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Abstract – Diastereo- and enantioselective oxa-hetero-Diels-Alder reactions of 

enones with aryl trifluoromethyl ketones that afford tetrahydropyranone derivatives 

catalyzed by an amine-based catalyst system are reported.  The major 

diastereomers of the tetrahydropyranone products obtained in these reactions had 

the relative stereochemistry different from that of the previously synthesized 

tetrahydropyranone derivatives. 

 

Tetrahydropyran derivatives are found in bioactive natural products and pharmaceutical leads.1  Concise 

access to enantiomerically enriched tetrahydropyran derivatives is of interest in the development of 

bioactive molecules.1-3  A trifluoromethyl group is often used to improve the bioactivities.3-5  

Accordingly, methods for the concise synthesis of tetrahydropyran derivatives bearing a trifluoromethyl 

group are of interest.3  We previously reported enantioselective oxa-hetero-Diels-Alder reactions of 

enones with aryl trifluoromethyl ketones that directly afford tetrahydropyranone derivatives using 

amine-based catalyst systems.3  In these reactions, the enamines generated from the enones act as dienes 

and the ketone carbonyl groups of aryl trifluoromethyl ketones act as dienophiles in the [4+2] cycloaddition 

leading to the tetrahydropyranone derivatives.3  In these reactions, two diastereomers can be formed.  The 

use of a catalyst system composed of a proline-derivative and DABCO for the reactions led the formation of 

one type of the diastereomers as the major diastereomers with high enantioselectivities (Scheme 1a).3  

Here we report enantioselective oxa-hetero-Diels-Alder reactions of enones with aryl trifluoromethyl 

ketones that afford the other type of the diastereomers as the main products (Scheme 1b). 

 

 



 
Scheme 1. (a) Previously reported enantioselective oxa-hetero-Diels-Alder reactions of enones with aryl 
trifluoromethyl ketones.  (b) Enantioselective oxa-hetero-Diels-Alder reactions of enones with aryl 
trifluoromethyl ketones.  The relative stereochemistry of the major diastereomers in the reaction shown 
in (b) is different from that of the previously obtained major diastereomers in the reactions shown in (a).  
 

In our previous study, amine derivatives and amine-containing catalyst systems were tested for their 

abilities to catalyze the reaction of an enone with an aryl trifluoromethyl ketone to lead to the 

tetrahydropyranone product.3  In some cases, especially with primary amine derivatives with acids, the 

major diastereomer was the minor diastereomer obtained from the reaction catalyzed by the proline 

derivative and DABCO.3  However, in the previously tested cases, the aldol product was formed in 

significant amounts with the tetrahydropyranone product and/or the enantioselectivities of the obtained 

tetrahydropyranones were relatively moderate or low.3  Further, reactions of enones with ketones or 

aldehydes often afford aldol products as the main products.5-7  We hypothesized that additional 

evaluations of primary amine derivatives with or without acids under various conditions2a-c would identify 

catalyst systems suitable for the oxa-hetero-Diels-Alder reactions affording the other type of 

tetrahydropyranone diastereomers as the main products with high diastereo- and enantioselectivities.   

 

Amine derivatives were evaluated in the catalysis of the reaction of enone 1a with 

2,2,2-trifluoroacetophenone (2a) to afford tetrahydropyranone derivative 3a-1 as the main product in a 

high yield with high diastereo- and enantioselectivities; selected results are shown in Table 1 (full results 

will be published in the future).  The ratio between 1a, 3a-1, its diastereomer 3a-2, and aldol product 4 

were determined by 1H NMR analysis, and the enantiomer ratios of 3a-1 were determined by HPLC 

analysis after purification.  Of these catalyst systems tested, amine derivative A8 with various acids 
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provided good results.  Then, using amine derivative A, reaction conditions were further evaluated.  

From these evaluations, the use of the catalyst system composed of amine derivative A and 

N-Boc-O-tBu-L-threonine (B) as an acid in toluene at 5 °C was identified as the best among those tested 

(Table 1, entry 9). 

 

Table 1. Evaluations of catalysts and conditionsa 

 

entry 
catalyst system 

solvent temp (°C) time (h) ratio 
1:3a:4a 

dr 
3a-1:3a-2 er of 3a-1 

amine acid 
1 A B toluene 25 40 5:82:13 5:1 84:16 

2 A C toluene 25 72 <1:91:9 4:1 82:18 

3 A D toluene 25 40 6:75:19 5:1 81:19 

4 E D toluene 25 40 0:62:38 3:1 59:41 

5 A B CHCl3 25 48 11:81:8 9:1 85:15 

6 A B DMSO 25 48 100:0:0 – – 

7 A B EtOAc 25 96 10:86:4 5:1 86:14 

8 A B 2-PrOH 25 96 2:92:6 3:1 70:30 

9 A B toluene 5 216 (18~13):82:<5 8:1 92:8 
a Conditions: enone 1a (1.0 mmol), aryl trifluoromethyl ketone 2a (3.0 mmol), amine (0.2 mmol), and 
acid (0.4 mmol) in toluene (2.0 mL).  The progress of the reaction was monitored and 1H NMR analysis.  
The ratio 1:3a:4a (in which 3a = 3a-1 + 3a-2) and the dr (3a-1:3a-2) were determined before purification 
at the indicated time by 1H NMR analysis.  The er of purified 3a-1 was determined by HPLC analysis.  
 

