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S y n t h e s i s  of 3 - ( 2 ' - C h l o r o e t h o x y ) - 6 - F o r m y l - A a ,  S- 
P r e g n a d i e n e s .  A N e w  C l a s s  of  H i g h l y  A c t i v e  

A n t i - I n f l a m m a t o r y  C o r t i c o s t e r o i d s  

I n  t h e  c o u r s e  o f  a n  e x t e n s i v e  i n v e s t i g a t i o n  s t a r t e d  s o m e  
y e a r s  ago  in  o u r  l a b o r a t o r i e s  o n  t h e  a c t i o n  o f  t h e  Vi l s -  
m e i e r - H a a c k - t y p e  r e a g e n t  o n  k e t o s t e r o i d s  a n d  d e r i v a -  
t i v e s  1, we  h a v e  e x a m i n e d  t h e  t r a n s f o r m a t i o n s  p e r f o r m e d  
b y  t h i s  r e a g e n t  o n  c y c l o e t h y l e n e k e t a l s  d e r i v e d  f r o m  A4-3 - 
k e t o s t e r o i d s .  S o m e  of  t h e  c o m p o u n d s  o b t a i n e d  s h o w e d  
i n t e r e s t i n g  b io log i ca l  a c t i v i t i e s .  

T h e  3 - c y c l o e t h y l e n e k e t a l  2 (II)  of  9 e - f l u o r o - c o r t i s o n e -  
2 1 - a c e t a t e  8 (I) w a s  d i s s o l v e d  in  t r i c h l o r o e t h y l e n e  a n d  
t r e a t e d  fo r  3 h a t  70 ~ w i t h  t h e  r e a g e n t  p r e p a r e d  f r o m  
d i m e t h y l f o r m a m i d e  a n d  p h o s p h o r u s  o x y c h l o r i d e  ( D M F -  
POCI3);  a f t e r  d e c o m p o s i t i o n  o f  t h e  r e s u l t i n g  c o m p l e x  
w i t h  a q u e o u s  C H 3 C O O N a  a n d  u s u a l  w o r k - u p ,  we  i s o l a t e d  
3 - ( 2 ' - c h l o r o e t h o x y ) - 6 - f o r m y l - 9 e - f l u o r o - A 3 , 5 - p r e g n a d i e n -  
17e,  21-dio1-11, 20 -d ione - . 21 -ace t a t e*  ( I I I ,  m . p .  2 5 0 - 2 5 2 ~  
~'max = 216,320 n m  (e = 10,600,  15 ,200) ;  [~X]D -[- 5.5~ B y  
h y d r o l y s i s  w i t h  a q u e o u s  H , S O  4 in  a c e t o n e  a t  r o o m  t e m -  
p e r a t u r e ,  I I I  g a v e  6 - h y d r o x y m e t h y l e n - 9 ~ - f l u o r o - A  4- 
p r e g n e n - 1 7 e ,  21 -d io l -3 ,11 ,  2 0 - t r i o n e - 2 1 - a c e t a t e  (m.p .  2 2 7 -  

235~ ~max = 246 n m  (e = 11 ,200;  -max~NaOH 254 n m ) ;  [(X]D 

+ 69~ T h e  2max v a l u e  t o g e t h e r  w i t h  t h e  a b s e n c e  o f  t h e  
FeC13- reac t ion  e x c l u d e s  5 t h e  p r e s e n c e  of  t h e  f o r m y l  g r o u p  
a t  C-2 ;  m o r e o v e r  t h e  p r e s e n c e  in  t h e  I R - s p e c t r u m  of  a 
C H = C  s t r e t c h i n g  b a n d  a t  3050  c m  -1 a n d  t h e  a b s e n c e  o f  
b a n d s  i n  t h e  1600 c m  -1 r e g i o n  d u e  to  a c h e l a t e d  /5- 
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d i c a r b o n y l  g r o u p  6 r u l e s  o u t  t h e  p o s i t i o n  4 for  t h e  f o r m y l  
g r o u p  w h i c h  t h u s  m u s t  be  a t  C-6. 

I I I  w a s  a l so  p r e p a r e d  b y  t r e a t i n g  t h e  3 - ( 2 ' - c h l o r o e t h y l ) -  
e n o l e t h e r  d e r i v e d  f r o m  17 ( o b t a i n e d  s b y  t h e  a c t i o n  o f  2- 
c h l o r o e t h y l - o r t h o f o r m a t e  9 o n  I) w i t h  t h e  D M F - P O C 1 3  
r e a g e n t  10. 

