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Reaction of Perfluoroalkanesulfinates with Allyl and Propargyl Halides. A
Convenient Synthesis of 3-(Perfluoroalkyl)prop-1-enes and
3-(Perfluoroalkyl)allenes
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The reaction of perfluoroalkanesulfinates, R{CF,SO,Na, with allyl and propargy] halides, in the presence of
(NH,),S,05, gave 3-(perfluoroalkyl)prop-1-enes (R.CH,CH=CHy,) and 3-(perfluoroalkyl)allenes (R{CH=C=CH,),
respectively, in good yield. Evidence is presented for a radical addition—elimination mechanism for the reaction.
The reaction represents a synthetically viable and convenient route to such compounds.

Introduction

The development of methods for the introduction of
perfluoroalkyl groups into organic molecules is the object
of active and continuing research.! Both 3-(perfluoro-
alkyl)prop-1-enes (R{CH,CH=CH,) and 3-(perfluoro-
alkyl)allenes (R{CH=C=CH,), with reactive CH,CH==C-
H, or CH=C=CH, groups, are useful building blocks for
organofluorine systems. Therefore, it is of value to develop
a convenient synthesis of such compounds.

Usually, 3-(perfluoroalkyl)prop-1-enes are prepared by
the reaction of perfluoroalkyl metallic reagents with allyl
halides™ (eqs 1 and 2) or by the reaction of perfluoroalkyl
iodides with allyltrimethylsilane (eq 3).58

Zn/PA(1I)
RX + RCH=CHCH,Br
X=1Br R(R)ICHCH=CH, (1)
(RO)P(O)CF,MBr + XCH,C(R)—CH, == Cubr

= Cd, Zn X =Br, Cl
(RO),P(0)CF,CH,CR—=CH, (2)

Fea(CO)m

RfI + CH2=CHCHQSIMG3 RszcH'—CHz

@)

However, (perfluoroalkyl)allenes, RRCH=C=—CH,, have
never been isolated from reaction mixtures containing
perfluoroalkyl metallic reagents and propargyl halides
because, in some cases, the reaction mixtures decomposed
violently on attempted distillation.®47

We now report that perfluoroalkanesulfinates react
smoothly with allyl or propargyl halides, in the presence
of an oxidant, to yield 3-(perfluoroalkyl)prop-1-enes or
3-(perfluoroalkyl)allenes, respectively, in good yield. The
reaction constitutes a synthetically viable and convenient
route to these compounds.

Results and Discussion

Perfluoroalkanesulfinates (R{CF,SO;Na) are readily
available by sulfinate-dehalogenation of perfluoroalkyl
halides (R;X, X = I, Br, CCl,).51
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Table I. Reaction of 1a with Allyl Bromide in the Presence
of an Oxidant

CI(CF,)sOCF,CF,S0,Na + CH,=CHCH,Br
la
Cl(CFz)SOCF2C2F20H20H=CH2 + CI(CF;)sOCF,COOH
a 3a

oxidant

product
composition,® %
entry no. oxidant 2a 3a
1 UV, Ozt 55 45
2 (NH,),S,04° 90 10
3 Ce(SO‘)g” 60 40

¢The product composition was estimated by °F NMR. °The
reaction mixture, in a quartz reaction tube, was irradiated at room
temperature for 5 h with a 500-W high-pressure mercury lamp.
Air was bubbled through the reaction mixture during irradiation.
¢ An equimolar mixture of la, allyl bromide, and either (NH,),S,0g
or Ce(S0Q,),, in DMF, was stirred at 40 °C for 4 h.

Because sulfinates are well-known electron donors,1%14
a suitable electron acceptor (oxidant) should initiate
electron transfer from R{CF,SO,Na to generate R{CF,SO,’
and, subsequently, R{CF,* radicals (eq 4). That such an

RfCFzSOZ_ + Ox — RfCFgSOg. + Ox*
RfCF2SO2. - RfCFz. + SOz (4)

assumption is reasonable was supported by the observation
that the photooxidation of R,CF,S0,Na gave the corre-
sponding perﬂuorocarboxylic acid.’> The intermediate

llg t

RﬂFzsozNa RCF,* — RLCOOH
RCF," radical could be trapped by t-BuNO and was
identified from the EPR spectrum of the nitroxide radical
so formed.1®
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Scheme I

