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INTRODUCT ION
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I.1. Ge;grgl H

Many studies have been reported in the .
literature on the aliphatic dicarboxylic acids (I) and
their salts (II) and complexes (III).
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The se 1;101ude Investigations on malonie zeid
(I,II,IITI 5 n = 1) in relation to oxalic acid
(1,I1,IIT 5 n= 0), succinic acid (I,II,III 3 n= 2),
etes Many substituted malonic g.ids (IV) are also
“reported in the literature. These are tabulated in
table A.
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Mthohgh many substituted malonic acids are
known, only few referemces gre found in the literature
on their salts and complexes. A brief review on the
malonic and substituted malonic agcids and their saglts

and complexes 1s presented below.

I.2. Malopic and substdtuted malonic acids :

Various mono and di-substituted derivatives
of malonie acids are presented in table A. Besides,
- polymeric substances from mglonic est‘er“o,121 and
polymeric gmino malonie acid‘l 22 are also knowne

Infzja red spectra of the egters, amides and
sodium or potéssium salts of madonic and other
dicagrboxylic acids have been widely .’ ... L i
studiediu,}z“lzs“26’127,128’12_9’130’13“132”33.
Frequenctes were assignéd to the > G=0, >C~0~ amd -OH
groups and the influences of chelation and of sodium/
potassium atom on the spectrum were discussed. Infra
red spectra of the substituted malonie acids and their
esters (substituent = alkyl,chloro,bromo,pheryl,
nitro,benéylidene ete.) were also fivi:l ..l
@nvestigatedtsh»’las’l%u”’na. Hadzi and -Sheppard139
studled the infra red and proton magretic resonance
spectra of the malonie and other dlcarboxylic acids
and their deuterated derivatives and discussed the
dimeric nature of the acids. Edsall " amd Ghazanfartuo

141
Edsall and Myers imvestigatedd the Raman spectra



of malonic and othe\r dicarboxylic acids, their sodium 2
salts and their deuterated products and discussed the
influence of substituents, lonisation and deuteration

on the Raman lines.

Baly and Schaei:‘er'w2 studied the absorption
spectra of substituted malonic acids in aqueous,alecoholic,
alecoholic HC1l and alcoholic NaOEt solutions. Gragham and
M’a.cbethw3 studied the absorption spectra of the esters
and amides of the substituted bromo mglonie agcids in
aqueous,alcoholic and alkali solutions, compared them with
those of the bromo and nitro paraffins and discussed the
labile nature of bromine in these compounds.

Other studies on malonic and substituted malonic

Lhy
acids and their derivatives include thermal decomposition,

viscosityxrg electrical conduct:i.vity,i%.,lw"M8 catalytic
activitylkg etc. From the measurements of the electrical
conductivity of the solutions ard potentiometric titrations
were derived the dissoclation constants of substituted

150945191529153915%9155

malonic scids. /

I.3. Sglts and complexes of cobgit with malonic and
substituted maloniec gcilds

Raymond et al‘.”6 prepared hydrated cobalt
malonate. Thomasls7 observed that the double salf of
malonic geid with potassium ard cobalt (III) was unstable.
Krebbs et al.158 found that although the double salt of
oxaglic acid with potassium and cobalt (III) could be

»



partially resolved with starch, such resolution could xSE
be agchieved with the cofrequn&ing malonate. Kgpadia}59
attempteﬁ to piepare the cé%dination.polymer from potassium
cobalt (II) malonate and formaldehyde.

Complex cations containing cobalt (III), malonate
and a coardinatiﬁg ligand such as ethylere diamine,
diethylere triamine, 1,10-phenanthrolire etc. have bsen

160916191629163

Prepared. Similarly complex anions containing

cobglt (III), malonate and nitrite or ethylene diamine
algcetate were obtained. — '’ Salts of eobalt (III)
with malonic (or oxalic) acid and glyéine were also
obtained.166’167

Dwyer, Reld and Garvanl68 prepared the complex
anion containing cébalt (III), malonate ard ethylene I
diamine and studied its resolution into 1ts cpical isomers.
Percival gnd wardlawlsg prepared the oxy-complex anion
containing oxy-cobalt and malonate and carried out cryoscopic
and conductivity measurements to study its dissoclatlon.
Formation of intermediates in the regction between cobalt
and malonic gcid were studied by the temperzture jump

170
method by Cavasimo.

van Saun and Douglasw1 resolved the complex
anion,ofvcobalt (III) with ethylerediamine dlacetate and
mglonate and studied their circular dichroism and proton
magnetic resongnce spectra. Yoneda and Ebrimotol72’173
Prepared the complex ions of cobalt with malonic acid .-
and ethylere diamine and studied their PMR spectra. They

Observed a quartet and. attributed it to CH, groupe
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They observed that the proton signal disappearéd on
keeping the sample in D30 overnight. Buckinghaml?u
studied the PMR spectré of such complexes ard used them
to differentiate between cis and trans isomers. PMR
spectra of cobalt malonates were also discussed by
Milrer and Prattt?s Absdrption sﬁectra, circular
dichroism and optical retztory dispersion of the anionie
cobalt malonate complex were studied by Hidaka et ::).L.“6
and Douglas et a1.177 Ranadae and Subba Raow8 determined
the magretic moment of cobalt malonate. Ion exchange
studies vusing 600q were carried out by»bbnkt79 Mannirg
rand Mbnklso and Suzukif81 The dissociation constants of
cobalt malonates‘havé been determined by potentiometrie,
spectrophotometric ard conductometrie methods.lsa’las,leu’leg
Calorimetric studies 186 led to the evaluation of the
enthalpy of formation of cobaglt malonate.

Kopple and Miller ’ §_tudied the reduction of
cobalt (III) malonate cation with bivalent chromium,

Cobalt salts of the substituted madonic pcids
have been prepared z~<z.a<:eal'x.1",13r18~8 ard their relative

stabilities are considered.

I. 4. $Sglts and complexes of copper with maloniec and

substituted molonle seids :

189
Wendt studied the formgtion of copper malonate

1909191
by the relaxatiénumethod uging a sound tube. Suzuki -

determined the dissociation constant of copper malonate

192 193919
from EMP megsurements. Riley and Ives and Riley
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preparéd ecopper sélts of malonicec and alkyl malonie acids,
determined their electrical conductivity Imiselution and
discussed the effect of glkyl substitution on the
stabllity of the anionic copper malonate:complex.
Ives195 also studied the effect of pyridire on the
conductivity of copper malonate in sglution. Kapadiaésg
attempted to prepare the coordlnation polymer from
potassium copper malongte and formaldehyde.
The dissociation constants of copper'malonates -
in solution were investigated by spectrophotometric,
‘potentiometric, polaroéraphic,conductometric and kinetiec
methods.lsz’la5,196’197'198’199’200 The dissociation
constants of the salts and complexes of copper with
substituted mglonic gcids were studied by potentiometrie
ard polarographic meth.ods.ws’aouzo2
From the calorimetric -studies of copper malonate
and oxalate, their enthalpy of formation was calculated.xse’aq
Rajanaou investigated BESR spectra of the salts
of copper with malonic and other dicarboxylic acids
and aiscussed~the palring of copper atoms. Graddon?os
studled the gbsorption spectra of the salts of copper
with mgloniec and substituted malonic gcids.
Mary studieszye,206,207,2089209,2}0,211 vere
made on the mggretic moment of the salts and complexes
of malonic gnd other dicarbvoxylic geids. Low values were
obtaired in many cases and were related to the spin-pairing

resulting from the dimeric and polymeric chains.



I.5. Salts_and complexes of nickel with malonic and
substituted malonle gcidg

The formation of nickel mglonate has been

invest igated by pressure jump, temperature jump and

T 2129213921%9215 159
relaxation methodss ’ Kapadia. attempted

to prepare the eoordination polymer from potassium
nickel malonate ard formaldehyde.

Products of the thermal decomposition of

216
nickel malonate have been considered by thermogravimetry.

186920
Calorimetric studies - = > 2of nickel malonate led to

the determination of its enthalpy of formgtion.

The dissociation constants of nickel malonates
have been determined by spectrophotometric agnd

1849185919892179218
potentiometriec methods. The
dissoclation congtants of the nickel salts of the
substituted malonic acids were studied by potentiometrie,
: 18831949201

conductometric and polarographic methods. The
" stability constants of the complexes of nickel with
dithio malonic, dithio oxalic and dithio carbonic aclds
. 219
were determined by spectrophotometfic method and
their relative stability was considered.

The magnetic moment of the nickel salts of
malonic and other dicarboxylic gcids were determined by

178 211
Ranadae gnd Subba Rao and by Ploguin and Vergneau .

; 175
PMR spectra were discussed by Milner and Pratt.



I.6. Salts ard gomplexes of iron with malonic and
substituted malonie acidg :

Weinland and Loebich220 observed that iron in
complex iron (I11) palonates could be in the cation or
the anion. Jaeger and Gmm:lngeanza1 found that the
complexes of alkall metal and iron (III) with malonic
acid could be obtained in .racemic form only. Complex-
forming ability of malonic acid with iron was investigated
in relation to the catalytic oxldation of iron. - oo

The formation of iron malonates and thelr
stability constants were depermined by spectrophotometriec,
potentiometric,polarographic and solubility |
methods‘zaugzzﬁ,zze,227,228

The absorption spectra of the anionic iron (II)
mglonate complexes were studied by Hatf1e1d229 and ligand .
field parametgrs were determined.

Magnetic moments and Mossbauer spectra of the
complex iron malonates have been widely studied in recent

23052313232923392349235
years. ’ 3~’ ’ ? ? The mgpgnetic, X-ray and
thermogravimetric studies on the hydrated iron (II)

236
malonate are also reported.

I.7. Salts and complexes of manzanese with malonic apd

substituted mglonic zcids é
Formation of the complex marganese (III)
. 23792383239924%0
mglonstes was studied by warious workers.

241
Conductometric, spectrophotometric and pH studies
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showed the preserce of 1l:1 salt in the solution of
manganese (II) malonste.

The dissociation of manganese malonates in

24529243
solution was studied by lon excharge and kiretic methods

. 1849185
amd by spectrophotometric and potentiometric methods. y
2y, .
Dirgle - observed d-d and charge-trans{e"r
transitions in the absorption spectrum of mangarese malonate
25 246
and Cohn and Townsend studied its BSR spectrum. Gray(Jr.)
178
and Ranadae and Subbg Rao determired the magrnetic moment

of the malonate armd oxalate complexes of mangarese.

I. 8. Salts and complexeg of zine with malonic and
substituted mglonic gcids s

Rowlands and Mankaw studied the solvent
extraction of the zinc salts of malonic and other
dicarboxylic acids and proposed two stages of assoclation.

The dissociatlion constants of the zinc salts of
malonic and substituted malonic agcids were determired by
conductometric and potentiocznetric'methods.ws”qo" arr By zon

Investigations were carried out on the thermal
decomposition of the zinc salts of malonic and other
decarboxylic acids in the pure state and as a deposit on
COalozw

Thermodynamic cgleulations have been made by
I‘Ta.il'zw3 on the zimc salts of malonic and other dicarboxylic
acids and by Georgeaso on the Salts(of first transition

series metals with Variou‘s ligandse
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' 251
Mata Prasad et al. studied the diamggretism

of the salts of zinc,magresium ete. of malonic acid.

1.10. Pregent work :

‘ Kapadla investigated in our laboratorie s the
possibility of polymerising the anlonic méionate complexes
containing bivalent transition metal ions such as copper,
nickel or cobalt, using formaldehyde solutions. Many
difficulties were encountered in establishing the regction
and identifying the products. Tt was congidered essential
to krow the nature of the salts and complexes of
substituted malonic geids. The literature survey showed
that only a few compounds were known. Hermce it was suggested
that salts and complexes of substituted malonic acids be
prepared and studied., For that purpose benzylidere malonie
acid and its derivatives can be selected. The acids

decompose on heating into cinnamic acid and its derivatives.

G
O]
E

Q

00H

O0H

Therefore the salts of these aclds should be prepared under
different conditions. It would provide comparison for the
different methods adopted.

The phenyl group in the gcid would cause steriec
ilindrance ard would result in disturbing the coplangrity
of the molecular system. It was believed that the present
investigations would help in assessing the deflection

due to the steric factor. .



