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A facile preparation of 3-acyl-substituted isoxazolines, benzisoxazoles, and isoxazoles from the
corresponding 3-carboxylate esters is described. The process, involving reaction of the ester derivative of
3-carboxylic acid substituted heterocycles with Grignard or alkynyl lithium reagents, leads to direct
generation of the corresponding 3-acyl heterocycle. The presence of a-imino ester moieties in the
heterocyclic substrates for the reactions is thought to be a key feature governing the nature of these trans-
formations. The synthetic utility of the new methodology is demonstrated by its application in a two-step
route for the preparation of novel linked bis-heterocycles.

� 2012 Elsevier Ltd. All rights reserved.
Isoxazolines, isoxazoles, and benzisoxazoles are important class

RMgBr or

α-imino ester

RLiO
N OMe

O

O
N R

O

O
N

O

R
or

Scheme 1. This work.
of heterocycles in pharmaceuticals.1 Therefore, the development of
simple and practical methods for their derivatives is an important
task in organic chemistry. In this communication, we describe a
facile preparation of keto-derivatives of them: 3-acyl-substituted
isoxazolines, benzisoxazoles, and isoxazoles are directly obtained
from the corresponding 3-carboxylate esters just by a reaction
with Grignard reagents or alkynyl lithium reagents (Scheme 1).
This simple transformation is based on the unreported reactivity
of these heterocycles. Remarkably, the developed procedure, which
enables easy preparation of alkynyl ketones, provides a novel effi-
cient strategy for bis-heterocyclic compounds, which is demon-
strated by derivatization of benzisoxazoles.

In general, it is difficult to produce ketones rather than tertiary
alcohols in reactions of esters with Grignard reagents and organo-
lithium reagents.2 Meanwhile, some a-heteroatom substituted
esters are known to produce ketones directly.3,4 For example, reac-
tions of alkyl oxalates with Grignard reagents are often used for
preparation of a-ketoesters.3e–i These reactions are considered to
proceed via formation of a five-membered chelating hemiketal to
prevent further addition of reagents. This strategy was also applied
to several heterocyclic compounds.5 However, although facile prep-
aration of ketone substituted heterocycles from readily available
esters seems to be an attractive way from a practical point of view,
a kind of applicable heterocyclic compounds is not examined
enough. For example, isoxazolines and benzisoxazoles have not
been employed in this transformation.
ll rights reserved.
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ka).
In our recent study, we reported the applicability of 3-oxazoline-
4-carboxylates in this transformation: esters of them are trans-
formed to ketones in high yields by reactions with MeMgBr and
PhMgBr probably due to a-imino ester structure.6 These observa-
tions have stimulated our interest in exploring the potential utility
for the structurally related but more general five-membered het-
erocyclic compounds than 3-oxazoline-4-carboxylates. Therefore,
to explore the applicability of the processes, we started the studies
on several heterocycles including a-imino ester structure, such as
isoxazolines 1a and 1b, isoxazole 1c, benzisoxazole 1d, and pyraz-
oline 1e. Those heterocycles have not been studied on the describ-
ing transformation. In Table 1 the results of the reactions with
methyl or phenyl magnesium bromide carried out at �78 �C are
shown. The ratio of starting heterocycle 1, ketone 2, and tertiary
alcohol 3 was determined by 1H NMR spectrum of crude reaction
mixtures.7 Both isoxazolines 1a and 1b were found to undergo reac-
tions with methyl magnesium bromide to give the respective
methyl ketones 2aa and 2ba (entries 1 and 2). The temperature
used for the process is important as shown by the observation that
alcohol 3aa is predominantly produced when the reaction of 1a is
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Table 1
Screening of the reactivity trend with MeMgBr and PhMgBra
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Entry 1 Reagent Ratio (1:2:3) b

1 1a MeMgBr 0:100:0 (1a:2aa:3aa)
2 1b MeMgBr 0:100:0 (1b:2ba:3ba)
3 1a MeMgBr (0 �C) 0:16:84 (1a:2aa:3aa)
4 1a MeMgBr (in toluene) 0:77:23 (1a:2aa:3aa)
5 1c MeMgBr 36:64:0 (1c:2ca:3ca)
6 1d MeMgBr 0:100:0 (1d:2da:3da)
7 1e MeMgBr 82:0:18 (1e:2ea:3ea)
8 1a PhMgBr 4:85:11 (1a:2ab:3ab)
9 1b PhMgBr 5:88:7 (1b:2bb:3bb)

10 1c PhMgBr 21:56:24 (1c:2cb:3cb)
11 1d PhMgBr 23:73:4 (1d:2db:3db)

a Reaction conditions: RMgBr (10 equiv) and THF (0.1 M) at �78 �C.
b The ratio was determined by 1H NMR spectrum of crude reaction mixtures and

the products were not isolated.

Table 2
Generality 1a

Entry 1 Reagent Yieldb

1 1a MeMgBr O
N R

O

Ph

2aa (R = Me) 96% (92%)c

2 1a EtMgBr or iPrMgCl Complex mixtures
3 1a PhMgBr 2ab (R = Ph) 84%
4 1a pMeOPhMgBr 2ac (R = pMeOPh) 78%
5 1a pFPhMgCl 2ad (R = pFPh) 81%

6 1a MeLi O
N

Ph

OH

3aa (R = Me) 85%

7 1d MeMgBr O
N R

O

2da (R = Me) 84%

8 1d PhMgBr 2db (R = Ph) 59%

a Reaction conditions: 1 (0.1–0.2 mmol), RMgBr (5 equiv) and THF (0.2 M) at
�78 �C.

b Isolated yield.
c 1.0 g (4.9 mmol) of 1a was used.

