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Summary--An improved synthesis of loteprednol etabonate (chloromethyl 17~-ethoxycar- 
bonyloxy-11 fl-hydroxy-3-oxoandrosta-1,4-diene 17fl-carboxylate) was achieved. The design of 
the new type of glucocorticoid was based on the soft drug concept. The relative binding 
affinities of loteprednoi and its putative metabolites (PJ90 and PJ91) to rat lung type II 
glucocorticoid receptor were determined in a competitive binding experiment with 
[3 H]triamicinolone acetonide. The medium contained cortienic acid (10-5 M) in order to block 
transcortin binding sites. Loteprednol etabonate exhibited a binding affinity which was 4.3 
times that of dexamethasone, both compounds having a Hill factor close to 1 whereas PJ90 
and PJ91 did not show any affinity to the receptor. Loteprednol etabonate was compared 
to betamethasone 17~t-valerate in a vasoconstriction test which was performed on the 
forearm skin of human volunteers. The results showed that loteprednol etabonate has good 
skin-permeation properties and strong glucocorticoid activity. 

INTRODUCTION 

Topical application of potent glucocorticoids, 
e.g. clobetasol 17-propionate, can produce 
severe toxic responses. Cushingoid features, 
pituitary-adrenal suppression [1], skin atrophy 
and inhibition of wound healing [2] have been 
observed. These types of actions result from the 
apparent ubiquitous and unique nature of the 
glucocorticoid receptor. Other kinds of toxic 
responses, i.e. allergies and cataract, which are 
observed in patients undergoing long-term glu- 
cocorticoid therapy, are believed to be related 
to the presence of an ~-hydroxycarbonyl 
function [3]. In trying to design safer gluco- 
corticoids, Bodor and co-workers [4-7] have 
addressed both aspects of the problem. They 
designed molecules that lack the reactive ~-hy- 
droxycarbonyl function and which are systemi- 
cally non-toxic while being locally active. They 
based their approach on the newly-developed 
concept of soft drugs, in which toxicity con- 
siderations are integrated in the early stages of 
the drug design process. We describe here one of 
the most promising candidates, loteprednol 
etabonate, which has entered clinical trials in 
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the U.S.A. In this first report, an improved 
synthesis of the new glucocorticoid is described. 
The new molecule is intrinsically potent, 
whereas the putative metabolites are intrinsi- 
cally inactive. 

EXPERIMENTAL 

Chemistry 

Uncorrected melting points were recorded on 
a Fisher-Johns melting point apparatus. The 
proton NMR spectra were recorded on a 
varian EM390 spectrometer and the IR spectra 
were recorded on a Perkin Elmer 1600 FTIR. 
The elemental analysis was done by Atlantic 
Microlab (Atlanta, Ga). Optical rotations were 
measured on a Perkin-Elmer 141 polarimeter. 

17~-Ethoxycarbonyloxy- 1 l fl-hydroxy- 3-oxo- 
androsta- 1,4-diene- 17fl-carboxylic acid ethyl- 
carbonic anhydride (4) 

Compound 3 (50 g, 0.144 tool) was dissolved 
in water (500 ml) containing sodium bicarbon- 
ate (121 g). Methylene chloride (500ml) was 
added, followed by tetrabutylammonium hy- 
drogensulfate (285 g, 7.20 mmol). The reaction 
mixture was stirred vigorously and ethylchloro- 
formate (47.9 g, 0.434mol) was added, drop- 
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wise, over a period of 15 min. After stirring for 
3 h, the organic phase was separated and was 
evaporated to dryness. The residue was dis- 
solved in acetone (300 ml) and was precipitated 
by pouring the acetone in stirring cold water 
(2500 ml). The crystals were left in cold water 
for 16 h and were filtered. The product was 
dried in vacuo. The yield was 67.33 g (95%) of 
a white powder. 

m.p.: 198.3-198.5°C. 
H-NMR (CDC13): 6 (ppm)= 1.13 (s, 18- 

CH3); 1.27 (t, JAx=VHz, CH2CH3); 1.34 (t, 
JAX ---- 7 Hz, CH2 CH3); 1.44 (s, 19-CH3); 4.13 (q, 
JAx = 7 Hz, CH2CH3); 4.30 (q, JAx = 7 Hz, 
CHECH3); 4.47 (m, 110t-H); 5.98 (s, 4-CH); 6.23 
(m, 2-CH); 7.27 (m, I-CH). 

