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ABSTRJ~C

The objective of this research was to precare some strong aci s for
— evaluation ~y Fort Selvo ir as potential fuel cel~ electrol ytes. The mejor

ac~d, -flier than phosphoric, ~13PO~, currently under i nvestigation by Fort

p 3elvofr as a f-je~ cel l electro lyte Is ~~~~ CF C,~’ •~ 2 O, tri fluoromethane—

s~.l~:”~ aci~ n~nohydrate aqueous soLt-ons and c~ -~ salt m~x:.ires. TFL5A

‘as teen f c.. r.d :~ be superior to -~~~~~~ , ‘ror the stan~ooi’t o’ electrode

• c ’’-et~~S , ~~..: ~er:ain jr~esirable c~aracter st’~S (vc~a:fl It y; - - e t :~n of

e”
~~
) iei tc :i~s searcn for a ~e::er ‘~ei :e ’i e~ect ro i~ :e.

-
~~~ f:~~cw Iic ac~~s nave ~een prepared:

1- ethanedfs ~~fc nIc

.2. ~: ar~s,.l’~n~ ~~~
3 .  Et-~are- 1. -- Sulf~’Ic a c :

~~ . :ane- ’. ,3-’i ‘cni c a d :

S . P ;3’e—: ,~~,3— tr ’ s  ‘:r’ ~~

~~~. :-: or -1, :. -trif luoroethanes ’or~: ~~~
- 

. :,:.2. ri -” uoroetnane.1,:.:.:r’sj l’cnI~ ~I•i

3. :,:.2 ,3 ,3,3.~exa ’luoropropanesulf~n~c

~~~. -F~-Jo~~e:ianes4.. lfon’ c ac~~
‘.C. 2 . 2 . 2 - orcet ’anesu ’’:r~: a c :

. C . 2 — e : f~ .cr~~rocare ’’:’lt ic’:

p
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rovements n fue l cell perfo r~ance over t ie last decade nave

been due princ ipall y to eng1neer~ng refinements. The ~ltInate performance

w l l  depend ~c ice r :a~n degree upon the fuel cel~ elec t rolyte and recent

P studIes “a~e in dicated that TF~~A monohydrate . CF 3 SO 3H.~t 2 C . is ~ar superior

t: ri 3 - , ‘r-~r~ :‘~e standXint of electrode riet~cS. The prese”t research

s concerne~ wI th e~e- trol yte i’~~rover’ent .

p -e :r~ct~r:’es ~es~ rei ‘~ r :‘e Ideal ‘u€l cell electro ’y :e based cfl

orevi:.~s st,.~ ieS are :

:. :t ~uSt ~e a ~cderately s:r~ng, ‘~c1l y ~.ate~-so~~~e acid.

2 . :: •uSt ~e :~er a l ’~ sta~ ’e and ~cr -v o ia:i~ e under fuel cell

::erati’g n~~ tI flS.

: — ..st ~e “on-c~’ : ~r~~.

S .. - ust ~e

5. ::s sOThtionS ust ~e ‘Ighl j :orc.~:~

~5. :t ‘iuSt ‘cr-corrosive t:~.ar~~ :e a’~ e
’
~~~’:e

t e’-3t~ re searc h 4 ndlcate!i severa :‘~::a:’.a ~ rzar : a c c ~ ele ct c—

~-tes , .,~~:i the ir ~e:~o~s of preparat ion .

r’- :~ Cl. 2) and o ’f—an (2 ) :repa red C.~~,CF,S~ - - ~
— a 5~ yiel -~ ‘ron

~et~~~~ cr~,t ”-.-~ene :y the adaition ~ 53~i~ r su~~ te 
~~

‘
~~
; be’z:~l ~~~~~~~~

P
~; a :atal .-~t. The ‘ea:t13’ ~as carrIe: o~: “ ~ r :c:e~e;~~ oressure at

• 

- ~c ~~~~~~~~~~~~~~ ‘e “ ~c’~ a anes ‘~‘~‘c ac~~ u~s :~~~ate~ t e s’:’~~

• si ’ : ~~~ . ;~‘~ .rIc ac
p

-
a

— ________________________- -• -—---— 
— - • _ 

~- ~- - -~ - -~~ - 
_ 

• - —  - • -
-~ • -- -- - •- - - -

.1

a —

-- ~~~~ ~~~. ~~~~~~~~~ 
_____ ;~~~~~~~~~

_ _ _ 
—•--—~.—- .~— — • - ~ • • .  • . . U~ — 

—1



- • 
-- 

- ___________________

-
• a 2

• ~ashar. et al . ( .~) prepare d CF,CFriCF-SO 3H, C2 ~4” C F 1CF 2$C 3H and

C 3~ 1~ 2 F~CF,S3 2,i in good ields from the fluorooleflns and sodium hydrogen

• l i t e and borax .

• -as:e~ci’ne (
~ ~s’ng Sodium ~1sjl fite and ~ora~ , prepared CFCl 2CF,CP4CF~SC,r~• — 4- j

a’c :tier c~loro~~ cr-oalkanesulfonic acids .

..nother Inethod ‘or the preparation c1 fluoroalkanesulfonic acids was

reported ~
y ~laszeld1 ne and ‘~ dd (5 ) ,  wno ox ’di zed ( C F S ’ 2~ g wi th 35 - nydrogen

at 105°C.
$

— e ~ product of the odiatlon of er caf le,~s . su ’i~es, s.l’~oes ,

s. ’ ores , etc., s a s~l’~nic aci d. Cx ldat ion ~y potass i .~m pe rmanganate (7) ,

: ror- ’ c  an’i~dride (‘), ~rc rnne w ater (5 ) ,  1;i~ r-oger oercxfde (91 , nitri c
S

• ~~~ C :C , anc ai~ a ’~Is (1) are repOrted.

‘-~ary na~o;en cc -rounds react w it i  sodi~~, potassi~ r or amoni-j rn sul-

f~:es to ;ive hi gh j’e~~s o~ s~l’crIc ac id sa~ ts (~~~~. 12. ~~~~~. , .e.. a~~1li—

t~:~ o ’ a a ~ s~~”tes (St re-:~er • .

~ “~st —e:rc: that •~e selected ‘cr eva Larcn was - a sze ’ -c~ne ’ s

• -e :r :c.  :“e addItion ~f s:c~~~ •~~cr’ ;er s~l~~te to a~~enes in t ie presence j
c~ :o”~ ’., oe:a use a v3r~ety o ’ fi ..cr~~r,a t e c ~ a ’~ eres .~ere ~~a’ la ble :o~rie r—

c~ a~~j ~~C~~~’ ~ s o’-c~e~~re reQuires t ’e use :‘ a ~?rr :ress~ re reac:’o’

~esse~ a’i ~e ScO rl erc3u,~tere~ f’1c~lt es w ’ t ~ ec~s a — c cc ’ ros 4 on . Ctner

~ -

. P ~- s ~:-.aitages :n~s orocedure ,qere the 1 -ow y ’e’:s due to tie n~r~er o’

:.:rc~~~c ts  ‘‘)‘~ei. F-:r exai~pi e, 4 CF,~C F l  — 4 ~:ab SO2 — ‘~CF~C FC1 S C, ,a  —

• - - •~~~~ a • -~ t _ r,~~,- ,a • —~~- . •~~~ ..~ — - .,~~, —

• P — e -
~~~ “~ Crca Cet C 3c~ : ~e’~~iat ve aoparer~~y resu lts “o— tie ~~~~~~ u t ..~

tie ‘ .~o’~ ne 3tc~’S -.~Y C ’~ are removec ‘,cr :-e - :~ -~ cn a::- c~ -ycr ls,

p ~ ~~~~~ C~~~ ’ 3 5 .  :r :.. a —es i~~ e, ~~~~~~~~~~~~~

p
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-~ F F  FO FO

- .1
‘.e.: ~-C-C-SO.J~ —~

—. 
~i -C-C.SO ~a 

— — -C-C-C’~a • SO — Z,iF.3 2
- - -

The second method evaluated ~as St~~cker ~ method i nvolving the reac-

:~ons of al k yl ia~1des wit h alkal i sul fites , i .e.:

~ a ~&,SO , - RSC ,:.a —

~.si ng this procedure , ‘~ethane disul fonic ac~~, et- -~nesu fonic acId ,
• 

• • etnane 1 ,2-disulfonic acid, propane 1,3-disulfcnic acid , propane ,2,3—

:r1s~~’onic acid and 1,2 ,2-t r~fluo roethane 1,1,2-t r lsu lfonic acid were

- 

- 
- crepare~.

2 ., - TrIf’ .:roethanesul’-onic acid was prepare o O i  the iltri c ac~c

:~~;a:~on of 2 ,C, - t r~’luoroethyl thiocyanate . The ‘atter was optain ed

• 
~~~~~ 2 ,C ,2—:r ~’~~oroe thano1 0-i -:cnve ’-t ng ~t ~ntc —esf ate accordln : to

ross ~a’c anc Ser’,is ( 1 5 )  wr~ci was t~en reacted • ,~ it h  sociur, thiocyanate

~::rc’ng to ross and , ~e1is and Sniner (15’ to y ie ld :~e correspond ng

- t~ ’:c ara:e . ~ ‘Ound tiat t.~e n~t r’c ac’~ oxIdat~-Or. :~ tne crude thlO—

- 
:~ a’~a:e :c~cc~rci gave 2.2 .2-t r l  ‘ ~croetrla~es-.’ ‘cri: ac- : of ii ;n o~’-:ty .

