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The reaction of perflu,oroalhyÌ vicinal cihypcchlorite

wiih carbon inonoxide, sulphu.r dioxid.e, benzalcì-ehyde anct

iri henyl phosphine is c-esc].i bed- and bhe reaciion prod'u.c -us

\',ie e ciraracterized- by infrared and n" Ìli. ll . spectroscoi"v'

Group V d-erivatives of perf-Luorc;oi nacof \ïere prepared-

" lhe reaciioir of disodi-um perfl-uoropinacolate i¡¡ith tríphenyl

hosphoms c-j.l¡r.orni de: triphen¡,I arsenic d-ichlorice, triphen¡'}

aniimony cichl-or.j-d-e and phenyl arsenic d-ichloride. lihe products

ïiere characte¡izeci by flu-orine n. nl . r. ' infrared spec'broscopy

and ittass sÐec irolxeì;::Y.

Sonie reac.t ions of chlorof ori'ä v¡iih he>lafluoroacetone

and pentaflu,orochloroacetone \¡iere briefty Ínvesfi 6ated'

arr
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GENERAL IIiTIìODUC TI O1'I

Schutrenbergerl i-n I878 reporiecL that acetyJ- hypo-

chl-orites coul-d be formed by the a-ction of chl-orine rnonoxi-de

on acetic acid.

Cl,C + RCOOH RCOOCI * H^04¿

These acetyl hypochlorites can alsc be forined v¡hen

chlorine is mixed with silver carboxyla'ûe in nolecular

proportions at loiv temperatu.re2.

RCOOA8 + Cl-, 
-___-+D 

RCgOCI + A6CI

These acetyl hypochlorites are rather nnslable. They

d-ecompose readily lo give the chloride and carbon dioxide v¡hen

v¡arrned slightly.

RC OOCl RCf + CO,

The first knov¡n alkyÌ hypochlorite rva-s i-sol-ated in

1BB5 by SandmeyerJ. i'.e obtained ethyl hypochlorite by the

action of chlorlne gas on ethyÌ alcohoÌ in the cold.

CZH5OH + CL, 
-+ 

C ZHTOCL 
+ HCI-



t1i s ivork v¡as then stuclied by cha.ttav¡ay4 and, BackebergS.

They v/ere unabf e to obtain a pul:e sa.rn,ole of the hypochlorite

above oo because i t decorn'posed to ard.eh¡rfls a.nd hyd-rogen

cirloride.

C -H-OCI- CH,CI{O + HCI-/, )

Chattalay poslu.lated the exj_stenc e of other unstable
Lhypochloriiesa su.ch as benzyl, propyl, butyl and amyl-

hypochl-orites. f t v¡as shov¡n that the order of stabi_t_ity of

t hese c orn pounds ï,ras :

tertiary

The alkyl hypochforites were found to be mobi fe,

volatj-le liqu,ids of strongÍruita.ting odour. The prì-rnary ancJ-

secondary hypochlorites decoinþosed expfosively to ald.ehydes

or ketones respectively r¡¡hen exposed to light. Even in the

dark, vrhen they vlere heated to rootn ternperature, decornposition

occurred with the evol-ution of hea.t. rhe tertia-ry hypochl-orites

r¡/ere more slabre" They could be kept i-n the dark for a I ont

period- v¡ithout signs of decomlrosilion. iioivever, lihen exposed

to ligh-u or u'ith -uhe appli-caiion of sli-gÌrt heating, they clecoüiltosed

to ketone and- alkyl cirloride. The deconrrosition schemes v/ere:

RCHZOCI RCHO + i{Cl



Iì-CHOCI_ R?CO + I{Ct
¿L

lìzCOCl 

---_P 

R,CC + RCl
)L

o'uher research lvorjrers6 '7 arso postur ated ihe existence

of hypochlorites Ín oxidation rea.ctions of alcohols.

The tertiary but¡'1 hypochlorite has been extensively
Qz

studied."'- due to its reasonable stabil-ity and. ease of

handling. rt can be þrepared by a nuinber of method.s, one of

v¡hich is by passi-ng chlorj-ne through an alkal-ine solution of
bertiary butanol at Oo v¡ith the exclusion of light.

(crj) jcc+ * cLz + t[aou -=--+ (c+ì3coil + Nac]_ + Hro

Its reaction v¡ith organic conÌþou.nd.s lvas stu-died

extensi-vely by Ginsberg9'10. He investi-gated the action of
the tertiary bulyl hypochloriie on a number of aromatic

aldehydes which vrere fina-tly oxidized lo aromatic a-cids.

The presence of the products provid.e a usefur vray of identifying

hypochlorites.

RCHO + (CH,) 
rCAn ---+ RCOC1 + (CU r) |COU

RCOC] + (cH 
3) 3co:F- 

-_-+ RCOOH + (CH 
r) rCCt

2C 
6H5CHO 

+ (CHr) 
rCOCt 

---+ C 
iHTCOCL 

+ C6HTCOOH

The chlorination process has been shown to occur

through a free radical mechanisrn catalysed by u-ltraviolei



radiation. I-tor,rever, such reactiors can ar so be catalysed by a

free rad,i-ca.f initiator such as Af BirT (azobisisobutylonitrile ) 
1 1 

.

Tertlar:¡r but;r1 hy_nochlorite has been shou,n to

chlorinate phenol s, ketones, hyd.rocarbons and al_cohols.

unfortunatel-y the yierd-s are often only nioderate and nunerolis

isomers are produced d-ue to uncontrolfed. chrorination.

An early hypofluorite lvas obta'j ned by fr-uorination

of carbon rnono>ri der carbonyl fluorid"e or methanol over a

silver catalyst at 150 - lBoo 12.

C0 + 2F^ 

-_Ð 

CF,OF¿)

Severa.l other monoflu-o::oxy derivatÍu""1J have been

prepared by the direct action of fluorine r,víth the corresponding

partially fluorinated alcohol.

Perfl-uoro organic hypofluori.te derivatiru.l4 can be

prepared in a pure form by the reaction of fluorine with

perfluoro-ketones in the presence of a metal fluorid-e"

f >c=o * F2 iviF Þ f>c non

X = R, or F, Y = R' or F, i{ = K, Rb or Cs.

Geminal bisfluoroxy cornpoundsl5 u¡u"" first renorted

by the fluorinatj-on of hexaflu,oroacetone hydrate or

the monosodium salt of hexafluoroacetone to give hypoflu,orites.



(ctr-)^c-oHt . xðri + 'F z ---e (cv -12cFCF + Hzo

(cF lrtalf " 
n Fz -----+ çcr=)rt.3il + :ra.ir , :rjl

Fo"]6 et a\ recently have synthesized the first
perfluoroallcyl hypochlorites Rr0C1. These compounds Ìrere

prepared by the metal fluorid-e (CsF) catal )¡sed reaction of

perfluoroalkyl carbonyl conpounds with chlorine monoflr-lorid-e

at -ZOoC.

Ro" CsF -R1 r> c=o + cl-FR _ I,.=o + cl-F 

- 

*:1> crocl"''Í2 " f 2

i. Rfl = RfZ = F

2. Rfi = RfZ = CF,

3 " Rti = CF3, iìr, = F

The reported conipounds appear much more stable tÌran

ihe correspondin6 alky1 hypochlorites but decoiirpose v¿hen

slored at efevated- temperatures.

Schack and l.laya17 ui-so repolîted a simil-ar preparation

of the perfluoroalkyl hypochlorj-tes.

(nr)rc=o + cÌF I'iF 
' (Rf)2cFOCl

Rf. = CF, or F, Þf = I{, lìb or Cs



These reactions occured in high yield (over 9O?1")

in a feir¡ hou.rs. 'l-he hypochlorites Ðreþared i-n this manner

vuere CFJOCl, CZFSOCI- and (CFl)ZCFOCI. They found that the

therrnaf stability of the compounds v¡as in th.e order,

cF50cr C ^F-OC1 (cFJ)2cFocr

Since al-l- of the hypochlo:'ite syn-uheses involved

addition of the elements of chlorine monofluoride across a

ca-rbonyl doubte bond, they were necessarily restricted, to

primary a.nd secondary alkyl hypochlorites containing flu.orine

on lhe carbon atom bearing the -OCl function (i.e. d, fluorine).

fn an effort to extend the fluoroalkyl h¡'pochlorite

stu-dies to includ.e nev¡ members containing no d fluorine,
1Btr'ox'" et aL had- e>lamined the reactions of polyfluoroal-cohols

,¡¡ith crrlorine monofluoride. These reactions proc eeded srnoothly

to the desired hypochl-orites a.ccording to t'he follov'ring

equaiion ai room temneraiure.

ROH CtF =--+ ROCI

Þ - (nt¡=) _c , (cF- ) -cH, cH,c (cF. ) - or cF,cH.
^ - '"') ) ) L ) ) ¿ ) ¿

These hypochlorites, together l'¡ith their perflu'orinated

predecessors, readily insert carbon rnonoxide and sulphur

dj-oxide into the O-CI bond. to produce chlorofcrrnates and

HF



chlorosulpha-tes" The reacti-ons tvere carried- out rou-tineJ-y
, ^^o^at -¿o u.

ROCl + C0 ----* ROC ( O )Cl

ROCf + S0, 

-+ 

RgSOZCI

R - (CF3) 
3C ' 

(CF3) |CH' CH3C(CE3) 

' 
or CFrCH'

Holvever, when the same method v¡as used to pre'pare

perfluoroalkyl vi-cinal diìrypochlorite , (CF3)zC (OCf )C(CF j)roct,
from perfluoropi-naco1, (CFj)eC (OH)C (CF3)rCOH, the only

producls found rvere those of degradation, narnely, (.CF3) 
rCO,

CFfC(0)F, F2CO a.nd Cî3CL.

In the same year, nonetheless, Janzen and Pol-liLL19

successfully prepared the perfluoroalhyl vicinal dihypochl-orite.

They alsc reported the synthesis of ',"he brornid-e and ioclide of

the same farnily.

The hypochlorite and hypcbrornite ìrvere nrepared by lhe

rea-cti-on of disodium perflu-oropinacolate v¡ith chlorine and

bromine respectively. Attempts to extend ihe reaction to

iodine \vere unsuccessfu.l. lhe hyi:oiodite lvas prepared by

reacti-on of disodium perfluoro.¡:inacolate v"ith iodine inono-

chlorid,e or iodine monobromide . The reac tions r¡rere c onvenienil y

camied out in the sol-vent trichlorofluoroniethane at lolv

t emperature.



(CF= ) -C-Oirla (rtt"- ) ^C-OX
, t tl + Z x> --..-.o 5''l + 2IIaX(CF-)^C-Oì'la. - (CF_)^c-orr). t'¿

I 1,/ 
- nl

J. l! 
- 

UI

?-\¡-Ð-
L. f! 

- 
DI

(cF= ) -c-oi{a (c}-- ) ^c-ort'l + Z IX ------& )ti + 2i,laX
(ci?, ) -c-oNa (cr_ ) ^c -or) ¿ t'¿

X=Cl-orBr

The slability of dÍhyrrohaliles v¿as briefl y -ìnysstigateC..

They r'Íere found to be stable at OoC in trj-chtoroffuoromethane

solution but d.ecornposition occu-rred on standLng ai ZJo. The

rate of decomi:osition increased on Ìreaiing or in the presence

of uliraviolet li6ht. Deconposition acconrpanied a,ttenpts to

remove the l-ast traces of solvent al recLuced presslire in the

vacuurli systern at room temoerature. The hypochl orite and

hypobromite lvere found to d.econtpose if excess chlorine or

bronine lvere used during the course of prepara.tion.

rI^-'^rr'roroacetone, (CF-)-C0, vJas first prenared inlruÃdlIuUI UdUç,L(J11s, \Ur 
3t 2"", 

!!qu r:l

1941 and became coirmercially available j-n 1962. The reactions

of hexafluoroacetone wJ-th various organic coäipou.nds have

been stud-ied in some detail, and the effect of fluorine

subsitution has been to alter sígnifica.ntly the reactivity

and the course of rea,ction. A review by Krespan and lviid.dle'"on2O

summarizes the spectroscony, properties, phoiolysis and- reactions

of hexafl-uoroac etone.



a

The reaction of the anhyd-rous ¡reta.r fluorides v¡ilh
variou,s fluorinaied carbonyl corrtpounds, foz. exainple, hexa_

fruoroacetone, in donor solvent inay lea,d t.o the lreparation
of ionic, fu1ly fl-uorinated arkoxídes of tire heavier atkafi
rnetals. Tri-fluoromethoxid-es lvere l-:rod.i,ic ed by carbonyl ft u.ori cle

while etho>rides and propoxides \¡jere prod-u-ced- by i¡.ifluoroace.b;.'I
/tfl uoride¿r , he,ctaflu.oroprorrionyl fluoride or hexaflu-oroac 

"ton.22.

RfCOF + *Il}- 
--i }i* (nfCF2O- )

(CF= ).CO + i,iF : M* ( (Cp- ) -CFO- )) ¿ 5'2

Rf = F, CF, or CZFS luÍ = K, Rb or Cs

For this type of ion, there must alv,rays be at least
one fl-uorine atorn attached to the 6( -carbon atom. As a resurt,
the al-koxide and the carbonyr compound. are in equil-ibrium.

The perfÌuoropinu"oI23,24 nuu." prepa-red via a triet.hyl
phos¡rhite intermediate. The fatter was forrned in high yield

on merely mixing the trvo reactants.

(cF- ) ^c-o
2 (cFz ) 2cO + (c,iItro ) zP 

-+ 
) ¿l 

)p (ont ) 
=)'' 12 t rcF)zc-{ )

t_
I ttto,*
+

( cF= ) _c_oHt 'l
(cF- ) ^c-0Ha/t ¿
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0iher such reactions betvreen

i:hosphites v¡-ere also relr ort,.dz5 .

hexafluoroacetone and

z(CF3) zco

Reaction of hexafluoroacetone l¡¡ith iriphenyl-phosphine

v/as reported to give a phosphorane, lvhich on hyd,rolysis

liberated the perfluoroÞinac ot26 .

Other recently synthesized phosphoranes2T rzB were,

(cr-)^c-o
(c*3o) 3P --+ 

t 'l _\n (o.r- ) -
(cFz) zc-o' ) )

R
(cF= ),c-o- /-'1)Ll\ÐÌl

| /L 
-!\(cF-) ^c-ot- \ 

-'2

)¿ \n.r3

1, Rl

2' Rr

zT)). .t,l

4. R.r

R^
¿

T)

¿

R
¿̂

D
I

R- - CH-_))
D-îITl\- 

- 
v^11-t ¿2

'r'5' R3= c6H,

c6H7 R3 = czE,

can be

The non-fl-uorinated

prepared from phosphi

five-membered ringed- phoslhoranes

tes and diketones25.

CH-c=Otl
CHrC=O

CH-C-Os¡ )r (ocn= ) *
ñßñ^'-/J

t
(cH-0 ) -P)l

-___Þ
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rt vras suggestud29 thut such

ringecl phosllroranes ïúere formed froin

resulting fuom the addition of trival

oxygen.

kind o f five-neinbered-

intermediaie 1 : i adducts,

ent phos¡horus to carbonyl

eF

It
cF,-c *)¡ñ

| '- 
.1fr

o-P'-R
I

R

CF-
t)
I

C-OF-
ll)
0

CF-
1)

CF-.Ctll
o

PR-
5

(cEl) 
2

(cF-)^c-c
' 'l I

00
\/
P

/trRR

t these five-rnembered cyclic

ed into four-membered c)'cli.c

n be pyr6'lyseC to olefins

rnpJ-e of rearrangement is,
CF=
ï)
C_CF-

/t t
o H-_\11\t

CH-- P-C -H?/l tufl;O_c_cF_
)lt

^ 
'Er

VI- )

- 1f]overed- tha

be rearrang

he lai*uer ce

ers. One exa.