IR(KBr): v (cm -L) = 3376, 1821, 1748, 1658. 
Elemental analysis--theor: C, 63.66; H, 6.99. 

found: C, 63.66; H, 7.01. 

Chloromethyl 17ot-ethoxycarbonyloxy- l lfl- 
hydroxy- 3-oxoandrosta- l, 4-diene 17fl-carboxy- 
late (6) 

Compound 5 (10 g, 0.024 tool) was dissolved 
in water (100 ml) containing sodium bicarbon- 
ate (9.90g). Methylene chloride was added 
(80 ml), followed by tetrabutylammonium 
hydrogensulfate (0.47 g, 1.18 mmol). Chloro- 
methylchlorosulfate (4.75 g, 0.029 mol) in meth- 
ylene chloride (20 ml) was added dropwise over 
a period of 30 min while stirring vigorously. 
After stirring for 2 h, the organic phase was 
separated, dried over Na2 SO4 and evaporated to 
dryness in vacuo to give a crude yield 10.66 g. 
The product was crystallized from hot acetone 
(100 ml). 

m.p.: 233-234°C. 
[~]2d3 = 41.8 _ 0.35 (C = 1.23 + 0.24, CH2C12). 

The value was obtained from 6 independent 
measurements. 

H-NMR (CdCl3): 6 (ppm)= 1.07 (s, 18- 
CH3); 1.26 (t, Jkx = 7Hz, CH2CH3); 1.44 (s, 
19-CH3); 4.11 (q, JAx=VHz, CH:CH3); 4.49 
(m, ll~t-H); 5.76 (ABq, CH2C1); 6.01 (s, 4-CH); 
6.24 (m, 2-CH); 7.30 (m, 1-CH). 

IR(KBr): v(cm -1) = 3346, 1772, 1742, 1654. 
Elemental analysis-- 

theor: C, 61.73; H, 6.69; Cl, 7.59. 
found: C, 61.82; H, 6.83; C1, 7.66. 

Binding assay 

Unlabeled chemicals were obtained from 
Sigma Chemical Co. (St Louis, Mo.). 1,2,4-3H - 
triamcinolone acetonide (45 Ci/mmol) was pur- 
chased from New England Nuclear (Boston, 

Mass). All the steps of the binding assay, up 
to the charcoal separation procedure, were 
performed in ice at 0°C. 

Cytosol preparation. Male Sprague-Dawley 
rats, 150-200g, were used 6 days after 
adrenalectomy. The rats were killed by decapi- 
tation. Immediately after resection of the lungs, 
the tissue was frozen in liquid nitrogen. The 
cytosol was prepared with a slight modification 
of a previously described method [8]. The frozen 
tissue was ground to small pieces. After addition 
of 6 vol of ice-cooled incubation buffer (10 mM 
Tris/HC1, 10mM sodium molybdate, 2mM 
1,4-dithiothreitol), the tissue was homogenized 
with a Virtis 45 homogenizer, at full speed, for 
4 periods of 45 s with a 1-min cooling period 
between each step. The homogenate was 
centrifuged at 105,000g for 1 h at 4°C in a 
Beckman ultracentrifuge L8-70M equipped with 
a T170 rotor. Portions (5ml) of the cytosol 
were frozen in liquid nitrogen and stored at 

_ 80oc. 
Binding studies. The cytosol was thawed in 

a water bath and was diluted with 2-4 parts of 
incubation buffer containing a 15 mM con- 
centration of diisopropyl fluorophosphate. To 
160-/~1 portions of the diluted cytosol were 
added 20-/tl portions of a stock solution of 
[3H]triamcinolone acetonide in incubation 
buffer. The final concentration of tracer in each 
incubation medium was 10 nM. A solution of 
cortienic acid in buffer was also added to each 
sample so that the final concentration of cor- 
tienic acid in the incubation medium was 
10 -5 M. Finally, each sample received an identi- 
cal volume of various concentrations of com- 
petitor (loteprednol) in ethanol. After a 24-h 
incubation period at 4°C, the unbound steroid 
was removed by addition of a 2% suspension of 
activated charcoal in buffer (400/tl). The mix- 
ture was incubated for 10 rain in ice and then 
was centrifuged at 10,000g for 3 min in a Fisher 
microcentrifuge. The radioactivity (cpm) in the 
supernatant (400 #1) was determined by liquid 
scintillation counting. The non-specific binding 
was determined in the presence of unlabeled 
dexamethasone (10-6M) and was in all cases 
< 10% of the total binding. All determinations 
were performed in duplicate. The ICs0 value of 
the investigated steroid (concentration of com- 
petitor necessary to displace 50% of the bound 
[3H]triamcinolone acetonide) and the slope 
factor of the resulting competition curve were 
determined a non-linear curve fitting method 
using the NON-LIN module of the Macintosh 
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SYSTAT version. The data were fitted to the 
following logistic function: 

