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SUMMARY

Perfluoro-oxa-alkanoyl peroxides[[CsF-0{CF(CF3)CF20}nCF(CFa)C02]5,
n= 0, 1, 2] smoothly reacted with thiophene and furan under mild
conditions to afford 2-perfluoro-oxa-alkylthiophenes and furans in
good yields. Perfluoro-oxa~alkylations of benzene and pyrrole were
also found to proceed by the use of these peroxides. Furthermore,
these peroxides were found to be applied to direct aromatic

perfluoro-oxa-alkylations of polystyrene.
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INTRODUCTION

Recently, there has been considerable interest in organofluorine
compounds, due to their extraordinary biological, physical, and
chemical properties(1]. In particular, perfluoroalkyl
ether derivatives exhibit excellent thermal and oxidative stabilities
compared with non-fluorinated ones [2]. However, little has been
reported about the direct introduction of perfluoroalkyl groups
bearing ether bonds (perfluoro-oxa-alkyl groups) into aromatic nuclei
and the behavior of these perfluoro-oxa~-alkylated compounds, though
much effort has been devoted to the introduction of
perfluoroalkyl groups themselves into such nuclei [3]. We have
previously reported on the trifluoromethylation, perfluoropropylation
and perfluoroheptylation of various aromatic compounds using
trifluoroacetyl, perfluorobutyryl and perfluorooctanoyl peroxides [4]

In this paper, we wish to report on a novel synthesis of
perfluoro-oxa-alkylthiophenes, furans, benzenes and pyrroles with
perfluoro-oxa-alkanoyl peroxides; [[C3F20{CF(CFs)O0CF2}nCF(CF3)C02]2

n= 0(la), 1(1b), 2(lc)] according to the following scheme

[CaF»0 {CFCF20)nCFC02]e + Ar-H ~————> Ar-CF{0CF2CF}n0CgsF~
CFa CFs CFa CFs
Ar-H = Aromatic Compounds

Scheme 1.

Furthermore, we tried to apply these peroxides for direct aromatic

perfluoro-oxa-alkylations of polymers such as polystyrene
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RESULTS AND DISCUSSION

Perfluoro-oxa-alkanoyl peroxides la, 1b, lc were prepared from
the corresponding acyl fluorides and hydrogen peroxide in the presence
of aqueous sodium hydroxide in 1,1,2~-trichloro-1,2,2-trifluoroethane
(Freon-113) according to our previous reported method [4]. The
infrared spectra of 1 showed the characteristic diacyl peroxide
carbonyl bands at 1825, 1860(1a), 1830, 1860(1b), and 1835, 1860 cm *
(lc). The half-lives of 1 in Freonr-113 at 20°C were calculated to be
261(1la), 433(1lb), and 261 minutes(lc) from the corresponding rate
constants, so the decomposition of | was found to occcur easily in
comparison with those of perfluoroalkanoyl peroxides: for example,
(C7F35C02)p: 614 minutes [4].

Regioselectively 2-substituted thiophene carrying a
perfluoro-1-methyl-2-oxapentyl group was obtained in 62% yield by the
reaction of thiophene with la in Freon-113 at 40 °C for 5h.
2-(perfluoro-1',4'~-dimethyl-2',5"-dioxaoctyl) and
2-(perfluoro-1',4', T'~trimethyl-2',5",8 -trioxaundecyl)-thiophenes
vere also obtained in 65% and 94% yields, respectively. Similarly,
peroxides; la, 1b, lc vere treated with furan, benzene and pyrrole to
give perfluoro-oxa-alkylfurans, benzenes , and pyrroles in moderate to
high yields. The results are summarized in Table 1.

As shown in Table 1, the yields for perfluoro-oxa-alkylations of
thiophene, furan, and pyrrole with the peroxides increased in the

order of 1a < 1b <lc and 2-(perfluoro-~1',4*,7'-trimethyl-2",5",8"-

trioxaundecyl)thiophene and furan vas obtained in the highest yields.
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TABLE 1

