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Abstract

A catalytic asymmetric Passerini reaction using tridentate indan (pybox) Cu(II) Lewis acid

complex 4 with substrates capable of bidentate coordination has been achieved. The reaction

occurs via ligand-accelerated catalysis.

Strategies, reagents, and catalysts that enable systematic stereochemical and skeletal

variation are central to effective diversity-oriented syntheses (DOS).1–4 The Passerini three–

component coupling reaction (P-3CCR) (coupling of a carbonyl compound and an

isocyanide with a carboxylic acid to form an α-acyloxycarboxamide) increases structural

complexity; however, methods to control the stereochemical outcome of the carbon-carbon

bond when simple achiral substrates are used are currently limited. Although several

diastereoselective examples have been described that use chiral auxiliaries or chiral

substrates to direct the α-addition of isocyanides,5 analogous enantioselective examples

using chiral catalysts, which involve only one step, are less common.6,7 Herein, we report

the development of a catalytic asymmetric P-3CCR giving rise to α-acyloxycarboxamides

enantioselectively.

Passerini reactions performed in organic solvents are often sluggish and afford products in

low yields unless either highly acidic carboxylic acids or unusually electrophilic carbonyl

compounds are used. In contrast, electrophilic iminium ions, formed in situ from the

corresponding four-component Ugi reactions undergo a more facile α-isocyanide addition.

Since these findings underscore the importance of carbonyl activation we initially sought to

use chiral Lewis acid chelation control with Cu(II)-derived Lewis acids to control the
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configurational outcome of the P-3CCR.8 Importantly, these conditions are sufficiently mild

to be compatible with a one bead/one stock solution technology platform.9

Our approach uses a Cu(II) complex and bidentate coordination with carbonyl substrates as

a means to invoke stereocontrol of the newly formed C–C bond. Initial studies used

bidentate (S,S)-bis(oxazolinyl) (box) (1 and 2)–Cu(II) and tridentate bis(oxazolinyl)pyridine

(pybox) (3 and 4)–Cu(II) complexes.8,10 The reactions were performed in the presence of

benzoic acid (5), (benzyloxy)acetaldehyde (6), and p-methoxyphenyl isocyanide (7) (Table

1). The ligand screen revealed that bispybox 4, derived from (1S,2R)-aminoindanol, was

able to control the α-addition of the isocyanide with superior enantioselectivity and yield

(entry 7, Table 1).

The Cu(II) complex was stirred in methylene chloride until a homogeneous solution was

obtained. When the SbF6
− complexes 1b, 2b, and 3b were used, a homogeneous solution

was difficult to achieve, even after filtration through a GHP Acrodisc 13 0.20 μm filter.

(Benzyloxy)acetaldehyde (6) was then added to the solution, which was cooled to 0 °C.

AW-300 MS (molecular sieves) were added to this solution followed by compounds 5 and 7,

which were mixed together and added to the reaction mixture by a single syringe pump at a

rate that ended in complete delivery after 4 h. The asymmetric induction was found to

depend on the rate of the simultaneous addition of 5 and 7. The most promising results were

achieved when a 4 h protocol was used (entries 1–7, Table 1).

Anhydrous conditions were necessary for high enantioselectivity. We attribute diminished

ee’s to the increased rate of the background reaction as the P-3CCR, when conducted in the

presence of water (no chiral Lewis acid), is known to experience a 20-fold rate

enhancement.11 Water also leads to the hydrated form of the Cu(II) Lewis acid and

decreases its ability to activate the carbonyl. The SbF6
− counterion had a minimal effect on

the overall enantioselectivity of the reaction (entries 2, 4, and 6, Table 1) as compared to

instances in which the OTf- counterion was used (entries 1, 3, 5, and 4). It is interesting to

note that when the reaction was performed only in the presence of the Cu(OTf)2 or solely in

the presence of the ligand, there was little effect on the overall rate of reaction and

enantioselectivity (entries 8 and 9, Table 1).

We next explored the substrate scope with different aliphatic and aromatic aldehydes and

isocyanides. In all cases, we were able to obtain the desired product in fair to excellent

yields and enantioselectivities (Table 2). (Benzyloxy)acetaldehyde (6) was the best carbonyl

substrate used in the set as noted in entries 2, 4–7 (Table 2), giving yields ranging from 83 to

95% and ee’s from 72 to 98%. As noted in entries 3–16 (Table 2), benzoic acid was used

predominantly as the acid component in the reaction; use of phenylacetic acid did not give
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high enantioselectivity (entries 1 and 2; Table 2), although the overall yields were

comparable.

The choice of isocyanide also had an effect on both the rate of reaction and selectivity. tert-

Butyl isocyanide (13) and p-methoxyphenyl isocyanide (7) afforded the highest yields and

ee’s of products. In addition, the overall steric encumbrance of the isocyanides did not seem

to have an effect on the enantioselectivity of the reaction. Aromatic isocyanides and

aliphatic isocyanides lead to approximately equivalent ee’s.

In cases using carbonyl substrates that are capable of monodentate coordination only (e.g.,

benzaldehyde), the tridentate bis(oxazolinyl)pyridine (pybox)–Cu(II) complex (4) failed to

direct the α-addition of the isocyanide with any significant selectivity. The catalytic

asymmetric P-3CCR utilizing chiral Cu(II) Lewis acids appears, therefore, to be limited to

bidentate coordinating substrates such as 6, 10, and 12.

In an attempt to harness the potential of this catalytic asymmetric P-3CCR, substrates were

selected to create a complex molecular skeleton by generating a product-equals-substrate

intermediate. Scheme 1 illustrates the use of components that give rise to a consecutive

P-3CC/intramolecular Diels-Alder reaction producing a tricyclic lactone 33.

In summary, we report a catalytic asymmetric P-3CCR that uses tridentate

bis(oxazolinyl)pyridine (pybox)–Cu(II) complex 4 and bidentate coordinating substrates 6,

10, and 12 to achieve products in up to 98% yield and 98% ee. The implications of this

enantioselective pathway for DOS are now being investigated.
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Scheme 1.
Complexity-Generating Reaction Forming Tricyclic Lactone 33
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