anti-inflammatory potencies were 
determined by using a S-day modification of the croton oil ear assay in mice. The more potent compounds 
were also evaluated in the P. ooafe induced chronic psoriaform lesion in the guinea-pig. 

INTRODUCTION 

Since the original demonstrations [ 1,2] of the 
efficacy of cortisol and cortisol 21-acetate in the 
treatment 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, dexamethasone 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 betamethasone led to compounds very widely 
used in local steroid therapy. Most of the topical 
corticosteroids in current clinical use belong to these 
structural categories, although there are important 
examples of 17-deoxy 2 1 -esters, and 17-oxygenated 
2 1 -chloro corticosteroids too. 

In this communication we describe a novel series 
of corticosteroid l7-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 l7-position of a variety 
of corticosteroids possess very high topical anti- 
inflammatory potency. The first part of this paper will 
deal with their synthesis, whereas the structure- 
activity relationships which have been derived will 
be discussed in more detail in the second part. 

EXPERIMENTAL 

Synthesis of corticosteroid l7- heteroarylcarboxylates 

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

*This paper is dedicated to Professor George Biichi for the 
occasion of his 65th birthday. 

esterification procedure recently published [4] for a 
specific application. Thus, with the use of the ap- 
propriate acid chloride and a nitrogen base, such as 
4-dimethylaminopyridine (DMAP) for activation 
of the acylating agent, a large number of 17- 
heteroaromatic esters were prepared (Fig. I): 

The acylation reaction of the 17-hydroxy group 
was preferentially carried out (a) in the 9, I I -dichloro 
series, (b) in the 9( I 1) series, and (c) in the I I -keto 
series, substrates having no additional hydroxyl 
function, in order to avoid unwanted esterification 
(Fig. 2). 

Using the methodology described above we pre- 
pared a variety of diesters, with the 17-ester being a 
heteroarylcarbonyl, in the 9~,1 I@dichloro (II), the 
YcY-chloro I l@hydroxy (V) and the Ycy-fluoro I I p- 
hydroxy (VIII) series. 

Removal of the 21-ester with selective hydrolysis 
using HCIO,-MeOH, followed by conversion via 
the 21-mesylate to the 21-chloro 17-ester in the 
A”““-series (d) or in the 9cr-fluoro 1 I/3-hydroxy 
series (e) is shown in Fig. 3. 

CH CJAC 
I 2 

CH OAC 
I 2 

DMAP , CH2C12 

Fig. 1. 

x37 



X38 THOMAS L. POPPER et al. 

VI VII 

(R'*CH3CO.C$$0. C3H7CO,CHJOCH;!CO; DDH=l, 3~dichloro-5i,5-dimr~hylhydontoln). 

Fig. 2. 

VIII 

RESULTS 

Structure-activity relationships of the 17- heteroary- 
foxy cor~cas~roids 

Croton-oil-induced ear in~a~~at~on in mice. 
Topical anti-inflammatory activity was deter- 
mined in mice by a modification of the method 
of Tonelli et al.[S]. Compounds ranging in concen- 
tration from 10e4 to 10w6% (w/v), were dissolved in a 
mixture of O&0.7% croton oil in a vehicle contain- 
ing 20% pyridine, 5% water and 74% diethyl ether 
(v/v). Ten-p1 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 B-mm 
punch biopsies of both ears were removed and 
weighed. Using the mean of left 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 17,2 l- 

dipropionate (compound 39) and hydrocortisone 
(compound 40) are also listed. 

P. ovale-induced caroms psoriafo~ lesions in 
guinea-pigs. The histopathoiogy of psoriasis is 
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 af.[6] reported that topical 
application of killed Pi~ros~ru~ ovale (Malassezia 
ovalis) on rabbit skin produced a lesion resembling 
psoriasis. This supports the suggestion that P. ouale, 
a lipophilic yeast, is associated with several skin 
disorders in man, including psoriasis [7-IO]. We 
selected the guinea-pig to study a P. ovale-induced 
psoriaform because of the analogous anatomical 
character and percutaneous absorption patterns be- 
tween guinea-pig skin and human skin [ 1 l-l 31. On 
repeated application of killed P. ouale suspensions 
we are able to induce classic psoriaform lesions in 
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guinea-pigs, and these lesions responded 
corticosteroid therapy. 

