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PPL-Catalyzed Enzymatic Asymmetrbtion of a 2-Substituted Prochlral 1,3-Dlol With Remote 

Chiral Functionality: Improvemebnts Towed Synthesk of tha Eutomers of SCH 45012 

Raymond G. Lovw, Anll K. w 8nd Vtyywr U Glrljaval~ 

Scheting-Pbugh Research institute, 2015 Gafbpfng Hill Road, Kenilworth, NJ 07033 USA 

Abstract: Porcine pancreatic lipase (PPL) catalysis has been used to fWablfsh both stereocenters of the 
c&-(tetrahydrofuranylmet~) tosylate 4. In addition to the enzymatic differentiation of th% hydmxyl gmups of 
the pro-chiral 1,3-diil segment of 2. successful enzymatic resolutbn of the racetnk dbll0 provfded an 
alternate mute to the important precursor 1. 

The [(I?)-cis]-tosylate 4 is a key intermediate for the preparatbn of SCH 50001 and SCH 50002, antiingal 

compounds with therapeutic potential for oral treatment of systemic Candida and Asptv~iUus infectiins. These 

compounds are the active isomers (eutomers) of SCH 45012, a mixture of the four possible stereoisomers. The 

synthesis and antifungal activity of enantbmerkally pure 4 from the chiral diil 1 (Scheme 1). its [(S )-cis]+mantbmer. 

and their corresponding frana stereofsomers is the subjed of a separate oommunkatiinl. In the initial stages, after the 

synthesis of dbl 1, a major synthetic ineffiiiency proved to be the base-induced cyclizatbn of the ditosylate 3. This 

cyclizatiin was actually slightly diastereoselectlve for the less useful fmns isomen? under the best conditiins, requiring 

cumbersome chromatographii separations. 

Focusing specfffflly on the (( R)-c&J-series> an obvfous posefbb aftematfve was to first dffferentfate the two 1O 

hydmxyl groups of triof-2 by taking advantage of the opporlunfty for ohfral lndudionpmv&MbyttheftxedstereWenterat 

the 3O alcohol. Several attempts at selective chemical functbnalfzatbn were unsuccessful. probably due to 

conformational flexibility arising tiom the rnathylene spacer between the cf~lral hydoxyi center and the pmchiral 1,34bl 

segment where induolbn was needed. 

Recent successes of enzymatic reaotbns in organic s~lver&~ and the dinements of theory and method& 

offered a more promising altematfve. Thfs cormnunbatbn des&bea tha @as+madfated asymmetrtzatbn of the 

1,3diil segment of substrate 2 in methyl acetate as both solvent and acetyl transfer agent to praduce 3 monoacetate Q 

in high yield and excellent % ee. 

For a variety of reasons. t was not feasbfe to scram a wide array of enzyme/ sofvenu acyl ester combinatiins. 

Instead. based on the most cbsefy related precedents which included the substrate 5.6 containing both dihabphenyl 
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and 1,2,4-triazole rings as does 1, it was determined to examine only Sigma 3128 PPL7 and to perhaps optimize the 

other variables. Compound 2 is among the more structurally complex synthetic organic molecules8 to be subjected to 

lipase-catalyzed acyfation that we are aware of. It not only presents significant sterfc 

bulk, it contains a distal triazole ring and a chiral hydroxyl group, both of whkh are Cl 

capable of physlcally interacting with proteins and possibly affecting the enzyme 

catalytic reactivity. The effects of distal chiral centers on the stereosetectlvfty of lipase- C, ti 

OH 

I 

catalyzed acylations has not been broadly studied.s 

The first experiment, conducted In neat ethyl ac6t6te. pmduc6d a 57% yield of a 
5 

i;“s 

single monoacetate 6g from 2 in 24 hours with no evidence of diacetate formation 

(Scheme 2). Proof of stereochemistry was accomplished by metiibus elaboratbn of 6 to 4 / 4’ in a manner to avokf 

the possibility of base-catalyzed trans-acetylatiin or diastereoselectfve reactbn or separations. Comparison of pmr 

spectra and HPLC with authentic samples’ of 4 and 4’ showed the product to be a% [(R)-~isjJ.‘~ Thus, the 

enzyme-catalyzed acetylation had occurred with excellent stereoselectiiity for the pro-(R) hydroxyl group, a% ee 

This was more than satisfactory to justify some optimization for a large-scale protocol. 

(see reference 1) 
4 

Sch 50001:X=Me;Y=H 
Sch 50002:X=H; Y=Me 

Condttkne: (a) PPL (1:l w/w), EtOAc. r.t., 24 h (57%); (b) dihydmpyran. pTsOH. CH2Cfa (98%); 
(c) KOH, TFlF-HzC 18 h (96%); (d) PTsCI, N.NdtmethyfamlrxJpyrktlne, THF, 16 h (96%); (93%); 
(a) NaH, THF, 1 h (95%); (f)PTSA, MeCH, 24 h ( 94%). 

