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Abstmrt: A new technique - immobihtion of substrates on solid supports - was applied to the synthesis of a new 

potent optically pure semtonin receptor antagonist. 

The use of enzymes as catalysts for stereoselective transformations1 has recently gained in popularity, 

especially, in the synthesis of optically pure drugs2. One of the most developed techniques in the preparation of 

optically pure building blocks is enzyme-catalyxed hydrolysis of the corresponding racemic esterst. This 

technique has successfully been used for the synthesis of B_adrenergic blocking agents’, nonsteroidal 

antiinflammatory drugsq serotonin receptor antagonis&, adenosine receptor agent&, and several other 

synthetic optically pure pharmaceuticals’. 

Since many of the esters are highly lipophilic compounds, the substrate solubility in the aqueous reaction 

mixture presents a serious problem. This problem can be alleviated by using enzymes in aqueous-organic 

biphssic mixture@, or by addition of water-miscible organic solvents. All these methods have their advantages 

and drawbacks, the main problem being the denaturation of enzymes by an organic co-solvent. 

Following the proposal by Nieduziak and Cad we decided to investigate the lipase-catalyzed hydrolysis by 

adsorbing the ester substrate on a solid support. 

In this paper we report the investigation of this technique in the synthesis of a new serotonin receptor 

antagonist MDL 100907 ((R)-1)9. This (R) -enantiomer is much more active both in vitro and in uivo than its 

Q-counterpart and the well known achiral serotonin receptor antagonist, ketanserin. Even more importantly, 

MDL 100907 shows extremely high selectivity towards the 5-HT2 receptorg. 

In general, enantiomerically pure alcohols can be prepared by two major procedures: enzyme-catalyzed 

hydrolysis of esters in water or acylation of alcohols in organic solventstc 

Attempts to resolve the racemic 1 by lipase-catalyzed stereoselective acylation with vinyl acetate or acetic 

anhydride in organic solvents were unsuccessful due to extremely low reaction rates. Among several lipaseslo 

screened for the stereoselecive hydrolysis of 2 in aqueous buffer, only lipase from Candida rugosa (formerly 

known as Candida cylindrucea) showed somewhat modest activity (Scheme). Even in this case the conversion 

of 2 was only 13% after 4 days at 45oC (Table). Attempts to increase the reaction rate by using a 

methanol/aqueous buffer mixture (15) or terr-butyl methyl ether (t-BuOMe) saturated with buffer as the 

reaction media failed to increase the yield of (R)-1. The me of enzyme immobilized on Celite in the latter 

solvent system also showed no improvement. 
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As a consequence we decided to try a new approach - immobilization of a substrate on a solid support. 

In a typical experiment 

i 

30 mg of a solid support (Table) was added to 80 mg of 2 dissolved in 2 mL t- 

BuOMe. After evapora ion of the ether, the substrate-coated silica was transferred to 5 mL of 0.1 M 

phosphate buffer (pH 7.4) containing 11 mg of partially purified enzyme.” The progress of the lipase- 

catalyzed reaction, as well as the optical purity of 1 and 2 were. determined by HPLC using a Chiralcel OD 

column (Daicel) with a mobile phase of heptane:octanol:diethylamine (8Or2O:O.l) at a flow rate 1mIJmin and 

detection at 280 nm. The results are presented in the Table. 

Table. Enzyme-Catalys/ed Hydrolysis Using Substrate Immobilixed on Different Inorganic Supports. 

I SupPort (4-l W-J) N-1 Ester (2) 

after 96 h (liquid/solid) (liquid/solid) 

I I I I 
I 
I 

SiOd 

AI203 (neutral) 

AI203 (acid) 

A1203 (+% 

ZOrbaxi c8 

38 2:l 1:lO 

26 2:3 1:37 

31 1:l 1:22 

34 1:2 1:31 

30 2:l 1:21 

VYdac 18 37 4:l 1:16 

Cklijc 33 51 1:6 

I I 13 
I I 
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The adsorption of 2 on different inorganic supports facilitates the lipase-catalyxed resolution. Although 

an immobilized substrate remains insoluble in water, adsorption on supports seems to prevent its aggregation 

and apparently makes a substrate more accessible to the enzyme. The type of support has no effect on the 

degree of conversion or the rate of the reaction. In nearly all the cases the conversion of 2 to (R)-1 was more 

than 30% after 96 h incubation and the optical purity of (R)-1 was at least 99% ee. In no case could (,!+l be 

found in the reaction mixture by the analytical method used. 

