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SYNTHETIC COMMUNICATIONS, 27(13), 2197-2201 (1997) 

INFLUENCE OF CATALYST ON THE FORMATION OF 5(10)- 

ENE KETALS FROM ESTRA-CEN-3-ONES 

Arvind S. Negi, Amita Kaushal, Reema Rastogi & Suprabhat Ray * 

Medicinal Chemistry Division, Central Drug Research Institute, 
L~~kn0~-226001  ,(INDIA). 

Abstract: The effect of catalyst on formation of isomeric ketals from 19-nor- 
testosterone and 19-nor-ethisterone is reported. Regioselectivity has been achieved 
with metal hydrides as catalyst, reported for the first time, to give 5( 1 0)-ene ketals. 

In steroids, ketalization is a very useful and well known reaction. Various 

conditions, mainly acidic, are reported for this purpose'. In the case of 19-nor-estra- 

4-en-3-one derivatives(1 62 2) ketalization leads to the formation of two isomeric 

products(3 & 4). The present study was aimed at the preparation of 5(10)-ene ketals 

for which various catalysts and reaction conditions have been tried. 

Ketalization of 19-nor-testosterone(l) and 19-nor- ethisterone(2) with 

ethylene glycol was carried out in the usual manner by refluxing the two reactants 

in a solvent in presence of a catalyst. Yields of the ketals formed and their isomeric 

* To whom correspondence should be addressed. 

' CDRI communication No. 5396 
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2198 NEGI ET AL. 

1; R = H  
2; R = - D C H  

3 4 

R = W - D C H  

ratio are shown in the table. Acid catalyzed reactions withpTSA, conc. H2S04, and 

Amberlyst-15 gave a mixture of isomeric ketals 3 & 4, which were separated by 

column chromatography and their identity established on the basis of NMR studies. 

The two isomers were obtained in equal ratio. A significant increase in the formation 

of the isomer 3 was observed when chlorotrimethylsilane(CTMS) was used as a 

cataly~t~.~.. In order to have a bulkier group on the silane, which is known to form a 

complex with the carbonyl group4 and may have directing influence on the 

positioning of the double bond, t-butyldimethylsilylchloride(TBSC) was tried. This 
led to a further increase in the formation of the desired isomer( 80%). Use of t -  

butyldiphenylsilylchloride did not lead to any further improvement. Increasing the 

molar proportion of the catalyst in all these cases did not help to change the isomeric 

ratio. 

On changing the reaction conditions to base catalyzed ketalization, there 

was a dramatic influence on the isomeric ratio. Use of potassium t-butoxide in t- 

butanol produced isomers in 9O:lO ratio in a relatively short time in good yield. 

When the ketalization reaction was performed in the presence of a metal 

hydride(CaH,MaH) in benzene, it led to an exclusive formation of isomer 3. 

However, the yields obtained in these cases were low. When the higher boiling 

solvent xylene was used in the CaH, catalyzed reaction, it led to formation of a 

mixture of isomers which were characterized’. The use of metal hydride in 

ketalization is reported for the first time. 

D
ow

nl
oa

de
d 

by
 [

Q
ue

en
sl

an
d 

U
ni

ve
rs

ity
 o

f 
T

ec
hn

ol
og

y]
 a

t 1
6:

53
 1

3 
O

ct
ob

er
 2

01
4 



5( 10)-ENE KETALS 2199 

Table: Influence of catalyst on isomeric ratio of ketals during ketalization. 

Compd Catalyst Mol.ratio of Solvent 

catalyst 

1 

2 

1 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

pTSA 

pTSA 

H W ,  

Amberlyst- 15 

Amberlyst- 15 

CTMS 

CTMS 

TBSC 

TBSC 

t-BUOK 

t-BuOK 

caH2 

caH2 

NaH 

NaH 

0.286 

0.252 

___  
___ 
--- 
2.33 

2.33 

1.19 

1.19 

2.70 

2.54 

20 

20 

28.3 

28.3 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

t-BuOH 

t-BUOH 

Benzene 

Benzene 

Benzene 

Benzene 

Rn.time 

hr. 

10 

10 

5.5 

6 

6 

8 

8 

8 

8 

2 

2 

5 

6 

6 

6 

Tem 

P OC 

80 

80 

36 

80 

80 

80 

80 

80 

80 

82 

82 

80 

80 

80 

80 

Yield 

”/.( a.) 

56 

49 

48 

52 

43 

59 

52 

49 

43 

78 

90 

28 

30 

22 

20 

Ketals 

3 : 4  

50:50 

5050 

50:50 

50:50 

5050 

70:30 

66:34 

80:20 

78:22 

90: 10 

90:lO 

1oo:o 

1oo:o 

1oo:o 

1oo:o 

a. Refers to an isolated yield in which unreacted product accounts for the rest of the material. 

Experimental Section: 
. .  rocedm for k e w T S A /  H S O J  -vst-l5/ CTMS/TBSC 

aualibk 
A mixture of the ketone and ethylene glycol in 1 : 1.5 molar ratio , catalyst and 

molecular sieves was refluxed in dry benzene using Dean- Stark apparatus. Reaction 

mixture was washed with 10% NaHCOS solution, extracted with dichloromethane 

and dried over anhydrous NqSO,. The solvent was distilled off and the residue was 

chromatographed over neutral alumina using benzene- ethyl acetate as eluant to give 

the ketal. 
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2200 NEGI ET AL. 

. .  edure for t-BuOK aiu&&& 

A mixture of the ketone and ethylene glycol in 1 : 1.5 molar ratio, t-BuOK and 

molecular sieves was refluxed in t-BuOH . Reaction mixture was poured into water, 

extracted with dichloromethane and processed as above. 
. .  Drocedure for kern 

A mixture of the ketone and ethylene glycol in 1 : 1.5 molar ratio, catalyst and 

molecular sieves was refluxed in dry benzene. The reaction was poured into water 

and processed as above. 

Acknowledgment: Fellowship received by ASN BE AK from Council of Scientific 

and Industrial Research is gratefully acknowledged. 
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