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INTRODUCTION

PART I,



The pyrgzole ring system (I) consists of a doubly
unsaturated five-membered ring containing two adjacent
nitrogen atoms. The pioneering work om this ring
system was carried out by L. Knorr (188_’3):,"a and subsequent
work has led to the discovery of antipyrinea (II)a related
compounds, and phenylbutazono‘ (Xrr), clinically important
drugs . It i3 not definitely known whether or not this
ving system occurs naturally, and all the members are
obtained by synthesis. '

The chemisgtxry of pyrazole and its derivatives is
discussed by Jacobs 1nﬂquterocyclic Compoundd? g the

nomenclature of the system is shown (I), numbering commenc-

ing at the acidic nitrogen.

4 b8

Ne——N=H Ph=N—m——N=CHy Ph<Nee——N=Fh
3 HC !)H 5 o.-.<': (':@cn‘, 0=C C=0
CH \cn CH
4 gaBu
(1) | (x1) (xxI1)

~ Pyrazoles can be prepared by three general methods;
(a) reaction of hydrazine or its derivatives with 1,3

5
dicarbonyl compounds,

CH, COCH, COCH, ph-n'r N
Bss . e cnaac\ C=CH,

PhNH o_NH: C



(b) reaction of hydrazine with aﬂnungatdratad carbonyl
, .

compounds,
Ph ,C=C ,COPh H=N ti
Qoo L 4 = L\ /Cwl’h
NH; NHg

(¢) reaction of aliphatic diazo compounds such as

diazomethane or diazoacetic ester, with acetylenes or

8
olefines.
H-C=C=H HuT N
il
ecgo > S H=C C=H
. W
CH; =N=N: CH

Formal reduction of the pyrazole ring gives first
dihydropyrazoles (pyrazolines) (IV) and then tetrahydro

pyrazoles (pyrazolidimes) (V).

N 1}'1 xﬂ«xﬂ rﬂm II=N— NmH Hos Nl =H
| J b @
H; C CH, IIC CH, H cn2 Hy C CHg
\_/ \ / / \
CH; CH, CH;
At n? e
(zv) (v)

’ a
The three isomeric pyrazolines are indicated, the & being
the most stable form, However; these relatively unstable

compounds are not prepared by reduction of the pyrazoles,



but by ring closure methods similar to those used for the
pyrazolos.,“".tl The main interest in the pyrazolidines
lies in the 3,5=dioxo=darivatives, which will be discussed
later.

Othex important derivatives of the pyrazole system are

the hydroxypyrazoles, (pyrazolones, oxopyrazolines) (VI).

Tl Toﬂ 1 <H H-T NOH ll:-—-—qn <=H
H-C g40° B C-OH  01C ccn‘__
\e/ \_ 7 b Sl &/
3w
(vx) (viI)

These compounds exist as keto-enol tautomers (VI) with
tautomerism also occurring between the two keto forms (VII).
However, with substitution on the NH function, these keto
tautomeric forms are "frozen’ to form the 3-oxopyrazolime
and 5-oxopyrazoline series.

The main method of synthesls of these oxopyrazolines
involves the reactions of f-aldehydo, f-<keto eaters, and

12
acyl malonic esters with mono- and di-substituted hydrazines.

COO0CH; CHy Ph-N N=-H
Ha + HaN,NHPh »  01C C=CHg
COCHg \cn
(virI)

The important series, the 5-oxopyrazolines, has been more
thoreughly 1ni¢-tigutod than any other pyrazole series, in
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connection with dye manufacture, and more relevantly

with the production of antipyretic drugs, atimu}atod by
the discovery of antipyrine (II).

Antipyrinoa. (2,3-dime thyl=5-0x0-1=phenylpyrazoline)
is prepared from 3-methyl-5-oxo=1-phenylpyrazoline (VIII) by
methylation with methyl iocdide in methanol at 100'.‘5 or
dindustrially by methylation with methyl chloride under high
prosaureol. The dsug receives its name for its antipyretic
and analgesic properties; which are shared by several of
its derivatives, and these have been adopted for widespread
medicinal use,

The main derivatives are aminoantipyrine (IX),

pyramidone (X), and melubrin (XXI). The first of these

phoz———xf.cm Ph.N rircn, Phol;——-—-!l‘o%
0 C.CHy 0.C C.CHy 0:C C.CH,
\/ \/ \,”
1!11, 1!(«:11‘,)a r!n.,cn,so,n.
(xx) (x) (x1)

is prepared by nitrosation of antipyrine, giving the
k-nitrosoantipyrine (XII), followed by reduction of this

with zinc dust and acetic acid.



Ph ,N———N ,CH, Ph , N——N , CHy Ph ,N~~—N .CHy

0:C CoCHy e o:c\ CoCHy e 03C C.CH,

\ / \/

i
N=0 NHz

(x1) (xxI) (xx)
Pyramidone (X), prepared by methylatiom of aminoantipyrino:’
ie a more powerful antipyretic and is less toxic than
antipyrine itself. Various methods of conversion of
aminoantipyrine into pyramidone are employed, including
the reaction of aminocantipyrine with chloracetic aeidta
giving initially the ocarboxylic acid (XIII) which is
decarboxylated to give pyramidone. 'The diazotisation of
aninocantipyrine with nitroao=dimefhyiamino19 gives the
intermediate (XIV) which then loses nitrogen to form
. pyramidone. Commercially the dfug ie obtained by treating
Y-nitrosoantipyrine (XII) with an excess of aodiuﬁ biaulphitezco
The resultant hasulphamino=hnti§&rine is than methylated by

treatment with formaldehyde and formic acid, giving pyramidone,



Ph=N N=CHy Ph=N N=CH, Ph=N N=CH,
O=C C=CHy =—==——p> OuC C-CH. e Om
\./ \/ \/
l |
NH, N (CH; COOH) 5 N (cn. )a
(x1) \ (xx11) /
Ph-? N=0Hh
0=C C9CH3
\ 7/
N=N=N(CH; )2
(x1v)
21%32
However, recent discoveries that antipyrine can

cause severe and even fatal agranulocytoic angina have led
to the total abandonment of the drug in Britain and North
America, although it still enjoys‘wideapread use on the
European continent, Pyramidone has alsoc lost favour with
the introduction of the less toxic salicylates,

As well as having useful medicinal properties however,
as mentioned previously; the pyrazolones and their dor;vativoa
include many important commercial dyes. These dyes are very.
fast to light, and are particul.fly valuable as the yellow
components in two and three colour mixtures for dyeing wool,
Thrtrasino“ (XV), the first pyrazolome dye used, still



enjoys considerable importance both as a}jollov wool dye,
and especially as a synthetic colourant for foodstuffs., It
is obtained commercially by condensation of oxalacetic ester
(XvI) with phenylhydrazine sulphonic acid, The resultant
sulphophenylpyrazolone carboxylic acid (XVII) is then

coupled with diazotised sulphanilic acid giving tartrazine.

COOR COOR
co C=N ,NHC, Hy SO H
l + Ha N NHCg Hy SO3 H e
Hy CHa

c':oon COOR

(xv1) ' l

N N=Cg Hy SO; H
HOOC=C C=0
\bn{/

N

1«-00 Hy SOy Na/ (XVII)

Na0OOC=C =0
/

\CH

|
N=N,Cy H, SO, Na

(xv)

Further derivatives of the pyrazole system, the
oxopyrazolidines are prepared by analogous methods to
those used for the above. Heating unsaturated acids with

hydrazines is the main method of synthesisj; crotonic acid



cﬂ

with phenylhydrazine giving 3=mothy1a5~oxo-lophonylpyrazolie
a3
dine (XVIII).

CHy CH=CHCOOH HeN N<Ph
* > CHy =CH !:-o
PhNii . NHy ct,
(xvIII)

However, these compounds are relatively unimportant.
Finally, and most relevantly, derivatives of
pyrazole with two oxygen functions, the main series being
the J},5=dioxopyrazolidines;, will be discussed. These
compounds can be prepared by several gemeral synthetic

methods, especially by heating malonic esters with

24028
hydrazines in the presence of sodium ethoxide, or
COOEt H»T N=Ph
CH; @ PhNH oNH; P OBC\ /ASO
COOEt CHy

by reaction of malonyl chlorides alonme with hydrazines,
espoecially hydr.zobonzonooa‘.a.

The stimulus for the investigation of derivatives
of the 3,5-dioxopyrazolidines, was the discovery that
1,2=di-aryl-3,5-dioxopyrazolidines, and in particular 4=n=
butyl=3;5=dioxo=1,2~diphenylpyrazolidine, (phenylbutazone)

(IXI), possess interesting and important pharmacological



properties. However, it was found that although phoiy1=
butezone is of value clinically in the treatment of
rheumatoid arthritis, and allied conditions, several indica-
tions of the toxic effeots associated with its use have
been roportod@’7°a° Hence many allied compounds of general
formula (XIX) have been synthesised, in an attempt to obtain
a drug with the pharmacological effect of phenylbutazone, but
without its attendant toxicity.,

R'=N

O=C C=0 R', R = usually aryl, or benzyl.

N-R" R is alkyl, aralkyl or aryl.

CH

A (x1x)
FPhenylbutazone iteelf can be prepared by the general
mqthoda of synthesis of 3,5-dloxopyrazolidines, either by
condensation of ethyl n-butylmalonate (XX, R=0Et), or

n=butylmalonyl chloride (XX, R=Cl) with hydrazobenzene,

COR Ph=N N=Ph
n=BuCH ° PhNH.NHPh iy O-é A-O
COR CH
4 20
(xx)

Many other methods of synthesis of this compound have been

: 331132133
patented.



10

It was felt that due to the lack of comprehensive
reviews on the 3,5-dioxopyrazolidines, a brief summary of
the chemistry of these compounds;most rolevnnt to the work
described,vas necessary at this stage.

3,5=Dioxo-1,2=-diphenylpyrazolidine (XXI) can be
prepared by any of the above general methods. The 4-position
in this compound acts as an active methylene group, con;onaing
readily with aldehydes and ketones to form compounds of type

(XXIX) end (XIII) respectively.,

Ph-N To?h Ph-N N-Ph Ph-N N-Ph
O0=C C=0 Om= \ /C-O OsC\ /CUQ
c c
I .
CHR R-=C=R
(xxx) (Xx1X1) (xxx1I1)

Tsumaki has prepared a large number of these highly
34035

coloured derivatives.

3,5=Dioxo=1,2-diphenylpyrazolidine (XXI) reacts with
nitrous acid to give the 4-isonitroso derivative (XXIV),
which can be reduced catalytically to Lf-amino=3,5-dioxo-1,2<

. 30
diphenylpyrazolidine (xxv) .

O=C C=0 e 0=C /J-O
Cc CH
I l
NOH NH,
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Treatment of J,5-dioxo-1,;2-diphenylpyrazolidine or
any of its L-substituted derivatives with Raney nickel at
temperatures gbové room temperature, results in cleavage
of the pyrazolidine ring between the nitrogen atoms, giving
substituted mlondianilié_o:p' (xxvI) .

R=N N-R'’ R=NH NHR'
C C=0 it 0 !: L-o
O= =0 . -3 =
\?,/ \c "/
R" }'z"
(xxvz)

Owing to the clinical value of phenylbutazone
(XXVII, R = neBu ) extensive investigations have been carried

out on derivatives of 3,5-dioxo~1,2-diphenylpyrazolidine
34035936 038 #39

(XXVII, R = H) eubstituted in the L-position, or
26 38 v40
in the phenyl rings, or both, However, recent synthesis

of a compound with one of the oxo groups replaced by an

41 )
imino group, 3=imino-5-0x0=1, 2=diphenylpyrazolidine (XXVIII),
led to the possibility of a parallel series of compounds,

which could also have c¢linical significance.

Phé? T—fh Ph.7...__7-ph
O=C =0 O=C CuNH
Nei Ned”
] - 3
R " Ha

(xxvII) (xxvizz)
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Some l-alkyl-z;hryl-B(5)-1m1no~5(3)-oxopyrazolidino.
(XXIX, R = alkyl, R'=alkyl or aryl) have been roportod:z.‘a
and they have antipyretic pfoportioao These compounds can
be synthesised by alkylation of the corresponding l-aryl-
3(5) ~imino=5(3) -oxopyrazolidines (XXIX, RsH, R’ = aryl);
for example methylation of J<imino=5-0x0-l-phenylpyrazoclidine
(XXIX, R = H, R'= phenyl) gives 2-methyl=3-imino-5-=0xo=l=phenyl

44
pyrazolidine (XXIX, R= Me, R’wPH).
R’ <N N=R

SN /é,m
}

Hy (xx1x)

Several methods of synthesis of the imino-oxo series are
available. One of these involves the condensation of
phenylhydrazine with ethyl cyanoacetate under base catalysed
conditions;, giving what was at first thought to be S5=imino-
3»oxo=1=phony1pyrazo1idino‘5 (xxx) . It was later provodv
that the actual compound formed, was the isomeric 3-=imino-
5-0x0=-1=-phenylpyrazolidine (XXIX, R=H, R'-phonyl)ioo‘.
However, the abovo~roaction is not general. For example
2-pyridylhydrazine, and 2-quinolylhydrazine with ethyl
cyancacetate give the respective 5--1m1no-3=»oxoepyrazol1dinos:7
These hydrazines can also be condensed with ethyl malonate
monoiwidoester (xxxzx):' to form the isomeric J-inino-3-0x0-

pyrazoiidines (XXXI).
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I i
In this way, the required pyrazolidine is obtained
via the intermediate ethyl B-(f-substituted=hydrazine)-f-

iminopropionate, (XXXIXI), the latter being ring closed by

alkali.
Ph-Ne——-N-H
HN:L (|3-0
N\ f/
Ha (xxx)

HNeC<OE® R-NH N-H RN N-H
CHy ¢ RNH.NH; —p Et0OC CaNH ——> o-!: C=NH
LOOEt ci, \cr{
(XXXXT) - (X%XTII) (xxxI)

The general synthesis of the 5-imino=3<oxo=1=aryl

pyrazclidines is the gondemsation eof cyanocacetyl chloride, ox

49
azide (XXXIV), with a hydrazine.

CN ocHa «COCl or Cl ocna oCON; ¢+ R.NH omlg R=N N=H

(xxx1IV) —p  HNZC 20
g

The main object of this work was to synthesise, and
examine both from a chemical and physiological aspect; sub-
stituted derivatives of 3-1m1noa5-oxo~1,stiphonflpyr‘zolidino
(XXVIXIX). 1In these compounds, the 3= and 5-positions are

equivalent, and the proﬁlom of isomerism does mot occur.



THEORETICAL

PART ;A



1y

The initial work involved an investigation into the
praoducts formed by the action of Ramey nickel on L=benzylidene-=
-3, 5~dioxo-1,Z-diphonylpyrazolidin:‘ (xxxv), this being one
of the methods of preparation of the 4=benzyl doriv.tiv‘to
Subsequently, it was found that on refluxing 4-benzylidene-=3,5-
dioxo=1,2=diphenylpyrazolidine (XXXV) with Raney nickel,
4Y=benzyl=3,5-dioxo=1,2=-diphenylpyrazolidine (XXXVI), and C-
benzylmalonodianilide (XXXVII) were produced, the latter being
by far tho'ma%h ﬁroducto This latter comﬁoﬁnd was identified
by comparison of its infrared and ultraviolet spectra with those
‘of other substituted malonédianilidoao A precedent for this

a1
type of ring opening has already been mentioned.

Ph=Nec=—meN=Ph ) Ph=Ne==N=Fh
: _030\ /Cso - -5 0:C Cs0
C CH
il
CH,Ph CHy . Ph

PhCH; .CH ., (CONHPh),

(xxxv) (XXXVII) (XXXVI)

The first object of the work involving the J-=imino=5-
=oxopyrazolidines was the preparation of 3=imino=5-0x0-=1,2=
diphenylpyrazolidine (xxvIxI) . Previous reports on this

compound indicated that it could not be prepared by the
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83
econdengation of ethyl cyanoacetate with hydrazobenzaene.

However, the condensation was attempted using prolangoq reflux
conditions, with sodium ethoxide as the basic catalyst, and in
this way J-imino=5-0x0-=1,2-diphenylpyrazolidine was obtained in
low yield, (10%)). 1In an attempt to find alternative methods

of aynthgo}a,hydrazobonz.no was refluxed with cyancacetoamide in
presence of molar quantities of sodium ethoxide, but mo trace |
of J-=imino<=5«<0x0-~1,2=diphenylpyrazolidine was obtained, even
after prolonged refluxing. ‘

The initial synthegis of J-imino=5-0x0-=1,2-diphenyl
pyrazolidine dinvolved the condensation of hydrazobenzene with
cvenoacotyl chloride, the intermediate cyanoac;tylhydrazobonzono
cycliging under the reaction oonditiod%t However, the
preparation of pure cyanocacetyl chloride was difficult im that
the reaction of cyanoacetic acid and thionyl chloride tended to
give charred residues, and hence a variation of this method was
developed, Condonsation of'hydrasobonzono with chloroacetyl
chloride yielded chloroacetylhydrazobenzene (XXXVIII). 13 leoat
theoretical yield. This materigl on treatment with an
agqueous ethanolic solution of potassium oyanide, gave J=imino-

5=0x0-1,2~-diphenylpyrazolidine in 30% yield.

moNHom phamouoph PhQN Naph
D | - ||

C1,CHg .COC1 ' C1:0 HN :C C30
CH -C1 CH,

(xxxvrxzI) {xxvrxx)
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3=Imino=5-0%0-1,2=di=p=tolylpyrazolidine (XXXIX) wvas
synthesised by condensation of ethyl cyanoacetate with 4,4'-
dimethylhydrazobenzene. Once again the yield was poor, (8%).
P=CHy Cg Hs - oCg Hy =p=CHy
0: L:Nu

O 4
CH,

(xooxax)

’

Condensation of this compound with b.nzaldohyd, gave

L ~bensylidene=3-imino=-5-0x0-1, 2=diptolylpyrazolidine (XL)

in poor vield. This reaction helped to confirm, that in
contrast to the 3,5-dioxopyrazolidines, the iminoc-oxo-
pyrazelidines condemse far less readily with aldehydos and
ketones . L-Bonzylidene=3,5=dioxo~1, 2=diphenylpyrazolidine
(XXXV) by contrast is prepared in good yield simply by heat-
ing 3,5=dioxo~1,2-diphenylpyrazolidine with benzaldehyde, and
cooling the reaction mixturooa‘ Parallel vor'k.s1 on the
condensation of 3-1mino~5aoxoa1.2~di§heuy1pyrusolid4no with
a variety of aldehydes and ketomes, agrees with the above’

conclusion.

L B S

0 zc\g /L stNH

‘ P:n:n (xv)

Having synthesised compounds with one oxo group
replaced by an imino grodp. interest was aroused as to the
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possibility of the formation of a series of compounds with
both oxo groups replaced by imino (XLI) by condensation of
substituted malononitriles with hydrszobenzene.

Ph.NH.NH.Ph Ph. N.Ph
nocuozcu). NG C:NH
. cn// '
A (xvLx)

However, even after prolonged refluxing of malononitrile

and hydrazobenzemne in ethanol, with molar quantities of
sodium ethoxide;, no 3,5-di-iminoc=1,2-diphenylpyrazolidine,
(XLI, R = H) could be isolated, the starting materials being
recovered,

Having synthesised 3-=imino=5-0x0=1,2=diphenylpyrazoli-=
dine (XXVIII), end 3-imino-5-oxo-l,2-di-p-tolylpyrezolidine
(XXxIX) , the above methods of synthesis were extended, in an
attempt to obtain L-alkyl derivatives. Owing te the close
similarity in structure, if not in chemical activity, between
the dioxopyragzolidines and the imino-oxopyrazolidines, the
initial interest lay in the synthésis of k-n-butyl-=3-~imino-
5=0x0=1,2-diphenylpyrezolidine (XLII, R = n<Bu) (of. phenyl-
butazone(I,R = nBu),

| Ph.N

\\ //Cclﬂ

ﬁn (xvLxx)

+Ph

Ot



A ba;o catalysed condensation of ethyl n-butylcyano-=
acetaté and hydrazobenzene failed to give the above compound.
Sinee the yiolds.of the previocus ester condensations were
poor, this result was not unexpected, and the other methods
of synthesis were used.

n=Butyleyanoacetyl chloride (XLIIX, R » n-Bu, X = CN)
was prepared by the action of thionyl chloride on the acid.
Because of the great instability of cyancacyl chlorides no
attompt was made to distil the product, However, the
formation.of the acyl chloride was confirmed by formation
and identification of the amide. Condensation of equimolarx
quantities of the acyl chloride with hydrazobensene, in
chloroform/pyridine, gave benzidime as the sole orystallime
product, Variatiems in the molar proportione also failed to
give any trace 6f the required pvtazolidigoo

Beocause of the diffioulty of 1$ola§1ng reasonable
quantities of pure ¢- substituted cyonoacetyl chlorides, the
variation of this method of synthesis using the @-haloaocyl

halides was next investigated.

Ph.NH.NHPh Ph.NH N.Ph Ph . NHewe-N . Ph Ph ;N——-NPh
.« ——— cge |1 ]
Ro coy X Cs0. NC Cs30 HNsC C30
m", \ / . . .\ / \¢ / '
CH CH H

: : b

(xL11Y) (xuzv) (xLv) (xv11)
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Condensation of bromocaproyl bronigo‘(XLIII, R = n-Bu, X,

Y= Br) with hydrazobensene in ohlorororﬁ/pyridino gave a
viscous red gum, which, after extensive treatmont with
solvents, failed to give any sclid except azobenzene, formed
by oxidation of the hydrazobenzene, It was assumaed that
initial formation of a=bromocaproylhydrazobenzene had
occurred, (XLIV, R = n=Bu, X = Br) and the gum was refluxed
with an agqueous ethanclic solution of potassium cyanide.
Caproylhydrazobenzene (XLVI) was obtained, formed by
roductive dehalogenation of the intermediate a-bromocapreyl=
hydrazobenzene, (XLIV R = n-Bu, X = Br) either by the excess
hydrazobenzene present, or by the cyanide ion, with formation
of cyanogem bromide in the latter case. A precedent, for
thie reductive dehalogenation involving hydrazobenzene, had
been noticed during the preparation of L=bromo=4-n-butyl=3,5=
dioxo=1,2-diphenylpyrazolidine (XLVII) by the condensation

of n-butyl-bromomalonic ester with hydrazobenzene. In.
addition to the desired product, hanwbuty1~3,54dioxoal.2=

diphonylp&raaolidino (IXTI) was also isolated.

PhoNH——Nol’h PhoN Noph Ph"’ ONm— ‘”Ph
| C20 0:C C10. 03€ :0 :
£ No/ ot
Ee A |
n=Bu By n-Bu n=Bu

(xLvI) (xwviz) (xII)



However, although this would indicate that the dehalogenation
was caused by hydrazobensene, it is moted that caproylhydrazo-
benzene was only isolated after the treatment with potassium
eyanide solution, and this was found to be the case in all
subsequent dehalogenations. No dehalogenation occurred,as
will be seen later, if the intermediate haloacylhydrazo-
benzene was isolated and purified before treatment with
potassium cyanide, and this seems further evidence that

the reduction is due to hydrazobenzene under the basic
conditions produced by the cyanide ion.

Repetition of the condensation of c<=byomocaproyl
bromide with hydrazobenzomne, using a large excess of the
acyl bromide to minimise dehalogemation, gave a trace of
solid, m¢po 160° whichyhaving no oarbonil frequency ‘in the
infrared spectrum, was not the required acylhydrazobenzonq,
and wvas not investigated furthexr. No other solid was
isclated,

The condensation was repeated in chloroform=dimethyl-
aniline, the method being instigated by absence of dehalo-
genation when the metbod of synthesis of L-bromo-l-n=butyl
=3,5=dioxo~1,2-diphenylpyrazolidine was carried out in the
above solvents, A viscous red gum was obtained from

wvhich ascboenzene was isolated as the sole crystalline product.
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Sub;equent troatment of the gum with potassium cyanide in
agueous otﬁanol gave caproylhydrazobonzeone.

A further condengsation was carried out with addition
of the hydrazobemzene to the acyl bromide, in an aftompt to
eliminate dehalogenation., A red gum was again obtained
fr?m which no solid other tham azsobenzene could be isolated,
Treatment of this with potassium cyenide gave a further red
gum, which gave a red colour with ferric chloride selution.
Chyomatography of the gum on alumina gave traces of capzoyl-
hydrazobenzene (XLVI), and although several fractiong gave
a ved golour with fervic chloxride golution; no cthexr solid
was igolated. Repetition of this comdensation on a iargar
gcale produced the same products.

The final condensation of «¢<bremocaproyl bromide with
hydrazobenzene was carried out in ether according to
Biséhoffis A yed gum was once again obtained from the
initial reaction, and this on subseguent treatment with
potassium cyanide gave azobenzense as the sgole crystallime
produgt;

Owing to the feilure of the bromoacyl bromidd to
give satisfactory condemsation, the condensation was
attempted using @-bromocaproyl chloride (XLXII, Ran-Bu,XsBr,

Y = C1): Condensation of this with hydrazobenzene again
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produced a red oil from which mo solid could be isolated.
Treatment of the eil with potassium cyanide in agqueous
ethanol gave azobemzene, and caproylhydrazobenzene as the
only ecrystalline pzoducts.

Condensation of ca<=bromocaproyl chloride with
hydrazobonzonolin ether gave a red oil from which no solid
other than azobenzene could be obtained.

A further series of condensation was attempted
using ¢-chlorocaproyl chloride and hydrazobenzene. General
methods of syntholis of chloroacyl chlorides were used in
an attempt to prepare the chlorocaproyl chloride, therze
being no reference to this compound in the literature.
Tréatmmnt of caproyl chloride with sulphuryl chloride, in
presence of iodine as a promoter, failed to give substitu-
tion, Caproic aclid was then reacted with chlorine; in
presence of a trace of phosphorus trichloride, in an
attempt to prepare chlorocaproic acid..oa Only a trace of
the required produot was isolated.

The above synthesis vn.'ad;ptoq. by using a large
excess of phobphorus trichloride to ensure initial forma-
tion of caproyl chloride, Fractional distillation of
the reaction mizxture yielded an acid chloride; bop. 174°
(caproyl chloride b.p. 153°), which formed a monochloro-

caproylamide, From a comparison of boiling points of



23

a- and f=chloroacyl chlorides it was apparent that the
chlorine was in the a=position.

Condensation of @=chlorocaproyl chloride (XLVIII)
with hydrazobenzene gave eventually N-a-chlorocaproyl
hydrazobenzene (XLIX) in good yield as white plates.
However, attempted cyclisation of this intermediate with
potassium cyanide in aqueocus ethanol failed, even on
variation of the molar gquantities and the experimental
conditions, in that no solid other than azobenzene could

be isolated. No caproylhydrazobenzene was isolated.

PhNH . NHFh PhN NPh
cm,;nococj. > Ci C =0
cL . \\cn
n-Cq H,
(xLvIII) (xL1x)

In an attempt to replace the @=chlorine atom by
ritrile, other metal cyanides were used. Treatment of
N-a=chlorocaproylhydrazobenzene (XLIX) with copper oyanide
in aquecus ethanol failed to effect replacement, the
starting material being recovered. Sirilarly, the N=a-=
chlorocaproylhydrazobenzene was recovered unchanged after
refluxing with silver cyanide in totnono:‘ Further,
N-g-chlorocaproylhydrazobenzene was recovered unchanged

after standing for 24 hr. in liquid hydrogen cyanide.




Becaugse of the lack of success in synthosising
hen=butyl=3-imino=5-o0xo=1,2=-diphenylpyrazolidine, by
cyclisation methods, attempts were made to prepare this
compound through 3«imino=5-0x0-=1,2=diphenylpyrazolidine.

The initial method of preparation attempted, involved the
formation of Lh-butyroyl-3-imino-5-o0x0-=1,2~diphenylpyrazoli-
dine (L) with subseguent reductiom of the side-chain
carbonyl group to =CHjz. Condengation of butyroyl chloxide
with 3«1mino~5=oxo=1,2ad1phony1pyr;zolidinc gave the
required 4s=butyroyl derivative, (L), but yields were

negligible, and the synthesis was carried no further.

Ph.N N.Ph Ph.N N.Ph
0:C //CsNH » 03C CsNH
CHy // CH
(XxvIIx) P CO.CHy CHy CHy
/ \
% NaBHg (L) \\* Wolff-Kishner
PhoN N.Ph Ph, N.Ph
o:c\m/camx —_———3 o:c\ C:NH
cn/
CHOHoC; & an‘ H.

The second method of synthesis attempted involved the
reduction of 4-butylidene=3-imino=5-0x0-1,2=diphenylpyrazo-
lidine (LI), formed by condensation of butyraldehyde with
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3=imino=5=0x0<=1,2=diphenylpyrazolidine,

Ph ,N~———~N, Fh Ph,N oPh Ph.N——N,Ph
0t CiNH ou': car™ """ % o0sc ('mm
Ba/ \c/ \cn/
gﬂ,c,nh A=°4Ho
(L1)

Parallel work showed that this compound could not be
reduced by catalytic nothodnzx and an attempted chemical
reduction using zinc metal in soncentrated hydrochloric
acid, alse failed to convert the h~butyiidono derivative
to the 4-butyl homologue, the starting material being
recovered,

Owing to the failure to prepare L4-n-=butyl=3=imino
=5=0x0<=1,2=diphenylpyrazolidine, 1t was decided that the
synthesis of 4-ethyl-3-imino-5-o0xo-1,2-diphenylpyrazolidine
(LYT), should be attempted, to investigate the limits of the
above synthetic methods in preparing 4-alkyl pyrazolidines,
the L4-methyl homologue having already been synﬁhoailodo“

Condensation of ethylecyancacetyl chloride (LIII) with
hydrazobenzene gave a trace of white solid, m.p., 104° which
showed both carbonyl and nitrile freguencies in the infrared
spectrum, Analyesis confirmed that it was the intermediate
Nes=gyanobutyroylhydrazobenzene (LIV). Atfomptod cycliga-
tion of this compound with molar sodium carbonate solution
failed, the starting material being recovered.
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Ph,NH.NH.Ph Ph ,NHe———N.Ph Ph.Ne——N,Ph
CN c;(c,m)cocx !: 0 HN:C C30
° 3 H] o E

o X7
(i P
Ca Hy _ CaHg
(LIXX) (Lzv) (L11)

Repetition of the above condensation ﬁcing a 3:1 molar
ratio of acyl chloride to hydrazobenzene gave eventually
2 ved visoous gum, from which no solid other than azobenzene
could be isolated; even on seeding the mother liguors with
N=d=gyanobutyroylhydrazobenzene. The mother liquors did
however give a red colour with ferric chloride soclution.
The adaptation of this method using a-chlorobutyroyl
chloxride was next attempted. Condensation of this reagent
wvith hydrazobenzene gave an intractable red gum, which on
treatment with a solution of potassium cyanide in agueous
ethanol yielded two crystallime products. The first of
these, m.p. 120° was identified as N-butyroylhydrazobenzene
(LV) formed by reductive dehalogenation of the intermediate
¢=chloro derivative. The second compound m.p. 206°, had
infrared and ultraviolet spectra very similar to those of
3~imino-5-o0xo-1,2-diphenylpyrazolidine (XXVIII),;.nd
hemethyl=3=imino=5-0x0=1,2~-diphenylpyrazolidine (XLII, R =
ﬁo)tt and also gave a red colour with ferric chloride
solution, Analysis confirmed that it was the required



4-ethyl-3-imino-5-0xo-1,2-diphenylpyrazolidine (LII) (0.5%).

