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Some Olefin-Svbstituted ietal fLcetylacetonates

Muawiyah Sabri



ABSTRACT

The syntheses of olefin-substituted metal acetylacetonates have been
attempted by two routes. Electrophilic aromatic substitution of the metal
acetylacetonate ring did not yield olefin=-substituted complexes, Olefin~
substituted acetylacetones have instead been synthesized and reacted with
metal ions. Complexes of some metal ions with 3-allyl- and 3-propenylacedyl-
acetones are reported, and the mechanisms of the synthetic reactions are
discussed,

The reaction of 3~ethylideneacetylacetone with metal ions resulted in
the formation of unsubstituted metal acetylacetonates through a reverse
base-catalyzed condensation reaction.

The effect of the acetylacetonate ring substitution on the stability
of the complexes is discussed. Some reactions of these complexes are

reported along with the results of bheir attempted polymerization.
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1. INTRODUCTICN

In recent years, there has been a great interest in metal chelate polymers
because of their promising thermal stability. However, very little research
has been directed toward the syntheses of such polymers by the reactions of
coordinated ligands. The introduction of reactive polymerizable functional
groups into metal chelates may produce active monomers suitable for polymeri-
zation studies., BSome olefin-substituted wmetal acetylacetonates with terminal
carbon-carbon double bond on the substituent seem to be promising monomers
for polymerization. We, therefore, decided to carry out some substitution
reactions of metal acetylacetonates in the hope of introducing vinyl and allyl
groups onto these ligands. Succeeding to do so, we shall thus open thedoor for the
preparation of some metal acetylacetonate polymers. JSince metal acetylacetonates
possess, due to their electronic structure, some aromatic character, they might
undergo some substitution reactions typical of aromatic systems. Hydrolyftically
stable acetylacetonates were chosen for this kind of reactions., These include
bis{acetylacetonatojcopper(II) and tris(acetylacetanato)cobalt{III).

Other olefin substituted aceiylacetones in which the carbon-carbon double
bond is not terminal, such as 3~ethylidene- and 3-propylideneacetylacetones,
scemed to pose some interesting chemistry. These ligands exist only in the
keto form and are, therefore, not expected to give neutral complexes in their
reactions with metal ions, If these ligands retain their keto form upon
coordination, some interesting coordination compounds will be obtained in which
the neutral ketonic oxygen behaves as a donor. However, if they rearrange to

the enol form, so mich the better, because the carbon~carbon double bond may



occupy a terminal position, thus offering a convenient route for the syntheses
of the sought monomers.

We decided, therefore, to investigate the ccordination chemistry of
3-ethylideneacetylacetone and 3-propylideneacetylacetone and other related
ligands in their reactions with beryllium(IT) and some trivalent and divalent
ions of the first trangition series elements. The physical and chemical
properties of any products will be studied, and the mechanisms of the reactions,

if any, will be investigated.



2. HISTORICAL

The metal acetylacetonates have been investigated since the preparation
of the first acetylacetonate in 1837.1 But the nature of bonding in these
compounds was not seriously studied until 1901 when"ﬂ'erner2 pointed out the
cyclic character of metal acetylacetonates. The outcome of Werner'!s contribu-
tion appeared in 191L when Morgan and Moss° advocated the view that coordination
of acetylacetone with metals is assumed to arise from its general tendency %o
form six-membered ring. Metal acetylacetonates are, therefore, chelates.

The investigation of acetylacetonates has comprised three distinct fields;
(a) the nature of bonding and the aromaticity of coordinated acetylacetone,
(b} the reactions of coordinated acetylacetone, and (c) the use of acetylacetonate

derivatives as monomers for the syntheses of chelate polymers.

A. Aromaticity of Coordinated Acetylacetone:

The electronic structure and chemical reactivity of the acetylacetonate
ring has been a subject of controversy for a long time. The possibility that
metal acetylacetonates might possess some aromatic character was suggested for
the first time in 19L5 by Calvin and Wilson.h These workers, while measuring
the formation constants of copper(II) complexes with organic chelating ligands,
obgserved that any group attached to acetylacetone in place of ~CH; and capable
of participating in the ring resonance, such as -0C;Hg, caused a lowering of
the stability constant. In order to explain this fact and, also, to account
for the high stability of metal acetylacetonates in general, GCalvin and Wilson

suggested that there might be some degrec of "benzoid" resonance represcnted

byrs
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As further evidence for such proposcd resonance, Calvin and Wilson pointed
out that substituents on the chelate ring which would sterically hinder the
planarity of the ring caused a decrease in the chelate stability.

Such benzoid resonance has becn oxtensively studied by Holm and Gotfon.s
These investigators obtained uloraviolet and nuclear magnetic resonance spectrs
of a number of metal acetylacetonates and found no evidence for such aromaticity.
They assumed that benzenoid resonancc is unlikely because of diffienlt oxygen
p and metal p7r and/or d 7 bonding. They admitted, however, that some
mixing of oxygen p 7 and metal p#7 and/or d 7 orbitals may take place whenever
?ermitted by symmetry.

A similar argument was presented by Kluiber6 who rejected the aromaticity
of metal chelates. According to his argument, the aromatic character of the
chelate ring would require the donation of non-bonding p-electrons on the
coordinated oxygen atoms to 3d, hp, or id orbitals on the matal. 3uch donation
would then decrcase the electron density of the ring and thus reduce the tendency

toward electrophilic substitution. This was not observed in the competition for



bromine between equivalent quantities of acetylacetone and tris(acetylacetonato)-
chromium(III}. The bromination rates for chelated and unchelated acetylacetone
were found to be quite comparable. However, the obssrvations reported by

7,8

Kluiber were later proved to be incorrect. Kinetic studies have shown that,

in electrophiiic substitution reactions, the rate of the reaction of the chelated
iigand is slower than that of the free ligand, thus supporting the idea that

the metal ion in a chelate ring alters the electron density at the center of
substitution.

9 suggested that on the basis of the electronic spectra of

In 1961, Barmum
metal chelates there may be significant 7 bonding between chelating ligands
and metal ions. This bonding might render some aromatic character to the
chelate, but this assumption was not investigated further.

Very recently, Bock, Flatau, Junge, Juhr and MussolO carried out an
extensgive investigation of the bond character of metal acetylacetonates and the
unchelated ligand. They proposcd that thce equilibrium between the keto and
enol forms of acetylacetone(II and III) is established so slowly at room
temperature that the two forms can be easily detected by their vibrational
and NMR spectra. However, only one sharp KMR signal was obtained for the two

methyl groups of the enol form (III}, though their environments are different.
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To interpret the NMR obtained, they proposed two poaaibilities: either the
interconversion of the two tautomers (IIIa and IIIb) which have equal energles
is very fast even at low temperature, or the molecule has a symmetrical
structure (IV) in which the bonds between the acidic proton and the two oxygen
atoms are of exactly the same length. Electroh diffraction results in the

gas phase at about 100°C support a symmetrical structure. The outcome of these
results is to prove the delocalization of the T ~electrons over the carbon and

oxygen atoms of the ligand. These investigatorslo

showed, by studying the
vibrational spectra of metal acetylacetonates, that the delocalization of the
T <electrons in the six-membered ring is complete in all the metal chelates
investigated.,

Another recent supporting evidence for the delocalization of 7T —electrons
over the ring atoms was proposed by Adato and Eliezer.ll These workers
investigated the structure of bis(acetylacetonato)copper(II) by X-ray structure
analysis. The results indicate that the two acetylacetonato groups are bonded
to the central jon through the four oxygen atoms which are located in one
plane, (structure I). The symmetry of the molecule is Doh, and metal to
oxygen distances are equal. From these results, it is concluded that the bond
orders of all metal-oxXygen bonds are equal, indicating that delocalization of

-the electrons by rescnance takes place in the chelate ring. Chemists have

thus regarded metal acetylacetonates as guasi-aromatic compounds.

B. Reactions of Coordinated Acetylacetone
The most thoroughly investigated reactions of coordinated acetylacetone
are electrophilic substitution reactions which are typical aromatic reactions.

In practice, the majority of these reactions have been carried out on the more



hydrolytically inert acetylacetonates of cobalt(III), chromium(III}, and
rhodiwn(III). Some reactions have also been reported in which acetylacetonates
of copper(II) and aluminum{III)} were used.~? In all these cases the Teactions
apparently proceed without disruption of the metal-to-axygen bonds. Evidence
for such mechanism has been obtained by the use of isotopic tracer technique.6
Tracer studies indicate that substitution can occur without any intermediate
ring cleavage. Infrared spectra can also be utilized to prove the occurance
of subgtitution reactions, since the characteristic inplane bending mode of
the ring hydrogen at 1190 cm~* should be absent from the product if substitution
actually takes place.13

The first electrophilic substitution reaction of a metal acetylacetonate
was reported in 1925 by Wittig, Reihlem and Il:l.ig.:u'L Tris(acetylacetonato)-
chromium(III) was treated with bromine in ethanol. Two products were obtained

for which structures VI and VII were assigned.
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Structure VII was later shown to be invalid, while structure VI was found to
6

be correct. Although this is a typical aromatic reaction, these workers made

no mention of this analogy.lh This method was modified later by using

N-halogen succinagmides in beoiling chloroform to give the trihalogcenated nmetal



acetylacetonates in high yield,15 {structure VIII).
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The use of bromine or iodine monochloride in buffered acetic acld also yielded
the bromo and iodoacetylacetcnates.

In general, the halide atom attached to the chelate ring was found to be
inert to such metals as lithium and magnesium as well as a variety of nucleophiles.
However, the trichlorochromium acetylacetonate was catalytically reduced to
chromium acetylacetonate.l2

The second reaction of metal acetylacetonates was reported in 1959 by

Nyholm, Djoidjevis and Lewis.l0

They found that bis(acetylacetonato)copper(II)
could be nitrated by the action of dinitrogen tetroxide in benzene solution.