It v¡as disc

phosohoranes can

l¡hos¡horanes, and- t

and phosphj-nate est

CH-
I )¡¡¡ vI _

CH--P-O I J

,":1! .)2:"t) w-wl-w t 
3

c. r"
)
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.l-he reac tion took pl-ac e

In the rearrangement, a C-C bond-

1¡./as formed, and a hydrogen atom

carbon to another.

(cFlzco

2 (cFl) 
zco

in benzene sol-ution at BOo.

was broken, a nev¿ C-C boncì

was transferred from one

The fou-r-membered cyclic phosphorane has the

phosphorus at the center of a trigonal bipyrarnid., and the

ring in an equatorial plane. Four possible d.iastereomers are

assigned, two of them are meso and the others are racemic

forms.

The organonetall-ic chemists31,32 have reported the

synthesis of disod-iuil or dilithium perfruor.opinacolate" This

v¡as done by the reaction of sodiui'n or Ii thi u-in metaf or1

hexafl-uoroacetone i-n a donor sol-vent such as letrahydrofuran

or glyme. The mechanism is an exarnpl-e of dinerization of a

radical ani-on or keiyì- postulated. as an lnternecl.iate,

'solvenå" (cF- )^co-r{a++ i\a 
,.¿

-oc (cFJ ) rc {cFl 20-

Strong support for su,ch

Janzen and- Gerl o"k33. They mad.e

by the electrolytic reduction o

0
ll

cF3-a-cF3

a mechanism v¡as reported- by

the hexafluoroacetone ketyl

f hexafluoroacetone in acetoni-trile.

0-
I

---# C F,-C-CF-)- )
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The el-eciron spin resonance of the clil-ute hetyl
sol-ution in acetoni-trile gave a spectrum of seven groups

of lines selrarated by akrout J5 gauss.

The disodiurn salt in solution provides a very convenient

route io synthesize a nv-mber of alkoxides and eslers of
perfluoropinacolJ4 and, especially, to prepare the cyclic
derÍvatives.

The reaction of trimethychlorosilane with the sorution
gave immediate reaction to preciritate sodiurn chloride and

the l-inear silicon d-erivative"

(cF- ) ^c-oliattl
(cF 

3) rc -oNa
2 (CH3) 

3sLCl --s

dichlorosilane, germane or stannane,

reacts to give iÌre cyclic compounds.

(cr- ) ^c-osi (cH_ )_) tl ) )r- 2Nacr-(cF) 2c-osi (cH3) 
3

lVith di-methyl

the disodium al-koxide

(c}'- ) -c-Otrta (cF- ) ^c-or
. ,.'l + (clr)rucl, ---o ,__t,.! ^)r,r{cu.), * 2trracf(cil3)rc-olita r L L (cl)zc-ot ) '

lvl - Si, Ge or Sn

A boron-containing heterocycle ri',Jas prepared by the

reaction cf phenyl-boron ciichlori-de.
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(cI'= ) -c-o.rta (cF, ) ^c-0,
. ,.'l + C.H_BC1^ t rl )sc.H" + 2 Nacl(cllró-orv' o2 ' (cF¡að-{--6",

The reaction of ihe disod-j-um

pinacol vrÍth thionJl- chl_oride or ¡¿yith

respectj-vely bhe cyclic sulphiie and

all<oxi-d-e of

su.lphuryl

sulphate.

p er flu,oro-

chloride gave

* S0C12

+ SOrClz*
(c F- ) ^c -0.ttl Þ0.*
(cFl ) zc-ú 

L

2 I'TaC1

2 j\raC l

Hor,vever, t^riih suì-phur. dichlcrid-e, the reaclion lvas

more complicated and resulted i_n a volaiile crystal_Iine

product v¡hich v/as a d_oubl-y cyclic derivaiive.

(c¡'-
)

(cr-
)

) ^c-ot'.ta

, rl -o*'
+ scl, ---+ :::r]'T :).lo T(cF3)z * s + Nacl

(cF3) 2c-o' \o-c (cF) 
2

Other ',',,orkersJ5 p"up."ed the dilithium perfl-uoro-

rrinacolate by passing hexafluoroacetone through pieces of

l-ithiurn ribbon in tetrahydrofuran.

r.H. F. Þ (cFl )zf-oli
(cF3 ) 2c -oli

(cF- ) ^c-q) ¿t \^^
I tòv

(cF- ) ^c-ú)¿

(cF- ) ^c-ol'[at'l
(cFl ) rc -01\tra

(cF- ) ^c -oi'rat'l
(cF, ) ^c-oNa)(.

(Ct¡_ ) ^Co). 2Li-
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Ii v¡a-s

ring struc-burer¡

su.ggested iha.-u this col:rpound- ilay be a rrpseu,do-

d,escribed- by,

L(T.H.r'.) Li'' 'x

Nev¡ mei'nbers of lhe five-mernbered-ringed perfluoropinacol

derivatives v,¡ere prepared by bhe action of the dif ithiunt salt

on the aopropriate reactants.

[:;;ì;r:;"]

(cF-)^c-olit'l
(cFl)2c-oli

lcl'=)"Ç-0.
'-l )v

(cF- ) ^c-o'aa

YC12 2 LiCl

1V

3. Y

4"Y

C=0

s-i{c F2)
s=]{c ^F_)\

L/

Dnu
I V -Ll-6>

The titaniurn and chromium d-eriva'uives have a molecule

of tetrahyd-rofuran associaf ed lvi-th the mefa.l.

Cf
(cFJ)tl-o\rlr...rlrF

(cr-) ^¿-{ I)¿ ct

0
(cF,)rT-0.[r. 

. .rHF
lcn=) ,[-oil" ")L o
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The ster"eochemistry of the trivaleni and Ðentavalent

oxidatj-on states of Group V con"oounds has been investigated.

Because of lhe existence of d orbitals for atl- the Group V

el-ements except nitrogen, -uhe stereochenistry of li(III) is

consi-derably d.if f erent from P(III ) a.nd As( III) .

SheldrickJ6, by gas-phase electron-diffraciion stu-d-ies,

showed that trísilylanrine, (SiUr)rt:1, is coplanar, v¡hereas

the lnolecul es o f trisi lylphosphi-ne, ( SiHJ )JP, and- trisilylarsine,

(Sitl= ),As, are pyramidal. The structure of trisitylaini-ne was))
confj-rmed also by its infrared and Ranan spectra. In lhese

ilolecules, the stereochernisiry certainl-y provj-d-es no d-irect

er¡id-ence of p*--d¡ bond,ing.
-.1Ì

The P(V) and As(V) stereochemi stry is also very

interesting to investigaie. ft rr¡as tounð37 t.hat there vias

only one pea,k in the fluorine n. i'n. r. spectrum of penta-

fluorophosphorus. Holines anC Deit"r"JB found out that for the

Group V conpounds there exj-sts an equilibri-urn belv'¡een the

trigonal bipyrarnì-dal and square pyramidal structures. Bxamples

are PF., PCl., SbCl., PCIF, and CH,PF, .2'2'2'+t+

/
x2

x'/' 
,

:-:-.\

X
.l
M

I
X

T

*-Y- \ ç-*

is pro-,rided by

struc ture lvhich

Such equj.libriu-m

tri gonal bipyra,inidal

the pseud,orotation of

requires only a lovlthe
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a,ctivation ener6y.

The structure of antirrcny (V) has a.'l so been j-nyesti gated,.

Pentaphenyl antinrcny4O ,r,u." fcund. to harre approxirnately squ-are

pyramid-al molecular slu.ucture v¿hereas lhe ;ohosphorus and

arsenic hornol-ogs ado!t a trigonal bipyramid-a] geoiletz'y. The

dif ference in energy betleen both structures for most cornpou,n¿s

is proba.bly srnall, and as such there may be s¡ecific ligand

stabifiza-iion of either one of the states.
t,1

Shen-' d.eteririned the struc Lnre of (C rtl=), SU çOtI{_) ando)+)
(CrHr)3Sb(OCH")z by X-ray crystattograohy and. confirmed their

v//J

trJ-gonal pyramidal- structures.

o"n_á.__

_ ) 7ve"s
F ¿lt - <-2-- Sb>ì.- --o-ú6r,, i- - --u6H5

c'6H,

?C 
H;

ol-¡ c6H5

L rrr - ¿=:=--o tl- - \
e 6u5 - - 

Å;,ìc6H5,3

The latter structure v,¡as consistent v¡ith the result

found. by Shindo and Okar,r¡ara42 by studying the structures of

other antimony(V) compounds such as

RJSbX2 X = C1' Br' I' 0C0R ' 
(C2O4)L' irTO' or O(:H3

For these coi:l-cou.nds, onJ-y the trigonal bipyrarrridal

slru-cture with the R-Sb group forrni-ng the trigonal plane and

r,vÍth the Cl or 0C0R etc at the aiti-ces, had- been found both

in the solj-d and in sol-ution"
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The stru-cture of trimethyrantimony o-phenyrenedioxid-""42
v¡as a1 so deterrnined.by proton n. n. r. The tr¡¿o -i sorrrers of
trigonar bipyra.mids of this comÐou.nd- ü,el:e in eqir_ilibrir-ri:r in
chlorof orm or methyl ene d:l-chl-or.i d-e, lroba.b]y iÌrrough a squ-are

pyrarnidal int errnediat e .

cH.

f¡-O
SL-' /i- -*o

I
CH¡

?+lo
- t/'

cut*tf =-.r,
I

cHs

{__*Þ
cHf=--

The trifruoromethyi- g.oups of the he¡:afluoroacetone

can strongfy reduce erectron d-ensity on the adjacent carbonyl
function- Thus reactions invorving nucleonhiric aLtack on

the carbonyl carbon atom are favourabre. l-luorinated alcohols
a-re tenerally prepared by utiti-zin6 such proìoertì es.

(cFl 
zco RII _=_-Þ RC (CFJ)2OH

Hexafluor.oa,c etone

he>lafl-uoroac etone hydrat e

al-cohol. fts decom¡osition

origi-nal reactants.

takes up unrt""4] to form the

which can be considered as an

by slight heating gives be.ck the

(cFf)2c-0H
OH

(cFf )2co H^OI



19

The photochernical irradie,tion of hexafluoroa.c etone

and isoprop¡,l alcohol yield-s -Derflu,orcpinac ot43.

(cF) 
zco

(cHf )üHOH
u. ,/. * (cFJ)zt-oH

(cFJ )2c-oH

In the presence of

acetone and- cesium fl,uori-de

- lLLal-cohol ' '"

(cF3) 
2co

f e braflu.oroethyl-ene, hexafluoro-

yield ihe perfluoro-tertiary

CsF , ,r 4- "* * cT 
3CF zC 

(cFì zol

One of the stable futly fluorinated alcohols, the

tris(pentafluorophenyl)carbÍnol¿u5,,u"" synthesized by the

reac tion o f dec afl-uorobenzophenone lvith 'oentafluoro'ohenyl-

lithium (fronr CUFTBT + n-Buli) in n-hexane solution at -78o"

(c 
6Fr) zco + cUFrLi n-C.H- ,

. --,---b I ¿r' È
(, 

6, >) rc 
on

f t i,¿as found46 that its solution in flu-orosulohonic

acid tr'¡as stable and i-ts fluorine n. n. r. s.oectrum shov¡ed

the existence of tris(pentafl.uorophenyl- )carboniurn ion at

-60o.

(c 6F;3c+
(c.F-)_coll

o2)
FSO-ir)
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Sirnilarly, bis ( pentafl-uorophenyl )rnethyl alc ohol

,u'¿as þrêpared and. its carbonium ion was studied.

Ilou,ever, the sirnplesl exami:Ie of the felv fully

fluorinated tertiary alcohols, perflu.oro-t-butancl, v/a-s

first reliably reported by Iinunyants and Dyatkin4T and by

Fill-er and Sctr""4B. The reaction scheine to nrocluce this

alcohol- is shov,rn as,

(cFJ) 
zco cct-Li T:=l¿ u'"

) -lou
CF-)

D

)
-0

UI

I'
3

OH

I-t
l.
I
lc'
IJ

TJr¡

7

c^
/Lr

bF_

bct_t

I
H

c

CT

I

I

CC

I

I
Ï'
'2

;

C1

-0

3I

i
I.'1

I'

1

0

2

I

C

I

I

I
C

-H. rf.

sbI'q
(cFì 

3co'f.

cF_t

The ob j ect of this thesis i',.¿s ihreef olcl, i. e. to

study lhe na'r-ure of the perfluoroalkyl vj-cinal d,ihypochlorite,

to study the rea.ction of disod-ium perfluoropinacol-ate lvith
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some Group v cornpounds, end to atteinpt the preoaration of

some fl-uorinated alcohols via other simpler methods. Thr;s,

this thesis can be convenientty divid"ed into three pa.rts:

Part 1. Perfluoroalkyl Vicinal Dihypochlorite

ParL 2. Disodium Perfluoropinacolate

ParL J. Fluorinated. Atcohols.

sorne nev¡ comlounds vJere prepared together v,¡ith solne

knor'¿n cornpounds during the course of this v¿ork. They ar.e

narned a.s,

1. Perfluor"oalhyl vicinal dihypochlorite, stands for
(cF= ) ^c-ocr-ttl
(cr', ) zc-ocl-

2. Perfluoroalkyl vicinal dichloroformate, stands for
(cF-)-Ç-OC(O)Crt'l
(cFl) 2c-oc(o)cr

3. Perftuoroa.l-kyt vicinal dichlorosul;ohate, stand-s for
( c F,, ) 2?- OSOzC l-l
(c Fl ) 2c -osoZc I

4. Triphenylphosphorus, triphenylarsenic or triphenyl-

antimony perfluoropinacot ate, stand-s for

:::,1'T-:>' G eH,,3(cF) zc-o/
l,rhere M = P, As or Sb respectively.
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5, PhenyJ-phosphorus or phenyl-arseni-c perfluoroÞinacolate,

stands for

(cF- ) ^c-0-
. t 'l )ruc nH,(cF- ) ^c-a/)¿
it'here Ì'l = P or As respectively.
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Generaf

Conventicnal vacuum techniques l'rere used. throu6hout

this ivork lo e f f'ec t preparation o f reac tants and sepaiation

of reaction proCu-cis. Separation rr¡as oblained- by use of

various cold baths, e.g. aceLone/dry ice (-78o), chloro foyrn/

liquid ni-trogen (-630), liquid nit,rogen (-196o).

Reactions rvere carri-ed out in sealed thick rvafled.

pyrex glass reaction an;oou-l es. Exlrerimen'us reqltiring u.l tra

violet, irrad-iation r,vere perforrned in silica reaction tubes.

Chenij.c al s

I-Iexafl uoroac etone rvas a cominercial sainpÌe (t'{atheson

Chemical Conpany) . Pentafluoroinonochloroa-c etone was purchased-

from PCR Incorporated(Florida). Their purity \¡ras checked

before use b,u- infrared spectroscopy.

Chlorine gas, carbon nionoxide and sulphur dioxide

yrere u-sed from commercial cll inders and dried be f ore use

by passing through concentrated sulphuric acid.

Sodium netal was cut free of the outer oxide layer

under d-r'y benzene. 'lhe oxide-free ¡ne-ual lvas further mad-e into

r'¿ire forrn from a sodium Þress before use.

