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ABSTRACT

The cendensation reaction between 2,6-diaminopyridine and 2,6~
pyridinedicarboxaldehyde in the proscence of some metal ions has been
found to produce closed mucrogyclic ligand (L-B) from the condensation
of two molecules of cach of tho reactants, in addition to polymeric Schiff-
base ligands.

Seven complexes containing the closed macrocyclic ligand (L-B} were
obtained: Co(L-B).(CHaC00),.lH,0, Co(l-B).I,.3H,0, Ni{l-B).(C10,),.2H,0,
1i(L~B) +I5.3H,0, Cu{L-B).I;.2CH,0l, Zn(L-B).(CH4C00),.5H,0 and
10, (L-B) .{CH5000), . 3H0,

rolymeric-Schiff-base complexes iere obtained with the perchlorates
of Fo(II) and Cu(II), with the acctates of CA(II) and Pb(II), with the
chlorides of Hg(IT), PA{II) and ?+(IT), with the nitrates of La(ITI) and
T(IV) and with the iodide of Cu(I).

Structural formlae hiove been proposed for the complexes reported,
based on elemental analyses, infrored spectrophotometry, chemicol
behavior and electron spin rescnanee measurements.

On the other hand, reactions of 2,6-diaminopyridine and o-mer-
coptobenzaldehyde with metal ions were vmsuccessful., i molecular
formila was found only forr the Yn(II) complex. 4 cationic complex
containing cne diamine molecule and onc o-mercaptobenzaldchyde anion

courdinated to the 7n{II) ion is suggestad.
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1. LITRODUGTION

g ———

The investigation of metal complexes of Schiff bases derived from
2,6~disubstituted pyridines has virtually started in the rdid fifties.

In 1956, Stoufer and Busch® prepared and characterized several
complex2s of 2,6-pyridinedicarboxaldehydehydrazone (I<4) with Fc(II), Co{II)

and Ni{II).

He R= NHQ
Be R = methyl, ethyl
C. R = phenyl, benzyl

In the same year, Ssvich, Pikaev and Lebedev?®’2 reported a series
of Schiff bases among which was one IT cbtained from the condeonsation

of salicyaldehyde and 2,6-diaminopyridine,




In 1957, Lions and Martin? reported some Schiff bases I~B and I-C
prepaved from 2,6-pyridinedicarboxaldehyde and primary amines. Schiff
bases I-B are oily compounds but I-C are crystalline solids. Reactions
of I-C with iron(iT) perchlorate, iron(TI} bromide. cchnlt{I1) chloride
and Co(II) iodide were investigated. Linear polymers III were alco obbtained
from the condensation of 2,6-pyridinedicarboxaldehyde with ethylenediamine,
1,6~diarinchexane or benzidine, The repeating units of these polymers are

potential tridentates. The nclyiers obtained from ethylenediamine and

hexamethylenediamine IIT do readily corbine with salts such as iron(II)
sulfate.*

Seyhan and Fernelius® prepared uranyl complexes of the Schiff base
IV obtained from the condensstion of l-methyl-pyridine=-2,6-dicarbox-

eldehyds and o~aminophenol,
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In 1960, it was reported® that 2,6-pyridinedialdoxime or 2,6-pyridine~
acetoxime could be used as analytical reagents for the determination of
manganese. Iron, cobalt and nickel were found to interfere by producing
colored chelates.

At the same time, Figpins and Busch?’® prepared and characterized
corplexes of 2,6-pyridinedialdbis(methylimine) with Fe(II}, Co(II) and
Wi(II). It has been reported that "the lack of a suitable preparative
method for the dialdehyde has curtailed these studies."17

In 1961, Stoufer, Busch and Hadley® reported wnusual magnetic
properties of the six co-ordinate Co(II) complex, bis-(2,6-pyridine~
dialdihydrazone)cobalt(II)} iodide.

Later, in 1963, Bag, Fernando and Freiser!® studied the acid
dissociation and the formation constants of Cu(II), Ni(II), Zn(IL}
and Mn(I1} complexes of pyridine 2,6-dialdoxime by spectrophotometric and
potentiometric methods. The metal-to-ligand ratio for Cu, Ni, Zn, ¥n

and Co is 1:1.



In 1964, a number of Schiff nolybases'® with a system of conjugated
bonds was prepared by the reaction of p-phenylenediamine or 2,6-diamino-
pyridine with 1,3-butanedione, benzil, glyoxal, terephthaldehyde,
malealdehyde, bis{acetylphenyl)ether and bis(acetylphenyl)sulfide, The
biack to gray polymers obtained were found to be soluble in dimethyl-
formamide, acetic acid, fermic acid or sulfuric acid,

In 1965, S. Thabet and L, Hagopianl?® reported a new method for the
differentiation of the o-,m~ and p-isomers of aminophenol by adding Cd'
to a basic solution of the Schiff base V formed from the condensation of
pyridine-2,6-dicarboxaldehyde and the aminophencl. "No precipitate was
formed with the m-isomer whereas on intense red color sol, in CHCl, was
formed by the o-isomer. The red color of the p-isomer was not sol, in

CHCL,."*?

g
Q)
N=HC" > ~CH=N
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At the same time, Hanania, Irvine and Shurayh'?® studied the effect
of coordination on the ionization of pyridine-2,6~-dialdoxime. The Fe{II)
complex of this Schiff base was used for the study.

In 1965, the synthesis and properties of 10 polymeric Schiff bases
were reported.1? The polymers were prepared by the polycondensation of
dicarbonyl compounds with p-phenylenediamine and 2,6-diaminopyridine.
Depending on the structure of the dicarbonyl compounds, polymers were found
virich contained conjugated bonds and conjugated sites seegrated by methylene
bridges or oxygen or sulfur atoms.

In 1966, Stoufer, Smith, Clevenger and Norrisi® re-investigated the
anomalous magnetic behavior of the six co-ordinate Co(II) complex,
bis(2,6-pyridinedicarboxaldehydedihydrazone)Co(II) iodide,

In 1967, Delman, Stein and Simis'® synthesized a wide varicty of
structurally related Schiff base and acid amide compounds and low molecular
welght polymers. Among these was the Schiff base prepared from tere-
phthaldehyde and 2,6-dilaminopyridine.

it the same time, Curyy, Robinson and Buschl? reported the syntheses
and properties of various couplexes derived from 2,6-diacetylpyridine-

bishydragones (VI) where R = ifll,, WICH,;, NHCgH5, N(CH5), and WHOGHN.




&L five coordinate structure was suggested for certain 1:1 complexes of
Co(II) and Cu(II) having the formuta MLX, (L = VI, R = NMey3 Z = G1).
These authors refer to unpublished work done by Burke, Curry and Busch on
the preparation and characterization of the imine complexes derived from
2,6-diacetylpyridine (VI, R = CH,, CHyCHs, CH,CgqHs, CgHs, p-CICgH,, p~FCgH,,
p-ClisCeH, and p~OCHACgH,) with divelent Fe, Co and Ni,

In 1968, Sacconi, Morassi and Midollini'® prepared complexes of
2,6~diacetylpyridine Schiff bases (VI, R = Me, Bt, n-Pr, i-Pr, sec~Bu
and cyclohexyl) with the halides, nitrates and thiocyanates of Co(II) and
Ni(II) in anhydrous non-solvating solvents., High spin, five coordinate
complexes of the general formula ML, were obtained (L = VI3 X = Cl, NO,
or CHS).

In the same year, Ochiai and Busch'® reported an octahedral Co{IIT)
conplexes of the formulsa [ﬁCo(III)cypBé}Y (R = 2lkyl or analogous groups,

eyo = VII).

CNofH e



At the same time, polyners with a hemiporphyrazine structure were
reported.?® These were obtoined by refluxing 2,6-diaminopyridine with
tetracyancbenzene in a 2:1 molar ratio in high boiling solvents. Another
polymer resulted from Cu-bis(l,2~dicycnocthylene-1,2-dithio)cuprate(It)
dihydrate and 2,6~diaminopyridinc. Similar results were obtoined with the
last two compounds in the presencc of Cu-acetylacetonate, A polymer was
alse prepared from tetracyanothiophenc and 2,6~diaminopyridine in the
presence of CuCly.

