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Abstract – An efficient enantioselective acylative desymmetrization of glycerol 

was developed by using a chiral DMAP derivatives 1e having a 1,1ʹ-binaphthyl 

unit. The reactions required only 0.1 mol% of the catalyst and showed moderate 

to good enantioselectivity (up to 94:6 er). Control experiments revealed that the 

first acylation of a glycerol derivative proceeded selectively rather than the second 

acylation to give diacylate. 

Glycerol is	abundantly	obtained as a byproduct in the manufacture of biodiesel fuel and used to produce 

valuable chemicals.1 It has a distinctive structure that consists of three continuous hydroxy groups within 

a three-carbon unit. Enantiomerically enriched glycerol derivatives have also been found in biologically 

active natural products.2 To obtain such molecules in an enantioselective fashion, enantioselective 

acylative desymmetrization of glycerol derivatives is one option. For example, several methods have been 

reported using enzymes,3 metal catalysts,4 and organocatalysts.5 However, the yield and enantioselectivity 

of a monoacylate still need to be addressed, and the suppression of undesirable over-acylation 

(diacylation) remains a challenging problem due to the high reactivity of the primary hydroxy group of 

the resulting monoacylate of glycerol derivatives.  

We have been interested in the chemistry of nucleophilic catalysis6-10 for the acyl transfer reaction11 and

developed a series of chiral N,N-dimethyl-4-aminopyridine (DMAP) derivatives having a 1,1ʹ-binaphthyl

unit possessing polar functional groups (tert-alcohol or amide) at the 3,3ʹ-positions. These catalysts have 

been widely applied to various enantioselective transformations including O- to C-acyl rearrangements,7

kinetic resolutions,8 dynamic kinetic resolution,10 and desymmetrization of meso- or prochiral molecules.9
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According to our mechanistic studies, hydrogen-bonding interaction between the catalyst and substrate 
plays an important role in achieving higher levels of enantioselectivity and chemoselectivity. To extend 

the application of these catalysts to another important class of transformations, we next focused on 

acylative desymmetrization of glycerol derivatives, which was thought to be a more challenging 

transformation because of the characteristic structure of glycerol; i.e., three consecutive hydroxy groups 

including two reactive primary hydroxy groups, and poor lipophilicity in common organic solvents. Both 

of these characteristics might pose a problem for achieving high enantioselectivity and enhance an 

undesired over-acylation, which might affect the enantioselectivity of the monoacylate.  

 
Table 1. Catalyst screening for the desymmetrization of 2aa 

 

 

 

 

 

 

 

 

Entry Catalyst 3a (%)b 4a (%)b Recovery of 2a (%)b Er of 3ac 

1 1a 79 9         14 88:12 

2 1b 48 15         36 71:29 

3 1c 60 9         29 79:21 

4 1d 70 10         16 87:13 

5 1e 81 6         10 92:8 

6 1f 72 9         19 89:11 

7 1g 57 10         29 83:17 

8 1h 18 22         61 61:39 

9 1i 50 15         33 84:16 

10 1j 18 38         42 55:45 

11 1k 8 3         87 56:44 

12 1l 19 5         75 49:51 
aReactions were performed on a 0.1 mmol scale in toluene (0.05 M) under an argon atmosphere. bYields were determined by 
1H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard. cDetermined by HPLC analysis using CHIRALPAK 
IBN-3. 
 
In this communication, we report the details of the acylative desymmetrization of glycerol derivatives by 

a chiral DMAP derivative, along with several control experiments to understand these processes. 
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Initially, the enantioselective acylative desymmetrization of 2-((tert-butyldimethylsilyl)oxy)propane- 

1,3-diol (2a)12 as a model substrate was carried out with selected catalysts 1a–l (0.1 mol%) in the 

presence of 1.1 equiv of isobutyric anhydride13 and 1.1 equiv of N,N,N’,N’-tetramethylethylenediamine 

