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Methods of synthesis of various types (including those containing the ferrocene structure) of bis-(g-diketones) which are of
interest as intermediates in organic synthesis, owing to their high reactivity, are described. The physical and chemical
properties of these tetraketones, due to their structural features, to the presence of four carbony! groups in the molecule,

and to ketol-enol tautomerism are examined.
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I. INTRODUCTION II. SYNTHESIS OF BIS-(3-DIKETONES)
Tetraketones, like other carbonyl compounds, exhibit
high reactivity and can therefore sgrve aspintern,)ediates 1. The RCOCH,CO-Y-COCH,COR Type
for the synthesis of aliphatic, aromatic, heterocyclic, and a. The Claisen condensation. Bis-(3-dike-

high-molecular-weight compounds.

The interest in tetraketones arose in recent years when
existing methods for their preparation were perfected and
new methods developed. The greatest number of papers
relates to the use of tetraketones for the synthesis of new
compounds, especially those of the heterocyclic series,
which have attracted the attention of both chemists and of
investigators in the sciences bordering on chemistry.
Tetraketones have been used successfully for the synthesis
of a new class of thermally stable polymers containing
macromolecules of heterocycles in chains: polypyrazoles,
polyquinoxalines, polyquinolines, and also for the obtaining
coordination polymers with various metals.

Polycoordination and polyheterocyclisation are com-
paratively new reactions in macromolecular chemistry and
their subsequent development should also extend the re-
gions of use of tetrafunctional compounds, including tetra-
ketones.

The present review considers the most abundant repre-
sentatives of tetraketones—bis-(B~diketones) of various
structures: linear, of the type

RCOCH,CO-Y-COCH,COR
and branched, of the types
[(RCO)R'CO)CH],CHR" and (RCO)(R'CO)CH-Y-CH(RCO)(R'CO).

Other tetracarbonyl compounds are not considered here,
since they have been studied less and are little used.

The review covers the periodical literature on these
tetraketones up to 1st January 1968.

tones) of the general formula
RCCCH,CO-Y-COCH,COR ,

can be obtained by two main methods: the Claisen conden-
sation and direct acetoacetylation of aromatic compounds.
The most prevalent method is the Claigsen condensation,
which consists in the treatment of a dicarbonyl compound,
usually an ester of a dicarboxylic acid (R"O0OC-Y-COOR’)
with a ketone (RCOCH,) or ethyl acetate in the presence of
sodium or potassium amide!~!. For example!:

CH;00C—Y—COOCH; + 2C4H,COCH, — C4HyCOCH.CO—Y—COCH,COC,H; + 2CH,OHL

Despite its universality this method has several limitations:
the Claisen condensation is accompanied by side-processes,
which considerably reduce the yield of the final bis-(8-di-
ketone), make it more difficult to isolate in a pure form,
and sometimes make the synthesis completely impossible.
For example, the Claisen condensation cannot be used for
making adipylbisacetophenone and pimelylbisacetophenone
(Y = [CH,), and [CH,);; R = CgH,), because under these
conditions the Dieckmann reaction takes place more
readily, leading to the formation, in the first example, of
2-ethoxycarbonylcyclopentanone in 7% yield!:
———COOC,Hs
C4HyCOCH3 -+ C;H,0C0 (CHy)s COOCaH; ~ | | o ;
~
Adipylbisacetophenone and pimelylbisacetophenone were
obtained by treatment of a suspension of the sodium salt of
the ketone in ether with the dichloride of the corresponding
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acid!. This method was used earlier for the synthesis of
certain B-diketones!~!?. It was then noted that the use of
three equivalents of the sodium salt of the ketone per one
equivalent of the acid chloride ruled out any possibility of
further acylation. ]

The Claisen condensation also has other limitations:
esters of malonic and succinic acids usually undergo an
aldol condensation and a Stobbe condensation respectively.
For example, with diethyl succinate the condensation with
acetophenone leads to the formation of an ester of an un-
saturated acid in 92% yield:

C¢HyCOCH; 4 C3H,00C (CHy)s COOC,H, —2H._,
— C4H,C (CHj) =C (COOC;H;) CH,COOC,H, .

It is interesting to note that in the condensation of di-t-
butyl succinate with acetophenone in the presence of NaH
succinylbisacetophenone was obtained in 19-34% yield in
addition to the half-ester (yield 56~64%).®

Several bis-(B-diketones) cannot be obtained by the
Claisen condensation owing to the occurrence of intermo-
lecular cyclisation. For example, 2-benzoyl-1,3-diketo-
indane was obtained in the reaction of diethyl phthalate and
acetophenone in the presence of sodium ethoxide!8:

NP

+ C¢H;COCH; — | “ I .
VY Senc
(o]

I\ CCOC,H;

LJ\COOC.H‘,

The reactions with acetone and ethyl methyl ketone take
place in a similar fashion.

The mechanism of the Claisen condensation in the syn-
thesis of bis-(B-diketones) is analogous to the mechanism
of the acylation of ketones by esters. The acylation prob-
ably takes place by a three-stage mechanism, as for the
formation of acetoacetic ester!s.

b. Direct acetoacetylation. This method
is suitable for the synthesis of only aromatic bis-(3-dike-
tones) in which R = CH,, and Y = an aryl biradical of vari-
ous structures. The method consists in the direct aceto-
acetylation of aromatic compounds with two benzene rings
byan excess ofacetic anhydride in the presence of BF,.1?,20

In comparison with the Claisen condensation this method
- does not require the use of solvents and metallic sodium
(or sodium amide), is simple and convenient to use, and
gives higher yields and purer bis-(8-diketones). With
diphenyl oxide as an example the reaction can be repre-
sented by the following overall equation:

BF-_) /z\_ . \ -
/\=\/\_o ~{__ >+ (CH0), 0 CHCO—__ p—0—{ __>—COCH,

B, cHycooHc0 L S—0—¢__»—COCH,COCH, .

The first stage of the reaction is evidently the formation
of diacetyl compounds by a Friedel-Crafts reaction.

The formation of bis-(8-diketones) from diketones can
occur either as a result of their direct C-acylation or by
the O-acylation of the diketone with subsequent C-acylation
of the resulting ester of the enol form of the diketone 2!.

The large consumption of boron trifluoride is probably
due to the C-acylation of the diketone being connected with
the conversion of both the acid anhydride and also the di-
ketone into reactive intermediate compounds, which then
participate further in the condensation.

