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In a previous communication it was shown by us [I] that the cyclization product of 3-methoxy- 
hl, 3, 5(10), 9(II)_8,14-seco-estratetraene-14,17-dione (1), and specifically the 3-methyl ether of 14~-hydroxy- 
A g(ll)-dehydro-Sc~-estrone (If), can be isolated, the hydrogenation of which gave the 3-Me ethers of 14/3- 
hydroxy-8~, 9~- and 14~-hydroxy-8~, 9~-estrone (lid and (IV). 

In the present paper we studied the effect of the 14fi-OH group on the stereochemistry of the reduc- 
tion of the 17-CO group in ketone (If), and we also synthesized the 14~-hydroxy derivatives of the 17c~- 
and 17p-estradiols, which are isomeric based on the B/C rings. 
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The initial  problem was to develop the optimum conditions for the prepara t ion  of ketol (II), It was 
found that in the p resence  of CF3COOH in benzene at 0~ the seco-diketone (I) gives a mixture  of compound 
(II) and its dehydrat ion product  (V), f rom which ketol (II) is isolated in 22% yield by ehromatographing on 

A1203. .. 

To go f rom ketol (II) to the 14f l -hydroxyes t radio ls  it was n ece s sa ry  to reduce the 17-CO group. It 
proved that if LiA1H 4 is used the reduct ion proceeds  s tereospeci f icaUy to give 14t~, 17cz-diol (VI) in 75% 
yield.  The second i somer ,  cor responding  to 14fl, 17fl-diol (VII), was isolated in ~ 10% yield.  

~ . . O H  ~ O H  

OCH 3 (Vl) OCH 3 (Vt[) 
The reduct ion of ketol (II) using Na]3H4 is not as s te reospee i f ic ,  but it goes with the predominant 

format ion of the 14~, 17fl-diol (VII), the yield of which is 48%; the i somer i c  14fi, 17a-diol (VI) was isolated 
in 380/o yield.  The configuration of the OH groups in the diols was determined on the basis  of compar ing  
the I1R, NMI~, and mass  spec t ra l  data.  Thus,  f requencies  a re  observed  in the I1R spec t ra  of the c rys t a l s  
of diols (VII) and (VI) that a re  cha rac te r i s t i c  for  two OH groups,  at 3440 and 3300 em -i for diol (VII), and 
at 3510 and 3400 cm -I for dlol (VI). In con t ras t  to diol (VI), the presence  of an in t ramolecular  hydrogen 
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bond (iMHB) (frequencies of a f ree  OH group at 3526 and 3616 cm -1) was detected in the 11~ spec t rum of 
diol (VII) in CC14, which indicates  a c i s - a r r a n g e m e n t  of the 14- and 17-OH groups [2]. The f r agments  
M--H20 (282) and M--2H2O (264) a re  observed  in the m a s s  spec t ra  of both diols .  The ra t io  of the M+/M + 
--H20 intensi t ies  is  3.4 for (VII), and 1.64 for diol (VI). On the ba s i s  of the data given in [3] r ega rd ing  
the predominant  dehydrat ion of axial  ca rb ino ls  under e lec t ron  impac t ,  diol (VII) can be ass igned the 17~-  
axial ,  and diol (VI) the 17a -equa t o r i a l  posit ion of the OH group. A quadruplet  with a center  at 3.67 ppm 
and a halfwidth of 7.5 Hz is observed  in the NMR spec t rum of diol (VII), which also indicates an equator ia l  
posi t ion of the proton at C-17.  The NMR spec t rum of dtol {VI) has a mult iplet  in the 4.12 ppm region with 
a halfwidth of 10.2 Hz,  which, together  with the absence of a hydrogen bond when based on the IR spec t ra l  
data ,  con f i rms  the axial  posit ion of the proton at C-17. 

