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Abstract - Both enantfomers of optically active 1-alkyn-3-01s were obtained in 
high optical purity by microbial resolution of their racemic acetates using a 
stable and ready-to-use lyophilized yeast preparation. 

INTRODUCTION 

Enzymatic resolution of racemic esters by means of microorganisms has 

become a frequently used method for the preparation of chiral building blocks 

during the past decade2. Whereas, in general, only more or less sensitive 

microorganisms have been employed, easy to handle yeast has been examined upon 

its hydrolytic abilities just on a few selected eubstrates3. To gain more 

detailed information about this valuable technique we recently started an 

investigation on this topiclr4 

RESULTS AND DISCUSSION 

Principle of the method 

In previous papers we have shown that fermenting yeast (Saccharontyces 

cerevlsiae Hansen) is a valuable biocatalyst for the asymmetric hydrolysis of 

racemic amino acid esters 1,4 . 

We now tried to employ this method on the microbial resolution of esters 

bearing their chirality center in the alcohol moiety. In that case, both of 

the enantiomera can be obtained at an optimum in chemical and optical yield, 

if the conversion is stopped at the appropriate degree', 40% conversion for 

the alcohol formed and 60% for the remaining ent-ester. This may be monitored 

by titration of the acid formed during hydrolysis by means of an autoburette. 

Using fermenting yeast this method was not applicable, since carboxylic acids 

arising from the metabolism of carbohydrates falsified the result of the 

titration method. The way out of this problem we found in using a lyupM liaed 
yeast preparation showing the following advantages: 

1) NO-metabolism is detected as long as no carbohydrates are added making the 

application of a pH-stat feasible. 

2) The hydrolytic activity compared to fermenting yeast is fully maintained 

and remains stable for at least three months, when stored at 0-4OC. 

Upon examination of the hydrolytic activity of freeze dried yeast towards a 

variety of structurally different esters6 we found that inter alia 

3-acetoxy-1-alkynes were hydrolyzed at a reasonable rate. 
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Optically active 1-alkyn-3-01s have frequently 

material for the synthesis of several classes 

been used as starting 

of compounds such as: 
alkaloids', prostaglandins', pyrethroids', pheromones", vitaminsll, 
steroide12 13 and antibiotics . For their preparation the asymmetric reduction 

of 1-alkyn-3-ones 14 and the enantioselective hydrolysis using microorganisms 

and enzymes 9c,15 are reported. Whereas the first of these methods mentioned 

requires enantiomerically pure auxiliary reagents which are not always easily 

accessible, the second method was performed with selected microorganisms only 

(e.g. Bacillus subtflfsgc~15, Brevibacterfum ammoniagenes 15c and Rhizopus 
16 nigrfcans ) which may not be cultivated without sterile fermentation 

equipment. The use of esterase from Candida cylfndracea led to products with 
15c low enantiomeric excess . 

By variation of eubetituente R1 and R2 of our model substrate (see scheme 
I) we investigated the structural requirements of the enantioeelection in 

asymmetric hydrolysis using lyophilized yeast with acetates of propargylic 

alcohols applying a strategy previously publishedsbfl'. 

UC-la-l3a 1 b-8b la-8a 

Compntrnd 1 2 3 4 5 6 7 8 
I 

R' 

R2 
7 Y n-C5H11 

H 
CH3 H 

SCBBME I: Enantioselective hydrolysis 

yeast. 

n-C,“,c, + fiO2Et Ph - 

H H H H H 

of 3-acetoxy-1-alkynes by lyophilized 

TABLE II Enantiomeric excess of products. 

Substrate 

rat-la 

rat-2a 

rat-3a 

rat-la 

rat-5a 

rat-6a 

rat-'la 

rat-8a 

Conversion40% 

Producta e.e.1 %I 

lb 91btc 

2b 94bte 

3b >97 b 

4b 9lb 

Sb 95b 

6b 91b 

7b l16b'e 

8b a7b 

Conversion 60% 

producta e.e.C %I 

la 72d 

la <lOf 

3a 74d 

4a 18d,f 

Sa 3SdJf 

6a >97g 

'la 61d 

8a 37dlf 

o For absolute configuration see scheme Id 
b 

Determined by ~°F-NMB 
spectroscopy of thedMTPA-ester usilg Eu(fod)a. Determined by HPLC-analysis 
gf the MTPA-ester. Determined by Ii-NMB spectroscopy using Eu(hfc)*. 