The mechanism of this reaction has not been investi-
gated. Presumably, as for the synthesis of f-diketones ®
the acid anhydride forms a carbonium ion—of type (I) or
(O)—and the diketone a complex of the enol type, which by
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analogy with ordinary enols should correspond to structure

(IID):

BF, -
(CHyCOLO =2 CHyC=0 + CH;CO0BF;
It

CH,C=0 cxi,c"<o—v3,'F3
0 —=BF, == 0
CHCS0 cnco

an
BF"*W ?»BF3 BF,—0 (r—laFJ
- 4 \ I_ = :‘ + oH"
H,—C o—< >—c H, == CH, c—< >—o—< >—c==q1, .
:[| ‘Q- i ()
Condensation of the carbonium ion () with the enol com-
plex (II) leads to the formation of a complex of the tetra-
ketone (IV):

(BF,}) p /BF,\O
I [l
@) + @) — CHC—CH: 0 C=CH—(CCH; + 2HF »
vy

The O-acetylation of a diketone evidently leads to the pro-
ton-catalysed enolisation of the diketone accompanied by
the acylation of the enol formed. Subsequently C-acylation
of the ester of the enol form of a diketone by carbonium
ions (I) or (II) lead to the formation of an ester of the enol
form of a bis-(8-diketone), which after removal of the acid
fluoride also forms the complex (IV), 20-22

In the initial period of the reaction when there is still
little acid in the reaction mixture, a bis-(8-diketone) can
be formed only by C-acylation of a diketone. However,
with the accumulation of acid in the reaction mixture for-
mation of a bis-(3-diketone) can also take place indirectly
and in the last period of the reaction this second path can
become dominant. Since the acid which is formed as a
side-product of the reaction catalyses not only the O-ace-
tylation of ketones but also their self-condensation (aldol
type) the best yields of bis-(B8-diketones) were obtained
when the rate of introduction of BF; into the reaction was
maximal 20,

The direct acetoacetylation of diphenyl oxide, diphenyl-
methane, diphenylethane, diphenyl disulphide, and diphenyl
esters of ethylene glycol and diethylene glycol by acetic
anhydride in the presence of BF; gave the corresponding
bis-(8-diketones), the structure of which was confirmed by
a counter-synthesis by the Claisen condensation .

2. Bis-(8-diketones) of the [(RCO)(R’CO)CH],CHR” Type

Bis-(B-diketones) of this type are obtained by the reac-
tion of B-diketones with aldehydes in the presence of the
appropriate catalyst23-%,

The synthesis of bis-(B-diketones) of the
[(RCO)(R’CO)CH],CHR” type, evidently proceeds through
the formation of an intermediate product of the
(RCO)(R’CO)CH=CHR” type, which adds a second molecule
of the B-diketone by a Michael reaction, for example, in
the formation of 2-phenyl-1,1,3,3-tetra-acetylpropane
during the reaction of equimolecular amounts of benzalde-
hyde and acetylacetone?’. In a series of ingtances, for
example, in the reaction of acetylacetone with cinnamalde-
hyde?*, 2-hydroxynaphthaldehyde 2*, or salicylaldehyde 2,
the formation of an unsaturated g-diketone (CH,CO),C=CHR"
was not observed.

Bis~(8-diketones) with a trifluoroacetyl group could not
be obtained by this method, evidently because of their
hydrolytic cleavage, analogous to that of the simple 8-di-
ketones containing a trifluoroacetyl group 26-2,



Russian Chemical Reviews, 38 (8), 1969

3. Bis-(B-diketones) of the (RCO)(R’'CO)CH~Y-CH(RCO)
(R’CO) Type

Bis-(B-diketones) in which R=R’=CH, and Y is a single
bond are obtained by the reaction of a sodium salt of a 5-
diketone with iodine in ether and ethanol°-%2,

For the synthesis of bis~-(8-diketones) with R=R’=CH,,
Y =[CH,},, [CH,])s, [CH,),, and 1,4-(CH,),C.H, a method
suitable for the synthesis of monoalkylated -diketones
RCOCHR"”COR' was used, consisting in the alkylation of a
B-diketone (sodium salt of acetylatetone) with a dihalogeno-
alkane 43748,%6,57  The reaction is usually carried out in a
sealed ampoule %~ or in a high-boiling solvent3°. The
dihalogenoalkane can act as the solvent, which allows the
reaction to be carried out at higher temperatures. How-
ever, the presence of a large excess of the dihalide is un-
favourable for the reaction since it assists intramolecular
condensation.

It was found that the best alkylation conditions are the
reaction of acetylacetone (3 moles) with the dihalogenoal-
kane (1 mole) in a medium of t-butyl alcohol in the presence
of sodium t-butoxide (2 moles) under reflux with vigorous
stirring4®. 4,4’-Bis-(2,2-diacetoethyl)biphenyl and 4,4'-
bis-(2,2-diacetoethyl)diphenyl oxide were obtained by
boiling 4,4’-bis(bromomethyl)biphenyl and 4,4’-bis(bromo-
methyl)diphenyl oxide with sodium acetylacetonate in ace-
tylacetone 5.

It should be noted that the alkylation of sodium acetyl-
acetonate by dihalogenoalkanes in the synthesis of bis-(8-
diketones) takes place exclusively at the carbon atom.
Evidently for bis-(8-diketones) a type SN2 transition state
is established preferentially, in which the alkylation is
directed towards the less electronegative atom, here car-
bon.

The observed direction of alkylation agrees with the
views of Nesmeyanov and Kabachnik concerning the in-
creasing tendency to reaction with transfer of the reaction
centre (from oxygen to carbon) with increase in the ionic
character of the bond of an ambidentate anion with a metal.
Moreover, in addition to polar factors steric effects have
a great effect on the direction of alkylation52754,

Neuse and Crossland® recently described some ferro-
cene-containing bis-(8-diketones) having a linear structure
of the RCOCH,CO-Y-COCH,COR type, where Y = ferro-
cene.

1,1’-Bis(acetylaceto)ferrocene and 1,1’-bis(benzoylace-
to)ferrocene were obtained by a Claisen condensation from
1,1-diacetylferrocene by the method of Hauser and co-
workers®; 1,1'-bis(formylaceto)ferrocene was synthesised
by a modified Schlégl method!?, which included condensa-
tion of 1,1’-diacetylferrocene with ethyl formate.

A mechanism has been proposed for the acylation of
diacetylferrocene in the presence of potassium amide,
which takes place through the formation of the intermediate
cyclic carbanion (I) and dianion of the bis-~(B-diketone) (II),

according to the scheme:
.c=o OCHCOR
Lo L

Fe CH™ ———> (7:HCOR —
CH H,

3 3 H,
m lKN ?

coc':HcoR coEHCOR

. RCOOR' |
Fe - Fe
|

-COCHCOR

COCHJ «
an
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The authors note that the introduction of the second acyl
group is easier than the first which can be explained by the
better solubility of the dipotassium salt of the dicarbanion
(II) compared with the dipotassium salt of the dianion (I),
and possibly also the isomerisation of cig-dianion (II) into
the trans-configuration as a result of the repulsion of the
negative charges of the two side chains .

III. PHYSICAL PROPERTIES AND STRUCTURE OF THE
BIS-(B-DIKETONES). KETO-ENOL TAUTOMERISM

Most of the bis-(3-diketones) described above are crys-
talline substances with rather high melting points. The
overwhelming majority of the bis-(8-diketones) give a spe-
cific cherry-red colour with a methanol solution of FeCl,.

