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ABSTRACT

The reactions of 1,1,1,3,3,3~-hexafluoroisopropylid~
enimine with organometallic hydrides of group V and 1,1,1,3,3,3~
hexafluoroisopropylideniminolithium with organometallic halides
of groups IV and VI are described.

The reactions of the products from these syntheses
with Xenon difluworide with the ailm of obtaining a compound which

contains a xenon-nitrogeh bond are also described.
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GENERAL TINTRODUCTIOHN

?erfluoroalkyl compounds,that is,compounds in
which all the hydrogen.atoms have been replaced by fluorine atoms,
were first ‘synthesized’ in 1886 when Moissan burnt carbon in
fluorine to produce a mixture of carbon fluorides,1

However,it was not until after 1940 that the
systematic study of perfluoroalkyl compounds was beéun,utilising
the synthetic methods by which it is possible to achieve smooth
fluorination of the startingvmaterials to yield the desired products,
These methods have been the subject of several review articles.2-6

During the last fifteen years a large amount
of research has been carried out in the area of perfluoroalkyl
derivatives of the metals and metalloids. These again have been
reviewed in several comprehensive articles; derivatives of transition

7-10 7“'9 899

metals ;main group metals and metalloids ,and also non-metals
have been covered,

One of the earliest perfluoroalkyl compounds to
be synthesized was hezafluoroacetona,by Fukuhara and Bigelow in
19141.11 This molecule has been the subject of a great deal of research,
due to its reactivity,and an excellent review of its properties has
been presented.12 Due to the presence of the highly electronegative
trifluorcmethyl groups the carbonyl group is electron deficient and
hence very resistant to electrophilic attack. Such normally electro-
philic reagents as hydrogen fluoride are forced to act as nucleophiles

13

in reacting with hexafluoroacetone.



moderately stable at room temperature.Resactions with alcohols,
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thiols, 15 hydrogen flucride, 2 hydrogen cyanide, silanols, 7
. 4 18 o 19, ] 19 o . T .

silanes, olefins and aceiylenes have been described. Of

particular interest to the present work is the reaction of ammonia

and amines with hexafluoroacetone to produce 2-aminchexafluoropropan-

20 - . . . Do
2=015, If this reaction is carried out in cold

onol salt is formed which reacts with
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dehydrating agents to produce iwmines in high yield.
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The parent imine, (C F7) ,C=ITH,1,1,1,3,3,3-Hexa-~

fluorolsopropylideninine  ,has recently become commercially available

and studies of its reactions and derivatives are increasin

the proximate trifluoromethyl groups the C=N bond is electron
deficient, thus nucleophilic attack at the carbon atom of this

roup is favoursed. Concomitant with this the hydrogen atom is

(:“3

acidic,again as a result of the inductive effect of the highly

fluorinated group. Roth of

Fevafluoroizopropylidenimine reacts with active-

wydrogen~containing compounds to form adducts
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iddleton and Krespan prepared the adducts with ammonia,
isocyanic acid,piperazine,ethylene glycol,hydrazine,methanol,nydrazoic
acid,hydrogen cyanide and hydrogen fluoride. These adducts show an

ususual stability,the gem-diamine (CFy),C(NH,), boiling at 91°

without decomposition.

Due to the almost neutral character, hence low nucleophilicity,

of the amine radical in these compounds,even the isocyanate derivative
can be isolated with a free NCO group. This coumpound reacts
exothermically with water to yield the substituted urea,and also

cver a loang period of time forms the triazine,

-]

his reaction occurs due to the small equilibriun

concentration of isocyanic acid present. This fact indicates that

. N 20 . - : .
as with the MN-phenyl analogues,”  the formation of adducts with
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active hydrogen compounds b
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5 an equllibrium process

with the »osgition of eguilibrium lying far over towards the adduct.

butadiene to nroduce 2,2-tis{triflyoromethyl)-L,5~dinethyl-1,%,6-

trihydronyridine:

(cw .) C_'TH + CHZ_




Similarly,cyclopentadiene reacls to give 3,3-bis(trifluorounethyl)-
21

A5 would be expected,due to the electrophilic character of
the imine,electrophiles react with difficulty. Reaction of ketene
can be achieved by employing boron trifluoride as catalyst however,
producing N—acetylheXafluoroisopropylidenimine,(CFB)aczNC(O)CHB.

The acidic proton of the imine can be substituted'by
lithium to form the iminelithium salt which is useful in introducing
C=N- moiety into organometallic coﬁpounds.This
salt is easily reacted with bromine to form the N¥N-browmo derivative,

hotolytically couples producing hexafluoroacstone azine,

The N-fluoro derivative of ths imine has been prepared
The reaction of sulphur tetrafluoride with hexafluoroiso-

. . e 2 .
propylideninmine has been studied by CGlemser and Halasz. o The reaction

C{F)N=SF + HE

(CFE)ZC:HE + SFL ——p

ct
N
N
[
S

Sinilarly,a

N—neﬂuaflu@roisopro;y1thionylimine‘26
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Shreeve et al, found that with hexafluorocisopronylidenyllithiunm
in reaction with thionyl halides a halide ion migration apparently
occurs and the simple disubstituted thionyl compound is not obtained,
instead the product is N-(N-thionyl-2-aminohexafluoroisopropyl)hexa—

fluoroisopropylideninine: (1)

(CF

W
A
Y]

X RLi

—> (CF n) CN 5=0 —————-—> (CF ) C ]

This mechanism is

with COF,

mediate (C]

where,as well
)] I\V: =
3)ZC(F,: C=0

The dinteraction

been investizgated.Zoroun
h even the very weak

as shown by

spectral properties. However,boron trichl

0
80%, (¥=C1 or F) ——> [(¢F,) C=wdr] ——

F3
i=5=0 I

CJ—O*\

\n

N
F

supported in the same work by the reaction

boron tTrihalides has also
such a stirong Lewis acid
the adduct (CF ) =MH.BF

oride and

tribromide add across the C=N bond forming aminoboranesS” which are
thernally stable.
(cvzpﬂu + PX, ———> (%Bkgmlgg
These compounds have been suggested as useful precursors for
hetsrocyclic or polyatomic boron-nitrogen-carbon systems as a
- . , . . 29
reoult of the reaciive boron and carbon sites. Niedenzu et al.
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have reported borane derivatives of the imine with the C

5)ZBBr + (CFB)EC:}“H —_— (CFB)ECBrNHB(C IT)

IT  + (CFB)zc‘:NH _ (CF3)20:1\@(06}15)2 + (CFB)ZCBI'I‘IH
ITI

2

Cryoscopic measurements show III to be a monomer in
benzene,and the material can be distilled under vacuum. The product

reacts explosively on hydrolysis.

e

The H-chloro derivative of the imine is the product of the

630 penct

reaction of the imine with chlorine monofluorid Reaction is

facilitated by the presence of caesium fluoride acting as hydrogen

Hexafluoroacetone forms interestiing coordination compounds
with nickel and platinum in which the carbonyl groun is coordinated

33

sideways to the metal,these compounds being the Tirst of th

This method of coordination has besn proved by the crystal

.
- . o . s 22
siructure carried out on the nickel compound.” ™ &2

Similar complexesz with hevafluoroisopropylidenimine have not as yet

been reported,but the imine does undergo an interesting inserticn
rezaction with (L-BulC). Ni(CF.).CO0 to wvroduce the compound
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CO?BThis molecule has been showm to -
32

(t-—BuNC)zNi(CFB)ZCNH(CFB)2

contain a five-membered ring,viz:

t—BuNC\\ ’/,CNt-Bu
//Ni

CF C

(CF3),8

N——C(CF

H 3)2
proving that the imine molecule has inserted

at the Ni-C bond of (t-BulNC),Ni(CF),CO. To explain this Stone

has suggested a mechanism involving a six-eoordinate intermediate

in which both flumorocarbon molecules are borded to the nickel,both in

the side-on configuration.‘

Preliminary photochemical experiment835’36 with the
imine indicated that unlike hexafluoroacetone,which decomposes via
CFé radicals to CO andﬁCEFe 37,the imine is photochemically stable.
In fact,it has been suggested 35 for use as a UV filter to isolate

the 185nm. line from the 254nm. line in mercury arc lamps. Later

experiments investigating the reaction of CF% radicals with the

imine 38 have shown,by comparison with the results ovtained earlier?6

that on photolysis,the imine does produce a low quantum yield of
CFé radicals,which undergo fast additon to the C=N bord to produce
(CFB)BCH(CF3)2H rather than combine forming CZF6’

Detalled spectral studies have been carried out on

39

the iminej;the infra-red and Raman spectra sand an electron-diffr-

action studyagave been published. The results,combined with the

21,57 indicate that the C=NH group

fluorine and proton NMR spectra
is angular (1100) with strong inter- and possibly intra-molecular
hydrogen boanding,even in the vapour state.

Hexafluoroisopropylideniminolithium has been used to

introduce the (CF3)2C=N- ligand into several organometallic compounds
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of transitionha(Ti and Pt group) and alsc main group_elementsz7’45,

by the straightforward reaction with halides.

— . : i
RMX,  + zLiN=C(CF;), ———-}Ry‘l.[‘LC(CFB)Z]Z +  zLiX

Compounds with BC1y,(CHy);8iC1,PC1z,45C1,,5C1,,CFSC1,PF,C1,PF, and

CFBSOF have been prepared.27 S
Shreeve and Swindell bl have studied the reaction of

the lithium salt with sulphur tetraflucride,and a numbpr of products

were isolated due to extensive rearrangements,viz: (CF5)ECFN=SF2,

(CFB)ZCFN=S=NC(CF N=C(CF

305

(CF) ,CFN=S=NCF(CF,),,

3)2,
(CF3)20=NC(CF5)2§=S=NC(CF3)2N=C(CF3)2,and (CFB)ZC=NC(CFB)aNQC(CFB)Z;

‘The purpose of this thesis is to describe further
investigations of the chemistry of 1,1,1,3,3,3-hexafluoroisopropy-
lideninine i?129%9220?51Wit#;EQMPgEEdS of elements in groups IV,V,VI
and VIII. "

Organometallic compounds of group IV containing metal-
nitrogen bonds are well known,and in the past ten years a large
number of papers dealing with alkylamides of silicon and tin,and
to a lesser extent,germanium and lead,have appeared. Several reviews
of this type of compound h5—55’61,and a number of comprehensive
books of the organometallic chenmistry of germanium?&f§5?§?tia2%’56’5?’58
and 1ead”? 109581 po00 been published.

However,no perfluorcalkylamine derivatives of these
elements have been reported to date,and the present work in part
describes the preparation of such derivatives RBMN:C(GFB)E with a
view to observing any marked difference in reactive properties of

the M~N bond as compared to the non-fluorinated derivatives.These

compounds were also prepared for use as substrates in reactions
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‘with xenon difluoride as also described herein.
Perfluoroalkyl derivatives of tellurium have,with
the sole exception of bis(trifluoromethyl)ditelluride62,been
synthesized only since 1968. The most recent reviews 63’61"and book65

covering organotellurium chemistry only cursorily mention,if at all,
such derivatives. The derivatives prepared to date are (86F5)4Te66,
(66F5)3T30167,(C6F5)Te01366(06F5)2T9267,and. BCFB)ZNOIATe6§ the latter
being bonded through the oxygen atom of the ligand. Thus,attempts
to prepare perfluoroimino- derivatives of tellurium(IV) were made
during the course of this work. |

Although noble-gas chemistry had been speculéted on
during the early part of the twentieth centurysg’-72 and attempts
- at compound formation made 73’7#,includiné Yost and-Kaye's near
miss’?,the earnest practical study of this bramch only starts with

Bartlett's famous preparation of Xe(Pth)n in 1962.76 Over the

succeeding ten years a large amount of research has been directed
to the chemistry of xenon in the main,as this is the nmost easily
accesslible element and forms the most stable compounds.