' Low e.e., 
Determined by comparison of the optical rotation value with litzrature data. 

since 60% conversion was not achievable within 48 h. Determined 
by comparison of the optical rotation value with material obtained by 
acetylation of 6b. 
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Determination of abroluto configuration 

Correlation of sense and magnitude of optical rotation with literature data 

revealed the absolute configuration for compounds lb 19, 2bllb,l9, 3blSC, 4b19, 

7b20 and 8bgc. 5b and 6b were hydrogenated to give (R)-3-hexanol 
21 and 

(R)-3-hydroxypentanoic acid ethyl eeter22, respectively, the absolute 

configuration of which is well established. 

Influence of subrtituents 

of 

1) 

2) 

3) 

4) 

5) 

6) 

Upon examination of the results from table I the following characteristics 

the enantioselective hydrolysis by lyophilised yeast were foundr 

All acetates of alcohols lb-9b, the configuration of which is (S) in lb-6b 

and (R) in 7b and Bb, (the change from (S) to (R) is only due to the 

altered priorities of eubstituents), were cleaved preferentially as 

compared to the corresponding enantiomers ,la-0a. 

Independent from the struoture of substituent R1 hydrolysis up to a 

conversion of 40% proceeded with better enantioselection - yielding 

alcohols lb-gb with an 8.8. ranging from 87 to .97% - than extended 

hydrolysis up to 60% conversion which gave products of lower optical 

purities. 

Hydrolysis of substrates rat-2a, rat-4a, rat-5a and rat-8a ceased beyond 

about 40% conversion. Therefore, the remaining esters 2a, 4a, 5a and 9a 

showed very low optical purity. Repeated addition of lyophilised yeast 

forced the reaction beyond this point, but the large amount of biomass 

diminished the overall yield of products during extractive workup 

drastically. 

Replacement of the acetylenic hydrogen by a methyl group in substrate 

rat-la (giving rat-la) showed a drastic decrease in the speed of 

hydrolysis, which made a conversion of 60% unaccomplishable for this 

substrate. 

An unsubstituted CH2-unit adjacent to the acetoxy group was obviouely 

necessary for a high degree of enantioselection. In presence of more 

sterically hindered groups (substrates rat-'la and rat-9a) yeast hydrolysis 

led to products with lower enantiomeric excess. 

By yeast only hydrolysis of the acetoxy group was catalysed. The ethyl 

ester moiety of substrate rat-6a remained unchanged. 

By these results it is shown that lyophilised yeast cells present a 

valuable and practical biocatalyst for enantioselective hydrolysis. Thus, 

starting from 3-acetoxy-1-alkynes, optically active propargylic alcohols with 

a variety of structural features were obtained, themselves being useful chiral 

building blocks for BBC-syntheses. Studies on the hydrolytic enxyme system(s) 

of yeast and yeast preparations and on its extended use in bioorganic 

transformations are currently under investigation in this laboratory. 

CONCLUSION 
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EXPERIMENTAL 

Optical rotations were mepaured on a Perkin Hlrnqs 141 p@arimeter in CHClz 
solution unless otherwise etated. RBR-spectra ( H, C and P) were recorded 
in CDCU on a Bruker WH 90 8oectrometer. Chemical shifts are reoorted in 6 
values from internal etandarde (TMS, CDClz and CClzF, resp.): e=einglet, 
d-dublet, t-triplet, q-quartet and m=multiplet. BPLC-analyses were performed 
on a RP 18 column (25Ox4zan) using water/acetonitrile 3r7 as eluent (0.6ml/mi.n, 
W-detection at 254nm). Reactions were monitored by TLC using Merck 60 psd 
silica gel plates and compounds were visualized by epraying with 
vanillin/sulfuric acid. Elemental analyses (C,H,N) for all novel compounds 
were within 0.4% of calculated values. 
Rerck 60 silica gel. 