Further the preparation of salts and complexes

of these gcids should assist in correlating the behsviour
of malonic ard substituted malonic geids in their salts

and complexes.

1.

2.

k.

5.

With these considerations imview, 1t was proposed

to prepare benzylidene and substituted benzyliders
malonic acidss

to prepare their salts with transition metal ions of the
first' transition series, by different methods;

to prepare their~déuble 3atts (complexes)with potassium
and transition metal ions ; )

to evaluate the effect of steriec hindrance on the
Planagrity of the zeid molecule H

to determine the electrical conductivity,magretic
susceptiblllity and absorption spectra of the salts and

complexesg prepared.

The investigations carried out as above and

the results obtained are presented and discussed in the

followirg pages.
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II, EXPERIMENT AL

IT, 1. Geperal :

1 ( 1) . Reagents and solvents :

All reggents and solvents used were of C.P.

grade or better.

1 (11 ). Applysis of new products :

Analysis of new products were obtained for
metal, nitrogen, carbon and hydrogen as required

(by micro methods ).

1 ( 111 ). Melting point :

All melting points recorded herein are

uncorrected.

1 (iv ). UV _Speetra :

The ultra-viodet absorption spectra of the
compounds in solution were prepared from the resdings
of the Beckman Spectrophotometer model DU using 10 mm

matched quartz cells.

1 ( v ) . Visible spectras :

Absorption spectra in the visible regionof

some compounds in mjol mull were obtairned for us on a

-



recording spectrophotometer. : ¥i 5

1 ( vi ). Blectricsl conductivity :

Electiical conductivity of some compounds in
*
solution was megsured on Toshniwal s conductivity bridge

model CL-01 using platimum electrodes.

1 (vii ) Magpretic susceptibility
Magretic susceptibility of the transition metal

2
compounds was determined at room temperature on Gouy s

magnetic balance using cglibrated pyrex glass tubes.

1 (viii ) Paper_ chromstography s

An attempt was made to fractionate a few of the
“®hasic ?? and Wacidic » salts by ascending paper
chromatographic technique, using filter paper strips
( 1e5 P x 10 2 ).

1 ( 1x ) Thin-lgyer chromatography :

TIC technique was adopted in studyirg the
nature of some fgcidic ? and Ypasic ¥ salts using

silica gel.

The observations and results of the various
determinations for different compounds are given at

appropriate places in the following pages.
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11,2, bgtituted mzlonic aci benzylidepe malonic
agids 1

(1) Bepzylidene malopic acid :

252 .
The method of Fujiwara and Naruse was

adopted for its preparagtion.

Benzaldehyde (1 mole), malonle geid ( 1 mole)
and piperidine (0.1 mole) were mixed and heated on a
water bath for about 1 1/2 hours. The mixture changed
into a homogeneous liquid in about fifteen minutes and
after twenty mimtes g vhite solid began to separate.

At the end‘the whole regetion mixture becamessd18d. It
was dissolved in sodium biegrbonate solution and
extracted with ether for removing unreacted benzaldehyde.
Cn geidification-of the aqueous solution white solid was
obtaired, which was washed with water,dried and
recrystallised from hot water as white needles, ﬁ.pg
195-6 .

It is soluble in hot wateryacetore,aleohol,
chloroform and ether and sparingly soluble 1n benzene and
petroleum ether,

E-values of the compourd in methgnol and alkalil
solutions in the ultraviolet region of the spectrum are
presented in table 1.

(11) Ortho-chlorobenzylidere malonic acid :

It was prepared gccording to the method of

253
Pandya and Pandya .
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. Table 1
B-Value of the benzylidene malonic acid in different

solvents in the ultra-violet region (360-220 mp)

Wave-length B-value
(mp) ‘
in methanol in alkall

360 13.15 0.00
352 15.79 . 0.00
34k 15.79 - 0.00
336 23.68 0.00
328 . 36.84 0.00
320 85451 0.00

. 312 181.6 0.00
304 355.2 77466
296 5459 33449
288 7104 601.9 ’
280 87,9 86,0
272 47,1 957.9
261 618.3 8543
256 460.7 659.9
248 : 322.3 475.6
240 226.1 359.1

232 236.2




-

Ortho-chlorobenzakdehyde (1 mole) ,rr{alonic ac‘iz8
(1 mole) were heated on a water bath for 4 hours. After
abdut 2 hours, a white solid began to separate. At the
end the whole reapction mixture was taken in sodium :
bicarbonate solution. it was extracted with ether for
removing unreacted'ortho—chlorobenzéldehyde. The aidehyde-,
free filtrate was gecidified with hydrochloric acid and
left overnight. The precipitates were filtered,washed
with coid water and dried. The product was recrystallised
from ether + petroleum ether as white erystals, m.p.1920.
» It is soluble in hot water, 'acetone,alcohol and
ether and insoluble in benzene,chloroform and petroleum
sther.
| E-values of the compound in methanol and alkalil
solutionsin the ultra-viotet region of the spectrum are
presented‘in table 2.

(i14) Para-chlorobenzylidene malonic acid :
It was prepared by the method of Fandya and
Pandyaf53 . ‘
Para-chlorobenzaldehyde (1lmole), malonic gcid
(1 mole) and alcohol (15 ql;) were heated on a water bath
for about 4 hours. After about 2 hours, a white solid
began to separate. At the end the whole reaction mixture
was taken in sodium biecarbonaste solutlon. It was extracted
with ether for removing unreacted para-chlorobenzaldehyde.
The agldehyde-free filtrate was acidified with hydrochloriec

acid and left overnight. The precipitates were filtered,

-

S~
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E-Values of the substituted benzyliderne malonic acid

Table 2

in different solvents in the’ultra—violet region

(360~ 220 mp)

-

Wave- Bevalue

length o-chlorobenzylidene p-chlorobenzylidene

() malonic gcid B malonic acié
in metharol  in alkali  in methanol  in alkali

360 0.00 0,00 8.06 0.00
352 0.88 0.00 14.51 0.00
34k 2420 0.00 29.02 11.27
336 9.42 0.00 40.31 14,08
328 16.73 0.00 80.63 18.31
320 46,22 0,00 161.3 28.16
312 99.47 L4511 319.3 129.4
3% 165.9 121.9 49949 309.8
296 2597 2439 640.6 521,1
288 3763 LAY 728.8 7464
280 48,2 579.2 730.5 926.6
272 Shl.b 6572 66142 922.2
264 506.1 597 o1t 540.1 802.8

- 256 405.0 475.5 Y1k 631.0
248 290.5 366.6 31,5 471.8
2410 220.1 292.6 258.0 4OY. b

232 345.5 426.9 32245
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washed with cold water and dried. The product was
recrystallised from dilute aleohol as white crystals,
m.p.l97-8°(decomp,)

It 1s soluble in hot water,aslcohol,ether and
acetone and insoluble in benzene and chloroform.

Bevalues of the compound in methamol and
alkali solutionsin the ultra-violet region of the
spectrum ard presented in table 2.

(1v) Para-methoxyberzylidere malopic acid :

It was prepared by the method of Pandys and

254
v ahidya. .

Anisaldehyde (1 mole),malonic gcid (1 mole)
and few drops of piperidine were heated on a water bath
for 4 hours. The mixture changed into a homogeneous liguid
in 1 1/2 hours and in amther 1/2 hour yellow solid began
to separate and at the end the whole reaction mixture
became solid. It was dissolved in sodium bilcarbonate
solution and exfracted-with ether for removing unreacted
anisaldehyde. On acidifieation yellow solld was obtained.
It was filtered,washed with cold water,dried and
recrystallised from dilute alcohol gs yellow crystalsy
if,pe 1956 .

It is soluble in hot water,alcohol,acetore and
insoluble in benzene,petroleum ether,ether and chloroform.

B-valvues of the compound in methanol am alkgli
solutions in the ultra-violet region of the spectrum are

presented in table 3.



‘Table 3 8 1
BE-Values of the substituted bengylidene malonic acid
in different solvents in the ultra-viodet region

(360 - 220 mp )

Wave- E-value
length
. p-methoxybenzylidene p=nitrobenzylidene
(mp) malonic acid malonic acid

in methanol in alkali in methanol in alkall

360 50,29 0.00 52.38 235.3
352 9427 0.00 89,30 358.8
3k 175.3 0.00 148 .8 482.2
336 310.6 0,00  232.1 576..8
328 510.1 22.61 308.5 637.5
320 7328 1342 3987 658.8
312 862.2 427.6 458 .3 6234
304 826.2 6314 488.1 566.6
296 751.3 852.5 488.1 447 .0
288 65347 1013.0 466 .7 358.8
280 520.8 999.7 429.7 285.9
272 360.7 815.6 386.9 26243
261+ 229.9 532.8 341.7 270.5
256 143.6 2960 300.0 317.7
248 125.0 1640k 271k 382.3
2140 237.1 124.9 2643 470.6

032 4583 2631 97642




(v) Pg,gg-nitroﬁenzzlidege malonhic_gcigd 82

The method of kbrekwald255was adopted for its
preparation.

Para~-nitrobenzaldehyde (1.2 g.), malonic acid
(L% go), ammonia (1.2 g.) were mixed and alecohol(2.5 ml.)
was added to it. The whole reaction mixture was heated to
60—700 for 2 hours. In first: 1/2 hour, the mixture
remained clear and then suddenly became turbid. The
regetion mixture was taken into dilute sodium hydroxide
solution and unreacted para-nitrobenzaldehyde was removed
by filtration. On acidification of the filtrate with
dilute sulphuric gcid, a yellow solid was obtained. It was
filtered, washed with water and dried. The product was
recrystallised .4rom dilute gleohol as yellow erystals
melting at ?_27o with decomposition.

It is sparingly soluble in hot water and soluble
in 211 common organic solvents execept benzere and
eéhloroform, '

E-values of the compound in methancl and alkali
solutionsin the ultra-viodet region.oflthe spectrum are

presented in table 3,

I1.3. Co-salt of substituted malopic acidg @

(1) Partition method :

Substituted malonic acid dissolved in ether was
added to the solution of cobalt geetate dissolved in

water (ligand: metal:: 1.5 : 1 ). The solution was
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stirred at low spéed for two hours at low temperature
and left overnight. The ether layer was separated and
the precipitates were filtered,washed with water,acetone
and ether and dried.

(11) Acetate method :

The alcoholic solution of substituted malonic
acid and aqueous solution of cobalt acetate were mixed
(ligand:metals:s 1.2 ¢ 1 ) and refluxed for about 6 hours.
They were filtered,washed with water,alcohol and ether
and dried.

) (11i) Carbonate method. :

‘ To a dilute solution of the substituted malonic
acid in water, cobalt carbonate was added (ligand:metals:
l—c2 t 1). The solution was boiled for half an hour amnd
filtered hot to remove unrescted cobalt carbomte. The
filtrate was taken in an evaporating dish and coreentrated
on a water bath. The precipitates were filtered,washed
with water,acetone gnd ether and dried.

(1v) HBydroxide method :

The aqueous solution of substituted malonie
acid and suspension of cobalt hydroxide in water were
mized (ligand: metal:: 1,2 : 1 ). Thé resulting solution
was boiled for half an hour and filtered hot for removirg
wiwrescted residue. The filtrate was concentrated in an
evaporgting dish on a water bath. The precipitates were
filtered,washed with water,alcohol and ether and dried.

The cobalt hydroxide used was made by adding
hot solution of sodium hydroxide to a boiling solution
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of cobaglt sulphates The precipitates were filtered,washed
several times with hot water and used wiéﬁﬁé;ying.

They are slightly soluble in water,alcohol,
pyridire and dimethyl formsmide ard insoluble in all
other common org;nic solvents. The colour,mep., analysis
etc. of these complexes are presented in tables 4 to 8.
E-values of the compounds in/methanol in the ultra-violet
region of the spectrum are presented in tables 9 to 13.
The mgss magretic susceptibilities and dlamagnetic
corrections of these complexes are gilven in tgbles
14 to 18. '

II.4. Cu-salts of substituted malonic acids :

(1) Pgrtition method :
Substituted malonic acid digsolved in ether was

added to the solution of copper acetate dissolved in
water (ligand:metal:: 1.5 : 1). The solution was stirred
at low speed for two>r hours at low tempsrature gnd 1eft
overnight., The ether layer was seéparated gnd the
precipitates were filtered,washed with water,acetone and
ether and dried. »

(11) Acetate method

The alecoholic solution of substituted mglonie
acid and aqueous solution of copper acetate were mixed
(ligand: metal 22 1,2 + 1) and refluxed for about six
hours. They were filtered,washed with water,gleohol ard
ether and dried.

