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Abstract:  The first regiocontrol of nitrile oxide cycloadditions is described. Reaction of benzonitrile oxide
with (E)-2-butenol is highly accelerated by the presence of a magnesium alkoxide, and this reaction proceeds in
an exclusively regioselective manner to produce 5-hydroxymethyl-4-methyl-3-phenyl-2-isoxazoline as the sole
cycloadduct. Synthetic applications o other substituted allyl alcohols are discussed.

The well established high synthetic utility of 2-isoxazolines is due to their synthetic equivalency of a
wide variety of important functionalized building blocks such as B-hydroxy ketones, B-umino alcohols, o,p3-
unsaturated ketones, and related functionalities.! Nitrile oxide cycloaddition offers the most useful access 1o 2-
isoxazoling skeletons in which one carbon-carbon bond forming process is involved. Cycloadditions of nitrile
oxides with terminal olefins (monosubstituted olefins) proceed readily and in an exclusively regioselective
manner, regardless of the nature of the substituent (electron-withdrawing, -donating, alkyl, aryl, heteroatom
type substituents, ete), leading to the S-substituted 2-isoxazoline derivatives.2 However, reactions with 1,2-
disubstituted olefinic dipolarophiles are disappointingly decelerated and besides the regioselectivity is
extremely lowered even when these substituents are electronically different types, e.g. an alky!l or aryl vs an
acyl or ester group.? Situation is worse in the reactions with 1,1,2-trisubstituted ethenes.

We have recently reported the chelation-controlled highly diastereoselective cycloadditions of nitrile
oxides to ally! alcohol derivatives;$ this offered the first example of the Lewis acid-assisted stereocontrol of
1,3-dipolar cycloadditions. The nitrile oxide/Lewis acid complexes, generated from hydroximoy! chlorides
and organometallics, undergo syn-selective cycloadditions to the allyl alcohols bearing an o-chirality. The
present communication describes an efficient rate acceleration and an exclusively high regiocontrol, that have
been discovered in the study of nitrile oxide cycloadditions to allyl aleohol derivatives.
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Reaction of (£)-2-butenal (1a, X = H} with henzonitrile oxide (3) produces a mixture of regioisomeric
cycloadducts 4a and 5a (Scheme 1).5 Both the regioselectivities and the vields of products were very poor
when (1) 1a (X = H) was reacted with 3 generated from benzohydroximoy! chloride (2)/NFt3 (Table 1, Entey
1y or 2/EIMgBr (Entry 2), (2) alkoxides 1a (X = Li, EtZn, EtpAl) were reacted with 3 generated from 2/NEts
(Entries 3, 5, 6), or (3) alkoxide 1a (X = Li) was reacted with 3 generated from 2/#-Bul.i (Entry 4). It was
surprising that reaction of magnesium alkoxide 1a (X = MgBr) with the nitrile oxide 3 gencrated from 2/NEt3
resulted in a satisfactory yield and a high regioselectivity (Entry 7).

Table 1. Cycloadditions of Benvonitrile Oxide to (E)-2-Buten-1-0l Leading o 4a and Sa2
Entry  Xof la (equiv) Base (equiv) Additive (equiv)  TempC  Time/h  Yield/%b 4a:5a¢

| H (1) NEwz (1) - Tt 1.5 46 46:34
2 H (1) EtMgBr (1) - 30 17 20 55:45
3 Li(1) NEwn (1) T 0.5 10 49:51
4 Li(l) n-BuLi(]) - by 0.5 13 60:40
5 FiZn (1) NEt (1) - 1t 0.5 9 46:34
6 EmAl (1) NFE13 (1) n 0.5 14 48:52
7 MgBr (1) NEt; (1) - 1 0.5 62 96:4
g MgBr () - - ul 27 9 88:12
9 MgBr (2) — -30 66 63 0K:2
10 MgBr (2) - 1t 0.5 82 99:1
11 MgBr (2) - i-PrOH (2) il 0.5 92 97:3
12 MgBr (2) - n-BuOH (2.2 1t 35 75 98:2
13 Mgl (1) tBuMgCl (1) - 1t (1.5 47 96:4
14 MgBr (1) EtMgBr (1) — t 0.5 62 96:4
13 Mgl (1) MeMel (1) - Tl 0.5 10 98:2
16 MyBr (1) n-BuLi (1) - i1 0.5 33 95:5
17 MgBr (1) -PrOLi (1) It 0.5 62 96:4
18 Li (D EtMgBr (1) - 1 25 66 209:1
19 Li(D) FiIMeBr (1) ¢ It 5 41 93:7

JAll reactions were performed in dichloromethane. Plsolated yield, ©Determined on the basis of {H NMR of
the crude product. “Solvent: THE.

When 2 equivalents of magnesium alkoxide la (X = MgBr) were used also as a base for the generation
of nitrile oxide 3, higher yields of 4a resulted, essentially as a single regioisomer (Entries 9, 10). This makes
a striking contrast with the result obtained in a similar reaction using one equivalent of Ta (X = MgBr, Entry
8). The complex 3*MgBrCl was certainly generated as reacting intermediate in the case of Entry 10,4 and they
underwent competitive cycloadditions with two dipolarophiles 1a (X = H and MgBr). By comparison with
the extremely poor regioselectivity observed in Entry 2, the followings are concluded: (1) the reaction of 3 1o
magnesium alkoxide la (X = MgBr) proceeds much more rapidly than that to 1a ( X = H), (2) this reaction is
very clean and exclusively regioselective, (3) the high regioselectivity is not affected by the presence of ta (X
= 1) of the free alcohol type. Actually, no significant decrease of regiosclectivity was observed by addition of
an aleohol additive, both primary and secondary (Entries 11, 12). Instead, the reaction became much cleaner
1o give a higher yield of 4a (92%) in the presence of -PrOH.

