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FLUORINATION OF 2-ALKYL-SUBSTITUTED OXANES. THE SYNTHESIS AND
PURIFICATION OF PERFLUORO (2-ALKYL-SUBSTITUTED OXANE)S¥*
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SHUNJI NAGASE
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SUMMARY

Five kinds of 2-alkyl-substituted oxanes like 2-ethyloxane,
2~n-propyloxane, 2-iso-propyloxane, 2-n-butyloxane and 2-n-amyl-
oxane were fluorinated electrochemically to give the correspond-
ing perfluoro(2-alkyloxane)s. The perfluoro(2-alkyloxane)s were
obtained in good yields from these starting materials together
with isomeric perfluoro(2-alkyloxolane)s, perfluoro(2-alkyl-5-
methyloxolane)s and perfluoro(dialkyl ether)s. The purification
of the perfluoro(2-alkyloxane)s which contained small amounts of
isomeric perfluoro(2-alkyloxolane)s was successfully achieved by
recovering the former unreacted after treating these mixture with
anhydrous aluminum chloride at 150~ 160 °C during ~ 48 hrs in
order to convert the latter into the easy-separable perfluoro-
(2,5,5-trichloro-2-alkyloxolane)s. Small quantities of new
perfluoro(5,5-dichloroalkanoyl chloride)s were also among the
chlorination products. The spectroscopic data as well as the
physical properties of these new fluorination products, and per-
fluoro(2,5,5-trichloro-2-alkyloxolane)s and perfluoro(5,5~dichlo-

roalkanoyl chloride)s are presented.

* Presented at the 4th Fluorine Chemistry Meeting, the 38th
Autumn Semiannual Joint Meeting of the Chemical Society of

Japan, Nagoya, October, 1978.
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INTRODUCTION

The electrochemical fluorination of aliphatic carboxylic
acids has been known to afford besides perfluoroalkanoyl fluorides
mixtures of perfluorocyclic ethers, which consist primarily of
perfluoro(2-alkyloxolane)s (3), with isomeric perfluoro(2-alkyl-

oxane)s (2) present in only small amounts [1].

cHy(cHy ox T ] F | . (3), [:;:]R (2),
© o Rf o Re

X OH, halogen
n>3
Scheme 1

CF3(CF2)n9F

O

From a-alkyl-substituted valeric acids, we have shown that the
perfluoro(2,4-dialkyloxolane)s and perfluoro(3-alkyloxane)s were
obtained instead of 3 and 2 respectively [2]. However, no
report has been appeared concerning the physical properties of
these perfluoro(2-alkyloxane)s.

In a preliminary report, we have demonstrated electro-
chemical fluorinations of 2-methyloxane and 2-chloromethyloxane,
which yielded the expected perfluoro(2-methyloxane) and perfluoro-
(2~chloromethyloxane) in reasonable yields respectively [3].

The work has now been extended to the fluorination of such 2-al-
kyl-substituted oxanes(1)as 2-ethyl- (la), 2-n-propyl- (lb),
2-iso-propyl- (lc), 2-n-butyl- (1d), and 2-n-amyl- (le).

. R = C, Hg (1a), n-C3H, (1b), iso—C3H7 (1c),

o Rr n-C,Hg (1d), n-CgH,, (le)

In order to make the authentic samples of perfluoro-
(n—amyl n-butylether) (5d) and perfluoro(n-butyl n-hexylether) (5e)
which were found to be formed as the cleaved products from re-
spective fluorinations of 14 and le, fluorinations of n-amyl
n-butylether (8) and n-butyl n-hexylether (9) were also conducted.
In the fluorination of 1, the desired 2 was produced as
a complex mixture composed mainly of isomeric perfluorooxolanes
as well as perfluoro(dialkyl ether)s. An attempted successful
purification of 2 which involves the reaction of a mixture of
2 and 3 with anhydrous aluminum chloride will also be reported
in the present paper.
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RESULTS AND DISCUSSION

The reaction conditions and the results of the fluorinations
of 2-alkyl-substituted oxanes, and n-amyl n-butylether (8) and
n-butyl n-hexylether (2) are shown in Table 1.

The fluorination of these cyclic and linear ethers proceeded
quite smoothly and yielded the corresponding perfluoroethers in
good yields. As shown in Scheme 2, it was found that the former
yielded the desired perfluoro(2-alkyloxane)s (2) along with per-
fluoro(2-alkyloxolane)s (3), perfluoro(2-alkyl-5-methyloxolane)s
(4) and perfluoro(dialkyl ether)s (5) in good yields, though
in the case of lc, the yield of the desired perfluoro(2-iso-

propyloxane) (2c) was small (¥Y=9.5%). Among these results,
E.F. I l I I
—_—> F
Q g CF g R n=C4FqOCT Re
R o R, , CF.R 3 £ v
f 27f ,
1 2 3 4 5
Y=23~28% 5~10% 2~12% 2~6%
a: R=C2H5, Rf=C2F5, b: R=n—C3H7, Rf=n—C3F7, C: R=1so—C3H7,
Rf=1so—C3F7, d: R=n-C4 97 Rf=n-C4F9, e: R=n-C5Hll, Rf=n—C5Fll
Scheme 2

from 1d, fluorination products were obtained in a total yield

of up to 45%. The low yield of 2c was due to the occurrence of
the isomerization at a site of the iso-propyl group which chang-
ed into the n-propyl group during fluorination, as the yield of
the perfluoro(2-n-propyloxane) {(2b) formed was higher than that
of 2c (Y=11.6%). While, the yields of the perfluorodialkyl
ethers obtained from 8 and 9 were 10~ 15% at the best, that is,
14.4% for the perfluoro(n-amyl n-butylether) (5d) and 10.4% for
the perfluoro(n-amyl n-hexylether) (5e) respectively.

Compared with the dialkyl ethers, the cyclic ethers includ-
ing oxanes and oxolanes have several advantages as the raw mate-
rials for the electrochemical fluorination. First, the solubility
of the cyclic ethers in anhydrous hydrogen fluoride is larger
than that of the dialkyl ethers due to the much stronger basic
character of the former compounds. Second, the yields of the
fluorinated ethers generally realized by the fluorination of



356

*(L°6T) (DPE)

of Cad) (u-TTa"0)an + (82) o (“ad) (u-8a¥0) a0 *(9°1T) (BF)
o(*ao) aofalan (u-Pa"0) a0 “(576) (B9) u-Tla%20%a"0-u  (8°eq) g1 6v2 (s€z*0) PT
“(s7e2) (@) of (“ao) (u-%a¥0) a0
+ @) o' (“an) (u-La*0)a0 + (57) o Cao) (ost-Lafoyad  (srz) 962 T2 (zsz*0) 3T
- (s0e33) 0f (Ya0) (u-La*0)a0%a0 (27 0¢) (TF)
of (Ca) (u-%a"0)a0 + (@) o' (Ca0) (u-taforad ‘(172 (@)
o(*ao)aotmlan(u-Lafo)yan (8 1) (@) u-ba"o0fa’o-u  (9v1e) 8v1e oez  (evzr0) T
“(e+0) of (fad) ((af0)a0%an * (07 92) (3
of Cao) (w-taforap + (7 o (Pad) Caloran f(ve) (FH)
o(*a0) a0%a0%a0 (a0)ap 4(67) (FG) u-faoobao-u  _(zp) 7S LTz (z1€°0) ®T
(b) paureaqo
($ PT®TX) PpP2uteijqo siaayizs TA{TeTP spunoduod (I1yy) poassed (70w)
—oxontjyiad pur sa8Yyis OTTOAD0IONTIIDJG pajeuraonTy KA31ota3zoeTg aT1dures

sIoU31® TANTeTP PUR S9UBXO PaIN3ITISANS-TAYT[e-Z JO SUOTIRUTIONTI BY3 JO S3ITNSY

‘T @19eL



357

*uoT309s Tejusuriodxa dYy3z 99§ ° (D °T0D) wnizdoeds OTH OYIF UT SWIF UOTINTIS dY3z JO ISPIO
*sdex3 PIoD UT paure3ldqo s3oNpoird (e

ut pabueaay (o

*sButuTEIp TT®2 Sk pauTreldqo s3onpoid (g

(v°0T) 3¢ (z°L) €£€°8 521 (L80°0) 6
(p°9T) PS (Z°%1) v-o¢€ 58T (€9T7'0) 8

*(1°€2) (3E)

mmANmuVAc-MHmmovmw + (32) mwANmUVAa-HHmmovmw ‘(*TT) (37)
T1,8 tTa%508a70-u (8°6%) 9°2T 81z (€02°0) 3T

