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Of the large number of extant methods for preparat ion of diethylst i lbestrol  [1], that of Adler et al., [2], in 
which the s tar t ing compounds are  phenol and propionic acid, has acquired pract ical  significance. Technically 
the most  complex stage in this method is the reduction of the keto group in 4 ,4-bis(p-acetoxyphenyl)-3-hexa-  
none (I) to the pinacolyl alcohol (III), which gives diethyls t i lbestrol  (IV) by re t ropinacol  rea r rangement .  

OH 

�9 O -- ?HC Z 
RO ~ \C,0OtH5 ~ /" H '/ OH " 

7: g = OOCH 5 

H5CZ 

____ ?o=o( 

HO ~ OzH5 

/7 

The recommended procedure  for reduction specifies forcing conditions (sodium in reflaxing butyl or iso- 
propyl alcohol) because of the low react ivi ty  of the keto group, which is s ter ica l ly  shielded by the two phenyl 
and the ethyl groups, in pinacolin ketone diacetate I. 

We have examined the stage of the reduction of I to IiI and the stage of re t ropinacol  r ea r rangement  of III 
to IV. We used complex metal hydrides with the a im of developing a method of reduction more  suitable for use 
under industrial  conditions. We found that only ca lc ium borohydride,  which, in contras t  to the majori ty  of 
a lkal i -meta l  and alkaline ear th  metal borohydrides ,  has high reducing activity [3] and does not form solvates,  
is capable of reducing this s te r ica l ly  hindered keto group to fo rm carb[nol III. The react[0n was ca r r i ed  out in 
solution in aqueous isopropyl  alcohol in the cold. Thin- layer  chromatography revealed that the react ion gives 
a lmost  quantitative yield. Because carbinol  III is an oily product,  we ca r r i ed  out the subsequent react ion with- 
out isolating compound III. 

We selected the conditions for the preparat ion of t ransdie thyls t i lbes t rol  by re t ropinacol  r ea r rangement  
of III on the basis of gas -chromatograph ic  analysis  of the react ion mixture.  The method is based on the chro-  
matography of t r imethyls i ly l  (TMS) e thers  of the c is -  and t r a n s - i s o m e r s  of IV, derived by react ion with bis-  
( t r imethylsi lyl)acetamide (BSA) [4]. 

We examined the behavior of the t r a n s - i s o m e r  IV in various solvents to reduce the possible i somer iza -  
tion of t r ans - IV  to the c i s - i s o m e r  during t rea tment  of samples  of the react ion mixture and preparat ion of the 
TMS ethers .  We found that the most  suitable solvents for prepar ing the TMS ethers  of IV present  in the r eac -  
tion mixture are  te t rahydrofuran  and acetone. We extracted the react ion products f rom the react ion mixture 
with ethyl acetate , [n which only 2% isomer iza t ion  of t r ans - IV takes place in a short  t ime [4]. 

We used this GLC method to analyze the composit ion of the react ion mixture in the course  of the r e t ro -  
pinacol r ea r r angemen t  by adding hydrochlor ic  acid to the solution of III in isopropyl alcohol and then stripping 
off the isopropyl alcohol. 

We found that the diethylst i lbestrol  content (80-81%) of the react ion solution is a maximum when removal  
of isopropyl alcohol is complete,  i.e., when the vapor t empera tu re  r i ses  to 90-93~ Under the conditions of the 
r ea r r angemen t  we detected a lmost  no isomerizat ion of trans-IV; GLC revealed that the content of the c i s - i so -  
mer  did not exceed 3-4%~ 
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E X P E R I M E N T A L  

The GLC ana lyse s  were  c a r r i e d  out on an LKhM-SMD model  5 with a double f l ame- ion i za t i on  de tec to r .  
Chromatograph ic  condit ions were :  column length 60 cm and in te rna l  d i a m e t e r  0.3 cm, packed with 2.5%NSKT- 
50 on Chromoso rb  HMDS 80-100 mesh;  column t e m p e r a t u r e  149-150~ 

Sample P r e p a r a t i o n  for Chromatography .  The dry  r e s idue  containing a mix ture  of c [ s -  and t r a n s - i s o -  
m e r s  of IV (about 0.5 g), de r ived  by t r e a t m e n t  of a sample  of the r eac t ion  mix ture ,  was d i s so lved  in anhydrous 
acetone (10 ml).  This  solut ion (0.5 ml) was t r a n s f e r r e d  to a 5-ml graduated  f lask  and BSA (0.5 ml) was added. 
The solution was brought to the m a r k  with anhydrous t e t r ahydro fu ran ,  s t i r r e d ,  and left at  room t e m p e r a t u r e  
for  30 rain (by this  t ime the format ion of TMS e the r s  was comple te) .  This solut ion (1-1.2 ml) was ch roma to -  
graphed.  The o rde r  of elut ion of the components  was:  solvent  and exces s  BSA; TMS e ther  of c~s-IV; an un- 
identified impur i ty ,  poss ib ly  the TMS e the r  of 3 ,4 -b i s (p -hydroxypheny l ) -2 -hexene  [4]; and the TMS e the r  of 
t r a n s - I V .  

T r e a t m e n t  of Samples  of the React ion  Mixture .  The r eac t ion  mix ture  (about 30 ml) was di luted with 
wa te r  (fivefold quanti ty),  t r a n s f e r r e d  to a s epa r a t i ng  funnel, and ex t r ac t ed  with ethyl  ace ta te .  The organic  l aye r  
was washed with wa te r  until  neu t ra l ,  d r i ed ,  and evapora ted  to d ryness  at  a t e m p e r a t u r e  not higher  than 30~ 
The re s idue  was dr ied  in a vacuum d e s s i c a t o r  over  ca l c ium chlor ide  for 24 h. 

3 ,4 -B i s (p -hydroxypheny l ) -3 -hexene  (IV, D i e t h y l s t i l b e s t r o l ) .  Compound I (16.25 g, 0.044 mole) was hy- 
d ro lyzed  in ref luxing 1% sodium hydroxide solut ion in i sop ropy l  a lcohol  (325 ml) for 1 h. Af te r  the r eac t ion  
ca lc ium ch lor ide  (28 g, 0.25 mole) was added.  The mix ture  was cooled to a t e m p e r a t u r e  between - 10 and 

- 12~ and sodium borohydr ide  (8.64 g, 0.22 mole) was added.  The mix ture  was s t i r r e d  at  a t e m p e r a t u r e  be-  
tween - 10 and -12~ for 16 h. Af ter  the usual  t r e a t m e n t  a solut ion of III in [sopropyl  a lcohol  was s epa ra t ed  
and concent ra ted  hydroch lo r ic  acid  (25 ml) was added.  The solut ion was evapora ted  until  the vapor  t e m p e r a -  
ture  r eached  90-93~ Crys t a l l i z a t i on  f rom aqueous i sop ropy l  a lcohol  gave IV (8.3 g) with mp 170-171~ [1]. 
The yie ld  was 70% based  on I. 
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