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CHAPTER - I

GENERAL INTRODUCTION



Metal complexes of Schiff bases have played a significant
role in the development of co~ordination chemistry, This fact
is well documented by the large number of publications,ranging
from purely synthetic to modern physicochemically and biochemically
relevant studies of these complexes, A tremendous variety of
stable compounds have been synthesized containing transition and
nontransition metals. and multifarious such ligand systess, Many
of these complexes are only of incidental importance in modern
coordination chemistry, However, a good number of group of
complexes, defined by the basic structure of their ligand systems
have asssumed considerable significance, The important among them
are the complexes of salicylaldimines, j=ketoamines and closely
related ligand systems containing 0 and ¥ donor atoms, Eapcchlly,
the complexes of salicylaldimines have been intensively investigated
in the last thirty years and in many cun) their stereochemistry,
electronic structure and many related properties are reasonably
well understood, A number of reviews' 1 have been published
concerning salicylaldimines and j~ketoamines and their metal
complexes, the most comprehensive being those published by Holm

and cowo * 8.

Schiff bases are compounds which contain the azomethine
group (=iC=N=) and are usually formed by the condensation of a
primary amine with aldehyde or ketone, A five or six membered
chelate 1s formed if & second group such as phenolic OH is attached
ortho to azomethine group, The formation of chelate ring seens
essential for the production of ?thblo complex with ligands
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containing the >C=H= group,

Metal complexes of ichiff's bases 922 nave been known
for over hundred years, For instance, as early as in 1840
Ettling'3 had isolated bis(salicylaldiminato)copper(li), a dark
green erystalline produut,-.(ny from the reaction of cupric acetate,
salicylaldehyde and aqueous ammonia,

@[Q\;@ 2

N,

(1)
Schirtll’ (1869) prepared compounds similar to (1) by substituting
the amine b= with phenyl and aryl derivatives, OSchiff discovered
the exceedingly important synthetic technique of preparing
salicylaldimine complexes by the reaction of the preformed metal
salicylaldehyde compounds with primary amines. Delepinel’ (1399)

prepared the complexes similar to (I) using Nemethyl and Nebenzyl-
salicylaldimine in situ,

After a period of relative insetivity, Dubsky and Sokol®
isolated N,N'-bis(salicylidene)ethylenediaminoCu(Il) and Hi{II)
and correctly formulated thelr structure (11),

O, O~
LK
/C aN‘ , :C\

R H

cizChy

(1)
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Plfeiffer and coworkers carried out thd systematic study of

Schiff bases derived from salicylaldehyde and its substitution
products, o-aminobenzaldehyde and pyrrole=2~aldehyde, and published
a serdes of pnpu%?'m.

The complexes of salicylaldimine skeleton are intensively
studied, The nmr studies of these ligands show that they exist
in phenolimine form>°*3}, (II14) and not in keto=form (IIIB),

N o...
H .
O\j:"”j @*c N.)+
"\(R v e
(111 A) Enol form (11IB) Keto form

The hydrogen from phenolic OH being easily replaced by metal

ionsy the complexes of these ligands are comparatively eas.ly
formed, The particular advantage of the basic salicylaldimine
ligand system has been the considerable flexibility of the synthetic
procedure which has allowed the properation of a variety of complexes
with @ given metal whose properties are often strongly dependent on
the detailed ligand strueture, It has been possible to affect
certain stereochemical and electronic changes which can be examined
in a graded series of complexes whose properties have been more

or less systematically altered by structural variation of the
ligand, It is this feature of these complexes which has been
prineipally responsible for their detailed studies,

The first j~ketoamine complex was prepared by Combes>>(1339)



who isolated the remarkably stable copper complex of
NyN'=bis(acetylacetone)ethylenediamine (IV),

(I¥ )

Later, Morgan and Hain—su:lth”'y’ obtained a variety of analogous
complexes, At that time these complexes were thought to be the
complexes of Schiff base derived from acetylacetone and ethylene~
diamine, But the recent pmr ltudiu” have proved that the free
ligand exists in the j~ketoamine (VC) and not in enolimine form (VB),

The interest in the condensation products of j~diketones
and primery amines is due to the possibility of the three distinct
tautomeric forms,

Ry Ry
o.
H- ‘(H
N
Rl R Rie R
(A) (B) (<)

(X))
The tautomeric equilibria in solution has been studied by &
number of physical methods including infrared>® *!, ultraviolet3®»*Z



pectroscopy, acidity constant msur-ontlw""a and molar
efraction moureunu” « Kinetics and mechanism of hmroly-u“'
f the condensates of j~diketones with diemines have shown that
hese compounds are hydrolytically more resistant than the Schiff
ases of salicylaldehyde which are known to exist in the phenolimine
2", 1o evidence for the keto-imine form (VA) was obtained

n any of these studies and the clear evidence for the ketoamine (VC)
orn has come only from the pmr atudhl”'l'&'“.