- - 
• o~: t e  overa l jiel~ .~as On 1 y 22

- -~~-cetrlares.~’fc nI C ac’: , ,2, -tr ‘ cr :etrlan ~~ :n’c a cd ar~

C , . . 2 ,3-te :ra~l.,o ro~rccar esulfonic ac~~ were p repared ty the ~rtrc c~Ct~oi

:‘ s-~~’~r Into tne oart~a’11 ‘~~or,nate~ ~~~~ ~icpnc~S .~1ei 3u~seG~ert

ox~:at~on to t”e respective sul tonic acids . Th~s was accoiivlished by

• -~ 3:t~— ; tne :-to~~enesuifonates o~ :‘-e pa rt’a
1
~~ f i r rate -~ a lc:ho S

( - ‘~uoroethano l, 2 ,2,2-trl fluoroethanoi anc .2, T..- tet uorccropa”c~

:- :‘e s-:~~-.:- sa 1 t of terzjl or :-~~u:y l ~‘e ’:3;:ar ~~~ y -e ic tre co rres—

• 
-

• :ondir ; ~er : I or :_:~~:- t l  pa r t ia i l 4  f’~ c r ’ r-ate:  ~~~ s . ’- ’ ’~es . T hes e

-
~ :es •~e~-e :nerl ~~~e::ec to :~ ~a t - :e : : t c  to c -~ .-e t~’e c:r’-es- 

-

P :cr’cing ;art i~ l~ fl.~cr 1na :ed al~ eres ’cr~~ ~~ri ,e S . ‘~c’ were s e -

a ~~~~~~~~~ —
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uentl 1 i~.oroly:ed with hater to the oart iali y f~~crinated alkanesul fonic

ac’-is . f tie t~ao possible routes. :-
~~ : ~t~l~ z~nc the benzyl ‘ier:3o~an

:~o:eO tO be ~~re ef’ic~ent and gave i gner yI.:~~ IC

p

P

p

p

P

I a

F

~~
•• &-

4,

• - — ~~•
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a ~-e;ar-at ion ~r.jal1 Fluorinated Alk ~ i Methanesulfonates

RfOH - CH3SO2C1 — R~OSO2CI43

:~ a 2-liter three-necked flask equipped with a mechanica l st’rrer ,

:r ’ r ;  ‘4rlnei . thermometer anc reflux condenser fitted wit i  a drv ’ng tube
ve re placed : liter o’ rnethy lene chl :r’de , 1 l’ioie of the appropriate alcono l,

• a ar~ :. :~ ~~~~~ (::e ;) o’ tr’ethy larn~ne. tie latter was crevIo~s l-i re9 .~ed

~-e- ;nt na r~~-cr~ de , c’s:rled , and redis t-lIed , ‘r~~~ pCtaSSIJm hydroxide

:efle:s. ~ e flask was placed ‘n a cooi’nc ~a:~ a rc  1.10 ole ( i 6  g) a ’
rec’s:i ed ~et-~anesjl’cny l :r’orl de was added a: :-:20c over a period a’

ane ~o..r. ~~e s~~r r r ~ng was :c rt ’ ~~~ec for a— :tiora~ :s lflutes. The

rea : t ’ : n ~‘i~ tu re was ~ en was’ed twice w ’ t b  3CC -
~~ a l icuots of ~ce water ,

• 
- 

Co l : :: ~ycroCb~ or IC ado , sat_ rate : s:cijr ~~r~c rlat e sO~~t~on , and ~r~ne.p
- ‘:~~ ‘ Orj i r - ~ o v e r  3rl r’,-~ r~~s - iag— es ’ uli’ sul’ ate .  t ’e sc .en: vas evaporated
a-o :-e res’iue va:..ur st~ l l .a~. “I.e ‘-o ’ :.~.’~ -: comoo~.-:; were prepa red ~

4-y
t’’s —~e —cd :

2. ,2-7 ri’~~croe t- ,~ ~etrlanes~~’onate , y’e ’l ~~~~~~~~ _~9C, ~
(nt. (5) .~ ? c C 25 -r~ . The rr’r soect r~rr ,~~-2CCD - ) s”c ’vea

~ s~’g e’ ~ 3 -~~ p~’ ( _~ a—i a :..ar e ~~~ .~ 
‘ .. —~~~~ ~~~~~~~

3.4— ’) ~~~~~ .

2. .,l.l.C .3 ,2-~~~a”jo -2-o~oovl e:- es~~’:~ate , ~~~ 2Th, p .t.

:ss -:5i°c ~lH: ( :5)  5€—1 S80C). T’~ 
•
~ i~~r so~ectr .— -22CC.. )

a 
4

a

_ _  _ _ _ _

________ — 
‘— i— —

• 
_ _ _ _ _  — ---~

---:---
~~~

_ _ _ _  --—--- — —~~ —— ~~~~~~~~~~~~~~~ 
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t

showed a singlet at 3.35 ppm (3M ) and a septet at 5.73 ppm

~~~~

- , J • Si ‘z) Figure 2.

3. 2 ,2 . 3 ,3-letrafluoropropy l methanesulfonate , yie lo 31’,

::7-:U°C. 13 ~r. The nmr spectrum showed a singlet at 3.15 ppm

• ~ (3~), —et~~ne proton at 6.05 ppm (~~~~~~), sp l i t triplet , ~ • 53 liz ,— ri,F gem
• 

~~~~~~ ~~~~~ 
5 Hz), and methylene protons at 4 .60 ppm ‘CH , triplet ,

• 13 —z) Figu re 3.

a
o’ T h ’ t a l l~ Fluor inated 4~ ’- .’’ :- ‘ol - .~enesui ’ onates

C~ 1C~M4SC,CP.€

-i:~re of 1 mole -:‘ the appropr~ate a lc ohol , 1. - mole ( :75 g~ of

p-:~~_ e Ie Su~ ’:n v~ chloride and 352 ~l of water ~as ~eated to anc a

sOi t~~ r- :‘ 1.1 ~iao l~ (34 g) ~f sodium hydr:~~de ~~~ - :7C ~il c~ .~ater was added
- 

w it  st ’’’~ ’g at a rate s..ch that the te’~ce rat .8re c ’ tne reaction ~ i , u re

was ~eo: t~elow SC0C. The stirring was cnnt~ ’~e’ ~rt~~ the Solution became

-~e~:ra ’. —e react~cr ~1~ t~re was coo led anc :e tas viat e e*tracted with

- ~ ~~~~~~~ 
The € t ~ereai e t ract  was washed tv1 :e n ’ t ’ ~ conce ntra ted amonla and

tw’ -:e ~~tn sa:er , ari d ~rIe~ over 3nrl dr uS sod ’ ~~ su~’ate . 
The solvent was

• -e—’c -.e~ . and :‘~e res’~~e iac .~r dist1~l~a-:. ‘ke ‘~~~~r c  cCmpcunds were

:e:a red ~y t~ IS ~~thOd.

1. C-~ ’uoroethy 1 p_toluenesul’ :nate, y ie ’i ES . t .: . :42- :4€ °CI1.:

(~ it . ( :7)  b.p. i38 .s-1~~°:~: ~m ” . ~e ‘irri r spect r-~— CC - CCC ~ 3)

o ~ciwei aro -ati c crotons at 7,51 :: ~~~~~~~. o . a ~ :at . ,, a ~

‘~:hj lCnC prO t ons at 5.21, 4 S ~ and .3 ppm (4 w , ~~l:- ’ets) ,  a ’~
-‘et~~~ prcton s at :.~ E por ( 3 - . s~

- -~~ :) ~~~~ . .

* 

- -•- ••---- •----- *----- -- —*-- - ----- • • • • _

- - .- • -

- 

-- 
—

-— -~~~~~~—- - - •—- ~~~~~~—- - -- •~~~~~~~~~ -- • -• • ~~~~~ -~~• • -• - •~~~~~~~~~ - • ,~~~~• ~~~~~~~~ •~~~~~——-~~~~- •~~~ - —- --



- — — - - - ~~~ - -

• 
7

2. Z,2,.-Trifluoroethy l p-toluenesulfonate, y ield 3 . ~.p.

0.8 ~~, -~.p. 30-31°C ~~. .17 )  ~~~~~ 
c:°C). ~‘e rtmr spectrum

showed aro~iat~c protons at 6.5 ppm (3i4 . ~_ar:e:, . methy l ene protons

a: 3.5 opr’ ~ZM I 4ua rtet~ and methy l protons at 15 ppm (3M, singlet)

~
‘4
~
re 5.

• 3. ,2,3i-Tetrafluoropropy l p-toluenesulfonate yielc 53 , b.p.

:~~- :55 °C,~~.2- 4. 7 —r. The nmr spectrum (CD 3COCD3 ) showed aro-

- —atla protons a: 7.65 ppm ~4k-’, quartet, .~ • 8 hz), methine proton

at 6.25 ppm (~~
, SPl ’t tr~plet , ~~~ ‘e’- 

• 52 • “H ,~ vic

I ~eth yl ene protons a: 4.56 ppm (:“, triplet, • 13 ~.z)  arc

i~ tr~l protons at 2 . 32 ppr ( 3a’ , s i ’~:~e:’ ~i ;ure 6.
p

°r ep a r a t - : : ’  :f 
~~~~~~~~~~~~ ~;r’r ate4 ~tlkj i 2r:~~aes

