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Abstract 

Optically active fluorine-containing alcohols have been synthesized in high enantiomeric 
excess by the catalytic enantioselective addition of dialkylzincs to fluorine-containing 
aldehydes. 

Optically active fluorine-containing compounds have attracted consid- 
erable interest in many fields [ 1 ] such as biologically active compounds [2], 
liquid crystals [ 31, polymers [4], etc. Among fluorine-containing compounds, 
optically active fluorine-containing alcohols (3) are one of the most important 
synthetic intermediates. However, the methodology for the asymmetric syn- 
thesis of 3 has been limited to certain biological methods [5] and the 
enantioselective reduction of fluorine-containing ketones using a stoichiometric 
amount of a chiral auxiliary [S]. 

In contrast, we have reported the enantioselective addition of organozinc 
reagents to aldehydes using N,N-dibutylnorephedrine (DBNE) [7] and (s>- 
( + )-diphenyl( 1 -methylpyrrolidin-2-yl)methanol (DPMPM) [ 81 as chiral cat- 
alysts 
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Scheme 1. Catalytic enantioselective addition of dialkylzincs to fluorine-containing aldehydes. 

*Author to whom correspondence should be addressed. 

0022-l 139/92/$5.00 0 1992 - Elsevier Sequoia. All rights reserved 



T
A

B
LE

 
1
 

A
sy

m
m

et
ri

c 
sy

n
th

es
is

 
of

 
fl
u

or
in

e-
co

n
ta

in
in

g 
op

ti
ca

ll
y 

ac
ti

ve
 

al
co

h
ol

s 

E
n

t$
 

R
’i 

R
2
(e

qu
iv

.)
b
 

C
h

ia
l 

T
im

e 
A

lc
oh

ol
s 

(3
) 

in
 c

om
p
ou

n
d
 
1
 

i
n
 co

m
p
ou

n
d
 

2
 

ca
ta

ly
st

 
(h

) 
[f

fl
, 

Y
ie

ld
C

 
E

n
an

ti
om

er
ic

 
(c

, 
so

lv
en

t)
 

W
) 

E
xc

es
s”

 
(c

on
fi
g.

) 

1
 

p
-C

F
&

,H
, 

E
t 

2
.2

 
(-

)-
D

B
N

E
 

2
2
 

-1
9
.4

(5
.0

&
H

,)
 

9
2
 

9
lQ

 
2
 

p
-C

F
$
&

H
, 

M
e 

2
.2

 
( 

- 
)-

D
B

N
E

 
1
9
0
 

-2
4
.7

(1
.9

,C
H

,O
H

) 
3
1
 

8
4
0
 

3
 

p
-C

F
&

H
, 

M
e 

3
.0

 
( 

- 
)-

D
B

N
E

 
2
1
4
 

-2
1
.3

(1
.7

,C
H

,O
H

) 
8
0
 

8
l(
a 

4
 

p
-C

F
&

H
4
 

B
u

” 
2
.2

 
(-

)-
D

B
N

E
 

4
4
 

- 
1
8
.7

(3
.5

,C
H

C
la

) 
2
8
 

7
7
 

5
 

p
-C

F
&

H
4
 

E
t 

2
.2

 
( 

+
)-

D
P
M

P
M

e 
2
2
 

8
0
 

9
1
(s

) 
6
 

p
-F

C
eH

, 
E

t 
2
.2

 
(-

)-
D

B
N

E
 

2
4
 

-3
6
.6

(5
.O

,C
H

C
la

) 
8
3
 

9
3
 

7
 

o-
F
C

sH
, 

E
t 

2
.2

 
(-

)-
D

B
N

E
 

2
4
 

- 
2
4
.0

(5
.O

,C
H

C
la

) 
6
5
 

8
5
 

8
 

p
-F

-m
-B

rC
&

H
, 

E
t 

2
.2

 
(-

)-
D

B
N

E
 

2
2
 

- 
2
3
.7

(5
.O

,C
H

C
la

) 
8
9
 

8
5
 

9
 

F
(C

H
z)

