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ABSTRACT

The preparation of perfluoroalkyl vicinal hypohalites
is described together with a series of perfluoroal%yl
derivatives of phosphorus. |

The perfluoroalkyl vicinal hypohalites were prepared
by the reaction of the disodium alkOxidé of perfluoropinacol
.(OC(CFB)ZC(CF3)20)252Na+ with chlorine, bromine, iodine
monochloride, iodine monobromide, diphenyl iodium chloride

and phenyl iodium dichloride. The prepared compounds wéré

characterised by 19F‘N.M.R., infrared spectroscopy and

chemical reactions.
A series of phosphorus compounds ~was prepared by the

reaction of hexafluoroacetone with phosphites and dialkyl

phosphonates. The reactions occur quite readily to give a
variety of fluorinated cyclic oxyphosphoranes and other
phosphorus compounds in which the phosphorus atom is either

trivalent or pentavalent.
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GENERAL INTRODUCTION

Acetyl hypohalites were first obtained in 1861 by
Schutzenberger1 who found that acetyl hypochlorites could
be formed by the action of chlorine monoxide on acetic acid.
Acetyl hypobromites have been obtained by the action of
bromine on the respective acetyl hypochlorite in a solution
of acetic acid. ' - \ |
Acetyl hypohalites2 have also been formed by the reaction
of silver salts of carboxylic acids with the respective

halogeh, in the cold, in molecular proportions.

RCOOAg + X, ——= RCOOX + AgX.

The investigators showed that these compounds decomposed

quite readily to form the corresponding halo compound.

HEAT

RCOOX RX + CO

2

Research3 has also shown that egquimolecular quantities
of halogen and silver salt adds to double bonds of olefinic
substances to give the corresponding halo esters. The

general reaction may be represented as below.

RCOOAg + X, + =C=Cz SURVENT ..y >c—c<
, ko

RC=0

2+




Thé immediate product of the reaction may be considered
to be RCOOX. Treatment of the filtrate from the reaction,
»80°, of equimolar quantities of silver acetate and iodine
similarly adds to cyclohexene at room temperature to give
thq acetate of 2-iodo-1l cyclohexane. This is undisputed
evidence for the presence inssolutioﬁ of CHBCOOI imethyl
hypoiodite). |

. Treatment of trifluorocacetic acid with fluorine‘gives
*

an .acyl hypofluorite trifluoroacetyl hypofluorite).

CFBCOOH + F,

5COOF 4 HF

Various kinetic experiments have also been carried
out in which acyl hypohalites have been postulated as
intermediates. The existence of acyl hypohalites has also

been shown by untraviolet absorption experimentss. Although
no acyl hypohalite has been isolated from its corresponding
solution, these substances have been shown to be well defined
species in solution.

; Sandmeyegsin 1885, isolated the first known alkyl
hypohalite. He obtained ethyl hypochlorite by the action of

chlorine gas on ethyl alcohol.

C,H.OH + C1, ——= C

HSOCI + HCl1

2 2 2

5

This initial study of Sandmeyer was extended by Chattaway’

and Backeberg? These workers although unable to obtain a

pure sample of the hypochlorite due to its unstability above



0°C showed it to decompose to give the decomposition products

acetaldehyde and hydrogen chloride.

02H5OCl ~—— CH3CHO + HC1

Similarly they were able to postulate the existence of other

hypochlorites hamely benzyl propyl, butyl and amyl

hypochlorites9. It was shown that the order of stabilty

of the newly formed compound was: A
tertiary > secondary > primary

The alkyl hypochlorités were found ﬁo be mobile, volatile

1iquids of strong irritating odour. The primary and secondary

hypochlorites were very unstable decomprosing éxplosively on

exposure to bright light and even upon the exclusion of

light they decomposed rapidly at room temperature with the

 evo1ution of heat. The tertiary hypochlorites in comparison,

were found to be much more stable and if not exposedfto light

can be kept for iong\periods without signs of decomposition.

The modes of deccmposition were shown to be:

RCH,0C1 ——— RCHO + HC1
R,CHOCL ———= RCO + HC1
R30001 ————= R,CO + RC1

Other workers have also postulated the existence of

hypochlorites in oxidiation reactions of alcoholslo’ll.

Tertiary butyl hypochlorite prepared by a variety of




routes e.g. by passing chlorine through a cooled alkaline
solution of tertiary butanol, has been quite extensively studigdé’
, | o
(CHy) 3COH + Clp + NaOH ggppe (CH3)3COCL + NaCl + Hp0
due to its reasonable stability and ease of handling.
Extensive studie%4é%6the reactions of tertiary butyl
hypochlorite with organic comﬁounds have been carried ogt.
Ginsberng’ll+ investigated the action of tertiary butyl
hypochlorite on a number of aromatic aldehydeé; The aldehydes

are oxidised according to the equations below.

RCHO + (CH3)3COCl_f_—_4p RCOC1 + (CH3)BCOH

RCOCL + (CH3)30001 — = RCOOH + (CH3)3CC1

2CHO + (CHa),COCL — = fiCOCL + P COOH.
3’3

This type of reaction that has been fully exploited provides
a useful way of identifying hypochlorites. It is quite
_conceivable that previously postulated hypochlorites can
react in a similar manner thus providing undisputable
evidence for their existence.

These oxidation, chlorination reactions have been shown
to occﬁ; through a free radical ﬁechanism being catalysed by
ultraviolet light or such free radical reaction initiators

)b5

as azobisisobutylonitrile (AIBN . Consider the AIEN initiation

of the chlorinstion of toluene.



oo .
(CH3)ZCN = NC(CHB}2 —_— 2(CH3)2C' + N2
9N ?N
(CH3)20- + ClOC(CH3)3 —em (CHB)ZCCl + (CHB)BCO-

|
(CH3)3C0. + CH3CEH5————e (CH3)3CCH + +CHyCeHs
"CH CeHg + (CHy) 50001 ——mem C1CH,GcHg + (CH3)4COw

Simiarly tertiary butyl hypochlorite has been shown to
chlorinate phenols,lkétones, hydrocarbons and alcohols.
Unfortunately the yields are often only moderate and numé?oﬁé
isomers are produced due to uncontrolled chlorination.

Hunnhron
pooroe

. .
Hy mites heve been formed In

asa <~ v

is reacted with methanol.

By + CH30H — o CH30Br + HY + Br-

Similarly hypoiodites have beenvprepared in situ by various
routes. Weli‘;stein19 and workers have prepared hypohalites
in situ by the interaction of lead tetra-acetate, acid
and iodine.
Pb(OAc), + RCOOH ——— o Pb(OAc)3(0OCOR) + AcOH
Pb(OAc) 3(OCOR) + I, — o Pb(OAc)3I + RCOOI
Pb(OAc)h + Ip __;,q,.Pb(OAc)3I + AcOI
RCOOH + AcOI _____ RCOOI + AcOH

Tertiary butyl hypoiodite7 has also been prepared by the

interaction of potassium t-butoxide and iodine in an inert



solvent. Similarly these workers showed the in situ existence
of t-butyl hypobromite.

A hypofluorite was isolated as early as 1953 by
. Cady and Kellbgg27. The hypofluorite was obtained by
fluorination of carbon monoxide, carbonyl fluoride or methanol

over a silver catalyst at 160-180°
+
CO +2F, . OF,0F \

| Recently23 several other monofluoroxy derivatives have
been prepared by the direct action of fluorine with the
corresponding partially fluorinated alcohol.

Perfluoro organic hypofluorite derivatives 2l can be
prepared in a pure form by the reaction of fluorine with
perfluoro-ketones in the presence of a metal fluoride.

X - X

_ ~
Y/c—o +F, ME Y/CFOF

X=Ry or F, Y=Rp or F
M=K,Rb or Cs

Similarly such compounds as FOCF,CFpH and CF3CF (NF5)CF,0F
have been prepared.

Geminal bisfluoroxy compounds were first reported by
Thompson and Pragenz? Hexafluoroacetone hydrate and the

monosodium salt of hexafluoroacetone hydrate are readily

fluorinated to give hypofluorites.



OH

) ¢

(CF,) ,¢Z

3 OH

OH

: S
(CF_)_C{_

32 “CNa

The surprising difference

two direct fluorinations of these structurally similar

+ F (CF3) C

+ F2 —— (CFB)ZCFOF.+ HzO

_OF
2> 0oF

in the products obtained from the

~

materials illustrates the advantage of using salts to prepare

fluoroxy compounds particually when bis-fluoroxy compounds

are desired. It was found that better product yields were

obtained by use of salts
compounds are reported to

The bis-fluoroxy compound

in preference to alcohols. The

1’\"\ ) 1
nave varying

rees of stability.

is very prone to explosion while

the perfluoro-ethylidene compound is not especially

susceptible to explosive decomposition.

