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107659-34-7; (±)-73, 107659-35-8; (±)-74, 107659-36-9; (±)-75 
107710-87-2; (±)-76, 107659-37-0; 77, 104941-05-1; (±)-78 
107659-38-1; 79, 107659-39-2; (±)-79-ol, 107680-48-8; 80 
107659-40-5; 81, 107659-41-6; 82, 107659-42-7; 83, 107741-25-3-
84, 107741-26-4; 85, 107659-43-8; (±)-86, 107659-44-9; (±)-87 
107659-45-0; (±)-88, 107741-27-5; (±)-89, 107741-28-6; (±)-90, 
107659-46-1; (±)-91, 107659-47-2; (±)-92, 107659-48-3; (±)-93, 
107659-49-4; (±)-94, 107659-50-7; (±)-95, 107659-51-8; (±)-96 
107659-52-9; (±)-97, 107659-53-0; (±)-98, 107659-54-1; (±)-99, 
107659-55-2; (±)-100, 107659-56-3; (±)-101, 107659-57-4; (±)-102, 
107659-58-5; (±)-103, 107659-59-6; (±)-104,107659-60-9; (±)-106, 
107659-61-0; (±)-107,107659-62-1; (±)-108,107741-29-7; (±)-109, 
107741-30-0; (±)-110,107768-18-3; (±)-lll, 107659-63-2; (±)-112, 
107659-65-4; (±)-113,107659-65-4; (±)-114,107659-66-5; (±)-115, 
107659-68-7; (±)-116, 107659-68-7; (±)-117,107659-69-8; (±)-118, 
107659-70-1; (±)-119,107659-71-2; (±)-120, 107659-72-3; (±)-121, 
107659-73-4; (±)-122,107659-74-5; (±)-123,107659-75-6; (±)-124, 
107741-31-1; (±)-125,107659-76-7; (±)-126, 107659-77-8; (±)-127, 
107659-78-9; (±)-128, 107659-79-0; (±)-130,107742-31-4; (±)-131, 
107659-80-3; (±)-132,107659-81-4; (±)-133, 107659-82-5; (±)-134, 
107659-83-6; (±)-135,107659-84-7; (±)-136,107659-85-8; (±)-137 
(isomer 1), 107741-32-2; (±)-137 (isomer 2), 107741-33-3; (±)-139 
(isomer 1), 107741-34-4; (±)-139 (isomer 2), 107741-35-5; (±)-141 
(isomer 1), 107741-36-6; (±)-141 (isomer 2), 107741-37-7; (±)-143 
(isomer 1), 107741-38-8; (±)-143 (isomer 2), 107741-39-9; (±)-145 
(isomer 1), 107741-40-2; (±)-145 (isomer 2), 107741-41-3; (±)-147, 
107679-86-7; (±)-148, 107659-86-9; (±)-149, 107659-87-0; (±)-150, 
107659-88-1; (±)-151, 107679-87-8; (±)-152,107679-88-9; (±)-153, 
107679-89-0; (±)-155,107679-91-4; (±)-155 (free base), 107679-90-3; 
(±)-156,107679-92-5; (±)-157,107679-93-6; (±)-158,107679-94-7; 
(±)-159, 107679-95-8; (±)-160,107679-96-9; (±)-161,107679-98-1; 
(±)-161 (free base), 107679-97-0; (±)-162,107679-99-2; (±)-163, 

This paper describes a new class of corticosteroids with 
high topical antiinflammatory potencies.1 Some of the 
compounds described in this paper have shown higher 
topical antiinflammatory potencies than any other topical 
corticosteroid tested in our laboratories. 

This class of corticosteroids consists of aromatic heter
ocyclic ester derivatives of the 17-hydroxy function of the 
side chain. These include furoyl, thenoyl, and pyrrolyl-
carbonyl esters. The corticosteroids reported here are 
9a,ll |8-dichloro compounds, while the 11-oxygenated 
analogues will be described elsewhere. 

Corticosteroid 17-benzoates have demonstrated sub
stantial topical antiinflammatory potency.23 In particular, 

(1) Shapiro, E. L. U. S. Patent 4 472 393, Sept. 18, 1984; Chem. 
Abstr. 1985, 102, 95905ft. 

(2) DiPasquale, G.; Rassaert, C. L.; McDougall, E. Steroids 1970, 
16, 679. 

107680-00-2; (±)-164, 107680-01-3; (±)-165, 107680-03-5; (±)-165 
(free base), 107680-02-4; (±)-166, 107710-88-3; (±)-167, 107680-
04-6; (±)-168, 107680-05-7; (±)-169, 107680-06-8; (±)-170 
107680-07-9; (±)-171, 107680-08-0; (±)-172, 107680-09-1; (±)-173, 
107680-10-4; (±)-174,107680-11-5; (±)-175,107680-12-6; (±)-176, 
107680-13-7; (±)-177,107680-14-8; (±)-178,107711-01-3; (±)-179, 
107680-15-9; (±)-180, 107680-16-0; (±)-181, 107680-17-1; (±)-182, 
107680-18-2; (±)-183,107680-19-3; (±)-184, 107680-20-6; (±)-185, 
107680-21-7; (±)-186,107680-22-8; (±)-187,107680-23-9; (±)-188, 
107680-24-0; (±)-189,107680-25-1; (±)-190, 107680-26-2; (±)-191, 
107680-27-3; (±)-192, 107680-28-4; (±)-193, 107711-02-4; (±)-194, 
107680-29-5; (±)-195, 107680-30-8; (±)-196, 107680-31-9; (±)-197, 
107680-32-0; (±)-198, 107680-33-1; V (Ri = R2 = 2,4-dichloro
phenyl), 107680-34-2; V (Rj = 2,4-dichlorphenyl, R2 = p-chloro-
phenyl), 94171-11-6; VI (Rt = isopropyl, R2 = 2,4-dichlorophenyl), 
107711-03-5; VI (R2 = R2 = 2,4-dichlorophenyl), 104941-05-1; VII 
(Ri = isopropyl, R2 = 2,4-dichlorophenyl), 107680-35-3; VII (Rj 
= R2 = 4-chlorophenyl), 29425-79-4; VII (Rj = R2 = 2,4-di
chlorphenyl), 107680-36-4; (±)-X (Rx = R2 = 2,4-dichlorophenyl), 
107711-04-6; (±)-X (Rx = R2 = 4-FPh), 53458-16-5; (±)-XI (Rj 
= r2 = 2,4-dichlorophenyl, R3 = H), 107680-37-5; (±)-XI (R! = 
R2 = 2,4-dichlorophenyl, R3 = p-CH3PhS02), 107680-38-6; (±)-XII 
(Ri = 4-chlorophenyl, R2 = 2,4-dichlorophenyl), 107680-39-7; 
(±)-XIII (Ri = R2 = 2,4-dichlorophenyl, X = N), 107680-40-0; 
(±)-XV (R! = R2 = 4-FPh), 107680-41-1; (±)-XV (Rj = R2 = 
4-FPh), 107680-42-2; (±)-XVI (R2 = R2 = 4-FPh, R3 = CH3) 
(isomer 1), 107680-43-3; (±)-XVI (Rj = R2 = 4-FPh, R3 = CH3) 
(isomer 2), 107680-44-4; XVII (Rx = R2 = 4-FPh, R3 = CH3), 
107680-45-5; XVIII (R! = R2 = 4-FPh, R3 = CH3), 107680-46-6; 
XXI (Ri = R3 = CH3, R2 = Ph), 55418-35-4; 2,4-dichlorobenzyl 
isopropyl ketone, 107680-47-7; paraformaldehyde, 30525-89-4; 
l-[(trimethylsilyl)methyl]-l,2,4-triazole, 103817-03-4. 