The solvents rvere all ca.refully dried- and d-istilled

bef ore use, e. g. tetrahydrofuran vras d,ried b¡' ¡sfl utring over

lithium alu-miniu-rn hydrid-e for ien hours in a d-ry aimosphere

(eo.uipped lvilh cal-ciuin suÌphate tubes).
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Ins'irui:rental

Al-1 inf::a::ed. sþecira.',,rIere ob-ûa-ìnecl, cî! a, Perkin -¡l-Lmer

jjl insilrl;.r'r:eni u.sj-ng pctassiu.ür bi:cilid,e ortics. TÌre spectra

iriere ce,l Íbra.'ceC ll.sing rl. ¡sl )¡s'r,;uÍ-ene fif:ll . I{i-ic t ea.r i:ta-gneiic

le,sona.nce sr.reci:ca. ue.¡le cbia-inecl ou a Variau iíoC.el l,^56/60*A-

insirurieirt, usin6 60 tu'c/c a.nð- 5'o"l¡ :.ic/s for- pr'oton ancì fl-uorine

resolre.nce rescectively. The snec-ura ,,','ere ca.li jrra.ted- u.sing

ini ernal s-u a.ncj-ard-s, T e.bra.in e'uh; l si-r arie anC- iri c hl oro flu or o-

rieihane were Lr.sed- for '¿he Þro'¿on anct fluo::ine sta.nd.a,rd-s

resriecti-vel;v. i'iass spec'cr"a \iere obiaiuecì cir a Finni6an 1A15

_f
nod,el ,;¡i Iir settin6s : inani f cl-cl i:resslr.tîe around- 1 0 ' tort^, targei

cu-::ren'i- 500 nA and i onizar,ion vol-ta¡;e /C + i vo-l-Ls, nnless
t-

other,¡ise üleniioneC-. Tire resol-ri Lion of the ¡reak is a-ï¡ pro>li ;ita.l-ef y

twi ce 1.ire ürass nu.rnber of the cor'res!ond-i-ni; fragnent of iile

inolecu,leu as neniioned. in ihe manr:.al oí iire llass spectrorneter.
t/\

À11- ')C peaiis a.re not recordecl- in 'tlie tables of the rìass -sloec'Lra

of various col'ripoL:-itcls f or 'che sa.he of sirrlpl-ic-i tf . II1 braviolet

irradj-a'cion tvas provided. b,. a He.novia UiiJ-ity ii. V. Qv-art.z La:rt;o

aL ¿. cli s-ua,nce of abou-t 10 cln f::on lhe reaction vessel .

El e:nei.rta,'l ai:a]-J-sc3 l:Iere carriecr. ou.t by 'Dr. A'l frecl,

Bernharcl at Lhe I'iiliroana.li iisches T,airoratoriLr-iit im l'iax-Pf ancl;-

Instiiu-'.e, i''itil hei¡'l , iÍermany .
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EXPE]ì]]"IEi{TAL

PART 1 Perfluor.oal-k.vl- Vicinaf Dihynochl-orite

Reaction of Perfluor'opinacol lviiÌr Chl-orine in Tri-chlo;'o-

fluoromethane

Perfluoro'pinacol v¡as prela,red froil h.e:saffuo.roac etoire

and -ur-i ei;hyl phosphite accord-in6 to ihe rneihod of l.,nunyanbs24.

Dry chlorine gas sl-owly pa.ssed- through a sol-u,ticn of

perflnorooinacol ().0 gn, 15.0 nmole) in trichlorffu-oromethane

(20 mf ). The r"eactj-on vessel $ras contained ín a cold bath at

OoC. After 20 minutes, clry nitz'ogen Eas ll'as intrcduced, in order

to rernove e>íc ess chlorine.

The fl-uorine n. m. lt. spectrum, taken immediately

after lhe reaction, sholed a singlet at 70.71 p.p.Ìì1 " (C,vCI,

int. std. ) due to unreacted perfl-u-oropinacol . Infrared-

spectrophoto¡netric exarnination shoived ihe follov¡ing absorption

bands:3660 (ms), 3joo (br, s), 13co (s), jzZS (s), lzzo (s),

1120 (s), ro20 (s), 9gB (s), 938 (s), 940 (s), BB? (s),

768 (nis), ?5o (ins), ?20 (ins), 680 (w), 5rB (ms), 5oz (vr)

and l1!0 (l'¡). The product rvas id.entified as perfluoropinacol

by cornparision rvith an auihentic sample.
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Rea.ction of Disodium Perfluor.cr:inacolat-e with chlorine in

_Tri c hl- oro fIuo r.cr:r_e than e

Disodiu,ni l:erfllr.oi'ollj nacolate i.o ietrahydro íLi-z-an,,1'as

rrrepared- accorc].i ng to iire i'nethod. of Janzen anc i:iill-i=J1 . ris
reacii on wi lh chl o::i ne \,/â.s reÞortecì b;r Janzen a.nd polli'bt19.

Dry chlorine Eas \¡ras sloi,¡ly passeC- ihrough a, sofu-tion

of d.isocì.j-u¡n perfluorooine,cole.te (t.21 gril, $.4Ç inuoLe/3 r:L

I¡ -rJ T¡ \ -';-^ +-'r.. -r1. t . ) rn r,r'j-chlorofluoroi:reihatre ( jO ru]) rvith sii rriirg.

The reac'uion vessel ivas coniai-ned in a col d bath a-t Oo.

Reacti on occu-rrecl- and a wliite so-li d- t:r-ecj-pi 1-aied " After 20

ni-i:utes the z'eacii on was stcpped and- the reac bi on solui-i on

quiclily filtered-"

The lrecipitaie, llr-esu,illably soC,ittil chl orid-e, geve a

r-rosi iive chl-oride iesi ,¡;j-th sil ver n-i ira-ue sol-u-Lion.

The fi tirate decorctosecl, ,;hen atternpts ivere ilade to

reÌnove the solvent or ir,Íhen i-t t'las itep'c above Oo.

The fluoríne n" ll. r. sitectruin of tire filirate ia.ken

imnecLi atel;. r1't*r fi-ltz'aii on shoved a. singlet at 7O.57 ll..!r.ll1.

(CICI-- in'1". sid.). The infrared- spectru-in sho,,,¡ed- the Iacir of

C=O or C=C absor;t'uion ba.nd and- tÌre ilresence of the -,rerfltr.oro-

alhyl Ëroli fl a,bsorp-r,ion bands. These are consisten L iui th |ire

re¡orted- prod-u-ct I Ferflu.oz'oalkyl vi cinaj d-ihyr:ocirlori ,"19 ,

(cr=) ^c-ocr' tl
(cF5 ) |c-ccT
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Reac tion of Perfl uoroalkyÌ Vici_nal Di ochl-orite vrith Ca.rbon

MonoxÍde IN Tri-c hl oro fl-uoromelhane

A sol-uii-on of perflu_oroalkyl

(2.7o gn, 6.67 nrnoLe/3 nt T.H.r.) in
tras þrerJared as described.

vi-cinal- dihypochlori-t e

f ri-c hl oro f l-uoromeihane

Dry carbon monoxide v¡as slovrly passed through a solution
of perfruoroarkyr vicinal dihyi:rcchlorite in trichlorofluoro-

methane rvith stirring" The reaction vessef \4ras contained in

a. cold bath a,t oo. Aft,er 20 minutes the reaction was stopped.

Attempþ to remove the sol-vent resul-ted in decornposition.

The fluorine n. rrl . r" spectrum of the solution ta.ken

directly after the preparalion consisted of a single-u at

69.90 p"p.m. (int. std. ) " The i-nfrared spectrum sÌrov¡ed the

l-ack of C=C absorptì-on bands, but the presence of C=O band at

1?95 crn 1 (") shov¿ed the presence of chlorofoririatel? The

presence of CF, absorrtions at 13OO (s), 1Z7j (s) and IZZO (s)

a6reed v¡iih the exroected absorption of lhe suggested product,

perfluoroalkyl vicinal dichloroformate,

(cr'-¡-c-oc(o)cl
)11

(cr'- ¡^c-oc (o)cl
)L

Reection of Perfluoroalkyl Vi.cinal- Dihypochlori-t,e with Sulphur

Dioxide in Trichlorofluorornethane

A solu.lion of perflu.oroalkyl vicinal di-hypochlorite
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(2.7o gm, ro.67 rnnole/3 mt T.iI.F.) i-n trichloroflu-orornetha.ne

(jO mf ) lvas prepared. as described.

Dry sulphur d-ioxide v¡as sl olvly passed throu,gh a solu,tion

of perfluoroalkyl vicinal d-ihypochlorite in tri-chl oroflu.oro-

rnethane v'rilh stirring. The reacti-on vessel l,ras contained in

a cold bath at Oo. Af'uer 20 minu-les the reaction r,¡as stopped.

Attempts to remove the solvent resulted in decoln¡osition.

The fluorine n. nr. r. spectrum of the solu-Lion laken

directi-y after ihe preparation consisted of a singlet at

71 .7O p.p.in" (int. std. ). The infrared spectrun sholved the

1ac1', of C=C absorption band, but the presence of S=0 a-t

1440 (v¿) sÌrov¡ed- the presence of chlorosulphatutl ri't" presence

of CF- absorptions at 13OO (s), 127, (s) and 1220 (s) agreed-)
v¡ith the expectecì spectrum of ihe suggested prod.uct, perfluoroa.lk;'l

vicinal di-chlorosu.lnhate,

(cF- ) ^c-0s0^cr_,.1 ¿

(c¡'- ) ^c-oso-cl)¿ ¿

Reacl-ion of Perfl-uoroal-kyI Vicinal Dihypoq[lorite and

Ðen_rsLgçhy.Cg_lg Carbon Tetrachloride

A solution of perfluoroalkyl r¡icinal dihypochlorite

(8.10 gm, 20.O rrlmol-e/9 mI T.H.lt. ) in trichlorofluoromeiÌrane

(lOO n1) wa-s prepared as described. Ì.{ost of the sclvent r'¡a,s

¡-umped. of f at -22o. Carbon tetrachl-oride (2, nl) lvas aC-d-ed.

A solution of benzaldehyde (2,10 gm, 19.8 mnote) in carbon
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ietrach-j oride (¿5 nt) wa.s slowty added- l'¡j-ih stirring thr.oughout.

Tt rvas teft to siand f or 2\ hou,rs a,t -10o.

i{ost of the sclvent r¡¡as ihen oumped, of f . Trhe fluori-ne

n. 14. r. specirun of the resid-r-e taken shor¡¡ecÌ singlets and.

triplets betr¡,'een 67 "OO and 85. OO p.p.ln. (int. std. ) du.e to

decoinirosed product,s. The infrared spectrum showed- ihe presence

of benzoic acid, small ainount of benzoyl chloride and unreacted

benze,lc-ehyde v¿hen comcared with spectra- of au.thentic samples.

Benzoic aci d r,'ras recrystallized from hot v¡e-ier and- was i,.¡eiEhed

(0"75 gn, 6.17 rnrnole).

The same rrroced.ure \Tas rel¡ea,ted vri th reaction vesse-!-

irradiated. r¡rith u-l-tra viotet J-ight at 2Oo for i2 hou.rs.

Siriil-ar fluorine n. lit. t: . and infrared- spec'ira- I,yere obta.i necÌ.

Reactj-on of Perfl-uoropinacol tiith l3qnzoyl Chloride

Perflu-oropina.col was prepared according to the method
) ttof Knunyants--'.

4"2 grn of benzcyl chloride (29.+O mnol-e) r,rras added

Lo 5.0 Bm of perflu.cropi-na.col (14.96 mmol-e). It r,vas shahen for

20 rninul es . itl-uorine n . rn . r . spec trum talien shoi'¡ed a. si-ngt ei at

70.71 p.p.m. (int. std.) due to unreacted perfluoroÞinacol. The

ínfrared- s rrec trum shor,ved that the substanc e \lias a i-nÍxtu-re o f

lhe initial reactants v¡hen coritpared- v;ith the slrec'ura of a-uLhenlic

samol es.
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The above prcced-ure wes repeated rvi lh bhe'r'e¿-btion

vêssel irrad-iated uith u.l |ra viol et 1iÉ-11i; for. one. hou-r' at

roon tern;ce:r'alure. Sa.ri:e results ',ríere obsez'ved "

Reac tio@_Viclnal_. Dihypoqhloli-te v¡ith Triphenyl

Phosjrhine in Carbon Tetrachloride

A solution o f perfluoroalk¡r] vicinal dih¡'pochlorite

(8.10 gm, 20.0 mmole/9 nL T.iI.!'. ) in trichloroflu.oronethane

( 100 ml- ) v,¡a.s ,orepared as clescribed. 1'Íost of the solvent ¡,vas

puiaped off at -22o. Carbon tetrachl-oride (2, nt) rvas ad-d.ed.

A solution of iriphenyl phosphine (4"2 grn, 1r.86 mrnole) i-n

25 mL of carbon teirachloride v¡as al-so acldeC. The solu.tion

r'/as refluxed. at ??o f or 2L¡ houi's.

l"fost of tire solvent v,Ias l-'ìulllÞed off . The fluori-ne

n. m. r. spectrun of the resid-ue sirolved singlets and triplets

betv¡een 67 .OO and 85 .00 p. p. m. (int . std. ) due to the

decom;oosed fluorinated products. Subl-imation of the residue

trvas carried. out at 1650 and at a pressure lo-3 nm. The

sublj-rnate (4.0 gm, 14.48 minole) shot'¡eC no flucrine n. ¡11. r.

absor¡tion. f ts infrared spectrurn ¡,vas identical to that of

an auihentic sample of triphenyl phosphorus oxid-e.
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Sane procedure lvas repeaied wiih the reaction vessel

irraciatecl rvith ultra viol ei l-i¿lht at room tenÞera,ture for

2! honrs" I'iost of the so'lr¡ent \rJas ilumlled. off" The ituorine

n. m " r. spec trum o f the resi due showed. a siniila.r pailera.

Sublimation iras carried. ou-u at 1650 and. at a þressu-re of

10 ' mm. The sublimate also shov,recl no fluorine n. n. r.

absorption. fts infrared. s,oectrum vu'as simi-lar to iha,t of

trir¡hsnyr phosphorus oxide e>lcept that the absorpti-on peaks

1¡Iere very rnuch broad,er. f t rnay be due to the íorlna,ticn of

impurities besides the iz'iphenyl phosphcru.s oxid.e, (C6115)UnO.

Hor¡¿everr no furlher investigation r,vas und-ertaken.
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PTXT 2 Disod.iurn Per fluororrinac olat e

Rea,c tion o f ilexafluoroac e'bone vli'th -socliurn

The reaction of he>raflu-oroa-cetone with sod-ium in

tetrahydrofuran $¿as reported by Janzen and lTillisJ1.

In a typical reactìon, hexaíluoroacetone (6.78 Bm,

{..08 iarnole) lrras transferred to a reacii-on iu,be parti.ally

fil-led v,¡ith ietrahydrofuran ( 10 rnl ) and sodium metal- (0.80 gin,

34.78 mmole). The sealed tube v¡as shaken for 4 days at room

ternpez'ature. The sod-iuln reacted sl-ov¡}y to produc e a solutj-on

ihat r¡¡as free of sodiu-rn me'bal. The final sclution was redd-ish

brot,¡n in cof our.

The sol-utiou v¿as ;olaced on a vâcu.ltrri racl'i a,nd the

excess hexaffu-oroacetone lvas carefulfy renoved.. The solution

was then carefully pumped u.pon to rernove the majority of the

solvent. The tetrahydrofuran tha.t was rernoved was vrei3hed

io enabl-e the amount of solvent remaining to be calcufated.

