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The reactions of N,N-diethyl-l,1,2,3,3,3-hexaftuoro
propaneamine (PPDA) with l3-hydroxyl esters gave
their corresponding fluorides. For example, methyl
(8)-(+)-3-fluorobutyrate was obtained from the reac
tion ofmethyl (R)-(- )-3-hydroxybutyrate with PPDA.
The reaction of a-hydroxy esters with PPDA gave a
mixture of their corresponding fluorides and 2,3,3,3
tetrafiuoropropionate esters. However, y- and I)-hy
droxyesters did not give their fluorinated compounds.
Hydrolysis of those racemic monofluoroesters with
Lipase MY gave optical active monofluorocarboxylic
acids and esters.

Fluorinated compounds have been widely utilized in bio
chemical and industrial investigations. Fluoroalkyl amino
Reagent (FAR) and diethyl amino sulfur trifluoride
(DAST) are useful fluorinating reagents for various alco-

TABLE!

Fluorination of tl-Hydroxyestefs with PPDA

hols, Recently, we reported that N,N-Diethyl-l,I,2,3,3,3
hexafluoro propaneamine (PPDA, Ishikawa reagent) is
useful as a fluorinating reagent for fatty alcohols (l) and
various diols (2). However, the reactions of various ali
phatic hydroxyesters with PPDA have not been studied in
detail. In this paper, the reactivity of hydroxyesters,
chemical structures of the products and reaction condi
tions of the fluorination reaction were studied systemat
ically, Hydrolysis of these mnofluoroesters with Lipase
MY (Candida cyclindracea, Meito Sangyo Co. Ltd.) gave
optical active monofluorocarboxylic acids,

EXPERIMENTAL

The reaction products were analyzed by gas-liquid chro
matography (GLC) on a Shimadzu Model GC-3BF Chro
matograph using a 3 m x 3 mm column of 15% Silicone DC
200 on 60-80 mesh Celite 545. 1H NMR and 19F NMR spec-

---

Yield (%)'5 Yield (%)

40'2 0 +93.3(ddqd)

38 0 +90.3(ddqd)

38'4 0 +100.8(m)
50 3 +101.3(m)
61 5 +99.3(m)
81 10 +98.7(m)
68 14 +98.7(m)
56 17 +98.5(m)
41 20 +98.3(m)
35 38 +102.3(m)
39 38 +102.0(m)
43 58 +lOl.O(m)
38 50 +101.7(m)
63 0 +68.5(qm)
66 0 +75.3(qm)
74 0 +75.1(qm)
65 0 +69.7(qm)

Hydroxyesters(A) Reaction
Time

R1 R2 R3 R4 (hr)

CH3 H H Me'l 3

CH3 H H Et 3

C2H5 H H Me'3 3
C3H7 H H Et 3
C4H9 H H Et 3
C5Hll H H Et 3
C7Hl5 H H Et 3
CgHl9 H H Et 3
CllH23 H H Et 3
C5Hll H CH3 Et 3
C7Hl5 H CH3 Et 3
CgHl9 H CH3 Et 3
CllH23 H CH3 Et 3
C4H9 CH3 H Et 10
C5Hll CH3 H Et 10
C6Hl3 CH3 H Et 10
C7Hl5 CH3 H Et 10

'IR( - )-form [aJbB=-23.23
'2S(+)-form [a IIJl =+6.65
'3R( - )-form [a IIJl =-13.9
'4S(+)-form [allJl=+2.20
'5'fhe yield was calculated as isolated yields.

'To whom correspondence should be addressed.
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(B) (C) 19F NMR of (B)