In 1970, Packham and Haydon®l prepared microecydic and linear polymers
by condensing 2,6-diaminopyridine ifith phthalonitrile(VIII -o and VIII -b)
or pyromellitonitrile in alcchols under nitrogen atmosphere and with sodium

alkoxide catalysts. Nickel(II) complexes of the polymers werc prepared.
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Lindoy, Busch and Goedken®? reported that the condensation of
2,6~diacetylpyridine with 2-aminobenzenethiol in & 1:2 molar ratio gave
2,6-bis(2~methyl~2-benzothiazolinyl) pyridine (IX}. However, in the

presence of Zn{II) and C4(II) ions, IX rearranged to give five co-ordinate

complexes of the Schiff base .

Although complexes of the Schily bases derived from salicyaldehyde
and mono or polyamines are well knowm, this is not the case with the
sulfur analogue of salicylaldehyde, o-mercaptobenzaldehyde. LA nunber
of N-aryl- and N-alkylimines of o-mercaptobenzaldehyde XTI ( R = Cglig,
p=Cel,0CH,, p-CeH N(CHy)z, o0~GgiT,Of and n—-(GHz)3CH3) has been reported
for the first time.? The presence of a tautomeric benzoid-guinoid

s SH

@_C =N

I



({IT-ZI7T) ecuilibrium in solutions of these imines has bezn est-blisnrd

froiz their electronic and vibrational spectra.
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Berbtini, Ssceoni and Sneronif® roported some nickel{IT) snd cobals{IT)}
complexes with tae c-mercaptobenzeldiminstes XI (R = Me, Bt, i-Pr, scec-DBu

and tori-Bu), X7 and U,
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It is obvious From the above rcview tihal no work has been donz oa
Schiff base ligends obtained frown the sondensation of 2,6-diaminopryridine
with 2,6-pyridinedicarboxaldehyde or o-mercaptcbenzaldehyde. The presot
work is an attempt to investigate the reacticns of such Schiff beses with
metel ions-

In order to understznd the general behavier of these Schifl bacoes,
metal ions to be investigated in this work will be selected from the
various transition metal serics, thc inner transition metals and the post

transition metal ions,



2e EXPURTMENTAL

., S S —

2.1 lHaterials

The solvents used wore analybtical reagent grade and were used as
nurchased,

?,6-Diaminopyridine was purchased from City Chemicel Corporation,

New York, U,S5.4. and was purified by sublimation at 100°C under reduced
pressure before use.

o-HMercaptobenzoic acid, Cg4ilsLUCH; phosphorus pentachloride, PUlg;
fi-methylaniline, CoH-N(H)CH,; zinc powder; anhydrous sodium swlphitc, Hap804;
cobalt(II) acetate tetrahydrate, Co(ClizC00),.LH,0; 2inc(II) acetate dihydrate,
Zn(CH,000);.2H;0;5 cadmium acctate Cilydrate, CA(CHRC00).2H,03 lanthanum
nitrate hexahydrate, La(ti0,)5.64,0; manganese(II) chloride tetrahydrate,
MCl, . WH,0, and uranyl acctate dihydrate, U0 {acetate),.2H 0, werc purchased
from E. Merck A.G., Darmgtadt, Germany.

Iron{II} perchlorate haxahydrate, Fe(Cl0,),.6H;03 nickel{IT) perchlorate
hexahydrate, Ni(C10,),.6H,0 and 2,6-vyridinedimethanol were bought from K and K
Laboratories, Inc., Plainvicw, Hew York, Hollywood, California.

Cobalt(IT) iodide dihydrate, Col,.2H,0; nickel(II) iodide hexahydrate,
NiI..6H,0; copper(II) perchlorate hcxahydrate, Cu(Cl0,),.61,0; ccpper(I) iodide,
Cul, and lithium aluminum hydride, LiilH,, were bought from .ilfa Inorganics
Inc. (Vetron), Beverly, tiassacnusetis, U.S.a.

Copper(II) acetate monohydrate, Cu(CH;C00),.E,0; mercury(II) chloride,
HeCly; lead(II) acetate, Po{Cii,C00),; sodium iodide, Nal; potassium iodide,

KI and iodine, I, were purchascd from Mallinckrodt Chemical Works, New York,

U QS .1’& -
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Ruthenium(TII) chloride, RuCls; thorium(IV) nitrate tetrahydrate,
Th(¥04)4. LH,0 and palladium chloride, PdCly, were purchased from Fluka
f4G4, Buchs, Switzerland.

Ceric ammonium nitrate, (UH,).Ce(NC;)e, was purchased from J.T. Baker
Chemical Cormany, Phillipsburg, Hew Jersey, U.S.4a.

Hexachloroplatinic acid, i,P1Clg, was purchased from Hopkin and
Wiliiams Litd., England.

Sodium perchlcrate, WaCl0, + H,0, was purchased from the B.D.ll.
Laboratory Chemicals Division, Pocle, England,

cis-Dichlorobis{benzonitrile)nalladium(II), PaCl,(CglCH), was
prepared by the method described by Xharach,2®

Potassium tetrachloroplatinate(II}), K,PtCl,, was prepared from
hexachloreoplatinic acid, HyPtClg, by the method originally introduced by
Cooley and Busch®® and later improved by Tayim,?7

2,6-Pyridinedicarboxaldehyde was prepared according to the method
dsseritel by Papadopoulos, Jarrar, and Issidorides®® which involves oxidation

of 2,6~pyridinedimethancl with freshly prepared manganese dioxide.=®

242 Preparation of the Sclution of o-Mercaptobenzaldehyde and 2,6-Diamino-

pyridine
o-Mercaptobenzaldehydle was vrepared from o-~-mercaptobenzoic acid by
a series of recctivns., The acld was first oxidized to l-carbozy-phenyl
disulphide which wes then converted to the acid chloride, di-{o-chloro-
carbonylphenyl) disulphide. This acid chloride was converted to the

bis~--methylanilide, then to o-icrcepto-N-methylbenzanilide. The lattor
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was finally reduced with lithium aluminum hydride to yield the required
aldehyde.

The oxidation of o-mercaptobenzaldehyde was carried out by a
modification of the method of 'ellace end Schriesheim.®® To 30.8 gnm
{0.2 mole) of o-mercaptobenzeic acid was added with stirring 120 ml of 15%
aquecus sodium hydroxide. Iodine (22 gm) was added in small portions during
two hours and the reaction mixture was further stirred overnight. The
solution was then neutralized with 2 ~hydrochloric acid. The solid obtained
was filtered, washed with water and dried in air. It was then purified by
reerystallization from ethancl, The yeild of l-carboxy-phenyl disulphide
was 18 gm (€60%); mp. 292-300° (dec.).

Di-{o-chlorocarbonylphenyl)disulphide was then prepared®! by grinding
gtoichiometric amounts of the disulohide and phosphorous pentechloride in a
mortar for a period of about two liours. The acid chloride was cxtracted
with benzene and purified by recrystallization several times from benzene.
The product is yellow solid; m,p. 152-154°C (1it.3* m.p. 153-154°).

o~Mercaptobenzaldehyde was prepared from the acid chloride according
to the method of Leaver, Smdicz and Stafford.®? N-methylanilide (16 gm)
mixed with an equal volume of pyridine was added dropwise te a stirred
golution of di-{o-chlorocarbonylohenyl)disulphide (21,3 gm) in 800 ml of
benzene placed in an ice bath. The rcaction mixture was thon beoiled for
one hour, washed with 2N-hydrocilloric acid, followed by wator and dried over
anhydrous sodium sulphitc, BEvaporaticn of the benzene at the aspirator
(with a CaCl, trap) gave the bis-if~mcthylanilide as a pale yellow solid

(sep. = 43-15°) instead of the pale ycllow oil reported® (yicld = 30 gm),
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The anilide (26,6 gm in 270 ul acctic acid) was boiled in a streamn of

carbon dioxide, and zinc dust (8 g;m) wes added in small portions over a
neriod of three hours., The scolution was filtered, diluted with water (700 mL)
end extracted with three 350-ml portions of ether. The extracls were washed
with 2 solution of 5% sodiun carbenate, followed by water; dricd cver
anhydrous sodium sulphite and evaporated in a stream of carbon dioxide.
(Carbon dioxide generated from the rcaction of sodium carbonate and sulphuric
acid was not efficient for rapid evaporation of the solvent, so that part

of the solid obtained melted and decomposed)e The product was then extracted
with petroleum ether (b.p. 100-115°C)., The yield was 13 gm of o-mercapto-
W-incthylbenzanilide melting at 90-92° (1it.%2 m.p. 92-93°).