A characteristic feature of the bis-(B-diketones) is the
keto—enol tautomerism which has been studied in detail by
the example of dicarbonyl compounds 8. In recent years
a significant contribution to the development of a quantita-
tive theory of keto—enol equilibrium by the example of 8-
diketones has been made by Kabachnik and coworkers 59-62,

Since linear bis-(8-diketones) of the type RCOCH,CO-
Y-COCH,COR can be regarded as derivatives of benzoyl
acetone and branched bis-(8-diketones) of the [(RCO),CH],Y
and [(RCO)(R'CO)CH],CHR'" types as 3-substituted acetyl-
acetone. They will possess to a considerable extent the
keto—enol equilibrium found for g-dicarbonyl compounds.
However, there are some specific features in the keto-
enol tautomerism of bis-(B8-diketones), owing to the pecu-
liarities of their structure.

As an investigation of their infrared and ultraviolet
spectra showed, bis-(8-diketones) of the RCOCH,CO-Y~-
COCH,COR type exist predominantly in the cis-enol form
in the solid state and in 95% ethanol solution!. This is
shown by the absence of absorption characteristic for the
carbonyl group in the infrared spectra of almost all the
bis-(B-diketones) studied (in the range 5.7-5.9 um), except
for oxalyldiacetone and adipyldiacetone. Furthermore,
the 16 bis-(B-diketones) studied have either one or two
absorption bands of high intensity (in the range 6.2-6.5 um)
ascribable to an enol chelate bond. The absence of hy-
droxyl absorption in the spectra of ten of the 16 bis-(8-
diketones) (2.95 um region) is evidently due to its displace-
ment and the superposition of the bands of the stretching
vibrations of the C-H bonds. A similar effect was ob-
served earlier in the spectra of acetylacetone and other
enolised B-diketones, which was explained by the influence
of the strong intramolecular hydrogen bonds 22,55,68,64,

The position of the enol-chelate bonds in the infrared
spectra is determined by the structural features of the
bis-(B-diketones). Thus, the enol-chelate bands in seb~
acylbisacetone are found at 6.08 and 6.24 pm, and in oxal-
yldiacetone at 6.25 and 6.33 um. This displacement is the
result of the great degree of conjugation possible in oxal~
yldiacetone. Replacement of the alkyl terminal groups in
the latter by phenyl groups increases the degree of conju-
gation and correspondingly the oxalyldiacetophenone has
an enol—chelate band at 6.25-6.40 um.?

When two 8-diketone groups are separated by a methyl-
ene chain there is less conjugation. Thus succinyl-,
pimelyl-, suberyl-, azeloyl-, and sebacyl-diacetophenone
have enol-chelate absorption at 6.20 and 6.34 um.*

The position of the keto—enol equilibrium is significantly
affected by the nature of the solvent. It is found that a
tendency for bis-(B-diketones) to exist in the keto-form is
more pronounced in tetrachloroethylene than in the solid
state. As studies of the ultraviolet spectra showed, in
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95% ethanol bis-(B-diketones) of this type exist predomi-
nantly in the enol form?!. A displacement of the position
of the enol band in the ultraviolet spectra of the bis-(8~di~
ketones) to the side of 310 nm can be qualitatively con-
nected with conjugation, which appears in the presence of
terminal phenyl groups and/or phenylene bonds. For
example, when R = phenol and Y = a methylene chain, the
enol band is noted at ~ 312 nm (succinyldiacetophenone
320 nm, and oxalyldiacetophenone even 333 nm); tereph-
thalyldiacetone has absorption at 340 nm, isophthalyldi-
acetophenone at 357 nm, and terephthalyldiacetophenone
at > 360 nm.

For certain bis-(B-diketones) the enol content has been
determined quantitatively from the ratio & /8’e (8m is
the observable extinction at 310 nm, where the absorption
of the keto-form should be insignificant, and &, is the
extinction of the pure enol), and on the basis of PMR spec-
tra. The calculated concentrations of the enol in 95%
ethanol for the following bis-(8-diketones) are: suberyldi-
acetophenone 77.8%; azelyldiacetophenone 82.8%; sebacyl-
diacetophenone 88.4%; and 4,4’-bis(acetoacetyl)diphenyl
oxide 100%. 1,5

On the basis of the results of spectroscopic investiga-
tions and also the inertness of bis-(B-diketones) of the
RCOCH,CO-Y-COCH,COR type in certain reactions in
which the ketonic form is absent, the following structure
was attributed to them:

R—C~—Cl}—~C—Y—C—CH—C—R
Q, -0 (o] 0
S N’

Evidently, as a result of the enolisation of the bis-(8-
diketones) a claw-shaped complex (chelate) is formed and
the fractional negative charge arising on the carbon is
delocalised between the carbon and carbonyl-oxygen atoms,
which leads to the stabilisation of the molecule and a de-
crease in its reactivity?!®.

It should also Le noted that the keto-enol equilibrium in
the bis-(B-diketones) is extremely stable. Unlike the
usual mobile keto-enol equilibrium known in acetylacetone,
acetoacetic ester, and other g-diketones, the principal enol
form is retained and reacts even in solutions of these bis-
(B~diketones).

Bis-(8-diketones) of the [(RCO)(R’CO)CH],CHR" type
(the so-called branched tetraketones) exist predominantly
in the keto-form in the solid state according to the infrared
gpectra. This is shown by the intense carbonyl absorption
at 5.77—5.85 um and the weak absorption in the 6.25 um
range, characteristic of enol~keto absorption. In the
infrared spectra of the bis-(8-diketones) of this type there
are maxima at ~ 2.95 um, corresponding to the vibrations
of the strained hydroxyl bonds. In nine examples it was
found that the hydroxyl bonds can be shifted, bringing about
displacements of the vibrations of the CH~bonds analogous
to the displacement observed in the spectrum of acetylace-
tone and other enolised B~diketones, and also bis-(B-dike-
tones), which form strong intramolecular hydrogen
bonds 83,64,

The structure of R and R’ has a considerable influence
on the position of the normal carbonyl bond in these bis-
(B-diketones). In 11 compounds in which R = R’ + CHy
five have two carbonyl maxima at 5.78 and 5.85 ym, and
six of the compounds have only one intense maximum at
~ 5.85 um. The compounds

[(CH;CO)XCHsCO)CH},CHC4H; and [(C¢HCO),CH],CH,

have two carbonyl group absorption maxima in the ranges
5.83 and 5.94 um and 5.91 and 5.97 um, respectively.
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These changes in the position of the carbonyl bonds are
evidently due to an increase in the carbonyl conjugation.

