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water, and dried. A solution of 3.84 g (0.0174 mol) of tri- 
methylsulfoxonium iodide in 75 mL of DMSO was combined with 
666 mg (0.013 mol) of sodium hydride (55% oil suspension) and 
agitated for 1 h a t  room temperature. To this eolution was added 
the dried crude tosylation product dissolved in 2 mL of DMSO 
dropwise. The reaction mixture was stirred for 30 min and 
precipitated into ice water. The resultant crude product was 
chromatographed on silica gel, thus producing 985 mg (48%) of 
13: mp 214 "C; UV cul = 13500. 

6,CEthylene- 18-methyl-16B,16&methylene-3-oxo-19-nor- 
17a-pregn-4-ene-21,17-carbolactone (14). Under the above 
described conditions 372 mg (0.001 mol) of 10 was transformed 
to 145 mg (39%) of 1 4  mp 165 O C ;  UV cu7 = 14700. 

Met hod C. 6,6-Et hylene- 15&16&met hylene-3-oxo- 17a- 
pregna-1,4-diene-21,17-carbolactone (16). A solution of 670 
mg (0.0018 mol) of 12 and 670 mg (0.003 mol) of DDQ in 13.6 mL 

of toluene was stirred for 5 h at 100 OC. The reaction eolution 
was then diluted with ether, washed with water sodium bi- 
carbonate solution and water, dried, and evaporated. The residue 
was then chromatographed on silica gel. After recrystallization 
from diiaopropyl ether/acetone, 445 mg (67%) of 16 was obtained: 
mp 200 O C ;  UV cua = 15200. 
6,6-Ethylene-l5a,l6a-methylene-3-oxo-l7~-pre~a-l,4-di- 

ene-21,17-carbolactone (16). Under the above-described con- 
ditions, 600 mg (0.0016 mol) of 11 was transformed to 520 mg 
(87%) of 15 as an oil: UV tU2 = 14600. 

Registry No. 3,67372-62-7; 4,67372-68-3; 5, 101765-54-2; 6, 
101765-39-3; 7, 101834-16-6; 8, 84529-99-7; 9, 133753-23-8; 10, 
133753-24-9; 11, 101834-17-7; 12, 101765-35-9; 13, 101765-58-6; 
14,133753-250; 15,101834-188; 16,101765-36-0; formalin, 50-00-0; 
aldosterone, 52-39-1. 
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A series of 21-desoxy-21-chlorocorticosteroids that contain a functionalized ester group a t  17a has been prepared 
and examined to separate their systemic activity from topical antiinflammatory activity. Introduction of the 
functionalized ester group at 17a was carried out by an acid-catalyzed formation of cyclic ortho esters with 
17a,21-hydroxyl groups of corticosteroids and subsequent acid-catalyzed hydrolysis. As for the functional group, 
chloro, methoxy, acetoxy, cyano, cyclopropyl, or alkoxycarbonyl group was introduced a t  the terminal carbon atom 
of the 17a-alkanoate group. The topical antiinflammatory activity and systemic activity of these compounds were 
examined and found to be significantly dependent on the functionalities in the 17a-esters. Among these derivatives, 
a series of 17a-(alkoxycarbony1)alkanoates ( 17a-OCO(CH2),COOR) showed an excellent separation of the systemic 
activity from topical activity. The effecta of the number of methylene groups (n) and of the alkyl groups of the 
ester (R) on either topical or systemic activity of the corticosteroid derivatives were also investigated. 

Introduction 
Since hydrocortisone was introduced into dermatological 

use,l many structural modifications of the hydrocortisone 
molecule have been made with the aim at enhancing an- 
tiinflammatory potency. Important structural modifica- 
tions include halogenation! methylation? and introduction 
of a double bond at C-1 position of the steroidal skeletons." 

Also, it is confirmed that esterification of the 17a- 
and/or 21-hydroxyl groupss and replacement of the 21- 
hydroxyl group with a halogen atoms enhance the topical 
antiinflammatory activity due to improved penetration of 

(1) Sulzberger, M. B.; Witten, V. H. J. Invest. Derm. 1962,19,101. 
(a) Fried, J.; Sabo, E. F. Synthesis of 17a-Hydroxycortico- 
sterone and Its 9a-Halo -Derivatives From 11-Epi-17u- 
hydroxycorticosterone. J. Am. Chem. SOC. 1963,76,2273. (b) 
Fried, J.; Sabo, E. F. 9a-Fluoro Derivatives of Cortisone and 
Hydrocortisone. Ibid. 1954, 76, 1465. 
(a) Spero, G. B.; Thompson, J. L.; Magerlein, B. J.; Hanze, A. 
R.; Murray, H. C.; Sebek, 0. K.; Hogg, J. A. Adrenal Hormones 
and Relatad Compounds. 4. &Methyl Steroids. J. Am. Chem. 
SOC. 1966,78,6213. (b) Arth, G. E.; Fried, J.; Johnston, D. B. 
R.; Hoff, D. R.; Sarett, L. H.; Silber, R. H.; Stoerk, H. C.; 
Winter, C. A. 16-Methylated Steroids. 2. 16a-Methyl Ana- 
logues of cortisone, a New Group of Antiinflammatory Ster- 
oids. 9a-Halo Derivatives. Ibid. 1968,80, 3161. (c) Oliveto, 
E. P.; Rausser, R.; Henog, H. L.; Hershberg, E. B.; Tolksdorf, 
S.; Eider, M.; Perlman, P. L.; Pechet, M. M. 16-Alkylated 
Corticoids. 3. 16@-Methyl-9a-fluoroprednisolone 21-Acetate. 
Ibid. 1958, 80, 6687. 
Herzog, H. L. Science 1955, 121, 176. 
McKenzie, A. W.; Atkinson, R. M. Arch. Derm. 1964,89,741. 
Phillips, G. H. Mechanism of Topical Corticosteroid Activity, 
Glaxo Symposium; Churchill Livingstone: London, 1976. 
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the skin and to increased affinity for the glucocorticoid 
re~eptor .~ 

As a result of these modifications, 21-chloro-9a-fluoro- 
1 lj3,17a-dihydroxy- 16@methylpregna-1,4-diene-3,20-dione 
17a-propionate (clobetasol propionate, CP)  is found to 
have the strongest topical antiinflammatory activity in 
clinical use? On the other hand, CP also shows severe 
adverse effects such as thymolysis and dermal atrophy." 