betamethasone 17-benzoate (1) has been used in clinical 
practice for a long time. We anticipated that similar esters 

CH2OH 

of furan-, thiophene-, and pyrrolecarboxylic acids would 
exhibit topical antiinflammatory activity. Accordingly, a 
variety of these esters were synthesized. The results of 

(3) Lutsky, B. N.; Berkenkopf, J.; Fernandez, X.; Monahan, M.; 
Shue, H. J.; Tiberi, R. L.; Green, M. J. Arzneim.-Forsch. 1979, 
29, 1662. 

Synthesis and Structure-Activity Studies of Corticosteroid 17-Heterocyclic 
Aromatic Esters. 1. 9ce,ll/3-Dichloro Series 

Elliot L. Shapiro,* Margaret J. Gentles, Robert L. Tiberi, Thomas L. Popper,* Joseph Berkenkopf, Barry Lutsky, 
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The preparation and topical antiinflammatory potencies of a series of 9«,ll/3-dichloro-16-methyl corticosteroid 
17-heteroaryl carboxylates are described. The 17-acyl group was introduced to the 9a,ll/3-dichIoro 21-acetate by 
direct acylation with the appropriate heteroaryl carbonyl chloride in the presence of 4-(dimethylamino)pyridine. 
Alternatively, the 21-functionalized 17-hydroxy A9(11) compound was acylated at 17, followed by C-ring chlorination. 
The most extensively studied heterocyclic acyl functionality was the 2-furoyl, but the 3-furoyl, and 2- and 3-thenoyl 
derivatives were also investigated. Antiinflammatory potencies were measured in mice by a 5-day modification of 
the Tonelli croton oil ear assay. The most potent topical antiinflammatory compounds were 17-heteroaryl esters 
in the 16a-methyl series where the 21-substituent was chloro or fluoro. Thus 2p [21-chloro 17-(2'-furoate)] was 
8 times as potent as betamethasone valerate, while 2s [21-fluoro 17-(2'-furoate)], 2r [21-chloro 17-(2'-thenoate)], 
and 2v [6a-fluoro 21-chloro 17-(2'-furoate)l were 3 times as potent as betamethasone valerate. 
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animal studies justified our expectations. 

Chemistry 
The preparation of a 17-ester derivative of a cortico

steroid has been generally effected via the 17,21-(ortho 
ester) intermediate A, followed by hydrolytic cleavage to 
the 21-hydroxy 17-ester B4 (with subsequent 21-esterifi-
cation, if desired). Alternatively, the 21-ester C under acid 

CH2OH 

+ RC(OR')3 — -

CH2Ov .OR' 

I V 
0 R 

catalysis can be transformed to the 17,21-diester D. Each 
process suffers from certain disadvantages. The ortho 

CH2OCCH3 u 
OCR 

ester process requires the preparation of the appropriate 
reagent ortho ester, often difficult or inconvenient to 
prepare. The anhydride /acid catalytic process often leads 
to undesired rearrangements of the steroid. 

In the search for an alternate process that would allow 
for the rapid synthesis of a large variety of 17-esters, it 
appeared that a procedure recently published for a specific 
application5 might be applied for our purposes. Thus, with 
the use of the appropriate acid chloride and a nitrogen base 
such as 4-(dimethylamino)pyridine (4-DMAP), a large 
number of 17-heteroaromatic esters were prepared. 

In the Experimental Section, we outline a generalized 
process for 17-esterification of 16-methyl substrates, il
lustrated with 2-furoyl chloride and 4-DMAP in di-
chloromethane, although other acid chlorides used gen
erally followed this procedure. The yields are generally 
in the 30-65% range for first-time preparation of the de
sired esters in the 16a-methyl series. In the 16/3-methyl 
series, uniformly lower yields were experienced. 

Table I lists the 9a,ll|3-dichloro 17-esters prepared. 
These include 2'- and 3'-furoates, 2'- and 3'-thenoates, and 
two nitrogen-containing heterocyclic carboxylates. Com
pounds 2a-h were prepared by reaction with the appro
priate acid chloride6 and 9a,ll|8-dichloro-17a,21-di-
hydroxy-16a-methyl-l,4-pregnadiene-3,20-dione 21-acetate 
(3a).7 Similarly, 3d, the 16/3-methyl analogue7 of 3a, was 
converted to 2i. 

