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Because of their peculiar characteristics. perfluorinated
amines have been used as a high temperature lubricant, a lig-
uid dielectric or an artificial blood.! Recently. a perfluori-
nated amine was also applied in quantity for the production
of polyurea resin.? This kind of compounds has a wide range
of industrial application and the most promising applicable
area with them would be related with medical field. It is.
therefore, required to develop an effective methodology
which enables us to synthesize tailor-made pertluoro-chemi-
cals. However, conventional routes for the perfluorination of
a non-fluorinated precursor using such methods as electro-
chemical fluorination and direct fluorination with F» are too
rough to prepare a designed perfluoro-organic compound in
pure form. These routes have a critical problem of poor
vields in the synthesis of perfluorinated product. On the con-
trary, it has been known that fluorination with partly-fluori-
nated ethers or amines reduces decomposition during a
perfluorination process and drastically increases the yield of
perfluorinated product. The application of this methodology
has been also limited since no easy way for the synthesis of
partly-fluorinated compounds has been generalized. For
instance, there have been only a few examples for the prepa-
ration of partly-fluorinated precursors starting with perfluo-
roolefins and N-nucleophilic reagents.’”

In this paper, we wouid like to report a convenient method
for the synthesis of partly-fluorinated amino, imino or amido-
ethers starting with perfluoropropoxyethylene (1)*® and vari-
ous armunes. The partly-fluorinated products are expected to be
used in the effective synthesis of perflucrinated amine deriva-
tives, Reactions of 1 with diethylamine (di-n-butylamine, pyr-
rolidine, piperidine, morpholine) in anhydrous THF yield the
addition products 2-6 or N,N-dialkylamides 9-13 depending

on the reaction conditicns and the methods of separation of
products. As shown in Scheme 1, treatments of equimolar
amounts of the compound 1 with secondary amines produce
the addition products 2-6 in 85-91% yields. On the other hand,
reactions of 1 with dialkylamines in the presence of Et;N fol-
lowed by aqueous work-up provide the amides 9-13 in 71-
95% yields. The pure products can be separated by a distilla-
tion of the reaction mixtures. The formation of amides was
observed earlier in the reaction of hexafluoropropene with
secondary amines in an agueous-ether medium.'”

Reaction of primary amine (n-propylamine or n-butyl-
amine) with 1 in the presence of EtsN followed by an aque-
ous work-up also provides the amide 14 or 15 respectively.
The first step of that reaction might consist of the nucleo-
philic addition of a primary amine to the double bond of 1.
The product contains CF; group in next to NH fragment and
elimination of HF by EtzN undergoes to form a N=C bond.
The fluorine atom at N=C bond is known to be reactive and
a reaction with water transforms the imino group into a cor-
responding amide. On the contrary, a fractional distillation
right after the reaction of 1 with n-propylamine or n-buty-
lamine without any aqueous work-up gives the imine 7 or 8
even in the absence of triethylamine. Spectral data are
entirely consistent with the proposed structures of 7 and 8 ;
the '°F NMR spectra showed the characteristic A-B system
of F’ representing the presence of stereogenic center C* and
mass spectrometry gave M-1 ions. The "H NMR spectra of 7
and 8 also showed the typical resonance of H* at 8y 6.23 or
6.25 as a doublet (Jur = 54.0 Hz) respectively.

[t is interesting to note, however, that a treatment of imida-
zole with 1 produces only the addition product 16 irrespective
of the presence of EtaN. And the reason for the exclusive for-
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mation of 16 out of 1 and imidazole is not clear yet.

The following Scheme 2 might be a plausible reaction
mechanism between 1 and a secondary amine:

Without triethylamine, a nucleophilic attack of a second-
ary amine to the double bond on 1 ends up with an addition
product. In the presence of triethylamine, however, elimina-
tion of HF from the addition product could be accompanied
by the base to give an enamine. The resulting enamine might
be easily converted into an amide by hydrolysis.