(111) Carbonate method

To a dilute solution of substituted malonic acid
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. Izhle 9 L
E-Values of the compounds in methaml in the
ultra-violet region (360-220 m)

Wave- E- Value

length . :
(mp)  Co BM (PA) Co BM (CA)  Co BM (HY)
360 625 463 9.67
32 . 8.33 463 9.67
34 10.42 5455 14,67
336 15.63 6 48 20,66
328 20.83 12.03 26,67
320 36446 19,45 36434
312 83.33 35.19 57 «99
30k 189.5 74,08  85.00
296 333.3 120.3 1173
288 §45.8 159.,2 14904
280 51245 182.5 188.7
272 518 .7 17847 196.2
264 477.1 175.0 216.0
256 4062 180.5 237.3
a8 307.3 161.1 220,0
240 255.2 1511 223.%

232 302.1 183.3 306.7




Pable 10

Eevalues 'of the compounds in methanol in the ultra-

violet region (360-220 mp)

-

51

Wave- Eevalue
length
() Co C1M(PA) Co C1M(HS) Co C1M(CA) Co C1M(HY)
360 10.97 15.53 5.15 9.00
352 6.10 18,49 5.15 9,00
3 9476 22.29 5.15 9.00
336 13.42 2.35 8.82 12467
328 20473 35.14 14,71 1§.oo
320 39,64 586k 29.42 41,01
312 79427 B65 67466 91.66
304 132,30 158.80  117.70 131,70
29 201,20 231,10 18240 - 176,00
288 271.90 310,90  247.80 226,70
280 333.00 375,00  305.90 2714400
272 365.30 . 15-96.10 332.40 323.30
261 36650 398,70 322,10 30600
256 - 330,60 371.00 272400 265,10
248 26340 306,80 213,20 213,30
240 235,40 281,00  181.70 185.00
232 359.80 437,80  275.70 260.00
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Table 11
Optical density of the comp8urds in methanol in the
ultra-violet region (360-220 mp)

—

Wave - Optical density
length.

(mp)
Co ChM(PA) Co ChM(HS) Co ChiM(CA) Co ChM(HY)

360 0,017 0.010 0.012 0,023
352 0.020 0.013 0.012 0.023
3k 0,025 0.020 0,014 0.023
336 0.037 0.032 0.023 0.02%
328 0.062 0,056 0.038 0.036
320 0,117 0.102 0.080 0.658
312 0.245 0.220 0.180 0,120
306 0.430 0402 0.335 " 05225
256 0.5§0 0.570 0.478 0.320
288 0.718 0,708 0,600 0.402
280 0.749 0.775 0.651 0,447
272 0.718 0.740 0.639 0432
26} 0.622 0.695 0.590 o.3é5
256 0.520 0.618 0.512 0,340
248 0,395 0,478 0,400 0.260
240 0.34k 0.428 0.329 0.210

232 C.482 0.602 0,418 0.245




Table 12

E-Values of the compourds in methapol in the

ultra-violet region (360-220 mp)

Wave - E-value
length
(mp)
Co MM(PA) Co MM(HS) Co MM(CA) Co MM(HY)
360 25,00 11.11 12,79 9.72
352 38.16 20,64 23.13 16.66
34k 69.15 45.2% 50.00 30.56
336 129.6 100.8 106.3  58.33
328 227.0 203.1 203.2 1054
320 354.0 347.6 340,0 170.1
312 483.7 498 4 471.9 234.7
304 538.3 569.8 535.7 252.1
296 563.9 610.2 561.3 268.0
288 552.7 59346 53941 258.3
280 L90.4 5142 465.7 229.2
272 L0646 39.8 351.3 180.5
264 2.2 295,2 250.0 ' 140.9
256 302.7 223.8 182.5 113.2
248 261.9 1746 140.6 89.58
240 317.1 212.6 182.5 107.6
539.5 403.2 34649 194.5

232




Table 13 ' 3
E-Values of the compounds in methanol in the ultra-

violet region (360-220.mp)

Wave - Bevalue
length
(mp)

Co NM(PA) Co NM(HS) Co NM(CA) Co NM(HY)

360 6418 69.69 78.68  72.01
352 111.5 115,2 135.3  122.0
3 179.0 . 183.3 212.0  196.0
336 253.3 261.3 30155 27640
328 322.9 333.% 382.3 354 .0
320 369.9 378.7 439.7  412.0
312 383.7 3.7 467 432.0
304 368.2 378.7 450.1  416,0
296  327.4 3440 41,8 368.1
288 273.6 300.0 349.3 3040
280 214 .8 250.0 2?5&6 242.,0
272 174.3 206.1 261.7  200.8
264  153.3 19.2 2l 179.3
256 1642 2046 264 .0 180.8
248 178.3 213.6 279.5  198.0
240 212.1 2440 328.1  232.0

232 267.5 312.9 426.5  284.1
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100
in water,copper cafbonéte was added (ligand:metals:
142 :1 ). The solution was boiled for half an hour and
filtered hot to remove unrsacted copper carbonate. The
filtrate was taken in én e?aporating dish and concentrated
on a water bath. The precipitateswwere filtered,washed
with water,acetone and ether and dried.

(iv) Hydroxide method :

The aqueous solution of substituted malonic
acid and suspension of copper hydroxide in water were
mixed (ligand:metals: 1.2 : 1 ). The resulting solution
was boiled for half an hour snd filtered hot for removing
unreacted residue, The filtrate was concentrated in an
evaporating dish on a, water bath. The precipitatés were
filtered,washed with water,alcohol and ether and dried,

The copper hydroxide used was made by adding
cold solution of sodium hydroxide to g cold solution of
copper sulphate. The precipi%tes were filtered,washed
several times with cold water and used without dryinge

. Besides the wsual blue coloured products,
green coloured pfcducts were obtained in a few cases.

They are slightly soluble in water,aleohol
and dimethyl formamide and insoluble in all other
commoﬁ organic solvents (Grass green coloured salts are
also insoluble in water).

The colour,m.ps,analysis etc. of these
compisxes are presented in tables 19 to 23.‘E~values of

the compounds in methamwl in the ultra-violet region of
¢
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the spectrum are presented in tables 2+ to 26. The mass
maénetic susceptibilities and diamagnetic corrections
of these complexes are given in tagbles 27 to 31s

II.5. Ni-galts of substituted malonpic a¢ids :

Attempts to prepare salts of nickel by
partition or acetate method were unsuccessfule

(1) Carbonate method :

To é dilute solution’of substituted mglonic
acid in water,nickel carbonate was added (ligand:metals::
1.2 : 1 ). The solution was boiled for half an hour and
filtered hot to remove unreseted nickel carbonate. The
filtrate was taken in an evaporating dish and concentrated
on a water bath. The precipitates were filtered,washed
with water,scetone and ether and dried.

(11) Hydroxide method : /

The agueous solution of substituted malonic
acid ard suspension of nickel hydroxide in water were
mizxed (ligand smetals:s 1.2 :1 ). The resulting solution
was boiled for half an hour and filtered hot for removing
unreacted residue. The filtrate was concentrated in an
evaporating dish on a water bath. The precipitates were
filtered,washed with water,alcohol and ether and driedd

The nickel hydroxide useé was made by adding
- hot solufion.of sodium hydroxide to a boiling solution
of nickel sulphate. The precipitates were filtered,
washed several times with hot water ard used without

drying~



Table 2l 107

E-Values of the compounds in methanol in the

ultra-violet region (360-220 mpu)

-~

Wave~length L E-value
(mp) ( .

Cu BM(CA) Cu BM(HY)

( Blue ) ' ( Blue )
360 31 3.20
352 .92 3.90
34k 6.06 4.96
336 8.71 5.67
328 13463 9.57
320 16.66 | 12,76
312 25,00 19.51
30% 38 .64 30.50
296 55,31 48.22
288 7841 73,07
280 109.8 105,0
292 152.3 152,5
264 20746 201.8
256 24649 23649
248 AR 236.9
240 2345 223.5

232 246.2 227.0




Igble 25

B-Values of the compounds in metharol in the

ultra-violet region (360-220 mpm)

108

Wave - E-Value
length

(m}n) Cu C1M(PA) Cu C1M(HS) Cu C1M(CA) Gu C1M(HY)
360 333 9.48 7400 6.25
352 3.33 11.20 13.00 6425 .
3k 3.33 11,20 15.00 8475
336 13.33 20,68 19.00 10,80
328 28.00 28 ok 32,00 16 .88
320 58 .66 49,14 60,00 31.25
312 120,00 8447 107.00 5% .38
304 193.3 1379 172.0 87.50
296  283.3 193.9 245.0 131.2
288 385.3 256 48 320.0 1794
280 45949 314.7 380,0 225.0
272 49246 349.1 411.0 261.3
261 479.3 35649 410.0 27246
256 %11.3 3344 371.0 261.3
248 341N 28847 308.0 234N
240 31%.7 277 ¢6 288 .0 210,6
232 439.9 3724 410.0 243 .8
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. Table 26 10
E-Values of the compounds in methanol in the

ultra-violet region (360 - 220 mp)

-

Wovee Be Value

length
(mp)  Cu NM(PA) Cu NM(HS) Cu NM(HS) Cu NM(CA) Cu NM(HY)
(Green) (Blue)

360 45.00  43.05 %9.99 %9.99  50.00
3522 8%.37 76.38 79.86 84.72 95.00
™ 1456 1354 138.5 7.9 170,0
336 2344 216.6 216.6 231.2 2792,0
328 330.0 311.1 298.6 319.5 385.0
320 412.5 381.9 37540 401 .k 482.0
312 467.6 429.1 436.1 %50.0 548.0
304 482.5 459.7 454 .7 L7242 56040
296  457.5  461.7 447,9 450.6  533.0
288 412,5 438.8 yoy,2 409.8 , 478.0
280 36k .4 - 4242 388.2 36k4.6 416.0
272 314.5 406.9 3763 322.9 360.0
26k 288.1 408.3 381.9 306.9  323.0
256 286.3 Lok, 1 409.8 313.8 316.0
248 288.7 388.9 401k 315.3  324.0
240 308.1 39%.5 430.5 340.4 339.0

232 356.3 465.2 555.5 409.8  370.0
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They ar; slightly soluble in water,aleohol
and dimethyl formamide and insoluble in all other
common organic solvents.
The colour,m.ps., anglysis ete. of these
complexes are presented in tables 32 and 33 .UPh@@L elensities
of the compounds in methanol in the ultrg-viodet region
"of the spectrum are presented in tables 34 and 35. The
mass mggnetic susceptibilities and dismagnetie

corrections of these complexes are given . in tables

36 and 37¢

IT.6¢ Zn-salts of substitubed malonic acidg ¢

. Partition method : |

Substituted malonic acid dlssolved in ether was
added to the solution of zinc acetate dissolved in water
(ligand :metal:: 1,5:1). The solution was stirred at low
speed for two hours at low temperature and left overnight.
The etherial layer was separated and the precipitates
were filtered,washed with water,acetone and ether and
dried. o

They are slightly soluble in dimethyl formamide
and pyridire, iinsoluble in water and all other common
organic solvents (Zn NM is sparingly soluble in water).

The colour,m.p.,anslysis ete. of these

complexes are presented in table 38.

