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‘ Summary

Schiff base complexés with two or three nitrogen
donor atoms have fecéﬁily attrécted interest in Virfue of
their biological'aétivity. 2;6-Py#idinedicarboxaldehyae
lends iﬁself to the formation of a host of. such Schiff
bases. The present wofk has therefore Been devoted to
the investigation of the synthesis and reactions of
Schiff bases derived from 2,6-pyridinedicarboxaldehyde.

The reaction of 2,6—pyridinedicarboxaldehyde
with several transition metal ions was studied. PA(II),
‘Pt(II)-and Ni(II) reacted wiﬁh two molecules of the
dialdehyde wﬁereas Cu(II) and U02++ reaéted with one
only. Zn(iI), Co{Il), Mn(II) and Co(III).failed to react.

2,6—Pyridinedicarboxaldehyde was reacted with |
PA(II) and Cu(iI) in methanol. Complexes of the diacetal"
Z,G*bis(dimethoxy-methyl)pyridine were forﬁed. The same
respective compléxes were obtained as a result of the
reéction of the PA(II) and Cu{IIl} complexes of 2,6-
pyridinedicarboxaldehyde with methénol; and upon the
reaction of 2,6-bis(dimethoxy-methyl)pyridine with
PA(II) and Cu(II). The.diacetal'itself was prepared by
the reaction of 2,6-pyridinedicarboxaldehyde with trimethyl-
orthoformate in methanol using concentrated hydrochloric
acid as a catalyst, and from the decomposition of Pd(II)
_complex-with agqueous cyanide. Similar proéedures were

followed for the preparation of the diacetal 2,6-bis-




(diethoxy~methyl)pyridine of which a Pd(Ii) and a Cu(II}
.complex " were formed. The reaction of 2,6-bis(diméthoxy—
methyl)pyridihe with Pt(II) in an aqueous solutibn gave.
dichlorobis(2~diméthoxymethyl—6—pyridinecarbdxaldehyde)—
platinum(II). Dichlorc-2,6-bis (dimethoxy-methyl)pyridine.
palladiumfII) was reacted with 2,64diaminopyridine to
form diéhlorobis(2,6~diaminopyridiné)palladium(II).

The reaction of 2,6—diaminopyridine with several
transition metal ions was studied. Cu(II)} Ag (I}, Rh(III)
and Ru{IIl) reacted with one molecule of‘the'diamine
whereaé Pt (II) in an acidic medium reacted with two.

With PA{II) two different complexes were obtained; one
involviﬁg a single molecule of the ligand and the other,
two. 1In a neutral medium Pt (II) gave a product wifh
indefipite composition. Ni(ITI), Fe(III), U02++ and
Zn(II) failed to react with 2,6-diaminopyridine. The
decoﬁpositidn of the P4A(II; complex involving two ligands
lwith aqueous.cyanide énd that of the Ag(I) éomplex with
concentrated ammonium hydroxide produced the iigand
2,6-diaminopyridine.l

Tﬁe reaction of 2,2'-dithiodianiline with several
metal ions was also examined. Ni(II) nitrate and Ni(II)
perchlorate gave bis(2-aminothiophen61ato)nickel(II).
Cu(II) perchlorate reacted with three molecules of the
ligand whereas Cu(II) chloride and Cu(II) nitrate yielded
complexes including 2,2'~dithiodianiline and its parent

precursor, the 2-aminothiophenolate anion. PA(II) produced




a dimer of chloro{aminothiophenolato)palladium(II). Ag(I),
Rh(IiI) and Rﬁ(III) with.2,2'-dithiodianiline gave éompounds
with'indefinite cémpositidns.

'2,6-Pyridinedicarbokaldehyde was céndensed with
2-aminothiophehcl: 2,6—(dibenzotbiazol;2~yl)pyridine.Was
formed and its reaction .with:several transition metal
ions was studied. Cu(II).chlofide, Cu(II) bromide,

Hg(II) chloride, Hg(II)'bromide, Zn(I11), CO(II), Ag(I),
Rﬁ(iIi) and Rh(Iii).reacted with one molecule of the dibenzo-
thiazol iigand whereas Ni(II) and Fe(III) reacted with

two. Pd(II) gave a dimer invoiving one molecule of the
ligand. Pt(II) reacted with 2,6fkdibenzothiazol—2;yl)pyridine
in the ratio of four atoms of the metal to three molecﬁles'
of the ligand. UO,", cr(III), Th(IV), Y(III), Sn(II), |
Ir(III), Mo(0) and W(0) failed to react with 2,6—dibenzo~
thiaquez—yl)pyridine.

The reaction of a mixture of'2,6-pyridinedicarboxal—
dehyde and 2-amin0thiophenol in a basic medium with several
tranéition metal ions Qas also studied. It was successful
with Cu(II), Pd(II), 2n(II) and Ru(IIl) whereas Fe(III), .
Ni(II), U02++ and Pt(Ii) gave compounds with indefinite
compositions. A compound with indefinite composition was also
obtainéd from the reaction of 2,6—pyridinediéarboxaldehyde with
2-aminothiophencl but upon treatment of the product with
conceﬁtrated hydrochloric acid 2—amindthiophenol hydrochloride

was formed which upon its reaction with PA(II) yielded

bis (2~aminothiophenoclato)palladium(II).




A Schiff base was prepared by the condensation
‘of 2,6-pyridinedicarboxaldehyde with 2,2'—dithiodiaﬁiline{
Its reaétioﬁ with PA(II) in differeht_solﬁents_producedr
compounds with indefinite compoSifions. |

The reactibn of a mixtufe'of 2,6-pyridinedicarboxal-
dehyde and 8—aminqquinoline with several transition mé£al
ions was e#amined. Monomeric complexes of the.expected
Schiff baée were formed with Cu(II)_perchlorate, Ag (I) and
Co(IT) and trimeric complexes witﬁ Cu(1il) chldride, Pt(II),
Zn{II), Ru(III) and Rh(III). No molecular formulas could

be assigned for the compounds obtained with PA(II),

U02++, Hg (II) and Fe (III).
. The reaction of 2,6-diaminopyridine with the Cu(II),
Pt(II), Uuo +2, PA(II) and Ni(II) complexes of 2,6-pyridine-

2
dicarboxaldehyde was also examined. The Cu{II) dialdehyde

complex was the only complex to give an identifiable
condensation producti

The reaction of 2,6-pyridinedicarboxaldehyde with
2,6-diaminopyridine gave a polymeric Schiff base and the
reacﬁion of a mixture bf the dialdehyde with the diamine
with Ni(II) using molar ratios of‘2:2:1 and 1:31:1
(dialdehyde:diamine:metal ion) produced an open chain and
a macrocyclic Schiff basé metal complex résPectively.
The decomposition of the.Ni(II) complexes with aqueous
potassium cyanide was unsuccessful.

The reaction of a mixture of 2,6-pyridinedicarboxal-

dehyde and 2,6-diaminopyridine with Cu(II), Pt(II) and




Zn(II) gave compounds of indefinite compositions.

With the conclusion of tﬁe present work the
behaviour of 2;6-pyridinedicarboxaldehyde and 2,6-diamino-
pyridine in theif reactions with several transition metal
ions-is well understood. Optimum cohditions‘for the
formation‘df Schiff bases aéri§ed_from 2,6-pyridine-
dicarboxaldehyde and their complexes have been set forth.
The way is paved for the investigation of biological

activities and other practical applications of the

complexes herein reported.




Contents
Chapter | | Page
1. Introduction | 17
1. ﬁistorical 17
2. Scope and purpose of the work 38
2. Experimental énd Results 40
'2.1 Materials | ' 41
- 2.2 Instrumental 43
2.3 Preparation and purification of ligands 44
2.3.1. 2,6—Pyridinedicarboxaldehyde . | 44
2.3.2. 2,6—Bis(dimethoxy—methyl)pyridine 46
2.3.3. 2,6-Bis (diethoxy-methyl)pyridine 48
2.3.4. 2,2'—Dithiodianiline . 48
2.3.5. 2,6-Diaminopyridine | 49

2-3-6, Substituted 2,6-pyridinedicarboxaldehyde 49
2.4.1 Reactions of 2;6—pyridiﬁedicarboxaldehyae 51
| with metal ioﬁs

2.4.2 Decomposition of 2,6-pyridinedicarbox- 58
aldehyde cbmplexes with aqueous potassium
cyanide

2.4.3 Reactions of 2,6—pyridinedicarboxaldehyde 59
with metal ions in methanol |

2.4.4 Reactions of 2,6-pyridinedicarboxaldehyde- 62

metal complexes with methanol




Page
2.5.1 Reactions of 2,6-bis (dimethoxy-methyl)- 63
pyridine with metal ions
2.6.1 Reactions of z,eébis(diethoky—methyl)- 65
.pyridine with metal ions |
2.6.2_becomposition of dichloro-2,6-bis- 66
(dimethoxy—methyl)pyridine paliadium(II).
and dichloro-2,6—bis(diethoxy-methyl)-
ﬁyridine palladium(II) with aqueous
potassium cyanide
2.6.3 Reaction of dichloro-2,6-bis(dimethoxy~ 67
methyl)pyridine palladium(II) with
2,6—diaminopyridine |
2.7.1 Reactions of é,ﬁ—diaminoPyridine with 68
- metal ions
2.7.2 Decomposition of dichloro-bis(2,6- 76
diaminopyridine)palladium(II) with
agqueous potassium cyanide
2.7.3 Decomposition of acetato(2,6-diamino- 77
| pyridine}silver(I) with agueous amnmonia
2.8 Reactions of 2,2'-dithiodianiline with 717
metal ions
2.9 ‘Reaétions of Schiff bases derived from 85
2,6-pyfidinedicarboxaidehyde with metal
ions
2.9.1 Preparation and reactions of 2,6~ 85

(dibenzothiazol-2-yl)pyridine




2.9.2 The system: 2,6-pyridinedicarboxaldehyde

2.9.3

2.9.4

2.9.5

and 2—aminothiophénol in a basic medium

A,

The reaction of 2,6-pyridinédicarbox—

aldehyde with 2-aminothiophenol in a

basic medium

The“reaction of product from (A) with
HC1

The reaction of 2—aminothiophendl
hydrochloride with cis~dichlorobis-

(benzonitrile)palladium(II)

Reactions of a mixture of 2,6-

pyridinedicarboxaldehyde. and 2~amino=-
thiophenol with metal ions in a basic

medium

2,6-Pyridinedicarboxaldehyde and 2,2'-

dithiodianiline

2,6—Pyridinedicarboxaldehyde and

- 8~aminoquinoline

2,6-Pyridinedicarboxaldehyde-2,6-

diaminopyridine system

a. Reactions of 2,6-pyridinedicarboxal-

dehyde-metal complexes with 2,6~
diaminopyridine
Reactions of 2,6-pyridinedicarbox-

aldehyde with 2,6-diaminopyridine

98

99

100

101

107
110
120

120

124

16



¢. Reactions of a mixture of 2,6-
pyridinedicarboxaldehyde and
2,6-diaminopyridine with metal ions

and Ni(L—B)(ClO4)2.2H20 with agueous

d. Decomposition of Ni(L-A) (ClO
potassium cyanide

" 3. Discussion
3.1 The ligands
3.2 Reactions of 2,6-pyridinedicarboxaldehyde
with metal ions
a) Complexes containing co-ordinated
2,6-pyridinedicarboxaldehyde
b} Complexes containing co-ordinated
2,6-bis (dimethoxy-methyl) pyridine and
2,6-bis (diethoxy~methyl)pyridine
3.3 Reactions of 2,6—diaminopyridine with metal
ions
3.4 Reactions of 2,2'-dithiodianiline with
metal ions
3.5 Reactions of Schiff bases derived from
2,6-pyridinedicarboxaldehyde with metal ions

a) 2,6-Pyridinedicarboxaldehyde with

2-aminothiophenol

127

133

134

135

137

138

141

144

148

151

151



1. In a neutral medium
2. In a basic nedium |

b) 2,6-Pyridinedicarboxaldehyde and
2,2'-dithiodianiline

c) 2,6-Pyridinedicarboxaldehyde and
8-aminoguinoline o

3.6 2,GrPyridinedicarbokaldehyde and‘2,6—

diaminopyridine complexes

a) Reactions of 2,6-pyridinedicarbox-

| aldehyde complexes with 2,6—diamino-
pyridine

b) Reactioﬁ of 2,6-pyridinedicarboxaldehyde
with 2,6~diaminopyridine

c) Reactions of a mixture of 2,6-pyridine-
dicarboxaldehyde and 2,6-diaminopyridine

with metal ions

4. Bibliography

158

159

161

161

162

165

167



Table
Table
Table
Table
Table

Table
Table
Table
Table
Table

Table

Table

Table

I
1T

ITT

vI

VII

VIII

IX

X1

XIT

XIII

List of Tables

List of abbreviations

Infrared spectrum of DMMP

Results of the elementél analyses
of some complexes df DIAL | |
Solubilities of the complexes of
DIAL

Infrared spe;tra of DIAL and its
conmplexes

Ultraviolet spectra of DIAL and

its complexes in DMF

13

Page

40
47
54
55

56

58

Elemental analyses of reaction products 60

of DIAL with metal ions in methanol
Infrared spectra of the reaction
products of DIAL with metal ions

in methanol

2
Elemental analyses of DEMP complexes

Infrared spectrum of Pt(DMPAL)2C1

Results of the elemental analyses of
the complexes of DAP
Solubility of the complexes of DAP

Infrared spectra of DAP and its

complexes

61

65

66

73

74




Table

Table

Table

Table

Table

Table

Table

Table

Table

n Table
Table

Table

Table

Table

XIv

xv

XV1

XVIT

XVIII

XIX

XX

XX1

XXII

XXITI

XX1v

XXV

XXVI

XXVIT

Ultraviolet spectra of DAP and its

complexes in DMSO

Reactions of DTDA with Metal ions
Resultslof the elemental ahalyses of
tﬁe reéction products of ﬁTDA
Solubilitiés.of reaction products of
DTDA with metal ions

Infrared_spectra of reaction products

of DTDA with metal ions

Ultraviolet spectra of DTDA and its

soluble complexes in DMSO

Reactions of DBTP with metal ions
Results of the eiemental analyses of
the complexes of DBTP

Solubilities of complexes of DBTP
Infréred spectfa of DBTP and its
complexes

Ultraviolet spectra of DBTP and its
soluble complexeslin DMFV

Infrared spectrum of Pa(ATP)z.ZHCl

Reactions of a mixture 6f DIAL and

ATPH with metal ions in a basic medium

Results of the elemental analyses of
the reaction products of a mixture of

DIAL with ATPH in a basic medium with

metal 1ons

79

81
82
83
85

g3

90

92

93
97

101

102

104



Table

Table

Table

Table
Table
Table
. Table
Table

Table

Table

Table

XXVIII

XXIX:

XXX

XXXI
KXXII
XKXXTTI
XXXIV
XXXV

XXXVI

XXXVII

XXXVIII

Solubilities of the reaction products
of a mixture of DIAL with ATPH in a
basic medium with metal ions

Infrared spectra of'the products of

‘the reactions of a mixture of DIAL

and ATPH iﬁ a basic medium with metal

ions

Infrared spectrum of DTDAL

Reactions of DIAL and AMQ with metal
ions :

Reactions of DIAL and AMQ with metal
ions

Results of the elemental analyses of
the reaction products of a mixture

of DIAL.and AMQ with metal salts
Solubilities of AQAL complexes
Infrared spectra ofIAQAL complexes
Ultraviolet spectra of AQAL complexes
in DMSO

Elemental analyses of the reaction
products of DIAL metal complexes

with DAP

Infrared spectrum of the Schiff base

DAPAL.HZO

.Page
105

106

108

111
112

115

116
117
119

123

12e




Table XXXIX

Table XL

Page

Infrared spectra of Ni(L—A)(ClO4)2.5H20 131
and Nl(L-B)(ClO4)2.2H2O.
Elemental analyses of the reaction 132

products of some metal salts with a

mixture of DIAL and DAP

16



. 1. Introduction




1. Introduction

1. Historical
Polydentate ligands derived from the condensation
of aldehydes or ketones with amines are referred to as

Schiff bases after H. Schiffl'2

who was the first to‘.
report.é systematic method for the preparatién and
idéntification of éeverél complexes with thé Schiff bases
’“I—and_IIT”derivéd'ffbﬁ'théICOndeﬁsation bfmgéiiCYIalaehyde-

with substituted anilihes and urea respectively.

OH

jog

1

@ T

Z 0\
>
T

I
3
i
Q'
3
<
P

Before Schiff, Ettling3 (1840) prepared the first
Schiff base complex from the reaction of cupric acetate,
salicylaldehyde and agueous ammonia but did not identify

the reaction product which is. known now to be biS(salicyl~

aldiminato)copper (II) III.




After Schiff, and up to 1931, the only important
advance in the chemistry of Schiff bases was the work of

Dubsky and Sokol4 who prepared the complex IV.

f | /
cC=—= N/ \N::C
H/ | \y
' CH CH ‘
T - M =Cu ,Nj
v

Between 1931 and 1942 the chemistry of Schiff bases

v

complexes progressed very rapidly through the work of
Pfeiffer and his co~workerss_;6. They prepared several new
Schiff bases from the condensation of the aldehydes V} VI
and VII with several primary amines such as VIIIf IX, X

and XI. The reactions of these Schiff bases with copper(II),

nickel(II), zinc(II), uranium(VI), vanadium(ITI),




iron(III) and cobalt(II) were investigated. The chemistry

of the Schiff‘base metal complexeé was also studied.

HN— —NH, — NH, HN O OH

- VHI TX NH, X NH,
It was in the mid-fifties when the investigation

of mgtai complexes of Schiff bases derived from 2-substituted
and 2,6-disﬁbstituted pyridines_had‘virtually started.

‘ Bahr and Thaun_tz17 isolated the condensation products
of 2-py:idinecarboxaldehyde énd some aryi amines.. They
were particularly interested in the complexes formed by
the reaction of XII with zinc(II), copper(II), niékql(II)

and iron(II). The metal—to—liqand ratio was determined

to be 1l:2. for copper, nickel and iron, and 1l:1 for zinc.




The preparatlon of 1ron(II) and cobalt(II) complexes

of the Schlff base 2~ (O<—pyr1dylmethylene amlnomethyl)—

pyridine XIII derived from the condensation of 2-pyridine-
carboxaldehyde and 2-aminomethylpyridine was reported by

Lions and MartinlB. They also reported the synthesis of a
cobalt (II) complex of the Schiff base 8-(X-pyridylmethylene-
amino)quinoline XIV derived from the condensatioh of 2-pyridine-
carboxaldehyde and 8~aminogquinoline and an iron(II) complew

of the Schiff base 8—(O<upyridylmethylene-amino)quinoline 4%
derived from 2—pyridinecarboxaldehydeland 8-aminogquinaldine.

Metal complexes of 8-aminoquinoline itself have been

reported19 21. In addition to their work, Lions and Martin18
N CH,N N @jj\
c—H N ”

0 o

XIII XV



21

reported some Schiff bases XVI-A and XVI-B prepared

from 2,6-~pyridinedicarboxaldehyde and primary amines.

Schiff bases XVI-A are-oily_coﬁpounds but XVI-B are

cryétalline solids. The reactions of XVI-B with iron(II)

perchlorate, iron(II} bromide, cobalt(II) chlbride and

cobalt(II) iodide were studied. The condensation of

2,6-pyridinedicarboxaldehydé_with ethylenediamine,

-rl,ﬁidiaminohexane or benzidine gave linear polymers XVII.

'H\_ N e
|

o

Z

N

R N

XV1

AR = metnyl,ethyl
B:R = phenyl, benzyl

with potential tridentate repeating units. The polymers

obtained Erom ethyienediamine and 1,6-diaminohexane

readily combined with salts such as iron{II) sulfate.

CH
[




Uranium(VZI) complekes of the Schiff base XVIII
derived from the condensation of 4—methyl 2 6—pyr1d1ne-
dlcarboxaldehyde and 2-aminophenocl were prepared by

Seyhan and Fernelius®2.

XVIII

Hartkamp23 investigaﬁed the use of 2,6-pyridine-
dialdoxime or 2,6-pyridinediacetoxime as analytical

reagents for the determination of manganese (II). Iron(II),
qobalt(II) and nickel(II) were found to interfere by
producing coloured chelates.

| Busch24’25 prepared and characterized complexes

of 2,6-pyridinedialdbis (methylimine) with.iron(II),
cobait(II) and nickel(II). It has also been reported

that "the lack" of a suitable prepafative method for the

dialdehyde has curtailed these studies. He also reported

unusual magnetic properties of the six coordinate cobalt (II)

complex, bis—(2,6*pyridinedialdihydrazone)cobalt(II)iodide26




23

Using spectrophotometric and potentiometric methods,
Bagz7 studied the acid dissociatioﬁ_and the formation
cdnstants of.cépper(II); nickel(II); ziné(lI? and manganese (II)
complexés of 2,6-pyridinedialdoxime. The metal—to—iigand
ratio was 1l:1. | | |

A new method for the differentiation of the b-, m-
and p—isdmérs of aminophenol by adding cadmium (IT) to.a

basic solution of the Schiff base XIX formed by the

condensation of 2,6-pyridinedicarboxaldehyde with the
aminophenol was reported by Thabet and Hagopianzs. No
precipitate was formed with the m-isomer whereas an
~intense red color soluble in chloroform was formed by the

o-isomer, The red colour of the p-isomer was not soluble

in chloroform. .

N/
//

OH HO

XIX




24

Later, the vellow Schiff base 2,2'f[?,6—pyridine—
diyl~bis(methylidynenitriloﬂ diphenol derived from 2,6~
: pyridinedicérboxaldehyde and 2-aminophenol was found by

29 to be a highly selective

Thabet, Adrouni and Tayim
reagent for the detection of uranium(VI), antimony(III)

and bismuth (ITI). The reactions of the same Schiff base
| | 30

with some transition and post-transition metal ions and

3L metal ions were

with some heavier and inner transition
investigated,

Metal complexes of pentadentate macrocyclic ligands
have been isclated from the condensation of 2,6-pyridine~
dicarboxaldehyde XX.with a series of & ,W -diamines XXI in
methanol in the presence of manganese(II) and zinc(II)
perchloratés or nitratesBz. anay structure analysis of

XXIT (Y = Clo has shown that the donor atoms in the

a)

macrocycle define the five vertices of a distorted pentagonal

bipyramid.