$ ~~~3~~5r .:~~~ , - $ • K8r —

:r .  a :~ ree_ rlec .ed ‘‘as ’. ‘i te d ~~~ a -ecrlar ca l s t r ’e r , t rie’—,’rie er ,

a~d a ta’.e-:’ adap ter •~ere :~aced 0.25 m o e  :. :~e :crrespc.nd~n: ‘luorl—
$ 

~~~~~ 
p- toiuenes~’’:nate, O.~ ~cle .2 ~

) of ar - . : r :us

• :—:—i:e a”c .20 -il :‘ ~ie:”~.’ene;’yc:. The “eact c~ -~i~:~re -was neated

to 0- ’
~~C. ~t :so~-:, e-.-o~~tio r 0’ tie ~rOr ’ .e startec . The reaction

-

• • t was stirred :ontiruc~s~; to ‘revert ‘-ot”ing ari~ p luçc~ng ~ the
- - . 

a~e--~’’ tuc e. The ~ist ’~ ia~e was wasted seve~a l t~~es wlt~ sate . dried

• : .~~~~
- f”er 4te arc ~~act ~ :nated . T~~ f:i lc- .~~a :or:cunds ~e - e :r,:arec ~~.-

P t

[ :. :_ :~~o,.:e:v r’ or:’~~de. ,~~~i 
~3 . ~~~~~ 

:_ ~:: (‘~~~~
. ( : 2 )  ~~.:.

- ~O - *- - - . -~~ — I .

P

—

p

_______- 
. 

- — —
~~ ~~

•
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- 

-
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2. ,2,2-Thifluoroethyl bromide, y ield 79 , b.p . 25.5-26°C’(lit. (19)

~.p. 26.3°C).
p

3. ,2.3,3-Tetrafl uoropropy l bromide. y ield 5.. b.p . 62-6~°C. The

nrrr spectrum (CO 3COCO3) shcwed :ne me thine proton a: 6 . 16 ppm

( :~— , S~~ilt triple :, ~ F em • ~~~ ~~~~~‘ .. 4H z ) an d  rnethy l ene
• g 

~~. • •
~~

•
~~

protons at 3.7S ppm :~~, triplet , 2~~.. • 15 iz) Figure -
.

• 
~eac:ion ~f 

Par:1a11 1 Fl uorInated A lk yl h4alid es w itn Sodium Sulfite

• p

• ‘.a2SC- .

° . : -
~ .,ater

4 s:!~ t :r o~ 22- (2.25 mo~e) a’ sod ium sul’’te i~ 100 -
~ c’ water

~as :~aced ~~
‘ a three—necked ‘lash fitted .,i tr ~ecP~ar1 ca~ S t ~~r rer , e’’ c~ent

-e~~~ condenser and dr’p :~ rç ‘.m e ’ . 2 .15 ~c ’e tre ral~ ie was added

$ sl:~~, ~~t~’ ~t~~rr’nc over a cer~od :‘ t.~c ro ur s at acout SC-600C. The

-eac : c’i ‘tjre was r~ ’..&ed ;e’~:ly .it’ st~ r’~~n~ ‘~ r 43 “curs . tfter

cooli, . t -e ur rea: ed na~~de (if present) was s.~:ara:ec , ~he acueous layer

I ~-i a:ora ed to dryness , arc tie res~:ue extracted ..t~ not etharol . ~vapCr a-

e:-3ro~ gave tie ~r~ :e scdiu ~ sal t  a ’ t~e ccr—escc nd~r.c s~~’on~c aci~ .

• 3 . :~ 50 Ethanol

- 
p 

— ‘  

~t .re of 7 ; (3. CE ~o i e) a’ 5~~’~~ ~~~~~ 2 2  ~l •:‘ 50 et~anc
1

an-c 0.25 —c’e :~ tie nal ide was re~~ui&ed ni t’ s t i ’- -
~ng ‘or 48 ic-urs . t

,
~s coo led . ‘iltered , :ne f f l t ra :e  evaporated to :~ynesS. arc :“ e ~~~~

• ~e ; c ~e work ed ~o as above.

0. :— ~arn PreSSur.

o sol ..ti-o r 0’ 4-3 g ~~.32 —o le . :‘ s ’ ~ — sl.~
’4 te ~~S~Olv~d ~n Z~~ — 1

~ater ~“c 3.20 c’e : -‘e a~~:e -vee ;ia:ed — a ‘
~~ter O r-.- pret~~~ e

P 

_ _ _ _ _ _ _ _  

- 
-

~~~~~~~
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reactor , and Slow l y heated ~lth stirring . ~..suall y at aoout 90°C an exo—

t”e~ ’ic reaction startec and the ter~erature rose to about 125°C. 4~ter

the e~othe r-1ic process s~Ps1ded. the reactor was heated at 100
0C for 12-15

nours . The reaction i’xture was coo led , thC unreaCted nal’de (- i ’ present)

separated , tie a~~eous SOlu t iOfl evaporated to dryness, and the solic resi due

.~Orked ~ p as above.

T-e results are tabulated in Ta bl e 1. The approximate y ie l ds are based

or the amounts 3f crude sulfonate sa lts ~so lated . The ir spectra of al l
p

sa!~ saip les sric *ec di stinct acscrp :’cr at .2oC and 1060 cm ’ character~stic

f~~r ~~:ric ac~-c sa lts.

The salts obta’ned frcm a~~y~ ~od i des we ’e ccrtarirat ed with sodium
$

:~ .ers~an o’ Partlaflj Fl uorinate-i Soc i~ r M~ anesu ’’ona:e s into Free 3c~ds

~ :: agueous so lut ion o~ :“e sod~~r a kane s~~’:rate was passed t~ rouçr

an ~:~-e~:rar;e ~ol.~’r ~ac~ec ~~~ 2-120 resin , The collected acuec~ S

sc~~t~-on :‘ t’e acid was evaporated, and tie resi :ue -~ac~....r d’s:i~ led .

I 
~j s~ n~ th’s procedure sa~~les of :‘~e ‘c : ~ i”~ ac id s were prepare::

, .  - ‘uoroethanes,..l’cr’c aci d , 1’ed .2 . t .o. .2~
.
~.E1 ’°C .

‘ ‘ri.

re-~tra l~~at~or e-~~~~~.a
’ er t  .2’ (ca~:c. :22 ).

P 2. ,2.3.2- et ’ :roc rccanesul’oni : ac i i. y ’e~d 58 . c.p. ~~ -

3. 4- i~ri, ieu:r3l~ zat,:n e~ou~va i ent 1?’. :alcc . 2€),.

$ :‘ S:c’- ..i ~ydrO;en Su l ’lte to -exa luorcpr~p ee

A i~ tu ’e 60 ; (~ .S mol e a’ 5Oi~u~ ~~dro:en ~~~ .
‘‘

, 37 .3 -
~~
‘

i — !~~~~~‘ water ~ri~ 3.8 ; :‘ oe~zO ,i ;er- : x~ de were o ’a:ed fr a

p l ter °ar— ~oro reactor. The react:’ —~.as coc~ed ~n a Or , :e-a:e a~’e

p

_ _ _ _ _  —
- 

— —1

a i,’: ~~
‘
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1~~:Jre and l’~~~’ied per~luoropropene was ‘ntroduced cy suction into the

evac..a:e-a :orc. The contents were neatec to ‘-coir ten~erature (25°C). the

:ressure ~eas.~rec. and :ne neating was con: r,uec . 0: ~3-75 °C an exothermic

•~ea::i:m star:eo. The heating .vas continued at 120°C ‘or about :2 hours.

Th
~ •‘eac:or co ntents .~ere cool ed to room temperature , t-e ..r,reacted hexa-

“
~
uorOprope”e l -P ...i”ed arc  weigned , t re react ion mixture ‘-ilte red, evapor-

3:ed to dryness , and the result - irg salts extracted witr hot absolute ethanol .

p
i~;e~’-”enta~ ~esul ts

(0.6 mo’e) a’ OF.2F • CF,

0.3 ; a’ ~en:c. oe~’cxide

:n~t - ~ : ~~~~~~~ 7 a 25~C $ :sc psi
•‘a~ ’ T s :o- °c ~ a .22

7 • 25°C 2 • .20 ps’

‘ie~: 4.6 c’ s::-~— sa lt

::. ~s.3 (3 .:5 ,ole) a

0 .2  :‘ te”:oI peroxice

:nl:’a ’ Z~r~i ton  7 • 2500 0

P ~‘~~X i ’  i — • :s:-°o .

