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This thesis describes a study of the application of some

~

fluorinated diols as ligands to transition metal ions, and it may /

conveniently be divided into three parts.

In the first section, we consider the use of the dianion of

-

__perfluéropinacol, (CF3)2C(0H)C(OH)(CF3)2, (HZPFP), as a chelating, ~

dinegative, 1igand A series of neutral comple*es has been prepared of
N 2+ 2t - 2t 2t
general formula L M(PFP), where M = Ni , Cu , Pd », Or Pt , and L =

phosphine’; Lz = diphosphinesor diamine. Excluéively square-planar
2+ .
geometry is observed for the Ni derivatives; this is explained on
2+ -
electronic, rather than/;teric, grounds, Certain of the Ni. complexes,

-

on dissolving in donor solvents, became mono~solvated, and an equilibrium -

-

exists between 4- and §-coordinate species. This unusuﬁi behaviour is
2=~ .
attributed to the steric requirements of the PFP - ligand. A comparison
2-

" is made between the ligand properties of PFP and those of a pair of

halide ifons, and with the oxalate ion, -
.- In the second section, the diol of intenest is perfluoro(2,3-

diphenylbutane—2 3-diol), which: {3 first separated into meso- and rac-

e e P

cr

-

forms, then the latter resolved into the optical enantiomers. Like-
perfluoropinacol; this'diol ionizes and forms 'a number of neutral complexes

24 2+ 2 -
with Ni or Cu as metal, and a variety of phosphines or diamines as

co-ligand. The use of optically active forms of the diol 1eads«to'

complexes containing akchifel thelate ring, and a study of their circular
dichroism enables an assignment of abseihte configuration to be made.

-

111°



'

of the use of some partially fluorinated diols as 11gands.

H# the final section of this work, a brief examination is made

Compounds

)

in,cluded are [(CF3)(CGH5)C(0H) 12, [(CF3) (CH3)C(ou)r]2, and

[ (CH3) (CeF5)C(OH)- ]2
complexes of these diols is obtained, and this may
reduced acidity associated with'the replacement of

Our general coﬁclusion from this work'is

remains unexcelled among fluorinated diols in i%s

Y

Only limited.success in the breparation of metal

be explained by the

R .
fluorine by hydrogen.
that perfiuoropinac'l~

tility as a chelatin

ligand, since it combines high acidity with che&icil stability and ease

o I

of ppeparation.' The fluorinated diols offer maQy

opportunities for the

prepdrajjon of metal complexes showing novel strhctures(or properties,
. - - ! p

and nmuch work remains!to'bé done in this field.

~d

3

i
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. _ | INTRODUCTION ~ °
' ) ., ° . - - ’
. ) - toA ) " . < I3
" The work described .in:this thesis forms part of a study

éxtending over sevefal years in thfs‘labo}atory, in which wé have been

.investigating..the behaviour of highty fluorifiated molecules. of ;special

- ..‘

. ihterest to the inorganic- chemist are ékose which may act as ligands to

transition metal ions, pince th%\presence of fluarine in the molecule
. , . ‘ ‘ . A
often leads to profound alteration in the properties of the Tigand and of

. the compléxes which it forms. This 1ntroduétion will- therefore briefly

~

coutlipe the propértigs of high&ytfluqrinated molecules, with particular

o

emphasislén those rélhted to the problems, cirrently under inygstigat;on.

A o
_ Although fluorime was first isolated as early as 1886 by the
. . : - g o ‘ . .
French chemist Moissan, ‘the only fluorocarbon compounds definitely .

o . °

.cha;écteriZed ard repo;tedlin the literature before 1937 were carbon
tettafluoride,z hexaflugtoeth32543<5}d tetrafluoroethylene.? .

The Second World War was a great moving force into extensive
I ] i - . - {

~ research in flud!bcarbon chemis;fyﬁand during the last tJenty-fgye_yeatsi

éntg;eaf in fluorocarbon chemistry has blossomed. This has resulted in a

~

vast nupber of fluorinfted and partially‘quorinated‘analogues»of hydro- °

carbons and a §afT@E?:3§;ﬁ§g;hetic methods of their preparaéiong oo

’Qf Since the work preaénted in this thesis concerns partiilly
L 4 . “ v

and.totally fiuorinated diols, it is importaat to appreciate the

difference between‘pérfluoro—alc6h01§ and their hydrocarbon analogues, !

and the reason for this difference. Fluorine is the most electronegative

» . -

element, }nd as such,'ﬁhen bonded io other elenedté. fluofine polarizes

- » . . .,

-



oy

¢ ~ ' -

Y

the bond, dtawing electrons to-it.

‘ .
¢ bond-can be represeuted and phyaically visuwaiized as- a mixture of ionie

‘ .« /a

and covalent -bonding, e.g. . .} . \

~g

With this in qinq;“é_catbon-fiuorine\

n . & .
. . . ‘ ’ + - 4 ] v
. . o C:Fy€é—> C.:F » >
: Ll ’ S 2] - ¢ . B
-;ti“ - Pauling§~has_calculated;the_pe:centﬁionic_ﬁharacteqrof_g@r;pps“single
bonds and.listed below are his derived values for carbon-halogen bbndgﬁ" .
; - " : . " 4
4 .® . <
. i ; 4 o
.. TABLE 1 i
’ \" . e i : < : -
. 3 IONIC- CHARACTER OF CARBOF*HALOGEN BONDS,
‘,‘ ‘ ’ ] . Bond - % Tonic Charagger :
T - CF 43 - .
ccl : .12 )
P s a ‘ QB:‘ 2 q 5 < (=]
: - 4} e . Lo N
- . CT ';.‘ R ! 3 Oq -
: ‘:_}! . < B ! ° "
s - > - o r
I - % e /” o L a
o ) ' -
As (}'apparent from these valuee, fluq;ine 13 a better electron with-
-« - \ -
Q, awing agent than chl ine, bromine or iodine. ' .
1S ”

Th ct

»

------

through its o bond to carbon. is 111usfrated by comparing the K s of  a

+

-y 6 ¢
..‘sexies_ofnfluoro- and chloro-substituted acetic acidg. == == .
. ) . ‘ ' ° Qu ' Q‘
R _ e ~ - " . _ v
. «/ ¢ N
4 ., - - 2
A ]
L g
I - PO
. . R .
- . e o - .
v . e - . ‘
e *
i — . e - . o o © .
. TR T L] - &
] > » v -4 '



o L d ‘ 3
¢ TABLE 2 - « )
@ . Y . i
_ DISSOCIATION CONSTANTS OF HALO-SUBSTITUTED:
- . ACETIC ACIDS ’
‘Compound - Ka A;f—’“ . Compound - -Ka
CH3CO,H -1.77 x 100 '
» 3 > 3
FCH,COzH 2.20 x 10~ . C1CH2CO2H 1.4 x 107
ph .
[h - . —2 ) -2
F, CHCO2H 5.7 x 10" C1,CHCO2H « 3.3x 10,
o & .
. ! 21 _1
F3CCO2H 5.9 x 10 C13COzH e 0.2x10
< ,tb ? :‘.-

Both the consequences of the progressive

S ':;_-uﬁ 2

fluérination of acetic acid and

the hﬁéater inductive effect of fluorine

the above.
L J

over chloriné are obvious from

+
-

o Similarly, the Kb's of bases are also affected by £luo¥ine

substitution as shown below.7

£ :

o B s O
; ‘ ] ’. .‘.'.' .
. g - TABLE 3 . .
- . DISSOCIATION CONSTANTS OF FLUORINATED AMINES
: . uoriln d
A 'd . 3z
-Amine- K . Amine - K »
) CH3CHNH7 4.5 x 107 CF3CH2NHp ; s.ox10” ' .
L ) — . -“ & . _5 .
o :,,fi}hawCHQC§QSHgﬂH2 p ~L4.5 x 10.~ - .-~ CF3CHpCHaNH> . . 5.0 x 16 ]
. m-CyHeNH, 4.1 % 10° .+’ n=C3¥ 7 CH,NH, ~ 1.8 x 10
- ’1‘. ) '
@ ] . > L . fl‘- ‘P y
* . s ‘ @ ‘. b
? ? *
h | ]




a5 sabstitution, while the reverse is true for hydrocatbou olefins.8

4

Another pertinent example of this powerful inductive effect

il 2 .
Trelates to the reactions of olefins. When a hydrogen on an sp carbon is

replaced by flﬁoripe, the strong electron withdrawing power of the

%
*

fluorine atom removes electron density from the n -framework of the

molecile., As a consequence of this effect, fluorinated olefins ar& more

susceptible to nucleophilic attack and resistant to’electrophilic -

L4

Although there are other examples which illust;ate fluorine's powerful,

inductive effect, only thdée relevant to perfluoro-alcohols will be

&

discussed henceforth. . = - - N

Before diecussing the increased acidities of fluorinated

Py -

alcodols relative to their hydrocarbon analogues, we shoﬂld discuss what - .

classes of'perfluoro—alcohbls can be prepared;‘.Perfluoro—alcohols of

th%'type R_CF,0H are unstable because of the ready elimination othydrogen

f

fluoride, and thus. primary perfluoro-alcohols are not known. ‘Egcondary

‘perfiuoro—-alcohols are likewise unstable and although reactions of

perfluoro-ketones wiph anhydroﬁs hydrogen fluoride are:claimed to yiéld

unétable secondary perfluoro-alcohols,g onlf perflugfo-cyclobutanol

appears to have been isolated and fully characterized.lo However, ‘

perfluoro-aIRoxides of analogoui_ﬁfImIry’End"sECUuﬂaf7‘3ttUhUIB‘hiﬁ!“b!Eﬂ““"“”

prepared, 11’ 12,13,14

+ -
MF + R.COF S5 "M OCP,R, -
MF + (CF3),C0 g2 *MOCF(CE;),..
(Mg Rb or Cs, R, = CF3, CoFg, or C3Fy.) B
’ AN

Thus, the main classes of known fluorinated alcohols are’'of the types

f

R CH{BH, RfCHOHR and (Rf)3COH: In summary, ﬁerfluoro—olqohols do nof

£
N

f

a4



b

o

-~ -

. ) )
o
exist when_the ready elimination of HF is possible and tertiary -

perfluoro-alcohols form the main class of totally fluorinated alcohols.

As mentioned previously, fluoro—-aleohols are much more
o ¢

<

‘ acidic-than their hydrocarbon analogues.b The.most striking example of

" this is t-butanol. The unfluorinated compounh'haé a pKa of 20.0 while

that of perfluoro-t-butanol is 5.6,15 vhich is very close to that of

acetic acid (4.76).

Since the work in this thesis concerns fluorinated diols, .

-

. ' . "
the remainder of this introduction will mainly deal with perfluoro-2,3-

dimethylbutane-2,3-diol (perfluoropinacol, H2PFP). This diol has been
prepared by a variety of methods which are outlined.below.

(1) Photoinitiated bimolecular reduction of hexafluoroacetone with
16
isopropyl alcohol.

. 0 v

‘2CF3CCF3 + CH30HOHCH3D2—) H2PFP <+ CH3COCH3

S

(11). Reduction ogihe;afluoroacetone with magnesidm amalgam.16
‘ ' Mg/Hg
2CF3COCF3 > HZPFP
B THF <
— :" N »
(1i1) Reaction of hexafluoroacetone (HFA) with triethyl phosphite
[P(OEt)s].}? »18 The use of i .
i — CF3_CF3 N\
. R [ | '
JHFA + P(OEt)3 —3 CF3—C -—<|: — CF3 ——> H2PFP '
- | H aA ) -
- 0\ /0 - -
\' - P ¢ '
. I\
” 0 0 OEt
) Et Et

L [

tripﬁgnxlphosphine in lieu of P(OEt)a also produces perfluorop:lnccol.1

Ramitrez et al. 20 have shown that the type of cyclic intermediate

phospholane shown above is formed from the reaction of HFA with a variety

R

1
.



of organo-phosphines, ' ?; : A .

(iv) Reductive dimerization of HFA with sodium or lithium. Exrye et al."”

initially postulated that thetdilithipm alkoxide of perfluoropinacol was
. i T

"an intermediate in the reaction of HFA with trimethylchlorosilane and
lithium as outlined below.
© 2HFA + 2Li + 2Me3SiCl —>2LiCl1 + Me3SiOC(CF3)Z-C(CF3)ZOSiMe3

Although they did not isolate the alkoxide of lithium,-furfher investi~

gators succeeded in preparing the disodium alkoxide of perfluoropinacol

vhich was stable in-THF,22»23,24

‘ ' THF ut .

2(CF3)2C0 + 2Na ——> NasPFP — > HoPFP -
» .

A similar method was recently used to prepare and isol;té gﬁg dilithium
salt of perflébropinacol.zs This briefly summariZes the various metheds

used to date to prepare perfluoropinacol and its disodium or dilithium

alkoxid;, . i * N - -

16  Middieton

Perff@%topfiacél has a pga in water of 5:95.
and Lindéeyl6 proposed that this abnormally low'pk; was due not only to
the cumulative 1ndugt1ve effect of the CF3 groups preseﬁt but.a15p t6°

strong intramolecular hydrogen bonding which could stabilize the gnion,-

. ’ \/
as shown leow.

21

,flil"'s €|1F3 -
o CF3 — C — C = CF3 |
o ' l :

- SN o ,o0 ,

o \ -
Hy .

- '

- Althdugh their basis for suggesting that perflaoropinacol's acidity was

abnormally high was e;ronebus (through comparison Wwith the Pk, of

»

perfluoro-t-butanol which was incorrectly reported iqbthe literature at

. . ) .
L4 . \
.
.



-t .-

' » . ..
- -g/that time to be 9.5226), their proposed structure does inevitably

stabilize the anion to some extent. The readily isolated solid

4
L4 .

monosubstituted potassium salt of pérfluoropinac0124 probably contains

the anign as shown above.. ﬁ*\\~\,~ '

-~ ! -
“

Results reported to date indicate that perfluorobinacol is
capable of behaving as a.dinegatiyé, bidentate, ligand with both non-

transition elemeﬁts and transition metals. The majority.of .the work with

' the noﬁ—transition_elements involved the use of the disodium23’zé or the

dilithium alkoxide25 as the reactive reagent for the preparation of

PR Y

cyclic fluorinated Qlkoxides by reaction with the appropriate dihhlidé.

-A few examples of this preparative ﬁorkyto date are illustrated be%ow.?3’24

- [

L
. THF  CHj 0—C(CF3)2
. (1) (CH3),MCl, + NazPFP -———) ~ M< + ZﬁaCI
CH; 0 — C(CF3)» ‘ .
. M = Si, Ge or Sm, ‘ e L < , '
: . THF _0—C(CF3)p
(11) CgHsBClp + NapPFP ———> CgHs —B {_ | + 2NaCl
) 0~=C(CF3),
Cw / i ’ N _
e o ' THP sz
(i11) 2SCl, + 2NasPFR-————p - |- 8 + S + 4NaCl
(CF3)2C = O 0 —C(CF3)2
, * H0 (CF12€ — 0~ 0—C(CF3) +
(iv) NazB,407 "P HzPFP — | I Na

(CF3)ZC\-— 0/' \O*C(Cl’a)z

-



- s . . R ' - '_ . ‘i
R - ' .
! 1 | 8
Y ‘ . f L f
bresdn{r_ and Conroy25 ;Zér .did similar reactions with the dilithium

alkoxtde” reagent and cémpounds such as SOCl,, S0,Cl,, COCl,, CgHsBCl,

'I:ransition metal complexes of perfluoropinacol have also _

. 3= :

been prepared.27 Complex ions of the gype [M(PFP)3] were prepared

' 3+ 3+ 2

[M=PFe or Al ] while those of the type [M(PFP);]
_ 2+ 2+ T2+ .

reported [M = Ni , Cu and Zn ]. The general method of preparation

1

@

were also

involved -adding ‘équeous KOH to 1:1 water/methanol mixtures of H,PFP and

2

the appropriate metal satt in‘ the desired stoichiometry: It has been -

oM PFP + MY 4+ 200H —> M(PFP)DT +  2nH,0

reported28 that the reduction of chromate ion in the presence of

perfluoropinacel leads to theuformatién of a stable chelated alkoxide

coritain;[ng chromium(V) in the ion étO(PFP)z ~. The isoelectronic

vanadium(IV) complex wds also repo‘rt‘ed. .

The fluorinated diol, tetraf}uoro-—I,2-dihydroxybenzené

(tetrafluorocatechol, TFC) has exhibited very limited ability to act as a

i

dinegative bidentate ligand.-29 Amongst the few complexes M*“Donald et al.

were able to prepare were neutral mixed ligand complexes ‘of nickel with

nitrogen‘or phosp > s
. B . S A ‘Me Me
- NN -
F o._ _PEts . 0. __— "N CH,
: M : M '
. F 0~ TS PEt, T F 0 - NT———GCHy
.t ' ‘ . Me Me
30,31,

Several other papers have recently appeared in which

« Ve .
fluorinated alkoxides ha‘ve been used as ligands. The chelating reagents

utilized in these stuies were monoalcohols containing another functional

' . h ’ ‘




3

) 9
. | : (
' group capable of co-ordination. : - . . i
i [ 30 : 31 >
i .(CF3)C-OH . (CF3) ,C-OH
A H-N . c :
. v ’ \ . . // \
_ : Cc =0 . . 0 OoH .
, E—/\ " - . .
| - CHz

!

With both ligands, the alcéholic protons were found to be acidic and the
. ‘ ~

compoupds behaved generally'ip a bidentate fashion. A variety of metal N

compldxes were prepared with both ligands.

s . . ‘ This thesis wili-continqgc;he work on fluorinated diols gnd
L 'will.be presented in_tﬁree ﬁarts: _— . ; R
- ‘f_:;v_“ T e (1) Metal complexes of perfluoropinmacol: :._
. “. (i1) Pe:fluoro{;,3-d1pheny1butane—2,3-d£91), its

. 1
resolution and application in the preparation of optically active metal
. : B . L'y . ,
" complexes;

L}

(111) A brief investigation of partially fluorinated diols.

4

'
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- / T PART 1 -
' METAL COMPLEXES OF\PERFLUOROPINACOL N A
. L ‘. ) . ». ‘
- 4 ‘ < J 4 . . " 4
RESULTS AND DISCUSSION . = = . s O

¢ LN

Perfluoropinacol, the simplest‘ t‘otally fluorinated dite¥arv .
‘ ‘ T ) | <:
alcohol, is stable, since there is o possibility of eliminating an. %

*

A

- . . ‘
a-fluorine, and is acidic, due’to the inductive effect of the CFj3 gr:E’b.'

A .

As a consequence of these prbperties, bié-perfldbropinécolato transition

metal cemplexes hav¢ been prepared27 with, among others, ﬁickel(II) and

*

copper(II). The nickel complex was reported to be diamagnetic, . - 2/
suggesting ‘a square planar structure, while the copper complex had a
magnetis moment of 2.0 B.M., "typical of a a? system, .

. N With this background, we decided to investigate the -

versatility of perfluoropinacol as a bidentate ligand, to determine
‘ . ' ' Y

whe;he;,&he reported metal complexes of perfluoropinacol are updque or

whefh.r a whole range of metal complexes of perfluoropinacol can be

-

prepared, ‘Although the work Involves mainly ﬁicke;(II)'and copgef(II),,

[

[ b )
h A Y
X L xr A —

- . ' “ .-

When it was initially decided to inveatigate thd’versétility g

of peffluoropinaco} as a bidentate ligand, it was éoﬁaidered iﬁportéﬂt to
éxaﬁiﬁe.in more dgféil the only previousl;-rfforted nickel compoung wiéh
"this ligand, nangli; Ni(PFP):_. Tﬁis éonplex was reported as beiﬂ% -
dia?agnefic, suggesting a square plandr stquctﬁfé, yhich was ?ubaequent%y

- » -
confirmed by an X-ray structure determination.32. However, its behaviour

in methanol solution was somewhgt’anomhloua,‘;ince it changed from a deép .



blue to & pale yelfow colour as thé teﬁperatureﬁwas lowered.33
Although the !5F nmr specttumpf the complex is a sharp‘

singlet at room temperature ‘it befomes quite broad at -40° C and {

flattens out completely by -80°C, indicative of the presence of a para-

magnetic'species at this témperature. Whereas the solid exhibited one

'ﬁbsorption band in the visible region of the spectrum (Figure 1), -

.. A 2+ el ’ - - - B "

typical of square planar ‘i complexes, the solution spectra-were
_considerably more complex., While the spectrum recorded in diethyl ether

(anhydrous) differed only slight1§ (Pigure 2) from that of the solid,

the spectrum recorded in a lower grade of the same solvent was quite .,

.~

different (Figure 3). The anoma;oug behaviour of nickel(I1) compounds

. . e » . ’
in solution is well dqcumented,34 but solubility problems, apparent

N

e ?decomﬁosi&%gp in aqueous mixturés and extreme sensitivity to solvent .
Wi NS "

puritymrendered,a sat!sfactory explanatidn of this solution behaviour

.

difficult at this time, It was initially thought that a solute-solvent

]

interaction, of the type, i B U

2= L 2= / - .

Ni(PFP)2 + 2S ——> Ni(PFP);S;
square planar /////octahedral -

s

N,

The.thermoch:ninthghazignr

and the sensitivity to solvent purity of the visible spectra are

consistent with the above process whereas the positions and intensitiqp

-

of the new bands in the visible spectra are fijot indicative of the

yd 'presencq of an octahedral species. Neveftheless, attempts ‘were made to
e oo
. 0 . .
isolate phosphine adducts; however, instead of increasing the coordina-
. zﬁ'

¢ tion number of the bis-complex, a displacement of one PFP 1ligand

occurred, which led to a new class of perfluoropinacol complexes. The -

"




FIGURE 1
DIFFUSE REFLECTANCE SPECTRUM

oF KzNi (PFP) 2 ‘4320

. .

12




o

- .
- (Wuyy ~. |
S - 06Y1 0G ¢l 0G0I _ 068 0S89 - 06y
5 | g Y T T ’ | 1
<~! o , ,
3 ' t i v
I |
a . !
) 3 ' . \ .
Co Z(a4d) TN3 3o [uoTaIntos
umnuw.ﬂwnuoﬁv snoap4yue ] wni13dadg uoridiosqy ITq¥STA
- ,
‘ ..\A 7 TYN914
D. [§

&

Al



o

(2% .

(W)Y

)

.

A

1058

062l - 0801
_ _

2(a3d) IN°Y 30 [0%H %1 SupuyeImOd
=0ﬂusﬂom.uwmumahﬁ33 i:uuuoaw uotidiosqy ITqQFSTA

€ TAN91d




) : ) .

g remainder of this' chapter will-descdribe these coﬁplexes‘and offer an
S, ' . _ .
explanation for tHe previously described soliution phenomerion which -also '
% - , . . Y -
I ‘occurs with some of the new mixed ligand perflporopinacol comnlexes.