X X
L—“*f~—J RO
NH,  HN XXI1 a,b,c e o
RH I\!H
XI XI a.R=-Et
XX1 E X =0 b.R=Me
!X =NH C.R=n-
c:X =85 R=n-Bu © O

X X111 | i




The above reaction was re—investigated32 by

attempting to introduée magnesium(II) as thé templatiné
catioﬁ in view df the success wifh related.reactions

of XX with. 0<,aﬁ—polyfunc£ional diamines. Wheh
manganese (1I) chloride in methanol was used with XXTa

2
isoclated. The reaction of XX with XXIa in ethanol led

in addition to [}XXIIa)Mn(H O)ZYé] Y = Cl, XXIITe was

directly to the crystallization of XXIIIa with no metal

required.

Curry and co—workers33 reported the synthesis

and properties'of various complexes derived from 2,6~

diacetylpyridinebishydrazone XXIV where R = NI NHCH

27 37

NHCGHS' N(CH3)2 and NHC5H4N.

CHV\\ //[géi:L\tf//CHg

|
\
_\ R

D
\\ZZ::cw

RXIV

A five coordinate structure was suggested for certain
1:1 complexes of cobalt(II) and copper(II) salts having the

formula MLX, (L = XXIV, R = NMe X = Cl). The authors

2 27

referred to unpublished work done by Burke on the preparation

and characterization of the imine complexes derived from




2,6-diacetylpyridine (¥XIV, R = CH CH,CH,, CH

2C6H5
396H4) with

3! 3

p-CH.C,H, and p-OCH

Cellgs PCLCEH,, P=FCH,, 3C6Hy
divélent ifon, cobalt and nickel.
Compléxes of 2,6—diacetylpyridinechhiff bases
(XXIV, R ='Mé, Et, n-Pr, i-Pr, sec-Bu.and cy¢lohexy1)
with the halides, nitrafes and thiocyanates of cobalt(II)
and nickel(iI)_in anhydrous non-solvating solvents were
prepared by SaCCOni34. High spin, five coordinate
édmplexes of the géneral formulé MLX2 weré obtaingd

(L = XXIv, X = Cl, NO, or CNS).

3
Octahedral cobalt(III) complexes of the formula

[%CO(III)cypBr] Y (R = alkyl or analogous groups,

cyp = XXV} were reported by Busch35.




27

Bacci and co—workers36 reported pseudo octahedral

complexes of the general formula MLX2 (M = Co, Ni;

2
(L' = XXVI where R = Me). It was shown that the magnetic

X = Br, I, NCS; L = XXVI where R = H) and ML'I,.BuOH

moments of the cobalt(II) iodo complexes were temperature

dependént.
R (::D' R
\\\f\ N C///
N N
N N
XXV1
The direct formation of the fully conjugated

_ A WXV
hexaazamacrocyclic complexsof iron(II) XXVIIhfrom the

template condensation of 2,6-diacetylpyridine with hydrazine

and its structural characterization was reported by

Goedken37. Acetonitrile was used as a solvent.
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N=CCH,
XXVII | - XXVIL

Wester and Palenik38 reported the synthesis and
characterization of-cobalt(II) and zinc(I1) complexes of
neutral and dianionic 2,6wdiacetylpyridinebis(2'—pYridy1—
hydrazone) abbreviated as szapp. The complexes were
| found to have the stoichiometry [M(szapp)(HZO)z:]Cl2 and.
the cations to have a pentagonal bipyrémidal geometry with
szapp forming the equatorial'plane and the twb wate;
molecules occupying the axial positions. The metal ion
exhibits a coordination number of seven which is rare
especially with the elements of the first transition series.
The Zn(dapp)CHCl,.H,0 complex formed by deprotonation of
the ligand crystallizes with chloroform and water. It is

an octahedral dimer. The structures of the complexes were

elucidated by x-ray diffraction studies.
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Pentagonal bipyramidal complexes resulting from
the reactions of chromium(III) and iron(III) with the ligand
2,6*diacetylpyridinebis(semicarbazone)"ﬁere reported39. |

Romani_k40 réported'the prepération and characteriza-
tion of copper(II) complexes of the condensation prodqcts,
of 2,6—diacetylpyri&ine‘and 2,6-pyridiﬁediéarboxaldéhyde
with 1,8-diaminonaphthalene. |

In an attempt to prepare complexes with regular
coordination polyhedra, synthetic routes were successfully
modified to incofporate more donor atoms intorfused rings,
and thus-provide a more\rigid and more planar eguatorial NS

donor sets4l

. The condensation of diacetylpyridine XXIK
with the dihydrazine XXX in the bresence ofléinc(II) salts
of weakly coordinating'anions (e.qg. NO3) resulted in the
cationic zinc(II} complex with water molecules occupying
axial coordination positions. The complex cation XXXTI

has a pentagonal bipyramiaal coofdination geometry. The
equatorial 'N5f donor set of the macrocycle.is very nearly
planar with no nitrogen deviating by more than 0.00_10 A from

the 'Zn N_' best (least-squares) plane.

5
A number of Schiff polybases with a system of

conjugated bonds by the reaction of 2,6~diaﬁinopyridine

with 1,3-butanedione, benzil, glyoxal, terephthaldehyde,

malealdehyde, bis-(acetylphenyl)ether and bis(acetylphenyl)—

sulfide was reported By Topchiev and co~workers42. The

black to grey polymers obtained were found to be soluble

in dimethylformamide, acetic acid, formic acid or sulfuric acid.




Delman43 synthesized a wide varieﬁy of structurally
related Schiff base and acid amide compounds and low
‘ molecular weight polymers. Among these was the Schiff
base prepared from terephthaldehyde and 2,6—diaminopy;idine.
Refluxing 2,6~diaminopyridine with tetracyano-
benzene in a 2:1 molar ratio in high boiling solvents
produced polymers with a hemiporphyrazine structure .

Another polymer resulting from.Cu«bis(1,2~dicyanoethylene-

30
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1,2-dithio)cuprate(II) dihydrate and 2,6-diaminopyridine
was répbited. Similar results were obtained with the last
| two compounds in the presence of copper—acetylaCetohate.'

i A polymer was also prepared from tetracyanothiophene and
2;6-diaminopyridine in the presence of copper (II) chloride..
Pakham and H_aydon45 reported macrocyclic and

linear polymers by condensing 2,6-diaminopyridine with
phthalonitrile XXXII-a and XXXII-b or pyromellitonitrile
in alcohols as solvents under nitrogen atmosphere and with
sodium alkoxide as catalyst. Nickel(II) complexes of the

polymers were prepared. H

N

Ol @)

— NH




Savich46 reported the preparation of the Schiff
base XXXIII resulting from the condensation of 2,6-

diaminopyridihe and:salicylaldehyde.

XXXIII

The analytical applications of the Schiff base
XXXITI for the detection of antimony(III), bismuth(III)

47

and uranium(VI) in the presence of other ions and the

specific detection of cadmium(II) in the presence of as

many as thirty eight cations48

with the same Schiff base
XXXIII were investigated. The reactions of some transition
metal iohs with the Schiff base XXXIII which behaved as a
neutral monodentate, a monoanionic bidentate or as a
dianionic tetradentate ligand were reportedqg.

Smirnov and Vorobera>® reported the preparation
of the Scﬁiff base XXXIV by the condensation of 2,6-

diaminopyridine with 1,3-indandione. , The Schiff base was

found to ke heat resistant and was also used as a dye for

colouring plastics.

32
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XXXV

Although complexes of the Schiff bases derived from
salicyialdehyde and mono or polyamines are well known, this
is not the case with the sulfur anaiogue of saliecylaldehyde,
2-mercaptobenzaldehyde, 2-aminothiophenol or 2,2'-dithio-
diéniline.

Bayer51 prepared complexes of zinc(II), copper(II),
nickel(II), cobalt(II), manganese(II), cadmium(II) and

‘uranium(VI) with the Schiff bases XXXV derived from |
2~amihothiophenol and polycarbonyls. Extensive work has
been done on the reactions of 2-aminothiophenol with metal

. 52
ions™".

SH HS

N N
il
CH—CH
ARV




A number of N-aryl and N-alkyl imines of 2-mercapto-
benzaldehyde XXXVI R = C6H5' p—C6H4OCH3, p*06H4N(CH3)2,

0-CH,0H and n-(CH2)3CH3 has been reported53. The presénce

_SH

R

CH— N/

XXXVI

of a tautomeric benzoid-quinoid XXXVII =~ XXXVIII equilibrium
in solutions of these imines has been established from

their electronic and vibrational spectra.

g .

Sk ZZ
. | H
: ST
CH///N\R CcH R
XXXVII XXXV
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Some nickel(II) and cobalt(II) complexes with the

o-mercaptobenzaldiminates XXXVI (R = Me, Et, i-Pr, sec-Bu

and tert-Bu) XXXIX and XL were reported by Bertin154.

CH—CH,

" CHT/N N:::CH'

HS

XXXIX
CHZCH?_CH?_ CHz_CH?_ CH, |
~CH==N N/ N==CH
| HS
SF’ AL '

2—Aminothiophenol was condensed with 2,6-diacetyl-

pyridine in a 2:1 molar ratio to give 2,6-bis(2-methyl-2-

55

benzothiazolinyl)pyridine XLI. However, in the presence

of zinc(II) and cadmium(II) ions XLI rearranged to give

five coordinate complexes of the Schiff base XLII.




36

CH,
N C{
4
)

XLl

KLU
The preparation and crystal structure;of {2,6-bis—
[}-methyl~2—(2-thiolophenyl)2*azaethene pyridine} -
.methylthaﬂium(III) XLIII was reportéd bf HenpickSG. The
. complex was obtained by rearrangement and depfotonation of
XLI upon its reaction with an equimélar amount of diacetato-

methylthaﬂium(III).

HC O CH,é
R
N
S/’\s

AL




-and nickel(II) complexes of the &, «, X"-tri-imine

37

Livingstone and Nolan57 reported the preparation

and propertiés of the manganese(II), iron(II), cobalt(II)

Schiff base 2,6—(dibenzothiazol42—yl)pyridine XLIV 
obtained by the condensation of 2Z-aminothiophenol with
2,6"pyfidinedicarboxaldehyde; The diéldehyde was preﬁared
and used in situ by the oxidation of 2,6-lutidine with

iodine—dimethylsulfoxide compléx.

\c

XLV

In another article, Livingstohe and Nolan52

reported the preparation of manganese(II) and the nickel(II)
complexes of the Sc;h.iff base o - o(.'-[dithiobis(@-
phenylenenitrilo)| di~2-picoline XLV'obtained by the
condensation of 2,2'-dithiodianiline with 2-pyridine-
carboxaldehyde. The nickel(II)‘chloride and bromide

complexes of 2,2'-dithiodianiline are also reported.
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XLV

2. Scope and purposerof the work
o The.above review of the literature shows that
very little work has been done on Schiff bases derived
from 2,6-pyridinedicarboxaldehyde. The littie work
doné on the related compounds suggests that the improvement
~of the solubilit? of the complexes would make possible
the investigation of the structures of the complexes and
possibly their reactions by different physicochemical
meﬁhods. Moreover, the recent discovery*that soﬁe complexes
of 2,6—diamin6pyridine have antitumor activity justifieS"
the investigation of the Schiff bases derived from
substituted pyridine. This is because it is well established
now that potential anti-tumour complexes.should include
relatively non-dissociable ligands containing N donor atoms.
Since the synthesis of Schiff-base-transition metal

complexes is sometimes carried out by reacting the metal

* A 1
LN T\—&i\w\ c?'( W 0\ UAUILE WA S UN Y m\\ov\ .




ions with a mixture of the aldehyde and amine that
constitute the Schiff base, the investigation of the
individual aldehydes and amines themselves with metal

ions should bé carried out. The purpose of the present

'work is therefore:

a) The investigation of the reactions of 2,6~
pyridinedicarboxaldehyde, 2,6—diéminopyridine and related
ligands with some transition metal ions.

. b) The introduction of substituents on one or
the other of the components of the Schiff basé in order
to imprdve the solubility of its complexes either'in
polar or non—polar solvents.

c) The synthesis of Schiff bases derived from
2,6-~pyridinedicarboxaldehyde and suitable amines.

d) The investigation of the reactions of.the
Schiff bases, thus prepared with some transition metal ions.

e} The investigation of the reactions of a mixture
of the components of the Schiff bases with metal ions,
with the intehtion of understanding the role, if any,
of ﬁhe metal ion in the formulation of the Schiff base.

£) The characterization of the structures of the
compounds obtained. |

g) Although the investigation of the biological
activity of tﬁe complexes will not be éttempted; we

hope that this work will constitute a step towards that

end,




2. Experimental and Results :




reference is made to the table of abbreviations (Table 1),

2. Experimental and Results

In discussing this and the- following section,

for the names of the ligands.

DIAT
DAP
DMMP
DEMP
DTDA
ATPH
ATP
DBTP
AMQ

AQAL
DTDAL
DMPAL

ATPALH

DAPAL

Table 1

List of Abbreviations .

2,6-Pyridinedicarboxaldehyde

2,6-Diaminopyridine
2,6—Bis(dimethoxy—methyl)pyridine
2,6-Bis(diéthoxy—methyl)pyridine
2,2'-Dithicdianiline

2-Aminothiophenol

2-Aminothiophenolate
2,6—(Dibenzothiazol—2—y1)pyridihe
8-Aminqquinoline

Schiff base derived from 2,6-pyridinedicarboxal-
dehyde and 8-aminoquinoline

Schiff base derived from 2,6-pyridinedicarboxal-
dehyde and 2,2'-dithiodianiline

2 -Dimethoxy-methyl~6—pyridinecarboxaldehyde
Schiff base expectéd from condensation of
2,é—pyridinedicarboxaldehyde and 2-amino-
thiophenol

Scﬁiff base derived from 2,6—pyridinedicarboxal—

dehyde and 2,6-diaminopyridine

40
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2.1 Materials

The solvents used were analytical reagent grade
and were used.as purchased.
. 3)2.3H20;.
iron(III) chloride hexahydrate, FeCl3.6H20; copper (II)

Copper (1I) nitrate trihydrate, Cu(NO

bromide, Cusz; mercury (I1) chloride, chlz; mercury {I1)
bromide HgBr,; tin(II) chlofide dihydrate, SnC12.2ﬁ20;
héxachlorOplatinic acid hexahydrate, H2PtC16.6H20;
iodiﬁé, 12} phenol, CGHSOH; and c0pper(iI) chloride
dihydrate, CuCl2.2H20, were purchased from Mallinckrodt
Chemical Works, New York, U.S.A.

| Potassium permanganate, KMnO4; sodium borohydride,
NaBH4; phosphorus pentachloride, PClS; uranyl acetate
dihydrate, UOZ(CH3COO)2.2HZO; potassium cyénide{ KCN;
zinc(II) nitrate hexahydrate, ZH(N03)2.6H20; rhosphorus
pentoxide, P205;-coba1t(II) acetate'tetrahydrate,
Co(CH3COQ)2.4H20; manganese (I1) chloride tetrahydrate,

MnC12.4H

20; were purchased from E. Merck A.G., Darmstadt,

Germany.
Lithium aluminium hydride, LiAlH4; rhodium(III)
chloride trihydrate, RhCl3.3H20; copper (II) perchlorate

hexahydrate, Cu(ClO .6H,0; cobalt{II) iocdide dihydrate,

PR

C012.2H20; iridium(III) chloride trihydrate, IrCl.,.3H,O;

37772
molybdenum hexacarbonyl, Mo(CO)6; and tungsten hexacarbonyl,

W(CO)6, were purchased from Alfa Inorganics Inc. (Vetron}),

Beverly, Massachusetts, U.5.A.
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2-Aminothiophenol, 2 NH2 C6H4SH ruthenium(III)

chloride trihydrate, RuClj.3H20; thorium(IV) nitrate
tetrahydrate, Th(NO ) '4H20; yﬂrium(III) nitrate tetra-

hydrate, Y(NO 4H O cobalt (II) perchlorate hexahydrate,

30348,

Co(Cl0 .6H O and palladium(II) chloride, PdClz, were

a2 7
purchased from Fluka A.G., Buchs, Switzerland.

Mangahese(II) salfate monohydrate, MnSO4.H2O
silvér(I) acetate, Ag(CH3COO); and chromium (IIT) nitrate
nonahydfate, Cr(N03)3.9H20 were purchased from J.J.
Baker Chemical Company, Phillipsburg, New Jersey, U.S5.A.

2,6-Pyridinedimethanol, 2,6~ (CH 20H) 5C MM
cheledamic acid, nickel (II) acetylacetonate monohydrate,
Ni(acac)z.Hzo; and cobalt(III) acetylacetonate, Co(acac)3,
were purchased from Aldrich Chemical Co., Inc.,
Milwaukee, Wisconsin, U.S.A.

2,6-Lutidine, 2-6(CH,),C4H,N and benzonitrile,

6 CN, were purchased from Eastman Organic Chemicals,
Rochester, N.Y.

Silver perchlorate, Ag(ClO@ and rhodium(III)
chloride trihydrate, RhC13.3H20, were purchasad from
Organic/Inorganic Chemicals Corp., Sun Valley, Calif.
U.S.A. |

Zinc(II) chloride, ZnCl2 and nickel (I1) nitrate
hexahydrate, Ni(NO3)2.6H2O, were purchased from Fisher
Scientific Company, Fair Lawn, N.ﬁ.,-U.S.A.

Nickel (II) perchlorate hexahydrate, Ni(ClO4)2.6H20,

was purchased from K and K Laboratories, Inc., Plainview,

New York, Hollywood, California, U.S.A.




Cis-dichlorobis (benzonitrile)palladium(II),
PdCIZ(CGHSCN)Z’ was prepared.by the method déscribed
by Kharash®®. |

Potassium tetrachloroplatinate(II),_KthCl4,

was prepared from hexachloroplatinic acid, H,PtCl

2 6!
by the method originally introduced by Cooley and Buschsg

and later improved by Tayim60.

8-Aminogqguinoline was prépared by the method of

Fieser and Hershberg6l.

2.2 Instrumental

Elemental analyses for carbon, hydrogen, ﬁitrogen,
halogens_énd gulfur were run by Mikroanalytisches
Laboratorium, Bonn, Germany. Some of ﬁhe elemental
analyses were run at Manchester University, England.

The infrared spectra were recorded using a Perkin-
Elmer 621 Grating Spectrophotometer. Potassium bromide
pellets were used. |

The ultraviclet spectra were recorded using a
Perkin~Elmer 202 Spectrophotometer. Solutions of about

1074

- 10"5 M were studied. Rectangular silica cells
of 10 mm path-length were used.

The nuclear magnetic resonance spectra were
recorded using a VarianIGO A SpectroweXeY .

Melting and decomposition points (uncorrected)

were taken using a Mel-Temp apparatus.
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The magnetic moment measurements were carried

out on a gouy balance.
| The conductivity measurements were carried out
on a Fisher Scientific Conductivity Bridge Model RC 16 B2
at room temperature. |
Thermogravimetric analyses were attempted using

a TG-750 Standard Redcroft instrument.

2.3 Preparation and purification of ligands

2.3.1. 2,6-Pyridinedicarboxaldehyde (DIAL)

2,6-Pyridinedicarboxaldehyde was prepared by
the oxidation of 2,6-pyridinedimethanol with freshly
prepared manganese {IV) oxide.

i) Preparation of manganese (IV) oxide, Mn0262

A solution of manganese (II) sulfate
monohydrate (96 g, 0.60 mole) in water (250 ml) was
placed in a two-liter, three necked flask, equipped
with a thermometer and a mechanical stirrer. The solution
was heated to 75°C. A solution of potassium permanganate
was prepared from the salt (106 g, 0.74 mole) and ho£
water (600 ml) at 80°C. To the confinuously stirred
solution of MnSO4.H2O, the permanganate solution was
added in portions of 50 ml at five-minute intervals.

The last portion was added after 15 minutes of the one

before it, and the stirring was continued for another

40 minutes, after which the supernatant liquid became
A




coclourless. The temperature during the whole procedure
was maintained within the range 80 =~ 95°¢C.

The feactiqn mixture was filtered while
hot, and the solid was:washed with three 250-ml portioﬁs
of hot.water, then dried for 24 hours in an oven at
110 - 120°,

The dry dark brown product (123 g) was
powdered before use.

ii) Oxidation of 2,6fpyridinedimethah0163

A mixture of 2,6-pyridinedimethanol (10 g,

0.08 mole) and chloroform (600 ml} was refluxed ﬁntil
the solid had dissolved. Freshly prepafed manganese(IV)
oxide (107 g, 1.24 mole) was then added. The mixture
was refluxed with stirring for five hours and filtered
while hot. The solid was washed with five lOO-ml
_ portions of ether. The combined filtrate and washings
were evaporated to dryness under reduced pressure, aﬁd
the residue was extracted with a 1:1 naphtha-light-
petroleum;ether mixture (250 ml). The resulting solution
was cooled in an ice-bath. After the first crop had
been collected, the méther ligquoer was concentrated and
a second crop was obtained.

The resulting compound was white with a
very faint yellow tint. It has a melting point of 123°

(Lit. 123°)%3. The yield was 5.0 g (50%).
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The manganese (IV) oxide which remained

from the reaction was washed three times with 200-ml
portions of hot methanol and twice with 100-ml portions
of hot chloroform. These were coﬁbined and the solvent
was evaporated to dryness under reduced pressure. The
yellow solid that reméined was unreacted 2,6jpyridine-
dimethanbl. |

The used MnO., was oxidized to KMnO, which

2 _ 4
was further converted to fresh MnO,.

