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Gestagens,  chiefly r ep resen ted  by the following two s teroid  groups:  es t rane,  i.e., 19-nors te ro tds  (1) and 
pregnane,  i.e., p roges te rone  der ivat ives  (II), a re  used in the t rea tment  of dysfunctional uter ine hemorrhages ,  
amenor rhea ,  endometr ios is ,  and other  gynecologic d iseases  [1]. 
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R = R' = H, A4: lynest renol  
R = OCOCH3, R' = CH3CO, A4: ethynodiol dtaeetate 
R O, R' = H, As0~ norethynodrel  
R = O, R' = COCH 3, A4: nore th ts te rone  aceta te  
R = O, R' = H, A~: (13-e thyl ) -noreges t re l  

R = CH3, R' = H2: medroxyproges te rone  aceta te  
1R = CH3, 1~' ~ H2, A6. meges t ro l  acetate  
R = C1, R' = H 2 AG: chlormadinone acetate  
R = CH 3, 1~' : CH 2, A6: melenges t ro l  aceta te  
R = C1, R' = CH2, •6: chlorsuper lu t in  acetate  

Profound Changes in the p roges te rone  molecule  resul t  in the c rea t ion  of highly act ive ora l  prepara t ions .  
It turned out that the most  effective change was one which promoted the slowing of metabolic  t r ans format ions  
at  positions 6, 7, 17, and 16 of the s te ro id  nucleus by introducing a he-double bond substi tuent at position 6 
(alkyl, halogen, etc.) as well as introduction of a 17~-acylhydroxy group and a 16-alkyl or alkylidene subst i t -  
uent. 

The present  paper  repor ts  the effect of reduct ion of the 3-keto group in 6 -me thy lp regna-4 ,6 -d ien -17a-  
o l -3 ,20-dione  aceta te  (X) to a 3fl-hydroxyl group on progesta t ional  act ivi ty.  

Modifications in the direct ion of t r ans fo rming  the A4-3-keto group into a 3-hydroxyl  group were  studied 
in a pregnane and es t rane  se r i e s  [2]. This resu l ted  tn no appreciable  increase  in physiologic act ivi ty.  How- 
ever ,  d i scovery  of the abili ty of these  groups to interconvert  in vivo 17a-hydroxyprogesterone,  e.g., (3~,17a- 
d i h y d r o x y - p r e g n 4 - e n - 2 0 - o n e  is yielded af ter  perfusion through bovine adrenals)  [3] demonst ra tes  the poss i -  
bili ty of increas ing the duration of the p repara t ions '  act ivi ty  in the body. 

Product ion of 3-hydroxy-A4 '6-eompounds  also opens up the possibil i ty of a l ter ing the durat ion and cha r -  
ac t e r  of the p repara t ions '  act ivi ty as a resul t  of acylat ing the hydroxyl group with different acids .  

Us ing the follow ing scheme we succeeded in synthes iz ing compounds XI and XII  with the above-ment ioned 
modif icat ion f rom 17a-hydroxyproges te rone :  
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TABLE 1. Gestagenic Activity (scored 
according to the McPhail  Scale) of Com- 
pounds XI and XII Compared to the Effect 
of Megast ro l  Acetate  in Infant Rabbits 

Preparation 

XI 
XII 

Megestrol acetate 

Dose, mg per animal 
0,4 0,04 0 , 0 0 8 1 0 , 0 0 4 1 0 , 0 0 0 4  

o~ 
4 4 4 2,5 0 

Note. There  were  3-4 rabbits in each group. 

TABLE 2. Duration of the Gestagenic Effect 
(determined by the MePhail  Scale Score) of 
Compounds XI and XII Compared to the Effect 
of Megestrol  Acetate Following a Single Ad- 
minis t ra t ion  in a Dose of 5 mg per  Animal 