Ontil recently all the compounds of xenon which had
been synthesized and characterised contained xenon bonded either
to fluorine or oxygen,and it appeared that only these two most
electronegative elements would form covalent bonds with this obst-
inate element. A number of reviews of xenon chemistry have appeared
at regular intervals.77-86

Xenon difluoride forms a number of adducts with
Lewis acidé.eompounds have been repeoried-with the pentafluorides of

Vanadium87»Tasa’89§Nb:1r,Ru,Os,Pt)89’9o,Mn91’92,P93,A39#;Sb95;883nd

iodine?6'99. Bartlett et al.,following up their postulation that



(10)

the XeF' iom is the oxidative species in reactions of xenon difluoride

as an oxidative fluorinator’oo,showed that the adducts ZXeF 5,
XeF, MFE,and XoF, ZWFE,could be formulated as the salts (Xe ) (MFe)f
(xeF)* (MF5) (xeF) ™ (u M, 11) ?O respectively,on the basis of X—ray,

Raman and infra-red results.

An interesting series of xenon esters of strong oxy-acids

has been prepared,with the ligands: CFBCOO-QOI,FO 50-102 ¢_g10-102,

2 '3
103'106.Crysta1 structures of FXeOSO,F 'O7and the other

2
108 have been determined.

and F5TeO~

fluorosulphate and the perchlorates
Attempts to isolate compounds of xenon with the element

bonded to atoms other than fluorine or oxygen have been made.Perlovw

109-111

et al. have provided evidence for the transient formation of

XeCl, ,XeCl, and XeBr, in MOssbauer studies by the B-decay of 129, to

L
129 112
Xe in the ions IC1, ICl and IBra,respectlvely Meizert

4
mass spectral data and Nelson and leente111)

presented
obtained an IR spectrunm.
at 20°K to establish the formation of XeCl2 from Xe/Cl2 mixtures
excited by amicrowave discharge.

A novel compound containing a xenon-~boron bond has been

1k and appears simultaneously with a

prepared by Goetschel and Loos
theoretical paper on noble-gas-boron.compoundsa115 The reaction of
xenon with dioxygenyl teirafluoroborate at about 173°K yields a
compound which the anthors;on the basis of vibrational spectral data,
assign the structure FXeBFZ.
The possibility of the formation of xenon-nitrogen
116

bonds has been considered also; Herman aund Herman have measured
the visiblé spectrum of the metastable XeN moiety,produced in a .0~
continuous electic dischage in a mixture of Xe and Ne,but no stable

(i.e. characterisible by standard spectral techniques) compounds
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éontaining a Xe-N bond have been reported. Kaul and Fuchs117and
Licebman and Allen118’119have carried out theoretical investigations
on the stability of noble gas compounds,in particular of the lighter’
members of the:group,and suggest that XeN" salts should be stable
enough to be isolated,if synthesized.

The -remaining part of the work of this thesis is hence
concerned with attempts to synthesize compounds containing a Xe-N
(or FXe'NR™) linkage.

Thus,in adumbration,the thesis can be divided into two
convenient sections:

1.Reactions of 1,1,1,3,5,B—hexafluoroisopropylidenimine
with active hydrogen compounds of group IV and V elements.

2.Reactions of xenon difluworids with 1,1,1,3,3,3-hexa-

fluoroisopropylidenimine and its organic and organometallic derivatives.
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- GENERAL TECHNIQUE, APPARATUS AND REAGENTS.

GERERAL.
As most of the compounds prepared,or used as starting

materials were air and moisﬁure sensitive,they were handled in
elither a nitrogen atmosphere dry-box or a conventional glass vacuum
rack. If at all necessary to expose any of the compounds to the
atmosphere,such exposure was kept to a minimum and the container was
immediately evacnated again or flushed with dry nitrogen.

Reaction tubes were evacuated and flamed out uﬁderdynamic
vacuum on the vacuum rack.

Conventional ground-glass-jointed apparatus was dried
at 110° for 2l hours before use and allowed to cool in the dry-box.

Liquids were handled with a syringe in the dry-box.

Experiments involving solid xenon difluoride or hexa-
fluoroisopropylideniminolithium were carried out observing the correctk
safety precaufions,due to the fact that both these reagents have been
~ reported to cause explosions.86’21’120'12#

Microanalyses were carried out by the Alfred Bernhardt
microanalysis laboratory of the Max Planck Institute,Germany.

INSTRUMENTAL MEASUREMENTS

Proton and fluorine NMR spectra were rescorded on a Varian
Associates A456/60 Analytical Spectrometer.\Wherever possible,internal
tetramethylsilane and trichlorofluoromethane were used as standards
for proton'and fluorine spectra respectively.

Mass spectra were recorded on a Finnigan Model 1015
quadrupole mass spectrometer.The conditions used are noted for the

individual spectra in the experimental section.



(13)

Solid samples were introduced directly,and liguid samples were
vapourised into the gas inlet system.

Infra-red spectra wefe recorded on a Perkin-Elmer
337 grating spectrophotometer,linearly covering the range L000-400
wavenumbers. Ligquids were run as films between potassium bromide
discs. Solid samples were mulled with nujol and run between
potassium bromide discs., Gaseous samples were run at 15mm. pressure
in a 9cm. cell fitted with potassium bromide windows.,

The infra-red spectrum of xenmon difluoride vapour
was run using a 10cm. nickel monel gas cell fitted with silver

chloride windows. Spectra were calibrated against polystyrene.

REAGENTS
Except for those described below,most of the reagents

used were employed without further purification than as supplied.
The materials were obtained from the following companies:
Peninsular Chemresearch Inc. |
Alfs Inorganics Inc,
Matheson,Coleman and Bell
Eastman Organic Chemicals,Co.
Fisher Scientific Co.
Allied Chemical Co.
Acetonitrile and deuterocacetonitrile were dried over
phosphorus pentoxide and distilled,
Tetrahydrofuran (THF) was dried by refluxing over
lithium aluminium hydride for six hours and then distilling.
Pyridine was dried over sodium hydroxide then distilled.
Liquid ammonia was dried with sodium metal shavings

for a few minutes and then distilled.




Dimetayl phosphite was vnurified by shaking with molecular sieve
then cdistilling in vacuo.

Xenon difluoride was prepared by photochemical reaction of the
elements. The gases were handled in a nickel monel vacuum line which

had beer flamed out at 10_5 torr. (Fig.1 below; Fig.2 overleaf)
3 <o
The reaction bulb was prefluorinated by treating with 1 atmos-

phere of fluorine for 24 hours.

4

Fig.1
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A typical preparation of xenon difluoride involved
admitting 380mm. (9mmole) of xenon and 380mm.(9mmole) of fluorine
(hydrogen fluoride free) into a 1 litre pyrex bulb fitted with a

monel autoclave valve.The bulb was removed from the rack and

irradiated with ultraviélet_light from a Hanovia Type 30620
mercury arc lamp for ten days. The crgstals thus formed were
transferred by pumping unz@er vacuum to a smaller bulb cooled to
-196°, Dry,redistilled acetonitrile was then distilled onto the
crystals,which were then dissolved at room temperature. The

resulting solution was them stored frozen at -78°,

The concentration of such a solution was determined by -

allowing an accurately measured aliquot of solution to react with
an excess of mercury in a vacuum rack,and the xenon gas thus
liberated was weighed in a standard bulb.

The syntheses of reagents for specific reactions are

described in the experimental section.
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EXPERIMENTAL SECTION

PART | : Reactions of 1,1L1,3,3,B-Hexafluoroisonropylidenimiﬁe

with active hydrogen compounds of group IV and V

elements,
Note; The naming of compounds has been carried out in accord
with the rules laid out in references 22 and 125.

Preparation of 191,1,3,3,B-Hexafluoroisopropylidenimineal%

(CF3)26=NH

In a 290ml, round-bottomed flask egquipped with a
gas inlet tube,a condenser cooled by solid carbon dioxide and a
mechanical stirrer,were placed 250ml. of pyridine. The flask was
cooled to -250 by means of a dry~ice/acetons bath and the stirrer
started. Hexafluoroacetone(Matheson Co.),100gnm, (0.6 moles) was
distilled into the flask,keeping the temperature between —25°and
-30°. Ammonia,12.5ml. (approximately io,agm;o,G moles) was then
distilled into the solution,which was rapidly stirred and kept at
=25° to —300, The coocling bath was removed and replaced by a heating
mantle,and the reaction mixture was allowed to warm up to room
temperature (250). The dry-ice condenser was subsiituted by a
water-cooled condenser connected with a trap cooled by a solid
carbon dioxide/acetone bath,and the gas inlet tube by a dropping
funnel., Phosphorus oxychloride,50ml.(92gm. ;0.6 moles) was added
dropwise at such a rate as to maintain gentle reflux and prevent
charring. The gaseous product was collected in the cold trap.

After completion of the addition,the reaction mixture was heated
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to 100° and kept at that temperature for a half-hour.

The condensate in the trap was purified by trap to
trap distillation in a vacuum line,and 82.5gm (67% yield) of
1,1,1,3,3,3~-hexafluoroisopropylidenimine were obtained.

The physical properties of this compound are collected
in Table 1,and its spectra in Table 2,

*Note: In later work, commercial material (PCR Inc.)

was also obtained,

Reaction of Diphenylphubsphine with 1,1.,1,3,3%,3-Hexafluoro-

isopropylidenimine.

Diphenylphosphine,0.93gm. (" Smmoles),contained
in a 20ml.reaction tube connected to a vacuum line,was cooled to
«1960 by means of a liquid nitrogen bath., The tube was evacuated
(TO"Btorr).Hexaflgoroisoprepylidenimine,1.65gm. (10mmoles),was
distilled into the reaction tube from a standard weighing Bulb,
and the reaction tube was then sealed under vacuum. The tube was
transferred to am 0il bath at 80° and heated for four days,

During this time the initially colourlesé
nixture took on an orange colouration and increassd in viscosity.
A small sample was investigated by electron spin resonance,using
a Varian Associates E-3 EPR Spectrometer,but no free radicals were
observed,

The tube was allowed to cool to room temperature
and was opened under nitrogen,fiited with a stopcock and transferred

to a vacuum line. The volatile materials,mainly excess imine,were
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distilled off and collected in a cold trap at —780° The viscous
material remaining inm the tube slowly crystallised while under
dynamic wvacuum,to produce white crystals,M.Pt.38~39°,These were
involatile at 100° under dynamic wvacuunm,

The fluorine nuclear magnetic resonance spectrum,
using trichlorofluoromethans as solvent,shows a doublet at +68.8ppm
relative to the solvent peak,with JFP= 17Hz. The proton NMR spectrum
shows two multiplets in the phenyl region,JPH= ca.4OHz, ,centred
at ~6.92ppm.,and a broad singlet at ~1.30ppm. with relative areas

10.5:2. These spectra are indicative of the structure IV.