The enol-chelate absorption of these compounds is very
weak. Only in three compounds of the [(CHsCO),CH],CHR"
type, where R” = 2-CIC.H,, 2-CH;0-C,H,, or 2-C;H N, is
the intensity of the enol-chelate absorption and carbonyl
absorption comparable. The reason for this is not clear.
Possibly here there is the effect at all the R” of these
three compounds of heteratoms or substituting groups in
the ortho-position, which creates steric and/or polar
effects favourable for an enol-chelate structure.

In the infrared spectra of solid methylenebis(dimedone)
there are present the vibrations of weak intensity of conju-
gated carbonyl at 5.90 um and of enol-chelate bonds of high
intensity at 6.10 and 6.30 um. This picture is completely
analogous to the dimedone spectrum, which suggested an
analogy in their structure: an enol-chelate structure re-
sulting from dimerisation has been proposed for dimedone
and an intramolecular enol-chelate structure for methyl-
enebis(dimedone) 3;

Methylenebis(dimedone) does not form the cherry~red
colour characteristic of bigs-(8-diketones) with a methanol
solution of FeCl,.

An investigation of the ultraviolet spectra of bis-(8-di-
ketones) of the [(RCO)(R’CO)CH],CHR” type in 95% ethanol
showed the dependence of the extinction coefficient on con-
centration; in some instances the extinction coefficient
increases with increase in concentration—for example,
for the compound

3,4-(CH;0),C¢H;CH[CH(COCHj,),],

——in other instances it decreases as the concentration is
raised—for example,

[(CH4C0O),CH],CHCH,N,

—in a third group it is independent of concentration—
methylenebis(dimedone) and certain other compounds °.

Such anomalies, which are explicable for acyclic g-di-
ketones by their low acidity and inability to form enol-che-
lates % unsuitable for finding differences in the spectra of
bis~(B-diketones) since they are all capable of forming
enol-chelate structures. The differences in the extinction
coefficients can be best explained by a change in the con-
jugation of the enol with change in concentration®.

A comparison of the ultraviolet spectra of the g-dike~
tones and the related bis-(B-diketones) of the
[(RCO)(R’'CO)CH],CHY type that the latter have much less
tendency to enolisation, with the structure and spectro-
scopic characteristics of the bis-(8-diketones) determined
by the nature of R, R’, and the =Y bonds. Thus benzoyl-
diacetone in 95% ethanol has mixed keto—enol absorption
in the 245.5 nm range (1g€ ,,, = 3.78) and the pure absorp-

tion of the enol form at 310 nm (1g% , = 4.14).%%  The
bis-(8-diketone)

[(CH;CO)(C¢HsCO)CH],CHCH;
has only one intense maximum, at 248.5 nm (1g8 ,, = 4.30),

which shows the absence of an enol form. Dibenzoylmeth-
ane exists in ethanol almost exclusively in the enol form
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(1g & 5, = 4.36 at 345 nm and 1g§ , = 3.92 at 250 nm);

tetra-acetylpropane, on the other hand, has intense absorp-
tion at 249 nm (lg ¢, ~ 4.6) and weak absorption at 340 nm
(lg ¢y = 3.0-3.4).

Hence unlike the RCOCH,CO-Y-COCH,COR type of
bis-(8-diketones), which exist in the solid state predomi-
nantly in the enol form, the bis-{(8-diketones) of the
[(RCO)(R'CO)CH],CHR” type (where R” # H) have a much
less expressed tendency to enolisation in the solid state.

Bis-(B-diketones) of the [(RCO)(R’CO)CHL,Y type show
great differences amongst themselves in physical properties
and structure. Tetrabenzoylethane is hardly enolised at
all (there is no absorption at 340 nm, an intense absorption
at 247.5 nm, 1g&,, = 4.89); tetra-acetylethane, on the

other hand, has an intense enol-chelate absorption at 6.27
um but no carbonyl absorption in the 5.85 um range. Tetra-
acetylpropane has maximum absorption of approximately
the same intensity both in the range of vibrations of the
ketonic groups and in the enol-chelate region.

In an investigation of the PMR spectra of 1,1,2,2-tetra-
acetylethane, 1,1,3,3-tetra-acetylpropane and 1,4-bis-(2’,2'-
diacetoethyl)benzene a signal for a hydroxyl proton of
cis-enolform was observed. The chemical shifts of the pro-
tons of the OH group measured on the 6 scale were 16.85,
15.80, and 16.90 respectively. Our calculations showed
that the first is 100% cis-enol, the second contains 50%
cis-enol and 50% ketonic form, and the third 20% cis-enol
and 80% ketonic form. The PMR results are in complete
agreement with the results obtained in studying the infrared
spectra of these bis-(B~-diketones), and also with their re-
activity.

For all three types of bis-(3-diketones) the dissociation
constants in water—dioxan mixtures with 75 or 50 vol. %
dioxan at 30°C were determined using tetramethylammonium
hydroxide as a base®~7!,

It was found that linear big-(B-diketones) of the
[RCOCH,CO],Y type are evidently stronger acids than
branched ketones of the [(RCO)(R'CO)CH],CHR” and
[(RCO)(R’CO)CH], Y types, as is shown primarily by the fact
that the dissociation constants of branched bis-(B-diketones)
were so low that they could not be determined in 75% dioxan.

The lower acidity of the branched bis-(3~diketones) is
probably connected with the fact that both the g-diketone
functions are displaced from the active methylene position.
An analogous picture is observed with simple 8-diketones:
the pKp of acetylacetone (10.35) in 50% dioxan is less than
the pKp of butylpentane-2,4~dione (12.07). %

In general the relative acidity of linear and branched
bis~-(B-diketones) can be linked with their relative tendency
to exist in the enol form in the solid state: linear bis-(8-
diketones), which exist in the solid state predominantly in
the enol form, are weaker acids than the branched bis-(B-
diketones), which have less tendency to enolisation.

In the C;H,COCH,CO~[CH, |,-COCH,COCH, series (n =
4-8) it is interesting to note the peculiar dependence of the
value of pKD1 (but not prg) on the chain length n. Thus

the dissociation of the first proton takes place more slowly
for pimelyl (n = 5) than for adipyl (n = 4), suberyl (n = 6)
or sebacyl-diacetophenone (z = 8) and even more slowly for
azelayldiacetophenone (n = 7). The difference between the
values of pKp, and pK D, increases linearly with increase

in the chain length from 4 to 8. We were unable to deter-
mine pKp, for azelayldiacetophenone. The fact that the
gecond proton of linear bis-(B-diketones) dissociates with

greater difficulty with increase in the chain length, differs
from what is to be expected from their behaviour®.
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However, for compounds of the [(CH,CO),CH},[CH,],
type the second proton dissociates more readily with in-
crease in the chain length: thus the difference between the
values of pAp and pKp, equals 4.11 (n =0), 0.49 (= = 6),
and 0.06 (2 =10). The value of pKD of bis-(B-diketones)
of the [(RCO)(R’CO)CH],CHR” type is greatly affected by
the nature of R, R’, and R”. For a given R” group the
derivatives of acetylacetone (R = R’= CH,) have lower pKp
than derivatives of methoxyacetylacetone (R = CHg, R’ =
CH,OCH,), although acetylacetone itself has a higher pKp
(10.35) than methoxyacetylacetone (9.66 in 50% dioxan).