Tt was later found that a mixture of copper(II) nitrate trihydratc, Cu(NO,),.3H,0,

and acetic anhydride proved more effective in nitrating metal acetylacetonates.lT
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The nitration reaction is of particular interest since the parent ligand,
nitroacetylacetone, is not reported. The nitro group attached to the chelate
ring was shown to be rather inert to many of the reducing agents normally
effective in reducing aromatic nitro groups. However, the reduction of the
nitro group to the amino group in some metal chelates has been reported.lB
For example, the reduction of (3-nitroacetylacetonato)bis(acetylacetonato)-
chronium(III) to the corresponding amino compound was effected. 4n aqueous
solution of the amino compound and fluoroboric acid was treated with aqueous

sodium nitrate solution at 0°C. A purple solid was formed and was proved to

be the chelate diazonium fluoroberate, (structure X}.
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This has been the first report of the prenaration and isolation of a diazonium
salt of a metal chelate. The formation of the diazonium salt is another
evidence to the aromaticity of the metzl acetylacetonate.
In the early 1960'a, many substitution reactions by a variety of electrophiles
were reported. For instance, acetylacetonate ring substitutions have been

19,20

effected by several sulfur electrophiles. The reaction of metal



acetylacetonates with thiocyanogen proceeds smoothly in methylene chloride
golution at -10°Ci£o give high yields of the tris{thiocyancacetylacetonato)
complex (XI). Sulfﬁr dichloride attacks the acetylacetonate rings under mild
conditions to give the tris(sulfenylchlorideacetylacetonato) complex (XII).
Also aryl sulfénylchloride attacks the acetylacetonate ring shoichiometrically

to give tris{aryl sulfide acetylacetonate) (XIII).
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The reactivity of the sulfur containing functional groups of compounds XTI
and XIIT has not been well investigated. But compound XII has been reported
to react with a variety of alcohols, amines, olefins and phenols. Treatment

of this compound with cyanide ion yields the thiocyano derivative (XI}.QO



In addition to the above reactions, acetylacetonates can be formylated
with phosphorus oxychloride and dimethyl formamide,z;xéeyiated with acetic
anhydride and boron trifluoride etherate. All three possible products have
been obtained from the Friedel~Crafts acylation of chromium(III) and cobalt{III)
ace‘t::,rlace:ttmate.*3.:I"r Rhodium(III) acetylacetonate is apparantly less reactive
towards substitution and thus forms only mono~ and disubstituted complexes.
Formylation, on the other hand, proceeds at such a rate that the moncaldehyde

is the major product with all three metal ions unless the reaction is carried

out under vigorous conditions. n: 1, 2 or 3
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In all these cases, the mixtures were shown to be resolvable by column
chromatography. The aldehyde function of compound XIV was proved to be
extremely unreactive. All attempts at preparative oxidation or reduction

of the chelate aldehyde groups either destroyed the chelate ring or resulted

in the recovery of the starting material.22



An interesting species which has a promising polarizable funciional group
is chloromethylacetylacetonate.12 Unfortunately, in no case could it be

isolated. The products obtained instead were a mixtore of derivatives formed

from an intermediate such as XVI.
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Another reactive functional group which can be introduced into the chelate
ring is N,N-dimethylaminomethyl grbup. The #annich reaction is a particularly
good method of introducing such a group into an aromatic system. Thus,
treatment of tris(acetylacetonato)chromium{III) under Mannich conditions

(aqueous formaldehyde and dimethylamine hydrochloride), yielded tris(N,N-

dimethylaminomethylacetylacetonato)chrcmium(III),12 (structure XVII).

CH 3 H3C\
2 C —
\N—Cl“ /.—,"-‘9\ ;
y 2=C oGz
THg G20
/
C‘/ﬁ,i3
XVII

The reaction of this amine with methyl iodide afforded a trisquaternary

ammonium salt. Upon treatment of this salt with cyanide ion, trimethylamine
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was lost and the tris(cyanomethylacetylacetonato)chromium{III) was formed,

(XVITI).
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The attempted alkylation of metal acetylacetonates with n-propyl bromide,
allyl bromide and allyl alcohol gave no zpparent reaction when catalysts such
as boron trifluoride ethyl etherate, stannic chloride and aluminum chloride

were used.22 Also alkylation of these chelate rings using benzyl and allyl

chloride rcsulted only in the recovery of the starting materials.20

C. Chelate Polymers

In recent years the demand for new polymeric materials with high thermal
and chemical stability has stimulated rosearch in many areas of polymer
chemistry. One of these new systens which appears to have very promising
therma) properties is that of the metel chelate polymers. The syntheses cof
these polymers can be accomplished by four general methods; (1) synthesis
of polymeric ligands followed by chelation, (2) synthesis by polychelation
technique, (3) synthesis from cyclic monomeric or dimeric chelates, and (k)
synthesis from monomeric chelates containing reactive functional groups.

The first two methods have been the subject of numerous investigations but

the other two are almost completely unexplored.
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(1) Synthesis of Polymeric Ligands Followed by Chelation:

This method has been most satisfactory for the preparation of high
molecular weight chelate polymers., This has been done with high molecular
weight polyvinyl alc:oho}...22 Treatment of fthis polymer with ﬁ)-lactone yields
polyvinylacetoacetate (XIX), a chelating nolymer, which forms complexes with
many metal ions.
+CH2—-$H-}:\ + CHﬂ:C-—-»(lj G, 000K —{-CH"*‘_C‘H—.}%

&)
L= C=0 é _0

/
HC

Sc-ou
/

CH
XIX 3

A number of direct esterification reactions may also be used to produce

b

' R

OH W

chelating polymers in a similar mamner. Thus, esterification of a polymer
containing free hydroxyl groups hy/ﬁ ~keto acids provides a route to several
polymeric ligands which then can be bonded to metal ions.22 In addition to

the use of reactive polymers, several successful attempis have also been made

to incorporate the chelating function inte the polymer during the polymerization
process, The copolymerization of ethylcne with vinyl-gor allylsalicylate
produces a polymer (XX)22 which, after chelation with metals such as copper,

aluminum, or nickel, is reporied to resist a variety of reactive chemical reagents,

H=CH i SHe
¢ (R} A CH-CH - HE - CH 3
0O (R = CHy or H) R 0
1 1
/:;\\*- C=0 . AN =
i | + CH, = CH, Peroxide ] O €=06
~ ~
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Chelating monomers such as acrylacotone and methacrylacetone have been
gynthesized and polymerized to give chelating resins.23 Another polymerizable
monomer, ethyl-3-ethoxy-2,4-pentadienoate, has been prepared and polymerized.gh

Hydrolysis of the resulting poly( ﬂ ~kcto ester) then produces a chelating

polymer (XXI).

!"C:CH *H}C—C!'{&n
CH, = CH~C = CH (E£0),C0 > ' ({ 3 EL 1% Polymerize "I‘
- Ne* OEt _ ' 4 - 2) acid l}fﬁ OH
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/
O .
et O Et
XXI

A variety of these chelating polymers have been synthesized e.g. substituted

§-hydroxyquinolines (XXI1), and salicylic acid (xxxzx).zs-

R, Ry,

AN\ AT AN
C10] IO) o
N/\I’/ \ \.C//
OH HO !
O
XXTI XXITI

Such polymers do not have any ligand-to-metal bonds involved in the polymer
chain. A1l of the chelating functional groups hang from the chain and thus
the metal ions do little to enhance the thermal stability of the molecule.

In order ito overcome this difficulty, several attempts have been made %o
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synthesize polymeric ligands which would allow incorporation of the metal
ion directly into the chain. This has been accomplished most successfully

by using polymeric Schiff bases as ligands.

Glyoxal has been condensed with 2,6-dlamino<l-methyl phenol to produce
26

a polymer {XXIV), which coordinates with a number of bivalent metal ions.

Lions and Mart.in27 prepared a polymeric ligand by the condensation of
pyridine-2,6-dialdehyde with primary amines such as ethylinediamine to give

the Schiff base IXV.

LN
L
STORAN 2oty
>~ (CHy)-N N ~{CHg)--

2 n

-

H,N-CHpCHp~NH, + !(

. ‘
Ohe N

This ligand (¥XV) reacted readily with iron{III) sulfate to give complexes
which were ferromagnetic and stable to 300°C.

Harvel and Tarkoy28 prepared the monomeric dialdehyde, &,5!'-methylene-bis-



-17 =

salicyaldehyde, by treating ssalicyaldehyde with trioxane and sulfuric acid
in acetic acid solution., The dlaldehyde was converted to a polymeric Schiff

base (£VI), upon heating with owphenylenediamine in tetrshydrofuran soiuntion.

+ QHCH(@/—\ CH— CHO

v A, Q0 OH

heat in
THE solution

O

) .
—CH~ CH=N N=CH— Q —CH—

O,L/- \,\D |

_— VI n
Marvel and Tarkoy found that polymers in which the comnecting unit was

=~CHy~ did not have good heat stability, but those in which -S0,~ is the
connecting group, could stand reasonably high temperatures. The authors
attributed this behavior to the electron withdrawing effect of S0, vhich
helps the removal of the protons from the two hydroxyl groups and thus
increases the coordination power of the ligand. The above polymeric Schiff
base was used in the preparation of the polymeric chelates of the divalent

28

metals: conpar, cobalt, nickel, iron and =mine.



Goodwin and Bailar29 used the some bis-salicylaldehyde, but formed Schiff

bagses with triethylenetetramine and diethylenetriamine. They also prepared
another quinquedentate pelymeric ligand (XXVII), by condensing 2,6-bis{amino-

methyl Jpyridine with bis(salicylaldehyde)=~5,5'-sulfone.,

’

HN HiCJ\N/]"C‘H:ZNHi + OHC O -SC%--{:\@—
HOC | “OH

P
_CH=N-C H, ‘L@j{Hz\
OO

XAVII
— _in

In the above reaction, -CH;~- can be used instead of -S0;-~

CHG

2. Synthesis by Polychelation Technique:

A linear polymer can be formed if o motal atom can be made to react with

a ligand of the type XXVIII. Y

N X ht _'

X o y
\ / M—H- < . ,,l'
Y T W %

LML SR
\é\‘l\ -7 N \:" ™

X |
XXVIIT -‘
o "

(X, Y represent suitable donor atoms)
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A ligand which may give this kind of polymers would be the 3,4-diacetyl-

2,5—hexanedione(XXIX).31
He ¢ s
0=C O =
y, =0
t—C
7 N\
HO-C F—OH
HE CH,
- XXIX

tarten-° was able to isolate L,L!-bis- & -thiopicolinamido-biphenyl(XXX).

