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A study of the structures of the isoxazaoles derived Frow
a series of digsroylmethanes his shown that the enolic form of
these diketones contains a hirh desree of electron delocaliasat
within the chelated ziung. Partial charre locailisavion is
effected by aryl substituenmtz whose induetive and wmesemeric
effects set in the same direstion, and ere carhon-oxyren bond
exclusively has 'carbonyl character'. When the inductive
and mesoneric matures of tfthe substituszuts are mutuzally opposed
the onol beliaves as & mixture ofF tautowmesrs, and hoth carboun-ox
bonds have doubls bond character.

Yn ap ertznsiem of a prasvious imvesitigation of the wmechizois
of acylation of P-~diketone metal chelatez, the imporizmee of €
electronic nsture of the ligand hae been clarified. As ihe
clectron-affinity aund acidity of the parent diketone increases,
so the proportion of Cesubstitution occurving in the acviation
the chelates, 12 found to decrease, The obgervations have cond
that this reaction proceeds by coordination of the acid halide
the metal of the chelate, permittin:g the formatien of cveclic
transition intermediates which yvield the triketene and ester
products. When the metal 1is incapable of bein: coordinated by
the reagent, reaction proceeds by an ioniec process, and = hirh
proportion of ester results, which ig relatively independent of
the ligand substifuents.

Reaction of the diketones with bhenzeyvyl chloride inm pyridine
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vielded only one ester, whereas two isomers arec theoretically
possible. The same single product was isolated from the

reactions of the diketone chelates. This selectivity of atta
has been attributed to the participation of the enoclate anion
in the dircet esterification of the diketone, and to asvwmetr
in the metal-oxygen bonding in the chelateg, Phygical eviden
of an interaction between pyridine and the diketenes has bean
observed, and thies is believed to give rise tco the anicn in %
reaction. The more stable anion, dictated by that conjucsetie
which gives the greater loss in potential emexgy, is exclusiv
formed. Previous evidence has discounted the poasibility of
an ionic esterification of the chelate, nud bond asymmetyy, @
least in the transition stage of the reaction, is envisaged a

an explanation of the selectivity of the position of attack.
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The rescarch reported in this thesis was initially aimed at
the extension of recent investigations into the acylation reactions
of the metal complexes of B-diketones, Specifically, it was
intended to study the control exercised over these reactions by
the electronic character of the parent ligand., For this purpose,
a series of nono=-gsubstituted dibenzoylmethanes and their chelates
wvare prepared and examined,

One product of these reactions was the enol ester of the
diketone, which was formed exclusively in one of the two possible
isomeric structures, It was expected that this structure would
ba related to the enoclic form of the diketone and to the nature of
the substituent. When the methoxyl group was present, the
observed bshaviour reversed that of the other substituents used
(methyl and nitro) in relation to the enol structure, as shown
by isoxazole formation, The direction of enolisation of a
series of these diketones was therefore determined by preparing
and identifying their isoxazoles, and the relationship between
the enol and the enol ester was examined in relation to the
nature of the substituent,

This report is therefore presented in two sections dealing,
respectively, with the metal chelate reactions and with the
enolisation and esterification of the parent p~diketones.
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METAL CHELATES




Structure of the Chelates.

In the field of co-ordination chenmistry, the term “chelate’
is used to describe the cyclic compound formed by the linkage of
both ends of a chain of atoms to a central metal atom. The name
ariges from the claw-like 'grip® of the ligand t¢ the metszl,

The size of such a chelate ring is variable, but the most
stable compounds enclose five or six atoms, Where the system
contains no unsaturation, the five-membered ring is most favoured,
gince it imposes least strain on the normal bond anglesy and for
a similar reason, unsaturated chelates contain mainly six-nembered
rings,

Oxygen and nitrogen, by virtue of their lone pairs of electroans,
are the atoms most commonly found to co-ordinate in such systems.
Typical ligands are the amino~ and hydroxy-carboxylic acids, diamines,
dicarbonyl compounds and similar systems.

The reversible formation of a chelate may be represented by
the general equation

‘Hn’ + nAT ==> MAn

vhere M is a metal of co-ordination number 2m., and A~ represents
the anion of the chelating ligand. The stability constant K of
the chelate is given by

K = [MAn]
(M7 (A7)

Comparison of the experimental values of K for various systems



has given information on some of the factors which control chelate
formation,

In systems with a high degree of ionic bonding, it is found
that the cholate stability increases with the charge density of
the metal ifon, but decreases with increasing ionic radiusao This
does not hold for chelates with highly covalent linkages, and can
be used to distinguish the two extreme cases.

A sinilar relationship is found between chelate stability
and the ionisation potential of the metal (the Tast ® potential
to give the appropriate ion) as in the complexes of the first

transition sceries:

HMn {(Fe {Co Wi Cu)d Zn

This series holds true for the divalent complexes, and is in
the same ordor as the second ionisation potentials of the metals®,

A ecorresponding increase in stability with increasing basicity
in the co-ordinating atoms of the ligand was observed by Calvin >
who showed a2 linear relationship between K and the pKs of the
chelating agent.

These observations are all in agreement with simple electrostatic
principles, at loast to a qualitative extent.

The enolic modification (I) of the p-diketons systenm is

particularly suitable for chelate formation,
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Replacement of the enolic proton by a metal aton, and co=ordination
of the second carbonyl=oxygen atom to the metzl, gives a six-
menbered ring containing a conjugated double~bond systen (II).

Terner Tirst sugpested that these derivatives were not
gimple salts, but had a cyclic stru«ctzuz’e““q and the sccumulating
evidence in favour of this view was reviewed by Di@hlsa

The bonds between the metal and the ligand are similar to
those of the ‘Werner' co-ordination complexes, and vary in nature
from highly covalent to highly ionic, The latter are rarely of
the pure ionic type, but arise from the electrostatic atiraction
of the metal ion for the dipoles present in the ligand., This
variation in the bond-type is reflected in the physical properties
of the chelates, vhich are sometimes water-soluble typically
inorganic substances, but sometimes behave like organic compounds
in sclubility and stability. Despite the highly inorganic behaviour
of some chelates, they generally retain the cyclic structure, and
only occasional examples of true "salts' occur, as in the case of
mercury (II) B-diketonates®,

Infrared spectra of the chelatesv confirn the cyclic structure,
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shoving carbonyl absorption displaced to the %chelate carbonyl
region?, vhereas true acyclic compounds, such as the ansrcuric
derivotives, have normal o,B-unsaturated carbonyl absorption
froquonciessa

Some indication of the bond=type may he obtained from the
ultraviclet absorption spectra, !'Then covalent bonding is present,
the absorption maxima of the parvent dilkeltons are bathochromically
displaced in the chelate spectrun, vhercas ionic conmpounds have
sinilar spoectra ¢~ lhe pau-ent.a "

The siuple cyclic structure wvhich Vsrnar proposed for the
chelates could not adequately explain %the high physical and
chemical stability of the compounds, which can frequently be
distilled, crystallised or sublimed without decompositiont®**? ,
Murtell and Calvin®® sugpested that resonance stabilisation
by the forms (III) and IV) would explain these properties, and

even considered the possibility of complete benzenoid resonance

CH CH CH 5

L | |

s T B
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of the type (V). Such resomance stabilisation is supported by
the ability of somo chelatos to undergoe electrophilic substitutions

and even by the existence of a stable chelats diazonium salt"”

13 514
»



all typically aronstic properties, Further covidence for the
resonance concept isc given by the observed reduction in chelato
stability produced by lowering of the carbon-ecsrbon double

bond character within the chelate ring., Thus the compound (Vi)
is found to be much mors stable than (VII)*®, since the Ca~Ca

bond in naphthalene has preater double=bond character than the

X-ray analyses of B-dicarbonyl chelates @ **° **® show

that the chelate ring is planar, with sysuwetrical boné leaungths,

The C«C and C~C bonds have partial double~bond character, but

the M~0 bond lengths are evean greater than normal single-hond
lengths, This supports the concept of a partial bond delocalisation

such as in (VIII). Some chelates undoubtedly do have sone
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metal-ligand double bond character, such as the ferrous o-phenanthro-

l1im complex (IX)”O’Ez; This affect arises when the metal aton has




d electrons available for back domation to wacant orbiials on the
ligand, thus giving the usual ¢ bond some degrae of W bond

character",

The most widely used theoretical approaches %o the btonding
in chelates have been the Valence Bond Theory, as developed by
Pauling®?2, and the Ligand Field Theory®®, By conmsidering the
directional and energy characteristics of the lipand and matal
atonic orbitals, with the warious possible hybridisations and
spacial directions, satisfactory explanations of magnetic aad
stereochemical properties and of absorption spectra snd other
characteristics, have deen obtained,

Chelates of the alkali and alkaline earth metals generslly
have greater ionic character than the corresponding transition
metal complexes. Sidgwick®? found that some alkali metal chelates
were acyclic salis, vhereas others were di-covalent cyclic ccmpounds,
HBuvever, simple solubility criteria are not sufficient evidence
for assipgning a salt=like structure, since the infrared spectra
of many apparently ifonic chelates show the presence of a co~ordinated
ring. Most of these compounds can be co=-ordinsted further by
hydration or by treatment with suitable solvating nedia, and many
stable totra~ and hexa=- cov:lent complewes have been isolated®® |
This ease of extension of the co~ordinstion number of the metal
has an imvortant bearing on the mechanism of the acylation reactions

of the compounds,




The transition metals arsespecially suitable for complexn
formation, since they have available the low-onergy ¢ orbitals
wvhich readily accept electrom pairs from a donor-iigand to form
covalent linkapes., Studies of the stercochenistry and magnetic
properties of these chelates, in relation to the directional
characteristics of the orbitals and electronic configuration of
the metal ion, have given much infornation on ths structures and
bonding of the compounds.

Coprner has tho outor electron configuration (Is) * (;3@}6:
(3330 (48) %, and so the cupric iom could aither be (5s)? (3p)8
(3d) ' (les)a or (35)9 (3p)° (34)’0 Thus, in tetrsco-ordinate cupxiec
comploxes, the former configuration would form Xour planar dsp®
covalent hybrid orbitals, and the latter, four teirshedral sp®
covalent hybrids, Also, sincefonic bonds arc non~directional,

a purely ionic copper complex would have the most symmetrical
structure viz. tetrahedral, Thus, the planar structures of the
copper chelates of acetylacetone, benzoylacetone and others,
established by optical studios *® 36 shov the covalent nature of
the bonding,

The most comnon co-ordination number of coppar is four,
but this can generally be increased to five, Thus, copper chelates
are readily solvated by pyriding. and some Lowis bases®® 929,
“pectroscopic evidones®®has shown that copper acetylacetonate is
readily solvated by heterocyclic bases, and the monosolvate with
4-mothylpyridine has baen 1solatedaa,



Gillard and 1\’ilkinson32 °3ahave confirmed and extended these
obgservations, and have also shown that when the ligand is sufficiently
electron-attracting in nature, as is trifluorcacetylacetone, the
copper co-ordination number may be increesed to siz., This
phenoncnon must be due to the decreased neutralisation of the
charge on the netal, with a consecuent lncrease in electyophilicity,.

The divalent nickel ion has the outer electron configuration
(3s)® (3?)6(3d)8 » The 3d subshell will normally have the eight
electrons arranmed as three palrs, with two mppaired in accordance
with Mund’s rule, Thus, when the ion forms cowordination coaplozes,
the electroms from the donor will enter the hybrid orbitals formed
from the 4s and 4p shells, giving a tetrahedral =p° struciure,

Since the 3d shell contains two unpaired electrons, thasze comploxes
are paramagnetic, A4ltermatively, the mickel foan can fill four

of the 3d orbitals with electron pairs, leaving the fifth to
combine with the 4s and two of the &p orbitals as four dsp”
hybrids, with a planar structure. This arrangesent contains no
unpaired electrons, and complexes formed from it are diamapgnetiec,
Exauples of both these arrangements are found in the nickel
conplexes,

lellor and Craig®*round that several nickel chelates of
B=diketones vere paramagnotic, and therefore concluded that wvhen
nickel was bonded to four oxygen atens, a tetrabedral, paran:gnetic

structure would result. Howevar, Cotton has recently fourd
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that the magnetic properties of such chelates are dependent c¢n
temperatura, with a decrease im magnetic mowent as the compounds
are heated., He has shoun that these chelates are trimeric at
room temperature, and each nickel atom 1s honded %o six oxygens,
arranged octahedrally, The structure is an sp &  hybrid, which
will be paramagnetic, The monomeréﬁsara planar and diamagnetic,
This explanation is further substantiated by the fact that when
the endwgroups of the diketone are sufficiently large %o prevent
molecular association, as in nickel dipivaloyimethide, the chelate
is diamagnstic even at room temperature,

The normal nickel co-ordination numbsr of four in its chelates
is readily increased to six by the solvating media already described.
In general, the paramagnetic complexes are wvery readily sclvated
to diamagnetic compounds, and the co-ordinating substance is not
easily rcmovedf’, In contrast, the diamagnetic chelates are less
readily solvated, and the products are counaratively casily broken
down into the original chelate and solvent® s The paramagnetiec
compounds are apparently more ionic in nature, and the components
of the complex undergo rapid exchange in presence of unchelated

38 939940 piamagnetic chelates have a greater degree

conponents
of covalency in their bond structures.

Among the transitim metals, zinc represents a special case,
since it marks the con.letion of the 3d subshell, and has the

outer electron configuration (35)8 (3p)s (Bd)m (“'B)’o In the
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* it is the Ly electron pair vhlch has been

divalent ion Zn
removed, and s0 no 3d orbitals are available for complexing,
Thus, zinc chelates have an ep® hybrid bond structure, which is
tetrahedral, This absence of low encrgy 4 orbditals prevente zinc
from increasing its co-ordination number above four, and the
chelates do not solvate, which raesulis i1 a differcnt mechanism
of aeylation from othey chelates, This outer«orbita&asJ tetrahedral
structure gives zinc complexes greater iomic character *®, by analogy
vith tetrahedral nickel structures. However, tho chelates are nmore
stable and more covalent than those of the alkali sevies,

Mercury has a similar outer clectronic configuration to zianc,
with the same absence of d orbitals. In mercury complexes,
hovever, therc is evidence that the structures are acyclic Saltseo
This may be due to the greater ionic radius (1,12 X) of mercury
as compared to zine (0.83 ).

In general, thereforce, although the stereochenictry and
bond=structure of the chclates vary with both metal and ligand,
each individual chelate ring is planar, with a delocalised electron
system which gives the compound aromatic character, This aromaticity
is greatest with ligands of relatively high basicity, and with
metals vhich have d orbitals available for covalent bonding,
especially vhen inner orbital hybridisation is poscsible.

The Acylation Reaction of the Chelates.

Alkyl or acyl halides attack chelates of g-diketones at

both the carbonyl-oxygen and central carbon atoms, to yield the



0= and Ce= substituted compounds (X* and (XI). The relative

yields of the isomoric products can be varied by the use of

Ra? == CH.CO.R2 R4C0.CH.CORe
{
o%, R
X XX

differcnt metals, ligands and reaction conditions,

Most worlk on these reactions was aimed at the syntheses of
G alkylated compounds, and little attention was given to the
accompanying enol ethers or esters., The alkall metel:z were zolmost
invariably employed in the chelates, and a review of these reactions
has boen made by Brandstrom®?! ?42 whe proportions of the two
products were usually measured in a qualitative manner, and an
undorstanding of the reaction mechanism has only grown slowly.

