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Abstract The mrcrobral reduchon of l’-ethylpropyl 2-methyl-3-oxopentanoate, a j3-keto ester 
possessmg bulky subsutuent, as well as the cormspondmg enol ester was exammed Eprmenc 
nuxture of hydroxy ester, contammg (2S.3.Qisomer as the major product (9296e e ,43%d e ) 
was obtamed via the reducuon of enol ester wrth growing cells of Ptchta farmosa IAM 4682 in 
63% yreld The resulting p-hydroxy ester was converted to (2$3R)-isomer (889be e ,96%d e ). 
of which e e was further enhanced by the hpase-catalyzed partial hydrolysis of the 
correspondmg chloroacetate to give (-)-ntophllate, (998e e , 98%d e ) an aggregauon 
pheromone of Suophrllus granarlus L 

Introduction 

Srtophrlate (l’-ethylpropyl 3-hydroxy-2-methylpentanoate, la) IS an aggregauon pheromone Isolated from 

Sttophtllus granarrus L 1 The absolute configuratlon was determined293 by the comparison of spectral, 

chromatographlc and btologlcal propertles between the natural product and both enantlomers which were 

chemically synthesized 45 Three reports on the syntheses of this pheromone as well as its annpode have been 

published so far Chong reported the first synthesis by utihnng a selective epoxlde opening reaction with an 

organocopper reagent 4 The synthesis of both enantlomers was also reported by Mon and Ishlkura, startmg 

from methyl 3-hydroxypentanoate of mlcroblal ongm 5 Mlyazawa and Yoshlda demonstrated hpase- 

catalyzed enantloselectlve estenficatlon as the key-step for the synthesis of la 6 Since sltophllate itself IS an 

a-substituted P-hydroxy ester, it seems to be prepared by mlcroorgamsm-mediated reducnon of a-substituted 

p-keto ester 7.8 Our recent study on the yeast-medlated reduction of this type of compounds9 prompted us the 

exanunanon of such approach toward this target molecule 

(2$3/?)-la Sltophllate 2 

Fig. 1. 

t Preparation of Enantlomerlcally Enriched Compounds by Usmg Enzymes, Part 14 For Part 13, see ref llb The 
expenmental part was mamly taken from the B SC thcs~s of D S (March, 1990) 
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RedmtJon of pketo ester wrth the restrng cells Of PJChJU fUrJtJOSU IAiU 4682 

At first, bakers’ yeast was SubJected to the reductton of $-keto ester 2, however, almost no reduction 

occurred We therefore turned our attention to PJChJU fannosa L4M 4682, a kmd of yeast whose unusual 

aptitude, so-called antJ-Prelog’s rule selectlvlty 10 for the reduction of simple methyl alkenyl ketones was 

observed recently 11 Expecting to provide (3R)-la, the cultivated cells of P farrnosa were mcubated with 2 to 

result m gvmg a dtastereomenc nuxture of la (70%) 

El +*<I +o*_c 
(2&3S)-1 a (2R,3S)-1 a 

+02< a) 

I 

2 J&_c +<I i 
@?,3R)-1 a (2&3R)-la 

Y++*; &Yj. 

lb (R)-MTPA 

a) P~chafuntwsu IAM 4682 @sung cell). 70%, b) MTPA-CK~HSN, quant 

Scheme 1. Reduction of P_keto ester with resting cells of P. farinosu IAM 4682 

Table 1. Results on the yeast reduction using resting cells 

Substrate Yd of la 

(%) 

Isomenc m0a) (%) e e. (S) of de (%) 
(2!C3S) (2R,3S) (2R$R) major product 

2 70 65 5 15 5 190 55 69 

3 68 68 9 105 20 6 54 79 

a) (2&3R)-isomer was obtamed only m a bate amount. 

To our dlsappomtment, the maJor product was (2S,3S)-Isomer of la [55% enantiomenc excess (e e ), 69% 

Qastereomenc excess (d e ), Scheme 11 Table 1 summarizes the isomenc ratios which were determined by 

the 400 MHz IH NMR analyws4 of the correspondmg (R)-a-methoxy-a-mfluoromethylphenylacenc acid 

