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ABSTRACT

Addition of N-(2-chloroethylidene)-tert-butylsulfinamide to organocerium reagents in DMPU/THF (1:10) at -78 °C followed by warming to 25 °C
provides terminal N-tert-butylsulfinyl aziridines in good yields (63-92%, nine examples) and diastereomeric ratios (85:15->99:1).

The synthetic value of aziridines conventionally resides in
their ability, usually when bearing a suitable activating/
electron-withdrawing group on nitrogen, to undergo ring-
opening with nucleophiles.1 Terminal aziridines (e.g., 3,
Scheme 1) are, arguably, the most useful aziridines of all

because of the ease, generality, and predictable regioselec-
tivity with which they undergo such ring-openings. Recently,
our laboratory has reported several new transformations of
terminal aziridines that proceed by R-lithiation, including
trapping of electrophiles, dimerization, and intramolecular
cyclopropanation of N-Bus (Bus ) tert-butylsulfonyl) ter-

minal aziridines 3 (n ) 2).2 However, the use of terminal
aziridines in any of the above chemistry in the context of
asymmetric synthesis is limited because there is currently
no general, straightforward method to access highly enan-
tioenriched 2-substituted (particularly 2-alkyl-substituted)
aziridines in an efficient manner.3–6 Catalytic asymmetric
nitrene transfer to terminal alkenes may ultimately provide
one solution, but despite significant progress it is not yet a
viable route to 2-alkyl-substituted aziridines.3 Aziridination
by formal methylene transfer to imines bearing a chiral
N-activating group has been achieved using dimethylsulfo-
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Scheme 1. Aziridines from Imines
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nium methylide (2); with N-tert-butylsulfinyl-substituted
aldimines 1, Stockman and co-workers’ observed <97.5:2.5
dr for an R-branched imine 1 (R1 ) cyclohexyl, 63% yield),
but dr fell to 90:10 for an unbranched case (1, R1 ) pentyl,
65% yield).4 De Kimpe and co-workers recently reported
an asymmetric synthesis of 2,2,3-trisubstituted aziridines by
addition of Grignard reagents to nonenolizable R-chloro
aldimines 4 (R2 ) alkyl),7 and in the present work we
describe adaptation of this chemistry using imine 4 (R2 )
H), which has resulted in a promising route to terminal
aziridines 3.

Initial application of De Kimpe’s conditions (BuMgCl,
CH2Cl2, -78 °C) with imine 5 (Scheme 2, prepared in

essentially quantitative yield from anhydrous chloroacetal-
dehyde8 and commercially available t-BuSONH2) led to
virtually no diastereoselectivity in the resulting chlorosulfi-
namide 6. Variation of the reaction conditions (solvent,
Grignard reagent)7,9,10 did not lead to a significant improve-
ment in diastereoselectivity, whereas reaction with BuLi
(THF, -78 °C) gave no discernible products.

Ellman and co-workers, in their seminal studies on
additions of organometallics to simple N-tert-butylsulfinyl-
substituted aldimines, noted in a single example (5, Me
instead of Cl) that MeCeCl2 (THF, -78 °C) was inferior to
MeMgBr (CH2Cl2, -48 °C) with respect to diastereoselec-
tivity (78:22 compared with 97:3, respectively).9 However,
encouraged by Denmark and co-workers’ earlier report on
organocerium additions to SAMP-hydrazones,11 we exam-
ined BuCeCl2 with imine 5 in THF or Et2O at -78 °C and
were pleased to observe dramatic rises in diastereoselectivity
(93:7 and 87:13, respectively). The diastereoselectivity in
THF could be further improved to >99:1 (GC analysis) by
addition of DMPU.12 Allowing a reaction under the latter
conditions to warm to room temperature led to ring-closure
and isolation of terminal aziridine 7a (Table 1, entry 1) in
86% yield and unchanged dr.

The scope of this reaction was then examined with a range
of organocerium reagents (Table 1).13 The organocerium
reagents were prepared from the corresponding organolithi-
ums and CeCl3. Alkyl and allyl cerium reagents added with
essentially complete diastereocontrol (entries 1-3).14 The
reaction was less diastereoselective for aryl, heteroaryl and
alkynyl cerium reagents (entries 4-7). Entries 3 and 5
illustrate the ability to carry additional functionality into the
aziridine 7. For entry 5, relative stereochemistry of the major
diastereomer was determined to be Rs*, R* by X-ray
crystallographic analysis.15 To demonstrate this reaction in
asymmetric synthesis, C10H21CeCl2 was added to imine (Rs)-5
(prepared as before, but using commercially available (Rs)-
t-BuSONH2) to give aziridine 7h in 78% yield and 97:3 dr
(Scheme 3). m-CPBA has previously been reported to oxidize
2,3-disubstituted N-tert-butylsulfinyl aziridines to N-Bus
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(16) (a) Hodgson, D. M.; Štefane, B.; Miles, T. J.; Witherington, J. Chem.

Commun. 2004, 2234–2235. (b) Hodgson, D. M.; Štefane, B.; Miles, T. J.;
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Scheme 2. Organometallic Additions to R-Chloroimine 5

Table 1. Aziridines 7 from R-Chloroimine 5

a By GC of crude reaction mixtures.
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aziridines,16 and in the present case efficient oxidation of
aziridine 7h to give known sulfonamide (R)-8h2d (87%, 96:4
er by chiral HPLC) illustrates asymmetric access to syntheti-
cally valuable terminal N-Bus aziridine functionality. The
sense of asymmetric induction found using imine 5 with both
aryl and alkyl cerium reagents parallels that observed in De
Kimpe’s study (and in other reports concerning N-sulfinyl
imines containing R-coordinating groups).7

Although deprotection of several tert-butylsulfinyl aziri-
dines have been reported, typically using HCl in dioxane,17

in our hands these methods did not prove viable with terminal
aziridines 7.18 After extensive screening, it was found that
the tert-butylsulfinyl group can be rapidly and cleanly
removed using aq HI in THF, followed by neutralization with
aq KOH (eg, 7h gave 9h in 84% yield, and 97:3 er by chiral
GC, Scheme 3).

Finally, the chemistry can be extended to illustrate
preparation of an unsaturated N-Bus terminal aziridine
suitable for intramolecular cyclopropanation (Scheme 4).
Thus, addition of homoallylcerium dichloride (prepared from
homoallylithium)19 to imine 5 gave N-sulfinyl aziridine 7i

(63% yield, 99:1 dr), and the latter underwent chemoselective
oxidation using cat. TPAP/NMO20 to give unsaturated N-Bus
aziridine 8i (72% yield), which has previously been converted
into the bicyclic N-Bus amine 10using LiNCy2.2c,d

In conclusion, we have developed an efficient and highly
diastereoselective access to terminal N-tert-butylsulfinyl
aziridines 7 from readily prepared t-BuSONH2-derived N-(2-
chloroethylidene)tert-butylsulfinamide (5) and a range of
organolithium-derived organoceriums. By using one of the
commercially available t-BuSONH2 enantiomers we have
also demonstrated that the chemistry provides an entry to
terminal N-Bus aziridine functionality in high er. Deprotec-
tion of a terminal N-tert-butylsulfinyl aziridine, and selective
oxidation to N-Bus aziridine functionality in the presence
of unsaturation are also noteworthy transformations which
expand the utility of the methodology.
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Scheme 3. Asymmetric Synthesis, Oxidation, and Deprotection
of Aziridine 7h

Scheme 4. Synthesis of Unsaturated N-Bus Aziridine 8i
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