Claisen®? showed that the C~ compound could be produced by
isomerisation of the O- isomer, when the nmetal complex was present
as 'catalyst?, MNe therefore suggested that the enol ether or ester
wvas formed by reaction of the enoclate anion, with subsequent partial
or complete isomerisation to the C« compound, However, Michael
and Carlson?® demonstrated the formation of C- compound under
conditions where thic isomerisation would not take place, Michael's
suggestion of an addition of the reagent to tho chelats doubicebond,
with separation of the metal halide, could not be substantiated by
enalogous reaction of the diketone-encl with alkyl or aryl hzlides.

Arndt and Bisterdt"had sugpested that the enolate anion had

a delocalised chawge, resulting in C- substitutuion together with



the expected ether or ester. FHowever, C- substitution has never
been obserwvaed without the presence of the metal ion, and the spectré“
of enolate anions show no evidence of charge delocalisation. A
modification of this theory was proposed by Kornblum“vq vho
considered that the enclate anlorn was formed during the reaction
transition state, and could thereby have a transiont charge delocale
isation to an extent deternined by the nature of the diketone.
Halides of high Syl character, i.e., tendency to form carbonium
ions., would favour O- substitution, since oxyzen would have the
greater charge concentration; SHZ charageter in the raagent would
increass the yield of C- compound.,

13!'11!1:1&71:1'0!114 54 % elieved that two separate nmechanisme existed
for the formation of the isomers. Although he favourad the ides
of an ionic reaction for production of the 0« compound, he also
cons idered that the halids could co~ordinate to the chelate, and
would thereby react to form the C~ isomer. This was the first
theory to take account of the role of the metal ion in the reaction,
From his observations on the tendency of alkali metal chelates to
be solvated in polar media®® , Brandstrom proposed that the halogen
atom of the reagent could co-ordinate to the metal, establishing an
electronic link with the chelate ring 7 electrons, The transition
complex (XII) vould then form, and result in C= substitution. The
possibility of an analogous intermediate (XIIY) for the O« compound

was rejected as being sterically unlikely. This machanism wes
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proposed for none=polar media, where the reagsnt would have lLitile
competition from the solvent in co-ordination %o the metal, FPolax
solvants could be expected to prevent this atitack by the reagent,
and experimentally £t was found that under such conditions the
nature of tho metal exerted litile control over the raaaﬁion‘so
Hovever, the mechanism could not explain the observatica that

C-= substitution increased in polar solvents and decressed under
less polar conditions.

The conception of a co~ordination mechansim has been sirenthened
by the inability of some copper and nickel chelates to react inm the
presence of pyridine, vhich strongly solvates the netal ions®®
Also, sowme copper chelates have yielded, as reaction intermediates,
ckloro- copper (II) chelates?®® '%%f both the parent diketone and
of its C- substituted derivative, This arises from the difficulty
of increasing the copper co=ordination number above five, which
prevents co-ordination of more than one reagent noiscule at a time,
thus causing s two-stage reaction,

lkcsmoyancm"8 has qualitatively explained the experimental
observations on the basiz of the metal-lipgand bonding and the

electrophilicity of the rescting halide, UVhere the charge on the



metal ion has been neutralised by the ligand, i.0. in aighly
covalent systems, the central carbon atom wiil have a high degree
of negative charge; thus, SNI reagents will favour C-» substitution,
but SNZ halides will give mainly O« compound. Thers the chelate
is more ionic, the opposite trend is expected,

A comprehensive study of the acylation resction hag been mads
by Murdoch and Nonhebel‘sﬁ who concluded that cheiates of nmetals
capable of further co-ordination (copper, nickel, sodivm and bariva)
reacted by Brandstrom’s co-ordination mechanism, Howewveyr, they
also believed that the O compounds wvers formed similarly i.e.
that the intermediate (XIIY) could exist., Where no co-ordination
to the metal was possible (ziunc and mercury), a conceried °‘foure
centre’ reaction was envisaged, causing the breakage of the metal-
oxygen bond, with the invariable production of a high proportion
of O~ compound.

Yhere the co—ordination mechanisn occurred, it was found that
Syl halides gave more ester than did reagents of SNZ character, in
agreement with Hesmeyanov's predictions, Further, Sma reagents
reacted more rapidly than snl compounds, which also sugpests a
co~ordination rather than a carbonium ion mechanism,

The end-groups of the ligandexertad a marked control over
the direction of reaction. Bulky groups such as t-butyl or
isopropyl increased the yield of triketone {(C-~ compound), since
the intermediate (XIII) was sterically hindersd., Conversely,



electron-attracting groups gavse nore 0- compound; this was due %o
the reduced covalency and charge delecalisation within the chelatle
ring, preventing the central carbon atem from atbaining = negative
charge; and also to the reduced neutwralisation of the charge on
the metal ion, which inductively increased the carbonium lon
character of the reaction, and therchy favourad O agylatlon,

Increased polarity in the reaction med!

ium wne found %o imcrove

the yield of C= compound. This was raticvnzlised Ln tue ways.
firstly because such polarity woulsd Tacilitate charge doloealizetion

within the chelate, themwby incressing tze Shergs: on cardon; znd
secondly, it was cousidered that transient solveites of ihe cownlenes
were formed, with stractures sultable for the formation of toe
intermediate (XII), This latier proposal was based on an observed
increase in reaction rate in polar solvents,

The effect of the metal was not c¢lear, with the excepticn of
the two broad mechanisms mentioned. It appears that the important
factor is the degrec of ionisation of the metal=ligand bonding,

which depends on the metal and diketone as already observad,
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ENOLISATION OF #-DIKETCIES




Extent of Faolisation

Keto- enol tautowerism (XIV) occurs widely in organic chenisiry.
The position of equilibrium betusen the tavfomers ip deternived by

C.CH,~ gt el 2o O =

H

==

XIv
the relative stabilities of the ztrucetures, and can thareforse
vary widely. Simplo carboayl compourds exist almost exciusively Ln che
koto Torm, since the potantial enersy of this syziown, oblsinaed by

the summation of individual bond omargisés‘ﬁiy is lasa than ¥hat
of the enclic isconmer. Suall amounts of ennl may bhe debecled o

and these account for many reacitions of the carbonyl groun, smch
as the scries of condensation reactions.

A P=dicarbonyl systam can exist as ¢hs enol {or two nain
reasous, Firstly, intramolecul:r hydrogen bonding can occur, and
this considerably reduces the votential energy of ths enol, The
carbonyl dipole gives the hydrogan bond umusual strength. Furthar,

the enol contains an o,f-unsaturated carbonyl group vhich gives

CH

e S S R\C/M\‘ R
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XV

resonsnce stabilization to the system, The combined reductions

in potential energy make the enol more stable than the diketo form,



.5 acotylacotone exists as 767 enol,

The hydrogen bonded “chelate’? stracturo of the enol, suggested
by 81dgwick°a, has been confirmed by speciroscopic data?s and i
reflected in the physical properilesz of diketones., Thus the encl
of ethyl acetoacetate is more wiatile than the kelo-isgomer, in
contrast to simple aldebydes and ketones whose onols tend to undsrgo
intermolecular association, with a resultant loss ia volatility,
The strength of the hydrogaen bond is Tarthor evident in the relucianes
of nany dlaroylmethanes to uaderge csterilicaticn, Achiff-lase
formztion or reaction with Jiszenmethann., Thore in pa appavently
high electron dalocaiisztion within she 2vol rinpg

Vhen the enclic resonaszce can énvend te sther unswiuvrated
systens without the ring, the equilibriuw tends (o favour the
enol even more, This ig pariicularly evident in ihe presence of
one or mora phenyl groups. Thus ethyl benzoyl icetate containsg 215
enol as compared to 8% in ethyl acetoacstabe, Ti2ilarly zcotylacotons
fs molised to the extent of 76, benzoplacetonc has 89 and
dibenzoyluethans is completely emolic ® . This onol stability

arises from the cinnamoyl resonance in (XVIb), Other series which

CT/CHz\WSI#R w:4ﬁg}k\\r//R

I | I

[ g
(a) V1 (b) ¥

show this resonance effect are the cyclopentanons and cyclohexanone
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Where resonance occurs at the expense of the enol system, the
equilibrium shifts to favour the keto form, This occurs in B-

ketoesters (XXI1), where the resonsnce interaction between the

s Mg ~ .
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XXIX
alkoxy and carbonyl groups interfores with the enol resonanceuf.

Thus, diethyl malonate contains negligible eno¥ > °®®, athyl



acetoacatate contains &%, while acetylacetone is 7€) enolic,

The inductive nature of subsuituent groups in the diketone hasg
an affect on the ¢t wmitomar equilibrivm,. The gresiter the electren
affinity of the end groups (R in ¥V¥), the greater the proportion
of enol; thus a typical series is R = CCuELCsH BCH, In exntant

-

of erclisation. Similarly trifluorcacetcacetic ester contains

b}

ot 8® & wa

more enol (8%)) than zcetoacetic astar (&G&f , due to the hipghey
@lactronsgativity of the Llnorins sitcms, The exteat ¢f enolisstion
produced by various substitusaks in para-~mubsiituied-Zebengoyicrolo-

68
pentanonss (XXIT1I} shows & similar ftrend : Wl BwD I yHBCHeY THsO
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XXIix
This inductive effect is also shown by diketones substiturcd

in the central carbon atom {(Y¥IV). Increasing electronegativity

!

() L
N

XXIV
in this substituent R glves a corresponding increase in enol conteni.

Thus in substituted acetoacetic esters (XXIV, Ry = CHs, Rg = CR%)

the encl content follows the order R = COp B4 Celyy Kl Cly G Hy %S,
The probable rationalisation of the inductive effedt is thatl

highly electronegative subgtituenis facilitate the ionigzation of

the a-hydrogen atom in the diketo form, aiding the fovmebtion of

Ln anel



Theea main conuformations of 3-—diketones are (XIV = IXVII).
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When the groups R; R ead Ry are large, stavic lntsraction will

result, and all forms will be atrained, Sinee the form (XXV) is
destebilised by the dipole-dincla inturscticy of the carbonyi
groups, (XX7X) and{XXVIX) probably beliier repreeont the diketouna
conformations, It can be seen thabt when R, and %5, are large,
steric interaction with each other, or with the conmiral substituan:
R, will rasult, and consecueatly destadilise the kelo form. Thisz
is exparimentally wverifiad in the saries RCOCH,COU, whare ¢Che

enol contsnt is found te decrease in the order ® = Ru'y #pb% GBSO
i.e. large end groups increase the extent of enelisation.

Consideration of the enol structure (XAIVIII) shows that when
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XXVITX
the cental substituent R is large, it will interact with the end

groups Rg and Ra, thereby destabilising the cis-~ chelated enolsz.

.-
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This is clearly substantiated by the following seriess

Ry = Che 3 R= H Cifs Ce g cu(cas)a“{ .

Rg = COEt | & enol= 48 14 10 6 ' phesa’ 4

W W gy W i Chs By  CH(CH3 )" liguid .
% anel 75 30 26 o " phace E

65

Recernt uapublishod vork has confimad Hannoad’s ovservebion

hat the liguid dipivaloylmethare (R = H, Ry= H = Ba ) idg completaly
enolic, whereas its C«~ bamzoylated Azrivative elists enclusively
23 the triketone®®. vhere 2 is largs, the nnusual existence of
onol kas uhservad®®

Kk 1lazss general steric facter arisez in dlkeones in which one

carbonyl group is contaimed in 2 viag system (XXIX), The enol
content of such compounds ic found to slternate wiith conseoutiva

o 9

\,"{

Yn,
XXIX

rings, i.e. where one compound has a high enol content63° the next
homolog has a relatively low proportion, the next gives a high
value and so on. MNo satisfactory explanation of these observations
has been devise&' » Since a coplanar enolic ring is required for
true resonance stabilisation, it may be that the bond angles of
thehomologous series aliermately favour and inhibit such planarity,
A further point concerns the position of the enolic double bond

4 96%

. /3 . :
in such a gystem; Byown empirically propused that cyelopsahanons



ring systems favoured exocyclic double bonds as a result of

the carbon-carbor bond angles, and simnilarly that cyclohexanonssz
favoured the endoecyclic fora. Thus in ecyelic ketosesters (XXIEX,

R = OEt) vhers only the ring cerbonyl groun mey snolise, consecubive
members may be alternately hindered and favoured by “he anolie

double bond. This is not wholly satisfactory, since n similar,

though less promounced, periediciiy is obssarvad in Z-=gldebyd o olanones
(xxx, r = gf® %S,

for any given compound, the pesiticn of the equilibsium is

dependent on the zurrcunding media, Thne, the ezncl contert may vaey
betwveen the gas phase, the liguid phase, the solid phose ond seluntions,
In solution, the polerity of the solvant has a vwarked cifeci, since
the more polar keto-isomer is favoured by polar media, and zspecially
by hydroxylic solvents which may hydrogen-bond to the ketonic isomer,
thus rivalling the oncl in stability. Acetoscetic ester haz 460
enol in hexane solution, 8% as the pure liguld, btut cuvly 0.4% in

water.

Direction of Enolisation

Unsymmetrical diketones can in theory produce two distiact

isomeric enol structures (XXX and XXXI), The problem arises as

CH .
Rig® oM Ry \c;/ \
| I ]
. g i
\H.,-' e "‘H.‘./
XXX XXXT

to vhether these isomers are truly distinect, particulerly where



a strong hydrogen bond exists. aund if so whetzer one is preferred
to the exclusiorn of the other,

Yost early investigations of the dirvecticn of enciisation
utilised chemical methods, both dagradative and synthetic,
Physical techniques, in particular spociroscopic amalysis, have
been employad in more recent years., Thess wnetheds are best deseribod
by perticular exsmples wiaich show the relative sdvaotege: and problams
sasociatad with any givea procedura.

Controlled oxidation of an enol could be axpecstsd o cilagve
the double houd, thus yielding two fragrments whese siructurs weuld
indicate that of tiho evol, Csono has dzen used in zeveral lastancas
as a selective oxidising agent for this purpose. Bsnuay?acetonehq
vas degradsd in this way Yo benzoic acid andé methryl glyoxal,

establishing the citructure as IX{II ., in agreament with the

an

e

XIXIX
cinnamoyl rosonance vhich would be expected, Similarly acstyle-

n-butyrylmethane (XXIIII) ard acetyldecoyimethans (XXXIV) were

found to have the enol structures shown®?,

CR i
CHgCHaCHg——CZ> (- CHg crgcm,)g-»-«c/c \c---—-cas

! i i

0 _ -0 0 0

(XXIYI, XXZXV.



A mors generally used technique has been to prepare o devivative
of the diketore, utilising the rezctivii; of vne oxygen alton, and
establish the structure of %this compound, valch may ofzen b

related to the emol structure,

gxamples of the derivstives comnoaly used ore icoxazcles X
obtained by reaction with hydroxylamive, aud pyrazoles (AULVI)
. - &0 6gTO 9% 4
are obtazirced from hydeosine 7 :
: r‘\\ B
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Two poscible isomerice izcoxagoles occur, and wiith subohid

hydrazine, twe pyrazoles are possible., Tae Lsomeric pairs can be
. 7% . :

syathesised unequivocaliy Trom the appropriate o, f-ditromoketons

(XXXViI) by reaction with hydroxylamine o2 hydrazine in alkali.

