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6a-Fluoro- and 6«,9«-difluoro-11,21-
dihydroxy-16a,17a-propylmethylene-
dioxypregn-4-ene-3,20-dione: Synthesis
and evaluation of activity and kinetics
of their C-22 epimers
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It is generally accepted that the anti-inflammatory effect of glucocorticosteroids cannot be separated from their
adverse effects at the receptor level. However, modification of the pharmacokinetics through structural alter-
ations could provide steroids with a better therapeutic index than those currently used. Thus, daé@®ni6
acetals between butyraldehyde and-fuoro- or 6«,9«-difluoro-16a-hydroxycortisol were synthesized and
studied. Acetalization of the correspondinga]B7a-diols or transacetalization of their 1§17«-acetonides in
dioxane produced mixtures of C-22 epimers, which were resolved by preparative chromatography. Alternatively,
an efficient method was used to produce the 22R-epimer stereoselectively through performing the acetalization
and transacetalization in a hydrocarbon with an inert material present. The C-22 configuration of (22%)-6
difluoro-11B3,21-dihydroxy-1&,17«-propylmethylenedioxypregn-4-ene-3,20-dione was unambiguously estab-
lished by single crystal X-ray diffraction. The present compounds, especially the 22R-epimer just mentioned, bind
to the rat thymus glucocorticoid receptor with high potency. The C-22 epimers of{Be-6@ifluoro derivatives
showed a 10-fold higher biotransformation rate than the budesonide 22R-epimer when incubated with human
liver S9 subcellular fraction. The high receptor affinity in combination with the high biotransformation rate
indicates that (22R)-® 9«-difluoro-118,21-dihydroxy-16,17«-propylmethylenedioxypregn-4-ene-3,20-dione
may be an improved 1§17«-acetal glucocorticosteroid for therapy of inflammatory diseases, in which the
mucous membranes are involved, such as those in the intestinal tract as well in the respiratory {@ietroids
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Introduction local and systemic pharmacokinetics has been a success-
ful mode. Within dermatology, great advances were al-
ready achieved in the 1950s and 60s, since the restricted
and slow absorption of GCs through the stratum corneum
barrier reduces unwanted systemic activity. For mucous
membranes, where the absorption is more complete and

. ) . VYapid, it was later learned that enhanced hepatic first-pass
GCs with reduced adverse effects like osteoporosis andinactivation is a key requirement for achieving topical

hypothalamic—pituitary—adrenal (HPA) axis blockade. selectivity?® For the therapy of diseases such as asthma,
With respect to systemic therapy, only minor progress hinitis, and inflammatory bowel disease, an optimal GC

gg\slekizzrzafrga%?se;g?n? ditgt?a ;atﬁrézathbt%tg ;gﬁ:gp&gt:‘;fg also needs to have a high affinity for the GC receptor, for
tor2 For local/tobical GC thera gmodification of the IOexample, to compensate for the great dilution of the drug
' P Py, on the large airway surfaces. The present paper describes
the synthesis and basic pharmacologic effects of new
Address reprint requests to Dr. Arne Thald®reclinical R&D, Research GCs, in which the combination of a few structural mod-

Support, Astra Draco AB, PO Box 34, S-221 00 Lund, Sweden. ifications favors both higher receptor affinity and en-
Received 19 May 1997; accepted 10 September 1997. hanced hepatic inactivation rate.

Since the discovery that the endogenous glucocorticoste-
roid (GC) cortisone relieved the symptoms of rheumatoid
arthritis! GCs have been used in the therapy of many
inflammatory and immunologic diseases. A search has
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Experimental

Compounds 5 (6a,9a-difluoro-118,21-dihydroxy-1&,17«-isopropyl-
idenedioxypregna-1,4-diene-3,20-dione) &6«-fluoro-113,21-
dihydroxy-16x,17«-isopropylidenedioxypregna-1,4-diene-3, 20-
dione) were purchased from SICOR S.p.A. (Milan, Italy). Dexa-
methasone and [6,3H]-dexamethasone were purchased from
Sigma Chemical Company (Sweden) and New England Nuclear
Corporation (Boston, Massachusetts, USA), respectively.
H-NMR spectra were recorded as solutions in Cp&l am-
bient temperature on a Varian VXR-300 spectrometer at 300 MHz.
The chemical shifts are given ifi units (ppm) relative to the
internal standard tetramethylsilane=ddoublet, dd= doublet of