(TMEDA) in toluene (0.05 M) at –60 ºC for 7 h. (Table 1). The use of catalyst 1a with tert-alcohol units 

having a diphenyl group gave monoacylate 3a in good yield with a good enantiomeric ratio (er) (entry 1, 

79% yield of 3a; 88:12 er) along with undesired diacylate 4a (9% yield). The catalyst 1b–g with 

tert-alcohol units having a 4-substituted aryl group also afforded 3 in 48–81% yield with good 

enantioselectivity along with detectable amount of	diacylate 4a (entries 2–7, up to 92:8 er for 3a). On the 

other hand, catalyst 1h–j having 3,5-disubstituted aryl groups resulted in poor to moderate yield of 3a (up 

to 84:16 er) and a significant amount of diacylate was detected (entries 8–10). Furthermore, ester or 

amide groups on the catalyst showed poor catalytic activity and almost no enantioselectivity (entries 11 

and 12, up to 56:44 er). According to these results, catalyst 1e was selected as an optimal catalyst for 

further screening of the reaction conditions. 

Next, we screened various solvents for the desymmetrization of 2a with 1e at –60 ºC for 7 h (Table 2). 

The reactions in ethereal solvents showed moderate yields but good enantioselectivity of monoacylates 

(entries 2–5, up to 92:8 er). The reactions in other common organic solvents (CH2Cl2, EtOAc, acetone) 

resulted in somewhat lower enantioselectivity (entries 6–8, up to 89:11 er). After considering these results, 

we selected toluene as the solvent for further optimization of the reaction conditions.  

 
Table 2. Effects of solvent for the desymmetrization of 2aa 

Entry Solvent 3a (%)b 4a (%)b Recovery of 2a (%)b Er of 3ac 

1 toluene 81 6         10 92:8 

2 t-BuOMe 43 <2         58 71:29 

3 CPMEd 72 2         27 92:8 

4 Et2O 59 2         43 90:10 

5 THF 43 3         53 91:9 

6 CH2Cl2 68 5         29 87:13 

7 EtOAc 47 3         49 89:11 

8 acetone 60 3         41 89:11 
aReactions were performed on a 0.1 mmol scale in solvent (0.05 M) under an argon atmosphere. bYields were determined by 
1H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard. cDetermined by HPLC analysis using CHIRALPAK 
IBN-3. dCyclopentyl methyl ether. 
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We then tested selected bases and the reaction temperature for the desymmetrization of 2a with 1e for 7 h 

(Table 3). The reactions in the presence of triethylamine showed the highest yield of 3a with high 

enantioselectivity compared to TMEDA (91% yield of 3a; 92.5:7.5 er; entry 2 vs 1). The use of 

N,N-diisopropylethylamine resulted in a lower yield of 3a and a significant amount of unreacted 2a was 

recovered (70% yield of 3a; 93:7 er; entry 3). The effects of the reaction temperature in the presence of 

triethylamine were also examined (entries 4–6 vs 2). The reaction at –20 or –40 °C proceeded smoothly, 

but the enantioselectivity was only moderate (85:15 er and 89:11 er, respectively, entries 4 and 5). On the 

other hand, the reaction at –78 °C proceeded incompletely, but the enantioselectivity was slightly 

improved (78% yield of 3a; 93:7 er; 18% recovery of 2a; entry 6). Based on these results, the reaction at 

–60 °C was satisfactory with respect to both the yield of 3a and enantioselectivity. Accordingly, the 

optimal reaction conditions were set as follows: 0.1 mol% of catalyst 1e, 1.1 equiv of isobutyric 

anhydride, and 1.1 equiv of triethylamine in toluene (0.05 M) at –60 °C for 7 h.  

