
[15. VIII. 1960] Kurze Mitteilungen - Brief Reports 357 

T h e  S y n t h e s i s  o f  C o r t i c o s t e r o i d s  
M e t h y l a t e d  a t  C2~ 

Fo r  t h e  m o s t  pa r t ,  s t r u c t u r a l  mod i f i ca t i on  of the  di- 
h y d r o x y - a c e t o n e  s ide -cha in  cha r ac t e r i s t i c  of an t i - in f l am-  
m a t o r y  s te ro ids  h a s  been  r e s t r i c t ed  to r e p l a c e m e n t  of one  
or t he  o t h e r  of t he  cr i t ica l  h y d r o x y l  func t ions  b y  a 
hydrogen ,  ha logen ,  or  m e t h y l  s u b s t i t u e n t  L A l t h o u g h  th i s  
a p p r o a c h  h a s  p r o d u c e d  a n u m b e r  of biological ly  in te res t -  
ing s teroids ,  n o n e  h a s  p r o v e d  to  be  useful  as  a n  an t i -  
i n f l a m m a t o r y  a g e n t  for  sy s t emic  app l ica t ion .  We  h a v e  
now modi f ied  t he  intact s ide -cha in  b y  a d d i t i o n  of a m e t h y l  
g roup  a t  Ca t ,  t h e r e b y  i n t r o d u c i n g  a c r i t ica l ly-p laced  b u l k  
factor ,  wh ich  also serves  to  i nco rpo ra t e  the  C ~ - h y d r o x y l  
f unc t i on  in to  a new cen te r  of a s y m m e t r y  ~. Th i s  c o m m u n i -  
ca t ion  descr ibes  t he  s y n t h e s i s  of b o t h  C~vepimers  of 21- 
m e t h y l - 9  ~t-fluoroprednisolone.  

I n t r o d u c t i o n  of t h e  r equ i r ed  a d d i t i o n a l  c a r b o n  a t o m  
was  ef fec ted  d i r ec t ly  in  a c o m p l e x  s t a r t i n g  ma te r i a l  b y  t h e  
r eac t i on  of p redn i so lone  21-a ldehyde  a w i th  d i a z o m e t h a n e  
lead ing  to  a m i x t u r e  of p r o d u c t s  of which  the  m a j o r  
c o m p o n e n t  was  21-methy l -  21, 21 a -epoxy-  1 ,4 -pregnad iene-  
l l f l ,  17c~-diol-3,20-dione (I) ~,~, m. p. 239-241°C,  Area x 
243 m~z (15,600), [ a ] D +  166°. Open ing  of t he  oxide  r ing  
of I w i t h  h a l o g e n  acids occur red  p r imar i l y  a t  t h e  t e r m i n a l  
a t o m  to  a f ford  t he  desi red h a l o h y d r i n s  c o n t a i n i n g  a 
h y d r o x y l  g r o u p  a t  C~% These  p r o v e d  to  be u n u s u a l l y  
labi le  t o w a r d  a v a r i e t y  of reagents .  F o r  ins tance ,  b i s m u t h  
t r iox ide  ~ d id  n o t  oxidize the  ch lo rohyd r in  (21-chloro- 
m e t h y l p r e d n i s o l o n e ,  I I )  to  t he  expec ted  21-ch lo romethy l -  
20 ,21-d ike tone ,  b u t  i n s t e a d  gave  t he  a -d ike tone ,  21- 
m e t h y l - l ,  4 -p regnad iene- l l f l ,  17~-diol-3, 20, 2 I - t r ione  ( I I I ) s  
m.  p.  211-212°C (dec.), 2m~ x 243 mt~ (15,500), [a ]o  + 9 t  °, 
b y  a nove l  d e h y d r o h a t o g e n a t i v e  r e a r r a n g e m e n t .  A s imi la r  
t r a n s f o r m a t i o n  of  t h e  co r r e spond ing  b r o m o h y d r i n  cou ld  
be  b r o u g h t  a b o u t  s imp ly  b y  h e a t i n g  in bo i l ing  e t h y l  
ace ta te .  

S tereospeci f ic  r e d u c t i o n  of I I I  to  t he  desi red 20,21- 
ke to l  was  accompl i shed  in  good yield w i t h  f e r m e n t i n g  
y e a s t  ~ a f fo rd ing  a f t e r  a e e t y l a t i o n  21-methy l - I ,  4 -p regna-  
d i ene -  11fl, 17~, 2 1 B - t r i o l - 3 ,  2 0 - d i o n e  2 1 - a c e t a t e  (IV) t~, 
m . p .  222-223°C,  )-max 244 m ~  (14,800), [~t]D + 112 °. 
App l i ca t i on  of  t h e  f ami l i a r  sequence  for  i n t r o d u c i n g  a 
9e-f luor ine  s u b s t i t u e n t  ~x led in four  s teps  to  9~-fluoro-21- 
methy l -1 ,4 -p regnad iene-11f l ,  17~, 21B-tr iol-3,  20-dione 21- 
a ce t a t e  (V), m . p .  251-253°C,  ).max 239 mtz (15,350), [U]D 
+ 87 ° ~.  