(22R)- and (22S)-®,9«-Difluoro-113,21-dihydroxy-
16«,17a-propylmethylenedioxypregn-4-ene-3,20-
dione Ba and 3b)

6, 9a-Difluoro-113,16w,17«,21-tetrahydroxypregn-4-ene-3,20-dione
(2; 1.8 g) was added in small portions to a solution of freshly
distilled butanal (470 mg) and perchloric acid (70%; 0.4 mL) in
purified and dried dioxarfe(100 mL) with stirring over 30 min.
The reaction mixture was left at ambient temperature with con-
tinued stirring for another 5 h. Methylene chloride (600 mL) was
added, the solution was washed with aqueous potassium carbonate
(10%) and water, and dried over anhydrous sodium sulfate. The
doublets, m= multiplet, q= quartet, dg= doublet of quartets, s crude product obtained after evaporation was purified on a Sep-
singlet, and t= triplet. hadex LH-20 column (7% 6.3 cm 1.D.), using chloroform as the
Mass spectra were recorded on a Finnigan 4510 spectrometermobile phase. The fraction 3015-3705 mL was collected and
with desorption chemical ionization (DCI) using methane as the €vaporated. The residue (epimeric mixt@javas resolved into its
reagent gas (direct inlet; filament current was increased at a rate ofC-22-epimers on a Sephadex LH-20 column §@.3 cm 1.D.),
10 mAJ/s). Alternatively, the mass spectra were obtained with using a heptane/chloroform/ethanol mixture (20:20:1 v/v) as the
liquid chromatography thermospray mass spectrometry (TSP-MS) mobile phase. The fractions 8845-9565 mL (A) and 9745-10600
on the same type of spectrometer equipped with a Finnigan ther-mL (B) were collected and evaporated. The residues were dis-
mospray interface. Mobile phase: 0.1 M ammonium acetate buffer, solved in methylene chloride and precipitated with petroleum ether

pH 5, containing 70% methanol. Temperatures: lon source 222°C
and vaporizer 103°C. Repeller voltage: 90 V.

Preparative column chromatography was performed on a
Quickfit glass column equipped with adjustable Teflon end pieces.
A LKB Uvicord | flow analyzer, working at 254 nm, served as the
detection system. The effluent fractions were collected on a LKB
7000 Ultro Rac automatic fraction collector equipped with a LKB
3404 B siphon stand, using a 15 mL siphon. Sephadex LH-20
particle size 25-10Qum (Pharmacia Fine Chemicals, Uppsala,
Sweden), was used as the stationary phase. All solvents used as th
mobile phase were gfurissgrade and glass distilled. The ethanol
used in the mixed solvent system was 99.5% pure.

Preparative HPLC was performed on a liquid chromatograph
from Waters Associates with a type 590 Programmable HPLC
Pump, a type 170 Sample Loader, and a type 484 Tunable Absor-
bance Detector working at 280 nm. A column (25022.5 mm
I.D.), prepacked with Apex Prepsil ODS, 8, (Jones Chroma-
tography Ltd) was used as the stationary phase.

The HPLC analyses were performed on a liquid chromatograph
from Waters Associates involyna M 6000A pump, an U6K
injector system, aha M 400 UV detector (240 nm). A column
(150 X 4.6 mm 1.D.), prepacked with Bm Apex octadecylsilane
(Jones Chromatography Ltd), was used as the stationary phase.

Melting points were determined on a Leitz, Wetzlar, hot stage
microscope. Optical rotations were measured with a Perkin Elmer
model 241 polarimeter.

