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'thlophosphoryl—p—thlodlfluorophosphlne have been shown by

‘,fluoro(trlfluoromethyl)phosphlne thCh is found to exist as

LT bondlng effects of the substltuents on. these molecules.

v

/ .~ AB STRA‘c T ' T

; : -
TWO new dlphosphorus compounds, dlfluorothldphosphory}

-thlobls(trlfluoromethyl)phosphlneznuibls(tplflﬁoromethyi)—

‘nmr and chemical studies to adopt a structure whereln one

phosphorusAatom is trivalent and the other 1is pentavalent.'

The second of these compounds shows temperature dependent . Coe
behaviour in its nmr‘spectrum whlch is consistent with an
intermolecular exchange process of undetermined molecuﬂaritykﬁj

This type of mechanism has been substantiated byéshemical‘“ v

i
N

exchanfe studles. BN : ' ' B :
The new compound fluoro(trlfluoromethyl)dltthphosphln-

ic acid has been prepared. This compound and CF3(F)P§(CH3)2

have facilitated the completion of the series of fluoro and

tr1fluoromethy1 substltuted thlophosphoryl—u tthphOSphlneS.
[}

- The 'nmr spectra of these compounds have, «in most cases, been

fully analysed and the presence of an asymmetrlc phosphorus -
atom 1n these molecules has permltted the measurement of
gemlnal F-F and CF3 CF3 coupllng cons;ants for groups 301ned
tofghosphorus. TwO asymmetrlc centres 1n bne molecule are
observed. in fluoro(trifluoromethyl)thlophosphoryl—u—thlo

an unseparated mlxture of two racemates. Systematlc var1a-
tions in the nmr parqmeters for all members of thls serles

have been ratlonallzed by con51der1ng electronegat1v1ty and
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A

Attempts to prepare tr1fluoromethyl~1odo—phosph1nes

from: P214 and CF3I were unsuccessful but led to convenlent [

- methods of*lncreaslng ‘the degree of trlfluoromethyl sub~‘-i

stltutlon of phosphlnes from one or'tWQ to three ‘ These \

'methods have also ylelded a convenient synthetlc route to

’(CF ) PCH3 from whlch a new five coordlnate phosphorane
-t

(CF3 P(CH )Cl and a new thlophosphoryl compoundn oo

(CF P(S)CH have been derlved. The .anionic species result-

3)2
1ng from the hydrolysls of (CF ) PCH3, (CF3)2P(S)CH3,
(CF3 2PSP(CF3)2 and (CF3)2POP(CF3)2 heve been observee in

the nmr.
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CHAPTER 1

} INTRODUCTION

i !
) !

The chemistry of compounds of phosphorus containing
highly electronegative groups §a§ received much attention
in the past 20-30 years. Although the simplé fluorides
37 PFS' OPF3, 3 ,
. was many years before there was any further activity in the

PF and SPF, were prepared prior to 1900, it

field. One of the major reasons fomn the increqbed interest
was the discovery of the so—called'nervé gases in the

1930's which were found to inhibit the enzyme cholinester-

{

. ase.l’ These organophosphorus fluorides were<synthesized

inygreat number for their military application and also

SN
added impetus to further study of phosphorus fluofié@s,
1953, gt was found tgat £he fecently‘pgepared C§3I 2
reacted with elemental phosphorus‘at elevated temperatqres

to give trivalent phosphorus compounds substituteé with
trifldoromethyl groups.3 This grouping has an electro- -
‘pegativity somewhere between those of fluorine and chlor-
ine.4 The frifluoromethyl group has;the benefit of
:emaining attached to phosphorus and not “}grating as thé
simple hah;des do.s, Since tﬁat time, many new compoundé
of phosphorus containing fluorine and xrifluOIOmethyl’
group; héve been prepared.“An extensivé review of the ;
! -

chemistry of the fluoro compounds has been presented by

Schmutzler jin ;965'1, and the trifluoromethyl compounds
N . e * '

-
-
- -

1l -
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have been Eeviewed somewhat less completely as recently as
1969.4-7 References to specific aspects of phosphorus
éhemistry will be presented in the coufse of th§ text.

IThe :atib%ale-for?he study of these t&pes\of com-
poundsvlies in their dissimilarity.to classiéal organophos~
phorus species. An important synthetic route in organo-
phosphorus chemistry is the Arbuzov reac’t:’u.';n..8 This
involves reactions of altrialkylphosphite or diaiky{pﬁos—
phonite with an alkyl halide according to equatiod 1.

. : o ' o .
(RO) P + R'X ;——~>':‘(RO)3P+ ~ R'X. ——> (RO) ZP/ + RX
. . N g
(1)

Here the trivalent phosphdrus is oxidized to its pgntévalent

g phosphine oxide analog, with eliminaﬁion of an alkyl grioup

from the phosphite or phosphonite starting maberial as RX
qu‘formation of_a bond from phosphorusrfo the glkyl group
of R'X. Burg gives several examples in Ehe trifluoromethy}/
systems where the Arbuzov reaction is ﬁot observed.srﬂeagihg

t .
(CF P(OBu ) with CH

3)2 3
phosphorus but no methyl groups were attached; a non- a

I resulted in oxidation of the

. Arbuzov reaction. Griffiths and Burg have also reported

."anti-Arbuzov" behaviour in the attempted synthesis of .

9

(CF4) ,P(0)H.” Although it is thought that the desired

compound was initially formed,; it was necessary to postui%te



3.

a rearrangement in which Pv was reduced to‘PIII ih. order.
t ’ r“'." "..
- to explain the formation of (CF )ZPOH. Alsgyobtained were
' ) ‘} K Lo
(CF3)2PH and - (CF )2P(O)OH, presumably due to a mutual oxi-

dation reduction reaction.

(CF,) ZP(O)H ——  (CF,) 2POH. (2)

, 2(CF4) ,R(O)H ——> (CF,) ,PH + (CF3)2P(O)XOH
‘ : ' _ (3)

‘The dlsproportlonatlon reactlon is the only reactlon whlch

the methyl analogue undergoes.

(cné)zp(om — (CH;) ,PH +, (CH,)- P(O)OH ‘ (4)

This work has been substantlated and extended by others and

it is now well establlshed that the trlfluoromethyl com-

10

pounds (CFB)ZPOH and*(CF"b-PSH' exist only in the tri-

valent phosphorus form whereas alkyl and phenyl phosphlnlc
acids' exist exclu51vely in the R P(O)H 11 form.

When joined to phosphorus, both CF3 and F, because of
their very h1gh electronegativities, are thought to

contract and lower the energy of the phosphorus 3d orbitals

making‘them‘available for bonding.".IQ In generalf3d

‘orbitals are not avallable for bondlng in organophosphorus
,compounds and thlS perhaps explalns the non-ex1stence of

}

5 and the ex1stence of PEB in both of which d orbltals

are thought to be necessary. The poor Lewis base character

PH

of the fluoro and trifluoromethyl derivatives of phosphorus

4
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|

‘ [ L )
in contrast to their organophosphine counterparts > is also
the result. of the high electronegatiﬁityvof these substitu-
ents.

Another‘feature of‘the fluoro and t:ifluoromethjl
compounds of phosphorus which makes themiattradtive for |,
study is thelr generally high volatllltyl’ Since.many of the
systems, espec1ally the lrlvalent phOSphlneS with CF, '

groups attached, are rapldly'oxldazéd by‘alf-and hydrolysed

by moigture 13, theyimust-be handled usingjstandard high

: L . T
vacuum techniques. S R .
. M ‘\}

The presence of phosphorus and fluofine‘atoms, both

~ of which have nuclear splns of 1/2 permits nmr studles of

\
these compounds. Although l9F, 31P, and 1H are al} present

in essentially 100% natural abundance, the sensitivity of

the nmr technique is 6% fot 3;P and  83% for 19F compared to

100% for lﬂ due to the dlfferent magnetOgyrlc ratios for

the three nuclel.14 ‘Nmr spectra of the ;QF nucleus have

long been easily obtainable 'in these compounds but 31P .

spectra have generally only been obtained with some diffi-

culty due to the 1ow‘sensltivity'ot.this nucleus\and the
extensive splitting it suffers-due to coupling with_other‘
magnetichnuclei in the molecule{' Recently the availability
of Fourier transform nmr spectroscopy %5 has allowed

measurement of 31? Spectra of hlgh guallty from small

s~ f these compounds where exten31ve Spllttlng causes

to span a large frequency range. Another

'g// A I “, Do

]



5.
‘advance has been the developmént of  nmr nstruments whlch
&an be locked on a nucleus dlfferent fro the one belng '
observed | Lock systems, both homonuclear nd heteronuclear,‘
are used to stabillze the\magnetlc field of the spectrometer
over the- period of time requrred for the nm‘.experlment.
The heteronuclear lock system has proved inialuable in
measuring 'low temperature 31P spectra since. lock compounds
‘containlng phosphorus wthh are useful at low temperatures
“are not readlly avallable. |
+_ 'In both fluorlnated and trlfluoromethylated phosphorus.
compounds, large chemlcal shlft differences between non- L
equlvalent nucle1 are, generally observed 1n‘both l9F and’
3lP spectra. As well, short range spln—Spin coupling
constants ‘are large and are often indicative of the oxida-
tion state and. coordlnatlon about the phosphorus atom.16
For example, in trlfluoromethylated phosphorus compounds,
ZJFP generally ranges from 60- 90 Hz for trlvalent phos—
phines 16, from 100- 140 Hz for pentavalent four coordlnate
compbunds 16 ana may be less than 50 Hz for axial groups

-~
and more than 150 Hz for equatorial groups on flve coordin-

ate phosphoranes.16‘ The magnltude of coupllng constants

drops off rapidly as the range of coupllng 1s 1ncreased
: ThlS behav1our together w1th the large chemical Shlft
differences usually allows flrst order analysis of the nmr FS
; spectra of these compounds. I ( . |
The_nucleophlllc attack oﬁ hvdrOXide ibh‘d@ trifluoroe'

§

e
*
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methylated phosphorus quantltatluely cleaves carbon-phosphor~
us llnkages to grve quoroform and has been recognrzed as a
valuable analytlcal tool. The number of these bonds which
are ruptured depends not only on how manf‘trifluoromethyl
groups are attached but also on the oxidation stage of the
phosphorus and the nature of the ‘other substltuents which

|
are pPresent, PhOSphlneS, on;alkallne hydrolysrs, ellmlnate

_all bound CF groups as fluoroform, although electr0p051t1ve

%

¢

Q

3

substrtuents tend to inhibit this ellmlnatrOn.l? In phos—<
A :
phoryl and thlophosphoryl compounds, one CF3 group - remain§‘
attached to phosphorus on alkallne hydroly31s 10 18 19

Neutral hydroly31s of phosphrnes leaves one CF3 group bound

13, 20, whlle two groups remaln attached in:

to phosphorus
phosphoryl and _thiophosphoryl compounds 19 These_reactlons,ﬂ
have no parallels in organophosphorus chemlstry.

The orlglnal aims of the work descrlbed 1n this thesis
were further understandlng of . thlophosphoryl-u thlophosphlnes
(hereafter referred td as mixed valence compounds) and to

develop new synthetlc routes to trlfluoromethylated phos-

phorus compounds Charlton reported the first of. thelmlxed

A ?

1
(F P(S)SPF (I)) , and aébn after the trlfluor

122

.Valence compounds,difluorothiophosphoryl-u-thio—difluoro[
9

phosphine 21

methylated analog [(CF3)2P(S)SP(CF3)2"«II)] ‘was prepared
These two compounds and the new mixed valence compounds
reported in this the51s and thelr‘numberlﬁg scheme are shown

1n Flgure 1.: The two orlglnal compounds (I and II) were
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1nterest1ng 1nasmuch as a formal +3 oxldatlon state could be

a

' assigned to one of the phosphorus atoms whlle the other was

o

\
found to be pentavalent. These structures were postulated

on the basls of nmr and ir assxgnments, chemlcal propertles,.

- and, in the case of the trlfluoromethylated compound 1ts

. behavlour on alkaline hydroly51s : Although the trlfluoro-

//ethylated compound (II) showed a well resolved nmr specgfum

Sat room temperature, the nmr spectrum of the fluorlnated

species (1), e n, at the low temperature 11m1t ofgthe 1nstru—
ment, was not completely resolved Thls temperature depen-

dence could be explalned on the bas1s of a chemlcal exchangetﬂ
. o Lt ',/
process of several p0351ble orlglns. ’

‘.‘\

(1) ‘p0581ble exchange of the gouble bonded‘splfur from

one phosphorus atom tofthe‘other, e

-

(2) rotatlon about elther or both of the P-S srngle A

o

e . nw Ve

£ éxbhange of part of the molecule between twq or nri

‘molecules. - R I R ,‘3 S
Y ‘ a L I Co o ‘4'"}‘«,‘""
» ' ‘ . S ‘ : ‘
Two new mlxed valence compounds dlfluorothlophOSphoryl- -

u thlobls(trlfluoromethyl)phosphlne (III) and bls(trlfluoro-:
methyl)thlophosphoryl-u thlodlfluorophosphlne (1IV) substltuted
W1th two trlfluoromethyl groups on one of the phosphorus

atoms and two fluorlne atoms on the other were synthesrzed

.in an attempt to rule out some of these alternat}ves and the

o
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results of thls 1nvestlgatlon are reported 1n Chapter 3*

Synthe51s ‘of the two compounds dlfluorodlthlophos— .

-

\

"phlnlc acld (F PS H) and bls(trlfluoromethyl)dlthlophos-

10,18

’phlnlc a01d (CF ) PS H N made possmble the preparatlon

\
- of the mlxed valence compounds descrlbed above (1, 1I, III,

IV) as well as F, P(S)SP(F)CF3 (VIII) and (CF P(S)SP(F)CF

3)2
(V&I) Chapter 4 descrlbes the synthe51s of fluorotrl—.f‘

-

“ fluoromethy1d1thlophosph1n1c ac1d (CF (F)PS H), the prepara-

tlon of the latter two compounds (VII VIII) and of

c‘is‘ (F)P(S)SPF2 (VI) , CF, (F)P(S)SP(CF 32 W and

L

3 (IX,‘X) from. the new a01d These new
. ) .

,compounds have allowed the measurement of gemlnal F -F" and&

CF (F)P(S)SP(F)CF

CF3 CF3 nmr coupllng constants whlch are also reported in
‘ C ‘ . .

Chapter 4.
The second pro;ect, which is descrlbed 1n Chapter 5,
was undertaken in an attempt to flnd a cleaner synthe51s

.: for the trifluoromethylphosphlne' startlng materlals w1thd
-hlgher hlelds than the one descrlbed 1n 1953 3i Previous
"1nvest1gatlons ? showed that both trlfluonomethyl 1od1de
;and methyl 1odide reacted W1th tetraklstrlfluoromethyl
'Qf”dlphosphlne to glve (CF3)2PI and (CF ) P or (CF )VPCH3 and

3)2PI respectlvely and 1t seemed reasonable to expect

2 s 25 to unéEEES the same type of reactlon. The P-P |

"bond proved to be re51stant to cleavage and thlS route to o

{s’CF3P compounds dld not materlallze, however 1mproved

,methods of addlng CF3I and CH3I to (CF3)2PP(CF3)2 as well

'.‘l o

e,
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LY

cycllc phosphines were developed ".This ..

has fac111taufd the 1ncrease in the number of trlfluoro—. -

‘d‘methyl subs&‘ﬁuents of mono- and d1- CF3 substltuted phos—‘

v-phlnes.' P; ulous results of Leary demonstrated ‘the feas—
‘1billty onZecrea51ng the CF3 substltutlon on phosPhorus.

‘from 3tx>2”and this work has been extended 1n thls Chapter. o
Subsequent‘to this. Qork it was found p0351ble to synthe51ze
‘a methylehe brldged dlphosphlne by reactlon of CH2 2 'd‘
‘Hg wlth'the dlphosphlne.28 Chapter 5 also descrlbes the

I A o
1dent1ﬁlcat19n of the unreported anlons CH (H)PO2 and

|

CF (CHB)PO from the hydrblys1s of the parent compounds. L A



CHAPTER 2 ; . o |
o S )

MATERIALS APPARATUS,LANQ_TECHNIQUES SR
1~¢;‘ . oL , o |

The materlals, apparatus, and technlques descrlbed‘i.
this Chapter were generally used 1n ‘the course of thlS 1n-‘fi,
Ve

vestlgatlon Any SpeClal techﬁ;ques or . apparatus w111 bex . ,

descrlbed more fully where appllcable.’ ' | RN
V .‘4 ' . o " \\ ' ' »

h(l) ngh vacuum system ‘and technrgues |

v
4 P

Due to the sen51t1v1ty of many of the Jtartlng materl—

,4

als and products of reactlonSfto a1r and m01sture, all man-—

ipulatlons of Lolatlle compounds were carrled out in a

|

standard Pyrex| vacuum system.‘ An ultlmate pressure of less

than 10 mlcrons of mercury was attalnable by use of a mer—
< b ] 0’ i -‘i.‘ ‘
om the maln vacuum system :

Ty ury dlfoSlon pump]separated'
by a cold trap held at 196°C,and backed by a rotary 011
pump. Varlous parts of the system were 1solated by hlgh

ivacuum glass stopcocks lubrlcated w1th Aplezon N grease.

IU - \

Separatlon of volatlle compounds was effected by passage hi:~(‘ﬁ

,#.

;;, - thropgh a/serles of U—traps cooled by slush b ths at

varlous temperaTures and often flnal purlflcat;on was”

AY

VR facxlltated by use of a mlcro reflux column whlch has been
RN . , PRIS
descrlbed prev1ously.2? Pressure measurements were made

"ff,i~reacted W1th mercury; an ;ll glass mlcrote siometer. Often

sxng mercury manometers or in- the case oflcompounds that 'l;u'




A

1 (2) . Reactlon condltlons. S f »‘-i?' | e

3

pounds»were routlnely checked for purlty by 1nfrared or

f‘(‘4”) Instrumental technlques. f'i7

) ) . e . ' v .
AN f | r A L '

Lo I f \ ' : LR
, v . , . . '
. . . . . . : L
' . \

‘ ' Il‘ ' . '
T

system. “‘

_l.-_

Vo

Most reactlons were' carrled out 1n,Pyrex tubes of 10,

N [ A

25 or 75 ml volume although those expected to generate hlgh

pregsures.(>3 atm) were performed 1n quartz Carlus tubes

- of about 50 ml volume.‘ In the 1n1t1al part of thlS study,

the trlfluoromethyl phosphlne startlng materlals were pre-'fw" .
\ .
pared from: CF3I,‘phosphorus, and 1od1ne 1n Carlus tubes R

heated in a tube ovén at 210°C. Lat7r a 500 ml stalnless f 'h;:v
steel bomb fltted wath a large hejtable valve was used

ThlS bomb was heated 1n a large bath %f 5111cone 011 For
J ‘ , o :

reactlons whrch could occur 1n mone than one st01ch10metry, "ﬁ;

‘ : ‘ l' . r‘_‘\‘;,o L

such as the addltlon of dlmethylamlne to PF3 a gas ph 3

Wiy B ' .
! " W f ~ it

req£tor was used.. v

) P .
i
. . i
A o |

3) . Materlals.f

PR

| All. compounds whlch were not commerclally avallable' b e

were prepared by llterature methods. Reagent grade commer—

»
3 | \

01a11y avallable materrals generally were fract10nated¢%#

T before use to remove 1mpur1t1es or, if thls was not possxble,,‘H

Y : e R

were pumped on to remove mohsture and alr _Jl;*'

LI
~

,\\~','”"‘ PR v
A ] : .

Where p0381b1e both startlng materlals and new com-w-lﬁh

Q;‘

P

‘1"(\ i :
nuclear magnetlc resonance spectroscopy. The 1nfrared 1n—
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\

strume;té‘aeed .included tho Perkin Elmer 337, 457 and 421 +
spectrometers. ~Rout1ne purity chegks by nmrlwer
&ccompltgyed using the &arian A60’or A 56/60A 1nstruments;
' The former operated at 60 MHz for proton Speotra and the

‘}atter Spectrometer dscratinq at, 56rahmnz for filuorine.

~ A

nucloi and 60 MHz for protons, wae equipped with a varian
ﬁ . - . t
V6040 temperature controller and waé‘used for preliminary
34
studies of temperature dependent spectra. Higher resolutiOn

spectra were thagned“onla Varian HA 100 instrunent, also
L - ‘
equipped wxph a V604d\temp64ature,coqtroller, but capable =~
i, »"2 .' Ly ;.‘
of aﬂtalnlng temperatures as’ low aslabout ~120°C. This
A £y

spectrometer operates at 10 MHz for rotOns, 94 1 Mﬂz for
p

fluorlne and AO. S MHz for phosphorus nucle1. Since the

Varian system'ls unsatlsfactory for recording 31P spectra .

ayr

at, low temperatures due to the difficulty in finding a good

low“temperature lock compound, the Bruker HFX90 system with

N\
Fourler transform capablllty and heteronuclear lock was used

224
fqr low temperature studies. This syii'ﬂjgperates at 90

.MHz for. protons, 84.6 MHz -for fluorine, and 36.4 MHz for

P ' *

phosphorus nuclei. The phosphorus spectra. were run in

2C12 which also

fluorinated’ solvents such as ?PCl or CF
1417 i phosphorus spectra were

‘t
‘

doubled as the lock compound{;j

run in Fourier transform mode ‘on this spectrometer de

either 5000 or 10000 Hz sweep widths were oqdlected in
either 8K or 16K data points on thetwic

L v\"

R}et 108§ computer'
associated with the systen. GoodpQﬁe*

Ht

iﬁy spectra were
v ;z S

. \
p N
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generally obtainable qfter‘ZSO to 1000 inpuf,pulses aepéndinq
on the concentration of the sample and the number of lines in
the pqttérn. Spec£r9 of thé‘phosphorus nuélei which ére
reprOduced in this thesis are expansions ofnthé 5000 or

10000 Hz swéep width. Voiatile samples for nmr wera:prepared
ynder vacuum inIS mm diamcter tubes,and wefe generally about
25% by volgée in CFCl,'or CF,Cl,. 'Fluorine chemical shifts
are measured r§lative to CFCl3 unlgss otherwise spe?ified
while phosphorus chemical shifts are ‘given relative\po neat
P406' These latéer values are not verf accurate, espécially
a£ low temperatures, sfnce the position of the P406 reson- r
‘ance can be measured only at room temperature and hecause

the reignancg frequency of the lock compound (CF2C12) is

very temperature depehdent. Nmr spectra of sqlid compounds
were obtained in either water or CD3CN¥and were prepared in
the atmosPheré. Terminology'used'in'descriptions of nmr
spectra and'techniques may be found in manyitextbooks such

as that by Emsley, Feeney, "and Sutdilffe. +
Mass spectra &E;g obtalned oAithewAEI MS9 mass spect-

rometer, operating af an 1onlzing voltage of 70 ev, and

were.introddcedéas gases using a heated iﬂ?ﬁt.system. ,
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21

The recently prepared compounds F,P(S)SPF, (I) and

22

(CF,) ,P(S)SP(CF,), (I11) “* have been shown to have a

3) 2 32
structure which is unusual in phosphorus chemiétry. The

tetramethyl analog of these compounds,[(CHB)ZP(S)P(S)(CH3)2]

~ which has ?een the subject of a great deal of discussion in

30

- ‘ N
the literature , has been founq to adopt a structure

wherein both-phosphorus atoms are pentavalent 30 while the
fluoro qnd trifluoromethyl compounds have one phosphorus

L , ‘ o
atom in the pentavalent form and the'other in a trivalent

21,22 '

form. This behaviour is not completely unprecedented

however, as tetramethyl diarsenic disulfide is reported
31,32 '

4

to favor ~the latter structure,
Other diphosphorus compounds containing the highly

electronegative groupings,CF3 or F, and either oxygen or

[}

sulfur include the monosulfides and monoxideg ((CF5) ,P),S 41

, 33 , 34 35,36
((CF3)2P)20 . (FZP)ZS '

.,all found to be symmetrical compounds Qith;hoth phosphorus;ﬁ

, and (FZP)ZO' These are
‘atoms . in their trivalent oxidation state and a sulfur or
oxygen atom bridging the two phosphorus atoms. Examples of

.\flﬁorophosphorusvcompounds containing two pentavalent phos-

phorus atoms include (SPF,),S. (x = 137, 238, 378, 439

°p ' 15



16.
and (SPF2)20‘37 Trifluoromethyl substitutéd'compounds‘of
\ ) . + P
3)2 “\ _énd
Attempts to.synthesize

this type include (CF4) ,P (S)SSP(S) (CF
23 |
(CF ;) ,P(S)OP(S) (CF,) ,.