CFB\C/NHZ
' / 3
CF3 p P-86§5
06H5

IV.

(2-Amino-2~-diphenylphosphino-1,1,1,3,3,3~hexafluoropropane)
Analysis assuming C15H12NF6P:

Calc. C 51.30%; H 3.45%; F 32.45%
Found.C 51.31%; H 3.09%; F 32.32%
Yield: 1.60gm. (92% based on weight of diphenylphosphine

used).

The NMR spectra are shown in Table 3;Nos.1 and 2.

The infra-red spectrum of the compound (nujolvmull) is &
shown in Table hLa. Medium peaks at 3410cm"1 and 33400m"] are assigned
to NH& assymmetric and symmetric stretching respectively. The N-H
scissorring mode appears as a medium peak at 1618cm"1. Aromatic
combination and overtone bands characteristic of mononuclear
substitution appear at 1970,1900,and 1820cm™ ! (all weak). The cF,

stretching nodes appear as strong,broad bands in the region 1300~
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106Ocm“1,and the P-C stretching vibration of the P—CGH5 group
skows at 99’7c:m_1 as a medium peak.

Tae most abundant ions of the mass spectrum are:

_mfe % abundance
351 3 )
223 ' 6
221 6
181 100"

179 100"
166 20
147 7
146 14
108 34
96 L2
78 34
77 91
69 39
51 87

*off scale

Oxidation of 2-amino~-2-diphenylphosphinc-1,1,1,3,.3,3-hexafluoro-

propane,
A few crystals of 2-amino-2-diphenylphosphino-1,1,1,3,3,3-

hexafluoropropane were dissolved in 0.3ml. of trichloroflucromethane
contained in an NMR tube,and a slow stream of dry oxygen was bubbled
through overmight. A white precipitate was produced. The tube was
transferred to the vacuum line and the solvent was pumped off. The
resulting white s501id melted at 122-1230 and was found to be insocludble
in the common organic sclvents. The material dissolved in hexa~
methylphosphotriamide,({6H3)2N)3Po,producing a solution which

rapidly darkened. No fluorine resonances were observed in the NMR
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~spectrum. While attempting to dissolve the product in chloroform-d
an exothermic reaction occurred,but solution did not take place.
The fluorine NMR spectrum of the supermate showed a singlet at
+67.3ppm. This side-reaction was not investigated further.
The mass spectrum of the solid shows a parent ion corres-

vonding with the phosphorus(V) aralogue of IV,namely V.

NH

CF3\\C/’ >

" Np
CFy o’% ¢ 655
CGHB
v
(Z—amine-a-diphenylphosphonato-1,1,1,3,3,3-hexafluoropropane)

The major peaks of the mass spectrum are::

_mfe % abundance
367 2 ()
221 A
220 L
219 7
215 5
201 100"
166 ‘ 2
146 2
124 17
96 7
78 19
77 iy

69 8
51 32

*o0ff scale
The infra-red spectrum of V,although poorly resolved,
is greatly similar to that of the phosphorus(III) compound and is

shown in Table 4b.
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Here the absorption due to the P=0 bond,which in aromatic phosphine
oxides usually ocecurs near 1190cm’Zis masked by the strong,broad

band due to CF3 stretching modes,

Reaction of 2-amino-2-diphenylphosphino-1,1,1.3.3,3-hexa~

fluoropropana with xenon difluoride,

A few small crystals of 2-amino2-diphenylphosphino~
1,1,1,3,3,3-hexafluoropropane were introduced to a carefully dried
NMR tube in the dry-box. Approximately 0.3ml. of a 0.5 molar solution
of xenon difluoride in deuterocacetonitrile was added and the tube
quickly sealed with é pressure cap, A vigorous . reactlon ensued,
with copious gas evolution and precipitation of a small amount
of a white solid.

A search of the fluorire NMR spectrum revealed
only the following peaks:

shifts:  +68.8 doublet due to excess of IV.

+67.4 singlet

+6G.0 doublet(a) of triplets(®) Ja=4,5Hz; J
+71.1 broad singlet

+72.6 doublet Jd=7Hz

+74.3% doublet J=7Hz

+75.9 doublet J=6.5Hz

b:1 2Hz.

The shifts are quoted with respect to internal trichloro-
fluoromethane,which was added to the reaction mixture immediately
before running the spectrum.

The doublet of triplets at +69.0ppm.is assigned to
compound VI.(over). The fluorine of the trifluoromethyl groups
are equivalent and are split into a doublet by the phosphorus atom,

with JCF P=4.5Hz,aad further split into triplets by the fluorine
_...3.... ’
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atoms on the phosphorus atom,with JCEBB§=12HZ.
CF?::C//NH%
~N
F P-C H
5 N6
65
VI

(2-Amino-1,1,1,3,3,3~-hexafluoroisopropyl)difluorodiphenylphosphorus(V)

The resonances of the fluorine atoms of the'PF2 group

were not observed as the concentration of the product was too low.

The theoretical spectrum (first-order) would be a doublet of septets

of quintets,with JFP=approximately 500-700Hz. (see, for example,ref.126)

and JFCF3=12Hz,with probable long ran®s interaction between the
fluorine atoms and the ortho protons of the phenyl groups with
Jngapproximately 1-2Hz,

The proton spectrum shows complex multiplets with
resonances due to compound IV and products overlapping in the
phenyl region. At -4.lppm. a septet with J=7.0Hz. appears and a?®
very broad peak centred at f§.85ppm. The latter is assigned to the
amino groups of both excess starting material and products, The
septet,together with the doublet at +74,.3ppm. in the fluorine
spectrum are assigned to 1,1,1,3,3,3-hexafluoroisopropylamine,
21

( cF3 ) SCHNE,

The formation of heptafluoroisopropylamine,(CFB)ECFNHZ,
is uncertain,as the reported preparationziidentifies the compound
as showing a doublet in the CFBregion of the fluorine spectrun,
with a septet "at higher field". Thus,one of the doublets in the

spectrum of products is probably due to the presence of thls amine.
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Again the concentration of this amine was sufficiently small to =3
preclude observation of the septet. The spectra are illustrated

in Table 3;Nos.? and 4.

Reaction of Diphenylarsine with 1,1.1,3,3,3-Hexafluoroiso-

propylidenimine.

Diphenylarsine,0.56gn. (2.5mmoles) was plaéed in a
reaction tube,which was evacuated and cooled to -196° én a vacuum
rack., Hexafluoroisopropylidenimine,0.83gm. (5mmoles) was condensed
into the tube,which was then sealed,and shaken at room temperature
for six hours. During this time a pale-green tinted crystalline
s0lid separated ocut of the reaction mixture,leaving a colourless
supernate, Electron paramagnetic resonance investigation failed
to detect any free-radicals. |

The tube was opened under nitrogen,fitted with a
stopcock,and connected to the vacuum line. The supernate was
distilled into an NMR tube,and the solid was dissolved in deutero-
acetonitrile.

The proton HMR spectrum of the solution revealed
only phenyl resonances (Table 3;No.5) and the search of the fluorine
spectral regiom indicatdd that no fluorine was present. The mass
spectrum was characteristic of tetraphenyldiarsine,(CGHE)ZASAS(CeHs)2
The peak at m/& 474 was due to the formation of (C6H5)2A80A8£66HS)2,
during trapmsfer of the sample tube to the inlet port of the mass
spectrometer,aryl’ compounds of arsenic(III) being particularly
air sensitive. The melting point of the so0lid was determined as

15#»50,confirming the assignment,

The NMR spectra of the supernate showed two doublets
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‘in the CFBregion of the fluorine spectrum,at +74.4ppm. and +75.7ppm.
with J=7Hz. and J=6Hz. respectively.(Table 3;No0.6 )
The proton spectrum (Table 3;No.?7) is characterised
by the following peaks:
shift (external TMS)

-1.42ppm broad

~3,22ppm septet  JI=7Hz.
~-3,81ppm.septet J=6Hz.
-4, 54ppm broad

~6.76ppm singlet

The mass spectrum of this mixture of volatiles has a
peak at m/e 167,assigned to (CFE)ECHNHZ,together with its breakdown
fragments. (Note.The mass spectral analysis was carried out on the
volatile products remaining after removal of the excess of 1,1,1,-
3,3,3~bexafluoroisopropylidenimine).

An abundait peak at m/e 78 was assigned to benzene,

No peaks due to AS’CGHSAS’or(C6HE)2AS wers:observed. Thus the

singlet at —6,76ppm in the proton spectrum can be assigned to benzene,

and the septet .at -3.22ppm,together with the doublet at +74.h4ppm
in the fluorine spectrum can be assigned to 1,1,1,3,3,3-hexafluoro-
isopropylamine., The other septet,coupled with the doublet in the
fluorine spectrum,suggests the presence of another (CFB)ECH group,
however the mass spectrum of the volatiles does not correspond

with either (CFB)ZCHNHAS(C6H Zor the dimer (CFB)ZCHNHNHCH(QFB)Z.

572
Repeating the reaction with an excess of diphenylarsine

produced identical products., Finally,repeating the reaction in

an NMR tube and following iils progress spectroscopically again

showed the same products,with no indication of the intermediate

formation of either(CFB)ZCHNHAS(C6H5)2 or (CF3)QC(NH2)AS(C6H5)2'
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Reaction of Dimethyl Phosphite with 1,1,1,3,3,3-Hexafluoroiso~

propylidenimine.

This reaction was carried out using three slightly
different procedures:

2127 Dimethyl phosphite,l.10gm.(10mmoles) was
placed in a reaction tube and dissolved in 10ml. of dichloromethane.
The tube was then cooled to --196O and evacuated. Hexafluoroiso-
propylidenimine,1.65gm.(10mmoles) was distilled into the tube,
which was then sealed under vacuum and transferred to a solid
carbon dioxide-acetone bath at —780. The reaction mixture-was
allowed to warm up to room temperature over a period of 30 hours.
The dichloromethane and unreacted hexafluoroisopropylidenimine
were distilled off,and the residue investigated by NMR spectroscopy.

B. The above procedure was repeated except that
no solvent was employed.

C. Reaction B. was repeated except that the mixture
was heated at 80° for five days.

In Part A the fluorine spectrum of the products

(Table 3;8) shows the following peaks:

shift coupling constant’
+71.8ppm. doublet 3 Hz.
+74.6ppm. doublet 6 Hz.

+79.1ppm. singlet
+79.9pp. singlet

The proton spectrum revealed mainly unreacted
dimethyl phosphite,with weak resonances masked by the doublet,
The doublet at +71.8ppm. is assigned to 2-hydroxy-1,1,1,3,3,3~
hexafluoroisopropyldimethyl phosphite,and that at +74.6ppm. to

1,1,1,3,3,3-hexafluoroisopropyldimethyl phosphate (structures VII
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and VIII respec’ci_vel:,r).T28
00H 0
o) Mecry. (CH.0).P0C
200, 30 30),POC(CF5)
VII VIII

The peaks at +79.1ppm and +79.9ppm are due to
hexafluoroacetone and hexafluoroacetone hydrate‘respectively.