Next we studied the cata lyt ic  hydrogenat ion of the A 8(il) double bond in diols (VI) and (VII). It proved 
that the hydrogenation of diol (VI) p roceeds  s t e reospec i f i ca i iy  to give the 3-Me e ther  of 14/3-hydroxy-8~, 
9c~-estra-17a-diol  (VIII) in 78% yield.  The s t ruc tu re  of the la t te r  was  proved by oxidation to the previously  
obtained ketol (III): 
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The p r e sence  of the ep imer i c  8~, 9fl-diol (IX) was proved in the following manner :  the reac t ion  mix -  
ture  f rom the hydrogenat ion of diol (VI) was oxidized with CrO 3 in pyridine and the obtained mixture  of 
ketols  (III) and (IV) was separa ted  by GLC. Based on the re la t ive  a r e a s  of the peaks ,  the amount of the 
8~, 9~-ketol  (lid was 80%, and that of the ~ ,  9fi-ketol  (IV) was 20%. 

In a s im i l a r  manner  the hydrogenation of 14/3,17fl-diol (VII) gave the co r respond ing  8~, ~ - d i o l  (X) 
in 90% yield.  Employing GLC, the crude  mixture  was found to contain ~ 10% of the ep imer i c  8c~, 9fi-diol 
(XI). The hydrogenat ion of the (VI) 17~-aceta te  (XIII) is exclus ively  s te reospec i f ic ;  he re  only the (VIII) 
aceta te  (XII) is fo rmed ,  contaminated with a smal l  amount of WIH) due to ace to lys i s .  The s t ruc tu re  of 
the 17~-aceta te  (XII) was  proved by saponificat ion to diol (VIII). 

Toge ther  with hydrogenat ion,  we studied the reduct ion of the 9 (11) double bond with sodium in liquid 
NH 3. In con t ra s t  to cata lyt ic  hydrogenat ion,  the reduct ion of diol (VI) leads predominant ly  to compoued 
(IX), with a t rans-(8~,9f i )  coupling of the ]3/C r ings .  

oH (x,  

/111} (IV) 
Employing  GLC (see above),  we detected ~ 10% of the ep imer i c  Sex, 9~-diol (VIII) in the reac t ion  mi:~ture. 
A s i m i l a r  reduct ion of diol (VII) gave diol (XI) in quanti tat ive yield.  

As a r e su l t ,  employing va r ious  methods to reduce  the 9(11)double bond in diols (VI) and (VII), i t  is  
poss ib le  to obtain e i ther  the 8a, 9~- or  8~, 9f l -der ivat ives  of the 14f l -hydroxyest radiols  in high yie lds .  It  
is  in t e res t ing  to mention that  for the 14fi, 17/3-es t radiols  (X) and (XI), in con t ras t  to the co r respond ing  
de r iva t ives  of the D-homo s e r i e s  [2], the format ion  of the IMHB depends on the configurat ion of the hydro-  
gen at C-9.  The format ion  of an IMHB (frequencies of a f ree  OH group at 3537 and 3618 cm -1) is  observed  
in diol (X), which has an 8~, 9~-configurat ion.  The posit ion of the absorpt ion  bands of the s t re tch ing  v i b r a -  
t ions of the OH groups in diol (X) m a k e s  it poss ible  to conclude that the IMHB @OH 3537 cm -1) is  formed 
via the reac t ion  of the hydrogen of the 17/~-hydroxyl group (secondary OH group) with the oxygen of the 14/3- 
OH group (3618 cm -i)  [4]. The possibi l i ty  of fo rming  the IMHB in diol (X) is a lso  c l ea r ly  seen when the 
molecu la r  models  a re  examined,  where  a convergence  of the OH groups is  observed  (distance ~ 2.4 ~).  In 
diol (XI), with an Sex, 9#-conf ignra t ion ,  the IMHB is absent ,  despi te  the c i s - a r r a n g e m e n t  of the OH groups.  
Actual ly,  f rom the molecu la r  models  it can be seen that the d is tance  between them is ~ 4.4 ~.  
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E X P E R I M E N T A L  M E T H O D  

The TLC was run on pla tes  covered  with a bound layer  of SiO 2. The mel t ing points were  de te rmined  
on a Kofler  block.  The UV spec t ra  (in alcohol) were  taken on a Specord UV-VIS ins t rument .  The IR spec t ra  
we re  taken on a UR-10 spec t ropho tome te r  as  KBr pel le ts  and in CC14. 

