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ABSTRACT

The reaction of phosphorus pantafluorid® with a wvariety
of ligands Ims been studied using standard high vacuum”line
techniques® Thermal decomposition of the complexes formed
produced several new compounds containing phosphorus-
fluorine borids® the structures of which were investigated
using Infrared and Nuclear Magnetic Reoonance Spectroscopy-

Phosphorus penta.fluoride was found to form new compounds
with dialkylamines® Thermal decomposition of these complexes
produced the new compounds dialkylamino tetrafluoro
phosphorane®© pPFANRs ,,and bis dialkylamino trifluoro phosphoram

(NR3) e Infrared and Muclear Magnetic Resonance
specvrosoopy show these compounds are monomeric in the gaseoui
and liquid 8tates and that the amino groups occupy the
equatorial positions of, the trigonal bipyramid® Reaction of
phosphorus pentafluoride and primary alkyl amines was complex
yielding non-stoichiometrlc mixtureso Thermal decomposition
produced a solid liquid mixture which was not identified”

The reaction of phosphorus pentafluoride with phosphorus
ligands was investigated to obtain information on the strength
of the novel phosphorus-phosphorus bond produced4 Complexes

were prepared with trialkyl phoBphineso bisdialkylsmino



phoaphines and trialkyl phosphites « The stability of the

complexes were found to fall in the following order'"-

PRa > P(NRs)ft > P (OR)a

Possible explanations for this stability order are discussed
on the basia that the fluorine lone pairs are overlapping wit!
the trivaient phosphorus unfilled *d® orbitalSo

Thermal decomposition of the tris dimethylamj.no phosphino
complex yielded the compounds dimethylamino tetrafluoro
phosphorane, PP~NMegp bis dimethylamino trifluoro phosphorane
PPa (NMea)s as well as dimethylamino difluoro phosphine,
PPaNMeac*and bismethylamino fluoro phosphine j,PP(NMejj) a pwhile
the trimethyl phosphite complex decomposed to give the new
compounds methyl difluoro phosphate ,Ciirf>FOPav-and methyl
trimethoxy phosphonium hexafluoro phosphate , (CHsO)atcHoPFoo
The kinetics of the decomposition of this salt, (which is an
Arbuzov Rearrangement intermediate)” in acetone and acetonitrj
eolutionp were observed from Ruclear Magnetic Resonance
spectroscopy and electrical conductivity measurements o
As the behaviour in these two solvents is so different the

solvent must play a major part in the kinetic interprétédtionsc



The reaction of a variety of lithium salts with
phosphorus pentafluoride and other non-metal fluorides in
ether and pentane solution were investigated» Several new
lithium salts including the novel propyl pentafluoro—
phosphate salt were prepared while simpler methods of
produeing pure lithium hexafluoro phosphate than these
described in the literature were developedo

The use of some of the new amino phosphorus fluorine
compounds, as ligands to transition metal salts and metal
carbonyls, confirmed the belief that the nitrogen lone pairs
are TT bonded into the vacant ®&Jlo orbitals of the phosphorus
and complexes can only be obtained under specific conditions.

Attempts to prepare metal carbonyl fluorosulphates from
the metal carbonyl halides and silver fluorosulphate
produced impure gluey compounds which could not be obtained
crystalline. The ready solubility in water of the carbonyl
compounds formed suggested the existence of the carbonyl

fluorosulphate although only in the impure stateo
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Fluorine occupies the ndpth place in the periodie
table and 1s the smallest of the halogen gericn of molecules.
It exists asz s grecuish yellow distomic gas and, in common
with the other halogens, is very yeactive., The bond
dissoclation energy is only 37 kecalss/mole compared with
58 keals/wole for chlorine.

Thisg ie believed to be caused by repulsion betwesen nown-
bonding electronsg on the fluorine avoms and the lack of any
multinle bonds between thewm, us naylew lying unfilled
moleculay orbitals are availlable,

Thig factor, combined with its high electronegutivity
and smell 8ize causes 1t to wreact with meny elements to form
filuorides in high oxldation states., The elevtron withdrawing
power of the fluorine atoms cause an electron defidency on the
central atom in the fluoride. This defidclency is partly removed

by back donation of the fluorine lone pairs inbto the unfille

st

p oxr 4 Orbitala of the central atom so that multiple bonds
are XYormed. These bonds are thermally very stable but are
vigerously hydrolyzed by traces of wmolsture %o form the
corresponding oxide and hydrogen Tluoride. If glass apparatus

Le used,the hydrogen fluoride reacts with it bo form silicon

tetraflucoride and wateyr, The water reacts witk wore of the



fluoride to produce more hydrogen fluoride so that moistbure
acts as a catalyst in the destruction of the glavs, If the
app&ratué i heated to 200°C under vabuum bthe [ilm of moisture
is removed from the surface and the volatile fluorides can
thern be handled in glass apparatus with very 1lititle
decompositiom,

Phosvnhorus pentalluoride and its derivatives which were
prevared in this work were all molsture sensitive und were
nandied in & high vacuum spparatus. EBvacuation to 20 © mm.
‘pressure was achieved using an AB.%, pump of type BC 2408
together with a mevcury diffuslion pump made in the Imperial

College Chemieanl Iamboratories, London. Standard Quick=fit
cones , socketve and stopcocks were used in assemhling the
racuum lineg +the connectlions being sealed with Hdwards
Apilesmon L' grease.

The infrared speschra of the Qompcunds prepared were
measured on Grubb-Parson({type DBI) and Perkin FElmer Infrascord
(sype L37) spectrometers. Spectre were messured on samples
in the vapour phase a3z liquid films or ip nujol mulls.

- The *H and *®PF nuclear magnetlc resonsnce spectra were

weasured on a Perkin Blmer hO n/c speotrometer. Wherever

posaible the spectra were obb ained on nead Liguids, Concentrat



solutlons in inevt solvents were also used. Phe chemiocal
shifs of the *H resonances were measured with vespect to
tetranethyl silane as veference while the *°P gpectra were
mneagured uwsing trifluoromethyl benzene as roeference standerd.
Samples were anslyzed by Alfred Bernhardt in Germany. They
wers ﬁwenar@& onn the vacuum line or in the dry box and sent

for analysis in sealed tubes.



REACGRION 0OF EHOSDHORUS EPENTAELUORIDE

WiTH NITROGHN LIGANDS



Apbrgdnetion

The two known binary fluorides of phosphorus, the
trifluoride and the pentafluoride, were among the firsd non-
metal fluorine compounds to be prepareé and studied. Since the:
initisal preparation over elighty years ago, improved prepuruative
and bandling technlques huave produced & vast new number of
other non-=metal fluorine compounds suech as the sulphur fluoride:
and the fluorides of chlorine, bromine, ilodine, xenon and
krypbon.

Phosphorus pentafluoride was prepared by Thorpe in 1876+
by the aetion of arsenic trifluvorids on phosyhorus pentachloride
Cther fluorides e.g. lead fluoridémﬂ gine fluoride and antimony
trifivoride were also found to complete this @onveraiann
Phospvhorus pentafluoride is now most eonweniently prepared in
the laboratory by thermal decomposition of an aryl diazonics
salt at 150°C which 2llows large guentities of phosphorus
ventafivoride to be used sasily angd aéf@lym

Phosphorus pentafluoride is e white solid whieh melts at
=93,8°C and boils at =8L.6°0%, I3 oow be hundled in gloss
apperatus without reacﬁiom; provided twraces of molsture shave bee
removed by heating the glass $o 250°¢ under va@uum@o. Physical
measurements, €.g. electron diffra@%i@mé end infrared speciros—

copy® suggest that phosphorus pentafluoride adopis the trigonal bi



pyramidel sbtragtures ratheyr thar the sguare nyramidal
gonfiguration. PThis strusiture seems 0 be sarily attacked

by Lewis bases especially when & stable ostahedral conflliguratio:
18 formed by the adduct. Ror ingtanse phosphorus pentafluorlde
i8 mowre wapidliy hydrolysed by molsture then the tetrshedral
phosphorus trAifluoride®. Phosphorus pentafiuoride is similer
to borom txifiuvoride in being & very otrong Lewis acid®. It is
repldly attacked by Tluoride lon when the highly stable
hexafluoxre phosphate ilon is Fformed.

It reactn wlth samaonia to form & complex ammoniate
2PP5HHs and aleo reacts with nitrogen dioxide at =10°C o
form nn nddition compound which dissociates on warming®©.

Fhosphorus pentefluoride readily combines with organic
donor molecules such as amines, gmt@m@@? gaters, ethers and
nitrilen.

Woolfd suggested theme complexes were l:l adducts on the
baple of welghing the wresidue obiplned when a weighed amount of
ligand reacted with excess phosphorus pemntafluoride®?,

Huettorties prepared & veariety of complexes and confirmed .
they were 13l adducts®, He prepared trimethylamine and pyridine
complexes but found that the triethylamine end collidine
(8olio6,y trimethyl pyridine) complexes were partially dissociatod

at 285°¢. He suggeated that this was due o steric Teosons Sined



ts

the P@Q atom ie only slipghtly lerger than the B%% atom yet muss
aocommodate two more Iluorine atoms in its complexes. This

was further supporéed by the observaetion that while the diethyl
ether complex is partially dissociated.at 25°C¢ the tetrahydroe
furan @ompléx san be distilled at 11@50f0015mm0 without
decomposition,

A1l the complexes of phosphovus pentafluoride were found %
be hydrolyzed by moilsture snd decomposed by alcohols much more
readlly than the boron trifluoride complexes. This suggested
rapid dissociation of the complex in solutiom which resulited in
molecular welght determination producing low results.

Pyurther understanding of these agteric consideruationsshould
be enhanced by sbtudying +the complexing properéties of
substituted Tluoro phosphoranea®®, It has been recently
reporbed that phenyl tetrafluore phosphorane CgHgPFg foxrms
polid complexes with strong bases such as pyridine and
dimethylformamide but it does not react with weak bases such
as peotonitrile or highly hindered amines such ass triethylamine
Unfortunately very lititle Turther data are available on this
subject, even though the alkyl and aryl $luoro phosphoranes ara
well known end have been extensively studied®®, They ave sasill
prepared by dirveat fluorindtion of the corrvesponding chloro

phosphine with arsenie or apntimony trifluoride and ave isolabed




by distillation, as atable colourless liguids. Mono, di
and tri substituted fluoro phoaphoranes containing o
variety of alkyl and aryl grou@@ have been synthesized
by this method. interegt in the phosphoranes has centred
on their structure which can be determined using nuclear
BRgRetic resonance spectroscopy. The results indicate
that substitubion by both alkyl and aryl groups occur in
the equatorial positions of the ﬁfigonal bipyremidal
strusture®d,

Similarly the series of chlore fluoro phosphoranes
(PP £L & =5t ) are known®, now that chloro tetrafluoro
phosphorane has been synthesized™® by the low temperature
flvowination of dichloro twifluoro phosphorane with
antimony trifluoride. These compounds can be isolated
a5 etable colourless liquids at =78°C but slowly devosit
white sollds on standing al yoom btemperature. The letter
are Lonic species and thelr structures depend upon the
aumbes of each halog@n atomns pyresent. This jonizgation
v%@m@@n@y seems to be & property of the phosphorus=chlorine
bond as no evidence of gelf iomizetion hes been observed
in the organo finoro phosphoranes OF in phosphorus

pentafluoride.



The tendency to ilonization makes the study of the
complexing properties of the chloro fluoro phosphoranes
wore difficult to determine than thoge of phosphorus
pentaflvoride and little definite evidence is svaileblei®.

The synthesis of chloro tetwafluér@ phosphoxrane is of
graat loportance in fluoro phosphorane chemistry as it may
be used es an intermediste in the preparation of other
betraflnero phosphoranes. The compound octafluoro
diphosphorane PPy would be of spegial interest since the
stability of the phosphorus-phosphorus bond in its

complexes would be highly dependent on the strength of the

Lewio base used.

M@aﬁf%%

Beacktion of phosvhorus pozt&ﬁw;o J4e. with secopdury &mvufgo

The complexing properties of boron trifluoride arve
now well lmown and have been reviewsd?, Brown examined
the wreagbtion of boron trifluoeride with dimethylamine %o Lo
a 151 complex which decomposaed au,%u0w895@9 Ho yielu
dimethyleminoe difluoro bowrane in its dimeric Fform*?®. The
cthew méjor product was dimethyl esumonium tetyrafluocro

borpte. He suggested thual the reaction could be repreasmie



by the eguation.
g 1y -4}, e s

2(CHy) oNH.BPg 3 (CHg) olHa EFg 4 (CHa)aNBFg.

Dimerice dimethylamino difluoroborane has gince bheen
extensively investigatedi® +the four nembered ring sysbenm
is formed by donation of the lone pair of elesctrons on the
nitrogen atom into the vacant orbitsls of the boron atomns.
The momnomeric species can be prepared by heuting the dimer

under vacuum when a monomer=dimer equilibriuvm is obtained.

> B — N<
\2

fi\
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The corresponding reaction bevtwesn phosphorus pentafluori
and dimethylamine bhad not been investigated nor had the
Likely decomposition product dimethylamino tetrafluoro
phosvhorane been prepared. The investigation was therefore
underbaken to obbtain informatdion on the structures end
properties of the comvounds formed.

A white s0lid was prepared by reacting phogphorus
pentafluoride with 2 tcluene solution of dimethylamine. Yhe

golid was purified by sublimation under vacuum and ldentiflied



as & L3l complex by. analysis and 1te QQE nuclear mametic
resonomnee’ spectrum in ﬂimethy@aminé solution. The detuails
of the °P nuclear magnetic resonance spectrum are given
in Table 3 end the infrared apectrom 1s discussed with those
of othew phosphorus pentafluoride coniplexes in Chapter IL.
Phe complex was heated on an oil bath to 150°C undew
vacuumm to effect decompositions It melted at 100°C and
eventually resolidified st 150°C which sugpgested that the
decomposition was complete. The volatile product, which was
condensed out, melted to a colourless liquid which was
identified as dimethylamino tetrafluore phosphorans by
analysis. The vapour phase infrared spectrum is recorded in
Tablesl and 2 and is shown in Fig. 1. The *H and %% nucleax
magnetic resonance apectra are alse recorded in Table 3 and
are showa in Fig. 2. Vapour phase wmolecular welght
measurenents showed that the vapour ig monomeric while tha

*H oand 299 nuclear magnetic resopnance spectra suggested the

oe

jl.,

fnd

i8 slso nonomeric.

i

.quid
Phogvhorus pentafluoride resgted with diethylamine bo
form a while solid which decomposed om heating to 1%0°C o
give dlethyl tetralfluoro phosphorane as & colourless volatlle
liguid. This liquid showed similar physical properties to

the eorresponding dimethylamino tetrafluore phosphorane. The




gpectroscople detalls of thzq compound are given in Tables
L and 3.

The slightly volatile liguid di-m-propyleminoe tetrafluorc
phogsphorane was prepared from phosphorus pentafluoride
di-mepropylamine complex by hesting 1t to 225°C. The debails
of ite *°F auclesr magnetic regonanee spectrum are given in
Table 3.

The observabtions confirm the expected similarity in the
degomposition of the diallkylemino complexes of horon tri-
Tluoride and phosphiorus pentafluoride. An unexpected featurs
was bthe much lower temperalure regulyed for the d@@ampoaition
of tue phosphorus pentaflvoride complexes (1L00-150°C) than
the boron trifluoride compounds (2h0-295°C). The B~P bond
energy (15h keals./mole) is much greuter than the PP bond
energy (117 keala./mole for PPy}®® go that more energy is

2

required to brealt the B-P bond. Steric factors may also be
important since in the ocbahedral phosphorus pentafluoride
complesn, the H-F imberatomic disbtance ig wmuch less than in

the tebrahedral Dboron trifluvoride compleiR.
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These two factors would explain the greater thermul stabllity
of the borom trifluoride complexes than the phosphorus
- pentafiuvoride complexes. The above method of pr@paraﬁi@m of
the dialkylemino tetrafluoro phosphoranes produced low ylelds
gince two moles of the 131 complex ere yrequirsed to produce
e mexdimwa of 1 mole of dialkylamino $etrafluoro ﬁhogphoran@ﬁ
The Formetion of the diaslkylamino tebrafivoro phosphoranes
can be r@prégemteﬁ by the cquatiop.
ERpNHPRg == RpNPR, + Rgﬂﬂgv& PPg

The hexafluoroe phosphute lon wag lden$ified from its *°PF
nucl@&r’mégmetic TeSoNANee SPeCErum.

Gther methols of preparation of these derivatives huve

B3

recently been repovted by MacDiarmid®* snd Schmubtzler®®,
Phosphorus pentalluoride reacts with dimethylamino trimethyl
silane (MegNSilMes) by cleaving the 8i=N bond to form
trimethyl fluoxo silans and dimethylemino tebrafluvoro
phosphorane.

Wo evidence for dimerization of the dialkylamino
tetrafluoro phosphoranes could be found. The low melting
and bolling points, the molecular weights and *H andg %%
nucleaﬁlmagmeti@ resonanpe spectra all suggested thé colmpounds

were monomeric., This 18 probabliy due to sterle reasouns gince



P
ws

a four-membered ring would requi¥e octahedral coordination
around the phosphorus atom which would include two bglky
dislkylanino grouﬁﬁo

The monomeric nature of the dialkylswmino tetraflyoro
phosphoranes suggest that the phosphorus-nitrogen hond should
have partial double boﬂdl@haraﬁter through P a overiayp

T
of the orbitals.

The aceeptor properties of the dialkyleamino bvetrafiluoro
phosphoranes should he less than those of phogphorus
pentafluoride. However, dim@thylamiﬁo*tetr&fluor@ phogphoransg
reacted vigorously with dimethylamine to form & white zolid.
When equimolar guantities of dimethylamine tetzafliuvore
phoaph@ran@’&nd dimethyleminewepe reacted, the solld nelted
and decompesed at 0°C to Fform bis-dimethylemino trifluoro
phogsphovane end th@'lzl‘dim@ﬁh&lamin@ phosphorus pentaflueride
complexw. No further ré&@tiﬂn occurraed when the mixture was
keph ab 35°G for 2k houwrs; the PP nuelesr magnetic resgonanee

epectrum repained wuwnaltered. Thies obmervation suggests that



dimethylamino tetrafluoro phosohoxene is also v Lewls Acid
and complexes with dimethylamine to form & 131l complei.

This 4is much less thermally stable then the phosphorus
pentafluoride dimethylamine complex probably because the
inereased electron density around the phosphorus atom
weakens the phosphorus=fluorine bonds. The removal of
hydrogen fluoride from the l:1l dimethylaminoe tetrafluoro
phosphexraene complex can thue occur a8t lowey temperaitures tham
from the corresponding phosphorus pentafluoride dimethylamine
complex. Bls=diethylamino triflucre phosphorane can he
prepared from diethylamino ﬁ@tf&fluar@lphosphofaﬂ@ and
triethylamine by & similar method.

The bis=dialkylamine trifiucre phosphoranes could else
be prepared Lrom phosphorus pentafluordide and excess
di&lkwl&minelby heating the mixture to 80-100°C. The
disikyianine tetrafluoro phosphorane first formed immedistely
reacts with the excess dialkylemine in the munner described
above o pﬁqﬂué@ the bis-dialkyleamino trifluorc phosphorvana
and the phosphorus pentafluoride dislkylamine complex which
further decomposes to the dialkyl smmonium hexafluoro
phosphate. This decomposition csm be represented by the
eguation

R PPy + 4WRaH —5 g (WRp)a + ENRgNHa' PP



The bigedlalkylamino twifluoro phosphoranes are slightly
volatile, colourless liquids which solidify to highly
9 ot
crystalline solides. They are chemically unresctive; they

»

do not fume in air and are immiscidle with water. The
129 puclear magnetic resonance gpeotrwn shows that the two
dialkylamino groups occupy two of the equatorisl positions in
a trligonal bipyramidal strueture. The non=reactivity of
the big=dialkylamino triflunrg phosphoranes is due to steric
hindrance caused by the bulky dieslkylamine groups and the
lack of Lewis acidity because of the increased electron
densgilty around the phosphorus atom frrom the dialkylamino
£ 0Ups o

The lack of resctivity was evident when blgs-dimethylamin
trifluore phosphorsne was reacted with dimethylamine in an
ﬂ%t@mpt o prepare tris=dinethylamino difluore phosnhoransg,
Wo resation was obgserved between these two compounds under &
variety of conditions while reaction of bis-dimsthylaming
trifluore phosphorane with tris=dimethvlamino phosphine
was very slew even at 120°C. The uge of biEWdiméﬁhyiaminﬂ
triflunre phosphoranes as a solvent should be investigeted
ag the only non-reactive ligquid fluorine compounds koown ox6
the flvoros carbons. Other methods of preparation of bisg-

dlalkylawmino trifluoro phosphnranes have bheen renorted



recently which would allow them to be prepared in large
quantitics®®, When phosphorus pentefluoride is reacted with
excess dimethylemino trimethyl silaﬁ@ at 150-170°C bis-
dimethylamino trifluonro phosphorane and trimethyl fluore
gilane avre produced. The volatile twimethyl fluoro silane
i empily wemoved at —~78°C leaving the bis—dimethylamine
trifluoro phosphorane which can be ﬁmrifieﬂ by digtilletion.