4 solution of W-methylanilide (13 gm) in 75 ml of tetrahydrofuren

{dried with lithium aluminum hydride® ) was stirred and placed in an ice
bath. Lithium aluminum hydride (1.5 gm) in dry ether (150 ml} was added
dropwise during L5 minutes, The solvition was further stirred for 18 hours
at 0°., The excess hydride wag Jdestroyved with ice, and 150 ml of 0.05 ¥
hydrochloric acid was added slowly. The insoluble material left was filtered
and more ether was added to the filtrate. The ether layer was scopeorated,
washed with water to neutrality and dried over anhydrous sodium sulphite.
The pale yellow sclution of the o-mercaptobenzaldehyde thus obtained was
kept at 0°. The melting point of its 2,L-dinitrophenylhydrazone is
278-280° (1it, 269-27632 and 288°%3), The concentration of the aldehyde
is determined by the yield of its 2,lh~dinitrophenylhydrazone.

A solution of o-mercaptobenzaldchyde and 2,6-diaminopyridine was

then prepared by the follcowing procedure:
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approximately 1:2 molar ratio of the diamine dissclved in the
minimum amount of dioxane was added to a measured volume of the c-mer-
captobenzaldehyde sclution placed in an ice bath. The deep wine-red
solution which resulted was kept at 0°C for 30 minutes beforc it wes used
for reactions with metal salts. .ittemps to precipitate the ligand by acding
other solvents or refluxing the rod soluticn for soveral hemrs tcre unsuccessiul.
Another attempt was to evaporate part of the solution completely to dryness
under reduced pressure, Evaporation resulted in the formation of a sticky
yellowish solid which was wasiicd with cthanol to give a yellow sclid whose

infrared spectrum did rot show a band eorresponding to Wy (2600-2550 cm 1),

2,3 Reactions of 2,6-Diaminopyridine and o-Mercaptcbenzaldeiyde with Metal

Ions

The solution of thc aldciiyde and the diamine was prepared as
previously mentioned by mixing 0,62 gm of 2,6-diaminopyridine dissolved in
five ml dioxane with 100 ml of the aldehyde solution. This solution will
be referred to as the "ligand solution!.

(1) Meroury(I1) Chloride

To a stirred sclution of 0.27 gm (1072 mole) of mercury{II)

chloride, HegCl,, in 10 ml ethanol was added 20 ml of the ligand solution
{1072 mole}. 4 yellow precipitetc was formed immediately. The reaction
mixture was stirred for two hours., The precipitete was then filtered,

washed with ethanol and dried under vacuum at room temperaturc.

The sompound obtaincd melts at 230-233 with decomposition.
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(11) Uranyl Acetate

To a stirred solution of 0.3 gm (1072 mole) of uranyl acetate
dihydrate, U0, (CHL000),.2H,0, in 10 ml methanol was added 20 il of the
ligend solution. The color changed immediately from yelleow to orange, then
an orange precipitate was formed, Stirring was continued for two more hours
and the product was filtered, wasued with methanol and dried under vacuum,
The color of the precipitate chanped after filtration from orange to
nearly yellow.

The compound obtained decomposes at 170°,

(iii) Lead(IT) Acetate

4 solution of 0,33 gn of lead acetate, Pb{CH4C00),, in 10 ml of
methancl was stirred while 20 ml of the ligand solution wag added, i
yellow precipitate was formed immediately. The reaction mixture was stirred
for one hour and the product was filtered, washed with methanol and dried
under vacuum,

The compound obtaincd melts at 185-19C° with decemposition.

(iv) Zine(II) Acetate

A solution of the ligand {20 ml) was added to a stirrcd solution
of 0.22 gm of zinc(II) acetate dihycdrate, Zn{(CH;C00),.2H,0, dissolved in
10 ml of methanol. 4 yellow color apneared. The reaction mixture was
sbtirred for five hours. #in orange-red precipitate was then formesd and
the reaction mixture was kopt in the freezer for two weeks to get more
solid, The product was then wasned with methanol and dried under vacuum.

The compound obtained decomposes at 310°C.
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{(v) Copper(Il) icetate

A solution of 0.2 gin copper{TI) acetate dihydratc, Cu(C.5C00);.
2H,0, dissolved in a mixture of 10 ml methanol and five ml dioxane, was
stirred while 20 mL of the ligand solution was added. & dark green color
was obtained. The sclution was stirred for four hours and kept in the
freezer for one week. The black srecipitate obtained was filtered, washed
with methancl and dried under vacuum.

The black compownd cbtained does not melt up to 350°C.

(vi) Ruthenium(III) Chloride

To a stirred sclution of 0.21 gm of ruthenium(IIT), Crloride,
Rfully, in 10 ml methanol was added 20 ml of the ligand solution. UYhe color
of the solution turmed dark-bvrown. Stirring was continued for two hours
and the mixture was filtered. The black precipitate obtained was washed
with methancl and dried under vacuuwi,

The compound obtained does not melt up to 350°C.

(vii) Lanthanum Nitrate

To a stirred sclution of 0.43 gm of lanthanum{II1)} nitrcie,
I1a(i0,)53.6H,0, hexahydrate in 10 ml methanol was added 20 ml of the ligand
sclution., The color turned orange-red immediately and a white vwrecipitate
was formed., Stirring was continued for two hours during which the color of
the solution twrned pinkish-red, It was then kept below 0° for seveoral
days, The pale pink precisitatc obtained turned black whilc filtering the
solution.

The compound cobieined docs not melt up to 350°C.
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(v4ii) Geric Ammonium ifitrate

A solution of ceric amacnium nitrate wes preparcd by mixing
0.28 gm (0.5x1072 mole) of the salt in 10 ml methanol. Then, 15 ml.of the
ligand solubion was added with stirring. & dark green colsor apoezred
immediately, Stirring was continuod for two hours and the reaction mxtur
was kept in the freewer for a fcu days. The mixture was filtered and the
“ark green product wac washed with methanol and dried under vacuum.

The compound obtaincd decomposes at 215°C.

(ix) Thorium(IV) Witrate

4 solution of the ligand {20 ml) was added with stirring to a
solution of 0.48 gm (21072 mole) of thorium(IV) nitrate tetrehydrate in 15 ml
rnethanol and 5 ml dioxane. 4« yeliow color appeared. The reaction mixture
was stirred for four hours and z ycllow precipitate appearcd during stirring.
The solution was then filtered and theo yellow precipitate was washed with
dioxane, followed by methanol, and dried under vacuuam.

The product obtaincd decoimoses at 200°C.

(x) Iron(1I) Perchloratc

To a stirred solution of 0,36 gm of iron{II) perchlorate
hexahydrate, Fe(0l0.),.6H0, in 10 nl methanol was added 20 wi of the
ligand sclution. 4 green color gpneared immediately. The color of the
solution turned brown after one minute and 2 dark-brown precipitate was
formed., The reaction mixtuwre wmg gtirred for two hours, filtered and
the product was washed with methanol and dried under vacuum.

