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Enantioselective Synthesis of 3-Substituted 1,2-

Oxazinanes Via Organocatalytic Intramolecular Aza-

Michael Addition 

Shuanghua Cheng, and Shouyun Yu* 

A highly enantioselective intramolecular 6-exo-trig aza-

Michael addition was developed to afford chiral 3-

substituted 1,2-oxazinanes in high yields (up to 99% yield) 

and good enantioselectivities (up to 98/2 er). These reactions 

were enabled by a quinine-derived primary-tertiary 

diamine as a catalyst and pentafluoropropionic acid (PFP) 

as a co-catalyst. 

Chiral 1,2-oxazinanes are valuable chiral building blocks 

frequently seen in various biologically active compounds1 (Figure 1). 

For example, the natural products FR900482 (1) and FR66979 (2) 

exhibit anticancer activity. Both FK973 (3)2 and FK317 (4),3 the 

semisynthetic derivatives of FR900482 (1), have shown highly 

promising antitumor activity in human clinical trials in Japan.2 

Chiral 1,2-oxazinanes also possess remarkable synthetic utilities and 

are often manipulated via a reductive N−O bond cleavage to form 

functionalized chiral 1,4-amino alcohols found in a number of 

bioactive natural products.             

              

     

Figure 1 Structures of FR900482 (1) and congeners (2-4). 

Due to the importance of the 1,2-oxazinane, several strategies 

have been developed to achieve this motif.4-7 For example, 

Yamamoto and co-workers reported a general route for 1,2-

oxazinanes using the sequential nitroso aldol/Michael addition of 

cyclic enones (Scheme 1A).5a,b Sibi group synthesized 1,2-

oxazinanes via the addition of nitrones to activated cyclopropanes 

(Scheme 1B).5c Zhong et al developed organocatalytic asymmetric 

domino α-aminoxylation/aza-Michael reactions for the synthesis of 

functionalized 1,2-oxazinanes. 6 Very recently, Sun and Lin reported 

a asymmetric α-aminoxylation/aza-Michael/Mannich cascade 

reaction for the construction of fully substituted chiral 1,2-oxazinane 

derivatives. 7  

As a powerful tool to prepare enantioenriched nitrogen 

hetereocycles,8 the organocatalytic intramolecular aza-Michael 

addition has  achieved significant progresses recently.9 As a part of 

our ongoing projects on intramolecular aza-Michael additions and 
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their application in the total synthesis of alkaloids,10 we envisaged 

that chiral 1,2-oxazinane derivatives could also been synthesized by 

6-exo aza-Michael addition of hydroxylamine-derived enones 

(Scheme 1C). Herein we would like to report a highly 

enantioselective synthesis of 3-substituted 1,2-oxazinanes using 

organocatalytic 6-exo aza-Michael addition. 

  

Scheme 1 Strategies for synthesis of 1,2-oxazinane derivatives. 

                                                                    

A chiral catalyst salt formed in situ from quinidine-derived 

primary-tertiary diamine 3a and trifluoroacetic acid (TFA) was 

firstly employed to promote the aza-Michael addition of 

hydroxylamine-derived enone 1a in THF. To our delight, the 

catalytic system was highly efficient at room temperature and the 

desired aza-Michael adduct 2b was isolated in 94% yield and 8/92 er 

value (Table 1, entry 1). The acids played an important role in the 

conversation and stereocontrol of this aza-Michael addition reaction. 

When other acids, such as TfOH, TsOH•H2O, PhCO2H, D-CSA, 

Cl3CCO2H and MeSO3H, were used as co-catalysts, poorer yields 

and lower stereoselectivities were obtained (Table 1, entries 2-7). 

Notably, the aza-Michael addition was operated in 89% yield and 

5/95 er value using CF3CF2CO2H (PFP) (Table 1, entry 8). When 3a 

was replaced with quinine-derived primary-tertiary diamine 3b, 

nearly quantitative yield and better enantioselectivity (96/4 er value) 

were achieved (Table 1, entry 9). Then the solvent was evaluated 

using 3b as the catalyst and PFP as the co-catalyst (Table 1, entries 

10-13). Among the solvents tested, 1,4-dioxane was found to be 

most suitable solvent with 99% chemical yield and 98/2 er value  

(Table 1, entry 11).    