A n  a l t e r n a t i v e  a p p r o a c h  was  used to  p r e p a r e  t he  21- 
m e t h y l  e p i m e r  of V. Acidic  hyd ro lys i s  ~a of 16,¢,17c~- 
epoxy-4-pregnene-21-o l -3 ,  20-dione a c e t a t e  to  t h e  a lcohol  
followed b y  per iodic  ac id  o x i d a t i o n  y ie lded 16~,17c¢- 
epoxy-3-keto-A~-et iocholenic  acid (VI),  m.  p. 205-207°C,  
2max 239 my. (16,700), [COLD + 135 °. Convers ion  of V I  wi th -  
ou t  i so la t ion  of i n t e r m e d i a t e s  t h r o u g h  t h e  acid chlor ide ,  
s u b s e q u e n t  t r e a t m e n t  w i t h  diazoelhane ~, a n d  f ina l ly  w i t h  
hyd roch lo r i c  ac id  led to  21-methyl -21-ch loro-16x ,  17cc- 
epoxy-4-pregnene-3,20-dione (VII), m . p .  200-202°C,  
)-max 239 miz (15,700), [~]D + 124°, apparenIly  as a single 
epimer. The  a c t i o n  of p o t a s s i u m  a c e t a t e  in r e f lux ing  
ace tone  on  V I I  gave  a 2 : 1 m i x t u r e  of C~-ep imer ic  ace t a t e s  
f rom w h i c h  t h e  p r e d o m i n a n t  21-methy l -  16:t, 17¢~-epoxy-4- 
p r e g n e n e - 2 1 A - o l - 3 , 2 0 - d i o n e  2 1 - a c e t a t e  (VII I ) ,  m. p. 
191-194°C,  Amax 240 my. (17,000), [aJD + 115°, could be 
s e p a r a t e d  b y  c h r o m a t o g r a p h y  o n  n e u t r a l  a l u m i n a .  Oxide  
r ing  o p e n i n g  w i t h  h y d r o b r o m i c  acid,  R a n e y  n icke l  de-  
b r o m i n a t i o n  ~n, microb io log ica l  11f l -hydroxy la t ion  (C. Iu- 
nata) a~, ace ty l a t i on ,  a n d  s e l en ium d iox ide  d e h y d r o g e n -  
a t i on  xv a f fo rded  21 -me thy l -  1 ,4 -p regnad iene -  1 lfl, 17o~, 21 A-  
t r io l -3 ,20-d ione  21-ace ta te  ( IX)  ( the  C,~-epimer of IV), 
m. p. 195-197°C,  )-max 243 in~t (13,600), [~]D + 81°" Appl i -  

c a t i o n  of  t h e  s t a n d a r d  sequence  for  9e- f luor ine  in t ro -  
d u c t i o n  t~ gave  9~- f luoro - 21 - m e t h y l  - 1 ,4-  p r e g n a d i e n e  - 
l l f l ,  17ct, 21A- t r io l -3 ,20-d ione  21-ace ta te  (X) ( the  C21- 
e p i m e r  of V), m. p. 247-248°C,  Smax 239 my. (14,400), 
I~]D + 60 ° t= 

P h a r m a c o l o g i c a l  e v a l u a t i o n  ts revea ls  V (21-methyl -9~-  
I luo ropredn i so lone ,  B- isomer)  to  be  essen t ia l ly  devo id  of 
e I ec t ro ly t e - r egu la t i ng  a c t i v i t y  1~ e x c e p t  for c au s i n g  s l igh t  
natrures is  in a d r e n a l e c t o m i z e d  ra ts .  T h e  a n t i - i n f l a m m a -  
t o r y  p o t e n c y  of V as  m e a s u r e d  b y  t h e  g r a n u l o m a  p o u c h  
t e c h n i q u e  2° is a b o u t  s i x - t e n t h s  t h a t  of 9a - I luoropredn i so -  
lone ace t a t e .  Thus ,  we f ind t h a t  the  i n t r o d u c t i o n  of a 21- 
m e t h y l  s u b s t i t u e n t  can  comple t e ly  e l imina te  t h e  power fu l  
s o d i u m  r e t a i n i n g  p rope r t i e s  of t h e  p a r e n t  9e-f luoro-  
p r edn i so lone  molecule  TM 2t whi le  r e t a i n i n g  systemic a n t i -  
i n f l a m m a t o r y  ac t iv i ty ,  a n  effect  p rev ious ly  a c c o m p l i s h e d  
in  9e-f luoro-C~x-oxygenated s te ro ids  on ly  w i t h  a lky l  or  
t i y d r o x y t  s u b s t i t u e n t s  a t  C1,. I n t e r e s t i n g l y ,  t h e  C~t- 
ep imer i c  c o m p o u n d  X shows  s ign i f i can t ly  lower  a n t i -  
i n f l a m m a t o r y  ac t iv i ty .  
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The  synthesis  of o ther  C , i -me thy l  steroids including the  
6~-fluoro analog of V will be described in a subsequen t  
report .  