2.3.2. 2, 6—Bis(dimethbxy—methyl)pyridine'(DMMP)

A mixture of 2 6—pyrldlnedlcarboxaldehyde (DIAL)
(2.70 g, 20 mmole), trlmethylorthoformate (l6 ml),
‘anhydrous methanol (20 ml) and two drops of concentrated
hydrdchloric acid was refluxed for six hours. The
resﬁlting solution, after being neutralized with methanolic
potassium hydroxide, was evaporated under reduced pressure.
.The residue left wés extracted with two portions of 30-ml
ﬁetroleum'ether. The petrpleum ether solution was dried
over anhydrous magnes%um sulfafe. After the elimination
éf the solvent by evaporation the residue ﬁas distilled
under reduced pressure to yield 3.2 g (71%).0f 2,64bis~
(dimethoxy—methyl)pyridine (DMMP) as a pale yellow oil.
Boiling point: 120° at 5 mmHg . Refractive index: 1.4852
at 20°. Molecular weigﬁt 227 gm/mole.

.The elemental analysis of DMMP: calculated

for C11H17 4’ 3C 58.13; %H 7.54; %N 6.16. TFound:

%C 57.95; %H 7.50; %N 6.23.




The major infrared bands of DMMP with their
' 75-77

respective assignments are shown in Table II. The
ultraviolet spectrum of DMMP in chloroform displays a

\ pand at 258 mu ( € = 0.34 x 10%).

Table II

Infrared Spectrum of pmMmp @

Assignment

C~-H stretching
Ring skeletal vibrations

C-C and C-N stretching

DMMP
2990 (w), 2940 (sb), 2840(s)
1600 (s), 1460 (sb)

1350 (shb)

C-0 stretching 1195(s), 1090 (vsb)

In-plane and out-of-plane 990(s), 820(s), 765(m)

- C-H deformation

The NMR speétrum of DMMP shows a multiplet
at 7.6 % cﬁm to the pyridine protons; a singlet at 5.4%
due to the protons of thé éarboné directly attached to
the ring and a singlet at 3.4 § due to the methoxy 

protons in the ratio of 3:2:12.

a

Symbols used throughout this section: s = strong;
m-s = medium to strong; m = medium; b = broad;

w = weak; v = very; sh = shoulder.
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. 2.3.3. 2,6-Bis (diethoxy-methyl)pyridine’® (DEMP)

A mixture o¥ DIAL (1. 35 g, 10 mmole) triethyl-
orthoformate (4 ml), anhydrous ethanol (4 ml) and a
drop of concentrated hydrochloric acid was heated at
100° for three hours. The resulting solution, after
being neutralized with ethanolic potassium hydroxide,
was evaporated under reduced pressure. The residue
left was extracted with two portions of 15-ml petroleum
ether. The petroleum ether solution was dried over
anhydrous magnesium sulfate. After the elimination of
the solvent by évaporation the residue was distilled
under reduced pressure to yiéld 2.4 g (86%) of
2,6-bis (diethoxy-methyl)pyridine (DEMP). Boiling point:
136° at 3 mmHg. Refractive index 1. 471 at 25° (Lit.l

b.p. 136/3 mmHg, n2> 1.470)’

2.3.4. 2,2'-Dithiodianiline®? (pTDA)

Dimethylsulfoxide (3.90 g, 0.05 molé) was
added to 2-aminothiophenol (6.25 g, 0.05.mole) and the
mixture was stirred at- room temperature for 24 hours,
then poured over crushed ice (100 g) with stirring. A
yellow precipitate separated out. It was filtered off

and recrystallized from an ethanol-water mixture.

Yield: 4.40 g (71%). Me%ﬁing point 92-93° (Lit. 930)52.

-




2.3.5. 2,6-Diaminopyridine (DAP)

2,6~Diaminopyridine (DAP) purchased from City

Chemical Corporation, New York,rU.S.A. was purified by a.
hitherto unknown‘method:

| | - Crude 2,6-diaminopyridine was dissolved in the
minimum amount of chloroform. Activated charcoal was
added and the mixture was stirred for a few minutes then
filtered by gravity. The addition of n-heptane ﬁo the
filtrate precipitatea 2,6~diaminopyridine as a white
solid in an almost quantitative yield. M.P. 120-121°

(Lit. 121.5)°%°,

2,3.6. Substituted 2,6—pyridinedicérboxaldehyde

The following attempted preparations were
carried out with the intention of éffecting ring

substitution on 2,6-pyridinedicarboxaldehyde.

i) 4-Chloro-2,6-pyridinedicarboxaldehyde

“4—Chloro—2,6-pyridinedigarboxaldehyde is
expected to be oﬁtéinable by the oxidation of 4-chloro-
2,6-pyridinedimethanol with freshly prepared manganese (IV)
oxide, éccording to the p#ocedure followed. for the |
oxidation of 2,6-pyridinedimethanol to DIAL63.

In attempts to prepare 4¥chloro—2,6-

pyridinedimethanol, the reduction of diethyl-4-chloro-

pyridine—Z,6-dicarboxylate66 with the following reagents

was tried:

49
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a) sodium borohydride in ether67.

b) Sodium borohydride and anhydrous
calcium chloride in ethanolﬁs. |

¢) Lithium aluminium hydride in ether69.'

In all thfee cases, the yield of the reaction.
product was very low, not exceeding 5%.

An attempt wés made to reduce dimethyl-
4-chloro~2,6~dicarboxylate directly to the corresponding
'dialdehfde with 1ithiqﬁ alumiﬁium hydride in tétrahydrofuran
at -70° 0. The starting material was recovered unchanged
at the end of the experiment. |
An attempt to isolate 2,6—pyridinedicarboxal—

dehyde as the oxidation product of 2,6-lutidine with

iodine-dimethylsulfoxide71

failed. That was an illustrative
step for the preparation of 4f¢hloro-2,6—§yridinediéarboxal—
dehyde from 4-chloro-2,6-lutidine using the same method.

| The reduction of tertiary amides to
aldehydes is known' 2. An attempt to'préparé?2,6—
pyridinebis (diethylamide) by the reaction of chelddamic

66

acid with phosphorus pentachloride followed hy the

addition of diethylamine failed.

ii) 4-Phenoxy-2,6~pyridinedicarboxaldehyde

The attempt to prepare 4-phenoxy-2,6-
pyrldlnedlcarboxaldehyde by the formation of dlethyl 4-
phenoxypyridine-2,6-dicarboxylate and its subsequent

reduction, was unsuccessful due to:
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a) The yield of the product of the reaction
of diethyl~4~chloropyridine-2,6—dicarboxylate with sodium
phenoxide73 was very low, not exceeding 4%. |
| b) Nonfeasibility of the reduction reactions

of the 2,6-dicarboxylate esters.

2.4.1 Reactions of 2,6—pyridihedicarboxaldehyde (DIAL)

with metal ions

i) Cis—dichlorobis(benzonitrile)palladium(II)

To a filtered solution of cis-dichlorobis-
(benzonitrile)palladium(Ii) (0.384 g, 1 mmole) in benzene
(20 ml) a‘solution of DIAﬂ (0.270 g, 2 mmole) in benzene
(16 ml) was added. The pale yellow product which |
crystallized out immediately was filtered off, washed
thoroughly with benzene and dried in vacuo. Yield:

0.210 g (47%). Melting point: 200-2040 With decomposition.

ii) Copper(IX} chloride dihydrate

A solution of DIAL (0.270‘9, 2 mmole)
in acetone (10 ml) was added to a solution of copper (II)
chloride dihydrate (0.340 g, 2 mmole) in acetone (30 ml).
A yellowish-brown solid began to form. The mixture was
stirred for one hour. The solid producéd was collected
by filt;ation, washed with acetone and dried in vécuo.

Yield: 0.352 g (63%). Melting point: 221-222° with

decomposition.
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iii) Uranyl acetate dihydrate

A solution of DIAL (0.270 g, 2 mmoles)
in methanol (10 ml) was added to a stirred solution of
uranyl acetate’dihydrate (0.441 g, 1 mmole) in methanol
th ml). After stirring for three minutes, precipitation
started. The mixture was then stirred for two hours.
The yellow product obtained was filtered oﬁf, washed
with methanol and dried in vacuo. Yield: 0.40 g (72%).
The compound obtained started darkening

at around 270° and did not melt up to 360°.

iv) Potassium tetrachloroplatinate (II)

A filtered solution of potassium tetra-
chloroplatinate (II) (0.421 g, 1 mmolé) in water (14 ml)
was added dropwise over a period of 15 minutés to a
solution of DIAL (0.270 g, 2_mmolé) in water (24 ml).

The mixture was cooled in a refrigerator overnight,

then stirred at room temperature for three hours to
produce an olive green solid. The solid was filtered off;
washed thoroughly with water and.dried in vacuo over P,0c.

Yield: 0.260 g (46%). Melting point: 204-206° with

decomposition.

v) Nickel{II}) acetylacetonate monohydrate

A solution of DIAL (0.270 g, 2 mmole) in
toluene (10 ml) was added to a warm solution of nickel(II)

acetylacetonate monchydrate (0.275 g, 1 mmole) in toluene




(20 ml). The mixture was refluxed with stirring for
5 1/2 hours. The yellowish—green solid formed was
filtered off, washed thoroughly with hot toluene, then
with ether and dried in vacuo. Yield: 0.214 g (78%).
The compound obtained did not melt up
to 360°. | |
| . The elemental analyses for_the DIAL
complexes are shown in.Table III, their solubilities in
Table IV and their major infrared bands along with
their respective éséighmehts in Table V. Table VI
lists the observed ultraviolet bands for DIAL and its

complexes.




Table IIT
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Results of the Elemental Analyses of Some Complexes of DIAL

Compound

Pd(DIAL)2C12

_ Cu(DIAL)c12

UOZ(DIAL)(CH3COO)2

0

Pt (DIAL),Cl,.2H,

*
Ni(DIAL)2(acac)2

.H20

Calc:

Found:

Calc:

Found:

Calc:

Found:

Calc:

Found:

Cale:

Found:

%C 3H 3N sc1 % Metal
37.57 2.25 6.26 15.84

37.81 2.35 6.16 15.77

31.19 1.87 5.20 26.30 23.57
31.35 2.18 5.13 25.82  23.15
23.62 2.70 2.51

22.69 2.60 2.96

20,38 2.47 4.90 12.40
29.92 2.57 4.99 12,45
52.87 4.81 5.14 10.73
52.60 4.40 4.95 10.83

*

acac is acetylacetonate.
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Table IV

Solubilities of the Complexes of DIALb

: . ' !
Compound HZO MeOH EtCH Me2CO Et20 C6H Diox. CI-12C12 CHC13 DMF' DMSO

6
PA(DIAL) ,C1, R - - 4 - -+ o+
Cu (DIAL)CL, + o+ + - - - - - -+ o+

i
I
}
i
1
1
L
l
I
1
1

Uoz(DIAL)(CH3c00)2

- 2H20
Pt (DIAL)CL, . 2H,0 - - - - - - - - -+ 4
Nl(DIAL)Z(acac)2 - - - - - - - - - + +

b Symbols used throughout this report: + = soluble;
:-'= insoluble, * slightly soluble.
Diox: dioxane; DMF:' dimethylformamide; DMSO: dimethyl

sulfoxide; Pet. ether: petroleum ether.




Y

Table V
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Infrared Spectra of DIAL and its Complexes

Assignment DIAL

C-H in py-ring _ 3020 (w}
C-H in CHO 2850 (w)
G0 stretching 1705 (vs)

C=C and C=N - 1585 (w)
. stretching

C-C stretching 1370(5) , 1255(s),
\ - 1200 (s)

Py-ring vibra-~ 1310{(m), 1170(m),
tions 1085 (m-s), 990(s)

C-H out-of-plane 912({vs)
in CHO bending

C-H out-of-plane 805(vs), 785(vs},
bending =~ 725(m)

M-Cl stretching

Pd (DIAL) 2(:12

3080 (w)

2870 (m)

1700 (vs}

1590 {m—s) , 1425 (mb)
1345(s), 1242(s),
1195(s}

1365 (vw), 1144 (s),
1092(s), 1025(s)
890 (vs)

790(vs), 720 (m)

335 (m)

Cu (DIAL) C12

3065{w), 3030(w)
2895 (w)
1700 (vs}

1592 (m-s), 1568(ms),
1460 () '

1388 (m-s), 1278(m),
1235 {(m)

1155(s), 1097 (),
1025 (m)
1005 (s)

817 (s)

255 (m)
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Table V continued

Assignment UO2 (DIAL). Pt (DIAL) 2012 . Ni (DIAL) 5 (acac) 2 ’HZO
(CH3CDO) 2° 2H20 21-120 :
O-H stretching 3420 (b) 3532 (m-s), 3410(sb) 3400 (b)

C-H in py-ring 3020 (vw) 3070 (vw) 3050 (vw)
Alkyl C-H st. 2930 (vw) |

C~-H in -CHO 2832 (w) 2938 (w) " 2900 (w)
| C=0 stretching  1705(m) 1700 (s) 1700 (s)
O-H deformation 1650(b) 1640 (s) 1650 ()
C=C and C=N st. 1540(s), 1445(m) 1470(s) ©1505(s)
C-C stretching  1355(vs), 1345(vw) 1380(m), 1282(s), 1385(mb), 1253 (m)
_ 1182 (s) S ‘
'Py-ring vibra- 1365 (vw), 1162 (m) 1400(w), 1182(s), 1440(w), 1170(w),
“tions 1019(w) 1142(s), 1080(m) 1070 (m) :
C-H out-of-plane 915 (vs) 995(s), 910(m-s) 1005 (ms), 912 (ms)
in CHO bending '
C-H out-of-plane 808{m-s), 725(m-s) 830(s}, 782(s), 790 (W), 765(m)
bending ' . ‘ 762(s) ,
C=0 stretching 1603 (w)
of acetate
C-0 stretching  1162(m), 1094 (w)
=0 of acac | | 1580 (vsb)

M-Cl stretching _ 310 (m)
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Table VI

Ultravioclet Spectra of DIAL and its Complexes in DMF.

Compound _mp E X 104
DIAL o 263  0.70
IPd(DIAL)zclz 267 1.00
Cu (DIAL)CL, - 270 0.44
'Pt(DiAL}2c12.2Héo 270 1.05
Ni (DIAL) , (acac) ,.H,0 272 (b) 0.48

2.4.2. Decomposition of DIAL complexes with agueous

potassium cyanide

'Pd(DIAL)2c12 and Pt (DIAL),Cl,.2H,0 were decomposed
by aqueocus potassium cyanide according to the following
method: | |

The DIAL complex (100 mg) was added to an agueous
solution {35%) of potassium cyanide (100 ml); the mixture
was stirred at room temperature for one hour and then
extracted with two 10-ml portions of ether.. After drying
the ethereal solution over anhydrous magnesium sulfate, it
was evéporated to dryhess to'produce DIAL as evidenced by
its melting point, its infrared spectrum and by thin léyer

chromatography.

is the extinction coefficient.
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2.4.3. Reactions of 2,6-pyridinedicarboxaldehyde (DIAL)

with metal ions in methanol

i) Cis-dichlorobis (benzonitrile)palladium(IT)

A solution of DIAL (0.360 g, 2.64 mmole) in
methanol (20 ml) was added to a filte:ed-solution of cis-
dichlorobis(benzonitrile)palladium(II) (0.512 g,'l.32'mmole)
in methanol (30 ml). The mixture was fefluxed with sti#ring
for 18 hours. The solid obtained was filtered off by
.suction. It was then dissolved in dichloromethane and upon
the addition of diethyl ether, a yellow compound precipitated.
The precipitate was filtered off, washed with ether and dried
in vacuo; Yield: 0.540 g (65%). Melting point: 220_2220

with deéomposition.

ii).Copper(II) chloride'dihydrate

A solution of DIAL (0.135 g, 1 mmole) in
methanol.(lo ml) was added to a solution of copper(II)
chloride dihydrate {(0.170 g, 1 mmole) in methanol (5 ml).

| The mixture was refluxed with stirring for 18 hours with
no solid formed. The splution was evaporated to dryness
under reduced presshré. The residue was extracted with
dichloromethane {15 ml) and.the extréct was treated with
diethyl ether. The pinkish sélid which precipitated was
filtered off, washed with éther and dried in vacﬁé. Yield:
0.257 g (71%). Melting point: 175“1829;wiﬁh decomposition.

' The elemental analyses for the Pd(II) and

Cu(II) complexes of DMMP are listed in Table VII. More




evidence for the assigned formulas of the complexes was

obtained from molecular weight measurements.

Table VII

Compound

Pd(DMMP)ZCl2

CuUIWP)ClZ

in ether.

Calc.

Found

Calc.

Found

Pd(DMMP)ZCl

Ions in Methanol

Elemental Analyses of Reaction Products of DIAL With Metal

Molecular weight

2

20.30 17.94

%C %H SN 3¢l % Metal gm/mole
41.82 5.42 4.43 11.22 631.8
42,12 5.22 4.48 12.00 633.2
36.52 4.73 3.87 19.60 17.57 361.7
35.89 4.66 3.84 359.5

is soluble in dichloromethane,
chloroform and carbon tetrachloride; and insoluble in'methanol,
acetone and ether; whereas Cu(DMMP)Clz is soluble in
dichloromethane, chloroform, carbon tetrachloride,

methanol, acetone, dioxane and benzene; and insoluble

The major infrared bands of Pd(DMMP)zclz.

are shown in Table VIII,

and Cu(DMMP)Cl2 along with their respective assignments
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The ultraviolet spectrum ofIPd(DMMP)zcl2
shows a band at 246 mp (€ = 2.12 x 104) and that of
Cu(DMMP)Cl2 shows two bands at 260 mp (€ = 0.30x 104)
and 285 mp ( € = 0.53 X 104). Chloroform was used as

a solvent.

Table VIII

Infrared Spectra of the Reaction Products of DIAL With

Metal Ions in Methanol

‘Assignment  PA(DMMP) ,C1, Cu (DMMP)C1,

C~H stretching in 3070 (w), 2970 (w) 3080 (m), 2970 (w)
py-ring _

Alkyl C-H stretching 2940 (m), 2840 (s) 2930 (m), 2840 (s)

Ring skeletal vibra- 1605(s), 1460(s) 1600(s), 1460(m),
tions 1450 (s)

Cc-C and C-N stretching 1360 (vs) 1345 (s)

C-0 stretching 1190(s), 1110(vs), 1200(s), 1160(m),

1065 (vs) 1100 (b), 1050 (b)

In-plane and out-of-  990(s), 900(s), 985 (b), 900(s),
plane -CH deforma-_  810(vs), 765 (s) 820(s), 770(s)
tion ' '

M~Cl stretching 335 (m) 260 (m)

The proton NMR spectrum of Pd(DMMP)2C12 in

CDCl. showed 2 singlets at 7.8 % and 3.6 § with areas in

3
the ratio of 5:12.
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Zinc(IT) acetate dihydrate and cobalt(II)
acetate tetrahydrate in methanol; manganese (IT) chloride in
acetone, and tris(acetylacetonate)cobait(III) in benzene

failed to react with DIAL.

2.4.4, Reactions of 2,6~pyridinedicarboxaldehyde-metal

complexes with methanol

i) Dichlorobis(2,6-pyridinedicarboxaldehyde)-

palladium(II) Pd(DIAL).CL,

A mixture of Pld(DIAL)ZC'lz (0.158 g, 0.35 mmole)
and methanol (30 ml) was refluxed with stirring for 18
;hours. Thé solid Obtained was filtered off. It was
dissolved in dichloromethane (15 ml) and upon the additiqn
of diethyl ether, a yellow solid crystallized oﬁt. The
sélid was filtered off, washed with ether and dried in
vacuo. Yield: 0.080 g (36%). Melting point: 220-222°

with decomposition.

ii) Dichloro(2,6-pyridinedicarboxaldehyde)-

copper (II) Cli(DI'AL)Cl2

A mixture of Cu(DIAL)Cl, (0.135 g, 0.5 mmole)

2
and methanol (15 ml) was refluxed with stirring for 18
hours with no solid formed. The solution was evaporated
to dryness under reduced pressure. The residue was

extracted with dichloromethane (15 ml) and upon the

addition of diethyl ether a pinkish solid precipitated.
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The solid was filtered off, washed with ether and dried
in vacuo. Yield: 0.100 g (55%). Melting point: 175-182°
with decomposition.

Pd(DMMP)ZCl and Cu(DMMP)Cl, were the

2
products of reactions i) and ii) above, respectively.
That was evidenced by their melting points, mixed melting
points and infrared spectra as compared with authentic

samples prepared by the reaction of DMMP with the respective

metal salts.

2.5.1. Reactions of 2,6-bis (dimethoxy-methyl)pyridine

(DMMP) with metal ions

i) Cis-dichlorobis (benzonitrile)palladium(II)
The addition of a filtered solutioh of‘

ciSwdichlorobis(benzonitrile)palladium(II) (0,192 g,
0.5 mmole) in methanol (12 ml) to a solution of. DMMP
(0.227 g, 1 mmole) in methanol (5 ml) produced an
immediate Yellow precipitate identical to that obtained
from reaction 2.4.3.i) as evidenced by its melting
pbint, mixture meltipg point with the known compoﬁnd,
and comparison of its infrared and nuclear magnetic
resonance spectra with those of the-known compound.

Yield (66%).

ii) Copper(Ii) chloride dihydrate
A solution of DMMP {(0.227 g, 1 mmole) in

methanol (5 ml) was added to a solution of copper (II)
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chloride dihydrate (0.170 g, 1 mmole) in methanol (5 ml)
and the mixturé was refluxed with stirring.for two hours.
 The solution was evaporated to dryness under reduced
pressure. The.residue was extracted with dichlofométhane
(15 ml) and the extract treated with diethyl ether.

The pinkish solid which precipitated, was filtered off,
washed with ether and driéd in vacuo. It was idéntical
to the compound produced from reaction 2.3.3.ii) as

" evidenced by its melting point, mixed melting point and
infrared spectruﬁ in comparison with an:authentic sample

of the compound. Yield: (60%).

iii) Potassium tetrachloroplatinate (II)

A solution of DMMP (0.218 g, 0.96 mmole)
in acetone (4 ml) was added to a filtered sélution of
potassium tetrachloroplatinate(II) (0.200 g, 0.48 mmole)
in water (10 ml). The solution was stirred in a water
bath at 40-45° for two hours. The pale yellow precipitate
formed was filtered off, washed with water and dried in
vacuo oﬁer P,0;. Yield: 0.060 g (20%). Melting point:
232-237° with decomposition.

