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Abstract

We report herein a nucleophilic carbene catalyzed redox azidation of epoxyaldehydes. The 

intermediate β-hydroxy acyl azides undergo thermal Curtius rearrangement followed by trapping 

with excess azide to form carbamoyl azides or, in a complementary sequence, by the hydroxy 

group to form oxazolidinones. Both products are formed in modest to good yields and 

diastereoselectivities. The use of an enantioenriched triazolium catalyst leads to modest 

asymmetric induction.

Introduction

The discovery of new reaction manifolds leading to improved selectivity and efficiency is an 

ongoing challenge. Specifically, reactions that manipulate standard organic functional 

groups by inducing a reversal of normal reactivity, termed umpolung,1 hold considerable 

promise due to a nonexistent background reaction. N-heterocyclic carbenes2 (NHC’s) have 

been shown to catalytically convert aldehydes into acyl anion equivalents under mild 

conditions in transformations such as the benzoin3,4 and Stetter5,6,7 reactions, along with a 

host of others.8

The desirability of catalytic formation of products in reagent efficient processes has 

increased the investigations of N-heterocyclic carbene reactivity. In concurrent seminal 

work, we9 and Bode10 demonstrated that α-reducible aldehydes lead to a novel reaction 

pathway under NHC catalysis in the presence of alcohols as nucleophiles. Upon formation 

of the acyl anion equivalent, redox reactivity occurs, resulting either in halide elimination,9 

epoxide/aziridine opening,10 or “homoenolate/homoynolate ” protonation11 or electrophile 

trapping,12 with concomitant formation of an acyl azolium. The addition of an alcohol leads 

to catalyst turnover, giving the desired product. The aldehydes that have been successfully 
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demonstrated to participate include α-halo aldehydes, epoxyaldehydes, aziridinoaldehydes, 

cyclopropanecarboxaldehydes,13 enals and ynals. Useful nucleophiles include alcohols, 

phenols and various amines, the latter only if coupled with a co-catalytic amount of typical 

acyl transfer agents such as 1-hydroxy-7-aza-benzotriazole (HOAt) or imidazole.14

We became interested in the formation of derivatized 1,2-amino alcohols, common 

pharmacophores, ligands, chiral auxiliaries and motifs in natural products.15 We considered 

that the use of azide as a nucleophile16 in this redox manifold would convert an 

epoxyaldehyde into a β-hydroxy acyl azide. Thermally induced Curtius rearrangement17 

should proceed facilely to form a hydroxy isocyanate which would presumably cyclize to 

the oxazolidinone in the presence of non-nucleophilic solvent or to the hydroxycarbamate in 

an alcoholic medium. Importantly, the mechanism requires a net addition of HN3, or its 

silylated analog TMSN3, each of which is readily accessible and should have the desired 

reactivity to enable this sequence to occur (Scheme 2). We were attracted both by the facile 

access to amino alcohol derivatives but also by the potential to generate and control a newly 

formed carbinolamine stereocenter (II to III, Scheme 2) with the ultimate possibility of 

catalyst control in an asymmetric synthesis of branched carbinolamines.18,19

Results and Discussion

Initial investigations were focused on the reaction of epoxyaldehyde 4a in the presence of 

TMSN3 as the azidation agent. Preliminary results suggested a number of competing 

pathways were present, greatly complicating analysis of the reaction. Uncatalyzed (or weak 

nucleophile catalyzed) direct addition of TMSN3 to the aldehyde occurs under conditions 

which generate little or no active carbene providing silylated azidohydrin 13a. The 

productive reaction affords acyl azide 14a which undergoes slow Curtius rearrangement to 

isocyanate 15a. In the presence of excess TMSN3, isocyanate 15a readily affords carbamoyl 

azide 16a. Small amounts of oxazolidinone 17a were also formed under some of these 

reaction conditions. To complicate matters further, we noted a discernible difference in the 

rate of the Curtius rearrangement for the two diastereomers of the acyl azide as well as a 

difference in the rate of oxazolidinone formation for the corresponding isocyanates. The 

reaction analysis was thus complicated during initial screening phase and we sought to 

simplify the reaction in order to make useful conclusions. As such, the use of excess TMSN3 

and long reaction times drives the formation of carbamoyl azide as the dominant product 

(entry 1 in Table 1), while the use of TESN3 affords no improvement. The addition of NaN3 

upon consumption of epoxyaldehyde, which usually happens within 30 minutes of reaction 

initiation, provides shorter reaction times and slightly cleaner reaction mixtures (entry 3, 

Table 1).

