
Journal of Fluorine Chemistry 82 ( 1997) l-7 

A convenient method for the preparation of ar,a-difluoro+ketoesters and 
a,a-difluoroamides from terpenic and perfumery aldehydes 

Shoji Watanabe a**, Tsutomu Fujita a, Masami Sakamoto a, Hiromichi Takeda a, 
Tomoya Kitazume b, Takashi Yamazaki b 

’ Department of Applied Chemistry. Faculty of Engineering, Chiba University, Yayoicho, Inageku. Chiba 263, Japan 
b Department of Bioengineering. Tokyo Institute of Technology, Tsunashima, Midoriku. Yokohama 227. Japan 

Received 4 April 1996; accepted 26 August 1996 

Abstract 

Reformatsky reactions with ethyl bromodifluoroacetate gave a,cY-difluoro-/3-hydroxyesters in good yield from the corresponding terpenic 
and perfumery aldehydes. a,cY-Difluoro-pketoesters were prepared by Swem oxidation of the a,cr-difluoro-phydroxyesters. The reaction of 
hydroxyesters with amines in the presence of lipase MY, lipase PS or Novozym 435 gave cr,cY-difluoroamides. 

Keywords: cr,cY-Difluoro-P-hydroxyamide; rr,a-Difluoro-phydroxyester; a.a-Difluoro-pketoester; Lipase MY; Lipase PS; Novozym 435; Swem oxidation; 
Terpenic aldehyde 

1. Introduction 

Fluorinated derivatives of terpenic and perfumery carbonyl 
compounds have not been examined in detail. Recently, we 
reported the trifluoromethylation and pentafluoroethylation 
of terpenic carbonyl compounds using the Olah reagent [ 11. 
In the present study, various cY,cY-difluoro-pketoesters were 
prepared by Swern oxidation [2,3] of a,a-difluoro-p- 
hydroxyesters [ 4,5], obtained from the reaction of aldehydes 
with bromodifluoroacetate. The reaction of these hydroxyes- 
ters with amines to give the corresponding a,cr-difluoro-p- 
hydroxyamides was examined. 

2. Results and discussion 

The Reformatsky reactions of ethyl bromodifluoroacetate 
with various carbonyl compounds have been described [ 41. 
However, the reactions with terpenic and perfumery alde- 
hydes have not been examined. In this work, we prepared 
cz,cz-difluoro-P-hydroxyesters by the Reformatsky reactions 
of ethyl bromodifluoroacetate with various terpenic and per- 
fumery aldehydes (Scheme 1) . For example, the reaction of 
citronella1 (Ia) and ethyl bromodifluoroacetate gave ethyl 
2,2- difluoro - 5,9 - dimethyl - 3 - hydroxy-8-decenoate (IIa) . 
Other results are shown in Table 1. 
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Scheme 1. (i) BrCF,COOEt, THF, Zu; (ii) (-COCI)z, DMSO; (iii) 
PhCHtNH2, Lipase MY; (iv) PhCH2NH2, ZnCl,. 

It is known that the Swern oxalyl chloride procedure is 
effective for the conversion of Phydroxyesters to the corre- 
sponding ketoesters in high yields [ 2,3]. We applied this 
Swern oxidation to a,cY-difluoro-/3-hydroxyesters, and their 
corresponding /3-ketoesters were obtained in good yield. For 
example, the reaction of compound IIa with freshly distilled 
oxalyl chloride in dimethyl sulphoxide (DMSO) gave the 
corresponding /3-ketoester, ethyl 2,2-difluoro-3-0x0-5,9- 
dimethyl-8-decenoate (IIIa), in a yield of 75% (Scheme 1) . 
We have found that Swern oxidation is suitable for the oxi- 
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Table I 

a.a-Difluoro-P-hydroxyesters and qa-difluoro+ketoesters 

Carbonyl 

compound 

P-Hydroxyester yield 

(%) 

fi-Ketoester yield 

(So) 

