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Divergent Cycloaddition Pathways of the Derived Ylides
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The chemistry of aziridines is dominated by the reactivity of This adduct is most likely derived from a Mannich-type addition
the carbor-nitrogen bond4:2 The most notable exception to this  to the ylide, followed by intramolecular FriedeCrafts alkylation.
reactivity pattern is the thermal or photochemical electrocyclic ring ~ The primary focus of the initial screen was to optimize the ratio
opening of aziridines to give azomethine ylides as transient (3 + 4):5. This ratio was taken as a measure of reaction efficiency,
intermediates resulting from carbenarbon bond cleavage? This because any unreacted aziridine is immediately hydrolyzed upon
reaction manifold enjoys a prominent role in pyrrolidine synthesis workup, yielding the substituted anilirie(eq 3)* Zn(ll) salts, in
due to the facility with which the derived 1,3-dipoles may be trapped particular ZnC}, were most suitable in this respect and were selected
in [3+2] cycloaddition reaction$;1® however, the development of  for further examination.

mild variants of this G-C bond heterolysis is largely unexploréd. Under optimal conditions, cycloadditions were performed using
Herein, we document reaction conditions that, to the best of our a variety of aziridines and electron-rich alkenes (eq 4). Cyclic
knowledge, achieve the first productive cycloadditions of azo- dipolarophiles were observed to proceed primarily or exclusively
methine ylides obtained from Lewis acid-promoted carbearbon through the [4-2] pathway, yielding highly substituted tetra-
bond cleavage of aziridines. The constitution of the cycloadduct

obtained is further shown to be strongly dependent on the identity Tflb’e 1 Z_nr(]||)-|*;f0m0ted [4+2] Cycloadditions of Aziridines and

of the alkene trap employed. Electron-Rich Alkenes (Eq 4)

The activation barrier for electrocyclic carbenarbon bond en olefin X, Ar product (d.r.) yield®
cleavage in a prototypicél-aryl-2,3-diester aziridine was measured (equiv) ([4+2)3+2])
by Huisgen to be ca. 29 kcal/mol, which translates to rather forcing —
conditions in thermal dipolar cycloadditios.Our interest in 1° CO H, Ph Zgo/f
developing mild, selective [82] cycloadditions of aziridines led (15.1) (3:1)
us to the report of Carrie that described LiGl@s a Lewis acid Coe
capable of achieving carbertarbon bond cleavage in aziridide Co oo 2%

IH NMR spectroscopy indicated quantitative conversion of that 2 (15.1) H, 4-CIPh 6b (7.8:1)
aziridine to its derived lithium coordinated azomethine yfdf&-14
Despite the large effective concentration of the ylide in that system,
no rate acceleration was observed in cycloadditions with an electron- 3 Co MeO. Ph 65%
poor dipolarophile (dimethyl fumarate, 8&). We hypothesized a (15.1) ’ (26:1)
metal-coordinated ylide such &would be extremely electron-
poor, thus belonging to type Ill in the Sustmann classification —
system of 1,3-dipolar cycloadditions: HOMO/LUMO matching 4 ° H, 1-Np 49%°
suggests that rate acceleration should be observed with electron- (15.1) Hoe
rich dipolarophiles® This reactivity pattern has been experimentally EZ(ZMe .
confirmed and is disclosed in this Communication. Lb N CoMe
5' H, Ph . 82%
Ph (3.0)
@ on N COsEt
CO,Et
o M 6 Lb H, 4-CIPh 71%
Ph ,Ph OR 3 (3.0)
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To evaluate the possibility of effecting metal-promoted cyclo- @17 4 (10:1) @3
additions involvingl, a representative selection of Lewis acids
including Mg(OTf), Zn(OTf),, Cu(OTfy, Sc(OTfy, and SnClwere a Aziridine (1.0 equiv), ZnGl (1.2 equiv). Iso_Iated yield of qnalytically
tested in their ability to form adduc8 in the presence of ~ B\e [4+2] adducts only, except where notédiastereomers inseparable.

. .o . ield is combined for both [42] and [3+2] products.® Solvent for entries
dihydrofuran. In addition to the anticipated-f2] cycloadduct3 1-4 is THF.  Solvent for entries 57 is CHCl,. 9 Solvent for entry 8 is

(eq 1), a [4+2] cycloadduct 4) was concurrently formed (eq 2).  toluene.
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hydroquinolines with excellent diastereoselectivity (Tabl& Qnly
in the case of 2,3-dihydrofuran (entry 8) does the 23 pathway
become substantial.
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Acyclic enol ethers intercept the metal-coordinated ylide via a
different mechanistic pathway: in the cases of ethyl vinyl ether
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note that we have been unable to effectively perform these
cycloadditions in the absence of Lewis acid. Dihydrofuran yields
none of the [4-2] or [3+2] adduct under thermal conditions
(toluene, sealed tube, 18Q, 2 d) in the presence af while [3+2]
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analytical data for all new compounds; structural and stereochemical
proofs for all new compounds (PDF and CIF). This material is available
free of charge via the Internet at http://pubs.acs.org.

adduct8 is obtained in only 16% yield under the same conditions

using 2-methoxypropene. These experiments indicate that Lewis Reterences

acid promotion is essential and provide additional support for the

type Il classification of this family of cycloadditions. It is not clear
from the available data wheth@&rand8 are formed by concerted

or stepwise mechanisms. The cause for bifurcation in mechanism

from [4+2] to [3+2] is also not known, but may be steric in nature.
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Efforts to render the reaction catalytic in Lewis acid have been
successful. ZnGlalone provides only modest yields, but the derived
bis(imine) complex,N'-dibenzylidenecyclohexane-1,2-diamine)-
ZnCl, provided good vyields in both the 4] and the [3-2]
cycloadditions at 20 mol % catalyst loading (egs 7,8). The ZnCl
complex was more effective than the analogous Zn(©3dinplex.
While the products exhibitee:5% enantiomeric enrichment, the
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This study has documented productive metal-promoted and

metal-catalyzed aziridine carbearbon bond cleavage reactions.
The divergent [4-2] and [3+2] cycloadditions that result indicate

that these processes may be useful for synthesis of a range of

structurally dissimilar nitrogen-containing heterocycles. Develop-

ment of enantioselective variants and an examination of the broader

scope of these reactions are topics of current investigation.
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