6a,9a-Difluoro-118,16«,17«,21-tetrahydroxypregn-
4-ene-3,20-dione?j

A solution of tris(triphenylphosphine)rhodium chloride (1.13 g) in
toluene (400 mL) was hydrogenated at atmospheric pressure for
20 min. A suspension of &@9«-difluoro-118,16«,17«,21-
tetrahydroxypregna-1,4-diene-3,20-dién@; 1.0 g) in ethanol
(250 mL) was added. The reaction mixture was hydrogenated for

24 h at room temperature and atmospheric pressure. After evap-

oration, the residue was suspended in chloroform (10 mL) and
filtered. The solid product was washed with several small portions
of chloroform yielding 0.83 g (83%) o?. The purity determined

by HPLC analysis (acetonitrile/water, 17:83 v/v) was 95.7%. M.p.
244-254°C. MS: m/z (relative intensity) 415 (MK 14), 397
(MH* — H,0; 12), 395 (MH" — HF; 17).*"H-NMR (300 MHz):

& ppm (CD,0OD) 0.99 (s, 3H, H-18), 1.60 (s, 3H, H-19), 4.32 and
4.69 (dd, 2H, H-21), 4.29 (m, 1H, H-11), 4.97 and 5.00 (dd, 1H,
H-16), 5.36 and 5.52 (two m, 1H, H-6), and 6.03 (s, 1H, H-4).
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(b.p. 40-60°C).

Fraction A gave 337 mg (17%) of the 22S-epin8#. The
purity determined by HPLC analysis (acetonitrile/water, 35:65 v/v)
was 95.7%; m.p. 231-234°CaJ2° = +84° (c= 0.096; CHCL,).
MS: m/z (relative intensity) 469 (MH; 100), 397 (MH" —
CH,CH,CH,CHO; 3.6), 379 (MH — CH,CH,CH,CHO — H,0;
12.7). *H-NMR (300 MHz; CDC}): & ppm 0.93 (t, 3H, H-25);
0.96 (s, 3H, H-18); 1.51 (s, 3H, H-19); 4.23 and 4.64 (two g, 2H,
H-21); 4.39 (broad m, 1H, H-11); 5.20 (d, 1H, H-16); 5.25 (t, 1H,
B-22); 5.14-5.38 (two m, 1H, H-6); 6.14 (s, 1H, H-4).

Fraction B gave 923 mg (45%) of the 22R-epin8a The
purity determined by HPLC analysis (cf. fraction A above) was
98.8%; m.p. 150-156°C;a]3> = +120° (c = 0.190; CHCL,).
MS: m/z (relative intensity) 469 (MH; 100), 397 (MH" —
CH,CH,CH,CHO; 12.3), 379 (MH — CH,CH,CH,CHO —
H,O; 25.0). *H-NMR (300 MHz; CDCL); & ppm 0.89 (s, 3H,
H-18); 0.94 (t, 3H, H-25); 1.52 (s, 3H, H-19); 4.26 and 4.53 (two
0, 2H, H-21); 4.40 (broad m, 1H, H-11); 4.61 (t, 1H, H-22); 4.92
(d, 1H, H-16); 5.13-5.38 (two m, 1H, H-6); 6.14 (s, 1H, H-4).

(22R)-6x,9a-Difluoro-118,21-dihydroxy-16,17a-
propylmethylenedioxypregna-1,4-diene-3,20-
dione @)

A. Compound4 was prepared in heptane frona,8a-difluoro-
118,21-dihydroxy-1@,17«-isopropylidenedioxypregna,4-diene-
3,20-dione(5) and butanal. The reaction was catalyzed by per-
chloric acid in the presence of fine sand, as previously descfibed.
The purity determined by HPLC analysis (acetonitrile/water, 35:65
VIV) was 98.7%. M.p. 169-172°CuJ2° = +94.5° (c= 0.170;
CH,CL,). MS: mz (relative intensity) 467 (MH; 100). *H-NMR
(300 MHz; CDCL): 6 ppm 0.91 (s, 3H, H-18); 0.91 (t, 3H, H-25);
1.53 (s, 3H, H-19); 4.26 and 4.53 (two q, 2H, H-21); 4.42 (m, 1H,
H-11); 4.59 (t, 1H, H-22); 4.92 (d, 1H, H-16); 5.26-5.52 (two m,
1H, H-6); 6.37 and 6.40 (two d, 1H, H-2); 6.44 (d, 1H, H-4); 7.10
and 7.14 (two d, 1H, H-1).