@AmmovmonUNmoAc|

D) dd ‘(9°€) (8¢) u-




358

cyclic ethers is considerably high as compared with those
obtained from the fluorination of dialkyl ethers. The reason
for this may be interpreted as being due to having a possibility
of forming either an oxane- or an oxolane ring again via radical
process, even if the carbon oxygen bond of the original cyclic
ethers may be cleaved in the initial stage of the fluorination.
Such an intramolecular cyclization is a well-known side reaction
in the electrochemical fluorination of aliphatic carboxylic
acids [1].

Among these by-products, 4 and 5 could be easily separat-
ed by GLC from the desired 2. However, 2and 3 formed an in-
separable mixture and an attempt to purify them by means of GLC
was unsuccessful. Presumably, the difficulties of the separation
of these two compounds may be the main reason why 3 has not been
characterized yet. Hence, its constituent ratio was determined
by studying the l9F nmr data of the mixture of 2 and 3 ; with
respective to the geminal fluorines of the a carbon to oxygen,
the absorption peaks due to the a CF,- group of 2 appears at
$78.2~78.6 ppm and ¢$91.8~92.3 ppm with J,. = 156~160 Hz, while
those of 3 at ¢82.3~82.9 ppm and ¢$84.6~84.9 ppm with Jap™
132~ 138 Hz respectively, which are very easy to distinguish from
each other [3]. The mixing ratios of 2 to 3 were found to be

in the range of 1 : 0.11~0.37.

The structural determination of these purified products
was carried out on the basis of their spectroscopic data (mass,

19F nmr) and elemental analyses (C and F). In

infrared and
Table 2 are shown the physical properties of 4 and 5 , and in

Table 6 the 19F nmr data of 5 respectively.

Except 4 , these products were straightforwardly assigned
to their proposed structures. In the case of 4, its lgF nmr
spectra were very complicated partly because it consisted of a
mixture of cis- and trans isomers. However, it showed clearly

the presence of CF,- groups at ¢80.6~81.5 ppm and CFZ— groups,

3
being not adjacent to oxygen, at ¢$118.5~137.5 ppm respectively.
Its mass spectra gave no molecular ions but showed the significant

fragments corresponding [M—CF3]+ and [M—Rf]+ where CF3— and Rf—

represented the perfluoroalkyl groups at the 2 and 5 positions of

the oxolane ring respectively. The largest ions observed were
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Table 2.
Properties of 2a, 2b, 24, 2e, 4a,4b, 44, 4e, 5a, 5b,5d and 5e
Elemental Analysi
Compound® BP(°C)P dﬁo nSO C(%? F?%¥31s
2a 73.7 ~ 73.5 1.7604 1,28 23.03 71.5
(22.95)° (72.7)
2b 94,5~ 95,5 1.7940 1.2816 22.87 73.6
(23.08) (73.1)
2d 116.0~-116.8 1.8264 1.2883 23,07 73.0
(23.18) (73.4)
2e 137.0~138.0 1.8496 1.2912 23.19 72.8
(23.26) (73.6)
4a 68.0 ~ 68.3 1.7160 {1.28 22.65 71.7
(22.95) (72.7)
4b 92,0 ~ 92,5 1.7517 <1.28 23.23 72.6
(23.08) (73.1)
44 114.0~114.7 1.7815 <1.28 22.97 74.3
(23.18) (73.4)
4e 133.2~133.7 1.8046 1.2822 23.00 73.5
(23.26) (73.6)
Sa 68.5 ~69.5 1.6861 <£1.28 20.65 76.8
(20.79) (75.3)
5b 97.0 ~ 97.3 1.7274 <1.28
54 110.5~111.5 1.7580 < 1.28 21.31 74.8
(21.43) (75.4)
5e 126,0~127.3 1.7939 <1.28 21.52 75.3

(21.66) (75.5)
a) Except 5b, all of these are new compounds. b) Boiling points

are not corrected. c) Calculated values in parentheses.

[M—F]+ ions as usual. Thus, on the basis of these observations
as well as elemental analysis, we assigned them as the proposed
perfluoro(2-alkyl-5-methyloxolane)s.

The purification of 2 containing small amounts of 3 was
finally achieved by means of the chemical method which consisted
of allowing these mixtures to treat with anhydrous AlCl3.

Previously, we have reported some reactions of the perfluoro-
(2-alkyloxolane)s and perfluoro(2-methyloxane) with anhydrous
AlCl3 respectively [3,4]. From these experiments, the following
few points were observed. 1. Perfluoro(2-methyloxolane) began
to react around 143 °C yielding the corresponding perfluoro(2,5,5-
trichloro-2-methyloxolane)s. And as the perfluoroalkyl groups of
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the perfluoro(2-alkyloxolane)s became larger, an increasingly
higher reaction temperature was needed [for example, for perfluo-
ro(2-n-butyloxolane), the minimum reaction temperature as high as
170 °C was needed to give the perfluoro(2,5,5-trichloro-n-butyl-
oxolane)]. 2. Perfluoro(2-methyloxane) did not react at around
160 °C at all. By raising the reaction temperature to near 190 °C,
it reacted affording only such perchlorinated compounds as COClz,
CC14, C2C16, C6C16 and a tarry material. These results seemed
to suggest that the perfluoro(2-alkyloxolane)s would react with
anhydrous AlCl3 more easily than the perfluoro(2-alkyloxane)s.
However, following experiments revealed that there was not any
distinct difference between 2 and 3 in the reactivity toward
anhydrous A1C13. Thus, the mixture of 2 and 3 was treated with
excess amounts of anhydrous AlCl3 at such a reaction temperature
as the former would not react but only the latter would change
into the corresponding o,a,a’'-trichlorinated perfluorooxolanes.
Initially, to determine the optimum reaction temperature,
several reactions of a mixture of 2a and 3a with excess amounts
of anhydrous AlCl3 were investigated at various temperatures in
a range of 150~ 190 °C [Table 3}. It was observed that the chlo-
rination both of 2a and 3a initiated around 150 °C yielding not
only the expected perfluoro(2,5,5-trichloro-2-n-propyloxolane) (6a)
but also perfluoro(5,5-dichloro-n-heptanoyl chloride) (7a) as the
products. In addition, as the reaction temperature was raised,
the amounts both of 2a recovered and the chlorinated products
(6a and 7a) were found to be decreased concomitantly because of
the extensive advance of the chlorination of 6a and 7a.
Therefore, in order to recover the unreacted 2 freed from 3 ,
the application of the minimum reaction temperature (~150 °C)

and the prolonged reaction time (~ 48 hrs) was required.