Phomc)mloph ) Phom'_‘uoph pho Noph phoN—NoPh

’( )C & é
Cl1.,CH(CzH; )COCl1 Cl C:0 CN 0 HN :C C:0
2 / \ / s 8 N
CH ’ fn CH
’Lﬁc Ca Hg !:,H,
(LvI) (LIVv) {LIT)

phoMon
C:0
of,
&
- (Lv)
Careful repetition of the above condensation with VOry
slow addition of the acyl chloride gave aechlprobutyroyla
hydrazobenzene (LVI) in 50% yield, Treatment of this with
potassium cyanide in aqueous ethanol gave both N-e¢=cyano-=
butyroylhydrazobesnzene (LIV), and 4-ethyl-3-imino-=5-oxo-
1,2-diphenylpyrazolidine, the latter in poor yield (4%).
From the relatively poor yields of L-ethyl-3-<imino<5-
oxo=1,2-diphenylpyrazolidine compared with 3=imino=5=0x0-=
1,2-diphenylpyrazolidine, and ite homothyllnmologuotz 1t is
obvious that the limit of the synthetic methods is reached
at the 4-ethyl derivative. After studying models of
N=g=chloro and N-t-cyanoacylhydrazobenzenes,it¢ was concluded

that the above limitation can be attributed to three factors:
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(a) the increasing steric inhibition of the replacement of
the @¢<hslogen atom by nitrile,

(b) the increasing difficulty of cyclisation of the N-a-
eyanoaoylhydrazobenzene, if formed, due to the interference
of the longer side chains with the phenyl groups, when the
systems are in the most favourable cofifiguration for
cyclisation,

(c) the weak basicity of the acylhydrazobenzenes. This
factor can be overcome providing the steric interferencs
is at a2 minimmum, but in the case of N=a-chloro and N-=a=
cyanccapyroylhydrazobenzene, it can be seen from the models
that the n-butyl group interferes strongly with the phenyl
gxoups .

The second part of the work in the pyrazolidine field,
stemmed from the isolation of L-amino-3«imino=5-0x0~1l,2<
diphenylpyrazolidine (LVII). The potential a-diamine
syetem in this compound makes possible the }brmation of
cyelic derivatives of the imino-oxo-pyrazolidine muocleus,
by condengation with e-diketones and other compounds.
Y=Amino-3=imino-5-0x0~1,2-diphenylpyrazolidine was synthesised
by nitrosation of 3-1n1noo5=ozo-1.iodiph.nylpyrazolidino
(XXVIII) giving 4-isonitroso-3-imino-5-o0xo-1,2-diphenyl-
pyrazolidine (LVIII), which was subseguently reduced with
sine and hydrochloric acid.
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Ph,N Ioph Ph.N N.Ph PhoN N.Ph
0 NH i) NH 0:C
:q\\cé: INH ey O 8 \\c// ] e e H \\cé/c:nn
gon A Lﬂh
(xxvIII) (LviIx) (LvII)

However; the yield in the above nitrosation was poor, and
on dilution of the motheyr liquors, a further product was
obtained in good yield, m.p. 167° (ef. 3=imino-k-iso-
nitroso-5-0xo-1,2-diphenylpyrazolidine, m.p. 247°). It
was found subsequently, that by increasing the volume of
ethanol in the nitrosation this latter compound was
obtained as the sole product, Conversely, if ths volume
of ethanol was kept to a minimum the L-isonitroso derivative
(LVIIXI) was obtained as the major product, the second
product howvever, still being isolated om dilution. Since
the second product separated only slowly from the diluted
solution, it would appear that it is formed from 3-imino-k-
ilonitroso=5¢oxo=1.2od1ph-ny1pyrasolid4no (LVIIX) by further
resotion, Howaver, no trace of this compound could be
isolated after treatment of J-imino=4-isonitroso=5-oxo~
1,2~diphenylpyrazolidine with ethanolic nitrous acid.

The compound gave a Liebermann test for an O- or N-nitroso
group, and showed hydroxyl, and carbonyl frequency in the
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infrared spectrums, The hydroxyl band was very similar to
that ocbtained with compounds containing water of crystallisa-~
tion, and this together with the evidence for the 0= or
Nenitroso group, and the fact that the substance is
apparently formed from 5»1m1no=haieon1trosoesooxool.2o
diphenylpyrazolidine, led to the proposedlstruoturo,
hohydroxyah-hyd§oxy-m1nom3an1tro.oamino=5aoxop1.2=diphony1
pyrazolidine (LIX), Anaiyaio agreed with this formulation.,
The eompounﬁ 1s formed presumably by further reaction
of the nitrous acid with fhe 3=imino group with formation
of an N-nitrosamine, followed by addition of water soross
the double bond of the isonitroso group with formation of
a hydrated oxime’. This type of compound is a recognised
intermediate in the formation of oximes, and for aldehydes
and ke tones with suitable electron withdrawing d¢-substituents,
for example chloral, the hydrated oxime is relatively stable:.

~

Ph ;Ne——eeea N o Ph PhoN N.Ph
6: CNH — 0:C L:NH
N
(xxvIrI) / Nor  (wvrzz)
Ph.N. N.Ph

Ot N //ptNONsO

P

HO NHOH (LX)
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An attempted sublimation of L=hydroxy-4-hydroxyamino=3=

ni trosoamino=5-o0xo-1, 2-diphenylpyrazolidine (LIX), to remove,
water, resulted in decomposition. An attempted reduction o
the above compound using zinc and hydrochloric acid, the

method used to reduce the L=isonitroso derivative, alsc

caused decomposition.
The initial condensations of bL-amino=3=imino-=5-

oxa-1, 2-dinhenvinvrazolidine (LVIX), were cawried scut with o
view to obtaining compounds with a 5-membered ring attached to
thé pyrazolidine nueleus. Condensation of 4-amino-=3-imino-
5@010@1;2adiphenylpyrazolid1ne with ethyl chloroformate gave
hacarbethoxyamino=3=1m;n0m5aoxo=1.2=dipheny1yyrazolid1ne (Lx)
in 80% yield. However, this compound could not be cyclised
by sublimation, heating inm a sealed tube; or reflux with
acetic anhydride, the starting material being recovered
unchanged in each case.

Treatment of j-amino-3=imino=5-0x0<1l;2-diphenyl-
pyrazolidine with nitrous acid precipitated a red solid;, which
detonates at 1309, The compound showed carbonyl, and azo
group frequencies in the infrared spectrum, This, together
with the explosive nature of the substance, led to the proposed
siructure 4-azo~3-imino-5-0xo-1,2-diphenylpyrazolidine (LXI).
The absence of halogen in the molecule excludes the possibility
of a dia zonium salt. The reaction presumably proceeds by
Qlimination of a molecule of hydrogen chloride between the
intermediate diazonium salt, (formed by the 4-amino group) and



§-position, The colour of the L-azo compound may be attributed

to the various possible resonance forms.

PhoNee——N.Ph  Ph.N————N.Ph Ph oNee—euu . Ph
Os!! 3:1@8—-—-)0:1 émﬂ ———— 0:(‘: l
\n i \ q/\‘
én; Jucoozt Ju—-—-cso
L {LvII) (Lx)
[ Ph.N N.Ph | Ph.N .Ph Ph.N— N ,Ph
oJ:\ CINH |~ 03C CiNH ——— 0:C C1N
o N/
1 NsN.C1 4NN #B-n‘
(Lxx)

Condensation of L-amineo=3-imino-=5-o0xo-1,6 2=diphenyl
pyrazolidine with carbomnyl chleoride im chloroform gave Y-car-
bethozyamino=3=-imino=5-cxo-1,2-diphenylpyrazolidine (LX),
fermod by the reaction of the intermediste chlorecseyl aming
derivative (LXIXI) with the ethanol present in the ehleroform.
This recaction appeared to ocecur in preference to cyclisation.
Repetition of the above condensation im ethanol=free chloroform
gave hmcarboxyamanooj~1m1no=3=oxoe1.Zmdiphonylpyrnzolidino
{(LXIII), foxrmed by hydrolysis of the imntermediate chloroacyl
aminoe derivative (LXII), im the course of isclation. A
further condengation in toluene again yieldeg tpo above acid.

No trace of the vequired imazolopyrazolidine (LXIV), was

obtained.
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Ph  Ne——-=N,Ph PhoN N.Ph Ph.N N.Ph
o:é C SNH cemp o:L C sNH — 0:C sNH
\\cﬁf' \\na// \\cﬁ(,

Lng anocx anoomt
(LvIz) a5 g (LX)
Ph , Ne———eeuN . Ph * Ph.N——N.Ph

F Tl
NHCOOH NH C:0
(LxxII) {(LxIV)

= A second series of condensations involving 4-=amimno-
=J=imino=5-0x0=1, 2=diphenylpyrazolidine was carried ocut to form
compounds with a 6-membered ring attached to the pyrazolidine
mucleus. Condensation of j-amino=3-imino=5=0x0=1;2-diphenyl-
pyrazolidine (LVII) with glyoxal momohydrate (LXV) gave 5-oxo-
1, 2-diphenyl-3,4-pyrazinopyrazolidine (LXVI) as yellow needles
(30%) .

Condensation of j-amino-3-imino=5<-0xo=1;2-diphenyl
pyrazolidine with chloroacetyl chloride gave 4-chloroacetyl-
amino-3-imino-5-0xo-1, 2-diphenylpyrazolidine (LXVII) as white
needles, (25%). Attempted cyclisation of this compound, to
give the pyrazine, (LXVIII) by treatment with collidine gave a
trace of yellow solid m.p. 80=90°, which showed carbonyl but no
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C3NH freguency im the imnfravred spectzum, similar to 5-oxo-

1,2-diphenyl-3,L-pyrazinopyrazelidine (LXVI) sbove.

However, insufficient material was obtained foxr crystallisa-~

tion to analytical purdity even om repetition of the condensa-

tion,

Pholf‘———"'aoph
0:C C sNH
CHO \cn/
b |
LXV Wi
(LvzI)

PhoN ?'{oPh ' _ Ph N N.Fh
0.C (o] 0sC C e NH
\‘l/ \, N
N i(lm (LxvIT) NHCOCH; C1

N/

CH | ~HC1
(Lxvr) l e
PhoN N.FR

0:C
AN
Ik
No?

(Lxvziz) Lﬂ

It wag found that h~amino=3=imino=5-o0xo-=1,2=

diphenyipyrazolidine gradually deepened in colour, and om
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recrystallisation formed a new compound, m.p. 189° (cf

167° for the starting material), This new material was
also obtained by heating a solution of L-amino=3-imino-5-o0xo-
1,2=diphenylpyrazolidine in presence of platimum catalysto.
This latter reaction indicated that the new compound was

a self-condensation product between two molecules of the
diamine giving 2,3»‘.5=d1e(5ooxo;1,2=diphony1pyrazolidino=
3.4)=pyrasine (LXIX). It ia well lknown that c-aminoketone
compounds readily self-condonse to give dihydropyrazine
dorivativo.,s. these being easily oxidised to the pyrazine
on standing in aixr, so that in most cases the dihydro
pyrasine carmot be inolated°‘ In haaminomeimiﬁoeS»oxonlb2:
diphenylpyrazelidine there is both an &-aminoketo function,
and an aminoketoximino function, giving rise te three
possible self-condensation mechanigms- A self-condensation
of the a-aminoketo function giving 2,3=5,6-di{3-imino-1,2~
diphenylpyrazolidine-4,5=)-pyrazine (Lxx) or, the proposed
self-sondensation of the a-amincketoximino function yielding
2,3=5,6=di-(5-0x0=1,2-diphenylpyrazolidine=3,4)=pyrazine
(LXIX), or a cross self-condensation giving 2,3{3-imino-1,2-
diphenylpyrasolidine=k,5)=5,6=(5-0x0-1, 2-diphenylpyrazolidine-
3,4)-pyrasine (LXXI), are all possible.
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Ph,

-Ph Ph.N Iol’h Phol'v———NoPh
03 C HN3 0:C C
NN Nl N\, \/ \',
. e y
\\c/ \c :0 ‘ \\c/ \c sNH \\c/ \c sNH
Phol‘w l!(ol’h Phd’i lliol’h PhoL—NoPh
(Lx1x) (Lxx) (LxxT)

However a nitrogen analysis can differsntiate among
these thrse pessibilities; indicating that the self-condensa-
tion product is as stated, 2,3-5,6=di-(5-0x0-1,2-diphenyl=
pyrazolidine=3,4)-=pyrazine being formed by atmospheric
oxidation of the intermediate dihydro derivative (LXXII)
N.Ph

N.Ph Ph.N

0:C (l, tNH 0:C ¢!7 0:C C
\CB/ \N \0/\

I et — | |

N\ /\c:o N\ / \030

H c c

¢
(LvIx) / | | |

HN :C C:0 Ph.N N.Ph Ph.N

PhoN N.Ph PhoN

=

Q

N.Ph

Ph.N

N (LxX1I) (Lx1X)
That the self-condensation takes place through the -amino-
ketoximino function is substantiated by the fact that there
are no reoported instances of the self-condensation of
h=amino=3,5=dioxo~1, 2~diphenylpyrazolidine (LXXIII) which
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contains two a-aminoketo functions similar to the one in
Jeimino=5-0%0-1, 2=diphenylpyrazolidine.

Phol" l"ol’h

0:C C30

B

NHa (LXXIII)

The final condemnsation with f~amino=3-imino=5-0xo0=1,2-
diphenylpyrazolidine (LVII), was carried cut in an attempt
to obtain a seven-membered ring attached to the pyraszolidime
mcleus. Condensation of 4-amino-3-imino=5-0xo0o=1,2<=
diphenylpyrazolidine with acotylacetone gave 4-acetylaceton-
aminoe=3-imino=5-0x0-1, 2-diphenylpyrazolidine (LXXIV) as white
plates, m.p. 218° (25%). The acyclic pyraszolidine formmu-
lation was based on the presence of two carbonyl bands in
the infrared spectrum, Only ome such band would be expected
if cycligation had ccourred. The fornmlation was confirmed
by analysis-. Attempted cyclisations by treatment with
sodium ethoxide, or acetic anhydride, failed to give any
solid product, not even the starting material.

Ph.N

03(‘3 CtNH o.!: Clz—-
\G/ | NN

N.Fh PhoN—=N,-Ph

Summarising, it would appear that the imherent strain in
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forming two adjacent 5-membered rings severely hinders the
formation of such compounds, and explaing the lack of suoccess
in this direction. The formation of such compounds imn

this series will also be adversely affected by the relative
unreactivity of the 3=imino group. A similar explanation

is offered for the non-formation of ths 7-membered derivatives
of the pyzazolidine. In contrast, the formation of
6-membered ring compounds attached to the pyrazolidine
nucleus is not hindered to the same degree by ring strain,
and this enables the unreactivity of the 3-imimno gzroup to

be partly overcome, giving pyrazine derivatives of the
pyrazolidinea.



TABLE

Ultraviolet absorption of N=Acylhydrazobenzenes.

Phwlf NitPh
03C //x
\cn
|
R
SPE - {értOH
Formula R X max .
XLVI n=Cg Hy H 205 238
XLIV n=Cq4 Hy Cl 209 236
LV Et H 206 236
LV ) D 4 Cl 210 236
LIV Et CHN 205 235
| ——. 2% —— —
B II
MO ESTTTNMmT AN
Ultraviolet absorption of L-gubstituted imino-
oxopyrazolidines.
Ph=N raPh
O=C CaNH
\.~
CH
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4O

~ Formule R ;Ezfgv =)
XXVIII H 206 254
LIY Et 206 264
LVIIL NH 206 252
LX NH,COOEt 206 258
LXVIX NH,COCH; C1 206 257
XY NN 206 234 280
LXXIV NH.C(CH; ) :CHCOCH, 206 262 3¢8
L COCH, CHj, CE, 206 256
| |
TABLE III

Ultraviolet absorption of cyclic 3,h-substituted

imino=
oxopyrazeliidines.
Forﬁu}a Name \Eton
Noax 7

LXVI 5-0x0=1,2-diphenyl=3,4=] 205 270
pyrazinopyrazolidine

LXIX 2,3=l ,5=di=(5-0x0=1,2= | 209 234
diphenylpyrazolidine=

3 914)=P71‘azino
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PART I
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All m.p. are uncorrected, Infrared spectra were
determined in Nujol unless otherwise stated, Identities
were confirmed by infrared comparison in Nujol, Ultraviolet
spectra in alkeli, were determined in a mixture of equal
parts 2N NaOH and ethanol, and in acid, equal parts 2N
hydrochloric acid and ethanol, Other ultraviolet spectra

were carried out in ethanol, unleses otherwise stated.

Actjon of Raney Nickel on i-Benzilidene=3,5-dioxo-
1, 2=diphenvipyrazolidine. = thonzylidaneMB,5mdiqi0w1,2=
diphonylpyrazolidin: ‘(10 g.) was refluxed with Raney Nickel
(11 z.) in dry ethanol (200 c.co.) for 15 min. On filtration
and cooling, white erystals were obtained; m.p. 230-231°
(1:5 go)o Evaporation of the ethamol produced further
crops, m.p. 140=150° (2.5 go), m.p. 145-155° (0.5 gi), and
mopo 130=140° (0.2 g.), respectively. Thess three erops
were bulked; dissolved in chloroform, and extract;d
successively with saturated sodium bicarbdnato aoiutione then
5¢, sodium hydroxide solution. Acidification of the
bicarbonate vashinéo yielded only a trace of oil, which
would not solidify. |

Acidification of the alkaline wnchingo, vielded a
white solid, which was orystallised from chloroform/methanol
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as white platea of 4=benzyls],5=dioxo=1,2-diphenylpyrazoli-
dine (0.5 go) m.p. and mixed m.po 136°. The final

chloroform sclution, after basic extractions, was dried

and conegetrated giving white needles of C-bengylmalondianilide
(4.0 g.) (Pounds C,76.92; Hy6.075 N,8,8, Ca3HaoNa20a

requires C,76.7s Hy5.823 N,8,15%), A max 207 (e, 23,050)

250 (e, 15,400) and 33hafc, 5850) 3 Imax. 3278 (NH or OH)

and 1667 cm.™ (c:0).

J=Imino=5-0x0=1, 2=-diphenylpyrazolidine. -~ A solution
of sodium ethoxide in e thanol, from sodium (4.5 g.) and
dry ethanol (90 c.c.), was treated successively with ethyl
eyanoacetate (10.6 g.), and hydrazobenzene (18 g.), and the
mizture refluxed for 17 hy. in a nitrogen atmosphere
(internal temperature 86-88°), Ethanol (60 c.e.) was then
digtilled off at normal pressure, the intermnal temperature
rising to 126°, The roactioh mixture was ccoled, treated
with ether (250 ¢.c.), and water (250 e.c.),

A pale yellow insoluble material (1 g.) separated, and this
was filtered off, This solid; which had the properties

of a sodium salt, was treated with hydrochloric acid (d,1.15),
and the aqueous suspension extracted with chloroform., This
extract, on evaporation, gave 3-imino=5=0x0-1l,2-diphenyl-
pyrazolidine (550 mg.), g; plates mo.p. 220-222° alone or

mizxed with an authentic sﬂeoimono The ether phase from
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the initial reaction mixture, was dried (Ne3sSo,), and
evaporated giving a red solid, which on crystallisation
‘from chloroform-methanol gave hydrazobenzene (9.37 g.), as
plates m.p. 126-128° (after washing with petroleum ether
(b.p. 60=80°) to remove the orange colour)., Evapoeration
of these washings geve azobenzene (2.5 g.) m.p. 67°.

The agqueous alkaline phase from the initial extraction
on standing, deposited a solid (1 g.) m.p. 222, Evapora-
tion of this phase to ome third bulk under ro@ucod pressure,
eventually gave a further crop (0.3 g.) m.p. 220°, and from
the conoentrated mother ligquor, a further crop (0:3 g.) was
obtained by extraction with chloroform (m.p. 210-220°),
Combination of these ecrops, and crystallisation from ethanol
yielded 3=imino=5-=0xo=1,2=diphenylpyrasolidine (1.5 g.),

m.p. 222° alone or mixed with an esuthentic specimen, Acidi-
fication of the concentrated alkaline liquors with 2N

hydrochlorie acid precipitated a brown seolid m.p. 300°, which
aould not be erystallised, and which wae not further examined.

Condensation of at de wit zobenzene., «
Cyanoacetamide (8.4 g.), amd hydrazobenzene (18.4 g.) were
refluxed for 65 hr. in a nitrogen afmo-phbro? with sodium
ethoxide, from sodium (Lo6 g.) and dry ethanol (100 e.es)s
Ammonie was evolved on reflux. The mixture was then cooled,

and water, and ethexr added. Ne interfacial solid separated,
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and the- ¢two layers were separated, the ether phase on drying
and evaporating giving a white solid, which on recrystallisa-~
tion from chloroform gave hydrazobenzene (12.3 g.) m.p.
126-128°, after washing with petroleum ether (b.p. 60-80°)
The petrcloum washings on evaporation gave azobensene (7o2g°)
moPo 67%.

The basic aguecus phase was acidified yielding a2
brown solid (2.5 g.) not melting below 350°, which was not
investigated further. No trace of J3-imino=5-oxo-1,2-diphenyl-
vyrazolidine was obtaimed,

Chloxoacetylhydrazobenzene. = a=-Chloroacetyl
chloride (LO g.) im chloroform (30 <.c.) was added dropwise,
with stirving, to an ice-covied solutiom of hydrazobenszens
{25 g.) im chloroform (250 c.co), and pyridime (150 c.c.).
Stirring was continued for a further 2 hr. and the chleroform
solution was then washed successively with 2N hydrochloric
acid, 2N godium hydroxide sclution, water, and dried
(a3 S0y ) s  N-u-chlorcacetylbydrazobenzene (53 go)s’ vas
obtained on eovaporation of the chloroform as prisms, mgpu
163° (1it., m.p. 163°),
A solution of

chloroacetylhydrazobenzene (3.4 go)s; in athanol (50 c.c.),

was yeiluxed for 7 hy, with g solution of potassium cyanide
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(6 2.), in water (50 ccco)o The solution was then cooled,
diluted with water, and extracted with chlorefozrm, The
chloroform solution was washed thoroughly with water, dried,
and reduced in bulk, giving 3-imino=5=-0xo=1,2-diphenyl-
pyrazolidine (1.1 g.), m.p. and mixed m.p. with an suthentic
specimen 220-222°,

J=Iming-5-0x0-1l,2-di-p-tolvlipyrazolidine, - Ethyl
sysnoavetate (10,6 g.) end hydrazotoluene (21 go) ware
refluxed for 17 hr, in a nitrogen atmoasphere with socdium
ethoxzide, from sodium (4.8 g.) and dry ethamol (150 c.e.).
Ethanol {100 c¢.c.) was then distillied off, and the resultant
sludge exiracted with ethor, and water. An interfacial
solid was obtained, and this was filtered off. Additional
solid separated fyom the basic agquecus phase, and this was
added to the interfacial solid. The combined solids wezre
recrystallised from chloroform-methanol, as white plates,

m.ps 213°, of 3=imino=5-0x0-1,2=-di=p-tolylpyrazolidine (1.2 g.)

(Pounds C,72.763 Hy5.953 Ny14 .57 C33H33N;0 requires C,73.09;
Hs60133 N,15.04%), A max. 207 (e, 52,000) end 254 mp

{¢, 29,500); Ymax 3390, 3185 (NH or OH), 1675 and 1647 om,=3
{C30 or C:NH), The ether phase was dried, and concentrated,
giving a bright orange solid, This waes thoroughly washed
with petroleum ether (bop. (40=60°), leaving a rosidusl off-

white solid, which was orystallised from ehloroformopotroloum
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ether, ss white plates of hydrazotoluene (10,6 g.) m.po 128°,
The combined petroleum washings yielded azotolueme (6.1 g.)
m.po 1l42°, The basic phase was continuously extracted with
chloroform for 5 hr., the extract on concentration giving
a viscous black 0il, from which no solid could be obtained.
After extraction, the basic phase was acidified, precipitating
2 brown solid (1.8 g.) mop. 320° (partial), This solid
could not be erystallised, and no further work wes carzried
cut on it.
heBeng;11d0n0o3=;g;gg?5egégpl,ZQQQgptq;z;gzgggolidiggo =
3=Inino-5=-0x0=1,2-di-p-tolylpyrazolidine (0.5 go) was
refluzed in benzaldehyde (2.5 c¢.c.) for 1 hr. The mixture
wae cooled, snd diluted with ether when J-imimo-5-0x0-1,2-
di-p-tolylpyrazolidine (0.35 g.), mcp. and mixed m.p. 213°
separated ocut, and was filtered off, The ethereal solution
vag washed with sodium metabisulphite solution to remove
excoess aldehyde, and them with water, dried, and the ether
removed undex reduced proslﬁroo A red gum was obtained which,
on treatment with petroleum ether (b.p. 40-60°), eventually
gave a yellow solid, which was crystallised from chloroform-
methanol to give L-=bengylidene-3-imino=53-9%x0-1,2-di-p= _
tolylpyrasolidine (0.1 g.) as yellow felted needles m.p. 280°
(Founds €,77.963 H,5.313 N,11.hlk: OCz4Hai1N; 0 roquires C,78.45;
H,5.763 N,11.4%), Amax. 208 (¢, 36,800), 292 {e¢, 35,300)
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and 362 mp (e, 5,000) 3 Y max, 1710 em.” (c:0).

Attempted Symnthesis of 3,5-di-imino-1,2-diphenyl-
pyrazolidine. - (a) Malononitrile (6.6 g.) and hydrazobenzeme
(18,4 g.) were refluxed for 17 hr. in a nitrogen atmosphere
with sodium ethoxide, from dry ethamol (100 c.c.) and sedium
(4.6 g0)o Ethanol (80 c.c.), was then distilled off, and
¢the resultant qludgo was diluted with ether, and water: No
interfacial solid separated, and the two phases ware
sepazrated. The ether polution was waghed with water, dried
and concentrated giving an orange solid, which on crystallisa-~
tion from chloroform-petroleum ether (b.p. 40=60°) gave white
plates of hydrazobemzene (15.7 g.), after washing with
petroleum oether. The combined petroieum washings were
evaporated giving azobenzene (0.7 g.), m.p. 67°. Malononitrile
(3 go) was isolated from the mother liguors. No other solid
was isolated,

The basic aqueous phase was acidified,precipitoting
a trace of brown material which did not melt below 300°,

This was not investigated further.
(b) A similar experiment in which the reflux time was
extended to 160 hyr, again yielded azobenzene and hydrazoben-

zene as the sole crystalline products.




L8

Condensation of Ethyl n-Butylcyanocacetate with

: s3
Hydrazobenzemng. = Ethyl n=butylcyanocacetate (1603 go)

and hydrazobenzene (18.4 g.) were refluxed for 17 hr. im a
nitrogen atmosphere with a molar quantity of sodium ethoxide,
from sodium (4.6 g.) and dry ethanol (200 ¢.c.). Etﬁanol
(100 c.c.) was them distilled off, and the residue extracted
with ether, and water. The ether phase was wached with
watezr, dried, and concentrated giving an orange solid,

which on crystallisation from chloroform gave plates of
hydrazobenzene (6.5 go), mop. and mixed m.p. 124-136°

after washing with petroleum ether (b.p. L0=60°). The
petroleum washings yielded azobenzeme (5.3 g0)y mcpo 67%

No cother solid could be isclated. The basic agueous phase
was acidified giving a pale yelleow oil;, which was extracted
with chloroform. The oil obtained on evapcration of the
extract was bicarbonate soluble; and was proved to be
n-butyleyanoacetic scid (12 go). No trace of the

condensation product was cobtaimed,

= ntntylcyanoaqotic_,
acid (2 g.) was refluxed for 2 hr, with an excess of thiomyl
chloride. The excess of thionyl chloride was then dis~
tilled off under reduced pressure, and the residue was used

in the following condensation,; without attempting a
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distillation, [A small portion of the ieoiduo was treated
with an excess of aynedus ammonia giving a ihito solid,
which cryetallised from chloroform-petroleum ether (b.p.
60-80°) as white needles of m=butylcyancacetamide, m.p.
124-125° (14t., mop. 125°)],

The remainder of the residue (2 c.c.) was added to
an ice-cooled solutiom of hydrazobenzene (L g.) im chlorofbrm@
pyridine 15 ¢.C. 2 €.€,)¢ The mixturs was sllowed to stand
for 2 hyr., and was then washed successively with 2ZN hydro-
cehlopic acid, ZN godium hydroxide solution; and water. A
solid wvas preclipitated during the acid washing, and this
was filtered off, and treated with a paturafed solution of
sodium bicarbonate, filtered again, dried and cryatallised
from etheyx as white plates of bemzidine (0.7 g0) o mopo and
mized melting point 127°, The finel chloroform solution,
after washing, was dried and evaporated to dryness giving a
red 0il, from which mo selid other than a trace of azobenzene
could be isolated. Acidification of the caustic washings
gave the starting acid (0.6 g.).

