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metrization of the acetylacetone to the corresponding methyl 

ester gave 60% yield and 97% ee (Table 3, entry k). Increasing 

the bulkiness to a tert-butoxy group (entry m) resulted in a 

drop of obtained product (34% yield) but still impressive 98% 

ee. A further domino product was obtained in 69% yield and 

96% ee after extending the side chain to an ethyl group (Table 

3, entry l).  

The relative configuration was determined by NOE meas-

urements for compound 6c (Figure 1) as well as the absolute 

configuration by single crystal X-ray analysis of compound 6a 

(Figure 2).17  

Figure 1. Determination of the relative configuration by NOE for 

compound 6c. 
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Table 3. Scope of the Michael/Henry/ketalization sequence to form tetrahydropyrans 

O

R2

O

R1

R3

NO2

O

R4

O

NO2

R3

R1

O R2 OMe

R4

3)  20 mol% pTSA,
     5 equiv HC(OMe)

3
,

     rt, 3 h

1)  4 mol% cat. A,
     DCM, rt, 1 d

2)  2 equiv aldehyde,
     

20 °C
+1

2

4

6  

6a R1 R2 R3 R4 time (d)b yield (%)c drd ee (%)e 

a Me Me Ph Ph 5.5 79 >20:1 >99 

b Me Me 2-BrC6H4 Ph 5.5 65 13:1 93 (99) 

c Me Me 3-MeOC6H4 Ph 6.5 45 6:1 97 (99) 

d Me Me 3,4-OCH2OC6H3 Ph 5 27 2:1 95 (99) 

e Me Me 3-(N-Boc-indolyl) Ph 6 38 8:1 95 

f Me Me 4-NO2C6H4 Ph 9 46 2:1 93 

g Me Me Ph 3-FC6H4 5.5 67 5:1 94 (99) 

h Me Me Ph 4-MeC6H4 5.5 61 7:1 97 

i Me Me Ph 2-MeOC6H4 5.5 80 3:1 95 (99) 

j Me Me Ph cyclopentyl 5.5 68 4:1 96 

k OMe Me Ph Ph 5.5 60 4:1 97 (99) 

l OMe Et Ph Ph 5 69 3:1 96 (99) 

m OtBu Me Ph Ph 9 34 2:1 98 

aThe reaction was performed on a 0.4 mmol scale (0.5 M in DCM). bSum of reaction time. cCombined yield of isolated product as a 

mixture of diastereomers after flash chromatography. dDiastereomeric ratio: major vs. minor diastereomers determined by 
1H NMR; after one recrystallization dr >20:1. eDetermined by HPLC analysis on a chiral stationary phase for the major 

diastereomer; value in bracket after one recrystallization. 

 

In summary, we have developed an organocatalytic Mi-

chael/Henry/ketalization cascade sequence to access highly 

funtionalized tetrahydropyrans. A hydrogen-bonding organo-

catalyst on a squaramide basis was used to merge acety-

lacetone or differ -keto esters with nitroalkenes and ynals. 

In this manner tetrahydropyrans, bearing five contiguous ste-

reocenters were obtained in moderate to good yields (27-80%), 

after one recrystallization in high diastereomeric ratios (dr 

>20:1) and excellent enantiomeric excesses (93-99% ee). 

Figure 2. Determination of the absolute configuration by X-ray 

crystal structure analysis of compound 6a. 
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