During the course of our work a recent publication

26

reported the preparation of a new class of compounds, namely -

perfluoralkyl hypochlorites. The compounds are prepared

superficially similar to the corresponding fluoroxy-

perfluoroalykl compounds by the metal fluoride catalysed

reaction of perhaloalkyl carbonyl compounds with chlerine

monofluoride.

Rf1

>C=O + ClF -——————;——-

Re

1, R,

CsF R
f1::CFOCI
-20 Re :

=Rfl=F 2, Rf=Rfl=CF3 ”3, Rf=F; Rfl=CF3



The reported compounds appear much more stabtle than the
corresponding alkyl hypochloritg; but decompose when storéd
at elevated temperatures..

Hexafluordacetone, first prépared in 1941, has been
extensively studied since it is a highly reactive compound.

27,28 have reported the reaction of hexafluoroacetone

Workers
with sodium in a donor solvent. The reaction, one of

dimerisation, results in the preparation of the stable ionic
disodium alkoxide of perfluoropinacol (CF3)2CCCQ(CF3)22-2N3.

. T.H.F, o4
(c 3),00 + Na o (CF3),CO "Na

2(CF5) €07 ———~ “OC(CF3) C(CF,) 0
2

The intermediate in this reaction has been postulated to
be a ketyl, dimerisation of Which produces the disodium
salt.

The disodium salt has been shown to be an excellent
reagent for the preparation of linear and cyclic fluorinated
alkoxides of various elemepts. The high reactivity of the
ionic alkoxide is illustrated by the reactions below.29’3o’31'

ELE S M(CH_ ) 012___.4»(CH3)2m<:O——?(CF3)2 + 2iaCl

) ,.C—ONa 32 0—C(CF3),

(CF3),

M= Si, Ge, Sn.



(CF3)>,C—O0Na s (CF2),C—0 :
> #8861, — o %[ ph.+ 2nacy
(CF3) ,C—ONa 2 (CF3) ,C—0
(CF3)2C—0Na (CF3),C08i(CHj3)
l +2(CH3) 58400 o 03 ° ., 2nac1
(CF3) ,C—0Na (CF3),C081(CH3) 5
In part of the work deécribed in this thesis the ~

highly stable ionic disodium alkoxide has been reacted with
various reagents to produce new vicinal alkyl -dihypohalites.
Hexafluoroacetogg’}éadily takes part in reactions
that ihvolve nucleophilic attack at ité carbonyl group. This
mode of reaction is favoured by the trifluoromethyl groups
which reduce electron denisty on the adjacent carbonyl
function. The general reaction of hexafluoroaéetone with

nucleophilic reagents is given below.

Hexafluoroacetone reacts with cyanohydrins33 in the

presence of catalytic amounts of piperidine.

O\ H -
RCH(OH)CN + (CF3),00 —u SC—N"
. | | . CF3
A0S

R0 CRy

HCN + (CF3),C0 ——e (CF3),C(OH)CN
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36

Aromatic compounds react with hexafluoroacetone

in the presence of Friedel Craft catalysts.
CF
3

CH3—© + (CF,) 0 — o CH3~©—~ (lJOH

CFB

With O3P=NO35 hexafluoroacetone readily undergoes the

Wittig reaction.

O3P=NO + (CF3)2CO —_—— (CF3)2Q=NO

Photochemical irradiation of hexafluoroacetone and
isopropyl alcohol yields perfluoropinaéol38.

U.v.
(CF3)2CO + (CHB)ZCOH — HOC(CFB)ZC(CFB)ZOH

Perfluoropinacol hés been prepared via a triethyl
phosphite derivative 35,40,
2(CF3)QCO +(EtO)3P —_—— @F3)2C——Q\ //OEt

P—OEt

/ "\
(CF3)20+—O OEt
Other such reactions between hexafluoroacetone and

phosphites have also been reported

XCFB)ZCO + (CHBO)BP——~—4’ (CF3)2Q—%<//OCH3

P— OCH3
(CF3)2C’— 0 OCH3
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The compounds are repbrted to be formed via a 1:1 adduct
which then condenses with another molecule of hexa-
fluoroacetone under mild conditions to give the 2:1 adduct.

This thesis describes the preparation and cParacterisation

of further compounds which fall into this category.

Phosphites also react with diketones®!l to form compounds

with cyclic structures.

CH_ CH CH,G-0(
¢c——C + (CH O) P —— CH3C0

il i 3 3 :

o .0

3

Similar compoundsAare aiéd«formed when phosphites react
with certain ketones, halo-aldehydes and halo-estershz.

AbramovAB has reported the reactions of ketones and
aldehydes with dialkylphosphorus acids. Dibutyl phosphite
reacts readily with various aldehydes and ketones in the
presence of a sample quantity of freshly prepared sodium

methylate.
0

L} 1
—_— (CAH9O)2P“g?H

=

(CAHQO)ZP(O)H + o=c<§

Rt
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The above reaction usually only takes place in the presence
of a base. The exception occurs when a very strong
‘electrophiliic carbonyl compound such as chloral is reacted
with the neutral species at room temperature.

Dialkyl phosphonates exist in two tautomericlforms,
'phosphite! and 'phosphonate'. The reaction with chloral
‘being accounted for by saying that the tiny portion of the
phosphite form is sufficiently concentrated to account for the

observed reaction.

RO RO 0
\ /

Sho e N7

0 RO H

-Rec;ently,“P secondary phosphines have been shown to

react with hexafluoroacetone to form phosphinate esters.

H
(CF3)oCO + RzP-H — = (CF3)20-C-PRy

H
| !
(CF3) 5C-0-P Rp

g
0

This thesis describes some reactions of hexafluoroacetone

with dialkyl bhosphonates.
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GENERAL PROCEDURE, REAGENTS AND APPARATUS

General

Conventional vacuum techniques were used throughout
this work to effect preparation of reactants and separation
of reaction products. Separation was obtained by use of various
cold baths e.g. acetone/dry ice (-78 ), c¢hloroform/liquid
nitrogen (-63 ), chlorobenzene/liquid nitrogen (-46 ).

Reactions were carried out in sealed tﬁick walled
pyfex glass reaction ampolues. Experiments fequiring U.V.
irradiation were performed in silica reaction tubes in a
closed aluminium foil lined apparatus to reduce accidental
spread of U.V. irradiation.

Chemicals.

Hexafluoroacetone was a commercial sample (Matheson
Chemica1}Company), whose purity was checked before use by
infrared spectroscopy.

Bromihe, iodine, iodine monochloride, iodiﬁe mono-
bromide were commercially pure samples (Aldrich Chemicals)
and were used without further purification. Chlorine gas
was used from a commercial cylinder and dried before use by
passing ﬁhrough concentrated sulphuric acid.

» | Sodium mztal was cut free of the outer oxide layer
under dried tetrahydrofuran. The dxide free metal was further
cut into small pieces before use.

i The solvents were all carefully dried before use, e.g.




tetrahydrofuran was dried by refluxing over lithium
aluminium hydride for ten hours in a nitrogen atmoéphereo.

The phosphites were all purified &n the vacuum line
before use.

Instrumental

A1l infrared spectra were obtained on a Perkin Elmer
337 instrument using potassium bromide 6ptics. The spectra
wereAcalibrated using a polystyrene film. DNuclear
magnetic’resonance spectra were obtained on a Varian model
A-56/60-A instrument, using 60Me/s and 56.4 Mc/s for proton
and fluorine resonance respectively. The spectra were
calibrated using internal standérds. Freon 1l and tetra-
methyl silane wére used fespectively for the fluorine and
proton standards. Vapour phase chromatography was carfied

out on a Varian Aerograph 25/20 instrument using a F.F.A.P.

column. |

Chemical analyses were carried out by Galbraith Laboratories,

Inc. Knoxville, Tenn.37921.
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EXPERIMENTAL

PART 1

The Preparation and Characterisation of Ferfluoroalkyl

vicinal hypohalites of Perfluoropinacol.

Reaction of Hexafluoroacetone with Sodium. 7

In a typical reaction, hexafluoroacetone (5.66g, 34.0Ommole)
was tranéferred to a reaction tube that had been previously
partially filled with tetrahydrqfuran (10 mls) and sodium
metal(0.80 g). .The Sealed tube was shaken for 3 days at room
temperature. The sodium reacted slowly to produce a solution
that was free of sodium metal. The final solution was
reddish brown in colour.

The solution was placed on a vacuum rack and the
excess hexafluoroacetone was carefully removed. The solution
was then carefully pumped upon to remove the majority of
the solvent (tetrahydrofuran). The tetrahydrofuran that was
removed was weighed to enable the amount of tetrahydrofuran
remaining to be calculated. The disodium salt of perfluoro-
pinacol that was prepared was stored under vacuum.

The fluorine n.m.r. spectrum in tetrahydrofuran
gave a singlet at *71.8 p.p.m. (Int. std.).