In order to demonstrate the feasibility of the proposed substrate immobilization technique on large scale, 

90g of 2 adsorbed on 270g silica was hydrolyzed by Iipase for 4 days at 45OC. As a result 23g of (R)-1 (36% 

yieldrz; 96% ee) was obtained. 

This example indicates that immobilization of substrates on a solid support has several advantages over 

the use of water-saturated organic solvents or mixtures of water and water-miscible organic solvents for 

hydrolytic reactions. First, the operating stability and activity of the enzyme may be higher since no organic 

solvent or any other additive is added. Secondly, higher enzyme concentrations can be achieved compared to 

the biphasic systems . 

Another important feature which this method, at least in principle, can offer is the ability to regulate the 

partition of both a substrate and a product between a solid support and a solution simply by changing the 

support. In an ideal situation a lipophilic ester would remain on the support and a more hydrophilic alcohol 

would be released into solution. If this goal can be achieved, then the immobilization of substrates on solid 

supports will provide an excellent method not only for facilitating enzyme-catalyzed hydrolysis but also for 

facilitating the isolation of products. 

The results presented in this paper indicate that indeed the distribution of the remaining substrate (eater) 

and the product (alcohol) between the reaction medium (liquid) and a support (solid) is influenced by the 

chosen support (Table). One can see that the major portion of the ester (up to 97%) remains adsorbed on the 

support whereas the partition of the alcohol is more even 13. The portion of (R)-1 in buffer varies from 84% 

(Celite) to 30% (basic Al2O3) 

Although these ratios are not high enough to warrant the use of these supports as a new separation 

procedure at the present time, the mechanism of the adsorption of the substrates and the products on solid 

supports is worth special study. Clearly, several parameters such as hydrophobicity, pore size and particle size 

of a support, as well as the distribution of a substrate inside the support may critically affect the partition of the 

reactants and products during hydrolysis. If these relations are properly studied and understood this technique 

may become an important tool for enzyme-catalyzed hydrolysis in general and for resolution of optically pure 

compounds in particular. 
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Lipases from Pseqbmonus sp. (AK and P) and Asperguillus niger (AP and APF12) from Amano as well 

as porcine pancreatic lipase (Sigma) were not active in this reaction. 

Crude commercial “nzyme (Sigma) was partially purified by precipitation with ammonium sulfate as 

described (Wu, S.#.; Guo, Z.-W.; Sih, CJ. J. Am. Chem. Soc.1990,112,1990-1995) dialyzed (1OOg of 

crude enzyme gav& 230 mL solution) and lyophilized to 250 mg of a solid. 

Both the solid and /aqueous layers were extracted by EtOAc. The combined organic solutions were 

concentrated to a r#sidue which was purified by flash chromatography. Recrystallization from 

cyclohexane givesi(R)-l as a white solid: mp 113-114OC, 1H NMR (CDC13) 6 6.7-7.2 (m, 7H, Aryl), 

4.63 (d, lH, J=8.51Hz, CHO), 3.87 (s, 6H, OCH3’s), 3.1 (m, lH), 2.9 (m, lH), 2.7 (m, 2H), 2.5 (m, 3H), 

1.8-2.1 (m, 3H), 1,7 (m, lH), 1.2-1.6 (m,3H); MS (CI, CH4); m/z (rel. intensity) 374 (MH+, 65%), 356 

(68), 364 (27), 342 (6), 322 (8), 264 (lOO), 236 (7); [aID 20 + 14.0 (c 0.49, CHCl3); Anal Calcd for 

C22H2gFN03 (3q3.5): C, 70.75; H, 7.56, N, 3.75. Found: C, 70.53; H, 7.73; N, 3.63. 

After 4 days of in libation the reaction mixtures were centrifuged (5 min at 4000 rpm). Both 

supematants and 1 lid supports were extracted individually with EtOAc (30 mL) and analyzed by HPLC 

to determine the abounts of 2 and 1. 