T .
o« > ' @ . \
- . J‘I . ) -
A. Characterization of the Metal Complexes .
[ -] e - - N .
The comp&ﬁnds studied ihﬁt§§§ work were %f?erally of the

(\J‘,:

»

- P ) s
type M(L)2 (PFP), where, L = phosphine or LZ‘E diamine and were character-

ized by microanalysis, 197 amr and infrared saectroscopy The nickel(II)

compounds were general!v diamagnetic, ‘while the‘opper(li) .complexes had

magnetic-moments characteristic of a d° system. The compounds were

monomers in benzene solution and non-electrolytes im methanol. A s

‘ PR

deggiled«discussion ofn;pe properties of these mixed ligand compiexes of

2- % .
A PFP fol)ows. ?~ ' ® °

‘ . - » ' ’
N v - s 2.
- £ ’ .

B. Prepara;ion of Meta1~tomplexes
z’ 3

The transition metal complexes described herein wetre

preparedieither-by displacement of perflhoropinacol from a bis-

¢

~perf1eoropinacolato metal ceyplex or by displacement of two chlo;ide.ions
: o ' e ‘.

e ffgm_.the.em:gpiiace?trangi;ipnJnet,al complex, as shown below, Although =
) ‘ " o

. n

"

T A : 7= :
¥ oo . M(PFP), + 2L —3 M(PEP)L, + PFP  _ T
PLyX, + H PFP—# VROH —> M(PFP)L, + 2KX + 2Hy0
s . -0

in practice, most complexes, could be prepared directly by the addition of
L to a 1:1 mixture of the appropriste metal salt, MX, and HoPFP, no doubt
: ‘__ -

the in\j:ermediate Mszz was formed prior to the coordination of '

»

L
= . perfluoropinacol This was- especially evident in the prepatation of —
]
nickgljphosphine complexes where the initial addi;ion of phosphine
. . - .

e - %




Ly

the ready availability of Ni(PFP)s and Cu(PFP)z R Such is not the case 5

.\“ - . J ~ ' V‘ : ' | ‘16

o ®
resulted in a deep,-wine colpured solution, typical of Ni(PRa)zxz, which

turned or ge upon’coordination of perfluoropinadol.

2 ’

. "~ These metal complexes are air stable but often do decompose ?
over a perfod of séveral moqths due to hydrolvsis, although they wefe ;{
1nitially prepared in an~aqueous.medium. This is a reflection “of their

kinetic, rather than thermbdynamic stabilit%, Theamain obstacle
$

encountered in the preparations involves coordination'of the diol at a -
£ N -

low enough pH to preclude either metal hydroxide: formation, or in the )

case of platinum(II) or palladium(II), reduccion of the metali"Although

) 24+ 24 o
thts difficulty can be overcome to ‘some extent with Ni = and Cu -~ due to

» 2= - e

2+ 24 . i
with Pd and Pt , since the analogous bie-chelates have not yet been .9
prepared. ' ) ,

e ' ) ' e

C. Infrared Spectra

a linear bridging perfluoropinacol chelate. - h

=

' , / ‘
The absence of OH stretches and_the presence of strong CF3

- -

stretches at ~1200 cﬁ-l teadily confirms the presence og;ionized ) T,
N £ ¢

perfluoropinacol fn the transitidn metal complexes studied to date.

However, the infrared spectra ¢an also distinguish between a cyclic and a

%

24 35 have prepared derivativés _of HZPFP

- Previoys workers

containing linear (Figure 4, Structure°1)'aud“cyc11c (Figure 4, Structures .
) " 2= . " v B el - e ° . i
I1 and IIT) PFP and have .reported that the infrared spectra of the

latter two compounds were different from and more %gmplex than that of

the former compound in the 1150-650 én region. ‘It )was noted that five :

bands for compounds II and III ‘similar in intensity and- position, were ) .

‘

absent from the infrared spectrum of compound 1. and it was suggested that

o e

Sy,

4 P 4




, FIGURE %

R h 2-
STRUCTURES OF SOME PFP  COMPOUNDS -

_(CH;)3Si—0C(CFy), C(CRy ), 0~ SilCHy)3
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these bands arise from the presence of a five-membered cyclic ring.
= * r

- Listed in Table 4 are the infraréﬂ data for compounds II and III,'miied

ligand complexes of the type ML,(PFP) and for the previously reported J
‘ Y s 2= , ’ .

bis-chelate complexes Cu(PFP); -and-Ni(PFP); , the last of which are

f

known to contain five-membered cyclic rings. Although the infraréd -
spectra of the mixed ligand transition metal complexes are very
.complicateé in the 1150650 cm-l region, the five previously mentioned .

bands appear to be common to the infrared speetré of all the complexes
- ‘ . S &

prepared in this work, as shown in Table 4. Thus,‘they can be‘assignedl
t -

e S

tne mondmeric structure IV rather than the diﬁeric structure V, which is

-

consistent with mmleculat'weight;measurements;i:ThosqwﬁzPF?iprefers'to»»‘

- i * ” '
coordinate as a cyclic ring unless this possibility is prevented, as is

- obviously,the case with compound I.

g -
3 <

A final point of interest concerns the possible presence of

water, efther in the coordinetion sphere or in:the crystalline lattice.

* Both the copper(II) and nigkel(lllbis-chelates were reported as being
hyd teS‘énd,the X-ray structure of the latter ~ indicates that it is a
te:;ahydrate with the water nolecules not coordinated the nearest water
o;y;en 1ying beyond four ; fgom the central metal atom. This lattice
. T weterEmanifest‘,;tgelf°1n the infrared epecttuﬂlps 0 eharp«peaks at
3690’25-1 and 3610 cmfl due to sy-netric andkas etrjc OH etretches as

,/well ag' a broader peak. centred at 3480 cm 1,'presumab1y due to some of

J

the water molecules in the lattice being,hydrogen bonded. g .

Y

Phosphine—Perfluoropinacol Complexes of Nickel(IlI), Palladiun(IIJ
and Platinun(II)

S . 4

A~ser1es of nickel(II) compounds‘have been prepared with

I .
L = phosphdrds donor, 1ligand and- they all have’ the samé general
| A

-1y

s

L3
A
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formuia, namely, Ni(L)2 (PFP). At no time could a compound of formula

Ni(L)3(PFP) be‘isolated, even when a threefold excess of nphosphine was

¢ -

- ysed. The compounds and their salient physical proper;ieé are listed in

Table 5, Also, the compounds have a singlet in their 19F nmr'ipectrh

in the region expected for CF3 groups. °The molecular weights indicate

I that the complexes are monomers exhibiting some degree of association

1
TABLE 5 v
M.P, Mol. Wt. Mag.
Compound Colour .. o * (cale.) Mom.
Ni(PEt3)2(PFP) .oranée 7 181° 651 (627) ; diam.
Ni (PMe,Ph), (PFP) " orange - 132-133° 740 (667) diam.
Ni(PMePh) 2 (PFP) orange 1727173° - 856 (791) . diam.
Ni(PPh3)2(PFP) __  hrick oramge —- 208 -, 727 (915) Tatam: X
. Ni(P[OEt]3)2(PFP)  yellow "~ 8s5-87° 751 (723) diam.
Ni(diphos) (PFF) gold ' 228° 843 (789) diam. ,‘

except when I £ PPhj, where the considerably lbw‘experimental leéchiB/h
- L ] 4

.
weight is indicative of dissociation. ‘ oo

All the ‘complexes listed are diamagnetic.and as such have a
square planir structure. For nickel(II) compoundé possessing a co-
ordination number of four, either.a équagg planar or a tetrahedral

structure#is possible,,the’sfructnre found ‘in practice’ apparently

depending mainly on the ‘strength’of the ligand fiéld..]iﬁ geheral, a

strong field‘favouggbp square planar arrangement of the ligands wﬁ;;eas

. 'L, . ‘ . ,"
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1 4 . . o=
: a weak field results in a tetrahedral arrangement (i.e. NiCl, ), which,

conéidering only ligand-ligand repulsions,,i; the most stable.
Before discussing the perfluoropingcol complexes further, it
is necessary to appreciate the considerable work done in the past on

compounds of the type Ni(?R3)2X2 where X '= C1 , Br ", I;, NO3 and ﬁ&s',

and the phosphine is varied from trialkyl to triaryvl. With these

2 4&gggiary phosphines, octahedral compounds of the type Ni(PR3)yXs are not

hﬁﬁé&hntered, no doubt attributpble/{; the bulkiness of the phosphine
. Y .

ligand, although Ni(PR3)3(CN)236 complexes have been repérted. When the

phosphoru$~ligandjis a trialkyl- or a dialkyarylphosphine,37 the

L d

resulting metal complex is diamagﬂetic,»usually with a trans square

planar structure, whereas with triphenylphosphine, the complexes formed

' are paréhagnetic and“igtrahedral in structure.37’38 With aikyldiarylé

B ° a .
phosphines,39“h0 however, an Intermediate situation is encountered where

- -

-

T : the square ‘planar and the tetrahedral isomers.are of nearly equal
. ° N -~

energy, and both structures occur. For example,ho in the seéries of

7

cdﬂpounds Ni(?Etth)zxz (X =Cl, Br , 1), the iodo compound is

-

- cet{;hedral the chloro compound is plana: and the bromo compound has
Q .
& been isolated with both structural forms Since all the phOSphine

complexes with perfluoropinacol are planar in structure, one might
initially suppose that perfluorOpinacol exhibits a relatively strong

ligand field-strength. Ig,thib'is not the case, the alternative
ex#lanation‘would be bésegton the struétural raqﬁirenénts;of the
bidentate ligand. ﬁﬂf . |
{ ‘ - Wit; £;;pect to the latter, it is known that perfluoro—
. inacol forms a planar cgmpound of the type Ni(PP?)i- and that compounds
. \\0//i;\:h€ type Ni(PFP):— have not been prepared. Sterically, . ) .

-

s
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4

perfluoropinacol is similar to the substituted diamine C,C,C',C'-

tetramethylethylenediamine, which has bé;n found"1 to vield exclusiveiy

-

) , 2+ :
planar complexes of the type Ni(diamine), . It seems that the bulkiness

of the perfluoropinacol can readily explain the preference of the four

" coordinate planar structure over an octahedral structure but not that of

. s .
a planar structure over a tetrahedral. L J A ¢

The rationale of the visible ahsorption spectra of

24 . :
planar Ni is even yet not well understood but it is generally agreed

that the dxz-yz orbital is much higher in energy than the other four
' 42,43

)

the'pobition of the
44,45

orbitals which lie in the order xy > 22 > xz,yz,

z2 orbital being‘in some doubt. Although some authors attribute the

. 24 :
single band in the visible spectrum of planar Ni complexes to one

electronic tramsition, it is likely that more than one d-d transition lies

under this band, a situation which would arise ‘if the xy, z2, xz gnd/or

~t7 -

yz orbitals were very close in energy. The appearance of a shoulder on

the main band in qhe‘visibleispecf%a of Ni(PFP), (Figure 1) supports
%%is premise., As a consequence oé the above, the discussion of these ,
spéct;a will be qualitative in nature.

If we aasum; that  the observed peaks in cogpounds af the
type Ni(PR3)3X> are due to the same‘transitioqs, we can place perfluoro-
pinacol in the spectrochemical sgries,fblative to ;thet anionic ligands.
Listed in Table 6 are the data from the viéible absorption spectra for
the various phosphine-perfluoropinacol gpmp;exes. All these compéunds ]
exhibit one peak in.the vigible region of the spectrum, with liffle’
chanée on going from solid to<solutioh. Aiso, there is no qhénge in the

spectra of Ni(PEt3)2(PFP) or Ni(PMezPh)2(PFP) in the presence of a five-

fold excess of the apﬁfopriate phosphine, ptecluding~thé possibility of -

o
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a five—;odrdinate specieé'BEing present in solution. The instability of

the triphenyfghpsphiqe complex in cert;in solvents has been noted

38

previously for the analggous halide compounds, and is ﬁrobably 5ue to

complete dissociation in polar solventg.“'
bd »

-

-

TABLE 6

ound T Solid Methanol’ Benzene - Acetone

¥

-~

Ni(PEt3),(PFP) 460* 461 (254) 460 (230) 461 (242)
Ni (PMe,Ph) , (PFF) 454 . 460 (263) 452 (302)° 459 (320)
NL (PMePh,) , (PFP) 463 - 466 (270) 464 (316) 467 (348)
Ni(ppha)z(prpi C ars, . decomp. 477 (274) decomp.

[

Ni (Diphos).(PFP) 448 - 445 (298) -. 439 (314) 445 (274)

' Ni[P(OEt)3]2(PFP) 417 415 (315) - 415 (272) 414 (325)

C

*nm ) B o R

-

s

K For a given series of compounds in which the anionic ligand
is wvaried, itxis‘possible to prepare ‘compounds having arsquare planar
structure énd hence to place them in tbe spectrochemical series. For

example, for the complexes of the tibg,ﬂi(PEta)zxz,AG where X = I’, Brf,

‘Cl_, SCN™,. the positions of the d-d bands are as follows:

-

\ .o C , o
X 5 Br c1” SCN

) -
A (nm) 610 542 490 450-525- (sh) ..

4

i

- -

This gives thé”?ane series which has been reported exhaustively in'tﬁe
past. The analogous perﬁluoropinacol_conp;ex has a peak at 460 nm

(benzene) which gives the following sequence: )

L




LJ

‘Unfortunately, the band for SCN:/hppears as a shoulder and thus it is not

'spectrochemiéal series can be determined, the same

ments of the latter 1iéand.

1 < Br <Cl < SCN ~ PFP : : ..

possible to tell with certainty whether PFP  is above or below SCN  in

the spectrochemical series. * o

»
N
[

0f all the anionic ligands listed above, only SCN gives i

exclusively square planar complexes, irrespective of the nature\rf the

phosphine. This is a?tributed to the increased cryst@l field splitting ~*

-

of SCN relative to €1, Br and 1. Perfluoropinacol fits into this °

scheme of thougﬁt since it also gi@es exclusively square planar complexes

and has a crystal field splitting energy compafablé to SCN . It is note-
worthy that, whereas all the planar compounds with monodentate anionic
ligands have a trgné;geometry, thereby.minimizing stéric interaction

-

between -the bulky phosphine groups, this is.not so with the perfluoro-

" pinacol complexes. Evidently, the energy gained through the increased

crystal field splitting energy of the perfluoropinatol offsets that which
would have been gained by the minimization of" steric -interaction in a

tetrahedral structure.

Y

y .
Just as the relative ordering of the agionic ligands in the

%can be done with the

neutral phospbiné ligands, as shown below. - ' '

PPhy < PMePhy * PMeoPh ~ PEty < diphos < P(OEt)3
=T - | ' ) ‘ . KN
Surprisingly, there is very little difference on going from PEt3 to .

PMefhz in spite of -the decreased basicity and increased steric require-

ll —-—

.
/
B
tox

, : 2
Attempts to prepare the complexes Pt (PFP);  and Pd (PFFP)2

were‘dnsﬁégesqful, which is not surprising considering that PFP 1is a

-~

- -

-, - ) :
- - .
‘.
5
. .
. e




+—
2+ 2t )
"hard" ligand and Pd and Pt are-"soft" metals.' However, we vere able

v

- to prepare Pd(PMezPh)z(EEP) and Pt(PMezPh)z(PFP) from the corresponding

dichloro complexes. Although hydrocarbon alkoxides are unusual with ]
Pd2+ and Pt2+,47 numerous'e;amples of fluerinated alkoxides ere known.
a7 " Stone et al.?? have prepared Pd(PEt3)2(PFP) by the reaction of 8
Pd(PEts)zne with ﬁzPFP while Hayward and Nvman49 have prepared ’
A p?BE?EF}SZB(PPhs)Z, a PtZ* derivative of oexafluoropropane—z,3—diol. )

Since our method of preparation involves a one step synthesis from the |

readily available dihalide compounds, no doubt a variety of phosphinhe- »
2= 2~ 2+ 2+ oot
PFP and diamine-PFP complexes of Pt and Pd are easily accessible.

Y -

E. Square Planar Nickel(II) and Copper(II) Complexes with Nitrogen Donof

Atoms
It was expected- that mixed ligand complexes of perfluoro- L
. pinacol with nitrogen "donor atoms 1n the secondary ligand could also be -

prepared but attempts to prepare nickel complexes with ligands of the

_ type NRj3 (whefe R £ H, Et, o:{n—bétyl) resylted merely in the salts of

the planar bis-perfluoropinacol nigkel complexes of the”type (NRaH);g-

2 ) ) -
Ni (PFF), . The potential ligand here acts solely as a base. The fact

N - - -
v 4 o

" that tertiary aliphatic amines are almost devoid of an ability to

éoordinate'has~been'noted elsewhere50 and rétl.nalized on steric grounds.

It also became known at this ‘time that ethyleneQiamlne formed -2 mixtare .

/
of complexes whose separation and 1dEnt1fication proved to be

33 ' ‘ :

L

problematic.

-

The use of N-substituted ethylenediamines was then considered.
. ; , . : P )

) Two opposing effects can be expected on N-alkyl substitution of ethylene-
8 .

diamine, namely an inzteased basicity of the donor nitrégen due to the:

induct ffect of the substituent plus an increased steric effect. The
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first effect cou}d produce the problem that occurred with the trialkyl .

amines, and indeed this problem was observed with tetrafluoroca'techoiz9
. e
and'hydroxyhexafluoroisobutyric31 acid where the compound$ T

o+ - - 2+ % N
[HoTMED] [Cu(TFC)2} and [H,TMED] [Cu(HHIB);] respectively were

' prepared. However, the steric restrictions imposed by nitrogen

Qubstitution shéuld redice the poﬁsibility of complex mixtures, and

simplif} theitype of céﬁpounds prepared. Indeed, it has been found that
although ethylgnediamfhe and N-methylethylenediamine form tris complexes
with RhCl3, further substitutign resu}ts in t;ans—dichloro bis chglates,
even in the presence 6% excess 11gand}§l

With perfluoropinacol, we find that complexes of the type

Ni(diaﬁine)(PFP)nreadily form with various N,N,N’' ,N'-substituted diamines.
e - .

'Only one molecule of diamine chelates, ‘even when an excess.is.used, and

no tendency to form amine salts was detected,‘no doubt reflecting' the

’

higher acidity of perfluorovinacol veréusltetrgfluorocatechol or
hydroxyhexéfiué;aisobutyric acid, Mixeé 1igand complexgs have been
prépared with the substituted diamines tetramethylethyleﬁediqpine,
tetraethylethyleneéiamine_and N,N'—dimethyl-N,N'—dibenzyletﬁg‘lg;diayine
as well as withwdi%vridyl. .Theae complexes are diaﬁggnetic,kexh!bit a

single-peak in their visible spectra and have been assigned a square

.

< v

" planar structure. Althougﬁ the !°F nmr spectra exhibited a singlet for

thg,symmeirical giamines, the dimethyldigpnzyl-pinaeol complex exhibited a

éomp1ex°mu1tip1et. Two isomers are possible with this ligand, but

- .

attempts to detect their .presence by fractional recrystalliiation and

“

TLC were un§nccesgfu1. Also, the complex had a sharp melting point. It
. .

-~ ' .
was concluded thet only one isomer was present and that the complex

multiplet in the 19¢ nmr spectrum was due to the presence of magnetically
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differeng Cf3 groups.
With respect to the Ni(TMED) (PFP) complex, previous‘horkers

have spent considerable time trving to prepare the!?is complex of the

. 2+
type Ni(TMED), . 52,53

ana co-workers have easily prepared

Meek
) , ,+

2+ S

and Cu

*Pd (TMED) ,C1, but wefe unable to synthesize the analogous Ni
d%mplexes, getting instead the dinyclear species shown below. They
- , bl
He - Me Me-1 :
' - ~ -
N // i \\\ s :
Ly / ~ ¢t
\\\\ ’,//, \\\\ /,/// \\f‘c |
| | ¢crow)s .
\\\\ ’/,/ \\\\ //// \\\\ C. -7
. Me Me
e = -

. & < _
suggest that the central metal “ion must be of a certain. critical size .-

before bis complexes can be prepared. '

Contrary to the above results, Baldwin and Leiéh45 have been

.‘sucéessful in preﬁaring bis comﬁlexeéwand they attribute their success to

" the use of weakly co-ordinating solvents “and anion, i.e. perchlorate.

-r/}

Compounds of ‘the type Ni (TMED)X, have been preparéa.when a non-

co-érdinating solvent ig used but a co-ordindting anion is present. We

have found that Ni(TMED) (PFP) can Pead1ly be prepared in aqueous solution
- - . '

/,,1# the presence of either €1 or NO?, which is indicative of the greater

co-ordinating ability of PFP The 1nability to-’

over OH s Cl or N03.
prepare Ni (TMED), (PFP) even in the presence of an excess of diamine, is

obviously due to interligand interactions..

The halide analogues of these diamines, of,thq‘tfée

Ni (TMED)X, have beeq.ﬁnown for some time.SA

Whereas the phosphine-halide

compounds generally have tetrahedral and/or squar€ planar structures, the




'diamine~halide complexes, of empirical formula Ni(THEﬁ)Xz, areveither ’ -

: . T . R T e N
, . ) _ |
. 28
e

tetrahedral or octahedral,. the latter being achieved via halide bridges.

The preference of Ni(TMED)(PEB) for a planar rather than e‘tetrahedral

- -

structure is consistent with P B greater ligand field strength over
J i - b o
two halide ligands, whereas the occurrence of an octahedral structure -

. -
- o,

-via bridging PFP s 1s not likely. The persistende of the planar

planar while the analogous chloride compound is octahedral through halide

geomeQr& even with bulkier substituents on the nitrogen gtoms rules oﬁt

A}
steric factors as being of importance. S;milarly Ni(bipy) (PFP) 1is square

H

bridging.ssaﬁ Also, while Nt(bipy)2C12,55b an oct&hedral\monomer,is 1 .

)
readily prepared, Ni(bipy)(PFP) does not take up an additional ligand to °~ .

s -

give_Ni(bipy)z(PFR), due to the bulkiness(of PFP .” While a planar i

structure for Ni(bipy) (PFP) is coneietent wi:hﬁghe greater ligand field

- » . @

strength of PFP , the steric requirements of the diamine ligand,“bipy,ﬂ

’ . Y
could also be a factor. ‘ - .

r ‘ Y
) . A rather interesting seriea of conuounds, of t
L 4.
Ni (TMFD) (L) where L = acetylacetonat.g (acac) or ben la tonane
(bzacac) have been feported By Fukuda and Sone. With an anion of poor

coordinating ability as the ‘counter 1on, the compohnds are red dia-

‘magnetic and square planar. However, the compounds change from red . Y¢

e

(1nert solvent and/or high temperature) to blue (coordinating.solvent and/
;s ¥ -
or low temggrature) and this behaviour has been attributed .to an )
. : i
equilibrium of the type: S e : _ L
. . » ) '%e'
P

N1 (TMED) (acac) + "2(§) ——= Ni(mn)(acao)sz

pp———

"Red ' -, Blue S \t‘ .

.
- > ~

.
® .

Such behaviour has not beén observed for the tetra-alkyl diamine




v

complexes we ﬁéve studied and we conclydb ghat this is a direct

’ . : 2= .
consequencé of the greater steric requirements of PFP  over acac. ’
. - 2+ .
As with the Ni' complexes of TMEN, Meek and Ehthardt53 have

prepared the dimeric hydroxy compound (TMED)Cu(OH)2Cu(THED) but were

i

unable to prepare a bis~chelate compound. - Bertiniwand Manis have -
/ ¢ i

&

prepared Cu(TMEDiClé and Cu(TMED)Br, %o which they havetéssigned a planar

7 . -
structure based on their visible spectra., We have prepared the complexes

. . .