The disodium salt of perfluoropinacol that was prepared t'ras

stored under vacuum.

The fluorine n. nt. r. spectrun in tetrahydrofuran

gave a singlet at 71 .B p.p.rn. (int. std) . Infrared spectrun

of a freshty preþared sampl e showed the follov¡ing absorption

bands ("rn-1), 13oo (ms), iz45 (s), ilBa (s), 1i3o (s), 1110 (ms),

loro ( s), 98, (r,r), 9r5 (sm), 915 (rü), 890 (v¡), 865 (ms),

732 (ins) a,nd 712 (ms).
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The proc ed_u-re ylas repeated usj-ng benzene as sol_vent.

After the sea,led reaction tube was shal,en for 5 c.ays, it i,va,s

observed that sodium neta-l rema.ined uncissofved. I{exaffuoro-

acetone and benzene lyere recovered Ín the va-cu.u,m rack in

unchanged quantities.

Reaction of liexafl-uoroacetone v,'it_h rriphenyr phosnhine in
T etrahydro fu.ran

Triphenyl -choslhorus perfluoropinacole.te tyas prepareol

from hexaf'Iuoroac e'bone and tri ¡;henyl phosphine si ni lar to

Stockel's ilethod26 
"

ilo a solution of triphenyl phosphj-ne (4. F grn, j7 .18

mr,role) in tetrahydrofuran (lO mt) in a reaction tu.be v¡as

added an excess of hexafluoroacetone (6.28 gfr, 40.B rrrrrlor-e).

The tube tvas vacuum sealed ancì, r'¡as shaken at rooiÌt temperatrrre

for 2 days.

vacuur:r fractionation of the reaciion solution produced

unr-eacted hexafluoroacetone and a white solicl ( 10.20 gm,

1?.18 mmole). The solid product (m. pt. loJo) l¡,ras recrystallj zed

from benzene.

The fluorine n. trl . r. s;oectrum in tetrahydrofuran

shor'¡ed a. singlet aL 68.17 p.ro.i'n. (int. std.. ). The infrared

spectruin shov¡ecl. the expected C-II and C-F absorption band.s and

the charac'ueristic five-¡neinbered--ring absorpiion ¡andsJ4.
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if he in frared spec trum ( nu j ol ) sirov;ed. the f ol-r oi'¡ing

a,bsorpl;ì-on bands (",n-1¡r 3oT, (rv), 15Bo (w), 14c)O (w),

1431 (r:r), 1264 (bs), 1zi4 (bs), 1?1o (bs), 1184 (s), i 1og (s),

10BB (s), 998 (m), 9r4 (ärs), BZB (rns) , g06 (ns), 764 (w),

744 (ms), 7za (s), 69tt (s), 6Bt¡ (vr), 5oo (s), ,12 (r,,,) and

4BB (v¡). These vrere consistent v¡ith the stru.cture of tri-
phenytphosphorus perfluoropinacolate reported in l-iteraiu""2B.

(cF- ) ^c-o_)¿l\o/¡u\I ./r t" r.l'5) 3(cFì 2c-o' 
L

A rna-ss specirum vlas taken" The resu-lt and analysi s are

shov,¡n in Tabie { and Jligure J respectively.

Reaction of HexafluoroacetonE r,'¡ith Tri¡hqyf Arsine in
Tetrahydro furan

To a sol_uiion of triphenyl arsine (5.0 Sm, j6.J rnmote)

in tetrahydrofuran (zo nr) was added excess hexafl_uoroacetone

(6.7 Smr 40 mmole). The vacuun sealed reaction ve-ssel was

shaken for 5 days at room tempera,ture.

Vacuum fractionation of the reaction sofution yield_ed

the starting materials j-n unchanged r¿uantities.

The procedure lras repeated v¡ith the reacti on vesset

irradiated ¡,viih ultra viol-et light at 2Oo for 24 hours.
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liowever, vacuum fractionation of the reactj-on solution again

yield-ed the startin6 nateri-als in unchanged qua.ntÍties.

Reaction of Hexafl-uoroacetone ivith Trioheiryl /tntimony in

Tetrahydro furan

To a solution of triphenyl antimony (7.0 gm, 18.7 rrrinole)

in tetrahydrofuran (eO mt) v¡as ad-ded excess hexafluoroacetone

( B . O gfi, 48 "Z mrnole ) . The vacuuir sealed reac ii-on tube tvas

shaken for 5 days at roorû temlrerature.

Vacuum fractiona'uion of the reaction soluti-on yield-ed

the startin6 materi-al-s in unchanged quantities.

The reaction v¡as repeated by adding O" 1 gin of antimony

metal (B.l mmol-e) to the reaclion solution as catafyst and

shaken for 5 days at room 'uemperature. Again vacuun fre.ctionation

of the reaction solution yieJ-ded the starting materials in

unchanged quantities.

Reaction of Disodium Perflu-oropinacolate with Triphenyl

Phosphorqs Dibromide in Tetrahydrofuran

To a solution of d.isod,iurn perflu-oropinacolate (2.3O 8m,

8.32 mrnol-e) in 25 nl of tetrahydrofu-ran was added a sol-i-ttion

of triphenyl phosphorus d-ibroinide (3.0 en, 7,1J mmole) in

25 nL of telrahydrofu.ran, drop by drop, at room temperature,

with s-uirring throughoul. Reaction occurred to precipiiaLe a
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lvhite sol-id. After a,l1 the rea.ctants viere ini:<ed,, it lvas stirred

f or 2 hou,rs.

The react,ion sofution i'¡as filtered-. The precipitate

(l .15 grï) presu,mably sodium brornide, gave a posiiÍve bronj-de

test r,l,ith silver nitrate solution. Vacuum fractionation of

the reaction rnixtu-re produced the sofvent and white solid-.

The solid product r¡¡as recrystal-lized frorn ethanol.

The fl-uorine n. Tn. r. spectrum, in tetrahydrofu.ran,

shovred a singlet at 68.17 p.p.m. (int" std. ). The infrared

spectrum rvas id-entical to the spectrum of the prodnct from

lhe reaction of hexa.fluoroacetone and triphenyl phosphine.

Thus tri-phenylphosphorus perfluoropinacolate v¿as also obtained-.

R,eactj-,on of Disod-ium Perfluoro.pinacolaie with Triphenyl

Arsenic Dichloride in Tetrahydrofuran

Hexafluoroacetone (6.7 Brx¡ 40.2 mmole) vras trairsferred

to a rea-ction tube partì-a.lly fill-ed v'¡ith ietrahydrofuran

(tO mt¡, sodium metal (o.BO ern, 34.78 mrnole) and tripÌrenyl

arsenic dichloride ( 6.0 grn , 15. ! rntnole ) . The sealed tube was

slraken for 5 days at room tenperature. Tlhe sodium reacted

s'l owly to produce e yellov¡ sol-ution and- a v¡hite solid

preci-pitated out "

The reacti-cn solution lo¡as filtered. The precipi-tate

(t.OO gm), presunably sodium chloride, gave a. positive chloride
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tesi v¡ith silver niirate sotuiion. vacuurn fractionati_on oí
ihe reaction nixture yielced the solvent and. a. v¡hite solid.
The so-ì id procluct 'uvas recrystalti-zed from ethanol (rn. p. 12oo ) .

It r'¡as found to d.ecompose on su.blima'uion or. at roorì ternþerature in
a fei'r d-ays, hexaflu.oroa-cetcne beJ-ng liberated.

Tire fluori-ne n. m. r" spectruin in trichf orofl_uoro-

metlrane showed a singret at 67.8j p.p.m. (int. std. ). The

infrared spectrum showed the exÞected c-H and, c-F absorption
bands and the characterislic five-membered-ring absorption
bands" The infrared spectruir (nu-jol) i_s record.ed ("r-1),

3o76 (¡m), t SBo (v¿), t 49o (in), 11131 (s), 1z6L: (bs), j2j4 (bs),

121O (bs), 1147 (s), 1107 (s), 1O?2 (s), 1023 (m), g96 (ms),

99o (rn), 9ro (s), B?4 (s), ?62 (ms), ?jT (s), ?1? (s),

689 (s), 661 (rv), fi7 (vr) and" 47i (s). These r,,¡ere consistent
v¡ith the suggested- structu.re of trinhenylarsenic perf]uoro-

¡inac olat e .

(cF- ) ^c -o-
, - _, ,.|-(cFl ) zc-o.

A nass spectruin of the ;oroduct v¡as taken. f is resull
shov¡n in Table þ.

Anal-. Calcd_. for ,r4^,rF,rOrLs: C, 4D.lO; U, 2.35;

3r"75. Found-: C, 48.10; lt, Z.T6; F, 35.29" This corresþond.s

94 % of the produ.ct a,nd 6 ?6 of triphenyl arsine.

r,
!_r.o
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Reaction of Disodiuär Perfl-uoropinacolaie wilh Triphenyl

Antimony Dichl-orid-e in Tetrahydqcfuran

To a solution of disodium perftuoropinacolate (¿.JO grn,

ô -^ö,32 mmole) tn 25 nI. of tetrahydrofura.n rvas ad.ded- a sol-ution

of tri-phenyl antimony dichloride (5.OOSm, 7 "07 mmole) in

2j rnL of tebrahyd.rofuran, drop by drop, al roon tenperature,

wj-th stirrlng throu6hout. Reaction occurred and a ivhite solid

precipitated.. After all the reactants lvere mi-xed-, i-t was

sti-rred for 2 hours.

The reaction sol-ution was filtered. The precipitate

(0"5 gm), presumably sod-iun chloride, geve a positive chl-oride

test rvith silver nitraie sol-ution. Vacuum fractionati-on of

the reactj-on mixiure yielded the solvent and a white solid.

The solid product, was recrystal-lized from ethanol (n. p." 11Oo).

It d-ecolnposed on su-bl-ì-mation or on sta.nd-ing at rooin ternperature

in f elv days.

The fluorine n. rn. r. spectrum in trichlorofluoromethane

shorved, a singlet al 68.89 p.p.m. (int. std. ). The infrared

speclru-rn shor,ved fhe exlected C-H and C-F absorptíon bands

and the absorption bands characterj-stì.c of the five-membered

cyclic systetn. The infrared spectrutlt (nujo1) showed the

fotlov,ring absorption band.s: 3O76 (bm), liBC (rv), i490 (m),

1431 (s), 1266 (bs), 12i6 (bs), 1196 (s), 11rz (s), 1i11 (s),

1064 (m), g96 (m), 99O (mrv), 95O (s), 87l (sm), 756 (m),

731 (s), ?11 (s), 68, (s), 616 (vr), 518 (rv) and {r¡l (ni).
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These ryere consistent v¡i'uh the su.Sgested. stru-ciure of lrí-

phenylantimony per fluoropinacolaie.

(cF-) ^c-o*) 'l ) s¡ (c ân.^) z
(cFj) zc-o'' 

w '/ )

A inass spectrurn of the 1:roduct lvas taken. f ts resu'l t

and analysis are shown in TabIe 6 and- Figure { respectivel;r"

Anal-. Calcd. for ,r4r15FtZOZSb, C, t¡2"1J; :!, 2.19;

F, j3"3r. Found: C, jj.52; ':1, 1.79; F, 28"7r. Thj-s corresponds

| ^ ^ ^¡ro Òu þ or rne prod-uci and 20:5 of anl.imony oxid.e' Sb20=.(-)

Reacfion cf Disodium Perfl_uoropinacol-ate l'¡i'uh Phenyf Arseiric

Dichloride in Acetonitri I e

To a solution of disodiu,m perfluoropinacolate (¿r. eO

Brlr 16"6\ mmole) in 50 inl of ace'cciritril-e was ad-ded a solution

of phenyl- a::senic dichloride (J.10 gm, 14"r, mmole) in 25 nL

of acetonitrile, drop by drop, ai roolti iemperature, with

stirring thror-rghout. Reactì on occnrred- and- a r,'¡hite solid-

ilrecipitated"" Afier all 'bhe reac'uants \¡iere inixed, ii was

stirred for 2 hours.



The reacti-on solution r*¡as fil-tered. The nrecipitate

( L OO grn), presu.mably sodiu-m chl o¡li-ç, gave a -,rositive chlorid-e

test v¿ith silve:: nitrate solution. Vacuum clistillaiion (lO-J m*)

aL 125o yi-e.l-deC rale yeJ-J-oit lio,uid.

T'he fl uorine n . m . r, spec trum in trichlorof lu,oro-

methane appeared as tr'¡o broad nultiplets (Figure J) of equal

areas centered, aL 62.15 and 67.9o p.p.m. (int. std.). The

i-nfrared spectrurn shov¿ed the expec teC, C-H and C-F a-bsorp'uion

bands and the characteristic fi ve-membered.-ring absor¡tion

bands. f t is recorded as follolvs (","-1 ¡ ¡ 1448 (rv), 1261t (bs),

12i9 (bs), 1zo7 (¡s), 1oB9 (sn), 1oT4 (m), 990 (v,r), 939 (*),

869 (nivr), ?6a (vr), 73a (ms), ?1o (m) and 6E5 (m). These vlere

consistent vr¡i-th lìre sr,rggesied- stru-cture of r:henyl ar.senic

perfluoro pinac olat e .

À ìnass spectrum r'¡as taken. I'us result and- anal¡'sis

are shovun in Table B and- f igure 6 r'espectivety.

Anal. Calcd. for CtZllrFlrOrls: Ct 29.75; þ-, 1.O3;

F, 47 .OB. Found : C, 31 .37; T!, 1 .42; F, 37 .r4. Tìris corresponds

to B0 7/o of the nroduct and 20 % of phenyl arsenic dichloride.

Reaction of Discdiurn, Perfluoropina.golat_e. v¡ith if eirapheny]

Arsenlc Chlorid-e

(cF- ) ^c-0,) ¿l \n-r'.lr
| ,11+;"w f

(cFJ) 2ð-o/-'"" 
6--5
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To a solu,tion of tetraþhenyl_ arsenic chl_oride (.5.+O

Bn, 13.9 mnoTe) in 2l ml of ethanol- r,,¿as aclded. a solr_ilion of
disoci um per f I uoropinac orat e (4 . 6o grn, 16 .64 rnmcl e ) in 50 nl
of ietrahydrofuran, drop by drop, at rooil tem¡erature, v,¡ith

s-uirri ng throughout . Reac tioir oc curred a.nd v¡hite sol_ids

precl-nitated. Àfter all the reactants ivere inixed_, it l,ras

stlrred for 2 irours.

The reacti-on solution was fili;ered. The fr_u.orine

n. Tî¡. r. sþectrun of the filtrate showed- no fluorine absorlrti-on.

Thus the lrreciìri-uate t'¡as stirued in 5C rnl oi acetonitrile for
another 2 hours. rt lvas fif 'uered-. The residue, presunably

socÌium chfcride, tave a positive chlorid.e test with sirver
nitrate sol-ution. The flnorine n. Ì.n. r. spectrun of the

filtrate shor,'¡ed a singleL aL ?1.26 p.,o.in. (int. std_. ).
The prod_uc t dec otni:osed ',vhen attein.tt r,vas rna-de to

rernove all ihe sol-vent. liowevei, after nlost of ihe solvent

lvas rernoved., its infrared s;oectr.un sholred. absorpti_on bands

at the cF= region, but the characteristic band.s of the five-)
membered cyclic systern i¡/ere absent.