The product obtained does nct melt up to 350°C.
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(xi) Manganese(II) Chloride
To a stirred solution of 0.20 gm {1073 mole) of manganesc(II)
chloride tetrahydrate in 10 1l of methanol was added 20 ml of the ligand
golution., The color turned pale-ycllow and a pale-yellow precipitate was
formed, The mixture was stirred for two hours. It was then filtered. The pole-
yellar precipitate twmned dark-brown while it was being washed with methanol,

The compound obtained doss not melt up to 350°C,

. ——

To a stirred solution of 0,1092 gm (1072 mole) of 2,6-diaminopyridine
in 15 ml absoclute methanol was added 0.1351 (1073 mole) of 2,6-pyridined’ -
carboxaldehyde. Stirring was continued and the solution was rofluxed.

.ifter about three minutes, the color of the solution turmed pale-~yecllow. i
yellow precipitate appeared after 15 winutes of refluxing. Tae reaction
mixture was then refluxed forr two hours. The product waos collected by
suction filtration, washed witl: methanol and dried under vacuwi. The same
reaction was carried out but the mixture was refluxed overnipht. Identical
products were obtained.

The yellow solid obbtained in both cases changes to orange-brown at

270°C and black at 400°C without mclting.

2.5 Reactions of 2,6-Diaminopyridine and 2,6-Pyridinedicerboxaldehyde

o —r

with Metal Tons

Most of the reactions of 2,6-~diaminopyridine and 2,6-pyridine-
dicarboxaldehyde with different metal salts were carried out by the

following general procedure. To a stirred solution of 0.1092 gm (1073 mole)
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of freshly sublimed 2,6-diaminopyridine in 15 ml of pure methanol, 0.1351 gm
(1073 mole) of 2,6-pyridinedicervoxaldehyde was added. Immodictely, while
the solution was being heated and stirred, a soluticn of the metal salt
(1072 mole) in 10-15 ml methanol was added. The reaction mixture wes then
refluxed and stirred for a period of time as shown in Table I,

In the cases of the perchlorates and iodides, precipitatcs ware
Joirmed upon refluxing. With mereuric chloride, a precipitate appecred
imnediately upon addition of the metal salts. However, with all tiic acetates,
cxcopt uranyl acetate, deep crange to red colors resulted and no precipitates
were formed during the reflux period. BSaturated solutions of sodium
perchlorate in methanol (10-15 il) were added to them to cause the precipi-
tation of the product,

A1l complexes obtained were isclated by suction filtration, washed

very well with methanol and dried under vacuum at room temperature.

2,6 Reagtions of cis-Dichlorobis(benzonitrile)palladium(Il) with

2,6-Diaminopyridine and 2,6-Pyridinedicarboxaldehyde

(1) with 2,6~Diaminopyridine

To a stirred solution of 0,0728 gm (0.66x1072 mole) of 2,6~
diaminopyridine in 10 ml methanol wos added 0.256 gm (0.66x1072 mole) of
cis~dichlorobis(benzonitrile)nalladium(II) dissolved in 15 1l of mcthanol.
L red precipitate was formed irmediatcly. Stirring was continued for
three hours. The reaction mixture wes then filtered, washed with methanol
and dried in vacuo at room temeraturec.

The compound obtained changes to brown at 200°C, It ucltis

at 245°C,



Taplo I

Reactions of 2,6-Diaminopyridine and 2,6-Pyridinedicarboxaldehyde
with Metal Ions

liotal Salt Reflux Period (hr.) Color of Preduct
Fe(Cl0, ), +6H,0 2 yellowish~brom
Fe{C10,), 6H0 21 yellowish=-brown
Co(CoHa0p ) g o4HS0 2 black

Col;.2HZ0 3 brown

Ni(C10,), .6H0 2 orangec
Ni(C10,4), .6H20a 2h orenge
Hilsa6H,0 3 reddish-brown
Cu(G10,), «6Hz0 black
Cu(cgﬂsoglrzaaob h black

cuz® 3 brown

Zn(C JHz0,) 2. 2H,0 3 dark-red
CA(Calia05) 42050 3 orange-brown
dgCly 2 light-orange
Pa(c 150N ),C1 2 2l orange
Pd(GGHSCN)2012 -4 orsnge

R, PtC1,° 4 brownish-yellow
U0, (Cpll405)5.2H,0 2 orange

La(NOS Jse 6H,0 3 yellow

Th(NC,) 4 JLH0 3 ycollow~orange
Pb(CaH405 )2 3 light orange-red

e e . e ——————— e = A w A - W R A % - m———

%4olar ratio of the dialdehyde: diamine: metal salt is 1:Ll:1/2,

bE:ccess sodium iodide in mcthanol was added to get the iodide complex.

®Copper{I) iodide was dissclved in votassium iodide in methanol.

dReaction was stirred only without hoating for 3 hr.
®in aqueous rather than methanolic solubion was used.
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(11) with 2,6-Pyridinedicarboxaldehyde

To a stirred sclution of 0.256 gm {0,66x10™3 mole) of cis-
dichlorobis(benzonitrile)palladium(II) in 1S ml methanol was added 0.0901 gm
(0,66x1072 mole) of 2,6-pyridincdicarboxaldehyde dissolved in 10 ml of
methanol. The solution was stirred for four hours at room temerature.

No change in the color of the golution was observed. It was then refluxed
overnight. A green precipitate was obtained, filtered, washed with methanol
and dried under vacuun at room terperature.

The compound obtained melts at 220-222°C with decomposition.
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2.7 Instrumental

The elemental analyscs for C,H,N,CLl and S in the compounds obtained
from the reactions of 2,6-diaminopyridine and o-mercaptobenzaldehyde with
metal salts, were run by Pascher Mikroanalytisches Laboratorivm, Bonn,
Germany.

The elemental analyses for C,i and § in the compounds obtained
from the reaction of 2,6-diaminopyridine and 2,6-pyridinedialdehyde with
different metal salts were run uging a 2.0 Perlin Elmer CHN anclyzor.

The infrared spectrs werc recorded on a Perkin-Elmer 137 and on &
Pericin~Elmer 621 grating spectrophotometers. Potassium bromide vellcts
were uged.,

Melting points were taken on a Mel-Temp. apparatus and were

uncorrected,



3. RSILIS

o Sm—— A

4 solution of 2,6-diawinopyridine and o-mercaptobenzaldeiyde was treated
with Hg(II), U0,2*, Po(Il)}, Zn(XI), Cu(II), Rue(III), La(IIl), Ce(IV), Th(IV),
Fe(IT) and Mn(II).

The results of these reactions are listed in Table IT.

The compounds obtained are in general insoluble in water, methanol,
ethanol and ether. The compounds obtained with Pb(II) and Ce{IV) are slightly
goluble in methanol.

Elemental analyses for C,H,J and S were carried out for the oroducts
of the reactions with Zn(II}, Ng(IT), n(ITI), Pb(II) and W0,2*, ithe results
are shown in Table IITI. No molecular formulae that fit the analyses could be
suggested for these products except for the Zn(II) complex. ilo analyses
were attempted for the compounds of Cu(II), La(III), Ce(IV), Th{IV) or Fe(II).

The infrared absorption bands obgerved for some of the nroducts are

listed in Table IV along with their assignments,3% 2

Reaction of 2,6-Diaminopyridine with 2,6-Pyridinedicarboxaldelivde

NE X

The Schiff base L-i,li»0 obtained from the condensation of 2,06~
diaminopyridine and 2,6-pyridinedicarboxaldehyde is insoluble in water,

methanol, ethanol, acetone, ether, dioxezne, petroleum ether, dimethyl-
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Taple 11
Reactions of 2,6-Diaminopyridine and o-Mercaptobenzaldenyde
with Metal lons

— e e e —

Metal Salt _ Color of Product Melting Point
HgCls Yellow 230-233°C (with dec.)
U0, (CoH40 5 ), 42H,0 Orange” 170°C (dec,)

Po{CoH30,), Yellow 185-190°C (with dec.)

7n(Cai1aCa) 5 2H0
RuCl,
Cu{CH40, ) 54 2H 0
La(ii03 )5« 610

(9114 )20e(N03) 6

Orange-red
Black
Black

. D
Pale pink

Darl: green

310°C {dec.)