The above condensation was repeated with 2 3:1 ratio
.of acyl chloride to hydrazobenzemeo Azobenzene and

hydrazobenzene were obtained as the sole crystalline preducts.
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Condensation of c-Bromocaproyl Bromide with g;_gg__
benzene .- (2) Using Pyrine. a=Bromocaproyl bromido
(30 go) was added 9low1y to an ice=cooled, stirred solution
of hydrazobenzene (20 g.) in chloroform-pyridine (100 c.c.-
40 GoCo)o Stirring was contimued for a further 2 hr., ang
the mixture was then washed successively with 2N hydrochloric
acid, 2N sodium hydroxide solution, and water, The
chloroform golution was dried and evaporated to dryness giving |
a red gum, from which no solid other than azobenzene (5.2 g)
could be obitained, even after extensive treatment with a
variety of solvents. The gum wag then refluxed with an
sxcegss of potasaium cyanide (20 g.) im aquecus ethanol forx
7 bhr.,, water was added, and red o0il was precipitated. This
was extracted with chloroform, and on drying, and concentrat-=
ing the chleoreform golution a red gum was obtained; which on
exteneive treatment with acetone-petroleum ether (b.p.60-80°)
éavo a white solid, recrystallised from methanol aé
white plates of Nanacagro;;g;Arazobonzond. m.po, 121° (2 g.)
(Founds €,76:23 H,7.92. CygHaaNaO requires C,76.563 H,7.85%),
A mexo.205 (e, 4,500) and 238 mp (¢, 18,500); Jmax 3226 (NH)
and 1653 omo°1 (C:0) (This formulation was confirmed, by a
mixed mop. with an authentic specimen, synthesised from
caproyl chloride and hydrazobenzens) . e-Bromocaproic acid |

(8 g.) and azobenszene (4 g.) were isolated from the mother

ligquors.
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(b) Using Dimethylaniline; = Repetition of the above

eond&hsaﬁion uainé dimothylapilino as the basic medium once
again gave a red oil, This on treatment with potassium
cyanide solution gave Nanaeaproylhydrazobenseﬁo and azobenzene
as the sole crystalline prodn;tso The mother liguors of the
reaction gave a red colour with ferric chloxride solution,
charectoristic of the imino-oxo series, but mo solid could

be obtained,

(c) Using an Excess of Acyl Bromide, - A further
condensation was carried out using an excess of d=bromo-
caproyl bromide. A pale yellow solid m.p, 150-60° (50 mg.)
giving a positive Beilstein test for halogen but showing mo
carbonyl freguency imn the infrared spectra, was obtained.
Azobeﬁzene was also isolated, thesebeing the sole crystalline
products. The residue wvas not treated with potassium cyanide.
(¢) By Addition g£,§§2_§2d¥azobonzeng to the Acyl Bromide. -
Hydrazobenzene (2 g.) in chloroform-pyridine (éd €.80=5 €.0C)
was added to an 1oo~cqolod soiution of da=bromocaproyl

bromide (4 g.) in chloroform (10 c.co) over a period of 30
min, The mixture waz allowed to stand for a further 2 hr.,
and was then iaéhod with 2N hy&rbchloric acid, 2N sodium
hydroxide oolufion. and water, The final chloroform solution
was dried, and anporated to dryness giving a red oil, from
which no solid could be igolated. The o0il was subgsequently
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rofluxed for 7 hr., with an aqueous othanolic solution of
potassium cyanide (5 go)o The reaction mixture was
extracted with ehloroform, the chloroform solution being
thoroughly washed with water, dried, and evaporatod'to
dryness giving a red oil, This o0il was chromatographed in
an attempt to remove azobenzene. However, no golid
other than azobenzene was isolated, although several
fractions gave a red colour with ferric chleoride sclution,
A repetition of the above condensation (d) onm a larger
scale;, again yielded azobenzeone as the sole crystalline
product,
(a) In Ether, - Hydrazobenzene (5 g.) and c-bromocaproyl
bromide (7 g.) were saeparately dissolved in ether (50 c.c.),
and the solutions mixado. Benzidine hydrobromide was
precipitated, and the mixture was refluxed for 1 hr.,
cooled, and washed free of the hydrobromide,with waterx.
The ether phase was dried, and the ether removed by
digstillationygiving a red oil, This was kept at 0° for
24 hro, but no solid separated end the oil was refluxed
foxr 7 hr?, with an aqueous ethanclic solution of potassium
oyanid; (7 gs)o The mixture was then extracted with
chloroform, and on washing, drying, and evaporating off

the chlozroform a red gum was obtained, from which no solid
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other than azobenzene could be isolated. Tho oil did not

give a zod colour with ferric chloride solutiom.
Condensation of c-Bromocaproyl Chloride with

Hydrazobenzene. -~ &-Bromocaproic aoid.o (30 g.) was

rafinzsd for 1 hr., with an excess of thionyl chloride.

The excess of thionyl chloride was then disgtilled off

under reduced pressure, and the c=bromocaproyl chloride

(20 g.) wes finally distilled at 65°/9 mm.

(a) In Ether . = A solution of hydrazobemzene (4.6 g.)

in ether (35 c.c.) was refluxed for 1 hr. with a solution

of a-bromocaproyl chloride (5 g.) im e ther (150 c.€.).

Benzidine hydrochloride was precipitated, and was filtered

off, The ether was washed with water, dried, and

evaporated off giving a brown oil from which no solid could

be isolated.

(b) In Chloroform-pyridine., = To hydrazobenzene (4 g.)

in chloroform=pyridine (30 ¢.c.=8 co.c.), a solution of

a-bromocaproyl chloride (5 g.) in chloroform (10 c.c.) was

added, the mixture being cooled on an ice=bath. The mixture

was then stirred for 2 hr.,, and allowed to stand overmnight.

The chloroform solution was washed successively with 2N

hydrochloric acid, 2N sodium hydroxide solution, and water,

dried, and the chloroform distilled off under reduced

pressure, giving a red<brown solid from which no so0lid other
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than asobenzene could be isolated.

The above condensation was repeated without cooling
during the addition of the acyl chloride. A gum was
obtained which on subseguent treatment, with potassium
cyenide solution gave azobenzene, and Nen=caproylhydrazo=
benzene as the sole crystallime products.

Action of Sulphuryl Chloxide on Caproyl Chloride, -
Caproyl chleride (20 g.) was refluxed with sulphuryl
chioride (50 co.c.) for 18 hr,, in presence of a trace of
lodine, as promoter. Fractional disgtillation of the
roaction mizxture gave the starting materials, together with
a small trace of caproic acid formed by hydrolysis. No
trace of the required &-chiorocaproyl chioride was obtained.

 Action of Phosphorus Trichléoride on Caproic Acid. =
Ceproic acid (116 g.), and phosphorus trichloride (20 c.c.)
were mixed and heated to 120%, Chlorine was thom bubbled
slowly through the mixture for 17 hr. Fractional distilla-
tion of the reaction mixture gave the starting materials
together with a trace of the required a-chlorocaproic acid,

Adgptation of the Above Proceps. -~ Caproic acid
(50 gu) was heated to 140° with phosphorus trichloride
(50 c.e0), in presence of a trace of caproyl chloride as
promoter, Chlorine was slowly bubbled through the mixture
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for 17 hyo, and the mixture wasg then fractiomally distilled
unddr reduced pressure giving fractione as follows:-

1l Depo 52=66° at 10 mm,

2, bopo 66=80° at 15 mm,

3. beps 110° at 15 mm,
The second fraction was redistilled giving an acyl chleride
(55 g.) bope 170-174° (atmos.), (cf. caproyl chioride b.p.
153°) . Vapour phase chrometography showed that the meterial
differed from caproyl chloride, and that it was a single
compound. The amide was formed by addition of the chloride
to agueous ammonia, and crystallised firom ethanol as white
plates of a momo-chlorocaproyl amide m.p. 57°. (Founds
Cols8:358 H;7.58 CgHi9CINO woequires C,48.23 H,8.05%). The
material gave a positive Boilstein test for halogen. A
compariscon of boilling pointq of chloroacyl chlorides in the
homologous series indicated that the chlorine atom in the

above compound is in the a=position,

Propionyl chloride bops 80°}

AT 35°¢
e¢-Chloropropionyl chloride 115¢

}A’.l‘ 29°

f<=Chloropropionyl chloride PR
Butyryl chlozide 101°

AT 290
a=Chlorobutyryl chloride 130°}
Caproyl chloride 1539} '

AT 210
e=Chlovrocaprovl chloxride 174
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Condensation of e-Chlorocaproyl Chloride with
gxdgggobcnzghgo = &= Chlorocaproyl ¢hloride (20 g.) was
added dropwise to a atirred ice-cooled solution of hydrazo-
benzene (10 g.) in chloroform=pyridine (60 c.c.=30 c.c.).
The addition took place over 1} hr., and stirring was kept
at 0° for 16 hr.,, then washed with 2N hydrochloric acid
2N sodium hydroxide aplution and water, On drying
concentrating the chloroform solution a red oil was
obtained thch, on treatment with acetone=petroleum ether

(bopo 60-80°) eventually gave @-chlorocaproylhydrazobenzene

(11 g.) as white plates, recrystallised from methanol, m.p.
85°, (Found: C,68,173 H,6.673 Ny;8.570 Cq3Hz3CIN;0 requires
Co68.233 H,6.683 N,8.84%), A max. 209 (¢, 20,000) and 236 mpn
(e, 18,800)3 Jmax: 3226 (NH) and 1666 cm,“’x (cso);
Attempted Cyclisation of e-Chlorocaproylhydrazobenzens
\;;1ng Potassium Cyanide. - (a) c-Chlofocaproylhydrazobonzoﬁo
(5 go) was dissolved in ethanol (50 c.c.), and a solution of
potassium cyanide (10 g.) in water (50 c.c.) was added; the
mixture being refluxed for 7 hr. Vater was then added, and
the mixture extracted with chloroform, the chloroform extract
being washed with water, dried, and evaporated to dryness
giving a vigcous red gum (1 g.), from which no solid other
than azobenzemne could be isolated, even on chromatography.

The sguoocus ethanolic solution was carefully acidified with
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dilute nitric acid, and the liberated hydrogen cyanide was
beiled off. The resultant agqueosus solution gave a ﬁrecipim
tate with silver mitrate solution showing that the chlorine
had been diaplacéd; A chloroform extract of the hcidi?iqd
solution however, gave only a trace of solid not melting
before 3509,
(b) The above reaction was repeated using €-chlorocaproyl-
hydrazobenzene (2 g.), and potassium ¢yanide (10 g.). Om
treatement as above, azobenzene was obtained as the sole
crystalline product.,
{(¢) PFurther repetition of the above reaction using
a-=chlorocaproylhydrazobenzene (8 go), and potassium cyanide
(10 g.) agein gave azobenzene as the sole crystalline
prcdgcto

Attempted Foxrmation of a=Cyvanocaproylhvdrazobenzene,
(a) Using Potassium Cyaenide-Copper Sulphate. - a=Chlorocaproyl-

hvdrazobenzene (2 g.) in ethemol (20 c.c.) was zofluxed for
4 hr, with a mixture of potassium cyanide (5 g.), and copper
sulphate (4 g.), in water (15 co.co)o The mixture was
cooled and extractgd with chloroform, and on drying and
concentrating the chloroform solution the starting material
(1.9 go) mop. and mixed m.p. 84=85° was obtained. No other

product was isolated,
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(b) Using Silver Cyanide., = a=Chlorocaproylhydrazobenzene
(2 go) was refluxed for 4 hr. in toluene (50 c.c.) with
solid silver cyanide (10 go). The mixture was then
filtered, and the tolueme distilled off under reduced
pressure giving a-chlorocaproylhydrazobenzene (2 g.)» moPo
and mixed m.p. 85%, No other product was isolated.

(c) Using Liguid Hydrogen Cyanide., = A solution of

g-chlorocaproylhydrazobenzene (8 g.), in liquid was

allowed to stand for 24 hr., Chloroform was then added to
the mixture, and the chloroform solution washed thoroughly
with water, dried and concentrated giving aochlorocaproyla
hydrazobenzena (7.9 g.), m.p. and mixed m.p. 84=85°, No
other product was isolated.
4<=Butyroyl-=3-imino=5-0x0-1,2~diphenylpyrezolidine. -~
To a cooled solution of 3=imino=5-0x0=1,2-diphenylpyrazolidine
(2 g.) in dioxan-=pyridine (20 c.c.=5 ¢.c.), butyroyl chloride
(3 coco) was slowly added over 4 hr., with stirring. The
stirring was continued for a further 2 hr., chloroform was
then added, and the chloroform solution was washed success~
ively with 2N hydrochloric acid, 2N sodium hydroxide solution,
and water. On drying, and evaporating off the chloroform,
a gum was obtained, from which solid was obtained on treatment

with acetone, This solid was crystallised from chloroforme
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methanol as white plates, m.p. 306~3Q7’~df h=butyroyl-3=
imino-5-gXo-1,2-diphenylpyrazolidins (15 meg.), (Found:
C,70.853 Hy50.8, CypoHypN;0z requires c.71}033 H,5.92%) ,
A max 206 (e, 33,700) and 256 m (e, 26,000) 5 Ymax. 3226,
3125 (NH or OH) and 1613 ome™ (c:0).
3~Imino=5-0x0-1,2-diphenylpyrazolidine (0.7 g.) was
ovont&.lly‘icolatod'fro- the notﬁcr‘liqpor.b
Attempted Reduction of l-Butylidene-3-imino-5-exo-1,2-
diggonxlézgazolidinoo = L=Butylidene=3-imino=5-0x0=1,2=
diphpnyipyrazolidine'. (0.5 g.) was added slowly to a :
vigorcn;ly stirred mixture of concentrated hydrochlorid
acid (10 c.ec.), ice (25 g.), and zinc dust (2 g.). The
mixture was stirred for 2 hr., filtered free from the excess
of zinc, and extracted with ether. The ether was washed with
water, dried, and distilled off giving the starting material

(00“7 go)p mopo. and ln:l.xod MoPo 1949,

Condensatiocn of a-Ethylcyanoacesyi Chloride with
Hydrazobenzene .
Preparation of @-Ethyleyanoagetyl Chloride.
Ethyl-c—othylcyanoacotate».z (20 g.) wes shaken with
107, sodium hydroxide solution (40 c.c.), and the resultant
solution was acidified to Congo red with dilute hydrochloric
acid, The aqueocus solution was extracted with ether, and

on drying, and oviporating off the ether, e-ethylcyanoacetic



60

ecid (15 g.) was obtained . This acid was refluxed for 2 hr.
with an acesss of thionyl chlorxide (h 0 coCs), the excess of
reagent was then distilled off under reduced pressure, and
finally a-ethylcyancacetyl chloride (5 c.c.) was carefully
distilled, (bop. 46<48°/0,5 mm.).

(a) a-Ethylcyancacetyl chloride (1 c.c.) was added to a
stirred ice=cooled soclution of hydrazobenzene (0.5 go) in
chloroformepyridine (20 c.co.=2 c:c.), the mixture being kept
at 0° for 24 hr.,, before washing with 2N hydrochloric acid,
2N sodium hydroxide solution;, and water, Neither the acidic
nor basic washings yielded any material on neutralisation.
The final chloroform solution was dried, and concentrated

giving N-d-cyanobutyroylhydrazobenzene (120 mg.) as white

plates, mopo 104° (Found: C,73.423 H,6.263 Ny15.740 CyyHyy Ny O
requires C,73.0 § H,6.133 N,15.,04%), A max. 206 (&, 29,300)
end 235 mp (e, 23,000); Jmax 3260 (NH), 2220 (C:N) and
1652 emo™ (c:0).
(b) The above condensation was repeated on a larger scale,
and uging a 3:1 molar ratio of acyl chloride to hydrazobenzene
No N=a<gyanobutyroylhydrazobenzene was isolated. A solid
MoPo 350° and azobenzene were obtained as the only solid
products.

The mother liquors of the reaction gave & red colour

with ferric chloride solution.
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Attempted Cyclisati ,
e-Cyanobutyroylhydrazobenzense (60 mg.) was refluxed for 2 hr.

with a 2N solution of sodium carbonate in 1l:1 ethanol-water
(10 co0.)o The mixture was then cooled and extracted with
chloroform, and on drying, and distilling off the chloroform,
an 0il was obtained from which no solid, other than a trace
of the starting material, was isolated. The oil did not
give a red colour with ferric chloride solution,
Condensation of ~Chlorobutvroyl Chloride with
Hydragzobenzene. = a-Chlorobutyroyl chloride (15 g.),
prepared'by rofluxing butyzoyli chloride with sulphuryl chloride
in the presence of a trace of iodine, was added dropwise to
a stirred, ice=cooled solution of hydrazobenzene (8 go) in
chloroform-pyridine (50 c.c.=20 co.¢s)o Stirring was
contimied for a furthe»2 hr, and the mixture was allowed to
stand overmight. Water was then added, and the chloroform
solution was washed succeéessively with 2N hydrochloric acid,
2N sodium hydroxide solution, and water, On drfing. and
distilling off the chloroform a red gum was obtained, from
which no solid, other than azobenzene, could be obtained.
The gum was refluxed with a solution of potassium cyanide
(20 g.) in aqueous ethanol, The mixture was then diluted
wvater, and thoroughly extracted with chloroform, The

chloroform extract was dried and concentrated giving a red



gum, which on treatment with acetone-petroleum ether (b.p.

40-60°) gave N-n=butyroylhydrazobenzene (2 g.), m.p. 115=120°,

(Pounds: C,75.33 B,7.043 N,10.76. C3gHygN30 recquires C,75.63;
H,7.08 W,11.03%), A max 208 (e, 17,500) and 236 mu (e, 18,500)
Y maz. 3278 (NH) and 1647 e (C:10). The identity of

the materiasl was confirmed by syntheais of an suthentic
specimen of Nen=butyroylhydrazobenzone from butyroyl

chloride and hydrazobsnzene, m.p. and mixed m.p. 120°,
A farther solid (50 mg.), mcp. 204°, wae also isolated

froxm the wotherxr liguors of the reaotion. This was 4-ethyl-

=3=imino=5-0x0=1,2=diphenylpyrazolidine, (Found: C,72.62;

H,6,113 N,15,1 C3;Hy3Ns0 requires C,73.09;3 H,6.133;
N,15,04%), A mex. 206 (&, 29,400) and 264 mu (e€,27,000);
2 max. 3449, 3279 (NH or OH) and 1626, 1640 cmoct (c:0

and C:NH)., The compound was recrystallised from ethamnol,
mo.po 206°, It gave a red colour with ferric chloride
golution,

(b) The above condensation was repeated with very slow
addition of the c-chlorobutyroyl chloxride (10 g.) to the
hydrazobenzene (14 g.) in chloroform-pyvidinme (100-20 c.c.).
On treatment as above, d-chlorobutyroylhydrazobenzene (10 g.)
vas lsolated as white plates, after a recrystallisation from
chloroform-methanol, m.p., 128°, {Pocund: €,66.62 H,6.04,

Cy5 Hy7 CIN; O requires C,66.553 H,5.89%), A max. 210

(e, 15,400) and 236 ma ( ¢, 16,600); Ymax, 3280 (NH) and
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od :
1660 em.~ (C:0). The compound gave a positive Lassaigne
test fox chloxine.

Cyclisation of a<=Chlorobuty .
a=Chlorobutyroylhydrazobenzene (0.5 g.) was refluxed for

7 hr, with potassium cyanide (5 g.) in aqueous ethanol,
The reaction mixture was then extracted with chloroform and
the chloroform solution was dried, and concentrated giving a
red gum, from which beothy1o3=1m1§o=5aoxo=1,2=diphony1
pyrazolidine (20 mg.), mop. and mixed m.p. 206° was isolated.
No solid except the above and azobenzene (0.2 g.) was
obtained,
(b) The cyclisation was repeated on a larger scale, and the
gumr obtained was chromatographed on alumina. Petroleum
ether, and petroleum etheor-benzene sluted azobenzene (300 mg.)
Benzene eluted N=¢-cyanobutyroylhydrazobenzene (50 mg.)
identified by mixed m.p. with an authentic specimen, = -
Ethyl=3-imino=5-0x0<=1, 2=diphenylpyrazolidine (100 mg.) was
obtained from the final fractions eluted with ether, and
ether-methanol,
3-Imino-i-igonitrogo-5-gxo-1,2-dirhenylpvrazolidine.
3=Imino=5=0x0<=1, 2~diphenylpyrazolidine (5 g.) was dissolved
in a minimum of ethanol (10 c.c.), and crushed ice (50 g.)
was added, followed by 2N hydrochloric acid (250 coc.)o. A

2N solution of sodium nitrite (250 c.c.) was slowly added,
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A pink solid seoparated out, was filtered off,
and crystallised from tetrahydrofuran<-petroleum ether as dark

red needles of 3-imino-i-isonitroso=5-0xo0-1,2-diphenylpyrazo-

lidine (2.9 g.), m.p. 247°, (Found: C,64.2; Hyko1l3 N,19.7,
CysHya Ny 03 requires C,6L. .k H,4.293 N,20.0%), A max. 208 (¢,
19,500), 319 (e, 16,000) and A inflex. 228 mn (e, 17,000)3;

N max. 3226 (NH or OH), 1670 and 1712 om.~" (C = 0), The
mothexr liguors of the above reaction were diluted with waterx,
and allowed to stand for 24 hr, A white solid separated
out,; and thie was filtered off, and crystalliged from

tetrahydrofuran-petroleum ether as white prisms of L-hydroxy-

=h -hydroxyamino=3-nitroscamino-5-o0x0=1, 2-diphenylpyrazolidine

(2.8 golymop. 168°, (Found: C,54.89; H,4.03; N,20.82,
CysHys N5 0y Tequires C,55.053 H,3.983 N,21.4%) A max. 210
(e, 17,400), 219 (e, 16,250) and 280 m (e, 4,000); Ymax
3450 (OH) 3218 (NH) and 1702 —— (C:0). The compound
gave a positive Liebermann test for an N-nitroso group.
An attempted high vacuum sublimation resulted in doconposiiigno
B!E&EQEEQE.QZ.592.A92i!.22.Eiilllugﬁhaﬁgéﬁ = 3= Imino
=5=-0x0~1, 2-diphenylpyrazolidine (2 g.) was dissolved in
ethanol (50 c.c.), and crushed ice (50 g.) was added
followed by 2N hydrochloric acid (250 c.c.). A 2N solution
of sodium nitrite (250 c.c.) was added slowly to the mixture.

No solid separated, and the solution was diluted with water



65

(500 c.es), and allowed to stand for 2i hr, The material
obtained above (1.9 g.), m.p. 168° was obtained again m.p.
and mixed m.p. 167=168¢, No 3=imino-=l-=isonitroso-5-0x0-=
i,2=-diphenylipyrazolidine was isolated. |
Attompted Synthesis of the Above Compound from
3-Imino-l4-isoni trogo-5-gxo-1,2-diphenylpyrazolidine. ~
3=-Imino-4-1500itT060-5-0%0<1, 2-diphonylpyrasolidine (0.5 &.)
in a mixture of ethanol (15 c.c.) and crushed ice (20 g.)
wvas added to 2N hydrochloric acid (250 c.c.). A 2N solution
of sodium nitrite (250 3.Co) was slowly added to the mixture,
followed by water (250 c.c.), and the resultant solution
allowed to stand for 24 hr., No sclid scparated cut, and the
solution was extracted with esther. On drying, and evaporat-
ing the eother extract to dryness;a red oil was obtained,
from whiech no solid, other than azobenzene, could be isolated.
Attewpted Reduction of l4-Hydroxy-i-hydroxylamino-
= 4~ Hydroxy-
4=hydroxylamino-3-nitrosoamino~5-0x0-1, 2-diphenylpyrazolidine

(0.5 g.) was added slowly to a vigorously stirred mixture

of concentrated hydrochloric acid (10 e¢.c.), ice (25 c;). and
zinc dust (2 g.): The mixture was stirred for 4 hr., the
temperature being allowed to rise to that of the room. The

acid solution was then filtered free of excess zinc, and
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poured into ammonia (0.88, 30 co€o). No solid separated
out, and the ammoniacal solution was thoroughly extracted with
ether. The ether solution was evaporated to dryness giving
a black oil, from which no solid, other than azobenzene,
could be isolated.
L=Aming-3-imino<5-0x0-1,2-diphenylpyrazolidine. =
J=Imino=l-1isonitroso=5-0x0=1,2-diphenylpyrazolidine (5 g.)
was slovly added to a vigorously stirred mixture of
concentrated hydrochloriec acid (50 e.c.), ice (250 g.),
and zine dust (15 g.). The mixture was stirred for 1} hr.,
filtered free from the excess of zinc, and added to ammonia
(0.88 €,¢o=70 coCo)o A pale yellow solid crystallised from
the ammonia m.p. 1679, This was crystallised from

chloroform-methanol as white needles of L-amino-=3=imino=5-

ox0-1,2-diphenylpyrazolidine (4.5 g.), mopo 167°, (Founds

C,67.453 H,5.23 N,20.7. CygHy¢N;0 requires C,67.655 H,5.33
N,21,0%), A max. 206 (e, 19,000) and 252 mn (e, 18,000);
> max. 3240, 3090 (NH) and 1688 cm,™" {€10) .
Condensation of 4-Amino~-3-imino-5-gxo-l, 2-diphenyl-
pyrazolidine with Ethyl Chloroformate. = A-Amino-3-imino-5-
oxo-i.2~diphony1pyrazolidino (100 mg.) was diszolved in
chloroform (30 c.c.), and ethyl chloroformate (1 c.c.) was
added. The mixture was refluxed for 1 hr., the chloroform

was then digtilled off giving a white solid, which was



filtered off and crystallised as white plates of 4-carbethoxy-=

amino=3-imino-5-0xo0-1,2-diphenylpyrazolidine (100 mg.),

m.po 250°, (Pound: C,63.413 H,5.093 N,16,28, CggHyaNgOy
roquiz?os Cy63.893 H;5.363 N,16,56%), A max, 206 (e, 22,300)
and 258 m (e, 22,250); Y max. 3226 (NH) 1712 and 1678 cmof”1
(carbonyl doublet).
Attempted Cycligation of the Above Compound. =

(a) By Sublimation, A=Carbethoxyamino-=3-=imino=5-oxo-1,2=
diphenylpyrazolidine (25 mg.) was sublimed at 200° at high
vacuum, The sublimate was identical with the atartiné
material,

(b) Heating in a Sealed Tube. 4=Carbethoxyamino=3=imino=5=
0x0=1, 2=diphenylpyrazolidine (20 mgo) was dissolved in
chloroform, and the solution heated to 200° in a ;oalod tube
for 4 hr. On cooling, and concentrating the chloroform
solutiongthe starting material (18.2 mg.) was recovered.

(¢) Refluxing with Acetic Anhvdride. = 4~Carbethoxyamino-
3;1minow5woxo=1,2=d1pheny1pyrazolid1ne (28 mg.) was refluxed
for L hr, with an excess of acetic anhydride (10 c.c.). Water
was then added, and the starting material (21.5 mg.) was
recovered unchanged from the acetic acid.

Condengation of L=Amino<3-imino-5=0x0-1,2-diphenyl-

pyrazolidine with Nitrous Acid. = L-Amino=3-<imino=5-o0xo0-
1,2«diphenylpyrazolidine (100 mg.) was dissolved in het
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2N hydrochloric acid (25 c.c.)o The solution was cooled,
and a solution of sodium nitrite (2N 25 c.c.) was added
together with ice (25 g.) The red solid,which gradually
separatod,va- filtered off, and crystallised from chloroform-

methanol as red needles of L-az0=3-imino=j=0x0-=1,2-diphenyl-

pyrazolidine (85 mg.), mop. 130° (with detonation), (Found:

N,25.43 CysHyaN; 0 requires N,25,19)), A max 206 (¢, 30,500),
234 (e, 22,500) and 280 ma (e, 14,000); Jmax. 2155 (azo)

p §
and 1724 em, (C30)., The compound did not give a Beilstein

test for halogen.

Condensation of L-Amino=3-imino-5-gxo-~1;2-=diphenyl-

pyrazolidine with Carbonyl Chloride. = 4<Amino=3-imino=5-0x0-
1.2-diphenylpyrazolidine (250 mg.) in chloroform (50 c.c.)

was treated with carbonyl chloride (5 ¢.c.). The resultant
mixture was refluxed for 4 hr., wvhen water was added to |
destroy the excess of carbonyl chloride. - The chloroform
layer was washed thoroughly with water, dried, and concentrated
glving h-gcarbethoxyamino-3-imino=5-0x0-1,2-diphenylpyrazoli-
dine (50 mgo), mop. and mixed m.p. with an authentic specimen
250°, No other product was isolated.

The above was repeated in ethanol=free chloroform using
heamino=3-imino=5<0x0=1, 2=diphenylpyrazolidine (250 mg.), and
carbonyl chloride (5 c.c.). On treatment as above L-carboxy=

amino-3-imino-5-9xo-1,2-diphem ine (40 mg.), m.p.
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228-231° was isolated from the final chloraform solution,

and purified by repeated precipitation from bicarbonate
solution. (Found:C,61l.43 H,4.33 N,17.7. CygsHy¢NeO; requires
C,61.933 H, 4,523 N,18.06%), A max. 212 (¢,15,300) and

246 mu (e, 12,100); Jmax. 1640, 1740 (C:0) and 1800 em.” .