To explain this non-correspondence it is suggested that
a structure with an intermolecular hydrogen bond between
an ethereal oxygen and a chelate hydrogen is formed:

N

C=0.  CHs
e H...¢ .
-0/ NcH,—

Hence the third oxygen reduces the lability of a proton and
increases pKp itself.

In the bis-(B-diketones) series [(RCO}(R’'CO)CH],CHR”
with R = R’ = CH, the compound with R” = 4-CH;OC.H,
has a higher value of pXp than the compound with R”
C.H, (11, 62, and 11.1 respectively), which is attributed
to the activating influence of a methoxy-group. An in-
crease in the electronic density at an @ carbon atom in
relation to the methylene group leads to a decrease in the
lability of the proton. The influence of other electron-
repelling substituents can be explained similarly®. The
differences in the structure of bis-(3-ketones) appear not
only in the physical properties but also in their behaviour
in chemical reactions.

IV. CHEMICAL PROPERTIES OF THE BIS-(8-DIKETONES)

The reactivity of bis-(3-diketones) has been little in-
vestigated. As might have been expected from the analogy
in structure, the bis-(B-diketones) are greatly reminiscent
of B-dicarbonyl compounds. However, there are signifi-
cant differences in the reactivity of these classes of com-
pounds, which are evidently due to the presence of four
carbonyl groups in the molecule of bis-(3-diketones) and
of structural features connected primarily with keto-enol
tautomerism.

1. Reaction of Bis-(B-diketones) with Amines.
Enamine Tautomerism

Ketoimide~

The reaction of linear bis-(8~diketones) of the
RCOCH,CO-Y~-COCH,COR type with some aromatic
amines has been studied. Thus 4,4'-bis{acetoacetyl)di~
phenyl oxide reacts vigorously on heating with aniline,
2-naphthylamine, 4-aminobiphenyl, and other amines,
forming the corresponding dianils in high yields 2.

Since the initial 4,4'-bis(acetoacetyl)diphenyl oxide
exists predominantly in the enol form, this reaction evi-
dently proceeds owing to polarisation of the bonds of the
principal form of the enol, which adds on the amine with
subsequent loss of water from the addition product and
stabilisation by conjugation:

2-
) - - )
2H" + [CH;,—+—-CH—-C—©-O—©—C—CH' ~CH3] + NH,R—
o B T
0
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R N ‘*’/R 2-

— cu,%—cu—c @—@—CH— —cH3
=) o

NHR

ot O Orpardon —
CH,-—?—CH—C(Hﬁ—CHﬁ—CH,} + 2H,0.

NHR NHR

Like the initial 4,4’-bis(acetoacetyl)diphenyl oxide the
product of its reaction with an amine can exist in two tauto-
meric forms, enamine and ketimide:

----—-Y-C-CH,—&I"J——GH, 2 CHyG=CH—C—Y—...
d MR NER G

And, finally, the enamine form, like the enol form of
the bis-(8-diketone), forms a pseudoaromatic chelate com-
pound:

AN

Q NR

v rl{

The “aromatisation” of the enamine-chelate form with
the formation of an aromatic system of 67-electrons should
proceed more readily here than in ordinary enols, since
the p~electrons of nitrogen are less firmly held than those
of oxygen in the enols.

The existence of intramolecular prototropy in the che-
late compound which is formed is also possible:

"

T 2
-— |
H, —Y~C¥ , *C—CH,.

H

i i
y_-c/c\ —CH, CHj Ne—v- ,whereY:@-O—@' .
“ N Rl!‘l o]
\H/ \H/

A noteworthy feature, which is characteristic for bis-
(B~diketones) and probably for their derivatives, is the
complete displacement of the tautomeric equilibrium in
solutions, in the solid state, and in melts to the side of one
of the possible tautomeric forms.

2. Kolbe Synthesis

Unlike the derivatives of aniline and acetylacetone, the
products of the reaction of 4,4’-bis(acetoacetyl)diphenyl
oxide with amines are cyclised into derivatives of quinoline
with much greater difficalty™.

As a result of the reaction the fission of the original
dianil into its constituent components is often observed.
Evidently, such a direction of reaction can be explained by
the fact that displacement of one CH, group (acetylacetone)
by an aromatic radical (diphenyl oxide residue) leads to
the weakening of the nitrogen—carbon bond in the B-aryl-
aminoketone. The presence of an unshared pair of elec-
trons at the nitrogen determines the nucleophilic nature of
the NH group and facilitates attack at the side of the hydro-

gen ions:
CH,T@ c\I——cu
j}c CgHy—N.

T

2C4H{NH, + CHy '—-CH.;—CO—CH, ~CH, *

Russian Chemical Reviews, 38 (8), 1969

The product of the reaction of 4,4’-bis(acetoacetyl)di-
phenyl oxide with 2-naphthylamine readily undergoes cy-
clisation under the action of anhydrous HF at 0°C and also
on heating with a mixture of 2-naphthylammonium chloride
with 2-naphthylamine, forming derivatives of benzoquino-
line in ~ 35% yield in both instances. The action of conc.
H,SO, brought about hydrammine splitting of the original
dianil.

The benzoquinolines obtained by these two methods were
not identical in their properties’?. Evidently under differ-
ent conditions cyclisation proceeds in different ways.

Evidently, under the action of HF a hydroxycarbonium
ion is formed which cyclises into an aromatic system when
water is lost:

0( ] (.\1 /O—H

H, /o
. <+‘\cr1 _'
“\ L GCL LSOO
O—H Hy Hs H,
ZCH R “
N
8

In this system the closure of the naphthalene ring takes
place in position 3 and a linear derivative of dibenzo(g)qui-
noline is formed. Its structure is confirmed by the simi-
larity of the ultraviolet spectra of benzoquinoline with the
spectra of anthracene, by the characteristic colour of its
salts and by fluorescence in ultraviolet light?2.

On heating 4,4’-bis(acetoacetyl)diphenyl oxide with 2-
naphthylamine in the presence of an equimolecular amount
of the amine hydrochloride after Petrov?, an angular de-
rivative of dibenzo(f)quinoline is obtained. Here the reac-
tion evidently proceeds throughout the formation of an inter-
mediate addition compound at the four carbonyl groups:

Q0
@HN—EI:CH~34H=§;NH'M"
Jhs Tat0ats o

with subsequent loss of two molecules of 2-naphthylamine.

These reactions were extended to aromatic diamines;
in particular the reaction of 4,4'-bis(acetoacetyl)diphenyl
oxide and 4,4’-bis(acetoacetyl)diphenylethane with benzidine
were studied.

