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'STUDIES ON HETEROATOM-PHOSPHORUS~-FLUORINE COMPOUNDS'®

SUMMARY

This thesis is concerned with phosphorus-f£luorine
compounds in which phosphorus has a coerdination,number
of either four, five or six and with special emphasis on
~compounds substituted by heteroatom-containing organic
groups. |

" A new series of aryloxy-fluorophosphoranes of general
formula R PF2(006F5)3 o (where n =0, 1, 2; R = Me, Ph, Ie,N,
EtzN) have been prepared from the reactlon of the Lewis
base s1lyl ether pentafluorophenyltrlmethyls1lyl ether
with the LerS a01d fluorophosphoranes R PF5 _n (where n = O
1, 2; R = Ne, Ph, Me,N, Et,N). In contrast to alkoxy-fluoro-
phosphoranes,iwhieh are known to}be thermaiiy’unstable,
these new aryloxy-fluorophosphoranes are found to be stable.
All the reactions discussed are characterised by multi—
‘substitution contfasting to the substitution pattern for
‘other heteroatom-fluorophosphoranes. An insight was obtained
into the reaction of aryltrimethylsilyl ethers with fluoro-
_phosphoranes from the reaction of the fluorophosphoranes
PhEFA and MeeNPF4 with the 51lyl-ethers PhOSJ.l"Ie5 and CéFsoslMeB,
respectively, in which it was ascertained that the reactions
proceeded via frifluofophoephorane intermediates to give
difluorephospheranes as the only'phospho:us-fluorine

product.

The analogous reactions of the Si-N bonded Lewis bases




RR'NSiMe5 (where RR'N = 2;Methylpipefidyl-, B—Methylpiperidylf;
EfMethylpyrryl—) and R2NSiMe5 (where RoN = 4-Methylpiperidyl-,
2,5-Dimethylpyrryl-) with the Lewis acid fluorophosphoranes
R;PF5_n (where n =0, 1, é; R = Me, Ph) have been shown %o
produce the monosubstituted asymmetric aminofluorophosphoranes
RR'NPR;F4_n and the symmetric aminofluorpphosphoranes
R2NPR;F4;n. In some cases thésefaminofluorophosphoranes‘are
found,to undergo thermal fearrangements to give ionic isomers
of the type -[(RR'N)EPF2]+ [FFg]” or [(Rr'W) PR F ] [Rf'PFS]‘;
these ionic compounds being formed from the rearrangement of

the corresponding covalent tetra- and tri-fluorophosphoranese.

The structures of these new fluorophosphoranes have been
studied by n.m.r. spectroscopy and trigonal bipyramidal
 structures assigned in which the heteroatom-=organo grOup
occupies an équatorial position leaving the axial positions

occupied by fluorine atoms.

Room temperature'19F n.m.r. studies of the tetrafluoro-
phosphoranes are consistent. with non-rigid pseuddrotating
structures. At low temperature, however; N.M.Ts Spectra of
rigid non-pseudorotating structures are observed. Low
temperature n.m.r, studies of all the asymmetric aminofluoro-
phosphoranes have'shown‘the existence of high energy bapriers
to rotation about the P-N bond. The effective cessation of
rotation about the P-N bond is manifested in the observation
| of magnetically non-equivalent equatoriai fluorine aﬁoms
for the tetrafluorophosphoranes'(where.RR'N = 2-Methyl- and
.B-Methyl;piperidyl-) and magnetically non-equivalent axial
fluorine atoms for.2—Methyl-pyrryltetrafluqrophosphdrane

. and all the di-; and tri—fluorophosphoranes.‘Fbr the symmetric
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emino-substituted fluorophosphoranes no such'observatiohs are
made. Possible causes of such high barriers +to rotation and
‘possible structures resulting from this increased rigidity
are dlscussed.

Reactlons of alkyl- and aryl-silyl ethers OSiMe5 (where
R = Me, Et, Ph? C6F5-) with the phosphonitrilic fluoride
trimer (PNF2)3,Shave been investigated and a-serieé of
stable compounds of the type‘PaNjFSOR have been prepared .
In ali cases the product obtained in highest yield was the
monosubstltuted derivative, Characterisation was carried -
out by n.m.r., mass spectroscoplc and elemental analy51s.

The direct amlnoly51s of the Lewis .acid trifluoro-
phosphoranes R2PF5 (where.R = Me; Ph) with the secondary
~ amines RéNH (where R'= Me, Et) has: been studied and in
view of the known Lewis acid character of fluorophosphoranes;
it was expected that the reactions might'lead to the |
formation of diorgano-tetrafluorephosphates [REPF4]—. However;
- the reactions proceeded, as expected, giVing dialkylamino:
dlfluorophosphoranes of the type R 'R PFENR2 (where R = Me,
R=TFhorR="R = Me, Ph; R = Me, Et) but with no formation
of any diorgano-tetrafluofophosphates.' '

An attempt was made at the preparation of bis(dialkyl—
: amino)aryl-fluorophosphorenes by the reaction of phenyl-
tetrafluorophosphorane with the secondery amines NegNH.and
Et,NH. Monosubstitution was found to take place but no
- further Substitution was observed. There is either rearrange-
ment of the monosubstituted product to give an ionic species
or no further reaction takes place. -

- Studies have also been carried out into the'reletive

‘ differences in reactivities of the two aminofluorophosphoranes,
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MezﬁPF4' and Et,NPF, . It was found that under certain
reaction conditions MezNPF4 showed a tendency towards the
formation of ionic products whereas’EtzNPF4.tended towards
formation'of covalent products. The reactions disqussed are
the reactions of the two aminofluorophosphoranes with the
silylamines RN(SiMe3)2 (wyere R = Me, Ph), where Et,NPF,
reacts to give covalent 143-diaza-2,4~-fluorophosphetidines
(EtQNPFéNMe)gland (Et2NPF2—NPh)2 and Me,NFF, reacts td give
ionic compounds containing the hexafludrophosphate ion
[PE6]' and with the silyl-thioethers RSSiMe5 (where R = Me;-
Etz Pha) in which both amihbfluorophosphoranes react. to
give ionic compounds containing'the hexafluorophosphate
‘ion [PFG]". The thermal stébility of aminofluorophosphoranes
has also been invesfigated'and it was found that diethyl-
aminofluorophosphoranes are thermally more stable thaﬁ-
the_corresponding}dimethylaminofluor0phosphoranes,the
- latter shoﬂing é tendency towards the formation of dimethyl- .
aminophosphonium hexafluorophosphates. The difference in
chemical nature was also demonstrated by the rééction of
,phosphdrus pentéfluoride with the Lewis bases R2NSiMe5 and -
‘(REN)ZSlmeZ (where R = Me, Et- ) The réaction of the Lewis
acid PF5 w1t§ tbe aminofluorophosphoranes (MegN)n
- (where n = 1, 2, 3 ) have been shown to produce ionic
compounds of the type [(Me ) PR, ]¥[PFg]™. The formation of

ionic phosphorus-fluorlne compounds 1s dlscussedo
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INTRODUCTION

The work presented in this thesis is cdncerned with
the chemistry of compounds containing phosphorus in the
coordination number of either four; five or six and the
compounds discussed are classed as heteroatom—phosphprus-
fluorine compounds, in which organo groups are bonded to
- phosphorus through an heteroatom such as ﬁitrogen, oxysgen

or sulphur.

- In recent years several reviews have appeared in the
literature dealing with phosphorus-fluorine compounds.
Phosphorus-fluorine compounds in whicﬁ P has a coordination
number of'three; four, five or six have been reviewed by
.Schmutzler’l and later a complete review appearedglon a
relatively new class of phosphorus-fluorine compounds,
derived from the'"pérent" compound PF5; called fludro-
phosphoranes having one or more of the fluorine atoms
~ about phdsphorus substituted by varying organo groups. -
Hydrocarbon substituted fludrophosphoranes wero the first
type of fluorophosphoranes to be investigated bubt it was ‘
not until 1962 that the first report3 appeared of én hetero-
atom substituted fluorophosphorane and the heteroatom . |
groups which have so far been 1ntroduced 1nto fluoro-
phosphoranes include RO-, ArO-, RS-, ArS-, R2NL RR N—

RHN-, and ArHN-. | B
Other classes 6f heteroatom phosphorus~fluorine
vcompounds to be considered are those in which phosphorus
is present as part of a ring system. FlubfoPhcsbhetidines

in which phosphorus, in coordination number five, is part
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of a four-mcmbered rihg system (P—N)2 have, in recent years,

been extensively investigated. 2, &

Mo;e recently five-
coordihate heteroatom phésphorus—fluorine compounds have

been investigatgd in which ﬁhosphofus'is part of a C-=N-P=-N

ring 5,6 and C-0-P-0-C ring 7? 8_systém. A large class

of CQmpbunds in which phosphorus is part of a ring'

system are the phosphonitriles (PNXe)n where phosphorus

- has-a coordination number of four. lMany extensive reviews
have appeafed in the.literature but of recent onés'a few

might be noted. 4y, 9-12

The following is a general survey of substituted
~ phosphorus-fluorine compounds within the scope of the

definition'of heteroatom phbsphorus-flubrine'compounds.

Heteroatom phosphorus~-fluorine compounds in. which phosphorus

has coordination number five.

(1) Nitroéen containing compounds. -

At presént nifrogen?60ntaining phosphorus—fluorine

compounds in which phosphorus has a coordination number

of five can be divided into four distinct groups: alkyl
(aryl)aminofiuorophésphoranes (RR'N)nPFs_n‘(where n ='1, 23

R = R'= alkyl, aryl; R = alkyl, aryl and R'= H, alkyl, aryl )s
Lélkyl(or aryl)dialkylaminofluorophosphoranes RR'NPR;F4_n
.(where n = 1;«2; R = Rf= alkyl; aryl; R = alkyl, R'= aryi;”‘

R = aikyl; aryl;); 1;3-diaza-2;4—fluor0phosphetidines
RnFE_nP-b;Rf)é (vhere m = 0, 1; R = R'= alk?l; aryl:) and
£1luoro~1,2,4-phosphadiszetidine-3-ones o=c(1\mf )PP R
(where n = 0,1,2; R = alkyl, aryl, alkylamino; R'= alkyl, aryl ).
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&, Alkyl(or aryl)amihofluorophosnhoranes
The synthétic methods'emp105ed for thevpreparafion of
~this class of compounds are:'aﬁinolysis of fluorophosphoranes
using primary or secondary amines and cleavage réactions of

silicon-nitrogen compounds with fluorophosPhorénes.

The reactions of phosphorus trifluoride, PFz, and |

:phosphorus'pentafluoride, PFs, with primary or secohdary i
amines afford amino-substituted fluorophosphoranes according -
to the equations, |

2PF5  + RpNH  ———> RN, 4 [RZNH2]+[PF6]- (13-15)

MepNH +  2MepNPF, —> (MepN) PRy +- Me,NH-PFg (13-15)
2FFg 2RNH2 ——> RNHPF, + [RNH5]+[PF6]- (16)
PFg  + 2RNH, ———> (RNH),PF, o (16)
"2PF5 ~+ SRNH, —> 2(RNH),PF,H + [RNH§]+[HE‘2]- (17)

The cleavage reactions of Si-N bonded compounds
provides a convenient route to alkyl( or aryl)aminofluoro-

phosphoranes of the type (R2N)nPF5—n°

_ IT5 + RENSiMe5 —> RNFF, + MeBSiF (18—21)43
| . ] | 4 |
RONEF, + R2N81Me3_————~> (RgN)gPF3 + Meale - (18)
- The trisubstituted derivative, (MeaN)BPFZ, 22 is bést

prepared from the reaction of tris(dimethylamino)éhosphine;
(Megﬁ)aP, with sulphur tetrafluoride, SIP perfluoro-~
- ketones, as no reaction is found to take place between the
disubstituted dérivatives, (R2N)2PF3, and gilylamines. Although
in general the preparation of disubstituted compounds requires
' - high reaction temperatures it has been found 23 that the
_reaction of BzMeNSiMe3 with BzlMeNFF, proceeds exothermically

to give disubstituted aminofluorophosphoranes. Attémpts at




preparing mixed aminofluorophosphoranes from the reaction

of Eb,NFF, with MeBSiNMeg was successful in producing three

. . , 2
possible products, (Eth)QEFB, (EtzN)(MeeN)PFB, and (MeeN)EPF5:$

b. Alkyl(or aryl)dialkylaminofluorophosphoranes

The synthetic methods employed for the prepération of
this type of compound include: aminolysis of hydrocarbon-
_fluorophosPhéranes with primary or secondary amines; cleavage
reactions involving Si-N bonded compounds and oxidative

fluorination of amino-chlorophosphines.

Aminolysis reactions are applicable to the synthesis

of di~ and tri-fluorophosphoranes according to the equations,
1 1 1 + - ’
2RFF, + 2RNH ——> REF,NR, + [RENH2] [RPF5] (25,26)
1 . - 1 ] + - .
2R PF; + 3RoNH ——> RoPFNR, + [32yﬂ2] [HFa] (27)

AI'PF3

K ' 1 1 + -
c; + 2R NH ———> ATPF;NR, + [RENHE,] cl™. (3)
The same compounds can bé prepared from the reaction
of alkyl(or aryl)fluorophosphoranes with Si-N bonded

compounds according to the equations;

REF, .+ MeySilR, —» REF;NR, + MeySiF (18,24)
- 1 ‘ ! g . : '

PhyPFy + MeySiNRy ——> PhPF NRy +  IMesSiF. (18,24)

The reaction of trifluorophosphoranes with Si-N bonded

¢ompounds is limited to diphenyltrifluorophosphorane.

Oxidative fiuorination reacfions involving éUFB and
 AsF3 are leSS~applicablé to the synthesis of aminofluoro-
_phosphoranes than they are to the preparation of hydro-
.carbon substituted fluofophosphoranes. 1,.? However, the
mchlorophosphines.R(Or Ar)PClNR‘ were found to react with

-group V trifluorides to give fluorophosphoranes although
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in some cases oxidation of trivalent phosphorus is ‘incomplete.

Rgactions take place according to the equation,
3R(AT)FCLNR, * + 3.PIE‘5;—>5R(Ar)PF5NRé + 20 + MNOl; (28)
(where M = Sb or As).: |

- Fluorination reactions involving the amino substituted

chlofophosphines (R2N)nPCl afford only the corresbonding

5-n , |
fl’uorophosPhines.1 Attempts at the fluorination of (MeaN)5P012
using NaF in tetramethylene sulphone gave only the trifluoro-

phosphorane, (Me2N)2PF5. 15

ce Five-coordinate phosphorus as part of a ring system

The reactions of fluorophosphoranes with N-substituted .
hexamethyldiSilazanes have been found to be a useful route
to the synthesis of 1,3-diaza-2,4-fluorophosphetidines 19,20,24,29

reéctions'proceeding according to the equations,
2PF5  +  2(MezSi)NR ———> (F;PMR),  + HlezSiF
2R(oTAT)FE, + 2(Me3s1)21\m'—-—> R(AT)EF,MR  + 4ife SiF

, The reaction of primary and Secondary amines with PF5
can also be utilised as a synthetic route to.phosphetidines
although the reactions are of a complex ﬂature and yields
dependent on amine used. A review 2 lists known fluoro- |

phosphetidines and their methods of preparation.

More recently the cleavage reactions of disilyl;
ureas; O=C(RNSiMe5)2; by fluorophosphoranes have been
studied 5, 6 and it was found that the reactions gave a
new series of compoﬁnds; fluoro-1,2,4—phosphadiazefidine-

3«~ones. The reactions take place according to the equations,




R

N-SiMe, . : S
o=c > 4 R PF5_ —> o.c’/N:>PR F3p + MesSil.
N-SiMe; DR ~ |

R R

(ii) Sulphur-containing compounds.’

First examples of fluorophosphoranes substituted by
organb-sulphur groups were reported from the reaction of
thiols or mercaptides with fluorophosphoranes according to

the equations,

~ '2NaSR + R'PF4 —_— (RS)2PR?F2’ + 2N&E (30)
2RSH - + R PR, —> (RS),PRF, + 2HF.  (30)

Recently;.however;a convépient route to thio=-substituted

fluorophoéphoranes was found in the cleavage reactions

of Si-S bonded compounds by flubrophosphoranés according

to the equation,

. 1 . ) 1 i o ) M
RnEES_n' + R SSlMe5 —_— RﬁP(SR )F4-n f Me;le,(§1,32)

(iii) Oxygen-cohtaining compounds.

In general it can be said that alkoxy-substituted
fluorophosphoranes are‘thermally unstable decomposing to
give a phosphoryl.compound and an alkyl fluoride. In contras?t

aryloxy-substituted fluorophosphoranes are thermally stable.

Two methods of preparation have been feported, these
being one, the reaCtioﬁ of phosphites with fluorinating
agents and two the cleévage reactions of Si-0 bonded

compounds with fluorOphosphoranes.

The reactlon of trlethylphosphlte, (Eto)ap, and tri-.

methylphOSphlte, (Meo)aP, with fluoro-oleflns and phosphorus-

pentafluoride, respectively, have been shown to produce the
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alkoxy f£luorophosphoranes RfP(OEt)BF 53 ana MeOPF4,34_

respectively. The compounds (EtO)PRF3 35 have been reported
from the reaction of silyl ethers with fluorophosphoranes.
A1l the above reactions were carried out at low temperature

betause of the’the:mal instability of the products,

Aryloxy fluorophosphoranes have been prepared from N
cleavage reactions of aryly-silyl ethers with fluoro-
phosphoranes giving a thermally stable seriés of compounds

23, 26 %6
of the type (PhO)3 FF R ’ and (06F50)3-nPF2Rn
(Chapter 1.). The reactions take place according to the

- equation,
(3-n)!§mOSil"Ie3 + R PF5 oy (A:co)3 nPF2R + (B-n)Me3SiE

It was also réported 57 that the reaction of trimethyl-
and triphenyl-phosphite with difluoroazirine is a route |
- to the fluorophosphoranes,(PhO)5PF2 and (MeO)BPF2, however,

this seems unlikely in view of recent work. 23, 36 (Chapter 1).

Recent invgstigations 7, 8, 38 have led to the
préparation of phosphoranes involving the 1,3,2-dioxa-
4,5-benzdphosphole ring system. These compounds are
p;epafed from the cleavage reactions of o-phenylenedioxyf
bis(trimethylsiiane) derivatives by fluorophosphoranes and 
fhe resulting compounds have phosphorus atoms with a
coordination number of five, The reactions take place

according to the eguation,
OSiMe3 | ‘ ~ '
R +RPF5n—9R PRF (n = 2, 3)
: OSiMe3 .
Bosro R



(iv) Mixed heteroatom phosphorus-fluofine compounds

Attempts at preparing ;mixed' heteroatom fluoro-
phosphorangs have not all been successful and this might be
accounted for in as much as the Lewis acid properties of
~these heteroaﬁom'sﬁbstitutéd fluorophosphoranes are less
than those of the h&droqarbon-fluorophosphoranes and the
heteroatom groups show a greater tendency to lability than

hydrocarbon groups. (Chapter 6).

The reaction of MegNPF4 with PhOSn.Me3 produces an

ionic product 23, 36, 39 accordlng to the equation,
2PhOSiMe3 + 2Me2NPF4-———»[(MeeN)ZP(OPh)zl [PF6] + 2Me581F

The analogous reactions with alkyl- or aryl- substituted
silyl thioethers and aminofluorophosphoranes also produce
an ionic compound contalnlng the hexafluorophosphate ion
[PF6] (Chapter 6) A simple transamination reactlon was
observed for the reaction of MeSPPh‘F3 with (MegN)asn.Me2

giving MeaNPPhF3 as product. 42

However, .some reactions have been successfui in the
‘formation of 'mixed! heteroatom fluorophosphoranes. The reaction
of the aminofluorophosphorénes R2NPF4 with perfluoro-.
phenyltrimethylsilyl.ether (Chapter 1) have been shown to
produce difluorophosphoranes containing two different hetero-
atom groups, i.e.,
‘RoNFE, + 20gF508iMe; ———> RyNPF,(OCF5), + 2le,SiF.

' The reaction of 1-difluoro-1-N-benzylmethyl-1,2,4-
phosphadiazetidine-3-one with sodium ﬁethoxide isjsudqeésful
in replacing one of the fluorine atoms and‘giving 1-f£1luoro-

1-N—benzylmethyl—1-methoxy—1,2,4-phosphadiazetidine—B-one. 45
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Physical and Chemical Properties of Heteroatom=Substituted

Fluorophosphoranes

(i) Hydrolytic Behaviour

The hydrolytic stability of heteroatom-substituted
fluorophosphoranes is cdmparéble to that of theianalogous
hydrocarbon substituted compouﬁds althoﬁgh it has been
noted 29 that fludrdphosphebidines have a greater stability
to hydrolysis. Phénoxy-substituted_fluofophosphoranes 23, 36
oh the othgr hand, in comparison tb other difluorophosphoranes,

appear to be more sensitive to moisture.

(ii) Thermal stability

The tﬁermal stability of these compounds is dependent
on the heteroatom as well as the number of fluorine atoms
in the molecule. In general it has been noted that amino-

fluorophosphoranes of the type RRFBNRé have a tendency to

rearrange to give ionic isomers of the type [R(RéN)aPF]+[RPF5]
(Chapter 6). An interesting example is PhPF5NEt2 which
does not rearrange even over a period of years. 2

Rearrangements have also been observed for certain

phehoxy fiuorophosphoranes. 235 35’ 39
2(PhO)FF5(Mle;) > [(PRO),P(iMe,), ] [FF] ™
2(Ph0.)2PF3 | > [(PhO)ll_P]+[ PF6] -

This, however, assumes the formation of a trifluorophosphorane
ihtermediate; (Chapter 1) In general, however, phenoxy-

'fluorophosphoranes are thermally stable contrasting to alkoxy-
; fluorophosphoranes which, even at room temperature, thgrmally

decompose according to the equation,

roRR'F; ——> R'P(:0)F, + EF. (33-35, 40, 189)




- 10 =

The analogous alkylthio 23, 2%, 32 substituted compounds
are more stable and show no sign of thiophosphoryl
-formation apart from the reaction of dimethyltrifluorof
phosphorané; I"_IegP.F3 with tﬁuSNa or ‘GBuSSiMe5 which proceeds,
presumably via the formation of a difluorophosphorane
intermediate, subsequently giving a thiophosphoryl

compound and tertiary-butyl fluoride according to the

equations,
Me,PF; + tBuSNa —— Me,P(:8)F + tBUF + NaF (41)

Me PR,  +  tBuSSille; —> Me,P(:S)F + ©BWF + ‘Me.ﬁsz'j' (41)

Studies of the.thermal stability of alkyl-~ and aryl-
thio fluorophosphoranes by Peake ggggl;;23’ 51 have shown
- that on heabting to elevated temperabtures deéomﬁosiﬁion takes
place résuiting in the formation of more stable hydrocarbon
substituted fluorophosphoranes blus three-coordinate’
phosphorus compounds or ionic phosphorus compounds; according

to the equatidns,

+ -
PhSPF, ——> [(PhS),P]"[FEg]” + PFg
PhSPPHF; —> (PhS), + ©PhPF, + (PhS),PPh

POSPPh P, ——»(PhS), + PhyPF; + PhSPPh,.

Heteroatom phosphorus-£fluorine compounds in which phosphorus

has a coordination number four.

The examples of phosphorus compounds in which phosphorus
has a coordination number of four are many and many reviews

have appeared in the literature concerned with such compounds.
oxe -
1

Reviews which might be noted.[by Van Wazer, Hh Schmutzler
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and Haiduc. “ This introduction is limited to a class of
phosphorus oompounds in which phosphorus is part of a
ring.system i,e.;pcyclic phosphonitriles (PNXZ)n and in
‘particular the fluorophosphonitriles (PNFE)n' The chloro-
phosphonitriles were the first compoﬁnds of this class to
be prepared by Rose 45 from the reaction of phosphorus
_pentachlorlde, PCl5, with ammonium chlorlde, NHqcl, but
it was not until later that Stokes 46-51 established the
_cyclic nature of these compounds, (where n = 3-7). The
chlorophosphonitriles have, for a long ﬁime, been
considered the 'parent' compounds of this large class
rather than the'rypothetical hydrides (PNHé)n and recent
reviews concerning these compounds 1'A’9_42’62’65’76’?7
are fairly comprehensive. The analogous :luorophospho-
nitriles cannot; however, be made by +the analogous
mefhod; reaction of phosphorus pentachloride with ammonium

61 as the reactlon proceeds to give ammonlum

fluoride,
hexafluorophosphate,EHQJ@F6 However, fluorination of the
chlorophosphonitriles is a method which can be ubtilised in
the preparation of the fluoro compounds and a recent review

lists preparative methods available, y

The derivative ohemistry of the chloro-cyclophospho-
nitriles is extensive and a recent review “ discusses
thoroughly this derivative chemistry. Chlorine has been
successfully replaced from chlorophosphonitriles by many
OTgano groups inclﬁding, F; Br; Alk;' Ar, Rey OrR, OAr,
R2N—, RHN-, and Ar2N—. In contrast the correspondlng
derlvatlve chemlstry of fluorophosphonltrlles is not as

exten51ve,»

1 -
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Partial substitution of fluorine atoms by hydrocarbon

groups has been accomplished by the reaction of (PNF2)3

- with organo lithium reagents 52-55 accordlng to the

equation,
pArLi' + (PNFQ)5 _— P3N3F6-nArn, + -nLiFl (n = 6).
Partially substituﬁed chloro-fluoro~phosphonitriles
have been prepared 26 by the partial fluorination of the
trimeric chloro-compound giving the compounds PBNBFn016-n

(where n = 1=6),

The reaction>6f phosphonitrilic fluorides with the

Si-N bonded compound MegNSiI‘Ie5 héve been investigated o7

and it was found that this was a useful route to amino-~

substituted phosphonitrilic fluorides, reaction taking

place according to the equation,
ml"IeeNSiMe3 + (PNF2)n  —— PnNnF2n-m(Nme2>m + mMeBSiF..

(where n = 3-6; m = 1=3),

" The corresponding reaction of (PNF2)3 with Si-S bonded

compounds does not prbduce the expecteg thio~substituted
derivatives4(Chapter 3); no reaction takes place. However;:

a report has appeared 28 in which it was stated that thio-
eE"ZM“derlvatlves of (PNF2)3 can be prepared from the reactlon
oflethyl mercaptide with (PNF2)5 according to the equatlon,

(391\11‘2)3 + nNaSEt ———> P5N3F6_n(SEt)n + nNaF (n = 1=5).

The analogous reaction of Si~0O bonded compounds with (PNF2)3'
leads to alkoxy- and aryloxy—substituted fluorophosphonitrilic
trimer (Chapter 3)., The reason for this might be explained

from the greater nucleophilicity of Si-O bonded compounds
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over Si-S bonded compounds.

~ The ammonolysis of (PNF2)3 has also been reported 29
from which the compoundl(NH‘?)PBNaF5 was isolated. Recently
“an anionic derivative, Cs+[P5N5F7]: 60 ¢ (PNF2)3 was isolated
from the reaction of (PNFZ)5 with CsF. However, it is
still not certain whether this derivative retains a cyclic
structure or ... is of a linear structure, although limited
experimental data suggest a linear structure of |
Cs+[PF3=NPF2=NPF2=N]- meaning cleavage qf the cyclic structure.
This reaction compares with the reaction of fluorophosphoranes

with CsF. 23, 27

Properties of Halo-Phosphonitriles and Derivatives

(i) Hydrolytic Behaviour

Halogenophosphonitriles are hydrolysed by water %, 1

althdugh such decompositions are often much slower than those

1, 2 Hydrolysis of the side

of analogous phosphorus halides.
group precedes decomposition and in-each case the initial

product is a hydroxyphosphonitrile or the tautomeric isomer eg.,

(PNX,)5 + GH,0 —» GHX + (BN(OH)p); == (HOP(: 0)1E)

Further decomposition takes place with the formation of

phosphoric acid and ammonia,.

| In general cyclic trimers are more Tesistant to hydrolysis
than the higher homologues and the fluorophosphonitriles
appear o hydrolyse more readily than the chlbro derivatives
the mechanism probably being similar., In general phosphonitriles
substituted with organo groups are more stable to hydrolysis w
then the hdlogen derivatives although they too may be

degraded by agqueous base or acid. 4y 1




(ii) Thermal Stability

‘One of the main properties of cyclic phosphonitriles

is their ability to form linear or cross-linked polymers. #y 1

It may be noted that (PNF2)5 can be heated in a sealed tube

at BOOOC for'éeveral hours withoub change but at 35000

for 15 hours in an autoclave linear polymeric difluoro-

phosphonitrile is formed. %, 65

Thermal rearrangement is also characteristic of certain

organo cyclophosphonitriles; thus alkoxy phosphonitriles '

- 14 - - |
|

rearrange to give N-alkyl substituted compounds of the type
(ROP(:0)MR)_ ©0+57 | |

11

Allcock in his review discusses the chemical and

physical properties of this class of compound thoroﬁghly.

Heteroatom phosphorus-fluorine compounds in which phosphorus

has a coordination number of six

The compounds to be discussed in this class are tetra- -
penta- and hexa-fluorophosphates, [R2PF4]-,[RPF5]' 3[PF6]'
and these anions are invariably accompanied by a fluoro-
phosphonium cation of the type [RnEF4_n]+ in which phosphorus
is present in coordination number four, The compounds to
be discussed in this-thesis are formed from either the
theﬁmal rearrangement of heteroaton fluorophosphoranes
rearranging to give stable ionic.isomers, or because of a
difference in acceﬁtor (donor) properties of reactants'iﬁ
a reaction mixture. Thermal stability of heteroatom fluoro-
phosphbranes is discussed in chapter 6 and the dono:— ' '
acceptor properties are discussed in chapter 6. Schmutzler | 1

in a review 1

gives a comprehensive list of hexafluoro-
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phosphates and discusses the existence of penta-~ and tetra-

fluorophosphaﬁes.

Properties of ionic phHosphorus-fluorine compéunds

Hexafluorophosphates belong to the most stable halogenb-
~complexes known. The symmetrical ion is not attacked by
aqueous alkali even on boiling and is only slowly attacked
in acidic media. This hydrolytic stability decreases as

organo groups are introduced.

Thermal stability is also greater than fo; the.corresponding
fiﬁe-coordinate phosphorus-fluorine compounds.'This might be
>expected in view of the formation of certain ionié compounds.
Amino- tetra-and trifluorophosphoranes are known to rearrange.

to give stable phosphonium hexafluorophosphates. (Chapter 6)
However, diazonium'hexafluorophosphates on heating to high
temperatures decompose to give fluoro-~hydrocarbons, nitrogen

and PF 1, 68 according to the equations
5’ ?

[06H5N=N]f[PF6]' ——— '06H5F + Ny + PFg

[O-CH306H4N=N]+[PF6]-———————>. o—CH306H4F +. N2 + PF5

[01-C6H5N=N]+[PF6]" _— ‘Cl-O6H5FA + Ny + PFg
Thermal decomposition of alkali or alkaline earth

‘hexafluorophosphates aléb gives phosphorus pentafluoride, L
NePFg, ———= NeF + PPy (at 400°C)

Ba(PFg), —= BaF, + 2pP, (at less than 400°C)

Structure and Stereochemistry of Heteroatom-Substituted

Phosphorus~Fluorine Compounds

The structure of heteroatom-substituted phosphorus-

fluorine compounds is dependent on the class of compound
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' and the coordination number of the phosphorus atom.

The structure of flve—coordlnate heteroatom phosphorus-
- fluorine compounds is characterlsed by the same trigonal
bipyramidal framework,that has been established for 'other

fluorophosphoranes. 1, 2

The general rule employed is that

- the most electronegative group will choose an axial site,
thus invariably fluorine.atoms,will,bccupy the éxial sitesw
leaving the equatorial sites for hydrocarbon or,héteroatom-
containing groups. However this rule is not obeyed.for . |
.fluorpphosphetidines;z phosphadiazetidine-3%-ones 2,6 or
benzophosphole ring systems; 7, 8 in which phoéphorus is

bonded to a nitrogen or an oxygen atom through an axial position
leaving a fluorine atom in equatorial position. This arises

_ from thé'stefic requirements of such ring systems about
'phosphorus in which a P-N-P angle of 90° involving'the use
'of'an-axial site'is energetically more favourable than a

P-N-P angle -of 120° involving the use of an equatorial

site. | |

The structures-of’hexa-ﬂ,,penté— 23, 27 and tetra- 23, 27

- fluorophosphate ions are characterised by octahedral
structures in which'organo groups are found in the axial
sites leaving equatorial sites occupied by fluorine atoms.

Phosphonltrlllc fluoride trlmer, (PNF2) has a planar

1y & M and_lts planar nature was esbablished

}P—N framework
by X-ray cfystal—structure analysis.69 The corresponding
tetramer was also found to have a basic planar structure 7Q
but as n-increases,then the basic structure deviates from

a planar one. 1, & M1

The use'of ﬂgF and 54? n.m.r analysis was found to be
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useful in establishing structures of the heteroatom fluoro-

phosphoranes and fluorophosphate anions but due to the
complicated spin nature of fluorophosphonitriles n.m.r.
analysis was not found to Be a good analytical tool. |

The ng n.m.r. data of heﬁeroatom tetrafluorophosphoranes
are characteristic of four apparently magneticélly equivalént

fluorine atoms. This phenomenon is explained by the existence

of, at room temperature, a non-rigid pseudorotating structure.

On lowering the temperature this rotation can be slowed down

t0 within the time scale of the n.m;r. measurement so as to

permit observation of two distinct fluorine atom environments.