In a further condensation,carbonyl chloride (10 c.c.)
was added to L-amino-=3=imino=5=0x0-=1,2=diphenylpyrazolidine
(500 mg.) in tolueme (200 c.c.), and the mixture was
refluxed for 7 hr. The toluene was then washed free of the
excess of carbonyl chioride, dried, and evaporated giving
L-carboxyamino=3-imino=5-0xo0=1,2-diphenylpyrazolidine (100 mg.),

fopPo and mixed WopPo with an suthentic specimen 229-231°,

Condensation of 4<Amino=3-imino=5<0x0-1,2-diphenyl-

pyrazolidine with Glvoxal Monohydrate. - Glyoxal monohydrate
(500 mz.) in water (50 c.c.) was added to 4-amino-3-imino-5-

0x0-1, 2-diphenylpyrazolidine (100 mg.) in ethanol (50 c.c.),
and the mixture was refluxed for 1 hr, On concentrating the
solution,yellow needles of 5-0x0-1,2-diphenyl-3,4-pyrgazino-
pyrazolidine (30 mg.), mop. 137° were obtained, (Found:
c.70o82; H.holgf N.19097o clqﬂ;aN‘O roqxiroo 0,7098‘ n.“ol.é}
N,19.45%), A max. 205 (e, 24,100) and 270 mu (e, 19,400);
i !
‘)m° 1695 Cmo (C‘O)o
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Condensation of 4-Amino-3-imino-5-0xo-1,2-diphenyl-
pyrazolidine with Chloracetyl Chloride. -~ Chloracetyl

chlovide (2 o.c.) was slowly added to a stirred ice-cooled
solution of uaaminoajciminooSnoxonl.deiphenyipyrazolidine
(250 mg.) in chloroform-pyridine (20 c.c.=5 c.c.), and the
mixture was allowved to stand for 2 hr. The chloroform
solution was then washed successively with 2N hydrochloric
aclid, 2N socdium Lydioxide sclutionm and water, dried, and
concentrated giving white crystals of 4-chloroacetvlamine-=3-
imino=5-0x0=1,2-diphenylpyrazolidine (60 mg.), m.p. 238°
resvvatallisad fram chloroform-methennal as white needles,
mep. 2389, The compound gave a positive Beilstein test for
halogen, (Found: C,59.63 H,4.223 N,15.87. Cy7HysC1NgOz
requires C,59.563 H,4.383 N,16.34%), A max. 206 (¢, 24,200)
and 257 m (e, 25,200); Ymax. 3175 (NH) or (OH) end 1613,
1681 em,™ (voth C:0).,

Attempted Cycliggtion of the Above Compound. = A
solution of 4=chloroacetylamino=3=imino=5-0xo0=1,2-diphenyl=
pyrazolidine (100 mg.) in tolueme (100 c.c.) was refluxed for
7 hro with eollidine (20 c.c.). The toluene was then washed
free of collidine using 2N hydrochloric acid, and water,
dried, and evaporated off. A trace of yellow gum was
ieolated, and this on treatment with petroleum sther (b.p.
h0~60°) gave a yellow solid (4 mg.), mop. 85<90°, This
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compound showed A max, 204 (e, 19,000) 267 (e, 8200) and
320 mp (e, 5600); ) max. 1690 g (C:0) . Insufficient
material was obtained for crystallisation to analytical
purity even -on repetition of the cyelisation,
Self-gondensation of L-Amino-3~imino-5-oxo-1,2-
diphenylpyrazolidine, = It was noticed that on standing
h-amino=3-imino=5-0x90=1,2=diphenylpyrazolidine became
yellow and on crystallisation a new substance was isolated,
mopo 189=190°, This product (120 mg.) was also obtained
when a solution of 4-amino=3<-imino=5-0x0~1l,2=diphenyl-
pyrazolidine (200 mg.) in ethanol (50 c.c.) was refluxed with
platinum catalyst (trace). It was assigned the formulation
2o3°5p6=g;9(5fg§g?1.2@41Eh03¥12!§!§011£é§0=3,hc razine,
(Founds C,72.423 Holbolg N 16.4. GCyoHaoNg0O3 Tequires
C,72,583 H,4.033 N,16.68%), A max. 209 (e, 36,100) and
232 mp (e, 31,800); meo 3280 (OH or NH) and 1667 ¢:m‘='1
(C:0)s Molecular weight found 4803 required 490,
Condengation of )-Amino-3-imino-5-gxo~1,2-diphenyl
pyrazolidine with Acetylacetone. = Lt=Amino=3=imino=5-=0x0-1,2~
diphenylpyrazolidine (100 mg.), and acetylacetone (5 c.c.)
were refluxed for 1 hr. in ethamol (25 e.c.). Vater was
then added, and the mixture was allowed to cool. White

needles of hwacotylacotonamino-BaiminOQS-oxowl,Z«vd:lﬂghonyl

pyrazolidine (25 mg.), m.p. 2385239° were obtained. (Found:
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Cy69.193 H,5.53.C20HaoNg 0z requires C,68.93 H,5.75%), A max.
206 (e, 29,000), 262 (e, 26,500) and 308 ma (s, 23,000); J mex.
3310 (NH or OH), and 1626, 1681 e (C10 doublet).

Attempted Cyclisgtion of the égg!g;ggggggggp -
(a) Using Acetic Anhydride. 4-Acetylacetonamino=3=imino-
5=0x0=1,2~diphenylpyrazolidine (0.5 g.) was refluxed for
L hr. in an excess of acetic anhydride (20 c.0.). Water
was added and the solution was concentrated by distillation
under reduced pressure. A red o0il was ocotained, from which
no solid céuld be isoclated. On standing for several days,
azobenzene (100 mg.) m.p. 67° was obtained.
(v) U;ing Sodium Ethoxide. = k<Acetylacetonamino-3-imino=5<
0x0-1,2-diphenylpyrazolidine (0,45 g.) was refluxed for 4 hr.
with sodium (0.5 g.) im ethamol (20 c.c.). VWater was then
added; and the solution was thoroughly extracted with ether.
On drying, and distilling off the ether, a dark red oil was
obtained, from which no solid could be isolated. Extraction
of the acidified basic phase gave a trace oflrod-brown oil

from which no solid could be isolated,



IBLIOGRAPHY

PART I




1.
2,
3o
bo
5

6.

7o
8.

9o

10,
11,

12,
13e
T
15,
16.

17,
18,

19,

German Patent 26,429/1883,
Knozz,

Knorr,

Gedgy,

Elderfield,

Fischer and Bulow,
von Auwers,

Rodd,

Heilmann,

Nisbet,

Blioke,

Elderfield,

von Auvers,

Zoigler and Locker,
Elderfield,

Valyashko and Bliznyukov,

Stoltz,
D.Ro Patent. 1&“.“930

DoRo Paﬁent’ 20397530

73

Ber., 1883, 16, 2957

Ber., 1884, 17, 546
Swiss Patent, 266,236,

‘Heterocyclic Compounds®,
Vol. V, po 45, -

Ber., 18595, 18, 2135
Ber., 1926, 59, 1282

"Chemistry of Carbom Compounds’

Elgevier, 1957, Vol. IVa,
po 248,

Bull. Sot. ghim. Fr., 1929,
Iv, 45, 541,

Jo, 1945, 126,

Oxganie Regetioms, 1942, I,
319,

op. git., pP.llh,
Anpalen, 1911, 378, 218,
Ber., 1887, 20, 834,

op. eit., Po154,

Ukrainekii Khem. Zhmr., 1930,
5, 470

U.S. Patent, 579,412/1895,



74

20, Hofmann, Uo.S. Patemnt, 1,531,286/1925,

21, Goodmwan and Gilman, 'The Pharmacological Basis o
Ther apeutics’, The Macmillan
Co., Ltd,, New York, 1955,
P.318=323,

22, Drill "Pharmacology im Medicine’,
McGraw-Hill, New York, (1954).

23, Knorr and Duden, Ber., 1892, 25, 75%9.
24, CGelgy B.P, 646,597
25 . Ruhkopf, Bex., 1940, 73, 820

26 . McLean, Newbold and Spring, J., 1955, 3158,

27 . Leonard, Brit, Med, J., 1953, I, 1311
28, Benstead, idbid., p.71l,

29, Johmston and Larkin dbid., 1954, IXI, 1088,

30, Etess and Jacobsen, Jo Amexr, Med, Aasoc., 1953,
151, 639,

310 UeSo Patent, 2,773,8800
32, Spanish Patent, 211,291,

33. Spanish Patent, 225,801,

34 . Tsumaki, Bull ,Chem,Soc  Japan, 1931,

6, 1,
35, Tsumaki, Bull.Chem.Soc.Japan, 1932,

79 !;50



36,

370
38,
39
4O,
4l

42,
36
bl

45.
L6,

47 .
48,
49,
50,
51,
52,
530
5k,

Magante and Luciano
Fabbrini,

von Pfistor and Hafliger,
B.P, 778,128

Logemann,

Geigy,

MeGeo, Murdoch, Newbold,
Redpath and Spring.

Bopo 5639.2790
U.S. Patent, 2,361,329.

von Stenzl,
and Baumann.

Staub, Simon

Conrad and Zart,

Weisebexrger and Porter,

Welseberger and Porter,
Weiseberger and Porter,
Weigeberger and Porter,
MoGaee,

Redpath,

Bischoff,

U.S.Patent, 2,010,685
Goerdoler and Loevenich

75

Ggzz.Chem,Ital., 194k, B84,
595-605 o

Helv,Chim,Actg, 1937, 40, 395

Bar., 1955, ,8,10 3353,
B.P, 6‘&6 .597 ©
io ] 1960. 1989“’9“ c

g.;v gChim q_Agtg. 19500 ;2,0
1183,

gg;op 1906. 229 22830

JoAmer ,Chem,S00., 1942, 64,
2133

ibid., 1944, 66, 1849,
Abid., 1944, 66, 1857.
ibid., 1943, 65, 52,

Personal Communication.

Persconal Communication.
Bexr., 1898, 31, 3243,

moo 1953, 16.9 890=4 3
1953, 400,




55,

56

370

58,

59,
60,
61.

Peiser,

Eldexficld,

Goldschmidt,

Hessler and Henderson,

Zelinsky,
Organic Synthescs,

Organic Syntheses,

76

'Organic Chemistry', Harrap,
London, 1953, p.21lh4=5,

‘Heterocyclic Compounds®,
Wiley, New York, 1937, Vol.VI,
po‘3850

Apnaglen, 1924, 437, 213
JeoAmer,Chem,Seg,, 1921, 43;
675,

Ber., 1887, 20, 2026,

Col. VOIOII. 93“9“'0

Col., Vol .IXI, 385



N —
STUDIES. TN THE.METAL. CHELATE EIELD



EolotaBel-Bulabal ot 8
BetuBoloesi



77

Although various metal derivatives of PB-=keto esters
and B=diketones had long been kmnown, their cyeclic character
was first postulated by Wermer in 190110 The term chelate,
propoged by Horgan? to degignate the cyclic unions of metal
atoms with organic molecules,is derived from the Greek word
"chela' mesning the claw of a lobster oxr other crustacean.

‘The B=dicarbonyl compounds (I) form metal derivatives
by virtue of their ability to emolise (II), the acidic
hydrogen being replaced by the u :tal, vhich then co-ordinates

to the carbomyl oxygen (IIX).

R R R R
s e e e O -
/C-O /C OH /C O\ A(0 C\c
CHg C Cc ;}l H
\cao <1:=O \C =0 \O-m c/
Ro/ Ro/ R°/ \Rq

(1) (11) (zx1)

A great amount of consistent evidence has beenr built up
proving the cyclic nature of chelate compounds, and this is
discussed fully by Diehl? in a review. However, the
simple cyelic formation postulated by Werner does not
explain the great stabllity of the metal chelate compounds.
The acetylacotonates of several metals can be distilled
without decomposition at temperaiures up to 300"0a The
more modern concept is omne of resonance stabilisation with

delocalisation of the double bonds in the chelate ring,
giving it a "pseudo-aromatic’ character (IV).
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\ /R
ge TR
CH CH
h-- /
n°/ _'C\Ro
(xv)

P
This has been carried further by Martell and Calvin who
propose resonance contributions of structures (V) and (VI)

forx transition motal chelates.

e . o
NS TN /’ Ner
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The ions of transition metals, which are most easily introduced
into chelate compounds, have vacant lowv.energy orbitels wrich
are capable of accepting electron pairs to form homopolar
bonds - It is fairly well establicshed that the order of
divalent metal conplexea of oxrganic liggnda is as follows:=
Pd )Cu )N1)Pb )Co ) Zn ) Cd ) Fe ) Mn ) Mg,

and thig is the order of increasing basicity, and applies
irrespective of limdo‘ " Hence the tendency for chelation
can be related to the tendency for the above metals to form
homopolar bonds, which must,according to Calvin,involve d
orbitals of the metals 01

However, recent X-ray evidence for ferric acetylaceton-

8
ate (VII) indicates that the metal-oxygen bond is too long
to have any double-bond character, but that the carbon-carbon




and carbon-oxygen distances in the chelate ring have both
double and single bond character in agreement with a

pseudo-aromatic structure.

(vxI)

Other X-yay evidence for the structures of trimethyl platinum
ethyl abehigioutats (VIII, R = OEt), and trimethyl platinum
aoetylacetonatolo (VIIX, R = CH;) also shows that the average
platimum-oxygen bond length is significantly ionger than the
expected single=bond value, thus appearing to zrule ocut
double=bond character. In these compounds also, the
carbon-carbon and carbon-oxygen bond lengths in the chelate

ring are imdicative of pseudo aromaticity.

CHy a
\ ===
cn._“pt\ \)
CHa/ o===== &
Hy
C
(vixI)

The problem of partial or complete delocalisation has still
to be resolved,

The metal chelates of f-=dicarbonyl compounds are
generally non-electrolytes, being insoluble in water,
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soluble in non-polar solvents, and having distinct melting
pointa. The2 alkali metal chelates temd to be slowly
dissociated by wnterao

With the notable exception of the mercuric chelates,
most of the metal chelates of the p=dicarbonyls have
similar infrared absorpticn spectra, the region 1350 “'o-l
to 1600 cmo"l. the ’chelate carbonyl’ roglon.u'n being
particularly characteristic. The ultraviclet absorption
spoctra of metal chelates have been correlated with the type
of bonding present in the ehol.to.u e at least in a
gqualitative way. It was observed that ionic chelates had
similar absorption spectra to the chelating agent, whereas
in covalent chelates although the same absorption peaks are
present im the ultraviolet, these peaks are shifted to longer
wave-lengths. The greater the covalency of the bonding of
the chelate, the greater is this shift.

The alkalli and alkali earth metal complexes of
B=dicarbonyl compounds have been studied by Sidgwick and
Bmor.u who subdivided such complexes into two classes,
salts (IX), and 2-covalent complexes (X), the latter having
distinct melting points, and being soluble in non=polar

solvents.
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However, many L- and 6-covalent alkali and alkaline earth
metal dexivatives of B-dicarbonyl compounds have been
isolated. The sodium derivative of Lenzoylacetomne is by
definition a salt, but its dihydrate (XI, R = Ph, R' = CHp)
has a distinoct melting point and is relatively soluble in

s
non-polar solvents.

(x1)
The corresponding lithium derivative can be obtained, and
there are several other instances of this type of conversion
of salts to covalent complexes, for example the hydrates of
the sodium salts of ethyl acetoascetate (XI, R = CHy, R’ = OEt),
acetylacetone (XI, R = R’ = Cl ), and methyl salicylate

(x11), avre all h-covalent complexes.

HoOemy Na &0y
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Similarly, many sodium derivatives of f~dicarbonyl
compounde, normally insoluble in non-polar solvents, dissclve
in the presence of an excess of the parent or other dicarb-
onyl ocompound, or if water or any other polar substance is
addodou

The formation of L-covalent complexes of the
alkall and alkali carth metals by solvation of the salts
with alcohols, or alkyl or acyl halides would be extremely
difficult to establish because of the low stability of such
compounds, However, Br’l'ndstriimu believes that the
formation of 4-covalent complexes of the latter type is the
initial step in alkylation and acylation reactions of

p=dicarbonyl comploxes-

The bonds between a metal ion and a given donor atom
or atoms in a complex are either ionic,or covalent,oxr of
some intermediate character. As yet the concepts of the
metal-donor linkage are in the formulative stage,and no
complete theory has beoen devised. The measurements of
magnetic susceptibility have been moat useful in determining
bond type in metal chelates, if only for a limited range
of metals. The magnetic susceptibility for the ioms of the
first transition series is a function of the mumber of

vacant d orbitals. Such ions may asccept electrons from a
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donor in one of two ways. If the combination is purely
ionic and the central ion retains its charge, then its
magnetic susceptibility is unchanged by chelate formation.
Conversely, if the donmor forms a covalent bond with the metal,
the electron pair of the donor must occupy one of the
available orbitals in the metal. Since the magnetic dipole
moment is dependent on the number of available orbitals,
covalent bonding may greatly alter the magnetic susceptibility.
COPPER

Unfortunately, the magnetic criterion is not
applicable to copper chelates, since all three possible
bond configurations, tetrahedral-ionic, planar (dsp®)-
covalent, and tetrahedral (spa)eeovalent9 involve one
unpaired electron and are therefore indistinguishable.
However, it is generally accepted that covalent bonds are
directed in space, while primarily ionic bonds are not. This
means that 4 ionic bonds will arrange themselves tetrahedrally
and six ionic bonds will e arranged occtahedrally, if free
to do so0. Hence a sgnare-planar arrangement‘ot 4 bonds
can be taXken to comprise a covalent structure.

Cox and H‘ebstoru in an X-=ray crystallographic
study, established the sguare=planar configuration of the
copper chelates of acetylacetone, benzoylacetone, dipropionyl-
methane, and 3-chloroacetylacetone, thus indicating a high
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degree of covalence in the copper dicarbonyl chelates., A
further point in the structure of copper chelates must be
made at this time. Although it is gemerally accepted that
copper has a maximum co-ordination number of four in its
derivatives, several instances have been recorded of the
formation of a weak fifth co-ordinate bond. For example
the copper derxrivatives of glycine, and alanino“ co=crdinate
a further molecule of the amino-gcid, the copper derivative
of ethylenediamine also co—-ordinates further with an excess

19
of the amine, and more relevantly, copper acetylacetonate

a0
forms g green additive with guinoline, making the copper

pentaco-ordinate in each case.

NICKEL

From measurements of magnetic susceptibilities, Mellor
and Cra:l.g“' deduced that all nickel compleoxes,in which the
nickel is co-ordinated to four oxygen atoms,are paramagnetic
and ionic in type, with considerable deviation of bond angles
from the planar structure. Such nickel complexes readily
take two additional donors to form octahedral complexes, in
which the nickel has its maximum covalency of six. For
example, paremagnetic bis-acetylacetone nickel (XIII), is
readily converted to a bis-pyridine octahedral structure

a2
(xxv) .
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Many other such pyridine solvates of nickel chelates of
f=dicarbonyl compounds are known, and are very st.blozoa

In contrast to this, diamagnetioc nickel chelates, for
example nickel dimethyl glyoxime,do not solvate readily,
and the nickel cannot be exchanged with labelled nickel
in ion-exchange oxporimont.ao‘ This indicates the covalency
of the bonding in such structures. However, even the
diamagnetic chelates can be solvated in strong co-ordinating
solvents, showing magnetic moments corresponding to up to
tweo unpaired electrons in these solvents, thus indicating
that the trangition from ionic to covalent structures is
readily obtained, depending on the solvent used.

Further evidence for this ready interconversion is
given by Cotton in a recent papor? In the diketome
series, nickel di-isobutyroylmethane (XV), in non-solvating

media has a magnetic moment which depends on concentration
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and temperature, with a colour change from green to red
occurring at 50°, The magnetic moment of nickel acetyl-
acetone ghows similar dependence in non-polar solvents, with
a similar colcocur change at 200°, Nickel dipivaloylmethane
(XvI) forms red solutions with non-solvating media at room

a¢

temperature but green solutions in solvents such as
pyridine and ethylene glycol dimethyl ether.

(cr )a=CH=C/ C‘H‘\T -CH(CH;)a  (CHs)s E, *,‘c=c(cm )s
' |}
O
\m//a \lulz
(xv) (xvI)

The ultraviolet absorption spectra of nickel chelates of
B=dicarbonyl compounds have been used by McKenzie and
co=uorkorsza to distinguish ionic from covalent chelates.
They found that iomic chelates had absorption spectra
similar to those of the f-dicarbonyl compound, whereas
covalent chelates showed strong absorption bands character-
istic of the chelate,

ZIRC.

Unlike copper and nickel, zinc is unable te increase
its co-ordination number above four, that required for
chelation, Of the metals in the first transition series,

zinc is the only one unable to form either square dsp® oxr
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octahedral dz sp8 bonds due teo the absence of available d
orbitals for bonding. This means that the bonds formed
by zinc in ite complexes are predominantly iomnic and comn-
sequently tetrahedral, This explains why, in the series Mn,
Fe, Co, Ni, Cu, the stability of the metal complexes
increages from Mn to Cu and then falls off with zinc, irr-
espective of organic ligandts

However, it is worthy of note that zinc chelates
have higher stability constants, on a bagie of the ratio of
charge te ionic radius,than the corresponding complexes of
the alkali earth metals, indicating, in all probability, a
greater degree of covalency in the bonding of the zinc

37
chelates.

MERCURY .

Like zinc, mercury has & maximum covalency of
four, that required for chelation, and is therefore unable
to co-ordinate further. However, the fact that the merocury
complexes of the B-dicarbonyl compounds show normal carbonyl
fregquency in the infrared spootraas suggests that these
complexes are not chelates, but acyclic salts. To date the
problem of the structure of the mercury complexes has not

been resolved.
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Stabili of Chelate

(a) Diketone Acidity. It is already obvious that
variation of the metal ion in & chelate can greatly alter
the stability of the chelate, Many other factors, such
as steric requirements and electronic influencesin the
organic ligand, may also affect the stability and hence the
reactivity of chelates. In a series of paperoza:cl
Fernelius and co=workers correlated the acid strength of
Badioarbényl compounds with the stability of the metal
chelates formed from them., However, in their correlation,
an average value of Kfl and Kf2 was taken to reopresent the
chelate stability, where Kfl and Kf2 are the formation
constants for the first and second steps in the formation

of a bivalent metal chelate, according to the equations:i-

- B < [M.cn]
M ¢+ CH ;;:7 M.Ch K£l s [H+‘#] [ch'“]
" M.
M.Ch® + Ch ==——=M.Ch K£2 L ?’“l
[M.Ch*][Ch~]

A truer concept of the stability constant K can be obtained
from the product of Kfl and Kf2, giving:-

[MChy ]
(M**]1cn=)?
However, from the correlation it was deduced that the

K

ilogarithm of the average value of the formaticn constants,
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Kfl and Kf2,(Kf_ ) is a linear function of the negative
logarithm of the acid diaséoiation constant, (de) of the
B=dicarbonyl compound, Further, it is observed that
p=diketones having two aromatic rings as end-groups, for
example dibenzoylmethane (XVII, R = R' = Ph), form more
stable chelates than f-~diketones of comparable acid
dissociation constants;having two alkyl end-groups, for
example, acetylacetone (XVII, R = R’ = Me).

R,CO.CH; .CO.R’

(xvzI)

A summary of the more relevant resulta 1is presented in
Table I, from which it can be seen, that as the acidity
of the diketone rises (PKd falls), the stability of the
chelate decreases (Log Kf - falls) in a regular trend.

TABLE I
Diketone PKd Log Kf .

Cu Ni Ba
D.B.M. 13.75 12,5 10.09 5.7
B.A, 12.85 11.51 9,0 4.7
AcA, 12.7 11.3 8,69 4.5
TFoA.A 8.7 8.6 7.3 §oh
D.B.M.=dibenzoylmethane, B.A.-benzoylacetone, A.A.-acetyl
acetone, T.P.A.A.~trifluorcacetylacetone, (XVII, R=Me,
R = C!‘;)o
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$2133
However, corresponding figures obtained by the same workerxs,

but using K = Kfl x Kf2 are given in Table II. As can be
seen, the values thus obtained are much closer to one another
than those in Table 1 and no trend in stability with acid
strength is discermible.

TABLE IX
Diketone Pkd Log Kfl x Kf2
Cu Ni

D.B.M. 13.75 18,1 13.28
B.A. 12.85 18,1 13.02
A-A 12.7 18.2 12.98
T.F.AA, 8.7 12.7 10,0
Abbreviations as in Table I

It would be expected that a decrease in the acidity of a
diketone, that is, an increase in the basicity, will make

the carbonyl oxygen atoms more negative, hence giving stabler
chelates. However, many other factors can and do affect
chelate stablility as will be seen later.

(b) Steric Factors. In a recent papor.a‘ Hammond and
co=-workers discussed an investigation of the ofroct.or
steric changes in f-diketones, on the acid dissociation

constants. The results are shown in Table III.
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TABLE IIT
Diketone =log Acid Dissociation
Qloti.nt o
Acetylacetone 11.27
Di~isobutyroylmethane 12.48
Di-pivaloylmethane il .48

It can be seen that the acidity of the diketone is

reduced markedly as the size of the aliphatic end-group is
increased, This is explained by an inhibition of the trans
enolate anion (XVIII) by steric interfevrence between the
bulky end-=groups. This effect is greater than the one
axpected from the acid-weakening indunctive effect of the

:

[
&
N H

r“\
Ro/"\~o

methyl groups.

(xvIIx)
This stexic inhibition causes the phenyl group

in dibenzoylmethane to have an acid-weakening effect,
coupared with acetylacetone, whereas in benzoic acid the same
group is acid-strengthening, compared with acetic acid. In
a farther study.” Hammond and co-workers showed that this
steric effect also influenced the stability of the chelates
formed from the above diketones. They stated that large



end=groups, for example, isopropyl, or t-butyl, will
force the caxbomyl oxygens together, thus increasing the
basicity of the ligand, with consequent inocrease in the
chelate stability, as can bo seen in Table IV,

TABLE IV
Diketone Cu Kf£l Xe2 Ni EKfli Kr2
Acetylacotone 11.57 9.6% 8.2, 6.39
Di-igobutyroylmethane 12.29 9.99 8.73 7.58
Di-pivaloylmethane 13.91 11.55 9.9 9.1

The effect of the phenyl group is not comsidered, although
Hammond states that the sterically hindered dibenzoylmethide
ion has a mach smalier affinity for the sodium ion than the
acetylacetone ion, indicating that dibensoylmethane forms
less stable chelates than acetylasetone. This is opposite
to the effect obsoxrved by Fermelius. B

A furthexr steric effect on chelate stability is
obgerved in Z-substituted f-diketone complexes. JI-Methyl
benzoylacetone copper chelate (XIX) has a mach lower
stability constant than might be expected on a basis of
acid strength, This is a result of steric interferxrence
between the 3-methyl gzoup and the phenyl ring, causing
a digtortion of the plarnar chelate ring with subsequent

reduction in resonance stabiligatiom enorgyo“
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Similarly, Morgan found that acetylacetonates

substituted in the 3-position with an isopropyl (XX) or

sec.butyl group, did not give the usual celoured copper

chelates, whereas the 3-isobutyl derivetive (XXI), im which

a methylene group is interposed between the chelate ring

and the isopropyl group, is sufficiently free from steric

interference to form a normal copper chelate.

ﬁ“
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(¢) TElectromic Factorse. The electronic effects
associated with the chelate substituents can be subdivided
into the inductive and mesomeric effects. The inductive
effect of the substituent ecan be expected to influence the
negativity of the adjacent carbonyl oxygen, as it influences
the negativity of the oxygen atom in the simple aliphatiec or
aromatic acid series. This means, that aliphatic substitu-
ents will increase the negativity of the oxygen atom of the
adjacent carbonyl group in the order cn,-( (cH; )3 CE- ((cn. )s C=,
and that a phenyl substituent will decrease the negativity
of the adjacent carbonyl oxygen.

An illustration of the mesomsric effect can be
obtained frem a comparison of the copper chelates of ethyl
acetoacetate and acetylacetone. The former compound is
congiderably less stable and this is taken to be due to
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participation of the strong ester rescmance (xxn)

vhich, although it increoases the basicity of the oxygen m'imm9
intexfores with the rosonance of the chelate ring, with =
rosultant decorease in chelate stability.

N0  ——=  ao-r
-0
{(xx1x)

Similar reductiions in cholateo stability are obesrved in
systems with ‘crossed resonance’, for exsmple, salicyleldehydc
(XXTIT)end Zhydroxy-l-naphthaldshyde (XXIV) cholate:og In

these, the double bond in the cholate ring has to participate

in both aromatic and chelate resonance with resulting decreasc

in cholate stability, from the value expected on & dbasis of
acid strengih.

" 0 H o,
\cy \le N/ \Mlz \ / \n/z

. a'i |

0

NS — /\// /\ /\/

] n ﬂ
\cﬁ/ﬂ \/Lﬂ /\

G

(xxzTII) (mv)

Hemce it might be expected that amy resonance effect
associated with phonyl substituents in the diketons (XXV)
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would have an adverse effect on chelate stability.
e ———
g Y c
+ CH 3——-:0/
0

(xxv)
Summarising the offects of variations of the f-diketone
substituents on the stability of the corresponding metal
chelates, it can be seen that substitution of a group onm
the diketone may affect the tendency for chelation in
seoveral ways. It may influence the acidity of the diketone,
or it may interfere with or enhance the resonance stabilisa-
tion of the chelate ring. FMaxrthez, the addition of groups
to the diketone may, by purely steric intexacideon,
prevent the diketone from assuming the configuration most
suitable for chelation to the metal ion,

Reactions of Chelates of p-Dicarbomyl Compounds .
(a) Alkali Metal Chelates. Sodium "salts’ of B-dicarbonyl

compounds have lorg been used as intermediates in the
synthesis of alkyl and acyl derivatives of the dicarbonyl
conpound::a"subotitution occurring mainly at the central
carbon atom to give compounds of general formmla (XXVI).
However, im the xreaction of a ﬂodiearbanyl complex, two
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possible products can be formed. These are, a substituted
dicarbonyl compound (C-substituted product) (XXVI)

and an enolic ester or ether of the dicarbonyl compound
(O=substituted product) (XXVIII), formed by reaction at the

central carbon atom or the carbonyl oxygen atom respectively.

N

: : nncoo?nocoan"
i‘ 15 R x R" and/oxr
o 3
\"‘ (xxvI) R.C=CH.CO.R’
onﬂﬂ
(xxvII)

R’" ig alkyl, aryl, acyl, allyl.
In this comnection, Brandetrdm has reviewed the literature
relating to the alkylation and acylation of alkali metal
cemple xeg of B-dicarbonyl compounds under conditions which
lead to extenmsive (or complete) complexing of the enolate
anions, by the metal :l.onaou It is worthy of note that
in many of the resactions described, the alkali metal complex
as such was never isolated, but was formed in situ, normally
by dissolving the alkali metal in an ethanolic solution of
the B=dicarbonyl compound‘cla“ This would appear to be a
reaction of the enmolate anion rather than the metal complex.
Many such reactions of the alkali metal chelates have

been carried out, with a variety of alkylating agents, and
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in solvents such as ether, benzeme, ethanel,

dioxan;‘oes.'sz toluano,sx’sa and dimsthylformamide. =
However, since the primary object of the reactions was the
preparation of the C-substituted product, detaile of the
izolation and identification of any O-substituted product
were neglected and the work is therefore of limited
importance for providing an indication of the factors
infiunencing the ratio of C- to O=substitution.