7 • 25 °C P • :22 ;s~

C:n.ers’ :n 32~

~ p Y i e~: .2.5 :~ soc i~m s~ait

‘a

-I

-“- —- ~~--- —-- ;--,--- -- -
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.2~~~. 90.0 g (0.6 mole) of CF3CF • CF2
3.8 g of benzoyl peroxide

In itial Condition T 25°C p • 140 psi

4ax1n~m 7 $ 1100C P • 250 ps~

Final 1 25°C P - :20 os i
p

Convers ion 21 :

Yield 8.7 g of sodium salt

:‘:. :25 ; (0. 7 mole) of CF_CF • CF
F ,

.20 g ~f benzoyl peroxide

:n~tia l Condition I • 25°C P $ 14-C psi

T • 120°C ~ •

I • 25°C ‘ .20

Convers~on 2 2 ’

Y~eld 13.6 g of soci3~- sa~t

V . 79 ~3.E3 ~ol e) Of CF 32F

2.0 9 of benzOy i peroxide

:nit’tal Condition 7 • 25°C p 160 as’

$ Maxf r~jm • 125°C ° $ 2.30 ps ;

FInal 7 • 25°C ~ :20 ps~
Conversion 23

Yie ld ~.3 g o~ sodium sa ’ t

a

- -  :ii ~ 
-
~~ 

_ _
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L ,1 ,2.3,3,3-~exafl uoropropanesulfonic A cid

9.4- g of the sodium salt from tr’als I! and III ~-ias acidified wi th an

excess of 35 sul fur i c acic . The solution was extracted several times wi th

ether. The ethereal extracts were collected , dri ed over anhydrous sodium

sulfate, tie ether was removed, and the residue vacuum dist ill ed yielding

.2.3 g of a slight ly yellow , very viscous product of b .p. 102— 1030C/1.Z u n .

The compound was redistilied , the fraction boil ing at 110-112°C/2.7 TuTu was

— 
collected. The product (9.6 g) was a colorless, viscOus , and flygroscopic

l~~ui-c . ~eutralizat1on e~uivaIent 230 (calcc . 232) 
1H nmr spectrum (020)

showed two i~ultiplets at 5.91 and 5.18 ppm . Figure 8.

a’ Sod ium ~ydrogen Sulfit e to Chlorotrifluoroethy l ene

A sal - ..ticn of 100 g (0.96 mole) of sodium hydrogen sulfite in 200 ml

a’ ~istifl ed water buffered to pH • 5.4 with borax , and 1 g of benzoyl

:erc~~de •~ere placed In a 1 liter Parr pressure reactor. The reactor was

evacuated , cooled if l dry ice—acetone ~~-~ture , and ?3.5 g (0.84 mo le) of

f lo~~’ied cnicratrifluoroethy lene was Introduced ~y suction. The contents

-were -e~ted to room temperature (25°C, 180 psi ) and the heating was con-

t~m~ed. A t  60—73°C an exctheu~ i c reaction started . The reaction mixture

-w45 neated at 2 0 0  for 20 hours. The tota l ares~~re drpc at this tempera—

I ttire was SC ~5i~ The reaction contents .qere cooled to room temperature ,

t’e unreacted ch~orotrif1uoroethylene liqulfieo (70. ? g, 29’ conversion),

t e react4-o n !iixture fi l tered and evaporated to cryness. The residue was

a e~ tr~~ted w itn  ~c: absolute ethanol. Evaporat~or of :~e ethanol cave 39

c—-ide sod i~~ -: ‘arotrlfluoroethanesul’orate .

$

p
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acidification of Crude Sodium Chiorotr ifluoroethanesu lfonate

t .:itn 35. Sulfuri c Ac~U

The crude salt from previous experiment (39 g) was treated with 200 ml

of 35~ sulfur ic acid and the mixture stirred for ~ hour. The inorganic salts

were f’l:ered off and the filtrate extracted several times with ether. The
p

etne real extract was dried over anhydrous magnesl...rr sulfate, the solvent

evaporated , and the resi due vacuum distilled. Two fractions were col 1 ected:

1. Fraction b .p. 35-45°C/2.1 nm 9.5 g, 17.7’- calculated on the reacted

chiorotrl fl uoroethylene) was found to ~e cn ’orotri’luoroethanesul-

‘or-ic acid ethyl ester. Sapon ificati on equ i -ialent 238 (calcd. 226.5).

nmr spectrum neat showed methyl group protons at 1.30 ppm (3H ,

— triplet , C • 6.8 ~z)  and one ~rcton at 6.~~ ppm (r , spli t doublet

• 47  i: C • 1:).
— ,~~ ;em ~~ vic

2 . Fract’on t .p. 104—1060C/1.5 iri (11.2 g, 22.2’.) found to ~e

:‘ilorotrifl uoroethanesulfon~c acid monohyarate. The compound i~ a

colorless , very v ’Scous, hygroscopic li - Ou l d , neutralization equiva-

lent 2:7 ( ca l c d. 216.5) 1p~ ~mnr spectrum (0 ,3) showed a split

ao~olet at 6.67 ppm C ,F e~ 
• 4-~ 

~~~~ ~~~~~~ vic 
• 2 - z ) .  F,cu re 9.

- d rol.y S cf Chlorotr~fl uoroetnanesuifonic Ac~c Z t r ~ l Ester

P Th-jr ;ra-is of ~reced1ng ethy l ester and 4 ~l c’ water ~ere refluxed

f~ r one ~cur . The -water was evaporated , and the residue vacuum d’s till ed

j~elding 3 g (73 - ) of chlorotr4t.2croet~aresul for-1C ac~d , t.o. 1~4—105
0C/

p :.s ~r •

‘ ‘~ soec truri of t~e prod...ct was ~dert4 :~ l .~ t~a :‘ :~‘e ~a’c~e

:~~3’”ed by ~ -:~ :~‘ica:~on of t~e s~’ciu~ salt.

p

P 

~~-iI T 
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Reaction of Chlorotri fl uoroethanesulfonic Acid ~11th Ethy l Ether

Three grams of chlorotr-i fluoroethanesulfonic acid , 20 ml of ethyl ether

and 10 g of annydrous magnesium sul fate were refl uxed with stirring for 12

iours . The reaction mixture was fi l tered, ether evaporated, and the residue

vacuum disti lled. Two fractions were collected :

1. b.p. 40-450C/1.1 urnu (1.3 g) - identica l with the chlorofl uoroethane—

sulf~nic acid ethy l ester described above.

2. 5.a. 100-102°C /1 . 1  ‘ui ( 1 . 4  gj  - unchanged chlorotri fl uoroethane—

s~ l fonic acid.

‘eo- ~~ tion of Z,2,2-Trifluoroet’iy l Thiocyanate
p

A . From 2,2.2-~ri fl uoroethy l ~‘ethanesulfonate

so.2tion of 1.15.3 ; (1.8 mole) of sodi-uri thiocyanate in 35C ml of

:i~~t”y~’ormam1 de was brought to refl ux and d i st l ’led through a 7 inch
&

col~~’ packed wit~’ helices until the head tenVerat.~re reached 152°C. 79.5 g

(~~.4S mole) ~f 2,2,2-tr ifluoroethyl methanesu l~onate was ad ded to the cooled

sol .~:Ion. The reaction mixture was very slowly dist il led, ~nd the fraction

:oi1~ rg ?0-1230C collected over a Oeriod of 2.5-3 nours. The dist ill ate

was taken up in 300 ml of unethylene chloride , washed seven times with 00 ~
a ’ auots of .-ia ter and twice with brine, and dri ed over anhydrous magnesium

• s~i’ete . The solvent was evaporated and the residue vacuum dI stilled . The

fraction boi lin g 55-70°C130 r-ri was collected .

The ~4 nmr spectrum showed about 80 content a’ the thiocyanate

P (aua’-:e: at ~~~ ~~~ • 10 ~: ) .  The ..‘~e1d a’ the orOcuct Corrected

‘~ r i~~urities was 3 .1 : (4814. F~gure .2.

P
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3. From 2,2,2-Tri fluoroethy l p-Toluenesulfonate

In a si,il ar experiment , 76.2 g (0.3 mo le)  of 2 .2 ,2-tri fluo roethyl

;-toljenesulfonate. 97.2 g (1.2 mole, of sodiurr thiocyanate and 200 ml of

i~ietnyl ene chlor de yielded 19.1 g (451) of the thiocyanate , 5.p. 57-720C/35 nmn.

‘3*idation of 2,2,2-Trifluoroethy l Thloc,yanate With ~1tric Acid

Concentrated nitri c acid 182 ml (2.77 mole) was placed in a three—necked

fl ask suppli ed w Ith mechanical stirrer , dropping funnel , thvmiometer, reflux

condenser and a nitrogen inlet tube. 3C g (0.21 mole) of 2,2,2-tri fluoro-

ethy l t~iocyanate was added very slowly (over 4 hourS) at 80-90°C. NItrogen

was con ’u nuous~y ~u0b ed through the reaction 
— xture to remove the nitrogen

a’. des ‘ornea The reaction rnx ”Jre was then heated at 90-95°C (steam tath)

~nt ’i the evolition of nitrogen oxides ceased Cabout .2 hours). t was then

transferred to an e4aporatlng disn and heated on a steam bath. The thick ,
- P

oi~~ residue was trans ferred Into a di s til ~atio n flash and vacuum disti lled

ylelaI ng 17.2 g (5014 of 2,2,2-tri’iuoroethanesulfonic acid. The product is

a colorless. nygroscopic solid , b.p . .28~i10
0C 1.5 m, m .p . 50-51°C, neutra l-

cat ion ec-u ’ va ert 162 (calcd. 164).

~ne it~r spectrum (230) snowed a ~tiartet at 3.25 co~ C~.F 
• .2 ~z.

,
~~~ 1:.