"Cu{TMED) (PFP) d\ Cu(TEED) (PFP), which have magnetic moments of 1.85 and

1.87 B.M. res é;tiveiy apd infrared‘speétra consistent with the presence
The vipible spectra of both compounds have a broad

band at ~ 550 nm which does not shift .on changing solVents from CH,C1,

to CHj'h, eliminatigg the possibility of axial coordination with the
Y .
latter solvent. Thg ability to prepare complexes of this nature while

M(TMED)Z cannot be .prepared is no doubt due in part to “the absence of
bulky sub:;iiuents on the cxygen donot atoms.  In fact, a series of such
mixed ligapd complexes have been prepared by Fukuda and Sope,58 wish
~é;§yléhediamine (enf, o;alate (oi), glyc{nate (gly), and acgtylacegbﬂate

(acac) as. the secondary 1igand§ and they ‘attribute-the formation of

@

‘these to the lack of bulky. groups around the donor at&hs of the
. 5 2

secondary -1igand. Data frag the visible spectra (solid) of the—aﬁove
] 3

compounds are listed in Table 7, confirming:PFP 8 position 1n the

- spectrochemical series.

-

.. /
) I 5 ‘
F. Five-Coordinate Nickel(IIZ_Complexes

- .
L

The visible absorption apectra of Ni(TMED)(PFP) did not show

any partidular solvent effects, nor did-those of. thﬁ phosphine complexes.

. 2=~ !

Boweyer, the colour qf solutions of Ni(PFP), was very solvent-dependent,

-

v
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being yellow in water and purple in anhydrous methanol; the latter

, solution went yéllow on coolgpg, shoqing thermochroic behavioyr similar

30 ;
: ) <
TABLE 7 ‘
. Compound . A max (cm-l)
. ‘ 2t , , . .
[Cu(TMED)en] ' 1%,180 ‘ 5 .
. -+ k! S . s ] ‘
[Cu(TMED) acac] : 17,640 . e
: Cu (TMED) (PFR) : 16,700 -
' + ? o .
- {Cu(TMED) (gly) } : 16,210 ' ‘ 7
‘! Cu(TMED)C1, . " 15,000 -
Cu (TMED) Br ‘ " 14,500
(Cu(TMED) (OX) ] +4H,0 14,030 .

Ji

~

[~}

3

to fﬁat reported by Fukada and Sone5 - for compounds of the type
+1 . . . .
Ni(TMED) (acac) ~ . This behaviour suggested that. coordination of solvent

- e © P -

-

molecules was occuriing with some PFP comple¥es of nickelq but was

— °

prevented in others by steric hindrance, e.g. with tetra—N—subetiﬁﬁted

. ~

-

diamines. In order to‘investigate ﬁhia.further; we prepared complexes

o -

of the less hindered N,N'—diethylethylenediamine (N, N'—diethen) and -

N N'-dibenzy1ethy1enediamine (8 N'-dibenzen). .
. These compounds are red crystalline solids whose visible

. k=

spectra in CH,Cl, (Figure 5) have a_gingie peak at_~ 500 nm, similar to

Ld
~ »

' : ~ BN . 24
those of the previously discussed square planar Ni  compoungds. s

However, in coordinating solvents, the‘upectre are entirely different, .

-~
L]

as illustrated in Figures 6 and 7. Solutions ¢f the coppleieé ip DMF

¢

e are redidish brewn at room teaperagdfezﬁhé torn bright green on cooling, .. .

. AR e

. ’ o+ [

’ L ; [



500

EA (nm).

.

-

Visible Absorption Spectrum [CHz;Clz solution]

e

of Ni(N,N'-diethen) (PFP) *
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whereas water/methahol solutions, which are green at room t .erature,

turn bright red on heating. The complexes are bright green on

recrystallization from water/methanol solutions but are readily .~
!

converted to the red modification under vacuum or on heating..

[ -

. A comparison of the spectra of K;Ni(PFP),; with those of the

diéubstituted diamine complexes, coupled with their similar thermochroic
» .

behaviour 1n“§blut£on, fuggests that the same process in solution is
responsible for the obsé}véd'anomaliesr With the latter compounds, their
better sblubility characteristics plus their étability in céordinatiﬁg
sblve&ts gn;bléd a detailed study to be made of these systems.

~fn order to ascertain uhether,nofé than tgo species were
;resent }h séiut;on, visible spectra of Ni(N,N'-dibenzen)(PFP) were

recorded in a series of methanol/water mixtures. The results,

" 11lustrated in Figure 8, show the presence of two i;osbestig points,

indicative of zhe presence of only two species in solution, Qne of

which is the planar compound whose relative abundance decreases as water

-
%

o

pyridine mixtures (Figure 9).

LY

-Ajfpough the solution behaviour is suggestive of a'solute-

solvent interaction similar to phé’well‘knowﬁ’square planar-octahedral

- -

ruilibrium of- the type.34 »56

!

g —

|
5 MLy 4+ L' ——= NiL,L3

square planar ) octahedral

.

the visible spectrﬁ bear no resemblance to those expected for octahedral
2+ . o
Ni_. complexes. It appears that the process occurring.in solution is

) similar to the "above but with only one additional 1igand coordihating ii:;;

concentration increases. Similar spectra have been_obtaineh with CH,Cly/
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\ ! . a - 1
give a five-coordinate speciles. . . - ,

Ni(N,N'-dibenzen) '+ L' "—= Wi(N,N'-dibenzen)(PFP)L' "
e - T 5 .
" square planar . 5-coordinate r

{

- 2 -
& - - fa

The equilibrium constant for the above is:

[N - - .

k = [5-coord] or k{L'] = [5-coord]

. {&-coord]}[L") , [4-coord]

and if this is indeed the process occurridg, a plot of [L'] versus the -

- £

ratio of S-coordinate/4-coordinate species should producé a straight .

line, the ratios being easily calculated from the absorbance of each

-

species at a suitable vavelength,'where overlap of ‘the absorption curves
‘ - -

of the two species does not occur to any appreciable extent. Such a .

plot does produce such a straight line (F{gure 10), in agreement with

the process depicted gbove. Unfortunately, except when H;0 is the adduct,

these postulated five-coordinike species ﬁave not  yet been isolated. ‘With

benzylamine, the visible spectrum (Figure 11) clearly indicates that the

suggested five-coordinate species is present 1n.§olution, but only a dark

- <

green ihtraétable 0il has been obtained to date by evaporation. -

‘Phenethylamine, pyridine (?igure.9) and n-butylamine exhibit a similar |

-

behaviour to the above, triethylamine shows no evidence of interaction

-

]

while triethylphosphine does not give a stable Secbotdinate species, but
Qerely_displpcesrghe diaﬁihe ;o yield Ni(PEt3)s(PFP). Preliminary
.experiﬁents'indiéite that'nnioni; complexes of the type [Ni(diamine)
(Pl"l’)}!]-‘1 (vhere X = SCN ) sorn in so}utign.ubich iay be isolable but
further reseafcq is fgqqired in this area.

" Although- the previcus resulks cléarly suggest a -

L] ’ ' : . \
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- 50
equilibrium between four- anh fi&e-coordinate spécies, we considered it
important to attempt to 1solgte such a coqpognu, since such solution
behaViour is unusual, and five-coordinate species éreuusually-unstable

with respect to disproportionation to four- and six-coordinate species.
2t , ‘
Five-coordinate -Ni compounds -are generally the result of steric

ggquiremenfs of the ligand which prevent occupation of the sixth

coordination site.. It was therefore decided to prepare a five- )

coordinate compSund with PFP  and a potentially terdentate ligand which
o+
normally does not form five-coordinate Ni complexes.

The ligand choosen was diethylenetriamige (DETA). This

/ ' ’ : 2+ 59,60
triaminé readily forms octahedrq} compounds of the type Ni(DETA), .

formed via bridging chloride atoms,61 which readily absorbs a mole of

water that #s incorporated into theléoordination sphere, as shown below.

For the dichloro complex with the stoichiometry Ni(DETA)Cl,, a dimer i§
<

/NH2 " | €1 | «. ) ) /Nﬁz - ﬁzo

HN c1 NH, . HN c1 _NH
\\ Ni - \Ni/ ’ + H0 5 (>1/ \Ni/( ) cl,
uznz \01/ \m{ : HaN \0_1/ ™~ NH ]
cr NH/ S H0 . . NH2

o,
Padh

It is only the increased steric requirements introduced with N—methylated62

triamines Eﬁpt produce five-coordinate complexes and it was anticipated

that the bulky PFP  would preclude the necessity of methylating DETA.
o .
It was indeed possible to prepare a complex of empirical
formula Ni(DETA) (PFP) which has a hagnetic moment of 3.14 B.M., normal - ‘

2+ . .
for high spin five-coordinate Ni compounds with oxygen and/or nitrogen

donor atoms. The complex was a non-elegtrolyte in methanol eliminating

s - -
L
> |
rot L




‘ ; , Co > .
o - T
Pbﬁ - 2= 2+
the possibility of the. complex salt [Ni(PFP),] ([Ni(DETA),] , and had

no peaks in the infrared spectrum attrfbutable to H,0, eliminating dhe . .

possibility that the sixth coordination site was thus occupied. The

-

* ... visible spectrum was the same in the solid state and in sélution

(Fiéure %g) and was almost identical to those of the péstulated five-

v .
coordina:gii?ecies. .
-

4 ' -
‘ A comparison of the visible spectrum of Ni (DETA) (PFP) with

those reported for a sééies of five-coordinate complexes with the

quadridentate ligand tris(2-dimethylaminoethyl)amine, [trenMe],63’64

of, the type [M(trenMe)X]X (where X = C1°, Br , I , NO , Cl0y) shows that
thesg spectra are virtually superimposable: This confirms that
Ni (DETK) (PFP), as well as the adducts formed with C

Ni(PFP), , Ni(N,N'-dibenzen) (PFP) and Ni(N,N'-diethen) (PFP) are S5-coordinate

14

- -

. compounds. The salient features of the visible spectra of Ni(DETA) (PFP)

and [Ni(TrenMe)C1]Cl are listed in Table 8. } .

The ﬂiz+ * complexes of trenMe have been shown to be )
;rigoﬁal Qypyr;midgl by X~-ray crystallography65 and although ‘ Tﬁ\\
Ni (DETA) (PFP) could conceivably h;ve‘a distorted trigonal Pypyramid ‘

sftuctpre, it 1{s most likely that the adducts, at least, have a square .

- . p%ramidal structure. On the basis of charge repulsions, it has beeil

<

- calculated that a square pyramidal structure, with the centtaf metal ion
. - Y .

above the basal plane, is only slightly less stable tha? ‘a triggnal
. ) ) ‘24 B .
bypyramid structure and in fact, displacement of the Ni  atom above °

w
S .

the basal plane is a common feature with this‘structuré,66 Molecular
. . -

models indicate that a folding down of a PFP ligand wodld allow a fifth

ligand into the coordination sphere, effectively block the sixth

<

"coordination site, and lead to a distorted square pyramidal dtructuré
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with the central metal abo;e the basal plant.~ This is somewhat slmiiar -
to a situation encountered by Legg and c0wéorkers6 68{w1th the
F . -tetradentaFe ligand l,S-diazacycloocta?e-N,N'—diacetate‘tdacoda] in
which an ;lkyl proton blocks the sixth coordination site, resulting in a
* five-coordinate square pyramidal complex with Hy0 occupving the fifth

coordination site, i.e. : | . ) L

C—C ; - .
.\: » H/\ I | -

. . & - r
- ; ™~ ! 2 P
s - 0:\ T:N g s
. N ‘ o
- ! N ' -

- L -

) - R <

[Ni(dacoda)H;0] - S

-~ ] o ¥’ - ¢ '

-
P ]

The yisiple spectrum of [Ni(dacoda)ﬂzol is similar to fhose.ve have o

« Observed, the main features being an intensé¢ band at ~ 400 ﬂﬁ'coupled
.. - .
‘with a multiple of less intense band%-at lower energy (650-900 nm). Thus,,

it 1;\:E\Fain that the unusual behpviour exhibited by* these compounds in
sqlution is due to a rather uncommon equilibrium between four- and ‘five-
S ! ' .oe ~ © -

coordinate specie;, which results from the steric requirements of the

% ligands involved. - ’ 7

2t




~preparad by Price et al.

l_'lgF nmr ‘was unusual because the ary1°fiuorines were apoaiently magnetically

,followiog:ieasons' -

Because, as -has been discussed ii?;t I, HZPFP readily forms mixed

& . :

-' " ° W
o PART 'IT
e . , @ .o ¢ _ .
PERFLUORO-2, 3-DIPHENYLBUTANE-2,3-DIOL Co
’ , AND' ITS METAL COMPLEXES e Yo
Y _ﬁ "
. INTRODUCTION p . .

The compound perfluoro-2,3-diphenylbutane-2,3-diol was first

69 -Thie diol was of interest primarily because,.it

"83 a perfluoro tertiary diol which could poten:ially act .asa-d1- ° . .

negagive‘chélexf%g 1igand. However, atteﬁpted preparations of metal

’ 7

complexes with this.ligand«et that time were unsuccessful. . Also, its

;

non-equivaient.70' ' -

' It was decided to reinvestigate this ligand for the
- ’ - -

g

- 1) Theoretically, racemic (rac) and/or meso isomers couId

be produced in the reaction, introdncing the problem of isomer identifi—

cation and iesolution,-if 1ﬂdeed the active form were proﬂuced.

f

i1). Previous atteapta at the formation of transition metal

., .

3

J‘complexee with this 1igand Were oriented towards preparing bis- and

ks

-tris—chelate compounds sinilar to those reported for perfluoropinacol 27

ligand complexes,.iégias believed hat the complexation of this ligand

e
could'%@ achieved 1h d similar ﬁanner. It was' hoped that this approach

would ptovide some indication-of whethe other fluorinated diols are

capable oﬂ behaving as bidentdte di-negftive ligands or whether HzPFP is

’ + -
N .. . - . .
\ : ' .
-
s

" 3 -
o 4
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. L . .. . 46
unusual in this respect. B . ’
11i1) The explanation of the 19F nmr spectra was based on
the following model in which hydrogen bonding was in;oked to explain the

non—equivalenhe of the aryl fluorines. Since alternative explanations

L
' Tva ]:F3 . . R
F /o 0 F
b2y '.. ® _& = ..‘. .
H \n'
4 - F)

for the observed spectra are possible, a further investigation of this
. = . ‘ 1

[ . N - -

aspect was undertaké®n,

B .
L] - * ° r e

RESULTS AND DISCUSSION

o -

A. InvestiéationAgﬁgthe Ligand §z§tem

-

The CgFs-diol was prepared by the pﬁ ic reduttion of

. ) n .
octafluoroacetophenone in the presence of isop panol. Attempts to

N

prepare the diol via the Friéthyl pbesphorane intermediate failed to g@ve

a D\
s . . Y

’ ) - M
™ L. S ’ CF3 . CeFs
. - 2-Proi - CeF5 —F—— OH CF3 — OH
. 2CF3COCgFs = co + .
; ) o ‘CF3 —t—— OH’ CP3 ——f——— OH
A .

CeFs CeFs
rac w meso -

S { T o
any produgt, contrary to previous work.7o Fractional recrystallization

A

of the reaction products indicated'that two isomers were present, one

- .

"with a melting point of 119-120°C (meso) gnd another with a melting point .’

L] [}
” R . .

. -
. I




4%
nf,129-130‘cl(rac)*. Although two:isomers are present, this ts not the
‘reason for the EOmplex'nature_of the }éF nmr spectra, as previously
suggeezed.69 This point will be discussed in detail further on.

—

Elemental-analysis indicated that both eompounds had the

eane empirical for;ula, C16H2F1602. Molecular weights in benzene of 535
QméEd) and 543 (rac) a&rep quite well with the.theoretical value for the
diol of 530. Although the.mbleculer ion peak did not appear in the
virtually iden;ical mass spectra of the two isomers, the major neaks
observed are consistent with, the assigned stfuctures. There are appar-
ently two major route; in the fragméntation.of these compounds, namely,
the”ides of—HF,.CF3, etc. from the—ﬁdrent ton and the cleavage of the
dimen, which manifests itself in a very intense peak at m/e of 265.
This latter ronte is quite characteristic of fluorinatedcand partially
fludrinated diols; having been observed :ln‘pet:fluoropine«:o17‘1 as well as
the other diols studied in ;his project.

&

The PK,'s of the two‘diols were measured in a 50:50 water/
eshanol mixture and{although these values cannot be directly compared to
pKa's deeermined_in aqueous solution, they do’ enable avcompaiiéon‘pf the
reiative acid st¥engths o% various dicls-determined in the same solvent
system. As expected, baséd on purely inductive effects, the pKa of .
perfluoropinacol (pKa'- 6.5) is"greaéer than those of the isomeric
gng—diols [pK (rac) t';.l; pK (meso) = 8.71which differed f:oﬁ'each
other. If we were to invoke the argument used by Middleton and Lindsey16

. to explain the abnormal" acidity of perfluoropinacol namely stabiliza—

tion of the anion through hydrogen bonding, to rationalize the obsetved
Y

-

*The two forms are so designated for convenience, their
’ identification being described subsequently. .

T | 3
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difference, we would erroneéuély conc{ude that the racemic should be more
acidic than the.meso diol. This is based on the fact that the sterié
1nter§¢tion.for the meso isomer in this conformation Qoulh be greater
than for the racemic which should therefore have the lower PK,. The only
otherAapparent reason for this difference 1is a greater stabilization of

the meso anion over the racemic anion through ,hydrogen bonding with the

- & L]

solvent,

The_ihfrated spectra (nujol mulls) of the two 1somer§ vere

almost identical. Both compounds exhibited strong peaks above 3600 cm_l

-~
-

[3640 cm‘l (meso) and 3627 mn.1 (rac)] in their infrared spectra

indicative of free OH stretching modes. For a series of unfluorinated

1:2 diols, the free OH band occurs at 3630 + 5 cm-l.72 Ring skeletal

2 <

modes characteristic of the CgFjg éroﬁp were present dt 1651 en ! and
1534 cm”1 for the 'meso compound and at 1654 cm_l and 1535 cm-l for the-

»- . .
rac compound. The infrared spectra of the two diastereoisomers

contained strong bands in the 1100-1300 cm_1 region, characteristic of
' L

C?é symmetric and asymmetric stretching modes. The major distipguishiﬁg
feature in their infrared specira occurs in the 1000"::::»-1 region. The

meso isomer has two sharp bands at 995 and 945 cmfl, while the racemic

isomer has a strong, broad, poorly resolved doublet at ~ 1010 and ~ 990
cm-l. While these bands are possiblx/due to an aryl-F or a C~0 stretch
and the differences a réflection of "the two alternative configufa;
cighé of the isomers, the gomplexity of the sy;tem prevents an 1de?t1£1c_
ation of the isomers. These diffe{ences do, howeyer, give a_good, -
indication of the ﬁufify of the 1nAividua1 is6mers . 4 |
.
" The inffared séectra of the two 1soné;s, recorded in a non-

pola£ solvent (CCl,), exhibit an intense peak above 3600 cm-1 (3610 cq-l

L3
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. a serids of 1,2-diols, some of which p;sqess two OH bands, one due to a

' ' 49

{rac] and 3625 cm-l [meso]) due to free hydroxyl and a broad band, at

A~ 3200 cm-1 due to intérmolecular hydrogen bonding. Kuhn73 has studied

free hydroxyl and the,é%her to intramolecular hydrogen b;nding, and he

s;ggests that the following structure exists in solution. -
, }’1 H
R—C C—R
. | | .
0\ _,o\ ;
. H u . .

For those compounds where two configurations are possible, he finds that

the difference between free and intramolecularly bonded hydroxyl peaks: i‘ ‘
a reflection of the configuration, rac-diols being capable of forming
strongef'hydrogen bonds and thﬁs e;hibit a larger di{ffrence in

stretcbing frequencies between the bonded and unbonded species. For the
‘rac-dioi, he- ebserves two peak; even with R = t-butyl‘(Av = 94‘cm-1) but
the‘ﬁeso-diql has ohly one peak due to the free OH when R = t—butyl,'dye

“to thé fact tgékptLe hydroxyl groups are in an anti positionm.

i

3 H
o~ ¢
H 0—H
.
H R -
R - - ) 1
* gauche (meso) S ~ anti (meso) -

However, neither isomers of the CgFs-diol sh;w evidence of intramolecular

-

hydrogen bonding and we mustléonclude that fluorine substitution reduces ;
' 7% .

o
' s

the tendency towards hydrogen bonding, as has been noted elsewhgre

» : J »
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B. Identification and Résolution of rac-CgFs-diol,. : R
&

The photolytic dimerization of octafluoroacetophenone
* >

yielded two isomers, a racemic and a meso form, whose identification was‘
uncertain at that time. Although enantiomers have identical propeftiep
in a symmetric enviromment, this is not true of a disoymmetric medium.'
For example Pirkle75‘repotts that the 19F nmr spectrum of racemic
2,2,2-trifludro-l-phenylethanol eghibits‘a doublet in'CCIQ but two sets
of doublets in optically octive a—phenethylagine. However, this '
fechniqoe was inconcluoive for identifying the C5F5-isomers‘and the
results will be oresented,in'the next section.

Aoothef approaoh to the,ideﬁtiflcationuof i!bmers invwolves
the relative ability of the two liganos to form metal complexes. With
the ligand 1,2-diphenylethylenediamine (stien), Ni(stioo)§+ forms more
readily with the racemic rather than with the meso ligand 76 for steric
regsons; Similarly, we expect the rac-diol to preferrenfially coordinate
over the meso since chelation‘an occur with the bulky Cel"s—groups anti
to each other ooly with the racemic isomer (Figure 13: ITI versus IV and
V). ‘It was found thao the metal coﬁplex, Ni(THED)(Cst-diol), resulting
from the addition of TMED to a solition of a l 1:1 mixture of the two
isomers and nickel.nitrate, contains only the higher mélting isomer.
Although this certainly suggests that the higher melting compound is ghe
racooic.diol, it was considered important td resplve the racemic diol to
cod%irﬁ this teooative assignment. ;;

Most orimarflond Eecondary aleohols‘can be converoed to
their coéresponding hydrogen phthalates or ;ydrogen succinates which,

. containtng a free carboxyl-group, can be resolved as typical acids.

Althongh it was once believed that tertiary alcohols and glycols could

. ) . ‘




FIGURE 13

CONFORMATIONS OF RAC- AND MESO-CgFg-DIOLS

RAC
. OH . OH . OH
HO C ,:3 CBFS OH C F3 CGAF‘-_5
f CF, - CF CeF,
Ch %5 3 %5 o o0
CoFe - oA . OH
I a B S 11
ME SO
OH | oOH — .- OH
HO ACFy - GF OH . CFBZE;[CSFS
' F; CF.
%' R %k “h 5% 3
CeFe CF, OH
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not satisfactorily be resolved by this method, a number of tertiary

alcohols and several glycols have been resolved by this method.77
- .