Dihydmcinnamic aldehyde 

%CHO 0-p 0-q 
(lb) (I,,,) CFzC~Et (Illb) CWmEt 

63 
69 

Osminal 

*cHo -i CCJO~F C00~t 
WI1 2 2 

UC) (IW (IIIC) 

Citrrl 

r”” fi-:~t ~CF&OOEt 

(14 (IId) (Illd) 

75 

Cyclamen aldehyde 

CF,COOEt 

gy$$ by 

CF,COOEt 

OH 
:I O 

(W We) 
77 

ICNJndecenyl aldehyde 

-CHO 
(10 

(Ilk) 

73 

CF2COOEt Nvvv)( 
wwl 0 

(IIf) 
OH 

65 

q -Butyraldehyde 

/Lao 

(II) 

‘&COOEt ACF@OEt 

We) W13 
75 72 

dation of other a,a-difluoro-/3-hydroxyesters. These results 
are shown in Table 1. 

Candida antarctica lipase (CAL) is a very efficient cata- 
lyst for the enantioselective aminolysis of various racemic 3- 
hydroxyesters with aliphatic amines [ 61. However, the reac- 
tions with terpenic derivatives containing difluoro groups 
have not been examined. We applied this lipase reaction to 

cqa-difluoro-P-hydroxyesters, and hydroxyesters and 
hydroxyamides with slight optical activity were obtained. For 
example, the reaction of compound IIa with benzylamine in 
the presence of lipase MY gave compound IIa 
( [a] 2 = + 13.0”) and N-benzyl-2,2-difluoro-5,9-dimethyl- 
3-hydroxy-8-decenamide (IV,) ( [ a]g = - 1.04”). Other 
results are shown in Table 2. Furthermore, the reaction of 
compound IIIa with benzylamine, catalysed by zinc dichlo- 
ride, gave N-benzyl-2,2-difluoro-5,9-dimethyl-3-keto-8- 
decenamide (V), but in the presence of a lipase compound, 
V was not produced. At present, we are examining the bio- 
logical activities of these amides. 

3. Experimental details 

3. I. General procedure 

The reaction products were analysed by gas chromato- 
graphic methods using a 3 mm (i.d.) X 3 m column of 15% 
Silicone DC 200 on 60-80 mesh Celite 545. Nuclear mag- 
netic resonance (NMR) spectra were recorded at 60 or 250 
MHz for ‘H NMR and 56.4 or 470 MHz for 19F NMR in 

Table 2 

qa-Difluoro-P-hydroxyamides 

&Hydroxyester fi-Hydroxyamide yield (%) 

OH 

CF&OOEl 

(W 

OH 

CF&GOEt 

UW 

CF@OEt 

We) 

OH 

r 

CF&ONHCH2Ph 

(IV@ 

OH 

14* 
15** 
17*** 

CFzK’N*& 19* 
22** 

OH 

18: 
16** 

OH 

CF,CONHCH2W 
8’ 
17** 

We) 

CF,CONHCJlH9 

7* 
35** 

*Lipase PS. **Novozym. ***Lipase MY. 
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CDCl,. “F NMR chemical shifts are reported in parts per 
million (ppm) relative to trifluoroacetic acid ( 6= 0.00) as 
an external standard (low field positive). 