In the field of glucocorticoids, little success has been 
achieved in completely separating undesired side effecta 
from topical antiinflammatory activity except for 21- 
carboxylates and 17j3-c~yboxylate~~ derivatives. However, 
the antiinflammatory activity of neither derivatives is as 
strong as that of CP. Teutsch et al." and Kertesz and 

(7) Solo, A. J.; Tramposch, K. M.; Szeto, D. W.; Suto, M. J. Rel- 
ative Affinity of 17a- and/or 21-Esters and 17a,21-Diesters of 
Cortisol for a Glucocorticoid Receptor from Thymocytes. J.  
Med. Chem. 1982,25,747. 

(8) Carruthers, J. A.; August, P. J.; Staughton, R. C. D. Observa- 
tions on the Systemic Effect of Topical Clobetaeol Propionate 
(Dermovate). Br. Med. J. 1976, 4, 203. 

(9) (a) Lee, H. J.; Soliman, M. R. 1. Anti-Inflammatory Steroids 
Without Pituitary-adrenal Suppression. Science 1982, 215, 
989. (b) Lee, H. J.; Trottier, R. Antiinflammatory Activity of 
Two Novel Derivatives of Prednisolone. Res. Commun. Chem. 
Pathol. Pharmacol. 1980,27,611. (c) Lee, H. J.; Bird, J.; Kim, 
H. P. ToDical Anti-Inflammatory Activity of Eatere of Steroid 
21-Oic Aiids. Steroids 1986, 4 j ,  36. 

(101 P h i h e .  G. H.: Bain. B. M.: English. A. F.: Woollett. E. A. 

- 

Chloiomethyl' 17a~acetoxy-9a-fluoro-ll@-hydroxy-l6~- 
methyl-3-oxoandrosta-1,4-diene-l7@-carboxylate. German 
Patent 2,904,614, 1979; Chem. Abstr. 1979, 92, 6814q. 
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Marx'* have reported some success in separating topical 
from systemic activity in glucocorticoids. Recently, Lee 
et al. also have reported the preparation of a new class of 
steroidal 16-esters and amides that are designed on the 
basis of the "antedrug* concept13 defined as a chemically 
modified compound which exerts desirable effects at  the 
local tissue, and rapidly decomposes into inactive com- 
pounds when it enters into metabolic circulation. 

Clobetasol propionate Antedrug 

( cp ) 

Since the l7a-ester of glucocorticoids resists metabolic 
hydrolysis, it is expected that the ester can appropriately 
be modified with a terminal functional group so as to 
undergo metabolic inactivation prior to hydrolytic cleavage 
of the ester bond, and hence such glucocorticoids may not 
exhibit systemic adverse effects and provide good sepa- 
ration of local to systemic activities. To date, simple al- 
iphatic carboxylate, benzoate," carbonate,lS and hetero- 
cyclic aromatic carboxylate18 have been reported as esters 
of the l7a-hydroxyl group. Recently, Mitsukuchi et al. 
reported the synthesis of l7a-succinate derivatives of 
 glucocorticoid^.^^ 

We have also attempted to separate the systemic adverse 
effects, such as adrenal suppressive effect and thymolysis, 
from topical antiinflammatory activity of glucocorticoid 
by modification of l7a-ester of glucocorticoids. We de- 

(11) Teutach. G.: Costerowe. G.: Deraedt. R.: Benzoni. J.: Fortin. 
M.; Philibert, D. 17a-Alkynyl-llg,l7-bihydroxyandrostane 
Derivatives: A New Class of Potent Glucocorticoids. Steroids 
1981, 38,651. 
Kertesz, D. J.; Marx, M. Thiol Esters from Steroid 178- 
Carboxylic Acids: Carboxylate Activation and Internal Par- 
ticipation by l7a-Acylates. J. Org. Chem. 1986,51, 2315. 
(a) Lee, H. J.; Taraporewala, I. B.; Kim, H. P.; Heiman, A. S. 
A Novel Class of Local Antiinflammatory Steroids/lst Com- 
munication: Analogues of Methyl 11@,17a,21-trihydroxy- 
3,20-dioxopregna-l,4-diena16a-carboxylate. Anneim-Forsch. 
1989, 39(n, 21. (b) Lee, H. J.; Heiman, A. S.; Kim, H. P.; 
Taraporewala, I. B. A Novel Class of Local Antiinflammatory 
SteroidsJ2nd Communication: Pharmacological Studies of 
Methyl 11@,17a,21-trihydroxy-3,20-dioxopregna-1,4-diene- 
16a-carboxylate and Methyl 11~,21-dihydroxy-3,2O-dioxo- 
pregna-1,4-diene-16ar-carboxylate. Ibid. 1989, 39(n, 262. 
(a) DiPasquale, G.; Rassaert, C. L.; McDougall, E. The Local 
Anti-Inflammatory Properties of Betamethasone 17-Benzoate 
and 6a,9~-Difluoroprednisolone 21-Acetate 17-Butyrate. 
Steroids 1970, 16, 679. (b) Lutaky, B. N.; Berkenkopf, J.; 
Fernandez, X.; Monahan, M.; Shue, H. J.; Tiberi, R. L.; Green, 
M. J. A Novel Class of Potent Topical Antiinflammatory 
Agents 17-Benzoylated, 7a-Halogeno Substituted Cortico- 
steroids. Arzneim.-Forsch. 1979, 29, 1662. 
Alpermann, H. G.; Sandow, J.; Vogel, H. G. Tierexperimentelle 
Untersuchungen zur topinchen und systemischen W i r h k e i t  
von Prednisolon-17-ethylcarbonat-21-propionat. Arzneim.- 
Forsch. 1982,32(n, 633. 
Shapiro, E. L.; Gentler, M. J.; Tiberi, R. L.; Popper, T. L.; 
Berkenkopf, J.; Lutaky, B.; Watnick, A. S. Synthesis and 
Structure-Activity Studies of Corticosteroid 17-Heterocyclic 
Aromatic Esters. 1. Ba,ll@-Dichloro Series. J .  Med. Chem. 
1987, 30, 1068. 
Mitaukuchi, M.; Nakagami, J.; Ikemoto, T.; Higuchi, S.; Ta- 
rumoto, Y.; Ypeui, H.; Soh, K. Studies on Topical Antiinflam- 
matory Agents. 1. Synthesis and Vasoconstrictive Activity of 
Corticosteroid 17-Succinyl Esters. Chem. Pharm. Bull. 1989, 
37, 1534. 

