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Synthesis of Three Partially Fluorinated Alkanesulfonic Acids as

Potential Fuel-Cell Electrolytes

Chalyun Bunyagid},* Hanna Plotrowska, and Mary H. Aldridge
Department of Chemistry, The American University, Washington, D.C. 20016

The simple and effective syntheses of CH,FCH,SO;H,
CF;CH,SO;H, and CHF,CF,CH,SO;H have been achleved
with 18.8%, 34.1%, and 33.7 % overall ylelds. The low
molecular weight partially fluorinated alkanesulfonic acids
containing a-methylene groups can be prepared from the
p-toluenesulfonates of the corresponding alcohols, via a
reaction with benzyl mercaptan, followed by an oxidative
chlorination of the resuiting sulfides, with subsequent
hydrolysis of the sulfonyl chioride formed: R,CH,OH
(TsCl) — RCH,0OTs (C4H;CH,SNa + DMF) —
R{CH,SCH,CH; (Cl, + H,0) — R,CH,SO,CI (H;0 + A)
— RCH,SO;H. The reaction of partially fluorinated alkyl
halldes with sodium sulfite (Strecker’s method) proved to
be inefficlent (very low ylelds) and unreliable. The
sulfonate saits formed are difficult to recover and purify:
R,CH.X + Na;$0; — RCH,SO;Na — RCH,SO.H.

Introduction

Our objective was to prepare some strong acids for evalua-
tion as potential fuel-cell electrolytes. The major acid, other
than HyPO,, currently under investigation is TFMSA (CF3;SO,-
H+H,0). TFMSA has been found to be superior to H,PO, from
the standpoint of electrode kinetics, but certain undesirable
characteristics (volatility, wetting of Teflon) led to this search
for a better fuel-cell electrolyte. Barrick ( 7, 2) and Coffman
(3) prepared CHF ,CF,SO;H in a 54 % yield by addition of so-
dium sulfite to fluoroolefin. Koshar et al. (4) synthesized CF,-
CHFCF,SO4H, CsH,CHFCF,SO;3H, and CgH;yCHFCF,SO,H in
good yields in a similar way. Haszeldine (5) used similar
methods to prepare CFCI,CF,CHFCF,SO3H and other chloro-
fluoroalkanesulfonic aclds. Hazeldine and Kidd (6) oxidized
(CF3S),Hg with 35% H,O, to produce CF;SO;H. The oxidation
of mercaptans, sulfides, disulfides, and sulfones by KMnO, ( 7),
CrO; (7), Br, water (8, 9), H,0, (70), HNO3 ( 77), and alkalis
(712) yielded sulfonic acids as reported.

Resuits and Discussions

After this considerable literature search, we decided upon
employing the following two approaches.

Exchange of Halogen for Sulfonic Group In Partlally Fluo-
rinated Alky! Halldes ( Strecker’s Method). The reactions of
the following halides were investigated: CF3;CH,I, CF,CH,Br,
CH,FCH,Br, CHF ,CF,CH,Br, and C,FsCH,I. Since only CF,CH,I
and C,FsCH,I were commercially available, the other com-
pounds were prepared from the corresponding alcohols via their
p-toluenesulfonyl derivatives. One of the alcohols, CH,FCH,OH
was prepared from CH,CICH,OH by the method described by
Hoffmann ( 73). The tosylates were prepared according to the
method described by Tiers, Brown, and Reid (74) for
CF3;CH,OTs. The tosylates were converted into their corre-
sponding bromides, by reacting with anhydrous KBr in diethylene
glycol ( 74). For CH,FCH,Br, another method of synthesis was
evaluated, it being the reaction of CH,BrCH,OTs and anhydrous
KF in diethylene glycol as described by Edgell and Parts ( 75).
However, the yield of CH,FCH,Br prepared from CH,BrCH,OTs
was much lower.
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Table I. Yields (%) of Crude Sulfonate Salts

reaction

reaction  in Parr

reaction in 50% pressure

halide in water ethanol reactor
CF,CH,I no reaction 5 S
CF,CF,CH,1 no reaction traces S
CF,CH,Br 10
CHF,CF,CH,Br 5 5 15

