
SYNTHESIS 

BY CATHODIC HYDRODIMERIZATION 

OF p-HYDHOXYPROPIOPHE NONE 

M. Ya. Fioshin, I. A. Avrutskaya, 

L. E. Gerasimova, and S. D. Kabanova 

OF 3 . 4 - b i s -  ( p -  H Y D R O X Y P I - I E N Y L ) - H E X A  N E - 3 , 4 -  DIO L 

UDC 615.254.51.002.62.012.1 

One of the s tages  in the preparat ion of the estrogen hormones,  diethylsti lbestrol  and phosphestrol  [1], 
is the reduction of p-hydroxypropiophenone to 3 ,4-bis-(p-hydroxyphenyl)-hexane-3,4-diol :  

HQ OH 

O OH OH 

The reduction can be car r ied  out with the aid of alloys of alkali metals with lead or with amalgams,  
or  e lec t rochemical ly  [2, 3]. Despite the significantly high yield of the reduction, it is undesirable to use 
compounds of lead in mercury  in industrial p rocesses .  

The synthesis of 3 ,4-bis-(p-hydroxyphenyl)-hexane-3,4-diol  using a tin cathode is descr ibed below, 
and a comparison is shown of the resul ts  obtained with those obtained using the same process  with a m e r -  
cury cathode. 

The reduction was car r ied  out in an electrolyt ic  cell with a ceramic  diaphragm. The anode space 
was filled with a 20% solution of sodium sulfate; the anode was lead. The catholyte was usually a 10% solu- 
tion of NaOHcontaining p-hydroxypropiophenone. The cathodes were either a layer  of mercury ,  being 
poured onto the bottom of the vessel ,  or  a copper cylinder electrolyt ical ly  coated with tin [4]; the thickness 
of the coating was 10 microns (before each experiment  a f resh  coating was laid down). The 3 ,4-b is - (p-  
hydroxyphenyl)-hexane-2,4-diol  was isolated by the known method [3]. The product  obtained had mp 200- 
205~ after  recrys ta l l iza t ion f rom acetone the mp was 226 ~ the e lementary  composition was: calculated, 
%: C 71.52; H 7.29; found, %: C 71.34; H 7 .37.  

For  the e lec t ro lys is  aqueous and aqueous-alcoholic alkali solutions were used; also, aqueous and 
aqueous-alcoholic acid solutions. The experimental  results ,  given in Table 1, show that the maximum yields 
of the pinacone of p-hydroxypropiophenone were achieved in aqueous alkali solutions with the tin and with 
the mercury  cathodes.  

p-Hydroxypropiophenone had poor solubility in the aqueous and aqueous-al 'coholic acid media, and the 
reduction proceeded with little effect; the presence  of alcohol in the alkaline medium decreased  the yield 
of product.  Under these conditions most  of the cur ren t  was expended in discharging hydrogen, and the un- 
reduced p-hydroxypropiophenone remaining in the solution was isolated with the final product.  Hence, the 
most  favorable medium for the electro-reduct ion,  both with the tin and with the mercury  cathode, was 10% 
NaOH solution. 

The effect of concentration of the initial product on the yield of 3,4-bis-(p-hydroxyphenyl)-hexane-3,  
4-diol was studied over the concentration range 0.065-1.32 mo le / l i t e r .  With the tin cathode, a decreased  
yield of the pinacone, based ei ther  on the s ta r t ing 'mater ia l  or on the current,  was observed below a p -hy-  
droxypropiophenone concentration of 0.22 mole / l i t e r .  In line with this decreased  yield based on the cu r -  
rent, the yield of hydrogen increased.  For  e lec t ro lys is  with the mercu ry  cathode, the yield of pinacone in- 
c reased  f rom 64-91% based on mater ia ls  and f rom 34-48% based on current  when the concentration of p-  
hydroxypropiophenone was increased f rom 0.065-0.88 mo le / l i t e r .  

D. I. Mendeleev Moscow Chemical Technology Institute. Translated f rom Khimiko-Farmatsevt iche~ 
skii Zhurnal, VoI. 5, No. 3, pp. 19-21, March, 1969. Original ar t icle  submitted July 31, 1968. 

138 



TABLE i. Effect of Solution Composition on the Yield of 3,4-bis- 
(p-hydroxyphenyl)-hexane-3,4-diol (concentration of p-hydroxy- 
propiophenone, 0.22 mole/liter; temperature, 20~ Calculated 
on the Hydroxypropiophenone Charged (h.c.), on the Hydroxy- 
propiophenone Reacting (h.r.), and on the Current 

lium 

NaOH 
concent~a - 
tion (in~/o) 

2,5 
5 
10 
15 
10 

10 
10 

H ~ S O 4  

c o t ] c e l l t r ~  - 
tion (in %) 

3 
3 

0 5,0 
0 5,0 
0 5,0 
0 5,0 
50,0 5,0 

50,0 5,0 
50,0 I0,0 

0 ~0,0 
50,0 

Tin cathode Mercur cathode 

0 0. 0 
78,1 78,1 17,4 
87,0 87,0  19,4 
63,2 83,5 14,1 
62,5 90,5  14,0 

67,4 85,0 15,0 
8,3 26,7 1,9 

0 0 0 
24,4 29,6 5,5 

4,0 
4,0 
4,0 
4,0 
4,0 

6,0 
4,0 

4,0 
4,0 

18,0 
18,0 
18,0 
18,0 
18,0 

18,0 

18,0 
18,0 

.9 

1,5 
1,5 
1,5 
1,5 
1,5 

3,0 

4,5 
4/5 

Yield (in %) 

= q  �9 ~ -  

O~ID O~Z~ 0 

48,0 --  25,0 
76,0 --  41,0 
80,0 30,0 43,5 
73,5 --  39,4 

Consi table amount 
of unreacted propio- 
phenone remaining 
50,0 73,0 15,6 

0 0 0 
19,4 29,0 3,8 

Note: D c - c a t h o d i c  c u r r e n t  dens i ty ;  Q p r o p - q u a n t i t y  of e l e c -  
t r i c i t y  consumed .  

The ca thodic  c u r r e n t  dens i ty  was  shown to have a s i gn i f i c a n t  effect  on the e l e c t r o - r e d u c t i o n  of p -  
hydroxyprop iophenone ;  the m a x i m u m  y ie ld  of p roduc t  was  ob ta ined  with a c u r r e n t  de ns i t y  of 2 A/din2.  
With  the m e r c u r y  cathode,  a c u r r e n t  dens i ty  r a n g e  of 7-18 A / d m  2 can  be  r e c o m m e n d e d ,  the op t imal  
be ing  18 A / d m  2. 

C a r r y i n g  out the r educ t ion  at t e m p e r a t u r e s  above  40 ~ c a u s e d  a d e c r e a s e  in the y ie ld  of the p inacone  
whi le  ag i ta t ion  i n c r e a s e d  the y ie ld  of p roduct ,  both with the t in  and wi th  the m e r c u r y  cathode.  

The work  c a r r i e d  out e luc ida ted  the op t i mum cond i t ions  for  the p r e p a r a t i o n  of 3 ,4 -b i s - (p-hydroxy~-  
p h e n y l ) - h e x a n e - 3 , 4 - d i o l  us ing  a t in  cathode, with y ie ld  of 90% ba se d  on m a t e r i a l s  and 20% based  on c u r r e n t ;  
and us ing  a m e r c u r y  cathode, with y ie ld  of 90% ba se d  on m a t e r i a l s  and 48% on c u r r e n t .  
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