. The complex obtained is. formulated as
Pt(DMPAL)2C12 (dichlorobis(2-dimethoxy—methyl—6*
pyridinecarboxaldehyde)platinum(II). Elemental analysis:
calculated for PtC,,H £N2C12: 2C 34.40; %H 3.53; %N 4.46;

1872
$C1l 11.28. Found: %C 34.66; %H 3.61; %N 4.38; %Cl 1l1l.47.




65

.Its major infrared bands with their respective assignments
are shown in Table IX.
Table IX

Infrared Spectrum of Pt(DMPAL)2C12

Ass;gnment_'
' C-H stretching ~ 3070(w), 1300(sh), 2950 (w),
2930 (w), 2900(sh), 2830 (ms)
C=0 stretching . 1705(vs)

Ring skeletal vibrations  1605(s), 1460 (sb)

C-C and C-N stretching 1350(s), 1300(m}, 1250 (m)

C-0 stretching 1190(s), 1162 (m), 1115 (vs),
o ' 1065 (vs)

In-plane and out-of- 1000(s), 850(s), 805(s)

plane C-H deformation

Pt-Cl stretching 310 (m)

2.6.1. Reactions of 2,6-bis(diethoxy—methyl}pyridine

(DEMﬁ) Wiéh Metal Tons

DEMP was réacﬁed with cis-dichlorobis (benzo-
nitrile)palladium(II) and copper (II) chloride dihydrate
in ethénol following procedures 2.5.1.1) and 2.5.1.11)
respecfively. The formulas assigned for the complexes

obtained were Pd (DEMP) ,Cl, and Cu(DEMP)Cl2 based on the

2

similarity in spectroscopic properties with the corresponding




DMMP complexes, on their molecular weights, and their

elemental analysés listed in Table:X.

Table X

Elemental Analyses of DEMP Complexes

Molecular
 Weight

Campound 3C SH 3N 3Cl  § Metal _gn/iole
pebm) ,C1, Calc. 48.43 6.77 3.77 9.53 744.1
Found 48.32 6.73 3.8l 9.70 747.3:
Cu (DEMP)CL,, Calc. 43.12 6.03 3.35 16.97  15.20  417.9

Pound 42.67 5.93 3.44 16,77  15.11  416.4

2
193-195° with decomposition whereas the pinkish Cu(DEMP)CI,

The pale yellow Pd(DEMP)ZCl complex melted at

- melted at 130-1330 with decomposition too.

2.6.2, Decomposition of Pd(DMMP)2012 and Pd(DEMP)2C12

with aqueous potassium cyanide

The following procedure was carried out for
the decomposition of the Pd(II} complexes with agueous
cyanide:

A mixture of the PA(II) complex (1.27 mmole)
and 35% potassium cyanide (25 ml) was refluxed for 30

minutes. After being cooled to room temperature, the

66
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mixture was extracted with two lS—mi portions of low
boiling petroleﬁm ether. The solvenk was femoved by
evaporation and the residue was distilled undef reduced
pressure to produce the diacetal in 74% yield. DMMP

was recovered from‘Pd(DMMP)ZCl and DEMP from Pd(DEMP)ZCl

2

20
Both acetals were identified by their b.p.'s, IR's and |

NMR's in comparison with the authentic compounds.

2.6.3. Reaction of Pd(DMMP)ZCl2 with 2,6~diaminopyridine

2,6-Diaminopyridine (0.462 g, 4.2 mmble} was
added to a stirred solution of PA(DMMP),Cl, (0.632 g,
1 mmole) in chloroform (25 ml) and the mixture was refluxed
for three hours. An orange precipitateAof‘-Pd(DAP)zcl2 was
obtained, collected by suction filtration, washeq with
chloroform and dried in vacuo. Yield: 0.280.g (70%).
Pd(DAP)2C12 was identified by its melting point, mixed
melting.point, IR and elemental analeis (Tables XI and .XIII).

In an attempt to test if the transformation of
aldehydes to acetals could be made catalytié, benzaldehyde,
2-pyridinecarboxaldehyde and 2,6-pyridinedicarboxaldehyde

A . _ wm e \SAQ-\inc_g Gucr 2w

were separately mixed with methanolvgnd he mixtures were
refluxed for 18 hours. With benzaldehyde and 2-pyridine-
carboxaldéhyde, no reaction took place. The starting
material was recovered unchanged, whereas with 2,6-pyridine-
dicarboxaldehyde partial‘conversion to the acetal took
place as evidenced by IR and by the amount of the dialdehyde
recovered at‘the_end of the experiment. This work should

be further investigated.




2.7.1. Reactions of 2,6-diaminopyridine (DAP) with

metal ions

1) Copper(II) chloride dihydrate

A solution of DAP (0.218 g, 2 mmole) in
methanol (10 ml) was added‘dropwise to a stirred solution
of copper(II) éhlofide diﬁydfate {0.171 g, 1 mmole) in
methanol (14 ml}. A purple-black solid started £o form.
The mixtﬁre was stirred for one hour and the precipitate
.was filtered off on a glass sintéred funnel, washed
thoroughly with methanol and dried in vacuo. Yield:
0.160 g (66%).

| The product obtained did not melt up to
360°. |

1i} Silver acetate
Silver acetate (0.167 g, l mole) was added
to a solution of DAP (0.109 g, 1 mmole) in methanol
{10 ml) and.the mixture was stirred overnight. A pink
precipitate was formed, filtered off, washed with
methanol and dried in vacuo. Yield: 0.160 g (58%).

Melting point 154-155° with decomposition.

1ii) Rhodium(iIII) chloride trihydrate

A solution of DAP (0.218 g, 2 mmole) in
ethanol (20 ml) was added dropwise to a stirred solution
of rhodium(III) chloride trihydrate (0.260 g, 1 mmole)

in ethanol (30 ml). The formation of a dark brown solid




was observed. The mixture was stirred for one hour and
the precipitate was filtered off on a glaés sintered
funnél, washed thoroughly with ethanol, theh with ether,
and dried in vacuo. Yield: 0.280 g (fB%). |

The compound obtained did not ﬁelt up to

360°.

iv) Ruthenium(IIT) chloride trihydrate

A solution of DAP (0.218 g, 2 mmole) in
ethanol (20 ml) was added dropwisé to a solution of
ruthenium(III) chloride trihydrate (0.261 g, 1 mmole)
in ethanol (30 ml). The formation éj a black solid was
observed. The mixture was stirred for one hour and the
precipitate was.filtered off on a glass sintered funnel,
washed thérqughly.with ethanol, then with ether, and
dried in vacuo. Yield: 0.20 g (59%i.

7‘ The compound obtained did not melt up to

360°.

v} Cis-dichlorobis (benzonitrile)palladium(II)

A solution of DAP (0.218 g, 2 mmole} in
chloroform (15 ml) was added to a filteted solution of
cis~dichlorobis (benzonitrile)palladium(II) (0.384 g,

1 mmole) in chloroform (50 ml). An orange solid was
formed iﬁmediately. fhé mixture was stirred for one hour

and the precipitate was filtered off, washed thoroughly

69
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with chloroform and dried in vacuo. Yield: 0.244 g

(62%). Melting point: 272-275° with decomposition.

vi) Cis-dichlorobis (benzonitrile)palladium(II)

in 1:1 molar ratio

A solution of DAP (0.109 g, 1 mmole) in
methanol (10 ml) was added to-a filtered solution of
cis—dichlorobis(benzonitrile)pailadium(II) (0.384 g,
"1l mmole) in methanol (15 ml). The mixture was stirred
for one hour. An orange brown pxecipitaté was forﬁed,
filtered off, washed thoroughly with methanol, and
dried in vacuo. Yield: 0.185 g (61%). Melting point

262-265O with decomposition.

vii) Potassium tetrachloroplatinate(Il) in

presence of HCl

A solution of DAP (0.218 g, 2 mmole) in
water (12 ml) acidified with two drops of concentrated
hydrochloric acid, was added dropwise to a filtered
solution of potassium, tetrachloroplatinate (II)' (0.420 g,
1 mmole) in water (12 ml}. A pink precipitate started to
-form. After stirring for additional 15 minutes, the
splid was filtefed_off, washed withrethaﬁolg and dried
in.vacuo over P205' Yield: 0.150 g (27%). The compound

melted at 231-234° with decomposition.
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viii) Potassium tetrachloroplatinate (II)

A solution ¢f DAP (0.109 g, 1 mmole) in
wate;-(lo ml) was added to a filtered solution oﬁ potassium
tetrachloroplatinate(II) (0.210 g, 0.5 mmdle)-in water
(5 ml) and the mixture was stirred overnight. A green
precipitate was formed, filtered off, and dried in vacuo
over P,0.. Yield: 0.150 gf

The compound obtained started darkening
around 200°. It was black at 310° and did not melt up
to 3600.‘

The elemental analyses for the complexes
of DAP are shownrin Table XI: their solubilities in
Tablé XII and their major infrared bands along with
their respective assignments in Table XIII. Table XIV
lists the observed ultraviolet bands for DAP and its

complexes.




Table XI
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Results of the Elemental Analyses of the Complexes of DAP

ComEound

Cu(DAP)c12

Ag (DAP) (CH,C00)

Rh(DAP)Cl3.2H20

H_OH

Cl..%
Ru (DAP)CL,. 4C,H,

Pd(DAP)ClZ.H 0

2

PA(DAP) ,C1,

. 2HC1

Pt(DAP)ZCl

2

Calc.

Found

Calc.

Found

Calc.

Found

Calc.

Found

Calc.

Found

Calc.

FQund

Calce.

N

3C $H sCl % Metal
24.65 2.89 17.25 29,11 26.10
24.70 2.45 16.90 28.83 25.73
30.45 3.65 15,22 39.08
30.45 3.68 15,07 39.85
16.93 3.10 11.85 30.05
16.31 2.70 12.33 29.77
21.22 2.97 12.37 31.32
21.20 2.80 13,30 32.11
21.06 2.92 13.38
19.85 3.01 13.90 23.44
20.23 3.02 13,30 23.15
30.36 3.57 21.25 17.93
30.52 3.71 20.89 18.09
21.62 2.88 15.14 25.58

24.79




Table XII

Solubility of the Complexes of DAP
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Pet. |
i |
Conpound H,0 MeOH EtOH Me CO Et,0 C.H, Diox. Eth. (:Hzc_l2 CHCL, cl, EMF DMS0 ‘
Cu (DAP)CL,, - - - - - - - - - - - - |
|
\
Ag(DAP)CH,CO0 - =~ - - - - - - - - - ‘
| \
Rh(DAP)Cl3. - - - - - - - - - - + 4+
25,0
[ ]
Ra(DAP)Cl,. - - = - - - - e T
;ECZHSOH
Pd(DAP)ClZ.HZO * % - - - - - - - - £+
- - - - - - - - + +
Pd(DAP)2C12 # _
Pt(nAP)2c12. - - + - - - - - - + o+

2HCL




Table XIII
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Assignment

O-H stretching

nmzsue&mng

Arcmatic C-H st.
0O~H deformation

Ring skeletal
vibrations

In-plane and out-
of-plane C-H
deformation
Alkyl C-H st.

C=0 of CH,CCO

3
C~0 stretching

Infrared Spectra of DAP and its Complexes

DAP

3440 (s), 3370 (w)
3330 (m), 3190 (m)

3060 (sh)

Cu(DAP)Cl2

3410 (w), 3300 (w)

3080 (sh)

1580 (sb) , 1460(sb) 1600 (sb), 1505 (w)

1445 (sb}

780 (s), 720(s)
1110(s), 1050 (s)

1430 (mb)

1155(m), 775(s)

Ag (DAP) CH,C00

3380 (w), 3290 (w)

3100 (sh)

1560 (vsb), 1450(s)
1400 (m-s)

1175 () , 775(s)

2940 (sh), 2900(sh)

1650 (vs), 1630 {vw)

1150 (vw) , 1100 (w)
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Table XIII continued

Assignment RR(DAPICLy 200 Ra(0AP)CLyC,H,OH PA(DAP)CL,.H,0
O-H stretching 3560 (b) 3410(shb) 3600 (b)

NH2 stretching 3430 (w) , 3320 (w) 3300 {(w), 3180 (w) 3430 (m), 3310 (m)

3180 {w) 3125 (m), 3160 ()
Aromatic C-H st. 3080 (sh) 3080 (sh) 3080 (w)
Alkyl C-H st 2890 (sh) , 2870 (sh)
O~H deformation 1640 (s) 1620 (sb) 1640 (s)

1570 (m), 1490(s) 1560 (w), 1480 (m)

1450(s)

Ring skeletal
vibrations

1600 (m) , 1560(s)
1490(s), 1450 (s)

In-plane and out-
of-plane C-H def.

1120(b), 790(s) 1120(m), 1030 (m}

1060 (sh), 775 (mwb)
e 790(s), 725(s)

C-0 stretching 1160 {w) _ ,
M-Cl 335 {m}, 330{w)
Assignment Pd (DAP) 2012 PL (DAP) 2C12 L2HC1

O-H stretching

NH2 stretching 3415(s), 3315(s) 3395(s), 3310(s), 3210(s)

Aromatic C-H st. 3080 (sh), 3020(sh) 3080(sh), 2990 (w)
Rirgy skeletal

vibrations

1605(sb)’, 1580(w) 1630(s), 1480(w), 1390(sh)
1470(s), 1370 () '

In-plane and out-
of-plane C-H def.

1120(s), 785(s) 1170(s), 1115w, '775 (s), 700(s)

335(m) 310 (m)

M-C1 stretching




Table XIV

Ultraviolet Spectra of DAP and its Complexes in DMSO

ComEound : _mp | €x.104
DAP ' - 332 1.72
Ag (DAP) (CHB'coo) 328 1.24

| Rh (DAP)CL,.2H,0 275 (b) 0.92

l P4 (DAP) ,C1, 330 | 3.03
Pt (DAP) ,C1,.2HCL 330 2,51

2.7.2. Decomposition of Pd(DAP),Cl, with aqueous

potassium cyanide

P4 (DAP),Cl, (0.200 g) was added to aqueous
potassium cyanide (35%, 15 ml) and the mixtﬁre was
refluxed for 30 minutes. After cooling, the mixture
was extracted with tkb 10-ml portions of Chloroférm.

The extract was dried over anhydrous magnesium sulfate*®
andlfiltered. The solvent was evaporated to leave
2,6-~diaminopyridine aé the residue in 72% yield. DAP
was identified by its melting point, miked melfing

point and its IR spectrum in comparison with the authentic

compound.
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2.7.3. Decomposition of Ag(DAP)CH3COO with aqueous

ammonia

Ag (DAP) (CH,CO0) (0.200 g) was added to
concentrated ammonium hydroxide (15 ml) and the mixture
was stirred at room temperature for three hours. After
exfraction with two 10-ml portions of chloroform and drying
the extract over anhydrous magnésium sulfate, the solution
was evaporated to leave a residue of 2,6~diaminopyridine
in 45% yield. DAP was identified in comparison witﬁ
the authentic compoﬁnd. |

Potassium tetrachloroplatinate(II) was reacted
" with DAP in a neutral aqﬁeous medium. No molecular
formula could be assigned for the product obtained
based on its elemental analysis shown below:

%C 21.63; %H 2.67; 3N 14.77; %Cl 12.85.

The following metal salts failed to react
with DAP: nickel{II) perbhlorate hexahydrate, iron(III}
chloride hexahydrate, uranyl acetate dihydrate, and

zinc(II) chloride.

2.8 Reactions of 2,2'-dithiodianiline (DTPA) with metal ions

The reactions of DTDA with different metal salts
were carried out by the following general procedure:
A solution of DTDA (1 mmole) in hot ethanol (15 ml) was
added to a solution of the metal salt (1 mmole) in hot

ethanol (15 ml). Immediate crystallization occurred.
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The solids obtained were filtered off on a glass sintered
funnel, washed with hot ethanol, then with ether and

-

dried‘in vacuo over P265. In the cases of nickel(II)
perchlorate hexahydrate and nickel (II) nitrate hexahydrate
the reaction mixtures were refiuxed fqr one hour and for
forty eight hours respectively. |

The colours, melting points and the yields of the

reaction products are 1isted in Table XV.




Table XV°©
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Reactions of DTDA With Metal Tons

Metal Sailt Colour of Product M.P. “C % Yield
Ni(ClO4)2.6H20 Green 360 4 65.
Ni(NO3)2.6H20 Green 360 4 63
Cu(Cl0,),.6H,0 Black >360 18
Cu(NO3) 5. 3H,0 Black >360 21
CuClz.2H20 Black >360 17
Pd(CGHSCN)zclz_ Greenish-Brown 110 sd 80
R£c13.3H20 | Black 150 sd --
RhCl3.3H20 Grayish~-Green >360 -
AgCl10, Violet 180-210 d -~

¢ Symbols used throughout,thisrsectiqn: d = decohposition:

1

sd

started darkening but did not melt up to 3600;

no % yield reported due to the fact that no

molecular formula could be assigned to the product

based on its elemental analysis.




‘The'eiemental analyses of the'p:oducts_obtained
from the reactions of 2;2'-dithiodianiline'DTDA_with

. ﬁhe coﬁpduhds: nickei(II)fperchlorate héxahydrate, |

nickél(II) nitfate ﬁexahydrate, copper (II) perchlorate

f_hexahYdrate, copper (II) chloride éihydrate, copper (II)

nitréﬁe_trihydrate and cié-dichlorobis(benzonitrile)~

pallédium(II) are shown in Table XVI, their solubilities

in Table XVII and their majdr infrared bénds along

with their respective assignments in Table XVIII.

Table XIX shows the ultravidlet bands of DTDA and its

¥

' soluble complexes.

- 80
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Table'XVI

Results of the Elemental Analyses of the Reaction Products of DTDA -

Compound | " %cC SH N 3%Cl - 35 % Metal

Ni(ATP), Calc. 46.93 3.94 9.12 ----- 20.88 19.12
-~ Found 47.15 3.86 9.06 --——- 20.29  19.00

47.68 4.09 9.03 ===-= 20.32 19.54

Cu(DTDA)3(c1o4)2.H20 Calc. 35.05 3.10 6.81 5.75 15.60 5.15

Found 34.04 2.7% 6.63 5.99 15.11 5.13

Cuz(DTDA)(ATP)2C12 Calec. 37.89 3.18 7.36 12.43 16.86 22.28

Found 37.76 2.64 6.94 12.02 16.12 21.75

Cu, (DTDA) (ATP) ,NO,  Calc. 34.58 2.90 8.96 ----- 15.38 30.50
Found 35.26 2.82 8,71 ----- 15.35 29.22
Pd(ATP)Cl - Calc. 27.08 2.27 5.27 13.33 12.05

Found 26.64 2.48 5.29 13.19 12.82

N . o o
Ni(ATP)2 was obtained from the reactions of DTDA with

Ni(ClO4)2.

6H20 and Nl(NO3)2.6H20.




82

Table XVII

Solubilities of Reaction Products of DTDA With Metal Ions

Pet. . . :

na 0 MeOH EXOH Me,CO Et,0 Diox. CgHe Fth. CH,Cl, CHCL, CCl, DMF DMSO

M@, - - - - - - - - - - - -k

Qma),. - - - = - = === .- - -

(C10,) 5-H,0

e
e cl

Cu;OmA). - - - - - - - - - - - - -

(AT'P) ,NO4

P& (ATP)CL L T - - -




Table XVIII

83

Infrared Spectra of Reaction Prqducts of DTDA With Metal Ions

Assignment .

. O-H stretching

N-H stretching

Aromatic C-H st.

lRihg skeletal

vibrations

C-N stretching.

Ihr?knmzand out~

of-plane C-H def.

hrpl&u?andcnm—i

of-plane O-H def.

Ckh_ absorption

DTDA

A o .

3365(m), 3280 (m)

3050 (vs), 3010 (sh)
3000 (sh)

1600 (sb), 1465 (s)

1440 (s)
1290(s), 1240 (m-s)
745(s)

s s e .

- Ni(aTR),

3390 (wb), 3190(w)

- 3040 (wb) , 3000 (sh)

1580(s), 1455(s)

1290 (m) , 1240 (w)

745(vs)_

e s

Cu (DTDA) 5 (C10,) 5 5,0

3500 ()

3200 (mb)

3040 (sh), 3030(sh) -
3000 (sh) |

1580 (sb), 1465(s)

1290 (mb), 1240 (sh)

- 745(s)

1650 (w)

1080 (vsb)




Table XVIII continued

Assignment Cu2 (DI‘DA). (ATP) 2Cl2

Cu, (DTDA) (ATP) oNO5-

84

PA(ATP)C1

e r———

O-H stretching
N-H stretching 3100 (b)

Aromatic C-H st. 3000 (sh)

Ring skeletal 1580(sb) , 1465(sb)
. vibrations
C-N stretching 1290 (m), 1240 {sh)

Inplane and out-of~ 745(s)
plane C-H deformation
M-C1 stretching

ND3 absorption

3100 (mb)

3000 (sh)

1590 (sb) , 1465(s)

1370 (vs}, 1300(sh)

745 (s)

———ni e

-~ 1380(s)

ety ekre m—

3190 (sh) , 3100 (mb)

" 3000 (sh) |
1580 (sb) , 1460 (s)

1275 (mb) , 1240 (sh)
745(s)

-265@)

"Silver perchlorate, rhodium{(III) chloride and

ruthenium(iII) chloride trihydrate were reacted with DTDA.