Unfortunately the reaction of the CgFg-diol with phthalic anhydride did
not give the desired product. An altermative approach was to prepare-

. ‘o
diastereoisomeric square planar metal complexes of the type Ni(diol)(L),

L
’

wvhere L = optically acqive diamine,.which could theoretically be
separaieé, However, attempts to isolate Stab}e ompounds wi;h S
1,2—d1aminopro§angtwére unsucceséful. ‘

The next attempt to solve this problem focused on the

inherent differehce between fluorinatéd and non-fluorinated alcohols,

’

namely, the higher acidity of the former. It was well knownza that

- &
HoPFP formed a monosubstituted potassium salt in aqueous solution which

-]

could be readily 1isolated. Furthermoré, the infrared spectra of the

»
reaction products of HoPFP with ammonium hydroxide and strychnine in

.

- L ]
both instances indicated that salts had been formed. Although the two
& . . .

-1someric diols dre weaker acids thanrﬂgPFP, having pKa's 5f 8.7

(m.p. 120) and 9.1 (m.p. 159-130°C) in a 1:1 water/ethanol solution

versus 6.50 for ﬁzng under similar conditions,.it was expected éhat

they would behave in an analogoﬁs fashi;n, simplifying the resolutién

to that of a typical acid. | .
At;émpts to Qrepﬁre_;rystalline diaétereq;someric.salts

. with the two isomeric diols ;;d the alkaloi&s brucine, strychnine and,

N

quinine and the synthetic bases (+)-a-phenethylamine, l-a-(1l-naphthyl)-

étﬁylamine and dehydroabiethylamine were qudccessful. With these

’
° '

reagents, éither'tﬁe stattingﬂ&aterials were recovered or persistent oils
were produced. ~With 1-cinchonidine, a microcrystalline product was

obtained whose infrared spﬁftrum (nujol mull) lacked the characteristic



] aqg CeFs groups,

dissociation. Conductance measurements show that the complex is an

405 on«extrapofatién to infinite dilution, which is indicative of complete

electrolyte in solution (methanol: 40 mhos/cmz). On the basis of the

~ 53

T ,
strong OH stretch of the free diol while retaining peaks due to the CFqy

' Elemental .analysis was consistent with the formation of a

1:1 complex. Molecular weight studies of the complex yielded a-value of

v

above, we cbnclude that the complex is a salt rather than a strongly

-

hydrogen-bonded adduct. : -

-

”'.Rega;dless of the true nature of the complex, it afforded a

s - Ll

potential method to determine the stereochemistrv of the two isomers

through resolution of the active form. Fractional recrystallization of

the salt formed from the higher melting isomer, followed by regeneration

20
of the free diol, yielded (+)-CgFs~diol (mp 89-90°, [alsgg = 96.6%). This

shows unamb;guouély that the higher melting isomer is the racemic )
compound, which 1s in agreement with the observed preferential coordina-
tion of this igomer, : *

#*

C. Fluorine NMR Spectra . o ‘ ' ‘

@
(4

L)

The !°F nmr spectrum of either isomer has five peaks, of
approximately equal intqnsity; in the area expeéted for aromatic fluorine‘
atoms, Usually, the 19¢ nmr spectrum of a pentafluorophenyl com;ound has
three peaks, in-the ratio of 2:2:1, corresponding t?\the_tﬁo ortho, the o .
two meta gnd.thz single para fluorine, with their magnetic thfts increasing
in the order,:ortho < para < meta. The five beaks we obgserved are presum-

' Vst - w
ably due to the magnetic,non-equivalence of the five aromatic fluorine atoms. '

The 6bséived peaks have been labelled A through to ¥ in




" . ' s

-, ~

order of their increasing chemical shifts and have been assigned, based

on their chemical shifts and on decoupling experiments, accordiﬁg to the

following scheme. - ) . ’ - .
[ 4
'}{ ) - : . .
. ~ ? F(C) F(E) :
—C
et "
. ® CFa(A) F(B)- F(F)
. , -~

The.important features of the 1°F nmoy_spectra of both isomars are

o

. by ,
~ deéscribed below. _ ' .

Rac-CgFsg-diol

A: 73.25 ppm from CCl3F,-CF3. The peak is a second order doublet of

triplets (J = 24.3, 1.4), which collapses to a broad singlet upon

\ .
irradiation’'of B but retains its doublet character with the loss of the

small triplets on irradiation of C.

L]

fr

- -

B: 129.9 ppm, ortho-F. Unreszlved broad peak, 125 hz. in width.

»

- r

™o

C: }43.2 ppm, ortho-F. Unresolved broad peak, 70 hz. in width.

.

-

D: - 148.7 ppm, para-F. The.‘peak is .a triplet of triplets (J‘ED = JFD -

»

“DB DC
.of .doublets.

21.8hz, J . =J . =5.9 hz.). Irradiation of B or C produces a triplet

L

-~ ] [ ot

E:” 159.3 ppm, meta F. The multiplet is a triplet of doublets of doublets

J..=J__ = 21.5hz., J__ = 1.0 hz, J

ED EC = 6.0 hz.). Irradiation of B

EF EB
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S5
removes the 6.0 hz. coupling, producing a triplet while irradiation of F

iremoves‘the small doublets.

<

F: 160.2 ppm, meta F. The multiplet is an’ overlapping ﬁoublet of
doublets, further split inth a doublet of doublets (JFB = 23,2,

Jpp = 2125, Jgc

small doublets while irradiation of C produces a triplet. ~
4

= 7.3 and JFE = 1.0 hz.)." Irradiationibf E removes the

meso-CgFs-diol

A 71.:3 ppm from CCl3F, CF3. The peak is a complicated second order

multiplet, which céllapses to a broad s}nglet on irradiation of B and to a -
! R .

doublet with some fine structure on irradiation of C,

' -
B: 129.2 ppm, ortho F, #Broad multiplet, 170 hz. in width.
® y
e

C: 1&0.5 ppm, ortho F. Broad multiplet, 75 hz. in width.

* D: 149.6 ppm, para F, The peak is a triplet of triplé (JED = JFD -
22.0 hz.,.JDB - JDC = 6.1 hz.,). * Irradiation of B or (] produces a triplet
- i
of doublets. s .

‘
E: 160.3 ppm, meta F. ngrlapﬁing doublet of doublets, further split
\\ into a doublet of doublets (J . = 1.3, J_g =%5 .6, JEdly‘QO.B,
JEb = 22.0 hz.). Irradiation of B removes the 5.6 hz. coupling.

v ,

’ ‘ rd
- F: 160.6 ppm, meta F. Triplet of doubleps of doublets (Jp = 1.3,

Jpc = 6-7, Jpg = Jpp

FC = 22.0 hz.). Irradiation of C removes the 6.7 hz.
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D »
coupling. )
) Y

JAn addition to the two isomers of the Csfs-diol, the 19F ‘nmr

"

spectrum of the-wetal complex Ni(PMeiPh)z([+]—CGF5-d161) was also

-

obtained. Attempts to get a suitable l°F nmr spectrum of the co-
. i
o o
ordinated meso ligand were not successful because of limited solubility

and decompééition o} these complékes. The chemiral shift data for these

three' compounds are listed in Table 9.

A A / L
' K N T
TABLE 9 )
., . h

rac-CgFs5-diol meso—CsPs;diol Ni(PMezPh)z([+]5C5F5-di011;'

]

CF3 (A) 73.25% _ 71.58 67.43 N
ortho-F 129.9- = ' 129.3 " 1326 '

(B) ) . .
ortho-F 143.2 1405 133.4

(©) ' o ’

. Y R o

para-F 148.7 . '149.6 ‘ 157.4 "

(» - ;
Meta F 159.3~ " 160.3 164.2 R

(E) - - ’
Meta F- 160.2 ) 160.6 166.9

() 4 s -

* In b.p.m. from CFC13.

- ' ' &
¢ N
®

It has previously been suggegted70 that the observed non-

N

equivalence arises* from hydrogen bonding of the‘type O-H—-——F; as shown

. - ta o .
below. - .

| o

Vv
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This explanatiopn is reasonable and has been post‘uleted for fluo’
- . . (4
alcohals by previous workers.78 However, .it ig possible that the

hindered rotation present {s strictly the result of steric interacgtions

of the bulky CeFs-groups with the rest of the molecule. 'To resolve this

3

‘problem, the possibility of hydrogen—bonding was eliminated through

PR

coordination of the (+)-CgFs-diol to a transition metal.’ If the former

‘model-is the correct one, the 19 omr spectrunm of the complex should

have only three peaks due to the pentafluorophenyl groups while if the
latter is correct, five peaks-shouﬁ persist., 1In fact, the 19F nmr

spectrum of ﬁl(PHejPh)([+] -C¢Fs-diol) had five peaks rather than three,

-

proving that the hindered rotation is steric rather than~chemica1 in

.nature. . . » ' .
: The peakgggejcz the CF3 groups is a complicated an’order

-

o

doublet, yef some information regarding the structure can be obtained

. _ y]
through decoupling experiments. Irradiation of B causes the CF3 peak to

collapse to a broad singlet but the doublet is retained on 1rradiation

-

of C, although eome flne structure is removed. The enhaticed coupling of

r

one ortho fluorine over the other is’ strongly suggestive of a through

space mechanism which could resu¥™ from a C;Fs Rroup being oriented with

FB clogser td the CF3 group than F ' /

@

The 19F nmr spectra69 of the mono-alcohols perfluoro(z—

[
«




-
1]

“ fluorine atoms of a CgFg group hdve different chemical shifts, several.

spectra. "With the aboée'cohpound, thesortho fluorine atoms of the - .

. -T e . . ) ‘ ‘ ) ! ,' . 581
phenylpropan-2-o0l), ﬁerfluoro(l,1~dipheny1ethanol), and perfluoro-
» ) = . :
(triphenylcarbinol) have three peaks'attributébke to the CgFg groupg;
‘ .. . 4

: i » .
indicating that no hindered rotation is present in these alcohols. We

conclude that the steric hindrapce'arises from the interaction of the
" A
CGFS group principally with a vicinal rather than a gem CFg—group

.‘0.

. Although this 1s the only exaﬂgle t§ date where all five ¢ .
- ‘ L

t . R~
compounds of the type shown below79 also exhibit anomalous !9F nmr-

- ) -

; [

- -

'Mo-CGFs ring haveﬂdifferent*chemical shifts and the?e is coupling between

¥y -
h 3 .
F— . 4 rs

-

L oo

Mo-H and one of the ortho—flgo!ines.fffﬁe authors suggest that the ~*

Mo-CeFs ring, may not rotate freely about thé Mo-C axis dpé to ineeraction~

‘L, -

- o .
with the two w-cp rinpgs.’ This 1s analogous to the Cst—diols except that . ~ -

in the above, the meta—fluorines are accidentally coincident, o R

[

- L Finally, the 19F nmr spectaoum of the racqcst diol recorded )

in (+) o-phenethylamine, did not show the anticipated futther splitting

in the CF, region, probably due to the extensive coupling present and the =

-

broadness of the CF3~peQ\_’/However, tbe rgF nmr apectruﬁ of the meso

compound, recorded in the same solve , changed radically in the CF3
%e,
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3

- ware two peaks, a doublet of doublets et 73.9 ppm and a doqblet”of L

) tacemic and the. meso diols respectively. IIn the presence of a base,

dbondingsas shown beiow, either withgean adjacent OH (rac) er with the’

v e 59

) Q -
region. : Instead of a broad; second~order, doubletemt 71.6 ppm, there

‘quartetg at Z9.1~ppm,fin th¥ ratio of l:1. The non-equivalence of the

CF; groups}in'the ﬁeso.compoundwcan be rrlated.to the conformation of e

£

this diol in solﬁ2ioq. Of: the possible cohforﬁations of the two diols .
. q . " -

(Figure 13) we exoect II aﬁdiVI to be the doéindht confbrms for the
) : v

° &

these diols should exist as monoanions, stabilized through hydrogen

) ’ . . . -
solvent (meso). "Although this would explain the non-equivalence of the

N . OH
« ! f
N "‘L‘“ ’ CF3 CSFS e pr
- ‘ (} .’ ’ .l
. ~—
o o CeFs "+ CFj3 '
0 e _{f"’
rac  meso ’
rac o —_—
: 3 .
CFq-groggg of the meso 1£%mer, the situation _may be hore complex than
t-his. . ‘ o ."° | ‘ » ’
. . . . ' )
//%/{A\\Q_ﬁ R4 ~ | " ' . -
D. Transition Metal-Comg;exes ‘ \ . “
. 2= s 7
Repeated attempts to prepare the bis-complex, Ni(CGFs—diol)z ’

’ -

were unghccessful with both isomers, as a previous study had indicatéd 70 ]

° °

' even 1n the{presence of a large tation. A mixture of the (+)—05F5—diol

2+ : : , , o
and Ni (2;1) was titrated with potassium hydrpxide and monifared,by .

]

", ORD, byt no indjtation of a Cotton ‘effect. was .detected in the visible °

L 3

éegidh of the s§EGtrum and Ni(éﬂ)z vas g;ecipitated throughout the

&




. 2
titration. Continued addition.of KOH after complete conversion of* Ni

. . . 60
, + o

~

to the hydroxide resulted in decomposition of tﬂg'liggnd, probably due
' :

to nucleophilic aftack_by the base, This inability to prepare a his-
complex results from conversiﬁn of the N;2+ t6 Ni(OH)z be¥ore'a pH can be
attained that would lead to ;nion formation and chelation. To confirm'
the absence of an intera;tion of N12+ with the (+)-CGF5—diol ORD

/

spectra were recorded bf mixtures in which the ligand to metal ratio was

waried from 1.0:0.5 to 1.0:5.0 and these spectra consistently showed that
- . 2t T
there was no interaction between Ni and the optically active ligand.

Althoqgh.niekel complexes containing the CgFs-diol as the

sole ligand could not be prepared, mixed ligand complexes of the type
b e . .

Ni(LY5(CgFg~diol) could be prepared with both isomers. For L =

LI

phosphine, the complexes Ni(PEt3);(CgFs-diol) and Ni(PMegPﬁ)z(Cer—d;ol)

-
e i

were prepared and characterized. ‘For_L = PMePh,, a complex was fbrmed ’
in solution which rapidly decoﬁpoéed,before it coﬁld isolated while
with L = PPh3; there was no evidence Qf cbmplex formation with either' -
isomer. With Lé{i TMED or TEED, the complexes Ni(TMED)(C5f5-dioL) and

Ni(TEED)(CG?S—diol) were readily prepared and'i.sc;lat:'ed.r These complexes

o~an

-

- , 2 o
had visible spectra similar to-the amalogous PfP cqmplexes and they are

assigned a square planar structure. As well, a copper(II) complex,

 Cu(T™ED) (C¢Fs-diol), was prépared and although Co(THED)(C;Fs-diol) could

not be isolated, CD and ORD ghectra indicated that it was present in
» .

£ Y
solition. d St .

In order o ascertain the relativé chelating ability of

'V
rac-C¢Fg-diol, meso—CgFs-diol, HZPFP and meso-CgHs—diol (part II1), a’

2+ kv
series of competitive reactions.were undertaken between Nt |, TMED, and

various 1:1 mixtu;es of the above ligands, producing metal coﬁplexesfof°

. -~
a2 3
W«

-
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~
-

the type Ni(TMED) (DIOL). The products of these reactions contained in
all cases a specific diol, rather than a'mixture, and these were
identified by their infrared spectra. The results Qf‘théég,fgisziﬁﬁh

\
are summarized in Table 10.

; . ) ' | . : B
© TABLE 10 . .
Ligands Present in React{ons. Diol Selectively Chelated
Hzpwlracicsws—diol‘. . ,‘, ‘ H,PFP
HyPFP/meso-CgFs-diol H,PFP
EZPFP/me;o-CGHS-diol‘ : : . H,oPFP
: fac—CGFs—diol/meso—CGFg—di;i * rac-CgFg-diol .
1
rac-CgFg-diol/meso-CgHg-diol rac-CgFg-diol
meso~CgFs~diol/meso-CgHg-diol mesoécst—Aiol
Therefore, the order of chelating ability is: H,PFP > rac-Cer-dibl >
—»ﬁego;eﬁFs-die}~>~mese—GsHs!diol+—LTh¥S~Parallels the relgt;yghpﬂaigagﬁﬂ’ ]
.the'diols,exqut for the isomeric CeFs-diols whére steric factors _ )
deéermine the}; relat;ve.chglating gbility. .-ﬁ- L \. "
?-
E; %Ftermination of'Absoiute Configuration
. Before discussing the assignment of an absolute configura- .
tionu it is necessar§ éo consider briefly the various sources of v f

= s\

dissymmetry which give rise to the optical activity and the resulting R

"

Cotton effects observed in transition metal complexes. Optical activity

3 o _—9
arises when'a molecule ig nonsuperimposable on its mirror image. In
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- 62
order to satisfy this requirement, a comgpund,mug;,nﬁé'poésess a centre
. iy
of symmetry, a plane ‘of symmetry or an improger axis of symmetry although

a proper axis of rotation may be present. Optical isomers possessing a
proper axis are classified as dissymmetric while thosgvpossessing no .
symmetry element other.than the identity are classified gs asymmetric.

\ The most .intensively studied class of potefitially optically

active metal complexes are those containing two or three bidentate

ligands. The majér contribution to optical activity in these gypes of

. compounds arisés‘from the -distribution of the ligands around the central .
metal, as gpown below. The M(aa); and cis-M(a;)zx2 types of coﬁpounds
, L

a ' a

. >N
i /_ | \a " :\&I -
e

/
T T

M(aa)j
I ' - "t - .
. ’ ' “ ) "f//
a - PR ‘a
a?/// ﬂ; ’{: : \\\\h
: . /

M(aa), X2~ ~ ‘ }
cis ' | //// m .ﬁ N\ - -
- 8 — X ‘ x — , a

| | I_’/////
. a . a—" )
» \"/ <
- N /
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trans //a

a

a

7 NG : "\

9 — B,
-

ate non-superimposable on their mirror images while trans-M(aa),X,

complexes” are superimposable and therefore not optically active.

-~

3-

Although perfluoropinacol forms compiexes of the tyﬁe M(PFP) 3 , which - .

should theofEtically be capable of resolution, the CgFs-~diols have

shown no .evidence to date of being able to form bis-chelate metal

complexes, let alone tris-chelate complexes. Therefore, optical

.
activity-afising fron the distribution of&cﬁ?late rings about a :
[ ’; - central metal is not rglevant to’ this discu;sion. ‘ ' 1
. | Another source of opgécal aﬁtivit;, whigh is rele#ant to? .-
this worka arises froﬁ the coo;dihagidn of an opticaily active ligand
containing an asymmetric.garbon atom. This is'commpﬁly referred to as
. the vicinal effect. ~~ s

- *

argan{c chemists have realized for many years that an
asymmetric centre in an organic éompound will induce rotational power in
a chromophore removed by several bonds from the asymmetric centre. Much
\ \ .

of the work in this area has ‘been done on ca:bonyl,compouhds,,pg#ncipally
- . . B -
because the carbdhyl chromophore absorbs in a readily accessible region .

of the ultraviolet spectrum. Similarly, an optically active ligand

induces rotational power into the central metal. ion chromophore, .

présumably through &he coordination bonds or by a througﬂ Epace mechanigwr.

-

The size of the rotational strengths ohserved depgnds on the nature of ,the

% . £

-
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Ly

. coordinated ligand while the sign of the Cotton effect 'will be a -
\ - e ! )

o rgflection of the(absolute configurétion of the_Iigand.\ This in theBry
| should allow one to assign an absolute confjguration to a coordi;ated
optically active ligand by an empirical aﬁproach, assuming one can make
comparisons with very similar systems o?_known absolu;e confi#uration and
can be sure that the €D and ORD effects being compared arise from

-«

identical d-d transitions. Therefore, it was expected that, through co-

_ordination of the resolved CgFg-diol to a metal, the Cotton effects
- ) observed would perhaps enable an assignment of the absolute configutation
of the diocl as well as elucidating the origins Pf-the transitions @

©  .oMgerved. It is'gsry important to realize that in the study of planar

complexes, the classical approach to the introduction of optical activity

-

through the distribution &f chelabe rings is inopefative since the situa-

tion fo; a bis-chelate compound is Aﬁalogous to the traps-M(éa)zXz_

v gituation, assumiég fﬂat the X groups are not in the coordinafiop sphere,
Therefore to study these systems, one must re;orf Eo the use of optically
active ligands or optically active solﬂ.pts. ’ . -

v ) The cénformations of ‘the chelate riﬁgs,give }ige to another

" source Bf dissymmetry. Because chelate rings are puéke;e&: rather than

- N - -
planar, they can exist in conformations that are enantiomeric. This

eﬂsect complements the optical activity which arises from both gthe

configurational and the vicinal effects. -

.

For a symmetric skew five-membered chelate ring, two -

r

conformations are passible as shown below. In octahedral systems of the

type-M(aa)X,, when the chelating.ligand is a C-substituted ethylene-

diamine, such as propylenediamine, the ﬁethyl group caﬁ be situated in
/ . I
an equatorial or an axial position, depending on which conformation is

PO

‘ -y ¥ * N
s ,?‘..ﬁ . ) . ) .




by (1eft—handed helix) ’ § (right-handed helix) -

- ' : '

’“Eavoured. Calculations indicate that the conformation with the methyl

-

; group in the equatorial position will be more stable. because an axial

'methyl would have significant interaction with the X group in the akial

0
position on the rn.etal.8 In square planar metal complexes, this would
not bé a relevant factor, unless solvent molecules were oriented in the

axial positions, and the two conformations sboold be of approximately

the same energy.

The situation for the rac-CgFg-diol differs, from the above

.

because 1ntfa-ligénd, rather than inter-ligand, interactions should

determine the preferred conformation. TFor a specific absolute configura-

.

tion o“:e diol, either the two CFi-groups or the two CgFg-groups can be

axial, lecular models indicate that there would ‘be a steric advhntage

14

for the CgFs-groups to be in the axial positions,’ thereby eliminating
interactio; wloh themselves andlminimizin; their interaction with the
CF3~groups, the latter depending on the degree of pucker:ng of the ring.
Tﬁe presence_of steric hindranée[in the ligand system is supported by
C19F nmr spchra. Therefore we expect the 2R 3R configuration to exist
predominantly 1n the & conformation, as shown below; “while the 25,33

configuration should prefer the ) conformation.




-

2R ,3R-configuration

§-~conformation

Although a vicinal and a conformational contwibution to the

rotatienal streng{h ‘is exbected in this system, it is probable that the

latter effect will dominate. This is supported by various studies with

- C-substituted diamines ntaining one and two asymmetric\g?rbon atoms.

- -

It wes .found81 that the rotational strength for the bis(propylenediamine)
Co(11I) eomplex,was only,slightly less than for the bis(trans—l,z—

diaminocyclohexane) Co(I1I) systep although propylenediamine has‘only one
. .. \ .