Addition of a catalytic amount of compound VIT
to compound VIIT,as shown by a decrease in peak height for the
former and corresponding increase in peak height ior the latter,
as reported by Janzen and Smyrl.127

In the cases of reactions B and C abdve,the_main
products obtained are complex polymeric materials of uncertain
.structure,as shown by the spectra illustrated in Table 3.

The expected products,analogous té those above,

with structures IX and X were not formed in more than insignificant

yield,
02 R
_(CH3O)2PC(CF3)2 : (cnso)apmac(c%)2
IX o | X

A small amount of material crystallised out in
experiment C and the mass spectrum of this material showed the
parent ion of .m/e 275 ,but,as attempts to.obtain significant amounts

of pure material proved;fruitless,the study was not pursued further.
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Reaction of Trimethylsilanol with 1,1,1,3,3,3~-Hexafluoroiso-

propylidenimine.

Trimethylsilanol§€0,ZBgm(ZLSmmolaS)contained in

an NMR tube was cooled to -196o and the tube was evacuated. Hexa-
fluoroisopropylidenimine,0.85gm. (Smmoles) was condenséd into the
tube,which was sealed under vacuum and heated at 80° for three

days. The tube was then opemed under nitrogen in the dry-box,and
fitted with a pressure~cap. The fluorine NMR spectrum of the reaction
mixture showed three singlets at +80.2ppm.,+82.5ppm.& +83.3ppm. The
former is attributed to hexafluoroacetone hydrate,(CFB)ac(OH)z.

The proton NMR spectrum showed singlets at
;O.Thppm,-0.26ppm.,and ~0.07ppm,all atiributed to trimethylsilyl
groups. The latter was showmn: to be due to hexamethyldisiloxane,
(CHB)3SiOSi(CH3)3’by adding a small amount to the mixture and
observing the increase in intensity of the peak at O;O?ppm# The
peak at O.lhppm is assigned to the methyl groups in 2-trimethyl-
siloxyhexafluoro-2-propandl,the reported value being O.18ppm.?29
After crude separation by trap to trap distillation the’singlet?

at +82.5ppm.could be assigned to this compound. Janzen129

reports
a splitting of less than 3Hz. in this peak,but in the present case

such splitting could not be observed due to poor resolution,

The singlets at 0.26ppm and +83.3ppm are assigned
to compound XI,2-amino-1,1,1,3,3,3~-hexafluoro-2~trimethylsiloxy-
propane,

*Kindly donated by Mr.J.A,Gibson

#An approximately equimolar amount of hexamethyldisiloxané was

present ,due to the unavoidable difficulty to separate the compounds.



Gas chromatography was employed to separate the
products,in order to obtain mass spectra of the pure materials.
A Carbowax20M column was used at a temperature of 70?

The following spectra were obtained:

_mfe abundance (%) _don
166 2.5 (CF3) éO‘fuvr'*)
147 17 (M=F)
119 3.5
97 51 (M-cF5)"
78 I (cr.co)t
69 100 CFg
50 17 cr, or ()"
This specirum is characteristic of hexafluoroacetone.
_mfe abundance _ion
221 ca. i (C5H6Fsoasi)+(M-EH§F)+
186 ca.l (M~CF3H)
147 ca,1.5 (02F580)+
97 1.5 (cryco)”
90 1.5 ((633&33103)+
75 100 ((033)25103)+
59 2.5 (CH3810)+
INA 16 (s10)*

This spectrum is atiributed to 2-trimethylsiloxyhexa-
fluoro=2-propanol., The silicon containing fragments show the
correct isotopic ratio,(2851:92.2%;295134,?%;3031:301%)130where
intensity permits.

_n/e abupdance _don

wAas Y
240 5 (85H8F6J081)
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m/e abundance _ ion
220 16 (M-CH4F)+
190 4O (¢, 7. | Nosi)”t
By
186 16 (M~CF3) N
1 56 (CHF,on51)"
125 66 (czﬁa§20§51)
116 8 (M-2CF,)
- 96 50 (CFBCNH)+
77 100 (02H8N051)+
73 100 (CZH?N51)*
69 10 cr,t
iy 40 (s10)"

Peaks due to silicon containing fragments are in the
correct isotopic ratio.

This spectrum is attributed to 2-amino-1,1,1,3,3,3-
hexafiuoro~2~trimethylsiloxypropane. The parent ion,m/fs 255,is
not observed,as loss of a methyl group from the (CHB)BSiO- moiety

is a highly favoured process,

Reaction of Triethylsilancl with 1,1,1,%,3,3=-Hexafluoroisopropyl~

idenimine,
Preparation of trie‘thylsilanol:131

Triethylchlorosilane,15.1gm, (0.1nmole)was
dissolved in 50ml.of diethyl ether in a flask fitted with a magnetic
stirrer and a dropping funnel. Using phenolphthalein as indicator
the solution was titrated slowly with 1M sodium hydroxide solution
until complete conversion of the chlorosilane to silanol was
achieved. The ether solution was separated off and the agueous
layer extracted with three 10ml.portions of ether. The combined
ether extracts were dried over anhydrous potassium carbonate and

the ether was then removed under vacuum. The 0ily residue was
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purified by trap-to-trap distillation,purity of the triethylsilanol
being checked by NMR spectroscopy.

Triethylsilanol,i.32gm.(10Ommoles),contained in
a reaction tube connected to the vacuum line,was cooled to ~196O,
and evacuated. Hexafluoroisopropylidenimine,3.30gm.(20mmoles),was
distilled into the tube,which was then sealed and allowed to warnm
up to room temperature. The mixture was shaken for 24 hours,after
which time the excess of hexafluoroisopropylidenimine was distilled
off. The residue was purified by trap-to-trap distillation.
The proton NMR spectrum (Table 3;12) shows a complex second-order
multiplet (ABBZ) characteristic of ethyl groups bonded to'silicon!32
The fluorine spectrum shows a singlet at +82,8ppm.,assigned to
equivalent trifluoromethyl groups. This would be expected in the
case of XII,2~-amino~1,1,1,3,3,3~hexafluoro-2-triethylsiloxypropane:

CF3‘\01/NH2 |
CFé// 081 (CH,CHy) 5
XI1

The mass spectrum of the compound shows the following

peaks: _m/e abundance (%) _don
268 0.5 '
217 2.5 (M—CH20H3)+
147 I (CH,F )" .
132 10 ((CH30H2)3310§)
115 2.5 ((CH5CH,);51) ,
102 100{off-scale) ((CHBCH2)§SiO)
97 11 (CF;CNIL,)

2
3

However,analysis of the material was not consistent

69 20 CF

with compound XII,indicating that either the compound had decomposed
in transit,or a more complex reaction had occurred. The results

remain inscrutable;
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Calc.C=36,36%;H=5.77%;F=38,34%;N=5.38%
Found.C=43.72;H=8.36%;Fzw—e—- ;N=0.83%

A strong possibility is that disproportionation of
the product back to the starting materials occurs,which would account

for the low nitrogen reading.

Reaction of Silanes with 1,1,1,3,%,3~-Hexafluoroisopropyl-

idenimine.
Mixtures of 1,1,1,3,3,3~-hexafluoroisopropylidenimine
with trimethylsilane,dimethylsilane,triphenylsilane and phenyl-
dimethylsilane were prepared in sealed reaction tubes and mechan-
ically shaken for five days. After this time NMR investigation
showed that no detectable reaction had occurred. Heating the
mixtures at 80° for prolonged periods produced the same result;
129,

Irradiation with UV light was not attempted,as

facilities were temporarily out of action.
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TABLE

Chemical Shifts and Coupling Constants

i

of Reagents

Compound Shift
(ppm) .

(CF3) ,C=NH (F)+72.8
(F)+74.8

(C6H5)2PH - 0.67
-2.88

(C6H5)2ASH ~6.57
~ .30

(CHBO)EPOH =3.40
-5.58

(CH3)3510H ~0,12
(CHBCHZ)BSiOH ca0.80
~-5.00

CGHS(CHB)ZSiH -6.70
-3.94

+0.33

XeF, (F)Y+185
(CHB)ZTeIE -1.62
(CH3)35iCl -0,53
(CH;),SnCl1 -0,63

3’3

-0, 88

(CH3)3GeBr

Appzarance

d.of q.
d.of g.
multiplet
singlet
multiplet
singlet
doublet
doublet
singlet
multiplet
sirglet
multiplet
septet
doublet
singlet
singlet
singlet
singlet
singlet

Coupling Constant

JFF=6Hz. J
J

FH=2’5H?"
FH=1HZ.

Jy=Ca.200Hz

PH

Jop _y=12.50z.

3
Jpyp=295.5Hz.

JCHB_H :3 ,75HZ’4

J129X3-F=5630Hz.

I 117 =56Hz.

JH~?195n=58.5HZ°
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TABLE 2

‘-Spectra of the Starting Materials

.

- . Nt
PR ad N A i

P | N l‘.j 4 i
‘l"”’grrm

2:2 1H NMR Spectrum of 191,1,3,3,B—HexafluproiSOpropylidenimine.
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TABLE 2 (cont'd)

2:3 Infra-red Spectrum of 1,1,1 »593s3-Hexafluoroisopropyliden-

irnine
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TABLE 3

BMR Spectra of Products and By-products.
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3:1 19F Spectrum of Z—Aﬁino-a-diphenylphosphino-1,l,1,3,3,3-
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...... ,..“,.“.,”..“.;q.,”,.Hﬁ,ﬂ..rT”T.“.,n.-P.;w..“!%;
n o e -
SIS S T S -
| ; :
] ;

3:2 1H Spectrum of Z-Amino-2-diphenylphosphiho-1,1,1,3,3,3-
hexafluoropropane. ’
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TABLE 3 (cont'd)
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3:3,19F Spectrum of Products from reaction:deXéFZTWith

Z-Amino-z-diphenylphosphino-1,1,1,3,3,3-Hexafluoropropar

R EI RN

3:4 ‘H Spectrum of Products from reaction of Xer%with

Z-Amino-a-diphenylphosphino-1,1,1,3,3,5-hexaf1uoropropane.
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TABLE % (cont'qd)
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3:5 Iy Spectrum of Tetraphenyldiarsine.
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3:6 19F_Spectrum of Products from Reaction of (C6H5)2Ausith (CFB)ZC
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TABIE 3 (cont'd)

1
3:?( H Spectrum of Products from reaction of (C6H5)2AsH with (CF3>2c

r~

(&R ,con
L d
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3:8 19F Spectrum of Products of reaction of (CHBO)ZPOH /(CF3)2C=NH
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TABLE 3 (cont'd)
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3:9 Volatile products from (CH;0) 2FOH/(CF5) ,C=NH (€)'9F spectrunm.

3:10 19F Spectrum of Polymer from reaction (CHBO)EPOH/(CF3)20=NH.(Cf
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TABLE 3 (cont'd)
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3:11 1H Spectrum of Polymer from reaction (CHBO)ZPOH/(CF3)2C=NH.(C)
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3:12

H Spectrum of 2-Amino-1,1;1,3,3,3-hexafluoro—2—triethylsiloxy-
- propane.
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TABLE 4

Infra~red Spectra of Products.