Table 3
Generality 2a

Entry 1 Reagent Yield b

1c 1a PhC�CMgBr No reaction

2 1a PhC�CLi O
N

O

Ph

R 2ae (R = Ph) 77%

3 1a nBuC�CLi 2af (R = nBu) 83%
4 1a TMSC�CLi 2ag (R = H) 71% d

5 1d PhC�CLi O
N

O

R 2dc (R = Ph) 93%

6 1d nBuC�CLi 2dd (R = nBu) 97%

7 1c PhC�CLi O
N

O

R

Ph

2cc (R = Ph) 82%

8 1c nBuC�CLi 2cd (R = nBu) 80%

a Reaction conditions: 1 (0.1–0.2 mmol), RC�CLi (3 equiv), and THF (0.2 M) at
�78 �C.

b Isolated yield.
c Reaction was performed at 0 �C.
d Desilylated product was obtained.
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performed at 0 �C (entry 3). Non coordinating solvent, toluene, was
found to decrease the selectivity (entry 4). Isoxazole 1c and benzis-
oxazole 1d also react with methyl magnesium bromide to give the
corresponding methyl ketone derivatives (entries 5 and 6),
although some starting materials remained unreacted when 1c is
the substrate. In contrast, pyrazoline 1e reacts very slowly under
these conditions to produce alcohol 3ea as a major product, sug-
gesting low applicability of pyrazoline 1e (entry 7). Accordingly,
the reactions of the heterocyclic esters 1a–1d and PhMgBr were
further conducted. Then, the similar trends were observed (entries
8–11): The esters 1a–1d are selectively transformed to phenyl
ketones, although the formation of corresponding alcohols was also
observed in reactions of 1a (11%), 1b (7%), 1c (24%), and 1d (4%). In
summary, Grignard addition reactions of 3-carboxylic acid ester
substituted isoxazolines, isoxazoles, and benzisoxazoles at low
temperatures yield 3-acyl-substituted heterocyclic products.8

The generality of this process was subjected to further investi-
gation (Table 2).9,10 Unlike the reaction of isoxazoline ester 1a with
MeMgBr, which gave a methyl ketone in 96% yield (entry 1), the
corresponding reaction of this substrate with alkyl Grignard re-
agents such as, EtMgBr and iPrMgCl, leads to give complex mix-
tures (entry 2). In contrast, phenyl, pMeO-phenyl, and pF-phenyl
ketones are generated in good yields when 1a is treated with the
corresponding aryl Grignard reagents (entries 3–5). The reactivity
difference between Grignard reagents and alkyl lithium reagents
was of interest. We examined the reaction of 1a and MeLi to find
the generation of tertiary alcohol 3aa in 85% yield selectively (en-
try 6). As for the benzisoxazole 1d, 3-acyl benzisoxazoles were di-
rectly obtained using MeMgBr and PhMgBr in 84% and 59% isolated
yields respectively (entries 7 and 8). The single step efficient prep-
aration of 3-keto benzisoxazole 2da was remarkable because that
kind of methyl ketones were prepared from corresponding esters
in a three-step sequence involving ester hydrolysis, Weinreb amide
preparation, and Grignard addition in a patent literature.11 Finally,
the reaction is readily scalable as demonstrated by the gram scale
reaction of ester 1a with MeMgBr (entry 1, in parenthesis).

The studies on introduction of alkynyl groups were also con-
ducted (Table 3).12 The ready preparation of alkynyl ketones is
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Scheme 2. Derivation of benzisoxazole 2dd.
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valuable from the viewpoint of divergent molecule synthesis, be-
cause these functions are useful intermediates particularly for
the preparation of various heterocyclic compounds.13 The phenyl-
ethynyl magnesium bromide was first tested, but the reaction did
not proceed even at room temperature due to the lack of reactivity
of alkynyl Grignard reagents (entry 1). On the other hand, alkynyl
lithium reagents gave good results. They were found to react with
the heterocyclic esters smoothly to produce alkynyl ketone deriv-
atives (entries 2–8). Importantly, esters of isoxazoline 1a and ben-
zisoxazole 1d along with that of the isoxazole 1c participate
efficiently in this process.

The synthetic utility of this transformation and the versatility of
the alkynyl ketone moiety were demonstrated by the several trans-
formations of alkynyl ketone 2dd (Scheme 2). Thus, the reaction of
2dd with hydrazine gave pyrazole derivative 4a in good yield.13a

Pyrimidine 4b can also be prepared by the reaction of 2dd with
S-methyl isothiourea.13a Furthermore, the reaction of 2dd with
methyl 3-aminocrotonate leads to the formation of pyridine 4c in
a moderately high yield.13b As described above, the two step pro-
cess, including the introduction of alkynyl group and the derivati-
zation, is very efficient for diverse bis-heterocyclic compounds
from readily available heterocyclic esters.14

In conclusion, we have developed a facile method for the prep-
aration of 3-acyl-substituted isoxazolines, benzisoxazoles, and
isoxazoles starting with 3-carboxylate ester derivatives of the het-
erocyclic substrates. It can provide a novel efficient strategy for
linked bis-heterocyclic compounds. We believe the present trans-
formation is valuable for chemist dealing with heterocyclic com-
pounds because of simplicity and practicality. Further studies on
the reactivity of a broad range of heterocycles containing a-imino
ester functionality, are now in progress.
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