In short, reactions of perfluoropropoxyethylene (1) with
secondary amines {diethylamine, dibutylamine, pyrrolidine,
piperidine, morpholine) effectively provide the N.N-dialky]
amides 9-13 or the addition products 2-6 respectively
depending on whether triethylamine exists as a base or
not. Treatments of 1 with primary amines {n-propylamine,
n-butvlamine} in the presence of triethylamine followed
by aqueous work-up also successfully produce the amides 14-
15. The partly-fluorinated products 2-16 are expected to be
used as exellent precursors for a perfluorination reaction.

Experimental Section

F NMR spectra were recorded at 282.2 MHz with a
Varian UNITY plus-300 spectrometer and obtained in the

presence of CeFe as an intemal standard: '*C and 'H NMR
spectra were measured with a Bruker AM-300 spectrometer
(75.4 and 300.1 MHz respectively) in ppm using tetrameth-
ylsilane as an external standard in neat liquids (Jcu not
recorded). IR spectra were obtained on a Mattson 50600 FTIR
(NICAM) spectrometer (5% in CCl,), Mass spectra were run
on a JEOL LMS-DX 303 spectrometer and GC/MS data

Table 1. Yields, Boiling-points and HRMS Data of the Partly-
fluorinated Products

Com- Yield, b.p. Found Formula Calculated

pound % °CfTorr amu amu
2 88  46-47/15 339.0664 CoH, FiNQ: 339.0669
3 86 43-46/2 3951441 C HFoNO 3951307
4 88  36-37/0.8 337.0322 CyH¢FoNO  337.0524
5 90  66-67/15 351.0683 CgHyFioNO  351.0681
6 91  76-78/15 353.0470 CoaHoFioNQ: 353.0473
9 71 76-77/15  317.0663 CeH | F:NO: 317.0662
11 95  78-73/0.3 3150512 CuHeF:NO;  315.0505
12 81  74-75/0.3 3290664 C,oH, [FsNO: 329.0662
13 75 85-86/0.3 331.0469 CoHFsNO: 3310454
14 80 76-78/2  303.0502 CgHoFyNO:  303.0505
15 74 87-88/2  317.0737 CoH FeNO;  317.0662
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Table 2. ""F and "H NMR Data of the Partly-tluorinated Products
I 2 3 4
CF.CF:CF,OCH-R
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*A-B system

R OF S
FI l_".‘, F] - F«l FS s HJ l{" H8 H‘J Hl(l
(Svr) Jrn) {Jre)
e 82.4 33.8 7RG 764 232 755 728 604 300 LI0
craNchen (148.7) (54) {209.1)
CF2N(CHICH2CHCHA) 82,5 335 787 759 234 759 730 594 288 150 134 091
. (148.7) (54) {205.2)
6}-;\@’ 82.3 34.0 791 166 228 682 667 600 308 181
. (148.7) (54) (208.9)
if“-rz-b-\'D" 82 337 788 761 227 662 650 599 288 154 154
- [ {144.9) (52) (184.5)
|E.~n_°N"_\o b8l 340 789 768 28 640 636 616 364 364
L | (144.9) (52) (193.3)
C 82.2 34.2 %6 770 33 6.01 3.20 121
COMNCH2CH2 ( 152'5) (56}
ComcChaCH:Crpcny | 80.7 33.7 807 783 335 6.54  3.35 154 130 091
(145.1) (54)
e 82.5 34.3 797 713 30.2 647 332 1.82
frm (144.9) (56)
T §2.2 339 793 766 33 6.56  3.00 153 1.53
BN (143.1) (56)
TN 82.3 34.1 803 759 327 664 3.6l
\_-' (150.3) (56)
St 81.2 338 787 772 293 630 327 .58 0.91
e (150.8) (54)
| oMtk 81.9 338 789 773 203 6.39 3.34 160 135 0491
C e (151.2) (54)
TN 81.2 329 780 757 195 669 685  7.29 787 725 7.08
. (152.5) (52) (188.2)

were checked using a 4.8 ¢emx0.32 cm column packed with
10% OV-202 on 100-200 mesh Gas Chrom RZ. Reactions
were routinely monitored with '“F NMR spectroscopy. All
chemicals were of analytical grade and used without further
purification. Tetrahydrofuran was distilled from sodium benzo-
phenone ketyl. The yields, boiling points and HRMS data of
the new products are shown in Table 1. The 'H, "°C and "°F
NMR spectral data of them are also shown in Table 2 and 3.

