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Asymmetric Michael addition using sugar derived 

organocatalysts 
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Introduction 

Review Research 

Sugars are low-molecular-weight carbohydrates which consist of polyhydroxyl and carbonyl 

(aldehyde or ketone) functional groups. Different types of compounds derived from sugars 

have been used extensively as powerful and effective catalysts for asymmetric synthesis. They 

are readily available at a reasonable price, easily prepared, no metal contamination and are 

inert towards moisture and air. They are highly functionalized and have well defined stereo-

genic centres. Most of them are employed as chiral ligands in metal based asymmetric ca-

talysis and are used for various asymmetric transformations. Different compounds derived 

from sugars have also been used recently as organocatalysts for asymmetric synthesis. The 

present article provides some of the organocatalysts used for asymmetric synthesis.      
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Fig. 1 | Some naturally occurring monosaccharides.  
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Michael addition using sugar derived or-

ganocatalysts 
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Fig. 2 | Some chiral catalysts used for various asymmetric transformation.  
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Scheme 1 | Synthesis of primary amine-thiourea catalyst. 
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Scheme 2 | Enantioselective Michael addition using thiourea catalyst 2.  
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Fig. 5 | Bifunctional thiourea catalysts from sugars. 

Scheme 3 | Asymmetric Michael addition of acetylacetone to nitroolefins using 3. 

Fig. 6 | Saccharides based bifunctional tertiary amine-thioureas catalysts.  

Scheme 4 | Enantioselective Michael addition of malonates to nitro olefins.  
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Scheme 5 | Synthesis of thioureacatalyst 7. 

Fig. 7 | Different thiourea catalyst derived from amino acids and carbohydrates. 
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Scheme 6 | Asymmetric addition of acetylacetone to nitroolefins giving (S) configuration.  

Scheme 8 | Synthesis of pyrrolidine thiourea catalyst. 

Scheme 9 | Asymmetric addition of cyclohexanone to nitro olefins. 

Fig. 8 | Proposed transition model.  
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Scheme 10 | Synthesis of glucosaminylurea-based organocatalyst. i) . i) PPh3, ArNCS, THF; ii) Pd(PPh3)4, Bu3SnH, 
AcOH, CH2Cl2, then HCHO, NaCNBH3, THF; iii) NaOMe, MeOH, (qu). 

Scheme 11 | Synthesis of glucosaminylurea-based organocatalyst 12f. i) Pd(PPh3)4, Bu3SnH, AcOH, CH2Cl2, then 
HCHO, NaCNBH3, THF (57%); ii) H2, Pd/C, ArNCS, THF (46%). 
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Fig. 9 | Sugar based prolinamides from L-proline and D-glucosamine. 

Scheme 14 | Asymmetric addition of cyclohexanone to nitroolefins with 13c.  
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Scheme 13 | Asymmteric Michael addition of diethyl malonate to N-Boc imine. 

O
BnO

BnO

OMe
NH

OBn

O

H
N

O
BnO

BnO

OBn
NH

OBn

O

H
N

O
RO

RO

OMe
NH

OR

O

H
N

R =

13a 13b 13c

O

+

NO2

R1
R2

13c (20 mol%)
Benzoic acid (20 mol%)

-20 oC

O

R2

NO2

R1

R S

Yield = upto 98 %
dr = upto 99:1 (anti/syn)
er = upto 84:16 (syn)

Sci Vis 17 (4), 182—196 (2017) 



192  

Scheme 15 | Synthesis of the catalysts; (a) NaN3, DMF, 70oC, 6 h, 94%; (b) NaOMe, MeOH, rt, 1h, 80%; (c) (i) Tf2O, 
pyridine, CH2Cl2, 0oC, 2 h, (ii) amine, DMF, 45oC, 10 h, 50-70%; (d) (i) propanedithiol, MeOH, rt, 48 h (18a and 18b), 
or PPh3, H2O, THF, 80oC, (18c and 18d), (ii) isothiocyanate, MeOH, rt, 4 h, 30-50%. 

Scheme 16 | Synthesis of organocatalysts; (a) piperidine, DMF, 70oC, 50 h, 90%; (b) NaOMe, MeOH, reflux, 2 h, 85%; 
(c) Tf2O, pyridine, DCM, 0oC, 2 h, (ii) NaN3, DMF, 45oC, 72 h, 40%; (d) (i) propanedithiol, MeOH, rt, 48 h, (ii) phenyl 
isothiocyanate, MeOH, rt, 8 h, 69%. 
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Scheme 17 | Synthesis of catalysts 26; (a) piperidine or morpholine, LiClO4, MeCN, 90oC, 24 h, 80-90%; (b) (i) PPh3, 
DIAD, THF, 0oC, (ii) DPPA, THF, rt, 24 h, 60-80%; (c) (i) PPh3, THF, H2O, 80oC, (ii) isothiocyanate, MeOH, rt, 8 h, 60-
80%. 

Scheme 19 | Sugar amide-pyrrolidine catalyst for the asymmetric Michael addition. 
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Scheme 20 | Asymmetric Michael addition of ketones to nitroolefins using catalyst 31. 

Scheme 22 | Organocatalyst 35 catalyzed Michael addition of nitromethane to trans-chalcone. 

Scheme 21 | Synthesis of thiourea derived 3-C-aminomethyl-hexafuranose (35). 
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