I1.7¢ Mn-salts of substituted malonie gcids @

Partition method
Substituted malonic acid dissolved in ether was



116

, : : usedd
06*92 49*1¢  €8°9%  ho*ee  fmtoBToTeHED << FUSTT 8j'UOqABD (VD) WUD TH. °§
. . usedd , :
88*4T  96°9¢ 156°8L 4T°6€  TNTDS*%0°7HC "D < FUSTI SPIXO0JpAH  (AH) WUD TH °*H
, ) Usoedd
G6°9T G9°HE  08°4T 14°2€  INTDS*L0FTHOTD < U1 ePTXoaPAH  (XH) WID T °€
o Uogd 8 ‘
TO°ST  89°0¢  09°Hi G5 1€ INTOP Tl O 7D < WET] ejeUOqIB) (YD) WID W °2
. . , ugedsd
9g*4e  66°81T h6*lz L6681 EnéTo%tno Ty < WSTT epTXoapAy (RH) Rg TH 1
*pbaa *pbeua punog TUnoF
W% D% IN % D% )
BIWI OF
s1s41BUy hy1Yej o) poyg ey xepdwop oy

-

0% OTUO|BW PeaNgI4squs JO SF[E8 [oH0 IN
ZE o1qey




1117

. " uesad .
§0°9T 'eg'et  ga*ST  T6Uet e ot O Ty WOE < WYL ePTXOUPLH  (RH) HN T *H
) ] ueedsd
6RTIT  2E°TE  H8"IT  48'0f  fm™wé™0®%mlhp dok: < ST ejeuoqa®y (YD) WN W °€
Usodd
€8°Tc #h*62 Etx*Ie  ee°6e fmétommtty 00 < T8 opTX0IPAL  (XRH) MW W °2
_ - Ugoad
 he*te  6h*ge  gE*te 0€*ge GIMTo%2H%Ty  O0DE < 8T8y ©38UOQIBD (fO) Wi W *1
*pbsaa *pbea punog pnog
W % D% W % 0%
. (5))
STsLiBUY BINWIOL] *d*N Jnoion Poygey XoTdwop  *oy

PTO¥ OTUOTeW Po3niI36qns JO 53165 10RO

TEo14%:

*



Table 3%
Opfical density of the compourds in methanol in

the ultra-violet region (360- 220 mp)

-

Wave- ‘ ' Optical density
length

(mp) Wi BM(HY) WNicaM(CA) Ni CIM(HY) Ni ChM(HY) Wi ChM(CX)

360 0,01 . 0.029 0.007 0.01% 0.007
352 0.015 0.033 0.007 0.017 0,010
344 . 0,020 0.036 0.007 0.020 0.01%
33  0.030 0.0%3 0.007 . 0,028 0.018
328 0,043  0.056 04014 . 0,043 0.027
320 0.062 0.085 0.038 0.090 0.040
312 0.10% 0.155 0.100 0.210 0.070
30 0.20% 0.240 0.185 0.390 0.127
296  0.320 10.345 0.300 0.560 0.175
288 0.432 0.455 0.420 0,705 0.225
280  0.498 0.5%8 0.520 0.788 0.251
272 0.507 0.580 0.569 0.790 0.268
26% 0,520 0.565 0.555 0.805 0.306
256  0.560  0.530 0.505 0.800 0.33%
248 © 0,530 0,450 0.418 0.660 0.292
240 0,518 0.4%0 0,349 0.590 0.284

232 . 0.645 0.680 - 0.%90 0.735
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Optical density of the compounds in metharl in the
ultra-violet region (360-220 mn)

Have - Optiecal density
length '

(m) Nt MM(CA) Nt MKEY) M mg(cai M NMEY)

360 0,026 0,025 0.082 0,115
352 0.038 0,040 0.13% 0,205
3k 0.072 0,075 0.212 0.340
336 0.132 0.140 0.305  0.495
328 0.248 0,270 0.395 0.635
320 0.395 0,435 0.455 0,740
312 0,551 0.595 0.478 0,782
30% 0.625 .0.680 0.460 0,748
2% 0.669 04782 0.419 0.660
288 0.682 0.850 0.356 0,545
280 0,622 . 0,810 04300 0.428
272 0,511 0,702 0,256 - 04342
264 0.418 0.532 0,235 0290
256 0,350 0,412 0. 244 04302
‘248 0,302 0,317 04260 0,331
240 0.357 0.370 04304 0.387

232 0,595 " 04618 0.390 0,478
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added to the solﬁtion of manganese acetate dissolved in
water (ligand smetal:: 1l.5:1). The solution was stirred
at low speed for two hours at low temperature and left
overnight. The etherial layer was separated and the
precipitates were filtered,washed with water,acetone

and ether and dried.

They are slightly soluble in water,alcohol,
pyridire and dimethyl formamide and insoluble in all
other common orghnic so}.vents; )

The colour,m,p., anglysis etc. of these
complexes are pres_emtéd in tablg 39. E-vglues of the
compounds in methamol in the ultra-violet region of the
spectrum are presented in table 40. The mass magnetic
sugceptibilities ard diamagnetifz corrections of these

complexes are given in table Ll.

IT.8.Comblex salts :

(LS o

(a) _K-Co-salts of substituted malonic acids ¢
To a solution of the substituted malonic acid

(3 g¢) in water (100 ml.), potassium carbonate (0.915 ge)
was added slowly;follewed by cobalt carbonate(0.786 g.)
with hegting and stirring. The mixture was boiled for
half an hour and filtered hot for removing unreacted
residue, The flltrate was concentrated in an evaporating
dish on a water bath. The mother liquor was decanted off
and the crystalline mass was carefully washed with water,

acetone and ether and dried. Further crops were recovered
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Table 40
B-Values of the compounds in methanol in the

ultra-violet region (360- 220 mp)

Wave - Be Value
length

(mp) Mn BM(PA) Mn CIM(PA) Mn ChM(PA) My MM(PR) Ma NM(PL)

360 0.00 2.10 0,0000  1.1181 15643
352 0.00 2.10 . 0.00 1.81 229,2
3l 0.00 2,10 . 0.00 5.4 302.1
336 0.00 6.17 . 0.00 22,75 369.8
328 0.00 8.23 0.00  67.9% L11.h
320 0.00 15.43 0.8% 185.7 429.1
312 0.00 47.32 4814 380.4 397.9
304 69.21 90.51 249.1 5072 348.9
296 245.1  164%.5 401.2  596.0 285 .4
288 418.2  272.6 565.8 647.6 2114
280 567.2 376 669.7 5934 151.0
272 59949 437.1 643.6 \ 46645 113.5
264  528.8 423.7 511.0 303.4 1114
25  392.2 356.9 35643 176.6 138.6
248 234+.8 272.6 228.0 99.63 176.0
240  158.6 211.8 152.0  86.04 213.5

232  129.8 303.% 16k.6 194.7 245.8
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from the mother liquor. It was recrystallised from 127
dilute aleohol.

| They are soluble in water and aleohol and
insoluble in all other common organic solvents.

The colour,m.p., analysis ete. of these
compounds are presented in table 42. BE-values of the
compounds in water in the ultra-viodet region of the
spectrum are presented in table 43.- The mas's mggnetic

. susceptibilities gnd diamagnetic corrections of these
compounds are given in table 4. Electrical
o geststeness: of the compounds in water are presented
in table 45. _
(b) K=Cu-salts of substituted malopic acids &
‘ To a solution of substituted malonic acid
(3 g+) in water (100 ml.), potassium carbomate (0.915 ge)
was added sléwly,followed by copper carbonate (0.819 g.)
with heating and stirrirg. The mixture was boiled for
half an hour and filtered hot for removing unreacted
resldue, The filtrate was concentrated in an evaporating
dish on a water bath., The mother liquor was decanted off
arnd the crystalliﬁa mass was carefully washed with water ,
acetone and ether Mani dried. It was recrystallised from
dilute aleohol, ,

In the preparation of KCu ChM two products
were obtained. Ore 1s coloured grass green and the other
one blue. The blue W& on boiling with water for about

10 mimtes,chgrged into grass green one.

—
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Table k3 ‘ 124
E.Values of the compounds in -wWakes' in the

ultra-violet region (360- 220 mp)

Wave~ E- value
length

(mp) XCo BV KCo C1M  Klo ChM  KCo MM Kio WM

360 4.81 5.21 2.23 3.26 16443
352 .81 5.21 2.23 3.26 236.3
e u.81 5.1 2.23 5.86 3164
336 5.77 6.94% 2.23 17.58 38%.5
328 5.77 8.68 2,23 5B.59 4326

320 5.77 15.63 5.5  175.8 450,2
312 19.23 53.81  50.21  371.1 432.6
304 96416 10%,2 234.3 4oL .8 384.5
296 283.6  182.3  373.8 559.9  324.5
288 471.2 2994 524l 598.9 2561+
280  623.2 401.0  622.6 536.9 196.3
272  658.8 Lok b 597.0 416.9 161.8
26L  586.5 Ll oy 474.2 263.7 161.8
256  452.0 377.6  329.2 146.5 189.9
248 317.L 286+ 217.6 76.83  228.3
240 223,11 219.6 15643 63.8 272 .4
232 199.1 308.1 161.4 162.8 308.%

28%y  384.7 4687 - 31%.1
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The& ar§ soluble in water,alecohol and dimethyl
formsmide and 1nsoluble in all other common organiec
solventse. ‘

The colour,mspe,analysis etc. of these
compounds are presented in table 46. B-values of the
compounds in water in the ultra-violst fegion of the
spectrum are presented in table 47. The mass wagnetic
susceptibilities and diamagnetic corrections of these
compounds are given in table 48. Electrical #€ssitanees: .

of the compounds in water are presented in table 49.

(¢) E-Mi-galts of substituted malonic gcids :
To a solution of the substituted malonic acid

(3 go) in water (100 ml.), potassium carbonate (0.915 ge)
was added slowly, followed by nickel carbonate (0.786 g.) with
hegting and stirrirg. The mixture was boiled for half an
hour ard filtered hot for removing unreacted residue.
The filtrate was concentrated in an evaporating-dish on
a water bath. The mother liquor was decanted off and the
erystalline mass was carefully washed with water,acetone
arid ether and dried. Further’croﬁb were recovered from
the mother liquor. It was recrystallised from dilute
alcohol. ’

‘ They are soluble in water and alecohol amnd
insoluble in all other common organic solvents,

.The colour,m.p., anglysis etc. of these

compounds are presented in table 50. B-values of the

compourds in water in the ultrg-violet region of the
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Table 47

E-Values of the cérppounds in water in the ultra-
violet region (360-220 mp)

Wave - Bevalue

length
(mp) - '

KCu BM I KCu C1M KCu ChHM XCu NM

360 2.31 0.00 487 16340

352 2.3 - 0.00 649  240,0
3k 2,31 0.00 7.52  317.0
336 4,63 2,27 10,04  382.1
328 9.26 7.79 17.9% 4346
320 19,29 20.78 38.15  456.3
32 k2. Shs5 95,76 391
304 121.2 103.9 275.9  398.5
296 27349 175.3 409.9 342
288 oLk 26642 551.8  276.2
280 540.1 350.5 626.5  217.3
272 559.% 396.1 600.5  181.1
264 497.7 383.1 47,0 1811
256  389.6 3214 353.0  206.5
248 281.6 253.2 -+ 247.5 2k
240 208 i 211.0 1‘50‘;7 285.2
232 196.7 ' 293.8 215.0  321.5

224 351.1 422.0 355,5 327.8
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. 138
spectrum are presented in Table 51. The mass magretic )
;usgeptibilities ard diamagnetic corrections of these
compournds are given in Table 52. Electrical resistances
of the compounds in aqueous solution ére presented in
Table 53. Furthgr the eléctrical re sist@nee of KNi NM

in aqueo;s solution is studied at different dilutions

as shown in table 54,
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' Tabke 51
B-Values of the compounds in water in the

Wltra-violet region ( 360-220 mp)

—

v
Wave- B value
length ]

(mp) :
ENi BM° KNi CIM KNi ChM KNi MM KNi WM

360 2.12 0.00 0.00 0.00 133.2

352 2,12 0.00 0.00 0.00 '197.5
3Ly 2,12 0,00 0.00 7.9%  261.9
336 2.12 3455 0,00 21.15  317.1
328 2.12 5.32 1,64 6643 358.4
320 L2k 10.6% 8.22 198.4 373.1

312 10.59 39.88 53k 41646 358.4
304 95432 79.77 230.2 56843 32304
296  259.5 150.7 370.0 666.5  271.1
288 1439.5 2494 509.8  724.7 216.0
280  569.9  31.3  590.3  670.5  172.8
272 599.5  39%.5  565.7  535.7  1hik.3
26k 527 .4 382.9 452 .8 370.3 | 143.3
256  1401.6 3235 320.7 224.8 165.4
248 2754 245.6  213.8  142.9  195.7
240  180.1 - 186.1 148.0 129.6 . 230.7
232 150.% 257.8 160.3  257.8 26645

2ony 398.8 | 273.0
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III. Results_and Disciission s 1@3

ITI. I. Ligands :

¥

The ligands selected for the present investi-
gations were benzylidene malonic acid ard its derivatives
having substituents on the phenyl ring. They are

represented as (I)

- (1)
R =
% a= H
b = 0-Cl
) e = pGl
d = p-0CH;
e = p=N02z

They are relgted to other substituted malonie
acids (II and III) and’3-diketoneé(lv~i) and their
triketore-type derivatives (IV-i1)

CO,H
R-CH
0,H
(ID
R =
= alkyl d = NH,
= aryl e = NO
e = NO,
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L

it

1 | it

i

I

?OgH
RQ;?

