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A bstract:  F.lficient kinetic resolution of mccmie 3-hyd~xy-3-(pentafluorophenyl)- propionittile (+)-1 
by a lipa~-catalyz~l Uansesterification gave optically pure ($)-3-hyth~xy-3-(pentalluerophenyl)- 
propionitrile (S)-I and (R)-(+)-3-aegtoxy-3-(d~nta-fluotophcnyl)Im~onitrile (R)-I [>99% ee, respec- 
tively, E = 1057]. the former of which was further tran~otmed into (S)-(-)-3-amin,9-1-(pentafluoro- 
phenyl)- l-propanol (8)-7 in four steps. © 1997 Elsevier Science Ltd. All rights reserved. 

Optically active 3-hydroxy-3-phenylpropionitrile ~ and its reduction product, 3-amino-l-phenyl-1- 

propanol, ~ have been known as useful chiral building blocks for the synthesis of biologically active compounds 

such as Norfluoxetine, Fluoxetine and Tomoxetine ~ which have recently attracted much attention in view of their 

potent antidepressant activities. In this paper we report an efficient preparative method for the pentafluorophenyl 

analogs, (S)- and (R)-3-hydroxy-3-(pentafluorophenyl)propionitrile (S)-I and (R)-I, with high enantiomeric 

purities by the lipase-catalyzed kinetic resolution 4 of the racemic hydroxy nitrile (±)-1 and its acetate (±)-2. The 

selectivity in the resolution was found to be dramatically enhanced s as compared with that of the non-flnorinated 

compound. The prepared compound (S)-1 was further transformed into its amino alcohol derivative (S)-7. 

These newly prepared fluorinated compounds, (S)-1, (R)-I and (S)-7, would be useful not only for the 

synthesis of fluorinated mimics of the biologically 

active compounds but also as fluorinated chiral , = F  OH F QH 

iigands utillized in asymmetric synthesis. We F ~ C N  F ~ C N  

have been interested in the potentiality of 1 . 1 . 1  
molecular recognition of the pentafluorophenyl F " ' ~  "F F " " ' ~  "F 

moiety in the vicinity of a chiral center. ~ F F 

For the preparation of (±)-1,7 we initially (5-3-1 {R)-I 

utilized the reaction conditions for the non- 

fluorinated analog ~ of 1 which was easily prepared from benzaldehyde and acetonitril¢ [n-BuLi, THF, -60  "C]. 

However, the fluorinated compound (±)-1 was obtained from pentafluorobemzaldehyde in only 10% yield in 

similar conditions and contaminated with many unidentified by-products. After optimization of the reaction 

conditions, the reaction temperature was found to be a definitive factor and was carefully controlled at - 100 "C. 

Thus, to a cooled ( -50 "C) solution of n-BuLl (1.2 equiv.) in THF was added acetonitfile (1.2 equiv.). The 
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resulting cloudy suspension was further cooled to - 100 "C and stirred for 30 min. Then, a THF solution of 

pentafluorobenzaldehyde (1.0 equiv.) and Znl: 8 (0.02 equiv.) was added quickly and stirred for an additional 30 

rain at that temperature. The usual work-up followed by chromatographic purification gave (+)-1 as white 

crystals (60% yield; mp 86 -88  "C, AcOEt-hexane). 

The lipase-catalyzed kinetic resolutions were carried out both by the transesterification of alcohol (+)-1 

with vinyl acetate(Table 1) and by the hydrolysis of the acetate (+)-29 (Table 2). Both procedures gave optically 

pure enantiomers, respectively. Table 1 ~° shows that TOYOBO LIP"  exhibited ideal results: both enantiomers 

of alcohol (S)-1 ~2 and acetate (R)-2 Is ([¢x]24n = +32.9 (c 1.00, CHCI3) ) have >99% ee with E = 1057.14 

Significantly, (S)-1 showed a very small value of the optical rotation ([cx]D .. 0 in some different solvents) 

which, thus, could not be used for the assignment of the absolute configuration. 

Table 1 
F OH F OH F -OAc 

F ~ ~ . C N  Lipase F ~ , , ~ C N  F , ~ ~ C N  
Vinyl Acetate ~ + 

F" ~ "F i-Pr20,300C F" ~ "F F" ~ "F 
F F F 
(+)-1 (S)-1 (/:/)-2 

~s)-i (R)-2 
Entry Lipase Time (h) % Yield (% ee) a % Yield (% ee) b Cony. E 

1 TOYOBO L I ~  19 42 ( >99 ) 45 ( >99 ) 0.50 >1057 
2 Amano PS d 67 53 ( 61 ) 39 ( 73 ) 0.45 12 

a) Determined by IH NMR (500 MHz) analysis of the MTPA ester, b) Determined by 
IH NMR (500 MHz) analysis with 50% mol of Eu(hfc)3. c) Pseudomonas sp. lipase 
immobilized on Hyflo Super-Cel. d) Pseudomonas cepacia. 