XIV 

Fig. 3. 

to topical 

Psoriaform lesions are induced by 10 repeated 
daily applications of heat-killed P. ode suspension 
to the outer surface of the right ear of young male 
Hartley guinea-pigs. Starting on the eleventh day, a 
0.12-m] aliquot of the test steroid in pyridine-water- 
ether (20: 5 : 75) is applied on the lesioned ear 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 to that obtained by betamethasone 17- 
valerate (Table 2). 

IWXUSSION 

It is apparent from inspection of Table 1 that 
introduction of 17-heteroaryl carboxylates affects 
the topical anti-inflammatory potencies of various 
series differently. 

In the 9, I I-dichloro series, the potency of the 
17,2 I-diesters with the exception of the 17(2’- 
thenoate) 21-acetate (compound 4) and 17(2’- 

furoate) 2 I -methoxyacetate (compound 7) did not 
significantly differ from the standard betamethasone 
valerate. Replacement of the 21-acyl function with 
chlorine, and in one case with fluorine, led to sig- 
nificant enhancement in topical anti-inflammatory 
potency. Thus, the 21-chloro 17(2’-furoate) (com- 
pound 8) was 8 times as potent as betamethasone 
valerate in the croton oil ear assay, and 6 times as 
potent in the guinea-pig P. ovale assay (Table 2). 
Other 21-halogen0 9,11-dichloro 17-heteroaroyl 
esters with significantly enhanced topical potency 
were the 2 1 -chloro 17(2’-thenoate) (compound 10). 
the 2 1 -fluoro 17(2’-furoate) (compound 11) and the 
6cu-fluoro compound (compound 14), all at Ieast 3 
times as potent as standard. 

In the Bcu-fluoro 11 P-hydroxy series, the 17,21- 
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) 21-propionate (compound 19) which was 6 
times as potent as standard. Other compounds in the 

series with high potency were the 17(2’-furoate) 



T
ab

le
 

1.
 T

op
ic

al
 

an
ti-

in
fl

am
m

at
or

y 
po

te
nc

ie
s 

of
 c

or
tic

os
te

ro
id

 
17

-h
et

er
oa

ro
yl

 
es

te
rs

 
in

 t
he

 c
ro

to
n 

oi
l 

as
sa

y 

C
om

po
un

d 

no
. 

R
2 

C
1

6
X

W
W

 

A
dd

iti
on

al
 

fe
at

ur
e 

T
op

ic
al

 

po
te

nc
y*

 

2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

I5
 

2’
.F

ur
oy

l 
O

C
O

C
H

, 

16
 

3’
-F

ur
oy

l 
O

C
O

C
H

, 

17
 

l’
-T

hc
no

yl
 

O
C

O
C

H
, 

18
 

2’
-F

ur
oy

l 
O

C
O

C
H

,, 

19
 

2’
-F

ur
oy

l 
O

C
O

C
zH

S 

20
 

2‘
-F

ur
oy

l 
O

C
O

C
H

zO
C

H
, 

21
 

2’
-F

ur
oy

l 
C

l 

22
 

3’
.F

ur
oy

l 
C

l 

23
 

?‘
-‘

l‘
hc

Il
ov

l 
C

l 

24
 

2’
-F

ur
oy

l’
 

C
l 

2s
 

3’
-F

ur
oy

l 
c’

l 

26
 

2’
-F

ur
oy

l 
O

C
O

C
H

, 

2’
-F

ur
oy

l 
O

C
O

C
H

, 

3’
-F

ur
oy

l 
O

C
O

C
H

3 
2’

.‘
l’

hc
no

yl
 

O
C

O
C

H
, 

3’
-‘

l‘
hc

nr
,y

l 
O

C
O

C
H

, 

2’
-F

ur
oy

l 
0c

oc
1-

f,
 

2’
-F

ur
oy

l 
O

H
 

2’
.F

ur
oy

l 
O

C
O

C
H

20
C

H
, 

2’
-F

ur
oy

l 
C

l 

3’
-F

ur
oy

l 
C

l 
2’

- 
I‘

hc
n~

Iy
l 

C
l 

2’
-F

ur
oy

l 
F 

2’
-F

ur
oy

l 
C

l 

2’
-F

ur
oy

l 
O

C
O

C
H

3 

2’
-F

ur
oy

l 
C

l 

a 
- 

a 
- 

a 
- 

; 

- - 

lx
 

- 

a 
- 

a 
- 

a a 
- 

; 

- - 

a 
ha

-F
 

a 
ha

-F
 

a 
- 

a 
- 

; 
- 

a a a 0 ; 

=G
H

z 

1 
I-

on
e 

1.
2 

(0
.7

4-
2.