Complementary reactivity was observed from the in situ generation of hydrazoic acid by 

using equimolar ratios of TMSN3 and EtOH. Here, direct addition to form the azidohydrin is 

reversible and cyclization to the oxazolidinone is more rapid than the corresponding 

intermolecular addition of azide to form the carbamoyl azide (entry 4, Table 1). The use of 

NaN3, again leads to improved reactions through shorter reaction times and comparable 

yields and diastereoselectivities (entry 5, Table 1).
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To further optimize the selectivity of the reaction by addressing the charge stabilization of 

the intermediates by solvation, various solvents were screened with toluene emerging 

optimal.20 A base screen revealed that DBU (pKa = 12), Et3N (pKa = 10.75), and imidazole 

(pKa = 6.95) each afford identical diastereoselectivities with nearly approximate yields, 

suggesting enol/enolate protonation does not occur via the ammonium.

Catalyst Effects on Selectivity

It has been demonstrated that the steric and electronic components of the azolium salt 

precursor, and particularly N-aryl substitution,8g affects the stability and reactivity of the 

carbene. The steric bulk of the azolium salt can provide significant steric influence on rate 

and selectivity of the reaction. As the basicity of the carbene can contribute to epimerization, 

various N-heterocyclic carbene precursors were investigated (Table 2). In order to ensure the 

best chance of generating an active catalyst from these electronically dissimilar azolium 

salts (of varying acidity) and given the insensitivity of the reaction to base structure, we 

chose to conduct this screen with the strong amine base DBU. Imidazolium 10 did not 

provide any reactivity under the reaction conditions (entry 1, Table 2), while the thiazolium 

catalyst 6 and the electron-rich mesityl triazolium 3b provide minimal selectivity (entries 

2-3, Table 2). The electron-neutral triazolium 3a showed increased selectivity and a good 

yield (entry 4, Table 2). Finally, the electron-deficient triazolium 3c gave the best 

combination of selectivity and yield (entry 5, Table 2).

A variety of epoxyaldehydes were synthesized in an effort to determine substrate scope. 

Increasing the size of the alpha substituent to pentyl from methyl leads to improved 

diastereoselectivity under both TMSN3 and HN3 conditions (entries 2 and 10, Table 3). The 

use of the bulkier but more electron-withdrawing phenyl ring at the α-positions leads to poor 

selectivity. This is most likely due to the increased acidity of the α-proton at that position in 

the intermediate acyl azide. Varying the electronics and sterics of the β-phenyl group affords 

similar results (entries 4, 5, 12 and 13, Table 3). One exception to this is the use of 1-

naphthyl which gives low yields and poor diastereoselectivities under TMSN3 conditions in 

a reaction complicated by competing formation of the oxazolidinone even under this 

protocol (entry 6, Table 3). Hydrazoic acid conditions with this substrate provide improved 

selectivities and yields (entry 14, Table 3). Aliphatic substitution at the beta position leads to 

depressed diastereoselectivities (entries 7 and 15, Table 3). Opening of the oxazolidinone 

ring to obtain protected and unprotected 1,2-amino alcohols is well precedented providing 

access to variety of structurally distinct motifs.21

Asymmetric Induction

The use of α-halo aldehydes as substrates allows us to investigate an enantioselective 

approach to α-branched carbinolamines relying on an asymmetric protonation event should 

a chiral azolium catalyst be used. In the event, haloaldehyde 18 when treated with catalyst 

19 affords carbamoly azide 20 in 55% ee and modest yield (eq 5).
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(5)

Conclusion

We have shown that epoxyaldehydes afford 1,2-amino alcohol derivatives when treated with 

azidation agents in the presence of azolium salt and base. The overall process extends the 

utility of carbene-catalyzed redox processes of α-reducible aldehydes. Our results are 

consistent with the mechanism presented above although the discrepancy in selectivities 

between this process and redox using alcohol nucleophiles is not easily rationalized. 

Preliminary results further suggest that the use of chiral enantioenriched catalysts in this 

process lead to the potential for asymmetric synthesis of α-branched amines. Efforts at 

extending this reactivity and identifying improved catalysts for the asymmetric reaction are 

currently underway.