No molecular formulas could be assigned for the products

on the basis of their found analyses which are listed below:

3C 3H

3Cl

Metal Salt. &N %5

Ag(ClO,) 27.30 2.27 5;23..11;97 4;80
-RhC13.3H2Q 24,37 3.00 5.75 10.14 25.34
RuCl ;3H 0 27.30 2.95 5;29 11.69 22.74

3 2




Table XIX
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' Ultraviolet Spectra of DTDA and its Soluble Complexes in DMSO

Compound = K Uy . o 631104
pTDA - . 244 (b), 340 0.60, 0.47

pd(aTP)C1 . 268 . 2.04

7lCu2{DTDA)(ATP)201

5 272 o '; ;552'

Cobalt (II) perchlorate.hexahydrate, mercury (II)
_brdmide, zinc(II) chloride, zinc (II) nitrate hexahydrate,
iron(IIIj-chloride hexahydrate'and iron(II) perchlorate

hexahydrate'failed to react with DTDA,

2.9 Reactions of Schiff bases derived from 2,6-pyridine-

" dicarboxaldehyde with metal ions

2.9.1. Preparation and reactions of 2,6-(dibenzo-~

thiazol—Z-yligz;idiné (DBTP)

:(a) Preparation of 2,6-(dibenzothiazbl-z-yl)*

pyridine (DBTP)57

Iddine'(17l g, 0.65 mole) was added in
small portions and with stirring to 2,6-lutidine (36 g,
0.37 mole) contained in a 400-ml beaker. The reaction

mixture became quite warm. The iodine-lutidine complex,




which sOlidifiéd aftef the mixture had been cqoléd and

the container sdfatched with a giass :éd, was then

. added slowly, with.stirriﬁé,_td dimethyléulfoxide
(300.m1)'at 130°. The mixture was stirred_and:héated_

at lSOO_for.lS minutes, then cooled to 200._ 2-Amino—“
'thiophenol'(ZS g, 0.? mole) was then added to the mixture
1ana a Vigorous reaction ensued. The mixture was cdoled
and the crystalline product was filtered bff, washed
-ﬁith_ethahol,‘thén'with acetone, and.recrjstallized

fyom éhloroform to give.pale'yellow crystals mélting'at_
274-276° (Lit. 273-275°)57. The yield was 3.0 g (9%).

| 2,6~ (leenzothlazol 2—yl)pyr1d1ne was also
'.prepared by the follow;ng method:

. - To a solution of 2,6- pyrldlnedlcarboxal~
:':déhyde (l-g, 7.4 mmole) 1n.ethanol (12 ml), Z2-amino-

| thiophenpl (4.35 g, 35 mméle) was added. The mixture

N Was:refiuxed for 2% hours then léft to sténd 6vernight

at room temperature. A pale yellow precipitate Was'formed.
It was recrystallized from‘chioroform. Yield: 1.6 g,

(49%). Melting point: 275-277°.

86




(b) Reactions of 2,6=(dibenzothiazol-2-yl)

pyridine (DBTP) with metal ions

Except with potassium ﬁetrachlofoPlatinate(II)
and ruthenium(III)chloride trihydrate the reactions of
-DBTP with different metal salts were carried out by the following
geheral'Procedure: | _ | . |
L A solution of DRTP (0.230 g, 0.67 mmole) in

hot chloroform (40 ml) was added to a Stirred'éblution'

N of ﬁhe metal salt (0.8 mmole) in hot_ethanol.(10~15 ﬁi)._
The compléx which crystallized immediately, was filteféd
'off; washed with hot Chloroform, then with hot ethanol,
fpllowed by ether, and dried in vacué.over péos.
o | The reaction éf_DBTP with potaséium'
tet:achloroplatinate(il) was carried out.by thé.addition
'_of_é solution of DBTE (0;230 g, 0.67 rmole) in hot
- aioxéne (60 ml) to a'filtered_séluﬁion gf the Pt(II) salt
(0.336 g, 0.8 mmole) in water (30 ml) and the mixture
was‘heated with stirring on a éteam bath for three hours.
The brown solid obtained,’ﬁaé fiitered off, washed with
| water, then with hot dioxane, followed by ether, aﬁd dried
iﬁ;ﬁacuo over P,Oc.
_ In thg case of ruthénium(III) chloride
trihydrate, a solution of DBTP (0.230 g, 0.67 mmole) in
hot dioxane {60 ml) was. added to a solution of the metal

salt (0.210 g, 0.8 mmole) in hot ethanol (20 ml) and the

reaction mixture was refluxed with stirring for two hours,
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The brownish-black preéipitate formed, was filtered
.off,_washed with hot dioxane, then hot ethanol, followed
by ether and dried ip vacuo 6ver P265. |

| The elemental analyses for the complexes
of.DETP are shown in table XXI, their sdiubiiities in
‘Table XXII and their'major-infrared baﬁds aloﬁg.With
_their reébecti?e assignments in Table XXIII. Table

XXIV lists the observed ultraviolet bands of DBTP and

its soluble complexes.




Table XX

" Reactions of DBTP With Metal Ions:

Metal Salt

CuClz.ZHzo'
CuBr2 

Fec;3.6HZQ

nNi(ClQ4)2.6H20

P4 (C HCN) ,C1

2
ZnClzl':
sztc14-f
RuC13.3§20

HgBrz. '
"chlé
C012.2H20

RhC13;3H20

_ AgC1O4

89

Colour of Product Melting Poiﬁt °¢ $ Yield

Yellow 245-248 d 71

Yellow >36d_ 63
Orangé _.283-285 d ‘62
Pale-Yellow 253-257 4° 92
Brown >360 78
Pale-Yellow >360 81
Brown >360 40
Brownish-Black >360 70
Pale-Yellow = 322-324 & 74
Pale-Yellow | 326-331 d 69
Brown . >360 72
Yellow >360 | 77
Pale-Yellow 311-313 4

73



Table XXI
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Found

Results of the Elemental Analyses of the Complexes of DBTP
Compound 8C_ %H 3N %S _8X % Metal
Cu(DBTP)C1,.H,0 Calc. 45.80 2.63 8.44 12.88 14.24 12.76
Found 45.6 2.5 8.0 13.0 13.6 12.7
Cu (DBTP) Br, Cale. 40.12 1.95 7.39 11.27 28.15 11.17
| Found 39.8 1.9 7.4 11.8 27.8 10.8
Fe (DBTP) ,C1,.H,0 Calc. 52.40 2.81 9:60 .14.70 12.21 6.41
| | Found 52.5 2.6 9.5 13.7 12.6 6.6
| Ni(DBTP),(C10,),.2H,0 Calc. 46.35 2.66 8.54 13.00 7.20 5.96
Found 45.8 2.5 8.0 12.9 6.9 6.4
~ Zn(DBTP)CL, - Cale. 47.37 2.30 8.72 13.31 14.72 13.57 -
Found 47.0 2.2 8.4 13.3 15.0 13.2
Hg (DBTP)Cl, Calc. 36.99 1.80 6.81 10.39 11.49
Found 37.07 1.80 6.94 9.96 11.49
'Hg (DBTP) Br, Calc. 32.33 1.57 5.95 9.08 22.64
|  Found 32.32 1.56 6.00 8.88 22.01
 Co(DBTR)T, Calc. 34.67 1.68 6.39 9.74 38.56
34.72 1.73 6.37 37.96




Table XXI continued

Compound

Ag(DBTP}C104

P§2(DBTP)C14

2H20

PF4(DBTP)3C18.

-C,H_OH

Ru (DBTP}Cl;.C,

3

2O

Rh (DBTP)Cl,.2H

Calc.

Found

Calc;

‘Found

Calc.

Found

Calc.

Found

Calc.

2C

*H

N

%8
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41.28

41.38

32.60

33.2

31.5

30.4

1 42.11

42.4

38.63

X % Metal

2.00 7.60 11.60 6.41 19.52

2.07

1.58

1.6

1.90
l.6

2.86

2.8

2.56

7.60

6.00

6.0

7.11

 7.20

11.33

9016
9.4

7.32_19.39-:
20.26
19.98

13.06
13.4

17.76

17.9

18.01
17.47



92

|

|

|

Table XXII - o
Solubilities of Complexes of DBTP o
|

i

Ace~ Ben—~ Pet. : _ :
Compound - H20 MeOH EtOH tone Ether Diox. zene Eth. CHZC1:2 CHC13 CCJ.4 DMF DMSO
Ca(DBIP)BL, . =~ - =~ - - - . - - - - i -
Fe (DBIIP) 2Cl3-H20 = - - - - - - - - - — + +
Nl{DErP)z(C]_O‘I_)z - - - - - - - - - — - + 4 -
|20
Zn (DBIP)Clz - - - - - - - - - - - + +
Hg (DBIP)CL, T - - - - - e - A
Hg(DBI?)BrZ - - - - — - - - - e - -

.~ Co(DETP)I, . - - - - e o .. P
Ay(DBIP)ClO, =~ - =~ = - - - - - - - - - -
Pd, (DBIP)C1, - - - - - - - - - - - e -

- 2H,0
Ra(DBIP)Cl, - - - t° - = = - % £+ o+ o+
.C2H50H
- - - - - - - ~ - - - + %

Rh (DBTP)CL .. 2H,0



Table XXIiI
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Infrared Spectra of DBTP and its Complexes

Assignment DBTP

O-H stretching  ———

C~H stretching = 3035 (w)

- 0~H deformation
C=N and C=C st.  1565(s), 1560 (s)

Aromatic skeletal 1445 (m), 1430 (mb)
- vibrations 3

C-N stretching  1320(s), 1275(m)
| 1150 (=)

CC stretching 1080 (m), 1010 (w)

In-plane and out- 975(s), 890 (m)
. of-plane deform.

M-X stretching

Cu (DBIP)CL, . H,0

| Cu (DBIP)Br,

344Q b)

3060 (w) , 3030 (sh)
13000 (sh)

1650 (wb)
1595 {m) , 1580 (m)

1490 (vs), 1455(m)

1320(s), 1265(m)
11245(s), 1180 (vs)

1080 (m), 1015 (m)

900 (s), 765 (vs)

260 (m) , 255 (w)

3050 (m), 3020(sh)

1595 (s), 1580(m)

1490 (vs), 1455(m)

' -
1315(s), 1260(s)
1175 (vs)

1080(s), 1020 (m)

895(s), 770(vs)

260 (m), 255w}




Table XXIII continued

~ Assignment
O-H stretching
C-H stretching
O-H deformation

C=C and C=N st.

' Aromatic skeletal
vibrations

C-N stretching

C-C stretching
- In-plane and out-
~of-plane deform.

C10,” absorption

‘ Fe(DBEP)2013.H20

Ni(DBIP),(C10,),.2H

7n(DBTP)CL,

3400 (b)

3050 (w) , 3020 {sh}

1640 (w)

1595 (m), 1580 (m)
1560 (m) -

1490(s), 1445 (m)

1325(s), 1270(m)
1180(s), 1255 (m)

1090 (w), 1015 (m)

_8_9‘(5 (m-s), 755 vs)
715 ()

3400 (b)

3080 (wb) , 3000 (sh)
1650 (w)

1605 (m), 1585(w)

1555 (m)
1500 {vs), 1455 (m)
1320(s), 1280 (m)

1260 (m) , 1250 (m) |
1200(s) .

1145 @), 1020 (m)

895 (s), 765 {vs)
740(m)

1090 (vsb) -

©3050(m), 3020(sh) -

1595(s) , 1580(m)
" 1560 {m) -

1495 (vs), 1455 (m)
1425(m)

1315(s), 1270(m)

1240 (s), 1175(s) -

1130(s), 1015 (m)

885(s), 770 (vs) . .

750(s), 720 (s)




Table XXIII continued

Assignment

G#istretchﬂx;

| C=C and C=N st.

Aromatic skeletal
'vibrations
Gﬂistretchhx;
C-C stretching

In-plane and out-

‘of-plane deform.

clo,” absorption

4

Hg (DBTP)CL,

3050 (m) , 3020 (sh)

1560 (mb) , 1540 (w)

1480 (sb), 1420 {w)

1300 (sb}, 1260 (m)

1225 (s)

1170(s), 1125(s)

1000 (wb)

870.(sb), 790 (m)
760 (s)

Co (DBTP) 12

3050 (m) , . 3020 (sh)

1580 (mb) , 1540 ()

1480(s), 1410 (mb)

1305(s), 1235(s)

1165(s), 1130 (s)

785 (m) , 760(s)
720 (m)

95

A (DBIP)C10, -

3040 (sh) , 3020(sh) =

1590 {w) , 1580 (b}

1485 (sb) , 1420(s)

1315(vs), 1290(s)

1260(s), 1220(s)
1170(s)

1150(m), 1110 ,(W)
1010 (w)

885 (s) , 765 (vs)
720(s)

1080 {vsb}

The IR spectrum of Hg (DBTP) Br,, is identical to that of

Hg (DBTP)CL,.



Table XXIII continued

Assigrment

O-H strei:ching

C-H stretching

C=N and C=C st.

Arcmatic skeletal
vibrations

C-N stretching

C-C stretching

In-plane and out- |

of-plane deform.
Alkyl C—_Ii st. |
C-0 stretching
0-H deformation

M-Cl stretching

Pd, (DBTP)CL,

A o

1595 (m), 1545 (w)

1595 (m) , 1545 (w)

1490(s), 1445(w)
1435 (w)

1320(s), 1265(s)
1235(s), 1190(s)

1125(m), 1090 (m)

895 (m-s), 755(s)
715(s}

335(m), 260 (m)

Pt (DBTP) ,C1, . 2H,0

96

Ru(DBIP)Cl,.C, HOH

3440(b}

3090 (W)., 3060 (w)

3010 (W)
1600 {m) , 1555 (m)

1490(s), 1450 (m)

1325(s), 1270(s)
" 1240(s), 1195(s)

1100(w), 1015 (w)

905 (m—s) , 755 (vs)
720 (s)

1640 {b)
310 (m)

377275

3440 (nb)

3070 (), 300060
2960(w) '

1595 (ﬁl) ¢ 1560 (m)

1515(s), 1440 (mb)

1320(s}, 1270 ()
1250 (m) , 1185 (s)

1075 (m) , 1010 (m)

-890(m), 765(vs)

725 (s).

2860 ()

1160 (m-s), 1115(s)

1125 (m)

330 (m)




Table XXIIT continued

AsSignmént | R?(DBTP)C13.2H20

O-H‘stretching 7_3400(b) _

C-H stretching © 3050(mb), 3000(sh)

C=C and C=N st. 1580 (mb) , 1540 (sh)

Aromatic skeletal 1485 (s) |

vibrations o S _ _

C~N stretching . 1315(5), 1265 (s), 1235(m)

c~C streﬁching B ilso(s), 1150 (w), 1120 (w)
- In-plane and out-of- | 755(8)_ |

plane deformation

- M-Cl stretching - 325(m)

Table XXIV

Ultraviolet Spectra of DBTP and its Soluble Complexes in DMF

Compound : . E£X lO5
DBTP : 300 (b) ©0.74
Cu(DBTP)Cl,.H,0 ; 300 (vb)’ ©0.20
Ni(DBTP),(C10,),.2H,0 300 (vb) 4,05
Co(DBTP)I, - 300 (vb) ”2.1_0

B Rﬁ(DBTP)Cl3.C2H50H 264 3.00
Rh(bBTP)c13.2H20 o 264 3.00




98

{c) Miscellaneous

.Pchedure (b).was followed iﬁ an attempt
to investigate the réactions of DBTP with the below-
mentionea metal salts. 1In éll_cases no coﬁpléx formatioﬁ

was observed and unreacted DBTP was re¢bvered..
| A chloroform solution of DBTP was used

' with an ethanolic solution of each of the fdllowing

" metal salﬁs: urahyl acetate dihydrate, chromium(III)
nitrate nonahYdrate, iridium(IIX) trichloride trihydrate.
On the other hand; a dioxane solution of DBTP was'used
with a methanolic soiution of the.followiﬁg metal salts:
uranyl acetate dihydrate, thorium(IV) nitrate tetra-
hYdrate, £in(II) chloride dihydrate, ytrium(III) nitrate
tetrahydrate and chromium(III) nitrate nonahydrate.

- With molybdenum hexacarbonyl and tungsten hexacarbonyl

~ a chloroform solution of DBTP was added to a benzene

solution of the carbonyl.

2.9.2. The System: 2,6-Pyridinedicarboxaldehyde and

24amihothibphenol in a basic medium

(A)" The reaction of DIAL with ATPH in a basic
| medium |
An agueous solution of é N sodium hydroxide
(2.4 ml) was added to.a‘solution of DIAL (0.240 g, 1.76

mmole) in hot ethanol (28 ml). ATPH (1.10 g, 8.8 mmole)

was added and the mixture was stirred for seven minutes.




An orange coloration was observed. Diethyl ether (100 ml)

was added and a pale yellow solid precipitated. The

pre01p1tate was flltered off, washed with ether and

~dried in vacuo. It was dissolved in ethanol, and upon

~ the addition of ether_a white solid pre01p1tated; whlch

tﬁrned pale yellow on the filter paper. Yield: 1.50 g.

_The_compound obtained started darkening at -240° and

melted at 353-357° with decomposition. No molecular

formula could be assigned for the product based on its

- analysis: 3C 37.27; %H 4.46; 3N 6.56; %S 14.42.

(B) The reaction of product from (A} with HCl

To a solution of the product from (A}
{0. 81 g) in ethanol (60 ml), concentrated HCl {3 ml) was
added. A whlte-pre01pltate was formed and removed by
filtration. The filtrate was concentrated at‘reéuced
pressure, and upon the addition of ether, 2-amincthio-
phehol hydroéhlofide ATPH.HCl precipitated. It was

filtered off, washed with ether and dried in vacuo.

 Yield: 0.40 g. Melting point: 215-217° with decomposition.

(nit. 217° dec)74. Elemental analysis: calculated for

C H_NC1S: 3C 44.58; %H 4.99; 3N 8.67; 3CL 21.94; %5 19.79;

68 ,
Found: $C 44.27; %H 5.19; 2N 8.59; %C1 21.75; %S 18.11.
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(C) The reaction of ATPH.HC1 with cis-dichloro-

‘bis(benzonitrile)palladium(llg

| Cis-dichlorobis(benionitriie)pallaaigm(zl)
(0.202 g;_0.52 mole) in.ethanol (30 ml) was added to a
solution of ATPH.HCL (0.360 g, 1.04 mmolé) in ethanol
 (30 ml). The mixture was héated'with-stirring fér five
minutes. A bfoﬁn éolid of bis(Z-aminothiophenolato)?
_palladiqmcxx)'dihyqrochioiide Pd(ATp)z.zﬁcl crystallized
oﬁt; It was filtered off,‘waShéd thoroughly with ethanol,
and dried in vacﬁo. Yield: 0.170 g (77%),-

- PA(ATP) ,.2HC] started darkening at 330°
and did not melt up to 360°. It is.insolubié in common
oréanic solvents. Its elemental analysis; Calcﬁlatéd for
N,C1,5.: 3C 33.70; %H 3.30; N 6.55; $CL 16.58;

1472%12°5°0 ,
&S 14.99; Found: %C 33.57: 3H 3.12; 3N 6.52; %Cl 16.32;

PdCle

%S 15.08; Its major infrared bands along with their

respective assignments are listed in Table XXV.
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Table XXV

- Infrared Spectrum of Pd(ATP),.2HC1

Assignment

N-H stretching 13350 (wb)’

C~-H stretching 3000(wb)

C=¢ and C=N stretching  1590(5); 1545(5):,_ 
Aromatib skeletal o 1465 (s) S

_ vibfations | |

C-C and C-N stretching 1290(w), 1260 (w), 1200 {(w)

In-plane and out-of-plane 750 (vs)
C-H deformation

(D) Reactions of a mixture of DIAL and ATPH

with metal ions in a basic medium

The reactions of a mixture of DIAL and ATPH
with different metal salts iﬁ a basic medium were cérried
out by the following géneral procedure:

An aqueous solution of 4 N sodium hydfoxide
(2.4 ml) was added to a solution df DIAL (0.240 g, 1.76 rmole)
iﬁ.hot ethanol (25-30 ml). To the mixture, ATPH (1.10 g,
8.8 mmole).was added, followed directly by the addition
of a solution of the metal salt (0;88 mmole) in ethanol

(10 ml). The precipitate formed was filtered off on a




glass sintered funnel, washed with ethanol, then with
ether and dried in vacuo.

| In the case of potassium tétrachloro;
platinéte(II), the platinum salt was dissolved ih a 1:1
ethanpl*water mixtﬁre (25 ml) and the reaction mixtﬁre_
was stirred for thirty minﬁtes at room temperature. |

| The.célours,-melting pbiﬁts and yieids'

of the reaction products of the mixture of DIAL and ATPH
in a basic medium with the different metal salts are

shown in Table XXVI.

Table XXVI

Reactions of a Mixture of DIAL and ATPH With.Metal Ions in

a Basic Medium
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: S Melting :
Metal Salt . Colour of Product Point °C . & vield
CuCl,.2H,0 Reddish-Brown 260-265 4 80
P.d(CGHS_CN)ZClz Gray ~ 330-333 4 70
ZnCl2 Pale Yellow ' 280-284 d - 26
RuCl,. 3H,0 Black . ' 3360 63
KthCl4 Green ‘ 105 sd -—
FeCl;.6H,0 | * Brown 360 | K -
Ni (ClO4)2.6H'2O ' Black 332-338 d T

UOZ(CH3COO)2.2H20 Brownk 230 sd -—




The reactions of a mixture of DIAL and

ATPH in a basic medium with metal ions gave identifiable

pfoducts with copper (II) chloridé dihydrate, cis-dichloro-

bis{(benzonitrile)palladium(II), zinc(II) chloride and
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‘ruthenium(III) chloride trihydrate. The elemental aﬁalyses-

" for such products are listed in Table XXVII, their

solubilities in Table XXIII and their major'infrared bands

alqng'with their respective assignments in Table XXIX.

Iron(III) ‘chloride hexahydrate, nlckel(II)

perchlorate hexahydrate, uranyl acetate dlhydrate and
potassium tetrachloroplatlnate(ll) were reacted with
a_mixture of DIAL and ATPH in a basic medium but no
mblecular formulas could be assigned fof the reaction
préducts on the basis of their found analyses which are

iisted below:

Metal Salt ~ _sc 3 N %5
FeCl,.6H,0 ' 16.46 2.12 2.54 0.2
Ni(C10,),.6H,0 53.23 3.03 9.55 14.47
UOZ(CH3COO)2.2H20 . 12.32 1.89 1.94 1.91_
K,PtCl, 57,38 4.02 - 10.43 17.64

2
Bis (2~ amlnothlophenolato)Palladlum(II)
Pd(ATP)2 was treated with concentrated hydrochloric acid.
The compound bis(Z-aminothiophenolato)palladium(II)
‘dihydrochloride Pd(ATP)é.2HCl was obtained, identical to

the reaction product of ATPH.HC1l with cis—dichlorobis-
(benzonitrilelpalladium(II) (p. 100{C)).



