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New fluoroalkylated oligomers containing morpholino groups
are prepared by the reactions of fluoroalkanoyl peroxides
with acryloyl morpholine; these oligomers show a good
solubility in not only water but also common organic solvents,
including non-polar solvents, and are applicable to non-ionic
fluorinated amphiphilic oligosurfactants owing to reducing
the surface tension of both water and in particular m-xylene
quite effectively.

Fluorinated polymeric materials are well known to exhibit
various unique properties imparted by fluorine which cannot be
achieved by the corresponding non-fluorinated materials.
However, these fluorinated materials in general exhibit an
extremely poor solubility in organic solvents.! On the other
hand, it has been recently demonstrated that partially protonated
ring-containing fluoropolymers become soluble in polar aprotic
solvents such as acetone, acetonitrile, dimethylformamide and
tetrahydrofuran although these polymers are insoluble in
benzene, chloroform, and methanol.? Therefore, the preparation
of fluoroalkylated polymeric materials which have relatively
high solubility in both water and common organic solvents
(including non-polar organic solvents) will open a new route to
the development of the field of new functional fluorinated
materials. We have been actively studying the development of
fluoroalkylated oligomers by using fluoroalkanoyl peroxides as
key materials.3 Very recently, we have found that a series of
fluoroalkylated acrylic acids, and allyl- or diallyl-ammonium
chloride oligomers are soluble in both water and water-soluble
polar solvents such as methanol, despite being oligomeric (high
molecular mass) materials.* From the viewpoint of the develop-
ment of novel fluoroalkylated amphiphiles which show good
solubility in both water and common organic solvents, includ-
ing non-polar solvents, we were interested in preparing
fluoroalkylated oligomers containing morpholino groups which
should give good solubility.

A typical experiment for the synthesis of fluoroalkylated
oligomers was as follows (Scheme 1); perfluoro-2-methyl-
3-oxahexanoyl peroxide (5 mmol) in 1,1-dichloro-
2,2,3,3,3-pentafluoropropane-1,3-dichloro-1,2,2,3,3-penta-
fluoropropane (1:1, 35 g, AK-2255) was added to a mixture of
acryloyl morpholine (24 mmol) and AK-225 (50 g). The
solutions was stirred at 45°C for 5 h under nitrogen. After
evaporating the solvent, the crude products were reprecipitated

from AK-225-hexane to give bis(perfluoro-1-methyl-2-
oxapentyl) acryloyl morpholine oligomers (4.55 g). This
oligomer showed the following spectral data: IR v/cm—!
1633(C=0), 1320(CF3), 1238(CF,), 1115(-0-); 'H NMR
(CDCl3) & 1.46-1.92 (CH,), 2.34-2.76 (CH), 3.18-3.93 (CH,);
19F NMR (CDCls, ext. CF;CO,H) 8 —7.24 to —9.89 (16 F),
—54.65 (6 F); average molar mass (M,)) = 1860, M,/M, = 1.41
[determined by gel permeation chromatography (GPC) cali-
brated with standard polystyrenes by using tetrahydrofuran as
the eluent].

As listed in Table 1, a series of fluoroalkylated oligomers
containing morpholino groups were obtained in moderate to
excellent isolated yields. Especially, the molecular masses of
the longer perfluorooxaalkylated oligomers were shown to
become higher. Under the oligomerization conditions employed
in which the concentration of the peroxide is almost the same as
that of acryloyl morpholine, acryloyl morpholine oligomers
with two fluoroalkyl groups would be mainly obtained via a
primary radical termination or a radical chain transfer to the
peroxide as observed in our previously reported oligomeriza-
tions of vinylsilane® and acrylic acid oligomers#¢ containing
two terminal fluoroalkyl groups [Rg(CH,CHR),Rg; R =
Si(R’);, CO,H] by the use of fluoroalkanoyl peroxides. The
obtained products are polydispersant mixtures of oligomers as
indicated in Table 1 (M/M, > 1), and the relative molecular
masses of the fluoroalkylated acryloyl morpholine oligomers
obtained by GPC using polystyrene calibration are only
approximate.