Infrared examination of a freshly prepared sample showed




16

the following absorption bands: 1300 (sh,ms), 1245 (s),
1182 (s), 1130 (s), 1110 (ms), 1050 (s), 985 (w), 955 (sm),
915 (w), 890 (w), 865 (ms), 732 (ms), 712 (ms).

Reaction of (OC(CF;),C(CF;) )2=2Na + with iodine monochloride

in freon 11l.

' To'a solution of iodine monochloride (3.00 g, 18.6 mmole)
in freon 11 (60 ml) at -196° was added the disodium alkoxide
(3.60 g/3 ml T.H.F., 9.54 mmole). The reaction vessel was
vacuumed sealed and allowed to warm slowly to room temperature.

Réaction was apparent because the solution precipitated a

eslad &

whi 1id The sclid was se

o an
Ve WV ° A 22I0

parated by careful vacuum
filtration. The solid (0.70 g, 12.0 mmole) was undisputedly
identified by X ray diffraction analysis as sodium chloride.

The fluorine n.m.r. spectrum taken directly after the
féécﬁion'showed a sharp singlet at +71.95 p.p.m. (int.std.)

The infrared spectrum showed the lack of C=0 or C=C T
absbrption bands and the presence of perfluoroalkyl group
absorption bands. R

Whén an attempt was made to remove the last traces of

solvent from the prepared sample decomposition occured to

produce hexafluoroacetone and iodine.
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(CF3),C—ONa (CF3),0—0I |
| + 2IC1 ——= | +2NaCl
| (CF5) C— ONa | (CF4) ,0— 01

(CF_3)gco‘wa2

The quantity of sodium chloride precipitated showed the

reaction to be 64% complete.

Reaction of disodium perfluoropinacol with iodine monochloride

in tetrahydrofuran .

To a solution of iodine monochloride (3.0 g, lS,é.Emdie)
in tetrahydrofuran (20 ml), at ~-196°,was added the disodium
alkoxide (3.5lg, 9.3 mmole/3 ml T.H.F.). The reaction vessel
was vacuum sealed and allowed to wafm to foom temperature,
before being shaken for 5 days at room temperature.

The precipitate formed in the reactlon was vacuum
filtered and identified as sodium chloride by X ray powdef
analysis. The resulting solution was vacuum fractionated.
This resulted in the collection of a colourless viscoﬁs oil,

The fluorine n.m.r. of the compound showed a sharp
singlet at +70.71 p.p.m. (int. std.). The proton n.m.r.
show the presence of tetrahydrofuran and a sharp singlet at
-6.2.

Infrared spectroscopicexamination showed the absorption

peaks ; 3660 (ms), 3500 (br , s), 1300 (s), 1275 (s),



“
"
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1220 (s), 1120 (s), 1020 (s), 998 (s}, 938 (s), 940 (s),
882(s), 768 (ms), 750 (ms), 720 (ms), €80 (w), 650 (w),
558(ms), 502 (w), 490 (w). |

The compound was identified as perfluoropinacol by

comparison with an authentic sample.
- T.H.F.
P.F.P. / 2Na + 2 ICl — e P.F.P. /21 ______P.F.P./20H

P.F.P. = oc(CF3)2C(CF3)20

The Reaction of Disdédium Perfluoropinacol with Iodine

Monobromide in Freon 11.

To a solution of iodine monobromide (3.0 g, 14,6 mmole)
in freon 11 (60 ml), at -196°, was added the disodium alkoxide
(2.76 g, 7.3 mmole‘/_BOml T.H.F.). The reaction vessel was
vacuum sealed and allowed to warm slowly to room temperature
before being shaken for 5 days. _

The precipitate (0.90 g, 8.82 mmole) formed during
the reaction was carefully vacuum filtered. X ray powder
diffraction analysis identified the ﬁrecipitaté as sodium
bromide.

When an attempt was made to remove the last traces of
solvent the compound decomposed to produce hexafluoroacetone
and iodine.

The fluorine n.m.r. of the prepared compound showed




a singlet at + 70.82 p.p.m. (int. std.). The infrared spectrum
showed the presence of perfluoroalkyl groups and the lack of |
¢=0 or C=C groups.

" (CF4) ,C—0I

+ 2IBr — & | - +2NaBr

(CF3) g0 ONa- - (CF3) ;001

(CF3)26~—0Na

Reaction of Disodium Perfluoropinacol with Iodine Monobromide

in Tetrahydrofuran.

.
| To a solution of iodine monobromide (3.0 g 14.8 mmole)
in tetrahydrofuran (20 ml), at -196 , was added the disodium
alkoxide (2.76 g,7.3 mmole/3 ml T.H.F.). The reaction
vessel was vacuum sealed and slowly warmed to room temperature
before being shaken for 5 days. |

The resqlting precipitate was removed from the solution
by vacuum filtration and identified as sodium bromide by
X ray powder diffraction analysis. The remaining solution
was vacuum fractionated to produce a colourless viscous
oil. The oil was characterised by fluorine n.m.r. and

infrared spectroscopy and identified as perfluoropinacol.

Reaction of DisodiumvPerfluoropinacol with Chlorine in

Freon 11.

Dry chlorine gas was slowly passed, in the dark, through

19



20.

& solution of disodium perfluoropinacol (3.21 g, 8.49 mmcle/
3 ml T.H.F.) in freon 11 (30 ml). The reaction vessel was
contained in a cold bath at -22°. Reaction occured to
precipitate a white solid. After 20 minutes the reaction
was stopped and the reaction solution quickly filtered. The
filtrate was kept at -78° in a stoppered vessel.

The precipitate was identified as sodium chloride
(0.96 g, 16.5 mmole)‘by X ray powder anaiyéis; The filtrate
‘was found to be stable below 0. Decomposition occurred upon
exposure to U.V. light, upon heating of.when an attempt was |
made to remove the solvent. The end product of decomposition

P )
was a o

e
avnh v

The fluorine n.m.r. spectrum of the solution taken
~directly after preparation consisted of a singlet at
+ 70.57 p.p.m.{int. std.). The infrared spectrum showed
the lack of C=0 or C=C absorption bands and the presence
of perfluoroalkyl groupAébsorption bands.

When the reaction was carried out with an excess of
chlorine, decomposition occurred. This was indicated in the
fluorine n.m.r. spectrum which showed the disappearance of

the singlet and the appearance of numerous doublets, triplets

and multiplets.



Reaction of Disodium Perfluoropinacol with Chlorine in

Tetrahydrofuran.

Dry chlorine gas was passed, in the dark, through a
solution of disodium perfluoropinacol (3.20 g, 8..45 mmole/
3 ml T.H.F.). The solution was carefully maintained at
-22° throughout the reaction. Reaction occurred to produce
a white precipitate, which after a 20 minute reaction was
carefully vacuum filtered. The excess solvént'was removed

from the filtrate to leave a colourless liquid;

Infrared Spectrometric examination showed the following

absorption bands: 3660 (ms), 3500 (br,s), 1300 (s), 1275 (s),

o

1220 (s), 1120 (s), 1020 (s), 998 (s}, 938 ), 94C (s},

887 (s), 768 (ms), 750 (ms), 720 (ms), 680 (w), 558 (ms),

—~
[¢J]

502 (w), 490 {w), The fluorine n.m.r. spectrum showed a
singlet at + 70.71 p.p.m. (int. std.). The proton n.m.r.
spectrum showed a singlet at 6.2 (6§) and the presence of

a small quantity of tetrahydrofuran. The product was

21

jdentified as perfluoropinacol by comparision with an authentic

sample.

Reaction of Disodium Perfluoropinacol with Bromine in Freon 11

Bromine (3.0 g, 19.0 mmole) was added to a frozen solution

of disodium perfluoropinacol (3.60 g, 9.55 mmole) in freon 1l

(35 ml). The reaction tube was vacuum sealed and placed in an

acetone/dry ice bath. The reactants were left in the dark
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for 2L hours at this temperature before being transferred
to a salt/water/ice bath where they were allowed to react‘
for 4 hours.

The presence of a yellowish-white precipitate indicated
that reaction had occured. The solution was vacuum filtered
and the precipitate was identified as sodium bromide
(1.8, g, 18.1 mmole) by X ray powder analysis. The filtrate
was vacuum fractionated to yield.a yelloﬁish oil. The
oil was characterised directly after preparation by infrared
spectroscopy and nuclear magnetic resonance measurements.

The fluorine n.m.r. spectrun showed the presence of
the singlet at + 70.46 p.p.m (inf;° std.). The infrared
spectrum showed the presence oflperfluoroalkyl groups and
the lack of absorption peaks that could be associated with
hydroxyl, cérbonyl, or olefinic groupse.

The compound decomposed upon warming or exposure to
U.V. 1light to produce a black-brown tar and evolved a
gas: The gas was identified as hexafluoroacetone by infrared
spectroscopy.

