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Abstract: Original dehydrating reagents for the efficient formation of nitrile oxides from primary
nitro compounds are reported. Burgess salt, DAST, acetic anhydride and oxaly! chloride were shown
to be useful reagents to perform this transformation.
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Few reactions rival the 1,3 dipolar cycloaddition process in the number of bonds that undergo
transformation during the reaction, yielding products considerably more complex than the reactants’.
Among dipoles, nitrile oxides readily cycloadd to a wide variety of alkenes to generate isoxazolines® which
represent an extremely useful class of heterocycles. The presence of a nitrogen and an oxygen atom within
the ring has made this heterocycle a versatile structure for the synthesis of many functionalities such as -
hydroxyketones, y-aminoalcohols, B,y-unsaturated oximes, or B-hydroxy nitriles”. Although the reaction
between nitrile oxides and various dipolarophiles is well documenteds, intense research is still in progress

. . . . 6
to optimize regio- and stereo-control via chelating agent mediation .

Nitrile oxides are in most cases highly reactive intermediates wich are generated in situ in the
presence of the dipolarophile. They can undergo either cycloaddition to form isoxazoles or dimerisation to
give furoxans . Two general routes for the generation of nitrile oxides are usually used: dehydrogenation
of aldoximes via formation of hydroxamoyl halides® or dehydration of primary nitro compounds. The
latter method is however the most useful due to its easy set up using 4-chlorophenylisocyanate as
described by Mukaiyama in 1960°. Eventhough several other methods for the dehydration of primary nitro
compounds were reported (p-TsOH in refluxing mesitylenelo, sodium acetate in acetic anhydride at 70
oC' l, ethyl chloroformate or benzenesulfonyl chloride in the presence of triethylaminen), none of them
supplanted Mukaiyama’s procedure. During the course of our studies directed toward the synthesis of
complex natural products, we noticed serious drawbacks of these processes, including the requirement of
high temperatures, extended reaction times and large excesses of reagent leading to the formation of by-

products which are difficult to remove.
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We report in this communication our investigations to find more efficient reagents in order to
overcome these limitations. For the purpose of this study we evaluated various dehydating agents for their
ability to perform the generation of nitrile oxides on a model system (scheme 1).
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scheme 1

To compare the performance of the reagents under comparable conditions, 2-phenyl-1-nitroethane
was used as a precursor of nitrile oxide and 1-hexene as the dipolarophile. The reactions were carried out
. . .13 . L
in the presence of an excess of 1-hexene to avoid any furoxan formation ~. The influence of reaction time,

temperature, amount of dehydrating agent and amount of base were studied. The results are reported in the

following table.

entry| reagent base solvent | Conc. (| Temp. @ Time(3)| ratio 1/2(%
1| ) Neo Et3N, 5eq. | Benzene| 0.3 20 ! 16 95/5

@3ea) ,

2 | (3Deqt;co EtsN, 5 eq. | Benzene| 0.3 60 ' 8 30/70
BURGESS \

EtaN, 5 eq. ' 2 5795
3 1 @Geq) 3N, 5eq. | Toluene | 0.1 50 |

4 BL(T eGqESS Et3N, 5eq. | Toluene [ 0.1 20 ! 2 90/10
BURGESS i

5 (1.5eq.) Et3N, 2eq. | Toluene 0.2 50 1 2 45755
50 !

6 (Dg'ﬁT) EtsN, 5eq. | THF o1 | 0 2 5795
DAST p 20 :

7 | (15eq) | EN.2ea. | THF 02 | ! 2 60/40
Ac0 EtgN, 5 eq. 20 !

8 | (Geq) |[DMAP15eq CHeCl| 01 | (/71 2 25175
(coCh, | EtN, 5 eq. 20!

9 | (150q) [DMAP15eq| CHC2 | 01 | X1 2 30/70

10 goeqC;S Et3N, 5eq. CHCl3 0.1 20 E 2 10/90

(1) Concentration (mol/l) of nitro compound 1; (2) Reaction temperature in ° C; (3} Reaction time in hours;
{4) Ratio determined by 'H NMR of the crude mixture. Isolated yields are given in the text.

4-chlorophenylisocyanate led to the formation of very small amounts of the desired isoxazole at
room temperature (entry 1) and only in a fair yield (70%) in 8 hours at 60 °C (entry 2). Under comparable

conditions (50 °C), Burgess salt'* afforded the cycloadduct in 85% isolated yield (entry 3). Lower yields,
respectively 10% and 50% were obtained by decreasing the temperature (20 °C) or the amount of reagent
(1.5 eq.) (entries 4 and 5). The same trend recured when using DAST"”. Thus 91% isolated yield of

isoxazole was obtained at 50 °C (entry 6), while at 20 °C and when reducing the amount of DAST to 1.5
eq. the yield dropped to 40% (entry 7).



Acetic anhydride also proved to be efficient to perform this reaction: in the presence of
triethylamine and DMAP, the desired product was isolated in 70% yield (entry 8). Similar results were
obtained with oxalyl chloride (65%) under comparable conditions (entry 9). In addition to their efficiency
comparable to that of 4-chlorophenylisocyanate, the latter reagents offer major advantages: easy access,
low cost and by-products easy to eliminate. Finally, phosphorus oxychloride allowed to perform this
reaction as expected: in accordance with literature results' the product was recovered in 80% isolated
yield (entry 10).

In summary, the formation of nitrile oxides appears to be a very sensitive reaction. The amount of
dehydrating agent as well as the temperature dramatically influence the yield of the reaction. The general
trend is an increase in yield with the increase of temperature and / or the amount of dehydrating agent. The
addition time of the reagents seems to have very little influence on the outcome of the reaction. We also
noticed that at higher concentrations of the nitro compound or at lower amount of dipolarophile furoxan

formation became predominant.

Several other dehydrating agents such as 1-methyl-2-chloropyridiniuml7, thionyl chloride, triftic
anhydridelg, dicyclohexyl carbodiimide, triphenylphosphine oxide / triflic anhydridelg, butyltin oxide™
and Swern or Mitsunobu conditions were tried. None of these reagents allowed the reaction to proceed. In

every case, the starting nitro compound was quantitatively recovered.

In conclusion, we describe new conditions to carry out the dehydration of primary nitroalkanes into
the corresponding nitrile oxides. The most efficient reagent on the model system and on complex
molecules was DAST. Isolated yield reached 91% under experimental conditions where the classical

isocyanate method gave only moderate yields.
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