J(F-Hb)=48.0
J(F-CH3(a))=24.0
J(FH)=42.3
J(F-CH3)=20.7

J(FH)=16.9
J(FH)=16.5
J(FH)=16.2
J(FH)=16.0

J(F-Hc)=22.5
J(F-Hd)=16.0
J(FH)=20.7
J(FH)=15.1
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reported previously (1) to give 1.02 gofmethyl (S)-(+)-3
fluorobutyrate (II) boiling at 71-79C at 200 mmHg. It
showed the following properties: [a lt8 = +6.65; IR (cm-1):
1730; 1H NMR (l), ppm): 1.37 (3H,dd,J (CH3- F)=24.0 Hz,
J(CH3-H)=6.75 Hz, CH3(a)), 2.35 (lH,ddd,J(Hc-F)=22.5
Hz, J(Hc-Hd)=16.0 Hz, J(Hc-Hb)=6.0 Hz, Hc), 2.65(lH,
ddd,J(Hd-F)=16.0 Hz, J(Hd-Hc)=16.0 Hz, J(Hd-Hb)=6.0
Hz, Hd), 3.40(3H, s, -COOCH3), 5.00 (lH, dq, J(Hb-F)=48.0
Hz, J(Hb-CH3(a))=6.75 Hz,-Hb); 19F NMR

tra were obtained using CDCl3 as a solvent on a Hitachi
Model R-24 spectometer. The chemical shift values are
expressed in l) value (ppm) relative to a TMS internal
standard (lH NMR), and ppm values relative to an exter
nal CF3COOH (19F NMR, positive values upfield). IR spec
tra were obtained on a JASCO Model IR-G infrared
spectrophotometer. Hydroxyesters were prepared by
Reformatsky reaction or reduction of corresponding
ketones.

Fluorination of{3-Hydroxyesters with PPDA. As a typ
ical method using fractional distillation, fluorination of
methyl (R)-(- )-3-hydroxybutyrate (I) is shown in the
following pages. A solution ofPPDA (10.0 g, 44.8 mmol) in
CH2CL.! (20 cc) was added dropwise into a solution of I
(2.05 g, 17.4 mmol) ([a lt8 = -23.23) in CH2CL2 (10 ml) at
room temperature. The reaction mixture was treated as

TABLE 2

Hb Hc
I I

CH~- C - C - COOCH3
I I
F Hd

(II)

Fluorination of a-Bydroxyesters and Other Hydroxyesters with PPDA

Hydroxyester Product Yielda 19F NMR (<'l,ppm)
(%) CFa CHF J(Hz)

a-Hydroxyesters

Ethyl2-Hydroxybutyrate Ethyl 2-(2,3,3,3-tetra- 31 -1.67(dd) J(HF)=6.6 J(FF)=10.5
fluoropropyloxy)-butyrate +126.0(dq) J(HF)=41.4 J(FF)=10.5

EthyI2-F1uorobutyrate 10 +125.7(dddq) J(FH)=38.5 J(FH)=19.7
J(FH)=18.8 J(FH)=9.4

Ethyl2-Hydroxypentanate EthyI2-(2,3,3,3-tetra- 42.1 -1.63(dd) J(FH)=6.2 J(FF)=1O.2
fluoropropyloxy)-pentanate +126.(dq) J(HF)=41.1 J(FF)=lO.l

EthyI2-F1uoropentanate 13.4 +125.7(m)

MethyI2-Hydroxy-4- MethyI2-(2,3,3,3-tetra- 43 -1.65(dd) J(FH)=6.1 J(FF)=lO.O
methylpentanate fluoropropyloxy)-pentanate +1 26.0(dq) J(FH)=41.0 J(FF)=1O.3

MethyI2-F1uoro-4- 15 +126.0(m)
methylpentanate

EthyI2-Hydroxy- EthyI2-(2,3,3,3-tetra- 10 -l.64(dd) J(FH)=6.4 J(FF)=10.3
octanoate fluoropropyloxy)-octanoate +126.0(dq) J(FH)=41.1 J(FF)=lO.O

EthyI2-F1uorooctanoate 3 +125.9(m)

EthyI2-Hydroxy- EthyI2-(2,3,3,3-tetrafluoro- 3
decanoate propyloxy)-decanoate

EthyI2-F1uorodecanoate

MethyI2-Hydroxy-
palmitate

MethyI2-Hydroxy-
stearate

Other Type Hydroxyesters

Methyl (8)-(+)-3-Hydroxy- Methyl (8)-(+)-3-fluoro- 20 +l41.2(td) J(F-CH2)=41.4
2-methylpropionate 2-methylpropionate J(F-CH)=16.9