The reaction when carried out in tetrahydrofuran

yielded perfluoropinacol that was identified by copjparison

with an authentic sample.
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Reaction of Disodium Perfluoropinacol with Jodine in

Freon 11

To a solution of sodium perfluoropinacol (3.6lg, 9.6lmmole)
in freon 11 (60 ml), at the temperature of liquid nitrogen,
was added iodine (2.3 g, 9.06 mmole). The vacuum sealed
reaction vessel was shaken for 5 days at room temperature.
Reaction was indicated by the precipitation of a
small quantity of a white solid. The reaction solution was
carefully vacuum filtered. The precipitate was identified
as sodium fluoride by X ray powder analysis.
This shows that the reaction had not proceeded in
expected‘manner to produce a diﬁypohalite. The reaction

was not pursued further.

Preparation of Perfluoropinacol.

Hexafluoroacetone (10,0g,60.15 mmole) was added to
a neat sample of ﬁriethyl phosphite (5.6 g, 33.8 mmole) .
The reaction vessel was caréfully vacuum sealed and shaken
for 5 days at room temperaturee. The reaction product was
jdentified by fluorine n.m.r. and infrared spectroscopy
as a 2:1 adduct of hexafluoroacetone and triethyl phosphite.
The product was shaken with concentrated sulphurié
acid (20 ml) to yield colourless crystals. The crystals

were dissolved in water (100 ml) and boiled for one hour.
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The mixture was cooled and sulphuric acid was carefully
added. The mixture was contlnually extracted with methylene'
chloride. The collective extracts were dlstllled to yield
a viscous oil (1.2 g, 3.61 mmole).

The oil was identified as perfluoropinacol by infrared
spectroscopy and nuclear magnetic resonance measurements.
The fluorine n.m.r. showed a singlet at +70.71 p.p.m. (int. std.)
Infrared spectroscopy showed the absorption bands; 3660v(ms),
3500 (br ,s), 1275 (s), 1220 (s), 1120 (s), 1020 (s),
998 (s), (58 (s), 940 (s), 882 (s), 768 (ms),\750 (ms), 720 (ms)?
680 (w), 650 (w), 558 (ms), 502 (w), 490 (w).
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Reaction of 1,2- dihypochlorite perfluoroethane with

benzaldehyde in carbontetrachloride.

To a solution of the dihypochlorite ( 3.6 g, prepared

in the usual manner) in a small reaction vessel was added
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ajmrtibn of benzaldehyde (6.0 g, 56.8 mmole) in carbon
tetrachloride (15 ml). The reaction vessel was vacuun sealed
and plaéed in a water/ ice/ salt bath. The cold bath was
placed in a U.V. sirradiation box and the apparatus arranged
so that the sample could be éasily irradiated . The sample
was irradiated for 12 hours, the cold bath being maintained
at approximately +22°. The sample was further irradiated
over night at room temperaturee.

Two of the reaction products were identified as
benzoyl chloride and benzoic acid. The products were identified
by comparison of their vapour phase chromatographs (F.F.A.P
column) with those of authentic éamples. The benzoic

acid was also identified by infrared spectroscopye.

The newly prepared perfluoroalkyl dihypohalites
are listed below:
I0{CF_)..C C(CF

3°2 3
1,2, bis (oxyiodite)tetrakis(trifluoromethyl)ethane

)201

BrO(CFB)zC C(CFB)ZOBr

1,2, bis (oxybromite)tetrakis(trifluoromethyl)ethane
ClO(CFB)zC C(CFB)QOCI

1,2, bis (oxychlorite)tetrakis(trifluoromethyl)ethane
HO(CF3)2C C (CF3)2CH

1,2, hydroxytetrakis(trifluoromethyl)ethane



25a

Reaction of Disodium Perfluoropinaccl with Diphenyl Todium

Chloride in Dimethyl Sulphoxide.

To a solution of disodium perfluoropinacol (1.99 g,
5.28 mmole/?2 ml T.H.F.) in dimethyl sulphoxide (20 ml), at
-l9éﬁ was addéd diphenyl iodium chloride (1.56 g, 4.95 mmole).
The vacuum sealed reaction vessel was éhaken for 5 days at room
temperature. .The white solid, precipitated during the reaction,
was identified as sodium chloride (0.36 g, 6.2l'mmole)vby X ray
powder analysis.' The resulting solution decomposed on removal
of the solvent. |

The fluorine n.m.r. spectrum, taken directly after -

prebaration, showed a singlet at + 69.82 p.p.m. (int. std.).

/ ’ ‘
Reaction of Disodium Perfluoropinacol with Phenyl Todium

Dichloride in Tetrahydrofuran.

To a solution pf disodium perfluoropinacol {(1.50 g,

3.96 mmole/2 ml T.H.F.) in tetrahydrofufan (20 ml), at -196°
was added phenyl iodium dichloride (1.08 g, 3.96 mmole). The
vacuum sealed reaction vessel was shaken for 5 days at room
temperature.

The white solid, precipitated during the reaction was
identified as sodium chloride (0.28 g, 4.82 mmole), by X ray
powder analysis. The resulting solution decomposed on reﬁoval
of the solvent to leave a black tar.

The fluorine n.m.r. spectrum, taken directly after

preparation, showed a singlet at + 70.35 p.p.m. (int. std.) .
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PART -11

Reactions of Hexafluoroacetone with Phosphite Esters.

— 1 L6
Preparation of égPOC(CFBJZC(CFBlZQ b .

To a solution of triphenyl phosphite (2.62 g, 10.0 mmole)
in tetrahydrofurah (20 ml) was added a slight excess of
hexafluoroacetone (4.12 g, 24.8 mmole). The reaction vessel
was vacuum sealed and placed in a dry ice/acetone bath.

After 4 days the sample was shaken for 2 days at room
temperature. Vacuum fractionation of the reaction solution -
produced unreacted hexafluoroacetone and a white solid.

(5.94 g, 10 mmole). The/solid prbduct was recrystallised
from benzene. |

The fluorine n.m.r. spectrum, in tetrahydrofuran, showed
a singlet atv+68.l7 p.p.-m. (int. std.). The infrared spectrum
showed the expected C-H and C-F absorption bands and the

absorption bands characteristic¢ of the five membered cyclic

) 031.
2

system MOC(CF,)_.C(CF

30 20(CFy
The infrared spectrum (nujol) showed the following
absorption bands : 1288 (s), 1264 (s), 1234 (s), 1222 (s),
1210 (s), 1184 (ms), 1148 (s), 1108 (s), 1088 (s), 998 (m),
954 (ms), 878 (ms), 806 (ms), 764 (w), 744 (ms), 720 (s),

694 (s?, 68L (w), 500 (s), 512 (w), 488 (w).
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Reaction of Diphenyl Chlorophosphite with Hexafluoroacetone.

An excess of hexafluoroacetone (5.26 g, 31.6 ﬁmole)
was added to a neat solution of diphenyl chlorophosphite
(2.53 g, 11.5 mmole). The vacuum sealed reaction vessel was
stood in an acetone/dry ice bath. The cold bath was slowly
allowed to warm to room temperature. After standing at
room temperature for 1 day the reaction vessel was shaken
for 3 days. Vacuum fractionation of the reaction mixture_
yielded excess hexafluoroacetone and an involatile yellow
liquid that could not be further distilled without decomposition.
The fluorine n.m.r. spectrum showed a singlet at
+67.81 p.p.m. (int,std.),

-The infrared spectrum (neat) showed the presence of

C-H and C-F absorption bands and the characteristic
absorption bands of the 5 membered cyclic system31:

3075 (w), 3060 (w), 1950 (w), 1875 (w), 1800 (w), 1775 (w),
1650 (w), 1480 (m), 1440 (ms), 1291 (ms), 1268 (s), 1254 (s),
1242 (s), 1214 (s), 1188 (ms), 1158 (ms), 1132 (ms), 1095 (s),
998 (m),j954 (ms), 878 (m), 812 (m), 762 (w), 743 (s),
720 (s), 688 (s), 588 (w), 558 (m), 530 (ms), 500 (m).

The sample decomposed when moist air came into contact
with the surface of the infrared cells. This was indicated

by the infrared spectrum which showed the loss of the

1

absorption band at 504 cm™~ and the appearance of an

absorption band at 3020 cm™l. Contact with moist air for
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3 minutes resulted in solidification of the sample.

Anal. Calcd. for ClSH F. ,C1PO C,39.20; H,1.81;

| 107127+ V2! .
F,41.40; C1,6.36. Found: C,49.21; H,3.00; F,29.77; C1,9.40.
The anélyééd sample corresponds to a mixture of the starting
material (¢2PC1) and the expected product, namely 4,4,5,5-
tetrakis (trifluoromethyl)-2 chloro-2, 2-diphenyl-l,3-dioxa-

2-phosphoacyclopentane, in the ratio 1:2 respectively.

Reaction of Phenvyl Dichlorophosphite with Hexafluoroacetone.

