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SUMMARY

By reaction with 1,1,2,3,3,3-hexafluoropropyldiethylamine (PPDA},
various monoesters of ethylene glycol gave a mixture of the corresponding
monofluorides and 2,3,3,3-tetrafluoropropionate esters. The antimicrobial

properties of these fluecrine compounds for a spent coolant wvere examined.

INTRODUCTION

Fluorinated compounds have been widely prepared and utilized in
biochemical and industrial investigations [1], Recently, we reported that 1,1,
2,3,3,3-hexafluoropropyl diethylamine (PPDA) is a useful fluorinating agent
for hydroxyesters [2] and halogeno alcohols [3]. Ve have now studied the
reactions of various monoesters of ethylene glycol with PPDA and found that
a mixture of the corresponding 2,3,3,3~tetrafluoropropionate and monofluoride
vas obtained, except in a few cases.

Diesters of ethylene glycol and diethylene glycol are used as antimicro-
bial reagents or plasticizers [4]. The antimicrobial property for water-

soluble cutting fluids of fluorine compounds has not been reported in detail.
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This paper also describes our evaluation of these new fluorine compounds for

spent coolant of vater~soluble cutting fluids,

RESULTS AND DISCUSSION

We have reported the reaction of PPDA with various alcohols.
Fluorination of a fatty alcohol with PPDA gives a mixture of the fluoride and
2,3,3,3-tetrafluoropropionate [5)]. The reaction of PPDA with a fatty acid
monoester of ethylene glycol also gave a mixture of the corresponding fluoride
and fluoroester. TFor example, from ethylene glycol monolaurate (1) and PPDA,

a mixture of 2-fluorcethyl laurate (I) (3.0 %) and lauroyloxyethyl 2,3,3,3-

PPDA
CH, (CH,) 40 C-0-CH,CH, 0 ——————>  CH, (CH, )“E-o—cnlcu (n)
0 0
(1)
ch, (cuz),,,lri—o-cmcnzo .C. CHFCF, (m)
0

tetrafluoropropionate (M) (43.8 %) wvas obtained. TIn the case of fatty acid
monoesters, lower monoesters such as those from octanoic or hexanoic acid
give a mixture of fluorides and propionates. However, higher monocesters such
as those from myristic or oleic acid give tetrafluoropropionates as their main
products, From other acid monoesters of ethylene glycol, the corresponding

tetrafluoropropionates were obtained as their main products (Table 1).

PPDA
@-S—O-CHJ ch.-0f ———— IC—O-CH,, CH,F (v)

0

@gﬁ-o—cmcnl O—E—CHFCF, (VI)
0

0

(V)
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Reaction of PPDA vith monoesters of aromatic carboxylic acids of ethylene
glycol also gave mixtures of fluorides and propionates. For example, from
ethylene glycol monobenzoate (IV), a mixture of benzoyloxyethyl fluoride (V)
(5 %) and benzoyloxyethyl 2,3,3,3-tetrafluoropropionate (VI)} (60 %) was
obtained. From other aromatic acids monoesters of diols, corresponding
fluorides and propionates were obtained as shown in Table 1. In contrast,
however, a cyclic compound, 1,2-benzo-3-oxo-8-tetrafluoroethylidene-4,7,9-
trioxacyclononane (W) was obtained from the reaction of PPDA with ethylene

glycol monosalicylate (VE), This undesirable rcaction of (VI) is

]
Ok of PPDA 0 CH,
o % oy
€ -0 -CH, c~0
[}
0

() (Vi)

interesting. MHowever, other mono salicylates of diethylene glycol,
triethylene glycol and propylene glycol did not show this abnormal reaction,

but gave their corresponding letrafluoro propionates,

Fluorination of monoethers of ethylene glycel vas attempted and a mixture
of fluoride and tetrafluoropropionate was obtained from the reaction of PPDA
and an ethylene glycol monoalkyl or monoaryl ether. For example, fluorination
of phenoxyethyl alcohol (IX) with PPDA gave a mixture of phenoxyethyl fluoride
(X) (65 %) and phenoxyethyl 2,3,3,3-tetrafluoro propionate (XI) (20 %).

PPDA

@-o-cn,,cul o — @—o—cnz CH,F (X)
(X) @-ocnzcm-o—ﬁ-cm?cn (x)
0
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The foregoing observations indicate that reactions of PPDA with mono-
esters of fatty acids yields tetrafluoropropionates as their main products,
reaction vith monoesters of aromatic carboxylic acids yields mixtures of
fluorides and tetrafluoropropionates, and only the reaction of ethylene glycol
monosalicylate gives a cyclic fluorine compound. In all cases, N,N-diethyl-2,
3,3,3-tetrafluoropropioanide vas obtained. The mechanism of its formation is

described in reference [3].