(4) Ercoli, A.; Gardi, R. Belgian Patent 619180, Dec. 20, 1962; 
Chem. Abstr. 1963, 59, 10187d. 

(5) Kerb, U.; Stahnke, M.; Wiechert, R. German Patent 2 748442, 
May 3, 1979; Chem. Abstr. 1980, 93, 168494k. 

(6) Where not commercially available, the requisite acid chloride 
was prepared by standard methods (SOCl2> benzene). 

(7) Robinson, C. H.; Finckenor, L. E.; Tiberi, R. L.; Oliveto, E. P. 
J. Org. Chem. 1961, 26, 2863. 

•Q-

-0" 
a. R' • CH3C00, 16 a 

b. R' " CgH5C00, 16 a 

c. R1 • n-C3H7C0O, 16 a 

d. R' " CHjCOO, 16 d 

t. R' • OH, 1 6 a 

CH, 

o- -a:x» 
Selective 21-deacylation of 2a, 2b, and 2d with 

HC104-MeOH8 gave, respectively, the 21-hydroxy 2j, 2k, 
and 21. The 17-(2'-furoates) 2m and 2n were prepared 
from the corresponding 21-esters 3b and 3c, respectively, 
by using 2-furoyl chloride. 

Our next objective was to synthesize the 21-halogenated 
17-heterocyclic aromatic esters. Attempts to convert the 
21-methanesulfonate derived from 2j to the 21-chloro 2p 
led to gross rearrangements involving the 9,11-dichloro 
moiety.9 Therefore, the conversion of the 21-mesylates 
to 21-halocorticosteroids was carried out on the A9(u) series, 
and these transformations are depicted in 4 —• 5 —* 6 —»• 
2. 

CH^DCOCHj 

o. (1-CH3 
b. /3-CH3 

R = 2'-furoyl, 16o 
R • 3'-furoyl, 16 0 
R,«2'-thenoyl, 16a 
R • 2'-furoyl, 16/3 

The A9(I1) compounds 4a10 and 4b11 were esterified at 
17 with the appropriate acid chloride to give the 17-esters 
5a-d, respectively. Selective hydrolysis of the 21-acetate 
with HC104-MeOH to 6a-d followed by treatment with 
MsCl-pyridine gave the appropriate 21-mesylates, which 

(8) Shapiro, E. L.; Finckenor, L. E.; Pluchet, H.; Weber, L.; Rob
inson, C. H.; Oliveto, E. P.; Herzog, H. L.; Tabachnick, 1.1. A.; 
Collins, E. J. Steroids 1967, 9, 143. 

(9) Heller, M.; Lenhard, R. H.; Bernstein, S. J. Am. Chem. Soc. 
1967, 89, 1911. 

(10) Oliveto, E. P.; Rausser, R.; Weber, L.; Nussbaum, A. L.; Ge-
bert, W.; Coniglio, C. T.; Hershberg, E. B.; Tolksdorf, S.; Eisler, 
M.; Perlman, P. L.; Pechet, M. M. J. Am. Chem. Soc. 1958, 80, 
4431. 

(11) Oliveto, E. P.; Rausser, R.; Herzog, H. L.; Hershberg, E. B.; 
Tolksdorf, S.; Eisler, M.; Perlman, P. L.; Pechet, M. M. J. Am. 
Chem. Soc. 1958, 80, 6687. 



Table I. 9,11-Dichloro Corticosteroid 17a-Heterocyclic Esters" 

no. 

2a 
2b 
2c 

2d 
2e 
2f 

2g 

2h 

2i 
2j 
2k 
21 
2m 
2n 
2o 
2p 
2q 
2r 
2s 
2t 
2u 
2v 
11 

R 

2'-furoyl 
3'-furoyl 
5'-bromo-2'-

furoyl 
2-'thenoyl 
3'-thenoyl 
5'-methyl-2'-

thenoyl 

l '-methyl-2'-
pyrrolyl-
carbonyl 

2'-quinoxa-
linylcar-
bonyl 

2'-furoyl 
2'-furoyl 
3'-furoyl 
2 /-thenoyl 
2'-furoyl 
2'-furoyl 
2'-furoyl 
2'-furoyl 
3'-furoyl 
2'-thenoyl 
2'-furoyl 
2'-furoyl 
2'-furoyl 
2'-furoyl 
betametha

sone 

R ' 

OCOCH 3 

OCOCH3 
OCOCH3 

OCOCH3 
OCOCH 3 

OCOCH 3 

OCOCH 3 

OCOCH3 

OCOCH3 
OH 
OH 
OH 
OCOC2H5 

OCOC3H7 

OCOCH 2 OCH 3 

CI 
CI 
CI 
F 
CI 
OCOCH 3 

CI 
17-valerate 

R " 

H 
H 
H 

H 
H 
H 

H 

H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
F 
F 

C16-
CH 3 

a 
a 
a 

a 
a 
(X 

(X 

a 

P 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

0 
a 
a 

mp, °C 

237-241 d 

228-234d 

220d 

241-243d 

243-246d 

205-207 

213-217d 

244-248d 

240-242 

185 

235-238d 

238-244d 

215-220d 

242-243d 

224-225d 

253-255 
266-268d 

246-249rf 

240-241 d 

249rf 

[ « ] % , deg 
(dioxane) 

+65.7 
+65.7 

+55.6 
+57 
+45.6 

+118.8 

+61.4 

+59.5 
+85.8 

+74.5 
+73 

+135.9 
+60.6 
+73.5 

formula 

C29H32O7CI2 
C29H3207Cl2 
C 2 9 H 3 1 0 7 C 1 2 B T 

C29H3206C12S 
C29H3206C12S 
C3oH3406Cl2S 

C30H35O6Cl2N 

C 3 3 H 3 4 O G C 1 2 N 2 

C2gH3207Cl2 

C27H30O6Cl2 

C27H30O6Cl2 

C ^ H ^ O s C ^ S 
C3oH3407Cl2 

^3l"3607Cl2 

^3o"3408Cl2 

C27H2905C13 

C27H2905C13 

C27H2904C13S 
C27H2906C12F 
C27H2905Cl3 
C29H3107C12F 
C27H2806Cl3F 

mol wt 

563.46 
563.46 
642.37 

579.53 
579.53 
593.55 

576.50 

625.53 

563.46 
521.42 
521.42 
537.49 
577.49 
591.51 
593.49 
539.87 
539.87 
555.94 
523.46 
539.87 
581.45 
557.86 