The NMR spec t ra  were  taken on a JNM-4H100 ins t rument  in CDC13 and in benzene;  the m a s s  spec t ra  
were  r eco rded  on an MX-1303 ins t rument ,  with d i rec t  inser t ion  of the sample  into the source .  The GLC 
ana lys i s  was run on a Pye -Argon  ch roma tog raph ,  equipped with a 120 x 0.4 cm g lass  column that was 
packed with 50/o XE-60 ~ deposi ted on Chromatone  N-AW-DMCS, 75-90 mesh;  the t e m p e r a t u r e  was  220 ~ and 
the argon flow ra te  was  50 m l / m i n .  

Cycl izat ion of 3-Methoxy-A 1' 3, 5(I0), 9 (11)_8 ,14-seco-es t ra te t raene-14 ,17-d ione  (I). To a solution of 
11 g of seco-d ike tone  (I) in 110 ml  of C6H6, cooled to 0-5 ~ was added 3.3 ml  of 99.2~ CF3COOH solution. 
The mix tu re  was s t i r r ed  at 0-5  ~ for  80 min,  and then t rea ted  with ice wa te r  until neut ra l .  The solution was 
evapora ted  to 1/4  volume and the res idue  was chromato~raphed  on an A1203 column. F r o m  the benzene 
f rac t ion  we obtained 8.3 g of 3 -methoxy-A 1' 3, 5(10), 8(8),14"(15)_estrapentaene_17_on e (V), mp 108-109 ~ (from 
ether)  [5]. F r o m  the e ther  f rac t ion  we isola ted 2 . 4 g  (22%) of ketol (II), mp 163-165 ~ (from ether)  [6]. 

Reduction of Ketol  (II). a) A mix ture  of 5 g of ketol (II), 3.5 g of LiAIH4, and 400 ml  of absolute THF 
was  ref luxed for  75 min.  Af ter  the usual  workup and r ec rys t a l l i z a t i on  of the res idue  f rom methanol  we 
obtained 3.5 g of 3-methoxy-Ag(l l ) -dehydroestra-14/3,17c~-diol  (VI), mp 142-143 ~ The mother  l iquor f rom 
the separa t ion  of (VI) was ch romatographed  on a plate covered  with a loose l ayer  of SiO 2 (development with 
a 3 :1  b e n z e n e - - e t h e r  mixture) .  F r o m  the lower  zone we isolated an additional 0.29 g of diol (VI), mp 
142-143 ~ The total  yield was 3.79 g (75%). Ul t ravio le t  s p e c t r u m :  Xmax 260 nm (loge 4.17). In f ra red  

spec t rum (v, cm-1):  3510 3400 (OH groups) ,  1650 ( \ / , / C  = C \  ), 1610, 1570, 1500 (aromatic) ;  (CC14, 

C 1 .4 .10  -3 M) 3626. Mass  s p e c t r u m ,  m / e :  300 (M+), 282 (M+--H20), 264 (M+--2H20), 249 (M+--CH3), 
186, 171, 159. NIVIR s p e c t r u m  (6, ppm): 1.03 (--CH3), 3.79 (OCH3), 4.12 m (AWl/2 10.2 Hz,  17fl-proton),  

6.13 m ( ~/C = CH). F r o m  the upper  zone we isolated 0.48 g (9.5%) of diol (VII), mp 153-154 ~ (from meth -  
% 