- - 7 G TR a8 TR TR T MR R R
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4:b 2-Amino-2-diphenylphosphonato-1,1,1,3,3,3-hexafluoropropane.
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PART 24 : Preparation of Organometallic Derivatives of

1,1,1,%3,3,3~Hexafluoroisopropylidenimine.

1. Preparation of 1,1,1,BLB,B-Hexafluoroisqpropylideniminolithium?7

Four-point-five millilitres of a 3.3 molar
solution of butyllithium (10mmoles) were placed in a 100ml. boiling
flask,equipped with a high-vacuum stopcock,and a dropping-funnel,
This was attached to the vacuum line,cooled to ~196° and evacuated.
1,1,1,3,3,S-Hexafluéroisopropylidenimine,2.48gm.(15mmoles) was
distilled into the flask,which was then allowed to warm up slowly
to room temperature in a Dewar flask. Butane,excess hexafluoroiso-
propylidenimine and hexane were pumped off to leave approximately
1.7gn. (10mmoles) of 1,1,1,3,3,3~hexafluoroisopropylideniminolithium,
a gelatinous brown solid. A solution of this material in trichloro-
fluoromethane shows a singlet at +71.5ppm. in the fluorine NMR
spectrunm, (Table 5:1)

This compound was employed as the intermediate
to prosslytise organometallic compounds to derivatives of the imine,

in a well known procedure.

2. DPreparation of 1,1,1,3,3,3-Hexafluoroisopropylideniminotri-

methylsilane?7 (CH, ), SiN=C(CF

33 52
Trimethylchlorosilane,1.09gm. {(10mmoles),was condensed
onto 1.7zn.(10mmoles) of 1,1,1,3,3,S-hexaflﬁoroisopropylidenimine-
lithium contained in a 100ml. boiling flask at -780. The mixture «
was warmed up to room temperature and shaken for three hours,after

which time complete conversion to the product had occurred,leaving

a precipitate of lithium chloride. The volatile product was purified
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by trap-to-trap distillation. Pure material weighing 2.2gnm (yield
92.4%) was obtained. The fluorine NMR spectrum shows a singlet at
+71.5ppm. and the proton NMR spectrum a singlet at -0,32ppm.
The infra-red spectrum and mass spectrum are reported in

reference 27.

3.Preparation of 1,1,1,3,3,3-Hexafluoroisopropylideniminotri-

methylgermane. (CH3)3G8N=C(CF3)2

Trimethylbromogermane,1.98gm. (10mmoles) was
condensed onto 1.7gm.(10mmoles) of 1,1,1,3,3,B-hexafluoroisppropyl-
ideniminolithium contained in a 100ml. boiling flask.at —780. The
mixture was warmed up to room temperature and shaken for 12 hours
to ensure complete reaction. The product was redistilled several

times and accurate molecular weight determination by mass spectro-

metry gave the following results: Yield: 2.6gm.(91%)
species mass
calc. found
(Phee)  (CH;)50eN=C(CTy), 282.98509 282.9842
(Thee)  (cry) LGeN=C(CF), 267.95161 267.9609

The fluorine NMRE 'spectrum shows a singlet at
+70.7ppm. and the proton spectrum é-singlet at -0,54ppn.

The infra-red spectrum (Table 6:%) exhibits the
C=N stretching band at 1698cm"1.

The mass spectrum shows the following major peaks:

(see over)

. : ,
The high resolution mass spectrometric measurements were
carried out by the mass spectrometry laboratory of the chemistry

department of the University of Alberta.
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_mfe abundance (%) ion

283 (4ae) 3 ((c&3)BGeN=c(CF3)2)+ mn?

268 6 (M~CH3)+

218 5 (CQH6F4NG9)+
N

138 2.5 ((CHB)BGeF)

119 100 ((CH3)3G9)+

104 14 ((CH3)2Ge)+

165 33 ((cFy) cmm)”

89 50 (CHBGe)+

69 L2 (CF3)+

51 13 (cF,m)"

L, Preparation of 1,1,1,3.3,3=-Hexafluoroisopropylideniminotri~

nethylstannane, (CHB)ESnN=C(CF3)2

A solution of trimethylchlorostannane,2.00gm.
(10mmoles) in 10ml. of trichlorofluoromethane was added to 1.7gn.
(10mmoles) of 1,1,1,3,3,3-hexafluoroisopropylideniminolithium
contained in a 100ml. boiling flask at -78°. The solution was
warmed up to room temperature and shaken for 12 hours to ensure
completeness of reaction. The trichlorofluoromethane was distilled
off and the o0ily product was purified by trap-to-trap distillation.
Yield: 1.83gnm, (80%).

The fluorine NMR spectrum shows a singlet at
+71.2ppm. and the proton NMR spectrum a singlet at «0.34Lppm.

The infra-red spectrum exhibits the C=N stretching
band at 1662cm™!.

The mass spectrum shows the following major

peaks:
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_mfe abundance (%) _don
329 (1%0%p) 23 ((CH5)5SnN=C(CF5) )" (")
314 2 (M—CH3)+
299 10 (1~2CH )
214 85 ((CHg);SnF)*
195 100 ((CHB)BSn)+ ,
165 31 ((C’F3)2CNH)+ & ((CHg),Sn)
135 42 (CH3Sn)+ |
+

120 30 Sa

9 7 (cFyenm)*

69 14 (cry)"

51 5 (cE, /"

The tin isotopes are in the correct isotopic ratio.

Analysis,see over

5. Preparation of 1,1,1,3,3,~Hexafluoroisopropylideniminotri-

methylplumbane. (C6H5)5PbN=C(CF3)2

A diethyl ether solution of 4.72gm, (10mmoles) of
trophenylchloroplumbane was added to 1.7gm.(10Ommoles) of 1,1,1,3,3,3%~
hexafluoroisopropylideniminolithium contained in a 100ml. boiling
flask at -780. The reaction mixture was warmed up to room temperature
and shaken mechanically for 24 hours to ensure completeness of =
reaction, The ether was removed and the 0ily residue dissolved in
trichlorofluoromethane, This solution was passed through a filter
plate under vacuum and the solvent was removed by distillation.

The residue was subjected to mass spectral anmalysis and was found
to contain only a small proportion of the desired jroduct,showing

208

a molecular jion peak at m/e 603 for the Pb-containing ion,with

the other lead isotope peaks in the correct abundance ratio.
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Due to the low yields obtained and the relatively high sensitivity
to hydrolysis,hence difficulty to purify,the investigation of this

compound was not pursued further,

Analyses:
(CH3) 3 SuN=C(CF,)
calc; €:21.99%; H:2.77%; F:3L,77%
found; 0:22.08%; H:2.86%; F:34.43%

(CGBB)BPbN=C(CF5)2

precluded.

6.Reaction of 1,1,1,3,3,3-Hexafluoroisopropylideniminolithium

with diiododimethyltelluriun(IV),.

| A solution of diiododimethyltellurium(IV),2,06gmn.,
: (5mmoles) in 10 ml. of diethyl ether was added to 0.85gm. (5mmoles)
of 1,1,1,3,3,3—hexaf1uoroiéopropylideniminolithium contained in a
100ml. boiling flask,cooled to -?80. The mixture was warmed to room
temper ature and shaken in the dark for three hours. The ether
solution was filtered in vacuo to remove lithium iodide and solid
by-products. The ether was distilled off,leaving a golden-yellow
oil,which'decomposed rapidly on exposure to heat,light,moisture,the

atmosphere,or on pumping. Formation of either dimethyl-1,1,3,3,3,3—
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hexafluoroisopropylideniminoiodotellurium(IV), (XXII),or bisfi;1,1,
353,3-hexafluoroisopropylidenimino)dimethyltellurium(IV), (XIV),
would be expected.

CF

X-:
'=:1
N\

3
N=C N=C
e, | \CF cm,_ | CT
3 Te' 3\\‘Te
° /
CH , CH [
3 3 /CFs
I N=C{
CF
XIIT 3
XIV

The KMR spectra would be expected to be singlet
peaks in both the fluorine and proton modes. The spectra of the
oily product in CFCl3 solution shows a large number of unresolved
broad peaks. The mass spectrum of the o0il shows peaks due to
(CHS)ZTef and fragments of the (CF3)26=N- group,but no fragments
which can be assigned to either of the above éompounds o their
simple breakdown products. A number of high molecular weight peaks
up to the limit of the spectrometer®s resolition -also appear,
indicating pdlymeric species. Repeating the experiment several times
gave the same results,and isolation of any identifiable pure
compounds was found to be impossible,thus this reaction was not

pursued further,

PART 2B : Cleavage reactions of 1,1,1,3,3,%~Hexafluoroisoprss

opylidenimine and it's organometallic derivatives.

1.Hydrolysis.
a. 1,1,1,3,3,3-Hexafluoroisopropylideninine.
Middleton and Krespanajreport the synthesis of

2~methoxy-1,1,1,3,3,3-hexafluoroisopropylamine, (CF,) C(NHZ)OCE«

3°2 3
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by the reaction of methanol with 1,1,1,3,3,3-hexafluoroisopropylid-~
enimine,but did.ﬁbf report the NMR spectra.(Or other). Thus,a 2:1
excess of the imine was added to methanol in an NMR tube and shaken
at room temperature for a few minutes. The fluorine NMR spectrum
showed a singlet at +78.8ppm. attributed to the methoxy-amine, A
smaller singlet (15% of the former) appears at +79,.3ppm.and is
pesumably due to the formation of a certain amount of 2;2=-dimethoxy~
1,1,1,3,3,3-hexafluoropropane,(CF3)20(00H3)2. Adding approximately
0.03gm. (16mmoles) of water and O.18m.(16mmoles) of methanol to 0.6gm
(30mmoles) of 1,1,1,3,3,3-hexafluorcisopropylidenimine and shaking
for a few minutes,resulted in the formation of the above préducts
and also hexafluoroacetone and it's hydrate. These appear as singlet
peaks in the fluorine NMR spectrum at +81.3ppm and +82.2ppm.

respectively.

b, 1,1,1,3,3,3-Hexafluoroisopropylideniminotrimethylsilane.

Approximately 0.015gm.(1dnole) of water in 0.05gm,
(2mmoles) of methanol were condensed onto a solution of 0.3gn.,
(1.3mmoles) of 141,1,3,3,3~hexafluoroisopropylideniminotrimethyl-
silane In trichlorofluoromethane, The mixture was warmed to room
temperature and studied by NMR.

