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SUMMARY 

D i f l o rasone  d iacetate*  (111) i s  c a t a l y t i c a l l y  reduced w i t h  t r i t i u m  gas 
t o  g i ve  the  A-r ing saturated 1 , 2 , 4 , 5 - t e t r a t r i t i a t e d  compound. The 
double bonds i n  t he  1,2- and 4,5-posit ions a re  res to red  by dehydrogen- 
a t i  on w i t h  2,3-di ch l  oro-5,6-di cyano-l,4-benzoqui none ( D D Q )  . 
t r i t i u m  labe led  d i f l o rasone  d iace ta te  thus prepared has a s p e c i f i c  
a c t i v i t y  o f  7.69 Ci /mM a f t e r  chromatographic p u r i f i c a t i o n .  
t r i t i u m  r e t e n t i o n  i nd i ca tes  t h a t  the i n t r o d u c t i o n  o f  t r i t i u m  du r ing  
reduc t i on  and i t s  removal du r ing  dehydrogenation occurred predominantly 
from the same s ide  o f  the s t e r o i d  molecule. The A ~ , ' +  product and the  
A 1  and A 4  by-products are r e a d i l y  separated by t h i n - l a y e r  chroma- 
tography ( t l c )  on s i l i c a  gel p la tes  impregnated w i t h  f e r r i c  c h l o r i d e .  

The 

The low 
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INTRODUCTION 

D i f l o rasone  d iace ta te  i s  a potent  ant i - in f lammatory agent i n  t o p i c a l  t r e a t -  

ment o f  acute eczematous dermatoses. 

t i o n  o f  t r i t i u m  labe led  d i f lorasone d iace ta te  f o r  conducting i n  v i t r o  membrane 

d i f f u s i o n  s tud ies and i n  v i v o  percutaneous absorpt ion,  metabolism, and e x c r e t i o n  

s tud ies i n  t e s t  anima.ls and man. 

This communication describes the  prepara- 

*Generic name f o r  FLORONEB (The Upjohn Co. ) , 6a ,9a-dif luoro-l18,17a ,21 -tri hyd- 
roxy-166-methylpregna-1,4-diene-3,2O-dione 17,21-diacetate. 

~362-4803/7'3/0114-0099$01~00/0 
01978 by John Wiley & Sons Ltd. 
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The reduc t i on  o f  A-r ing double bonds i n  A1 and A1y4-3-keto s t e r o i d s  w i t h  

t r i t i u m  gas, fo l lowed by the  regenerat ion o f  double bonds w i t h  an o x i d i z i n g  

agent, such as selenium d iox ide  o r  DDQ, represents a convenient two-step pro-  

cedure f o r  i n t roduc ing  non-exchangeable t r i t i u m  i n t o  A-r ing unsaturated 3-keto 

s tero ids.  The degree o f  success o f  t h i s  method depends on the stereochemical 

course o f  the reduc t i on  step, s ince  dehydrogenation occurs predominantly from 

the  a-face o f  the molecule (1 ) .  Thus, s e l e c t i v e  reduc t i on  o f  t he  1,2-double 

bond i n  17f+hydroxyandrosta-l,4-diene-3-one w i t h  t r i t i u m  gas in t roduces t r i t i u m  

predominantly from the  6-face. Ox ida t i on  a t  C-17 fo l l owed  by removal o f  t he  

l a b i l e  l abe l  a t  C-2 by exchange and dehydrogenation w i t h  DDQ from the a-face 

leads t o  androsta-lY4-diene-3,17-dione l abe led  a t  C-1 w i t h  good r e t e n t i o n  o f  

t r i t i u m .  

androst-l-ene-3,17-dione f o l l owed  by exchange a t  C-2, i n t r o d u c t i o n  o f  4,5-double 

bond, and DDQ treatment, has a much lower  s p e c i f i c  a c t i v i t y ,  because i n  t h i s  

case e n t r y  o f  t r i t i u m  occurs predominantly from t h e  a-face (2) .  