In addition to the tautomeric structures, the question of
asic molecular structure arises in the case of condensation
roducts of amines with unsymmetrical j=diketones which gives rise
o the two possible structures (VI),

TR

QF\ ) (9T)

As early as 1387 Beyujo assigned structure (VIii) to the
nilino derivative of bon%hontm on the basis that it ecan
ondense upon itself to form Y=phenylquinaldine as shown by the

eaction,
%{ ; 4 H,0
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iL'I.a.tnus1 supported Beyer's assignment and gave further nroof
that the amine attack always occurs at the acetyl carvon,
MeCarthy and Harte1173 u-ign-d the structure (ViB) to the
condensation product of hnlylnotom with diamines on the basis
U o A —_— uut.:u53 supported VIB
structure for the reaction product of bon?'hoot.om and ethylene-
diamine on the basis of ultraviolet spectral studies, However,
subsequently, Hovey and :m-t.us" found evidence in favour of
structure VIA as a result of dipole moment studies of similar
compounds having polar grouns on phenyl ring, Further work by
these suthors on Cu(ll) and Ni(1I) complexes of these ligandsss
also supported VIA structure, But the unequivoecal establishment
of structure VIA for the condensates of bm%rlacctom vith primary
amines has come from pmr studies of l'sn-nthyhnim condensate by
Iudek and L-udokw. This VIA structure 1s further supported by the
dipole moment studies of the condensates of trifluoroacetylacetone
vith Giemines’ 3'5". The pmr spectrum of the methylamine condensate
vith formylacetone shows ovumo"a in favour of structure Via,
Preliminary Yeray’® results for Cu(1I) and N¥i(1I) bis-complexes
with “3=amino-l=phenyle2=butene=l=one" favour structure V1A, but
only the heavy atoms were located,

The structure of j~ketoamines and their complexes has been
& subject of several interesting studies, The complexes are not
80 easily formed as the very weakly acidic proton of ~ketoamines
is not easily detnhod”. Compared to the salicylaldimine complexes,
these complexes are less reported, dome of the p=ketoemine
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complexes, especially of the tetradentate ligands and Cu(ll) and
#4(1I) complexes of some bidentate ligands are easily
tomd”'“'y'“"'zis 66 3, wany other cases it became
necessary to develop special synthetic procedure to overcome the
hydrolytic instability of these complexes,

The direct reaction of amine with j~diketone complexes
is usually unsuccessful as a preparatory method and in general
no p=ketoamine complex is touod‘?. Several factors, no doubt,
contribute to the stabilization of the j~diketone complexes towards
meleophu.,ﬂc attack by amines. The most important is probably
the deloealization of the charge in the ligand, with the steric
hindrance due to substituents on the carbon atom next to oxygen
providing the secondary contribution,

A nonagueous chelation=reaction of the anhydrous metal
salt and ligand in presence of a strong base ﬁ’d"elopod by
Collmen and Kettleman®® to prepare Cr{lll) complexes of the
type Cr(RAA)y (vhere R is an aromatic groupy Ak = CHyCOCH=C(CHy)N=].
Everett and Holm’’ modified this prosedure for preparing Ni(II)
complexes of type Ni(iAA), and H4(RBA) 5 [where i is an aromatiec
or an aliphatic group and Ba = c6uscom-c(cﬂs)n-]. This general
procedure regquires the use of a strong base such as t=butoxide
to remove the weakly scidic proton of the j~ketoamines and is
useful in the preperation of hydrolytically unstable complexes
derived from weakly acidic ligands. Ligand exchange rmuonﬁl'f’g'w
have been reporteé for the preperation of complexes of the type
M(RAL) gy u(am)a. M(RDBM), (DBM = csﬂscocnec(cens)n—] of Cu(Il)
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and §4(11), R being an aryl group, A few complexes of tetradentate
ligands have also been prepared by this procedure. Template
reactions, using tetrakis( othylomdm.tm)-ﬂ-diehlorom( 11)ehloride
as a temnlate, are used to prepare Ni(Il) complexes of tetradentate
heketoamines and salicylaldimine complexes’:?’2,

Recently, metal complexes of some tetradentate Schiff
bases’, viz. IiyNi'=ethylenebis(salicylaldinine) (salen) and
bis(acetylacetone)ethylenediamine (bae) have been intensively
studied, because of their unusual properties, Many pente= and
hexa= coordinated cobalt deriv:tives have been preparec and
investigated’>, Because of the extra stability of the sigme
Co=C bond and the overall physicochemical behaviour of such
ompoundl"" they are studied as model molecules of Vitamin Byia
group, Of particulsr interest are the mnnnotbylntion” reactions
involving these complexes, The property of N,N'eethylenebis=
(salicylaldim ACo( 11) (Co(salen)] to absorb molecular oxygen
reversibly has been known for many ysu'ln Hecently, some

76477
oxygen adduets of formula [Co(salen)],0.L,76% * [Co(salen)](0,)1L7®
and Co(bae)(0, 8 (L. pyridine, dnfi han been reported. A review

dealing with comt and iron complexes as inorganic oxygen :miera
0
as models for biological system has recently been published™ ",

Of all the metal complexes of Schiff bases studied, Ni(1I)
complexes have drawn wide attention as these complexcs can exist
in different structural foma. A large number of copper and
cobalt Schiff base comnlexes are reported and thoroughly studied

as they can serve as biochemical -odons'm'”’?". Iron complexes
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are also studied due to their biochemical importance but they are
reported to & much lesser extent,

A casual survey of the literature shows that beryllium
complexes of these ligands are very rarely uudiod?s'aa. This may
be due to the bellef that beryllium forms weak bond with ligands
containing nitrogen as donor utonal'. However, Martin and eovorkonas
have studied the atabilities of some j~ketoamine metal complexes
and found that the stability of beryllium complexes is comparable

to that of copper comblexes,

In the following Chapter 11 of this thesis, beryllium
complexes of some H-arylfnll.oylnluninu, isolated for the first
timey are reported, These compounds havVe been characterized by
ir, nor and mass spectral studles, Chapter ll] deals with the
synthesis of eight j=ketoamines derived from acetoacetanilide and
substituted acetoacetanilides by condensation with ethylenediamine.
These ligands are reported for the first time slong with their
ir and nmr spectral studies. Our attempts to prepare metal
chelates of these ligands according to the reported methods have
been unsuccessful, But this does not necessarily mean that these
compounds are not :omd)uincu there have been many -mplnp
for instance, the rare gases compounds which on theoretical and
emperical grounds were believed at one time to be incanable of
existence.