After 10 minutes the fluorine spectruﬁ showed the
characteristic two doublets of quartets of 1,1,1,3,3,3-hexafluoro-
isopropylidenimine,together with singlets at +78.8ppm. and +82.2ppm.
due to Zumethoxy-1,1,1,3,3,3—hexaf1uoroisopropylamine and hexa-
fluoroacetone hydrate respectively. The proton spectrum shows a

singlet at -0.1ppm.corresponding to trimethylsilanol,and also
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a small singlet a£140,06ppm. assigned to hexamethyldisiloxane. The
latter was checked by adding a small amount of pure compound to
the mixture and noting a corresponding increasé in the peak height,
After 24 hours hydrolysis was complete,the proton
spectrum consisting only of silanol and siloxane,and the fluorine
spectrum only the singlet péaks assigned to:

+78.8ppm. (CFS)ZC(NHE)OCH3
+79.3ppm. (CFS)ZC(OCHB)E
+81.3ppm. (GF3)éGO
+82,2ppm. (CF3)2c(OB:)2

c. 1,1,1,3,3,3~Hexafluoroisopropylideniminotrimethylgefmane.
Approximately 0.035gm.(2mmoles) of water were

condensed onto 0,.3gm.(1mmole) of 1,1,1,3,3,3~hexafluoroisopropylid-
eniminotrimethylgermane in solution in trichlqrofluoromethane in
a reaction tube cooled to -196°. The mixture was warmed to room
temperature and mechanically shaken for 24 hours. After one hour
hydrolysis was shown to be in progress by the appearance of the
typical spectrum of 1,1,1,3,3,3~hexafluoroisopropylidenimine in
the fluorine NMR spectrum. After 24 hours the NMR spectra indicated
a quantitative yield of the imine had beer obtained,as the singlet
due to the germane had sdisappeared and two doublets of guartets
identical to the spectrum,Table 1:1 were present.

The proton spectrum consists of two singlets
at -0,33ppm. and ~0.52ppm attributed to trimethylgermanol and
hexamethyldigermoxane respectively. The intensity of the latter
increased with time as the intensity of the former decreased duse
to condensation of the germanol. After several days hydrolysis -

products of the imine had appeared.
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Due to the positive results obtained with the silicon

and germanium compounds,it was considered supererogatory to perform

‘analogous reactions with the tin and lead compounds,

2.Cleavage by Hydrogen Chloride.
a.1,1;1,3,3,3-Hexafluoroisopropylidenimine.
Condensation of a small amount of hydrogen chloride
into an excess of 1,1,1,3,3,3~hexafluorpisopropylidenimine contained
in an NMR tube resulted in an exothermic reaction., The fluorine NMR
spectrum showed a singlet at +77.5ppm. This is attributed to
2—chloro—1,1,1,5,3,B-hexafluoroisopropylamine,(CFB)EC(NHZ)Ci.
b.1,1,1,3,3,3-Hexafluoroisopropylideniminotrimethylsilane.
A small amount of hydrogen chloride was admitted to an
EMR tube containing an excess of the silane. The NMR fluorine spectrum
was immediately run and sho%ed singlets at +77.8ppm. and +76.9ppm.
intensity ratio 5:1,the former due to (CFB)ZC(NHZ)CI' The latter
peak is assigned to(2-chloro-1,1,1,3,3,3~hexafluoroisopropylamino)-
trimethylsilane,(CFB)ECCINHSi(CHB)B,produced by straightforward

addition of hydrogen chloride to the C=N bond of the silane.

A 2.5:1 excess of hydrogen chloride was condensed onta;:
151,1,3,3,3-hexafluoroisopropylideniminotrimethylsilane at -780 and
sealed in an NMR tube. The mixture was allowed to warm up to room
temperature and the NMR spectra of the products in CFClzsolution
were taken. The fluorine spectrum showed only a singlet in the CF5
region due to 2-chloro-1,1,1,3,3,3-hexafluoroisopropylanine. The
proton spectrum consisted of a singlet at -0.3ppm. due to trimethyl-
chlorosiiane,and a broad singlet at —~1.88ppm.assigned to the amino

group of the (CF C(NHZ)Cl.

32
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A white so0lid separated out from the reaction
mixture and was isolated by condensing the liquid products into one
end of the tube and leaving the dry solid in the other. This was
subjected to mass spectral analysis and revealed peaks characteristic
of (CFB)ZC(NHZ)Cl,those above m/e 100 being weak as it was found
that the compound was highly unstable towards disproportionation
at room temperature,rapidly liberating hydrogen chloride and
liquefying (1,1,1,3,3,3-hexafluoroisopropylidenimine).

The mass spectrum shows the following peaks:

_m/e -assignment
201/203 ((CF5) C(vm,)c))* ()
185/187 (u-n)*
165 (M-HC1) "
69 (crg)”
51 C (eEom”
38 (H5$CI)+
36 (m%c1y?
37/35 c1’

The unstable nature of this amine has been

28

previously reported.

c.1,1,1,3,3,S-Hexafluoroisopropylideniminotrimethylgermane.
Hydrogen chloride and the germane were reacted

together in an analogous manner to the silane above. The NMR spectra
indicated formation of (CFB)ZC(NHa)Cl,and again the pure material
was isolated. A singlet at ~0.9ppm.in the proton spectrum was due

to trimethylchlorogernmane.
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PART 2C: Reactions of Xenon Difluoride with 1,1,1,3,3,3-Hexafluoro-

isopropylidenimine and it's Organic and Organometallic Derivatives.

I.1,1,1,3,3,3-Hexafluoroisopropylidenimine in CHBCH solution.

A solution of xenon difluoride (0.38M) in acetonitrile
was shaken with an approximately 2:1 excess of 1,1,1,3,3,3~hexafluo~
roisopropylidenimine in an NMR tube for 24 hours at room temperature.
After this time the fluorine NMR spectrum revealed that 14% reaction
had occurred,with a doublet peak appearing at +80.4ppm.(Table 5:2),
with J=8Hz. This is characteristic of a (CF3)2CH~ group or &
(CFB)ZCF- group133’13#. In the present case the latter is more

likely,as the proton spectrum of the reaction mixture shows only

]
the solvent peak,even at very high gain,while a septet in the ?Hq

region would be expected if gz (CFB)ZCH~ group were present. The
doublet can therefore be more reasonably assigned to the (CF3)20F~
group in.heptafluoroisopropylamige,(CFB)ECFNHZ. In this case,due
to the low concentration,the septet arising from the CF group was
not observed im the fluorine search,but see II below. The chemical
shifts and coupling constant of this compound have not been
reported,as it rapidly attacks glassa1(?). No other products were
observed in this reaction,even when carried out at -20° for seven

days.

1I1.1,1,1,3,3,3-Hexafluoroisopropylidenimine. with solid XeFZ.
1,1,1,3,3,3~-Hexafluoroisopropylideninine,0.3gn. (2mmoles),

were distilled carefully onto xenon difluoride,0.3Lgn.(2nmoles) in

an NMR tube.,at -196°, The tube was allowed to warm to room temperature

and left to stand for 85 hours,during which time slow liberation

of gas was observed, The NMR spectra are shown in Table 5:3 and 5:4.
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The fluorine spectrum consists of the following peaks:

shift R J value integration
+84.5  doublet 2 Hz 1
+82.9  doublet L Hz 13
+78.6  doublet L Hz 3
+78.3  doublet 4 Hz ¥
+78.1 singlet 2.5
+74.8 quartet -/ swsitsiz 6 Hz 6
+72.8 doublet of guartets 6 Hz & 2 Hz 6
+70.7 broad peak 4.5
+69.7 doublet of gquartets 6 Hz & 1.5 Hz 3
+66.7  broad peak ca.bk.5
+66.1 doublet of quartets 6 Hz & 3 Hz ca. 3
+122,0 septet 4 Hz 183

The quartets at +74.8ppm.and +72.8ppm.are due to
unreacted starting material. The broad peaks at +66.7ppm. and
+70.7ppm. are assigned to hexafluoroacetone azine, (gerfluoros2;5-
dimefhyiéé,h-diaza-z,h-hexadiene),(3F3)20=NN=C(CF3)221. The doublet
at +82.9ppm. and the septet at +122.0ppm. are assigned to hepta-~
fluoroisopropylamine,(CFB)ZCFNHZ. The difference in chemical shift
for this compound found in this experiment and the above exXpevriment
is attributed to a solvent shift due to the acetonitrile,as a
similar shift is observed for the 1,1,1,3,3,3~-hexafluoroisepropyl-
idenimine;viz.+70.9ppm.and +71.9ppm, The doublets of quartets at
+66, 1ppn. and +69.7ppm. are characteristic of nom-equivalent CFB—

groups in-an ABB3X system. The spectrum does not correspond to that

of N-fluoro-1,1,1,3,3,3-hexafluoroisopropylidenimine, (CF, ) C=NF,

302
however, as the F-F coupling constants are 24Hz. and 12Hz.respect~

ively 22, with Jop. _cp =6+58z. The possibility of the compound being
3773

1,1,1,3,3,B—hexafluoroisopropyliéeniminofluoroxenon(II) is not
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borne out by the fluorine search,as satellite peaks due to coupling

of the CF3 groups with 129Xe wvould be easily observable,the natural

abundance of 129%e being 26.2%. The spectrum thus remains enigmatic.

The doublet at +78.6ppm. is again characteristic

of a (CF3)20F~ group,and it is reasonable to assign this to the

formation of N,N'-bis(heptafluoroisopropyl)hydrazine,(CFBLZCFNHHHCF(CFB)

CIIX.1,1,1,3,3,3-Hexafluoroisopropylideniminolithivm, = = Lo

A solution of xenon difluoride (0,38M) in

acetonitrile was injected into an HMR tube containing 1,1,1,3,3,3-

hexafluoroisopropylideniminolithium prepared in situ by the method

described on page 48,using the reaction bulb illustrated below.

The reaction tube was sealed after addition of trichlorofluoromethane

and kept at -250.

o=/,

—

=

SRPTUM
7
E—— g g2
Z

pUnP &L

Reaction buldb for (CF3)26=NL1 + XeF, experiments.

After 1.5 hours the fluorine NMR spectrum appeared

as in Table 5:5,with the:rcharacteristic spectrum - 0£:1,1,1,3,3,3-hexa~

fluoroisopropylidenimine at +70.8ppm. and +71.6ppm. ,with two singlets

at +76.8ppm and +79.4ppm.and a doublet,J=6.5Hz, at +74.3ppm. After

18 hours the latter had disappeared and the two singlets had

increased in intensity. However,the doublet appears weakly in some

preparations of the lithium salt and can be ascribed to the formation

of a small amount of decomposition product;presumably from "hot-

spotting" during-the preparation.
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It has also been found that butyllithium in
THF solution abstracts hydrogen from acetonitrile quite rapidly,
even at -800.136

cungzi + CHCN  ———— LiCHON + C,H

Thus to test whether a similar reaction occurred
with 1,1,1;3,3,B-hexafluoroisoPropylideniminolithium,a 1:1 mixture
of this compound with acetonitrile was prepared at -25° and kept
at this temperatufe for 1.5 hours,after which time the fluorine
NMR spectrum appeared as in Table 5:6. The singlets at +76.8ppm.
and +79.4ppm. are therefore attributed to products arising from the
reaction of (CF3)20=NL1 with acetonitrile rather than with.xenon
difluoride. The absence of 1,1,1,3,3,3-hexaf;uoroisppropylidenimine

from this reaction does indicate that this is a product of the

latter réaction,however. The proton spectrum of this experiment

shows two singlets,at -2.0ppm,due to acetonitrile,and at -Q.22ppm,

2
The reaction was repeated with a solution of

assigned to lithioacetonitrile,LliCH_CN.