CO,H
(r11)

323

2 =
(alkyl),

it

(aryl) .

o [
]

(2]
fl

alkyl;aryl
CH,

=N
1

OR

XG
éoa’

(IV)

Fh Ph
Mo Fn

Me ‘ Ot

e NHPh

X =
(1) Hy
(11) NOH
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The acids are soluble in water, alcohol,

acetore ete. but insoluble in benzene,echloroform,
256 257

petroleum ether etc. The ionisation constants

of the geiad (Ia) in water are

-
LP’.OB x 10

i

Ky

3
3 015 x 10

]

Kz

258
The corresponding values for malonic scid

are

3
K; = 1.41 x 10

)
K-Z = 2,08 x 10

Amoniumgsilver and barium salts of the acid(T-a)
are kmwnf” The geid 1s glso kmwn to decompose on
heating into cinnamic acid. Hence the preparation of
salts was carried out at room temperature ard whenever
heating was required it was dore in solution on water
bath. “

Y= He -X-

The ultra-viclet absorption spectra of the
acids in alcoholic and alkali solutions are presented
in figures 1,2 arnd 3 and the wavelengths for maximum
absorption (A max) and their corresponding E-—valués are

presented ir table 56.
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The ;bsorption band of the unsubst;tuted acid
in aleoholic solution is at 239 o . It 1s considered to
be a conjugation band (‘]T»-Triand e Since the
absorption band of styrene is at 248 mp (in alcoholic
solution), the conjugation 1is considered to be extended
through the molecule., The value of the band is
intermediate between those for cinnamaldehyde (289 mp)
and trans-cimmamic aeid (273 mp). Thus the extension
of conjugation caused by two carboxylic groups in a
crossed manrer .along the conjugated system is even less
than that caused by a carbormyl group and may be
attributed to the steric effect,

The substituents on the phenyl ring cause a
well marked shift in the absorption band. Thus in the
alcoholic solutions, the ortho substituent causes a
blue shift whereas the para substituent causes a red
shift. The red shift in aleoholic solution is increasirg
in order

H < p-chloro < p-nitro < p-methoxy

Similar red shifts of the gbsorption band are
also observed in the spectra of para=-substituted
derivatives in alkali solution. However, the red shift
increases in order '

H < pechloro < pemethoxy < p-nitro

All thege substituents contain lone pair of

electrons on.fhe substituent atom linked to the ring

and hence can effectivg}y ircregse the length of
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’«en
A A

conjugation, when placed at the para positip
leadirg to a red-shift of #he band.

\
N

The shift attributed to hetero atcqugréup&%ﬁﬂqsw//
mdy be related to their electrostatic and resonance o

269
effects. Thus the electronegativity of these atoms
inereases in order

Cl~N <K 0

260
and the resonance parameter (k) of these atoms in

combination with carbon atoms increases in order

CL1<C - N~C -0

The shift is greater for the nitro derivative
than for the methoxy derivative in alkali solution. It

may be due to increased resonance stabilisation of the
nitro compound in alkali solution.

261 -
Bassi,Deulofeu and Ortega observed that in the
case of the spectra of

R - CH = Q—N

.

GO0 C-

\W,

the substituent R shifts the gbsorption band of the

unsubstituted molecule. The shift increases in order

H < nitro < methoxy

They suggested that groups such as nitro and

methoxy with high mesomeric effect, when placed at the
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para position where this effect can work through the
conjugated system, would have the highest shift.

Absorption spectra are useful in studying the
distortion of the molecule from planarity. Thus, inthe
case of biphenyl derivatives, 2oz the replacement of
some or all of the hydrogen atoms at 2,2:6,6’positions
in biphenyl by other atoms or groups increases greatly
the gsteric interferemce. It results in the hypsochromic
and hypochromic shiffs of the agbsorption band of
biphenyl as shown below for methyl substituent. The
shift can be related to the twist angle & of the
co~anrilar bond in the biphenyls, ard quantitative

calculations can be made by HMC method,

Biphenyl Amax (mp) €-max

unsubstituted 248 16600

2-methyl 235 , 10500

2,6-dimethyl 231 (sh) 5600
, .

2,2-dimethyl 227 (sh) 6800
%

2,2-dichloro 230 (sh) 6600

- 263
Similarly in the case of styrens derivatives,

introduction of substituents at the ortho,alpha and cis
beta positions in the styrene molecule causés steric
interference. It is reflected in the hypsochromic and
hypochromic effect of the absorption band of styrene as

shown below forhmethyl substituent. The shift is
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rélated to the twist angle & of the essential single
26
bond. The angle €, calculated by HMO method, ? is

also presented below.

- Styrens Amax (mp)  €-max 8
unsubstituted 248 14600 0
oyp-dimethyl éSi 30.7
0,0-dimethyl 238 | 54
a-methyl 241.5 11400 33
cis-P -methyl 2%0.6 13800 35
a~ [ -dimethyl oLl 8700  31.5

The acid (I»a) used in the present
investigation can‘bé considered to be g p,P—dicarboxylic
acid derivative of styrene. Hence caleulations are made
{0r %the steric effect of these substituents ard the
resultant distortion of the molecule from planarity is
evaluated.

The hypsochromic shift of the band is used to
calculate the twist angle @ of l,l’ bond as follows :

In a linear conjugated system, steric hindrance
to the planarity of the system is considered, to a Pirst
approximation, to be releived only by the twist of the

essential single bond -or bonds. In general, twist of a
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bond does not zffect the ¢ -bond erergy. Since an
essential single bond has a relatively low T -bond
order, the decrease in the delocalisation energy of

T -electrons caﬁsed by the twist of such a bond will

be relgtively small. Furthermore, in most casss it is
expected that twist of such a bond will rapidly reduce
the steric repulsion between atoms not directly bonded’
together,

The observed gbsorption bapd mgy be considered
to be due to the ome-electron transition from the
highest occupied T ¥ to the lowest vacant T MO. Hence
the wave mmber at the absorption maximum of the band
should correspond to the ernergy difference between the
two -” M’J’s ( Ggpjand =1 ) or two electronic states
calculated with the most probab}e or equilibrium
nuclear configurations in the ground elsctronic state.
Similgrly the observed intensity of egch band can be
rzlated to the oscillator strength calculated with
ground sbtate equilibrium muclear configuration.

‘ The resonance parameter k for a twisted bond
can be related to the angle of twist @ . Hence if the
position of this band of related systems can be correlated
well with the M0 caleulations, the position of the bards
can be related to the angle of twist by caleulating
T hmgs and their ensrgies as funetions of the parameter

k for the twisted bord.
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Adopting Whelandg assumptions, one can
write that

kij = Sij / 8

where kij and Sij ~are the reéonance parameter and
Overlap integral for the i-j double band of the length
Rij and S 1is the standard 1T”1T'overlap integral for
the standard C-C bond in the benzene.

Using Mulliken’s values 263 for the - T
overlap integrals for C«C bond at various interatomic

distances , one can obtain K;j; values as shown below,

R k

13 54 1]

1.39 0.249 1.000
1.48 0.214 0.858
1.50 0,206 0.827
1.5%  0.192 0,981

When the overlap integral Sy between two
p orbitals of C-gtoms with intergtomic distance Rij
ard the angle of twist 8;; 1s expressed as S (R,9),
we can write. as follows :
(6]
S(R,8) = S(R,0 ) cos®0
Similarly
0
k (R,0 ) cosé
0
k (Rgp,0 ) Gosé
~ 0 0 2
+ [ 1(R0,0) A (Ryo,0 ) Jeos’e

i

k (R,9)

L
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= k(Re,0 )cose»[g(agc,o )k (Rgg,0 i]

% cos® (l-cog®)

Ro and Rgg gre the lengths of the bond C-C
when € = O and when 6 90 respectively. If RO and Bggq

are assumed to be 1.48 A and 1, 5% A respectlvely, we
find that

(a) R = Rgg={Rgg=Ro) cos@
Q (o} e}
1.5% 4 =(1,%% A«l.48 A)cos®
0 0
= 1.514' A=0,06 A co s

H

(b) k (Rgo,0") = 0.771

(e) k (RO’QO)"k(R%’OO) = 1446 (Rgo~Ro)
= 1446 (0.06)
= 0,0867

and

(a) k (R,8) = 0,771 cosd + 0.0867 cos &

H

0.858 co0s8 -0,0867 cose(l-coss)

The skeleton of the styrere T -system is
1llustrated below :
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The plane o% the ethylenic bond has been taéin
as the XY plane and the direction of the 1-1’ bond as
the direction of the Y-axis.

In application of the simple ICA0MO method %o
this system, the following assumptions are made.

The length of the ethylenic bord (112’ bond)
is 1.3#0 A and a value of 1.08 is usad for the resonance
pargmeter k for this bond. The length of the essential
sirgle bond (l-l’bond) is 1.1}8011., the interplanar angle
® between the benzene ring and ‘the ethylenic bond is O:}
‘and the value of the resonance parameter k for 1-19 bond
is 0.858,

The resonance pargmeter k for a tw‘isted bond is

related to the gngle of twist & and bond length R by the

following eqguation :

k (R,8) = 0.858 cos® - 0.0867 cos@(l-cosé)
The vilue of the second term ig relatively

small and is neglected ags a rough approximation. Hence

k (\R,e) = 0.858 cose
The band at 248 mp as mentioned earlier, is
due to the one electron transition from O+ 1 to G-1.
The calculated value3263 of the energy of transition AR
asi'funct'ion of the parameter k for 1-1, bond are

presented below :
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k 0.858 0.700 0.500 0.300 0.100 0.
G(GGg) 0 3309 52&6 68*1 82«7 90

«

R(°A) 1480 1490  1.508  1.518  1.532  1.540
AR L7k 1.568 1697 1.834  1.967 2.000

As a first approximation, &+l can be
considered as arising from a mixture of q+1 of benzene
and @+1 of ethylene and (-1 can be considered as
aricing from a mixture of Q-l of benzene and t?—loof
ethyleneWhen the interplsnar angle @ becomes 90
G+1 and G- of styrene reduce to q*-i and §-1 of
benzene respectively, and the styrene band reduces
to the benzene p-band.

The‘ twist angle @ for benzylidene malonic
alcid can be estimgted as follows ¢

The transition energy AE calculated for the
planar conformation of the acid (6‘—'00) is denoted by
AES ami the corresponding wave‘number Y igs denoted

by Vs and wave langth by \s.

‘ The bathochromic effect of P- carboxylic group
is assumed to be approximately equivalent in trang ard
cis positions. Its magnitude 1s found to be 25 mp and
allowance for it is to be made for cis posltion in
correecting As.

