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CYANOGEN CHLORIDE N-OXIDE CYCLOADDITIONS. A SIMPLE, SHORT ROUTE TO AT-125. 

P. A. Wade*, M. K. Pillay and S. M. Singh 

Department of Chemistry, Drexel University, Philadelphia, Pennsylvania 19104. U.S.A. 

Summary: Addition of AgN03 to dichloroformaldoxime in the presence 

of alkenes provides an efficient procedure for the preparation of 

3-chloroisoxazolines including AT-125. 

A conceptually obvious approach to the synthesis of 3-chloroisoxazolines involves 

cycloaddition of cyanogen chloride N-oxide(z) to alkenes (Scheme 1). Nature has decreed, 

however, a marked disinclination for nitrile oxide 2 to act in this desirable fashion. Thus, - 
generation of 2 from dichloroformaldoxime(1) with aqueous sodium carbonate at room - - 

temperature results in only a 6% yield of cycloadduct with styrene and none at all with N- 

acetyl vinyl glycinel. Indeed, that nitrile oxide 2 can be generated and cycloadded in 

significant yield to an alkene has been demonstrated to our knowledge in only one case, the 

anion of a b,y-unsaturated a-nitro ester’. 
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Our recent success2 using silver nitrate rather than base to generate 

benzenesulfonylnitrile oxide prompted us to apply this methodology to dichloroformaldoxime. 

For successful reaction, silver nitrate would have to remove the first chlorine from the 

oxime but not the second. The ensuing nitrile oxide and any cycloadducts derived from it 

would have to react at a substantially slower rate with silver nitrate for this approach to 

succeed. Such is precisely the case. 
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Mono- and disubstituted alkenes afford 3-chloroisoxazoline cycloadducts (Table) in 40- 

73% yield using silver nitrate to generate nitrile oxide 2. The general procedure involves 

addition in small portions over 20 min of four equivalents of silver nitrate to a THF 

solution at 60-65oC containing five equivalents of dichloroformaldoxime and one of alkene3. 

Styrene reacted in a highly regioselective fashion under these conditions to give the product 

1. Somewhat surprising was the observation that 1-octene and 5-hexene-2-one gave small but 

significant amounts of the 4-substituted products 2 and 1, respectively4. E-@-methylstyrene 

typically5 gives a mixture of regioisomers in nitrile oxide cycloadditions as was the case 

here. 

TABLE. CYANOGEN CHLORIDE N-OXIDE CYCLOADDUCTS 

Alkene Cycloadducts (Ratioa) % Yieldb 

-... 

@Ph 

L 

Ph+Me 

3. (>98%) 73 

71 

WC1 + tic1 66 

6 (95:5) Ir” 
0 

Cl 

d 
40 

a Based on nmr with confirmation by glc. 
b For pure isolated products. Structures were identified by nmr. ir. 

ms. and elemental analysis. Yields are based on starting alkene. 

’ Separated by preparative glc. 
d Substantial amounts of unreacted alkene remained. 
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We have applied this successful 1,3-dipolar cycloaddition to the preparation of the 

antimetabolite AT-125 (acivicinj6 (Scheme 2). Starting material for our synthesis was the 

readily available hydrochloride salt 10 of (S)-vinyl glycine7. First. the nitrogen of vinyl 

-8 glycine was protected by phthalylation giving the organic soluble imide _lJ in 89% yield. 

The imide was subjected to cycloaddition (8 equivalents of AgN03 and 10 of 

dichloroformaldoxime) affording two products, 12a and 2, in 52% combined yield9. Both - 

products had the desired regiochemistry although reaction stereoselectivity favored the 

undesired cycloadduct 12b1° (71:29 ratio). Chromatographic separation11 and deprotection of 

cycloadduct 12a according to the procedure of Kelly and Wierenga6a afforded AT-125, identical - 

with an authentic sample of the natural product12. 

Scheme 2. 
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AT-125 15% 12a - 12b 37% - 

Advantages of this approach to AT-125 are the short number of steps, the avoidance of 

enantiomer resolution and the relative ease of separating the diastereomeric cycloadducts. 

The approach is adaptable to other nitrile oxides and, accordingly, the 3-phenylsulfonyl 

analog of AT-125 has been synthesizedl3. One clear disadvantage of the route is the 

unfavorable diastereomer ratio obtained. We are investigating other amine protecting groups 

as well as acid protecting groups in the hope of improving this situation. 
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