This would be expected if one postulates a trigonal -

bipyremidal structuve. |* 22 22» 31, 71

The 19F-n.m.r. data df organo-substitﬁted trifluoro-
phosphoranes are characteristic of two distinct fluorine
atom environments, one equatorial and two axial fluorine

1, 2

atoms, of characteristic chemical shift‘and coupling -

constant, Apart from halo~ and perfluoromethyl- substituted

1, 2

fluorophosphoranes there is no observation of a non-

rigid péeudorotating structure at room temperature,

Organo-substituted difluorophosphoranes'are all
characterised by low fluorine chemical shifts and coupling

1, 2 which are consistent with axial fluorine

constants
atoms in an axial environment abbut>phosphorus. No pseudq—
rotation process is observed as this would involve the'
positioning 6f an organo group in‘an eﬁergeticallj
unfavourable axial position in the intermediate form of

a pseudorotation process.

- Fludrophosphate anions are characterised by high 19E
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ne.m.r. chemical shifts, relative.to CClBF as reference

1 Hexa-~

'standard, and coupling constants of about 700 Hz.
fluorophosphate is chéracterised by six magnetically
equivalent-fluoriﬁe atoms; whereas penta-fluorophosphates
have two distinct fluorine enVironments; one axial fluorine
 atom and four equatbrial fluorine atoms and tetrafluoro-
bhosphates have only one fluorine environment; four
magnetically equivalent equatorial fluorine atoms. The
corresponding fluorophosphonium cations invariably have

higher chemical shifts and larger coupling constants

‘relative to the fluorophosphate anions. (Chapter 6)' ‘

The 51P chemical shifts of phosphorus—fluorine
compounds. ere related to the coordination number of the
phosphorus atom and it can be said that as the coordinétion
number increases then the phosphorus chemical shift'

becomes more positive. 72

An interesting feature to be noted is that for di-

‘and tri- fluorophosphetidinesithe 19F n.m.r. data are

consistent with magnetically equivalent fluorine atoms_.2

X-ray crystallographic studies of the fluorophOSphétidine
(PhPF Ne) , have established that the two N atoms are in
axial and equatorial positions of the trigonal bipyrémia
and the phenyl is in the equatorial position. 75 This
observed magnetic equivalence is believed to be caused
by a positional exchange process involving the fluorines
and hydrocarbon groups and may‘be of the type postulated

for the trifluorophosphorane (CH2)4PF3. 19"74.
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GENERAL EXPERIMENTAL, TECHNIQUES

Since all starting materials and products of the
reactions are highly moisture sensitive it was necessary
to take special precautions for the exclusion of moisture

. during all preparative procedures. ‘

Apparatus - All glass apparatus was baked under vacuum -
anq flusﬁed with dry nitrogen before use. "Kel-F"" grease
was used to grease all ground glass joints; to prevent
. attack of corrosive fluorophosphoranes on the grease. The
.contact of fluorophosphoranes with'glass was minimised to
| pfevent hydrolysis of phosphorus-fluorine‘compoundsrby
the hydrolytic effect of glass and water. The fluoro-
phosphoranes were stored in Monel cylinders or "Teflon"
vials. The less corrosive di-~ and tri- fluorophosphoranes
could also_be’stqred in glass containers at reduced temperature.
Any reactions involving gaseous reacténts were carried out |
in heavy-walléd glass reaction tubes with constrictions to
facilitate sealing under vacuum. Other reactions were
' cairied out in small three necked flasks fitbed with an
additibn funnél; thermometer; magnetic stirring bar and
reflux condenser attaChed by means of P.V.C. tubing to é
trap held. at 478°C by means of a "dry-ice" acetone mixture.
All experiments carried out at normal temperature and
pressure were protected at the open end by means of drying:
- tubes containing calcium chloride, éiliga—gel or phosphorus -
péntoxide. »

Materials = Soivents and internal n.m.r. standards were
~ dried by distillafion off sodium wire (éther, benzene, tetra-
vhydrofuran, toluene); off phosphorus pentoiidé (aceto-

nitrile, carbon tetrachloride, tri- and di- chloromethane,

v




trichlorofluoromethane'and'tetramethylsilane)‘or lithium
alumihium hydride (benzene; toluene and tetrahydrofuran).
j?hosphorus pentafluoride was obtained as a technical product
from Ozark Mahoning Co., Tulsa; Oklahoma, UoSeho The fluoro- -
.phosphoranés R 5 _p were prepared . by known, llterature
methods: MeEF, 78’ 79, PhER, O 81 e eoFF 5 79, 81-83

Ph,FF 78, 79, 81, PhlePF 82,85 , Me NEF,, 45'15’ 18, 21

TP, | 15’ U, 18 , (Mool PPy 13-15, 18, (e, ;PP 2,

'They were all stored over sodium fluoride to absorb- any
-hydrogen fluoride generated and distilled before use.

/l

NemeTe Spectra - All room temperature 19F, 5’IP and 'H

n.ﬁ.r. spectra and low temperature 49F,n.m.r. spectra were
obtained on a Varian Associates HA-60 spectrometer fitted
with a frequenéy.generator'for wide lock measurements.
Unless otherwise stated tetramethylsilane was used as
internal standard'for 1H measurements, trichlorofluoro-
méthane was used as internal standard for ng measurements
and 85% phosphoric acid was ﬁsed as external standard; in

sealed capillaries, for 3’]}? measurementse.

Mass Spectra - Mass spectra were recorded on an A.E.I.

MS 9 mass spectrometer_Or an Atlas CH 4 spectrometer. In
all cases the presence‘of’extraneous peaks was observed
probably due to hydrolysis of samples on inbtroduction into

the spectrometber.

Infra-Red - Infra-red spectra were recorded on a
Beckmann IR 20A spectrometer using KBr plates or liquid
cells. Samples were made as solutions in carbon fetra-

chloride or as a Nujol Mull.




Analysis - Analyses were carried out by J. Beller GBttingen,

Germany; the staff of Analytical Dept. of Farbenfabriken
Bayer, Wuppertal Elberfeld, Germany or the technical staff

of the Technische Universit#t, Braunschweig, Germahy.
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CHAPTER I’

ARYLOXY SUBSTITUTED FLUOROPHOSPHORANES

Recent attempts at preparing flﬁorophosphoranes
substituted by exygen—containing groups have given varying
results. The first examples reported were monofluoro- |
phosphoranes of general formula R P(OEt)BF (where Rp =
perfluoroalkenyl) 53 which were prepared by the addition
. of triethylphosphite to fluoro-olefins such as perfluofo-
isobutene or perfluoro-cyclobutene at -70°C. Attempts at
-the preparation.of alkoxy fluorophosphoranes have shown
that formation readily occurs but that the compounds are
ohly'stable at low temperatures. Methoxy tetrafiuoro-
phosphorane has.been reported; Sh from the reaction of
trimethylphosphite with phosphorus pentafluoride at low
temperature, but it was found to be thermally unstable,
~decomposition occuring on warming to room %emﬁerature.
Compounds of the type ROPR F (where R = Me, Et.) were also
found to be thermally unstable 55 these observations being

2ty 33, 40 Decomposition

noted elsewhere in the literature.
with the formation of alkyl fluoride and a phosphoryl

compound takes'placeyreadiiy according to the equation,
. .
ROPRﬁF4_n —_— P(: O)R F5 . RT,

A report of the reactlon of dlfluorodiazirine with
trimethyl- and triphenyl- phosphite indicated the formation
of the difluorophosphoranes (MeO)BPFg and (PhO)BP.F2 as
by—products.'37 Both of these compounds~were chéractepised
vby 49F NeM.T, &naiysis only but in view of work recently

reported 23, 26 and the work presented here these results
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are cast into doubt. It is thought that the 49F NeMeT
~data reported correspond"to the heXafluorophosphate ion

FTér rather than the reported difluorophosphoranes.

In convrast to the alkoxy fluorophosphoranes the
corresponding phenoxy flﬁorophosphoranes are found to be
| thermally stable. A stable series of such cpmpounds;
(Pho)a—nPRnF2 (where n = 0, 1, 2; R = Me, Ph) 235 38 nave -
been prepared from the reaction of phenyltriméthyisilyl ether
with tpe fluorophosphoranes RnPFB-n (where n = O; 1; 23
R - Me, Ph ). The formation of‘only difluorophosphorgnes
can be explained by the reactions proceeding via the
formation of either tetra- or tri- fluorophosphorane
intermediates which either react further with the éilyl-
ether or decompose giving stable difluorophosphoranes as

the only phosphorus-fluorine product.

The formation of an ionic species was also observéd
during the reaction of phosphorus pentéfluoride with
phenyltrimethylsilyl ethexr and~was iden;ified as- tetra-
‘phenoxy phosphonium hexafluorophosphate; [(Pho)qP]+[PF6]_
The formation of this ioﬁic species was foﬁnd to be
catalysed by the presence of small amounts of sodium fluoride
and in the presence of sodium fluoride the ionic product
was the only phosphorus-fluorine species formed. Its |
formation can be explained by the rearrangement of a
possible btrifluorophosphorane intermediate to its stable
ionic isomer. The possible exiétence of (PhO)2PF5 as its

ionic isomer has been reported by Kolditz et al. 84

2'(PhO)"2‘PF5' —_— [(Pho)qp‘]‘“‘[md" |

Under the reaction conditions employed for the reaction
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of phosphorus pentafluoride with phenyltrimethylsiiyl ether
- ‘the rearrangement of the»prOPOSed t:ifluorophdsphorane
-intermediate is not fast enough'to prevent the formgtionr
of.the covalent difluorophosphorane specless

Another ionic compound-wés,found to belformed from the
feactibn'of dimethylamino-tetrafluorophosphorane with

23, 364 39

phenyltrimethylsiiyl ether; and was identified
as bis(dimethjlamino)—bis(phenoxy)-phosphonium hexafluoro-
phosphate,'[(MegN)eP(OPh)2]+[PF6]'; This reaction wés also
found to be dependent on the presence of a catalytic amount
:of sodium fluoride. No covalent product was isolated and

.v the reaction WAs envisaged as proceeding via a trifluoro-
phosphorane intermediate which rearranged under the iﬁfluence
of sodium fluoride to give the hexafluorophosphate produéﬁ.
‘The reaction mechanism was elucidated to some}extent by
19F nem.,r. analysis of the reéction mixture. Although no

evidence was obtained for the trifluorophosphorane,

evidence was obtained for the presence of a pentafluoro-

phosphate intermediate, therefore one can envisage the reaction

as proceeding according to the following equations,
Me NPF,  + PhQSiMe5 —_— Me2NPF50Ph + _MeBSlF

2Me,NPF;0Ph = ————> [Me2NPF(OPh)2]+[Mé2NPF5]'.

5

or [(Me,N),PFOPR]* [PhoPFS ]

KMezN)2PCOPh)2]+[PF61‘

Attempts at preparing disubstituted oxyfluorophosphoranes
have been carried out from the reaction of o-phenylenedioxy-

bis(trimethylsilane) with the fluorophosphoranes RhPFS-n
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(where n = 0, 1, 2; R = Me, Et, Ph) and the reactions.
produced spiro-phosphoranes conteining the 1;3,2—dioxa—

4 ,5-benzophosphole ring system, or monofluorophesphoranes
depending on the value of n. The reactions proceeded

8, 9

according to the equations,

0SiMe I 0
2 ; 5 + R PF S ’/' + 4lle SlF,
OSiMeB_

(where n = O 13 R =F whenn =

' iMe3 R\, _-O :
CF RnPFs-n —_—> F >P + 2Me38iF
‘ OSiMe3 a r7 o . ’ '

(where n = 2, 33 F = R when n = 3),

The reaction of 4,4,5,5-tetramethyl-1,3-dioxa-2-
silacyclopentene with phenyltetrafluorophosphorane 8, 9.
has been investigated but the expected five-coordinate
" phosphorus compound was not formed; instead the pinacol
 ester of phenylphosphonic acid wae isoleted. It is believed
that the five-~coordinate phosphorus compound is formed which
then decomposes with the loss of 2;3-dimethyl-2;5-epoxy-
butane leaving the four-coordinate phosphoryl compound.

The reaction takes'place according to the equation,

Me~C—0 0—CMe CMe

2] >SiMe2 +  PhPF, —> Ph-P< | 2 & -o<| ,2

Me,C—0 t ~0—Cle ClMe

2 2 2
+ 2M32S5-F20

The analogous reactions of 2,4—tertiarybutyl-o-phenylene-
dioxy~bis(trimethylsilane) and perchloro-ophenylenedioxy-
bis(trimethylsilane) with fluorbphosphoranes, however, have -
‘been found to be a route to dioxy-substituted fluoro-

phosphoranes. 85
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The reactions take place according to the equations,

OSiMey O )
) + RnPF5_n-—-> /’PFB-hRn + 2Me581r
OS:LMe5 A
‘ OSiMe5
+ R PP > l Fo Ry + 2MeosSiF
| OSitle

Although these fluorophosphoranes can be isolated they are
found to be relatively unstable and will rearrange on standing

- to give spiro compoﬁnds.

Reactions have since been carried out betwéen per-
fluorophenyl-trimethylsilyl ethér‘and fluorophosphoranes and
a stable series of difluorophosphoranes of general formula
(C6F50)5_nPRn32 (where n = 0, 1, 2; R = Me, Ph, Me,N, EtaN)

have been prepared.

Synthesis

The preparation of perfluorophenoxy-substituted fluoro-
phosphoranes is achieved by the cleavage of the Sl—O bond |
of the Lewis base perfluorophenyl—trlmethyls1lyl ether
with the Lewis acid fluorophosphoranes RnPFS-n’ the reactions

proceeding according to the equation,
(5-n)C6F OSiMe5 + R FF 5- n———e»(CéF O)5 nERy 2 + (5-n)MeBSiF.;
(where n = 0, 1, 2; R = Me, Ph, Me2N, EtEN).

This type of reaction is analogous to those employed

23, 31

for the preparation of organothio- and diorgano-

2, 18 fluorophosphoranes. These reactions are

amino-
carried out by the cleavage of the Si-S and Si-N bonds of

organothio- and diorganoamino- trimethylsilanes,respectively.

A1l the readtions’of_perfluorbphenyltrimethylsilyl—ether
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with fluorophosphoranes proceed smoothly producing an

| almost theoretical yield of the volatile by-product
trimethylfluorosilane, MeBSiF. Yields of pure perfluoro-
phenoxydifluorophosphoranes are in the range 41-93% and '
they are; in most cases the exclusive phosbhorus—fluorine

compounds produced.

Substitution occurs to such‘an_extent as to leave

- only ﬁwo unreacted fluorine atoms in the fiﬁal product,
these being the axial fluorine atoms. These'reactiqné
contrast to the analogous cleavage reactions of Si-S and
'Si-N bonded compounds by fluorophosphoranes where the
preference is for monosubstitution to take place. Mulbi-
substitution has as'yet only been observed for one case in
the cleavage reactions of organothiosilanes and only a few
examples of disubstitution have‘Been obéerved in the cigavage
‘reactions of diorganoaminosilanes. The general trend,'as

was noticed for the reaction. of phenyltrimethylsilyl ethef
with fluorophosphoranes, is for multisubstitution to take
place, monosubstitution taking place only whehAone equatorial

fluorine atom is available for reaction ViZe,
R2PF5 + C6F5OS:LMe3 —_— R2PF2006F5 + Me381F.

The reaction oi-dimethylamindtetrafluorophosphorané
Me NEF,, , with perfluorophenyltrimethylsilyl ether prbduces;
besides the expected covalent difluorophoSphorane; an
ionic_compound which was subsequently identified'as
[(MegN)gP(OC6F5)2]+[PF6]'.-A 9% n.mer. spectrun of the
reaction mixture also showed evidence for the presence of
a trifluorophosphorane and a phosphonium hexafluorophosphate

intermediate. It is therefore assumed that the reaction
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proceéds via the formation of a'trifluorophosphorane
intermédiate which subsequently rearranges via the formation
of a pentafluorophosphate species %o give,ultimately3the
phosphonium hexafluorophosphate. This is the reaction
mechanism postuiated for the analogous reaction of bhenyl-
tiimethylsilyl ether with dimethylaminotetrafluorophosphorane.
However, on addition of trace amounts of NaF there was no
change in the oﬁérall yield of the ionic product, this being
formed only in small amounts, the main product.remaining |

the covalent difluorophosphorané.

The reaction'betweeh phenyltriméthylsilyl‘ether and

E phenyltetrafluorophosphorane was studied by 13F NeMaTes

» anaiysis of suéceséive samples of the reaction mixtﬁre as -
the;feaction proceeded. Assuming the formation 6f a 1:1
adduct then it was found that this adduct broke downbat
+80°C and on measuring a sanmple at_-SOOC the q9F NeMeTe
spectrum showed, besides the expected difluorophosphorane
product, the presence of a trifluoroPhosphorane specieé
assumed to be PhOPFaPh. One can therefore assume that the
‘reaction proceeds via this triflqorOphosphorane species
which reacts further with the silyl—ether giving the final

difluorophosphorane.

Properties

The covalent perfluorophenoxy-difluorophosphoranes )
are all white crystalliné'solids with an odour}of perfluoro-
phenol. Handling is best achieved in a dry box because
of moisture sensitivity. All the compounds were found to

':be ?hermally stable up'to‘their melting points which

contrasts to the observation on the analqgous thiophenyl-
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diphenyldifluorophosphorane, PhSPFéPhe, 23, 31 which rapidly

' decomposes at 100°C. Several of these new oxyflﬁorophosphoranes
were heated to their mélting points and on cooling an N.MasTe
measurements made. The n.m.r, datauwerefbund to be

consistent with those previously recorded. The hexafluoro-
phosphate species is.a colourless ¢rystalline solid whidh

was found fo be/iess sensitive to moisture than the

covalent difluorophosphoranes.

(

_ Nuclear Mégnetic Resonancé Data

49F and 3']1? an.r. spectral data for these new
perfluorophenokxydifluorophosphoranes, (C6F50}5_nPRn32
are listed in Table 1.1.  The measurements suggest that
- the moiecules are of a trigonal bipyramidai structure with
the two fluorine atoms occupying the axial positions of
-thi$ structure. The low fluorine chemical shifts (in the
range +5.6 to'+50.5p.p;m.) and P-F coupling constants (in
the range 742 to 870sz)>are characferistic of fluorine
~atoms in difiudrophosphoranes. ELThe positive chemical
shifts for phosphorus (in the range +3.9 t6v+é4.0 DeDolle)
are characteristic of pentacobrdinate phosphorus compoundse. 72
' The variation in &P can be explained by the electrohegativity
effects of the groups attached to the phosphorus, and fhe

greater the electronegativity the higher the chemical

shift.

‘19F n.m.r. data for the trifluorophosphorane intermédiates
‘are listed in Table 1.2. The data are indicative of a
trifluorophbsphorane having a trigonal bipyramidal structure
with two fluorine atoms occupying'axial sites and the

remaining fluorine atom occupying an equatorial site.

)
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Table 1.1

‘N.m.r. Data for the Perfluorophenoxydifluorophosphoranes

| cdﬁgound ' F p.p.m. P p.p.m.  YPP (Hz)
(CgF50)5PF, | 4 50.3 - 8.0 809
(CF5D) PP ol +21.9 50,9 87
CGFBOPFaﬂeé + 5.6 +. 349 N
(CgP50)oPFPh - + 3842 460,78 819
CF 5 0PF 5P, - 54.01' -+ 45,58 813
'(CéF5o)éHF2NMe2 + 50,4 ’+ 7647 772
(CgF50) oPF NE, + 52.4 o+ 753 778

a. Spectra recorded on solutions in tetrahydrofuran;

otherwise acetonitrile was used as solvente.

19F N.m.r.'Data of the Aromatic Fluorine Atoms

C@mgoundu : ~ ortho ' Dara meta

(CgF50)5FF v, o+ 155.9‘ - 41593 0 4 163.0
(CF50)PF Me 4 157.0 + 161.3 4 1645
C6F50PF2ﬂe2 | + 156.,6 .+ 162.4 + 164,2
(06F5052PF2Ph : +156.2 + 1614+ 164,0
CgF 5OPF Py S +157.2 + 164.0 4 166.2
(céFso)gPFQNmea 4 157.0 + 160.7 + 163.0
(CEF50) PR NEy . -+ 1564 + 161.7 + 164.0

All chemical shifts are in PeDole
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Table 1. 2.

19F n.m.r. data for the trifluorophosphorane intermediates

J J Ipare

Compound - - 8Fa "_SFe PFa Fi'e
- NMe NPF;0CFg  +53.0  +72.9 775 920 - 88
PhOFF ;Ph +3843 +65.4 864 986 72

Fa refers to axial fluorine and Fe to equatorial
fluorine a%oms.'

Chemical shifts in p.p.m. and coupling constants in Hz.

A doublet of doublets is observed at low fields, attributed
to the axial fluorine atoms and a.doublet of triplets is |
observed at higher field, attributed to the single fluorine

2. The spectra arise from the

atom in an equatorial site
two different fluorine environments in the trigonal

bipyramidal structure of these trifluorophosphoraness’

The n.m.r. data for the hexafluorophosphate and the
pentafluorophosphate are listed in Table 1¢%. The 1?F and
31P n.m.r. data for the hexafluorophosphate are in
agreement with those known from the literatu¥e. 1, 72
The 19F spectrum of the pentafluorophosphate shows a éecond
order (AB4X) pattern.of the type which has been observed .
for the anions [PHPFg]”, [le,lNPFg]™, and [HePFg]™. 25, 26, 27
One -observes a doublet of quinbtets of a second order
nature which is attributed to a single fluorine atom
coupling with four other fluorine atoms and phosphorus
‘and a doublet of doublets attribﬁted to fbur magnetically

equivalent fluorine atoms coupling with the remaining

flﬁorine atom and with the phosphorus afom, From these
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Nuclear Magnetic Resonance Data for the Ionic Species

Compound | 5F §p an. Jpp §P cat.
[(MepN) P(OCLFS) L] [BFg]™  +72.5 45,0 725 a
[(tleoM)PROCES]T §Pa ST Ipra IpFe Ipare
[c6F50P1?5]‘ +59,0 +68.,2 663 745 62
. or
_ [Me’2NP§‘COC6F5)2]+. ’ b.
[ e PF 5]

an. refers to anion: cat. refers to cation.
- Fa and Fe refer to axial and equatorlal fluorine atoms, resp.
a. § P for the cation; bEF for the cationj both were not

- observable from the spectra &s concentrations of samples were

o0 small

data one can,aSSume ﬁhat the pentafluorophosphaﬁe species

is of an octahedral structure. The fluorine atom which is |
in a position t:ané td the dimethylamino- or perfluorophenoxy-
group has én envifonmeﬁt different to that of the remaining

four fluorine‘atoms, thus'accounting for the results.

Chemical shift data for the perflﬁorophenyl group are
shown in Table 1.4. The 'OF n.m.r. spectra of the aromatic |
fluorine'atoms; in all cases, are of a complicated nature
as all five fluorine atoms are magnetically non-eqﬁivalent;
The magnetic spin system is of an AA1XX'Y t&pe in which
spin-spin coupling occurs'between all the fluorine atoms
'of the aromatic perfluorophenyl ring. The highly positive.

. chemical shifts are consistent with data reported for
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other compounds containing the perfluorophenyl groupe. 86, 87,
There is no evidence for the coupling between phosphorus
and the aromatic ring fluorine atoms as has been observed 
for the case of perfluorophenyl- fluorophosphines and,

fluorophbsbhoranes. 86

- Substitution Series Comparison of,aqP chemical shifts

A plot can be made as shown in Figure 1.1 showing
the variation of § P with the ratio of phenyl .or. methyl
groups to perfluorophenpxy groups in these five—coordinaté
phosphorué compounds. The general shape is the same as that

déscribed by Letcher and Van Wazer 88

fbr similar plots
of substitution series of. three and four coordinate ’
phosphorus compounds. The parameters E,l and E2 are termed
deviations from additivity of chemical shift contribution
and used to estimate the change in total 1 bonding of a
mixed species relative to the amouht of M bonding of each
substituent in the respective symmetrical molecule. The
method is emplrlcal and based on data assembled for
several s1m11ar substitution series of phosphlnes,
phosphoryl and thiophosphoryl compounds. As yet,there‘are
only few examples for the case of a flve«coordlnatlon

- series, so no estimations can be made. Apart from the two .

series reported here only two other serles are knowne.

: 5P «Doll, SP P p.D.me
PhsFry 22 4581 PHPF, 22 +58.1
PhEMePFa 2, 2 #3.2  PhyPhOPF, 7% 3t
quegPFa?’ 2k ooy P(PhO),FF, ~°  +69.0

| 2, 89 | 23, 36
Meang, ! +15.8 | (Pho)aPF2 f88°4
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The plots are consistent with the results reported
by Letcher and Van Wazer in as much as. M contributions
vary within a definite series and the deviations from

additivity are negative.

Mass Spectral Data

Mass spectra have been obtained for the fbllowing

compounds, (CgF50)5PF,, PhPFz(OC635)é,'thEEEOC6F5, MePF2(oc635)2

Aand,MegNPFg(OC6F5)2. Figures 1.2, 1.3, 1.4, 1.5 and 1.6 show

relative abundance diagrams for each of the éompounds,

respectively.‘Tables Telby 1.5, 1.6, 1.7, and 1.8 show the

main fragments whose formation is evident from the spectra.

In all cases extraneous peaks were present, probably due
to hydrolysis of the compounds on introduction to the

spectrometer. It wés}not possible to obtain an adequate

spectrum of the compound MegPF2OC6F5 due to its extreme

moisture semnsitivity.

In all cases the strongest peak observed is formed
by the fission of one P-O bond causing the loss of a
. - . ; +
C6F50-_group'and leaving u?e ;qn [(C6F50)2_nEF2Rn]
(wvhere n = 0, 1, 2;.R = Me, Ph, Me,N). The molecular ion
is also observed in every case but is weak, approximately

% relative to the étrongest peak. From the data obtained

it can'be seen that a general iragmentation takes place

© involving successive P-0 and P-F bond fissions and this

is indicated in PFigure 1.7. Cleavage of P-C, C-0 and in
the case of ‘the.amino compound P-N bonds is observed and

the ions resulting are present in relatively high abundance.

- In general the fragmentation patterns observed are analogous
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to those observed in investigations carried out on other

87, 90, 91 mhe cleavage

perfluorophenyl phosphorus compounds.
of C-0 bonds is evident in all cases with the formation of

the CéF5+ jon which is present in relatively high abundance
and, when ﬁore than one C6F5- group is present in the

molecule, the formation  of perfluorobiphenyl is evident.
However, the relative abundance Qf the perfluorobiphenyl ion
is'only of the order 1%.YWhen there is only one'CéFs— group
present in the molecule then no evidence is seen of this

ion. This suggests that the ion is formed by simultaneous
cleaVage of two C-0 bonds from an ionic fragment with
subsequent loss of a neutral fragment and formation of the
perfluorobiphenyl ion and not the combination of two 062F5
groups which may have been formed via a different fragmentation
route, The existence of the CéF5 group in a highex percentage'
than the perfluorobiphenyl ion might indicate the relative
instability of the perfluorobiphenyl ion or that its’

formation only takes place to a small degree compared to

other fragﬁentation patterns which take piace.

A similar process was also observed for the compound
PhoPF,00F5 in which the biphenyl ion C6H5-H5c6+ was formed
in about 4% abundance. However, the phenyl ion'C6H5 was
found to be present in a greater percentage, ca. 50%.
Therefore one might assume a similar fragmentation pattern

to explain‘the observed results.




'Fig.12 Mass Spectral Relative Abundance Diagram.
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- Table 1.4

Mass Spectral Data for (C6F50)5PF2, Molecular Fragments

m/e . relative o possible positive
. ~ sbundance % ion fragment
618 1.0 (CgF5OMF, - (mol. fom.)
599 . 2,3 (CEF50)5PF
580 £ 1;0 - (CgF50) 5P
435 . 100.0 (C6F5O)2PF2 (Basis peak)
416 1.0 | - (C6F5O)2PF. -
397 <1.0  (OF50),P
252 | 2.8 (CgF50)FF,
255 2.0 © (CgP50)PF
214 440 . (CgP50)P
69 T PR,
50 s om
1 46;0 : P
268 ©45.0  (GgR50)EE,0
o249 1.8 | (C6F5Q)PFO
256 | 1.5 (CgF50)PO
85 9.5 ~ OFF,
66 1.3 | OFF
o 6.0 - - oP
183 S 248 - CgF0
167 o 39.6 CeF's

19 o 2.0 ‘ F (P-F bond cleavage)



Fig.1.3 Mass Spéctral Relative Abundance Diagram.

OCgFs

Ph—AF|> |
- OC6F5
O\O .
.-5:‘50 - . :
C : . )
G) ) » . R .
-&—' .
c - o L o
| ‘ L - M. Ton e 512,
bl Ll .
. l” ! lLlJl |»ll'l Ix III[L IA] l' 1|| ITJlrll _‘lﬂ.l. ! l ' | 'JI | !.“ l - . . Iln . |. . . . : I — . . 1

007 -




- 37 -

Mass Spectral Data for (C.F-0)-PF-Ph, Molecular Fragments R
1 6£59)2

146

127

108

435

416

397

252
233
214

69

50
31

183

167

relative
abundance %

2.5
12.6
¢ 1.0
100.0
5.5

{ 1.0
17;5
(1.0

146

4,1
{1.0
1.0
55
2.6
{ 1.0
32.8

<1.0
5.6

13.7
5747

poésible positive
ion fragment
(C6F50)2PF2Ph (Mol. ion. )

(06F5O)2PFPh

'(C6F50}2P2h

(C6F5O)PF2Ph (Basis peak.)
(T 50)PFPh |
(C6ESO)PPh'

PFePh

PFPh

PPh

(C6F50)2PF2'A

(06F50)2PF :
(C6F5O)2P
(CGFBO)PF2'
(CGFBO)PF
(C6F50)P

¥y

PF

P

C6F50

[4
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Table 1.5 cont.

relative
abundance %

4.4
2.7
21.8
6.5

- 1.0

possible positive
ion fragment '

(ceﬁso)POFPh

<c695-c6H5)’
Ph

0

(C6F5-C6F5)




Fig. 1.4 Mass Spectral Relative Abundance Diagram.
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Table 1.6

Mass Spectral Data for (CéFsO)PF2Ph2, Molecular Fragments

m/e

406
387
368
223
204

185

329

310

291

146
127
108

69

50

31
19

239

220

201

relative
abundance %

1.2
1.0
,1oo;o
¢ 1.0
< 1.0
2.5

£ 1.0
< 1.0
3.7
1649
1.0

6.6

4.0

2.1

possible positive

ion fragment

.C6F5OPF2Ph2

C6F5OPFPh2

CgF5OPPh,
‘Ple’har'
PFPh,

.PPh2

C6F50PF2Ph
C6F5OPFPh

C6F50PPh

PFaPh'

PFPh
PPh
FFo

PR

Ph2PF20
Ph2PFO

Ph,PO

(Mol. Ion.)

(Basis peak.)



m/e
‘185
167

Va4

154
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Table 1.6 cont.

relative
abundance %

3¢5
1.0
55D

4,0

possible positive
ion fragment

CgP50

Ph

C6H5-C6H5



Fig.1.5 Mass Spectral Relative Abundance Diagram.
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Table 1.7

Mass Spectral Data for MePF2(006F5)2, Molecular Frégments,

248

229

84

e5

46

435

69
50
34
100

85
81
354
18k

183

167

relative

. abundance

1.4

3.0

£ 1.0

-100.0

£ 1.0

£ 1.0

e

Tedt

(1.0 )

11,4

20.0

1.0
4.3

1.4

34,5

1.0

25.7

5.7

25.7

possible positive
ion fragment

(C6F5O)2PF2Me (Mol. Ton.)

‘(C6F50)2PFNe

<C6F50)2PM6

(Q6F5O)PF2M3 (Basis peak.)

. (C6F5O)PFﬂe

(C6F50)PMé
PF2Me

FPrle

PMe
(CGFSO)aPF2'
PF2

Fr

P

OFF olle

OPFMe
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Fig. 1.6 Mass Spectral Relative Abundance Diagram.
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Table 1.8

IMass Spectral Data for MeeNPFé(OC6F5)2, lfolecular Fragments

n/e

—

479

460

gy

296

277
258 -

‘ 113 .

o4
75
435

416

397
252
233
69
50
31

554
167

T 211

relative

- abundance %

- 1.0
1.8
{1.0
100.0
2.4
{ 1.0
10.2
1.6
1.0
42,1
< 1.0
¢ 1.0
2.2
Ak
13.6
1.0
1.5
3.0
1.0

22.6

1.5

possible positive
ion fragment

(C6F5O)2PF2NNe2 (lol. Ion.5
(C6F50)2PFNMe2 |

(CgP50) pPMe, |
(C6F5O)PF2NMe2 (Basis peak.).
(CgF50)PFNMe,

(CgF50)PNMe,

PF2NMeé'

PFNMe.,

PNMéz

(GgF 50D 5F

2(06F50)2PF

(CgP50),P

(C6F50)PF2

'(C6F5O)EF
VPF2

PF

P

MeaN

C6F5-CGF5
CGFS‘

C6F5’-NMe2
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Table 1.8 conb.

m/e relative - possible positive
- abundance % - ion fragment
ek 5.1 | CF 5 OH

183 8.0 - CgF50

148 | 7%.6 | . CgEy

129 2.3 | | CgF5 or OFFliie,
110 2.3 | CcFy or OPFNlie,

43 7.6 CHQ-N-CH5

4o 14,1 “ CH,~N-CH,.