Utilizing these results, respective reactions of the mix-
tures of 2 and 3 were carried out. For purposes of comparison,
the reaction of a mixture of perfluoro(2-methyloxane) (2f) and
perfluoro(2-ethyloxolane) (3f) with anhydrous AlCl3 was also
conducted similarly. Thus, in each experiments, pure 2 was
obtained successfully. These results are summarized in Table 4.
In Table 2 and Fig, 1, the physical properties of pure 2 to-
gether with those of other fluorination products and the 19F

nmr data of 2 with those of 6 are shown respectively.
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Fig. 1.
l9F nmr data of 2a, 2b, e, ba, 64, 6e and 6f
Chemical shift?rP
compd Formula J (Hz)
(ppm)
a 78.5]J a-b=156,
b 92.3 AB c-d=300,
£ c 122.1JJ e-f=284,
a_ F L9 d 131.44 *8  gon=27g,
c ph e 125.54; k-i=12.5,
22 g Fi £ 141,61 B x_g=2.8,
P07 or) g 123.9]JAB k-h=2.8
a Vop h 139.3
i 125.8
3 131.2
k 81.0
a 92.2]J a-b=158,
b 78.64 2B e-f=284,
e £ c g-h=278,
F i
d, r9 a 1 j 9.9,
[ Fh e ]JAB 1-i=2.,7
b Fi f
F g
2b F 0 CE, 3 . ]JAB
a CE, k
\ i
j
k 125.6
1 81.6
c a 113.1]J a-b=228,
b F b 120.3173B  4.g-14.1,
dF. Y.pd c 123.5]J c-d=237,
c1l l\..-cl d 108.31 AB g-p=1.9,
6f 270 UF e g-c=5.0
Y ;
© 349 g 78.3

(continued on following page)
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Fig. 1. (continued)

a 78.2}J a-b=158,
b 91.81 2B o_f=284,
eF £ c g-h=280,
d . Fro a k-i=82
h
CF F € J
2c F F i f ] AB
F (0] CF"CF:; k g J
a /] h } AB
CF.
3 .
1
3 185.2
k 71.9
a 78.6]J a-b=158,
e . b 92.24 BB c_g=29g,
F F c e-f=284
a r
F F 9 }JAB =
o _ d g-h=276,
F e m-k=10.3,
F F 1 ]JAB
o £ m-§=2.5
2 JF CF2\ j g i
AB
1CF§ i
R
o 3
k 121.9
1 126.3
m 81.6
b P C a 111.3]J a-b=228,
1 I oa b 119.51 2B a-g=13.6,
a rFr-— | c 121.9]J c-d=244,
6a CL\ , At a 107.61 BB g-e=10.6
CF, ©
@ e 115.1
Csz f 120.6
“cry? g 80.6
a) ¢ value (ppm relative to internal CCl,F). b) Only obvious
3

chemical shifts and coupling constants are given.

(continued on facing page)
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a 78.4]J a-b=160,
b 92.14 PB o-_f-286,
e £ c g-h=278,
a F_F _g d n-1=10.4,
F F
cp F h e ]JAB n-k=2.5
bp Fi £
F 0 . g I
26 a CE, 3 N |7aB
‘Csz ,
\ 1
cr, 1 .
\2 J
m
Cf;z k 120.8
CF, 1 122.6
n m 126.2
n 81.5
a 112.1 a-b=226
b g F©C ]J i
b 120.7 a-d=13.6,
ap n l.pd c 122.8]J c-d=240,
o1, “CL a 109.80 2B 5 g-10.2,
° CES® e 115.0 i-f=2.6
6d eE £ 117.5
tr 9 123.1
2 n d
CF2 _ h 126.4
Rt g 81.6
b p e a 112.6]J a-b=230,
Y y b 116.21 2B c-g=240,
a p.. e p @
c 122.5 3 a-d=14.1,
Cleo:L‘CIe a 109.11 8 4-p=10.1,
c
2, £ e 114.9 j-g=2.5
6e CFz\ . £ 117.6
CF, N g 122.0
‘CE h 122.7
‘cpzl i 126.6
cp. 81.6
j
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Table 3.

Summary of reactions of a mixture of 2a and 3a with anhydrous
AlCl, at various temperatures

- b
Sample @ SaHiR  Sample puney  Prodiet (9
( pz? concitions recovered of 2a 6a 7a
e temp (°C) (mmo? ) ba Ia
time (hr
4.93 150/20 3.75 95.6 14.7 trace
4.87 150/45.5 2.68 100 19.9 17.1
4.76 160/20 2.19 100 23.0 27.0
4,86 170/20 1.77 100 7.6 8.5
4,97 190/20 1.59 100 2.9 3.3
a) A mixture of 2a (87.0%) and 3a (13.0%) was treated with an
2 molar excess of AlCl3. b) The yields of products were
caluculated based on the sample consumed.
AlCl3 F2 F2
a mixture of 2 and 3 —— 3 unreacted 2 + Cle ]‘Cl (6)
A 0" ¢F.R
2°f
F,CC
Scheme 3 * RgCCLyCR,CR,CRyECL ()

It should be noted that, being different from the reaction
of 3 (3a-3f), the reaction of 2 (2a-2e) with anhydrous A1C13
yielded the perfluoro(5,5-dichloroalkanoyl chloride)s(7)as the
sole chlorination product in place of the corresponding o,a,a’ -

trichloro-substituted perfluorcoxanes. The formation of 7

AlCl, F
2 (2a-2e)——— | ;] L[ C1 — 71 (7a-7e)
A
c1d 077 R,
Scheme 4 c1-

might be considered via the supposed a,a,a’~-trichlorinated com-
pound as a result of the scission of the bond between oxygen and
C2. However, it is not clear why the expected perfluoro(5,5-
dichlorohexanoyl chloride) was not formed from the reaction of
2f with AlCl3 unlike other perfluoro(2-alkyloxane)s (2a-2e).

The physical properties of 6 and 7 obtained are summariz-
ed in Table 5, and the 19F nmr data of 7 are presented in
Table 6 together with those of 5 , respectively.
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Table 4.
Summary of reactions of a mixture of 2 (a,b,d-f)
and 3 (a,b,d-f) with anhydrous A1C13a

Reaction b
Sample SEBEEEESEE Pure 2 Product
[ 2/3 ratio] temp (°C) recovered
(mmo7) time (hr) (mmo?) (%)
2a + 3a 155/24 5.9 6a (26.9)
[1 : 0.149](14.51) Ja (41.9)
2b + 3b 155/46 2.3 6b (33.6)
[1 : 0.364](4.23) 7b (14.2)
2d + 34 160/43 3.9 6d (34.4)
[1 0.276] (9.58) 74 (45.4)
2e + 3e 160/47 2.6 6e (18.2)
{1 : 0.152](5.58) 7e (38.0)
2f + 3f 155/30 2.54 6f (38.7)
[1 : 0.326](5.36)

a) A 2 molar excess of AlCl, was used. b) The yields of

3
products were calculated based on the sample consumed.

