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Aminoe the r  de r iva t i ve s  of condensed thiophenes a r e  of i n t e re s t  in p o s s e s s i n g  ant iconvuls ive  [1] and ant i -  
b a c t e r i a l  [2] act iv i ty .  The  objec t  of this inves t igat ion was to syn thes ize  condensed s i x - m e m b e r e d  thiophenes 
containing sulfur  and oxygen. 

Condensat ion of 2 , 2 - d i m e t h y l t e t r a h y d r o p y r a n -  and 2 ,2 -d ime thy l t e t r ahyd ro th iopy raa -4 -ones  (I and 1D [3] 
with n i t r i l e s  containing ac t ive  methy lene  g roups  afforded the ethyl e s t e r s  of 2 , 2 - d i m e t h y l t e t r a h y d r o - 4 - p y r a n y l -  
idene-  and 2 ,2 -d ime thy l t e t r ahydro -4 - th iopyrany l idenecyanoace t i e  acids  (HI and IV). l~eaetion of these  with 
su l fur  gave 2 ,3-disubs t i tu ted  5 ,5 -d imethy l te t rahydropyrano[3 ,4 -b] th iophenes  (V-VII) in high y ie lds  (Table 1). 
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IX:X=S,  R=OC~H6, R I~COCH,; 
X:X = 0, R = OC~Hs, R~ ~COCH2CI; 

XI:X ~0 ,  R=OH, R~=H; 
XII:X ~ S, R=OH, R icH;  
XIII:X = 0, R ---- OH, R~ ~ COCH3; 
XIV:X-----S, R=OH, R,=COCH v 

Compounds V-VH w e r e  a lso  obtained by condensing I and II with n i t r i l e s  and sul fur  in a s ingle s t a g e , b u t  
y ie lds  we re  lower ,  and it  was  r a t h e r  diff icult  to i so la te  the reac t ion  p roduc t s .  The  Ii~ s p e c t r a  of V and VI ex -  
hibit  bands at 1620 (C = C), 1740 (CO0}, and 2240 (CN) cm -~. In the 3100- to 3400-cm-1 region,  the s p e c t r a  of 
V and VI d isp layed four  bands ,  and V I I , t h r e e b a n d s  fo r  NH 2 absorpt ion .  The broad ,  in tense  band with two m a x -  
i m a  at  1600 and 1670 c m  -1 and a shou lder  at  1720 cm -1 apparen t ly  c o r r e s p o n d s  to de format iona l  v ib ra t ions  of 
the a r o m a t i c  r ing ,  s t r e t ch ing  v ib ra t ions  of the e thoxycarbonyl  group,  and deformat iona l  v ib ra t ions  of the amino 
group of VH. 

The  s t r u c t u r e s  of V-VH were  conf i rmed  by the i r  PMR spec t r a .  Thus ,  fo r  V and VI, 5 [5-(CH3) 2 = 1.23 
ppm; ~ (3-OCH2CH 3) = 1.4 ppm; 6 (4-CH 2) = 2.6 ppm; 6 (3-OCH2CH 3) = 4.23 ppm; 6 (7-CH 2) = 4.45 ppm; 
6 (NI-I 2) = 6.2 ppm; and f o r  VII 6 (7-CH 2) = 4.47 ppm; 6 (NH 2) = 6.87 ppm; 6 (C6H 4) = 7.18 ppm].  

Acyla t ion  of V and VI with acety l  ch lor ide  o r  eh loroace t ic  anhydride afforded 2 -ace ty l  (or ch lo roace ty l ) -  
a m i n o - 3 - e t h o x y c a r b o n y l - 5 , 5 - d i m e t h y l t e t r a h y d r o p y r a n o  (or th iopyrano)  [3,4-b]thiophenes (VIII-X). T h e i r  s p e c t r a  
contained bands at 1606 (NHCO), 1680 (CO0), and 3280 (NH) c m  -1 (in the s p e c t r u m  of X, 3220 (NH) cram).  In 
the PMR s p e c t r a  of VIII  and IX, 6 (COCH 3) = 2.23 p p m  and 6 (NH) = 12.08 ppm,  and in the spec t rum of X, 

(CH2C1) = 4.27 ppm and 6 (NII)= 9.62 ppm.  The chemica l  shif ts  of the r emain ing  pro tons  were  Virtually 
ident ical  with those  of the c o r r e s p o n d i n g  p ro tons  in the s p e c t r a  of V-VII .  
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T A B L E  1. 2 , 3 - D i s u b s t i t u t e d  5 ,5 -  D i m e t h y l t e t r a h y d r o p y r a n o ( o r  

t h i o p y r a n o )  [ 3 , 4 - b ] t h i o p h e n e s  

C o m -  
pound 

V 

VI 

VII 
VIII 

IX 
X 

XI 
XII 

XIII 
XIV 

Yield, % 

77,37 
40,0 
97.80 
46,25 
43.80 
72,70 
54,31 
68,0 
72,60 
68,79 
75.0 
88,24 

Melting 
point, deg 

54--5 

59 --60 
189--191 
81 --2 
74---5 

110--2 
125--6 
94--5 

165--6 
191--2 

Found, % 

N S 

5,53 12.62 

5,20 23,73 
8,76 IO,OO 
4,73 t0,79 
4,55 20,68 
3.96 9,64 
6,40 14,35 
5,69 26,21 
5,44 12,00 
5,00 22,59 