/ 

anol). After  d ry ing  in vacuo over  P205 the analyt ical  sample  had mp 173-175 ~ Ul t raviole t  spec t rum,  

Xmax 262 a m ,  (Iog~4.38).  I n f r a r ed  s p e c t r u m  (v, cm-1):  3440, 3300 (OH groups) ,  1650 ( ~ C  = / / C~ ), 1610, 

1573, 1500 (aromatic); (CC14, C 5.92.10 -4) 2616 (free OH) and 3526 (bound OH)). Mass spectrum, m/e: 300 (M+), 
282 (M+--H20), 264 (M+--2H20), 249,186, 171, 161. NiVI~ spectrum (5, ppm); 1.12 (18-CH3), 3.79 (OCH3), 4.12 

m (AWl/27.5Hz, 17~'H), 5.93t ( C = CH). Diol (VI) 17c~-acetate (XIII), mp150-151~ (from methanol). 

Ultraviolet spectru~n, kmax 260 nm (log e 4.21). NM~ spectrum (6, ppm): 1.07 (18-CH2), 2.03 (CH3C O), 3.80 

). 

The 17~-acetate of diol (VII), mp 61-70 ~ is unstable and decomposes during recrystallization and 

chromatographing. 

b) With stirring, a mixture of 5 g of ketol (If), 200 ml of absolute THF, and 7 g Na]3H 4 was heated 
up to the boil, 17.5 ml of 5% NaOH solution was added, and the stirring under reflux was continued for 20 
h. After the usual workup, extraction with ether, and removal of the solvent,the residue was chromato- 
graphed preparatively on SiO 2 plates (development with a 3 : 1 benzene--ether mixture). From the upper 
zone we isolated 1.9 g (38%) of diol (VII), mp 153-154 ~ From the lower zone we isolated 2.4 g (48%) of 

diol (VI), mp 141-143 ~ 

Hydrogenation of Diol (IV). A solution of 300 mg of diol (VI) in 25 ml of absolute THF was hydro- 
genated in the presence of 10% Pd/CaCO 3 until the I-I 2 absorption ceased (1 mole). After the usual workup 
and recrystallization from ether we obtained 155 mg of diol (VIII), mp 141-144 ~ The analytical sample 
had up 142-144 ~ (from methanol). After distilling off the solvent the mother liquor, which, based on the 
GLC data, Contained two isomers [(VIII) and (IX)I, waspreparativelychromatographed on a plate covered 
with a loose l aye r  of SiO2; a double deve lopment  was  run  using a 3: 1 benzene - -e the r  mix ture .  F r o m  the 
lower  zone we isolated an addit ional 80 mg  of (VIII), mp 141-144 ~ (total yield 78%). Ul t raviole t  spec t rum,  
Xma x 280, 287 nm (loge 3.24; 3.22). In f ra red  spec t rum (~,, cm-1):  3400 and 3530 (OH groups) ,  1610, 1578, 
1500 (aromat ic) ;  (CC14, C 3.37-10-4),  3637, 3628 (free OH group). Mass  spec t rum,  m / e :  302 (M+), 284 
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(M+--H20), 266 (M+--2H20), 251, 173, 161. NMI={ spec t rum (5, ppm): 1.06 (18-CH3) , 3.74 (OCH3), 4.26  m 

(AWl/2 14 Hz,  17fl-H). F r o m  the upper  zone we isolated 54 mg (18%) of diol (IX) with mp 145-147 ~ 

Oxidation of Diol (VIII). A solution of 40 mg  of diol (VIII) in 0.4 ml  of absolute pyridine was added to 
a solution of 43 mg  of CrO 3 in 0.6 ml  of pyr idine,  the mixture  was allowed to stand at 20 ~ for 16 h, and af ter  
the usual workup we obtained 38 mg of ketol (III) with mp 175-176 ~ which in i ts  mel t ing  point and re tent ion 
t ime  (GLC) was identical  with an authentic spec imen  [6]. 

