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For a number of years we have been interested in the development of reagents for the SN2 delivery 

of nucleophilic oxygen which are superior to conventional reactants such as OH- and RCOO-. One of the 

more CNCial stimuli for studies in this area was the finding that existing methodology did not allow the 

realization of a very important synthetic objective in the prostaglandin field, namely the efficient conver- 

sion of 15-z (unnatural) prostaglandins to the 15-5 (natural) isomers by nucleophilic displacement. 

The use of the inexpensive, commercially available potassium superoxide (K02) as a nucleophilic 

reagent is sharply limited by its instability in hydroxylic solvents and its insolubility in aprotic solvents. 

Recently, it has been observed that K02 is appreciably soluble in dimethyl sulfoxide (DMSO) 1,2 and also 

that the solubility can be increased considerably in the presence of smichiometric amounts of Thcyclo- 

hexyl-18-crown-6”. 3 We have found that the readily available polyether 18-crown-6* is a superior agent 

for dissolving K02 in organic solvents, allowing the preparation of highly reactive solutions of superoxide 

not only in DMSO but also in dimethylformamide (DMF), dimethoxyethane (DME), and even in diethyl 

ether. Further, reactions of organic substrates with K02 can proceed satisfactorily in DMSO without 

added crown ether or with relatively small amounts of 18-crown-6. In solution K02 is an exceedingly 

reactive and effective oxygen nucleophile. The occurrence of nucleophilic displacement could readily be 

demonstrated with a variety of simple substrates. Interestingly, the products from displacement with 

halides were the corresponding alcohols, not hydroperoxides. For example, the following bromides were 

converted cleanly tc the corresponding primary alcohols by K02 (4 equiv) and l&crown-6 (2 equiv): 

(1) 1-decyl (DMSO, 25”, 2 hr, 80% yield5); (2) geranyl (DMSO--DMF, 1: 1, O”, 0.5 hr, 70%); (3) benzyl 

(DMSO--DMF, 1: 1, O”, 6.5 hr, 75%). Approximately 4 equiv of K02 were needed for complete reaction. 

A catalytic amount @. 6.1 equiv) of 18-crown-6 was sufficient, although larger amounts were usually 

employed in order to obtain more rapid reaction. 

The conversion of a 15-$-prostanoid structure (I) tc the 15-g-prostanoid system (ILL) was accom- 

plished as follows. Reaction of the acetoxy alcohol I 697 ([o]25g -33.5”, c = 1 in CHC13) with 1.2 equiv of 

methanesulfonyl chloride and 1.2 equiv of triethylamine in metbylene chloride at -20” for 1 hr afforded the 

highly reactive mesylate II which was isolated and treated directly (without puriffcation) with 4 equiv of 
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K02 and 4.5 equiv of 18-crown-6 in DMSO--DMF--DME (1 : 1: 1) at 0” for 20 min. The crude product, 

obtained by addition of water and extraction, was treated with triphenylphosphine in ether (to reduce a 

small amount of 15-hydroperoxide which accompanied the desired inverted alcohol), then with ethyl 

chloroformate and lithium hydroxide in 1 : 1 H20--DME (0”, 2 hr) (to relactonize any hydroxy acid formed 

by lactone hydrolysis--vide infra), and finally with potassium carbonate (1.0 equiv) in methanol at 25” for 

30 min to afford in ~a. 75% yield the desired 15-g-dihydroxy lactone III as an oil, [(Y] 25g -7.48” (c = 2.1 

in CHC13), after chromatography. 
8 

Many attempts to accomplish such an inversion using derivatives of I 

such as II or the corresponding trichloroacetate with nucleopbiles such as R,N+ RICO; in a variety of 

solvents had been made previously in this laboratory without success. 
9 

The @oluenesulfonate of tram+4-t_butylcyclohexanol was converted into pure c&-l-t_butylcyclo- 

hexanol in 95 % yield by reaction with K02 (4 equiv) in the presence of 18-crown-6 (4 equiv) in DMSO-- 

DME (1 : 1) at 25” for 4 hr, and similarly, the methanesulfonate of cis-4-4_butylcyclohexanol was trans- - 

formed into pure trans-4-4_butylcyclohexanol in 96% yield. 

The @oluenesulfonate of cholesterol 
10 

was converted to S-e&cholesterol, 
11,12 

mp 140-141”, in 

56syield by 4 equiv of KC2 and 3 equiv of 18-crown-6 in DMSO--DME (1 : 1) at 25” in 4 hr. No cholesterol 

or 6-hydroxy-3,5-cyclocholestane were observed in the reaction product, although some cholestadiene 

was formed by concurrent elimination. The absence of 3,5-cycle steroid alcohols is noteworthy. 
13 

Elimination can be an important pathway of reaction with the K02 reagent in certain cases. Thus, 

trans-I, 2-dibromocyclohexane reacts with 8 equiv of K02 in the presence of 18-crown-6 in ether at 25” 
-. 
to form 2-cyclohexenol in quantitative yield: 

..Br a C2 4x31 - 
OH 

K”2 

Br r 

This remarkable and potentially valuable reaction probahly proceeds by way of displacement to form cis-2- - 

bromoperoxide and subsequent elimination. &Butyl bromide reacts with K02 to give simultaneously 

the products from displacement c-BuOH) and elimination (isobutylene). Similarly the bromo ether IV 

affords a mixture of V (67%) and VI (29%). The stereochemistry of VI was verified by hydrolysis (aqueous 

methanolic HCl, 25”) to pure cis-cyclohexan-1,2-diol. - 

(IV) - _.OH 
07 + a (VI, R=THP) 

OTHP ‘-OR(VlI, R=H ) 
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The reaction of KO2 with the dimesylate VlIIl4 was studied in the hope that superoxtde displacement 

and subsequent electron transfer would generate a perony mesylate @.-g., nr) which could cyclize to the 

peroxide K. Such a process could be of value in the synthesis of the biologically important prostaglandin 

endoperoxides such as PGH2 (XI, Z-Z = O-O). 
15 In fact, treatment of VIII with KO2 (4 equiv) and 18- 

crown-6 (5 equiv) in &methyl sulfoxide at 25” for 3 min afforded the desired cyclic peroxide x16inc&. 

35q&yield. The use of K02 for the synthesis of PGH2 is now under study using the requisite SJ¶, lip- 

dimesyloxy prostanoic acid, which has previously been prepared in these laboratories and utilized for the 

synthesis of the biologically potent PGIi2 mimic XI, Z-Z = N=N. 
17 

CH CHCH CHCH2CH2C6H5 
31 21 

_ CH3CHCH2~HCH2CH2C6H5 
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One especially interesting mechanistic point concerns the formation of a&oxide or alcohol from 

hydroperoxide, the intermediacy of which could reasonably be expected according to the scheme: 

RHal + $0; 
02 

- ROO* + K+Iial- _ ROO- + 02. It is noteworthy in this regard that potassium 

l-butylhydroperoxide is converted to potessium&butoxide under the conditions used in the K02 displace- 

ments described above. 18-2o 
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