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New Synthctic Routes to Substituted iletal Acetylacetonates
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ABSTRACT

Olefin~substituted acetylacetonates of several meitals have been prepared
either by treating tne wmeval salt with the olefin-substituted acetylacetone in
the presence of metallic magnesium or zinc, or by the reaction of the metal
salt with the olefin-substituted acetylacetonate of zinc(II). Complexes of
3~-allyl- and 3-propylideneacetylacetones with Cu{II), Be(II), Fe(III), Ni(II),
Co({II), Pd(II) and Zn(II) have thus been synthesized.

3~Propylideneacetylacetone rearranges during the reaction to give 3-propemyl-
acetonato complexes.

3=-Ithylideneacetylacetone did not react with metal ions under conditions
similor to those of 3-allyl- and 3-propylidencacetylacetone.

Catalytic hydrogenation of 3-allylacetylacctonatocopper(IT) led to the
fomation of 3-propylacetylacetonatocopaer(II)., The free radical polymerization
of 3-allylacetylacetonatocopper(II) and 3-allylacetylacetonatoberyllium(II)

was atbtempted, but it was unsuccessful.
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1. Introduction

The chemistry of metal acetylacetonates has been the subject of several
reviews.

In a chapter on "Coordination Polymers! Bailar™®) in 196k, reviewed
concisely the work on bis-diketone polymers, iiost of the polymers he reported
involve linkage through substituents on the carbonyl carbon rather than the
methylene carbon of the acetylacetone ligand. The only 3-substituted
acetylacetonates that he reports are the -UH, -COOC3Hg and -NH, acetylacetone
derivatives.

Gollman(lb) (1966) devoted a great part of his review on the "Reactions
of Coordinated Ligand" to the discussion of the reactions of quasi-aromatic
metal complexes, which include metal acetylacetonates. Aromatic substitution
reactions of M(acetylacetonato)3 (M = Cr, Co, Rh) were extensively reviewed.
Attempts were made to synthesize substituted acetylacetonato monomers.

Col (1b)

did not report in his review any 3-olefin-substituted acetylaceto-
nates of metals.

The stability of metal acetylacetonates has been investigated by several
authors'?, Bellamy and Branch™, wpon studying the relation between the
carbonyl stretching frequency and the stability of the camplex in a series of
copper(II) complexes with various ligands, concluded that there is no linear
relationship between the carbonyl stretching frequency and the stability constant
in metal acetylacetonates . However Holtzclow and Co]lma.ncs ) and West and
Rﬂey(é) reported that the order of the carbonyl stretching frequency is the

same as the stability order of the divalent metal acetylacetonates.

-1:-
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Nakamoto, MoCarthy and Martell'!) reported that the complexes of divalent
metals could be classified as weak and strong chelates. They concluded that
the M-0 stretching force constant inereases in the order Zn = Co<(Ni <3u Qd,
and the corresponding carbonyl stretching force constant decreases in the s;me
order.,

Recently (1572) Sabri(l) reviewed the chemistry of metal acetylacetonates
with particular emphasis on: a) the nature of bonding of coordinated acetyl-
acetone, b) the reaction of coordinated acetylacetone, and ¢) the use of
acetylacetone derivatives as monomers for the syntheses of chelate polymers.

Reports on the syntheses of olefin~substituted acetylacetonates of metals
are rare, and somctimes incomplete and confusing.

In 1957, McEntee and Pinder(ll) reported the synthesis of the ligand
3~propylideneacetylacetone. They reported that "It is soluble in dilute
aqueous alkali and gives a deep red color with ferric chloride and a copper
complex, dark green, m.p. 188*C (with decomposition) which analyses for
CioHzz040u". They did not investigate the nature of the complex. 4s a matier
of fact Cu()was found 1ater(2) to react with 3=-propylideneacetylacetone to
give a 3-propenyl- rather than a 3-propylidencacetylacetonate.

In 1959, Martin and Fernelius(Ta) investigated the stabilities of bivalent
metal complexes of some methylene-substituted }?-diketones. They measured
the acid dissociation constants of some methylenec-substituted acetylacetones
among which 3-allylacetylacetone was mentioned. They also reported the
formation constants of some metal chelates in 75 volume % dioxane. Apparently

they measured the strength of the interaction of the ligand with the metsd ion



in solution, since they reported stability constants only for Cu(II) and
Ni(II) (in solution) while no constants were reported for the other ions
investigated, namely, Zn{II), Co(II), CA(II) and Mn{II). According to these
investigators "precipitates® were obtalned with the latter ions. They did not
report any synthetic method or molecular formula of any olefin-substituted
acetylacetonates.

In 1963, Fackler and Ootton(Tb) studied the electronic spectra of

Y-substituted acetylacetonates of Cu{IIl), They reported the spectra of
3~allylacetylacetonate of Cu(II). However, they did not report a molecular
formule or a method of synthesis for the claimed complex. They refer to

the work of liartin and Fernelius(?a)

for the syntiesiz. This work was discussed
in the previous paragraph.

In 1966, Vehera, Mostura and Hurata(7°) reported the condensation of
acetylacetone with propionaldehyde and butyraldehyde in the presence of
pyridine as o catolyst. The condensation products were reacted with Cu(II)
acctate and the copper chelate thus obtained was used as & catalyst for the
. polymerization of styrene.

(74) reported, in a German patent,

In the same year, Sander and Kuckertz
the preparstion of metal chelates with functional silicon. They reported the
formation of tris{ ¢ -allylacetylacetonato)eluminum, bis( HK-allylacetyl-
acetonato)beryllium and tris{ X -allylacetylacetonato)chromium.

In 1970, Shepherd(7e) reported a modified method for the synthesis of
3-alkyl~, 3-benzyl-, and 3-allylacetylacetones, He reported the yleld of

the substituted diketone %in temms of the isolated cupric complex'.
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shephera %) later investigated the adduct formation constants of pyridine with
the copper complexes that he isolated earlier(Te).

Tn 1972, Sabril) reported the syntheses of the complexes of Cu(II), Be(II),
Ni{II) and Fe(III) with 3~allyl- and 3-propenylacetylacetoncs., Complexes of
the 3-propenylacetylacetone were obtained from the reaction of 3-propylidenc-
acetylacaitone with the metsl ions. He isclated these complexes and proposed
molecular formilae for them based mainly on clementel analyses and infrared
spectra. He also investigated the effect of substitution on the chelate ring
on the stability of the complex.

Sa.bri(l) algso attempted the synthesis of metal complexes of 3-ethylidene-
acetylacetone but only unsubstituted metal acetylacetonates were obtained in
every case, Recactions of divalent metal ions with 3-bengzylideneacetylacetone
did not yield isolable products.

Tayim and Akel(Tg)

reported the preparation of a Pt(0)-3-benzylidenc-
acetylacetone complex from the reaction of Pt{PhsP), with 3-benzylidenec~
acetylaccotone,

In 1972, Issa and Al,y(a) reported a facile method for the preparation of
metal-acetylacetonates by the reaction of acetylacetone and the metal salt in
the presence of metallic Mg or Zn in a non-aqueous medium. The main features of
this method are that it avoids the hydrolysis problems involved when an aquecus
system is used and it gives good yields which are, in most cases, quantitative.

The present investigation is intended to be a step in the research on
organometallic polymers. Research on organometallic polymers at the Department

of Chemistry (A.U.B.) was initiated by the work of Sabri(l) who devoted a good
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part of his time to attempting the syntheses of olefin-substituted acetyl-
acetonates by aromatic substitution on metal-acetylacetonates. Failure to do
this directed the path of the research towards the preparation of olefin-
substituted acetylacetones and reacting them with metal ions with the hope
that organometallic monomers could be thus obtained easily and in good yields,

The above review of the literaturec, including Sabri's work reveals that
very little has been done in the way of synthesizing and characterizing olefin-
substituted acetylacetonates. Isolation of monomers by easy preparative routes
and in good yields is undoubtedly a prerequisite for any successful work in
polymerlzation.