Heating a mixture of the initial products leads to the
formation of high-molecular-weight polyanils (7 pr = 0.6-
0.8) which by analogy with the low- molecular-welght prod-
ucts can be ascribed enamine-chelate structures:

CH

/@ S

where R = =0- or ~[CH,],—.

ay
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Further heating of the polyanils in a vacuum leads to
intramolecular cyclisation and the formation of polyquino-
lines, with the degree of cyclisation here depending on the
temperature and the time of heating in a vacuum™.

il-la CHy
HCF I XN~ | XcH
O

3. Reaction of Bis-(8-diketones) with Hydrazines and
Hydrazides of Acids

Big-(B-diketones) readily undergo condensation, especi-
ally with nitrogen-containing compounds (such as hydrazine
and its derivatives, hydroxylamine, amidines, urea, etc.),
forming addition products at two opposite carbonyl groups
of two molecules of the nitrogen-containing compound,
with subsequent cyclisation of the addition product and for-
mation of heterocyclic systems: pyrazole, isoxazole, etc.
The condensation products, like the original bis-(8-dike-
tones), exhibit tautomerism.

a.Bispyrazoles. 3,5-Bispyrazoles are formed in
the reaction of linear and branched bis-(8-diketones) with

hydrazine hydrate according to the following scheme 5%575°7;

R R'
R'—CO—CH;~CO—R—CO~CH,~CO—R' + 2NH,NH,—> !] I] 2 || lN +4H,0,
N e
H H

where R’ = CH, or CH;; R = CH,~[CH,],-C.H,, [CH,],,
CeH,~0~CH,, or C,H,~S,~C,H,.

CHGO  OCCH, o . -
HEC—R—CH  + 2NHNH, —> ’W —U 3+ 4H,0
cHdo  otcH, ¥ R, Y

where R = CH;—-C¢H,~CH,, CH,[CH,,CH,, or CH,~CH, ~
0-C.H,~CH,.

An intermediate product of the reaction is evidently the
bishydrazone formed in the reaction of the carbonyl groups
of the ketone with the amino-group of the hydrazine, which
then closes into a pyrazole ring.

Since the bispyrazoles of linear bis-(8-diketones) have
different substituents in positions 3 and 5, two structural
isomers are possible:

R—C==CH =——C—R R—C—CH HC—C—
LT L T
H—N C-Y-C N—H cC—Y-C N .
N A% Y% N

H H

Bispyrazoles from branched ketones with the same substi-
tuents do not have isomers, thanks to the symmetry of the
molecule. Bispyrazoles, like pyrazoles, form salts with
strong bases (for example, hydrochlorides) they are capa-
ble of undergoing cyanoethylation, acylation, ete. The
cyanoethylation of 4,4'-bis-[3(5)-methylpyrazolyl-5(3)]di-
phenylethane on heating it with acrylonitrile in an ampoule
has been described?s:

Cﬂallq I T T 4 somonon —
L e 3/ '

¥
CH——— ———GH
T L— ~—
- N oL/ —CH,yCH,— NN
NN N==/ T N=" N/
|
ErcHeN CHCHCN -
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When bispyrazoles react with acetyl chloride, the cor-
responding N-acyl derivatives are formed?s,7878°,

The replacement of the acetyl chloride in this reaction
by the acyl chlorides of dicarboxylic acids leads to the
formation of polyacylpyrazoles7e.

When di-isocyanates are used instead of the dicarboxy-
lic acid chlorides polymers containing pyrazole rings and
amide bonds ~CO-NH=- in a chain were obtained®:

R' ¢ R R R'
| R R+ onc—r-cno —= %] ] [l |N|
\ R' R R' R' N/
H

{
1
H LoNH—R"NHC

b. Polyacylhydrazones and polyacylpyra-
zoles of linear bis-(B8-diketones). The reac-
tion of linear bis-(B8-diketones) with hydrazides of dicar-
boxylic acids leads to the formation of polyacylhydrazones:

R—C—-CH=C—Y-C==CH—ﬂ—R + H,NNHCO—R-~CONHNH, -—>
o

I
Q .

- i
R—C—CH=C —Y~—C=CH—C—R
w[COHN =iH _Hg -------- NHCOR'} .
Evidently the formation of polyacylhydrazones takes
place analogously to the reactions of monocarbonyl com-

pounds with such reagents as semicarbazide, hydroxyl-
amine, amines, etc., that is, through the addition of the

AN
7

subsequent loss of water. Therefore such reaction will
proceed more readily with a ketonic or ¢rans-enolic form
of a bis-(B-diketone) having a free carbonyl group and with
greater difficulty with cis-enols in which the carbonyl
group is connected by an intramolecular hydrogen bond
into a stable gix-membered ring.

The polyacylhydrazones which have been formed also
have a chelate structure stabilised by an intramolecular
hydrogen bond, which is shown by the presence in the ultra-
violet spectrum of a polyacylhydrazone of absorption in the
range Apyax = 335 nm; the band with Amax at 300 nm is
ascribed to the presence of a cis-enol with a stable hydro-
gen bond 40,

In the infrared spectrum of polyacylhydrazone as well
as an intense absorption band in the 1720 cm™ range attri-
butable to the vibrations of a hydrazide C=0 group there is
a maximum in the range 1600—~1620 cm™! characteristic for
a cis-enols,

The enolisation of polyacylhydrazones can be effected
both as a ketomide and as an enamine structure8?

amino-group of the hydrazide at the  C=O bond, with

|
N

N
—C C— —C C—
|| o
Q N—NH—CO--R— o] N—NH—CO—R—
\H/ \H."
enamine ketoimide

and it is difficult to choose between these. Both these
structures are stabilised by intramolecular hydrogen bond,
which makes further attack by nitrogen on the carbonyl
oxygen more difficult in the formation of a pyrazole ring.
Having investigated the kinetics of the formation of poly-
acylhydrazones by the example of the reaction of 4,4’-bis-
(acetoacetyl)diphenyl oxide with the dihydrazide of adipic
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acid in dimethylformamide solution at 90-120° was inves-
tigated by ultraviolet spectroscopy. It was shown that
under the chosen conditions the process obeys the laws of
a first order irreversible reaction. The rate constants
and the activation energy of the process (17 kcal mole!)
were determined®3,

The polyacylhydrazones are stable to long boiling in
water and also to brief action by conc. H,SO, (5-10 min).
After 24 h in a solution in H,80, at room temperature poly-
acylhydrazones form the corresponding bispyrazoles and
an acid, in quantitative yield:

Jvﬂgsof)

CH,—c—CHszcH—c—crla
i n
HN~N 0 N—NH—COI(CH,),CO

“u” H _]

n

CHjy ] ‘ \ 1l Hy
S o + HOOC(CH,),COOH .
NH = G

On treating polyacylhydrazones with hot hydrochloric
acid the bispyrazolium chloride is formed. Concentrated
solutions of alkalis also decompose the polyacylhydrazones.