Recrystall-ization of the i-.rocìu.ct in ether resul-ted_ in a

cotnpound icÌentified as triphenyl- arsenic oxid-e r,',,iren its
infrared- spectru.m \Tas coinþared v¡i th that of the sampl-e

-'reÞared from the oxidati-on of hyd-rogen rreroxide on tri-
- laoohenyl arsine-'.
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PART J F'luorinated Alcohol s

Preparation of Perflu-oropina.col

The preparation of perflu,oropinacol was similar to

Knunyanlsts methoa24

Hexafluoroacetone (iO.O gm, 60.15 mniole) v¿as ad-ded,

to a neat sarnple of triethyt phosphite (CrHrA)rP (r.(, Bm,

33.8 nmo'l e) in a reaction tube. l'he vacuum sealed tube r'¡as

shaken for five days at room temperature. The reacticn

product v¡as identified- by infrared spectroscopy as a 221

ad-d,uc t o f he>rafl-u,oroac etone and Lrì-ethyl- phosphit e2J .

The product 1i¡as shaken with 20 nil of concenira-ted

su-lphuric acid to yiel-d coforless crystals. The crystals

Ivere dissolved. in 100 ml of r.vater and- boiled for one hou.r.

The mixture rvas cooled and 20 rnl of sulphuric aci-d r;as care-

fully added. Tlvo J-ayers grad-ual-ly appea-red.. It was left lo

stand for i2 hours.

The bottoin layer, separated out by separatory funnel,

was níxed with näqual amount of concentrated su.l phuric aci-d

and was d-rstilled. Distill-ate v¡as collected at 112o .

The producl ivas identi fied as perfluoropinacol by

fluorine n. n. r. a,nd infrared spectros"opy?L'. The fluorine

n. m. r. spectrum shov¡ed a singleL at 70.71 p.p.m" (rnt. std-. )

Infrared spectrum shov¡ed the fo1'lowing absorpiion bands ("n't-i )
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366o (ms), 35oo (bs), 1zT5 (s),

998 (s), 9rB (s), 940 (s), BBz (

720 (ms), 68O (rv), roSO (rv), 558

The mass spectrum of the

result and analysis are shown Ín

respec tively .

122O (s), 1120 (s), i02O (s)

s), 768 (ms), Zra (¡ns),

(ms), 5OZ (w) and 1¡!O (v¡).

prod-uct t¡as tahen. fts

?able 9 and. Figu-re 7

Reacticn of Hexafluoroacetone with Chl-orofotrn

To 4.82 en of chloroform in a reaction tube (AO.4O

mmole) was ad-ded 6.7 gm of hexaflu.oroacetcne (LO"4o nmole).

The tube was carefully\acuutTi sealed and_ loias shaken far 3

d.ays at room temperatu::e.

ft was discovered that hexafluoroa.cetone v¿as not

miscible v¡ith chl 6¡sfonn. The proton n" tû" r. spectrum of ihe

chf oroforin layer shov¡eC a sinß1et at Z"BT T due to chl-oroform

(T.lti.S. int. std. ) " The fluorine n. m. r. spectrum, however,

shor'¡ed a singlet at 74.50 p.p.ft. (int. std. ) due to hexafl_uoro-

acetone which is slightly solubte in cht oroform. Vacuurn

fractionation of the chloroform layer produced unreacted

chl-oroform (orj.ginar ctruantity) and a l-ittle hexafluoroÐ.cetone.

The experiinent v.¡as reþeated . The seal ed 'uube

containing chloroforrn (4.8¿ Sm) and. hexafluoroacetone (

t'ras irrad.iated, v¡ith ultra violet l-i-ght for 2l hours, Tn

specirum of the reaction solution shor'¡ed absorption ai

and other peaks besídes ihe chlorofcrm ba,nds. Proton n.

6.7 sm )

frared
_1

3570 cm
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shov;ed a singlet a-l 2"P:7 t, due to chlorofor.n and a srnall

broad single'u aL 6.04 A " The flu_orine n. n. r" showed_ a

sing.l et at 67.4, p.p.m. (int. std. ). The ner,y peaks of the

spectra r'/ere consistent v¡íth the alcohoi (cFr) zc(ccl3)oH
ï'eported- by Filler and Schur"4B.

Reaction of Hexafl-u.oroecetone v¿ith Chl-oroforlrr in Tetrahvd-ro-

furan

To a sofution of chloroform ($.10 grn, ?1"60 nmol-e)

in 1, nr of tetrahydrofuran was added 1j.10 gn of hexafl-uoro-

acetone (78.9, rnmof e) in a reacti-on tube. The 'uLrbe lya.s

caTefnlly vacuun sealed- and v¿as irradiated v¡iih u-l-tra viotet
light aL J7o for 24 hours.

I/acuun fracti-oiration of the reaciion solution produc ed

teirahyd.rofu.ran, unreacted hexafluoroacetone and cl:loi.oforin

and left a yellovi involatile liquid. The J-iqr-rid r,¡as

shaken ivit,h 1o % ]nyd,rochloric acid. The hea,vier irnmiscibte

fraction v¡as added r¡iLh 15 nL of concentrated sulphuric

acid anC r,vas vacuum distil-l ed (iO-J nrm) eL T60 for i6 hours.

A colorless liquid lvas collected- in the carbon d.ioxide,/acetone

bath (-7Bo). The lveight v¡as 2.O gnt. Infra.red- s,oectroscopic

e;<aminaiíon shot'¡ed that 'uhe rnajor cojirponen-u i'¡as per'í1uoro¡ina.co'l

by comparison -r¿ith the spectru-i.l of an au-theniic sarnple.
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Fluorì-ne n. rfl. r. spectr.um shov¡ed a.,si_nglet at ?O.71 p.p.n.

du.e to perfl uoropi-na.col and a doublet at 76.60 p.p.m. (J =

6 c;os. ) (int. std. ), lhe j-niegrated area ratio being 5:1.
Proton n. rn. r. sirectrum sho'r¡.'ecl a singlet at 5"31 T cÌue to

perfluoropinacol and a v,,eak seltet centered at Þ"63 T
(J = 6 cps. ). These observations ïiere consistent v¡ith the

presence of (cF3)2CHOH reported. by l,tiddteton and Lindse¡,4J.

Reaction of Pentafluorochloroa.cetone wiih chroroform

To 2 "63 gn of chforoform in a, reaction tube (¿Z"O

rnmore) v¡as added. 1¡"0 gm of pentafluorochl-oroacetone (zl .9
mmol-e). The tube was carefully vacuurll seal-ed ancl r'¡as shahen

for 3 days at room ternperature.

f t r¡ras d-iscovereci that the pentafluorochloroac etone

tr¡as not niscible rvith chloroform" The proton n. rn. r. spectruin

of the chl-oroforrn layer sholved a singtet at Z"BT T due to

chloroform. The fl-u.orine n. m. r. speclru-m, hovrever, shov¿ed

a trj-plet at 72.95 p.p.m. (J = B cps. ) and a quartet at

66"40 p.p.rn. (J = B cps. ) with integratecl. a.rea ratio 3:2 due

to the pentafluorochloroacetone lvhich d.issoves slighùly in

chloroform. Vacuum fr:actionation of the chl-orofonn layer

produced unreacted. chi orofor¡n (original ciuantity) and a

littf e pentafl-uorochloroac etone.

Tìre experiment rvas repeated. The sealed tube containing
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chl-oroforn (2.ro3 gn) and pentafluorochloroacetone (4.0 Srn)

r,,ras irradiated wi_th u.ltra violet light for Zt¡ hours. fnfra-

red spectrurn of the reaction sol-u-tion shoin¡ed- absoro"tion
_1at JJfo cn ' and others besides the chl-oroforrn band.s. proton

n. n. r" spectrun shovred- a singlet aL 2.87 a due to chl-oroform

and a small br.oad singtet aL 6.18 -t. The fluorine n" m. r.

spectrun shor'¡ed a triplet aL 73.20 p.p"m. (.1 = B cps.) and

a quariet at 66.00 p.;o.m. (J = B cps.) (rnt. std.), the

ratio of the integrated a-::eas being J:2. Comparing the d-ata

r'¡ith those of (CF3) 2C(CCla)OH reported by Fill-er and Schut""B,

l-r i,lr_gnr, þe

preseni.

suggested- thab CF3C(CF2C1) (CCtr)Oil was

Reaction of Pentaf-l uorochl-oroacetone v¡rth Chloroform in

Tetrahydro furan

To a sol-ution of 2.63 gn of chl oroforrn (22.O mrnor e)

in 10 nl- of tetrahydrofuran v¡as added 11 "0 gn of penta-fluoro-

chl-oroacetone (21 .9 mlnole) in a reaction tube. The tu-be lvas

carefully vacuum sealed ancl l¡¿as irradi ated rviih ultra violet

Iight, a.t roorn temperaiure for 21, hours.

I/acuum frac tionati-on o f the reac tion sol ution produ-c ed

tetrahydrofu-ran, unreected oentafluorochloroacetcne and

chlorolorrn and left a yellovi involatile liqt-tid-. 'Ihe

flnorine n. m. r. showed tlr.ree sets oi doublets of triplets

centered. aL T1.Bo, 72"15 anð l\.j7 p.Þ.m. (CF,, resion) and)
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tr¡ro se+us o f nul tipl-ets c entereC ai ,9 .7O and 60 .73 p. p. rr1.

(C F-Ct region ) (ini . std . ) . The pz'oton n. m. l:. spec trunl
l-

shovled, besides lhe chl-oroforrn and tetra.hyC.r'ofu.ran peaks,

a- qua.rtet of dou,bleis of dou,blets centered at 5.42 \/

The patterns of the flu.orine and- ,oroton splittings are

similar to the CII(CFJ) (CI'ZCI )- 6rou"p of the sj-licon compounds

synthesized by Begleiier, Chan and Je,nz.n5O . Since 'uhe

infrared spectrun shorn,ed no sign of any O-il absorption,

lhe uork v¡as not continued.
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PAiìT 1

DISC iiSSI OJ{

F er ff r"r oro-a.l]r;¡l- Vrc inal Di hyEg c hl- o ri i e

il'he synthesi s a.nd stu.dy of alkyl

beeir ì-nvestj-gated for inore Lha.n a hu,nC-red,

l-ittle success has been achieved- d.ue 1-o

to isol ate the coi..rulounds. Tertiary butyl

is the mosL stable compou-nd of bhi-s cl_ass

'Ìhe first perflu.orohyþochlori_tes,

CSFT}CI vrere synthesi zecì by Fo*51 in 1968

CIF on FrC-0 and- (0F-) 
ZC=O respectively

hylrochlorites have

years. Iìolever,

the diff.i culiies
Qzhypochloriieo'f

hnov¡n so far.

CF-OCI and i.so-)
by the acti on of

r,'¡iih CsF as catal-yst.

c FJocl

iso-CrFr0Cl

prepared- the same class

oerfluoro-alc ohol- 
= 

1 B 
.

FrC=0

(cr- ) ^c=o)¿

+

t-

ClF __--+

CIF --+

Rec entlv

coärpound by ihe

, Fox suc c essful-Iy

reaction of CfF on

of

ROH CIF 
--+ 

ROC]

During lhe course of his rvork, he fried to i_.re]:are

ihe pei'fluoroaliryl viciiraf d-ihypochl-orile b;' reacting Cl_F

¡,vith Þerfl-u.orcpinacol- " Hovlever-, only d,econ'iþosiiion ilrod-u-c'us

resulied..

TIF
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0n siudyin6 the c harac t erist j-c s o f these ,cer íl u oroai ky]

hylochlorites, he and his col'¡orkers cij-scovered- that ca-::bon

rnonoxide and su,lohur d.ioxide can insert inbo ihe 0-C1 bond

to f orrn ihe ch'l s¡6f orlna-be and- ch'l orosulpha-'ce respectivel¡r.

ROCl

ROC]-

lvhere R

+

co _+ ROc ( c )cr

S0Z ---.+ ROSOZC1

(cr 
=) 3c ' (cF 

3) zcfr ' cT3c (c F =) 
' 

or cr'3cr12

ilot¡ever, rec ently o J anzen and Foll-itt 1 9 suc c ess fu.1ly

prepared tire very u.nsta-lbe perflr-roroalkyl r¡icinal drhypochlorite

by the action of chlorine on disodium perfluoropinacolaie in

trichlorofluoromethane solution at low teniperatu.re"

( C Ir- ) ^C -Oi'ia)tl
(cT'3) 

ac -oi'Ta
cLz 

-

(c Ìr- ) ^c -0c rt'l
(cFì2c-oc1

ldaCl

This compound is charactel'ized"b;' the flu.orine

n. n'ì . r. and- infrared d¿ria. and al so by the reactj-ons:

f . its preparation in protic sol-vent results in perfluoro;oinacol,

2. rea-ction r,viih beirza.lclehyd.e proCuces benzoyl chloride a'nd

benzoic acid.

One of the objects of this thesis is to further

characterize tÌris dihypochlori-ue by ihe insertÍon reactions

analogou-s to Foxrs and. other. reactions b¡; ¿liilizing'uhe

oxid-ising proper-uy of ihis d-ihypochlorite.
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The attempt to prod-uce perfluoroalìryl'¿iciiral dihypo-

chl-o.rrite by oassing chlcrJ.ne 'throu.6h perfluoropinacol encls

up t'i'uh no reac-u'i on. This beha-vi-our is very cì.if f erent froin

the nonfluorina.ted alkyl alcohol sucir a.s ethyt alcoholJ.

CLZ -=--+ C2ii-0O1C ^I]-OH¿)
(CF- ) ^C-OH.) 1l

t

(c F- ) ^c -or{
)L

The existence

can íurther be justifi

di-oxide inserti on reac

cLz

flu,oroalkyl vicinal

tire carbon nono><ide

no reaction

dihy;oochl orite

and- su"l þhur

of per

ed by

ti ons.

(cF-)^c-ocrt 'l
(cFl )2c*oc1

(cF, ) ^c-0c1,.1
(c F]) 2c-oc I

2CO

2SO 2 -.----r+

bs are named as

dichl orosltlphaie

þerfluoroal iryl

respectively.

(cF- ) ^c-0c (0)cr, .l
(ctrJ) 2c-ac 

(o)cr

(c r= ) ^c -oso ^c I,'l I
(cF 

3) 2c -oso2c I

The resulting produc

vici-nal dichloro forina.te ancl

Existence and Stability

Sinilar to bhe

-uhe d-ic hloro f ortnat e and-

decol:ipose readi-lY vihen

perflnoroalliy-l vi-cinal d-ihypochloriie

Cichlcrosulphate of the saliìe fanily

the;' ¿¡s i:ept at :'oom temperature or

1g
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'i¡then solvent is tai.',en âir,'ây, and. there f ore no elernental ¿1¿l yses

1¡,Iere l:oss-i 'bl e tc ob'uai n.. Tìreir eristenc e c¿n 6nl y be suppor-ted

by ì:hei r spec irophotoinet¡'ic behaviour. L-i he t he ;oe:: fl-uoro-

a,lÌryJ- r¡icina-l- d.ihynochlorj.ier'Lhe infrareC. sÞectra of 'uire

dichloroforniate and- dichl-orosu,Iphate shcw broacl e.ncl strong

absorirtion tra.ncls in tìre regions 1210 - 1260 crn-1 as well as

slrarp arrcl neclj-itm absorptions belv,,een 690 anci- 725 cut-1 vhich

can be assigneä Lo CF, stre'i;ching tnodes. Also, no C=C or

O-lI absor-pl.ions are observecL. üot';ever, u,n1i l"e the di hypoch-l orite,

ttrorrg 0=O neaii (1?9, 
"m-1 

) and¿r,veali S=O !.eak ( 1440 
",n-1 

)

a1e founcl in the sl:ectra of Cic.irl o¡oforrrtate and dichloro-

sulphale respecl.ively. 1'hese absorptions are consistent with

the C=O a.nd S=O peaks of f'oxrs chloroforrriates and- chloro-
rO

sulpha'tesro. I'lo cha¡acteri stic absorptions cÌue to t'he five-

rnet'nbered chelate ring are preseni ef i:ninatÍ ng the i:oss-i ble

for*arions o i (cFSrrT-o.a=o a'd (3Fl)t!-oaa=o 'lthei-r

' ,r. .-/ (cr- ) ^c-o/tr,-uJl zu-t ) ¿

fl-uorine n. m. r" spectra shov,' singlets al 69 '9O p'p'm' and'

?1 .ZO Þ. p.ln. respectivety (the clil:ypochloriie shows a si-irglel

at ?0.57 p.p.n.), bo'uh being in the CF- region (ta¡te 1)'

In each case, ihe singl et i::ea,ns l;hat all- six f'l r'iorine atoms

ere tïagnetic all-y equivalenl-, consis-uenï i,¡ith the su.6gested

forrnula-e of ihe coi:iipound,s. I-Iot¿everr to further support the

exj sience of the cl.ichl-orofornate ancl- dichlorosulilhate, more

characierisation by illeens of tÌreir reactions vlith some other
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Tabl-e i
-i.