R.,CO.CHBI‘.. CHBI’.Rg R -)1(: - \"’E

XXXVIY 4]

It is therefore pocsible to assipgn a structure te the compeund

i

§ )

or mixture of compcunds obtained Trom the diketone, Sinee hydroxyl-

anine and hydrazine are typical carbonyl reagents, it would be

expected thal these derivatives are formed by attack on the

carbonyl group of the encl, foliowed by elimination of water. This

ic substantiated by the fact that benzoyl acetone (XXIII) yields



axclusively 3-methyl-S-phenylisoxazole (IXXVIII) , showing that

-
el
| \ﬂ -
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the reapgont hag attacked the carbonyl zroup of the pareni enol,
This nechantesm has been further confirmed by the ocecasionnl
isolqtion of the intermediate oximes and hydrazonegé i o 6.,
wvhich readily cyclise to yield the isoxazole or pyrazole,
weycandqvfound evidence that the enol ethers ¢f sone diketones

reacted with hydroxylamine by a I, 4-addition to tho encne system,
followed by elimination of wator, Barnes and co-~wvorkers, in &
sarics of papers concerning the isoxazoles of diaroylmethaneéhi”eﬂai,
were inconsistent in theiyr interpretation of {he mechansism by which
the diketones reacted, sometinmes assumlag attack on the carhonyl
group and sometimes on the 1,4=conjugated system. However, Blatta?
denonstrated that hydroxylanine invariably attacked the carbonyl
group of a,B=dibromoketones, a f-unsaturatad ketones and a=brono=
a.B«=unsaturatecd ketones, thus ruling out the 1,4-nmechanismn,

Barnes, and earlier, Wheeler % in studies of the i-oxazoles,
were unable to detect a regular behaviour pattern in relation to the

B2 488
Ysugrested

diketones, The occasional isolation of icsoxazole mixtures
a mitture of the enolic modifications, but this is not in agreement
with physical data, which indicate the presence of a single ccapouad.

Cnol ethlers and esters are readily formed by many diketones,



by normal procedures, Acetylacetone gives the Owmethyl ethesr wiih
diazomethane 1% as do many other diketones, and snol-esters mey te
forned by reaction with an acid chloride“or anhydride, Waygand“'
found that with diozomethane or dimethyl sulphate, bsnzoylacatown

gave one methyl ether (XXXIX), whose atructure was proved by

/ S
d

TXXIX XL - ket

synthesis, and by czonolysis to yield methyr Denzoste. Thus the

enoclic carbonyl is apparently attackad. FEistert and Meuhel

obtained an ether from henzoylacetona and diconeithane, dult assiynsd

the isomeric structurs (XL). They poilt eut that this does not

necessarily prove the enolic structure, since the rate of inters

chanpge of the teutomers may well be greater than the reaction rats,
Yeygand ' later found that diazomethanc and p-methyldibenzoyle

methane gave the ether(XLi), and by analogy with his benzoylacetone

~OrpoelD Ty

Oty
\H.-‘

XLI ILIX

wvork, this indicated that the enol is({{LII), This structurs is
reagsonable, since the cardbonyl-oxygen atom nearor the tolyl ring

should, by induction, be the more negative and would therefore

L



be expected to attract the enolic proten. An analogous result

wvas found for p-methoxydibenzoylmethane, and so the cumulative

evidence sugpests that diazomethane attacks the evnolic cenire,
The structures of enol esters have been shoun by hydrogens

94
olysis to the corresponding saturated ketome , Only one isomeric

R2C = CHCORy Ha/cal, Ry CHg CHa COR.,

OR

ester has been isolated from any given diketone, althoupgh peonetrical

isomerism occasionally arised? , The sams compound is ohtained from
48 ;01 198

the diketone and from its met:l comploxa: o In the cases of
benzoylacatone ‘59,, benzoylisobutyryiuethans 48 L né DaRzZoOYE ~iae=nulyryl-.
n2thane “~,. attack has invariably bean shown te¢ cceur at the carbonyl

group in the enol sitructure.
Malonyl chloride reacts with P-dikatoses to forn hAydrony=

L2 . = % & =
pyrones , by attacking the double bond and hydroxyi group, as

shown for benzoyl acetons. The phenyl ond scetyl sudbstitueuts ia
CO. . a5 -
u" co.ei, B 2O
e [ ]
ph o XY ) ',‘:“, .-’:"!:’q Cj
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the product (XLIII) show the direction of enolisation; the alternative
enol would yield benzoyl and methyl substituents, The alternative
product structures may be differentiated by spectroscopy.

Speciroscopy is frequently useful in assigning a structure %o

.




an encl, The use of nuclear magnetic resonance is especially

well exemplified in the case of benzoylacataldehydé’gXLIVD The
gspectrum of this compound showed the cnolic proton as a singlet
(by integration the compound was shown to be completely emolic),

while the aldehydic proton appsared as a doublet, due to coupling

':\\\// \[" \\ET i ‘*‘:}2 /,»’ e ‘«’QQ‘/
i
o W Q. NS
- g ~Agw
XLIV XLV

vith the adjacent vinylic proton. The failure of the enolic
hydreogen to interact with the aldehydic proton shows the structure
to be the expected one(XLIV), A variety of Schiffs bases were
prepared, and these all showad a hydrogen~bonded proton as a
doublet, due tc interaction wvith the e-hydrogen (XLV). This
signal disappeared on deuteraticn, and the ‘aldehydic® signal
reduced from a multiplet to a doublet, Thus, these compounds all
had the structure (XLV). Apparently the stability of the amineo

grou» over the alternative inino-system (XLVI) is sufficient



to overcome the usual styryl resonance effect.

XLVI \Hx’

Although the above examnle is unusually clear, analyses of
infrarcd, ultraviolet and nucloar magnetic spectra have given

rosults in othor cascs.¥4
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lVientlon has already been made of recent weork on the factore
vhich coantroel the position of acylation of wmetal chelates, It was
concluded that as the clecivom-affinity of the ligand endsgrounoss

inereased, 50 the reactions yielded =z grester proporiicn of esgtew

a5

4

{"2w= compound?), In accordancs with the thoory of Hescoyanow
this effect was attributed to the increasing positive chaprse on
the wetal in the chelate ring, resuliing ia a gronter degree of
carbonium ion character in the acylating agent on formation of the

co=ordination intermediates I and II, Thus, attack ou the more

CH CH, £
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eloctronegative eentre, f.e, thoe oxygon atom, will increase,

These conclusions vere based on the reactions of benzoyl chloride

with the motal chelates of diisobutyrylmethans (PiBM), benzoyle
isobutyryimethane (BiBM), benzoylen-butyrylmethane {BnBM) and
di-n=butyrylnethane (DnBM), all in cyclohexane solution, The

results are summarised in the following table.



Percentape C- acylation in Reactions of Hetal Chelates

with Benzoyl Chloride.

Comparison of the BIBM chelates with the corrsspondiag DIBN
ceries shows a marked decrease iv C=~ acylation, vhich was cbtributed
to the electron-attracting inductive offect of the pharcd mrou
in the Lorser cocmpounds,

A sizilar effoct would be supersied heftuoen the Delil! ard BRall
sorios, snd, with the excepiion of the nickel chelates, thiz is
experimental ly verificd. Howewer, the difference between these
sories is much smaller, and in fact is of the same order of
magnitude ac the maxiwmum experimental error observed in tests.

Although the steric hindrance to O- acylation in either of
the above pairs is apparently constant (since attack always occurs
at the carbonyl-oxygen atom adjacent to the alkyl group), the
greator differences observed in the branch-chain series may in
part be due to the steric inhibition by the bulkier isopropyl

end-group.




Chelates of BiBM give more C- compound than do those of
BnBll, with the exception of the nickel complexes, and although
this would be expected by virtue of the greater clectron-affinity
of the n-propyl group, it may also be dus %o the steric hindrance
to 0= attack in the isobutyl series.

Thus, the experimentally observed figures cannot wi’h certaint

be attributed oxclusively to the different oleoctroniec characters
of the ligands,

The aim of this recearch was to extend these investigations
to systems more suited to changes in electronic character without
corresponding steric variations,

Dibenzoylrethane was chosen as the basic diketone system for
this purpose, since it was likely that introduction of a serics
of different functional groups into the para-positions would
change the electronic nature of the chelate, without causing any
changes in the steric environment of the neighbouring carbonyl-
oxygen centre,

To facilitate couparison of the results with the earlier
work, the same metals and conditions were used as far as was
practicable,

The chelates of p-nitrodibenzoylmethane and pe-methoxydi=
bengoylmethane with copper, nickel, sodium, barium and zine wore
propared and purified. In comparison to the alkyl series, these

compounds wore found to bo highly insoluble, and it was necessary

J



to carry out the reactions in benzene solution rather than in
cyclohexane, The work on dibenzoylumethane chelates was therefore
repeated in this new solvent,

After preliminary reactions, the methoxy-series was found
to sive inconclusive results, and so the worix was further extended
to chelates of p-nethyldibenzoylimethane (copper, nickel and sodium),

The ultraviolet spectra of the chelates are very similar to
those of the corresponding diketones, Only the p-nothyl compounds
shov a distinct bathochromic shift in the absorpticon wavelengths,
Thus the bonding in these complexes is primarily ionic in nature,
with the p-methyl series having the greatest degree of covalency,
This observation is in agreement with the findings of Fernelius® ¢,
vho showed that chelate stability decreased as the acidity of
the parent ligand increased, The more covalent the bonding, the
more stable the chelate, and so the ionic nature of these compounds
is indicative of rolative instability. Also, the electron=-offinity
of the series ir NO2) H )CHs, and so the acid strengths of the
corresponding diketones will be in tho same order, It is of
interest that the wmethoxyl group, normally considered as more
electron-repellant than methyl, does not induce the expected
covalency in the checlates,

Carbonyl absorption in the infrared shows that the complexes
contain no ‘free? carbonyl groups, but typical ‘chelate carbonyl?

frequencies are present., Thus the compounds are true chelates,



with both oxygen atoms bonded to the metal, despite the ionic nature
of the linkage.

In the reactions of the chelates, the triketone producte were
isolated by alkali extraction. The nitro-chelates also yielded an
enol~bonzoate of the triketone, vhich was geparately isoclated by
fractional crystaliisation. This vas assumed %o be forumed by
gecondary reaction of p-ritrotribenzoylmethane with bemnzoyl chloride,
and the total C- compound was calculated fron the sun of the ester
and triketdna yiclds.

The results of the reactions are sunmarised below as the average
percentage of C- compcund obtalmed in at least Two exporiments

consistent to a maximvm error of 5.

Avoerage Percentage C— benzoylaticn of Substituted Dibenzoyi-

Nickel i | Darisn 2ine
L [ F3 '
20,2 2,5 20,6 25,4 11,1
poHl 23,4 | 36,1 *33.4 | 29.6 8.6
p-CHs0 22,1 41,0 29,1 - 12,8
p=CH 3 60,1 63,1 Top.8 - .,

3
( = heterogeneous reaction nixturm,)

From these results it is clear that the expected treamd of
C-acylation, i.e, NGa < B {CHs (CH30, is not followed in practice,
It can be seen that the methyl series Invariably gives the greatest
yield of triketone, and the nitro-chelates the least (with the

exception of the barium complex).



Not only does the methoxy-series invariably give less C- compound
than the methyl, but the copper end sodium chelates of this group
give less C- acylation tham the corresponding complexes of dibenzoylw
mothane itself,

The methoxyl group generally behaves as an electron=repellant
entity in the mesomeric effect, and to a much greater oxtent than
does the methyl functiom., Howswver, it appears thatthe less common
inductive effect of the group, which aets in tha cpposite sonze,
also exerts control in the chelale system, with the net rasult
being 2 virtual *cancellstion? of elasctron contrel, Thus the
methoxy-chelates give yicids of teiketone sivilar o those from
the unsubstituted complexes, This coaclusion is further supporied
by the lessor depgrece of covalent boading in the methoxy-compounds
than in the methyl analogues, as shown by their ultraviclet
absorption spectra.

Although no simple picture of the effect of the metal may be
seen in these results, several points are worthy of note in this
respect,

The zinc chelates give a low yield of triketone, reasonably
independent of the substituent, in support of the proposed separ-te
mochanisu of reaction of these compounds4®,

Of the ronaining metals, only nickel shows a regular trend
of product ratio in relation to the eslectronic character of the
ligand-substituent, However, the metals (copper, nickel, sodium

and barium) whose chelates wreact through the co-ordination



mechanisn, give products of broadly sinilay conpositioa for any
given ligand, The range of wetrls and diketones is %too limited to
accept this statement without comnsiderable extension of the work,

Several problems bacame evident during these ozperinents,
and these limit the usefulnecs of the resuiis in any analysis of
the acylation reaction.

As already meationad, all the chelates are more fonic in
nature than those used in the initial experiuwents, and consequently
the yields of triketones are auch lower, Only the methyleseries
gives more tham 407 of C= compound, Since this istter compouand
was the ono isolated from the roactions and usod to Lipnd the preduck
ratio, any experimental error is of greater significance than hafore;
for example, the methoxy- and hydrogen-geries are always within
5. of each other and thus are not strictly difforcntiable vithin
the exporimental ervor. Thus, the only strietly valid comparisons
are those between tho methyl serics and any othewr,

A second problem is caused by the generally high insolubility
of the chelates, due in part to their ionic structures, and alsoc
to the aromatic nature of the ligands., Many of the reaction
mixtures, particularly those of the nitro-~coupounds, were initially
heterogeneous. Kornblun®® has shown that phenoxides give C- substitution
on hetorogeneous reaction, and by amalogy the chelates should do
likewise., This is confirmod by a comparison of the yields of
tribenzoylmethane obtained from the chelates of dibenzoylmethane in

c::yclohexaxm‘e with the present work using benzene. The latter solvent,



with greator pover of solution, pgives markedly less triketone
than do the cyclohexane reactions, with the exception of the
nickel chelate (the most soluble of the co-ordinating complexes).,
Thus many of the figures obtained reflect this heterogensity
factor along with the electronic nature of the lizand., Coprer and
sodiun give highly insoluble products, bariwm gives distinctly
more soluble chelates, and the nickel and zinc complexes are the
most scoluble of all,

As alrendy mentioned, p-sitrotribenzoylazthans itselilf sives
an enol-~bsnzoate, and so the figures quotsd combipe bodtn thisz
ester and the free trikotome yiolds. Although tho estor is
probably forued by secondary rasction of the {wiketonn, the possibility
of its primary formation from the cheliate, with an accompanying
effect on the product ratio, caanct be exciuded

Copper p-pitrodibenzoylmethide gives zn intermediate complex
vhich, by analysis and reactions, was showm to be chloro-copper (IX)=-
p=-nitrodibenzoylmethide, Such complexes have alrecady beorn mentioned,
and arise from the inability of cupric chelates to co~ordinate more
than one molccule of acyl halide at a time. Thus, the first stapge
of the copper reactions differs from the second, wvhere the reagent
co-ordinates to a separate system and so the reactions of the
copper chelates cannot be validly compared with those of complezes
vhich can co—ordinate twvo molecules of reagent.

The structures of the enol-esters obtained fron the reactions show



that O- acylation occurs at the carbonyl group adjacent ¢o the
phenyl group in ths methyl- and methoxy-compounds, but at the
oxygen near the substituted ring in the ailtro-system. The
question therefore arises as to whather the substituent controls
only the adjacent metal-oxygen bond, or vhether the electronic
offect oxtends over the whole dicarbonyl system, Only if the
latter alternative holds true can the systoms be compared.