(CF P(S)SP(SX(CF3)2 22 pave proved unsuccessful and have

3)2‘
resulted in the formation of the mixed valence compound

(CF,) ,P(S)SP (CF

3) 2
The fully trifluoromethylated compound (II) has been '

3)2

'shown to be very stable and to undergo reaction mainly

at the PIII—S bond. It showed all the possible nmr coup-:

lings at room temperature and the nmr spedtrum seemed to

22

be invariant with temperature. The fluorinated compound,

FZP(S)SPF2 (I), on the other hand, was not Particularly

stable at room temperature and eliminated PF3. Like the
CFB'substituted compound, compound I too underwent reactions

at the PT' -5 bond but unlike II showed a temperature de-
>pendent nmr specﬁrum whicﬁ was not resolved at room tem-
perature.z; This latter phenomenon suggested the possib-
"ility of an environmental exchange'procesé occurring
within the molecule. This Chapter répdrté the{synthesis
of Ewo new mixed valéﬁceAcompounds,.FZPSP(S)(CF3)2, and
(C%;)3PSP(S)F2 their chemical charagtefization, and nmr
studies which have elucidated some features of the nature

of the exchanje process. . . ? :



- EXPERIMENTAL

‘ ‘ s
//\\\ Preparation of (CF3)2P—-S-P§S)F2 (IIX)

Difluorothlophosphoryl ~u- thlo bls(trlfluoromethyl)~
phosphine was prepared in almost quantltatlve yleld from
‘the reaction of stoichiometric amounts of SPFZSH and

(CF PN(CH3)2. In a typical reaction 3.429 gm' (25.6

"3) 5
mmoles) of SPF,,

(CF3)2PN(OH3)2 reacted'instantaneouSly at room temperature

SH and 2.630 gm (12.35 mmoles) of

in a sealed tube to produce 3.677 gm*(12.2 mmoles) (98.7%
yield) of pufe (CF3)2PSP(SXF2; which was trapped at -~63°C.

A mlxture of III and. SPFZSH (0 160 gm) passed through this

!
trap and an undetermined. amount of solid 1dent1f1ed as

F2P82 (CH by nmr ‘spectroscopy remq}ned\in the

3) pNH
reaction tube.

Reactions of III ,

(1) Alkaline hydrolysis

Compound III (0.1562 gm; 0.518 mmoles) was shaken with
a large excess of 108 aqueous Nébﬂ for 3 hr at room tem¥
perature. The only volatile product was fluoroform (0.0751

gm; 1.073 mmoles) identified by infrared spectrOScopy.

(2)  With anhydrous hydrogen chloride.

:III (0.472-§m;,1.56 mmole) was reacted in a séa}edi~
tube for 10 days!at roomhtemperature with 0.105 gm (2.88"

mmole) of aﬁhygxpﬁé HCl. Separation' of thg volatlle pro-=

17.



' . ! l l ‘ ' '\ ' ! . . ) 18-
ducts gave a mixture of SPF,SH (0.268 gm) and IIT (trappedA
~at -96°C), -The‘f%aotion collected at ~130°C contained '
0.248 gm (1.21 mmole) of (CF,),PCl contaminated with a
’ ‘ : o
trace of III and at ~196°C 0.0602 gm (1.65 mmole) of HC1
. ' ) . [ I ’

containing traces of SiF, and (CFB)ZPCI was found.

(3) With dimethylamine

‘ -

To 0.1602 gm (0 53 mmole) offIII was’ added 0. 0548 gm
(.22 mmole) of anhydrous dimethylamine. An immediate B
reaction ensued with forﬁation of a white solid materiaI.
After 2 days at:room temperature the only volatile produot.
obtalned was (CF ) PN(CH3)2 (0.100 gm; 0.47 mmoles).!ﬁThe
white solid residue was found by nmr spectroscopy to be

/

S.PF. .

(CHj) ,NH, 'S, 2

(4) Thermal behav1our

.IIT (0. 1608 gm; 0. 532 mmoles) was heated at 200°C
for 3 days in- a sealed tube ' The volatlle materlal (0.1594
'gm, 0.528 mmoles based on III) was found to be almost pure
‘III contamlnated wath less than 1% of an unldentlfled con-~

. taminant (by nmr) . A small amount of an unidentified
[} . : '
crystalline solid (1.4 mg) remained in the reaction tube.

(5)  With methyi mercaptan

‘ III (0.282 gm, 0 93 mmoles) was sealed in a glass .
‘tube with CH3SH (0.0504 gm. 1. 05 mmole) and@llowed to re—'

\
act overnight at room temperature. The volatlle products



were fractlonatedeuuildentlfled as CH3SH (0 0034 gm; 0.07

mmole) plus an’ unseparated mixture of SPFZSH and

(CF PSCH3 (o 3266 gm). The nme spéctfum'indlcated that

3)2 \ \
the latter two products were present in the approximate
. . \ i ‘ . ’
molar ratio 1: 1. . A o ‘ (

\

(6) With mercury . : L

The reaction of III (0.179 gm, 0.593 mmoles) with

P ok ae

excess mercury (0 125 gm, 0 626 mmole) for 7 days at room
. \ [
temperature w1th shaklng ylelded (CF3)2PP(CF3)2 which was

'1dent1f1ed by nmr spectroscopy, and Hg(S PF which was

2)2
'1dent1f1ed by lts mass spectrum and mass measurement of

the molecular ion (found m/e = 467.8002; calc. m/e 467. 8002)

(7) With anhydrous methanol S ) LT ﬁ

Methanol, drled by addltlon of sodlum metar (0 0254
gm; 0.794 mmoles)~was reacted w1th III. A complex mlxture
of products resulted. The major trrfluoromethyl contalnlng
components were (CF ). PSH and (CF3)2POCH3 in the approximate
molar ratio 4:3 by nmr‘spectroscopy.ﬁ a small amount of
: SPFZSH was alSorobserved along with(aor 10 othercompounds

(by nmr) in smaller amounts wh1ch could not be 1dentifled-'“

No further studles were undertaken .\ _h - l jf

(8) - With chlorine |
Chlorine gas (0.0466 gm; 0.657 mmoles) was reacted

with III (0.1970 gm§»0.653immolei in'a;sea;ed;tubefat room |

A}
LN
!
S
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temperature A complex mixture of products was obtained‘ |
;‘whrch was not separated since all species but one could be

readlly 1dent1f1ed by nmr spectroscopy The volatlle pro-"

ducts,were found to be unreacted III (l%), (CF ) PCl (25%),

| ‘(¢F532Pc13 (27.5%), SPF.C1 (1.5%), and a species which 'is

2
best formulated as (SPF,) Sy, (45%)° but may be one of the
related'pdlysulfides (SPF % (x > 2) since nmr parameters .

3 . \
are very slmllar for the x > 2 series. 8_ Clearly x # 1.

preparation Of‘FzPSP(S)(CF3)2 (1Iv)

Bls(trlfluoromethyl)thlophosphoryl u thlodlfluoro—
phosphlne&was prepared from the reactlon of st01ch10metr1c

amounts ofl(CF PS H and PF N(CH In a typlcallreactlon

3) 2 32
2.63 gm (11.24 mmole) of (cp ) ,PS,H was comblned w1th

'0.64 gm‘(5.63 mmole) of PF N(CH to yield 0.68l‘gm

3)2
(2. 26 mmole) of pure IV and an undetermined amount of

solld (CF

3)2 2 ;(CHB)ZNHQ which was identified’ by 1ts

-, mmr spectrum.‘ ‘The product was best purlfled by passage~

vthrough a series. of traps held at —45, —84 and 196°C‘

‘followed by.yacuum distlllatlon of the.—84° fractlon in a.

JhU
“low temperature micro reflux still malntalned at 63°C.29!

' The separatlon process is rather 1neff1c1ent and yleld

n

of pure materlal is low.'

Reactlons of IV

(l)“ Alkallne hydrolys1s
o To an excess of 10% NaOH was added 0. 362 gm (1 16

~ -
.
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mmole) of IV. After overnlght reactlon at room temperature,
the only volatlle product was fluoroform (0. 0846 gm; 1.21

‘mmole)

‘(2)' With anhydrous"hydrqgen chloride |
| | IV (0 241 gm, 0.80 mmole) was comblned in a sealed
‘tube w1th HCl (0 0305 gm, 0. 84 mmole) and allowed to react
for 6 days at room temperature.s Separatlon of the volatlle
| produétsdgave (CF3)2P82H (0.176 gm; 0.76 mmole) and PF2C1
contamlnated with a trace of PF3 (0.0781 gm; O. 75 mmole)

A small amount of unidentified product (15 mg) was. also

obtained. . ‘ Co

(3)  With anhydrous dimethylamine

‘To IV (0.232 gm, 0. 77 mmole) was added (CH3)2

"(0 071 gm; 1.57 mmole); There was an 1mmed1ate reactlon
‘on warming the tube ‘to room temperature w1th formatlon of
a‘whlte solid. . The volatlle product was ' identified as

PF N (CH The re51dual white solid was identified by

32 |
nmr spectroscopy as (CF ) PS (CH ) NH2 (0;211'gm; 0.76

rmmole) ; o o o

.(4); Thermal behav1ohr "
| IV (0 204 gm; 0 68" mmole) was heated in a sealed
,_tube for 24 hr at 70°C and then for 2 hr‘at 100°C.AFrac—*
;~tlonal dlstlllatlon of the volatlle products ylelded PF3

(0 014 gm, O 16. mmole) and a mlxture (0 169 gm) analysed
L ; :

Y ) PR |
1 B .
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S 22,

" by l9F nmr as II‘(38%); IIT (51%), and IV'(ll%).' Compbund,‘

~I was not observed 1n the nmr perhaps as a result of low
‘1ntens1ty due to low concentratlon plus its small F con-

l»'

"tent, however lt is llkely to be unstable under the above_ :
21 An unldentlfled intractable whlte solld
'=residue (0.021 gm by dlfference) remalned in. t reaction .

'tube

.‘ -

'»(S)l’ With methyl mercaptan
Methyl mercaptan (0 0342 gm,‘o 713 mmole) was comblned
with IV (0.202 gm, 0. 67 mmole) in a sealed tube and allowed
to react at room temperature. After 30 minutes an unldentl-
fied brlght yellow SOlld (0.044 gm by difference) was | |
formed. Separation of the volatile products after one day |

“of reaction gave (CF ) ,PS,H (0. 144 gm, 0 614 mmole) ,

S22

(CF.).PSH (0.006 gm{ 0.03 mmole) and PF3 (0.0426 gm; 0. 483

3’2
mmole)

',d'(Gf’ Witb mercury N | |

o Trlple distilled mercury (0 107 gm; 0. 535 mmoIe) -
b_fwas added to IV (0 365 gm, l 21 mmole) and shaken at room .

ftemperature for several days. The volatlle products were |

(CF S (o 213 gm-~o 576 mmole) and PF (0.0293 gm;. 0: 288
. 4 2 3

‘\fmmole) ' A yellow SOlld re51due 1n the reactlon tube was

.found to contaln Hg[S P(CF3)2]2 (m/e (meas) 667 7861 (calc)

f667 7877) and Hg[S (m/e (meas) 467 7989 (calc)

S 2]2 ‘ |
:'-467 8002) by mass spectroscopy.r*

-
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,(7) W1th anhydrous methanol
v (o 225 gm; 0. 745 mmole) and cu3on (0.0245 gm; .
0. 765 mmole) were comblned in a sealed tube.~ After 6 days
reaction at room’ temperature, the'volatlle products were
.1dent1f1ed as (CF3)2PSZCH3 (0 156 gm, 0.63 mmole),‘a 6 1
"mlxture of (CF PS ,CH, and (CF3)2PSZH (0 045 gm) (deter—
“mlned by nmr spectroscopy) and PF, (0 032 gm; 0.366 mmole)

'An unldentlfled SOlld res1due remalned 1n the reactlon

tube. -

(8) .With‘chlorine

To: 0. 253 gm (0 87 mmole) of IV was: added 0.0516 gm:

(0 73 mmole) of Cl, Thls~was allowed to react 24 hr*at

. room temperature. No attempt was made to separate the

‘product mlxture but the entlre volatlle fractlon was shown

19

by *“F nmr spectroscopy (mole % given. 1n parentheses) to

f'contaln (CF3)2P(S)SSP(S)(CF3)2 (28%),-(CF3)2P(S)C1 (15%),ﬂ
»(CF3)2PC1 (trace) (cE3)29c13 (trace),‘PF c1 (s28),

‘SPFZCl (4%) and PF3Cl (trace).J No solid re31dues remalned
in’ the reaction vessel. : ka | |

' Reactlon of (CF3)2P(S)SP(CF ) with"dimethylaminehﬂ o

. - [ o . X

Anhydrous dlmethylamlne (0. 0573 gm, l 273 mmole) was ) o

'comblned w1th I (0 2558 gm, 0 636 mmole) 1n a. sealed tube

'~'and allowed to warm to room temperature.i Immedlate reactlon o

“ensued W1th formatlon of a whlte solld 1dent1f1ed by nmr’i'5

i‘ . >. . v," . L .o 5 '



vrspectroscopy as (CH3)2 2' (CF3)2 (0 1637 gmuLw““;V

5mmole). The\only volatlle product¢was (CF ) PN(CH )
'\ ‘ I o v : '

(9 134 gm, 0 629 mmole)

;ReaCtions oﬁqFZP(S)SPF2 S E . R
R ! " s B
T T T |
(1) "With anhydrbus dimethylamine

. . ‘ : .
Compound I (0 206 gm; l 02 mmole) and dlmethylamlne

(0 092 gm, 4.04 mmole) were comblned and allowed to warm

i

. to- room temperature.. A wh1te solld 1dent1f1ed as

(CH ) NH F.Ps.”. (0. 1825 gm*\l 02 mmole) was formed

2 2 2 2
'immedlately.” The volatlle products were F P(S)N(CH3)2,
. (0. 002 g, 0.01 mmole), PF3 (0. 002" g, 0 04 mmole) and

FRPN(CH;), (0. 103 gm; 0.91 mmole). ”;f"'*

2 ' (2) Wlth anhydrous methanol

R .

Compound T (0. 163 gm, ‘0.81 mmole) and methangl s “

\ .

(0 0256 gm,vO 80. mmole) drled over sodlum methox1de were ,in

. [ R

. ; allowed to react at room temperature for 4 hours.- The |
19

.(’

’ volatlle products (0 1699 gm) were determlned by F nmr

ot

spectroscopy to be F P(S)SCH3 (73%), PF (20%) and
“ SPF ,SH. (6%) A small amount of an 1nvolat11 clear 11qu1d
v?\\,J (0 0186 gm‘by dlfference ) whlch changed to ' llght yellowf‘

L SOlld remalned ln the reactlon tube and was not 1dent1f1ed

"
8

"5'(31‘ Wlth chlorlne 5Q; lf*tﬁ* e

¥




' ’ ‘V + | ' :] l ' | . “.. . ! ' KI “ I ¥ B
‘o,
19

25,

o ture.. ‘The volat;le products were found by I O nmr spect—n?;1 '

‘ rOSCOpy to be FZP(S)SSP(S)F (37%) and F22C1 (63%) 'Ad‘”,

small amount of 1nvolat11e llquld whlch remalned in the ‘

'react1on tube,was not-ldentlfled, R AN
- “' , . v i N N q‘

o (4) Wlth methyl mercaptan

o}

Methyl mercaptan (0'0266 gm. 0 55 mmole) and I

: ,(0 1143 gm, 0. 57 mmole) reacted over 2 hours at room tem—,

B \ i
perature to" form an unldentlfled yellow solld SPFZSH !

*

(0 0428 gm, 0. 32 mmole) and PF3 (0 0434 gm, 0. 49 mmole)

+

Pregaratlon of dlfluorodlthloghosphlnlc ac1d a ‘ :{;

SPF Cl (0423 gm, 3. 10 mmole&, H S (0 014 gm, 3.12

2

'_mmole) and (CH3)3N (0 368 gm, 6 24 mmole) were comblned 1n e

,a‘sealed,tube.q Immedlate reactlon ensued on warmlng toll"

»rbom“temperature. After 12 hours the solld product was'

transferred to a round bottom flask.‘ Addltlon of con—

centrated H2804 under vacuum llberated SPFZSH (0 322 gm,
2 40 mmole) contamlnated w1th a tracevof SlF4, and HCl
(0 115 gm, 3 15 mmoie) contalnlng a, small amount of
:;SPFZSH',.fWJ& -F-ﬂTVAfj’} y””/.fzif ;f?‘:f5i¢*



il I ‘lr‘:‘ "‘ | .
' RESULTS _AND DISCUSSION | | f
P p‘r.‘(A)‘ Synthe31s of’ dlfluorothlophosphoryl u—thlobls(trl— A

5‘fluoromethyl)phosph1ne (F P(S)SP(CF ). (III) and bls(trl-

L 32 |
S ’fluoromethyl)thiophosPhoryl—ufthiodlfluorophosphlne : ‘T‘fV"

3)2

o (CF P(S)SPF2 (Iv)

IS

"~

S
- &f‘

i '

The mlxed substltuent systems were prepared by analogy

.‘fw1th the symmetrlcally substltuted compounds u51ng the gen—'
L eral reactlon ) o .W'J“ L N .

. ‘ R
A : Wy
]

X PN(CH3)2 + 2Y2P525,‘“f7"‘x2PTS’g¥2f Y2P527}¢H3>2NH2*,7 _
: | 7' o u"‘h."i R e;: ff'hf - -n.'(5f’3‘
(x,¥”; F, CFy) = ~rri*:‘xl=_cF Y=F 5”73“ | |
| Y L IV asX'=F  ¥Y=CF,
\ N R N3 ' :
.These reactlons are nearly quantltatlve and best ylelds were L

'hobtalned when nearly st01chlometr1c quantltles of reactants

were used because of the dlfflculty of separatlng the pro—“”

uf”duct from reactants Nmr spectroscopy at ordlnary tempera—~.&y:'

Sl

Aé tures (Table I) conflrms the ex1stence of trl—land pentaval—'blﬁ

e

{,ent phosphorps atoms 1n the molecules in agreement w1th ",g o
P RO . AR ARSI I
“'prev1ous results.z% 22 ;p:j«‘”‘~,g_”‘<. nfyy‘} _‘,7:ﬂkﬂf,:ﬂ“ :

.rl SN h;.,_ The ac1d F P82

=lactlon of dlfluorothiophosphoryl chlorlde w1th hydrogen

H was convenlently prepared by the re- ‘m;7fs°

,"".‘{" v d‘; . ‘,"'
e, sulflde and trlmethylamlne to glve the trlme;hylammonlum salt

v
N T e . RV :

; ykfk°f the acld j‘IV?ﬁJﬁﬁ:,ﬂ?{,;irp e ﬁwy: ”‘pﬁf‘p;{‘?[
‘;*5§P?2¢1Xf5333 +v2(CH ) N,*55)> (CH3’3NH szsz 4 (CH3)3NH cl o
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28.
| -The dithiophosphinic acid and hydrogen chloride are easily
liberatqd from the salt mixture by reaction with'conqentrat"

ed sulfuric acid. ' ' o ‘ 4

0 !
(B) Chemical reactions of the mixed valence compounds
21,22,39

As demonstrated in previous, studies , re-
o

action of the mlxed valence compounds with protic spe01es

! N

occurs preferentlally at the PIII S bond to, ‘Form. trivalent
phosphines,fszz, and dlthiophosphlnato acid or salts *The

products are however greatly influenced by the stability

»
!

of the phosphino prpduct pérticularly in the case of di-
f luorophosphino compounds. of low stability.

Anhydrous. hydrogen chloride reacted cleanly accord-
ing to eq'7. |

S Yo

S-PY. + H P YTps H (7

e XZP— —PYZ Z'f—ff>~X2 Z + 282, (7)

‘. -.\ )

with either (CFB)ZPCl or F2PC1 being recovered in expected

it

A

amounts. Dimethylamine behaves similarly yielding‘stable
amino phosphines (CH3)2NPF2 or (CH ) NP(CF 2 plus the

dimethylamino salt of the appropriate a01d~expected from

eq 8. )

IR

NH.+

Y.PS.H + R,NH —» R 2

272 2 2"

»

+ szpyz‘ . (8)

Methyl mercaptan appears to react in a 81milar fashion .

since‘III gave'(CF ) PSCH3 10,41 and FZP(S)SH 23 42 hoWever

IV gave only (CF3) PS,H 10,18 PF, and a bright yellow

solid. The expected product, FéPSCH3, which has recently

!.

-
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boen prepared and characterized é3, wés not observed and
may be unstable under the present reaction conditions.
SimilaF behaviour\waé observed w}th 1.21 Methanol reacts
with‘iII to produce a very complethikture of-%roducts, the
main constituents of'which were'(CFi)zPSH and'(CFB)éPOéH3
in the ratio 4:3. Of the remaining 8 to 10 products con-
tained in the' mixture, only SZPFZH could Se identified with

- . .
certainty. Tﬁg isomer IV reacts with methanol yielding only

(CF:;)ZP(SV)SCH:l8 and PF3 plus a small amount of hnidentified
involatile material. These products can be explained as the
IIX A

reshlt of a P -S cigavage by methanol following éq 7 to:

give (CF3)2P(S)SH and FZPOCH3. Decomposition or rearrange-
\lment of the latter would likely yield PF, whereas the former

reacts in situ with methanol to give (CF3)2P(S)SCﬁ3 as
' . v
demonstrated by a separate experiment:

'

OH' ——>(CF P(S)SCH3 + H,0 (9) .

y, (CF3)2P(S)SH + CH, 3) 5P,

~ : .