B. Compound4 was prepared in heptane from,8a-difluoro-
118,16x,17«,21-tetrahydroxypregna-1,4-diene-3,20-di¢heand
butanal. The reaction was catalyzed by perchloric acid in the
presence of fine sand, as previously describ&tle purity deter-
mined by HPLC analysis (acetonitrile/water, 35:65 v/v) was
98.9%. MS: m/z (relative intensity) 467 (MH 100).
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(22R)-6x,9a-Difluoro-118,21-dihydroxy-16,17«-
propylmethylenedioxy-pregn-4-ene-3,20-dio8a) (

A solution of (22R)-G,9-difluoro-118,21-dihydroxy-16,17a- B. 6a-Fluoro-118,21-dihydroxy-16,17a-isopropylidenedioxy-
propylmethylenedioxypregna-1,4-diene-3,20-dioAg4.0 g) and  pregn-4-ene-3,20-dion&;(110 mg) was added to a solution of freshly
tris(triphenylphosphine)rhodium chloride (0.40 g) in absolute istiled butanal (55 mg) in conc. hydrochloric acid (12 mL) at
ethanol (150 mL) was hydrogenated at ambient temperature and 50—15°C. The reaction mixture was stirred-a10°C to—15°C for 2 h.

psi for 68 h. Water (150 mL) was added, and the mixture was Methylene chloride (25 mL) was added, and the mixture was washed
filtered through a 0.45um Teflon filter. Water (220 mL) was  with 10% aqueous potassium carbonate and saturated aqueous sodium
added to the filtrate, and the mixture was stirred for 2 h. The chioride to neutralize the reaction. The organic phase was separated,
precipitate formed was filtered and dried, leaving 2.94 g (73%) of dried over anhydrous magnesium sulfate and evaporated. A quanti-

enedioxypregn-4-ene-3,20-dior{8) was obtained. The purity
determined by HPLC analysis (ethanol/water, 42:58 v/v) was
94.7%, and the epimeric ratio 22R/22S was 90/10.

crude3a (A). Most of the ethanol was evaporated from the mother
liquor. The residue was extracted with methylene chloride, and the
extract was dried and evaporated, leaving 0.97 g of a solid (B),
heavily contaminated with catalyst and containBeymixed with
13% of nonhydrogenatedl

The crude product A from above was purified on a Sephadex
LH-20 column (75X 6.3 cm I.D.) using chloroform as the mobile

tative yield of (22RS)-a-fluoro-118,21-dihydroxy-1@,17«-propyl-
methylenedioxypregn-4-ene-3,20-diof@ was obtained. The purity
determined by HPLC analysis (ethanol/water, 42:58 v/v) was 96.8%
(1,2% unreacted 151 7«-acetonide), and the epimeric ratio 22R/22S
was 55/45.

The epimeric mixture3 (110 mg) was resolved by preparative
HPLC (mobile phase ethanol/water, 42:58 v/v). Two fractions

phase. The fraction 3600—4200 mL was collected and evaporated,were collected and evaporated.

yielding 2.23 g (55%) of3a. The purity determined by HPLC
analysis (ethanol/water, 48:52 v/v) was 97.3%. MS: m/z (relative
intensity) 469 (MH"; 100).

6a-Fluoro-118,21-dihydroxy-1&,17«-isopropyl-
idenedioxypregn-4-ene-3,20-diond (

A suspension of tris(triphenylphosphine)rhodium chloride (2.1 g)
in toluene (500 mL) was hydrogenated at ambient temperature an
atmospheric pressure for 45 min when the catalyst was in solution.
A solution of 6x-fluoro-118,21-dihydroxy-16,17a-isopropyl-
idenedioxypregna-1,4-diene-3,20-dioné; (2.0 g) in absolute

ethanol (1000 mL) was added, and the hydrogenation was contin-

ued until the'H-NMR signals for the 1,2-double bond hydrogens

had disappeared (65 h). The reaction mixture was subsequently’
evaporated. The residue was dissolved in chloroform and eluated