I n  contrast ,  the same product, obta ined from t r i t i u m  reduc t i on  o f  

T r i t i u m  has a l so  been incorporated i n t o  the  1,2 and 4-pos i t ions o f  A’. ‘+-3- 

keto s te ro ids  us ing t h i s  reduc t i on -ox ida t i on  procedure, i n  which both the 1 ,2 

and 4,5-double bonds a re  reduced before the  dehydrogenation. 

1 ,2 ,4 - t r i t i a ted  9a-fluoro-11~,77~1,21 -tri hydroxy-l6a-methylpregna-l,4-diene-3,20- 

dione 21-acetate (3) ( I a )  and 9a-fluoro-l l ~ ,17a-21 -tri hydroxy-l6b-methyl pregna- 

lY4-diene-3,20-dione 21-acetate (4)  ( I b ) .  Ev ident ly ,  e n t r y  o f  t r i t i u m  from the  

a-face predominates i n  both instances, s ince  r e t e n t i o n  of t r i t i u m  i s  low. 

In t roduc t i on  o f  t r i t i u m  from the  B-face i s  enhanced by c a r r y i n g  ou t  s e l e c t i v e  

A-r ing reduc t i on  on the A1,4,9 (11) -3-keto system. 

ta ined  tri t i a t e d  17a ,21 - d i  hydroxy-6~1-fluoro-16~-methyl pregna-l,4,9( 11 ) - t r i e n e -  

3,20-dione 21-acetate ( I I a )  w i t h  a s p e c i f i c  a c t i v i t y  two t o  th ree  t imes g rea te r  

than those o f  Ia and Ib .  

Examples a r e  

Thus, Wren, et a2 ( 5 )  ob- 
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L O A C  

I a) R = a-CH, I 1  a) R = WCH, 
b) R = B-CH3 b) R = B-CH3 

Compound IIb or the corresponding 17,21-diacetate would serve as a suitable 

intermediate for preparing tritium labeled 111, since the 9,ll-double bond would 

provide an entry to the desired 9a-fluoro and 116-hydroxy functions. 

direct reduction of I11 with tritium gas followed by dehydrogenation with DDQ 

would be a shorter approach, albeit the resulting product would be expected to 

have a lower specific activity. 

can be incorporated during reduction, even relatively low retention during 

dehydrogenation can still provide a product with high enough specific activity 

suitable for the anticipated membrane diffusion and ADME studies. 

chose to label I 1 1  by the direct approach. 

However, 

Because of the large amount of tritium which 

We therefore 

In several trial experiments carried out to determine the stability and 

behavior of I11 and its A-ring saturated analog under the reaction conditions, 

the deuterium label was used to estimate the extent of isotope incorporation. 
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I V  a )  R = 2H 
b) R 3H 

V I  a )  R = 2H 
b) R = 3H 

V a )  R = 2H 
b) R = 3H 

I I I  a)  R = 2H 
b) R = 3H 
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Reduction o f  I11 i n  dioxane a t  atmospheric pressure and room temperature 

w i t h  deuterium gas over 10% pal lad ium on charcoal c a t a l y s t  a f fo rded  the  t e t r a -  

deuterated IVa i n  95% y i e l d .  

DDQ i n  dioxane a t  100-105" t o  a f f o r d  I I I a  and the A~ compound VIa i n  14.3% and 

13.1% y i e l d s ,  respec t i ve l y ,  a f t e r  chromatographic p u r i f i c a t i o n  ( s i  1 i c a  ge l  

column e l u t e d  w i t h  10% v/v Me2CO-benzene). 

A'+ compound (Va) were a l s o  detected i n  the  dehydrogenation mixture.  

magnetic resonance (pmr) spectrum o f  I I I a  i nd i ca ted  t h a t  i t  was approximately 

10% deuterated a t  C-1, C-2, and C-4. 