8a OMe 1 Et 89 57 87-92/32 
8b OMe 2 Me 87 80 a 
8c c1 1 Et 95 58 60-68/10 
8d C1 3 Me 70 72 87-88/16 
8e OAc 2 Me 76 62 a 
8f SMe 1 Me 78 84 93-95/24 
8g CN 1 Me 90 75 7&80/6.0 
8h CN 2 Me 89 65 59-61/2.5 
8i cyclopropyl 0 Me 97 42 52-56/24 
8j cyclopropyl 1 Et 82 39 86-92/18 
8k C02Me 1 Me 77 56 73-7516.0 
81 C02Me 2 Me 97 90 88-89/6.0 
80 COzEt 3 Et 92 57 125-128110 

8q COztBub 2 Me 64 104-106112 
8p COziPrb 2 Me 73 109-111112 

'These ortho esters were used for the preparation of steroidal 
derivatives without further purification by distillation. These 
ortho esters were prepared by alcohol exchange reaction of 81 (See 
the Experimental Section). 

Scheme Io 
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(a) X-(CH2),C(OR)s, p-TsOH, THF; (b) AICla(aq), MeOH; (c) 
CHsS02Cl, py or (CFsSO2)20, py, CHgCIg; (d) LEI, DMF. 

scribe herein the synthesis of a series of 21-desoxy-21- 
chlorocorticoateroida with functionalized eater group at  17a 
and their remarkable ability to separate systemic effects 
from topical antiinflammatory activity. 
Chemistry 

Introduction of functionalized ester groups a t  17a re- 
quired the preparation of the respective functionalized 
ortho esters. 

Preparation of Ortho Esters Containing a Func- 
tional Group. Ortho esters containing a functional group 
were prepared by a two-step synthesis using the corre- 
sponding nitriles as the starting materials, known as the 
Pinner synthesis.18 The first step is the preparation of 
an imidate hydrochloride by the reaction of a nitrile with 
an alcohol and anhydrous HCl. The second step is the 

(18) (a) Pinner, A. Ber. Dtsch. Chem. Ges. 1882,16,325. (b) Pin- 
ner, A. Zbid. 1883, 16, 1643. (c) Dewolfe, R. H. Synthesis of 
Carboxylic and Carbonic Ortho Esters. Synthesis 1974,153. 
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Table 11. 21-Desoxy-21-chlorobetamethasone 17a-Functionalized Alkanoates 

edema' 
no. X n mp ("C) yield (%) formula anal. inhibn thymolysisC RAd 

C P  1 1 1 
BMDP* 0.10 0.03 3.3 
13a OMe 1 209-210 41 C%H&lFOs C, H, C1 0.11 ND ND 
13b OMe 2 194-195 63 CmHaCIFOs C, H, CI 0.38 0.05 7.6 
13c c1 1 207-210 44 CuHaCI2FOs C, H, C1 0.25 ND ND 

13e OAc 2 177-179 64 CnHaClF07 C, H, C1 0.28 0.015 18.6 

13h CN 2 e  43 C2pH,,ClFN06 C, H, C1, N 0.07 ND ND 
13i cyclopropyl 0 209-211 45 CmH32ClFO5 C, H, C1 0.44 1.3 0.34 
13j cyclopropyl 1 197-200 11 CnH&lF06 C, H, C1 0.51 1.1 0.46 
131 

13d c1 3 e  76 CMHSCI~FO~ C, H, C1 0.66 0.12 5.5 

13f SMe 1 204-205 65 C%H&lFOSS C, H, C1, S 0.35 0.35 1.0 

COIMe 2 215-216 60 CnH&lFOE C, H, C1 1.3 <O.Olf >130 
Clobetasol 17-propionate. Betamethasone 17,21-dipropionate, Potencies relative to clobetasol propionate (CP = 1). Ratio of topical 

(edema inhibition) to systemic (thymolysis) activities. CObtained as an amorphous product. f Granuloma inhibition or thymolitic activity 
was not detected at doses up to 100 rg/pouch. ND = Not determined. 

alcoholysis of the imidate hydrochloride to the ortho ester. 
The preparation of imidate hydrochloride and alcoholysis 
to the ortho ester were usually carried out separately. 

Attempts to prepare 3-chloroorthopropionate showed 
poor results. Methanolysis of 3-chloropropioimidate hy- 
drochloride, which was made from 3-chloropropionitrile 
gave methyl 3-methoxypropionate as the predominant 
product. (The results are listed in Table I.) 

Preparation of the Derivatives of 21-Desoxy-21- 
chlorobetamethasone 17a-Functionalid Alkanoates. 
The general method for the preparation of 21-desoxy-21- 
chlorobetamethasone 17a-functionalized alkanoates is 
depicted in Scheme I. 

Commercially available p-methasone (9a-fluoro- 
ll~,l7~,21-trihydroxy-l6~-methylpregna-l,4-diene-3,20- 
dione, 9) was used as a starting material. Esterification 
of the l7a-hydroxy group was carried out via the procedure 
of Ercoli et al.lB Treatment of 8-methasone (9) with the 
functionalized ortho esters 8, preparation of which were 
described above, and p-toluenesulfonic acid as an acid 
catalyst a t  ambient temperature gave cyclic ortho esters 
10. The ortho esters thus obtained were hydrolyzed in the 
presence of AlC13 in aqueous MeOH to give 21-hydroxy- 
17a-alkanoates (11). 

Certain cyclic ortho esters, log and 10k, could not be 
obtained from the corresponding cyanoorthoacetate 8g and 
(methoxycarbony1)orthoacetate 8k, because under acidic 
conditions, the ortho acetate possessing an electron-with- 
drawing group, such as a carbonyl or nitrile group, at the 
a-position decomposed. 

