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Abstract: 
ICAN) 

Oxidative cyclizations of steroidal alcohols (la-ld) using ceric ammonium nitrate 
aqueous acetonitrile or aqueous acetic acid gave the corresponding cyclic ethers 

(Za-2d), whereas the tertiary alcohol (4) gave secosteroid (5). 

Tetravalent cerium (ceric ion) is a powerful one electron oxidant with a redox potential1 

comparable to that of lead tetra acetate, and has the ability to oxidize a wide variety of 

organic compounds. * We report here the reaction of ceric ainsonium nitrate (CAN) with some 

conformationally rigid steroidal alcohols in aqueous acetonitrile or aqueous acetic acid at 

8O'C. Tnus the 6e-hydroxy steroids (la-ld) undergo smooth oxidative cyclization to give the 

corresponding 6a,19-oxidocompounds (Za-d) in fair to good yield, in addition to some ketone 

formation (Table I). 

AcO& AcO@ +AcO@ 

OH 

la; X=H; R=OAc 

lb; X=H; R=C8H17 

lc; X&l; R-OAc 

Id; X=Cl; R=O 

le; X=&V; R=OAc 

Za-d 3a-e 

As seen in Table I (entries la, lc and le) the yield of cyclic ether decreases with increas- 

ing size of the substituent at C-S adjacent to the 6a-hydroxy group. Of the organic solvents 

studied, only acetonitrile and acetic acid were found to favor oxidative cyclization in good 

yield. 
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Although low yield oxidative cyclization was observed3 

ceric ion on n-pentanol, we have seen no subsequent reports 

some years ago by the action of 

on the synthetic exploitation of 

this process. The reactions shown in Table 1 are analogous to transformations promoted by 

reagents such as lead tetra acetate,4'5 iodine/mercuric oxide6S7 or bromine/silver 

salts.8'9 Also listed is the ceric ion-induced oxidative fragmentation of the tertiary 

alcohol (4) to give the secosteroid (5),in good yield. 

.c,j'-l @ 

4 5 

A typical experimental procedure for oxidative cyclization is as follows: To a stirred 

solution of steroid (la; 1COy; lmole) in acetonitrile (1.4ml) at 80', was added a solution of 

ceric ammonium nitrate (375mg; 2.5 mnole) in water. The solution turned dark red imnediately 

and became colorless within five minutes. It was then cooled and poured into water, extracted 

with methylene chloride and chramatographed on silica gel to give the pure 68, 19-oxidosteroid 

(2a, 55m9). The corresponding ketone (3a, 34mg) was also isolated. 

Under the same experimental conditions, the tertiary alcohol, 5a-hydroxy-3s,17g-diacetoxy 

androstane (4) underwent smooth fragmentation to give the 5,10-secosteroid (5) in high yield. 

Fragmentation is also observed in the ceric ion-induced conversion of the homoallylic alcohol 

(6) to the conjugated ketone (7) in yields varying between 40% and 60%. 

QAc OAc 

The initial step in all the above ceric ion-induced reactions is probably an inner sphere 

process. The dark red alcohol-cerium complex formed initially may dissociate with transfer of 

one electron from the alcohol to the metal ion, and the resulting electron deficient oxygen may 

then abstract hydrogen from a conformationally adjacent y-carbon atom. Finally, it should be 

pointed out that water is required for successful reaction. In the absence of water, complex 

reaction mixtures result. 

In conclusion, ceric ammonium nitrate offers a simple rapid method for oxidative 

cyclization or fragmentation. The simplicity and short reaction time of the method, together 



504 

with ease of work-up, combine to provide a useful alternative to lead tetra acetate and other 

reagents effecting such transformations. 

This work was supported in part by N.I.H. Grant AM15918. 
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