No water was detected amongst the reacfion products since

)

this will likely be consumed in the decomposition via

hydrolyses of the fluorophosphine products.' 6

i

Both compounds III and IV react readily with metallic

-

mercury forming the dithiophosphinato complexes
| S .
I

X

,P-S-PY, + Hg """[szb + Hg[S,PY,],

(10)

with the stable trifIUOfomethyl diphosphinef?CF3)4P2 result-~

a
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ing from IXII. The fluoro diphosphlne FzPPF 35 expected

2
from IV is unstable and decompoées to PF3 | One'mole of BN

\ PF3 is expeCted in place of one mole of 22F4 35 in agreement

.with the observed yield. The volatile products frcm IV also
include [(CF3)2P]28 which presumably arises from the re-

ection of (CF3)2P(S)—S-P(CF (formed by exchange vide

\ .
infra) with Hg: 22

3L2

3
\

\ . ! : \\ . 7 *

\\,ng + (CF,) ,P(S)S-P(CF,) , ——» HgS + [(CF,),P},S

y ‘ 1

\ | ) o Coay

\

" The sglid product of the reaction of mercury was a‘mixture

of Hg[SzP(CF3)2]2, expected by analogy with the behavicur

of IIT with mercﬁry and the unexpected difluorodithiophcs—

phinate [F PS ] Hg which, accordlng to the mass spectrum of .
the solléﬁmlxture, was present in relatively large quanti-

ties. Agd?n the most likely source of_the fluoro‘compound

is the formation of F oP(8)-5- P(CF3)2 by a rapid exchange

mechanism (vide 1nfra) which is faster in ‘the case of Iv

compared to iII and hence plays a more 1mportant role.

' II1

Chlorim:~reacta VLgorously with III and IV w1th pre-
ferential cleavage at the P -S bond as well as oxidation N

of P Il to Pv \be01es. Compound III yields (CF3)2PC1,

38

(CF PCl.,, a spe01es whlch is probably (SPF ).S
3 2°2°2

32
(but which may be a higher polysulfide although this is

unlikely) and SPF%CI.' The latter is found in small ‘amounts
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,only and. may be d to scission of the P ~-S bond, or the

'decomposition of SPF. SCl (which would result from PIII S

bond scission) orfrom the reactlon of Cl2 with one of the

initial groducts of the reaction, eg (SPF2)28‘37 38

(CF, ) ,FPCl,y formatlon 1s readily explalned by addition of

chlorine to the lnitlally formed (CF PCl. Compound IV gave

[(CH P(S)] 22 and F PCl as major products indicating

2
III

scission of P ~S to form elther (CF3)2P(S)SCl or

3)2PS2 rﬁﬁicals which couple to form the tetrasulflde

A radical mechanism is the most llkely precursor of this

(CF

product. 1In addition, oxidation by Cl occurs and

10

‘(CF3)2P(S)C1 1s found possibly as a result of abstrac-

tion'of sulfur’ from (CF3)2PS radlcals or p0351bly ‘some
minor amouut of attack om'tue P'-S bond in the original-
compound.
Furtﬁer characterization ofﬂthe new compounds was
_ achieved by alkaline hydrolysis. Compound III yielded
2 molar equivalents‘of CF3H perAmole.of III whereas v

‘'yielded only one. These stoichiometries are in agreement

IIX and

with ‘those expected from the hydrolysis of,(CF3)2P
(CF3)2PV species.lé'qs

*

() Nmr spectra of III and IV ‘ o e e
| The room temperature nmr spectra together with the
¢ i

‘chemlcal results prev1ously discussed confirm the exlstence

of the mixed valence structure of compounds I1I and Iv.- In

{71’;3 '
tA
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III,'the large fluorine—phosphorus coupling, JFP is 12%?
Hz while the trlfluoromethyl phosphorus 1nteract10n, Jpp’
nls 78 Hz. These values are typical for one and two bond

fluorine coupllngs to phOSphorus in the penta~ and trlvalent'

oxidation states respectively. Slmllarly in compound'IV,

L3,p is 1331 Hz and 23, is 113 Hz in keeping with the

proposed structure.16 Table 1 summarizes the nmr parameters

obtained for the new compounds as well as those observed

for the known mixed valence compounds ‘I and II.

19

- The trlfluoromethyl region of the "7F nmr Spectrum

1of.III shows what is apparently a five bond CF3—F coupling
of about 1 Hz which splits the major lines into asymmetric

triplets. This asymmetry was also observed in I 2{ and may
be due: to cis and trans couplings or to virtual coupling.;4‘
It seems odd that there 1s no observable 1nteract10n of the

Q
trifluoromethyl groups in compound ITX w1th the pentavalent

phosphorus atom in either the 19F or 31p spectra. The 19F»
spectrum of the fluorine‘atoms bound to PV in compound IIIX

consists of the large doublet due to lJFP"'and a further
£
poorly resolved Spllttlng of approx1mately l ‘Hz formlng

apparent septets presumably due to coupling to the CF3

groups on_PIII. No 1nteractlon w1th PIII, ?JFP.‘ls observed

at room, temperature. The phosphorus nmr spectrum of III
cons1sts of an overlapplng doublet of septets for. plil due"

to coupling to the two CF3 groups and to PV -The Spectrumr

‘of Pv is a triplet of doublets from lJPF and-zafé., The)‘
o n
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Spectra of some samples showed a very small amount of fine

structure in the PIII reglon at room temperature which must

be due to' a small unresolved coupllng to ﬂion pY

.

As the temperature was lowered all parts of the
I

) fluorlne spectrum lost the flne structure ar151ng from SJFF

A

‘and this coupllng was never again resolved even at the low

l

‘ ‘temperature limit of the spectrometer. ~At —120°C the CF3

reglon of the spectrum consxsted of only a doublet due to ZJFP

and no 1nteractlon with PV or F on P was observed. In

~ some samples, the spectrum arising from the fluorine atoms

on Pv had just passed coalescence at -120° C and'were begin~- -

ning to show doublet structure due ‘'to coupllng w1th PIII

s v'"

This coupllng was' never completely resolved however, and

- its magnitude is uncertaln although 1t 1s greater than 2 Hz.

3
" obscure JFP

 The 31P nmr spectrum of the pentavalent phosphorus atom

n due to J It is not clear WhY‘thls coupllng is not _

‘”very weak outer llnes 6*1? the resultant multlplet tend to.

i

never showed any changes as’ the temperature was lowered 'h@j'

W L.
and apparently pV does not couple to CF3 on PIII qTHel |

spectrum of PIII showed the fine structure observed at room.

A

temperature whlch sharpened sllghtly on lowerlng the Q

‘temperature and appears as.astmetr1Cftr1plets presumably

s

3.

i “af

_observed 'in the lgF spectrum butsperhaps overlap of lines

3 '5
FF

iresultlng from JFP and °J_., and non-observance of the

g
i

‘The l9F nmr spectra of Iv at room temperature show no.

.. :
e ' . ?” s e
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)
Y

couplings other than-lJFP and ZJFP in most samples although

occasionally some samples showed - BJFP at thls temperature.

o

All Samples on coollng 'gave trise ‘to 3JF of about 18 Hz but

A
-~

the temperature at«whlcn thls‘coupllng ‘was resolved varled
from sample to sample. - In no case was 4JF§' the coupling

from CF_ to PIII( observed in the 19F nnr spectra nor was

3
SJFF“ever'Seen. The 19g spectra of. all regions were quite.’

broad at low temperatures and may,have contained this inform-
ation as unresolved splittings¢ o ‘u - L .
| Two major differences'in the nmr spectral behavidpr of
'IIT and IV were noted.Hl While the spectra of III were |
generally reproduciblevfrom sample'to sample with the
exception of very small coupling constants such as 3JFP*
dwhich appeared at varying temperatures,.it was'extremely
difflcult to obtain’reprOducible spectra of IV: The other
‘ .difference lay in, the temperature at. which 2JP could be |
:observed In III, thls coupllng was always well resolved
" at room temperature whereas most samples of IV d1d not show
 this coupllng at all untll the temperature was decreased
In only one sample (Flgure 2). was thlS 1nteractlon observed’
at room temperature and in thlS case the temperature was
_-only slightly below that required for coalescence..~Thef
31P spectra at -40°C 1n thls case con51st of a doublet of

septets of trlplets for PV due to 2JPF, ZJPP and 3JPF The

111"

spectral reglon aSSLgned to P’ shows a trlplet of" doublets

| 1 2. 4. . .
of septets from Jppt . | Jpp* and JpEr Attempts to observe
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-1
—

these coupllngs in thls sample 24 hours later were unsuc—

. cessful and 4JPF was not observed although the sample had .

been malntalned at liquid nltrogen temperatures in the
\1nter1ma ' This behaviour 'led us to conslder the‘p0381b1lity“
"of an intermolecular‘exchange process as a mechanis" or
spectral averaglng in ‘the mixed valence compounds. ‘This )
type of exchange could be catalysed by small amounts of
impurities from decomposltlon of these compounds;' If such
an effect is 1mportant, then the nmr spectra should be
concentratlon dependent and this was found to be.the case

"in compound IV. The 31P spectrum of a 29 mole % solutlon

3 {

N o

of III in CFZClz'did not show 2J or °J_._ at +40°C in the

PP PF
pY region although the pTi! region is just below its coal-

‘escence temperature for'zJPP at this temperature. (The ori-

gin of the dlfferent coalescence temperatures is dlscussed

ln»greater‘detall below) ‘ By cooling this sample to 20°C

. ) |
?JFP and JPP appeared in the PV region but the PIII

4

region did not show J By further cooling to -40°C

"FP*
all coupllngs were- well resolved A 1 mole 3. sample in

CF Cl.

2€12 from the same preparatlon of IV dlsplayed all of

' these coupllngs at +40°C although they were not partlculariy

well resolved at thls temperature. Good‘resolutlon of
all coupllngs yas obtalned, however, by 20°c for th1s
sample., ThlS behaV1our supports ‘the postulate of an

1ntermolecu1ar mechanlsm 51nce ‘a hlgher concentratlon 1s‘”

'Jexpected to yleld a hlgher exchange rate and hence a more" T

4
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5

poorly resolved spectrum. A 31m11ar study on compound III
did not yield simllar results but as was prevlously noted,
the 31P spectra of thls compound d1d not show the high
degree of temperature dependence that those of IV d1d.

A reasonable though not unlque exchange prggess wthh
; satlsfles ‘the requlrement that substltuents do not suffer

-exchange from tri- to pentavalent ‘@msphorus and hence 'do

. '

" not show averaged coupllngs between different, valen01es
is the blmolecular process 1nvolv1ng an 1ntermed1ate t

assoc1at10n of 2 molecules assuming termlnal sulfur atoms

-

to act as Lew1s‘bases donatlng to acidic trlvalent atoms. .
f:" ‘

A

“ ® Lo s | : !
R (F3C)27 < s“~ sz
B <:s , s)
G
F,P ‘\ds—P(CF3)2

i

The termlnal sulfur atoms become bridging atoms and Vice
versa as the resuft of exchange of electron palrs whereas

‘the phosphorus malntalns a unlque valence state.w‘An'

‘equlvalent polymerlcdsrocess can of course be postulated

ba

which is compatlble with the above blmolecular one.,The
npresent results exclude only monomolecular processes as
a mechanlsm of exchange. A 31m11ar process can explaln
}the equlllbratlon results descrlbed below and 15 presumably

resp0nS1ble for the exchange process 'in F P(S)SPF2 whlch

- was speculated to be' a unlmolecular process in the absence»ff o
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of Concentratlon studles.‘ 'The, rate: of exchange clearly ,

t ! N

varles w1th the substltuents 1nvolved hence 1t 1s reason-
ble to expect the present two compounds to be 1ntermed1e
ate in behav1our to the rapld exchange observed in

F P(S)SPFZ, where coollng to low temperatures was requlred -

21

to observe long range coupllng ’ and therlow rate of

."exchange Qbserved 1n (CF3)2P(S)SP(CF )2, where all long o

range coupllngs are observed at room temperature.22 It AR

appears then that 1ntroduct10n of CF3 substltuents reduces

~the rate of’ exchange either through reduction of the

Lew1s ac1d1ty of the P I; centre or through some other

1nfluence on the formatlon of the 1ntermed1ate‘assoc1ated 2

Y

complex and the electron transfer mechanlsm proposed.‘?

i ' ”»

Another p0551b111ty is that greater chem1ca1 1nstab111ty
of the fluorosubstltuted systems results 1n greater con-’

'centratlons of catalytlc 1mpur1t1es in the fluorosubstltuted o

.V .. B ‘ . ¥4

samples."' o

4
RN

| The appearance of the effects qf P—P coupllng on the

II; ML llnes at a hlgher temperature than that requlred

¢

for emergence of P—P coupllng in the pentavalent$phosphorus, L

N g§
nmr 1s also compatlble w1thfthe above blmolecular exchange

) ‘ cor

[ mechanlsm.' In ‘a typdcal exchange, a: pentavalent phosphoruSv

SR o
j‘atomwbecomes coupled to a new -PFZ unlt and may e" thls

l'?jn,the Spln states shown in Table 2(a).‘ The spectralg'

K

;5f°*11nes ar1s;ng from tran51t10ns among these spln states aref{fifil

jifwell separated sxnce the P-F coupllng ( JPF?_ 18 Hz) 1s ;'ﬁt%;;ﬁ
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(a)
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o and the P

‘ . N . . : h ,
" . i ' o o . .
\‘ y + o . i * i » '
' >l (Y ! . “ (R " '
s . [ . ' T
‘ . o v ot
e ‘ ‘

large;V The fractlon of exchanges leading to coupllng of P

o

W
to a --PF2 unlt 1n each of the respectlve spln states

de51gnated £, i A trlvalent phosphorus atom encounéer

[ ’
p "

s

In. thlS case there are 14 dlfferent sp1n states avallablé\

VoL

- B PN 2. ‘ SRR
However, s1nce JFP = l 8 Hz and JR P,é 73 Hz, the ' o

splltting of the llnes due to the 1nteractlon of the trl—'

fluoromethyl fluorlnes and the phosphorus can be neglected

III‘spectrum v1ewed approx1mately as ar1s1ng frbm

the two poss1ble spln states of the Pv nucleus. Table 2(b)

‘ shows the. spln states and the fractlon of exchanges leadlng

"stam'

ROk spectral 1ntenslty I(w) at frequency w 1s glven by ;{f.3fl:

. .
AN

A
e

.

'5; two”'h03phorus nuclel at varlous exchange rates.;‘The

*

" to them. Thus 1n a serles of exchanges a pentavalent phos—

» V

phorus atom 1s coupled to a new’ —PF2 group in a dlfferentj”x'

spih state (and hence glves rise to a dlfferent spectral |
R

llne) 1n 7 of 8 exchanges. rIn contrast a. trlvalent phos-"

phorus atdm 1s coupled to a group of dlStlthlShable - O j;‘,

B

(CF3)2P sp1n states in only - Qf 8 exchanges.* ‘The penta—g's;‘“

.“lk o

s spectral resolutlop of the P—P coupllng.u<u?fv‘ffgg-ﬂf”'
3:/,;~ To demonstrate the fea51b111ty of the above postulate,i
45 '

equatlon 12 derlved from the modlfled Bloch equatlons

was used to calculatelthe theoretlcal llneshapes for the :

S . v.. 5

';siﬁllar 31tuat10n but "sees" a new (CF3)2PV unlt\on ex hange.l

Ao

: valent phosphorus therefore'appears to have# faster ‘r, 5?;5
.chemlcal exchange rate thania trlvalent one an /greateru =;;3

‘ ?pparent reductlon 1n rate 1s necessary to achleve gl

»
'3
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! o Hl 'S
1) = m -if -4 1, (12)
where ' , . C ‘ \
U U ‘
- T . . “
Dyy o 4 24 | e
b Pij/Ti 174 j [;
" | » . '
w_ ~ w I
oi 1'= ] '
Awij =
o CL#S (14)
i |
V= (-f)k | . (15)

W, i is the frequency of the ith line in the absence of
A .

~

exchange, TZi is the transverse relaxation time, Pij'is the

probability of an exchange from state i to state j, and k is

-

‘the rate constant\for exchange in sec

Figure 3 shows the results of these calculations at’

various rates of exchange k. It can be seen that at a rate

of 250 sec 1, the PIII spectrum shows more resolution than .

“ apectrum, although the difference™is not as pronOunced

»

as in the observed spectra (see Figure 2). From this model,
>

it would nppear that plIT is exchanging at a rate of 150 or .

1200 sec -1 and P at 300 or 400 sec’l. This is clearly

impossible but it will be noted that the exchange rate varies

from about 500 to 0 001 sec -1 in the temperature interval

+40 to +20°C; a factor of 5 x 105. Thus very smail vari-

~
atlons in temperature may account for the discrepancy since

»
¢
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.
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the PIII and Pv spectra were observed separately:

D. Molecular exchange phenomena and thermal stability

hThe difficulty experienced in obtaining reproducible
temperature dependént nmr spectra led us to consider in,more
detail the p0551b1e mechanism of molecular exchange and to
determine in paiélcular whether inter- or 1ntra—molecular
exchange were more likely sourcee. Concentration dependent
nmr studies, although not unambiguous did suggest that
ictermolecular processes were important and we accordingly

ITX and PV

investigated the possibility of exccange of P
fragmenfs with unique substituents..

Mixing III and IV in CFCl3 so;ution produced an
immediate,reaction with initial formation of a white solid
which guickly dissolved on shaking. Immediate analysis of
the constitution of the mixture by 19F nmr spectroscopy
showed the presence of alk four mixed valence compounds I,
I1, III end IV. Assignments,: and normalized integrated |
proportions are given in Table 3. Low temperature spectra
~of the mixture resulted in resolution of long range,cocpling
not observed et‘rooﬁ temperatureaﬁkich serves to confirm |
the assignments. A smali'chacge in relative prcéortions

of the species was also observed.

From normallzed integrated intensitles the equllibrlum

£

constant for the reactlon ’

4
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‘ . &

(CFB)ZRrS—P(S)FZ + F2P8~P(S)ﬂcp3r24:::- .FZP(S)SPFZ,
III N v , 1 (16)
+ (CF3)2P(S)SP(CF5)2

1T

was obﬁained:
- _ _InIxy

= 1.6 4+ 0.7 (40°C), 2.1 + 0.7 (~80°C)
(III} [IV] -

The :eactioﬁ'(as writtén} is exothermic by no mére than 500

cal and considering the accuracy‘of K, is probébly more \
neafly thermoneutral. lThe reverse reaction was demonstrated

by mixing equal proportions of I and II which‘equilibrated

at rodﬁ temperature to give K (és defined above) of 1.1 aé

'40°C These data are also 1ncluded in Table 3. This lablle'
equil1brat10n is notable in that it does not involve a change

"in the valeqpe state of phosphorus. The process suggested

/

above to explaié the nmr exchange behaviour is compatible
" with the chemical exchaﬁgevnOted herein. .

The mixed valence compounds (I, II, III, IV) have d{x—
ferent thermal stability with II being the most stable of .
all of the c‘ompounds;22 Heating III to 200°. for prolonged
periods yielded negliglble decomposxtlon, whereas Iv de9051t—
ed a white solid even at room temperature. Nmr analysis of
the products of decompositiop of IV at 70° showed a mixture

+
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‘of II, .III, IV and PF,. Compound I may also hate been pre-

sent and have escaped detection because of its low concent-

t
\

ration and small fluorine content, but it is more likely

21
3

reaction. ‘It seems likely that the least stable compounds

‘that it decomposes to PF under the conditions of ‘the

of the system, I and IV, (i.e. the compounds with trivalent

PF, groups) undergo a second exchange mechanism which can

permit mutual oxidation~reduction of phosphorus resulting

in apparent interchange of substituents.

' F2ri;’—\\é

(CF ) E=S

IP(CF3)2
:)
F)

3

This second mechanism reflects the greater ease with

which' fluorine substituted phosphorus (III), as compared to

trifluoromethyl PIII, is oxidized to PV, and 'is not unex-
pected in view of the relative stabilities of PIII Vs .PV.

with F and CF, substituents. It is likely that the rate

3
»of this process is ‘'slower than the facile 1nterchange

observed in the nmr spectra since it 1nvolves more electronlc

)

&
reorganlzation with a consequently greater actlvatlon energy

I\

and of course it can only ‘be observed when dlfferent sub—

stituents,provide labels on the phosphorus atoms.

1 3



CHAPTER 4
MIXED VALENCE COMPOUNDS WITH. ASYMMETRIC PHOSPHORUS CENTRES.

: — : .
o INTRODUCTLON - o

S 2;,3. !
. ’: + .
\Fﬁ Compounds Of phosphorus in the trlvalent oxidatxon

» state w1th both trlfluoromethyl groups and fluorine atoms ‘

attached have been knownrfor sonme ‘time. These include
\ ! ' ' '
. . . 47 ', 48 ' ; 48
._‘such.specles as CF3PF2 L, CF3PﬁF)Cl | ,‘_CFBP(F)N(CHB)2
and (CF3j2PF.16 The first and last of these are conveniently
made from the corresponding iodo phosphine and antimony

trifluoride while CF3P(F)N(CH3)2 is obtained from the re-
action of stoichiometric amounts of CF3PF2 and dimethylamine.
Although CF3P(F)C1 is known to disproportionate on stand—‘

ing 48 it was‘formediwhen Cf3P(F)N(CH3)2.and HCl were re-

._acted. Several pentavalent phosphorus anions with these

" groupings are also known including such species’as

-~ 49 - 49 49 '50
3 ’ (9F3)2PF4 .' CF3PF5 ,f (FF ) PF H ‘
and CF3PF4H— 30,51 uhich are analogous to the well known

: , e . -
hexafluorophosphate anion, PF6 . Perhaps the most exten-

r‘(CF3)3PF

sively studied‘series of compounds contalnlng both CF3 and.

" F bound “to. phosphorus are the five coordinate trlfluoromethyl-

fluoro phosphoranes.?? r33 Although exten51vely lnvestlgated

| by spectroscoplc technlques §2b' 1nvestlgatlons contlnue 3
‘because there are several unresolved problems concernlng the
1symmetry of these molecules, ‘Only Yery few phosphoryl and
thiophosphoryl.speoies‘withVthisisﬁhstitutionlhave been



'|(cp

% i ) 48.
" Lo 5y N 10
prepared these belng cF P(O)F ’ CF3(E)P(S)N(CH3)2

10 55

P(S)F ™7, and (CF3)2P(Q)F. This Chapter reports

3)2
the synthesls of CF, P(S)F and the new dithlophosphlnlc

acid CF, (F)PSZH' its dlmethylammonlum salt, and some mixed

valence compoundS‘derived from it.

[

Members of the series CF (F)P(S)S X (X = (CF3)2

FZP—f CF (F)P ) and CF (F)P X (X = (CF3)2 ~r FZPSZ—,

CF (F)Ps -) were found to be rather lnterestlng molecules

‘slnce in the first series the pentavalent phOSphorus and

in the latter the trlvalent one are located in asymmetrlc k

env1ronments, thus maklng the molecules optically active.

1

Burg and his coworkers,have recently synthesized several
. . t K Y N

-compounds containing both a methyl‘and‘a trifluoromethyl

group attached to triValent phosphorus.ss—ssl These ' in-

- clude CF (CH )Pc1, CF (CH ) PI, CF (CH )PNHZ, CF (cn )PN(H)CH

56

‘,’and ‘the dlphosphorus compounds (CF3(CH )P) ~, and

(CF4 (CH,)P) . .08

The dlphosphorus compounds were found to
exist as two isomers whose nmr spectra, although 31m11ar,
were chemically shlfted from_ one another. It is postulated
that these isomers arlsefrom an asymmetrlc env1r0nmentabout

phOSphorus whlch leads to’a racemlc mlxture of d and 1 forms

57 Optlcal isomerism can only be

and the .meso compound
observed if the trlvalent phosphorus atom either cannot in-

vert or does so at a slow rate on the nmr tlme scale. As~

‘has been-shown prev1ously, phosphorus has a much hlgher

59

-

A:barrler to 1nver51on than does nltrogen “” and Burg has found - -

~
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that even at 200°C spectral co%}escence in the lgF”hmr

spectrum of (CF (CH )P)z, which would result from rapid .

phosphorus inversion, does not occur.57 As well, the

separability of optical isomers of trivalent phosphorus
60 o .