The work of Issa and Aly (&) presonted what may become a new facile
method for the syntheses of clefin-substituted zcetylacetonates.

The present work will, therefore, be concerned with attempting this
new route for the syntheses of some already known olefin-substituted acetyl-
acetonatea, and extending the list of such known compounds by preparing new
metal complexes of olefin~substituted acetylocetones. The chemistry of any
thus obtained complexes will be investigated.

The polymerization and catalytic hydrogenation of same 3-allylacetyl-

acetonato complexes will be attempted.



2. EXPIRL-ENTAL

2.1 Materdals

The following solvents were used in this work as purchased:

Afcetone, carbon teirachloride, chloroform, ethyl alcohol, methyl alcohol P
anhydrous ethor, dichleroethane, petroleum ether and ligroin.

Potagsium cyanide, KCN; copper(II) nitrate trihydrate, Cu(NO,;);.3HpO;
copper{Il) chiorids dihydrate, CuCly.2H,0; cobalt{II) chloride hexahydrate,
CoCl; .6H,0; iron(I1I) chloride hexahydrate, FeCls;.6H,03 sodium acetate trihydrate,
¥a(C,H,0, )z .30, sodiun sulfite, NapS0; and nitric acid, HNO,; were purchased
from Hallinclicodt Chemical Works, Wew York, G.3.A.

Zinc(II) chloride, ZnCly; nickel(II) nitrate hexahydrate, Ni(NC;),.6H,0;
hydrochloric acid, HCY; hydrogzen peroxide, H,0,3 ammonium hydroxide, iTi,0H; and
pyridine, CgH;H, were purchased from Fisher Scientific Company, H.d., U.S.A.

Paliaciun(II) chloride, PdCl,; 2,h~dinitrophenylhydrazine, (NO,),CeHsilHiH,,
srd all¥Ybronide, CH,=CHCH,Br; were purchased Ifrom Fluka AG, Buchs 3G, Switzerland.

Acetylacetone, CzHg0z; acetaldehydo, CHaCHO; propionaldehyde, CpoHgCHO3
sodium hydroxide, NaOH; sodium bicharvonate, 4#aliCOy; nickel(II) chloride
hexahydeate, HiCly.6Hp0s5 and uranyl aceletce dihydrate, U0,(CaHaOgp ) 2Hp03
were purchased from B. Merck, Darmstadt, Germany.

Bia(acetylacetonato)copper(II) and tris(scetylacetonato)eobalt(III}, were
purchased from Aldrich Chemical Co., Inc.. Hilwauke, Wisc., U.3.4.

Ally} alcohol, CH,=CH-CH,OH; was nurchased from Dr. Theodor Schuchhardt
Comoaity, Munich, Germany, and dry hydrosen chloride from Matheson Gas Products,

Ca]..—:.fo’ U.S eAO



A1) the above-mentioned chemicals were analytical reagent grade and were
used as purchased except for acetylacetone, allyl bromide and allyl alcchol
which were purified by distillation before use.

Sodium tris(carbonato)cobalt(III) trihydrate, Na,Co(€0,);.3H,0, was prepared
as an intermediate in the preparation of olefin-substituted acetylacetonates
of cobalt(IIT). The mgthod of Bauer and Drinkard(g) was used to prepare the
carbonate. To a cold slurry of 2.0 g of NaHCO; (0.50 mole) in 50 ml of water,
an aqueous solution (60 ml) containing 29,1 g of Co(NOj)s .6Ha0 {(0.10 mole)
and 10 ml of 30% hydrogen peroxide, was added with stirring. The mixture was
further stirred at 0°C for one hour. The olive product was filtered, washed
with cold water, absolute alcohol and dry ether, respectively; yield, 26.0 g;

92~93°C (with decomposition).

2.2 Preparation of Substituted Acetylacetones

i
3-Allylacetylacetone, (H3C-C),CHCH,CH=CHp, was prepared by the method of Davis

and Hurdclo) as described by Sabri(l): “3odium hydroxide (27.0 g, 0.68 mole) was
dissclved in 200 ml of methanol., After cooling the mixture in an ice-bath, freshly
distilled acetylacetone (60.0 g, 0.60 mole) was added with stirring ove a period

of 30 mimites. Freshly distilled allyl bromide (90.0 g, 0.7L mole) was then added
without cooling over a period of one hour. The reaction mixture was then refluxed
with stirring for two hours. It was then cooled and filtered to remove sodium
bromide. Methanol and the excess allyl bromide were removed by distillation.

The remaining mixture was cooled and I'iltered to remove any precipitated sodiwm

bromide. The filtrate was fractionated through 25 cm Vigreux column. The fracticn
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boiling at 92°C (18 mm) was collected". The yield was 36.0 g (42%). The
derivative of this fraction with 2,L-~dinitrophenylhydrazine melted at 186°C,
with agrees with the literature value of 186~187°C. The IR spectrum (1liguid
film) showed a strong carbonyl band at 1715 cm~® and an allylic C=C band at

1635 cn L .

1
3-Propylideneacetylacetone, (H;C~C),C=CHC,Hs, was prepared by condensing

propionaldehyde (58.0 g, 1 mole) and freshly distilled acetylacetone (100.0 g,

(11) ag described by Sabri(l) "Dry hydrogen

1 mole) in 200 ml of chloroform
chloride was bubbled in the mixture at 0°C for 30 minutes. The mixture was then
stirred in an ice-bath for one hour. Ohloroform was distilled under vacuim; the
remaining solution was fractionated twice through a 25 cm Vigreux column, Ths
fraction boiling at 85-87°C (17 mm) was collected". Yield, L48.C g. The IR
spectrum {1ignid f£ilm) showed strong carbornyl bands at 1700 cm™! and 1660 cm™t

and 2 C=C band at 1620 cm™1,

3-Ethylidencacetylacetone, (H;C-C0),C=CHCH;, was prepared similarly by

condensing acetaldehyde (Lh.0 g, 1 mole) and freshly distilled acetylacetone
(1)

]

(100.0 g, 1 mole) in 200 ml of chloroform 28 described by Sabri(l‘: $ Dyy
hydrogen chloride was bubbled in the mixture at 0°C for 30 minutes. Chiorcform
was distilled under vacium, and the remaining solution was fractionated twice
through a 25 cm Vigreux column. The fraction boiling at 95-98°C (17 mm) was
collected?. Yield, 45.0 g. The IR spectrum (liquid film) showed strong carbomyl

bands at 1720 em™* and 1660 cm™! and a C=C band at 1635 cm™2t,



2.3 Reactions of Substituted Acetylacetones With Metal Ions

Olefin substituted acetylacetonates of several metal ions were prepared
elther by treating the metal salt with the substituted acetylacetone in the
presence of metallic magnesium or zinc, or by the reaction of the metal salt

vith the olefin~substituted acetylacetonate of zinc(II).

231 3-Allylacetylacetone

(1) lagnesium Metal and Copper(II)

Copoer(II) chloride dihydrate, CuClz.2H,0, (1.7 g, 0.01 mole) was
dissolved in 200 ml of ethyl alcohol. To the solution, magnesium metal (0.243 g,
0,01 mole) and 3-allylacetylacetone (L.2 g, 0.03 mole) were added. The mixture
was refluxed with stirring for about half an hour. The solution was {iltered
to remove any excess magnesium metal, ancd etiyl alcohol was evaporated completely.
The grey residue obtained was washed with dictilled water and excess low-boiling
petroleum ether, respectively. The produvct wes recrystallized from etiyl alcohol;
m.pe 192°C (with decomposition). The product was identified as bis{3-allyl-
acetylacetonato )copper(II).

then the same reaction was repeated wsing zinc metal (0.65 g, 0.01 mole)

instead of magnesium metal, the same product was cbtained.