Table 5.
Properties of 6a, 6b, 64, 6e, 6f, 7a, 7b, 7d and 7e

o))

Elemental Analysis

compound®  Bp(°C)P az® n20 C(%) F(2)

6a 146.0~147.0 1.8012 1.3545  20.24  50.5
(20.22)  (50.3)

6b 164.0~164.5 1.8275 1.3523

64 183.5~184.9 1.8421 1.3510  20.72  57.1
(20.95)  (55.3)

6e 195~ 200 1.3476  21.20  56.1
(21.22)  (57.1)

6f 131.0~131.5 1.7815 1.3597

7a 139.5~140.0 1.7649 1.3497  20.21  51.0
(20.22)  (50.3)

7b 167.5~168.0 1.7905 1.3473  20.74  52.5
(20.62)  (53.1)

7d 178.5~180.5 1.8068 1.3447  21.19  53.7
(20.95)  (55.3)

e 197~ 199 1.8321  1.3433  21.34  56.4

(21.22) (57.1)
a) Except 6b and 6f, all of these are new compounds. b) Boiling

points are not corrected. c¢) Calculated values in parentheses.
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EXPERIMENTAL

Reagents

The 2-alkyl-substituted oxanes used were prepared by the
reaction of 2-chlorooxane with appropriate grignard reagents
according to the method described in the literature {[5]. The
n-amyl n-butylether and n-butyl n-hexylether were prepared by
the usual Williamson reaction from n-amyl bromide (Tokyo Kasei
Co.) and n-butyl alcohol (Tokyo Kasei Co.), and from n-butyl
bromide (Tokyo Kasei Co.)} and n-hexyl alcohol (Tokyo Kasei Co.)
respectively. These starting materials which should be fluori-
nated had the following boiling points; 2-ethyloxane, bp 127.0~
128.5 °C (lit. bp 127~8 °C) [5], 2-n-propyloxane, bp 148.0~
151.5 °C (Lit. 152~3 °C) [5]}, 2-iso-propyloxane, bp 138.0~145.5
°C (lit. 144~5 °C) [5], 2-n-butyloxane, bp 174.0~178.0 °C (lit.
176~7 °C) [5], 2-n-amyloxane, bp 105.0~ 110.5 °C/45 mm Hg,
n-amyl n-butylether, bp 78.5~80.5 °C/64 mm Hg (1lit. 83.7~84.7
°C/50 mm Hg) [6], n-butyl n~hexylether, bp 89.0~90.0 °C/45 mm Hg.

A mixture of perfluoro(2-methyloxane) and perfluoro(2-
ethyloxolane) used for the reaction with anhydrous AlCl3 (Kishida
Chemicals Co.) was prepared by the electrochemical fluorination
of 2-methyloxane (Aldrich Chemical Co.) {3].

Anhydrous hydrogen fluoride (Daikin Industries Co.) was
more than 99.9% pure.

Apparatus

Fluorination was carried out in the usual way [2] using
a 1l electrolytic cell fitted with a reflux condenser (-20 °C)
on the top of the cell: the electrodes were consisted of 8 anodes
and 9 cathodes arranged alternatively. The effective anodic
surface area was 9.2 dmz.

Hoke bombs (capacity: 30 ml) with stainless steel valves
were used for the reaction of a mixture of 2 and 3 with anhyd-
rous AlCl,, and a pyrex vacuum line equipped with a Heise Bourdon
Tube gauge was used for handling the volatile compounds.

Analytical work was carried out with a Shimadzu GC-2C gas
chromatograph using stainless columns (3 mm dia) packed with
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20% diester of hexamethylene glycol with perfluorooctanoic acid
on Chromosorb PAW (6.4 m) (Col. A), 30% 1,6-bis(l,1,7-trihydro~
perfluoroheptyloxy) hexane on Chromosorb PAW (6.4 m) (Col. B), 30%
1,6-bis(1,1,12-trihydroperfluorododecyloxy)hexane on Chromosorb
PAW (6.4 m) (Col. C), and 26% Kel F #90 on Chromosorb PAW (3.8 m)
(Col. D). For a semi-preparative work, a Shimadzu GC-1C gas
chromatograph was used employing stainless columns (10 mm dia)
packed with 30% Silicone QF-1 on Chromosorb PAW (4.9 m) (Col. E),
30% 1,6-bis(1,1,7-trihydroperfluoroheptyloxy)hexane on Chromosorb
PAW (4.9 m) (Col. F), 30% 1,6-bis(1l,1,12-trihydroperfluorododecyl-
oxy)hexane on Chromosorb PAW (4.9 m) (Col. G), and 30% Kel F Wax
on Chromosorb PAW (4.9 m) (Col. H). The carrier was helium in

all cases.

Infrared spectra were measured on a Hitachi EPI-G3 spectro-
meter, using a 6 cm gas cell with KBr windows unless otherwise
stated. 19F nmr spectra were measured on a Hitachi R-20B high
resolution spectrometer operating at 56.46 MHz using CC13F as
an internal standard. Mass spectra were measured on a Hitachi
RMU-7 instrument at 70 eV,

§ Fluorination of 2-alkyl-substituted oxanes

Fluorination of la

Sample la (35.6 g, 0.312 mol) was charged into the cell
which contained 17 electrochemically purified anhydrous hydrogen
fluoride, and the solution was subjected to fluorination with an
anodic current density of 3.5 A/dmz, a cell voltage of 5.2~9.0 V
and a cell temperature of 5~6 °C over a period of 409 min (217
Ahr). The volatile products (52.9 g) were collected in traps
at -196 °c after passing through the consecutive gas washing
bottles containing agqueous potassium hydroxide and potassium
sulfite solution, and the products sunk at the bottom of the
cell (4.2 g), i.e. cell drainings, were drained from it after
the complition of the electrolysis.

Preceding to the distillation of the products collected at
cold traps, the compounds having lower bps than room temp were
roughly separated from other products by use of the traps of a

low-temperature distillation unit. These very volatile compounds
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(2.0 g) consisted primarily of CF
CHF3 (11), C2F6 (12) and C3

The remaining products (50.9 g) were fractionally distilled into

P (10), and small amounts of

F8 (13) (analysed by GLC using Col.A).

3 portions, and these fractions and cell drainings were subse-
quently analysed by GLC (Col. B). Each products except new one,
were identified by comparison of their infrared spectra and
retention times on a gas chromatogram with those of the authentic
samples. In the case of the new compounds, they were separated
from other products by use of semi-preparative GLC, and their
structure was determined on the basis of their l9F nmr and mass
spectra, and elemental analysis. Fraction 1, bp room tempa 48.3 °C,
4.7 g; [product (compound number), g yield], n-C,F 0 (14) (0.5)

471
perfluorooxolane (15)(0.3), n-C_F (16) (0.1), iso-C_F 5 (17) (0.3),

perfluoro(2-methyloxolane) (;g)?o%i), perfluoro(3—meih;loxolane)
(19) (0.3), perfluorooxane (20) (1.6), n-C6F14 (21) (0.2), 5a (trace),
4a (trace), 2a + 3a (0.4), unidentified (0.3). Fraction 2, bp 48.4
~46.8 °C, 9.2 g, 20 (0.4}, 21 (1.1), 5a (1.0), 4a (1.0), 2a + 3a
(4.6), unidentified (l.l1). Fraction 3, bp 64.9~81.0 °C, 28.0 g,

5a (3.2), 6a (2.3), 2a + 3a (19.6), unidentified (2.8), Residue,
3.4 g, 5a (0.2), 4a (0.2), 2a + 3a (2.3), perfluoro(3-ethyloxolane)
(22) (0.2), unidentified (0.5). Cell drainings, 4.2 g, 5a (0.4), 4a
(0.3), 2a + 3a (2.9), 22 (0.2), unidentified (0.5). Among these
products, 5a, 4a and a mixture of 2a and 3a were isolated from
other products by GLC (Col. E, F, G), and were characterized
spectroscopically. Based on the relative areas of the absorption
peaks due to the o CF,- groups in the 19F nmr spectrum of a mix-
ture of 2a and 3a, the constituent ratio was determined to be
2a/3a =1 : 0.149. Perfluoro(n-butyl n-propylether) ({(5a) (nc):

IR: 1345 (w), 1303 (m), 1252 (vs), 1228 (s,sh), 1163 (s), 1134

(m), 1104 (w), 1003 (m), 899 (m), 753 (w), 735~710 (w) cm_l.