-

hasﬂbeen demonstrated .elsewhere.
It has beeh shown that in (; C ) NP(Cl)C6 s,lthe

methyl_groups within the isopropyl groupings are chemically

non—equiveient‘in the pmr due to the aspﬁmetrybpr‘

chirality §1 of the phosphorus atom. This non-equivalence .

isgindepehdent of internal rotations of the molecizle.62

In. this Chapter, use is’ made of chlral phosphorus 1§ both
the trlvalent and pentavalent oxidation states to measure
3‘apd F-F nmr coupllng constants. " As well

geminal CF3—CF
‘ : ‘ : , D) ' .
the compound CF (F)P(S)SP(F)CF3, whicﬁ has two optically

~active phosphorus centres, has been ‘shown by nmr to exist

as a mlxture of two racemates
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_fluorlne_contalnlng species.

. EXPERIMENTAL

Fluorotrifluoromethyldithiophosphinic Acid

‘ : A _
1. Reactions of CFj(F)PN(CH3)2

\

(a) W%th H,S

A mixture of CF (F)PN(CH3) (0.1436 gm; 0.88‘mmolef'y

2 )

’ . . |
and-HZS (0;0624 gm; 1.83 mmole) was heated for 60 hr at

70°C and for an additiohal 6 hr at 100°é. The volatile.
products (0. 0374 gm) were removed and found by mass spect—
roscopy to. contaln CF3PH2 apd HZS. A solid residue was
left in the tube (eee‘beldw).

(b) With HI

- To CF3(F)PN(CH3)2 (0 1906 gm; 1.17 mmole) was added

HI (0 3000 gm, 2.34 mmole). Immedlate reactlon ensued on

’

‘ warplng to room temperature with evolutlon of elemental

1pd1ne. The volatile products are malnly CF3P12 and
. » K ' .

CF.PF, in the ratio 3:2 contaminated with a trace of

3772

CF3PH2 ‘AThe solid residue was found to‘contain the di-

methylammonlum cation w1th only a trace of an unldentlfled

o

(é)' With Sﬁlfur

i
i

CF (F)PN(CH (0 6635 gm. 4. 07 mmole) was, heated at

32

"150°C for 3 days with an -excess of sulfur. Fractlonatlon
‘of the volatlle products at -45°C ylelded a mlxture (0. 3102

.‘gm) of CE3(F)P(S)N(CH3)2, CF3P(S{(N(CH 2)2 and two otherl

. ,‘ | ‘. . )b‘ * 50
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unldentlfied produdts in much smaller amounts The -96°C "
' _trap contalned CF (F)P(S)N(CH ) (0.2409 gm) contaminated -

with about 5% of F P(S)N(CH ‘whlle the ~l96 C fractlon

3)2

was‘po;e CF3P(S)F2>(07;§?9 gm)'. ' . ' o /ﬁ
2. Reactions of the solid residue from CFB(F)PN(éH3L2'+
H,S - o | - ,

—~
o
1 A

(a)  With anhydrous HCl . ‘ o y

| ‘[To the solid residge (0.lé76 gm by difference) was;'
‘added‘anhjdrous'HCl (0.0686 gm; 1.88 mmole).’ This was
faIIOWed to react 16 .hr at 30°C. The:volatile ptoducts were
fractionated and found to‘contain HCl'contaminated with |
‘another unidentified product (0.0766 gm) A solid remained

2
gmf 1.05 mmole) which was allowed to react for 2% hr at 30°C..

jin the reaction tube. ‘To thlS solid was added FZPS H (0 1404
Fractlonatlon of the- volatlle products yielded HCl (0. 0182

gm; 0. 50'mmole) and F PSZH»(0.0716 gm; 0.54-mmole). A

white oily lquld remalnlng in the reactlon ‘tube was dls—‘
solved in CD3CN. The nmr spectrum of ‘this solutlon 1ndlcated
“the ‘main constituent of the, oily 11qu1d to be(CH ) NH2 FzPS;»
contamlnagZd w1th small amounts of CF3P02H and '

cF3psoQH..

"(b). : With bromine-

The Solld re51due (0 2294 gm by dlfference) was re--'}

acted w1th bromlne (0 0842 gm. 0. 53 mmole) for 1 hr at 25°c.

:
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4 \Il f
Junldentlfled compounds one oﬁ them probably belng CF P(H)I»:

[ iy .
DR O ; N v . )
[ . R f ' . . o . . . .
vy ’1 : .0 \' . " o
K i ! ' . A o .

IOl » L | 52,

{ . ‘

4
Pl
f‘l""

“Thg volatlles were, removed (0. 0360 gm) leav1ng an 1ntract—

o
B 'y
N . . l ,
' .
' . o

‘ ) |
: ab#e solid in the reactlon tube.

' Nmr spectroscog;c studles of the solld re51due

" | The Solld re51due (0. 1452 gm) was dlssolved in.
5CN and sealed in an nmr tube. ‘The lH nmr showed the’
eaence Only of the dlmethylammOnlum ;cation.- The lgF‘
:1ndlcated %F’P(H)O as well as severai.unidentified
After 2 days at room tempera~

‘f'bjfluéro-phosphorus compounds.

i 'I, ! t o
R
Vvlrt re a whlte solld had prec1p1tated from the solutlon.
AR

Al ! A N

Wik -
L ’Ara ’;‘ . l . - '
'V,,f?'[‘\»j?’ * Reactions of CF;(F)P(S)N(CHy), .-
L B |
N S A o A : ' 0
|, @) Withmr . o C
,‘;1‘,‘?';';) ,' : . A . ). . A‘)
A I (F)P(S)N(CH3)2 (0.2213 gm; 1.13 mmole) was mixed
| ﬁﬁﬁ an evacuated glass tube with HI (0 438 gm; 3.42 mmole).
f‘:';‘n-" ’}[‘)‘ ' .
%f{fmmedlate reaction on warmlng to room temperature was
CoR e ‘
l.‘
‘))})%bcerved with formation of a red 11qu1d The tube was‘.‘.
A
C‘ﬁffﬁllowed to stand’ for 60 hr at 30 ¢ by which’' time elemental
[l le .
Ay
4 Mlodlne was dep051ted on the walls of the vessel. The vola-

H

ﬂ H

e v .

i ‘\{

Y 'tile fractlon (0. 2315 gm) con31sted malnly of CF3PI2 and

\'.

o

“CF3
AL

“f/f.\,yu..
W g = -
42 = 56'Hz,‘3J = 10 Hz, ¢F = 50 7 ppm)

Lot 25
\ ‘;7;”‘. FP, - - “FH

The SOlld '

k4

g

P(S)F contamlnated w1th small*amounts of several other



| W

‘”‘was dlssolved under a nmtrogen atmosphere in dry CD3CN.:

' Hz, 2J 5 = 103 Hz, J

A

. (b) With\n s o

2
. CF (F)P(S)N(CH3)2 (o 1663 gm, 0.55 mmole) and st f h

(0 0301 gm, '0.89 mmole) were‘m xed‘ln a sealed‘tube and

R
st

) placed in an oven at’ 170 C fon 4 days. The volatlle pro-.

ducts were removed and found to contaln HZS (0 0171 gm,a

‘\« '

‘0 50 mmole) and unreacted CF (F)P(S)N(CH3)2 (0 0807 gm;

i

' 0 41 mmole) An 01ly liquld which remalned in the tube

b
The nmr spectrum of the sample showed the presence of ©
1
(Ch3)2 2 F2P82 and (CH3)2 2 CF, (F)PS ( J 107
3

=1 Hz,

FP FF q>F

Ppm) 1nthe approxlmate ratlo 1:2.

, 37 4 ppm, ¢CF3_=’77.8:

4, gﬁeaction;of CFy (F)PS‘_ with'H 804'”. T

; To approx1mately 2 14‘mmoles of (CH3)2NH2 CF (F)PS

‘contamlnated with F PS (CHa)zNh2 was added a large excess
'of concentrated HZSO4 under vacuum.v An 1mmed1ate reactlon

, ensued w1th llberatlon of volatlle products (0 3338 gm)

19 [

‘w”Th F nmr spectrum 1ndlcated the presence of a. m;xturev'

‘;of F ,PS n (27.58) ‘and CF,(F)PS,H. (72. 5%) which wa found |
‘to be 1nseparable by fractlonatlon.e The vapor phaSe molecu— -
B lar welght of the mlxture was 171 4.; By assum;ng equal

{volatlllty of the two compounds and 1deal gas behav1our a;;;

\

~molecular welght of 185 5 (calc 184) for CF (F)PS H 15

found The parent 1on of CF (F)PS H %as measured 1n the f\ L;




'54.
R . , ' . \ ' . '
mass spectrometer (neas 183 9194, calc for CF4P52H 183. 9194)

h

"*. The nmr spectrum ‘was con31stent wlth that whlch was expected

for the néw compound. The lgF spectrum showed a doublet of

,bl doublets ( J = 132 Hz, 3 =.3,l‘Hz, ¢CF fg 75,0 ppm) o "

'FP JrE 3

‘correspondlng to a CF3 group coupllng to phosphorus and to"

.j"\a 31ngle fluorlne atom and a doublet of quartets (lJFP =

“n11q9 Hz; ~J

3 3.1 Hz, ¢é‘= 54 l ppm) due:to coupllng of

» oot

FF

'"a fluor1ne nucleus to phosphoruS\and to a’ CF3 grOup The Cy

‘,proton gave rlse to a 31nglet centred at T 6.67 1n the H

Y

'5¢ Preparatlon of CF P(S)F B S "r‘l-l.

'

nmr sPectrum. ‘The ir spectrum recorded u51ng a’ reference’

cell contalnlng F2P82H (v1de 1nfra) was cons15tent W1th that

t p.\

expected for CF (F)P,SH. (2600 w; 2580 vw; ‘ygﬁ : 1190 vs /bri

PF"GSH t 765 m; 725'5; Sym,CF v ,

Pﬁs 570 s, S%S m, 415 m, VGas,CF3’ PS' vPC) .'TP¢

CF ° 910 S, 830 m, br,

Y

.amount of F2P52H present as 1mpur1ty varled from one prepar—

atlon to another.. ‘ g‘x[ L L Soe .

)

An excess of elemental sulfur and CF3PF (0 2373 gm,

, 1. 72 mmole) were heated at lSO°C for 2 days. The very

{volatlle products were not separable but nmr analy51s 1nd1—5f

) 7;‘.3.4 C .

- .cated a mlxture of unreacted CF3PF (86%) and CF P(S)F
‘ b

"xpp(14%) , Reactlon of (CR4PE, (0. 2171 gm, 1. 57 mmole) w1th

| excess sulfur for 14 days at 170°C gave CF P(S)F 1n 100%

i

'lyleld. The vapor phase molecular welght was 167 (calc 170)

. Ce
<y
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6. Preparation of CF3(F)P(S)SP(CF;72‘(V)' | \
P4 ' }
A anmplc of CF. (F)qun contaminated with FanZH i

(0.1848 gm, 1.004 mmole bascd on CF3(F)PSZH) was added to

(CFy) ,PN(CHy), (0.1182 gm; .0.555 mmole). Fractionation
of the products xielded:CF3(F)P(?)éP(CF3)2 (0.1574 gm;
0.448 mmole) which was contaminﬁted-with FZP(S)SP(bF3)2
and CF (F)PS H. An oily involatile lidgéd formed in the'

\‘n\

reaction was 'identified by nmnw§§cctrd§§ by as

f‘r&i«ﬂ

v’h ‘ j of’; "« “ -

(gu3)2Nn2 .CF3(F),PS7 lcog&@ %eﬁ‘ ,,iQJCH ) N, F,PS,
S ’f’i Ry == AN

7. Reactions of CF3(F)H?§79P(CF3)2

(a) With (CH3)2NH A o

) \ .

| A sample of CFB(F)P(S)SP(CFB)2 from the previous pre-
paration (0.0854 ém; 0.242 mmole) reacted immediately at
room temperature with (Ch ) NH (0.0244 gm; 0.54 mmole) to

yield (CF PN(CH3)2 (0.0502 gm; 0.235Wmmolé) as the only

3)2
volatlle product. .

(b) Alkaline hydrolysis ’ : ;>'.
Reaction of 'V (0.0690 gm; 0.196 mmole) with a 20%

aqueous solution of.NaOH yiélded fluoroform (0.0232 gm;

0.332 mmole) as the only volatile‘product.

3 h

8. ' Prepardtion of CF.JF)P(S)SPF, (VI) , R

v

A sample of CFy(F)PS,H (0.2930 gm; 1.59 mmole) con-
taminated by”a small amount of F,PS,H and a trace of 81F4

réacted immediately on warming to ﬁoom'temperature with

*
=



FZPN(CHB)2 (0.0905 gm; 6.80 mmola) withlformation of a
clear viscous liquid. The only volatile product was

CF 3(FIP(S)SPF, (0.1755 gm; 0.697 mmole) coﬂtaminated with
F P(S)SPP /ugich could not be removed i Tpg viscogs liguid
“reacted with concentrated,ﬂzsoa tp y}eld CFB(?)PSZH
(01279 gm; 0.695 mmole) . _ e

| ! ®

9. Reactions of CFB(F)P(S)SPF2

(a)  With (CH,) NH \ _ :

A mixture of CF3(F)P(S)SPF2 (0.1131 gm; 0.45 mmole)

and (CHB)ZNH (0.0414 gm; 0.82 mmole) redcted on warming to

give PF,N(CH,), (0.0355 gm} 0.314 mmole) and PF. (0.0109

302 | | 3
gm; 0.124 mmole) and a yellowish solid (0.1007 gm) which

! |
reacted with concentrated/H2804 to give CF (F)PSZH

(0.0541 gm; 0.294 mmole) | contalnlng a small amount of F2PSZH

-

(b)  Alkaline hydrolysi

\H»\_

. r
A sample of CF (F)P(S)SPF2 (0.0604 gm; 0. 240 mmole)

reacted vigorously with a large excess of a 20% aqueous NaOH

solution. No volatile/products were detected.
| .

10. = Preparation of (CF3)2P(S)SP(F)CF3‘ (VII)

L)

A mixture of (CF4) ,PS,H (0.4903 gm; 2.0%5 mmole)

dna cF, (F) PN (CH (0.1784 gm; 1.10 mmole) reacted im-

32
mediatgiy on warming .to room temperature with: formation

-~

of a white solld 1dentif1ed by«nmr 5pectroscopy as

Y

(CF, ) P8 A volatile 11qq;d which decomposed

2 (CH ) NH2 .

slowly during roch temperature transfers in the vacuum
, , .



‘mmole) and (CH

i

- . . ' : y ‘
‘s B ' . . 57-"
»

system wis identified as (CF,),P(S)SP(F)CF,. The yield

3) 2
of product purified by fractionation and refluxinhg from a

micro reflux column was 42% (0.1555 gm; 0.442 mmole) .

11 Reactions of (CF P(SQSP(F)CF3

3) 5

(a) with (CH3)2NH

f— ' . a

P(S)SP(F)CF3 (0.0775 gm; 0.220

A mixture of (CFB)Z

3)2NH (0. 02l8;gm;'0.484 mmole) formed a white

5011d when warmed to 25°C. This was identified by nmr spec-

AT

+ .
ﬁﬁbscopy as (CF3)2 (CH3?2NH2 . The only volatile pro-
q t was CF (F)PN (CH

3)2
with a small amount of (CH3)2NH.

(0.0309 gm; o.19vmm?1e) dontaminated
' “‘é ‘

(b) Alkaline Hydrolysis

A sample of (CF,).P(S)SP(F)CF, (0.0780 gm; 0.222 nmmole)

3) 2 3

which slowly decomposed on transferring to the reaction
vessel was combined with a 20% aqueous solution of NaOH.

The only volatile product isolated was CF,H (0.0271 gm; 0.388

3

mmole) .

12.  Preparation of F,P(S)SP(F)CF, (VIII)

oH (0.7337 gm; 5.47 mmole)

and CF, (F)pN(cé,) (0.4455 gm; 2.73 mmole) to 25°C re-
/

) +
2 3 2 2

(0 4502 gm; 2.52 mmole) whlch was 1dent1fied by nmr

» Warming a. mixture of F,PS

i,

sulted in immediate formation of F,PS (CH
spectroscoPy. The lone volatile’ product was identified
as F P(S)SP(F) F3 (0 5341 gm; 2.12'mmole).

g

/



13.  Reactions of F,P (5)SP (F)CF

(@) With (CH,) ,NH

— e

A‘pure'sample of p P(S)Sb(F)CF3 (0.1709 gm; 0.678 .

L}

mmole) réactcd Immediately at 25 C with (CH,) NH '(0.0600

3) 5
gm; 1. 332 mmole) to form a whlte solid (0.1202 gm; 0. 692
¢

mmole) 1dent1fied from its nmr spectrum as PZPSZ”

.The only volatile product was CF (F') PN (CH. )2 (0 1082 gm;

(CH3)2NH

0.665 mmole).

(b) Alkaline hydrolysis

A sample’of‘FzP(a)SP(F)CF3 (0.1480 gm; 0.588 mmole)
was combined with an excess of a 20% agqueous solution of
NaOH. The only volatile product\wgs CF3H (0.0393 gm;

0.562 mmole). ' : ‘ O

14.  Preparation of CF,(F)P(S)SP(F)CF, (IX and X)

A sample of CF3(F)PS2H (0.1570 gm; 0.85 mmole) reacted

immediately with CFB(F)PN(CH (0.0764 gm; 0.47 mmole)

3)2
‘with formation of a .viscous oil:which was identified as

CF3(F)PSZ- (CH, ) oNH,  contaminated with'a small amount of’

2

F,PS,~ (CH;) ,NH * from its . nmr spectrum. An undetermined

2°72 2,72
amount of CFB(F)P(S)SP(F)CF3 which was identified from its

nmr spectrum was obtained as the volatile product.
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“, . RESULTS

A. Synthesis and Chemistry of CF,; (F)P(S)SH and related

compounds.

‘ v - » “
‘The réaction of trifluorbmetpyifluerodimethylamieo-
phospﬁine (éF )(F)PN(CHB)2 with hydfogen sulfide was per4-l
formed in an attempt to emulate’ the preparatlon of
(CF,) ,PsH from (CF,) PN (CH,) 2.63 The desired compound,
.CF3(F)PSH was not obteided, rather CF3PHé 64 was‘the only
VOIatile product and a solid residue remained.j Attempte to
.obfain,the'nmryspect;gm of the''solid prOVed fruitless al-
though precautions wege faken tdbexclude air and moisture.v
The solid, which was only sparingly soihble in CDéCN or
CHZClé, showed proton signals attributable‘to‘the dimethyl-

ammonlum catlon, and in the case of the CD,CN . solutlon showed

numet&?h very weak 19g nmx 51gnals, one set of whlch cor-
respond to those expected from CF P(H)O ;19 The CH2C12
19 '

solution showed no F nmr signals. 'After two days at room

¢ . B
temperature, a white solid precipitated from the acetonit-
rile solution but not from the dichloromethane solution. The

‘solid may be the analog of the product obtained from the re-

*

L

actioﬁ of SBFZH and (CH3)2NH which was‘formulated asﬁthe'

dimethylammonidm«salt of SPFé-'idn.es Thls adduct is how-

\

* »

ever unstable in SOlUthn and- is not well characterlzed ‘at

the present time. ' ) -

‘

.An attempt was made to prepare the trlvalent acid,

CF (F)PSH, by the reactlon of the SOlld with HCl in the . hope

Y

. ’ " ‘ . 59 o - ! ‘ . e
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. i, X ) . , ' ) . ,
that sulfur could be added. to it to form the dithiophosphinic
acid, CF, (F)P(S)SH. An unidentified volatile product was

obtained as a contamlnant of the excess HC1 and a solld

remalned\1n~thé reaction tube. Addition of PZPSZH 23 yielded

" only HC1l, equivalent to thét which had been consumed in the

'precedlng step and excess FZPSZH The Solld remalnlng in the

+
2
F2P52 as its main constituent as well as small amounts of
- 19 - . e -
'CF3PO H - and CFBPSOZH 19 ions. The solid was not com-

pletely soluble in the CD3CN solvent.

Addition of sllghtly less than a calculated StOlCth-

tube was shown by nmr spectroscopy to contaln (CH3)2NH

metric ‘amount of‘bromlne to the solid product ylelded only

a small amount of volatlle products and an lntraqtable
R , » S ‘ I

solld, neither of which were identified. No diphosphorus
disulfur compound was forﬂed, as woula"haVe been‘eipected

if the weaction of CFj(F)PS~ had been similar to that of

A ~ 22 '
(CF,) ,PS, which gave (CF3)2P(S)SSP(S)(CF3)2-

From the precedlng experlments, it is ¢

jidentification and . 1solat10n~of elther CF (F)PSH or salt

of the acid is difficult and. provides no useful preparative
routes.

‘ - o S R ' '

The reaction of CF,(F)PN(CHy, with HI yieldea

"iodine, CF3PI2 and CF3PH2 as the only volatlle products.

These products can be accounted for assumlng that the
‘1n1t1a1 reactlon of HI gave CF P(F)I as expected ‘which in

turn is followed by subsequent hallde exchanges formlng the

\ . ' !, ‘ ) * ) ' Y

¥ C e .
H . : . . : a .
4 ) . X - . v
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two dihalophosphines. ,The presence of elemental iodine

and CFBPH suggested that some reduction of .the rearrange-

2
ment products OCCurfedvaS well. ‘Thevsolid remaining in
the reaction tube contained the dimethylammonium cation ahd‘
traces of fluorine containing species. ‘ |
Addition of_elemental sulfur to CF3(F)PN(CH3)2 has
previously peen shown to be non—axoichiometric.lq As well
as the normal addition of sulfur to giveﬁCF3(F)P(S;N(CH3)2,
we have now also 1dent1f1ed CF P(S)( (CH3)2)2 and CF P(S)Fz,
‘whlch were préslmably formed as rearrangement products of
the desired compound Surprlslngly, varylng amounts of
1“‘,;:P(S)ITJ(CI:I3)2_I66 were also identified as a component of
the reaction products. This compound is very dlfflCult to
separate from the major component by convent10na1 vacuum
technlques and propagatlon ‘down the synthetic routes (g&dg
55253) to CF3(F)PSZH and the mixed valence compounds gave
no improvement in the ease of separation.’ |

prepared by the foregoing

/
/

The’ impure CF, (F)P (S)N(CH,) ,

method, was reacted with HI in an attempt to synthesize

CF (F)P(S)H by a. reactlon analogous to, that used to’ pre-

pare F P(S)ﬁ.§7 On warmlng to room temperature, an immedi-

ate reactlon occurred to give a red liquid. After 2% days

at room'témperature, durlng whlch tlme elemental iodine was
dep051ted'<x1 the walls ‘of the 'reactlon vessel the products~

- were CF, PIZ' CF P(S)F and a compound whose nmr spectrum

3
was. consistent w1th_‘that expected for.CF3P(H)I_. ; Th.

[ i
L]
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CFB?KS)Fz‘presuﬁabiy arises fromi Hx'éleavage ofithé P-N pond
and'subseqﬁep£.disproportionétion to form‘éF3P(S)F2 and per-
haps CF3§(S)12. This 1dtter'product may then be réduceq to
CF3P(SE)I, (or CFjP(H)i) apd Iz'by HI. Iﬁ the férmer case,

: further.disprdportidnation and decdmpositibn céuid give |

: : . t L
CF3PI2 and CF4P.(H)I. The dithiophosphinic acid salt
+ '

(CH SzP(F)CFj ~ which was the product of the reaction.