41 1.0 ~ CH-N-CH,

For all mass spectral measurements the»ionising potential

was 70 e.v.
The temperatures of the samples at the inlet were:

(06 50)33F2 90° Cs (06F O)2PF2Ph 150 C (C6F O)PF2Ph2 60° Cs

" (C.F-0),PF.Me Room Tempj and (C.F0),FF.NMe, 120°%C.
6 5/2" 2 TP § &' 57/  pRHep -



Figure 1,7

Fragmentation Pattern of P-0 and P-F Bond Fission in Pentafluorophenylphenoxy-Substituted-Fluorophosnhoranes

RnPFz(OC6F5) 3-n ———> RnPF2(OC6FS)2_n . > RnPF-z(OC6F5)1_n ————> R FF,
) RnPF(OC6F5) 3-n > RnPF(OC6F5) oo —> RnPF(OC6F5)1_n > R PF
3nP(006F5)3_n > RnP(006F5)2_n > RnP(OC6F5)1_n > RP

(where n = 0, 1, 2; R = Me, Ph)

The P-O0 bond fission can be seen from left to right and P-F bond fission from tdp to bottom,




Discussion

The main characteristic of this series of reactions
is the multisubstitution of fluorine atoms in the 'parent!
'fluorophosphoraneg,PFS and RPF4. This is analogous to the
reaction of phenyltrimethylsilyl ether with the fluoro-
phosphoranes, RﬁEF5_n. 25, 26 In the analogous oléavage
reactions of Si-S bonded compounds 23, 31 and -Si-N bonded
compounds 2, ﬂs'with fluorophosphoranes monosubstitution
was found to be preferred..As yet theré'is only one
example of disubstitution for Si-S bond cleavage and this
. was observed during the reaction of i-CBH7SéiMe5 with
PhPF4 at high temperature, the reaction producing the

disubstituted product according to the equation,
y +  2i- ilMey — (i~ ' 7, (41)
PhFF, + 2i-C;H,SSiMey —> (1_05H7S)2PF2Ph # NeBS:_b.(

‘There have not been-many examples of disubstitution reported
‘ fo? Si-N bond cleavage. The compounds (R2N)2PIF5 (where R =
Me, Eb) have been obtained from the reactions of the amino-
”tetrafluorophosphoranes; R2NPF4; with.fhe correspondihgv
aminosilanes; but high temperatures were required to effect
- a reaction. The reéctions proceed according to the equation;
RNPF,  + RoliSile; ————s (RoN)PF; + HMe,SiF. e
Héwever; it was observed that the reaction of BzMeNPF4 with
BzI"IoNSiMe3 was cxothermic producing the disubstituted
aminof_luorophos_pho,rane.25
Monosubstitution occurs in the reactidn_of alkylsilyl

ethers with fluorophosphoranes§ however,'these compounds

are thermally unstable, decomposing at room temperature

to give the corresponding phosphoryl compound and an alkyl
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fluoride. Although it has been found that the difluoro-
phosphorane MezPF5 reacts with arylsilylethers 25’ 56
no‘réaction was observed when dimethyltrifluorOPhosphorane'
was allowed to react with compounds of the type RoNSiley
Alk—OSiMe5 and RBSi—O—SiR5 2. It has also been observed

. that the reaction of Si-S bonded compounds with Me2P.F5 .

is not a route to monosubstituted—thio—difluorophosphoranes.

No products were identified from the reactlon of MegPrq

.w1th alkyl- and aryl-thiosilylethers, 23, 1 and the reaction
-~ of MegPF5 with tBuSSiMe3 was found to produce the thio- |
phosphoryl compound MegP(:S)F rather than the expected

# These contrasting

difluorophosphorane Me PF,StBu.
results are presumably explained by the decreased Tewis

acid chéracter of MeéPF5 compared with other.fluorophosp?oranes
and the different Lewis base character of the silyl

compounds employed.

In all the reaétions.involving the Lewis acid fluoro-
phosphoranes and the Lewis base Si-0, Si-N and Si-S bonded
compounds the readtions‘éresumably proceed by nucleophilic
attack on the penta-coordinate phosphorus atom by the silyl
oxygen, nitrogen and sulphur wifh the formation of a hexa-
‘coordinate adduct. Then follows a nucleophilic attack of
-a fluorine atoh on_the silicon atom with subsequent
‘cleavage of the Si-0, Si-N or Si-S bond and formation of
the product§° The fbrmaﬁion of strong Si-F bond is ?robably -
the driving force of the reaction, the P-F bond being

- relatively weakér; The reaction may proceed as follows:

N s o N K’") :
SuDr— — T SEe— xe v Jewm

l
If a large alkyl group is present such as tBu- then one
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might have to consider steric hindrance as a possible
reason for the observed results from the reacfibnvof
tBuSSiMe; with Me,FFy. The formation of & thiophosphoryl

bond may be energetically moreAfavourable._

In the reactions of arylsilyl ethers with fluorophospho:anes

where multisubstitution takes place it is peasbnable to

assume the intermediacy of tetra- and tri-fluorophosphoranes.
The existence of trifluorophosphorane intermediates has

been shown in the following reactions,

PhOSilMe PhPF4———————%ﬁPhOPF5Ph s MeESiF, and

3 +

The evidence for the existence of these trifluorophosphoranes
was obtained from 19F N.MeTe analysis of the respective
reaction mixturés. Phenoxyphenyltﬁifluorophosphofane was
observed at -5000, the room temperature spectrum showing

a very broad doublet, and perfluorophenoxy-dimethyiamino
trifluorophosphorane was observed at robm temperature.

Both spectra were consistent with those recorded for other
trifluorophosphoranes 2 and the structure‘éf these compounds
is of a tfigonal bipyramidal type in which the axial sites
are occupied by fluOriﬁe atoms. In no other case has an

intermediate species been observed.

The formation of the final diflﬁorophosphorane can
occur in one of two ways, either by the reaction of the
intermediate species; as they are formed, with more of
the aryléilyl ether_té give the difluorophosphoranes

according to the equations

RPF,  + R'OSiMe5 _— RPFB'OR' +  MegSiF

_RPF'BOR' + R'OSiMe5—+—+RPF2(OR‘)2 + e SiT,
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or, by the reaction of the starting materials producing
tetra- and tri- fluorophosphorane intermediates which
subsequently disproportionate giﬁing the appropriate di-
fluorophosphorang and the fluorophoéphorane starting material

according to the equations,

3R’ OFF, —> (R'O)BPFE" + PR (R = Azyl)

2RPF

' ' _
BOR- > RPFz(ORY)2 + RFF,. (R = Aryl)

For both of these proposed reaction routes the results
.are identical. In order to prove whether either one of.
these reaction schemes takes place in preference to the
bther would necessitate the isolation of an intermediate
and a study made of its thermal and chemical properties

" uﬁder fhe reaction conditions employed for the preparation
of the difluorophosphoranes. Attempted isolation of such
an intermediate has so far proved impossible due to its
apparent high chemical reactivity within the reaction

nixtures investigated.

The forpatioh of the ionic compounds[(MeeNjaP(OPh)2]+[PF6]
(see ref. 23, 36) [(MeEN)2P(OC6F5)2‘]+ [PF6]" (this work)
and [(Ph0)4P1+[PFé]- 22135 can be explained by the
rearrangement of the trifluorophosphorané intermediates
to form their stable ionic:isomers;'There is the possibility
of‘two competing reactions taking place in wh;ch,.either
the covalent difluorophosphoranes are formed;_or the ilonic

isomers are formed according to the equations,
(PhO)QPFB + P_hOSiMe3 (PhO)BPFz + MeBSJ‘.F and’v

2(Ph0) SFFy ——— [(Ph0)4P]+[PF6]f




were formed but only in small concentrations.

when the fluorophosphoranes PF5 and MegNPF4 were allowed
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1 t = iy )
MezNPFBOR + R 051Me5—————e MegNPFz(OR )2 o+ MeBSIF

(where R'= C.F.-) and
6 5.

y 1 R 1 ‘+ ; ._.
2lle NEF 5 OR > [(Megl) P(OR )5 )" [FFg]
' ' : - ' '
(where R = Ph, C6F5-).

All three of the ionic compounds were found in the reactvion

mixtures at the same time as the difluorophosphoranes

It was found that the presence of trace amounts of

sodium fluoride had no influence on the products formed

to react with perfluorophenylbtrimethylsilyl ether. In the
former case fhepe was no evidence for the formation of
an’ionic'compound and in the latter case only a very small
amount of an ionic compound was formed. This, however, '
contrasts to the analogous reactions of the two mentioned ‘
fluorophosphoranes with phenyltrimethylsilyl etﬁer in

which FFg reacts; undeﬁ_thé influence of NaF; with PhOSiMe5

to give an ionic product as the only phosphorus-fluorine

product and Me,NFF, reacts; under the influence of NaF

with PhOSiI’Ie3 to give also an ionic product_as'the only
phosphorus-fluorine product. For the latter réaction when
conducted without the presence of NaF a small amount of

the ionic compound is formed but no covalent phosphorus-—

fluorine compound is formed.

It might'be)assumed.A that NaF exists in the reaction
mixture as Nat and F-and the catalytic influence might be

explained by the following reaction mechanism,




F L anls ‘I‘F
r Na i) : F Na -
$ 'g?/—\ —P_\"/F 2 1o LA
R O-—P\\ VO P\\ —> R O0—P F——-P\\
S R ' \R | R

B F o iy

(where R = Ph or CgFs3iR = Hepl: or R'= Ph and R = F).'

This reactlon mechanlsm assumes the formation of a tri-
fluorophosphorane intermediate. .The mechanism is also
de?endent'on the lability of the groups present in the
molecule and'only occurs when PhO, C6F5 or Me,N are preseht.
The assumption made here is that the oxygen or nitrogen
atom of the organo group takes part in a nucleophilic
attack on a phosphorus'atom in a.neighbouring molecule
resultipg in the clegvage of a P-O bond and subsequent
formation of a new P-O bond. At the same time one might
-envisage a nucleophilic attack on the molecule'losing

an R 0 group by +the fluorlde ion w1th formatlon of a new
P-F bond and cleavage of a P-F bond 1n the other molecule

taking part. .

The effectiveness of a nucleophile is dependent on
the groups aftache'd to, i‘dr ‘example, the nitrogen or oxygen
batom. For the C-N bond fhere is an electfon-inductive |
effect by thé nitrogen on the methyl groups which would
be of an enhancing effect on the nucleophilicity of the
nitrogen. For Ph and 06F5 it has been well established 22
that-C6‘F5 inductively'withdraws electrons more strongly‘
than the phenyl group, therefore one would expect the
nucleophilicity of the O atom‘of‘a phenoxy group to be

greater than fhat of an O atom of a perfluorophenoxy

group. This, therefore,mighf be an explanation of the fact
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that phenoxytrifluorophosphoranes show a greater tendency

for the formation of ionic compounds.

Fbr the twb previously mentioned'compefing reactions
the preference for formation of ionic compounds is'greater
when reactions are carried out involving phenyltrimethyl-
silyl ether. When hydrocarbon fluorophosphoranes are
employed iﬁ reactions bthen thg formation of ionic compounds
is not observed as this would require the cleavage of é |
strong P-C bond which under the reaction conditions is

not energeticallyiavourable.

The thermal stability of ﬁhese perfluorophenoxy-~ and
phenoxy- fluorophosphoranes which conbtrasts to that of the
corresponding alkox& fluorophosphoranes can-probably be
explained as follows. Alkoxyfluorophosphoranes decompbse

accdrding to the‘equation;

R'OPRF; ——> RF + RP(:0)F,.

"The driving force behind this reaction is the .formation
of a strong P-0 phosphoryl bond ﬁhich is stronger than
the'corresponding P-0 single bond; P=0 bond energy in the
range 126 to 450_k.cals,/mol. EE and P-0 bond energy approx.
86 k.cals./mols This is analogous to the well known
Arbusov reaction oy 95 in which it was obSefved that the
'reactions of trialkyl‘phosphites and dialkyl phosphinites
with alkyl halides give phosphonate an&‘phosphinate esters;
the drivihg force of the reaction once égain being the
formation of a strong P=0 bond. Such decompositions are
not observed for aryloxy substitﬁted fluoropﬁosPhoranes.
The nature of the organo group attached %o the'oxygén atom

is probably an important factor in detérmining whether such a
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decomposifion takes place or not. The inductive electron
releasing effect(ef alkyl groups enables eesy donation of
the oxygen p1felectrens to form the P-0 double bond whereas
the strongly inductive .electron withdrawing effect of the
phenyl and perfluorophenyl groups reduces the ability of <vhe
" oxygen atom to donate its p electrons for formatvion of

'a P=0 bond. Another factor to be considered is the stability
of the carbonium ion which is undoubtedly formed during

the decomposition as an intermediate. The differences in

- thermal stability can also be explained by the ability of
alkyl groups tovform carbonium ions which ere‘more stable

tHan aryl carbonium ions,

t ] -
R21€Ff83 ——> R,P(:0)F + R
D Co

All the data obtained for <+the new perfluorophenoxy-
difluoiophosphoranes suggest that their structures‘are of .
a trigonal'bipyramidal nature, in which the two fiuorine
atoms; as the mos? electrenegative ligands, occupy the

axial sitese.

Experimental

Since all_of fhe starting materials and products

containing a P-F bond are sensitive to moisture it was
_necessary to take all the precautions as described in the
Section on Experimental Technique. The fluorophosphoranes
were prepared as described'elsewhere in the literature |

(see Experlmental Technlque) Perfluorophenyltrlmeuhy151lyl

‘ether was prepared u51ng the method reported for the N
preparation of the analogous s11yl ethe:,phenyltrlmethy181lyl
96

ether.
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Preparation of Compounds

Perfluorophenyltrimethylsilyl ether: ‘The reaction

was carried out in a 11 three-necked flask fitted with a
reflux condenser, mechanical stirrer and addition funnel.
A drying tube was placed on the top of the reflux éondenser
fo protect the apparatus from atmospheric moisture. Trimethyl-
chlorosilane (38.2 g., 0.035 mole) was added dropwise to a
stirred mixture of perfluorophenol (65.0 g., 0.035 mole),
triethylamine (35.8 g., 0.0%5 mole) and dry ether (500 ml.).
- An exothermic reaction took place and a whité solid was '
preqipitated in the reaction mixture. After the addition had
been completéi; about 0.5 h., the reaction mixture was
refluxed for 12 h. in order to complete the reaction. On
cooling to room temperatufe the reaction mixture was filtered
-under an atmosﬁhere of dry nitrogen. The precipitate waé
washed several times with dry ebther.and the washings added fo
the filtrate which was subsequently distilled first'removing
the ether and then distiiled under vacuum through a 12 ins.
Vigreux column to yield a colourles liquid of b.p. 65°C/20'mm.
(81.5 g., 96.5%) This colourless liquid was identified by

qﬁ N.M.T. énd elemental analysis as QGFSOSiMeB.

Found: C, #2.0; H, 3. 5%

Calc., for CgHngosi C, 42.2; H, 3,5%.

Tris(perfluorophenoxy)difluorophosbhorane: - Phosphorus

Pentafluoride (5.2 g, 0.04 mole) was condensed onto
“perfluorophenyltrimethylsilyl ether (10.7 g., 0.04 mole)

vin a glass‘reaétion tube cooledlto -496°C which was attached
to a vacuum line. After condensation had been completed the
tube was Séaled and allowed to warﬁ up to room temperature

and left at room temperature for 36 h., On opening the tube’
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and'connecting to a weighed trap cooled to -78°C a volatile
product was seeh to boil off and collected in the trap.

This volatile product was identified by 1H analysis as
fiimethylfluorosilane; MeBSiF, and the weight collected

(3.1 g;) represented 84% reaction haviqg taken place. The

soiid product remainihg in the reaction tube was recrystallised’
?wice from dry acetonitrile affording a white crystalline

solid of m.p. 143-146°C. and was subsequently identified

as tris(perfluorophenoxy)difluorbphosphorané. The'wéight

collected (12.6 g.) represents 84% -yield of (CgF50)5FF .

Found: C, 35.2; T, 52.5; P, 5.0%
Calc. for CygF;,03P C, 35.0; F, 52.3; P, 5.0%

Bis(perfluorophenoxy)methYldifluorophosnhorane:
The reaction was carried out in a manner similar to that
described in the previous experiment.’Methyltetrafluoio—
phosphorane (6.2 g., 0.05 mole) wés condénéed onto
perfluorophenyltrimethylsilyl ether (12.8-3.; 0.0S'mole)
in a glass reaction tube.,On sealing the tube and allowing
to warm up tq ioom femperature it Qas heated at 100°C for '
36 he On cooling tb room ﬁemperaturezawhite crystalline
solid was seen to separate out-of the reaction mixture.
On opening the tube and connecting fo a‘weighéd trap cooled
to —78°C a volatile liquid was found to have collected in'.
the trap which was subsequently identified as trimethyl- |
fluorosilane and the weight collected (9.1 g.) represented
98% reaction having taken place. The white soiid remaining |
in ‘the reaction tube was recrystallised‘twice from dry
acetonit;ile affording a white crystaliine‘SOQid of

MeDe 125-42700 and was subsequently identified as bis(perfluoro-
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phenoxy)methyldifluorophosphorane. The weight collected
(10.5 g) represents 93% yleld of (06r O)2PF2Me.

‘Found: C, 34.7; H, 0.6; P, 50.45 P, 6.8%

Cale. for G HF,,0,P G, 34.7; H, 0.6; T, 50.6; P, 6.9%

CazH5E

: Bls(perfluorophenoxy)Dhenyldlfluorophosphorane.

' The reaction was carried out in a 25ml. three necked flask
fitted with a thermometer, reflux condenser and dropplng
 funﬁel. The reflux condenser was attached by means of P.V.C.
tubing to a %rap cooled to —7800 and a drying tube was
attached to the open end of the trap to protect the apparatus
from atmospheric moisture. Phenyltetrafluorophosphorane‘
(6.1 g.y 0;03_mole) was placed in the flask and heated to
60°c. Perfluorophenyltrimethylsiiyl_ether (8.5 g.,0.03 mole)
was placed in the éadition funnel and slowly added to.the
stirred PhPF4 in the flask over a half hour period. A
slightly exothermic reaction was observed and a volatile
product collected in the trap. The reaction mixturé-was
heated at 120°C for % h. to complete the reaction and on
" cooling to room temperature a white solid was seen_to
separate out of the reaction mixture. The liquid which
collected in the trap was shown by '8 n.mir. to be trimethyl-
fluorosilaﬁe; MeBSiF; and the weight collected (1.9 g)
represented 63% reaction having taken place. The white
sélid.remaining in'the flask was washed with benzene o
Temove excess phenyltetrafluorophosphorane and oubsequently
recrystalllsed twice from acebtonitrile affordlng a white
crysyalline solid of m.p. 127-1%0°C, and was identified as
bis¢perfluorophenyl)phenyldifluorophosphorane. The weight
collected (13.6 g ) représents 88% yield of (C6F50)2PF2Ph.
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Found: G, 42.1; H, 1.0; T, b.; P, 6.2

Calc. for Cq8H5FqéO2P ©C, 42.2; H, 1.0; F, 44.5; P, 6.1%

Perfluorophenoxydimethyldifluoronhosphorane:

Dimethyltrifluorophosphorane (5.8 g., 0.05 mole) and per-
fluorophenyltrimethylsilyl ether (12.6 g., 0.05 mole) were
chargéd into a 30 ml. ‘'Honel! cylinder and heated at 100°¢
for ﬁine hours. On cooling to room témperature and connecting
to a trap cooled to -78°C a colourless liquid collected in

1

the trap and was identified by H n.m.r. to be trimethyl-

fluorosilane, lMegSiF, and the weight collected (4.% go)
fepresented 89% reaction having taken place. A brown
crystalline solid remained in the cylindér which was washed
with cold benzene in order to remove any exgesé fluoro-
'phosphorane. Purification was carried out by vacuﬁm
sublimation (40°c/0.05 mm) using a water-cooled finger on
which &hite needle-like'crystals were seen to form. These
crystals were subsequently identified as perfluorophenoxy—
dimethyldifluorophosphorane. Due to the extreme seﬁSitivity
of this compound to.moisture an adequate melting point

could not be determined. The weight collected (1%.2 g.)

represents 93¢ yield of (Me)aPF2006F5.
Found: : C, 34.3; H, 2.1; F, #46.3; ‘P, 10.8%

6.
Cale. for CgH.F,OP C, 34.1; H, 2.1; F, 46.6; P, 11.0% .

Perfluorophenoxydiphenyldifluorophosphorane:

Diphenyltrifluorophosphorane (9.1 goy 0.04 molé) and per-
fluorophenyltrimethylsilyl ether (9.6 gu, 0.04 mole) were
allowed to react together in a manner similar tq that' 

described for the preparation of bis(perfluo:ophenoxy)-
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'phenyldifluorophosphorane. The reaction mixbture was heated
at 150°C for 3% h. and trimethylfluorosilane was found to be
formed and collected in the trap. The weight collected

(3.1 g.) represented 86% reaction having taken place. On
'cooling the reaction nixture to Toom temperéture a whité

" solid was seen.to separate out of the mixture which was
filtered,wéshed with dry benzehe t0 remove any excess.
fluorophosphorane andhsubsequently recrystallised from
acetonitrile affording‘a whiﬁe crysﬁalline_solid of m.pe.
100410200. This COmpbund was identified as'perfluorobhenoxy- '
diphenyldifluorophosphorane. The weight collected (13.8 g.)
represents 92% yield of Ph,FF ,0CT 5.

Found: - C, 53.3; H, 2.6; T, 32.3; P, 7.8%
‘Calc. for CagH,oF,0P  C, 5%.%; H, 2.5; T, 32.7; P, 7.6

Bis (perfluorophenoxy)dimethylaminodifluorophosphorane:

Dimethylaminotetrafluorophosphorane (7.0 8., 0.05 mole).and
perfluoroghenyltrimethylsilyl ethei (119 go, 0.05 mole)
-were}alléwed to react together in a manner similar o that
described.for.the‘pfeparation of bis(perfluorophenoXy)phenyl—
difluorophosphorane. No exothermic reaction ﬁas obse:véd
and the reaction mixture was heated at 80°C for 12 h.
Trimethylfluorésilane was formed and collected in the trap
and the weight collected (3.5 g.) represented 83% reaction
having taken place. The remaining liquid residue was
distilled at normal pressure affording a colourless llquid
of Db.pe 62°C which was subsequently identified as dimethyl-
aminotetrafluorophosPhorané; The solid residue rehaining
inrthe distillation flask was washed with benzene to remove

excess fluorophosphorane and reérystallised twice from
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acetonitrile affording a white crystalline solid of m.pe.
135-137°¢ which was identified as bis(perfluorophenoxy)-
diméthylaminodifluorophosphorane. The weight collected (10.1 g.)
represents 71% yield of Me2NPF2(OC6F5)2.

Found: |  C, 35.1; H, 2.6; N, 2.6; P, 6.8%
Calc. for C,,H-F,  NOP: G, 35.1; H, 1.3; N, 2.9; P, 6.5%

Bis(verfluorophenoxy)diethylaminodifluorophosphorane:

Diethylaminotetrafluorophosphorane (8.9 g., 0.05 mole) and

‘perfluorophenyltrimethylsilyl ether {(12.5 g., 0.06 mole)

wére allowed to react together in a manner similar to that
described for the preparation of bis(perfluorophenoxy)-
phenyldifluorophosphorane. Trimethylfluorosilané was found

to bg fofméd and was collected in the trap. The weight |
collected (3.9 g.) repfesented 75¢% reaction having taken
place. The liquid residue remaining in the flask was distilled‘
at normal pressure affording a colourless liquid of b.p. |

98°¢ which was identified as diethylaminotetrafluorophosphorane.

'The solid residue remaining in the distillation flask was

waéhéd with dry benzene to remove any exceés fluoro-
phosphorane”and feprystallised fromiacetonitrile affording |
a white crystalline solid of m.pe 98—10060, and subsequentiy '
identified.as bis(perfluorophenoxy)diethylaminotetrafluoro-
phosphbrane. The weight collected (10.2 g.) represents 81%
yield of BENEF,(0CFs), |

Found: E C, 38.4; H, 3.1; N, 2.5; P, 6.2%

Calc, for 016H16Fq2N02P, G, 38.0; H, 1.8; N, 2.7; P, 6.1%




CHAPTER II

FLUOROPHOSPHORANES SUBSTITUTED BY ASYMMETRIC AMINO
GROUPS '
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CHAPTLR TI

FLUOROPHOSPHORANES SUBSTITUTED BY ASYMMETRIC - AMINO GROUPS

There have been many reports of fluorophosphoranes
substituted by secondarj‘amino groups R2N‘2 and even the
gas phase reaction of phosphorus pentafluoride with
ammonia has been reported o7 producingcis%ﬁsmidotri-
fluorophosphorene, (NH2)2EF3. As_yet there are few examples
known containing asymmetric primary or secondary amino
- groups, RHN- or RR?N (where R # R'). The first examples
reported were PhEtNPFBPh 5 and'MeHNPFaPh.25 Preparations
of primary aminofluorophosphoranes have been carried out in
which it was shown that the compounds have interesting
stereochemical properties resulting from the restriction
of the P-N bond rotation. 22, 98 In further reports of
fluorophosphoranes substituted with asymmetric amino groups
P-N bond restriction was observed and energy barriers to

98-100

rotation were calculated. . Compounds of the type

1 _ - 1 . '
RR PF; (Where R = MeaN, Eth; R = 04H9NH, CHBNH, 1—05H7NH)

101 the n.m.r. spectra revealing

have been prepared,
nagnetic non-equivalence of the axial fluorine atoms. The -
amino-methjldifluorophosphoranes RR'MePF2 (where R = EtNH;
MeNH; i-C3H,NH; and R = Et,N, i-C5H NH, CgH,,NH) have been
prepared~402,from the reaction of methyltetrafluorophosphorane
with.the respective amines. The complete reaction is
undertaken in two stages, the monosubstituted compound

being isolated first and then being allowed to react with

the second amine. The reaction of phosphorus pentafluoride

with primary amines is known to produce, amongs’t other
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‘products,asymmetric amino-tetra— and tri— fluorophosphoranes_

of the type RNHEF,, (whéré R = Bt, tBu, 2 6—Et206H7, 2,6- He2

C6H”’ 2 4-Me206H5 and i-C, H ) and (RNH)2PF (where R = Me, %
Et, and tBu). 16, 103 The analogous asymmetric amlnofluoro-

" phosphorane’ heNHPF4,1O4 however, is convenlently prepared

from the reaction of phospnorps pentafluorlde with methyl-
aminotrimethylsilane; MeNHSiMeB. The reaction of phospporus
trifluoride with the primary amines RNH2 (where R = Me,'Et,

nBu) afford asymmetric aminodifluorophosbhorénes of the type
(RNH) ,PF H. 17 Recently compounds of the. type BalleR FF .

23

(vhere n = 0y 1, 2; R = Ph) have been prepared, “~ where
once again 19F,n.m.r..revealed magnetic non-equivalence of thé

axial fluorine atoms.

The following is concerned with asymmebtric aminofluoro-

’ § 1 .
phosphoranes of the typelRR NER F, . (where n = O,_1,‘2;

RR' = 2-methylpiperidyl—, 3-methylpiperidyl-; R# = Me, Ph)
. M : !
and also (where n = 0, 1; RRg = 2-methylpyrryl-—; R' = Ph).

: A 1

The symmetric aminofluorophosphoranes RENPR;E4_n (where n
0, 1,.2; Ry = 4-methylpiperidylf; R" = e, Pb) and also
(vhere n = 0, 15 R, =.2;5—dimethylpyrryl—; R" = Ph) have also

- been prepared.-

Sznthesis
The preparation of the amlno—substltuted fluoropnosohoranes
RR NPR F4 -n and ReNPR P4 n is carrled out by the reactlgn of
i n
the Lewis acid fluorophosphoranes RnPF5_n (where R = lle, Ph;
n = 0, 1,'2.) with the Lewis base methyl-substituted piperidyl
silylamines and the methyl-substituted pyrrylsilylamines
1 B ’
RR‘NSiMe5 and R2NSiMe5 according to the equations,




- 60 ~

RR'NSile; + R FFg_ L —— RN F4 _n + MeSiF
and | |
R NSiMe; + R, PF5 . ——> RNPRF, =+ Me,SiF.
These reactions are analogous to those used for the
-preparation of other heteroatom-substituted fluorophosphoranes
(Introduction). The reactions of methyl-substituted piperidyl
‘trimethylsilames with fluorophosphoranes were found to bé :
exothermic producing the volatile by-product trimethyl-
fluorosilane which was identified by itquﬂlnfm.r.‘spectrum.
The aminofluorophosphoranes are purified by vacuum
distillation om; in the case of the difluorophoéphoranes,
by recrystallisation from a suitable solvent. The yields of
these aminofluorophosphoranes are in the range 40-96%;
they are not in every case the exclusive phosphorus-fluorine

compound produced.

The corresponding reactions of methyl-substituted
“pyrrylsilylamines with fluorophosphoranes, in contrast to

the above mentioned reactions, are not exobhermic, the reaction
mixtures having to be heated for long peridds in ordem to

induce reaction. Again the volatile by¥product, trimethyl-
fluorosilane is formed and identified by its 1H'n.m.r.

spectrum. Purification is also carried out by vacuum dlstlllatlon
and ylelds are in the range 10-83%, Once again these compounds :

are not the exclusive phosphorus-fluorine compounds formed;

It was, however; noticed that no reaction took place
when methyltetrafluorophosphorane, MePF4, was allowed to react
with methyl-substituted pyrrylsilylamines even when the
reaction mixtures were heated in a vacuum for long periods

at high temperatures.




Properties

The piperidyl- tetra- and tri- fluorophoéphorénes are
all colourléss liquids which on long standiné turn brown
in colour. The piperidyl- difiuorophosPhoranes'and the
- pyrryl- tetra- fluorophosphdranes-are white crystalline ‘
solids. They all sﬁow a stability to hydrol&sis comparable
‘to other i‘luorophosphoranes._2 This stability is in the
‘order PF,> PPy IF,. | |

The trifluorophosphoranes show a tendency to uhdergo

rearrangement to their ionic isomers in the same fashion

as has been observed for other aminoflubrophosphbranes 2, 26?
105, 106 the rearréngement‘proceeding_according to the

equation, -

2RR'NPR'F > [(RR'N),PR P1*[R PFs] .
3 T [(RR TP FTT[R FE5]
(where RR'N = 2-Me=, 3-Me-, or 4-Me-piperidyl; 2-Me-, or
Q;S-aimethyl-pyrryl; Rus Me; Ph). Thé rearranged products
were only characterised using 49F n.m.r.‘spéctroscopy.
_ This rearrangement was-observed to take place completely
over a two month period if the compounds were stored at

T
- room temperature but[cou d be kept for an indefinite period

if stored at low temperatures.

During the isolation and purification of the tetra-
fluorophosphoranes it was noticed that large amounts of
- undistillable oils were produced which subsequently solidified -
on cooling, These solid residuesAwere shown by 49F and 51P
n.Mere analysis to contain the hexafluorophosphate anion
_‘[PF6]_{ If the reaction conditions were t0o vigorous, the

reaction mixture of phosphorus pentafluoride and the corresponding
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silylamines bein-g allowed to warm up too fast or reaction
miktures being heated above 100°C during distillation, then
the only phosphorus-fluorine compound formed is thé hexa-~
fluorophosphate species at the expense of the covalent tetra-
fluorophosphoranes. The formation of this ionic'compoﬁnd is
presumably due to the rearrangement of the tetrafluoro-

phosphoranes to their ionié isomers according to the‘equatiqn,

2RR NEF, — [(RR'N)29F2]+[PF6]".
(where RR'N = 2-le-, 3-lle-, or 4-Me—piperidjl-§ or 2-lle-, or
2,5-dimethyl~pyrry1). These ionic compounds were isolated
by dissolving in acetonitrile and subsequently recrystallised
from tHe same solvent affqrding white cr&stalline solidse.
Only the ﬁyrryl-ionic compounds were sﬁccessfully isolated;
the correspoﬁding'piperidY1 compounds remaining as thick oils.
The ionic compounds were characterised by 19F.and'mP n.Mer.
spectrbscopy. After isolatibn of the covalent tetrafluoro- |

phosphoranes had been completed no further rearrangement was

- observed.

Nuclear Magnetic Resohance Data

[}

" The notation used in the classification of the spin
systems discussed is that of Bernstein; Pople and Schneider. 107
The main intereéting feature in the rebortgd ?QF n.m.r. data

of thesé-dompounds is the'magnetic non-equivalence of either

the two axial or two equatorial fluorine atoms giving

rise to AB type spectra. 108-110 When one AB spectrﬁm is

an integral part of a complete spectrum then it is termed

an ab sub-spectrum. The spin coupling of two magneti¢nucleii

~leading to an AB spectrum is characterised by one chemical

shift difference AV and one coupling constant called J,
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the spectrum being a function of J/aY (where J=AV) . The
-spectrum consists of four lines two for the A part and

two for the B part and is symmetrical aboﬁt the middle x.

VY \);

T
¥ v ' >
SAL X ~® | H
The coupling constant J between the two magnetic nucleii

A and B can be obtained directly from the spectrum and if

all the lines are resolved then the chemical shift difference

is given by AV g(vs-vz)( V4=V4) Dhus chemical shifts of A

and B can be found being symmetricél about X.

Room temperature and low temperature 13F,n.m.r. data
for these new aminofluorophosphoranes'aré lis?ed in
Tables 2.4; 2.2, 2.5; 2;4; and 2;5. The room temperature
5,]P n.m.r. data are listed»in Table 2.6. In all cases the

1

notation F' and F2 refers to the axial fluorine atdms and

F3 and F4 fefers to the equatorial fluorine 'atoms.

The spectral dabva for these compounds suggest thab
the molecules are basically of a trigonal bipyramidal
structure; the spectra having the same basic pattern as
‘has Been observed for other fluorophosphoranes. 2, 72 This
suggests that the amino and hydrocarbon groups océupy the

equatorial positions of The trigénal bipyramid leaving the

axial positions occupied by the fluorine atoms.

