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ABSTRACT

iPr

(rac)

Treatment of the oxiranyl carbaldimine with base (LDA or LDA/KOtBu) leads in an one-step procedure to the polyfunctionalized aziridine. This
highly diastereoselective reaction is explained by a new type of an Aza-Darzens reaction, in which one enantiomer of the starting material is
deprotonated to form an oxiranyl anion, which attacks the imine carbon atom of the other enantiomer (mutual kinetic resolution by double
diastereofacial selection).

Similar to oxiranes, aziridines are reactive, valuable building  In this report we present a new, unexpected example of a
blocks for selective organic transformations by ring-opening highly diastereoselective Aza-Darzens reaction, where an
processes. In recent years chiral aziridines have found manyoxiranyl carbaldimine dimerizes to form an aziridine with
interesting applications for the stereoselective synthesis ofseven neighboring functionalized carbon centers and four
challenging moleculesAmong several synthetic routes to  stereogenic centers in one step. This reaction was observed
chiral aziridines, which start from amino alcohols, epoxides, while attempting to synthesize the imino allyl alcohol
alkenes, azirines, and iminésthe Aza-Darzens reaction 3-hydroxy-1l-azapenta-1,4-dier(®) from the (rac)-trans-
presents an attractive but as yet seldom used access toxiranyl carbaldimindrac)-3 by base-induced ring opening
substituted aziridines. This approach involves the nucleo- using a lithium diisopropylamide (LDA) and potassitent-
philic attack of a leaving group containing carbanion species butylate (KQBu) mixture*! The imine(rac)-3 was produced

on imine-type molecule%:1© in 65% vyield as atrans/cis mixture (92:8) from the
corresponding epoxy aldehy@ec)-2. Compounc (trans/

cis ratio 92:8) was obtained in 18% yield from croton-
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s tion; notice the reversal of the stereochemical descriptor at

Scheme % C1 of the 1-hydroxy-2-propeny! substituent upon oxirane
i o i opening!). The substitution pattern of the aziridine ring is
— N T cis, with the two hydroxy functions on the same side. The
isopropyl substituent at the aziridine nitrogen atom N2 points
to the less substituted face of the three-membered ring. The
iPr imino group shows K)-configuration. The €EN—C bond
/QO ipr  Base N N—iPr angle of the aziridine is slightly larger than 6051.48°).
S A — HOJ/% An intramolecular hydrogen bridge from 014 to N1 (2.086
OH A) and an intermolecular hydrogen bridge from O5 to' N2
(rac)-{trans)-3 (rac)-4 (2.147 A) are present in the solid state.
54 % The unexpected formation d¢fac)-4 may be explained
e by a new type of Aza-Darzens reaction that is induced by
deprotonation of the starting imir(eac)-3 at thea-carbon
atom (Scheme 2). This position is obviously more acidic
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a (i) 30% H,O,. (ii) iPr NHx/molecular sieves.
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ized aziridine(rac)-4 in 53.4% yield as colorless crystals. 3 oLi
NMR spectra of the crude mixture indicate the formation of
65—70% of(rac)-4 without other products with comparable /'-i . iPr
signals.'H and **C NMR spectra show the presence of a +3 iPr\p(/‘\N:;i
single diastereomer, indicating a highly stereoselective - Hf\ v
reaction pathway. Later experiments showed that LDA also o}
leads to(rac)-4 in similar yield and selectivity. 0

The unexpected structure @hc)-4 was elucidated byH
NMR NOE experiments and by X-ray crystallography
(Figure 1). Figure 1 clearly shows the constitution and the

compared to the terminal methyl group, which is usually

attacked by strong bases in ring-opening processes of

oxiranes to form allyl alkoxides. The structural and electronic

properties of the resulting anion, which might be regarded
9 as an unusual aza-enolate type ani6)t3('® involving an
oxirane ring'® have been investigated by use of quantum
chemical calculations. According to DFT calculations on the
B3LYP/6-31+G** level’ the preferred structure of the
isolated anion is characterized by a pyramidal carbanionic
center (sum of angles, 311)5tespite the possible delocal-
ization of charge toward the imine group (aza-enolate), which
would however increase the angle (Baeyer) strain in the
Figure 1. Molecular structure ofrac)-4. three-membered ring (Figure 2).

However, the calculated barrier toward inversion at the
carbanionic center involving a planar three-coordinate center
substitution pattern dfrac)-4in the crystalline staterac)-4 is very low (4.4 kcal/mol), indicating the possibility of
crystallizes in the triclinic space groul (No. 2) with two reactions as nucleophile either by retention or inversion at
enantiomeric molecules in the unit cell. The most interesting this center. The calculated structure (B3LYP/6-31+G**) of
fact concerns the relative stereochemistry of the newly
formed stereogenic aziridine carbon centers; as Figure 1 (13) Wittig, G.; Reif, H.Angew. Chem1968,80, 8.
shows the “dimer’(rac)-4 is formed from each one of the (14) Mukalyama, TOrg, React1982,28, 203,

. . ) : (15) Whitesell, J. K.; Whitesell, M. ASynthesigl983, 517.
two possible enantiomers @fac)-3 (heterochiral combina- (16) Satoh, TChem. Rev1996,96, 3303.
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s ion keeping the two reacting enantiomers together in a well-

defined six-membered transition complex (Scheme 2; see also
below). Now regioselective nucleophilic ring opening of the
oxirane ring originating from the carbanion leads to the
indicated aziridine intermedia& Finally, base-induced ring
opening of the other oxirane ring and aqueous work up
produces the aziridingac)-4.