Preparation 

XI 
XII 

Megestrol acetate 

Time elapsed after admin., days 
7 10 14 17 

4 4 4 ~ 1,5 0 
1,7 0 

4 4 2,5 0,5 0 

Note. There  were  3-4 rabbits in each group. 
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' in accordance  with the method for synthesizing 6-methylenepregn-4-en-17a-o l -3 ,20-d ione  acetate  (IX) 
[4], hydroxyprogesterone was acetylated by acet ic  anhydride in the presence  of sulfosal icycl ic  acid in a boiling 
benzene solutton. At the end of the acetylat ion reaction,  the 3-enol acetate  byproduct  was hydrolyzed with hy- 
drochlor ic  acid. The hydroxyproges terone  acetate  (IV) yield was 95%. The la t ter  was conve r t ed  into the methyl  
es te r  of the dienol V by t reat ing IV with methylor thoformate  in a benzene -me thano l  medium in the presence  
of sulfosalieyelie acid.  The react ion was c a r r i e d  out in such a way that the methyl formate  formed during the 
process  was driven off. The yield for  the formation of the 3-methyl  e s t e r  V was as high as 94%. Formyla t ion  
was achieved by using Wi l sme ie r ' s  reagent,  p repared  f rom phosphorus oxyehloride and dimethylformamide,  
in excess as a solvent.  The react ion product was hydrolyzed with a potassium carbonate  solution. The 3- 
methyl  es te r  of the 6 - fo rmyl  substituted VII which was formed was reduced with sodium borohydride to the 
corresponding earbirml VIII, which without extract ion was dehydrated by acid hydrolys  is of the 3-methyl  es te r  
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of dienol. This r e su l t ed  in the product ion of the 6 -methy l  de r iva t ive  IX with a yield of 78%. The la t te r  was 
i s o m e r i z e d  under  hydrogen t r a n s f e r  condit ions,  i .e.,  boiling with cyclohexene in an alcohol solution of sodium 
ace ta te  in the p r e s e n c e  of a ca ta lys t ,  pa l ladium on ca rbon  [5]. Obtained at a yield of up to 93%, 3 -ke to -4 ,6 -  
diene X was reduced  with sodium borohydr ide  in a methanol  solution as opposed to the  li thium t r i ( t e r t -bu toxy) -  
a luminum hydride  sugges ted  for  this purpose  [6, 7]. Under these  conditions the reduct ion reac t ion  occurs  
with s t r i c t  se lec t iv i ty  yielding up to 95% 3f l -hydroxy-4 ,6-d iene  (XI) as a resu l t  of shielding of the 20-keto  
group by the 17c~-acetoxyl res idue .  According  to the r e su l t s  of t h in - l aye r  chromatography ,  contaminat ion by the 
co r re spond ing  3,20-diol did not exceed  1%. P r e s e r v a t i o n  of the A4,G-diene s y s t e m  of the  double bond during 
the cour se  of this reac t ion  is suppor ted  by U V - s p e c t r u m  findings (Xmax 242 nm, ~ = 24,500), Acetylat ion of 
XI  with acet ic  anhydride in pyr idine at r oom t e m p e r a t u r e  resu l t s  in the product ion of the d iace ta te  XII  with 
90% yield a f t e r  c rys ta l l i za t ion  f rom isopropyl  alcohol .  

E X P E R I M E N T A L  P H A R M A C O L O G Y  

Compounds XI and XII  we re  inves t igated for  t he i r  gestagenio,  ant iandrogenie ,  anabolic,  es t rogenic ,  
thymolyt ic ,  an t i - in f lammatory ,  and mine ra loco r t i co id  act ivi ty .  The i r  ges tagenie  effect  was evaluated by s t i m -  
ulation of s e c r e t o r y  changes in the endomet r ium of sexual ly  immatu re  rabbi t s  [8, 9], by the i r  influence on 
deciduoma development  in ova r i ec tomized  mice  [10], and by the pregnancy main tenance  t e s t  in ova r i ec tomized  
r a t s  calcula t ing the ra t io  between the number  of implantation s i tes  and the number  of live fe tuses  [111]. Dura -  
t ion of the ges tagenic  effect  was de t e rmined  by the i r  effect  on the endomet r ia  of infant rabbi t s  a f t e r  a single 
injection of the compound in a dose of 5 m g / k g  subsequent  to previous  admins t ra t ion  of foll iculin (0.5 gg pe r  
an imal  pe r  day for  7 days) .  The effects  we re  r eco rded  on days 3, 7, 10, 14, and 17 a f t e r  the tes t  subs tance  
was a d m i n i s t e r e d  [12]. 

