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Abstract

Glycerol is an ideal building block for the synthesis of complex molecules, because it is

inexpensive and highly functionalized. We report the desymmetrization of glycerol through silyl

transfer, using a chiral organic catalyst in high yield and enantioselectivity.

There are an abundance of natural products and biologically active compounds that can be

derived from glycerol (Figure 1).1 Although glycerol is an achiral compound, the majority of

natural products derived from glycerol are chiral. This fact has led many research groups to

investigate reaction sequences that efficiently access a desymmetrized variant of glycerol.

One of the most successful methods for accessing these compounds is a multiple step

sequence that uses mannitol, a chiral pool material.2 Because glycerol is a commodity

chemical (a by-product of biodiesel production), it would be desirable to develop methods

that can directly convert glycerol into chiral building blocks. Enzymatic esterases have been

shown to selectively hydrolyse the meso diester of glycerol;3 however, there are a limited

number of methods that can directly desymmetrize glycerol in a single step with high

enantioselectivity. The most successful desymmetrizations are in the area of enzymatic

reactions,4 and the only reported synthetic catalysts for the desymmetrization of glycerol use

derivatives that are functionalized at the C2-hydroxyl.5 In this communication, we report an

organic catalyst that directly desymmetrizes glycerol in a single step through silylation with

state-of-the-art yield and enantioselectivity (>99:1 er, Table 1).

Previous work in our laboratories6 has shown that catalyst 4 is effective at the

desymmetrization and kinetic resolution of 1,2-diols via silyl transfer.7,8,9,10 Glycerol poses

a more challenging substrate class because it contains two reactive primary alcohols, such

that suppression of over-addition is critical to obtain high yield and enantioselectivity of the

monofunctionalized product. Catalyst 4 has a unique mode of action in which it covalently

bonds to alcohol-based substrates and then, through either intramolecular general base

catalysis or electrophile transfer, functionalizes the unbound alcohol. We have termed this

mode of action scaffolding catalysis,11 because a primary function of the catalyst is to hold

several reacting partners in close proximity to one another. The intramolecular nature of the
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catalyst activation encouraged us to test glycerol as a substrate as a means of suppressing

over-silylation. Implementing catalyst 4a with TBSCl as the electrophile yields the desired

silylated product in in 68% yield by 1H NMR and 97:3 er with 14% of bis-silylated product

3 also forming (Table 1, entry 1). Upon optimizing the R group proximal to the imidazole,

catalyst 4c was found to deliver (R)-2 in 78% yield and >99:1 er (Table 1, entry 3). The bis-

silyated product 3 also forms in the reaction in 12% yield. The origin of 3 is believed to be a

catalysed process rather than background reaction (vida infra). Reducing the catalyst loading

to 5 mol% results in only a small decrease in yield and er (er = 96:4, Table 1, entry 5). As a

control reaction, catalyst 5, which does not have a covalent substrate-binding site, was

employed affording 2 in 52% yield as a racemic mixture (Table 1, entry 6). An additional

control experiment with 2-methyl-1,3-propanediol, which lacks a secondary hydroxyl, also

resulted in low yield and enantioselectivity of the mono-silylated product (eq 1). These

results are consistent with covalent bonding between the secondary hydroxyl of the substrate

and catalyst being essential for enantioselectivity.

(1)

With the optimal conditions in hand we investigated the range of silyl chlorides that can be

employed in the reaction. Both TIPSCl and TBDPSCl provide the mono-silylated product in

high yield and enantioselectivity (eq 2). These silylating reagents generally require extended

reaction times (24 h) in order to achieve high conversions. Employing the more reactive

TESCl results in a complex mixture of products. In this case, both the bis-silylated product,

in which the secondary hydroxyl is protected, and the secondary hydroxyl mono-silylated

product are observed.‡

(2)

The formation of 3 with TBSCl was unusual for catalyst 4 since in the desymmetrization of

cis-1,2-diols bis-silylated products were not observed in significant quantities.6b To

determine the origin of the over-silylation the yield and enantioselectivity were monitored as