-
- ——

215°C (dec.)

Ta(ii05) 4. LUHZO Yellow 200°C {dec,)
Fe(C10,), .6H,0 Dark brown ~——-

MnCl, Pale yellowc ———

a,

Tiie color turred yellow after filtration. bThe color turned blacic after
filtration. CThe color turned dark brown after filtration., --- No melting
up to HOO°C,
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Table I11

Elemental Analyses for the Producis of the Reactions of 2,6-Diamino-~
Eyrldlne and o-herpnﬁtobenzaldebxgg with Some Met: Metal Ions

tietal Salt _____ Product o
HpClp 21,07 2:3h 2.87 3.00
Zn{CaH30,) 5 e 2H0 113,86 Ll 11.29 7473
Po(CoHA0, )5 15.97 1,83 1.52 1.58
UG, (CaHA0,) 5 12.67 2.08 3,70 0.33
RuCla 23.89 - 3.21 11,92 1.26

i possible molecular formula ti:at fits these results is

Z;*N’C: GliaC00™, 1,0, Cal. C = 43.25%; H = 4.}L2%;
(:[CHO J\NHZ 3 lply, 3 5: Llh-%:

¥ = 10,81%; S = 8.23%.
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Table IV

—— i k- e St

Infrared Spectra of the Products of the Reactions of 2,6-Diaminopyridine
and_o-Mercaptobonzaldehyde with Some Metal Salts

Assignment

In(CatixCpla . . .

0-H, MH st.

Cwl ste

S-H st

C=0 st., il=H def.,
C=C and C={ st.
CH,C00" absorp.

Cwii and C-C st

Py-ring vibrations

C-E and ¥-d out-of-plane

bending

3500-3200 (i )
3030 (vw) , 2900 (vw)
1615(sb),1540(a)
1462 (sb) ,1L75(sh)
1585(s) , 125 (w)
1375(w) ,1325{w)
1300(w) ,1260{w)
1150 (mb) ,1030 (b )

730(w)

HeCl,

3440-3120(mb)

1640(sh},1620(vs)
1565{sh),1470(sh)

1350 (wb) ,1280(w)
1250(w)

1110{mb),1025(nb)

725(w)

d2ubly

3330-3120(1b)

2780(vw),2880(vw)
2580 (vw) ,2L00(vw)
1625(vs) ,1600{sh}
1560 (&) 5110 {w)

1365{(w) ,1310(w)
1280 () ,1250 (w)
1160 (w),1105{(wb }
985(wh ), 960 (wh)
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Assignuent
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Wp(CaHa0n)p .. CulC:Hi0,)p

M-I ste, O-H st.

G "":f- St »

S« st.
0=0 S‘b., N"H defl’

C=C and C=H st.
ClI;C00™ absorp.
¢-C and C4! st.

Py-ring vibrations

U0,2* absorp.

C-I and H-H out-of-plane
bending

3400-3180(s)
3080{w) , 2950 (vw)

1650(vs) ,1615(sh)
1520 (vs)

1535(sh) ,1430{sh)
21400 (sh) ,1.370 (sh)
1335(w) ,1310(w7)
1280(m) ,1260(w)
1165(s),1110(m)
1080 (m) ,10L0( sh)
1020(s)

912(sb)

7L (b}, 700 (zib )

3500-3280(s)
3120 (vw) ,2880 (vw)

1650(sh) ,160C (sh)
1550(vs),1510(s)
1470(sh)
1570(sh},1l15(s)
1385(sh),1370(sh)
1250{m) ,1240(s)

1150(w),1215(w)

1015 (w)

750 (wb)

Po(Calle0plp

3380(s)

2920(w) ,2850(vw)
280G (vw)

2h00 (%)
1650(sh),1525(ah)
1525(sh) ,1h90(sh)

1550(vs)1390(s)
1320(s),1250(m)

1650(m) , 1040 {m)

1016 (m},925(m)
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Agsignment
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Fe(Cl04)p . .

0-11, ¥ st.

Coli 5t

S-—H S'l'u

C:{J St., LQV"‘H defl,
C={ and C1 st.
i0," absorp.

C-C and C-1 st.

lﬁf—ring Vib .

£10, absorp.

3200(sb)
3040 (vir) , 2900 (vw)
2775(vw)
2620 (vw)
1650(sh),1615(vs)
1540{mb ) , 1105 (rb)

1340(w) , 1250 (v31)

1170(sh) ,11L2(s)

1125(gh) ,1208(s)
1080 (vsb)

C-II and - out-of-plane 775{w)

bonding

—ae

(NH, )2Ce(N0, ) g

3480-3120(s/

3050(sh),2500(vw)

2480 {vw},2380 (vw)
1640(vs),1600(vs)
1490(s) ,1h25(w)
1375(s),1030(m)
752(sb)
1315(m},1250(w)
1180(w),1110(mb)
1075(w),990(w)
945(w)

695(mb)

R CCPY P

3320-3150(s)

2940 (vw) , 2850 (vw)
2740 (vw) |
2500 {vw)
1650(s),1575(sh)
1480(s%) |
1375(s),1030(m)
810 (m)
13¢0(s),1175(vw)
1160 (vr) |

1100(sh),9%5(w)

— ——

832 (w) , 712 (mb)

o .

“ibbreviactions used: b, breed; m, wmediomy sh, shoulder; s, strong; vs, very strong;

W, weak; vw, Very weak.
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formamide, chloroform, dichloromethane » carbon tetrachloride, benzene and
nitrobenzene. It is soluble in concentrated nitric acid and sulfuric acid

but insoluble in concentrated sodium hydroxide.
.
@
Ol OL
Sn
H, N=CH "N CHQO

Analyeis of L-A.H,0 calenlated for CypHyN,0,:C = 59,00%;

!
1
h
R

H = 4,95%3; N = 22,94. Found: C ='59.60%; H = l.53; ¥ = 23,80%..
The IR absorntion bands of the Schiff base L-A.H,0 and their

assignment are listed in Table V,

. ———

3.3 Reactiong of 2,6-Diaminopyridine and 2,6-Pyridinedicarboxaldehyde with
Metal lons
Reactiong of & 1:1 mixture of 2,6~diaminopyridine and 2,6-pyridine-
dicarboxaldehyde dissolved in metihanol were carried out with Fe(II), Co(II),
Ni(IT), Cu(II), Cu(I), 2n{II), CA(II), Hg(II), PA(II), PL(II), 0,2 ,
La{ITI), Th(IV) and Pb(II)

The results of these resctions are shown in Table VI.
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Teble ¥

- mea

Infrared Spectrum of the Schiff Base L-4. __Z_O_P:

{frequency in cm 7]

Agsignment —— e e e e
0-1 symmetric streching 3495(sh)
01 antisymmetric streci'ng 3595(sh)
-4 streching 3390(s-m) ,3228(sh)
C~H streching 3100 (vw) ,2858(vw) ,2905 (vw) 2710 (vw)
C=0 streching 1720(s)
il~H in-plane bending 2620{sh)
C=C and C=N streching in Py-ring 1598(vsb)
1190(sh)®
1,55(s)®
C-C and C-N streching 1358 (w), 12,0 (m-w)

Py-ring vibrations

-0 and C~H out-of-plane bending

% bbreviations used: b s broad;
vs, very strong; w, weak; vw,
(c<l1-) streching frequency is

- - R

1290{w),1152(m),1230(m) ,2075 (mb) ,
997 (m},952(wb)
782(svb},725(wb)

n, medium; sh. shoulder; s, strong;
s .

very weak. “The external azometline

believed to be one of these bands.
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Tablo VI

Reactions of 2,6-Diaminopyridine and 2,6-Pyridinedicarboxaldehyde
with Hetal Ions

SR a maa a.mm

Metal Salt Color of Product Dec. P.(°C)
Fe{C10, )5 +6H0 Yellowish~broun 200
Co(Colialp ) +LHL0 Black

Cols.2H,0 Browm 270
i11(C10,) 5 +6HL0 Orange 260
HiT, J6EL0 Reddish~brown 225
cu{C10, ), J6HL0 Blael: —-
CulCod504) 5 -2B50" Slack ——
Cul Sroun 345
Zn(Calin0a ), 20 Dark-red 230
Ca(CoH40 5) 42050 Crengc-brom 250
Hella Lidhit-orange 280
PA(C TN ) L1, Orange 260
PA(04lis0N) 20157 Orenge 310
Kp?tCly Browmish~vellow 260
U0, (G505 ) 54 2H0 Orange 250
La(ii05) 5 +6H,0 Yellow 210
Th(d05) 4o LHRO Yellow-orange 2o
Pa(C,150,) 5 Light orange-red 255

[ — A e v mm s e ek b e A .