through a small column packed with Sephadex LH-20 to remove
most of the catalyst. After concentration, the residue was further
purified by running it twice through a Sephadex LH-20 column
(71 X 6.3 cm 1.D.), using chloroform as the mobile phase. The
fraction 2010—2445 mL was collected and evaporated, yielding
1.51 g (76%) of solid’. The purity determined by HPLC analysis
(acetonitrile/water, 35:65 v/v) was 94.3%. A 500 mg portion of
this product was further purified on a Sephadex LH-20 column
with heptane/chloroform/ethanol, 20:20:1 v/v, as the mobile phase,
yielding 420 mg of7 with 99.6% purity (HPLC analysis as above).
M.p. 209-219°C; &3> = +133° (c = 0.23; CHCL,). MS: m/z
(relative intensity) 437 (MH; 100), 417 (MH" — HF; 8.4), 379
(MH* — (CH,),CO; 8.2), 361 (MH — (CH,),CO — H,0; 8.0).
H-NMR (300 MHz; CDCL): 6 ppm 0.87 (s, 3H, H-18), 1.15 and

Fraction 730—820 mL gave 44 mg (39%) of the 22R-epimer
8a. The purity was 99.1% (HPLC analysis as above); m.p. 180—
192°C; [o]Z® = +138.9° (c= 0.144; CHCL,). MS: m/z (relative
intensity) 451 (MH"; 100), 379 (MH™ — CH,CH,CH,CHO; 4),
361 (MH" — CH,CH,CH,CHO — H,O; 12). *H-NMR (300
MHz; CDCl;): 8 ppm 0.90 (s, 3H, H-18); 0.94 (t, 3H, H-25); 1.43
(s, 3H, H-19); 4.26 and 4.52 (dd, 2H, H-21); 4.49 (m, 1H, H-11);
492 (d, 1H, H-16); 4.57 (t, 1H, H-22); 5.07-5.32 (two m, 1H,

4H-6); 6.03 (s, 1H, H-4).

Fraction 895-1025 mL gave 30 mg (27%) of the 22S-epimer
8b. The purity was 96.7% (HPLC analysis); m.p. 168-175°C;
[2]Z® = +103.7° (c= 0.26; CH,CL,). MS: m/z (relative intensity)
451 (MH"; 100), 379 (MH" — CH,CH,CH,CHO; 4), 361 (MH"

— CH,CH,CH,CHO — H,0; 12).*"H-NMR (300 MHz; CDCL):

& ppm 0.93 (t, 3H, H-25); 0.97 (s, 3H, H-18); 1.42 (s, 3H, H-19);
4.22 and 4.63 (dq, 2H, H-21); 4.48 (broad m, 1H, H-11); 5.08—
5.32 (two m, 1H, H-6); 5.19 and 5.21 (dd, 1H, H-16); 5.21 (t, 1H,
H-22); 6.03 (s, 1H, H-4).

Pharmacological evaluation
GC receptor affinity assay

Thymus glands from male Sprague—-Dawley rats, 1-2
months of age, were removed and put into ice-cold saline.
The tissue was homogenized in a Potter Elveheim hom-
ogenizer with 10 mL of buffer containing 20 mM Tris, pH
7.4; 10% (w/v) glycerol; 1 mM EDTA; 20 mM NaMog)
and 10 mMB-mercaptoethanol. The homogenate was cen-

1.42 (s and s, resp., 6H, acetonide), 1.46 (s, 3H, H-19); 4.18 andtrifuged for 15 min at 20,006 g. Portions of the 20,008

4.68 (two g, 2H, H-21); 4.49 (m, 1H, H-11); 5.07 (d, 1H, H-16);
5.09-5.31 (broad m, 1H, H-6); 6.03 (m, 1H, H-4).

