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SYNTHESIS OF BOTH ENANTlOMERlC FORMS OF 2-SUBSTITUTED 1.3-PROPANEDIOL MONOACETATES STARTING FROM 

A COMP'ON PROCHIRAL PRECURSOR, USING ENZYMATIC TRANSFORMATIONS IN AQUEOUS AND IN ORGANIC MEDIA 

G. M. RAMOS TOMBO: H.-P. SCHAR. X. FERNANDEZ I BUSQUETS AND 0. GHISALBA 

CENTRAL RESEARCH LABORATORIES OF CIBA-GEIGY AG., P~STFACH CH-4002 BASEL. SWITZERLAND 

Summary: A direct entry to both enantlomeric forms c and ent-c based on enzyme catalyzed transfarma- 
tions of prochiral compounds of type a and b is described. catalysts used are carboxyl esterase 
preparations obtained from crude porcine pancreas lipase. 

The advantages of prepanng chiral molecules for EPC-synthesis by way of enantioselective enzymatic transformations on 

prochiral starting materials are well established ' Our Interest was focused on the enzymatic preparation ?f Z-substltu- 

ted 1,3-propanediol monoacetates 1~ and ent-c) with high enantiomenc purity. Although It 1s possible to chermcally inter- 

convert c and ent_c, in practice this would often require the tedious manlpulatlon of orotectlng groups. Corrmercially _ 
aua;lable porcine pancreas lipase (PPL) preparations were shown to have the same stereochemical preferences for the hydro- 

lysis of diol mono- and diacetates 
2 These hydrolytic enzymes also catalyze acyl-transfer reactions in organic media 3. 

On this basis we developed the following approach for the direct entry to both enantiomeric swles c and ent-c, starting _ -- 

from a prochira? precursor a and using the same raw enzyme (PPL) as a catalyst source: enzymatic hydrolysis of the diacetate _ 
b produces the monoacetate c, on the other hand, enzymatic acetylation of the diol a should afford the enantlomerlc mono- - 
acetate ent_c, provided that the enantioselectivity of the enzyme remains the same in orgamc media. 
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ii : enzymatic acylatron in organ,c media 

iii : enzymatic hydrolysis 

Hereon, we oresent OUT results on the preparation of suitable catalysts sod their app'lcatlon to compounds of type d and b 

w,th R = alkyl, alkenyl or aryl 
4 . 

The commerc,al,y ava,lable crude PPL preparations are a m,xt"re of enzym~c and water insoluble, "on e"zymIc materials 
5 
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In the case of the preparation used as a cata?yst source for this work (PPL Sigma Nr. L 31261, only 6' ct the soiid was 

protein. Fast Protein Liquid Chromatography iFPLC' analysis of this materla: showed, besldes the llpase ~trlacylglycerol 

acy; hydrolase EC 3.1.1.3 6) a number o+ other protein fractions wltb carboxyl esterax actlV:ty 
7 

Th;s observation. as 

well as t'i? fact that the purified PPL (Slama Fir. L 03621 was unable to hydrolyse acetate esters o' type ". promoted us to 

fractionate the raw enzyme prior to Its use for the enantioselective transformations. A sample of PP, iS;gma hr. i 3126' 

was chromatographed on Sephadex G 75 and the fractions were pooled according tc the actrvlty for the hydvlys's o2 b tc 5. 

Analysis of the rewltlng four pools for the enantioselect~vlty ofthe same oydrolysls, showed tbzt DUO- I. cortalninc the 

higher molecular weight fractions. was the one producing c wth best opt?ca: yle:ds 8, 3 Comnarlng PP,-poo' ' wltr trie 

crude enzyme, an increase of 15.4@, 1n the e.e.-values of the obtained monaacetates was observed. For the prenz~atiie 

hydrolysis excerlmelts, the preparation PPL-pool 1 was immobilized or Eupergit C 10 The resu'ts are sunvnarizec in :ab‘e ; 

TABLE I. Enantloselectlve hydrolysis of prochlral dlacetates lb) catalyzed bj PPL-pool 1 ,mmob,',zed or- Euperg,i : a 

lb R : CH2CH2CH=CH2 (-) 2 (80) 38.7‘ !l.OO: ' 95 _ 

3b R : C6H5 (-1 4 1911 - 64.3' (0.57! > 95 

5b - R : CH2C6H5 !+! 5 165) + 65.3“ IO.701 6! 