CHAPTER = 11

STUDIES ON THE BERYLLIUM COMPLEXES OF BIDERTATE,
TRIDENTATE AROMATIC SCHIFF BASES AND NyN'=ETHYLLNE~
BIS(SALICYLALDIMINE)
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Abstract

Although bidentate, tridentate and tetradentate l=alkyl
or Nearyl salicylaldimines have attrected much attention in
recent years and many transition and non-transition metal
comrlexes of such ligands have been studied, very little work,
on the beryllium chelates of these ligands has been carried out,
The present Chapter deals with the isolation of bis(l=salicylal-
diminato)beryllium(Il), bis(salicylaldoximinato)beryllium(Iil),
bis(N=o=hydroxynhenylsalicylaldiminato)beryllium(1l),
mono(N~o~carboxyphenylsalicylaldiminato)beryllium(1l)dihydrate
and bis(l~pe=aryl salicylaldiminato)beryliifum(Il) chelates (where
Paryl = p=tolyl, peanisyl, p-chloro and penitrophenyl) and
characterisation by their ir and pmr studies, The ir spectra of
these ligands show a broed and weak band due to intramolecularly
bonded phenolic =0H group at ~ 2700 oi'l which was found to be
absent in the beryllium chelates, In the ir spectra of
bis(N~salicylaldiminato)beryllium(1l), bis(salicylaldoximinato)~
beryllium(1l) and bis(N~o=-hydroxyphenylsalicylaldiminato)beryllium(Il),
the broad medium intensity bands in the region 3300=-2700 ew > are
agsigned to the intermolecularly bonded >NH and OH groups.
The »mr spectra of these beryllium chelates also show signals
due to bonded >!iH or OH protons which disappeared on deuteration.

Part 11 of this Chapter deals with our attempts to isolate
NyN'=ethylenebis(salicylaldiminato)beryllium(Il) in 1t1 metale
ligand ratio.
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Part 1

Antroduction
Schiff bases derived from the reaction of salicylaldehyde

with primary aromatic amines represent a versatile series of
ligands and the metal chelates of these ligands have attracted
3'&’85'9". Schiff bases ovrepared from ortho~hycroxy
substituted aldehyde readily form chelates with metals like copper,
nickel, cobalt, zinc, iron, vanadium, uranium and titanium which

are sinilar to the type obtained from =quinolinol anc its
1y3yM4€6~10,95

much .‘l:t’.onl'.n'.m3

derivatives, In recent ycars, a number of reviews
have apoeared on this subject, The problem of the structure of
the Schiff bases and their metal chelates has been the subject of
several studles using infrared and pmr t.chniqun‘"j ’96'10".

The live interest in the Schiff bases and their metal chelates is
undoubtedly due to the structural diversity of the complexes, the
impracticability of apniying normal coordinate methods toc the
assignment problem and the complexity of the spectra resulting
from the presence of phenyl vibrations,

Even though quite a few ”"”91.103-111 are concerned with

the studies on bidentate, tridentate and tecradentate l=alkyl or
Nearyl salicylaldimines and their metal chelates with transition

anc non=trensition metals, very meagre vork on beryllium complexes

of such ligands has been carried out, 7The limited number of

beryllium complexes of Schiff bases studied are mostly derived from
Nealkyl salicylaldimine®"32 gng w,N'eethylenebis(salicyleldimine)” ™
or similar schiff bases using long chain slkyl emines®?,
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The work presented in this chapter deals with the synthesis
of some beryllium complexes of bidentate and tridentate Nearyl
salicylaldimines and the ir, par spectral studies of these
complexes.

EXPERIMENTAL

Laterials and lethods
Salicylaldehyde (Sarabhai Merck, LI grade) was distillied

under reduced nressure. Aniline derivatives were ourifieéd by
recrystallisation from aleohol, Aniline, p~toludine, pranisidine,
pchloroaniline, p~nitroaniline, o~eminophenol and anthraniiic acid
were of C,P. grade. Beryllium nitrate, Bo(ﬂ03).331{30 and beryllium
sulphate, BesO 4,0 were of A.i. grade. The beryllium content: of
these salts was determined by standard -thodm.

