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Abstract: Optical active chlorohydrin derivatives 2a-m and 3a-m of both enantiomeric series 
were prepared via both enzymatic hydrolyses and acyltransfer reactions catalysed by a highly 
selective lipase from Pseudommus sp.. The resulting building blocks were further transformed 
into the cormsponding P-blockers of high enantiomeric purity. 

P-Adrenergic blocking agents of the I-alkylamino3-aryloxy-2-propanol type 1 are widely used for the 

treatment of angina pectoris, hypertension and other cardiac diseases. It is well established that the desirable 
therapeutic activities reside mainly in the (S)-enantiomers of these moleculesl. It seem also to be known that 
some of the opposite enautiomers (R)-1 display undesireable side effectsz. Although many of these pharma- 
ceuticals ate still marketed as racemates, considerable efforts have been made in recent years for the pre- 
paration in enantiomerically pure form, e.g. by asymmetric syntheses3 or biotransformation~. Previous works 

resulted in: a) the identification of a-chlorohydrin derivatives as suitable building blocks for these target 

molecules and b) suitable enzymatic methods for their preparation in high optical purity. 

Based on these initial results the substituted (f)-1-aryloxy-3-chloro2-propanol I(k)-2a-ml6 and the 
corresponding (f)-Zacetoxy- I-aryloxy-3chloropropan I(k)-3a-ml7 were synthesized and resolved both by 
enzyme mediated acyltransfer (method B) and hydrolysis (method A), respectively (Scheme 1). 
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Scheme 1 Reagents. i, 10 mmol substrate, 20 ml 1~ phosphate buffer pH 7.0, 400 mg lipase, 20°C; 
ii, 10 mmol substrate, 30 mmol vinylacetate, 10 ml ‘BuOMe, 400 mg lipase, r.t. 

All these bicconvenions were carried out as previously describe&. The results are summarized in 
Tables 1 and 2. With the exception of 2h. I and 3h, I whose optical purities had to be determined via *H-NMR 
spectroscopy or HPLC of the corresponding “Masher” [methoxy-(trifluormethyl)phenylacetyl-, MTPA-1 
esters*, the enantiomeric purities of all products were again obtained via HPLC analysis on chiral supports9 
[Chiralcel OB, OD and Chiralpak CT(+)]. 
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As outlitted in Scheme 1 and further documented in Table 1 enzymatic hydrolyses of the acetates [(i)- 
3a-m] in presence of the Jipase from Pseudomom sp. led to the corresponding (Q-alcohols 2 and (R)-acetates 

3. All substrates with the exception of (f)-31, a crystalline compound, were converted under the conditions 
employedlO. 
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A comparative analysis of the tesuhs summarized in Table 1 clearly teflects the considerable influence 
of the substitution pattern on both the specific activities and the enantioselectivities. In comparison to the 
parent compound (*)-38 ortho-substition as in (f)-3b, e. h. i, j, m causes a strong decmase in specific activity 
resulting in rather long reaction times. A less marked relationship is observed between substitution pattern and 
enantioselcctivity. While substrates (f)-3h. j were hydrolyzed with high selectivities [E > 1001 only low or 

moderate optical purities were observed in the transformations of (f)-3b and 3e, respectively. In summary, 
with only four exceptions remarkably high enantioselectivities were observed. 

Complementary to the hydrolytic experiments, the corresponding esteritications of &)-t-m under the 
conditions of irreversible acyltransfer produces the (R)-alcohols 2 and @)-acetates 3. As documented in Table 
2 these esterifications generally proceed with considerably higher enantioselectivities than the corresponding 
hydrolyses. Again the orrho-substituted derivatives [2b, e, h, i, j. m] display considerable lower specific 
activities as compared to the m- and p-substituted derivatives. This effect is clearly reflected in the 
considerable reaction times requited for the conversion of these orrho-substituted compounds. 

The thus prepared building blocks of both enantiomeric series can be converted into B-andrenergic 
blockers of both absolute contigurations as outlined in Scheme 2. Base catalyzed conversions of either the a- 
chlorohydrins 2 or their acetates 3 resulted in the corresponding oxiranes. respectively. Without isolation, 
these were further convert@ into the corresponding @Irene@ blocking agents by nucleophilic ring opening 
reaction with isopropy e 

2lF 

or rert.-butylamine, respectively. Reaction of the free bases with HCl in ether, 
produces the correspon hydrochlorides, which upon rccrystallisation led to the actual pharmaceuticals in 
optically pure form. The @antiomeric purities of all drugs were again determined by HPLC on a chiral support 
(Chiralcel OD)t2. 
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Table 2 
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(+2a H 95.6 42 96.6 44 16 0.5 >I00 (223) 

b 2a3 98.G 38 86.6 43 136 0.53 68 

C -3 %.3 47 96 49 17 0.50 >lcKl (197) 
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Scheme 2 Reagents: i, 2 mmol substrate, 2.2 mol or 4.4 mol KOtBu, 10 ml IT-lF, O’C, 1 h;without isolation of 

epoxide 5 ml isopropylamine or tert.-butylamine. 5 ml ethanol, 12 h If., &er/HCl 

Using pqranolol [lh]l3 as a model system both enantiomeric forms were pmpared from all available 

enantiomers [(R)-, (S)-Zh, (R)-. (S)-Jh]. Both the free base and the hydrochloride were synthesized (Table 3). 
In case of other B-blockers, e.g. Toliprolol [lc]14. Moprolol [le]ls, Alprenolol [li]te, Penbutenol 

[lj]l5*17, Atenolol [lk]l8, Practolol [lilt9 and Oxprenolol [lm]m only the biologically active Q-enantiomers 
were prepared as free bases (Table 4). 

Table 3 

PhCl pmpranold (fee hw) pmprmhl (hydmchlotide) 

C&i,& %W OdiR. %ee' %yieldcmtig. %ce’%yield 

(R)-(-W 92 (W->lk 94.5 79 Q-(-)-lb >99.5 74 

(R)-(-)-3b 96 (S,&(-)-lh 82.1 71 (S)-(-)-lb 99 68 

(.Q(+)-2h % (R)-(+)-lb SW.5 79 (R>(+)-lb S9.5 79 

GK+)_3b 83 (RH+)-lb 89 69 (R&t+)-lh S9.5 69 

a)dctermkdbyHFWmChimlcclOD 

Table4 _ 

cdllu Pblocker 

ConfiR. 96 Ce COllfiK. % sea % yield 

(R)-(-)-2c %.3 (S)-(-)-lc S9.5 79 

(R>(-)-2e % (S)-(-)-le z-98 60 

(R)-(-)-2t 93.8 (S)-(-)-11 77.6 35 

(R)-G)-?i 80.8 (W-NJ 90.8 45 

(RX-)-3k ~99.5 Q-(-)-lk a99 46 

(R)-(-)-21 87 Q-(-)-l1 a99 30 

(RX-)-2m 88.7 (W-)-lm 90.4 66 

a)demmincdbyHPLCcmChiralczlOD 
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