Relatively fewer reactions imvolving acylating agents
have been imstanced in the literature, and these also were
primarily concerned with the synthesis of the C-=acylated
prodnetoo‘ams. Howevor, some mention has been made of the
igsolation and idemntification of O-acylated derivatives from
reactions of alkali metal complexes of B-dicarbonyl compounds
with acylating agents, in othort".o

It is interesting to mote that some indication of
the effect of solvent on the direction of the reaction can be
abgstracted from the literature. The reaction of othyl
chloroformate with sodium ethyl acetcacetate has been
investigated by several workers under different experimental
conditions. M:I.c:hao]..1 and Claisen e concludaed that the
reaction in ether gave both C- (XXVIII) and O-substitution

(XX1X), the latter predominating.
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pou CUCE®
CHy =c/ Nc_ort CHy ocoo!:mcoow:i:
c':\m{g(') > + (xxvIIx)
CHy .C=CH,COOEt
0.,COOEt
(xxx)

The same reaction carried out in ethamol gave the
C-gubstituted product, diethyl acetylmalomate (XXVIII) in
almost guantitative y:.eld‘ua -

A further indication can be obtained by examination of
the rveaction of sodium ethyl benzoylacetate (XXX) with
benzoyl chloride. In etherzo the reaction yielded both the

C- (XXXI) and the 0- (XXXII) acyl products in the rxatio

2 s$l,
Ph CH OEt CO.Ph
N c/ N Ln
Ph.CO.CH.COOEtL
\Na/ (xxxx) ¥
Ph.C=CH.COOEt
(xxx) .CO.Ph

(xxx1IX)

flh ethanol, the C-acyl derivative was isolated in a state
43
of analytical purity as the sole product of reaction,
Although limited in extent, the above comparisons

indicate that some measure of control of the reaction path is
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afforded by variatiom of the reaction media. It would
appear that the reactions of sodium complexes of P-dicarbonyl
compounds with alkylating and acylating agents give a higher
perocentage of C-sgubstitution in polar solvents than in

non=polar solvents.

Hechaniem of Reaction of the Alkall Metal Complexes.

Many hypotheses have been made as to the mechanism of the
reaction of alkali motal chelates of f-dicarbemyl compounds
with alkylating and acylating agents. Claioour' believed
that C-substitution occurred as a secondary process, by
igomerism of the O-gubstituted product. This hypothesis
was substantiated by the facile base-catalysed isomerism

of ethyl O-aceotylacetoacetate (XXXIII) to ethyl C-acetyl-
acetoacetate (XXXIV), the latter being isolated as its
sodium aaltt° One of the catalysts used for this isomeriesm
was sodium ethyl acetoacetate (XXXV), and the mechanism has
been considered as a C-acylation of the catalyst,

the ethyl O-acetylacetoacetate acting as the acylating agent.
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CHy .CO.CH.COOEt “
do.cx, ¥e

(xoocxv) 3=
CHy .CO.CHgz -.COOEt
The fact that the rearrangement of the 0= to C-acylated

compound is an acylation of the alkali metal complex of a
f-dicarbonyl compound was cenfirmed by Dickmann and Stein,
who showed that the amount of C-acylated product obtained in
the above rearrangensnt, was not more than equivalent to the
alkali metal catalyst added, and further, that the reaction
of ethyl O-acetylacetoacetate (XXXIIX) with sodium ethyl
benzoylacetate (XXXVI) gives a comsiderable guantity of
ethyl acetyl benzoylacetate (XXXVIX) o"

However, although this established the mechanism of
0= to C~ igomerism, it did mot prove that the C-pubstitution
was a secondary reaction following initial O=gubatitution.
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P o g T
C————O O c c& oCOoG‘oCOOEt
4 \ N (xxxIV)
;ya 4+ CH ———————p > ?Ooph
Ng=—=0¢ e CH, -C0,CH.COOE#
0Et ~ i
OEt (XxvII)
(coxvz) (3oxxII)

M:lchaol85 finally showed that, under conditions in which
sodium ethyl acetoacetate failed to effect the iscmoerism of
ethyl Oeacetylacatoacotatcia acetyl chloxride reacts with
scdium acetoacetate to give @thyl C-acetylacatoacetate as
the main product.

Further, although treatment of ethyl O=carbethoxyaceto-
acetate (XXXVIII) with sodium ethyl acetoacetate at 100°
for 10 hr, failed to give any diethyl acetyl malona;o
(XXXIX):;e thig product was isolated in almost guantitative
vield by the action of ethyl chloroformate on sodium ethyl

84 968
acetoacetate at 0°,

CH CHy .C=CH.COOEt
CHy =c4? \\uaont ¢ OOEtL 100°  No Reaction
¢|) ' : ‘ CH; .CO.CH,COOEt
“wa C1.CO0Et —2» L
* : COOEt
(oexax)

taving shown that the formation of the C-substituted product
55
is 2 primary reaction, Michael proposod that C-=alkylation
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was due to addition of the alkylating agent to the double
bond of the emnoclate, followed by liberation of the alkali
metal halide.

~C=0-Na o ~C=0
gg + R =) n\oan ~NaX T

However, this was refuted by the incapaclity of the alkyl
halides under the reaction conditions to alkylate the
keto=enols by addition to the double bondAZO

*Latex, Arndt1° and other workers developed the concept
of an ionic reaction of the alkali metal chelates of
tautomeriec substances. By this, reaction was believed to
take place through the anion of the tautomer, the negative
charge being localised on the carbonyl oxygen oxr the .
central carbon atom. Substitution conld then occur by
attack at either of these two positions,dependent on the
nature ef the attacking reagent and the reaction conditions,
giving C= or 0= substitution or a mixture of both. The
main eriticism of this conceopt was derived from spectral
evidence, which indicated that the anions of the alkali
metal chelates of (-~dicarbonyl compounds have an enolic
structure (XL) similar to the corresponding O-substituted
derivatives, and with the charge on the egrbonyl oxygen

ép
atom,

R=C=CH,CO.R’

(xv)
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It soon became apparent that this concept, although

correct in part, was not complete, and it was developed
further, Kornblum and coeuorkor;zx postulated the
existence of a mesomeric anion (ambident anion), in which
neither the double bonds, nor the charge are localised (XLI).

CH
A=\

R=C7” “C=R'
Il - i
0 (8]
(1)
This anicn is postulated as being formed in the tzransition
state of the reaction, this transitiom state having both
Sp1 and snz character, the balance of which being determined
both by the nature of the attacking group, and by the
reaction conditions. Both C~ and O-substitution are
envigaged as ocecurring by the same mechanism, through the
same reaction intermediate. The greater the SNZ character
in the transition state the greater will be the prefersnce
for covalency formation with the atom of lowest negativity
in the mesomeric anion, that is the central carbon atom:
Conversely, the greater the sul chﬁractcr in the
transition state, the greater will be the preoference for
bond formation with the atom of highest electronegativity
ih'tho anion, that is,the carbonyl oxygen atom,
26

Brandstrom, while agreeing with the concept of the
moseoreric anion, further postulated a spetific mechanism for
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C=substitytion. He put forward the theory that a
co-grdination of the halogemn of the attacking group to

the alkalli metal of the complex is the initial step im

the reaction of acylating and alk&lating agénts with alkali
metal complexes of (-diketones. In polar solvents, for
example ethanol, this co-ordination will result in the
formstion of a 4-covalent alkali metal complex (XLII), and
in non=polar solvents, such as ether and benzene, a complex

of type (XLIXII) will be formed.

RW Rﬁ ]
\9::-:-:0 \/9.r==0
CH| RX-—)Na¢-Solvent CH! RX—)Na¢—XR
\\a::;;:o/’ \\b:;:;zo
n"/ n/“
(xL11) (xL1x7)

This initial co=crdination of the halogen to the alkali
metal will incroase the polsarisation of the halogen-carbon
bord in the attacking group, giving the alkyl or acyl group
R a resultant partial positive charge, (XLIV). This charge,
in turn, will be attracted to the W -electrons in the chelate
ring, and from strain and sterical considerations will
favour interaction with the central carbon atom, as this
enables formation of a transition state having a strainless

six-membered ring (XLV), thus stabilising the mesomeric form
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of the anion with the charge on the carbon atom,

Rﬂﬂ R'O
¢ 0 >c
SO 6= O s+
¢, R—X-—>Na<—Solvent CH.... R..X...» Na¢-Solvent
g e N &~
s
RU 0

(xLxV) . (xLv)

Brandstrom postulates that mo similar interaction at the
carbonyl oxygen atoms will occur,as this will give rise
to & strained h-membered ring in the transition state. Honce
stabiligation of the mesomeric form of the anion with the
charge on the central carbon atom is taken to account for
the high proportion of C- to 0= substitution in the reactions
of alkali metal complexes of f-dicarbonyl compounds with
alkylating and acylating agents.

To account for the increased proportion of O- substitu-
tion in non-polar soclvents, Brandstrom postulates that if
the attacking halide is "active’, that is Syl in type, thenm
the polarisation in the transition state, after initial
co~oxrdination, will be sufficient to cause formation of an
acyl or alkyl carbonium ion, which will then attack the
mesomeric anion at the point of highest electronegativity
giving O=substitution mainly. However, the formation of
O<substituted products is attributed only to rsactions
carried out in non-polar solvents, for example ether and

benzene, No explanation is given for the absence of
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O=gubstitution in polar solvents, whore it might be
expected that the formation of carbonium ioms would be
enhanced by the dielectric constant of the solvent.

Furthér, sinco most of the reactions considered by
Brandstrom were at best semi-quantitative, and carried out
solely to prepare the C-substituted product, the possibility
of O=gubstitution in polar solvents cannot be ruled out,
espaciﬁlly as Michaelza ropo;tod that the reaction of sodium
ethyl acetcacetate with ethyl chloroformate gave O-alkylation
in both ether, and sthanol.

In a later paper, Br'a'ndstr'ém” postulated the occurrence
of an ionic mechanism, which he defined a&s being independent
of the alkali metal present in the reaction, together with
the 'chelate mechanism’ described above., This concept was
dexrived from a series of reactions of alkali metal complexes
of ethyl acetoacetate with alkyl halides in polar (methanol)
and non-polar (t=butanol) solutions. In the latter, it
was found that the reaction kinetics varied with variation
of the alkali metal in the complex, as would be expected on
a basis of the "chelate mechanism’. However, in methanol
the reaction kinetics varied little with variation of the
alkali metal, indicating that the kinetics were independent
of the metal ion, and that the reaction was iocmic in type.

In the above discussion no mention is made of the xeaction

pmdncts o
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(b) Copper Chelates. Most of the previous work on

the reactions of metal complexes of f-dicarbonyl compounds
has been concermed with the alkali metal complexes and
relatively feow exeamples of the use of cOppot chelates have
been xeporited. chhaol,‘ in an investigation 6! the
reactions of the copper chelate of ethyl acetoacetate

(3LVI) reported that with acetyl chloride, the chelate gave
ethyl O-acetylacetoacetate (XLVII) together with ethyl 3-
chloroacetoacetate (XLVIII), whereas with benzoyl chloride

2 mixzture of ethyl C~ emd O=benzoylacetoacetates (XLIX and L)
weze isolated. In the latter reaction, Michael reported that
the prbportion of the gthyl O<henzoyl acetoacetate inocresasged

with increasing temperature.

CHy Hp CHy CHy
~C———0 ‘/Pztrz-c/c g H
7 N N\
CH/ Cu ,/cn /yc«=0=-coc& =0
\ )
\c‘—‘—-“o/ \o:-'-‘—‘é "_”cx\i + c1=§m
Et0 OEt ?.o C=0
OEt Emt
(xLvx)
(xLvII) (XLvIII)
CHy fﬂs
/&»oocoopn c.:o
cé - CH.CO,Ph
C=0 =0
bEt bes

(L) (x11x)



Michael proposed that the reactions involved primary
co-ordination of the halogen of the acylating agent to the
copper, with resultant attack giving C- or C-acylation
depending on the electronic and sterie reguirements of the

acylating groups.

CHy =-(ﬂ:-cnocoom CHs cﬂ:-cnocoont
o\ 0=Cu-C1 (L1)
/cta - - ?1 E O‘aao ac&
? ----- CO,.CHy CH, ~C=CH,COOE%
CHy =C=CH ,COOEt

Two molecules of the basic copper intermediate (LI) are then
envisaged as reacting with a further molecule of the

acylating agent to complete the reaction.

Cﬁg @0 = EHOCOOEt C& OCOOCHOCOOEt
Ci-Cu- c1 1
Cil=Cu=0 <-~-l:o.,cn. > + 2CuCl
CH =C = CH.COOEt 0.COCH;,
CHy =L-cnocoost

Although the mechanism does offer an explanation for the
formation of cuprous rather than cupric chloride in the
reaction, it relies on the formlation of copper ethyl
acetoacetate as a salt rathexr than a covalent complex. That
this is the case is refuted by polarographic reduction

3

evidence ghowing the covalent nature of the chelate.

A further reaction of a copper chelate of a f-dicarbonyl
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compound was descoribed by Nef, who reported the

C=gubstitution of copper ethyl acetoacetate with ethyl chloro-
formate oxr chlorodimethylether, these reactionsg being in
direct contrast tec the reactions of the sodium chelate,

78
which gives O-alkylation with the above reagents:

In a recent paper, Barry?7 reported that the copper
chelates of acotylaebtono, benzoylacetone, ethyl acetoacetats,
and.Z?mothoxybonzoylncotonc, give good yilelds of the
corresponding C-acylated derivatives of the dicarbonyl
compounds, when reacted with_gfnitrobonzoyl chloride in
chloxroform: No mention was made of the O-acylated products
However, the general claim by Barry that copper chelates
of B=dicarbonyl compounds, compared to th; corresponding
sodium chelates, give better yields of the C=acylated
products is contradicted by previous vor&:‘ and can haxdly
be substantiated by the use of a limited type of acylating
agent,

More recently, Nomhebel and Hammond have investigated
the reaction of copper dipivaloylmethane with benzoyl and
_gfaubatitutod benzoyl chlorides. In all cases, the

as
reactions gave the C=acylated product.

(¢) Othexr Metal Chelates. There are various isolated

observations scattered through the literature which indiecate
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that gome control of the course of reaction of pf=dicarbonyl
metal complexes with alkylating and aoylating agents is
exerted by the metal cations to which the enolate ions are
bound, Onrtiag'a reports the reaction of gilver acetyl-
acetone with ethyl icdide as giving both C- and O-alkylation,
the latter predominating and this greater tendency of silver
complexes, compared with sodium complexes, to give O-
substitution has been reported by several vorkerﬁzu”a.zgoao

Mention has also been made of some reactions of
monovalent thallium complexes of P-~dicarbonyl compounds with
alkyl.'1 and acy'l.‘° halides, with formation of both C~ and O-=
substituted products, in this case, the former predominating .
Magnesium complexes of the f-dicarbonyls have also been used
to a limited extent im alkylation and acylation roaction:t‘.o
with apparent exclusive formation of the C-substituted
produet,

More recently, Nonhebel and Hammond o have shown that
the course of reaction can be geverely altered by changes
in the metal cation of the complex. In a gualitative study
of the reactions of various metal chelates of dipivaloylmethane
(LII) with a variety of acylating and alkylating agents, the
product isolated in every instance, except with the zinc and

mercury complexes, was the C-gubstituted derivative, (LIII).
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(cHy )s »ceq//‘cf\\c-ce (cx )5 (cH; )5€.CO.CH.CO.C=(CHy )y
&% wESERY
\M/
(Lxx)

M-WO Onj-/ON
Ca/a; St S Basa

The zinc and mercury chelates give the O=substituted product
(LIVv)

(CH; )3 C.CaCH.COC, (CH, )

oR
(Lzv)

Throughout all the above discussions several factors, which
influence the course of the reaction of metal chelates of
B=dicarbonyl compounds with alkylating and acylating
agents, have become apparent. The influence of the metal
ion, discussed independently by several workers, has been
formulated into a genoral empirical theory by Nosmcyanov:9
who stresses the importance of the polarisation of the
metal-oxygen bond in the chelate in deciding the direction
of the reaction., It is postulated that, if the metal-oxygen
bond is strongly ionised, and the reagent is strongly
alectrophilic (SNI), O=gubstitution will ocour, Also, if
the metal=oxygen bond is not strongly ionised, and the
roagent is strongly electrophilic then the O-substitution
will be slower, and C=gsubstitution will in some cases
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predominate, for example, the C=alkylatiomn of copper ethyl
acotoacetate with ethyl chlorotormatc?s or ohlordim.thylotﬁ:;o
A similar result is predicted if the metal-oxygen bond is
strongly ionised, and the reagent is weakly eleotrophilic
(s42) in type. Finally, if the metal-oxygen bond is

weakly iomised and the reagent is weakly electrophilie,

then O=subsgtitution should again predominate.

However, many other factors could be expsoted to
influence the above reactions, and it was felt that e
brief review of the reactions of metal phenolates with
alkylating and acylating agents in which the factors
deciding C-~ and O~ gubstitution have been more fully
investigated, might give an indication of the more prominant
of these factors, so that the amalogous factors in the
reactions of metal chelates of f-~dicarbonyl compounds could
be studied.

Curtin and cOevorkaro,.ahavo recontly xeviewed the
factors affecting the ratioc of C~ to 0= alkylation of
metal phenoxides. They found that changes in the reaction
medium produced changes in the product ratic, a higher
proportion of the C-alkyl product being obtained in the
order tetrahydrofuran «ethanol ( ether, benzene,

82 838
Both Curtin, and Zagorevsky, in quantitative studies,
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have shown that the product ratio is influenced by the
character of the alkylating agent, the highest proportion
of O=alkylated products being given by the most electro-
philic (gﬁl) halides., The same workogzo"z have also
demongtrated that the metal ion exerts some msasure of
control over the dirocction of alkylation, but they report
only a limited number of exampleso.

The effect of variations in the atructure of the
rhenocl on the product ratio has also been investigated in
the series lL=bromo=2,6-dimethyl phenol (LV), 2,6-dimethyl
phenol (LVI), and 2,4,6-trimethyl phenol (LVII), Im the
reactions of the sodium derivatives of these phenols with
allyl bromide, the ratio of C- ¢to O=allylation was 0.3,
1.0, 2,7 »espectively, indicating am increase in C-alkylation
with decrsasing phenol acidityoaz These results are in
agrecment with the trend observed by 01aioena‘ in the
alkylation of the sodium salts of phenol andlgfmathylphonolo

OH OH OH

CHy CHz CH CHz CHa CHz

(LV) Br (LVI) Ciz (LVII)
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Other less obvious factors have been shown to influence
the reactions of metal phenoxides with alkylating agents.
Curtinfa indicated that changes in the concentration of the
roactants produced changes in the product ratio, and this
factor has been oxpanded and investigated by K’ornblnm:,s
who demonstrated the importance of the homogencity or
heoterogeneity of the reaction on the product ratio. He
postulated that true heterogeneous reactions will give only
O+ alkylation, while hoilogeneous yrosctions may give both

G= and O=alkylation depending om the other faotors discussed

above,
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GENERAL
Although the main interest im the present gtudy lies

in thereactions of metal chelates of P-odiketones with
acylating agents, many imtereating obcervations were made
im the occurse of the gtudy relating to the properties of the
motal shelates, and gince meny of theee properties may be
rolevant to any discussien of the reacticns of the chelates,
an indtial suzrvey wes folt mecessary.

The diketones used im the study were aaabobutyrdyl:
mothene (LVIIX, ReR'=CH(CH, )p), bensoyligebutyroylimesthene
(LVIII, Rs Ph, R'=CH(CH, ) ), dibenzoylmethsne (LVIXI, ReR’sPh),
benzeylen-butyreyimothane (LVIZI, R =« FPh, R’ e n-GH ),
and di-n-butyroylmethame (LVIIX, R=R'en-CyM; ):

R.C0CHg -CO.R’

(Lvxxx)

The copper, nickel, sodium, barium, sino, and meroury
chelates of these diketones were prepared by standard methods
with some modificatione. Vith the exception of the mercury
complexes the ehbhtoc were mdili soluble in organioc solvents.
The introduction of the phenyl substituent into the diketone
decroased this solubility, amd the chelates of dibenzoyl-
moethmne although soluble in tolueme, were relatively ingcol-~
uble in cyclohexzane. The majority of the chelates also
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have distinct meltimng points.

The insolubility of the mercury complexes is
in agreoement with the acyclic stzucture, as discussed
earliier.

The ch.latos,axcluding those of mercury, have similerxr
infrared absorption spectra, showing no "normal’ carbeonyl
freguency, but showing ’‘chelate carbonyl absorption“lx'za
in the xegiocn 1575-1600 cm°°1 indicative of chelation and
pseudo aromaticity. In contrast, the mercury complexes
exhibit normal carbonyl freguency in the infrared, in the
rogion 1650-90 «:nmf’l giving further confirmation of the
acyclic structure of these complexes. It is perhaps also
worthy of nmote that the diketones themselves show 'chelate
carbonyl frecuency’ im the infrared, showing that these
compounds are predominently in an enolic form with consider-
able hydrogen bonding between the enoclic hydrogen and the
second carbonyl group, forming wvhat is in effect a hydrogen
chelate.

The ultraviolet absorption spectra of the chelates
(Table V) can be used to give an indication of the bonding

present in these chelates.
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TABLE
Chelate A:::H Chelate L:::n
D.X.B.M, 220 272 Cu (DIBM), 248 296
NaDIBM 218 275 N4 (DIBM)g 298
Ba (DIBM), 278

Zn (DIBM), 272

Hg (DIBM) 2 274

B.I.B.Mo 243 306 Cu (BIBEM); 256 322
NaBIBM 248 308 Ni(BIBM), 22 328
Ba (BIBM), 248 308

Zn (BIBM), 246 316

He (BIEM), 248 310

D.B.M. 251 3kl Cu (DBM) 5 261 350
NaDBM 251 340 Ni (DBM), 250 350
Ba (DBM) 4 250 343

zn (DBM)3 253 340

Hg (DBM), 252 343

Bon.B.M. 2uy 307 Cu (BnBM), 256 324
NaBnBM 246 308 Ni (BnBM), 240 326
Ba (BnBM), 244 315

Zn (BoBM) 3 214 316

Hg(BnBM), 26 314
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Don.BoM S— 272 Cu(DnBM), | 248 298
NaDnBM NI N 272 N4 (DnBM), | 260 298
Ba (DnBM), — 277
zn (DnBM); — 273
He (DnBM), 272

It can be seen that the sodium, barium, zinc and meroury
complexes of the diketones have ultraviolet absorption
spectra very similar to those of the corresponding diketone
thus indicating that these chelates are predominantly 1onicﬂ
The nickel chelates although showing similar absorption to the
diketones at intermediate wave-=lengths, exhibit a bathochromie
shift for the maxima corresponding to the higher absorption
maxima of the diketones. This is similar to the effect -
reported by McEemzie and co=»vorkorsu and illustrates the
higher degree of covalency in these chelates. Both maxima
for the copper chelates exhibit bathochromic shifts from the
corresponding maxima for the diketones indicating a higher
degree of covalency of the bonding in these chelates relative
to those of nickel, This is in agreement with the recognised
order of stablility constante for copper and nickel cholatosto.
It is noted that the bathochromic ghifts observed in the
spectra of the copper and mickel chelates is least for the

chelates of dibenzoylmethane, suggesting that the chelates
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of thipg diketone are more ionic than those of the correspond-
ing chelates of the other diketones.

It was observed in the course of the study, that
solutione of the nickel chelates of di-iscbutyroylmethane,
and di-n-butyroylmethane in non-polar sclvents undergo 2
change in colour from green to red as the temperature is
raised to 50-60°., This change for the former compound has
already been reported by Cotton'. who attributes it to
molecular asscociation and dissociation in solution. Molecular
weight determinations carried cut on the nickel chelates in
solution at reom temperature show them to be trimeric.
However, at the teomperature of the reactions carried ocut
gubsequently (78-80°) it can be assumed that the chelates
are monomeric,

Reactions of the Chelates.

From the introduction it is obvious that the problem
of C~ and O-=acylation of metal chelates of f-diketones still
reguires considerable clarification. Many factors might
be expected te influence the product ratio and from the
consideration of the reactions of metal phenoxides with
acylating agents it was felt that the following factors
should be studied as being the most likely to produce
significant changes in the product ratio:-
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(a) Variation of the metal iom im the chelate.

(b) Steric variations of the organic ligand.

(¢) Variations in the rucleophilicity of the C- and
O=positions in the chelate,

(a) Variatioms in the electronic character of the
acylating agent.,

(e) Varistioms in the reaction conditions with regard
to media and temperature.

In ordexr to determine the relative importance of
the above effects a scheme for their isolation and
investigation, had to be devised. The effects of
variation in media, temperature, and metal ion can be
readily geparated and investigated. To study the effect
of sterxric variation in the diketone on the product ratio,
diketones with straight an& branched chain substituents
wvere used. In this way, it was hoped that electronic
differences in the cholates from these diketones would be
minimised, and that changes in the product ratio could be
attributed solely to steric factors.

Farther, the use of diketones with aryl and alkyl
substituents wvas designed to give variations in the
mucleophilicity of the central carbon atom and the carbonyl

oxygen atom.
The eoffect of variation in the electronic characterxr
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of the acylating asgent was investigated using Emb-titutod
benzoyl chlorides in the reactions. In this way the
steric reguirements of the acylating agents are constant
and theo electronic character can be varied dependent on

the _g:mbstitucnto

It wvas also intended that a semi-guantitative study
of the reaction rates be made using solutions of piecric
acid as an external indieator. Any unreacted chelate
gives the characteristic yellow colour of the 2,4,6-~
trinitrophenoxide ion with this solution.

Furtheyr, since mich of the previous work has been
qialitative or at best semi-quantitative, an acceptable
quantitative analytical method was necessary for the
determination of the product ratic in the resction mixtures.
This was found in the ultraviolet abgorption method of
V:I.erordt“which. providing pure components are available,
gives accurate analyses of the proportion of these componente
in mixtures containing up to three different compounds. This
method was applied to the diketone series using weighed
synthetic mixtures of benzoylisobutyroylmethane and its
C= and O=benzoyl derivatives, di-isobutyroylmethane and its
C= and O=benzoyl derivatives, and alsc of dibenzoylimethane
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and its C= and Ofgfnniaoyl dexrivatives. The method was
found to be accurate to with 5%.

The reactions were carried out by adding a very small
excess of the acylating agent to a hot solutiom of the
chelate in the appropriate solvent; and treating subsequently
with pyridine and water. The final solution after removal
of tho pyridine was submitted for ultraviolet analysis as
above. In many caces the result obtained was substantiated
by & qualitative isolaticn of the products from the reaction
mixture. Each reaction was duplicated.

To carry out the study using the above method, pure
samples of the diketones and their C- and O-acylated
derivatives had first to be synthesised. The diketones
were prepared by a modification of the standard Claisen
condensation method, using however, lithamide as the
condensging agent and utilising the phenyl rather than the
ethyl ester.

R.CO.CH; + PhOOC.R’ ldNHa . R.CO.CHj .CO.R" + FPhOH

Improved yields were obtained., The diektones were purified
by formation, recrystalligation and hydrolysis of their
coppex chelates.

The C-acylated gorivativos were prepared by isolatiomn
from preliminary cqualitative reactions of the copper, nickel
or sodium chelates with the apypropriate acylating agents.



C=benzoyvidi-igobutyroylmethane, being a liquid, was
purified through ite copper Jderxrivative, the renainder by
recrystullisation. The C-acylaiiad products ir every case
give doop red colours with Yexri¢ chloxride sclutiom, and
react wilh cupric acetate solution te give cecpper
derivatives.

The C-acylated derivatives »f the diketonea were
synthegised by a variation of tlhe method used by Clnioon”
by reacting the B=diketone¢ with the acylating agent in
pyridine, wilh longer reasction limes and lsclating the
preduct by ether sxtraction aftex nddition of water and
allowing the mizture to stand for ireveral hours to enable
complete hydrolysis of any escess ouf acyl halide and any
ainlydride {orwed. Tue C=Lhruzoaten of dl-lscbutyrcyl-
methane and di-n-butyreyvimelthane, being licuids, were
purified by chromatography om alumins, the remainder being
parified by yeorysiailisation., Newe of thess compounds
gave a colour with ferric chloride soluticn.

The C-= and O-aéylated products were easily distinguished
by comparigons of the infrared spectra. The formerxr compounds
show ome carbonyl peak and ’chelate carbonyl®’ freguemcy, the
latter show af-unsaturated carbonyl freguency and alse

ester carbonyl frequency in the infyrared.
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To establigh the validity of the effect of variation
in the electronic character of the chelate on the product
ratio, the configuration of the O-acylated derivative (LIX) of
the asymustric diketones used must be known. The configura-
tion of these derivatives can bo dotermined by reducing the
cerbonyl group to a secondary aleohol (LX) with sodium
borchydride in methanol. Subsegquent acid hydrolysis of this
intermediate will result in the formation of & B=keto-~
alcohol (LXIX) which will readily dehydrate under the reactionm
conditions to give an af-unsaturated ketone (LXII), the
structure of which will be depondemt on the configuration
of the initial O-acylated product.

' >
R,CO,CH:C=R’ — By, o CHOH.CH:C-R' —5— 3 R,CHOH,.CHyCO.R"
.COPh 0.COPh
(L1x) (Lx) (1x1)
R.CH3CH.CO.R'
(LxxT)

Treatment of O-benzoylbenzoylisobutyroylmethane (LIX, R or
R' = Ph ox -CK(GB,)Z), as above, gave isopropyl styryl ketone
(LXIX, R = Ph, R' = CH(CH,; )3) identified by infrared and
ultraviolet spectra and vapour phase chromatography
comparisons with an authentic specimen, synthesised by
condensation of benzaldehyde with methyl isopropyl kotono.o.
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This showe that O<benzoylbenzoylisobutyroylmethane is
formod by attack at the carbonyl oxygen in the chelate
ring adjacent to the isopropyl substituent, and that ite
structure is repressnted by the nomenclature, J=-benzoyloxy-
L-methyl=l=phenyl-pont=2-cne-l-cae (LXIII).

Ph.CO.CH 3C o.ca(% )3
OFPh
(LXIIY)

That this is the struocture of the above compound was
confirmed by hydrogonolysis using platinmum catalyst in
methanol, By this means the O<=eater is converted into a
saturated ketone by hydregenation of the double bond and
subseguent hydrogoenclysis of the enolate ester . group.
3=benzoyloxy-l-methyi~-i=phenyl=pent=2-ene=l-one (LXIIL) on
treatment as above gave phenyl igoamyl ketone (LXIV), M
identified by conversiocn to its semicarbazone. This is the
expected product based on the structure above,

Ph,CO.CH:C.CH(CHy )a mococna.fuocn(c& )a
o e OCOPh

(LxxIT) \y
(LXIV) Ph.C0,CHa CHz CH(CH; )3

It can be seen f:rom Table VI that O<benzoylbenzoyl-n-
bztyroylmethane has virtually identical infrared and
ultraviolet absorption spectra with those of J=benzoyloxy-=L-
methyl-l-phenyl-pent-2<-cne~l-one, and differing from those
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of O=-benzoyldibenzoylmethane, It 1e thus reasonable to

TABLE VI.
O-Benzoylated Product of = Jmo om.~ A n:';n“ -
B.I.B.M, 1750 1700 228, 278
D.B.M. 1745, 1680 20l , 300
BonoBoMo 1750, 1700 228, 278

aspume that O-benzovliation in the former compound ocoocwrs by
attack at the carbonyl oxygen atom adjecent to the alkyl
substituent in the chelate ring, as in the case of the
O=benzoylation in the benzoylisobutyroyimethane series, and
not at the phenyl carbonyl group in the chelate as occurs
in the dibenzcylmethasne series. This means that the 0=
benzoyl derivative of benzpyloimmtyroylmthano has a
structure represented by the nomenclature 3-benzoyloxy-l-
phenyl-hex=2=ene-l-one (LXV).

