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INTRODUCTTION

The substituent constant, o; is a measure of the sum of the induct-
ive (or field) and mesomeric (or resonance) effects of substituents in
aromatic molecules, They were determined by Hammettl in the following
manner. Linear relationships were found to apply to the rate and the
equilibrium (dissociation) constants of nractically all side chain re-
actions of benzene derivatives e.g. the logarithms of the rate constants
for alkaline hydrolysis of substituted ethyl benzoates and the disso-
ciation constants of substituted benzoic acids follow an equation of the

form :
log k = p log K+ C (1)
where k = rate constant, K = dissociation constant, p = slope and

C = intercept.
Equation (1) can be modified:

log k = p (log X = log K°) + (p log K° +C) (2)
where K° = dissociation constant of the unsubstituted acid (benzoic
acid itself). The quantity (p log K° + C) is necessarily equal to
log ko, where k° is the rate constant for the saponification of ethyl

benzoate itself.

Therefore from equation (2)
log k - log k¥° = p (log K - log X°) (3)

This equation relates to any rate or equilibrium process, but it is
convenient to relate all other reaction series to the dissociation of
benzoic acids (i,e. K).

The substituent constant, o; is defined as follows :

o = log K - log K° (4)
Thus equation (3) becomes

1o§ k -~ log ¥° =p o (5)
Equation (4) is more frequently written as :

log kK/k" =p o (6)



bguation (6) is the Hemmett Equation.

The substituent cornstant, o3 is deternined by the nature of the
suwbstituent and is normally indenendant of the nature of the reaction.
Conversely the reaction constant, o is a constant for all substituents

but devencant on the nature of the reaction.

The substituent constant is thus & measure of the electron-
withdraewing or electron-releasing nower of a group relative to hydrogen,
1l.e. electron-withdérawing groups have positive and electron-releasing
groups have negative substituent constants, OUrtho-substituents do not
have reliable substituent constants because of steric interference to

the reaction iwrosed by the ortho-grouns.

Although the majority of reaction series follow the relationship :

If

log k/x° p o
or log K/K° = o

sometimes certain substituents lie well off the plot of log k/ko VS. 0%

In these cases effective substituent constants () for that particular

reaction series may be calculated by drawing the best straight line

through the points for normally behaving substituents, determining the

slope and calculating & from :
& = lo¢ = /P
1©

For norimally behaving substituents (o~ - & ) is small and for abnormally

behaving substituents (o~ ~ &) is large.

Since the substituent constants represent a combination of induct-
ive and mesomeric effects, they cannot be used for alinvhatic molecules.
However Ingold2 suggested that as a measure of the purely volar (induct-
ive) effects a couparison be made of the relative rates of hydrolysis in
acidic and alkaline media of aliphatic esters, RCOOR’ (i.e. where the
mesomeric effects have been eliminated). Since the attacking species in
acidic solution is H+ and in alkaline solution OH and since mesomeric
effects in the aromatic sense are not possible with alivhatic compounds,

)
Taft” proposed the relationship :
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where kB, k' are respective rate constents for the base and acid hydrol-
ysis of the substituted ester and.ki, kg are respective rate constants
for the base and acid hydrolysis of the unsubstituted ester. The factor
2.48 is introduced as an arbitary comstant to scale the o values to a
magnitude roughly approximating those of o The rate constants of
substituted acetic acid esters were used to calculate the nolar substit-
uent constants, thus the reference standard is not k° for R = H but k°

for R = CH3 in this case.

Infrared swectroscopy has been extensively anmolied to free substi-
tuted aromatic, heterocyclic and alivhatic amines and correlations
between thc substituent constants and the N-H stretching frequencies
have been found to exizt. Flett4 studied the infrared svectra of a
number of substituted anilines in CCl,. In each case two N-H bands were
observed corresponding to the symmcltrical stretching mode at avproxime-
ately 3400 cm'l and the antisymmetrical mode at approximately 3500 cm_l.
ile observed that as the substituent constant increases in a positive
sense, the N-d bonds are strencthened (increase of the N-H frequency)
probably as a result of mulling the hydrogen atoms closer to the nitro-

gen atom with develonment of a nositive charge on it.

oimilar work was carried out by Krueger and Thompsons, also on the
infrared spectra of substituted anilines. i plot of the [i-Hd vibrational
frequencics of both the symietric and antisymmcetric modes against the
Jaffe6 substituent constants of the amines, showed a slight curvature
and would beconie more linear if the sguare of the freguency was plotted

rather than the frequency itself. In agreement with Flett, the frequen-

4

1 '

cies increased with increasing substituent constant (i.e. from negative
to positive o ). The trend observed for the N-H freguencies with
substituent constant is however the converse of that found for the O

. . . . N 7 : »
stretching vibration in substituted vhenols’ . The N-H frecquency trends



are contrary to what would be exnected because the amine hydrogen has
no electrons available for increasing the N-i bond multiplicity and
thus the stability and stretching frequencies of the H-H bond. #4s5 the
revorted spectra were determined in solvents such as CHCJ.3 and CC1, it
is conceivable that the electron-withdrawing substituents mey cause a
drift of electrons into the Nli-i from the halogen in the hydrogen bonded
snecies Ned=+=++Cl., Lpectrosconic evidence for such hydrogen bonding
has been found by Iuson ggmgi? who observed that with increase of
concentration of the amines in the solvents, CCl4, CLZ and CHCJ_3 caused
the sharp li-H stretching band to fede out and a broader band at a lower

frequency to apncar.

The Nl stretching vibrations of aliphatic nrimary amines have been

, o s 9 , , , ,
examined by Krueger and Smith™ and correlations with Taft polar substite
uent constants gave trends similar to those found for aromatic amines.

-

Their exnlanction of these ftrends was that as the inductive electron=-

donation power of the alkyl groun increases, the anparent electronegate

*

ivity of the N atom decreases because of incrcased electron density
consequently binding the H atoms less firmly resulting in a lowering of
the bond strengths and hence stretching freguencies. This exnlanation
also serves to exwnlain the observations of Fletté ancd Krueger and

S . . s .
Thompson  with reswvect to aromitic amines.

Correlations of the nuclear magnetic resonance (il.i..R.)chemical
shifts of the amino protons of amilines with the suostituent constants

dlu'll. DyallU redorted that linecar correlations

have also been revorte
were found to exist in &cetonitrile, carbon tetrachloride and deutero-
chloroform with a slowe which indicated that electron-releasing substi-
tuents »rovide increased shielding of the amino protons gilving rise to

& paranagnetic or unfield shift relative to aniline itsclf and electron-
withdrawing substituens deshield these protons giving rise to a diamag-

netic or downfield shift in the exwected wanner.

There have therefore been many studies of substituted organic

compournids and correlations have been found between substituent constants
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and groupn freguencies or chemical shifts but there have been few

similar studies awnlied to series of coordination compounds containing
organic ligands individual members of which differ only in the substite
uent on the ligand, Gill and Kingdoml2 have recorded the infrared
spectra of a series of metal halide cowplexes with substituted »nyridines
in the region 1600 - 200 cm-l. The study showed thaet there was no
simple explanation for the shifts obscrved.

A number of coumnlexes of divalent metal halides with aniline and

substituted anilines have been previously remorted in the literaturels'l?

20’21, ultraviolet and

Doie spectrosconic studies have been reported
far infrared spectra were recorded and the spectra were used to deter-
mine the probable coordination arrangement about the metal ions.
Spectrosconic supwort for X-ray structural evidencelS of tetrahedral
coordination in complexes of zine(II) halides with substituted anilines
was obtainedzo. assignments of metal to halogen vibrations were sugg-
ested and nrobable izetal to nitrogen sensitive vibrational absorptions
were also proposed. Probably the most conclusive report on the assigne-
ments of infrared absorntion bands in this type of commlex was that
given by Jungbauer and Curranzz. The spectra of N-deutcerated aniline
complexes of various metal halides were commared with those of the
undeuterated comlexes. <The fundemmental l-H modes could thus be
assigned since deuterction caused these bands to shift to lower freque-
ncies as a consequence of the remlaccment of the amino hydrogens with
heavier deuterium atoms. “wo metal to chloride absorntion bands in the
aniline comnlex of zinc{II) chloride were assigned to the bands at 295
and 284 cm—l corresmonding, res»ectively, to the antisyumetric and
symnetric stretching vibrations, as these bands disappear in the
corresponding zinc(II) bromide or zinc{Il) iodide complexes. A N-N
sensitive vibration was also assicned to the band in the 450 - 370 cm-l

region, although the freoguencies were soimewhet higher than exvected.

There have however been many other studies on coordination comp-
. , ) e . .2
ounds of this type concerning their staiility constants. Pauling
has explained the stability of certain comwnlexes on the basis of metal-

ligand doupnle bonding, Hc suggestec that the trancition elements can



use, for multinle bonding, lower energy d-orbital clectrons which are
not available in the non-transition metals. Although there is at
present no direct nroof of metal-ligand m-bonding in anine comnlexes
and although such w-bonding would not be anticincted on theoretical

grounds, several experimental observations heve been rationalised on

er
. . e, 24 . . - -
this hasis. Do wilve and Celado doternined the stabilisetion factors

N

(Sf) for a serics of silver(I) aniline cownlexcs, . is defined by :
L

MLY L HL?

L

BuL /BJL

. = log -

L’ ML . R ; .

. P are the stebility constants of the couplexes of the
L . - N \ . - . s N il ;.A- IJ

substituted (L) and unswbstituted (L) licands and P . B axe the

where B

resnective ligand association constants. . is related to Lhe substite-

£

where o= and o ° have the sane significance as in the Hammett ecuation,

bf plotted against the susstitucent constent geve & linear relation-

shin with & nositive slopeg, which is survrising as it is the inverse of

-

the slowc of pK(-log dissociation comstant) olotted against o-. The

positive slove measures Tthe suscentibility of the resction to changes in

the substituents and can only mean that the recction studied is favoured
[ S,

by electron withdrawal fro: the rietel ion end thus the sltabilisation

neasured Ly o 1s duc to back donation of d-electrons of the meltel to

i
the entibonding orbitels of the ligend to form qr~bonds. ruri@nn and
ﬂ') 5 .
o y . . - . I ) A ~ i . - -~
Basolo foune: that the stebility constants of silver (1) cowmnlexes of

some S~ and 4- gubstituted nyridiues were consistent with the concent

of r-bonding.

Yingst and ¥eDanic ‘6 however disagroec with the theory that
r-bonding contributes to the stability in certain silver (L) and coon=
er (11) complexcs. They denonstrated that the conclusion, viz. that the

Sf factor of de Silva mcecasures the stavilisation aduitional to the o -
bond formation, hinces on the interpretetion of Sf, by considering

several systems where gr-bonding may be asswned to bhe absent e.g.



alivhatic amine comvlczes of silver(I). They found the similar inverse
T !

relationshin obltainad for Df and base strengihs as did da Silva and

concluded that the inverse relationshi» is not supnort for qgr-bonding.

They do not however attemot to exwlain the additional stebilisaticn,
Furthermore, their results may mercly imply that the anomalous stabili-
[4 J o J

sation experienced in anilince complexes may also occur in alivhatic

aniine comnlexes and that, although forrally imnossislc, w=-bonding may

=)

be the cxplanation in both cases.

The recson why f=bonding is assuaed to be dmmossible between a
transition awetal ion and ligends such as alivhatic and arciwtic amines
is that the nitrogen donor etomic orbitals are upl hybridised and hence
haeve not the correcet syrimetry for overlan with the t orbitals of the

2g
metal ion (strictly only t 9 in the case of octanhedrally coordinated
=
netal ions), so that g~bonding based on a molecular orbital approach is
not wossible. chertheless this reasoning appears too rigid since it
assunes 100% sp3 hybridisation ¢f the nitregen donor, a situation which

is unlikely to be precisely realised in practice.

Because of the anomalous stabilities of aniline complexcs, it was
considered that a study of the infrared swectra of a large serics of
substituted aniline comnlexes of a single metal ion, zinc(II) would

help to shed some light on the mechanism of bonding in these molecules.

imide were first reworted by lscnucaelf The molecular foriwule of
” -

these complexes was founda to be ;CuouQAmq; on the hacis of percentage
L d

composition and molecul:ar welght measurements.

v
1

he decournosition of
these comwmlexes in aqueous solution was also investigated and led to the

following reaction nattern :

r - - -
| Cudu, i, i (copper-red) | Cubu,, fua (H O) (blue-violet) or
[ A 2—‘ - Z 2 -’

LCunm(dzo)SJuuz Lcu(HZU)GJDuZ (bright blue).

_ . 28-32
A number of similar comwplexes have more recently been nrepared .

These included the aliphatic amine complexes of Cu(IIl), Ni(IL), Fe(1II)
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and Mn(III) succinimide and nhthalinide. Preliminary investigations
concerning their analyses, molecular Weights and conductances have been
made. Conductance measureilents indicated that the complexes were non-
electrolytes and hence it was suggested that both the imide ions and
the amine ligands are within the coordination swhere. It was stated
that it is woscible thit the jwide ion may be bound to the metal ion
either throuch the nitrogen or through the oxv¢en of the carbonyl
group, however the conclusion was reached that coordination is more
likely to be through the negatively cnarged nitrogen (see I and 11,
page 63). Visible absorntion neasuresents of the copvwer (II) succinimide
o .

. .92 L . e 1 s
colmnlexes were also recorded ~. 4 single abworwtion band in the

vicinity of 630 14 was found for all these complexes,

Infrared snectroscopic measurements were also carried out on the
iron(Iil) vhthalimide comnlexeszg. These indicated that the reduction
in the carbonyl stretching freguency on coordination with iron(III) and
further reduction in the amine commnlexes was due to the corresmoncaing
increase in the negative charge on the nitrogen. Infrared spectroscopy
was also anﬁlied3l to the ali-haetic amine commleres of manganese(IIl)
succinimide., The shifts ohserved in the N-H stretching frequencies
were attributed to the varyving molecular weights of the various anines

~e

(L.es to mass effects).

