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Abstract  : The fungus Rhizolms arrhizus has been used fi)r the reduction of  acetophenone and its 

o-, m- and p-methoxy derivatives l a-d to the corresponding (S)-(-)-alcohols. Their racemic acetates 

were also hydrolyzed to (R)-(+)-alcohols. The analysis of  products revealed that maximum 

enantioselectivity (78-88 %ee) could be obtained using m-methoxy acetophenone as substrate. 

The preparation of  homochiral compounds is one of the major tllmst in organic synthesis. Applications 

of  biological systems in the synthesis of homochiral compounds are gaining increasing importance because of  

their simplicity and stereospecificity. The alkylaryl carbinols are usefitl intermediates in the synthesis of  

agrochemicals and pharmaceuticals 1. Asymmetric reduction of  prochiral ketones and stereoselective hydrolysis 

of  racemic acetates are the main routes to the synthesis of  homochiral carbinols. I)uring our investigations on 

microbial transformations, we have observed tlmt the n|otll(I, Rhizolms ~trl'hizlts, brings about these types oi" 

reactions on a variety of  substrates 2. As an extension of  the work, the biotranslbrnmlion of  acetophenone, its 

methoxy derivatives and racemic acetates to chiral carbinols have been stt, died (Scheme). 
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Scheme : Biotransformalion using Rhlzol,US arrhizus 

Asymmetric  reduction of la-d : In order to optimize the time for tile microbial reduction, experiments were 

carried out with la  for different periods of  time intervals. Fermentation for 7 days was fi)und to yield the best 

results. Therefore I-phenylalkanones la-d were incubated with/?, arrhizus in modified Czepak Dox ntedium 3 

for 7 days. At the end of  fermentation the transformation products 2a-d were isolated and characterized All 

these alcohols were found to have negative specific rotations. 
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Determina t ion  o f  a b s o l u t e  configurat ion and  enant iomer ic  e x c e s s e s  o f  2a-d : The absolute cofigurations 

and enantiomeric excesses of  alcohols 2a-d were determined by GC analysis and I1t NMR studies of  their 

corresponding MTPA esters. These esters were prepared according to the literature procedure 4. The 

enantiomers of  the MTPA esters resolved well in GC. It has been reported that the retention times of  the (R)- 

enantiomers are lower than those of(S)-enantiomers 5,6. Also, the signals fi)r methoxy group of  MTPA portion 

in the racenric MTPA esters appeared at - 5 3.47 fi~r (R) and ~ ~5 3.56 Ibr (S)-isomers in III NMR spectra 7. 

The IH NMR data of  the esters of  the alcohols obtained fi-om microbial reduction of  la-d  showed a prominent 

signal for the (S)-enantiomer. The enantiomeric excesses were determined fiom the integral ratios. The results 

obtained from GC as well as 1tl NMR were comparable. From Table  I it can be seen that of  various isomers, 

m-methoxy acetophenone Ic was found to be the best subslrate for asymmetric reduction ( e.e 78.3 %, (lot] 26 

-36.66, c, 1.162, CHCI3). Based on GLC profile, NMR data and negative specific rotations the alcohols 

obtained from microbial reduction were assigned (S)-configura|ions. 

TABLE I : Asymmetric Reduction of la-d using R. arrhizus TABLE 2 : Asymmetric Ilydrolysi.~ of 3a-d using I¢. arrhizus 

Substrate Product %Yield a %ec b Config. Subslratc Product %Yield n %co b Config. 

la 2a 33.2 71.5 S 3a 2n 44.0 76.7 R 
Ib 2b 62.3 10.2 S 3b 2b 73.4 5.8 R 
Ic 2c 82.6 78.3 S 3c 2c 55.5 8().0 R 
Id 2d 36.8 32.3 S 3(I 2d 81.8 35.5 R 

a After purification by silica gel cllromalogral)hy, 
b Determined by GC analysis and III N M R study of MTPA esters 

Enzymat ic  resohl t ion of (+) acelatcs 3a-d : From tile preliminary experimenls, tile optimtnn period Ibr 

incubaton for asymmetric hydrolysis was found Io be 3 days. Therefore the enzymatic hydlolysis of  3a-d was 

carried out for 3 days of  incubation and at the end of  fermentation the producl alcohols were isolaled and 

characterized. These alcohols 2a-d were found to have positive specific rotations while unchanged acetates 

showed negative rotations. On the basis of  GC analysis and I!I NMR studies of  MTPA esters, these alcohols 

were assigned the (R)-configurations. In the control experiments, 3b and 3d underwent hydrolysis to the extent 

of  27 % and 30 % respectively, while 3c was resislant to hydrolysis. Therefore, Ihe enantiomefic excesses in the 

cases of  3b  and 3d were poor although the chemical yields were high (73.4 % and 81.8 % respeclively) (Table 

2). However, 3c yielded (R)-(+)-alcohol in 89,0 % e .e  and chemical yield of  55.5%. 