It has been reported that the diesters of ethylene glycol and diethylene
glycol possess antimicrobial activity against a grampositive bacterium (4],
However, the industrial application of these diesters for water soluble
cutting fluids has not been well examined. Many water-soluble cutting fluids
are apt to be spoiled by various minute organisms after the long use, Ve
examined the antimicrobial activities of the new diesters containing fluorine
atoms. As contaminated liquid, a spent coolant (live fungi above 107/ml) vas
used from an industrial factory. A mixture of an aqueous or an emulsion
solution of a sample, a cornstarch soup, a spent coolant and cast~iron chips
(FC-20) was kept at 35 °C, and generation of an unpleasant odour was checked.
Vhen this had not appeared after ten days, it was judged that antimicrobial
activity vas good. Interestingly, ve have found that some aqueous emulsions
of these diesters containing fluorine atoms showed a considerably anti-
microbial property for water-soluble cutting fluids. For example the aqueous
enmulsions of benzoyloxyethyl 2,3,3,3-tetrafluoropropionate and 2-fluoropropyl
benzoate showed considerable antimicrobial activity for spent coolant of
vater-soluble cutting fluids as shown in the Experimental Section. These new
additives for water-based cutting fluids were not previously known. Other
work on application of these fluorine compounds is now in progress at our

laboratory.

EXPERIMENTAL

The reaction products were analyzed by GLC on a Shimadzu Model GC-3BF
Chromatograph using a 3m X 3mm column of 15 % Silicone DC 200 on 60 ~ 80 mesh
Celite 545, ™H NMR and *°F NMR spectra were obtained using CDCl, as a solvent
on a Hitachi Model R-24 spectrometer. The chemical schift values are
expressed in & value (ppm) relative to a TMS internal standard (*H NMR), and
ppm values relative to an external CF,COOH (*°F NMR) (positive values upfield).
IR spectra were obtained on a JASCO Model IR-G infrared spectrophotometer.
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Commercial samples of monoesters of ethylene glycol and diethylene glycol were

used.

Reaction of Ethylene Glycol Monolaurate (I ) with PPDA

To a solution of ethylene glycol monolaurate (1) (3.0g) in dichloro-
methane (30 m»1), a solution of PPDA (5.0 g) in dichloromethane (20 ml) was
added drop by drop at room temperature., After stirring for 3 hr, the reaction
mixture was left overnight., To the mixture, 100 ml of water vere added, and
it was extracted wvith diisopropyl ether. The ether extracts were washed with
vater, dried over a mixture of anhydrous sodium sulfate and anhydrous sodium
carbonate, and evaporated. The residue was distilled to give the following
fractions: (i) ~ 90 °C/27 maHg, 4.5 g3 (i) ~ 120 C/10 ~* mmHg, 0.3 g; (iii)
120 ~ 130 C/10 ~* wmmHg, 2.0 g. Analysis of fraction (i) indicated that
it was N,N-diethyl-2,3,3,3-tetrafluoropropionamide., Fraction (ii) wvas a
mixture of 2-fluoroethyl laurate (W) (50 $) and lauroyloxyethyl 2,3,3,3-
tetrafluoropropionate () (50 %¥). Compound (II) (0.10 g) was isolated by
preparative gas chromatography from fraction (ii) (yield 3.3 %). IR (cm ~*):
1720; *H NMR (8, ppm): 1,00 (3H, t, J=5.0 Hz, CH,), 1.35 (18H, m, -(CHz)s-),
2,37 (24, t, J=7.0 Hz, -CH.-CO), 4.20 (2H, t, J=6.0 Hz, -0-CH.-), 4.48 (2H, dt,
JHF=48.3 Rz, JHH =6.0 Hz, -CH,F). *°F NMR: +143,0 ppn (tt, JHF =48.3 Hz,
JHF =29.8 Hz). Fraction (iii) was pure () (yield 43.8 ¥). TR (cm ~*): 1738,
1780; NMR (&, ppm): 0.89 (3H, t, J=5.0 Hz, CH,-), 1.26 (18H, m, -(CH,)s-),
2,26 (2H, t, J=6.0 Hz, -CH,-CO), 3.65 (2H, t, J=5.0 Hz, -0-CH.-), 4.09 (2H, t,
J=5.0 Hz, -CH,~0-), 5.09 (I, da, J__=46.0 Hz, J_ =6.0 Hz, ~CHFCF,); **F NMR:
+123.0 ppr (dq, JHF=46.0 Hz, JFF =11.5 Hz, -CHFCF,), -2.75 ppm (dd, JHF=
6.0 Hz, JFF =11.5 Hz).