The exclusive formation of theis configurated aziridine
ring may shed some light on the stereochemical pathway of
the reaction. According to semiempirical PM&nd DFT
calculations (B3LYP/6-31G*), the stereochemistry of the
product observed is in agreement with a six-membered
transition state of the Zimmerman-Traxler type involving a
bridging lithium cation between the two nitrogen atoms.
However, because of the special substitution pattern, a clear

Figure 2. DFT optimized structure of anioB. Selected bond  prediction of the resulting stereochemistry after bond forma-
lengths [A]: N-C11.313, C+C2 1411, C20 1.476, C2C3  tjon on the basis of the distinction of steric demands for
é‘ff%f%ollz'gf'Sg'fgg‘iBOQS_i‘”(géii\[ff,%]g'fig‘f@,%ﬁb ,  equatorial and axial positions is difficult. To explain the high
6-31+G**). heterochiral diastereoselectivity of the reaction, we postulate
an additional chelating by a second lithium cation between
the two oxirane rings, keeping them on the same side of the

the corresponding lithium compoueLi (Figure 3) is quitt developing aziridine ring (Figures 4 and 5). The DFT
similar to that of6; in monomeric6-Li lithium is four-

coordinate, bridging carbon, oxygen, and nitrogen. The bond_
lengths indicate a little more aza-enolate character (lengthen-
ing of N—C1 and shortening of the C1—C2 bond). The
C2—0 bond is considerably longer in comparison to that of
6, as a result of the very strong Li—O interaction. Again,
the most interesting feature of this structure is the highly
pyramidalized four-coordinate carbanionic center (sum of
angles, 309.2°). The product of an inversion at C2 is
calculated to be 0.99 kcal/mol higher in energy tl&bhi.
With regard to the low inversion barrier its concentration in
the reaction mixture is expected to be low.
We assume that this speciésLi (or aggregates of it)
attacks as a nucleophile a second, enantiomeric molecule of
3 at the imino carbon atom in a highly stereoselective
manner, forming intermediaté (Scheme 2) (heterochiral
combination). We describe this type of diastereoselectivity
as mutual kinetic resolution by double diastereofacial selec-
tion, which may well be supported by a bridging lithium  Figure 4. DFT optimized transition structure of the heterochiral
combination, assuming retention of configuration and a second

lithium ion chelating the oxirane rings. Length of the developing
C—C bond: 2.116 A. (B3LYP/6-31G*//B3LYP/6-31G*).

calculations of such cationic bislithium transition complexes,
starting from the energetically more favorable oxiranyllithium
compound with retention of configuration, reveal an energy

(17) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr,;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.
D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,
i M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;
Li Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick,

. L Sy . D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.;
Figure 3. DFT optimized structure of lithium compourfLi. Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi,

Selected bond lengths [Al: EIN 1.884, Li-C1 2.456, Li-C2 I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;;

2.504, Li—0O 1.811, N-C1 1.331, C+C2 1.397, C2-0 1.529, Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M.

C2—-C3 1.452, C3—-0 1.467 (B3LYP/6-31+G**//B3LYP/6- W.;Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon,

31+G*), M.; Replogle, E. S.; Pople, J. AGaussian 98revision A.6; Gaussian,
Inc.: Pittsburgh, PA, 1998.
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difference of 6.8 kcal/mol in favor of the heterochiral enantioselectively starting fron2$-trans)-3(86% ee) as
combination (Figure 4), despite the manifold lithium chela- obtained from Sharpless epoxidation of crotyl alcoH#l.

tion of the homochiral combination (Figure 5). NMR spectra and GC indicate the formation of about 10
products, among them one (<10%) with the NMR signals
of 4. Obviously, the lack of the corresponding enantiomer
precludes this reaction from taking place and side reactions
dominate. The formation of the small amountdmay be
explained by the presence of the minor enantiomer in the
starting material.

This Aza-Darzens-type reaction is to our knowledge
noteworthy because of three new features: (a) For the first
time, a 1-aza allylanion bearing an oxirane moiety at the
pB-carbon atom acts as nucleophile. (b) The leaving group
for the formation of the aziridine ring is the oxirane oxygen
atom, thus making no use of halogenide-type leaving groups
as in conventional Darzens reactions. (c) Both nucleophile
and electrophile originate from enantiomers of the same
precursor molecule, allowing a highly diastereoselective
formal dimerization accompanied by substantial molecular
reorganization. All these features provide new, interesting
synthetic potential for further synthetic applications in small

Figure 5. DFT optimized transition structure of the homochiral ring heterocyclic chemistry.
combination, assuming retention of configuration and a second
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