It may Le cssumed thal changing the amine in the comnlexes would
cause sorle periturbation in the electronic structure of the iwmide liga-
nds and also some change in the energy levels of the metal ion concerned.
Thus a series of cowper(LI) and nickel(II) succiniide and nhthelimide
-complexes with various worimary ali~hatic amines were nremared and their
infrared swectra and ultraviolet-visible absorntion snectra studied.
These results have been used to gain information on whether the imide
is coordinated throuch the nitrogen or the oxygen of the carbonyl grouo

and to the nature of the bonding in these molecules,

B -Diketones are known to form stable six-meibered cheleates with

many metals, The acetylacetonates are particularly interesting exanp-
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lew of these complexes. They are derivatives of the enclic form of

ccetylacetone (CI ~L(Ok)=Lu~CO-Cd ) and a number of metals, in which the

(%]

1w

priary valency of the metal ion is satisfied by an encolic hydroxide
residue and the secondary valency by the cxveen of the carbonyl groun.
Some P-diketone complexes of the divalent transition metals form
©34-38
- = . SR s . 3

solable bare adducts. Graddon end colleacues have studied a
series of nitrogenous base adducts of Zn{il), Ni{il) and kn(I1)R -

2 1; I (N3 - - a T (R S R | TR 1
diketonates, They were concerned ..ainly with the stereochemistry of the

metal ion in the molecule. Bis(acetylacetonato)zinc(:I) and bis(benzoyl-

aA
U/I

acetonato)zine (I1) were found™ to form S-coordinate (trigonal bhivyran-

idal) end G-coordinate (octoiedrel) commlexcs with heterocyclic bases

(see I1I, page 79) the latter stereochenistry being relatively unstable

and decomnosing with tise to the former., Other S-coordinate zinc(II)
‘ O
comnlezes have also been rnworted viz. 1 : 1 comnlexes of priwmary and

secoudary alin

Lun ’-(,u-l\'lxz ) 2'j

atic amines with zinc dialkvldithiocarbamnaltes

~

liickel(Il) complexes of 3-alkylacetylocetones (HL) have been stud-
]
. L9 N i I . Vo
ied = and the reaction witn nitrocenous buses e.¢. vyridine, was shown
to cive tie cctahedral adduct [NiszyZJ probably with [NiqupyJ occur-

ing as interimediste, the corresponding acetvlecetone comnlex,
40 _ , N
i1, necac, o has nrevicusly been isclate « +hils behavio 5
Ni_ncac, v r} has wrevi ly b 1 d This behaviour is in
4 &

contrast to that of the reaction of o-hrdroxyarvlcerbonyl coimlexes of
-

nickel(II), which awpavenily ud& pyridine to give (hlb Py, 1 in two steps
Cp ] i L 99
with the S-coordinate snecies thL py | s an intermediate .

Both monc- and his-syridine adducts of bis({acetylacetonate)mang-

L .37 \ N . .
anese(IT) have been reworted™ . 'The t-coordinate compounds were found

o~ '
aiad

te be unstable, differing maricedly from the corresmonding comnounds of

nickel(Il), resesbling ruther the zinc(lI) compounds.

It would Le exnected thet since tliese metul Padiketonates forn

acgducts with bases such as nyridine, they would equally well form sin-

ilar complexes with alivaatic anc arcmetic amines. utine adducts of

.

- . 1 a1 ¥ A 1 3 1 1 ey
the zinc(1l) analogue have actually heen wrepared . <The synthesis

dduets of

oy
=
=
o

a series of various aliphetic end aromatic amine
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bis{acetylacetonatolnickel(I1) was therefore investigated in this work.

Nickel was chosen because of the fact that of the wmetal ions nreviously

¢ B~coordinate pyridine adduct.

-]

investigated, it forwmed the most stab

1]

i series of alivhatic amine adducts of bis(acetvlacetonatolzine(Il) was
also nrenared and the sterecochamical configuration of the zinc ion
investicated by meins of microanalysis, infrared and nuclear magnetic

4]

resonance s»nectroscony. It has been found " that in @ series of metal

B-diketonates, the nature of the substituenis in the P-diketone ligand
has a direct bearing on the carbonyl and metal to oxvgen vibrational

vas howned here to show thot the changing electronic

l'""

freguencies. 1t

effects in a series of variously substituted amine adducts of
bis{acetylacetonato)nickel(Il) and -zinc{1I) would wroduce a correlation

with the characteristic groun frequencies of the chelate ring.

i s ’J’-Z "'I{i/i' soae 1,2 s
There have been many renorts = . on nyridine adducts of uranyl

acetylacetonate. These comnlexes consist of two molecules of acetyl-
acetone which are co-planar with the uranuinm atom. In addition to the
two bound “oxo” ¢grouns, one molecule of wpyridine is bound directly to
the uIaniumSVI) ion te form a 7-coordinete complex of formule
UOZAcaczpyj. The most significant feature of the infrared soectra of
these complexes is the intense band in the region of 900 cm_l which can

be correlated with the U=0 stretching vibration of the urenyl group.
-

It was considered that primary aromatic asines would form 1 : 1
adducts with the uranyl acetylacetonate (V, page1US) analogous to the
pyridine complexes. o series of asaine comnlexes were —repared and thelr
infrared and nuclear macnetic resonance smectre recorded in the hone of
stuwdying the electronic effects induced by the varicus su.stituted

amines.



EXPERITIMENTGAL

——— —_

Method of Prewarction

r
(1) Awmine complexes of zinc(II) halides, Lbnxzunz

~

The coordination comnouncs werce vrepared by adding the appropriate
prinary aromatic amine (2.2 moles) to zinc(II) chloride or zinc(II)
bromide (1 mole) in absolute cthanol. The product precinitated irmed-
iately or after shaking. The resulting whitce nrecipitate was filtered
off, purified by recrystallisation from ethanol and dried in vacuo at
room temperature for 24 hours., This general method was applied to all

J

the amine complexes with substituent constants in the range -0.6 to

+0.39, but the high positive subgstituent constunt of the other amine

9]

ligands resulted in the cuamnlexcs being too unstable to precipitate from
ethanol., Therefore in these cases, instead of an ethanolic reaction
mediuwn, diethylether was used. ¥Furity was checked by analysis for
halogen using Volhard’s procedure45 : 0.05 g commound was weighed
accurately inté a 150 ml conical flask. To the flask was added 10 ml
distilled water, 3 0l approximetely 5 N nitric acid, 5.00 ml 0.1000 N
silver nitrate solution and 1 wl ferric alwa indicator. In the case of
the chlorides, 2 ml nitrobenzene wes also added. The excess silver
nitrate was titrated with 0.10U0 N ammoniuid thiocyanate until the first
ampcarance of a permanent reddish-brown colecuration. The nercentege
halide in the sample was calculated and compered with the theoretical

vercentacge calculated on the basic that the comblexes are tetrahedral

and monomeric., i few of the coumlexes which had veen preparced by others



in this leboratory cave analyses of cerhon and hydrogen which were in
good agreenent with those calculated frow the amirical formmlac,
lelting »oints were deterained on a hofler hot stage. Details

A

concerning tiesc compmlexes avpear in Table 1,

(2)  Amine complexes of metal imides.

LCu UL hnzj

CuCl2 + 2 Suldl 4+ 4 Am [CuSuzﬂmzj - 2 hm*HC1.

The complexes were prepared according to the method of Tschugaeff27,
by addition of tho prinary alivhatic amine (4 moles) to an ethanolic
solution of copper(II) chloride (1 mole) and succinimide (2 moles). On
addition of the amine, the green solution immediately turned blue and
the »nink complex nrecinitated out on standing for a short period. This
was filtered off and washed with ethanol and ether. Prolonged sucking
caused the complexes to decomose because of their instability to water
vapour. Therefore they were quickly transferred to a vacuun drying

pistol and dried at room tewperature and 0,1 mm Hg pressure for 12

hours.

| S|

5 -'
(b) CuPthanZJ

The procedure was identical to that used for the succininide com-

plexes using phthalimide olace of succinimide, The complexes were

pale pink.

"

(c) [_i\liSuzlnnz]

i similar nrocoedure was followed to that described in (a) but



H
=
T

i

TABLE 1
ANALYTIC:oL DiaTe FOR  ZINC  COMPLEKES, _ZnXZ (R "CgHA - NHZ ) 2 :]
x = ¢ K = Br
R 4D L1 W1 TP %Br %Br
(°C) cale, found calc. found

4-NMe2 190-~192 32412 31.91
4.0H 221-223 20.00 19.70 210-212 36.04 35.75
4 «QOlie 219-%21 18.53 1c.36 184-186 33.89 33.75
4-0Et 207-209 17.27 17.2 205-207 31.99 31.90
3:4-d1iMe 189-190 18,735 18.68 197-198 34,18 34.11
4 -lve 235-7236 20,23 20.11 183-185 36 .36 36.02
4-Et 186187 18.73 18.70 195-196 34.18 33,00
3-Me 194-195 20.238 20.21 182-~183 36.36 36419
4 -NHCOMe 218-221 16.24 15.93

H 228~230 21.98 21.89 192194 38,84 38.66
4 =Ph 238-239 14.94 14459
4-F 228-229 15.78 19.46 204-206 35.72 25497
3 «0lie 192,193 18.53 18,51 179-181 33,89 38.71
3-0kt 215-216 17.27 17.13 193~194 31499 31.91
4-C1 203=-205 18.12 17 .89 185-186 3327 33.20
4-Br 158-160 14.76 14451 184185 28.08 28.01
3-Cl, ¢-Me 225~226 16,90 16.84 198-200 31,44 21.09
4-COCH 198-199 17.27 16.93
41 2022038 12.35 12.21 196-197 24.10 23.87
3-F 214-215 19.78 19.60 194-196 35.72 35,61
3-1 234-235 12.35 12,31 205-207 24,10 24.01
3-Cl 203-205 18.12 17.85 185-~186 33.27 32.87
3-Br 204206 14.76 14.56 194-~196 28,08 27.82
4.C0O%h 169-171 13.36 13.11 165-167 25479 25.74
4 ~COle 176-177 17 o ba 17.09
4 ~COOEt 208-210 15.2C 14.91
4 ~CN 202203 19.03 18.88 185-197 34.63 34 .40
3-NU, 185~-186 17.19 16,90

2




nickel (II) chloride was used instead of copper(II) chloride. The come

plexes were pale yellow.

(d) [ fnz]

The procedure was similar to that used for the nickel(II) succin-
imide complexes, but phthalimide was used instead of succinimide. The

complexes werc valce orange-yellow.

Melting roints were deteriined on a Kofler hot stage for the
copper (1I) series; the nickel(Il) series all had m.p.’s $360°C,

Details concerning lthese complexes appear in Tables 2, 3 and 4.

—
P
e
'i\“
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(3) Amine adducts of meta etonates.,

(a) {Nihcacznmzj

The metal chelate amine adaucts were prepared from the diaquo

adduct of bis(acetylacetonato)nickel(II) which was premared as follows :

' R I iT T A T1n ~ " \
3)2 - 2 AcacH + 2 dzb {hlncac {20)2] 4+ 2 HNO3

Ni (NO
To an acuecus sclution of nickel(II} nitrate (1 mole) and acetylacetone
(2 moles), 25% sodium hydroxide solution was added to raise the pil of
the solution. The reéulting green wrecinitate was filtered off, washed
with water and methanol and dried in vacuo at 50°C.

The amine adducts were vorepared by recrystallising the above come-
wlex from the anpropriate amine., The nale blue amine complexcs were
filtered off, washed with ether and dried in vacuc at room temperature

for a few hours., kll the liguid amine adductes were prepared by this

methode The sclid arcmetic amines were first dissolved in methanol.
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T4BLE 2

!
ANALYTICAL DATA FOR COPPER(II) COMPLEXES, [Culmz(R-NHz)ZJ
Im = Su

R MaPa % calc. % found
(°c) C H ¢ H
t-Bu 161-163° 47,34 7 .45 46,50 7.37
Cx * 177 -178° 52 .44 7.48 52.36 7,74
iso=Pr 158-154° 44,51 6,94 43,91 7.00
n-Bu 165-166° 47.34 7.45 47.18 7.50
iso-Bu 171-172° 47 .34 7,45 47,37 7.51
n-Pr © 168-169° 44,51 6.94 44,27 6.95
Me 168-169° 37.32 5,64 37.82 5.55
CH,CH, Ph 167-168° 57 .42 6 .02 57.49 6.13
CH,Ph 179-180° 55.73 5,53 55,09 5.42
H* 190-1923 32.71 4,80 32.44 4,77
CH,CH, CH 158-159° 37.74 5.81 37.80 5,74
T:BLE 3
' r
ANALYTIChL DAT: FOR COPPER(II) COMPLEXES, LCuImZ(R-NH2)2]
Im = Phth
R MaDe 9 calc. % found
(°c) C H C H

t-Bu - 57.19 5.99 57.16 6,08
Cx 164-165° 60.47 6,16 60,24 6.11
is0~Pr 171-172° 55,51 5.51 55,64 5,45
n-Bu 163-164° 57.18 5.99 57.33 5.97
is0-Bu 156-158° 57,18 5.99 57.09 6.04
n-Pr 175-176° 55,51 5.51 55,46 5.36
Me 174-175° 51.48 4,82 51.64 4,41
CH,CH, Ph 170-171° 64,04 5,04 64.02 5,09
CH, Ph” 165-167° 62.98 4,58 63.00 4,67
H - 49,04 3.60 48,93 3459
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TABLE 4
ANALYTICAL DAT.. FOR NICKEL(II) COMPLEXES, [NiImZ(R-Nﬂz)ZJ
Im = Su Im = Phth
R % calc, ‘% found % calc. % found

C H C H C H ¢ H
Cx 53,00 7.56 53,20 7.44 61,00 6.22 60.86 6,45
iso=Pr 56,08 5,56 56.20 5,31
n-Bu 47,91  7.54 47,75  7.45 57.74 6.06 57,75 5.87
iso=-Bu 47,91  7.54 47,11  7.39° 57.74 6,06 57,69 5,94
n-Pr 45,07 7,02 45,01 6,87 56,08 5.56 55,75 5,46
Et 54,21 5.00 53,98 4.90
Me . 37.89 5,72 36.73 5,81
CH2CH2Ph 57.97 6,08 57.93  6.15 64,56 5,08 64,33 4,91
CHZPh 56432 5,59  56.16 5,55 63452 4.62 63,31 4.54
TABLE 5
ENALYTICAL DiTA FOR NICKEL(IIL) COMPLEXES INiAcacz(R-NHz)ZJ

R % calculated % found
¢ H C H

Cx 57.78 8,82 58,01 8,90
iso-Pr 50.95 8455 50.73 8.54
n-Bu 53,35 8,95 53.33 9,04
iso-Bu 53,35 8.95 53.15 9.10
n-Pr 50495 8,55 51.12 8,65
Et 48,16 8.08 48,08 7.98
e 44,89 7.53 45,18 7.70
CHZCHZPh 62.29 7,24 62,57 7.28
CHZPh 60.91 6.81 60.17 6.79
H 40,99 6.88 41,60 6.86
CHZCHZOH 44,11 7 40 45,18 7.20
Ph 59,35 6.34 59,22 6.24




An alternative method of premaration for the aliphatic amine add-

ucts :

+ 2 HC1

w_.1

_ . _ r . ‘
_Ni012 + 2 AcacH + 2 Am iNihcachm?
- 4] a
To a solution of nickel{II) chloride (1 mole) and acetylacetone (2 moles)
in methanol, the aliphatic amine (2.2 woles) was added. The amine com-
plexes precipitated out almost immediately. These were removed by
filtration, washed with methanol and ether and dried in vacug at room

temperature., The amiine adduct was premared by bubbling ammonia gas

through the solution.