Infrered spectra were recorded on a Perkineilmer
spectrophotometer, Model 221 equipped with sodium chloride optics.
The pmr spectra were recorded on a Varian Assoclates, Hodel T=¢€0
spectrometer operating at 60 He/s with TMS as an internal standard,
The mass spectra were recorded an CiC 21«110B (USA) double focussing
mass spectrometer at & voltage of 70 eV,

Lreparation of ligands

The ligands such as He-phenylsalicylaldimine, Nep-tolyl-
salicylaldimine, Nep-anisylsalicylaldimine, Nepechlorophenyl- and
Nepenitronhenylsalicylaldimine, N~o~carboxyphenyl-and N=o=hydroxy~
phenylsalicyleldimine were prepared according to reported
"MSO,%.I&.IH,IM. The general procedure for these
preparations consisted of mixing of equimolar quantity of

salicylaldehyde |§ the primery aromatic amines in ethanol or
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methanol, The product obtained was refluxed for some time on
vater bath, cooled and filtered., The precipitate was washed
vith cold alcohol and air dried, In some cases, the reactants
on mixing imrediately gave the schiff base precipitate. The
schif! buses were recrystallized from alcohol, The yleld varied

between 50 to 9%53 The elemental analysis and melting point of
these ligands are given below,

1., [=phenylsalicylaldimine

Bright yellow erystalline solid, yield 703 m.p. 51°Ci
soluble in most of the common organic solvents. Anal.Found:
Cy78.633 Hy 54783 Ty 7424 . Calculated for C,qf) R0t Oy 79.153
Hy 5462% N, 7,107,

2 l=p-tolvisslicylaldizine

Yellow needles, yield ~ 307} mep. 97°C} soluble in alechol,
acetone, chloroform and carbon tetrachloride. Anal.Found: C, 78,96%
Hy 60383 By 6.167. Calculated for Cyufiiah0t C, 79,624 Hy 6.25Y
Ny 6uCFF.
3¢ Fepeapisylssldcylaldimine

Orgy=green shining platdets, yield > 8073 m.p. 29°C3
soluble in hot alcohol, acetone, chloroform and carbon tetrachloride,
Anal.Foundd Cy73.63% [y6,02% Ny6e23 . Cllculatod for cl,*ujaxo 2
Cy73466% Hy6.T6% N,6,14",
“e [=pechlorovhenylsalicylaldimine

Dull yellow erystalline solid, yleld 907§ m.p. 110°Cs
soluble in alecohol, acetone, sparingly soluble in chloroform
and carbon tetrachloride. Anal.Founds Cy67.,19% Hy4.67§ 1, 6,007,
Calculated for Cy3i, HOCLS C,67.39% Hoko381 N,6,057,

5« Pepepitrophenylselicylaldipine
Orange,crystalline solid, yield ~ 507} m.p. 163=4°Cs
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soluble in aleohol and acetone, less soluble in chloroform
and carbon tetrachloride. Anal,:oundt C,64,42) Hyl.4ly
Nyl1l,037, Caleculated for CUH10N2°3' CobMee6i Hylo165 ri,ll.”ﬂ-

6, I=o-carboxyphenylsalicylsldipine

Orange coloured shining erystals, yield ~ 607§ mep. 213°Cs
soluble in alcohol and acetone, Anal.Found: C,60,2313 !Hyhe50}
Hg5.97/, Caleulsted for CyyligyN0gt Cy60,703 Fyhe603 1y5,307 .
7e li= [

Orange~red shining pht-;d: yield ~ 907y meps 194°%Cy
soluble in alcohol an¢ acetone., Anal.Founds C,72.17% Hy5.40§ N,
6453+ Caloulated for Cy3i) N0 8 Cy 73,243 Hy5420% My6,577,

8. l-pyrddylsalicylaldimine

Deep yellow solid, yleld ~ 50¢% m,p. 73°C§ soluble in
almost all common organic solvents. Anal,Founds C,73,663
Hy5,063 11,13,97%0, Caleulated for C;.ii)ol 08 Cy?2.71% 1,5.093
Nelle,13%,

Preparation of beryllium chelates
Genezal pethod of preparation

Hep=substituted aryl sslicylaldimine (0,02 moles) was
dissolved in ethanol or methanol and to the clear solution, an
squeous alcoholic beryllium nitrate solution (0,01 mole) was
added, The resulting clear yellow solution was refluxed for
abaat an hour on water bath and then the pH of the solution was
adjusted to ~ 7 with dilute ammonia (1tl) and further refluxed,
The precipitated yellow solid was filtered on cooling, washed
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with aleohol and air or vacuum dried, In an alternative method,
instead of preformed ligands, the starting reactants were mixed
in required quantitles using f{reshly prepared beryllium hydroxide,.
In the preparation of lep-chlorophenyl-and Nepenitrophenyl=
salicyleldimine beryllium chelates, the preformed ligands were
dissolved in a few drops of scetic acid and diluted with agqueous
alcohol, The clear solution of the ligeand was then reacted with
an agueous solution of beryllium nitrate, The pH of the clear,
yellow solution was adjusted to ~ 7 with dilute ammonia (111)

end the resulting yellow precipitete wus digested on water bath
for one hour, The c¢rystalline precipitate was filtered while hot,
washed with cold alecohol till free of ligand and air or vacuum
dried. Attempts to prepare beryllium chelate of Nepyridyle
salicylaldimine by above methods failed,

Most of the beryliium chelates were insoluble .or
sparingly soluble in common organic solvents and have high
melting points,

1, - [ ‘ 1

Yellow crystalline solid, yield 6073} meDe, 158%,

Soluble in cerbon tetrachloride and alcohol, Anal,Founds C473,17}
Hy5.58% §,7.19% Be 2,187, Required for Be(CyqH;oN0) % Cy77.81%
H,5.093 1,;P.03 and Be 2,25,

3, Bis(l-p-tolylselicylaldiminato)beryllius(Il)