The conslderable interest shown®® in the synthesis of
tris-dinlkylemino difluoro phosphorenes is due to their
expected highly symmetrical structuve, with the three
disliylamino groups ococupying the eqguatorial pogitions snd
the fluorine atoms occupying the axial position of the
trigonald Bipyw&mido This structure would make the moleculesm
chemleally inert since the dialkylamino groups would help
form & very compact molécule and also completely remove
the Lewls aci&ity of the phosphorus &tom;ao that chewical
reaction would be possible only undewr extreme eonditi@nﬂu
In meny ways these compounds would behave astliquid sulphuw
hexafluariﬁ@ﬂg

However, a0 far it has noﬁ been powsible Go prepare any
of these dewrivatives although many ﬁ@%hoda have been tried

for thelw preparation.
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Infrarad spectre of the he dialkylamino £luoro bhosphorsnes

R T AT R CI e v 4o L i ot ¥t (e oo,

The highly symmetrical nature of tris-=dimethylamino
difluoro phosphorane would allow valuable information to be
obtained from its vapour phase infrared spectrum.

The molecule would possess Dﬂh aymuaetry and thervefors

have Tive absorbtion bands due %o the

e

skeleton. Two of these absorbitlons would be the ssymmetric

s

- st o ;- : gy o N s s
PP=F giretehing vibration and KW=F%§N asymmetric stretehing

vibration and assignment of these vibhrations would be of
great help in anslyzing the specira of the more complex

-

iallkylaminoe and bis=dislkylamino fluoro phosphoranes,

The vanour phase infraved spectra of the dialkylamino
setrafluore phosphoranes and big-dialkylamino trifluoro
phosphoranes ave given in Table 1.

Partilal assignments of dimethylamino tetrafluoro
phogphorane can be made i¥ the absorbtions are compared with
the vapour phase infrared ép&@tr& of dimethylamino fluoro

borane®® dimethylamino difluorc phosphine and chloro tetra=

fluore phosphorane®®, The relationships between these speebtra
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IR Qhovv in Pable 2. The essignments given in Table 2
suggest thet all the abeorbiion bands sbove 1000 em * in
dimethylemivo tetrafluoro phosphorsne are due to the vibratiovs
of the dimethylamino group. These are similar to the assignmer
m&d@ for dimethylumino difluvoro borane and dimethylamino
difluore phosphine since the vibrations of this group will
anly be slightly affected by the main part the moleculs.

The opnly curlious poind rélaﬁimg to these aepignments is the
abmence of o band in the 1300 em * egion in dimethylamino
Ggifivoro horane compared with the very ilntense adbsorbtion

A

t 1300 cem © of dimethylamino tetrafluors phosphorans.

The infrared spectrum of diwethylamino tetrafluoro

b

phosphorane in the region 100G em ® = 400 em * iz almosh

-

identieal o that of chloro tetrafluoro phosphorane. Thic
suggests thet the absorbbions in thie reglon are associsied
with the PP, group yather than the h ro or dimethylamino

bands at 950 om © aad 022 om ¢ ere

£
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o
&
£
o
+
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o
Tt
en
)

therefove asslignad to phosphorus~fiuorine stretching
vibrations. Previous worxkers have sugmested that asymmetric
stretching vibrations occur at higher fregquenciec than the

sele vibrations and ﬁhaﬁ eguatorial phosphorus-Tliuorine

CW'

S PRy

vibrations ocour abt higher freguencies than the axial

el -

phoaphorue~fluorine vibrations. The band at 950 om ® is
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Apglomnent of veDoUT vhese. 1m?§ag;ﬁ spaetrun of dimethylanine

LN E A

ketralluoro phogphorane

BEalMan ZEalles o NMeq EELLL Asslignment.
3000

2907 2925 2960

2911 2865 2900 | CHs stretoh

2827 2820 2860

73 1507 by, CHs asym. deform.
3% 32 1368 . (Hy eym. deform.

2 1307 1300 - CHa sym. defo¥m.
1209 1198 1211  oym.i=0s ebretoh
1035 989 1042 8ym.N-0y stretch

(&) 950 Ohs asymn. P=F(e)streteh
Q27
(770) 92L
382 903 Byi. PP, (e) streteh
9% asym. PPg(a) stvetch
806 (817w)  P=N stretch

701 692 Rt PF@(&)%@T@F@h

’



therefore assigned to the asymmetrical equatorial P=P
stretching frequency while the rather complex band at
822 @m&¥ ig assigned both to the symmetwical equatorial
P=P wvibration and to the asymmatrieal exial P=F vibration.
The only two other bands observed in this region are the
weal absorbition at 806 cm * and the rather stronger
sbsorbtion at 701 cm . One of these must he due %o ﬁhé
P-W gtretching vibration and the other %o the gymmetrical
axial P-P stretching vibration, Previous workers have
suggented the phosphorus-nitrogen single bond sitretching
vibration oceurs in the cegion 820680 en 2 1noa
recent paper this vibration hus Heen gsgsigned %o a band at
2 3n the spectrum of PFy{fMee) while the spectrum of

7O em

dimethylanine phogphorus pentafliuoride complex has B sharp

om "
S

‘absorbtion at 702 em *o If there is any double bonding
“through ﬁw = @w. overiap in the P-N bond the absorbvion will
move %0 higher frequencies. The absorbiion at 806 em * is
therefore assligned to a phosphorus-nitrogen streteching
fraguency since partial a? - @W’ overiap will probably occur.
This band moves to 722 em * in the bis=dimethylamino trifiuoro
pho&phorang as the Qw w’@?? overlap 1s reduced by the nresence
of & second dimethylamine group. The absorbtion at 701 om *

iz aspigned to the symmetric axial P-F gtretching fr@qu@nay



and ls eimilar to the absorbilon at 692 em * ium chloro-
tetrafinoro phosphorans.

In diethylamino apnd di-n-propylamino tetrailuoro-
phosphorenes the P-N stretching freguencies occur at 799 cm
and 790 ¢m ¢ vespecbively.

Phe increage in the number of absorbtlion bands in the
spectra of bis=dialkylemino trifluorc phosphoranes is due
to the inereased number of atoms in the molescules. The
rhosphorue=finorine vibrations move to lower freguencilen
because the incressed @1@@ﬁron'd@n&iﬁy.on the phosphorus atom
weakens the phogphorus~fluorine bonds. The spectra are oo -

compler to abtempt assignuments without fuvrther investigetlions.

Muglesr Masnetlc Resopence Sweetya of the dislkylamino fluoxrg

PhognhorRAnes .
The nuelcar magnetlc resonunce Spéctra ol the dialkylamine
fluoro phosphoranes are much easier %0 decipher. “he
phoaphofﬁa hydrogen and fluorine atoms all have spins of 3
80 thaﬁ eoupling can occur between them. This coupling allows
the strugtures to bhe ldentiflied unanbiguously.
The coupling constante between the phosphorus hydrogen
end fluowine atoms and the chemical Sﬁifta of the hydrogen ang
fluorine regonances are giveﬂ in @&ﬁl@ 3o

m 3_, . Ly ’ v 2. T - -
Yhe *°F spectrum of the dimethylamine phosphorus
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Compound
P @m@m‘ﬁ
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decomposition

produed

PPy BGI g,

decompogition

product

Liuore. phosnhorenas .

Tpp
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808(e)
836

s

52{a)
871 (e)

756(a)
81 (e)
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753(a)
8576 {s)
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588(a)

865 (e)

T08 (a)
872(e)

Ypoyg  Igep

L1 &

2,8(n)
1.5(s)

1y

S

@

He-F

kly

+10.2{e)

16,7 (n)

=l.3(a}

“5’18 ng(b)
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pentaflunride adduet was campleﬁ‘aﬂd @dﬁﬂi@t@ﬁ.of two
Goublets and two resonances conteining nine lines. The
observation of the nine line gtructures instesnd of the
%Xpeﬁﬁ@d quintets identify the resonance s & AB, system
inatead of the usual AX, system. The differsnce between
these sy@%@ms is essentislly mavhematicel and is described
by Popie®%: A similar spectrun has Blso been observed in
sulphur pentafliuoride derivatives with Lluorealkyl groups®®,

The spectrum of the diethylamine phosphorus pentafluoride
complex was aimilar to that of the dimethylamine complex.

The high resolution *H and *®P nuclesr magnetic resonance
apeﬁéfa of dimethviamino tetrafluore phosphorane are showsn
in Figure 2. The initial doublet in the *H spsctrum is due %o
the six equivelent hydrogen atoms coupling with the phosphorus
atom., The doublet is shown under high wresolution to consisd
of two guintets caused by further coupling to four equivalent
fluorine atoms. The *°P spectrum aleo shﬁwa'a doublet which
vnder high regolution resolves into two hepltuplets. These are
caused by the four equivalent fluowrine atoms coupling to the
phogwnhiorus atom to produce a doublet and further coupling to
the six equivalent hydrogen atoms %o produce two heptupleits.

Two structures ave pogsible in which all the hydrogen and



Fige 2 Nuclear magnetic resonance spectra_of dimethylaming
tetrafluoro phosphorane

ot




filuorine atoms Sre in equivalent envivomments. If dimethyl-~
amino tetrafinoro phosphorane adops ;ed the square pyramida
sonfiguration the four fluowine atoms would Fform the base

and be sguivalent. This strueture would be unuffected by
tenperature 8o that the P spectrum would not alter
gignificansly. If the bf lgonal bipyramidal structure ie
adopted, the Tluorine avtoms would have o exchange raplidity

to make them gppear equivalent since therxre 18 no¢ statie
configuraslon of this structure in which all the fluorine atome
are aquivalent. OSince the phosphorua~fluorine coupling is
observed, no phosphorus=Ffluorine bonds ere broken and the
gxchange must be intramolecular. The exchange process would be
highly dependent on tempnersture so that 8 low temperature ©F
nuelcar magnetic resonance gpestrum would show two types of
fiuorine environments. Muetterties %° has recently

reported the low temperature PP nuelear magnetic resonance
apectrun of diethylanmino tetrvafluore phosphorane. As the
temperature 1a lowewed the sharp doublet gradually broadens

unt il at =85°¢ four well resolved triplets are observed. This
ig congistents with two sets of equivalent Lluorine atoms and
they muat occupy swo axial and two egquatorial positions of the

trigonal bypyramidal structure. Phis is the first tetrafluoro

phosphorane which has been conclusively shown to exist in the



trigonal bipyremidul configuration. A low energy exchange
Process 19 possible betwesn the squere pyramidal and trigonal
bipyramidal structures which would satisefy these observatlons

is shown below
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Dimethylanino and dipropylamino tetrafluorc phosphoranses
probably also undergo this rapid @X@héﬂge since their *°F
nuclear magn@ﬁié resonance spectra ot 35°C wre similur %o the
diethylamino.%étrafluor@ phosphorane.

Th@ gtructure of himmdimethylaminohtrifluor@ phosphorans
was determined from its *H and *°F nuclear magnetic resonance
spectray figures of which are shown in Plgure 3. The *®F
nucleasr m&gnéti@ regsonance spectrum consists of two doublets and
two triplets of relative intensities 23%k. Two fluorine atons
gre therefore in similor envirvonments while the other fluorine
atom 48 not. These will eouple with each other and with the
phogphorus atom to produce two doublets and two triplets
respectively. If the trigonal bipyramidal astrueture is adopted

two fluorine stoms will occupy either the axial or two of the
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equatorial positions while the other fiuworine will oceupy
either an eguatorial or an axial DOBiﬁigﬂe In the first case
both dimethylamino grouns will be in equatorial posiltions and
be eguivalent while in the second case one will be in the
axial and ons will be in the equatorial positions so Hhat
they will be non-equivalent. The *H speetrum consists of

four twiplets which suggest 2ll the equivalent hydrogen atoms

W

are coupled to two fluorine akoms and then are further
coupled to the phosphorus atom snd the non eguivalent fluoring
atom. The dimethyleminc groups must thewefore occupy two of
the equatoriel positions of the trigonel bipyramid. A squsre:
pyramidel configuration is alse fespible in which two fluorine
atoms and two dimethylamino groups arve diagenally opposite
on the base while the other fluorine atom is at the apexo
Since diethylamino tetrafluoro phquhoran@ and trimethyl
diflvoro phosphorane®® have been ghown to adopt the trigonasl
bipyramidal structure it is unlikely that the Hrifluore
phoaphorane will adopt the sguare pyramidal configuration.

The coupling constantse and chemieal shifts are all within
the expected range of values for substituted phosphorus

rentaiinoride compounds®®®,
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Reagtions. of phosvhorus veptallueride with primery anines.

Proparation of compoumds Lwrom non-metal fluorides and
methylanine are mu@hvmor@ AL fficudt Tthan thcé@ from secondary
emines due to the pnlymari%&ﬁinm of the intermediate X=M-NHie
to form chain p@lym@rs of the type Xmmﬁéﬁﬁgwm)mwwﬂﬁ@ OF TLVE
polymers of the type (%ﬁ%ﬂ@)m rather than the monomeric speeia:s
NeNMo. The mesult s theb very few intremolecuvlar resctlions
@f'm@%hylamin@ complexes give simple products. Sulphure
tetrativoride was found to react with methyleamine to give
methylinino sulphur diflueride Mol = 5%, which rescted with
more methylamine Yo form bis-methylimine sulphur el =8 = Wis.
Both of vhese dewivatives polymerise on standing at
room temperature. The decomposition of the boron trifluoride
methylanine @cmﬁlex has not bheen fﬁpoﬁ%&@ &lﬁh@ugh the likely
decomposition product FNW? ¢trimethyl BB2B*? $wriflucro
boragoie bee been prepared from the repstion of methylemine
and dimethyl fluoro borene st WO0°C 22 apd from the
decomposition of mebthyl disllylamine boron trifluoride sompl e

The reaction of phosphorus pentafluoride and methylamine
was of Interest ag the likely decomposivtion product methylimino
il fluoro phosphorane had not been reporited. The correspondifg
obLoro compound was prepared by Peddock®® and wae found %o be
diﬁeriﬁa If the fluoro compound was monomerie valuable

information would be obiained from 1%s infrared spectrum
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regarding the =N stretching vibratiom. If 1t was associabed,
the degree of asgsociation would be of interest in view of
the extensive chemiatry of the phmsph@niﬁfili@ compounds®®,

The reaction b@ﬁwéan phosphorus pentafluoride angd
meﬁhylamige was found $o be complex. When the two compounds
reacted at =70°C & white solid was obtained which evolved
methyiamine continuously on warming. When the-methylgmin@
compound was heated o 270°C only e 1little volatile material
was obtained. In order vo reduce polymerization to &
winioym, the decomposition was carried out in the high=bolling
inert solvent 1,méthyl naptbalene. The yiélﬁé of. the volatile
produce were greatly increased and a colourless 1iquid
(vr(20°¢) = 10 mm.) was obtained. The analysis of the liquid
were not reproducible and 1% gfa&uaily depoaited & white
s0lid over & period of = few days. This solid wus not
identified. |

The reactlon between phosphorus pentaflunride and ethylami
in pentane @olutiom produced ® white solld snalogous Ho thab
from the methylanine reaction. Anslysis of the white solid
showed 4% wﬁa not & almple L:l complex but contained excess
ethylamine. The decomposition of this solid in 1, methyl
naphthalene produced a slightly volutile liquid with similax

infrared and nucleayr magnebtic resonance gpectra 0 the
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mathylamin@ phogsphorus pemﬁ&flucwiﬂé dé@ompo&iﬁiom product.
tnfrared. Sneabes

The vepour vhase infrared spectrs of these two liguids
sre given in Table b.

The infrared spectrun of the methylamine wreaction produch
was very simple. If it is compared with gpé@trum of phogphorus
oxyfiuoride®® it could be readily assigned to the monomeric
methyianine trifiuvoro phosphor&néﬁ PPa=NCHzo The absorbtions
at 909 and 806 em * evre the asymmetrie and syumebtric P=F
gtretehing vibrations, the absorbtion ab 1163 em * i8 in the
vegion expsoted for the P= stretching vibration while the
peaks at higher frequencies are assoclated with the N-He
group. The ethylanine reaction product could be similarly
apeigned, the textra' absorbtions being assigned to the ethyl
groupe Fhe *PP nuelear magﬁetia regonance spectrum of the
nethylemine reuctlion product wes wrecorfed, the detalls of

which are given in Pable 3. It consisted of two very broad

peaks and two sherp triplets, bhe number of fluovine atoms
aggoclated with these resonances are in the ratio aélo Tt
ig difficuls o relate these resonsnces as the broad peaks
alter with temperature while the triplets do not®®. However

the speebtyum implies that two fluorine atoms are in equivelend
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Vapour nhase infrered spectre. of the vhosphorus pentafluoride-
primary smipe decompopifion.produchs

POFs ‘ MeNH,+PRg B Nlg +P¥g
380 (m) 3180 (m)
2950 (m} 2960{m)
2825 (w) 2900 (w)
ks (s) 1k 3(s)
1365 (w)
1300 (w)
WS 1163(va) 1160 (vs)
1087 (m)
990 {m)
952 (m)
990 909 (va) 893(s)
870 (s.ah)

873 806(va) 799 (v.8.)



environments and one fluorim@ atom is nom—equivalent. The
single fluorine atoms couple with the two equivalent
fluorine atoms and the phosphafua aﬁoh to form two triplets
while the two equivalent Lfluorine atoms couple with the non-—-
equivalent fluorine atom and the phosphorus atom to form

two doublets. The broad peaks may in féet be doublets thelir
broadness maybe due to the effect of the nitrogen quadropole
moment in which case the triplets should be similarly
brua&enedm The non—=gquivalenece of the third fiuorine aton

CHg 0%

suggents elther @ bent monomeric @onfigur&tioh PPg=N
an poiym@?i@ spedies such as a eyclic satructure is preseni.
The soalytical dava however indicates & more complex species
is present. The hoped for decompoalitlion produect methylamino
trifivoro phosphoranes has recently bheen preparved in its
dimerie form by the reuotion of phosphorus pentatluoride with
heptamethyl dizllazane (MegdSi)aNCHey as 2 stable colourless
Liguid®?, The physical and spectrogcopilic properties were
completely different to those of the compound described above.
The wmopomeric form could not be bbﬁ&ineﬁ from the dimer undew
any conditions. The ethylamine phosphorus pentafluoride
decomposition product showed similar spectroscoplc properties
to the methylamine renction producty the 9P nuclear magnetic

resonance spectrum was almost identieal. This suggesits there
&
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is a relationship between the stolchiometry of the originel
golids and the decomposition products.
The weactlons were not lunvesbtigated further bhut are worthy
> fuwther studies if larger quantities of the decomposition

products con be obbtained.

pome wesations of the dialkvlismino filroro phosphoranes

&I R e e b

In the dialkylemino fluvoro phosphorenes, the Jdéne pairs
of electrons on the mimroyen atoms are used to form pavsial
ﬂouhlg vonding in the phosphorus-alirogen bond. The reagtion

of dimeﬂnylamlmo tetrailuoro phosphorane with hydrogen
ehlovide and methyl iodlde were investigated to see if the
lone pair of electrons were avellable for bond formation.
Hydwrogen chloride reacted with dimethylamino tetrafluoro
phosphorane 8% low temperature to form a white solid which
melted o & colouriess liguid. The *PF nucleayr nmagnetic
resonance spectrum of the ligquid was complex snd showed the
main producta to be phosphorus pentafluoride dimethylanine
complexr and an unidentified compound. When the mixture was
heataed thesse two products togsther with a Little dipethyl-

anine tetrafluoro phosphorane weye obnaxnudo

‘

Phe *°P nuclear magnetic resomance spectrum of the

S

unidentified compound consisted of two heptuplebs
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(Jp.g = 995¢/8, gy 4 = g@/%:&m@£§ﬁ 2 4191 popomo) while
th@(JPwK = QQEQ/QAJHwF = g@/%s&maiiﬁ 2 19,1 pop.mo) while

The GRe ¥ spectrunm aoﬁsi&te& of two twiplets (JFwH = 2 §/S>o
coupling constant and chemieal shift suggested that it was
either dimethylamine difluoro phosvwhine oxide®? (POTFNMes) or
2 phogphonivm ion®? @gg@:(PF301NM@g)¢Q

The zmital reaction between hydrogen chloride and
dimethylamine tetrafluorce phosphorane iz believed to he
caused by the dimethylamino grouvp abstrasting & proton from
the hydwogen chloride to form the Hetrafiwore phosphorane
dimethylameonium ion ?F@+NM%QHO Subseguent resctions ars
believed to be complex and are not fully understood although
the formetlon of the vhosphorus pentafluoride dimethylanine
adduct cen be explained by simple rearrangement of the
tetrafluors phosphorus dimethylammonium lon #s8 shown by the
followlinge equalbion.

