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3-Isoxazolidinone: A New Achiral Template for Enantioselective Transformations††
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Figure 1. Rotamer control with different templates.

Table 1. Cycloadditions with acrylate 5 and crotonate 6
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1 Cu(OTf)2 9 H ‒78 78 99:1 99
2 Mg(NTf2)2 9 H ‒78 75 99:1 75
3 Ni(ClO4)2 10 H ‒78 74 98:2 98
4 Cu(OTf)2 9 CH3 0 79 93:7 88
5 Mg(NTf2)2 9 CH3 0 84 87:13 62
6 Ni(ClO4)2 10 CH3 rt 84 92:8 78

aIsolated yields. bDetermined by 1H NMR. cDetermined by chiral HPLC.

Achiral templates play an important role in a variety of 
asymmetric transformations.1 Achiral templates allow for the 
easy introduction of the desired substrate, removal from the 
product, contain donor atoms for interaction with Lewis acids, 
and most significantly possess rotamer control elements such 
that reactions can occur predominantly from a single confor-
mer.2 The issue of rotamer control is illustrated using an α- 
methylacrylate as a substrate (Figure 1). In the case of the 
traditional oxazolidinone template, there are A1,3 interactions 
in the s-cis rotamer 1 and the s-trans rotamer 2 leading to a less 
reactive and/or selective starting material in asymmetric trans-
formations.3 We hypothesized that the isomeric 3-isoxazolidi-
none template possessing a less bulky oxygen atom in place of 
the C-4 methylene group would alleviate the A1,3 interactions 
and lead to a more reactive and/or selective transformations 
from either the s-cis 3 or the s-trans rotamer 4.4 A proof of 
principle study to evaluate the effectiveness of 3-isoxazolidinone 
as a template is described here using enantioselective Diels- 
Alder reactions.5

The new achiral template, 3-isoxazolidinone, is readily syn-
thesized in good yield in two steps from commercially available 
materials.6 Our initial experiments involved Diels-Alder re-
action of the template derived from acrylate and crotonate with 
cyclopentadiene in an effort to gauge its reactivity (eqn 1). For 
these reactions we employed chiral catalysts prepared from 
different Lewis acids and bisoxazoline ligands 97 and 10.8 
Results from these experiments are shown in Table 1. Cyclo-
addition with acrylate 5 using copper triflate and ligand 9 gave 
the cycloadduct as a single endo isomer in high yield and very 
high selectivity (entry 1). Magnesium triflimide/9 combina-
tion was less effective with respect to enantioselectivity for the 
major endo adduct (entry 2). A combination of nickel perchlorate 
and 10 also gave the endo adduct in high yield and selectivity 
(entry 3). Cycloadditions with crotonate 6 were evaluated next 
(entries 4-6). In contrast to reaction with the more reactive 
acrylate 5, reaction with crotonate 6 was less efficient with 
respect to both yield and selectivity and also required elevated 
temperature.

Reaction with copper triflate/9 gave the major endo adduct 
in good yield and selectivity (entry 4). Reaction using magne-
sium triflimide/9 as a catalyst was not very effective with res-
pect to selectivity (entry 5). Nickel perchlorate/10 also gave 
the major endo adduct in good yield and selectivity (entry 6). 
†This paper is dedicated to Professor Sunggak Kim on the occasion of 
his honorable retirement.

Cycloadditions with the α-methylacrylate 3 were investigated 
next in an effort to evaluate if rotamer control installed in the 
template plays a role in the efficiency of the reaction (eqn 2).9 
These results are shown in Table 2. Cycloaddition using mag-
nesium triflimide/9 gave the cycloadduct as a nearly 1:1 mixture 
in low yield with no selectivity (entry 1). Zinc triflimide as a 
Lewis acid was also ineffective (entry 2). Iron triflimide/9 gave 
the endo/exo adducts in high yield and modest selectivity (en-
try 3). Reaction with copper triflate/9 was less effective and gave 
the adducts in modest selectivity (entry 4). Interestingly, the 
products were enantiomeric to that obtained with iron and zinc 
Lewis acids. Cooling the reaction temperature to 0 or ‒20 oC 
led to substantial improvement in selectivity (entries 5 and 6). 
However, the chemical yields were very low. Doubling the 
catalyst loading to 30 mol % led to improvement in chemical 
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Table 2. Cycloadditions with α-methylacrylate 3