Vhereas the substituted chelates give only onc ester and so
have only ome oxygen atom awailable for aitack, twe oxygen-contres
are available im the dibenzoylmethane complexes, Statistically. this
latter series should therefore yicld an Yartificially’ low nercentape
of triketone in comparison to the other compounds.

For a true representation of the cloctronic effect, it was
nacocsary 0 eliminate or minimise thase issues as far as possiblo.

The solubility vroblem is solved by considering only the nickel
and zinc chelates, vhich are the most soluble, Since zinc chelates
do not veact by the co-ordination mechanism, a study of nickel
chelates is indicated. These compounds are especially suitable
because of their relative solubility; rapid rates of reaction and
because of the ready interchange of the nickel co~ordination
nunber between 4 and 6, It is significant that the nickel cholaotes
already examined show the expected trend,

The nickel chelates of p-chloro-y; p=bromo=, a-bromo- and
p=nethyl-p’-methoxydibonzoylmethane were accordingly prepared and

their reactions examined. The complete series of nickel rezciions



is tabulated below,

Avorage Percontage C- benzoylation of Nickel Chelates of
substituted Dibenzoylmethanes (2 in B°ﬂ222°)°

p=NOg BB p=Br I p=~C1 l p+il p=CHs O p¥-CHs | p-CHg

2.5 29,4 | "36.1 41,0 ‘49,2

( = heterogeneous reaction mixture,

Taking the dibenzoylmethane chelate as a zero-peint, it is
at once apparent that electron-withdraving groups (nitro and
halogen) lover the yield of C= cowpound, whereas clectron-repclling
functions (methyl and methoxyl) increase this product, This is in
agreement with the trend expaected on the basis of the co-ordinatic
mechanisn,

A more rofinad picture can be oblained by comparing the
raelative effects of each substituent with the effact produced on
the product rativ, The observation that the methoxyl group oxarts
both its inductive and mesomeric effects §is further bornc out by
the fact that nickel p-methyl-p?-methoxydibenzoylmethane gives
a yleld of triketone intermediate between those obtained from the
p=methyl and the p-methoxy analogues,

Further, although the chlorinc atom is more alectronegative
than boumine, the p-bromo-chelate gives the lesser C-~ acylation
of the two, This is in agrecement with the existence of a balance
between the inductive (+I) and mesomeric (<) effects of the
halogen atom, Introduction of a bromine atom into the neta=position,



where the inductive effect has increased pover, izives a further
reduction in C- acylation.

Thus the yield of C- compound increases in proportion to the
slactron-ropelling pover of the ligand end-proups.

O-acylation occurs at the oxygen aten next %o the substifuled
ring in the penitroe, m<browo- aund p-methylepl-methoxny-compounds
(in the latter, adjacent to the telyl ring), but in every other zsasc
next to the phenyl group..Since these changes do not disturb the
trend of the product ratio, it must be conciuded that the substitusn®
groups influence a delocalised electron~-systean within the chelate

ring, and not simply the adjacent metal-oxygen boad,

The conclusions drawn from this work can be summarised as
follows,

Pibonzoylmethanes give true cyclic chelates with the netals
studied, but the meotal-ligand bonding is primarily ionic, Those
chelates contain a delocnlised electron systen within the chelats
ring, and this is distinctly affected by the electronic nature
of the ligand end=groups. Where these cnd-groups have oprosing
inductive and nesoneric tendencies, the two balance ocut to give
a net result in the same sense as the stronger of the two effects.

"ith the exception of the zinc complexes, the chelates react
with benzoyl chloride to give the corresponding tribenzoylmethanes
in yields vhich incrcacse in vroportion fo the electron~repulsion

of the end-groups.



Copper, nickel, sodium and bariun comploxos are acylated by
the co-ordination mechanism proposed by !Murdoch and Nonhebel,
vhereas zinc chelates are forced, through lack of co-ordination
ability, to react by some other process, either fonic or 2

concosied four=cantre process,
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Asymmetrical S-diketones can in theory give two isoneric
enol esters, and so the problem arises as to whether one isomer
will be preferred to the other, and if so, what factors will
deternmine the preforrved structure,

This question arose in the study of chelate reactions already
described, In the initial experiments using p-nitro- and pe-usthoxy-
dibenzoylmethane, it was found that the ester from the nitroecompound

had the structure I (R = N0z), while the methoxzy-diketons gave

/’mﬁr\ /r:mm:\\ / m"'m:'\,\ /"’ o ,
R4, Cm - O, ) R Yo GO ChASIC =y )
\\ V/ | & /4 \ i A /
% / / '\,. g W\
/ QrC,O-C,:.ﬂs }._w..../ \-.;._,_,.,._// ‘:7}:_,‘ . C‘gl‘f Wricviassasson ,I,
1 I

IT (R = CH30). ''hen the vork was extendsd to include p-uethyldi-
benzoylmethane, the ester II (R = CHy) was cbtainad, 7Thus, the
electron-attracting nitro group acted in the opposite direction to
the methyl and methoxyl functions, as would be expected.

It was expected that the structure of the estor would ve
related to the enolic structure of the parent diketone, The
absolute enol configurations of these compounds were in some doubt,
owving to the uncertain nechanism of formation of the isoxazole
derivatives, which have been mainly used in such studios of
diaroyluethaned 2 #74 929798 i ever, even vithout an absolute

structure, it was secmn that the nitro-diketons gave an § soxazola 8?7
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(III, R = NOg) whose mitrogen atom was attached to the same carbon

~s was the ester group, whereas the methyl’z and nethoxyf°isoxazoles

—-——--

/>1/ [\ 7

were said to have the structures IIT (R = CHg or CHy0), with the

nitrogen attached to the opposite carbon to that attached in the
ester formation. This inconsistency made ii{ desirable to establish
configurations for the enols, and to relate these to the structures
of the corresponding esters,

Comparing the above observations with the case of benzoylacetone,
vhose encl, enol acetate and isoxazole have ilready bean shown %o
have the structures IV, V and VI, respectivoly, it can be soen

Ph C =m= CH.C.CH3 PhC+=CH mxee C,CHg I'h € some (R~ C,CH 5

o4 3 boocty O

Iv \/ VI

that only the nitro-compounds follow this pattern, i.0. in attacking
the carbonyl group of the enol. 1In view of the unexpected behaviour
of the chelates derived from p-methoxydibenzoylmethane, this
compound might be expected to behave anomalously, but such was not
the case with the methyl series.

The isoxazoles of the three compounds were thercfore prapared

and re-exanined., ‘'hile the identity of the nitro-derivative was
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confirmed, it was found that the methyl compound had in fact the
opposite structure (3-phenyl-S-tolyl«) to that given by "healer’
Further, the product from p-nethoxydibenzoylmethanc was found to
be a mixture of the two icomers, althousgh the main component was
that recorded by Barmes and Brandon®®, Thus, only %the methoxyl
group had anomalous behaviour, and by comparison with benzoyl-
acetone, the other compounds should have the enolic siructures

VII and VIII,

Wi
\_7

When the chelate work was extended to other dikctones, the
structures of their enol benzoates were determined, and the identities
of the derived isoxazoles established, Some of these isoxazoles
ﬁﬁd proviously been assigned structures, but in view of the dis-
crepancies already observed, it was decided to re-examine those
cases with the aid of infrared and ultravislet spectroscopy, which
had not been available to the earlier workers, The isoxazole
idontities were found by independently synthesising the two
possible isomers from o pB=dibromoketones, The cvidence in
favour of this being ar unequivocal synthesis has been summarised
by Vheeler'®, By melting point and mixed melting point data, and

by comparicon of the I.R., U,V, and, where solubility permitted,



the N,.il,R, spectra, the structures of the products obtained from
the diketones were established,

The enol benzoates were hydrogenated over platinum to give
boenzoic acid and a ketome (V) wheose structure followed directly

Rge ? = CR,CO = Rg2 R4CHs CHgCORg ¢ CgHgCOgH

from that of the ester®y, This procedure, although worksble,
vas not efficiesnt, since the ketone was freocuently hydrogenated
further to the alcohol or even the hydrocarbon,

An attempt to synthesise the esters by reaction of silver
benzoate with a monobromoketone was umsuccessful, even on prolonged
reflux, The bromoketomne was derived from the corresponding
chalcone dibromtda”. and could have cither of the structuras
X or XI. Rarlier workers had comsidered the B-bromc form XI

R, oCO.CBr = CH.R, R, oCO.CH = CBr.R,

X XI

to be correct, and this was the basis of the attempted synthesis,
The failure of the reaction was evidence of structure X, which
was favoured by Bams"-.‘ and Blatt‘ Y » and this was eventually
proved correct, in the case of the f-naphthoylbenzoylmethane
series, by comparison of the N,M.R, spectrum with that of the
corresponding chalcone (XII),
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F 1 o /CO.('_‘;I'(-'-':CO\rf//\ﬂ

= g N

N
I
The cstructures asaigned to the warious derivatives are shown

on thae following page. This worik was also sxitendad to include some

condensed aryl (o= and 8« naphthyl) and hetorocyclic systems,



structures of Diarorimethane =0~ RBenzoates.,

Ar,C = CI.CO.Ph ArsCO,CH = C,Ph
0COPh QCOPR
Ar Ax

p=nitrophenyl pe=nethoxyphenyl
n=-bromonhenyl p=methylphenyl
a-naphthyl p=chlorophenyl
B-naphthyl p=bronophenyl
Picolyl 2@ 4. omfuryl

———
p—

CH30">\<\_ }... COo. CH?—”%({-—-—.

Ph.CO0

——a——

=
:\\\ /}’ CHy

Av ,,/~\|/Ph.
T
Ar
p=nitrophenyl
‘p-nothoyzphonyl (86%)

c=naphthyl
Picolyl

p=-methylphenyl

0p-chlorophany1 (6272)
°p-bromophenyl (517)
'm-bromophonyl (595

L]
Benaphthyl

-
Main product im wixture of isomsrs,
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In every case, only one ester was isolated, vhether by
direct reaction of the diketone and benzoyl chloride in pyridine,
or by benzoylation of a chelatoc in an organic solvent. Most of
the diketones, however, pave a mixture of isomeric ?:roxazoles,

The close physical and chemical similarity of thoese isoxazole pairs
made separation impossible. Attemts to determine the proportions
of the mixturcs by means of Vierordt’s method of ultraviolat
malysis®® wvere found to be insufficiently accurate, BHowevor,

the fipgures obtained, which were in qualitative agrecment with the
deductions mads from melting point data, vith the exception of the
p~eethyl-p’-methoxy compounds, probably pive a refiection of the
trend, and are included in the table of results.

Having established the isoxazole identities, tho problem of
relating these to the onolic siructure of the diketoneswvas incroassd
by the frequent occurrence of mixztures, !Mention has already been
made of the doubt concerning the mechanism of formation of the
isoxazoles. Barnas' ®°7® R8s inconsistont in his interpretation
of this reaction, apparently because of the reaction of a,f=

unsaturated ketones with hydroxylamine to produce oximes and

R. Rq, R\ \ Q).

™ o N ©
Isaxasoline. Iscxnzoles.
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isoxazolines, Blagt had reported that isoxazoline




formation did not proceed via an oxime, and so Barnes assumed
that a 1.4 mechanism occurraed, Hence, on sxidation of the isoxazoline
to the isoxazole , a product would be obtained with the oxygen
atom attached to the carbon fronm the original carboayl group.
Barnes applied this deduction to the diketones themselves, Blatt
later pointad out®? that although the iscxazoline was not formed
by sinmple attack on the carbonyl group, neither was it forwed by a
1,4 addition, but by some other umspecified mechanisn, He also
clearly showed that the same isoxazole was formed from an a,B=
unsaturated ketone and its corresponding a-~brouw:-and o ,f-dibromo-
conpounds., In combination with the absclute evidence that
benzoylacetone forms its isoxazole by attack on the carbonyl group,
it becomes clear that wvhere a single isomeric isoxazole is produced,
it arises from attack on the carbonyl group of the parent diketone,
The icsoxazole reactions were carriecd out in aqueous alcoholie
solutions, using hydroxylamine hydrochloride, (nder these conditions
the diketones, which are extremely weak acids, are essentially
unionised. Repetition of the reactions in alkaline solution (for
the nitro, methoxy and methyl series) gave exactly the samo products,
and the reaction time was considerably increased. In alkali, an
equilibrium will exist between the enolate anion and the diletone,
and so isoxazole formation must involve the intact molecule, and
not the anion., Under normal conditions, the diketones are complately

enolic, and behave physically as single compounds, The N.M.R,
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spectra shov the enolic proton at negative ¢ walues, and this
signal disappears instantaneously on mixing the compound with
heavy water, showing a highly ionic bond structure. lowever,

the vinylic proton ghows wvery liitle decrease in absorption
intensity even after soveral days im contact with the deuterium
source; indoed, dibenzoylmethane shows no exchange at all, Thus,
there is vory little of the diketo~tautomer present in the systen.
Mixtures of isoxazolos cannot therefore be explained by attack on
the dicarbonyl structure, and the roaction must occur betuwceen

the true enol and hydroxylanine, This is borne ont by the nitro
and nethyl isoxazoles, both by the foruation of one isomor in
each case, and also by the structures of the products, vhich are
formcd by attack on the carbonyl which would have the smaller
dipole in the corresponding diketo- form,

Barnes®® has supgested that rapid interchanpe of the tvwo
possible enols occurs vwith one form reacting more rapidly than the
other. Although this would explain the formation of mixtures, it
is not in agreement with the behaviour of the nitro- and nethyl-
diketones, since the alternative enol would be the more reactive,
in each case, Also, the N.M,R, spectra of benzoylacetaldehyde and
its Schiffs bases clearly show a distinction between the preferred
enol and its alternative isomer,

The ovidence therefore suggests that attack takes placse on
one enolic structure, which has a charge distribution in the

chelated ring, contrelled by the substituents. Thus, when an
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electron~vithdrawing group such as nitro is present, the adjacent
carbonyl oxygen will, by induction, be the less negative of the
tvo; consequently, the snolic proton will be attracted to the

other oxygen atom, and the structure will be VII, Conversely,

the electron-repallant usthyl group will give the enol VIII. As
with the metal chelates, the uethoxyl group apparently balances its
mesomeric (+¥M) and inductive (=I) effects, and both carbonyle
carbon atoms have a positive charpge, with the greater proportion

noear the substituted ring (XIIXI). Thus the nucleophilic hydroxylamine

nmolecule can attack both centres, resulting in a mixture of isoxazoles.,
p-nc thoxy-p'=mathyldibenzoylmethane alse gave a mixture of

isoxazoles, with the grwater proportion being formed by attack on

the anisoyl carbonyl group. Howewer, thore was a much greater

proportion (probably about 407;) of the 3=tolyl~isoxazole in this

case than there was of the 3-phonyl product with the simple methoxy-

diketone. This result agrees with the opposing effect of the

mothyl and methoxyl groups in the disubstituted diketone, and

confirns the conclusion conceraning the delocalised system within

the enol,

The halogenated diketones oll pave isoxazole mixtures, with



the 3-phanyl compound being the main component. Thus the benzoyl
group has the greater carbonyl character in these sysiems, and the
mesomeric effect (+M) of the halogen atoms counteracts the
inductive effect (=I).

a-Naphthoylbenzoylmethans gave only the 3~(a-naphthyl)
derivative, whereas the f-analogue gave a nixture whose main
componaent was 3-phenyl=S=(B-naphthyl )=-isoxazole, a=Naphthoic
acid (pKa 3,7) is a much stronger acid than benzocic (pka 4,20),
and so the a=naphthyl group has a greater induciive effec¢t than
phenyl. Thus attack occurs exclusively on the naphthoyl carbonyl
group. The p-naphthyl group (acid pKa 4.,17) is more similar to
phenyl, and this rcsults in the aixture of products.