S:04°" —= SO,°"
RCF,;SO; + SO,*~ —e RCFS0" + S0,%°

RngBl'

L]
RCF,CH=CCHBr e RCF,CH=C=CH,

RCOOH =2

RCF,0H =" RCF,0H""

From these observations, it was hypothesized that the
reaction of R{CF,SO;Na and an oxidant, in the presence
of allyl or propargyl halides, would lead to perfluoro-
alkylation of the halides by way of a perfluoroalkyl radical.
In fact, CI{CF,)sOCF,CF,S0,Na (1a) did react readily with
allyl bromides, in the presence of an oxidant, to give Cl-
(CF,)sOCF,CF,CH,CH=CH,. The results are summa-
rized in Table L.

Because it was obvious from Table I that (NH,),S,0,
was an effective oxidant for initiating the perfluoro-
alkylation of allyl bromide, (NH,),S,;05 was adopted as the
oxidant of choice for the reaction of R{CF,S0,Na with allyl
and propargyl halides.

Synthesis of 3-(Perfluoroalkyl)prop-l-enes. Per-
fluoroalkanesulfinates reacted readily with allyl halides,
in the presence of (NH,),S,05, to give 3-(perfluoroalkyl)-
prop-l-enes. The byproducts were perfluoroalkane-
carboxylic acids 3. Some CI(CF,),Br (4¢) was also formed
in one case (Table II, entry 4). The results are summarized
in Table II.

No 3-(perfluoroalkyl)prop-1-yl halide, the product of
addition of perfluoroalkyl radical to the carbon-carbon
double bond of the allyl halide, was formed in these re-
actions. Allyl bromide gave higher product yields than allyl
chloride.

A perfluoroalkanedisulfinate also reacted readily with
allyl bromide, to form 2i. In contrast, allyl acetate and

(NH,);8;0
(sz)s(lSiOzNa)z + CHy=CHCH,Br DMF, 40 ::

(CF)s(CH,CH=CHy), + (CF;)4(COOH),

i, ) 1, 17%
(NH,);S;04
CF3(CF2)sSO;Na + CHy=CHCH,Y rm=—rsn
1 Y = CHyCOO ’
Y = (CH,),Si

CFs(CFQ)ECchHchzY + CF3(CF2)4COOH
5,Y = CH;COO, 63% 3g, 24%
6, Y = (CH,)sSi, 74% 3g, 13%

allyltrimethylsilane reacted with 1g to yield only the ad-
dition products 5 and 6.

Synthesis of 3-(Perfluoroalkyl)allenes. Propargyl
halides reacted readily with 1, in the presence of (N-
H,);S;04, to yield the allenes 7e—h (Table III). The main
byproduct was the corresponding perfluoroalkane-
carboxylic acid 3.

The fluorinated allenes so obtained could be isolated by
distillation. Possible alkyne byproducts could not be de-
tected. The composition of 7 was determined by mass
spectrometry and elemental analysis. the 'TH NMR spectra
showed the presence of olefinic protons and the absence
of acetylenic protons. The infrared spectra showed strong

r

[ ]
RCF,CHGHCH,Br 2  RCF,CH,CH=CH,

Table II. Synthesis of 3-(Perfluoroalkyl)prop-1-enes

(NHY2820,
R,Cleso,Na + CH,~CHCH,X —m-

R,CcmHECH=CH2 + R,C(3)0H + R,Ci‘gBr

products

(isolated yields, %)

entry no. RCF, X 2 3 4
1 CHCF,);OCF,CF, (1a) Br 2a (75) 3a (10)
2 CI(CF,)sOCF,CF, (1a) Cl 2a(34) 3a(16)
3 CF;3CCl, (1b) Br 2b (46) 3b (33)

4 CH(CF), (1¢) Br 2c(53) 3c (14) 4c(22)

5 Cl(CF,), (1d) Br 2d (62) 3d (10)
6 CKCFy), (1d) Cl 2d(28) 3d(15)
7 CI(CF,); (1e) Br 2e (65 3e (18)
8 CI(CF,), (le) Cl 2e (40) 3e(16)
9 CFy(CF,); (1f) Br 2f (72) 3f (10)
10 CF3(CFy); (1g) Br 2g (67) 3g (12)
11 CF4(CFy), (1h) Br 2h (74) 3h (15)
12 CF4(CF,), (1h) Cl 2h(32) 8h(17)