Xenon difluoride in deutercacetonitrile and the spectrum of the
products is shown as Table 5:7. Again,1,1,1,3,3,3-hexafluoroiso~
propylidenimine is produced after complete reactibn of the lithium
salt,i.e.(CF3)20=N§,not (CF3)20=NQ. Also,the doublet at +80.4ppm.
is assigned to (C% )ZCFNE{_&. Vigorous outgassing was observed in
these reactions,and the singlet at +185ppm. due to xenon difluoride
disappears,showing that a rapid reaction between the salt and XeF2
takes place. A white precipitate forms,and in one run this was

isolated and dried,then investigated by x-ray diffraction using

a Picker Type 6147 diffraction unit fitted with a Unicanm S-70
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powder camera. A second run was made on a pure sample of lithium
flupride and the photographs were compared as shown in the plate
on page 63. It can be seen that the solid product from the reaction
consists mainly of lithium fluoride;the extra failnt lines are due
to the presence of a few percent of lithium fluorosilicate.137

Finally,repeating the reaction in a Teflon reaction
tube again gave rise to 1,1,1,3,3,3-hexafluoroisopropylidenimine

as a major product.

IV.1,1,1,3,3,3-Hexafluoroisopropylideniminotrimethylsilane.
1,1,1,3,3,3-Hexafluoroisopropylideniminctrimethyl-
silane,0.36gm.(1.5mmoles) was condensed onto 0.17gm. (immole) of
xenon difluoride contained in a flamed-out U-tube at 250. The
mixture was heated at 400 for four hours,during which time gas
bubbles were slowly evolved and the crystal dissolved. The products
were distilled into a carefully flamed out NMR tube which was

then sealed. The fluorine spectrum shows the following peaks:

chemical.shift appearance coupling constant
+71.1ppn. doublet of quartets 6Hz & 2,.5H=z.
+Z1.5ppm. singlet
+73.3ppm doublet of quartets 6Hz &  1Hz.
+155ppm. dectet. 7.5Hz

pfoton spectrum:

+0. 19ppm. doublet 7.5H0z.
+0.5ppm. singlet

Hence the products of the reaction are 1,1,1,3,3,3-
hexafluoroisopropylidenimine.and trimethylfluorosilane. The same
products are obtained when the reaction is carried out using a

solution of xenon difluoride ir deuteroacetonitrile.



":Plate: 1. / ~~
Left :Diffraction
pattern of 1ithium
“i‘lubri de, k
Right:Diffraction
"pat'tern\ of product
of reaction Xeri,

- + _(CF3)2¢=NL1°
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V.i,i,1,3,5,3,-Hexafluoroisopropylideniminotrimethylgermane,

The reaction between this derivative and solid
xenon difluoride was carried out as for the silicon derivative
above. This reaction was more rapid than the latter and outgassing
of xenon occurred at a moderate rate at room temperature. The
crystal of xenon difluoridé had completely disappeared after about
three hours. The NMR spectra of the'prmducts showed that again the
parent imine had been produced,and the characteristic dectet of
trimethylfluorogermane appeared at +190.2ppm. with JFH=6.7HZ. In the
proton spectrum the doublet of the methyl groups appeared at -0.5ppm.
Repeating the reacfion
using a CDBCN sglution
of XeF2 in a Teflon reaction

'tube‘showed'once again

only (CF3)20=N§mas product.

19F resonance of (CHS)BGeF.

VI.1,1,1,3,3,B—HeXafluoroisopropylideniminotrimethylétannane.
The reaction was carried out identically to
those above,but liberation of xenon was much more vigorous. After
1.5 hours at room temperature excess starting material and (CF3)2C=NH
product were distilled off and a white solid remained. This was
subjected to mass spectral analysis and found to be trimethylfluoro~

stannanse,
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TABLE 5

KMR Spectra of Products in Part 2
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5:1 19F Spectrum of 1,1,1,3;3,3—Hexaf1uoroisopropylideniminolithiu
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5:2 Products of reaction (CF3)20=NH + XeF2 in‘CHBCN.19F Spectrun.
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TABLE 5 (cont'd)

5:3 ‘9F Spectrum of products from reaction (CF3)20=NH + XeFa(solid).
CF3 region.
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S5:4 19F Spectrum of reaction (CFB) C=NH + XeFa(solid).
Sweep offset +7000Hz.
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TABLE 5 (contf'd)
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TABLE 5 (cont'd)
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TABLE 6
Infra-red Spectra of Products in Part 2
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RESULTS AND DISCUSSION

1. Addition of M~H containing compounds to (CF3)20=NH
a,Diphenyliphosphine.

The imino group,C=NH,is isoelectronic with the
carbonyl group,and azomethines show many similar reactions to the
corresponding carbonyls. The C=N bond is polarised (viz.JﬁQﬁ;) and
the carbon atom is hence susceptible to nucleophilic attack,which
in the case of the perfluorinated derivative (CF3)20=NH,is enhanced
by the highly electronegative nature of the trifluoromethyl groups
and resultant large negative inductive effect. One reaction in
which the two functional groups differ is hydrogenation; where
reduction of azomethines to secondary amines is easily carried
out by several methods which are not generally applicable to carbonyls,
for example,with reagents such as lithium aluminium hydride’Bg,

Oand formic acidThi.

sodium borohydridemg,dimethylamine-borane1§
The:reaction of diphenylphosphine with 1,1,1,-

5,3,3~hexafluoroisopropylidenimine occurs easily by nucleophilic

attack of the phosphorus at the carbon to yield 2-amino-2-diphenyl-

phosphino~1,1,1,3,3,3~-hexafluoropropane (IV,p.19). No evidence for

the formation of (GFB)chNHP(06H5)2 was obtained. The maln indication

that IV is the product is the coupling constant of 17.5Hz.0f the i .

doublet associated with the CF3 groups in the 19F NMR spectrunm.

This value is too large to be associated with F-H coupling in the

isopropyl group but is of the expected order of magnitude for

F-P coupling across three bonds for phosphorus(III). Although

comparable groupings have not been cited in the literature to

L2

date,Janzen and Vaidya have recently prepared the hexafluoroacetone

adduct,which shows a doublet in the CF, region of the spectrum

3
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with a coupling constant of 19Hz. This reaction is also complicated

ko

by the rearrangement to the phosphine oxide_a,(Cb3 CHP(O)(C6H5)2,a

)2
previously documented-reactio.&!45 Support for the assignment of

IV would be also provided by the 31P spectrum,which would show a
septet. However,although a sample was prepared for this investigation,
it decomposed in tramsit. Further support is given by the mass
spectrum of IV which exhibits an abundant peak at m/e 166 due to

the (CF3)2§§H2 ion,produced by cleavage of the P-C bond. Finally

the infra-red spectrum shows assymmetric and symmetric stretching

1and 3340cm'1respective1y,and

modes of an amino group at 3410cm™
the N-H scissoring mode at 1618cm™).

Trivalent phosphorus compounds are normally
oxidised to the corresponding phosphoryl derivatives.by molecular
oxygen even in the absence of catal&sts.1quhe reaction has been =
shown to involve free radical processes,as radical initiators
accelerate the reaction,whereas hydroquinone inhibits it. Thus

compound IV is quite easily oxidised to 2-~amino~2-diphenylphosph-

onato-1,1,1,3,3,3-hexafluoropropane, (V;p.21).

b.Diphenylarsine.

Reaction of diphenylarsine with 1,1,1,3,3,3=
hexafluoroisopropylidenimine is fast even at roon temperature (see
p.24),but a stable adduct does not appear to be produced, This is
in contrast to the reaction with hexafluoroacetone,where the only

product is the well-characterised compound XV!42

CFS\\C/,OH 
cFy” s-C,H
3 \65
Cls

XV
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The reactions of As 3 and methyl arsines have also been carried
out,with analogous results., Cullen and Styan1#6propose that the
products arise by nucleophilic attack by the arsenic lone-pair

at the carbonyl carbon. Thus the analogous reaction of diphenylarsine
with (CF3)20=NH to produce_(CFB)ZC(NHB)AS(C6H5)2 would be expected,
However,when the reaction is carried out using an excess of either
reactant,the products are the same in each case,but the arsino-

amine is not isolated or identified. instead the reduction product
1,1,1,3,3,3-hexafluoroisopropylamine and the dimer tetraphenyldiarsine
are the major products,together with an unidentified volatile liquid
apparently containing g (CFB)ZCHA group,but no arsenic or phenyl
groups. The most reasonable candidate for the latter is 1,2-(1,1,1-

3,3,B-hexafluoroisopropyl)hydrazine,(CFB)ZCHNHNHCH(CF which has

35
not been previously reported. The parent ion for this compound is
not observed in the mass spectrum,but this could possibly be due to
the ease of cleavage of the N-N bond,which would be expected to be
quite weak due to the large electronegative groups bonded to each
nitrogen.

To account for the observed products it is
necessary to assume the intermediate formation of (CFB)éc(NHa)As(CéH5)2
followed by reaction of this with a further molecule of diphenylarsine,

at the carbon-arsenic bond:

¥y

(CF.)_CcRu (CF,) g—ﬁs(c ") (CF.)._CHNH
3°2% SN 3/p 6752 3’2 2

(CGHs)aAsH H—AS(C6H5)2 ;(C6H5)2ASAS(C6H5)2

which infers an exceptionally weak As-C
bonrd in the adduct,as the AsAs bond dissociation energy has been

determined as 38kcal/mole in MeaAsAsMe2348
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Althqugh the imino group in (CF3)20=HH is very weakly basic,its
nucleophilicity is probably comparable to the carbonyl group in
hexafluoroacetone,and the latter is known to act nucleophilically
in some cases!28’146’147 Thus a possible side reaction would be

the formation of the isomer (CFB)ZCHNHAS(CsHs)Z,which again may

react:
2 (c}?3)Zc:HNm!ns(c6 \(CF 3) CHNHNHCH(CF3)
(06 5)2AsAs(06H5)2
by nucleophilic attack of nitrogen at
arsenic.

c.Dimethyl Phosphite.
Dialkyl phosphites have been reported to

128and az0methine5149to form adducts.The

add to hexafluorcacetone
former has been shown to produce a mixture of isomers,the relative
amounis dependirg on the alkyl groups,whereas the latter appears
to give predominantly the:amine. Dimethyl phosphite has the
structure XVI,and exhibits nucleophilic acfivity towards strong

electrophiles. In the case of hexafluoroacetone addition of the

CH 0 ’/Q

XVI
CH0 g

P-E bond to the carbonyl group occurs easily at room 'l;empera‘t:ureiz8
to produce isomers VII and VIII (p.27)in the ratio 94:6. An
anglogous reaction might therefore be expected with (CF )ZC=NH to
yield (CF )ZC(NH YP(0)(oCcH )2 (IX,p.27) and (CF ) CH‘NHP(O)(OCH )
(X,p.29). Crystals of material corresponding to such addition
prodﬁcts were obtained but only in small yield,due to a number of :

complex side reactions which took place to- produce a large number.
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of unidentified products,including a complex polymer,and also in
two cases,compounds VII and VITI. The occurrence of the latter
compounds indicates that hexafluoroacetone is produced by hydrolysis
of the imino group,and subsequently reacts with dimethyl phosphite.
Hydrolysis could occur as a side reaction with water produced in
the polymerisation procesé. The polymer obtained contained CF3
groups in several different environments as evidenced by the
spectrum,Table 3:10,and also methoxy groups,Table 3:11. The
mechanisms responsible for the formation of organophosphorus poymers
are not fully understood and the structures of most have not been
elucidated;so that it is regarded as pedestrian to reprodﬁce
here the array of postulated mechanisms for this field,when the
experiment is irreproducible;instead a number of exhaustive

reviews can be referred 1:01.4‘*’150’151

d.Trimethylsilanol and Triethylsilanol.
Trimethylsilanol reacts with hexafluoroisopropyl-
idenimine straightforwardly to produce the siloxy-amino compound
XI.(p.29). The reaction produces approximately equal yields of