The value of AE for k = 0 is deroted by ARp

and the correspondirg wave number by %4 and wave length
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by AL. AL for benzene is taken as 208.3 mp. Hence
the value of AE corresponding to the cbserved value of
Y of compound can be caleulated by the use of the

following relation :

AE:-AEL - (a8, —AES) (V1 V)

(YL #V)

From thse vaglue of AE, the corresponding vslue
of k and hence the values of & and R are obtaired and

are presented below

Styrene A As AL B k & R
(mpa) () () () (%) (®n)

unsubstituted 248 - - 1.47% 0.858 0  1.480

trans P CO0,H 273 - - - - - -
B PCOaE), 280 298 208.3 1.582 0.73 30  1.489

Additional steric irterfererce will be ‘caused
by the iniroduction of an ortho substituent (chlorine)
on the phenyl ring. Caleculations can be r&ade as suggested
above, assuming the bathochromic shift due to chlorine
in the o~ or p-position to be about k4 mp. The results

for o-chloro derivative will be obtained as follows :
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Styrene A As AL AE  k R 36

() (®ag) (°a)

unsubstituted X8 - - 1474 0.858° 0O 1.480

o-chloro, 272 302 212.3 1.611 0.635 40 1.49%
P,p(Co.H) 2

-% - -% - - % -

I11.2: Saltg of benzylidere malonigc acids :

The above acids have been investigated for
their ability to form salts with different metals,
under different conditions. For that purpose four
different methods have besen studied with three metal
ions. The methods adopted were (a)partition method
(b) solution method (c¢) carbonate suspension method and
() hydroxide suspension method. The geids would usually
be expected to give normal salts as represented by

squation (i)
M 4+ HoL—3 (ML) + 2Heveeesoansli)

Such products would be obtained if the ion
digplacement can be complete, as expected in the solution
or partition method. Different products would be formed
by the partial ion displacement ; basic or mixed ligand

products would be obtained in such cases as in equation(ii)

(¥+1) MO3 + HpL——3(IC03), ML + Hol + COzeucveasaoliia)

-~
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(%+1) M(oH), + HQL:-——) M(OH)?]X ML + 2HpO0eeiavaao(iib)

(X“‘l) MRZ + H2Lméﬁpm)xj I"i{n + ZHRtoooocooosutno(iic}

~

The formation of the basic produwe t may be
Co-precipitation or may involve complex formation and
will be dependent on the nature of the metal and the
ligand.

Besides, the calts may contain additionsl

acid as shown in {(1ii)
I’g.: 4 HQL_'"'_‘)HZ(MLQ)Qao*eeeoa'oou(iiia)

Z ML + HyL—>H,L (ML), eevuineol(ilib)

The formation of such products will depend
Primgrily on the nature of the metgl for the same ligand
while using different methods., -

Studies on the formation of the cobalé,copper
and nickel salts by the agbove methods and their properties

are preéented Tirst, in the following pages.

III. 3. Cobalt_(II) salts of benzylidene malonic acids

Cobalt salts of benzylideng walonic gecid gnd
its derivatives (I) were prepared by four different
methods : (a) partition method (b) sclution method((c)
carbonatc method and (d) hydroxide method., The analysis

of the products is given in tables & to 8.
We find that the salts prepared by the

Paptition method are quite similar ard may be represented



On the basis of adalysis, as (V).

0,G
Co é = CHR (H,0)n

P
p)

R =

a = Cglg=

b = 0-C1C4H, -

¢ = p=-ClC¢H,-

d = p-CH;0C H,~

e = p-NOC¢Hy~

where the wvalue of n deperds on the ligand used.

The products obtained by the solution methodld
are also quite similar gnd can be represented by (V) ;
however, the amount of the product obtained is less than
that of the product in the partition method. Hence the
partition method would be prefelrable to the solution
method for the preparation of these salts.

The products obtained by the hydroxide msthod
are all basic except in the case of the salt of the

O-ahloro derivative ard may be represented as (VI).
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0,C
L. o]
Co G = CHR Co(0m)y,| (H,0)
| m n
0,C
4}’:

vi)
R =
a = Cgllym
b = peClCH, -
¢ = p-CH30C¢H, -
d = p=NOCxH, -

where the values of xyn ard m deperd on the nature of
the ligand. The salt obtained with o-chloro derivative
can be represented by (V).

The products obtaired by the carbonste method
can be represented by (V) except in the case of the salt

of benzylidene malonic geid which is represented as (VII).

- . -
0,C

Co é = CHC¢Hs (CoCO3); (Ha0)yy
0.

— _ 2
(ViI)

H

. \ .
It may be possible that the‘ba31c salts may

contain cobalt hydroxide or cobalt carbonate in the



adsorbed or occluded form. This possibility is 164
excluded on the basis of the observations that only
a single spot wgs obbtained with these basgic szlts on
a paper chromgtograph. |

The results indicate that the replacement of
the carbonate ion by the geid anion is complete in case

oi the o-or p-substituted benzylidene malonic acidse.

Co,m 0,C
CoCO3 + RCE = ¢  —ICo i = CHR | + COp + H,0
CO,H 0,C

However, the replacement of the hydroxide icn

by those acid anions is pactial only, as

(z+m) Co(OH), 27 1,0

+ B .+ u

?OZH 02?
Z RCH = ? —> Co C: = CHR Co(0H),
m
CO,H _ozé.
Z
L u

It may be noted that no sglt of the type H,LX
Col is formed in any case. Hence only two types of salﬁs
are formed by cobalt with these acids. And the type of
the salt obtainsd depends more on the method of
preparation adopted rather than on the nature of the

arid used.,
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¥

The gbsorption specéra of these salts in the
ultra violet region are given in figures 4 to 8 ard
their agbsorphion bands are given in tables 57 to 61.
The absorption band of the salt is intermediste between
those of the acid in alenhol ard alkalil. The replacement

Ly

ol the gcid proton by the metsl 1

Q

n causes perturbagtion

o

in the ele

[¢]
o

ronic energy levels of the geid. It results

in the ghi

L)
ct

of the band which is greatest for the
sodium lon.

It is also seen that an additionsl band at

i

'256-58 mp is observed in the case of the basic salts
0f cobalt with benzylidere malonic gqcid. The blue
shift of the additional band suggests incregsed energy
of transition and mpy be attributed to the decreased
conjugasion. It may arise from the additional steriec
hindrgnce caused 40 a part of the ligand by the basic
component of the molsecule.

T Y K-

The mggrnetic moments of these salts are
presented in tables 62 to 66. The magnetic moments of
the mormal salts prepared by different methods ars very

similagr within the limits g5 ghown below :

Salt n(B.M.)
Co BM 5.31
Co C1M 5.22 £ 0.17
Co Ch¥ : 5.13 £ 0,04
Co MM 5.25 ¢+ 0.15

Co NM 5.35 & 0.07
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Cobalt atoms in these salts ase | comsvdusnsl ko
hagve octahédral stereochemistry., '

The magretic moments of the basic salts of cobalt
fall in two groups (a) p~5.1 Bk, and (b) p~v4.8 Bol,'
The first group of compounds include Co BM (CA) and
Co MM (HY). In these cases the ratio of normal salt to
cobglt hydroxide or cagrbonate ig 2:3. It is considered
that in these cases thers is no magnetie interaction
between different cobalt atoms mor is there a change in
the stersochemistry of these atoms due to chemical
interactions.

The second group of compounds include Co BM(HY),
Co ChM(HY) and Co MM(HY). In these cases the ratio of
normal‘salt to cobalt hydroxide is varying (1:2, 1:1 and
3:1 respf?tively). The low value of the mggnetic moment
in these cases may be attributed to (3) the mggnetie
interaction of ecobalt atoms or (b) the changes in
stereochemistry of cobaglt atoms. Thus in g basic salt of
ratio 1l:1, one cobalt atom may remaln octahedral baut the
‘other one may become tetrahedral. Thus the eXpecped value
of magnetic moment will be about 4.8 B.K. Alternatively,
magretic intergetion between cobalt atoms may take place
through bridge atoms, resulting in some spin-pairing and
hence in the lowering of the magnetic moment. Similar

arguments can be made for basic salts of other ratios,

“'X" c-Xo -X-
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Thése cobalt ‘salts may be compared with those
of other related ligands (IV). P»Diketones (Iv-i) form

L g

complexes with cobalt of the type Colae Of these complexes,

26692679268
Co(acac)y 1s shown to be tetrameric, while

Co(apm), is considered to be essentially tetrahednal.269
It is suggested that in non-coordinating solvents as in '
the solid state, cobalt attains a coordination number of
six through polymerisation, while in coordinating solvents,
the solvent occupies the two available positions.zw‘iw0
Trikeﬁpne-type ligands (IV-11) form complexes with cobalt
of the type I:IGoIg.a'“,g?2 Thus bivalent cobalt ﬁas a
preference for éoordination rumber six in these complexes
and attainsg it either through normal bond formation or
through polymerisation. Further, the acid salts similar
to those formed by the oxime-ketone ligands (IV-ii) are

not formed by cobalt with the acids under investigation.

-X = =X - =X -

III. 4. Copper salts of bepzylidepe malonic acids :
Copper (II) salts of benzylidere malonic acid

and its derivatives (I) were prepared by four different
methods : (a) partition method (b) solution method (e)
Carbonzte iethod ard (d) hydroxide method. The anal&sis
of the products are given in tables 19 to éjo

We find that the type of the salts obtained
deperds more on the nature of the liggnd rather than on
the method of preparstion. Thus copper salts of benzylidere
malonic aeid ard p-nitrobenzylidene malonic gcid, prepared



by different methods are quite similar and may be

represented as (VIIT).

0.6

Besides, like the cobalt

CgHy-
p=NOCgH,~

salts, basic copper

salts 6f benzylidens malonic acid are also obtaired by

the carbonate and hydroxide methods and may be

represented as (IX)

(1I%)

On the other hand, Cu-salts of o-and

0,C

Cua é‘ = CHOgHj
ozé .

B .

CuX H,0
n
L P L
X =
b = (0H),
p-chlorobenzylidens

malonic gcids are generally acidic and may be represented

as (X) except
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0,6

Cu C = GHC4H,C1l || [C1C¢H,CH=C(CO,H),| (H,0)
02

" 20 .

_ (x)

the copper salt of o-chlorobenzylidene malonic acid

prepared by the hydroxide method which 1is basic and may

be represented as (XI)

Cu = CHGgH,C1 CH(OH) |  (H;0)

Y N
a——

(x1)

The copper salt of p-methoxybenzylidere malonic
acid obtained by the partition method may be represented
as VIII (R=p-OCH3C¢H,) and those obtaired by other methods

are acidké , and are represented as (XII)

_ 9 - -
0,8
Cu ¢ = CHC¢H,OCH, CH;0CH,CH=C(CO,H) , (Hzo)n
0.C o
. : . -
X

(xI1)



whers the %alue of ¥ depends on the method of prepafékgan.
It may be possible that the acidic salts may contain‘acid
in the adsorbed or occluded form. Thisg possibility is
excluded on the basis of the obsérvations that (1) the
products\were carefully washed with various solvents
and (11) m separation of the acidic copper salts of,
say, o-chlorobenzylidene malonic gcid Into two or more
fractions eould be achieved by thin layer chromatographic
separation.

The results show that three types of salts,
normal,acidie and basic are obtained in this case, and
thete 1s2a greater tendency for the formation of acidic

salts than that for the formgtion of basic saltse.
c-x- Bxﬁ _"'X"

The gbsorption spectra of these salts in
the ult;a—violet region are given in figures 9 to 11
and the gbsorption bands are presented in tables
67 to 69. o _

A new band at 256 mp was observed in the
case of basic cobalt salts of beryliders malonic acid.
Similarly, a band at 252-54 mp 1s observed in the case
of the basic copper salts of benzylidene mglonic acide.
It may arise from the additional steric hindrance caused
to the ligand by the basic component of the molecule,
The band at 254~56 mp is also observed for the mrmal
copper salt of p-nitrobenzylidene malonic acid prepared
by the solution method but not for the normal salts

~
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. prepared by other methods., This difference in behgviour

remains urexplained.
- X - - X - - X -

The magnet'ic, moments of these salts are -
presented in tables 70 to 74+ The magnetic moments of
the salts prepared by different methods are :

p (B.Ma)
noriial salt acidic salt  basic salt
Cu BM 1.85 & 0,12 - 2:17 + 0,03
Cu C1M - 2.41 + 0,03 2,09
Cu ChM - 2.03 £t 0,02 -
Cu MM 1.80 N 231 % 0.0 -
Cu WM 2.18 * 0.10 - -

The results show that the values of the

magnetic moment of these salts are rmot low. Low values

of the magnefic moment are observed for the copper salts
of oxalle acid and other q,” diecarboxylic acids tut not olf
malonic acid. 206-2.“ Thus the copper salts of substituted
mglonic acids resemble that of unsubstituted maloniciacid.
Furthez; the values can be divided in two groups : (a)
p~1.8 BM., and (b) p~ 2.2 B.M. The first set of values
is observed for the normal salts (except Cu NM). The
second set of values is observed for acidic and basic

salts and also for Cu NM and may indicate similar nature

of these compounds. Both the acidic and baslzc salts may
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be considered to contain copper in the complex.anion,

at least partly as represented below :

0
H, Cu G = CHR
x ‘ )
020." x + 1
- o
ozc':
Hpm | Cu T = CHR
02G x+n
. -
— .
0,C
Cu Cua % = CHR (0R) ,
0,C
Cuz Cu CHR (OH);’
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The normal salt Cu WM ig gleo believed to be

w2

a complex one.
rs

Cu Cu

| 2

In the case of Cu NM two hydrates are obtained
by the solution method, one is coloured green and
contains one water molecule while the other is coloured
blue ard contains three water molecules. Other Cu NM
salts prepared by different methods are hydrated contain
more than two water moledulesg and are coloured blue.