[a] IJ =+26.8 [am =+3.12

Methyl 4,4,4-Trichloro- Methyl 4,4,4-Trichloro- 45 -2.33(dd) J(FF)=12.4 J(FH)=7.5
3-hydroxybutyrate 3-(2,3,3,3-terafluro- +123.7(dg) J(FH)=39.5 J(FF)=12.4

propionyl)-butyrate

Ethyl 4-Hydroxypentanate

Ethyl 5-Hydroxyheptanate

Ethyl 10-
Hydroxyundecanoate

Methyl 12-Hydroxystearate

aThe yield was calculated as isolated yield.
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TABLE 3

Hydrolysis of fj-Fluoroesters

F
I

R1/VCOOEt

(A)

Lipase MY.. F

(B)

+

F...
R1/VCOOEt

(C)

Fluoroesters(A)
R

Reaction
Time

hr

Conversion
(%)

(B) (a]¥f(EtOH, c) (C)

C5Hll

C~ll
C5Hll

C7H15
C7H15
C7H15

2.0
2.5
3.0

2.0
3.0
4.0

37
44
48

34
45
50

+4.54(1.08)
+3.90(1.00)
+2.42(1.02)

+3.78(1.02)
+2.54(1.04)
+2.65(1.00)

-1.21(1.00)
-2.36(1.02)
-2.44(1.04)

-2.00(1.00)
-3.04(1.00)
-3.13(1.04)

f3-hydroxyesters with PPDA gave mixtures of their cor
responding fluorides and their dehydrofluorided esters
as shown in Table 1. Fluorination of higher 3-hydroxyes-

canoic acid showed the following data: IR(cm-l): 1708; 1H
NMR (15, ppm): 0.87 (3H,t, J=5.0 Hz, CH3-), 1.1-1.7
[WH,m,-(CH2)5-], 1.7-2.1 [2H,m,-CfuCHF-), 2.4-3.0
[2H,m,-CfuCO-), 4.3-5.5 [IH,m,-CHF), 11.54 (IH,s,
COOH); 19F NMR (l5,ppm): +100.0 (m,-CHK-); [a ]b2 =+2.65
(c=l..OO, EtOH). The angle of rotation ofethyI3-fluorode
canoate was [am =-3.13 (c=1.04, EtOH)).

Other 3-fluoroesters were treated with Lipase MY in
the same way, and the results are listed in Table 3.

RESULTS AND DISCUSSION

It is known t~at PPDA is a useful fluorination reagent for
saturated pnmary alcohols (l) and various diols (2).
However, the reactions of most secondary alcohols with
PPDA give the corresponding fluoride, or 2,3,3,3-tetra
fluoropropionate, in only low yields. Undesirable side
reactions such as dehydration, isomerization and dimer
ization of alcohols are often present in higher yields. The
pres~ntp~perdescribes the reactions ofa varietyoftypes
of aliphatIC hydroxyesters with PPDA

The reactions of f3-hydroxyesters with PPDA gave their
corresponding fluorides. For example, methyl (8)-(+)-3
fluoro-butyrate (11)( [a ]b8 =+6.65) was obtained from the
reaction of PPDA with methyl (R)-(-)-3-hydroxybutyrate
(I) ( [a1b8 ~-.23.33). As is similar with aromatic hydroxyes
ter contammg a PhC(H)(OH)-group (3), it is suggested
~hat fluorination of aliphatic hydoxyesters by PPDA
mvolves an ~2 reaction pathway. From other 3-hydrox
yesters, corresponding fluorides were obtained as their
main product. The reaction of a-alkyl-substituted-

(15, ppm): +93.3, ddqd J(F-Hb)=48.0 Hz, J(F-Hc)=22.5 Hz,
J(F-CH3(a~)=24.0 Hz, J(F-Hd)=16.0 Hz, -CHK-).
~ ~ typIcal method using liquid chromatography, flu