Transformation of 21-hydroxy-l7a-alkanoates (1 1) into 
21-chloro derivatives (13) was accomplished as follows: 
The 21-hydroxy group was transformed into an appro- 
priate leaving group such as a mesylate or triflate. The 
crude 21-sulfonates without further purification were 
readily treated with LiCl in DMF to give the 21-desoxy- 
21-chloro derivatives (13). 

Preparation of 13m and 1311 was carried out via alcohol 
exchange reaction of 131 and 130, respectively, under basic 
conditions. The results are summarized in Table 11. 

Biological Results and Discussion 
Topical antiinflammatory activity was measured in mice 

by a modification of the croton oil ear assay of Tonelli et 
aL20 and thymolytic activity was determined in the rat 
granuloma pouch assay system.21 For the evaluation of 
topical antiinflammatory activity of corticosteroids, the 
croton oil ear assay shows good correlation to clinical po- 
tency compared to granuloma pouch assay. On the other 
hand, the granuloma pouch assay reflects systemic effects 
of corticosteroids such as thymolysis rather than topical 
activities.m Table I11 shows the topical antiinflammatory 
activity and the potency of thymolysis of 21-chloro-9a- 
fluoro- ll~,l7a-dihydroxy-16~-methylpregna-1,4-diene- 
3,20-dione 17a-functionalized alkanoates relative to CP. 
For comparison, the data for betamethasone 17a,21-di- 
propionate (BMDP) are also listed. 

In a preliminary study, several kinds of functional 
groups such as methoxy, chloro, acetoxy, methylthio, 
cyano, cyclopropyl, and methoxycarbonyl were introduced 
on an o-position in the l7a-ester group. The number of 
methylene groups was altered from one to three. Topical 
antiinflammatory activity, thymolytic activity, and the 
ratio of topical to systemic activity (RA) of these com- 
pounds are shown in Table 11. The topical antiinflam- 
matory activity of the parent compound (CP) was weak- 
ened by introduction of any functional group to the 17a- 
ester except for the methoxycarbonyl group (1311, whereas, 
thymolytic activity varied with each functional group. 

Functionalization with methoxy, acetoxy, and chloro 
groups resulted in weakening of the thymolytic activity. 
Compounds 13b (17a-OCO(CH2)20Me), 13d (1701-OCO- 
(CH2)&1), and 13e (17a-OCO(CH2)20Ac) showed good 
separation of topical antiinflammatory activity from thy- 
molytic activity. (13b, RA = 7.6; 13d, RA = 5.5; 138, RA 
= 18.6.) On the other hand, the derivatives of methylthio 
and cyclopropyl groups exhibited low separation of thy- 
molytic activity. (13f, 17a-OCOCH2SMe, RA = 1.0; 13i, 
17a-OCOC3H5, RA = 0.34; and 13j, 17a-OCOCHzC3H6, RA 
= 0.46.) Especially, both cyclopropyl derivatives, 131 and 

(19) (a) Ercoli, A,; Gardi, R.; Vitnli, R. Tetrahedron Lett. 1961,448. 
(b) Ercoii, A.; Gardi, R.; Vitali, R. Garz. Chim. Ital. 1963,93, 
431. 

(20) Tonelli, G.; Thibault, L.; Ringar, I. A Bioassay for the Con- 
comitant Assessment of the Antiphlogistic and Thymolytic 
Activities of Topically Applied Corticoids. Endocrinology 
1965, 77, 625. 
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Table 111. 21~Desoxy.21-chloro-~-methasone-l7a-dicarboxylic Acid Esters 

L: 

G R  
edemac binding 

no. R n mp (“C) yield (%) formula anal. inhibn thymolysisC (ICw, nM) 
CP” 1 1 3.17 
BMDPb 0.10 0.03 5.25 
131 Me 2 215-216 60 CnH&lF07 C, H, C1 1.30 II 5.18 
13m Me 3 251-254 62e C=H&lFO7 C, H, C1 0.45 II ND 
13n Et 2 228-230 57e C=H&lF07 C, H, C1 0.56 II ND 
130 Et 3 d  89 CSH&lF07 C, H, C1 0.68 II 9.68 

t-Bu 2 167-168 89 CWH,C1FO7 C, H, C1 0.19 II 10.8 
i-Pr 2 163-164 91 CSH&lFO7 C, H, C1 0.11 -9 12.1 1 3 ~  

13r H 2 d  92f CzaHs2C1F07 C, H, C1 <O.Olh II >150 
13q 

” Clobetasol 17-propionate. Betamethasone 17,21-dipropionate. Potencies relative to clobetasol propionate (CP = 1). Obtained as an 
amorphous product. eThese compounds were prepared by alcoholysis of 13m with methanol and 131 with ethanol, respectively (see the 
Experimental Section). /Obtained by hydrolysis of 131 in an acidic condition (see the Experimental Section). gThymolysis was not detected 
at doses up to 100 pg/pouch. hEdema inhibition was not detected at doses up to 3.0 pg/mL. ND = Not determined. 

13j showed stronger thymolytic activity compared to 
topical activity, and their thymolytic activities were equal 
to that of CP (13i, 1.3-fold; 13j, 1.1-fold). These com- 
pounds may resist inactivation through the metabolic 
pathway. 

In contrast to the compounds described above, the 
methoxycarbonyl group (131) showed as potent topical 
antiinflammatory activity as CP (1.3-fold). Moreover, the 
thymolytic activity of 131 was dramatically reduced to 
afford excellent separation of systemic thymus involution 
from topical antiinflammatory activity (RA > 130). 

The results obtained from the above investigations 
suggested that three structural features of the 17a-ester 
group affect the topical antiinflammatory and the thy- 
molytic activity of glucocorticoids. (1) The l7a-esters 
containing a functional group that is rapidly transformed 
into a hydrophilic functional group through metabolism 
in circulation exhibit good separation of topical antiin- 
flammatory to systemic activity. (2) Compounds that have 
a l7a-ester containing a hydrophobic functional group such 
as alkyl, chloro, and methylthio retain systemic activity 
and exhibit poor separation. (3) Bulkiness of the l7a-ester 
group is also an important property. There might be an 
optimal volume for the l7a-ester a t  the binding site of the 
receptor. 