 ®Excess sodium iodide in methancl wes added to get the lodide complex.
bReaction mixture was stirred overmight.--o melting up to 360°C,
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The cempounds of §i(II), Co(i¥), Cu(II), Cu(I) and Fe(Il) are
insoluble in wvater, methenol, ethanol, dichloromethane, chloroform, carbon
tetrachloride and dimethylformamide, They are soluble in concentrated
nitric acid without decomposition, This was confirmed by boiling complexes
of Col,, Nily, Cul, and Cul in concentrated nitric acid and running the
gilver nitrate test. No precinitate of silver lodide was formed within a
period of eight hours.

The results of the elencntal =nalyses for carbon, hydrogen and
nitrogen are listed in Table VIII,

The infrared absorption spectra of the Schiff-base commlexes werz
recorded in the range LOOO cm * to 610 cm 1.

Band assignments of the coipounds obtained were made by the
corparison of their spectra with those of the Schiff base which in turn were
assigned by comparison with thc stectra of free 2,6-diaminopyridine and free
2,6-nyridinedicarboxaldehyde with rcference to the characteristic absorpticn
bands of aromatic aldehydes, nrimarv aromatic amines and substituted
pyridines.32 38 The reported infrarcd spectrum of the diamine®® is not
available while no infrared spectrum for the dialdehyde has hitherto been
reported.

The infrared absorption bands of the Schiff-basc complexes of
Fe(IT), Hg(Il), Ni(II) and Co(¥i) are listed in Table IX aleng with their
agsignments.

The IR spectra of the iodide Schiff-base complexes of Cul(Il) and
Co{II) are not included in Table I since they are idanticel with that of

the Wi(I1) iodide Schiff-basc counlex. The IR spectra of the acetate
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table VIT

Abbreviations for Pogsible Structures of the Schiff Bases

. —— — — .

LA, n=0
L-C, n=1

L-D, n=2
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Table VILI

Results of the Elemental inalyscs of Complexes of the Schiffi Bases

e e A

C onpound

ZC e s

Fe(Let) 5+ (C104 ), +2CH;0H ale.  b5.73 16.85 3.84
found  L5.06 16.43 3.66

Co(L-B) + (CH4C00 ), o LH,0 Cale, 50,52 16,81 LSk
Found Lg.21 17.86 11,06

ColL-B) oI5 .30 Calc, 36.80 1431 2,82
Found 36,52 13.80 2,79

H1({L-B) . (C10,)5 . 2H,0 GCalce H0,59 15.78 2.8
Yornd 10,78 14.98 3.24

Hi(L-B) .T5.3H,0 Cale. 36.82 1L.31 2.83
wovnd 37455 14.26 2.94

Cu(L~C) +(C10, )5+ 3H,0 Cele. 38.38 k.92 3,22
Found  37.h7 13.0L 2.92

Cu(L~B) +I,.2CH,0H tale. 39,05 14,01 3,03
Found 38.4h9 13,98 2,98

Cn(L-C}. I.2H,0 Galc. 43.61 16.96 3.36
Fownl h2.32 17.24 2.97

Zn(L-B) . (CH,CO0), . 5H0 cale., 48,74 1éac)y 310

Found Li7.88 17.01 L.03



Table VIII Gont'd.

Compound

Cd{L-D) « (CH,C00) ., LH,0

fg(L-~0Y 01, .3H,0
PA{L~A).CoHN(NH,),) 01, CHLOT
PH(L~C)n.C15.Hs0

U0, (L-B), (CELCCO), . 37,0
Pb(L-D).(CH,CC0) 5 ,3;;20

La(L-C) o (LeE) 5. (104 ) 5. 2i050

To (L-C) o (L=E) + (H05 ) 4 « TH0

W mm M s —

“Aboreviations used in this table and hereafter are illustrated in

Table VII.

—— e wAA LMk = 4 &

Calc.
ifound
C ale,
Found
Cale.
Found
Cole.
vornd
Calc,
Found
Cale,
dovrd
Cale.
Mo
vale.

Found

17.79
17.23
17.35
17.68
18,01
18,08
1940k
20.36
13.05
13.66
16.45
17.20
21,10
21,21
18.48

17.72
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fable IL

Infrared Spectra of Some Schiff-Base Complexes

Ni(L-B)(020,)5 . 2H:0% NWi(L-B).T5.2H,C% Co(L-B)(GHa0,)p LHa0®

O0-E streching

C=i streching

C=0 streching

C=C and C< streching

in Py-ring

C~C and C-N streching

Zy-ring vibrations

3430{sh),3335(m), 3420 (mh) ,3290(sh) 3430 (mb} , 3210(sh)

3200(sh)

2068(vw) , 290l {vr) 2090 ), 2870 (vr) 3100 (vw) ,2955{)

——— 1720(vy) 1720 (w)

1595{s) ,1570{ s1) 1612(s),1582(sh) 1602(s)

1188 (sh® 1198(sh)® 1515 (wei )"

105 (sb)° 11,85 () 182 (en)®
1460(s)" 1L50¢s)"°

1280(vw) 1220 (vw) 1292 (vw),1222 (vw) 1330 (vw) ,1230(vw)

1154 (wsh),1025(sh) 1168 (w),1120{(w) ,1088(w), 1158(w),1125(:h),

2558 (%) 41000 (w) 1032 {mb) ,1025(sh)
950 ()
1085{vsh)®
G-H out~of-nlane bending 805(sh),790(ab) 810(sh),790(mb), 810(sh),780{mb ),

732 (vwb) 738(wb) 735 (wb)
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Table 1. Gpnt'd.

Assiguient, Pe(LA) 5. (€10, )5 o 20,087 _ Hg(LD) 01p 30"
0-H streching 3540(sh) , 3450 (wsh) 3595(sh), 3L90(wsh)
N-H streching 3355(s),3225(sh) 3395(s),32L0(sh)
C-H streching 3310(sh),2925(vu},2810(wvw), 2770 (vw) 3Lh0 (s ), 2975 (vw),
2875(ww) , 2770 (vw)
=0 streching 1715(s) 1720(s)
N-H in-plane bending 1648 (s) 1655(sh)
C=C and C= streching in 1595(s) 1608(sh)
Py-ring
1485 (sh) " 14,95 (sh)”
1465(sh)® 1465(s)"
1455 (s)°
C-N amd €-C streching 1357 (w) ,1246(u-m) 1370(w) ,1248(w-m)
Py-ring vibrations 1305(w),1160(m),1027{sh), 1305(w) ,1162(m),1075(mb)
997(sh),9L7(w) 1060 ()
1090(vsb)®
N-H and C-H out-of-plane 785(svb) 790(svb), 730(wb)
bending

Yibbreviations used: b, broad; m, mcdinm; sh, shoulder; s, strong; vs, very strong;
W, wenk; vw, very weak. bThe extornol azoixtnine (C=N-) streching frequency is
belicved to be one of these bands. cStrong absorption characteristic of the

perchlorate ion.
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Schiff-base complexes of Zn(II) and U0,2" are not included in Table I,
either, since they are identical with that of the Co(Il) acetate Schiff-
base complex. The only differcnce is that the spectrum of the U023+ complex
has, in addition, a band appearing at 915 cm ® which is characteristic of
U023+ e¢bsorption. The absorotion bands of the acetate anion usually
observed at 1580 em * and 1120 em ' could not be observed beccuse of the
strong absorpiions of the ligand in these regions.