- : = . - .
PPN Megt G ‘mmmmm%n‘ﬂPF%NM@@h‘% KPF@ClgNM&aﬁE

k%Y §

( PF, C1HlesH )
Dimethylamine h@tr&flﬁnwo phosniorane did nob rewct with
methyl fedide at 110°C. This iz believed to be due %o the
larger energy required in forming the stervically-=hindered

tetralluore phosphorane trimethyl ammonium ifon EPFgﬁwMﬁgjo
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Slace bls~dimethylamino tetrafluore phosphorane has two
nitrogen atoms atitached to the phosphovrus atom, the Qﬁ’ = ﬁT?
overlap is less than in dimethylamino tetrafluoro phosphorans
and the nitrogen lone pairs should be more readily available
for coaerdination +to the other compounds. The weactlon of
dimethylamino tetrafluore phosphorane and bis=dimethylamino
trifivore phosphorane with molybdenum hexacarbonyl was
therefore investigated under similar @6mdition$o

The rea@ﬁion.%@tween dimethylamino tetrafluoro phosphoraue
and molybdenum hexacarbonyl produced 2 black residue whieh
was not identified but appeared to be a decomposition product.
However, bis=dimethylawmino trifluoro phosphorane reacted widt
molybdenum hexacarbonyl to form & pale yellow solid. The
infrared @gpectyrum of the solid showed three absorbtions in the
eavrbonyl region at 2100, 2041 and 19h2 cm ®*. These absorbiions
were similar to bthoge of molybdenum pentacurbonyl methyl
cyanide complen™ ,Mo(C0)sMeCN which occur at 2083, 1948, 1931em
and suggests thuat the yellow golld lz the molyhdenum pente-
carbouyl bias-dimethylamino trifiuoxe phosphine couwplex
Mo{C0) PPy (WMo ) no

The formation of this complex confirms that bis-dimethyl-

anino t¥ifluvoro phosphorane is more likely to be & stronger



eoordimbing agent that &l@@bﬁj&&mlﬂﬂ setralluoro phosvhorana.

The use of these gompounds 89 coordinating agents 1g
worthy of Turther iunvestigution. Bis~dimethylamino trifluoro

phogphorane may also be found to behave as o bidentate

ligand since the nitrogen-niitrogen intera

vowmie distance
{~ 2.58) is suitable for chelation to btransition-metal lons.

«.—.;a



Ernerinental

ol

FPaosphorus pentafluorids wae prepared from phosfluorogen
(Ozmaxk WMaboning Compuny). The aryl diazonium hexafluoro-
& a o
phosphate was heatod o 150C whew 1% decomposes according ko

the equation.
rN wn
AxW 2 ’ PR @& “mm:> Arieel 2 +PE )

The welatile products were pasesd through two cold
traps ab -70°C¢ (s0lid carbon dioxideracebtonme slush) whick
condenged out the organic gomponents and then thicough a tray
at <196%¢ (ligquid nitrogen) which condensed out the phosphorus
nentvafivoride.

Phoaphorus pentafluoride obtaiped in this way contained =

ittle silicon tetrailuvowride as impurity (ldentified from iis

infrared gus epactrum) and was purified by distillation at

2

=120%¢, {ether-liquid nitrosen slush), when the more volatile

gilicon tetrafluvoride was removed first. The phosphorus

pentafluoride remained in the soldirap ws & pure whits solld.
Toluwene was dlstilled from metullie sodium the fractionm

P .o . & " %] 2 2 e o mpay i 3
bolling at L1070 being stored over sodiuvm wire.

Bondj

}4

feta

methylanine and ebhyluownine were obtained in sesled
ampules and were dried by distillation st -78°C before usa.

Methylawine was obiained Lrom ite alechol solution by



reaetion with potassium hydroxide p@lle%@ and‘colle@tihg the
volatile material., It wes purified by distillation at =78°C,
the purity being confirmed from its infrared spectrum.
Diethylumine and di=propylamine W@fe distilled at their
boiling points (5h°C und 110°C respectively) and stored over

moleculer sieves (Type 5A).

Preparation of RHOBHNOTUS pentafloride &im@ gl&m ne_oadduch
(PP NHeaH) . -

Dimethylamine (2 mls.) and toluene (10 mls.) were

condensed at ~196°C into the buse of & sublimer tube and
warmed to =78%¢ to cavse mixing. PFhosphorus pentafluoride gas
was condensed into the mixture when a white solid was produced.
When no further absorbtion of phosphorus pentafluoride occurred,
even om vigorous shaking, the velatile products were removed by
pumping under vacuur at room temnerature for several hours.

The ndduct was then sublimed at 60°C and 107 mm. pressure onbo

=74°¢ cold finger &5 & white crys$alline solid. Vield L ga.

Anaivede %=1l .l $H=h.3 YWH=8.2 #P=18,1 =5

LSS

5.5
CpHaWPFg requires ®%C=1h.3 $Hel.d @H=3.1 #r=18.1 ¢$P=55.6

-

Prepapation. of dimethvlemino tedrafiuore vhosphorane(PF.1Mes)

SR

() Prom phosphorus pentafluoride dimethylamine addueto

The phosphorus pentafluoride dimethylamine adduct prepared

above was plaeced in the vacuum line and heated in a closed
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syaten under a few mm. pressure. A =196°C trap rewoved
any volatile mwterianls produced in the decomposition. A6
100°C the complex melted aznd began to decompose. Furbher
heaﬁing to 15Géc (using an oil bath) caused the melt Ho
resolldify and no more volatile material was obtuined.

The =0lid in the =1.96°C trap melted quickly %o a
colourless ilquLd Whi@h contained a truce of gilicon tebra-
fluoride if%om infrarved gas apectrun). This was removed and the
3 and *°F nuelear magm@tiﬁ regsonance spectra 8howed the
liguid %o be pure. Melting point =78°C boiling point =
60°C exs)  V.Po(0°0)=ilmm. V.¥.(22°0)=116mm.

Al‘éil Lygla wC=15 7 PHmlL, ] B=9.5 %P=20.9 $P=5l.6
CaHaWPF, requires B0=]0,9 BH=R,9 WH=9.3 AP=20.5 $R=50,3 M.Ws.=1f

5y Erom sulnbolane solution

A BZh wound bottomed flesk was connecbed o the vacuum
line with an adapter fitted with & BL9 Sqék@t at an angle of
60°, This sllowed a bent BLY sidearm tube to be wobeted
through 180° snd this was & convenient method of adding a non=
volatile liquid or powdered solid o the reaction mixed undew
reduced Pressure. |

Dimethylamine was condensed into the round bottomed flaslk
at - 96°C and warmed 4o =78°C, Phosphorus pentafluoride

was added until no further absorbtion occurred. The mixture



wag warmed to room temperasture and %uipﬁsl&n@ {tetramethylens=
sulphone dried over lithium hydride and distilled under

vacuum) was dropped onto it from the sidearm. The excess
dimethylamine was removed by warming wnder high vacuum. The
mixture was now heabed on sm oll bath, the volatile producs
b@%weeﬁ 100 and 160°C being condensed into a cold trap. This
was shown by its infrared gas apectrum Yo cousist of dimethyl-
amino tebtrafluore phosphorane PF,Nleg and bls=dinethylamino
trifluoro, phosphorane, PFz(iMezbh. The more volatile PR.NMes
was peperated From the PPg(NMez)e by distillation at 50°C undew

high vacuum.

Preparatlion, of diethyvlaminoe tetrafluvore vhosphorane PR.NEdg
Diethylumine and focluene were condensaed inbto a reaction Hul

» - 13 AR 5, e ® - !
and were warmed to ~70°C. Phosphorus pentafluoride was absorbea:

]

until reactlon was complete dchulkjn” a white solid. The

toluene was removed by diatill&tz&m under vacuum leaving &
sticky white eolid. This was heated on an oil bath to 85-90°¢
vhen 8 vigorous evolution of diethylawnine, (identified by ite
infraoved gas spectrum) occurred leaving a white crystulline
solid. Purther hoatiy ng of this solid to 100-120°C produced

decompogition apd a volatile liquid was condensed out. This was

D‘l

pure diethylamine tetralluoro phosphorane, PR,NVEt, melting poins

73°C  V.P. (19°C) = 25 mme



. . o o b 7 " . o . e ey o
dnpdyalds HO=2Y 0 Bi=S T FM=T.9 $P=17.2 PF=ka.5

CalyoRPPR, requires %0=26.8 %H=5.6 W=7.8 $%P=17.% #F=h2 L

Ereverabion. of di-n-pvopviamine betralluoro phosphorune PRNEPr,

pLXest s

Mi=n-propylomine and toluens were condensed intoe a wreaghic
Flask at =196°¢ and warmed to -78%°C. Phosphorus pentafiuoride
was shsorbed and deposited a white solid. The toluene wasn
removed at room temperature under vacuun leaving a sticky white
gsolid. Thin was heated slowly,causing 4% to lose di-n=propyl=
amine (identified by its infrarved gus specbrum); this loss
beconing rapld at 80=85°CG, The solid wam now heated 4o 225°C
or an oll bath snd the volatile portion was collected as &
white solid, which melted o a viscous liquld. vc?etgajﬁ§2&mm,
Phe ¥ and **P nuclear magnstic resonsnte speotra were Yery
mimilar o BtalNPR, and Ghis together with the vapour pressure,

e §,

identified the liowld s FealPPFq. Phe product was nodt furshes

o

jdentified.

Prepavaiion. of bis~dipethylanine trailucre phosvhovans PRy (Wie,

(ol Prom Phosvhorus pentaflvoride

Dimethvyliamine was condensed tnto a reactlion flagk et = Gl
and warmed to ~78%°C. Phosphorus pentafluoride was abasorbed
seusing the dimethylamine to become more viscous until i
became & glue. When no more gus was absorbed the wmixture was

heated gradvwally to 100°C; {the gas svolved being dimethylamine



i
#

(identified from its infrered spedtrum). As vhe dimethyl-
anine was removed the mixture became #%ill more viecous 8o
bhamgon coollng, 1t graduslly solidified. It was now heated
$0 250°C on an oil bath, the products volatile betwesn 1207¢
and 250°¢ being condensed at <196°C, The volatile produsts
were found to consist of dmmenhyi%mxﬂ@ (which was readily
repoved by pumping under vacuum ab =73°C) and a slightly
wolatile liguid which wag found o0 be bis-dimethylanino
trifinoro phosphorane [PF;MMeplazle This liquid was purified

. . . ¢ ] '
ouating 1t under wvacuunm at 070 through 9%&6 G Trawn

gama

waah

M‘l

oy
(acatone-carbm dioxide) which gaparated 1t from btraces of
dimethyviamine, a8 & white highly crvsialline solid which
nelted o a @olm&rl@%& riguid.

Melting point ==22°G. V.P. {20°C) = lumm.

fnalvais B2 T L EH6.6 JF=lb.0 $P=17.5 #P=133%.0

CollyaNaPis requires $0=27.3 #is6.0 M=15.9 9p=17.6 $P=32.0

(v}  Pron dimethylamine tetralinora nhosnhorang

Bgual volumes of gaseous dimethylamino tetrafluoro
phosphorane (~ lg.) and dimethylsmine were condensed ab
(&} N o c
1967¢ wnd warmed uniil they melted. A vigorous reaction
ook place and & white =olid was deposited. On warming to
il
roown temperature the solid meldted to glve a clear liguids

This 1liguid had a vapour pressure of approx. 3Jcms. at



room temperature and was found o be & mixture of ble-
dimeshylemine trifluoroe phosphorane and dimethylawine from
ite infrared spectrum. No dimethylemimo tetrafluoro
phosphorane was observed. After the volatile products were
removed, the regidue was sublimed at 80°C under high vecuun
andl was identified asm tﬁe dimethylenine phosphorus
pentafivoride adduct from its “°P nuelear magnetic resonwnes
speotPwi. Only a trace of regidue was left after
sublimation. This suggests that the weachion can ba
repreaented by the following equation.

BYR.les + NMegH——>PPs (HMeg)n + PFaNMasH.

(e} Pron sulpholene solution

The apvaratus designed to prepvars dimethylamino
tetrafluore phosphorane, using sulpholane as solvent,
was used,

Phosphorus pentafluorid@ reacted wilth excess of
dim&%hy&&m&n@jaﬁ =73%C and the reaction wixbura was warned

to room tempevature. Sulpholane was then poursed onto the

et

mixture from the rotating gidéarm‘anﬁ the mixture was healed
under vacuum. The initial vwolatile product wes dimethylamnineg
and at 100°¢C some dimethylamino tetrafluore phosphovane was
produced. This rencted with the dimethylamine in the cold

trap $0 form & white solid. Further heating produced blg-
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dimethylawine triflucro phosphorane which was separated by
fractionstion through & ~h0O°C trup as described ahove.

Bisegiethylemine trifluoro vhosphorane

Bhd >

()  Frop Phosnaorus Pentafivoride

FPhosphorus pentafluoride rescihed w1th diethylamine a3

ite melting point {wbﬂ“ﬂ) {acetone-carton dioxide) 4o form a
aticly s0lid. TPhis s51id was heuled tw_ﬁﬂuﬂ for one hour

und ey vacuum. This isg the maximum temperature Qb@aimabl&
without vigorous Jn gg of the excess of diethylanine which
peours ot 85-96C. The volatile materials collected in

a ceold trap congluted of di@thylamiﬂ@-iid@nmifieﬁ by ite
infrared spectrum) and a high melting slightly volatils
Piguid. The diethylamine was removed byv pumplng under
vaoaws ah =070 (ioe =2:00% mixbure) until a white ervvahalline

aolid wag left in she onld 4Grop. This was bils-disthvieomino

ahs
e
L
-

sriflucro phosrhorans PP, (NEta)e. Melting point =

Analysig GU=LL g DT =12 .2 wP=1305 w2l

Fi

PRy reguires wl0=hl .0 $H=E .6 G=lz.1 wb=13.0 wli=2lL. 6

St

o phosvhorsns

(2]

LT et Qb e Lavrn Lo o e -y
(B} From.disthyleming Selvafluor

$3 BRI

Haom,

dethylemino tetralluoroe phosvhorane und excess dlethyl-
sine were condensed a% 19670 dun 8 nuelear magnesic resonuno:

Hube. The initial whibte solid which formed dissolved on



warming in the excess diethyluamine to give a clear solution
AYPE nuelear magnelic resonunce spectrun showed diethylamine
phosphorus pentafluoride adduct and biswdi@thyiamino
trifluoro phosphorane were nredent, suggesting a wreaction
had occurred similar to the &drréﬁpending methyl compounds.
This reaction was not lovestigated further.

Attempted prenaration of tris—disthylemine difluoro phosnhors

i B e s ) 2= ey

() Bis~dimethylamine trifluoio phosrhorane and dimethyiamin

.

Bis=dinethylamine trifluore phogphorane (0.5gs.) and
dimethylamine (0.lg.) were condensed into a large tube

5,

fitted with a break-seal sidearm. Phe tudbe was then heated
p & o - o~ i - = L . . . o

at 1207C for 12 hours after which 2 clear liquid waz left,

A PR pnelear marnetic resonance spectrun showed only hige

dimethylamino trifiuore phosphorane.

(b} Bis-dinethylemino trifluore vhosphorane and triss—dimethy

P RN L ATt RPN St

amino. vhosphine P(¥Hes) s

Rt

The preparation of the triawdimethylamimo phogphine ig
described in Chapter 3. Bis=dimethylemino trifluore
phosphorane (0.5 gs.) and $ris-dimethylamine phosphine {(G.hge.
ware heated in a sealed tube 2% 120°¢ for W0 hours. The
wvolasile products were condensed into a nuclear magretlo

résonence tube 2nd the ¥ and *®P nucleur magnstlc resonancs

ppectre showed o nixture of bls-dimethylawnine fluoro
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phosphine PF(WMezls and tris-dimethylamino phosphine,

Littlie white solid realdue was not identified.

() Eﬁj?méL,@&hﬁ;umiﬂo phogphineg. chloprine and sodivm

<)

Trig-dimethylamino phosphine weacted with chlorine at
«73°C and atter removal of the excess chlorine a pole yellow
80lid remained. This was digsolved in sulpholane and heated
to LE0-1h0%C with 8 large excess of scdium fluoride., The
yallow solid became orange=brown and a 1little volatlle producg
was obteined. This was identified as bis—=dimethylaming
trifluoro phosphorane From its *°P nuclear mugnetic resonancc
apeat Fu.

(&) 9Trichiore difiluoro. phosphorane and excess dimethylaning

A,

Prichloro difluoro ph QWO?:Q {a gift froo the

University of Blasgow) waes reacghed with sxcess of dimethyl~

mine at =78%C. A vigorous reactlom took place and a

2
&

white solld was deposited. Distillation of the volatlile
material under vaguum on & warm water=hath gove only
dimpethylanine,

Reachion of phosvhorus pentafivoride with nethyianine

Methylamine was condensed into a cold reaction tube at

g @ 4 5 . ) a
~196°¢ and warmed to =78°C. Phosphorus pentarluoride was

i..«“-(
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(O &%éorb@ﬁ@m@éawhite solld was obbtained. When abasorbition
ceased, the solid was heated to 270°¢, the volatile materials
being condensed into a =196"C trap. Only s itrsce of volatile
liguid was obtained even on uging & ge. of phosphorus
rentafluoride.

If the thermal decomposition of the phosphorus péntafliuvori
methylamim@ compound wag cémplate& in 1,methvl napgthalens as
solvent, at a ﬁemp@r&ﬁur@ of 160-180°C, a small quantity of
liguid was. obbtained which had ddentical infrared and 8P
nuclear magnetic resonance spectra to the brace amount deseribe
avovd.

-
b

Analysis of this 1 VA Jed from sample to sample and

R

£
=
e
jo]]

dld not relute to any

Yy
Juls
g
R
N
s
6

species., This liquid tended o

. . - i we - @
deposit & white =olid over & period of several days. V.P.{(20°C}

Amslysia W%C=21,.0 ¢=B.8 @=21.0 9P=l&.2 9P=30h.3
Avprozinnte empirical Formuls CulHgVNagPFg.

Reaction of phosphorus rpentallinoride with ethvlanming

------ e,

Bthylamine and pentane were condensed at =196°C und
worned wo <7370 to produce mixing. Phosphorus pentafluoride wa
absorbed by the mixture and a sticky white solid was deposited.

When absorbitlon ceased the volatile products were removed undex



vaguum and the solid puépeé under high vacuwn for 2l houra.
Analyses 7#0=1 7.0 wl=E L =9 .8 @?wj@ob Yol o %
%PFMVE?%HQWEQUL“&S Ylk216 .l BH=h, 8§ Bl=g P=17.0 AP=52.0
When the ﬂnliﬁ wag heated in 1, methyl napbhthelens an almost

%,

non=volatile liguid was obtalned with similar infrared and
9P muclear magnetic resonance gpectra to the vroducht obbained
from the methylamine resction.

Beactions_of dimethyviaming hetrafluoro phoanhorar

jSh
h'-J

l’_

Phe hydrogen chloride was prepured by the agtion oF
agueocua hydrochloric scid on phosphorus ventoxlde and was
purified by distillation at ~78%C¢. Dimethylamino tetrafluors
phogphorane wag condensed into a reaction tube at ~196°C and

) ey 63 o
warmed to =787, Hydrogen chloride was now absorbed by

(w—l.é
-
58}
]

the dimethylawino tebrafluoro phosvphorane and a white solid
deposited. After 1 hour only & white solid was preésent in the
weamuion tube. This solid was sdtable at =73°C but decomposed
on warming to glve & volstile material 1ldentified as dimebhyli-
aming testrafinoro phosphorane. The reaction was vepsated o o
gsealed nuclear magnetic resonance tube and & complex mixzture
was obtained. When the tube was heated to 80°C the nroducts

were dimethylamine phosphorus pentafluoride adduct, a littles

dimethylamlino btebrailuoro nhosnhorand and an unidentified meter:
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o

conteinine P~ honds,

U

(b} Methvl icdide

The methyl iodide was pur}fv@@ by distiliation at -78°%C.
When the dimethylaming teb W¢fguo *¢ phosvhorans and methyl
iodide were condensed at =196°C and warnmed to roon temperabure.
no visible weaction took pluce. The mixture was heated at 1L0°
for 2h hours but only starting materials were observed in the
infrared spectrum.

e ol bigedlpethyviamino txifluore phosphorans

RLEAZA

() Mqixﬁggxsmnh sxnonrhonyl

The molybdenum hexacarbonyl was purdified by sublimatlon

vnder vacuum and added to blg-dimethylaminoe teifluore

phosvhorane in a Carius  tobs in aﬁp wimately equimolar
= r (&) X ] - 3 =
proporbions. The tube was heated at 55°C for 13 hours, during

which time the mizture gredpally turned yelilow, until & yellow

solid and vellow liquid were left. The tube was then opened

)

and the yellow molld gradually darkened as the volatile liquid

g

&

tion o

i

e}

was removed under vacuum. Sublime © this golid at 507°¢C
under vacuunm yislded pale yellow crystals.

The infrored spectrun showed thieg was nolybdenum hex
cerbonylt with & small guantiity of compound which was believed %

be a molyhdenun pentacarbonyl devivative from its absorphionsg
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BEACTION OF RHOSKHORUS REHLAELUORLDE

WALE THOSPHORUS LIGARDS



Intreduchion

Although complexes of phosphorus pentafluoride with
nitrogen ligands hove been widely invéstigated®, the
yyeparm%i@n‘&nﬁ pr@p@wti@@ of Gompiéxe& with phosphoruys
ligands have not previously been repdrsed.