Based on the preliminary studies described above, fur- 
ther investigations were focused on the 21-desoxy-21- 
chlorobetamethasone derivatives of l7a-dicarboxylic acid 
esters. For the purpose of optimization, the number of 
methylene groups (n) and the alkyl group (R) of the ester 
were varied and the topical antiinflammatory activity, 
thymolytic activity, and binding ability to glucocorticoid 
receptor of these derivatives were examined (Table 111). 
As for the variation of the number of methylene group 

(n), l7a-succinate (n = 2) and l7a-glutarate (n = 3) were 
examined. Methyl succinate (131) showed stronger topical 
antiinflammatory activity than methyl glutarate (13m), 
and ethyl succinate (13n) and ethyl glutarate (130) showed 
the same topical activity. None of these compounds 
showed detectable thymolysis. 

The terminal alkyl group (R) also affected on the bio- 
logical activities of the corticosteroid derivatives of 17a- 
dicarboxylic acid esters. Both the topical activity and 
binding affinity with glucocorticoid receptor were de- 
creased in the order of Me (131), bBu (13q), and i-Pr (13p). 

In the series of the derivatives of dicarboxylic acid esters, 
the topical antiinflammatory activity and the affinity with 
glucocorticoid receptor showed good correlation. On the 
contrary, thymolytic activity was drastically weak com- 
pared to those of CP in both series of l7a-succinates and 
l7a-glutarates. Only tert-butyl succinate (13q) showed 
moderate granuloma inhibition (0.12-fold of CP), but no 
thymic involution was observed. 

In order to investigate the difference of species, the 
systemic effects of CP and 131 were evaluated in infant 
mice. Ethanol solution of drugs were daily applied to the 
ear of infant male mice for 7 days. On the eighth day, the 
mice were killed and the thymus was removed and 
weighed. Though CP showed thymolysis at 0.1 mg/kg (sc), 
131 showed no thymolysis a t  dose up to 10 mg/kg (sc). 
This result was consistent with the result that was observed 
in the rat granuloma pouch assay (data not shown). 

In order to elucidate high separation of systemic activity 
from topical activity in a series of l7a-dicarboxylic acid 
esters, preliminary metabolic studies of analogues of 17a- 
succinate esters 131 (Me), 13p (i-Pr), and 13q (t-Bu) were 
carried out. 

Each steroid was dissolved in MeOH at a concentration 
of 2.0 mM, and 50 pL of each MeOH solution was added 
to 1.0 mL of human skin homogenate (5  mg of protein/ 
mL) and incubated a t  37 OC for 1 h. The incubation 
mixture was extracted with 3.0 mL of EtOAc, and the 
organic layer was separated and evaporated. The residue 
was analyzed by reverse-phase HPLC. From the incuba- 
tion mixture of 131, the free acid 13r was detected as a 
predominant metabolite. On the contrary, 13r was scarcely 
detected from the incubation mixture of 13p and 13q (data 
not shown). 

For evaluation of the biological activities of the main 
metabolite, the free acid 13r was synthesized by hydrolysis 
of methyl succinate (131) under acidic condition. The main 
metabolite 13r showed little binding with glucocorticoid 
receptor up to a concentration of 150 nM and showed 
neither topical antiinflammatory activity nor thymolytic 
activity. (The data are shown in Table 111.) 

These results suggest that the ester of the primary al- 
cohol (COOR = COOMe) is rapidly hydrolyzed to free acid 
13r as an inactive metabolite in the local metabolism. On 
the other hand, the ester of the tertiary alcohol (COOR 
= COOtBu) resists local metabolic hydrolysis to show 
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moderate granuloma inhibition activity but is inactivated 
through systemic metabolism, especially through hepatic 
metabolism, to show undetectable thymolysis. The ester 
of the secondary alcohol (COOR = COOiPr) exhibited 
moderate metabolic behavior. Though the compound 13p 
resisted metabolic hydrolysis in the human skin homo- 
genate in vitro, it  showed neither granuloma inhibition nor 
thymolysis. 

In summary, introduction of (alkoxycarbony1)alkanoate 
esters to the 17a-hydroxy group in corticosteroids could 
be an excellent method to provide an "antedrug" which 
shows high separation of topical antiinflammatory activity 
from systemic adverse effects of corticosteroids. 
Experimental Section 
All melting points were determined in open capillary tubes on 

Mettler FP61 and were uncorrected. Elemental analyses were 
performed by a Perkin-Elmer 240-C elemental analyzer. IR 
spectra were determined by a JASCO infrared spectrophotometer. 
'H NMR spectra were determined on a Varian HA-100 or a JEOL 
JMN-PS-100 spectrometer at ambient temperature in CDC1, or 
DMSO-d, with TMS used as an internal standard. Chemical shifts 
are given in 6 (ppm). The following abbreviations are used: s, 
singlet; d, doublet; t, triplet; q, quartet; qu, quintet; m, multiplet; 
br, broad. Thin-layer chromatography (TLC) was carried out on 
precoated silica gel plates (Merck, F-254). Silica gel for column 
chromatography was purchased from Wako Pure Chemical Co., 
WAKO-Gel C-300, 200-300 mesh. 

Preparation of Ortho Esters Containing a Functional 
Group. Two typical procedures for preparing trimethyl 3- 
(methoxycarbony1)orthopropionate (81) and triethyl methoxy- 
orthoacetate (8a) were as follows. 

Trimethyl 3-(Methoxycarbonyl)orthopropionate (81). Into 
an ice-cooled solution of 3-(methoxycarbonyl)propionitrile (54.0 
g, 0.48 mmol) and anhydrous MeOH (21.3 mL, 0.53 mmol) in 
anhydrous ether (350 mL) was bubbled HCl(g) until saturation 
(ca. 9 equiv of HCl was absorbed). After the resulting solution 
was allowed to stand at  0 "C for 24 h, the solvent and excess HCl 
were removed under reduced pressure at  ambient temperature 
to give a white salt. The salt was successively washed with an- 
hydrous ether and dried under reduced pressure to give methyl 
3-(methoxycarbonyl)propio~~te hydrochloride (71) (84.1 g, 97 % 
yield). The imidate salt was dissolved in anhydrous MeOH, and 
the eolution was e€irrad at  imm tamperatwe fer 26 h. AE the 
reaction proceeded, M-14Cl precipitated. After €he salt waa Ntered 
off, the filtrate was diluted with ether. The ethereal solution was 
washed with aqueous NaHC03 and brine and dried over MgSO,. 
Filtration and evaporation afforded the crude product (86.9 g), 
which was distilled to give trimethyl 3-(methoxycarbonyl)- 
orthopropionate (81) (83.5 g, 90% yield): bp 88-89 "C (6.0 mmHg); 
'H NMR (CDC13) 6 1.82-2.51 (m, 4 H), 3.20 (8 ,  9 H), 3.67 (8, 3 
H). 