The perfluoro-oxa-alkylations of aromatic compounds(Ar-H)

with peroxides(la, 1b,

Ar-H Peroxide Reaction Product % Yield?®
(mmol) (mmol) temp/hr
ThH?® Th-CF(0CFeCF)nOCsF
GFL0CF LRI n0CsE 7
(2, 0mmol) 1a(2. 5mmol) 40/5 (n =10),62
(2. 0mmol) 1b(2. 5mmo1l) 40/5 (n = 1), 65
(1.3mmol) 1c (1. Ommol) 40/5 (n = 2),094
Fuli® Fu-CF{(OCF2CF)n0C3F
umgR LOCF2LE) n0CsF
(2.5mmol) 1a(2, Ommol) 40/5 (n = 0),62
(2. 5mmol) 1b(2.0mmol) 40/5 (n = 1),71
(1.3mmol) 1c(l.0mmol) 40/5 {n = 2),96
PhH
Ph-CF(OCF2CF)nOCgF
EF (0CF2gE)n0CsF
(2. 5mmo1l) 1a(2, Ommol) 40/5 (n = 0),59
(2. 5nmol) 1b(2. 0mmol) 40/5 (n =1),30
(1.3mmol) lc (1. 0mmol) 40/5 (n = 2),42
Pyrrole Py-CF(OCF2CF)n0CaF-°
S Sl S
(2. 5nmol) 1a(2, Ommol) rt/1 (n = 0),33
(2. 5mmol) 1b(2. 0amol) rt/1 (n = 1),36
(1.3mmol) lc(l. 0mmol) rt/1 (n = 2),67

8 The yields were determined by GC based on the peroxides used.

b Th- =ﬂ:;jﬂ\, Fu- = ﬂ:;:ﬂ\

c

Py indicates pyrrolyl group.
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In the case of pyrrole, perfluoro-oxa-alkylations proceeded
smoothly even at room temperature compared with that of thiophene or
furan: however, considerable amounts of polymeric compounds were
obtained. Furthermore, ve succeeded in perfluoro-oxa-alkylations of
benzene by the use of the peroxides, although the yields were not so
high compared with those of thiophene and furan.

In the reactions of polystyrene with the peroxides la and 1b, the
direct aromatic perfluoro-oxa-alkylations of polystyrene were found to
proceed smoothly in moderate to high perfluoro~oxa-alkylated ratios
(Rrp~ratios) under mild conditions, even though the reactions were

carried out in heterogeneous system as shown in Scheme 2.

40 °C for 5h
[CsF70(CFCF20}nCFC02]e + <4CH-CHo)}z- >
CFa CFs

4 CH-CHo¥x-(CH-CHa}y

CF{OCFeCF} nOCsF
CFs  “CFs "
n Re-ratio(y/(x+y)] Mn Mw/Mn
0 10% 1.5 x 10°% 1.59
1 43% 1.7 x 108 1.89
- 0% 1.0 x 10°% 2.18

Schene 2.
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It was found that the molecular weights of perfluoro-oxa-alkylated
polystyrenes were increased by the perfluoro-oxa-alkylations of parent
polystyrene and the Mw/Mn of perfluoro-~oxa-alkylated polystyrenes did
not change to that of parent polystyrene. These results indicate that
the degradation of the polymer chain did not occur under these
reaction conditions.

The perfluoro-oxa-alkylation of thiophene, furan, benzene,
pyrrole, and polystyrene with the peroxides la, 1b or lc¢ would be
accounted for by Scheme 3 involving electron transfer reaction from
the substrates to the antibonding(2pe *) 0-0 bond of the peroxides as

vas proposed in perfluoroalkylations with perfluoroalkanoyl peroxides

[4-2a].
(RpCO02)2 + Ar-H — [(Ar-H)* + (RgCO2) ~-]
— [(Ar-H)*- + Rg- + CO0p + ReC02 "]

s o Ar-BRy + ReCO2H + CO,

Re = -CF(OCFaCF)n0CsFs . Ar- =U UL . U L. o . byrroryr.
CFa CF s ? l\s 0

and phenyl group of polystyrene,

Scheme 3.
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In the perfluoro-oxa-alkylations with the peroxides{(la, 1b, 1¢),
it was clarified that the products yields increase in the following
order;

la < 1b < le¢

This would be dependent upon that the unoccupied 2po *(0-0) orbital
levels of la, 1b and lc lower in the order of la < lb < lc¢, and the
lower unoccupied molecular orbital can accept an electron more easily

from each aromatic compound.

EXPERIMENTAL

NMR spectra were taken with a JEOL JNM FX 90Q FT-NMR spectrometer

[R spectra were recorded on a JASCO IR-810 spectrophotometer. Mass
spectra were taken on a JEOL JMS-DX303 spectrometer by an
electron-impact(El) ionization technique at 70eV. Gas chromatography
was performed by Shimadzu GC-8A4 gas chromatography with 2m glass
column(SE-30, 20%). Kugelrohr distillation was performed with a
Sibata glass tube oven GTO-350RD. Molecular weights and
polydispersities for polystyrenes were calculated by using a Toyo Soda
HLC-802A gel permeation chromatography (calibration was based on

polystyrene standards).

