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Table I. Cycloadducts Obtained from Benzenesulfonylnitrile Oxide 
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Benzenesulfonylnitrile Oxide: a Useful Intermediate 
for the Syn-Cyanohydroxylation of Alkenes 

Sir: 

Several synthetic transformations have been reported which 
permit the stereospecific syn attachment of carbon and oxygen 
to the double bond of alkenes.1-3 Typically, a heterodiene,1 1,3 
dipole,2 or ketene3 is reacted with the alkene, followed by 
elaboration of the resulting cycloadduct. Nitrile oxides are 
among the 1,3 dipoles successfully employed for this trans­
formation. The range of alkenes which react well with typical 
nitrile oxides is, however, somewhat limited owing to compe­
tition from nitrile oxide dimerization.2a Certain unconjugated 
alkenes do not work well, notably six-membered cyclic and tri-
and tetrasubstituted ones. 

We report here two new general synthetic procedures based 
on an improved version of the nitrile oxide cycloaddition pro­
cess. The first of these permits the syn-cyanohydroxylation4 

of alkenes, while the second introduces an efficient indirect way 
to obtain 3-substituted isoxazolines. Central to both procedures 
is the cycloaddition of benzenesulfonylnitrile oxide (1) to al­
kenes (Scheme I). The resulting cycloadducts undergo re­
ductive ring fragmentation to complete the syn-cyanohy­
droxylation process. Alternatively, nucleophilic substitution 
of the benzenesulfonyl group leads to a number of 3-substituted 
isoxazolines which would be difficult at best to prepare by di­
rect cycloaddition. 

The bromo oxime 2 has proven a convenient precursor to the 
nitrile oxide 1. It is readily prepared from benzenesulfonylni-
tromethane (3)5 in 30-40% overall yield (Scheme II).6 Se­
quential bromination and O-methylation of a-nitro sulfone 3 
affords an unstable nitronic ester rapidly converted in refluxing 
methylene chloride to bromo oxime 2. 

Slow addition (syringe pump technique) of a solution con­
taining the bromo oxime 2 to a mixture of excess alkene and 
aqueous sodium carbonate7 results in fair to excellent yields 

Scheme I 

[Phso2c=N*o] • R
R:c=c;jj;„ 

NaXO3 [2 V, Ns-Hg 

PhSO2C=N-OH 

2 

R R' 

R ^ - C - R -

CN OH 

13-17 

J-L-

R=4-c-r 

Scheme II 

PhSO2CHjNO, 

3 

a) CH2N,, OC 
-*• PhSO2CHNO2 j-1 - » PhSO2C=N-OH 

I h) 40'C, -CH2O
 2I 

O CO "• aT ! »3t> « 
P h T - 0 v 

Jo 
N 82% 

" Using an ~50-fold excess of alkene unless otherwise stated. Yields 
are based on the nitrile oxide precursor 2 and refer to pure, isolated 
products. * NMR indicated only this regioisomer. c A 1.5-fold excess 
of alkene was employed. d NMR indicated the exo isomer; for the 
endo and bridgehead H, J < 2 Hz in all cases. e Distilled (spinning 
band) to remove isomers and passed through silica gel. J The major 
product (61% yield) was dibenzenesulfonylfurazan oxide. g We thank 
Dr. K. C. Nicolaou for a research sample. h A 1.5-fold excess of the 
alkene was used. ' TrOC = CI3CCH2OCO. ' Based on the alkene. 

of the cycloadducts 4-12 (Table I). It is noteworthy that the 
normally sluggish cyclohexene reacts very well. Cycloaddition 
also occurs readily with 1-methylcyclohexene, an alkene not 
previously reported to react with nitrile oxides. The limit of this 
procedure is reached with tetramethylethylene:8 reaction does 
occur to give a 17% yield of cycloadduct 10 but the major 
product, obtained in 61% yield, is dibenzenesulfonylfurazan 
oxide (nitrile oxide dimer). 

