Inorg. Chem.1999, 38, 6055-6059

6055
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lodoperfluoro-3-oxaundecylsulfonyl fluoride reacted with Cu, Zn, or Grignard reagent to produce the respective

organometallic species, which was further reacted with halohydrocarbons ¢#BIC 4-CH;C(O)GsH4Br,
CH,=CHCH.Br, and CHSICI, to give derivatives of R(CzO(CR,),SO:F [R = 4-CICsH4 (7), 4-CHsC(O)GeH4
(5), CH,=CHCH; (3), and CHSi (13)], in moderate yields. The compounds were characterized by NMR, infrared,

and mass spectroscopy as well as elemental

analyses. The addition product of trichlorosilaneaandacted

with sodium methoxide to give (12H,12H,13H,13H,14H,14H-hexahydroperfluoro-3-oxatetradecyl methylsulfonate)
trimethoxysilane, [(CHO)sSi(CH,)3(CF)sO(CF,).S0OsMe] (11).

Introduction

The sulfonyl fluorides have applications as ion exchange

resins, as surfactants, and more recently as useful functionality

in dye composition$-> Hence, there is continued interest in

developing methods for synthesis of new compounds containingfo

this functional group. Earlier, treatment of aryl halides with
difluoroiodomethanefluorosulfonyl fluoride, IGEO:F, in the
presence of copper in dimethylformamide (DMF) at-&D °C

for 6—7 h gave high yields of the trifluomethylated aryl
products, along with white copper(l) iodidé. Also, aroyl
chloride reacted with IC/SO,F in the presence of copper to
give trifluoromethyl aryl ketones in moderate yieffs.

Cu/DMF

ICF,SOF + ArX — o 7n

ArCF, + SQ,

ICF,SOF + ArCOCI >
ArCOCF, + ArCOF + HCF,Cl + Cl

Polyfluoroalkoxysulfonyl fluorides are conveniently prepared

. - .
from the reaction of sultones, CFX@PSQ, with haloalkanes
in the presence of a metal fluoridé.Reaction of a metal
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fluoride with the sultone generated the respective perfluoalkoxy
salt, FSQCR,CFR,0~M™, that subsequently reacted with several
halocarbon substrates, as shown in Scheme 1. The products from
these reactions were obtained in moderate yigfds.

In these examples an oxo linkage of the perfluoroalkoxysul-
nyl fluoride to the nonfluorinated or polyfluorinated organic
groups is a common feature. The number of carbon atoms in
the sultone and subsequently in the perfluoroalkoxysulfonyl
fluoride is always fewer than fo?® A longer perfluoroalkyl
chain and a methylene linkage rather than an oxo linkage
between the fluorinated and nonfluorinated components are
useful for enhanced thermal properties of polyfluorinated organic
compoundg? The polyfluoroalkoxysulfonyl fluorides derived
from sultones do not have either of the two features, i.e., a long
perfluoroalkyl chain or a methylene linkage to an organic group,
except when benzyl halide was the starting matéfi@ynthesis

of compounds containing-©C bonds from a methylene linkage
between a perfluorooxaalkylsulfonyl fluoride and nonfluorinated
organic groups may be achieved by starting from a haloper-
fluoroalkylsulfonyl fluoride, such as iodoperfluoro-3-oxaunde-
cylsulfonyl fluoride @), that contains a long perfluoroalkyl ether
chain and is commercially available, and active halocarbons.
Compoundl is an excellent starting material that allows the
exploration of cross coupling at the €F moiety with non-
fluorinated organic compounds through the use of traditional
methods such as organometallic intermediates. Reactions in-
volving Cu, Zn, or Grignard organometallic intermediates
derived from haloperfluoroalkanes must be carefully tempera-
ture-controlled, and the-S- bond in the—SG,F functionality
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Scheme 1
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Diglyme

RX (X =1orBr)

FSO,CFYCF,OR + MX

—
R= PhCHz, (CF3)2PhCH2, C6F5CH2, M63 SlCHz, mHz(I:HCH2, (CF3)CFCH2CH2, CECCHz,

BrCH=CHCH,, CH,BrCH,, (CH;CH,0)PF(O),

(CH;CH,0)P(O)CH,CH,, CH,~CHCH,

CF,=CFCH,CH,, (CF3),CFCH,CH,, CHs, SFsCH,CH,, CH,CHOCH,, FSO,CF(CF3)CF,0CH,

of 1 is very sensitive to nucleophilic attaék!? This paper
extends the synthetic methodology of polyfluorooxaalkylsulfonyl
fluorides via in situ organometallic intermediates.