IVa was t r e a t e d  w i t h  an excess (3 t o  5 f o l d )  o f  

Trace amounts of t he  corresponding 

The proton 

During the  dehydrogenation, disappearance o f  IVa was complete i n  about 20 

hours. 

o f  p r i m a r i l y  t he  ~ 1 , ' +  and ~1 compounds i n  a d d i t i o n  t o  DDQ-related ma te r ia l s .  

Fur ther  prolonged heat ing and a d d i t i o n  o f  f r e s h  DDQ decreased the y i e l d  o f  t he  

A1 compound b u t  d i d  no t  s i g n i f i c a n t l y  increase the  y i e l d  o f  t he  A 1 y 4  product. 

I n  a separate experiment, treatment o f  VIa w i t h  DDQ a t  100°C l e d  on ly  t o  t a r r y  

u n i d e n t i f i a b l e  ma te r ia l s  and no s i g n i f i c a n t  amun ts  o f  I I I a .  The A~ compound, 

on the  o the r  hand, underwent dehydrogenation w i t h  DDQ t o  g i ve  I I I a .  

r e s u l t s  would suggest t h a t  IVa i s  converted t o  VIa, and, e i t h e r  d i r e c t l y  t o  

I I I a  o r  f i r s t  t o  Va, which i s  f u r t h e r  dehydrogenated t o  I I I a .  

IVa -f VIa + I I I a ,  i f  i t  i s  ope ra t i ve  a t  a l l ,  cannot be a major r e a c t i o n  path. 

Also, the y i e l d s  o f  I I I a  (14.3%) and VIa (13.1%) from IVa would suggest a 1 : l  

r a t i o  o f  the 5a and 56 isomers, s ince i t  has been repor ted (6 )  t h a t  dehydrogen- 

a t i o n  o f  5a-3-keto-steroids w i t h  ODQ gives ~ ~ - 3 - k e t o  compounds w h i l e  56-3-keto- 

s t e r o i d s  are converted t o  A4-3-keto compounds. 

Examination o f  t he  r e a c t i o n  m ix tu re  by t l c  a t  t h i s  p o i n t  showed presence 

These 

The sequence o f  

Two t l c  systems were used t o  monitor r e a c t i o n  mixtures and analyze products: 

s i l i c a  ge 

FeC13 ( 7 )  

gel p l a t e  

compounds 

GF coated p la tes  and s i l i c a  gel GF coated p la tes  impregnated w i t h  

both developed w i t h  20% v/v Me2CO i n  benzene. 

the m o t i l i t i e s  o f  the A-r ing saturated (Rf 0.59) and the A~ (Rf 0.58) 

Both compounds are w e l l  resolved from the A'+ 

On the p l a i n  s i l i c a  

are v i r t u a l l y  i d e n t i c a l .  



104 R.S. P. Hsi and D. E. Ayer 

(Rf 0.48) and A ~ , ' +  (Rf 0.44) compounds, which are only partially resolved from 

one another. However, ultraviolet (uv) illumination readily distinquishes the 

uv absorbing A~ compound from the A-ring saturated compound. The latter is 

detected by exposure to I2 vapor. 

lent resolution among the h1 (Rf 0.56), h4 (Rf 0.50), and ~ 1 , ~  (Rf 0.42) com- 

pounds with detection by charring with phosphomolybdic acid. An attempt to 

effect separation of these compounds preparatively with a silica gel-FeC13 

column was unsuccessful because of massive elution of FeC13. 

The FeC13 impregnated plate provides excel- 

The preparation of tritiated I11 was based on the procedures developed for 

deuterium labeled 111. 

in dioxane over 10% palladium on charcoal catalyst at room temperature and 

dehydrogenated with DDQ. 

chromatographic purification (silica gel columns eluted with 10% v/v Me2C0 in 

benzene) to give IIIb which was 98.5% radiochemically pure by tlc (silica gel- 

FeC13, 20% v/v Me2CO in benzene) and contained <1% each radiochemically of the 

A~ (VIb) and A'+ (Vb) materials. 

compared well with those of compounds reported in the literature prepared in a 

similar manner, e . g . ,  6.55 Ci/mM for Ia(3) and 9.07 Ci/mM for Ib(4). 

dilutions of IIIb with non-radioactive material gave crystalline products with 

specific activities of 2.14 Ci/mM and 0.183 Ci/mM. 