Polymerization of this ligand was successiully effected by chelation with
zinc{II), copper(II) and nickel(II) ions. Analysis showed that the chain
length of these polymers were at lcast 15 units.

Co-ordination polymers of bis(8-hydroxy-5-quinolyl)methane (XXXI), have

2
also been preparedB“ by reacting the ligand with a number of bivalent metal ions.

~ 49{;::>_CH5_/K:> BNy <
/M\N > (/ ,N/"M\
N\ "/
—_— IXXT —I N




This method of polymerization has been extended to include 1igands22 such

as methylene bis(acetylacetone)(XXXII), naphthazarin(¥XXIIT)}, and

quinagarin (XXXIV).
HgC O OH
CHs3
e Q Q O
N
HO— C \}C--Ol—l \'/\/
HE CH,
4 X007 RESANN) XXZIV

Polychelation method is not as satisfactory for the preparation of high

molecular weight polymers as the method using preformed polymeric ligands.

3., Synthesis From Cyclic Monomeric or Dimeric Chelates:

Kluiber and Lew1333 combined the diketone functions into a single
bis(diketone) molecule in which the two functional units were connected by
chains such as -&GHQ?# , -NH(CHa)xNH- or —O(Cﬁa)xo-. From such tetrzketones
they obtained cyclic monomers and dimers which, upon heating, rearranged into
polymers of high molecular weight (XXXVII). The synthesis of polymers in

which the connecting groups are {-CHé}# can be schematically shown as follows:
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Monomers of type XXXV were formed from bis(diketones) in which x is 6 or more,

and those of type XXXVI from bis{diketones) in which x is 6 or less.

L. Synthesis From Monomeric Chelates Containing Reactive Functional Groups:

PattersonSh has shown that aluminum chelate polymers with a low degree
of polymefization may be prepared by the reaction of these chelates with a
series of diols. Treatment of the mixed acetylacetonatobis(acetoacetato)-
aluminum(IIT) with différent aliphatic diols preoduced colored sclid polymers

(XXXVIII), which were soluble in benzene.
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By the reaction with aliphatic dicls, aluminum bis{2-propoxide) chelates
produce another series of chelate polymers. Patterson has used acetylacetonato
bis{isopropoxido)aluminum(IIT} to generate aluminum chelate polymers as shown
below (XXXIX).
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Polymerization of the related complex, ferrocene, has been extensively
investigated. Ferrocene derivatives with resctlve. functional groups have
been reported. Vinyl ferrocene was preparest by reducing acetyl ferrocene
with lithium aluminum hydride to the methyl carbinol derivative. Pyrolysis
of the carbinol gave the desired vinyl derivative, a low-melting, red solid
with a strong camphor-like odor. Vinyl ferrocene proved to be polymerizable;

35,36 The polymers were

several homo- and copolymerizations were reported.
all soluble in benzene and insoluble in methanol. Ferrocenyl vinyl ketone
was alsc synthesized and was shown to be homo- and copolymerizable with

36

styrene. Allyl ferrocene was prepared by the reaction of a Grignard

reagent with N,N-dimethylaminomethyl ferrocene methiodide in tetrahydrofuran.37
However, its peolymerimation is not reported in the literature.

Barker22 carried out an entensive study of the reactivity of the functional
groups introduced on the metal acetylacetonates. He tried to prepare some
acetylacetonates with reactive functions heping that they would underge
the types of addition and condensation reactions used in the classical
polymerization procedures. Barker tried to oxidize the aldehyde groups on
the chelate rings, hoping that oxidation might lead to a series of carboxylic
acids and then, by suitable condensations, to chelate-containing polyamides
and polyesters. Reduction of thc aldehyde was also attempted with the hope
that a2 series of chelate alcohols might be produced and that these =alcohols,
once formed, would lead to a series of chelate-containing polyesters.
Unfortunately, all the attempts to oxidize or reduce the aldehyde groups were
unsuccessful.

Treatment of thiocyanogenated acetylacetonates with mercaptides were
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tried 3150.22 However, instead of getting the expected series of disulfides,
an irresolvable mixture of products was obtained. In addition teo these
reactions Friedel=-Urafts acylation and alkylation of the chelate ring were

tried with some polymerizable agents, but these attempts were unfruitful,



3. EXPERTIEN TAL

3.1 laterials

The following solvents used in this work were analytical reagent grade
and were used as purchased:

Acetone, benzene, carbon tetrachloride, chloroform, ethyl alicohol,
methyl alcohol,, anhydrous ether, petroleum ether and ligroin.

Bis(acetylacetonato)copper(II), tris{acetylacetonato)cobalt(III) and
benzonitrile, CgHgCN; were purchased from Aldrich Chemical Co., Inc.,

Milwauvkee, Wisc., U.S.4.

Potassium cyanide, KCN; potassium thiocyanate, KCNS; potassium iodide, KI;
potassium iodate, KIO,; copper(II) nitrate trihydrate, Cu{NOj)a.3H,0, Cobalt(II}
chloride hexahydrate, CoCl,.6Hs0; iron{IIT) chloride hexahydrate, FeCla.6Hp0;
sodium acetate trihydrate, NaCyH;0;.3H30; sodimm sulfite, NayS5053 sulfurie acid,
HaS0,; and 70% nitric acid, HNOs3 werc purchased from Mallinckradt Chemical
Works, New York, U.S.A.

Acetylacetone, CgHgOs; acctaldehyde, CH,CHO; propionaldehyde, CoHgCHO;
sodium hydroxide, NaOH; sodium bicarbonate, NaHCO,; ammonium bifluoride,

NH,KFz; and nickel(II) chloride hexahydrate, NiCl,.6H,0; were purchased from
B, Merck, Darmstadt, Germany.

Pyridine, CgHgN; piperidine, OgH,,i; zinc(II) chloride, Znlly; nickel(II)
nitrate hexahydrate, Ni{NO;),.6H,C; hydrochloric acid, HCl; 30% hydrogen
peroxide, Hy0z; and ammonium hydroxide, KH,0H, were purchased from Fisher
Scientific Company, N.J., U.3,4A.

Palladium(II) chloride, PdCly; 2,L-dinitrophenylhydrazine, (NO,},CgqH NHNH;;

- 25
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and allyl bromide, CHp=CHCHyBr; were purchased from ¥Fluka AG, Buchs SG,
Switzerland.

Chlorine-free benzaldehyde, CgHzCHO; was purchased from Eastern Organic
Chemicals, New York, U.3.A., Allyl alcohol, CH,=CHCH,OH; from Dr. Theodor
Schuchardt Company, Munich, Germany, and dry hydrogen chloride from Matheson
Gas Products, Calif., U.S.A.

A1l these chemicals were analytical reagent grade and were used as
purchased except acetylacetone, allyl alcohol and allyl bromide which were
purified by distillation.

Dichlorobis(benzonitrile )palladium({II), Pd{CoHsON),Clo; was prepared by
the method described by Kharasoh=38 Palladium(II) chloride (5.0 g) was added
to 100 ml of benzonitrile. The mixture was heated on a water bath with
constant stirring for three hours. The solution was filtered while hot and
left to cool at room temperature then in ice. The orange crystalline product
which separated was filtered and washed with ether. More precipitate was
obtained by diluting the filtrate with low-boiling petroleum sther.

Sodium tris(carbonato)cobaltate(IIT) trihydrate, NaS[Go(Cos)é].BHao, was
utilized as an intermediate in the oreparation of substituted acetylacetonates
of cobalt(III), The carbonate was prepared after the method of Baver snd
Drinkard.39 An aqueous solution (60 ml) containing 29.1 g of cobalt{II)
nitrate hexahydrate, Co(NO3)z.6H,0 (0,10 mole) and 10 ml of 30% hydrogen
peroxide {excess) was added dropwise with stirring to a cold slurry of L42.0 g
of sodium bicarbonate (0.50 mole) in 50 ml of H,O. The mixture was allowed
to stand at 0°C for one hour with continyous stirring. The olive product was

filtered, washed on the filter paper with three 10 ml portions of cold water,
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then thoroughly washed with absolute alcohol and dry ether. Yield, 30.0 g
(83%); m.ps, 93°C (dec.).

3.2 Preparation of Substituted Acetylacetones:

R
3=Allylacetylacetone, (HyC~C),CHCH,CH=CH,, was prepared by the method

of Davis and Hm'd.ho Sodium hydroxids, {(27.0 g ;0.68 mole) was dissolved in
200 ml of methanol. After cooling the mixture in an ice~bath, 60.0 g (0.6 mole)
of freshly distilled acetylacetone was added with stirring over a period of
30 minutes. Freshly distilled allyl bromide,(90.0 g, 0.7k mole), was then
added without cooling over a period of one hour. The reaction mixture was
refluxed with stirring for two hours. It was then coaled and £iltered to
remove sodium bromide. Methanol and the sxcegs allyl bramide were removed
by distillation. The remaining mixture was filtered again to remove any
precipitated sodium bromide. The liquid was fractionated through a 25 em
Vigreux column. The fraction with b.p. 92°C (18 mm) was collected. The
yield was 45.0 g (53%). The derivative of this fraction with 2,4~dinitro-
phenylhydrazine melted at 185°C, which agrees with the value of 186-187°C
reported for the melting point of 3-allylacetylacetone.'C The infrared
spectrum (1iquid £ilm) showed a strong carbonyl band at 1720 em™ and allylic
C=C band at 1630 cm-l.