/
An excess of hexafluoroacetone (2.54 g, 15.3 mmole)

was added to a neat sample of dichloro phenyl phosphite

(0.80g, 4.50mmole). The vacuum sealed reaction vessel was

placed in an acetone/dry ice bath. The cold bath was

ailowed'to warm to room temperature. After standing for 1 day

at room temperature the reaction vessel was shaken for 3 days.
. Vacuum fractionation of the reaction solution yielded

the starting materials in unchanged gquantities. This

unsuccessful reaction was not pursued further.

Reaction of Triphenyl Arsine with Hexafluoroacetone.

To a solntion of triphenyl arsine (1.5 g, 4.91 mmole)
in tetréhydrofuran (15 ml) was added excess hexafluoroacetone
(1.63 g, 9.84 mmole)., The vacuum sealed reaction vessel
was placed in an acetone/dry ice bath. The cold bath was

allowed to warm to room temperature. After standing for 1 day
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at room temperature the reaction vessel was shaken for
3 days.

Vacuum fractionation of the reaction solution yielded
the starting materials in unchanged quantities. This

unsuccessful reaction was not pursued further.

Preparation of (CAH9Q)BPOC(CFB)ZC(CFBlQQ;

To a neat sample of tributyl phosphite (2.79 g, 11 .2mmole)
was added an excess of hexafluoroacetone (4.0 g, 24.18 mmole).
The sealed reaction vessel was placed in an acetone/dry ice
bath which was allowed to warm to room temperature. The
reaction vessel, after standlb at room temperature for
1 day, was shaken for 3 days.

Vacuum fractionation of the reaction mixture yielded
excess hexafluoroacetone and an involatile colourless liquid-
(5.82 g, 11.2 mmole), namely h,h,5,S—tetrakis(trifluoromethyl)

2,2,2-tributyl-1, 3-dioxa-2-phosphoacyclopentane,

(ChH9O)3POC(CF3)ZC(CF3)20°
Anal. Calcd. for 018F12H2705P c, 34.7; H L.6L:
Found: C, 34.68; H, L.62:

The fluorine n.m.r. spectrun (fieat) .showed a singlet
at +68.90 p.p.m. (int. std.). |
Infrared spectroscopic examination {neat)
showed the following absorption bands: 2975 (s), 2950 (ms),
2925 (m), 2890 (ms), 1470 (m), 1380 (m), 1292 (ms), 1275 (s),



1258 (s), 1238 (s), 1210 (s), 1128 (ms), 1162 (ms), 1145 (m),
1124 (m), 1065 (s), 1035 (s), 998 (ms), 965 (s), 910 (m),
880 (ms), 815 (ms), 780 (ms), 745 (ms), 720 (ms), 695 (m),
570 (m), 540 (w), 510 (w). |
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Reactions of Dialkyl Phosphonates with Hexafluoroacetone.

Reaction of Dimethyl Phosphonate with Hexafluoroacetone.

An excess of hexafluoroacetone (1.71 g, 10.3 mmole)
was added to a neat sample of dimethyl phosphoﬁate (L.08 g,
9.83 mmole). The vacuum sealed reaction vessel was placed
in an acetone/dry-ice bath, which was allowed to warm to room
temperature. The reaction vessel, after étanding at room
temperature for 1 day, was shaken for 3 days.

Vacuum fractionation of the reaction mixture yielded
‘two products in the ratio 94:6. The major product (1) was
a volatile oil, (CHBO)ZP(O)OC(CEB)9H(2.5h g,7.21 mmole),
while the minor product/was a cqlo;rless involatile oil,
(QFBO)ZPOC(CFB)ZOH(2), | “

The fluorine n.m.r. spectrum compound (1) showed

a doublet (Jp.g=7 ¢/s) at + 75.18 p.p.m. (int. std.). The
proton n.m.r.bshowed a complicated septet (JH°F=7 c/s) at
§=3.3 p.p.m. and a doublet (J, p=12 c/s) at § =2.26 p.p.m.
(int.std).

Infrared examination showed the following absorption
bands: 3050 (w), 2995 (m), 2875 (w), 1440 (w), 1380 (ms),
1308 (s), 1275 (s), 1235 (s), 1202 (s), 1135 (s), 1069 (s),
900 (s), 890 (ms), 865 (ms), 852 (ms), 770 (m), 725 (m),
680 (s), 582 (w), 520 (w), 501 (m), 470 (m).

Anal. Calcd. for CgFgH,POs; C, 21.75; H, 2.54; F, 41.40.
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found: C,21.96; H, 2.50; F, 41.55.

Compound (2) could not be obtained in a pure state
since great.difficulty was encounted in removing the last
traces of compound (1). Both the fluorine and proton n.m.r.
and the infrared spectrum of compound (2) show traces of
compound (1).

_ Thé fluorine spectrum of compound (2) showed a doublet
(JF H—Bc/s at +72.38 p.p.m. The proton n.m.r. showed a
singlet at 6 =4.84 p.p.m. and a doublet (Jy_ P—12c/s

% =2.26 p.p.m. {int.std.) C e
‘ O CF CF3

: 3 3
:(CHBO) P(O)H + (CF ) CO . (CH 0) ?POCH + (CHBO)ZPO(;)OH
S (1) CPy (2) CFy

Reaction of Diethyl Phosphonate with Hexéfluoroacetone.

i An éxcess of hexafluoroacetone (2.34 g, l4.l'mmolé):”
was added té a neat sample of diethyl phosphonate (1.i7g;:'
8. 48 mmole). The sealed reaction Vessel was transferred to
an acetone/dry ice bath, which was allowed to warm slowly
to room temperature. The reactlon vessel, after standlng
aﬁlroom temperature for 1 day was shaken for 3 days.

| Vacuﬁm fractionation of the reéction mixture:yielded
two produéts in the ratio 88.12. The ma jor product (1)'

was a colourless volatile oil, (C, 5O) P(O)OC(CFB)ZH
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(2.20 g, 7.28 mmole), while the minor product was a —
colourless involatile oil; (02H50)2POC(CF3)ZOH(2).

The fluorine n.m.r. spectrum of compound (1) showed
a doublet'(JF;H=7c/s) at + 74.84 p.p.m. (int. std.) The
proton n.m.r. spectrum showed a split quartet (JH-P=7C/S)
at 8 =2.56 p.p.m., a triplet (JH_P=7c/s) at $=1.78 p.p.m. due
to the ethyl group and a split septet at (JH~P=7c/s) at
6§=3.38 p.p.m. (int. std.) due to the single proton.

The infrared spectrum on compound (1) showed the
following absorption bands: 3200 (br,vw), 2998 (w), 2950 (w),
2925 (w), 1480 (m), 1290 (ms), 1260 (s), 1240 (s), 1228 (s),

1198 (s), 1105 (s), 1035 (s}, 988 (m), 962 (m), £98 (m)

) ?

882 (m), 860 (w), 810 (w), 800 (w), 760 (w), 720 (w), 685 (m),
600 (w), 538 (w), 502 (w).

Anal. Caled. for C F6H11P02: C, 27.6; H, 3.62;

7
F, 37.5; P, 10.2: found: C,27.78; H, 3.66; F, 38.78;
P, 9.21.

Compound (2) could not be obtained in a pure form,
since great difficulty was encountered in removing the last
traces of compound (1). Both the fluorine and proton n.m.r.
spectrum and the infrared spectrum show the presence of two
compounds. The fluorine n.m.r. shows a doublet (JF-H=3 c/s)
at + 71.89 p.p.m. (int. std.) The proton n.m.r. shows a
singlet at & = 6.13 p.p.m. (int. std.) due to the hydroxyl
proton, and the peaks listed above, due to the ethyl gfoups

and due to the single proton of compound (1).
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v Infréred examination showed the following absorption
bands:‘ 3200 (br,s), 3000 (ms), 2975 (m), 2940 (m), 1480 (s),
1298 (s), 1280 (s), 1260 (s), 1234 (s), 1210 (s), 1108 (s),
1035 (s), 945 (s), 898 (ms), 882 (ms), 807 (w), 760 (w),

720 (w), 710 (ms), €85 (w), 662 (m), 601 (m), 562 (m), 564 (m).

Reaction of Dibutyl Phosphonate with Hexafluoroacetone.

An excess of hexafluoroacetone (2.56 g, 15.5 mmole)
was added to a neat sample of dibutyl phosphonate (2.11 g,
10.85 mmole). The vacuum sealed reaction vessel was transferred
to an acetone/dry ice bath which was allowed to warm to room
temperature. The reactibn'vessel:after standing‘a; room
temperature for 1 day was shaken for 3 days.