In the heterocyclic systems, the pyridine riang can only exert
an inductive effect (-~1), becauss the electron pair on nitrogen is
tied up in the aromatic ring. Thus the 3J-aryl isoner is the
exlusive product. In contrast, the furyl ring has an clectron
pair on oxygen vhich can give the mesomeric (+M) effect slong with
the inductive effect (-I) of the oxypsen atom, and this is reflected
in the mixture of isoxazcle products formed.

These results show that isoxazole fornation is a reaction of
the chelated enol, and demonstrate the presence of a delocalised
electron system within the ring, controlled by the electronic
tendencies of the diketone end groups., A close analogy is apparent

in the properties of the metal chelates of the diketones, An



interesting foature is that this cystem can provide an indication
of the behaviour of aromatic systems, by a study of the isoxazeles
produced by diketones containidng these systems,

It appears that in diaryl diketones, %the distinction betueen
the onolic isomers is slight, since both have a similar resonance
gystem, ‘'here one substituent has a sharply distianct inductive
or mesomeric character (e.,3., nitro, uwethyl, a-naphthyl), the systen
bohaves as a single enol, but in other cases, one carbon-oxygen
bond acts as though it had only slightly more double bond character
than the othor, This is in agreement with the obscrvations of
Hammondco, who found little interaction betwcen substituents and
the enol system; however, this probably results from a2 balancing
of aeffects rather than from an absence of these,

Comparison of the structures of the enol benzoates vith the
isoxazoles immodiatoly shows that esterification does not always
occur at the oxygen of the ?carbonyl grour' in the enol, as
sugpestod by the benzoylacetone compounds. Although diketones
wvhich yield a single isoxazole (p-nitro, p-methyl, a-naphthyl)
all esterify at the corresponding oxygen atom, those which give
isoxazole mixtures may esterify at the position corresponding to
the major component (¥-chloro, p-bromo, oa-furyl) or to the minor
(p~nethusy, w~bromo, f-naphthyl).

Two factors suggest that esterification does not arise directly

from the cnol, Firstly, every diketone save a single isomeric



ester whather by direct veaction or from its chelates, Thisz is
in marked coatrast to the isoxazole reactions, which have been
shown to involve the enol as such, Secondly, the greater polarity
of benzoyl chloride, as compared to hydroxylamine, would be expected
to increase the tendency to produce mixtures when two oxysen sites
are available, and this is clearly not the case,

The ultraviolet absorption spectra of the esters (XIV) showed
a,p=unsaturated ketone absorption at wavelengths intermediate beiween

those of the corresponding chalcones (AV and XVI), It was found

R“c mcn.cogRg Rz‘,CH e (:HQCOQR2 Rzoceoc.‘. - - — CHQRZ
OCOPh
XI1v Xv Xvi

that the ester absgorption maximum was closer to that of the
chalcone wvhich containad the same conjugated systen i.,e,, the
ester XIV will resemble XV rather than XVI in its spectrum. This
vas extremely useful in assigning the correct structure to the
ester without resorting to chemical means. Confirmation by
hydrogenolysis was obtained in every case axcept that of the
S-naphthyl compound, where the spectroscopic nethod indicated the

structure XVII, while XVITl was actually correct, It was also

B~nap, COCH ===C,Cgilg p=nap, C === CH.CO,C4H,
PhCOO OPh
VIX XVIIX

found that the a-naphthyl ester showed no unsaturated ketone



absorption in the ultraviolet (although this occurred as usual
in the infrared), and the same applied to the impure ester obtained
from mesitoylbenzoylmethane., Thus, tiw steric requirenents of
the naphthyl and mesityl groups apparently hinder the planerity
roquired for conmilote conjugation im the asiers; the G-isomewr,
as oxpected, has a smaller effect than the a=tcompound, and
displaces the absorption to lower wavelengths (higher cnergy),
in agreoment with the idea of less complete conjugation, Frovided
no steric hindrance arises, thigs nmethod is extromcly convonient
for assigning structurcs to the esters.
It was further observed that the maximum in the sster absorption
spectrum was invariably closer to that ketone vaich absorbed at
the lower wavelength of the two. Thus the ester contained the
more stable resonance system, This could explain the abscnce
of mixtures in thoe products, if the more tharmedynanically stable isoner
wore preferred, Hovever, in the case of benzoylacctonc, the
estor (XIX) does not contain the maximum conjupgation and is
therefore less stable than its isomer. The alternative explanation
C,HsCO.CH =zex C.CHg
OCOR
XIX
is that the dikctone rencts as the anion, and the more stable
antops. is exclusively preferred., In the cases of the diaroyl-
nethanes, the more stable anion will be that which has the wmore

stable unsaturated ketone resonance, and this is shown by the



chalcone (XV or IVI) which absorbs at the lower wavelength,
B=naphthoyl=banzoylmcthane-0O«benzoate contained the less stable
resonance, but this is due to the storic interference botweon the
naphthyl and ester groups. The charge on the anionic oxygen atom
will them also be stabilised by cross-conjugation between the
carbonyl group and the second aryl systom, ith benzoylacetona,
the anion XX can be stabilised in this way (XXI), vhereas the

alternative gtructure cannot.

\ C—CH==C—CHy @ o \i-.l-c 1:::;;;,,3(;__,,“%%
Wl T WY A P

&0

XX XXI

The direct reactions between benzoyl chloride and the diketones
had beon carried out in pyridine. It was therefore thought possible
that the basic nature of the medium could induce the formation of
the enolate anion. A precedent for this had boon given by the
1solation°’. as an intermediate to Schiff base formation between
acotylacetone and diethylamine, of a compound vhose structure was

shown by Il.!l.R. to be the ion=pair XXII,




Bxamination of pyridine/dikctone nixtures by refractonetiry
ghowed that a definite assceiation occurred between the two molecules
in a 1:1 ratio, The imsolubility of the dibenzoylmothanes made it
necessary to carry out these observaticns in dilute solution, and
80 only a slight deviation from Raocult's law may be observed,
However, the liquid diketono dipivaloylmethane clearly shows the
interaction,

It may therafore by concluded that esterification takes place
by reaction of the enclate anion with benzoyl chloride or a benzoyl
¢ rbonium ion produced frem it, Fhe unsymmetrical diketones
exclusively give the more stable anion, which is deterninad by
resonance stubilisation of the negative charpe, and also by
unsaturated ketone conjugation, where this does not prevent the
first condition,

The production of the same esters from the chel:tes as from
the anion sugpests either that the chelates have a separate ionic
mechanisn for O= acylation, or that there is considerable asymmetry
in the metel-oxygen bonding., In vilew of the cunulative evidence
in favour of a co-ordination mechanism for the chelate, the latter
conclucion 1is moro acceptable,

Isoxazole formation can therefrre be taken as roflecting the
properties of the chelated encl, vhich has a delicately balanced

electron delocalisation within the enolic ring. In contrast,



the esterifications show the behaviour of the enolate anion,

which has a highly localised charge om one preforred oxygen

centre.
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Preparation of the Dikefones

The diketones were generally obtained by one of the
two methods described below,
A. By the Claisen condensation101 of an ester with a methyl
ketone, using sodamide or lithamidaqe es couGensing agent:

R, COCH; + R,CO,R —— R COCH,COR, + ROU

To e stirred suspension of the amide (2.5 moles) in
ether was added the ketone {2 moles). The ester (1 mole) -
usually the sthyl or phenyl ester ~ was gradually added as an
ethereal solution; aand the whole refluxed for a period of two to
8ix hours. The slurry was poured onito ice, hydrochloric acid
(50% aquecus) was added, and the whole shaken or stirred to
hydrolyse the metal derivative. The ether layer was separated,
washed with bicarbonate, water, dried and evaporated. The

product was purified by crystallisation,

B From the appropriate apf-dibromoketone, by treatment
with sodium alkoxide, followed by acid hydrolysis of the resultant
enol-ether:

R,CHO + R, COCHy -——> R, CH=CHCOR,

!

RxT'CHCORﬁ B R,_CHBrCHBrCOR2
OR l
RLC-CHCORZ e e l?1 COCIL, COR,

CH
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102
(1) Preparation of af-unsaturated ketones ('chalcones’).

To the methyl ketone (1 mole) in alcohol was added sodium or
potassium hydroxide (0.1 mole as a 10% agueous solution). After
gradual addition of the aldehyde (1 mole), the solution was
allowed to stand at room temperature, with stirring if required,
for two to eighteen hours. The product separated, was filtered,
and purified by crystallisation,

103
(ii) Bromination of the chalcones.

The unsaturated ketone (1 mole) in solution {carbon tetrachlorids
or garbon disulphide) was treated with bromine {1 mole as 20%
solution) at room temperatuxe. The reaction time varied between
two and eighteen hours. Any precipitate was filtered, washed,
and the combined mother liguors and washings were freed from
excess bromine by washing wiith aqueous sodium thiosulphste.

The solution was concentrated and allowed to crystallise. The
combined products were puvrified by recrystallisation.

104
(111) Preparation of the diketone

To a stirred suspension of the dibromide (1 mole) in alcohol was
added a solution of sodium (2 moles) in alcohol. The mixture was
refluxed (50 min.-3 hr.). A yellow solution of the encl ether
was formed, and to this was added concentrated hydrochloric acid
(0,2~0,3 moles), the mixture was refluxed for five mi:iutes and

poured into cold water, The product separated out and was



filtered, or was extracted with ether, Purification was by

recrystallisation,

By these methods, the following families of compounds
were obtained.

Dibenzoylme thane was available as a laboratory reagent.

p~Fitrodibenzoylmethane.

[ oA

: £ X ) 1085
This dil'etone wsus prepared by meaction of the copper
chelate of benzoylacetone with p-nitrobenzoyl chloride, followed

by hydrolysis of the triketone obtained.

Ph / CHy
Ph~COCHCOCE,
| s |

0\ o COC;z Hy .NO, ~p
% 1
PHGOCH, COCg Tly . KO, -p

The following adaptation of the literature method was
used,

Copper benzoylacetonate (1 mole) in tolucne was
refluxed wi.h p-nitrobenzoyl chloride (2.2 moles) for 2 hr.
The solution was filtered; washed with dilute hydrochloric acid,
bicarbonate, dried and evaporated. FEthanolic sulphuric acid
(50% of concentrated acid) was added, and the mixture was heated
on the water bath for 2 hr, The product separated on cooling,

was filtered and crystallised from benzene as yellow needlas,

m.p. 162°.

62
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4-nitrochalgone WO, \ y CH-:CHCO-(>> s yellow prisms (benzene),
m.p. 194°

4'-nitrochalcone <:::>rCE=CHGO{<::>>H02, yellow prisms (benzene),

m.p. 146°,

4~-nitrochalcone dibromide, colourless neadles; m.p. 150-151°

{from methanol-chloroforn).

4'-nitrochaelcone dibromide, colourlevs nesdles, m.p. 197-207°

{chloroform).

p-Methoxydikensoylme thane

) 108 ,
E}gqﬁggg, obtained by method A, colourless plates,

4-Msthoxychalcone, cream plates, m.p. T4-7%° {ethanol).

- o e

4'~N@thoxychalcone, colourless plates, m.p. 104-105°

(ethanol).

Dibromide, colourless needles, m.p. 164° (benzene petrol).

. — - ——

p-Mathyliibenzoylmethane

Diketone, obtained by method B, cream prisms, m.p.84-85"

——

(petroleum ether).

4-Wethylchalcone, yellow needles, m.p. 93-94° {petroleum

ether).




Dibromide, colourless needles, m.p., 165-167.5°
(methano;/hethylena chloride).

4*-Methylchalcone, colourless prisme, @m.p. 55°

(petroleun ether).
Dibromide, colourlass prisms, n.p. 1L78~180"° (ethano%/
benzene).,

p-Methoxy-p'-methyldibenzoylme thane.

Diketone, prepared by method B, cream prismsg, n.p. 103”
(methanol )

4-Methoxy~4'-methylchalcone, cream plates; m.p. 98-99°

{(methanol)
Dibromide, colourless prisms, a.p. 167-175° (benzene).

At~-Nethoxy~4-methylichalcone, tiny colourliess needles,

mcpo 127"‘1280 (methan‘)l)o

Dibromide, colourless prisms,; m.p. 160-172° (benzene)

Mesitoylbenzoylmethans

L1o7
Diketone, prepared by method B, cream prisms; m.p. 80°

(methanol).

2',4°,6'-Trimethylchalcone, cream needles, m.p., 60°

(methanol).

Dibromide, colourless prisms, m.p. 127° (carbon

tetrachloride ),



p-Bromodibenzoylne thane

Diketone, obltained by method B, colourless prisms,
R.Ps 90-92° {(methanol).

4-Bromochalcone, pale yellow needles, m.p. 125.95-124°,

(methancl).

Dibromide, colourless needles, m.p. 185° (benzene).

4'-Bromochalcone, pale yellew plates, m.p., 103-104°

(methanol).
Dibromide, colourless prisme, m.p. 19%° (carbon

tetrachloride).

m-Bromodibenzoylmethane

Diketone, obtained by method B, crcam prisms, m.p. 70"
{petroleum ether) Founds C,59.93, H,4.10, Br,25.65%
calc. for C, M, Bro, : C459.44, H,3.66, Br,26.36%.

3-Bromochalcone, cream needles, m.p. 87° (methanol).

Dibromide, colourless prisms, m.p. 154«157° (benzeng/
methanol ). Found: C,40.12, H,2,76, Br,52.90;
cale. for C,,H,Br;0: €,40.31, H,2.48, Br,53%.64%,

3'~-Bromochalcone, yellow ncedles, m.p. 94-94.5° (methanol)

Didbromide, colourless prisms, m.p. 132-155° (bcnzene/
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methanol). Found: C,40.22, H,2.90, Br,52,20, c¢alec., for
CIEHIIBI';SO? C°40931' 1{925489 Er953o64~%o

p~Chlorodibenzoylme thane .

Diketone, prepared by me thod B, psle yellow prisms
mep. 91-92° {petroleum other).

A-Chlorochalcone, cream needles, m.p. 114~-115° (ethanol).

Didbromide, white prisms, m.p. 177° (carbon tetrachlorida).

4'-chlorochalcone, pale yellow needles, m.p. 96-99°

(methanol ).

Dibromide, colourless needles, m.p. 192° (carbon tetra-
chloride). Found: C,44.75, T,2.79. cale, for

CyoHy ;Br,Cl0. C,44.84, 11,2.76%,

a-Naphthoylbensoylmethane.

Diketone, orepared by method B, as impure yellow
needles, m.p. 54.5-58,.5° (ether/petroleum ether).

x-Naphthalacetophenone, yellow prisms, nm.p. 88-89°

(methanol).