‡The functionalization of the secondary hydroxyl is consistent with previous published results (ref 6a), which demonstrate the
regiodivergent resolution of terminal 1,2-diols.
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a function of time. As Figure 2 shows, the initial enantioselectivity of the reaction is 90:10

er with 45% yield of 2 after 1 h. Over time the enantioselectivity increases to >99:1 er with

concomitant formation of 3. These results are consistent with a secondary resolution

occurring on the mono-silylated product.12 Rephrasing these results in terms of kinetics, the

formation of (R)-2 is approximately 9x faster than (S)-2 (k2 > k1, Figure 3). Notably, both

(S)-2 and (R)-2 can still bind to the catalyst; however, (S)-2 is stereochemically matched to

catalyst 4c. A secondary kinetic resolution occurs in which (S)-2 reacts at a faster rate than

(R)-2 (k3 > k4, Figure 3). Consequently, the formation of 3 is still a scaffold-catalysed

process, which helps to increase the enantioselectivity of the desired product (R)-2.

The desymmetrization of glycerol has proven to be a challenging problem in asymmetric

catalysis. By employing a catalyst that uses reversible covalent bonding, a highly efficient

desymmetrization is achieved. In this case, the power of intramolecularity helps to avoid

intermolecular processes that lead to undesired by-product formation. We are continuing to

explore modifications of the catalyst structure to improve catalyst activity, and we are

investigating the expansion of the scope of the reaction to other electrophiles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We are grateful for the financial support from NSF (CHE-1150393) and NIGMS (RO1GM087581). We also thank
Xixi Sun and Amanda Worthy for experimental assistance.

Notes and references

1. (a) Jung ME, Shaw TJ. J Am Chem Soc. 1980; 102:6304.(b) Tsuda Y, Yoshimoto K, Nishikawa T.
Chem Pharm Bull. 1981; 29:3593.(c) Rotstein DM, Kertesz DJ, Walker KAM, Swinney DC. J Med
Chem. 1992; 35:2818. [PubMed: 1495014] (d) Martin SF, Josey JA, Wong YL, Dean DW. J Org
Chem. 1994; 59:4805.(e) Camps P, Farrés X, García ML, Mauleón D, Carganico G. Tetrahedron
Asymmetry. 1995; 6:2365.(f) Murakami A, Nakamura Y, Koshimizu K, Ohigashi H. J Agric Food
Chem. 1995; 43:2729.(g) Xu Y, Lee SA, Katateladze TG, Sbrissa D, Shisheva A, Prestwich GD. J
Am Chem Soc. 2006; 128:885. [PubMed: 16417379] (h) Meimetis LG, Williams DE, Mawji NS,
Banuelos CA, Lal AA, Park JJ, Tien AH, Fernandez JG, de Voogd NJ, Sadar MD, Andersen RJ. J
Med Chem. 2012; 55:503. [PubMed: 22148427]

2. (a) Baer E, Fischer HOL. J Biol Chem. 1939; 128:463.(b) Baldwin JJ, Raab AW, Mensler K, Arison
BH, McClure DE. J Org Chem. 1978; 34:4876.(c) Kierstead RW, Faraone A, Mennona F, Mullin J,
Guthrie RW, Crowley H, Simko B, Blaber LC. J Med Chem. 1983; 26:1561. [PubMed: 6138434]
(d) Schmid CR, Bryant JD, Dowlatzedah M, Phillips JL, Prather DE, Schantz RD, Sear NL, Vianco
CS. J Org Chem. 1991; 56:4056.

3. (a) Suemune H, Mizuhara Y, Akita H, Sakai K. Chem Pharm Bull. 1986; 34:3440. [PubMed:
3791517] (b) Breitgoff D, Laumen K, Schneider MP. J Chem Soc, Chem Commun. 1986:1523.(c)
Edwards SD, Lewis T, Taylor RJK. Tetrahedron Lett. 1999; 40:4267.

4. (a) Chenault HK, Chafin LE, Liehr S. J Org Chem. 1998; 63:4039.(b) Asano Y, Fujiwara I, Kato Y.
Bioorg Med Chem Lett. 1999; 9:3207. [PubMed: 10576689] (c) Kato Y, Fujiwara I, Asano YJ. J
Mol Cat B Enzym. 2000; 9:193.(d) Xu J-H, Kato Y, Asano Y. Biotechnol Bioeng. 2001; 73:493.
[PubMed: 11344454] (e) Batovska DI, Tsuboto S, Kato Y, Asano Y, Ubukata M. Tetrahedron
Asymmetry. 2004; 15:3551.(f) Caytan E, Cherghaou Y, Barril C, Jouitteau CC, Rabiller C, Remaud
GS. Tetrahedron Asymmetry. 2006; 17:1622.