(MTPA) esters 12 Although the desired (2S,3R)-la was produced In only a trace amount, we decided to 
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contmue our efforts to secure (2&3S)-la with htgher e e and de because the major (2&3S)-la had been able 

to convert to the desired Isomer by Mltsunobu mverslon 5 

Reducnon of en01 ester wtth the restmg cells of Ptchra farmosa 

Expectmg the improvement of e e by means of “low concentranon feedmg” of the substrate,13 the 

correspondmg enol ester 3 was desIgned as the next candidate for substrate Another reason for this selection 

was that the mlcroorgamsm showed enantloface-selective protonatlon in the case of hydrolysis of U- 

substituted ketone enol ester 14 Our previous results suggest that hydrolyses should afford (R)-2 which wdl be 

subsequently reduced If the rate of reduction 1s substanhally faster than the racemlzahon of this mtermedtate, 

the de of the product 1s expected to be enhanced A smooth conversion of 3 to la (68%) actually took place 

and the de of the product was higher to some extent than that of the product from the keto ester, as expected 

Unfortunately, the e e was almost as low as m the case of the keto ester (Table 1) GLC analysis Immediately 

after the addltlon of 3 (15 mm) showed that most of 3 was hydrolyzed to 2, mdlcatmg that the rate of 

hydrolysis 1s very fast This fact explnns the reason why there was not observed much difference concernmg 

e e between keto ester and enol ester as the substrate 

3 

t 

(2&3s)-1 a 

W-2 

+ other Isomers 

a) P&a farmsa IAM 4682 (restmg cell). 68% 

Scheme 2. Reduction of enol ester with resting cells of P. fannosa IAM 4682 

Again, the reaction conditions of affording higher e e s were extensively examined Addmon of many 
kmds of addmves,8*tt changes of reaction condmons such as rate of aeration (under anaerobic or aerobic), pH 

and the kmd of buffer solution, other kinds of carbon and energy source (ethanol, glycerol) resulted m no 

enhancement of the e e of (2S,3S)-la 

Reducnon wrth the growing cells of Pachra farmsa 

The solution to this problem was obtained by an unexpected observation shown below In the case that 
freeze-dned cells were incubated with 2, no reducuon was observed dunng several days &longed reacnon 
penod over one week, however, brought about a slow production of la (510% per day) The newly grown 
mlcroorganlsm after 2 weeks was confirmed to be identical with the onginal strain This result indicates that 
the mlcroorgamsm m growing stage can also reduce the substrate 2, as well as the restmg cells which are 
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normally used for biochemical reduction In the expenment usmg growing cells, the substrate was added 4 h 

after maculation The reduction completed for both substrates (2 and 3) within 14 h Although the product 

from 2 was a mixture with moderate e e (la 70%e e ,73%d e ), an enhanced enanttoselecttvtty was reahzed 

(la 92%e e , 43%d e ) for the reducnon of 3 The results are listed m Table 2 A higher acuvtty of the 

reducttve enzyme as well as a lower one of the hydrolytic enzyme brought about a well-balanced succesSwe 

two enzymanc reacttons m growing cells A unique feature of multtple enzyme system of this mtcroorgamsm 

was thus revealed 

70%e e ,73%d e from 2 

a) ~ +2-C + other tsomers 

(2s,3S)-1 a 

92%e e ,43%d e from 3 

a) Acluafannosa IAM 4682 (growmg ceil) 

Scheme 3. Reduction with growing cells of P farzonosa IAM 4682 

Table 2. Results on the yeast reduction usmg growing cells 

Substrate Yd of la Isomenc ratlo (%) ee (%)of de (%) 

(%) (2S,3S) (2R,3S) (2R,.?R) (2&3R) major product 

2 65 73 6 13 6 128 00 70 73 

3 63 68 7 263 28 22 92 43 

Convemon fo natural producr 

Encouraged by the fact that (2S,3S)-la with a high e e and a moderate de could be obtained, the product 

was converted to the correspondmg 3.5duntrobenzoate lc according to Mon’s procedure 5 A modified 

Mltsunobu mverslont5 worked well to give (2S,3R)-lc in 49% yield The de of lc reached 96%. because of 

the removal of the undesired isomer through the decomposition of the mtermerhate, as well as the 

recrystalhzation of the crude product The dmltrobenzoate Ic was hydrolyzed to (2&3R)-la m 91%, [a],,= 

-3 71“ (chloroform), whose e e was determined to be 88% by the IH NMR analysis of the correspondmg 

MTPA ester lb 

Final enantiomenc punficatlon of la was successfully accomplished by an enzyme-catalyzed reaction 