A s im i l a r  oxidation of the reac t ion  mix ture  f rom the hydrogenation of diol (VI), with subsequent  GLC 
ana lys i s ,  gave two peaks ,  which were  identified as  being ketol (III) (80o/0) and ketol (IV) (20%). 

Hydrogenat ion of (VI) 17-Aceta te  (XIII). A solution of 500 mg  of (XIII) in 30 ml of absolute THF was 
hydrogenated in the p resence  of 10% Pd /CaCO 3 until the H 2 absorpt ion ceased  (1 mole) .  After  the usual 
workup we obtained 359 mg  of 17-ace ta te  (XII), mp 195-200 ~ We isolated an additional 70 mg of (X]iI) f rom 
the upper  zone by the p repa ra t ive  separa t ion  of the mother  l iquors  on a plate covered  with a loose l ayer  of 
SiC 2 (development with a 3 : 1 benzene - - e the r  mixture) .  The analyt ical  sample  had mp 198-200 ~ (from 
methanol) ,  and the yield was 86~. Ul t raviole t  s p e c t r u m ,  ~max 278 nm (loga 3.44). In f ra red  spec t rum,  
(v, cm-1):  3550 (OH), 1730 (CH3COO), 1610, 1510, 1580, 1500 (aromatic) .  Mass  spec t rum,  m / e :  3,i4 
(M+), 326 (M+--H20), 266, 251, 174, 158. NMR spec t rum (5, ppm): 1.04 (18-CH3) , 2.02 (CH3CO) , 3.75 
(OCH3) , 5.2 m (17fi-H). F r o m  the upper  zone we isolated 50 mg (8%) of diol (VIII) with mp 142-144 ~ (does 
not d e p r e s s  the mixed mel t ing point with an authentic specimen) .  

Saponification of Acetate  (XII). A solution of 76 mg of aceta te  (XII) in 2 ml  of 10% alcoholic K OH 
solution was let  stand for 1 h, and a f te r  the usual  workup we obtained 58 mg of diol (VIII) with mp 142-144 ~ 
which was identical  with an authentic spec imen.  

Reduction of Diol (VI) with Sodium in Liquid NH 3. To 75 ml  of liquid NH3, which had been dislL:illed 
over  Na, at --50 to --60 ~ was added a solution of 50 mg  of diol (VI) in 35 ml of absolute e ther  and 20 ml  of 
absolute THF.  To the obtained solution was added 2.55 g of Na (in sma l l  p ieces) ,  the mixture  was s t i r r ed  
at the s ame  t e m p e r a t u r e  for 30 mi~, and 0.8 g of NH4C1 was added cautiously.  After  evaporat ion of the 
NH3,the res idue  was t rea ted  with wa te r  (at --5 to 0 ~ and then ex t rac ted  with e ther .  The e ther  ex t r ac t  was 
neut ra l ized  with solid CO2, washed with wa te r ,  and dried over  MgSO 4. After  dis t i l l ing off the solvent we 
obtained 596 mg  (85%) of diol (IX) with mp 143-148 ~ The analyt ical  sample  had mp 145-147 ~ (from methanol).  
Ul t raviole t  spec t rum:  kma x 278, 287 nm log ~ 3.62; 3.55). In f ra red  spec t rum (v, em-1); 3610, 3563, 3500 
(OH), 1610, 1580, 1505 (aromatic) ;  (CC14, C 1 .3 -10  -3) 3631 (OH). Mass Spectrum,  m / e :  302 (M+), 284 
(M+--H20), 266 (M+--2HzO), 251, 187, 159. NM1R spec t rum (5, ppm): 0.96 (18-CH3) , 3.77 (OCH3), 4.01 m 
(17~-H). 