On the other hand, the I spectra of the complexes of Cu(I), Cu(II),Cd(II),
Pb(II), PA(II), Pt(I1), La(III) znd Th{IV) consist of the bands appearing in
the Schiff basc itself (Table V) in addition to the bands charccteristic of
the nitrate or the perchlorate ions, as the case may be. The bands appearing
in the spectra of these corplexes, obher than those common with the Schiff

base, are listed in Table i.

Table X

a s mEe m——

Absorption Bands of the anions of Cu(II), La(III) and Th(IV) Complexcs

Mctal ion Anion Absorption band
Cu(IL} cl0, 1088 (vsb)
La(TI1) NO4 1388 (vw),1048 (w),875(w)

Th(IV) NO4 1405 (m) ,1040 (w) ,835 (3r)

PE TR o —
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3.4 Reoctions of.Pd(gﬁHECN)aClahpith 2 ,6=Pyridinedicarboxaldchyde and

with 2,6-Diaminopyridine

The reaction of Pd(CgiigON),Cl, with 2,6-pyridinedicarboxaldehyde

resulted in the formation of a green complex which melts at 220-222°C with

decomposition. A red complex wes obtained with 2,6-diaminopyridine which

turns brown at 200-225°C and melbts with decomposition at 245°C,

The infrared absorption bands of each complex and thc corresponding

ligond are listed in Table XTI and IT along with their assignments.

Table X

— o — —

Infrared Spectra of 2,6-Dicminopyridine and its Pd(II) Complex

PA(II) Complex

Assignment 2,6-Diaminopyridine”
N-H streching 3390(m), 3310{vw)}, 3220 (vw),
C-H streching 3150 (w) , 2960 (vw)

H-H in-plane bending 1645(s)

C=C and C= streching  1600(s),1572(s)

1468(s) ,18(s)

G-l stroching 1350{m),1270 {1}

Py-ring vibrations 1300 (m},1122(s), 1065(s)
985(s),8L0(w)

N-H out-of-plane bending 830(mb)

C-H out~-of-plane bending 795 (wmb),745(m),730(sh)

3490 (sh) , 3430 (w)
33L0(vw),3190(m)

3100 {vw) , 2920 (vw)
1660(s)
1620(s),1575(s),1h95(s),
1455(s)

1385(w) ,1265(w)
1315(m},1170(m) ,1125(sb)
1075{wsh),1030(m),978(wb)
872(wb)
785(sb},762(w) ,730( )



Teble XTI

Infrored Spectra of 2,6-Pyridinedicarboxaldehyde and its PA{I1) Complex

Assignnent

2,6-Pyridinedicarboxaldehyde PA(TI) Complex

C-H streching in Py-ring
0=H streching in -CHO
C=C streching

C=C and C=N streching

C=C streching

Py~ring vibrations

3020(w)

2850(w)

1715(vs)

1695 (sh),1652(wsh),1585(w)

1370(=n),1255(s) ,2200(s)

1310(m),1225(sh),1170(m),

© 1085(m-5),990(s),8L42(w)

C~1 out-~of-plane bending
in ~CHO _

C-H out-of-plane bending

Unassigned

912 (vs)

805(vs),785(vs),725(m)

1210( sh) ,1022(vw) ,895(sh)
698(vs)

—— e A A A b A S — —

2920{m)

2820(w)

1615(m-5)

1590 (wsh)

1460(s),1L05(sh)
1355(s),1268(wsh),1252 (vw)
1220(sh,1210(s)
1330(wsh),1182(s),1065(sh)
988(s/,852(n)

895(s)

808(vs},762(5),7L5(m)
1460(s) ,115(sh},1158(vw),

1110(sh),1035(wsh),
968(s),530{vw)

A e e e e R S —



i, DISCUSSION

4.1 Reaction of 2,6-Diaminopyridine with 2,6-Pyridinedicarboxaldehyde

The Schiff-ﬁase condensation reaction of a methanolic soluiion of
2,6-diaminopyridine and 2,6-pyridinedicsrboxaldehyde has been found to
produce & yellow compound insoluble in methancl, while bot*» the dialdehyde
and the diamine are almost white and are methanol soluble, The Schiff
base L-A.H.0 {Table VII) thus obtained was characterized by clomontal
analysis and infrared spectrophotometry. The infrared spectrum (Table V)
shows the usual C=0 stireching frequency of a free carbonyl group and the
streching ond deformotion frequencies of a free -NH, grow., Dased on this
information, structure iVI is provosed for the Schiff base, The molecule
of water produced by the condensation reaction is probably hydrogen-bonded
to the intracyclic N atom and to the N atom of the azomethine { C=N-)

group forming a six membered ring., The involvement of the intracyclic N

atom in hydrogen bonding has been previously suggested in free 2,6-diamino-

pyridine where a hydrogen bond is formed between an amine group of one

molecule and an intracyclic N of another molecule.4C® This type of hydrogen

bonding probably explains the broadening of the strong cbsorption band in
-2 -
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the IR spectrum extending from 1520-1380 cm 1 where a shoulder ond o strong
band are observed at 1490 em * and 1455 c¢m ! respectively. The bands in
this region are attributed to the C=- znd C=C in the substiiuted pyridine-
ring and to the externcl azomcthine (C=W-) streching frequencies.

However, a compound zs L-i H0 (XVI) with ~CHO and -3, functional
groups and low molecular weight is expected to dissolve in coumon organic
solvents, Its being inscluble, except in concentrated sulfwric and nitric

acids, would rather suggest o polyueric structure of the formila

Ly

For n=2, three molecules of wator are expected to be present and these are
possibly involved in hydrogen bonding as shown in structyre [VII, It secems
that each woter molecule removed by the condensation rcaction docs not go
very far from the site of the roocction and remains hydrogen~vonded to the

eighboring nitrogen aton.




Atterps to get rid of {thoe water by refluxing the recction mixture
of 2,6-dicminopyridine and 2,6-nyridinedicarboxaldehyde overnight gave a
coipound whose decomposition peoint and infrared spectrum cre identical

with that cbtained by refluxing the reaction mixture for threc hours only.

be2 Complexes of the 2,6-Dicminopyridine-2,6-Pyridincdiccrboxeldehyde

Schiff bases

Tt was originally hoped that the roeaction of a 1:l (mclar ratio)
mixture of 2,6-pyridinedicarboxnldchyde and 2,6-diaminopyridine would
react with metal ions to form complexes involving a mecerocyclic plonar
ligand L-B (Table VII) formed from the condensation of two molecules of
each of the dialdehyde and thc diomine. The formtion of such o Schiff
bose would be effected by the motel ion in a template-effect ty»oe react-
ion, 41752

Although some metol ions did give the sought complexos, other gave
complexes of polymeric ligands I-5%, L-C, L-D and L-E (Teble VII). Whether
a template effect is achicved or not should depend on the conpcebition
between the reactions of the dicldchyde and the diamine witih the motal
icn on the one hand, and the reaction of the diamine and the diaidehyde
with each other to form polywkric ligands (L-a, L-C, L-D and L-E), cn the
¢ther hand. These polymeric ligonds moy then react with the mctal ion.

It seems feasible to assunce thot the metal ion reocts with the
dicmine first. The diarine complor may then react with the dicldehyde
thus bringing the €=0 grouss of the dialdehyde closc tc the i, groups

of the diamine and zssisting condensation. The reaction of PA(II) with
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2 ,6~diaminopyridine gives o ccmplox immedictely upon mixing the reactonts,
while a product is obtzined for the reaction of PA(II) with 2,6~pyridine-

dicarboxeldehyde only oftor refluxdng cvernight,

(1) Metal Complexss with the Macrocyelic Schiff Basc

Seven complexes invelving the closed macrocyclic Schiff base as
o ligand have been obtained, These are Co{L-B).(CH;C00),.4F 50, Co(L-B).I,~
3H,0, Ni(L-B).(C10,)z.2H,0, Ti{l-5).I5.3H,0, Cu(L~B).I,.2CH,0H, Za(L-B).-
(CH,C00),45H,0 and U0, (L-8).(CH,C00),.3H,0.  The complexes have been
identified by elementol analyses ond infrared spectra (Tables VIII and IX).
The absence of the strong absuroticn band characteristic of C=0 abscrption
and the absence of bands in the rogion of the streching and bending modes
of the NHy; group pxbvide a sbtrong cvidence for a mrerocyelic ligond,. The
presence of o weak-to-very-wock band at 1720 em * in somc of these complexes
could be due to the presence of vory little wmcyelized ligond as an impurity.
The infrarcd spectra of these complexes in a Nujol mull do not shew this
weak band.