Yellow crystalline solid, yield ~ 60Fj m.p., 242°C,

Anal Founds Cy79,56% Hy6,031 146,573 Be 2,18, Required for
Be(Cqyliy 510) 5t Cy 784903 1y5.6F1 71,6893 Be 2,097,
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3. Bi 1 o 1
Light greenish yellow, crystalline solid} meDey 130%,
Anal.Foundt Cy73.77% HeT460% ly5,925 Be 2,03%, Required for
Bo(Cyuliy JN0,) ot Cy724884 Hy503l4 Hy6407) Boy1e057 o
be E

bl 59 §, &Y ) A1 L 04 L MNICILY e ST Sy T Ys aY a P - 2
Yellow crystalline solids m.p. 260°C. anal,Founds C,66.97}
Holtolly Hy5,93% Beyle88f, Hequired for Be (cuu,uocna '

U'“okl Hy3e836% N.’o”' B.glo"-

-~

5o Bls(l=p-nitrovhenylsalicylaldiminato)beryllium(ii)

Orange coloured crystalline compound} mepPe 320%,
Anal,Founds C,62,605 HyWw.613 1,123,523 Be,1,68°, Hequired for
Be(Cyqfighi 303) 58 Cy 634541 Hy3.69% Nyll, 403 Beyl.B837,

6. Bls(l=o-hydroxyphepylsalicylaldimipato)berylidum(il)

Yellow crystalline solid, m.p. 2035°C, slightly soluble
in chloroform, Anal.Found’ C,71,50% Hy4e3% H,6,72y Be, 2,017,
fequired for Be(CyqHyol0,) 0 Cy72.008 Hylwe €84 1y 6.473 Bey2,037,

Lreenish yellow erystaliine solid, soluble in alceohols
MeDs > 350°C (with decomp,). MQFM‘ Cy60.15% 3.5-133

Hoke55% Bey3eldf. Required for Be(Cyyigh0) 4 28,08 €559,153
H'l’.“‘ N'l’.93‘ &’3.17%.

8. Bisisslicylaldoxipinato)beryllium(ll)

White, needle sheped, voluminous solid, m.p. 298°C witn
decomposition, soluble in alcohal, echloroform, carbon tetrachloride.
AnaloFounds Cy60.31% Hyl,93% Hy10,50% Bey3+15F. Required for
Be(Cpligh0,) 4 Cy59,783 1,kek0y 1,9,96% Bey3,.217,
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9. Z2is(-gelicylaldimineto)berylliium(l))

Pale yellow, erystalline solid, m,p. 250°C. Anal,Founds
Ca664767 1354033 131078y Dey3.53°s lequired for Be(C,M HO)
CyE7.468 HyleB8% Nyll.354 Bey3e637 4

Lesulvs and giscussion

Beryliiun forms a wide range of complexes in which it
accepta a share in two extra lone pairs of electrons to form
four tetrahedral sp> bonds, Deryllium cannot experd its
coordination mumber to aix due to the small size of the atom
and inaccessibility of the 3d orbitals which are required for
sp°¢® hybridisation, Theoretically it should de possible for
beryllium atom to form tetrahecral, trigoenal planar and linear
structures by employing |p3, lp" and sp hybrid orbitals respectively,
Although three and two coordinated beryllium compounds are known
under special conditions, beryilium prefers four coordination,
The haryllim complexes so far known guch as Belacse) 2v De=oxyacid
ooumda Lot 30,001, 811 €re) strictly four coordinated

oo 4 122 1Se-~ :.5'1.

The Schiff bases studied here are found to form tetrahedral
112 metal=ligand complexes with beryllium, These compounds are
yellow in colour and have high melting points, a few of them melt
with decomposition, The solubility of these complexea in common
organie solvents is quite low as expected, but most of them dissolve
in DMS0O to an apnreciable extent. This has helped us to study
their pmr spectra. Our attemnts to synthesize F-salicylaldimine
11gand by reported procedure’® were a fallure., However,
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bis(l=salicylaldiminato)beryllium(Il) could be prepared by
reacting bis(Nesallcylaldehydo)beryllium(ll) with ammonia in situ.
All berylijum complexes reported here are prepared for the first
times this includes bis(selicylaldoximinato)be(ll),

The infrared spectral data of the substituted Nearyl
salicylaldimines and their beryllium chelates are presented
in Fig,l=5 (Table 1=5) along with possible assigmnments, FHeviewing
the work carried out by several authors> ' s"7»89°93y102,111,123
on aromatic schiff bases, the probable structure of the beryllium
chelate 1s shown below for bidentate and tridentate ligands,

@?8@/2_ O\Go./z_
W’ = K= H)C}\_a)O(Hj)C{)NOZ d W hb(

H or Oh

R

QI
/ e/;:_ e,
— A - =0
H =N \H-'. H”C,—N‘\

In the ligends, it should be noted that an intramclecular
hydirogen bond can form resulting in a stable six meubered ring

as shown below,
Ny
=N R= H, CH?.’ . OC\—E,CQJ NOU
P @ 0-CH, o-COON
R
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lable = 2
Infrared absorption frequencies (em L) of (I) lNep-chloropheryle

salicyleldimine, (11) Beryllium chelate, (1Il) Nepenitrophenyl=
salicylaldimine, (IV) Beryllium chelate in nujol mull,