Screening of various reaction conditions concluded that the use of magnesium alkoxides 1a (X = MgX)
was essential for the exclusively high regioselectivity (Entries 13-17). However, reaction of the nitrile oxide 3
generated from 2/EtMgX with the lithium alkoxide 1a (X = Li) was also highly regioselective (Entry 18), and
surprisingly, no decrease of regioselectivity in THF was observed (Entry 19).6 Such high selectivities scem ©
be inconsistent with the results of Entries 3, 4. An explanation is as follows: The high selectivities in
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rcactions of the complex 3«LiCl generated from 2/n-BuLi or 2/i-PrOl4 with 1a (X = MgBr, Entries 16, 17)
are understanding. Both 1a (X = Li) and the complex 3+MgRr(l generated from 2/EtMgBr must be less
regetive than the combination of la (X = MgBr) and 3-LiCL7 and heﬁcc, they have an opportunity 1o undergo
acid/base reaction to form 1a (X = MgBr) and 3+LiCl (Scheme 2).8 As a result, the reaction always proceeds
via 3+LiCl and 1a (X = MgBr) regardless of the kinds of starting substrates.
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When a mixture of 1a (X = MgBr) and 1b (X = H), each 2 equivalents, was reacted with nitrile oxide 3
generated from 2/NEts, a 53:47 mixture of regioselective cveloadducts 4a and d4b was obtained in 98% of total
yield (Scheme 2). This indicates that the alkoxide 1a (X = MgBr) rapidly equilibrutes with the free alcohol 1b
(X = H) and the alkoxides Ta,b (X = MgBr) predominantly react with 3. On the basis of these results and the
fact that the free nitrile oxide 3 is more reactive than the complex 3¢MX (MX: Lewis acid),” simplification of
the procedure was performed as follows.

The nitrile oxide 3 generated from 2/NFiy
was reacted with the free alcohol la (X = H)
and n BuOMgBr (Scheme 2). When more than

Table 2. Reactions of 3 with 1a (X = H) in the Presence
of n-BuOMgBra

Fniry  r-BuOMgBr  Time/h  Yield/%" 4da:5ac one equivalent of p-BuOMgBr was employed,
1 0.1 equiv 24 37 57:43 only 4a was obtained in high yields (Table 2,
2 0.3 24 29 68:32 Entries 5, 6). Both the selectivity and the yield
3 Q‘S 24 5‘;) 82:,]8 were [ound to depend upon the equimolar
4 0.8 12 53 97:3 . I
5 [ 2.5 23 4a only amounrt of n—B.suOMgBr (Entries 1.—3) s0 that the
6 1.3 1 Q7 4a only catalytic reaction could not be attained.
aSolvent: dichloromethane. Plsolated yield. bBased on Finally, the nitrile oxide cycloadditions
ITI NMR of the crude product. with a variety of substituted allyl alcohols were

performed under the reaction conditions that 3
generated from 2/NFi3 was allowed o react with ta-e (X = H) in dichloromethane in the presence of a-
BuOMgBr (1.3 equiv). The results are listed in Table 3. To be emphasized are (1) the exclusively high
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regioselectivities producing 2-isoxazoline-5-methanols 4a-e (Entries 1-5) (2) the excellent vields of 4 (Entries
1-4), (3) the effective acceleration of cycloadditions (Entries 3 and 5), {4) the reversed regiosclectivity in
reactions with (£)-3-phenyl-2-propenol (1d) (Entry 4) and 3-methyl-2-butenol (1) (Entry 3).

Table 3. Cycloadditions of Nitrile Oxide 3 to Substituted Allyl Alcohols 1a-e (X = H)a

Eniry Ally! alcohol R! R2 Time/h  Product Yield/%P  4:5¢
1 la (X = 1) Me H 1 4a 90 Single  (46:54)
2 1b (X = H) n-Pr H 1 4b 90 Single  (55:45)
3 te (X =) H n-Pr i.5 dc+5c 100 982 (-
4 1d (X = H) Ph H 1.5 4d 92 Single  (20:80)
5 le (X =H) Me Me 13 de+5e 47 99:1  (1:99)¢

aSolvent: dichloromethane. Psolated yield. ¢Determined on the basis of 1H NMR of the crude product, The
ratio in parenthesis is that observed in the reaction of 3 generated from 2/NFrs. dNo cyecloadduct was formed.
€Yield: 15% (15 h, atri).

In conclusion, the highly effective regiocontrol to produce 2-isoxazoline-5-methanol derivatives has been
accomplished by the reactions of nitrile oxides, generated through a usual method using hydroximoyl chloride
precursors and triethylamine, with substituted allyl alcohols in the presence of more than one equimolar
amount of @ magnesium alkoxide. It is no doubt that the chelated transition state A (Scheme 2) is responsible
for the high regiocontrol.
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6. Such unconcern of the reg,ios(lﬂ,tivity to the ledl‘it of reaction solvent differs from the sharp decrease of
dinsterenselectivity observed in the nitrile oxide cycloadditions to the allyl alcohols bearing an u-chirality
(Ref. 4).

7. The nitrile oxide complex 3+MX is less reactive than the free dipole 3. When a stronger Lewis acid is
incorporated in the complex, its reactivity decreases (Ref. 4).

§ . The lithium alkoxide 1a (X = Li) as a stronger Lewis base reacts with MgBrCl as a stronger Lewis acid ©
produce 1a (X = MgBr) and LiCl, both weaker acid and base. This acid/base reaction must be quite rapid.
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