 
IO

) 

1.
4 

(1
.2

5-
1.

61
) 

0.
8 

(0
.2

3-
I 

.3
4)

 

3.
2 

(2
.1

0-
4.

27
) 

1.
7 

(0
.8

1-
2.

85
) 

0.
9t

 

3.
0 

(0
.3

4-
4.

81
) 

8.
2 

(4
.4

1-
13

.1
) 

1.
7 

(1
.8

-2
.6

8)
 

3.
3 

(2
.5

5-
4.

35
) 

4.
0 

(2
X

-5
.3

5)
 

0.
8t

 

1.
8 (

1.
46

-2
.0

4)
 

3.
0 

(1
.2

3-
4.

87
) 

2.
2 

(1
.5

3-
2.

Y
O

) 

3.
2 

(1
.4

5-
4.

64
) 

2.
Y

 (
2.

23
-3

.8
4)

 

0.
2 

(0
.1

 g
-0

.2
8)

 

6.
8 

(4
.2

4-
9.

19
) 

3.
2 

(2
.5

3-
3.

55
) 

2.
3 

(1
.2

6-
3.

77
) 

1.
2 

(0
.8

3-
1.

54
) 

2.
6 

(1
.4

6-
3.

82
) 

0.
9t

 

1.
7t

 

1.
1 

(0
.4

1-
1.

Y
2)

 



27
 

2’
-F

ur
oy

l 
0C

O
C

H
3 

a 
28

 
?‘

-F
ur

oy
l 

O
C

O
C

H
,O

C
H

L
I 

a 
29

 
2’

-F
ur

oy
l 

C
l 

a 
30

 
7*

-~
rh

et
~0

vi
 

C
l 

u 
31

 
2’

.F
ur

oy
l 

F 
a 

32
 

2’
-F

ur
oy

l 
C

l 
33

 
2’

-F
ur

oy
l 

0C
O

C
H

3 
=

C
?H

, 

- 
4.

4 
(I

 .2
8-

7.
82

) 
- 

4.
3 

(0
.8

8-
7.

90
) 

- 
6.

1 
(2

.5
0-

11
.5

5)
 

- 
4.

5 
(3

.4
0-

5.
52

) 
- 

4.
4 

(2
.3

6-
7.

67
) 

6a
-F

 
5.

1 
(4

.5
0-

5.
70

) 
- 

7.
2 

(2
 0

1-
2.

4X
) 

34
 

O
C

O
C

H
, 

- 
ba

-F
 

2.
1 

(1
.0

-3
.0

7)
 

3s
 

O
C

O
C

H
, 

- 
- 

1.
2 

(0
.5

8-
2.

20
) 

36
 

0C
O

C
2H

S
 

- 
- 

1.
5 

(0
.9

4-
2.

06
) 

37
 

O
C

O
C

H
, 

- 
;; 

- 
0.

9 
(0

.6
4-

1.
11

) 

B
et

am
et

ha
so

ne
 l

7-
va

le
ra

te
 

38
 

1 .
O

 (s
ta

nd
ar

d)
 

B
ck

im
et

ha
so

nc
 1

7.
2 I

 -d
ip

n)
pi

on
at

e 
39

 
1.

4 
(0

.6
8-

2.
20

) 
H

yd
ro

ct
at

is
on

e 
40

 
0.

01
 (0

.0
1-

0.
01

1~
 

*S
ta

tis
tic

al
ly

 
de

ri
ve

d 
es

tim
at

ed
 

cu
m

ul
at

iv
e 

po
te

nc
ie

s 
re

la
tiv

e 
to

 b
et

am
et

ha
so

ne
 

17
-v

al
er

at
e 

(1
.0

).
 N

um
be

rs
 

in
 p

ar
en

th
es

es
 

ar
e 

es
tim

at
ed

 
95

%
 l

ev
el

 c
on

fi
de

nc
e 

in
te

rv
al

s 
of

 p
oo

le
d 

es
tim

at
es

. 
IS

in
gl

e 
as

sa
y.