‘asymmetric carbon compared with two in the latter, 1igand. Similar ,

- 1 .
stuﬂ[es§1 with Rh(I1I) and the ligands R~propylenediamine and R,R,-2,3-
' RN

diaminobutane led to almost iderftical rotations for analogous compounds.

3

*
This approach assumes that the chelate rings In these systems are




. v
. - / .

puckered to the same extent since the rotational streﬁgﬁh

4

conformational effect should be a function of the dé of puckering in
the chelate ring, the greater the puckering, the greater the rotational

. .

strength. With the rac-CgFs-diol, a strongly puckered ring should

. . o
decrease the steric interaction within the ligand and a strong conforma-
- v / .

tional contributtion to the rotational strength is therefore expected.

One must remember, however, that {t is difficult to separate these

. . A .
effects, even when a series of related ligands are being studied.
T -

- 4
An assignment of an absolute configutation to the optically

L)

active diol has been made usihg an empirical approach first developed by

R. E. Reeves.82 This method involves the formaticﬁ/gf a five-membered

7

ring between an opticélly active diol and copper(Il) in a cuprammonium
solution83 and was initially inéestigated by measuring the difference in

rotational strength hetween the complexed diol and the free diol aé a
’ )

specific wavelé:th, 436 nm. It was found that this rotational shift

«

was negative wh the projected angle was negative and vice-versa. The

correlations between Reeve's nomenclature and those in vogue at this
: O - )

time are illustrated below. . o

-

This approach has been-extended to relate the signs of the
observed CD bands to the‘conformation of the ligandzah It has been“’
found that theirotational gﬁift ﬁreviﬁuély ;sed as %ﬂe critergon for ,
assignment of a conformation manifests itself as a low intensity band at
about 580-600 nm and a band of opposite éign and increased intensity at.
~ 289¢nm. A relaéionship between conformation and sien of thg observed

CD bands has bgen established through the use of a conformationally

rigid ligand, shown below.

? "
.
+ .



Conformationally Rigid Ligand System

& -

v:ﬁ__ﬁ*)-vetbrojected.angle & or k
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»
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N

-
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(-)-ve projected apgle A or k'

Correlation of Nomenclature
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It was found that with R; = R3 = OH, the band in the visible region of e
the spectrum was positive while with Ry = R, = OH or Ry = Ry = dhh<£<i—

-

hegative CD pgnd was observed in the 600 nm region. No CD bands were

L]
present when R; = R, = OH. Therefore, the § or k conformation is ~_

, associated with a positive CD in the 600 nm*region and the 1 or k' 2

/ )
conformation with’a negative band.

In order to extend this method to assign an absolute

2

configuration to the Cg¥g-diol, we must assume that the same type of
©

species gives rise to the CD effec¢t here as in the previously studied

#

)5 systems with unfluorinated diols. This is not an unreasonable assumption
since previous studies have indicated that the copper to diol combining.
ratto 1is one to one,85 the same ratio as has been found for all

transition metal éomﬁlexes of the CgF5-diol isolated to date: The only

difference anticipated between fluorinated and unflufrinated diols is
] r

—_— "the extent of complex formation,. the equilibrium lying furthkr to the

‘right for the more acidic fluorinated,ligaﬁd.

‘If one knows the conformation of the diol, the configuration

-

can be deduced py this method, and vice-versa, ﬁith the CsFé—diol, as

-

°waé prévibusly discussed, the bulky CgFs-group must be in the axial

> . positions upon coordination, and hence the conformation of a specific

configuration is fixed. e CD specfrum of the (+)-CgFs-diol in a

cuprammonium solution exhibits a positive peak at *~ 610 nm and a negative -

»

peakfuf enhanced inténsity below 300 nf while the (-) isomer exhibits

4 s

peaks of opposite signs in the same positions. Hence, the (+) isomer has

a § conformation and the (-) isomer a X conformation. The assigned -con-
) *

formations and absolute c&nfigurations are illustrated below.
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Qggther mg&hod of assigning an absolute_configdration

+ ~

involves comparing the CD spectfa of Ni[(+)-CgF5-dkolle‘aﬁd
Quf(+)-C6F5fd101]L2 [Figures lﬁ; 15 and 16] wit@vthdse of‘analogéus
systems. The prerequisite-%sr a; analogqps system 1s‘tbe‘presence Pf
NiOaP5, NiOsNy, or CuO,N, chromopor;, with the central metai in aeplanar

environmernt, whose opticat-activity arises predominantly fyom the conform-

ation of‘a'che}ate<§in§. In the absence of strictlv analogous complexes,
. ' , ' 2* 2+ ’

tetradentage Schiff baese chelates of Ni and Cu meet the griteria out-

&

. ' . -
lined above, and should prove useful in determining the configuration of -

the diol. * . o o7 ' .
% .

. 2+
Downing and Urbachsﬁ have Anvestigated a series of Cu
& + i

LI W

co&plexes with the tetradentate Sgﬁiff base chelatgs derived from
QR)-(-)»propaggé;,z-diamine [(JSpn} nhd GQR)-(-)-éfglohexane—l,2-diamine
[St)chxnf and repgzt :hat the CD of the (-) pn series is the mirrgrlémage
of the (~)chxn system, eyen though .the optically active q&am{ﬁeé uséd.{o
ngrepare the te?radentate cheﬂatgs‘have the same absolu;g c?nfggurationﬂ 1

=

To explain this, they as3ume that the observed CD is a

N - v N

reflection of the conformiation of tﬁé‘cent;ql cheldte }Lné. - For the

L , . .
(-)chxn gystemn, the .chelate ring is stereospgcificallv locked into §pe -

v

) conf@rmation, as shown below. . ¢ - v

L " -
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J

0

1

L,

dr the (-)pn svstem, either the A confé;mat}on (methvl equatorial) "or
,, . s "

e

the § conformation (methyl agial) is possible, as illustrated below.

]
L]

@ “ h >
_ r \ oo \ ]
N A
,Cu. .
/, ">‘\ -
N N
R R
4 A | - g s 4

T4

The authors predict that the § conformation will predominate because of

the steric interaction that would exist in the A conform¥tion between the
. ¢

methyl and R groups. Therefore, the main source of og&}cal activity is

due to the conformation of the central chelate ring and the mirror image

'
-

relationship between the (-5pn\sﬁﬁ'(~)chxn systems arises from the
presefice of the & and X conformations ;eepecti%ely;
- 2+

The CD spectra of these Cu

»

exhibit three peaks

- .
complexes

-

.‘_“

that are attributed to d-d traqsitione although fer several of the

The pertinent

complexes investigated, the low egergy band was absent. ‘.'

cD data for Cu(Sal)z( )pn, Cu(Sal)z( )ohﬁn Cu(7—Mesal)2( Yen,

mYarized in

'

"

Cu(7-Mesal) 2 (-)chxn as welI as for Cu(+)—diol(TMEDT‘§fE“su

Ll

Table 11 These data ilﬁystrate that the cD spectrum of

Cuf (+)- Cst-diollTMED Is -afmilar to that of the ( -)pn series and is of

the opposite sense to.the (—)chxn series. This 1eade to the assignment

of a § conformation dand a R,R configuration for the (+)-diol,-in agreement,
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with the assignment preﬁiously made using the 'Cup}a A' method of Reeves.

©

Downing and Urbach87 have also investigated the circular’

o ~ 2t ; 2t :

dichroism of the square planar\Ni analogues of the Cy Schiff base

complexes. |However:'fhese spectra are considerably more complicated thanm:
A :

thaose for the Cu gystem and the mirror image relationship between the
- .

(—)pn]and the (-)chxn systems is not obvious. Independent Gaussian

| . -7
analysis of the CD spectrum .of ’i(Sal)z(—)pn87’8q led to different signs

i .

for the low energy band'and’tﬂerefdre-attéﬁpts to assign an absolute’

2+
éohfiﬁurat}gn\zfied on these Ni . complexes would be meaningless.

. With respectgto the assiénment of the d%dytransitions, it
. : . L - - . 2+
is generally accepted that-all four possible d-d transitions for Cu

come under the main absorption envelope. Tke three pesks observed in the
CD spectrum of Cul(+)-Ce¢Fs-diol JTMED (Figure 16) are tentéf@vely

/

assigned to originate frpm the following d-orbit ordet}ng:

2 2 g 2 L ( .
dx -y > dxy > dz. > dxz 5 dyz, in line with Downing and 'Urbach's
- . 2+ v . o
findings.86 Similarly, Jith‘the Ni complexes, three CD. peaks (Figures
. - - , t . i

14 and 15) are observed under-the main absorption band. These bands are

' -~

tentatively assigned to originate from the following ordering of d-onpitals:

2 2 voo2 ‘ 2 : ,
X -y > xy >z > xz, yz, but the exact ordering of the xy and z Q{QTpitals
is questionable.®’ - 4 o ' -

. - -'. ) fﬂ
v . - LI . 2
- * . L] =
L4 ) . i ' ) . °
~



.. PART III !

. PARTIALLY FLUORINATED DIOLS: <. - »
PRFPARATGDN AND METAL COMPLEXES® =
—_———————— » .. L °
- - . , * - . ) o / (
Y INTRODUCTION N _ . : o .
) It was decided that, owing to the successﬁui preparation of >
gé;al complexes of totally fluorinated diols,‘an attempt should be made - .
td extend this work to partially fluorinated diols and to Derflooro- K
tertiary alcohols. The diols investigated were (CF3CH3COH) 7, (PF3C6H5C0H)2
24+
and (CH3C5F5CDH)2. Also, attempts were made to prepare Ni comoiexes of .
S
the tertiary. alcohols (Cgf;)3COH PF3(CBF5)2COH (CF3)205F5COH and o
(CF3)3COR. | ’
o IR . ' ‘ .
‘ rl - - — ’
RESULTS AND DISCUSSION . - | ~

*

ey

The diols studied in this chapter were only partially
fluorinated and it was anticipated that they would be less likely to form

metel co?plexes due to thelr decreaged aciditv. Also, élthough the

.perfluoro monoalcohols, which were btiefly"investigeted, have pKa values

£ > -
~ M

comparable to those of HoPFP and the CF3-C5F5—d101,69 the inahility to

form chelate rings suggests that comp axes of these ligands will be

+

difficult to prepare. The above considerations did prove to be

7
rd

'applicable but before discussing those few complexes which were prepared

v

a brief account of the ligands will be presented.

»
-




-

» .
. i

A., Properties of Partially Fluorinated Diols

~. The CF3-CgHs-diol was previously prepared by Mosher and °

\
S

Héindel89 by the photolytic reduction of trifluoroacetophenone. The

authors report only one coémpound as the product ithe reaction bt{t fail
t

[ )
“%o identify which, of the two isomers possible, ev had prepared. “They

. ~ ‘
do report that the diol does not undefgaya pinacol rearrangement as is

3

the case with"F2PFP and the CF3-CgFs~diols. We found aldovthat only one

-

<y

isomer was produced in thf&reéction and atéempted to identify it,.

> . -

r
' The '°F nmr spectrum of the diol exhibited a single peak in

botg,chlorofo;m and an opticallv_aptiﬁe solvet. The équiyalence of

-
-

the CF3 groups in the latter solvent is indicative og.ghéﬁﬁgsguisomer .
: 75 o T ) ) 3’
rather than the racemic, one. ‘We also atggggted'to resolve the compoun

- = o

by a similar method to that successfully emplo%ed for the rac-CF3-bgF5—
dicl. Although a salt-like Eompound was obtained with -strvchnine, no

resolution was achieved. The‘gbove evidence is somewhat negative in

o . .‘
substakce but does indicate thaty the meso isomer hés-hdkn obtained.

¥

Unfortunately, attempts to prepare this diol by alternative ﬁethqu to

. A~

s

L 2 . .
get the racemic isomer were unsuccessful, While this work was in progress,

-] ' - & P
an a¥ternative méthod of preparation of the same isomer abppeared in the

literatgrego and 1ts configuration, as determined by X-ray crwetailographic

"

énalysis of the dimethyl dérivétive, was found to be meso, in agreement -
. . ) . ) A

M th our results, . ~ >

-

e

The CH3—tg¥s—dioL:was prepared by the photolytic reduétion-of P

methyl pentafluorophenyl ketone. Only one isomea; whose configtiration was
° 3 - » Cme ,

.

- Pl / ) ’ - tas ® -
not detérmiﬁ%d, vas obtained from the reaction. 1Its elemental analysis,

+

infrared spectrum, ma;g.spectruﬁ; and. nmr/spedtra weré’consistent with the

i
-

had peaks due to the

» -

et -
.
W
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CgFs group as well as a peak at 3575 cm-l due to the O-IMstretching

mode. The proton nmr spectrum had two peaks in a 3:1 ratio due to the

1

methyl ané hydroxvl protons respectively.

. -

- TH"frF nmr spectrum of this diol is normal" insofar as onlv

three peaks were present at 138.0, 154.7 and 162.3 ppm (from CFP}3), due

~

to the ortho, para and meta fluorines respectivelv. The,g5F5 groups in T

s
RATAN ‘

) this diol are free to rotate and therefo;e thé ortho fluorines and th
meta, fluorines feﬁﬁectivelv are magneticallv equivalent. The exnlanation
s Pt '
eameT - for the difference between this diol and the two‘isomers CF3—C6F5-diols is

P s »
the greater steric requirements of the trifluoromethyl groups versus the

. 8 - -
‘methyl.groups. Steric substituent constants, ES derived from ester

hydrolysis experiments 91 indicate that GF% groups (F = -1.16) are closer

A

a

in bulkinese to (CH3)3aC groups (E = »1 54) than to CH3 groups (E = 0).

Also, lgF nmr studies on various imines have shown92 that: the anticipated

inversion shown below does not occur, but that only species I is present

in solution at room remperature. This has been attrihuted to the

LY

bulkiness of.the CF3 gXoup. . " R ‘
! ¢ ’ .
. s CF3 - CF3 E R .
i A’ B *Q\ ‘______45 N //
" C=— N . c— n" .
~ . — T —— »
e x . / \ / . .
. - fCH3 .. R , .CHj . ’ .
S ) e T ' ) .
- L ) 1 S ¢
T ‘...' . N
: ‘ . o ‘ y
. y The mass spettrum of both diols has its most intense peak, at

v »
[ -

one-ha%f the theoretical molecular weight, which'indic;tés that' the major

Y

-fragmentation process involvéds the symmetrieal cieavege of the diol. This

process 1is characteristic of the other diols studied #nd provides an easy"®

method of identification of this class of compounds. Titration o'f t’

. | , . -
- /. \ . ) .
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81

Ty

’ \ * " ’
CH3-CgFs—diol with 0.10 M NaOH did not pive a discernible end-point while,

. -titration of the CF3-CgHs-diol gave an end-point, yielding a pKa of

- .

» L3 . ‘
* oA 11,4, Therefore, the relative acidities #of ‘the diols studied is:

-
R el e et
- I SV S,

P RTINS A e
N HQ?FP> mesar'_Gng-‘.CGFg ﬁlxrajéiCF3-C5F5 > CF3-CgHsg > CH3-CgF5 o
~ F . -
This.is the order one expects, based<n1purely inductive effects, with Y
. - 4
o P .
the exception of the ordering of the meso- and ract§F3—CeF5-diols-as was
’ ‘ +

£
discussed in Part I1. As with the other fluorinated diols €tudied,

‘neither the CF3—C6H5%d}0189‘n9r the CH3~-CgFg-diol unéerent a pinacol’

rearrangement. ’ -
- . , * o

The ' CF3-CH3~diol, produced photolytically, was not_isolated °

as the free diol and thus its properties were not investigated. The
propertiéé of the perfluoro tertiary alecochols have heen reported elsewhere31

and will not be discussed h;{g -.» )

i1

- R

. B. Transition Metal Complexes . ] .

® 2+ | '

All attempts to prepare Ni . complexes with perfluoro terttary

“

(X8 . 1
alcohols of the type KyNi(L), and Ni(TMED)L, where L = anion of tertiary-
. , - L

alcohol, were unsuccessful. One might expect difficulty with the alcohols‘
» - . .

containing CgFs groups due to their instability in the basic medium neces- .
. , I

-

sary for complexation to qccuf, but this doas not explain the inability, to ;«

hJ - rd

'4$fepbre complexes with perﬁluoroft?bunanol since 1t is knéwn that it’ i1s both
. ~ B - ) ‘. q
- soluble and stable in a basicq aqueous med:lum."3 Although the inability ng

-

prepare compléxesrwitg'this alcohol could Be attributable to steric reasons;

more detailed studies would have to he undertaken to categoricall;/{;le out
. the exigtengg of such- complexes. -As well, no metal complexeggcould be brepafgd

with the CHa-(gFg-diol, which 1s a direct consequence of its low ac¢idity and

g .-

-
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iﬁétability in concentrated basic solutions. The CHa¢bF3-diol_was
prepared iﬁ extremely low yields and was not isolated. However, a red
crystalline product was readily obtained on addition of Ni(NO3), and TMED to
the product of the photolysis éf CF3COCﬁ3, and its infrared and Qisible
N ’ Specffamsugggst that it is the square planar Niz+‘comp1ex, NL{TMED)(CF3-
CH3-diol)., The low yields of the diol qbtained'by photolysis plus the
) inability to prepa the diol by an alternhtive method precluded a further
3 - . .

’\\\\ - investigation of

Y : " The CF3-CgHs-diol exhibited a greater tendencv towards

\Xiéénd svatem.
. 4

™

chelation than qhe other partially fluorinateq!diols investigated;

however, isolation of'thé metal cgnblexes, which were readily formed in

24

solution, was, generally probiemaficﬁ A Ni complex of the diol’ﬁas

‘formed in a concentrated ethanolic KOF solutTon which has tentatively

. 2.—
be®#n assigned as the bis diol complex, [Ni(CF3-CgH5-diol)2} |, based on

the visible spectrum of the solution whiqh is virtually Euperimposabl;:)
2e . .
, upon the ‘spectrum of [Ni(PFP)3] (solid). Unfortunately, the tomplex

could not ge isolated. The existence of this complex, at least in
l solutionLJﬂespite the fact that bis-complexes could not be detected with

the more acidic CF3-CgFs5-diols, is a result of thg CF3—C5H5~d101'3
. N . . A
greater stability in a basic med{ium

.y
&

The mixed ligand compound, Ni(TMED) (CF3-CgHs-diol) t®as -

(¥

prepared and characterized as a square planar complei. similar to those'

*

previously described for the other diols. Altﬁough phosphine_compleiés

at

<

of the type Ni(L)z(CFa—Csﬂs-éiol), (where L E*PgtﬁL;PﬁezPh qor PMePhjy),

ywere observed in solution, attempts to isolate them were unsuccessful. |

Finally, a series of kompetitive,regctigns, similar to those described in

® Part I1, led to the follpwing overall.sequehce of chelating ability for

.
* *
t

A
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the diocls studied.

2= . ' »
PFP > rac-CF3-CgFs—diol > meso-CF3-CgFs-diol > CF3-CgHs~diol >>
‘ CH3-CgFs-diol

-

( In general, the diols described in thif section were inferior
as ligands compared to-H;PFP and this is attributed to their lower

acidities, instability in basic solutions, and/or their'wreparative

. . . —Jd*git f\hﬁn

difficulties.
( ’ ?

4

’ “ ’
»
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. . .
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o CONCLUSIONS .
, [: - ' ? o )
' T ® Coa . .
. PR The acidic nature of petfluoropinacol(has enabled previous
-ﬁoxkers to prepare transition metal complexes with this ligand?7’~2'8 This *
. : e i . - 2+ 24+
work hag been extended to include mixeq‘ligand complexes of Ni , Pd
* o4 ) e ’ . _
and Cu . The square planar :structure which predominapss in the series
2+ ’ | ' "

.of Ni complexes‘pf the type:ﬁi(L§2(PFP),'when.£heAco-ligand 1é a =

phosphine or a N,N,N',N':tetﬁasubstituted dianmine has been aftributed

mainly to electronicgrather than steric effects. When the cofligand is a

N,N'-disubstiguted diamine, an unusual equflibrium exists in’coo;dinating
solﬁéngs between 4- and S-coordinate’species. The failure of these

4 - ' ’ K4 .
complexes to attain 6-coordination is explained by the owverall bulk of

A " 2__ . . - -
the PFP ligand. The unusual solution.propertié§ of the previouslv

- L

prepared bis-complex, [Ni(PFP)2] , have been attgibuted-to a similary
. - ' .

equilibrium. ' o : S
) i ] ‘ 2728
. From a consideration of this and previous work,? it is
2- ‘ .

concluded that PFP  and other fluorinated diols can be envisaged as a

94 .
"pseudo" bidentate di-halide, - rather than as an oxalate ligand, as has

. : 31 2 . '
been previously suggested. - In accordance with this concept, perfluoro-

*

pinacol comnlexes can generally‘ﬁé prepared if the cbrresponéing halide

complexes are known, although the structures mav differ, and it is

. - ‘ - B - 2 .
anticipated that this approach to‘the synthesis of PFP complexes will

lead to an e%en greater variety of complexes of this ligand.

..
~

. v
A re-investigation o%.;he photo-pinacolization of werfluoro-

acetophenone proved t.ik two isomers ‘had been produced 1# the reaction, a

3 1

| 7.
84
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meso and ‘e racemic form. ‘Attempts' to iZlentify the isomers wéz:e-:Ln‘ltiallyo

incohclusivé, although the ability of one to pref{rentially‘obordinate -

o

over the other indicatéd that it was the racemic cogp_ound. Conclusive

+ . L

" identif@geation was obtained by resolving the ra_c‘:'.emic isomer. . Whereas

provious resolutions of a‘ohols generally {!.‘nv'olv,ed comieftihng them to
their hydrogen phthalates, followed by 'reso/lution as typieal ach‘a, the
acidity of the diols made possible,,a ditect resolution. The alkaloid base'.

l-cinchonidine formed a 1:1 salt with both diols and subsequent .regen- ra-

v L.
~ hi

tion of the free diols broduced one isomer which was optically actigfe.

\This is apparently the firo.g time a diol has been resol¥ed by .this method -

»

ar;d.its @plica};ilit'y to oth‘er“ fluoriv?d diols and alco%ols is unknown.’

Although transition metal fomplexes of the type
. : 2.~ 2+ 24+ ° , o I
[M(CF3-CgFs-dicl)2] , (M =2 Cu  and Ni ,) could not be prepared, the
isomeric diols did form-a limited number of transition metal ¢implexes
2+~ 24 T , i T - '
with Ni- and Cu  of the type M(L)2(CF3-C¢Fs~-diol). The Cotton effect,’

which was’\ob_seijved in the ORD and €D spectra of the metal complexes with

.the resolved diol, hqé been attributed largely t/o the (preferred’ conforma-

‘tion of the chelate ring, rather :than to the !,1&[{,;,1 effect., An‘assignme'ﬁt

Al

of absoluge configura‘tion has been made based on an-empiriecal, method

deve‘loped b/Reeves " as- well as on a. comparison of the CD spectra of ~

Cu('I'VED)([+] CF3—CsF5—diol) with ﬂosa obtained for, somewhat similar .
: 24+ 86 - " ‘_-
tetradentat‘chiff .base cpmplexes of Cu . Both approaches lead to

!