CH,FCH,Br 75 82

Three procedures were evaluated for conversion of the
above-mentioned partially fluorinated alkyl halides into the
corresponding sulfonates. The results are in Table I. Only
CH,FCH,Br can be used successfully as the starting material
for the preparative synthesis of CH,FCH,SO4H by this method.
CF3CH,I and C,FsCH,I did not react satifactorily with sodium
sulfite. Very small amounts of sulfonic acid salt, probably
containing sodium iodide in the form of double saits, were ob-
tained. CF3CH,Br could be used only in Parr pressure reaction
because of its low boiling point (25 °C) and seemed to react
slightly better than the corresponding iodide. CHF,CF,CH,Br
gave better results and a sample of pure CHF,CF,CH,SO;H
could be prepared from the salt.

The resuits indicate that Strecker’s method is complicated
and inefficlent for synthesis of partially fluorinated alkanesulfonic
acids. Yields are rather erratic, and recovery and purification
of the sulfonate salts are very difficult.

Introduction of Sulfur Into a Partlally Fluorinated Alky!
Molety with Subsequent Oxidation to a Sulfonic Acid. Moore
( 16) described a very convenient method for preparation of
CH,FSOQ,CI and CHF ;80,Cl from CH,FCI and CHF,Cl, respec-
tively. In our work, an attempt was made to adapt this pro-
cedure to the preparation of other partially fluorinated alkane-
sulfonic acids.

In the first experiment, CH,FCH,Br and CHF,CF,CH,Br were
reacted with the sodium salt of benzyl mercaptan, yielding the
corresponding sulfides. We found that the bromides in this case
may be substituted by the tosylates of the corresponding al-
cohols. The good resuits obtained with the tosylates simplified
the synthesis because the bromides are usually prepared from
the tosylates. The CF,CH,SCH,C¢Hs was prepared only from
the tosylate.

The oxidative chlorination of the sulfides was very exothermic
and had to be very carefully controlled. The reaction product,
containing suifonyl chloride and equimolar amounts of benzyl
chloride, was extracted with methylene chloride, dried, and
vacuum distilled. The hydrolysis of CF;CH,S0,Cl was accom-
plished by refluxing with water. The hydrolysis of the mixutre
of CHzFCstO")Cl and CHF ,CF,CH,S0O,Cl with C¢gH;CH,Cl was
also accomplished by refiuxing with water. The aqueous so-
lutions of the sulfonic acids were extracted with small amounts
of ether to remove the benzyl alcohol and unreacted benzyl
chloride, evaporated, and vacuum distilled.

An attempt was made to replace benzyl with tert-butyl in the
sulfides. The reaction of CH,FCH,OTs, CF;CH,OTs, and
CHF,CF,CH,0Ts with tert-butyl mercaptan in DMF proceeded
smoothly but gave lower yields even when 100% excess of the
mercaptan was used. Oxidative chlorination of the sulfides gave

© 1981 American Chemical Society



Scheme 1
Preparation of 2~ Fluoroethanesulfonic * Acid

CICH,CH,OH
50%

FCH,CHo0H  BrCH,CH,OH
85% 754%

FCH,CH,0Ts . BrCH,CH,0Ts

6% 335
76% ? 87%
FCH,CH,SCH, CgHa S FCH,CH,Br22% FCH,CH,SCCH3)

) 82%
45% 8% l 56%
[FCHoCH,S0,C1] FCH,CH,S03Na  FCH,CH,SO,CI
(¢rude)
(66%) 8% _42.1%
FCH,CH;503H
Overall yield 18.8% 7.1% 8.7%
Scheme 11

Preparation of 2,2,2- Trifluoroethanesulfonic Acid

CF3CH,OH
89%
CFyCH,OTs

/s“”/ 7o B
CRCH,8CH,CeHs CRCH,Br  CRCH,SC(CH3)y

5 llo% LSI%

CRCH,S0,CI CRCH,S03Na  CRCH,S0,CI
83% 313%
CRCH,S04H

Overall yield 34.1% 2.4%

even poorer results. Not only were the yields lower but the
products were highly contaminated with unidentified mixtures
which could not be separated by fractional distillation. Although
pure sulfonic acids could be obtained from these sulfonyl
chlorides, the ylelds were again much lower.