3.2. Ethyl 2,2-difluoro-5,9-dimethyl-3-hydroxy-B-decenoate 
W4 

A solution of d-citronella1 (Ia) (1.54 g, 0.01 mol), zinc 
dust (0.85 g, 0.013 mol) and ethyl bromodifluoroacetate 
(2.64 g, 0.013 mol) in tetrahydrofuran (THF) (40 ml) was 
stirred for 7 h at 60 “C. The reaction mixture was treated with 
aqueous sulphuric acid ( 10%) and extracted withdiisopropyl 
ether. The ether extract was washed with NaCl solution and 
dried over anhydrous sodium sulphate. The solvent was 
removed in vacua and the residual product was chromatogra- 
phed on a silica gel column with a mixture of ethylacetate 
and hexane (5 : 10, v/v) to give 1.78 g (64% yield) of 
compound IIa. It showed the following spectral data. IR 
(cm-‘): 3450 (OH), 1760 (>C=O). 19FNMR (S,ppm): 
-45.15 (lF, dd, JFaFh= 263.98 Hz, JFaH= 15.26 Hz, - 
CFaFbCOOEt), -45.22 ( lF, dd, JFaFh =263.98 Hz, 
J mu = 15.26 Hz, -CFaFbCOOEt), - 37.79 ( 1 F, dd, 
J’ Pa,W, = 263.99 Hz, JFarH = 7.63 Hz, -CFa’Fb’COOEt), 
-38.08 (lF, dd, J,,,,,,=263.99 Hz, J,,,,=7.63 Hz, - 
CFa’Fb’COOEt). Compound IIa was a mixture of 50 : 50 
diastereomers. ‘H NMR (6, ppm): 0.94 (3H X l/2, d, 
J=6.59 Hz, -CHC&), 0.99 (3Hx1/2, d. J=6.59 Hz, - 
CHCH,) , 1.20-l .28 (2H, m, -CH,CH,CH < ) , 1.37 (3H, t, 
J=6.96 Hz, -OCH,CH,), 1.61 and 1.69 (3H and 3H, each 
s, -CH=C( CH,),), 1.95-2.05 (4H, m, -CH,--CH,-CH- and 
OH),4.11-4.15 (lH, m,KH(OH)),4.36 (2H, q, J=6.96 
Hz, -OCH,CH,), 5.10 (lH, t, J=6.96 Hz, -C&(CH,),). 
Other a,a-difluoro-/3-hydroxyesters were prepared in a sim- 
ilar manner, and the spectral data of the products are given 
in Table 3. 

3.3. Ethyl 2,2-difluoro-5,9-dimethyl-3-keto-8-decenoate 
(ZZZa) 

A stirred solution of freshly distilled oxalyl chloride (0.61 
g, 0.0048 mol) in dichloromethane (5 ml) was cooled to 
- 60 “C; a solution of freshly distilled DMSO (0.69 g, 0.0088 
mol) in dichloromethane (20 ml) was then added dropwise 
and stirring was continued for 2 min. Next, a solution of the 
fi-hydroxyester ( IIa) ( 1.11 g, 0.004 mol) in dichlorome- 
thane (5 ml) was added dropwise over 5 min and the resultant 
slurry was stirred for 15 min at - 60 “C. After 3 h at - 60 
“C, triethylamine (2.04 g, 0.02 mol) was added and the resul- 
tant slurry was stirred for an additional 30 min at - 60 “C. 

The mixture was warmed to room temperature over 5 min, 
water (20 ml) was added and the mixture was extracted with 
dichloromethane. The organic phases were washed with 1% 
hydrochloric acid (30 ml), 10% aqueous sodium carbonate 
(30 ml) and saturated sodium chloride solution (30 ml), and 
were then dried over anhydrous magnesium sulphate. The 
solvent was removed in vacua and the residual product was 
purified by column chromatography with a silica gel column 
using a mixture of hexane and ethyl acetate (50 : 1, vr’v) as 
solvent to give IIIa (0.83 g, yield 75%). The purified product 
showed the following spectra data. IR (cm-‘): 1770 
(>C=O), 1730 (-COOEt). “F NMR (S, ppm): -38.63 
(2F, s, CF,COOEt). ‘H NMR (S, ppm): 0.94 (3H, d, 
J= 6.59 Hz, -CHCZf,), 1.20-1.28 (2H, m, -CH,C&CH-), 
1.34 (3H, t, J=7.08 Hz, -H&H,), 1.59 and 1.68 (3H 
and 3H, each s, -CH=C(CH,),), 1.92-2.15 (3H, m, - 
CH,CH,CH-), 2.56-2.72 (2H, m, -CHCH,CO), 4.36 (2H, 
q, J=7.08 Hz, -OCH,CH,), 5.07 (IH, t, J=7.08 Hz, - 
CH=C(CH,)2). Other a,a-difluoro-/?-ketoesters were pre- 
pared in a similar manner. The spectral data of these products 
are shown in Table 4. 