The methods  of investigating the other  types of act iv i ty  have been desc r ibed  p rev ious ly  [13]. The c o m -  
pounds'  hormonaI  act ion was c o m p a r e d  to the effects  of m e g e s t r o l  ace ta te .  In all  of the exper imen t s  the sub-  
s tances  we re  a d m i n i s t e r e d  subcutaneously  in an oil solution in a volume of 0.1 ml  pe r  mouse ,  0.2 ml  pe r  ra t ,  
and 0.5 ml  pe r  rabbi t .  

The expe r imen t s  p e r f o r m e d  showed that both t e s t  subs tances  pos se s s  high ges tagenic  act ivi ty .  As is 
apparen t  f rom Table  1, the C laube rg -McPha i l  t e s t  showed the s a m e  act ivi ty  for  compounds XI and XII  as well  
as  m e g e s t r o l  ace ta te :  The dose caus ing the m a x i m u m  effect  was 0.008 mg  for  all  of the subs tances  studied. 
Compara t ive  evaluat ion of the durat ion of the compounds '  ges tagenic  act ion (Table 2) showed that  subs tances  
XI and XII  we re  m o r e  effect ive  than m e g e s t r o l  ace ta te  on days 10-14 a f t e r  a s ingle admin i s t ra t ion .  

The s t imula t ing  effect  of the subs tances  on deciduoma development  in ova r i ec tomized  mice  was inves-  
t iga ted  a f t e r  p r e l i m i n a r y  admin i s t r a t ion  of foll iculin (estrone) in a dose of 0.5 g pe r  an imal  pe r  day for  4 days.  
The compounds were  admin i s t e r ed  f r o m  day 5 to 14 in a dose of 1 rag. On the 10th day a f t e r  the s t a r t  of fol l i -  
cultn adminis t ra t ion ,  the left horn of the uterus  was t r auma t i zed  by sutur ing with 10 m m  of s i lk th read .  The 
an imals  w e r e  sac r i f i ced  24 h a f t e r  the last  injection of the tes t  substance,  and the effect  was m e a s u r e d  by the 
degree  to which the t r a u m a t i z e d  u ter ine  horn had inc reased  in weight.  As is evident f rom Tab le  3, compound 
XII  and m e g e s t r o l  ace ta te  do not d i f fe r  s ignif icant ly  in e f fec t iveness ,  while subs tance  XI  is less  ac t ive .  

Compar i son  of the effects  of compound XII  and m e g e s t r o l  ace ta te  in the pregnancy  main tenance  t e s t  in 
ova r i e c tomtzed  r a t s  showed them to be equally effect ive.  When the p repara t ions  v~ re  admtn i s t e r ed  to o v a r i -  
ee tomized  r a t s  in a dose  of 5 mg per  an imal  in combinat ion with es t rad io l  dipropionate  (0.1 mg/kg)  f rom day 
12 through day 19 of pregnancy, ,  app rox ima te ly  70% of the fe tuses  surv ived .  The fetal  and placental  weights 
of the r a t s  which had r ece ived  the subs tances  w e r e  approx imate ly  the s a m e  as the cont ro ls .  

When the ant iandrogentc  act ivi ty  of the compounds was investigated,  it was found (Table 4) that  compound 
XI has a pronounced effect  when c o m p a r e d  to the effect  of  m e g e s t r o l  ace ta te .  Substance XII  does net cause  a 
definite d e c r e a s e  in the androgenic  act ion of t e s t o s t e r o n e  propionate .  

Compounds XI, XII, and m e g e s t r o l  ace ta te  have roughly the s ame  u tero t rophic  effect .  When the sub-  
s tances  a r e  a d m i n i s t e r e d  fo r  3 days in a dose of 10 pg /kg ,  the u ter ine  weight of the infant m i c e  inc reases  two 
to th ree  t imes ,  and the o rgan ' s  m o i s t u r e  content i nc rea se s  by 5-7%. 

