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Abstract – Nitrogen-tethered bisimidazoline (Nb-imidazoline) ligand was 

utilized in the Cu(I)-catalyzed benzoylation of 1,2-diols.  With the assistance of 

i-Pr2NEt, the reaction of rac-1,2-diols with o-methylbenzoyl chloride was 

smoothly catalyzed by Nb-imidazoline-CuCl in CH2Cl2 to give the corresponding 

o-methylbenzoylated secondary alcohols in up to 79% ee.

Because the hydrogen-bonding network plays a key role in regulating biological phenomena, the 

development of an efficient synthetic method for producing chiral diols has been receiving much attention.  

The kinetic resolution of alcohols by nonenzymatic asymmetric catalysis1-6 would be the most 

fundamental procedure for supplying such optically active vic-diol compounds directed toward the 

synthesis of biologically significant molecules.7-20 

We have recently designed and synthesized a new type of X-tethered bisimidazoline ligand that shows 

diversity of R1 to R4, X, and linker length (n).21  The use of various metal salts would generate a series of 

imidazoline-metal complexes (Figure 1).   

 

 

 

Figure 1. X-Tethered bisimidazoline ligand-metal complex 
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The synthesis of nitrogen-tethered bisimidazoline (Nb-imidazoline) is summarized in Scheme 1.  After 

the construction of a heterocyclic chloromethylated imidazoline from commercially available chiral 

(S,S)-diphenylethylenediamine, two molecules of the tosyl derivative were connected by substitution 

using benzylamine.  
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Scheme 1. Synthesis of nitrogen-tethered bisimidazoline (Nb-imidazoline). 

 

In the course of our study on the catalytic ability of newly developed Nb-imidazoline, we succeeded in 

developing an efficient asymmetric desymmetrization of meso-diols22 using a novel reaction optimization 

system called “solid-phase catalysis CD-HTS.”23  We have also reported one example of the kinetic 

resolution of rac-1,2-diphenylethanediol using Nb-imidazoline-CuCl catalyst (Scheme 2).22 
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Scheme 2. Kinetic resolution of rac-1,2-diphenylethanediol. 

 

We report herein the application of this fascinating catalyst system to the kinetic resolution of 

rac-1,2-diols . 

 

We started our experiment with the simple application of the original catalyst system developed for the 

desymmetric benzoylation of meso-diols.  The reaction of rac-3,3-dimethyl-1,2-butanediol with benzoyl 

chloride was examined using 5 mol% Nb-imidazoline-CuCl; however, the reaction at -40 °C in CH2Cl2 

gave benzoylated secondary alcohol (1) in 58% yield and only 52% ee (Table 1, entry 1).  When the 
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reaction was carried out at -78 °C, the result was disappointing in that enantioselectivity was decreased 

further to 36% ee (Table 1, entry 2).  The use of p-Br-benzoyl chloride, which showed better 

enantioselectivities in some cases in the desymmetrization of meso-diols, gave results similar to those 

using benzoyl chloride (Table 1, entry 3).  Although initial attempts at the simple application of the 

original catalyst system resulted in moderate enantioselectivities, the generality of the catalyst system 

using several kinds of rac-1,2-diols was confirmed as summarized in Table 1. 

 

Table 1. Kinetic Benzoylation of 1,2-Diols Using Nb-Imidazoline-CuCl Catalyst  

R1 OH

OH
+

Nb-imidazoline (5.5 mol %)
CuCl (5 mol %)

O

Cl
R1

O

OH

O

R1 OH

O O

+

CH2Cl2, i-Pr2NEtR2

R2

R2

1 2

1.0 eq 0.5 eq

 
Entry R1 R2 Temp (oC) Time (h) Yield (%)a 

(1/2) 

ee (%) 

(1/2) 

1 t-Bu H -40 14 58/4 52/61 

2 t-Bu H -78 94 70/18 36/ND 

3 t-Bu p-Br -40 14 58/14 51/80 

4 Me H -40 33 76/14 47/73 

5 Et H -40 22 80/8 44/73 

6 Bu H -40 20 78/12 43/92 

7 Ph H -40 22 80/12 42/ND 
aYields are based on benzoyl chlorides.  ND: not determined.  

 