B = T - T . C N / ( C N +  IC~0) + NS, 

where 

B = cpm in the presence of competitor, 
T = cpm in the absence of competitor, 
C = competitor concentration, 
N = Hill slope factor 

and 

N S  = cpm under non-specific binding con- 
ditions. 

The resulting IC50 value was transformed 
into relative binding affinity (RBA) using 
dexamethasone (RBA = 100) as the reference 
standard: 

RBA(x) = IC50 (dexamethasone)/ICs0 (x) • 100. 

Vasoconstriction test 

Solutions of loteprednol etabonate (0.01, 
0.001 and 0.0001 M) and of betamethasone 
17~-valerate (0.01 M), purchased from Sigma, 
were prepared in a mixture consisting of ethanol 
and isopropyl myristate in a ratio 90:10. The 
test solutions (0.05 ml) were applied to circular 
patches, l-cm dia. The patches were in turn 
randomly applied to the previously cleansed and 
dried flexor surface of the forearms of 4 human 
volunteers. The application site was covered 
with a water-impervious film. The film was 
removed after 4 h and the intensity of the pallor 
was judged after 1, 2, 3, 4, 5 and 8 h by an 
experienced observer. The blanching was evalu- 
ated on a 0-4 scale, with half-units. The grad- 
ing scale was as follows: 0 = normal skin; 
1 = slight pallor of indistinct outline; 2 = pallor 

with at least two corners outlined; 3 = even 
pallor with a clear outline of the application site; 
4 = very intense pallor. There were 11 patches 
for each different concentration of loteprednol 
and 9 patches for the control compound, 
betamethasone 17a-valerate. 

RESULTS 

Design 

The approach used in the design of lotepred- 
nol etabonate (6) is known as the inactive 
metabolite approach, in which the first step 
(Fig. 1) is a retro-metabolic transformation of a 
putative inactive metabolite in order to identify 
potentially useful metabolic precursors. The 
second step is a recognition of the biologically 
active precursors. The recognition process is 
based on the available knowledge of structure- 
activity relationships (SAR). Potentially toxic 
structures are rejected at that stage. In the last 
step, the emerging candidates undergo minor 
structural modifications in order to tailor their 
biological activity to therapeutic needs. In 
Bodor's approach, the design of loteprednol 
relies on non-specific esterases for its deactiva- 
tion. By analogy with cortienic acid (1), and 
endogenous inactive metabolite of hydroeorti- 
sone in man, it was postulated that 3 and 5 are 
biologically inactive entities. The synthesis of 
loteprednol therefore elaborates on 3. Retro- 
metabolic transformation of 3 leads to 5, an 
other inactive entity, whereas 6 is designed to be 
the immediate metabolic precursor of 5 and, by 
extension, of 3. 

Chemistry 

The original synthetic method is described 
elsewhere [9]. The improved synthesis of 4 and 
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Fig. 1. Schematic view of the inactive metabolite approach. 
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Scheme 1 

6 is reported in the Experimental section. The 
synthesis of 6 proceeds according to the route 
described in Fig. 2. Prednisolone 2 was easily 
oxidized to the 17fl-carboxylate 3 using an 
adaptation of the literature method for the 
oxidation of hydrocortisone [10]. The synthesis 
of the mixed anhydride 4 and 6 was greatly 
improved over the original method by the use of 
a liquid-liquid biphasic method and a transfer 
catalyst. In the last step, chloromethylchloro- 
sulfate[l 1] showed a definite advantage over 
other alkylating agents, giving a product of 
higher purity and also a better yield. 