FAB 

563 
563 

641, 643 

579 
579 
593 

576 

625 

563 
521 
521 
537 
577 
591 
594 
540 
539 
555 
523 

581 
557 

UV: Xm„ 
(MeOH), 

n m (t X 10 3) 

244 (26.3) 
237 (17.68) 

241 (22.9) 
238 (22.39) 
241 (20.57) 

277 (14.1) 
237, 3806 

243 (47.2) 
284 (3.6) 
315 (6.81) 
245 (23.34) 
252 (22.94) 
243 (20.91) 
236 (17.4) 
241 (22.3) 
244 (22.3) 
245 (23.6) 
245 (23.3) 
245 (24.3) 
236 (16.3) 
236 (22.4) 
245 (22.76) 
245 (23.43) 
243 (23.8) 
243 (23.0) 

topical potency0 

5 h 

1.4 (0.92-1.78) 
1.3 (0.85-1.92) 
0.6 (0.58-1.13) 

1.3 (1.2-1.4) 
0.9 (0.35-1.29) 
1.2 (0.98-1.30) 

i .r 

0.3 (0.12-0.54) 

1.3 (1.04-1.60) 
0.8 (0.59-1.13) 
0.7 (0.63-0.78) 
0.8 (0.68-0.89) 
1.1 (0.78-1.42) 
1.0 (0.49-1.23) 
1.0 (0.75-1.27) 
1.9 (0.82-3.20) 
1.0 (0.72-1.38) 
0.7 (0.58-0.91) 
1.8e 

1.2 (0.66-1.73) 
3.3 (3.15-3.43) 
2.5 (1.85-3.12) 
1.0 (standard) 

5 day 

1.2 (0.74-2.10) 
1.4 (1.25-1.61) 

0.8 (0.23-1.34) 
3.2 (2.10-4.27) 
0.56 (0.54-0.58) 

1.7 (0.81-2.85) 

0.9e 

3.0 (0.34-4.81) 
8.2 (4.41-13.1) 
1.7 (1.18-2.68) 
3.3 (2.55-4.35) 
4.0 (2.55-5.35) 
0.8C 

1.8 (1.46-2.04) 
3.0 (1.23-4.87) 
1.0 (standard) 

" NMR and infrared spectra were obtained for all targeted compounds and are in the Experimental Section for selected compounds. Mass spectra (EI) were also taken of all 
compounds reported, although not listed in this report. Microanalyses were determined for most targeted compounds. However, persistent solvation was experienced with many 
compounds. ''Ultraviolet spectrum is qualitative. cStatistically derived estimated cumulative potencies relative to betamethasone valerate (1.0). Numbers in parentheses are 
estimated 95% level confidence intervals of the pooled estimates. d Decomposition. e Single assay. 

P 

I1 
TO 

n. 

0o 

CO 
s-
o 
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on treatment with LiCl afforded the 21-chloro 6e-h in good 
yield.12 C-ring chlorination to 2p-r and 2t was effected 

o. R • 2'- furoylj R'« OH, 16o a. R'OH 
b. R>3'-furoyl| R'• OH, 16a b.R'F 
c. R« Z'-lhenoyl; R'« OH, 16a 
d. R- 2'-furoyli R'• OH, 16/3 
e. R" 2'-furoyl-, R'1 CI, 16a 
f. R- 3'-furoyl-, R'» CI, 16a 
g. R» 2'- thenoyls R'= CI, 16a 
h. R- 2'-luroyli R'» CI. 16/3 

in a CCI4-CH2CI2 medium containing Cl2 and pyridine 
hydrochloride. Because of the difficulties in converting 
the 21-mesylate to 21-fluoro in the presence of a 17-ester, 
the transformation had to be carried out on a 17-hydroxy 
substrate. Thus, the 21-fluord 2s was prepared from the 
21-hydroxy 7a via the mesylate, which was heated with KF 
in DMF, affording the 21-fluoro 7b in 70% yield. In the 
same reaction, the 17,21-oxide 8 was also formed as a by
product.13 Compound 9 was obtained in 58% yield by 
using furoic anhydride-DMAP. Chlorination of 9 gave 2s 
in 72% yield. 

Finally, the 6a-fluoro compounds 2u and 2v were pre
pared by using essentially similar reaction sequences, but 
commencing with the 6a-fluoro 10a.14 

°- R = H . R'«OCOCH3 

b. R • 2'-furoyl, R'» OCOCH3 

c. R = 2'-furoyl, R'" OH 
d. R = 2'-furoyl, R'«-CI 

Esterification of the 17-hydroxy 10a with 2-furoyl 
chloride gave 10b, which on chlorination yielded 2u. 
Hydrolysis of the 21-acetate 10b gave the 21-hydroxy 10c, 
which was converted to the 21-chloro lOd via the 21-me
sylate. Chlorination of A9(11> lOd gave 2v, in overall yield 
of 24% from 10b. 

(12) Bernstein, S.; Brownfield, R. B.; Lenhard, R. H.; Mauer, S.; 
Ringler, I. J. Org. Chem. 1962, 27, 690. 

(13) Herz, J. E.; Fried, J.; Grabowich, P.; Sabo, E. F. J. Am. Chem. 
Soc. 1956, 78, 4812. 

(14) Upjohn Co. British Patent 902 294, Aug. 1,1962; Chem. Abstr. 
1963, 59, 14077/. 
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Biological Results and Discussion 
Topical antiinflammatory activity was measured by a 

modification15 of the croton oil ear assay of Tonelli et al.16 

The topical potencies of the 9,11-dichlorocorticosteroid 
17-heterocyclic aromatic esters relative to betamethasone 
17-valerate (11) are listed in Table I. 