Molecular formula 

C12Hx vNO3S 

Ci2Hi 7NQS~ 
CioHleN~O4 
Ci~Hi 9NO aS 
C14Hi eNO 3S2 
C14HlsCINO 4S 
CioHlaNO3S 
CloHi3NO~S2 
Cx2H15NO 4S 
CI~Hi~NOsS= 

Calculated, 
% 

5,48 12,55 

I 
5,16 I 23,62 
8,42[ 9,64 
4,70 [10,84 
4,47 20,44 
4,2I 9,66 
6,11 14,I0 
5,76 26,33 
5,20 11,90 
4,73 21,69 

I 

Note .  S o l v e n t s  f o r  r e c r y s t a l l i z a t i o n :  V h e p t a n e ;  VI ,  m i x t u r e  of  
l i g h t  p e t r o l e u m  and e t h e r ;  VII  and X, m e t h a n o l ;  VII I ,  IX,  XIII ,  and  
XIV,  e thano l ;  XI and XII ,  m i x t u r e  of c h l o r o f o r m  and e t h e r .  

Alkaline hydrolysis of V, VI, VIII, and IX afforded the corresponding 2-amino( or acetylamino)-3-car- 
boxy-5,5-dimethyltetrahydropyrano(or thiopyrano) [3,4-b]thiophenes (X~-XIV). The IR spectra of XI and XII 
contained NH 2 and OH absorption bands at 2320 and 3455 cm -i and XIII and XIV at 3340 and 3455 cm -I. Stretch- 
ing vibrations of the carboxyl group attached to the aromatic heterocycle in XI-XIV were responsible for the 
absorption at 1645 cm -I, and of the NCO group at 1670 cm -I. The PMR spectra of XI and XII contained signals 
for the hydroxy groups at 7.6-8.4 ppm, 5 (NH2) = 5.17 ppm, and signals due to the NH group were observed for 
XIII and XIV at 9.35 ppm. 

Reaction of XI with 85 % formic acid led to the formation of 2-amino-5,5-dimethyltetrahydropyrano[3,4-b]- 
thiophene (XV). The IR spectrum contained three typical NH 2 absorption bands at 3200-3400 cm -I. The PMR 
spectrum contained a sharp singlet due to the proton in the 3 position of the thiophene ring, at 5.82 ppm, and 
6 (NH2) = 4.1 ppm. 

The pharmacological activity of compounds V-XV was investigated using mice weighing 18-20 g, by means 
of methods adopted for the evaluation of substances with antieonvulsive effects, i.e., the maximum electroshock 
test [4], the subcutaneous corazole test [5], a test involving subcutaneous administration of arecoline, and a 
test involving intraperitoneal administration of nicotine. In addition, the occurrence of the "neurological 
deficit, w which is a side effect of the drugs, was also investigated, using for this purpose the Wgrid-climbingn 
method to record orientational activity, and the "rotating-rod" method [6] to detect disturbance of motor coor- 
dination. The compounds were administered intraperitoneally as suspensions with Tween-80. The 50% effec- 
tive doses (EDs0 values) were calculated [7]. 

A comparative investigation of the thiophene derivatives (V-XV) showed that all the compounds displayed 
slight anticonvulsive activity in the maximum electroshock and nicotine and adrenaline tests. In the corazole 
test, however, some compounds showed marked activity which was most evident in V, VII, and VIII, and it was 
observed that the introduction of the m-NO2C6H4CO group into the 3 position weakened the anticorazole activity, 
whereas introduction of the acetylamino group into the 2 position increased the level of this type of activity 
twofold (Table 2). It is noteworthy that the compounds exhibited sedative and myorelaxant properties at lower 
doses than those required to suppress corazole convulsions (cf. Table 2), although VII was an exception in this 
respect. The lacier compound was peculiar in showing virtually no myorelaxant effects at toxic dose levels. 
The therapeutic indices of VII, as determined by the ratio of the EDs0 for disturbance of motor coordination 
to that in the anticorazole test, were higher than for the other analogs, indicating the greater selectivity of this 
derivative. 