Results and Discussion

The reactions ofl with 2 equiv of Cu in DMSO resulted in
a white organocopper(l) intermediate, which was either formed

carbon in—CH,—Br was observed as a singlet at 33.1 ppm.
After the transformation te-CH,—CF,—, the signal was shifted
downfield, appeared as a triplet at 36.2 ppm, and was resolved
into a singlet in thé3C{1°F} spectrum, confirming the-CF,—
CH,— bond.

Two nonfluorinated haloaromatic substrates were reacted with
1 along path B to give the respective polyfluoro produetnd

in the presence of another halocarbon compound or preformed?. With sustained stirring at about 8C the organocopper (1)

in situ for further reactiod® The organocopper intermedia?e
formed in an almost quantitative conversion when reaction
proceeded in either diethyl ether or dimethyl sulfoxide (DMSO)
at about 8C°C for 48 h. The conversion was accompanied by
a change in color from the shining brown of the copper-bronze
powder to the white suspension of the'dntermediate3
Addition of allyl bromide to2 according to path A (Scheme 2)
resulted in the formation of allyl-perfluoro-3-oxaundecylsulfonyl
fluoride, 3, in 40% yield.

When 2 was not preformed before attempting the reaction
with allyl bromide, the allylic derivative did not form. For
example, direct interaction between the two halidesand
CH,=CHCH.BI, in the presence of Cu followed path B and
resulted in the diolefin [Cpl=CHCH;]» (4) in more than 80%
yield (based on the amount of starting allyl bromide) via a self-
coupling reaction. Allyl bromide was obviously more reactive
toward the copper-bronze powder than

The complete disappearance of the fluorine signal ohLtCF
at —59.6 ppm in the!®F NMR spectra of derivatives was
normally indicative of loss of the 4CF, bond and the
subsequent formation of a @FCH, linkage. In the!®F NMR
spectrum of3, the fluorine atoms of the-SO,F and —CF,-
OCR,— groups have characteristic signals at 44.8 ai@®.4

intermediate that is formed in situ is simultaneously trapped by
the aromatic halide. 4-Bromoacetophenone and 4-bromo-1-
chlorobenzene reacted withto give the respective producss
and7, in 60—65% yields (Scheme 2).

Molecular ions were observed in the mass spectra of
compounds$ and7 atnm/z= 718 andwz = 710.5, respectively.
Styrene and allyl aromatic derivatives Bfand 7 could serve
as monomers for polymer synthesis, and attempts were made
to derivatize both compound’!214in earlier literature, the
acetyl substituent in 4-perfluoroalkyl-1-acetophenones was
converted to the respective carbinol by the careful low-
temperature introduction of common reducing agents such as
sodium borohydride or lithium aluminum hydrid&However,
the attempted reaction & with either of these reagents did
not produce the expected carbinol (Scheme 2).

The Grignard reagent CIMgE4R{SO,F (8) formed in THF
at —15 °C reacted with allyl bromide at-15 °C for 3 h to
produce Z(perfluoro-3-oxaundecylsulfonyl fluoride)-1-allyl
benzene9), which was distilled at 97C/0.5 mm, in 52% yield.
This compound was characterized on the basis of its elemental
analysis, NMR, and high-resolution mass spectral data.