The results described above are summarized in Schemes
I-III for each individual sulfonic acid.

Experimental Section

Partlally Fluorinated Alkyl p- Toluenesulfonates. All sulfo-
nates, CH,FCH,0Ts (715), CF3zCH,0Ts (15), and
CHF,CF,CH,0Ts, were prepared in a similar method. A mixture
of 66 g (0.5 mol) of CHF ,CF,CH,OH, 100.8 g (0.53 mol) of TsCl,
and 150 mL of H,0 was heated to 50 °C. A solution of 23 g
{0.53 mol) of NaOH in 85 mL of H,0 was added, stirring being
done at a rate to keep the reaction mixture below 60 °C. The
stirring was continued until the solution became neutral; it was
then cooled and extracted with ether. The ethereal extract was
washed twice with concentrated NH,OH and twice with H,O and
dried over anhydrous Na,SO,. The solvent was removed, and
the vacuum-distilled residue gave 118.9 g (83.2%) of a color-
less liquid: bp 117-120 °C (0.5 mm); NMR (CD,COCD;)
showed ArH at 7.65 ppm (quartet, J = 8 Hz), CHF, at 6.25 ppm
(split triplet, Jurgem = 52 Hz, Jyyc = 5 Hz), CH; at 4.56 ppm
(triplet, Je = 13 Hz), and CH; at 2.42 ppm  (singlet).

Partlally Fiuorinated Alkyl Bromides. Two bromides, CH,-
FCH_Br (77) and CF3CH,Br ( 78), were prepared according to
the literature. CHF,CF,Br was synthesized from reacting 100
g (0.35 mol) of CHF,CF,CH,OTs with 63 g (0.62 mol) of an-
hydrous KBr in 150 mL of diethylene glycol at 160-170 °C. At
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Scheme 11
Preparation of 2,2,3,3 - Tetrafluorapropanesulfonic Acid

CHRCRCH,OH
832%
CHECRCH,0Ts
75% & e 50% 523%
CHECRCH,SCH,CaHE CHECRCHBr  CHECECH,SC(CHy)y
54% l(sa%) l|5°/. |am.2%
[CHECRCH,S0,C]  CHRCRCH,S0sNa CHRCRCH,SO0,CI
(crude)
(83%) 58% 513%
CHE,CF,CH,SO04H
Overall yield 337% 6.5% 44%

150 °C evolution started while the mixture was stirred contin-
uously. After the reaction product was washed several times
with water and dried over Drierite, fractional distillation gave
64.8 g (95%) of a colorless liquid: bp 68-69 °C; NMR (CDs-
COCD;) showed CHF, at 6.16 ppm (split triplt, Jggem = 53 Hz,
Jurve = 4 Hz) and CH, at 3.78 ppm (triplet, Ji¢g = 15 Hz).

Reaction of Partlally Fluorinated Alkyl Halides with Sodium
Sulfte. A. In Waler. A solution of 20 g (0.16 mol) of Na,SO,
in 100 mL of H,O was placed in a three-necked flask fitted with
an efficient refiux condenser and a dropping funnel. The halide
(0.15 mol) was added slowly with stirring over a period of 2 h
at 50-60 °C. The reaction mixture was refluxed gently with
stirring for 48 h. After cooling, the unreacted halide (if present)
was separated, the aqueous layer evaporated to dryness, and
the residue extracted with hot EtOH. Evaporation of solvent
gave the crude sodium salt of the coresponding sulfonic acid.

B. In 50% Ethanol. A mixture of 7 g (0.05 mol) of Na,-
S0;, 80 mL of 50% EtOH, and 0.05 mol of the halide was
refluxed with stirring for 48 h. It was cooled and filtered, the
filtrate evaporated to dryness, and the solid residue treated as
above.

C. In Parr Pressure Reacior. A solution of 40 g (0.32 mol)
of Na,SO; dissolved in 200 mL of H,0, and 0.30 mol of the
halide, were placed in a 1-L Parr pressure reactor and slowly
heated while being stirred. Usually at ~90 °C an exothermic
reaction started, and the temperature rose to ~ 125 °C. After
the exothermic process subsided, the reactor was heated at
100 °C for 12-16 h. The reaction mixture was cooled, the
unreacted halide (if present) separated, the aqueous solution
evaporated to dryness, and the solid residus treated as above.