Sr:ecirosco,.íc Pro-oerties of Perfluoroa.Ìiiyl j/icinal Corn¡-16¡,¡¿-.

C ompound.s 19t n.rn.rî. r.R.(c=o;s=o)

Dihypoc hlori t e

(cîì2c (ocl )c (cî3)rccr
7O .57 p .p. l:t. ltlo absorptj-on

( singl e', )

Dichloroforärate 69.90 p.Ð.il. 1795 c'ifl-1 (s)

(cF)zc(oc (o)c1)c(cF,)zoc(o)c1 (singr et) (c=0)

Diclrl-oros¡1] phate ?1 .?o p.;c.m . 14-40 crn-l (vr)

(cr.j ) zc 
(oso2cr )c (c Fj ) zosozc]- ( sinsret ) ( s=o )

Solvent : tri-cnlorofl l:.oromethane
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coillrounds still Ìras

not possibl-e.

to be C-one, since elemental analyses are

Besi-des -uhe i ntense CF- sin3'1 ei, the íluorine n. til. r.

s-pectrui-n oí the perfluo::oalhyl vic'i nal d:-hypochl orite a-Iso

shorvs íerv c1oubl ets aircJ. 'uriplets betvreen 68 and, 7B F.P.in. r

rvhich are t'nucir I ess i ntense. These are bel ieved lo arise

þon ihe deco¡tposj-i-i on cf soile d.iìrypocirl orite d-urin6; ihe

passing of chlcrine tirrough the disod-i-uin perfluoro¡.inacola.te

solution. The sarrte pattern of fluor-j lle n. ill . r. spect¡un

is observed afte¡ ca-rbon rnono>lid-e or sulphr,ir cìioxi cle is

1¡assed. ihrou.gh the trj-chlorofluoromethane sollition of the

c1Íhy,oocirlorite, sho'.,"in6 no sign of fu.rihe¡ decorn¡osition.

The d-ichl orofoi'trraie so forriied decoiul¡oses sl-ov'rly at roolr

ternper.ature t¡¡hel'eas the dichlorosulphate seelns to be stable

aL the sailte c onclition. All tirese coiil ,oound-s dec ompose readil y

rn¡Ìren heat is a,oplied or attelirp-u is made'l-o reiilove the solrrent.

On these bases, ii is reasonable io c onclltd-e that the stability

of these coäipounds .foll-ot';s the ordert

(cF- ) ^ccso-ct, 'l I
(cl-J)2cosozc1

(cF- ) ^Coc 
(o)c1) .l

(cF3)2coc (o)c1

(C F-)
(C F-'t

/ ^\, U\, I'l
) rc ocr

Oxidation i"iechanism of Perfluoroal-kyl- \,ricinal Di.h.vpochloriig

The exist enc e o f per fluoroalkyl vic j-nal Ci-hypochf ori'ue is

also supported by clren-j ca-I ::eactions studied by Je-nzen and.
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1ClPollÍtt''. They cl-i scove:'ed. that tvÌren lrepara.tion of dihypo-

cirl ori te \¡ras carried ou-t in tetrah;'i.r'ofu.ran, the fine.i

prod-i-tc'c v¡as i:erf1u.o.r:ooinacol, indica.bing h¡'d-ro6en abstractj-on

fron solvenb. It is l'¡el 1 kno'¡,¡n that ihe analogor-r--s reaction

of tertiarj¡ bu.lyl hyoochl orite and hyd-rocarbon solvents

Si ves t-butyl al cohol52.

If benzaldehyde is added to a soli;-ti on of d,ihypochl orite

in carbon tetrachlorid-e, the rnain products a-re benzoic acid.

and- benzoyl chlorÍd e . These prod,uc ts are also f outnd r¡¡hen

t-buty1 hy1-,ocìilorite reacis lvilh berrza"l-dehyde in carbon

t etrac hl orj.cl-e9 .

t-Bt-tOCI + C.ilSCIlO- t-BuOLI + C6il5COCL

t"
I

I
t-BuCl + C6H-C00H

If a ?ea.ci;:lon scheme t¡'¡as ratioanalized analogor-ts 'bo

the hydrocarbon reac-uion,

(cF-)^c-ocr (cF-)^c-Orr

, ^ _t ,'! + ZCÁH5ciìO '+ 
, ^ _t .tL + ?-C ,I7-CaCL(cElzc-acf " (cF])Zc-oH-*.1

I

+(rF-)^c-cr, tl + ZC,H_Ca)F,
/^F \ ¡, ^a O 2It I-,,'^\.-UI)¿
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i-i r¡¡oulC snf f er tt'¡o d,ef ecis. Firsit y, bhe cht cL-..ide

(Cn= ) -C (Cl )C (CF.) .Cl has never beei: j-sor a,ted_ or. id-en-i.i fred .)¿ )¿
f nst ead, the fl.u.orina.i ed eird prod-i-rc ts f::on tire reac-Lion

ïIe:ne d-ecoin¡osed inaieri al-s.,second-ly, itÌren perflu-oropinacol-

r¡¡as add-ed to benzoyl chl oride, vri'uh sJ-igirt hea_tirrg or i;i ,;h

ul tra vi ol et ir::adiation, Ì1o reaction was airnarent. Thu.s,

the¡, cannol be considez.ed as -uhe i nterilediates of ì:he

described reaction"

ljerfl u-oroalliyl v'i'cina1 dihypocÌrlori-ie oxidi zes

triphenyl phosphine -uo irilhenyl phosphoric oxide i,¡ith

heating or u-l-tra vÍol-et irra-cìiation"

(cF- ) ^c-ocl)'l
(cF5)2c-oc1

(c 
6ú) 3P (c 

Unr) rv=o

Based on su,ch behaviou,rs of ihe perfluoroalkyl

vicinal dih;'pochlorite, no satisfactory inechanisi'n can be

empl eys¿ ¿. explain the observed phenomena. It is possible

that in the 1:resence of ul-ira violet -Ligiri or heat, the

unsbable perfl-uoroalkyl vicinal d-ihypochlori te d-ecoinposes

and geire::a.'ues the chlorine or o>iygen rad-ical-s (Cf . or 0" )

t¡]rich are ï'esponsibl e Í'or o:;-jclizing tJre benzald-eh;,'de and

t:'i-pÌrenyl pÌiosnhi ne.
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PART 2 Dj-sod-iu¡n Per fl-u o.r'opin¿c olat e

It is lvel I hnov¡n tirai the action of an a.lirali tletal

on hexafluoroacetone, (CF") rCOrin a su-itable donor solveni,
J¿

is to proC--ur.ce a di-nletal lic per-fluororrinacolate.

The hì-gh reactivi't,y of the ionic alkoxide tnakes

it a valuable Ínterinediate for lhe ,oreparation of

perfluoropinacol d.erivati.¡es 'by the reaciion lvii-ir hali des

of other elernents. The structure of i;he ion s-ur6gests tha.-u

five-membered chelaie rings shoulcl. be readily fori:red by

reaction rvith dihalicies. By reac Lion of the diha'Io corílpounds

v¡i th the sodium or li-thirtril Ðerfluoropinacolate, the

corresponcling d.erivatives have been prepared23-29, i:rhich

are sumnarized in the Genera'l fniroducbion'

(cT=) rc=o

(cF- ) -c=o)1

i.l¿ _*

Li _--+

(c Fj ) zJ-orta
(cr ì.c -oNa.

(ctr_)^c-ol,i, r.¿l
(c Fl ) 2c -oli

Ìv{r/
(rrF_ )rT-oro,u

(c n- ; 
"ð-o'

(cF- )z?-c,
or'-l

rña-: r Å ^/\l' l' - / ^'J -U).

(c F,, ) z9 -or
or"l

(tFt) z¿-o'

ì,1V
)

Alltheseconpounclsarecharacterised-v¡ithihe

characteristic infrared- a,bsorption frequencies in five
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r"gion"J4, loBo - f,i2o cm-1 (s or rn) , 992 - iooT "*-1 (ra or w),

g2o - 969 cn -1 (s or rn), B8z - 889 crn I (= o" *¡ anò- ?35 -
-1 / \'/)U cír ls or h1 /.

Characteristj-c Infrared, Absorption

Four coinpou-nd-s are þrepa.red- contributing to part

of the work of this thesis, They are the triphen¡rlphos,ohorus,

triphenylarsenic, tri phenylantimony and phen;'larsenic

perfl u-or,o pinacol-ates preparecl frorn the cìisod-j-urn perflu.oro-

pinacol-abe sol uti-on.

(CI- ) -C-Ol'la (C F, ) ,Ç-0..t 1l + (c.H")rPBrr'----È t 'l P(c.H-)
(c F- ) ^c-01'[a 

o ) ) ' (cl' '' à' -o'- '" 6'-'' 3
) a -uto ,"-3tZ"

cF=-. (cF3)2c-or 
-- ï=o r- irla + (c6H-)-Ascl--+ t 'l -.[s(C 

,E'.)3
cF! 6--i'i-----" (c¡,-)-ð_0,-- b,
--7,4.)

))L

(c r- ) -c -otr a (c F= ) ,Ç -0.) 1l + (c.lïq)?.sbcl?.-----+. _t,'L ^/sb(c 6Tr>):(cl'r)rc-orira o ) ) ) (cF)zë-o' w )

(cr"),c-oiTa (crz)zg-O..
r Ll + CrH-AsCl^# / -l Asii.I1-

(cF- ) ^c-oNa 
- 'o-->-'- - -2 (cF I -b-ol Ó 2

) L,-wtyc, 
," - 

3, Z"

Conroy and Dres d.n."35 prepared- lhe phenyl-phosphorus

perfluoropina.colate fro¡r tire dil-ithiuin perfluoropinacolafe

sol-ut-i on ancl reported its infrared specirunt.
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It is founcì that ihe characteristic freo,u.encies of the

five-meinbered chelate ring are al-so ìcresent in 'uhe infrared_

specti'a of the above perflu-orol?i nacol d_erivatíves. These are

listed in Tab'l e 2 and the sþectra ¿-re shoi,,n in Figure i.

Stability

The stabi-l-ity of triphenylphosrihorr,r,s, iriphenyla¡'senj-c

and iriphenylantimony perfluoropinacol ates has been investiga'ted.

The 'Ì;riphenylphosphoru-s perflu.orooinacola'Le shows no sign of

deccul:osition afier lieeping in a stoppered boftle for a nonth,

v¡hereas the correspond-ing a-rsenic and. a-ntiinony cornpound.s d.ecoÍtpose

ín a- fevr days. The i:hosphorus conlround. can be easi-Iy ::ecrystall-ized

from benzeile or etÌranol for purification, bul beir"zene is found

unsuitable for ;ou-rif¡.in¿5 .t he arsenic or anliiiiony ana.l oEu-es. EtÌrano1

has to be u.sed. i?hen an altempt is tnad"e'uo pu.rif)'tÌre crj¡stels of

the arsenic clerivative bhrou.6h vacuurn sllbliüaiion al i 2Oo,

he>lafluoroacetone -i s given of f identifiecl froin il-s infrared,

sþectrun. The va-cLtum sublima-uion of the antiltony colnpoi.rncì

resu,-l-ts j-lr inore than one volatile. Eas, one of then being

hexafluoroacetone. Thns it can be concluded that triairenyl--

pìrosphorLl.s llerfl-u.oropinacolate is nu-ch Ì1o:l'e s'uabl e than 'uhe

trj.phenylarsenic or irì-phen¡r]¿11f i Llon)¡ oer flu.oropina,c olaL es .

Hexafl uoroa.cetone reacts with 'c::i,ohenyl i:Ìros-1:hine r;c

form ihe f¡i phenllpnos,ohoi'us perflu-oropi na.colaie. l{o reaction

(c p- ) ^c-or,i-' tl
I(cn- ¡ ^c -oli

(c F" ) ,Ç -or
C,ll-PC l^ ----¡" ' -lo, ¿ (CFl)rr_o,
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Table 2

Chara-cterisiíc infrarei. Absori:tion.- (ciii-1 ) of Grou.p t/

Perfl-noropinacoT Derivaiives

C ornpounds l,{ode I . R . Spec tral Daia

(Crttr)-p(prp) Ì'Ju jol 1 108(m) 998(rv) 954 Gn, 973(rn) 74¿r (m)

(c.nr)ras(etrP) trujor i 107(s) 996(m) g:o(m) 874(m) 737(s)

ß 
6n>) jsb(pFP) lluiol 1 i 1 1 (m) 996(v¡) 950(s) 87l (rn) 731(s)

c6HrP (p¡'p) I'Teat i 1OO(s) 975('a) 950(m) BB5(ür) 755@)

cUTrrAs(PFP) l'leai io8g(n) 990(r'¡) 919(tn) 869Gn) 7J0(s)

"PFP stand.s for perfluoro;oi-nacolaie, -OC (CFz) 
ZC 

(CF- )¿0-.
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Figure 1

Infrared- Spectra of Grqup V Deri r¡atives of Ferflu.oroi¡inacol
l'{i c rons

5 10 15 ?5r r .*t
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(r). (cF3)z?-or
,u(cF- ) ^ë,-o/- 
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(b) tr{ = gs
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,rrr,)L-o)* u",
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is observed- und-er üroderate ccnditions 'ile-uiveen hexafl u.oroacetone

ano triclienyl arsine or trilhen;-'l a:rtiiaony' Krespa-n and'

20 ! 11- - ^!i --i.{-,, ^+ +--i -}rn-¡¡¡t --¡, 'titdci,Leron c,aimed- -rhat the u.nreactivity of triphenl'} arsine is

'tpei'haps as a resul-t of l-ot¡¡er stabifity of the cycl ic lrod-ucts

relatir¡e to those froin triphenyt Þhosiriinerr.

sinilar.ly,,c,Ïrenylpìrosphorr-ts Þerfluolopinacolate is

nore siable than its arsenic analogue. The phosphorus cot-n1:ou-nd

can be pu.r'ified by clistillaiion a'b zALt - zara as reporied- by

Conroy ancr- D¡es ¿nur35. i{hen sa.rne attenpt i-s mad.e io i:u:rify

the phenylarsi nic perflu.oropi-nacol aie, decompositicn occltrs

at 1 5Oo.

Fluorine i"i. li. B. and Stereochernislry

The flu.orine n. rn. r. specirum .olays an in'oortant

role in s-uu'ci;:'i nel the stereochemistry of perfl uorolrinacol

d-erivatives. One of these d-erivatirres, 'bhe ortho-sulphite,
llL

has been investigated- '.