1 11 111 v Possible assiinment
1610(s) 1600(s) 1600(s) 1600(s) C=l + C=C coupled
1590(s) vibrations.
1585(m) 158C(m) 1575(s)
1560(m) 1560(m)
15%G(s) o
[ -85 | ~¢ '
1495( s) 1500(s) 1510(s) Bt wo st
l‘f.ﬁil;
1460(s) 1470(s) 14€0(s 1W6C(s)
1445(8) 1440(s)
1420(sh)
1380(s) 133C(8) 1330(s) 1330(s)
1360(m)
13“"5(9,‘))
13+C(s) 134C(s) =0 str.
1390(m) 1330(m) =0 bonded
1310(w) 131C(m) 130C(8h)
1230(g) 12%(s) C=0 = OH def.
1250(w) 1260(w) 1250(w) 1260(w/
1238(w) 123C(w) 1230(w) 1233(w)
ﬁg%sg 1120(s) 1180(s) 1190(s) aryl C=N wvib,
s
1160(s) 1160(s) 116C(s) 11€C(s) igomethine C=H wib,
1130{w) 1335(w)
1100(s) 1100(s) 1120(s) 1120(s)
1040 (m) 1038(w) 1040(m) 1030(m)
1020(m) 1018(m)
990(m) 890(m) 995 (1)
930(w) 930(m)
975(m) 960(w)
950{w)
5 (m) o5 (m) Be=( str.
93((m) - 230(m) )
805(my b) i 905 (wyb)
875(sh) v
8€5(w) 865(s) 360(wyb)
850(8,b) 355 (w)
(m) d(m)
8238(s,b) 820(sh) 820(m.b)
790{m 730(w)
7€3(s4b) 770(8yb) 7‘7‘523.)1:) 7€0{s) C=1 out of plane
Thi(w
730(m.b)

708(m) 695(my b) 685 Enyxd
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igble = 3

Infrarec absorption frequencies (om 1} of (I) H-o=-carboxy=
phenylsalicylaldimine, (31) Borglliun chelate, (I11) H-o-
hydroxyphenylsalicyleldimine, (IV) Beryliium chelate in
HCB/Majol mull,

I iI I11 Iv Possible assignment
3380(myb)
3100 O=H str.vib.
-':500‘ w'b)
1350(wyb)
1670(my b) C=0 stre
1625(s)
16123(s,yb) 1600(8,b) 1605(s)
1610(sh)

1585(s) = 159G(s) |
1570(sh) | C=i counled with

1560(’) i C=C gtr.vibe
154%0(s) 1545(8,yb)
1530(s)
1500( sh)
1%30(m) 1490(sh)
1465(s) 1470(s4b)
1455(s8) C»H def.vib.
lh5(8) 1440 (bysh) 1440(syb)
lm(ﬂ'b)
13&( b' Bh) o 1375(3' b)
13¢G(s, 1355(vs) 1360(s)
1310(sh) 1300(s) B
130v2(s) 1295(s) C=0 bonded
1235(w) 1270(s) 1270(w) C=0 + O=H bending vib.
1340(s,bJ) 1330(s) 134%0(s) 1240 (m)
1220(s) 1210(m)
1190(s)
1175(myb) — %Zﬁogwsb) iissggms ATyl C=N vib,
8 i m 8
1115(m) 110u{m)
1100( sh)
1060(sh)
1045(w) 10%5(w) 1040 w)
1020(m) 1035(s)
295(m)
40(w) o40(s) O (w) 930(s) Be~0 str,
28385(m) )
870(w) 8720(m)
850(w) 860U(m)
810(syb) 810(w) 300(w) 800(m)
72:0(s)
765(8)
79 2(vs) 753(s) 750(syb) C=H out of plane
, 790(s)
720(w) 725(8)

710(w)
700(s) €90(s)
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Iable = b

- (1)
Infrared absorption frequencies (em 1) of/salicylaldoxime, )
(11) Beryllium chelate, (I1I) Bis(i-saldicylaldiminato)berylitum(li)
in FCB/Nujol mull,

1 11 111 ¥ Possible sssignment
3365(m, b)
(m) 0= bonded
3000(w,yb) )
2650(myb)
1630(s)
1625(sh) 16235(s) O~ def.vib.
1612(s) 1600(s) 1595 (sh) C=li coupled with
1570(s) C=C str.vib.
1550(s) 1550(s) 1545(s)
1485(s) 1475(s) 1480(s)
1465(w) 1465(s)
1410(s)
1390(I.b)
1380(s)
137%C(m) O=} in plane bending
1345 (w) B
1325(w) 1325(s) C=0 bonded
1290(sh) 1300(m)
1230(s) C=0 + 0=l bendin, vit
1:60(w)
134%5(syb) 1245(s)
1230(sh)
1205(w) 1210(m) li=0 str,
1185(w) 1170(w) 1195(s) Aryl C~% str,
1148(m) 115G(m) 1150(s) Azomethine O=1 wvib,
1135(m)
112:(s)
105G(sh, 1050(w) Aromatic O=H in
%g}g(y) 1040(m) 1035(m) plane def.vib,
2(s
275(sh) 275 (w) 275(w)
855(m} 945 (my b) MN5{m)
933(m, b) 930(syb)
895(s) 897(113 QO(:J B0 str.
870(w)
859 (m) 860(m) 859(8yb)
835(m,
813(.,')] )
785(s) rome tic C=H out
7€0({m) 760(my b} 763(syb) of nlane def,
735(m) M(E.b} 735(.'b)