Tables 2.1, 2.4 and 2.5 show tho “9& n.m.r. datva of

the piperidyl- , 2-Me-pyrryl-, and 2,5-dimethylpyrryl-
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Table 2.1

ng NeMMeTe Data.for Methylpineridyl—tetrafluorophosnhoranes

Compound Tenp. % - J (Hz)
4 30 ¢

Me - =100 (in
| toluene) Jppt

T3l
Ipop

JF#Fﬂ

/l

_Me ~+ 50 “PHaw

100 (in Jpp3
“toluene) Jpph

;EFq'

JPF2

Tp3gh
Tp3g1

;Fqu

Me _
+ 30 JfT@nﬂ

846

921

905

781
787
51
74
67

849

940
940

763

763

50
77

6%

856

SF De Qom. ’
STaw +66.9

§¥2
s

SF)

8F2‘

& Flaw

S¥t
Sp
S¥°

+.72.2
+ 4.2
+ 60.3
+ 60.3

+ 72.7
+ 7.0
+ 60.2
+ 60.2

Faw + 67.6

Due to viséosity problems no ‘adequate low

)
FFy,

temperature spectrum could be obtained

Jamaw and §Faw refer to the average values of'éoupling

constants and chemical shifts, of the axial and equatorial

fluorine atoms, respectively.’
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Table 2.2

'19F Ne.m.ro. Data for Methylpiperidyl-trifluorophosphoranes

Compound

Me
|
PhPF5

13

+ 30

. + 30

+ 50

- 100

o

Temp.

C

I (iiz)
Jer! a8
e gy
Tep> 965
Iplp2
Ip1p3 g
> 55
Izl 823
Jer2 820
I3 1066
Iplpe
Ip1p3 55
Fo> 55
Ier? 820
T2 g20
e 965
Iplyp2 0
Iplpd 56
Ip2p> 56

No significant change

form.

aw

§72
883

§F p.p.m.

§¥1 iu2.6
+44,3
+67.8

§¥1
§pe
$¥>

+43.4
43,7
- +69.1

§e1 w435
+43.,5

$¥2  168.1

in spectral



Compound

a

j
MePF5

- Me -

Me

a Due to spin-spiﬁ coupling of phosphorus methyl

Me-
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Table 2.2 cont.

Temp. °C

+ 30

+ 30

- 100 (in
toluene)

form.

J _(Hz) SF DaD.I.
TB® 4313 8FD 4 eu.
A -
T52p> 53
T’ 811 SF 4 0.4
Tep2 @11 872 4+ 30.9
Jerd  9s8 810 4 68.3
T2 o E
I3 s
IFerd - 55
Jepl 811 $71 4+ 30.6
I e §¥2 4 30.6
Tpr> - ogen $F° + 684
Iplp2 o
Iglp3 5y
Ip%p2 5y
i
© No significant change in spectral .

protons with fluorine atoms no adequate calibration

could be-undertaken.
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Table 2.3 .
. ng N.m.r. Data for Nethylpiperidyl—difluoronhosbhoranes
Compound = Temp.OC - d (Hz) 8§T p.p.m.
a + 30 Ipp D12 §F  + 37.9
. e =70 (in  JeF' 689 4F + 34,6
Pth.F2 - toluene) J?F2 689 5F2 + 36.8
Iplp2 . 4y
. Me +3  Jpp 708 §r '+ 37.6
[:Aj]/ - =70 (in | - Db
i ether? "'
PhZPF2 '

e + 30 Jer 715 §r 4 38.1
~ 80 (in No significant change in spectral
ether) form.

¥ .

PhEEF2

a In original preparation 23 the ng n.m.r. data
reported were not complete.
b - No adequate low temperature spectra could be obtained.
e All room‘temperature spectra were made on suﬁefi*’
cooled liquids. | |
All compounds are of a trigonal bipyramidal structure
in which the two fluorine atoms occupy the axial

sites..
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-Table 2ok

19F N.m.Te Data for 2-Methylpyrrylfluorophosphorancs

Conmpound.

;
Py

:: .:: ~Me -
N .

-
PhPF5

L.

0

Temp ~C
+ 30 (in
benzene)

- 100 (in
toluene)

+ 30

- 80 (in
toluene)

form. .

975

REReD)
;H%ﬂﬂ 892
Jer! 838
Jpp? 856
I 9e7
Jep* 967
R T
S
Ip2p3 g
Iprl 866
Jer? . 866 |
Jppd
IpTy2 0
Iplgd =g
Jp2p3 sg.

.- 8§F p.p.m.

STaw + 60.7

5§77
§p°

§8°

s

$ 5
2

$72

‘o significant change in

+ 46.6
+ 50.4
+ 75.2
+ 73.2

+ 28.5

+ 28.5
+ 65.9

JRmaw and<SRaw refer to the average values pf cdupling

obnstants and chemical shifts, of the axial and equatorial"

fluorine atoms, respectively.’

spectral
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Téble 2.5
491" N.m.r. Data for 2,5-Dimethylpyrrylfluorophosphoranes
Compound Tem}g.OC J_(Hz) ~ 8§F p.p.m.
+ 30 - JpFaw) 922  STew + 52.4

» Mef::~:: Me.

N
PF,,
- (&)
o + 30 Jppl 858 SF' + 22,9
| Jpr? 858  JF° + 22,9
Me /“Me . 73 5
. N ‘ PF 975 . &F° + 66.9
PhEF; a2 5
Iplpd @2
Jp2p3 g2
- 100(in No significant change in spectral
toluene) form. |
' i 30 Jop 951 dF & 24.5
,Me‘: ]‘Me
N ) -
(a)

(a) Data recorded on reaction mixture as compound was only
present in a small percentage.
JPEav)and<5an refer to the average values of coupling constants

and'chemical shifts, of the axial and equatorial fluorine

atoms, respectively.
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- 70 -

Table 2.6

fluorophosphoranes
Compound ,JP E-E;m-
2—Me—pip-PF5Ph + 535 -
2-Me—pip-PF51"Ie + 3%9.0
2—Me-—pip—PF2Phé + 51.8
B-Me—pip--QI’.E‘4 + 72.2°
3-Me-pip-FF;Fh + 55.0
B-Me-pip-PFaMe + 40,7
5-le~pip-FF,Ph, + 51.7 -
4—Me—pip-PF4 + 72.4
4-Me-pip-PF5Ph. + 55.6
4—Me-pip-PF5Me + 40,8
4-le~pip-PFPh, + 55.1
2-Me-pyr—PE4 + 61.7
2-Me-pyr—PF3Ph + 51.8
2,5-Me2—pyr-PF5Ph -+ 46,2

L

Hz.

846

815
960

- 815

965
712

849

825-
955

822
965
708

856"

820
965
811
o6k
715
907
868
964
860
975

ax

eq

eq

eq

eq

eq

eq



Table 2.6 conve.

All the spectra were‘recorded at room temperature.

ax and egq refer'to sSpin-spin coupling.betweén phosphorus -
and the axial and equatorial‘fluorine atoms,respeéfively.
‘pip. refers to the ?iperidyl group C5H40N.

- . pyr. refers to the pyrryl group‘CQHﬁN.

tetfafluorophosphoranes..At room temperature the 19F n.m;r.
spectra of the fetrafluorophosphoranes show a simple
doublet which can be explained by the positional exchange
of thé fluorine atoms in the axial and equatorial poéitions
of the trigonal bipyramid about_phosphorus thus simplifying
the'19F n.m.r. pattern,as has been observed in the case.of

qqq»As has been observed for

2, 112, 113

the 'parent' compound PF5.
diorganoamino tetrafluorophosphoranes,R2NPF4
(where R = Me, Et, Ph), on cooling down to below - 60°C

the rate of positional exchange is slowed down sufficiently;
relative to the ne.m.r. time scale; to permit observation of
'distinct axial,énd equatorial fluorine environments. The
room témperature spectra; therefore; show a statistically
weighted average for the coupling constants and chemical

shifts of the corresponding low temperature spectra.

The low temperature spectra of 2-methyl-vand 5—methyl—
piperidyltetrafluorophosphorane show,; apart from the
.expected mégnetic non-equivalence of the axial and equatorial'
fluoriﬁe’atoms,magnetic non-equivalence 6f the two equatorial

fluorine atoms F3 and F% However, in contrast the low

-




o

Temperature spectrum of 2—methylpyrryltetyafluOrophoéphorane
shows apart from the'expected magnetic non—equivalenqe of
the axial and equatorial fluorine atoms,magnetic non-

equivalence of the two axialjfluorine atoms F/I and F2.

Figure 2.1 shows one half of the axial fluorine atom
-.resonances of 2-methylpyrryltetrafluorophosphorane, the axial
region being charéctérised by six ab sub-spectra. The
corresponding equatorial region is characteriéed by a doublet
- of triplets indicating magnetic equi&alenée of the two
equatorial fluorine atoms. A similar pattern is observed
for the low temperétufe spectra of 2-methyl- and B—methyl-
pipéridyltétrafluorophosphorane in which the equatorial-
region is characterised by six ab sub-spectra and the axial
region by a doublet of triplets.'However; in the case of
- the piperidyl compounds severe overlap of the resonance
‘lines is observed between the axial equatorial fluorine atom

resonances and the resonance lines are broad.

Nb adequate low temperature spectra could be'obtained
for the compounds.4-methylfpiperidyl— and E;S-dimethyi-
pyrryltetrafluorophosphorane but there is no evidence for
magnetically non-equivalent axial or eqﬁatorial.fludrihe'

atons.

The observed results can be explained by a slcwing
down of the positional exchange process of the fluorine
atoms in the axial and equatorial positions to within the
time scale of the'n.m.r; measurement and cessation of the
P-N ﬁond fotation.thuﬁbmaking a distinction between axial
and equatorial fiuorine atoms and alsq maxking a distinction

between the two axial 6r Two eQuatorial fluorine atoms,
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It is fhereforé conéluded that for the case of the piperidyl
tetrafluoroéhosphoranes‘ﬁhe observed results can only arisé

~ when the piperidyl ring, although puckered, lies in the
equatoriai plane of the trigonal»bipyramid‘about phosphorus
thus placing.the ﬁethyi groups, in the 2 and % positions, of
the piperidyl ring in an environment closer to one equatorial
fluorine ‘atom than the other. Howeﬁer, because the ring is
puckered one would expect with the proposed structure to
have’differingAenvironménts for the two axial fluorine atoms
and thus obsérve magnetic non-equivalence of the two axial
fluorine atoms as well. This.might be the case but the effect
might only be small and not observable from the n.m.r, -

measurement,

In.the case of the pyrryltetrafluorophosphoranes the
obsexrved resuité>can only arise when the pyrryl fing, which
is planar, lies in the axial plane of the trigonal 5ipyramid
about phosphorus thus placing the methyl gréup, in the 2

| position, of'thé pyrryl ring closer to one axial fluorine
atom than the other. In this case the equatorial fluorine

‘atoms remain, clearly, magnetically equivalent,

~ For 4-methylpiperidyltetrafluorophosphorane the”methyl:
group in the 4~position of the piperidyl ring has no effect
on the magnetic properties of the equaﬁorial fluorine atoms,
assuming.thé piperidyl ring lies .in the equatorial plane as
was observed for the other piperidyltetrafluorophosphorancs.
In the case of 2,5-dimethylpyrryltetrafluorophosphorane

,‘it can clearly be seen that the pyrryl ring can lie in

either the axial or equatorial plane of the btrigonal bipyramid

about phosphorus and not have ény influence on the environments
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of either the axial or equatorial fluorine atoms. Figure 2.2

shows the proposed structures for the tetrafluorophosphoranes.

The use of Prentice Hall Framework Molecular Models
was found to be useful in establishing the structures and

explaining the n.m.r. data.

The rooh temperatﬁre SPectra of the trifluorophosphoranes
are all bonsistent with those expected for trifluorophosphoranes.
The basic pattern ié of a doublet of doublets attributed
to the axial fluorine atoms and doublet of triplets attributed
to the equatbrial fluorine atoms. The interesting feature
of these spectra is the observation of magnetically non-
equivalent axial fluorine atoms for 2—methyl-vand %-methyl-
piperidyltrifluorophosphofane. In céntrast the 19F NelleTe
spectrum of 4-methylpiperidyltrifluorophosphorane shows no
evidence for the presénce.of'magnetically non-equivalent
axial fluorine atoms and even on cdoling down to - 100°C +the:
form shows no~significaﬁt change to that of its room temperature
'sbectrum. The ng_n.m.r. data are shown in Table 2.2.

Pigures 2.3 and 2.4 show the'spectral form of 2—methyl-
piperidyltrifluorophosphorane, Figures 2.5 and 2.6 show the
spectral fbrmrof'B—me%ﬁylpiperidylphehyltrifluoro§hosphorané
and Figures2.7 shows the spectral form of 4-methylpiperidyl-
.phényltrifluorophosphorane, The charactgfistic feature of
these spectra is the presence éf four ab sub-spectra for
the axial fluorine atom resonances of E—ﬁéthyl- and B—methylé
_piperidyiphenyltfifluorophosphorane. The figures show |
only one half of the éxpected axial fluorine aton résqnances.
The spectral form of 4-methylpiperidylphenyltrifluoro-

phosphorané is the form that has been observed for symmetric_




F’igure 2.2

Me P

The piperidyl ring is puckered |
~and therefore lies above and The pyrryl ring is planar and
below the equatorial plane. - ~lies in the plane of the pdper.
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.aminofluorophosphoranes._2

The room teﬁperature 19F n.m.r. spectrum of 2-methyl .
pyrrylphenjltrifluorophosphorane is consistént with two
'magnetically equivalent axial fluorine atoms contrasting |
To the results obtained for the piperidyl trifluorophosphoranes |
and even on cooling to ;1OOOC there is no sigﬁificant change
in the spectral form the observation still being consistent with
magﬂetically equivalent axial fluorine atoms. The 19F Nem.T,
spectra of 2;5-dimethylpyrrylphenjltrifluorophosphofane
at room témperature and at —100°C remains consistent; as
" one might'exéeCt,vwith magnetically equivalent axial fluorine

atoms.

The observation of magnetically non-equivalent axial‘
fluorine atoms for the piperidyl ﬁrifluorophosphoranes can
only arise when the piperidyl ring lies in the axial plane
of the trigonal bipyramid about phosphdrus thus placing the
methyl group in the 2 or 3 position'df the ring in an |
environment closer to one axial fluorine atom than The
other. This arises from cessation of the P-N bond rotation
to ﬁithin the time scale of the n.m.r. measurement. For
4—methylpiperidylphenyltrifluorophosphorahe'the environments-
of the two axial flubrine atoms are the same and evén when
the P-N bond rotation is effectively stopped one should
not observe ahy difference in magnetiC'properties of the
two axial fluorine as the stereochemical environments are

still the same.
The observed magnetic equivalence of the axial fluorine
atoms of 2—methylpyfrylphenyltrifluorophosphorane, even at low

temperatures, is somewhat surprising as one might expect
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‘a difference in the environments of the two axial fluorine-
atoms and thus the observation of magneticaily non-equivalent
axial fluofine atoms; This result might be explained by,'
The possibility of a very low energy barrier fo rotatcion
aboutb fhe P-N bondAand thuslan‘inability to freeze this
rotation sufficiently to permit observation of a difference
in the magne®ic probertiés of the axial fluorine atoms.
Another point to be considered is that the pyrryl ring

might prefer to lie in the equatorial plane of the trigonal
| bipyramid and thus the stereochemistry of the ring would
have no influence on the magnetic properties of +the akiai
fluorine atoms as the axiél fluorine atom environmentis

would be identical. Figure 2.8 shows the proposed structures

for the trifluorophosphoranes.

An interestipg feature of the 19F n.m.r. spectra, in
the equatorial region, of 2-methyl- and 3-methylpiperidyl-
phenylfrifluofophosphorane (Sée Figures 2.4 and 2.6) is
the multiplef nature’of each of the individual lines of
each of the doublet of triplets. This observed épin spin
coupling is of the order 3.5 Hz énd is believed to arise-
-from long range spin spin coupling bétween.the eqﬁatoriai'
fluorine atom and the equatorial protons at the 2 and 6
positions of the.piperidyl ring. For 2-methylpiperidyl-
phenyltrifluorophosphorane this manifests itself in the
doublet nature of each of the resonance lines whereas for
3-methylpiperidylphenyltrifluorophosphorane triplet nature
of each of the resonance lines is observed. As can De seen
there are for the 2—methyl- and Bfmethyl- compound one and
two'ppotons;respectively; in the 2 and 6 positiéns of <The

ring, for long range spin spin coupling to the equatorial
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fluorine atom on phosphorus.

The room témperature spectra of the difluorophbsphoranes
show a Simplé doublet characteristic of fludriné atoms in
the axial positions of a trigonal bipyrémid. waever;‘for
2—methylpipéridyldiphenyldifluorophosphorane the low
temperature 49F NeMaTe spectrum loses this form. On lowering
the temperatupe the doublet collapses indicating loss of -
magnetic eQuivaiencejof the twb,axial\fluorine'atoms. At
eﬂOO?C the.spectral form is that of two ab sub-spectra
being indicative of twb distinct fluorine atom environments.
The spéctrum'is shown in Figure 2.9. No adequaté low
%emperaturé spectrum could be obtained for B—methylpiperidyl-
diphenyldifluorophosphorane as a low enough Temperature
could not be reached without precipitation of the compound
from the solvent. Iine collaPSQFWas observed which indicates
magnetic-noneeqﬁivalence of the axial fluorine atoms. The |
spectral form of 4—methylpipe?idyldiphenyldifluorophosphorane
remains the same when measured between room temperaﬁure
and -100°C thus indicating magnetic eéuivalence of the two

axisl fluorine abtomse.

The observed results can be explained by an effective
cessation. of the P-N bond rotaﬁion at low temperatures thus
plécing the piperidyl ring in the axial plane of the trigonal
bipyramid about‘phosphorus_and so giving the éxial fldorihe
atoms distinct environments. In.the case of 4-methylpiperidyl-
. diphenyldifluorophosphorane the environments of the two
axial fluorine atéms remain the same ét all temperatures
as the compound is a symmetric émino fluorophosphorane. Figure

2.8 shows the proposed structure of the difludfophosphoranes.




Figure 2.8

\_ 'x

(where X=F,Y=Ph,Me;
X=Y=Ph) | o
The piperidyl ring is puckered
and does not necessarily lie
iIn the plane of the paper.'

(where X=F, Y=Ph; or
X=Y=Ph) B

~ The pyrrole ring is planar and

lies in the plane of the paper.
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ThengP n.m.r. data for ﬁhese.new aminofluorophosphqranos
are shown in Table 2.6 and are consistent with five-coordinate
phosphorus-fluorine compounds. Although the observed ng
room temperature spectra of 2-methyl- and 3-methylpiperidyl- ': |
~phenyl(methyl)trifluorophosphorane show magnetiéally‘non—
equivalent axial fluorine atoms the 51? n.m.r. spectra
show no extra peaks due to non—equivalence of‘the fluorine
atoms. This observation might be explainedAfrém the fact
that the chemical shift difference between the two axial
fluorine atoms is small in‘comparison to the largeidhemical
'shift differences between phosphorus and fluorine and that
the 2P n.m.r. resonance lines are probably too broad, due

to nitrogen quadropole relaxation, for any extra épin _

spin coupling to be observable..

Structure and Stereochemistry of Fluorophosphoranes Substituted

by Asymmetric Amino Substituents

- The observed findings Qan be rationalised in vterms of
two intramolecular stercochemical rate processcs, cach
probablj_having energy’ barriers of the order 5 to 25 kcal /mole.
) The processes are ihtramolecular éxchange of groups-and -
called “pseudorotationgvand restricted rotation about the

phosphorus-nitrogen bond.

AN

| The former process was first recognised by Berry in’
1960 191 resulting in the concept of a noﬂ-;igid molecule
and invoked to explain the n.m.r. data for many btetra- and
trifluorophosphoranes. The latter procesS‘has only receht;ﬁ
been fecognised and several reports have appearéd concerning

phosphorus~heteroatom bond rotation in fluorophosphorancs.
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If for certain magnetic isotopes the rate proceéesses
have rate constants of a similar order of magnitude as-
the total spread (in Hz) of the n.m.r. spectrum then they
may cause profound éhanges inrthe shape of the n.m.r. signals.qq#
If the average lifetime of a number of magnetic isotopes
undergoing an intramolecuiar rate process exceeds aﬁ upper
limit then the n.m,r, spectra will show them as individual
entities. Conversely if the lifetimes are short compared
with the n.m.r. time scale then the n.m.r. spectrum will
~show a single resonance in which the cheﬁical shifts and
coupling constants'are a'statistibélly weighted average
of the corregponding values in species undergoing the slow
rate brocess, By varying the tempefature in n.m.r; tech-
niques the rate can be changed and information can be

" obtained about rate, energy barriers and ultimateély the

~ structure of the species being. studied

Intramolecular Exchange

The concept of intramolecular exchange or pseudorotation-

111

was put forward by Berry' to explain the unusually simple

V19F n.m.r. spectrum of phosphorus pentafluoride indicating
fmagnetically equivalent fluorine atoms. 74, A15-117 This
equivalence was explained by a rapid positional exchange
of the fluorine atoms in the axial and equatorial positions

of the trigonal bipyramid.about phosphorus. The figure below

shows a positional exchange process.

If sufficient energy is available then a simple axial
vibrating mode could_convert the trigonal bipyfamidal
molecule I into its tetragonal pyramidal isomer II. A

continuation of this‘pfocess could thus convert molecule II
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Intramolecular Positional Exchange of Iigands

4
=
2 4
4 —— III
5
I 23
5 3

into a trigonalbipjfamidIII thus achieving interchange

of axial and ecquatorial fluorine atoms. Molecule IIT is the
rotated version of molgcule I. The rate of positional |
exchange is thought' to depend on the amplitude of the axial
bending vibration. 118 The energy barrier top coincides
with the tetragonal pyramid II and can be overcome by
classical molecular coliisions; which are temperature

. dependent; or there may be a quantum gechanigai tunpellinggwr-
Véhroughgfhe barfier which is not temperature dependent. 118 .
»This process is thought to occur in a variety of trigonal

- bipyramidal molecules. 7%, 112, 119, 120

~ Drigonal bipyramidal geometry has been unambiguously
established in vibrational spectral and eiectron diffraction
studies of a series.of tetrafluorophosphoranes including
the parent compound PF5 this being possible due to different .
time scales on which these techniques are opérating;

‘Electron diffraction is of the order 10~2°,(Ref 120) I.R. and
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Raman of the order '10"/15 compared to the n.m.r. time scale.

1 121 122, 123

CH

to 10-9. The fluorophosphoranes FFg, PF, ,

of 10’{ . 3
CF 5 12k, 125 CC1,EFy , 126 tpupr, 17 ana pnser, “Chave
-all been studied and trigonal bipyramidal structures assigned. -
Positional exchange of fluorine atoms in phosphorus penta-‘
fluoride and its mdnosubstituted derivatives, RPF4, 1s
independent of temperature over a'Widé range although for
monosubstituted dialkyl(aiyl)aminotetraflﬁérophosphoranes
RoNEF,, 2, 112, 13, 1?8 and alkyl(aryl)thiotetrafluoro-
phosphoranes RSPF4 23y 0, 71 non-equivalence of the axial
and equatorial fluorine'atoms has been observed on cooling
down to below -8500,‘distinct axiél_and eqﬁatorial fluorine
atom environments being observed. Thus é trigbnal bipyramidal
structure in which the amino or thio group is in an equatorial

position is the only possible structure which can be assigned

on the strength'of the n.m.r. data.

Hindered Phosphbrﬁs—Heteroatom Bond Rotation in Fluoro-

phosphoranes

1he obsorvation of ﬁon—dquivalonco of oithor axinl ow
equatorial fluorine atoms in- heteroatom fluorophosphoranes,
féhownmby the n.m.r. data, can be-explained by a slowing -
down of.rotation about the phosphorﬁé—heteroatom bond
rélative to the n.m.r. tiﬁe scale. This is manifested in
‘the positioning of one of the groups attached to the hetero-
atom in a position closer to one of the axial or equaborial
fluorine atoms than the other thus creating distihct atom
environments. This effect has been ob;erved Ey other . .workers
98-100, 103, 404-in‘fluorophosphpranes of the type RHNER F,

and recently in phosphorus-heteroatom.compounds of.the type
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o 31, 71 : v 23, 129 . .. |
Rn(RS)Piq_n ? and BzMeNFR F, . Studies have also
been made into measuring energy barriers to rotation for
such compounds and calculated ehergy barriers are in the

range 5 to 12 kcal/mol,

Low temperature n.m.r. studies of these new amino-
fluorophosphoranes indicated .= the effective cessation of
firstly pseudorotation far the tetrafluorophosphoranes and
secondly rotation about the P-N bond giving a rigid structure
compared to the n.me.r. time scale. The broad doublets Ifor
the tetrafluorophosphoranes; at room temperéture; collapse
on cooling to give a compiex 50 line spectrum compafed to
a 12 line spectrum observed for symmetpié aminofluoro-
phosphoranes. The trifluorophosphbranes are not invqlved in
any positional exchange process aé this woﬁld hecessitate
the positioning of an amino or hydrocarbon group, in the-
'ihtermediate,.in an energetiéally unfavourable axial position.
However; the room temperature spectra of the trifluoro-
phosphoranes are characterised by complex 22 line spectra
compared to the normal 10 line spectra observed for symmetric
éminotriflﬁorophosphoranes. 2 The only intramolecular ra%e
process to be considered for the difluo}ophosphoranesiis,
the cessation 6f the P-N bond_rotation at low temperatures.

- A% low temperatﬁres a'complex 8 line spectrum is observed
vcompared to the normal doublet observed for difluoro-

phosphoranes.-2

Reasons for this high energy barrier to P-N bond
rotation in fluorophosphoranes have been quoted99’ 104 as
(a) pw-4T bonding betweeh the lone pair of electrons on the
nitrogen and an empty 4 orbitai on the phosphorus, and

(b) hydrogen bonding between the axial fluorine atoms and vhe
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protons of the alkyl group attached to the nitrogen of the

‘asymmetric group.

The proﬁosed»structqre for the tetraflﬁorophosphoraneé
2-methyl- and 5—methyl-piperidyltetrafluorophosphorane;
in which the piperidyl ring prefers the eqﬁatorial plane
of.the trigonal bip&ramid about phosphorus;,can be explained
by the preference of the ring to take up the position of
leést stereochemical hindrance’ which is the equatorial
plane., If pw-4T interaction is to be invoked between_nitrogen
and phosphorus theﬁ it would explain the spectroscopic |
results observed especially if:sp2 hybridisation of the
nitrogén atomic orbitals is assumed with one of the nitrogen
| p orbitals being ekclusiyely involved in pﬂ—dﬂ bonding.
If sp3 hybridisatioﬁ at nitrogen.was assumed thus ruling
out the possibility of any ph-dm interaction then one
would still observe magnetic non-equivalence of fluorine
atoms in asymmetric aminofluorophosphoranes but one wou;d
expect to dbserve magnetic non-equivalence of either axial
or equatorial fluorine atoms for symmetric aminofluorb-
phosphoraneé as the hydrocarbon groups attached to the
nitrogen would be in positions cldger to one flud:ineﬂatom
than the other. This is not observed to be So. By the uée
of molecular models it can be seén that the possibility
of any hydrogen Bonding between equatorial fluorine atoms -
and protons of the alkyl group attached to nitrogen when
the ring lies in the equaforiai plane, is very small. By .
anaiogy 4—methylpiperidyltetrafluorophosphorane can be

assumed to have the same structure.

In contrast to the piperidyl tetrafluorophosphoranes
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2-methylpyrryltetrafluorophosphorane, from consideration

of <The spéctroscopic results; has a structure in which the
ﬁyrryl ring lies in the axiai plane of the trigonal bipyramid
about phosphorus. This however; is not the least .sterically
hindered position. An ekplanatioﬁ for this might be a

large amouht of hydrogen bonding between the methyl group
and the ax1al fluorine atoms which is p0851ble when the rlng
lies in the axial plane thus holding the ring in this
'position. The use of pi-dW bonding between the nitrogen of
the ring and thé phosphorus atom can also be invoked as

an expianation but the structuré of the ring, which is
aromatic, dictates that the lone pair of electrons on the

- nitrogen is involved in the'ﬁfsystem of the ring. Thereforé
any pR-dT interaction between nitrogen and;phosphorﬁs

might only be small. The main factor influencing the

structure can only be hydrogen bonding.

v The structures proposed for the trifluorophosphoranes
2-methyl- and B—metbyl—piperidylphenyl(methyl)%rifluoro—
phosphorane, from consideration of the spectroscopic results,,

in which the piperidyl ring lies in the axial plane of the

trigonal bipyramid about phosphorus can also be explained .

'.by the preference of the ring to take up the position of
least stereochemical hindrance. On introduction of a methyl
or phenyl group intb the equatorial plane the stereochemical
requlrements of the ring are altered and the leas?® crowded
plane becomes the axial plane. That the observation of
magnetically non-equivalent fluorlne atoms i1s made at room
témperature can be éxplained by there not being any positional ~

exchange of ligands, due to greater energy requirements, and
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a strong pW-dTW interaction between phosphorus and nitrogen
enhanced by the inductively electron withdrawing effect

6f the fluorine atoms attached to phosphords. This effect .

- is also present for the tetrafluorophosphoranes but even

if +the phosphorus-nitrogen bond rotation is effecctively
"frozen" no observation of magnetically nonequivalent

axial or equatorial fluorine abtoms will be made until the
positional exchange process has been slowed down by reduction

of temperature.

The presencé of any hydrogen bonding in these trifluoro-
phosphoranes might conveniently explain the high energy
barrier to rotation in the case of the 2—methylpiperidyl.
trifluorophosphoranes as the methyl group of'the hetero-
aton group would be sufficiently close enough to one of
the axial fluorine atoms to bring about some‘hydrogen
bonding. Such hjdrogen bonding cannot be invoked in an
'explénation for the high energy barrier in the case of the
B—methylpiperidyltrifluorophbsphoranes as the methyl group .,
of the he%eroatomrgroup ié too far removed from the axial |
fluorine>atoms to be able to form any hydrogen bonds, yet
- the spectroscopic results are analogous. ThereforeAthemmain
- factors td be considered are the possibility of pr-dW bonding
<and.the positipning of the ring in the position of least

stereochemical hindrance. From these considerations one

‘can also assume a similar structure for the analogous 4-methyl-

piperidylphenyl(methyl)trifluorophosphorane.

In contrast to the piperidyl trifluorophosphoranes no
observation was made of magnetically non-equiValént axial

or:.equatorial fluorine atoms between room temperature and
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-100°C for 2-methylpyrrylphenyltrifluorophosphorane, This
observation might be explained by a very low energy barrier

- to phosphorus-nitrogen bond rotation.due'tO'very little or no
i -4T interaction between phosphorus and nitrogen. This might
be expected in view of the aromatic requirements of the .
pyiryl ring needing the use of the 1oné pair of electrons

on the nitrogen atom and a decrease in electroﬁ withdrawal
effect of the fluorine atoms attached to phosphorus compared:
to the pyrryltetrafiuorophosphofanes; Therefqre one'cannOt

make any assumptions as to the structure of the pyrryl-

trifluorophosphoranes.

| The proposed structure for the difluorophosphoranés
2-methyl- and 3-methyl-piperidyldiphenyldifluorophosphorane
in which the piperidyl ring is situated in the axial plane
of the trigoﬁal bipyramid about phosphorus can also be
explained by the’piperidyl ring taking up ﬁhe position of
least stereochemical hindrance as thergquatorial plane is
somewhat drowdgd dué to the presencs of two phehyi groups
attached to phosphorus. Any pli- AT interaction between phosphorus
and nitrogen would be of a smaller nature than for the
.copresponding ?etra4iand t:i—fluorophosphoxgnes due to the
decrease in the number of fluorine atoms attached to phosphorus
and the sﬁbsequeht decrease in their inductively electron |
withdrawing effect. For these difluorophosphorénes the
pdssibility of‘any pseudorotation process is negligible ana
therefore on lowering the temperature, the phosphorus-nitrogen
4 bond rotation is the only process which is being slowed dowm.
Thevpossibility of any hydrogen bonding can onlj be invoked
for the case of 2-methyl substituted compounds as the methyl



group in the B-methylvsubstituted compounds is situated
too far away from the fluorine atoms for any possible |
hydrogen bonding to take place. Howevér the results for
the two series of compounds are the same. By analogy a

similar sﬁructure can be proposed for 4-methylpiperidyl-

di?henyldifluorophosphorane.

Since the subject of restricted bond rotation is of
a complex nature it would probably be meaningless to make
any comparison between mechanisms postulated for other
- phosphorus~heteroatom compounds where phosphorus shows
coordination numbers of'three; four andbfive. It is possible
~that in each case several fadtors are involved‘including
pﬂLdH'interaction enhanced by inductively electron with-
drawing groups; hydrogen bonding between the axial fluorine
atoms and protons of a hydrocarbon group attached to the
heteroatom,.and stereochemical requirements of the molecule.
For the tetrafluorophosphoranes one has td also consider the
existence of a positional exchange process for the fluorine

atoms.

Discussion-

The preparation of these asymmetric and symmetric
aminofluorophosphoranes proves to be n9 éxceptioﬁ to the well
documented routes.to aminofluorophosphoranes involving the
cleavage of a Si-N bond with fluorobhosphoranes. 25 18, 20’A21
The reaction presumably takes place via the formation of
a Lewis acid-Lewis base adduct which breaks down férming

the volatile by-product trimethylfluorosilane and the

aminofluorophosphorane. The driving force is the formation



. been observed for other aminofluorophosphoranes,
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of a strong Si-F bond compared to the'weaker~P—F bond. (See
Chapter 1). As the Lewis acid naéuie of the fluorophosphoranes
decreases in the order PF5> PHEF, > MePF, > PhoPF ) MeoPry |
and the Lewis base nature of the aminosilanes decreases from
pipefidyl to pyrryl the energy required to.bring about a
reaction becomes higher. It was noticed that no reaction

took place when methyltetrafluorophosphorane was allowed

to react with 2-methylpyrryitrimethylsilane and this can be
explained by the non formation of an expected 1:1 adduct.