Interestingly, although benzoylated primary alcohol (2) was the minor product, it recorded higher 

enantioselectivities (ranging from 61% ee to 92% ee) than major product 1.  The migration of benzoyl 

group and the formation of the bisbenzoylated products were negligible under the current reaction 

conditions.  Compared with the benzoylation route for 1, that for 2 has to occur on sterically hindered 

secondary alcohol.  This prompted us to conduct further experiments using sterically hindered benzoyl 

chloride derivatives to improve stereoselectivity.  To our delight, the enantioselectivity of the product 

was improved; for example, the reaction of rac-3,3-dimethyl-1,2-butanediol with o-methylbenzoyl 

chloride using 5 mol% Nb-imidazoline-CuCl catalyst gave the product in 43% yield and 73% ee (Table 2, 

entry 1).  In this reaction, the minor product of secondary alcohol was obtained only in trace amount.  

Encouraged by this result, the generality of the reaction using o-methylbenzoyl chloride was examined, 
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and the results are summarized in Table 2.24 

 

Table 2. Kinetic Resolution of rac-1,2-Diols Catalyzed by Nb-Imidazoline-CuCl Complex 

R1 OH

OH
+

Nb-imidazoline (5.5 mol %)
CuCl (5 mol %)

O

Cl
R1

O

OH

OMe

Me

R1 OH

O O

Me
+

CH2Cl2, i-Pr2NEt, -40 oC, 20 h

1 2
1.0 eq 0.5 eq

 
Entry R1 Yield (%) (1/2)a ee (%) (1/2) 

1 t-Bu 86/trace 73/- 

2 Me 62/14 78/89 

3 Et 78/20 79/89 

4 n-Bu 68/22 75/97 

5 Ph 72/14 61/98 
aYields are based on o-methylbenzoyl chloride. 

 

When 1,2-butanediol was utilized in the asymmetric o-methylbenzoylation, the enantiomeric excess of 1 

reached 79% ee (Table 2, entry 3).  Not only aliphatic substrates (Table 2, entries 1-4) but also the 

phenyl-substituted substrate was converted into the target o-methylbenzoylated secondary alcohol with 

reasonable enantioselectivity (Table 2, entry 5).25 

 

One possible mechanism for the generation of regio- and enantioselectivity in the Nb-imidazoline-CuCl 

catalyzed benzoylation of rac-1,2-diols was proposed, as shown in Figure 2.  Using chiral 

(S,S)-Nb-imidazoline, the (R)- or (S)-enantiomer of 1,2-diol would form the diastereomeric 

catalyst-substrate complex.  When the 1,2-diol coordinates to the Cu atom in a bidentate manner, a total 

of four complexes are possible (A to D) in Figure 2.  Of the four possible coordination manners, B and 

C exhibit significant steric repulsion between phenyl group on Nb-imidazoline and R group of the 

substrate.  Thus, the equilibrium should lean toward the formation of A and D, respectively.  At this 

stage, in the benzoylation of diols using Cu catalyst, the hydroxyl group would be activated by the Lewis 

acidity of the Cu cation.  Because the Jahn-Teller effect made the equatorial site more acidic than the 

axial site, the OH group existing at the equatorial site would smoothly react with benzoyl chloride.26, 27 

Structure A satisfies the requirements for benzoylation from the less-hindered primary alcohol via 

equatorial coordination.  The formation of (R)-enriched benzoylated secondary alcohol 1 using 

(S,S)-Nb-imidazoline-CuCl catalyst is also well explained by A. 
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Figure 2  

 

In summary, we have succeeded in developing an efficient kinetic resolution of rac-1,2-diols using the 

Nb-imidazoline-CuCl catalyst.  Because the non-enzymatic approach is practically useful, the current 

approach would be the method of choice for the synthesis of chiral 1,2-diols.  Further applications of 

fascinating Nb-imidazoline-metal complexes in asymmetric catalysis are in progress. 
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