3.4. N-Benzyl-2,2-dijuoro-5,9-dimethyl-3-hydroxy-8- 
decenamide (ZVa) 

A mixture of ethyl 2,2-difluoro-5,9-dimethyl-3-hydroxy- 
8-decenoate (IIa) ( 1 .OO g, 3.6 mmol), benzylamine (0.193 
g, 1.8 mmol), lipase MY (300 mg) , molecular sieves 4A l/8 
(Wako Chemical Co. Ltd.) (one piece) and 1,4-dioxan (30 
ml) was stirred for 10 h at 40 “C under a nitrogen atmosphere. 
Lipase was filtered off and washed with diisopropyl ether. 
The filtrate was washed with 1 N HCl, water, 1 N NaOH and 
water in this order, and dried over anhydrous sodium sul- 
phate. The solvent was removed and the residual product was 
purified by column chromatography with a silica gel column 
using a mixture of n-hexane and ethyl acetate ( 10 : 1, v/v) 
as solvent to give recovered compound IIa (0.40 g) (yield, 
40%) ( [a] g, CH,OH, c = 1.24, + 13.0”, 29% de) and N- 
benzyl-2,2-difluoro-5,9-dimethyl-3-hydroxy-8-decenamide 
( IVa) (0.236 g) (yield, 17%). Compound IVa showed the 
following spectral data. IR (cm-‘): 3325 (OH), 1690 (- 
CONH-). ‘9 NMR ( 6, ppm) : -48.00 ( lF, dd, 
J Fa = 39.68 HZ, JFa = 18.31 Hz,-CFaFbCONH), -47.58 
( lF, dd, JFaFb = 39.68 Hz, JFbH = 18.3 1 Hz, -CFaFbCONH), 
-38.68 (lF, dd, JFa,Fb,= 135.80 Hz, JFa,,,=7.63 Hz, - 
CFa’Fb’CONH), -38.12 (lF, dd, J,,,,,=135.80 Hz, 
J ‘+,” = 7.63 Hz, -CFa’Fb’CONH). ‘H NMR ( 6, ppm) : 0.92 
(3HX l/2, d, J=6.59 Hz, XHCH,), 0.97 (3Hx l/2, d, 
J = 6.59 Hz, -CHCH,), 1.20-l .28 (2H, m, -CH,CH,CH-), 



Ta
bl

e 
3 

Sp
ec

tra
l 

da
ta

 
of

 
rr,

a-
dif

luo
ro

-P
-h

yd
ro

xy
es

te
rs 

IR
 

(cm
- 

‘) 
‘H

 
NM

R 
(S

, 
pp

m
) 

‘9
 

NM
R 

(6
, 

pp
m

) 
St

ru
ctu

re
 

P 

Se
e 

Se
ct

io
n 

3.
2 

34
50

, 
17

60
 

35
00

, 
17

65
 

34
43

, 
17

60
 

34
80

, 
17

70
 

33
80

, 
17

45
 

1.
34

 
(3

H,
 

t, 
J=

7.
08

 
Hz

, 
-G

CH
2C

Hx
), 

1.
75

 
(IH

, 
br

oa
d 

s,
 O

H)
, 

2.
69

- 
2.

77
 

(2
H,

 
m

, 
ph

-C
H2

CH
,-)

 
2.

90
-2

.9
7 

(2
H,

 
m

, 
ph

-C
&W

-),
 

3.
99

- 
4.

07
 

(II
-L

 
m

, 
>C

HO
H)

,4.
34

 
(2

H,
 

q,
 J

=7
.0

8 
Hz

, 
-&

C&
CH

,),
 

7.
26

- 
7.

30
 

(5
H,

 
m

, 
-p

h)
 

0.
85

5 
(3

H,
 

t, 
J=

7.
05

 
Hz

,-C
,H

sC
H,

), 
1.

22
-1

.2
8 

(6
H,

 
m

,-C
HZ

- 
(C

&)
&H

,),
 

1.
35

 
(3

H,
 

t, 
J=

6.
98

 
Hz

, 
-O

CH
zC

HS
), 

1.
45

-1
.6

5 
(3

H,
 

m
, 

-C
H,

(C
H,

)2
-(C

HP
)&

H7
, 

-O
H)

, 
2.