?b R : C$,, C-1 8 (961 32.4' IO.501 60 _ 

9b (i/-j 10 (61: - R CY2C&, - 

a) For a typlca, procedure see ref. 11 

bl e.e.-values determined by 360 MHz 'H-NMR-spectroscopy of the corresponding I-lF1TPk-derlvatlves. 

The catalyst for transesterification was prepared by fractionation of a PPL (Sigma Nr. L 3126) solution lr phosphate 

buffer IpH 81 with acetone, adsorbing the precipitated proteins "in situ' on HyflO Super Cel 12 Tbls method affovds 
an Optimal lmmoblllzed catalyst for reactions ?n organic media 13 Methylacetate, previously dried on 4E molecula? 

sieves, was used as the acyl donor as well as a solvent. The results are listed in Table 2. 

‘ABLE 2. EnantioseleCtiVe transesteriflcatlon of dials a in methy: acetate catalyzed by a PPL fraction xmmoblllzed on 
a: Hyfl0 super Eel 

3101 !a1 Monoacetate (ent_c! (yield ':) e.e: bI 

la R : CH$H$h=CH2 (+I 2 (70) + 33.oc iO.75! 90 

3a R : C6H, I+) 4 (9S! + 61.0" !0.80! 92 

5a _ R : Cti2C6H5 :-! 5 (9C1 13.9" 10.451 13 

ia R C6H,, (71 8 190: + 31.0" 11.40) 58 

92 R : CHZC6Y,, !*: 10 1901 + 12.8' il.731 10 - 

-- --_ 

a) ror a tyo~ca' procedure see ref. ?4 

tI e.e.-valws determined by 360 MHZ 'Y-YMR-saectroscopy of the corresponding (-)MTPA-derlvatlves. 

- --__ 
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Comparison of the experimental data in Tables 1 and 2 shows that the enzyme ?reparations used have the same enantioselectl- 

vity for the mono- and diacetate esters and that the selectivity is the same 7n water as in methylacetate, i.e. the 

acetate hydrolysis as well as the esterificatlon take place In the same enantlotopic region of the dlacetate b and the 

dial 2, respectively 
15, 16 

_ 
It 1s thus possible to switch the absolute configuration of the desired monoacetate by 

performing the reaction in the appropiate modus. 

This approach, presented for Z-substituted 1,3-propanediols which are formal derivatives of Z-substituted malonic acid, is 

of general applicability and the described enzyme preparations can efficiently be used for the synthesis of both enantio- 

mers of chiral, b?functional compounds. It should be noted that choral E-substituted malonic acid monoesters are not 

avaIlable by enantioselective enzymatic hydrolysis of the corresponding diesters, due to racemizatlon under the usual 

reactions conditions. 

Acknowledgement: We thank Miss S. Tschumi and Mr. 0. Wildenuth for their technical assistance. 
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6. Sigma porcine pancreatic triacylglycerol acyl hydrolase EC 3.1.1.3 (Sigma Nr. L 03821 of hrgh purity iZO'OOO- 

50'000 U/mgl was used as standard. 

7. FPLC-analysis were performed by ion exchange chromatography on a Mono Q HR 515 column equilibrated with 20 mM sodium 

phosphate buffer ipH 8), at a flow rate of 0.5 ml/mln. 200 ~1 samples were loaded onto the column and eluted by a 

25 ml-gradient of 0 - 0.8 M N&l 7n 20 mM sodium phosphate buffer (pH 8). Protein was detected by monitonng the 

absorbance at 280 nm. 

8. Cholesterol esterase EC 3.1.1.13 (Sigma Nr. C 95301, which is present >n crude pancreas preparations was also 

tested, showng a very poor enantioselectivity. 

20 g of crude porcine pancreas lipase preparation (Sigma Nr. L 31261 were dissolved xn 100 ml of 69 mH sodium 

phosphate buffer ( pH 7, buffer Al. Solid material was removed by centrifugation. The clear Supernatant was 

concentrated and then dialysed against 14 mM sodium phosphate buffer LpH 7). After removal of the precipitate by 

centrifugation, the sample was chromatographed on a Sephadex G 75 column 12.6 cm x 90 cm) equilibrated with buffer A. 