Table III. Synthesis of 3-(Perfluoroalkyl)allenes
R,CF,SO,Na + CH=CCH,X —0ots
T X =By, G MR
RLCF,CH=C=CH, + R;C(:;)OH + R,szBr
7

entry no. RCF, X products (isolated yields, %)
1 CICF,.CFy(1e) Br 7c(32) 3c(12) 4c (30)
2 CICF,), (1d) Br 7d (46) 3d (20)
3 CICFy,(1d) Cl 173(27) 3d (30)
4 Cl(CF,); (1e) Br 7e (47) 3e (15)
5 CF4(CFy), (1f) Br 7f(42) 3f (10)
6 CF4(CFy);s (1g) Br 7g(54) 3g (17)
7 CF4(CFy); (1h) Br 7h (50) 3h (25)

absorptions at 1955 and 1975 ¢cm™, characteristic of allenes.
Compound li also reacted readily with propargyl brom-
ide to yield 7i. It was noteworthy that R,CF,H, which

(NH)58,0,
CE 450N, + ri=ccton 228
(CFy(CH=C=CHy), + (CF))s(COOH),
7, A & 8%

could have been formed by hydrogen abstraction by the
RCF,° radical, was not detected.

The experimental results can be explained by invoking
a radical addition—elimination mechanism for the reaction
(Scheme I).1” Thus, the oxidizing agent ammonium
persulfate decomposes spontaneously to produce SO,*.18
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The radical anion then receives an electron from
R.CF.,SO,Na to generate the R,CF,* radical. The R.CF,*
radical then adds to allyl or propargyl bromide to form the
radical intermediate R.CF,CH,C*HCH,Br or R.CH,CH=
C'CH,Br. These eliminate bromine atom Br* to give
RCF,CH,CH=CH, or R,CF,CH=C=CH,. Bromine
atom may then combine with R{CF,* to form R,CF,Br.

It is unlikely that the reaction proceeds by a radical Sy2
process.!? If this were the case, 3-(perfluoroalkyl)prop-1-
ynes would have been formed in the reaction of 1g with
propargyl bromide. Also, the reaction of 1g with benzyl
bromide, which would be expected to show reactivity sim-
ilar to that of allyl bromide toward radical displacement,
should have produced R.CF,CH,C.H; or R{CF,Br. How-
ever, only R.CCOOH was detected in the reaction mixture
by °F NMR.

In conclusion, a convenient synthesis of a variety of
3-(perfluoroalkyl)prop-1-enes and 3-(perfluoroalkyl)allenes
is described. The reaction is believed to proceed by radical
addition-elimination.

Experimental Section

General Comments. Boiling points and melting points are
uncorrected. 'H NMR spectra were recorded with a Varian EM-60
instrument at 60 MHz, with external TMS reference. F NMR
spectra were recorded with a Varian EM-60 instrument at 56.4
MHz, with external CF;COOH reference. Infrared (IR) spectra
were recorded with a Shimadzu IR-440 instrument. Mass spectra
were recorded with a Finnegan GC-MS-4021 mass spectrometer.

All chemicals were of analytical grade and were used without
further purification.

Preparation of Perfluoroalkanesulfinates la-i. General
Procedure. A mixture of 0.1 mol of RiX (X = I, SO,F, or CCly),
0.12 mol of Na,S,0,, 0.1 mol of NaHCOQ;, 30 mL of H,0, and 15
mL of CHyCN was stirred at 25-70 °C for 2-6 h. Then the mixture
was poured into 70 mL of ethyl acetate, and the organic layer was
separated. The organic layer was washed with brine and dried
(Na,SO,). After removal of solvent, the solid residue was crys-
tallized (iPrOH) to give the pure perfluoroalkanesulfinate.