Dibromide, in two forms: cream necdles, m.p. 180°

(carbon tetrachloride) and colourless needles, m.p.
152° (carbon tetrachloride).

a-Acetylnaphthalene, by Friedel~Crafts acetylation of

8
naphthaleneto colourless liquid, b.p. 182° (2C am.).
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Benzal-a-acetylnaphithalenc, clear yellow oil efter

chromatograshy on alumina.
Dibromide, colourleas needles, m.p. 167-175° (benzene/
petroleum other),

B-Naphthoylbenzoylimethane.

Diketone, obtained by method B, pale yellow prisms,

mep. 102-103° (methanol/methylene chloride).

109
B~Naphthalacetophengne was obitained by recaction of

B-naphthaldehyde and acetophenons ia dry ethyl acetate;
using dry hydrogen chloride gas as cutalyst. Yecllow
anoxrphous solid, m.p. 164° (benzene).

Dibromide, colourless needles, m.p. 190¢ (benzene).

Foundz c'54056' B,jo(’l’ Br'36n78. calc fOI‘ C’- BHS'GBTQO
Cy56.75, Hp3.51, Br,39.76%,

B-Naphthyl styryl ketone, cream amorvhous solid; m.p.

106~107° {(ethanol).
Dibromide, cream needles, mo.p. 174-175° (carbon tetra-~

chloride ),

Picolinylbengoylimethane.

Diketone, obtained by method A, pale yellow prisms,

GoePo

Furoylbenzoylmethane.

Diketone prepared by method 4, cream prisms, m.p. 65°

(petroleum ether).
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The identity of the diketones was confirmed in every
case by a positive ferric chloride test; by the formation of a
coloured complex on mixing with agqueous copper acetate; and by
the infrared absorption spectrum which showed hydrogen-bonded
carbonyl absorption in the region 1%80-1610 cmg"1 (Nujol). 411
the diketones were shown to be 100% enolic by the absence of any
free carbonyl abserption in the infrared.

All the chalcones showed choracteristic afi-unsaturated
ketone absorption i. the infrared (16%2-1660 cmo'i, Nujol) and in
the ultraviolet (300-344 mp, sthanol). These compounds also

decolourised bromine solutions to form the dibromides, which

showed saturated ketone absorption in the infrared (1685~1693 cmad‘9

Hujoj.)a

Preparation of the Chelates

Copper. The copper chelates were prepared by addition of hot
aqueous cupric acetate solution %0 a refluxing alcoholic solution
of the diketone. The complcx was filtered, washed with water and
alcohol;, and dried by the Dean and Stark method of ezeotroping out
the water by co-~distillation with benzene or toluenc.

These chelates were all highly insoluble, and wexre
normally purified by elution with hot benzene or toluene, A few

were capable of recrysteilisation,




(Y
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Y
Copper dibenzoylinethide, green needles (toluene),

DoPoe 316“517 v °

Copper p-nitrodibenzoylmethide, green needles (DKEF

water, dried by D. and S.) m.p., 290° (dec.). Found:
Cu, 10,60, ecalc. for CyqH, N, 05Cu, Cu,10.5%%,

Copper p-methoxydibenzoylmethide, green needles

(toluene), m.p. 239=244°. Found Cu,11,12. calec. for

CsgHyg0gCu,y Cuyll, 16%.

Copper p-methyldibenzoylmethide, green nesdles (benzene/

petrol) m.p. 241-245°. Found: Cu,1l.85. calgc. for

Cgp Hy 6 04Cu,y Cu,ll,.B1%,
Nickel. The nickel chelates were prepared similarly, using
nickel acetate. The majority of these complexes were soluble,
and we.e purified by crystallisation.

48
Nickel dibenzoylmethide, yellow=brown amorphous,

m.p. 285-288° {elution with toluene).

Nickel p-nitrodibenzoylmethide, brown amorphous, m.p.

290° (dec.) (THF/water, dried by D.and S). Found, Ni,;9.57
calc. for C; H, N,0yNi, Ni,9.86%,

Nickel p-methoxydibenzoylmethide, green amorphous, m.p-

256° (dec.) (toluene). Found: Ki,10.16%; calc. for

Cyq by 0s Ni, Ni,10.39%,



Sodium.

Nickel pe-methyldibenzoylmethide, green aziorpuous,

m.p. 288-292° (benzeue/petrol). Found, Nig10.55%. calc.

for Cy,H,g 0, Ni, Ni;11,01%,

Nickel p=-methoxy-p'-methyldibenzoylmnethide, yellow

amorphous, m.p. 283-289 (dec.) would not hydrolyse
quantitatively for analysis.

Rickel p=chlorodibengzoylmethide, green amorphous, @m.p.

284-286° (dec.) (benzene /petrol). Found: Ni,9.77. calc.
CyoHp oCl, O, Ni, Ni,10.19%,

Nickel p-bromodibenzoylmethide, green amorphous,; m.p.

265° (dec.){elution with benzene). Found: Ni,8.10.
celc. for Cy M, Br,0,Ni, Ni,8,83%,

Nickel m~bromodibenzoylmethide, yellow-green amorphous,

m.p. 270° (dec,) (benzene/petrol)o Found: Ni,8.62%.
cale. for C, B oBr, O Ni, Hi,8.83%.

48
Sodium dibenzoylmethide was prepared by addition of

sodium hydroxide (40% aqueous solution) to a solution of the

diketone in acetone. The chelate was precipitated as pale yellow

needles by addition of petroleum ether, was filtered snd dried by

the Dean and Stark method. Pale yellow needles, mapo>‘540°°

Sodium p-nitrodibensoylmethide was obtained pure by addition

of methanol to & stirred suspension of sodium hydride {50%

dispersion in o0il) in a toluene solution of the diketone. The

precipitate was filtered, washed with methanol and toluene, and

fc
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dried. Orange-ycllow amorphous solid, @.p. » 340°. Found:
Na,7.91. cule. for GypH oNO Na, Na,T7.90L,

Sodium p-methoxydibenzoylmethide was formed by refluxing a dry

toluene solution of the diketone with powdered sodamide. The
chelate was filtered off and was extracted from the inorganic
residues with ethyl acetate, The pure chelate was obtaiued by
evaporation of this solution. Pale yellow amorphous solid, Be P>
340°, Found; Ne,8,.44. calc. for C, H ,0;Na, HNa,8.32%,

Sodium p-meihyldibenzoylmethide was obtaired and purified in the

same way a8 the methoxy-analogue. Pale yellow amorplious solid,
mgp;>340°. Found: Na,8.70, cale. for C, H ,Q Na, Na,eqeb%q

48
Barium. Barium dibenszoylmetliide was prepared by addition of

aqueous barium hydroxide to & solution of dibenzoylmethane in
acetona, The chelate was dried by D.and S.and purified by
elution with hot tcluene. TYellow amorphous solid m.p. > 340°,
Barium p-nitrodibenzoylmetiide could best be obtained by
refluxing the diketene in pyridine with finely powdered barium
hydroxide, in prcsence of a trace of water, for half an hour.
The solution was filtered and evaporated to dryness., After
washing with petroleum ether, the product was recrystallised
(DMF/water), and dried by D,and S, Orange~red needles, m.p.
294-296° (D!.!F/vater). Found, Ba,20.3¢  zalc. for G, H,,N, OgBa,
Ba,19.89%.



Barium p-methoxydibenzoylmethide could only be cbtained as

en impure yellow solid, m.p. 268-285". Analysis indicated
& high inorganic impurity content, ana the chelate could not
be purified furiher.

&8
Zinc. Zinc dibenzoylmethide wag formed by addition of aqueous

ainc acetate to an alccholic solution of diboenzoylmethane.
Dried by D.and S, crystallised from tolucne/petrol. Yellow
prisme, m,p. 211-213%°,

Zinc p-nitrodibenzoylmet: ide was prepared iu the same manner,

but addition of dilute ammonia wes required to form the chelste,
Crystallised from ethyl acetata/DMF, orange needles, m.p.
255~260°., Found, Zn,10.71, calc. for GyoB, N, 0,ZN, Zn,10.86%.

Zinc p~methoxydibenzoylmethide could ouly be prepared by

'double decomposition' of the sodium chelate with zinc chloride
in acetone. Addition of excess water caused precipitation of ihe
chelate, which was filtered and dried over phousphorus pentoxide
(in vacuo). BHeating of the chelate in presence of water caused
hydrolysis. The dry chelate was recrystallised from toluene as
yellow prisms, m.p. 192-194°. Found: Z2n,10.77. calc. forxr

C3pHy 6020, Zn,1L.43%.
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UV Spectra (Amax y mp.) of diketones and ctclates (CHCl, ).
Diketone H Cu Ni Na Pa on
Dibenzoylmethane 251 261 250 251 250 25%

244 350 350 340 343 340
p~Nitro~ 262 290 263 267 261 266
dibenzoylmethane

358 362 359 360 360 362
p=-Methoxy~ 293 232 284 258 228 226
dibenzoylmethane

357 257 361 357 357 356
p~Methyl- 245 271 256 254 - .-
dibenzoylmnethane

347 352 352 548 - -

The infrared spectira of all the chelates showed no free
carbonyl absorption, but gave the characteristic ‘chelate carbonyl®
o, |
absorption at 1590-1600 cm.

Preparation of the Enol-esters.

Esterification of the diketones was carried out directly,
or by reaction of & metal chelate with the acid chloride.

(a) Prom the Diketone,

To the diketone (1 mole), in the minimum volume of
enhydrous pyridine, was added benzoyl chloride (1.2 moles) at
room temperature. Reaction occurred (3-18 hr.) with evolution
of heat and precipitation of pyridinium hydrochloride. After
completion of the reaction; water (2-3 drops) was added to give

a homogeneous solution; on standing (20~3Q0 min.), hydrolysis



of excess acid chloride took place. The solution was diluted

with excess water, extracted with ether, and the organic layer
freed from pyridine by washing with agucous mineral acid. After
further washing with bicarbonate and water, the ethereal solution
was dried and evaporated. The products were gencrally obtained

as 0ils which could be solidified by freezing and treatment with
petroleum ether. Chromatography on alumina was occasionally require
to remove traces of diketcne and other impurities. The producte
were finally purified by recrystalliastion.

(b) From the Chelates.

A solution or suspension of the chelate (1 mole) was
refluxed with benzoyl chloride (2.2 moles) until the characteristic
colour of the chelate disappeared. After removal of the metal
chloride by filtration, the solution was cooled and a few c.c.s.
of pyridine added; along with a trace of water. When hydrelysis
was complete (}~2 hr.), the solution was washed with acid,
bicarbonate and water. Any triletone was removed by fractional
crystallisation; and the resiaues were crystallised directly, or
chromatographed on alumina, to yield the enol-benzoate,

In every case, one isomer was the sole product,; as
shown by melting point, infrared and ultraviolet spectra. The
compounds gave no colour with ferric chloride, showved af-

unsaturated ketone absorption frequeacies in the ultraviolet



(300-3527 np,methanol), and in the infrared gave ester carbonyl
o wilk
(1730-174% en. ), aPf-unsaturated carbonyl (1660-1670 cm. ) and
o
double bond (1587-1620 cm. ) absorption fregucncies {(Nujol).

p~-Nitrodibenzoylmethane~0~benzoate,; yellow needles, m.p-

155° (toluene). Found: C,70.80, He4.05, N,3.56, calc,
forxr C22H15NC‘5, Cg70077, Ho40052 N05075%o

p-MetlLoxydibenzoylmethane-0-benzoate, pale yellow prisms,

m.p. 98-99° (petroleum ether). Found: C,77.31, Hs5.11.
08160 for 92331804’ 0,770089 {'195006%0

n~Methyldibenzoylimethane~04benzoate, pale ycllow prisms,

m.p. 102-103° (benzene/petroleum ether). Found: C,81.04,
H,5.41, cale, for C,5H 05, C,80,68, H,5.30%.

p~Methoxy-p'-methyldibenzoylmnethane~0-benzoate, pale yellow

aeedles,; m.p. 129.5-130° (benzene/betroleum ether). Found:
C,77-24, H,5.62% calc. for Cp B o0y C,77.40, H,5.41%.

p~Bromodibenzoylmethane~0O-benzoate, pale yellow needles,

N.p. 122-123° (benzene/betroleum ether). Found: C,64.62,
H,3.94. cale. for C,,H Br0,, C,64.86, H,3.71%.

p~Chlorodibenzoylmethane -O~benzoate, yezllow needles (ethoer)

Mo Po 98‘100°- Found: Cp?j-??o H'4o679 C1,9°90. calc. for
CppH 5CL0y, C,72,80, H,4.36, C1,9.90%.

m-Bromodibenzoylme thane~0=benzoate, yellow amocrphous, m.p-

100° (benzene/petrolaum ether). Found: C,64.97, H,3.57.

cale. for C,,H, ,Br0,, C,64.86, I,3.71%.
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Mesitoylbenzoyluethans~0O-benzoute, yellow oil. Yound:

C,80.1%, H,5.82, calc. for C, H,,0y, C;,81.04, H,5.9%%.

a-Naphthoylbenzoylmethane-O~benzcate, pale yellow ncedles,

m.p. 129.5-130° (ether). Found: C,82.82, H,4.97. calc,
for Cogl, 90y 5 C,82.52, H,4.79%.

g~Naphthoylbenzoylmethane~U-bengoate, pale yellow needles,

m.p. 19H0-151° (bengene). Founds €,82.20, H,5,20. calc.
for CggH, 90y s C,82.52, H,4.79%.

Furoylbenzoylmethane-O~benzoate, yellow amorphous, m.p.

137-139° (benzene/petroleum ether). PFound: C,7%.40,

Hy4.77. cale. for CpoH, Oy C,75.46, H,4.43%

The triketone derived from the chelate reactions of
p=nitirodibenzoylmethane itself formed an enol-benzoate.

p-nitrotribenzoylme thane-~O-benzoate, white needlesy, m.p.,

167-168° (benzene/petroleum ether). Found: C,73.46,
Hydo24, Ny2,78% calc, for Cooliy gNQg 5 C972.95, Hy4.01,
Ng2,95%.

Preparetion of the Triketones.

Two me thods were ggain used to obtain the C-benzoylated
110
diketones,; the first using the Claisen procedure, and the
second utilising the reactions of the chelates.

(a) From the Diketone.

To the diketone (1 mole) in alcohol was added an alecholic

solution of sodium (1 mole). The mixiure was warmed to 60°,
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and benzoyl chloride (1 mole) was added with stirring. The
triketone separated on gooling. Concentration of the mother
ligquor, and further treatment with sodium (0.5 moles) and
benzoyl chloride (0.5 moles) gave a further yieid of product.
The triketones were purified b, regcrystallisation.

(b) From the Chelatesn.

The C~compounds were formed, along with the enol-esters, in
the agylation reactions of the metal chelates. The procedure
was similar to that‘uued to prepare the esters, but the

triketones were obtained directly by recrystallisation of the
reaction products, or by alkali extraction.

These compounds existed in part as the enolic modifications
and the proportion of the equilibrium mixture wad dependent on
the solvent from which the product was crystallised. This fact
was reflected iu the variable range of melting points obtained.
Generally, the compounds gave positive ferric chloride tests,
formed chelates with copper acetate, and showed both saturated

o
(ca.1695 cm, ) and af-unsaturated (ca.l670 cmo'z) carbonyl absorp-

tion frequencies in the infrared.

p~Nitrotribenzoylme thane, colourless plates, n.p-

160-210¢ (benzene),

pwuothogytribensollmethano, colourless needles, m,p.