(cFr)rT-o-*lo-T (cr),
(cFJ) 2ð-oz"*-o-ð tc, ì,

There are four possible ivays in which the o>lygen

atoins in ihe ilof ecu.l-e migirt be arranged- about -uhe sulphu'r

aton, tetrahecìral , square planar, trigonal bipyr¿pi d-a'} or

teiragonalpyranridal.Thefj-rsttrvo,hol,vever'areeliminated.
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by the appearance cf the fluorine n. m. r. spectrurm of the

c orn-¡ou,nd, vihich consists o f tr¡¡o fairl-y broad, absorplions o f

equal intensity at -10.5 and -12.2 p.:o.m. front triflltoroace'uic

acid-. This spectrun indicales the presence in the i'nolecule of

equal quaniities of fl uorine a-uorns in tr¡¡o d-if f erent environineitts,

rvhich is in the case of bipyrainid.al or tetragonal pyramidal.

I{or'¡everr on'l y flucrine n. ir. r. s;oectrurrt canno'b di stinguish

the tv¡o "

lhe fluorine n. m. r. spectra of lriphen)¡lphosphorus,

triphenylarsenic and. triphenylantimony perfJ-u,oropinaco-l ates

are, in each case, a single'u. Tiris suggests lhat al-l the

fl-uorine atoms are in the same ilagnetic envÍronruent. The

folloiving arrangentenrs are possible foi: each compound, the

P, As or Sb atom being at the center of the molecular geometry.

( 1 ) trigonal bipyramid in which two oxygen atoms occupy tvio

apices of the triangular plane,

(Z) trigonal bipyranid in l¡hich one oxygen atom occupies one

apex of ihe triangr:lar plane and the other above (or

below) lhe þl aner

3) square pyramidal, and.

(¿r ) equilibrium betr'¿een ( 1) and, (2) or (2) and- (3) iirrou'gh

pseud-orota'uion.

Hor,vever, in vie$/ of the common ì;rigona.1 bi r;vrai-nid-al

geornetry of the Gror,rp V (V) ccrnpounds and the steric h-i ndrance

rend.ered by ihe lar5e phenyl rings, (I ) ancì (2) shcul-d be
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aore þr'oba.b-l e.

T'u'lo muliiolets are observed in t,he fluo::ine n. i'lt. r.

spectrlr-in of pherryla¡'senj-c -perfl-uioi:opinacolaie (li5r.r"re 2), ft

has -uhe seir'ie il uorine n, rr, r; spectral paitern i'¡ith iha! of

"qpherrylphosphorus ¡rerfl'ur.o::opíi:ac o)-aLe)' or iiie cycllc d.er'ÍVative
-'r l,of perf'luoropinacot-t'''' u r','hich al so shows iv,;o i'nnli;iplets i-n the

CF- region"j-n each cese"

(cF- ) ^c-0-)11 \^^
| /tÐ=v

(cF- ) ^c-o'i¿

These corn,oound-s, wiLh the electron lone;oairs

residing on the heteroatoms (i.e. P, As cr S), have the

ligands in each case repelled- ou.'u of the ríng plane causing

the fl u-orine atoms to be in d,if ferent magnetic environ:'nents,

sÍx above a-nd- six bel oiv ihe Èlane of the íi ve me¡ibered-

chelate ring, resultì ng in ttr¡o multitr'l ets.

^.- 
t{' 

/c 6H5
-'5 fl_--.-n /\;/i o".-'tl
/ é,,

tu3
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Figure 2

' ìi r¡ R,, Spectz'ui'ir of Phenyla-rsenic Perfli-loro-pi+acole-ie
rq'Iuorl ne !i ¿ r'r.

lt1 Ê \ Ê-C)

'"' 3' 2\ "t 
A=c .H

(cF-.) ^L-{'"'" 
6"5
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Fluorine

Table j

i! . l''!_. n . peaLs o ¡ Crq fl uoro iiinac ol Derivatives

C omþounds Solvent Pea.L.'s(p.p.m. .) Spl-i ttin¿3

(c,rr- ) -P (P¡-P )o2)
(c.H- ) -.ns (ppp)

o2)
(c .'fl-) -sb ( PFP )o2)

<E
C.H-P (PFP) --

c>2

C.H-As(PFP)o2

T.H.F.

Freon 1 1

Freon 1 1

Freon 1 1

rO 4-{3O. I 1

67 .85

/O O^
OÖ. CY

65 ,40

bo,(-)u

67.1,

67 .90

Sì-ngl et

Sin6l et

,Singl et

Þlul-tiplei

Ì'iullipl et

i"lu1iipl et

þiul- li.ol e t

*
T.I-l"F" stand-s for tetrahyCrofulra,n,

Freon 11 stand-s for trichloroflilorornethane.

x*PFP stands for perfl-uoropinaco'l ate, -0c (CF=) 
"C 

(CF, ) rC-t¿ )<
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l.'lass Sl:ec i¡'a

TÌre iilore intense ancì in¡ortant reaiis of the riìass spectra

of trj-pirenylphospìrorus, iriilheirylarsenic e-nd- f¡i phen)l an'uinony

pe.r:fluoropinacolabes are la,buj ateC in Tabl es 1i., 5 and 6 reslreciir¡ elY

The fragrnentati-on patte::ns of triphenylphosphorus a.nd irithenyl-

anlimony ¡rerflu-oro,oinaco-laies are a.l so shoi¡¡n in Figures 5 a-nd 4.

ithe mass s;oecirun of -uril:henyl ¿¡ssni s períluoropinacol ate

is J.nleresting. There are apparenily no pea.ks between the

parent þeah (638) and. tripheuyl arsine peak (316) and lhere is

the appearance of the Ìrexafluoroaceione peak (166). The other

peairs can be a-ssigned. as the fra.ginenta'bion particles from

iriphenyt arsine ancl he>taf'l uoroac etone. Obviou.sly, the C-ecompositi on

nod.e of ihi.s contl:ound i s characierized by,

)=

For ihe nass spectrlr.in of tríphenylanbimony perflnoro-

pinacolate, the a;opealrance of very strong isotcpic antirrtony

peahs aL 608 and- 610 is veT"y characteristic. This fragnent

is assigned as ( Pa.reirt - C.Hl )+ v¿hich d-oes not exisi j n '¿he

Ììlass spectr'-tin of the lrhosphoz'us or arsine a'nal ogue of this

family. The a-Irpearance of sb-Il gro'ùp i s certainty inte:'es-bin5.

l¡t \ 
^ ^UJf -,,/ ^V-V-| '¿u (c rrl5) 3(cF- ) \c-o' ''

(CFl) zC=o n (C 
frHSllIt

ottfer other

fragments fra,gn

As

+-en
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Table 4

I'la-ss Sl: ec iru.m o f Tri henl'I¡hos orus Perflu,oropinac olaie

n/e Relati ve fntenties As si gnrn ent

a7a

q2q

,17

¿6¿

201

183

154

152

147

108

107

97

nQ(\)

n11

oy
42

5t

Ãô

39

31

The relati ve

,1.rr

3"t

4.0

J.1

22.3

13 .1

A/r h/-. v

)1 
^

10. B

'7 '7I ót

7_) 2
)L. )

-ôlö.2

a
^i' 

h
t'f . e

100.0

-/)o.Y

91 .5
¿4 ''o

42.3

110.0

2C. B

9.2

intensi ty of the Parent

rr TJ T¡ tar *
" 21,," 15' 1 1'" 2

flrJo.o^*"zj"1r'9'"z
n TJ Íì ,,^*"18"1o'1z'"z
r. TT npô*" 16"1o'9'"2
NlJP+v I efII E.ru t)

c 
1 2H1 OPO+

.__ _+d Lt t)

' 1 2tt8'

t ', ,t, o*
Iî 1r.- 

12rrg
J-

fl TJ rl.v _t1Fv') "')

T
C -H-P.

tlt

!
r, l-t D'
V ?LL, !

b 1-t.

c ^F-o'¿)
J-

ñTJv at:roÐ
J¡rlW / lI-IJ?

f

urz)
n ,- a
u i, ö1,

"r l'
I+

C H!', ' or C i, ,ilz
L-tt

.L
dn
v- 1a

!

c -i-i-')t
-.1-P- or C Fr-

pealr (r94) j-s 0.1 .
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i'j-ture j

i'iass Spectrur:l oí T:'il;he:rl/1pÌlosjjhc¡u,s irei'flu,o{o!inacola-ie

ia li
-v a \) _o)v

î 1:lu -tl-

/zô\

/,- r-¡ \ ,^ n
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+
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ttj
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¿,1
T.T
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F-Ctll
r-c

7ac,.)( )

I

1

t ¡.11o

201

l

^ì-ìl-
ì/^

1Bj
{

6t'¿r

107

I

I

+

lF_)
".t _

\:) /

(c,
o

(zo

íaì\\-/-

(lg

¿ z !!

CT

t- -li

\,1

(c
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i(

(l

c6

(l

F

rtrt,/ ^

( (',lt
)

CT

(52'

I
J
T

fo" I

) ^c-0.'l¡ \o/¡ Tr \
| 

"t 
\"f-"r;/Z

ñde/j
? -U =\l
)1-

\

-L

+
or

l,(c .ir- ) -
"( b Ti

L

3
(c .ti-.c .\\-)' b , b )'
(15It)

I

II 1T,Tl- a 1
I

Y

lt -rT /ì Lr' \i-
\V/-rl, .w a!!t /c /i- i.) +
(t yz)

/trrtr1

!
(1 t-t

bb
/- O \

I
t-

u- r:.

( \2\

{
^-ru Ì, _t/ -utll

crz
(t L'7 7

) -i'')--

r
u Ll'3

$j)

o2
(262)

l_
(1 1l

bJ
(n-\

I
f

C.II,o¿l
Q6)

+
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Tqble 5

lrlass Sirec lrum of 'rriphenylar.s enic PerffBoropina,c o_late

n/e Relati-ve Inteirsi lies Assi.gnrnent

306

224

)),

166

15\

152

15t

11l'7

97

7B

nn((

69

5t

r^

The relative

o.cl .

-+
" 1 B11r 54"

J-
ft rf ¡^'
" 1 2"1 o"o

¿
C. -iJoAs'ta ()

+
c _l--o)6

a
õ Ift 12tt1o

+
C -H-As'ó,

r
C,i{, As'

b r..1.

I

c -F-o'52
L

c ^F-o'¿t
I

c -H..'bb
a

{¡ ";

CF-.)
f

CH.
+4.

CIII¡^+ or C, I{-
L '', _/

Iclr"- 2
l

c -1.I- 
'

tt

1.5

nq

1.t+

o.2

^tr

).(-

^^
!-J . t)

r. (

i 00.0

)n

77 
^

l.t)

1.4

1.3

ôo

i nLensity of bhe parent peair ('o3B) is .l ess than
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Tabte 6

l'íass S-ræctru.m o :i_ Triphenylan1-in.ony P_erfluoropinacolate

yn/ e Rel at"i ve f ntensities Assi {ìnrn ent

oo/

66,

6to
a ^Oouo

56o

558

443

4 Lr1

354.

7,q2

277

275

219

217

200

198

114

153

u"5

112.1

a)^

10.t¡

L\ l-

ó.¿

3r.5
Ll9.2

11 .3

17 "t

63.1

Õ, a
ö¿i.. b

100,0

tr. o

' ,4',5r¡i 1sbo2+

c 
l Prllr 1F1zsboz+

" lT'rl Fl osboz+

' , |ot,oF6sbol-

!
dÌtt 

1 Bt1 5ou

,_ +tlznioso

L

c -H-FSb'ó2

I

c -H-Sb'ó>
J

ft ¡r\/ - ^If,. ^l¿ lu
,^a*
" 1z-'9

(Continued next page)
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(ia¡te 6 tcniinued )

152

97

77

69

,1

11 "?:

t).)

/l /

rn .Q,

!

ly - ^.tlol¿ ó
¿

c ^F-0'¿)
+

C.H-''o,
tr! -)

*¡-CHF. or. C, il=L1-)

Tr'¡o peaks are assigned to each antimon¡' fr-agrnent dlte to

iìre isoiopes, 125s¡ .na 1235b, the ra'bio of abu.nclance

beíng J:17. The íntensities of the parent rea,ks (686, 68tl)

are 0.15 and 0.2 reslreciively. The follolvin8 less in'Lense

antimony peaks are al so found, (C61,)rsnitr* (31r, 31Ð,

(cnur)zsbF+ Qg6, 29Ð and c6H5sbF+ (2t9, 21?) -
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it''-)r!-o;lo * l+

[,(cr', ) zc-ú uttì 
4

(608,61 o)

1

l+
,rl

I

FiSu.re 4

liass S¡ec.tru-in o f Trilhenl;:laltirnony Perf luroro p,inacolate,

]J
o)

A TÌ
-w /It,- - --9- 

+---r-(c

a

I {cl= ) ,Ç-or| ' 'l ìs¡(
I (c e- ) ,c-o'
(68,4,686) \

(cr- ))
vt-

)

i

I

I

i -.o,t-
L
Y

f- ¡r
l(cr-)-c-o.'¡
I ) 'i ìsrr (c.li- )I cr--c-{ b

I t 
I

lrli¡L*

o58,r6a)

f

I

I
Ilr¡I -1
I

I

&

-C -0.
õ1^

I /¡Jw
-c-o'
,-l'r-Tz

6'07 )

-)^co

62
- (cr

(Í T-r \
\w a!!- ) -o2t

rc6r,

+
(c r H^ ) ,sb-o-c-c F=

v/¿t)
I

tur=
)

(4.t¡l , t¡ty37
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Lii'oiil the fra.6i:ientaiion l:atferns of 'ì;hese tÌrree

i¡iphenyl G¡ou1: V (V) rie¡:fl u.orop-j nacol cìe¡ivaiives, it is

'i nteresting io see that -uhese coilÞouncls f.ra.Sneni in d.iiferent

i!'aysr probabl y d-u-e -uo the dif f erent etectronic natu.re of F(V),

Äs (V) and Sb (v) .

The nore j-ntense and iirtpor''ba,nt 1:eahs of bhe I'rlatss

spectra of ahenylpliosphorus and pilenyla.rseiric perfluoro-

-Ðìnaco-lates are tabu-taiect in Tabl es 7 and, 8 respectively.

'.i-'heir þatter.ns of fragineirta-lion a.re sho¡,vn in JIigi-rres ) and, 6.

Çolnpl-ex Per:ihioropinac o_l-.ate Ions

Compte)a tlel.fluo.rop-ì nacolate an-ions ha,ve been lrreOared-

by the reaciion of perfl-uoropinaccl with a inetal sulpha-te
\7in tvater /:tteLhanol sol uti on' ' "

nH, (PFP ) I'in+ 2noli- .--+. (Ì,{ ( PFtr ) n ) 
n- ZnnrO

1" j"i = i,in; n - 2

2" i/i - Fe; n = 3

(pFP stands f or pelfl uoropinacol ate, -00 (0F,r) 
?C(CF j) ZA'

ithen a solu_lion of ieiraphenyl arsenic chlori-de is

adcled. tC d.isocÌiu.nt perfl uororrinacol abe¡ react'j on occu,rs

inmed-iaiel-y a.nd a. t'¡hite ,orecipitate is forned.. Extr"action

of i.his preci pi 'bate rvi-th ac etonÍtr'Íle yield-s a solu-tion

v¡ìriclr shor,ys a singl eL a-L 11.26 p. jr.n'Ì. -în flu-orine n. lil. r.
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Table 7

Ivlass Spectruin of Phenylnhosphorus Perfluoro-pinacolate

(Recorded. from A. F" Conroy & R. D. Dresd.ner, Tnorg. Chem.