~~act’on a’ °,rtially Fluorinated Alkj l 2romldes ar~

~O$ylates .et~ 3enzy l ~~rcaptan

:n a ~‘r~~—neC~ed flas’. fitted ‘wit h ~ne~.na~~cal st~rrer , t~e’—c~-eter .

re’ux condenser and drooplrg funne l were olace d € 2.2 —ole ) :-‘ 52

3a~~~-~ ~:.-o ’cx~de and 6C 
-
~~~ o’ d1—etny i’cr~ar~~e. 7~e xt~~e ~as ‘1~ s~e’~
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wel l with nitrogen and 24 .3 g (0.20 mo l e) of benzyl mercaptan was added .

p Then homogeneous, tne warm Solution was treated with 0.17 mole of the par-

t’all 1’ fl uorinated alkyl bromide or tosylate &t Such a rate as to maintain

tne reactIon temperature at 55—65°C. The Soluti on turned cloudy , and the

stirrin g was continued until the temperature dropped to about 30°C. The

reaction mixture was quenched in 250 ml of water, the product extracted

w ’tr nethylene chlori de, the organic l ayer washed with dilute sodium

ydro ”.’de and water , and dried over anhydrous magnesium sulfate . The solvent
— wd S .~va~orated , and the residue vacuum distilled .

Th e following compounds were prepared :

. Benzyl 2-fluoroethyl sul fide was obtained from the corresponding

bromide ~y Ield 771) and tosylate ‘y~el~ 75~ ). b.p. 84—35°C/1.5 nm.

The nmr speCtru’~ neat showed aromatic protons at 7 .1.2 ppm (SM,

$ 
singlet), ~en:yl protons at 3.60 ppm (2w , singlet) and ethyl ene

orctons at 4.67, 3.90, 2.67 and 2.33 :pr (3i~, triplets). Figure 12.

2. en~y l .2.i-trifluoroethyl s~~’ide was prepared from the corres—

ponding tosylate y ield 314, b.:. 4-5-4-60C,0.20 ‘m. The ~ nmr

spectrum shcwed methyl ene protons at 2.63 oom (2~, quartet , JH F

:2 — :), aen:y l protons at 3.5 ~~ (Z~, si nglet;, and aroi~ tic

protars at 1.14 ppm (5~., single t).

3. 3er-:y l ,2,3,3—tetrafl joropropyl sulfid e was prepared from the

corresoonding bromide (~~e1d 794 and tosy’ate (yield 75- ) b.p.

~~~~. The nmr spectrur -eat snowed ~ethy 1 er-e orotons

at 3.72 apr-i ~2’, tr~:’e:, J~~
_ • 16 —a ). ae”:.’ protons at 2 .€7 ppm

(~~~~~. s~ic 4t,, et~ine oroton at 5 .7 !  ac— ( . 4 . s: 1
~ t tri O iet ,

— ;e— ~~~. Z, 
~~~ vic 

‘a d ‘ o a  c ~“o cr-s at 7

( Sr. , sin;ie:;. Fi:..re 14- .

I ~.~ i±1T~
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~eaction of Partially Fluorinated A1Ly 1 Tosy lates with Tert-butyl Mercaptan

— In a similar fashion 0.34 mole of 50~ sodium hydroxide , 125 ml of

dimethy l formamide , 307 g ~0.34 mole) of tert-buty l mercaptan , and 0.17

mo le of the corresponding tosylate gave the follow i ng sulfides :

1. Tert4~utyl 2-fl uoroethyl sul’ide , yield 65 . b .p. 73—77°C/95 m.

~~ nmr spectrum (neat) showed ethylene protons at 4.82. 4.03 ,

2.92 and 2.63 ppm (4H , triplets), and tert-buty l protons at 1.32 ppm

(914, stnglet~. Figure 15.

2. rert-buty l 2,2,2-trifl uoroethy l sulfide , y’eld 551- . b .p. 70-72°C/

100 ‘u n. The spectrum (neat) showed the tert-buty l protons at

1.32 ppm (9~, si nglet) and unethylene protons at 3.10 ppm ~2)i,
- I

a.~av:e t. — ,F 
11 ~4z ). Figure 16.

3. Tert-outy l 2,2.3.3-tetrafluoropropy l s~ lf~de y1eid 45~, b.p.

63-65°C/tOO ~r. The ‘M nmr spectrum (neat) showed the tert-buty l

protons at 1.30 ppm (914, sing let ), the methyl ene protons at 3.05 opm

2- , triple t 
~~~~~~ 

‘ 16 ~1z ), and tre methine proton at 5.92 :p~r

~~ split triole’. 
~ j F  v ic • 53 -~z). 

F gure ~~~~~.

*

2~~~at~on of the Sulfides with Cl2~~ Q

~n a three-necked ‘lask equipped with —ecrianical st-rrer , thermometer ,

$ refL’. condenser , and chlorine inlet tube were alaced 0.12 ~,ole ~f the

;recedi
~
g su l’lde and 50 ml of water. The ml*ture was cooled In a dry ice—

3cetare ~ath . ~t 2 02 , with ice beg inning to for~i ~n tie ea ’ll S , gaseous

P -:n ’0r4-e was added above the mix ture , cont rol ling t~e tempera ture to

~ :°: ;ener3l~y . w i t h —10°C reached toword the eno - Thr~~e was ‘‘tr~-

I sa:urat”on :~ta’re~. The lower laie” was ~~xed ~~~~~~~ a’

P

1
’ 

_ _  

_ 
_ _  _ _ _ _  
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-
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-iethy ’ene chlor ide , drained , and cni1led w h il e drying over anhydroui nag—

nes’um sulfate. ‘eth y l ene chloride was removed, and tie residue distilled

-under reduced pressure.

‘~“e following compounds were prepared:

1. 2-Fluoroethanes-ulfonyl Chloride

a. From benzyl 4-f luoroethy l sjlfide , t re product was obta ined

as a mixture w i t h  benzyl chloride , b.p. 80-83°C/25 nm , yield

53 - (e~:imate~ by nmr spectrum). Figure 18.

a. ~rcii’ tert-butyl 2-f luoroethy l sulf ite , :i’elc 55 , b.P. 76— 78°C!

~ ~r. The product w35 conta rrinated with unidenti fied admix—

tures .-~n i c r cCuld not be removed by fractional distillation.

•~ r~mr spectr um (neat ) showed four t r ’t lets at 5. 47 , 4 .61, 4.38

anc 3.98 ppr . Fi -;ure ~~~~~.

2.  2 . , -T~i’iuoroethanesulfci~i Chlor ide

~ 
:.. ~~-. benzj 2.2 - ri fluoroethy l s~ ‘ de y eld 57 , b p

65_670C~4S ~r. The arod ct was contar’nated with a small

amount ~f Derail chlcr lde . F-~gure .2.

a. ~~or tert-buty l C, ,2-~r’fluorceth y l sul fide , y ie ld 6 ,

57-5C °t-’42 r (ht. (1.5) D.2. 54-~€ 7 0C~45 — r  . The product ..as

contaminated by ~n~dent1f1ed adml -’.t-ures whi c h could not be

removed ty f— act’ona~ d1s t illa t~ar-. rurr spectrum (neat)

showed a :aartet at 4.37 ppm , ~~ , - 9 Hz. Figure .2.

., 3.3-7et ra~
’ c~-oa rcoanesuifon ,- Chicr’oe

a. ~ron ber :,i 2,2,!.3_tetraflucrocro i ;u1’1~e the :‘o~uct ~as

:::at’ec as a m i t ~re wl tt ae~zy l c~ilor1de , t.~ . 7C-~~~~/5  i’u.

y~el~ 63 (est ate - ~j ~~r spectrur-~. FIgure .2.

P
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3. ~~~. Fr-on tert-buty l 2.2,3.3-tetrafluoropropy l sulfide yiel d 47

b .P . 7~--270C/~~ ~ru. The ~roc~ct was conta m inated .-~it ~’ uniden-

t-~~ec ~o-~ ‘tures ,nicn coulc not ~e removed by fractional

~ irnr s~ec:rur (neat) showed a s~l i t trip let
- a: 5.~7 ~~~ ( I~ . ~~~ F e” ‘ ~ ~z.  

~~ F • S ~z). F~~ure 23.