213° (acetone).
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p-Methyliribengzoylmethane, colourlees needles; m.p.

204~205° (methanol). Found: C,81.33, H,5.49. calc. for
CosH g05 9 C»80,68, Hy5.30%,

p~Metioxy~p'~methyliridbenzoylmethane, colourleas needles,

@.Po 188-195° (benzene). Found: C,T77.07, H,5.92. celc. fox
CoeBy004s CsT77+40, H,5.41%,

p-Bromotribenzcglmethane, colourless needles, n.p:

165-170° (benzene/petroleum ether)

p-~chlerotribengoylunethuane, colourless needles, m.p.

190-197° (bengene fpetroleun =2ther). Found: C,T72.82,
Y 9 9

H,4.41, C1,10,56. cala.for C, K, 4C10,. C,72.80,

Fri

01'91:777';‘

m-Bromotribenzoylmethane, colourless ncedles, m.p.

190~220° (benzene/@etroleum ether).

Reactions of the Chelates

The chelate (1 mole) as a 2% solution or suspension
in anhydrous benzene, was refluxed until the maximum degree
of homogeneity was obtalned. To the boiling mixture was added
benzoyl chloride (2.2 mole, 1.1 moles for the sodium chelates),
and the whole was refluxed until the last trace of chelate
colour hnd disappeared.

The solution was filtered hot to remove the inorganic
product, cooled, and pyridine and a trace of water were added

to hydrolyse excess acid chloride. After hydrolysis (%- 2 hr.)
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the organic solution was washed with aguecus hydrocnloric acid
to remove pyridine, and with sodium bicarbonate solution to
remove bengoic acid.

Estimation of the Product Ratio.

48799
The method of ultraviolet analysis, which had

previously been used to determine the proportioms of O~ and
C-acylated products, was found fto be unyeliable for the systeas
under examination. The existence of keto-~enol equilibria in

the structures of the triketones gave an effective total of

four components (diketone, enol ester and two forms of triketone)
in the reaction products, and the above method is applicable

only to two- or three-component systems. A wide range of

tests of the method were carried out on known mixtures of the
expected products, and these showed that the calculated figures
were only accurate for high proportions of triketone (abcve 80%).
Other mixtures gave inaccurate results, and actual reactions gave
figures which could not be verified by physical or chemical
separation technigues.

The enol-forms of the triketones were found to be
sufficiently acidic to be extracted by dilute sodium hydroxide,
leaving the less acidic dikectone in the organic solution. In the
cage of the nitro series, the diketone was also soluble in
the alkali, dbut the C-compound could be separated by sodium

carbonate solution.
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Converecion of the residual ketonie isomer %o the
enol was effected by warming with methanolie sodium hydroxide.

An equilibrium was found to exist and tie conversion
process wag repeated several times until all the C-compound
was extracted, The following procedure was developed.

The benzene sclutlion of the reaciion products was
diluted with petroleum ether, then extracted with alkali
(2% aqueous sodium hydroxide) until noe further golour entersd
the aqueous layer. The organic sclution wss drisd and evaporaied
end the residue dissolved in methanol; a little agueous godiun
hydroxide was added, and the whole heated on bthe water-baih
for 5 min. Ethyl acetate was added, and the scliution extractsd
as before. TThis procedure was repeatad (up to 4 times) until
no further colour could be extracted into tke water layer.
The combined extracts were acldified and the resultant precipitate
dissolved in methylene chloride., After removal of benszoic acid
by washin;, with bicarbonate, the golution wes evaporated, and
the product weighed.

In the case of the chelates of p-nitrodibenzoylmethane,
the O-benzoate of the triketone was separated out and purified
by fractional crystallisation. The residues were treated as above,

but extraction was effected by sodium carbonste sgiution.
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The proportion of C-acylation was calculated from the Boubined

ester and alkaline extract yields.

The encol-esters of the diketones, on treaitment wikth
methanolic alkaii as above, were converted slmost quantitatively
into the diketones, identified by melting point, mixed neiting
point and infrared specira.

The triketones werz found to e virtually umalfectsad

)

by the alkali treatment.

No isomerisation of ths U~compounds could be deiected
either on treaiment =2s abeve, or on heating with the correspond-
ing sodium chelate.

The accuracy of ithe method is demonsirated by the
results of the following tests.

(a) A mixture of p-methoxytribenzoyimethare (0.438 g.) and
p-methoxydibenzoylmethane {0.41% g.) was dissolved in bLenzens
and treated as above. The alkaline extract was a white colid
{(0.413 g.) identified @s the triketone by m.p. and mixed n.v.
(205°) and by the infrared spectrum. Thue the actus)l and
experimental proportions of C-gcompound were 46.2% and 43.5%
respectively.

(b) Tribenzoylmethane (0.0444 g.) and dibenzoylmethane (0.0518 g.

were tested in the same way. Lxtraction gave tribenzoylmeithane

(0.0424 go.); identified by melting point and infraved spectrum.



The actual propurtion of C-compounu was 46.1%, the experimentel

figure 44.0%,

The chelate reactions were carried out in duplicate;

and if necessary were repeated until the results were consistent

to within 5% of each other.

of substituted dibenzoylmethanes in benzene.

(“k indicates heterogeneous reaction mixture)

Percentages cf C~bengzoylation and reaction times of chelates

Copper Nickel Sedium Barium Zinec
22:4,18,0 | 2.5, 2.4 20,6, 20.6 | 37.%, 53.4 15.9, 8
p=-NO, ”
"55 hr. % br. #2 hr. * 2 nr, 4 hr
24.2, 22,51 38,1, 34,0} 32.3, 54.4} 30.7,28.5 8.8, 8
p=H 1., :
3 days Mo ain. Pz b, ® 45 min. 10 min
22.1, 22,1} 43.0, 38.9| 29.1, 29,1 122, 13
p=CH; 0y %
20 hr, 5 nin. 10 min 5 min
60:99 5905 65019 6100 58940 5701
p-CH,
$2O hr, 10 min. * 6 hr.

(*indicates heterogeneous reaction mixture).

chelates of substituted dibenzoylmethanes in benzene.

——

Percentages of C-benzoylation and reaction times of nickel

p-NO, | m-Br |p-Br |p-C1 | p~E  [p-CH,0 g:gg: U1 p-cH,

2.5 24.4 125.2 |27.7 | 38.1 | 43.® | 46.0 65.1

2:4 20,8 26,7 3.0 54.0 38,9 |48.3 61.0
*1 hr, 10 mind 5 mine.{ 5 min. *'10 nin.{ 5 min. '30 min. | 10 min»z




Reaction of Copper p-Nitrodibenzoylmethide with Benzoyl Chloride

The chelate (1.00 gm.) in anhydrous benzene (50 ml,)
was refluxed with benzoyl chloride (U.4% ml.) until no further
reaction was observed (55 hr,). Ethyl acetate was added to
coupletely dissolve the organic product, and the solutlon was
filtered hot, The residue (0.65 gm.) was crystalline (small
needles ) and yellow in colour, m.p., 290-%30°, This product
was not the expected cuprous chloride, but a copper-sontaining
complex. Analysis showed Cu, 15,35%, agreeing best with a

structure Cl-Cu-{diketone) {Cu,L1T7.T7CH).

Reactions of the Complex.

1 Hydrolysis of the complex (0,391 sm.) with agueous
nethanclic sulphuric acid gave, as organic product, p nitro-
dibenzoylmethane (0,284 gm.) identified by m.p, 162° and mixed
m,n.y and by its infrared speatrum. Chloro-conper-diketone
(0.391 g.) would yield 0.286 »m, of diketone. The inorganic
product contained cuprie copper, as shown by the liberation of

iodine from potassium iodide, and by its formation of a deep

blue colour with amnonia.

2, Addition of amwonium hydroxide to an aqueous suspension
of the complex gave no colouration, even on Jarming. Thus,

no {ree copper ion was present.
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Be Refluxing of the complex with water (20 hr.) gave a
pale blue aqueous sciuticva which, on addition of potassium
iodide, gave a ycllow colour which turned decep blue with
atarch solutiony on addition of ammonia gave a deep blue
colour; and on addition of silver nitrate solution gave a
white precipitate of silvex chloride. Thus, cupric¢c chloride

was formed in the reaction,

2 C1Cu{pK) 3 CuCl, + Cu{px),

.

9
Eydrogenation of the Enol-FEsters "

To a solution of the ester in ethyl acetate was added
Adams platinum oxide catalyst (57 or 10% of the weight of
ester), and hydrogenation was carried out at room temperature
and pressure, with vigorous stirring. The compounds generally
absorbed more than the theoretical two moles of hydrogen, and
the reactions were stopped after 2}-24 moles had been taken up.
The catalyst was filtered off, and the sclution washed with
bicarbonate to remove benzoic acid., Lvaporation of the solution
usually gave an oily product which was purified by crystallis:ution
or, more often, by chromatography on alumina. In some cases the
crude product had to be directly converted into the dinitro-

phenylhydrazone,




If all or part of thc desired ketone Liad been hydrogyenated
to the secondary alcohol, as was occasicnally found, regeneration
of the curbonyl) compound was accomplished by oxidation with
chromic acid (8N chromium trioxide in aqueous mineral acid).

This reaction took place at room temperature on shaking an
acetone solution of the alcohol with a slight excess (10%)
of chromic acid for a few minutes. The excess reagent was
destroyed with sodium hisulphite, and the organic product
extracted with ether,

Hydrogenation of the Chalcones.

The appropriate afi-unsaturated ketone was hydrogenated
to the saturated compound by the same procedure es was used
for the esters, wiithout requiring removal of benzoic acid from
the reduction product, ~yurogzen uptare was stopped at the
theoretical level (onae mole), and there was seldom any
alcohol formed. The ketones were purified directly, or
converted into suitable derivatives.

In this way, the structures of the following series

of esters were proven,

p~Bitrodibenzoyluethane-O-benzoate gave no identifiable

hydrogenation producty; a crude oil which could not be

purified was the only product, beaides benzoic acid.
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4-Nitrochalcone gave B=-(p-aminophenyl)-propiophenone

p=NH, C. H, CH,CH,COC4H; ; colourleas ncedles (petroleum ether)
m.p. 7€.5~-80°., Found: C,79.98, H 6.81, Ny5.80, calc. for
C,sll s NOy C579.9Ty Hy6.71, N,6.22%.

p-Methoxydibenzoylimethane-0O-benzoate gave P-phenyl-p-

methoxypropiophenone C,H;CH,CH, COCgH, OCH; ~p a8 colourless
plates (methanol)} m.p. 95-96°. This product was identical
with a sample obtained from 4'-methoxychalcone, Thus the ester
18 CgHg oG ==CHCOC4 H, OCH, ~p

0COC, By

p-Nethyldibensoyluwethane-O-bengoate gave Pephenyl-pemethyle-

propiophenone p-CHy O H,COCH,CH,C H, as colourless plates, m.p.

68%, This was identicsal with the product obtained fronm

4'-methylchalcone. Thus the ester is Ceﬂg? = CHCOCgH,CH; ~p
0COC, Hy

p-Methoxy-p‘-methyldibenzoylmethane-0=benzoate gave an oil,

converted into its DNP, orange needles {(benzene), m.p. 201-202*°
This wae identified a2s the DNP of f-{p-tolyl)«p-imethoxypropio-
phenone, obtained from 4-methyl-4'-methoxychalcone. The DNP was
analysed: Found: €,63.%1, H,5.41, N,12.78. calc. for
Cosly, N 04, C,63.58, Hy5.10, N,12.90%. The ester has the
structure p-CH,Cg4 H,,(':-cncoce H, OCH; -p

0COC4 Hy



p=Bromodibenzoylme thane~O-benzoate gave (-phenyl-p=-brono-

propiophenone as colourless plates {petrovleum éther), m.p. 101°,
identical with the product from 4'-bromechalcone. Found:
€,62.60, H4.76, Br,27.84. calec., Toxr C, 4 H, 4Br0, C,62, 30,

H,4,5%, Br,27.64% The ester is p=BrlgH, COCH=CC4H; .

Cg Hy COO

m-Bromodibenzoylme thane-0O-benzoate gave a yellow oil, converted

to the DNP, identified as that of Pe={(m-bromophonyl)-propiophencne,
cbtained from 2-bromochalcone. Tha DHP was obtained as orange
needles (benzene petroleum ether) m.p. and mixed nm.p. 202-203°,
Found: C;53.22, Hy3.85, N,11.95. calc. for C,, H, 4N, Br0,;

C,53.75, H,3.65, N,11.93%. The ester is moarcsn,;c]:acucocsn5

0C 0C4 Hg

p=Chlorodibenzoylmethane-O-benzoate gave 4'-chlorochalcone,

identified by m.p. and mixed m.p., 2and by infrared and ultra-

violet spectra. Thus the ester is p-C1lCzH,COCH=C.Cgly .
Cg Hg COO

a-Naphthoylbenzoylme thane-O-benzoate gave a-naphthalacetophenone,

identified as the DNP - red needles (benzene) m.p. and mixed
m.p, 223-250°, The ester has the structure a-nap-C=CHCOC.H

0C0C, B
f-Naphthoylbenzoylme thane-0O~benzoate gave [(~(B-naphthyl)-

propiophenone, identified as the DNP from the hydrogenation



of Benaphthalacetophenone. The dsrivuative crystallised from
benzene as red needles, m.p. and mixed m.,p. 236°, Found:
C,68.,24, H,4.44, N,12,31, cale. for O, H, N, 0,, C,68.17,
H;4.58, N912072'75° A gecond hydrogenation of the esater gave
-naphthalacetophenone, confirming the structure as

a-nap-?zcncoceuﬁ,
OCOC Hy

The encl esters of a-naphthoylbenzoylmethane and
vesitoylbenzoylmethane showed no af-unsaturated ketone absorption
in the ultraviolet, but in the infrared absorbed at 1674 and

=)
1679 cm. , respectively, chowing some degree of ap-unsaturation.




Ultraviolet Absorption of el-unsaturated ketones in

Enol
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Preparation of f(a)-brome~d-nitrochalcone.

4~Nitrochalcone dibromide {10.9 g.) and anhydrous
potessium acetate (3.2 g.) were refluxed in methanmol (100 ml.)}
for 42 hr, The solution was filtered free of potessium
bromide, concentrated and diluted with wabez. The predust
vas extructed with ether, washed with egqueous sodium bicarbonate,
dried and evaporated to yield an crange-coloured oil {7.7 g.).

A lasseigne test confirmed the presence of bromine, and the

wd

/

infrared spectrum showed af-unseturaied carbonyl (1687 com.
and double bomd (1589 cmuni} absorption, confirming the siructurse.
The o0il would not crystallise, but the inirevred specivum showed

& high degree of resolution and purity.

Attempted rcaction of bromo-4e-nitrochalcone with silver benzoate.

A solution of bromo=4-nitrochalccne (3.85 g.) in
anhydrous benzene was added to & suspension of silver benzoate
in the same solvent. After an extended period of reflux
(70 hr.), the mixture was filtered. The residue was completely
soluble in concentrated ammonia, i.e. it was unreacted silver
benzoate. Evaporation of the benzene solution gave an oil,
identified as unreacted bromo-chalcone by the infrared specirum.