0 H
n 1
3-Benzylideneacetylacetone, (H;0~C),C=C~CgHg, was prepared by the method

of McEntee and P:Lnder.m' Benzaldehyde (10.6 g) and freshly distilled acetyle
acetone (10.0 g) were mixed and cooled to ~10°C, and piperidine (1.0 ml) was

added dropwise. The reaction was allowed to proceed at 0°C for 3 days. The
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turbid mixture was diluted with ether and washed with dilute hydrochloric

acid, dilute sodium hydroxide and water, respectively. The dried ethereal
solution was evaporated. 3-Benzylideneacetylacetone was collected at 178-180°C
(16 mm)§ yield, 12,0 g. The infrared spectrum (liquid film) showed strong

carbonyl bands at 1700 and 1650 cm~*; C=C band at 1610 cm~1,

3=Bthylideneacetylacetone, (HBC—CO)20=GHCH3, was prepared by condensing

acetaldehyde (L4.0 g) and freshly distilled acetylacetone (100.0 g) in 200 ml

= Dry hydrogen chloride was bubbled in the mixture at 0°C for

of chlorofomm.
half an hour. The mixture was then stirred in an ice-bath for an hour.
Chloroform was then distilled under vacuum, and the remaining solution was
fractionated twice through a 25 cm Vigreux column. The fraction with b.p.
95-97°C (18 mm) was collected; yield, 52.0 g. Infrared spectrum (liquid £ilm)
showed strong carbonyl bands at 1730 and 1660 cm™1, C=C band at 1620 em~%,

3-Propylideneacetylacetone, (H;C-C0),0=CHC,Hg, was prepared similarlyhl

by condensing propionaldehyde (6h,0 g) and freshly distilled acetylacetons
(100.0 g) in 200 ml of chloroform in the oresence of dry hydrogen chloride.
The product was fractionated twice through the Vigreux column. 3-Propylidene-
acetylacetone was collected at 85°C (17 mm); yield, L48.0 g. Its infrared
spectrim {1iquid film) was very similar to that of 3-ethylideneacetylacetone.

It showed strong carbonyl bands at 1710 and 1655 cm™Y, G=C band at 1615 cm™1,

3.3 Reactions of Substituted Acetylacetones With Metal Ions

Al]l reactions were run at room temperature unless otherwise indicated.
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3.3 3-Allylacetylacetone
(a) With Copper(II1):

Copper(II) nitrate trihydrate, Cu(N0s)s.3H,0, (2.0 g) was
dissolved in distilled water (20 ml) and the solution was treated with
concentrated aqueous ammonia (3 ml). The mixture was stirred until a clear
blue solution was obtained. To the resulting solution of Cu(NHa). s
3-allylacetylacetone (3.0 g) was added dropwise with stirring. A grey
precipitate was obtained; yield, 2.5 g (88%). The product was recrystallized
from chloroform. M.p. 190-192°C (dec.}. Anal. Caled. for C,gHp;0,0u:

Cu, 18,59%, C, 56.24%, H, 6.Lh%.
Found: Cu, 18.36%, C, 55.51%, H, £.22%.

The product was identified as bis(3~-allylacetylacetonato)copper{II)}.

(b) With Beryllium(II):

Beryllimm(II) chloride (3.0 g) was dissolved in 50 ml of water.
To a suspension of 7.0 g (0.05 mole} of 3-allylacetylacetone in 25 ml water,
3 M HaOH was added dropwise from a buret with contingous stirring until a
¢lear solution was obtained. Any small amount of undissolved oil or inscluble
matter was removed by filteration, and the clear solution was added with
stirring to that of the beryllium chloride. The final mixture was neutral
to litmus. The precipitate formed was filtered, washed with water, and dried
under vacuum. The product was purified by dissolution in a minimum amount of
benzene, filtration to remove any benzene-insoluble matter, and precipitation

of the product by the addition of excess petroleum ether. The compound

prepared in this way is light yellow crystziline; m.p. 48°C, Anal. Calcd.
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for CygHap0,Be: C, 66.90%, H, 7.668%.
Found: 0, 66.18%, H, 7.68%.

The product was identified as bis(3-allylacetylacetonato)beryllium(II).

(¢} With Iron(III):

To a solution of 6.76 g (0.025 mole) of iron(ITI) chloride
hexahydrate, FeCl;.6H;0, in 250 ml of water, a solution of 10.5 g of 3-allyl-
acetylacetone (0.075 mole) in 15 ml of methanol was added with stirring. The
mixture was then treated with 0.075 mole of sodium acetate in 20 ml of water,
and the product was heated for 15 minutes on a hot plate, cooled to room
temperature and then refrigerated for several hours. The deep red product was
filtered and purified by dissolution in methanol and precipitation by addition
of water. It was then dried undér vacuum; m.p. 67°C. Anal. Caled. for
Caglsa0cFe: C, 60.93%, H, 6.98%.

Found: C, 59.%h%, H, 6.93%.

The product was identified as tris(3-allylacetylacetonato)iron{III).

(d) With Nickel(II):

Nickel(1I) nitrate hexahydrate, Ni(NO,),.6H,0, (3.0 g) was
dissolved in distilled water (20 ml), and then treated with concentrated
aqueous ammonia (8 ml). To the resulting dark blue sclution, 3-allylacetyl-
acetone (}.0 g) was added slowly with stirring. A greenish-blue precipitate
separated. It was filtered, washed with methanol and dried under vacuunm.

The product was recrystallized from methanol; yield, 6.5 g (70%); m.p. 176°C.



Anal. Calcd. for CygHagN,0.Ni: C, 51.80%, N, 7.55%, H, 7.55%.
Founds: C, 51,l1%, N, 7.37%, H, 7.L8%,

The product was identified as bis(3-allylacetylacetonato)diamminenickel(II).

3.32 3-Propylideneacetylacetone

(a) With Copper{II):

Copper(II) nitrate trihydrate, Cu(NO;),.3H,0, (2.0 g) was
reacted with 3.0 g of 3-propylidenecacetylacetone as with 3-allylacetylacetone.
4 green product was precipitated and recrystallized from methanol. TYield,
2,5 g (88%); m.p, 162°C (dec.). Anal. Caled. for CygHp,0,0u: Cu, 18.55%,

C, 56.2L%, H, 6.LL%.
Found: Cu, 18.12%, C, 55.85%, H, 6.50%.

The product was identified as bis(3-propenylacetylacetonato)copper(II).

(b) With Beryllium(II):

Beryllium(II) chloride (3.0 g) was reacted with 7.0 g {0.05 mole)
of 3-propylideneacetylacetone as with 3~allylacetylacetone., The white
precipitate cobtained was filtered, washed with water and dried under vacuum.

The product was recrystallized by dissolution in a2 minimum amount of benzene
and precipitatiocn of the producit, in the form of white needles, by addition
of excess petroleum ether. M.p. 52°C. 4Anal. Caled. for C;gHp,04Be:
C, 66.,90%, H, 7.65%.

Found: C, 65.95%, H, 7.60%.

The product was identified as bis{3-propenylacetylacetonato)beryllium{II).
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(c) With Iron{IIIl):

" Iron(IIT) chloride hexahydrate, FeCls.6Hn0, (6.76 g, 0.025
mole) was reacted with 10.5 g of 3-propylideneacetylacetone (0,075 mole) as
with 3=allylacetylacetone., The brownish red product obtained was filtered,
recrystallized by dissolution in methanol and precipitation by addition of
water. It was then dried under vacuum; m.p. 115°C. Anal. Caled. for
Ca4HazOcFe: G, 60,93%, H, 6.98%.

Found: G, 60.72%, H, 7.08%.

The product was identified as tris{3-propenylacetylacetonato)iron(III),

(d) with Nickel(II):

Nickel(II) nitrate hexahydrate, Ni(NOj)z.6Ha0, (3.0 g) was
reacted with 4.0 g of 3~-propylideneacetylacetone as with 3-allylacetylacetone.
A greenish blue precipitate was obtained. It was filtered, dried under vacuum
and recrystallized from methanol. Yield, 6.3 g (67%); m.p. 165°C. Anal.
Calcd. for CygHpNa0,Ni: C, 51.80%, W, 7.55%, H, 7.55%.

Found: C, S51.,3h%, N, 6.91%, H, T.35%.

The product was identified as bis(3-propenylacetylacetonato)diamminenickel(II}.

3.33 3-Ethylideneacetylacetone

{a) With Copper(II):
Copper(II) nitrate trihydrate, Cu(N04)}5.3H,0, (2.0 g) was
reacted with 2.5 g of 3-ethylideneacetylacetone in a manner similar to its
reaction with 3-allylacetylacetone. The light blue product that precipitated

vas filtered and recrystallized from chloroform. Yield, 2.0 g (90%);
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MaDe 215°C (dec.). 4nal . Caled. for 010H1404Gu= Cu, 2’4.30%, G, 115.88%,
H, 5.39%.
Found: Cu, 23.97%; G, L6.07%, H, 5.43%.

The product was identified as bis{asetylacetonato)copper(II}.

{b) With Beryllium(II):

Berylliwn(II) chloride (3.0 g) was reacted with 6.3 g (0.05 mole)
of 3-ethylideneacetylacetone in the same manner by which it was reacted with
3~allylacetylacetone, The white precipitatce that was obtained was filtered,
washed with water and dried under vacuum. The product was dissolved in
benzene and recrystallized in white needles from petroleum ether., The product
had 2 m.p. of 108°C. Anal. Caled. for CyoH,.0,Be: C, 57.98%, H, 6.76%.

Found: C, 57.94%, H, 6.82%.

The product was identified as bis(acetylacetonato)beryllium(II).