Typical Procedure

A solution containing 2 mmol of 1b and 2.5 mmol of benzene in 30g

of Freon-113 was degassed and kept at 40°C for 5h in a sealed tube.
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The solution was then washed with 20 ml of 5% NaHCOs and 20 ml of
vater. The organic layer was analyzed by GC using internal standard
Perfluoro-1,4-dimethyl-2,5~dioxaoctylbenzene was isolated by
distillation(bp 108 - 110 °C/32 mmHg)., which was identified by IR,
H-NMR, '°C-NMR, and MS. The other products were isolated by

Kugelrohr distillation.

Perfluoro-1,4-dimethyl-2,5-dioxaoctylbenzene

IR(em™1!) 1335, 1310(CFa). 1240(CFa); 'E-NMR(CDCls) & 7.6(5H, m):
Y3C-NMR(CDClg) & 126.9(t, Jcccr = 6.3 Hz), 128.8, 132.0;
'®F-NMR(CDCls, ext. CFaCOzH) & -4.0 ~ =-9.2(13F),-54.1(2F), -56.5(1F),
-70.0(1F): MS m/z 528(M*), 459, 177, 169(base), 127;

Exact MS: 527.9951, Caled for CysHsF4702: 528.0018.

Perfluoro-l-methyl-2-oxapentylbenzene

IR(em™*) 1330, 1315(CFa), 1240(CFp); *H-NMR(CDCls) & 1.5(5H, m);
'SC-NMR(CDCla) 6 126.5(t, Jccer = 7.4 Hz), 128.7, 131.8;
'®F-NMR(CDCls, ext. CFsCOpH) & -2.8 ~ -8.9(8F),-54.5(2F), -55.0(1F);
MS m/z 362(M*), 293, 177, 127, 105(base); Exact MS: 362.0245,

Caled for CyyHsF440: 362.0325.

Perfluoro-1,4, 7T-trimethyl-2,5, 8-trioxaundecylbenzene

IR(em™") 1330(CFs), 1240(CF2); *H-NMR(CDCls) & 7.5(5H, m);

!SP-NMR{(CDCls, ext. CFsCO2H) & -3.2 ~ -9.1(18F), -54.1(2F), -56.0(LF)
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-69.8(2F): MS m/z 694(M*), 625, 177, 169(base); Exact MS: 693.9933,

Calcd for CioHsFoa0s: 693.9872.

2-(Perfluoro-1'-methyl-2'-oxapentyl)thiophene

IR(em™ ') 1340, 1320(CFa), 1230(CFz2); 'H-NMR(CDCls) & 7.1(1H, m),
T.4(1H, m), 7.6(1H, m); '3C-NMR(CDCls) & 127.7, 130.2, 130.8;
19F-NMR(CDCls, ext. CFsCOzH) & -2.8 ~ -9.0(8F), -54.2(2F), ~56.0(1F);
MS m/z 368(M*), 299, 183, 133, 1l1(base); Exact MS: 367.9734, Calcd

for CsHaF‘gost 367.9729.

2-(Perfluoro-1',4’-trimethyl~2',5'-dioxaoctyl)thiophene

IR(em™*') 1335(CFa), 1240(CF2); 'H-NMR(CDCla)d T.1(1H, m). T.4(LH, m)

7.6 (1H, m); '3C-NMR(CDCls3)dS 128.0, 130.5, 130.9;

L9F-NMR(CDCls, ext. CFsCOzH) S -3.8 ~ -9.8(13F), -53.9(2F), -56.1(LF)
-69.6(LF): MS m/z 534(M*), 465, 183(base), 133, 169, 111

Exact MS: 533.9546, Calcd for Cy2HaF17025: 533.9583.

2-(Perfluoro-1",4", 7' -dimethyl-2*,5",8'~trioxaundecyl)thiophene

IR(em™') 1335(CFa), 1240(CF2); 'H-NMR(CDCls3) & 7.1(1H, m), T7.4(LH, m),

7.5(1H, m); *°C-NMR(CDCls) & 128.0, 130.5, 131.0;

19F-NMR(CDClg, ext. CFaCOpH) S -3.5 ~ ~-9.5(18F), -54.0(2F), -56.2(LF)
-69.5(2F): MS m/z T00(M*), 631, 183(base), 133, 169, 11l

Exact MS: 699.9483, Caled for CysHsF25035: 699.9435.
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2-{Perfluoro-1'-methyl-2'-oxapentyl)furan

IR(em™*) 1340, 1320(CFs), 1240(CFp); 'H-NMR(CDCl3) & 6.5(1H, m),
6.8(1H, m), T.6(1H, m); '3C-NMR(CDCls) & 111.6, 114.2, 146.0;
'SF-NMR(CDCls, ext. CF3COpH) & -2.9 ~ -9.0(8F), -54.2(2F), -56.1(1F)
MS m/z 352(M*), 283(base), 167, 117; Exact MS: 351.9858, Calcd for

CSH3F11021 351.9958.