The correspondmg chloroacetdte Id (93%) was partially hydrolyzed with hpase PS (Amano, from 
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PseudomoMs) to afford la (93% conversion, 83%yleld), [a], ~6 -4 06’ (chloroform) Thus the natural isomer 

w~tb both high e e and de (99%e e ,98%d e ) was obtamed 

In conclusion, (-)-sltophllate la was synthesized by a yeast-medlated reducuon of correspondmg enol ester 

as the key-step 

(2S,3S)-la 

92%e e ,43%d e 

(2S,3R)-1 c 

96%d e 

c) ~ T2’< b) ~ e2< 

(2S,3R)-la (2S,3R)-ld 

88%e e ,96%d e 

d) ~ +2< 

(2S,3R)-la sltophllate 

99%e e ,98%d e 

DNB = 3,5-(02N)&!6H$0 

DEAD = EtO,CN=NCO,Et 

a) DNBOH, Ph3P, DEAD/THF. 49%. b) KzC@/MeOH-THF, 91% 
c) (CICH~CO)~O/CSHSN, DMAP 93%. d) Pseudomonas hpase, 83% 

Scheme 4. Synthesw of natural sitophilate 

EXPERIMENTAL 

All b ps and m ps were uncorrected IR spectra were measured as films for 011s and KBr dtscs for sohds on a Jasco IRA-202 

spectrometer IH NMR spectra were measured m CDCI, with TMS as the internal standard at 400 MHz on a JEOL JNM GX400 

spectrometer Opucal rotauons were recorded on a Jasco DIP 360 polanmeter Httachl 163 and Shlmadzu GC-9A gas 

chromatograph were used for GLC analysis Freshly dlstdled tetrahydrofuran (THF) from sodmm-benzophenone ketyl was 

employed for anhydrous reacuon Slhca gel 60 KOIIO-WH (70-230 mesh) of Katayama Chemical Co was used for column 

chromatography 

I’-Ethylpropyl 2-methyl-3-oxopentanoate 2 A diastereomernz mixture of la1 (16 40 g. 86 3 mmol) was ox&& wth neutral 

chromic acIdI to we 2 (13 2 g, 81%). b P 89”C/l 5 Torr, IR vmax 2960,2930,2875,1750, 1720,1460,1380,1260,12c0,1105, 

920,880 cm I, ‘H NMR 6 0 87 (3H. t, J=7 PHI), 0 88 (3H, L J=7 SHz), I 08 (3H. t, J=7 3 Hz), 134 (3H, d, J=6 8 Hz), 1 51-l 75 

(4H. m). 2 51 (1H. dq. J=7 3.18 1 HL), 2 63 (1H. dq, J=7 3.18 1 Hz), 3 53 (1H. q. J=7 3 Hz), 4 79 (lH, tt, J=5 4,6 8 Hz), GLC 
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(cdumn, 15% BDS, 2 m, 80°C + S”C/mm, N2, 0 8 kg/cm? rt 7 5 mm (Found C, 65 73. H, 9 74 Calc for C,,H& C. 65 97. H. 

10 07% ) 

I’-Ethylpropyl (Z)-Z-merhyf-3-(2-merhylproptonyloxy)pent-2-enoate 3 To a suspension of NaH (0 8 g. 60% m mmeral 011) m Et@ 

(15 ml), a soln of 2 (I 99 g, 10 5 mmol) m Et20 (10 ml) was added dropwlse at O°C under Ar After stnmng for a whrle at room 

temp. lsobutync anhydnde (3 31 g. 210 mmol) was added dropw~se at O°C After sturmg ovemlght, the muture was poured mm 

sat NH&l aq and extracted with Et20 A small potion of aq pyndme was added to the extract, and the mixture was stnred for 30 

mm at room temp to decompose excess amout of anhydrIde Then the mutture was washed wuh 1N HCl, water, sat NaHCO, aq and 

brme, dned (NazSO,) and concentrated WI vacua The residue was puntied by SIO, flash column chromatography (100 g) Eluhon 

W&I hexane&OAc (10/l) followed by bulb-to-bulb dlsullahon afforded 3 (2 26 g, 85%) b p 115OCn 5 Tm; IR vmax 2980.2950, 

2880,1740,1720,1460,1380.1210,1100,925,885 cm I, ‘H NMR 8 0 88 (6H, t, J=7 4 Hz), 107 (3H, f .I=7 5 Hz), 124 (6H. d, 

J=6 8 Hz), 150-l 62 (4H, m). 192 (3H, s). 2 36 (2H, q, J=7 5 Hz), 2 63-2 76 (lH, septet, J=6 8 Hz),4 78 (1H. qumt, J=6 2 Hz) By 

the comparison of IU ‘H NMR spectrum with a related compound reported prevmusly~ @geometry was deduced GLC (same 

condmon for 2) rt 13 7 mm (Found C, 66 94, H, 9 47 Calc for C,SH~O., C, 66 64, H, 9 69% ) 