Preparation of Bﬁa)—bromo-(ﬁ-napht@glstxgyl ketone)tz

B-Naphthyl styryl ketone dibromide was dissolved in

pyridine and heated on the water bath for %5 min. The solution




was poured into water, extracted with ether, and the extract
washed with dilute hydrochlorizs acid., HhEvaporatioan gave &

yvellow 0il which solidified and wes purified by exysbtallisation
from petroleum ether as golourless needles, m.p. 116°, The
structure was confirmed by the infrared and ultraviclet spectiyra.
The N.M.R. spectrum shawed s doublet at 1.6, 1.76¢, corresponding
to a single proton.

The N.M.R, of B-naphthyl styryl ketone itself showed a
broad unresclved pesk at 1.47<¢. correspending to one protoen.
Since the B-proton of the system ~{H=CH=C=0 mormally appoars
further downfield than the a-proton, this absorption (1.4T7¢)
must be that due to the f-protom, and the signal from the
a-hydrogen must be concealed by the aromatic region of the
spectrum (1.9-2.86¢),

Thus the monobromochalcons must also have & B-proton,
and the structure is a~bromo=-{BS-naphthyl styryl ketone)

CyoH; COCBX=CHC, Hy »

Interaction of Pyridine and the Diketcnes.

Mixtures of pyridine and acetylacetone, and pyrilinc
and benzoylpivaloylmethaney and also solutions in toluene of
pyridine/p—methyldibenzoylmethane end pyridinefdibenzoylmethane,
were prepared, and then refractive indices measured using an
AbbE refractometer., Curves of mole fraction: n® (nervefractive

index) were drawn. The results are shown below.
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Refrantive Indicon of Mixtures of Pyridine and Acetylacetone

ot < —

ﬁ
Mole ¢ pyridine | O P 16.81 1 25.63 | 33,20 | 76.88 | 81.60 | 85.8% | 100
Refractive Imdex { 1.4478 1 1 wm:ww 1,0500 1 10627 1.4873) 1.1906 ) 1.£952 ] 1.5030

0 ..M«--
n’ 2,094 | 2.11% | 2,128 | 2.13) | 2.212 | 2,222 | 2.238 | 2.25)
|
Refractive Indices of HMixtures of Pyridine and Benzoylpivaloylmethane
Mole 9 pyridine +] 14.25 | 24,19 | 50.00 | 40.60 | 48.& 100 -
n 1.5647 ] 1.56101 1.5530 | 1,582} 1,5520] 1.5:85| 1.5070} -

n® 2,481 1 2.4367 | 2.4271 | 2,3964 | 2,077} 2.3981 | 2,2707 -
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Refractive Tudices

-

of 0.1 Molar Pyridine/pCH, DBM mixtures in Toluene

Mole ﬂ\,. & 2 . .
pyridine ¢ = 30 *0 50 qe 70 80 100
Refractive | 1.5022 | 1.5010 | 1.5000 | 1.4999 | 14993 | 14986 | 1.4983 | 1.4979 | 1.4902
Index mn

o? 2.25GC5 | 2.2530 | 2.2511 | 2,2498|2.2483 | 2,28508 | 2.2L54 | 2.2541 | 2.2410

Refractive Indices

of Pyridine/Dibenzoylmethane Mixtures &s 0.5 molar Solutions

in Toluene

Mole ¢, 0 20 30 40 50 60 70 80 100
pyridine
= 1.5162 11,5120 {1.5099 | 1.5078| 1.5059 | 1.5048 | 1.501% | 1.4952 ] 1.4950
n 2.2988 |2.2861 {2.2798 {2.2731} 2,267k | 2.2641 | 2.2541 | 2.4480 ] 2.2352
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Variation of Refractive Index n with Mole
Fraction for Pyridine/Acetylacetone
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Variation of Refractive Index m with Mole

Fraction for Pyridine/Benzoylpivaloyimethane
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\ Variation of Refractive Index n with Mole

Fraction for Pyridine/p-methyldibenzoylmethane
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In the casea of dibenzoylmethane and p-methyl-
dibenzoylimethane, more concentrated toluene solutions could
not be used at room temperature, since the diketones tended
to crystallise out, thus desiroying the accuracy required

for these determinations,

Attenpted Reaction of penitrodibenzoylmethane with Diazomethane.

To a solution of the diketone (0.4 g.) in methylene

(<

142
chloride (50 ml.) was added a solution of diazomethane in

benzene {apvroximately C.7 g. of diagomethane, 10 times excess ),
The mixture was allowed %o stand for five days, then any
repaining diazomethane was destroyed by distillation into acetic
acid. Crystallisation of the products gave unchanged diketone.
Chromatography of the residue on alumina gave a crude oil

(0.196 g.)} which was not the expected ether, and could not bs

identified.

Preparation of the Isoxazcles.

{(a) Prom the Diketones.

The diketone (1 mole) was dissolved in ethanol or
methanol and hydroxylamine hydrochloride (ca.l.5 moles) in

a little water was added. The golution was refluxed until the
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product separated, on cooling if nocessary. The reaction time
varied between 1 and 7 hr. 'The product was crystallised out,
and purified by rescrysitallisaiion. Ulitraviclet spectra were
mcasured aftcr each crystalliscticon $o check whether the
proportions of any mixture of producic were wvarying. It wes
found that mixtures of the isoxazoles showed no appreciable
change in composition affer cxrystallisation,

(k) Prom the Chalcone Dibromides.

To a suspension or solution of the dibromide (1 mole)
in alcohol was added hydroxylamine hydrochloride {(ca.l.,HY moles)
in water. The mixture was refluxed, and pctassium hydiroxide
(3.5 moles) in water was added over a period of 15 minutes-

30 min. The dibromide dissolved to form a brown sclution.
Reaction usually occurred within half an hour, but occasionally

& lengthy period of reflux (up to 2C hr.) was required. The
solution was diluted with water, ucidified and extrasted with
methylene chloride. The products were purified by crystallisatior
or by chromatography on alumina,

The isomeric isoxagole pairs gave characteristic
infrared and ultraviolet absorption spectra, and also, when
sufficiently soluble, W.M.R. spectra.

By this second methed, the following isoxazoles were

obtained and characterised.
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5-(p-Anisy1)-S-pheqzliaoxazole. from 4?-methoxychalcone

dibromide, colourless plates (petroleum ether) m.p.
122“123.0

3-Phenyl-5-(p-anisyl)-isoxazole, from 4-methoxychalcone

dibromide, colourless needles (petroleum ether) m.p. 126%,

3-(p=Tolyl)-5-phenylisoxazole, from §-methylchalcone

dibromide, colourless needles (methanol), Mop. 125-126°,

j:Phaqyl-S-(potglxl)-;egzgzgle, from 4-mathylchalcone
dibromide, colourless needles, m.p. 138-1%29° (methancl).

3-(p~Anisyl)-5-(p=-tolyl)-igsoxazole, colourless needles,

n.p. 148=150° (benzene).

3-(p=Tolyl)=5-(p-anisyl-isoxazole, colourless needles,

MePo 131“1550 (benzane)u

é-gB-Chlnrogheglikﬁnghenxlisoxazole, colourliess needles,

Mmep-178° (benzene). Pound: C,70.66, H,4.14, N,5.46,

Cl,13.36. caie. for c15n1001uﬁz Cy70.47, H,3.94,

Ne5-48, Cl,135.87%.

3-Phenyl-5-~(p-cnlorophenyl)-isoxazcle, colourless neadlss,
Mops 179-18C° {(benzene). Found: C,T70.64, H,4:.35, N,;5.18,
C1,13.30. cale. for C,gH (CINO. €,70.47, H,3.94, N,5.48
Cl,13.87%.

3=(p=-Bromophenyl)~5-phenyliscxazole, colourless plates,

m.p. 181® (benzene).
s=Pluenyl-5~(p-bromophenyl)-isoxazole, colouriess needles

Mopo L79-180° (benzene).

3-(m-Bromophenyl)-5-phenylisoxazole, colourless needles,
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(petroleum ether), mo.p. 119,.%-122,5°., Found: C,59.6%5,
Hy5.325 Ny4.67, Br,27.30, calc. for C 40, ,BrKO
C'é();.‘)Eg Hg31;56, N,d-né’?. BT‘|26163%

j—“henyl«b»(m»bromqphenylj*iaoxazole, colourless prisms

(petroleum ether), m.p. 134=135". Found: C,60.19, H,3
N,4.78, Bry26.00, cale, for G, H, ,Bryo. C 60,03,
H,3.36, N,4.67, Br,26.63%.

3-(p-Naphthyl)-5-phenylisoxaezole, colourless prisms

(benzene) m.p. 152-153°,

3-Phenyl-5-(B-naphthyl)=-isoxazole, colourless needles

(venzene) m.p., 167-168"°,
Both nitro-~chalcone dibromides gave the same isoxazole,
m.p. 225°, cream needlas (chlorofurg/@ethanol)o
Attempits to prepare the a-naphthylisoxazoles from the
dibromide gave only crude oils in which no trace of iscxazolse
could be detected. Similar results were obtained on attempting
to prepared the isoxagzoles from the chalcones via the oximes and

isoxasolines.loo

113
Preparation of 2,3-diphenyl-5-(a-naphthyl)-pyrazoline,

Benzal-{a-acetylnaphthalens) (1.23% g.) 1. ethanol was
sreated at room temperature with phenylhydrazine (0.5 ml.) and
benzyltrivethylammonium hydroxide (0.02 ml. of a 40% aqueous
solution) as catalyst. On standing (19 hr.), the pyrazcline

separated as yellow necedles (0.462 g.). Recrystallisation
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(benzenq/gthanol} gave yellow fluorescent needles, m.p. 176=177°.

&

11
Preparation of 2,3-diphenyl-5-{c-naphthyl)-pyrazoie.

The above pyrazoline {0.25 g.) was dissolved in acetone,
and chromic acid (0.6 ml. of 8N sclution) was added. After
heating on the water bath (20 min.}, excess water was added
and the mixture was extrzoied with methylene chloride. A cruds
brown solid was obtained; which after chromatography on alumina
(henzene/%% ether) gave a white product (0,12 g#.). Recrystellis:
tion froam benzena/gthanol gave colourless needles, m.p. 209-210%,
ultraviolat,kmaxo 210, 225, 306 mp (methanol}.

Prolonged reaction of G-naphthoylbenzoylimethane with

phenylhydrazine or the hydrcechlorids, wnder variouz conditions,

gave no product identifiable as a pyrazole.

The structures of the iscoxazoles obtained from the diketc
were decided by compariscn, where pcssible; with the two isomers
prepared from the chalcone dibromides. The melting points and
mixed melting points were used in the assignment of structurves,
but the infrared and, in particular, the ultraviolet spectra
were invariably used to confirm the conclusions. Where the
compounds were sufficiently soluble, the N,M.R. spectra were
also measured for the same purpose., Structures assigned on this
basis were as follows.

p-Hitrodibenzoylmethane gave a single compound, m.p.

225°; iden-ical with the producte from the dibromides.
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Known %o be 3-(p-nitrophenyl)-5-phenylisoxazole.

20
p-Mcthoxydibenzoylmethane guave a mixture; m.p. 119-120°%;

an identical product was obtained when the reacticn was
carried out in presence of dilute sodium hydroxide. The

main component was 3-(p-anisyl)-S5-phenylisoxazole (NMR was

used in this cese).

) 7291059114 _
p-Nethyldibenzoylmethane geve & single product

Bm.p. 128°, identical with 3-phenyle5-(p-tolyl)-isoxazole

(confirmed by NMR). The same prodvct was formed in

presence cf scdium hydroxide.

72
p-Methoxy-p'-methyldibenzoyluwe thane gave a wixture, 2 p

v—————

p~Chlorodidenzoylmethane gave a amixture, m.p. 174-1767,

mainly 3-phenyl-5-(p-chlorophenyl)-isoxazole.

.

’ 62
p-Bromedibenzoylmet ane gave a wmixture. m.p. 178-1797%,

the major component being 3~phenyl-5-(p-bromophenyl )~

isoxazole .

m-Bromodibenzoylmethane gave a nixture, m.p. 123-124°,

mainly 3-phenyl~5-{m-bromophenyl)-isoxazole.

a-Naphthoylbenzoylmethans gave what appeared to be a singie

compound, m.p. 76=77¢ (colourless needles, benzene
petroleun ether). Found: C,84.27, H,4.93, K,5.06.
cale. for C, gH ,NO. C,84.11, H,4.83, N,5.16%. Tiis

was thought to be 3-(a-naphthyl)y51phsnx}isoxazole.
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72
g-Naphthoylbenzoylmethane gave a mixture, m.p. 158+160°

the mein component being 3-phenyl-S5-(-naphthyl)

isoxagole.,

1.6
Furoxlbenzoxlmethane1 gave a product, m.p- 143-~244°
whose ultraviolet speotrun (xmaxn 207, 24%, 268 mp,

methancl) suggests the structure 3-phenyle5-(2-furyl)-

isoxazole.

Picolinylbenzoylmethans gave a vi.gle compound, m.p.

8605"87';50. Found: C.?Sv??) H94958. N,lzndg%' G&lGa
for C, B (N, 0t C,75.65, U,4.54, §;12.61%,

Ultraviolet Ansalyses of Isoxazole Mixtures.

489299
Vierordt's method of ultraviolet analysis vas used in

an attempt to determine the proportioms of the isoxazole mixtures

obtained from the diketones when the two isomers were available.

Ultraviolet Abserption Specira of Diaryl-Isoxazoles

3-substituent 5~-substituent Amax mp and Molar Extine§‘
’ Coefficient{c
Phenyl p-Anisyl 246(18,100) 284(25,000)
p-Anisyl Phenyl 270(31,000 )
p~Tolyl p~-Anisyl 250(19,700) 282(27,200)
p-Anisyl p=Tolyl 275(32,500)
Phenyl p~Bromophenyl 244(18,500) 274(28,200)
p-Bromophenyl Phenyl 260(31,200)4;
Phenyl m~Bromophenyl 248(20,600) 266(24,700)
m-Bromophenyl Phenyl 247(22,500) 270(22,100)
Phenyl p~Chlorophenyl | 248(18,500) 272(26,800)
p~Chlorophenyl Phenyl 257(27,500) =
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Prom the uliraviolet specira of the isoxazole mixtures
from the diketones, the following proportions were calculaled.

p~Methoxydibenzoylmethane gave 86% 3~(p-anisyl)«5=

phenylisoxazole, 14% of the 3-phenyl isomer.

p-Hethoxy-p'-methyldibenzoylasthane gave 63% 3-(p-tolyl)-

5-(p=anisyl)~isoxazole and 37% of the 3~(p-anisyl)
compound .

p-Bromodibenzoylme thane gave 51% of 3=-phenyl~5-(p-

bromophenyl)isoxazole, 49% of the isomex.

m-Bromedibenzoylmethane gave 59% of the 3-phenyl compound,

41% of the 5-phenyl isomer,

p-Chloradibenzoylmethane gave 62% of 3-phenylisoxazole

and 38% of S-phenyl compound.

Teat Mixtures

(A) A mixture of the pe-methoxy compounds, conizining 78.5%

of 3~(p-anisyl)-S5~phenylisoxazole, gave, on analysis, &
oalculated content of 83.2%.

(b) A mixture of the p-methoxy-p'-pethyl isoxazoles, containing
37.8% of 3-(p-anisyl)«5~(p-tolyl)-isoxazole, gave & vesult of
26,0% of this compound.,
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