Mass: 235 [M-F17, 219 [C,F "1, 169 [cyF,"1, 131 (cyr*1, 119
[02F5+1, 100 [C2F4+], 69 [CF3+]. Perfluoro (2-ethyl-5-methyl-
oxolane) (4a) (nc): IR: 1368 (w,sh), 1348 (w), 1334 (ms), 1296

(w), 1266 (s), 1248 (vs), 1231 (s), 1204 (m), 1161 (m), 1135 (ms),
1107 (s), 1039 (w), 1019 (w), 923 (m), 856 (w), 829 (m), 749 (m),
725 (m), 602 (m) em '. Mass: 347 (M-F1*, 297 (M-cF,]1", 247

M—c.F 1%, 131 [C3F5+], 119 [C2F5+], 100 [C2F4+], 97 [C3F3O+],

2°5
69 [CF3+]. Perfluoro (3-ethyloxane) (22)[2]: IR: 1365 (w,sh),



370

1350 (m), 1311 (ms,sh), 1298 (s), 1269 (s,sh), 1237~1250 (vs),
1224 (s,sh), 1190 (m,sh), 1179 (ms), 1147 (s), 1097 (m), 1078 (s),
1014 (m), 1000 (m), 943 (w), 858 (m), 840 (w), 829 (m), 791 (w),
747 (m), 712 (m), 676 (w), 642 (w), 611 (W), 497 (w cm b

Mass: 347 [C,F3071, 231 [CGF 181 [c,F.*], 131 [C,F.*1, 119

! 9+]' 457
[C F5 1, 100 [c2F4 1, 93 [C3F3 ], 69 [cF3 1. Physical properties
and analytical data of 5a and 4a,

and lgF nmr data of 5a are

shown in Tables 2 and 6 respectively.

Fluorination of 1b

Sample 1b (31.9 g, 0.249 mol) was fluorinated similarly under
the following conditions; 3.5 A/dm2, 5.1~9.0 V, 5~6 °C, 432 min
(230 Ahr). The products weighed 31.8 g for those collected at
-196 °C trap and 31.6 g for cell drainings respectively. Work-up
of the products was the same as those explained for the fluorination
of la. Thus, the following compounds were obtained; Fraction 1,
bp room temp~47.0 °C, 3.7 g; (compound number, g yield), 14 (1.0),
15 (0.3), 16 (0.1), 17 (0.3), 18 (0.3), 19 (0.2), 20 (0.9), 21 (0.1)
unidentified (0.3). Fraction 2, bp 47.1~49.3 °C, 2.4 g, 20 (0.1),
21 (0.2), n- C7F16 (23) (1.0), Sb (0.2), 4b (0.2), 2b + 3b (0.3},
unidentified (0.6). Fraction 3, bp 49.4~105.3 °C, 10.8 g, 23
(0.4), 5b (1.2), 4b (1.8), 2b + 3b (& ).

VL C

Residue, 5.5 g, 5b (0.5), 4b (0.2), 2b + 3b (3.8), perfluoro-
(3-n-propyloxane) (24)(0.2), unidentified (0.7). Cell drainings,
31.6 g, 23 (0.7), 5b (2.7), 4b (2.8), 2b + 3b (20.8), 24 (0.9),
unidentified (3.7). Perfluoro(2-methyl-5-n-propyloxolane) (3b)
(nc): IR: 1349 (ms), 1303 {(m), 1281 (m,sh), 1250~ 1258 (vs),

1231 (s,sh), 1211 (s), 1160 (m), 1146 (ms), 1107 (s), 1096 (ms,sh),

1077 (m,sh), 980 (w), 962 (w), 915 (w), 900 (m), 845 (w), 813 (w),
1

3) unidentified (1.

y WDQCENLLLIEC 4

[}

795 (w), 749 (w,sh), 738 (w), 722 (m), 584 (w) cm ~. Mass: 398
+
m-F17, 347 M-cr1¥, 247 [M-c, ] , 131 [CyP*T, 119 [C,F."T,
+
100 [C2F4 1, 97 [C2 3 +], 69 [CF3 ]. Perfluoro(3-n-propyloxane)

(24) [2): IR: 1349 (ms), 1315 (s), 1291 (s), 1272 (vs), 1248 (vs),
1224 (vs), 1205 (ms,sh), 1176~1186 (ms), 1150 (s), 1130 (s),
1029 (ms), 1001 (ms), 905 (w), 835 (m), 806 (m), 786 (w), 739
(ms), 713 (m), 672 (m), 643 (w), 628 (w), 609 (W), 568 (W), 536
(w), 498 (m) cm !, Mass: 397 [M-F]+, 231 [C.F 181 [c,F,*

1,
169 [C.F 131 (C,F *1, 119 [C,F

¢ 9],
+.
37]! 5], 69 [CF3]-

5 ], 100 [cC F4 1,
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Based on the relative areas of the absorption peaks due to the

o CFZ— groups in the l9F nmr spectrum of a mixture of 2b and 3b,
the constituent ratios of the mixture of 2b and 3b were found to
be 2b/3b = 1 : 0.239 for the compounds isolated from Fraction 3
and Residue, and 1 : 0.364 for those isolated from cell drain-
ings respectively. Physical properties and analytical data of 4b

is given in Table 2.

Fluorination of lc¢

Sample lc (32.2 g, 0.252 mol) was fluorinated similarly
under the following conditions; 3.5 A/dmz, 5.1~9.0 vV, 5~6 °C,
402 min (215 Ahr).

The amounts of the products were 29.6 g for those collected
at -196 °C trap and 22.8 g for those of cell drainings respective-
ly. Work-up of the products was almost the same as those explain-
ed for the fluorination of la and lb. 1In this experiments, how-
ever, many kinds of products were produced due to the isomeriza-
tion of the iso-propyl group to the n-propyl group as well as
the ring isomerization during fluorination, which made the isola-
tion of each products still more difficult. Therefore, only the
one fraction corresponding to the largest peak in the gas chromato-
gram was isolated by GLC (Col. E, G). 1Its amount was 8.3 g for
the fraction separated from the product at cold traps, and 16.5 g
for that separated from the cell drainings respectively. These
fractions were found to be composed of three kinds of perfluoro-
cyclic ethers including the expected 2¢ by lgF nmr spectroscopy.

On the basis of the relative areas of the absorption peaks due

l9F nmr spectrum of the combined

to the o CF,~- groups in the
sample of these fractions, the following composition was determin-
ed; 2¢c + 2b (89.5%) and 3b (10.5%). The constituent ratio of the
mixture of 2c and 2b was further determined by the integration of

the absorption peaks due to each of the CF3— groups ($71.9 ppm
for the CF3- group of 2¢ and ¢81.5 ppm for the CF3
19

respectively) in the F nmr spectrum of a mixture of these com-

- group of 2b,

pounds. Thus, the composition of these cyclic ethers was found
to consist of 2¢ (40.5%), 2b (49.0%) and 3b (10.5%) respectively.
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Fluorination of 14

Similarly, 14 (33.4 g, 0.235 mo!) was fluorinated under the
following conditions; 3.5 A/dmz, 5.5~9,0 V, 5~6 °C, 457 min
(249 Ahr).