(i1) Hagnesium Metal and Berylliwm(II)

Beryllium{II)} chloride, BeCl,, (0.79 g, 0.0l 'mole) was dissolved in
200 ml of ethyl alcohol. To the solution, magnesium metal (0.243 g, 0.01 mole)

and 3-allylacetylacetone (}.2 g, 0.03 mole) were added. The mixture was



rofluxed with otirring for half an hour, The solution was filtered to remove
any excess magnesium metal, and ethyl alcohol wes evaporated completely. The
yellow residue was dissolved in 10 ml of benzene and filtered to remove any
benzene-insoluble matarial, The product was orecipitated from the benzene
solution by addition of excess low-boiling neotroleum ether. The yellow
zrystalline product cbtained melts at 4B8-50°C., The preduct was identified as
pis{3-zllylacetylacetonato )beryllim(II).

then this reaction was repeated using zine metal (0.65 g, 0.0l mole)

instcad of megnesium metal, the same »roduct was obtained.

(1i1) Magnesium Metal and Iron(III)

Tron{III) chloride hexahydrate, FoCl,.0Hx0, (2.66 g, 0.0L mole)
was dissolved in 200 ml of ethyl alcchol., To the solution, magnesium metal
(0.24 g, 0.01 mole) and 3-allylacetylacetone (L.2 g, 0.03 mole) were added.
The nizture was refhuxed with stirring for half an hour. The solution was
filtered to rsmove ary unreacted materisl. The solvent was evaporated comaletely.
The deed red reoildue was purifed by dissolution in methanol, and precipitation
by addition of water. It was dried under vaecwm; m.p. 67°C. The product wes
jidentificd astris(3-cliylacetylacetonato)iron{III).

then the same reaction was repeated using zine metal (0.65 g, 0.01

mole) instead of magresium metal, the scme product was obtained.



(iv) Hagnesium Metal and Nickel(IX)

Wickel(II) chloride hexahydrate, NiCl,.5HZ0, {2.37 g, 0.0L mole) was
dissolved in 200 ml of ethyl alcohol. Tu tie solution, magnesium metal (0.21 g,
0.01 mole) and 3-allylacetylacetone (4.2 g, 0.03 mole) were added. The mixture
was refluxed with stirring for one hour. When the solution was filtered and
evaporated completely, NiCl,.6H,0 wes recovered.

However, when the solution was itrocated with concentrated agueous
ammonia (10 ml), a greenish-blue precinitate wos obtained after the evaporation
of ethyl alcohol, The residue was washed with distilled water and low-boiling
petrolewn ether, respectively. The product wns recrystallized from methancl
and dried wnder vacuum; m.p. 178°C. The product was identified as bis(3-allyl-~
acetylacetonato)diammine nickel (II).

When this reaction was repesated using zine metal (0,65, 0.0l mole)
instend of magnesium metal and 10 ml of concentrated agueous ammonia, e same

product was obtained.

(v) Magnesium Metal and Cobalt(II)

Cobalt{II) chloride, CoCly, (0.65 g, 0.005 mole) was dissolved in
200 ml of ethyl alcohol. To the solution, magnesium metal (0.122 g, 0,005 mole)
and 3-allylacetylacetone (2.1 g, 0.015 mole) were added. The mixturc was
refluxed with stirring for about 15 minutes. Pyridine (10 ml) was added to the
solution, The green solution obtained was rofluxed for 15 minutes. The solution
was then cooled to room temparature. JAny colid material that formed or remained

in the mixture was rcmoved by filtration. The brown solution obtained was



evaporated completely and the product was dried under vacuum. The product
prepered by this method is brown, m.p. 86-88°C. The preduct was identified as
bis (3~allylacetylacetonato)dipyridine cobalt(II) monohyd=ate.

The reaction was repeated using zinc metal {0.32 g, 0.005 role )

ingstead of mapgnesium. However, no procuct could be iseolated in this case.

(vi) Megnesium Metal and Pall-diw{IT)

Palladium{II) chloride, Pdll., (C.5 g was added to 200 ml of ethyl
aleohol. To the mixture, macnoziwa mctel (008 g) and 3-allylecetylacetone

(1.5 g) vere added. The mixture w-s refluxoed Tor two hours. The solution wns

Pd

cooled to room temperaturc and filtercd to remove any unreached megpesio:
metal or amy precipitate formed. The cleer solution was evaporated comoletely.
The yellow residue was washed with distilled water and low-boiling petrolewrn
ether, resnectively.
The product obtained by this method is yellow; rm.p. 188°C {with
decomposition). It was identified o5 bis(3-allylacetylacetonatoYpalladiua(II).
When zinc metal (0.0h g) was used instead of magnesium, the sane

product wes cobtained.

(vii) With Zinc(iI)
Zine(II) chiloride, Zrfl.. (2.36 g, 0.0l mole) was disselved in 15 ml
of distilled water; the solution wes treated -with 10 ml of concentrated aguecus
ammonia, The solution wes stirred entil a clear solution was obtained. To

the resulting solution of Zn(NH3)4++, 3-2llylacctvlacetone (2.8 g, 0.02 mole)



wag added dropwise with stirring. A4 vidte precipitate was obtained. It was
filtered and recrystailized from etlyl alecohol; m.p. 98°C. The product was

identified as bis{3-allylacetylacetonato)zinc(II) tetrahydrate.

(viii) With Some Other Metal Iong
On boiling ethanolic solution of either Mn(II), Cr{III), Cd(II),
Co(IIX), La(II1), U02++ or A1(III) (0.01 nole) with magnesium or zinc metal
(0.01 mole) and 3-allylacetylacetone (C.03 mole), no product formation was

Observed.

2.32 3-Propylideneacetylacetone

(1) With Hagnesium Metal and Copper(II)

Copper(II) chloride dihydrate, CuCl,.2H,0, (1.7 g, 0.01 mole) was
dissclved in 200 ml of ethyl alcohol. To the solution, magnesium mectal
(0.2 g, 0.01 mole) and 3-propylidencacetylacetone (4.2 g, 0.03 mols) were
added. The mixiure was refluxed for one hour. The solution was filtered, and
ethyl alcohol was evaparated completely. The green residue was washed with
distitled water and low-boiling petroleum ether, respectively. The product
was recrystallized from meihanol; m.p. 160-162°C (with decomposition).
The orodvct was identified as bis(3-propenylacetylacetonato)copper(II),
The reaction was repeated using zinc metal (0.65 g, 0.01 mole)

instead of magnesium and the same product was obtained.



(ii) With Magnesium Metal and Berylliwa(II)

Beryllium(II) chloride, BeCly, (0.79 g, 0.0l mole) was dissolved in
200 ml of ethyl aleohol. To the sclution, masnesium metal (0.2L g, 0.01 mole)
and 3-propylideneacetylacetone (L.2 g, 0.03 mole) were added. The mixture was
refluxed for zbout half an hour. The solution was filtered; ethyl alcchol was
evaporated completely. The residue weos dissolved in 10 ml of benzene snd
filtered to remove any bengene insoluble wmateirial, the product was pracipitated
by the addition of excess low-boiling petroleun ether. The product obtained by
this method is white; m.p. 52°C.

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

then the same reaction was reocoted using zine metal (0.65 g, 0.01 mole)

instead of magnesium, the same product wos obtelned.