Compound I11 was reduced with carrier-free tritium gas 

The resulting crude mixture was subjected to repeated 

The specific activity of IIIb, 7.69 Ci/mM, 

Successive 

EXPERIMENTAL 

Radioactivity determinations were carried out in Diotol cocktail (Burdick- 

Jackson) on a Packard Tri-Carb Model 2425 liquid scintillation spectrometer by 

the external standard method. 

Unimelt and were uncorrected. 

spectrometer and pmr spectra with a Varian A-60A spectrometer using tetramethyl- 

Melting points were obtained using a Thomas-Hoover 

Uv spectra were obtained with a Cary Model 15 
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silane a s  internal standard. Thin-layer chromatography plates were analyzed w i t h  

a Vanguard Model 880 Autoscanner equipped w i t h  a Model 885 Glass Plate Scanner. 

The r a t io s  of the radioactive components on the plates were determined by 

scraping the zones into Diotol cocktail containing 3% H20 fo r  counting. 

The t l c  plates used were 2.5 x 10 cm. or 5 x 20 cm. glass plates coated w i t h  

a 250 wn thick layer of s i l i c a  gel GF (Analtech, Inc.) or s i l i c a  gel GF impreg- 

nated w i t h  FeC13*. All plates were developed w i t h  20% v /v  Fle2C0 i n  benzene. 

Wi th  the smaller plates, best resu l t s  were obtained a f t e r  a development period of 

20-30 m i n ,  during which the solvents were allowed to evaporate over the top end 

of the plate. 

illumination w i t h  uv l i g h t  (254 nm) o r  exposure t o  I 2  vapor. The FeC1, impregnated 

plates were sprayed w i t h  a 10% solution of phosphomolybdic acid i n  ethanol and 

heated e i ther  i n  an oven a t  100°C fo r  15 m i n  or on a hot plate fo r  about 1 min  t o  

give deep blue spots. 

70-230 mesh (Brinkman Cat. No. 7734). 

6aY9a-Difl uoro-1 1 6 , 17a ,21 -tri hydroxy-16fi-methyl pregnane-3,20-dione-lY2 ,4 ,5-2H~ 

17,20-Diacetate (IVa) 

The spots on s i l i c a  gel GF plates were visualized by e i the r  

Chromatographic columns were packed w i t h  s i l i c a  gel, 

A mixture of 25 ml of dioxane and 371 mg of 10% Pd-C was s t i r r ed  a t  room 

temperature and atmospheric pressure under deuterium gas. The deuterium uptake 

i n  1 hr was 9.8 ml. 

(0.75 mmole) of I11 i n  5 ml of dioxane. Reduction w i t h  deuterium gas was 

continued, and the uptake of 37.8 m l  (Th.  33.6 ml) was complete i n  2 hrs. 

s t i r r i n g  was stopped a t  2.5 hrs and the mixture was kept under deuterium gas 

To the prereduced mixture was added a solution of 371 mg 

The 

*FeC13 impregnated plates were prepared by thr ice  d i p p i n g  the s i l i c a  gel plates 
i n  a solution of 100 g of FeC13.6H20 i n  1 Z of Me2C0 and a i r  drying for  15 min, 
followed by 20 min of drying a t  100°C. The dark brown plates were stored over 
CaSO,, (Dr ie r i te ) .  
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overnight. The c a t a l y s t  was f i l t e r e d  and washed w i t h  15 m l  o f  benzene. The 

combined f i l t r a t e  and washings were concentrated a t  50°C and 75 m Hg pressure 

t o  g i ve  900 mg o f  syrup which c r y s t a l l i z e d  a t  room temperature on standing. The 

supernatant l i q u i d  was removed and the c r y s t a l s  were r i nsed  w i t h  2 m l  o f  dioxane, 