“the pssigoment of th{? R-—configuration to the (+)-isomer. - C W

& “_d'

The 1°%p nmr spectra of both CF3-fgFs- diols exhibit five peaks

“for the C5F5-gr.ou1§s' ratl"xer'than the Expected three and this anomaly arises

] 4

from the stericallw hindered rotation of the C¢Fs-group rather tham from

70, T

hydrogen bonding, as previously suggésted .The fact that the, -

S
~
.
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~ CH3-CgFs5+diol éoes netﬂexhibit a similar anomaiy'in its 19F nmr, spectrum

, 1s due to the smaller sgatial requirements of the CH3 groups compared to
the CF3 gnoups: ) s ;,éf. - “ / e ,‘ . \
» In ;he investigation of pe:tially fluorinated diols and :c
'perflgpro tertiary\§icoho;s, a veryliimited number'of transition metal .
‘complexes could be pgepared. No complex forgation.was detected éitﬂlthe

’ perflgore alcohols or the CH3-CgFs~diol. Those compounds that were :

prepared and- isolated, 1;e,'Ni(TMED)(CFg-Csns-diol) and Ni(TMED)(ng-Cﬂa-

diol), were .square .planar compieiég similar to Ni(TMED) (PFP). It is

4

concluded Ehat the lower acidities of these diols, their instabilit} in g

T

basic solutions and/or difficulties in their preparation make them

inferior to H2PFP as 1igands\ ’ -

*

-

Based on a series of competitive reactions between the diols

- investigated ie is concluded that‘theit complexing ability ié as follows:

HoPFP > rac-CF3-CgFs5-diol' > meso-CF3-CgFs-diol > CF3~CgHs-diol >> -
) CH3~CeF5-diol AR S

A 4

Also, the relative acidities of the diols are of the order:

Wy / . \ %

HoPFP > me#o-CF3-CgF5 > rac~CF3-CgFs—-diol > CF3-CgHa-diol >>

-

CH3-CgF5-diol
. N

o
.

As expected, the relative acidities parallel the,complexing'abilities

except'§8r the two‘isoﬁerip'diols, &here for steric reesone, the ratc .
‘preferentially ¢oordinates ovér the meso isomer, in spite of their
1 ‘ . ] "
relative acidities, SR

L]
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EXPERTMENTAL ~sz~fcn;on

.
b - 4 . -

e Al

A. Genéral Procedure

' Reactions were carried out according to standard vrocedures,
L ]

under an atmbsphere of nitrogen where indicatezzz*ﬂ 400 W G.E. mercury

M 2

lamp was used for photolvsis react;ons,.which ere carried out in silfca
or Pyrex reactioly vessels as noted. Standard vacuum'technqgtes were used

where necessary, ’

~

f

Infrared spectra were recorded on either Beckman)nﬁnel
, . - ’ ‘ )
‘IR-10" or Perkin Elmer 620.£igtrunents, visible spectra on either Beckman

DK—I or Caiy model 14 instruments and ORD—CD spectra on a Durrum-Jasco ‘

L]

ORD—UV—§ spectropolarimeter? 4 nmr spectra\were recorded dn. a Varian

T-60 or an HA-100 spectrometer with tetramethjlsilane a8 an internal

‘ standard. 19¢ nmr spéctra were recorded on an HA-100 spectrometer at
. ' o’ i ' ) ‘ o
841 MHz with "freon 11" (CBClg) as the internal standard., Mass spectra

*

. were recorded on a Varian M-66 instrument.

ol Conductivitv measurements were made with an Industrial
VIndustrien RClB-conductivity bridge; magnetic moments were defermined at
" room tempemature by the Gouy method and molecular wetghts were determined

with an Hitachi Perkin—Elmer molecular weight apparatuJ A Corning

model 12° pH meter was dsed for pKa determinations and-a Thomas Hoover
Uni-Melt Capillary Melting Point Apparatu§ for melting,points. e ’

Microanalyses were performedoby Alfred Bernhardt Laboratories.

yexaflporoacetone (Allied Chemical); pentafluorobromobenzene

(Impsrial Smelting and PCR), trifluoroacetic acid (Eastnan), ,
N . - a - . 1
. 8%

.
’ . . .

..‘
.
."r
N
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A . . . \ i F
) . - ’ \
1,1,1-trifluorocacetone (PCR),_perfinbto—t-butanol (PCR) and triethyl-

phosphité (Eastman) were used directly without phtification. " Triethyl-

-~

phosphine,'methyldiphenylphosph}ne and dimethylphenylphospifine were .

prepared by standard Gpignard reactions. Perfluofo(2~pheny1propan-2-ol),
perfluoro(l,1-diphenylethanol) and perfluoro(triphenylcarbinol) wefe
obtained from Dr. A. J. Tomlinson. Transition metal salts and other

phosphine and diamine ligands were. purchased and used without further 'k

purifiéation.
: . . -
. /
B, Nqmenclature : . 3 T
J A & Due to thé lengthy formal names of the ligands used through—

out this.work, a.series of systematic abbreviations has been used. The - -

- -

structures of the ligands, their formal names and abbreviations [ ] are v
. ‘ -

listed below.

CF3 V4 L. ‘ *

. CF3 - OH perfluoro-2,3~-dimethyl~
v | butane-2,3-diol _ .
c -  F
. CFy — O -+ [HgPFP] ..
CF4 [verfluoropinacol] o
T CF3 . . .
. = -, . 'x-
CGFS - OH mcsoipgrfluorq(z,j-
' ' diphenylbutane-2,3-A101) |
CeFg —— OH | (meso~CF3-CgF5-dfol)
CF3
- _‘0
’ ‘of "i. . .
‘ ]



NN
S
— . CFj3 ~%
CgF5 — OH
CeFs
Ill /
CFq
CHq —r OH
X . “\’
CH3 ——p— OH
N \
L] 1
X CFg

CF, .
- 4
CeFs
. CHj OH
CHy — OH
CeFs

All the ligands have beeé

?1&

rac-perfluoro(2,3-
]
diphenylbutane-2,3¢diol)
{rac-CF3-CgFs-diol]
VO

1,1,1,4,4,4-hexafluoro-2,3-"'
dimethylbeatane~2,3-diol
{CH3-CF3~diol]

[ 3
Ea

1,1,;,4,4,4-hexaf1uoro—2,3—
-diphéfiylbutane-2,3-diol
[CeHs-CF3-diol]

14

' *bis(pentafluorophenyl)?
butane-2,3-diol
.. [CH3-CgFs-diol]

o8-

89
¢
-
.0
¢

named according to. the diffqrenq

substituents on the diols, with the éxception of perflgoropinacol Vbich ‘

remains H,PFP for historical ressons. The fonized form of H,PFP. is

Py

represented by PFP. .-’Also, abbreviations for other ligands;,ﬁsed‘ .

throughout the text’, include:

oA

®

’



-

e , P(OEt)3; triethylphosphite

.,

PEt: Gtiethy}éhosphine
’ PMePh,: mé;ﬁyiﬁipﬁegylphosphine
. . PMezPh} dimethvlphenvlphogdhine
PPhj: triphenyluhosphine - - ) | ¥
Diphos: 1 2- bis(dipheﬁylphosphino)ethane
TMED: N,N,N:N'—teEgamethylethylenediamine
*  TEED: N,N,N:N'—;etraethylethylenediaminé
“N,N‘-Diethen: N;N'—éiethyletﬁvlenediamine

P N,N'-Dibenzen: .N,N'—dibenzylethylenediamine . < > .
. T DIpyT Dipyridyl- o \\¥~}

DETA: dietﬁylenetrigminef:'\
H ’ : . )
N,N'-dibenzen—N,N'—dimetheng/ N,N'-dibenzyl-N,N'-dimethyl-
- ‘ S ’ ethvlenediamine

C. 'Metal Complexes of Petfluogqpinécol

*

’ 1 i .
- Preparation of Perfluoropinac011? S ‘ ¢

L d

. . S 7
Hexafluoroatetone'(HFA) was bubbled into tooled (0°C)
triethylphosphite (125 gm, 0,75 mole) until che reaction was complete,
based on no furthr uptake of HFA and the final weight of the reaction

mixture (348 gm,\ﬁ 70 mole). \Concentrated sulphuric acid (90 nl) was

e

/
4added slowly to the stirring mixture, followeduby,HZO (90 ml). The

o
P 4—-"

o

solg;ioﬁ’has refIﬁxed for 2 hours, reacidified with sulphuric acid
)ﬁ"’”"

P et -~

(50°ml) and on ;ooling,~repeated1y extracged wi;h methylene chloride and

) . _ o
dried (Mgso&), The solution was distilled to yield crude perfluoropinacol

(261 gm, b.p. 110-131°C, liquid). The crude product was redistilled from
"concent¥ated sulphuric acid to give anhydrous H,PFP. (215 gm, 0.64 mole,
- ' C

o -
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85%: b.p. 129-130°C): The compound had a pKa of 6.5 in a'50/50 ethanol/

3. . . e .

A

water mixture. - .. s .

A

Preparation of K,Ni(PFP),

« This complex was prepared by the reported méthodzz of Allan

and Willis, and was ‘identified by cqomparing itsg infrared spectrum with
' 4

"

that of an aqthentic sample.

¢

The compound has a molar conductivity of 207 mhos at

«

1 4

infinite dilution (MeOH). . The diffuse reflectance spectrum of the complex

-

exhibits peaks at 550 nm and 640 nm (sh). The solution visible spectra

differed from the solid state spectrum as illustrated in Figures*1l, 2 and

£

Preparation of Ni[P(OEt)3]»(PFP) - T

4

]

Excess triethyl phosphite (0.75 gm) was slowly added tgo a

solution of KgNi(PFf)z (1.50 gm) in a 3:1 ethanol/water mixture. The
\S

resulting solution was reduced in volume to yield a yellow waxy

P

precipitate. The complex Qas fecrystallized from€a~meth§1ene chloride/
pet.veiher mixture (wmp 85-87°, Jeccmp.).
- ‘ Anall Calcd. for‘NiclaﬂggFlzpanz ”c,‘zguél; H, 4.15;:
F, 31.55; Ni, 9.13. Fdﬁnd: *C, 28,91; H, 4;21; ¥, 31.1%% w1, 9.21.
»  The éopﬁlex:éas dianagnetic*pnd fiad an infrared spectrum

consistent with the pge{énce of both PFP . and P(0Et)3. The visible

spectra of the complex exhibited one peak.at 417 nm (solid), 415 nm

"(e = 272, benzene), 414 nh (¢ = 325, acetone) and 415 mm (e = 315,

methanéi); o
. » C »”

*Term consistently used to i{ndicate complete lack of paramagnetism. .

a

N

.
=
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Preparation of Ni(PEt3),(PFP) - ' o .& ' .

“»

) (if Triethylphosphine (PEt3) (2.0 gm, 17 mmoles) was
slowly added under nitrogen to a water/methanol solution eontaining
nickel nitrate hexahydrate (2. 60 gm, 8.9 mmoles) and perfluoropinacol

(2. 8& gm, B.4 mmoles) Potassium hydroxide in methanol was slowly

added until a pH of approximately 8 was attained. The resulting orange
s . ' ' ’
precipitate was filtered and recrvsfellized from a methanol /water

-

‘mixture (mp 181°). . »

Anal. Calcd. for N1C18H30F1202P2. c, 3b4.14; H, 4.87;

~

F, 39.45; Ni, 9.60; P, 9,73, Found: €, 34.54; H, 4,79; F, 36.42:

N{, 9/38; P, 9.89." Molecular Weight. Calcd: 627. Found: 651.

The compound was diaé;gnetié, had a singlet in the !°F nmr

1 . . ¢

spectruym at 71.3 ppm from freon 11 and had an infrared spectrum

- 2 - - '.
consistent with the presepce of B(Et)3 and PFP . The vigible spectrum
’ //
showed one peak 460 an (solid), 460 nm (e = 230, benzene) 461 nm '

(€ = 254, methanol), 461 nm (€ = 242, acetone).
. * ‘ -

(ii;s Addition of an excess of P(Et)3 to a solution
(methanol)'of.pptassium bié(pe;fluoropinacolato)nickelate(II) caused an
immediate colour change from blue to orange. The orange p;ecipitete was

" filtered, recrystallized from methanol and identified "as Ni(PEt3), (PFP).
v - - d , (.‘ o

~ ’
“
1
t

Preparation of Ni(PMeoPh), (PFP) . ' . o .

g *

(1) . A slight excesd of dimethylphenylphosphihe (PMesPh) -
€(2.20 gm, 16.0 mmoles)‘vas'added sldwly under nitrogen to a water/
.

methanol solution of nickel nitrate hexahydrate (2.00 gm, 6 90 es) -
&
and perfluoropinacol (2.30 gm, 6.90 mmoles). ,?otassium hyﬁroxid 1n

methanol was added dropwise until the colour of the eolution changed




T ’ | . . —
from a deep red to orange and an orange crystalline compound -precipitated. °

-'I'he' precipitate was filtered and recrystallized from water/methaqoi

(mp 132-133°). »
| " Anal, Caled. for NiCyyHooF32P205: C, 39.64; H, 3.28;
F, 34.19, - Found: C, 35.45; H, 3.42; F, 34,42, Molecu1a£ Weight.
Calod: 667. Found: 740. | | ‘ ‘

v The eompound was diamagnetic, had a singlet in.the 19F nmy
épectrumét 71.2 ppwy from ,freon 11 and hed an infrared ‘spe'ctn'nn' .

. \ ] R '
compatible with the presence of both>PFP and PMesPh. The visible

spectrum exhil:;ited a single band: 454 nm (solid); 455 nm (e = 302,

benzene), 460 nm (€ = 263, MeOH), 459 nm (€ = 320, acetone).

(i1). ' This comple.ould also be prepered be adding an

excess of PMezP\\t to a solution (methanol) of KoNi(PFP),. >

s
! . . .

R

- Preparation :)f ﬁi(PMePh )2 (PFP) S \ ,
222 == .

»

Methyldiphenylphosphine (PHeth) (1.50 gm, 7.5 mmoles) was

added slowly under nitrogen to an ethanollwater solut:ion of nickel

o
r

nitrate hexahydrate (1.09 gm, 3 75 moles) gmd perfluoropinacol (1.25 A\ ‘

gm, 3.75 mmoles) Ethanolic potassium hydroxide was added slawly unt;ll
a pH of approximately 8 was reached. The resulting o;.'an‘ge precipitate .
'wns'filtered and recrystallized from ethanol (mp 172-173°). °
} "\ Anal Caled. for n1égznzsrlzrzozz c, 48.59; H, 3.31.
' Poundi C, 48.41; H, 3.49. ‘Molecular Weight. calé: 791, Found: 856, -

A

. " 'The compound was diamegnetic, extitbitéd a ainglet in the -
- F S P . .

Y , 19¢ amr spectrum at¢70‘e«95 ppm fron freon llvand hafi an infrared spectrum

_ consistent with the presence of PMe2Ph and PFP ? 4 One bnnd was present

: . in the vieible spectrun of the conpound ;‘*ﬁ63t~m (solid), 46;\:::1: (€ = 316 Y




»
+

‘- benzene), 466 nm (¢ = 270 methanol) 467 nm (e = 348, atetone).

-

(11). An excess of methyldiohenylphosphine was added to an

ethanol solution of potassium/bis(perflueropinacolatp)nickelate(II).

The orange érystalline product—tﬁat precipitated on concentrating the
o - ,

- solution was filtered, recrystallized from ethanel and identified as

Ni (PMePhj ), (PFPY.

~ -

-
- a

'Preparation of Ni(diphoq)(PFP) ] , N

¥,
b

Bis(diphenvlphosphino)ethane [diphos] (0 60 gm, 1 50 mmoles)
- N

was dissolved in methylene chloride and slowly added to an ethanol ~

solution of nickel nitrate hexahydrate (0.44 gm, 1.50 mholee)_and HoPFP

. (0,50 gm, 1.50 mmoles). Potassium hydroxide ins ethanol was slowif added
. . . » . . .
. b 3

to the solution uhtil a pH of approximately .8 was attaixed and the

L resulting gold solution was centrifuged to remove potassium nitrate.

~ .

: . : ’w-r«—».“" e \ - ., -~
Y § Rk
‘ =ﬁfé§$ntatliﬁetprpductﬂuhich was recrvstallized from a water/methanol
7' * mﬁ:-«""- Fa
mixture (@Q 228%3 .. : ' , /

T e aa
% . '

eAnal, Caled. for NtfgzﬂzuFlgosz.” C, 48.72; H, 3.04:

F, 28.89; Ni, 7.44. Found: C, 47.85; H, 3.62; ¥, 30.71; N, 8.53.

\

4 . Molecular.Weight. Calcd: 789.° Found: 843,

# ’

.

f ;, = The conplex, whtch was found to hq‘diamagnetic¢ had -a

‘ singlef in its F9F nar spectrum at 70 95 ppm from freon 11 and an

. M 2—
. : infrared spectrum Consistent with the presence of both diphos and PFP e

The visible spectrum of the canpound exhibited a uingle band: 4481u‘ .

T '(‘°**d) ﬂﬁ”*Tmr1?"‘31ﬁ*‘béﬁ*eneT} (e = 298“nechano1), %45 mm
- t'(e f.274§‘acetope).‘t A




Preparation of Ni(PPhj),(PFP)
Y

. (1) Triphenylphosphine (2.00 gm, 7.65 rmoles) and .

pérfluoropinacol (1.30 gm, 3.90 mmoles) were dissolved in t-butyl

alcohol with warming. Potassium hydroxide in butvl @lcohol was‘édded
. . ' "y .

to the solution until the pH was approximately 8.5, An excess of nickgl

nitrate hexahydrate in t-butyl alcohol was slowly added to the 'solution

resulting in 1niéia11y,a blue svlution and finally an orange’solutioﬁ.

1l

- The solution was reduced in volume, and an orange precipitate was
éollected’qnd Tecrystallized from a chloroform/pet.‘ethef (30:6?)*
mixture (mp 208°). Attempts té prepare the' compound in methanol or
ethanol were unsucZessful. | .

+ Anal. Calcd. for WiC,pH3gF;202P5: £, 55.12; H, 3.30;

. |
F, 24.90. Found: C, 34.95; H, 3.43; F, 25.23.

) + 'The compound had an infrared spectrum ‘consistefnt with the”
2~ -l " .
and PPh3, The compoynd was diamagnetic and had a

-

presence. of PFP

singlét in its 19F nmr spectrum (CHCl3) at 70.63 ppm from freon 11. The

complex had molecular welght of 727 (benzene) versus' a calculated value
L3 - . .

of 915. S o7 ‘

- -
- M

The diffuse reflectance”spectrum of the compiex exhibited
one band at 475 nm and the solution visible spectrum also exhibited one
peak at 477 nm‘se.- 274, benzene). 'The complex decomposed in ethanol?

. - ’ .

methanol aﬁd\gcetone and hence solution spectra were ?ot recorded in

b3
-

these. solvents. ' -
(11) An alternative method of preparation involved the .

addition pf base to a 1:1 nixture of pérflné&opinacol and §1éhlorob1é-

.

(t¥{phenylphosphine)nickel(II) in butyl aleochol., Work up as befof§

yielded a brick oramge crystalline’éoﬁplex,which.was {identified by 1its

o~
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’ infrared and visible spectra as being the desired éompdund. Similarly,

the compound was prepared from potassium bis(perfluoropinacolato)- -
nickelate(II) and triphegylphosphine.

. ' o \

"\

. ¢

Prepaqigﬁon of Ni (TMED) (PFP)
« * . .

(1) A slight excess of tet:amethylethyIénedi;mine (TMED)

(1.41 gm, 0.83 mmoles) was added dropwise to a water/methanol (1:2) *

solution of perfluoropinacol (H,PFP) (2.50 gm, 7.50 mmoles) and nickel \

.

nitrate hexahydrate (2.20 gm, 7.11 mmoles). Potassium hydroxide solution

-

‘-;as added slowly with stirri;g until a ' pH of épp;oximately 8 was aétained.
The resulting red p;ecipitafe was filtered and recrystallized from
. methanol/w;t;r to yield a red crystalline compound (mp 232°, decomp).
- ) Anal. Calcd. for NiCyHjcFy,0oNp: C, 28.9; B, 2.9

Ni;rll.S: N, 6.2, Found: Cc, 28.7; H, 3.,2; Ni, 11.6; N, 5.5. Moleculaf

Weight: Calcd. 504. Found: 622. . A

-

- , .The infrared spectrum showed peaks characteristic of

v

perfluoropinacol and tetramethylethylenediamine. The diffuse

@

reflectance spectruﬁ has oné band at 491 nm and the solu%ion spectfum
(methanol) exhibits one band at 501 nm (e = 75). The cogﬁg;nd 18
jd;émagnetic and the !9F nmr spectrum (Cﬁélg) has one singlet at ;1.3 - I
ppm from freon- 11. .
‘.(11) Addition of an excess.of tetramethylethylenediamine.
_to a solution (éthanol) of potassium bisfperfluo;opinacolato)-
nickelate(II), produces an immediate colour change fro&sblue to red. QEB
Concentrafion of the’dglution causes the precipitatioﬁ of a red

" compound (mp 232°, decomp). The infrared, visible and 19¢ nmr spectra

- " confirm that the two compounds are identical.
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Prepération of Ni(TEED)(PFP)4 .

§

-

"This compound was prepared.by the analogous two procedures.
& used for Ni(TMED)(PFP). The two Eompounds (magenta) isolated were

similar in all reSpecfs (mp 239-240° decomp.).

° Anal. Caled. for Nic,.’snz.,rlr_znzozj:‘ ®, 34.14: H, 4.26?:
F, 40.51: Ni, 10.43; N, 4.98. Found: C, 34.84; H, 4.73; ¥, 41.67;
Ni, 10.37; N:“4.99:. Mo{eculqg Weigﬂf. ‘Calcd: 563. Found: 622,

The, compound was diamagnetic and had an.inffared spectrum.
consistent with the presence of TEED and PFPZ-. The 1°F nmf spectrum -
showed a:singlet et 71.1 ppm from freep 11, The visible sp;ctrum showed
o

one peak: 517 nm (soiid), 508 nm (¢ = 67,-benzene), 518 nm (¢ = 70,

methanol), 515 nm (¢ = 74; acetone). ” J

s ‘ -
v

Preparation of Ni(N,N'-dibenzen~N,N'-dimethen) (PFP)
- . » » ) B
¢ N,N'—dibenzyl—N,N'-dimélhylethylenediamine (1.50 gm, 5.60

9 o

mmoles) in ethanol was .added dropwise to an ethanol solution of perfluoro-

pinacol (1.87 gm, 5.60 mmoles) and nickel nitrate hexahydrate (1,65 gm.

5.71 mmoles). Ethanolic potassium hydroxide was added until a pH of

-

H

approximately 8 was reached. The resulting red solution was centrifuged. 3

.

to remove potassiufl nitrate, evaporaéed to dryness and recrystallized
ffom a methylenemchlo;ide/peé. ether (30/60) mixture to give a red
crys;alliée product. (mp 166-167°).

The visible spectrum (MeOH).had one band gt’501 nm (€ = 78)
and the infrared spectrum (nujolfmhad peakb attributable éo‘both ligands.

