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Hydrolytic Reactions of a Cyclopentadiene Adduct 
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Abrtrocf: Treatment of the adduct between I& acyl niuoso intennediate derived from (R)-a- 
bydfoxypbenylacetobydroxamic acid and cyclopentadiene. 1. with dilute aqueous acid provides a high 
yield of tbc cyclopentene 2 hydrochloride, suitabk for further synlbetically useful transformations. 

The cycloaddition of acyl-nitroso compounds with dienes is a useful method for the stereocontrolled 

synthesis of 1,4-amino alcohols and related systems, and has been used in a number of elegant syntheses.* 

Control of the absolute stereochemistry of this cycloaddition has been achieved using various chiral 

auxiliaries.* We are particularly interested in the asymmetric cycloadditions of acyl-nitroso intermediates 

which use the mandclic acid unit as the chin1 controller .*C The advantages of using mandelic acid include the 

ready availability of both enantiomers. the ease of preparation of the corresponding hydroxamic acids [e.g. 

(R)-a-hydroxyphcnylacetohydroxamic acid, currently commercially available]. the high levels of 

stcrcosclcctivity possible (up to 93% d.e.), and the crystalline nature of many of the adducts. However. in the 

ca.sc of adducts from cyclopentadicnes it can be difficult to remove the chiral auxiliary without extensive 

decomposition. In this and the following Letter we report some unexpected and potentially u.scful chemistry 

encountcmd in recent work on this problem. 

Ph 

M-i--OH 

sl4Mo4. 

M&H. -78” 

Scheme 1 

Ph 

(89%. -80% d.e.; 
recryst. + 69%. >98% d.e) 

1 

Treatment of the adduct derived from cyclohexadiene with mild anhydrous acid results in removal of the 

chiral auxiliary.*b.*C but exposure of the adduct 1 from cyclopentadiene (Scheme 1) to the same conditions 

results in extensive decomposition of the bicyclic unit. This problem appears to be related to the presence of the 

double bond in the 2,3-oxazabicyclo[2.2.1] framework.4 

In view of the above, we were interested to find that treatment of adduct 1 with dilute aqueous acid 

provided a crystalline product in high yield as a single diastereoisomers (3OOMHz tH nmr spectroscopy) 

(Scheme 2). Adduct 1 had clearly undergone significant structural change, and the structure and 

stcrcochemistry of the product 2 were deduced from its physical and chemical properties, contirmcd by X-ray 

crystallographic structure determination.6 
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Any mechanistic scheme for the formation of 2 must account (inter ah) for the success of aqueous acidic 

conditions compared to anhydrous conditions, the formation of a single diastereoisomer. the stereochemistry 

of this diastereoisomer. and the apparent requirement for a double bond in the bicyclic system. A simple 

mechanistic scheme such as that shown in Scheme 3 would appear to be consistent with these observations.7 
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The relative and absolute stereochemistry (proved by X-ray crystallography) of 2 follow from the 

mechanistic scheme shown in Scheme 3. An important aspect of this schcmc is the intermediacy of the 

tctrahcdral intermediate 3. which can break down to 4. Presumably the equilibria shown in Scheme 3 arc 

driven to the right by the irreversible formation of the hydrochloride 2. This scheme is also consistent with the 

observation that methanolysis (anhydrous MeOH/HCI) does not produce 2 or related products, as the 

tetrahcdrrl intermediate analogous to 3 (if formed at all) could not break down to ester 4 or related productss 

The ready availability of 2 has allowed the investigation of some of its simple chemistry. Ncutralizttion 

(c.g. aqueous sodium hydrogen carbonate) of a solution of 2 produces the hydroxamic acid 5 in high yield. 

Of more interest is the removal of the chiral auxiliary on exposure of 2 to further mild acid. Treatment of 2 

with either aqueous hydrochloric acid or acidic ion-exchange resin in methanol removes the chiml auxiliary and 

produces the hydrochloride 6 in good yield (Scheme 4). 

Ketone 7. derived by oxidation of adduct 1. on treatment under the aqueous acidic conditions which 

convert 1 into 2 provided a further unexpected result. Rather than the expected hydrochloride corresponding 

to 2. a compound which is formulated as 8 was obtained cleanly. Although crystals suitable for X-ray 

crystallography could not be obtained for definitive structural proof, the physical and chemical properties of 
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this product are consistent with the proposed structure 8 .9 The reason for this change in product is not 

obvious, but it is possible that the reaction might be diverted because the product 8 might be stabilized by 

resonance.tO 
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In addition to the interesting mechanistic aspects of the formation of 2 and 8 the results described hem 

t’epmsent valuable advances from the point of view of potential synthetic applications of adduct 1, in that two 

simple steps may k used to convert this adduct into 2. 5. or 6. which could tind useful applications in 

asymmetric synthesis. 
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