We attribute the high reactivity of benzenesulfonylnitrile 
oxide to synergistic electronic and steric factors. Electron-
attracting substituents are known to increase the reactivity of 
other 1,3 dipoles9,2f toward alkenes and presumably this is one 
function of the benzenesulfonyl substituent. Also, its large size 
is expected to retard the dread nitrile oxide dimerization.8 

Our syn-cyanohydroxylation process is completed by 
treatment of the cycloadduct with 2% sodium amalgam. The 
resulting expulsion of the benzenesulfonyl group with con-
commitant nitrogen-oxygen bond cleavage affords vicinal 
cyanohydrins in excellent yield10 (Table II). For those cases 
where'there is a stereochemical choice, only the cis isomer is 
obtained. Thus, the cyanohydrin 15 clearly differs in spectral 
and physical properties from its trans isomer obtained by 
treating cyclohexene oxide with potassium cyanide. 

Arenesulfonyl groups are well-known one-electron accep­
tors." Presumably the first step in fragmentation of cycload­
ducts 5-9 involves electron transfer from sodium amalgam to 
the benzenesulfonyl group. However, the conditions employed 
here (2% Na-Hg at 20 0C) are exceptionally mild for such a 
process. Consequently, the cyano group of the products is un­
affected,12 nor is the carbonyl group of cycloadduct 8 reduced 
during ring fragmentation. 

The syn-cyanohydroxylation of cyclohexene is a typical 
example of the general procedure. A solution containing bromo 
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Table H. Vicinal Cyanohydrins Obtained by Ring Fragmentation. 
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" Employing an excess of 2% Na-Hg in wet THF at 20 0C. Yields 
refer to isolated products. * We thank Miss C. L. Gualtieri for pre­
paring a standard sample of this compound. 

Table HI. Nucleophilic Substitution Products 
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" Refluxing MeOH, 1 h. * Me2SO, 40 0C, 48 h. c !-PrOH, 80 
min.^ We thank Mr. S. A. Hardinger for carrying out a preliminary 
investigation. 

oxime 2 (1.34 g, 5.06 mmol), CH2Cl2 (8.0 mL), and cyclo-
hexene (8.1 g, 99 mmol) was added dropwise over 3 h to a 
mixture of 1.0 M aqueous sodium carbonate (8.0 mL) and 
cyclohexene (8.1 g, 99 mmol). The crude product was chro-
matographed (silica gel, CH2Cl2 elution) to give diben-
zenesulfonylfurazan oxide (99 mg, 11% yield) followed by pure 
cycloadduct 7 (1.02 g, 76% yield). A vigorously stirred THF 
(17 mL) solution of the cycloadduct (0.59 g, 2.23 mmol) was 
treated with water (0.52 mL) and 2% Na-Hg (7.37 g, 6.4 
mg-atoms of Na). After 1 h, additional water (0.26 mL) and 
2% Na-Hg (3.71 g) were added. Kugelrohr distillation of the 
crude product afforded 0.24 g (86% yield) of pure vicinal cy-
anohydrin 15:13 bp 130-40 0 C at 0.1 Torr; mp 32.5-34 0 C; IR 
(melt) 2.75-3.15 (br, OH), 4.46 ix ( C = N ) ; N M R (CDCl3) 
5 3.75 (m, 1 H, CWOH), 3.03 (m, IH, CHCN), 2.6 (s, 1 H, 
D2O exchanges, OH), 1.3-2.2 (m, 8 H). 

The carbon-nitrogen double bond of isoxazolines undergoes 
nucleophilic attack resulting in substitution if a suitable leaving 
group is attached at carbon.14 Consequently, the reaction of 
cycloadducts 6 and 7 with various nucleophiles was examined 
in the hope that substitution would occur. Treatment with 
lithium methoxide, sodium cyanide, and sodium borohydride 
leads readily to the corresponding substitution products (Table 
III). These reactions, in conjunction with the cycloaddition 
process, constitute an alternative to direct reaction of the al-
kene with fulminic acid,2b cyanogen iV-oxide,15 or the as yet 
unknown methoxynitrile oxide. Consequently, benzenesul-
fonylnitrile oxide is a useful synthetic equivalent to other 
members of the class. This matter, as well as the broad appli­
cation of benzenesulfonylnitrile oxide to synthetic problems, 
is under further investigation. 
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Reactions of Zirconium Atoms with Alkanes: 
Oxidative Additions to Carbon-Hydrogen 
and Carbon-Carbon Bonds 

Sir: 

The activation of saturated hydrocarbons by molecular 
species has been one of the important goals of organometallic 
chemistry in recent years. We report here the oxidative addi-
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