(22R)- and (22S)-®-Fluoro-1183,21-dihydroxy-
16a,17a-propylmethylenedioxypregn-4-ene-3,20-
dione @a and 8b)

A. 6a-Fluoro-118,21-dihydroxy-16y,17«-isopropylidenedioxy-

pregn-4-ene-3,20-dion&;(22 mg) was added to a solution of
freshly distilled butanal (11 mg) in conc. hydrochloric acid (0.5
mL) chilled to 0°C. The reaction mixture was left at 0°C with
stirring for 2 h. Methylene chloride (25 mL) was added, the

g supernatant (23QL) were incubated for about 24 h at 0°C
with 20 uL unlabeled competitor and 5@L [6,7-2H]-
dexamethasone (final concentratiet3 nM). The superna-
tants were also incubated with a) [6’H}-dexamethasone
alone, b) [6,72H]dexamethasone plus 1,000 fold excess of
unlabeled dexamethasone, and c) [B{ldexamethasone
plus 0.03—-300 fold “excess” of competitor. Bound and free
steroid were separated by incubating the mixture with 60
pL 2.5% (w/v) charcoal and 0.25% (w/v) dextran T70
suspension in 20 mM Tris, pH 7.4, 1 mM EDTA, and 20
mM NaMoQ, for 10 min at 0°C. Following centrifugation at

mixture was washed with 10% aqueous potassium carbonate900X gfor 10 min, 230ulL of the supernatant were counted
and saturated aqueous sodium chloride, and dried over anhy-in 10 mL Insta-Gel in a Packard scintillation spectropho-

drous sodium sulfate. After evaporation, a quantitative yield
of (22RS)-Gx-fluoro-113,21-dihydroxy-16,17«-propylmethyl-

tometer (Packard Instrument Company). Nonspecific bind-
ing was determined when 1,000 fold excess of unlabeled

Steroids, 1998, vol. 63, January 39
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dexamethasone was added to [&#ldexamethasone. The
competitors were dissolved in ethanol, and the dilutions

30

Scheme 1 Synthetic pathways to (22R)-
and (22S)-6a,9«-difluoro-118,21-dihydroxy-
16a,17 a-propylmethylenedioxypregn-4-ene-
3,20-dione (3a and 3b, respectively) and
(22R)- and (22S)-6a-fluoro-11p3,21-dihydroxy-
16« ,17a-propylmethylenedioxypregn-4-ene-
3,20-dione (8a and 8b, respectively).

a, [(CgHs)3sPIsRhCI/H,;

b, CH;CH,CH,CHO/HCIO,/ dioxane;

¢, chromatography;

d, CH;CH,CH, CHO/HCIO /heptane;

e, CH;CH,CH,CHO/HCI.

Pharmacokinetic evaluation

were made in homogenization buffer containing 40% etha- Biotransformation rate in human liver

nol. The final concentration of ethanol in the incubation

mixture was 2.5%. The 50% specific binding level for each To study the biotransformation rate, compouBdsand 3b

competitor was normalized by comparison with budesonide, were separately incubated with human liver S9 subcellular
(microsomal plus cytosol) fraction (3 mg protein/mL) at

which was assigned a relative binding affinity (RBA) of 1.

40 Steroids, 1998, vol. 63, January
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37°C and in the presence of a NADPH generating system. 16«,17«-acetonides were the two alternative routes used for
For comparison, the 22R-epimer of budesonide was alsopreparation of the non-symmetric 4@ 7a-acetals (Scheme
incubated under the same conditions. The incubation con-1). When a 1&,17a-diol is reacted with an aldehyde in

centration of the steroids wasmol/L. Human livers (HL

dioxane and catalyzed with perchloric acid, a mixture of the

42, 44, 45, and 48) were obtained from the liver bank at two conceivable C-22 epimers is obtainfe@ihe 22R- and

Huddinge Hospital, Huddinge, Swedéithe liver samples

22S-epimers could be separated by preparative chromatog-

were pooled prior to preparation of the S9 fraction. At raphy on Sephadex LH-2@r by preparative HPLC. Thus,
different incubation time points, the steroids were extracted the acetalization o2 with butanal followed by resolution on

on Sep-Pak G; cartridges. The unmetabolized steroids were Sephadex LH-20 gave the 22R- and 22S-epiriarand3b,

then quantified by liquid chromatography. The procedure respectively.

and the HPLC system used have been described and dis- The 22-epimers can be prepared stereoselectively by

cussed in detail previoushy.