(i1} With Magnesium Metal and Iron(IIX)

Iron(III) chloride hexahydratc, FeCl,bH,0 (2.66 g, 0,01 molc) was
dissolved in 200 ml of ethyl alcohol. To the solution, magnesium metal (0.243 g,
0.01 mole) and 3-propylideneacetylacetone (L.2 g, 0.03 mole) were added. The
mixture was refluxed with stirring for about half an hour, The solution was
filtered to remove any unreacted material; etiyl aleohol was evaporated completely.
The deep red residue was dissolved in mothanol, and the product was precipitated
by addition oi water. It was dried under vacuum; m.p. 115°C.

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

When the ssme reaction was repeated wsing zinc metal (0.65 g, 0.01 mole)

instead of wmagnesium, the same product was obiained.



(iv) With Hagnesium Metal and Nickel(II)

Wickel(II) chloride hexahydrate, NiCly.6Ha0 (2.37 g, 0.0l mole) was
dissolved in 200 ml of ethyl alcohol. To the solution, magnesium metal (0.243 g,
C.01l mole) and 3~propylidencacetylacetone (L2 g, 0.03 mole) were added. The
mixtore was refluxed for one hour. The solution was then cooled to room tempera-
ture, and 10 ml of concentrated aqueous sumonia was added with stirring. The
solution was evaporated completely. The grecnish-blue residue was washed with
distilled water and excess low-boiling netrolcum ether, respectively; m.n. 164°C.

The product was identified as bis(3-propenylacetylacetonato )diammine-
nickel{II).

The reastion was repeated using zine metal (0.65 g, 0.0l mole) insicad

of magnesiwa netal; the same product was obtalned.

(v) With ilagnesium Metal and Cobalt(IT)

Cobalt(II) chloride, CoCl,, (C.65 g, 0,005 mole) was dissolved in
200 ml of ethyl alcohol. To the solution nagnesium metal (0.122 g, 0,005 mole)
and 3-propylideneacetylacetone (2.1 g, 0.01l5 mole) were added. The mixture was
refluxed with stirring for about 15 minutes. Pyridine (10 ml) was added to the
solution, The¢ green solution obtained was refluxed for 15 minutes. The solution
was then cooled to room temperature., Ams solid material that formed or remained
in the mixture was removed by filtration, The brown solution cbtained waos
evaporated completely and the product was dricd under wacuum. The product
prepared by this method is deep brown, m.p. 92°C. The product was identified

as bis(3-propenylacetylacetonato Jdiprridine cobalt(II).
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Then the same reaction was repcoted using zine metal (0.32 g, 0.005

mole) instead of magnesium, no product could be isclated.

(vi) With Hagnesium Metal and Palladium(II)

Palladium(II) chloride, PdCly, (0.5 g) was added to 200 ml of ctiyl
aleohol. To ths mixture magnesium metal (C.08 g) and 3~-propylidencacetyleccteons
(1.5 g) were added. The mixture was reiluxed for two hours. The solution was
cooled to room temperature to remove any unreacted magnesium metal or any
precinitate formed. The clear solution was evavorated completely. The yellow
residve wos washed with distilled water and low-boiling petroleum ether,
respectively. The product obtained Ly +this wethod is yellow; m.p. 127-130°C
(with decomdosition). It was identificd as bis(3-propenylacetylacetonato)-
patliadiwn(II) dihydrate.

then the same reaction was rcicated uwsing zinc metal (QW4 =)} instead

of masnesium, the same product was obteined.

{vii) With Zinc{II)

Zinc(II) chloride, ZnCl,, (1.36 g, 0.0 mole) was dissolved in 15 ml
of distilled water, the solution was treated with concentrated aguecus ammonia
{10 ml), The soclution was stirred until a cleor solution was obtained. To
the resulting solution of Zn(NH3)4++, 3-proprlidencacetylacetone (2.8 g, 0.02
mole) was added dropwise with stirring. A white precipitate was obtained.

The product was filtered and recrystallized fram ethyl aleohol; m.p. 105-207°C.

The product was identified as bis{3-propenylacetylacetonato)zinc(IT)

tetrahydrate.
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(viii) With Some Other Metal Ions

On boiling ethanolic solution of cither Mn(II), Cr(IXI), CA(II),
Co(III), I~{I31), U03++ or AL(III} (0.0L mole) with magnesium or zinc metal
(0.01 mole) and 3-propelydineacetylacctone (0.03 mole), no product formaticn

was observed,

2.33 3-Bthylidencacetylacetone

On boilin; ethenolic solution of either Cu(II), Be(II), Fe(IIL), Hi(II),
er(II), 0", or 41(III) (0.0l mole), in the form of metal chloride, with
magnesima or sinc metal (0.0l mole), and 3-cthylidentacetylacetone, no product

formation wos observed.

2.4 letal-ictel Erchange in the Reactions of Olefin-Substituted Acetylacetonates

.........

Qlefin-substituted acetylacetonotes of sone metals wers prepared by the
reaction of the metal salt with bis(3-allylecetylacetonato)zine(II) tetranvdrate
or bis(3-propenylacetylacetonato)zine(il) tetraiydrate with the metal chloride

to yield the corresponding metal olefin-substituted acetylacetonate.

2.1 Reactions of Bis(3-allylacetylacctonate)zine(II) Tetrahydrate With Metal

Chlorides
(1) Qopngqglzl Chloride
Copper{II) chloride dihydrzte (0.175 g, U.001 mole) was dissolved in

100 ml of ethyl alechol. To the solution, Zn{3-allylacetylacetonate )y .lfi0
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(0.415 g, 04001 mole) was added. The mixturc was refluxed with stirring for
half an hour, BEthyl alcohol was then evaporated. The grey residue obteincd was
washed with distilled water and dried under vacuum; m.p. 190°C.

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

(ii) Beryllium(II) Chloride

Boryllium(IT) chloride (0.1 g, 0.0013 mole) was dissolved in 100 ml
of cthyl alcchol. To the solution Zn(3-allylacetylacetonate), lH,0 (0.l15 g,
0,001 mole) wes added. The mixture wes refluxed for half an hour. Ethyl aleohol
wag then evaporated completely. The rosidue wes dissolved in 10 ml of benzene;
the soclution was filtered to remove any bonzcene-inscluble matter. The pale-
yellow crystalline product was precipitcted irom the bengene solution by the
addition of excess low-boiling petrolewn cther; m.p. 49°C.

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

(iii) Iron(III)} Chloride

Iron(III) chloride hexahydratc, FeCls.6H;0, {0.15 g, 0.0005 mole)
was dissolved in 100 ml of ethyl alcohol. To the solution, Zn(3-allylacetyl-
acetonate ) JLH,0 (0.3 g, 0.00075 mole) was odded. The mixture was refluxed
with stirring for half an hour, The solution was cooled to room temperature;
ethyl alcchol was evaporated completely. The deep red residue was dissclved in
methanol and the red product was precipiteted by the addition of water., It
wes filtered and dried under vacuum; m.p. 65-66°C. The product was identified

as tris(3~allylacetylacetonato)iron(IiI),
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(iv) Palladium(IT) Chloride

Palladium(II) chloride, PdCl,, (0.10 g) was added to 100 ml of ethyl
alcohol. To the mixture, bis{3-allylacetrlacetonato)zinc(IT)tetrahydrate (0.2 g}
vas added. The mixture was refluxed with stirring for half an hour., The sclution
was cooled to room temperature and filtered to remove any precipitate Lformed.
The clear solution was evaporated completely. The yellow residue was washed
with distilled water and low-boiling netrolewn ether, respectively. The product
melts at 185-188“C (with decomposition), It was identified as bis(3-allyl-

acetylacetonato)palladium(II).