-jd rcl!s~s cf ~art~afl~ ~‘uor’’-ated A anes~~’c’ry Cilorides

to S-ul’aur -: Ac ids
I c .:e ~oe o the s~~’any c~ ’cr’de or tie a:-oroar~ate ~~c~ r-t 0 tne

~~.‘.~~~ ri i -c-n ’or’oe ~i~ ture •e:r :e:il chl or ld e , and 20 iii a’ water were

~~~ •.-‘- tn st lrr -n ; for :: ‘o~rs. ~~ter  coc~~~g tne ~-aLtion was cx-

tr~.ct~.: t.-rce -~‘:~ 0 -il ~l’:- ots c~ et~e~, :~e aqueous l ayer .-~as evaporated ,

p—c t’e res~:..e .acu m ~ s :~lled .

l~’-e ~~~~Ow~ fl £u~’0rr C acias ~ere ~raoa~ e~~:

* 1. 2-F~..~rtetiaresul’onic ac’d , y~eld 66 , t’.o. :.2~::a~C . 0.:

‘-e~:r3 a~~on eQul ia ’e’i .27 (calco . .2 ! ).  ~~~~ 
— s;ectr~.ri

~~~ 
~~~~~ etny ie’~’~ ;ro:3”s as t’-~:~e:~ at 5.22. ~~. .— , 2.5~ and c—

* ~~~ oa :. F’;ure 4-~

.- -- o -2. ,2-, ”’~cr:et anesu crr : a:~~. y~~.a 32 . b.;. ~~~~~~~ 2 1 . 1  ~r,

ne~:ral~ :at~on e~~ va’e’it 167 (cal:~ . . ~~e — ni’r s~ec:r-~r

$ 
~~~~2 )  showed ethyi ene a~~ tor~ at 3.37 :c-~ (2k . c~artet ,

F 1 ~:). ~~re 25. 

~-Te:ra ’luoroprooanesulfon’: ac :, ..e
’4 33

$ 3. rtm. ne~tr3 Zat’oi eGu~ .- ae nt (-:a :a. ~~~~~~~~ - ‘ ~ ~~
—

S?e: ’ -~r’ (2.2, snowed the e:-~ r.~ ;‘~ t:’~ .2 :~~ ‘~~~~, s o t

~~~~~~~~~~ . - ‘ —
~~~. ~~~~ . - 3 ~:; :~-: —etny~e’-e :-ctor;

— .- 
~e . -

p a: 3. ~3 ;on (Z’-i, :~4ole t. 
~~~~ 

1€ —a ) .  ~ -i :~re 2~ . - - 
-
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DISCUSS 10k

This project was undertaken to find a reasonable method for the synthesis

of low molecular weight ~rtiall y fluorinated alkanesulfonlc acids.

According to the literature the following methods looked most promising :

I. Addition of sodium bisulfite to fluorinated alkenes.

II. Exchange of halogen for sulfonlc acid group irs partially

S 
s- fluorinated al kyl halides.

III. Ir.troduction of sulfur into a part iall y fluorinated alkyl

moiety with subsequent oxidation to a sulfonfc acid.

I .  Addition of od ium Sulfite to Fluorinated Al kenes

flmost all of the ~a’t1all y ‘luorinated alkanesul’onlc acids described

in the literature were obtained by the addition of sodi um bisulf ite to

C fluoroolefi ns . This method gave good results especially with higher olef ins.

The general procedure consisted of reacting an aqueous sodi um sulfite solu-

• 0 tion with a fluoroolefin with or without a catalyst (benzoyl peroxide) under

autogeneous pressure at 80°-210°C. As far as the low molecular weight

partially fluorinated alkanesulfonic acids were concerned, only the prepa-
0 ration of tetrafluoroethanesulfonic acid and hexafluoropropanesulfonlc acid

were descri bed. For tetrafluoroethanesulfonic acfd , Coffmann, Raascr-,et al . 
-

(2), specified tne following reaction conditions: pH 6-7, reaction tempera-
$

ture 120°C and pressure 350 psI.

CF2~ CF2 + NaHSO3 CHF2CF2SO3Na

I

_ _ _  -- -5— - - - -  
5

a
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Kosher, Trott and La Zerte (
~ ) -  obtained hexafluoropropanesulfonic acid ir

• a sir’Iii ar way ~ut they did not specify the volume of the vessel and tne

react I on pressure. in ~cth cases, the reaction mixture was evaporated to

~ryr~ess, extracted witr~ alcohol to obtain the alcohol-soluble salts of the

o ~.sif Ofll~ aci -~s. Tetrafluoroethanesulfonic acid was liberated with 35~ si l-

furi c acid and extracted with ether and then vacuum distilled . Free hexa-
fluoropropanesulfonic acid was obtained by treat1n~ the sodium salt with 95i

C) sulfu ric acid in sulfan (SO3) followed by vacuum disti llati or of this

rlixture.

CF 3CF~CF2 + NaHSO3 - CF3CHFCF2SO3tIa
0 In o r  preli—i na ry experiments In the preparation of hexafluoropropane-

s~~f~riic ac1~ , USinG the described amounts of starting r~ater1als and carrying

out ~ne reaction ir ~ ~ liter Parr reactor, a sm,ch lower conversion of hexa-

0 
fluorooropene was achieved . The best results were obtained when an excess

of hexafluoropropene and a slightly Inc reased amount o’ benzoyl peroxide

- - were used. However, the yields and the conversion described by Kosher Trott
(-

I
and La Zerte were never reached.

~ e sodium salt of hexafluoropropanesulfonic acid was isolated f ron

the evaporated reaction mixture by extraction with alcoho l , but it was found

that the best method for conversion of the sodium salt into the free acid was

not by treatment with 95~ sulfuric acid and sulfan 5 (503) but rather by

-~ treatment with 35’ sul furic acid and subsequent extraction with ether. The

best conversion obtained was 22.5- . and the highest overall yield was 11.8~,

compared to 84.8~ conve -s i on and 63.8~ overall y i eld gIven by the authors.

• 

C1 FC.CF
2 

+ NaHSO3 C1FCHC F
2

SO
3

Na

0
0
a
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To evaluate the reaction conditions for the addition of sodium hydrogen

s~~~
te tc chlorotri fluoroethylene, the olefl r was charged In botn gaseous

an~ lic. ’fied forr~s. The reaction was carried Out at 120°C , 170°C, and 200°C,

~.i:~i and w r ~ ut benzcil oeroxide as a cata’yst at pr 5.~ , ~-7 and 7—7.5.

P The details are gi ven in trse experimental section. ~ e best rest~lts we re

obtained when chlorotrifluoroethylene was charged In the liquifled form,

benzOyl peroxide was used as a catalyst, the reaction tenperature was 120°C,

* an d the pressure was 240 psi . The convers~on of the crude SOdium chlorotrl- 
-

~ uoroetnanesu ’fo -ate was 2 8 :  and the y’~eld was 73..

-: o convert the sodium salt of chlorotri -fluoroethanesulfonic ac Id into

tne free acid , twc methods we re employed: ac idification ~y 25 sul’uric

aci d ‘ollowed by extrac t ion .~itPi ether and purification ~ a vacuum d istilla-

t~on; and an ion-exchange method in which a S-lQ~ aqueous SOlution of the salt

was passed through a COlur!n packed with Amberlite IR-120 resin , the aqueous 
-

~~
lu tiOfl ~f the acid was then evaporated and vacuulr di stilled . The pure

acid could be obtained by both methods but acidification wi t ’~ 35’ sul furic

acid was chosen prin cipally to avoid evaporation c’ large amounts o’ water

necessary wit~i the Ion exchange method.

Quite unexpectedly, when the etherea l extract of chiorotri fluoroethane-

sul fonic acid was worked up, the vacuum distil lation of the product gave two

fractions : boiling at 35°- 450C/2.i nmi.Hg. and at 1040—106°C/1.5 nTn.Hg. The

Isi gn boiling fraction was the chlorotrifluorethanesulfonlc acid , whereas the

low boil ing one did not show a Sulfonic acid signa l In the sr spectrum and

its nmr spectrum showed the presence of an ethyl group , indicatlrç that it

was the ethyl ester of chlorotrl fluoroethanesulfonic acid. This compound
- --

~~ when refluxed with water was converted quantitatively into chiorotri fluoro-

etPsanesulfonic acid. In several experiments the amount of ester fraction

— -— -5 - - —  —5—- ——- — - — - - --5- —5
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was varia ble, r-~re c’ it forming wrsen the etherea l extract of the acid was

c ‘- e~t overn’;nt .‘tn tne ory i ng agent, ind’:a t’ng that the ester r~ight have

oeen formed -in the reac~i on of chlorotri’~uoroethanesulfonic acid wi th etny l

etrser. In fact, when refluxing chlorotrifluoroethanesulfonic acid In ether

Q - ‘  :~e presence c~ anhydrous riagnesi~~ sulfate ‘or 12 hours , a considerable

amount of ~ e ethyl ester was formed.

ClFC riCF ,SO 3~ C2
H

50C2H
5 

- C1FCHCF20S02C2H5
Q Ir ‘ rtner experiments . the add’tion reactions of 1,1-difluoroethylene,

:r~’luoroethylene and tetra’luoroethylene were tried. None of these ole ’Ins

co~~ be charged ~nto t’e reactor i n  the ‘~ui 1ed form because of very low

~ci~ ing points . They were therefore charged in gaseous fori~ at ambient

temperatures and then the ~ress~re reactor was heated to 120°C. The highest

- 

pressure ~2O~’ ~~i 1 ~:serve: b~ tris procedure was obtained when using
C 

i,i-d i’~kaoroethylene.

:~ tne inst3r~ e 3~ t’ e additio r of tet ra ’~uoroethy lene, ~arric~ ( ~,

stresses tha t tne react ion should be carried out at 325-350 psi . These

reaction products were not the expected low molecular weight alkanesulfonic

acids .