(b) [énhcacznml or 2]

The amine adducts of bis(acetylacetonatolzinc{lI) were prepared by
recrystallisation of the acuo adduct of bis({acetvlacetonato)zinc(II)
from the amine. The white crystalline precinitate was filtered off,
washed with ether and dried in vecuo at room temnerature for & short

pericd.

The aquo adduct of bis(acetvlacetonatol)zinc(Ill) was prepared by
adding 25% sodium hydroxide solution to an equeous solution of zinc(II)
sulphate (1 wwle) and acetylacetone (2 :iwles). The white precinitate
was filtered at the punp, wasaed with water, recrystallised from ethan-

for 12 hours.

ol and dried in vecug at roon teuper:

The amaine adduct was premared by adding an ethanolic solution of

ammonia to an ethanolic solution of the aguo adduct,

lielting voints for both the nickel (I1) and zinc{II} series could

not be determined because ithe comwlexes decolmosed slowly on heating



onb

with evolution of the amine, giving rise to a wide melting range.

Details concerning these comnlexes appear in Tables 5 - 8.

(4) Jnmine comnlexes with uranyl acetylacetonates

These complexes were orepared by the addition of the primary arom-
atic amine (1 mole) to a solution of uranyl nitrate (1 mole) and acety-
lacetone {3 moles) in methanol, The yellow complexes crystallised out
of the orange-yellow solution on standing, These were filtered off and
washed with methanol, Purificetion was achieved by recrystallisation
from metnanol. The complexes were dried in vacuo at room temperature

for 12 hours.

Not all the amines forined isolable complexes and only 10 in all
could be obtained in sufficient quantity for smectroscopic determin-

ations.

Melting points were determined on a Kofler hot stage. Details

concerning these comnlexes appear in Table 9.

The acetylacetone adduct of uranyl acetvlacetonate was prepared
by recrystallising uranyl acetylacetonate from acetylacetone. The
orange complex crystallised out of the solution on standing, was washed
with methanol and dried in vacuo for 12 hours. (hnalysis, found :

C, 31.74; H, 3.85%. Calculated for 015112208'0‘; C, 31.59; - H, 3.89%%.)



TABLE 6

et et it

ANALYTICAL DuTe
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FOR  NICKEL(II) CCHPLEAES [Nincacq(R—CGHﬂ—NH2)2]

R % calculated % found

C H C H
4 -Chie 57,05 6,38 56,80 6435
4-CEt 58459 6480 58.37 6473
3:4-dille 62.29 7.24 62 .04 7.28
d.Me 60,91 6.81 60.01 6.81
3-lie 60,91 .61 61.01 6.89
H 59,35 6.34 59.22 6,24
4.F 54.91 Sadd 55.00 5.49
3 -0le 57405 6.38 57.10 64,44
3-0kt $2.29 724 624,01 7229
4C1 51,40 5.10 51.1¢ 5.09
3-C1,4-Me 53.17 5.08 53.26 5.62
3~ 54.91 5.45 55.01 Sa47
3-Br 43,82 4,35 44,01 4,37
TABLE 7
ANLLYTICAL DiTh PUR  SINC(II)  CORPLEREL, [Znhcacz(R~NH2)2]

R Scalculated % found

C H C el
Cx 56495 8.69 56.95 8490
n-Bu 52.49 8.81 92 .60 8,83
iso=Bu 52 .49 B8.81 92427 8.94
n=-Pr SC.07 8,40 48,96 8434
Et 47 .26 7.93 456.71 7.72
CH CH2Ph 61.47 7.14 61.60 7«20
CHzPh 60.06 6.72 60.04 6463
CH2CH2OH 43,27 7426 43,50 7 .14
Ph 58.47 6.25 57 .56 6,39




TABLE 8

LNaLYYICAL DeTi FOR LIBC(II)  COLLEXES, iZnﬂcacz(R-Nﬂz)]

R % calculated % found
c I5t C H
t-Bu 49,64 6 .84 49,46 7.01
iso=-Pr 47 .00 6.52 47.09 6.2
Me 44,53 6.44 44 .44 ' .16
H 42 .48 6.06 42 .02 6.11

TABLE 9

ANALYTICAL DoTh FOR URiNYL COMPLEXES, LUO?AcaczhcacH(R-C H4-NH2)] (1)

6

w oo i e R
OR {UO,hcac, ((4-R-C.H, -Ni)-3-penten-2-one) | (II)

2

R IaPa (/;c calc. (I) ‘r‘° calc. (II) L/:° found

(°c) C H c H C H
3:4-dilie 157-158 39.94 4.8l 41,01 4.64 40.27 4.66
4-lle 165-167 39.00 4,51 40.06 4,43 39.58  4.07
3-lie 168-169 39.00  4.61 40.06  4.43 38,70  4.44
H 178-179 38.01  4.41 59.07  4.22 39,35  4.21
4uF . 168-169 37.01 4.1l4 38,01  3.95 33,06 3.98
3-OMe 177-178 35.10 4,51 39,11  4.33 38.38  4.46
3-OEt 137-138 39,04 4,70 40.06  4.53 39.2¢ 4,65
3-C1 166-167 36.1: 4.04 57.09  3.85 36.34  3.79
3-Br 160-161 33.97 3,80 34.81  3.62 34.12  3.56
3-C1, 4-lie 176-177 37.11  4.25 38,07  4.07 37.55 4,06
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Infrared spectroscopy

The infrared snectra were obtained in the range 4000 - 20V cm-l on
a Beckiman Ih.12 spectropactometer, calibrated acainst polystyrene and
carbon diovxide. The sammles were determined as nujol mulls between
CsBr plates, DBeccuse it was necessary to detect s:all freguency shifts
for some absorntion bands, the frocuencies were obtained by Lorizontal
and vertical scole exmansion which was nossible directly on this part-
icular spectronﬂotomefer. 1The freguencies were read directly from the
fregquency drum and not from tine chart panmer. Thus eliviinating any
error cue to backlash of the gears or arising from lack of precision in
the calibration of the chart naver. Using this method reproducibility

’ -1

. , , o -1
and accuracy of 1 cm - were obtained in tihe range 2000 - 200 cm and of

2 on”t in the range of 4UCO - 2000 cn Y.

Ultraviclet and visible abso

The ultraviolet~vigible absorohion soectre were obtained as solut-
ion spectra in thae range 1200 - 200 my, et a concentration of 10 ~ M on
a Beckmen DE-2h snectronhotometer, witii a precision of 2 np. Prelinin-
ary spectra were obtained on a Beckian DB svectronhotometer. However,
because greater nrecision was reguired in determining the wavelengths of
the ebsorotion maxime, the values quoted are those taken on the foraer

instrument.

Nuclear i:agnetic resonance soecircuetry

The snectra were obtained as anproximately 100 mg/ml CDC1,
. (%]



solutions using a Varian #A-60 soectrometer. Tetramethvlsilene (Tuind.)
was used as internal stindard. Chemical shifts were ieasured in p.pa.ite
downfield from the reference signal (i.e. the T.li.L. signal hes a value
of O pupeila and all the other downfield signals have a negative chemical

shift), D9O exchange was carried out by the addition of a few drops of

DZO to the solution.

Conductivity determinations

The conductance measurements were determined on a Metrohw Model
. On - S . ,
E 382 Conductoizeter at 25°C in methanol and nitrobenzene with a final
concentration of 0.001 M. The conductiviiy cell had a cell constant of

0.69 cm"l.

The molar conductances were calculated as follows
The resistance (R) of a conductor is directly vrovortional to its

length (L) and inversely nronortional to its area of cross-section (a).
R =p Lla S

p, the constant of oronortionality is called tlie specific resistance.

Specific conductance (K) is the reciprocal.

K = 1/p (2)

= L/aR | ‘ (3)

The cell constant k¥ = Lfa (4)
so that X = k/R (5a)
= XC (5b)

= . -1 2
where C = conductance in ohm cm
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Molar conductance {Y) is given by :

Y = 1000 K/c (6)
where ¢ = concentration in g eguiv./litre.

To determine the molar conductance for a scolution of concentration,
¢ g equiv./litre, the resistance, R is measured and hence K determined
1

from equation (5a) where the cell constant (k) is eqgual to 0.69 cm .

Hence the molar conductance can be calculated from equation (6).

Magnetic moment measurements.

Magnetic susceptibilities were determined on a Newport-Stanton
single temperature magnetic balance, consisting of an analytical balance,

an electromagnet and an associated nower supply.

The magnetic moments were calculated as follows :
If a cylindrical specimen is susvended in a magnetic field with
the lower end in the region of maximum field and the umper end in a

region of effectively zero field, it can be shown that the gram suscep=-

tibility of the specimen is given by :

(= (Kv + Bw)/W (1)

where K is the voluie suscentibility of air = 0.029 x l()"6 (in cgs

units); v is the volume of the specimen; w is the force exerted on

the specimen by the field; « is the weight of the svecimen; B is the
tonstant involving the dimensions of the specimen and the field strength
«dhd -is determined by calibration with wercury tetrathiocyanatocobalt (III)

L -.6
~for which the gram susceptibility is accurately known, viz. 16,44 x 10

i%fn*cgs units). v 1is obtained from (weight of tube filled with water -



- 28 =

weight of empty tube)/density of water at t°C. % is obtaindd from

(weight of tube filled with the snecimen - weight of emnty tube) in

re

grams. W is obtained from (weight of tube with specimen, magnet “on”
- weight of tube with s eciizen, magnet “off” - diamegnetic force of
tube) in milligrams.

Y4

A can now be calculated from ecuation (1).

The molar magnetic suscentibility (X m) is egual to the product of

the gram suscentibility and the molecular weight of the comnlex.

Allowance must ‘be nade for the diamagnetism of the ligands, which

~

aQ
. 480 ; 1 . . .
can be calculated ~« "The correction is apnlied to determine the susc-

eptibility of the metal ion }(L by :

where X; is the total susceptibility of the ligands.
The magnetic moiments ({) can be calculated from :
o= 2,84(X.T)% (2)
where T is the absolute temperature.

The number of unpvaired electrons of the metal ion can now be

calculated from the “spin only” formula :

where n is the number of unwaired electrons.



(1) Priwary aromatic amine complexes of zinc(II) halides,

In a »nreliminary conn';lunica'i:ioﬂ}7 which provided the basis of the
éresent work the infrared snectra of a series of complexes of zinc
halides with substituted anilines werc briefly remorted on., This work
suffered from some limitaticons: & soectrophotometer with limited range
and nrecision was emnloyed, sampling was by means of KBr »nellets and a
limited nwiber of substituted amines was available for study. HNeverthe=
less some interesting results emerged from which some deductions
concerning the bonding in these molecules could be made. It was consid-
ered of interest to extend the range of ligands studied and to take
advantage of the more fevourable instrumental conditions currently
available to us, the redeteruined snectre covering the range 4CU0 - 200

-1 , . . . , , ,
cm © which includes the impertant metal-ligand stretching recion.

It was considered that & study of the infrared swectra of a large
series of substituted aniline complexes of a single metal ion, w@uld
shed light on the influence of aromatic ring substituents on the metal
to nitrogen and nitrocen to hydrogen bond strengths and nossibly assist
in the determination of the mechanism of bonding in the molecule. For

't <
these reasons a series of comnlexes [ZnClZAnzl and LZnBrznnZJ containing,
resvectively 27 and 22 differently substituted anilines, was prepared.

Z2inc(Il) was chosen as the coordineted metal ion because the tetra-
hedral configuration of the amine complexes 1s well authenticated.

o , L, e . 48
Zzinc(II) halides comnlexed with 4-inethyl-pyridine have been shown by
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X-ray crystallogravhy to have a tetranedral orientcticn ebout the metal
atom, Bis(n-toluidine)zinc(il) chloride hes been shown by diffraction
b 3 1 - ] 3 16 y ien e 2 R N : i
methods tc be tebrahedral™ s Information on the stereochemistry of the
zinc complexes cannot be obtained fron their ultraviolet swectra, but it
1 ] 21 e o ) P ) haqa
has been revorted = thet the far-infrerved snectra of zinc(II) halide
coiplexes of certein substituted anilines ure very closely similar to
the spectra of the corresonding copalt(¥l) complexes, which have been

\ s , . . 49
shown to have tetrrahedral coordination about the metal ion” ~.