(v) Cobalt(II) Chloride and Nickel(IT) Chloride

On boiling ethanolic solution of either Co(II) or Ki(II), in the
form of metal chloride, with bis(3-allylacetylacetonato)zinc{II)tetrahydrate,
no product formation was observed, The same reaction was repeated using pyridine

as synergic reagent, but, again, no product :iormation was observed.

2.42 Reactions of Bis(3-propenylacetylacetonato)zine(II)Tetrahydrate With Metal .

Chlorides

(i) Copper(II) Chloride

Copper(II) chloride dihydrate {0,175 g, 0.001 mole) was dissolved in
100 ml of ethyl alcohol. To the solution, bis(3-propenylacetylacetonato)zine(IT)
tetrahydrate (0,415 g, 0.001 mole) was added. The mixture was reflwxed with
stirring for half an hour. Ethyl alcohol was then evaporated. The green residue

was washed with distilled water and lou-boiling petroleum ether. It was dried
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under vacuum to yield the product; m.p. 163-164°C (with decomposition).

(i1) Beryllium(II} Chloride

Beryllium(II) chloride, BeClp, (0.1 g, 0.0013 mole) was dissolved in
100 ml of ethyl alcohol. To the solution, bis(3-propenylacetylacetonato)zinc(II)
tetrahvdrate (0.415 g, 0.001 mole) was added. The mixture was refluxed with
stirring for about half an hour. Ethyl =lcohol was then evaporated completely.
The resvlting residue was dissolved i L0 wml of bengene and the sclution was
filtered to remove any benzene-insoluble weterial. The product was precipitated
as white crystals by the addition of cxcess low-boiling petroleum ether;
m.p. 52-53°C. The product was identiliec as bis(3-propenylacetylacectonato)-

berylliwm(II).

(iii) Iron(III) Chloride

Iron{II1I) chloride hexahydrate, FeCl;.6H;0, (0.1L g, 0.0005 mole)
vas dissolved in 100 ml of ethyl alcohol. To the solution, bis{3-propenylacetyl-
acetonato )zine (II)tetrahydrate (0.3 g, 0,00075 mole) was added. The wmixture
was refluxed with stirring for half an howr. The solution was then cooled %o
rooan temperature; ethyl alcohol was evaporated completely. The deep-red residue
was dissolved in methanol and the red product was precipitated by the addition
of distilied woter. It was filtered and dried under vacuums m.p. 114-115°C.

The product was identified as tris(3-propemilacetylacetonato)iron(III).
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(iv) Palladium(II) Chloride

P211aiium(II) chloride, PdCly, (0.1 g) was added to 100 ml of ethyl
alcohol., To the mixture, bis(3-proveiylacet:lacetonato)zine(II)tetrahydrate
(0.2 g) was added., The mixture was rcfluxed with stirring for half an hour,
The solution was cocled to room temperature and filtered to remove eony precipitate
formed. The clear solution was evapersted completely. The yellow residue was
washed with distilled water and low-boiling netroleum ether, respectively. The
product melts at 128-131"C (with decomosition). The product was identified as

bis(3~propenylacetylacetonatoypalladiwa (I )dihydrate.

(v) Cobalt(II) Chloride and ickel(Il) Ciloride

On boiling ethanolic solutiocn of either Co(II) or WNi{II), in the
forti of metal chloride with bis{3-propenylacetylacetonato)zine(II )tetrahydrate,
no product formetion was observed. Tho reaction was repeated using pyridine

25 a syncergic reagent, no product formation was observed, either.

2.5 Polymerization of Olefin-Substituted Acetylacetonates

2.51 Suspension Polymerization of bis(3-allylacetylacetonato)comper(IL)

4 fine suspension of calcium ohosphate, Cay(PO4)s, was prepared by
addition of calecium chloride, Call,, (10% ag. sol. 2.5 ml) in water to a slowly
stirred mixture of sodium phosphate, ¥a,P0,, (10% agq. sol. 1.2 ml) and aqueous
ammonia (0.88, 1,6 ml) in 73 ml of waterrs The suspension promotes the dispersion
of the monomer, bis{3-allylacetylacetonato)Copper(II)s Benzoylperoxide (C.5 g} was

dissolved in 10 ml of water and added to the sciution. Bis{3-allylacetyl-
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acetonato)copper(II}, (L.0 g) was dissolved in 25 ml of chloroform and added
to the solution. The mixture was refliured with stirring at 90°C for thuwee
days, The solution was then cocled to room temperature, and chloeroform was
evaporated., The solution was then filtered and the precipitate was washed
several times with hot water. The product was decomposed, and the ligand was
recovered and identified by its NMR spectra. The NMR spectrum of the product
was icentical <o that of 3-allylacetylacetone, suggests that no polymerization

took place.

2452 Polymerization of bj.s(3-allylat_cp"t-igi}g:c_e_ftq;}ato)beryllim(II)

To a solution of bis(3-allylacet:lacetonato)beryllium(II) (2.0 g in 100 ml
of Lenzene), 1.0 g of benzoylperoxide was added. The solution was refluxed with
stirring for two days. At the end of this »eriod, benzene was evaporated. The
product was decomposed, and the ligand was recovered and identified by WLiR. The
NMR spectrum showed 5 peaks with relative areas of 2:1:2:;1:6 centered at 5.1,
Be3;, Tel, Loli and 8,17 , respectively. This is characteristic of the iR of

3~aliylacetylacetone, suggesting that no nolymerization tock place.

2.6 Getalytic Hydrogenation of Bis(3~allylecciylacetonato)copper(IT)

To 200 ml of dichloromethane, bis(3-allrlacetylacetonato)copper(II)
(8.0 g), cis-dichlorobis{triphenylphosnhine)platiniuwm(II) (1.0 g), and stannous
chloride dihydrate, SnCl;.2H,0, (2.5 g) werc added. The mixture was placed in
the antoclave under 400 psi hydrogen at 75°C. It was stirred for cight hours.

It was then cooled and removed from the autoclave; the solution was evaporated



under vacuum to one-third of its volume. Low=boiling petroleum ether was added
in excess with stirring, the solution was filtered to remove any precipitate
formed. Dichloromethane and petroleum ether were removed by evaporation under
vacuum. The remaining solution was distilled under vacuum. The fraction with
bep. 86°C (20 mm) was collected. Tts NYR spectrum did not show any peaks

corresponding to olefin hydrogen.

2.7 Decomposition of Olefin-Substituted Acetylacetonates

In order to identify coordinated substituted acetylacetonates the complexes
containing them were decomposed with agueous potassium cyanide and the olefin-
substituted acetylacetone was extracted with anhydrous ether by the following
general procedure:

Potassium cyanide, KCN, (1.0 g) was dissolved in 25 ml of water. To the
golution, 1.0 g of the complex was added with stirring until a clear solution was
obtained. The solution was extracted with two 25 ml-portions of anhydrous ether.
The cther solution was dried over sodium sulfite. BEther was evaporated, and the

ligand was recovered and identified by NMR and IR spectrophotometry.

2,8 Instrumental

Infrared spectra were recorded using o Perkin-Elmer 137 and Perkin-Elmer 621
grating speetrophotometers. Neat liquid £ilms were used for the ligands and KBr
pellets for the complexes.

Melting points and decomposition points (uncorrected) were taken using
Mel~Tamp apparatus.

Elemental analyses for carbon, hydrogen and nitrogen were run using a

Perkin-Blmer 240 CHN analyser.
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Homogencously catalyzed hydrogenstion was carried out in a 3-liter Parr
pressure reaction apparatus, series 1500, equipped with a glass liner, an internal
stirrer driven by an electric motor and a 1500 watt heater. Temperature wes
controlled with the autotransformer connected to the heater.