Results and discussion
Chemical synthesis

The 1,4-diene-3-ones were converted into 4-ene-3-ones b))
selective hydrogenation with Wilkinson's catalyst. How-
ever, when the lipophilic, non-symmetric 16,17-acetals
were hydrogenated, the soluble catalyst was difficult to
remove from the product even with chromatography. If
the corresponding 16,17-diols were hydrogenated, the low
solubility of the product and the high solubility of the
catalyst, e.g. in methylene chloride or chloroform, could be
utilized to efficiently separate the catalyst from the product.
Hydrogenation of the commercially available corresponding
16,17-acetonides, offered an alternative reaction pathway to
the 4-ene-3-one non-symmetric 16,17-acetals, due to favor-
able solubility differences in chlorinated hydrocarbons
between the reaction products and trace amounts of the

rhodium catalyst.

Acetalization of 1&,17a-diols and transacetalization of

Table 1 Relative binding affinities (RBA) for the rat thymus GC

receptor (budesonide assigned the value 1)

X

M

Compound X4 X, 22-epimer RBA + SEM
Budesonide’ H H R,S 1
3a F F R 1.68 = 0.08
3b F F S 1.27 = 0.06
8a H F R 0.99 + 0.09
8h H F S 1.02 = 0.13
Dexamethasone 0.16 = 0.01

"Unsaturated in 1,2-position.

acetalization of a 16,1 7«-diol or by transacetalization of a
16a,17«-acetonide with a hydrocarbon as the reaction sol-
vent, using a method developed at the Astra pilot plant
laboratorye The reaction between butanal and the diah
heptane, where the diol is practically insolublke1( mg/
iter), yielded the 22R-epime# nearly selectively. The
same stereoselectivity was reached when the #iglas
replaced by the 14 17«-acetonide5, yielding 4. In these
heterogeneous reactions, the supposed steroid-catalyst com-
plex forms a big sticky lump. By the addition of small grains
of an inert material, e.g., sand, the steroid-catalyst complex
is distributed around the grains, which facilitates the stirring
and increases the reaction rate.

A less stereoselective transacetalization of the,1%x-
acetonides with an appropriate aldehyde can be performed
in concentrated hydrochloric acid. The ratio between the
22R- and 22S-epimers in the reaction product was highly
sensitive to the reaction temperature. Transacetalization of
1,2-dihydroflunisolidg7) with butanal gave a 9:1 22R/22S-
mixture @a/8b) at ~0°C but a nearly 1:1 mixture at10°
to —15°C. The reaction mixtures left crude products of
=95% purity.

Structure analysis

Structure analysis was performed witH-NMR spectros-
copy. Characteristic shift differences for the C-16, C-18,
and C-22 protons were observed between the C-22 epi-
mers. In (22R)-&,9«-difluoro-113,21-dihydroxy-16,17«-
propylmethylenedioxypregn-4-ene-3,20-dioné3a), the
C-22 protons appeared as a triplet at 4.61 ppm and the C-16
protons as a doublet at 4.92 ppm. The 22S-epiBbeon the
other hand, showed a triplet at 5.25 ppm for the C-22 proton
which overlaped with the C-16 doublet. There was also a
characteristic shift of the C-18 singlet from 0.89 ppm in the
22R-epimer to 0.96 ppm in the 22S-epimer. This was in
good agreement with the corresponding signals observed in
'H-NMR of the 22R- and 22S-epimers of budesoriitle,
whose absolute configurations at C-22 have been estab-
lished with single crystal X-ray diffraction analysEsSim-
ilarly, "H-NMR spectroscopy was used to make an initial
differentiation between the 22R- and 22S-epimerscefiioro-
118,21-dihydroxy-16:, 1 7a-propylmethylenedioxypregn-4-ene -
3,20-dione 8a and8b, respectively). The assignment of the con-
figuration at C-22 of3a was confirmed by single crystal X-ray
diffraction studies (unpublished data).