Compound XI  r evea l ed  an t ies t rogen ic  ac t iv i ty .  When admin i s t e r ed  for  3 days in a dose  of 1 mg /kg ,  it r e -  
duced the inc rease  in fol l icul in-s t tmulated (10pg/kg) u ter ine  weight by approx ima te ly  50%. When subs tance  XI 
was a d m i n i s t e r e d  in a dose of 10 m g / k g  for  4 days to ad rena lec tomized  ra t s ,  it brought  about an approx ima te ly  
40% reduct ion in thymus weight.  
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TABLE 3. Effect of Compounds XI, XII, and Megestrol  Acetate 
on Deciduoma Development in Ovar iec tomtzed  Mice 

Preparation 

Control 
XI 

XII 
Megestrol acetate 

Weight of the intact 
uterine horn, mg 

M •  P 

19,4-+ 1,4 
30,8+---4,4 ~0~5 
37,1+3,6 ~0,001 
33,8-+4,8 ~0,02 

Weight of the trauma- 
~ized uterine horn,_ m g 

M + r n  P 

28,6-+ 1,4 
66,0-+6,2 ~0,001 
162,4-+ 14,4 ~0,001 
115,2-+ 12,1 ~0,001 

increase in 
weight of the 
traumatized 
uterine horn, % 

(M• 

33,3-+2,4 
120,9:~ 17,6 
363,7-+ 15,6 
259,9-+47,2 

Note. There  were  8-9 mice  in each group. 

TABLE 4. Antiandrogenic Activity of Compounds XI and XII  Com-  
pared with the Effect of Megest ro l  Acetate and Cyproterone Acetate 

Preparation 

Testosterone propio- 
hate (TP) 

Cyproterone acetate 
+TP 

ivI~estrol acetate + 

XI + TP 
XlI + TP 

Weight of the animals, 
g 

initial final 

60 64 

61 73 

61 66 
60 72 

61 71 
62 80 

seminal ventral 
vesicles prostate 

10,5~+0,5 12,3-+-" 1,7 

79,5--+6,8 77,5-+8,7 

19,1-+1,3" 23,5-+4,6* 
38,8-+3,6* 54,8• 1,8" 

53,3"+-6,5 * 43,5• 
66,2-+4,2 58,7-+2,9 

Organ weight, mg per 100 g body 
weight ~u_+ m) 

muscle 

14,0+0,9 

43,1~2,6 

16,4~+2,1 * 
25,7-+ 1,3* 

21,0+1,8 * 
41,0~+4,3 

*Reliability of the difference has been calculated with re fe rence  to 
groups which rece ived  TP .  
Note. 1. There  were  five to six animals  in each group. 2. TP  was 
adminis te red  in a dose of 2 mg/kg ,  the preparat ions  in a dose of 20 
mg/kg .  

Neither compounds XI  or  XII, nor  meges t ro l  acetate ,  have any androgenic (10 mg/kg) ,  anabolic (10 mg/kg) ,  
an t i - in f lammatory  (10 mg/kg) ,  or minera locor t i co id  (2 mg/kg)  activity.  Compound XII  and meges t ro l  acetate  
have no ant ies t rogen (1 mg/kg) or thymolyt ic  (10 mg/kg) activity.  

Thus, the resul ts  of our r e s e a r c h  indicate that compound XI has high gestagenic activi ty and shows a 
marked  antiandrogenic and weak uterotrophic ,  ant ies t rogenic ,  and thymolytie effect. 

Compound XII  displayed high gestagenic activi ty compared  to that of meges t ro l  acetate ,  but was s u r -  
passed  by the la t ter  in durat ion of action. Considering the higher se lect iv i ty  of its hormonal  action compared  
to meges t ro l  acetate  (antiandrogenic activi ty prac t ica l ly  absent), compound XII  may  be of prac t ica l  value as a 
gestagenie drug.  

Corre la t ion  of the chemical  s t ruc tu re  and biological act ivi ty of the se r i e s  of compounds investigated 
enables us to draw the following conclusions.  Reduction of the 3-keto group to a 3-hydroxyl  group in 6 -me thy l -  
p regna-4 ,6-d ieu-17a-o l -3 ,20-d tone  aceta te  resul ts  in an increase  in the duration of the gestagenic effect, and 
display of a thymolyt ic  and ant ies t rogenic  effect (comparison of meges t ro l  acetate  with XI). Acetylat ion of the 
3-hydroxyl  group in compound XI is accompanied by a considerable  dec rease  in ant iandrogeaic activi ty and a 
d isappearance  of the thymolyt ic  and ant ies t rogenic  effects (comparison of ,compound XI with XI-I). 