The products weighed 15.9 g for those collected at cold
traps and 53.8 g for cell drainings respectively. Work-up of the
products was the same as those described in the fluorination of
1lb. Thus, the following compounds were obtained; Fraction 1,
bp room temp~41.0 °C, 4.0 g, 13 (0.1 g), 14 (1.2), 15 (0.2), lé
(1.0), 17 (0.3), 18 (0.3), 19 (0.2), 20 (0.6), unidentified (0.2).
Fraction 2, bp 41.4~52.8 °C, 0.9 g, 16 (0.3), 17 (0.1), 18 (0.1),
20 (0.2), unidentified (0.2). Residue, 5.8 g, 21 (0.1), 23 (0.9),
25 (0.6), 54 (0.5), 44 (1.1), 24 + 34 (1.7), unidentified (0.9).
Cell drainings, 53.8 g, 25 (1.8), 54 (4.0), 44 (11.7), 24 + 34
(30.8), unidentified (0.9). Based on the relative areas of the

19

absorption peaks due to the o CF_ - groups in the F nmr spectrum

of a mixture of 24 and 3d, the cgnstituent ratio was determined

to be 2d4/3d = 1 : 0.276. Perfluoro(2-n-butyl-5-methyloxolane)

(4d4) (nc): IR: 1346 (m), 1303 (w), 1252 (vs), 1233 (s,sh), 1218
(ms,sh), 1198 (m), 1157 (ms), 1121 (m), 1103 (ms), 1028~1058 (w),
943~958 (w), 897 (w), 881 (w), 837 (w), 817 (w), 806 (w), 777 (w),
713 (w), 638 (w), 593 (w), 533 (w), 480 (w) cm_l. Mass: 447 [M—F]+,
397 [M—CF§]+, 247 [M—C4F9]+, 169 [C3F7+], 131 [C3F5+], 119 [C2F5+],
100 [C,F, 1, 69 [cp3+]. IR spectrum of 54 was identical with

that of the authentic one prepared by the fluorination of 8.
Physical properties and analytical data of 44 are shown in Table 2.

Fluorination of le

Similarly, le (32.1 g, 0.203 mol) was fluorinated under
the following conditions; 3.5 A/dm>, 5.8~8.7 V, 5~6 °C, 404 min
(218 Ahr). The products weighed 12.6 g for those collected at
cold traps and 49.8 g for cell drainings respectively. As the
products collected at cold traps consisted mostly of compounds
having bps higher than room temp, they were analysed directly by
means of GLC without being fractionally separated. Thus, the
following compounds were obtained; 13 (1.0 g), 14 (1.9), 15 (0.7),
16 + 18 (2.7), 20 (1.1), 21 (1.7), unidentified (3.7). Cell drain-
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ings, 49.8 g, 5e (4.0), 4e (12.1), 2e + 3e (24.2), unidentified
(9.5). Based on the relative areas of the absorption peaks due

19F nmr spectrum of a mixture of 2e

to the o CF2— groups in the
and 3e, the constituent ratio was found to be 2¢/3e =1 : 0,276.
Perfluoro(2-n-amyl-5-methyloxolane) (4e)(nc): IR (film): 1294
1344 (m,broad), 1174~1244 (s~vs, broad), 1150 (s), 1131 (s),
1119 (ms,sh), 1048 (ms), 1014 (w), 921 (w), 864 (w), 856 (w),
835 (w), 813 (w), 773 (w), 746 (m), 741 (m), 729 (m), 714 (ms),
686 (w), 643~ 654 (w) 564~596 (w), 533 (w) cm L. Mass: 497
M-F] ¥, 297 [M- c, 9] ', 247 [M-CgF,,1, 181 [c4p7+], 169 [C F7 1,
131 [C3F5+], 119 [C2F5 1, 69 [CF3+] The IR spectrum of 5e was
identical with that of the authentic one prepared by the fluri-
nation of 9. Physical properties and analytical data of 4e are

shown in Table 2.

Fluorination of 8

Similarly, 8 (23.4 g, 0.163 mol) was fluorinated under the
following conditions; 3.5 A/dmz, 4.1~8.0 V, 5~6 °C, 345 min
(185 Ahr). The products weighed 30.4 g for those collected at
cold traps and 14.2 g for cell drainings respectively. The prod-
ucts at cold traps were fractionated by low-temperature distilla-
tion into four portions, and each of them was analysed by GLC
(Col. A,B,C) similarly. Thus, the following compounds were ob-
tained; Fraction 1, 0.3 g, -99.0~-44.8 °C, 10 (0.3 g), 1l (trace),
(trace). Fraction 2, 2.7 g, -40.5~-4.7 °C, 10 + 11 + 12 (0.9),
(1.5), unidentified (0.3). Fraction 3, 10.1 g, -4.8~-1.1 °C,
(0.4), 14 (8.8), unidentified (1.0). Fraction 4, ~room temp,
12.9 g, 14 (0.7), 15 (0.2), 16 (4.3), 17 (1.0), 18 (3.4), 20 (1.3)
unidentified (2.0). Hold up, 4.4 g, 54 (1.8), unidentified (2.5).
Cell drainings, 14.2 g, 54 (10.0), unidentified (4.2). Perfluoro-
(n-amyl n-butylether) (5d) (nc): IR: 1350 (w,sh), 1335 (m), 1307
(ms), 1252 (vs), 1227 (vs), 1198 (ms,sh), 1158 (s), 1138 (ms,sh),
1125 (m,sh), 1102 (w), 1064 (w), 1037 (w), 1018 (w), 957 (w),
898 (w), 878 (w), 837 (w), 813 (w), 774 (w), 730 (w), 713 (w),
702 (w), 640 (w), 585~602 (w), 532 (w) cm_l. Mass- 269 [C ll+]'
219 [C 5. 1, 143 [g,F71, 131 [C3F5+], 119 [C F5 1, 69 [cF;'T,
47 [C(O)F 1. Physical properties and analytical data of 54, and

its 19F nmr data are shown in Tables 2 and 6 respectively.

IH ralw
w lw o
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Fluorination of 9

Similarly, 9 (13.7 g, 0.087 mol) was fluorinated under the
following cinditions; 3.5 A/dm?, 5.8~8.5 V, 5~6 °C, 227 min
(125 ahr). The products weighed 8.3 g for those collected at
cold traps and 7.2 g for cell drainings respectively. The prod-
ucts obtained from cold traps were worked up similar to that
explained for la. Thus, the following compounds were obtained;
The less volatile compounds, 6.5 g, 13 (0.3), 14 (2.0), 15 (0.2),
16 + 17 (0.7), 20 (0.2), 21 (1.9), unidentified (1.3). Cell
drainings, 7.2 g, 5e (5.0), unidentified (2.2). Perfluoro-
(n-butyl n-hexylether) (5e)(nc): IR: 1336 (m), 1304 (ms), 1251
(vs), 1231 (s,sh), 1196 {s,sh), 1159 (s), 1132 (ms), 1099 (m),
1066 (w), 988 (w), 955 (w), 899 (m), 856 (w), 816 (w), 770 (w),
741 (m), 718 (m), 658 (w), 533 (w) cm '. Mass: 319 [C.F 5",

231 [cspgi], 219 [C4F5:], 181 [c4i7+], 169 [C3F7+], 131 [C3F5+],
119 [C2F5 }, 100 [C2F4 ], 69 [CF3 ]. Physical properties and
analytical data of 5e and its F nmr data are shown in Tables

2 and 6 respectively.

§ Purification of perfluoro(2-alkyloxolane)s

The reaction of a mixture of 2a and 3a with anhydrous AlCl3 at

various temperatures

As typical examples, the reactions carried out under the

following reaction conditions will be described.

1) at 150 °C for 20 hrs

A reaction mixture of perfluorocyclic ethers (PCE) (2a/3a
=1 : 0.149)(1.80 g, 4.93 mmol) and an two molar excess of AlCl3
(1.3 g) was held in a 30 m! Hoke bomb at 150 °C for 20 hrs.