Giustra and Tan Page 3

Chem Commun (Camb). Author manuscript; available in PMC 2014 May 14.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



5. (a) Lewis CA, Sculimbrene BR, Xu Y, Miller SJ. Org Lett. 2005; 7:3021. [PubMed: 15987195] (b)
Trost BM, Malhotra S, Mino T, Rajapaksa NS. Chem-Eur J. 2008; 14:7648. [PubMed: 18655088]
(c) Sakakura A, Umemura S, Ishihara K. Adv Syn Catal. 2011; 353:1938.

6. (a) Worthy AD, Sun X, Tan KL. J Am Chem Soc. 2012; 134:7321. [PubMed: 22515351] (b) Sun X,
Worthy AD, Tan KL. Angew Chem Int Ed. 2011; 50:8167.

7. For examples of asymmetric silyl transfer see: Rodrigo JM, Zhao Y, Hoveyda AH, Snapper ML.
Org Lett. 2011; 13:3778. [PubMed: 21711005] Sheppard CI, Taylor JL, Wiskur SL. Org Lett. 2011;
13:3794. [PubMed: 21714486] You Z, Hoveyda AH, Snapper ML. Angew Chem, Int Ed. 2009;
48:547.Yu Z, Mitra AW, Hoveyda AH, Snapper ML. Angew Chem Int Ed. 2007; 46:8471.Zhao Y,
Rodrigo J, Hoveyda AH, Snapper ML. Nature. 2006; 443:67. [PubMed: 16957727] Isobe T, Fukuda
K, Araki Y, Ishikawa T. Chem Commun. 2001; 3:243.

8. For a review on asymmetric Si-O bond coupling see: Weickgenannt A, Mewald M, Oestreich M.
Org Biomol Chem. 2010; 8:1497. [PubMed: 20237658]

9. For a recent example of asymmetric desilylation see: Yan H, Jang HB, Lee JW, Kim HK, Lee SW,
Yang JW, Song CE. Angew Chem Int Ed. 2010; 49:8915.

10. For recent examples of dehydrogenative silyl coupling see: Weickgenannt A, Mohr J, Oestreich M.
Tetrahedron. 2012; 68:3468.Grajewksa A, Oestreich M. Synlett. 2010; 16:2482.

11. This form of catalysis has also been refered to as catalytic directing groups. For recent examples
see: Stache EE, Seizert CA, Ferreira EM. Chem Sci. 2012; 3:1623.Rousseau G, Breit B. Angew
Chem Int Ed. 2011; 50:2450.Tan KL. ACS Cat. 2011; 1:877.Ng DJ, Moran J, Beauchemin AM. J
Am Chem Soc. 2011; 133:20100. [PubMed: 22098595] Gouliaras C, Lee D, Chan L, Taylor MS. J
Am Chem Soc. 2011; 133:13926. [PubMed: 21838223] Lee D, Taylor MS. J Am Chem Soc. 2011;
133:3724. [PubMed: 21355584] Park YJ, Park JW, Jun CH. Acc Chem Res. 2008; 41:222.
[PubMed: 18247521] Bedford RB, Betham M, Caffyn A, Charmant J, Lewis-Alleyne L, Long P,
Polo-Ceron D, Prashar S. Chem Commun. 2008:990.Lewis J, Wu J, Bergman RG, Ellman J.
Organometallics. 2005; 24:5737.Pascal R. Eur J Org Chem. 2003; 10:1813.

12. (a) Wang Y-F, Chen C-S, Girdaukas G, Sih CJ. J Am Chem Soc. 1984; 106:3695.(b) Schreiber SL,
Schreiber TS, Smith DB. J Am Chem Soc. 1987; 109:1525.

Giustra and Tan Page 4

Chem Commun (Camb). Author manuscript; available in PMC 2014 May 14.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1.
Biologically Active Glycerol Derived Products
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Figure 2.
Time Course of Selectivity and Yield of Desymmetrization
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Figure 3.
Mechanism of Secondary Kinetic Resolution
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