Vacuum fractiqnation of the reaction products yielded
two components in the ratio 95:5. The major product (1)

was a viscous involatile colourless liguid, (CAH90)2POC(CF3)20H
(3.80 g, 10.6 mmole), while the minor producth(Z) was

a volatile colourless liquid, (C H.,0) P(0)OC(CF_) H.
ile colourless liquid, ( L Hg )2 (0)oc( 3)2

7 The fluorine n.m.r. of compound (1) showed a doublet
(bF—H=§ ¢/s) at + 72.07 p.p.m. (int. gtd.). The pro?on Nei.r.
spectfum showed a singlet at & =4.32 p.p;m. and threebcomplicated
multiplets that can be associated with the butyl gfoups°

Infrared examination on compound (1) shqwed the
folloﬁing absorption bands: 3180 (br, m), 2980 (ms), 2950 (m),
2890 (m), 1465 (w), 1380 (w), 1290 (w), 1272 (s), 1264 (s),



1242 (s), 1212 (s), 1150.(ms), 1140 (s), 1060 (s), 1038 (s),
, 962 (m), 942 (m), 748 (w), 718 (w), 584 (m), 534 (w),

Anal. Calcd. for C11F12H19P02’ C, 36.71; H, 5.28 ;

F, 31.72: Found : C, 36.30; H, 5.24; F, 31.86.

(ChHgo)zP(O)—H + (CF3)2CO —_— (ChH9O)2POC(CF3)20H (1)

+

(CAH9£ P(0)OC(CF,) H  (2)



RESULTS AND DISCUSSICN

PART 1 PERFILUOROALKYL DIHYFCHALITES

Hypohalites, as is evident from the introduction,
have been known for a 100 years. There have however been
very limited studies carried out within-this field. This
is most likely a result of theinability of these compounds
to exist out of solution. The numerous reports on the
pfoperties and reactions of t-butyl hypochlorite are a
consequence of its reasconable stability.

The literature contains only a few reports on the
preparation and characterisationlof perfluoroalkyl hypohalites,
one26 of which appeared during the process of this work. This
work is a logical follow through of the work of Dr.A.F. Janzen
27,29,30,31, who prepared the highly versatile reactive
compound disodium perfluoropinacol ((OC(CEB)ZC
The disodium salt being very reactive in reactions that

(CF3)20°7) 2Na+).

result in the preparation of a stable C-0-M bond.

An investigation of the addition of disodium perfluoro-
pinacol to a variety of halogens and interhalogens showed
that reaction occurs quite readily to gi&e é series of

highly fluorinated, unstable perfluorocalkyl dihypohalites.



(CF3)2?——O——X 1. X=Cl
(CFB)ZC——O—~X 2. X=Br
3. X=I

The compounds are best named perfluoro vicinal
hypohalites since the two ~0X groups are on adjacent carbon
atoms.

The compounds were prepared, under a variety of
reaction conditions, by two methods,'i) reactiqn with

halogen and ii) reagction with interhalogens.

Rquma+a2___@I%RP3x+amx
i) X=C1 '
ii) X=Br

P.F.P.2Na +2X) — & P.F.P.2X +Nax!

x=I, x'=Cl1, Br.
P.F.P.=0C(CF3)2C(CF3) 0

Since the products are only stable in solution the
percentage yields have to be based on the quantity of
sodium halide precipitated during the reaction; no attempt

was made to establish optimum reaction conditions.
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TABLE 1.
PRODUCT METHOD OF PRECIFITATE % YIELD
REACTION |

(CFB)QC—OI 1T NaCl 63

(CF3)2C—OI 1 NaBr 65
1 ccr.) _c-oBr _

S 32 1 NaBr 94

(CF_) C-OBr

32
(CF3)20—001 B ' )
N i NaCl 97
(CF3)20~001 o
N

The sodium halide that was precipitated in each
reaction was positively identified by X ray diffraction
analysis. This was considered'td be important for the
feactions to be consistent with those shown above. This
was accomplished because it is conceivable that X=C1l,
x1=1, or X=Br, X'=I. Another possibility that had to be
eliminated Was that sodium fluoride had been formed via
fluoride abstractibn from the triflupromethyl groups or
that the precipitate contained a halogen that was in a
higher .oxidation state, not simply +1 as in sodium
chloride. The X ray powder patterns of each precipitate
eliminated all these possibilites since the only pattern

observed was one of the simple halide.
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Great difficulty, however, was encountered in isoléting
and characterising the compounds. Isolation proved to be
absolutely impossible due to the instability of the compounds.
The compounds were thué characteriéed by spectroscopic
studies, chemical reactions and modes of decomposition.

The fluorine nucleaf magnetic resonance spectra
of the dihypohalites taken directly after preparation showed,
in each case, a sharp singlet absorption peak’in the expected
region for perfluoropinacol derivativeszg’Bo’.' A typical
fluorine n.m.r. spectrum ié shown over-ieaf. This spectrum,

- of the dihypoiodite, shows a sharp singlet, at —399h cds
(+70.80 p.p.ﬁ.)(int. std.) which is to be expected for a
compound which contains equivalent fluorine atoms. The
dihypochlorite and dihypobromite show nearly identical
n.m.r. spectrum. |

Ié the baseline noise of this spectrum can be observed
a triplet. 'Thié,is due to an impurity caused by the
decomposition of the dihypoiodite.

Any decomposition that occurs with these compounds
is bound to complicate the fluorine n.m.r. spectrum. This
was subsequently found to be the case. Fluofine spectra
of decomposed hypohalites show the diSappearance of the singlet
peak and appearance of numerous triplets, quartets and

other multiplets.
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The infrered spectra of the dihypohalites were
also consistent with the proposed structure. The spectra
showed the strong absorption bands in the regions »
1260-1210 cm~1 and 725-690 cm-l that can be associated with
perfluoroalkyl groups. The infrared spectra alsoieliminated
the possibility of the presence of any carbonyl, olefinic
- or hydroxyl groups. Great difficulty was encounted in
obtaining infrared data due to the compounds decomposmng
on the potassium bromlde infrared cells.

The prepared dihypohalites can be classified as ~
compounds of only moderate stability. This is because
although they were found not to be thermaily exploeiue,
they- could not be obtained in a form that was able to be
placed in a bottle, or easily handled. They were found to
have varying degrees of stability. The order of stability
was found to be dihypoiodite >dihypobromite >dihypochlorite.

The dihypoiodite was found to be stable at room |
temperature but decomposed on slight heating or when attempts
were made to remove the last traces of solvent.

The dihypobromite was found to be stable only in a
solution of trifluorochloromethane at 0°C. At room temperature
or above, decompos1tlon occured to produce hexafluoroacetone
and a black tar.

The dihypochlorite was found to be stable only in
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a solgtion of trifluorochloromethane at below 0°C. Above
this temperature decomposition occurred within a few hours.
All three compoﬁnds were found to decompose more
rapidly when exposed to U.V. light or upon heating7 The
isolatable compound of decomposition was hexafluoroacetone .
The dihypochlorite and dihypobromite wére fbund to
-decompose‘when prepared by a reaction iﬁ which excess
- chlorine or bromine was employed. The reaction was followed
by fluoriné n.m.r. If approximately étoichiometric
quantites of halogen were used in the preparation the fiug;iﬂe
n.m.r; showed a singlet, where as on use of excess halogen
the spectrum sdon became cluttered with triplets, quartets,
and multiplets indicating.that'decomposition had occurred.
The reaction diagram over-leaf clearly shows the decomposition
paths of the dihypohalites.
The chemical behaviour of the dihypohalites was
also investigated, e.g. if the reactions were carried out
in broton containing solvents such as tetrahydrofuran or
l,2-dimethoxyethane, the final product of the reaction was
found to be perfluéropinacol. The dihypohalite extracting a
proton from the solvent to produce the perfluoropinacol.
This reaction with tetrahydrofuran is to be expected from
the analogous reaction of t-butyl hypochloritevlé’lg' in

which t-butyl alcohol is formed. These reactions are
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FIGURE 2.

Reactivity of Dihypohalites.

decomposition

R
U.V.,
heat, X=Cl, Br, I
vacuum, ) ;
X=C1,Br (CF3)20-04X X= I
“decomposition g ———— (CF3),C0 + I,
ex. X (CF,),C-0X S
2 3’2
solvent
R-H
(CFB)ZQ—OH
(CF3) »C-OH CeHgCOCL + CH COOH
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extremely well known.

The proaucts of the reaction of the dihypochlorite
with benzaldehyde, in carbon tetrachloride, include benzoyl
chloride and benzoic acid. Presumably the benzaldehyde
reacts with the dihypochlorite to give. benzoyl chloride and
perfluoropinacbl which then reacts to give benzoic acid.

The benzoyl chloride and benzoic acid were identified by
comparison of their vapour phase chromatographs at varilous
temperatures with those of authentic samples (F.F.A.P.column).