R spectra were run using a Varian A-60 D instrument, in carbon tetra-

chloride,
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3. RESULIS

e i

3.1 Reactions of Olefin-Substituted Acetylacetones With Metal Ions

3-Allylacetylacetone was reacted with copper(II), beryliium(II), iron(IIL),
nickel(IT), cobalt(II) and palladium(II}, in the form of metal chloride, in
the presence of magnesium metal. The recults of these reactions are listed in
Table I,
Table 1

Reactlons of 3-Allylacetylacetonce Vith fietal Ions In The Presence of

Hagnesium Metal
Metal Selt Product Golor M.p. (°C)
Cull, +2H,0 Cu(alacac)a* Crey 192 (dec)
BeCl, Be (alacac), Pale~yellow L8-L9
FeCl, .6H,0 Fe(alacac), Deep red 67
CoCl, Co(alacac), (py)z.H0 Browm 86-88
WiCl, JOHL0 #i(alacac); (NH3 )z Greenish-blue 178
PACL, Pd{alacac), Yellow 185

[ T m n e T

— A R e s —m A w—epm e T R P

# alacac = 3~allylacetylacetonate ion.
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3-Allylacetylacetons was reacted with zinc(II) chloride in aqueous solution.
The colorless product obtained was identified as Zn(3-alacac)s J4H 0, m.p. 96°C.

3-Allylacetylacetone was reacted with copper{II}, beryllivm(II), iron(III),
nickel(II) and palladium(II), in the form of metal chloride, in presence of

zinec metol. Thz result of these reactions are listed Table II.

Table II

hezctions of 3-Allylacetylacetone With ietal Tons In The Presence of

Zinc HMetal

Hztal Selt Product Golor 1P, (°C)
(uCl, 2H50 Cu(3-2lacac), Groy 192 {dec)
BeCl,, Be(3-2lacac), Pale-yellow 49-50
FeCl, Fe(3-alacac), mep red 67

Nifl, .AH,0 Wi (3-alacec), (WH, )5 Greend sh-blue 177

Pacl, Pd(3~-alacac), Yellow 185

P S U — Tk D A e TR e mwmte

Tha infrared spectra of the coupounds obtained by the reactions of 3-allyl

acetylacetone were recorded in the range 1,000 cm™ to 650 em~1, The absorptien

(12,13,1k)

bands observed and their assignment are listed in Table IIT along with

those of the frec ligand for comparison,



-2l -

Table IIT

L

IR Frequencies (em™1) of Same 3~-Allylacetylacetonates

Mode 3~Allylacetylacetone Cu(alacac); Fe(alacac); Be(alacac)s
C=0 stretching 1715(s) 1570(s) 1570(s) 1580(s)
C=C stretching 1650(s) 1655(s ) 1655(s) 1655(s)
=C-H stretching 3030(m) 3030(s) 3030(s) 3030(s)

0~H stretching 3450(w) S ———— ———

C-H deformation 990(s ) $90(s) 95(s) 1010(s )
00(s) 505 (s) 900(s) 51.0(s)
Unassigned 1425(vs) 1450(vs) 1,,50(s) 155(s)
1330(s) 1L10(w) 1350(s) 1350(b)
1215(w) 1385(s) 1320(s) 1300(s)
1155(s) 1280(s) 1275(vs) 1200(m)
1020(w) 1160(s) 1220(w) 1110(s)
7h5(b) 1110(w) 1200(w) 1055(sh)
1020(s} 1160(vs ) 950(vs)
935(s) 1055 (w) 935(s)
B70(w} 1020(m) 830(s)
755(b) 940(s) 750(b}
870(w)

760(b)



Table IV contin'd

Mode Ni(alacac)p(MHa)s GCo(alacac)s(py)a Ha0 Pd(alacac), Zn(alacac)z.hH,0
C=0 stretching 1585(m) 1595(s) 1560(s ) 1605(s)

C=C stretching 1650(m) 1650(m) 1645(m) 1650(w)

0-H stretching ---- 3450(b) -—— 3150{b)

=C-H deformation 985(m), 900(s) 990(s), S10(s) 970(w), 905(s) 985(s), 930(s)
N-H stretching 3L00(b) J—— —r ———

C-H aromatic -———— 750(k}, 690(s) ——— —~———

out of plane deformation

C~H in plane deformation 1225(w), 1160(w)
1055(w), 1030(w)
=C=H strotching 3000(s) 3036(s) 2950(=s) 3030(s)
Unassigned 2950(s ) 1975(w) 1510(w) 1430(vs)
1690(w) 1925 (w) 1430(b) 1360(vs)
1425(s) 1850(w) 1360(b) 1325(w)
1340(w) 1690(w) 1260{s) 1245 (w)
1260(va) 1470(sh) 1205(s) 1260(vs)
1210(vs) 1390(b) 1145 (w) 1200(s)
1155(s) 1000(w) 1095(b) 1150(s)
1105(m) 9L0(vs) 930(s) 1010(b)
1020(vs) 895 (w) 755(m) 940(s)
930(s) 865(a) 725(b) 900(m)
860(m) 865(b)

755(b) 750(b)
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3~-Propylideneacetylacetone was reacted with copper(IIl), berylliué?’iron{lil),

nickel (I1), cobalt{II} and palladimm{II), in the form of metal chloride, in the
presence of magnesium metal. The results of these reactions are listed in
Table IV.

Table IV

Reactions of 3-Propylideneacetylacetone dith Metal Ions In The Fresence

of Magnesium Metal

Metal Salt Product Golor e, (°0)
Culy 21,0 Cu(pracac), Green 160-162 (dec)
BeCl, Be(pracac), Colorless 52

FeCl,.6H,0 Fe(pracac), Brownish~-red 115

Coll, Co(pracac ), (py)s +HpO Brown 92

NiCl,.6H,0 Hi(pracac), (WH; ), Greenish-blue 164

P4Cl, Pd(pracac), .2H,0 Yellow 127-1.30 (dec)

-——caoan o= - P S T, mmm s - s

¥ pracac = 3~propenylacetylacetone ion

3-Propylideneacetylacetone was reacted with zinc(II) chloride in aquecus

solution., The colorless product obtained was identified as Zn(pracac), .LH,O,

m.p. 105-107°C.

3-Propylideneacetylacetons was reacted with copper(II), beryllium{II),

iron(II1), nickel(II) and palladium(II), in the form of metal chloride, ia

presence of ginc metal. The results of these reactions are listed in Table V.
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Table ¥

Reactions of 3-Propylideneacetylacetone With Metal Tons In The Presence

P

of, Zing, Hotal

o

Hetal Salt Product Golor M.2. (°C)
CuCl, .2H, 0 Cu(pracac), Green 160-152 {dec}
BeCl, Be(pracac), Colorless 52

FeCl, .6l 0 Fe(pracac)s Brownish-red 115-116
NiCl,.6H0 Ni(pracac), (MH, )5 Greenish~blue 16k

PdCl, Pd(pracac),; .2Hz0 Yellow 127-128 (dec)

- . k.o R R Y

The infrared spectra of the compounds obtained by the reactions ci
3=propgylideneacetylacetone were recorded in the range H000 em™ +to 650 cu™?.
The absorption bands observed and their assigmment are listed in Table VI

along with the free ligand for comparison.
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Table VI

IR Frequencies (cm™!) of Scme 3=-Propenylacetylacetonates

Mode 3-Propylideneacetylacetone Cu(pracac), Be{pracac), Fe(pracac)y
C=0 stretching 1700(s ) 1565(s) 1575(s) 1565(s )
C=C stretching 1620(s) 1635(s) 1635(s) 1630(s)
=C-H stretching 3030(m) 3020(m) 3020(m) 3010(m)
=C-H deformation 830(b) 930(s) 860(b) 925(s}
670(m) 695(m) 750(b) 780(s)
Unassigned 1h55(s) 1420(s) 1475(s) 1h25(s)
1290(s) 1370(s) 1370(b) 1345(m)
1250(vs) 1295(s) 1300(s) 1260(m}
1165(s) 1260(m) 1175(vs) 1180(w)
1105(s) 1180(s) 1110(sh) 1015{w)
980(m) 1025(s) 1050(sh) 980(sh)
L5 (b) 1000(m) 950(s) 960(s)
720(s) 970(vs) 940(m)