The oxidation of diol (IX) with CrO 3 in pyridine gave an 84% yield of ketone (IV) with mp 138-1.40 ~ 
(from ethanol),  which in i ts  mel t ing  point and re tent ion t ime (GLC) was identical  with the previously  ob-  
tained sample  [6]. 

Hydrogenat ion of Diol (VII). A solution of I g of diol (VII) in 50 ml  of absolute THF was hydrogenated 
in the p r e sence  of 10% Pd /CaCO 3 until the H 2 absorpt ion  ceased  (1 mole) .  After  the usual workup we ob- 
tained 900 m g  (90%) of diol (X) with mp 140-141 ~ (from ether) .  Ul t raviole t  spec t rum:  )~max 280, 285 nm 
(loge 3.33; 3.43). In f ra red  spec t rum (v, era-l) ;  3520, 3410 (OH), 1610, 1585, 1503 (aromatic) ;  (CCl~l , C 
1 .24 .10  -4) 3618 (free OH) and 3537 (bound OH). Mass  spec t rum,  m / e :  302 (M+), 284 (M+--H20), 266 
(M+--2H20), 252, 173, 160. NMR spec t rum (5, ppm): 1.02 (18-CH3) , 3.62 (OCH3). The oxidation of the 
mix ture  f rom the hydrogenation of diol (VII),: with subsequent  GLC ana lys i s ,  gave two peaks ,  which were  
identified as being ketol (III) (90%) and ketol (IV) (10%). 

The oxidation of diol (X) with CrO a in pyridine gave ketol (III) in 96~ yield,  mp 175-176 ~ which was 
ident ical  with an authentic sample .  

l~eduction of Diol (VII). The reduct ion of 0.2 g of diol (VII) was  run under the conditions descr ibed  
for the reduct ion of diol (VI) (0.3 g of Na, 30 ml  of liquid NH3, 20 ml  of absolute e ther ,  10 ml  of absolute 
THF,  and 0.21 g of NH4C1). After  the usual workup we isolated 0.19 g (95%) of diol (XI) with mp 142-143 ~ 
(from ether) .  Ul t raviole t  spec t rum:  ),max 278 am (1oge 3.60). In f ra red  spec t rum (v, cm-1):  3490, 3465 
(OH), 1610, 1587, 1500 (aromatic) ;  (CCla, C 1.36.10-~)3631 and 3613 (OH). Mass  spec t rum,  m / e :  302 
(M+), 284 (M+--H20), 266 (M+--2H20), t72,  161. NIVi~ spec t rum (5,ppm): 0.96 (18-CH3) , 3.78 (OCH3), 4.28 
m (17c~-H). The oxidation of the mix ture  f rom the reduct ion of diol (VII), with subsequent  GLC ana lys t s ,  
gave only one peak,  which cor responded  to ketol (IV). 
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C O N C L U S I O N S  

1. The reduct ion of the 17-keto group in ketol (II) with LiA1H 4 gives predominantly the 17a-diol (VI), 
whereas  the s imi la r  reduct ion with NaBtt a leads to a mixture  of the 17fl- and 17~-diols (VII) and (VI) in a 
5 : 4 ra t io .  

2. The catalyt ic  hydrogenation of diols (VI) and (VII) proceeds  s te reospec i f lca l ly  to give the c o r r e -  
sponding 3-methyl  e the r s  of the 8~, 9~-es t ra -3 ,14f l ,  17- t r io l s  WIII) and (X). 

3. The reduct ion of the A 9(11) double bond in diols (VI) and (VII) with sodium in liquid NH 3 proceeds  
in a s t r ic t ly  s te reospeci f tc  manner  to give the cor responding  3-methyl  e thers  of the 8~, 9 f l -es t ra -3 ,  14fl, 
17- t r io ls  (IX) and (XI). 

4. The format ion of an in t ramolecula r  hydrogen bond in the se r i e s  of 143 ,17f l -c i s -d io ls  (X) and (XI) 
depends on the configurat ion of the hydrogen at C-9. 
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