Triethyl Methoxyorthoacetate (8a). Following the procedure 
described above, methoxyacetonitrile (9.56 g, 0.13 mmol) was 
treated with anhydrous EtOH and HCl(g) to give ethyl meth- 
oxyacetoimidate hydrochloride (7a) (18.7 g, 89% yield), which 
was subjected to alcoholysis with anhydrous EtOH to afford, after 
distillation, triethyl methoxyorthoacetate (8a) (13.1 g, 57% yield): 
bp 87-92 "C (32 mmHg); 'H NMR (CDC13) 6 1.21 (t, 3 H, J = 
7.0 Hz), 3.36 (8 ,  3 H), 3.47 (8 ,  2 H), 3.58 (q, 2 H, J = 7.0 Hz). 

Other ortho esters except 8p and 8q were prepared similarly 
using the Corresponding nitriles (0.02-0.45-mol scale). All results 
are given in Table I. 

Trimethyl 3-(Isopropoxycarbonyl)orthopropionate (8p). 
Sodium chips (500 mg, 21.7 mmol) were added into 200 mL of 
2-propanol, and the mixture was stirred at ambient temperature 
for 2 h. After the sodium chips were completely dissolved, 10.0 
g (52 mmol) of trimethyl 3-(methoxycarbony1)orthopropionate 
(81) was added. Stirring was continued at 55 "C for 1.5 h, and 
the resulting mixture was diluted with ether. The ethereal solution 
was washed with aqueous NH4Cl and brine and dried over an- 
hydrous MgSO4. Filtration and evaporation afforded 12.3 g of 
an oily crude product, which was distilled under reduced pressure 
to give 8.40 g of trimethyl 3-(hpropoxycarbonyl)orthopropionate 
(8p) (73% yield): bp 1W111 "C (12 mmHg); 'H NMR (CDCI,) 
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6 1.19 (d, 6 H, J = 6.0 Hz), 2.00-2.07 (m, 2 H), 2.25-2.31 (m, 2 
H), 3.20 (8,  9 H), 4.96 (qu, 1 H, J = 6.3 Hz). 

Trimet hyl 3 4  tert -Butyloxycarbonyl)orthopropionate 
(8q). Into a solution of 10.0 g (52.0 mmol) of trimethyl 3- 
(methoxycarbony1)orthopropionate (81) in 200 mL of tert-butyl 
alcohol was added 4.80 g (42.8 mmol) of t-BuOK. Stirring was 
continued at 60 "C for 24 h, and the reaction mixture was cooled 
to room temperature and diluted with ether. The ethereal solution 
was washed with aqueous NH,Cl and brine and dried over MgSOb 
Filtration and evaporation afforded 11.4 g of an oily crude product, 
which was distilled under reduced pressure to give 7.75 g of 
trimethyl 3-(tert-butyloxycarbonyl)orthopropionate (8q) (64% 
yield): bp 104-106 "C (12 mmHg); 'H NMR (CDCl,) 6 1.40 (8 ,  
9 H), 1.97-2.04 (m, 2 H), 2.20-2.27 (m, 2 H), 3.20 (8 ,  9 H). 

Preparation of the  Derivatives of 21-Desoxy-21-chloro- 
betamethasone 17a-Functionalized Alkanoates. A typical 
procedure for preparing 21-chloro-9a-fluoro-1 lfl-hydroxy-17a- 
( (3- (met hoxy carbonyl) propanoyl) oxy)- 16g-methylpregna- 1,4-di- 
ene-3,20-dione (131) was as follows: 

Sa-Fluoro- 11&2 1-dihydroxy- 1 7 4  (3- (met hoxycarbony1)- 
propanoyl)oxy)-l6~-methylpregna-l,4-diene-3fO-dione (1 11). 
Into a mixture of 15.0 g (38.2 mmol) of 9a-fluoro-llj3,17a,21- 
trihydroxy-16~-methylpregna-1,4-diene-3,2O-dione (beta- 
methasone) and 14.7 g (76.4 mmol) of trimethyl 3-(methoxy- 
carbony1)orthopropionate (81) in 75 mL of THF was added 0.5 
g of p-toluenesulfonic acid. After being stirred at  ambient tem- 
perature for 12 h under nitrogen, the reaction mixture was treated 
with 2 mL of Et3N. The resulting solution was poured into 
aqueous NaHC03 and extracted with EtOAc. The organic extracts 
were washed with brine and dried over anhydrous MgSO,. Fil- 
tration and evaporation under reduced pressure gave 16.0 g of 
the crude ortho ester (101). 

A solution of crude 101 and 60 mL of 0.28% aqueous AlCl, in 
200 mL of MeOH was stirred at  ambient temperature for 8 h. 
The reaction mixture was treated with aqueous NaHCO, and 
extracted with CH2C12. The extracts were washed with brine and 
dried over anhydrous MgSO,. Filtration and evaporation under 
reduced pressure gave the crude product, which was chromato- 
graphed on silica gel to afford 15.0 g of 111 (81% yield). 

2 1 -C hloro-9a-fluoro- 1 18- hydroxy- 17a-( (3- (met hoxy- 
carbony1)propanoyl)oxy)- 16@-methylpregna-l,4-diene-3,20- 
dione (131). Into a mixture of 15.0 g (29.6 mmol) of 111 and 31 
mL of Et3N in 300 mL of CH& was added 5.10 g (44.4 mmol) 
of methanesulfonyl chloride dropwise at  0 "C. Stirring was 
~~ut in rsed at 0 *C under nitrogen for 30 min, The d o n  mixture 
was poured into ice-cooled 3 N HCI and extracted with CH2CI,. 
The extracts were washed with aqueous NaHCOs and brine and 
dried over anhydrous MgSOb Filtration and evaporation under 
reduced pressure gave 20.6 g of the crude mesylate (121). 