3) 2V,

of CF3(F)P(S)N(CH with H,S had‘an nmr spectrum that

‘ 3) 2 2
égreed vefy.well with the‘spectru@ predicted empirically by
éompa:ison with those of (QF3)2P82— and F‘ZPSZ-.23 Unfortﬁn¥
aﬁely the FzP(S)N(CH3)2 impgrity ;n fhe starting ﬁateriai

| ga§e fise‘tp considerably higher relative amounts of the
difluoro acid sa}ﬁ{.suggesting further di5pr0portionation

of CF3(F)P(SiN(CH3)2.4 Reacﬁion of thé‘salts with concent~ -

rated.H SO, under vacuum easily liberated CF3(F)PSZH con-

2774

taminated with FZPSZH‘ The new dithﬁophosphinic acid was’
identified from its nmr spectrum. The presence of the

| F,PS,

H precludes clear idéntific&tion by most other methods
© such as iﬁfrared speqtrosCOpyé3 From the‘ekperiﬁentaliy

1

determined'gas phase molecular weight of the mixture

LoLwt

(171.4) .and the mole fiactiohs of the components’(FzPSZH % ,

=

R . . ' ] ) \ . . . '
27.5%; CF3(F)PSZH = 72.5%) as determined by nmr spectros-
copy the molecular weight ©f the new éompound was found to

‘be 185.5 (calc for CHF,PS, = 184).. The infrared spectrum

of (CF3)FP(S)SH was obtained by.compagison of a sample cell -
containing. the above mi#ture witﬁ”b,reference beam sample -

0 . . . \ . : '
. i v -
a
ey
7
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2
consistent with,that‘expected for the new compound. Mass

cell containing pure F PSZH.. The spectrum so obtained is

measurement Of‘the parent lon in the mass spectrum conflrmed

.the presence of CF (F)PS H (see above) -

1

)

B. Nmr studies of mixed valence compounds containing

[

- chiral @@éntres.

] f

To furthg% characterizelthe newbacid the reaction
with- (CF ) PN(CH3)2 was performed tp give the neW\dlphos~

phorus disulfur mixed valence compound CF (F)P(S)SP(CF3)2

LI

This new compound fluoro(trlfluoromethyl)thlophosphoryl ~p~
- \
thio b1s(trlfluoromethyl)phosphlne (VK which® forms a new

/
member of the serles of mixed valence;fluOrophosphorus

, 3), 32 G0

F P(S)SP(CF )2 (III), (CF3)2P(S)SPF2 (IV), is of interest
61

compounds F‘P(S)SPF (1), (CF P(S)SP(CF

‘becauseklt contalns a chiral phosphorus centre.
Chlrallty in a four coordinate phosphorus compound can con-, -
fer chemlcal non—equlvalences 1n groups remote from the
central,phosphorus atom. In‘the present case, the four
: wdlfferent spec1es bound to the pentavalent phosphorus atom
cause cﬁemlcal non-equlvalence of ‘the two trlfluoromethyl
ﬁ.groups bound to the trlvalent phosphorus, allow1ng a rare
'opportunlty“to observe dlrectly a four bond CF3 CF 4 upling
'constant whlch hes prev1ously been observed only in ti

- 1 P ‘
’ ! 52b .
spectra of some flve coordlnate phosphoranes. ' The

e

Newman projectlons for the vquous rotamers of V -are shown

y
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in Figure 4. It is clear that internal rotations in the '

~
N

o .00 200

., FIGURE 4. Newman prbjections of ﬁhe»rotamers‘of‘

"CF3(r)P(S)SP(CF3)2 XVZ /

IR

'moleculeAdO'not destroy the non—equiralence of the two tri-

o fluoromethyl groups sinee they can néver‘be exchanged one

- o

)
for the other by an 1ntramolecular rotatlon ‘Thus they

must always be in dlfferent magnetic env1ronments, as must
their averages. An 1nver51on of the teralent phosphorus-A

atom would however allow exchange between these env1ron—
Mty

ments. Slnce bur experiments show that there are always two
[
II1

.ture range studied, 1t is concluded that phq;phorus 1nver-

,—51on °°Cur5 at a VQ!Y Slow ra e in’ comparlson to the tlme

14
scale of the nmr experlment. hree 3yh§r\2iw compounds

‘t"* WG

f,cF (F)P(S)SPF (vag,.(cp ) p(sisp(F)cp3 (viz) and

‘unlque CF3 chemlcal ShlftS for CF3 on P’ ‘W1th1n the tempera-¥

——

‘!P(S)SP(F)CF3 (VIII) have been found to exhlblt smmllar non- -

[N




Ay

' equrvalences and their nmr Spectra as well as that of V

A

‘ I
have been matched Wlth spectra calculated usrng the computer’

| program numar 88 1n order to extract chemlcal shrft and

'coupllng constant 1nformat10n espe01ally from spectral

(3

~reglons whlch requlre second order analy51s. Thls non~1tera~

tlve program requlres as 1nput coupling constants, relative
o

chemlcal shlfts, and llnew1dths for transrtlons ar1s1ng
from the various nuclel. ‘A best fit of the observed spec—
tra is obtalned by manual adjustment of estlmatlons oé these
valueshand recalculatlon of the theoretlcal results,
. /

The,numberlng scheme, which 'is used to spec1fy the
uarious nuclei to thenprogram is given in the‘tables of
nmr parameters obtained'from these fittingnprocedures»(see
belou)f and does not imply-a particular stereochemistry for
the non- equlvalent groups 1n these molecules. The graphlc
output “of . the program obtalned on a CALCOMP plotter is
shown under the observed spectra in dlagrams presented in”

thlS Chapter as an 1ndlcat10n of the success of the

,match.

fl. ; Fluoro(;rlfluoromethzl)thlqphgéphoryl H= thlobls(trl—

fluonomethyl)phosphlne wy: - o

The 19F and 3lP spectra of CF (F)P(S)SP(CF3)2 (V). are |
'j shown in Flgure 5 and a complete tabulatlon of the nmr 'para- R

w

';meters obtalned by the prev1ously mentloned matchlng pro—

: cedures are glven 1n Table 4 The spectrum of the non—v

4 | oo Z ,- i
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‘ FIGURE 5. Observed and calc lated oF and P nmr sPectrum

of CF (F)P(S)SP(CF )2 (V) determlned from a 30% v/v CFOl

| solutlon. 19F spectrum obtained at 40 C at 94 1 MHz wlth \
‘CFCl as both lock and reference compound Fourler trans— !
formed 31P spectrum obtalned at 40°C. at 36.4 MHz w1th a"ﬂ
'_CFCl heteronuclear lock and an external P 06 reference. ‘,_" /
Impur1ty llnes marked by asterlsks. - f Do o f.‘e' - ,
19 | o _ITI S
5(a) “Fyspectral region ‘arising from CF3.on_P T . Im= ,
purity lines due to CF, on PxII ih FZP'(S‘)SP(CFj)2 -
(1;) . R g
19 o e o pY
5(b) ‘F spectral region o% CF3.on.P .
5(c) 19F‘sp‘ectral reéionvof F on PV.
| IITs 31 . e
s(d) P . reglon‘bf P spectrum. Impur;ty.l;nes due
\ IIT ' o C
to ‘P n“F P(S)SP(CF )2 (I11) . o @ e
' v . '31 L R L
5(e) . Half of P region of ~ P spectrum. <Impurity lines
due to CF,(F)P(SISH. . e s
L : . ,
@
BERENS | : 2
- L | o
" o o
: ) N r‘._- ) .
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> TABLE 4 o | .

Nmf Coupling and Chemical Shift paramcters for

CF3(F)PQ§)SP(CF3)2 (V)

-

cF (31\\f _ery(h)
//,P(e) ~S-P(5) ' (V)
Fa) SerF,(2) ‘

coupling constants (Hz)

1-2 9.0 -

B

1-3 = 0.0 2-3 = 0.0 :

1-4 = 1.2 2-4 = 0.0 3-4 = 3.0

1-5 = 78.5 2-5 = 78.5 3-5 = 7.0 4-5 = 10.&5ﬂ

-6 = 0.0 2-6 = 0.0 3-6 = 134.5 46 = 1173.4 5-6 ~ 100.0
cﬁemical shifté linewidths (Hz)

¢l_e'51oo:3 Hz (54.2)2 (48.3)S - - | L; =x1.0 |

¢, = 513618 Hz (54}5)a (48.5) L, =1.0

¢4 ='6962£8_nz'(74.0)a (68.1)°¢ Ly = 2.4 \

0, = 5565.9 Hz (59.2)% (53.3)° L, = 0.4 )

b =-3562 Mz (100.5)" X T L =14

0 = -1102 - Hz"£34.§)b - o L= 1.0

[3

.
)

a) shift from CFCl3 (ppm) at 94.1 MHZ'

;-

b) shift from ﬁko with ch13 loagk (ppm) at 36. 4 MHz
S _ N
c) shift from CF,Cl, (ppm) at 94.1 MHz

*
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4
A

equivalent trlfluoromethyl groups bound to- PIII (Figure Sa)‘

_is second order ‘and may be analysed as an A3 3X system wlth
first order couplings to the pentavalent egg of the mole~
cule. The lines indicated by asterisks are duc to the CF,
groups of the FZP(S)SP(CF3)2-(III)limpurity which results

‘ 2" 72
methyl group bound to P(V) is seen to suffer first order

from the F PS5 _H impurity in CF3(F)PSZH. The trifluoro-

coupling to PV, PIII and the. single fluorinednucleus on Pv
(Figure Sb). - The.spectrum'of the‘f%uorine atomlon pY
exhibits first order couplings to a1l other magnetic
. nuclei in the molecule except .one of the non-equivalent
_ ‘CF groups (Figure 5¢). This region of the spectrum‘pree

3
sents spec1a1 problems in obtaining satlsfactory matches
between observed and ealculated resulis since 1ts features
are determlned by small dlfferences hetween relatrvely
1arge coupllngs and small changes in the magnl‘ude of
these 1nteract10ns can create rather major alteratlons 1n
the appearance of the'calculated spectrum. It 1s;seen how-
ever that satisfactory agreement between observed and'eale?-
lated spectra has been achieved. L S
:ﬁé The nmr spectrum of the trlvalent phosphorus atom .

\ -
(Flgure 54d) presents the ‘same dlfflcultles 1n.iig}ev1ng sat-*

Y”lsfactory flts as does that of the fludrlne atom bound to
V

2

but it too is analysed on the ba51s of flrpt-order 1nter:

factlons. The maln features of thls spectral region'consist'
- ' R

= of an overlapplng doublet of septets due to coupling to PV

' N E i
. T : ¢ ' ] .
v A N . : - . . .
- ; W N B N B vt. . %
30t i CENEE S U ’ . L o ..




_are easily recognlzed and formaa doublet of doublets due

expectéd for CF3(F)PSZH,

,____..
.

gspectra.' The maln dlfflculty in calculating theoretlcar

7spectra for thls molecule was to’ a551gn the major reson—'

74..

f
i

and to the two,CF3 groups to which it ie‘bound. Further

. . : LV Vs ' .
.coupling to the groupings on P results 'in rather compli-~

i Lo Voo ' \ \ .
cated fine structure since each of the major lines is now

.

split into a doublet of quartets. Lines marked with an

* asterisk ar§§e from transitions of the trlvalent phos~

phorus atom in the FZP(S)SP(CF3)2 1mpur1ty The nmr spect~

_ xum of P (Flgure Se) consists of a’'large doublet from

coupling to the sidgle fluorine atom, which.is further

solit intoba quartet of doublets due to interaction with

. the CF3 group bound to it and with'PIII. No coupl%ng to
)
 the non~equ1valent CF groups is observed ’ Although ggé T e

3
31? spectrum of CF (F)PSZH has not been measured, "the F P

~

couplings observed in the quartet impurity lines in this’

region' of the spe¢trum are consistent with what would be

2.. Fluoro(trlfluoromethyl)thlophosphoryl u thlodlfluro-,
| phosghlne (VI) E ) , ‘. L B
The'nmr spectra‘of CF (FlP(§)SPF2, a comoound in - iyA :
whlch chlrallty of pY renders the two fluorlne atoms on - -
pIII ' P

non—equlvalent, are presented in Flgure 6 and ‘Table 5 .= -,

N

glves the nmr parameters which were derlved from these °

%
”

[

,ances Qn the fluorlne reglongg The CF3 group spectral lines

Y . .
) ,' ! [ . v . . . \ . -
Tt L R L ot oo 5 . " ;
[ . : , . o PN
L .. 2t
»



'FIGURE 6. Observed and calculated ;9F and >'p pmr spectrum

(v

of CF3(F)P(S)SPF ) determined from a 303 VA cEZCLZ solu~

19

2

tion, F spectrum obtained at ~120°C at 94.1 MHz with -

CFZCl2 as both lock and \reference compound. Fourier trans-

formed B}P spectrum obtained at 36.4 MHz at ~120°C with’
CF,C1, as heternuclear lock compound and P,0. as external.

reference, Impurity lines marked by asterisks.

4 * \

G(a)"lfsﬁgpectral region due to CF3 on PV.
x6(b)' iéflSpectra;'region ariéing fr9m F on P’ and~FlonyPIIIJ
6(5) 3lP spectrum ofiPIIIL 'Iﬁpurity 1ine§:due tprPIiI'i;
F,P(S)SPR, (I). S o
N

© 6{d) Half of 3;P specfrﬁm,due to PV: Impurity lines:pot

identified.

L d
f
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. coupling constants (Hz) ' ’ o _

L by.=.5344.0

" TABLE 5

-

. Nmr Coupling and Chemical Shift Parameters for

"I}f’x | o CFB(F)P(S)SPFZ'(VI)
y ! “ "' ' ! ‘ S ' “ .. ) " D
.‘ o CF3(4) . /F(l)
' P(6)TS~P(5)

(V1)

F(3)7 “F (2)
. .

6.0 2-3 = 7.0 o

0.0 2-4= .+ 0.0 3-41= 2.6 .

v

(%]

I

-~
)

v .
il

- 1370.0° 25 = 1291.0

w
=)
U
I

23.0

\

2-6 =

(%]

)]
()}
b
-
5
S -
o
I
3
N
]

4645.0 Hz ( 49.4 ppm)

Hz {‘56.8 ppm) ¢

,,
f

- 4453.0 ‘Hz (47.4 ppm)

¢;'—‘6§80 0 .Hzfi(,74;é’ppm) ’ .
| ¢53; 2785i9_ Hg;_(-és.Syppm)j 5 = 8.0
7 ¢é'%fi420.o“fﬁz-.; 39103ppﬁ),;§  , Lg = 540
“a) Y98 shifts from cr,Cl, at 94.1 MHz. -
413}gf;%if§s from;pa06f‘atl3 [4 Mtz

. ' ' i "‘

0.

0

136.0 5-6 =

. 80

»

63.0

‘

[

(Hz) »\.



v due to‘coupling to P and 'to the fluorlne atom Qn P S

~

(Flgure 6a) but thellnesarlslng from the three fluorlne TS
atoms bound dlrectly to phosphorus are not so ea51ly
,',7 aSSLgned (Flgure 6b). -Observatlon and-measurement of two

‘unlque F- PIII coupllng constants InLthe 31P spectrum of

] ' ' '

' trlvalent phosphorus (Flgure Gc) whlch glves rlse to doub—
~ lets of doubletS'ln th1spreg10ngdue to the two non—equlval—' o
ent coupiings to fiuorine and to ?JPP .and determlnatign/

'of the magnltude of the F- P coupllng constant Qrom the"‘ !
. R\

spectrum o;.P (Flgure 6d),,eventually enabled ass1gnment~

L4 \

< B ‘of the fluorlne spec?ra. It 1s seen 1n rable 5 that all

L} o /"‘

. . / ! 0
‘three fluorlne atoms have 91m11ar chemzcal Shlfts and o .

4Figure Gb shows that the llnes arlslng from F on P ép" e

‘not well separated from those due to F on PiII *Thep.' f‘ S

}‘i? .'spectie'of the two fluorlne atoms onvPIII.were calculated\ﬁ

. | " )
,on the ba51s of an ABx system w1th flrst order coupllngs ') W

g ’

of d;fferent magnltudes for. &he two atoms to P and to -

4 |

P N F oh~Pv‘g In contrast to \Y where the non—equlvalent CF3 ;” p
o groups WEre cons1dered to form an A3 3X Spln system ..‘
.\chere JAX‘ JBX' ln VI Tax A Inx The large Chemlcal ”h‘j\}f

Shlft dlfference between thévnon—equlvalent fluorlne atoms o )

'v«as compared to the coupllng between them (A/J 7 6) allows

1 an\almost flrst order 1nterpretat10n of the ABX system for

"". 7

\ thls com 'und. The fluorlne atom on Pv,lnteracts w1tb }*

E




'that although each og ‘the Qon-equlvalent Xroups in these”“
'molecules can be deflnltely‘as51gned a co

"‘unlque set of coupllngs to- other nuclel 1L the molecu}e

”3@' Bls(trlfluoromethxl)thlophosphoryl~u thlofluo

s

d‘slow.t The chemlcal Shlft dlfference (18 2 ‘He }and spln—‘ ,
. Spln 1ntenact10n (7 2 Hz) between the non—equlvalenté, l; y

t\'groups whlch are“~shown 1n Table 6 glve 1se to a value of

A"‘il Lo " - YA n ' 82.

B

solved‘ Thus a rather broad doublet of doublets due to ",3~”

1J?P and 3J Fp . results and no further coupllng 1nformatlon
can be extracted from these resgnancee. The prevrously )
mentloned spectrum of'the trlualent phosphorus atom is

}31P transltlons 1n

!'l

seen to contaln extra lines . from

f
.

F P(S)SPF (I) whlch is present as- 1mpur1ty. The maJOr-

Yo \ [ Lo

‘ features of the spectrum of PV are a large doublet due

\ . ' . '
v

fto lJFP whlch is further spllt into quartets of doublets

i [
by ZJFS and 2JPPM. Addltronal flrst order coupllngs of

*;unequal magnrtudes to the non—equlvalent fluorlné atoms

)
~

".lon P . glve rise to the further doublet of doubletS'i ¥

‘structure, It should be noted as in. the prevlous case‘m
' ! -3

.

plete - 55d

e

e ang o

“ ' \\ ' ’ " v
and a chemlcal Shlft value, no a351gnment of stereocheml— '
IR LY -

o, ’ ' N

* 1y " ‘ ! .
. . . . ' ' , \ . o
. . . Co j . . .
b N ‘ . ! . ' “ El
R

it

cal orlentatlon»of the groups can be made or 1s 1mp1?ed e

fluoromethyl)phosphlne (Vﬁt)

w

Spectral non—equlvalence/of the two CF

) - {a
‘ " *o y-.,. : .

) ” ) AR
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)
. TABLE 6

- " )
L I . »

Nmr Coupling and Chemical Shift.Parametérs for

&

(CF4) ,P(S)SP(F)CF, (VII)

N\

CF3(3) )

S ’ »
CFB(I)\\\“ o

) p(s)—s~p(e) . (VIX)
CF4(2) . F(4)

couplihg constants (Hz)

1-2 = 7.2 "o

1-3 = 0.0 2-3 = 0.0

1~4'= 1.4 2-4= 0.0 3-4 =" "3.4

1-5 = 112.5 2-5 = 112.5 3-5 = 0.0 5= 3.8

1-6 = 6.0 2-6 = 2.5 3-6 = 77.8 46 = 1161.2 5-6 = 92.4
chemicalvshgfts‘(ﬂz)a c linewidths A
A¢l,\'= N5300.-0 ( 62:6 ppm) B ' ‘Ll = 104 - ; e
¢2 = 5318.2 ( 62.8 ppm) L2 = 1.4

¢3-% 4751 ( 56.1 ppm) L= 1.0

e 7

¢, =13432  (158.8 ppm) L, £ 2.0
-¢5-=~2448 ( 67.3 ppm) . . Ls = 0.8

¢ =+1259 (-34.6 ppm) L = 1.0

a) 19I:‘.shifté'from CF20L2 at 84.6 MHz

A 31P-shifts from P406 at 36.4 Hz.
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¢ ‘ L
A/3 of 2.5. This clearly results in a second jrder spect-

rum of the A3B,X %ype which is shown in Figure/7a. As in

. ‘r + )
V,Jni and JBX are the same.and caé be measured frOm'the
31

P spectra leaving only J,_. and thé chemical shifts @A

AB
and .¢g to be determined directly from this region of" the

spectrum in order to duplicate its major features. Coup—

k

lings to other parts of the molecule are extremely diffi~

cult to extract from this region but often show up very
4
clearly in the spectra of these other parts. Thus the nme

spectrum of the pentavalent phosphorus atom (Figure 7b)

con31sts of a doublet of septets due.to coupling to P II .

C

' and to the twoZCFj groups, and is split furﬁhef"by a small :

interaction with the single fluorine atom on PIII to yield
ol
2JFP (J 5 ) of 112.5 Hz. Simifarly the trivalent phos-

phorus Spectrum (Figure 7c) is split into a dbublet by

A

(ihe large coupling Qo the single fluorine atom bound to
t and further split into doublets of quartets by P~ and

.the CF, group on pI*1. The extra fine structure in the

nmr spectrum'Can only be explainefi by uneqq&l couplings

t

"to the non-equivalent CF3 groups on Pv.' The various inter-

actions of the non—equivalent groups determined from the
31

IS

P spectra and guesses as to thé chemical shifts of thife
groups and the coupling between them s®ill left their

. spectra w1th unexplained mlnor features which could only

\ arise from coupling to thié- substituents on PIII.‘ Since

ythe nmr spectrum of CF3 on PII 1Figure 7d) consisted only

|

§

.
) \ * -~ ’
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~ . . .
s ’
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&
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~ marked by asterisks.
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FIGURE 3. ‘bbserved and calculated %9 31

1

F and, vapectrqm

of (Cry),
SOLution.'

R(S)SP(F)CF, (VII) obtained in 308 vy CF,Cl
19 '

2,
?
F speégtrum obtained at 20°C at 84,6 Miz with

)

< ) .
pFZCl2 as ‘both lock and reference COmpound.'3lP spectra
obtained at 20°C at 36.4 MHz with CF2912 as-reference

compdund and P 0. as extarnal reference. Impurity lines

6

-

7a.’ 19F spectral region due to(CF3’cn-PV;
L) . . “:. \
Impufity lines not. identified.
7b 31? spect:umxof pY region.
7c Half of 31P spectrum of PIII region. >
Ja 19F Spectral,région.due to CFS on.P;II.~ S
. ; : / .
19 ‘ III

Te F spectral fegion due to F on P
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” "{ | ~ I' I ".‘"'; "' 1 i .
of a doublet of doublets due to coupllng to PI ; and to

” ! ' a h

the sxngle fluorirne atom, thls flne structure must result

‘from 1nteractlon w1th the fluorlne atom whose spectrum ;

,|\

‘1§ not resolved because oﬁ the large number of overlapplng
! v

tran51t10ns (Flgure 7e) " “Thus these coupllngs have been
determlned by ach1ev1ng a best flt of calculated results

to observed spectra of CF 301ned to P <
\l , ‘ o ' B~ “ .