2 x 2 m l  o f  E t z O  and f i n a l l y  severa l  p o r t i o n s  o f  Ske l l yso l ve  B (SSB).  The crys-  

t a l s  were f i l t e r e d ,  washed w i t h  SSB, and d r ied ,  356 mg, 95.2% y i e l d ;  m.p. 226- 

227°C (dec); t l c  showed presence o f  a s i n g l e  component; pmr spectrum compatible 

w i t h  s t r u c t u r e  IVa w i t h  75% deu te ra t i on  among C-1, C-2,  C-4, and C-5; m/e 502 

(0.5)*, 501 (1.01, 500 (0.9), 499 (0.4). 

6aY9a-Di f luoro- l  18,17a ,21 - t r i  hyd roxy - l6~ -methy l  pregn-1 -ene-3,20-dione-lY2 ,4,5- 

'H4 17,20-Diacetate (VIa) 

A s l u r r y  o f  251 mg (0.5 m o l e )  o f  IVa and 454 mg (2.0 m o l e s )  o f  DDQ i n  

7.5 m l  o f  anhydrous dioxane ( f r e s h l y  d i s t i l l e d  over l i t h i u m  aluminum hydr ide)  

was s t i r r e d  under a n i t r o g e n  atmosphere i n  an o i l  bath a t  105°C. A f t e r  21 h rs  

another p o r t i o n  of DDQ (182 mg, 0.8 mmole) was added t o  the  dark red-brown 

so lut ion,  and heat ing w i t h  s t i r r i n g  was continued f o r  another 30 hrs. The 

reac t i on  m ix tu re  was examined by t l c  a t  21, 41 and 51 hrs. In a l l  cases t h e  

mixture contained, i n  a d d i t i o n  t o  DDQ-related mater ia ls ,  VIa and I I I a .  The 

a d d i t i o n  o f  f r e s h  DDQ appeared t o  increase the r a t i o  o f  I I I a  t o  VIa somewhat, 

bu t  t h e  l a s t  10 h rs  o f  heat ing seemed t o  be o f  no consequence. The m ix tu re  was 

cooled t o  room temperature and f i l t e r e d  t o  remove s o l i d s  which were washed w i t h  

10 m l  o f  dioxane. The combined f i l t r a t e  and washings were concentrated a t  50°C 

and 75 mm Hg pressure. 

9Og o f  s i l i c a  gel e lu ted  w i t h  1.5 I of 10% v/v Me2C0 i n  benzene. A f t e r  a fo re -  

r u n  o f  one column volume (s135 m l ) ,  the e l u a t e  was c o l l e c t e d  i n  10 m l  f r a c t i o n s  

a t  1.5 m i d f r a c t i o n .  Fract ions 41 throuqh 55 were pooled and concentrated. The 

*Numbers i n  parentheses a re  r e l a t i v e  i n t e n s i t i e s  o f  mass peaks. 

The res idue  was chromatographed on a 3 x 30 cm column o f  
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residue, 43 mg, was crystallized from a mixture of 0.1 ml of EtOAc and 0.15 ml 

o f  SSB with cooling overnight to give 33 mg of VIa, 13.1% yield, mp 205-208°C 

(dec); xmx EtoH 223 nm (E  10,850); single component by tlc. 

6~,9~-Difluoro-ll~,17~,21-trihydroxy-l6~-methylpregna-l,4-diene-3,20-dione- 

1 ,2,4-2H3 17,21-Diacetate (IIIa) 

The pooled eluate collected in fractions 76 through 137 from the above 

column was concentrated to give 60 mg residue. The latter was crystallized 

from a mixture of 0.1 ml o f  EtOAc and 0.15 ml o f  SSB to give 36 mg of IIIa, 

14.3% yield, mp 228-230°C (dec); 

tlc identical to authentic III*; pmr spectrum indicated a10% deuteration among 

C-1, C-2, and C-4. 