The copper complexes formed by deiketcnes
(IV-i) and oxime-ketones (IV-ii) may be represented as
CGul, or cur(om). 777%™ o i@ salts of these
ligands are krown. we find that the gzcids under
investigation form three types of salts s Cul,

(Cul)x Cu(0H), and (Cul)x HyL.

-

54

III. 5, gigggiwgglggwgiwggggz;idene malonic_acids

' Niekel (II) salts of berzyliders malonic geid
and its deriVativés (1) were prepared by two methods :
(a) carbonate method‘and (b) hydroxide method. Attempts
to prepare the salts by partition and solution methods

were unsuccessful. The. anglysis of the products obtalned
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are pregsented in tsbles 32 and 33. The type of the salts
obtained deperds both on ’the nature of the ligand and the
nethod of preparation. The three types of salts obtained
Bay be represented as (NIII), (Scm) and (X¥)

0.C

Ni ¢ = CHR (1120);1
0,C
(¥111)

R = Method
= 0-01CgH, CA 3 HY
= pCIC H, = HY

¢ = p»tqoacgﬁu Y

B 10 7]
0,C
i s = GHR Niz (st)n
ozé ‘
— ...li;-.. ~y
{x17)
R = Z = Method X = y =
a p-C1C.H,  ©O; CA 1 2
b p-CH;0C¢H, 00y CA 1 1
¢ p-CH30C¢H, (0H), HY 3 2
a CglHy  (0H), HY 1 2



_ - -
OZ?
Ni ? = CHR ROE = C(C0H)p| (Ha0)
9,C
L —3 -
(xv)
: R = Method
p-l0,C ¢, ca

The absorption spectra of these salts are
presented in figures 12 and 13 and the sgbsorption bands
are given in tables 75 and 76. The results show that a
band is observed at 256 mp in case of the basic nickel
salts of benzylidene mglonic gcid as in the case of the
basic salts of cobalt and copper with the same acid.
Similar behaviour ieg observed in cgse of the nickel
salts of p-chlorobenzylidene malonic seld (band at
258-60 mp).

The magnetic moments of these salts are
presented in tables 77 and 78. The mggnetic momenté of

the sglts prepared by different mebthods are :

p (Bel)
mormal salt acidic salt basic salt
Ni BM - - 3.53
Ni GIM 3.4k + 0.06 - -
Ni “ChM 3.38 - 343
Ni MM - - 3.40 & 0,04

Ni NM 3.62 3458 -
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FIG. 12 UV ABSOLLPT/ION SPECTRA OF THE NICKEL
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The results show that nickel salts are %w2{}8'
v octahedral, and that o distinction can be made
between the acidic (or basic) salts gnd mormal salts as
s possible in the cgse of the copper and cobglt sgltse
Ranade and SubbaRa017e observed the mggretic moment of
nickel malonate as 3.27 B.M. and suggested octghedral
configuration for it. |

Nickel complexes of P-diketones in the
hydrated form are mopomeric and octahedra1275 while
anhydrous complexes are trimeric containing 6-coordinate

~

276
nickel, ‘ Nickel complexes of oxime-ketones are likely

27
to be dimeric.
= - - % e -¥ =

ITr, é. Zine sgltéaof benzylidene malonic acids :

The studies on the cobalt,copper and nickel
selts.0f benzylidene malonic gcids showed that the
Partition method of preparing the salts was g better
method .wherever feasible, Hence the zine {(II) salts
Oof benzylidene malonic acid and its derivatives wers
prepared by the partition method. The analysés of the
salts are presented in table 38. Thelresults show that

they are all rormal salts and may be represented ze
(XVI) '



Gz?
Zn ci: = CHR (H,0)
B n
0,0
(xv1)
2 G6E5 -

b 0-ClCg¢H,~-
p“ND ZC‘6HM--

They are insoluble in variocus sclvents ard
are believed to be tetraghedral.

The gbsorption spectrum of Zn NM is presented
in fig. 14, Its absorption band is at 320 mp with B-value
of 426.7.

.—.-Xnu ‘ Q.Xp -X.’

III.7. Manganese salts of bepzylidepe malomic gcids
Marganese (II) salts of benzylidere malonie

acid and its derivatives (I) were prepared by the
partition method. The analysés of the products are
given in table 39. The results show that they are all
normal salts ard may be represented as (XVII)
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Mn| & = cHR (H,0) 211
, . n
0,C
Gwin)
R =
a = CgHgm
b = O'CIC6H)+-
¢ = p=ClC¢H,~
d = p~CH30C¢H,-
e = p—N02C6H;'_—

Their absorption spectra are given in figure
15 and their absorption bands are presented in table 79.
The mggrnetic moments of the salts are presented

in table 80. The averasge value of the moment is 6.11 B.M,

I1I1.8. Copper,nickel and cobalt salts of chlorgbenzylidene
malonic gcids - further studies :

8(a) Visible absorption spectrs :

The copper,nickel and cobalt salts of o-or p-
chlorobernzylidéne malonic acid were selected for the
study of their visible gbsorption spectra. These spectra

are presepted in fig. 16. The absorption bands are precsented
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Salt band frequency
( cm—l)
Ni ChM(CA) 14820, 26170
o C1Y (24) 19920
Co ChM (Ca) 13810
Cu C1M (CA) 13320

We may consider the spectrum of the nickél salt
first. The absorption bands are the d-d bands amd be
attributed to the transitions due to the weak octghedral
erystal fileld around nickel. The splitting of the terms
due to the octahedral crystal fiel«g~ 7:{15 shown in fig. 17.
Three gbsorption bamds ghould be observed corresponding
to the following three spine-allowsd transitioni/.’:

3 .3
A — T
2g 2

3 3
A —>T (F), and
2g lg

3 3

A —> 1T (P).

22 1g .

The first band would be outside the range of

investigation and hence is not observed.

. -1
The two banmls observed at 14820 em and

¥
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.l ’
26170 em . are gttributed to the

3 3 -3 3
A ——> T (F) and A —1 (P
B 2 1g : 2g 1g -
transitions.

The se observations can bs used together with
fig. 17(b) to evalunate various crystal field parameters.

We observe that

3 3 '
B A — T (P)
2g 1g - _ .
. o = 1077
3 3 -
El A —r T (®
| .28 lg - |

From the figure, we finl that the ratie fits

well for
‘ Dg/ B = 0.H5
and that ‘
3 3
E| A —T (P
22 1g )
.= 15.7
B
- 8_ - -
Hence for the M in the salt
i
B = 945 cm
” -1
Dg = 893 em
- -1
and A = 893Q em



* Since the value of B for the free Ni
. ’3 .
1080 em , the ratie

2+
P . Bfor M ion in the salt
- }
2+ :
B for Ni ion in free state
is 0.875.
Further
. 3 -
BE(A )=«10716 cm -
28 -
- 3 i -“.
and E( T )= - 1786 em -
. 28 -
Sinece

- 3
A=fxgx10

(Where f and g are cov:xste.lr:d:é2 ?or the ligand and metal

ion respectively )
‘ ’ 3
8930 = £ x 8.9 x 10

or £ = 1,00
Similarly ’
P = 1-hk

~ ) 2
(Where h ard k are constamte for the ligand and the

metal ion respectively)

00875 = leh ¥ (12
or h = 1.0%
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The value of p for NI 1in the salt is

" p =158 = 14175 em

, 3 ) 3
The valuesof EB| T (F)| ana E| T (P)
. 4. 18 1g

/~
can be evaluated from the following secular determinant:

-6 Dq -E 4Dq
-4 Dq p-B
On expansion, we obtain the equation
2 ‘ 2
E + (é6Dg -p) BE -16(Dg) -6Dgp =0
The roots of this equation are the emergiss of

3 3 3
the- two ? terms e T (M and T (P). =

ig 1g 1g
X N ) )
The values gre obtained as 4080 e - and 15450 em - .
Herre -
3 ' -1
E|] T (F){. = 4080 em
1g .
s
P
3 : -1
and Bl T (P = 15450 cm
- - L. 18 - . X
We caleculate the energles of transitions as
3 3 ‘ -1
El A —? (P} = 1479% en

2g 1g

b
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) i ; 3 | "1
and El 4 —NVN7 (P)| = 26166 cm .-
. 2 Clg “

The close aggrement between the observed amd
caleculated values indicates the correctness of the

,assignments.

If the values of f and h derived for the ligand
from the study of the crystal field bands for the nickel salks
are considered applicable for the cobalt salts also, we
- find that

- \ 3
A =1.,00x 93x10
- i —1
= 9300 em
or Dq = 930 em -
and P =1 « 1.0 x .24
= 75
hence B for cobﬁalt in the salt = .75 x 1120
= 840 em

Further
Dg / B = 1.107

i 19920
and E/B = 4
- 840

23:7 for Co G1M (CA)



| 22’*
1%%@ = 23.6 for Co ChM(CA)

By reforring to the fig, 18 which shows the éplitting of
terms for the octahedral cxystal field for cobalt (11) '
complexes, we find that these values fit to the

o 2 e e .
I’T o (F)-———--%#T " (P) transition
1g 1g
Using the secular determinant and the values of
Dq and B as suggested above we calculate the ermergies of
the [‘ . terms. These values are

-
1g

B L“T B | =- 6310 em—l

&
o>}
.b_t '
=3
~
I
i

4+ 13330 em *
an

4
+ 11160 em gnd

25
~~
.
b
?
]

&
~
+3
~

]

+ 1860 cm.l:

X = e X . e X -

The absorption band for Gu GIM(GA) 13 observed
-1
at 13320 em o It may be related to the octahedral
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erystal field ground eopper (II) (Fiz. 19) and be 224
attributed to the ~
&

2 2

E =———) T transition.
g 2g
Hence,
!
A\ = 13320 em
i
and Dg = 1332 cm
We compile the crystal field parameters as
follows
Dq B
-1 1
(em ) (em )
Ni (I1) 893 35
Co (II) 930 840
Cu (II) 1320

- The results show that the value of Dq for the
metal ion ineregses in order

2% 2+ 2+
Ni < Co < Cu

as .expected for the spectrochemical series.
The vglue of f observed for the ligand is the
/7
sames as that suggested for water and greater than that
¥

for oxalic acid. Further the value of h for the ligand

LY
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F1G. 19 ENERGY DIAGRAM FOR > SYSTEM
(CuP? -O0CTAHEDRAL Syrr/7£TRY.)

5 c 2t - WEAK FIELD L1M7
o
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(84 )y &
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F1G- 20 MAGNETIC MOIHENT AS A FUNCT/ION OF

TEMPLRATURE FOr 47.11 GCROUND TERM IN
CUBIC STERLOCHLE /I STRY.

I



is also comparable to that for water and is mich 29 6
smaller than that for oxalic acid. It would: imply that
Oxalie gcid reduces the i‘reé iO£1 value of B te a much
greagter extent than water or the ligand under
consideration and that it causes the splitting of terms

<4
to a small,extent than water or the ligand.