O
N

O O

3

CH3

LA, Ligand, 15%
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(oC)

yield
(%)a endo:exob ee, %

(endo:exo)c

1 Mg(NTf2)2 9 rt 35 44:56 00:00
2 Zn(NTf2)2 9 rt 41 52:48 11:02
3 Fe(NTf2)2 9 rt 95 46:54 45:31
4 Cu(OTf)2 9 rt 60 48:52 ‒49:‒32
5 Cu(OTf)2 9 0 52 54:46 ‒80:‒38
6 Cu(OTf)2 9 ‒20 19 63:37 ‒87:‒43

 7d Cu(OTf)2 9 ‒20 38 62:38 ‒89:‒47
8 Co(ClO4)2 10 rt 71 64:36 27:13
9 Co(NTf2)2 10 rt 92 64:36 42:30
10 Zn(NTf2)2 10 rt 97 60:40 65:42
11 Zn(NTf2)2 10 0 72 63:37 71:48
12 Ni(ClO4)2 10 rt 64 70:30 92:62
13 Ni(ClO4)2 10 ‒20 21 78:22 95:75

 14d Ni(ClO4)2 10 ‒20 29 81:19 96:80
aIsolated yields. bDetermined by 1H NMR. cDetermined by chiral HPLC. 
d30 mol % of the catalyst was employed.

Table 3. Competition experiments between isoxazolidinone and other
templates

Z

O

Mg(NTf2)2, 9 (100 mol%)

12-16

O
N

O O

3 CH2Cl2 , 4ÅMS, rt
+ Z

O

11

CH3

ON
O

O

+ (3)

17-21

    Z=Template

(100 mol %)

Z =
starting 
material

NO

O

12

N

O

13
N
N

O

Bn
14

N

N

15

O

N
H

16

yield, 11 41 42 38 45 44
product X = 12 13 14 15 16
yield 22 9 12 61 88
ratio 11/X 1.9:1 5.4:1 3.2:1 0.7:1 0.5:1

yield but the selectivities remained the same (entry 7). We then 
examined cycloadditions using 10 as a ligand. A combination 
of cobalt perchlorate/10 gave the cycloadducts in good yield 
and modest selectivity (entry 8). Cobalt triflimide was more 
effective as Lewis acid and gave the cycloadducts in higher 
yield but with only a small improvement in selectivity (entry 9). 
Zinc triflimide was also effective and gave reasonable levels of 
enantioselectivity for the adducts (entries 10 and 11). Of the 
different Lewis acids examined, nickel perchlorate gave the 
highest level of selectivity for the cycloadducts (entries 12 to 
14). Lowering the reaction temperature led to a small increase 
in selectivity along with a significant lowering of chemical yield 
(compare entry 12 with 13 or 14). These experiments demon-
strate that it is possible to obtain high level of selectivity for 
the cycloadduct with a challenging substrate using the new 
achiral template, 3-isoxazolidinone.

We have carried out a very qualitative study on relative 
effectiveness of the new achiral template as compared to the 
traditional ones in the literature by conducting head to head 
competition experiments. In this study 3 (1 mmol) and ano-
ther methacrylate appended with a different achiral template 
(1 mmol) were reacted with excess cyclopentadiene in the pre-
sence of magnesium triflimide (2 mmol) (eqn 3). Ligand 9 was 
added to obtain a homogeneous solution. The reaction was 
stopped after 3 had undergone ~50% conversion (~6 hours). 
The products were isolated after normal work up and yields 
determined. Results from these experiments are presented in 
Table 3. Competition between 3 and the isomeric oxazolidinone 
12 showed that the isoxazolidinone was nearly twice more 
effective with respect to reactivity. Similarly, substrate 3 was 
~ five times more reactive than methacrylate appended with a 
pyrrolidinones template 13. The pyrazolidinone template 1410 

that has proven to be outstanding with respect to selectivity as 
well as able to provide rotamer control with α-substituted acryl-
ates was nearly three times less reactive than the substrate 
attached to an isoxazolidinone template. Recently Evans and 
co-workers have introduced 2-acyl imidazoles11 as an effective 
template in enantioselective transformations. A competition 
experiment between 3 and substrate 15 shows that the acyl-
imidazole derivative is more reactive. In compound 15, the 
carbonyl group is in the ketone oxidation state whereas it is in 
less reactive carboxylic acid oxidation state in 3. We have pre-
viously shown that imides of type 16 are quite reactive and have 
handles to provide rotamer control.12 Competition between 3 
and 16 shows that the imide 16 is twice as reactive than 3.
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