The chemical properﬁies.are as expected for fluorophosphoranes.1
The trifluorophosphoranes show a tendency to undergo a

| rearrangement to their ionic iéomers in a fashion which has

26, 106, 107

- rearrangement proceeding according to the equation,

2RR"NER'F >  [(RR'N),PR F17[R PP~
3 T = [(RR MR F][R FFo]

(where RR'N = 2-le-, 3-lle-, 4—Me-piperidyl—§ 2-Me- or 2,5-di-
methylpyrryi; R = Me, Ph).
These‘rearranged products were characterised by q9F NeMeTe
spectroscopy. The reaction of phosphorus pentafluoride with
the aﬁinotrimethylsilanes show a tendency for the formation
"of~ionic"species due to the rearrangemehtrof the covaléntw~-fwww
‘tetrafluorophosphoranes, as they are formed,}to‘their ionic

isomers., The rearrangements proceed according to the equation,

2RR'NPF,, > [®RW)PR, ] [PRg]”

- (vwhere RR'N = 2-lMe-, 3-le-, 4-Me—piperidyl—;.2-Me-; or
2;5-dimethyl-pyrryl-). These ionic products were characterised
by 9% ana p N m.T specfroscppy. Tables 2.7 and 2.8 list
;ﬁhe n.m.r. data for the hexa- and penta—fluorophosphates;

_respectively.u



19F Nuclear Magnetic Resonance Data for the Pentafluorophosphatbes

Table 2.7
Comoound ' J (Hz)
- Jpra 691
Me I
, Jpre 815
i, e - Ipera 39
PhEF B
| JPReat) 1050
[PEEF5]™
| JPFa 673
@Me Jpre 843
J
_ ? 2 FeFa 42
" Mepr™ IpRcat) 1033
[MePF5]
I~ | Jpra 653
Me Jppe 825
N 2 5
Ph$F+ _ FeFa 3%
J

- No 3I]P n.m,r. data was obtained.

SF p.v.m.

§Pa  +.60.7
SFe. + 57.2
$Feat) + 86.0

§Fa + 58.9
dFe + 47.2
d Fcat) + 83.1

dFa  + 57.7
$Fe + 47,2
$Pecab) + 82.0

All spectra made on solutions in acetonitrile.

$Fa and 6Fe refer to axial and equatorial fluorine étoms

respectively.

cat réfers to the'cation.

For the piperidyl compounds'the orientation of the Me groups

is 2, 3, or 4.

For the pyrryl compounds the orientation of the lie groups

is 2-Methyl:- or 2,5-Dimethy1-.
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Table 2.8

49F and 5"IP N.m;r. Data for the Hexafluorophosphates

Compound I Dep.m. ’ P DeDoM, ‘. Jd _(Hz)
' F(an) + 72.6 . P(an) + 145.2 JPF(an) 720
[:ﬁtE}Me ' _ .
N 2 | | .
1 )
PF2+ J F(cat) = | P(cat) a PF(cat) a
[Fe] ‘.
“ ” |  P(an) + 71.6  P(an) + 145.0  IPP(an) 711
Me - . _
N’ 2 - . |
| PRyt | Flcatd)+ 76.4  P(cat)+ a IPF (cat) 1088
[*F6]”
“ ” © P(an) + 71.2 ° P(an) + 145.0  YPR(an) 740
Me Me| v '
nool2 \ . |
| PR,Y | F(eat)+ 75.8  P(cat) -80.2 - YPF(cat) 1061
: [PFe]j‘ ’

(aj Not observable from the spectrum because concentration
of sample too small. . |
_ Ali spectra made on solutions in acetonitrile.
an. and Cat..refer to the anion and cation, respectively.
For the piperidyl compounds the orientation of the Me groups

is 2, 3, or 4,
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The 19F and 5']P neMere data for the hexaflubrophosphates
are in agreement with those reported in the literature. 14,72
The 19F n.m.z. spectra of the pentafluorophosphates show
a second order AB4X pattern of the type which has been S
observed for the ions [PhPFB]_, [MegNPFs]_; and [MePFB]_. 25,26,27
- One observes a doublet of quintets which is attributed %o

the single fluorine atom coupling with the four remaining

flﬁorine atbms and the phosphorus atom; a. doublet of

doublets attribufed to four fluorine atoms, which are

magne@ically eguilvalent, coupling with the remaining fluorine

atom and the phosphorus atom, and‘a doublet at higher field

attributed to the fluorine atom of the cation which couples

with the phosphorﬁs atom of the cation, The results obtained

are consistent with an octahedral structure in which four of

the five flﬁorine atoms are situated in the equatorial piane.

The fluorine atom 6ppqsite to the organo group has an

environment differing from the remaining fluorine atoms.

Experimental

Since all the reactants and products éontaining P-F

bonds are sensitive to moisture it was necessary to take
"fhé'precautiohs described in the section on General

Experimental Technique., All the fluorophosphoranes‘were
prepared by repdrted‘methods. (See section on Experimental
Technique)., The methyl substituted piperidyl compounds were
obtained as technical products from Fluka, Buchs, Switzerland;
aﬁd the py:role derivatives weie obtained from Cilag Chemie,

¢

Basel, Switzerland.

The silicon-nitrogen compounds 2-methyl-, 3-methyl-

and.h-methyl-triméthylsilane,were_prepared in a manner
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similar to that réported fdr the preparation of phenyl-
. %

trimethjlsilyl ether. The corresponding pyrryl silanes;
however, were not prepared by the analogous method. 2-lMethyl-
pyrryltrimethylsilane was prepared from pyrrole via 2-formyl-
pyrroleiqao which was reduced using hydrazine hjdrate to '

131

give 2-methylpyrrole. The magnesium bromide Grignard of

2-methylpyrrole was then allowed to react with trimethyl-
chlorosilane affording 2-methylpyrroletrimethylsilane, 132
2;5—Dimethylpyrryltrimethylsilane was prepared from the
reactién'of the magnesium bromide Grignard of 2,5-dimethyl-

pyrrole with trimethylchlorosilane in-'a manner similar to that

for the preparation of 2-methylpyrryltrimethylsilane, %2
-The reactions proceed accbrding to the equations,
Me2N0H0 o+ POCl5 } > MeaNCHO.POCI3 (1)
(I) + C4H4NH > , /OPOC12
- Qg JHC1 (II)
N :
H NMe2
(II) + 5H20 -+ ”40H3000Na~-———> : +NaCl + NaHaPO@
+ BCHBCOOH
o (I11). )
+ CHBCOZNHZMe2
' Base ' - '
(III). + N2H4320 —_—> o + Né + H20
[ e
(v) v~ 3
‘ H

(Iv)  + EtMgBr ——>  2-MeC,H,Nighr
)
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»*(v) + Meg8i0l ———> 2-Me-C HyNSilMez + MgCl,

All the silyl compounds were characterised by their 1H'n.m.r.'

) spectra. Attempts at preparing the pyrryléilanés from the
-reaction of the pyrrole with trimethylchlorosilane in the
presence of a tertiary amine proved unsuccessful presumably

due to the decreased Lewis base nature of the amine.

Preparation of compounds -

- 2=Methylpiperidyltrimethylsilane: The prepearation was

carried out in a manner similar to the preparation of peré
fluorophényltrimethylsilyl ether as described in Chapter 1.
Trimethylchlorosilane (135.5 g.,‘1.26 moie) was a;lowed to
react with.é—methylpiperidiné¢(125.0 Bey 1.26 mole) in the
presence of triethylamine (128,0 g., 1.26 mole) in a 21,
three-necked flask using 11, of sodium dried ether as solvent,.
The reaction mixture ﬁas.allowed to reflux for 12 h. On cooling
the reaction mixture to room temperature it was filtered to
remove solid amine-hydrochloride. The filtrate was distilled
first at atmospheric pressure to remove the ether and =
subsequently distilled under vacuun throﬁgh a 12 in. Vigreux
" column affordiﬁg'a colourless liquid of b.p. 90°c/66 mm. and.
lidentified as 2—methylpiperidyltrimethylsilaﬁe. The weight
collected (121.7 g.) represents 65% yield.
Found: - - ¢, 63.7; H, 12.0; N, 8.1; 8i, 16.2%
Calc. for 09H21NSi C,_63.2§ H, 12.3; N, 8.2; Si, 16.4%.

3-Methylpiperidyltrimethylsilane: The preparation was

carried out in a manner similar to that described in the
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previous.preparation. Distillation of the final residue
afforded a colourless liquid of b.p. 108°C/120 mm. and

identified as 3%-methylpiperidyltrimethylsilane. Yield 70%

Found: . C, 63.3; H, 12.6; N, 8.0; 8i, 16.1%
Calc. for CgHy,NSi C, 63.2; H, 12.3; N, 8.2; 81, 16.4%

L-Methyloiperidyltrimethylsilane: Thebpreparation was

carried.out in a manner similar to that described‘for the
preparation of 2~-methylpiperidyltrimethylsilane. Distillation
of the final residue afforded a colou:less liquid of Db.pe.
106°C/120 mm. and identified as 4-méthylpiperidyltrimethyl-
'silane. Yield 67%. | _

Found: - C, 63.0; H; 12.3; N, 8.1; Si; 16.3%
Calc. foy 09H21N8i C, 63%.2;  H,-12.3; N, 8.2; 8i, 16.4%.

2-Methylpiperidyltetrafluorophosphorane: Phosphorus

pentafluoride (9.5 g., 0.08 mole) was condensed onto
2-methylpiperidyltrimethylsilane (12.9 g., 6.08 mole) in a
_glass reaction tube cooled To —19600 on a vacuum'line.vAfﬁer
condensation was completed the tube was sealed and placed in
a cold baﬁh atr-78°C for 2 days. On opening the tube and
connecting to a tfap at ;7800;'protected from atmospheric
-'moisture”éf the open eﬁdrwith a siliéérgei drying %ﬁﬁe,'a
volatile produdt was seen to boil off which collected in
~the trap. This volati1e product was shown by 1H Ne.Me.Ts TO
be‘trimethylfluorosilane, MeBSiF, and the weight collected
(5,2 ge) représented 71% reaction having taken place. The

| "liquid remaining in the tube was distilledAunder vacuunm
affording a colourless liquid of b.p. 54°C/20 mm. and
subsequently‘identified‘as 2-methylpiperidyltetraflubfo-

phosphorane. The weight collected (40.1_g.)-represents_61% ,
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yield of 2-Me~CoHoNPF, . An undistillable residue (63 g.)

remained in the distillation flask and was shown to contain

the hexaflﬁbrophosphate anion[PF6]:

Found: | G, 35.0; H, 5.8; .F, 37.3%
Calc. for CgH, F,NP G, 35.1; H, 5.8; T, 37.1%.

5-Methy;piperidyltetrafluorophosnhorane: Phosphorus

pentafluoride (10.3 g., 0.08 mole) was allowed to react

vwith 3-methylpiperidyltrimethylsilane (14.0 g., 0.08 mole)
in a manner similar to the preparation of 2—methyipiperidyl-.
‘tetrafluorophosphorane. Trimethylfluorosilane (6.1 g.) was
formed representing 83% reaction having taken place. Vacuum
distillation of the remaining liquid afforded a colourless
liguid of b.p. 5800/20 nm. and was subsequently identified
as 3-methylpiperidyltetrafluorophosphorane. The weight
collected (5.0 g.) represents 32% yield of B-Me—CSHgNPFq.

An undistillable residue (11.0 g.) remained in the distillation
flask and wés shown to contain the hexafluorophosphate
anion[PF6]: | . .

Found. . C? 35.23 H? 5.73 F? 37 ,0%

Calc. for C6H12ﬁ4NP, Cy 35.1;. H, 5.8; F, 37.1%.

4—Meﬁh§ipineridyltetrafluoronhdspﬁbréhe: Phosphorus

pentafluoride (6.2 g., 0.049 mole) was allowed %o react
with 4-methylpiperidyltrimethylsilane (8;5 g., 0.049 mole)
in a manner similar to the preparation of 2-mevhylpiperidyl-
tetrafluorophosphorane. Triméthylfluorosilane (5.8 g.) was
formed representing 85% reaction having taken place. Vaquum
distillation of the remaining liquid affordgd.a colourless
liquid”of‘b;p. 8400/25 mm..and:was-sﬁbsequentiy identified
as 4—methylpipéridyitetrafluorophosphorane. The weight
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collected (6.2 g.) represents 62% yield_of 4—Ne—C5H9

An undistillable residue:(3.8 g.) remained in the.alstl;lation
flask and was shown to contain the hexafluoropﬁosphate |
anion[PF6]1 |

Found: . ' c; 35.,2; H, 5.8; F; 36 .65

Calc. for C.H, F,NP C; 3513 H; 5.8; F; 3%.1%.

2-Methylpiperidylphenyltrifluorophosphorane: 23, 133

The preparation was carpied out in a 25 ml. three necked
flask fitted with a reflux conaénser;~thermometer.and
A~dropping funnel. The reflux condenser.waS'attéched to a
weighed trap cooled to —78°C. Attached to the open end of
the trap was a silica gei drying tube to protect the apparatus
from atmospheric moisture. Phenyltetrafluorophosphorane

(9.2 g., 0.05 mole) was placed in the flask and heated to

- 509C. 2-Methylpiperidyltrimethylsilane (8.5 ey 0.05 mole)-
was placed in the funnel‘and slole added to The stirred
fluorophosphorane during.a O.5lh. period. An exothermic
reaction was observed,the temperature rising to 60 °c. The
reaction mixbture was heated at 60°C for another 0.5 h.

durlng uhlch a colourless volatile liquid %9}}e0ued in

' the trap,this was subsequenvly shown_by qHAto be trlmebny14'
fluorosilane. The weight of trimethylfluorosilane |
.éollected (3.6 é.) reﬁresenﬁed 79% reaction having taken
place. Distillation of the higher boiling fraction afforded
a colourless liquid of b.p.v86°C/0.01 mm. and was subsequently'
identified as 2-mééhylpiperidylphenyltrifluorophosphorane.
The wéight collected (8.2 g.) represents 61% &ield of

2-Me-C5 9NPF -Ph. If the temperature in the dlstlllatlon

flask was allowed to exceed 90°C then the yield was found
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to decrease with the formation of a pentafluorophosphate
speciles at the expénse of The covalent trifluoraphosphorane.

(For analysis see reference 23).

B-Methylnipefidylnhenyltrifluoronhosnhorane; Phenyl-

tetrafluorophosphorane (9.2 g., 0.0Bimole) was allowed %o
react with B—methylpiperidyltrimethylsilane (8.5 g.; 0.05 mole)
in a manner similar to the preparation of 2-methylpiperidyl-
Dhenvltetrafluoronhospnorane. Reaction was found to be
exothermic and the volatile trlmethylfluor081lane (3.4 g )
was lormed representlng 74% reaction having btaken place.
Disvillation of the higher boiling fraction afforded a
colourless liquid of b.p. 8500/0.01 Mhe ahd was subsequently
identified as 3-methylpiperidylphenyltrifluorophosphorane.
The weight collected (5.2 g.) represents 40% yield of
B-Fe-CBHONPFBPh. The undistillable re31due remalnlnrr in

the distillation flask was shown to contaln the pentafluoro—

phosphate an10n[PhPF5].
Found: ,. C, 54.7; H, 6.4; P, 21.8; P, 11.3%
Calc. fo.r C, ol o5 NP C, 54.7; H, 645 F, 21.65 P, 11.7%.

4—Methylp1per1dylphenylurlfluorophosohorane° Pheajl—

tetrafluorophosphorane (155 g., 0.08 mole) was allowed to
react w1th 4-methylpiperidylitrimethylsilane (14.8 g., 0.08 mole)
in a manner similar to the preparation of 2-methylpiperidyl-
phenyltrifluorophosphorane. The reaction was found to be
exothermic and-the volatile trimethylfluorosilane (6.8 g.)

‘was formed representing 96% reaction having taken place.
Distillation of the higher boiling fractlon afforded a
colourless liquid of b.p. 82°C/0.01,mm. and wasvsubsequently
identified asv4-methylpiperidylphenyltrifluorophosPhorane.
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~ The weight collected (16.8 g.) represents 80% yield of
4-ue—05 9NPF5Ph. The undistillable res1due remalnlng in
the distillation flask was shown to contain the pentalluoro—

phosphate anion[PhPF5]:

Found: | C, 54.7; H, 6.4; T, 21.6; P, 11.7%
Calc. for‘012H17F3NP " C, 54.7; H, 6.43 F, 21.6; P, 11.7%.

E-Methylpiperidylmethyltrifluorophosnhorane: Methyl-
tetrafluorophosphorane (9.0 g.; 0.07 mole) was condensed
onto 2-methylpiperidyltrimethylsilane (12.6 ey 0.07 mole)
in a glass reaction tube at -196°C on a vacuum line.

After condensation had been completed the tube .was sealed
and allowea to warm up to room temperature. The reaction
was found to be exothermic noticed by.rise in temperature of
tube. The tube was then left at room.temperature for 48 h.
to allow completion of reaction. On opening the tube and
connecting to a weighed trap cooled to —78°C a volatile
~ product was seen to boil off and collected in the trap.
This liquid was'shown.by g n.m.r. to be trimethylfluoro-
silane and the weight collected (5.9 g.) represented
— - - . . 78% reaction having taken place. Distillation of uhe hlgher ,

b01llﬁv fractlon afforded a colourless ligquid of b.p. 7L°C/
.20 mm. which was subsequently 1dent1f1ed as 2-methyl-
plperldylmethyltrlfluorophosphorane. The weight collected
(9.9 g.) represenus 67% yield of 2—Me—C5 9NPF5Me. An oily
brown undistillable liquid remained in the distillation
flask and was shown to contain the pentafluorophosphate
anion[MePF5]T As was‘noticed during the preparation of.
the phenyl derivatives if the temperature of the distillation.

- was allowed to rise above 90°C then the ionmic compound was
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formed at the expense of the covalent trifluorophosphorane.
IPound.: C, 41,65 H, 7.4; T, 28.0; N, 6.9%
Calc. for C7Hq5F5NP C, #1.8; H, 7.5; T, 28.4; N, 6.9%,

%-Methylpiperidylmethyltrifluorophosphorane: Methyl-

tetrafluorophosphorane (8.5 g, 0.07 mole) was allowed

to react with B-methylpiperidyltrimethylsilane (11.3 g.; 0.07
mole) in a manner similar to the preparation of 2-methyl-
piperidylmethyltrifluorophosphérane. The reactibn was

found to be exothermic and the reactants were left for 48

h. to allow for the completioh of the reaction. On opening
‘the tube and connecting to a trap at -78°C trimethylfluoxro~-
silane was seen to boil off and collected in the trap. The
weight collected (5.9 g.) represented 83%% reaction having
taken place. Distillation of the higher boiling fraction

- afforded a colourless liquid of b.p. 67°C/15 mm. which was
subsequently identified as 3-methylpiperidylmethyltrifluoro-
phosphorane. The weight collected (10.8 g.) represents 80%
~yield of 2—M3705H§NPF5Me. The undistillable residue remaining
in the.distillation flask was found to contain the penta-
fluorophosphate anion[MgE?S]; | - 7' -
Found: G, 40.4; H, 7.5; F, 28.1; N, 6.9%
Cale. for CollyFsNP O, 41.8; E, 7.5; F, 28.4; T, 6.9%.

4-Methylpiperidylmethylﬁrifluoronhosphorane: Methyl-

'tetrafluorophosphorane>(7.6 ey 0.056 mole) was allowed o
react with‘4-methylpiperidylﬁrimethylsilane (10.6 g., 0.056
‘mole) in a manner similar to the preparation of 2-methyl-
piperidylmethyltrifluorophosphorane. The reaction was
found to be exothermic and the reactants were left for 48 h;l

to allow for completion of the reaction. The volatile by -
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product trimethylfluorosilane was formed and the weight
collected (3.8 g.) represented 75% reaction havihg taken |
place. Distillationrof the higher boiling fraction afforded
a colourless liquid -of b.p. 69°C/17 mm. which was Subsequehtly
identified ae 4-methylpiperidylmethyltrifluorophosphoranee.
' The weight collected (10.1 g.) represehts 83% yield of .
4-lle-CoHONPF;Me. The undistillable residue remaining in the
flask was found to contain the pentafluorophosphate anion

[MePF 5] .

" Found: . . C, 42.0; H, 7.4; F, 28.3; N, 6.9%
Calc. for CH sFsP  C, 41.8; H, 7.5; F, 28.4; N, 6.9%.

2—Methylniberidyldiphenyldifluoronhosnherane: The

reaction was carried out in a 25vml.Athree necked flask
fitted with a reflux cendenser; thermometer and addition
funnel. The reflux condenser ﬁas attached to a weighed trap
cooled to —78°C¢ Attached to The open end of the trap was
a silica gel'drying tube to protect the apparatus from
atmospheric moisture. Diphenyltrifluorophosphorane (12.1 g.;
0.05 mole) was placed in the flask and heated to 509C.
2-methylpiperidyltrimethylsilane (8.5 g., 0.05 mole) was
placed in the eddition.funnel and added to the stirred
fluorophosphorane over a 0.5 h. period. The reaction was
vfound fo be exothermic, the temperature rising about 10°C; The
reaction mixture was heated for a further 2 h. at 80°C to
complete the reaction.A volatile product collected in tvhe
trap and was shown by qH.n.m.r. to be trimethylfluorosilane.
The weight collected (4.5 g.) represented 93% reaction
having taken place. The remaining reaction residue; which

solidified on cooling to room temperature, was distilled
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under vacuum affording a colourless liquid of b.p. 16600/0.05mm.
which solidified on cooling to give a white crystalline

so0lid and was subsequently identificd as 2-methylpiperidyl-
}diphenyldifluorophosphorane. There was very little forecut

and very little residue. The weight collected (4.7 g.)
-represents 93% yield of 2—Me—05H9NPF2Ph2. The compound

was further purified by sublimation at 100°C/0.05 mm, ‘using

a water-cooled finger to collect the compound.

(For analysis see Reference 23)

5-Methylpiperidyldiphenyldifluorophosphorane:

Diphenyltrifluorophosphorane (12.7 g.; 0.05 mole) was

allowed to react withAB—methylpiperidyltriﬁethylsilane.

(8.5 8oy 0.05 mole) in a manner similar to the preparation

of 2—methylpiperidyldiphenyldifluorophosphorane.bThe reaction |
was fouﬁd to be exothermic and the raction mixturé was

heated at 80°C for 2 h. in order ©o complete the reaction.

The volatile by-product trimethylfluorosilane was formed -

and the weight collected (4.2 g.) represented 92% reaction
having taken place. Distillation of the higher-boiling
fraction afforded a colourless liquid of b.p._165°C/0.05 mm,
“which solidified on. cooling giving awwhiteicrystalliner_r
solid and was subsequentlj:identified as 3-Methylpiperidyl-
diphenyldiflﬁorophosphorane. The weight collected (14.8 g.)
represents 92% yield of 3-Me~CgHNEF ,Ph.

Found: 0, 67.3; H, 6.8; F, 11.8%
| Calc. for.Cq8H22F2NP : C, 67.3; H, 6.8; TF, 11.8%.

4-Methylpiperidyldiphenyldifluorophosphorane:
Diphenyltrifluorophosphoréne (12.1 g., 0.05 mole) Was
allowed to react with 4-methylpiperidyltrimevhylsilane

(8.5 goy 0.05 mole) in a manner similar +to the preparasion



o.f u—moLhylplpcrldyldlphcnyldlf1uoropho sphorunc. The rcecaction
~.was found to be exothermic and the reaction mixture was
heated at 80°C jor 2 h. to complete the reaction. The

- volatile by-product trimethylfluorosilane was formed and

_ the weight collected (#.% g.) represented 93% reaction
hav1ng taken place. Distillation of the higher boiling
fract;on-afforded a colourless liquid of b.p. 15500/0.05'mm.
which solidified on cooling and was subsequently identified

as 4—methylpiperidyldiphenyldifluorophosphorané. The weight

~ collected (11.3 g.) represents 71% yield of 4-Ne-C5 9NPF2Ph
- Found: C, 67.5; H, 6.9; F, 12.0; N, VIt
Calc. for CugH Pl C, 67.3; H, 6.8; F, 11.8; N, 4.3%.

2-Methylpyrryltrinethylsilane: The preparation of

2-methylpyrryltrimethylsilane was carried out in a manner

132 for the*

similar to that described by Nagy et.al.
preparation of 2;S—dimethylpyrryltrimefhylsilane via the
formation of the magnesium bromide Grignard aﬁd its further
reaction with trimethylchlorosilane. A 0.65 mole reaction |
affords 67.3 g. (66% yield) of 2-methylpyrryltrimethylsilane

.p. 7 C/26 mm.

2—Methylnyrryltetrafluoronhosphoraﬁe:A Phosphorus

pentafluoride (6.3 g., 0.05 mole)was-allowed to react with
2—methy1pyrryltriméthylsilane (7.6 g.; 0.05 mole) in & manner
similar to the preparation of 2—methylpiperid&ltetrafluoro-
phosphorane. The volatile by-product trimethylfluorosilane
was formed and the weight collected (4.2 g.) represented

91% reaction having taken place. Distillation of the higher

boiling fraction afforded a colourless liquid of b.p. 7600/

25 mm. which solidified on cooling giving a white crystalline
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solid and was subsequently identified as 2-methylpyrryl-

tetrafluorophosphorane. The weight collected (5.7 g.) represents

6295 yield of 2—Me—CuH5NPF4; An undistillable oil remained
in the flask and was shown to contain the hexafluorophosphate
anion,[EF6]'which was presumably formed at fhe expense of

covalent tetrafluorophosphorane{

2-litethylpyrrylphenyltrifluorophosphorane: Phenyl-

tetrafluorophosphorane (9.2 g., 0.05 mole) was allowed ©o
react with 2-methylpyrryltrimethylsilane (7.6 ., 0.05 mole)
in a manner}similar.to the pfeparation of 2-methylpiperidyl-
phenyltrifluorophosphorane. No exothermic feaction wés
,obseived the reaction mixture having to be heated at 100°C
“for 3 h. in order to induce any reaction. The volatile by-
product trimethylfluorosilane was formed and the weight
collected (4.2 g.) represented 92% reaction having taken
place. Distillation of the higher boiling fraction afforded
a‘colourless liquid of b.p. 79°c/0.05 mm. which was subse-
quently identified as 2—methylpyrrylphenyltrif1uorophosphorané.
The weight collected (10.% g.) represents 8%% yield of
2—Ne—C4H5NPF5Ph. The undistillable residue ?emaining in
7ﬁhe flask was found to contain”%he pentafluorophosphate
anion[PHPF5] T It was found that if the temperature of the
reaction mixture on distillation was.allowed to rise above
100°C then the yield of the covalent frifluorophoéphorane
was reduced and the corresponding yield of the ionic species

was increased.

Attempted Preparation of 2-iethylpyrrylmethyltrifluoro-

phosphorane: Methyltetrafluorophosphorane (8.7 g., 0.06 mole

was allowed to react with 2-methylpyrryltrimethylsilane
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(9.2 g., 0.06 mple) in a manner similarvto the preparation
ofs2-mefhylpiperidylmethyltrifluorophosphorane. However,

no reaction took place even when the reactibn mixture had-
been heated at 100°C for 24 h. in a sealed tube. This might
'presumably be due to the difficulty in fOrmatioﬁ of any
Lewis acid-Lewis base_adduct; owing to the decreased Lewis
base character of the pyrrylsilylamine compared to the
correspondihg piperidylsilylamines. Recovery of starting

materials was effected in 100% yield.

Attempted'Preparation of 2-Methylpyrryldiphenyldifluoro~

phosphbrane: Diphenyltrifluorophosphorane (12.1 g, 0.05 mole)

was allowed to react with 2-methylpyrryltrimethylsilane

(7.6 g.; 6.05 mole) in a manner similar to the preparation

of 2-methylpiperidyldiphényldifluorophosphorane. However;

The reaction was found not to 53 exothermic and the reaction
mixture had to be heated at 45000 for 12 h, to induce any
reaction, The volatile by-product trimethylfiuorosilane

was formed and the weight cbllected (3.9 g.) represented

85% reaction having taken place., Due to the extreme reaction
conditions it proved impossible to isolate any pﬁre difluoro-
phosphorane from the reaction mixture althoughAevidencewww,,”,ﬁ"

for its possible existence was obtained from_19F NeMeTe

analysis of the reaction mixture. The reaétioh mixture
appeared to polymerise and attempts at distillation and

sublimation afforded no product.

2,5-Dimethylpyrryltetrafluorophosphorahe: Phosphorus

pentafluoride (9.5 g., 0.07 mole) was allowed to react with .
2,5-dimethylpyrryltrimethylsilane (12.6 g., 0.07 mole) in

a manner similar to the preparation of 2-methylpiperidyl-
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tetrafluorophosphorane., The volatile by-product trimethyl-
fluorosilane was formed and the weight collected (5.8 g.)
represented 90% reaction having taken place, Distillation of
the higher boiling fraction afforded a colourless liquid
of D.pe 9500/20 mm, which was subsequently identifiéd; by
49F n.m.r. analysis, as 2,5-dimethylpyrryltetrafluorophosphorane
The weight collected (1.4 g.) representé 10% yield of -
2,5-Me204H2NPF4. The remaining uhdistillable résidue was
found to.solidify'on cooling to room temperature, This residue
was recrystallised from acetonitrile afférding a white |
crystalline solid which was subsequently identified‘as bis(2,5~
dimethylpyrryl)difluorophosphoniumfhexafluorophosphate.

‘The weight collected (13.8 g.) represents 88% yield of
K2,5-Meé-04HéN)2PF2]f[PFG]-. The reaction was repeated
several fimes but in all ‘cases the main phosphorus-fluorine '

: bompound formed was the ionic species in yields of 85-95%.

The ionic compound is presumably formed from the rearrangement

of the covalent tetrafluorophosphorane.

2,5—Dimethylpyrrylphenyltrifluorophosphorane; Phenyl-
tetrafluorophosphorane (9.2 g.;‘0.0S mole) was allowed %o
react with 2;5-dimethylpyrryltrimefhylsilané (8.3 8oy 0.05
mole) in a manner similar to the preparation of 2-methyl- |
piperidylphenyltrifluofophosphorane. No exothermic reéction
vtook place, the reaction mixture having to be heated at 80°¢
for five hours to induce any reacﬁion. The volatile by-product .
tr%methylfluorosilane was formed and the weight collected
,(4.ﬂ g.,) represented 89% reaction having taken place.
Distillation‘of the higher boiling fraction afforded a
colourless 1iquid of b.p. 9500/6.05 mm., which was subsequently
‘.iﬁentified as 2,5-dimethylpyfr&lphenyltrifluorophosphorane.-
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The weight collected (8.4 g.)represents 63% yleld of
2,5-Me2C4H2NPF5Ph. An undistillable oil remained in the flask
which was shown to contain the pentafluorophosphate anion

[PbPF 5] .

Attempted Preparation of 2,5-Dimethylméthyl%rifluoro-

phosphorané: Methylitebrafluorophosphorane (8.1 g., 0.06 mole)

was allowed to react with 2,5-dimethyloyrryltrimethylsilane
(11.1 g.; 0.06 mole) in a manner similar to the preparation
of 2-metvhylpiperidylmethyltrifluorophosphorane. However, no
reacicion took place even when the feaction mixture had
been heated at 90°C for 12 h. The starting materials were

recovered in 100% yield.

Ttempted Prenara ;ion of 2,5~ Dlmethylbyrryldlphenyl—

“difluorophosphorane: Dlphenyltrlfluorophosphorane (12.1 g,

0.05 mole) was allowed to react with 2,5~dimethylpyrryl-
trimethylsilane (8.3 g., 0.0S.molé) in a ﬁannei_similar

to the preparatibh of 2emethylpiperidyldiphenyldifluoror'
phosphorane. No exothermic reaction was observed and the
reaction mixture was ﬁeatédvat 15000 for 12 h. in order to-.
induce any reaction. The volatile by-product trimethylfluoro-
51lane was formed and the welght collected (4 2 Se ) represenuea'
91% reaction having taken place. The 9F NeMeTe Spectrum of
the reaction mixture showed evidence for the existence of

a new phosphqus—fluorine compound and the data indicate

that it is probably a difluorophésphorane. However, it was
only present‘in véry small conqentrations and could not be
isolated from the reaction mixture. Attempts at isolating

~ any pure. product, either byivécuum distiilation ox sublimaﬁion

proved unsuccessiul.




CHAPTER ITT

ATKOXY~ AND ARYLOXY- SUBSTITUTED DERIVATIVES OF TRIMERIC
PHOSPHONITRILIC FLUORIDE



~ 107 -

CHAPTER TIIT

“ATKOXY-~ AND ARYLOXY— SUBSTITUTED DERIVATIVES OF TRIMERIC
PHOSPHONITRILIC - FLUORIDE |

Studies into uhe replacement of chlorlne atoms in
trimeric phosphonltrlllc chlorlde, (PNCl2)q, by hydroxy,
alkoxy and aryloxy groups have been well documenbed. The
hydrolysis of (PNClé)5 was thoﬁght to0 produce the hydroxy-— .
phosphonitrilic compound [(HO);PN]; but the product is
probably the cyclophosphazinic acid [HOP(:O)NH]B. 54
' ‘The hydroxy coppound (OH)(NH2)014P5N5 155 ﬁés obtained from
the hydrolysis, under contrblied con?itions, of the trimeric
. phosphqnitrile (NH2)Cl5P5N5 and rgtaihs the structure of
the parent ring compound; however, a tautomeric cyclotri-
phosphazadiene structure cannot be ruled out. Hydrolysis
of the pentaphenylchlorophosphonltrlle ClPh5 BV affords
the hydroxy phosphonitrile HOPh5P5N5, out there is also
Tthe possibility of the tautomeric cyclotriphosphazadiene
being formed. The ammbnolysis of phenyltetrachlorophésphorane,
PhPCl4, resulted in the isolation of the partially hydroiysed
Iproduct Ph301(0H>2P5N5’ q57presumably formed due to the

presence of moisture in the reaction mixture.

