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Rapamycin (1) is a naturally occurring 31-membenzd rnwocyclic lactone with potent 

immunosuppressive propi~rties.~ Great excitement has been generated in using rapamycin as a therapeutic 

agent to pnvcnt transplant rejection.2 Due to its many structural features, rapamycio is sensitive to hydrolysis, 

eliminatioq reduction, and oxidation under mild conditions, thus, the pteparation of rapamycin derivatives is 

challenging.3 We have been exploring methods to conjugate rapamycin for various immunoassay components. 

In order to prepare immunogens suitable for antibody production we needed an efficient synthesis of rapamycin 

42-hemisuccinate. Direct edcation of the 42-position secondary alcohol with succinic anhydride in the 

pxem of a weak base gave low yields of the desired product 4 (1 1%).4 preparation of rapamycin succinic 

acid diesters 2 and 3 using ethyl succinyi chloride or benzyl succinyl c&ride was accomplished with high 

yields.5 Attempts to selectively remove the benzyl group by mild reduction (catalytic transfer hydrogenation 

using either l&cyclohexadiene or ammonium formate and 10% Pd/C$ gave the hemisuccinate along with 

partial reduction of the triene as evidenced by MS and proton NMR. Miid base hydrolysis of the methyl ester 

was also not succestiul leading to products of ring ~~oR.~ 

Under these cin~mstances we turned to chemo-enzymatic methods. Enzymes have been used very 

effectively for steteoselective hydrolysis and are also known to carry out mgioselective transformations where 

typical organic teactions fail.7 Lipase has been used successfully for the mild hydrolysis of methyl esters, 

including those which have low solubility in water, 8a and 2-(Aknorphoiino)ethyi esters of protected 

peptide~.~~ Recently we described the use of Qase for the ~~~~l~tive h~~y~s of steroidsi 3-Q- 

carboxymethyi) oximc methyl CSterS. 9 Gutman et. al reported the use of lipase for benzyl-alkyl 

transesterifications.** This letter reports the use of lipasc from fseudomonus sp. for the enzyme mediated 

hydrolysis of rapamycin 42-hemisuccinate benzyl(3) and methyl (2) esters to the free-acid (4). 

Hydrolysis of Rapamycin Estem The nature of l&se medicated hydrolysis of Z-4 was csrried out on a 

100 pg of substrate along with 50 pg of lipase (Amano, LPL-80) and 100 pL buffer (sodium phosphate, 

pH 7.0, and 20% acctoniuile v/v).ll The mixtutes were incubated for 20 hours at room temperature with 
agitation by rotation. Then the reactions were concentrated in a antigal vacuum concentrator and the 

hydrolysis products were dissolved in MeOH. The distribution of hwlysis products was &termkd by 

HPLC of the methanol extracts (see Table). l2 Larger scale halos of 2 and 3 were perforn& by placing 
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100 - 120 mg of a ester in a 15 mL plastic tube with 80 mg lipase, and 10 mL of buffer. After incubation the 

hydrolysis products were extracted out with ethyl acetate, dried (Na2SO4). and then concentrated under 

teduced pressure. The hemisuccinate was isolated using semipreparative HPLC. * 2- 1 4 

R 

1. -H 

Incubation of the succinic acid diesters 2 and 3 with lipase resulted in the desired hemisuccinate (4) and 

rapamycin (1). The table below outlines the petcent yield of hydtolysis products which reflects the 

ngioselectivity of lipase between the different ester moieties. Lipase had greatest tegio preference for the 

terminal methyl ester of substrate 2. Once the aminal ester group is hydrolyxed the produced monoester 4 is 

not a substrate for hpase. This is probably due to the greater polar nature of the hemisuccinate and it has been 

reported that the enzyme has the greatest atfiity for lipid-like substrates.15 It is interesting that hpase was also 

able to hydrolyze the succinate next to the bulky rapamycin part of diester 2 and 3. The 42-position is part of a 

cyclohexane ring which is an appendage off the macrocyclic system X-ray data on rapamycin has revealed that 

the 42-position hydmxy group is situated the greatest distance from the parent ring. 1 

Yield of Hydrotysis Products (%)+ 

Substrate 42-Hemisuccinate Rapamycin 

2 68 32 

3 42 58 
4 z-99 <l 

* percentages detennined by HPLC of incubation extract (see experimental) 

In summary we found lipase to be effective for the regioselective deprotection of rapamycin 

hemisuccinate under mild conditions. This method allowed us to prepare desired rapamycin haptens with good 
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yield. Additionally we want to note that to our knowledge this is the first repotted use of lipase in the selective 

depmectiou of bemyl esters iu the pxeseuce uf other easily seducible ~~~~ties, therefere can be 

considemi an equivaleut of selective xeduction. CurmItJy we are pursuing the utility of this methed for the 

pmparation of rapamycin haptens with apJmded monoesters. 
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