Sodium 3-oxa-11-chlore-1,1,2,2,4,4,5,5,6,6,7,7,8,8,9,9,10,-
10,11,11-eicosafluoroundecanesulfinate (1a):® from CI(C-
F,)sOCF,CF,SO,F; reaction temperature 70 °C; reaction time 7
h; yield 78%; *F NMR (iPrOH) -9.0 (2 F, s, CF,Cl), 4.7 (4 F, s,
CF,0CF,), 42.5-47.3 (12 F, m, 6 X CF,), 55.4 (2 F, s, CF,SO,Na).

Sodium 1,1-dichloro-2,2,2-trifluoroethanesulfinate (1b):!!
from CF4CCly; reaction temperature 25 °C; reaction time 6 h; yield
60%; °F NMR (AcOEt) -4.8 (s).

Sodium 2-chloroe-1,1,2,2-tetrafluoroethanesulfinate (1c):!°
from CICF,CF,]; reaction temperature 30 °C; reaction time 4 h;
yield 55%; '°F NMR (AcOEt) -11.0 (2 F, s, CF,Cl), 51.5 (2 F, s,
CF,S0,Na).

Sodium 4-chlore-1,1,2,2,3,3,4,4-octafluorobutanesulfinate
(1d):° from CI(CF,),I; reaction temperature 45 °C; reaction time
2 h; yield 85%; °F NMR (AcOEt) -8.6 (2 F, s, CF,Cl), 43.2 (2
F,s, CFy), 45.7 (2 F, s, CFy), 54.2 (2 F, s, CF;80;Na).

Sodium 6-chloro-1,1,2,2,3,3,4,4,5,5,6,6-dodecafluoro-
hexanesulfinate (1e):!% from CI(CF,)gl; reaction temperature
45 °C; reaction time 2 h; yield 82%; 1°F NMR (AcOEt) -9.4 (2
F,s, CF,Cl),42.2 (2 F,s, CF,), 44.2 6 F, s, 3 X CF,), 53.8 2 F,
s, CF,SO,Na).

Sodium perfluorobutanesulfinate (1f):1° from CF;(CFy).];
reaction temperature 45 °C; reaction time 3 h; yield 75%; 1°F
NMR (AcOEt) 5.7 (3 F, s, CF;), 48.0 (4 F, 3, 2 X CFy), 55.5 (2 F,
8, CFzSOgNa).

Sodium perfluorohexanesulfinate (1g):1° from CF4(CFy);];
reaction temperature 55 °C; reaction time 4 h; yield 83%; °F
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NMR (AcOEt) 4.3 (3 F, s, CFy), 45.6 (6 F, 8, 3 X CF,), 49.6 2 F,
s, CFy). 542 (2 F, s, CFgSO,Na)

Sodium perfluorooctanesulfinate (1h):1° from CFs(CFz)Z
reaction temperature 60 °C; reaction time 5 h; yield 72%; °F
NMR (AcOEt) 5.2 (3 F, s, CFy), 45.9 (10 F, 5, 5 X CFy), 55.4 (2
F, s, CF,S0,Na).

Sodium perfluorooctane-1,8-disulfinate (1i):° from I(C-
Fy)gl; reaction temperature 70 °C; reaction time 5 h; yield 55%;
1F NMR (AcOEt) 44.5 (12 F, s, 6 X CF,), 53.2 (4 F,s 2 X
CF,S0,Na)

Synthesis of 3-(Perfluoroalkyl)prop-1-enes 2a-i. General
Procedure. A mixture of sodium perfluoroalkanesulfinate (1)
(10 mmol), allyl halide (10 mmol), (NH,),S,0; (2.7 g, 10 mmol),
and 30 mL of DMF was stirred at 40 °C for 4 h. The cooled
mixture was poured into 40 mL of H,0 and was extracted with
ether (3 X 100 mL). The combined ether extracts were neutralized
with aqueous NaHCO; and washed with H;0. The water layers
were combined and were evaporated to dryness. To the residue,
which was mainly the sodium salt of the fluorinated carboxylic
acid, was added 10 mL of concentrated H,SO,. Distillation of
the mixture gave the fluoro carboxylic acid 8. The ether extracts
were then dried (Na,SO,). After evaporation of ether, distillation
under reduced pressure gave 2 and 4.