The reactlion of bowron trifluvoride with Strimethyl
phosphine yields the 1:l complex®? . %he cowplex decomposed
in water, ethanol and scebtone and wes insoluble in carbon
wetrachloride and cavrbon dlsulohide but wae slight soluble in
chloreform. The infraved spectrum of the 801l1d%% confirmed

that &% weg & donor-pocentor complemy the boron={luorine

=D
LB

stretehing frequencies moved from LEC em ® %o 1100 ow
indiceting the formetion of the tetrahedral complex from the
planar boron trlfluoride molecula.

The prepuration of the corresponding phosphorus penta-
fluoride, trimethyl phosphine comvlex was of interest since m
novel pentavalent-tyivelent phosphorue-phosphorus bond would
be preduced,

In rooent years many types of compounds containing
pliosvhorus-phosphorus bonds have been pm@p&f@d@@g In mos®
casen the bond ocveurs in trivalent yphosphorus sompounds Bo o
PuCly and Pu(0Hg)e while in hypophosphoric acid HyPs0s the

phosphorus=phosvhorus bond ie formed b@t%@@@ pentavalent



£

phosphorus stons. Compounds which centain elemsnte bonded
togethasr im two differsnt veleney stetes are Very PATEe.
The only other example le sulphur in which the compounds
di@mlpﬁuf ropoxide 8g0 and disulphur-difluoride®® S,P,; contain
«Mmﬁﬁﬁamdﬁﬁmm%@w@mﬁ@mrﬁmﬁﬁﬂmumWHQMWm

The complexes Formad betwesn phoéphurm@ pentailuoride
and tris-dimethylamine phosphine end twimethyl phosphlite
ghould alse econtein the pentavalent-trlvalent phosphorus-

phosphorus bond. The corresponding complexes of boron

[

e fluoride with tris-dimethyleminoe phosphine®® and
trdmetinyd. phosphite®® are unstable and decowpose to the
diméric compounds dimebhylamino difluowe borune (MegNBFa)s

and methoxy difluoro bovane (CHuORP:) .

Disensaion

Gompounds containing phosphorus phosvrhorus bonds are of
interest spegtroscoplcally us wellas chemlcally . The
nucleay magnetic resonence @p@@ﬁﬂa sphould show resonances
abtributable to both phm@phorua atoms§ th@ difference in
valency states should cause these resomances to be widely

geparated ; since the chemlcal shifte depend upon the elestiromic

surrowndings of the phogphorus atoms. In addition coupling

ey occur bedtwesn these atouws and the fluorine and



hydrogenstomng in the molecule and this coupling way produce
information megarding the strueture of the complexes,

Phe infrared spectra of phosvhorus pentafluoride phosphine
gomplezes ure also of intercst as it ﬂhémld be possible to
assign the phosphorus=phosphorus stredching vibr&ti@m; In
most of %h@ molecules containing phosphorus=phogphorus bonds
a high degree of symmeliry @xiﬁh% which éauses the stretching
vibration 0 be infrared inactive.

Beagtlon with triwvethvl and trivronvl. phosphine

A SR PRV AR A B

Holmee®d found that trimethyl phisphine and phosphorus
pentachloride did not meact at 0°0. ¥f the wmixbure was
heated o &Q@@@ the vapour pressure of the trimethyl phosphine
decreased but the resction was st1ll incomplete afteyr 2l days

tide Semperature. If trimethylphosphine and phosphorus
pentachioride wevre mixed in bromohensene a white solid was
obtained. This wag identified as (PMog)gPClyg from the ratio
of the wmuss of trimethylphosphing to phosphorus pentechleride
used. The product was not invesbtigated further.

By comparison the reaction between phosphorus penbafluorisd
and tximethyl phosphine was very simple. Phosphorus pente-
fluorids gos was rapidly absorbed by trim&ﬁhyl~ph0@phin@ Bt

=78°¢ and & white solid wuas formed. The volatile produetsy



Were $@mdwa@ mnﬂe$ vacuum and e white powder was obbtalned.
It was thermally steble and sublimed et 70°C wnder high
vaeuulie The compound wus identified by analysis snd the 5op
nucleas meonetic resonence spestzum as the 131 complex.
The *°P nuclear magnetic resonance @pé@ﬁram.in sulphuw
diowide molution was measured by Muctterties®®., It consistad
of two doublats end two guintets which identified the
compound 28 & PPz couplex. The resonsnces arise fLrom the
axial fuorine atom coupling with thé four equatorial
dflm&fiﬁ@ atoms and also o the phosphorus atom to give the
two guintets while the four eguatorial fluvorine stoms coupis
to the sxmial fluorine end phosphorus stoms to glve two
doublets. The spectrum was slmilaer Yo that of PPy complezes
A amlues. Wo coupling between the phogohing phosvhoruaz

atom and the fluvorine atome J was obeerved. The other

P

soupling congtants are J?mp = Tié ofs Jym@ = 775 of8
- P B, Wi &

J“y@ T ¥ 52 o/8.
& ®

Yhe infrared spectrum of the complexr was recovrded in
Fujol. The detells are given in Teble $ in which the spectrusm
is compared with that of trimethyl phomphine and the horol;

trifivovide trimethyl pheosphine complex .
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rad_ sueskre. of trimethyi. phosehine complexes

Pm B S
(gas)
130
117
L3O
1298

1067

|
|

in the range 1500=525em >
BRyPMed® PPz PMag
(nujol) {nujol)
1h25 b0

1320
1300 1308
1188
1088 870
1060 860
1037
970 975

705
708 690
675 660

5 : , ,
* Brpested below the range of the insbrument.



Phe pimilarity belween the speéctra of the boron trifiuoride
and phesphorus yentafluoride complexes is shown in the

=

Table. All of the absorbtions above 90@ o TR B
complax

pheaphorus pentaflucride, are atvseibuted o vibrations of
the mebhyl p&oaphim@ group. The absorbtions at 470 and
800 sm ® sve assigned to the phosphorus-{inorine stretching
vibrations of the PP group while the strong absorbbion
at 660 on ® ie mesigned o the asymmetric phosphorus=carbon
stretehing vibration, which occure &% 717 wnd 707 om

in the infrared spectrum of trimethyl phosphins.

The Swi-n-propyl phosphine complex was prepared by the
reastion of phosphorus pentallueride with tri-n-propyl
phosphdine at 20°C. It was purified by sublimation at 120°C
under high vacuume.

Phe otablility of these complexes is congidered along with
the abability of the other phosphine ccomplexes at the end of

the discuesion.

Reseblon with tris=dinethviemine vhosnhine

ZERA I ot A Eyehy

The laterest in tha coordineting properties of trisg-
dimethylaminoe phosphine arises from the posslbility of

coordination Shrough both the vhosphorus and the nitrogen atoms.
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The weaction of tris-dimethylamine phosphine with & wide
range of transition metel compounds has been sbudied. King®®
preperaed complexes with metal carbouyls and subatltuted

metal carbonyle, and Noth prepared complexes of tris=
dimethyianine phosphines with metal nelides2® Tne gomplexss
were isoleted as etable ecrystalline sollds.

The complexes formed bebween tris~dimethylemino phosphing
and pop-motal aceceptor molecules are unstable and deconpose bto
yleld o mizture of products. Holumeg™rearted boron trimethyl,
boror t¥ichloride and boron trifluvoride with tris=0ivethyleming
phosphineg and cbtained the dimerie dislikylemnino boron dimethyk.

3
dichlorice and diflurride (Mea¥BRy)q (B=CHg 01, P).

A poseible explanetion of the varlation in the stability
of tris=dimethylamino complexes with wetals ond non-metals ls
that in the former the phosphine is coordivated through 1is
phoaphorus aton while in the laitber the coordination occurs
bhrough one of the nitrogen atomg.

The reaction of twris=dimethylemino phosphine with
phosphorus pentefluoride was investigated in owrder $o @@%éfﬁing
whether coerdinntion occurrved throeugh the nitrogen ow

phosphoxrus lone palr of electrons. :

ihe selution of tris-dimethylemiino phosphine in pentans
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at =70°¢ sbsorbed phosphorus p@ﬂ%aflwaride'&nﬁ deposited a
white solid. When absorbbtion csased, the volatile products
were womoved ab f@@m temperature and » white powder was
obtained. %Phe anelysis cf @hia powder confirmed that 1t wase
the 1381 twils-dimethylaminoe phosphine phosphorus pentaifluoride
compler. FPg.P(WMeg)so

The complex was stable at room tempeyature and sublimed
at 70°C uwader high vecumm. However, the pale yellow Smhlim&ﬁ@
was very unsbuble end fumed in sir. The insbabllity of the
sublimnte eompared with the complesn suggested that decompositi o
had taken place during sublimation. IJecause of ite reactivivy,
the anslysis oﬁ the sublinete was not obbained.

If the somplex wee hested o T0°C inm a closed system
the vacuum line, an initial increase in vapour pressure wes

obgerved but thle quickly subslded. The white solid 814 not

I

seen to change Turther unti ~E@ °0 when decowposition ﬁ@@k
place and She vapour pressure steadily increased. The °P
nuclear magnetic resonsnce spectra of the volatile products
identified them as dimethylanino tetrafluoro phosphorane and
bis=Qimethylanine fluoro phosphine, PP(WMes)s together with

a little bis-Qimethylamino twrifluore phosphorene and dimethyl-

soing difluore phosphine PPplies.
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Pho decomposition of tris-dimsthyliemine phosphine
phosphorus pentalluoride cun be reprosented by whe following
gquationd.

I?F@ ?(Rgmﬁﬁﬂ)&) cwcunhy PF@W@@ o PF(N@Q&‘@);;
=% PPg(Nleg)a + RPsliMen

The infrered spectrum of the @@mplem was recorded im
the f@éi@% BO00=4OD cm * om & Perkin Flmer 125 spectrophobometen
The debails of the spectrum are rogovded in Teble 6 in which
they are compared with the absorbtions of tris-dimethylemino
phosphine and the molybdenum pemﬁ&@g@hmmyl trigs-dimethylemino
phosphine complex. The specirum of the tris-dimethyleming
phosphine @@pgﬁhemum pentafivoride complex contalned very
broad absoxbtion bands due to the difficuldy in obitalning
a good null. WNo assignments of the speetra were possible and
very few @on@lﬁ@ion@ regarding the strusture oif the tris-
dimethylamline phosphine phosphoruvs pentailuoride complex can be
drawio

The structure ol the complex canpmot be dedused from the
infraved opsctrum since the phosphorus=fluorine siretching
vibrabion which occurs at 840 cn ® im similer %0 those of abher
phosphorue pentaflluoride complexes with elther nltrogen or
phosphorus ilgends.

Bhe *H, *°P and ®%P nueclsar pagnetlic »esonance spectra

off the complex were cbserved in sulphur dloxide and



PABLE 6,

Infrered Svectre of tris-dimethyvizmine vhosehine comnl.exes

S AR

in the range 1500=400um *.

PPoP(NMeg) s P{Mea) o Mo(CO) oP (WHes) g
(nujol) (Ligquid) (nujol)
mgs 158 55
1333 1260 1251
1187 1393 1178

1150
1069 1058 1058
997 9 968
950 982
932
8ho
TRE
739
692 668 6588
&Th.
Bl 642 &hs
609
557
525
lyon k97 505
WTL 118 1535
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douters scetoaitrile solution. The ®*P gpectra of both
solutions eonsisted of.& heptuplet and indicated the
presense of hexaflucro phosphate ious. The *H spectra were
compiexr) the main resonance was & single line which

suggented that the compound producing the resonance did nob

1

conbain phogphorus &8 no phosphorus-hydrogen coupling was
observed. The P spectra confivmed that the mein produst

was @ hexafluoro phosphate ealt, but in addition, the gpestrun
of the sulphur dioxide solutlon showed the presence of otheyx
COMPOUNG B¢

One of these compounds producsd 2 resonence of fouwr
doublets which could be assigned %0 the four equavorial
fluorine atoms in the complex as follows. The coupling
songtantes (Fpp = Thoe/s dy p = 558/8) and the chemical
ahify (%@w =1.0 ppm.) are similar to those of other phosphorus
pentafliuoride complexes. (Table 3).

The remaining coupling constont is small (v 7e/s) and is
belioved to be due to the coupling of the four equatoriel atoms
with the phogsphorus atom of the phosphine. This coupling
conatant had not been previously observed in phosphine
complenes e.g. PPsPles mnd WPePHy ®° probably because the

coupling constants in these cessas were too small to be
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measured. The resopances attributed to the coupling of
the awial Lluorine atom were wnot obmerved since the
goncentration of the complex was go small that the expected
regonance of two gquintets could not be distinguished from
the h&@kgfouﬁd noige of the instrumenty.

This eassigmment of the *°CP @p@@%rum is supnorted by
the obsewvation of a similer set of resonunces (I doublets
in the YR apeetrum of the decomposition of trimethony
methyl phosphonium hexafluoro phosphate in deultero acetonltrile
In addition %0 the ¢ Joulalate th@ quintets were also observed.
Phe coupling constants (JPMF = 7600/ J@ = 56.56/8
J.’f:’w@ = §,50/8) and chemical shift (¥ » aﬁ%’a(}pﬁ@' Were very
gimllar to those described abovea.

The coupling constant of éaﬁgj@ is similar in value to
that obtalined when e methyl group iz dirvectly attached to 8
phiogvhorus aton in an orgaro-phosphorus=Lluorine compound.
Howesweyr it 1s nob possible to devise m?“u@uures of phcaphOfu%
penﬁ&ﬁlmggi@@ compounds in which @0%@3;&3 occurs with e single
aydrogen atom in both these T@@@ﬁig@@f Because of the
similarity im the coupling constents Jp.pn (6.5¢/8 and 7.0c/s);
the complexes are postulated to be cooxrdinated through the

phosphorus atom rather than the nitrogen or oxygen atomng.
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The observation of the small concedtration of the
tris-dimethylamino pheﬁphin@ complezx suggest that rearvangement
muet be taking place in solution. I& was ﬁo% ﬁoasibl@ Bo
identify the cation although the single fé@oﬂ&n@@ in the
&8 gpagtrun suggested the formatibn of & methyl ammonium
lon wakher then the Aimeathviamino ﬂhm@}g&mnizm 4.00.

reactlon with ocrimethvl nb@ﬂmnzb@o
Resgtion witbh brimethvi phogphite.

Phi reastion of trimethyl phosphite with phosphorus
penvafivoride was investigated, in ovrder to obtain infornation
on whebther the a@@réinatiam in the complex occurred through
the phesphorus or the oxygen atoms. Houbeau®® reacted boron
@fiflhﬁ?&@@ with trimethyl phosphite apd obtained dimeric
methony @iflucro borane (MeOBPglage

Primethyl phosphite in ebher of pentene solutlon
nbesorbed phosphorus pentafivoride o form o white solid. The
volatile productes were removed ab wEGQG under vacuum and the
ﬁolﬂ@ was obteined 28 & walte pﬂﬁ@ﬁba The powder seened o be
shable at «20°C but became moisd at 0°C suggesting that
decomposition was taking place. The wmesablility of the compoun
at this tenperature prevented ldentification by analytical
or Spectroscopic means. Yhe simlleridy of this compound e
that . of the other phogphine complexres lmplied that 1t was &

121 $wimethyl phosphite phosphorus pentafluoride complex.




The solid decomposed rapidly st 20°C, and evolved
volatile materials which were removed by condensing them
in o trap et «196°C. During the decomposition the solid
remained ﬁfy and powdery which suggentsed that\g gimple
deconposition was probably occurping in which all the
produets were wvoletile at wroom Ltemperaiture. After approx«
inetely anm bhoux the sollid had completely decomposed and
only & twace of very visgous liguid was leld Ilm the reaction
flask. Phe pyoduct in the cold twap consisted of & white
solld, pert of which welted at very low temperature ({ =100°G)
zné pexrt of which melted at approx. =78°C. The liquids
ware fractionated through ﬁﬁwa@ traps at =78°C =95°C ang
=196°C respectively. WNo product was obieined in the =78°¢

4

trap but & eolourless liguid was présent in the «95°¢ Trep
and @ white solld was obiained in the =196°C trap. The
volatiilty of the products at =78°C suggested that & simple
decomponidtion has taken ploce in Whi@ﬁ the produects were
moloculen with low molesular welghta.

A guansitative study of the volatile products by
weighing the fractions in sealed ampules was nolt conclusive,
The wass of solid in the =196°C $rap wes 0.22l gs. while the

wass of Liquid in the =95°¢ trap was 0,465 gs. The most
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likely decomposition remttion (in view of the decomposition
of $he tris—dimethyl emino phosvhine phosphorus pentaflivoride

@omﬁlég) iw one of the following

(11e0) gPERy o (MEO0) p PP + MaOPP, (1)
(1M60) gPEFy  cnmeup MROPRg  + (Me0) iy (2)

If the decomposition followed squation (L) the molid in
the =196°C twap would be methoxy tetrafluore phosphorane
while for equation (2) the wost volatile produst would be
mebhoxy difluoro phosphine. The ratio of the weights of
the products %%%%%1 ig moxe closely related to the ratio
of the molecular welghts of the products in equation {1)
%%%* than those in aguation (2) %%%‘ o Thia'would
ﬁugg@aﬁ that the intermediates arﬁ m@thoxy‘tetr&fluora
phosphorane end dimathoxy flup?@ pho@nhim@ ra%hér than
ﬁim@thexyi twliflnore phosvhorane and methoxy dlfluoro
phoaphine hﬁﬁ the Lormation of other produect e.g. methoxny
@if}ﬁ@?@ phosphine oxide (Hg0POP,; and methoxy methyl triflucre
phoaphnr&n@ CHaO0P(CHa) Py is also possible.

fhe liguids in the two traps began to deposit colourleus
solide o% 0°C. This I1ndicated thet frectlonation wes
not complete since dimethoxy fluowe phogphine and methoxy
difiuore phosphine are thermally stable.

The solids were formed in an exosthermic veaetion in



which ¢the %@mp@r&tgre of the mixbures lncreased from 20 %o
~AB0%C. A8 solidificabion occurred, a volatile meterial
WA p?@@mc@é and the TaPpoOUr pr@@smfé inereosed sherply.
When the fovmmtion of the solld cosked éﬂﬂ the mixture
cooled %o robm semperature, the volatile ﬁ&%eyialﬂ were
removed and & whit@ cryatal line 50lid ﬁa@ formed. It was
ldentiftied By @ﬂﬁlyagm s %rim@%homy m@ehyl phogphomxum
nexefluore phosphatbe (CHu0) P CHp PPe” s The compound wes
obbained in falxly lavge quantities ond seemed o be the
pajor product in the weaction. Thé compound is the firvet
Bimple @ﬁy@%allino intermedliate in the Michsellis Arbuzov
rearvangement to be isolated. The pPoperties and
d@@@ﬁp@@i%icm of thig compound are discussed in Chapber IIL.
Phe wvolatile ligulde which formed the other preducts
of the reaction contained several components, most of which-
could be identlfied from the °F nueleayr magnetic resonance
apeetrin the detulls of which ave given in Table 7. The
quantities of each liquid obteined veried with each
experiment and also depended upon the mblvent used. I
ether was used as solvent, the produets were methoxy Alfluoro
phosohine oxide {CHgOPOPg) methoxy difluowo pﬁoaphin@
(CHaOPPg) and & little methyl diflucro p&o&phin@ oxide




Fig. L Nuclear magnetic resonance spectra of methoxy

difluoro phosphine oxide




(CHsPOFR) » When pentane was used ag solvent none of the
latter compound was present bub anobher liquid believed <o
be dimethoxy £luoro phosphine (CHs0)oPP was obtained,
Hethoxy difluoro phosphine oxide hus nob been repﬁmﬁ@d

in the literature slthough the ethyl and phenyl derivatives
are well known®%®., It iz & colourless liguid boiling point =
76°C whieh omly fumes slightly in aiw.

The degomposition of the trimethyl phosphite phosphorus
pentafivoride complex can he T@pﬁ@ﬂ@ﬂ%@ﬂ‘hy the £ollowing
equati on.

2{GTG0) o PPRg (cﬁgo)@%amﬁmﬁ + QNgORPOPg + CHgOPRghCHgPO!

Although the @qu&ﬁioﬁ described thé £inal products
the reuction must be more complicatéd than this but, unsil
further detalls of the volatile intermediates are known, no
positive explanation of the decompositlon is possible. A
sbtudy of these volatile intermediates by observing the H
2P and 2P nuclear megnedic resonance svectra at low
temperatures would help in understanding this reachbion.
Reaction with.txiethyl vhosphite

Trdethyld phbﬁphit@ and ether were condensed into a
reactlion tube and wafmeﬁ %0 =78°C. Phosphorus pentailuoride
WS éb@orh@d by the mixture untill excess phosphorus penta-=

fluoride was present. The nixture was warmed o 0°C and all
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the volatile materials were ryewmoved undery vacuum Ho

leave & white solid. Above 0°C the molid begun to dccomposem
imi& simidar m&nﬁér %o be analogousn tyimethyl phosphite
compound. However the decomposi%im wes much slower and

the mizture had %o be warmed to hO®C for 1% o procesd wh

& Teasonable rate. The a0lld wus eompla%eiy degcomposed
after approximaiely 12-2l hours. The volatile produects
which weye removed during . the degomposition consisted of

2 white molid which melted at ~ ~73°C into a colourless
liquid. The liquid wam fractionated through =78°C and
=196°¢ traps, the forner of which containsd a colourless
liguid and the latter contalned a white solid. Both of
these Lrastions deposited white sollds at room temperature
which suggested that complete fractlonation had not been
obtained oxr that further_f@a@%ian had occurred. The
formmilon of the solids gometimes took several days coupared
with thelr immediate formestion in @h@ t%imethyl‘phosphite
reaction.