The structure of the polyacylhydrazones was confirmed
by comparing their ultraviolet spectra in H,SO, with the
ultraviolet spectrum of a model compound—4,4’-bis(aceto-
acetyl)diphenylethane acetylhydrazone. The ultraviolet
spectrum of the polyhydrazone based on sebacylbisaceto-
phenone in methanol is similar to the spectrum of the
model compound in methanol, but has a bathochromic shift
of 40 nm. ™

Heating polyacylhydrazones in an atmosgphere of inert
gas in a vacuum at 200-250°C for 3-5 h leads to the for-
mation of polyacylpyrazoles in quantitative yield. Poly-
acylpyrazoles are yellow powders soluble in cresol, di-
methyl sulphoxide, dimethylformamide, and sulphuric and
formic acids.

Polyacylhydrazoles exhibit stability to hydrolysis by
boiling water and to the brief action of conc. H,SO,. At
room temperature polyacylpyrazoles are unchanged after
several days action by 25% KOH solution; boiling for 12 h
in the same alkali solution leads to complete destruction
of the polymer. The bispyrazole formed asa result of
hydrolysis is identical with the known product obtained
from a ketone and hydrazine hydrate.

The production of bispyrazoles in the hydrolysis of poly-
acylpyrazoles with almost quantitative yield is confirmation
of the structure of the polymers as linear macromolecules
with repeated pyrazole rings. Proof of the correctness of
the structure attributed to the polymers was also obtained
in studying their ultraviolet and infrared spectra and also
by counter-synthesis of the polyacylpyrazoles from bis-
pyrazoles and acid chlorides of dicarboxylic acids %4~:

HC—C—X—C—¢eH O\ /A He—C-X—c—cH o
[ A R Y [ A +H
RC N CR ¢l |RC N CR
N ANV N \NZCO—Y—CO—dn
H H
It is noteworthy that the precise position of the enol hy-
droxyl in bis-(3-diketones)—which determines whether the
polyacylpyrazoles formed have one of the two structures
shown below—is difficult to establish.

R"—[l /qu R:\J ]—l R' or ¥ rs!\ 1—‘ R‘E ,1« ¥
Lo—’ \Nl—co—R" o bll—co—re" -

poly-1,5-pyrazole

9

poly-1,3-pyrazole
However, Lowe and Ferguson® have shown convincingly
that in benzoylacetone the carbonyl adjacent to the phenyl
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ring is enolised. Therefore of the two possible isomeric
structures the poly~1,5-pyrazole structure must be con-
sidered the more probable, since linear bis-(8-diketones)
can be considered to be analogues of benzoylacetone.

c. Branched bis-(B-diketones). The reac-
tion of branched bis-(B~diketones) with hydrazides of di-
carboxylic acids can be effected both in solution and in the
melt. Branched bis-(B-diketones), as might have been
expected, were much more reactive than the linear ones.
1,4-Bis-(2,2’~diacetoethyl)benzene, 4,4’~bis-(2,2~-diaceto-
ethyl)biphenyl, and 4,4'-bis~(2,2-diacetoethyl)diphenyl ox-
ide exist predominantly in the ketonic form and react with
adipic hydrazide very vigorously, forming polyacylpyra-
zoles directly under mild conditiong; the intermediate
polyacylhydrazones could not be isolated.

w g

(o] C=0
HT Rﬂ + HyNNH—CO(CH,),CONHNH —.—"—IH—20>

! 2 = 274 2

co (‘:=0
éH, CH,

CH, R
— T T
\N H, CHy N/N
L—colcH,)c .
polyacylpyrazole "

1,1,2,2-Tetra-acetylethane is an exception to the series
of branched bis-(8~diketones), since it exists exclusively
in the cis-enol form. On reacting with the hydrazide of
adipic acid it forms a polyhydrazone comparatively readily,
but attempts to cyclise this were unsuccessful. 1,1,3,3-
Tetra-acetylpropane behaves similarly: it readily forms
a polyhydrazone, which under different cyclisation condi-
tions forms the same product, corresponding to a mixture
of 50% polyhydrazole and 50% polyhydrazone.

According to the infrared and PMR spectra this ketone
is 50% enolised®. However, tetra-acetylethane and tetra-
acetylpropane readily form bispyrazoles with hydrazine
hydrate, from which the corresponding polyacylpyrazoles
were obtained by polycondensation with adipoyl chloride?®s,

High-molecular-weight thermally stable polyarylene-
pyrazoles were obtained by heating bis-(8~diketones) with
dihydrazines (for example, with 4,4'-dihydrazinobiphenyl).
They exhibit high stability to hydrolysis by water and the
action of acids and alkalis®. Their formation can be
represented in general by the following scheme:

CH,CO OCCHs

N/ — —
— T N_/T N_ -
HC Cg + NH NH < D J NHNH,
CHsCO OCCH,
oo
—N—- —
ind | > < N 7™\
N=—= N—¢ — N
| | =" =/
CH, CH, n

The structure of these polymers was demonstrated by
the investigations of Mosby 5%, and of Schaefer and Ber-
tram®,

By low-temperature condensation of 1,1’-bis(diketo)fer-
rocenes with aromatic or pseudoaromatic dihydrazines in
solution, Neuse®® obtained soluble polyhydrazones with a
molecular weight of 1500~2000 and a viscosity of ~ 0.1-
0.2 dl. g7'. By thermal treatment at 200-240°C these
polyhydrazones undergo cyclisation with the formation of



Russian Chemical Reviews, 38 (8), 1969

polymers containing pyrazole heterocycles substituted in
positions 1 and 5:

ocu,covx
Fe + nHyNNH-—Ar—NHNH,
Rcocn,co
r R R M
' ¢
N 7

N H

TR
OH HN—Ar—NH HOC—-

Te

&

n - ~ay

'\I—Ar——

where R =H, CHy, CH;; Ar =m-CH,, p-CH,, p-C.F,~
C¢F,-p, and p-C;H,~SO,-C,H,-p.

Infusible, but usually soluble, polypyrazoles had a re-
duced viscosgity of 0.15-0.40 dl. g™ and exhibited high
thermal stability, exceeding that of other known ferrocene-
containing polymers with heterocycles in chains ®°,

The investigation of the infrared and electronic spectra
of the polyferrocenylhydrazones shows the possibility of
the existence in them of keto—enol equilibrium of the type:

OH R o R
& | i |
—~®—-C=CH—C=N—NH— 2 —®—G—CHy—~C=N—NH—

and that the formation of a hydrazone includes the predomi-
nance of the y-carbonyl groups of the initial bis-diketo-
compound. When R = H the formation of a hydrazone
takes place exclusively through the y-carbonyl; the poly-
mer has weak absorption in the 6.02-6.05 pm range, which
is characteristic for aliphatic acyl derivatives of ferrocene
in which the —CO~-CH, group is present. The additional
vibrations at 5.75-5.80 um which show the formation of a
hydrazone through the a carbonyl are absent ®°.

d. Coordination polymers based on bis-
(B-diketones). Bis-(3-diketones) of various struc-
ture were used in polycoordination which led to the use for
the construction of polymeric molecules of coordinate
bonds, as well as the ordinary covalent bonds, and to the
inclusion of metal atoms in the macromolecule. In this
ingtance the bond between the metal and the ligand is ef-
fected through oxygen:

=07 0= -

A large number of review articles and original papers
deal with the synthesis of coordination polymers are the
study of the polycoordination ®179°,

Metals with coordination number 4: copper, beryllium,
zinc, magnesium, cadmium, calcium, and also transi-
tional metals: nickel, cobalt, manganese, chromium,
titanium, etc., have mainly been used for the synthesis of
the coordination polymers.