For establishing structure-activity relationships, the 
potencies measured in the 5-day (chronic) assay were used. 
Since topical corticosteroids are mostly used chronically 
in clinical practice, the 5-day assay appears to be more 
relevant. The 5-h assay is, however, useful for identifi
cation of lead compounds. 

The most potent compounds were 17a-heterocyclic 
aromatic esters where the 21-substituent was either chloro 
or fluoro. Thus, in the 16a-methyl series, 2p [21-chloro 
17-(2'-furoate)], 2s [21-fluoro 17-(2'-furoate)], and 2r 
[21-chloro 17-(2'-thenoate)] were found at least 3 times as 
potent as the standard betamethasone valerate, with 2p 
being by far the most potent. The potency-enhancing 
effect of the 21-halogen carried through to the 6a-fluoro 
series, where 2v, the 21-chloro 17-(2'-furoate), was 3 times 
as potent as the standard. 

In the 16a-methyl series 17,21-diesters where the 17-acyl 
group derived from furan- or thiophenecarboxylic acid, the 
21-ester being mostly acetate, the topical antiinflammatory 
potency was not significantly different from that of beta
methasone valerate. The only exceptions were 2o, the 
17-(2'-furoyl) 21-methoxyacetate, and 2e, the 17-(3'-thenyl) 
21-acetate, which were 3 times as potent as the standard. 

There was no significant potency-enhancing effect of 
17-heterocyclic aromatic esterification in the 16/3-methyl 
series (2t and 2i). This was not surprising, as other esters 
of 16|8-methyldichlorisone have also shown low topical 
antiinflammatory potencies.17 

The high topical antiinflammatory potency of the 21-
halo 17-heterocyclic aromatic esters 2p, 2r, 2s, and 2v is 
somewhat unexpected, as the related 17,21-diesters showed 
little enhancement of potency over betamethasone valer
ate. It is known, however, that replacement of a 21-acyloxy 
function with chlorine can lead to highly potent topical 
corticosteroids such as the clinically used clobetasol pro
pionate18 or halcinonide.19 

Experimental Section 
Melting points were taken on either a Hoover melting point 

capillary apparatus or a Fisher-Johns hot-stage apparatus and 
are uncorrected. Optical rotations were determined at 26 °C in 
dioxane. NMR spectra were obtained in Me2SO-d6 at 79.5 or 100 
MHz on either a Varian CFT-20 or an XL-100-15 spectrometer, 
respectively, and chemical shifts (8) are reported in parts per 
million downfield from an internal Si(CH3)4 standard in Me2SO-d6. 
Electron ionization (EI) mass spectra were recorded at 70 eV by 
using a Varian MAT CH5 medium-resolution mass spectrometer 
at a probe temperature of 160-200 °C and a source temperature 
of 250 °C. The fast-atom-bombardment (FAB) mass spectra were 
obtained on a Finnigan MAT-312 mass spectrometer operating 
at accelerating voltage of 3kV. Silica gel preparative (1000 fxM, 
PLC) and analytical thin-layer chromatography (250 MM, TLC) 
plates were obtained from Anaftech, Inc. Silica gel used for column 
chromatography was 60-200 mesh, grade 62, supplied by the 
Davison Chemical Division of Grace, Inc. 

Formation of 17-Heterocyclic Aromatic Esters. General 

(15) Lutsky, B. N.; Berkenkopf, J.; Fernandez, X.; Monahan, M.; 
Watnick, A. S. Arzneim.-Forsch. 1979, 29, 992. 

(16) Tonelli, G.; Thibault, L.; Ringler, I. Endocrinology 1965, 77, 
625. 

(17) Collins, E. J.; Aschenbrenner, J.; Nakahama, M.; Tabachnick, 
I. I. A. Int. Congr. Ser.—Excerpta Med. 1967, No. 132, 530. 

(18) Sparkes, C. G.; Wilson, L. Br. J. Dermatol. 1974, 90, 197. 
(19) Leibsohn, E.; Bagatell, F. K. Br. J. Dermatol. 1974, 90, 435. 
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Procedure. The heterocyclic aromatic carbonyl chloride (or 
anhydride) and 4-DMAP were mixed with dry CH2C12 with cooling 
(0-15 °C). After the mixture was stirred for 10-30 min, the steroid 
was added at ambient temperature. In general, 1 equiv of steroid, 
2 equiv of acid chloride or anhydride, and 4-10 equiv of 4-DMAP 
were used. Reaction was monitored by TLC and worked up when 
no further consumption of starting material was observed. The 
solvent was evaporated and the residue treated with HCl, dilute 
sodium carbonate, and water, and solids were collected. Alter
natively, the reaction mixture was diluted with additional CH2C12, 
washed successively with dilute HCl, water, and dilute Na2C03, 
and then evaporated to a residue. Purification of the residue was 
by crystallization or by chromatography followed by crystallization. 

9a,l l/?-Dichloro- 17a,21 -dihydroxy-1 Ga-methyl-1,4-pregna-
diene-3,20-dione 17-(2'-Furoate) 21-Acetate (2a). 2-Furoyl 
chloride (2 mL, 0.02 mol) was added to a cooled solution of 
4-DMAP (12 g, 0.098 mol) in CH2C12 (62 mL), followed by con
tinued stirring for 30 min. 9a,ll/?-Dichloro-17a,21-dihydroxy-
16a-methyl-l,4-pregnadiene-3,20-dione 21-acetate (3a) (4.8 g, 
0.0102 mol) was added, and stirring was continued at room tem
perature for 4 days. The reaction mixture was evaporated to an 
oily residue, and dilute HCl was added. The resulting solids were 
collected and washed (water). The solids were stirred with aqueous 
Na2C03, collected by filtration, dried, and crystallized from 
CH2Cl2-ether to give 3.53 g (61%) of 2a. An analytical sample 
was obtained by PLC and crystallization from CH2C12-Et20: 
NMR 0.91 (16a-CH3, d, 7 Hz), 1.14 (13-CH3), 1.68 (10-CH3), 2.08 
(21-OCOCH3), 4.85 and 5.07 (21-CH2, d's, 17 Hz), 5.04 (lla-H), 
6.00 (4-H), 6.28 (2-H, d of d, 10 Hz, 2 Hz), 6.67-6.75 (4'-H, q, 1.8 
Hz), 7.17-7.28 (3'-H, m), 7.23 (1-H, d, 10 Hz), 8.00 (5'-H, m). 