2-(Perfluoro-1',4"-dimethyl-2', 5" -dioxaoctyl)furan

IR(em™*) 1335(CFs), 1240(CFgo); 'H-NMR(CDCI3) & 6.5(1H, m),
6.8(1H, m), 7.5(1H, m): 'SC-NMR(CDCls) S 111.6, 114.5, 146.3;
19F-NMR(CDCls, ext. CFaCOpH) & =-3.5 ~ -9.0

(13F), ~-54.2(2F), -56.4(1F), -69.8(1F); MS m/z 518(M*), 449,169

167 (base), 117; Exact MS: 517.9883, Calcd for CypHsFi205: 517.9811.

2-{Perfluoro-1°,4"', 7'-trimethyl-2",5",8"-trioxaundecyl)furan

IR(em™*') 1335(CFa)., 1240(CFp); *H-NMR(CDCls) S 6.5(1H, m),

6.8 (1H, m), 7.5(tH, m); *3C-NMR(CDCls) & 111.7, 114.7, 146.4;
1SF-NMR(CDCls, ext. CFgCOoH) & -3.8 ~ -9.2

(18F), -54.2(2F), -56.2(1F), -69.8(2F): MS m/z 684(M*), 615, 1869,

167(base), 117 ; Exact MS: 683.9608, Calcd for C,sHaF2304: 683.9664.

Perfluoro-l-methyl-2-oxapentylpyrrole [5]

MS m/z 351(M*, base), 282, 169, 166, 113, 94; Exact MS: 351.0138,

Calced for C9H4F110N2 351.0117.
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Perfluoro-1, 4-dimethyl-2,5-dioxaoctylpyrrole *

MS m/z 517(M*)., 448(base), 169, 166, 113, 94; Exact MS: 516.9696,

Calcd for CyoH4Fs70oN: 516.9971.

Perfluoro-1,4, T-trimethyl-2,5, 8-tri-oxaundecylpyrrole*

MS m/z 683(M*), 614, 169(base), 166, 116, 113, 94; Exact MS: 682.9856,

Calcd for CisHaF220sN: 682.9824.

Reaction of Polystyrene with 1b

1b (25 mmol) in Freon-113 solution (300g) was added into the mixture
of polystyrene [Mn = 1.0 x 105, Mw/Mn = 2.18, 4.0g (38 mmol:
calculated from styrene monomer units) and Freon-113 (50g). The
heterogeneous solution was stirred vigorously at 40°C for 5h under
nitrogen. Chloroform (500 ml) was added to the reaction mixture and
the solution was stirred for 10 min, then washed with 1% NaOH (500 ml)
and water (500 ml). After drying over anhydrous magnesium sulphate
and removal of the solvent, the obtained polymer was

reprecipitated from chloroform-methanol and dried over in vacuo to

* The formation of perfluoro-oxa-alkylpyrroles (probably,
2-perfluoro-oxa-alkylpyrroles) was confirmed by only GC-MS
information, because these compounds could not be isolated owing to

their instability.



128

give perfluoro-1,4-dimethyl-2,5-dioxaoctyl polystyrene (11.2g;
Re-ratio = 43%). Re-ratio {(y/x+y) x 100; perfluoro-oxa-alkylated
ratio) was determined by '®F-NMR in comparision with the peak area of
the perfluoro-oxa-alkyl group of polymer with trifluoromethyl group of

benzotrifluoride as the internal standard.

Perfluoro-1,4-dimethyl-2,5-dioxaoctyl Polystyrene:

IR(ecm™*) 1335(CFa), 1240(CF2); '®F-NMR(CDCls, ext. CFaCO2H)S -3.9 ~

-9.2(13F), -56.4(3F).

Perfluoro-l-methyl-2-oxapentyl Polystyrene:

IR(cm~*!) 1315(CFa), 1235(CF2); '®F-NMR(CDCls, ext. CF3aCO2H) & -2.5 ~

-9. 1(8F), -54.7(3F).
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