Column chromatography was performed on 

Synthesir~of rubatrater 
Propargylic alcohols rat-lb", rac-4b" and rat-SbDo were obtained by 

ethyny&tio;azfsbs& corespondQ$ aldehydee following a well r;kt;a$ished 
method . - rat-'lb were purchased from Fluka, .waa 
synthesized accordina to the literature . 
6-~thyl,PqpltD-2-4~01 (rac-2b)U'8'.r A solution of 5-methyl hex-1-yn-3-01 
(rat-lb) . 89mmol), -pyridine (14.Og, 178-l) and trimethylsilyl 
chloride (10.6g,'98mmol) in CHzClz (100ml) wa8 stirred_ at room temperature 
overnight. Then the mixture was poured into eat. NaIiCCa solution (1OOml). The 
aqueous phase was separated, extracted with CIKlz and the combined organic 
layer was egaporated to give the crude trimethylzilyl ether (lO.lg, 61%). To a 
cooled (-80 C) solution of this ether (6.Og, 32mmol) in THF (60ml), n-Bu Li 
(20.2ml of a 1.6N solution in hexane. 32mmoll wao added with stirrina. After 
2Omin methyl iodidg (4.56g, 32mmol)' was added. Then the temperature wa8 
allowed to reach 0 C and the reaction was quenched bv addition of water (2Oml) 
and KtCCm (29). After extraction of the mixture withhiethyl ether the organic 
phase was washed with 21 HCl for deeilylation in situ. The volatile6 were 
removed in vacug and the rema&ing o&l was disrilled to give 
rat-2b, bp 60-5 C/lOmm (lit. : 60 C/3mm). H-NMR: 

3.9g (96%) of 
0.97 (d, J=CHz, 6H), 

1.40-1.73 (m, 3H), 1.83 (d, J-ZHz, 3H), 2.33-2.60 (m, lH), 4.37 (m, 1H). 
3-Hydroxy pent-4-ynoic acid&thy1 erter (rat-6b) wae synthesized in an&o~~; 
the procedure of Panchenko starting 
2-bromoacetic acid ethyl ester. 

from 3-tr@ethyleiklprPpynal 
Yield 71%, bp 65-70 C/O.25zun . H-EMR: 1.30 

(t, J=7Hz, 3H), 2.46 (d, J=ZHz, lH)h 2.73 (d, J=CHz, 2H), 3.23 (d, J=6Hz, lH), 
4.20 (q, J=7Hz, 2H), 4.73 (m, 1H). C-ERR: 13.94 (ester-am), 42.09 (C-2), 
58.28 (C-3), 60c8;a(ester-m), 73.17 (C-5), 83.30 (C-4), 170.9 (C-l). 

Acetates - - rat-0a were obtained by eeterification of the 
corresponding alcohols rat-lb - rat-8b using a etandard proedure 
anhydride/pydidine/4-dimethylaminopyridine, methylene chlor&de) 

(acetic 

5-Methyl-1-hexyn-3-yl acetate (rat-la): yield 588, bp 70 C/15mmW. 'H-NEW 
0.90 (d, J=6Hz, 6H), 1.65 (m, 3H), 2.00 (e, 3H), 2.48 (d, J=ZHz, lH), 5.40 
(dt, J=2 and 6H2, 1H). 
6-Methyl-2-heptyn-4-yl acetate (rat-la): yield 98%, bp 65-70DC/13mmo7. 'H-NMRr 
0.78 (d, J=CHz, 6H), 1.43 (m, 3H), 1.65 (d, J-ZHz, 3H), 2.00 (s, 3H), 5.17 (pa, 
1H). 
1-Octyn-3-yl acetate (rat-3a)lyield 94%, bp 55-8°C/4.0mma7. *H-EMRr 0.90 
J=7Hz, 3H), 1.30-1.35 fm, 6H), 1.72 (m, 2H), 2.00 
lH), 5.33-(dt, J=2 and“lBz, 1R). . .- 

(a, 3H), 2.50 
’ .- 

(d, . J=2l!:: 

l-DeCyII-3-yl acetate (rat-4a): yield 65%, bp 60-5°C/0.15mm*7. 'H-NBR: 8.87 (t, 
J='IHz, 3H), 1.05-1.50 (m, lOH), 1.50-2.00 (m, 2H), 2.00 (6, 3H), 2.40 (d, 
J=ZHz, lH), 5.30 (dt, J=2 and 6Hz, 1H). 
Hex-S-en-1-yn-J-y1 acetate (rat-5a):yield 83%, bp 45-50°C/15mm*7. 'H-NBR: 2.06 
(6, 3H), 2.47 (d, J=2Hz, lH), 2.55 (t, J='IHz, 2H), 4.94-5.28 (m, 2H), 5.41 
(dt, J-2 and 7Hz, lH), 
3-Acgtoxy pee-Q-ynoic 