The infrared swectra vielded two stronyg and sharn absorntion max-
. ‘ , 25 ar . -1 . e
ima in the region 329¢ - 3215 cm ~, the higher and lower freguency
bands being unambicuously assigned to the antisymmetric and symmetric
N-fl stretching frequencies reswectively. For 18 of the 28 amines ennl=-

o , . , L 5
oved, the N-H freguencies of the free ligands have been reworted . The
N~H stretching frequencies of the commlexes occur at an average freguen-
0 -1 . . v , -1

cy of 200 em ~ (for the antisymmetric vibration) and 165 cm =~ (for the
symmetric vibration) lower than those in the parent amines. This shift
is of similer magnitude to that ohserved for coordinated armonia in

‘ 50-52 . 53 . .
complex ammines and for other amine complexes .« This weskening of

the N-H bonds can be exnlained on the basis of the electron drainage

from the nitrogen atom due to its coordination to the metal icn.

-

Two strong bands were observed in the region 1625 - 1560 cm'l.
For free primery arocuetic auines, some confusion exists in the literat-
ure as to their assignment; This is the result of overlap of the
reported ranges of 1620 - 1560 cm-l for N-H bonding (scissoring) vibrat-
ion and 1625 - 1575 cm-l for the first of the four infrared active

aromatie ring stretching rodes. However on coordination with a metal
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the first of these bands i.,e. the one of higher frequency, remains
virtually unaffected ¢,g. for p-chlorocniline the reported value is
1604 om and the value found after cocordinution is 1608 em ~; thus
this band can be assicned to the first aromctic ring vibration, as one

would not exnect it to be affected by coordination. The fregquency of the

3

second band is lowered on coordination and can be assigned

to the N-H
2

- . , - . 2 . .
bending vibration. This hes been confirmed™™ by H-deuteration of aniline

comrniexes of different metal nalides. In addition, since the complexed

amines have a 4-covalent nitrogen atcm, the freguency might be expected

to lie closer to the valuc associcied with quaternary ammonium salts.

54,55 -1

For such ions this freguency i1s often encountered near 158U cm ~,

4o

) . , X -1
n good agreeiment with the observed values between 1585 and 1570 em .

[
@]

The far infrared region is of particular interest as it includes
low freguency mctal to ligand vibrations which should be of greater
importence, because trends in the metal to ligand vibrational frequencies
are more directly related to the strength of metal-ligund bonds than
are the trends of the I-ii vibrations of the coordinated anilines.

A T ""l N ZU . P -
Bands at 294 and 230 cm ~ have been assigned to M-X (X = hel-

ogen) slretching wodes in bis(anilinelzinc(Il) chloride and bromide

respectively. 411 the snmectira studied exhibited maxima corresponding

to these freguency regions.

The assignment of Zn-N vibrations in bis(anilinel)zinc(II) chloride

has tentatively been made20 for banas found at 402 and 362 cm‘l.

. 22 o , ) X \ .
However a further study™™ by il-deuterstion methods has shown that only

the absorotion in the 400 cm-l region is likely to be associated with
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the 1~N stretching vibration and the absorption in the 365 cm-l region
is associated, at least wartly, with an NH2 deformation, In practically
all the spectra studied, a single neak was observed to occur in the
region 440 to 40C cm'-l and this has been assigned to the M~N stretching
mode. The LeN frequencies of a few substituted aniline complexes of

‘ . 21 . ;
zinc (II) have been renorted” . These correspond well with the observed

s in

je)

values. & tynicel infrared spectrum of these complexes appes

In a series of complexes of veriously substituted primary aromatic
amines with a common metal ion, it would be anticipated that, since
m-bonding is not formally possible on a molecular orbital basis, the
M-N bond would be destabilised by electron~withdrawing substituénts.

The N-H bond could behave similarly or inversely. Correlations between
- -

s

the vibraticnal group fregquencies of the zinc complexes LEHX An7j and

2
the Hammett substituent constant, o; werc therefore made in order to

ascerftain what tyoc of metal to doner atom bhonding occurs ‘and to explain

the electron shifts within the molecule.

=h

The variations of the group frequencies with substituent constant
are given in Tables 10 and 11 and granhically porirayed in Figs. 1 - 8.

It is clear that there is no uniform trend over the whole range of
o values, but & noted factor is that the general trends are similar
whichever group fregquency is used. Furthermore similer trends are
obtained for the alternative sampling methods of KBr pellets and nujol
mulls so that the frequency shifts are clearly not the result of press-

ure effects or netathetical halogen-exchange reactions occuring in the
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pellets. Of particular interest is the fact that both the N-H and MM-N
frequencieés show a similer depehdence on the nature of the substituent,
It would therefore ampear that simultaneous stabilisation of the N and
N~H bonds occurs, but that this is likely to be at the exmense of the
C-N bond multiplicity. However; because completely unambiguous assigne
ment of the C-N stretching frequencies is not possible this sunposition
cannot be nroved, The trend of the correlation between the Hammett
substituent constant and the CaN stretching freguency should be opposite

to those observed for the N-d and MeN frequencies.

For the nurvose of tﬁis discussion Fige 1 is divided into the three
sections indicated. In area A increased electron-releasing character of
the substituent raises both the H«N and N-H frequencies. The trends are
those expected on the basis of pure li-L o~ -bonding viz. stabilisation of
the Li-N bond by increased electron release of the substituents. This is
not necessarily exnected for the N~ bond too, however obviously the

electron drift iwst be partly transferred to the N-l bond as well.

In area B, there is a marked transition to higher frequencies
caused by substituents which are mildly electron-withdrawing, This tre-
nd implies stabilisation of the HeN bond and N-H bond by electron-

"withdrawing substituents and is the converse of what would be expected
on a purely owbonding hypothesis, Substituent aided mr-bonding would
make such stabilisation understandable, but it is difficult to ration-
alise r-bonding in these complexes on a theoretical basis. Nevertheiess
there is an increasing body of exveri.ental evidencess'59 which suggests

that anocitsous stabilities are often observed in metal-amine complexes

with electron-withdrawing substituents. Probably the most convincing
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evidence”” for this phenomenon is provided by the “stabilisation factw
or” (Sf) which has been determined for a series of silver(I) aniline

1.

complexes. The stabilisation factors wmlotted against the substituent
constants (o) exhibit a iinear relationship the slope of which indicates
stabilisation by electron withdrawing groups (see Introduction, page 8).
The complexes described heré contain dlO zinc(II) ions and may therefore
be expected to exhibit similarities (with respect fo the nature of the
bonding) with the le silver(l) comnlexes studied by da Silva and

4
CaladoZk.

However the stabilisation is shortlived since substituents with
relatively large positive o values lower the frequencies in the expected
manner i,e, as in area C, The destabilisation of the k<N bond by
strongly electron-withdrawing substituents is clearly reflected by
certain wreparative aswects of these complexes S9Je [ZnClZ(m-nitroani-
line)z] was found to be toco unstable to precipitate from ethancl,

presunably a result of the reduced donor canacity of the nitrogen.

It should be noted that the overall effect is that electron-
releasing substituents raise the N« frequeney and electron-withdrawing
substituents have the reverse effect. This is exvected but nevertheless

, 60
noteworthy in view of the reverse trend exhibited by the free amines ~.

The electronegativity of the halogen would be expvected to influence
the electronic effects in the amine comnlexes of zinc{Il) chloride and
bromide. In general it was found that the zinc chloride conplexes
exhibited l-# freguencies which were higher than those of the zinc

- ‘
, 1, ;
bromide analogues by an average of § em ~ i,e, an unexpected increase of



frequency with inereasing halogen electronegativity. A similar relate
ionship has nreviously been demonstrated57 for a series of amine
complexes of platinum(Il) and palladiuwm(II) halides. It was suggested
that dative g~bonding from the metal to the halogen increases so rapid-
ly along the series C1<Br<I that the total electfon drift from metal to
halogen also i;creases in that order i.e. against the normal trends of
electrenegativity. In alternative exmlanation may'be nrowosed. As the

electronegetivity of the halogen increascs so the electron drift from

the substituent is enhanced aiding release of electrons to the N-H bond.

The If-X stretching frequencies assignedZU tc a strong band near
300 cm-l in the zinc{(II) chloride complexes studied were found to lack

uniformity and there was no simple explanation for the shifts observed.
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THBLE 10
Infrared frequencies (en™h) of zinc(1I) complexes, [ZnClZ(R-CSHQ-NH?)2_
o i Tﬂ% stretching NHZ metal-nitrogen
&SViila Sy, bending stretching
~(.36 4-CH 32795 3231 1584 440
-0,.27 4 -QOlble ‘ 3272 3230 1586 430
=025 4-0Et 3272 3229 15895 438
-0.24 3:d-dike 3274 3229 1583 417
0,17 4 -Me 3274 3233 1585 425
-0.15% 4-Et 3271 3228 1584 447
~-0.,07 3-lie 3273 3227 1583 423
-0.015 4 -NHCOle 3270 32238 - 407
O H 3269 3224 1580 402
+0.01 4 «Ph 3273 3217 1580 413
0.6 4-F 3278 3232 1586 427
HU.115 3-Clie 3286 3237 1587 465
HoelS 3-0Et 3234 3235 1586 464
.23 4-C1 3289 3242 1584 422
4+0.23 4-Br 3275 3281 1583 428
+0.235 3-C1, 4-Me 3274 3228 1583 426
+U.265 4 -COOH 3272 5227 1582 421
+0.28 4~1 3272 3227 1581 425
Ul 34 3-F : 3271 32295 isgl -
-3.35 3-1 3271 3227 1580 416
+0,37 3-C1 3273 3228 1584 410
+0.39 3-Br 3272 3227 1581 412
+0.46 4 -COrh (3277 3226 1578 411
(3257
-0.52 4 ~CUhbe 3270 3225 - -
+0.52 4 ~COULET 3271 3224 1580 402
+,.63 4-CN 3268 3219 . 1578 369
+0.68 3~NO? 3268 3215 15860 372
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TABLE 11

Infrared frequencies (cm-l) of zinc(II) complexes, [ZnBro(R~C6H4-NH2)2]

erd

v - JR—

o R Nﬂz stretching NHZ metal -nitrogen
&SYiila 5V, bending stretching

-0,.60 4-NHe2 3275 3238 1585 -
-0.36 4-0H 3270 3229 1579 440
-0.27 4-Cle 3270 3227 1581 430
-0,25 4-0OEt 3269 3226 1578 443
-0,24 314 ~dikie 3278 3280 1577 415
-0.17 4 -Me 3287 3237 1579 412
-0,15 4Kt 3287 3225 1578 442
-0.07 3~Me 3270 3222 1576 419

0 H 3265 3221 1574 401
+0.06 4-F 3272 3227 1580 426
+0.115 3=-Obie 3283 3231 1581 461
+0.15 3-0Et 3281 3231 1581 463
+0.23 4.C1 3272 3221 1575 427
+0.23 4-Br 8274 3225 1576 428
+0.235 3=Cl, 4~Me 3270 3224 1577 422
+0.28 - 4-1 3289 3220 1573 421
+0.34 3-F 3266 3218 1578 -
+0.35 3-1 3268 3228 1574 408
+0,.37 3-C1 3266 3218 1573 411
+0a39 3-Br 3268 32238 1873 408
-+0.46 4 -COPh 3268 3215 1572 411

+0.63 4=CN 3261 3212 1571 362

e o bk Al o S e Bt e A Sreren —h
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(2)  hmine comoleres of copoer(II) and nickel (II) succinimide and

phthalimide.

The cyclic imides, succinimide and ohthalimide are weak acids with

nK

P, (acid dissociation) values of 10.52 and 14.13 respectivelyGl.

Fhthalimide is thercefore the stronger acic but both imides are canable
of forming salts with alkali and other metals because of the joint
activation of the imide hydrogen by both carbonyl groups. The metal
imides are in turn camable of forming coordination compcounds with donor
ligands such @5 nitrogenous bases. hllarge series of copper(1II) and
nickel(II) succinimide and phthalimide comnlexes with various aliphatic

amines was preonared in this work and their infrared and ultraviolete

visible absorption swnectra recorded.

The characteristic coordination environment of copper (Il) is either

an octahedron distorted by stretching along one axis or the limitimg
i -y ) 5 , .. 28,32
case of such distortion viz,. square-nlanar. Previous reports
indicate that copper (II) imide cowplexes in the solid state are square-
planar and mononmeric on the basis of vercentage composition molecular
weight determinutions and non-electrelytic character., The molecular
' [P R !-l'x’\J -‘ T
formula of these comnlexes is thus Cuouqhmz ox ]Cuyhchzhmzj. However
2 L

there is an excention in the case of the ethylamine complex. In support
[ ]

-

. 27 . . . . - . .
of a previous compositicn determination, it was found that the complex
contains an extra two molecules of water. The infrared spectrum of this

3 L 1 N A A "l ] . v -
compound gave an intense band at 3440 cm ~, which indicates that the
water is coordinated along withh the other ligands, as the normal O-H

stretching vibration region for water (i.e. true hydrates) is
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3650 < 3590 cm™*, therefore the value 3440 em™ would seem to indicate
the formation of a HZQ-M bond, which in turn would lower the frequency
of the O-H vibration. In this case the structure is clearly that of a

(probably) distorted octahedroris.

The ecolour of the copper(II) complexes is wink while the majority
of complexes of copper(II) are blue or green., The exceptions are gen-
erally caused by strong ultraviolet bands tailing off into the blue end
of the visible swectrum and thus causing the substences to appear red-
dish, Actual ultraviolet solution spectra did not show this as the
copper{II) imide comnlexes give blue solutions in both water and
chloroform and their swnectra are therefore not relevent to the species

existing in the solid state.