760(s ) 756(s) 910(b)
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Table VI contin'd

Mode Ni(pracac)s(NH;). Co(pracac)a(py)s «HaO Pd(pracac),.2H,0 Zn(pracac), JiHz0
0=0 stretching 1580(m) 15%0(s) 1585(s) 1600(s)
C=C stretching 1630(s) 1625(s) 1690(a) 1630(w)

=C-H stretching 3020(m) 3030(m) 2985{(m) 30L0(m)

- 0-H stretching  =-~- 3500(b) 3400(p) 3450(b}

N-H stretching  3450(b) w——— -— ——

=0-H deformation 915(s), 765(s) $20(s), 715(s) 920(s), 770(s) 910{(s), 765(b)
C-H aromatic, out =--- 755(s) 710(s) ~——— ——

of plane deformation

C~H in plane ——- 1065(s), 1040(s) S e
deformation 1210(s), 1165(s)

Unassigned 1510(m) 1445 (vs) 1520(w) 1520(w)

1430(sh) 1400(vs) 1450(b) 115(b)

1375(vs) 13L0(s) 1370(vs) 1365(b)

1260(m) 1275(s) 1280(m) 1320(vs)

1180(sh) 12L0(w) 1180(w) 1260(s9)

1020(b) 1010(w) 1020(m) 1210(vs)

970(=)} L70(w) 970(m) 1170(s)

930 (w) 1010(s)

990{m)

962 (vs)



3.2 Reactions of Olefin-Substituted Acetylacetonates of Zinc(II} With Metal Salts

Bis(3-allylacetylacetonato)zin(II) tetrahydrate was reacted with copper(II),
berylliwm(IT) iron(IIT), nickel(II), cobalt(II) and palladium(II)}, in the form

of metal chloride. The results of these reactions are listed in Table VII.

Table VII

- mwem o

Somo Hetel Salts

-

Metal 5a Product Solor M.P. (°0)
CuCl, 2H,0 Cu(alacac), Grey | 190 (dec)
BaCl, Be(alacac), Pale-yellow - L9

FeCl; .6H30 Fe(alacac), Jeep red 65~66
NiCl, 6H,0 No product ——— ——
CoCl, No product —— -_——
PdCl, Pd(alacac), Yellow 185-188

—— . e =t m 4 meAE 4 oa o om o= — 3

The IR spectra of these complexes arc siuilar to those listed in Table IIT.

Bis(3-propenylacetylacetonato)aine(1I) tetrahydrate was reacted with
copper{IL), beryllium(II), iron(III), nickecl(II), cobalt(II) and palladium(II).

The resuits of these reacticns are listed in Table VIII.
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Table VIIL

Reactions of Bis{3-propenylacetylacctonato)zine(II) Tetrahydrate With

Metal Salt
Cull, .2HR0
BeCl,
FeCl 5.6H;0
NiClp J6H,0
Coll,
Pdle

roduct
Cu(pracac),
Be(pracac},
Fe(pracac)a
Nd product

No product

Pd(pracac), .2H,0

Some rHetal Ions

- pm s

Coloriess

Browmish-red

163-16L (cec)
52-53
114-115

.

- - -

128-131 (dee)

The IR snectra of these complexes are similar to those listed in Tabld VI.

The results of the aznalyses for carbon, hydrogen and nitrogen for the new

complexcs reoorted in the present work are listed in Table IX.



Table IXL

B T e

Elemental Analyses For Some Metsl Complexes of 3-Allylacetylacetone

——

And 3-Propylidenecacetylacetone

Compound cA _HE N7

Co(alacac),(py)s HaO Cale., 60,81 6.66 5.5
Caallz,0s8:Co Found 61.0¢ 6.30 5.69
Pd(alacac)s Calc. 49.95 5.72 ———
CzeHa20,Pd Found 50.16 616 ———
Zn{alacac)p 410 Calc. h6.23 7.24 _—
CyeHag0s2n Found L5.59 6,96 ——
Pd(pracac), «2H,0 Cale. L5.67 6.22 ———
CieHagOpPd Found 5,53 5.59 ——
Zn{pracac), JUH,0 Cale. 146,23 7.24 ——
C16ta00s20 Found L6.49 6.87 ———m

et L o8 . g PP -

Other compounds which have been proviously reported were identified by

(2),

compariscn with authentic samples prepered by literature methods
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3.3 EEEE%%QEE.Of SOEE_Olefin-Substitquqggggzg;ﬁpetonates

3.31 Suspension polymerization of bis(3-allylacetylacetonato)copper(II)

Bis(3-allylacetylacetonato)copoer(Ti) was refluxed in calcium phosphate
solution in the presence of benzoylpero:zide as a catalyst. The product was
decomnosed, and the ligand was recoverec. The WMR specurum of the recovered
ligand was identical to that of 3-allylacetylacetone. This suggests that no

polymerigzation was effected.

PONPYEEI A

Bis{3-allylacetylacetonato)beryliiwi{II) was refluxed in benzene
solution in the presence of the catalyst beongoylperoxide. The product was
decomposed, and the ligand was identified by MR, Its NME spectrum was identical

to that of 3-allylacetylacetone, indicating that ne polymerization toolt place.

3.33 Catalytic hydrogenation of bis(3-sllylacetylacetonato}copper(IT)

Ris(3-allylacetylacetonato)conner(LI) was hydrogenated in dichloro-
rmethane using a Pt(II1}/Sn(II) catalytic systcm. The ligand obtained after the
hrdrogenation was identified by NMR. Its HIR spectrum did not show ony peaks
corresponding to olefinic hydrogens., It is concluded that the product is

3-propylacctylacetone.



-3l -

b DISCUSSTON

The wurpose of the present work has been to: &) find = new route for the
syntheses of a;ready known olefin-~substituted acetylacetonates of sotme metals,
2} extend the 1list of known olefin-substituted acetylacetonates by preparing
new comnlexes, ¢) investigate the isomerization and hydrogenztion of olefin-
substituied scetylacetonates and, d) attempt the polymerimation of 3-allyl-
acetylacetonates,

1) Synthescs of Olefin-Substituted Acciylacetonato Metal Complexes

The prevaration of olefin-substituted acetylacetonates of Cu(II), Be(II;.
Fe{IIT) and Hi(II) hy conventional methods of recacting the metal salt with

2)

the ligand in an acveous medium has been roported.( The preparation of these
camplexces by a new, facile route has heen successfully achieved in our work.
The method involves the reaction of tho metal chloride with olefin-substituted
acetylacetone in the presence of magnesivm or minc metal in ethenolic solution,
The method gives bhigh yields which a2rc, in most cases, guantitative. The
following overall rcaction has bean observed

Mr o+ M + 2 glefacac B - (1')*7 + M (olefacac), + H, (1)
where M' = Zn or Mg metal; oclefacac I = olefin-substituted acetylacestone;
W = cu ', Be , Wi ', Co @ and Pd .
The ferric complex has also been prepaved by the same method, but the stoichic--

etry of the reaction has te be chanped to accovnt for the fermation of

FPe(olefacac)s.
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It should be noted here that the formabtion of the Ni{II) and Co{Il)
complexes wes only possible when NHg and pyridine, respectively, were included
in the system. The complexes Ni(olefaceze), (WH,)z and Co{olefacac)s (py)a
were isolated,

Thus, in addition to the preparation of the already known Cu{II), Be(II),
Ni(II) and Pe{III) complexes, the corrcsponding compounds of PA{II), Co(II),
(and 2n{II)}) cculd be synthesized for thc first time.