7
 

E
t 

2
.2

 
(-

)-
D

B
N

E
 

1
4
 

+ 
7
.9

(4
.2

,C
H

C
la

) 
3
6
 

8
3
 

1
0
 

C
F
,(
C

F
,)
,(
C

H
,)
, 

E
t 

2
.2

 
(-

)-
D

B
N

E
 

1
2
 

4
3
 

7
3
 

??
ol

ve
n

t,
 

h
ex

an
e;

 
re

ac
ti

on
 

te
m

p
er

at
u

re
, 

0
 
“C

. 
b
B

as
ed

 
on

 
th

e 
fl
u

or
in

e-
co

n
ta

in
in

g 
al

d
ch

yd
es

. 
‘Is

ol
at

ed
 

yi
el

d
s.

 
d
D

ct
er

m
in

ed
 

b
y 

H
P
LC

 
an

al
ys

is
 
of

 t
h

e 
co

rr
es

p
on

d
in

g 
(-

)-
M

T
P
A

 
es

te
rs

 
u

si
n

g 
ch

ir
al

 
co

lu
m

n
s 

(C
h

ir
al

 
O

J 
an

d
 C

h
ir

al
p
ak

 
A

D
) 

or
 
‘H

 
N

M
R

 
an

al
ys

es
 

of
 

th
e 

co
rr

es
p
on

d
in

g 
(-

)-
M

T
P
A

 
es

te
rs

. 
eL

it
h

iu
m

 
sa

lt
 

of
 

D
P
M

P
M

 
(p

re
p
ar

ed
 

in
 

si
tu

 
b
y 

re
ac

ti
on

 
w

it
h

 
n

-b
u

ty
ll
it

h
iu

m
) 

w
as

 
u

se
d
. 



7 

We report here the catalytic asymmetric synthesis of 3 by the highly 
enantioselective addition of dialkylzincs to fluorine-containing aldehydes using 
DBNE and DPMPM as chiral catalysts (Scheme 1). 

When p-trifluoromethylbenzaldehyde was treated with diethylzinc in hex- 
ane at 0°C in the presence of (lS,2R)-(-)-DBNE (6 mol%), (S)-l-@-tri- 
fluoromethyl)phenylpropanol was obtained in 92% yield and 91% enantiomeric 
excess (Table 1, entry 1). It was found that the lithium salt of (S)-(+)- 
DPMPM was also effective in affording the corresponding fluorine-containing 
alcohol in 91% enantiomeric excess (Table 1, entry 5). 

On the other hand, treatment of other dialkylzincs (MeaZn, nBuzZn) with 
p-trifluoromethylbenzaldehyde at 0 “C in the presence of 6 mol% of (lS,2R)- 
(-)-DBNE in hexane afforded the corresponding fluorine-containing optically 
active alcohols in high enantiomeric excess (entries 2-4). 

The method was also applicable to the asymmetric synthesis of optically 
active fluorine-containing aliphatic alcohols. Thus, the enantioselective ad- 
dition of EtaZn to the aliphatic fluorine-containing aldehydes using 6 mol% 
of (lS,2R)-( -)-DBNE afforded the corresponding optically active aliphatic 
alcohols in good to high enantiomeric excesses (entries 9,lO). 

The following procedure is typical (Table 1, entry 6). To a solution of 
(-)-DBNE (6 mol%, 0.06 mmol) in hexane (2.0 ml) was added p-fluoro- 
benzaldehyde (1 mmol). The mixture was stirred at room temperature for 
20 min, then EtaZn (2.2 mmol, 2.2 ml of 1 M hexane solution) was added 
at 0 “C. The reaction mixture was stirred at 0 “C for 24 h, and was quenched 
with 1 M HCl. The mixture was extracted with dichloromethane, the extract 
dried over anhydrous NaaSOq and the solvent evaporated under reduced 
pressure. The residue was purified by silica gel TLC [hexane-AcOEt 4:l 
(v/v) as developing solvent]. 

As described above, optically active fluorine-containing alcohols were 
obtained by the enantioselective addition of dialkylzincs to fluorine-containing 
aldehydes in good to high enantiomeric excesses using DBNE and DPMPM 
as chiral catalysts. Because both enantiomers of DBNE and DPMPM are 
available*, either enantiomer of 3 of the desired configuration can be syn- 
thesized using the appropriate enantiomer of the chiral catalysts. 
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