 

Table 3. Effects of base and reaction temperature for the desymmetrization of 2aa 

 

 

 

 

 

Entry Base Temp. (°C) 3a (%)b 4a (%)b Recovery of 2a (%)b er of 3ac 

1 TMEDA –60 81 6         10 92:8 

2 Et3N –60 91 6         2 92.5:7.5 

3 i-Pr2NEt –60 70 4         26 93:7 

4 Et3N –20 93 8         <2 85:15 

5 Et3N –40 92 5         <2 89:11 

6 Et3N –78 78 4         18 93:7 
aReactions were performed on a 0.1 mmol scale in solvent (0.05 M) under an argon atmosphere. bYields were determined by 
1H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard. cDetermined by HPLC analysis using CHIRALPAK 
IBN-3. 

 
The desymmetrization of an array of glycerol derivatives with different protecting groups was examined 

under the optimal conditions (Figure 1).  
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Figure 1. Desymmetrization of various glycerol derivatives by catalyst 1e 

 

The reaction of 2a (PG = TBS) afforded monoacylate 3a in good yield with high enantioselectivity (86% 

isolated yield with 94:6 er) along with 4% of diacylate 4a and 4% recovery of 2a. In addition, the use of a 

bulkier silyl protecting group 2b (PG = TBDPS) showed acceptable results (70% yield of 3b with 94:6 er 

and 30% recovery of 2b), but in this case a more polar solvent, CPME, was required to dissolve diol 3b. 

Other protecting groups, such as 2c (PG = Bn), 2d (PG = MOM) and 2e (PG = Bz), resulted in moderate 

to good yields of monoacylate 3c–e with lower enantioselectivities, and detectable amounts of diacylates 

and unreacted	diols were observed. One possible reason for such poor results might involve barely 

soluble diols 2c–e which lead to incomplete enantiodiscrimination by catalyst 1e.	The solubility of 

monoacylate 3c–e was much higher than that of diols 2c–e. Accordingly, once 3c–e was generated, it was 

readily converted to diacylate 4c–e. For the successful enantioselective desymmetrization of glycerol 

derivatives, a silyl protecting group (e.g., diol 3a) is indispensable for improving the solubility of glycerol 

derivatives. 

Undesirable over-acylation to form diacylates undoubtedly affects the yields and/or enantioselectivity of 

monoacylates. To clarify the enantioselectivity of the second acylation process, a racemate of 

monoacylate 3a was subjected to similar reaction conditions (0.75 equiv of (i-PrCO)2O and Et3N) (eq. 1). 

Over-acylation was relatively fast and gave the corresponding diacylate 4a in 63% conversion in 3 h, but 

the selectivity factors14 were low (s =2). Analysis of the recovered starting material 3a revealed that 

monoacylate 3a (minor enantiomer of the first acylation) was preferentially consumed. This result 

suggested that the over-acylation process involved kinetic resolution and tended to increase the 

enantio-enrichment of 3a, but its selectivity was rather low. 
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Finally, the absolute configuration of monoacylate 3a was determined by comparison to a known 

compound (Scheme 1). Benzylation of monoacylate 3a (93:7 er) using DPT-BM15 under mild conditions 

gave product 5, and the subsequent removal of an acyl group and silyl group of 5 gave diol 7, the absolute 

configuration of which was determined to be S by comparison to the specific optical rotation reported for 

(R)-7.16 Based on this result, monoacylate 3a have an R configuration, and monoacylates 3b–e were also 

assigned R by analogy.  

 

 

 

 

 

 

 

 

 

Scheme 1. Determination of the absolute configuration of 3a 

 

In summary, we have demonstrated that a small amount of catalyst 1e efficiently promoted an 

enantioselective acylative desymmetrization of glycerol derivatives. The reactions required only 0.1 

mol% of the catalyst and showed moderate to good enantioselectivity (up to 94:6 er). Control experiments 

revealed that the first acylation proceeded enantio- and chemoselectively rather than the second acylation 

to give diacylate. Further applications of these products to the synthesis of biologically important 

molecules are now in progress. 
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REFERENCES AND NOTES 
1. M. Pagliaro, R. Ciriminna, H. Kimura, M. Rossi, and C. Della Pina, Angew. Chem. Int. Ed., 2007,  

46, 4434; C.-H. Zhou, J. N. Beltramini, Y.-X. Fan, and G. Q. Lu, Chem. Soc. Rev., 2008, 37, 527. 