It was of interest to investigate the reaction of the organozinc-
(I1) intermediate 12) with allyl bromide in order to obtain better

ppm, respectively. They were used to confirm the presence ofyields in the synthesis @. A clear colorless solution (1.0 M)

the perfluorinated chain under our synthetic and workup
conditions. In addition to elemental analysis, the molecular ion
was observed in the mass spectrunmé = 641 as well as a
signal atm/e = 621 (Mt — HF) to characterize the compound.
The H and13C NMR spectra were also used for the charac-
terization of3. The position and multiplicity of thg-methylene

of 12 was generated in situ by reaction of equimolar amounts
of 1 and the ZA-Cu couple in dry THF at room temperature
under nitrogen. The organozinc(ll) compoub2iwas stable at
25 °C and reacted with allyl bromide to produein about
60% vyield.

Since alkoxy silane derivatives of polyfluorinated olefins do

protons changed from a doublet at 3.93 ppm in the spectrum of demonstrate good surface modification properties, it was thought

allyl bromide to a triplet of doublets at 2.80 ppm 3due to
IH—-19F coupling.

Further evidence for formation of theCH,—CF— bond was
obtained from the evaluation of tAéC{'H} and3C{F} NMR
spectra of8. Thel3C{1H} NMR chemical shift for the methylene

worthwhile to extend our work in this directidi.1* Therefore,
we found that reaction of equimolar amounts Dfwvith tri-
chlorosilane gave trichloro(12H,12H,13H,13H,14H,14H-hexahy-
droperfluoro-3-oxatetradecylsulfonyl fluoride)silane, ;&it
(CH,)3(CF,)s0(CR,).SO,F (10) as a white waxy solid, bp 108

(11) Zhang, X.; Qui, W.; Burton, D. Jetrahedron Lett1999 40, 2681
2684.

(12) Thrower, J.; Hewins, M. A. H. Royal Aircraft Establishment Technical
Report No. 70056, April 1970.

(13) Coe, P. L.; Milner, N. EJ. Organomet. Chenl972 39, 395-402.

(14) (a) Yoshino, N. InPolymeric Materials Encyclopedij&alamone, J.
C., Ed.; CRC Press: Boca Raton, FL, 1996; Vol. 4, p 2546. (b)
Sawada, H. IrPolymeric Materials Encyclopedigsalamone, J. C.,
Ed.; CRC Press: Boca Raton, FL, 1996; Vol. 4, p 2416. (c) Holbrook,
G. W.; Steward, O. W. Dow Corning US Patent 3 012066, 1961.



lodoperfluoro-3-oxadodecylsulfonyl Fluoride Reactions

Scheme 2

Inorganic Chemistry, Vol. 38, No. 26, 1998057

Me3Si(CH2)3(CF2)sO0(CF2)2S02F (13)

MesSiCl
Et,0 / THF
-780C/6h
IRfSO,F (1)
( 1. 4-CH,C(0)C¢H Br
1. 4-CICgH Br PATR A -
2.2Cu PATH B cwo
4-CH3C(0)CsH4R{SO,F
7 1.2 Cu
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-150C/3h ‘/ CH,~CHCH Br NaBH,
[CHzICHCHz]z \ oec
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. eHiR$502 CH=CHCH:RSOF  CHsCH(OH)CHiR{SO:F
3 6
CH,=CHCH,Br HSIiCly 1. CH,=CHCH,Br
-150C/3h HyPtClgxH,0 2. Cul
RT /3h
CH=CHCH,C¢H4R{SO2F  CLSi(CH2)3RS0,F IZnR{SO2F
9 10 12
lNaOMe / MeOH TZWC"
IRfSOLF (1)
(Me0)3Si(CH2)3Ri$SO3Me
11

RSO,F = (CF,CF,),0CF,CF,SO,F

°C/3 mm, in 85% yield. CompoundO was very moisture
sensitive, hydrolyzing to form fluorinated siloxanes. NMR spec-

(3Jsi-r = —57.5 Hz). The coupling constant falls within the
—14 to—91 Hz range reported f@dsi_r in the literaturet® The

troscopy confirmed that the addition reaction had occurred by fluorine-decoupled®Si{ F} NMR spectrum ofL3 showed only

hydrosilylation. Careful addition of sodium methoxideltbin
methanol gave the colorless liquid (12H,12H,13H,13H,14H,-
14H-hexahydroperfluoro-3-oxatetradecylsulfonyl fluoride) tri-
methoxysilane, [(ChO);Si(CH,)3(CF,)sO(CF,).SOsMe] (11)

(bp 95°C/0.6 mm), in 72% yield. The surface propertiesldf
are under study.