42
-2

.5
0 

(lH
, 

m
, 

ph
-C

H=
C<

 
), 

4.
36

 
(2

H,
 

q,
 J

= 
7.

08
 

Hz
, 

-O
-C

H2
-C

H,
),4

.72
 

( 
lH

, 
m

, 
>C

H-
CF

,-)
, 

7.
24

-7
.3

7 
(5

H,
 

m
. 

-p
h)

 
1.

36
 

(3
H.

 
t, 

J=
 

7.
08

 
Hz

, 
-O

-C
H&

H,
), 

1.
60

, 
1.

68
 

(3
H 

an
d 

3H
, 

ea
ch

 
s,-

CH
=C

(C
H,

),)
, 

1.
75

 
(3

HX
1/2

,s,
-C

(C
H,

)=
CH

-),
 

1.
81

 
(3

Hx
l/ 

2,
 s

,-C
(C

H,
)=

CH
-),

 
2.

01
-2

.2
0 

(5
H,

 
m

, 
<H

z-C
H2

-, 
-O

H)
, 

4.
34

 
(2

H,
q,

J=
7.

25
 

Hz
,-C

HZ
-C

HI
),4

.83
-1

.97
 

(lH
,m

,-C
H(

OH
)-)

.5.
04

- 
5.

09
 

(IH
, 

m
, 

-C
H=

(C
HS

)2
). 

5.
23

-5
.3

1 
(lH

, 
m

, 
>C

=C
H-

CH
(O

H)
-) 

0.
95

 
(3H

x 
l/2

. 
d,

 J
=6

.6
0 

Hz
, 

>C
H(

CH
,))

, 
1.

01
 

(3H
x 

l/2
, 

d,
 

J=
6.

60
 

Hz
, 

>C
H(

CH
,))

, 
1.

19
 

(3
H.

 
d,

 /
=7

.0
8 

Hz
, 

.C
HC

H,
), 

1.
24

 
(6

H,
 

d,
J=

6.
84

 
Hz

,C
H(

CH
,),)

, 
1.

31
 

(3
H,

 
t, 

J=
7.0

0H
z,-

O-
W

- 
CH

,), 
2.

18
-2

.2
4 

(IH
, 

m
,-C

H(
OH

)),
 

2.
55

-2
.6

2 
(lH

, 
m

, 
-p

h-
 

CH
&H

<)
,2

.7
&2

.9
1 

(2
H,

m
,-p

h-
CH

,-)
,3.

02
-3

.08
 

(lH
,m

, 
>C

H-
 

ph
-),

 
4.

05
-4

.1
3 

(lH
, 

m
, 

>C
H(

OH
)),

4.2
8 

(2
H,

 
q,

 J
=7

.0
0 

HZ
, 

-O
- 

CH
,-C

H,
) 

,7
.0

9-
7.

17
 

(4
H,

 
m

, 
-p

h-
) 

1.
26

-1
.3

4 
(IO

H,
 

m
. 

-(C
HZ

)s(
CH

2)
2C

O)
, 

1.
37

 
(3

H,
 

t, 
J=

7.
08

 
Hz

, 
-O

- 
CH

rC
H,

), 
1.

65
-1

.7
0 

(2
H,

 
m

, 
-C

H,
CH

$(
OH

)-)
. 

2.
02

-2
.0

6 
(Z

H,
 

m
, 

- 
CH

r-C
H=

CH
,), 

2.
83

 
( 1

 H
, 

br
oa

d 
s,

 O
H)

, 
3.

99
-4

.0
6 

( 
1 H

, 
m

, 
> 

CH
- 

OH
),4

.36
 

(2
H,

 
q,

 J
=7

.0
3 

Hz
. 

-O
LC

HZ
CH

,),4
.92

 
(lH

, 
d,

 J
= 

10
.0

1 
Hz

, 
-C

H=
CH

Z)
, 

5.
00

 
(IH

, 
d,

 J
= 

17
.0

9 
Hz

, 
CH

=C
H,

), 
5.