Thus, introduction of the m-NOzC6H4CO moiety into the 3 position of pyranothiophen weakened the anti- 
corazole properties, but the therapeutic breadth of action of this compound was significantly increased. 
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TABLE 2. Compara t ive  Act ivi t ies  of 2,3-Disubst i tuted 
5 ,5 -Dimethy l -4 ,5 -d ihydro-7H-pyrano-  and 5 ,5-Dimethyl -  
4 ,5 -d ihydro-  7H-pyrano  [3,4-b] thiophenes 

Antagonism to the [ Suj)pression of [ Disturbance of 
cons~sive affects ormntationalreflexes motor coordination Compound I of L corazole 

[ EDi0, mg/kg 

220 115 140 
v (133,3-363,0) (74,1-178,2)  (99,2-197,4) 

350 285 
vi i  (212.7- 577,5) (197,9-410,4) > 1000 

185 70 153 
vi i i  (148,0-231,2) (49 ,3 -99 ,4 )  (128,5-182,1) 

Note. Confidence l imi ts  fo r  P = 0.05 a re  given in p a r -  
en theses .  

E X P E R I M E N T A L  

The IR spec t ra  were  r eco rded  in vasel ine  oil on a UR-10 s p e c t r o m e t e r  with NaC1 and LiC1 p r i s m s .  The 
PMR spec t ra  were  m e a s u r e d  on a Var ian  T-60 in ch lo roform and carbon t e t r aeh lo r ide ,  using t e t ramethy l s i l ane  
as in terna l  s tandard.  Values  fo r  the signals a r e  given in the 6 Scale. 

Ethyl 2 ,2 -Dimethy l te t rahydro-4-pyrany l ideneoyanoace ta te  (Ill). A mix ture  of 12.8 g (0.1 mole) of I o r  II, 
3 g (0.1 mole) of ethyl eyanoacetute ,  1 ml  of glacial  acet ic  acid, and 2 ml of diethylamine was boiled in 100 ml 
of d r y  benzene fo r  5 h, until wa te r  had been removed  complete ly .  After  cooling, the mix tu re  was washed with 
wa te r  and dr ied  ove r  magnes ium sulfate.  Af ter  r emova l  of the solvent,  the product  was dis t i l led in vacuo to 
give 14.44 g (62.79%) of III, bp 127-129~ (1.5 mm Hg), N~ 1.4898, d~ ~ 1.0692. Found, %: C 64.46, H 7.00, N 
6.29. C12HI?NO 3. Calculated,  %: C 64.55, H 7.67, N 6.22. 

Ethyl  2 ,2 -Dimethy l te t rahydro-4- th iopyranyl idenecyanoace ta te  (IV). F r o m  a mix tu re  of 14.4 g (0.1 mole) 
of II, 11.3 g (0.1 mole) of ethyl cyanoaeeta te ,  1 ml  of glacial  ace t i c  acid,  2 ml of diethylamine,  and 100 ml of 
d ry  benzene,  t he re  was obtained as  desc r ibed  above 18.78 g (78.59%) of IV, bp 150~ (3 mm Hg), n~ 1.5020. 
Found, %: N 5.88, S 13.46. C12Hl?NO2S. Calculated,  %: N 5.84, S 13.39. 

5 ,5 -Dimethy l -4 ,5 -d thydro-TH-pyrano-  and 5 ,5 -Dimethy l -4 ,5 -d ihydro-7H- th iopyrano[3 ,4 -b] -2 -amino-3-  
e thoxycarbonyl(or  m-ni t robenzoyl) th iophenes  (V-VII). Method A. A mix tu re  of 0.1 mole of Ill  o r  IV, 0.1 mole  
of powdered sulfur ,  and 80 ml of 96% ethanol was heated with s t i r r ing  at 50~ and 10 ml of diethylamine was 
added ove r  30 min. The t e m p e r a t u r e  was then r a i s ed  to 60~ and s t i r r ing  continued until the sulfur had d is -  
solved complete ly .  The mix tu re  was cooled in ice wa te r ,  and poured into 200 ml of cold wate r  followed by 
acidif icat ion to Congo Red with 18% hydrochlor ic  acid. The prec ip i ta te  was isolated and washed with wa te r  
followed by heptane,  when it c rys ta l l i zed  complete ly .  The c ry s t a l s  were  f i l te red  off, washed twice with heptane,  
and dr ied  in a vacuum des s i cca to r .  The constants  a r e  given in Table  1. 

Method B. A suspension of 0.1 mole  of I o r  II, 0.1 mole of cyanoacet ic  e s t e r  o r  c0-cyano-m-ni t roace to-  
phenone,  and 0.1 mole of powdered sulfur  in 120 ml of 96% ethanol was heated to 50~ and a mix ture  of 5 ml  of 
morphol ine  and 3 ml  of d ie thylamine in 10 ml of ethanol was added with s t i r r ing  ove r  30 rain. The t e m p e r a t u r e  
r o se  to 60~ The exper iment  was continued as  desc r ibed  above. The constants  a re  given in Table  1. 