(e¢) With Iron(III):

Iron(II1) chloride hexahydrate, FeCly.6HO,, (6.76 g, 0.025
mole) was reacted with 9.45 g of 3~ethylideneacetylacetone (0.075 mole) as
with 3~allylacetylacetone. The red preduct obtained was filtefed, digsolved
in methanol and reprecipitated with water. It was then dried under vacuwum;
m.p. 185°C. Anal. Caled. for C,gHn,0-Fe: C, 51,02%, H, 5.95%.

Found: C, 51.08%, H, 5.99%.

The product was characterized as tris{acetylacetonato)iron(ITI).
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(d) With Nickel(II)Q

Nickel(II) nitrate hexzhydrate, Ni{NOj),.6H,0, (3.0 g) was
reacted with 4.0 ¢ of 3-ethylidineacetylocetone in the ssme manner in which
it wos reacted with 3-allylacetylacetone. The blue precipitate obteined was
filtered, dried under vacuum and recrystallized from methanol. M.p. 205°C;
yield, 3.2 g {87%). Anpal. Caled. for CygHaoO.NaNi: C, L1.30%, N, 9.63%,

H, 6.86%.
Found: C, L1.23%, N, 9.25%, H, 6,9L%.

The product was characterized as bis(acetylacetonato)diamminenickel(II).

(e} With Cobalt{II):

3-Ethylideneacetylacetone (5.0 g, 0.l mole) was added slowly,
with stirring, to a solution of 1.6 g (0.0} mole} of NaOH in 15 ml of water.
The temperature was kept below LO°C., Any white solid formed at this point
wags re-=dissolved. The yellow solution thus obtained was added dropwise with
vigorous stirring during 10 minutes toc a solution of 4.76 g (0.02 mole) of
cobalt(II) chloride hexahydrate in 25 ml of water. The resulting orange
precipitate was filtered and washed with water until the washings were nearly
colorless, The moist solid was dissolved in a hot mixture of LO ml of 95%
ethanol and 25 ml of chlioroform. {Lengthy boiling should be avoided because
it might cause decomposition of the product). The orange solution was allowed
to cool slowly to room temperature, then in ice. The orange crystals that
precipitated were filtered, washed with cold 95% ethanol, dried under vacuum
and then stored in a dark bottle. Yield, L.5 g (75%); m.p. 112°C (dec.).

fnal. Calcd. for CyoH;40sC0: C, 40.97%, H, 6.18%.
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Found: C, L1.13%, H, 6.24%.
The product was identified as bis(acetylacetonato)diaquocobalt(II).
The reaction of cobalt(II) with 3-allylacetylacetone and with 3-propylidene~
acetylacetone was carried out in the same manner as with 3-ethylideneacetyl-

acetone. No identifiable product was obtained in either case.

{£) With Cobalt(III):

A mixture of 3.6 g of sodium tris{carbonato)cobaltate trihydrate,
Naa[bo(003)3].3H20, (0.01 mole), 3.76 g of 3-ethylideneacetylacetone (0.03 mole)
and 2.0 ml of 70% nitric acid was refluxed for 30 minutes in a 60% acetone-
water mixture. No precipitate was formed even after partial evaporation of the
solution._ The same reaction was carried out with 3=allylacetylacetone and
with 3-propylideneacetylacetone but, in no case, a precipitate was formed.
However, the reaction of the carbonate with the unsubstituted acetylacetone

gave a high yield of the green tris(acetylacetonato)cobalt(III).

3.3L4 3-Bengylideneacetylacetone

(2) With Copper(II):

No product could be isolated from the reaction of copper(II)
nitrate trihydrate, Cu(NOs)a.BHQO, (2,0 g) with 3.0 g of 3-benzylideneacetyl~

acetone in a method similar to that used with copper(II) and 3-allylacetylacetone.

(b} With Iron{III):

To a solution of 1.3 g (0,005 mole) of iron(IIT) chloride
hexahydrate, FeCl;.6H,0, in 50 ml of water, a solution of 2.1 g (0.015 mole)

of 3-benzylideneacetylacetone in 15 ml of methanol was added with stirring.
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The reaction was carried out as in the case of iron(III) and 3-allylacetyl-

acetone, but no precipitate was obtained.

3.l Reactions of Metal Acetylacetonates

3.41 Substitution of bis(acetylacetanato)copper(II) with allyl group

Bis(acetylacetonato)copper{II) (16.4 g, 0.0625 mole) in 200 ml of
undecane was treated with freshly distilled allyl alcohol, (7.3 g, 0.125 mole)
in the presence of the catalyst zinc chloride, (19.5 g, 0.125 mole). The
reaction mixture was refluxed at 195°C for two hours. A gum~like material was
formed. The solution was filtercd and the solvent was evaporated. Bis{acetyl-
acetonato )copper(II) was recovered. The same reaction was repeated in
cyclohexane and in ligroin but the same resulis were obtained. When the
reaction was carried out in the absence of bis(acetylacetonato)copper(II),

the gum-like material was also obtained.

3.42 Substitution of tris(acetylacetonato)cobalt(III) with allyl group

Tris(acetylacetonato)cobal t{III) (22.3 g, 0.0625 mole) was refluxed
with freshly distilled allyl alcohol (7.3 g, 0.125 mole) in the presence of the
catélyst zinc chloride (19.5 g, 0.12% mole)} in undecane, cyclohexane and
ligroin, respectively. In each Gace, a gum-like material was formed and
unreacted tris{acetylacetonato)cobalt(III) was recovered after the evaporation

of the solwvent.
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3.5 Reacticns of Substituted Metal icetylacetonates

3,51 Polymerization of bis{3-allylacetylacetonato)copper(II)

To a solution of recrystallized bis(3-allylacetylacetonato)copper{II)
(3.0 g in 100 ml of benzene), 1.0 g of the catalyst benzoyl peroxide was added.
The solution was refluxed at 80°C for three days. At the end of this periocd,
no precipitation was observed. The material recovered after evaporation of

benzene was unreacted bis(3-allylacetylacetonato)copper(II).

3.52 Reaction of dichlorobis(benzonitrile)palladium(II) with

bis(3~-allylacetylacetonato)copper(II)

Dichlorobis(benzonitrile )palladium(II), Pa(CgHgCN)20ls, (0.60 g)
was dissolved in 30 ml of benzene. To this solution, 0.60 g of bis(3-2llyl-
acetylacetonato)copper{II) in 30 ml of benzene was added with stirring. The
dark brown product obtained was filtered, washed with benzene and dried under
vacuum; m.p. 87°C, No formula that satisfactorily fits the analysis could be

assigned for this product.

3.6 Decomposition of Metal Acetylacetonates

To a solution of potassium cyanide, KCN, (1.0 g) in 25 ml of water, 1.0 g
of the complex was added with stirring until a clear solution was obtained.
The golution was extracted with two 20 ml-portions of anhydrous ether. The
ether golution was dried over sodium sulfite. After the evaporation of ether,
the free ligand was recovered and identified by gas chromatography and

infrared spectrophotometry.
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3.7 Instrumental

Infrared spectra were recorded using Perkin-Elmer 137 and Perkin=Elmer
621 grating spectrophotometers. Neat 1liquid films were used for ligands and
KBr pellets for complexes. '

Melting points were taken using a Mel-Temp apparatus.

Elemental analyses for carbon, hydrogen and nitrogen were run by
Mikroanalytisches Laboratorum; Bonn, Germany. Elemental analyses for copper
were carried out by iodometry.h2

& Varian Aeropraph GC-1520B gas chromatograph was used for gas chromatog-
raphic analyses, using thermal conductivity detectors. Helium was used as a
carrier gas and two columns were employed in the analyses: 2 10! x %ﬂ copper
column with 20% Diethylene Glycol Adipate (DEGA) coated on 60-80 chromosorb
Wand a 5' x %” stainless steel column with 20% Diethylene Glycol Succinate
(DEGS) coated on 60-B0 chromosorb W. The retention times and the corresponding
column temperatures for the various compounds analyzed by gas chromatography
arc listed in Table I.

Teble T

Retention Times on DEGS Chromatography Column

Compound Retention Time (min,) Column Temperature (°C)
Acetaldehyde 2.75 123
Acetylacetone 3.50 130
3~Propylideneacetylacetone 3.75 L2
3-Pr0penylacety1acetone(a) 11450 1h2
3=-fllylacetylacetone (b) 8.50 160

{a) It was proved that 3-propylideneacetylacetone rearranged to 3~propenyl-
acetylacetone upon coordination.
(b) The DEGA column was used for the analysis of this compound.



L. RESULTS

4.1 Reactions of Substituted Acetylacetones With Metal Ions

3=-Allylacetylacetone was reacted with copper(II), beryllium(II)},

iron(III) and nickel(II). The results of these reactions are listed in

Table 1T.
Table 11

Reactions of 3-Allylacetylacetone with Metal Ions
Metal Salt Product Color 1P, (°C)
CulNO, )y « 3Hg 0 Ebu(alacac)E% ey 190-192 (dec.)
BeCl, [Be(alacac)gj Light-yellow 18
FeCl,.6Hz0 | Fe(alacac)s | Deep red 67
N1 (NOy )z +6Ho0 [Ni(alacac), (M3)s| Greenish-blue 176

—————

* alacac ¥ 3-allylacetylacetonate ion.