In conclusion, the biotransformation using fungus Rhizolms arrhizus provides an inexpensive 

complementary method for asymmetric reduction as well as asymmetric hydrolysis of  alkylaryl ketones and 

their corresponding acetates respectively. Of the various acetophenones, m-methoxy acetophenone gave the the 

best results.  
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EXI 'ERIMENTAL 

IH NMR spectra were recorded on Varian EM 360 L (60 Milz) and Bruker 200 AC FT NMR 

spetrometers using TMS as the internal slandared IR spectra were recorded on a Perkin Ehner IR 

spectropbotometer model 783. Optical rotations were measured on Jasco 360 digital polarimeler. MS spectra 

were obtained on Shinladzu Gas chromatography QP It)O0. GLC analysis were carried out on a Shi,nadzu (;as- 

Chromatograph GC- 16A, FID detector. 

Che,nieals: Compounds la-d were obtained from BDII (UK). The racemic ethyl acetates 3a-d were prepared 

by the reduction of  the corresponding ketones with NaBII 4 tbllowed by the acetylation using acetic anhydride 

and pyridine. (R)-(+)-ot-Methoxy-ot-trifluoromethyl phenyl acetic acid (MTPA) was the product of  Aldrich. 

MTPA chloride and its corresponding esters of  compot, nds 2a-d were synthesized according to literature 

procedures. 

Microorganisms: The fi,ngus I?hizolmS arrhizus was c~btained fio,n Nali(mal ('olleclion (11" Int(luslaial 

Microorganisms, National Chemical Laboratory, Pune, India. The timgt,s flora PI)A slauls was cultivated on 

150 ml sterilized modified Czepak Dox medium in 500 ml Edenmeyer flasks at room temparature on a rotary 

shaker ( 150 r.p.m. Remi, Bombay). 

Fermeqtat ioq and Proth,ct Analysis: Tile st,bstrales l a-d and 3a-d were added to a 72 h grown cnlltue and 

shaken for desired periods. Substrate and organisnl controls were also rt,n simnllaniotlsly. At the end of  

fermentation, the mycelial mass was filtered fiom Ihe culture mediu,n. The lillrale was exlracled with CI I('.13 (3 

x 50 ml), washed with water (2 x 20 ml) and dried (anhy. Na2SO4). The solvent was removed under reduced 

pressure and the oily residue was obtained as a filtrate ext,act. The mycelial mass was washed with acelone i3 x 

50 ml) and acetone was removed. An oily residue obtained was then taken into water and exit-acted with ethyl 

acetate (3 x 50 ml), washed (H20), dried (anhy. Na2SO4) and evaporated 1(i give a,i oily mycelial extract. 

Control experiments were also extracted in similar way. The Iransfi~rmed pr(~ducls were isolaled and pl,,ilied by 

preparative TLC (Silica gel G, E. Merck, India. 10 % EtOAc / Pet. I~Aher). The prodt,cts were characterized by 

IR, IH NMR, MS and optical rotations. 

Separation by gas ellronlalogral)hy: Product attalysis of  MTPA esters was ile,fo,-mcd on capillary c(ihlnnl (50 

x 0.25 ID) packed with OV-17. The te,nparalore of the injeclor and deleclor was sel at 250 °. I)eleclio,t was 

carried out with a flame ionization detector (FID) using nitrogen as carrier gas. GC was performed 

isothermically at temperatures indicated in parenthesis and retention times for the MTI'A esters are as tbllows : 

(R) I-phenylethanol : 25.9 min, (S) I-phenylethanol: 26.8 min (I 50 ° C); (R) I-(o-metltoxyphenyl)ethanol: 28.5 

min, (,~) I-(o-methoxyphenyl)ethanol: 29.4 rain (160 ° C); (R) I-(m-methoxyphenyl)ethanol:lg.6 ,nin, (S) I-(m- 

methoxyphenyl)ethanol: 20.2 ,nin (180 ° C); (R) I-(/~-melhoxyphenyl)elha,lol: 22.2 rain, (S) I-(p- 

methoxyphenyl)ethanol: 22.6 rain ( 180 ° C). 
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