A mixture of crude 121 and 6.28 g (148 mmol) of LiCl in 190 
mL of DMF was stirred at 90 "C under nitrogen for 5 h. After 
cooling to ambient temperature, the reaction mixture was diluted 
with EtOAc. The organic solution was washed with brine three 
times and dried over anhydrous MgSO,. Filtration and evapo- 
ration under reduced pressure gave the crude product, which was 
chromatographed on silica gel. Recrystallization from EtOAc and 
n-hexane gave 11.7 g of 131 (75% yield): mp 215-216 "C; 'H NMR 

3.58 (s,3 H), 4.21 (8,  2 H), 5.30-5.48 (m, 1 H), 6.04 (d, 1 H), 6.24 
(dd, 1 H, J = 10 Hz, J = 2.0 Hz), 7.30 (d, 1 H, J = 10 Hz); IR 

(CDCI,) 6 0.88 (8,  3 H), 1.28 (d, 3 H, J = 6.0 Hz), 1.51 (8,  3 H), 

(KBr) 3450,1735,1665,1635,1620, 1610 cm-'. Anal. (C,H%,- 
ClFO,) C. H. C1. 

Other derivatives of 21-desoxy-21-chlorobetamethasone 17a- 
functionalized alkanoate except 13m, 1311, 13p, and 13q were 
similarly prepared from betamethasone using the corresponding 
ortho esters above prepared. All results are given in Tables I1 
and 111. 
9a-Fluoro-l1/3,21-dihydroxy-16~-methyl- 1 7 4  (3-(isoprop- 

oxycarbonyl)propanoyl)oxy )pregna- 1,4-diene-3,20-dione 
(1 lp). Compound l l p  was obtained by the similar procedure 
described for compound 111. Betamethasone (0.80 g, 2.04 mmol) 
and the ortho ester 8p (0.81 g, 3.67 mmol) gave lop, which was 
converted to 1.30 g of crude l lp.  The crude l l p  was used in the 
next step without further purification. 

21-Chloro-Sa-fluoro-1 Ij3-hydroxy-16j3-methyl-l7a-( ( 3 4 ~ 0 -  
propoxycarbonyl)propanoyl)oxy)pregna- 1,4-diene-3,2O-dione 
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(13p). Into a solution of 1.02 g of the crude l l p  and 0.70 mL of 
pyridine in 20 mL of CH2C12 was added 1.00 g of trifluoro- 
methanesulfonyl anhydride at -30 "C. After the mixture was 
stirred at -30 OC for 15 min, 0.2 mL of MeOH was added. The 
reaction mixture was concentrated in vacuo to give an oily residue, 
into which a solution of 325 mg of LiCl in 6 mL of DMF was 
added. After being stirred a t  ambient temperature for 30 min, 
the reaction mixture was poured into cold 1 N HCl and extracted 
with CH2C1,. The extracts were washed with brine and dried over 
anhydrous MgS04. Filtration and concentration gave the crude 
product, which was chromatographed on silica gel. Recrystalli- 
zation from EtOAc afforded 1.03 g of 13p (91% yield): mp 

6.2 Hz), 1.35 (d, 3 H, J = 7.2 Hz), 1.53 (s, 3 H), 4.05 (s, 2 H), 
4.39-4.46 (m, 1 H), 4.94 (4, 1 H, J = 6.2 Hz), 6.11 (s, 1 H), 6.33 
(dd, 1 H, J = 10 Hz, J = 2.0 Hz), 6.18 (d, 1 H, J = 10 Hz); IR 
(KBr) 3450,1735,1660,1620,1610 cm-'. Anal. (CBH&1FO7) 
C, H, C1. 

1 7 4  (34 tert-Butoxycarbonyl)propanoyl)oxy)-9a-fluoro- 
1 lj3,21-dihydroxy-16(3-methylpregna- 1,4-diene-3,20-dione 
( l l q ) .  Compound l l q  was obtained by a procedure similar to 
that described for compound 111. Betamethasone (1.00 g, 2.55 
"01) and the ortho ester 8q (1.61 g, 6.89 mmol) gave lOq, which 
was converted to 1.12 g of crude l lq .  The crude l l q  was used 
in the next step without further purification. 

17a-( (3-(tert-Butoxycarbonyl)propanoyl)oxy)-2l-chloro- 
Sa-fluoro-1 l~-hydroxy-l6&methylpregna-l,4-diene-3,2O-dione 
(13q). Via the procedure for the preparation of 13p described 
above, 1.12 g of the crude l l q  was treated with 0.81 g of tri- 
fluoromethanesulfonyl anhydride and 0.80 mL of pyridine in 
CH2C12 to give the crude triflate 12q, reaction of which with 0.38 
g of LiCl in 7 mL of DMF gave, after purification by column 
chromatography on silica gel and recrystallization from EtOAc, 
1.28 g of 13q (89% yield): mp 167-168 "C; 'H NMR (CDCl,) 6 
0.98 (8, 3 H), 1.35 (d, 3 H, J = 7.2 Hz), 1.40 (8, 9 H), 1.53 (s, 3 
H), 4.06 (8, 2 H), 4.36-4.44 (m, 1 H), 6.11 (s, 1 H), 6.33 (dd, 1 H, 
J = 10 Hz, J = 2.0 Hz), 7.17 (d, 1 H, J = 10 Hz); IR (KBr) 3430, 
1740, 1670, 1620 cm-'. Anal. (CmH,,,ClFO7) C, H, C1. 