4.’ leluorOthiQphosphoryl—u;thiofluoro(trifluoromethyl)—

»

phosphine (VIII) ‘lg.ff*-‘

The last of the mixed valence compounds prepared in
thls study whlch possess non- equlvalent groups due to a- |
chiral phosphorus centre is F P(S)SP(F)CF whose nmr
spectrum is’ shown in Flgure 8. Table 7 llStS the hmr p%ra-
metersﬂextracted from these spectra The fluorine atoms |

on P form the AB part of an. ABX spin system w1th A/J—-z 2

(Flgure 8a and 8b) Bs in its isomer (VI) two‘dlfferent

l one-bond F-P coupllng constants are observed for the non—

‘equlvalent fluor1ne=nucle1 but 1n thls case the dlfferencé

in the1r magnltudes is much less. The major features of

-, the region of the spectrum due to F on PV .consist of two

pseudo—quartets. The quartet structure 1s due ‘to the AB

;tspln system where two llnes may be ass1gned to nucleus A

and two llnes to nucleus B.- The large 1nteract10ns of the

’3

‘TFA and B nuclel (the two non-equlvalent fluorlne atoms) w1th

the x nucleus (P )then’ Spllts each palr of two llnes by the

.
- \ : , .
1y ) 5 -t
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H y j 92.
TABLE 7 . o
Nmr Coqpllng and Chemlcal Shlft Parameters for
. F F(S)SP(F)CF o (In ¢ L
o — |
1 F(l) - F(3) |
o \Il / SR g
1 \ o P (5)-S- p(e) N s (VIII)
| I F(Z)/ SCRy(4) . |
" coupling Vconstants (Hz) - O,
< onst k S |
1-2 =  g§2.5. | &
1-3 = 8.8 2 3= 1.3 "
-4 = . 0.0 2<d= 1.3 3-4= 4.2 -
1-5 = 1224.0°2-5 ='1203.0 3-5 =" 1.2 4-5= 0.0 .,
1-6'=  0.5°2-6 = 16.3 3-6 = 1154.0 4-6 = 72.6 5-6 = 104.7-
‘ - v
chemlcal shifts (Hz)a linewidths (Hé)ﬁ”" ,
¢, = 957 (10.2 ppm)* . Ly =10 %
-~ ¢2A= 1140 i&? l ppm) : \ L, = 1.0
93 = 15173 (161.2 ppm) Ly =.1.0°
0, = 5472 (58. 2 ppm) + L, = 3.6
¢; = -1138 (31.3 ppn) CLg = 2.0 .
6y = 1357 (-37.2.ppm) . L =26 |
S K '\' v . A . B !
”. a) 19F shlfts from CF2C12 at 94 l MHzf 
TR - uoT
o 31P sh;fts from P406 at 36 4 MHz )
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”FIGURE'8' Observed and calculateg g and 31P‘spéctrhm :
G Vo o . . [

,of F P(S)SP(F)CF3 (VIII) obtalned 1n 30% v/v CF cl solﬂ~

2 2
lgF spectrum obtalned at 94 1 MHz with . ;7-

3

-.tlon .at —-80°C.

"CF2012 as both lock and reference compound.
[ SR

"obtalned at 36. 4 MHz Wlth C Cl2
A ‘

P406 as external ﬁeferenc;/

TP spectrum'<

as;}ock compoUnd;ond

1

I A
8a Low field halfkof/{gF spéotraifregion‘arising;from

V : T o ' foa ‘ R . i . !
F on P = Lo PSR ) ‘ T
: . L Con

8b - ngh fleld hj} ofvlgF spectral reglon arlslng from

o

@

‘ 19F spectr l reglon due to CF3 on PIII A s

8d Low field half of 19F:spectral reglon arlslng from

‘»F on PII L :i"" T ' Cy
\ ;'é . 31 - '% AR .V B | ’ o G
.Se' Central: portion of P spectral region due to P, - Ly
B , , ) il / / ".: ) v "-l “ } ) ‘ - A - ’l-, -
8f Half/oﬁ~31p'spectra1§regiop due ‘to PIIIg P

“"F on PV ‘lu,’ o | . . l{' :‘ ; T o ;“.‘
8c

‘ A i
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P

i S

| 8e); Further coupling to P

appropriate value of lJFP.and yields the two\quartets -
whose spacings are not the same. Further couplings are

then superimposed on these lines in a first-order manner.

It is' seen in Figures 8a and 8b that each of the linds in .

'both quartets is fifther split intova\doublet. This split-

IIX

ting results for one nucleus from interaction with P’

and‘for the other from coupllng to F ¢n P I. Thus two
. ' ' ( ' \

AJ

lines in'each-quartet which arise from the A nucleus are
split by 8.8 Hz due to coupling tq fluorine and the
other two lines are spllt by 16 3 Hz from coupling of the

B nucleus to PI I.v Further flrst order coupllngs to the

‘fluorlne atom and trifluoromethyl group are also observed

although 4in the case of coupllng to CF3, this is not

observed 1n the spectrum'dtNEF 91nce lt is obscured by
.

the rather large 11new1dth of tranSLtlons from thrs group-

'ing. Thus the spectrum of the CF, grouping (Figure 8c)

appears as a doublet of doublets due to 1nteract10n wrth
111 IIT

P and with F on P . ' The’ spectrum of the fluorlne
atom on PIII'(Figure 8d)~is fairly well resolved‘and shows
the" expected coupllngs. : "' | //

¥
The pentavalent phosphorus atom “is coupled to each

- of the fluorlne atoms bound to it by dlfferent magnltudes

resulting in a doublet of‘doublets in its spectrum (Figure

‘ ¢

I SplltS each of these lines

into’ doublets but the small 1nteractlon w1th F ‘on PIII

- -

r which is observed in the fluorine spectrum 1s not seen due‘“

+

100. "

i

“



“» hi . ¥

»

-'to the magnltude of the P linew1dths.¢*

F\ﬁ II

The spectrum of'P (Flgure 8f) consists of a large

doublet from coupling to the dlrectly bound fluorlne atom.
Further ﬁarst order cqppllngs to ZZ} and P cyield a dOublet:

of quartets and 1nteractlon wlth e of the fluorine atoms

.on pY splits each of these lines 1nto a doublet

¥
. Y L .
. . . . . i £

5. Fluoro(trlfluoromethyl)thlqphosphg‘yl ~thiodifluror-

Q_;ifluoromethyl)phosphlne (Ix xl

}J
‘ T , B S
'The final member of this series of mixed valence

_compounds, CF (F)P(S)SP(F)CF3, was prepared from .
CF, (F)PS H and CF (F)PN(Cﬁ3 , and was.found to be a mlxture
of two racemates whlch give rrse to dlfferent nmr spectra.
.Slnce both startlng materials con51stedlof mlxtures\of d
and 1 optlcal 1somers, four mlxed valence compounds of
the same stoichiometry but dlfferent stereochemistry re- -
f sultéd ‘The four lsomers may be labelled dd',_dl' ld'
* and ll' and of these dd' and ll' form one- racemate and dl"
" and ld' are the otherv«.The racemlc mlxtures are dlstlng—
ulshable from one another in the nmr but’the components
of a partlcular mlxture are not The Newman pro;ectlons
glven in Figure 9 show one componént of each of the race-
~mates and it can be seen that any atom in one of the con-:
'figurat ons is always in a dlfferent magnetlc enV1ronment |

vthan th cprresponding nucleus 1n the other conflguratlon.



102.

L

FIGURE 9 ‘Newman Projections of the'Isomers_ofJ
L CF4 (F)P (S)SP (F) CF
. R .

Parts of the nmr spectra of the tw0*racemates are

(IX and X)

shown in Flgure 10 and the nmr arameters whlch could be

measured are given in Tables 8 and 9.‘ Structures shown

P "

ithroughout the the31s for these molecules such as in
X

' Tables 8 and 9., do not 1mply thelr absolute stereochemistry -

‘but only that the émo racemates are dlfferent.‘

' 56
"3

are other examples of phosphoruS'

The recently prepared compounds CF (CH )PP(CH )CF
58
3

-

and CF (CH )PSP(CH )JCF
compounds whlch show optlcal 1somerlsm.“ These compounds,
'whose nmr. spectra have been partlally analysed,‘were found B
to exist as a .dl racemlc mlxture and in ‘a. meso.form due to L

_their symmetry. The serles of compounds R(F)P(S)SP(S)(F)R,“

69

where R 15 CH ' CH CH-—, or C Hg- T also exhlblt optlcatg;

3
1somerlsm and in the methyl §dg;t1tuted compound the\nmr "

. spectrum has been completely solved. In thewethyiyand'

3 - - £y SN
) e L SRR '#Q\.,

N D0 E
) e, 2
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' Nmr Coupllng and Chemlcal Shlft Parameters of the Major

n

Component, of the Mlxture of the Isomers of CF (F)P(S)SP(F)CF

-

\ CF (1)\\\|I CF,(3)
- . _ ///P(S) -5~ p(e) ,/ ' v (IX)
F (2) \\\F(Q) L
, o] _
\ .
, !
" coupling cantadts (Hz)
N ‘ ae )
l‘;?‘= 2.8, % Ty ¢
1-4 = 1.2 2—44= n.r. 3-4 = 5.0
. - . |
1-5 = 134 2-%=1165 3-5= 0 .4-5= 5
/4?F'~ 5:2 26 ='n.r. 3-6.= 74  '4-6 = 1156 5-6 = 86
] ‘chemical shifts (Hz)? :
N 0y = 6415  (68.2 ppm) |
. _ o> : "
¢, = 5007 (53. 2 ppm) . . .
¢5 = 5431 (57.7 ppm)
. . ¢, = 14955  (158.9 ppm)
¢ = -l041 (28.6 ppm) o SR
I A A\ A -
Co . b = 1370 (-38, ppm) , - N
‘( ‘ ‘ v t 4’\ ;. . . } ( . .
19 A\ o R
* a) “°F shlfts from.CF2C12 at 94. 1 MHZ . , S
31 | - K

P shlfts from P4°6 at 36 4 MHz

*

) . f
BN .
) . 3
N Loa
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- : . TABLE 9 | '

Nmr Coupling and Chemical Shift Parameters of the Minor

‘ Component of the Mixture of the Isomers of CF3(F)P(S)SP(F)CF3:":

n | , ' R , .

SN R4
Y 3 _ \' I/ “ -
//,P(S)-S-P(eb SR (X)
F(2) ‘ / SNcry(3)
- ' / K
" coupling. ’con's:cants (Hz) f/
12 = 2.8 ’
1-3= 0 2-3= 0

= 4.3

]
o]
»
w

)
>

1-4 = <0.5 2-4
15 =134 2-5 = 1180 3-5= 0 4-5= 4

1-6 = 2.8 2-6 = n.r. 3-6 = 75 5—6 = 1148 5-6 = 103

- chemical shifts ‘Hz‘)a

¢, = 6453 ~ (68.6 ppm)
¢, = 4985 N (53.0 ppm)
’¢3-= >428 (57.7 ppm)
4, = 15101 (160.5 ppm)
_¢g»= -1115 . (30.6 ppm)_
9 = 1370 “ (-38 ppm)

a)" .19F shifts from CF az at 94.1 MHz

. . + s »

311_;_? shifts from ‘P406 at-36.4 MHz

N
| -
§ A
i -
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FIGURE 10. Obse:yed‘and Calculated partial *°F and 3p

- g o |
-spectra of the isomers of CFB(F)P(S)SP(F)CF3 (IX and X).

obtalned in 20% v/v CF Cl2 solution. ‘lgF spectrum’
obtalned at 94 1 Mﬂz wlth CF Cl2 as both lock and reference

J

'compound. 31P spectrum determined at 36.4 MHzZ at ~50°C

with CFZCl ‘as lock, compound and P406 as the external

reference.
. - \:.1 ‘ s ‘ | %g
: 10e '=50°C and -100°C r9F spectra of the region. due co“
" cF,on PTIT. ’ Co R

" - 3 R R ) R
.. 19 ‘ ‘ v
10b -50°C Fspectralreglon due to CF3 ‘on P

jl

loc Half of 31P spectral reglon dUE to P

-

'1"%’9 o ‘ - “é,.,' »
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' to both P
' flrst ‘order spectra of the trlvalent phosphorus nuclel could
~ not be‘énalysed d\e to the near- 1jent1cal nature of the

- nearly equal chemlcal Shlft valuesland large numbers of - o

ubound to P
_'trlplets at -50°C. HoweVer, coollng the sample to 100°C

¢ fresults .1n the observatlon of two sets of doublets of 'ﬂ’

| (R .
‘|\' 0 4 ' .“\‘

i phenyl derivatlves, the proton nmr spectra ‘were: not fully g

B . ‘
analysed Conn e “ﬁx ‘ : v'\ \ L o o

o ) ,,"‘." [‘,

Solutlon of the ﬁhr spectra of the mlxture of race~' .

~ ,
} mates reported in thls study (IX aﬂd X) unfortunately .could

a

: not be carried to- completlon due to the poor resolutlon

\ /'

' v
observed in the spectr//pf the 31ngle fluorlne atoms bound

II‘and P‘. The spectra of these nuclel are not

\ :~ ‘ \ i .
shown in Flgure 10 51ncemonly chemlcal Shlft 1nformatlon;',‘n"

st ,

could be extracteg from them Thevextremely compl;cated

W I ! Ly

Yy
e
\ * \ it

two racemates...Thls glves rlse to nmr spectra that have

~

W'y S
,"“ .

'p tra s1t10ns ar151ng from sp1n—sp1n coupllng, many of whlch"l

are thought to overlap with, other tran51tlons,“ A 51mp1e

T

case: of overlap is seen 1n the spectra of the CF3 groups

III (Flgure lOa) whlch appear as a doublet of,,‘

\ . !
\

b&%

vdoublets one of Wthh arlses from each of the racemates.

, ‘f3The coupllngs,valthough unsubstantlated by thelrlmeasure—l yr“‘

LRy

13;f'ment from the spectra of the other nuclel, presumably

'ﬁtfother and 1t 1sfth1$?feature alone Wthh allows a531gnment

III II I

,lf:ar;se from 1nteract10n w1th P and F on P respectlvely.,lhr

ER R q.

'\fIn thlS regron of the spectrum 1t 1s seen that one of the

Lert

e twé ;,;rac?mi'

X

"1xturesxls 1n hlgher conoentratlon than the




-

A,

P

? PV and to gpe trivalent phosphorus nucléis,ogive rise to

110.

of transitdOne in varlouq regions of the spectrum to one

V
" ]

partxcular racemate. Thus parameters for the. high con~

o

centratlon component,(IX) are given in Table 8 while those
1

for the low concentration racemate (X) are listed in Table

9. Even at ~50°C, the spectra of tht. CP3 groups on P are

h well separated for the 'two- mixture§4(¥igure 10b). In

R ,\v
i

the major component (Ix) this group i§ COupled to B’ result-

ing in a large doublet. These majorbpeaks are - further spllt

into doublets of doublets of doublets by F on P ’ PIII,

: . N :
and F on PI%X ~bn1y tentatlve eesignments Of these inter-
actions, bésed‘on si%ilgtii'hgiinbs«in the related mole~
cudes dlscueeed prevonSly,nhaue ﬁeen made bedause of the

N -

problems of resolution and aesignment.in the spectra of
'the‘single'fluorine atoms and the tfivalént.phosphorus
uucleus mentioned earlier. The spectrum of X ehows a
similar‘coupling of the trifluoromethyl group to PY.

Additional nearly equel couplings, apparently to F on
Q \

ing to F on PIII

a triplet structure. A very small c
may efso be present but is not resolveé;

The nmt spectxum of the pentavalent phosphorus

toms (Flgure 10c) ylelds«n arlywequal chemlcal shift

values for IX and X but becauselthe spllttlngs these

nuclei.suffer are less extenslve than those: suffered by

ik
III

P and because they are of. dlfferent mhgnitudes, their

Spectra are easily analysbd.ﬁf: £
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i

directly bound fluorine which results ih a widely spaced

doublet, the P’ nuclei interact with tne’tﬁifluorOmethylA

groups to which they are bound, with PII;, and with the

fluorine atom on PI;I. This results in a spectral pattern

consisting of é doublet of quartets of doublets for each
| :
of the racemates.
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chiral phosphorus atom in all cases show unequal couplings
to nuclei in other parts of the molecule. This is primar—
ily due to the chirality of the phosphorus atom which puts
each of the groups in'a d%frerent magnetic environmenh.
Another contributing facﬁor may be restricted rotation
. about the bonds to the bridging sulfur atomJ“ The latter ’
.effect could then lead to cis and Ergns 1nteract10;s across
the molecule which could explain the asymmetry of the fine
structure in the sg;ctra of F'zP(S)SR(CF3)2 (IIT) which is
described in Chapter III of hhis thesis. The spectra of
the previously reported cOmpoungi(I) 21 show intensities
which would\not be expected if the two fluorine atoms on
each of the phosphorus ahpms'are puuivalent and the cxlst-'
ence of cis and trans couplings may explain’ these variations.
Better spectral resoluition, not available at the low tem-
perature limit-of.present spectrometers, appéars necessary
to comment further on this mechanism.’
Perhaps the most interesting inforna;ion obtained- from
the solution of the spectra-ofjv; VI, VII, and VIII is the
‘nagnitude of the‘coupling between geminal fluorine atoms

.

or geminal trlfluorométhyl groups. Although these couplings_

I ' ; . J Ve
o 112 C

L



_ couple with different magnitudes to the phosphorus:they are

non-~equivalent groups are on R’ than-on PV. Thus P

- 113.
éxist in ali qompoﬁnds with two or.mére 6f'§hese:grqu§s bound
to'phospho;us, they may only be observeg ifiéhé grbups are
made‘éhemically or magnpticélly non—equivaléﬁ$-and:%he deg-
ree of nqn—equivalenée should have very littléléffect on the
‘}Mgnitudes of-suéh interactibns; The- chemical shiftﬂdif-‘f
ference between two such grodps however is a refleqtion‘of
their non*equivaledce. Thus the geminal CF3—CF3 couéling
constantlin V and ViI is relatively ¢onstént at about 8 Hz
wheréas the,chemiéal shift difference between the groupé

is a factor of two 1quer when they are joined to PIIIfthan

to P'. The same behaviour is observed in VI and VIII where

as

the geminal F-F coupling remains relatively constant at
about 85 32. MThe chemical shift difference between the non-
equivalent fluorine atoms is only 2 ppm in VIII which has a

chiral piit

centre but increases markedly to over 7 ppm in.
VI where the chiral centre is a pentavalent phosphorus

atom. In these two compounas, the non-equivalent atoms

bound to and this difference is much greater in VI than # \

in VIII. This difference in short rénge P-F coupling for

the non-equivalent groups'(in this‘case'zJFP) is not

! S e \
-observed in Vv and VII but this is probably due to the small

magnitude of the effect due to the‘cafbon atom intervening

between F and P, rather than‘toiits non-existence. The

”~

observed effects of non-equivalence thus .are greater if the .
f ' III v
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+

SIIX

appears to be a more effective chiral, centre than P in
&

~

causing these non-equivalences. Si a planar environment

about the phosphoxus would destroy the chirallty, it may.

be that PIII is more planar than P when CF3 and F’ substl—

A

.tuents are attached and hence .less ch1ra1 Tt must be

1
noted here that planarity of phosphorus to whlch two CF,

groups or F- atoms areH301ned will also destroy the non-
A /

equivalence if free internal rotatlons within the’ molecules

are allowed. Thus if the suggestion of greater Planarlty
r - | S
is to hold it is‘necessary that elther: (a) trivalent

phosphorus tends more towards planarity when one 'F ‘atom and

.

one CF3 group are attached than when both substituents are

the same, or (b) the‘effect is for some reason more pro-

nounced if it is the chiral PIII atom that is tending to

planarity than if PIII is bound to the non-equivalent
: s q

grou

t

2. . systematic variations in the nmr parameters of the

mixed 'valence compounds.

Several trends are observed in the nmr parameters of

[y

this closely related serles of compounds. The short range
fluorlne to phosphorus coupllng constants, lJFP and ZJFP,,

'are seen (Table 10) to be dlrectli"nependent on the nature °

of the remainlng substltuents on the same phosphorus atom

|-
except in the case of CFy 0 PIII, By 1ncrea51ng the tr1-

;fluoromethyl substitution fraoam 0 toyl,a drop of lJFP from ,
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‘l‘ . 11le.
: about 1330 Hz to about 1155 Hz for fluorlne bound to plil
results (Table ll) | Slmllarly fluorine on PV in the di-
fluorlnated compounds shows l Ff of about 1215 Hz, while

compounds with‘only a‘single$fluorine.atom attached to P

have coupllngs of about 117§ Hz (Table 11) vIt is possible .
to ratlonallze this- behav10ur if the ex1stence of F*Plﬂ |
type\lnteractlons are’ allowed . Thus the follow1ng resonance
structures‘may be postulated.\ >\ “

[P

<«

It is reaspnable to expect that if this'donation of . m

: electrons from fluorlne to phosphorus does occur, a syn?l;ic

donation..of o electYons from phosphorus to fluorlne w1ll
< .
_also be’ observed. ' This effect should be more pronounced

III

for compounds w1th two fluorine atoms jOlned to P’ than -

| those w1th a fluerine-atom and a trlfluoromethyl group due

[}

to the greater stablllty of the nore’ delocallzed i

system 71- Also the greater electronegat1v1ty of two )
fluorlne atoms as compared tQ,only one fluorlne and a trl- ~f
fluoromethyl group w1ll result 1n ‘a. greater purely in-,
ductive w1thdrawal of o electrons 1nto the P F bonds. Slnce

the generally acknowledged orlgln of nmr. coupllng constants

,farlses from the ex15tence of electrons w1th flnlte probabll— -

. \ . :
. ) b . . ; o
R ] :

|
o
“
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1 | p N . | ~ 11s.
ties at the nucleus, '(i.e. g electron density) 70\it

follows that lJFP should be blgger in the FZP molety than

in CF4 (F)P as is observed. It was also shown that thls
effect is larger for PIII substituents than for P sub—.
stltuents. ' This may be a reflectlon of the greater ava11~
abxlrty of the lone palr of. electrons on the trivalent
‘phosphorus atom, whlch ‘are 1n a o-type orbltal and 'which are
avallable for synerglc back donatlon, and lnductLVe with—'
drawal than the‘o, electrons on the pentavalent phosPhorus
atomswhich‘arefinvolyed in‘the phosphorus sulfur double
bond. | - o

These arguments may also be used to ratlonallze the
Fé when the trlfluoromethyl substltutlon is .
increased from‘l to 2 on pY (Tables 10 and 11) although it

decrease 1in 2J

is not clear ‘why the effect is essentlally non-existent on

PIII, Here 1t would be expected that the. greater. total

electronegat1v1ty of the CF (F) grouping. should result in

a greater 1nduct1ve w1thdrawal of ¢ electrons than Ain the
|
2 .
. case of (CF3)2 and hgpce a larger value of JFP Since

1

)

the magnltude of lJFP was observed to'decrease much more:-?

dramatlcally w1th 1ncrea51ng the CF3 substltutlon for the

trlvalent phosphorus cases as compared to thelr penta-

'

valent analogs, 1t may be that more resonance stablllzatlon

’1s lost in the former case than 1n the latter.' Thus the

III

“151ngle fluorlne on P - may actually 1nduct1vely w1thdraw o_

?electrons from the CF3-P bond or at 1east more effectrvely
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compete for them as compared to the P case‘thus‘negating

‘the greater total electronegatlv%ty of the grouplng of sub~ .

stituents on phosphorus in the PIII case.

lAlthough the chemlcal Shlft of the trxfluoromethyl
_groupS’ln these compounds is relatlvely insensitive to
changes in the degree of CFy substrtutuon, (Tab%as 11 and |
'12) the chemlcal shifts of fluorlne atoms bound directly to
phosphorus change 51gn1f1cant1y with substltutlon at ‘