Experimental Section

General Procedure A: Synthesis of Carbamoyl Azides

A 5 ml flame dried round bottom flask was charged with a magnetic stir bar and azolium salt 

(0.027 g, 0.074 mmol, 0.20 equiv). To the flask under argon was added 2 ml of anhydrous 

toluene followed by triethylamine (0.006 g, 0.060 mmol, 0.16 equiv) and the mixture was 

allowed to stir for 20 min. tert-Butanol (0.137 g, 1.85 mmol, 5.0 equiv) was then added to 

the reaction vessel followed by azidotrimethylsilane (0.106 g, 0.924 mmol, 2.5 equiv). α, β-

Epoxy aldehyde 4a (0.060 g, 0.370 mmol) was then dissolved in 1 ml of toluene (to obtain a 

final concentration of 0.1 M with respect to aldehyde), added to the reaction vessel and 

allowed to stir for 30 min. Upon consumption of starting material, sodium azide (0.024 g, 

0.370 mmol, 1.0 equiv) was added to the reaction vessel under an argon atmosphere and the 

reaction was allowed to stir for 12 hours. The crude reaction mixture is taken up in a 

minimal amount of EtOAc, and filtered through a plug of silica eluting with 30 ml of 

EtOAc. The solution volume was reduced in vacuo and the crude oil was subjected to 

column chromatography, typically eluted with 95:5 hexanes:EtOAc to furnish the desired 

carbamoyl azide.

1,2-anti-1-phenyl-1-(trimethylsiloxy) propan-2-yl carbamoyl azide (16a)—Rf = 

0.3 (95:5 Hex:EtOAc);1H NMR (400 MHz, CDCl3) δ 7.21-7.31 (m, 5H), 5.27 (br d, 1H), 

4.65 (d, 1H, J = 2.80 Hz), 3.91-3.97 (m, 1H), 1.18 (d, 3H, J = 6.80 Hz), 0.04 (s, 9H); 13C 
NMR: (100 MHz, CDCl3) δ 155.9, 141.6, 128.3, 127.8, 126.2, 76.3, 53.4, 18.2, 13.2, 0.1; IR 

(NaCl, neat) 3317, 2958, 2444, 2139, 1689, 1491 cm−1; HRMS (FAB+) calcd for 

C13H21N4O2Si 292.13555. Found 292.13493.
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General Procedure B: Synthesis of Oxazolidinones

A 5 ml flame dried round bottom flask was charged with magnetic stir bar and azolium salt 

(0.022 g, 0.061 mmol, 0.20 equiv). To the flask under argon was added 1 ml of anhydrous 

toluene and triethylamine (0.0048 g, 0.048 mmol, 0.16 equiv) and the mixture allowed to stir 

for 30 min under an argon atmosphere. Hydrazoic acid (see General Methods, 

Supplementary Information) is then added to the reaction mixture. α, β-Epoxy aldehyde 4a 
(0.060 g, 0.370 mmol, 1.0 equiv) is dissolved in 1 ml of toluene and added to the reaction 

vessel via syringe. Upon consumption of the substrate, sodium azide (0.023 g, 0.350 mmol, 

1.0 equiv) is added to the reaction vessel under an argon atmosphere. The reaction was 

allowed to stir for two hours. The crude mixture was then filtered through a silica plug and 

eluted with 30 ml of ethyl acetate and concentrated in vacuo to yield a crude oil. The crude 

material was purified by column chromatography with typically 1:1 hexanes:EtOAc to 

furnish the desired compound. This compound (17a) matches literature spectral data.22

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Scheme 1. 
Carbene Catalyzed Redox Processes
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Scheme 2. 
Plausible reaction pathway
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Table 2

Catalyst Effect

Entrya cat drb Product(%)

1 - NR

2 1:1 82

3 1:1 65

4 2.5:1 72

5 4:1 78

a
Catalyst (20 mol %), DBU (16 mol %), PhMe (0.1 M), 23 °C.

b
Determined by 1H NMR.
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Table 3

Substrate Scope

a
Catalyst 3c (20 mol %), NEt3 (16 mol %), PhMe (0.1 M), 23 °C.

b
Determined by 1H NMR.

c
Oxazolidinone 17f also formed in 56% yield and 5.6:1 dr.
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