The slowness in sollid formation was due to either a
different d@@@ﬂﬁa@iﬁinﬂ path belng followed or %o
r@&framg@m@n$a b@ing gslower vecause of a @ﬁ@fie'éff@@ta

After four days the volatile products were removed aad

were identified by thelr *PP nuclear magnetic resonunce speebi
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the detzile of which are given later. Several products wewre
always obtalned and those compounds prodused & very complex
sg&w%%um@ The liguids were therafore distilled atb
atnospheric pressure and three frastions boiling poings
50°%¢, 85°C andlls®=120°C were obtained. The PP nucleawr
magnetliec resonance spectrum of the 85°¢ frection identified
tﬁe product a8 ethoxy difluoro phosphine oxide EtOPOFy which
contalned & trace of ethoxy di fluoro phosphine BLt0PPy. The
hO®C fenetion consisted of ethoxy difluoxo phosphine and
ethozy dirfluoro pho&phin@'oxid@ together with ancther produes
which wag believed to be dlethoxy filuoxo phosphins
AB%0)aPF.  The 120°¢ fraction econsisted of ethoxy difluoro
phrosphine oxide, ethyl difluorce phosphineg oxide (BsPOPa) , &
Little hexafluoro phogphate ilon (MPR,) and diethoxy fluore
phosphine oxide (E40) PO,

The solid obiained from the reuction analysed %o
triethyl ozonium hexafluoro phosphate (EtgC Pb@ o The
iH nuclear mognetic resonance spectrum of this crude s6lid in
deutersacetone GDHyC0000: aolubtion @howéﬁ one very strong
ethyl wresonance and & amell concentration of a second ethyl
resonenee which digappeared in approximstely ten minutes.
A solid obtained from another resetion between triethyl

phosphite and phosphorusg pentafliuoride analysed to diethoxry
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diethyl phosphonium hexalluoro phosphale iﬁtolgfﬁtgPﬁg'o
Unfortunately the “H nuclear magnetic Tesonance specstrum of
this produet wes not obtained due to the lack of a
suitable deuterated solvent.

One poseible explanatlion of thise variation would be
ﬁhé préssﬁ@@ of some diethyl ether phosphorus pentafluoride
complex 18 the first reactlon which was not present in the
pocond reaehtion. The complex Formed tyriethyl oxonium
hezafluoro phosphate as the stable solid while in the
second -case when the diethyl ethewr complex was not present,
the reuctlon procseded in & similay wanner to the corresponding
trimethyl  phosphite complex.

Bewaugse of ﬁhé poxieity of sertain products from the
yenesion of triethyl phosphite and Phosphorus pentafluoride;
no further identification of the veaction products was

atbempbed.,
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The apaigoment of these gokpounds is discussed in the

Apvendin.



Ihe meshenian of coordinetion and dscownopition of phosnhoxus
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The meghanisn of meax&l@aﬁaggmgﬁﬁ gaeoepogiiion of phosnRorng
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penbafinoride. comoleres with pubatibubed phogphives

The thermal @tability of phosphorus pentafluvoride
complexes with trimethyl phosphine, trias-dimethylamino
phosphine and trimethyl vhosphite deersase in the following
0XaAere

MeoP ) (Hesl)s® ) (Me0)eR

Thie difference in thermal stabllity can be explained fairly
gimply i1f coovdination occurs Shrough the nitrogen and
oxygen ators of the amino phosphine and the phospﬁi@@ rathezr
than the phosphorus atom. However the gﬁabiliﬁy can also be
explained if the compounds contain phosphorus-phosphorus honds
by & move complex but equally feaslble mechanism.

In wiew of the lack of evidence regarding the coordinete

comeplexes
vond im the phosphorus pe Aftusﬁmﬁqp both mechanisms ars

digoussed below.

The discussion iz bhased on bthe reaction of phosphorus
pentaflivoride with tris-dimethylamimo phosphine. The
nechenism Lfor the decompoesition 0f the trimethyl phosphite
compler is similayr %o that of the tris-dimethylemine phosphins

complex and is not discussed.
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(a)  Qogrdinaiicn theoush. the nibreser pnd the quyeen £hons

The pogtulated siructurs of ftrisedimethylaninc phosphins

phogphorus pentafluoride complex is chown below.

e
W, o e

Mo, 7 N~ Mﬂ\,}
M ) -

-, .}f’ \\
Fégﬁﬁ

The nitrogen atom which is coowrdinated to the phosphorus
pentailunride has 8 betrahedral confipuration so that the

phosphorus-anitrogen=phosphorus bond angle ie approximetely 108

The phesphorus pentafluoridde complex which 1s formed has an
ontahedral configuration which wreaults in ths alirogen~-

phosphorus-fluorine bond angle belng ~v 20° .

The £illed By axnd orbivale on the fluorine stoms &8re ab

Py
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90" to the phosphovus~fluorine bonds snd ere therefore
directed towards the phosphorus atom of the aminophosphine
‘B0 that o fluowine bridge can bd formed by donation of

the lone pairs of elecgtrons on the fluorine atom into the

unfilied & orbitals on the phosphorus abom.

The rearvangement of the trig-dimethylamino phosphine
into dimethylemine tetrafluoroe phosphorane and big=dimethyl-
amine fluvore phosphine can easily take place by a ‘awitch?
pecurring between the dimethylemine ~woup amd the fluoerine

2% 0fle

Me,

Me) F PF

Phe f@rm& ion of small gquantities of bis~dimethylamino
trdfivors phosphorapne and dimethylamino difluoro phosphine
can be explained by o second ‘switeh® osourring after

recombination.
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(o) Gosepdinstion Shwopeh the whossherpe. abomns

The atrugture of tris-dimethylaminoe phosphine complez

in this case is shown below.

F”\«a N
\
Me,py - 2’ —3 PF.
e &
W%N

Sinee the phosphorus abtom in the itris=dimethylamine phosphine
part of the molecule is tetrahedsal the nitrogen-phosphorusd-
nitrogen bond angle is approximately 108°. The domation
of the lone palr of slectrons op the phosphorus atonm mekes

it slightly positively charged.

N
\9~‘ o

Since the lobes of the unfilled 4 g qe €

% iy e} Cmgmyag @xyg dyg and dxg
orbltals on the phosphorus atom of the phosphine are ab
90° to emsh ovher, very little overlap cen occur between

these orbitalm snd the lone pair of elsstrons on each of



However, alnee the phomphovus-~pucgnhorus-{luvoying

bond angle is 90 the lone pairs of electrons in the »

S
2n

and Py orkitals are divected towewrds the wofilled 4 orblisd
¥ w3 L
on the phopphorus atom oo thet overiap ¢on cceur 2e ghown
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The overiap permlts elegtron {leow from the p, orbital
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0f the fivorine ¢, oreital of the phosphorus
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atom. Gonssguently the paosphorun ator in ths phosphing
part of the complex showin 8ome ap®d bybridization and adowvis
g distovted trigonel bipyramidal structure. The forvmavion
she trlgonal hipyramidal structure would cause ong of the

n 3

sroups to move closae to the phosphoruz atowm i
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the phosphorus pentaflucride part of the complex,
The oebltal containing the lone palwr of electrons on Lol
nitrogen sbom of this dimethylemino gitoup cun then overlap

with the wniililed d orbital on the phosphorus atom



of the pomtafluocride. 1% 1z believed an lnternediate would
thereby form in which one fluorine and one dimethylamino

group L8 cooxdinated to Both phosphorus atoms as shown balow.

The intermediate can then rearrange o form dimethylamino
tetrafluore phosphorane and bis-dimethylemine fluoro phosphine.
Phe evidenee available suggests that the coordinstion iz moxe
Likely %o ceccour through the nitrogen aton for the following

PeaaOidi e

A8

The Fesction of phosphorus pentafluoride and dimethylomin
welmethyl silane SilesWHeg also yleldadimethylomine tetra~
Liuore phogvhorane,

The reaction is belleved to osceur via an intermediste in
which the lome pair of eleebtrons on the nitrogen atowm

coordinate with the phosphorus atom as shown below®®,

RPN

%ﬁ\ E(:'.I "“mn

] WQIB o

) = G Ma
‘ LI[D ’f 3 \b;:&a

A # ]

E;:. _— é;ﬂwm

Me,@n

S‘&

\
£ F

44."’{"



T8

One of %the finorine atoms then covordinutes to the txrimethyl<
gilyl  gwounp bo form twimethyld Tluore silane MegSilP.

Phe weaotion between boron triflucride and twis-
dim@%hgl&miﬂ@ phosphing yiélds dimethylamino dLfluoxro
borane®®e%,  Sincethe borom atom has no low energy d orbitals
available the second mechaniom is less feasible ag the
inteéernmediate which is shown in Pig.(i)is unlikely to be formed.

However the nuclear magnetic resonance spectra of the
triam@im@%hgl.amimo rhosphine complex is heliesved to ddentify
n compound which conteine & phosphorus=phosphorus bond and
indicates that the coordination cccure Bhrough the phosphorus
a% oMo |

The anuvclear wmagnetic r#&onan@@ spectre of phosphorus
pentefivoride complexes with other amine phosphines e.g.
dimethyl emino dimethyl phosphine FiegliMes may help in

underatanding the wovrk which has been discussed.
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ation with tiedmetrhyl ohosphing

w 6] RREPR AR T

The trimethyl phosphine wae prepared acscording to the
methed of Menn®® and isolated as ite silver dlodide complex .
The cowmplen wag warmed under vacuum and the trimethyl
phosphineg was condensed out &t «=196°¢. It was distilied ak
=T3¢ under vacuum Yo remove trases of impuritles (especially
modsture) o

The %wmmeuhvi phosphine was condensed into the base of
2 sublimer tubs &% 196°C and warmed to =74 "0 «Phogphorus
pentafluoride was @bsorbed by the trimethyl phosphinme at =78%C
and 2 white solld wes depositved. When absorbtion of the
phosphorus pentafliuoride ceased the volatile products were
removed and 2 white golid was obtained. TFhe solid was
sublimed at ?Q@@ uunder high vaeuum and the phcspnormﬁ penta=
fluowi&é timethyl phosphine compler was obtained as &~Whl$@
crystailine solld,
Amalysis o0 = 18,0 PH = h.&sb 9P = 30,6 %P= hH.9
ColloPPPs reaulres $C = 17.8 %H = . &P = 0.7 %9P= 7.0

Resetion. wibth Erinropyd phogphina

Tripropyl phosphine was prepared by the method of

The Grignard complex was degtroyed by edding aumoniunm

chlowride solution to it. After the reaction ceased the




agueous iayesr wes extracted with ebhere The ether wes
Gistilled off sud the phosphine Gistilled at 80-90°C at
i mw. pressure. It was drlied over moleculayr sieves.

The tri-n-propyi phosphine was poured into a rescblon
tube and attached %o the vacuum lin@@ Phosphorus penta-
fluoride was condensed by the twi-n-propyl phogphine at
room temperature snd & white solid wes deposited.

When absorbbtion ceasged the voelatile products wers

removed and bhe complex purified by sublimation at 120°C
under high vecuum.
Anglysis G0 = 7.5 PH = T.5 WP =
GpHguPPig Tequires @0 = 37.7 $H = F.5

Reasklon with twis-dipethylaming phosrhing

bk CF TN

Prig-dimethylamino phosphine was prepared Lrom dimebhyl-
amine awd pheephoxus trichloride by the method of Buwg®®.
Phe fraatlion Qistilling at 1H0-165°C at anmo%phe%'@ preggure
was eollested and dried over molecular sieves.

Analyeis GE = N0 PH = 1.2 9N = 25,7 %P = 18,9

5

G@K{A@Ngg.‘ﬁ, TaUn vires '},%C = 9}&302 511 = AL .0 ffgﬂ = 8508 %E = 10,0
The twis~dimethyl phosphine was condsnged with & large
excess of pentene imbo o reaction tube ot ~196°C and warmad

to =F8°G. Phosphorus ventafluoride ges was absorbed by the



mirzbure sand & white solid was deposliied. When absorbiion
ceaned the wvolatile preducty were removed o leave o white

POREEE o

~

Anelysis D=5, 1, PHnbh T W=l 5 PP=21.2 #P=32.7
>0

5
CallyaNalPPs Poquires $0=25.0 #H=6.2 N=1h.5 $P=2l.L $P=32.9

Thermpad. desomposition of tris-dimetbyianinoe vhonpbine

o
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vhogvhorvs _pentaflvoride complei.

b TR S ek SRty s,

The complex was heated on an oll bath in & closed gyaten
%0 cbmerve its thernal decomposibtl one A-@mall increass in
vepouy pressure wag observed at 60=F0°¢ but after a Few
minubes 1% decreased aga i ﬁmwﬁng this period the moiid
began to melt but resolidified which suggested that ﬁém@
form of decomposition hod taken placs. 4% 130°C the vapoun
pressure began to lnereese gquickly. The volatile material
was now condensed out uwntll only @ trace of dark ysllow
aolld was lefé in the btube and & white solid was obtained in
the =196%C tzap. Part of this solid welted at a low
temperature and the vanour br%@mu?@ bogan to inereage gulckly

on raiging the ﬁ@m@@ﬁ&turé@ The velatile fraction wag
condensed off and examined and Lound to he dimethyvismino
diflvors phosphine PPWlsg from ite molesulasy welght

(found 215, 116 calc. 113) and its infrared and *°2F nuclesy

pagneble Tesonswmce spectra. The other product was nob




Ldentified,

. Inm anobher experiment phosphorus pentafluoride was
condensed Sogebther with tris-dimethylaninoe phosphine into

a sealed tube at =196°. The tube was heamted at 120°C for
12 hours after which &’liqaid and & 1ittle so0lid was
obtained. The tube was counected to & frastlionating systen
and the volatile products fractionmated through at -50°C
=78°C and <196°C twaps. The -196°C trep conteined & litile
phosphorus trifluoride which was idemtified by ite ges
infrared spectrum. A complete fractlionatlion of the other
materials was not obteined bubt thé *°F nuclear megnetie
resonance gpectra of the fractions showed that dimethylamine
totrafluore phosphorane PP,NMes end a 1ittle dimethylaminoe
diflucro phosphing PPgiMen wers pr&a@ﬂ% in the =78°C twap
and bis-dimethyiamine Liuoro phosphine PP (NMezl)s was
obtained im the -50°C trup. The B sp@wﬁﬁum showed that
this fractlion also contained a Little unrescted tris—
dimethylamine phosphine P{liMeg)s.

Resotion with trimethyl phosphite

s At

Primethyl phosphite (Kodak Ltd.) was dried overw
molecular gsisves and was condensed into a reaction tube
gt =196° together with u large excess of di@thyl atheyr,
FPhogphorus pentafluworide was abgorbed by the mixture apnd

& white gollid was deposited. When exeess phosphorua
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pentailuoride wag presenty (calovlated from volume of tri-
methyl phosvhite used) the mizbure was warmed vo «20°C and

the volatile produsts removed. A8 the diethylether progphorns
pentativoride complex iz also stable at this tenperature the
mixture was pumped under vacuum at Q@$ for 30 mi@ﬁo when &
dry white 01id was obtained.

The sollid was also obtained when phosphorus penta-
fluoride was absorbed by & pentens solution of twrimebhyl
phosphite. The volatile products were removed at =20°C
to ieave a whibte solid.

Both of these solids began %o docompose at 0°C so thab
no ansalytleal or mpectroscopic date wae obitained on them.

Im view of the reaction of tyimethyl phoephine and Htrig-
dimethylamino phosphite, the solids are belleved to be L3l
trinethyl phosphite phogsphorus pentafluoride complexes.

Thernal decomposition of the hrimethvl rhosphite=phogphorus

e it G pneae

renkaflinoxide. conplax.

The complex began to decompose at 0°C, the volatile
produchts being collected ald =196°C., ‘The complete decompogition
of approximuately 3 gs. of the complex took hetween 1 and. 2
houra. After this time only & very viseous, colourless non-
volatile ligquied remained. The trap &t «196°C contained @
white @olid which melided et & low tempersture to & colourless

Lliguid.,
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The lioguld wae kevt at =78%C for ovs hour with no obvious
chonge. Phe liquid was warmed slowly from —78°C and the
pressure slowly incressed until at =20 te ~10°C it wae

3=l cmm. As the liguid approached 0°C & violently exothermic
reaction begem, a white golld was slowly deposmited and the
vapour pressure increased sharply. After approximately 1 hy.
tlhe vavour pressure was almost one atmosphere. If approx-
imately 3 gs. of complex was wsed ay shtarting material the
gvolutlon of volatile material and formation of the white
golid cessed when the vapour pressgure wes slightly less tham
1 atmosphere. If bigger guantities were used the pressure
conbinued $o invorease. When the vreaetlon ceased the volatile
products wexe condensed into o nuclear pagnetic resonancs |
tube at «196°C, The PF nuclear magnetic resopance speobrum
was always complexr and indicated the premence of several
ppecien. Diffevent ssmples tended %0 give differvent nuclear
magnetic resonancs spectra which swggested that the
concentration of the products Lformed were very sensitive vo
the reastion ceondltions. The semples which were prepared
Trom other golution degoumposed to give volatile products
which included & little methyl difluoro phosphine oxide

MePOF; and some of the isomeric methoxy difluoro phosphing.
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The third product which was always ia the largest concenbration
was & new compound which was identifled by analysis as

methoxy diflvoro phosdhine oxide CHgOPOFz. The mixbure
obtained from pentens solution sontainad no methyl difluoro
phosphine ogxlde bubt conteained another product which the
coupling constant end chemical shift ludicmted to be dimethoxy
phosphing.

Fhe new liguid product woas purified by teaking th@ last
fraction remmining in a ~738°C twap which was belng pumped undsm
vacguum oF by distillation at atuospheric pressure when the

Tiquid distilied at 76°C. The *H and 7P nuclear magnetic
reponance sveebras showed thet the liguid was methoxy difluore
phosphine oxide CHgOPOPz. VP(0°C)=Rimm. VR(20°C)=62mm.
MES mx&ﬁéﬂalegllé)g
Anelyels B0 Y B2 .8 HPedbo.b PP=33.0 [(H0=07.2]
OH%QQQW@ requires H{=10.3 $=2.6 $F=26,.7 $P=32.0 40=17.5

Reaetion with triethyl_ phosvhite

Reranes of the boxic nature of the products of this
reaction extreme care must be teken in hendling them.
Triethyl phosphite (Rodalk) was condenmed into &

reaction tube together with mn excess of ether. Phosphorus



pentaflivoride was absovbed by the mizture until a elight
excess of phogphovus pemtafluoride 8 telethyl phosphite

was obbained. The volatile products were removed st =20°C
0 leave a white solld when the %@mpe¥%%ur@ reached 0°C

the solld began to decompose glowiy and the volatile products
were condensed oub. The decomposibion was much alower than

in the trimebthyl phosphite case and the reaction tube was

=

warned to R0°C at regulaw intervals to inereuse the rate of
decompositiom. When the decompusition was complete only &
1ittle viesous liguid was lefs in the resetion tubs.

The docomposition product were warmed %o room bemperature
wut the preecipitation of a solid was very slow. After 2b hours
the volatile pradu&%a were condensed inbto an nuclear magnetic
regonancs Sube. The mclear magnetlce resonance spectrum showed
the presence of ethoxy difluoro phosp-hine oxide (CqiHz0POR;)
ethory diflucro phosphine (CpMeUPFu) swd ethyl difluoro

-

hine oxide

hy

@

Phos) (BEPOPa}. The ethoxy difluoro phosphine oxide
wap purified by distillation(bpt.05°C 1m@o 86°CY ., The i
nuclear magnetic resonance apeetrum of &hﬂ golid produet showed
only one sthyl resonance and anslysed Go triethyl oxonium
hezxaflivore phosphate.

Analvaia %G=28,8 BH=6.0 %P212.6 $P=06.0 [$0=26.5]
CallaplPPe mequires @0=28.6 »l=b,1 $P=12,5 %Pshb.0 %0s=b6.6



fn]
=g fl

A second mmalyeis on a dlfferent sample indlosted the
solid wan diethoxny diethyl phosphoniuvm hemaflivoro phosphate
M)&}ny@i‘.ﬁ} i::?ij'?(?@ 05 fﬁiﬁ“ﬂ.“z@a Rﬁ, g%?f\*“;}a Do _;rf? 3 .,,.,jf“’ s E "”10« © a

Gﬁﬁ%@“mpi?g r@qulﬁ@@ W29, 6 BHbR GPelPel GP=3 .2 9i0E9,9

Phe work wag sbandoned becawvse of the boxicity of one
of the cowmpouvnds foxmed. The compound diethoxy fluoro
phosphine oxide (BH0)aPOP which was identified by ite nuclear
magnetie resonance spectrum is very polsonouns and probably
canged the toxic effectnwhich were noticed. Th@a@‘@onﬂiaﬁe@ of
contraction of the pupils to 'pin p@iﬁ%ﬂ agize and difficuliy
in breathing. The effects of thim compound are ewplained in

grepter deteil by Sannderm®@ %% who ealso suggests sntidotes.