The benzoic acid was also identified by the infrared spectro-

SCOpY . | S
(CF,),COC1 Uu.v. (CF.,).COH
3°21777 4 afcHO — . 2fc0CL + 2
(CF3) 5C0C1 -22 (CF,) ,COH
(CF.)..COH (CF3)oCCL
372 4+ 2¢cecl —* 2(COOH + 3’2
(CF,) ,CO (CF,) ,0C1

No attempt was made to isolate the other by-products of -
the reaction. |

The reaction is thought to proceed through a free
radical mechanism, as with the analoéous reaction of
t-butyl hypochlorite with benzaldehyde.

The reaction of disodium perfluoropinacol with
diphenyl sodium chloride and phenyl iodium dichloride was

also investigated. The reactions proceeded quite readily
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at room temperature, to produce the sodium halide that

was pésitively identified by X ray diffraction analysis.

The fluorine n.m.r. spectrum of the product taken directly
after the reaction show singlets in the region expected for
perfluoropinacol derivatives. The products appear much more
reactive than the dihypohalites and decomposed readily on
removal of solvent. Decomposition also occurred when an
attempt was made to obtain an infrared spectrum. The yields
of sodium halide points to the reactions occurring as indicated
below. However this is difficult to establish on the .data.

available.

(CFB).ZT—ONa (CF3)2LI’JOI(C6H5)2
+ (CgHg)pIC1 ——= + 2NaCl
(CF3)2C~ONa (CF3)2COI(C6H5)2
(GFE)ZT-ONa (C.H.)IC1 (CFB)zT-O\I(c H.) +2NaCl
N — +2Na
(CF,) ,C-ONa 67577772 (CF3)20—O/ 675 |

The preparatibn of these compounds imposes the
question, "Why is it possible to prepare perfluoro alkyl
dihypohalites where as the analogous hydrocarbon compounds
are unknown?" It is quite conceivable that the highly
electronegative trifluoromethyl groups play a part in the
producing of moderately stable compounds.

The following explanation, although without

experimental evidence, is thought to be reasonable. The



highly electronegative trifluoromethyl groups are capable

of reducing repulsion between non-bonded electron pairs on
the oxygen and the halogen, thus statilizing the perfluoro-
alkyl hypohalite with respect to unknown hydrocarbon
hypohalites. Although there is no direct ekperimental
evidence to support this statement literature reports offer
a close analogue: the variation of the bond dissoclation
energies of the halogens. The low value of fluorj.nelP7
being attributed tq_repulsion between non-bonded electron
pairs. The repulsion will be greatest in fluorine, where
there is a short sigma bond, but will decrease in tﬂe
remaining halogens where there are longer sigma bonds.

It is possible to compare an oxygen-halogen bond
with a halogen -halogen bond. Similarities 1lie in the
fact that oxygen has two non-bonded electron pairs, where
as a halogen has three. If this argument is valid for the
halogens, it should be valid in the case of hypohalites,
if a similar trend was observed. On the page overleaf is
a comparison of the bbnd dissoéiation energies of the
halogens and three hypohalites. It is usually unwise to
speculate on the basis of three values, especiallj since
they . are for unrelated compounds, however there is a
quantitative variation in the same direction as that of
the halogens. Thus the repulsion of electrons on oxygen

and halogen may help explain the observed variation of -



FIGURE 3

Comparison of Bond Dissociation Energies of Halogens

and Hypohalites
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bond dissociation energies of hypohalites. The effect of
electronegative substituents would obviously be to reduce

the electron repulsion. Thus it may be reasonable to explain
the existence of perfluoroalkyl dihypohalites in this manner,
especially since the prepared series of perfluoroaikyl
yicinal hypohalites appear to have bond dissociation energies

that fit this pattern.



PART 2 HEXAFLUCRCACETONE AND PHOSPHITE ESTERS.

It ié well know%lthét reductive dimerization of
hexafluoroacetone, by reaction with sodium in donor solvent,
leads to the ionic disodium perfluoropinacol, a valuable
derivative that has already been used in this work to form
.perfluoropinacol derivatives, namely perfluoropinaéol
dihypohaliﬁes. Cyclic alkoxides of germanium, silicon, tin
and boron can be easily prepared by reaction of this reagent

with the respective dichloride. ' ' SN

w

2(CF4) ,C=0 + 2Na ——o Na+“oc(CF3)20(CF3)26Na+

(CF3)2C—ONa 0

' (CF3)2?-
(CFB)ZC—ONa

+ (CH,),SiCl, ———e
3R (CF3) 5C-0

Nas
//Sl(CH3)2+2NaCl

Perfluoropinacol derivativesl+8 have also been
prepared by the reaction of perfluoropinacol with a metal

sulphate in water/methanol solution.

nHyFFP + M™% + 2n0H” ——e (M(FFP),)™ + 2nH,0
M=Fe, Al, Mn, Ni.
n=2 or 3

3H,PFP + Fe(OH) 3 + 30K — o (Fe(PFP)3)’" + 6H,0

32

Similar derivatives of perfluoropinaccl have also

49
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been prepared directly from hexafluoroacetone.

(CF3)2C-0
P(002H5)3 +2(CF3)2CO — (CF3)2é——O

N
/P(002H5)3
Presented in this thesis are several other such
compounds, that were prepared to investigate the possibility
of further extending the chemistry of perfluoropinacol.
Tributyl phosphite was found to react one hundred

percent with a slight stoichiometric excess of hexafluoroacetone.

—

(C H d) P + 2(CF,),CO0 e 3)2| O\ P(0C, Hg)
+ —_—
493 3'2 (CF.,) .C— O/ 9’3
3 2
The product was positively identified by infrared spectro-

scopy, fluorine n.m.r., proton n.m.r., and chemical analysis.
Triphenyl phosphite has also been reportedhl’46 t
react with hexafluoroacetone in a similar manner. It was
thought interesting to verify this reaction and to try to
extend the reaction to a series of phosphite esters, as
well as other compounds of main group V. The reactions
below were performed:
(CF3) ,6—0

| Pl

(CgHe) 3P + 2(CF3)oC0 ——— H.) (1)
6757 - )2 (CF4) ,C— 0 “6's3 :

| (CFB)ZC—-O\
(Cgilg) POL + 2(CF5) 100 ——» 77 P(Celis) 201 (2)

CF_) C—0
( 3)2_‘
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(CéHs)PCI2 + 2(CF3)ZCO ——= no product (3)

).C0 ——= no product (L)

(06H5)3AS + 2(CF3 >

Reaction (1) was found to proceed as reported in
the literature to give in this case an 100% yield. The
infrared spectrum showed tﬁe ncyclic" absorption bands that
were first reported by C.J. Willis and A.F. Janzen, to be
characteristic of the five membefed cyclié perfluoropinacol
derivative. h

Reaction (2), between heiafluoroacetone and diphenyl
chlorophosphite, proceeded to give a productiwhose infrared
spectrum showed the five membered-cyclic structure and all
the other features expected for this compéund. The
fluorine n.m.r. spectrum showed a singlet in the region
expected for perfluoropinacol derivatives, while the proton
n.m.r. showed the presence of the @ZClP grouping°
Chemical analysis of the sample however did not give the
. expected results. The analysis actually corresponded to
a solution of product (66.6%) in starting material
(¢2PCl 33,3%). Attempts to vacuum distill the product had
proved fruitless since the product was quite involatile and
decomposed on application of mild heat. There is no doubt
about the existence of the product however, since spectroscopic

evidence is undisputable.

The product was found to be quite sensitive to air or
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moisture‘oxidation‘ If the infrared optics were left

exposed to moist air a gradual solidification of the broddct

would occur. An infrared spectrum taken after a short |

exposure to moist air showed the loss of thé P-Cl absorption

peak and the appearance of an hydroxyl absorption peake.

The same spectrum after a long exposure to moist air

showed a loss of the five mémﬁered cyclic structure and

decomposition of the product.
(CF3)2CO\ (CF3)2CO\ ; ‘s
LT P®201 —_— | SPQ) OH ———w decomposition

(CF3) 2007 (CF3) 007 2

"It may thus be possible to postulate the above mode of
decomposition. |

The reaction of hexafluoroacetone with phenyl
dichloro phosphite did not yield a product. The order of
reactivity along the studied series of compounds is thus

as below:

¢3P = <1')2P01 = (_DP012

It would thus appear that replacing a phenyl group by

a more electronegative group decreases the basicity of the
lone pair of electrons on the phosphorus atom which.in
turn reduces the abilit§ of the phosphorus atom to react
in this manner.

The reaction between triphenyl arsine and hexafluoro-

acetone was unsuccessful under the applied reaction conditions.
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This may possibly be due to an electronegativity effect,
arsenic (2.20.A/R) in the trivalent state having a higher
electronegativity than phosphorus (2.06 A/R). If this is
the case there is no reason to think that similar reactions
should not be successful with antimony or bismuth containing
compounds.

In order to.explain the reactions of hexafluoroacetone
with phosphites, the below mechanism have beén considered:

1. Nucleophilic attack at a carbonyl ox}gen.

, 2. -Nucleophilic attack at a carbonyl carbon.