For the t’~ ee fluoroo eflns above , the free acids could not be obtained
; 0

fror the sodlurr salt by acidification with 355k sulfuric acid and ex tracti on
with ether. Only the Ion—exchange method was satisfactory. The compounds

j~
- ~ were high meltinç (170°-175°C) solid s , not very soluble ir water. Attempts

tc dete’—lne the neutra l zatlon equivalents were not satisfactory.

The properties o’ tne products Indicated that a ~~re cont iex reaction

• 
must have occurred, not the simple add1 t1on -~ the compounds were probably

polymers rather than low molecular species , and their structures were not
determined.
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:~ . Excnanqe of r (aloqen for Su l fonic Group in Partially

G Fluorinated A lkyl halides ~Strecker ’s Method)

Tni~ method is very popular for the synthesis 0f non-fl uorinated alkane-

s~~’oniC acids.

C In o~r pre limi nary experiments , sodium methanedisulfonate, sodiur-

ethanesulfonate, ethane— 1,2.dlsulfonic acid , propane-1,3-disulfonic acid

ar~ sodium propane-1,2,3-trisulfonate were prepared in good agreement witho tne literature data.

Since tne hal ogen atoms In perfluoro and partiall y fluorinated alkyl

ha~ides are much ~ess susceptible to exchange than In their non-fluorinated 
-

0 analogs . Strecker s method was chosen for eva l uation in order to establ ish

whether at least some of the partially fluorinated alkanesulfonic acids

cou ld~ e prepared from the corresponding halides .
to The reactions of t~e following halides were Investigated : 2,2,2-

S

tr’fluoroethyl iodide ; 2,2,2-tri fluoroethyl bromide; 2-fluoroethyl bromide;

.~,~ ,3,3-tetrafluoropropyl bromide; and 2,2,3,3,3-pentafluoropropyl Iodide .

Since only 2,2,2-trifluoroethyl iodide and 2,2,3,3,3-pentafluoropropyl iodide

were con*~erc1al1y available , the other compounds were prepared from the

corresponding alcohols via their p-toluenesulfonyl derivatives . One of the

alcohols , 2-f l uoroethanol had to be prepared from 2-chioroethanol by the

method described by Hoffmann (20). This synthesis consisted of reacting

2-chioroethanol with anhydrous potassium fluoride in a mixture of ethylene

gl ycol and diethylene glycol at 1700. 180°C The yield of 2-fluoroethanol
- - 

was 5-3~..

a The tosylates were prepared according to the method described by iers,

Brown and Reid (21) , for 2 ,2,2-trif luoroethyl p-toluenesulfonate. The

~~~~~~0 
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31COnCl was reacted with p-toluenesulfonyl chlori de in water at 500. 65°C

In the presence of Sodium nydroxide.

UaOH
~ Cr~,OH • TsC l $ R~Ce~ 0 s2

$ p-~o~uenesui1onyl deri vat~ves of 2-fluoroethano l , 2,2,2-tri fluoroethanol .

2,2,3,3-tetrafluoropropanol and ~,2,3,3,3-pentafluoropropanol were prepared

this way. The :~ elds were very good (80-90~) except for 2-fluoroetheno l (35 ’.

~~r the latter Compound ~etter results were obtained (55~ ) when the reaction

was carried out at about C~C.

The p-toluenesu~fonates were converted i nto their corresponding bromides
C 

. the method of Tiers , Brown and ~e~d (1’ ) .

-: 150°-160°C
4 K~r - -------—- — R f-C~12Br

- 

- diethy lene çlycol
I 

The tosylate was reacted ~~~
- th anhydrous potassium bromide ~n diethy lene

glycol at C°- 6 C °C. The reaction product was distil led from the reaction —

- 

ri xture e~tier under normal or reduced pressure. The y elds were also Mgh
C-

-
- (~~-9O~). ~or 2- ’1ucroeth~ bromide, another method of synthesis was eval u- -

Eec, the reaction of 2-bromoethyl p-toluenesu l fonate and antsydrous potassltir

i~cr~~e ‘n ~‘et”.lene g’ycol at 50°-160°C described by £dg&ell and Parts ~ C)

~ 68 
-

- FCH2CI428r

BrCH,~~’~CTs • ~F ~ -~ C

however, the yIeld a’ -‘iuoroethy l bromide prepared f rom 2-bromoethy l

o-t~~uenesul’o’ate was mucn lower.

Three procedures were aopl led for reacting the above mentioned part1ally

fluorinated alky l halides .

:~ 
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l~he ‘irst was i dentical with that used for the synthesis of non-

~ l~ cr-~nated alkanesulfonic acids. Sodium sul”te was dissolved in water

and tne na hde was added dropwise at about SC-0C with vigorous stirring. The

react i~ r i xture was then refluxed until the halide layer disappeared.

Because of the long reaction time , the losses of the halides , especiall y

the lower boil ing ones, were unavoidable. This made the results unreliable —

to some extent and di fficult to compare.

:n the second procedure , ~O ethanol was used as a reaction mediu- in

~~~ amount as t~ dissolve the halides completely and the sodium sul fite

..as onl y partiall y dissolved .

The third procedure consisted of carrying out the reaction in a Parr

pressure reactor using an aqueous solution of sodiurr sul’ite and introcuc i ng

:‘e -~aiies ;,suct ion into an evacuated reaction vessel . The reaction

temperature was OC0C.

* 
ire results are tabulated ~r 7a~le I below:

~ -‘ ka2S0~ RSO 3t~a

- -  
-
~ ~ e~~s of Crude Su l fonate Salts

— 0

1alI de Reaction

In Parr
‘1 Water n 5O~ Ethanol Pressure Reactor

CF3C~.’,I no reaction ~

CF
3

CF
2

CM
2 

no reaction trace s 5
0 CF3CH2Br - -

C1IF2CF 2C~4 2~r 5*  
5,

~ 1 5;

CH2FCH2Br 75~- 82~ -

~H0 
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Only 2-fluoroethy l bromide can be used success’ul ly as the starting

-.a:eria~ for t~e preparative synthesis of 2-fluoroethanesu l fonic acid by

t?r s rethod . The •,-ie lo s ~f tne crude sodium sulfonate were high , but in the

preparation of the free acid from the sodi um salt only a 23~ yield was ob-

ta m ed indicating that the crude salts were highly contami nated.

2,2,2-Trifluoroethy l iodide and 2,2,33 ,3-pentafluoropropyl iodide did

not react satisfactorily with sodium sul fite. Very small amounts of sulfonic

acid salts , containing sodium iodide probably in the form of double salts,

were obtained . This rnaae i mpossible the conversion of the sodium sul fonates
Into the free acids because of the presence and further reaction of hydrogen

0 iodide in the acidi” ed mixture . 2,2,2-Tri fluoroethyl bromide could be used

n Strecker s syn t~es~s on
1y in the Parr pressure reaction because of its

very low boi ling point ~25°C ) .  It seemed to react slightly better than the
0

corresponding iodide .

- 2,2,3,3-~etra ’uoropropyl bromide gave better results and a sample of

pure free 2,’,3,3-tetra fluoropropanesulfonic acid could be prepared from the
0

salt.

f These results indicate that Strecker’s method is complicated and ineffi —

d ent for syntiesis of partial ly fluorinated alkanesulfonic acids Yields

are rather erratic and recovery end purification of the sulfonate salts are

very difficult Even In the instance of 2- fl uoroethanesulfonic acid the

overall ield (3 4 ) s unsatisfacto ry

0
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:::. Introduction of Sulfur Into ~ Partially Fluori nated Alkyl

!~ ie:y ..it~ Subse~uent Oxidation to A Sulfonic Acid

P4oore ( 2 ~ I descrited a very convenient methoc for preparation of

‘luoromethanesulfony l chloride end difl uoromethanesulfony l chloride from

chlorofi uoromethane and c !-lorodi-~1uoromethane, respectivel . These corn—
pounds were reacted wi th the sodium salt of benzyi mercaptan in dimethyl-

formamide to give sulfi des. The sulfide when subjected to oxidative chiori-
- I nation witn chlorine in the presence of wate r produced the sulfonyl chlori de.

The overa l l y’~ ids i~ both cases were about SOC..
:n ~~ work, an attempt was made to adapt this procedure to the prepara-

I t’on 0’ other partia l~ fluorinated alkanesulfor.ic acids.