78
-5

.8
6 

(IH
, 

m
, 

-C
Hz

-C
H=

CH
2)

 
34

00
, 

17
40

, 
11

00
 

0.
95

 
(3

H,
 

t, 
J=

4.
0 

Hz
, 

CH
,), 

1.
3 

(3
H,

 
t, 

J=
7.

0 
Hz

, 
CH

,), 
1.

55
 

(4
H.

 
m

,C
H?

-),
 

3.
16

 
(IH

, 
s,

 -O
H)

, 
3.

8 
(IH

, 
m

, 
-C

(O
H)

H-
),4

.3 
(2

H,
 

q,
 

J=
 

7.
0 

Hz
, 

-C
Hz

-) 

-4
6.

38
 (

IF
, 

dd
, 

J,,
,=

26
5.

51
 

Hz
, 

JF
aH

= 
15

.2
6 

Hz
, 

-W
&b

), 
-3

9.
52

 

(lF
,d

d,
Jr

*=
 

26
5.

5 
1 

Hz
, 

Jm
H 

= 
7.

63
 

Hz
, 

FF
aF

b)
 

-4
3.

31
 

(lF
,d

d,
 

J,,
,=

25
9.

40
Hz

, 
JF

aH
= 

15
.2

6 
Hz

, 
-U

&b
), 

-3
7.

49
 

( 
IF

, 
dd

, 
JF

aF
h=

 
25

9.
40

 
Hz

, 
JF

hH
 =

 7
.6

3 
Hz

, 
-C

Fa
Fb

) 

- 
46

.4
9 

( 
IF

, 
dd

, 
JF

aF
h 

= 
26

0.
93

 
Hz

, 
JF

aH
 =

 
15

.2
5 

Hz
, 

-C
Fa

Fb
-, 

ci
s 

iso
m

er
), 

-3
9.

53
 

(IF
,d

d,
J,,

,=
26

0.
93

Hz
,J,

,=
7.

63
Hz

,-C
Fa

Fb
-, 

tra
m

 
iso

m
er

), 
-4

5.
53

 
(lF

, 
dd

, 
JF

a=
26

0.
93

 
Hz

, 
JF

aH
= 

13
.7

4 
Hz

, 
- 

CF
uF

b-
1. 

- 
35

.2
9 

( 
IF

, 
dd

, 
JF

aF
h 

= 
26

0.
93

 
Hz

, 
JF

aH
 =

 7
.6

3 
Hz

, 
-C

Fa
F/

+)
 

-4
2.

41
 

(lF
, 

dd
, 

JF
fi=

26
2.

46
 

Hz
, 

JF
aH

= 
16

.7
9 

Hz
, 

-C
Fa

Fb
-),

 
- 

38
.8

9 
(IF

, 
dd

, 
JF

a=
 

26
2.

46
 

Hz
, 

JE
,“=

 
9.

15
 

Hz
. 

-C
Ft

ib-
), 

-4
46

8 
( 

IF
, 

dd
, 

.I F
a,F

h, 
= 

26
5.

5 
1 

Hz
, 

JF
ar

H 
= 

18
.3

1 
Hz

, 
-C

Fn
’F

b’)
, 

- 
35

.2
9 

(IF
, 

dd
, 

J F
*,,

+,
, =

 2
65

.5
1 

Hz
. 

Jm
,,,

= 
7.

63
 

Hz
, 

-C
Fa

’Fb
’-)

 

-4
7.

19
 

(IF
, 

dd
, 

JF
lF

b=
26

3.
98

 
Hz

, 
JF

aH
= 

13
.7

3 
Hz

, 
-C

Fa
F&

), 
-4

6.
76

 
( I

F,
 

dd
, 

JF
nF

b 
= 

26
3.

98
 

Hz
, 

JF
bH

 =
 7

.6
3 

Hz
, 

-C
Fa

Fb
-) 

- 
12

3.
60

5 
(IF

, 
dd

,J,
,,=

26
5.