The products were subjected to fractional condensation using
traps at -196 °C and -78 °C. The low bps compounds in the trap
at -196 °C were primarily HC1l and small amounts of COC12. The
compounds in the trap at -78 °C were found to consist of an un-
reacted PCE (1.37 g), and trace amounts of C2C16 and 6a by GLC
analysis (Col. D). The 19F nmr analysis of an unreacted PCE
showed that it still contained small amounts of 3a (2a/3a =

1 : 0.046).
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2) at 150 °C for 46 hrs

Similarly, the reaction was carried out using the follow-
ing reaction mixture (PCE, 1.87 g, 4.87 mmol; AlCl3, 1.30 g)
under the same reaction temperature (150 °C) but for the prolong-
ed reaction time (46 hrs). The products were worked up similarly.
Thus, the following compounds were collected at -78 °C trap;
PCE (0.98 g), C,Clg (0.13 g), 6a (0.18 g, 0.44 mmol), 7a (0.60 g,
0.38 mmol). The 19 nmr spectrum of an unreacted PCE revealed
that it is pure 2a. These new compounds (2a, 6a and 7a) were
isolated by semi-preparative GLC (Col. H), and were characterized
spectroscopically. Perfluoro(2-ethyloxane) (2a) (nc): IR: 1356
(m), 1342 (m), 1285 (ms), 1246 (vs), 1216 (vs), 1155 (s), 1125
(m,sh), 1096 (ms), 1079 (s), 1037 (m), 1015 (w), 964 (ms), 859
(w), 833 (ms), 748 (ms), 716 (w), 644 (m), 618 (m), 594 (w), 554
(w), 541 (w), 512 (m), 336 (w) cm '. Mass: 345 [M-FI*, 247 [mM-C,F.]}
231 [C2F9:], 219 [C4i9+]' 181 [c,Fg*1, 131 [cF."1, 119 [c,F."1,
100 [C2F4 1, 69 [CF3 ]. Perfluoro(2,5,5-trichloro-2-n-propyl-
oxolane) (6a) (nc): IR (film): 1349 (ms), 1325 (s), 1284 (ms),
1190~1254 (vs), 1128 (s), 1070 (ms), 1041 (s), 1021 (s), 974 (ms),
951 (ms), 922 (ms), 904 (ms), 881 (s), 857 (m), 807 (ms), 782 (m),
775 (m), 743 (ms), 737 (m), 722 {(ms), 715 (ms), 690 (w), 663 (m),
642 (w), 610 (w), 592 (w), 551 (w), 534 (w), 492 (w) cm-l.
Mass: 397 M-c1®®1%, 245 m-cyFo1%, 85 [cr,c1®1Y, 69 [cF,")
(The chlorine isotope ratio was consistent with ion assignment,
but the C137ions have been omitted). Perfluoro(5,5-dichloro-
heptanoyl chloride) (7a) (nc): IR (film): 1787 (vc=o) (ms), 1355
(m), 1328 (m), 1313 (m), 1290 (m), 1230~1235 (vs), 1192 (vs),
1161 (s,sh), 1130 (s), 1118 (ms), 1080 {(ms), 1055 (ms), 1061 (m),
942 963 (w,broad), 920~927 (w), 851 (w), 816 (w), 795 (w), 781
(w), 761 (w), 745 (w), 731 (w), 722 (ms), 711 (m), 694 (w), 670

(w), 630 (w), 620 (w), 608 (w), 532 (w) cm—l. Mass: 379 [M—Cl35]+,
35+ + + + .

267 [C4F6C13 ],'147 [C3F50 1, 119 [C2F5 1, 69 [CF3 }. Physical

properties and analytical data of 2a, and those of 6a and 7a are

shown in Tables 2 and 5 respectively. The 19F nmr data of 2a and

6a, and those of 7a are presented in Fig. 1 and Table 6 respective-
ly.
Several other reactions carried out under the similar condi-

tions but at the reaction temperatures of 160 °C, 170 °C and
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190 °C respectively are summarized in Table 3 together with those

explained above.

Reaction of a mixture of 2f and 3f with anhydrous AlCl

3

In a 30 m! Hoke bomb, a mixture of 2f and 3f (2f/3f =
1 : 0.326, 1.6 g, 5.36 mmol) was condensed onto the granular
AlCl3 (1.4 g) and kept at 155 °C for 30 hrs. The products were
subjected to fractional condensation using traps at -98 °C and
-196 °C. The low bps compounds in the trap at -196 °C were pri-
marily COCl2 and small amounts of Cl2 and HCl. Gas chromato-
graphic separation (Col. C,D) of the products at -98 °C yielded
the following compounds; pure 2f (by IR spectroscopy) [4,7]
(0.80 g, 2.54 mmol), CCl4 (0.15 g), C2Cl6 (trace), 6f [4,7]
(0.38 g, 1.08 mmol). The compounds which remained in the bomb
were rinsed out with small amounts of Daiflon S3 solvent several
times. After the green powder had been filtered off, the major-
ity of the solvent was removed off to give a liquid (0.6 g) by
using a rotary evaporator. Its GLC analysis (Col. D) showed only
the presence of small amounts of C6Cl6 other than a solvent.

Reaction of a mixture of 2b and 3b with anhydrous AlC1

3

Similarly, a reaction mixture of PCE (2b/3b =1 : 0.364,
1.76 g, 4.23 mmol) and AlCl3 (1.2 g) in a 30 m! Hoke bomb was
kept at 155 °C for 46 hrs. The products were subjected to fractio-
nal condensation using traps at -196 °C and -78 °C. The products
at -196 °C were primarily HCl1l and small amounts of COC12. The
compounds in the trap at ~78 °C were primarily unreacted PCE
(0.94 g) and small amounts of CCl4 and 6b by GLC analysis (Col. D).
The l9F nmr spectrum of an unreacted PCE revealed that it is a
pure 2b. The compounds which retained in the Hoke bomb were
worked up in a manner similar to that described for the reaction
of a mixture of 2f and 3f. GLC analysis of the liquid yielded
6b [4,7] (0.31 g, 0.66 mmol), 7b (0.13 g, 0.28 mmoZ) and CeClg
(trace). Perfluoro(2-n-propyloxane) (2b) (nc): IR: 1356 (m),
1333 (ms), 1319 (ms,sh), 1281 (s), 1251 (vs), 1203 ~1226 (vs),
1186 (ms,sh), 1155 (s), 1132 (ms), 1113 (ms), 1100 (ms), 1076
(m,sh), 1054 (s), 1026 (w), 999 (ms), 986 (m,sh), 956 (m), 933
(m), 942 (w), 819 (m), 803 (ms), 751 (m,sh), 73% (ms), 714 (m),
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676 (w), 643 (m), 616 {(m), 596 (w), 556 (w), 535 (w), 518 (w),

501 (w) cm 1. Mass: 397 [M-F]*, 219 [c,Fg™1, 169 [coF.*1, 131
[C3F5+], 119 [C2F5+], 100 [C2F4+], 69 [CF,"]. Perfluoro(2,5,5-
trichloro-2-n-butyloxolane) (6h)[4,7]: IR (film): 1395 (w),

1355 (m), 1327 (s), 1295 (m,sh), 1235 (vs), 1208 (vs), 1193 (s,sh),
1142 (s), 1090 (m,sh), 1090 (m,sh), 1062 (ms), 1048 (s), 1020 (s),
982 (w), 910~938 (ms), 877 (s), 857 (m,sh), 841 (ms), 801 (m),

793 (ms), 763 (w), 751 (w), 743 (w), 736 (w), 711 (m), 692 (m),

670 (m), 633 (w), 587 (w), 553 (w), 537 (w), 518 (w) cm_l. Mass:
429 [M-Cl35]+, 245 [M—C4F9]+, 69 [CF3+]. Perfluoro(5,5-dichloro-
octanoyl chloride) (7h) (nc): IR (film): 1784 (vc=o) (m), 1346 (ms),
1316 (m), 1294 (m,sh), 1236 (vs), 1197 (vs), 1196 (s,sh), 1160
(ms,sh), 1132 (ms), 1113 (m,sh), 1079 (ms), 1014 (m,sh), 1007
(m), 984 (w,sh), 944 (w), 913 (w), 879 (w,sh), 846 (ms), 804 (w),
789 (w), 754 (w), 729 (w), 711 (m), 694 (w), 669 (w), 625 (w) cm
Mass: 429 [M-C1°°]%, 267 [c,FC13>"T, 169 (e, *1, 69 rer tl.
Physical properties and analytical data of 2b, and those of 6b
and 7b are shown in Tables 2 and 3, respectively. 19F nmr data

of 2b and 6b, and those of 7b are presented in Fig. 1 and Table 6

w)
i
+

1

respectively.