5.5i,&dlO (m, 1H). 
ethyl arter (rat-6a): yield 93%, bp 

80-5 c/o.-55zml . H-EER: 1.21 (t, J='IHz, 3H), 2.00 (8, 3H), 2.48 (d, J=2Hz, 
lH), 2.83 (dt, J=2 and 7Hz, 2H), 4.17 (q, J=7Hz, 2H), 5.74 (dt, J-2 and 7Hz, 
1H). 
i-Phenyl prop-2-yn-l-y1 acetate (rat-'la): yield 97%, bp 80-5°c/o.8zza~. 
H-NMR: 2.00 (s,.3H), 2.67 (d, J=ZHz, lH), 6.36 (d, J=2Hz, lH), 7.13-7.53 (m, 
5H). 
(E)-d-Hethy& ,hapt-4-en-1-yn-3-yl acetate (rat-Oa): yield 94%, bp 
70-3 c/13mzl . H-ERR: 1.00 (t, J=7Hz, 3H), 1.74 (8, 3H), 1.80-2.00 (m, 2H), 
2.08 (e, 3H), 2.50 (d, J=ZHz, lH), 5.78 (m, 2H). 
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Preparation of lyvphilfred yeast 
Fresh 

r 
ast t Sacaharmes cerevf sf de Han8en, 6OOpll of 17% (w/w) 

suspension from the late exponential growth abase was incubated with 
eaccharose (6,Og).. Aftsstirring the culture at 34 C for 2-h - saccharose was 
coneumed at this point - the cells were isolated by centrifugation (JOOOxg), 
resuspended in diet. wager (500ml) and centrifuged again. The pellet obtained 
was lyophilieed at -20 C to give about 8Og of a yellowish powder. N; 
significant decreeae-in h+olytic activity was observed during a period of 
months when stored at O-4 C. 

General procedure for the aqmmtric hydrolysis wing lyophilixed yea8t 
Lyophilized yeast (150% of substrate might) was suspended in phosphate 

buffer (O.lN, pH 7.0, 70ml). The mixture was eguilibrated for 20 min at r.t. 
Then substrate ester rat-la - rao6a (lOxuno1) was added at once. While 
viaorous etirrina was maintained the DH was keot conetant at 7.0 by addition 
of-N NaOH from & autoburette. When the appropkiate degree of conv&sion was 
accomplished (40% for the alcohol formed and 60% for the remaining ester), the 
cells were removed bv centrituoation and the oroducta were extracted from the 
eupexnatant with C&X% or -petroleum eth& (3xSOml). The pellet was 
reeuepended in ethanol (ZOml.), stirred for 20 min, the cells were filtered and 
the filtrate was evaporated. The residue was combined with the organic phase. 
After removal of the volatiles the alcohols formed (la-@) were separated from 
the remaining esters lb-8b by column chromatography and distilled. Depending 
on the volatility of the compounds the yields were in a range of 40-80% for 
alcohols and 70-90% for esters. 

TABLE II: Dotical rotation values. 

:ompounda I Cal a01 c CB/lOOmll 8.8. I %I 

u72.9 
-18.9 
+14.7 
-14.8 
+61.0 
-7.0 

+12.1 
-3.9 
+24.2 
-39.1 
+82.3 
-22.1 
-2.8 

-26.8 
-17.4 
-16.1 
+31.7 

4.9” 
3.3b 
1.7b 
1.3b 
2.7b 
5.4b 
2.7b 
3.4; 

i-5 

3:7b 
3.6; 

;'$ 

3:3O 
4.gd 
4.1d 

72 
91 
6 

94 
74 

>97 
18 
91 
35 
95 

>97 
91 

5: 
86 

1: 

o Fgr absolute configuration and determination of e.e. see s+eme I and 
I. CHClr solution. 1,4-Dioxane solution, see ref. 20. Diethyl 
solution, see rof. 9c. 
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