Table XXVII
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Results of the Elemental Analyses of the Reaction Products of a

" Mixture of DIAL With‘ATPH in a Basic Medium With Metal Ions

2C

&N 8C1 %S % Metal

Compound %H
| Cu(ATPAL) 12HCL.H,0  Calc. 45.46 3.41 8.37 14.13 12.78 12.62
Found 46.33 3.15 8.36 14.63 12.60 12.20
PA(ATP), Cale. 40.62 3.41 7.90 -—--- 18.08  —==--
Found 40.43 3.36 7.69 -=-—- 17.60 ==-=-
DBTP Calc. 66.06 3.21 12.16 -—--- 18.50 ===--
Found 65.03 3.29 11.91 ---—- 17,89 —==—=
Ru (ATPALH,)Cl Calc. 41.42 3.13 7.25 18.34 11.06 =~—== |
+%C,H OH Found 41.80 3.20 7.45 17.96 11.96 ~~-—-
*- .
ATPAL 1s
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Table XXVIII

Solubllltles of the Reactlon Products of a Mlxture of DIAL :

Wlth ATPH in a Ba31c Medium Wlth Metal Ions

Ace~ Ben- Pet.

M "H,0 MeOH EtOH tone Ether Di0x.. zene Eth. CH,CL, CHCl3 CCl, DMF MS0
.21;(:1.}120 | | . | o
m(mmrz)—-?—-_-'—l-- £+ o+

: .Cl3.%C2H OH
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Table XXIX

Infrared Spectra of the Products of the Reactions of a Mixture

'. of DIAL. and ATPH in a Basic Medium With Metal Tons

Assignent  Cu(ATPAL).2KCL.H,0  PA(ATP), Ru (ATPALH,)) L4 . %C,HOF
O-H stretching Mo0®)  3400(0)
N-H stretching | | 31756w), 3220 (sh)

Aromatic C-H st.  3050(w), 3000(sh) 3050 (sh), 3020(sh) 3040(w), 3020(sh)
Alkyl C-H st. | | B © 2940(sh) |
S-H stretéhing | _ | _ 2610 (sh)

0-H deformation 1650 (wb)

C=C and O=N st 1610 (mb), 1575(s)  1580(s), 1540(m)  1580(sb)
| Do | |  1525(m) |
Aromatic skeletal 1460(sb) . 1460(s), 1425(w-s) 1450 (sb)
vibrations N T ' .

'C-N stretching 1375 (wb) , 1260 (mb) 1285(s), 1255(s)  1365(wb), 1310(w)
P " | 1260 ()

C-0 stretching i | : 1150 (w) , 1115 (wb) -

C-C stretching 1155(ws), 1055(m) 1190 (i-s), 1145(m) 1050 (m), 1015 (mb)

0 1035(m) . 1050 (m) '

In-plane and out~ 950 (wb), 750(s)  925(s), 725(vsb)  900(sh), 750(s)
of-plane C-H def. 730 (w) - S 72000
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- 2.9.3. 2,6-Pyridinedicarboxaldehyde (DIAL)} and

 2,2'-dithiodianiline (DTDA)

i)-ReactiOn of DIAL with DTDA
DIAL (0.135 g, 1 mmole) in ethaﬁol_(is m1)
was added to a solution of DTDA (o,zas'g, 1 mmoléj in
ethanol {10 ml). The mixture was heated with stirfing
in a watér béth at 70° fof 15 minutes,.‘A.yeliéﬁ-solid
‘was deposited. The mixture was cooled to.room.temperatﬁre
and thé solid waé_filtéred.off, and recrystéllized from
 dioxane—¢ater mixture. Yield: 0.247 g (68%). Melting
point: 192-200° with decompositioﬁ. o
| The Schiff base DIDAL produced is soluble
in béﬁzene, dichloromethane, éhloroform and_dioxane, |

and insoluble in methanol, ethanol and water.

DTDAL
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Analysis of DTDAL: Ca}culated for C19H15N3052:

$C 62.44; %H 4.14; %N 11.50; %S 17.54. Found: %C 63.27; .

$H 4.31; $N 11.17; %S 17.12.

The major infrared absorption bands.of '_

DTDAL and their respective assignments'are listed in =

‘Table XXX.
Table XXX
Infrared Spectrum of DTDAL
Assignment
N-H strétching Y 3410 (w), 3340(w) _
C-H stretching 3040 (w), 2950(w), 2840 (sh)
C=0 stretching . 1700(s) |

Ring skeletal vibrations 1610(s), 1575(5), 1555(m),'
©1485(m), 1450(m-s)

C-C and C-N stretching  1325(m), 1300(s), 1260 (mb) -

In-plane and out-of- 1040 (s), 980(m), 840(s),
plane C-H deformation 790 (sb), 730 (vsb)
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ii) Reaction of a mixture of DIAL and DTDA with

" cis-dichlorobis (benzonitrile)palladium(II)

' é)'In ethanol

To a-fiitered'stirred_soluﬁion of

cis-dichlorobis(benzonitrile)palladium(IIj'(0.192 d,
0.5_mmble)_in ethanol'(15 ml); DIAL (0;068-g, 0.5 mmdle)
was'added; followed by the addition of DTDA (0.124 g,
0.5 mmole). The yelld#iéh brown solid which crystallized
.immediately was filtered off Qn a glass sintered funnel,
washed with ethanol, then ether and dried in_ﬁaéuo.
Yield: 0.22 g. |

The éoﬁpound obtained started dankéning

at 276° and melted at 309-3150-with decomposition.

b} In benzene

Procedure.(a) was followed using benzene
(20 ml) in place of ethénol and refluxing the mixture
for fourlhours. The dafk brown solid formed, was filtered
off on a glass sintered funnel, Washéd with benzene,
then with ether and dried in vacuo. Yield: 0.21 g.
The compdund obtained decomposed at 3180.
No molecular formulas could be assigned
for the products obtained from réactions (a) and (b) on

the basis of their found analyses which are listed below:

Solvent &C 81 3N sC1 %S

Ethanol 41.60 3.02 7.58 10.01 12.76

Benzene = 40.33 2.60 7.38 10;60 11.47




2.9.4. 2,6- Pzzldlnedlcarboxaldehyde (DIAL) and

S—amlnoqulnollne (AMQ)

‘The reactions of a'mixture.of DIAL and AMQ T
with dlfferent metal salts were carrled out by the
follow1ng general procedure.

To a stirred hot solutlon of AMQ {0 288 g,.

2 mmole) in acetone (20 ml), DIAL (0. 135 g, 1 mmole) was.-‘

|
|
l
added, followed dlrectly by the addltlon of a solutxon . o

of the metal_salt (1 mmole) in an appropriate solvent__' | |
. (10-15 ml) (Table XXXI) . The reaction mixture was }

_refiuxed for a period of time as shown in Table XXXI too. - j

The product formed was filtered off, washed with the

solvents used and dried in vacuo.




Table XXXI

Reactions of DIAL and AMQ with Metal Ions

Metal Salt
CH(C104)2-5H20

CuCl,.2H,0

2

AgClO4

CO(C104)2.6H20

.ZnCl2.
K,PtCl,

RhC1;.3H,0

RuCly. 3H,0

Pd(CGHSCN)ZCl2

U0, (CH,CO0), . 2H

HgClz-:

-FgCl

3+ 600

Solvent Used

' Acetone

Acetone
Ethanol
Acetﬁne
Ethanol
Wate; |
Ethanol
Ethanol
Toluene
_Methandi
Ethan01 

Ethaﬁol

Reflux Period (hr)
3

1

2 The reaction mixture was stirred at 40-45°C for

two hours.
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The colours, melting points and yields of the

reaction products'of the mixture of DIAL-and-AMQ with -

the different metal salts are shown in Table XXXII.

Table XXXIT

Reactions of DIAL and AMQ with Metal Ions

 Metal salt

4)2;6H20

CuC12.2H20

Cu(Clo

'AgClO4 :

Cg(Clo4)2.6H20
ZnC12- 
K2PtCl4_

RhCl3,3H20

3.3H2'O

PA(CgHLCN) ,Cl

RuCl

2

UOZ(CH3COO).2.2H2

BgClZ

FeCl3.?H2O

Colour of Product

Grayish-Brown

Greenish-Brown

Yellow

Greenish-Brown

Yellow“

Brown

-Grayish-Brown

Black
Grayish-Brown

Yellow

Brown

Brown

"Melting

Point OC = % vield .
210-215 4 64
165 sd 79

250-255 4 68
265-268 4 44

. 255-259° 4 66

>30 90
290-293 @ 93

>360 93

205 sd -

310-316 4 --
205 sa = -

273-278 d
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The reactions of the mixtufe of DIAL and AMQ
with metal ions gave idenﬁifiable products with copper(II)
perchlorate hexahydrate, copper(II) chloride dlhydrate,
31lver perchlorate, cobalt(II) perchlorate hexahydrate,
zine(II) chloride, potass;um tetrachloroplatlnate(II),
fhodium(III)'chloride trihydrate and. rﬁthenium(III) |
chloride trihydrate.. The elemental analyses for the
complexes obtained are shown in Table XXXIII, thelr
solubllltles in Table XXXIV, and their major 1nfrared
bands along w1th their respectlve a551gnments in Table
XXXV. Table XXXVI shows the observed ultreV1olet bands.
of AMQ aﬁd fhe'solﬁble AQAL complexee. |

B On the baeis of theif found analyses which
ere.listea below, nolmolecular formules”could be assigned
for the reaction prodﬁcts of the mixture of DIAL and |
.AMQ with.Cis~dichlorobis(benzonitrile)palladiuﬁ(II),
_uranyl.ecetate dihydrate, mercury(II) chloride ahd iron{III)
echloride hexahydrate.

The ﬁickel salts: perchlorate hexahydrate,
'nitrate hexahydrate and chloride dihYdrate failed to

react with the mixture of DIAL and AMQ;.




Metal Salt

Pd(CGHSCNJZClz

UOZ(CH3COO)2.2H20

HgCl2

Fec13;6320

8C s 8N
57.62 13.65'-'13.66.
32.00 2.60  7.42
41.57 _2.88. 7.79
8. 85

53.23

3.68

~%Cl

7.68

9.27

14.42
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Table XXXIII
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Results of the Elemental Analyses

of a Mixture of DIAL and AMQ With

of the Reaction Products

Metal Salts

Comgound'

Cu(AQAL)(ClOé)2.4H

6 2

Cu3(AQAL)2Cl .2H,0

Ag(AQAL)C1O
| ég(AQALg(glo4)é.2ﬁ
Pt3(AQ3L5201
.Zn3(AQAL)201
-Rh3(AQAL52c1

Ru3(AQAL)2C19.2H 0

4+ 3H,0

»

6 IHZO

6.2H20

»

9.3H20

2

O_Calc.

Found

Calc.

Found

Calc.

Found

0 Calc.

- Found

Calc.

Found

Calc.

. Found

Calc.

Found

Calc..

Found

.%Clr' ‘% Metal

3.33

3C $H 3N
41.59 3.49 9.70 9.82 8.80
41.71 3.28 10.05 - 8.75 - 8.62
46.68 .3.60 10.89° 16.54 14.83
45.64 3.38 10.15 16.80 14.91
46.28 3.55 10.79 5.47 16.63,
45.31 . 2.95 10.62 6.20 16.42
44.06 3.10 10.28  10.41
43.69 2.87 10.11 10.06
36.92 2.46 8.61 13.07
37.99 2.78 - 8.79 12.07
46.48 3.59 10.84 16.47 15.18
45.89 3.37 10.23. 17.24 14.96
38.38 3.35 8.95 20.40

37.67 3.56  9.21 19.93
39.89 3.08 9.30 21.20
40.55 9.00 20.24




 Table XXXIV

Solubilities of AQAL Complexes

Ace— ' Ben- Pet.-
Campound H20 MeOH EtOH tone Ether Diox. zene Eth. (H Cl CHCl3 CCl, DMF DMSD-
Cu(AQAL) - - - - - - - - - - - +  +
- (C10,),,. 41,0
CaglaoAn), - - - R e R
'C16'2H20
CAg(AQALICIO, - - - - - - - o - - -4 4
S CofMpn) T -~ - - - - - - .. - -+ 4
+(C10,) . 20,0
PE(AQAL), - - - = - - - . o - - %
.Cl6.H20 ' '
Zn (AQAL)z s - - - - - - - - - - + +
.C16.2I-120
R, (BQAL), - - - = - - - - . .4
._Clg.3H20 :
RJ3(AQAL)2 - - - - _-—-r'. - - - - .- + o+
-Cly. 24,0 : S




Assignment

' O-H stretching
Aramatic C-H st.
O-H deformation

Ring skeletal

vibrations

C-C and C-N st.

In-plane and out-

of-plane C-H def.

C10 4_ absorption

M-Cl stretching

Table XXXV

" Infrared Spectra of AQAL Complexes

Cu(AQAL) (C1O,) - 4H,0  Cuy (AQAL) ,C1..2H,0  Ag(AQAL}C1O,.3H,0

3400 (b)
3110 (vw), 3030(sh)
1625 (m)

1580 (sb), 1510(s),
1480 (m), 1405(s)

1380 (m), 1325(s)
1250 (m) , 1225 (m)

915 (m) , 835 (vs)
785(vs), 735(s)

1100 (vsb)

3420 (b)
- 3040 (W), 3000(sh)
- 1620 (w)

1590 (wb) , 1505 (m-s)
1465 (wh) |

1380 (s), 1320 (m)
1240 (w) |

1075(m) , 1015 (w)
840 (s), 785 (sb)

265 (1)

3400 (b)

1380 (sb), 1320(m)

_ 765(5)

3040 (w), 3000{sh)
1625(m)

1575 (sb) , 1500 (s)
1460 (m)

1270(s), 1210 (m)

835(s), 795(s)

1085 (vs)




Table XXXV continued

Assigrment

O-H stretching -

Aromatic C-H st.’

O~H deformation
" Ring skeletal
vibrations:

C~C and C-N st.

In-plane and out-

of-plane deform.

C10 4" absoi;p{:ion
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1580 (s), 1495(s)

1465 ()

1385 (m), 1310 (m-s)

1275 (s)

950 (W), 825(vs)
780 (vs)

10 80 {vsb) -

- 1585(sb), 1515(s)

1470 (wb)

1380 (m), 1325(w)
1230 {m)

1080 (wb), 840 (s)
785 (s) -

© Co(AAL) (C10,) . 20,0 Pt (AOAL)CL . H,0  Znj (AQAL) Clo. 2,0
3400 (b) 3450 (b) 3460 (b)
13040 (mb) 3050 (nib) 3050 (wb)
1650 (w) 1650 (w) 1680 (), 1620(s)

1585(s), 1495(s)

1390 (m), 1320(w)

1080 (m), 825(s)

- 780(s), 755 {m—s)




Table XXXV continued

Aésignment

O-H stretching
A:omatic'CwH st.
O-H déformation
' Ring skeletal
vibrations

C-C and C-N st.

”In-?léne and out-—_
. of-plane deform.

‘m~Cl stretching .

._Rh3(AQAL)2C1

9.3H20.
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9.2H20

- 3420 (b)

3060 (sh), 3000 (sh)
1630 (mb) |

1580 (mb) , 1510 (m)
1460 (w)

1375 (mb) , 1320 (w)
1220 (w)

1150 (mb) , 1075 (w)
840 (s), 780(s)

330 {m)

Table XXXVI

| Ru3(AQAL)2C1

- 3420 (b)
' 3050 (wb)

1650 (w), 1620 (wb)

1595 (m), 1525 (w)
1495(m), 1450 (mb)
1375 (m), 1315 (W)
1210 (w)

1160 (w), 1130 (w)
825 (s), 770 (s)

'33S(m)

Ultraviolet Spectra of AMQ and AQAL Complexes in DMSO

ComEound
- AMQ

Cu(AQAL)(ClO4)2.

Cug (AQAL) ,C1 .. 2H,,

Ag(AQAL)2ClO4 2

CO(AQAL)(C104)2.2H

PtB(AQAL)ZCl .H,0

6 2

Zn3(AQAL)2016

Rh3(AQAL)2C19.3H20

Rua(AQAL)2C19.2H20

4H
.2H 0

-3H O

-ZHZO

mp
260, 340(b)
0 261
263
263
50 260
262
259
263

264

¢ x 10t
2.46, 0.32
2.30

1.42




2.9.5. 2,6-Pyridinedicarboxaldehyde-2,6-diamino~

pyridine system

a) Reactibns of 2,6-pyridinedicarboxaldehyde

(DIAL) metal complexes with 2,6-diamino-

pyrldlne (DAP)

i): chhloro—Z 6*pyrldlnedlcarboxaldehyde

' copper(II) (Cu(DIAL)Clz)

To a stlrred solution of Cu(DIAL)Cl2

(0.081 g, 0.3 mmole) in methanol (30 ml), DAP (0 131 g,

1.2 mmole) was added and the mixture was refluxed for two
hoﬂrs.“ A brown solid was fbrméd. It was filtered off,

washed with methanol, and dried in vacuo. Yield: 0.246 g

- (81%).
The'éompound obtained did not melt up

 to 360°.

ii) Dichlordﬁis(2,6*pyridinedicarboxéldehyde)*

platinum(II) dihydrate'(Pt(DIAL)2C12.2H20)'

A solution of DAP (0.218 g, 2 mmole)
in tetrahydrofuran (10 ml) was added to a suspension of
.Pt(DIAL) 012.2ﬁ20 (0.230 g, 0.4 mmole) in tetrahydrofuran
(20 ml). ‘fThe reactionimixture was réfluxed with stirring
It was

for four hours. A brown precipitate was formed.

filtered off, washed with tetrahydrofuran, and dried in

vacuo. Yield: 0.280 g.
The compound obtained did not melt up to

360°.




to 360°.
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iii) Dichlorobis(2,6-pyridinedicarboxaldehyde)~

‘palladium(II) (Pd(DIAL),CL,)

A solution of DAP (0 109 g, l mmole) in
tetrahydrofuran (5 ml) was added to a stlrred hot solution
of Pd(DIAL) Cl2 (}.149 g, 0.33 mmole) ln tetrahydrofuran

(15 ml} and the reaction mlxture was refluxed for one

'_hour. The orange brown solld formed, was flltered off,

washed With-tetrahydrofuran and dried in vacuo. Yield:
0.164 g.
The compound'obtained.started darkening

around 200°. It was black at 280° and did not melt up to

- 360°

Civ) Diacetato—2,6—pyridinedicarboxaldehyde

uranjl(II) dihydrate UO2(DIAL)(CH3COO)2.2H20,

DAP (0.115 g, 1.05 mmole) was added to a

suspension of UOZ(DIAL)(CH3C00)2.2H2

in‘tetrahydrofuran (15 ml) and the mixture was refluxed

0 (0.195 g, 0.35 mmole)

with stirring for five hours. A mustard yellow solid was
formed. It was filtered off, washed with tetrahydrofuran
and dried in vacuo. Yield: 0.180 g.

The compound obtained did not melt up
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v) Diacetylacetatobis (2,6-pyridinedicarboxal-

- dehyde)nickel (IT) monohydrate

‘Wi (DIAL) , (acac) , . H,0

' DAP (0.10%.g, 1 mmole) was added to a
_suspen51on of Nl(DIAL)z(acac)2 H, O (0. 164 g, 0 30 mmole)
in tetrahydrofuran (30 ml) and the mlxture was refluxed
w1th stlrrlng for flVe hours. The mustard yellow SOlld
formed, was flltered off, washed with. tetrahydrofuran and
dried in vacuo. Yield: 0.220 g.
: - The compound obtained.did.not melt up-
to 360°. |

Of the DIAL complexes, only Cu(DIAL)Cl

gave a condensatlon product for whlch a molecular formula
could be assigned. Table XXXVII shows the elemental
analyses results of the reaction products of DIAL metal

complexes with DAP.




Table XXXVII

| Elemental Analyses Results of the Reaction Products of

DIAL Metal COmpleXeS With DAP

- Compound or metal ion : 3C - _%H $N 3Cl % Metal

Cu (APALAP) C12.3H20 Calc. 40.36 4.18 19.39 14.02 12.56

Found 40.71 3.96 18.80 13.21 12.51

Pt(II) | Found 40.80 3.50 18.20 7.00

PA(ITI) ' Found 45.69 5.03 15.68 9.15
vo,** | " Found 24.82 2.80 6.55
Ni(II) Found 47.61 5.14  6.87
* l .

APALAP isg
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Cu(APALAP)C12.3H20.is'insdlﬁble in coﬁmon
organic solvents. It is soluble in concentfated nitfic_
and sulfﬁric_acids. It displays;infrafed'bands“af'3460
em™ ! and 1650 emt Que to O-H stretching and.O-H‘déformation
respectivély,.3305,.3l95 em™ due to N-H stretching and
1600 cm 1, 1445 cmt due to C=C and C=N stretching in
éyridine_ring. it.does not show anf absdrptioﬁ in the
C=0 stfetching region. | |
| The attempt to decompose Cu(APALAP)C12.3H20
with cyanide in order to isolate the free ligand was

unsuccessful.

b)Reaction of DIAL with DAP
DIAL (0.135 g, 1 mmole) was added to a
stirred solutioniof DAP (0.109_g; 1 mmole) in meﬁhanol
(15 ml). Stirring was continﬁed.and,the soiution was
.refluxed.' After about threelminutes, the colour: of the
'solution turnéd pale yellow. A yellow precipitate
- appeared after 15 miﬁutes. The reaction mixture was then
refluxed for two hours. .The product obtained'wés filtered
6ff, washed with methanol and dried in vaéuo. Yieid:
0.187 g, (77%). | |
The yellow solid obtained started aarkening
at 27DO and did not melt up fo 360°.
| The Schiff“base DAPAL.H,0 obtained from the

2

condensation of DIAL and DAP is insoluble in water, methanol,
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ethanol,.acetoné, ether, dioxane, petroleum ethér,
dichloromethane, chloroform, carbon tetrachloride,
benzene, dimethyl formamide and dimethyl sulfoxide.