CHARTER. AAL

FRIMEZHOZY METHYL EPHOSPHOILIUE NEXARLUOROEHOSEHATE

AND,  XIEE DECOMPOSITION PREODUCTS




Lpkrod e

.
TN )4
P A G b Se 2R S e S0 Y

The Michaelisg-Arbuzov reaction which wag discovered
by HMicheelis®¥ in 1898 consista of wreacting a trivalens
phos phorug ester with an alkyl halide to form a pentavalent

PhoSPROTNS eoter according to the following equation.
; 0

(RO)a¥ + RIX ~5(B0)gP.  + RBE

Y,
%'?_J

&l

A, =

When R = B? the isomerization ceastion is catalyzed by the
alkyl halide. Although the weaction is of very great
imporiance in the aynthesiﬁ of phosphorus compounds i
wechanismy is not very well understood. The reaction
is believed to vass through a phosphoniun ion intermediata
which subsequently decomposes into the final produsiys.
Very Ffew Phoﬂphomium iom-intermédiate@ gontaining alkoxy
groups have been isolsted as they tend bo bLé uneitable and
non~erygtalline and exiev for only & short period of time,

G-

Diwmrouvh prepared trizlkoxy ethyl rhosgphonium teteafliuvore

hovrates by'th@ reactlon of)ﬁri@thyl oxonium tetrafluoro
borate (Eﬁao%EFam) with triallkyl phosphlites at room
Bemperature. The ﬁrim@thyi nhosphite derivative was isolataed
as a colourless oll while the txiethyl phosphite and other

derivatives were isolated ap white crystalline solids.

The olkoxy trialkyl phosphonium iodides®® are more stable than



the trlalkoxy ellkyl derivatives and were Isolated a3
eryotuiline solide which decompose on warming to yield ithe
trialkyl phosphine oxide according 0 the egquation.

(R0)P Rl ~=p RgPO + RVI

The formation of the intermediate phosphonium salt is
b@ii@ve@ t0 be a faust reaction. When $¥lethyl phoaphite und
methyl iodide wers heated together diethoxy nmethyl phosphine
oride {(E30)s P(0} Me was obtained and ethyl iodide wus
avolved®®, WNHo rsactlon was observed between the ethyl iodide
and triethyl vhosvhite which suggested that the intermediate
triethoxy methyl vhosphonium lon was foimed very quickly and
ita decomposition then proceeded more slowly.

The decowposition of the phosphonium ion is therefore
helicved to be the rate determining step. Several atiempta
have been made 0 intervret the kinetic date obtained when
trialkyl phosphltes were reacted with alkyl halides.
Zawidski®* observed the change im volume during the reaction
and suggested that complex auvtocetalyslis was vaking plses
when trdethyl phosphite reacted with ethyl iodide but
Staronka ®® later suggested that the rate of reaction was
dependent upon the reaction nedivm and was nob autoecatalytic.
Tebell®® uged continuous density meagurenents and concluded

that the reaction was gero order with respect %o tri@thyi
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phosphite and waa firvst order with wespect Hto ethyl iodide.
Yoka®?® obbtained conductivity measurements on the reaction
between tributyl phosphite and methyl iodide and showed that
the formation of the phosphonium d&l@ was the faster resction
and wag segond order while 1¢s deecomposition was considered

o be first order.

Digousgion

Trimethoxy m @thyl‘ﬁhagphonium hezafluoro phosphate is
the first compound of the tyve (RO) 0P BE” where (R = Me)
which hes been obbtalned as & erystalline solld.

It was prepered from the weaetlion of trimethyl phoesphite
with vhosphorus pentailuoride, the details of which are given
in the previous chapter. It was soluble in ac@tom@}a@@toniﬁril
and nitromethane and wus W@@?y gbtalliged from acetonitrile=
ether mlixtures.

The infeared spectrum of the solld was recorded as &
nujol wull in the region LOOO=LOO cm * on the Perkin Hlmer 125
apestrophotometer. The debails of the spectrum are given in
Table 8 in which they are compared with the liquid film spectry

of triwethyl vhosphite,
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reed mveobiewre of trimethoxy. nethvd, phogvhonium

hexaflivore vhorphake

o et "o =
P{ONe) 5 (M) pPHe Pl

2940 (m)
2835 (m)
1B5E (m)

1008 {va)

128 (s}

3010(m)
2845 (m)
l&E@&m)
3324 (i)

2188 (m)
160 (vs)
QL8 ()
Bho (wa)

551 (va)
180 (m)
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Belleny™®® ma suggested dthat mpithyl phospl orus compounds

show o characterisiic absorbiion in the range 1L320-1280cm *
which ig assigned to the asymmet®lc deformation of the methyl
group. The abmurbtiaﬁ at L3ih o B in the bho%phomiqm

salt which is not present in the spectrum of trinethyl
phogphit@ confirms the suggestion. The absorbitlons at ’
1188 om * and 1060 cm * are in good agreenent with the

values which he suggests are assigned 4o the nethoxyl

group attached to the phosphorus atom (1190 em * and 1030cm *
reapemti@@ly}o The very strong absorbtions at 8&0 and S5lem

are assigaed %0 the hexafluoro phosphate lon end are in good

agreewent with the valueés published by Sharp®® (BUE and

a -

559 em ) for other hexafluoro phosphute malis.

The *H, *°F and ®!P nuclear megnetlc resonance apeciya .
of the phosphonium salt in deutero ac@t@m@ or deuteroc
acetonitrile solution confirmed ite molecular sdrusture.

The *H snectrum consisted of two sete of doublets in the
ratio 3;1 which are asslgned 4o the p?gt§ng in the three
nethoxyl and the methyl group@_re@peﬁﬁivﬁly and coupling with
the phosphorus atom. The *®F spectrum consisted of a

doublet identical to thdt obtained from solutions of other
hexefluore phosgphate selts. The ®3p gpectrun was kindly

observed by Schmutzler and conslsted of a symmetrlical
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heptuplet which was &ﬁﬁign&ﬂltﬁ the hexailuoro phospvhate ion

end 2 broad line which was aesiguned to the %%imétaoxy methyl

phosphonium ion. The numerical dadtae which were obtained from
these spectra are given in Table 9.

During the recording of the ¥ nuclesr magnetic
roesonance of trimethoxy methyl phogphonium hexaflunro phosphate
in deutero acetone solution, the spectrum was observed to
shange with time. The resounances due to the phosphonium salt
decreaned in int@nsity until after 90 minutes they had
disavpeared. 8Seéveral new resonances gprearved Aduring this tine,
one of which consisted to two doublets in thé ratio 2:1 which
identified the product as dimethoxy methyl phosphine oxide,
(G0} aP{0)CEz. The other resonances coneisited of single lines
and were believed to be due %o atteck on the aolvent by
methyl groups (Pigo. 5) .

Since the height of the wedonsnce mignal ig proportional
to the conecentreation of the compound prcﬂueing;itg the
decomposition of the phosphonium enlt and the formation of
the dimethoxvy methyl phosphine oxide could be neasured with
tine. A simple method for studying the kinetics and
pechanism of the Michaelis Arbuzoy resction was therefore
investigated.

A solution of trimethoxy methyl phosphonium hexafluore
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Pig, 5 Nuclear magnetic resonance spectra of trimethoxy

-methyl. phosphonium hexafluoro phosphate in acetone
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phosphate in deuterozcetons was prapared in & nuclear
magnetlie Pesonance tube which was sesled under vacuum. Its
spechtrum was reaorded at regular intexvals (~ 7 mins.) and
the peak height of either the methoxyl or methyl rescnances
was plotted on a greph ageinset time. The peak helghts of
dimethoxy medthyl phosphine oxide resonsnces were also plotted

againgt tiwme. The resulte are shown in Figs. & and 7.

The decomposition of the ohosphonium salt in deutern

o'
&

seetonitrile solutlion was also investigated but was Lound
be too slow for the continuous recording of the nuclear
magnetic resopance spechrum to be undertaken. The slowness
of the reaction however, allowed several. other lutermediste
in this solvent to be identified after 24 houvs. These
proved to be of great value in the understunding of %h@
decompoa itlnn qf the phosphonium azalt as the corresponding
intermedintes were much more 4ifficuls Ho ddentify in
dentero acetone solution because of their inﬁﬁability in this
aolvent. |

Pns *°F and %P nuclear magnetie ﬁ@@bn&na@ gpeetra of
$he deuterc acetonitrile solutions were wrecorded so that
complete ldentificetion of the luotermediates was obbtained.

The decomposition of the phosvhonium salt in ascetone

and acetonitrile solution was also iunvestigated by eleosctrical



flfﬂe.,,
b

nductivity neasursments. These were recorded ot regular
intervala {(~ 10 mima;} using a Wayne Kerxr conductivity
bridge. The solutions of the phosphonitm salt in acetone
wers fnl¥ially colourless but gradually darkened as the
decomposition proceeded until dark brown solutions wer
cbtaim@ﬁ@ The formatlion of these polymoric nrudﬁcts 19
probably eatalyzed by the @ho gphorue pentafluoride or its
derivetives which are Tormed during the reactlion. The
corresponding decompogition of the agetonitrile solubtions did
not produte the dark coloured prnéaa%m and the colourless
golution only turned very palie yallow sfter several days.

Fige. 6=9 show the resvlts obitained when the d@@@ﬂpomiﬁlfﬁ

J

of the phosphoniuvn galt was investigated by both nuclear

m&gm@ﬁi@ resonance and electrlcal conductivity measurements.
The plot of the deerease in concentration of the trimethoxy
methyl phosphoniuvm héxafluer@ phosvhate selt with time in acebo
solubtlion wao similer when studied by both nuclear magnetic
resenence and electrical conductivity measurements. Both

measuremens® showed that the concentraticon of the phosphonium

salt in acetone solution was almost sero after a few hours.

The decowmpositvion of the phosphoniunm salt in acetoniivrile
solution also proceeds in a gsimilayr maner a3 shown by the

shape of the curve, but in this esse the decrease in the
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The desomposition of brimethOxy meshyl phosphoniuvr lon s

postulated o occur as Follows.

5o hg Ch
che), PTE ey p7
a1y o, >~(mn_§c>)2 ot G ),

( ) /QH? cn (\ii\:{ _
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As noe phosnhorus contalning intermediate other than dimethoxny

methyl phosphine oxide was identified im the *H nuclesyw
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magnetie resonance spectrum, produet ¢ 1g considered to heve
émly a trapsicnt existence and rapidly dec conposes Lo give
two molecules of dimethoxy methyl phosphine oxide., The
forwatien of the dimethoxy methvi phophine oxide(B) is

sumnarised h@lswo

LAl -0
|

CONE. P
r% '
F_\ rﬂm}-.
«“%“’“E / A%»Puw:w;,w?c) 7
Yumne

The shape of the curve is in good agreement with the

srpevimental wresults obitalned in deuteroncetone solution.

The methyl cations are believed to react repidly with

$he solvens to form producte such ss (Dy=b-Cly which
OC Ha
show single peaks in the ?H nuclear mgnetic resonance

e
L opectrum. The subsequent reactlions were not identifiesd.
The deccomposition of the phosphonivm salt in deuteroanceby-

nitrile solution also produced dinmethoxy methyl phosphine



oxide bub after L hour only ~¢ 1% of the phosphonium sald
had decomposed. However afier 2k hours complete decomposition
of the aalt had occurred and vhe *H nuclesy magméti@
TesSonanNee spectrum wes complex. The omnly mremonsnce, obher
than the single peaks which were due to attack by nethyl
caticng on the solvent, congisted of fHur doublets. The
compound which proluced thls resonance wae id@nﬁifi@d by

its *H ﬁmoi&ar magnetic regonance speatrum as fluoro methony
methyl phosphine oxide GHu02{0) (UHz)¥. %Fhe *PP speetrum

of the same sample confirmed the pregence of this compound
and algo showed a small awmount of difiuore methyl vphosphine
oxide., The Yormautlon of these twoe products suggested that
suceessive veplacementa of methoxyd group by fluorine atowns
had occurwad in the dimethoxy nwevhyl ohosphine oxid@o

Ths fluworine atoms were obitained by partial decomposition

of the hexafluorce phosphate lon into phosphorus nentaifluoride

and fluoride lon.



A Little fluoro maethoxy mebthyl phosphine oxide was also
obgerved in the *H svectrun of the deuteroacetone solubtion
after ~ & hours.

Th@ Fluorine speetrun afﬁar_&h hours also showed the
presence of a phosphorus pentafluoride comvlex (which was
discuseed in Chapter 2) and a lerge comcentryation of the
hexafivors phosphate iown.  Am nons of the original trimethony
methyl phosphonium lon was present & falrly stable cearbonium

23

lon must have been formed. The presence of the hexafluoro

phosphate lon explained the conduvetivity of the scetonitrile

1,8,

spolusion ai

v

ser several days being 50¢% of the initial

o

conduesivity. The cation formed in acetone solubtion wes
bellieved to be uastable and the corduetivity of the solution

al wval

n:!

3¢
s

B3

decreaged to only a smell resid

&4

4]

The disedv

&

E/‘ig

o$

e of studying the decompoaition of

trimethoxy methyl phosvhonium hexafluore phosphate by the ¥

nuclear magnetle resonance techniyue was wnot »eing able to

measure the initial stage of the decomposition due %0 the

f.?

timne segulired to dlssolve the salt in the golvgnt and to
8,

reach temporature eguilibrium i the spestrometer. The irss

neasurement could only be obtained after ~v 10 mins. The

lk

1 nnelear mgnetic resonsnce method has the advantage that
the concentration of eamch product could be measured at any
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. resonsnece dava obisinegd

i 1 HO TSR A N

Ewors,

S5, B mehhnoxy me%hgu phosohonium hexafinory

o

Compound

o)

(Me0) oPHe PPy

(Me0) 5P{0) Me

KWeOP(0) (Ma) P

HoP(0) Py

The assignaenss

Appondlix,

2

.
Ypog

11 (OMe)
13 (Me)

11{0Ma)
16 (Me)

12{0Me) 1036 1{0He)

19 (Me)

1105

of these spactra are discussed.

Jhosnha e

=TTSArin

5 y
.3 (0Me)

‘32 o P—!» &Bﬁ@ })

=3,9(0ea}
“‘".1. ) 8) (Eﬁ@ )

“L.0(OMey -G.2
=1.9(Me)

o

in the
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particular time. Complete ldentilication of the nroducts
wéa posglblce usling this m@thué whereas no previousy workers
hed been able to do this.

The decovmposition will be further studied by recovding
the 2P puclear magnetic resonance spectia in acetone and
acetonitrile solutions over a periocd of time. The nethod
can also be extended to study the reachion of trimethyl
phosphite with methyl dodide. Az both of these compounds
are liguids,; they can be wmixed at the Semperature of the
machine and the spectyre recorded lmaediately. The resulta of

thig experiment should be of great value in understanding

A

Ed

b

the kinetics and the mechanism of the Michoelis-Arbugov reacti

P

Exuerimanial

PEORAZE

Nevteroncetone (MeC0s (C.I.B.A. Lkdd was dried by
distillation under vacwm at =78°C¢ and condensed at <196°C
onto the trimethoxy meéhyl phosvhoniuvg bexafluore phosphats
in 2 nncleay mognetic resonunce tubse. The tube was ssaled
and the mizture warmed unti:r the solid dissolved.

The nuelear wagnetic resonance spegetra were recorded ab

regulay intervals untll no further change in the specstrum was
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ohserved. The measurenents in deutsro gcehonliityrlls
solutlon weyre complebed by Schombzsler at Du Pont, Wilmingion,

UoB.ho

Slecirical Conduotivily

The conductivity cell was designed by Balllie®” and
the sonductivities were measurad on a Wayne Terr Universal
Bridgé 13223,

The solutions were prepared by vlaeing o, weighed amouns
pf the phosphonivm salt in the cell and adding 2 weighed
pmount of the phosphonium salt in the ¢ell and adding @
wiighed smount of solvent to i%t. They were stirraed conitinuoue!
to ensure mixing. Yhe conductivity of the solubion was

recovdad every few wminntes until a constant valus was obtainesd.
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CHARTER. LY

REACITON OF HUOSEHORNS EENTAFLUORIVE

WIEH SULPHR - LIGANDS



Soteoguehlon

Whoreas trinethylamine, pyrldine and other nitrogen

ligende Form steble conplexes wisth lewls acids, the

corresponding complexes with phosphorus, oxygen and sulphuw

c%-

the

:“3

Lligande are much less aﬁ&bl& end usually exist only in
solid state. This inetablility hes reaulted in very few
reports of sulphur complexes of non metal fluorides®®

Stone®® vrepared the dimethyl sulphide boron trifiuvoride
compler &t low vemperature osnd compered its stabllity with
otHer berom twifluoride complexes. He fLound that boron
trifluoride-dinethyl sulpbide complex was 96% dissociated st
room temperature while the dimethyl ether complex was ™v 20%

and the dimethyl selenide cowmplex was A0DH dissociuted. As

L1y

sberie strein was unlikely to be Sthe wepson for this

b7
e

iipsoeiaticn, be helieved the relatlve ingtabllities were

;’3

due %o the eleetron dopor power @G@h@a@?ﬁg with incressing
size of $the ligand,

Gragor®® hes recently reporied the prepﬁmati@n of
phosphorus pentafluoride complexes with dimeﬁhyl etheir,
dimehyl sulphide end dimethyl sclenide. He found that their
percentage dissociation at 0°C was 9h%, 956% end 100%
regpegtively. Wo phosphorus pentafluoride complexes with
mereapbang, HSH, disulphides, RSER, or auino sulphides, (Rgl)ad,

have beon Teported.
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The weagtions of phosphorus pensafluoride with
methane thicd, ethane thiol, dimethyl disulpbide and bis-
dimethyl amino sulphide were investignted.

Prosphorus pem@aflﬁoriﬂ@ reacte with a soludion of
methane thiol im toluens ab =78°C to depowit a white solid.
Pl W@l@ﬁil@nﬁﬂmeMQﬂﬁﬂ were roemoved under vacuum at 0°C
ileaving @ pale yellow solid. The avalysis of this solid
iﬁﬂﬁbgﬁgﬁﬁﬁ@} puggested aeilther & complex compound or &
minture hod been obbtained. The infrared spectrum in nujol
was very simple end absorbblon oceurred at  1W2%em *, 132%cm
993 om P, 8BO em *, ThScm * and 670 e P, The very strong

sbeerbition at L0 om ¥ indicates & hexedluoro phosphate lon

or & phosphorus pentaflvoride ccupler. The bands a5 129

BT

zm ¢ are due to the O~ deformation of the methyl

N

e e
and 1325

K

2

group while the bond at 670 cm * 48 im the reglon of the

[N
L3

gpectrom suggested by Bellawy as ddentifying a C=85 stratohing
LERGUENTY s Phe solid sublimed at L00°C under hilgh vacuum

0 give & y@llmﬁ solld which darkensd 0 orange or pals red
on standing uader wvacuunm for 12 hours. The sublimed compound
enalysoed o tétf& mathylthic phospboniuvm hexafluore phosphutbe
(?(SM@}@PFE)@ Ite infrared spestrum 1z nujol showed

abgorbtlon as follows,



L= L= PE
9, ¢

- o ) . ) - . c_-‘:-w‘ . ) ﬁ, 2 = A..
LheZem Y, 1309cm %, 98¥em %, 970em 2, OBLOem *, TlZom ¢

Yhe speetrum is identical to the wsublimed droduet except fov

the absorbtion at 712 cm *. The speatrun of snother sample
which wes sublimed at 100°C and 10 ® mm. did not have this
absorbtion band and was identical to that of the starting
material .

The reaction of phosphorus pentafluoride with ethane
thiol was expected %o yi@i@ o corresponding ethyl derivetbiva,
tetre ethylthic phosphonium hexafliuore phosphate (B4S)eP PPy
Phosphorus pentafluoride reacted with 2 toluene solution of
ethanethiol to form a yellow solid. A8 the Toluene wag

removed by pumping under vacuum av room temperature the solid

liguified and eventually only a trace of & yellow o0il was

#3
a:-?d

Laft. he athenethiol complex must have dissociated during

the removal of the solvent indicating i1te much lower stabllity

thaﬁ the corresponding wmethanethlol complex.

The formation of a produet of empirleal formulsa
PPy {3CHs)x form phosphorus pentafluoride and methanethiol
probably oceurs by & similar mechanism o the formation of
bia=@im@thylamin@ trifluore phosphorane from phosphorus
pentatluoride and dimethylenins.