3

their NMR and mass spectra. The reason for this is the unstable

(CF3)2C(NH2)-OSJ‘.(CH )3 and (CFB)zc(OH)OSi(CHB)B as evidenced by

nature of the silanol group,which is particularly marked in

trimethylsilanolu?with respect to the reaction:
2 (CHB)BSlOH —3 (CH3)351051(CH3)3 + HZO

The water produced in this reaction would hydrolyse
the 1,1,1,3,3,3-hexafluoroisopropylidenimine to form hexafluoro-

acetone,which would compete with the imine in reaction with the
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trimethylsilanol. The triethylsilanol reaction appears to produce
mainly compound XII,in that the NMR spectrum shows only a singlet
in the CFB region for' the crude products. The mass spectrum is
indicative of (CFB)ZC(NHZ)OSl(CHECHB)B rather than (CFB)ZC(OH)OSl(CZHE)

(see p.31).However,due to the poor analytical correspondence, the

3

compound cannot be positively identified.
The mechanism of silanol addition to double bonds
is again considered to involve nucleophilic attack of the oxygen
atom at the imino carbon. The stability of the hydroxy compounds, | il
and therefore by extension,the amino compounds,has been suggested
to depend mainly on the strength of the Si-0 bond due to Pty
bonding,and on the stabilising‘effect oA the C-0 bpnd exerted by

the proximate trifluocromethyl groupszzg’wa’w3

e, Silanes.
Products with hexafluoroisopropylidenimine
would probably arise on irradiation with ultra-violet light. In
the case of hexafluoroacetone1ag"abnormal“ addition takes place
to give alkoxides rather than alcohlos and an ionic mechanism is
proposed. In the case of the imine analogous reaction woul@»produce
silazanes of the perfluoroisopropyl group,not otherwise easily

obtained.
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2.0rganometallic Derivatives of the (CF3)2C=N- Group, Derived

. ___'S‘
From (CFB)ZC'N .

The compounds MeBMN=C(CF3)2 where M=Group IVB
element are straightforwardly prepared by the metathetical reaction
(CF3)2C=NL1 + XM(CHB)B = LiX + (CHB)BMN=C(CF3)2 (M=5i,Sn,Ge,Ph)
and in the case of M=C,by the reaction of methylamine with hexa-

o1 POC1z,Py

fluoroacetone (CFB)ZCO + HZNGH3 > (CF3)ZC=NCH3,

The structures of these compounds are not always

certain,as borne out particularly by their NMR spectra,which for
the compounds of Si,Ge and Sn consist simply of a singlet for the
methyl groups,as expected,and a singlet for the trifluoromethyl
groups. A temperature study of the fluorine spectrum of the silicon
derivative showed that the singlet persists with no tendency to
broaden in the.range -90°to +100? This is in contrast to the parent
imine itself (p.37) and the N-methyl derivative,which latter shows
two quartets of quartets in the fluorine spectrum and a guartet
of quartets in the proton spectrum.

From this it can be seen that the two purely
organic compounds exist with an angunlar structure with sp2 nitrogen

and a large barrier to inversion about the nitrogen.(XVII)

The corresponding metal derivatives would
therefore seem to possess equivalent trifluoromethyl groups. This
in turn implies that either exchange,or rapid syn-anti isomerisation
is occurring at the N-M bond, Several investigations of isomerisa-

tion about the C=N bond hawe been carried out?7*1543155
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Two mechanisms for syn-anti isomerisation have been reported,an

156-158
155

out -of-plane rotation of the N substituent
159,160

,Or an in-plane

lateral shift ,which are illustrated as:

X Y X Y
1 , 1
>0§r{./ >C=N/ )
X - X
2 2
rotation lateral shift

For p-substituted H-phenyl derivatives of the
(CF3)23=Na group,the results from kinetic studies by line-shape
analysis:o0f BMR spectra at various temperatures15?have been inter-

preted as arising from the latter mechanism for the p-NO ;CB§§ound,

2
and the former for the Cl,F,CH3O,and CH3 compounds. The feébective

proposed transition states are shown by XVIII and XIX:
+

CFy | | |
N . CF Ny
c=i§=® s.X. 3 §X :
CFg/ . | >§-N

CF5'
XVIIT XIX

Thus it can be secen that on this interpretation,
that when Y is H or CHB,the inability of these groups to form.
conjugated intermediates would result in negligible isomerism at
normal temperatures and hence the observation of non-equivalent
CF3 groups in the fluorine NMR spectrum,which is the case. This
fact also implies a low rate of profon exchange in the parent imine.

In the case of the MeBM— derivatives there
are several possible reasons for the equivalence of the CF3 groups;
a. A degree of py-dy interaction between the nitrogen lone-pair
and silicon vacant d orbitals. forming a molecular orbital of an
allene type.This reduction in bond order for the C=N bond should
therefore bé reflected in a lowering of the stretching frequency

and so consequently a red shift of the absorption band in the infra-
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red spectrum. The frequencies are adumbrated:

Y substituent C=N stretching frequency
-H 1675¢u™
--CH3 1690
—Si(CH3)5 1770
-Ge(CH3)3 1698
-Sn(CH ) 1662

Thus, from this tabulation,nothing can be 1nferred
regarding such overlap. The comparatlvely low frequency for the
parent imine is presumably due to effects of hydrogen bonding.

The subsequent red shifts obtainedvin the metal derivatives are
probably mainly a reflection of the increase in mass of the sub-
stituents.

b. Exchange of the Y substituents via the four-centre

~ intermediate XX. (CH

s
“inoen” Vo 3
cr” N/ er
3 P 3
(CH3)381

This process would be expected to be highly temperature
dependent,but,as noted above,the fluorine spectrum remains unchanged
over a wide temperature range.

c¢. Formation of the dimer XX as the predominant species
in the liquid state of the compounds. This should be weakly bonded
and would be expected to be split into the monomer in dilute solution
with a donor solvent. However,as a test of this a temperature study
of an approximately O0.1M solution of the tin derivative in diethyl
ether was carried out. No change from a singlet iﬁ the fluorine
NMR spectrum of this compound was observed as low as -600,thus
the explanation of these apparently anomalous spectra pends further

studies.
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3.Reactions of Xenon Difluoride with Organometallic Compounds.
From the results described on pages 57-59 it is
shown that xenon difluoride reacts with the metal nitrogen bonds
of the compounds (CF3)2C=NM(CH3)3 to produce the trimethylmetal
fluoride and (CF3)2C=NH. Mechanisms have recently been suggested
for the reactions of xenoﬁ difluoride as a fluorinating agent?o’mo’m1

In the case of good fluoride acceptors,the existence of the XeF '

,100

ion has been establishedgo s;and for reactions of XeF. with

2
aromatic compounds,an HF catalysed reaction involving XeF' and

XeF°® has been suggested!61 In the present case the reaction is

more likely to resemble the former case,acting as a fludride ion

donor to the good acceptor MeSM- giving the Me_MF derivatives with

3

the intermediate formation of some type of Xe-N interaction.
. . . +

(CF;) ,C=MM(CH,); + XeF, ————> (CH;);MF + (CFy) Celen-XeF
This intermediate would then be expected to rapidly decompose to
yield the N-fluoro imine and xenon. However,none.of the former was
observed but only the parent imine,a possible explanation for
which might be that the N-M bond is actually cleaved by HF. On the
other hand,it has been found that no detectable reaction occurs
between xenon difluoride and C-H bonds in organosilicon compoundsz62
thus obviating the methyl groups as a source of hydrogen by direct
reaction. Furthermore the reaction of HC1 with an excess of the
iminosilane({p. 51)showed that cleavage of the M-N bond and addition
to the C=N bond were competit&e,(CFB)EC(NHZ)CI being formed. Thus
3)ZCFNH2
would result if HF were involved,but this compound is not observed.

in the present reactions it would be expected that some (CF

It is therefore suggested that the intermediate (CF3%20=N-uXeF,if

formed,reacts with methyl groups to form fluoro-substituted methyl
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groups, for example,(CHB)ZCHZFMF,(CHZF)ZCHBMF & (CFB)zczNM(CH CHaF,

32
(the imino derivatives being in excess),liberating xenon and giving
the parent imine. The spectra of such products would be complex

and in low concentrations,which would preclude ease of observation.
The expected weakness of the Xe-N interaction coupled with the
decreased acceptor strengths of the metals due to the electron-
withdrawing group substituted would explain the observed low rate
of reaction,and as the rate increases as M is lower in the group,

this is in accord with the increased acceptor properties of the

metals going dawn the group,and the decrease in stability of the
M-N bonds’t?r54-59

The feactionvof xenon difluoride with (CF3)26=NH

"~ appears ‘to be complex. Here the main products are'heptafluoroiso-»-~

propjlamine and hexaflﬁoroaceﬁone ézine,together with‘énothéf
unidentified material., This suggests that HF is produced in the
reaction and adds on to the C=N bond of (CF3)2C=NH.to produce
(CFB)ZCFNHZ’ The initial formation of HF is probably by direct:
reaction between the imine and xenon difluoride;

(CF3)20=NH + XeF2 —————————}(C53)20=NXeF + BHF

— f ‘\?3%3)20=$F + Xe
To account for the formation of the other products,

the folloﬁing reactions are postulated;

(CF3) ,C=NH + HF ————> (CF;) CFI,

(CF3) C=NH +  (CF3),C=NF ——> (CF;),C=NN=C(CF,), + HF

(CF3)20=NN=C(CF3)2 + 2HF-—-——.‘>(CF3)2CFNHNHCF(CF5)2

Also,a possible free-radical mechanism can be invoked}61
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.:+o o -
(CF3)2C=NH + XeFZ——HF ——~——~>((CF3)ZC=NH) + XeF* + HFZ
. vt -
(CF3)20=NH + XeF® 4+ HF-———%K(CF3)20=NH) + Xe @+ HF2

((CF3)ZC=NH)+‘ + (CF3),C=NE— ((CF3)20=NHNH=C(CF3)2)+°

((CF3)20=NHNH=C(CF3)2)+’ + HFT + XeF,--HF ———>
(CF3)26=NN=C(CF3)2 + XeF'+ LHF

This latter is not borme out experimentally,however,
as ESR investigation did not reveal any free-radicals.

The reaction of xenom difluoride with the 1,1,1,3,3,3-
hexafluoroisopropylideniminolithium to produce the parent imine
is puzzling. It would seem facile for the reaction

(CF3)20=NL1 + XeF2—~——~————>(CF3)20=NxeF + LiF
to occur,followed by liberation of xenon and formation

of (CF3)20=NF. Although lithium fluoride is definitely formed,no
trace of the N-fluoro imine is found,and as xenon is liberated,
the isolation of a stable xenon-nitrogen bonded compound is not

indicated.
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