The !9F nmr spectrum had a multiplet at 70.5 ppm from freon 11, Attempts

to detect the presence of more than one isomer through fractional

recrygtallizatiog and TLC were unsuccessful. . .

x * - .
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- Preparation of Ni(Dipv)(PFP)/ . h "

An ethanol solution of'2 2'-dipyridy1 (Dipy) (1.0 gm, . ¢

. P 6. 40 mmoles) was added slowly 'to an ethanol solution of nickel nitrate

b4 . «

hgxahydrate (1.86 gm, 6,40 mmoles) and perfluoropinaqol (2.14 gm, 6.40. -

o . ' mmoles). .Ethanoiic potassium hydroxide was, added to the_solutibﬁ until
. Q“ .
K4

a pH of approximately 8 .was reached. The refulting orange-brown : .

t

'sblu;ion was centrifuged to remove potassium nitrate and rediced in

volume, preéipifafing a dark orange complex which™was fecrvsta%}ized

DY
.

“*  from an ethanol/water mixture<Chp 280° decomp). . o
. 'S ‘
.o Anal.~ Caled. for NiCygHgF,N,0,: " C, 35.14; H, 1.47;

.

"\ o 'CF. 41.68; Ni, 10.73. Found: C, ;5.63; H, 1.66; F, 41.78; Ni, 10.84.
Moieculaereight.Ealcd. Sﬁz. Fbgnd: 1‘5”{3.0-.. o :

. . xye coppound was diamagn;tit an& ﬁé;§;:51hglet inkthe
19F nmr spectrum (QBCIS) afd71.33 pbm from»fr%gﬁ 111 The infr&ied . .

4 ) r M i ?
spectrém had peaks due to both PFP and Dipy. The diffuse reflectance

< o

spectrum had one peak at 417 nm and the solution visible Spectrum
- - ° ]

- (methanol) had one peak at 390 nm (e = 1640).. . . f
, - - | - o _ ,,—-Z:) . : . v
: ~ - g o

LS Attempted gtep_ration of Ni[N(Et)3]2(PFP) ) ‘ . ’ g
..

“ i ) An excess of trfgthylamine [N(Et)g] (3 00 % gm, 14,9 mmblgs) .
2
was added dropwise to an ethanol ®olution of perfluoropinacpl €1.66 gm, .

5.00 mmoles) and nickel nitrate hexahydrate (1.&5 gm, 5.00 mmoles), The ] i .
resulting pu:gfe solution was centrifuged to remove potassium nitrate

. e " and evaporated to dryness. The resiQpe was recrystallized from acetone

to give a blue crystalline compound (mp 248-250° decomp). - !
J ST B

Anal. Caled? for NiCoyH32F2,0oN2t C, 31.07; H, 3.45;

F, 49.17; N, 3.02; Ni, 6.33. Found: C, 31.77; H, 3.33; F,49,33;
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-N, 3. 33; Ni; 6737, | _ o

.

o

The compound was dlamagnetic aqd had peaks in the infrared -

between 2500 cm -1 and 3000 cm l.indicdtive of an éﬁine Qaltﬁ The di?fuse

2

reflectance spggtrum and the visible spectra in variq&§.301vents were simidar

“to those of KoNi(PFP), and the compbund was .characterized as (NE,taH)zN:l(PFP)Z.
. . - t - N .
The use 'of ammonium“hydroxide and tri-butyl amine also

resulted in blue crystalline tompounds qhich were 1dent1f1e¢ by their e

infrdred and visible 8pectra as (NHQ)gNi(PFP)z and - (N—bu3H)2N1(PFP)2, 4/

-~
o

' respectively.

. a .
] . P ! ™ IS
. . . .

Preparation of NT(DETA) (PFP) ° . . © . .

R # fiethylenetriamine (0.71 gm) was added to a 1:1 mixtufe of
’ :/:' . s » ’ . . : H d
uﬂﬁickel nitrate hexahydrate (2.00 .gm) and perfluoropinacol (2.28 gm) in .
£ . B .
a methanol/water mixture. The tesulting solution was reduced in volume

and a _green ptecipitate was-collected and recrystallized from nethanol

(mp 242-245° decomp). « - e I 2

- o Anal. Calecd. for Nicloﬂ13P1202N2. c, 24®33; H 2.63; o
. F, 46.16; Ni, 11.89, Found: C, 24. 17; H, 3.06;'F, 46. %g;fﬂu 12 :06. Q%ﬁ'i

* The lex had a magnqt;c moment of 3.14 B.M. and was a

>

. 3 N )
T non—éIectrolyte Ih ‘methanol. {b T = .“_‘fm_"T‘fﬁ' ¢ Ty

' ;; - § ) ] .

380, 465, 637, 781, 840, < 1,000 mm; the solution visible spectrum (MeOH)

ttad the follpwing peaks:  381.(65),-450 (sh), 637 20y, 781 (10), ° e

. 840 (12), 14500 (15) nm (Figure 12). R
v ‘,J ) . “ . ‘ | . . . '

’réparation'of Ni(N, N'—dibenzen)(P?P)

" L]

* ! - . i

1

- ,‘ , . N N'-dibenzylethylenbdianine (N, N -dibenzen) (4.15 gng, N
h ]
17 2 mmoles) was slowly &dded with sti:xing to-a 1 1l ethanol/water

. .
o B . , . N . P ¢ ' R o °
[ 2 . .
. . v - .
M Lt . ’ A
. .

. " I
). *
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solution of i:erfluoi-opinacol (5.75 gm, 17.2 mmoles) and nickel nitrate
hexahydrate (5.00 gm, 17.2 mmoles).- fithanolic potaésium hydroxide was

.slowly added until a pH of.. approximately 8 was reached and the resulting-

green precipitate was collected . Recrystallization from a methylene

»

)

uft-—eh—lefifdalpec._e'fhex‘43QlﬁﬁLMxtmmlded;31ed_gmﬁallige product _

. (mp 101-104°). The. initial green complex could be converted to ttie. red

.
v -

complex under vaguum or on he%lng.

3

The infrared spectrum of the red complex was simfilar te®

? those of Ni(TMED) (PFP) and Ni (TEED) (PFP) The visible spectrum of either

* .compound exh:lbited‘&one peak in CH,Cl, (500 nm, €= 54). In the pi'esence

Qo a

_of ‘polar solvents, the visible spectra were entirely changed (Figute 7)

¢ 3

Visible spectra recorded 1n both a series of Hzol‘MeOH and pyr:ldine/
CH2C12 mixfures exhtbited two 1sosbestic points (Figures 8 a*nd 9).

2 T P ‘In general the complex was red in non—polar solvents and

green in polar solvents.o Also methanol solutions yhich wege*red at

s -

' { room temperature, turhed green on coolin& while MeO’B/Hzo solutions,

. which were green at room'tenperatutje, turned redyon heatimg.

- / o
- . .

M_diethen) (PFP) -

" This compfex was prepared rm: o

A

Ni (N,N'—dibenzen) (PF’P), yieldiug both a green and red form. "rhe visible -
,'spectm recor&eﬂ'ln CH2C1; exhibired ome peak (‘503 T, € =& 46) (Figure 5)
but was entirelyn different in polar solvents (Figures 6 and 11)! Two
‘isxsbestic points were obsenved ip the visible spect;a in a geries qf_'
CH£C12/l>ediylaune n:lft‘ulj'es.‘ Atte;npts to isolate t:'he ‘gr.een, c(;nplexes‘ .
. A . )
P present in pdlar sc:lventg.were; unsuccessful except with H0, x;

~ e« . .

—h
*




Preparation of Pd (PMe,Ph) ; (PFP)

Methanolic potassium hydroxide was added dropwise to a

solution” (methanol) of dichlorobis(dimethyiphenylphosphino)palladium(IIf

(O.de gm, 0.662 mmoles) and berfluurOpinacol (0.220 gm, 9.660 mmoles)

. ' s .
until a pH of apnroximately 8 was attained. The resulting solution was

» X
evaporated to dryness and the residue recrysta!lized from methylene
/ N .

chloride to give an off-white crystalline product (mp 157°, decomp.).
Anal. Calcd. for PdCaoHyaF120,Pp: C, 36.98; H, 3.10:

F, $1.89. Found: ¢, 36.71; H, 2.88; F, 31.90. .
- . 2_‘ R &
) The infrared spectrum shows peaks due to both PFP ' and '

PMezPh. The !'H nur of the methyl-protons shows a second order multiplet

at '1.56 ppm from TMS. J r

I

-

¥

Preparation of Bt(PMezPh)z(PFP)

Methanqlic potassium hydroxide was added to a solution )

]
L

(methanol) of dichlorobis(dimethylphenylphosphino)platinum(II)'(0.150 gm,

K T ‘ .
0.276 mmoles}. and perfluqropinacol {0.092 gm, 0.276-mmoles] until a pH

.
¥,

of 8 was attained. The solution was evaporated toluryness and the

residue recrystallized from methyléné"chloride_tu give g white crystalline

3 Srmwy

product (mp I75=175*)- ’ = S
Anal. Caled. for p:czznzzrlzrzoz C, 32.89; H, 2.76;.
F, 28.37. Found: c ' 32.43; H, 3.01; F, 23 60. . el

The infrared spectrum of this compound is compatible with

' the presence of both PFP and PMeaPh. The 19 nmr spectrum of the methyl-

protons. shows a multiplet at 1.60 ppm from TMS.

.
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Preparation of Cu(TMED)(PFP) - . - ‘ N

An excess of tetramethylethylenediamine (1 20 gm, 10.4
& ) .
mmoles) was slowly added to a methanol/water solution of copper Spfﬁhate
'pentahydrate (2.00 gm; 8.00 mmoles) and perfluoropinacol (2.70 gm, 8.08

mmoleslii,Methanolicﬂpotassium.hydroxide was added until a pR of

Qapproximately 8 was attained, and a purple compound ‘had precipitated The
[ 4

compound was filtered amd recrystallized from an acetoneﬁwater mixture to

. give.alpurple crystalline gomplex (mp 191-192°, decomp.). .'
Anal. Calcd. for CuCy,H gF120oN,: C, 28.17; H, 3.133
' F;v44.55; Cu, iZ.&Z. Féeed:a C, 28.04; H, 3.29; F, 44,49; Cﬁ,‘12.31.' 3
- The compound had a magnetic moment of 1.85 B,M, The infrared
spectrum of the compound Yés consistent with the presence pf PFP ) and
TMED., The diffuse refleétance spettr&m of the compo;nl had one broad band.
'centred'et apﬁroximately'QOO.nm. The visibielspectrum'had oﬁe band et
557 nm (MeOH, € = 68) and 550 nm-(CHzClz, € = 63). '

. '

. © Lt

Preparation of Cu(TEED)(PFP)

, . -

An excess of tetraethylethylenediamine (TEED) (1.50 gm, 8.75

~

mmoles) was slowly added to a methanoliwater'solution of copper sulphate

pentahydrate (ZLOO'gﬁ; 8.00 mmoles) and perfluoropinacol (2.70 gn; 3.08

mmoles) Methanolic potassium hydroxide was added until a pH of .

o e apprexiaately &m—att&éneér—%e—pteeipi-tmm obtained—m_iilte:ed eeeee S

and recrystallized;from apiecetone/water mixture to give a purple
er§at;111ne compound (mp 195-197°, decomp.).

'Anai;“Calcd. for CuCighauPy20My: €, 33.86; H, 4.21;
¥, 40.15; Cu, 11,19, Found: €, 33.93; H, 4.30; P, 40.40; Cu, 11.33.°

The compound had a magnetic moment of 1,87 B.M. and an

infrared #pectrum consistent with the presence of PFP  "and TE%D. The

[ 4
]
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diffuse reflectance spectfﬁm had a broad band centred ;t 610 nm and the
ecte ‘ } T &

sglution visible spectrum exhibits*oneibqﬁd (555 nm, € = 56, MeOH;
. . - - _"},. N ) .

* -
» M ’

556 nm, € = 59, CH,C1,).

D =~ . 7

5,3-6101 and its Metal Complexes

D. Perfluoro-2,3-diphenylbutane—

»

Preparation of Octafluoroacetophenone

‘Pentafluorobromobenzene (50.0 gm, 0.201 moles) in
- 7
diethylether (100 ml) was slowly added #o magnesium (5.8 gm, 0.21 moles)
and stirred for approximately one hour. The produ?% was added dropwise

to lithiﬁm }rifluoroacetate [prepafed under .a nitrogen atmosphere from

. ¥ o AN
lithium hydride (1.65 gm, 0.21 molésl and trifluorocacétic acid (22.8 gm,

0.20 moles)] and‘the resulting mixture was stirred for 22 hours at room
L ¢ .

temperéfuge. The product: was hydrolyzed with dilute sulphuric acid,

repeatedly extracted yith ether and erEd overnigﬁt with® magnesium ‘ -
A < : 'f{, . . 1
sulphate. Distillation gave peffluoroacetgphenone (17.5 gm, .067 moles,

133%) bp 130-131°. ‘ L .

’

Preparation of Perfluoro(2,3-diphenylbutane-2,3-diol)

< : - o w

Qctafluoroacetophencne (17.0 gm, 064 moles) in 2=propanocl
v iy \ . . ’~

(85 ml), with several drops of hydfochloric acid, was irradiated for
' : T

eigh: days in a Pyrex vessel. Removal of the volatile materials and

t

" dubséquent sub'l'ina’tién gave ‘& white soltd 'ﬁr‘.i*gm‘, '.0;23 moles, Zl_Z)i

. . N
(mp 96-115°). "Fractional recrystallization from 30-60° petrole -
. . » . -

spirits yielded ;wo‘cdmpounds in approximately equal amounts, The less

uolubie conpquﬁd, meso-CgFs~diol, had a melfing poin‘\?f ;19-129’ while
the more soluble rac;CsF§~diol had a melting point‘of';304151‘.;.

-

« Anal. Caled. for CygF)02Hz: C, 36.3; H, 0.4; F, 57.3.
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' Found: meso isomer: C, 36.4: H, d.3; F, 57.6: rac isomer: C,_/36,.0;

oo (}1, 0-3; F, 57.10
&

A . ) . . ”
Molecular Weights (benzene sqlutions): Calcd. for

Clﬁ‘Flﬁo'éHZ 530. Pound: meso, 535; rac, 543, ) | . °

—— _ The mfmd_@mrm(mﬂl of the mesmisomer.showed B —

' peaks (cm 1) at: 3640(s), 1651(m), 1534(s), 1490(8)- 1408(w) 1402(w), .
/ ,

'1343(m), 1310(w), 1215(3) 1180(8) 1130(3) 1095(m) 995(8) 945(m)

853(m), 782(m), 760(m),,712(w) 677(m), 625(w) 575(w)‘544(w) z.go(w),

bh4(w), 406(m). (g = strong, = medium, w = weak.] - S

a

[

" The following bards (ém_lu) were found in the infrared .
spectrum of E%e rac-CsF‘s—éiel {nujol mull): --3627(s); 1654 (m); 1535(8)y - —— -
1495 (s) , 1465(s), 1410(m), 1315(m), 1270(s), 1250(s)., 1235(s), 1210(s),

. 1172(s), 1135(s), 1115(s), 1098(m), 1010¢s), 990(s), 873(m), 799(m), <

. )
‘790(m) '755(3) 745(m), 735(w) 710(m)' 699(3) 650 (w), 630(w) 555(w), ‘

535(wy, 519(w), 480(w), 460 (wY,, 450(w) 440(4), 400(m), - - -

E vag
-

N The infrared spectra (CCl,) above 3000 cm -1 exhibited an \‘,
irxtente/“vpeak at 3610 emt (rac')"and‘36i5 g:m-1 (meso) as well ‘as a broad . ;

A

¢ P
bangd _at " 3200 em 1 (rac and meso).

rye The 9% nmr spectrum (CIiClg) of the rac-CeFe-diol has six

W multiplets at: &, 73.257 ]

I'd

¥ E, I59.3; \

*
2 e

F, 160. 2 ppm from frech 11. The 4 nmr spectruu (CDCla) exhibits a

-~

doublet at 4.28 ppm~(.1_ = 12) from T™S. The !9F nmr spectrum (CHCla) of ..
‘ _ o

the meso isomer also exhibits six multiplets at: A 71.58; B, 129, 3

c, 1&0 5; D, 149.,6; E, 160.3; and F, 160.6 ppm from fr\eon 11. The proton

nmr spectrum (CDC13) is a doublet of doublets at 4. 65 ppm. (J = S, 14)

from TMS, . . . 's.

IS

" The 19F nmr spegtrum of the rac isomer in a 1:1 chloroform/

'
e
. ~‘ ,
N e,
e * _"‘ o -
f - ‘ . - . .



4
~

e o “ 105

) . . Bl
- - " ,’
. . -

»>

. (+)—a—phene'thy1amine mixture exhibited ,the same six peaks, very pc:quy
* resolved, w;lth .no &pparen’t. further ~1/‘littiné. For the meso isomer: in
the'vsaﬁte solvetzt system, thdre is a &oublet of doublets At 73.92 ppm
(J =35, 9) from fréon 11 and a doublet ;)f quartets ';t 79.14 ppm B
e e {3 = 42 ,'-13) £rom-freon 11, in thé ratio of 1:%. F;;rther‘nmltiplets
s u occur,at 127.0, 134.6, 143.2, 151.9, 160.2, 162.0’ and 163.5{ ppm from
’ freém 11. ‘
| The mass spectrd of the two 1somers had"identical peaks,
differing only ;nghtly in relacive intenaities. The major peaks for ,
iy the! rac—C5F5rdiol and their assignment are‘lis,ted beldﬁ.
‘ L a
¢ o A . '
x ) T o T
Mass, Fragment . | * Derivation
' 539 2 C16F1502H2 | ‘ °.I"" = parent -ion {(not :observed)
510 7 €ygPy 50K | eyt :
'v‘ 461 . OygF20H | , | (P—[H‘F,‘CF3])+ .
372 . C14Fe0sH (P-EF, cF, crad?t ,
‘ 371 - C14Fg0s - '(P-[HF CF3, CFy, HDY
. 327 ' C10F1008 ) ‘ (P—[HF CsP50)) " '
- 265  GgFoH =% - (Chacerscomt =D S
2457 T CgF70 . — —— o -ar)*E . -
L] . . . , '
- ' -0 The pK values, measured in 50: 50 ‘ethanol/water mixturgs,
Py ‘ -/4"1'-; were 8.7 for ‘the meso isomer and 9, 1 for x:he racenic isomer.
g’ ° .
RANEY . o ‘ . " ‘ . . c .



¢ Resolution of racherfluoro(Z 3-d1phenxlhutanedz 3—diol) (: * .
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.:‘- " i ! ) - . : . ,. 106

Perfluoro(z 3-dipheny1butane-2 3-d101) (mp"120° 2.0 gm,

3 7 mmoles) and 1-cinchonidine (1 10 gm, 3.7 mmoles) were dissol::d
ite

together in«a-chloroform/pet. ether (30-60’) mixture (10 1

':_precipitate, which formed efter approxi(;uglx five hours, was collected

. and dried. Although peake due to both the diol and the ciﬁchonioine were

present; no O-H stretch was observed. The compound wes treated with

dilute hydrochloricrgcid, extracted with diethyl ether, and'stripped of

solvent. .The infrared spectrum inﬂicated that the’ diol had been
regene{/ted but the’ ORD spectrum indicated no resolution. The same
procedure was_repéated with :he Eigher melting_isqme:eend the ORD spectrnm.“
showed that some resolution of the diol‘had occurred. Prior attempts with
the alkaloids brucine, strychnine and quinine ahdlthe synthetic bases
(+)—a—phenethy1amine, l-c-(1~naphthy1)-ethyiamine and dehydroabiethqupineﬂv
were,successful. Although strychnine aid form a crystalline,compound with .
the lower oelting isomer, repeated attempts with the higher melting igomer
y4e1ded retractable oils. With the other reagents either starting mater-

H

ials were recovered, or unmanageable oils wvere produced.
~. . . = .

’

v Perfluoro(f,3—d1pheny1butane-2)3—dio;) (16.1 gm, 30 mmoles,

chloroform (150m1)/pet. ether (30-60°, 1) mixture and precipitation
of a white solid occurred over a period of ffhree days. A sagple was

recrystallized‘from methylene chloride (mp 95-100‘)

Anal. Calcd. for CygH, FiO03N,: c, 50.99; H, 2 9; ¥, 36.86.

-

"Foond: C, 51.8; H,‘2;9; F, 37.9, * . . g S

@

* The following bands (cm™ 1) ﬁerexfoupd in the infrared

’ )




*

i

* 460 (w). : - . ’ ’

-
)

. —s
. . .
H T, ..
. 0 . . - . B r o
' S ' . : 107
- M

.

- A

spectrum (nﬁjol)i;f the compound: 1647(m), 1530(s), 1480(8),.1465(8),'
1310(w), 1240(m), 1195(n}, 1165(s), 1130(mS, 1110(s), 1090(w), 105Qw), * -~
1025(w), 1000(m),” 9(s), 952(w), 9‘20(,4)‘, 885(w), 860(w), 830(w), 805(w),

780(my, ‘765(m), 742(w), 720(m), 690(m), 640(w), 610(w), 580(w), 545(w),

.
™

iy L . T J U

The compound had an equivalent eonduétance of 40 ohm -1 mz . )
3 " o

*in*mgthannl“and‘a.moleculaz_neight_nf_énsdextrapnlated to infinite

dilution (Calcd 412 for complete dissociation) ' .

. The first ftaction of the salt’ (8.3 gnm, [alsag = ~40 4% 7 -

’,
*

[2.09 gm/lOO ml, CH2C12]) yielded 4.87 gm of diol with [01539 - +62 L.

(1 98 gm/lOO ‘ml, CH2C12) " The last fraction, an oil on convkrsion to .
the diol (3.30 gm), had a specific rotation at 589 nm of -42° (2.01 gm/

°

1ob*m1 CH,Cl,). The 1+) isomer was fractionally re-crystallized from - ..

_pet. ether (30-60°) £° give gbcgnstant,spec1£ic_rntatinn_ofA954ﬁA_athttﬂA,t
589 nm (1.80 gm/lOO ml, CH»Cl,) and a melting poipt of 89-90°

Attempted Reaction qiﬂPerfluoro(Z 3-d;pheny1butane—2 3—diol) with Sulphuric,=
 Acid A

1
[

. Per.fluoro(2, 3-dipheny1butane-2 3—d101) (Eixture of isomers) N

3
-

) and céncentrated to yield a white crystalline product, Its melting poiht‘

ru.JG*gm——0—95—mmates}*was—reftuxea“fﬁf—a—E*nour in conc. sulphuric acid J

.