E.  J .  AGNELLO, R. PINSON, JR., 
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H. W. 0RDWAY, B. M. BLOOM, 
and G. D. LAUBACH 

Research Laboratories, Chas. P[izer and Co. Inc., Groton 
(Conn.), April  75, 1960. 

Zusammen[assung 

Die Dars te l lung  der  beiden ep imeren  C~-Methy lde r iva t e  
des 9e-Fluorprednisolons  wird beschrieben.  9~-Fluor-21- 
m e t h y l -  1, 4 -p regnad ien-  1 lfl, 17e, 21B-tr iol-  3, 20-dion-21- 
aze t a t  is t  ein hochwirksames  en tz i indungshemmendes  
Steroid,  v o l l k o m m e n  frei yon  Nebenwi rkungen  der  
N a t r i u m -  nnd  VCasserretention des C~l-unsubst i tuier ten 
9~-Fluorprednisolons.  

P h e n o l - M i n e r a l  I n t e r a c t i o n s  : 
T h e  O x i d a t i o n  of  P y r o g a l l o l  a n d  
O t h e r  o - D i p h e n o l s  o n  S i l i c a  Ge l  ~ 

Recent ly ,  HEss,  BACH, and DEUEL discussed evidence 
for the  fo rmat ion  of complexes  be tween  o-diphenols and 
var ious  Si -O-Si-compounds ,  offering t h e m  as models  for 
the  in terac t ions  leading to soil o rgano-minera l  substances  2 
Expe r imen ta l ly ,  t h e y  demons t r a t ed  the  dissolut ion of 
silicagel, a lumina,  and o ther  minera ls  in ammoniaca l  
ca techol  wi th  the  fo rmat ion  of crysta l l izable  complexes  or 
compounds .  Thei r  h igh ly  s ignif icant  exper iments  were 
carr ied ou t  under  compa ra t i ve ly  v igorous  t e m p e r a t u r e  
condit ions.  I t  m a y  also be of significance t h a t  phenol-  
minera l  in terac t ions  t ake  place under  mild  condit ions.  
Thus,  the  enzymic  ox ida t ion  of eugenol  to l ignin-like poly-  
mers  is enhanced  by  h ighly  ordered minerals  such as the  
Amphiboles  and Serpent ines  3. E v e n  in the  absence of 
enzyme,  chrysot i le ,  hornblende,  and rrmscovite can cata-  
lyze (at 25°C) the  ox ida t ive  po lymer iza t ion  of eugenol  to 
water- insoluble  substances  which can be e luted f rom the  
minera l  surface wi th  organic  solvents  4. 

I n  the  presence of chrysot i le ,  grani te  or hornblende,  the  
ox ida t ion  of ca techol  a t  o rd inary  t empera tu re s  led to for- 
ma t ion  of NaCl-precip i table  po lymers  in 23-32% yield. 
I n  the i r  absence, one- ten th  as much  po lym er  was formed.  
The  products  formed in the  presence of di f ferent  minerals  
were dis t inguished by  spectroscopic and chemical  ana-  
lysis. 

Chrysoti le,  grani te  and ga rne t  ca ta lyzed  r ing hydroxy-  
la t ion  and ox ida t ion  in pheny la lamine  a t  60°C in t he  
presence of H~O 2. 

I n  o t h e r  exper iments ,  glass fibres h a v e  been shown to 
ca ta lyze  pyrogal lo l  ox ida t ion  in e thanol ic  solut ion L 

Al though  these  sys tems  were set  up as models  for sur- 
face-ca ta lyzed phenol  oxida t ions  and differ  in approach  
f rom the  work  repor ted  by  HEss,  BACH, and DEUEL, t h e y  
m a y  be of  va lue  in revea l ing  o ther  aspects  of the  phenol-  
mine ra l  in terac t ion .  