:~ tne first experiment , 2-fluoroethyl bromide and 2,2,3,3— tetrafluoro—

~r0pjl bromide were reacted with the sodium salt of benzyl mercaptan; the
0 ,- ieids a’ the corresponding sul’ides were 76’. and 79~ respectively. We found

— :n~t the bromides in this case may be substituted by the tosylates of the

corresponding alcohols. The yields were 76’ and 75~. respectively.a
~ C~H-Ch 2S~1 

~~~~~~~~~

-~~~~~~ - 

1~aOH
- FCH2CH2SCH2C6H~

f~~~lF
- - C 76FCH2CH2OTs C6H5CH2SH - 

-

C~FC F CH Br~~ C H C H SH2 2 2  6 5 2  \ NaOH
— 0 ‘~

— Ci-F.CF CM SCM C H
/ DM F 2 2 2 6 5

CHF2CF2CH2OTs C~H5Ci42SH ~~ / 
- 

-

The good results obtained wi th the tosy lates simplified the synthe~~s

because the bromides are usually prepared from the tosylates. The benz~l

LIT _I1I~ - - 

-

- 

~ TiiT~ 

- 
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2,2,2-tri ’luoroethyl sul fide and benzyl 22 ,3,3,3-pentafluoropropyl sulfide

C 
- were prepared only from the tosylates. The yields were 81~ and 32 - , respec-

tively. In the latter case , furt her experiments are needed to Improve the

yield.

.~ll the su l ’ldes are colorless liquids of unpleasant odor. Their

structures were confi rmed by nmr spectra.

The oxidative chlori nation of the sulfides was carried out in water at

C 0°C by passing chlorine above the surface of the reaction tdxture. The

reaction ~s very exot’~erric and has to be very carefully controlled .

Cl ~CF3CH2SCM2C6H5 
- CF 3 CH2 SO,Cl

p4
2
0

~f%..H2SCH2Cf’4.5 :RqcH2so2cl C~JI5CH2Cl

* 

H20 Heat

RfCH2SO3H

Rf 
a FCH2- , CHF

2
CF
2
— , CF

3
CF

2
—

The reaction product, containing sulfonyl chloride and eguimolar amounts

0 of benzyl chlori de , was extracted with methylene chloride , dried and vacuum

distil led . 2,2,2-Trifl uoroethanesulfonyl chloride (57t) could be obtained

~y this method in pure form. 2-Fluoroethanesulfonyl chloride, 2 ,2,3,3-tetra-

~~~ fluoropropanesulfonyl chloride and 2,2,3,3 3-pentafluoropropanesu l fonyl

chloride could not be separa ted from benzyl chloride by fractional distilla-

t ion because of the small di fference in boiling points. They were used for

the next reaction as a mi xture with benzyl chloride.

- 4  
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- 
- 

The hydrolysis of the above mentioned sulfony l chlori des were accom-

~lisne d by refl uxing 2,2,2-trifl uoroethanesulfonyl chlori de or the mixture

of other sulfonyl chlori des w ith benzy l chlori de in water.

H20
R~CH2SO2C1 R fCH2SO3M

Heat

The aqueous solutions of the sul-fonic ac~ds were extracted with small

amounts of ether to remove the benzyl alcohol and unreacted benzyl chlori de,

evaporated and vacuum dist i l l ed . The yield of 2,2,2-trifluoroethanesulfonic

acid was 83~. w ith 2-fl uoroethanesulfonic acid , and 2,23 ,3—tetrafluoro-
propanesulfonic acid only the overall yield starting from the sulfides

cou~~ be determined directly. They were 45. and 54% respectively.

Chl orinat ive cleavage of alky l sul’ides to alk yl chlorides and sul—

fonyl chlorides occurs readily if the alkyl residue represents a stable
0 cation, e.g. benzyl ~~2) .  An attempt was made to substitute benzyl by

t-butyl In the sulfides. If the reactions proceeded in simi larily good

manner the sul’onyl chlori des could be obtained in pure form and there
C)

would be no necessity to hydrolyze sul fonyl chioride-benayl chlori de

4 mixtures.
-

- - 
UaOH

0 RfCH2OTS .4. (CH3)3CSH 
DMF 

- RqCH2SC(CH3)3

— The reaction of 2-fl uoroethyl , 2 2 ,2,-trlfluoroethyl , 2 ,2, 3 ,3—

tetrafluoropropyl p-toluenesulfonate with the sodium salt of t-butyl

rnercaptan proceeded smoothly but gave lower yields (67~, S5~ and 52C

respect Ively) even If 100 - excess of the mercaptlde was used .

Cl 2
- - 

0 R C $~SC(CH 3) 3 
—

~ R~Ci42SO2Cl
H20

-

~~~~~ 0 
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Oxi dative chlorination of t-buty l partially fluorinated alky l sulfides

gave even poorer results . l~ot only the yields were ‘lower ( FCH
2
-. 56.~

CF
3
- 61-~. CHF2

CF
2
-, 47~.) but also the products were highl y contaminated - 

-

with unidentifi ed mixtures which could not be separated by fractional dis-

tillation . Most probably. t-butyl cation formed in the first of the oxide—

tive chlorination not only combines with chloride anion to form t-butyl

chloride but also undergoes other transformations , e.g. elimination , and

0 reacts further w itn chlori ne.

Pure sulfonic acids could be obtained from these sulfonyl chlorides

bit the yields were again much lower (21—42%).

0

Comparison of the Method of Preparation of Partially

Fluorinated 1-H 11-H-Al kanesu lfonic Acids

The resul ts described above are sumarized on Schemes I , II and III
for each Individua l sulfon ic acid.

2-Fluoroethanesulfonic Acid (Scheme I)

Starting from 2-fluoroethyl p-toluenesul-fonate the 2-fluoroethane-

sul fonic acid can be prepared by three methods:

a. Strecker’s method via 2-fl uoroethyl bromide, sodium 2-fl uoroethane-

- 
- 

sul fonate (overall yield 12.8%).

b. In a reaction wi th benzyl mercaptan followed by oxidative chiori-

nation and hydrolysis (overall yield 32.4%).

c . In a reaction with t-butyl mercaptan followed by oxidative chiori-

nation and hydrolysis (overall yield 15. 7 ).

0
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It should be noted that 2-fl uoroethyl p-toluenesulfonate or 2-fluoro-

ethyl bromide are prepared In a rather low yield ei ther from 2-chioroethanol

or 2-bromoethenol . For thi s reason the overall yield given on the scheme

are only ~.4 - , 9. 4 and 4 .3,, respectively.

0

2,2,2-Trifl uoroethanesulfonic Acid ~Scheme II)

This compound was prepared by two methoc~s. The 2,2,2-trifluoroethanol

was converted into the tosylate and then the tosylate was:

a. reacted with benzyl mercaptan followed by oxiaative chlorination

and hydrolysis (overall yield 34%).

b. reacted with t-butyl mercaptan followed by oxidative chlori nation

— 
and hydrolysis (overall yield 12.).

2,2,3,3-Tetrafluoropropanesulfonlc Acid (Scheme III )

* 
2,2,3 3-Tetrafluoropropanol was converted into the tosyl dcrivative

which was afterwards :
r a. converted into 2,2,3,3-tetrafluoropropyl bromide followed by

- 

4 reaction with sodium su l fi te and acidification (overall yield 6.5~).

b reacted with benzyl merceptan followed by oxidative chlori nation

~ and hydrolysis (overall yield 33 6 )

c. reacted with t-butyl mercaptan fol lowed by oxidati ve chlorination

and hydrolysis (overall yield 4 2%)
0

- 

The only conclusion that can be drawn from these data is that the

really effective preparative method of synthesis of partially fluorinated

1-H ,1-H—a lkanesu l fonlc acids i~ that proceeding via the benzyl partially

fl uorinated sulfide . -
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Scheme I

-i Preparation of 2~Fluoroethanesulfonic Acid
$

clcM2caaoIr

a 150%
F~~2Cn2cli

_  _ _
-

~ 

- 

2C~428CNaCeBe I 
• FQIaQiaBr ~ FQ(aCH2SC(0H3)3o I I I

(68%)I J 82% 56

- I (crude product) I
(FC~ C~it5O2C1 I FCHaQ~a$O~~ FcHacMatOaCl

FaiacaasoaH

Overall yield 32.4% 12 .8% 15.7%
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s
Scheme II 

-

Preparation of 2,2,2-Tri fluoroethanesulfonic Acid

CF3CH2OK

I 
189%

c?3cR~sc(cH3)3
I 

~,%1 I j61%
- CF30fl250301 cp3c~so~ CF3C112S02C1

cF3cH2so3R
- 

I 
Overall yield 34% 12%

S

ii S
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Scheme III

Preparation of 2,2,3,3—Tetrafluoropropanesulqonlc Acid
I

~1F2C72Q~Q1
a I

j83. 2%

* 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 

~~~~~~~~~

- s Q
~FeCF~C1jaBr ~HF2C?1CH~2SC (at,),

J(6~~~~~~~ 115% 
product) 147.2%

I 54• (CMF2CF2CH25O2C~i3 ~j~~FacMaSO,N& ~~ 3CF2~~ S02C1

QiTaCFLaSO3R ~~~~~~~~~~~~~~~~~~~~~

Overall yield 33.6% 6.5% 4.2%

I
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COHCLUSI0~S

The results obtained enable us to formulate the following conclusions:

:. Low molecu lar weight partiall y fluorinated el~anesulfonic acids con-

o tai-ing ~—methylene groups can be prepared n reasonaole yields from the

,-tciuenesulfonates o’ the corresponding elconcls. via a reaction with benzyl

—er~a~:an , ‘ollowed by an oxidative chlorination 0’ t’~e resulting s~1f1des,

o with subsequent hydrolysis of the sulfonyl chlorioe formed.

. The rea :ior of partiall y fluorinated al~y~ ha Hdes w1t~ sodium

s .,l’ite (Strecker’s Method) proved to be ineff1~~ent (very low yields) and

unreallable. The s~l-~onate salts formed are diffi cult to recover and purify.

3. Addition ~ ‘ sodium .Asul’ite to fluorinated olefins was føun~ to be

effective when tne olef In was charged Into the reaction vessel in liqu i ’led

0 ‘or~. The reaction needs ‘urther Study and investigation for ethylene

derivatives.

:
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