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A NOVEL REARRANGEMENT OF THE ADDUCT FROM CS-EPOXIDE 

AND DIOXAN-2-HYDROPEROXIDE 
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Sumnary: Under mild conditions, nucleophiles add across the cyanide moiety of CS epoxide 
rather than opening the ring. With hydroxide ion in peroxide-free aqueous dioxan 
isomeric amides are obtained. Hydroly sis in peroxide containing dioxan affords a 
novel rearrangement involving carbon-carbon bond fission of the dioxsn. 

Whilst examining the reactivity of CS epoxide (2)1'2 towards a variety of nucleophiles 

with a view to assessing the preferred site of attack (ie ring-opening versus addition to 

cyanide moiety), it was noted that the course of hydrolyses conducted in aqueous dioxan 

depended on whether the dioxan contained peroxide (ie 1,4-dioxanyl 2-hydroperoxide). 

The epoxide 2 shows high reactivity towards a number of nucleophiles and under mild 

conditions, addition to the cyan0 moiety occurs in preference to ring-opening. Generally, 

these adducts were unstable to chromatography and were characterised by spectroscopic methods 

(ir, 'H and 13C nms and ms) only (see Scheme: compounds 3, i and 2). Yields were good and 

crude products were reasonably pure. Hydroxide ion behaves similarly and in peroxide free 

aqueous dioxan (l:l), a 5:2 mixture of amides 6a and gb were isolated in high yield (85~95%). 

The stereochemistry of the amides was assigned by comparing the chemical shift5 of the C-H 

resonance (64.81 and 65.01) with those observed in the dicyano epoxide 2 (65.44) and the 

corresponding diamide6 (S4.40). On this basis, the amide with the high field C-H resonance 

was assigned structure 6a and that to lower field 6b7. The ratio of 6a:gb of 5:2 is in 

accord with expectation where the major product is a result of attack on the least hindered 

cyanide group, ie trans to the bulky aromatic substituent. 

However, when the hydrolysis was performed with "old" undistilled dioxan, then, although 

6a and 6b were still isolated as reaction products, the major product was identified ss 2. 

Since the "active" component of "old" dioxan was probably the 2-hydroperoxide, this was 

synthesised and added to both peroxide-free dioxan and to THF when in both solvents with 2 

and base, both sa, gb and 2 were isolated in the usual way. The reaction was performed as 

follows:- 

The epoxide 2 (306 mg, 0.0015 mole) and the 2-hydroperoxide (180 mg, 0.0015 mole) were 

dissolved in freshly distilled dioxan (15 ail). Water (10 ml) was added and the solution cooled 

to o-5O. To the rapidly stirred solution, sodium hydroxide (250 mg) in water (5 ml) was added 

with the temperature maintained below 5'. On completing the addition, the reaction was worked 

up immediately by addition to water (50 ml), extracted with chloroform (3 x 40 ml) and the 

chloroform extract dried and concentrated to a pale yellow oil which solidified on storage. 
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Column chromatography over silica with benzene-acetone (8:2) afforded firstly a mixture of 

6a and $b (as an 8:l mixture of isomers, 73 mg, 22%) and then 2 (148 mg, 32%) mp 126-8’ 

(ethylacetate-benzene). 

In the absence of peroxide, the reaction was performed similarly to yield ka and gb only 

(85-951) as a 5~2 mixture of isomers. All products were fully characterised spectroscopically. 

The structure of 2 was further confirmed by preparation of the acetate (from acetic 

anhydride-pyridine). In contrast to the amides (61, the nmr spectrum suggested that 2 was a 

single isomer. 

The likely mechanism for the formation of Y_ is shown in the Scheme and requires 1 and 5 

as intermediates. That nucleophiles add readily across the cyanide moiety of 2 has been 

demonstrated earlier in the paper. Under basic conditions, dioxan 2-hydroperoxide exists as 

the anion and will add to 2 to afford 1. Such intermediates were invoked' in the hydrolysis 

of nitriles with basic hydrogen peroxide and in the nitrile catalysed decomposition of 

t-butyl hydroperoxide 
10 

. The fate of 1 is two-fold. Part rearranges to 8 which can be 

isolated from reaction mixtures when using potassium carbonate (1% w/v) or dilute sodium 

hydroxide (0.2% w/v) as base. Under these conditions, the reaction may be stopped when the 

tic shows 5 and fi only. The addition of more base or longer reaction times results in the 

disappearance of 5 and the formation of 2. 8 may be purified by a combination of chroma- 

tography and recrystallisation although losses are marked due to decomposition. 8 has been 

fully characterised spectroscopically. In addition to the rearrangement reaction, an alter- 

native mode of decomposition results in the formation of the amide 6a by the mechanism 

proposed by Berger 
10 . Since 2 is formed essentially stereospecifically, it follows that 1 is 

also a single isomer (reflecting the more selective nature of the bulky peroxide nucleophile 

as compared to hydroxide ion) and that any amide formed from 1 will also be a single isomer. 

Since simple basic hydrolysis of 2 will compete with the addition of peroxide and the formation 

of 1, then the observed ga:bb ratio of 8:l reflects the contribution of the formation of 6a 

from 1 giving amide mixtures richer in ga than observed in the simple hydrolysis reaction. 
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