Tt is soluble in concentrated nitric acid and sulfuric

acid.
_ Elemental analysis'of DAPAL.szz
CalCulated fqr C12H12N4 5% %$C 59.00; %H 4.95; %Nj22.94._

Found: %C 59.60; %H 4.53; &N 23.80.

QL
¢

H

DAPAL

The infrared absorption bands of DAPAL.H,0

and their'respective assignments are listed in Table XXXVIII.




_Infrared Spectrum of the SchiffiBasejDAPAL.H2O

‘Table XXXVIII

Assignment

O-H stretching

N-H stretching

C—H stretching

C=0 stretching

. 0-H deformation

C=C and C=N st;etching

C-C and C-N stretching

Py-ring vibrations

N-H and C~H out-of-

plane bending

3595 (sh) , 3495 (sh) .

3390 (m-s), 3228(sh)

3100 (vs) 2353(vw),'2§05(vw)
2710 (vw) '

1720 (s)
1620 (sh)
1598 (vsb) , 1455(s)
1358 () , 1240 (m-w)

1290 (w), 1152(m), 1130(m),
1075 (mb) , 997 (m), 952 (wb)

782 (vsb), 725 (wb)
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c) Reactions of a mixture of 2,6-pyridine-

idicarbéxaldehyde and 2,6—diamingpyridine

with metal ions

i) Nickel (II) perchlorate hexahydrate

"(a) To a stlrred hot solutlon of DAP
(0 437 g, 4 mmole) in methanol (60 ml), DIAL (0.540 g,

4 mmole) was added, followed d;rectly by the_addltlon

.of a solution of nickel (II) perchlorate héxahydrate

(0;731 g,'2'mmole) in methanol (20 ml). _After,heating
for ébout three minuﬁes_an orange ?rgqipitate appeared.
The mixture was then refluxed for 90 minuteé.' The

product obtained ﬁas filtered off, washed with methanol

and dried in wvacuo over PZO Yield: 1.06 g {54%).

5°
The orange solid started darkening at

o

294°. It was black at 316° and did not melt up to 360°.

7 (b) Procedure (a) was followed ﬁsing the
molar ratio 1:1:1 of.2,6—pyridinedicarboxaldéhyde:
2, G-diaminopyridine : nickel(II) perchlorate hexahydrate.
A dark orange solid was obtained in 60% yleld and melted

at 260° with decom9051tlon.

ii) Copper(IIl) bromide

To a stirred hot solution of pAP (0.218 g,

2 mmole} in methanol (30 ml), DIAL (0.270.§, 2 mmole)

was added, followed directly by the addition of a solution
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of copper(II) bromide in methanol (40 ml). After heating
for ebeut two minutes a brown precipitate appeared. The

mixture was then refluxed for two hours. The product
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obtained was filtered off, washed with methanol, and dried

in vacuo over P205 Yield: 0.75 g
- The brown SOlld started darkenlng ‘at 240

and did not melt up to 360°

iii) Potassium tetrachloroplatinate (II)

To a stirred solution of DAP'(0.109 g,
l'mmolei in water (20 ml) at 60°, a solution of DIAL
:(O 135 g, 1 mmdle) in Water (20 ml) was added. The werm
_‘aqueous solution was stirred for two mlnutes before a
flltered solution of pota351um tetrachloroplatlnate(II)
"(0.589 g,-1.4 mmole) in water (20 ml) was added. After
stirring for about one minﬁte, a.brown precipitate started
to form. The reaction mixture waé further stirred for an
'additional 90. minutes. The solid formed was filtered off,
washed with hot water and dried in vacuo over P,0g-
Yield 0.280 g. | |

The brown solid did not melt up to 360°.

iv) Cis-dichlorobis (benzonitrile)palladium(II)

- To a stirred hot solution of DAP (0.109 g,
1 mmole) in methanol (20 ml), DIAL (0.135 g, 1 mmole) was

added, followed directly by the addition of a filtered
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\
\
solution of cis-dichlorobis (benzonitrile)palladium(II) .. o A
(0.544 g, 1.4 mmole) in methanol (40 ml). Aﬁter.stirring |
for a few seconds an orange - brown éolid begah to form. ‘
The reaction mixture was.refluxed for two hours‘ahdrﬁhe ‘
‘product obfained-was filtered off, washed with methanol - | -

and dried in vacuo over P205. Yield: 0.310 g. -Melting '

point'310-312O with decomposition.

v) Zinc(II) nitrate hexahydrate

|
|
‘ .  o ' | To a stirred hot solution of. DAP (0.109 g,
| | .l mmole) in methanol (20 ml), DIAL (0.135 g, 1 mmole)
Qas added, followed directly by.the'addition of a solution
.of zinc(II) nitrate hexahydrate f0.416 g, 1.4 ﬁmole)
in methanol (28 ml}. Stirringrwaé'contihued ana the
solution was refluxed. Aftér five minutes, an orange
solid began ﬁo form. The :eaCtion miX£ure was further
refluxed for oné hour. The product formed was filtéréd |
off, washed with methanol and dried in vaéuo over P2OS’
Yield: 0.224 g.ﬂ |
The orange solid did not melt up to 360°.
When the mixture of DIAL and DAP was reacted
with niékel(II) perchlorate hexahydrate uéihg the molar
ratio 2:2:1 and 1:1:1 of DIAL:DAP:nickel salt, two
different compounds: Ni(L—A)(ClO4)2.5H2O and Ni(LvB)(ClO4)2.2H20 -
insolubie in common organic solvents but scluble ip dilute_ ‘

hydrochloric acid were respectively obtained.
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: o B * :
The elemental analyses of Ni(L-2) (C10,),.5H,0

. * .
and Ni (L-B) (C104)2.2H20 are listed below:

Compound . - $C  $H - 8N . %Cl . % Metal

Ni(LfA)(C104)2;5H20 Calc. 43.65 3.66 16.97 7.16 5.93.

Found 43.59 3.57 16.34 7.27  5.77

| Ni(L-B)(C10,),.2H,0 Calc. 40.59 2.84 15.78 9.98 - 8.27

Found 40.78 3.24 14.98 9.74  8.36
The major infrared bénds of Ni(L—A)(ClO4)2.5H20.'H
and Ni(L-B) (C10,),.2H,0 along with their respective

assignments are shown in Table XXXIX. .




Infrared Spectra of Ni(L—A)(ClO4)2.5H

Table XXXIX

2

0 and Nl(L—B)(ClO4)2.2H20

Assignment

O~H étretching
N~-H stretching
'C“H'stretching
C=0 stretching
O-H défofmation
C=C and C=N stret.
in Py ring

' C“C and C;N sﬁret.
‘Py=-ring vibrations

In-plane and out-of-

~ plane in C-H deform.

clo,

4 absorption'

Ni(L~A)(ClO4)2.5H20

3340 (b)

3200(sh), -3160(sh)
3000 (sh) , 2915 (sh)
1700 (m-s)

1650 (b), 1630 (sh)
1585 (vsb), 1450(sb)

1280 (mb) , 1225 (mb)

1025 (w)

780 (sb), 725 (mb)

1090 (vsb)

Ni(L-B) (C10,),.2H,0

3430 (sh), 3335(m)

o

3068 (w), 2904(w)

———

1640 (b)

1595(s), 1570(sh)
1445 (sb)

1280 (w) , 1225(w)
1025 (w) |
790 (mb) , 732 (wb)

1085 (vsb)
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Cépper(II) bromide, potaséium_tetrachloro-
platinate (II), cis~dichio£obis(bénzonitrile)balladium(II).
‘and 2inc(II) nitrate ﬁexahydrate were reacted'With‘a
lmixtﬁre of DIAL and DAP. No_molecular‘fdrmulaéicduid
_be'aséignéd.fofjfhe products obtained on the basis of

their,ahalyses‘shown in Table XL.

Table XL

-Elemental Analyses of the Reaction Products of Some Metal Salts

With a Mixture of DIAL and DAP

Metal Salt = . 3C. - &H §N  $Cl . % Metal
CuBr, 15.40 1.41 5.03 -=---  24.41
 K,PtCl, 32.72 2.92 13.20 9,22  ~——m-
PA(C HLCN) ,C1, 25.20 2.73 12.06  20.04 ===
Zn(NO4),.6H,0  48.97 4.35 20.44  —=-m- 9.02

In ah attempt to decompose the complexes
_and'recd§er the ligands, the complexes Ni(L-A)(C104)2.5H20
and-Ni(LmB)(é104)2,2H20 were reacted with aqueous éotassium
cyanide (procedure d). No molecular formplas could be
assigned fof the'organip ptoducts obtained on the basis

of their found analyses which are shown below:
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Decomposition product of:

3C 8H 3N
'Ni(L-3) (C10,) ,.5H,0 58.10 4.02 25.20
‘Ni(L-B) (C10,),.2H,0 = 58.17 4.33 25.19

d) Decomposition of Ni(L—A)(ClO4)2.5H20 and

Ni(L-B)(ClO4)2.2H20 with agqueous

potassium cyanide

The same précedure ﬁés followed with both
~complexes:.
The Ni(II) complex was added in portions
'tola stirred agueous solution'df potaséium cyanide (35%).
A_brown.precipitate was foiﬁed. it was filteréd_éff,
" washed with'équeous cyaﬁide solution, then £horoughly
with watef and dried in ﬁacuo over P205._ The Ni(L-A)(ClO4)2.5H20
decompositioh product started darkening at 200° was black |
~at 2706, and did not.meit u? to 360° whereas that of

Ni(L-B) (C10,),.2H,0 started darkening at 190°. It was

2
black at 240° and did not melt up to 360°.
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3. Discussion

The present Qork_deals with-ehe synthesis'add
':the :eactions of Schiff bases derived from 2,6-pyridine-i
'dicafbokeldehyde.. Aerﬁaxt_of this investigation, it
was necessary £Q‘s£hdy the-reactione of the lndividqel'
. eompoﬁents of-thelSchiff bases with.metal3ions,‘namely o
_the aldehyde ‘and the amine. |

Reactions of 2,6~ pyrldlnedlcarboxaldehyde itself
' wefeltherefore studled. Reactions of 2,6-diaminopyridine
.andl2,2'4dithiediaﬁiline were alsolexaminedf. Those ef
8~aﬁinequindline, and 2-aminothiophenol are alfeady
known and they have been feviewed in the inttoductidn”of
thls work.

The syntheses of Schiff bases were then attempted
: elther by the direct 1nteract10n of the aldehyde and the
amine or by the reactlon of the metal ion with a mixture
of the aldehyde and the amine folloﬁed by the decompoéition
of the Schiff base complex thus formed. | |

The reactions 'of each of the respective Schiff
_bases with several metal ions were then studied. The
cheracterization of- the cdmplexes obtained was besed on
the normal_parameters such as elemental enelysis, IR, uv,
conductivity, magnetic measurements, thermogravimetric

analysis and NMR spectrowwﬁij.
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Many of the structures proposed remain tentative
pending more intensive investigations by more decisive

methods such as X~ray diffraction.

3.1 The ligands

1..2,6-Diaminopyridine is normally purified_by
sublimation.. This method is not effécieht due to the 10@
redovery éf the diamine. The method used in the present
work is almost quantitative. It 1nv01ves the dlssolutlon
dffthe diamine in chloroformAand precmpltatlng it by the
addition of either n-heptane or petroieum'ether.

2. Acetals are known to be prepared by the.reaction
'of aldehydes with élcohois in the presence of a Lewis acid
catalﬁst. A different method involving the reaction of |
é,6¥pyridinédicarboxaldehyde DIAL with trimethylorthoF
formate in méthanol énd in the-presence of a catalytic
.'amount of contentrated hydrochloric acid.was'fOllowed for
thé préparation of 2,6—bis(dimetﬁoxy—methyl)pYridine DMMP,

an acetal which has not hitherto been reported.

HCO—__C . c___OCH

DMMP
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The diacetal 2}6~bis(diethoxy—methyl)pyridine.DEMP
which has been pfevieusly.reported78 was prepared'by a
similar method. | |
| The‘molecular formula of DMMP.waseeseigned on the
ba51s of its elemental analy51s, its molecular welght
and spectrowa@i:ﬂ | |
' The 1nfrared spectrum of DMMP shows the usual aromatlc i
'C-H and alkyl C-H stretchlng in addltlon to C-O C=C and
C=N stretching frequen01es, and frequenc;es ‘due to
pyrldlne ring v1bratlons. No C=0 or_O-H_frequencies
were observed. | | :

“The NMR specﬁrum of DMMP shows a.multipiet'at 7.6.5-
due to the pyridine protons a singlet at'5.4 S due to
the_piotons_of the carbons directly attached to the
| rihg_and‘a singiet due to the methoxy érqeons at 3.4'5
'1n the ratlo of 3:2:12. |

DMMP has been prepared by this method to be used as an
authentic sample for comparison W1th llgands that are
'thought to.be aeetal arising from the ?reparatien of the
complexes of DIAL.

3. The attempts made for effecting ring substitution
on DiAL (sect. 2.3.6) were unsuccess ful due.to the failure
of some of the reaetions and to the.nonfeasibility Qf
others; _ |

A possible method which might lead to the formation

of 4-chloro~2,6-pyridinedicarboxaldehyde, involves the
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bromination of 4-chloro-2,6~lutidine with N-bromosuccinimide
followed by hydrolysis to produce_4—chloro—2,6—pyridine—
dimethanol79 whiqh might be oxidized to the corresponding
. dialdehyde.' 4~Chloro-2,6~lutidine is prépared by the :
reaction of 4—ni£ro—2,6-1utidine¥l;oxide'withrphosphorus
_'oxychloride.79 - |
Similarly, the preparation of 4—phen§xy*2;6-pyridine“

'dicarbbxaldehyde might‘be_éffected by the manganésé
dioxide oxidétion of 4—phénoxy—2,6-pyfidinédimethanol
brepared from the reaction of 4—chloro-2,é;lutidine with
~ sodium phenoxidegq followed by its reaction with _
N—bromosucéinimide then by hydrolfsié; bﬁt the yield of
the éubstituted dialdehyde (based on the 4-chloré¥2,6~
lutidine) is expectéd to be low (in the order of 10%).

| 4. Vefy few complexes of 2,2'-dithiodianiline DTDA

2.- It makés'it feasible then, to

have been_reported5
further extend the reactions of this ligand with other

transition metal icns.

3.2 Reactions of DIAL with metal ions

| In the reactions of DIAL with metal ions, the
nature of the product depended mpré or less .on the
solvent used. In solvents other‘ﬁhan methanol, the -
complexes obtained involved DIAL itself as the ligand.
When methanol was used as the solvent, the cémplexes

obtained contained co-ordinated DMMP. The identity of
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the ligand was confirmed by decomposing the diacetal

the ligand. The latter was then compared with authentic

|
\ \
' : éomplex with aqueous potassium cyanide and recovering -
| . 1
DIAL and DMMP.
|

a) Complexes containiqg_éo—ordinated DIAL

DIAL was reacted with‘Salts or complexes of.PdKII),
_'Cu(II),:U02++, Pﬁ(II)'and Ni(II) in benzehe, acetone,
meﬁhanol, water and toluehe; res?ectively, as solvents.
 Compounds éf the formﬁla MLéXz were obtéined. 'M'é Pd;'
Pt; X = Cl; M = Ni; X = acac, L = DIAL. With vo,"" and

Cu(IT), it afforded U0, (L) (CH4C00),.2H,0 and Cu(L)CL,.
In all these complexés the ligand épparently behaves
és a monodentate, bonding with the metal_throughﬁthe
'pyridine nitrogen. This is suggested by the'fact'that
the infrared spectra of all the complexes obfained show
only 6ne'bahd in the V € = 0 region at 1700 cmfl,
unshifted f:om its position in the free dialdehyde
ligand. The identity of the ligand as being DIAL was
aécertained in the cases of Pt(II).and Pd(II} by the
decomposition of the complex with agueous potassium
cyanide and the identification of the recovered ligand.
The Pd(II) and Pt(II) complexes are presumably o
square planar. The appearance bf'only one band in

1 1

spectra at 335 cm — (Pd) and 310 cm

each of the complexes in the M-Cl region of the IR '
) |
(Pt) suggests

that the complexes probably have a trans configquration

|
(Fig. 1). N :

|

|




The Ni(II) éomplex is paramagnetic with a JH(eff)
of 3.48 B.M., a value higher than the spin ~ only moment,
‘as encountered with many Ni (II) high-spin octahedral

-complexes._ The complek is therefore octahedral with the

water of hydration not directly bonded to the metal (Fig. 2).
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The DIAL complex of Cu(II) has a magnetic moment
of 1.84 B.M. thus excluding the occurrence of dimerization
via Cu-Cu interaction. It is a monomeric molecule as

indicated by its molecular weight (cale. 269.6; Found

271.4 g/ﬁole).-

Although uranyl acetate dihydrate was reacted

with DIAL in methanol, the co-ordinated DIAL did not

" undergo further reaction with methanol. The IR spectrum

-and elemental analysis suggest that the product is U02—

(DIAL) (CH,CO0) ,.2H,0. The position of Y C =0 at

2
1700 cm—l in the complex suggests that the oxygen atoms
ef DIAL are not involved in bonding to the metal. To
acceunt for the eight-co-ordination typical of U(VI)
complexes, one ﬁay assume that one of the H20 molecules
is airectly bonded to the metal and the other H,0 molecule
is encountered es water of hydration. The broad.overlapping
bands aeeoeieted with O-~H in the complex do not allow
the differentiation between the two environments of the
two H,0 molecules in the complex;

_The_preseﬁce'af water of hydration in the complexes
of DIAL is ascertained by, IR where an O-H stretching

frequency is shown in the region 3400-3600 cm"l and O-H

deformation around 1650 em_l.- It is also crudely indicated

by a condensate collected at the top of a melting point

tube after heating a DIAL complex in such a tube. NMR

measurements could not be run on the complexes of DIAL




141

due to their insolubility. Thermogravimetric analysis

failed to distinctly detect the water of hydration.

b} Compléxes contéining cé—ordinated DMMP aﬁé DEM?

DIAL was reacted wiﬁh Pd(II).and Cu(II) in metﬁanol
and in ethanol to yield complexes containihg.cofOrdinated o
DMMP énd DEMP, respectiveiy, and not dialdehyde. Thué,
the complexes Pd(DMMP)éClZ, Cu(DMMP)Clz, Pd(DEMP)éClé
and Cu(DEMP)Cl, were obtained. The IR spedtra of these
'compiexes showed no.absorption in the VY C = O-region;

The proton NMR spectrum.bf Pd(DMMP)éCl2 in CDCl3 showed

two singlets at 7.89% and 3.6 $§ with areas in the ratio

of 5:12 assigned to five protons in the aromatic'region_

and 12 due to protons of the methoxy éroups. The aéCidental
-equivalence of the £hree pyridine protons and'the two |
:pfOtohs of the carbons.directly attached to the ring may
bé.dﬁe to a significant shift of the éignal of these

'latte; protons due to their proximity to the metal atom

in the complex. Such equivalence-ﬁas‘not observed in

the' free diacetal which was obtained froﬁ the decomposition
.of1this acetal complex. '

From their molecular weight values (Table VII)
Pd(DMMP)ZCl2 and Cu(DMMP)Cl2 were.obéerved to be monomeric
moleculés. _Pd(DMMP)zClé is presumqbly'square planar.

The appearance of only one band in the 1J.M-C1 region

of its IR spectrum at 335 em™t suggests that the PA(II)
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complex probably has the trans configuration (Fig. 3).

Fig—3“

Identicél PAd~DMMP and Cu-DMMP and the corresponding
DEMP cdmpleies were obtained upon reacting Pd(iI) and
Cu(II), respectlvely, with DMMP and DEMP. 'The PA(II)

and Cu(II) complexes of DMMP and DEMP were also obtained
upon refluxing the corresponding DIAL complexes with
methanol and ethanol respectively. Attempts tq synthesize
the Pt (IT) complex of DMMP lead to ‘the formation of |
dlchlorobls(Z dimethoxy-methyl~6- pyrldlnecarboxaldehyde)-
'platlnum(II) Pt(DMPAL) Cl 1nd1cat1ng that the co~ordinated
'ligand had undergone partial elimination of methanol

whiéh is the reverse of the reaction éf Cu(II) and Pd(II’—
DIAL complexes.

Pt (DMPAL),Cl, is presumably square planar. The
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appearance of only one band in the M-Cl region of its
IR spectrum at 310 cm * suggests that the Pt(II) complex

has the trans configuration'(Fig._4).

further work on Pt(DMPAL)2C12 requires-the
decomposition'of the complex with aqueous-potaésium |
'cfénide to remove the intact DMPAL iigand and to identify
it uéing analysis, mass spectroscopy, NMR, IR and other
techniques.

‘The reactions of Pd(iI) and Cu(II) with DIAL
‘leading to the formation of DMMP coﬁplexes of the metal
idns;.made it a point of interest to study the possibility
of these metal_iohs as éatalysts in a general method
for the preparation of gcetéls 6ther than the ﬁsual one.
However, the reaction of benzaldehyde and 2~pyridine-

carboxaldehyde with methanol using a catalytic amount




of Cu(II) under reflux conditions for eighteen hours
failed and the starting materials were recovered
quantitatively. The reaction of DIAL with methanol

using é'catalytic amount of Cu(II) was also examined.
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It was observed that Cu(II) catalyzed the acetal formation

to a certain_extent as evidenced'by V alkyl C-H and
V} C-0 and a much less intense ) C=0 band in the IR

spectrum of the presﬁmed acetal compound. 

