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Chiral magnesium(II)-catalyzed asymmetric ring-
opening of meso-aziridines with primary alcohols†

Jun Li, Yuting Liao, Yulong Zhang, Xiaohua Liu, Lili Lin and Xiaoming Feng*

The asymmetric ring-opening of meso-aziridines with primary alcohols

is realized using an N,N0-dioxide–Mg(OTf)2 complex as the catalyst. The

desired vicinal trans-b-amino ethers are afforded in good yields and

enantioselectivities. Aniline and water could also be used as the

nucleophiles for the ring-opening in an identical catalyst system.

Nucleophilic ring-opening of aziridines is an effective strategy in
modern synthetic chemistry.1 Specifically, enantioselective desym-
metrization of meso-aziridines has received a tremendous amount of
attention, because it furnishes valuable 1,2-difunctionalized
chiral molecules2–4 with vicinal stereocenters in just one step.
The pioneering work on the catalytic desymmetrization of meso-
aziridines was initiated by the Jacobsen group in 1999 using
TMSN3 as the nucleophile.5a Then, versatile methodologies
have been developed in the enantioselective desymmetrization of
meso-aziridines with a number of nucleophiles such as TMSN3,5

TMSCN,5e,6 amines,7 thiols,8 halogen,9 etc.10 In spite of these
impressive advances, there are still few reports on the direct catalytic
asymmetric ring-opening of meso-aziridines with the oxygen nucleo-
philes,11 although the corresponding chiral vicinal amino ether is a
vital structural subunit of a variety of biologically active com-
pounds.12 This reaction is a challenge possibly due to the weaker
nucleophilicity of oxygen compared with nitrogen or carbon nucleo-
philes.1a In addition, the excessive oxygen nucleophiles used in the
reaction, such as alcohols, would compete for the coordination
of the chiral ligands and the reactant to the Lewis acid, hence
deteriorate the effective activation and enantiotopic differentiation
of the aziridine. In 2008, the Toste group devised a chiral anion-
mediated asymmetric ring opening of meso-aziridinium ions
generated from the ring closure of b-chloro tertiary amines.13

Various alcohols are used as the nucleophile to give the N,N-
disubstituted amino ethers with excellent enantioselectivities.

Catalytic amounts of chiral binaphthol-phosphate and stoichio-
metric silver salt are necessary for the reaction to proceed. Herein,
we accomplish a direct asymmetric nucleophilic ring opening of
meso-aziridines with primary alcohols. The level of enantioselection
is certainly good with the chiral N,N0-dioxide–Mg(OTf)2 complex in
the formation of vicinal amino ethers. The success with ring opening
of alcohol can be extended to aniline and water.

At the outset, we explored the reaction of meso-aziridine 1a with
methanol as both the nucleophile and the solvent, using chiral
N,N0-dioxide–metal complex catalysts established by our group.14

We chose aziridine 1a having a N-(2-picolinoyl)-protecting group as
the substrate in view that it can bind to the metal center well in a
bidentate manner.10b The incorporation of N,N0-dioxide L1 with
strong Lewis acid Sn(OTf)2 gave almost quantitative yield but the
product is racemic (Table 1, entry 1).11a Investigation of alkaline
earth metals15 showed that Mg(OTf)2 gave the highest level of
enantioselectivity (entries 2–5; 24% yield, 45% ee). The low yield
resulted from the generation of the byproduct 4a which formed
easily in methanol (entries 2–5). Delightfully, when the amount of
methanol was decreased to 5.0 equivalents and CH2Cl2 was used as
the solvent, the desired product 3a was obtained in 78% yield with
68% ee (entry 6). Focusing on Mg(OTf)2-type catalysts, we then
evaluated the performance of N,N0-dioxides with varied chiral
backbones. It seemed that L-ramipril derived ligand L3 was superior
to these derived from L-proline and L-pipecolic acid (entry 8 vs.
entries 6 and 7). Subsequently, the effect of solvent was surveyed.15

The enantioselectivity increased to 92% ee when the reaction was
run in para-xylene (entry 10). A survey of the protecting group of
aziridine15 showed that the substituent on the N-2-picolinoyl group
of aziridine was harmful to the enantioselectivity, and the electron-
donating one was also unfavorable in the yield (entries 11 and 12).
N-Benzoyl aziridine failed in the reaction indicating that the
binding of the 2-piconlinoyl group to the metal center accounts
for the high yield and stereoselectivity achieved.15

With the optimized reaction conditions in hand (Table 1,
entry 10), the generality of the protocol was explored (Table 2).
Firstly, the reaction was extended to the use of other primary
alcohols.15,16 Ethanol, propan-1-ol and prop-2-enol can be
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employed as the nucleophile, giving the desired b-amino ethers with
good yields and enantioselectivities (entries 2–4). The substrates
range to other meso-aziridines formed from different cyclic olefins
and acyclic cis-alkenes. Cyclopentene-derived aziridine 1m behaved
similarly as its analogue and furnished the product with 81% yield
and 91% ee (entry 5). The catalytic desymmetrization of other
aziridines 1n and 1o bearing a six-membered ring afforded the
corresponding products 3n and 3o with good yields and enantio-
selectivities (entries 6 and 7). Aziridines containing a pyrrolidine ring
or a tetrahydrofuran unit delivered the desired heterocyclic b-amino
ethers 3p and 3q with 80% and 78% ee, respectively (entries 8 and 9).
The addition of methanol to cycloheptene derived aziridine 1r
resulted in the formation of the ring-opened product 3r in moderate
yield and enantioselectivity (entry 10). Acyclic alkyl-substituted meso-
aziridine 1s was also a competent substrate, providing the b-amino
ether 3s as a single diastereomer in 88% yield and 84% ee (entry 11).
cis-Diphenyl substituted aziridine 1t underwent the reaction
sluggishly, affording the ring-opening trans-product 3t with
moderate enantioselectivity, indicating a predominant SN2-pathway
in the catalytic process (entry 12).9a