B y  m i l d  a l k a l i n e  h y d r o l y s i s  of  I I I ,  t h e  c o r r e s p o n d i n g  
2 1 - O H  d e r i v a t i v e  (IV,  m . p .  2 2 0 - 2 2 3 ~  Area ~ = 216, 320 n m  
(e = 9500,  15 ,800) ;  EalD --  35~ w a s  o b t a i n e d ;  e s t e r i f i c a -  
t i o n  o f  I V  w i t h  p e n t a n o i c  a c i d  a n h y d r i d e  g a v e  t h e  a m o r -  
p h o u s  2 1 - p e n t a n o a t e  V (m .p .  8 5 - 9 5 ~  ~'max = 216, 317 n m  
(e = 11,000,  10 ,200) ;  [eJD + 220) �9 T h e  2 1 - d e s o x o  d e r i v a -  
t i v e  V I I  (m.p .  2 2 3 - 2 2 6 ~  2max 216, 320 n m  (e = 10,500,  
15 ,200) ;  [aJD - - 6 0 ~  of  I V  w a s  p r e p a r e d  v i a  t h e  21- 
m e s y l a t e  V I  (m.p .  2 0 0 - 2 0 5  ~ a n d  t r e a t m e n t  of  V I  w i t h  
N a I _ C H 3 C O O  H n .  

Table I 

Compound ED~o mg 

granuloma pouch 21 

Local Os 

III 0.006 0.08 
IV 0.017 0.046 
V ,~  0.051 > 0.300 
VII 0.073 0.100 
VIII  0.01 0.2 
IX 0.066 0.04 
X 0.20 - 
XI 0.005 0.053 
XII  0.017 0.300 
XIII  0.001 0.105 
XIV 0.005 0.30 
XV 0.012 > 0.100 
XVI 0.052 0.16 

Corn - 
pound 

X Y R R'  R"  

III  F OCOCH 3 O 
IV F OH O 
V F OCO(CH2)3CH 3 O 
VI F OSO2CH 3 O 
VII F H O 
VIII  C1 OCOCH 3 otH,flOH 
IX F OCOCH 3 ~H, flOH 
X F OH ccH,flOH 
XI F OCOCH 3 c~H, flOH 
Xl I  C1 OCOCH 3 ccH,/5OH 

Xl I I  F OCOCH 3 ~zH,/50H 

XIV F OCO(CH2)3CH 3 c~H,/5OH 

XV F H cell,/5OH 

XVI F OCOCH 3 O 

H OH 
H OH 
H OH 
H OH 
H OH 
H OH 
H OH 
H OH 
CH 3 OH 
CH 3 OH 

�9  O~C=(CH3)2/ 
. . . O  

�9 O~ 
�9  O/C=(CH3)2 

� 9  
�9  O/C=(CH3)2 

�9 �9 O~ 
� 9  O/C=(CH3)2 
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6 L. J. BELLAMY, The In/rared Spectra o/ Complex Molecules 
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Relative Potency 

Granuloma pouch 

local os S,C. 21 

Cotton Hepatic Inhibition 2~,2~ of 
pellets glycogen ~4 total plasmatic 
local 22 eortieosterone 

(FOH = 1) 

F-acetate 1 1 
FIuocinolone acetonide 14 3750 
Fluorometholone 34 1250 
XI I I  680 36 

1 1 1 
786 2.3 4000 220 
250 9.6 500 83 

23 6.5 130 29 

Not determiuable because the compound is fluorescent by itself. 