7230(m)
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This being the case no absorption bands due to free O=H
stretching vibration are found in the expected regiony instead

a broad, weak band is found in the region around 2700 em *
(Table 5) as reported by Daker and uhulginua and otlursl“s.
Trhis band disappeared in the spectra of all beryllium complexes
which confirms the above assignment and indicates chelate
formation, In the infrered spectrum of salicylealdoxime
(HCB/imJol mull, F1g,2) two bands at 3365 om * and 3000 em” >

are assi ned to the intermolecularly and intramolecularly bonded
OH stretching vibrations rnmtivalymé. Sen and oovorkornlas
have assigned the three bands found at 3600 cm" %, 3%45 ez * and
3230 or”t in the Ccl, solution spectrum of the compound to free,
intermolecularly and intremolecularly bonded 0O stretching
vibrations respectively, The spectrum of bis(salicylaldoximinasto)-
beryllium(11) shows a broad band at 2750 em” * which is due to
intermolecularly bonded OH groups as shown belowt

R N
ua o

C\
\Be

The spectrur of lleo=-hydroxyphenylsalicylaldimine (iCi/Fujol mull,
Fig.3) shows two broad, weak bands at 2500 ex”» end 1350 om t
vhich may be due to a Gouble minimum potential hycrogen bond>37
of the intramolecularly bonded phenolic OH, The band due to
apine 0 group is not observed separately, The CCl,, solution
spectrum of this ligand (Fig.3) shows a strong band at 3540 m-l’
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associated with a weak band at 3590 ew *. anc a second broad,
medium intensity band at around 3000 cm'l. The shaprn strong

band at 3540 t:m""'i may be assigned to the O~H ,,, ¥ interaction
and the associated wesk band at 3§90 em * to free Of stretehing
vibrations., The lower frequency band at ~ 3000 em * 1s attributed
to rhenoclic OY intramolecularly bonded to the nitrogen atom of
the azomethine group, sSuch {indings are reported by Baker and
5hu1¢1n113 and they have assigned bands at 3546 a']' and 2730 o:n"l
to 0wl 4,0 w and OH .46 N intremolecular bonds respectively aa
shown in the figure for leg=hydroxynhenylsalicylaldimine,

L
AN

O~

The existence of Ui .., ™ bonds have alsc been reported by

Oki and lwanural‘%. These authors have assigned a band at

3566 et in the spectrum of Zehydroxybiphenyl for O~} bonded

to v electrons and a band at 3607 em * to free Ol stretching
vibration, Very recently, Halek et a11°3 have studied NHeoe
hydroxyphenylsalicylaldimine in halocarbon mull and DM3U and
assigned the bands in the region 3500-2900 em X to OH stretching
vibretion, These workers have assigned a band nesr 3500 cu'l '
to phenolic Oif bonded to nitrogem and the band at ~ 2900 em » to
amine OF bonded to v electrons, This appcars to be contradictory
to Baker and shulyin’l3 and our findings, The infrared spectrum
of all other llaryl salicylaldimines gontaining only phemolic

Ol grouny have shown only one brondz veak band at ~ 2700 em L vhich



33

is due to intramolecular bondinz, 1t is clear from above data

thet the v~bonded hydrogen bond exists as a weak bond and appears
nesr 3600 en”} showing s 1little shift from free OH region, The
similerity of Neo=hydroxyphenylsalicylaldimine and F=salicylaldimine
to selicyleldoxime led us to expect intermolecularly bonded O=i

or =i groups in the beryllium complexes of these ligands, It is
interesting to see o broad medium intensity band at 3110 cm *

ir the ecase of bis(Neouhydroxyphenylsalicylaldiminate)beryllium(ll)
(Mig.3) end two week and medium bands in bis(salicylaldiminato)=
beryllium(Il) (F4g.5) attributed to intermolecularly bonded @& ot

ane
¢ =i grouns respectively.

igsignment of characteristic Y(C=liy, ¥YC=C bands in the
region of 1700=1500 em > is airficult due to extensive vibrational
coupling and the complexity ol the spectra resulting from the
presence of phenyl vibration and the two different metalvligand
bonds (M0 and ¥=1), In & noneconjugated system, VC=i normally
spoears in the 1690=1650 em 2+ roglonul"; conjugation shifts it
to lower frequency and it is usually found at ~ 1630 em * for
the schiff buuga'us. However, the reported ir spectra are
generally restricted to the assignments YCsN, ¥V C=C and Y C°0
bands 931999 yory recently ir study on Pf-labelling has
been renorted 99,103 on the aryl Schiff bases in order to sscertain
the C-%, C=C and C«0 bands in these ligands and their metal
chelates, Percy and momtcix have found two lsﬂ-unnuvo bands
near 1600 em -1 to cccur in tho spectrum of learyl luucylaldimino‘so.L
it waos the higher frequency band that has been emperically

assigned so “rfJB to the YC=H, The lower frequency band that
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exhibit a greater lsz'i-:lnduced shift is found to be more
vibrationally pure. Considering the above facts, these workers
have assigned bands at 1627 OI.I and 1579 Bl.l in Nepeanisylsali-
cyleldimine, 1625 e % and 1579 en”} in N-phenylsalicylaldimine
and 1613 e L and 1573 en” L bandsin Nep-chlorophenylsalicylaldimine
to ¥{=li frequency. Frurther, it was observed that thc band at