Attempts 0 prepare alkoxy or aryloxy cyclo phosphonitriles
by the direct reaction of alcohols or phenols with chloro- .
cyclophosphonitriles failed. 128, 139 The hexaethoxy derivative
[(EtO)2PN]5 was reported by this route but @as shown later
not to be this compound on grounds of its physical properties.
It was reported as a water soluble oil‘but latef reported

as a stable water-insoluble compound.q4o’ 147



Successful replacement of chlorine in chlorocyclo-~

pHosphonitriles'has been achieved by the reaction of alcohols
or phenols with chlorocyclophosphonitriles'in the presence
of a tertiaryuamine or alkaline base as acid scavenger

according to the equation,

or KOH

(CLBN),  + 2nROH 2IEXAINe . [(po) pN]  + npyHOL

~

or KC1
(where R = Me, Et, nPr, nBu, Ph, (CH2)2NH2,'(CHQ)4NH2,

i "_
L? 9-12 It was

4-N02-C6HL, CF506 y =P O—C6H4, PhCHg.)..
found more convenient to use alkali metal alkoxides in

order to obtain alkoxy and aryloxy substituted cyclo-~

- phosphonitriles reactions taking place according to the

equation, |
(0129N)5 ¢ 6NeoR ré————f—a [(RO) 521] 5 + eNacl. o 10
(where R = Mo, Bb, nPr, iPr, CH,CH=GH , nBu, Cg s CHy=CH,0H,
(CEp), 08, Oity=CH,0CH,CH 0, CHOH(OR)OH,0H, O, (CF,) _OF H; m =
1, 35 5, 75 95 CHy(CP,) CPzm = 0,2; Ph, 4-l1e0-Cg H4,
4-F-C6H@, 4-G1-GyH,, 4-Br-GgH,, 4-NOu-C_E,, 4-HO-C,E,, PhCHg.).

By”using stoilchiometric amounts of the reagents

partially substituted chloroalkoxy-(aryloxy) derivaﬁives

have been obtained, of the UTrimeric chlorophosphonitrile.

(C1,PW); +. nROH (By) ———> (RO) Clg_ 2:N, &y 10
 or NaOR '
n=1R = Me, nBu, CHECH—CHE, oh, 4-Br-C.H,, 4-N02-C6H4,
n=2R-= nBu, Ph 4—Br-O6H ;
n=3 3'= nBu, Ph, 4-Br-06 4> H-N05-Cgy 1—010H7, 20,4 0Hy;3
n = 4 R\: CH2(CF2)43 Ph, 4-Br-CcH);
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A complete study of the substitution pattern'of the reaction
of phenol with (PN012)3 has been undertaken. 42184 qpe
reaction of diols with phosphonitrilic chlorides has been

found to produce spiro derivatiVeslaccordiﬁg'to the equation;

(PNC12)n + HOROH —> R /PN + nHCLI (4, 11)

_ 0 n

Bogoio)

In partlally substltuted products the remalnlng chloro
groups have been successfully substituted by amino or

4, 9-12

other organo-functional groups thus affording large

synthetic possibilities.

Acetoxime was found to react with trimeric phosphonitrilic
chloride to produce the monosubstitited produc'b,'145
(Me20=NO)015P5N3. Attempts to use the same reactions for
the synthesis of siloxy derivatives had mixed results.
Trimeric phosphoﬁifrilid chloride reacts with thsi(OH)2
to give a readily hydrolysable polymer, 46 put with EtBSiOH,
PhasiOH and PhBSiONa’no siloxy derivatives could be obtained. 1%7
However, the reaction of E’GBSiOSiEt3 with (PNClé)5 afforded
the siloxy derivative (Et38i0)2014P3N5. 14?_Re¢ently it has
been reported that the reaction of hexabutoxy phosphonitrile
(Bu0)6P5N3 with chlorosilgnes éffords a siloxy derivative, 1#8-

according to the equation,

[(nBuQ)zPN]3 . nglSiRB——)[NP(OSiRB)x(OnBu)ﬂa +§(-nBuCi.

(where R = Me, Ph; x + y = 2),



Hydrolysis of these products produced the hydroxy compound

) 48
NB(OnBu)SOH.

As yet there,sre no ekamples of alkoxy and aryloxy
substituted trimeric phosphonitrilic fluorides and no.
'examples of Si-0 bond cleavage,reactions'by hélophosphonitriles
" have been reported. The cleavage of the Si-N bondzof‘the
silylamine MeBSiNMe2 by cyclo—phosphonitrilic fluorides
- has been reported 5?\and it was found that the reactions
proceed smoothly to‘give‘as the main product the mono-

substituted derivative.

Reactions have since been carried out between the
trlmerlc phosphonitrilic fluoride (PNF2)~ and the Lewis
base. silyl ethers ROSlMe (where R = Me, Et, Ph or C.F 5),

producing a series of compounds of tThe type(ROP5 3 5.

Synthesis
The substituted trimeric fluorophosphonitrilés were

'prepared by the cleavage of the Si-0O bond of the .
silyl ethers by trimeric phosphonitrilic fluoride? (PNF2)5;
the reaction proceeding according to the equation,

(PNF2)5 o+ ROSiNeB'—————€> P5N535OR + “MeBSiF.

{where R = Me, Et; Ph, C6F5).

The reaction of methyltrimethyl ether; MeOSiMe5, with
the phosohonltrlle was found to be exothermic whereas all
the other reactions were carried out in sealed glass reaction
tubes at high temperatures. All the reactions gave an
almost quantitative yield of the volatile by-product tri-
methylfluorosilane; MeBSiF, which was identified from its

jH N.M.Ts Spectrum, All,compounds werevpurified‘by vacuun
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distillation and the yields are in the range 41-61%. The
low yields might be explained by the high wvapour pressure
of the products. Characterisation was carried out by ne.m.r.,

mass spectral, infrared spectroscopy and elemental analysis.

Properties

In contrast %o the starting material; (PNF2)3, which
is a‘colourless crystalline solid of low melting point and
boiling point these new alkoxy and aryloxy cyclo f£luoro-
phosphonitriles are colourless liquids of relatively high
boiling points. The stability to hydrolysis of the new
compounds is greater than for other phosphorus-fluorine

compounds in which P is presentiin coordination number four. 1

Nuclear'Magnetic Resohance Data

The 19F and 51P NeMaeTe spectré'of the substituted
trimeric phosphonifrilic fluorides are complicated in
nature, the complication arising from the presence of
several different magnetic nucleii whose chemical shift
differences are small. THe fluorine atoms, although chemicall&
equivalent are all magnetically non-equivalent and this is
also the case for the phosphorus atoms.~The spin system
being considered for these éompounds can be classified as
an [A(X)z]QBY spin system, (where A and X are the phosphorus
and fluorine atoms, respectively, of the two RF2 units and
B and Y are the single phosphorus and fluorine atom, respectively,
of the single PF unit). By simple first ordér anélysiS‘of
the 49F n.,m,r, spectra one can obtain approximate éhemical
shifts aﬁd coupling constants for the PF2 and PF units of‘
the cyclic Structures.,The quoted values of.JRF are nob

simﬁle Qdupling constants over one P-F bond but the sum‘of
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several coupling constants made up from spin-spinjéoupling
over several bonds. From.the n.m.r. data one can establish
that substitution has taken'place as the environﬁent of the
PF unit is different from that of the PF2 unit. Table %.1

shows the n.m.r. data for %he new compounds.

—

. Table %.1

1% N.m.r. Data for Substituted Trimeric Phosphonitrilic

Fluorides
Compound PP unit ~ PF, unit
CF5OPN;Fs §F '+ 64.0 - S +68.6
- Ipp 956 er 789
PN, - . D) .
PhOP5N;F 5 §F  +67.0 | F  + 69.8
| Jpp 904 JER 872
Et093N3F5 . Sr  + 66 SF  + 7.
Jpp 932 Jer. 910
HeOP;N;T 5 8 +e7.1 SF  +69.6
Ipp 912 | Jpp 868

19F N.meTe Data for the Aromatic Region of the Pentafluoro-

phenoxy Derivative

Compound - 8F ortho - $r méta" SF'nafa
C6F50P5N3F5 | + 153.4 + 161.2 o 157 42

$F values given in p.p.m.; J values given in Hz.

The 19F n.m.r. spectrum of the aromatic region of +the
pentafluorophenoxy substituted derivative shows The existence
of three distinct fluorine atom environments, although ¥The

spin systeﬁ is not of a first order nature (See Chapter 1).
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.Spin-spin coupling occurs between all the flubrine atoms

~ of the pentafluorophenyl ring. Thé highly posiﬁive chemical
éhifts of these fluorine atom resonances are consistent with
data reported for other compounds containing the CGIF5 ETOUD 86,
87’There is no evidence for any spin-spin coupling between

the phosphorus atom of the PF unit and the fluorine atoms of

the pentafluorophenyl ringe.

Mass Spectral Data v ,

Mass spectra havé been'obtaMBd for all the compounds
prepared. Figures 3.1, 3.2, and 3. 5 show Relatlve Abundance
‘Diagrams for the compounds I"IeOP5 5 5 EtOP5 3 5; and. PhOP5 3 5,'
respectively. Tables 3.2, 3.3 and 3.4 show the main fragments
observable from the spectra of the compounds MeOP5 3 59
EtOP3 5 5 and PhOP5 5 59 respectively. Although the mass
spectrum of the compound C6F5OP5N5F5 was obtained the presence
of extraneous peaks made complete analysis difficult,
however, Table 3.5 shows the main fragments observable from

the spectrum.

The molecuiar ions were observed for all the compounds
investigated and in high percentage relative to the basis
- peak, The basis peak was formed by cleavage of the P-O bond
with 1oss.of the alkoxy or aryloxy group and formation of
the positive'ion P N F5 . The fragmentatlon pattern of each,

molecule is characterlsed by P-0 bond cleavage and then

successilve cleavage of P-F bonds of the resulting ion. Cleavage
of P-N bonds with loss of P-Nunits was also observed
causing ring contraction. Such fragmentation patterns have

been observed for other halocyclophosphonitriles, .f.‘:l.uo:t-o,'/]49

150, 151 151 152, 153

chloro, and bromo,

chloro~bromo,
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Table 3.2

Mass Spectral Dafa for NeOP5N5F5, Molecular Fragments

260
246
230
211
192
135
216

197

135

121

90
.76
45
31
261
242

211

relative
abundance %

100.0
6.4
2.3

100.0 .

25.8
<1.0
<1.0

4.6

< 1.0

possible positive
- ion fragment:

1 . Vi - .
CH50P5N5n5 (IMol. +op.)

CHEOPBNB‘F5

OP5N5F5

P5N5F5 (Ba51$ Peak.)

P3N5h4
P5N5F5

T

T3
PaloFy,

PaNz

P N2

5
Polip
PN
PN.

P

CH3 5

CH50P3N5F4

OP5N5F

W
P5h5F4
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Table 3.%

Mass Spectral Data for EtOPBNBFS, llolecular Fragments

n/ec relative , possible positive

o _ abundance % : ion fragment _
275 , 14.8 ' CH CH, 0P, 5T 5 (Mol. ion.)
260 69.9 | CHpO0PyN,Fs |

216 1.0°  ORgNFs

230 100.0 BT
211 Wt PoN;T,

192 2.0 P5N3F5'

175 1.2 PA;T,

154 <1.0 PN, T

135 <10 PN

216 . 0.6 - PN

197 . 13.8 - PRNE,

178 | 1.0 | PN,

159 s PAN,F,

140 | 1.0 | P5N,F

121 1.0 . PN,

135 _. (1.0 P3Ny

121 . €1.0 v PBI\Ta

90 - < 1.0 : PN,

76 15.0 PN

45 - 8.0 PN or OHzCH,0

31 . 26.0 P |

275 4.8 | cHBCLIQOP;\LF5 (tol. ion.)



m/e’
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Pable %.% cont.

‘relative

abundance %

8.0

possible poéitive
ion fragment

CH5CH20 or PN
CHECHEO
CHCH2O

CHCHO or CCH2O

'CHBCH2

CH2CH2
CHCH2

CHCH
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~ Fig. 3.3 Mass Spectral Relative Abundance Diagram.
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Table

Mass Spectral Data for C6§5OP =NF., Molecular Fragments
m/e relative _ possible positivé
. abundance % ion frasment

323 98.3 OgHsOPsN;Ts  (lol. ion.)
522 100.0 6}40P—N~T5

521 36.0 ‘ C H OP~ 5 5

246 1.2 OP5N5F5
230 100.0 P3N, (Basis Peak.)
211 2e2 5 3 4
192 : 2.6 P5N5F3
173 3.7 P;I;F,
154 4.5 PlzE
135 11 PBNB
216 60.0° PsNéFs
197 %9.0 P3N2F4
178 '1;1 P3N F5
459> 1.7 P5N2'F2
140 5.5 SNF
2oq 1.0 PN,

135 ’1.4’1 P5N5

121 £1.0 P5N2 '

90 7.5 PN, .

76 90.8 PN
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75
74

95
92

i
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Table %.4 conte.

relabtive

abundance %
1.5
3.0
"98.5
5.0
575
93.7

(ad¥)
90.8
54.0

28.5

6.0
4.0 |
95.7

9.5

vC6H20

possible vnositive

ion fragments

PN

P

C6H5QP5N5F5

C6H5OP5N5F4

CgH OB, N;F,,

H

Coty

6

Cgla

C6H50

C6H4O
H.O

(Mol. ion.)
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Table %.5

Mass Spectral Daua for CGF OP7N5F5, Molecular Fragments

m/e - relétive, possible positive
____ abundance % ion fragment
413 - om | CgF50P5izFs  (Hol. ién.)
son w | OP5OP5IE,
246 W OP5h5F5
230  vest N5F5_
211 7 5 5F4_
192 | w N | ?BNgFB
75 w | P5N3F,
154 st - P3N, F
135 mo PN
216 | VoSt o P5N2F5
197 _St | P5N2F4
178 - | | oo | PN, Pz
159 | W BN,
140 . m PN F
1721 | m S
166 v.st PoNSF,
147 '~'w - PgNéFB
128 m X - PNF,
109 | st ?ENQF,

90 v m 'P2Nl2



n/e

155
121
90
76
45
31
183
167

. 55%
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Table 3.5 cont.

relative
abundance %

m

m

possible positive
ion frasment

',PBN5

P5N2

P2N2

P2N

PN

P

C6F5'

Due to the presence of extraneous peaks the relative intensity

of the peaks could not be accurately measured although it

can be clearly seen that the strongest peak is formed by

the
ion

w o=

loss of the 06F50— group and formation of the positive

weak, m = medium, st = strong, v = very.

For all mass spectral measurements the ionising potential

was

.The

70 e.Ve

temperature of the samples at the inlet was 100°C for

measurements.



- 121 -

Infra-Red Data

Tables 3.6, 3.7 and 3.8 list the infrared data for the
compounds eOP,NFc, EtOP,NFs and PhOPBNBFs, respectively

The spectra are characterised by a P-N stretch at about

I]

1285 cm” ' which has been reported by other authors for

9, 154-156 There is, however, very

halophosphonitriles.
little change in the value of P-N for the compounds reported
“here contrasting to the values reportéd for other phospho-

nitriles, (PNR,)5 (whers R = Me, Ph, :Br;v NHe., ¢1, OMe, 7). 9
There is possibly very little effect by the alkoxy or aryloxy

group on the basic P-N ring vibrations.

. The PF2 symmetric and asymmetric stretching frequencies

are to be found in the 870-956 cn™! region. 155 The PF

stretching frequency of the PFR group is to be found at about

l]

846 cm~ 155 and the POC stretching frequencies are to be
1 188

found at VsPOC 830-740 cm™ ! and vasPOC 1050-970 cm™ .

\

Table 3.6

Infra-Red Data for MeCPNFe

8. 2% solution in CCl,s 0.1 mm, path length; KBr cell.

Wave No. em™! Assignment Wave No. em™! Assignment
850 s 3 PF 1080 s |

892 s , \)SPFe 1192 m

- 910 w 1285 s ~ PN
950 s s PP 4454y |

%3 s | 2850 w

979 m . 2955 w

1012 m Ny POC
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Table 5.6 cont.

b. Neat Sample; 0,025 mm. path length; NaCl cell

Vlave No. e Assignment _Wéve Noe cm‘q Assignment
750 w  YsPOC 2180 w br
1190 s 2856 'm |
w55 s 2960_ moo Y Cll
1550 w br | »‘ ‘ 3010 w br
1890 w br : 3580 v w
1996 m
Table 3.7

Infra Red Data for ntOP5N3F5

a. 20 solution in CCL, : 0.1 mm. path length; KBr cell

1 1

Wave No. pm— Assignment — Wave No. cm™ Assignment
846 s . Y FF © 1010 m - Nas POC
870 s '.~09ET2 1070w
950 s “asFF,, 1170 w. o
970 w sh | _ 1285 s Yy PN
990 v ow | : 1376w
'b. Neat Sample; 0.025 mm. path length; NaCl cell
Wave No cm—q Assignment' 'Wave No. cn™ ! Assigcnment
730 ‘m Vs 2oc 1620 w br
1168 s | . 1860 w br
1206 w | 2000 m
1375 m ' 2180 w br

400 m | 2990 m



Viave No. cm

1450 m
1474w
1545

w br

1
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Table 5.7 conte

Assignment‘ wave Ho. cm_q Assignmént
2940 m |
2990 s V ClHy
3580 w :

Table 5.8

Infra Red Data for PhOP5N5F5

a. 2% solution in CCl,; 0.1 mm. path length; KBr cell

Vlave No. cm

1

684 s
846 s
864 s
872 s
:905 v ow
956 s
o4 s
995 w

b. Neat Sample; 0.025 mm. -path

Assignment

Wave No. cm

1 Assignment

1008
vy FPF 1030
1068
QgPFE 1160
1190
1285
1492

1596

Qdf ma

m

m

W

.

s : Y CO
s ~ PN
. _

w br.

length; NaCl cell

VWave No. cqu‘

68k s
728 w
770 m
905 m
1010 s
1040 s

Assignmént

Wave No. cm~

L Assignment

1070
Vs POC
1482

1596

520%0

1460

jul
n
m
s

W br
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TFor the reported infrared data the symbols used have the
following meaning, w = weak, m = medium, s = strong, v =

very and sh = shoulder,

Discussion

All the reactions were found to proceed smoothly giving
an almost quantitative yield of the vblat@le by-product
trimethylfluorosilane, MeBSiF, and affording as;the main
phosphorus-fiuorine product the mono-substituted derivative
- of trimeric phosphonitrilic fluoride. Apart from the penfa—
fluorophenoxy derivative whiéh has only been characterised
by mass spectral analysis, due to the presence of other
phosphorus-£fluorine compounds; the compounas have been fully
characterised. It proved difficult to isolate the compound
C6F50P5N5F5 from its reaction mixbture because all the species
present had similar boiling points in the range 85-90°C,
The reactions probably proceed via nucleophilic attack
of the O atom of the Lewis base silyl ether on the four-
- coordinate phosphorus atom of the P-N ring with the fdfmation
| of a loose adduct which subsequently breaks down to‘givc
'MeBSiF>and the substituted phosphonitrilic fluoride., The
‘driving force of these reactions is believed to be the formétion
of a strong Si-F bond in the by-ﬁroduct compared to the P-F
bond in the starting compound, One might envisage the structure
of the phosphonitrilic fluoride as being,
. NSt
i@
XN

in which there is pii-dTW bonding between the nitrogen lone
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. pair of electrons and an empty d—orbital of phosphorus;_The
slightly positive nature of the phosphorus arises from

the greater elecfronegaﬁivify of nitrogen compared to
phdsphorus and the inductively electron withdrawing effect

of the fluorine atoms attached to phosphorus. Attempts av
preparing the analogous alkylthio-and arylthio substituted
phosphonitrilic fluorides by the reactién,of the corresponding
thiosilyl ethers with trimeric phosphonitrilic fluoride

have proved unsuccessful and this might'be explained either
by the decreased nucleophilicity 6f the silylthio ethers
‘6ompared to silyl ethers, or the possibility of greater steric
hindfande to approach of the sulphur atom to the phosphorus

- atom. Thio-substituted derivatives of téimeric phosphonitrilic
fluoride have; however, been reported o8 from the reaction

of the alkeli metal mercaptide;NaSEt, with trimeric
phosphonitrilic fluoride, the reaction proceeding acéording.

to the equation,
'(PNF2)3 + nNaSEt ————> P3N5(SEt)nF6_n + nNaF,

The reaction is exothermic in ether or dioxam at -20°C.

In thié case the sulphur atom of the mercaptide is more
eiectronegative than the sulphur atom of the corresponding
silylthio éthers. Also, there is a decrease in steric.hindrance
6n approach of a mercaptide ion, ItST comparod to the

approach of a silylthio ether which is a large bulky entity.

The reaction of silyl ethers with trimeric phospho;
nitrilic fluoride is exothermic for the reaction of (PNF2)3
with MeOSiMe3 but .the other reactions were conducted in
sealed tubes at high temperatures. This observatipn falls

in with the expectation of decreased nucleophilicity at the
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oxygen atom of the silyl ether as the alkyl or aryl groups
- are changed. The expected decrease in nucleophiiicity at
oxygen is in the order C6F5< Ph < EY { Me. The increase in
size of Tthe alkyl or aryl gréup is also another factor to
be conside:ed in which as the size increases then so the
possibility of steric hindfance increases.
In proposihg the above structure for the phosphonitrilic
- fluoride trimer one would expect there to be possibility of
mul®s 1subsv1uutlon as the fluorine atoms are all chemically |
equlvalent. This is in fact the case although in every case
the ‘main product fdrmed was.the mono-substituted one.
Multisubstitution was found to take place.to a small:extént;
as indicaved by NeM.Te anélysis of the product remaining.
after isolation.of the mono-substituted product, but it proved

difficult to isolate any of these multi-substituted productse.

Ln‘comparlson to reactions of s1lyl ethers with fluoro-
DhOSDhoranes in which alky1511yl ethers react to give
phosphoryl compounds and alkyl fluorides and arylsilyl ethers
react to give multi-substituted producfs, the reaction of
silyl ethers with triméric phosphonitrilic fluoride is :found
to be a foute'to the mono-substituted derivative in which

a stable P~0-R bond is formed.

Experimental

The silyl ethers were prepared‘py the reaction of the
correspohding alcohols with trimethylchlorosilane in thé
presence>of triethylamine'as aéid acceptor using sodium
dried ether as a sb}vent. %6 The feaction takes place according

to the equation,
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ROH + Me=SiCl + Et,§ —> ROSiMe, + [Et7NH]+CJ.?
> > 5 > .
(where R = IMe, Et, Ph, C6F5);

The experimental procedure is as described in Chaptef I for

the preparation of pentafluorophenyltrimethylsilyl ether.

~Trimeric'phosphonitrilic fiuoride was prepared 157
by the fluorination of the‘corresponding chloride using
S§diuﬁ fluoride as fluorinating agent and acetonitrile as .
solvent. The chloride was obtained as a technical product

from B.A.SoF.,Ludwigshéfen, Germany.

All the necessary precautions were taken to exclude
atmospheric moisture from the reactions, as described in the

section on General Experimental Technique.

Preparation of Compounds -

Methoxypentafluorocyclotriphosphonitrile: The reaction

was carried out in a 25 ml. three necked flask fitted

with a reflux condenser; thermometer and dropping funnel.
Attached %o the}condenser; by means of P.V.C. tubing was

a wéighed trap cooled to -78°C.,Ad:ying tube was attached

to the- open end of the trap to protect the apparatus from
atmospheric moisture. Solid trimeric phosphonitrilic fluoride .
(9.3 g.; 0.0%7 mole) was placed in the flask and methyl-
trimethylsilyl ether (4.2 g., 0.037 mole) was placed in the
drOpping funnel. Over a tén minute period the silyl ether

was added tb the phosphonitrilic fluoride. An exothermic reaction
was observed The temperature rising about 1000 and after
additvion had been completed the reaction mixture was heated

at 60°C for a further 0.5 h. A colourless volatile liquid

collected in the Ttrap and was subsequéntly identified, by
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'H nemer. analysis, as itrimethylfluorosilane, NeBSiF, and

-the weight collected (5.1 g.) represents 91% reaction
having taken place. Distillation of the higher boiling |
fréction under vacuum through a 10 in. Vigreux column

afforded a colourless liquid of b.p. 7500/485 mm. which was
subséquently identified és methoxypentafluoroc&clotri-
phosphonitrile. The wéight collected (4.1 g.) repre§ents

43 yield of HeOP;N;Fc. |

Found C, 4.8; H; 173 F; 36.3%

Calc. for CﬂstNqOPw G, 4.7; H, 1.2; T, 36.4%.

Ethoxypentafluorocyclotriphosphonitrile: Ethyl-

trimethylsilyl ether (4.2 ge, 0.055 mole) and trimeric phos-
phonitrilic fluoride (8.9 g., 0.035 molc) were charged

into a glass reaction tube which was then secaled under vacuum.
The tube was bthen heated at -100°C for 6. h. The tube was then
allowcd to cool to room Temperature and then opened and
connected to a trap cooled to -78 °c., A volatile product
collected in the trap which was identified as trimethylfluoro-
silane and the weight collected (4.9 g.) represented 80% -
reaction having taken place. Distillation of thé,higher-
boiling fraction under vacuum through a 10 in. Vigreux

column afforded a colourless liquid of b.p. 720/100 mm. '
which was subsequently identified as ethoxypentafluorocjclo-
triphosphonitrile. The weight collected (5.1 g.) represents
52.5% yield of EtOP N Fs. | |

Found: C, 8.8; H, 1.8; F, 34.4%
Cale. for CoHsFSN;0P;  C, 8.7; H, 1.8; F, 34.6%.
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. Phenoxypentaflﬁorocyc1otriphosphonitrile: Phenyl-
trimethylsilyl ether (5.6 g.; 0.03% mole) was allowed to
react with trimeric phosphonitrilic fluoride (8.3 Bey 0.0%3
‘mole) in'a manner siﬁilar to the preparation of ethoxy-
pentafluorocyclotriphosphonitrile. The reaction tube was
heated at 100°C for 10 h. The volatile by-product trimethyl-
fluorosilane Qas found to be formed and the weight collected
(1,6 g.) represented 80% reaction having taken place.
.DiStillation of the higher boiling fraction under vacuum
through aAﬂo'in. Vigreux column afforded a colourless liquid
of b.p. 88°C/27 mm, which was subsequently identified as
phenoxypentafluorocyclotriphosphonitrile. The weight collected
(6.8 g«) represents 65% yield of PhOPBNBFB'

Found: | C, 22.43 H, 1.5; F, 29.4%
Calc. for 06353*51\15095 c, 22.3; H, 1.5; F, 29.4%.

Pentafluorophenoxypentafluorocyclotriphosphonitrile:

Pentafiuorophenyltrimethylsilyl ether (8.1 g., 0.033 mole)

was allowed to react with trimeric phosphonitrilic fluoride

8.3 g.; 0.033 mole) in a manner similar %o the preparatioh

of ethoxypentafluorocyciotriphosphonitrile. The sealed tube

was heated at»450°C for 24vh. The volatile by-product tri-
methylfluorosilane was formed and the weight collected (2.4 g.)
represented 83% reaction having taken place, Distillation of
the higher boiling fraction under vacuum through a 10 in.
Vigreux column afforded a colourless liquid of b.p. 85-90°C/20 mm
which was subsequently shown to contain the monosubstituted
compound pentafluorophenoxypentafluorocyqlobriphosphonitrile.
The masé—spectrum indicated the presence of the monosubstituted -

compound and the absence of ions of higher molecular weight. .




CHAPTER IV

THE REACTIONS OF TRIFLUOROPHOSPHORANES WITH SECONDARY
AMTNES AND THE SYNTHESIS OF DIATKYLAMINOATKYL(ARYL)DI- -
| . FLUOROPHOSPHORANES
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CHAPTER IV

THE REACTIORS OrF TRIFLUOROPHOSPHORANES WITH SECONDARY -

ANINES AND THE SYNTHESIS OF DIATKYTAMINOATKYL(ARYT)DI
| FLUOROPHOSPHORANES

It has been well established that phosphorus penta-—
fluoride ié a Lewis acid 158 whose acceptor properties
are comparable to that.of boron trifluoride. It was thus
‘expected that derivabtives of phosphorus pentafluoride,
for instance, those containing hydrocarbon substituents;
alkyl or aryl, should also possess some Lewis acid character.
;Lewis acid character of the Tetrafluorophosphoranes has
since been established‘z’ 25, 26, 105 from the direct
aminolysis of alkyl(aryl)tetrafluorophosphoranes wi%h
secondary aliphatic'amineé resulting in the formétion of
both alkyl(aryl)pentafluorophosphates , and alkyl(arjl)di—'

alkylaminotrifluorophosphoranes according to the equations,

t 1 1 + -
RPF4 + ‘2R2NH — RPnBN.R2 + [RgNdqu

[RéNHgT[E]- + REF, —> [RéNH2]+[RPF5]—

(where R = Me, Et, Ph; R = Me, EY)
The formation of this ionic phosphorus-fluorine compound
thus establishes a Lewis acid character for the tetrafluoro-
phosphoranes. The reaction of phenyltetrafluorophosphoranc
‘with pyridine has'a;so been studied 15%nd & stable 1:1 adduct
was isolated indicaﬁing-Lewis acid character for'phenyl-

tetrafluorophosphorane.

The reactions of tetrafluorophosphoranes with spiro-

160

silazanes were expected to give rise to heterocyclic
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difluorophosphoranes but these difiuorophogphoranes have
an apparently pronounced donor character and are obtained as
their 1:1 adducts with the tetrafluorophosphorane. The reactions

proceed according to the equations,

I;Ie P.Ie . ’ I;’Ie o+
—N _N— o —N R
. + 4RPF, —> Al N - .
: ‘-——N/Sl\N—‘ li-_ 2 ———N/P\F [RPF5] + S:Fq_
i i : ) , :
Me Me ' L " Me J

(where R = Et, Ph)

Me [ e | Mo | ,
———ﬁ ———& Ph Ph ﬁ——— ¥
/ ->SiMe2 +  4PhPF, —> \P< T >C

Me ' Me Me Me Me |

2[PHEF]™  +  3leySiF,.
Reactions occur readily between phosphorus penta~
fluoride or alkyl(aryl)tetrafluorophosphoranes and silicon-
nitrogen bonded compounds 2y 5 and this is clearly a function
- of the Lewis acid (acceptor) strength of the fluorophosphorane.
However; a limit is reached with diphenyltrifluorophosphorane,
PhéPF3, which reacts readily with I"Ie21\ISiMe5 2, 24 whereas

other hydrocarbon trifluorophosphoranes are unreactive.

The formation of adducts involving oxygen donors and fluoro-
phosphoranes has also been well established for phosphorus

pentafluoride and tetrafluorophosphoranes. 1, 2

In further investigations into the possibility of
~bydrocarbon trifluorophosphoranes behaving as Lewis acid
acceptors the aminolysis reactions of tetrafluorophosphoranes

weré extended to triflﬁorophosphoranes in order to see if this
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vas a uséful route to diorganotetrafiuorophoéphates,[REPF4]"
and dialkylaminodialkyl(aryl)difluorophosphoranes R2PF2NRé,
However, the reactions of secondary aliphatic amines with |
hydrocarbbn trifluorophosphoranes 27 proved to be a useful
route to dialkylaminodialkyl(aryl)difluorophosphoranes but
these were the only phosphorus—fluorine compounds formed.
The expected dialkylammonium diorganotetrafluorophosphafe
was not formed;'instead the only ionic compound formed was

a ‘dialkylammonium bifluoride [RéNHé]+[HF2]*

Synthesis
The preparation of these new difluorophosphoranes is
achieved by the aminolysis of alkyl(or aryl)trifluoro—l

4R2PF3, with the secondary amines RgNH using

phosphoranes, R
sodium dried ether as a solvent. The reactions take place
according to the equation,

2R"R%PF, + RN —> 2R'RPPFNR]  + [RZNH?]+[HF2]'

3
(where R'= R°= Me, Ph; or R'= Ph, R°= Me; R7= Me, Et).

The reactions were found to be mildlj'exothermic and

| a white solid seperated out of the reaction mixtures and

was subsequently idéntifiéd, by 19F n.m.r. as a dialkyl-
ammonium bifluofide..No evidence was obtained for the formabtion
of any other phqsphorus-fluorine compound apart from the

new difluorophosphoranes. All the compounds prepared were

1

characterised by H, 19F, 5“P n.m.r. and elemental analjsis.

Yields are in the range 42-58%.

?roperties

‘A1l of +the new dialkylaminodialkyl(eryl)difluoro-
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phosphoranes are colourless liguids of high boiling pbint
and all show a stability to hydrolysis comparable to other
fluorophosphoranes. 2 There is no tendehcy for any of these
compounds tO'rearrange to give ionic cdmpounds as has been
observed for dialkylaminoalkyl(aryl)trifluorophosphoranes;
- (Ref. 2, 26, 105, 106) This is also consistent with the

behaviour of other amino difluorophosphoranes 2 (Chapter12).