Typical procedures for the preparation of partly-fluor-
inated compounds

Method A. To a solution of 1 (26,6 g, .10 mol) in THF
(50 mL) at 0 "C was slowly added imidazcle (6.8 g, 0.10
mol) in THF (20 mL) for 0.5 h, The reaction mixture was
stirred at 25°C ovemight and the resulting solution was
diluted with water (200 mL}. The organic phase was sepa-
rated and dricd over anhydrous MgSQy. The crude product
was distilied to give 16 (24.0 g, 72% yield) as a pale yellow
liquid: b.p. 37-38 °C (0.1 Torr); Anal. Caled. for CgHsFyy-
N.O: C. 28.74. H, 1.20; F, 56.88, Found: C, 28.64; H. 1.17:
F, 56.68; HRMS Calcd. 334.0164. Found 334.0163. The
compounds 2-6 were prepared respectively by the Method A.

Method B. To a solution of 1 (13.3 g, 0.05 mol) in THF
{20 mL} at 0 °C was added a solution of n-propylamine (5.9

g. 0.10 mol) in THF (10 mL). The reaction mixture was
stirred for | h at 0 °C, 3 h at room temperature, and then 2 h
at 45 °C. The solvent was distilled off under reduced
pressure and the resulting organic phase was distilled to give
7 (12.0 g, 79% yield) as a colorless liquid: b.p. 37-38 °C (3
Torr): ""F NMR (CDCl3) 8 110.2 (F°, IF, m), 81.9 (F'. 3F,
CFa, 8), 78.6 and 76.5 (F°, 2F, AB-system Jr:= 148.7 Hz),
33.7 (F%, 2F. CFy, 5), 30.5 (F. IF, CHF. d, Jyn = 54.0 Hz); 'H
NMR (CDCl3) 8y 6.23 (H*, 1H, d. Jyr = 54.0 Hz), 3.40 (HS,
2H, t, Jun= 7.8 Hz), 1.59 (H", 2H, CHa, sept. Jun = 7.8 Hz),
0.91 (H®. 3H, CHa. t, Jun = 7.8 Hz). “C NMR (CDCly) §¢
142.2 (C*, 'Jor=355.8 Hz: *Jer=29.6 Hz), 117.6 (C', 'Jce =
286.2 Hz: “Jer=33.1 Hz), 116.2 (C*, 'Jcp=286.2 Hz; “Jor=
32.9 Hz), 107.4 (C. "Jep= 266.6 Hz; 2Jcr = 38.8 Hz), 98.4
(C?, Yer = 236.8 Hz, Ycr = 54.7 Hz: YJep= 54 Hz), 475
(€%, 22.9 (C"), 10.7 (C*); GC/MS 304 [M-H]", 290 [M-
CH3]", 276 [M-CaHs]*, 169 [C3F5]*, 120 [C;H,N=CFCHF]",
88 [C:H7N=CF]*, 69 [CF3]*, 43 [CiH]*. The compound 8
was also preparcd with n-butylamine in 75% vield by the
Method B: b.p. 42-43 °C (3 Torr); “F NMR (CDCl) 8
110.8 (F*, 1F. m), 82.0 (F', 3F, CF3, 5). 78.6 and 77.4 (F, 2F,
AB-system Jer = 148.9 Hz), 33.9 (F*, 2F, CFa, s), 29.2 (FY,
IF, CHF, d, Jen = 54.0 Hz); 'H NMR (CDCly) 8y 6.25 (H,
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Table 3. "C NMR Data of the Partly-fluorinated Products
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1 2 3 4
CF,CF.CF,0CHF-R
R o 2 C c c? C’ ¢t C® cw
('4.cr) (50 (4.3 cr) (" ep) ("3 icr)
P 117.8 106.5 1057 989 117.0 388 122
Cr2MCHzCHI) (291.33)  (267.39)  (280,32)  {(245.49)  (251,29)
CFaNICHRCHZCHICH) 117.7 106.5 1159 100.5 117.3 46.9 318 20.8 139
) (292.33) (267,39 (278.30)  (245.47y  (254,29)
érr?(j 118.0 106.4 RIEE 988 116.8 474 22.9
(290,33)  (267.40)  {280.32)  (245,49)  (254.29)
”?‘”D ’ 116.9 106.5 1155 98 8 1175 34.0 246 235
- (352.33)  (282,39)  (280,32)  (244,44) (251,27
CEr-N D 117.7 106.6 1154 9% 8 117.2 66.6 44.7
(290, 33) (267,400 (280,32)  (243,45) (254,29
CLOMICHICHIM 116.4 105.9 115.1 98.4 159.2 39.7 1.9
et s (286,33)  (276.39)  (280.29)  {(244.25)
COMICHICHCH2 CHay 116.7 106.2 1153 99.2 159.5 448 28.2 18.8 11.9
i (287.33)  (267.38)  (279,41)  (268.25)
5(0)-—NO 117.3 106.8 1159 99.2 159.6 46.4 242
. (286.33)  (267,39)  (280,31)  (243,26)
E{o"ﬁND . 120.2 109.7 1188 102.4 162.2 484 287 26.6
(286,34)  (267.39)  (281.30y  (243.25)
s 1162 105.3 114.6 98.2 158.2 64.5 439
GOEN 0 (288,32)  (267.3D)  (290.33)  (244.15)
A ¢ " Ld v
CLOINHCH2CH2CH3 7.2 106.7 1159 98.4 161.8 41.0 218 10.0
Cort i, | (2R6.33)(267,39)  (279.31)  (243,29)
117.2 106.2 115.8 98.3 161.7 39.1 30.7 19.5 12.5
R (286,33)  (267,39)  (304.33) (243,25
CF=N 4 116.9 106.6 115.6 100.2 117.3 135.8 131.4 117
L.t (287, 32) 268, 39) (279.31)  (241,43) (254, 28)
TH, d, Jup = 54.0 Hz), 3.69 (H", 2H. t, Jun = 7.8 Hz), 1.54 References