Glucocorticoid receptor binding affinity 

The relative affinities of the synthesized 
compounds to the glucocorticoid receptor were 
determined in a competitive binding experiment 
using rat lung cytosol as a standard receptor 
source [12]. A first experiment performed in the 
absence of cortienic acid revealed a Hill 
coefficient of 1.32-1.51 for loteprednol, while 
dexamethasone exhibited a coefficient close to 
1.0 as expected (data not shown). In the 
presence of cortienic acid, at a concentration 
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Fig. 3. Competition curves of ioteprednol etabonate (A), 
dexamethasone ((~), PJ-91 (*) and PJ-90 (A) in the presence 

of cortienic acid. 

sufficient to block the transcortin binding sites 
[13], the Hill coefficient of loteprednol was close 
to 1.0. This observation indicates a possible 
binding affinity of loteprednol for transcortin, 
which would be predicted for a non-fluorinated 
glucocorticoid [14]. The affinity of loteprednol 
for the rat lung giucocorticoid receptor is 4.3 
times that of dexamethasone (Fig. 3), whereas 
the potential metabolites P J90 and P J91 do not 
bind significantly. This finding agrees with the 
previously observed lack of affinity exhibited 
by glucocorticoids with a 17fl-carboxylic func- 
tion. This observed affinity of 6 is substan- 
tially higher than expected from an analog of 
2. While it is not possible to draw any con- 
clusion from this simple comparison, other data 
seem to relate this increase in binding activity 
to the presence of a lipophilic substituent at the 

H 0  i°~ -F°" 

O" v~ v ~ O , ~  P J-90 

Z 

• HO , 0~-0-~0 HO , 0~-0" 
ClCOOCzH s I / " q ~ - q  O C z H s  ? ' " 1 ~ - o  OC . 

HN(C2Hs)2 4 5 P J-91 

c s o 3 c N , c  

Fig. 2. Synthetic scheme of loteprednol etabonate. 
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17a-position [15] as well as to the presence of a 
chlorine atom at a position similar to that of the 
potent 21-chlorinated glucocorticoids [4]. There 
are literature data on the binding affinities of 
commercially relevant glucocorticoids to the 
receptor of rat and human lungs [16-18]. Since 
it appears that there is no significant difference 
between the binding properties of the gluco- 
corticoid receptor in rat and human tissues [16], 
a first approximation places the intrinsic 
activity of loteprednol somewhere between that 
of triamcinolone acetonide (RBA = 233 [16]) 
and budesonide (RBA = 780[18]), two potent 
glucocorticoids. 

Vasoconstriction test 

A human vasoconstriction test was performed 
in order to confirm the glucocorticoid nature of 
6. This test was originally designed to assess the 
percutaneous absorption of glucocorticoids [19]. 
It was later modified and extented so that it may 
be used to screen for activity and to determine 
bioavailability of topical steroids [20]. In this 
study the data were expressed in terms of index 
of activity, as already described by Barry and 
Woodford [20]. The results (Fig. 4) clearly show 
a concentration-dependency, as well as a time- 
dependency, of the response curve, as expected 
from our present knowledge of the kinetics of 
skin permeation. The topical application of 6 
produced a blanching response which was simi- 
lar to that of betamethasone 17~-valerate, a 
potent topical glucocorticoid. Betamethasone 
17~-valerate has a binding affinity, in cultured 
human skin fibroblasts, which is in the range of 
that of 6 [21]. Since the degree of pallor depends 
both on the intrinsic potency of the agonist at 
the receptor and on the amount of compound 
reaching its site of action, it may be concluded 
that 6 is a potent glucocorticoid with good 
permeation properties. 
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Fig. 4. Vasoconstriction activity of loteprednol etabonate 
0.01M (O), 0.001M (1"7) and 0.0001M (x),  and of beta- 

methasone 17=-valerate 0.01 M (O). 

CONCLUSION 

A new type of glucocorticoid was synthesized. 
The design of the new molecule was based on 
the soft drug concept. This study successfully 
demonstrated that the starting inactive putative 
metabolites are indeed intrinsically inactive, in 
accord with the requirements for the soft drug 
design, whereas loteprednol itself is intrinsically 
4.3 times more potent than dexamethasone. Soft 
drugs are designed to be locally active, and as 
such they are especially useful for topical appli- 
cation. Loteprednol possesses a metabolically 
labile function, the 17/~-ester, that is designed to 
be rapidly deactivated in the systemic circula- 
tion. After exerting its therapeutic activity at the 
desired site, the soft drug is expected to be 
rapidly biotransformed to generate the starting 
inactive metabolites PJ-90 and PJ-91, which 
in turn should be rapidly eliminated. Conse- 
quently, the compound is expected to have 
local antiinflammatory properties while being 
systemically innocuous. 

REFERENCES 

1. Staughton R. C. and August P. J.: Cushing's syndrome 
and pituitary-adrenal suppression due to clobetasol 
propionate. Br. Med. J. 2 (1975) 419-421. 