Infrared spectra of all compounds cbtained by reactions of 3-allyl-
acetylacetone with metal ions were run in the range L4000 em™l to 200 e,
The important absorption bands occuring in the IR spectra of these compounds

are listed in Table IIT along with those of the free ligand.
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Table ITT

IR Frequencies (cm™) of Compounds Obtained by

Reactions of 3-Allylacetylacetone with Metal Ions

Mode 3=-Alacac
C=C stretching  1650(s)
C=0 stretching 1720(s)
=0-H stretching 3030(s)
0-H stretching 3500(w)
M-0 stretching
=C-H deformation 990(s)
910(s)
N-H stretching
Ni-N stretching
Unassigned 1420(s)
1350(vs)
1210(w)
1150(s)
1050(w)
740(b)

1650(s)
1565 (vs)
3030(s)

W5 (vs)
980(s)

900(vs )

1L50(s)
1370(s)
1350(s)
1275(vs)
1110{m)
980(s)
930(vs)
750(vs)

Copper(II) Beryllium(II) Iron(III) Nickel(II)
1650(s ) 1650(s)  1650(s)
1570(s) 1560(vs)  1555(vb)
3030(s) 3030(s) 3030(s)

L60(s) Lho(s) 465(s)
985(s) 995(s) 990(s)
900(s ) 905(s) 915(vs)

3400(b)

L05(s)
1h55(s) 1hho(s}  1L0O(vb)

1385(s) 1350(s)  1395(s)
1295(vs ) 1260(vs) 1320(s)
1180 (m) 1200(s)  1275(vs)
930(s) 1150(s)  1210(vs)
720(b) 1100(m)  1350(vs)
1040(vs) 1050(sh)  890(vs)
1015(m) 1020(vs)  675(vs)
825(b) 940(s) 750(vs)

a 3=Alacac 2 3-Allylacetylacetone.

8 = strong; vs = very strong; m = medium; w = weak; sh = shoulder;

b = broad; vb = very broad.



3-Propylideneacetylacetone was reacted with copper(II), beryllium(II),

iron(TII) and nickel(II). The results of these reactions are listed in

Table IV.

Table IV

Reactions of 3-Prqpylideneacegylacetone With Metal Tons

Metal Salt Product Color M.P,{(°C)
cu (N0, )z + 3H,0 [Cu(pracac)s’ Green 162 (dec.)
BeCl, (Be (pracac)aj White 52

FeCl, .bHz0 {?b(pracac)i? Brownish-red 115
Ni(NOs )5 «6HgO [Ni(pracac)s(NHs);;  Greenish-blue 165

¥ Pracac # 3~propenylacetylacetonate ion

Infrared spectra of all compounds cbtained by reactions of 3«propylidene-
acetylacetone with metal ions were run in the range L4000 om™ to 200 om™%,
The important absorption bands occuring in the IR spectra of these compounds
are listed in Table V along with those of the free ligand. It should be
observed that the free ligand, 3-propylideneacetylacetone, rearranges upon
coordinatioﬁ to 3-propenylacetylacetone, The IR spectra of free 3-propylidene-~
acetylacetcne, the complex bis(3-propenylacetylacetonato)copper(II) and the

recovered 3=-propenylacetylacetone are reproduced in fig. 1.
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Fig. 1. IR spectra of {a) 3-propylideneacetylacetone, (b) 3-propenylacetyl-

acetane and (¢) bis(3-propenylacetylacetonato)copper(Il).
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Iobie V

IR Frequencies (am™') of Compounds Obtained by

Reactions of 3-Propylideneacetylacetone with Metal Tons

Mode. Free Ligand Copper(II) Berylliwm(II) Iron(III) Nickel(II)
0=C stretching  1615(s) 1635(s) 1635(s) 16L40(s)  1630(s)
¢=0 stretching  1700(vs) 1560(vs)  1550(s) 1555(vs)  1550(s)
1650 (vs)
=C-H stretching  3030(m) 3050(w) 3030(w) 3025(w)  3030(m)
M-0 stretching 1o(s) L50(s) 435(s) L60(s)
=C-H deformation 825(b) 900(vs) 875(s) 915(s) 920(vs)
675(m) 690(m) 685(m) 710(m) 720(s)
N-H stretching 3400 (w)
Ni~N stretching 1a5(s)
Unassigned 1hoo(s) 1450(s) 1410(s) 1125(s) 1430(b)
1290(s) 1350(s) 1375(vs) 1350(sh)  1360(m)
1240(vs) 1300(vs) 1300(s) 1330(s) 1270(s)
1165(vs) 1225(s) 1190(vs) 1260(s)  1190(w)
1100(s) 1175(vs)  1025(vs) 1190(w)  1020(m)}
985 (m) 1025(s) 1000(s) 1025(w)  970(vs)
us(b) 990(m) 970(vs) 980(vs)  885(w)
875(m} 870(w) 765(vs) 960(s) 755 (m)
760(vs) 765(b)



3~FEthylideneacetylacetone was reacted with copper{II) beryllium(II),

iron{III) and nickel(II). The results of these reactions are listed in

Table VI.

Table VI

Reactions of 3-Ethylideneacetylacetone with Metal Ions

Metal Salt Product Color M.P.(°C)
Cu(NO3)z.3H0  Cu(acac)y) Light blue 215 (dec.)
BeCly [Be(acac)y] White 108
FeCl,.6H,0 Fe(acac)y) Red 185
HL(NOa)a 6H20  [Ni(acac)a (WH, )z Blue 205

CoClp .6H,0 ECo (acac); (H,0) a] Orange 112

* acac = acetylacetone ion.

Infrared spectra of all compounds obtained by reactions of 3-ethylidene-
acetylacetone were run in the range L0OO em™ to 200 em™!. The important
abgsorption bands occurring in the IR spectra of these compounds are listed

in Table VII along with those of the free ligand.
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Table VII

IR Frequencies (cm™*) of Compounds Obtained by

Keactions of 3-Ethylideneacetylacetone with Metal Jons

Mode Free Ligand Cu(IX) Be(II) Fe(III) Ni(II)  Co(II)

C=C stretching  1620(s) 1580(s) 1575(s) 1570(s) 1600(s} 1590(s)

0=0 stretching  1730(vs) 1550(s) 1530(s) 1520(s) 15L0(s) 1560(s)
1660(s)

=C-H stretching 3030(s)

M0 stretching W0o(s)  500(wvs)} LL5(s) L75(s)  L90(vs)
1120(s)
=C-H deformation 835(m)
690(s)
Ring C~H deformation 1185(s) 1180(s) 1190(m) 1195(w) 1195(s)
780(vs) 775(vs} 795(s)  765(m)  1770(s)
N-H stretching 3340(s)
Ni-N stretching L10(m)
0-H stretching 3450(w)
Unassigned 1300{vs) 1465(sh) 1h55(sh) 1425(sh) 1L475(¥vb) 1420(sh)

1225(vs ) UA5(b)  1370(vs} 1390(vb) 1380(s) 1350(b)
1150(vs) 1350(m) 1335(s) 1270(vs) 1250(m) 1260(vs)
1075(sh) 1270(vs) 955(s) 1020(vs) 1225(w) 1025(b)

1040(s) 1020(vs) 1280(m) 925(vs) 1025(vs) 930(s)
1000(s) 935(vs} 1030(b) 770(s) 925(vs) 780(sh)
960(s) 930(s) 900(s) 650(m)

890(vs) 725 (1) 395(m)
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3-Benzylideneacetylacetone was reacted with copper(II) and iron(III),

but no identifiable product could be isolated in either case. The important
absorption bands occurring in the IR spectrum of 3=-benzylidencacetylacetons

are listed in Table VIII.

Table VIII

IR Fregquencies {em™!) of 3-Benzylideneacetylacetone

Mode Frequency (em=3)
C=C stretching 1610(s)}, 1510(s)
C=0 stretching 1700(vs ), 1650(vs)
=C-H stretching 3030(s)

=C-H deformation 760(vs), 695(vs)
Unassigned 1430(sh)}, 1400{s)

1330(s), 1310(s)
1250(s), 1220(s)
1190(s), 1110(w)
1090(s), 1050(s)
1010(s), 980(s)
9L0(s), 835(w)
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h.2 Reactions of Metal Acetylacetonates

Substitution of the hydrogen on C-3 atom of the metal acetylacetonate
with allyl group was attempted in this work. Thus bis{acetylacetonato)-
copper(II) and tris(acetylacetonato)cobalt(III) were refluxed with allyl
alecohol, but no substitution was effected and the starting material was

recovered,

4.3 Reactions of Substituted Acetylacetonates

4.31 Polymerization of bis{3-allylacetylacetonato)copper{II)

Bis(3-allylacetylacetonato)copper(II) was refluxed in benzene in
the presence of the catalyst benzoyl peroxide. However, no polymerization
was effected and the unreacted bis(3~-allylacetylacetonato)copper{Il) was

regoveread,

.32 Reaction of the terminal carbon-carbon double bond

Bis (3-allylacetylacetonato)copper{II) was reacted with dichlorobis-
{benzonitrile )palladiumm(II) in benzene. A dark brown product was obtained;
meps, 87°C. No structure which fits the analyses could be assigned for this

product.



5. DISCUSSION

5.1 General
The work reported herein was undertaken to prepare some olefin~

substituted metal acetylacetonates with terminal carbon-carbon double bonds.
These compounds would hopefully tarn out to be active monomers suitable for
polymerization. Two routes may be ottempted to prepare such monomers: (a)
introducing a hydrocarbon chain with polymerizable terminal carbon-carbon
double bond onto the metal acetylacetonate ring or (b) preparing 2 substituted
acetylacetone containing termincl corbon-carbon double bond and react it with

a metal ion.

The application of the first route requires consideration of the

chenistry and electronic structure of metcl acetylacetonate ring. Recently, it
was'proved,lo by studying the vibrotional spectra of metal acetyiacetonate, that
the delocalization of the 1T ~electrons in the sixe-membered ring of the complex
is complete. Another recent supporting evidence for the delocalization of

T -electrons over the metal acetylacetonnte was proposed by X-ray structure
analysisoll Thus the chemistry of metal acetylacetonate is expected to be
similar to that of aromatic systems. The reactions of metal acetylacetonates
have been investigated and it was found that a variety of electrophilic reagents
can be introduced onto metal acetylacetonotes in a manner typical of cromatic
substitution reaction. Due to the aromatic character of metal ocetylacetonates,
we thought thalt aromatic substitution reaction would be the most convenient
route for introducing the desirable functional group onto the metal acetylaceto-

43

nate ring. Thus, a reported methed ™~ for the synthesis of allyl benzene, from

- 18 -
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benzene and allyl alechol, was followed in the substitution reactions carried
out in this work. The hydrolytically stable bis(acetylacetonato)copper(II)
and tris(acetylacetonato)cobalt{TII) were chosen for the introduction of allyl
group'onto these chelate rings. Unfortunately, no substitution could be
effecteds Apparently, the allyl alcohol used as a reactant polymerized and
the starting metal acetylacefonate was recovered unchanged.