An additional advantage of this method is that it is carried out in
non=a2queous media, thus avoiding the problom of hydrolysis which proved to be
2 nuisance, especially with Be{(II).

3-A1llylacetylacetone, 3-provylidenecectylacetone and 3-ethylidcneacetyl-
acetone werc the olefin-substituted ccetylacetones investigated. As in tho

(2)

previous investigation no ethylideneacectylacctonato complexes could be
nrepoved., The starting meterial wag roecovered unchanged. The decomposition
of 3-cthylidencacetylacetone to unsubstituted acetylacetone and aceveldehyde

(2)

that hnd been observed in Sabri's work wos not observed in the prescnt work.
This is due to the absence of the base in our non-aqueous reactions. The bese
was sugpested to catalyze the decomposition.

As in the previocus work,(z) 3

~propylideneacetylacetone rearranged to
3-propcrylacctylacetone in which enolization is possible. The identity of
the coordinated ligund was confirmed by various analytical methods.

The reactions of neval ions with olefin~substituted acetylacetones in

the nrescacc of Zn or Mg metels apparently proceed through the formotion of

Zn(olefacac), or Meiolefacac), which tlien rcacts in a metal-metal exchange
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rroccss with the metal salt to form M(olcfacae), and ZnCl, or MgCl,, rosnec-
vively. The driving force for such reactions is the lower stability of Zn-
(olefacac), or Mg(olefacac), with respect to H(olefacac)n and the high stobility
cf HgCl, end ZnCl;. The failure to isclate the olefin-substituted acetylaccto-
nate of cither Mg or Zn by boiling an ethanclic suspension of either il or

Zn metel with either 3-allylacetyleacotone or 3-propylidencacetylacetone is
indicative of the low stability of these complexes in ethanolic solution,

To test the assumption that a metal-motal exchange process is involved in
the reaction, Zn(alacac), and Zn{pracac), werc prepared in aqueous media, end
then recacted with other metal solis. On boiling an ethanolic seolution of either
Cu(TT), Be{Il), Fe(III) and PA(II), in the form of metal chloride, with
gnther Zn(alacac)a or Zn{pracac), in thc somc solvent the olefin-substituted

acstylacevonates cf these meials were isolated. Thus,

4+

Zn{alecac), + M SHa0E L gt M{alacac), (2)

boil.

Zn{pracac), + p LellsOH 5y M{pracac), (3)
boil.
i = cu(II), Be(II), PA(II) and Fe(Ill) (with the necessary changes in the
stoichiometry of the reaction)
The stobility of metal-acetylacctonates has been investigated by several
authors by different approachcs. Nakamoto,(?) for example, used the carbonyl
strotohing frequency as & criterion for the stability of the divalent mctol-

acetylacetonatcs. He concluded that the stability or these complexes follows



the order 22 Co & M < Cugl Pd.

The stability constants of various metal-acetylacetonates were determined

(15-20)

by the glass electrode method. It was concluded from these studies

that the order of stability in metal-acetylacetonates is:

Mg . 400<Ni,<3e}<0u4?d.

The IR M~0 stretching frequency was used by Tayim and Sabri(z)

as a
criterion for the stability of some olefin-substituted acetylacetonato metal
complexes. They found that the variation of the M-0 bond with the nature of
the liganci follows the order M(acagﬂ)‘r?_}_. M(alaca\ M(pracac )n' However,
they did not compare the VM—»O of complexes of the same olefin-substituted
acetylacetone with different metal ions.

Al though VM -0 i3 undoubtedly a good criterion for stability, its occur-
rgnce in the skeletal vibration region of the IR mokes its assigmment rather
ambiguous. We therefore choose to use \’G=0 as such a criterion.

The C+#0 stretching frequencies in the complexes and their shifts from

the valves of the free ligands arc listed in Tables X and XI.

Iable X
Compound Y 0=0 Stretching Frequency (em=1) AY c=0
3~-Allylacetylacetone 1715 Y
Cu{alacac)y 1570 1k5
Be{alacac), 1580 135
Fe{alacac), 1570 145
Ni(alacac), (WH;)s 1585 130
Co(alacac), (py)s+HaO 1595 120
Znlalacac), JLHz0 1605 110
Pd(alacac)y 1560 155

DY o=y = Y=o (Heand) - o, (comlex)



Compound Y'c=0 Stretching Frequency (cm~t) DV c=0
3-propylidencacetylacetone 1700 0
Cu(pracac), 1565 135
Be(pracac), 1575 125
Fe (pracac)s 1565 135
M (pracac), (NH; ) 1580 120
Co(procac)z(py)a Ha0 1590 110
Zn{pracace ), JH,0 ' 1600 100
Pd(pracac), .2H,0 1555 5

These values suggest that for both 3-allyl and 3-propenyl metal acetylocetonates
the stability of the M-0 bonds is in the order Zn(II) < Co(II) < Ni(II)
.Qae(n) < Gu(I1)™%_Fe(111) «PA(II). This order of stability supports the
ﬁetal metal exchange mechanism. Thus, the low stability of Zn{alscac), JH,0
and Zn(pracae)gJiH,0 with respect to othor metel-olefin~substituted acetyl-
acelonates favors the formation of olcefin-substituted acetylacetonates of these
metals upon mixing the metal salt with 2Zn{alacac),.uH,0 or Zn(pracac)s.LH,0.
Moreover, it should not be surprising that no product could be isolated upon
mixing Co{II) or Ni(II) with either Zn(alacac), 4Ho0 or Zn{pracac),.lHO, in
ethanolic solution. This can be attributed to the small difference in the
stability constants of these metal complexcs and those of Zn(II) as suggested

r

by Tebles X and XI.
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It is known that a mixture of PtCly(Ph,P), and §nCl, catalyses the

(21)

hydrogenation of polyolefins to mono-clefins. The reaction proceeds

through a double-bond-migration isomerization process whereby the double bonds

(21) It was

move to & conjugated position before they arc hydrogenated.
hoped thet deuble~bond migration may be effected in olefin-~substituted metal
acetylacetonates, if they were exposcd to mild catalytic hydrogenation cenditions.
However, the mild catalytic hydrogenation of bis(3-allylacetylacetonato)-
copper{II) led to the hydrogenation of the 2llyl group and the formztion of
~bis(3-propylacetylacetonato }eopper(II), as evidenced by the absence of olefinic
protons in the NMR spectrum of the product.

The result is not surprising, since terminal double bonds are knowm to
have o great tendency to be hydrogenated. TFurther work in this respect should
include investigation of the hydrogenation (and possible isomerization) of
olefins with non-terminal deouble bonds, such as 3-propenylacetylacetonates.
At anv rate, the hydrogenation of bis(3-olcfin-substituted acetylacctonate)
complexes provides an easy route for tic preparation of 3-alkyl-substituted

metal ccetylacetonates.

3) Polymerization of Olefin-Substituted Acctylacetonates

Free radical polymerization of a suswension of bis(3-allylacetylocetonato)-
copper(II} and a benzene solution of bis(3-allylacetylacetonate )berylliwm(II)

were asttempled. Both attempis were unsvecessful.
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The failure to polymerize such complexes could be attributed to the
formation of a resonance stabilized allyl radical which is inactive towards
polymeriza'bion.(zz) The length of the olefinic chain may be an added factor.
If 3-vinylacetylacetonato complexes could be synthesized, they would stand

a better chance of being polymerized.
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