Ph.CO.CH :tlzocmc&cn,

OCOPh
(Lxv)

This configuration is substantiated by an absolute identifi-

cation of the O-acetyl derivative of benzoyl-n=butyroylmethane
89

by hydrogenolysis as above In this case also,

acetylation occurs at the carbonyl oxygen atom adjacent to
the n-propyl substituent of the diketome.
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In many of the reactions carried out, varying
percentages of the starting diketone were present in the
Tinal reaction mixture. The pregence of this diketone
mist be ciplained to Jjustify the actual product ratio used
in determining the mechanigm for the reaction. The diketone
can be derived by hydrolysis,of the chelate durimg the
reoaction, of any unreacted chelate after reaction, or of the
C= or O=acylated products either during the recaction or in
the course of isolatiom,

However, if the diketone was formed by hydrolyesis
of the chelate either during or after the reaction, the
porcentages of both C- and O-acylated products in the
reaction mixture would deorease as the diketone comtent
inereaced, In fact it iz found that the percentage of
the C-mcylated product remains constant within the experi-
montal error, irrvespective of the dikotone content, the
percentage of the O-acylated product decromsing or increasing
to maintain this constancy,

Similarly, if the diketone was formed by hydrolysis of
the C-acgyiated product, it would bes expected that the
percentage of this product wounld be aependent on the
diketone econtent. This is not the case., Further, it is
alzo significant that in reactioms which give a high
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percentage of the C-acylated product, little oxr no diketome
is formed. .

Hence the presence of the diketome can only be
rationalised by considering it to be formed by hydrolysis
of the O=acylated produst. This hydrolysis will not
affeet tho percentage of C-mcylated product in the
reaction mixtures, glving a decrease in the percentage of the
O=acylated product with increasing diketone content. This
ie in excellent agreement with the experimental facts, (see
experimental ppl@2-§)., It is not confirmed whether this
hydrolysis occurs during reaction or in the course of
isolation, However, if the O=bemzcates axe allowed to
stand for 24 hr. in pyridine-water, partial hydrolysis to
the diketonse occurs. The C-bonzoyl derivatives wexre
recovered unchanged after similar treatment,

Pinally, the highest percentage hydrolysis oocurs imn
reaotions of the zinc and copper chelates. This ocan be
attributed, in the former case, to the actionm of the
very hygroscopic zinc chloride formed in the reactions.

A ocold solution of anliydxcus zinc chloride and 3-benzoyloxy-
l-phenyl-hex-2-ene~l-cnme was allcwed tc stand for 24 hr.
Subgeguent ulitraviclet analysis of the reaction mixture
showed that 80% of the O=bonzoylated derivative had been
hydrolysed to the diketone. In a similar reaction ushng
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the C=benzoylbenzoyl-n-butyroylmethane, the starting material
was recovered unchanged.

In the reactions of the copper chelates as will be
desoribed later, hydrogen chloride ig evolved, and in
presence of traces of moisture will readily hydrolysce the
relatively easily hydrolysed O-esters. It can be comcluded
from the above that the presence of diketone im the romection
mixtures can be attributed to a secondary hydrolysis of the
O-goylated prodmet once formed, and that a true representa=

tion of the product ratic is given by the percentage
Ceoacylated produect.
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The development of the theories for the mechanism of
the reactions of metal chelates of p-diketones with
alkylating and acylating agents has been discussed in the
introduotion, From the present study an extension of
these theories has been evolved based on, and incorporating,
the eoffects of the various factors listed asbove on the

produet yatio.

METAL TON EFFECT

The effect of variation im the metal ion in the chelate
on the product ratic was studied over a small but
ropresentative range of metals, using the transition metals
copper, (divalent, pentacc-crdimate) nickel (divalent,
hexaco-ordinate), the alkali metal sodium (moncwalent,
tetraco~ordinate), the alkali earth metal barium (divalent,
hexaco-ordinate), the transition metal mercury (divalent
tetraco-ordinate) and the fringe transition metal zinc
(divalent tetraco-ordinate), From the results in Table
VII it ie immediately obvious that the metal ion in the
complex, as expected, exhibits an important degree of

control of the product ratio in the reactions with

acylating agents.
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TABLE VIX

Figures in this and all subsequent tables ara percentage
Cetcylated product averaged from two reactions

Motal DoIoBoMo B.I:B.M, D:B:M, | BenoBoMo | DonoBoMo
Cu 99.0 47.5 51.5| 30.5 345
7] 83.5 43.0 31,0 |  hk.5 35.5
Na 79.5 68.0 47.0 39.5 42,0
Ba 86,0 42.0 36.0 | 32.5 35.5
Zn 18.0 28.5 22.0 12.5 0,0
Hg 11,0 22,5 18,0 8,0 0.0

D, X.B.M, di-isobutyroylmethane, B.I.B:M. benzoylisobutyroyl

mothane, D.B.M, dibenzoylmethane, B.n.B.M. bensoyl=n-butyroyl

methane, D.n.B.M. Di-n-butyroylmethane.

All reactions carried ocut in cyclohexane.

The copper, nickel, sodium and barium chelates in all
cases give a higher percentage of the C=benzovlated deriva-
tive, than the corresponding chelates of zinc and meroury,
with the sodium chelate usually giving the highest
percentage.

It is envisaged, that in the reactions of acylating
agents with metal chelates of f-diketones, initial attack
occurs at the metal ion in every case. This is substanti-
ated by the inability of the triketonates of ferric iron,

and aluminium to react with acylating agents even after
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- ae
prolonged reaction at high temperatures. This unvreactivity

cen only be attributed to the effective shielding of the
motal from attack by the closely packed organic ligands.

Iin the case of metals vhich have a maxisum co-ordinatiom
greater thanm that required for chelation, for example, copper,
nickel, sodium, barium, this attack at the metal is envisaged
as vesulting in co—ordination of the acyl halide to the metal
giving a reaction intermediaste (LXVI).

- S
E’l ‘u& Mes oﬂ/to "-/a
e
N e Ba/y , Na

Ne1—Co.R"®  (LXVI)

That reaction proceeds through co-oxrdination intermediates
is substantiated by the relative reaction times for the
above reactions. In all ceses the ordoer of reactivity
is Barium ) sodium, nickel » copper,
This order is the ome which might be expected for co-ordina-
tion ability, the barium ion being the lazrgest and therefore
the most accessible, and the copper with its weak fifth
co-ordination being least likely to react.

That reaction occcurs through co-ordinate transition
states for the above metals is further substantiated by the
inabllity of benzoyl chloride to react with either copper or
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nickel di-igobutyroylimethane in presence of pyridine, even

if a large excess of the acylating agent is used:; This can

be attributed to the formntioq of strong solvates of these

-maetal chelates with pyfidinog which have becen mentioned

praviouolyga’ preventing co-oxrdination of the bemzoyl chlorxide.
This oo=ordination,of the acylating agent to the metal,

will result inm an increase in the polarisgation of the

chlorine-~carbon bond in the acylating agent giving the

certonyl carbon atom a residual partial positive charge,

as proposed by Brandstrom for the remctions of the sodium

chelatesis This charged carbon atom,in turn,will be

attracted by the R-eleoctrons irn the chelate rxing, giving

eyelic transition states (LXVII), and (LXVIYI) by interaction

with the ecentral carbon and carbonyl oxygen atoms respectively.

This differes from the mechanism proposed by Brandstrom, who

did not admit the formation of the transition state (LXVIIX).

Ph
CH cg Fh
Rpﬁ%k?°z?cwn’ R=c75462§i5mn°
= ] .C
o‘\?l o } qi’/‘-l
H -
/2 (Lxvrz) W2 (LXVIII)

The amount of each transition state formed will wvazy
depending on the facitors proviously emumeratod,as will be
degeribed later.
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In the cases of zinc and mercury, vhose mexdmum
co=ordination number is exactly that required for chelation,
initial attack at the metal ion mmet result in a breaking
of the metal-oxygen bond in the chelate with formation of a
new motalchaiogon bond, and an acyl carbonium ion, wvhich
will react preferentially at the atom of highest electre-
negativity in the anion, that is the oxygen atom, to give
predominantly O-acylation, as is obsorved. The high Lewis
acid activity of these metals will enhance the polarisation
of the chlorine-=carbon bond in the aecylating agent facilitat-
ing the formstion of an acyl carbonium 1on,and in this
regpect they are very much like the silver chelatos,uhich
are rToported as reacting to give mainly Ocaubatitu£;:;:1°1sooe

The reaction times for the reactions of the zinc and
nercury chelates follow mno set patterm as might bs expected
on tho basis of lack of co-ordination with these compounds.

It is ovident from the above that the product ratio
can be altered to give preferentially C- or O-acylated
derivatives by suiteble choice of metal in the chelate, with
the metals which can react by the co—oxrdimation mechanism
giving mich more favourable ratios 8f C= to 0= acylated
product than thosswhich canmot imcrease their co-oxrdination,
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In the reactions of the copper chelates, hydrogen
chloxride is evolved, and the inorganic product of reaction
is cuprous rather thasn cupzdic chloride., The formation of
cuprous chloride has already beon obgerved by Hichaol1‘ but
it is evident that, contrary to the theories proposed by
Michael, the formation of cuprous chloride is a secondary
effect caused by reaction of the cupric chloride, formed
initially, with the soclvent. A precedent for this has been
Qetablishod by Kochioo vwho showsd that cuprie chloride
reacted with acetone to give chlorvacstone, hydroohlorie
acid, and cuprous chloride.

20uCly <+ CHz .CO.CHy —>» CHy oCO.CHaC1l 4+ HC1 ¢ CuyCly
Recent etudiesvl have showm that anhydsrous cupric chloride
reacts with several solvents with formation of cuprous
chloride and hydregen chloride, and it would appear that
any solvent, such as eyclohexane, with sufficiemntly available
hydrogen atoms can undergo resaction with formation of these
products. That the formation of cuprous chloride is a
secondary reaction is substantiated by the fact that reaction
of copper di=isobutyrcylmethane andlgfnitrobenzoyl chloxride
in c¢cyclochexane carried out at room temperature gave mainly
cupriec chloride as the inorganic product.

It is interesting to note from the above that the
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formation of ethyl J-chloroacetoacetate in the reaction
of copper ethyl acetoacetate with acetyl chloxide as
desoribed by Michael above, can be derived from the
reaction of cupriec chloride with any ethyl acotocacetate
formed by hydrolysis of any O-acetyl product formed.

The effect of steric changes in the chelate on the
product ratio was studied by comparisonsg of the reactions of
the di=isobutyroylmethane chelates with the corresponding
reactionsin the di-n-butyroylmethane series, and by
comparisons of the reactions of the chelates of benzoyliso-
butyroylmethane with the corresponding reactions in the
benzoyl=n-butyroylmethane series, It was assumed that
electronie differences in the two series being compared
in each case would not be significant; and therefore that
any change in the produect ratio camn be atiribuited to steric
factors.

It can be seen from the results in Table VIIXI that

the copper, nickel, sodium and barium chelates of di-=isobutyr-
oylmethane give a mich greater percentage of C=bemzoylated
product with benzoyl chloride than the corresponding chelates
in the di-n-butyroylmethane series.
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TABLE VIII

Metal DoT.BoMo DomoBoM.
Copper 99.0 3405
Nickel 83.5 35.5
Sodium 795" L2.0
Barium 86,0 35.5
Zine 18,0 0.0
Mercury 11.0 0.0
Abbrcviaéians ag before. Reactions carried out in
oyclohexane.

From a consideration of the mechanism proposed above,
the above difforences in the product ratios cam be
rationalised. The transition state (LXVII), formed in
the reactions of chelates in which the metal ion has a
co-ordination mumber greater than that reguired for
cheolation, inveolves interaction of the co-ordinated acylating
agent with the central carbon atom of the chelate ring.

From an examination of models of the system it cam be seen
that there is only slight steric interaction between the
phenyl group and even bulky substituents (R ard R') om the
diketone. The tramsition state (LXVIXII) on the other

hand involves interaction with the oxygen atom of the chelate
ring, and a study of models of the system shows that the

phonyl group of the acylating agent interferes mch more
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with the diketone substituent (R'). However, the highest -
electiron density in the chelate ring must be at the more
eloctronegative oxygen atoms, especially in non-polar
solvents, in which the charge separation is minihiuod. and
hence a balance betwosn steric interaction prohibiting the
formation of the transition state (LXVIII) and the more
favourable charge distribution at the oxygen atom will
decide the amount of each transition state formed.

Ph Ph
CcH
ncc"<§ \c-R’ R-C~ 0. PC<R’
| | 3]
o. It o o CL
(LxvII) (LXVIIX)

M = Cu/2, N1/2, Na Ba/2

Hence the differemnce in the produoct ratios from the
reactions of the copper, nickel, sodium and barium chelates
of di-igobutyroylmethane and di-n~butyroylmethane can be
attributed to a reduction of the steric factor inhibiting
the formation of the L-centred intermediate (LXVIII) by
reduction of the steric requirements of the diletone
substituent. Since this reduction in the steric factor
will make mno difference to the formatiom of the intermediate
(LXVII), the met result will be an increase in the amount of
the intermediate (LXVIII) formed after co-ordination, with
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regsultant increase in 0= benzoylation, as is observed.
Further evidence for the effect of steric changes in

the diketone on the product ratio cam be abstracted from

the literature. The copper, nickel, sodium, and barium

chelates of dipivaloylmethane (LXIX) in which the steric

inhibition of the L-centred intermediate (LXVIII) can be

takon to be a maximum, give virtually theoretical yields

of the COb;;zoylatod product on reaction with benzoyl chloride

in cyclohoxano:. Although the electromnic mature of the

cholates in this series cammot be assumed to be the same as

for the above series, the change will npt be sufficiently
large to invalidate the conclusions regarding the steric

effect.
CH
(cH; )s ococ'/"\\‘coc(cm )s
(l; n!) M=Cu/2, Ni/2, Na, Ba/2
\u/ (LxIX)

A similar reduction in C=benzoylation is observed forx
the reactions of the copper, mickel sodium and barium
chelates of benzoyl-n=butyroylmethane, cowpared with
benzoylisobutyroylmethane, with benzoyl chlorxride, as is
shown in Table IX,
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TABLE IX

Metal BoI.BMo BonroBoMo
Copper 4745 | 30.5
Nickel §3.0 : kY .5
Sodium 68.0 39.5
Barium 42,0 32.5
Zine 28.5 12.5
Meroury 22.5 8.0
Abbreviations as before. Reactions carried out in
cyelohexane.

In this comparison the eoffect is not as marked, but
is significant for all reactioms except nickel, The
losser oxtent of the change in product ratio may be due
to a statistical factor, as in this case, only oncalkyl
diketone substituent is available for O-benzoylation,
compared with two in the above comparison.

It is evident from the above,that steric factors
do influence the product ratio of the roactions of
f=-diketone chelates of metals,whose co-ordination number is
greater tham that required for chelation,with C-acylation
being favoured if the steric requirements of the diketomne
gubstituents are large, and O-acylation being favoured if

such reguirements are small, all other influencing factors
being egual.
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In the cases of the chelates of metals whose co-ordina-
tion mumber is that required for chelation, and whioh there-
fore react through amn acyl carbonium ion, rather than through
cyclic tramngition states, less dependence on the steric
reguirements of the diketone is envisaged, as is observed in
the reactions of the zinc and mercury chelates, Tables VIIX
and IX.

ELECTRONIC FACTORS IN THE LIGAND

The effect of electronic ochanges in the diketone on
the product ratio can be derived fyom a comparison of theo
reactions of di-igobtutyroylmethane chelates with benzoyl
chloride, with thoge of the corregponding reactions of the
benzoyligebutyroyl chelates, and a gimilar comparison of
the reactionsg of the chelates of benzoylisobutyroylmethane,
and benzoylen-butyroyl methane with the same reagent., These
couwparigsons are valid in that O=benzoylatiom oceurs at the
carbonyl oxygen atom of the chelate qing adjacent to the
alkyl group in each case,as shown earlier.

It can be seen from Table X that the copper, nickel,
sodium and barium chelates of di=isobutyroylmethane give
higher percentages of the C=bengoylated product than the
corresponding chelates of bemzoylisobutyroylmethane. Sinece
the steric factors for the formation of the co<ordimation
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TABLE X
Metal D, I.BeMo BoI.B.M.
Copper 99.0 7.5
Nickel 83.5 43.0
Sedium 79.5 68.0
Barium 86.0 42.0
Zinc 18.0 28.5
Mercury 11.0 _ 22.5
Abbreviations as before. Reactions carried out
in cyclohexane.

intermediates are the same for both series,the above
difference can be attributed to the replacemtnt of the
isopropyl substituent in the diketone,by phenyl. This
phenyl group can be expected to exert the same influence
in the chelate as in benzoic acid, that is an acid
strengthening indnctive effect, compared with isobutyric
acid, sinece any mescmeric effects will destabilise the
chelates as described in the introduction. That the
phenyl group does exert an electron-withdrawing influence
ie substantiated by the ultraviolet spectra of the copper
chelates of the diketonmes, (p.118.). The bathochromic
shift of the maxima in these chelates from the ocorresponding
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maxima for the diketone, the extent of which is indicative
of stability, is least for the copper chelate of dibenzoyl-
methane and groatost for the copper chelates of di-isolmty-
roylmethane and di-n<butyroylmethane, with the copper
chelntes of benzoylisobutyroylmethane and ben:cylanébutrrcyl

methane shwwing intermediate values.

A Iursner substantiation 1s given by the fact that in
the benzoylation of the chelates of the asymmetrioc diketones,
attack occursg at the carbonyl oxygen atom of the chelate
ring adjacent to the alkyl substituent, indicating that this
oxygen is the most electronegative atom in the chelate ring.

Henoe the introduction of the phenyl substituent
will cause an electron=withdrawing inductive effect in the
chelates of benzoylisobutyroylmethane, with a resultant
decrease in the neutralisation of the residual positive
charge on the metal ion in these chelates, relative to that
in the di-igobutyroylmethane geries. Therefore, on
co=ordination of the benzoyl chloride the polarisation of the
chlorine-carbon bond will also be increased relative to
the polarisation in the di-isobutyroylmethane series, with
a resultant greater positive charge being associated with
the carbonyl carbon atom of the acylating agent.

This increased charge will enhance the formation of
the intermediate (LXVIIY) by atitacking the chelate ring
at the atom of highest olectronegativity, that is the oxygen
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atom adjacent to the alkyl substituent,

Ph
CH
R-C~ZZ 05 I°C-R’
' A
g Cr o

'./
\3( M= o‘l/zc Ni/2. B‘/Z, Na

(LxvIII)
Alternatively, the increased peolarigation may result in
the formation of & higher proportion of acyl carbonium
iona, from the acylating agent,with similar results.

The replacement of the second isopropyl substituemt
by phenyl,giving the dibenzoylmethane series of chelates,
regsults in a further increase in O=benzoylation imn the
reactions with benzoyl chloride. However, this comparison
is less valid in that O<=benzoylation in thig series occurs
at the oxygen in the chelate r»ing adjacent te a phenyl group,
with consequent alteration of the steric factors.

The comparison of the reactions of the chelates of
di-n-butyroylmethane and benzoyl-n-butyroylmethane with
benzoyl chloride is shown in Table XI,

By similar arguments to those used ahm, it
might be expected that the copper, nickel, sodium and
barium chelates of di=n=butyroylmethane would give higher
percentages of the C=benzoylated derivatives than the
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TABLE XI
Metal - BomoB:Mo . DonB.M,
Copper 30.5 3.5
Nickel | b4 .5 ; 35.5
Sodium 39.5 k2,90
Barium 32.5 35.5
Zine 12,5 0.0
Mexrcury 8,0 0.0
Abbreviaticns as before. Reactions carried out in
cyclohexane.

corresponding chelates in the benzoyl-n=butyroylmethane
series. This is the case for all chelates except nickel.
However, the effect is masked by the availability of both
oxygen atomsg facilitating the formation of the O<benzoylated
prodnuct, in the formexr series.

It can be seen from the above,that the steric inhibitiom
of the formation of the 4-centred intermediates (LXVIIX)
can be ovexrcome by increasing the charge difference between
the carbon atom of the acylating agemt and the 7$olootrona
of the ohelate ring,by suitable replacement of the diketome
substituonts. Higher percentages of O-acylated product
are obtained as the electron withdrawing properties of the
substitusnt increase, that is as the neutralisation of the

residual positive charge on the metal ion decreases. Thts
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dopendence of tho product ratio om the meutralisation has

previcously been postnhlatod by Nesmeyanov and Kabnchnik.o.
Again for the reactions of the zine and meroury

chelates swvhich do not react through cyclic tramsitionm

statesyno such ol Ay -servells (Tables X and XI).

In fact for these chelates,the trend ig the reverss of

that for the copper, nickel, sodium and barium chelates.

EFFECT OF CHANGES IN THE ELECTRONIC CHARACTER
OF THE ACYLATING AGENT,

The effect of changes of the electronic character
of the ascylating agemt, on the product ratiocs from the
reactions with metal chelates of Pf-diketones, was studied
using _p_enitrobenzoyl chloride and _z_:_aanisoyl chloride. Im
this way the alectronic character of the acylating agent
is changed from snz to Sﬂl. without any corresponding change
in the steric requiremonts of the acylating agent. It cam
bo seen from Table XIX that these changes in the acylating
agent have a marked effect on the product ratio.

In all tho reactiomne studied, the chelates, with tho
excoption of zino dibenzoylmethane, give a much lower
percentage of the C-acylated product with _g:»miaoyl ohloride,
than with benzoyl chloride and a mch higher percentage with
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TABLE XII

Chelate g_alioa Benzoyl _g-luo
Cu (DBM), 3 3.5 1.0
N4 (DBM) 5 = 31.0 1.0
NaDBM 80,0 (isol) 47 .0 11.5
z::(mm), - 22,0 33.5
Cu (BnBM), 80,5 30.5 5.5
Ni (BnBM), 81.5 bl .5 6.5
NaBnBM 85.0 39.5 L .0
Zn (BnBM) 5 80,5 12,5 6.5
cu (DIBM), 92,0 (isol) 99,0 ,
NaDIBM 92,0 (imol) 79.5 -
Abbreviatins as Soforoo Roactions carried out in
cyclohexane

_g_«anitrobcnzoyl chloxide. In the cases of thﬁ copper;
nickel, and sodium chelates this trend is in excellent agreement
with the co-oxdination theory proposed. It is expected that
E-aniaoyl chloxride, which undergoes hydrolysis by an s.].
mechanism, will form a much greater proport:lon of aoyl
carbenium ion, after co-ordinatiom, than benzoyl chloride
with resultant increase in O=acylation.

Conversely, it is also evident that _g_-nitrobonsoyl
chloride, which undergoes hydrolysis by an SNZ mechanism,
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will resist the formation of an acyl carbonium ion after
co-ordination, and will therefore favour reaction through
the oyeclic j:rand.tion gtates with resultant increase in
C=acylation.

It is interesting to note the times of reaction in
the above study. Por the copper, nickel, and sodium

chelates the oxrder of reaction was:-

rnitrobenzoyl ) ) ) benzoyl ) p-anigoyl

in agreement with an 81‘2 wmochanism.

Mozre difficulty wes found in raticnalising the results
of the reactions of the zinc ochelates, and it is felt that
more work must be done before any definite thsory could be
proposed, The reaction times for the reactions of
zine benzoyl=ti=butyroylmethane were in tle following order:-

p-anisoyl }» benzoyl ( p-nitrobenzoyl

which is opposite to the trend observed with the copper,
nickel and sodium chelates, and is indicative of an Sgl
mechanism,

It was found impracticable to study the reactions
of the dibenzovimethane chelates with _gan:ltroboasoyl chloride,
by the ultravioclet analytical method because of the
tendency of the C=product, rnitrotribonzoylnothnno to
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reaot further with formation of an Ooz_-nitrobm:o.too
However, this ester is sasily hydrolysed to the triketone
and a semi-guantititive moasure of tl» product ratio was
obtained by hydrolysing the reaction mixture from the
reacticn of the sodium chelate with _g_onitrobcnzcyl chloride
and subseguemtly isolatimg the tﬁkotoiu in 80% yield.

Similarly, the C-prodnct was isolated in a state of
anglytical purity from the reactions of the copper and
sodium cholates of di-isobutyroylimethame vith-gfnitrobdnzoyl
chloride in over 90% yield.

SOLVENT _EPPECTS
The effect of changes in the reaotion modim,on the

product ratio of the pesction of metal chelates of B-diketones
with scylating agents vas studied by carrying cut a

selection of reactions in oyolohexane (¢ = 1,95 at bop.),
ethyl scetate (¢ = 5.3 at b.p.) methyl ethyl ketone (¢ =

4.5 at bop.) and ethylene glycol dimethyl ether (& = 3.3

at bop.)s In all the reactions studied except those
involving copper di-igobutyroylmethane, an inerease in
C-benzsoylation was observed on changing fyom cyeclochexane to
ethyl acotate, this increase being greatest for the chelates
of dibenzoylmethane. However, it is aleso noted that a
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a:lmilar incyrease in C-benzoylation ocours when the reactions
are carried ocut in ethylene glycol dimethyl ether, which has
a lovw dielectric constant, but & high co-ordination or
solvation ability. Honce it would appear that thers are
two effects associated with the reaction mo&:l.un. one due to
the dislectric consgtant or polu-ity of the medium, and ome
to the solvation ability of the medium. The results are
shown in Table XIII,.

TABLE XIIX

Chelate Co Haa Eth, Ac. | D.M.C, MeCOEt
Cu (DIBM), 99.0 39.0 - 15.0
NaDIBM 79 .4 82.0 - 79.0
Ba(BIBM)z | k2.0 b4 .5 - s
Cu(om)s | 3105 39.5 40,0 -

Ni (DBM) 5 31,0 5305 52,0 -
NaDBM 47 .0 70.0 63.5 =

Ba (DBM), 36.0 59,0 - -
NaBnBM 40.0 42.5 - -

Cs Hya~cyclohexane, Eth.Ac =ethyl aectatoj. D.M.C., —ethylene
glycol dimethyl ether, MeCOEt - methyl ethyl ketomne.

Both the above solvent effects can be rationaliged on a basis
of the proposed mechanism, As the polarity of the solvent
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is increased, charge separation in the cyeclic réuction
intermediates is facilitated. The increase in polarity
will also result in an increase in the ionic character of
the chelates which are already predominantly iomic, giving
the chelate ring a greater residual negative charge. This
charge, due to the greater degree of charge sseparation, has
a correspondingly greater probability of being associated
with the central carbon atom of the anion thus favouring
C-acylation.

Further, in more polar solvents, the chelates of sodium,
barium and nickel are solvated to a greater degree, and in
the cages of these metals this solvation will result imn the
formation of higher co-ordination states. Subsequent
displacoment of the solvent by the acylating agent can
therefore result in the formation of a co-ordination
intermediate with a configuration most suitable for cyclisa-~
tion by interaction with the céentral carbon atom, The
importance of this solvation is evidenced by the reactions
in ethylene glycol dimethyl ether.

In opposition to the above effects it might be expected
that the formation of an acyl carbonium ion would be enhanced
in the more polar solvents giving a higher ratio of 0=

to C=acylation. From the results it would appear that
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the aforomontiqned effocts predominate in the cases of the
nickel;, sodium and barium chelates, However, it might
be expected that a balance between the two opposite effects
will be reached. Thig is evidenced by the product ratio
obtained from the reaction of sodium di-isobutyroylmethane
with benzoyl chloride in methyl ethyl ketone. Although the
dielectric constant of this solvent is muich higher than that
of ethyl acetate, the percentage of C=benzoylation is
fractionally less than that obtained from the correspondimg
reaction in ethyl acetate.

In the copper chelates which are much more covalent,
as has been shown by the ultraviolet study described earlier,
a much smaller formal charge will be associated with the
ring and the latter effect may predominate as represented by
the reactions of copper di-isobutyroylmethane. Furthsr the
formation of the ingher co-ordination complexes of copper does
not change the configuration of the atomg imn the chelate.
Hence, the copper chelates are not influenced by solvation
in the same way as the chelates of nickel, sodium and barium,
The fact that copper dibdenzoylmethane gives a higher
percentage of C=benzoylation with benzoyl chloride in ethyl
acatate and ethylene glycol dimethyl ether, than in cyclo-

hexzane can be attributed to the more ionic nature of this
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chelate, compared with copper di-isobutyroylmethane as has
been indicated by the study of the ultraviolet spectra of
these chelates. However, this increase in C=benzoylation

is smaller than the corresponding inereases for the reactions
of the sodium, niockel and barium chelates of dibonzdylm.thano
with benzoyl chloride in these solvents.

The above results sre in line with those recorded in
the literature for acylation reactions of the sodium chelates
carried out in ethanol. Howevey, the exceptionally high
proportion of C-acylation obtained probably gives a false
indication of the product ratio of these reactions., In
most cases the reactions were cartried out using an cxoeﬁ. of
acylating agent,and aodiuﬁtxu“ Under these conditions any
O-acylated product formed would, in most cases, bR hydrolysed
to the diketone, which can react further with the excess of
sodinm and acylating agent, effecting a gradual accumlation
of the C=acylated product.

Finally, the above hypothesis regarding the effect of
solvent on the reactions is substantiated by a comparisom of
the reaction times as the polarity of the solvent is inecreased.
In the reactions involving the nickel, sodium and barium
chelates a very large decrease in reaotioh time is observed,
with many of the reactions occurring instantaneously in the

more polar solvents. This is in agreement with the formation
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of solvated complexes from these chelates giving transition
stateas with the correct configuration for C=benzoylation,
and also with the more facile charge distribution in the
chelate ring, accelerating such benzoylation,

Conversely, the reactions of the copper chelates are
net faster in the more polar solvents, indicating that no
such favourable configuration is attained in these chelates.
In conclusion.,it is evident that the preduct ratic ean be
altered to favour either C= or O-acylation by a uﬁit.hlo
change in the polarity of the reaction medium with the
nickel, sodium and barium chelates giving higher ratios of
C= to 0= acylated products as the polarity of the solvent
is increased, within limits. In the reactions of the copper
chelates the effect of changes in the polarity of the medium
is dependent to a much greater extent on the degree of

covalency of the chelate-

Temperature Effects.