Table 1 Conditions screening.a 

 

Entry 3 Acid Solvent Yield/%b Erc 

1 3a TFA THF 94 8/92 

2 3a TfOH THF 31 51/49 

3 3a TsOH•H2O THF 47 25/75 

4 3a PhCO2H THF <5 ND 

5 3a D-CSA THF 40 15/85 

6 3a Cl3CCO2H THF 26 15/85 

7 3a MeSO3H THF 21 14/86 

8 3a PFP THF 89 5/95 

9 3b PFP THF 99 96/4 

10 3b PFP CHCl3 99 95/5 

11 3b PFP 1,4-dioxane 99 98/2 

12 3b PFP CH3CN 56 81/19 

13 3b PFP Toluene 99 95/5 

aReaction conditions: A solution of 1a (0.1 mmol), 3 (0.01 mmol) 

and acid (0.01 mmol) in the indicated solvent (1 mL) was stirred at 

25 oC for 2 d. bIsolated yield. cThe er values were determined by 

HPLC on chiral stationary phase. ND = not determined.                                                                                                   
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Table 2 Substrates scope.a,b 

 

 

aIsolated yield. bThe er values were determined by HPLC on chiral 

stationary phase. cReaction conditions: a solution of 1 (0.1 mmol), 

3b (10 mol %) and PFP (10 mol %) in 1 mL of 1,4-dioxane was 

stirred at 25 oC for 2 d. dReaction conditions: a solution of 1 (0.1 

mmol), 3b (20 mol %) and PFP (20 mol %) in 1 mL of 1,4-dioxane 

was stirred at 60 oC for 2 d. 

With the optimized reaction conditions in hand, we next 

explored the scope of this transformation (Table 2). All of the 

substrates could afford the corresponding products in good to 

excellent yields and good enantioselectivities under the optimized 

reaction conditions. The protecting group on the nitrogen had 

significant influence on the outcome of this reaction.  

Methoxycarbonyl group was as good as Cbz group and Boc group 

gave lower yield and er value (2a-c). Less hindered aliphatic 

enones were active substrates and could undergo this reaction with 

perfect yields and pretty good enantioselectivities (2d-f). The 

reaction with bulky aliphatic enone, such as i-butyl, was sluggish. 

However satisfactory result (99% yield and 94/6 er value for 2g) 

could be gotten with more catalyst and co-catalyst (20 mol %) at 

60 oC. Aromatic enones were less effective substrates than their 

aliphatic counterparts. The aza-Michael could take place and the 

desired 1,2-oxazinanes (2h-p) could be generated with slightly 

lower yields (55-92% yields) and acceptable er values (90/10-96/4 

er). Electronic property of substituents on the aromatic rings did 

not affect this reaction significantly (see 2k, m, n and p). Steric 

effect had dramatic impact on the results of this reaction. More 

hindered substrates gave poorer yields and er values (see 2i-k). 

The chiral 1,2-oxazinanes are good precursors for enantio-

enriched 1,4-amino alcohol via N-O bond cleavage. For example, 

the chiral 1,2-oxazinane 2a could be reduced by Mo(CO)6 to the 

corresponding chiral 1,4-amino alcohol 4a in 79% yield without 

affecting the stereochemistry and optical purity (Scheme 2).11 Our 

method presented here provides a powerful route to chiral 1,4-

amino alcohols, which   are potential chiral building blocks for the 

synthesis of biologically active molecules. 12 

 

Scheme 2 N-O bond cleavage of the chiral 3-substituted 1,2-

oxazinane 2a. 
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In order to account for the stereochemical outcome of this reaction, 

a mechanistic rationale was proposed (Figure 2). First, the primary 

amine moiety of catalyst would react with the enone to form an 

iminium ion. Simultaneously the tertiary amine would interact with 

amide hydrogen of hydroxylamine through a hydrogen bond. The 

transition state A is disfavoured due to the additional interaction 

between the hydroxylamine moiety with quinoline ring of the 

catalyst. Hydrogen bond of the favoured transition state B directs the 

nucleophilic attack from Re face, which leads to the (R)-1,2-

oxazinane. The absolute configuration of 2n was established 

unambiguously by a single crystal X-ray diffraction analysis.13 

 

   

Figure 2 Proposed mechanistic model. 

 

In summary, an asymmetric synthesis of chiral 3-substituted 1,2-

oxazinanes with hydroxylamine-derived enones via intramolecular 

6-exo-trig aza-Michael addition was developed. This method 

provides an access to chiral 3-substituted 1,2-oxazinane derivatives 

in good to excellent yields (up to 99%) and er values (up to 98/2) 

under mild conditions. The method features operational convenience, 

high efficiency and well tolerance with various substrates. The 1,2-

oxazinanes can be transformed into the chiral amino alcohol 

derivatives, which are useful chiral building blocks for the synthesis 

of biologically active natural and unnatural compounds. 
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