OCOi-Pr

OH

3a
93:7 er

TBSO

2.0 equiv DPT-BM
2.0 equiv MgO

DME (1.0 M)
25 °C, 20 h

OCOi-Pr

OBn

5

TBSO

N

N

N

OPh

PhO N
O

Bn

OTf

DPT-BM

5.0 equiv K2CO3

MeOH (0.1 M)
25 °C, 3 h

OH

OBn

6

TBSO

1.5 equiv TBAF

THF (0.2 M)
25 °C, 4 h

OH

OBn

(S)-7
37% yield (3 steps)

HO

[α]D
24 -3.6 (c 0.9, CHCl3)

lit.16 [α]D
25 +5.5 (c 1.0, CHCl3, R configuration)

1088 HETEROCYCLES, Vol. 102, No. 6, 2021



 

2. Y. Seo, K. W. Cho, H.-S. Lee, J.-R. Rho, and J. Shin, J. Nat. Prod., 1999, 62, 122; L. G. Meimetis, 

D. E. Williams, N. R. Mawji, C. A. Banuelos, A. A. Lal, J. J. Park, A. H. Tien, J. G. Fernandez, N. J. 

de Voogd, M. D. Sadar, and R. J. Andersen, J. Med. Chem., 2012, 55, 503; Y. Nakamura, H. Kato, T. 

Nishikawa, N. Iwasaki, Y. Suwa, H. Rotinsulu, F. Losung, W. Maarisit, R. E. P. Mangindaan, H. 

Morioka, H. Yokosawa, and S. Tsukamoto, Org. Lett., 2013, 15, 322. 

3. D. Breitgoff, K. Laumen, and M. P. Schneider, J. Chem. Soc., Chem. Commun., 1986, 1523; V. 

Kerscher and W. Kreiser, Tetrahedron Lett., 1987, 28, 531; Y. Terao, M. Murata, K. Achiwa, T. 

Nishio, M. Akamtsu, and M. Kamimura, Tetrahedron Lett., 1988, 29, 5173; Y. F. Wang and C. H. 

Wong, J. Org. Chem., 1988, 53, 3127; M. Murata, Y. Terao, K. Achiwa, T. Nishio, and K. Seto, 

Chem. Pharm. Bull., 1989, 37, 2670. 

4. B. M. Trost, S. Malhotra, T. Mino, and N. S. Rajapaksa, Chem. Eur. J., 2008, 14, 7648; J. Y. Lee, Y. 

S. You, and S. H. Kang, J. Am. Chem. Soc., 2011, 133, 1772. 

5. T. Oriyama, H. Taguchi, D. Terakado, and T. Sano, Chem. Lett., 2002, 31, 26; C. A. Lewis, B. R. 

Sculimbrene, Y. Xu, and S. J. Miller, Org. Lett., 2005, 7, 3021; A. Sakakura, S. Umemura, and K. 

Ishihara, Adv. Synth. Catal., 2011, 353, 1938; H. Aida, K. Mori, Y. Yamaguchi, S. Mizuta, T. 

Moriyama, I. Yamamoto, and T. Fujimoto, Org. Lett., 2012, 14, 812; Z. X. Giustra and K. L. Tan, 

Chem. Commun., 2013, 49, 4370. 

6. H. Mandai, S. Irie, K. Mitsudo, and S. Suga, Molecules, 2011, 16, 8815; H. Mandai, K. Murota, K. 

Mitsudo, and S. Suga, Org. Lett., 2012, 14, 3486; H. Mandai, S. Irie, M. Akehi, K. Yuri, M. Yoden, 

K. Mitsudo, and S. Suga, Heterocycles, 2013, 87, 329; H. Mandai, K. Shimowaki, K. Mitsudo, and S. 

Suga, Asian J. Org. Chem., 2014, 3, 437; H. Mandai, T. Fujiwara, K. Noda, K. Fujii, K. Mitsudo, T. 