6-Oxa-14-chloro-4,4,5,5,7,7,8,8,9,9,10,10,11,11,12,12,13,13,-
14,14-eicosafluoro-1-tetradecene (2a): bp 96-97 °C (5 mmHg);
18F NMR (neat) -8.7 (2 F, s, CF,Cl), 7.0 (2 F, s, CF,0), 10.7 (2
F,s, CF;0),41.0 (2 F,t,J = 16 Hz, CF,CH,), 44.0 2 F, 5, CF)),
453 (8 F,s, 4 X CFy), 49.0 (2 F, s, CF,); 'H NMR (neat) 2.90 (2
H, td, JFH = 16 Hz, 3Jyy = 6 Hz, CF,CH,CH=CH),), 5.10-6.20
(3 H, m, vinylic H); IR (neat) 1650 (C=C) cm™; mass spectrum
mfz (relatlve intensity) 41 (100, C;Hj), 91 (97.96, CF,CH,CH=
CH,), 592 (1.28, M).

Anal. Calcd for C,3HsCIF,00: C, 26.32; H, 0.84; F, 64.13.
Found: C, 26.37; H, 0.79; F, 63.98.

4,4-Dichloro-5,5,5-trifluoro-1-pentene (2b): bp 85-87 °C;
19F NMR (neat) 2.7 (s); 'H NMR (neat) 2.65 (2 H, d, 3Jyy; = 6
Hz, CCl,CH,CH=CH,), 5.20-6.10 (3 H, m, vinylic H); IR 1648
(C=C) cm!"; mass spectrum m/z (relative intensity) 41 (45.15,
CH,CH=CH,), 157 (100.00, M - Cl), 192 (2.62, M).

Anal. Caled for C;H;F3Cly: C, 31.25; H, 2.60; F, 29.69. Found:
C, 31.75; H, 2.85; F, 27.38.

5-Chloro-4,4,5,5-tetrafluoro-1-pentene (2¢): bp 49-51 °C;
BF NMR (neat) -5.7 (2 F, s, CF,Cl), 37.3 2 F, t, J = 16 Hz,
CF,CH,); 'H NMR (neat) 2.90 (2 H, td, *Jp g = 16 Hz, %y =
6 Hz, CF,CH,CH=CH,), 5.10-6.00 (3 H, m, vinylic H); IR 1650
(C=C) cm™; mass spectrum m/z (relative intensity) 41 (100.00,
CH,CH=CH,), 85 (17.52, CF,Cl), 91 (88.66, CF,CH,CH=CH,),
176 (25.23, M).

Anal. Caled for C;H F,CL: C, 34.09; H, 2.84; F, 43.18. Found:
C, 34.23; H, 2.94; F, 42.08.

1-Bromo-2-chloro-1,1,2,2-tetrafluoroethane (4c): F NMR
(neat) -11.7 (2 F, s, CF,Br), -7.6 (2 F, s, CF,CL); mass spectrum
m/z (relative intensity) 85 (24.15, CF,Cl), 135 (100.00, M - Br),
179 (8.39, M -~ Cl), 214 (1.27, M).

7-Chloro-4,4,5,5,6,6,7,7-octafluoro-1-heptene (2d): bp 90-91
°C; F NMR (neat) -7.3 2 F, s, CF,Cl), 38.3 2 F, t,J = 16 Hz,
CF,CH,), 446 (2 F, s, CF,), 49.0 (2 F, 5, CF,); 'H NMR (neat)
2.90 (2 H td JFH =16 HZ, JHH =6 HZ, CFzCHgCH_CHz),
5.10-6.20 (3 H m, vinylic H); IR 1658 (C=C) cm™%; mass spectrum
m/z (relative intensity) 41 (35.25, CH,CH=CH,), 85 (48.63,
CF,Cl), 91 (100.00, CF,CH,CH,=CH,), 276 (3.58, M).

Anal. Calcd for C;H;FsCl: 30.43; H, 1.81; F, 55.07. Found:
C, 31.20; H, 1.90; F, 54.48.