The results are in Table I. The approximate yields are based
on the amounts of crude sulfonate salts isolated. The IR
spectra of all salt samples showed distinct absorption at 1160
and 1060 cm™', which is characteristic of sulfonic acid salts.
The salts obtained from alky! iodides were contaminated with
sodium iodide.

Convertion Info Free Aclds. A 10% aqueous solution of the
sodium alkanesulfonate was passed through an ion-exchange
column packed with IR-120 resin. The collected aqueous so-
lution of the acid was evaporated, and the residue vacuum
distiled. Samples of the following acids were prepared:
CH,FCH,SO;H, yield 23%, bp 150-151 °C (1.7 mm) M, 127
(caled 128); CHF ,CF,CH,SO4H, yield 58%, bp 90-91 °C (0.4
mm), M, 191 (calcd 196).

Reaction of Partlally Fluorinated Alkyl Bromides and Tosy-
lates with Benzyl Mercaptan. All sulfides were prepared by
the same method. A mixture of 16 g (0.20 mol) of 50% NaOH
and 60 mL of DMF was flushed well with N5, and 24.8 g (0.20
mol) of CgHsCH,SH was added. When homogeneous, the warm
solution was treated with 0.17 mol of R,CH,OTs or R,CH,Br to
maintain the internal temperature and was quenched in 250 mL
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of H,0. The product was extracted with CH,Cl,, and the or-
ganic layer was washed with dilute NaOH, washed again with
H,0, and dried over anhydrous MgSO,. The solvent was
evaporated, and the residue vacuum distilied.

The following compounds were prepared.

(1) CH,FCH,SCH,C¢Hs was prepared from CH,FCH,Br (yield
77%) and from CH,FCH,OTs (yield 76 %): bp 84-85 °C (1.5
mm); NMR (neat) showed ArH at 7.18 ppm (singlet), CH, at 3.60
ppm (singlet), and CH,FCH, at 4.67, 3.90, 2.67, and 2.33 ppm
(triplets).

(2) CF4CH,SCH,CgHs was prepared from CF;CH,OTs (yield
81%): bp 45-46 °C (0.20 mm); NMR (neat) showed ArH at
7.14 ppm (singlet), CH, at 3.16 ppm (singlet), and CF;CH, at
2.68 ppm (quartet, J = 10 Hz).

(3) CHF ,CF,CH,SCH,C¢Hs was prepared from CHF,CF,CH,Br
(yield 79%) and from CHF ,CF,CH,OTs (yield 75%): bp 69-71
°C (0.15 mm) NMR (neat) showed ArH at 7.18 ppm (singlet),
CHF, at 5.78 ppm (split triplet, Jyrgem = 53 Hz, Jigye = 5 Hz),
CH, at 3.67 ppm (singlet), and CF,CH, at 2.72 ppm (triplet, J\¢
= 16 Hz).

Reaction of Partlally Fluorinated Alkyl Tosylates with tert-
Butyl Mercaptan. In the same fashion the foliowing sulfides
were prepared from the reaction of 0.34 mol of 50% NaOH in
125 mL of DMF, 30.7 g (0.34 mol) of (CH;);CSH, and 0.17 mol
of the tosylates (CH,FCH,0Ts, CF;CH,0Ts, and
CHF,CF,CH,0Ts). The foliowing compounds were prepared.

(1) CH,FCH,SC(CH)y: vield 65% bp 73-77 °C (95 mm);
NMR (neat) showed CH,FCH, at 4.82, 4.03, 2.92, and 2.63 ppm
(triplets) and (CH;)sC at 1.32 ppm (singlet).

(2) CFsCH,SC(CH,),: Yield 55%; bp 70-72 °C (100 mm);
NMR (neat) showed CF;CH, at 3.10 ppm (quartet, J = 11 Hz)
and (CHy);C at 1.30 ppm (singlet).