Korenaga, and S. Suga, Org. Lett., 2015, 17, 4436; H. Mandai, K. Shimowaki, K. Hongo, K. 

Mitsudo, and S. Suga, Heterocycles, 2017, 94, 492. 

7. H. Mandai, K. Fujii, H. Yasuhara, K. Abe, K. Mitsudo, T. Korenaga, and S. Suga, Nat. Commun., 

2016, 7, 11297; K. Fujii, K. Mitsudo, H. Mandai, T. Korenaga, and S. Suga, Chem. Eur. J., 2019, 25, 

2208. 

8. K. Fujii, K. Mitsudo, H. Mandai, and S. Suga, Bull. Chem. Soc. Jpn., 2016, 89, 1081; K. Fujii, K. 

Mitsudo, H. Mandai, and S. Suga, Adv. Synth. Catal., 2017, 359, 2778; H. Mandai, R. Shiomoto, K. 

Fujii, K. Mitsudo, and S. Suga, Org. Lett., 2021, 23, 1169. 

9. H. Mandai, H. Yasuhara, K. Fujii, Y. Shimomura, K. Mitsudo, and S. Suga, J. Org. Chem., 2017, 82, 

6846; H. Mandai, K. Ashihara, K. Mitsudo, and S. Suga, Chem. Lett., 2018, 47, 1360; H. Mandai, T. 

Hironaka, K. Mitsudo, and S. Suga, Chem. Lett., 2021, 50, 471. 

10. H. Mandai, K. Hongo, T. Fujiwara, K. Fujii, K. Mitsudo, and S. Suga, Org. Lett., 2018, 20, 4811. 

11. R. P. Wurz, Chem. Rev., 2007, 107, 5570; H. Mandai, K. Fujii, and S. Suga, Tetrahedron Lett., 2018, 

HETEROCYCLES, Vol. 102, No. 6, 2021 1089



 

59, 1787. 

12. Initial screening of the substrate structure revealed that protection of the 2-hydroxy group was 

important for improvement of substrate solubility in common organic solvents, and for achieving 

high enantioselectivity and chemoselectivity. 

13. Based on our previous report, isobutyric anhydride as an acylation reagent showed the higest 

enantioselectivity of monoacylate compared to isobutyric chloride or acetic anhydride. See, ref 8. 

14. H. B. Kagan and J. C. Fiaud, Top. Stereochem., 1988, 249. 

15. K. Yamada, Y. Tsukada, Y. Karuo, M. Kitamura, and M. Kunishima, Chem. Eur. J., 2014, 20, 

12274. 

16. A. Rouf, M. A. Aga, B. Kumar, and S. C. Taneja, Tetrahedron Lett., 2013, 54, 6420. 

17. General Procedure for the desymmetrization of 2-O-protected glycerol derivatives with 

catalyst 1e under optimal conditions 

When 0.1 mol% of the catalyst was used in the reaction, a solution of the catalyst in CHCl3 (10.0 

mM) was prepared in advance. This stock solution was added to a test tube, and then the solvent was 

removed. The resulting catalyst was used for the following reaction. 

To a solution of catalyst 1e (0.1mol%), substrate 2a–e (1.0 equiv), and Et3N (1.1 equiv) in dry 

toluene or CPME (0.05 M) was added (i-PrCO)2O (1.1 equiv) at –60 °C. MeOH (2 mL) was added 

to quench the reaction and the mixture was stirred for 30 min at room temperature. H2O (10 mL) was 

added, and the mixture was then extracted with EtOAc (10 mL×3), dried over MgSO4, and 

concentrated in vacuo to give the crude mixture. Purification of the crude product by flash column 

chromatography on silica gel (eluent: hexane/EtOAc = 3:1 to 1:3, v/v) gave the monoacylate 3a–e, 

diacylate 4a–e and recovery of substrate 2a–e. The enantiomeric ratios were determined by HPLC 

analysis. 

 

1090 HETEROCYCLES, Vol. 102, No. 6, 2021