Hydrolysis with concentrated HCI at50 °C of the product
formed by addition of ethylmagnesium bromide to a mixture
of 1 and MgSiCl in a 3:1 tetrahydrofuran:diethyl ether solvent
mixture at—78 °C resulted in the formation of M8i(CF.CF,)4-
OCRCFR,SO,F (13). Compoundl3was surprisingly stable and
distilled without decomposition at F&/ 0.25 mm in 44% yield.
The formation of MgSiF instead ofLl3 was a likely possibility
because of the driving force of the-St bond. Also, the-SO,F
functional group contains a polar-% bond that is susceptible
to nucleophiles. This may explain the low yield obtained and
also show that the reactivity of theSOF functionality with
Grignard reagent is controllable at low temperatures.

Elemental analysis and a combination of evidence from its
1H, 18C, 19F, and?°Si and?*Si{ F} NMR and mass spectra aided
in the characterization of compouri®. The 2°Si NMR was
particularly useful, showing a triplet at 9.3 ppm resulting from
2Jsi-¢ coupling with the neighboring SiCF; fluorine atoms

a single band at the same frequency. The molecular ion was
observed in the mass spectrumildat me = 672, as well as
other characteristic signals for fragments such as 599 M
MesSi], 489 [M™ — CRCRSO;F], 183 [CRCFRSO,F'], and

73 [MesSit]. This compound was synthesized as a thermally
stable reagent with potential for transfer of perfluoro-3-
oxadecylsulfonyl fluoride to organic substrates by a mechanism
similar to the one involved in the well-known nucleophilic
transfer of CE~ from MeSIiCR:.2 Its usefulness for this
function is currently being evaluated.

Experimental Section

General. The solvents [tetrahydrofuran (THF), diethyl ether, and
dichloromethane] were dried with sodium and distilled over purple
solution of benzophenone. Dimethyl sulfoxide (DMSO) was dried over

(15) (a) Schraml, J.; Bellama, J. M. Determination of Organic Structures
by Physical method$Nachod, F. C., Zuckermann, J. J., Randalls, E.
W., Eds.; Academic Press Inc.: New York, 1976; Vol. 6, Chapter 4.
(b) Harris, R. K.; Mann, B. ENMR and the Periodic Tabjécademic
Press Ltd.: London, 1978.

(16) (a) Surya-Prakash, G. K.; Yudin, A. IChem. Re. 1997, 97, 757.
(b) Singh, R. P.; Cao, G.; Kirchmeier, R. L.; Shreeve, J.JMOrg.
Chem.1999 64, 2873. (c) Singh, R. P.; Kirchmeier, R. L.; Shreeve,
J. M. J. Org. Chem1999 64, 2579. (d) Singh, R. P.; Kirchmeier, R.
L.; Shreeve, J. MJ. Fluorine Chem1999 98, 127-132.
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calcium hydride. A standard Schlenk line system was used for handling —83.5, —113.8, —122.5, —126.0, and—138.0 ppm. MS (El) N/z,
the reactions under anaerobic (dry nitrogen) conditions. All reactions species, %): 718, M 40; 703, M — CHg, 45; 535, M" — CR,CF,-
and manipulations were carried out in an atmosphere of dry nitrogen. SO,;F, 25; 183, CECRSO,F, 35; and 119, CEFR, 100. Elemental
Infrared spectra were recorded on a Bio-Rad FTS 3000 Excalibur seriesanal. Calcd for GH;O4F21S: C, 30.08; H, 0.98. Found: C; 29.94; H;

infrared spectrometer as neat liquids between KBr pldteés’C or
[BC{F}], *°F, and?°Si NMR spectra were obtained on a Bruker AMX
NMR instrument (200, 300, or 500 MHz) at 200, 50, 188, and 59 MHz,
respectively, by using CDgas locking solvent except where otherwise
indicated. Chemical shifts were reported with respect tgSVier CFC.