9a,ll/S-Dichloro-17a,21-dihydroxy-16|8-methyl-l,4-pregna-
diene-3,20-dione 17-(2'-Furoate) 21-Acetate (2i). 9a,ll/?-Di-
chloro-17a,21-dihydroxy-16/?-methyl-l,4-pregnadiene-3,20-dione 
21-acetate (0.47 g) with 2-furoyl chloride gave 0.1 g of 2i. 

9a,ll/S-Dichloro-17a,21-dihydroxy-16a-methyl-l,4-pregna-
diene-3,20-dione 17-(3'-Furoate) 21-Acetate (2b). 9,11-Dichloro 
3a (0.47 g, 1 mmol) with 3-furoyl chloride gave 2b (59%). Com
pound 2b was obtained in 21% yield by using 4-pyrrolidino-
pyridine instead of 4-DMAP. 

9a,ll/8-Dichloro-17a,21-dihydroxy-16a-methyl-l,4-pregna-
diene-3,20-dione 17-(5'-Bromo-2'-furoate) 21-Acetate (2c). 
Treatment of 3a (0.47 g) with 5-bromo-2-furoyl chloride with 
4-DMAP in CH2C12 and DMF gave 2c in 5% yield. 

9a,ll/?-Dichloro-17a,21-dihydroxy-16a-methyl-l,4-pregna-
diene-3,20-dione 17-(2'-Thenoate) 21-Acetate (2d). Treatment 
of 3a (0.47 g) with 2-thenoyl chloride gave 0.23 g (40%) of 2d: 
NMR 0.95 (16a-CH3, d, 7 Hz), 1.13 (13-CH3), 1.72 (10-CH3), 2.07 
(21-OCOCH3), 4.77 and 5.08 (21-CH2, d's, 9 Hz), 5.01 (lla-H), 
5.97 (4-H), 6.26 (2-H, d of d, 10 Hz, 2 Hz), 7.11-7.32 (1-H and 
4'-H), 7.75 and 7.94 (3'-H and 5'-H). 

9<*,ll/?-Dichloro-17a,21-dihydroxy-16a-methyl-l,4-pregna-
diene-3,20-dione 17-(3'-Thenoate) 21-Acetate (2e). Treatment 
of 3a (1 g) with 3-thenoyl chloride gave 0.5 g (37%) of 2e. 

9a,lli8-Dichloro-17a,21-dihydroxy-16a-methyl-l,4-pregna-
diene-3,20-dione 17-(5'-Methyl-2'-thenoate) 21-Acetate (2f). 
Exposure of 3a (1 g) to 5-methyl-2-thenoyl chloride gave 0.65 g 
(53%) of 2f. 

9a,l l/S-Dichloro-17a,21-dihydroxy-16a-methyl-1,4-pregna-
diene-3,20-dione 17-(r-Methylpyrrole-2'-carboxylate) 21-
Acetate (2g). Reaction of 3a (3 g) with iV-methylpyrrole 2-
carbonyl chloride afforded 14 mg of 2g: NMR 0.94 (16a-CH3, 
d, 6 Hz), 1.18 (13-CH3), 1.72 (10-CH3), 2.08 (21-OCOCH3), 3.78 
(N-CH3), 4.82-5.14 (21-CH2, br), 6.00 (4-H), 6.18 (2-H, d of d, 10 
Hz, 2 Hz), centered at 6.13, 6.9, 7.14 (pyrrol H's, br m's), 7.28 (1-H, 
d, 10 Hz). 

9a,ll/}-Dichloro-17a,21-dihydroxy-16a-methyl-l,4-pregna-
diene-3,20-dione 17-(2'-Quinoxalinoate) 21-Acetate (2h). 
Compound 3a (0.23 g) with 2-quinoxalinecarbonyl chloride af
forded 54 mg (187c) of 2h. 

9a,lli8-Dichloro-17a,21-dihydroxy-16a-inethyl-l,4-pregna-
diene-3,20-dione 17-(2'-Furoate) (2j). The 17-(2'-furoate) 21-
acetate 2a (0.0563 g) was treated with 70% HC104 (0.1 mL) in 
MeOH (3.5 mL) at 0-5 C for 24 h, followed by 3 h at room 
temperature. After aqueous workup followed by EtOAc extraction, 
the product was purified by chromatography (PLC), affording 
2j (47%), which was solidified with ether-hexane. 

9a,ll/3-Dichloro-17a,21-dihydroxy-16<*-methyl-l,4-pregna-
diene-3,20-dione 17-(3'-Furoate) (2k). Similarly to the prep
aration of 2j, the 21-acetate 2b (0.1 g) with 70% HC104 in MeOH 
gave 53 mg (60%) of 2k, crystallized from CH2Cl2-ether-hexane. 

9a, 11/J-Dichloro-17<*,21 -dihydroxy- 16a-met hyl-1,4-pregna-
diene-3,20-dione 17-(2'-Thenoate) (21). Similarly to the for
mation of 2j, the 21-acetate 2d (0.060 g) was exposed to 70% 
HC104 in MeOH to give 21 in 70% yield, solidified from ether-
hexane. 

9a,ll/?-Dichloro-17a,21-dihydroxy-16a-methyl-l,4-pregna-
diene-3,20-dione 17-(2'-Furoate) 21-Propionate (2m). 21-
Propionate 3b (0.24 g, 0.5 mmol), prepared from the 21-hydroxy 
3e with propionyl chloride, was treated with 2-furoyl chloride (0.1 
mL) as in the general procedure to give 2m (41%), with soldi-
fication from ether. 