Reaction of a mixture of 2¢ and 3¢ with anhydrous AlCl3

Similarly, a reaction mixture of PCE (2¢/2b/3b =1 : 1.279
0.259) (5.47 g, 13.14 mmol) and AlCl3 (3.5 g) were kept in a
30 m! Hoke bomb at 160 °C during 40 hrs. The work-up of the
products were the same as those explained for the reaction of a

mixture of 2b and 3b. However, in this experiment, as a complex
mixture of chlorinated products were obtained, no further works
to separate them were conducted. Thus, the following compounds
were obtained; PCE (1.98 g, 4.8 mmol), chlorinated compounds

having an empirical formula C8Fl30130 (by Mass analysis) (2.11 g,
4.53 mmol), C6C16 (0.22 g). The F nmr analysis of an unreacted
PCE showed that it consisted of a mixture of 2¢ and 3¢ (2¢/3c =
1 : 0.870). No attempt to resolve these two isomers by GLC was

19

conducted. The F nmr data of 2¢ are shown in Fig. 1.

Reaction of a mixture of 2d and 34 with anhydrous AlCl3

Similarly, a reaction mixture of PCE (2d/3d = 1 : 0.276)

(4.46 g, 9.58 mmolZ) and AlCl3 (2.6 g) were kept in a 30 ml Hoke
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bomb at 160 °C for 44 hrs. The work-up of the products was the
same as those explained for the reaction of a mixture of 2b and
3b. Thus, the following compounds were obtained; pure 24 (con-
firmed by 19F nmr analysis) (1.82 g, 3.90 mmol), C6Cl6 (0.15 qg),

6d (1.09 g, 2.11 mmol), 7d (1.44 g, 2.79 mmol). Perfluoro(2-n-
butyloxane) (2d) (nc): IR: 1355 (m), 1332 (ms), 1295 (ms,sh), 1275
(s), 1238~1250 (vs), 1205~1215 (s), 1183 (ms,sh), 1154 (s),

1140 (s), 1112 (ms), 1080 (m), 1065 (m), 1052 (m,sh), 1041 (s),
978 (ms), 920 (w), 891 (m), 835 (w), 820 (w,sh), 810 (m), 791 (m),
747 (ms), 731 {(ms), 714 (m), 682 (m), 642 (m), 630 (w,sh), 614
(m), 601 (w), 582 (w), 555 (w), 530 (w), 509 (w) cm 1. Mass: 447
mM-r17F, 247 [M—C4F9}+, 219 [C4F9+], 131 [C3F5+], 119 [C2F5+],

100 [C2F4+], 69 [CF3+]. Perfluoro(2,5,5-trichloro-n~amyloxolane)
(6d) (nc): IR (film): 1355 (w), 1330 (m), 1242 (vs), 1205 (vs),
1152 (m,sh), 1143 (ms), 1113 (w), 1060 (w,sh), 1041 (m), 1022 (m),
982 995 (w), 902~925 (w,broad), 885 (w,sh), 872 (m), 815 (m),
798 (w), 773 (w), 652~744 (w) cm L. Mass: 479 [M-c1°°1F, 85
[CF2C135+], 69 [CF3+]. Perfluoroe (5,5-dichlorononanoyl chloride)
(7d) (nc) : IR (film): 1786 (Vc=o) (m), 1356 {(m), 1317 (w), 1294
(w,sh), 1244 (vs), 1223 (s,sh), 1194 (s), 1161 (ms), 1143 (s),

1080 (w), 1064 (w), 1017 (w), 964 ~984 (w,broad), 932 (w), 851

(ms), 799 (w), 711~749 (w,broad) cm L. Mass: 479 [M-c1°°]T,
267 [C4F6Cl§5+], 219 (c,Fg*1, 69 [cF,*1. Physical properties

and analytical data of 2d, and those of 6d and 7d are shown in
Tables 2 and 5, respectively. 19F nmr data of 24 and 64, and
those of 7d are presented in Fig. 1 and Table 6, respectively.

Reaction of a mixture of 2¢ and 3e with anhydrous AlCl3

Similarly, a reaction mixture of PCE (2¢/3e = 1 : 0.152,
2.60 g, 5.58 mmol) and AlCl3 (1.5 g) were held in a 30 ml Hoke
bomb at 160 °C for 48 hrs. The products were worked up in a
similar manner to that explained for the reaction of a mixture
of 2b and 3b. Thus, the following compounds were obtained:

pure 2e¢ (confirmed by 19

F nmr analysis) (1.33 g, 2.57 mmol),
C2C16 (trace), 6e (0.31 g, 0.55 mmol), 7e (0.52 g, 0.93 mmol).
Perfluoro(2-n-amyloxane) (2e){nc): IR (film): 1380~1400 (w),

1350 (m), 1333 (m), 1275 (m,sh), 1240 (s), 1205 (vs), 1140~1150
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(ms), 1116 (m), 1090 (w), 1056 (m), 1011 (m), 985 (w), 968 (w),

878 (W), 778~798 (w), 725~745 (w), 681 (w), 640 (w), 613 (w),
600 (w) cm L. Mass: 497 [M-F]¥, 247 m-cF 1%, 219 [c,F ",

+ + + + +
181 [C4F7 1, 131 [C3F5 1, 119 [CZFS 1, 100 [C2F4 1, 69 [CF3 1.
Perfluoro(2,5,5-trichloro-n-hexyloxolane) (6e) (nc): IR (film):

1375 ~1405 (w,broad), 1305~1335 (m,broad), 1240 (vs), 1203 (vs),
1

1180 (s,sh), 1158 (ms), 1147 (ms), 1080 (m), 1020 (m) cm .
Mass: 529 [M-c13°1%, 85 [cpzc135+], 69 [cF 1. Perfluoro(s,s-
dichlorodecanoyl chloride) (Ze) (nc): IR (£film): 1785 (vczo) (m),

1375~1405 (w,broad), 1355 (m), 1305~1320 (m,sh), 1244 (vs),

1207 (vs), 1162 (ms), 1146 (s), 1124 (ms), 1078 (m), 1018 (m),

985 (w), 915~935 (w,broad), 850 (m), 792 807 (w,broad), 746 (m),
715 735 (m,broad) cm . Mass: 529 (M-c1®®]%, 267 [c,F.c13°%],
69 [CF3+]. Physical properties and analytical data of 2e, and
those of 6e and 7e are shown in Tables 2 and 5 respectively.
1o nmr data of 2e and 6e, and those of 7e are presented in Fig. 1

and Table 6, respectively.
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