0.93.

Characteristic Data for Compound 7: distilled at bp 115C/0.25
mm in 62%. IR: 1585 cm' »(Ph). NMR (CDC}): 'H, 6 7.55-7.59
and 7.94-7.98 (CIGH4—, 4H, dd); *C{H}, 6 102-122 (m), 128.0,
130.1, 133.0 (t), and 141 ppr#fF, 6 +44.9,—82.7,—83.5,—-113.8,

Routine mass spectra (El) were obtained from a Finnigan GCQ —122.5,—126.0, and-138.0 ppm. MS (EI) KI/z, species, %): 710.5,
spectrometer. High-resolution mass data were obtained on a JEOL JMSM™, 45; 183, CECRSO,F, 30; and 119, CEFR,, 100. Elemental anal.
AX505HA mass spectrometer connected with a Hewlett-Packard HP Calcd for GeH4OsCIF21S: C, 27.02; H, 0.56; S, 4.50. Found: C, 26.85;
6890 series GC system. The chemicals were purchased from AldrichH, 0.52; S, 4.37.

and used without further purification.
General Procedures. Path A: Procedure for 3.The mixture of
iodoperfluoro-3-oxaundecylsulfony! fluoridd)((15 g, 20.69 mmol)

Preparation of 4'-(Perfluoro-3-oxaundecylsulfonyl fluoride)-1-
allylbenzene, HC=CHCH ,C¢H4(CF3)sO(CF2),SOF (9). In a 250
mL three-neck flask fitted with a magnetic stirrer, dropping funnel,

and a brown dispersion of copper-bronze (2.64 g, 41.58 mmol) in dry reflux condenser, and nitrogen inlet three-way stopcock were placed

diethyl ether was carefully stirred and warmed gently to°80in a
100 mL three-neck flask fitted with a reflux condenser and nitrogen

magnesium turnings (0.9 g, 38.5 mmol) and sufficient THF to cover
the turnings. This was activated by adding 10 drops of 1,2-dibromo-

gas inlet. Over a 48 h period a white suspension of the fluorinated ethane. THF (50 mL) was added and a small amount-chfbro-1-

organocopper(l) intermediatg)(formed in situ. A 10 mL diethyl ether
solution of allyl bromide (1.75 g, 22.72 mmol) was added dropwise

(perfluoro-3-oxaundecylsulfonyl fluoride)benze@. (The appearance
of a brown color indicated that Grignard reagent formation had

from a syringe while an anaerobic reaction atmosphere was maintained.commenced. The flask was cooled-td5 °C, and a solution of 10.8

The reaction of allyl bromide witl2 was spontaneous, and the flask

g (15 mmol) of7 in 25 mL of THF was added slowly over 3 h. The

contents turned dirty green while stirring continued at the same reaction mixture was subsequently stirred-dt5 °C for another 3 h.
temperature for 6 h. After cooling, diethyl ether was evaporated under The conversion of the chlorobenzene was monitored by removing small

vacuum. Fractional distillation of the crude product gave allylperfluoro-
3-oxaundecylsulfonyl fluoride3) as a clear colorless liquid (bp 88
°C/0.25 mm) in 40% vyield. IR: 1276 cm v4(CH,=CH) and 1182
cm 1 1(CH,=CH). NMR (CDCk): H, 6 2.73-2.92 (CH=CHCH,—,

2H, td), 5.24-5.33 ((H,=CHCH,—, 2H, d), and 5.686.23 ppm
(CH;=CHCH,—, 1H, m);**C, ¢ 35.7, 108-117 (m), 119.4, and 127.9
ppm; ¥F, 6 +44.9, —82.7, —83.5, —113.8, —122.5, —126.0, and
—138.0 ppm. MS (El) ifvz, species, %): 640, M 45; 183, CECF-
SOF, 35; and 119, Ci&F, 100. Elemental anal. Calcd for
CisHsOsF21S: C, 23.21; H, 1.34; S, 4.76. Found: C, 23.09; H, 1.38;
S, 4.64.