The magnetic moments of members of the copwer{Il) series
were found to have p eff approx. = 1.73 B.lia. This is expected for
square planar structure, but does not allow distinction from the alter-
native of octahedral coordination as both structures give naramagnetic
comnlexes corresoonding the single unpaired eleciron w»resent. The
conductivities of these comnlexcs in nitrobenzene indicate that they
are essentially non-electrolytes because all the molar conductivjty

values were found tc be less than 1 miw. This is in sunwvort of a
. 28

previous revort” .

The wvossibility of geometric isomerism exists but it has been

reported62 that the solid ¢is.-square-planar unidentate complexes of
covper{II) are rarely found. Therefore it is assuned that all the

!
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.
The nickel(II) analogues have also been reportedsb to be sguare=

planar and monomeric on the basis of composition, molecular weights and
non~-electrolytic character. This receives support from the measured
nagnetic moment of these comnlexes which are found to have Péff anprox.
= 0,1 B.i.. Sqguareeplanar nickel(II) requires the compnlex to be dia-
magnetic by virtue of the dsp2 hybridisation involved. The conplexes
were all yellow to naleecrange in colour, which is also characteristic

of square planar nickel(II)Gs.

511 the comnlexes show sharp absorntion bands in their infrared in
the range 3300 - 3100 cm-l, which can be unambiguously assigned to the
e stretching vibrations of the coordinated amines. In free alivhatic
amines these bands occur in the region of 3450 cm'l; this lowering of

the free aimine NeH stretehing frequency is expnected on coordination, as

nentioned in the nrevious section.

The carbonyl stretching frequencies of the imide are of particular
interest., In succiniinide itself two bands occur which have been assig-

o to the carbonyl étretching vibration occurring at 1777 cm"l

ned6
{medium intensity) and 1697 cm-l {(strong}. In phthalimide these two
bands occur at 1779 cm"l (medium) and 1755 cm"l (strong). In the
complexes these carbonyl vibrations are all lowered by anproximately
70 om™t €sge in [CuSuz(methylamine)ZJ the bands occur at 1709 and 1620

-1
em

The origin of these bands in free imides has been attributed to
' i 64 . ,
the individual carbonyl groups or to the symmetric and asymmetric

vibrational coupling of the two carbonyl groupses. The latter is
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favoured because two bands are also found in symmetric cyclic imides
¢.g. succininide itself, where both carbonyl groups are in similar

environments,

Typical infrared swectra of these counlezes avpear in Figs. 13 and

14.

It is vossible that the imide ion may be coordinated to the metal
ion either through the nitrogen (sec I and 11, wage 63) or through the
carbonyl oxygen. Un the basis of the Lewis concept it has been sugges-

29 _, D i L . . - .
ted”” thet it is more likely that the nitrogen (which is negatively

charged) will have a higher »nrobebility of being coordinated than the
oxygen. Nevertheless, the nossibility of bonding through the carbonyl
oxygen of the imide cannot be excluded since this could occur via the
enol form, Coordination via the oxygen would, however, give rise to a
big difference in the fundamental carbonyl stretching frequencies of the
two carbonyl grouos and hence reduce their possibility of coupling.
The origin of the two bands would then be centred largely on the vibrat-
ions of the (now uncoupled) carbonyl groups. Under these conditions
coordination via one oxygen would be expected to have a greater effect
on that carbonyl end hence on its stretching frequency than on the
other. In practice it is found that both carbonyl stretching frequen-
cies are lowered to & similar extent on coordination, sumnorting the
view thaf coordination is through the nitrogen.

The lowering of both carbonvl frequencies on coordination with the
imide nitrogen is oexnected since, on formetion of the comnlex, a »roton

is lost from the imide yielding a negatively charged nitrogen smnecies
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and any chance in the imide nitrogen which is direcily linked te the
carbonyl group will alter the iiolecular environment and accordingly the
frequency of the latter.

6,67

e . , ' . , N
An analogous situation occurs in the complexes of platinua(II)
. 58 .
and gold{I) " with B-diketones. The keto-tautomer of the B-diketone
molecule is similar in structure to that of the imide, in that there are
two symmetric carbonyl grouns flanking a central ecarbon atom in the case
of the B-diketones and a nitrogen ato.: in the case of the imides. The
+ 69 - I ) di s '
crystal structure = of K rt“caczbl shows the coordination spere around
platinum to consist of the chloride ion, a bidentate acetylacetonate
ion and a unidentate acetylecetonate ion Londed through the 3-carbon.
The latter is stabilised in the keto-form and is basically similar to
the nitrogen-honded imide ion. The carbonyl stretching fregquencies of
the keto-tautomer of the free acetylacetone molecule occur at 1728 and
) -1 , , \ .
1710 em ~, whilst in the carbon~bonded »nletinua(II) acetylaceltonate
4 . _l C.d ‘ .

comnlex these frequencies occur at 1685 and 1663 cm ~. wimilarly in
trifluorocacetylacetone the corresmnonding frequencies are found at

- AR -1 13 ) 3 o 57 -1 mn
1775 and 1745 cm = and in the carbon-bonded complex at 1721 cm ~« The
extent of the lowering of the carbonyl stretching frequencies on coord=-

ination of the carbon-bonded R-diketone is analogous to the succinimide

and vhthalimide complexes.

sis seen in Tables 1% - 15 the various amines have a measurable
although small effect on the carbonyl stretching frequencies, in spite
of the fact that thev are far removed from the carbonyl grouns. Polar
substituent constants (o-#) for groups (R} directly adjoining the react-
3

ion-'centre (e.g. R-CUCK’ and R-NH2) have been calculated . Using Taft’s
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substituent constants as an index of the electron-releasing character
of thé substituents, it is found that both the carbonyl stretching
freguencies move to higher freguencies as the electron-releasing power
of the amine increases. The effect on the frequencies of the one
carbonyl band is similar to that of the other. This suggests that both
carbonyl grouwns are in a symuetrical environment with reswect to the
donor ator favouring the assumption that the nitrogen of the inide is

coordinated and nct the carkonyl oxygen,

The above Qbservations and deductions annly to both the copper(II)
and nickel(II) succinimide complexes. The lower freguency carbonyl
band of the rhthalimide cumplexes is overlaid by phenyl absorotion
bands, therefore only the higher frequency band can be assigned without
amoiguity.

Unfortunately the N-H stretching vibrational bands lack uniformity
in that the nwaber of bands varies through a narticular set (either 2 or
3 bands are observed as seen in Tables 12 - 15). No correlation was
found between these frequencies and the substituent constants of the
amines, doubtless a result of the freguencies being subject to both
mass and electronic effects.

The far infrared reglon was found to be too coamlex to enable an
interpretation of the spectre to be made because of the mixture of two
tynes of metal to nitrogen bonds (i.e. to the N of the amine and the N
of the imide).

- The ultraviclet-visible absorntion spectra of soluble memnbers of

the copper(II) succinimide series were recorded as aqueous solutions.
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The insclubility of the copper(II) phthalimide and nickel(II) complexes
limited the investigation. The copper(Il) succinimide complexes were
especially suitable for study because the majority of them are scluble
in water producing blue solutions. In addition the absorption band is
easily identified and is of known origin, arising from the transition
2Eg_€** 2T2g. Tschugaéff27 has made a study of the species present in
agqueous sclution and has shown [CﬁSuzAm(HZO)Sl (A’ tc be formed initial-

ly. This decays on standing or dilution to [Cu(Hzo)GIS (B). A is

U2
formed by elimination of amine, detectable by its odour when the complex
is dissolved in water. DBecause of the reaction A — B the solutions
used were made as concentrated as possible and in addition the spectra
were determined immediately after dissolving the complex in order to
ensure the identity of the snecies present in each case. Two abscrption
maxima were observed; the absorntion at 250 mp,(s approx = 1500)
being due to the carbonyl 47 ~—>1* transition of the imide and the
absorntion in the range 66C - 600 mp (€ amnrox. = 100) being due to
.

T, transition of the copper(II) ion. It was found that

the 2E ¢—
g 29

the wavelength of the absorption maximum of the latter transition
increases with increasing electron-releasing character of the amine

substituents (Table 12).

Increased electron release by the substituents on the amine may be

expected to have three effects on the energy of the systen,

(1) The metal d-orbitals will suffer a greater repulsion which will

increase the value of 10Dg and hence the seperation between the eg and

t, levels and will necessarily result in a reduction of A\ max, see Fig £.

29
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Fig. A. The molecular orbital energy level diagram for an octahedral complex.



(2) The positive charge on the metal ion will be partially neutralised
leading tola decrecase in the metal ion to imide ligand attraction.
Effectively this implies that the difference in energy levels between
the metal 3d level and the ligand level is reduced hence seperation

between the e and t levels is increased, because the limiting case

G 2g
of this, where both the atomic orbitals have similar energy levels, is
required by the molecular orbital theory to have the greatest seperat-

ion of molecular orbitals. The end result is that the value of 10Dg is

raised and hence )\ max. is lowered , see Fig. B.

(3) In the above two cases it has been assumed that only o -bonding
occurs between the metal ion and the imide ligands. However it is poss-
ible for thé metal ion to form fr-bonds with the imide nitrogen. If we
assume that the F~-N bond and the two C«if bonds of the imide are formed
using the stpy trigonal hybrid crbitals (sp2 hybridisation) of the
nitrogen, then the nonbonding electrons of the nitrogen would occupy
the sz orbital. The transition metai ions have 3d (t2g) orbitals with

the correct orientation to overlan with the ZpZ orbital of the nitrogen

resulting in ~bond formation. A#An analogous phenoitenon occurs in the

) 70

3'3 . T-Bonding is not nossible belween the metal ion

compound N{SiH

and the ¥ of the amine (see Introduction, page 9).

- It would be expected that increased electron release by the sub-
stituents on the amine would encourage w-bonding between the metal ion
and the imide, leading to & decrease in the value of 1UDg and hence an

increase in Amax. in the following menner, see Fig, C.



1ild electron releasec: Strong electron release:

e*
g,
4p —— o ip - -
ds e 4s 1CDg
o)) t
se e Il a B sa Fag
1
~~~~~~ a
— - =S
______ H
Metal ion Molecular Ligand Fetal ion Holecular Ligand
crbitals crolitals orbitals orbitals orbitals orbitals

(Note differenlne in ligand orbital energy levels.)

Fig. B. The molecular orbital energy level diagram for an octahedral comnlex.



Mild electron release; no pi-bonding: Strong electron release; pi-bonding
involving occuoied ligand orbitals:
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Figse C. The nmolecular orbital energy level diagram for an octohedral complex.
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The fact that Amax. increases with increased electron release of the
armine substituent, indicates that the latter process, i.c. (3) is much
more significant, although &ll these proucesses may well occur simultan-

eously.

The electronic abscrption spectra of the copper(ll) succinimide
and copper (II) phthalimide series were also recorded in chloroform
solution, The formetion of blue solutions in this sclvent indicated
a structural change to a species of unknown structure; nevertheless
the trends observed in the Amax. values were found ﬁo be similar to

those in agueous medium (Tables 12 and 13).

The absorption svectra of the nickel(II) series were also deter-
mined in chloreform solution., Four absorption maxima were observed in
the region of 250 my (g approx. = 1500), 380 mp (€ approx. = 21),
630 mp ( ganprox. = 9) and 1050 my (€ approx. = 3), corresonding to
the swectra of typical octahedral nickel(II) compleXes7l. The first

transition being due to the m —>m7* of the imide carbonyl and the

3 3 3 3
I~ OST - 4 Y a) N D 4 > N
latter three respectively to the A2g-—fP llg(")' hog ™ Tlg(F)
and 3A2g~—4> Sng trunsitions of the nickel (II) ion. Clearly the spec-

ies existing in chloroform sclution is octahedral, in the members of the
nickel (II) series, but it is difficult to rationalise the donor role of
chloroform. It was first thought that the chloroform was slichtly “wet”
and that the water molecules were in fact acting as donors converting.
the square-planar éomplexes to octahedral entities. However even in
dried chloroforim the yellow nickel (II) complexes dissolved to give green

solutions, tynical of octahedral nickel(I1I) complexes7l. The copper (11)

series would thus also be exnected to be of cetahedral structure in
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chloroform solution; this is in fact supmorted by the fact that the
absorption maxima and trends observed in this solvent are similar to
those in agueous solution, where an octahedral swpecies of known struct-

ure oCCurs.

Two of the three "d - d” transitions of the nickel(II) complexes
alsoc showed a dependance on the amine present and similar trends to
those shown by their copoer(II) analogues were observed (Table 14) viz,
the wavelength of maximum absorotion increases with increased electron
releasing character of the amine substituents. The third transition in
the region of 1050 my was found to be very broad and of such low inten-
sity that a orecise determinaticon of A max. was not possible, Clearly
the same explanations of the shifts are relevant as in the copper (I1)
succininide comnlexes since the wavelengths of the absorption mexima of

the nickel(Il) commlexcs &re similarly related to the magnitude of 10Dg.

The visible absorption svectra of conper(1I) succinimide complexes
A . : . 32 | .
in aqueous medium have been previously recorded™ . Amax, was found to
be approximately constant at &30 mp. This we supposed to be due to the

» L g 1 m 27 s q

fact that (according to Tschugaeff®’') if the solutions are left to
stand for a short period & final »roduct [Cu(Hzo)BJSuZ is obtained
irrespective of the nature of the coordinated amine. This suvvosition
could not be tested however, because after a short time the solutions
became cloudy end their absormtion swectra werce thus unobtainable. On
the other hend the comnlexes underwent ne apparent change in c¢hloroform

solution and are recoverable sinply by evanoralion of the solvent.

We now reconsider the infrared evidence that the carbonyl stretch-



ing freguencies of the imide increases with increascd electron-releasing
character of the awine substituents. f-bonding has been shown to be
possible between the imide nitrogen and the metal ion., 7This is support-
ed by the ultraviolet-visible evidence. It would be expected that this
r-bonding would alsc have an effect on the carbonyl stretching freguen-
cies. Effectively m-bonding implies the back donation of metal d-
electrons to the ligand orbitals. This back donation from the metal ion
to the imide ligand will be assisted by strongly electron releasing
amine substituents. It is likely thet this electronic effect would be
transmitted to the rest of the imide molecule, increasing the electron

density in the imice systew and hence the carbonyl stretching freguen-
cies. This is observed (Tables 12 - 15). The correlations between the

carbonyl stretching frequencies and the Taft ooler substituent constants

are graphically portrayed in Figs. 10 - 12.

This effect is supported by the carbonyl stretching frequencies of
. 1 I . , ' - . -1
notassium phthalimide, which are exceotionally low (1700 and 1640 cm ),
In this case there is no 7 -bonding »nogsible between the notassiuwa ion
and the imide, consequently the drainage of electrons from the imide
ring to the imide nitrogen is et a maxirmwa end hence the carbonyl

frequencies are cxceontionally low,

In the plots involving the substituents cyclohexyl (Cx) and
B -hydrozyethyl (CHQCH?UH) the resnective o values -0.22 and +0.54 have
) U B . . . 4 . .
been used., However, Taft did not include tnese substituents in his
’

determinations of o ™, hence the o ‘s for these substituents are not

known., The above values were used because the carbonyl stretching
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frequencies and the Auax, values of theiimide complexes together with
the M-0 stretching freguencies and the H.l.it. chemical shifts for the
complexes [Mﬁcacz(RNHz)zj, where i = Ni, Zn (see Sections 3 and 4)
suggest that the substituvent constant for Cx lies between that for iso-
Pr (-0.19) and t-Bu (-0.30) while that for -CH2CHZOH lies between that
for H (+0.49} and Ph (+0.60). The values of -0.22 for Cx and +0.54

for -CHZCHZOH have been used as those providing the best fit with all

the infrared, ultravioclet and E,L.R. snectral data available in this

WOTrk,.
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IaBLE 12
- . , -1 . , )
Infrared frequencies (cm ~) and visible ebsorotion maxima (mu) of

'
conper conmlexes, [Cubuz(k-NHz)z] .

o R NH stretching C=0 stretch 2Eg<%—2T2g
(1) (2) in in
water chloro-

form

-0.30  tBu 3286 3253 3174 1717 1628 660 657
Cx 3276 3250 3167 1714 1625 - 617

«0.19  iso-Pr 3254 3166 1713 1624 653 615
-0.13  n-Bu 3261 3165 1711 1624 - 608

-0.125 iso-Bu 3269 3252 3168 1712 1622 645 610

-0.115 n-Pr 3263 3169 1711 1621 648 610
0 e 3264 3173 1709 1620 630 595

+0.08  CH,CH,Ph 3259 3166 1710 1619 - 600
+0.215  CH,Ph 3266 3162 1709 1618 - -
+0,49 H 3309 3239 3161 1706 1615 - -
CH, CH, Ol 3256 3161 1697 1601 615 -

(~ indicctes couwnlexes not soluble in the solvent)
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TABLE 13
Infrared frequencies (cm-l) and visible absorption maxima (mu) of

r
copper complexes,LCuPhch(R«NHZ) ].

o- R N-H stretching C=0 str. 2Eq<%—2T2g
in CHCl3

-0,30 t-Bu 3290 3252 3172 1729 655
_ Cx 3287 3248 3168 1727 615
-0.19 iso-Pr 3281 3247 3165 1727 810
~0.13 n-Bu 3263 3161 1721 604
-0125 iso~Bu 3298 3258 3176 1725 607
0,115 n-Pr 3274 3254 3169 1723 600
-0 Me 3278 3259 3172 1721 590
+0.08 CHZCHzph 3272 3251 3166 1719 592
+0.215 CHZPh 3260 3158 1718 -

+0,49 H 3324 3178 3063 1710 -

(- indicates complexes not soluble in chloroform)
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TaBLE 14
' i . -1 L . . ,
Infrared frequencies (cm ~) and ultraviolct-visible chbsorotion mexima

(mp) in chloroform of nickel (II) complexes, [Niﬁu?(R-NH?)z}

3 3

o R N-H stretching C=0 str. Azgf—> AZg‘_a
1) (2) %lg(m 3T2g(p>
Cx 3260 3165 1716 1629 644 393
~U.13  n-Bu 3243 3163 1712 1626 - -
-0,125  iso-Bu 3273 3241 3162 1713 1622 636 387
-0.115 n-Pr 3247 3164 1712 1626 633 387
0 He 3259 3252 3172 1710 1624 627 381
+0.08  CH,CH,Ph 3247 3163 1710 1624 629 382
+0.215  CH,®h 3242 3157 1708 1622 625 378

(- indicetes insoluble in chloroform)

TaBLE 15

.

Infraered frequencies of nickel(II) complexes, [NiPhch(R-NH?)z]

o~ R N-H stretching C=0 stretching
Cx 3265 3170 1728
~0,19 iso=-Pr 3267 3244 3165 1728
-0.13 n-Bu 3242 3160 1724
-0.125 iso-Bu 3278 3240 3165 1726
-0,115 n-Pr 3244 3158 1724
-0,100 Et 3246 31594 1724
v e 3277 3243 3164 1725
~0.08 CHZCHZPh 3244 3162 1723
~0,215 CHZPh 3240 3151 1722
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(3)  imine adducts of nickel (IT) acetylacetonate.

1ceLyluceton@ was the first compound ennloyed as @ cnolutlng
i1 7 2 <4 T - P 3 1 ~
agent by Werner ~. ince then acetylacetone has ovroved to be one of
the nost versatile grouns of ligands available in the study of coordin-
ation comnlexes. The bonding in these comnlexes e.g. tris(acetylacet-

onato)iron(III) has been established > by X-ray structural studies to

occur via the oxygen atoms of the acetylacetone ligand.

sgare planar complexes of nickel{Ii), [NiLA], may undergo an

equilibrium with additional ligands, L’, in the following : nanner :

[NiLé_J + 2L’ &= trens L il L’

If the adduct L’ is & grod donor, then in many cases the eculllbrlum

will lie far to the right, resulting in an iscolable 6-ccordinate com-

plex, Examnles of such ligands are water and nitrogencus buses.

Thus it would be exwected thet if bis(acetylacetonatolnickel (I1)
hes monomeric sguare nlonar structure, diemine adducts of the form
[NiA0mczum2J (see Diagram III, wage 79) could be iscla teu. However
_ VL S x I o .
iA-ray analysis of the crystal structure of bis(acetylacetconatol)nick-

el(II) established the molecule as a trimer [W

ncaczjq. Some oxygen
9

atoms of the acetylacetonate arc thus shared between two nickel ions
resulting in each nickel ion attaining octahedral configuration. The
trimer is however readily cleaved by donors such as water and nitrog-
enous basos to yield O-coordinate monumers.

| ki

Contrary to the behaviour of acetylecetine, certain other
@ ~diketones do furm square-nlanar counnleoxes with chLcl(Il) If the

methyl grouvs of acetylacetone are replaced by bulky substituents such



as tertiary butyl grouns, the nickel(Il) comwlexes formed are monomeriec

and squarce-nlanar as a result of steric remulsion. - The red bis(dipava-
lovimetiianoto)nickel (I1) comnlex is diamagnetic but in the presence of
water {or a nitrogenous base) the green paramagnetic dihydrate is

formed.

Because the preoaration of the green diaquo adduct of nickel (II)
acetylacetonate is wmarticularly straight forward it was considered

practicable to use it as thie starting meterial for synthesising the

. ; . 75 - .
amine aedducts. dimines are known to dignlace scme or all of the water

, 2t N .
molecules in the octehedral [Nl(ﬂ20)6J ion, therefore it is not
surprising thet in an excess of amine replacement of water in the come
=~
nlex [hiﬂcacz(ﬂzo)qj occurs, giving rise to the wale blue S-coordinate
Ly

comolex of the form LNiQC&anm7J.
4] 4

The colour change from ¢reen to blue oceurs because of shifts in

the aebsorontion bands when water is renlacoed by cmince liganas which lie

ey 1
i

to The right of weter in the swectrochauical series so nroducing a

stronger ligoand field.

ag deteiled in the Exwerimental ocetion, the adducts were synthe-
sised by adding the aymrooriate solid aromatic amine in metaanclic

]. Under these

).

solution to « methanolic solution of LNincccﬂ(H 5
£

20

Ny

conditions only the sclid ainines with positive substitucnt constants
vielded the recuired adduct; those with negative substituent constants
gave tiae metheanol odduct only undeubtedly beceuse the reduced donor

canacity of the nitregen atoni in the laetter coses resulted in the

methancl adduct being ore steable.



h more direct end alternative method of orevaration was devised

for the alivhetic amine adducts, according to the fellowing éguation
NiCl7 + 2 fcaci -+ 2 Anm [Nihcacqhmzj -+ 2 HC1
o &

This method was not appliceble to the arometic amine adducts as mixed
compounds were precinitated, these commrising a mixture of the amine
hydrochloride, the aemine complex of nickel(II) chloride and the required
amine adduct. This method gave no precinitated comwlex for tortiary
butylamine and even in the former method the adducted compnlexn of this
ligand formed with difficulty. wicreuanalysis indicated thet this vart-
‘icular complex was in fect only S-coordinated, (analysis, found :

C, 50.34; H, 7.74; calculated for C H O N HNi : C, 50,65; H, 7.59%) in

contrast to all the others which were octahedrally coordincted,

The infrared swectra of acetylacetone derivatives have been swane
- 7 . . o . e an o
erised by Nakamoto for & serics of metal ions, including bis(ccetyl-
acetonatolnickel (II). The carbonyl wnd metel to oxygen vibrations are
of varticular interest. Uome confusion exists in the literature concer-

o . . . o - -1
ning tne assignment of the first two intense bands below 2000 cm ~.
b ol

77,786 , . . . e -
Lecompte 77 7, by considering acctylacctone to be & caambination of two
mnolecules of acetone, has assigned the first band in the metal complexes

. - -1 , . . . .
(at approxinately 1580 cm ~) to the carbonyl stretching vibration and
. , o -1, . .
the second (ot aporoximately 1520 cm ~) to the C=C stretching mode.
) 79 ‘ s o =1,

Bellamy and Branch'™ also assigned the band at 1580 am to the carbonyl

s - 80 ) L . i
vibration. Hakamoto ef. al. = recached the opposite conclusion on the

basis of a normal coordinate treatment of copver(II) acetylacctonate.

o . . .81 . .
Subscequent revision of his treatment led to o reversal of his earlicr
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assignments and support for those by Lecompte. £ recent infrared spectral
a
study8o with oxygen-18-labeled acetylacetonc coordinction compounds con-

firmed these assignmuents.

The infrared svectra of the diamine adducts of bis(acetylaceton-

ato)nickel (II) exhibited two intense bands in the region 1600 - 1500 cm-%

probably due to overlap with the N-H boending vibration of the amine

which is also cxpected to occur in this region.

The metal to oxygen vibrations are of narticular intercst in this
problen s will be seen later. The infrared snectra of acetylacetone

complexes contain three bands in the region of 650, 550 and 420 cm"l

, . . 80,82
which have becn assigned  ‘°“

to (M-O0 str. -+ C—CH3 str.), (-0 str. -+
ring deformation) and (i~0 str.) resmectively. The infrared spectra of

the diamine adducts exhibited bands of medium intensity corresmonding to

these three vibrations.

The N-H stretching frecuencies of the free amines were found to be
lowered on coordination as found in the swectra of amine complexes
described elsewhere in this thesis (Jection 1). Tynical infrared snec-
tra of these complexes appear in Figs. 17 and 18,

.

It hes been found4l that in a serics of mctal P-diketonates, the
substituent on the B-diketone iolecule hus @ direct bearing on the C-0
and k-0 frequencies. In a particular sceries of metal Bediketonates with
constant metal ion, those with electron-releesing B-diketone substita-