5 ,5 -Dimethy l -4 ,5 -d ihydro -7H-pyrano-  and 5 ,5-Dimethyl -4 ,5-d ihydro-TH-th iopyrano[3 ,4-b] -2-ace ty l -  
(or  ch loroace ty l )amino-3-e thoxycarbonyl th iophenes  (VIII-X). To a solution of 0.01 mole of V o r  VI in 30 ml of 
d ry  dioxane was added 0.01 mole  of acetyl  chlor ide  o r  acet ic  anhydride during 1 h under  ref lux,  and the mix -  
tu re  was then poured into cold water .  The c rys ta l l ine  solid which separa ted  was isolated,  washed with water ,  
and dr ied  in a vacuum des icca to r .  Constants  a re  given in Table  1. 

5~5-Dimethyl -4 ,5-d ihydro-7H-pyrano-  and 5 ,5 -Dimethy l -4 ,5 -d ihydro-7H- th iopyrano[3 ,4-b] -2-amin  0- 
(or ace ty lamino)-3-e thoxycarbonyl th iophenes  (XI-XIV). A mix tu re  of 0.02 mole  of V, XI, VIII, o r  IX and 30 ml 
of methanol  containing 0.04 mole  of sodium hydroxide  was boiled fo r  5 h under  ref lux.  It was then poured into 
200 ml of ice  wate r  (if s tar t ing ma te r i a l  was p re sen t ,  it  was n e c e s s a r y  to f i l ter ) ,  and acidified with concentra ted  
hydroch lor ic  acid.  The c rys ta l l ine  solid which separa ted  was f i l t e red  off, washed with cold water ,  and dr ied  in 
a vacuum des icca to r .  Constants given in Table  1. 
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5,5-DimethyI-4,5-dihydro-7H-pyrano[3,4-b]-2-aminothiophene (XV)o A mixture of 1 g (0.0054 mole) of 
XI and 15 ml of 85% forrrAc acid was kept until evolution of carbon dioxide had ceased. The mixture was cooled 
in an i c e - s a l t  mixture, and 60% potassium hydroxide solution was added until weakly alkaline. The yellow 
crystalline solid which separated was filtered off, washed with water~ and dried in the vacuum desiccator.  
Yield 0.3 g (37.5%), mp 58-60~ (from alcohol). Found, %: N 7.69, S 17.51, CgHi3NOS. Calculated, %: N 7.63, 
S 17.48. 

lg 
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B I O L O G I C A L  A C T I V I T Y  OF T R A N S F O R M E D  S T E R O I D S  

IX. SYNTHESIS AND BIOLOGICAL PROPERTIES OF 

6G- FLUOROCYCLOHEXANO[1T,2';16 G,17G] PROGESTERONE 

A. A.  A k h r e m ,  A.  V.  K a m e r n i t s k i i ,  
L .  E .  K u l i k o v a ,  I .  S. L e v i n a ,  
A. I .  T e r e k h i n a ,  L .  I .  L i s i t s a ,  
a n d  I .  V. G a n i n a  

UDC 615.256.52 

We have previously synthesized a new class of pentacyclic steroids of the pregnane series having an 
additional six-membered carbocycle in the 16,17 position, i.e., D~-pentaranes [1]. Biological tests showed 
these compounds to possess high gestagenic activity [2]. This communication describes the synthesis and in- 
vestigation of the biological activity of a new representative of this class, 6 G-fluorocyclohexano [1' ,2 '; 16 ~ ,- 
17~]pregn-4-en-3,20-dione (IV). Of the numerous methods available for introducing a fluorine atom into the 
steroid molecule, we chose the route involving the addition of BrF to a double bond [3]. This comprises re-  
action of N-bromoacetamide with the As-3-hydroxysteroid in the presence of a large excess of hydrogen fluor- 
ide a t -  80~ in methylene chloride, with the addition of tetrahydrofuran (in order to increase the effective 
concentration of fluoride ion). Treatment of cyclohexano[l',2';16G,17e~]pregn-5-en-3fi-ol-20-oae (I) [1] with 
N-bromo acetamide and hydrofluoric acid in methylene chloride-tetrahydrofuran (THF) afforded the bromo- 
fluoride H. Subsequent oxidation of the 3fl -hydroxy group in H with chromium trioxide and sulfuric acid in 
acetone gave the 3-keto derivative III. Treatment of the latter with dry hydrogen chloride in acetic acid re-  
sulted in simultaneous dehydrobromination and epimerization at C 6 to form IV. 

C O~'O~-H~04 HCI - AcOH 
HO ~ ~ HO - ~r| 

v ~ o 
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