I n  t h e  s a m e  m a n n e r  s t a r t i n g  f r o m  the  c o r r e s p o n d i n g  
A~-3 -ke to -compounds ,  t h e  fo l lowing  3 - (2 ' - ch l o roe t hoxy ) -  
Aa,~-6-formyl-s teroids  ~ were  p r e p a r e d  b y  e i t he r  of t h e  2 
m e t h o d s  desc r ibed  a b o v e :  3 - ( 2 ' - c h l o r o e t h o x y ) - 6 - f o r m y l -  
9a-  ch loro  - A a,5- p r e g n a d i e n  - 11fl, 17e, 21 - t r i o l -  20 - o n e -  21 - 
a ce t a t e  la ( V I I I ,  m .p .  220-221~ Zma x ~ 216, 318 n m  
[e = 13,500, 15,000]; [e]D + 38~ its 9~- f luoro-ana logue  1~ 
( IX,  m.p .  238-240~ ~'max ~ 216, 324 nn l  (e = 10,500, 
13,900); [C~]D + 21 ~ w h i c h  b y  a lka l ine  h y d r o l y s i s  gave  
t h e  c o r r e s p o n d i n g  2 1 - O H  de r i va t e  (X, m.p .  225-227~ 
~'max 216, 324 n m  [e = 12,840, 18,200]; l a id  + 10~ 
in d ioxane ) ;  3 - ( 2 ' - c h l o r o e t h o x y ) - 6 - f o r m y l - 9 ~ - f l u o r o - 1 6 ~ -  
m e t h y l  - A a,5 _ p r e g n a d i e n  - 11 fi, 17c~, 21 - t r io l  - 20 - one  - 21 - 
ace t a t e  14 (XI ,  m.p .  228-230~ "~max- 216, 324 n m  [e = 
12,200, 15,900]; [~]D + 2.5~ its 9 a - c h l o r o a n a l o g u e  14 
( X I I ,  m.p .  198-203~ ~ .  217, 325 n m  [ e - -  12,600, 
15,500] ; [C~]D q- 29 ~ ; 3 - ( 2 ' - c h l o r o e t h o x y ) - 6 - f o r m y l - 9 ~ -  
f luoro-A a,~- p r e g n a d i e n -  11 fl, 16~, 17~, 21- te t ro1-20-one-  16cq 
17a -ace ton ide -21 -ace t a t e  ~ ( X I I I ,  m.p .  180-182~ ~m~x 
216, 324 n m  [e -- 12,100, 17,100];  [C~]D + 26 ~ and  t h e  
c o r r e s p o n d i n g  2 1 - p e n t a n o a t e  ~ (XIV,  m.p .  103-105~ 
a,,a, = 216, 323 n m  [e 10,200, 11,700]; [~]D + 32~ 
3 - ( 2 ' - c h l o r o e t h o x y ) -  6 - forn ly l  - 9~- f luoro  -A a,s- p r e g n a d i e n  - 
11fi, 16~, 17a- t r io l -20-one-16~,17~-ace ton ide  is (XV,  m.p .  
233-235~ a,,ax = 216, 323 n m  [e 10,500, 16,100]; 
[~]D + 10~ 3 - ( 2 ' - c h l ~ 1 7 6 1 7 6 1 7 6  1-9a-flu~176 
p r e g n a d i e n -  16~, 17~, 21 - t r io l -  1 1, 20- d ione-  16~, 1 7 e - a c e t o -  
n ide -21 -ace t a t e  1" ( X V I ,  m.p .  113 115~ ~max = 215, 323 
n m  [e -- 11,400, 14,800];  [g]D @ 19~ �9 

T h e  biological  d a t a  of s o m e  of  t h e  c o m p o u n d s  desc r ibed  
are s h o w n  in Tab l e  I.  

F r o m  the  c o m p o u n d s  l is ted above ,  X I I I  h a s  b e e n  
c hosen  for  a m o r e  e x t e n s i v e  s t u d y ;  t h e  biological  d a t a  
are  s u m m a r i z e d  in T a b l e  I I  a n d  c o n t r a s t e d  w i t h  s o m e  
o t h e r  cor t i cos te ro ids .  

T h e  i n h i b i t o r y  in f luence  of X I I I  u p o n  t h e  t o t a l  p l a s -  
m a t i c  c o r t i c o s t e r o n e  is of a low o r d e r  w h e n  i ts  e x t r e m e l y  
h i g h  local a c t i v i t y  is cons ide red ;  X I I I  has  no  s o d i u m -  
r e t a i n i n g  effect  a n d  its in f luence  on  t h e  g lycone ogenes i s  
is negl igible .  T h e  u n i q u e  p o t e n c y  of X I I I  is r e p r e s e n t e d  
b y  t h e  e x t r a o r d i n a r y  d i s soc i a t i on  of i ts  local  a n d  s y s t e m i c  
a n t i - i n f l a m m a t o r y  ac t i v i t y .  