2. Sneddon I. B.: Atrophy of the skin. The clinical 
problems. Br. J. Derm. 94 (S12) (1976) 121-123. 

3. Bucala R., Fishman J. and Cerami A.: Formation of 
covalent adducts between cortisol and l~-hydroxy- 
estrone and protein: possible role in the pathogenesis of 
cortisol toxicity and Lupus erythematosus. Proc. Natn. 
Acad. Sci. U.S.A. 79 (1982) 3320-3324. 

4. Bodor N.: Soft drugs: strategies for design of safer 
drugs. In Strategy for Drug Design (Edited by J. A. 
Keveding Buisman). Elsevier, Amsterdam (1982) 
pp. 137-164. 

5. Bodor N.: Designing safer drugs based on the soft drug 
approach. Trends Pharmac. Sci. 3 (1982) 53-56. 

6. Bodor N.: The soft drug approach. CHEMTECH(1984) 
28-38. 

7. Bodor N.: Soft drugs: principles and methods for the 
design of safer drugs. Med. Res. Rev. 3 (1984) 449-469. 

8. Rohdewald P., Moellmann H. and Hochhaus G.: 
Receptor binding affinities of commercial glucocorti- 
coids to the giucocorticoid receptor of human lung. 
Atemw. Lungenkrkh. 10 (1984) 484--489. 

9. Bodor N.: Soft steroids having antiinflammatory 
activity. Pat. Belg. BE 889,563 (CI. C07J) (3 Nov. 
1981). 

10. Little R. J.: Design and synthesis of several anti- 
inflammatory soft steroids and analysis of factors 
involved in the biological activity thereof. Ph.D. 
Dissertation, University of Florida, Gainesville (1983) 
p. 19. 

11. Binderup E. and Hansen E. T.: Chlorosulfates as 
reagents in the synthesis of carboxylic acid esters 
under phase-transfer conditions. Synth. Commun. 14 
(1984) 857464. 

12. Giannopoulos G.: Variations in levels of cytoplasmic 
giucocorticoid receptors in various species at different 
stages. Endocrinology 94 (1974) 450-458. 



154 P. DRUZGALA et al. 

13. Manz B., Grill H. J. and Pollow P.: Steroid side-chain 
modification and receptor affinity: binding and synthetic 
derivatives of corticoids to human spleen tumor and rat 
liver glucocorticoids receptor. J. Steroid Biochem. 17 
(1982) 335-343. 

14. Ballard P. L.: Delivery and transport of glucocorticoids 
to target cells. In Glucocorticoid Hormone Action 
(Edited by J. D. Baxter and G. G. Rousseau). Springer- 
Verlag, Heidelberg (1979) pp. 25-48. 

15. Wolff M. E., Baxter J. D., Kollman P. A., Lee D. L., 
Kunz I. D. and Bloom E.: Nature of glucocoricoid 
receptor interactions: thermodynamic analysis of the 
binding reaction. Biochemistry 17 (1978) 3201-3208. 

16. Rohdewald P., Moellmann H., Mueller K. M. and 
Hochhaus G.: Glucocorticoid receptors in the respir- 
ation tract. In Bochumer Treff 1984, Rezeptoren und 
Nervoese Versorgung des Bronchopulmonalen Systems. 
Verlag Gedon & Reuss, Mfinchen (1985) pp. 223-242. 

17. Luebke K., Schillinger E. and Tocpert M.: Hormone 
receptors. Angew. Chem. 88 (1976) 790-798. 

18. Dahlberg E., Thalen A., Brattsand R., Gustafsson 
J.-A., Johansson U., Roempke K. and Saartok T.: 
Correlation between chemical structure, receptor bind- 
ing, and biological activity of some novel, highly active, 
16~t, 17~t-acetal-substituted glucocorticoids. Molec. 
Pharmac. 25 (1984) 70-78. 

19. McKenzie A. W. and Stoughton R. B.: Method for 
comparing percutaneous absorption of steroids. Arcl~ 
Derm. 86 (1962) 608-610. 

20. Barry B. W. and Woodford R.: Activity and 
bioavailability of topical steroids. In vivo/in vitro corre- 
lations for the vasoconstriction Test. J. Clin. Pharm. 3 
(1978) 43-65. 

21. Ponec M.: Glucocorticoids and cultured human skin 
cells: specific intracellular binding and structure-activity 
relationships. Br. J. Derm. 107 ($23) (1982) 24-29. 