The failure to prepare the allyl-substituted metal acetylacetonate by
this route may be explained by considerations of the anticipated reaction if
it had taken place. (Reactions 51 and 5«2).

CH, = CHCH,OH + ZnCly; —————> CH, = caf'iﬂa * [anaOH‘!@ (5-1)
Z2ine{II) chloride is a Lewis acid which facilitates the géneration of the
electrophilic reagent, allylic carbonium ion, by coordination with hydroxide
group, This electrophile attacks the central carbon atom of the metal
acetylacetonate ring to give the anticipated bis(3-allylacetylacetonato)copper(ll),
(X11)}. Electrophilic substitution reaction would go through an intermediate

carbonium ion (XL) to give the substituted product as follows:

He
2 \“C:;:O é’l’"\
/Nl L CH=CHy s % ST _ye
e ﬂ o Nowin L
—¢ W2/
H d/ ot C0
’ W W7y
EEEN
;’C!:#}\ XI:
CHy=CHCH,-C. Cuf2 (5-2)
/s
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The positive charge may be delocalized over the two oxXygen atoms, the two
carbon atoms adjacent to them, and the copper atam. The carbonium ion

AXL11¥ might thus be formed.

A
) C—
“. C/ +\,'\Cu12
&C?*f’% oo’
Ny Q\%
ARl

This intermediate (XI11) is not expected to be stable because of the delocali-
- zation of the positive charge over the highly electronegative oxygen atoms.

In addition, steric hintlrance between the methyl and allyl groups might lead

to further destabilization of the carbonium jon. The formation of such a

carbonium ion is, therefore, unfavorable. The statistical factor may also be

considered in substltution reactions., Instead of the six positions available

‘for the attacking electrophile in benzene, there is only one position available

for attack in metal acetylacetonates. These considerations may explain why

it was not possible to introduce an allyl group onto metal acctylacetconate

ring by electrophilic substitution reaction.

The second approach looked more promising since the reactions of the
substituted acetylacetones with metal ions give directly the desired
substituted metal acetylacetonates. Thus we set out for the preparation of
substituted acetylacetones containing terminal carbon~carbon double bonds.

The most obvious substituents would be vinyl and allyl groups. The preparation
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of 3-=allylacetylacetone has been reportedho and thus this ligand was prepared

and investigated in this work. However, 3-vinylacetylacetone was not reported,
but the reported compound, 3-ethylidencacetylacetone, looked promising as a
ligand, for it seemed to have some interesting chemistry of its own. If the
carbon-carbon double bond resrranges {o enolize this ligand upon coordination,
3=vinylacetylacetone might form. The preparation of 3-ethylidene~-, 3~propylidene-
and 3-benzylidenecacetylacetone have been attempted successfully. The

availability of these ligands made it possible to investigate the interesting
chemistry they pose, in addition to the possibility of rearrangement to

campounds with polymerizable carbon~carbon double bond.

5.2 Reactions of Substituted Acetylacetones With Metal Ions

5.21 Beactions of 3-Allylacetylacetone With Metal Ions

3~Allylacetylacetone exists in a keto~enol tauntomeriec

equilibrium represented by

H
L .5’(1\__‘
[ EC:—__O L-"--.'{ l
/ /i “y
===t CH,=CH-CHsC /
CHQ:CH‘CHQ—C&\ A \C\'-;_"O’.r
C :‘_.':-0 -7
C’ 5
>3
X1111
10

Electron diffraction results™  proved the delocalization of Il ~electrons over
the carbon and oxygen atems in the enol form. The conjugated system in the
encl form {X1111l) reguires the coplanarity of the two carbonyl groups. A4 bulky

substituent on the central carbon will interfere with the two methyl groups
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uniess the molecule is twisted so thet the planarity of the conjugated systen
is destroyed. This is why the incorporntion of a methyl group in the 3-position
of acetylacetone lowers the degree of enolization from 81% for acetylacetone to

30% for 3-methyl acetylacetone.hh

Thus the degree of enolization of 3=-allyl-
acetylacetone is expected to be arocund 30% or even less. By virtue of its
enolization, 3-allylacetylacetone can coordinate with metal ions but to less
extent than acetylacetone does.

Transition elements are most easily introduced into 3-allylacetylacetone
because they have low lying vacant orbitals which are capable of accepting
electron pairs to form coordinate covalent bonds. Thus the reaction of
3~allylacetylacetone with some trivalent and divalent ions of the first
transition series elements was investigated. Beryllium(II) was chosen for
the rcaction with 3-allylacetylacetone because of the hydrolytic stability of
beryllium(II) chelates. The following reactions of 3-allylacetylacetone with

somg metal jons were carried outb:

He
0 "t Hp-CT0 yMn (5~3)
CHy =CH-CH-C oM + W T CHy=CH-CHa - \\C"'t}/ -
4}<»0 o’
He Wy XLV
3
WY = ourt, BeR*, Fe*
HBCM ch\ o
/C =0 S+ NH..OH /C:.:-:‘\N' P NH
C\H:{:CH—-(;H;’_ -C + Ni 8 S CHy—CH-cHyC '{:.__,.,"/ ;/22 5
e -oH sone: RS (5-1)
o’ He

3
K X1V
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The assigned structures of the products {Table II) were proved by elemental
analyses and infrared spectrophotometry {(Table III).

Gas chromatography and infrared spectra showed that the ligands obtained
from the decomposition of the metal 3-allylacetylacetonates were identical
with the original ligand, 3-allylacetvlacetone. This proved that 3-allyl-
acetylacetone did not undergoe any chemical changes, such as rearrangement or
hydrolytic cleavage, upon coordination with metal ions,

The failure of 3-allylacetylacetone to coordinate with cobalt(II) might

be due t0 the precipitation of cobalt(II) hydroxide.

5.22 Reactions of 3~Propylideneacetylacetone With Metal Ions

3-Propylidensacetylacetone exists in the pure keto form, Infrared
spectrum (Fig. I-a) showed no evidence of enolization for this compound.
The characteristic absorption band of 0=H stretching is absent in the spectrum
of 3~-propylideneacetylacetone. The appearance of two bands (Fig. I-a) at
1700 em™l and 1650 em™ assigned for C=0 stretching which are typical of
conjugated keto carbonyl stretching bands support the structure (XLV1) for

3=-propylideneacetylacetone.

CH;
=0
. ‘ /
CHy CHCH=C
N0
v
CH,
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Due to its keto form, 3-pronylidencacetylacetone is not expected to give
neutral complexes in its reaction with metal ions. However, when this ligand
reacted with metal ions such as copper(II) 2 precipitate was formed in the
aqueous solution.. If the ligand retained its keto form upon coordination and
the neutral ketonic oxygen behaves as a donor, the product formed should be
ionic. OConductivity measurements of the solution of the product in chloroform
showed no ionic character of the precipitated product. In order to give a
neutral compound, 3-propylideneacetylacetone should enolize upon cocrdination.
Fnolization of this ligand seemed possible by rearrangement.

4 proposed mechanism for this rearrangement, which might lead to enolization
of the coordinated ligand (XLV11i) involves the abstraction of ¢ -hydrogen by

the hydroxyl ion followed by the migration of the carbon-carben double band:

CHs

However, another possible rearrangencnt might lead to enolizaiion of the
coordinated Yigand. The abstraction of a methyl hydrogen by a hydroxyl ion
might lead to the enolization of the coordinated 3-propylideneacetylacetone

as Tollows:



Je.
| -/ V.3,
CHBCHZCH:C ¥ P u/ﬁ
=
/
H,C

If this last rearrangement is possible, there is no reason why acetone does
not enolize in the same manner. Since acetone does not show any evidence of
enolization, this rearrangement mechanism is rather unlikely. UHoreover, when

3-benzylidenecacetylacetone (XIV11l) was 2llowed to react with copper(II) or

He
TN 4 3;0_:0
/Q‘) $CH=C
\ e \/C:O
XLV111 HC

iron(IIT)} in the same mamner by which 3-propylideneacetylacetone was reacted,
no product was observed., 3-Benzylideneacetylacetone does not have any
%f-hydrogen. Thus, if methyl hydrogen can be abstracted to give the enoclized
form, 3-benzylideneacetylacetone would be expected to form a complex with
copper(II) or with iron(ITI). The failure of 3-benzylideneacetylacetone to
form any product is due to the absence of 3'-hydrogen which is responsible
for the enolization of 3-propylidencacetylacetone. Thus rearrangement of
3-propylideneacetylacetone through abstraction of a methyl proton is uniikely.

Infrared spectra of 3-propylideneacetylacetone (Fig. I-a) and its copper
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complex (Fig. 1-c) gave a strong evidence for the rearrangement of:#dé-carbon-
carbon double bond intoA, € -carbon-carbon double bond (XLV11). IR

spectrum (I-a) showed an absorption band at 1615 em™1 characteristic of the
conjugated C=C stretching. This band appeared at 1640 em™' in the spectrum
(I~c) of the copper complex. When this complex was destroyed and the infrared
spectrum (I-b) was obtained for the recovered ligand, an absorption band was
observed at 1645 cm~1 characteristic of unconjugated C=C stretching.
3-Propylideneacetylacetone has thus rearranged upon coordination with copper(II)
to give bis(3-propenylacetylacetonato)copper(II)}. The rearranged ligand
retained its structure after the decomposition of the complex. The recovered
ligand was identified as 3-propenylaccetylacetone. The appearance in the IR

of the recovered ligand of one absorption band at 1690 em™t characteristic

of =0 stretching supported the enclization of 3-propenylacetylacetone (XL1X)

as follows:

H
H C .'JC\
3 MCT—-"O C;f_—__O“‘
/’ \
Cth CH=cH -CH = CH,CH=CH-C \' oM
\f‘ 0 ,}:—"13
== C
He/ ‘M
3
Oli-a XL1X-b

The delocalization of I -glectrons over carbon and axygen atoms in the enol
form (¥L1X-b) resulted in two eguivalent C=0 bonds which absorbed at the same
frequency in the infrared spectrum (I-b). The weak band at 3500 cm™*

characteristic of 0-H stretching gave further evidence for the enolization of



- 57 =

3-propenylacetylacetone.