Reaction of Ethylene Glycol Monosalicylate (VE) with PPDA

A mixture of PPDA (21.0 g, 0.094 mol) in CH,CL, (20 ml) was added
dropwise into a solution of (VE) (8.0 g, 0.044 mol) in CH,CL, (30 ml) at room
temperature, After stirring for 3 hr, the reaction mixture vas left overnight.
It vas treated in the usual way, and the ether extracts were evaporated to
remove the solvent., The residue was distilled to give the following
fractions: (i) ~ 90 °C/27 mmHg, 15.0 g; (i) 90 ~ 149 /27 mnHg, 0.5 g;

(iii) 148 ~ 155 /27 mmHg, 5.6 g. Analysis of fraction (i) indicated that

it was N,N-diethyl-2,3,3,3-tetrafluoropropionamide, Fraction (ii) was a
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pixture of the amide (50 $) and 1,2-benzo-3-oxo-8-tetrafluorocethylidene-4,7,9-
trioxacyclononane (VE) (50 ). Fraction (iii) was pure (W) (yield 65 %). It
vas solidified and recrystallized from a mixture of n-hexane containing
dichloromethane (5 $). Mp 73.5 ~ 74,0 C; IR (cm ~*): 1785, 1592, 1200, 1050,
760, 623; *H NMR (8, ppm): 4.28 (H, n, -CH.-), 7.25 (4H, m, aromatic
protons); '°F NMR: +108.0 ppm (q, JFF =7.5 Hz, -CF-), -5.0 ppm (d, JFF=

7.5 Hz, CF,-); MS (m/e): Wt 292.0372 (measured value) (theoretical for C,,H,

0.F,, 292.0358).

Reaction of Phenoxyethyl Alecohol (IX) with PPDA

A wixture of PPDA (8.0 g, 0.0405 mol) in CH,Cl, (20 ml) vas added
dropwise into a solution of (IX) (4.0 g, 0.029 mol) in CH,Cl, (30 ml) at room
temperature. After stirring for 3 hr, the reaction mixture wvas left overnight.
It was trealed as usual, and the ether extracts vere evaporated to remove the
solvent, The residue vas distilled to give the folloving fractions: (i)

~ 60 C/5 mmHg, 4.5 g; (i) 60 ~ 67 C/ 5 mmHg, 3.6 g3 (ii) 67 ~ 73 T/

5 mmHg, 0.1 g3 (i) 73 ~ 77 C/5 maHg, 1.7 g. Analysis of fraction (i) was
N,N-diethyl-2,3,3,3-tetrafluoropropionamide. Fraction (ii) was a mixture of
the amide (20 %) and the flucro ether (X) (80 %$). Fraction (iv) vas tetra-
fluoro ester (X) (97 %) and other compounds (3 $). These compositions were
determined by gas chromatography [Shimadzu GC-3BF, column Silicone DC-200

(15 %) on Celite 545 (3 m), temperature 180 °C, carrier gas N;, 40 ml/min J.
Fraction (i) (3.5 g) was chromatographed on a silica gel column (25,0 g) and
eluted vith n-hexane containing 1 § ethylacetate., Elution gave 2.62 g (yield
65 £) of pure 2-fluoroethyl phenyl ether (X). IR(cm ~*): 1600, 1250, 760,
698; *H NMR (3, ppm): 4.25 (2, m, Ph-0-CH:-), 4.43 (2M, dt, J _=66.0Mz,
JHH =4.8Hz, -CH,F), 7.0 (5H, m, CeHs-)3 *°F NMR: +117 (m). Phenoxyethyl
2,3,3,3-tetrafluoropropionate (XI) was isolated from fraction (iii) by gas-
chromatographic trapping. IR (cm ~*): 1680, 1220, 1124, 760, 598; *H NMR (&,
ppa)t 4.10 (2, t, I =6.0 Hz, -O0CH:-), 4.57, (2M, ¢, I, =6.0 Wz, -CH,0C0-),
5.00 (1H, dq, JHF =6.5 Hz, JHF =46.1 Hz, -CHFCF,), 7.00 (58, m, C Hs-); *°F
NMR: +123.5 (dgq, JHF =46.1 Hz, JFF =12.2 Hz), -2.0 (dd, JHF =6.5 HZ, JFF=
12.2 HZ). Other ether alcohols were fluorinated in the same manner, and the

results are listed in Table 1.
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Antimicrobial Tests of Fluorine Derivatives of Glycols

A mixture of 2,0 g of a sample, 110 g of water, 0.5 g of emulgene
(emulsifier), 0.5 g of FA-30 and 0.5 g of triethanolamine was vigorously
agitated. To this emulsion solution, 5 g of cast-iron chips (FC-20), 5 g of
YCC Broth (Eiken Chem. Co, Ltd,) and 1.0 g of a spent coolant were added.

The solution was kept at 35 °C., The number of days until an unpleasant odour
had appeared vas checked. All compounds listed in Table 1 were subjected t
antimicrobial tests. With benzoyloxyethyl 2,3,3,3-tetrafluoropropionate and

2-fluoropropyl benzoate, unpleasant odour was not observed during ten days.

Other compounds delayed its appearance for less than five days.
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