9-Chloro-4,4,5,5,6,6,7,7,8,8,9,9-dodecafluoro-1-nonene (2e):
bp 118-119 °C; ¥F NMR (neat) -8.0 (2 F, s, CF,Cl), 36.7 (2 F,
t,J =16 Hz, CF2CH2) 453 (6 F,s,3 X% CF2) 473 (2 F,s, CFQ),
lH NMR (neat) 2.65 (2 H td JFH = 16 HZ, JHH =6 HZ,
CF,CH,CH=CHj), 5.20-5.80 ( 3 H, m, vinylic H); IR 1647 (C=C)
cm™l; mass spectrum m/z (relative intensity) 41 (40.65,
CH20H=CH2), 85 (27.25, CF,CL), 91 (100.00, CF,CH,CH=CH,),
376 (4.71, M).

Anal. Calcd for CgHgF,,Cl: C, 28.68; H, 1.32; F, 60.56. Found:
C, 28.65; H, 1.29; F, 61.20.

4,4,5,5,6,6,7,7,7-Nonafluoro-1-heptene (2f): bp 82-85 °C; ¥F
NMR (neat) 5.7 (3 F, s, CFy), 38.4 (2 F, t, J = 16 Hz, CF,CH,),
453 (2 F, s, CF,), 49.4 (2 F, s, CF,); 'H NMR (neat) 2.95 (2 H,
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td, 3Jyp = 16 Hz, 3Jyy = 6 Hz, CFZCH20H=CH2), 5.05-6.15 (3
H, m, vmyhc H); IR 1655 (C=C) cm™!; mass spectrum m/z
(relatlve intensity) 41 (45.65, CHZCH—CH2), 69 (100.00, CFy),
91 (73.68, CF20H20H=CH2), 260 (10.32, M).

Anal. Caled for C;HsFy: C, 32.31; H, 1.92; F, 65.77. Found:
C, 33.08; H, 2.05; F, 64.63.

4,4,5,5,6,6,7,7,8,8,9,9,9-Tridecafluoro-1-nonene (2g): bp
109-112 °C; F NMR (neat) 6.0 (3 F, s, CF3), 383 2 F, t, J =
16 Hz, CF20H2), 480(6F,s,3X CF,), 51.0 (2 F,s, CF,); 'H NMR
(neat) 2.65 (2 H, td, *Jpy = 16 Hz, 3y = 6 Hz, CFchch—
CHjy), 5.20-5.80 (3 H, m, vinylic H); IR 1645 (C=C) cm™’; mass
spectrum m/z (relatlve intensity) 41 (100.00, CH20H=CH2) 69
(22.35, CFy), 91 (46.70, CF,CH,CH=CHy,), 360 (35.98, M).

Anal Calcd for CQHSF“, C, 30.00; H, 1.39; F, 68.61. Found:
C, 29.52; H, 1.40; F, 68.32.

4,4,5,5,6,6,7,7,8,8,9,9,10, 10,11,11,11-Heptadecafluoro-1-un-
decene (2h): bp 124-127 °C; 1°F NMR (neat) 6.0 (3 F, s, CF;),
38.3(2F,t,J =16 Hz, CFzCHz), 46.3 (10 F,s, 5 % CFz) 50.6 (2
F, s, CFy); 'H NMR (neat) 2.75 (2 H, td, JFH = 16 Hz, JHH =
6 Hz, CF,CH,CH=CH,), 5.30-5.95 (3 H m, vinylic H); IR 1650
(C=C) cm™; mass spectrum m/z (relative intensity) 41 (29.63,
CHzCH=CH2), 69 (100.00, CF3), 91 (73.46, CFQCHQCH%Hz),
460 (3.85, M).

Anal. Caled for C,,H;Fy;: C, 28.69; H, 1.08; F, 70.22. Found:
C, 29.08; H, 1.13; F, 68.96.

4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11-Hexadecafluoro-1,13-tet-
radecadiene (2i): bp 75-76 °C (2 mmHg); 9F NMR (neat) 37.3
(4F,t,J =16 Hz, 2 X CF,CH,), 45.0 (8 F, s, 4 X CFy); 46.7 (4
F, s, 2 X CFy); 'H NMR (neat) 2.75 (2 H, t X d, %Jpy = 16 Hz,

8%Juu = 6 Hz, CF20H2CH—CH2) 5.30~5.95 (3 H m, vinylic H);

IR 1655 (C==C) cm!; mass spectrum m/, (relative intensity) 41
87.2, CHQCH—CHZ) 91 (100.00, CF,CH,CH=CH,), 482 (17.17,
M).