1. Nucleophilic Attack at a Carbonyl Oxyeen.

This mode of attack appears possible because the
cérbonyl:function is surrounded by groups (trifluoromethyl)
that are capable of stablizing a negative charge at the

carbonyl group.

CF, CF CF, CF, CF, CF
3 3 3 3 3 3
/ /
N L R N s
Il 3 [+ 1
L (CF3)2?—?(CF3)2
Q0
P
(R)3

" The initial product of this reaction can attack another
molecule of hexafluorocacetone to give the required product.
This mode of reaction seems unlikely because it would
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involve the polarization of one éarbonyl group to be in

one direction 5;bvwhile in the second molecule the carboﬁyl
would be polarized in the opposite direction (¢=0. However
such a mechanism has been postulated by P. Ramirezhl who
prepared similar adducts by the reaction of various phosphites
with hexafluoroacetone. Ramirez reports that his data showé
~conclusively that the "first observable products of the
reaction are derived froﬁ the intermediates that were formed
by an attack by the phosphorous on carbonyl éérbon".

However he also reports that the 1:1 adducts are too

reactive to be detebted.

2. Nucleophilic Attack at a Carbonyl Carbon.

RBP: +CFy  CFy o CF3
: \./ +
B ¢ R3P—C —CF
I | 3
0 0-
CF
(CF3 )20-0\ |
CF.,) ¢-0 CF:
(CFy 2 f‘c=o
CF3

The initial product of the reaction rearranges to give
‘another intermediate that then attacks another carbonyl
group to give the required product. This mechanism dces

not require the carbonyl group to be polarized in two
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different directions. However it should be mentioned that
in the case of the rea;tion of aliphatic monoaldehydes with
trialkyl phosphiteshg, where the phosphorus did attack the
carbonyl carbon, a rearrangement of the 1:1 adduct did not
take place.

The infrared spectral data obtained on the prepared

compounds is given overleaf.



- FIGURE 4

Infrared Spectra of the Product of the Reactions of

Hexafluoroacetone with Trialkyl Phosphites
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PART 3 HEXAFLUORCACETONE AND DIALKYL PHOSFHONATES

It is well established that in general dialkyl?
phospﬂonatés have little of the nucleoplilic reactiﬁity
of trialkyl phosphites. This has been established to be
a consequence of the two esters having fundamentaliy different
structures. The dialkyl ester can exist in two tautomeric

forms.

RO, - RO

~ N, 2
V/P-OH /P <
RO e RO H
Phosphite form Phosphonate form
The dialkyl esters have been shown to exist almost

exclusively in the phosphonate form. This preference being
attributed to the stability of the phosphoryl bond. Thus
in general these compounds, have not been found to act as
nucleophiles since they do not have a non bonding electron
pair.

Sufficiently strong bases are capable of converting
dialkyl phosphonates into anions, which are nucleophiles,
usually at the phosphorus atom. The neutral compounds may
however show nucleophilic reactivity with strong electro-
philes. The reaction in this case obviously occuring
exclusively through the trivalent form. |

Numerous50 spectroscopic investigations failed to

produce evidence for the existence of the trivalent form.



‘Evidence has been produced to show that this is because it
is not present in a high enough concentration to be detected
spectroscopically. Acceptable evidence for the tautomerism
comes from kinetic work.

Dialkyl phosphites, in the presence of cat%lylic
amountsléf strong base, add readily to the carbonil groups
of simple aldehydes aﬁd ketones to give l-hydroxyalkyl -

51 '

l1-phosphonate esters” .

1

(RO)2P(O)H + RTCHO ——— (RO),P(0)CHOHRL

The active species presumably being the anion produced‘ﬁ;k
the strong base. |

Chloral52,>a strong electfophilic carbonyl compound,
reacts with the neutral species even at room room temperature.
The reaction presumably being with the phosphitécform.

53

Dialkyl phosphonates that contain chlorine in
the g - position of the alkyl group, for example
(ClBCC(CHB)ZO)ZP(O)H, reacts in the absence of catalysts
even with simple éarbonyl compounds. The authors53 suggest
that this may be a reaction of the phosphite form which
could be present in unusually high proportions in these
cbmpounds.

It is thus of an interest to react dialkyl phosphonates

with hexafluoroacetone, a very electrophillic carbonyl

compound. Investigations showed such reactions to occur

58
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to give two products, both of which are highly fluorinated,
stable alkoxy phosphorus compounds. In all cases the
reaction was allowed to proceed at -78° and was complete
after shaking for 5 days at room temperature. The compounds
resulting from the addition reactions of hexafluo;oacetone
with dimethyl, diethyl and dibutyl phosphonates are
summarised overleaf. The quoted yieldé are based on the
relative areas of the fluorine n.m.r. peaks of the respective
compounds taken on éamples of the initial reaction mixture

directly after preparation.



TABLE 2_

Products of the Reaction of Hexafluoroacetone with

Dialkyl Phosphonates

- Dialkyl Reaction Products - Yields

Phosphonate
(CH30)2P(O)H (CHBO)ZP(O) 0 C(CF3)2H 95
(CH30)2P 0 C(CF3)2OH' B 5
(92H5O)2P(0)H (02H50)2P(0) 0 C(CFB)QH 88
C,H O) P O C(CF_) OH 2
(C, 5 }2 ( 3)2 1
(CAH90)2P(O)H (chﬂgo)ZP(O) 0 C(CFB)ZH | 5
’ C HO) POC(CF.) OH
{ hH9 )2 ( _3)2 95
0O CF CF
o3 o] 3
(RO)ZP(O)H + (CFB)ZCO —_— (RO)ZP—O-?—H + (RO)ZPfo-?—OH

CF CF
3 3
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The prepared compounds were characterised by infraféd '
spectroscopy, fluorine and proton nuclear magnetic resonance
spectra and chemical analysis. The infrared data of these
compounds are shown in figure 5. Figure 6 shows clearly the
" difference in the proton n.m.r. spectrum of the two structﬁrally
different compounds. Although the given spectra are of two
different compounds their characteristics apply to isomers
of the same compound. The principal characﬁéristics of the
spectra is a singlet assigned to the hydroxyl group of class’l
compound and the complicated multiplet'assigned to the proton

of class 2 compound.

| CF3 | | CF3
‘ (RO)ZP—O~?-OH (RO)QP(O)~O—C—H
oo » ) H
CF3 CF3
Class 1. Class 2.

Iﬁ order to explain the observed reactions the following

mechanisms have been considered:

1. Nucleophilic attack at the carbonyl oxygen.
2. Nucleophilic attack at the carbonyl carbon.

'3, A concerted addition mechanism.
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1. Nucleophilic attack at the carbonyl oxygen.

. + -
= ¢ —w (RO) P-O-
(RO)2P(O)H + 0=C(CF )2 (RO) P-0 C(CF3)2

3 2(!)
AN
- H
(RO)2P-O-C(CF3)2H (RO)ZP—O—C(CFB)ZH

Although the above mechanism is quite feasible it
is difficult to explain why the size of the;(RO) group
should effect the percentage yield of a partiéular isomer,
i.é. as thé (RO) group increases in siié the trivalent

phosphoras compound becomes the major reaction product,

2. Nucleophilic attack at the carbonyl carbon.

0-
+ | + -
(RO)ZP(O)H + 0#0(053)2 —_— (R0)2f~C(CF3)2 ____‘,(RO)ZP“O-C(CFB)2
OH o

RO)»P- O-C(CF OH
(RO)2 ( 3)2

-+

RO)_P(0)-0-C(CF H

(RO) P( ) ( 3)2_
The initial nucleophilic attack at the carbonyl

carbon is followed by a rearrangement process to yield an

intermediate which further rearranges to give the reaction

products.
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3. A concerted reaction mechanism.

0
(RO)2P—O—H I
¢ ———= (RO} P-0-C(CF5) H
0=C(CF3)2 | j
(RO)2P—O—H v
———= (RO) P-0-
. { )2P 0 C(CF3)20H

"The above concerted addition mechanism, where hexafluoroacetone
reacts with the phosphite form, appears quite feasible. =~ 7
In one case‘addition takes place -across the phosphorus-
oxygen bond whiie in the other case, a v
the.oiygen-hydrogen bond. Such addition reactions are
numerous in organometallic chemistry but unfortunately offer
no éxplanation as to why one isomer should takes preference
over the other. |

Perhaps more insight into these reactions of hexafluoroaéetone
with dialkyl phosphonates can be obtained by carrying out

reactions between the dialkyl phosphonates and chloro-fluoro

ketones.



FIGURES

Infrared Spectra of the Product of Reaction of

Hexafluoroacetone with Dialkyl Phosphonates
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| ~ _ FIGURE 6
Proton N.M.R. Spectrum of -(CH3) 2P(0)OC(CF3)oH
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