Authennc sample of I’-ethylpropyl3-hydroxy-2-methylpentanoate la B p lOO-120°C/1 6 Ton, IR vmax 3500,2970,2940,2890, 

1730,1710,1460,1380,1250,1180,1100,970,915 cm I, ‘H NMR 6 (C&Q 0 76 (15H, t, J=7 3 Hz), 0 77 (15H. t, J=7 3 Hz). 0 77 

(l5H, t, J=7 3 Hz), 0 78 (15H. t, J=7 3 Hz), 0 89 (15H. f J=7 3 Hz), 0 94 (15H. t, J=7 3 Hz), 1 10 (15H. d, J=7 3 Hz), 1 16 (15H, 

d, J=7 3 Hz), 120-l 55 (6H, m). 2 53 (0 5H, d, J=6 3 Hz), 2 36-2 45 (lH, m), 2 56 (0 5H, d, J=6 3 Hz), 3 47-3 54 (0 5H, m), 3 78 

(0 5H, ddd, J=6 3.6 3,12 6 Hz). 4 80-4 87 (lH, m) GLC (same cond~uon for 2) rt 8 7 mm [(2R*.3R*)-la], 9 5 mm [(2R*,3S*)-la], 

Capdiary GLC (column, PEG-20M. 50 m, 17WC/mm, Nz. 2 3 kg/cm3 rt 6 6 mm [(2R*,3R*)-la], 7 1 mm [(2R*,3S*)-la] A small 

pomon was converted to (R)-MTPA ester lb 4 ‘H NMR of&-C& 6 107 [O 75H, d, J=6 8 Hz, (2&3S)], 1 11 [0 75H, d, J=6 8 Hz, 

(2R3s)l. 1 17 t0 75H, d, J=6 8 Hz, (217,3R)], 1 18 [O 75H, d, J=6 8 Hz, (2&W)] 

Reduction by the resrrng cells of Plchra farmosa IAM 4682 reduction of 2 Ptchla fannosa IAM 4682” was culuvated accordmg to 

the reported procedure I1 The washed wet cells (250 g) was suspended in buffer solution (0 lM, 840 ml) To this was added 

glucose (84 g) and the mixture was shaken for 30 mm (150 cpm) at 3oOC Then an emulsion of 2 (500 mg, 2 50 mmol) m Tnton X- 

100 soln (0 2%. 10 ml, somcated for 5 mm) was added and the mixture was further shaken for 1 day at 30°C The mtxture was 

centnfugcd (3OOQ rpm) and the supematant was extracted with Et20 after saturatmg with NaCl The precipitated cells were 

somcated m acetone and filtered The filtrate was concentsuted m vacua and the residue was extracted w~rh Et*0 Sohd mate& on 

the filter was further extracted with Et,0 by applymg somcatlon The orgamc extracts were combmed and washed with water and 

bnne, dned (NmSO4) and the solvent was evaporated at at nosphenc pressure through a Vigreux column The residue was puntied 

by SlOz flash column chromatography (40 g) Elutlon with hexane/EtOAc (10/l) followed by bulb-to-bulb dtstillauon afforded la 

(354 mg, 70%) Its IR spectrum wds ldentlcal with tbat of an authentic la Caprllary GLC (same condmon for authenac la) rt 6 6 

mm [(2R,3R)- + (2&3S)-la, 84 S%l, 7 1 mm [(2R,3S)-la, 15 5%] A small potion was converted to (R)-MTPA ester lb 1H NMR 

of C&& 6 1 07 [197H, d, J=6 8 Hz, (2S,3S)], I 11 [O 57H, d, J=6 8 Hz, (2/?,3S)], 1 17 [0 46H, d, Jz6 8 Hz, (‘2R,3R)], the 

dmstereomenc ratlo was calculated by the comparison of area of these stgnals and the result was bstcd m Table 1 

Reducflon of 3 In the same manner as described above, enol ester 3 (680 mg, 2 50 mmol) was reduced to give la (344 mg, 

68%) The dlastereomenc ratlo was determmcd by the NMR analysis of lb (see Table 1) 

u In our current works, the name of Plchta muo IAM 4682 has teen used for this yeast Recently the lnsutute of &phed 
M~cmblology. Umverslty of Tokyo, changed the name of this stram to Ptcluafannosa IAM 4682 
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