Riassunto. ~2 s t a t s  s t u d i a t a  l ' a z ione  del r e a t t i v o  di 
V i l s m e i e r - H a a c k  su 3-cic loet i lendioss i -AS-steroidi  a p p a r -  
t e n e n t i  ai cor t ico id i ;  6 s t a t a  cosl o t t e n u t a  u n a  serie di 3- 
(2' c lo roe toss i ) -6 - fo rmi l  da ,5-pregnadicn i ,  a l cun i  dei qua l i  
h a n n o  m o s t r a t o  no t evo l i  p r o p r i e t ~  a n t i i n f i a m m a t o r i e  con  
u n a  n e t t a  d i ssoc iaz ione  de l l ' a t t iv i t '~  p e r  s o m m i n i s t r a z i o n e  
locale e s o m m i n i s t r a z i o n e  s i s t emica .  

C~. BALDRATTI, B. CAMERINO, A. CONSONNI, 
F. FACCIANO, F. MANCINI, r .  I~ 
Jc~. 1DATELLI, I{. SCIAKY, G. K.  SUCHOWSKY, 
a n d  F. TAN1 

Istituto Ricerche, S .A .  Farraaceutici Italia, Milano 
(Italy), Apr i l  14, 1966. 

13 All the 3-(2'-chloroethoxy)-6-formyl-~16,S-steroids showed in the 
IR, bands at 1640-1652 cm i (medium) and at 1600-1610 cm 1 
(strong); these bands have also been noted by BURN et a l )  ~ 

16 For the starting A4-3-ketones see ref. a; the As-3-ethylene-ketal 
corresponding to IX had m.p. 220-222~ [C~]D + 126 ~ (dioxane). 

14 For the startingAi-3-ketones see G. E. ARTH, J. FRIED, D. B. R. 
JOnNSTON, D. R. HOVE, L. H. SARETT, R. H. SILBER, H. C. 
STOERK, and C. A. WINTER, J. Am. chem. Soc. 80, 3161 {1958). 

is For the startingAi-3-ketone see C. E. HOLMUND, L. I. FELDMAN, 
N. E. RIOLER, B. E. NIELSEN, and R. H. EVANS, J. Ara. chem. 
Soc. 83, 2586 (1961); the corresponding A~-3-ethyleneketal was 
obtained as hemihydrate and had m.p. 145 147~ [C~]D + 102 ~ 

16 The starting Ai-3-ketone was prepared by esterification with pen- 
tanoic acid anhydride of 9o:-fluoro-Ai-pregnen-llfl, 16o:,17o:,21 - 
tetrol-3,20-dione-I 6~, 17~-acetonide 1T and had in.p. 138 140 ~ 

17 j .  FRIED, A. BORMAN, W. B. KVSSI~ER, P. GRABOWlCH, and E. F. 
SABO, J. Aul. chem. Soc. 80, 2338 (1958). 

is For the starting A~-3-ketone see S. BERNSTEIN, J. J. BROWN, 
L. I. FELI~MAN, and N. E. RIOLER, J. Am. chem. Soc. 81, 4956 
(1959). 

19 The starting A4-3-ketone was prepared by oxidation with the 
Sarett reagent 3~ of 9~-fluoro-At-pregnen-llfl, 16~,17cq21-tetrol - 
3, 20 dione-16~, 17~-aeetonide-21-acetate 1~ and had m.p. 218-220 ~ 

2o G. I. Poos, G. E. ARTH, R. E. BEYLER, and L. H. SARETT, J. Am. 
chem. Soc. 75, 422 (1953]. 

31 The method of ROBERT and NEZAMIS 22 has been slightly modified 
in mlr laboratories. The steroids are administered in a single intra- 
dernlal injection suspended in 0.2 ml (0.5 carboxymethyl cellulose, 
0.4 Tween 80, 0.9 benzyl alcohol, 0.9 NaC1) or once daily by 
garage orally throughout 5 consecutive days. The animals are 
sacrified 1 day after the last administration. 

32 A. E. ROBERT and J. E. NEZAMIS, Acta endocr. 25, 105 (1957). 
28 L. G. HERSttBERGER and D. W. CALHOUN, Endocrinology 60, 153 

(1957). 
2 4  R. O. STAFFORD, L. E.  BARNES, B.  J .  BO'vVMAN, and M. M. MEIN- 

ZlNGVR, Proc. Soc. exp. Biol. 89, 371 (1955). 
2 s  F. MONCLOA, F. G. PERON, and R. I. DORFMAN, Endocrinology 

65, 717 (1959). 
26 H. BRAUNSBERG and V. H. T. JAMES, Analyt. Biochem. 1, 452 

(1960). 