3.3 Reactlons of DAP with metal ions

DAP was reacted with the metal 1ons Cu(II),
AQ(I), Rh(III), Ru(III), Pd(iI) and Pt(II). The following
 compiexes were obtained: M(DAP)Cln: M = Cu, Pd; n = 2;

5 and

Pt(DAP)2C12.2HCl. The identity of the ligand as being

' DAP was'aScertéined in the cases of PA(II) and Ag(I)

M = Rh, Ru; n = 3; Ag(DAP) (CH,C00) , Pd (DAP) ,C1

by the decomp051t10n of the correspondlng complexes
with aqueous pota581um cyanlde and agueous ammonia and
the identification of the recovered ligand. The
conductivity measurement for Ag(DAP)(CH3COO) in pyridiﬁe
at room temperature shows that it is an electrolyte
containing two iohs; An agqueous solution of

Pt (DAP) C12.2HC1 was found to be acidic and its

titration against a standard sodlum hydroxide solution

indicated the presence of two moles of HCl per one of the

Pt (II} complex.




DAP can behave as a monodentate ligand bonding
to the metal through ﬁhe pyridine nitrogen and as a bi-
dentate ligand bonding throﬁgh‘the pyridine hitrogen
and a nitrbgen of one of thé'amind’groups. KingétonSl
reported thé preparation of Rh(I) complexes of 2-amino-
pyridine,'wherehthe ligand chelaﬁes.to.the meﬁél.via‘ _
the pyridine nitrogen and‘the_amine groups whereas
Poddar®2 reported the preparation'of Ru{II) complexes
of the type RuL4Cl2 (L = 2—amipopyridine)where the
ligand behaves as monodentate. In either cése, the
pyridine nitrogen is involved in co-ordination,; being
the most basic.

DAP behaves as a monodentate ligand in Pd(DAP)2012

and ?t(DAP)zcl .2HCl, being bonded to the métal through

2
the pyridine nitrogen. No shift is observed in the IR
of these complexes in the )) N-H region. The appearance
of VY N-H at a lower frequency (at 3210 cm_l) in the

' +
Pt(II) complex is due to -NH, group; as one -NH of each

2
ligand occurs as the hydrochloride. The conductivity
measurement for Pt(DAP),Cl,.2HCl in water at room
tempefature shows that it is an electrolyte containing
four ions. This is most likely due to the dissociation
* il

of the two ammonium salts ~NH,.Cl —=—>= -NH

3 3
DAP behaves as a bidentate in the other complexes
which involve one ligand each. Bonding of DAP most

likely occurs through the pyridine nitrogen (béing more
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basic than the other nitrogens} and a nitrogen of one
of the amino groups (Fig. 5). This is evidehced bf the
IR spectré of the complexes which show V _N*Hfs due

to 5oth free and co—ordinated NHz:groups (a co-ordinated

NH, group shows a lowering in V N-H).

Fig-5

Pd(DAP)2C12 and Pt(DAP)ZClz.ZHCl are presumably
square ﬁlanar;_ The appearance of only one band in_
each éf the complexeé in the M~Cl region'of the IR
speﬁtra.suggésts that the complexes probably have a
trans configuratioﬁ (Fig.IG). The appearance of two

bands iﬁ the M-Cl pégibn of the IR spectrum of
?d(DAP)Cl2 sugqests.that it has the cis configuration

(Fig. 6).




Fig-6

The Rh(III) and Ru{III) complexes of DAP are
most iikely octahedral with DAP spanning two co-ordination

sites. The conductivity measurement for Rh(DAP)C13.2H20

in dimethylsulfoxide at room temperature shows that it

is a nonelectrolyte suggesting that one of the H,0O

2
molecules is directly bonded to the metal and the other
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HZO molecule is encquntered as water bf.hydration. The
broad overlapping_bandg associated with O-H in the complex
do not alldw the diffefentiation between the envi?dnments
of the two H20 molecules in fhe'compiex. _

| ~ The formula for the Ru(III) complex {Ru(DAP)Clé.
%CZHSOH was assigned on.the basiS of its elemental analysis
results. The preseﬁcefof.ethanol incorporated:in the o
coﬁpléx.is ascertainedfby '1) O-H, Y C-0, Y alkyl C~H
.ahdr o O-H present injthe IR spectrum of the complex.
‘Nuclear magnetic resonance measurements could'not‘be run
on the complex due to its insolubility.

Thermogravimetric anaiysis failed to detect the

solvents of crystallization in the Rh(III) and Ru(III)
compiexes of DAP becauée of the rapid decomposition of

the complexes upon heating.

3.4 Réactiéns'of DTDA with metal ions

DTDA is obtained by the oxidatioh (formation of S-S
‘linkage) of ATPH. It has four poten£ial donor atoms.
However, they are noF suitably positionéd to make DTDA
behaﬁé as a tétradentate ligand bonded to 6ne metal atom
(Fig. 7). | |
o The'reacfions of DTDA havé not been hitherto well
invéstigated52. However, several complexes of its parent
precursor, ATPH, have Been synthesized and their chemistry

is well understood.
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| S“\\s

NH N

2

F}g-f7
‘We have observed that DTDA behaves either és a
neutral ligand, bonded most likely through its nitrogens,
or it may dissociate by the breakage of the 5-5 bond and
the formation of two ATP anions. One or more of these
aniqns_aré then bonded to the metal as individual ligands.
| The reactions of Nickel(II), whether as nitrate
or perchlorate with DTDA affofded bis(2-aminothiophenolato)-
nigkel(IIb Ni(ATP)z, This complek has been previously _
synthesized from the reacﬁion of ATPH and Ni(Ii)83;
The reactions of the Cu(II) salts with DTDA
.H

afforded the complexes Cu(DTDAy3(C10 0, Cu,(DTDA) (ATP),CL,

4)2-H
~and Cu3(DTDA)(ATP)2N03. The IRlspectra of these complexes

show V N-H at 3100-3200 cm © with no M $-H at 2400-2600
cm;l. The presence.of water of hydratioﬁ in the complexes

is ascertained_by Y O-H and ¢ O-H at 3400-3500 cm—l and
.aroﬁnd 1650 cm * respectively. | ' |

The reaction of PA(II) with DTDA afforded the

dimeric complex sz(ATP)2C12 (Fig. 8).
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The IR spectrum of the dimeric PA(II) complex

shows_absorption in the YY) N-H region at 3190 cm—l
and in the Y P4-Cl reQion at 265 cm~ ! consistent with
bridging chlbride77. Nuclear magnetic resonance measure-
ment on the complex could not be run due to its insolubility.
The decomposifioh of sz(ATP)ZCl2 with agqueous potassium

;_cyanide'produced‘ATPH indicating that DTDA was indeed

. cleaved upon its reaction with P4(II).




3.5 Reactions of Schiff bases derived from DIAL with

metal ions

a) DIAL with ATPH

-l. In a neutral medium

DIAL was condensed with'ATPH_in ethanol as a

solvent, with the intention of producing the_Schiff | .

2
2,6~ (dibenzothiazol-2~yl)pyridine (DBTP). The evidence

base ATPALH. . However, the compound obtained wasf _ '_ :

N

i i | | L
N N -

|
SH Y | - 1

ATPALH, - o - \
for such formulation of the product consists of the
following:

i) The found elemental analyses of the product

structure DBTP and not with those for ATPALHz since the

hydrogen content of thg latter is high.
ii) The absence of y S-H at 2500-2600 em™t

are in good agreement with those calculated for the _
in the spectrum of the produced compound and the failure




of its  S-methylation disfavours the formation of ATPALW,
as the Schiff base. |

'_iii) The behaviour of the Schiff base prodqced
as a neutrai ligand»in its reactions with metal ions as
part of our work, favours the formulation DBTP.

The same product resulting from the condensation
of DIAL with ATPH was obtainéd by a different foutes7
-coﬁsistiﬁg of the oxidation of 2,6-lutidine by iodine-
dimethflsulfoiide to DIAL which was condensed in situ
-with ATPH to give DBTP. However, DIAL itsélf céﬁld not
be isolated. Had this been possible a most feasible
route for the preparation of DIAL would have been.at

~ hand. There is no doubt about the identity of the

Schiff base DBTP produced, but the mechanism of its

152

formation is not quite cléar; 'In their paper; Livingstone

 and Nolans7 proposed the formatioh of the followihg

bis(behzothiazoline) as the cohdensation pfoduct which
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was not isolated but was réadily oxidized in situ with

iodine—dimethylsulfoxide to produce DBTP. However, our

condensétion reaction does not involve any oxidation

with iodine. It is elther that ATPALH, was the conden-
Wik o AN

satlon product which might have rearrangedﬁto DBTP or

the b1s(benzoth1azollne) product which was readlly

oxidized with atmospheric oxygen84 in the -ethanolic

solution to produce DBTP. | ~

_ 2,6~(Dibenzothiazol-2-yl)pyridine DBTP was reacted
with some compounds of Cu(IlI), Fe(III)} Ni(II), Zn(I1),
Hg(II), Co(II), Ag(I), PA(II), Pt(II), Ru(III) and Rh(III).

The following complexes were obtained: Cu(DBTP)ClZ.H a,

2

Cu (DBTP) Br,, Fe(DBTP)ZCl H,0, Ni(DBTP),(C10

3°72 )2
Hg (DBTP)Cl,, Hg(DBTP)Br,, CO(DBTP)IZ,

.2H20,

Zn(DBTP)Clz,

Ag(DBTP)C10,, PA, (DBTP)Cl,, Pt, (DBTP),Clg.2H,0,

4'
Ru(DBTP)Cl .C

g "2

°2 5OH and Rh(DBTP)Cl3.2H20.

The molecular formulas of the complexes obtained
were assigned on the basis of their found analyses. The
complekes are practically insoluble in common organic solvents.

The ligand DBTP may behave as mbno~, bi~ or
tridentate. It is réther difficult to decide which

~donor atoms are involved in bonding to the meta1.  Electron
spin resonance would help solve this problem with complexes
of paramagnetic ions e.g. Cu(II). However, the insolubility
of the complexes makés the confirmation of their proposed

structures almost impossible. Therefore, the structures

proposed here for the complexes are tentative and are




based on the known chemistry of the metal ions involved.

The Ni(II)Jand Fe(III) complexes of DBTP are
octahedral. The Ni(II) complex is diamagnetic suggesting
that the ligand is rather strong field.. its conductivity
measurement in dimethylsulfoxide at room-temperatﬁre'
shows that it is a 1:1 electrolyte. The‘Fe(IiI) complex
is of high spin (P eff = 5.11 B.M.),.a value common
for paramagnetic Fe(III)_complexes57 and its conductivity
measurement in DMF at room temperature shows that it is
a l:1 electrolyte.

Cu(DBTP)Cl2 and Cu(DB’I’P)Br2 are presumably
square planar s&nce the ligand is rather.strong field.
The appearance of two bands in each of the complexes
in the M-Cl region of the IR spectré suggests that the

complexes probably have a c¢is configuration (Fig. 9).
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2 and

| ‘
| Zn(DBTP)Cl,, Hg (DBTP)C1,, Hg (DBTP) Br
‘ Co(DBTP_)I2 are most likely tetrahedral, involving a

| bidentate ligand (Fig. 10). The ligand is bonded to
these metals through the pyridine nitrogen (the most

basic) and one of the exapyridine nitrogens.

S
, \\ |
N//C O o M:Zn, X:C‘

N
\ ' :Hg, X:C\,BY‘
c :
' ~ = Ck), X=1 -
N

A .

F:ka.-uj

The PA{II} complex of DBTP is probably dimeric ;
(sz(DBTP)C14) with bridging-chlorine atoms VY Pd-Cl at |
260 cm * and terminal 1)7Pd-Cl at 335 cm_l (Fig. 11).

Due to its ihsolubility, the molecular weight of this

PA(II) complex could not be determined.




Ru(DBTP)Cl..C.H_OH and Rh{DBTP)C1l

32 3 2
probably octahedral with a bidentate ligand. Hexa-

.2H_ O are
co~ordination is satisfied by solvent molecules. The
conductivity measurements of these éomplexes in dimethyl¥
sulfbxide at room temperature show that they afe non-
electfolytes.

'-The presence of water of hydratioh_in the
complexes of DBTP is ascertained by IR and crudely
indicated by arcondensate collected at the top of a
melting point tube after heating a DBTP compléx in such
a tube. The presence of ethanol incorpofated in the
Ru(III) coﬁplex was ascertained by IR and NMR spectro-
__SQ§Y\3~ _ | 'I_‘he ingsclubility of the othér complexes
did not allow any NMR measurements.

1

2. In a basic medium

In crder to prepare ATPALH

5sthe expected

C N C
¥ |
N N
SH s

ATPAL H,
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condensation product of DIAL and ATPH, the reaction was
carried out in a basic meéium. The Schiff baée solution
(no Schiff base was isolated) was réacted with Cu{II),
PA(IT) and Ru(III). Copper(II) afforded the complex

Cu (ATPAL) .2HC1.H,0 and Ru(III) the complex Ru (ATPALHZ)C_].

2
%CZHSOH. The molecular formulas of the complexes wére
assigned on the basis of their found analyses (Table
XXVII) and IR spectra.

'~ Under the same experimental conditions PA(IT}
gave bis(2-aminoth10phenolato)palladium(II), Pd(ATP)2
which has been previously reported83 and which upon
treatment with concentrated hydrochloric acid produced

bis(2-aminothiophenolato)palladium(II) dihydrochloride,

PA(ATP) ,.2HCL (Pig. 12).

The isolation of the Schiff base

3
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was attempted by reécting DIAL with ATPH in a basic
medium. The product obtained could not be idéntified.
However, when it waé reacted with concentrated HCL,
2-ammonium\thidphenol chloride was obtained which upon
its reaction with cis-dichlorobis (benzonitrile)-

palladium(IT} yielded Pd(ATP)z.ZHCl.

N _—H
N\\‘4\
g
NS
Fd
N
e |
N// F:ig-\2
H/ \H

b) DIAL and DTDA

The reaction of DIAL with DTDA yielded the Schiff

base DTDAL.

o®.

OO

N‘“‘C

O
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The structure of DTDAL was assigned on the basis
of its elémentai anélysis and iR spectrum which shows
)y c=§ at 1700 cm™' and Y N-H at 3410 cm L.
Unfortunately, nb complexes of this Schiff base could
be éynthesized neither by direct_reaction with metal
salts nor by the.reaétion of metal sélté with a.mixture

of its constituent amine and aldehyde.

c) DIAL and AMQ

A mixture of DIAL and AMQ was reacted with

Co(Cl0 6H,0,

41 4)2' 2
KthCl4, RhC13.3H2Q and RuCl3.3H20. Two types

Cu(Cl0,),.6H,0, CuCl,.2H,0, AgClO
ZnClz,
of complexes, monomeric and,trimerié,'of the Schiff

base AQAL were obtained.

. CN)

(]

Z—
Z—=0

Oy {O

AQ AL
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The monomeric complexes of AQAL are

Cu {AQAL) (ClO 4H .2H,0.

4) 24, 4) 228,

Speculation as to the geometry of these_complexes'réquires

o, Ag(AQAL)ClO4 and Co (AQAL) (ClO

further physiochemical measurements which could not be
carried out in the present work due to the insolubility
of the complexes;'.However, the stergochemistry‘of the
ligand, presumabiy square plaﬁar, suggests thaﬁ only
some of . the poteﬁtial N donor atoms are inVoived in
bonding tc the metal.

| Thé trimeric‘complexes obﬁained are M3(AQAL)ZCln;
M= Cu, Pt, Zn; n = 6; M = Rh, Ru; n = 9, BAgain, |
feasible geoﬁetry of these cbmplexes can be proposed

if further physicochemical measurements were possible
e.g. molecular weight determinations, ESR and others.
Bridging in these complexes should take place through

the ligands. Metal-metal bonding is not feasible due

to the bulkiness of the ligand. The repeated occurrance

of the bligomers as trimers is rather remarkable. It
seems that after the ligand has formed a monomeric complex
with the metal ion, it is left with bonding ability via -
the unused N donor atoms on it. The dnused capacity in.
two moﬁomers may he uEilized by a third metal ion to_form
a trimer with a metal: ligand ratio of 3:2. |

The molecular formulas of the complexes of AQAL

were assigned on the basis of their found analyses.

Infrared spectroscopy showed the absence of any absorption




bands due to Y €=0 and ) N-H suggesting no carbonyl
or NH, groups. It showed the presence of absorption
bands due to C=N and C=C stretching frequencies and

bénds due.to pyridine ring vibrationé (Table XXXV).

The presence of water éf hydration in the complexes

was ascertained by IR where an 0O-H stretching frequency
was shown in the region 3400—3600'cn.1_.l and O-H deformation
around 1650 ém_l, and it was crudely indicated by a
condensate collected at the top of a melting point

tube after heating £he AQAL complex in such a tube.

Nuclear magnetic AtSevnanwmeasurements could not be run

on the complexes of AQAL due to their insolubility.

3.6 DIAL and DAP complexes

a) Reactions of DIAL complexes with DAP

++
2

and Ni(II) were reacted with DAP in an attempt to effect

DIAL complexes of Cu(II), Pt(II), PA(II), UO

the condensation of DIAL with DAP to form square planar
(template) Schiff base. Only Cu(II}) afforded a Schiff

base cdmplex, Cu(APALAP)Clz.BH 0, with meaningful analysis

2
(the structure of the ligand APALAP is shown on p. 123.
The Cu(Il) complex daid not show any IR absorption in
the Y C=0 region but showed bands at 3305 cm—l due
to Y N-H.

The water of hydration in the Cu(II} complex is
ascertained by its IR absorption bands at 3400 cm"l and

1650 cm"1 due to Y O0-H and O O-H respectively and by

the condensate collected at the top of the tube when a

16l
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sample of the complex was heated. Nuclear magnetic
resonanée measurements could not be run due to the
insolubility of the complex. |

The éttempt to decompose the complex with agueous
potassium.cyanide in order to isolate the ligand APALAP
was unsuccessful. It resultéd in the hydrolysis of the
expected Schiff base into its component DIAL and DAP.
This is suggested by the elemental analysis of the
decomposition product and by the occurrence of ) C=0

and ) N-H in its IR spectrum.

b) Reaction of DIAL with DAP

The condensatioh of DIAL with DAP produced the |

yellow Schiff base DAPAL.H,O which was characterized

2

DAPAL.H,0
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by elemental analysis and IR spectrophotometry. The
IR spectrum shows the usual C=0 stretching frequenéy
of a carﬁonyl group and stretching and defofmation
frequencies of a free NHz.group. Based on this informaﬁion,
structure DAPAL.HZO is proposed for the Schiff base. |
_The.molecule of water produced by the condensatiqn
reaction is probably hydrogen—bohded to the intracyclic
N atom and'to the N atom of the azomethine group (C=N)
forming a six~membered.ring. The involvement of the
intracyclic N atom in H-bonding has been previocusly
suggested in free DAP Qhere a hydrogen bond is formed
between an amine group of one molecule and an intracyclic
N of another moleculegS. This type of H-bonding probably
explains the broadening of the absorption band in the
IR spectrum extending from 1520—138d cm_l where a
shoulder and a strong band ‘are observed at 1490 cm'—l
and 1455 cm_l respectively. The bands in this region
are attributed to the C=N and thelC=C in the substituted
pyridine ring and to the external azomethine stretching
frequencies. | |
A cofpound such as DAPAL.H,0 with free CHO and
NH

2

expected to dissclve in common organic solvents. It's

functional groups and low molecular weight is

being insoluble, except in concentrated sulfuric and
nitric acids, would rather suggest a polymeric structure

of the formula:
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- -
HN- N | NI=CH CHO-
(Bml) HZO
_ I

For n = 2, three molecules of water are expected
to be present and these are possibly involved in

H-bonding as shown in the following structure:

It seems that each water molecule produced by the

condensation reaction does not go very far from the site

of the reaction and remains H-bonded to the neighbouring

N=atom.

L__ |



¢) Reactions of a mixture of DIAL and DAP with metal ions
Ni(ClO4)2.6H20 was reacted with a mixturé of DIAL
and DAP in molar ratios of DIAL:DAP:Ni of 2:2:1 and:i:l:l.

Two different compounds Ni {(L=-3A) (ClO .5H.0 and

4) -4,

Ni(L-B)(ClO4)2.2H 0 were obtained (the structures of

2
the ligands L-A and L-B are shown on p. 130).

. Ni(L—A)(c104)2.5Hzo‘is an.open chain Schiff base
metal complex. Its molecuiar'formula was assigned on
the basis of its elemental analysis. Its IR spectrum
has the same absorptioh bands as those of the free ligand

DAPAL.HZO. The similarity between the IR spectrum of

the ligand DAPAL.H,0 and that of Ni(L-3)(C10,),.5H,0,

2 4) 2+ 51,
-in addition to their common insolubility, suggest that
this Ni(II) complex is probably polymeric with metal
ions bonded to the linear polymeric ghain of the ligand.
4) ¢ 2H20 was

. assigned on the basis of its elemental analysis. The

The molecular formula‘of Ni(L-B) (Cl0

absence of an absorption band characteristic of C=0
absorption and the absence of bands in the ) N-H region
provide a strong evidence for a macrocyclic ligand (L-B).
The strong broad abso;ption at 1085.cm-l suggests that
the perchlorate ion is not co—ordinated86.

The presence of water of hydration in the two
Ni{II} complexes‘was.ascertained‘by IR spectroscopy and
crudely indicated by the condensate formed at the top

of the tube after heating the complexes. No NMR measurements

could be run on the complexes due to their insolubilities.
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4} - 2H,

is expected to co-ordinate with the metal ion thrdugh

In the complex Ni(L-B) (ClO .2H

0, the ligand
the N atoms of thé external azomethine group (Fig. 13)
rather than the pyridine nitrogens (Fig. 14) because
in (Fig. 14) we have seven-membered rings but in

(Fig. 13) stable Six-membered'rings are formed.

F]gi-l3 : .Fig'*\A

The macrocyclic complex Ni(L-B)(ClO4)2.2H20 is
diamagnetic. So it is either square planar tetracb—ordinate
with water of hydration associated with the perchiorate
ions, or low spin hexaco-ordinate octahedral, with two
co-ordinated water molecules.

Ni(L—B)(ClO4)2.2H20 was decomposed with agueous
potassium cyanide in an attempt to recover the free
Schiff base (L-B).. No molecular formula could be assigned

to the recovered product. This could be due to partiai

decomposition (hydrolysis) of the Schiff base.
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