ormation of ethyl 3-hydroxydecanoate is shown as fol
lows. A solution of PPDA (4.5g, 20.0 mmol) in CH2Cl2 (10
ml) was added dropwise into a solution of the hydroxyes
ter (2.2 g,W mmol) in CH2Cl2 (25 ml) at room tempera
ture. The reaction mixture was treated in the same
manner to give the residous oil. The crude product was
chromatographed with silica gel using n-hexane (90 vol
ume), containing ethyl acetate (10 volume), to give ethyl
3-fluorodecanoate (1.3 g, yield 58%) and ethyI2-deceno
ate (0.37 g, yield 14%). Ethyl3-fluorodecanoate showed
the following spectral data: IR(cm-l): 1728; lH NMR
(l5,ppm): 0.88 (3H,t, J=4.8 Hz, -CH2C!k), 1.21 (3H,t, J=7.0
Hz, -OCH2C!!3), 1.2 - 1.6 [WH, m,-(CH2)5 -], 1.6 - 1.9
(2H,m,-CfuCHF), 2.2 - 2.7 (2H,m,-CH2CO), 4.04 (2H,
q,J=7.0 Hz,-OCfuCH3), 4.1 - 5.4 [IH,m,-CHF);l9F NMR (15,
ppm): +98.7 (m, -CHK-). Ethyl 2-decenoate was con
fIrmed by comparing with its authentic sample.

Other hydroxyesters were treated with PPDA in the same
manners, and the results are listed in Tables 1 and 2.
Hy~rolysis of Ethyl 3-Fluorod.ecanoate with Lipase

MY. LIpase MY (Candida cyclindracea, Meito 8angyo Co.
Ltd.) (2.0g) was dispersed in a mixture of 1/15 Molar/l
solution ofsodium hydrogen phosphate (18 ml) and 1/15
Molar/l solution of potassium dihydrogen phosphate (7
mI). Ethyl3-fluorodecanoate (1.4 g, 6.4 mmol) was added
to this solution. The mixture was agitated for 4 hours at
3~ C. After adding diluted hydrochloric acid to pH 3, the
mIXture was extracted with diisopropyl ether. The ether
extract was washed with saturated sodium chloride solu
tion several times, dried over anhydrous sodium sulfate
fIltered and then evaporated to remove the solvent. Th~
resi~ue wa:s chromatographed over a column ofsilica gel
elutmg With n-hexane which contained increasing
amounts of ethyl acetate; each 10 ml fraction was col
lected. Elution with n-hexane/ethyl acetate (WO:50v/v)
gave pure 3-fluorodecanoic acid (0.59 g yield 42%) and
elution with n-hexane/ethyl acetate cioo:w v/v) 'gave
ethyl3-fluoro decanoate (0.58 g, yield 41%). 3-Flourode-
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F

;AvCOOMe

(II)
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From the reaction of -y-hydroxyesters such as ethyl 4
hydroxy-pentanoate with PPDA, fluoride or tetrafluoro
propionate were not obtained. The reaction of ethyl 10
hydroxyundecanoate with PPDA gave a dehydration
product. These results are listed in Table 2. As reported
previously (4), w-hydroxyesters can be fluorinated.

ters such as 3-hydroxystearic acid did not give a fluorine
compound.

From the reactions of lower a-hydroxyesters with
PPDA a mixture of fluoride and tetrafluoropropinate
ester was obtained. For example, a mixture of methyl 2
fluorobutyrate (IV) and methyl 2-(2,3,3,3-tetrafluoro
propionyloxy)-butyrate (V) was obtained from the reac
tion ofPPDA with methyl a-hydroxybutyrate (III). From
the reaction of higher a-hydroxyesters such as methyl a
hydroxypalmitate, their corresponding fluorides or tetra
fluoropropionyl esters were not obtained.

A(
COOMe A(COOMe A( COOMe

PPDA--00 F OC~3

(III) (IV) (V)

The hydrolysis of monofluoroesters with enzyme
(lipase MY) was examined. The use of an excess of water
at 38-40C as a solvent was the best condition for the
preparation of the monofluorocarboxylic acid. Interest
ingly, we have found that racemic 3-fluoresters can be
optically separated into (+)-acid and (-)-esters. For
example, 3-fluorodecanoic acid ([a ]t2 =+2.65) and ethyl
3-fluorodecanoate ([a]t2 =-3.13) were obtained from
racemic ethyl3-fluorodecanoate by the action ofenzyme
(lipase MY). These results are shown in Table 3.
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