9a,ll/?-Dichloro-17a,21-dihydroxy-16a-methyl-l,4-pregna-
diene-3,20-dione 17-(2'-Furoate) 21-Butyrate (2n). 21-Butyrate 
3c (0.249 g, 0.5 mmol), prepared from the 21-hydroxy 3e with 
butyryl chloride, was treated with 2-furoyl chloride as in the 
general procedure to give 2n (33%), with solidification from ether. 

9a,ll/?-Dichloro-17a,21-dihydroxy-16a-methyl-l,4-pregna-
diene-3,20-dione 17-(2'-Furoate) 21-Methoxyacetate (2o). 
Methoxyacetyl chloride (0.15 mL, 1.64 mmol), pyridine (5 mL), 
and 21-hydroxy 2j (0.521 g, 1 mmol) were mixed at 0-5 °C and 
then held at room temperature for 3 h. Aqueous workup and 
purification on PLC (CHCl3-EtOAc, 9:1) gave 0.465 g (82%) of 
2o crystallized from CH2Cl2-hexane. 

17a,21 -Dihydroxy-16<*-methyl-1,4,9 (11 )-pregnatriene-3,20-
dione I7-(2'-Furoate) 21-Acetate (5a). 17a,21-Dihydroxy-
16a-methyl-l,4,9(ll)-pregnatriene-3,20-dione 21-acetate (4a) (9.96 
g, 25 mmol) was treated with 2-furoyl chloride as in the general 
procedure to afford 5a (44%), crystallized from CH2C12-Et20. 
Another experiment afforded a 68% yield of 5a. 

17a,21-Dihydroxy-16a-methyl-l,4,9(ll)-pregnatriene-3,20-
dione 17-(3'-Furoate) 21-Acetate (5b). Five grams (10.6 mmol) 
of 4a with 3-furoyl chloride as in the general procedure gave 2.94 
g of 5b, with solidification from EtOAc-hexane. 

17a,21-Dihydroxy-16a-methyI-l,4,9(ll)-pregnatriene-3,20-
dione 17-(2'-Thenoate) 21-Acetate (5c). Five grams (10.6 mmol) 
of 4a with 2-thenoyl chloride as in the general procedure gave 
5c (41%) solidified from EtOAc-hexane. 

17a,21-Dihydroxy-16/?-methyl-l,4,9(ll)-pregnatriene-3,20-
dione 17-(2'-Furoate) 21-Acetate (5d). Five grams (10.6 mmol) 
of 17a,21-dihydroxy-16l8-methyl-l,4,9(ll)-pregnatriene-3,20-dione 
21-acetate (4b) with 2-furoyl chloride as in the general procedure 
gave 0.85 g of 5d, with solidification from EtOAc-hexane. 

17a,21-Dihydroxy-16a-methyl-l,4,9(ll)-pregnatriene-3,20-
dione 17-(2'-Furoate) (6a). Similarly to the preparation of 2j, 
compound 5a (4.47 g, 9.1 mmol) was exposed to 70% HC104 in 
MeOH to give 6a (80%), crystallized from EtOAc-hexane. 

21-Chloro- 17a-hydroxy-16<*-methyl-1,4,9( 11 )-pregnatri-
ene-3,20-dione 17-(2'-Furoate) (6e). 21-Hydroxy 6a (3 g, 6.7 
mmol), pyridine (43 mL), and CH3S02C1 (5.1 mL) were mixed 
at 0-2 °C and after 90 min added to ice water. The resulting 
precipitate was collected, yielding 3.63 g of essentially pure 21-
mesylate. The mesylate (0.5 g, 0.9 mmol) and LiCl (0.5 g) were 
heated in DMF (5 mL) at 80 °C for 7 h. The reaction mixture 
was added to saturated NaCl solution, and the resultant pre
cipitate was collected. Purification via PLC (CHCl3-EtOAc, 19:1) 
gave 6e, 0.35 g, with solidification from ether-hexane, mp 229-232 
°C dec. 

17a-Hydroxy-16a-rnethyl-9a,ll/?,21-trichloro-l,4-pregna-
diene-3,20-dione 17-(2'-Furoate) (2p). A CC14 solution of 
chlorine (5.88 mmol of Cl2/3.26 mL of CC14) was added to a 
solution of 6e (2.3 g, 4.9 mmol) and pyridine hydrochloride (1.43 
g, 12.3 mmol) in CH2C12 (37 mL) at -35 °C over 20 min. Workup 
by evaporation gave a residue of 2p, 2.71 g (trace impurities by 
TLC). Crystallization of a 0.30-g portion from CH2Cl2-ether gave 
0.22 g of 2p. 

17a,21-Dihydroxy-16a-methyl-1,4,9 (11) -pregnatriene-3,20-
dione 17-(3'-Furoate) (6b). Similarly to the preparation of 2j, 
2.73 g (5.54 mmol) of 5b was treated with HC104 in MeOH, 
affording 6b (trace impurities), which was used directly in the 
21-mesylate formation. 

21-Chloro-17a-hydroxy-16o:-methyl-1,4,9(1 l)-pregnatri-
ene-3,20-dione 17-(3'-Furoate) (6f). As in the preparation of 
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6e, mesyl chloride with 6b (2.3 g) afforded the crude mesylate 
(2.6 g). A 2.44-g portion of the mesylate with LiCl gave 2.26 g 
of crude 6f. A 0.3-g portion was purified by PLC (CHCl3-EtOAc, 
19:1), affording 0.22 g of pure 6f, solidified from ether. 

17a-Hydroxy-16a-rnethyl-9a,ll/8,21-trichloro-l,4-pregna-
diene-3,20-dione 17-(3'-Furoate) (2q). As in the preparation 
of 2p, 21-chloro 6f (0.25 g, 0.46 mmol) with chlorine gave 64% 
of trichloro 2q with PLC (CHCL-EtOAc, 39:1), with crystallization 
from CH2Cl2-hexane. 