Experimental. Silicagel 6 was washed  three  t imes  wi th  
h o t  10% He1 (1 1/g of gel), soaked in deionized wa te r  for 
6 h and  r insed in running ,  de- ionized wa te r  for 1 h. The  
washed  p roduc t  conta ined  no spec t rophotomet r ica l ty  de- 
t ec tab le  impuri t ies ,  and  gable nega t ive  tes ts  for Fe  ( I I I )  
and  Cu (II).  

When  M/10 pyrogal lol  in wa te r  or  e thano l  was poured 
over  a co lumn of washed silicagel, a ye l low-brown produc t  
formed on the  gel surface in less t han  1 sec. The  p roduc t  
cont inued  to darken  on the  gel surface and in the  super- 
n a t a n t  for an addi t iona l  10-20 min. The  adsorbed p igment  
was diff icul t ly  soluble in alcohol, incomple te ly  soluble in 
water ,  bu t  soluble in 10% HC1. 

The effect of small  quant i t i es  of silicagel was followed 
by  pho tomet r i c  de te rmina t ion  of ox ida t ion  p roduc t  a t  
425 m~. In  50 ml of M/10 KH2PO 4, 5 m M  of pyrogal lol  
were dissolved and silicagel added  in va ry ing  amounts .  
Af te r  t hey  were shaken a t  25°C for 1 h, the  absorbancies  
of supe rna tan t s  and HCl-e luates  were de termined .  The  
fol lowing a c t i v i t y  was observed for a 50-mesh gel which 
had been dr ied to  cons tan t  weight  over  P205 a t  35°C 
before use:  

Absorbaney at 425 m[~ 
Silicagel (nag) 

Supernatant [ 

0 
60 

120 
300 
600 

0.062 
0-067 
0"073 
0.083 
0.092 

Get l TotM (as%) 

- -  I00 
0-019 139 
0-021 150 
0"056 224 
0-085 287 

In  e thanol ,  pyrogal lol  au toxid izes  a t  one - twen t i e th  the  
ra te  observed in aqueous  media,  and the  addi t ion  of 600 mg 
silicagel to 5 mM of pyrogatlol  in 50 ml 95% e thanol  
increased the ra te  of ox ida t ion  30-fold. 

Silica gel is also ac t ive  in chloroform where pyrogal lol  
au tox ida t ion  is nil. E v e n  a i r -dry  silica gel mixed  wi th  
pyrogallol  powder  develops  a black surface deposi t  dur ing 
several  weeks a t  25°C. 

W h e n  the  gel is hea ted  for 30 min  at  500°C, its ca ta ly t ic  
a c t i v i t y  is lost. Similarly,  fine f l-quartz powder  had  no 
a c t i v i t y  a t  all. 

In  addi t ion  to the  commerc ia l  p roduct ,  gels were pre- 
pared f rom sodium metas i l ica te  and t e t r a e t h y l  orthosili-  
care (C2H~O)4 Si, using He1 or acetic acid. W h e n  M/100 
H F  was used, the  gel formed f rom e thyl  or thosi l icate  was 
v i r tua l ly  inact ive .  

The  ox ida t ion  products  formed under  aqueous  condi- 
t ions were somewha t  var iab le  in composi t ion,  b u t  yielded 
C 48-55%,  H 1 -2%,  and ash 1-2°/o . These p roduc t s  gave 
no defini te  mel t ing  point ,  were l ightened somewha t  in 
color by  reducing agents,  and reac ted  v igorously  with 
bleaching on addi t ion  of peracet ic  acid. Thei r  u l t raviole t  
absorpt ion  character is t ics  resemble closely those described 
for ca techol  po lymers  formed in the  presence of mineral  
surfaces 4. 

Other  phenols  were also tes ted as silicagel substrates.  
Phenol ,  hyd roqu inone  resorcinol, caffeic acid and chloro- 
phenols  were no t  oxidized, whereas  the  o-diphenols cate- 
chol, gallic acid, and d ihydroxypheny la l an ine  (DOPA) 

1 Most of this work was carried out at the University of Rochester 
with the support of Grant C-2730, National Cancer Institute, U. S. 
Public Health Service. 

2 R. HEss, R. BACH, and H. DEUEL, Exper. 16, 38 (1960). 
3 S. SIEC, EL, J. Amer. chem. Soc. 7.9, 1628 (1957). 
4 S. SIEGEL, Proc. Nat. Aead. Sci. U. S. 43, 811 (1957). 

S. SIEGEL, F. PORTO, and P. FROST, Arch. Biochem. Bioph)~. 
82, 330 (1959). 

Fisher Scientific Co. Silica gels, up to 200 mesh (gas chromato- 
graphy grade). The ethyl silicate used was a Fisher purified grade, 
and sodium metasilicatc was a certified reagent grade. 
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