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Abstract: The 1,3-diplar cycloaddition of aromatic nitrile oxides with tmm-1,2-disubslituted 
vinyboronic esters affords the 4-boronic ester substituted Akoxazoline as the major regioisomer. If the 
maction mixture is treated with t-B&OH the corresponding 4-hydroxy-A%oxazolines are obtained in 
good yield. 

J2iger and others have shown 4hydroxy-Arisoxazolines to be versatile intermediates for the 
synthesis of amino sugars and other biologically important molecules. ‘8 2 We report in this letter a 
new method for the synthesis of this versatile class of compounds based upon oxidation of the 
cycloadducts obtained from nitrile oxide cycloaddition to vinylboronic esters. One reason why 4 
hydroxy-A%soxazolines have proven to be such valuable molecules centers around their 
conversion into amino-diols of defined stereochemistryby reduction with lithium aluminum 
hydride. The stereochemistry of the reduction is determined by the nature of the hydroxyl group 
on the 4position. LAH reduction of a 4-hydroxy-A2:isoxline with an unprotected hydroxyl 
group at the 4position affords the amino-dlol with anti stereochemistry between the amino and 
hydroxy group. The reduction occurs by complexation of LAH with the oxygen followed by 
intramolecular delivery of hydride from the same face of the molecule as the hydroxyl group. If 
LAH reduction is carried out on a ehydroxy-A%oxazollne which has a protected hydroxyl group 
at the 4-position, reduction occurs opposite to the protected hydroxyl group to afford the 
corresponding syn isomer. 1# 2 

A variety of methods have been reported for the preparation of ehydroxy-A%oxazollnes. 
JBiger and coworkers have prepared 4-hydroxy-A2-isoxazolines via deprotonation of a AZ- 
isoxazoline with LDA followed by reaction with trimethyl borate, and oxidative workup. 3 This 
procedure affords the hydroxy-isoxazoline in moderate yield, along with significant amounts of 
the unhydroxylated starting isoxazoline. 3 It was later reported by Auricchio and Ricca that better 
yields can be obtained by treatment of the isoxazoline anion with either dry air or oxygen. 4 Davis 
and Wade 5 recently reported that by employing optically active N-sulfonyloxaziridlnes as the 
oxidant it is possible to prepare optically active ehydroxy-isoxazolines from the isoxazoline anion. 
Another procedure for the synthesis of ehydroxy-A%soxazohnes involves the intramolecular ring 
opening of a&epoxy oximes. 6 Rosinl and coworkers have reported a procedure for the 
preparation of 4hydroxy-isoxazoline_N-oxides which can then be then converted into the 4- 
hydroxy-isoxazolines. 7 Wade and price have also reported a method for preparation of this class 
of compounds via nitrosative cycloaddition. 8 

In continuation of our studies9 into the use of vinylboronic esters as dipolarophiles in 1,3- 
cycloadditlons, we carried out the 1,3_dipolar cycloaddition of benzonitrile oxide to the hexyne 
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derived pinacol vinylboronic ester (1). 10 This reaction afforded &isoxazoline (2) in 90% yield, 
which was devoid of the boronic ester. (eq 1) 

e n-m -21 

EzN. Ether 

1 n-Bu 
2 

SO% yield 

We felt that there were two possibilities to explain the loss of the boronic ester functionality. 
The first was that the boronic ester was lost prior to cyclization in a protonolysis reaction” 
followed by reaction of the resulting alkene with benzonltrile oxide. The second possibility was 
that the cyclization occurred with very high regioselectlvity to afford the 4-boronic ester 
substituted A*-isoxazoline which underwent loss of the boronic ester functionality. The second 
possibility seemed more plausible ln light of the work of pger and coworkers in which they found 
that 4-boronic ester substituted isoxazolines generated by reaction of the isoxazoline anion and 
trimethyl borate proved to be quite labile towards protonolysis. 3 We have subsequently found 
that by careful manipulation of the reaction mixture we can observe the boronic ester containing 
nitrile oxide cycloadduct (3) by NMR. Drawing from the work of JIger and coworker-$, we 
rationalized that if we subjected the nitrile oxide cycloadduct (3) to oxidation this should provide 
the corresponding 4-hydroxy isoxazoline. 