The methanethiol phosphorus pentaflueride complex loses

o



107

Ey&ﬁ@g@m £luoride below the boemperature ab which 1%
dissociaten, The methylthio tebtrafiunoero phoﬁpﬁﬁraﬁé'
PRLoMe  reacts with excsss m&ﬁh&g&@hﬁgﬁ wnd bilsgemethylthio
trifiuore phosphorane ?Fﬁ(SM@>gf$@fm®@ which probobly
iondgen to form tebramethylthio phosphonium hexefluoro
phosphate. The hydrogen Iluoride liberated in the reactlon
reacts ab low Lemperature with methenethlol Ho form =z
methvi sulvhonivm salt which dissociates on warming insc
m@%h&m@%hi@i and hydrogen fluoride as is removed. |

The ethanethlol @@mpi@x wowever dissociates with the
solvent on pumping under vacuum helow the Gemnperature ob
which hydrogen fluoride is vemoved and is removed with
tolusna. Fhe salt may be fermed 1f ethansthiol and
phosphorue ventafluoride are reacted in & sealed tube whem
the dissociation pressure would be reduced by the pressure
of the excese ebhanethiol. -

The two reactlions can be formulisted as follows.

T 5y +) T @{‘ = " . - e e
GHeSHP Py uwwmjm}} CHaSPR g« §@f~§@%€3} @B [P =P (GH&;S) ak PF_@;

A y 2T < %@@ QATTs ]
bgﬁ"ﬁi@ &33’31 JL"@ mn.n'm-wsf;p G;g}g{g el 1“1335 B
e BOC .
[ CHaSHPPg . ity CHaSEEPR; )
He weaction was observed between dimethyl disulphide
and phosphorus pentelfluvowide when the two compounds wers

mwixed &% room temperaturs. When they were condensed together



in a lavge breaiksenl tube and reaghbed b room @cmgawatuf@
faox 10 m@%%ha a Little yellow solld was Lormed. The bube

“3

was opened under vacwug and the volatile produdts wers

identified from their gas infrared spec

o

trum a8 the starting
materiale. The solid compound hes nod g@b besn identified.

Yhe reactlion between blmmdzm@thylderc gsulphide and
phoaphorus pentafluoride was investigated in conjunction with
Mr. E.Do Urosbie of these laboratories, to determine 1€
complex was formed by donatliom from the nitirogen or the
sulphuy 2Loms.

A winite solld was obbtained whon the two compounds were
reasgted together in trichloro fDuore musthane atrv =G,

Phe solid did not analysé to & 1sl complex but was closeyr ¢
the empirieal formula IPP2E (WMon) s«

The infrared spectrum of $his solid showed absorbtions
agslzned to the phosphorus pensaflucride pavt of the moleculsz
at 330w * apd §5Som .  The remaining part of the spectrum
was sompher especially im the regiom 1000-150Cem . Ths
sharp increase in the number of abgorbiion bands in this
reglon compared with the spectrum of bis—dimethylanmino
sulphide suggested tha donetion throvgh the nitrogen atom

had oscurred as this would incresase the number of absorbbion



bands due to the different envivonment of the vwo dimethyl-
anino groups.

Phe Formation of the complex white sollid from bis
dimeﬁhylmmiﬁo sulphide and phospholrug y@mﬁafluorid@ e in
dlrest compiérast o the 1il phosphorus pentalluoride complar
with trig=dinethylamino @hoaphin@g The reagon for this

differance in @on“@mnaﬁi@m i8 20% undorstood.

Hathenethlol amﬂ ethanethiol (Baatmen Orgenic Chemlonis
were dyied by distillation oy =78%C under wasuum, whe middle
portions being uvwsed.

Dimethyl sulphide wae distiiled ot atmospheric
pressure (116°C) and dried ov e°-mmﬁﬂﬂugr gieves., Biae
dimethylonine sulphide was prepapad hy the resaction of
@miﬁhﬁf gt el @Wid@ with excess dimothyisning and was

r’:e 37 ]

. . N = 9
purified by distillation a4t atmospheric pressure(lol®c)®2,

&

Analyeis %0063 Ei=10,2 Ym23,0 %8=26,.8

S{WHee)s Tequires HC=L0.0 @E=10,0 #=23,3 %S=26,7

1

Hesoghion wikh mobh&m@%@iaﬁ

E LR

¥

Hethanethiol was condensed into 8 reaction tubse ot

Q o PRI 20,
=L967¢ together with 4tolusne and the mixbure warmed Ho =78%C.
Fhogphorus pentalluvoride was absorhed By +the ligulds and

% white solld was deposited. The white molid slowly turned



pale yellew as the volatile products wewrs removed and f
a yellow selld was obbalined.

Analysie 502005 Y0 4P=18,0 $F=93.0 %8360
GoHoPsPsSe E@@@ires B0=1003 $H=2.6 LP=lT.T7 #P=32,6 $8=36.5
The yellow solid was plesed in o sublimer tube and sublimed
at 000 wnder high vacuum. Tho produst in the base of the
sublimer btube beceme vewry dark red aud was not investigated.
The sublinmate was a pale yellow solid which darkened
overnight Go orenge or ple red.

Analyain BO=1301 =3l FESET0 FP=3106 =3l 8

(CHaB) pPPp weQuires $0=13.2 #3.3 $Es17.0 %F=31,.3 98295 ,0

o

Reaction wiish cthonethiol

Bthanathiel and toluene ware condensed inte o oeanti

tube af  ~L95°0 ond then warmed %o =78%C. Phosphozue

;:_j‘

ensafivoride was absorbed and o white polid was deposited

;5-

the absorbolion, rapld at first, gradually decressed. Whemn
no fuvther absorbtion cccurred, the mizture was warmed +o
room Semperature and the volatlle products were removed under
vacuR. &2 the temperature increased the solid disappeared

and aftor i hour only a trace of yellow o0il wag left in the
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Resotion with dimethyl disvivhids
Dimethyl disulphide was condensed into 8 resehion
tube af ~196°%C and warmed %o 0°C when 1% Liquified,

Phospherus pentafluoride gus was now passed ontoe the
dimethyl disulphilde but no abasorbiien occurred and no
solid was deposited. Aféter a 8hort time the solubionm
grodunlly becsme yellow. The liguld wes then hested with
& warm water bath end & 1little yellow solid was deposited,

The volatile mab@fialﬁ weare removed uvnder vacuum and the

yellow solld was transferred to the dxy box. It gradually
darkened in colour untll 1t wap orange. The infrared
ppectrun showed o strong broad abeerbilon ot ShOcem  which
indieate & hexalluoroe phosphabte ssalt or & phosphorus
pentafiuoride complex. The geos infrered spectrum of the
volatile products showed the presence of phosphorus penbaw

ot

Fluoride @nd tracss of other ccompounds (e.g. vhosphorus

"

oxyilucride) which were belleved 4o be formed by resvitlon of
the phosphorus pentafivoride with the dloss apparaius.
Dimethyl dlisulphide and phosphorus pentefluoride were

o

condensed imbo a large breskeeal tube ot <196°C and were

43

allowed to react &t room btenperature over a period of 10 wmombi

2

During this period & yellow crystalline solid was deposited.

The infrared spectrum of the volatile products showed both



phosphoms penballuoride and dimethyl dlasulphide wers
pressnt. The solld, was handled in the dey bor but 14 was
not possibvie to ldentify 1t satisfagstowrily.

Reagtlion with bils=dimethvlsmine _suvinhide

K3 PR T

Fa-dimethylanine spiphide and trichioroe f£lucro

methany were condensed into a resotlon tube and wmwm@d unsih

BN a

the polid suiphide just dissolved. Phosphorus pentafluoride

=

WA a%ﬁ@r%@ﬁ vy the sulphide and & pale yellow solid was
depogited. When no Turther absorbblon of the phosphorus
pentaflivoride ccouvrred the volatlle produsts were vemoved

o leave @ dry solld.

i = e q
Anelysis =18, PG by =07 =l g
R v, I ) ’ - o7
};{t.ll“?ﬁ:;ﬁﬁ:;g o :-;L ‘Z(,pgrafm.? e F

v 4 Rt R !'c
(PRI 2{S5Ca ) reawiresi(=L0.4 FH=2.9 AF=9.1 $P=1s .1

gBelile, T 802060
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BEAGEION, OF IHOSPHORNS RENTARLUORIDE WITH SOME

ORGANO,  LIZHITN  COMRAITDS



oy whe S » <
Ixtrod u@’%,ﬁ,ﬁ.zggg‘

The mothods of preparing orgenc nop=mebtal fiuvorides
have reeehtly been summarised by Win€ield7%. He tried to
prapare phenyl dewivatives of ﬂOﬁ“ﬂb&&ﬂ fluowrides Wy reacting
the fiworide with tebraphenyl tim in & Lbokbh uwnder Pressure 6o
100-150 %o for 12-2L hours.

P

The weagdtion

ME ;‘fmm 4 mw + FaSnP

e

wes erpested H0 proceed Go the righté decause of the high

lattlice energy of the m$iOMwuy tin flvoride formed. Using

-d PALSE)

Hhisg v ammoﬂﬁlh@ obtained phenyl difiuvowo borane and phenyl

satrafluore phrosphorane from boron teilfluoride and phosoborim

pentafinoride re@p@x*"wcﬁvo However he 414 not obvailn ths
expacted products with ailllicon tetraflvoride, sulphur
tetraflnoride, sulphur hexafluoride, arseniec pentaflucride ow
trimerie phosphonitrilicflivoride. Hm :mggomt@ﬁ that this
night be dwe to the presence of meledture since bengzene was
Formad in these wreastions. He @m@pg@t@ﬁ this by showing

that when tetraphenyl tin reacted with phosphorus pentalluvoride

in a bemb from which moisturs ad mot been excluded, bengons



wap Cormed inshuad of phenyl Setrafinore phosphoréns. IF
was hoped that the reactlon bebween okrgeno Lithivm compounds
and non=meveld Liuovides would lead 6o a general mathod of
prepering substiituted non-methld fluorides ss follows.

M?ﬁ * Liﬁ-mw%’RMFme + DiP

I

v Fa
i @S
Genernl,.,

The weactlions betwaen tetraphenyl tin and aon-metal

-

fluorides omly proceed under extreme experimental conditliouns.

”

The mizbures were heated im & bomb at L0D-1L50°C for 12-=2i

hours wader pressure so that, if a thermally vnstable sompouni

L¥

was fozmed, its decomposition under these conditions would

A

prevent itve isolation. Thile was particularly likely when

W

the pon-petal fluoride was o Vigorous flunorinating agent

puch an suwlpher tetrefluoride or arsenic pentafluoride as
atbaclk on the aromatic ring would lead 40 decomposiivlon
producti. The nom-formation of ph@myl twifluore silene was
purpriging e the other phewnyl flucvro silane derivatives
nave been sesily prepared by the weaction of silicon

E Al

tetrafivoride with phenyl megnesium bromide >,

P

The only weactlon of organs Llithium compounds with &

non-mebal fluoride which has heen r@pnr%@d resulcs in the
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<,

formetion of substituited phogsphonitrilie Tiuorides when

phenyt, butyl pentafluorosphenyl Lithinm were vresched
with srimerie phosphonitrilic fluoride™. This work forned

A

the £irst pars of & detalled investigetion into the reseti o
of momrmetal flunrides with organe Lithium compounds.
Phosphorus pentafluoride wab used in this inléisld
investigation because it was readily &vallable without
purifi@&%i@m@ The alltyl and aryl {lucro phogphorsnes apa
thermnally stable ao that the conditions required Hte initviate
reasgtion betweern the organo Lithium gompouwnd ant phosphorus
pensafluoride could be exemined closely withouvt fenr of the

decompoesition of the orguno fluors phosphorane.

RBesstion with wprooyl 14thinm

ropyd Lithium was prepaved in ether aolublown

according bo the mebthod of Coubea ™., The ether was removed

0

and the propyd Lithium dissolved iu pentane o sepsrate It
From the lithium bromide. Phogphorus pentafluoride gas

waa rapldly absorbed by the propyl lithium smolution and @
th @ solid was deposited. When sbaordtion cessed, the
‘voiaﬁ ile products were removed and a white powdery solid was
obtained. Apalysis Indicated the powder was Llithium propyl

ary = w Jn & ol g = 5 °
pentaifluore phosphate Ll PFy0sHs conteining a trace of
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lithivm hydvoxide as impurity (from hydenlysis of the
propyd iithium solubion) . The Lithlum propyl penﬁ&fl&or@
phosphate hed not been reported previously although
Schipnkzler”® bad prepared diaikyl@ammmium phenyl p@m%éfluorﬁ
phogphate by decomposing the dialkylamine phenyl tetrafluore
phosvhorane complex. The decomposition cen be repreesented
by the eguabtlan.

ERNHE o Hp PP =P RgWPPe Gy + Rallg ColePPg ™
The prement method of prepavation is much less complicated
than previous ones and doss nob weyuire the alkyl tetrafluops
phogohorane as starting materisl. The infrared @pé@trmm
of 1lithium propyl pemt&flamr@ phosphate in nujol was
recorded svud the debails are glven below. Absorbiions

oceurred at {(em *)

(3

1280, 1175, 1090, 9o, Oho, Tho, F3I8

5 g

ol

The strong broad absorbbion at 84O @mﬁﬁ g due to the
pesphorug=L{iuorine sbretching vibrations of the pentaflucys
ph@@ph@%@ sroup while the other ahsorbtlions avre attribubed o
the propyl part of the moleculs.

The Adlthium propyl pentaflucre phosphate decomposed on
heating $o 180°C ém& a dark coloured residue remainmes . The

volatile produets were phosphorus pentefluoride together with

a Little phosphorus oxyfluoride and silicon tetrafivoridae



which was probably obbtained frowm the abtask onr the glabo. WNe
mropyl tesyrafluore phosphorane or obher compounds conbalining
orgono~groups were obbained. The non=Cformation of propyl
tetrafinere phosphorane was surprieing since the high lattice
energy of lithium fluoride was expested to ensure ite
FToxmation.

The corresponding vobtzazsium methyl trifluore borats loses
mathyl difinore borane rather than boron twlfluoride wiei
1% i@.h@a% 50 BOo 250 C7%, This differonce is 4ifficult o
oxpiain ag the veriation in bond onergies between boron
and phosvhorus atoms bonded to nitrogen apd fluorine is nok

great. Yhe differsace in decomposition may be due to the
difrerent crystal structures of the poitagsivn methyl
trifiluore borate and Lithlum provyld pentailuoro phosphate
g8 the asmaller 1ithium ion iz surwounded by larger propyl
pentafivore phosphote anion.

’:

The compound, nitwvesyl phenyl pentafliuore phoaphate

il

rields oply taryy products on heating®®. This is probably
due to astaek by the niltrozonium 1on(FO" } on the sromstie
ring which causes the Fformation of somplex producto.
Segoklon with divethylenivo Jithiwg

The suwprising etability afiuoro

0
..ga
=
@
“6

i
o
s
<
FJ
3
bi]
S



phoaphate Lon suggested That other 1ithium y&nﬁ&f&umf@
phogphate devivatives might exist. Dimethylamine Lithlum
was prepared from propyl lithium and dimethylenine in
pentane sclution &nd was isoleted @5 & white powder. 1%
wan resatedwlth phoaphéruﬁ pentailuoride in ether solution
and o afber the volatile produste bad been romoved, & crean
@01@%?@@ solid was obtained. The oolid was identificd oy
analysis as lithiuvm dimethylamine pentafluoro phosphate.

The infrared spectrum was reecorded and is compared with
the @p@@%ﬁ&% of phosphorus pentalivoride dimethylumine
complex{which was preparsd in Chepter II} in Table 10,

As the dimethylemine penbtaflvore posphate ion is
isoedeetronle with the dimethylawine phosmphorus pentefluorids
compler, the comparison of theilr infrared spectra wmay help
in agsigning the phosphorus=nitrogen ﬁ%w@t@himg vibration.

The speotra were found to heve Eiﬁiiar abzorbtlions in
the region 1500-650 om * exeept those at 10llem * and 702¢m *
in the dimethylamine phosphorus pentailuvoride complex whieh
rove Lo 967 and Thb om respeetively in the dimevthylamino
pentafivory phosphate lom. The v&mi&ﬁi@na in the infrared
spectre can be explained by essuming that the dimethyvliamino

group in the dimethylawino pentafivoere® phosphate lon ie

planay with the nltrogen lone paly of elestrons occupying the



Intrared anackia of the dimethviaming vhosohorus nentaflung

I
b QA A L P oA S A el

~

sonpien.avd. the dinmethvlanine peptefinore phosnhate ion.

LS iSIAT

PPaNMenH PPoiMes
1351 2308
1149 LT
1050 10585
1011 967

860
813 838

o2 Thi



n o oRBitel of the nitvogen atom end partielly overlapplng
2’{7 (¥ A )
2 .
with the watilled @xw o @?W rhital on the phosyhorus
&5 q_' (&8 -

atom ae shown below.

O f2
/’/D /}, r'?

iy
wkaf“f\]
)(_; / \\2‘: \

0\7( L of d!-\fz;', kj

The pheosphorus niltrogen bond is then strengthened by pertial

>

B ™ @w, overiap and the infrared stwetching vibration
1

aggociated with this bond moves 4o & higher freguency. The

g

b which moves %o T4E em * is therefore assigned

band a% JO2 om
to the phosphorus-=nitrogen stretehing vibretion. Rellamy
suggensa that phosphovvg-nltrogen stretcehing vibrations
normelly occeur in this region®® The bBud at 1011 em * in

the dimethyliamine phosphorus pensefluoride cowplex ia believed
o be assoslated with the symmetrie H-Uy stretching vibration
of the dimethylamine group.(See CGhapter I}, In the @mmpleﬁ)
the donation of the lone pair of elestrons to form the
phosphorus=gmitrogen bond causes &.Qmﬂll positive charge to e

centred on the nitrogen atom. Thie positive charge causes &

movenent of electrons in the carbom-nitrogen bonds towards the



Le

(3]

nitrogen atom. The infrared stretchinmg vibratlon agsociaied
with this bond then moves to high@m'fwaqu@m@y aompared with
f similar vibretion in the dimethylemine pentafluoro
phosph&%@ don as the nitrogen atom in this ion hus & lons
pair ¢gf elegtrons in the Py orbital.

Eithiuwn diethylenine pentafluoro phosphate was also
prepared in o similar manner. Unfortunately it waa
conteminated with a little diethylemine phosphorus
pentafluoride complex (the infrowed @p@@trum contained a
sharp absorbtion at 3370 om ) so that congluslons regarding
the infrarsd spectrum of the lon ean onldly be drawn with
caublen. Phe strong sbsorbtion at ThE em * agrees with the

absorbtion at ThS em * in the dimethylamine pentefluoro

vhosphate Lon.

Reaotilion with Mithium sthoxide

The Lithlum ethoxide reactéd with phoephorus pentaflinorle:
in @%ﬁ@? solution &t =50°C to form a fehthery white solid
which guickliy dlesolved ok Warming %o’@@yoait & yellow oll.
‘Th@ volatile mmterials were removed after pumping wvader
va@mﬁm,f&r %w&lve hours and o 4irty white powder was obtained.
The powdsr was ildentified by ewnelysis as lithiuvm hexafluoro
phogphntes |

The imfﬁ&f@d spectirur in aujol was vefy gimple und

congleted of three absorbbtions abt 127h em *, 1163 om >, and
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338 ew *. The infrared spectrvum in fluorolube showed
no absorbvtlon in the rwfﬁah 30002800 em * which confirmed
the absence of on ebhoxy groupo

Lithium hexefluore phosphate is a rathey vnstable
compound and uvsuslly contains lithium fluoride as impurity.
Bussell?® obtalned o pure specimen by reacting lithium
fluoride with phosphorus pentaflunride in liguid hydrogen
fluoride ot 509C in a stesl bomb. The ¥ruv powder nhotogrepvh
of this sample was identifical to thut of the sample prepaved
BLOVe.

The gimpliclity of vpreparing lithius hexalfluoroe phoaphaie
weing the mbove method wreaders Lt more useful than the methods
of preparation previously described.

The white solid which was Formed by the weaction of

"

Lathivm ethoxide with phosphorua pentafiuvoride dg belleved
t0 be lithivm ethoxy pentafluoro phosvhate LiﬁiEtOPF@F“n
However it readily reacted with the excess phosphorus penta=
fluoyide {whieh wag present in the solution as its diethyl
ether comnlex) to Form Lithlium hexafluvore phosphate and
the unstable diethoxy trifivore phosphorans.

The forawtlon of Llithinm hexelluoro phosphete from

Lithium Gﬁhexy pentallinoro phosphate probably occurs becausa
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of the higher lattlce energy of the symmetricul hexaflluoro
phosphate salt combined with the high ‘bond energy of the
P=0 bonds which are probably present in the decowmposit ion
producta”df‘diethoxy trifluoro phosphorane.

The veaetions bf phosphorus pentafluoride with the
Lithium compounds descrihed above have proauveed a new agnect
of ite chemistry. Further rewctions of phosphorus penta-

fluoride and other HOﬂmmeﬁal fluvorides with & variety of

Lithivm compounds will be investigated in the neur fubure.