L

(5 m1). WAter (io ml) was added and the'solution refluxed fot a further

thipty minutes.' The solution was extracted with .CHCl,, dried (MgSO,)

¢

el e

and infrared spectrum (nujol) indicated that it was unreacted starting ' <

\ L

material.:
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Attempted Preparation of KzNi(rac:§5§3—diollzﬁ ,1'

e

. - T e .
Rac-CgFg-diol (1.00 gm, 1.88 mmSles) and nickel nitrate

hexahydrate (0.27 gm, 0.93 mmoles) were dissolved in methanol and

potassium Hydtoxidé (in methanol) was slowly added until a pH of

approximate%z 8. 5 was attained.” The only metal. containing product

isolated from the reaction mixture was Ni(OH),. Attempts to prepare the

-~

tetramethyi—,Atetraethyl— and tetraﬁugglamﬁonium salts were also
unsuccessful. Similar reactions using the meso-CgFs~diol were also
unsuccessful, Alsb, ORD spectra were recorded of mixtures of (+)-CgPx-

2+ ‘ : :
diol and Ni in-which}the ratio of ligand to metal was varied from

b 0 5 to 1.0:5.0 and no sign of interaction’ be]ween the two species

‘was detected. : B
\r u’
Attempted Preparation of K;éu(rac-gﬁig-dioi)z
o Aé;empts to prepare bis-diol cqmpléxes with Cu2+ were under-

. 2+
taken as previously described for the analogous Ni  compounds. Efforts

to }reparé\tbe'potassium, tetramethyl-, tetraethyl- and tetrabutyl-
. ) Co T
ammonium salts with both the meso- and rac-diods were unsuccessful.

- i oo

Preparation of Ni(IMED)[(+)-C5 ~diol] . .

An excess of tetramethylethylenediamine (TMED) (0.15 gm, :

1 30 mmoles) was slowly added to an ethanol solution (15 ml) of

»

-

(+)-CgFg~diol (0.300 g, 0.57 mmoles, [01589 = 96, 6') and nickel nitrate

* hexahydrate (91165 g, 0.57 mmoles). Potassium hydroxide in ethanol was®

added until a pH of approximately 8’wua.r¢ached. The r9§u1ting red

solutioi'was centrifuged, evaporated to dryness and the product was,

, recfyspallized from ethanol to give a ged crystalline c?nboung (mp 148°,

’

8 - [

. Q
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/ S
(benzene). Caled: 759. Found: 765. .
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. L
.Anal. Calcd. for NiCo2H1gF1602N5: C, 41.15: H, 3.16:

" F, 40.0.4'. Found: C, 4}1.17: H, 3.33; F, 4'9.09. Molecular Weight

-

The infrared spectrum (nujol) of the complex exﬁibited

o

dichroism (CD) and optical rotatory dispersion (ORD) spectra (1.44 x 10

M in methanol) exhibited the following bands (nm).

‘peaks due to both TMED an_d (+)-CgFs-diol. The visible, circular

.

OR!)‘ Séictrgm

“_ y‘j_:g;ible §pectrﬁ:n CD- Spectrum
[ X(max) € o, Amax)  [ald(max) 0 (max) A -
" 510 82 38 =598 _ 47 41,07
F ~ s Y 527 .42
., R 554 -407 576 %‘;32 ]
618 +121
e o

. ¥
Preparation of Ni(TMED)| (-)-CgFs-diol]

The compound was prepared as described for Ni (TMED) [ (+)-

-

CeFs-diol], using Iigand with [Glsgg = -54°

T‘nEWW

recrystallized from'methylene chloride/pet. ‘ether (30-60°) to give a red

crystalline complex, The data for the ORla and CD spectra are presénted
. -2 . . . A} -
below (in methanol, 10 M), ° . _ o .




ORD Spectrum CD SEectfum
A (max) [a]X A(max) Ae
439  +546 ‘ 474 S
504 -134 527 +0.28

+382

554
. 618

c
=

Preparation of Ni(fHED)(mesofcsgs—diol)

N

N % .
A slight excess of TMED was added slowly to a methanol /water

- ' solution of meso-CgFg5~diol (0.50 gﬁ, 9.4 mmoles) and nickel-nitrate

< hexahydrate (0.27 gm, 9.3 mmoles). Methanolic KOH was added slowly until

a .pH of 8 was attained. The resulting red precipitate was recrystallized
from a methylene chloride/pet. ether (30-60°) solution, yielding a red

* crystalline complex 130~131°

.

a gingle band at 525 nm (€t = 80).

- -l

. ‘ g th ]
Preparation of Ni(TMED) (rac-CgFs-diol) ' S‘

~

-

R The compound was prepared by the identical procedure as used .

for‘the analogous meso-compound. The produyst was recrystallized from a

) methylene chloride/pet. ether (30-60°) mixture to give a pyd crystalline

“complex (mp 138-139°). The visible spectrum (methandl},éxhiﬁlted one

~
-

~ band at 510 nm (e = 78). ’ . .

o Preparation of N1[P(Et)3),](+)-CgFs=diol]
Triethylphosphine (0.095 gm,‘O.BO mmoles) was sldwly added

" under an atmosphere of nitrogen to a methanol solution confaining‘i

PO (+)-CeFs-diol (0.200 gm, 0.38 mmoles) and nickel nitrate hexshydrate

-




3

% —',: . ‘ﬁ »
(0.110 gm, 0.38 mmoles). Methanolic ‘potassium hydroxide was .slowly

<

. ) i C .
added until a pH of ~ 8.5 was attained. The resulting orange. solution 2

; ) . X , .
was evaporated to dryness, dissolved in methylene chloride, filtered and

. recrystallized from a methylene chloride/pet. ether mixture.{mp 137-

e e e - —— °

138‘)0
Anal. Calcd. for NiCpgHzgFygPp0p: C, 37.60; H, 2.28;

F, 43.23. Found: C, 37.44; H, 2.46; F, 43.49.

<

The infrared spectrum of the compound was consistent with
.- the presence of both (+)-CéF5—diol and P(Et) 3. The-data for .the visible,

ORD and CD spectra are tabulated below.

3 : . .
(1) Methanol solution (6.8 x 10 M) 3 .

Visiblé . ORD B - ] -
Mmax§ e Amax)  [e]d A(max) de
470 - 205 387 -1200 . 4m - 42,31
) 453 4550 .. 478 . ~1.00 o
505 =340™ 531 +0.14
, S (_ .

o -3 .
.~ (44} Methylemne chloride (5.8 x 10 M) : i o

Vigible ) - ORD ¢ ) - €D .
. " > . )
A (max € "~ A(max [a]} A(max) = A&c .
o . i [} -
_ . .
470 ' 210 390 -1300. . 425 +2,72
. . 455 . #650 487 ~1.05
508 -376 533 - 40.19 .
o N . I‘
E P .
. i &
2 5 - . ~
. L ' . ; . . 3
o, - ‘ L ]
. * = 3
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Preparagion of Ni{P(Et) 3], [meso-CgFc-diol] A
> " This .compound was pgepared in the same manner as .

Ni(PEt3)a[€¢+)-CgF5-digl]., Recrystallization from a tn,_etl'{vl’ene chloride/ ]

p;t." ether gol‘ulion produced a bright oraqge crystalline' compound
' Y

L S 112

-

(mp ;;24-125“, decémp.). The nfrared spectrum of the compound was

N A .
consistent with the presgpce of meso—Cng-diol d."Etg The visible .
| ]
spectrum (methanol) exhibited one band at 480 nm (€ = 215) g <
* Preparation of N,i(PMezPh)z(H]—-ngj—dgl) ‘ ‘ .

-~
-

emmoles). Ethanolié*potassium hydroxide. w%g added until a pH of

Dime;ilylpllenylphosphine (0.200 gm, 1.45 mmoles) was slowly

added under nitrogen to an ethanol solution .containing (+)-CgFs-diol
b4 - . L. , : .
(0.300 gm, 0.57 mmoles) and nickel nitrate hexahydrate~(0.165 gm, 0.57

°

H e 'b
hpproximately 8 was attained./ The - resulting orange soluti-on was

centrifuged, the filt’ratze evano‘rag:ed to dryness, and the residue

recrystallized from ethanol to give an orange crystalline complex

o 8
-

(mp 143’) . .

TR

. ' Anal, Calcd. for n1c32322F15P202. ‘Cs 64.53; H, 2,577

“é

[

F, 35.22, Found: C, 44, 87_H““2_77““F* 3& 2T T G"““

/™=

. Molecular Weight (benzene). Calcd: -861. Foursd: - 846.

Data for the visi‘B‘}e, circular dichroism, and optical . .

rotatory dislp“ersign'spe‘&tr,a (8.55 x 10 M.in methanol) are liéted

E)

below. 4 . : : ) ] .
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Eléctronic Spectrum ( ORD Spectrum ‘ ﬁ’CD-Spectrum
.‘ . hd - ’ ’ P . . f ) ) ) ¥
A (max € ~A(max) - [a]X(max) A(max) = | Ae S

460 . 286 502. - =272 . . - 520 +0.22

Preparation b‘ﬁ-Ni (PHezPh)z(meso-Csfg;diol)° ' -
- v - T .
L ‘ The compound.was prepared by a similar method to o -

Hi(?MezPh)z[(+17C5F5-diol].. It wés rec%ysralliked from a methylene . :.

[y

L. chlorid%/pet. ether (30 60° ) mixture to yileld ap orange crystalline

\

comgound (mp 115-116 ) The. j.nfrared sp.ect:rum (ma«jol) *co‘nfirmed t.he
'presence of PHezPh and meso—Cst-diol The visible spectrum (methanol) .

exhibited one band at 474 om (€ = 226). T

LY . - -

¢ " ] - & R
] . 4 . .

¢ . . N . -

'Preparation of CuLTHED)([+J Ca —diol) : . ° 4

b An excess of tetramethylethylenediamine (0.200- gm, 1.70 :

moles) was added to a\t\ ethanql/water mixture"cont‘aining (+5—CQF5°-d:lol
'_ (0.30 gm, 0.57 mmoles) and copper sulphate pensthyd,,rate (0‘. 15 gm, 0.60

mmqles). Potassium hydroxide (ethamolic) was slowly added tntilya'gg of

.

apptoximately 8 was attained. The solﬁtlon was cpncehtrhted and a splid
/ -

product was collected and recrystallized from ethanol to, give a Dnrple,

light sensitive compound (mp 88-90°; decqmp.). 4 . ’ ’ 'a,.
r . [ 4 . . - - - o

. ' Anal. Calcd. for CuCzyH gF1602N2: C, 37.23; H, 2.27;

F, 42.81. .Found: C, 36. 7o-n 2.24; F, 42.65. ‘,’ ,

Pl

. The ﬂata f°f the visible', ORD and CD Spectra (methanol

- ) -2 - . ) .
-~ 10 H) are l:l.sted belaw. ! _ ‘@ - : -

» " . 137



- ORD Spectrum . _

. Electronie Siectrum ~

-

A(max) cE A(max) [« (max)-
S 15 LR T 616 +50.6
° ' 546 - =202 °
b v . ' ’ '
: M ‘ - . - ‘ ‘

. 114
. -
CD Speétrum .
A (max) N3
654 . =0.12
577 +0.24
503 -0.22

Reaction between fac—tsg-diol, mego-CgFe—diol, TMED and Nickel Nitrate

s IR ki

S

«° A slight excess of TMED was 'slowly added with stirring to a

’ < methanol/water mixture of rac-Cst-diol g) 53@ gm, 1.00 mmoles), meso-

7. g

CgFs-diol . (0 530 gm, }. .00 mmoles), and nickel nitrate hexahydrate (0. 290

1. »

ugm, 1.00 mmoles). A methamolic po;assimn_hydrgxide solution was slowly

pve)

added until a pH of approximateiy Qfs:ﬁas' reac.l;edu‘

The red precipitate: N

2

¢ px;:duced was filtered, redissolved in 'methy;ene. chl.oride, refiltered and

e ' . ) 2

recr§sta111_zed from a methylene ‘chloride/pet. ether mixture.

, "was identified by its infrared spectrl as being exclusively Ni (TMED) (rac-
.. ) . / [ . ]

CegFs~diol). . ‘ ,

- . -
-
- - b e
° .

' -

-

The conglex

Reaétiog between Hng‘P rac—Cng-'d:l.ol TMED and Nickel Nitrate ..

PN

e *

<

A slight excess of TMED was slouly added with stirring to a

nethanol/water mixture of rac-CgPs-diol (. 530 gm, -1, 00 mmoles) PFP

P4

(0. 334 gm, .QOt)moles) and nickel nitrate huahydrat,e.

Hethanolic_-

- potassium hydroxide yes' added to the stirring solution until a red

‘methylene chloride refiltered and recrystallized frml a Iethylene

spectroscopy-as being exclusively Ni(TMED}(PFP).

>

’

St

céﬁpbm;d’ precﬁpitated. 'l'hej’ pr.ecipitate was collected, redissolved in
; ghloride/pet. ether--ixture. The coppounq -vas ‘identified by infrared

" The' teactien.wafs repeated with ‘uso—csrs—dio;l‘ in .place of

¢



0,010 M in Cu  and 3.0 M in NHj. CD spectra of bdth (+)-CgFs-diol and

PO | . ' 1138

rac-C5F5>diol. The product was identified aé N1 (TMED) (PFP).

»

Deterﬁination of hbsolute Configuratiopggz_buprg A Metﬁod ‘. . ..
. A solution of Cupra A was prepared bi dissolving copper(II) (.

hydroxide (0.487 gm) in ammonium hydroxide (98.6 ml) and'ethanol (5.0
ml) .9 The resuiting solution was diluted to 500 ml to yield a solution

2
(=)~-CgFg-diol were fthrded in ethanol/Cupra A solutions with 10%, 207%
302 and 402 ethanol by vblume, since tﬁe ligands were 1nsolubie in pure
Cupra A solutfons. No change in the position or sign of.the CQ bands
was observkd as the ethanol content of the~eelvent wds increased. The
(+)-isomer had one positive band in the visible region (600f6i0,nm) and
a more intense band?pf opposite sign below 360 nﬁ. The (-3;130per hag
bands in the same pogitions with the signs reversed. No 1ntensity ralues
are reported due to incomplete knowledge of the extent of complex
formation and of the nature of the conplextforned in solution.

ﬁ; :
E. Partially Fluorinafeg‘viplsuand Their Transition Metal Complexes

. *

96
Preparation of i, 1 1 triflqoroacetophen&he : _‘.
p . -
Bromdbenzene (157 0 gm, 1.00 mole) in anhydrous diethpl

ether (180 ) was slowly added to-: -agnesiun (24.3 gm, “1,00 nole) over a

‘e .
¢‘-. . -

period of ¥ hour d stirred“ﬁor 1 houg_further. Trifluoroacetic acid *
(57.0 gm, 0.50 mole) 1h diethyl ether (40 nl) was added dropwise ax -5°C

and the ﬁfxtere wvas stirred for Qpproxinately 96 -inptes. d:;er (100 nf).
and‘then dilute hydrqchigric acid wereladded to the reaction mixture.

5 : ‘ ‘ ©

After repeated extraetipns.rith diethylrether,'the ethereal solution was

reéuced in volume to apgéoxii;tely 200 Il-and'dried.vitﬁﬁiagnellul




< o
116

Y
I
L

sulphate. Fractional distillation gave trifluoroacetophenone (53.6 gm, g

622, b,p. 151-153°).
. /

v

Preparation 0§ 1,1,1,4lﬁ,k-hexafludro—Z,3-d{pheny1butane-213—diol : .

(i)

-

"Irifluoroacetophenone (10.0 gm,, in 2-propamol (22 ml),
with several drops of hydfochloric acid, was degassed and irradiated

(quartz tubé) for 8 days. The solvent was removed and the solid résidue

-

was recrystallized from a benzene/pet. ether (30-60°) mixture to give a
- 2 ‘ )

‘white crystalline product (7.0 gm, mp 154-155°, dit. mp 155-156°),

Fractional recrystallization of the product from a variety of solvents
gave no evidenée of the presence of more than one isomer. Attempts to
prepare the diol through reactions of- trifluoroacetophenone QiEFF\,

-

triethylphosphite or with sodium in THF did not produce the desired -

groduct. o ' ' ) _3 >

Thg 1ﬁ£rared spectrum of the diol inujol) had the f;;lawing
peags% 3550(m), 3480(m), ISOO(V},'IZGOén), 1150-1200(s), 1065<ub,
1030(m),'960(w),‘870(m);‘840(n), 750(3); 710(s), 690(n): 635(m), 565(w),
470 (m) , 42043 . | |

The !°F nmr spectr&n exhibited a singlet, both in CHCl4

(70.2 ppm from freon 11) and in (+)-a-phenethylamine (67.8 ppm). A peak

‘due to the parent ion was absent in the mass spectrum; the most intense
. f . '
peak 1q_the mass spectrum occurred at 175 amu, which is ong-balf the

T SRRV

i oo e .__.__ - .
calculated molecular weight, The pKa, deterniined in a 1:1 ethanol/water

-

©

mixture, was 11.4. )

b When equimolar quantities of the diol and strychnine were

dissolved in a CHCl3/pet. ether (30-60°) mixture, a white crystalline;

precipitate formed. Its’ infrared spectrum lacked an O-H stretching band
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1165(m), 1125(9)'; 1085(m), 1055(m); 980(s); 920(w), 870(s), 780(w),  °
770(v), 740(m), 680(m), | .

T?e patent peak faq not observed in the mass”egectrum,of
the codpound. ‘The most intense\peak obeerved occurred at‘211 amu,
exactly one-half of the theoreticzl mass of 422, . ) £

Titration of the diol in a 1 1 methanol/water mixture with
KOH did not produce a discernible end point.

The !°F nmr spectrum (CHCl3) shows 3 pedks; a broad.

T nunneeqlved multiplet at 138.0 ppm, a triplet of triplets at 154.7 ppm
and an atparent doublet- of triplets at 162.3”ppp from freon 11,

- °® L

» . 1°3 ’ .
— Attempted Preparation of Metal Comp;exes of bis(pentaflhoroﬂheggjlf

utane~2,3—diol |CH3#_5 -diol| L. d[
a li‘

e

A slight excess of TMgD was slowly added to a meth

solution of nickel nitrate hexahydrate ( 066 gm, O, 23 umole) and the

~

CH3-CgFs-diol. No colour change was 9bservedg even on addition,pf

[

alcoholic KOH and the only, metal'contaiding product ieolated was nickel

hydroxide. Attempts using triethylphosphine and dimethylphenylphosphine
: ~N
as the sécdﬁd&ry ligand were also unsuccessful Similar attenpts using
2t e ' ' ’
Cu and TMED as the secondary ligand were unsuccessful,

e

r
I'4

L.

‘Preparation of Ni(THED)(CHi;Crg-diQ*)j

) A e
A solution of 1,1,1-trifluoroacetone (12,2 gn).and 2-propanol

(28 ml) was repeatedly degassed and irradiated (quartz tube) for 8 days.
Unreacted starting naterial (v 11 gm) and 2-propanol were remoﬁbd under

-~
. .

vacuum, leaving behind a small amount of oily residue, uhich was used

‘without éhtzﬁ;;\b‘<ification. Nickel nitrate hezrhydrate (0.050 gm) in . P
. . ‘ ' . "- . . ‘ ‘ 4

o ‘ . . >
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<

ethanol (5 ml) was added to the residue, foliowed by 'I‘MEI)‘,~ pntil a colour

change gfgm'green to red had occurred. The resulting soiutlon'was )

evépqrated to d:yness,)and the residue was reqrfstallizeﬁ from a
methylene chloride/pet. ether (30-60°) solution to give a red érystallinev
comﬁlex (= 10 mg). There was one band in the visible spectrum (505 nm,
€ = 74, methgngl); the infrared spééirum (nujol) exhibited strong bands

*
in the 1200 cm-l‘region. Elemental analysis was not performed on the

' compound due to insufficient sample.

Repeated attempts to prepare the diol 1n better yields, both ’

/

photolytically and through the reaction of the ketone with P(OEt)3, were

[

unsuccessfﬁi} no reaction was detected in the latter reaction.

Preparation of KoNi(CF;-CeHs—d101)-

Initially, alcoholic KOH was élowly,addedjtb a 2:1
s;o;fhiémetric mixture of the diol and nic}el'nigfﬁtg in ethanol until a
pH of = 11 was attained. The onlx metai qyntqiniﬁg product isclated wa;
N1 (OH),. Af@érnatively, the dicl 13.00 gm, §.S'hmole) and nickel nitrate
hexahydrate (0,95 ém, 3.2 mmole) were dissolved in ethanol (30 ml) and
solid KOH waa»a&ged (7.5 gm). “The gfeen pr'gcip:ltater wﬁich initially
forméh, slowly fedisqolved over a period of 30 minutes, leaying a clear,
degp blue solufion, The visible spectrum of Phis so}ution'hadhpeaks at’

550 nm and 620 nm(sh). Repeated‘attemétg to isolate this complex were -

unsuccessful. i
¢
Preparation of Ni(TMED)(CP3-CgHs-diol) ’
This Eonpléx was prepﬁfed'by the same method as for =

N1 (TMED) (PFP), and was recrystallized from ethanol to give a red

] . L}
-



crystalline complex (mp 196~-200°, decomp.). - - o

I3

.Anal, Caled. f&“iszstFsNzO}: c, 50.‘52; H, 5.01;

&

. O

F, 21.78. Found: C, 50.42f/n, 4.91; F, 22.05.

The infrared spectrum was.consistent with ‘the presence of
. . .

L3

both liggnds. There was one band in the visible spectrum (M}OH) at
} :

502 nm (€ = 58). ~ e

BN .
.\ ~

Preparation of Comg;exes of the Type Ni(PR312(CF3-CgﬂS—diol)

All attempts to prepare complexes of this type involved the

same procedures as those employed for the Ni(PRg)z(PFP) complexes. With

the phosphines PEt3;, PMe,Ph dnd PMePh,, complexes were readily formed in
solution whose visible spectra coﬁ%ained»one band in the 5501500 nm .
region but repeated attempts. to get pure crystalline solids from these

solutions were not successful. No evidence of complexetion was observed

L

D

with PPhs. ’ : - ‘
N ) A
N / - - .
2+ ‘ oo ‘ .
Attempte&\ﬁxeparation of Ni Complexes with Perfluoro Alcohols as Ligands
ttempts were made to prepare cnnplexea of the type .
N1i(TMED) (L)2 where L = the anion of (CF3)3COH (CF3)2C5F50011 .

CF3(C§F5)2FOR-or (C5F5)3COH, using. similar nethods as for the analogous
PFPZ— compounds, No metal complexes were isolated with these alcohols as
ligaﬁde:‘ Also, attempts to prepate conpbehes of the type §1(L)§“ by the
method used for Ni(PFP):— were not’ducceaaful. - - =

@ . .
. .




‘ : . -~ - rl
. . .

° *

Reactions of CFa-CgHs-diol _and CH3-CgFs-¢iol with Hp50,
e — w4 B

. . - The reactions of these diols with sulphuvic acid were .

carried out as described for the CF3—-CgFg-diol. In both instances, P

unreacted starting material was recovered, as identified by thedr

infrared spectra. .o : . ot

v

-

Competitive Reactions of CF3:§;ﬁ§§diol , L. e
A series of competitive; eactions were carried out between
’ e £ .

the CF3-CgHs-diol and PFP meso;df;4C5?5—diol and rac;Cfs-Cstrdiol as

previously described. The products were identified by their infrared

spectra»as N1 (TMED) (PFP), Ni(TMED) (meso-CF3-CgFs~-diol) and

NiKTMED)(rac-CFarcer-diol) respectively. \
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