5 
Hz

,JF
au

= 
13

.7
3 

Hz
, 

Fa
), 

- 
11

6.
14

8 
( 

IF
, 

dd
, 

JF
aF

b=
26

5.
5 

Hz
, 

JF
bH

=7
.6

3 
Hz

, 
Fb

) 

(Ik
) 

CF
sC

OO
Et

 

x 
(II

d)
 

~F
2C

OO
Et

 
Uk

) 



S. Wutmabe et al. /Jortnd of’ Fluorine Chemistry R2 (1996) l-7 5 

Table 4 
Spectral data of cu,a-difluoro-pketoesters 

IR (cm-‘) ‘H NMR (8, ppm) ‘? NMR (8, ppm) Structure 

1780, 1755 1.32 (3H, t, J=7.08 Hz,-O-CH,XH,),2.98 (2H. t, 
J=7.57 Hz, phCH2-CHI), 3.08 (2H. t, J=7.5 Hz, 
phCH,-C&-). 4.33 (2H, q. J= 7.08 Hz, -O-CH2CH,). 
7.20-7.30 (5H, m, -ph) 

1780, 1700 0.89 (3H, t, J= 7.08 Hz, -C,H,CH,), 1.20-1.27 (6H, m, 
-CHz(CHz)$Hs), 1.35 (3H. t, J=6.98 Hz, - 
OCH,CH,), 1.45-1.53 (2H. m, -CH2(CHI),CH,), 2.42- 
2.50 (IH, m, phCH=C<), 4.40 (2H, q, J=7.08 Hz, -O- 
CH,CH,), 7.40-7.46 (5H. m, -ph) 

1800, 1735 1.36 (3H. t, J=7.08 Hz.-O-CH$H,), 1.58, 1.62 (3H 
and SH,each s,-CH=C(CH?)~), 1.70 (3H. s. - 
C(CH,)=CH-), 2.00-2.31 (4H, m. XX-CHZ-). 4.37 
(2H, q, J=7.08 Hz, -O-CH&H,), 5.03-5.08 (IH, m,- 
CH=C(CH,),-), 6.38-6.39 ( IH, m. >C=CH-CO-) 

1780, 1740 

1790.1750 

1.18 (3H. d, J=7.08 Hz, >CHCH,), 1.23 (6H.d. 
J=7,30Hz,-CH(CH,),), 1.28 (3H, t, J=7.08 Hz, -O- 
CH,CH,), 2.83-2.90 (2H. m, -phCH,-), 2.98-3.10 
(2H, m, >CHph-, >CH-O-),4.25 (2H.q. J=7.08 
HZ, -O-CH&H,). 7.06-7.18 (4H, m, ph-) 

1.24-1.32 (IO H, m, -(CH,),-(CH?),-CG). 1.36 (3H, 
t, Jz7.08 Hz, -@CH$ZH,), 1.62-1.68 (2H, m,- 
CHZCH=CH2), 2.01-2.06 (2H, m, -CH2CH=CHZ). 
2.73 (2H. t, J=7.08 Hz,-CH&H2CO-),4.37 (2H, q, 
J=7.03 Hz, -OCH2CH3),4.93 (IH. d, J= 10.25 Hz. - 
CH=CH,),4.99 (IH, d, J= 17.09 Hz, -CH=CH2), 5.77- 
5.85 ( IH, m. -CHzCH=CHz) 

- 38.57 (2F. s, -Cl+) 

- 29.89 (2F, s, -CT-) 

- 38.51 (2F, s, -CFZ-) 

- 38.25 (2F. s, -CF2-) 

- 38.52 (2F, s. CFI-) 

1.60 and 1.68 (3H and 3H, each s, -CH=(CH,),), 1.95- 
2.17 (3H, m, -CH&H$X-) , 2.75 ( lH, broad s, -OH), 
4.15-4.32 (lH, m, -C&OH), 4.51 (2H, q, 5=5.94 Hz, - 
NH,CZf,ph), 5.09 (lH, t, 5~7.08 Hz, -CH=C(CH,),), 
6.80 ( lH, broad s, -NH), 7.25-7.39 (5H, m, ph). [a] 2 
(CH30H, c = 1.03) - 1.04”. Other amides were prepared in 
a similar manner, and the spectral data are shown in Table 5. 