Experinental

frape =4 LEL WS et

Praparation of prnnv] Lithivm

i Feddit

& disgram of the app&waﬁu@ uged to prepare propyl
Lithium is shown in Fig. 10 °°

The apparatus was Llushed with dry nitrogen befors use.
50 mls. of dry nenténe were poured into the condigel flask
aﬂd*xfigu of 11uh1nm metal was cut into veﬁy amall pieces
and dropped onto the pentane under & stream of d;y nitro, ene.
H=propyl bromide (8 ge.} was added to the flask which was
then cooled under nitregeno Any oxygen which was present in
the system was ?emoved at this stage e that d@@ompoaitimﬂ
of the propyl Lithivm was kept %o & minimum. The mixtura

in the flask was now warmed 1o Poom temperaiure and the
¥ 1
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formpbtion of theo pfbpyi Tithium gscuryred under an stnospvhers
of pentane vapour. Wh@ﬁ the reactlion was complete the
appaﬁ&%ﬁ@ wam votated through 9U°C mo that the p@ntén@
solmﬁiﬂn'@rﬁﬁweﬁ into the round bottomed flask. . The lithium
bromide and any excess livthiun were wemoved by the sintered

dise lesving the propyl lithium msolution as a clear liguid.

@ﬁgﬁﬁ@ﬁ@bggggmgggggggggﬁgﬁggﬁgglmérida with propvi Jithium
Fhosphorus pentalluoride was padgped via the vacuum
Lline imbo the apparatus. The solution which was cooled 4o
m?ﬁﬁﬁ Fapldiy absorbed the phosphorus pentefluoride vapour
snd deposited a white =olid. When sbmorbtion of phosphorus
pemﬁafluorid@ ceased the volatile materials were removed by
pumping under vaenum leaving the lithium propyl pentafluorae
phb@ph&te as & dry white powder.
Anelysis $0=19.7 PHel.5 $¥P=16.0 FP=51.5
LiC0sHsPry wequivres %0=20.6 Fi=h.0 $P=1T7.7 ¥P=5k,3
Retlo of number of atoms C: T3 P
| | 3 15
Exepprasion. of dlmethylaninoe lithinm
Dimethylumine was passed via she vaguum line into the
apparatug containing the-propyl idthium solution in pentane.

The gas was rapidly absorbed and a white solid wes deposited.
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When shoorbtlon ceased the volatile products were
removed sand the dimethylawino Lithium was obtained as a
white powders

Reaction of vhosphorve pentaiiuvowide with dimethviaming

Lreart

ALBIvm.,

The dimethylamino lithium prepered above was reached
direetly with phosphorus pentafluoride in the same apperaibus
8o thet no hyrolysis could oécuro Bther wes condenped onto
the dimedhylemino lithivm &nd the mixture was cooled Ho =787,
Phosphorus pentafluoride was wepidly absorbed by the ether and
a white solid wes formed. When excess of the phosphorus
pentafluoride was present the mixEure was warned so that
the dimethylemino lithive could reaet with the phosphorus
pentaflivoride diethyl ether complexz. ALter & few minuties
the volatile products were removed by pumping under high
vacuwm 4o leave & creaw coloured solid. Phis was pumped
at bO°C wnder high vacuum for threea hours 30 remove the final
traces of the dlethyl ether phosphorus pentefluoride complex

which dissogietes under Vvaeuym,

Exeperakion of 1lithium ethoxide.

> Finely divided pleces of Lithium metal were added to
absclute ethanol when reaction occurred in which hydrogen was

evolved and & cloudy solutlon was obtained. The solution
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was poured into & lavge excess of ethey and left overnight
when & white solld was deposited. The Lliquid was poured
off and the lithium ethoxide was obtained ap & white snlid

by pumping it under vaouum.

Reagtion of phosvhorys pentafluoride with lithium ethoxide

e Helloa s

Fhe lithium ethoxide was placed in & reasction flask and
atsached to the vacuum Iine. Bther was condensed onto the
golid at -196°C aud the wmixture wermed to =78°C. Phosphorus
pentafiuoride {in excess) wes absorbed by the ether agd the
mixture was warmed to -S0°C when a white feabhery solid was
Tormed. This repidly diassolved and & yellow olly layer them
separatet. The volatile wmaterials weére removed undey vaAcunm

at 20°C and th

85

g0lid obitained was pumped for a Turther 12
hours to remove traces of ether. The lithiwa hexafluoro
phogsvrhate wag obitained ss a divty whikte powder.

Analysis gy = 20,0 WE w fhoé

LiPPy wequires %P = 20,4 %P = 75.0

The Xway powder phObOFT@ph v the lithium heéxalluorse phosphate

wes ldentlieal to that which was obtained énd indexed by

Buseeill ¥6,
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PRERARATION OF SOME MEFAL GARAONYL FLIOROSULRHATES

EECe




Alihough the chemistry of metal carbonyls has advancad
rapldly during the pust decade, no one has reported whe
isolation of & carbonyl compound bonded to a complex fluoro=
acid. In particular no compounds or devivetives of metal
carbonyl fluorosulphates have boeen weported in the literdiure.

Nuttall?? reacted dimanganese decacarbonyl with fluoro
gulphuric acld and isolated a small quantity of yellow
erystale which he identified by analysis as monganese penta-
carbonyl fiuoresulphate Mn(G0)gS05F. PThis compound im
noderately stable iu the atmosphere but 1t decomposes to

dimanganese deecacarbonyl on heating to 507C¢ under vacuum.

(I

It ig goluble in the common orgunic golvents and is alseo
soluble in hot water. The infrared spggtzum in nujol showed
two absorbtiong in  the carbonyl region sgimilar to dimanganese

Fm

decacarbonyl while the wremaining absorbitions were similar %o

e
g

those of silver fluorcsulphate.

The reaction of other nétal carbonyls with fluoro-
sulphuric aecild did not give =itable metal carbonyl Livowro
sulphntes. Tungsten and molybdenun hexacarbonyls were
recovered unchsnged from fluoro sulphuric acid solution while

dineric cyclopentadienyl ivon dicarbonyl LCszHgPe{COzlis,



128
eyvclopentadienyl ion dicarbonyl iodide CepHeFe(G0)al. and

bis=triphenyl phosphine nickel dicarhonyl (HaP)aNi{C0}),
gave decomposition products.

Shireeve”® studied the reaction between perosvéisuiphuvy
difluoride (S0gP}g and molybdenum hexncarbonyl. Qa&mtlﬁatiV@
evolution of cérhon dixoide wos observed and e white Bolid
dtoxo bis<f1vox00mlbhan&to molybdenun VI HMoOg(S0sF) 4

was obtained,

The reaction of silver fluoropulphate with metal
carbonyl halides seemed to be n promisipg method of preparing
netal carbonyl fluoresulphates. Silver f£luorosulrhate,
uniilke flu@r gulphurie acid and peXOﬁJdigu phuryl difluoride
i® not & powerful oxidising agent so that the decomposition
of the neital carbonyl halide should be reduced. Since silver
fiuoroegulphate is also readil¥ soluble-in diethyl ether,
the precipitation of the silver iodide and the xemoval of
the solvent are possible withous using extreme conditions,
such #8 strong heating, which would degtroy the carbonyl
compounds in solution.

The reaction between silver fluoruéulnh&te aad cycloe

pentadienyl drom dicarbonyl iodide CpHaPe((0)gl produced an




orange solution and & yellow molid. The solld wes identified

hoth water and

]

28 silver dodide by its insolubility 1
concentrated ammonia solution and by 1% instability
light. The orange solution, on removing the solvent,
deposited an orange-brown sollid which reerystallized from a

methylen@ chloride=light petroleum mizxtuvre as a daxk brown

The infraered spectrum of +the wax in nujol is gliven in
Table 11 in which it is compared with the spectra of cyelo
pentadien 1l iron dicarbonyl iodide, menganesc pentacarbonyl
fluorosuliphate and silver flucrosulphate.

S s

The infrared spestrum of the wax clesxly indicutes that
it is eyclopentadienyl iron dxemrbomyl fluoraaulpb&ﬁe
CgH@F@{C@}QSQ@FG The carbonyl stre hing gbsorbtions at
2070 cm gnd 2020 om * im @yeia ntadlienyl iron dicarbonyl
fluoros sulphate are ot higher {reguencies than *ifhosm in the
corresponding iodide (2030, 1965 em *) and chloride (2083,
1994, cm ). This shift to higher frequencies ie consistens
with carbonyls being part of @ compound eoﬂtaining 8 avrongly
electronegative group and is explained as follows., When

‘%he carbon monoxide coordinates to the uetal, the metal

hecomea slightly negatively charged. The charge is neutrallised

by. vack bonding of the unshared electrons from the metal
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Infeared spsabrun of ovsloocendtadicenvi izon dicerbonyl iodide

....

and_relaied somponnie {em )

’
2ule iR

CeHpPalB0g) X CaMaFa(C0)5S0aF  Bn(00)a805F  AgS0sP °°
2030(a) 2079(s) 2080(s)
1998 (a)
1968 (a) 2020 (s) 2035 (a)
2642 (w) 1631 (z}
1355 (w) 1282 (z)
2218 (a) 2235 (s) 1235 (a)
- 1178(a)
107h (m) 1062 (s) 1087(s)
990(a) 580 (w) 975wy
B0 (m}) 818 (m) |
769 (2) T60 () 760 (a}

?6?&@?
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¢ orbitals into the carbon mponeoxide santibonding orbitals
(Mig. 1) When an electronegative group such aa TLROYG =
sulvhate is attached to the mebval, the electrons in the metal
d orbtials wmove towards this group. The el@ct@nn& in the

TC o¥bitals which are centred on the cerbonyl move howards

the ecavbon atom so that the carbonyl stretching vibrations

move to higher frequencies (Pig. ii)
B G
R =M <=0 R = $m0

(1) ' (44)

The infrared spectrun of the cyclopentadienyl iron

=5
3

dicarbonyl fluorosulphate below 2000 em * is wery similay Ho

]

the speetra of the other fluowoaulph&ﬁ@& shown in Teble II.

-

The abscrbiion at hd om * is not present in the ovher

Cluoropulrhates but is observed at 8O em * in the spschrum

=

of cyclopentadienyl iron dicarbonyl ﬁodid@ and 1s assigned to

@

the carbon-hydrogen deformatlion of the ﬂycﬁoponimd Lenyl ring.
The wax ﬁaﬁ digsolved in water and the orange brown
reineckate salt preclpitaeted by adding a solutlon of ammonium
reineckate NHaCr{Uis) HCS) 4.
ALl of the compounds prepared gave low values in carbon

analysis which wewe probably due %o incomplete combustlon of

the organometallic compounds,
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PThe reagtlon between silver fluorosulphate and
MENGENLEe pe sbacarbonyl bromide Mn{C0)eh» was only
attémﬁﬂpd on a small scale because of the swall quantity of
carbonyl atarting material avalleble. The reaction product
had & gomplex infrared svectrum suggesting that several
carbonyl compounds were present. The compounds could nob
be gerarated from each other and wewve not satisfactorily

identified,
Phe identification of fluorsgulphates is now possible
P
using %P nuclesr megnetic reESORANCEe AperLTosScopVF. A% the
& &
Ltime of thie work no spectrometer was &vaildai@ 80 that the

ra-eoxamination of the reactlions using this ﬁ@@hniqu@ ﬁhOmlé

be much more productive,

s}
B
Lt

vor fluoresulphate was prepared by the method of
Woolf %, Phe fluorination of a mix%ur@ of nitrosyl
perﬂwiphat@ {N@)QSQOW and silver powder with bromine
trifluoride produced silver fluorogulohate which was igolated
28 a white solid. The eyclopenitadienvli iron dicarbonyl
lodide wan prepaved by Mr, T.W. Boy?@ in these laboratories

by the resetlon of iodine with dieric eyeclopentadienyl iron

dicarbonyl (CgHgPe(C0)s)a"%,
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Bepotlon, of eilver fluocwnaulpbate wiith evolenenvadisnyl

Shx

drop dicazhoavd lodide

l."‘é

3ilver fluorosulnbate (3.9 gs8.) was placed in a2 500 ml.
fle gk and 250 mls. of diethyl ether were added. The mixture
wag surrounded by a warm water bath and refluxed until a
cle&r golution was obbained. An ethereal solution of
cyclhopentadienyl dron dlcarbonyl lodide (5.9 gg.) was slowly
added %o the silver Lfluorosulphate zolution. The colouvless
solution immedintely turned bright pink and gradvally darkened
0 orange~brown 23 more of the iodide wes added. The mixture
#&a then refluxed for 30 minubes o complete the reaction.

The diethyl ether was removed by @imal} atlon under vecuum and

e,

a dark brown golld wes deposited. Park of the solid dissolwed
in methylene chlovide to gilve an orange solution., This
polution was flltered to remove the g¢ilwvew iodide and was
poured inte Light petroleum (60-80°C) mo that on cooling =
daprk brown solid was depcsited. The 01VGnta were poured off
cand the product dried under vacuum whep it was obbained ase

& dark brown wax. Several ﬂut@mpi@ w0 gxystallize the compound
by precipitating it from a mixture of solvents proved to be

unsucsesninal

3

Analysis w(@ = 2.8 $H =

(U3
o

-
o
&

CaHaPa{C0) 80P requires %C¢ = 30.b %H =



The wax dissolved in waler %o yzvm gn orange solublon and
the addition of ammbnium reineclmte NHeCr(NHz) VCS) .}
precipitoted an orange brown solld. This was dried under
TACURM.

Anal yaim BEF0,9 HH=2,.2 di=15.2

CuMgPol(CO) a0r{NHy) g (NCS) 4 reouires Hl=26.h %i2,2 9N=16.8

Reaohion, of silver fluowosulphate wiih .nengavese

pen;&pmwwomg} bromide

Silver fluorosulphate was dissolved in diethyl ether
and slowly mdded o an ethereal solution of manganese
pentacarbonyl bromide. A white solld {oilver bromide} was
deposited and the orange yellow solution became pale yellow.
The cther wes renoved by distillation %0 leave a browa
oll and a white solid in the lask. The oll was dissolved
in meshylene ehlérideg filtered, and sdded %o light
pebroleun £{60-80°C)., The methylene chloride was removed
under vacuum and the orange s0lid which graduelly precipitated
was filtered off, washed with light petroleum and dried undew
vacuum in & desicogator.

The infra eﬂ'ﬁp@cbwum in the cerbonyl region (2200~

1800em ) showed abmorbbtions at 209%, 2040, 2005, 1966, and




190 om *)e The complexity of the spectium indlcated that a
mixture wags present. The separation of these products could

not be achieved on the small guantity of material avallable.
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Avpendix

el ey

Shrunatural. deterpination, of eogpnnﬁdw gomsaining phosnhonys

L

and fluorine by nuelear maanetic YORORANES SPeCLToRCoLY

gy, asen Y -‘» sl AL

<3

Sinee the pho&phoruﬁ (®>*P) and fluowrine (7F) nuclel
both have 8pine of &, compounds containing both phosphorus
and fluorime wsually have very simple wnuclear mugnetic resonppse
gpestr. The @oupling which occurs between these nucled
(dp.p) ond the chemlcal shift of the fluorine resonsnce {gﬁ‘
(with refevence to trifluoro methyl bYenzene) are very aenaitive
o gubatition by organlc groups g0 that thelr values saften
indicate the degree of substitutlion whish has Haken place

The weplacement of I Lmn ~ine atous in phosphorus penha=

fluoride by mathyl groups is an example of this change.

Compound Tppp é}F
PPy 916
MePF, 067 S X
Mag PPy Bao™ =315
MegPPRg 5he =56
Fapp = 2 Toupn * Tpape Gowl &pa* Spe
3 3

in addition the coupling of the hv&reoen nuclel to both

)

the phospherus and fluorine nuo]ai is of great ilwmporitance in the

“'\):“I



doterminagiion of thelir structures. The couplings (Jémﬁ A
meg} also decrease a8 the number of atoms bebween the coupled

nncled increase as shown below.

‘ . . o«
Compound o P} YH-p

F-P-H YEOES 120
FePe(-13 a0 6
PPl 10 0.5
PPl 10 2

This observation ig psrticularly impowteant in the
cape 0f fAuoro phogphorus esters sine? the presence of a
pethyl or méthgxyl group is quickly wrecognized from the unucleaw
wagnetlie resonance spectya of these compounds.

The structures of many of the compounds which wers
prepared in this thesis were uneguivocelly determined Lrom
the nuclear magnetic resonance spsotra. The detailed accound
of the detevmination of the sbructures of the new compound
methoxy difluoro vhosphine oxide 4s given below,

HMethory giflvoro nhosohine, oxide

Fhe H nuclear magnetic resonance speevrum of this
liguid consisted of two quartets. Th@ 2OR gpeotrum consisted
ef two triplels whille the P speetrun consisted of & txdiplet
of guartets. These spectra showed the compound contained

three hydrogen atoms, two fluorine atoms and one phosvhorus
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stom. The Lour possible structures sre, mebthyl difluoro
phosphine CHgPPFy methoxy diflucre phosphine CHgOP¥y, methyl
difluers phosphine oxide CHaPOPg; and methoxy difluore phosphine
oxlde @ﬁ@OPQFma Hethyl difluoro phosphine ism $@port@d to be
ungtable and decomposes to methyl tetrafiunoro phosphorane®?,
The nuclear magnetic resonance data on methoxy difluoro
phosphine and methyl difluoro phosphine oxide ave glven below

together with the date of the new compound.

- ) - C
Compound Jpp  Jpy  Tgp &y Ep  &p (HoP0o)
CHoOPFs 1290 10 0.5 el a0 =13 =121
CHgPOFy, 1108 20 6 “1.9 -2 ~27
CHgOPOF,, 100k 12 0.5 elyol +25 +1.9

The comparison of the spectrasl date of the new compound sh.ows
that 4t ia not methoxy difluoro phosphine or methyl difluoro
phosphine oxide. The hydrogen data suggests thalt the compound
containg methoxy group while the date which is obtulned Lrom
the phosphorus and fluorine spectra indicate the compound
ie a derivative of phosphorus oxyfluoride.

The compound wes Gherefore ildentifisd as methoxy difluoreo

phosphine oxide.
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ABSTHACT

The reaction of phosphorus peatefluoride with a variety
of ligands lms bheen studied ueing stendard high vacuum=line
technlgues, Thewmal decomposition of the complexes Lormed
produsaed several new compounds comtaining phosphorug-
fineorine bondss the structurea of which were lnvestigated
uaing Inlrared anﬁ Nuclear Magnetic Résonance Spectroscopys

Fhosphorus pentafluoride wes found to form new compound!
with dislkylamines. Thermal decomposition of these @ompl@x@
produced the mew compounds di&lkylgmimo tetrafluoro
phosphoranes T NRs and bls dialkylamino trifluoroe phosphora
PPa{WRg)no Infrared snd Nuclear Magnetic Resonance
speosPogeopy show these compounds are monomeric in the gaaco
and ligquid etates and that the amine groups. occupy the
equatorial positions of, the trigonal bipyramid. Reaction of
phosphoirus pentafluoride and primary sllkyl smines wes comple:
yieldlng non-gtolchiometrie mixtures. Thermal decomposition
produced & solid liguid mixture which was 0ok identified.

The reastion of phosbhorua pentalluoride with phosphoru:
ligandas was investigeted to obtelin imformation on the atireng
of the novel phosphoruz=phosphorus bond produced. Complexes

were prepared with trislkyl phoephines, bisdiallkylsmino




phosphines and trialkyl phosphites. The stability of the

complexen wewe found to fell in the Lollowing orderss
PRo 2 P(WRg)e » P(OR)g

Pospible oxplanatlons foy this stebllity order are dlscussed
on the basgis that the fluorine lone palrs are overlapping witk
the trivalent phosphorus unfilled 4d¢ orbltale.

Thermel decomposition of the tris dimethylamino phosphin
complex yielded the compounds dimethylamino tetwafluoro
phosphorane, PFsN¥Neg, bis dimethylemino trifluore phosphorens
PPg (WMop) -8 well as dimethylemisio difluwore phosphine,
PPalog 008 bismethylemine fluore phosphine ,PP(WMen)q while
the tyimsthyl phosphite complex decomposed 0 give the new
compounds methyl difluoro phosphate ,CHHPOP,,and methyl
trimethoxy phosphonium hexefluore ph@mphat@N(GHmo)ﬁicﬂaﬁﬂﬁo
The kineties of the decowposition of thie salﬁp (which 1o on
Arbuzov Rearrcengement intermediate), in acetone und acebonl bty
solution, wersobserved Lfrom Wnelsar Hegnetic Resonance
spectroscopy and elsotrical conductlvity. Beasurements -

Az the behaviour in these two golvents ig so different tho

solvent must play & major pert in the kinetlc interpretalionsa




L

The reaction of a variety of lithium salits with
vhosphorus pentafluoride and other non-metal Lluorides in
Qwher and péntmne golution were investigated. Severul new
1ithium salte insluding the novel propyl peniafluoro-
phosphate salt were prepared while simpler methods of
producing pure lithium hexafluoro phosphate than these
deseribed in the literature were developed.

The use of asonme of the new amino phosphorus fluorine
comp-unds, as ligands to transition metal salts and metal
carbonyls, confirmed the belief that the nitrogen lone pairs
are I bonded into the vacant ‘d@? orbitals of the phosphorus
and comploxes can only be obtalned under specific conditions.

Attempts to prepare metal carbonyl fluorosulphates from
the metal carbonyl halides and silver fluorosulphate
produced impure gluey compounds which could not be obtuined
eryotalline. The ready solubility in water of the carbonyl
compounds formed suggested the existence of the carbonyl

fluorosulphate although only in the impure state.