Interestingly, the fluoroalkylated acryloyl morpholine oli-
gomers showed good solubility in water. The oligomers also
show solubility in not only polar organic solvents such as
methanol, ethanol, tetrahydrofuran, dimethyl sulfoxide, N,N-
dimethylformamide, chloroform, ethyl acetate and dichloro-
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Scheme 1 Preparation of fluoroalkylated oligomers

Table 1 Reactions of fluoroalkanoyl peroxides with acryloyl moropholine (ACMO)

Product: Re—~(ACMO),—Rr

ACMO
R in peroxide (mmol) (mmol) Yield (%)= M, (M /M,)
C3F; (5) 24 83 1700 (1.59)
CF(CF>)0C3F; (5) 24 73 1860 (1.41)
CF(CF;)OCF,CF(CF;)0CsF; (7) 37 57 4730 (1.50)
CF(CF;)O[CF,CF(CF5)0],C3F7 (5) 24 60 7290 (2.42)

@ The yields are based on the starting materials (acryloyl moropholine and the decarboxylated peroxide unit (Re—Rp).
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methane, but also in non-polar aromatic solvents such as
benzene, toluene and xylene as well as in tetrachloromethane.
However, these fluoroalkylated oligomers showed poor solu-
bility in aliphatic solvents such as hexane. Furthermore, these
oligomers show general characteristics of non-ionic surfactants,
for instance, bis(perfluoro-1-methyl-2-oxapentyl) acryloyl mor-
pholine oligomers was shown to have a cloud point around
45°C. Usually, fluorinated materials possess only limited
solubility in various solvents, and this remarkable improvement
in their solubility is of clear importance.!-27 For example,
fluoroalkylated vinylsilane oligomers {Rp—[CH,CHSIi(R)3],—
Rg; Re = Me, OMe} prepared by using fluoroalkanoyl
peroxides, are in general only soluble in fluorinated solvents,®
while fluoroalkylated acrylic acid oligomers [Rg-
(CH,CHCO,H),~Rg] have been shown to be soluble in water
and water-soluble polar solvents such as methanol and tetra-
hydrofuran but not in non-polar aromatic solvents.4

In order to clarify the surfactant properties of our new
fluoroalkylated oligomers, we measured the surface tension of
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Fig. 1 Surface tensions of aqueous solutions of Rg~(ACMO),—Rg:
(@), Ry = C3F; (M, = 1700); (O), Rg = CF(CF3)0CsF,; (M, = 1860);
(A) Rg = CF(CF;)OCF,CF(CF;3)OCF,CF(CF5)OC3F; (M, = 7290) and
(O0) «<ACMO),—~ (M,, = 3750, (M./M,, = 1.99)
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Fig. 2 Surface tension of m-xylene solutions of ReH(ACMO),—Rg: (O)

Re = CF(CF;)OCF,CR(CF;)OC:F; (M, = 4730; (@) Ry =
CF(CF;)OCF,CF(CF;)OCF,CF(CF3)OCsF; (M, = 7290)
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aqueous and m-xylene solutions using the Wilhelmy plate
method at 30 °C. These results are shown in Fig. 1 and 2.

As shown in Fig. 1, a significant decrease in the surface
tension of water, to around 20 mN m—1, was observed for each
fluoroalkylated acryloyl morpholine oligomer in contrast to the
corresponding non-fluorinated oligomer. Especially, perfluoro-
oxaalkylated oligomers are more effective in reducing the
surface tension of water than the perfluoropropyl oligomer. In
addition, each fluoroalkylated acryloyl morpholine oligomer
exhibited a clear break point resembling a CMC (critical micelle
concentration). This finding is unique and is an interesting
feature in our fluoroalkylated non-ionic oligosurfactants and
also suggests the formation of intra- or inter-molecular
aggregates in aqueous solutions, although it has been recently
reported that hydrocarbon polysoap solutions have no CMC or
a break point resembling a CMC.8

Of additional interest, it was found that these oligomers were
able to reduce the surface tension of m-xylene quite effectively
to ca. 7-9 mN m—! as shown in Fig. 2.

Previously, we found that fluoroalkylated, and especially,
perfluorooxaalkylated benzenes (Re—Ph; Rg = perfluoroalkyl,
perfluorooxaalkyl groups) are able to reduce the surface tension
of m-xylene to ca. 10 mN m~1.2 Thus, our partially fluoroalkyl-
ated oligomers were demonstrated to behave almost the same
effectiveness as low molecular-weight perfluorooxaalkylated
benzene  surfactants.  Surfactants  possessing  longer
perfluorooxaalkyl groups showed a break at a specific surfac-
tant concentration (0.5 g dm—3), above which the surface
tension remains nearly constant (Fig. 2). This finding suggests
that our new fluoroalkylated oligomers could form intra- or
inter-molecular aggregates in m-xylene solution resembling a
reverse micelle of low molecular-mass amphiphiles.

To our knowledge, this is the first example in which
polymeric compounds effectively reduce the surface tension of
both water and m-xylene to levels of 15 and 7-9 mN m—!, and
respectively, and to aggregates resembling normal and reverse
micelles in water and organic solvents, respectively. Further
investigations of the synthesis and properties of fluoroalkylated
acryloyl morpholine oligomers possessing unique surfactant
behaviour are actively in progress.
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