Anal. Calcd for Ci H,oF\g C, 34.85; H, 2.07; F, 63.07. Found:
C, 34.65; H, 1.99; F, 64.17.

4,4,5,5,6,6,7,7,8,8,9,9,9-Tridecafluorononyl acetate (5): bp
86-88 °C (2 mmHg); °F NMR (neat) 6.0 (3 F, s, CFy), 38.5 2 F,
t,J = 16 Hz, CF,CH,), 48.5 (6 F, s, 3 X CF,), 51.5 (2 F, s, CFy);
!H NMR (neat) 2.17 (s, 3 H, CH;CO), 2.22-2.85 (m, 4 H,
CH,CH,CF,), 4.40 (t, 2 H, J = 4 Hz, CH,0); IR 1750 (s, C=0)
cm™); mass spectrum m /2 (relative intensity) 59 (100.00, CH,COO),
92 (43.56, CF,CH,CH,CH,), 420 (5.38, M).

Anal. Caled for CHgF,50,: C, 34.43; H, 2.14; F, 58.81. Found:
C, 35.01; H, 2.35; F, 59.62.

4,4,5,5,6,6,7,7,8,8,9,9,9-Tridecafluoro-1-(trimethylsilyl)no-
nane (6): bp 125-128 (5 mmHg); F NMR (neat) 5.8 (3 F, s, CFy),
378 2F,t,J = 16 Hz, CF,CH,), 48.0 (6 F, 5, 3 X CF,), 51.0 (2
F,s, CFz), H NMR (neat) 0.00 (s, 9 H, SI(CH3)3) 0.65-0.85 (m,
2 H, CH,Si), 1.65-2.85 (m, 4 H, CFgCHzCHg); mass spectrum m/z
(relative intensity) 161 (100, CF,CH,CH,CH,Si(CHj,),), 430 (3.42,
M).

Anal, Calcd for C;uHsFy3Si: C, 33.49; H, 3.49; F, 57.44, Found:
C, 34.30; H, 3.52; F, 57.01.

Synthesis of 3-(Perfluoroalkyl)allenes. General Proce-
dure. A mixture of sodium perfluoroalkanesulfinate (10 mmol),
propargyl halide (10 mmol), and (NH,),S,05 (2.7 g, 10 mmol) in
30 mL of DMF was stirred at 40 °C for 4 h. The usual workup
gave the products.

5-Chloro-4,4,5,5-tetrafluoro-1,2-pentadiene (7¢): bp 58-60
°C; F NMR (neat) -4.0 (2 F, s, CF,Cl), 32.7 (2 F, d, 3Jy = 11.5
Hz, CF,CH=); 'H NMR (neat) 5.40, 5.30, 5.20 (vmylxc H); IR
1975, 1995 (C=C=C) cm™; mass spectrum m/z (relative intensity)
85 (57.00, CF,Cl), 89 (100.00, CF,CH=C==CH,).
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Anal. Caled for CsH,F,Cl: C, 20.69; H, 1.72; F, 43.68. Found:
C, 21.45; H, 1.80; F, 45.78.

7-Chloro-4,4,5,5,6,6,7,7-octafluoro-1,2-heptadiene (7d) bp
85-87 °C; 19F NMR (neat) -7.3 (2 F, s, CF,Cl), 32.7 (2 F, d, 3Jy
=115 Hz, CF,CH=), 43.7 (2 F, s, CFy), 463 (2 F, s, CF,); 'H NMR
(neat) 5.40, 5.30, 5.20 (vinylic H) 1R 1975, 1995 (C=C=C) cm™;
mass spectrum m/z (relative intensity) 85 (100.00, CF,Cl), 89
561.63, CF,CH=C=CHy,), 139 (14.94, CF,CF,CH=C=CH,), 255
3.66,M - F).

Anal. Caled for C;H FsCl: C, 30.66; H, 1.09; F, 55.47. Found:
C, 31.42; H, 1.20; F, 54.68.