Affinities for the cytosolic glucocorticoid receptor

Glucocorticosteroids act by binding to and activating a
specific cytosolic receptor. The GC-receptor complex trans-
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locates to the nucleus and affects specific DNA-dependent,epimer3a bound more effectively than the 22S-epinddr
RNA-mediated protein synthesis. The proteins formed in- (Table 1). On the other hand, no differences in RBA were
duce the physiological effects seen with GC &&&Bind- observed between the two C-22 epim8esand 8b.
ing of GCs to the GC receptor is a prerequisite for these  Simultaneous fluorination at thea6 and %x-positions
effects to occur. Therefore, the ability of GCs to bind to increased the affinity of the 22R- as well as the 22S-
their receptors could be a method to compare the biological epimers,3a and3b, respectively, for the GC receptor com-
potency of different GCs in a GC sensitive cell type. A pared to the correspondinga#8luoro substituted 22-
direct structure—activity relationship has been shown be- epimers. This is contrary to the observations made for the
tween receptor affinity for GCs and their ability to inhibit 9a-fluoro and @,9«-difluoro substituted 22R-epimers of
uridine incorporation into mouse thymocytésFurther- budesonidés
more, a direct correlation has been shown between the Since other parameters such as penetration, distribution,
affinity of GCs for their receptor and their anti- and metabolic transformations are of major importance, the
inflammatory activity using the ear edema test in thet¥at. results of the receptor affinity studies will be supplemented
The ligand specificity of the GCs does not vary between by in vivo studies to delineate the true pharmacological
man and rdf or between tissues of a given speciés. activities of the individual compounds.
Because the GC receptor from rat thymus is well charac-
terized, and a correlation to efficacy also is seen there (in the . .
files of Astra Draco), it was selected for determination of Biotransformation rates
receptor affinities in the present study. The full agonistic The disappearance da, 3b, and the budesonide 22R-
properties of the steroids have been verified in in vitro and epimer during incubation with the human liver S9 subcel-
in vivo models (unpublished data). lular fraction is shown in Figure 1. No disappearance oc-
Ligand binding to the GC receptor is largely hydropho- curred during incubation with the denaturated (heated at
bic in naturel® The hydrophobicity of a 1&,17«-acetal 65°C) S9 fraction, which suggests that the disappearance
substituent is responsible for the increased affinity of budes- was entirely due to enzymatic degradation. The disappear-
onide, for instance compared to its parent compoung- 16 ance half lives were calculated as 332); 4.8 3b), and 36
hydroxyprednisoloné; and compensates for the negative min (budesonide 22R-epimer). Thus, the new GC deriva-
influence of the 16- and 1#&-hydroxy substituents in this  tives were biotransformed 10-fold more rapidly in human
molecule!® The configuration at the C-22 chiral center in liver than budesonide was, emphasizing the effect of the
non-symmetrical 16,17-acetals, such as that present in6a,9«-difluoro substitution rather than removal of the 1,2-
budesonide, is essential for the magnitude of the receptordouble bond.
affinity.1> The 22R-epimer of budesonide had a higher A previous study with 16«,17«-acetal GCs confirms
affinity to the receptor than the 22S-epimer. In accordance that the biotransformation rate df*-enes increases only
with this, the two C-22 epimers3a and 3b had different marginally compared to tha>“dienes, while the rate in-
relative binding affinities to the receptor, and the 22R- creases several fold when a&,8«-difluoro substitution is

Budesonide, 22R—epimer

Figure 1 The metabolic disappearance of
3a, 3b, and the 22R-epimer of budesonide
during incubation in human liver S9 sub-
cellular (microsomal + cytosol) fraction.

Relative conc.

0.1 1 T T T T |

Incubation time (min)
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introduced. The metabolic transformation reactions are 5.
principally oxidative, catalyzed by cytochrome P450. They
will be published separately.

The rapid metabolism rates 8& and3b suggest that in
vivo these compounds may possess a high hepatic extrac-
tion ratio in man, and as a consequence of this, a low 7.
bioavailability after oral administration.

Conclusion

In this initial study, 22R- and 22S-epimers of d&7«- 9.
acetals between butanal and B-ring fluorosubstituted- 16

hydroxycortisols have been synthesized and tested for their;,

affinities to the GC receptor. The human liver biotransfor-
mation rates of the two most potent derivatiBzssand 3b
prompt systematic in vivo studies. A favorable therapeutic
index, especially of compoung, is expected from the in
vitro results. Thus, compoura should be advantageous in
the therapy of inflammatory diseases in which the mucous

membranes are involved, such as those in the intestinal and.2.

respiratory tracts.
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