uents, e,g. tris(acectylacctonato)iron(IlI), were found to have low C-O
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and high M«0 frequencies compared with those possessing electron-
withdrawing substituents, e.g. tris(hexafluoroacetylacctonato)iron(III).
This was explained as follwws. The electronic effect of an electron
releasing substituted P-diketone (R’ = CHS) complex was assumed to
take place as illustrated in Diagram IV, pvage 79. Thus the carbonyl
frequency is lowered and the -0 freguency is raised. For an electron
withdrawing substituted complex (R’ = CFG) the illustrated electronic
effect will be ppposed or reversed causing the carbonyl frequency to be

higher and the M-0 freguencies to be lower than in the former case.

In the series of amine adducts of bis(acetylacetonatolnickel (II)
examined, various amines of differing substituent effect were used.
Thus instead of varying the Bediketone substituent, the nature of the

amine adducts was varied.

It was found that two of the three M~U sensitive vibrations of the
acetylacetonate were indeced affected by changing the amine in a set, as
seen in Tables 16 and 17. On the other hand the k-0 vibration at
650 cm“l was foﬁnd to be relatively unaffected by this change. The
assignment of this band has in fact been queried83 on the basis of oxy-
gen-18-labecled acetylacetone comnlexes. The infrared spectra of these
complexes indicated that only the two lower frequency bands were M-0O

sensitive.

The carbonyl stretching vibration in the 1600 cm-l region of the
spectrun was not effected to any great extent by the change of amine and
1

was found to remain reletively constant at apnroximetely 1605 cm -,

probebly because the effect of changing the amine was too weak to affect
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the carbonyl which is further removed frow the amine than the M-0O bond.
In addition the orecisioun with which the wavenumber of this band could
be determined was poor due to its broad character and commlications in
thet region of the svectrum resulting from aromatic ring vibrations

(in the case of the aniline adducts).

Figs. 15 and 16 show the correlations between the two 1i-O sensit-
ive vibrations and the substituent constants of the eliphutic amines.
The basic trend indicates that strongly electron-releasing substituents
lower the 1I-0 freguencies and hence bond strengths, relative to weakly-
electron releasing substituents in the case of aliphatic amine adducts.
A similar trend in Teble 17 for aromatic amine adducts indicatc that
electron~relcasing substituents lower the b0 frequencies while clectron
withdrawing substituents have the reverse effect, relative to the

aniline adduct.

These trends can be exwlained on the basis of the electronic
effects existing in the molecule as shown in the illustrated diagram
(IV). The clectron-relecasing substituents of the aromatic amines will
tend to oppose the electronié effect shown i.e. assuming the electron
drift from the amine to be transmitted through the métal ion. This will
cause the 1-0 bond strength and thus the fregquencices of the 1-0O sensit-
ive vibratiens to be lowered relative to the aniline adduct. The
electron-withdrawing substituents will nromete the effect illustrated,

giving rise to higher #-0 vibreticns relastive to the aniline adduct.

.
=

The swectra of the alivhatic amince adducts receive o similar intervret-

ation.
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The M-O freguencies for the dicquo adduct were found to be the
highest viz., 585 and 429 cm-l. This fact supnoris the above explanat-
ion as water is a umuch weaker basc than amines, thus the illustrated

electronic effect will be relatively unopposed giving rise to the high

observed M-0 freguencies.

In supoort of the assumption that the electronic effects are tran-
smitted through the metal ion, it has been found4l tha% for instance
bis({hexafluoroacetylacetonato)nickel (II) exists solely as a diadducted
complex., Thus it apoears that the strongly electron-withdrawing
character of the P-diketonate promotes adduction to such an extent that

adducted molecules cannot-easily be removed agein.

In conclusion it would anpear thet in a set of B-diketonate com-
nlexes, changing the substituent on the B-diketone molecule and chang-
ing the substituent on the adducted amine ion in the complex of a part-
icular [~diketone nroduces a similar result. However the frequency
shifts of the ii+«0 vibrations are much more marked in the first case
than in the second, »resumably becausce in the former the substituent is
part of the (-diketone molecule and therefore its effect is felt to a

imch greater extent for reasons of proximitye.

The shifts observed in the H-H stretching frequencics on changing
the aliphietic amine «re¢ shown in Teble 16. “There appears to be no
obvious trend, this is probably due to the combination of eloctronic
and mass effects and also vossibly the sterie hinderance immosed by
bulky aminecs. The shifts observed in the N-H stretching fregucncics of

the aromatic amine adducts arce shown in Table 17. The basic trend can
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be explained on the basis of electron increase and decrcasce on the

nitrogen as shown in Jection 1.
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IABLE 16

Infrared freguencioes (cm'l) of nickel(II) complexes, [Niﬂcac2(R-NH2)2]

o R N-H stretehing -0 str. [i-C str. +
ring def.
Cx ' 3316 3285 . 3265 414 565
-0.19 iso-Pr 3314 3291  327C 415 564
-0.13 n~bu 3314 3280 3180 416 564
-0.125 iso-Bu 3331 3277 3175 414 563
~0,115 n~-Pr 3318 3279 3190 . 416 564
-0.10 Et 3321 3280 3192 415 565
0 Me 3328 3298 3208 417 567
+0.08 CHZCH2Ph 3318 3275 3190 417 576 563
+0.215 CHZPh 3317 3275 3177 418 567
+0.49 H 3355 3276 3188 423 571
CHZCH2OH 3325 3278 38192 424 574

+0,60 Ph 3269 5183 425 576
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THBLE 17
Infrered frecquencics (em ) of nickel(II) complexes,

[NlncaCZ(Kut'ﬁ4~Nﬂ2)2J

=z 6 e ot imm -
o} R N-H stretching i1=C str, M0 str. +
a8Vl SYhia ring def.
~-0.27 4-Olie 3280 3188 420 571
-0.25 4-CEt - 3188 422 571
-0,24 Jid-dibie 3280 3182 421 572
-0,17 4-lie 3276 3185 422 574
~0.15 4-Et 3270 3185 424 ‘ 576
-0.07 3-lte | 3269 3183 424 575
O H 3269 '3183 425 576
+0.06 4F 3275 3183 425 576
3235
+0.115 3-0Me 3268 3178 425 576
+0.235 3~C1, 4-lc 3260 3176 426 577
+0.34 4-F 3265 3180 427 578

+0.37 3-C1 3262 3178 428 578

R
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) Amine adducts of zine(II) acctylocetonate

A

[0S

The stercochemistry of zinc(II) complexcs is not affected by lig-
and'fiold stobilisation effects, owing to the spherical symmetry of the
fuil 3d siell and is thus sololy_detcrmined.by cousiderations'of size,
electrostatic in

teraction and covalent bond strengths,

o

Zinc(II) has usuclly been regarded as exhibiting two alternctive
stereochenistries; coctahedral with relatively long zinc-ligand konds
and tetrohedral with shorter bonds. idowever S-coordinate zinc(II)
complexes arc known g.g. where emines form 1 @ 1 complexes with zince (II)
R ‘o 84 , 34 o
dielkyldithiocarbamates ~. It has been found = that scveral clternative
synthescs of bis{ecctylecctonato)zine(iI) lcad to the feormation of the
iy 13 4 T Y : 85 T . s 3
S=coordinate monohydrate. A-ray analysis of this commound shows it
to have trigonal binyrawmidal structurc. The cowplex can be dehydrated

. . N 86 . . o ‘ ’ . i Ao
but it has becn shown that the anhydrous form is anclogous to the
nickel (II) complex is cxisting as @ trimer in the solid state. HNever-
..

theless in non-denor solvents it is monomeric and therefore presumably

34
tetrahedral .

Like the nickel(II) analogues, it may be anticipated that zinc(II)
acetylacetonatc would alsc form cdducts with nitrogenous bascs. Some
. .y . . o . .87
adducts of bis{acctylaccetonato)zinc(II) have been reoerted . In these

ceses chelating bascs such as 2,27 -bioyridine form 6-coordinete compl-

excs of the form [Lnﬁcac Bivy |«  However monodentate nitrogenous base

2

adducts of zinc(II) B-diketonates have been shown” ’ S

to exist as both

5~ and b6~coordincted specics.

The monohydritc of bis(acctylacetonato)zine(II) was used as the
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starting material for the preparation of the primary emine adducts.
Host of the amines displaced the water fairly repidly simoly by recryse
tallisation of the hydrate from the avwropriate amine to give colour-
less plate~ or needle-like complexes, On the basis of percentage com=-
position the amines reacted with bis(acetylacetonato)zinc(II) to yield
either 2 : 1 (see III, page 79) or 1 : 1 adducts, these being respect~
ively 6-coordinate octahedral and S-coordinate trigonal bipyramidal

complexes,

Most of the 6-ccordinate complexes lost amine slowly if left in
the atmosphere; wnresumably they woulddecompose to the mono-amine add-
uct if left for a sufficient period. The benzylamine adduct was found
to be the most stable; even at reduced pressure it remained virtually

unchanged,

Both bhasicity and steric reguirements of the amine are factors in
determining which of the two structures is the more stable. Tertiary
butyl- and isoprovvlamine (strong bases) formed mono-adducts, wherecs
aniline (relotively weak base) formed a diadduct. This could also be
attributed to steric factors since triethylamine and dibenzylamine
feiled to adduct at all. Furthermore, it has been found34 that
4-niethyloyridine forms ¢ stable diadduct, whereas vyridine forms a
relatively unsteble diadduct and decomwoses ranidly to the monopyridine
complex. DBecause 4-methylpyridine is a stronger base than pyridine the
above stabilities are in accordance with exnectations. 2-methyl-
pyridine was found to form only the mono=-adduct, preswacbly because of

steric inhibition.
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Vethylomine and ammonia were both found to ferm only the mono-
adduct, probably because on prevarction of these cumplexes both amine
ligands were used in the form of alcoholic solutions as compared to the
other ligends which were used as pure ligends, This would reduce the

concentration of the amine and consequently favour mono-adduction,

-

The formally S-coordinate amine cuaplex, LZnAcac2NH3J was found to
be inscoluble in chloroform, whereas «ll other commlexes were extremely
soluble in this solvent and it is »nresumed that this complex is poly-
meric, the coordination number of the zinc ion being incressed to six.

1 : 2 . i~ 3 i 3 4 : .
This is contrary to what was found by Graddon =, the diammine adduct of
bis(acetylacetonato)zine(II) was prenared and found to be very unstable. -

The mono~amine adduct could not be nremared. However it is similer to

. 35 , . . .
what was found ~ for the ammine adduct of bis(benzoylocetonatol)zine(IL).

The infrared svectrum of bis(acetylacetonato)zinc(Il) has been

79 -
shown' = to be analogous to the other metal acetylacetonates and the
band due to the cerbonyl stretching vibration has been assigned to the

. . o -1 , .- -1
first intense band observed helow 2000 cm (at approximately 1600 om ™)

8U, 82 | ; ; 1
to the three hands observed

1

The k-0 vibrations have bheen assigned
in the far infrared region at avproxinately 650, 550 and 420 cm

ascribed to the (M-U str. + C-CH, str.), (M-0 str. + ring deform-

ation) and (I~-0 str.) vibrations respectively.

Both the S« and b-coordinated commlexes geve bands corresponding
to these frequencies. 4 representative spectrum of each type avpecr in
Figs. 21 and 22. iowever there wcs found to be e small but discernable

difference in the spectra of the mono-adducts compared with those of



the di-adducts. Unly two bonds due to the N-H stretching vibrations

. . . . , . -1 X - -
were found in the former in the region of 3160 cm ~ (weak) and 3260 cm 1

4

tional weak band wes observed in the latter

. . . -1 s e ,
spectra in the region of 3315 ecm ~. In addition the 1i-U vibrational

(medium), whereas an addi

frequencies were found to be higher by awproximately 10 cm"l in the
mono-adducts as wight be expected on the basis that stabilities (which
ere related to the bond strengths and hence freguencies of the -0

bond) of the S~coordincte complexes are greater than those of the

o
o 34 . o4
b~coordinate species .,

1=

On changing the eamine adduct in the 8-~coordinate series two of the
-0 sensitive vibretions were observed to shift in e regular manner
(data in Table 18). The fact that the third -0 sensitive and the
carbonyl vibration shifted herdly ot all is in accord with the
nickel(Il) analogues. (Section 37,

S

The trends observed in the two -0 sensitive frequencies of the
r -

b-~coordincte species, LZnAcacZAmzj, with changing ocuine substituent
constaont are saown in Figs. 19 end 20. The bisic trends are similar to
those observed for the nickel (II) analogues of the »wrevious wection;
obvivusly the affects of varying basicity are comparable and fthus the
same exvnlanctions would also be annlicable to the zinc(II) complexes.,
The shifts observed for the Nei stretching vibrations of the various
amines ¢re evident from Teble 18. The most intense band (in the region
of 32795 cm-l) Shuws 2 slight trend, which is the exvected one on the
basis of electron density increrse ond decrecse on the nitrogen as shown

o

in Yection 1. 'fhis is contrary to whet was found for the nickel (II)

analogues, where no reguler trend was observed.
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In the case of the 5-coordinated complexes, [ZnAcaczﬁm] conclusi-
ons were limited by the limited number of examvles aveilable. Never-
theless it aopecrs that the Ii-0 sensitive vibrations show the scue
basic trend as observed in the 6-coordinate series e.g. the band assig-
ned to (i-G str, .-+ ring deformation) shifted with decreasing electron
relersing choracter of the amine as follows, 554, 556 ond 5587 cm"l for
tertiary butyl-, isopronvl- and methylamine resnectively. The same
band had the highest vilue for the sono-aguo complex, which is in

cccordence with the nickel (Il) series.

The fect that the anmine comnlex nas freguencies which fit the
observed trends invthe Jecoordincte series shown in Figs. 19 and 20,
supoorts the assumotion that it is en octahedral nolymer., %he disting-
uishing fact that the 6-ccordinate series gave three H-H stretching
vibrational bands cnd the S-cocrdinate series only two, could not be
used in the case of the ammine commlex ¢s o stereochemical distinguish-

; feature because the wresence of auuonia produces o change in the

[N
s ]
<

N-H stretching vibrationel pottern as @ result of the additional hydro-
gen atori.

Zinc(II) comnlexes are particularly suiteble for nuclear magnetic
resonance spnectrometry as there are no cuianlications cue teo paramweg-

1 L] P 1 L 110 ~ 2 " U m '.\T i e t . ) (
netisn, becausce of its d configurction. %he N.M.R. spectrum bis(ace-
tylacetonato)zine (II) in CDC1, was found to comsist of 2 signals, with

J
chemical shifts of 2.0 and 5.4 n.p.i. corresonding to the 12 methyl
protons and the 2 ring orotons reswvectively. It may be expected that
because of the chunging electrcnic effects in the varicus anine adducts

of bis(acetylacetunatol)zine(il), the ring protons would be either
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shielded or deshielded giving rise to upfield or downfield shifts
respectively in their N.M.R. spectra., In practice it was found that
the position of this signal remained virtually unchanged throughout the