4,4,5,5,6,6,7,7,7-Nonafluoro-1,2-heptadiene (7f): bp 64-67
°C; F NMR (neat) 6.0 (3 F, s, CF3), 33.5 (2 F, d, 3Jyp = 11.5
Hz, CF,CH=), 468 (2F, s, CF,), 49.6 (2F,s, CFz), H NNE% (neat)
5.40, 5.30, 5.20 (vinylic H); IR 1975, 1995 (C—=C=C) c¢m™!; mass
spectrum m/z (relative intensity) 69 (100.00, CF;), 89 (63 54,
CF,CH=C=CH,), 139 (18.30, CFZCFZCH=C=CH2), 239 (6.48,
M-F).

Anal. Caled for C;H Fy: C, 32.56; H, 1.66; F, 66.28. Found:
C, 32.98; H, 1.28; F, 65.93.

4,4,5,5,6,6,7,7,8,8,9,9,9-Tridecafluoro-1,2-nonadiene (7g): bp
113-114 °C; °F NMR (neat) 5.6 (3 F, s, CFy), 33.0 (2 F, d, *Jy
= 11.5 He, CF,CH=), 473 (6 F, s, 3 X CFy), 50.7 (2 F, s, CF2$';
'H NMR (neat) 5.40, 5.30, 5.20 (vinylic H); IR 1975, 1995 (C=
C=C) cm™; mass spectrum m/z (relative intensity) 69 (100.00,
CFy), 89 (98 76, CF20H=C=CH2), 139 (17.50, CF20F2CH=C—
CH,), 339 (26.02, M - F).

Anal. Caled for CyH,Fys: C, 30.17; H, 0.84; F, 68.99. Found:
C, 31.22; H, 0.98; F, 68.63.

9-Chloro-4,4,5,5,6,6,7,7,8,8,9,9-dodecafluoro-1,2-nonadiene
(7e): bp 126-128 °C; %F NMR (neat) -7.4 (2 F, s, CF,Cl), 32.7
2F,d, JHF 11.5 Hz, CF,CH=), 47.5 (6 F, s, 3 X CFy), 50.8
@2F,s, CFz), IH NMR (neat) 5.40, 5.30, 5.20 (vmyhc H); IR 1975,
1995 (C=C==C) cm™}; mass spectrum m/z (relative intensity) 85
(87.45, CF,Cl), 89 (100.00, CF,CH=C=CH,), 139 (11.59,
CF,CF,CH=C=CH,), 355 (7.80, M - F).

Anal. Caled for C;H4F,CL: C, 28.88; H, 0.80; F, 60.96. Found:
C, 29.12; H, 0.96; F, 59.03.

4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-Heptadecafluoro-1,2-
undecadiene (7h): bp 63-64 °C (3 mmHg); *F NMR (neat) 6.0
(8F, s, CFy), 83.3 (2 F, d, %Jyp = 11.5 Hz, CF,CH=), 46.0 (10
F,s, 5 X CFy), 51.0 (2 F s, CF,); 'H NMR (neat) 5.40, 5.30, 5.20
(vmyhc H); IR 1975, 1995 (C=C==C) em™!; mass spectrum m/z
(relative intensity) 69 (49.80, CF5), 89 (100.00, CF,CH=C=CH,),
139 (8.20, CF,CF,CH=C=CH,), 439 (6.45, M - F).

Anal. Caled for C;;HyFy7: C, 28.82; H, 0.66; F, 70.52. Found:
C, 29.23; H, 0.78; F, 69.42.

4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11-Hexadecafluoro-1,2,12,13-
tetradecatetraene (7i): bp 75-77 °C (3 mmHg); F NMR (neat)
31.0 4F,d,3%Jyp = 11.5 Hz, 2 X CF,CH==), 45.0 (8 F, 5, 4 X CFy),
473 (4F,s,2X CF2), IH NMR (neat) 5.40, 5.30, 5.20 (vinylic H);
IR 1975, 1995 (C=C=C) cm™}; mass spectrum m/z (relative
intensity) 89 (100.00, CF20H=C=CH2), 139 (10.73,
CF,CF,CH=C=CHy,), 459 (6.58, M - F).

Anal. Caled for C H¢Fig C, 35.15; H, 1.26; F, 63.59. Found:
C, 35.45; H, 1.31; F, 62.96.
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