Nuclear Magnetic Resonance Data -

The 19F and 2P n.m.r. data for the dialkylaminodiallyl—

152

7(aryl}difluorophosphoranes R'R PF2NR2 are listed in Table 4.1

T3 n.m.r. data are listed in Table 4.2. These data |

and the
suggest that the molecules are of a trigonal bipyramidal
structure'witﬁ the two fluorine atoms occupying the axial
positibns of the trigonal bipyramid. The low fluorine '

chemical shifts (in the range 4.4 to 40.1 p.pe.m.) and the

small PF coupling constants (in the range 654 to 7320 Hz.)

are cha;acteristic of axial fluorine atoms in difluoro-
phosphoranes. 2 The pdsitive phosphorus chemical shifts (in the
range 27.0 0 54.0 p.Pols,) are éharacteristic of pentacoordinate
phosphorus compoundse. 72 The variation of &P cén be explained
by the electronegative effects of ﬁhe groups atlvached té

phosphorus, i.e. the greater the electronegativity of the

groups the higher the chemical shift,

The 19F n.m,r. spectra of the solid products, as
solutions in acetonitrile, confirmed the absence of any
phosphorus-fluorine species. A single broad resonance at ca
+ 130 p.p.m. from CC13F was observed in each case and is
attributed to the fluorine resonances of the  dialkylammonium

bifluoridese.
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Table 4.1

‘I and DqP Nemer. Data for Dialkylaminodialkyl(aryl)di-—

fluorophosphoranes

HMe ,TF S lie, a + by + 27.0 651
| Me FR,NEb, + 18.0 4 27.1 663
.NePhPFgNEtZ + 28.2 - L + 39.7 69%
PhoPPlie, 2 + 35.8 + 54.0 ‘ 709
Ph,PR NEb, + 40.1 + 5041 730

a. Preparation carried out by R.Schmutzler.

Table 4.2

H n.m.r. Data for Dialkylaminodialkyl(aryl)difluoronhosphorancs

1

Compnound ) H(NMe)
a

MegPFgNEt2

MePhPFgNEtg

a.

Ph2PF2NEt2

SH(PMe)  SH(N.CH,Q) §H(N.C.CE;)
- 1.45 -
- 1.45 = 3.02 - 1.06
- 1.69 ~ 3.10 - 1.09

- %.10 - 1.10

a. Preparation_ca:ried out by R.Schmutzler.

All chemical shifts in p.pe.ms

All measurements made on neat liquids.




Compound
, a
NeQPFgNMez

Me2PF2NEt2
HePhPF2NEt2
Ph

T a
2PF2NMe2

Ph2PF2NEt2
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Table 4,2 conte.

ity

10.0 (MeNP)

1745 (11eP)
19.0 (MeP)
17;0 (MeP)
10.0 (MeNP)

b

;EE ;EE

2.6 (MeN.F)
131 (Mel.F)

12.7 (Me.F) 7.5 (NCH,CH

5)
13.0- (e :F)
2.5 (MeN.F)

b '7.0 (NCH20H5)

a. Preparation carried out by R.Schmutzler.

b Not measured.

- A1l coupling constants in Hgz.

Discussion

The preparation of these new dialkylaminodialkyl(aryl)-

difluorophosphoranes is analogous to the preparation'of

- dialkylaminoalkyl(aryl)trifluorophosphoranes from the- reaction

of tetrafluorophosphoranes with secondary amines. However

‘there is no formation of any phosphorus-fluorine ionic

compounds which thus indicabtes that in this series of reactions

the Lewis acid character of the trifluorophosphoranes is

less than that of the corresponding tetrafluorophosphoranes.

This might be expected in view of The decrease in the number of

electronegative ligands attached to phosphorus.

The reéctions presﬁmably take place via the formation

of 1:1 adducts which break down under the reactvion conditions

to give the‘difluorophosphorane and hyarogen fluoride which
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then forms the bifluoride salt with the secondary amine.

The reactions proceed, presumably, according to the equations,
i 1 1 '
L 1 + -

This is probably the same reaction route for the reactions
of ‘tetrafluorophosphoranes with secondary aminesj; however,
the tetrafluorophosphorane, having a stronger Lewis acid .
acceptor strength is ablé to abstract a fluoride ion from
the hydroéen fluoride before the hydrogen fluoride is

able to react with the: secondary amihe..

Although the reactiandiscﬁsSed here do not lead ©to the
formation of any diorganotetrafluorophosphates it has since
been established that the reaction of caesium fluoride with
dialkyl(aryl)trifluorophosphoranes ip acetonitrile produces
stable tefrafluorophosphates. 27'The reactions are #ll
exothermic and proceed according to the equation;

R'R°PF; + CsF — os*[R'RPPF,]”

( where Rj; R®= Ph; or Rl= Me, R%= Ph).

It was noted that no réaction took place betwéen caesiunm
fluoride and dimethyltrifluorophosphorane.  The tetrafluoro-
phosphate anion[MeePF4]—has, however; been prepared'from

the reaction of dimethyltrifluorophosphorane with N-tri-
methylsilylphosphinimines I'IeBSiN=PR5 (where R = Me; Ph; iPr).q
The cation is thought to be of the type [Me2P(N=PR5)2]+.

The same reaction was found to take place for other tri-

_ fluorophqsphorancs; PthEB,and PhMePFa. It is believed that

these ilonic compounds are 'stabilised by, resonance forms of

61
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the cation, of the type,

N=PR ' N-PR N-PR.
Re_ o L B o N \ P Rz
R/+\ R \

\ .
N=FR, | N-_I:R3 N=FR,

162‘have prepared a series of caesium

Chan and Willis
fluorophosphates with the general formula Cs+[(CF5)nPF6_n]-
(where n = 1, 2, 3) from the reaction of the appropiate
fluorophosphorane with caesium fluoride. Compounds of the
type [MeBSn]+[(CF5) nEFe. n]— have also been prepaped
from the reaction of MeBSn.CF5 with (CF ) PF qe The
formatlon of these ionic compounds might be expected in view
of the greater Lewis acid acceptor propertles of "perfluoro-
'methyl fluorophosphoranes, compared to the analogous hydro-
carbon fluorophosphofanes. The perfluoromethyl group is
more electronégativé than the methyl groupvand has an
electronegativity close to that of fluorine, The results
of the work reported here are in agreement with the
follow1ng order of decreasing acceptor strength of the
fluorophosphorsnes; FFg > ArPF, > RPF, > ArFF; ) ArREF; >

R2PF3 this evidence being borne out by evidence obtalned

from various reactions of fluorophosphoranes with nucleophiles.

It must, however, be remembered that several factors play a

part in determining whether or not ionic phosphorus-fluorined,

compounds can be formed,

As has been indicated the acceptor strength of the
fluorophosphoranes employed plays an important part in.

determining the formation of an 1onlc compound., It has also

been seen that the choice of catlon is important and determlnes

whether certain ionic¢ fluorophosphates can be produced. The

stability of the cation must also be considered and its

162, 163

2
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existence in resonance forms adds to its stability. Other

factors which might be considered are size of cation,

*+ solubility, crystal lattice energy and ion sizes. All these

facvors must be considered when the possibility arises for

the formation of an ionic phosphorus-fluorine compound.

Experimental

As:all starting materials and products containing
P~-F bonds ere sensitive to moisture it was necessary to take
all the precautions described in the eectnon‘on General
Experimental Technique. All the trifluorophosphoranee were
prepared by known 1iterature methods. (General Experimental

Technique).

Preparation of Compounds -

Diethylaminodiphenyldifluorophosphorane: The reaction

was carried out in a 25 ml. three neeked flask fitted with

a reflﬁx condenser;thermometer'and dropping funnel. To the
open end of the condenser was attached a drying tube To
protect the apparauus from atmospheric moisture. Dlethyl—
amine (4.4 g., 0.06 mole) was added dropwise over a 0.5 h.
period to a stirred solution of diphenyltrifluorophoephorane
(12.1 g.; 0.05 mole) and ether (40 ml.). A mildly exobthermic |
rcaction was obscrved and precipitation of a white solid |
commenced as soon as addition had started. The reaction
mixture was refluxed for a further 1 h. after which it was
ellowed to cool down tTo room femperature and filtered in

a dry-box. The precipitate was identified as diethylammonium
blfluorlde,[?thHérF ]- The filtrate was distilled at

atmospheric pressure to remove the ether and the higher
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boiling fraction was disbtilled under high vacuum through

.ﬁ.short Vigreux column»affofding‘a colourless liquid of
DsDo 11500/0.1 mm. which was subsequently identified as
diethylaminodiphenyldifluorophosphorane. The weight collected
.(5.7 g. )represents 58% yleld of EthRFaPh2. | y i

Found: _ ¢, 65.05 H, 6.8; N, 4.7%

’Calcfjfor 616H26F2NP C, 65.2; H, 6.9; N; 4.6%.

Nethylnhenyldiethylaminodifluoronhbsnhorane: Methyl—

phenyltrlfluorophosnhorane (6 0 g., 0.0% mole) in 20ml. of
sodium drled ether was allowed to react with dlevhylamlne
(3.2 g., 0.045 mole) in a manner similar to the preparation
 described in the previous experiment. The reactionIWas found
o0 be exothermic and a white solid was precipitaﬁed. The
reacvion mixture was refluxed for 1 h. and on cooling down to
room temperature the reaction mixbture was filtered to |
| femove'the solid product. The white solid was identified as
Qlethylammonlum bifluoride. The filtrate was dlstllled at
atmospherlc pressure to remove the ether and the higher
boiling fraction was distilled under vacuum through a short
Vigreﬁx_column affording a colourless liquid of b.p. 60°C/1 mm.
which was subsequently'identified as diethylaminomethyl- N
phenyldifluorophosphorane. The weight collected (4.0 g.)
represents 53% yield of Et,NEFlePh. |

Found: . C, 57.43; H, 7.7; N, 6.0%
Calc. for G, H,gF NP C, 58.2; H, 7.4; N, 5.8%.
DlethylamlnodlmeuhyldlfluorODhosnhorane- | Dimethyl-

trlxluorophosphorane (11 8 e, 0.1 mole) in 20 ml. of

sodium dried ether was allowed to react with diethylamine




- 140 -

(10.8 g.; 0.15 mole) in 20 ml. of sodium dried ether in a '
manner similar to the preparation of diethylaminodiphenyl—
difluorophosphorane. The reaction was found not to be
'exoﬁhermic but on refluxing for 1 h. a white solid was seen
to separate out of the solution. On cooling bLhe reaction
mixture to room temperature it was filtered and fhe filtrate
distilled. at atmospheric pressure to remove the ethef,
Distillatiqn of the higher boiling fraction under vacuum
through a short Vigreux column afforded a colourless liguid
of boepe 68°C/7O mm.'which.was subsequently identified as
diethylaminodimethyldifluorophosphorane. The'wéightfcollected
(7.1 g.) represents 42% yield of Et,NFF lMe,.

‘Found: - C, 42.1; H, 9.3; N, 8.2%
Calce. for C6H16F2NP C, 41.9; Hy, 9.4; N, 8.1%.

The preparation of MegNPFz-Me2 aﬁd MegNPFgPh2,were
first carried out by Schmutzler 24 in which an excess of
NeéNH was passéd through an ethereal solution of the
corresponding trifluorophosphoranes. Purification.was carried
out by filvration followeq by distillation of thé fiLtrate
affording the two difluorophosphoranes as colourless liquids

of high boiling pointb.
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CHAPTER V

ATTEMPTED PREPARATION OF BIS(DIATKYTLAMINO)ARYL(OR ALKYL)

FLUOROPHOSPHORANES

The preparation of diaminotrifluorophosphoranes has
been reported in the reaction of phosphorus pentafluoride

with silicon-nitrogen compounds, 2, 18 primary amines, 16

13, 14 The reaction of phosphorus

and secondary amines,
trifluoride with primary amines affords dlamlnofluorophoophoranes
of the type (RNH)ZPFzH 17 (where R = Me, Et, nBu). A mixed
dlamlnotrlfluorophosphorane of the type (EteN)(MeeN)PF

has been repdrted 2 in the reaction of EtzNPF4 with Me2N51M65.
The dlamlnotrlfluorophosphoranes (R2N)(R NH)PF (where R = Me

Et R = nBu, Me) have been prepared from the reaction of

e

dialkylaminotetiafluorophosphoranes with the correspoading
primary amihe. 101 All the reactions take place smoothly
between 25 and 40°C giving yields in the range 40-60%

»The compounds were characterised by q?F NeleTe spectroscopy.

25, 28, 164 1y 1

It has been reported in the literature
only one flﬁorine atom can be replaced by an amino group
if a primary or secondary amine is allowed to react with
an alkyl (or aryl) tetraflﬁorophosphorane, however; it has

102 tpat the reactions of methyl-

been recently reported
tetrafluorophosphorane with primary amines affpfd'methyl-

diaminodiflubrophosphoranes of the type'(RNH)EPEgﬂe.

In view of these reports the reactions of aryl(alkyl)
tetrafluorophosphoranes with secondary amines have been

studied in the hope of being able %o prepare bis(dialkylamino)-
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aryl(alkyl)difluorophosphoranes containing two secondary
~amino groups. This was tried out by two different methods,
neither of which produced the expected diamino-fluoro-

phosphoranes.,

A. The Reaction of Phenyltetrafluorophosphorane with Dimethyl—

amine

Phenyltetrafluorophosphorane and dimethylamine in a

1:2 molar ratio were allowed to react together in a sealed
tube at 60°C for'12 h. The tube was ﬁhen opened and ﬁhe |
reaction mixture was distilled affording four products:
(L. PhPFBNMeg which was idenbtified from its 'OF nemere:
'spéctrum by comparison to the spectrum of an aubthentic
sample,
(ii). [HeENH2]+ [PhEFB]- which was identified from its

F n.m.r. spectrum by comparison ©vo ‘the spectrum of an
authentic sample, |
(iii). [PhPF(NNe252]+[PhRF ]- which was identified from its
193 NeMeTe upectrum by comparlson to the spectrum of an

auuhenulc sample.

(iv). Excess dimethylamine was also found to be present.

The reaction of phenyltetrafluorophosphorane with
' dimethylaminé in the ratio 1:1 produces the trifluorb-
phosphorane PhPFBNMe2 and dimethylammonium phenjlpenta—
fluorophosphate, [Me2NH2] [PhPFs] , The reaction proceeding

according to the equation,

2PhPF4 + 2Me2NH _— [MegKHz] [Ph*F5]. + PhPF., Nﬂe2.

This is a reported method of preparaulon of _dialkylamino-

25, 26, 165

‘alkyl(or aryl)trifluorophosphoranes. Under the



reaction conditions the trifluorophosphorane is able to

rearrange o its ionic isomer according to the equation,

2PhPF3NMe, s [PhPF(NMe2)2]+[PhPF5]’ .

3
This is the known general behaviour of several aminoalkyl-
‘(aryl)trifluorophosphoranes of,the,type RENPFBR; (where R =

Me, Et; R = Me, Et, Ph). 20 185 23, 105

The corresponding reactibn of methyitetrafluorophosphorane
with dimethylamiﬁe; in which a 1:2 molar ratio was allowed
to regCt together in a glass reaction tube at 1OOOC for |
12 h. also failed to produce any disubstituted amino compound.
In this case a solid residue was seen to form in the tube
which was subsequently shown to contain the two ionic

compounds [MegNH2]+[MePF5] and[MeFF(NMe2)2]+[MePF5]— with
evidence for trace amounts of MePFBNMez. There was no

evidence for the formation of any disubstitufed amino compound.
This_reaction presumably proceeds by the,séme route as
indicated for the reaction ofvphenyltetrafluorophosphorane

with dimethylamine. The compounds were identified DY NeMeTe

analysis,.

Nuclear Magnetic Resonance Data

Table. 5.1 lists ©he ng and 5']P~n.m.r. data for the_
produdts obtained from the reaction of phenyltétrafluoro-
phosphorane with dimethylamine. Table 5.2 lists the 19? and
_BqP n.m.r. data for the produéts-obtained from The reacvion

of methyltetrafluorophosphorane with dimethylamine.

The n.m.r. data for the two trifluorophosphoranes

are consistent with data already obtained and reported for
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these compounds Z‘and are indicative of a Utrigonal bipyramidal
structure about'phosphorus with the axial positions occupied'
by fluorine atoms. The positive phosphorus chemical shif?t
for-PhPFBNMe2 is consistent with a five-coordinate phosphorus

72

aton.

The ne.m.r. data obtained for the ionic phosphorus-

fluorine compounds are consistent with data already reported .

for these compounds. 1 The négative phosphorus chemical
shifts for the cationic species are consistent with é four-
»cdordinate.phosphorus atom 72 and the highly positive
phosphorus chemical shifts for the énionic species are

72

consistent with a six-coordinate phosphorus atom.

Tavle 5.7

ng N.m.r. Data for the Products from the Reaction of Phenyl-

tetrafluorophosphorane with Dimethylamine

Compound : OF DeDale ’ Jop (Hz)
PHEF NMe, % §Fa + 40.8 Jpra 820
§Fe + 68.2 IPFe 956
[MeaNH2]+[PhPE5]- see data below
[(Me ) ,PFER] *  Cation §F  + 87.5 Ipp 1048
[PhEFg]” °  Anion Fa + 59.8 Jera 698
~ éFe + 58.0 JPFe_ 814
| J

FaFe 33
Fa and Fe refer to axial and equatorial fluorine avoms,

respectively.

a;,cf. Ref. 2 b. ¢cf. Ref. 1
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Table 5.1 contb.

51? l.meTe Data for the Products from the Reaction of Phenyl-

tetrafluorophosphorane with Dimethylamine

d

Compound. §P p.p.m. PP (Hz)

PHPF, e, 8P+ 5.1 Jpra 820
| IPre 956

o N -
[MegﬂHg] [PhPF5] see data below
" + L §o -‘ J.
[(hegN)gPFPh] Cation 8P - 56.0 PF 1048
- [rErg)” P anion §F + 136.5 | Jpra 698
| Ipre 814

Fa and Fe refer to the axial and equatorial fluorine,
atoms respectively. ~ |

a. cf. Ref. 2; b. cf. Ref. 1

Table 5.2

V.mer. Data for the Products from the Reaction of Methyl

tetrafluorophosphorane with Dimethylamine

Compound ST v.p.m. 6P p.p.m. Iop (Hz)
HeFF e, °  8Ta + 28.0 o Ipra 810
§Fe + 68.8 Ipre 960
JpaFe 55

'[MeENH2]+[MePF5]—,A see data below
[HePF (We), ] SF  + 82.2 §2 - 170.0 IR 1030
[HePF5]” ° STa + 57.8 82 +126  IPFa 670

| STe + 45.9 . J

PFe 835

a. cf. Ref. 2; b. cf. Ref. 26 and 106; ¢, not measured

¢
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B. The Reaction of Diethylaminophenylitrifluorophosphorane

with Dimethylamine and Diethylamine

Diethylaminophenyltrifluorophosphoréﬂe was allowéd to
:react.with dimethylamine, Me,lH, and diethylamine, 6,1, in
_sealed tubes at 100°C for 412 h. In both cases starting
materials were recovered in 100% yield, no reaction having
taken place. 19F n.m.r..analysis of the reaction mixtures
showed the presence of PhEFaNEt2,.no other P-F speciGvaeing‘
pfeéeht. Table 5.3 shous thg n.m.r, data obtained from the
reaction mixtures.' The choice of PhPFBNEt2 was made 6n the
grounds that of the known dialkylaminoalkyl(aryl)trifluoro-
phosphoranes it is the only one which does nots, under the

influence of heat, rearrange to its ionic disomer. 2

Table 5.3

ng‘N.m.r. Data form Reaction Mixtures of PhPFzNEté with
> P

Dimethylamine and Diethylamine

Compound. OF p.p.m. P p.p.m. I (dz)
PLFF NE, *  6Fa + 43.0 8P + 52.1 Jpra 816
§Fe + 66.0 ' Irre 966
' JpaFe 55

a. cf. Ref. 2

Fa and. Fe refer to axial and equatorial F atoms respe

The nem.r dataare consistent with a phosphorus-fluorine
compound in which phosphofus has a coordination number of
five and the structure is of a trigonal bipyramidal type in

which the axial positions are occupied by fluorine atoms.
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Discussion

It would seem from the observations made that a bpis(di-
alkylamino)alkyl(aryl)difluorophosphorané with two secondary
amino groups, (R2N)2PF2R; cannot be made under the coanditions
described in this reoorv. The already reported diamino-

102 contain at least one primary.

alkylfluorophosphoranes

amino group. In the reactions described in this chapter

there is the possibility of several compe%ing reactions

taking place:

a. The formation of an ionic compound at the expenée of the

mono-substituted aminofluorophosphorane.

b. Furbther reaction of the'mono—substituted compound with

more amine to give ¥the di-substituted compound.

c. No reaction taking place and recovery of starting materials.
For the teaction of phenyltetrafluorophosphorane with

dimethylamine and methyltetrafluorophosphorane with dimethyl-

amine the prefered reaction route is a. On the other hand

no reaction takes place between diethylaminophenylbrifluoro-

phosphorane and secondary amines

~ The formation of the mono-substituted aminofluoro-
'phdsphorane.takes place via the formation of a Lewis acide
Lewis base adduct which, under the reaction conditions,
breaks down to give the mono-substituted product according
to the equation, |

RPF, + RNH —> Rél}T—]l?FBR —— RONPR,R o+ (HP).

HF
This sort of mechanism would also be nécessary for

further reaction of the amine to produce a disubstituted
amino product and is the proposed mechanism'for ﬁhe form-

ation of bis(dialkylamino)trifluorophosphoranes (RgN)gPFg'qa
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and (RNH)2PF5. 6 However, there is an obvious decrease in
.Lewis acid (acceptor) character of the fluorophosphorane on
further substitution and for the case of compounds of the
type R2NEF3R‘ there may be a sufficient decrease in the Lewis
acid character soras to prevent formation of an adduct with
a Lewis base., This contrasts to the results obtained for the
| aminolysis of hydrocarbon trifluorophosphoranes. (Chapter 4)
| The introduction of an amino group might be expected to |
.have a greater effect in decreasing the Lewis acid character
of a fluorophosphorane than a hydrocarbon group in view of
the formation of é possible ph-dx bond between the phosphorus

‘and the nitrogen..

Another point to be considered is the expectation that
secondary amines have a greater Lewis base gharacter than.
primary amines and thus a greater ability to form adducts with
Lewis acids; however; this appears not %o be sd; Therefore
one might explain the results on grounds of the stereo-
chemistry of the molecules concerned. Monosubstiﬁution
takes place easily but the approach of a second amine moiecule
might be sterically hindered by the groups already avtached
to the phosphorus atom of the fluorophdsphorane..Obviously
a smaller primary amine molecule has a better chance of

approach than a larger secondary amine molecule.

Thus formation of dialkylaminoalkyl(aryl)trifluoro-
phosphoranes'might well be dependent on the Lewis acid
(acceptor) strength of the fluorophosphorane employed and

the stereochemical nature of the reactants used.
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CHAPTIER VI

THE CHEMICAL REACTIVITY OF DIMETHYLAMINOTETRAFLUOROPHOSPHORANE

AND DIETHYLAMNINOTETRAFLUOROPHOSPHORANE

Preparation

Both of these tetrafluorophosphoranes can be donveniently

prepared from the reaction of phosphorus pentafluoride with
the ccrresponding dialkylaminotrimethylsilane accérding
to The equétion3 o

'Ralst:LMe5 + PPy ——> RONPF, + I’IeBSJ'_F."
(where R = Me, Et).18’ 21 _'

They may also be prepared from the reaction of phosphorus
pentafluoride with the corresponding secondary amines {
accordiﬁg to the equation,

2ROWH  + PRy ————> R,NEF,  + [RoNE, ] [2Fg]
(where R = Me, Et). 15, Ak '

It waé; howéver; thought that these two aminofluoro-
phosphoranes mighﬁ also be obtained from the reaction of
phésphorus'pentafluoride with the correspohding dialkyamino-
vdimethylsilanes (ﬁeN)zsiMe2° This was found to be a feasible
roufe to diethylaminotetraflugrophogphorane but not for the
préparatibn of dimethylaminotetrafluorophosphorane. The
rgactionipf EF5 with (EteN)ESiI'Ie2 produced an almost
- quantitative yield of vhe volatilé by-product'dimethyldifluoro—
silane which was identified ﬁrom its qH n.Mme.r+ and the
expected diethylaminotetrafluorophosphérane in high yield.

. This fluorophoéphorane vas identified from its 'OF and 513

n.m.r. spectra and the data compared with that obtained
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from a sanole prepared from an independent metnod 18, 21
The correspondlnm rcaction of PF5 w1th (we21)231Me2 produced
- an almost quanbtivative yield of the volatile by-product
dimethyldiflﬁorosilane, but instead of producing the expected
dinmethylaminotetrafluorophosphorane an ionic compouﬁd vas
~formed which was‘subsequentlv identified, by qH' 19F; >p

N.m.T. and elemental analy51p, as [(Me N)BEF] [ *6]—

The reactvions are pos vulated as proceeding according

to the following equatlons,

(BEG 1) 81Me,  + 2PF5 > ZEHSNPF, +  Me,SiF,,
and,
(M’e2N)ESiMe2 o+ PPy ——> 2Me NFF, + Me,Sil,
| -+ T -
Me NPF,  + (NegN)aPF3 -—-—-—%>[(Me2N>2PF2] [MeZNPF5]

| [(I‘IegN)BPFr[PFG]._

Nuclear Magnetic Resonance Data

Table 6.1 shows the n.m.r. data obtained for the products
from the reac?ion of PF5 with the silanes (RZN)2SiMe2
(where R = Me, Et).' 1% and ®"P n.m.r. data for the covalent _
die#hylaminotetrafluorophosphorane,~EthPF4; are consistent

with data obtained for other tetrafluorophosphoranes.

The 1F n.m;r;'data for trﬁé(dimethylamino)fluoro—
phosphonium hexafluorophosphate [(Me2N)5PF]+[PF6]f are
consistent with four and six-coordinate phosphorus-fluorine
compdunds; 1 The fluorine.atom of the cation has a large

chemical shift and a large coupling constant to phosphorus.
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The hexafluorophosphate ion has a chearacteristic chemical
shift of + 71.0 p.p.m and characteristic coupling constant
to phosphorus of ca 710 Hz. The negative phosphorus chenical
shift for the cation is consistent with a four-coordinate-

- . e 72 e R .
phosphorus atom, -and the highly positive P chenmical
shift for the anion is consistent with a six-coordinate

72

N .~
phosphorus atom.

Table 6,71

'19F and 54? N.mere Data for Diethylaﬁinotetrafluoronhosnhorane

and Tris(dimethylamino)fluorophosphonium hexafluorophosnhate

Commound 5F DePoll ép DePoll Jd (Hz)
Eb,NPF, 8F + 66.5 §P + 70.9 JEP 860
[(MegN)BPF]"' b §F + 75.0 §P - 39.8 Jop 950

[FFg]” §F + 71.5 6P 4 144.0 Jor 008
'8 n.omer. Anion  dH - 3.2 JEp 2.2 Tm 2.8

0. cfe Refe 2.

" b. Nem.r. measurements made on solutions in acetonitrile.

Experimental

Bis(dimethylamino)dimethylsilane and bis(diethylamino)--
dimethylsilane were prepared from the reaction of dimethyl-—
dichlorosilane with the corresponding secondary amine in the
‘presence of a Tertiary amine as acid acceptb?,aécofding to

the equation;
. | Feocs » L. ' SN vate1l”
2RONH  + Mey8iCl, + 235N — (REN)281he2 + ZRBHM Cl

‘(where R = Me, Ef; R!=‘pyridine,'Et}.
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Preparation of Compounds -

Di.ethylaninotetrafluorophosphorane: Bis(diethylomino)- -

dinethylsilane (8.4 g., 0.041 mole) was ailéwed to reacs

with phosphorus pentafluoride (10.5 g., 0.034 mole) in a

manner similar to that described for the reaction of EF5

with other silylamines. (Chapter 2) A volabile product Qas formed
which was identified as dimethyldifluorosilane and the weight
collected (3.2 g.) represented 82% reaction having taken

: plaCG. Distillation of the higher boiling fracﬁion at

atmospheric pressurc through a 10 in. Vigrecux column affoxded
.a'colourless liquid of b.p.'98°C‘which was subsequently
identified as diethylaminotetrafluorophosphorane. The weight

collected (11.9 g.)represents 83% yield of Et,lEF,.

Tris(dimethylamino)fluorophosphonium hexafluorovhosnhate:

Bis(dimethylamino)dimethylsilane (27.0 g., 0.18 mole) was
allowed to react with pbosphorﬁs:pentafluoride (4845 g., 0.38
mole) in a manner similar to.that described -in the previous
experiment. The volatile by-product dimethyldifluorosilane
was formed. The remaining solid residue was recrystallised
three times from an acetonitrile/benzene mixture affording

a white crystalline solid which was found to stable up to
25000. The solid product was identified by n.m.r. analysis

as tris(dimethylamino)fiuorophosphonium hexafluorophosphate.
The'weight collected (32.9 g.) represents 81% yield of
[(NegN)BPEJ+[PF6]— based on the amount of bis(dimetpylamino)—
- dimevhylsilane used.

Analysis Ca;c. for C6HﬂéF7N5P2‘ o ’

Found: ¢, 21.9; H, 5.5; P, 41.0; N, 12.8; P, 18.8%
Calc: 'C; 22.03 H, 5.5; T, #40.7; N, 12.8; P, 18.9%.
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Thermal Stability of Aminofluoronhosphoranes .

Experiments were carried out with the aminofluoro-
phosphoranes, MNe,lFF,, (Megﬁ)gPFs, Bt NPF, and <Et2N>2P?5 in
which samples of each were heated in sealed tubes at 120%%

for 48 h. The following observations were made.

A. Dimcthylaminotetrafluorophosphorane

After 48 h., it was observed thaf the tube contained
about 80% solid and 20% liquid. N.m.r analysis of the solid
in acetonitrile showedvthe presence of an ionic species
.postulated as being bis(dimethylamino)difluorophosphonium
hexafluorophosphate [(MegN)éPFé]+[PF6]-. The liquid was
found by comparison to an aubthenbic sample to be unchanged

dimefhylaminotetrafluorophosphoréne MeENEF4. 2

B. Bis(dimethylamino)trifluorophosphorane

After 48 h. it was observed that the tube contained
ébout 80% solid and 20% liquide. N.me.r. analysis of the
solid in acetonitrile showed the presence of an dionic species
postulated as being tetrakis(dimethylamino)phosphonium“
hexaﬁluorophosphétg[(MegN)4P] +[PF6]_. The.liquid’was iound
.by comparison to an authentic sample t9 be unchanged

bis(dimethylamino)trifluorophosphorane, (Me2N)2PF5. 2

Ce Diethylaminotetrafluorophosphorane

After 48 h. it was observed that the tube contained about
30% solid and 70% liquid. N.m.r. analysis of the solid in
acetonitrile showed the presence of an lonic species
?ostulated as being bis(diethylanino)difluorophosphoniun

o . ' ’ -, - + - ° *
Vhexa¢luorophosphate,-[(mtzN)gPFe] [IF6] « The llquld was

found by comparison to an authentic sample to be unchanged

1
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diethylaminotetrafluorophosphorane, EtzﬂPF4.

D. Bis(diethylamino)trifluorophosphorane

>After 48 h. it was observed that no reaction had‘taken
place. Nemo.Te analysis of tThe liquidvconfirmed'the presence
of unchanged bis(diethylamino)trifluorophosphorane. The NeMeTe
"data was consistent with that already reported for the tri-

fluorophosphorane.

One can therefore postulate the thermal rearrangement
of these aminofluorophosphoranes as proceeding via the

following equations,
_ . _
2R2NPF4_——> (R2N)2PF5 | + PF5 ——> [(RzN}2PF2] [PF6]
(where R = Me, E%).
_ . . _
2(R2N)2PF3-———ﬁ> (REN)qu + PF5 ————a-[(R2N)4P] [EF6]
(where R = Me) | V

Phosphorus pentafluoride being a strong Lewis acid will

‘

accept a fluoride ion and readily form a hexafluorophosphate

ion. 158 The reaction schemes postulated here are to some

extent confirmed by later experiments.

Nuclear Magnetic Resonance Data

N.m.r. data for the ionic compounds obtained are shown
"in Table 6.2 and are .characteristic for ionic phosphorus-

1, 72 The low phosphorus chemical shifts

fluorine compounds.
for the cations are characteristic for four-coordinate

phosphorus and the high phosphorus chemical shift: for vhe

anion is characteristic of a six coordinate phosphorus atom. C

Data for the unreacted aminofluorophosphoranes are

consistent with data already reported.2
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Table 6.2

W.n.r. Data for Aminophosphonium Hexafluorophosphates

§ values p.p.m. J values Hz.

Commound - ' Anion | Cation
Y + - : N
[(e 1) SBF ] [¥Fe] SF  + 72.2 SP  + 84.5
8P  + 444 3P - 20.6
Jpr 715 S - 3.0
Jor 1056
Jpg  12.5
J—"'" 2.5
[(NegN)4P] [PFg]” ST+ v2.n | dp - 36.9
SP  + 144.0 Ju - 2.6
Jpp 712 JpE 9.5
N . + * - . . . - _ )
[(B6510) BF o] *[ EF] $¥  +72.0 S3 : 82.9
S+ 144.0 §»  a
JpF 915° - dE - 1.2
JH - 3.3
J
CIpp 072
Ipg 11
I 5
T

(F¥.C.CH,)
(I1.CHLC)

. 5P not observable from the spectrum due to small conc.

All measurements made on solutions in acetonitrile.

For the PFa'catiOns one observes in the 31? spectra a triplet

which is accounted for by the single phosphorus resonance '

coupllng with the two magnetically equivalent fluorine atoms,

The phosphorus resonance for R@P cation (R = Me2N) is just a

‘single peak, no coupling to any other magnetlc nucleii.



Reaction of Diméthylaminofluorbphosphoranes with Phosphorus

Pentafluoride

A series of experiments were carried_oﬁt in-which
phosphorus pentafiuoride was allowed to react with the
aminofluorophosphoranes'(MezN)ﬁPFs_n (where n = 1, 2; %) e
It was expected, due to the greater Lewlis acid acceptor
properties of PF5;.458 that the‘aminofluorophosphoranes

would readily donate a fluoride ion and thus form amino-

phosphonium hexafluorophosphates of the type [(MegN)nPFq_n]+

[PF6]—. Ionic phosphorug—fluorine compounds of this type
‘were found to be formed, the ease of reaction increasing
as n increased. This increase in the ease of reaction can
be explained by the decrease in the Lewis acid acceptor
properties of the aminofluorophosphoranes or; conversely;
‘the increase in the donor broperties as n iﬁcregses; This
falls in line with the now accepted decrease in Lewis acid
character of substituted fluorophosphoranes. 2 Factors
affecting the formation of iénic compounds ére discussed -

. later.