—Xl— . O-X Ld . “'X -

8(b) Magpetis suscephibility :

Bivalent nickel ion in the octghedral crystal

3 — .- N
field will hagve A ground term. Hernce the mggnetie
2g . ,

moment and magretlc susceptibllity for the nickel ion

from the first order Zeeman effect tea:cms2 g\?Iill be

p= (1A /A ) ks (s+1)

. 8pin only ‘ '
= p (14N /A,

pin onl
and xA=xsn T (1-8A /4.

where A 1s the spin-orbit coupling constant. Simce the

spin only :
values of X s A and A are krown as
i 4

.76 T ‘ !
3333 x 10  CGS / mole, =315 em" and 8930 em

‘ e .
we find the value of XAas 4273 x 10  CGS/ mole. It is

-



) 227
smaller than the obgerved value and the difference to a
large extent be attributed to the suseceptibility due to
the sécond order Zeeman effec\t.
For bl:'f:valent cobalt in the weak octahedral
crystal field, Tlg (F) is the ground term., For the T

gréund terms the magnetic moment will be dependent upon
kT-/| Al . This dependence is shown in fig. 20, in which
the two curves indicate the values for two extremes of
the ligand field strength. For kT /A= 1.24, the range
of the mggnetic moment will be 1&-.6’-& to 5.24 B.M, The
observed values are close to the higher value ard
correspond to the weagk field limit.

For bivalent copper in the octahedral erystal

2 _

field, E 1s the ground term. Hence, the magretic
g ,

susceptibility of the copper ion‘ from the first order
Zeemgn effect terms will be

spin only .
X =X {1 -4%A/4)
-4
spin only - '
Since X s A\ and A for copper (II) ion
A - .
) "1

are kmown as 1250 x 10 CGS / mole, -830 em  and

“i
13320 cm -- respectively, we calculate the value of

) S ) .
X as 1562 x 10 CGS / mole. The value is much smaller
A

than the observed one. The large difference cammot be

accounted for in terms of the second order Zeemgn effect
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terms. It may arise from distortions caused by
anisotropy and low symmetry cerystal fields.

The ratio X (obs) / X (cale) has a value
A b3

greater than one for nickel and copper salts 3 it canmnot

be explaired in usual terms.

-X - -X - -X -

ITI.9. Salts of Substituted benzylidene malonie acids-

genersl
9 (a) Ultra-violet absorption spectra :

The absorption bands (in cm L) of benzylidene

Mmalonic gcid agnd 1ts salts are

BM(ale) 35710 BM(alk) 36770
Co BM (PA) 36230-500Mii BM(PA) 36500

. A large difference in the values of the
absorption bands for the acid in glcohol and alkali is
observed; One of the possible regsons for this can be
the change in the distortion of the molecule from
coplanarity. Cglculations show, however, that the angle
© is guite comparable in the two cases and hence it canmot
be the main cgquse for the shift of the band.

The alternative suggestlon can be the change
in the effective length of the conjugated\system. A blue

shift will be observed if a linearly conjugated system

-
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modifies so that a part of its TF-electron system
branches out. In the present case, the carboxylic group
can be represented as follows :
0 0 [ 0
7/ \ / / Vi
-C i — H —

-G -C. == -¢

N\, N/ N, \

(a) - (b)

If it is assumed that the déldécalisation of
- electrons is less for (a) than for (b) , it would
explain the branching out of the “YT-electron system
in case of iong and hence a blue shift. :

The gbsorption band for the salts of the acid
with cobalt (II), manganese (II) ete. has an intermediate
value. It can be related to (i) the metal-ligand bond
and (11) the ngture of the metal. Since the effect of
the naﬁure of the metal ion on the band position 1s
ot well understood as yet, we can explain it gressly
as the effect of the metal-ligand bond. Since a weak
crystal field is detected in the salts investigated,
metal-ligand T-bonding is absent in the salts. It is
suggested that the effect of the metal is to decrease
the delocaglisation of T-electrons so that (b) would
appAoach (a)e ‘

The pattern of observations of the absorption
bands is the same for p-chloro and p-methoxy benzylidene

malonic gcids and their salts amd can similarly be explaireds
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ITT. 10, Complex salts of potassium_apd_cobslt with

benzylidepe malonic scids ¢

The complex salts of potassium and cobalt with .
benzylidene malonic acld and its derivatives (I) were
prepared by treating the carbonates of potassium and
cobalt with the acid. The analyseés of the salts are given
in table 42. The results show that they can be represented
as (XVIID). |

cl
cho cl = CHR (HzO)ﬁ
C

(XVIII) R =

| = CgHy-
b = 0-ClC¢H,~
c = p-ClCe‘H.‘-
d = p-CH;0C¢H,-
e = p=-NO,CyH,-

Their absorption spectra in the ultra-violet
region are presenteci in fig. 21 and their absorption bands .
are given in table 81, The gbsérption band of the salt
containing X and Co 1s rearer to the gbsorption band of
the geid in alkali ;olution than that of the corresponding
mwrmal salt of Go aglone. ‘

The absorption spectra of two salts in the visible

reglion are presented in fig. 22. They hgve an absorption
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-l *
band at 19920 em + In"contimation of our studies o
Co ClM, we can suggest: that for the weak octahedral
crystal fleld ‘

Dy = 930 cm |
an;i "B =80 om .
~Fur;her : . Dq/B’= 1.107
ané B/B =

2347

The band can be attributed to the

)+ . . )* .
? (F)———2a 1 (P) transition.
lg . : lg .
The magretic moments of these salts are presented
in table 82. The values are amomalous ; they are very high
for weak octahedral crystal field.,

The molar conductivity of these salts is presented
in table 83. The ramge of the values indicates the presence
of complex lons in solution. Hence the salts are

ey

represented as (XIX)

(=]
n
i

Kz Co CHR - (HzO) 2 {Hzo) n-2

02

(XI%)
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ITI, 11, Complex salts of potgssium and copper with 23?

benzylidene malonic gcidg
The complex sa%ys of potagsium anl copper with

benzylidene malonic acid and its derivatives (I) were
prepared by treating the carbongtes of potassium ard
copper with the acid. The analysis of the products is
given in table #6.\The results show that they e an be

represented as (XX).

ogoi ‘
chu T = QHR (HzO)n
0,C
2
(xx) R =
a = G6H5-
b = 0-C1C¢H,~
¢ = p-C1C4H, -
d =

= p=-NO,CgH,~

Their ultra-violet absorption spectra are given
in fig. é3 and their absorptibn bands are presented in‘
table 8k,

) The gbsorption bgnd of the salt containing K
and Cu is nearer to the absorption bard of the acid in
alkall solufion than that of the corresponding salt of
Cu alore. ‘ '

The absorption spectra of two salts in the
visible region are presented in fig. 22. The abéorption
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band is at 13600 cm-"for KCu C1M ard at 13700 cm"1 for
KCu ChM . In contimation of our studies on Cu C1M, we
suggest that the band be relsted to the octahedral

erystal field around copper and be attribtuted to the

2 2
Eg"'———-) T 2 transition
Hence,
- .
A\ = 13600 ¢ for KCu CIM
’1 N
= 13700 em for KCu ChM
y -1
and Dg = 1360 cm for KCu C1M

1
1370 en for XCu ChM,

il

The mggnetic moments of these salts are presented
in table 85. The values are varylng from 2.17 B.M. to
2438 BoM. As observed eagrlier, the magnetic moment of the
copper salts may be gbout 1.8 B.M. if the salt is 3 normal
one and about 2.2 B.M. if it is a complex one, It is
confirméd by our present observaﬁion.that the value of the
mggretic moment for copper complex is agbout 2.2 BeM.
' The molar conductivity of these salts is
presented in table 86. The range of the values indicate
the presence of complex lons in solution. Hence the salts

are representéd as (XXI).
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o?_cl:
Kz | Cu T:c&m - (H0) , (Hzo)n_
0,C
2
| -
(XX1)

IIT, 12. _Complex salts of potassium and nickel with
benzylidéne malonic s0ids :

The complex salts of potassium and nickel with
benzylidene maionic acid gnd its derivatives (I) were
prepared by treating the carbongtes of potassium and
nickel with the zcids. The anglysis of the products is
presented in taﬁle 50. The results show that they may be
represented as (XXII).

0,C
KoM G = CHR (H,0)
. - n

0,C: \

(XXI1)

R =
b = 6-C10¢H,- e = p-NO,C¢H,~
c= p"C»}.CeHu"
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Their absorption spectra are given in fig. 24
and their absorption bands are presented in table 87.

The gbsorption band of the salt containirg
K and M is nearer to the absorpticn band of the acid
in alkall solution than that ‘of the corresponding salt
of M alore. ’

The absorption spectrum of a salt in the
visible region is presented in fig. 22. The gbsorption
bands are at 14600~cmnl and 26_;.20 cm—l (for KNi ChM),
In contimuation of our studies on Ni _ChM, we suggest
that weak octahedral crystal field exists around nickel
and that the absorption bands at 14600 cmnl and 26320 cmyt
be gﬁfributed toc the

3 3 ‘ 3 3
Azg—-—-——) Tlg () amd .Azg—-————) ‘l‘lg (P)
transitions.
Further,
| Dq / B = 0.896,
-1
B = 978 cm
. 1,
Dg = 876.cm -
and A = 8760 cem 1.

Thelr magnetic moments are presented in table
88. The vglues inmdicate the octahedral nature of nickel

in the complex.
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The molar conductivity of these salts is
presented in table 89. The rarnge of the values
indicates the presence of complex ions in solution.
Hence the salts are represented as (XX111).

- 0,C

ey

Ko Ni C = CHR | {Hy0), | (H,0)

(XXIII)

The molgr conductivity of KNI NM at various
concentrations is presented in table 90. The results
show that the dissociation of the complex ion inecregses

with dilution.’

IIT. 13. Complex salts of the subgtituted malonic scids-
gerersl

The visible absorption spectrum, the ultra-
violet absorption spectrum, the mggretic susceptibility
amd the electrical conductivity of the complex salts of
copper, nickel and cobalt with benzylidene malonic acid
and its derlvatives have been studied,

From the study of the visible absorption spectra
of some¢ of these complexes, we find that the ecrystal
field splitting (A ) is 9300 cm—1 for the cobalt complex,

i

13600 and 13700 cm . for the copper complexes ard

1
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8760 em  for the nickel complex. The value increases

in order

The order is the same as observed by us for the salts
of these metal ions with the ascids.

The value of the ecrystal field parameter B
is also derived and is found to be 840 c:m”JL for the
eobalt complex and 978 cm’l for the nickel complex.

The molar electrical conductivity of these
complexes increagses gereraglly in order

2+ 2+ 2+

Cu < M ~ Co
Hence the copper complexes are much less dissocigted
than the corresponding nickel or cobalt complexes.
However the molar conductivity of the copper, nlickel and
cobalt complexes of o-chlorobenzylidene malonic zcid
ig very rearly the same. The results show that the
relative dissociation is not only dependent on the
nature of the metal ion but also on the nature ard
position of the substituent &n the acld molecule,

The ultra-violet absorption spectry of these
complexes show that the value of the absorption bard
is almost the saome for the complexes of the same aeid,
irrespective of the nature of the metal ion. The value
is closer to the one for the acid in alkapli solution

than to the one for the acid in aglcoholic solutions

]



. . The magnetic moments of the cobalt, coppe1252.
and nickel complexes are 5.45 - 6.14% B.M. 5 2.17 -2.38
B.M. and 3.52 - 3.71 B.M. respectively. These values
corresponditg wesk octghedral crystal field with large
orbital contribution. For some cobalt complexes, the
values are agromaglously ‘high. It may be interpreted in
terms of strergthening due to spin-spin interaction, but
is mot confirmed by other eviderces. '

-X - : - X - -X -

Kapadia.'ls9 attempted to prepare polymers from
the -complex salts of malonic agecid. It became recessary
to krow for such studies if the complex ions of the
unsubgtituted malonic scid and its bis-derivatives would
be sufficiently stable in solution for the polymerisation
regctions to be obgerved. W mow find that the complex
ions of various substituted benzylidence malonic acids
are fairly stable in solution as indicated by electrical
conductivity and other megsurements. Hemce we believe
that polymerisation regetions can be attempted with
complex malonates possessing suitable stereoctemical
configurations so that fairly stable polymeric anions

can be obtained.
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