 



842 THOMAS L. POPPER et ai. 

Table 2. Topical potencies of corticosteroid 17- 
heteroaroyi esters in the P. ovale guinea-pig ear assay 

Compound 
No. 

1 
8 

10 

:: 

Topical potency* 

5.24 (3.20-9.57) 
6.06 (5.59-6.53) 
0.68 (0.36-1.23) 
2.28 (1.67-2.89) 
3.00 (0.47-8.40) 

;; 
3.92 (2.38-7.08) 
3.82 (1.99-10.36) 

37 
38 (betamethasone 17-valerate) 
39 (bethamethasone 

17,21-dipropionate) 

--t 
1 .OO (standard) 
1.87 (1.09-3.85) 

40 (hydro~ortisone) 0.036 (O.Ol~.OB) 

*Statistically derived potency relative to betamethasone 
17-valerate (1 .O). Numbers in parentheses are estimated 
95% level confidence intervals of pooled estimate. 

tmhibition (62%) at 0.05% (100 @l/day). 

21-methoxyacetate (compound 20), 17(3’-furoate) 
21-acetate (compound 16) and 17(2’-thenoate) 21- 
acetate (compound 17), all 3 times as potent as 
betamethasone valerate. Two compounds in this 
series (com~unds 15 and 21) were tested in the 
guinea pig P. ouale mode1 (Table 2) showing com- 
parable potency to that measured in the croton oil 
ear assay. The 21-chloro 17-esters (compounds 21 
and 23) were twice as potent as standard. Thus in the 
OcY-fluoro ll&hydroxy series introduction of a 
21-halogen has not shown the strong potency- 
enhancing effect observed in the 9d,ll/3-dichloro 
series and in the 9a-chloro 1 I@-hydroxy series. 

In the 9cY-chloro lip-hydroxy series both the 
21”halogen0 17-esters and a few representative 
17,21-diesters showed high topical anti-inflam- 
matory potencies. Thus, the 2 I-chloro 17(2’- 
furoate) (compound 29) was 6 times as potent as 
~tamethasone valerate. In the guinea-pig P. ode 
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 6cu-fluoro analog 
(compound 32) were all at least 4 times as potent as 
standard. Two diesters in this series (compounds 27 
and 28) also showed the same high topical potency 
noted for the 21-halogen0 17-esters. The high 
potency of compound 27 was also confirmed in the 
guinea-pig P. ode model (Table 2). Overall, the 
9cu-chloro ll~-hydroxy series provided the most 
consistently potent topical anti-inflammatory agents. 

Among the 17-acyl functions the 2’-furoates were 
examined most extensively. Representative 3’- 
furoates, 2’-thenoates, and 3’-thenoates were 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 

and thenoates were also prepared, but showed lower 
potencies. It is worthwhiIe to note that the 17(2’- 
furoate) 2 I-methoxyacetates (com~unds 7, 20 and 
28) consistently showed high topical anti-inflam- 
matory potencies compared with other 17,2 1 -di- 
esters. 

The influence of the 16-substituent is quite con- 
sistent throughout the 3 series, with 16cy-methyl 
substitution being the most favorable. Although only 
a few 16P-methyl 17-heteroaryl carboxylates were 
prepared, their topical anti-inflammatory potency 
was usually lower than the corresponding 16~ 
methyl epimers, i.e. compound 12 vs 8, compound 
24 vs 21, compound 18 vs 15, the only exception 
being compound 5, somewhat more potent than the 
16cr-methyl (compound 1). However, compound 1 
has shown unusually high potency in the guinea-pig 
P. ouale model (Table 2), an assay where compound 
5 was not tested. A few representative 16-methylene 
17-heteroaryl carboxylates were synthesized, and, at 
least in two cases, compound 26 vs 15 and compound 
33 vs 27, their topical potencies were significantly 
lower than those of the corresponding 16cu-methyl 
analogs. 

The effect of the 6a-fluoro group, normally a 
potency-enhancing substituent, was somewhat in- 
consistent. In the 9,ll -dichloro series, compound 
14, the 6ia-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, 1. In the 9,21-dichloro 
series both compound 29 and its &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 of Ycr,l l&dichloro-, 9,cr-chloro 1 I@hydroxy, 
and 9cu-Ruoro 11 P-hydroxy corticosteroids, resulted 
in significant enhancement of topical anti-inflam- 
matory potency, The 9.2 I-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. 
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manuscript. 
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