The effect of changes of temperature, on the product
ratio from the reactions of metal chelates of f-diketones
with acylating agents, can be derived from the results
shown in Table (XIV). It can be seen that the percentage
of the O=benzoylated product increases with increasing
temperature in all the reactions studied, the greatest
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_ B TABLE XIV :
Chelate 80° (£,1.95) 20° (€,2.08)
N1(BnBM)s b5 45,0
NaBnBM 39.5 64 .5
Ba (BnBM)a 32.5 38,0
Zn (BnBM), 12,5 blo5
NaDBM 47.0 62,0
Ba (DBHM) o 36.0 53,0
Abbreviations as before. All reactions carried out
in eyclohexane.

increase being observed for the reactions of the dibenzoyl-
mpthane chelates., Unfortunately the reactions of the copper
chelates proceed extremely slowly at room temperature and
hence could not be studied.

It mist be noted that an increase in the temperature
of cyclohexane resulte in a deoreage in the dielectric
constant, and hence the effect observed above is in the
same direction as the one expected on the basis of change
of polarity of the solvent. The effects are larger
however, than those anticipated on this basis, and it is
evident that the reaction temperature does exert a direct
measure of control on the product ratio. It has been

o2
shown by Dewar that the snergy of activation for the
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formation of C-alkylated derivatives of f-diketones ie

higher then the corresponding activation energy for the
formation of the O=alkylated product. Hence it might

be expgcted that in identical reactions carzried out at

different temperatures,l-acylation would be favoured at
the higher temperature.

Also, the steric factors, which tend to inhibit the
formation of 0= yrather than C-acylated products can be
expected to be reduced at the h:l.ghor tenperature due te
the greater molecular movement, thereby favouring the
formation of the O-=acylated product,
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CONCLUSIONS,

The above study has shown that many factors do
influence the ratio of C= to O-acylated products produced
in the reactions of metal complexes of f-diketomes with
acylating agents. It has been shown that the metal ion
in the chelate exerts a marked influence on this product
ratio with the copper, nickel, sodium and barium chelates
reacting through co-ordination intermediates to give a
product ratioc dependent on the steric and electyonic
character of the organic ligand. Conversely, the chelates
of zinec and mercury tond te react through an acyl carbonium
ion to give morxre O-acylation than the corresponding reactions
above,

In the reactions of the former metal chelates, steric
factors associated with the ligand influence the product
ratio with C-acylation being favoured if the steric require-
ments of the ligand avre large, and O-acylation being favoured
if such requirements are small. Less dependence on the
steric nature of the ligand is envisaged for the reactions
of the latter chelates.

The product ratio is also influenced for the formex
chelates by electronic changes in the chelate and acylating
agent, It hai been shown that 1§ the acylating agent
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is Syl and/or the residual positive charge on the metal
ion is weakly neutralised, O-=acylation will result, as is
evidenced by the reactions of the copper, nickel, sodium
and barium chelates of benzoyl-n=butyroyl methane with
‘gflniooyl chloride. This trend is in agreement with the
emperical rule proposed by 8o|n¢y.nov%’

Conversely, if the acylating agent is 5,2 and/or the
metal iom in the chelate is strongly neutralised C=acylation
proedominates, as is evidenced by the reactions of the copper
nickel, sodium and barium chelates of benzoyl-n-butyroyl-
methane vithngfnitrobonzoyl chloride. This trend is
contrary to the rule proposed by Nesmeyanov, who predicted
that such reactions should give O=gcylation.

With acylating agents of character intermediate
between gnl and snz. the product ratio is more dependent
on the degree of neutralisation of the metal ion,with
C-acylation being favoured as this increases,and O-acylation
being favoured as it decreases.

In the reactioms of the zinc and mercury chelates
O<=acylation predominates in all cases irrespective of the

degree of neutralisation of the metal.
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The effect of the medium on the product ratio has
also been studied., It has been shown that the sodium,
barium and nickel chelates give increasing C-acylation as
the polarity of the solvent increases,within limits.

In the reacticns of the copper chelates, the effect of
changes in the polarity of the medium on the product ratio
is dependent on the degree of neutralisation of the metal
in the chelate.

It has also been shown that the temperature of
the reactiocn exerts a direct measure of control on the
product ratio, with C=acylation being favoured by low
temperatures and O-=acylation by high temperatures.

From a practical synthetic point of view the
above study should enable the beat possible choice of
reagents and reaction conditions, for the synthesis of

triketones, to be made.
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All m.p. are uncorrected, Infrared spectra were

dotermined in Nujol mull and ultraviolet spectra were

determined in ethanol unless otherwise stated,

Jdentities

weze normally confirmed by infrared comparison in Nujoio

Preparation of P-Diketones.

The p=diketones were prepared by a Claisen condensation

of the phenyl or ethyl ester of the appropriate acid, (1 mole)

with the appropriate methyl ketone (2 moles) in ether, using

lithium amide (2.5 moles) as the condensing agent (Table 1)

Dikeotone Ester Ketone Yield %
Actual Lit.
Di-igsobutyyroyl Phenyl Isobutyrate|Methyl 2
methane isopropyl 74 26
Benzoyl=igo=
butyroylmethane Phenyl Benzoate Methyl 06
isopropyl 83 41
Dibenzoylmethane| Obtained as Analaxr Reagent
Benzoyl-n«~ Phenyl Benzoate Methyl . o5
butyzroylmethane n«propyl 67 61
Di-n-Butyroyl Ethyl n-Butyrate |Methyl 08
methane n-propyl 45 76

The ketone was added to a stirred suspension of the

1ithium amide in ether (1000 c.c.) at a rate sufficient to

cauge the ether to reflux gently.

The ester was then added
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over a pericd of 15-30 minutes, and the mixture was refluxed
for 4=5 hr, After this time the mixtures were grey-black
in colour and thick grey slurries were formed. The mixture
wno'thou added to iced water, and hydrolysed by additiomn of
hydrochloric acid (10%). The organic layer was diluted with
ether, and separated off, washed thoroughly with sodium
hydrogen carbonate solution (5%), and water, and dried
(Na3S04 ) The e¢her was distilled off, and the diketone
digtilled under reduced pressure. In the preparations
involving the phenyl ester, the distilled diketone was washed
with saturated sodium carbonate solution to remove traces of
co=distilled phenol, dried and re-digtilled. In all cases
the above preparations are the first reported using lithium
amide as a condensing agent. The advantage in using this
reagent can be seen by comparisons of the yields of products

obtained with those roportod.uoihs other condensing agents.

Preparation of Chelates
Copper. The copper chelates of the diketones were

prepared by shaking a solution of the diketone in ethanol
with a saturated solution of copper acetate in water. The
chelates separated and were filtered off, washed with water
dried and crystallised from solvents such as ether, petroleum

ether, or toluene.



Nickel. The nickel chelatees were prepared analogously,
using nickel acetate. In most cases, however, the nickel
complex separated as the dihydrate. This was filtered off,
washed with water, dried, and refluxed in toluene in a2 Desan
and Stark apparatus for 3 to 4 hr. The anhydrous chelates
vere obtained by crystalligation from the toluene.

Sodium, The sodium chelates were prepared by treatment of
the diketone with a concentrated solution of sodium hydroxide,
sodium di-isobutyroylmethane, using 30%, sodiwn benzoyliso-
butyroylmethane, and sodium benzoyl-n=butyroylmethane using
L0% solutions. In the case of sodium dibenzoylmethane, the
diketone was initially dissolved in ethancl before treatment
with 409 sodium hydroxide. Sodium di-n-butyroylmethane
wvas prepared by adding the diketone dropwise to a hot
soclution of sodium hydroxide (4O%)., In every case the
sodium complex separated as a white amorphous precipitate,
which was filtered off, washed sparingly with water, and
treated with ether,

Barium., The barium complexes were prepared by adding the
diketone to a hot stirred solution of barium hydroxide (10%).
The complex ugually scoparated as an off-white amorphous
solid, and this was filtered off, washed thoroughly with hot
water, dried and crystallised from solvents such as ether,
and toluene,
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. These compounds were prepared by adding concentrated

emmonia to a solution of zinc acetate and the diketonme in

agueous ethanol.
the formation and procipit.tiou of zinoc hydroxide.

Careful addition was necessary to prevent

The

zinc chelates separated, were filtered off, washed with

dilute ammonia, water, dried, and crystallised from solvents

such as ether, methanol, chloroform.

Mereurv. The mercury complexes were prepared by adding the
diketons, in ethanol, to a hot solution of mercurilc acetate,

from mercuric chloride and sodium acetate.

The mexrocury

complex separated out and was filtered off, washed

thoroughly with water, dried and crystallised or triturated

with solvents such as acetome, ethanol, benzene, and ether.

Chelate |Characteristics MePo Hethod of
Purification
Recrys i
"fron:e
Ca (DIBM),| Blue rhomboids 124 (1it.114 /|Pet.ether
9
Cu (BIBM),| Grey-green needles | 168 (11t.168 ’4 ether
]
Cu (DBM), | Green needles 297 (11t.297 1) toluene
0
Cu (BnBM),| Green needles 134 (ut,1313 methanol
o0
Cu{DnBM)3| Blue needles 158 (1it.158 )| methanol
Ni(DIBM);3| Greoon needles 172 toluene
N1 (BIEM)al Green plates 168 toluene/PoL"
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Chelate | Characteristics MoPo Method of
Purification
Rocryotaliisod
fromi-
Ni(DBM); | Brown amorphous solid| 282 toluene
N1 (BnBM);| Green needles 163-164 toluene
N4 (DnBM) ;| Green plates 134 toluene
NaDIBM ¥Vhite nesdles 200-201 other
Na BIBM ¥hite powder 230=232 ether
NaDBM ¥hite powder 350 eluted other
NaBnBm Yhite amorphous solid| 292-293 ether
NaDnBM Vhite amorphous solid )350 ether
eto
Ba (DIBM);| White rhomboids 194 othor/zther
poet.
Ba (BIBRM),| White plates 242 ether/( ., °
Ba(DBM)a | Yellow amorphous 350 toluene
solid
Ba(BnBM)a| Vhite amorphous solid|192<1i9L sther
Ba (DnBM) ;| White amorphous solid|161-163 ether
Zn (DIBM)3| Vhite needies 152 Chlorofozrm/
methanol
Zn(BIBM)2| White needles 114 Chloroform,’
methanol
zZn(DBM), | White needles 220 benzene
Zn(BnBM)a| White needles 120 methanol
Zn (DnBM) ;| White powder 148 ether
Hg (DIBM); | White amerphous solid|208-210 acetone
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Chelate Characteristics MsePo - Method of
Purification |
Recrystallised
fromt=
Hg (BIBM); | White needles 172-173 ethanol
Hz(DBM); |¥White amorphous solid|296=300 Eluted with.
hot benzene
Recorystallised
_ froms=
He (BnBM); | Vhite amorphous solid|140-142 ethanol
Hgz (DnBM), | ¥hite amorphous solid|220 (decomp) | acetone

DIBM - di-isobutyroylmethane, BIBNM - benzoylisobutyroylmethane
DBM - dibenzoylmethane, BnBM - benzoyl-n-=butyroylmethane,
DnBM - di-n=butyroylmethane.

Ultraviolet Spectra of the Metal Chelates

EtOH
Chelate A max mp
DIBM 220 (e,7,200) 272 (e,11,700)

Cu(DIBM), 204 (¢,9,300) 248 (e,15,500) 296 (¢,21,500)
Ni (pIBM)] 20y (e,2,100) 298 (e,3,200)

NaDIBM 218 (e,3,500) 275 (e,4,500)
Ba (DIBM) 5 204 (e,2,300) 278 (e,15,500)

Zn (DIBM) 4 204 (c,1,500) e 272 (¢,22,400)
Heg (DIBM) 5 210 (¢,10,000) e 274 (e,12,500)
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Chelate EtOH
- o i

BIBM 206 (¢,13,000) | 243 (e,6,300) 306 (c,18,500)
Cu (BIBM), 206 (e,15,300) | 256 (¢,19,900) | 322 (e,25,900)
N4 (BIBM), 206 (e,11,500) | 242 (e,20,200) | 328 (e,26,300)
NaBIBM 206 (e,12,300) | 248 (e,11,200) | 308 (e,31,800)
Ba (BIBM). 206 (e,22,400) | 248 (e,12,300) | 308 (e,32,600)
zn (BIBM), 205 (e,14,000) | 246 (e,14,000) | 316 (c,33,700)
Hg (BIBM) 4 209 (e,15,000) | 248 (e,9,900) 310 (e,8,300)
DBM 205 (e,17,100) | 251 (e,9,000) 344 (e,27,000)
Cu{DBM) 4 205 (e,2,200) | 261 (e,1,900) 350 (e,3,800)
N4 (DBM), 204 (e,4,600) | 250 (e,2,700) 350 (&,4,500)
KaDBM 204 (e,12,500) | 251 (¢,7,100) 350 (e,21,000)
Ba (DBM) 4 204 (e,25,000) | 250 (e,12,500) | 343 (e,36,000)
Zn(DBM)a 205 (e,31,000) | 253 (¢,16,500) | 340 (e,52,000)
Hg(DBM)a 206 (e,14,500) | 252 (e,7,000) | 343 (e,4,400)
BnBM 205 (e,9,500) | 244 (e,6,000) 307 (e,12,000)
Cu(BnBM); | 210 256 (e,27,000) | 324 (e,33,500)
N4 (BnBM), 208 (¢,20,000) | 240 (¢,19,300) | 326 (e,24,000)
NaBnBM (CHC1; ) 246 (¢,2,800) 308 (&,7,200)
Ba (BnBM), 208 (£,16,700) | 244 (e,12,000) | 315 (e,25,600)
zn(BnBM)a | 210 (e,29,400) | 244 (e,14,700) | 316 (e,31,300)
Hg (BnBM), 246 314
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Chelate A EtOH
max ma

DnBM - B0l oo 272 (e,6,200)

Cu (BuBM), 210 (¢,9,700) | 248 (e,15,500) | 298 (e,23,000)
N4 (BaBM) 210 (e,7,600) | 260 (e,6,300) 298 (e,18,500)

NaDnBM B - i 272 (e,9,000)
Ba (DnBM) 3 L A — : 277 (e,19,000)
Zn (DnBM) 3 208 ————— 273 (&,11,000)
He (DnBM), 210 ——— 272

Benzoyl Di-isobutyroylmethane. = Copper di-isobutyroyl-

methane (2.1 g.) in ery cyclohexane was refluxed for 18 hr.,
with benzoyl chloride (1.3 c.cs)o The reaction mixture was
then filtored free of inorganic product, and the solvent was
distilled off under reduced pressure, o give benzoyl di-

isobutyroyimethsne, (2.7 g.) as white prisms, recrystallised

from petroleum ether (b.p. 40=60°) m.p. 86° (Found: C,73.36
Hy7091o CagHapOy requires C,73.823 H,7.74%), A max. 206
(¢,17,000), 252 (e,18,500) and 282 m (e,14,000) 3 max, 1680
(c:0) and 1590 °m°=1 (aromatic) .

Treatment of benzoyl di-isobutyroylmethane (0.5 g.)
in ethanol (25 c.c.) with saturated cupric acetate solution

(5 coc.) gave purple granules of copper benzoyl di-isobutyroyl
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methane (0.5 g.) recrystallised frow ether as purple plates,
mopo 208-=209° (Founds C,66.23 H,6.3. CyzHag0sCu requires
C,66.05 H,6.54%), Amax. 205 (€,31,400), 250 (,26,600), and
3009; (¢,18,750) s vmax. 1650 (C:0), 1560 and 1590 omo"‘"
(chelate C30).

O=Benzoyl Di-isobutyroylmethane. -~ After allowing

dioiaobutyroylmthan§ (5 coco) in pyridine (5 c.c.), to stend
for 24 hr., with benzoyl chloride (4.3 c.c.),water was added,
and the mixture left for a further 24 hr., before extracting
with ether. The ethereal phase was separated, and washed
successively with dilute hydrochloric acid, dilute sodium
hydroxideo solution, and water, dried and concentrated by
distillation, The gum obtained was chromatographed on
alumina end the initial fractions sluted by petroleum ether
were re-chromatographed on aluminga. The initial fractions
from the second chromatogram giving no colour with ferric
chloride solution, wereevaporated to dryness by digtillation
under rednced pressure giving O=benzoyl di-isobutyroylmethane

(2.6 g.) as a clear oil,(Founds C,74.343 H,7.97. CieHao®
requires C,73.82; H,7.74%), & S8¥2% 200 (¢,9,000) and
232 m (e,18,300); Vmax 1700 and 1754 (C10 and ester
carbonyl) and 1625 cm.” (aromatic).
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Dibenzoylisobutyroylmethane, = Benzoyl chloride

(1,08 coco) was added to a hot solution of sodium benzoyl-
isobutyrovimethane (2 g.) in cyclohexane (100 c.c.), and the
mizxture was refluxzed for 1 hr. Onm concentrating the
solution,dibenzoylisobutyroylmethane (1.2 g.) was obtained

as white needles, recrystallised from sther, m.p. 136°,
(Found: ©,77.63 H,6.36. Cy9Hye Oy requires C,77.538 H,6,16%) .
Amax. 206 (c,17,000), 250 (e,21,000) and 296 e (e,8,500),
Jmax, 1718, 1680 (C:0) and 1590 cm.™ (aromatic) .

3=Benzoyloxy=l-methyl-l-phenylpent-2=ene-1=one (0=
Benzoyl benzoylisobutyroylmethane). - Benzoylisobutyroyl
mothane (5 c.0.) in pyridine (5 c.c.) was allowed to stand
for 2 hr., with benzoyl chloride (4.3 c.c.). Water was
then added and the mixture allowed to stand for a further
2 hro, before extraction with ether, The ethereal phase
was separated, washed thoroughly with water, dilute
hydrochloric acid, dilute sodium hydroxide solution, end

water, dried, and the ether evaporated giving a vellow oil

vhich crystallised on astanding to give 3=benzoyloxy<i-
matteelo Y cmhanel onant ~d-onecleone (2.4 £.). m.b, 59-60° as
white prisms, recrystallised fxom ether, (Foumd: C,77.43
Ho6olo CyoHyg0y rogquirss C,77.53 Hy6.2%), A max. 208
(¢,9,500), 228 (2,16,000) and 278 ma (e,15,800); Dumax. 1750

-3
ester C:0) and 1700 em. (eB-unsaturated C20),
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Absolute Identification of O-=Benzoyl Benzoylisobutyroyl-

methane. = Sodium borohydride (0,57 g.) in methamol (3.25 co.c.)
was added dropwise to a solution of O<benzoyl benzoyliso-~
buryroylmethane (1,143 g.) in methanol (6.5 c¢.c.), and the
mizture wvac allowed to stand for 2 hr., before being
acidified to Congo Red with dilute hydrochloric acid. Af ter
acidification, the mixture was heated on a steam bath for
10 min,, cooled, and basified by addition of dilute sodium
hydroxide solution. The basic phase was extracted with
ether, the ethereal phase separated, washed with water,
dried and evaporatcd giving a clear gum, which Could not ke
crystallised. This gum was identified as isopropyl styryl
ketone by infrared, and ultraviolet speotra, &nd vapour
phase chromatographic comparisons with an authentic spscimen,
prepared by condensation of benzaldehyde with methyl isopropyl
ketone:,8

O-Benzoyl benzoylisobutyroylmethane (0.61 g;) in
methanol (100 c.c.) was hydrogenated at room temperature
and pressure using a platinum catalyst. Reduction took
place over 4 hr.,, in which time 250 c.c. of hydrogen were
abgorbed (2 mole equivalent). The methancl solution was
filtered fyree from catalyst, and evaporated to dryness,

giving a colourless gumywhich was identified as iscamyl
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phenyl ketone, by conversion to its semicarbazone, m.p.

08
150-152° (1it., m.p. 150=151°),

. Tribenzoylmethane. = This compound was isclated

from the reaction of sodium dibenzoylmethane and benzoyl
chloride as white needles, mop. 2i5° (1it., 21;1==2M¢°)‘.,x
and recrystallised from chlozofoxrm, m.p. 245%.

O=Benzoyl dibenzoylmethane, - Dibenzoylmethane

(5.5 g.) and benzeyl chloride (4.3 ¢.¢.) in pyridine (5 c.c.)
were allowed to stand for 18 hr. Water and other were

then added, and a yellow solid was precipitated. This

was filtered off, washed with ether and water, dried and
cexrystallised from benzene as yc¢llow needles of O=benzoyl
dibenzoylmethans (5.7 g.), m.p. 108-109° (11t., 108-109°),

O=iAnisoyldibenzoylmethane. = A mixture of dibenzoyl-

mothane (5 go) and p-anisoyl chloride (7 g.) in pyridine

(40 c.co) was allowed to stand for 48 hr. Water was then
added and the mixture left for a further 48 hr. during
vhich,solid separated. This waz filtered off and washed
with water, and petroleum ether, dried, and orystallised
from chloxroform-methanol as yellow nesedles of_gzgcaniaoyl
dibenzoylmethane (5 g.), m.p. 136°, (Found: C,77.05; H,5.26,
Cas Hyg Os rTequires C,77.083 H,5.06%), A max. 208 (e,27,500),
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268 (c,26,500), and 274 m (€,26,000), A inflex. 300 mp
(e,22,000), Ymax. 1666 (unsaturated C:0), 1740 (ester C:0)
and 1590 cmowa (aromatic) .

p=Nitrobenzoyldibenzoylmethane, - Sodium dibenzoyl-

methane (i g.) and p-nitrobenzoyl chloride (5 g.) were
refluxed for 3 hr., in benzeme (200 c.¢.). The reaction
mixture was then filtered, and the solvent distilled off,
Ethyl acotate was added, followed by anhydrous potassium
carbonate. The mixture was refluxed for 2 hr., water was
added and the basic aqueocus phase was acidified., The white
precipitate formed was collected and dissolved im ether,
the ethsreal solution being washed thoroughly with sodium
bicarbonate solution and water, dried and concentrated
gliving a cleaxr gum from wbjch¥£?n1trobenzoyldibenzoylmethane
(0.6 gop 10%), mop. 183=185° (1it., 181==185°)58 was isolated
as yellow plates.

Concentration of the ethyl acetate layer gave
O=p-nitrobenzoyl p-nitrobenzoyldibenzoylmethane, (3.4 g.)
mopo 168° (1dt., 167=168°)s‘ as white plates. This compound
on heating with sodium hydroxide solution (0.3N) in aqueous
ethanol gave p-nitrobenzoyldibenzoylmethane (2.1 go)s mopo
and mixed m.p. 183=185°,



174

p-Anisoyldibenzoylmethane, = A mixture of sodium

dibenzoylmethane (3 g.) and p-anisoyl chloride (5 g.) were
refluxed for 3 hr. in benzene (150 ¢.c.), The reaction
mixture was then filtered, and the benzeme solution was
wvashed with sodium bicarbonate solution, sodium carbmmate
solution, and water, dried and ooncontrated,w:l.th addition
of ethanol. A precipitate was obtained and this was
triturated with ethanol, and crystallised from acetone as
white plates of p-anisoyldibenzoylmethane (0.4 go)s mopo
204-207° (1it., 205-207°)%

Dibenzoyl=n-butyroylmethane. -~ This compound

was isolated from the reaction of sodium benzoyl-n-butyroyl
methane and benzoyl chloride in cyclohexane,and crystallised

29
from ether as white plates, m.p. 110-111° (1it., 110°),

J-Benzoyloxy=l=phenyl=hex=2-ene-l-one, - Benzoyl-n-

butyroyimethane (5 c.c.) in pyridine (5 c.c.) was allowed
to stand for 24 hr, with benzoyl chloride (5.3 g:). Ether
was then added; and the ethereal solution washed with
ice=cold 2N hydrochloric acid, 2N sodium hydroxide solutionm,
and wvater, dried and concentrated giving light yellow
needles of 3=-benzoyloxy-l-phenyl-hex-2-ene-l-cne, (3 g.)

mopo 49=50° recrystallised from ether, (Pound: C,77.66;
H,6.01, C39Hy30; requires C,77.533 H,6,16%), A max. 208
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(¢c.12,000), 228 (e,18,000) and 278 upa (¢,17,000), dmax. 1750
i
(ester €:0), 1700 (af-umsaturated C:0) and 1620 em.~

(aromatic) .

_Pmuitrobcnzoylbcnzoylqnebutyroylmoihnnoo = Nickel

benzoyl-n=butyroylmethane (2.7 g.) was refluxed for

5 min, with penitrobenzoyl chloride (2.5 g.) in cyclohexane
(200 CoCo)o The reaction mixture was them filtered, and
the solvent was distilled off under reducsd pressure giving
a yellow gum, which crystallised from ether/petroleum ether
(bop. 40-60°) as yellow needles of pdnifrobonzoylbcnsuylene

butyroylmethane (2.5 g. 61%), m.p. 90=91°, (Found: C,67.33
Hp5.013 N,4o35. OCy9HyyNOg requires C,67,33 H,5.013 N, 4 14%),
Ac:g:: 256 (e,17,000) and 296 m (e,12,500), ) max. 1666
! —b '
{C:0) and 1600 om.  (chelate C:0).

3=p=Nitrebenzoyloxy=l=-phenyl-hex-=2-ene-

l-one. p-Nitrobenzoyl chloride (6 g.) was added to a cooled
solution of benzoyl-n-butyroylmethane (5 g.) in pyridine

(40 co6.) and the mixture was allowed to stand for 48 hr.

A solid separated out, and this was filtered off, and
crystalliged from ether to give yellow needles of 3=p=nitro-

benzoyloxy=1=phenyl-hex-2-gne-l-one (A g0)s mops 83°, (Pound:
096701&3 Holy .93 Ny3.870 caanul‘oa r'@*rﬂ' 0967.25' Hy; 50953
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Nokol®), A max.206 (e,14,000) and 266 m (e,18,000), sz
1752 (ester C10), 1692 (af-unsaturated C:0), 1610 and 1550
cmoex (aromatic doublet).

p=Anisoylbenzoyl-n-butyroylmethane. - Benzoyl=n-

sbutyroylmethane (2 c.c.) and sodium (0.5 g.) were refluxed
for 1 hr. in cyclohexane (100 c.c.) vithngfaniaoyl chlorids
(L.8 g0)c The solvent was then distilled off under
reduced pressure,and pyridine,and water added. After
allowing the mixture to stand for 2 hr.yether was added and
the ethereal solution washed with dilute hydrochloric acid,
dilute sodium hydroxide solution,and water, dried and

concentrated giving p=anisoylbenzoyl-n-butyroylmethane

(005 go), mopo 124° ag white plates, recrystallised from
ether, (Founds C,73.963 H,6.31, CaoHap0s Tequires C,7L .05
H,6.2%). A ®Ma 208 (¢,17,000), 220 (e,15,500), 250
(¢414,500) and 282 mp (¢,19,000), <Y max. 1710, 1682, 1660
(all C:0) and 1600 cmocnx (aromatic) .

J=Anisoyloxy-1l-phenyl-hex-2-ene=1<one. - A mixture

of benzoylen=butyroylmethane (5 g.) and p-anisoyl chloride

(5 go) in pyridine (30 c.c.) was allowed to stand for 438 hr.
Water was addedgand the mixture was extracted with ether, the
ethereal phase being washed with dilute hydrochloriec acid,

sodium hydroxide solution and water, dried,and concentrated
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giving 3-anisoyloxy-l-phenyl-hex=2-ene=l=one (4.5 g.), mep.

72=73° as yellow needles, recrystallised from ether, (Found:
Co,78.R23 Hy,603. CagHag0y requires C,74.05; H,6.2%), A max.

210 (e,22,000) and 274 ms (¢,30,000), Vmax, 1740 (ester C10)
1700 (unsaturated C:0) and 1610 cmo°1 (aromatic) .

Benzoyldi-n=butyroylmethane. = Copper di-n=butyroyl-=

methane (6.3 g.) was refluxed in cyclohexane (150 c.c.) with
benzoyl chloride (4.75 c.c.) for 3 hr. The reaction mixture
was then filtered, and the solvent distilled off under
reduced pressure. Pyridine and water were added to the
yellow o0il obtained, and after allowing this mixture to
stand for 2 hr., ether was added. The ether phase was
washed with 2N hydrochloric acid, 2N sodium hydroxide solution,
and water, dried and concentrated, A gum was cbtained,and
this was chromatographed on alumina., The fractions eluted
with benzene were treated with an aqueous ethanolic solution
of cupric acetate, and a solid was obtainedywhich was

crystallised from methanol as blue needles of copper benzoyldi-

n=butyroylmethane (1.2 g.), m.po 172°, (Found: C,65.93 H,6.5,

C;2Hs s Culsy requires C,66.03 H,6.5%), A max. 210 (e,28,000),
1
250 (€,31,000) and 300 ma (e,24,000), V) max. 1650 om.” (C:0).
The copper complex was dissolved in ether, and

shaken with dilute hydrochlofic acid solution., The ether
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phase was washed with water; dried and evaporated to dryness,

giving benzoyldi-n=butyroylmethane (0.8 g. 9%) as a colourless

011\0 (FOIIDd! co7hol‘3} H.7o7o 01.11300'3 roquiros 0073085

H,7.7%) s A :"2" 210 (s,31,000), 248 (e,47,000) and 280 mp
1

(c.Bh.OOO).Qmaxo 1666 (C:0) and 1600 cm.~ (chelate C30)

O=Benzoyl Di-n<butyroylmethane. ~ A mixture of

di-n=butyroylmethane (5 c.c.), and benzoyl chloride (5.3 g.)
in pyridine (5 c.c.) was allowed to stand for 18 hr. Ether
was then added and the solution washed successively with

2N hydrochleoric acid, 2N sodium hydroxide solution and water,
dried and evaporated to dryness. A yellow o0il was obtained,
and was purified by chromatographing on alumina. Petroleum
ether eluted a colourless oil, which did not give a colour

with ferric chloride solution, This was the required

O=benzoyl di-n-butyroylmethane (2 g.), (Found: C,73.4;

H,7.87, CieHaoG requires C,73.8; H,7.74%), AleM1a

206 (€,8,800) and 234 mp (c,21.000).bmaxo 1700 and 1754 cmfl
(C30 and ester C:0).
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Reactions of the Metal Complexes with Acyl Halides.