(3) CHF,CF,CH,SC(CH;);: Yyield 45%; bp 63-65 °C (100
mm); NMR (neat) showed CHF, at 5.92 ppm (split triplet, Jy
= 53 Hz), CF,CH, at 3.05 ppm (triplet, J4+ = 16 Hz), and
(CH,)3C at 1.30 ppm (singiet).

Partlally Fluorinated Alkanesulfonyl Chiorides. All sulfides
were oxidized in a similar manner. A mixture of 0.12 mol of
sulfide and 50 mL of H,O was chilled in a dry ice—acetone bath.
At 0 °C, with ice beginning to form on the walls, Cl, was added
above the mixture, controlling the temperature to within -5 to
0 °C. Ciy was introduced until saturation was obtained. The
lower layer was mixed with 10 mL of CH,Cl,, separated, and
chilled while drying over anhyrous MgSO,. CH,Cl, was re-
moved, and the residue distilled under reduced pressure. The
following compounds were prepared.

(1) CH,FCH,SO,CI: (a) from CH,FCH,SCH,C¢Hs, the product
was obtained as a mixture with CgHsCH,CI; yield 68% (esti-
mated by NMR); bp 80-83 °C (25 mm); (b) from CH,FCH,SC-
(CHg)s; vield 56%; bp 76-78 °C (16 mm (79)); NMR (neat)
showed four triplets at 5.47, 4.67, 4.38, and 3.98 ppm.

(2) CFgCHzSOgC': (a) from CF3CH2$CH2C5H5; yield 57%; bp
65-67 °C (45 mm); (b) from CF;CH,SC(CHy)3; vield 61%; bp
57-680 °C (40 mm (20)); NMR (neat) showed at quartet at 4.37
ppm (Jye = 9 Hz).

{3) CHF ,CF,CH,S0,Cl: (a) From CHF,CF,CH,SCH,C¢H;, the
product was obtained as a mixture with CgHsCH,CI; yield 63 %

(estimated by NMR); bp 70-75 °C (15 mm}); (b) from CHF,C-
F,CH,SC(CH.),; yield 47 %; bp 70-71 °C (12 mm); NMR (neat)
showed a split triplet at 5.97 ppm (Jyrgem = 53 Hz, Jppye = 5
Hz).

All sulfony! chlorides obtained from tert-butyl sulfides con-
tained unidentified mixtures which could not be removed by
fractional distillation.

Partlally Fluorinated Alkanesulfonic Aclds. All of the sul-
fonic acids were prepared in the same way by refluxing 0.5 mol
of sulfonyl chioride or sulfonyl chloride mixture with benzyl
chloride and 20 mL of H,O for 10 h. After cooling, the solution
was extracted twice with 10 mL of ether, the aqueous layer
was evaporated, and the residue was vacuum distilled. The
following acids were prepared.

(1) CH,FCH,SO;H: vield 66%; bp 122-124 °C (0.1 mm); M,
127 (calcd 128); NMR (D,0) showed CH,FCH, at 5.22, 4.44,
3.54, and 3.12 ppm. Anal. Calcd for CgH,,05NFS: C, 43.44;
H, 5.43; F, 8.60; S, 14.48. Found: C, 44.67; H, 5.29; F, 5.26;
S, 14.14,

(2) CF4CH,SO-H: yield 83%; bp 90-93 °C (0.1 mm); M, 167
(calcd 164); NMR (D,0) showed CF;CH, at 3.87 ppm (quartet,
Jur = 10 Hz). Anal. Caled for CgH,,O3NF;S: C, 37.35; H,
3.89; F, 22.18; S, 12.45. Found: C, 37.13; H, 3.74; F, 22.05;
S, 12.16.

(3) CHF,CF,CH,SO;H: yield 83%; bp 106-107 °C (0.1 mm);
M, 200 (calcd 198); NMR (D,0) showed CHF, at 6.01 ppm (split
triplet, Juegem = 53 Hz, Jigue = 5 Hz) and CF,CH, at 3.53 ppm
(triplet, Je = 16 Hz). Anal. Caled for CgH,,O4NF,S: C, 37.37;
H, 3.81; F, 26.30; S, 11.07. Found: C, 37.54; H, 3.88; F,
26.12; S 10.96.
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