Gas chromatographic analyses (Table I) proved that the recovered ligand
from the decomposition of copper complex was different from the original
ligand, 3-propylideneacetylacetones.

Due to its rearrangement, 3-propylideneacetylacetone procecded in its

reactions with metal ions according to the following scheme:

e H.C
3 \-Czo 3 \C’ -
/ / \\mrw
CH,CHytH= ¢ +M" ~———-)CH_=,CH =CH-C- (5+5)
/C-.-.-_—o ;
HC HC
M = cuBt, Be®*, Fe2*
He He
3\Cxo 3\/C:'::O\
/ [ VNif2.2NH
CHaCH, CH=C + Ns on CHy-CHz CH-C 1 -ANK,
T oo o b (5-6)
/ Hé/
HBC 1

The assigned structures of the resulited compounds (Table IV) were proved by
elemental analyses and infrared spectra.

The failure of 3-propylideneacetylacetone to coordinate with cobalt(II)
might be due to the precipitation of cobalt(II) hydraxide as in the case of

3-allylacetylacetone.
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5:23 Reactions of 3-Ethylideneacetylacetone With Metal Ions

3-Ethylideneacetylacetone exists in the pure keto form. Its infrared
spectrum (Table VII) showed no absorption band characteristic of O-H ‘stret,ching-.
Two absorpt.ion__bands were observed in the spectrum: one is due to a carbonyl
group (1660 cm“i) conjugated with C=C, and the other (1730 cm*1l) is due %o
another carbonyl group out of the plane of C=G.h5 IR spectrum suppoﬁed the

following structure (LII).

H3c
N
6’ /C =0
/'C= <
HC o
\
CHj
LII

3-Ethylideneacetylacetone is not expected to give neutral complexes in its
reaction with metal ions. However, when this ligand reacted with metal ions
such as copper(II), & complex precipitated from the aqueous solution. This
complex was proved, by elemental analyses and infrared spectrophotometry

(Table VI), to be bis(acetylacetonato)copper(II). Gas chromatographic

analyses (Table I) for the ligand recovered from the decomposition of the
complex proved that the recovered ligand was acetylacetonev. 3-Ethylidene-
acetylacetone exhibited similar behavior with berylliwm(II}, iron(III),
nickel(II) and cobalt{II). These results suggest that 3-ethylideneacetylacetone

undergoss cleavage upon or hefore coordination with metal ions.
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Analyses of the cleavage products in solution by gas chramatography
showed that acetaldehyde was formed. This was further confirmed by the
formation of 2,L-dinitrophenylhydrazine derivative of acetaldehyde ..h6

In the light of the results obtained, the following mechaniam for the

hydrolytic cleavage of 3~ethylideneacetylacetone is proposed:

0 9] 0=-0 0 0

" it O™~ TR H,0 (7] 7 OH-
CH CHOH CHOH
t ] 1

0] 0 0~ 0

i b I

caa-c-g)ﬂ-b-cma > CHa~CeCH~=C-CHy + CH,CHO (5-7)

| ™~
o

H-C=0 a1l
CH,

Acetylacetone carbanion (L11l) formed as product exists in tautomeric equilibrium

with its enol form represented by:

Q- Oj 0 G
o~y 1 1
CI{S"C-GH-C'C}IS C}{a"‘c-cﬂ::G-CHa
keto form enol form

The enolate anion of acetylacetone coordinates with metal ions to give metal
acetylacetonates. The formation of the products is favored by the formation
of the stable acetaldehyde and metal acetylacetonates. Hydrolytic cleavage of

3~ethylideneacetylacetone may be considered as the inverse of the base-catalyzed
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condensation of acetylacetone with acetaldehyde.

Since the undesired metal acetylacctonates were obtained due to the
cleavage of 3-ethylideneacetylacetone, some attempts were made to prevent
such cleavage. We thought of using some bulky bases which might abstract

‘é-hydrogen from 3-ethylidencacetylacetone (L1V) instead of attacking the

HE
4 ﬁH d/C:O
<?F43- H'CN\ c=0
/
\43C
iV

8=C which would be difficult due to steric effects. Thus 3-ethylidencacetyl-
acetone was reacted with copper(Ii) in the presence of pyridine as bulky base,
but no product was formed. It seemed that pyridine is such a weak base that
it can not abstract glhydrogen and enolige the ligand. The stronger base,
piperidine, was also unsuccessfully tried.

411 attempted reactions which were cerried out to prepare bis(3-vinyl-
acetylacetonato)copper(IIl) were unsuccessful., The fallure to prepare this
compound might be due to the instability of the carbon-carbon double bond
of 3-vinylacetylacetonc comparcd to that of 3-propenylacetylacetone (XI1X)

which might be stabilized by hyperconjugation as follows:
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He He
i 7(::‘0 3 \/C:O
?Hi—CH‘:CHwCH 4“‘_)‘CH.}.:.'CH—‘C'H--CH
\ He” He’
3 3

Three such resonance structures are possible for this compound and thus
carbon~carbon double bond is deloezlized over three carbon atoms.

Such
resonance is not possible for 3-vinylacetylacetone.

3-Ethylideneacetylacetone underwent the following reactions with metal

ions leading, in every case, to the formation of metalacetylacetonate and
acctaldehydes

H3c- H;C
;C =0 ‘\C_"-".Q ey
CHacH = C +mn"t >H-CT7 UM n + cHcHO  (5-8)
=0 MO
Hc H C{
3 wa ourt, BeR*, Fet ER
Hc
3 He
;C—“-O ar : “;C_:‘.Q\ _
CHaCH = C o FNC OBy o UNIJ2.2NH; + aHgCHO
~C = conca NE L0 (5-9)
v /
HBC H3C vl
S e =0 Y -
CHaeH = i {b‘*&_‘l&% I—-l-C/'\ ,‘;C"}j-}?HxO + CH4CHO
agH = ¢ o F N
NC = P (5-10)
/ He
H,C 3

vii
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Comparison of the infrared stretching frequencies of the M=0 bonds in
metal acetylacetonates and substituted metal acetylacetonates is a convenient

way of comparing the stability of these complexes (Table IX).

Metal Ion Acetylacetonates 3-Allylacetylacetonates 3-Propenylacetylacetonates

Copper(Il) L60(s) LhS(va) LLo(s)
Beryllium(II) 500(vs) h60(s) 450(s)
Iron(III) hh5(s) Lho(s) h35(s)
Nickel(II) h75(s) Lé5(s) L60(s)

These frequencies suggest that for all the ions investigated, the order of
increasing the M=0 strength is: acetylacetonates > 3-a11y1acetylacetonates>
- J=propenylacetylacetonates. This is consistent with the increasing order
of the availability of electrons on the oxXygen atoms which are to be shared

with the metal atom to form the M=0 bonds,

5.3 Reactions of Substituted Mctal Acetylacetonates

Since attempts to poiymerize substituted metal acetylacetonates
were unsuccessful, these attempts will be discussed first before the discussion

of the other aspects of the chemistry of substituted metal acetylacetonates.

5.31 Polymerization of Substituted Metal Acetylacetonates

Bis(3~allylacetylacetonato)copper(IT}, (IVili) was refluxed in



H’C‘*C
~—O
CHy=CH-C c’/'; ‘\'\C"uifl
2:(:"-* H - l\\ /; )
Ny
/
HC
3
v1li

bengenc in the prescnce of the catalyst benzoyl peroxide. Ho polymerization

was effected, However, this method of polymerization was reporteth

for the
polymerization of styrene. In contrast to the reactivity of vinyl monomers

such as styrene, allyl compounds, such as allyl benzene (L1X) are usually

48

stable to polymerization because of resonance stability. Thus, in free-

radical polymerizations, a hydrogen atom on a carbon atom adjacent to =
double beond is readily abstracted to yield a resonance=-stabilized allyl

radicel as shown belows:

HHH HH HHH
A1 1 s % 1 3 LN N I

R. + R=-C~C=C RH + | R=C=C=C «<———3 R-C=C-C, {(5=11)
t

H H H H H
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The failure to get polymerization in the reaction carried out for bis(3-allyl-
acctylacetonatojecopper(IT) might be due to the formation of resonance-
stabilized allyl radical which is inactive toward polymerization. Other
methods such as catjonic and anionic polymerization should be attempted if

this subject is to be further investigated.

5.32 Reaction of the Terminal Carbon-Carbon Double Bond

Since the carbon-carbon deuble bond can coordinate with some
metal ions through its W -electronic cloud, the possibility of the reaction
of the terminal C=C in substituted metal acetylacetonates with other metal
ions was investigated. Thus bis(3-allylacetylacetonato)copper{II), (IV1i1l)
was reacted with dichlorobis(benzonitrile)palladium(II) and a dark brown
product was obtained. The structure of the product was not investigated.
The same reaction was carried out with bis(3-propenylacetylacetonato)-

copper(II), (LX) where the C=C is not teminal, but no product was formed.

//r,
CH.CHzCH-C .

/

H;D

‘:>Cum

LX

The chemistry of the {=C in substituted metal acetylscetonates is very
interesting., If this C=C is made to coordinate with other metal, an interesting
coordination compounds can be obtained where the same ligand is coordinated

with two metals.
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The relative stability of 3-allylacetylacetonates and 3-propenylacetyl-
acetonates should be further investigated with a particular attention to
the possibility of converting one isomer to the other.

The formation of 3-vinylacetylacetone still remains a challenging

problem which should prove worthy ¢f the time devoted to synthesizing it.
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