With the best conditions identified, reactions using various enones and aryl trifluoromethyl ketones were 

performed (Table 2).  For the reactions of alkyl enones, product tetrahydropyranone derivatives 3 were 

obtained with diasteromer ratio (dr) 8:1 ~ 4:1 (3a-h).  The major diastereomer of 3 was isolated as a 

single diastereomer in each of all the cases shown in Table 2.  The enantiomer ratio (er) values of the 

major diastereomers obtained from the reactions of alkyl enones were in a range of 96:4 ~ 89:11 (3a-h).  

The absolute configuration of the major diastereomer of 3a (i.e., 3a-1) was determined to be (R,R) as 
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shown in Table 2 by correlating with (R,R)-3a-1 obtained from (R)-4a6 by an acid-catalyzed oxa-Michael 

cyclization9 (Scheme 2). 

 

Table 2. Scope of the oxa-hetero-Diela-Alder reactiona 

 
a Conditions: enone 1 (1.0 mmol), aryl trifluoromethyl ketone 2 (3.0 mmol), amine catalyst A (0.2 mmol), 
and acid B (0.4 mmol) in toluene (2.0 mL) at 5 °C for 9 days. The dr determined by 1H NMR analysis 
before purification, the isolated yield of the major diastereomer of 3 as single diastereomer, and the er of 
the purified major diastereomer of 3 by HPLC analysis are shown. 
 

 
Scheme 2. Transformation used for the determination of the absolute stereochemistry of 3a  

Ar CF3

O
O

R
+

1 2 3

O

O

3a
dr 8:1

70%, er 91:9

3b
dr 7:1

69%, er 95:5

3c
dr 5:1

60%, er 93:7

3d
dr 8:1

64%, er 94:6

3e
dr 7:1

72%, er 96:4

3f
dr 4:1

53%, er 90:10

3g
dr 6:1

56%, er 95:5

3h
dr 5:1

63%, er 89:11

3i
dr 3:1

56%, er 80:20

5 °C, 9 days
toluene

Ph
NH2

Ph
N
H

S
O O

O

OR

O

Ar
CF3

N
H

CO2H

Me OtBu

Boc

(B, 0.4 equiv)(A, 0.2 equiv)

CF3

O

O

CF3

O

O

CF3

Cl

O

O

CF3

F

O

O

CF3

Br

O

O

CF3

CH3

O

O

CF3

CF3

O

O

CF3

O

O

CF3

Br

FRR

Ph

O OHCF3
R

TfOH (0.05 equiv)

CHCl3
(R,R)-3a-1

O

O

Ph
CF3

O

O

CF3Ph
3a-2

+ SR RR

er 95:5
(R)-4a

3a-1:3a-2 = 2.5:1
er 96:4

rt



To understand the mechanism of the reactions catalyzed by the catalyst system composed of amine 

derivative A and acid derivative B, the formation of 3b and the corresponding aldol product and the dr 

and er values of 3b were analyzed at various time points.  From the reaction stage at the 46% conversion 

(determined by 1H NMR analysis as the yield of both diastereomers of 3b; at 4 days) to the stage at the 

80% conversion (at 9 days), the dr of 3b was essentially the same value (dr 85:15 ~ 87:13) and the er of 

the major diastereomer of 3b was 95:5.  No significant changes in the dr and the er values were detected 

during the reaction progress.  Aldol product was present in 7% (4 days) to 5% (9 days); no accumulation 

of the aldol product was observed before the formation of 3b.  These results suggest that 

tetrahydropyranone derivative 3b is kinetically formed in the main route of the reaction catalyzed by the 

amine A-acid B catalyst system.  The main pathway may be the [4+2] cycloaddition reaction of the 

enamine formed from the enone with the amine in situ and the ketone carbonyl group2a,b,3 (Scheme 3), 

although further study is required to elucidate the detailed mechanism.   

 

 
Scheme 3. A proposed pathway of the reaction through the [4+2] cycloaddition of the enamine formed 
from the enone with the amine in situ with the aryl trifluoromethyl ketone 
 

In summary, we have developed enantioselective oxa-hetero-Diels-Alder reactions of enones with aryl 

trifluoromethyl ketones that afford tetrahydropyranone derivatives.  With the use of the catalyst system 

described here, the diastereomers of the tetrahydropyranone derivatives that are different form those 

obtained in previously reported oxa-hetero-Diels-Alder reactions of enones with aryl trifluoromethyl 

ketones were synthesized with high diastereo- and enantioselectivities and isolated as single 

diastereomers in good yields.   
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SUPPORTING INFORMATION 
Supplementary data associated with this article can be found, in the online version, at URL: 
https://www.heterocycles.jp/newlibrary/downloads/PDFsi/26668/103 
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