Table 2 
F OAc F OH F OAc 

F . ,~ , , . .CN Lipas¢ . F ~ , ' ~ C N  F ~ x ~ . C N  
pH 7.2 Phosphate buffer + 

F" " ~  "F Acetone, 30 °C F" ~ "F F" xl~ "F 
F F F 
(+)-2 (R)-I (S)-2 

(R)-l (s)-a 
Entry Lipase Time (h) % Yield (% ee) '  % Yield (% ee) b Cony. E 

1 Amano PS 84 2 5 ( 9 3 )  6 8 ( 3 0 )  0.24 37 
2 Amano AK c 112 4 0 ( 9 3 )  3 7 ( 8 2 )  0.47 70 
3 Amano A6 d 12 8.3 ( 10 ) 53 ( 0.2 ) 0.20 1.2 
4 Amano AY e 96 58 ( 70 ) 29 ( 71 ) 0.50 12 
5 TOYOBO LIP 25 41 ( >98 ) 52 ( >99 ) 0.50 >1057 

a) Determined by IH NMR (.500 MHz) analysis of the MTPA ester, b) Determined by IH 
NMR (500 MHz) analysis with 50% mol of Eu(hfc)3. c) Pseudomonasfluorescens. 
d) Aspergillua niser, e) Candida rusosa. 
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In the results of the hydrolytic resolution (Table 2's), TOYOBO LIP aim showed outstanding superiority 

to give (R)-I (>98% ee) and (S)-2 (>99% ee, [O.]25D--'-- --33.7 (C 0.6, CHCi3) (E = 1057t'). It should be noted 

here that a fluorinated substrate such as (+)-2 much improved the selectivity as compared with the non- 

fluorinated analog which had been reported to be resolved by use of Amano P with only E = 8. '~ We examined 

the resolution of the non-fluorinated analog with TOYOBOLIP and also obtained a low, but slightly improved, 

selectivity (E = 16). The contrastive results with the fluorinated substrate suggest that the highly hydrophobic 

pentafluorophenyl group may be suitably taken into the hydrophobic pocket of the enzyme to give the much 

improved selectivity. The RJS selectivity is the same as that of the non-fluorinated compound and obeys the 

empirical rules. '7 

For the determination of the absolute configurations of the thus-prepared enantiomerically pure 1 and 2, 

compounds (S)-I and (S)-2 were prepared independently from commercially available (R)-pentafluorostyrene 

oxide 3's as shown in Scheme 1. Reaction of (R)-3 with NaCN in EtOH in the usual manneP 9 gave alcohol (S)- 

1 (64% yield), which was then esterified to give acetate (S)-2 (93% yield) ([ct]2° o = -36.6 (c 2.40, CHCI3) ) 

and the optical rotation was compared with that obtained from the lipase-catalyzed resolution. 

F 0 

F ~ ~ F  ~ NaCN 
EtOH 

F rt, 4h 
F (R)-3 

F OH F OAc 
F ~ , ~ j C N  (CH3CO)20 F ~ ~ , , / C N  

Pyridine 
F ~ ~ "F It, Overnight F ~ ~ "F 

F (S)-1 F (S)-2 

Scheme 1 

Finally, (S)-I thus prepared by the iipase-catalyzed resolution was transformed into the corresponding 

amino alcohol (S)-7 as shown in Scheme 2. Protection of the hydroxyl group of (S)-I with TBS-CI z° in DMF- 

Py at 50 "C (68% yield) followed by the reaction with DIBAI.,H" in THF, and subsequent in situ reduction of 

the intermediate imine (5)-$ with NaBH 4 gave a TBS ether of amino alcohol (S)-6 (22% yield in two steps, mp 

61-63 "C, [a]21 o = -50.0 (c 2.00, CHCI3) ). Deprotection of the TBS group with (n-Bu)4N*F- gave the 

desired (S)-7 (48% yield). Synthetic utilization of optically active 1, 2 and (8)-7 is now under active 

investigation. 

F O-TBS 
TBS-CI, 

(S)-1 Imidazole F CN DIBALH 

DMF, 50 °C F" " ~  "F THF, rt 
F 

(S)-4 

F O-TBS F~~F~ NH 2 

F ~ " ~ ' F  
F 

(si.e 

Scheme 2 

NaBH4 . (n'Bu)4N+% 
THF, rt THF, rt 

F O-TBS "] 
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F OH 

F ~ N H 2  

F" " "~  "F 
F 

(S)-7 
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