Data for Compound 4. In the attempt to synthesiZ& by path B
(see Scheme 2), 1,5-hexadiene distilling at’60was the unexpected
product!’

IR: 1828 cnm! v,(CH,=CH) and 993-911(br) cni™. v(CH;=CH).
NMR (CDCly): H, 6 2.43-2.67 (CH=CHCH,—, 4H, td), 5.24-5.33
(CH;=CHCH,—, 4H, d), and 5.686.23 ppm (CH=CHCH,—, 2H,
m); 13C, 6 21.6, 119.1, and 132.4 ppm. MS (ENIiz, species, %): 82,
M™, 100.

Path B. Procedure for 5 and 7. Preparation of 4(Perfluoro-3-
oxaundecylsulfonyl fluoride)acetophenone, ChHC(O)CeH4(CF2)sO-
(CF2):SOF (5). A mixture of iodoperfluoro-3-oxaundecylsulfonyl
fluoride (1) (7.25 g, 10.0 mmol), '4bromoacetophenone (2.01 g, 10.03
mmol), copper-bronze powder (1.28 g, 20.16 mmol), and 20 mL of
DMSO was stirred and heated at 80 for 48 h in a two-neck 50 mL
flask fitted with a nitrogen inlet three-way stopcock and a reflux

aliquots, hydrolyzing, and examining the disappearance of its signal
from the GC chromatogram. An excess of allyl bromide (4.25 g, 35
mmol) was slowly added to the Grignard reagent over 30 min while a
—15 °C temperature was maintained. The mixture was stirred under
this condition for anothe3 h and allowed to warm to 8C. An ice-
cooled mixture of 40 mL of Freon 113 and 10 mL of a saturated solution
of ammonium chloride was added. The combined organic layer was
separated, washed twice with 30 mL portions of water 4C0and
dried over anhydrous magnesium sulfate(Perfluoro-3-oxaundecyl-
sulfonyl fluoride)-1-allylbenzene, ¥£=CHCH,CsHs(CF,)sO(CR)2-
SOF (9), was obtained as a clear colorless liquid, bp°@70.5 mm,
in 52% vyield. IR: 1268v,(CH,=CH), 1187v{CH,=CH), and 1589
cm ! »(Ph). NMR (CDC}): H, 6 2.68-2.82 (CH=CHCH,—, 2H,
t), 5.27-5.29 ((H,=CHCH,—, 2H, d), and 5.646.18 ppm (CH=
CHCH,—, 1H, m);*3C{*H}, 6 27.2, 102-121 (m), 119.3, 128.1, 129.0,
130.2, 131.7, and 134.1 pprifF, 6 +44.9,—82.7, —83.5, -113.8,
—122.5,—126.0, and—138.0 ppm. MS (EIl) N/z, species, %): 716,
M*, 38; 675, M — CH;=CHCH,, 43; 533, M — CRCRSOF, 15;
183, CRCRSOsF, 63; and 119, CiEF,, 100. Elemental anal. Calcd
for Ci1gHeOsF2:S: C, 31.83; H, 1.26. Found: C, 31.66; H, 1.14.
Preparation of (12H,12H,13H,13H,14H,14H-Hexahydroperfluoro-
3-oxatetradecylsulfonyl fluoride)trichlorosilane,[Cl3Si(CH2)3(CF2)sO-
(CF2)2SO.F] (10). Allylperfluoro-3-oxaundecylsulfonyl fluoride3) (3.2
g, 5.0 mmol), trichlorosilane (0.68 g, 5.02 mmol), and two drops of a
0.1 M solution of chloroplatinic acid in methanol were placed in a 100
mL reactor glass ampule and sealed under a vacuum. The mixture was

condenser. Excess copper-bronze was separated from the crude produ@lowed to react at 96C for 72 h. The tube was cooled t0195°C in

by centrifuge and filtration. Freon 113 (20 mL) was added to the stirring
mixture at room temperature and followed by a mixture of 15 mL of

liquid nitrogen, broken carefully at the tip, and its contents quickly
poured into a dry two-neck 100 mL flask connected by a stopcock to

diethyl ether and 15 mL of water. Most of the DMSO was moved into & Nitrogen inlet valve. The white powdery solid productSNCH)s-
the aqueous phase and separated from the organic phase after 5 mifCF2)sO(CR):SOF (10), was distilled (bp 108C/0.3 mm) in 85%