The production of coordination-chain polymers can be
brought about by the reaction of aqueous solutions of salts
of the corresponding metals with alcoholic solutions of the
bis~(B~diketones)'® or by heating stoichiometric amounts
of the metal acetylacetonate with the bis-(8-diketone) in
vacuo or in a high-boiling solvent!®~1%, In the latter
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procedure the acetylacetone is liberated and a metal de-
rivative of the original tetraketone is formed. Coordina-
tion polymers were also obtained by interfacial polycon-
densation (polycoordination)!%~1% and by polyrecombination
of beryllium acetylacetonate!®:

ZHs Hy iH; /O_jH3
L !g e 1IN %
(f__o \0':: C=0"" R

&, e

CH, CHa

The coordmatxon polymers obtained by the above methods
are infusible and insoluble products, which makes it ex-
tremely difficult to investigate the mechanism for their
formation, and to study their properties and field of appli-
cation. The molecular weights of these polymers varied
within the range 1000-5000, which impeded the appearance
of the main polymeric properties: mechanical strength,
and ability to form films and fibres.

The coordination polymers of the type:

with the highest molecular weights were obtained by the
polymerisation of cyclic coordination compounds of beryl-
lium formed in the thermal destruction in vacuo of the low-
molecular-weight coordination polymers of the corre-
sponding big-(B-diketones) and beryllium!$:

*PIVW

e/ Be
\o .
R' / R' 7N

where R’ = CH,, CFy; R = [CH,],, {CH,},, [CH,),o, [CH,),a,
NE[CH, LN, NH[CH, },NH, p-[O(CH,),0LC,H,, O(CH, L0
F,).

The detailed investigation of polycoordination by the
example of the reaction of 4,4’-bis(acetoacetyl)diphenyl
oxide with beryllium acetylacetonate both in the melt and in
solution allowed the main rules for this process to be es-
tablished. It was found that polycoordination is a form of
polycondensation process, which can be carried out at ele-
vated temperature and whichis an equilibrium process!® ™*7;

GHy EH:
(o]

H, Hy
PO

(CH;COCHCOCH),Be ===

N e
P LT

Under polycoordination conditions the coordination poly-
mers are capable of undergoing exchange reactions both
with the low-molecular-weight product of the polycoordina-
tion (acetylacetone) and with low-molecular-weight sub-
stances which are similar in chemical nature to the coordi-
nation polymer (the acetylacetonate of another metal);
exchange reactions also of individual polymeric molecules

CH3COCH,COCH, +
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with one another also occur. Finding the main rules of
polycoordination made it possible to obtain coordination
polymers of high molecular weight ®8,%°,

A study of the kinetics of polycoordination of 4,4’-bis(ace~

toacetyl)diphenyl oxide with beryllium acetylacetonate in
dimethylformamide solution and in Dinyl showed that this
process is a gsecond-order reaction with an activation ener-
gy of 25 kcal mole~?, 1%

The properties of the coordination polymers, as for
other types of high-molecular-weight compounds, are
determined by the flexibility of the polymeric chain, the
interfacial interaction, and the stereochemical regularity
of the macromolecule. The ionic radius of the metal par-
ticipating in the formation of the polymeric chain has a
considerable effect on the strength of the interchain inter-
action and the packing density of the macromolecules of
coordination polymers of the bis-(8-diketones). When the
radius of the metal differs considerably from those of other
atoms forming the chain (for the polymers of beryllium)
this results in a disturbance of the packing density of the
polymeric chains, a weakening of the force of interchain
interaction, which in turn determines their best solubility
and fusion!!2,

The melting point of the coordination polymers of 4,4'-
bis(acetoacetyl)diphenyl oxide, 4,4’-bis(acetoacetyl)diphe-
nylmethane and 1,1,2,2-tetra-acetylethane with various

metals decreases in the order: Be > Mg > Ca > Zn. The

nature of the metal also affects the colour of the polymer 18,

The properties of the coordination polymers of the bis-

(B~diketones) depend considerably on the chemical structure

of the initial tetraketone, since in all the polymers of the
big-(B-diketones) the same coordination ring

R-C=0, :
cH SMm{ CH
Lo/ Nod
& R

,0=C

is present, which is a comparatively stable formation in
view of the fact that the donor groups coordinated with the
metal ion occupy positions fixed relative to one another,
the observable differences in the properties of these poly-
mers are determined by the flexibility of the initial ligand
and the packing density of the polymeric chains. The
flexibility of the bis-(8~diketone) ligand will increase with
increase in the number of methylene groups it contains,
with decrease in the concentration of aromatic nuclei, with
inclusion of aliphatic links between the aromatic nuclei of
the tetraketone; the packing density of the polymeric
chains will decrease on going from bis~(8-diketones) with
aromatic nuclei substituted in the para-position, to bis-
(8-diketones) with aromatic units substituted in the meta-
position®®.

An increase in the flexibility of the polymeric chains or
a decrease in their packing density owing to the corre-
sponding changes in the structure of the initial bis-(8-dike-
tone) is usually accompanied by a decrease in the thermal
stability and an increase in the solubility of the coordina-
tion polymers100,108,111,112,

An improvement in the solubility of the coordination
polymers of the big-(8-diketones) is brought about by the
introduction into the ligand molecule of polar substituents
on using a six-coordinated metal, four bonds of which
participate in the creation of a coordination ring and two
are occupied by aromatic radicals'®, For example, the
coordination polymers of terephthalyldiacetoacetic ester
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with copper, nickel, cobalt, magnesium, zinc, and mer-
cury of the general formula:

GHa iH,
o —0.
Reoocay deoocm T
=0--"""|

exhibit better solubility than the polymers of terephthalyl-
diacetone.

The coordination polymers of tetraethyl and tetra-t-bu-
tyl orthotitanates and terephthalyldiacetone of the structure

i Hy H,
\1 ?R"Og E:O?
T i éu it
A l}?\o—c@—c—o/ (lm
exhibited solubility in xylene'®.

The infrared spectra of polymeric copper chelates of
bis~(B-diketones) have been studied!!®,
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