The infrared swcectra of these complexes illustrote how the
sgactrun of the merceyelic ligond is maintained throughout these compounds.
Tho differences in their IR snectra are very smll., The icdide comploxes
of Wi{IIl), Co(II) and Cu(ii) hove weak absorptions at 1030 cm * and 1058 cm t
whnile a medium broad band ot 1080 em * is observed in the cecotote complexes
of Co(IT), Zn(II) and U022+. In the Ni{IT) perchlorate complix, the
absorption of the ligand in this roegion is masked by the strong broad
absorption of the perehloratc ion ot 1080 em L

another support to the foet that the structurc of these compeounds
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' does not involve -CHO or -ilH, groups comes from the compariscn of the
spectra of these complexes with that of the free Schiff base L-ilnHgO.
The strong very broad band in the Schiff base L=i. Ho,0 at 782 cm * which
is ottributed to out of plone bending mode of the N-H and the C=H in the
substituted pyridine-ring and to the G-H in the carbenyl (CHO) group,
appears as a medium broad band at 790 cm * in all these complexcs which
could possibly be due to C-il deformations only.

| The cecordination number of the metal ion in these complexes is ei-
ther six or four. The ligand is expected to coordinate with the metal ion in
a olanar form through thc H atoms of the external azomecthine groups (XVIII)
rother than through the pyridinc nitrogens (XIX), becouse in ZIX we have

seven membered rings but in "WITT stable six membered rings orc formed
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Thoe IR absorption bands of thce acctate ion in these complexes could not

bo detected due to the strong cbsorptions of the ligand in the acctate
region, The compounds are also too inscluble for eonductivity measureoments
to be done. Therefore, thc nresence of the acetate ions is inforred only
from the elemental analysis, the chemistry of the metal ion and the reaction
conditions, In the urcnyl coiplex it is known that the itwo oxygen atoms of
U023+ (whose presence is eonfirmed by]JU022+ at 915 em %) cccupy two axial
positions, one above cnd onc below the plone of the ligand. It is safe
therefore to suggest that the ncetate ion is not coordinated in the 9022+
complex and, consequently, in the other complexes, due tc the similarities
in their IR spectra.

The icdide corplexcs of Co(II), Wi{II)}, and Cu{IIl) arc probably
octohedral. The gilver nitratc test for their compounds, cven after bolling
in concentrated nitric acid, wos negative. This suggests that the two
iodide ions are included in the coordination sphere of thoe conplex above
and below the plane of the maerocyclic ligand.

However, the strong broad absorption at 1085 em ' in the Ni{II)
perchlorate complex suggcsts thint the perchlorate ion is not cocrdinated.43
Possibly a l-coordinate, squore plenar ¥i(IT) complex is formed. Those
findings are also supported by the Eleetron Spin Resonance results which
showed the two Ni(II) complcxcs to be diamagnetic. Thus the iodide
complex is o distorted octohedral and the perchlorate complex is squarc
planar, Tetragonal distorticn is common in Ni(II) comploxes cspecially
when two of the six ligands are similar but differ drastically from the

sct of similar four other ligands.S?
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(ii) Metal Complexes witi Polymerie Open-Chain Schiff Bases

The second series of Schiff-base complexes obtained are those
containing the polymerie open-chain Schiff bases L-A, L-C, L-D and L-E as
ligonds. The complexes thot have Been prepared are: Fe(L-A)S.(ClO4)2.20H30H,
Cu{L-C).(C10, ), +3H;0, Cu(l-C) I.,2H;0, Cd{L-D)(CH,CO0),.14:0, Hg(L-D}.C1l,.3H,0,
PA(L~-4) » (Cgilall (NHp ) 5 ) oC12 oCHa 0%, P1(LC)24Clz Hy0, Pb(L-D)(CH,CO0G ), 3H0,
La(LeC){(L-E),;+(NO3 )5 .2H;0 and Th(L-E) ¢(L~C)}(NO53),.7Ho0.

The infrared spectra of the complexes of Cu(II), Cu{I), €d(II),
PA(IT), Pt(IT), Po(II), La(IZZ) and Th(IV) have the samc absorntion bands
as those of the free ligond (Table V) in addition to the absorption bands
of the anion, as the case moy be (Table X). The IR spectrum of the Hg(II)
complex is similar to thait of the ligand but some bands are shifted
slightly to higher frequencies (Tsble V and IX). The IR absorption bands of
the perchlorate ion in the Fe(TII) and Cu(II) complexes and the nitrate ion
in the La(III) and Th(IV) complexes (Table IX and X) indicate that these
ions are not coordinated to the metal ion.*

The striking similarities between the spectrum of thc ligand
and those of the complexcs, in addition to their comnon insclubility in
several solvents, suggest thot these compounds are probobly polymeric as
the ligand and the metal ion links the linear polymeric chains of the
ligond by bonding to some oi its nitrogon atoms. The chain ends up in most
cases with a carboryl group o cnc side and a free amino group on the
other side.

No attermpt has been made to determine the length of the polymeric

chain. Any further investigotion of the present problem should be aimed at:
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(a) Determinqtion of the molecular weights of the complexes,
probably by mass spectromctry, in order to determine the chain length of
the polymer and the factors that control it. Attem®s zlonp these linces by
determining the NMR spectra of the complexes and calculating tho rotios of
~lil; and CHO protons to the other protons were unsuccessful due to the very
low solubility of the ligand and the complexes and the proboble formation
2f o spectrum of polymers with different chain lengths in the same recction.

(b) Attempbto design the reaction in a way to yicld the mcro-
cyelic ligand., A promising anprocch woﬁld be to prepare the metal-2,6-
diaminopyridine complexes ond react them with 2,6-pyridincedicerboxaldehyde,
or vice versz, to preparce the metal dialdehyde complexcs ond reocct them
with the dizminc.

(¢) Decomposition of thc metal-maerocyclic-Schiff-bose complex.
This should afford the moerocyclic ligand, which should pose somc interesting

chemistry.

.3 Reactionsof 2,6-Dicminopyridine and o-Mereaptobenzoldchiyde

No Schiff base ligand of 2,0-diaminopyridine and o-mcreaptobenzaldchyde
could be isclated. HMorcover, no suitable molecular formloc couvld be found
for the compounds obtaincd by reacting a sclution of 2,6-dicrinopyridine and
o-mercaptobenzaldehyde with severcl metal ions except for the Zn(II) complex
(Table III).

A possible structurcl Formmla for the Zn(II) corpound which fits
elemental analysis ig XL which involves the coordination of one diamine

molecule and one o-mercoptabenzaldehydo anion with the Zn{II) to form a
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cotionic tetrahedral species. the streching frequency of the carbonyl

OCH .
hE
g L( }) CH Q0 H,LO

group at 1666 cm ! in the frec aldchyde®? is shifted to lower frequency

( 1615 em ') upon chelation. The bands appearing at 1585 em b and 1425 cm *
for the acetate ion indicate that it is not coordinated. The.exact

structure of the complex is not known bscause no ligand conld be isclated
which makes it difficult to interpret the IR spectrum of the complex and,
consequently, the other commowids isclated.

Failure tc got good reswlts with these compounds cculd be due to
their instability. Color chonges that most of these cormplexos underwent
while being filtered indicote thot they are not stable in alr. Further
investigation of these reactions should be carried out in z2n inort

¢ tiosphere.
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