6aY9a-Difl uoro-11 B ,17a,21 -tri hydroxy-l6-methylpregna-l,4-diene-3,20-dione-l ,2,4- 

3H3 17,21-Diacetate (IIIb) 

238 nm ( E  16,300); single component by 

A solution o f  250 mg (0.5 mmole) o f  111 in 12 ml of dioxane was stirred 

with 250 mg of 10% Pd-C under 100 Ci of carrier-free tritium gas at room tem- 

perature and atmospheric pressure with an uptake of 25 ml**. 

was removed by evaporation with a dioxane-methanol mixture twice. 

mixture was brought to dryness and residue dissolved in 7.5 ml of dioxane. 

(454 mg, 2.0 mmoles) was added and mixture was stirred at 100°C for 24 hrs. 

Fresh ODQ (227 mg, 1.0 mo l e )  was added and mixture was further heated with 

stirring for another 24 hrs. 

with dioxane-methanol. 

column o f  90 g o f  silica gel eluted with 10% v/v Me2C0 in benzene. 

were collected: 500 ml containing 670 mCi and 1200 ml with 999 mCi. The latter 

was shown by tlc to contain the b1 and A ~ Y ' +  products. 

Labile tritium 

The entire 

DDQ 

Labile tritium was again removed by evaporation 

The crude, cll Ci, was chromatographed on a 3 x 30 cm 

Two fractions 

~ 

*Preparation o f  compounds 111 and V has been described; Great Britain Patent 

**Reduction with tritium gas and dehydrogenation were carried out at New England 

No. 1,403,962 (August 25, 1975). 

Nuclear Corp., Boston, Mass. 
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The residue from the 1200 ml fraction was again chromatographed on a 3 x 

30 cm column of 90 g of silica gel eluted with 2.25 2 of 10% v/v Me,CO in benzene. 

The eluate was collected, after a 100 ml forerun, in 10 ml fractions at 1.5 

min per fraction. 

1 ~1 aliquot from each of the chosen fractions in 10 ml of Diotol cocktail. 

The residue from the pooled fractions 86 through 115, 339 mCi, was shown by tlc 

to be composed radiochemically of 91.5% A 1 s 4 ,  5.0% A" and 3.5% A~ compounds. 

The mixture was, therefore, again chromatographed on a 2.2 x 43 cm column of 

90 g of silica gel the same way as described above. The residual oil from 

pooled fractions 71 through 120, 300 mCi, was found by tlc to contain radio- 

chemically 97.6% A1s4, 1.2% A 4  and 0.23% A 1  compounds. 

diluted with 50 mg of non-radioactive I 1 1  and crystallized from a mixture of 

1.2 ml of THF and 9 ml of H20 to give 63 mg of IIIb, sp. act. 4.33 mCi/mg or 

2.14 Ci/mM; 

1.0% 

rial, the weight o f  the added 111, and total activity of the undiluted material, 

the weight (19.3 mg) and specific activity (7.69 Ci/mM) of the undiluted IIIb 

were calculated. 

Radioactivity in the eluate was monitored by counting a 

This material was 

238 nm (E 16,100); radiochemical purity 98.5% by tlc with 

and 0.5% A 1  compounds. From the specific activity of the diluted mate- 

The 2.14 Ci/mM material (30 mg) was further diluted with 318 mg of non- 

radioactive 111 and recrystallized from a mixture of 3.4 ml of EtOAc and 6.8 ml 

of SSB to give 342 mg of IIIb, sp. act. 0.371 mCi/mg or 0.183 Ci/mM; amax 

238 nm (E 16,150); anat. calc'd for C26H32F207(494.52): 

found: C, 62.73; H, 6.70. 

ETOH 

C, 63.14; H, 6.52; 
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