We were delighted to find that treatment of the hexyne derived vinylboronic ester (11 with 
benzonitrile oxide (1.1 eq) at O” C for 30 minutes followed by treatment with t-BuOOH 
(CAUTION!) afforded the tians-4-hydroxy-5-butyl-Aziosxazoline (4)5 in 91% yield, along with 5% 
of the regloisomeric hydroxy-isoxazollne. To confirm the structure of A*-isoxazoline 4 we have 
prepared it from 2 via the procedure of Jnger 3 (1) LDA, HMPA, THF, -78%; 2) (MeO)sB, -78%; 3) 
t-B&OH, Etfl). This procedure afforded A*-isoxazoline 4 (43%) along with recovered 2 (51%). 
The hydroxy-isoxazoline obtained from this procedure was identical to that obtained from the 
cycloaddition/oxldaton route. We have subsequently investigated the reaction of a variety of 
vinylboronic esters and aromatic nitrile oxides in the cycloaddition/otidation route described 
above. Some of the 4hydroxy-A*-isoxazolines which have been prepared via this procedure are 
shown in Table I. 

- 
THF. 0% 

n-Bu 

1 
3 

SlX yield 
4 

It is interesting to note the high degree of regloselectivity displayed by the vlnylboronic ester 
in these nitrile oxide cycloadditions. It is known that the regioselectivity of nitrile oxide 
cycloaddltions to 1,2-disubstituted alkenes is usually very low. *n I2 When the alkene bears an 
electron withdrawing group there is a small preference for the electron withdrawing group to 
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occupy the 4-position in the cycloadduct. When the alkene contains an electron donating 
substituent the regioselectivity is much better, affording the cycloadduct with the electron 
donating substituent on the 5-position of the isoxazoline. 2 The high degree of regioselectivity 
displayed by vinylboronic esters in nitrile oxide cycloadditions is ciirrently under further 
investigation. 

Table 1. 4-Hydroxy-a2-isoxaxolines From The Cycloaddltion/Oxldatlon Route 

C!fV 

v l-l 

Nf (88%) 
-0 “R 

m 

RI 

(86%) 

p-MaOPh 

(84%) 

m 

The stereochemistry of the products in Table 1 has been assigned by examining the coupling 
constantbetween the C-4 proton and the C-S proton of the hydroxy-is-lines. It is known that 
thecouplingconstants betweenthe5etwoprotonsis-25Hzinthe~ansisomer. 13 The bans-1,2- 
disubstituted vinylboronic esters empIoyed In these reactions were prepared via literature 
pn~&ures by hydroboration of the corrqonding alkyne with Br2BH-h4e2Sl”, pina~olboranel~, 
cyclohexyi boran@, or Ipc2BH. *6 The hydroximic acid chMides requiredforpreparationofthe 
nitrile oxides were prepared from the corresponding oximes by chlorination with N- 
chlorosuccinimde.*7 The 4-hydroxy-isox obtained in experiments 1 and 3 are known 
compounds and displayed spectral data in a-t with those pxwiously reported. k6 



As can be seen from the data in Table 1 this procedure is compatible with the presence of 
various functional groups and provides the hydroxy-isoxazolines in good isolated yields. We have 
shown vinylboronic esters to be very reactive dipolarophiles in 1,3-dipolar qloadditions with 
nitrile oxides. 18 This high reactivity undoubtedly plays a role in the good yields obtained in the 
cycloaddition/oxidation route to 4-hydroxy-&isoxazolines described above. Further studies 
including the development of an asymmetric variation on this reaction and the employment of the 
amino-diols produced by m reduction of the hydroxy isoxazolines in the synthesis of natural 
products are currently underway. 19 
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