Reaction of Dimethylaminotetrafluorophosphorane with

Phosphorus Pentafluoride

Dimethylaminotetrafluorophosphorane, MegNEF4,'and
phosphorus pentafluoride were allowed to react together in
a sealed tube over a two week period at room temperature.
The two reactants were present in a 1:1 ratio. On opening

the tube a large amount of unreacted PF5 was noticed and

subsequent investigation of the remaining contents of the tube

confirmed the presence of mostly unreacted MeeNPF4. An oily

brbwn.residue was also present amounting to about 10% of
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total reaction mixbture and 19F and 51P n.m.r. analysis
indicated:thé presence of an ionic species which was
postulated as being methylaminotrifluorophosphonium hexa-

flupfophosphaﬁe [NeeNPF3]+[PF6]-. !

Reaction of Bis(dimethylamino)trifluorophosphorane with

Phosphorus Pentafluoride

Bis(dimethylamino)trifluorophosphorane; (MeZN)2PF3’
and phosphorus pentafluoride in a 1:1 ratio were allowed
to react togethér in a sealed tube at room temperature.
After 1 h. the reaction mixture was found .to have.sélidified.
On opening the tube there was no evidence of any excess
PF5' Nem.,r. analysis of the solid product confirmed the
presence of an .ionic species which was postulated as being .
bis(dimethylamino)difluorophosphonium hexafiuorophosphate
[(M§2N)2PF2]+[PF6]—. The n.m.r data were found to be identical
to those of the ionic product obtained from the thermal
rearrangement of dimethylaminotetrafluorophosphorane.
This reaction confirms the mechanism‘proposed'for the thermal

rearrangement of dimethyaminotetrafluorophosphorane.

Reaction of Tris(dimethylamino)difluorophosphorane.with

Phosphorus Pentafluoride

Tris(dimethylamino)difluorophosphorane, (MegN)BPFg,-
and phosphorus pentafluoridé in a 1:4lratio were allowed
to react together in a sealed ‘tube at room femperature.

The reaction was found to be exothermic and after 0.5 h. the
reaction mixture was found to be solid. On opening the -
tube there was no evidence of any excess PF5' Investigation
of the solid product confirmed the presence of an iohid

species which was postulated, by n.m.r. analysis, as being
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tris(dime%hylamino)fluorophosphonium hexafluorophosphate
[(MegN)BPF]+{PF6]_. The n.m.r. data were found to be identical
to the data of the ionic product obtained from the reaction

of bis(dimethylamino)dimethylsilane with'phosphorus penta-~
fluoride. The reactidh discussed here might confirm the
existence of a difluorophosphorane inﬁermediate in the
reaction of (MegN)ZSiMe2 with PF5. However, this would imply.
the reaction of the monosubstituted product, MeaNPF4, with -
more (MegN)ESiMe2 affording the difluorophosphorane (MeeN)zPng
and this seems unlikely in view of the vigorous reaction
conditions employed if the disubstituted édmpbund (Me2N)2PF5

'is to be prepared by such a reaction. =

Nuclear Magnetic Resonance Data

N.mer. data for these phosphorus-fluorine ionic compounds
are shown in Table 6.5, The data are consistent with such

ionic compounds. 1, 72

The negative phosphorus chemical

shifts for the cations are indicatbive. of four-coordinate
phosphorus atoms and the multiplet nature o£ the resonances

| indicate the number of fluorine atoms associated with each
cation., The cation [(MeaN)zPF2]f shows a low field triplet
made up of a phosphorus resonance coupling with ﬁhe two o
| magnetically equivalent fluorine atoms. The cation [(ﬁegN)EPF]+
shows a low field doublet made up of the phosphorus resonance
,6oupling with the single fluorine atom. The ‘highly positive
phosphorus chemical shiff for the anion of ca. 140 p.p.m.

is indicative of the hexafluorophosphate ion, PFG-.

Experimental

- All +the reactions were carried oubt as described‘for

| the reactions of silylamines with phosphorus,pentafluoridé
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in Chapter 2., The aminofluorophosphoranes were prepared
using known literature methods as indicated in the section

on General Experimental Technique,

The ionic compounds obtained were recrystallised from
acetonitrile/benzene mixtures affording colourless crystaliine
solids. The compounds were found to be stable up to about

250°¢,

The corresponding reaction of diethylaminotetrafliuoro-
phosphorane withvphosphorus“pentafluoride did not,‘however,
produée any of.the expected ionic phosphorus-fluorine
,compound; even when the reaction mixture had been heated

at 100°C for 12 h.
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Table 6.5
N.m.r. Data for Aminophosphonium Hexafluorophosphates
Compound Anion
. _ s
[MegNPFE] [PF6] F + 7145
dP  + 144.8
I 710

i [(MeEN)EPF2]+[PF6]* 53{' + 7241

-'b 6P -+ 14‘4.5
Jpp 710
- )
[(MeZN)aPF] [IFGI _ SF  + 72.2
| c $P  + 44,4
Jpp 748

S values PePom, and J values Hz.

1
Jpp 1054 i
. \

Cation
SF  + 55.7
$p . a
SF  + 84,7 ?
P - 20.6
dH - 3.0
PR 1046
Jp 12,5
i 2.5
$F + 86,3
§P - 40.1
g - 2.7
JPF 954
' 10
JHF a

a. &P not observable from the spectrum because concentration

b.

Ce

de

of sample too small.,
Compare data with those in Table 6.2,
Compare data with those in Table 6.1,

’JHF not resolvable.

All measurements made on solutions in

acetonitrile.
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Reactions of Aminotetrafluorophosphoranes with Si-N Compounds

The reactions of the fluorophosphoranes RnPFS-n with
. 8i-N bonded compounds have been extensively-investigated. 2
A review of such reactiouns éppears in the introduction to

fhis thesis,.:

The reactions to be discussed here are the reactions'nf
dimethyl~- and diebthyl- aminotetrafluorophosphoranes with
the disilazanes R'N(SiMeB)2 (where R'='Me; Ph) It was hoped
that the reactions would produce the hltherto unknown |
dlazadlphosphetldlnes (ReNPFe—NR )2 (where R = Me, Et; R = Me,
Ph). This proved to be an adequate route for the diazadi-
phosphetidiné (Et2NPF2—NMe)2 which was formed in good yield
but inadeéuate for the preparation of the other phosphetidines.
In the other reactions a mixture of products was. found o
be formed, including trace smounts of phosphetidines, the
monomeric amino-fluorophosphine imides; rearranged products

and ionic products.

Experimental

The fluorophosphoranes weré prepared from methods
already described in this chapter. The two disilazanes were

prepared by known literature methods, MeN(Silley), o0

and
PhN(SiMeE)E. 167 All nrecautions were taken in handling:
starting mate:ials and products as described in the section

on General Experimental Technique.

Reaction ofiDiethylaminbtetrafluorophosphorane with N-Methyl-

hexamethyldisilazane

Diethylaminotetrafluorophosphorane (8.9 g., 0,05 mole)
was allowed to react with N-methylhexamethyldisilazane

(847 Bey 0.05 mole) in a Monel cylinder at 150°C for 6 h.
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On cooling to room temperature the cylinder was opened and
attached to a weighed trap cooled o -78°C. A volatile
product collected in the trap which was subsequently identified,

Tu n.m.T., as trimethylfluorosilane., The weight collected

by
(7.1 g.)represented 80% reaction naving taken place,.
Distillation'of the higher boiling fraction under vacuum
‘afforded a colourless liquid of b Do 102°C/O 2 mm, which was
subsequently 1dent1fied as 1,1,3, 3 difluoro-1 95~ diethylamino-
N,N -dimethyl—1,2,3,4—d1azadiphospheuidine. The weight

collected (5.0 g.) represents 59% yield of (EtaNPFZ—NMe)Q.

Found: - . N, 16.0; P, 18.4%
Cale. for CHoF,N,Py N, 16.3; P, 18.1%.

It was noticed that in a repeat of this reaction when
it waskcarried out in a glass reaction tube at 150°C for 3 h.
- the main product formed was_bis(diethylamino)trifluoro—'
phosphorane; (Et2N)2PF5. This compound was identified by
comparison of its 19F andaqP.n.m;r. data with those
of an_authentic sample. 2 The formation of this trifluoro-
phosphorane could conceivably be from the thermal rearrangement
of diethylaminotetrafluorophosphorane,Adiscussed previously

in this chapter.

Reaction of Diethylaminotetrafluorophosphorane with N—Phenyl—'

hexamethyldisilazane

Diethylaminotetrafluorophosphorane (8,9‘g.; 0.05 mole)
was allowed to react with N-phenylhexamethyldisilazane |
(1.8 g.; 0.05 mole) in a manner similar to that described
in the previous reaction. The volatile by-product trimethyl—'
fluorosilane was found %o be formed and the weight collected

(8 1 g.) represented 88% reaction haVing taken place.
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The semi-solid residue remaining was filtered in a dry box
and the solid was washed several times with dry benzene; the
washings being added to the filtrate. The filtrate was
distilled first at atmoépheric pressuie to remove the benzene
and then under vacuum affording a colourless liquid of
b.p. 93°6/0.05 nn. This liquid was found to solidify on
standing and was subsequently identified, by n.m.r; analysis,
as a mixture of the phosphetidine (EtENPFz-'NPh)2 and the
monomeric form of this compound the amino-fluorophosphine imide
EthPF2=NPh. The solid pfoduct removed by filtration was |
fouhd‘to contain the hexafluorophosphate anion[PFG]— but it
proved difficult to ascertain the nature of the gation.

- Repeated attempts to prepare the phosphetidine: were not
successful. In all attempts the main product formed was
the ionic compound; the phosphétidine and its monomer being

' formed only in very small yields (ca. 5%) or not at all.

Reaction of Dimethylaminotetrafluorophosphorane with N-Methyl-

hexamethyldisilazane

Dimethylaminotetrafluorophosphorane (75 8«4 0.05 mole)
was allowed to react with N-methylhexamethyldisilazane
(8.7 g., 0.05 moie) in a manner similar to the reactions
described previously. The-volatile by-product trimethylfluoro-
silane was formed and the weight collected (7.7 g.) represented
85% reaction having taken place. The remaining reaction
mixture was found to contain three_products;' |
(i). An ionic species idénbified as containing the hexa-
fluorophosphate ioh[PF6]' in about 80% yield. The cation was
not identified.
(ii). Bis(dimethylamino)trifluorophosphorane; (MegN)aPFB,

which was identified by comparison of its 19F_anc_l 3'].P NeMsTe
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data to those of aﬁ authentic sample. 2 The formatiqn of this
trifluorophosphorane could conceivabiy be from the thermal.
rearrangement of dimethylaminotetrafluorophbsphorané;
discussed prevmously in this chapter.

(iii)e A small amount of an oily liquid Wthh could possibly
be the phosphlne imide MeaNPF2=NMe being characterised Dby

a large fluorine chemical shift and coupling cbnstént between

J.

phosphorus and fluorine. The values of §F and “PF are

consistent with four-coordinate phosphorus-fluorine compounds. 2
The possibility of this compound being the dimeric form
(phosphetidine) is ruled out in view of the simple doublet

_nature of the 'OF n.m.r. spectrun. (See later)

Reaction of Dimethylaminotetrafluorophosphorane with N-Phenvl-

hexamethyldisilazane

| D;methylaminotetrafluorophosphorane‘(7.5 ey 0.05 mole)
waé‘ailowed to react with N-phenylhexamethyldisileaezane
(11.8 g.;,0.0S mole) in a manner similar to that described
in the previous reactions. The voiatile by-product trimethyl-
flﬁoroSilane was formed in about 90% Yield. The remaining
residue of the reaction mixture was found to conbtain the
hexafluorophosphate anion [PF6]'although the identity'of the :
cation was not established., Repeats of this experiment all

produced the ionic compound and in no case was any other

compound identified,

Nuclear Magnetic Resonancé Data

e .
The n.m.r. data obtained for the reaction products are

listed in Table 6.4, The data obtained for the phosphetidines
are consisﬁent with data reporte& for other phosphetidines.

2, 18, 168 The n.m.r. data obtained for bthe ionic species
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J.

SF + 71.5; $P + 144.0 p.p.m. and YPF 715 Hz. are characteristic

of hexafluorophosphate, [PFG]", however no n.m.r. data were

obtained for the associated cation.

Table 6.4

N.m.r. Data for Amino—Fluorb—1,2,5,4—Diazadiphosphetidines

and Amino-Fluoro-~Phosphine Imides

Cdmpound _ _ ' .6 PeD.I. J (Hz)
(E6,NEF,-NMe) §F  + 67.5 1‘7131:- 136
§P  + 28.8 IPF  + 833
§E - 1.2 (N.C.CH) Jpp ¥ 13
§E - 2.5 (NCHy) Jpr - 13
$H - 3.3 (N.CH,.C) JHH v
(Et NPF,-NPh), ¢ SF  + 74.4 .qJP]_? 140
§p a “IpF 4+ 840

. 5J‘ -
PF + 15
| (EtéNPF2=NPh) b, ¢ &F  + 7hu Jpr 1032
(MeaNéﬁ‘é=NMe) . 7+ 69,9 IJer - 916

a. Insufficient sampie to run a 5/l]? n.,m,r, spectrum,
b. Data compares to those obtained for the product of the
| reaction of diethylaminodifluorophosphine; EtaNPFg, with
phenyi azide, PhNB; in which the phosphine imide'EﬁaNPF2=NPh -
was isolated. 169 |

¢. N.m,r. measurement made on solution in benzene.

Four-membered ring systems containing five-coordinate

phoéphorus-bonded to fluorine have previously been reporited
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5, 20, 21, 29, 103, 170-176

by a number of workers. X~ -ray

‘crystallographic studies of the compound (PhPFe—NMe)2 75 ana

Infrared studies of the compound (FEP-NMe)é'177’ 178

have
confirméd that, for these compounds, there is a trigonal—
Bipyramidal environment about the phosphorus atom and that
the axial positions are occupied by one fluorine atom and

one ring nitrogen atom. This is presumably the structure of

coordlnaulon about phosphoruse. The observation of apparently
magnetically equivalent fluorine atoms when one would expect
two distinct fluorine atom environments may be explained by

a quas1—pseudorotat10nal process involving the fluorine atoms
and the dlethylamlno group, thus one observes an average of
the fluorine atom environments. The possible involvement of

a P-N bond in such a pseudorotational process is, ruled out
due to the great stress which would be invoked on the ring
51nvolv1ng a change of the P-N-P bond angle from 90 to 120°
and back to 90°, This implies a large energy barrier to
rotation. Low temperature aF N.MeTe studies of (EtaNEFg-NMe)2
were not successful in dlstlngulshlng between the two fluorlne
env1ronments which suggests a very low barrier to rotation.
Such a low energy barrler to rotatlon favours a process

involving the fluorine atoms and the amino group only.

The 19F n.m.,r. spectral form is that of a basic doublet
accompanied by several other lines of smaller intensity, The
whole spectrum being symmetrlcal about the middle. The
general spin system of fluoro-diazadiphosphetidines is
classified as AX X A (where A and X refer to phosphorus and

the compounds reported here and the n.m.r. data support penta—
fluorine, respectzvely) 109, 179 and full spectral, analyses
|
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have been carriéd out’for several such compounds.'q§8’ 179, 180
The fluoro-diazadiphosphetidines reported here are classified
. | S | ! . .

‘as AX2X2A spin systems and the spectral form is that shown

in the following figure.
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Making the assumption that thére is_no spin-spin ¢oupling
JXX' (JFqFB,'the coupling constant between the fluorine atoms
bonded to one phosphorus atom and the fluorine atoms bonded
to thé other phosphorus atom) then-the large coupling
constaﬁt N. is the summation of two coupling constants
Inx o+ ;AX' (1JPF - 5JPF). The coupling conétant.betweeh
the twd A nucleii JAA (;EP) can be obtained directly.from the
spectrum, as is shown in the figure. if-ail the lines are
well resolved then the value L = JXy ‘is equal to the difference
between tﬁe coupling constants IaX and 94X . Thus knowing
thé values of N and I the relevant coupling constants can bé

ascertained.

The spin states of the two phosphorus atoms causes the
spectral form to change in such a way that;
F2¢0(F2 causes shift of line a to a;;
F,pBF, causes shift of line b to bf ; ) |
ongeFZ and FzﬁxFe cause the appearance of the extra lines,
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The distance between a and b represents the phosphdrus—fluofine
coupling constant that would be expected for a normal five-
coordinate phosphorus-fluorine compound containihg two fluorine

atoms, i.e. difluorophosphoranes.

Reaction of Aminotetrafluorophosphoranes with Si-S Compounds

Qhe peactions qf tbevfludrophosphoranes RnPFS—n (where
n=0,1, 2; R = Me, Et, Ph) with the silylthio ethers
R'SiMe5 have. been studied and a series of compounds Qf the
type RnP(SR')F4_n have been prepared. 51, 32 However, the
corresponding reactions 6f the,aminotetrafluorophosphoranes
MeaNPF4 and.EtaNPEé with tfimethylsilyl thioethers prqduced;
in all cases,vionic cdmpounds containing the hexafluorophosphate
anion [PFG]-. The hexafluorophosphate ion was dharaqﬁerised
by its n.m.r. data8F + 72,03 P + 44,0 p.p.m.; SEF 715 Hz. 117
It proved difficult to ascerfain the identity of the cation
though it is bélievéd that the reactions procéed in'a
manner similar to the reaction of dimethylaminotetrafluoro-
phosphorane with phenyltrimethylsilyl ether 56,39 in which
a trifludrophosphorane‘intermediate is formed and tﬁen
Trearranges to:its stable ionic isomer according to the

equations,

: ' : )
R SSlMe5 +  RoNFF) ———> R2NPFBSB + .Me5813

2R2NPFBSR' > [(REN)aPFSR']+[R'SPF5]'
or [(R's)apFNR2]+[R2NPF5]‘
,[(RaN)2P(SR')2]+[PFs]_

(where R = Me, Eb; R'=‘Me; Et).
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Reactions of Aminotetrafluorophosphoranes with Si-0 Compounds

The aminotetrafluorophosphoranes MezNPF4 and EtQNPF4
.have been shown to react With pentafluorophenyltrimethyl— ‘
silyl ether (Chapter 1) to give covalent stable difluoro-
phosphoranes of the type R2NEF2(006F5)2.

- The corresponding reaction of the aminotetrafluorophosphoranes
with phenylitrimethylsilyl e;her.pfoduces an ionic compound |
and the yield is influenced by the presence. of frace amounts

of sodium fluoride. 36, 39 The reaction proceeds according to

the equation,
. X + -
- + 2Me

5S:L'E‘.

DiscuSsion

In eésessing tne nesnlts obtained it would seem reesonable
to consider one distinct process which is involved:
Thermel rearrangement to give ionic compounds.

It has been found that halofluorophosphoranes and fiuoro—
phosphoranes substituted by heteroatom-containing groups '
show a tendency.to rearrange to give ionic compounds., The
latter sometimes decompose thermally with the formation of
more stable fluordphosphoranes and sometimes three-coordinate
or ionie phospherus»species. Table 6,5 lists compounds which

are known to rearrange to give ionic compounds.

From electronegativity consideratione it.would seem
feasible that the most stable anion would contain the largest
number of fluorine atoms;'e.g; [PF6]_ and, correspondingly,
the most stable catlon would contain the least number of

fluorine atoms, e.g. 1R, P + (where R = Alk, Aryl, or hetero-
It
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Table 6.5

Rearrangement of Fluorophosphoranes to give ITonic Species

2X P, (X = 01, Br) — > [x,21¥[=r.]" 158, 181, 182
20L5PFy ——> [eox, | [®r,015]" 183

X,PF (X = 0Cl, Br) —> [px, ¥~ 184, 185, 186
2RENPR'F‘5 - [(R \T}zPR 'F]* [R PF ] ‘24,' 26; 187

(vhere R = Mej R'= Me, Et, Ph)
_ 1 - .
‘(where R2 = 4-Me—p1ner1dyl—, 2 5 dlmethyl-pyrryl R = He, Ph)

2RR NPR F5 —_—> [(RR N}gPFR ] [R PF ] This work 23

;rf

: . .
(where RR = 2—Ne-, 9-Me—p1per1dyl 2-he—pvrryl R --ue,
11 .

or R = PhCH, gnd,R = Me, R = Ph)

'2I~IeBzI€Eﬁ‘4 > -'[(.NéBzN)ZPFgl'F[PFG]_ 2
'2@'1@1?4 > [(RR'I\T)EPF2]+[PF6]' . This work
2R, NER,, —> [(RgN)gPF2]+[PF6]- ~ This vork

(where R = Me, Ph)

?“’Ie2NPF50J,h — [(Me2N)2P(ODh)2] [PF6] 56; %9
2T‘Ie2NPFBOC6F5 ——> [(1e,M),P(0GGF5),] -[PF6]‘ ~ This work
2(Pho)2PF5' — [(PhO)LI_P]+[PF6]_ o 25; 56

. ) 1 : 7

2R IEF ;SR _— [(R2N)2P(5R )2T[PP6] This work

(where R = Me, Et; R' = Ne, Et, Ph)
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atom group). Therefore the stability of the anions would
.decreasefln the o?ée? [PF6] S [RPF5] '>[R23F4] etc., and the
the stability of the corresponding cation would be in the
order [R4P]f>[R5ETjﬁ>[R2PF2]+ etc., For a theoretical

sequence of phosphorus-fluorine ionic compounds, ,therefore,

r

the stability would be in the order, [R4P]+[PF6] —>[R3PF]+[RPF5]
[RPF, ]+[R2PF4] "> [REF5] T [R5PF5] - ~

A1l the observed results are consisten# with theoretical
considerations. The formation of a stable phosphorus—cérbon
bonded‘pentafluorophosphate; [MePF5]_ or[PhPFS]—, seems,
however, to contradict the theoretical predictions. This may
be explained by thé need for P-C bond cleavage'in the
formation of any hexafluorophosphate and that such a bond
1 éleavége} under the reaction conditions of the rearrangements_
- discussed, is not possibie in view of the larger P-C bohd
energy compared to that of P-0, P-N, P-F, P-Cl, P-Br, and P-S
bonds. Thereforé for hydrocarbon phosphorus~fluorine compounds
one would expect the formation of hydrocarbon-pentafluoro-
phosphates. From the results 6bserved the tendency ié for
a larger number of trifluorophosphoranes to rearrahge,

compared_to tetra- and di-fluorophosphoranes.

Resﬁlts.obtained from the studies oh aminofluoro--
phosphoranes fit in with the preﬁiously observed results
although it has been noticed that MegNPF4 in i%s chemical
reactivity shows a greater tendency towards formation of

ionic compounds than EthPF4.

The reaction of phosphorus_penﬁafluoride with bis(dimethylé}
amino)dimethylsilane produces an ionic P-F compound and its

formation can be explained by the formation of the two
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 aminb-fluorophosphoranes lie NPF, and (MegN)2PF5 which then
undergo intermolecular fluorine atom exchange resﬁlting in
the formaﬁion of the ionic compound [(MeaN)zPF]+[PF6]— which
is, from theoretical considerations, the most stable ionic
compound expected to be formed in such a reaction mixture.
The éorresponding reaction of bis(diethylamino)dimethylsilane
with phosphorus pentafluofide, however, produces, as the main
product, the covalent phosphqrus—fluorine compound, EthPF4
in high yield. |

‘The - thermal stability of -dimethylamino~substituted
fluorophosphorapes has been found to be lower than for the
corresponding diethylamino-substituted fluorophosphoranes;
Dimethylaminotetrafluorophosphorane and bis(dimethylamino)-
trifluorophosphorane show a tendency to undergo intramolecular
exchange affording ionic compounds and this rearrangement
occurs to about 90%. Diethylaminotetrafluorophosphorane and
bis(diethylamino)trifluorophosphorane; hoﬁevef, prefer o
remain in the covalent state, although in the case of
diethylaminotetrafluorophosphorane rearrangement does take
place to a small degree. These observations:can also be
explained by the aminofluorophosphoranes preferring to exist
as ionicvisomers. However, the question arises why diethyl-~
amino-substituted fluorophosphqranés do'ﬁot behave in a
manner similar to dimethyiamino-substituted fluorophosphoranes.
 The differénce in P~N bond energies of the reséective
_aminofluorophosphoranes is probably only minimal and thus
not of great influence.on the possible formation of lonic
- compounds. There is an obvious difference in the size-of a

dimethylamino-group and a dicthylamino-group and therefore
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stereochemical hindrance‘might be'considered as a ﬁossible
‘explanation of tﬁé observed differnce in behaviour, the
possibility of a dimethylamino group being accommodated by
a phosphorus atom t0 a better degree than a diethylamino
group.rﬁ

It has been found that in the reactions of aminofluoro—
phosphoranes with Si-S bonded: compounds a tendency of
formatioﬁ of ionic compounds is observed in all cases. This
might be explained by the formation of the most stable .
possible phosphonium cation [(R2N)2P(SR')2]+ (where R = le, Et;
R = Me, Et). In this cade the phosphonium cation readily
acconmodates two diethylamino groups whiéh contrasts to
previous results obtained from the thermal rearrangement of
diethylamino-substituted fluorophosphoranes. The fluoro-
phosphonium cation fo?med in the case of phermal rearrangements
is, from previously mentioned theoretical considerations,'
not -as stable as the cation formed from the reactions of
dialkylamino—substituted fluorophosphoranes'with Si-S bonded
compounds and it might be expected that when the possibility:
arises for the formation of the most stable cation then
reactions involving diethyiéminotetrafluoroPhosphoranemwill
also showﬂa tendency towards the formation of ionic compounds.
Similar reéults»were also observed for the reactioné of

aminofluorophosphoranes with Si-O bonded compoundse.

In view of the'previously observed results it was not
surprising to find that the reactions of diaikylamino—substituted
- fluorophosphoranes with Si-N bonded compounds gave varying
results. Diethylaminotetrafluorophosphorane showed a tendency
towards forming covalent products whereas dimethylaminotetra-

fluorophosphorane showed a tendency towards forming ionic

products. The high reaction temperatures employed to induce
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reactions would - -aid in the thermal rearrangement of thesec
aminofluorophosphoranes; and thus the ionlc compounds detected
in the reaction mixbtures involving Me,NFF, might very well

be ité ionic rearrangement product. Due to the greater.
thermal stablllty of EtzNPF4 the poss1b111ty of forming.

covalent products is greater.

The reactions Qf.the\aminofluorophosphorénes CMenN)ﬁPFB—n
(where n = 1, 2, 3).with phosphorus pentafludride'are also
consistent with the previously mentioped theoretical
considerations. As the value of n increases so the Lewlis acid
character of the aminofluorophosphoranes depreases and the
strong Lewié acid, phosphorus pentafluoride; has. a greater
chance of abstracting a fluoride and forming the stable
hexafluorophosphate anion [PF6]-; The corresponding cabtion
also becomes more stable as n increases and the stability

of the ionic species can be envisaged as being in.the order,'
[(Megi) R [ERG] T [(Me ) PR, [ BEG]T  [(MepM)FFy] [ FEg] -
This order is borne out by the experimental findings in

which it was observed that the ease of feaction increased

as n increased. The reaction of ﬁe2NPF4 with PF5 1ls very

slow and only a small amount of the ionic compound is formed.
The reaction of (MezN)2PF3 with PF5 is faster and goes in
100% yield. The reaction of (MegN)BPF2 with EF5 is very fast,

exothermic and also goes in 100% yield.

In exﬁlaining the reactivities of these dialkylamino-
substituted fluorophosphoranes one must take into account
the thermal stability of these compounds; their respchlve
Lewis acid characte;s- the stability of the cation and anion

"when an ionic compound is formed; lability of groups;
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the size of possible ions formed, whether it is sterically

possible to form such an ion or not and crystal lattice

energies.



CHAPTER VII

CONCLUSIONS AND FUTURE WORK
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CHAPTER VIT

CONCLUSICNS AND TUTURE WORK

The cleavage reactions of 8i-0 bbnde@ Tewis bases by
the Lewis acid fluorophosphoranes have been shown 4o be
a useful roufe to.the preparation of compounds of the ¥Type
(120)5_nP3;1F2 (where R = Ph OPs;s R'= MNe, Ph, Me,ll, Tt,N;
n =0, 1, 2). The interesting feature of tﬂese reactions is
the tendency towards multisubstitution in which éll the
avalilable equatorial fluorine a’ﬁoms are replaced by aryloxy
'groups. This contrasts to the analogous reactions involving -
the cleavage of Si-N and Si-S Bonded compounds which are
characterised by monosubstitution. The corresponding reactions
of fluorophosphoranes with alkylsilyl ethers, in contrast;
do not form any stable alkoxy fluorophoSphoranes; instéad
the tendency is towards the formation of stablé phosﬁhoryl

compounds and the elimination of an alkyl fluoride.

_ Cleavage reactions of Si-N bonded Lewis bases with
vfluorophosphoranes have been shown to produée new asymmevric
émindfluorophosphoranes of the type RR#Nngﬂq_n (where,p.; 0,
1; 2;'RR'= 2-Me- and 3%-le-piperidyl, 2-Me-~ pyrryl; R"= Me, Ph)
‘and new symmevric aminofluorovhosphoranes of tThe type
RgNPR;?4;h /(wheré R2 = 4—Me-piperidyl; 2,5Tdimethylpyrryl;
R'= Me, Phy n = 0, 1, 2). These reactions proved to be no
exception to the well documented reactions of.Si—N bonded
compounds with fluorophosphoranes, although the reaction of
MePF4 with pyrrylsilylamines did né% take place, presunably

due to decreased Lewis base character of the silylamine and

thus its inability to form an intermediate adduct with lerF ) .




- 177 -

All +the new trifluorophosphoranes show a,tendency,'as has
been observed for obher aminofluorophosphoranes, o rearrange

intermolecularly to give stable ionic compoundse.

Wew dialkylaminodialkyl(aryl)difluorophosphoranes of

5 1 : ’ _ 1 .

the type RR PF,R, (where R = R = Me, Ph; R = He and R = Ph;
n ’

R = Me, Et) have been prepared from the.diroét aminolysis

of dialkyl(aryl)trifluorophosphoranes.

Trigonel bipyramidal structures about the phosphorus
-atom have been assigned to all The new fluorophosphofanes
in which the two axial positions are occupied by.fluoriﬁe
atons énd the hydrocarbon and heteroaton groups occupy the

equatorial positions.

The. tetrafluorophosphoranes all undergo a pseudorotaiion
prodess at room. temperature but this process can be sloved
doﬁn sufficiently at low temperatu:es-to permit observation
of rigid struciures. The observation made for the fluoro-
phosphoranes RR'NPR;Eq_n'was, apart from the expected
magnetic non-egquivalence of axial and équatorial fluorine
atoms, of magnetic non-equivalence of either axial or
equatorial fluorine atoms. This observation is accounted
for by freezing of the P-N bond rotation,relative to‘the
n.m.r. time scale., The cause of the comparitively high
energy barrier to rotation may be due to either pr-am
bonding between the nitrogen lone pair of electrons and
an empty 4 orbital on phosphorus; a small amount of hydrogen
bonding between protons on the hydrocarbon group avtached

o nitrogen and the axial fluorine atoms, or steric hindrance

induced by the presence of large groups attached to

phosphorus forcing the ring into a definite position.
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The'cleavage reactions of $i-0 bonded compounds by
vrimeric phosphonitrilic fluoride, (PNF2>5’ have been found
vo be a route To the monosubstituted trimeric phosphonitrilic
fluorides PN;FOR (where R = Me, ES, Ph, C6F5). The tendency
ig for monosubstitution to take place although the presénce
of multisubstituted products is evident. The analogous -
‘reactions of Si-S bonded compounds with trimeric phosphonitrilic
fluoride, however, do not lead to the formation of the

analogous thio substituted compounds.

Attenpts at preparing bis(dialkylamino)alkyl(aryl)-
difluorophosphoranes by the aminolysis of alkyl(aryl)tetra;
fluorophosphoranes proved unsuccessful. The explanation for
this is believed to be, either a tendéncy_fop the "intermediate -
product to undergbAintermolecular rearrangement to give a
stable ionid'prodﬁct or svereochemical restriction o
formaﬁion of a second amine-phosphorane adduct necéssary for

further substitution to talke place.

The chemical reactivities of dialkylaminofluorophosphoranes
have been_studied and it was shown that dimethylaminofluoro-
‘phosphoranes show a greabter tendency towards the formation of
lonic products whereas diethylaminofluorophosphoranes tend.
tbwards the formation of covalent products. A possible
explanation for These obsexrvations is that in considering
the formabtion of ionic compounds account must be takqn of
atabillity of ions formod;_lnﬁility of proups concornad and
thermal.stability‘of the aminofluorophosphoranes,

It is hoped in The near fubture o be‘able o undervake
‘Qitensive studies on The asymmetric aminofluorophosphoranecs

reported here and by means of n.m.r. measurements o calculate
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the cnergy barrier to rotavion about the P-N bond. It would
also seem reasonable to undertake extensive vibrational,
elecvron diffraction and X-ray crystallographic studies to
ascervain whebher a tetragonal pyreamid does not feature in
the stereochenistry of these new fluorophosphoranes.

X-ray crystallographic sbudies are at the moment being

carried out on the new aryloxy difluorophosphoranes described

in Chapter 1.

Turther studieg arc o be carried ouv into subgtitvubtion
~of fluorine atoms in phosphonitrilic fluorides To ascertain
whether further substitution takes place geminally or non

geninally. These studies are then to be extended to the

analogous tetrameric phosphonitrilic fluoride (PNF2)4;
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