Scham62 

The reaction appeared to be stower than those of most other reports of PPL catalyzed acytatbn. Thts could be 

due to the effect of the sterfc bulk alone on the binding kinetks, or countefprockrcttve confom&knal effeM resulting 

from the interactiin of the hydroxyl or trtazole groups wlth the enzyme. Without further mechanistic investtgatbn, 

variations were made in sofvent (Table l), and substrate (2) conc6ntratbn (Table 2). whil t6nperatur6 had no 

notiiabfe effect between 15OC and 40%. An increase of the PPL:2 wetght ratio to 3:l at 0.05 M in nsat methyl acetate 

then afforded >99% conversbnt 1 withln 46 ftours wftftout undue mecbankat dif&uft&s. The use ot lbntted anxNlnts of 

methyl acetate, ethyl acetate, or isopropenyl acetate tn (CPr)20 or CHCb as buk solvents pro&cad only negltgfbla 

amounts of product. 



Table 1. Comparison of acyl ester 1 solvents. 
(0.2 M. 1 :l PPL2, arnbknt temp.) 

% conversion to mono-acetate 

timerleatwerneat~ 
(hr) Eto~ aoAc MeoAc w 

1 2 4 

9 6 21 

24 16 0 53 0 

Table 2. Comparleon of dlol2 concentmti. 
(neat MeOAc.1 :l PPLZ ambieclt tenp.) 

%converslonto momw4ate 

From this data, the following procedure was adopted: 

Con-pound 2 (12 g) was dissolved in 0.77 L reagent grade methyl acetate, and the eolutiin degassed by 

alternating vacuum and nitrogen. Sigma 3126 PPL7 (36 g) was adCM, the mixture wae fM&!ankally stirred for 46 

hours, and then it was suction-filtered to separate the enzyme material. ‘2 The R&ate was evaporated and the residue 

crystalliied from 200 mL benzene to give 5.7 g (42%) lsornerkally pure 6. Chmrnetograpby of the mother liquor and 

crystallization of the isolate gave an addiiina14.6 g 6 (total 10.5 9. 77%. Z96% ee). 

The attempt at PPL-catalyzed hydrolysis of the dt-primary acetate of 2 to afford the diastereome rk monoacetate 

complementary to 6 was unsuccessful. giving instead a random mixture of both rnonoacetates along with fully 

hydrolyzed 2. This would have been the most desirable situation since this other monoacetate might have been 

derivatized and cyclized directly wtthout additional protectio~eptotection steps. 

The initial utility of PPL catalyzed acylatiin in this overall scheme evolved from the stn~dural slrnfhrity between 5 

and the racemk lo akohol10. 14 Compound 5 had been acetylated with a crude Sigma PPL gfvtng 70% conversion but 

only 53% ee.6.13 which was raised to 95% conversion and 99% ee by first preolpttattng the crude enzyme onto Celite. 

When 10 was acetylated using the same procedure given above for 2, with no pre-treatment of the PPL, the 

(S)-acetate 11 l5 was produced leaving the (f?)-diol 1' which was readily isolated by preolpltation from CH2Cl2 and 

crystallization from CH3CN in 66% conversion (33% yield) and ~96% ee (Scheme 3). Simultaneous hydrolysis and 

racemization of 10 could be accomplished with aqueous sulfuric a&e to regenerate 10 for recycling in 4556% yield. 

the balance going to olfgomerk tars. This approach complemented the reported1 ohlrel epoxkle based synthesis of 1. 

MeOAc 

6 M H&04.1 30°C. 1 O h (66%) 

Scheme 3 

We have demonstrated separate applkatlons of etereoeekotlve PPL-catalyzed traneeeterffiitbn in organic 

solvent at two stages of a multi-step synthesis to obtain ths potentially useful pMmraceut kal intermecfiate 4 having two 

chiral centers, from achiral starting material and wfthout tradttbnsl chtral reagent or ohlral auxllhry beeed chemical 

reactions. For the first center, racemk lo alcohol 10 was enzymatkally resolved to afford the chiral product 1 in 

respectable total 50% yield after one recycle. For me second center, the prochiral 1.34bl2 was asymmetrized through 
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highly slereosefectlve enzymatic acetylatiin in 77% isolated yield and *6% ee to give useful absolute stereochemistry. 

These exanvles may contribute lo the lncreaslng acceptance of enzyme-catalyzed transformations to solve tradltbnal 

organic synthetic problems, andhelp lo better define the scope of PPLcatalyzed transesterlfkatbn. 
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