21-Chloro-l7c~-( (3-(ethoxycarbonyl)propanoyl)oxy)-9a- 
fluoro- 1 18- hydroxy- 168-met hylpregna- 1 ,4-diene-JfO-dione 
(13x1). Into a solution of 0.50 g (0.95 mmol) of 131 in 25 mL of 
anhydrous EtOH was added a solution of 22 mg (0.95 mmol) of 
sodium in 25 mL of anhydrous EtOH. The reaction mixture was 
stirred a t  ambient temperature for 12 h. The resulting mixture 
was poured into cold water and extracted with EtOAc. The 
extracts were washed with brine and dried over anhydrous MgSO,. 
Filtration and evaporation of solvents under reduced pressure 
gave the crude product, which was chromatographed on silica gel. 
Recrystallization from EtOAc and n-hexane afforded 0.29 g of 
13n (57% yield): mp 228-230 "C; 'H NMR (CDCl,) 6 1.10 (s,3 
H), 1.22 (t, 3 H, J = 7.0 Hz), 1.23 (d, 3 H, J = 8.0 Hz), 1.58 (8, 
3 H), 4.08 (4, 2 H, J = 7.0 Hz), 4.33-4.52 (m, 1 HI, 6.08 (s, 1 H), 
6.26 (dd, 1 H, J = 10 Hz, J = 2.0 Hz), 7.21 (d, 1 H, J = 10 Hz); 
IR (KBr) 3450,1735,1705,1665,1610 cm-'. Anal. (CBH&lF07) 
C, H, C1. 

21-Chloro-Sa-fluoro- 1 lj3-hydroxy-l7a-( (4-(methoxy- 
carbonyl) butyryl )oxy)- 168-met hy lpregna- 1,4-diene-3,17-dione 
(13m). Via the procedure for the preparation of 13n, 0.40 g (0.72 
mmol) of 130 was treated with 39 mg (0.72 mmol) of NaOMe in 
10 mL of anhydrous MeOH at rmm temperature for 12 h to afford, 
after purification by column chromatography and recrystallization 
from EtOAc and n-hexane, 0.24 g of 13m (62% yield): mp 251-254 
"C; 'H NMR (CDCI,) 6 1.19 (d, 3 H, J = 7.6 Hz), 1.31 (8 ,  3 H), 
1.57 (s, 3 H), 3.67 (s. 3 HI, 4.35 (m, 1 HI, 6.13 (8, 1 H), 6.33 (dd, 
1 H, J = 10 Hz, J = 2.0 Hz), 7.21 (d, 1 H, J = 10 Hz); IR (KBr) 
3450, 1740, 1700, 1660, 1610 cm-'. Anal. (CUH&IFO7) C, H, 
c1. 

17a- (( 3-Carboxypropanoyl)oxy)-2 1 -chloro-9a-fluoro- 1 18- 
hydroxy-l6~-methylpregna-l,4-diene-3,2O-dione (13r). Into 
a solution of 0.15 g (0.29 mmol) of 131 in 12 mL of AcOH was 
added 6 mL of 1 N HCl. After stirring was continued a t  50 OC 
for 24 h, the resulting mixture was extracted with CHCl,. The 
extracts were washed with brine, dried over anhydrous MgSO,, 
and concentrated under reduced pressure to give, after column 
chromatography on silica gel, 0.14 g of 13r (92% yield) as an 

163-164 OC; 'H NMR (CDCl3) 6 0.98 ( ~ , 3  H), 1.19 (d, 6 H, J = 
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amorphous product: 'H NMR (CDCl,) 6 1.01 (s,3 H), 1.38 (d, 
3 H, J = 7.2 Hz), 1.56 (8, 3 H), 4.05 (s, 2 H), 4.43 (m, 1 H), 6.15 
(8, 1 H), 6.37 (dd, 1 H, J = 10 Hz, J = 2.0 Hz), 7.22 (d, 1 H, J 
= 10 Hz); IR (KBr) 3425, 1730, 1655, 1610 cm-'. Anal. (Cze- 

Croton Oil Induced Ear Edema in the Mice. The exper- 
imental procedure was conducted according to the method of 
Tonelli et aL20 with some modifications. Male ddy mice 4 weeks 
old were used. The steroids in appropriate concentrations were 
mixed with an inflammatory vehicle consisting of 4 parta pyridine, 
1 part 0.5% carboxymethyl cellulose in saline, 14 parts diethyl 
ether, and 1 part croton oil. The vehicle was applied to the right 
ear of unanesthetized mice by three uniform upward strokes of 
felt-tipped forceps. Five hours after the application, both ears 
were removed and weighed. The edema weight was obtained by 
subtracting the weight of the contralateral ear from that of the 
inflamed ear. For the purpose of estimating relative potency, the 
standard parallel line assay method was used. 

Croton Oil Induced Granuloma Pouch in the Rats. The 
granuloma pouch test of SelyeZ1 was adopted with some modi- 
fications. The steroids in appropriate concentrations were mixed 
with an inflammatory vehicle consisting of 89 parts cotton seed 
oil, 10 parts ethanol, and 1 part croton oil. Male Wistar rats 6 
weeks old were used. Each rat was lightly anesthetized with ether, 
and a pouch was produced by subcutaneously injecting 20 mL 
of air with a syringe in the middle of the back. Immediately, the 
inflammatory vehicle was injected into the pouch. Seven days 
later, the rats were weighed and killed. The pouch was carefully 
opened, and the inflammatory exudate present in the pouch was 
collected and the volume was measured. The granulation tissue, 
thymus, and adrenal glands were removed and weighed. For the 
purpose of estimating relative potency, the standard parallel line 
assay method was used. 

Glucocorticoid Receptor Binding. The relative binding 
affinities of steroids for the glucocorticoid receptor of rat liver 
cytosol were measured by competitive displacement of [3H]- 
dexamethasone. Male Wistar Imamichi rats 9 weeks old were 
used. Each rat was adrenal&& under ether anesthesia. Two 
days later, the liver was excised and homogenized in a 10-fold 
buffer containing 50 mM TriseHC1,l mM EDTA, 2 mM dithio- 
threitol, 10 mM Na2Mo04, and 10% glycerol (pH 7.4). The 
homogenate was collected as the supematant fraction. The cytusol 
was centrifuged for 1 h a t  105000g at 4 OC and collected as the 
supernatant fraction. The cytosol was mixed with 5 nM [,HI- 
dexamethasone in the presence or absence of appropriate con- 
centrations of competitors and incubated for 2 h a t  4 OC. The 
reaction was terminated by the addition of hydroxyapatite in order 
to separate the receptor-steroid complex from free [SH]dexa- 
methasone. The radioactivity bound to the receptor was deter- 
mined by liquid scintillation spectrometry. The ICso values were 
estimated by probit analysis. 
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