(H’, 2H, CHy, Juy = 7.8 Hz), 1.36 (H®, 2H, CHa, Juw = 7.8
Hz), 0.92 (H”, 34, CHa, t, /im = 7.8 Hz); GC/MS 318 [M-
HJ*, 290 [M-CyHs]", 276 IM-C3H;]*, 257 [M-C3H-FI*, 217
[CiF:OCHF), (69 [CiFa]*, 134 |C4HoN=CFCHF)*, 102
[CsHoN=CFCHE]*, 119 [C:Fs]*, 69 [CFi)Y, 43 [CaHql%;
Anal. Caicd. for CoHywFsNO: C, 33.86; H, 3.13; F, 53.61.
Found: C, 33.64; H, 3.17: F, 53.68.

Method C. To a soluwion of 1 (21.3 g, 0.08 mol) in
THF (60 mL) at (}°C was added a solution of dibutylamine
(10.3 g, 0.08 mol) and EsN (8.3 g, .08 mol) in THF (10
mL} for 0.5 h. The reaction mixwre was stirred al room
temperature overnight and then diluted with water (200
mL). The organic phase was separated and dried over anhy-
drous MgSO,. The crude product was distilled to give 10
(21.9 g. 73% yield) as a pale yellow liquid: b.p. 93-94 °C (0.2
torr); IR (5% in CCls) 2980, 2910, 1690 (C=0), 1200-1100
(C-F) em™; Anal. Caled. for C3HoFsNQ-: C, 43,70; H, 5.30;
F, 42.60, Found: C, 43.96; H, 5.48; F, 43.17. The compounds
9, 11-15 were also prepared respectively by the Method C.
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