E X P E R I M E N T A L  C H E M I S T R Y  

6-Methy lpregna-4 ,6 -d ten-17a-o l -3 ,20-d tone  17-Acetate (X). A suspension of 5.5 g of 6 -methy lpregn-  
4-en-17a-o l -3 ,20-d ione  17-aceta te  [4], 0.27 g of 5.5% palladium on carbon, 1.1 g of sodium acetate ,  0.07 g of 
cyclohexeae,  and 100 ml  of ethyl alcohol a re  heated at the boiling point while s t i r r ing  for  1.5 h. When i s o m e r -  
tzatton is complete (checked by UV-spectrum) the cata lyst  is f i l tered out, and the alcoholic f i l t rate is con-  
cent ra ted  in a vacuum. Methylene chlor ide is added to the residue,  and the undissolved sodium acetate  is 
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f i l t e red  out. After  driving off tim methylene  chlor ide and c rys ta l l i z ing  the res idue  in alcohol,  5 g of X a re  ob- 

1% rained with a mel t ing point of 216-217~ [~]~ + 12 ~ E 1 cm 630 at 288 rim. Repor ts  in the l i t e ra tu re  [5] give 
a mel t ing point of 214-216~ kmax 287.5 rim, e = 25,1262 

6-Methylpregna-4,6-3fl ,17cz-diol-20-one 17-Acetate  (XI). To a s t i r r e d  suspension of 5 g of 6 -me thy l -  
p regna-4 ,6 -d iene-17~-o l -3 ,20-d ione  ace ta te  in 100 ml  of Inethanol 0.5 g of sodium borohydr ide  a r e  added over  
a 5-min  per iod.  After  15 min of additional s t i r r ing ,  the reac t ion  mix ture  is diluted with water .  The suspen-  
sion is s t i r r e d  for  30 min to comple te  crys ta l l iza t ion ,  the prec ip i ta te  is f i l te red  out, r insed  with wate r  on the 
f i l ter ,  and dr ied  out. The resu l t  is 4.72 g of impure XI, mel t ing point 192-203~ [ ~ ] ~ - 5 3 . 6  ~ (2% solution in 
ch loroform) .  After  c rys ta l l i za t ion  f rom aqueous isopropyl alcohol,  XI is obtained with a mel t ing point of 203- 
205~ [~]2~-56.3~ (2% solution in ch loroform) .  Reports  in the l i t e ra tu re  [12, 13] give a mel t ing point of 190- 
205~ and 198-204~ [c~]2~--56.5 ~ 

6-Methylpregna-4 ,6-d iene-3f i ,17~-dio l -20-one  Diacetate (XII). While s t i r r ing  at room t e m p e r a t u r e  for  
16 h, 5 g of unpurif ied XI a r e  ace ty la ted  with a mix tu re  of 10 ml  of acet ic  anhydride and 10 ml  of pyridine.  
The solution obtained is decanted into a mix tu re  of hydrochlor ic  acid, water ,  and ice and s t i r r e d  for 1 h. The 
prec ip i ta te  which forms  is f i l t e red  out and r insed  with a solution of hydrochlor ic  acid, then with wate r  t i l l  
neutra l ,  d r ied  out, and c rys t a l l i zed  f rom aqueous isopropyl alcohol.  The resu l t  is 4.36 g of XII with a mel t ing 
point of 196-197~ [~]21~-78~ (2% solution in ch loroform) .  Reports  in the l i t e ra tu re  [12] give a m p  of 197-199~ 
arid [~]2i~- 81 ~ 
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SYNTHESIS: AND ANTIMICROBIAL ACTIVITY OF FERROCENYLAMINOMETHYL- 

PHOSPHONATES AND FERROCENYLAMINOMETHYLTHIOPHOSPHONATES 

CONTAINING HETEROCYCLIC RADICALS 

Y u .  L .  V o l y a n s k i i  a n d  V .  I .  B o e r  UDC 615.281:547.558.1 

As r e s e a r c h  into the an t imicrobia l  act ivi ty of organophosphorus compounds containing a f e r roceny l  nu- 
cleus grew [1], it s eemed  worthwhile to produce a s e r i e s  of new fer rocenylaminomethylphosphonates  and f e r -  
rocenylaminomethyl thiophosphonates  containing he te rocyc l ic  rad ica l s .  

Synthesis of 22 substances  in the s e r i e s  was achieved on the basis  of the following react ion:  

CsH~FeCsH4CHO+Ht~+HR(OR,)2 --->- C~HsFeCsH4CHbP(OR,)~__H20 
il rl I/ 
X R X 

HR: heteroeyelie amine 
R': alkyl (i-xxii) 
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