17a,21 -Dihydroxy-16a-methyl-1,4,9(11 )-pregnatriene-3,20-
dione 17-(2'-Thenoate) (6c). The 17-(2'-thenoate) 21-acetate 
5c (2.56 g, 5 mmol), as in preparation of 6a with HC104 in MeOH, 
afforded 6c (2.35 g, 987c), which by TLC revealed only trace 
impurities and was used directly in the mesylation step. 

21-Chloro-17a-hydroxy-16a-methyl-l,4,9(ll)-pregnatri-
ene-3,20-dione 17-(2'-Thenoate) (6g). As in the preparation of 
6e, 21-hydroxy 6c (2.34 g) with mesyl chloride gave 2.43 g of crude 
mesylate. A 2.28-g portion of the mesylate with LiCl gave crude 
6g, which, after purification by PLC and crystallization from 
CH2Cl2-ether, gave 6g (1.7 g). 

17a-Hydroxy-16a-methyl-9<*,ll/?,21-trichloro-l,4-pregna-
diene-3,20-dione \7-(2'-Thenoate) (2r). 21-Chloro 6g (0.37 g) 
was reacted with chlorine as in the preparation of 2p, giving 0.35 
g (83%) of 2r, with crystallization from CH2Cl2-hexane. 

17a,21-Dihydroxy-16|3-methyl-l,4,9(ll)-pregnatriene-3,20-
dione 17-(2'-Furoate) (6d). The 17-(2'-furoate) 21-acetate 5d 
(0.74 g) was mixed with HC104 in MeOH, as described for the 
preparation of 6a, to afford crude 6d (0.393 g), which was used 
directly for 21-mesylation. 

21-Chloro-17a-hydroxy-16/3-methyl-l,4,9(ll)-pregnatri-
ene-3,20-dione 17-(2'-Furoate) (6h). As in the preparation of 
6e, 21-hydroxy 6d (0.36 g) with mesyl chloride gave crude mesylate 
(0.43 g). Lithium chloride and the crude mesylate (0.39 g) gave 
crude 6h. PLC purification gave 6h (0.24 g). 

17a-Hydroxy-16/}-methyl-9a,ll/3,21-trichloro-l,4-pregna-
diene-3,20-dione 17-(2'-Furoate) (2t). Compound 6h (0.338 g, 
0.49 mmol) was treated with chlorine as in the preparation of 2p 
to afford 2t (0.164 g, 63%), crystallized from CH2Cl2-hexane. 

9<*,1 l/?-Dichloro-21 -fluoro- 17a-hydroxy-16<*-methyl-1,4-
pregnadiene-3,20-dione 17-(2'-Furoate) (2s). The 17-hydroxy 
7a20 (0.98 g, 2.75 mmol) with methanesulfonyl chloride gave the 
21-mesylate (1 g, 85%) after purification by PLC and solidification 
from ether. A portion of the mesylate (0.43 g, 1 mmol) and KF 
(0.29 g, 5 mmol) in DMF (10 mL) were heated at 124 °C for 4 
h. The solvent was evaporated and the residue triturated with 
water. The solids were purified by PLC, and evaporation from 
EtOAc gave 21-fluoro-17a-hydroxy-16a-methyl-l,4,9(ll)-preg-
natriene-3,20-dione (7b) (0.25 g, 70%). Also isolated was 17% 
of 17,21-oxide 8. 

A mixture of 7b (0.017 g, 0.04 mmol), 2-furoyl chloride (0.02 
mL, 0.2 mmol), and 4-DMAP (0.057 g, 0.47 mmol) in CH2C12 (0.5 
mL) was stirred at 40 °C for 27 h. Workup in the usual manner 
and purification via PLC followed by solidification from ether-
hexane gave 21-fluoro-17a-hydroxy-16a-methyl-l,4,9(ll)-preg-
natriene-3,20-dione 17-(2'-furoate) (9) in 23% yield. The reaction 

(20) Rausser, R.; Oliveto, B. P. U.S. Patent 3 284 477, Nov. 8, 1966; 
Chem. Abstr. 1967, 66, 38162e. 

when carried out with 2-furoic anhydride21 at ambient temperature 
for 20 h gave 9 in 58% yield. 

As in the preparation of 2p, 21-fluoro 9 (0.34 g, 0.75 mmol) when 
treated with chlorine afforded, after the usual isolation and PLC 
purification, 2s (0.28 g, 72%). 

9a,ll/3-Dichloro-17a,21-dihydroxy-6<x-fluoro-16a-rnethyl-
l,4-pregnadiene-3,20-dione 17-(2'-Furoate) 21-Acetate (2u). 
As outlined in the general procedure, 9 g of 17a,21-dihydroxy-
6a-fluoro-16a-methyl-l,4,9(ll)-pregnatriene-3,20-dione 21-acetate 
(10a) with 2-furoyl chloride and 4-DMAP gave, after purification 
via descending silica gel G-60 chromatography (hexane-EtOAc, 
2:1) 10b (5.8 g, 53%), crystallized from CH2C12-Et20. 

A portion of 10b (0.5 g, 0.98 mmol) with chlorine gave 2u (0.41 
g, 70%), crystallized from CH2C12-Et20. 

6a-Fluoro-17a-hydroxy-16a-methyl-9<*,ll|8,21-trichloro-
l,4-pregnadiene-3,20-dione 17-(2'-Fufoate) (2v). Similarly to 
the preparation of 6a, the 21-acetate 10b (5.2 g) was selectively 
hydrolyzed with HC104 in MeOH to give the 21-hydroxy 17-
(2'-furoate) 10c (4.69 g), essentially one component by TLC. 

A portion of 10c (4.4 g) was treated similarly as in the prep
aration of 6e with mesyl chloride to afford the crude 21-mesylate 
(5.5 g), which with LiCl gave 21-chloro-6a-fluoro-17a-hydroxy-
16a-methyl-l,4,9(ll)-pregnatriene-3,20-dionel7-(2'-furoate)(10d), 
used directly in the next step. Via the procedure for the prep
aration of 2p, treatment of lOd (3 g) with chlorine gave 1.47 g 
of crude 2v. Purification of 700 mg with PLC gave 2v (490 mg, 
24% from 10b). 
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