It is noteworthy that this catalyst system was also successfully
applied to the desymmetrization of the aziridine using aniline as
the nucleophile, providing the corresponding 1,2-diamine4 in
97% yields with 95% ee (Scheme 1a). We further found that the
ring-opening of meso-aziridine 1a was compatible with water,
although the yield of the aminoalcohol3 product was moderate
(50% yield and 92% ee; Scheme 1b). In addition, the corres-
ponding b-amino alcohol 3v could be obtained from b-amino

ether easily in high yield without loss of the diastereo- and
enantioselectivity (Scheme 1c).17 To show the synthetic utility of
the catalyst system, the catalytic enantioselective ring-opening of
aziridine 1a was expanded to a gram-scale. The desired b-amino
ether 3a was obtained in 96% yield with 90% ee. No self-
disproportionation of enantiomers was observed in the purifi-
cation process via achiral chromatography.18 Additionally, the
optical pure product 3a (499% ee) was obtained through single
recrystallization.

The HRMS spectrum of the mixture of L3–Mg(OTf)2 and aziridine
1a reveals an ion at m/z 1075.5570, which corresponds to the
intermediate [Mg2+ + 1a + L3 + TfO�]+. In light of the X-ray structure
of the N,N0-dioxide–Mg(II) complex14f and the absolute configuration
of the product 3b,19 the catalytic model for the desymmetrization
reaction of the aziridine 1b is proposed as shown in Scheme 2. The
metal ion Mg(II) coordinates with four oxygens of the N,N0-dioxide
ligand, and oxygen and nitrogen of the picolinoyl group on the
aziridine 1b.10b The catalytic model B is unfavorable due to the
hindrance between the upward six-membered ring of the substrate
and the right octahydrocyclopenta[b]pyrrole and the upward amide
subunits of the chiral ligands. Therefore, the desired (1R,2R)-product
3b can be produced via the favorable transition state A.

Table 1 Optimization of the reaction conditions

Entrya L Metal Solvent t (h) Yieldb (%) eec (%)

1d L1 Sn(OTf )2 — 20 90 0
2d L1 Mg(OTf )2 — 20 24 45
3d L1 Mg(ClO4)2 — 20 34 35
4d L1 Ca(OTf )2 — 20 27 35
5d L1 Ba(OTf )2 — 20 9 0
6 L1 Mg(OTf )2 CH2Cl2 20 78 68
7 L2 Mg(OTf )2 CH2Cl2 20 64 56
8 L3 Mg(OTf )2 CH2Cl2 20 88 78
9 L3 Mg(OTf )2 p-Xylene 18 98 82
10e L3 Mg(OTf )2 p-Xylene 21 96 92
11e,f L3 Mg(OTf )2 p-Xylene 24 98 79 (1R,2R)
12e,g L3 Mg(OTf )2 p-Xylene 48 67 78

a Unless otherwise noted, all reactions were performed with L–metal
(1 : 1, 10 mol%), 1a (0.1 mmol), MeOH (0.5 mmol) in solvent (0.2 mL) under
N2 at 35 1C for the indicated time. b Isolated yield. c Determined by chiral
HPLC analysis. d MeOH (0.2 mL) and 1a was completely consumed.
e p-Xylene (0.5 mL). f 1b was used instead of 1a. The absolute configuration
was determined by X-ray crystallography. g 1c was used instead of 1a.

Table 2 Substrate scope

Entrya Aziridines 1 R2 t (h) Yieldb (%) eec (%)

1 Me 21 96 (3a) 92 (R,R)

2 Et 24 87 (3j) 87 (R,R)
3 nPr 35 90 (3k) 88 (R,R)
4 Allyl 16 89 (3l) 92 (R,R)

5 Me 48 81 (3m) 91

6d Me 75 88 (3n) 83 (R,R)

7d Me 93 86 (3o) 76 (R,R)

8d,e Me 49 75 (3p) 80

9 f Me 118 66 (3q) 78

10 f Me 118 62 (3r) 75

11d Me 65 88 (3s) 84

12 f, g Me 118 68 (3t) 57

a Unless otherwise noted, all reactions were performed with L3–Mg(OTf)2

(1 : 1, 10 mol%), 1 (0.1 mmol), alcohol (0.5 mmol) in p-xylene (0.5 mL)
under N2 at 35 1C. b Isolated yield. c Determined by chiral HPLC analysis.
The absolute configurations of the products 3a,j–l,n,o were determined
by comparing the circular-dichroism spectra with that of 3b. d 20 mol%
catalyst loading, MeOH (1.0 mmol) in p-xylene (0.4 mL) at 50 1C. e MeOH
(2.5 mmol). f 30 mol% catalyst loading, MeOH (2.5 mmol) in p-xylene
(0.4 mL) at 50 1C. g 99 : 1 dr.
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In summary, we demonstrated the first direct enantioselective
desymmetrization of meso-aziridines with primary alcohols. The
chiral Mg(II)–N,N0-dioxide complex mediated the asymmetric ring-
opening to generate a variety of optically active b-amino ethers in
good yields (up to 96%) with excellent enantioselectivities (up to
92% ee). The catalytic system can also tolerate the nucleophilic
ring-opening of meso-aziridine with aniline and water, giving
1,2-amino alcohols and 1,2-diamines in excellent enantio-
selectivities, respectively. The application of this catalytic protocol
to other reactions is in progress.
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Scheme 1 Asymmetric ring-opening of aniline/water and deprotection
of the methyl ether 3a.

Scheme 2 Proposed catalytic model.
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