The combined organic phase was washed twice with 10 mL of water,

yield. NMR (CDCE): H, 6 1.15-1.89 (Si(CH)s—, 6H, br); 1°C, &

dried over anhydrous magnesium sulfate, and then evaporated unde®-8: 15.3, 21.2, and 162122 (m) ppm;*F, 6 +44.9,-82.7,-83.5,

reduced pressure. Fractional distillation gave the prodi¢petfluoro-
3-oxaundecylsulfonyl fluoride)acetophenone, LLHD)GH4(CF,)sO-
(CR)2SOF (5), as a clear, colorless liquid (bp 12&/0.30 mm) in
65% yield. IR: 3137 cm! »(CHg), 1717 cn1! »(C=0), and 1585 cm*
v(Ph). NMR (CDC}): *H, § 2.51 ((HsC(O)GHs—, 3H, s), 7.55
7.59 and 7.947.98 (CHC(O)GsH4—, 4H, dd);*3C, § 25.9, 102-122
(m), 127.0, 128.2, 132.8, 139.7, and 196.4 ppiR; 0 +44.9,—82.7,

(17) (a) Pouchert, C. J., Behnke, J., E@iee Aldrich Library of'H and
13C FT-NMR Spectralst ed.; 1998; Vol. 43A. (b) Pouchert, C. J.,
Ed. The Aldrich Library of FT-IR Spectrélst ed.; Aldrich Chemical
Company, Inc.: Milwaukee, WI, 1985; Vol. 1, p 29A.

—113.8,—122.5,—126.0, and-138.0 ppm?°Si{*H}, 6 10.7 (s). MS
(El) (M/z, species, %): 776, M 30; 593, M — CRCRSO,F, 37;
183, CRCRSO,F, 44; and 113, CiEF,, 100. Elemental anal. Calcd
for Ci13HsOsClsF21SSi: C, 20.12; H, 0.84. Found: C, 20.27; H, 0.89.
Preparation of (12H,12H,13H,13H,14H,14H-Hexahydroperfluoro-
3-oxatetradecylsulfonyl fluoride)trimethoxysilane, [(CH;0)sSi-
(CH2)3(CF2)sO(CF2)2SOsCHj3] (11). Thirty milliliters of a Freon 113
solution of CkSi(CH,)3(CF)sO(CF,).SO:F (10) (2.33 g, 3.0 mmol) was
stirred in a 50 mL two-neck flask connected with a three-way stopcock
for nitrogen gas inlet. To this was added 12 mL of a methanolic solution
of 1.0 M sodium methoxide at @C, and stirring was continued for 1
h at room temperature. The sodium salts produced were filtered off,
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and fractional distillation gave the colorless liquid product ¢Oh- sulfate. The product, allylperfluoro-3-oxaundecylsulfonyl fluori@g (
Si(CH,)3(CR,)sO(CR,)2SOsCHs (11) (bp 115°C/0.6 mm) in 72% yield. was obtained by fractional distillation, bp 88/0.25 mm, in 60% yield.

IR: 3032 cnm! »(CH30). NMR (CDCEk): *H, 6 0.44 (CHO):Si—, 9H, Analysis and characterization were essentially the same as described
s), 0.49 S—CHjs, 3H, s), and 1.151.89 (Si(CH)z—, 6H, br);1%C, 6 earlier for3.