The flow rate was 10 ml/h and protein was detected by monitoring the absorbance at 280 nm. 3.3 ml fractions were 

collected and checked for esterase activity. Fractions 30-35, 36-75, 76-120 and 121-145 were combined In separate 

pools (number 1 - 4, respectlvelyj and lyophilized. 

A solution of 1 g PPL-pool 1 9. 11 30 ml 1 M sodium phosphate buffer IpH 7.5, buffer 8) was mixed with 7 g Eupergit C 

(Rdhm Pharmai and allowed to stay at room temperature. After 5 days the beads were filtered off, washed with 100 ml Of 

buffer B and stored at 4OC as a buffer B suspension. The speclflt activity of the lmmob1llzed material was '0: Of 

the soluble enzyme (triacetln as standard). 



1'. F. SuSpenS~or of diacetate 3b !1.86 s. 7.8 mmol) ?n 100 m: buffer A 
9 was treated at 4°C WCh 209 mg ?P_-pool 1 on 

1c 
- 

Euperglt c Ffter 17 h St>rr,ng at 4'C the catalyst raz filtered off and stored for reuse. iiie filtrate was 

extracted wtP diethyl ether. The product was punfled by flash chromatography (s;llcage? 6C Merck. 23C-243 mesh, 

dlethyl ether pentane 2:1, and bulr to bulb dlstlllatlon I9C'C. 10-2 TOT' ic gl"E '.C' g '9‘ 3f mmaacetate 
(-: 4, II '*c i 

365 
54.3' Ic = 0.57, CHC:3I. 

12. A certr!fugated solution of 10 g crude porcine pancreas llpase preparatior ISlgma Eir. ? 31261 :~1 100 ml IF aM sodlun 

phospnate buffer lph E! was coo;ed at 0-C and slowly mixed vnth 25 g Hyflo Super Gel l'luka hr. 56678'. -0 tbls 

suspcns'sr 1% IT' acetone )D'Cl were added dropwtse wthin 20 mic. The m~nture was starred at C-C fer addlt'ora' 30 

men and tne Hyflc wth the adsorbed orote,n was filtered of?. The solId was dned 1.i'. !I3 To? unt?l ar o~:>vd! 

water cortert of C.! 1~ was attelned (ca. 7 hi. The catalyst was stored at 4°C. The spec,f>; act.vit? or tne 

lmmob?!ized ~re~aratlon was 50- oi the soluble enzyme (trlacetln as standardi. Compare a:sa R. k. Wi~dor. 7. Ou*~‘l. 

In. D. L:lly ant A. Macrae, Enzyme Mlcrob. T,echnol. 5, 443 (1984;. _-- 

?3. The vact~ons lr organic solvents proceed alsa with raw pancreas preparation, however the reorodx>blLr* nq :he 

e.e.-values 1s not so gocd and the work-up 1s not so straight forward as with the Immobilized el;yw. 

14. A solution of die; 2 (0.5 g, 3.8 mmall I" 50 ml of methylacetate (prev1ousiy dried on 4b noleci~lar SlevfS war 

mlxed with 2 g of PP, fraction on Hyflo Super Cel '* and stlrred for 2 h at room temperature. The catalyst iraz iheP 

filtered o'f. washed wth dlethyl ether 130 m!l and stored for reuse. The +lltrate was evaporated and the orod~ict 

was wr':?ed ai described I" y-ef. 
20 11 to yield 0.46 g (70‘) of monoacetate (+i 2, 'a 365 i - 33.3 (c = C.'i. :hCi?'. 

15. :n an ad@ltlona‘ experiment, hydrolysis of rat. 6 by PPL-pool 1 on Eupergit C 10 affordet' :-' t a'ter 50 co~Ycrc111. 

16. The differences in e.e.-valueS for the react?ons in aqueous and I" organic media car be attr:butea to the d~+fe~ert 

enzyme oreparations and reactlo" conditions. It should be noted that the enzymatic hydrol.vslS ant tne enzyma:.c 

tranSesterif1catlon are not the Same reaction in opposite direct7on but two different i-eactlwS wth dlf'erwt 

starting materials and "common' enant;oinerlc products. 
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