Using lipase PS in a similar manner, a mixture of IIa (32% 
yield) and IVa (23% yield) was obtained. In the case of 
Novozym 435, a mixture of IIa (45% yield) and IVa (23% 
yield) was obtained. The reactions of compound IIa and ethyl 
2,2-difluoro-3-hydroxyhexanoate with benzylamine were 
studied using various enzymes, and the results are shown in 
Table 6. The optical purities were determined by the 
( + )-c~-methoxy-a-trifluoromethylphenylacetyl chloride 
(MTPA) ester method. No good optical resolution results 
were obtained. 

A mixture of compound IIa ( 1.00 g, 3.6 mmol), n-buty- 
lamine (0.132 g, 1.8 mmol), lipase PS (300 mg), molecular 
sieves 4A l/8 (one piece) and 1 ,4-dioxan (30 ml) was 
stirred for 10 h at 40 “C under a nitrogen atmosphere. The 
mixture was treated as for IVa to give recovered compound 
IIa (0.39 g, yield 39%) ( [ cu] g, CH,OH, c = 1.24, + 11 .O”) 
and N-n-butyl- 2,2- difluoro-5,9-dimethyl-3- hydroxy-8- 
decenamide (0.208 g, yield 19%) ( [LX]‘,“, CHsOH, c = 1.02, 
- 1.08). The spectral data are shown in Table 5. 

3.5. N-Ben&2,2-difluoro-5,9-dimethyl-3-keto-8- 
decenamide (V) 

A mixture of ethyl 2,2-difluoro-5,9-dimethyl-3-keto-8- 
decenoate (IIIa) (0.276 g, 1 .OO mmol) , benzylamine (0.32 1 
g, 3.00 mmol), zinc chloride (0.273 g, 2.0 mmol) and ben- 
zene (30 ml) was agitated for 10 h at room temperature under 
nitrogen. The reaction mixture was dissolved in diisopropyl 
ether (200 ml). The solution was washed with 3 N HCl, 3 N 
NaOH and water in this order, and dried over anhydrous 
sodium sulphate. The solvent was removed and the residue 
was chromatographed over a silica gel column with amixture 
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Reaction of a.cr-difluoro-fl-hydroxyesters with benzylamine. Optical purify of recovered esters 

Hydroxyester Enzyme Recovered ester 

]ul? (c, MeOHJ Optical purity (% de) 

Compound IIa Lipase MY +13.0(1.24) 29 

Compound IIa Lipase PS +11.8 (1.28) 26 
Compound IIa Novozym 435 + 10.3 (1.28) 23 

Compound IIa Nothing 
Ethyl 2.2-difluoro-3-hydroxy-hexanoate Novozym 435 -6.27 (1.21) 27 

of n-hexane and ethyl acetate ( 10 : 1, v/v) to give N-benzyl- 
2,2-difluoro-5,9-dimethyl-3-keto-8-decenamide (V) (0.285 
g, yield 85%). It showed the following spectra data. IR 
(cm-‘): 3350, 1755, 1700. ‘v NMR (S, ppm): -39.73 
(2F, s, -CF,CONH). ‘H NMR (6, ppm): 0.93 (3H, d, 
J= 6.59 Hz, -CHCH,) , 1.25-l .34 (2H, m, -CH,CZf,CH-), 
1.59 and 1.68 (3H and 3H, each s, -CH=C( CA!,),), 1.90- 
2.18 (3H, m, -CZf,CH,CH-), 2.56-2.78 (2H, m, - 
CHCH,CO),4.51 (2H,d,J=5.93Hz,-CHZ-ph),5.08(1H, 
t, J= 1.32 Hz, -CH=C(CH&), 6.70 (lH, broad s, -NH), 
7.29-7.40 (5H, m, ph). 

NHCH,ph 
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