13, 16,84, 138, 20.5, and 19222 (m) ppm;**F, § +44.9,-82.7, Preparation of Trimethylsilyl(perfluoro-3-oxaundecylsulfonyl
—83.5,-113.8,-122.5,~126.0, and—138.0 ppm;*SK*H}, 4 9.9 fluoride), (CH 3)sSiCFA(CF2)70(CF»),SOF (13). A perfluoro-3-oxa-

(8)- MS (El) M/z species, %): 774, M 27; 579, M — CR.CRSOs- decylsulfonyl fluoride (15.0 g, 20.69 mmol) solution in a mixture of

Chs, 19; 195, CRCRSO,CHs, 40; and 119, CiCF, 100. Elemental e giethy ether (260 mL/120 mL) in a three-neck 500 mL flask
anal. Caled for GH1607F20SSi: C, 26.36; H, 2.33. Found: C, 26.22;  ¢,hected with a nitrogen inlet stopcock, a dropping funnel, and a

H, 2.19. . )
' . _ . mechanical stirrer was cooled te78 °C, and 8.5 mL of 3 M
Preparation of CH,=CHCH(CF2)s0(CF2);SO,F (3) via the ethylmagnesium bromide (25.5 mmol) was slowly added at this

(f(;goanozmlc(lI)dlntermedlatl_te (tl'zt)). The zmcl—cop:jp_er c?#ple (0'65596 L temperature. The reaction mixture was then allowed to gradually warm
' n_1mo) anda magnetic str bar were placed in a three-nec m to —60°C, maintained at this temperature for 6 h, and allowed to slowly
flask fitted with a nitrogen inlet stopcock, a reflux condenser, and a warm to —50 °C in the last hour. Ten milliliters of concentrated
dropping funnel® An iodoperfluoro-3-oxaundecylsulfonyl fluoridé)( . . ’ h :
(7.25 g, 10.0 mmol) solution in 15 mL of THF was added dropwise hydrochloric acid was added to hydrolyze the active magnesiunb@t

RS o P, : . °C with stirring. The cold contents of the flask was then poured into
with vigorous stirring at 25°C to initiate the reaction, which was . . .

g g the mixture composed of 150 mlf 2 N hydrochloric acid, 250 mL of

accompanied by a temperature rise. Careful additioghafer a period . .
of 1 h was done to maintain constant temperature. The mixture was diethy! ether, and 30 mL of Freon 113. The organic phase was separated
and dried over magnesium sulfate. The solvents were removed by

further stirred at room temperaturer & h togenerate the organozinc- ; . o
(Il) intermediate in situ, and the mixture was filtered through a Schlenk €vaporation under reduced pressure, and fractional distillation gave
filter into a clean two-neck 50 mL flask fitted with a nitrogen inlet ~ timethylsilyl(perfluoro-3-oxaundecylsulfonyl fluoridel.§) as a clear

stopcock and a stir bar to giva 1 Msolution of2. Copper(l) iodide ~ colorless distillate, bp 98C/0.25 mm, 44% yield. NMR (CDGJ: *H,
(1.90 g, 10.0 mmol) and 5 mL of a THF solution of allyl bromide 9 0-27 ((HsSi—, 9H, 5);*C, 6 1.1 and 102-122 (m) ppm;'“F, 0 +44.9,
(1.45 g, 12.0 mmol) were added to the stirring THF solution of the —82.7,-83.5,-113.8,-122.5,—126.0, and-138.0 ppm**Si{ *H},
organozinc(ll) intermediate, and the mixture was stirred at the same 0 9-3 (1), Jsicr2= 57.5 Hz P’S{ *F} = 9.3 (s)]. MS (El) M/z, species,
temperate for another 2 h. The appearance of a dirty green color was%): 672, M", 60; 703, M" — CHj, 45; 489, M" — CR.CRSOF, 16;
indicative of halide oxidation of Cul to form the copper(ll) salt. A 183, CRCRSGF, 30; and 119, C)EFR,;, 100. Elemental anal. Calcd
mixture of Freon 113 (15 mL) and diethyl ether (10 mL) was then for CisHsOsF1SSi: C, 23.21; H, 1.34; S, 4.76. Found: C, 23.36; H,
added to the contents of the flask, followed by 15 mL of water. The 1.28; S, 4.86.

combined organic phase was separated from the aqueous phase, washed

twice with 10 mL of water, and dried over anhydrous magnesium  Acknowledgmentis made to the donors of the Petroleum
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