9, 2739 (1970) .)

nt/ e RelatÍve ïntensili es Assignmen b

Lt.L Õ

421

37t

143

127

i0B

107

77

69

5o

47

) too

97

^Õ¿ö

6t

100

69

70

15

2

55

o

c 
l zFt ¿H5Poz

ri l-¡ ri D^" 1z'11"5'"2
c i 1 

FOHSPOZ+

T
C. F*Lr)

!

C -I{-FP,6'
nrto*
" 6"5'

!
rt l: n'
" 6"L).t

I
¡ T-t

o2
+

CF_')
r

c F^'
I
J

PO,
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i,,íass Spec truin

Tl-i nrr-na Er rgu.l v J

o f Phenylphosphoru.s _PS_@

lrrrr,.ï-0.rr.,, I 
. 

_F

[r.n, ) rè-o/'"'", )-
{crt) rt-o;or.i{= -cF2 * 

rcF; )zT-o\r.,u-
rr lr . n ", )+ ìT A n/ o,l/-cr_-c-o' t) )

)t ui, --Li-tJ
+

(¿r,4 o )
'cF

¿ (371

*¿-*.J .
t' 4'r*

(:'ry) (6e)

i-'
,rr*
( 50)

+
C -II-PFb,
(tz7¡

I'
Irf Ti -rì '

ó,
(1oB)

I
L_

l-H
Y

{-
C .H, P'o+
(107 )

\tt( )

a
v.!1 -oi
(ia\



76

Table B

lviass Spectrum of. Phenylars enic Perfl-u.oro',¡ina.c,olaie

rn/ e Relative fniensi'uies

240

22A

171

167

151

1J9

113

112

100

onJT

Yl

7B

77

11 É

69

2t

5o

3g

o. /

1,7

\8.7

18.7

'l 00.0

4.0
,77

6.0

1A .7

11 .3

4"7

Ê?

(.t
oz t,

ô^Ô"u

40.0

Õ.1

20.0

10.7

A-ssignmeirt

J-
rr u l:1 ¡-'

t/T

C -F-AsO')/
I

ñ TJ T¡N^,V z1I-I lìÞtc)
L

C -ll. AsO '

hr /a

I

w /Il-}tò

T

^ 
Tr n^'V z1l, AÐ

^ 
lr.

C -H, As+
2Lt

I

F^As'
¿

I

^r)+
f

^r

I

u ^-f -u
I

ASU

+

aa
(1 1:l

6)
I

lls
+

CF-
{r

C TjI'f¡ a-¡ î rr
LLt.t
I

UI -a
!

ffl

))

(Continu,ed next page)
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(ra¡te B Ccniinued,)

The CrH-ÀsC1 ceal";s at 187 ,189 (relative in'i;ensitj-es 10, ¿l ) andó)
C.ij"AsCl . peal.,s e.L 222r2217 (rel a.tive i nt,ensi-ties f ess tb,an 5)h1 /-v/

are î.lresent C"u.e to ilie iillrurit¡' oirenyl arsenic cìicirlo::ide. -i'he

parent 1:eak (48tr¡ he,s an intensity O,B a_ncl ihe (Parenl - tr)

pea.k (tt15) has a.n intensj-ty A.7.
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.H-hI

Fignre 6

r.tess s'pecii'u.ril oi phen 'l arsenic Perflu.cro ina.c olat e

/
/

/

((-1r- ) ^c -o' )'¿t \^I /,ASt,
C F-,-C-O),1

-ru,

(115)

-F
i{..'., ).Ç-0.. J*
I t 'l t¡_"C .n I

lrrr,),ò,-o'"'"n"t I

f qa+l 
r

I l_

l-t 
rttr""=o-l 

'

(157)

i'r
iC .li,lts-CJ ll. l+
| " 'l tl
lñit-L,ll-r

(240)

["r-i 
-o-t"-ol.'

l- cFzF )
(229)
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s!ec trurir . The infrarecl spec ti'urn, tai:ierr af -ier- most o f the

solvent has evaÞorated. al'iay, sltows 'bhe presence of sirong

C-F absorlrtion bui ihe absence of lhe characieristic

a.bsorp'ui on o f ihe f it¡e-rnembe:red ring "

Based on .i:hese speciral data, 'uhe fo'll-oi,'ring reaciion

can be suggested,"

(C F- ) ^C -oir-a (C F- ) ^C -O-', 
_t .=!, ^- + z(c Uur)uascr --* . 5',¿l 

_.2(c6u5)4As+
(û FJ )aC-ONa o '/ r' (CF) 

2C -o

+ 2iilaCl

of pe'.fruoro;oinacorare, (cFj)rl-)^= 
@ uurr r,.r,r^?]rï þ @ 6"5),(cF) zu-u (cFj) zc-Ú

is eliminated since in this cese, tr,vo singlets should be

obser-ved.

The possibrli';y of ihe forination of a double ions

Attempts to isolate the salt in aqueous sofution

v¡as not successful . !''/hen another attel'npts vlere ütade to

recrystallize the compou.nd in ether, the end proo,uct rvas

triphenyl a.r'senic oxide.
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PART 3 Fluorineted Alchols/ 

-

Perfl u.oroÞinacol , a-l so knoïJn as d-od-ecafluoropinacol ,

rr'ras first'ly prepared bhrou-gh the phctochemical irradiation

o f hexafluoroac etone and- isopropyl a-lc ohot45 .

(cF3) zco + (cHJ)2coH u'v' * I{oc (cF- ) rc {cFJ)2oH

Ithasalsobeenpreparedviaa.triethyJ-phosphite

iniermed-iate. The l-atter r'¡as forrned in hiEil yield merely on

mixing the tvro ""r.g".t"24.

(cF. ).c-o-
(cF, ) "co 

+ (c 
"H"o) =P 

- 

t .'l )n f cc zH) 3. -t.¿ ¿ 2 , (CF,.)rC_ú L

saponifica.uion of the cyclic phos;ohoi'ane to an acid-

folloi'¡ed by prolonged. heating of the acid produ-ced perfluoro-

pinacol. Reaction of hexafl-uoroacetone r¡rilh lriphenyl phosphine

has al so been reported to give a phosphclane, t'¡hich on

hydrolysis liberated perfluoropinac o126 '

Arnassspectrutnoftheperfluoropinacolwasobtained.

Its imporiant peaks are listed. in Tabl e 9 and the fragrnenta-uion

patiern i.s shown in Figr"rre 7.

The appeaTance of the (CF-)rCOH species (167) is very
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Table 9

l,iass Sl:gct

rn/ e Relative fn-uensities

26'

24'

197

167

159

1 1,'

128

97

nO(O

69

5t

qar

The relative

0" 1.

1.7

2.6

10,3

<o

aó, t

12.5

ztr tr

12.9

100.0

lLt.5

1 0.8

intensity of the parent peak

Assignm,ent_

T
rt TT T Av rrÌ2l o\J2

./LJC

I

C -TIF.C ^ 
.

2 Õ¿
¿c F-o'4/

¿
C -HF.O,)o

.L

C F-O.
LL)

t 
^-tr -U.)

J

C-F,0.t1
c -I--o'¿t

a
c ^F^o'¿¿

_l_

cF_')
J

uü]_r 
¿̂
L

^Ê
a

(334) is less than
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trigure 7.

-cF-*" i- Þ

(c l', ) 2c -oHt 'l
CF--C-CiJ

:) 'F

(ijF-)-c-0rl
* t tl
'cTz-c=a

( 2t, c\
I

I
I
T

(c F-, ) ^c-o) ':l/*cF

(197)

i

It-c F| - -:<

t

+

icr--c -cl *| 'lt1 It u¡ 
J

(ieB)
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Ç_OH Irf
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- u1t

lr

lr
¿

t'2

I
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+

-ÌT

ftr-ut z

)
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¡l
)
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i
+

.).
)4.

')
I

i-
i
Y
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ll
0
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It-
J
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,t

F

,Lf

3
-

ì

-(
I

(

7

i
I

ü

+

)

lrc
t-'
I1?^
l(L
L

7,-

C]

1(

T¡-2

1Li

FZ

97

F

6

C:

\.,

3

F

tU

3

L¡

i

3

í1

Uv

(l

CT

(l

CF

(e

-]IF

(26i)

ñ a n'
tr.- t

(159)

c F-'
5

(5e)

l-'
uo z

$o)

ilnf'
tf.CF^C-O

L

(78)
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c]ìa.ra,c'beri-s-ui c

of ihe irarent

. It is belier¡eci

oez'f lnoropina.c ol

'uo be f orned fror:'i 'uLre fissi on

i nio two equal fra-gnenis.

Í.
i('
lr.

'¡¡\n
t'l

F-, ) ^Ct¿

-ôTJ l-r-",'I
_OH I

(cr,) 
Zr.j -oH

(c tr- ) -c -0H) ¿l
(oF- ) 2c-oll

This fission i-s very interesting since in the ;oreparation

of perflr-to:ropi nac ol fron hexaf-j-uoroac eto¡re and. isoirropyl
- Lt,'¡alc ohol--'-, l:erfluoro pinacol is f or-ined" frorn the d-irnerj-za.tion

of the (CF- ) ^C0II raclicar .
) 1.

2(Cr3) rCon

Perf lltoro- b-bu t,;''l al c oirol , (C lf , ) ,COIl, has been the),)
subject of controvers¡r 1u1in regard- to i'¿s metliod, of rrela,ration.

!,n
I(irunyants'r r r.yas the fi::st one y¡þe syll'Liresized- ancl. isolated-

ihi-s al-cohol involving the oridati-on of (CIi=)-CIilO to

(C1''- ¡ -C0Ì10 a.nd h¡'drolysis of tÌre ni'bril-e.
) ) 

'oFil'1 er ancl- ,Sciru-re4t synihesized. ihis coinpou-ird- 'by

tÌre ino-r'e d.ireci urelÌrod, the reaciion of trichlorornetÌryl-

lithiu.m l'¡i-';h he:<aflu.oroa.celone, i'¡hich Save (CF< )2C (CC1, ) 0i{
t'J

as an Ínlerned.iate.



O¡ori,

(cr?) zc=o + ccL.LL I'ii',tr' " l<tr-) rc:(cr:tr)olr...T.it.F.]

i

I trto,,
I

I

(ni \ Í (õF ì \Arr\\2 t 2 ) ^u \ wv L- J vlL). t

SbI¡-

(cF- ) =coir))

A nu.ch luore direc t inethoc'l v;as atternpied to prepare

Lhe Þerfluoro-i-butyl al cohol via the mein'"ioned- inl"ermed-ia,-ue.

l,f,Jhen neat saiap-ì-es Of chlorofOrm and hexafluoroa-ceione lvere

i-rrad-ì ated rvith ltl-tra violeb lrght., a prod.uct wi th the

fol-l oving sÐectroscopic p.r:operti es r,vas obtaineC. i-n I ot'¡

r¡i ¿''ì rl

fnfrared : 3570 cn-1

Proton n. il. r. : 6.O4 E

trl_uorine il.r1i.r.: 67 "\i p.p.l1r. (singlei)
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Fil ler and. ,Slcir,.'.""1|3 reported ihat the O-il i nfrared

abscr-p-uion and, the nroLon n. ir. r. valrie of (CF- ) ^C 
(CCI- )Oll)¿ )

_1are ai jJlC cn-' ancÌ 6 .OLi T t'especii vely. Be.sed on these

consistencies ancl 'the fluorr]ne n, trl . r. data, the f orinatíon

cf (Cf-)-C(CC1-)OIt tro:n the reaction of chlor.oforn ancl). )
hexaf'l uoroac etone can be suggested_ "

i-Iol,¡ever, when ihe ¡irotochemical reactj-on oí chl oroforin

ancJ, hexaflu.oroa.ce-uone Loolç ¡lace v;ith teì,r'a-hyd-rofuran as

the solveni, perflu-oropinac ol (yielcl abou'c 15 )() a-nd.

another prod.uct (yiel-d- al¡out 6 i.'á) r.¡ere obtaj-neC-. Tire

spec-urosco-pic properiies of the new r:rod.i.r.ct a.re,

Proton ir.n.r.: 5"'oj n (se-otet) (J = 6 c_us)

Fl-u-o::ine n.ir.r.: 76"OO p.p.in.(cl-oublet) (J = 6 cps)

The spec'trosc opic properii es o í the new prod.t-t-c t

are consisien'c r''¡ith the (CF¡ ) 2Ci-10!i vrhich t'¡as isola-ued b;.r

llic-ille Uon and Lincl.seyliJ.

Hor'¡ever, both corrrponnd-s were not i soLated- or fu.rlher

characterised. Based on ihe assr-r.tttption of tl:eir exisience

throu.gh spec'uroscopi-c evicì.ence, a. reaci-i on iitecha-ni-sllt can

be raiionalized.

In the absence of e solvent:



OO

U.V
CTTCIS -ù ,CC!3

(cFl) 
zc=o

(cFl,g-on
+

+

u

) -------*

(cF3) 
¿g-oH

1c r- ) ^c-0H)tl
CC 1_t

(C F- ) ^C -OHs .l
H

(c r- ) ^c -0Ht 'l
{crr) 2c -0}I

In bhe rll.esence of a. solvent, tetrahyd-rofuran,

the rea-ctivi'uy cf the 'ccL3 r'ad-icals is proba'bly hinc-erecr_

by the solvent by some unhnol'¡n rnechanj.silr. The o'uiter alconol s

are rirOduc ed "

(cFj ) 2ç -oli + r:r-

The fornation oí (Cif z ) cC-CH a-nd its d.j-inerization
2 Z.

to forrn the perfluoropinacol have been desc::j-bed by i"iidd-leton
_ Lr\e.nd Lì ndsey '- .

2 (cF-)29-oH

\'rhen irea L sampl es o f

irrad-iated- wiih ultra viol-et

spec trosc o rri-c properties l/as

Infrared:

Proton n. in. r. :

Flu.orine n.ln. r. :

pentaflu.orochloroac e bone a.nd- ch-l oto f orirl

li-ght, a prod-uct r¡,¡ith the fol-'l or';ing

obtained in lolv yiel-d.

-13570 cn

/ .Õ ao. tó v

73.20 p.ir"rrr. (iriptet) (.1 = 8 cps.)

66.CC p.p.rrr. (doublei) (,1 = 3 cps. )
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Since iis inf:carecl absorlrtion i-s at er.e-ctly ihe
t.Q

same posiiion as the o-H absorption of (cF5) 2c(ccL3)oy,+"
very rrrobe,bly a sinrilar c onpou.nd C IIJC (Ctr 

ZC 
I ) (CC 1, ) OÌ{ vras

forned" I{o.,vever, the possibility of the forination of a

d.i-a.lcohol, CF3Õ (CFZCI)OH, canno.L be e1.i'minaied-.'t
cF3c (c FZc1 ) Oii

I,Vhen tetrahydrofuran 1,¡/as added. as a solvent to ihe

photocheinical reectÍon of pentafl-uorochloroacetone and

chlcroforin, the producls forined. v/ere o,ui-ue coilplj-cated-"

The fluori ne n. rrÌ. T. speciruär shoi'¡s a number of doubleis

of Lriplets and o'uher peahs" The prodrr.cis are believed. to

contain variou-s Erou,ps of CFa-CH-5O v¡hich are belj-eved- to

cFzcl

arise Í'ron ihe radical reac-uion. Since no 0-Il a.bsor;o-r,ion

ls cl-eiec'ued- j-n both the proion n. jïr. r. and infra,red,

spec tra, no further iuvesti-gat i on 1ìIã.s rrlad"e .
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