series of both the 5--and 6acoordinated comnlexes (see Table 19). This_
is probably & result of the fact that the changes in electronic envire
onment aie too small to ceuse a noticeable shielding or deshielding of
the ring protons,., #Another possible reason is that the adducts dissoce
iate from the complexes in solution viz. in CDClS, thus giving rise to
a spectrum which renresents & superimposition of the spectra of the
bis(acetylacetoneto)zine{II) and the free amine. This is supported by
the observation35 that the divyridine and die-4-methylpyridine adducts
of bis(benzoylacetonato)zine(Il) dissociate completely into the anhy-
drous complex and free base in dilute triphenylmethahe solutions. Howe
ever the chemical shifts of the aumino protons of the free amines are
known88'89 for n-butylamine, tertiary butylamine and aniline, viz. 1.10,
1.23 and 3.48 p.p.m. resmectively. The corresnonding values for the
amino protons in the complexes were found to be 1.87, 2.29 and 3.88
Pepeiie The downfield nature of the shifts on coordination suggests
that the adducts are not dissociated in solution, as the reduction in
the electron density on the nitrogen atom on coordination reduces the

shielding of the amino orotons causing the observed downfield shift.

The intergrated N.M.R. spectra were useful in determing whether a
complex was Se or 6=-coordinated, as.the number of protons could be
calculeted with sufficient precision. In fact this method of determine-
ing the structures agreed in all cases with those indicated on the

basis of percentage composition. A typical N.k.k. spectrum is
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represented in Fig. 25,

The chemicel shifts Qf the amino wrotons in the 6-coordinated
complexes vary from one amine to ancther as seen in Table 19. Eowever
these variations are not necessarily due to the electronic effects of
the amine substituents. The chemical shift of the aniline amino
protons are far downfield relotive to the other amines, however these
protons lie more or less in the nlane of the aromatic ring and the
chemical shift is more likely to be as a result of deshieclding from the
induced magnetic field of the arometic ring., oOimilarly this effect will
shield the amino nrotons of B-phenylethylaminé which could lie above or
below the aromatic ring, thus producing a relative upfield shift, as

observed.

The overall electronic effect on the amino protons can be better
scen in the N.i.R. spectra of the three S~coordinated complexes where
there are no problems due to arvmatic fing effects; here the chamical
shifts for the amino protons were found.{o be 2.29, 2.35 and 2.45 p.p.m.
for tertiary butyl-, isopromyl- ond methylamine respectiveiy. This is
in the order of reduced electren release by the amine substituent. The
trend is the expected one cs the clectron dJensity at the nitrogen will

shield the amino protons most in tertiary butylamine and least in meth-

ylamnine,

Disregarding the two excentional coses of aniline and f-phenyethyl-
auine there appears (Table 19) to be @ regular trend in the cheuical
shifts of tne amino protons wiih changing substituent constant for the

B-coordinate series. 'The trend indicates that the above explanation
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for the S<coordinate series holds in this case as well.

TABLE 18

‘ , . -1 , r. . )
Infrored frequencies (cm ) of zinc complexes, [anhcacz(R—Nﬂz)zj

o R N2H stretching 10 str. 1-0 str. -
' ring def.
Cx 3313 3285 3190 407 543
| 3264
-0,13 n-Bu 3310 3279 3188 407 543
-0.125 is0-Bu 3330 3278 3160 408 544
0,115 nePr 3317 3280 3196 409 544
-0.10 Et 3318 3278 3194 408 544
+0.08 Ci,CH, Ph 3314 3275 3188 409 544
+0.215 CH, Ph 3315 3275 3180 410 545
+0.49 1 3355 3277 412 549
CH,,CH, OF 3322 3272 3184 415 551

+0,60 Ph : 3270 3160 421 ' 556




IABLE 19,

Chemicel shifts

- 92 =

(pepuma) in CDCl3 of zinc comnlexes,

bnn02?2(3~hnz)zj

o R Me protons ring protons amino protons

Cx 1.94 5.27 1.83
-0.13 n-Bu 1.95 5.28 1.87
0,125 iso-Bu 1.97 S.28 1.80
-0,115 n-Pr 1.95 5.28 1.88
-0.10 Et 1.95 5,28 1.92
+0.08 CHZCHZPh 1.95 0428 1.77
+0.215 CHZPh 1.93 5.29 2,21

CHZCHZOH 1,95 0.28 2.80
+0,60 Ph 1.95 5631 3.88
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Fig., 19, Plot of M=) stretching frequency against substituent

constant for [ZnAcacoAmzl.
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Fig., 20. Plot of M-0 + ring deformation frequency against

substituent constant for [ZnAcachmz].
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(5) Amine complexcs, of uranyl cetylaceteonate

The smectrosconic vroperties of nyridine cdducts of uranyl acetyl-

, A2 -44

acetonate have been extensively studied. » Howéver no similar
studies uvf the corresnonding alinhatic cnd cromatic amine analogues
have been mede. 4 series of nrimary aromctic amine complexes with

urenyl acctylacctonate were therefore wnrepared with a view to studying

their infrared and N.i.R. spectra,

It wes at first considered that the amines would form 1 @ 1
adducts with uranyl acetylecetonete anclogous to the pyridine adducts
(see Diagrem V, page 105). However the infrared swectra of the amine
complexes did not show eny N-H stretching bends in the region 3350 -

. -1 - . 90 . N ' ; . .
3150 cm charccteristic of cocrdineted N-I grouns. Clearly, there-
fore, the structure of the cumnlexes is net analogous to that of the

wridine adducts. Microanalysis resulis a

]
—
&3]

30 suggest that the structe

Idl oo 41

ures cdiffer as ithe U ond H nercentioges found were all too high for the

et

latter structure.

To account for the abscnce of N-H stretching vibrations en alterne-

ative structure was nroncsad (sce Liegrow VI, page 105). Here it was
assumee that the anine condensed with cne of the "oxe” grouos (U=0)

with the luge of H?O to »roduce the grousing Ush-, sinilar to the

condensaticn of o carbunyl groun with an amine to form a Uchiff base,

93

N i - s P T, T -
~C=L-"", nlthough this would exolain the cbsence of K-H stretching

. 4 ; Lo a ; D . . -1
vibretions, tuae cnerecteristic intense bhand in the regicn of 900 cm

duc to the U=U stretching vibretion wegs reletively uneffected on form-

ation of the auine comnlex, whercas ccecdording to this proncsed



structure conversion to ¢ U=l bond would be expected to influence the
frequency. In addition microanalysis showed that this structure was
incorrect because of the high percenteges of C and H found. Even if
both “oxo”™ groups are assuned to recct these values are still too high
for the bis({imido) complex.
G

. , 51
In an earlier refcerence to

the products formed from cmines and
uranyl acetylacetonate, the amine complexes were reported to differ
from the pyridine adducts in thet an additional acctvlacetone molecule
is incorporated in the complex along with one molecule of the amine,
It was provposced thet the edditional acetylacetone molecule in the form
of the enol-tautoner (CHS-C(OH)=CH-CU-CH3) was adducted to the metal
through the keto-carbonyl groun while the cnol-groun roweined free,
The acidic charccter of this cnolie group wes sudposcd to induce the

formrtion of 2 quarternery ammmniwa sclt with the boasic cnine molecule

to form en isoleble 7-coordincte commlex (sce Diagrow VIE, page 106),

This structurc sciisfied the microcnolysis figures of the studied
cromatic cuine cunnlexes fairly well (Teble 9) and elso satisfied the
absence of coordinated N-H stretching vibretions (in the renge 335G -

o S R T . . A ot
3130 cma 7) in their infrarcd spectra, beccuse now the eninc exists os a
gquirternoryy cmonium salt. £ coamariscon was mede of the infrared
snectrun of the ecetylacctone adduct of urenyl ecctylacetonate,
=i
Uo ncacz(ﬁcacH)J with the spectra cof the @aince comnlaxes in the renge

2
Y M Y - - l my 1k 2 i S L1 e e -
1700 = 200 cia ~w They were found te be very similar with the exnected

additional bands in the latter snectra due to the cmine oresent. This

cerperison favoured the salt structure. owever the inirared spectra

of the aumine complenes fuiled to show cny N-i stretching vibrations in
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the range 3100 -~ 2900 cm-l (as hexachlorobutadiene mulls) character-

. .. 90 w .
istic of guarternary amponium salts.

The N.M.R. spectra of the aminé couplexes could be explained on

the basis of the salt structure, excent for the farthest downfield

A
t

. 5 ‘ ' ‘ [ n P :
signal, e.g. the unsubstituted aniline complex LUOZhCSCn(ﬂCQCH)(anl-
g 4

line) |, which gave the signals with chemical shifts of 2.19 (3),

2.25 (12), 2.68 (8), 5.60 (1), 5.75 (2), 7.25 (5) and 13.25 (1) p.p.nm.
The figures in brackets renresent the number of onrotons obtained by
intergration, the signal at 2.25 p.p.m. being due to the 12 methyl
protons of the ccordinated acetylacetonate, those at £.19 and 2.68 p.p.m.
to the 6 methyl protons of the adducted acetylacetone (the seperation

of the sigﬁals being due to the fact that the acetvlacetone mclecule is
in the encl-tautomer, the one methyl group is thus in & different envir-
omaent from the other). The sicnel at 2.60 p.pas. resulis from the one
ring proton of the adducted acetylacetone molecule and that at 2.75
Pepeia To the two ring proteons of the coordinated acetylacetonate mol-
ecules. The signals in the region of 7.25 p.p.in. arise from the five
aromatic ring protons of a&niline.

t

-

In an amuonium salt the positive charge on the nitrogen would con-
siderably deshield the amino protons. The chemical shifts weould be
found far downfield. The N.li.E. spectra of all the auine complexes of
uranyl acetyluacetonate did in fact give a signal far downfield in t he
recion of 13.20 pa.p.n.. However on intergration this signal only rep-
resented cvne proeton whereas the proposed salt structure requires three

amino protons. This anomealy of the downfield signal ramzined temporar-
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1ly unexplained but it was clear that this signel is in some way assoc-
igted with the amino protons as these were the only protons unaccounted

for in the w.M.R. swectra.

The salt structure satisfied most of the spectrosconic evidence but
failed to exnlain the anormalous absence of N-H sfretching vibrations in
the infrared and the downfield signal in the H.M.R. svpectra. The decid-
ing factor wnich indicated thet the salt structure was incorrect was

11

the conductance neasurements. - Because of the icnic chaeracter of the
salt structure it would be exnected that the complex would be a relat-
ively good electrolyte. tHowever the molar conductances in methancl

were found te be very small (less than 0.5 mho) indicating that they

are in fact ncn-electrolytes.

Aniline is knuwngz to react with the ernol-tautomer of acetylacetone
with loss of HZO to form 4-anilino-3~penten-2-one. It is thus likely
that on formation of the complex, the acetylacetone adduct (enol-
tautomer) of uranyl acetylacetgﬁcte could be formed initially and the
aniline could then react with the enol group of the acetylacetoune
adduct to form the 4-anilino-3-penten~2-cne adduct of uranyl acetyl-
acetonate (see Diagram VIII, nage 106 )« This structure in fact satis-
fies the microanalysis figures fairly well, (Table 9) although for
some of the amine complexes the salt structure is in better agreement.

Of greater significance is the fact that both the infrared and i#.H.RE.

=y

svectra can be comnletely interonreted on the basis of this struciure.

The absence of sherp N-H stretching vibrational bands in the infra-

red spectra of the cuonnlexes can now be raticnalised on the basis that
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5

the single hydrogen atom of the amino nitrogen

is hydrogen bondéd to
the cerbonyl cxygen as in acetylacetone itself. This hydrogen bonding
will cause the band due to the H-H stretching vibration to become

broader and to be considerably reduced in intensity eas is observed, for

instance for the 0-H stretching vibration in strongly hydrogen bonded
, . . . R L S
hydre x ylic conpounds such as nickel(II) dimethylglyoximate .« This

band must actually be verv broad because of ihe complete absence of any

- :
7

significant bands in the expected N-H stretching vibrational region.

The rest of the infrared spectrum was found to be very complex., How-

ever, the intense U=0 stretching vibrational band in the region of

-1 o . , .
900 cm was very characteristic in &ll the spectra. The carbonyl

font

stretching frequency of the coordineted acetylacetcnate ligands was

o ! o - (. o0 -1 = IR - T

found to be at aonroximately 1580 cm ~ for all the complexes. In all
1

the spectra a band of medium intensity was observed in the region o

R -1 s
1610 em ~, which in & few svectra apoeared as a shoulder on the high

frequency side of the intense carbonyl band. This band could be assig

ned to the carbonyl stretching frequency of the adducted 4-anilino-3-
penten-2-cne. In the acetylacetone adduct of uranyl acetviacelcnate a
similar band was observed, as exvected. In the infrared spectrun of
urenyl acetylacetonate itself this band is absent, which supports the

above assigmaent. . typical infrared swectrum appears in Fig 24.

The downfield signal representing one nroton in the N.M.R. spectra

5

of &ll the complexes in the region of 13.20 p.p.m. can now also be

explained by the prowosed structure arising from the single profon con

the nitrogen of the 4-anilino-3=penten-2-cne adduct. The assignment
g

of this sicgnal was confirmed by the fact that on D20 xchange this
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signal disappeared. Amino orotons are known to be active and are easily
replaced by the deuterium atom, which does not give a signal in proton
magnetic resonance spectrometry, having integral nuclear spin. A simil-
ar signal is found in the N.M.R. spectrum of acetylacetone at 15,35
pP.p«im. Which has been assigned to the enol hydrogen. This signal is
found at 14.82 p.p.n. in the acetylecetone adduct of uraenyl acetylacet-
onate. The reason for this signal being so far downfield is that in the
above three compounds, the active hydrogen is hydrogen bonded te the
carbonyl group of the same rmolecule (as illustrated in Diagram VIII,
page 106).

The rest of the N.M.R. spectrun can be intervreted in the same
manner as in the previously proposed salt structure, as the environment
of the remainder of the complex molecule is closely similar in both

structures. A tyvical N.M.R. spectrum is represented in IFig. 26.

The

h

act that these complexes were found to be non~electrolytes in

methanol is expected on the basis of this structure.

The final structure {(Diagram VIII) is the most favourable es it
satisfies all the observed microanalytical, spectrosconic and conduct-

ance data.

Many of the aromatic amines did not form complexes at all, but non-
formation of certain complexes does not appesr to be associated with the
electronic effects of the substituents as both meta~ and para-substit-
uted anilines and both electron-withdrawing and electron-releasing sub-

stituents formed isolable comanlexes.

The effect of varying the substituent on the amine was found to
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have a negligeble effect on the U=0 and cerbonyl freguencies in the
infrared spectra and on the chemical shifis of the amino nrotcen, the

ring protons and methyl protens in the N.i.R. svectra of the complexes.
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