EIII or P . In both cases, the chemlcal Shlft of the |

' directly bound fluorine'increases on\ralslng the CF3-Sub- ;

stltutlon from 0 to 1, w1th the trlvalent cases show1ng the

most dramatlc changes. Thls may be due to decreased n
- interactlons in compounds w1th CF (F)P substltutlon as‘com—
pared with FZP grouplngs resultlng 1n hlgher shleldlng and
hence larger chemlcal shifts in the former case. At the |
lsame tlme, the phosphorus’ chemlcal Shlft increases from
about -79* ppm for dlfluorlnated trivalent phosphorus'to

$ =37 ppm for CF (F)P substltutlon to approxlmately +103 ppm
vfor the (CF3)2P grouplng. The pentavalent phosphorus

1atoms show 1ncreases in 'shift from abgut +35 ppm for the

fflrst two cases to +71 ppm for compounds w1th two: CF3

groups attached (Table 11) | Although the u donatlon from

fluorlne to phosphorus would be expected to decrease with
1ncrea51ng CF3 substltutlon and result 1n less shleldlng
and lower Shlfts, the reverse order 1s observed.' Thls w\

suggests that the 1nduct1ve effect whlch dimlnlshes in

Te PR v‘-,' 5 . ﬂ‘
X Fiala R » L

A
-
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t

901ng fromleP to CF (F)P to (CF3)2P, and which would re—

! Sult in greater o electron den31ty on. phosph{rusﬁ
” i ) ‘ !
hence hlgher Shleldlng,bls a more: important effect Although
I; . i '
S ﬁhe changeg 1n fluormne chemlcal Shlft are_ratlonallzed On
Il

y\» [

the ba31s of ﬂ 1nteractlons whlle those on phosphorus seem

. Al ~ ’

l
to depend on o effects, Lt may be noted that changes of )

' electron denslty in the former case orlglnate in the 2p

\ v a

fluorlne onbltals.f These - are probably much more effectlve
" for shleldfng than the more dlffuse 3d orbltals 72 onf ,
| phosphorus.mh;ch would be inyolved in the postulated w
‘[ 1nteractlons ‘and’ the phosphorus 3s and 3p Orbltals 1nvolved

;lln o bondlng are llkely more 1mportant for shleldlng :

thlS nucleus.u
. ° ' \‘ » .
: The observed decrease in 2J from abOut'loo Hz for.

compounds in whlch the trlvalent phosphorus is 301ned to
4 - [ '

two CF groups or one CF3 group and one fluorlne atom to

.:4

W

; approx1mately 68 Hz for compounds w1th dlfluorlnated) trl—nfy\

. valent phosphorus (Table 13) ‘may also be accounted for: by -

: these arguments.,‘ For' the latter cases where the synerglo
back donatlon of electrons is. thought to be the greatest,‘“}

“f'othls may mesult 1n w1thdraWal of o electr ns from the

N
‘-<

\{f‘{ P- _g= P system thus lowerlng 2JP ’ R

‘ Attempts have been made to ratlonallze the nmr coupllng
and chemlcal Shlft parameters for a large serles of phos-'7jftf
phi”e, phosphoryl, and thlophosphoryl compounds contalnrng .

fluorlne atoms and:for tr1fluoromethy1 groups by 51m11ar‘§;i
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ularguments.léfs These*have’met‘With,so success and, al-v

AN

1thou%h not completely rellable, such d 'crlptlons appear

. to have some predlctlve.value. b

One further observatlon for whlch no detalled explan—‘

,ation 1s offered is, the larger magnltude of the fOur bond ;ff

1

‘ trlfluoromethyl to dlstant phs'- “coupllng yhen CF3

is ]01n6d to. P than the COf® -ondlng -oupllng when the \
| hicF3 is bOund to PIII‘ VThk ‘ lows the same order as |
VZJ o wh1ch 1s larger for CF ‘on ~“i an for CF on PIII
. FP 3 7T 3,¥ ,

[

. \ L
‘ No such behav1our 1s observed for BJFP as is seen in Table
A S , P

3. The 31P nmr spectrum of trlvalent phosphorus 1n

" F PQS)SP(F)CF ‘wirmy R

Y ‘I’, [ - JERE

PR .'\

An apparent anomaly was observed in- the ?lP Spectrum'

'vof F P(S)SP(F)CF3 (VIII).' The spectrum arlslng from the
!"trlvalent phosphorus atom shows a doublet of doublets of
oo BRI & o

'quuartets of doublets whose orlgln is shown 1n Flgure ll.‘ '
o o/ “ e

‘)pHalfof thel;nes in half of the large doublet are further.?f

“‘spllt by approx1mately 2 5 Hz 1nto doublets. Slnce there

"', J

'eils Stlll a 31ngle fluorlne Whlch 1s apParently uncoupled,,f"A

lhthe spllttlng may arlse from 1nteractlon w1th 1t._ Thls

L3N
'y

":h;however should spllt all the 11nes equally A more llkely

whmfexplanatloﬂsls that in factfa spln tlcklxng phenomenonl4 ;Fff5;

L 1s belng‘observed as a result of the prOX1m1ty of half of ii}i

ne doublet from one of the fluorlne atoms bound
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" to P’ to the signal from the solvent (CFZClz) which served

as the Spcctrbmoter lock signal. Irradiation of the
sample‘at“thié lock frequency, not only involves nmr tran-
sitions in the solvent but will also be in resonance with

‘ certain transitions of compound VIII. Thus a double

a

resonance experiment is in effect being performed and one

N
\ . v

group of lines from the fluorine atoms bdﬁhd;tb Ey will

o
! i

be spectroscopically pumped. Since lines érising from

PIII

to PV and to CF ére all affected

:chupling of 3

equally,‘t}ansitions of these nuclei need not be considered

in order to rationalize the observed spectra. The fluorine

III

atom on Pv which is not coupled to P may also be omitted

i

~in explaiﬂ}ng this effect. Thus the nuclei which are

IIT

impértaﬁt to this phenomenon are P , whose spectrum is

being observed, F on PIII, since only half of the lines

resulting from coupling og thése species are affected,

III

and the fluorine atom ot P’ which is coupled to P since

"its transitions are being affected by the lock frequency.

.+ Figure 12 is the nuclear energy 1ével diagram 73 resulting

‘from these nuclei whose labels represent the spin of,PIII,‘

F on PIII, and F on pY respectively. The solid arrow-

'

heads repfesent‘transitioﬁs of the fluorine atom on pY
which can be "tickled" or "pumped" and the open arrowheads
are the possible nmr transitionS»of pIII 1t may be seen

that if only one of the fluorine transitions is pumped, -

LA

. that being the one clbsest the lock frequehcy, two of;thei

¥
. .
s . - .

'
Bk
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- aaa

FIGURE 12 Partial energy level diagram of FZP(S)SP(F)CF3

showing some allowed nmr transitions. °

, . t .
phospljorus lines will be affected. Freeman and Anderson
73 '

v

havs shown that the first change from this phenomenon

iszsplittingﬁof one of these lines and enhancement of the
intensity of the other. The other two transitions which

g 0

fbrm’the other -half of the doublet due to coupling of F

on PIII to PIII should be unaffected as is apparently

the case (see Fiquré 8). ‘Althouqh intensitv ch;nqes of
half of the llnes are rather™ dlfflcult to discern, 1t is
clearly seen in quure 11 that half of the remalnlnq llnes
are split into doublets and that these are half of the

. lines which arise from coupling to F on 28 Thus‘it

L
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appears that the observed results may be explained by

}

l this spin tickliﬂg phenomenon.

.
‘ ‘ ' ' R

i [ Y

A .
: "
\
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'



CHAPTER 5 -

REACTIONS OF COMPOUNDS, CONTAINING P-P BONDS WITH CF,I AND,

CH,I AND' RELATED CHEMISTRY

A

. D . INTRODUCTION

The traditional starfing point for the synthesis of:
‘trif}uoromethyl substituted phosphorus oompounds hes'been
3‘n (n = 0,1,2,3) from the reaction of
CF I with elwAental phosphorus 3 Addition of elemental

to make (CF ) PI

iodine to the reaction mixture reduées the yield of (CF3)3

and increases the amounts of the iodo phosphines obta1ned.3

P

éince most investigations of trifluoromerﬁylaﬁed pﬁosphorus;
compounds have required the use of onl} one of the’phos;
phiﬁes produced by this reaction; a facile way of adding

or removiﬁg CF, groups from phosphorus to optimire the
yield of:the eppropriate compound would be highly desirable.
Hydroiyeis reactionsiare known to remove these groupings

as f%poroforﬁ, but unfortunately also substitute oxygen in

Jg [: e

their Place which is even more dlfflcult to displace.’

A more c&nvenlent method of reduc1ng the CFy substitutlon

from three to two has been reported for (CF3)3 74 and

75
( 3)3 ,
the trisubstltuted compounds té give (CF3)2PN(CH )

(CF3),
1s quantltative and rapid at room temperature' the former

PO. "7 Th@s 1nvolves reactlon of dlmethylamlne w1th

P(O)N(CH ) respectlvely Whlle the’ latter reactlon

,glves low yxelds of the amlnophosphlne and then only at
¢ i . \4 : e

. Ew;o N - o .
ﬁ;‘{ )y‘ ' ' . .“ , » '
, = » e B 128 S
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elevated‘temperatures. This reaction cah‘be:driven to
completxon by the addition of H,S to the réaction mixt re§3
Thus the 1n1t1ally formed dlmethylamlnophosphlne is con-
aumed to yleld anladduct which can be formulated as the di-

me thylammonium salt : of (CF3) PS .’ : S

Reduction of . the CF3 substitution from two to one is

also possible. Dimethylamine has been, shown to react

with (CF;),POSi(CH,)  to give CF”P(N(CH3)2)OSi(CH3)3 76

but the synthetlc p0551b111t1es of this reaction have not
yet been fully explored 51nce it 1s not known how easily -
the OSl(CH ) grouping can’be"removed. In thls Chapter we‘\
compare the fa01le reactlon of (CF ) PO with dlmethylémlne
with the analogous reactlon of (CF3)3PS.

Methods of 1ncrea31ng the trlfluoromethyl substltutlon
\t?on arsines were studled 1n some detailp by Cullen, who' found

“that tetrakls(trlfluoromethyl)dlar51ne, (CF3)2AsAs(CF3)2, re-
%]
acted with CF3I to give (CF3)3 As and (CF3)2AsI 24 and with

CH,I. to give (CF3)2AsCH3 in much poorer yleld Addition'of

3
. ,mercury to the ‘latter reaction increased the yield to . about-

. 10%. Similar reactions were observed with the analogous

24

.dlphOSpthE,’(CF3)2PP(CF3)2 but mercury'was used-only

' to remove the (CF. )2PI from the product mlxture. Further

studies showed that (CH3)2ASI 24','CH3AsI.2 24 and-several

phenyl substituted iodoarsines m

all reacted with CF3I
" and mercury to g1ve trlfluoromethylated ar51nes in varylng’,

yields.. A similar. method-has been used in the synthesls
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>6 A mixture of;(CFaP)4;eud (CF3P)5, cyclic
phosphines prepared from‘the reectio?_of CF3P12 26,27 and
56

Of CF3(CH3)PX.

‘mercury, was-®reacted wiqp CH I to give CF (CH,) PI. A

. ‘a i . .
recent me thod of 1ncreaslng ‘the CF3 substitutlon from Z2ero
i

" to one 1nvolves dlsplacement of one of the dlmethylamlne

groups in trls(dlmethylamxno)phosphlne by CFBI at 60°C. 18

A second CF3 group could not be subst%tuted | “
Sevexal experiments aimed at 1mprov1ng the iields-

of CF,I.and CH3I additions to compounds having phosphorus-

phosphorus bonds are' reported 1n this- ~Chapter. Some |

chemlcal studles on (CF )ZPCH3, one of the products of

these reactlons, have led to the ldentlflcatlon of severals

new compounds. The hydroly51s reactlons of several com~-

pounds are also included in th1s Chapter.

i



EXPERIMENTAL - ~

1. Reactions &f‘CFjI'

(a) With (CF.,P) and mercury
, 34,5 »

—
4

A mixture of (CF,P), 5‘(0.2647 gm; 2.65 mmole of
) ‘ ’

!
CE,P) and CF,I'(1,0379 gm; 5.29 mmole) was shaken for four

days With?eXCess mercury. Fractionat1on of the volatile

o

products ylelded unreacted CF3I (0. 066 gm; O. 34 mmole)

_and (CF,),P (0.6006 'gm; 2.52 mmole) (95%).

[}

(b) With (CF )., and mercury - | ,
3/ and merc . |

. 3) ;PP (CF

Warming (70°C) and shaking a mixture of (CF )'P

(b. 5546 gn; 1.64 mmole) and CF,I (0.6634 gm; 3.38 mmole)

3
' for three days w1th excess mercury gave unreacted CF3I

' (0.0299 gm; o0. 15 mmole) and (CF4) 4P (0.7257 gm; 3. 05

mmole) (93%)

(c) With P.,I, and mercury .
274 A

o

'A mixture of P 24 (0.7 gm; 1 mmole) and CF,I (0.6640 .
' qu 3.39 mmole) was heated at 150°C With excess mercury.
After four days, the only volatlle product was "unreacted
CF3I-(O.6083 gm; 3f10 hmole) contaiuing a trace ofr(CF3)3?.

@  With Ry I,

.A‘largé.excess of'CF3;,and PZI4 (O.Z'gm;.llmmole)MWere,

'heated'for'two days at 200°¢, Frabtionation'of the‘volatile

products ‘yielded only a'small amgunt of trlfluoromethyl '

@

wsubstltuted products and unreacted CF3I
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2. Reactions of CH,T C IR Cen e

\

: \
(a?‘ With,(CFaP)A;B and mercury - ‘ -ﬁ;\-ﬁﬁ\ﬂwy
shaking a mixture of {CF3P54'5 (0.545 gm; 5.45 mmole
of‘Cf3P) aud CH3I T155443 cm; 10.88 mmoie) uith excess mer-
cury for two dqis gave 0.2174 gm of a mixture ?f'(CF3)3PT

(16%), (CF;) ,PCH, (843) and a trace of what is probably .

32
as volatlle products As weil, large amounts

CF P(CH3)2

of green SOlld remained in the readtion vessel.

P
1

(b) With (CF PP (CF, )' and mercury‘

3)2

After reactlng for three days at 150°C, a mrxture of .

' (CF.) P, (0.3783 gni 1.12 mmole) and cn I (0.3574 gm; 2.52
5 gm;

33 37
- mmole) and excess mercury gave as volatile products unreact—

- ed CH,I (0.0041 gm; 0.02 mmole) -and (CF,),PCH, (0.4067 gm;

2:21:mmole) contaihing small amounts'of'(CF3)3P and probably '
CF,P(CH;),. h - ." |
| ; The 19F nmr spectrum of a}solutlon of (CF ) PCH3 in'

3 showed a doublet of quartets (¢ .58.2 ppm, ?JFP'=
‘76'2 Hz, 4JFH = 0. 2 Hz) while the 1H spectrum con51sted of

‘a doublet (T 8‘43, 2J = 4. 5 Hz) w1th an unresolved proton

CGFC1

HP
'\to fluorine coupllng ' The nmr. spectral parameters for the

'.materlal thought to be (CF3)P(CH3)2 were: $p = 65.1,°

'qFP 65 Hz, T 8 75, JHP 3.3 Hz. - N o |
The mass spectrum of (CF3)2PCH3‘showed a'parent ion
peak (Found. m/e = 183 9860, calc..for‘lc3 3F6P m/e =

183 9860) All other peaks were a551gnab1e to fragmentatlon:

“~~
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1

133.
(( f .

products of (CF3)2PC33 ang s peak corresponding to m/e

. 130. for CF3P(CH wds deteete

32

(c) With (CF,;) PP(CF,),

. After ‘two' days at 150°C a mlxture of (C%3)4P2
(o 2335 gm; 0.69 mmole) and CH I (0.1005 gm; 0.708 mgfle)
3

PCH

gave a 1nseparable mlxture of CH I, (CF ) PI and (C 2 3

3. Reactions of (CF3)2PCH3‘ | .

(a) With sulfur g | -fA o ?;i Ce

(0.404 gm, 2.19 mmole) with excess

Heating. (CF,) ,PCH

3) pFCH;
sulfur for three days at '150°C gave a mixtﬁre ofh

' e
(0.2965 gm) as the only vola-

(CF P(S)CH and (CF )'PCH

32 3
tile products.. Repeated fractlonatlons yielded pure
(CF

P(S)CH (0.1381 gm, 0.64 mmole) and a m1xture con-

302 3.
tainlng prlnc1pally (CF3)2PCH3‘w1th some (CF3)2P(S)CH

I3

(0 1584 gm by dlfference)

19. ' nmr 3pectrum of a solutlon of (CF )ZP(S-)CH3

The.
in CFCl3 showed a: doublet of quartets (¢ = 71,2 ppm,
20 4. _ o 1 ‘
" 0pp = 96f9 Hz,» Jpg = 0.8 Hz) Whlle the

2

1. . . <, .
sigted of a doublet of septets (t 7.82; “J

J H speét:um con-'

HP 14'85~H?i

Oyp = 0.8 Bzt - - "f-.\',.J' .

The mass sPectrum of (CF4 )'P(SXCH showed a parent
‘ion peak (Found m/e = 215 9594, calc. for:CBH PS m/e =

215.9597)."

i
1



(h) | with dlmethylamlne

)

After twelve days at 195 c, dlmethylamlne (p 1376

| .
gm; 3 06 mmole) dlsplaced a small amount of CF3H from .
(CF PCH3 (0 2702 gm; 1. 47 mmole) to glve a mixture of un—

freacted startlng materlals (0. 3908 gm)*and a trace of

| materlal thought to be CF P(CH )N(CH3)2 (0 0072 gm) char-

"

\acterlzed only by infrared Spectr Cpr.

=’y . « .

co

(c) o with chlorlne

‘A”mixture of (CF 3o PCH (o’éosz gm; 1.11 mmole) and
chlorlne (0. 0792 gm, l 12 mmole) was allowed to warm slowly‘
'to room tempdﬁﬁture. The grude reactlonnproducp was found
" to contain (CF3$2PCH3.(10§) and‘(CF3)2?(CH3)C12(90%); After‘
fractionation pure (CF4) pP(CH3)CL, (0.2363 ‘gm; 0.925 mmole)
was obtained whose nmr parameters were determlned (9 = T

o :

79.7 ppm; ZJFP = 134‘Hz; T 7.94; JH = 11 Hz).

(ajf ’I<Alkaline‘hydrolysis

| A sambie of (CF,) ,PCH, (0.1459 gnm; 0. 793‘mﬁoie) was
7.comb1ned wzth an excess of a 20% solutlon of NaOH in water.
.i'and shaken foo-lz ‘hours at 25°C.‘ The reactlon had not gone
to completlon under these condltlons so the mlxture was = '"
recomblned and heated for 4 days at 70°C The only volatlle
‘product was CF3H (0-1098 gm, l 569 mmole.<requ1red for B

v:zuhydrolySLS of two CF3 groups 1. 586 mmole)

The aqueous solutlon wasvan lysed by nmr spectros-'i;‘

14 SHz V,

n*( J

B ‘copy and found to contaln the 'ne
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' ‘l . ‘ﬂ p ) ‘. v'3 [
“gp T 223 Hzj oy
L9

were no [I°F resonances.

= ZHZ; TH. 2.‘5)‘ I;ut vth‘ere

i

N
el

(e) . With water

A mixture conSisting“of'(CF3)2PCH3 (0. 1447‘gm;

!

0 786 mmole) and an excess of water was shajen at 25 o for
12 hours a‘d then heated at 70°C for 4 days

/The volatlle .

-product was: found to be: only unreacted (CF ) PCH3 (0.1420

gm; 0.772,mmole)- '

4. Reactions ofﬁ(CF3)2P(S)CH

"

(a) "ﬁ Alkaline hxdr01151s N

| A mixture of (CF3)2P(S)CH3 (0'2397‘gm?”1 11 mmole)
”and an exCess of a 20% solutlon of ‘NaOH 1n water was heated *-:
"fat 70°C for ‘ten days._ The volatlle product was found to.
;be pure CF H (0. 1528 gm, 2 19 mmole- requlred for 2 CF3 |

|
~groups = 2 22 mmole) The’ aqueous solutlon‘was analysed

: by nmr spectroscOPy and found to have a lH spectrum con—.’;
;751st1ng of two 51nglets (T Ch T 8 2) 'Tne 19F nmr
spectrum contalned no 81gnals. ‘ . } o ';jft‘
,t». : R L

'fﬁif Wlth water _“aly ' ,53

. A R .
S C ‘ ~

A mlxture of (CF3)2P(S)CH (0 2326 gm; 1. 08 mmole)

[ |
t
it
' A

S and an excess of water was heated for 10 days at 70°C The f;:fnv

;ivolatlle products were\found to be a mlxture (0 1093 gm) of

.PCF3H and H2

FIT

”fFW1tﬁ a Pb(OAc)C

S by infrared spectroscopy ‘ Removal of the st

solutlon gave CF3H (03074 gm, I‘06 mmole)
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as the only volatlle product The amount of HZS present

‘,(0 0353 gm, l\ fm?ole) was determlned by dlfférence.‘ The -

aqueous solutlon as‘analyzed by nmr Spectroscopy The

.

.IH spectrum was found to con81st of a doublet (JHP’- 15 5;

o8 55) as dld the-‘9F spectrum (JFP'—-93 ¢'= 76.8. ppm)

‘These values are con51stent w1th those whlch would be

\

!exPected for CF (CH )PO .

Lo
'Y

5. . Fluorldatlon of (CF3)2P(CH )cl, with SbF3
Pure (CF3)2P(CH )GL, (0.2363 gm;  0.925 mmole) was
%comblned with an excess of bF and\allowed to"react at o

\
\

25°C for two days 1n a sealed\tube.\ The. volatlle prgducts

,é?l(o 1688 gm) were analyzed by nmr spectroscopy and found to

’ {) M“
contain (CF ) p(ca )F (30%) ( 1702 g30 Hz, 24 156 Hz, v
3’2 ﬁg\ N Ipp '

3. 2, SRR
"“JFF‘ 17 Hz, " ¢F 6 ppm, ¢CF3 = 66 5. p JHP 18 3 .

a » N H 3 - '
:??" JHF = ll 7 Hz, 8. 25) and - (CF\Q (O)SH (70%) ( JFP .