Unless otherwise stated the reactions were carried
out in the dry refluxing solvent, with the metal complexes
in quantities giving a 2% solution or suspension, The acyl
chloride (1 molar equivalent for the sodium complexes and
2 molar equivalents for the other complexes) was added to
the hot solution, and the mixture refluxed until the
supernatant liquid no longer gave the characteristic yellow
colour of the trinitrophenoxide ion with a saturated solution
of picric acid in the corresponding solvent. The reaction
mixture was then filtered free from the inorganic product,
the solvent was distilled off under reduced pressure, and
pyridine containing a trace of water was added, After
allowing the mixture to stand for 16=24 hr, the appropriate
solvent for ultraviolet analysis (chloroform or cyclohexane)
was added and the organic layer washed with water, dilute
hydrochloric acid, saturated sodium bicarbonate solution,
and water, and dried (NagSO;). The solution thus obtained
was submitted for ultraviolet analysis. The results are
tabulated in the theoretical section. All reactions werae
duplicated,

In the reactions carried out at room temperature,the

reactants were dissolved in the appropriate solvent, and
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were then agitated until the supermatant liquid did not
give the yellow colour with pieric acid solution.
Check on the Ultraviolet Analytical Method.

Synthetic binary and trinary mixtures of dibenzoyliso-
butyroylmethane (C=), 3=benzoyloxy-i-methyl-l-phenyl=pent-
2-ene=1l=one (0-), and benzoylisobutyroylmethane (DK) were
made up using a microbalance. The mixtures were then
dissolved in cyclohexane and submitted for ultraviolet

analysis. The results are shown belowi-=

% C- % O= % DK
Actual 18.9 81l.1 0.0
Calculated 17 .3 82.7 0,0
Actual 14 .5 68.4 17.0
Calculated 11,6 73 .4 15.0
Actual 570 43,0 0,0
Calculated 58.0 42,0 0.0

Similarly, mixtures of dibenzoylmethane (DK), O-p~
anigsoyl dibenzoylmethane (0=), and p-methoxytribenzoyl
methane (C-) were carefully made up, dissolved in chloroform

and submitted for ultiaviolet analysis.
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% C- % O- % DK
Actual 0.0 34,7 65.3
Calculated 6.2 28 .8 65.0
Actual 48 .8 51.2 0.0
Calculated 54,0 3.5 2.5
Actual 24 .8 26,1 49.1
Calculgted 29.0 23.0 48.0

Further, mixtures of di-igsobutyroylmethane (DK),

O=benzoyldi-isobutyroylmethane (0=), and benzoyldi-iso-

butyroylmethane (C-) were weighed out, dissolved in

cyclohexane and submitted for ultraviolet analysis.

% C- % 0= % DK
Actual 74 .0 26,0 0,0
Calculated 70.0 30,0 0.0
Actual 0.0 65.0 35.0
Calculated 0.0 66,5 33.5
Actual 18.6 53.0 28 .4
Caloulated 21.8 49.0 29.2
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Ultraviolet Analyses of Metal Chelate Reactions.

(a) With benzoyl chloride in cyclohexane

Chelate Reaction % Ce % 0= % DK
Time

Cu(DIBM); | 18 hr. 99.k, 99.0 0.6, 0,0 0.0, 1.0
Ni(DIBM)a | 4 hrxo 84,0, 83,0 | 10.2, 6.7 | 5.8, 10,3
NaDIBM 1 hr, 82,3, 76.5 $ols 1250 11 12.6, 11.5
Ba (DIBM); | 10 min, 84,7, 87.5 779 75 7:6, 5.0
Zzn(DIBM)3 | 4 hr. 15.6, 20.2 | 33.8, 32.4 50,6, 47.5
Hg(DIBM)z | 6 hr 9.23 12.6 | 73.0, 52.5 17.8, 34.9
Cu(BIBM); | 16 hr, 45.6, 49.5 | 27.6, 19.9 26.8, 30.6
N1i(BIBM)3 | 45 min, 45.0, 40,8 | 55.0, 38.2 0.0, 21,0
NaBIBM 40 min, 68.2, 68,0 | 31.8, 32.0 0,0, 0,0
Ba(BIBM); | 15 min, 42,6, 41,0 | 20,6, 17.6 3608, 41.4
Zn(BIBM); | 1 hr. 28,3, 28,5 | 47.9, 44.5 23.8, 27,0
Hg(BIBM); | 7 hr. 23,2, 21.6 | 20.4, 25.4 5645 530
Cu(DBM)a | 24 hr 32.1, 31.2 | 18.7, 22,0 | 49.2, 46.8
Ni (DBM), 2 hr. 31.5, 30.2 | 15,5, 11.8 53.0, 58,0
NaDBM 2 hr. 48,1, 46.3 | 24,3, 15.1 | 27.6, 38.6
Ba(DBM)a | 3 hr. 35.3, 36.2 | 58,2, 26.4 6.5, 370k
Zn (DBM), 4 hr. 21,3, 22,6 | 24.0, 43.4 54,7, 34.0
Hg (DBM), 6 hr, 16.8, 19.7 0,0, 22.1 83.2, 58,2
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Chelate ) ,‘l‘_:;:““ I %8 % 0= 9% DK
Cu (BaBM), 8 nhr. 32.5, 28.3 | 3007, 30.6| 36.8, 41.1
Ni (BnBM), 20 min, uu.6; by ,2 gz,a; 26;8 32;6. 29..0
NaBnBM 20 min. | 41.0, 38.4 | 38.8, 19.9 2002, 41.7
Be (BnBM), 15 min. | 306, 3.5 | o5, bhok 5u°9; 21,1
Zn(BnBM), 30 min, 12.8, 12,6 | 17.2, 42.9] 70.0, 45.4
Hg (BnBM), 4 hr, 6.5, 9.0 59,5; 54.9 | 34.0, 36.1
Cu (DnBM) 3 2 hr, 4.5, 4.6 | 214, 43.1| 44.1, 22.4
N1 (DnBM), 5 min. 3501, 35.5 | 29.9, 41.0]| 35.0, 23.5
NeDaBM 5 min, 42,8, 41,0 | 40,0, 30.4| 17.2, 28.6
Ba (DnBM) 5 inst. 3508, 35.5 | 48,7, 38.7| 15.5, 25.8
Zn (DnBM) 4 3.5 hr, 0,0, 0.0 | 22.8, 41,9 77.2, 58,1
Hg(DnBM), 6.5 hr, 0,0, 0.0 | 74,1, 72.0] 25.9, 28.0
(b) With Anisoyl Chloride in Cyclohexzane.

Chelate Reaction

Cu (BnBM), Tinomhr., 5}):: 6,0 39:;?.&#02 ssoziﬁos
N4 (BnBM), 2 hr. 6.0, 7.0 | 23,5, 36,0 70,5, 57,0
NaBndM 2 hr, 15.5, 12,1 | 23,0, 26.4 | 61.5, 61,5
Zn(BnBM) 4 inet., 5.5, 7.1 | 61.2, 49.0| 33,3, 43.9
Cu (DBM), 24 hr, 2.0, 0,0 | 46.3, 68,1| 51,7, 31.9
Ni (DBM), 2 hr, 0.0, 2.1 | 71.1, 55.1| 28,9, 42.8
NaDBM 2 hr. 12,9, 10,1 | 37,0, 42.5| 50,1, 48.4
Zn (DBM) 3 inat. 3503, 31.8 | 62,4, 33.0| 2.3, 35.2
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(¢) With p-Nitrobenzoyl Chloride in Cyclohexane.
Chelate Reaction % C= % O= 9% DK
Time
W(BRBM)a insto. 8106. 7905 009. 208 1705. 1707
¥i(8nBM), | 4inst. 82,5, 80,2 0,0, 0,0| 17.5, 18.8
NaBnBM ingt, 8601’_ 84 .0 : 201’ 10.6 1108| 502&
Zzn(BnBM)3 | 30 min. 79.0, 82,0 8.1, 79| 13.9, 10,1
NaDBM 10 min. 80% C~ isolated
cu(DIBM)g | 30 min. 92% C- isolated
NaDIBM inst. . 92% C= isolated
(a) Reactions of the chelates in different solvents.
Chelate |Solvent| ¢ 4 C= % 0= o DK
cu(DIBM)s | EtoAe |6 o |37.0, 41.6 14 .0, 33.2 | 49,0, 25.2
MOCOE‘I: - 1903' 1005 32039 2909 uso“' 6006
Na(DIBM) | Et.Ac |inst 84 .3, 7905 15.7, 17,0 | 0.0, 3.5
MOCOEt m’to 7909. 7709 1603' 1806 308’ 305
Ba(BIBM); | Et.Ac |inst. [45.5, 43.0 18.8, 19.0 | 35.7, 38.0
cu(pBM)y | Et.Ac |30 br. |40.6, 38.2 0.0, 26,1 | 59ol4, 357
DMC | 20 hr., |42.6, 36.8 20,8, 20,5 | 36,8, 42.7
Ni(DBM)g Et.Ac | inst, 5204, 5401 3001, 30.4 | 17,9, 15.5
DMC 3 hro |54.6, 49,4 2.8, 23,3 | 23,6, 27.3
NaDBM Et.Ac | inst. |#8.0, 72.0 12,8, 12,4 | 19.2, 15.6
mc in.to 6305. 630“ 2001. 2006 160". 1600
Ba(DBM)a | Bt.Ac | 5 min.|57.5, 60.2 19,2, 16.5 | 23.3, 24.3
NaBnBM Ebo.Ac | inst. |42.7, 42.5 36.6, 15.0 | 20,7, 42.5




185

(e) With benzoyl chloride in cyclohexzane at room

temperature.
Chelate Reoaction % C= % 0= % DK
Time
NaBnBm 20 hr 63.6, 65.5 29,0, 29.5 7.4, 5.0
Ba (BnBM) 3 24 hr 39.5, 38.4 ol, 36.6f 46,1, 25.0
N4 (BnBM), 48 hr. 45.8, bi.2 9.6, 17.5| 4k4.6, 38.3
Zn (BnBM) 5 72 hr, 48.0, 41.0 0.0, 21.1} 52,0, 37.9
NaDBM 100 hr. 61.5, 62.6 26,4, 26.0{ 12,1, 1l.4
Ba (DBM), 100 hr. 53.3, 52.3 2735 26.4|19.4, 21,3

Copper Di-isobutyroylmethane and Benzoyl Chloride., =

Copper di-isobutyroyimethane (0,64 g.) and benzoyl chloride
(0,483 g.) in cyclohexane (30 c.c.) were refluxed for 15 hr,
and the reaction mixture was then treated as described above.
The final solutionjafter ultraviolet analysis,vas concentra-~
ted giving benzoyldi-isobutyroylmethane,(0.82 g, 90%) m.p.
and mixed m.p. 86°, as white prisms. The inorganic

reslidus fyrom the reaction was cuprous chloride.

Nickel Di-=isobutyroylmethane and Benzoyl Chloride, =

Nickel di-isobutyroylmethane (2 g.) and benzoyl chloride
(1.3 coco) were refluxed for 4.5 hr. in cyclohexane (100

€sC.)o The final solution,obtained by treatment as above,
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on concentration gavé bonzofldiéisobutyroylmothnn. (2,42 g.
86%), mop. and mixed nopo'86°o The mother liguors,on
treatment with a saturated solution of cupric acetateggave
copper di-isobutyroylmethane (0.16 g. 8% diketone), m.p.
and mixed m.p. 123=124°,

Sodium Di-igobutyroylmethane and Benzoyl Chloride. -
A mixture of sodium di-isobutyroylmethane (1 g.) and

benzoyl chloride (0.65 c.c.) were refluxed for 1 hr. in
cyclohexane (50 c.c.)., The final solutionmyobtained as above,
gave benzoyldi-igobutyroylmethene (1.17 g. 80%) m.p. 86° as
white prisms. A trace of copper di-isobutyroylmethane was
obtained by treating the mother liquors of the reaction with

saturated cupric acetate solution.

Barium Di-isobutyroylmethane and Bengoyl Chloride. -«

Barium di-isobutyroylmethane (1 g.) and benzoyl chloride
(054 coc.) were refluxed for 5 min., in cyclohexane (50 e.c.)
After treatment as aboveythe final solution was concentrated
giving benzoyldi-isobutyroylmethane (0.93 g. 80%) m.p. 869,
A trace of copper di-isobutyroylmethane, m.p. 124° was
isolated on treating the mother liquors with saturated cupric

acotate solution,
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Mercury Di-isobutyroylmethame and Benzoyl Chloride., -~

A suspengion of meroury di-iosbutyrovylmethane (0.36 g-) in
cyclohexane (20 c.c.) was refluxed for 6.5 hr. with benzoyl
chloride (0.17 c.e.). During the reflux the mixture became
homogeneous. The final solution cbtained as above wes
evaporated to dryness giving a yellow oil vhich was chromato-
graphed on alumina. Petroleum ether eluted O<=benzoyl
di-isobutyroylmethane (0.22 g, 60%) identified by infrared
comparison. The material did not give a colour with ferric
chloride golution, Ether eluted traces of di=isobutyroyl-
methane identified by formation of the copper chelate,

MoPo 123=124°, No trace of benzoyldi-isobutyroylmethane wasg

eluted from the ehromntogremo

Copper Di-isobutyroylmethane and p-Nitrobenzoyl

Chiloride, = Copper di-isobutyroylmethane (1.37 g.) in

eyclohexane (100 c¢.c,) was refluxed for 30 min., with
penitrobensoyi chiloride (1.15 go)c The mizture was then
filtered, and the solvent evaporated off, giving.gﬁnitroe
bengoyl di-igobutyroylmethane (2.08 g., 92%), m.p. 104° ag
white nesdles, recrystallised from ether, (Pound: C,62.54,
H,6.36s Nolo56, CyeHygNO; requires C,62.94, H,6.27, N,4.59%),
A max. 208 (¢,12,000) and 268 mp (¢,20,500), Dmax, 1660 (€:0)

_a
and 1600 om.” (eromatic).
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Repetiticon of the above at room temperature. -
A mixture of copper di-isobutyroylmethane (1.36 g.) and
_p-nitrobenzoylchloride (1,36 g.) in eyclohexane (70 c.c.)
was allowed to stand for 24 hr, The reaction mixture was
then filtered,and the organic .otuti&n concentrated giving
_gfnitrobonzoyldiaiaobutyroylmothano (1.9 g. 86%), m.p.
and mixed m.p, 103-104° as white needles. The inorganic
product of reaction was proved to be mainly cupric chloride,
by its solubility in water.

Sodium Di-isobutyroylmethane and p=Nitrobenzoyl

Chloride., = A solution of sodium di-isobutyroylmethane
(0.33 g.) in eyclohexane was refluxed for 5 min. with
p=nitrobenzoyl chloride (0.35 g.). The reaction mixture
vas filtered hot, and the filtrate concentrated by distilla-
tion giving p-nitrobenzoyl di-isobutyroylmetheme (0.52 g.,
92%) m.p. and mixed m.p. 104°, No other product could

be isolated.

Reaction of Copper Di-isobutyroylmethane with

Benzoyl Chloride in presence of Pyridine., - Copper

di-isobutyroylmethane (2.1 g. 0,0056 moles) was refluxed
for 50 hr. with benzoyl chloride (4.3 c.c., 0.04 moles)

in cyclohexane (100 c.c.) to which pyridine (0.45 go, 0,006
moles) had been added. On filtering the reaction mixture,no
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inerganic product was isolated, and the organic

subgtrate was still blue. The oyclohoxanae

solution was washed with water, dilute hydrochloric acid
and sodium bicarbonate solution, dried and concentrated
giving copper di-isobutyroylmethame (1.6 g.), m.p. and
mixed mopo. 123-124°, No evidence of any reaction could be

obtained.

Reaction of Nickel Di-igobutyroylmethane with

Benzoyl Chloride in presence of Pyridine. = Nickel

di-isobutyroylmethene (2 g., 0.0055 moles) was refluxed for
48 hr. with benzoyl chloride (4L c.c.) 0.0035 moles) in
eyclohexane (100 e.c.) to whioch pyridine (0.85 g., 0.011
moles) had been added, Once again there was no sign of
reaction, and on treating as above, nickel di-isobutyroyl
methane (1.3 g.), mop. and mixed m.p. 170=-172° was

isolated.

Copper Bengoylisobutyroylmethane and Benzoyl Chloxride.

Benzoyl chloride (1.08 c.c.) was added to a refluxing

solution of copper benzoylisobutyroylmethane (2.05 g.) in
cyclohexane and the mizture was refluxed for 16 hr. The
final sclution obtained as above was concentrated giving a
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yellow gum, from which dibenzoylisobutyroylmethane (1 g.
50%) mop. 135-136° was isolated on treatment with ether and
petroleum ether, The mother liquors of the reaction were
chromatographed on alumina, The initial fractions eluted
with petroleum gave J=benzoyloxy-fi-methyl-l-phenyl-pent=2-=
ene~=l-omne (trace), m.p. 59=61°, Identity was confirmed by
infrared comparison., Ether eluted traces of benzoylisobmty-

royimethane identified by conversion to the copper chelate.

Sodium Benzoylisobutyroylmethane and Benzoyl Chloride.-

A solution of sodium benzoylisobutyroylmethane (2.0 g.) in
eyclohexane (100 co.c.) wes refluxed for LO min. with bemzoyl
chioride (1.1 ¢.6o)o The roaction was treated as above and
dibenzoylisobutyroylmethane (1.2 g.), mopo 133-136° was
isolated from the final solution, Chxomatography of the
mothexr liguors gave a trace of 3-benzoyloxy=j-methyl-l-phenyl-
pente2-eng=l=one, m.p. 56=59° from the fractions eluted with

petroleum ether.

Zinc Benzoylisobutyroylmethane and Benzoyl Chlorxride, =

A mizture of zinc benzoylisobutyroyimethane (3.25 g. ) and
benzoyl chloride (1.7 c.c.) in cyclohexane (160 c.c.) was
refluxed for 1 hr, The final solution obteined as above

vas concentrated giving a yellow gum, from which 3=benzoyloxy-
{~me thyl-l=phenyl-pent=2-ene-l.one (1.4 g. 32%), m.p. 60=61°
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crystallised. Further treatment of the gum with ether gave
@ solid m.p, 126<136° which, from infrared spectral evidence,
wae identified as a mixture of dibenzoylisobutyroylmethane,

and 3=benzoyloxy-/~methyl-l-phenyl-pent-2-ene-l-one (0.6 g.).

Barium Benzoylisobutyroylmethane end Banzoyl Chloride.-

A solution of barium benzoylisobutyroylmethans (2.1 g.) in
cyclohexane (100 c.c.) was refluxed with benzoyl chloride
(0.95 coco) for 20 min, The final solution obtained as
sbove was concentrated giving, on fractional crystallisation,

dibenzoylisobutyroyimethana (0,85 g. 35%) m.p. 130-136°,

Sodium Dibenzoylmethane and Benzoyl Chloride. =

A suspension of sodium dibenzoylmethane (0.83 g.) in ecyclo-
hezane (42 c.c.) was refluzed for 2 hr. with benzoyl
chloride (0,39 c.c.) the mixture being treated as above.
The final solution was concentrated giving vhite needles of
tribenzoylmethane (450 mg., 43%), mop. 245°. Dibenzeyl-~
methane was isolated from the mother liquors as its copper
derivative (0.2 g., 22% diketome). No O-benzoyl dibenzoyl-
methane was isolated.

Nickel Dibenzoylmethane and Benzoyl Chloride, =

Nickel dibenzoylmethane (1.48 g.) in cyclohexane (75 c.c.)
wvas refluxed for 2 hr. with benzoyl chloride (0.67 c.c.) and
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the reaction was then treated as above, The final solution
obtained was concemtrated géving a yellow solid (1.2 g.),
mopo 90-120°, which gave tribehsoylmothano (0.35 g 20%) and
a yellow gum on treatment with petroleum ether. This gum,
on standing,gave crystals of O-benzoyl dibenzoylmethane (trace)
me.po. 105=108°9, The combined mothexr liquors from the
crystallisations,on shaking with saturated cupric acetate
solution,gave copper dibenzoylmethane (0.3 g., 20%), m.p.
297°.

Ccpper Benzoyl-n-butyroylmethane and Benzoyl Chloride.-=

A solution of copper benzoyl-n-butyroylmethane (2.02 g.) in
cyclohexane (100 c.c.) was refluxed for 8 hr, with benzoyl
chiozride (1.02 e.c.) and the mixture was treated as above.

The final solution was concentrated and methanol was added
giving dikenzoyl-n-butyroylmethane (0.6 g., 22%) m.p. 108=11C°
as Tfine white needles. Copper benzoyl=n-butyroylmethane

(0.4 go, 179 diketone) was isolated from the mother liquors

after treatment with saturated cupric acetate solution.

Sodium Benzoyl=n=butyroylmethane and Benzoyl Chloride.

A solution of sodium benzoyl-n-butyroylmethane (1.88 g€-) in
dry cyclohexane (100 c.c.) was refluxed for 20 min. with
benzoyl chloride (1.04 e.c.) and the resction mixture was
treated ns above. Dibenzoyl-n-butyroylmethane (0,76 g.,
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29%) m.p.108=110° was isolated on concentration of the
reaction sclution, Chromatography of the mother liquors
gave 3=benzoyloxy-l-phenyl-hex-2-ene=l-one (0.45 g., 17%),
moPo U48=50° eluted by petroleum ether. Later fractions,
eluted by ether gave traces of benzoyle-n-butyroylmethane,
identified by conversion to the copper chelate, m.p. 132-134°

Morcury Benzoylen=butyroylmethane and Bemzoyl Chloride -

A mizture of mercury benzoyl-n-butyroylmsthane (1.8 g.) and
benzoyl chloride (0.72 c.c.) in eyclohexene (90 c.c.) was
refluxed for 4 hr, and was then treated as above. The final
solution was concentrated giving a vellow=red gum, which
cai1ld not be crystallised. The gum was therefore chromato-
graphed on aluming the initial fractions eluted with petroleum
ether giving 3-benzoyloxy-l=phenyl-hex-2-ene=l-one (0.7 g.
39%) s mopo 48<50°, The product gave slight colour with
fexrric chloride solution,

Zinc Benzoyl=n=butyroylmethane and p=Nitrobenzoyl

Chlexide. = A solution of ginc benzoyl-n=butyroylmethane
(0.42 g.) in cyclohezane (22 ¢.c.) was refluxed for 30 min.
with p-nityobenzoyl chloride (0.36 g.). The final solution,
obtained after treatment of the reaction as above, gave
_p-nitrcbonzoylbenzoyl-n=butyroylmethane (0. g0 62%), mopo

89=91° as yellow needles, A trace of copper benzoylen=
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butyroylmethane, m.p. 133=-134° was isolated from the

mother ligquors om addition of cupric acetate solution.

Nickel Benzoyl-n-butyroylmethane and gguitrobonsgzl_
Chlaride, = p=Nitrobenzoylbenzoyl-n-butyroylmethane (2.5 g.,

61%) was likewise isclated from the final solution obtained
from the reaction of nickel bemzoyl-n-butyroylmethane (2.7 g.)
and p-nitrobenzoyl ohloride (2.5 go) as desecribed on p. 175,

Copper Di-n-butyroylmethane and Benzoyl Chloride. =

Copper di-n-butyroylmethane (6.3 g.) in cyclohexzane (150 c.c.)
was refluxed for 3 hr, with benzoyl chloride (4.75 c.e.).
On treatment of the reaction mixture as above, a final
solution was obtained, from which a yellow gum was isolated
on comcentration, This gum was chromatographed on alumina,
and the initial fractions eluted with petroleum ether, were
rechromatographed, the initial fractions from this second
chromatogram giving O=benzoyl di-n-butyroylmethane (0.49 g.,
5.5%) .as a colourless oil,identified by infrared comparison
with an authentic specimen. Benzoyldi=-n-butyroylmethane
(0.8 go, 9%) was isolated from the benzene fractions from the
initial chxomatogram as described on p. 177-8,

Zine Chloride and 3-Bonaoylc:y-h-n0thyleltyh.nyloycnta
2-cne=l=one. = Anhydrous zine chloride (0.2 g.) was

digsolved in cyclohexane together with 3-benzoyloxy<i-methyl-




=l=phenyl-pent-2-ene-l-omne (0.25 g.)o The mixture was
shaken for 2 hr, and was then diluted with pyridine and
water. B iﬁo éypioh.xauo was vncﬁod with dilufo hydrochlaric
acid, sodium bicarbonate solution and water, dried and
submitted for ultraviolet analysis. Tﬁc regsults obtained
shoved that 80% of the 3-=benzeyloxy-h-methyl-l-phenyl-pent=2-=

ene-=1-one had been hydrolysed to benzoyl-n-butyroylmethane.

Zinc Chloride and Dibenzoylisobutyroylmethane, = A

gimilar experiment using zinc chloride (0.3 g.) and
dibenzoylisobutyroylmethane (0.35 g.) was carried out. On
treatment as above, the final solution was submitted for
ultraviclet analysis., The results showed that only 2% of the
starting material had been hydrolysed., On concentrating the
finzl solution, dibenzoylisobutyroylmethane was isolated in
90% yield, m.p. and mixed m.p. 135=136°,

Hydrolysis of the O-acylated Diketones with Exridino/

Water, - O=Benzoyldi-isobutyroylmethane (0.2 g.) was

dissolved in pyridine (30 c.c.) and a trace of water was added.
This mixture was allowed to stand for 24 hr, Cyclohexane

was then added, and the cyclohexane solution was washed with
water, dilute hydxochloric acid, sodium bicarbonate solution

and water, dried and submitted for ultraviolet analysis.
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This showed that a partial (10%) hydrolysis
of th;'starting material to di-=isobutyroylmethane haad
occurzred, On treatment as above both O=benzoyldi-n-
butyroylmethane and O=benzoyldibenzoylmethane were partially
hydrolysed (8% and 12% respectively).

Reastion of the C=Acvliated Diketones with Pyriqino/

e

Water, = Dibenzoylisobutyroylmethane (0.3 g.) was dissclved
in pyridine (25 c.c.) and a trace of water was added. The
mixture was allowed to stand for 24 hr, and was subseguently
treated as above, Ultraviolet analysis of the final
solution obtained showed that no hydrolysis had occurred
within the experimental error.

Similarly, neither tribenzoylmethane noxr dibenzeoyl-n-

butyroylmethane was hydrolysed on being treated as above.
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SUMMARY,
PART I

The discovery of 4-n-butyl-3,5-dioxo=-1,2-diphenyl-

pyrazolidine (Phenylbutazone), and its therapeutic value in the

treatment of rheumatoid arthritis, has instigated an extensive
study of pyrazolidine derivatives in an attempt to obtain a drug
with the physiological activity of phenylbutazone, but without
its attendant toxicity., Synthesis of 3-imino=-5-0x0~1, P=
diphenylpyrazolidine, by condensation of ethyl cvanoacetate with
hydrazobenzene eor by treatment of chloroacetylhydrazobenzene
with potasalum cyanide, opened the route to a parallel series of
compounds which could also have physiological activity. The
4=-ethyl homologue was synthesised similarly, but the 4-n~butyl
homologue (c.f. phenylbutazone) could not be obtained by these
synthetic routes, Further synthetic routes, including the
attempted reductions of 4-butylidine-3-imine=-5-o0xo-1,2=-diphenyl
pyrazolidine and 4-butyroyl-3-imino=-5-oxo0~1l,2-diphenyl
pyrazolidine also falled to produce the 4-n-butyl homologue,
Synthesis of 4-amino=3-imino-5-o0x0-1,2=-diphenyl=-
pyrazolidine, by reduction of the 4-isonitroso derivative, obtalned
by nitrosation of 3-imino=-5-o0x0-1,2-diphenylpyrazolidine, made
possible the formation of condensed cyclic derivatives of the
pyrazolidine, Condensation of the 4-amino derivative with
ethyl chloroformate gave 4-carbethoxyamino-3=-imino-5-oxo-1, 2=

diphenylpyrazolidine, which could not be cyclised to an iminazo=-




pyrazolidine, Nitrosation of the 4-amino derivative gave 4-azo-
3=imino=5-0x0~-1,2=-diphenylpyrazolidine, Condensation of the 4-
amino derivative with carbonyl chloride gave 4-carboxyamino-
3=-imino=5~0x0-1,2-diphenylpyrazolidine, in preference to
cyclisation to the iminazo-pvrazolidine, With glyoxal, the 4-
amino derivative gave 5-o0x0-1,2-diphenyl-3,4-pyrazino=-
pyrazolidine, The 4-amino derivative also self-condensed to
give 2,3=5,6-di-(5-0x0-1,2-diphenylpyrazolidine-3,4)=-pyrazine,
With acetylacetone the 4-amino derivative gave 4-acetylaceton-
amino=3-1imino=-5-0x0~1,2-diphenylpyrazolidine, Samples of some
of the above materlals were sent for testing for physiological

activity, but as yet no results are avallable,
PART 1II

It has long been known that sodium 'ssalts' of (3-
dlketones react with acylating agzents to give triketones and
enolate esters of the diketone, However, little or no
quantitative work has been done in determining the factors which
influence the proportion of the two products formed., In this
study, & quantitative examination of the factors, which might be
expected to exert a large measure of control on the product ratio,
was carried out, It was shown that the metal ion in the chelate
influences the product rstio, with metals which have a co-
ordination number greater than that reaquired for chelation, giving]

higher triketone to enolate ester ratios than those metals, whose

4



co-ordination number 1s that required for chelation, It was
also shown that steric factors in the organiec ligand affect the
product ratio, with triketone formation being favoured, if the
steric requirements of the diketone substituents are large, and
enolate ester formation being favoured if such recuirements are

small. Further, it was shown that electronic influences

assocliated with the ligand and the acylating agent also affect
the product ratlo. If the acylating agent in Syl in character %
and/or the diketone substituents are electron-withdrawing in y
character, enolate ester formation 1s favoured, Conversely, if
the acylating agent is Sy2 in character and/or the diketone

substituents are electron-donating in character, triketone

formaetion predominates, all other influencing factors being equal,

Finally, the influencee of reaction medis and temperature on the

product ratio have been studled, It is apparent that triketone
formation is favoured by an increase in the polarity of the
solvent, and a decrease in the temperature of the reaction, Based
on & historlcal development, and incorporating the above study,

a2 reaction mechanism has been postulated, substantiated by a

semi-quantitative measure of the rates of the reactions,