PR 2";.__’_ ~. _n"
JIOQ Hz'lf¢F 7l 7 ppm, qHPu, 15 Hz,’ HEF Q'?fuz"T,8f25?°
o L ' { | 1 "'-\‘ P '

6. Reactlon off(CF ) PS w1th (fH )2\3, Lo \

\

‘A mlxture of (CF ) ps (o ;@17 gm, N 04 mrole) and

[ff(cn

3)2NH (0 0447 gm, 0 99 mmole) was reacted for 20 hr at R
”25°C. Fractlonatlon of the vo atlle products gave ‘p Vo ;;_ﬁff%
-(CF3)2P(S)N(CH )2 (o 2479 gm, 1 oz mmole) and cp*s (o 0759.ﬁ2~>1d

"V*gm} 1. 08 mmole).,ylﬁigi ! o f" e - o '

—
»

. IR R
L Ty



”atspSPectrum expected for H3P03 Lﬂ*iﬁﬂzl“{' *‘lﬂftlf.

| ‘7f | <'Reactions of (CF ) PSP(CF3”if - :
' e e v - T .»i‘.-;,;}: " ‘ |
}a)[" Alkaline hydrolXA;s ““. V‘Vj;\‘ | ,.‘}ﬂ“
) ‘ .
3 \ mixture of (CF3)2psp(CF3)2 (0. 2774 gm, 0. 750 mmole)

D

:and an excess of a 20% solutlon of aOH 1n water Mas shaken
'for 12 hr at 25 C.‘ The only volatr&e product was CF3H

(o0, 2087 gm, 2 98 mmole, requlred for hydroly31s of 4 CF3 |
| roups 3 00 mmole) The lH nmr Spectrum of the aqueous ‘;_‘\.
solutlon con31sted of two sets of dOublets (J b = 575 ﬁz, '

‘ f T 2 45 JHP r 662 5 Hz,_r 2 45) : These are asslgned to \ .
”f‘HP03 nand HP(S)O' respectlvely. The solutlon gave a'
';'p051t1ve test for sulflde 1on on addltlon of sodlum »h_‘u"‘ ‘fﬂ

. 19 ot
nltropru551de. }There}werepnob F nmr resonances.

(b) ;N'eu‘trall'h)gdrol‘y'sis.‘ RO SRR el

EON ;rhé.r'éaictian af' (ch)zPsp(CF )y (q 1758 gm, o, 475" | /
"mmole) w1th an excess of water gave CF3H and HZS as volatlleQ”

Iﬁ products (0 1443 cm, requlred for 4 CF3 groups and 'H S ;ffl@ﬂ‘*j

; A‘O 1490 gm) The aqueous so}u&abu;showed no’:?F nmr spect—iff :. .

Qrum but had a 1H res;nance whlghvcon31sted of \simple i

.,doublet (J .672 5, r 3 17) that ls cons;ste f;av :

o

‘i'”(c)fv ACld hydrolySLS i . .
A mlxture of (CF ) PSP(CF )2 (0 2932 gm, 0 792 mmole) o

’nf:fln an excess of a 25% solutlon of HZSO in: water was heated iﬁﬂﬁﬂ{

_ﬂ_,gfat 70°C for Lp days., The volatile products (0 1809 gm) Were

“ A’};found to be a mlxture of CF

‘f”;'ffulargwelght was 65.i

4

3H<and HZS' whose gas phase molec—

o

E'Etwo compounds pre~1
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]
sent wero‘galculatéd fro& the molecular welght and the total
‘weight éf £he gamSio. XCFBH' t 2.38 mmola; st : 0.396
mmole) - fne g nmr spectrum of the aqueous solution con-
sisted of.a doublet of doublets (Tgp = 106 Hz, J = 4 Hz,

¢ = 77.1 ppm; 45%) and threc sets of doublets (J = 93 HZj

¢ = 72.7 :ppm; 39$; J = 82 Hz; ¢ = 72.4 ppm; 9%; J = 90 Hg
¢ = 74.4 ppm; %ﬁ). The 1H'nmr spectrum was a simple doub-

let (J = 707.5 Hz; © 2.97).

i

8. \ Reactions of (CF3)2POP(CF3)2

5

(a) Alkaline hydrolysis

, ‘ \
A pure sample of (CF3)2POP(CF3)2 (0.2064 gm; 0.584

mmole) was shaken for 12 hr with an excess of a 20% solutibn,

.

of NaOH in water. the only volatile product recovered was

CF_H (0.1624 gm; 2.32 mmole; required for-hydrblysis of 4

3
CF, groups = 2.34 mmole) The aqueous solution was found 9

to contain only HPO3 by nmr spectroscopy ( JHP = 575.5 Hz;
19 ‘

r

1+2.78). No F resonances were observed.

Q
)

fb) . Neutral hydrolysis e

After 4 days at 70°C the hydrolysis of an aqueous soOl-

ution of (CF3)2POP(CF3)2 (0.1912 gm; O. 540 mmole) was 1n-

N

complete. Further heating for 7 days gave CF3H-SO.1469 gm;

2.10 mmole: required for hydrolysis of 4 CF3lgroups = 2.16

mmole) as the only volatile product. The,lH nmr spectrum

*

of the aqueous solution indicated_the'presenéé of only.

R
h .Y . PR ’ . .

-
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19

H3P03 (lJHP = 674 Hz; T 3.1). No F nmr.signals were

obsecrved. .

(c) Acid hydrolysis

After 56 days at 25°é, a solution of (CF3)2POP(CF3)2
(0.2420 gm; 0.684 mmole) in 25% aqueous H,S0, gave CF3H
(6.1276 gm; 1.825 mmole) as the only volatile product. An
off-white to yellow colored solid was alsd”formed which
had the physical appearance of elemental sulfur. It was

soluble in CS, and melted at 115°C (rhombic S m.p. 112.8;"

2
monoclinic 'S m.p. 119). The lH nmr spectrum of the aqueous

hydrolysate consisted of..a doublet (lJ = 719 Hz; 7 2.83)1!

HP
The 19 nmr spectrum was also a doublet (23 = 115"Hz;

FP
¢ = 74.3 ppm) .,



RESULTS 'AND DISCUSSION

The previously observed reactions of dimethylamine
with (CF3)3P ?4 and (CF3)3PO 75 which qliminated one equiv-
alent of fiuoroforﬁ and gave the appropriate diméthylamino
substituted compound has now been extended to incluae | |
(C%B)BPS“ All gﬁgee of .these compounds react according?to

‘ equation 17 with both the oxygen and sulfur substituted

.

| CF,) ,PE + (C N4 —» (CF,) P’fﬂE + CF
(CF3) 3 (CH,) ,NH (CF4) 5 5t

. N(CH,) , an
E = 0, S, or nothing. .
compounds reacting’rapidly and guantitatively. This metﬂbd
provides a convenient route to the bis(trifluorohetﬁyl)—
phosphoryl and thiophosphoryl compounds and allows the re-
duction of the CF, substitution &n phosphorus from three

to two. @

The early work of Cuflen\showed that tetrékis(trifluoro—
methyl)diphogphine reacted with CF3I to give (CF3)3P and
(CF3)2PI.21 Sincé it was well known that the latter product
is coupled hy mércury to give the‘dibﬁbsphine sta;ting |
material 3, mercury waé a@déd to the initial reaction mix-
ture. This resulted in ; 93¢ yield of (CF3)3P. A slightly
higher yield of (CFé)BP was‘obtéined when‘JCF3P)4,5 was
shaken with CF3I and mercury. This'allo§$d the facile .

) ekpansion of‘the éF3.sub$titétion on phosphdrus frqm

t

either one or two to three and suggestea the possibility of

/

140
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an analogous reaotion with ?ZIAuzs Only'very small amounts

of (CF.).P and no other trifluoromethylated phosphorus com-

3)3
pounds were obtained by this method although quite vigorous

conditions were employed. Repeating the reaction with,no
mercury present and at a higher temperature similarly gave
only trace amounts of trifluoromethylated phosphlnes and lt
is likely that in both experiments decomposlt*on of P2 4
to elemental phosphorus and iodine led to the well known .
addltlon of CF I to phosphorus. 3 -
Methyl iodide reacted wlth (CF3 2PP(CF3)2 ln'the
presence of mercury to give, almost quantitatively,

(CF ) PCH which was contaminated by small amounts of

3

(CF P and CF P(CH ) - The analogous reactlon w1th

33
(CF P)4 5 gave only a trace of the expected CF P(CH3)2

The major products, although obtained in low yields, were

(CF3)3P and (CF3)2PCH3 These almost certainly result

- from dlsproportlonatlon of the 1n1t1ally formed CF P(CH )
and this suggests that the two major pro@ucts are more
Ay

thermally stable than the expected one. Subsequent to this
g

investigatfion it was found that CH,I, reacted with the

diphbsphine in the presence of mercury to.give

(CF 5) ,PCH P(CF3)2 8 . L .
The ecently observed reaction of (CF3)3P with dl—

methylamine to give (CF ) PN(CH suggested the poss-

ibility of uch behavioux with (CF3)2PCH3 E This‘reaction

unfortunately did not bée\l however, reaction with sulf%r ‘ T
: . // : : C

' R -
. s ‘l?q’ o |
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3)2P(S)CH3 oy enalogy with
10

produced the new species (CF

.

similar reactions @f (CF3)2PX (X = F, N(CH3)2; Cl).
~ This new-compound was ohdracterized by its nmr spectrum =

which showed a doublet of quartets in the l9F region

\ Na i h -
2_\" a. - ]
(¢F 47;.2 ppm; JF 96 9 Hz; JFH = 0.8 Hz) and a | .
doublet of sepﬁets in the lH region (vt 7.82; ZJHP‘: 14.85
}Hz; QJHF = 0.8 Hz), from precise measurement of the parent

peak in'its mass spectrum (obs. m/e = 215.9594; calc for
‘C3H3F6P = 215 9597) and from 1ts behavlour on alkaline
, and neutral hydroly31s: Rather surprlslngly, the new
compound yielded 2 equivalents of fluoroform on alkaline
hydrolysis. This WOuld!be expected if the central phos~
phorus atom was trival nt, however, only one equlvalent is
predicted for pentavalpnt spe01es if the behaviour of pre—
viously reoorted (CF3)2P(S)X compounds 1is followed.lov \

The anionic species which remained in solution were not
; _

conclusively identified but their 60 MHz lH nmr spectrum

was found §g consist of two slnglets located at t 7.96 and
T 8.17. These‘may in fact be a doublet centred at T 8.06
with coupling 13 Hzlhalf of which is obscured by a single{
at t 7.96. This doﬁblet would then have nmr parameters
cohsistent with an anion having;a methyl group attached to
phosphorus. A similar deviationvfrom'empirical‘prediction
.was observed in tﬂe negtral‘hydrOIYSis of this eompound./

Although removal of CFy groups was not expected under

neutral hydroleis'conditioPs in,keeping with the behaviour
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of ather (CF3)2P(S)X compounds, ‘one equivalent of CF3H and
' one equivalent of HZS were isolated as volatile products
* The agueous solutlon remaining 'in the reaction tube con-
talned a species whose nmr parameters were comslstent with
those expected for CF (CH JPO . , |

The nmr parameters of (CFB)ZP(S)CH ciearly indicate

,that (CFB)2P(S)CH3\ii(i;fferent from the prevmously synthe~
sized trivalent isom CF3)éPSCH3 41,79 (¢F = 56.7 ppm;

2 _ . .3 ‘= -
JFP = 77.8 Hz; T 7.61; . JHP 15.5). The greater than

expected. yield of CF;H on hydrolysis of (CF3)2P(S)CH3 may
h A
4
be explained by a water catalysed rearrangement to the tri-
valent form similar to the behaviour previously observed

9

in the attempted synthe51s of (CF3)2P(0)H The'trivalent

R compoundéé/gn may hydrolyse in the expected fashlon to
3H

yield 2 equiValents~under alkaline conditions and one

-

equivalent under neutral condifions.

| The reaction of trifluoromethyl phosphipes with halo-
-’gens results in the fbrmation of - five-coordinate phosphor-
. anes. 3’27'80 (CF ) PCH3 reacts qulckly and exothermically
with chlorine to glve (CF3)2P(CH )Cl" which was 1dent1f1ed

.from its room temperature nmr parameters (¢F = 79.7 ppm;

2 - 2.
JF 134 Hz; 7 94, JHP 11 Hz). This compound was -
81 1

readlly fluorlnated by SbF3 to glve (CF3)2P(CH )F ("3

| 2.
830 Hz; “Jgp FF

2 -— V 3 3 —3 ' .
66.5 ppm; JHP = lB.QIHz, JHF = 11.7 Hz; Ty 8525). As

Y ‘ !

FP

= 156 Hz; 3J = 17 Hz,'¢F = 44.6 ppm; ¢CF &
’ ' 3
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well, due to traces of moisture in the - fluorinating agent,
3)2P(O)CH was formed. The dichloro compound is under
[
I
study at this time 1n an attempt'to analyse 1ts low tem—

‘\

',peﬂature nmr spectra whlch may show the results of slowing

(CF

§

the rate of pseudorotatlonal exchange >3 wthh may average

»

the equatorial and axial coordlnatlon sites in these tri-

gonal bipyramidal molecules\

LY

An example of the hindering effect of electropositive

[4

groups on the rate of hydrolysis of trifluoromethylated
phosphlnes is given by (CF3)2PCH3 which had to be heated '
at 70°C for 4 days to drive the reaction in 20% aqueous

NaOH to completion.' This behaviour is dlfferent from that

N \
of' the two dlphosphorus compounds containing PIII ' ./
(CF 33 32 whlch reacr:éii_b

POP(CF and (CF ) PSP(CF3)2

3)2 3)2
1mmed1ately on contact with the alkaline solutlon. The

-

r

methyl substituted p:;;phine‘dld, however, give a quan-
tltatlge«yleld of flworoform with both trlfluoromethyl
groups belng removed, 51m1lar to the behav1our of

" (CF P(S)CH The phosphorus contalnlng anion which re-

"3) 2
vmalned in solutlon gave an: nmr spectrum con51stent with
that- expected for CH (H)Po The compound, (CF ) PCH3
-whlch was expected to lose one CF3 moiety on neutral
hydroly31s was unaffected after 4 days at 70°C.

| - Both (CF,) ,PSP(CF,), and (CF ) pop(cp3)2 evolved 4

equlvalents of: fluoroform on alkaline hydroly31s. The

‘aqueous solutlon remalning after hydroly51s of the former'u

- -



HPSO,  as determined by nmx spectrbscopy The oxygen

\ ‘w N \li ' . ) . {) ".. ) S 1‘45-

P
compound showed the presence of sulflde ion as determlned‘

. by the sodium nltropru551de test as well as HPO and

\

2
brldged compound gave’ only HPO3 in the hydrolysate. The

dentlflcatlon of these anlons by this method is open to
some cr1t1c1sm 51nce an authentic sample of H;PO, showec
large variations in both’ coupling, and Chemlcal shrft para~
meters of the proton bound dlrectly to phosphorus ‘as ‘the’

pH was‘varled. ThlS would presumably be true for the HPSO2

anion as well.

1 ,"'

Neutral hydroly51s gave, rather unexpectedly, 4

equlvalents of fluoroform and 1 equlvalent of st from one

mole of (CF PSP(CF ) and 4 equlvalents of fluoroform

3)2 ‘
from one mole of (CF ') POP(CF3)2 The only anlonic species
remalnlng in elther solutlon was ldentlfled as H3PO3 ‘?he‘
‘-sulfur brldged compound ylelded 3 equlvalents of CF3H ‘and

. 0.5 equlvalent "of HZS on hydroly51s by an aqueous: solution
ac1d1f1ed with H2804 The nmr spectrum of the hydrolysate
did not permit 1dentificat10n of any phosphorus containlng~
specles present but d1d 1nd1cate that one of them contalned
a CF grouptbound to- phosphorus. The oxygen bridged com-

3
pound on acld hydroly51s gave less than 3 equ1Va1ents of Q

fluoroform although allowed to react for an extended perlod.-}"

The phosphorus containlng specles remalnlng in solutlon
'were qpt 1dent1fled but the nmr spectrum agaln 1nd1cates

the presence»of.a species contalnlng CF3 bound to phosphorus‘

T ,
' Cr
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‘with different parameters to those obtained frOm'

(CF PSP(CF ‘hydrolysis.A A totally unexpected product

3)2
" [
f this: reactlon was elemental sulfur, 1dentif1ed from its

solubility in CS, -and its meltlng point, whlch could only

2
xesult from reduction of the sulfuric acid present It
'1s cléar that the acid hydrolysls of the two dlp@psphorus
compounds and espec1ally the oxygen}brldged species must

proceed by very complicated routes. . .



. CHAPTER 6
CONCLUSIONS

- The orlglnal goals of the work descrlbed 1n this thesls .

v

were twofold (1) to elucidate the exchange mechanlsm in-~

volved in the so-called mlxed valence compounds, and (2) to

develop a better Synthesls of the trlfluoromethylphosphlne

! starting materlals. . o o .
, \ :

R
[

and several questlons haVe ‘been answered It has been

shown that anllntermolecular exchange process is important

in analysihg the nmr spectra of (CF3)2P(S)SPF2 and that

whlle 1ts rate may vary, it occurs in (CF P(S)SP(CF-)Z,

3)2
F P(S)SP(CF3)2 and F P(S)SPF2 as well. Although not
explicitly proven, it is. llkely that thls type of exchange
- occurs in ‘the remalnlng members of the series as well as
‘systems of the type (X P(E)] 'Y where X = F CF3, Eﬂf S,
nothing; Y = S, 0, 5- S.80 A near thermoneutral exchange

process betwgen the four mixed valence compounds shown

above has been determined, with an equilibrium constant of

about ]. . . ' '
\‘b Y :
"An nmr llneshape study 1s qualltatlvely cons1stent '
| w1th an 1ntermolecular exchange process 51m11ar to, the one
shown below, where the valence of all thSphorus atoms
"remalns unchanged. The molecularlty of. such a process has

notzﬁeen establlshed Ihtramolecular rotatlonal averaglng

'N‘has not been ruled out as a mechanlsm complementary to the

. . P : .
+
. , N X ., [

147 T
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The first of these aims has been partlally fulfllled
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| lS P ?) '
} Yzf‘P S=P"X2

1ntermolec:;pr one an$ may in fact play a r01e in the //

-observation’ of very long range spln—spln coupllngs across

-the molecule but such processes are thought to. contrlbute

'lrttle to the nmr spectral behav1our.
; A C oy
The chemlstry of the ‘mixed valence compounds is dom~

‘inated by 1n1t1al cleavage of the PIII-S bond followed in

'

. some 'cases by decomposition or further reactlon of ‘the

products. ’The reaction of‘dimethylamine‘with all of the,
compounds has been shown to be quantitative and has proven

to be a useful tool in'their characterization.
The synthesls of the new d1th10phosPh1n1c ac1d,

CF (F)PS_H has opened the door to the synthesis of several

2
- other mlxed valence compounds and tho asymmetrlc phOSphorus

a

centre whlch 1s present in these compounds has allowed the

/

measurement of gemlnal CF3—CF3(and F—F nmr coupllng con—

?

i

lstants on trlvalent phosphorus. Slmllarly,’chlrallty in |
. \/ !
the trlvalxnt sPec1es (CFB)(F)P-X, thCh can be observed

as a resultof a slow rate of 1nversn.on oﬁ phosphorus, has

1

pallowed measurement of the correspondlng gemlnal coupllngs
between species bound to a pentavalent phosphorus atom. |

Full analy31s of the nmr spectra of all of these molecules

has been achleved and the varlatlon of thelr nmr coupllng and ,

o R o . [ v o .f\‘

S
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T#lcal Shlft parameters w1th varylng substltutlon of /=

5¢Q1
'th@ phosphorus atoms has been ratlonallzed on the basrs

1

A

| |
o of drfferences in electronegatlvrty and'ﬂ bondlng capablllty

'
' 5
. U:«‘

bf F and CF
" 5 . 3°

TR ) '
¥ 'Two chrral centres in.one. mlxed valence compound were

|
N
1‘ "“‘: ‘," UL !
: "oﬁ alned w1th the synthe51s of CF (F)P(S)SP(F)CF3 and the

' Lohpound was found to ex1st as an’ unseparated mlxture of Co,

\

1

\ 1
fatJb racemates Whlch could be dlstlngulshed by nmr spect—

BN |

H\jr;scopy. ‘Full analy51s of the nmr spectra of this compound
L;“fh\ginot been p0551b1e due to the large: number of OVerlapplng
| %Qlﬁﬁés present in .the spectra. It may be p0551ble,.however,
?}V)tb solve these spectra by the use of heteronuclear de-

’
‘ ' 3

P cpupllng technlques. ' e
’ o . '
iy o The stablllty of the compounds studled hereln appears

# !
'o follow the degree of fluorlne substitution. '‘As a

~

neral rule, the greater the fluorlne substltutlon on phos~

horus, the lower the thermal stablllty In the mlxed

(D—

T

f
[
9«%#} alence compounds, when equal numbers 0f fluorlne atoms,.

'
vt

I

4

R VY o
. V’J/q,“* f i
: gre present, the compounds Wlth the fewest fluorlne atoms

ound to trlvalent phosphorus are the more stable ones._
is. much moré thermally stable than ’ﬁg}-

and CF. (F)P(S)SP(CF3)2 appears

&b
)rhus F P(S)SP(CF3)2
(CF ) P(S)SPF2
'Itx
/




fgen rather than sulfur may prov1de 1nformatlon about the“

(-H“ . ' S . “\l R
~ e | J.. | S
Future work on these systems mlght encompass a more ¥

. .
¥

concerted attempt to make elther one or both of the 1somers

o
, \

‘of CF4 (F)PSH The mlxed valence compounds contalnlng oxy-

1mportance of d—orbltals 1n the bondlng scheme for these

‘compounds since" oxygen should not have d orbltals of low (s

. N K
enough energy to: partlclpate ln bondlng.‘ The reported in-

21 82 _
2 3’2 3’2 - as

compared to their sulfur analogues ‘seems to 1nd1cate that

'stablllty of F P(O)OPF and (CF P(O)OP(CF

‘the mixed valence systems do rely on d—orbltal interactlons

and that the oxygen analogs of the compounds reported in
thlsifhe81s may 1ndeed by very d1ff1cult to work w1th

Whlle the second of the orlglnal a1ms has not been‘
achleved, 1trlS belleved that some systematlzatlon has
been observed 1n the reactlons of substltuted methyl

: L .
1od1des w1th compounds hav1ng phosphorus phosphorus llnk—

”ages, It 1s now poss1ble to 1ncﬁease the. trlfluoromethyl‘

. R

pSubstitutxon~on‘phosphorus_from-one or two to- three"v1a

',lthe'foliowing reaction[sequenqesi T "A o

T . . ‘ N . \ ' N P
) , IS : S
: . v 3

fy

. cr'31>12 + Hg. —~—> (CF 1>)4 . ———g-—> (©CFgP L (B

3
I‘Hgvv“

‘-»"(CF‘.;,“)_:?I_jwfq‘,Hg"__,————-»‘_.;i_ﬁ (cr3)292(cr3‘)32 g (CF3) 5P j(flg‘)f

. ~;“*. ‘,;A-v‘w“,k\,‘ } RIS
A convenlent synﬁ%e51s of (CF3)2PCH3 has also emerged from
thlS method us1ng the second sequence but substltutlng

A} LI A el B T, P ‘ . B Lol

-

o ' “15(‘),‘

'y
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'”CH3I for CF I Subsequent to thls 1nvestlgatlon, 1t was N
' ~7 B

found that the dlphosphxne underwent a 31mllar reactlon w1th

Al

*CH I

‘v
|

\

2 to yleld a methylene brldged spec1es. The reductlon 3
R )

of the CF3'subst1tutxon on phosphorus from three to two by

“the addltlon of . dlmethyl amlne, whlch was. prevlously demon—

N
RN

‘strated for (CF3)3P and (CF3)3PO has now been shown to

"y
'

Ty !

occur’ Wlth (CF PS.» The only remalnxng converslons Wthh
. . r : .
fhave not yet been commonly observed are those between the‘ T

"mOno—,and di- CF3 substltuted phosphlnes; Future work on*

these systems mlght 1nclude development of a method to

accompllsh these converSLOns, extended studies of CH3I

addltlon to the tetramer, pentamer mixture and further

4

' study of‘CHZI2 addltlons to P~P bonds.lf
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