1600 em ! shifts a little to lower frequency but the bend at

1570 mn'l shows consicerable lowering (20=30 cl'l) on complex
formations In the beryllium comnlexes we have found that these
bands show shift as reported above and therefore can be assigned
to C=N stretching vibration. Table 5 shows the bands assigned

to Cely C=0 and O~H stretching vibrations along with their shifts
on complex formation., The~1é¢§” Gl.ll) C=N band oecurs at higher
frecuency when electron donating groups such as CH3, 00153, OH are
attached at ortho or para position in the aniline ring and st

a lower frequency when electron withdrawing groups such as chloro
or nitro are atteched at para pogition in the aniline ring, The
second C=N band 1s found between 1560=1565 in all these ligands
except in Jlieo=hydroxyiphenylsalicylaldimine and sulicylaldioxime
vhere it occurs at 1535 en” and 1570 em”+ respectivelyl®C,

The bands eppearing in the region of 1500=1300 ez * in the 1igands
es well as in beryllium chelates are due to aromatic CH and =CH
vibrations'’, The characteristie strong band at 1280 om © whden
is present in all the aromatic salicylaldimines is assigned to
phenolic ¥ (=0 + £ OH stretching v!.bnuonl'ﬁ’.!mi'Ml band on complex
formation with beryllium disappeared and a nev band 1s found in
the region of 1300=1325 ez~ L whieh is due to bonded phenolic

C=0 vibration, Another strong band at 11351190 cm + present
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in ligands as wvell as be:yllium chelate may be assigned to

aryl carbonenitrogen stretching vibutionanc. This band

does not show any change even when a substituent is introduced
in the peposition of aniline ring, The strong band at 11%0 ca b
present in both ligands and their metal chelates may be assigned
to azomethine O~ stretehing vibration*’1''¢.

The spectra in the region 1100 em * and below is much more
complicated due to the presente of phenyl ring, ¥=0 and M=N
vibrations, However, the band at 930-945 el qn beryllium
chelate is due to metal-ligand stretching % and bands in
the region S00=750 are due to aromatic CH vibrnuom"g’w'”-

In order to get a clearer insight of these ligands, and
their beryllium chelates the pmr spectral study has been carried
out, 7he pmr spectra of these lirands and beryllium chelates
are presented in Teble € (Fig.,6~11),

The stron: intramolecular hydrogen bonding present in
the ligands leads to very broad and weak hydroxyl absorption
near 700 em * so thet the pmr spectra are more infoymativVe than
ir spectra with respect to the nature of O~H bonding, It has
been shown by Ludek and [udek® and Cherette>® that liearyl
salicylaldinines exists solely in the phenolimine form in non~
hydroxylic solvents at normal temperstules, Any significant
presence of the ketowamine form would split the signal arising
from the azomethine proton, No splitting of this signal is
observed in the pmr spectrs of ligands studied here nor the
aromatic proton signals displaced from its normal position,
From these data it is assumed that the Nearyl salicylaldimines
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possess the phenolimine structure (Fig), . The bonded O=H
S5
H/c::r'i
R

proton 8ignals appear between 13,1 & to 13,35 6 for i=aryl
salicylaldimines and at 8,13 6 and 9,95 6 for salicylaldoximel”,
This assignment has been verified by deuterium exchange, In
ligandsy the sharp singlet of szomethine proton is found between
8,18 8 to 9,25, The signal due to methyl protons in Nep=tolyl

end¢ Nepeanisylsalicylaldimines and their beryllium chelate is

found at 2.3 &, 2,53 € and 3,80 &, 3,93 & respectively. The

ring protons of aldeh/de and aniline appear in the region

between 6.5 6 = 8,33 5« In the pmr spectrum of Neoehydroxy-
phenylsalicylaldimine: , two signels are found at 13,35 ¢ and 8,30 8,
The signal at 8,30 & is assigned to o=hydroxy proton of aniline,
whereas the 13,35 & signal is assigned to hydrogen bonded aldehyde
O=1 proton, bot: disappeared on deuteration, In the pmr spectra

of all the beryllium chelates, the signal at 138 to 13,85 &

due to phenolic OH proton is absent indicating the participation

of the O=li in chelate formation, ‘he signals due to ring protons,
azomethine proton and others show no change in their position,

but i case of beryllium chelate of li=o.hydroxyphenylsalicylaldimine
two signals for azomethine Ci'- proton are founde t 8,40 § and

9.C3 R,

In the spectrum of bis(salicylaldiminato)beryllium(li)
(Fige€) a doublet is found at 9,97 £ due to fi=H protons, 7his 4s
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confirmed by the disaprearance of these signals on deuteration,
Further, the presence of the doublet also indicate that the two
i=H protons are coupled with CH proton of agomethine group, The
signal due to CH proton also appears as & doublet at 8,47 &
which is due to coupling between Ci and l=H protmﬁtf This
doublet collanses into a singlet on deuteration, In the pmr
spectrum of bis(lie=owhydroxyphenylsalicylaldimine)beryllium(Ii)
(recorded in LM50, Fig.10) two broad, signals at 13,85 & and
9,70 ® were found. This may be due to nresence of hydrogen
bonded protons as found in selicylaldoxime complexes (Fig.7).

The beryliium complex of salicylaldoxime also shows two
signals at 10,13 6 and 11,30 &, both disappearing on deuteration,
These signels may be due to hydrogen bonded OH, The above data
suprorts the conclusion drawn from the ir studles of these ligands
and their beryllium chelates,

The mass spectra of the ligands shov base peak at m/e 197,
211, 227, 231,35, 241, 213, 241, for l~phenyl, Nep=tolyl;
N~peanisyly '=pechlorophenyl; !=p~nitrophenyl; n=o~hydroxyphenyl-
and Neowcarboxyphenylsalicylaldimines which are also the molecular
ions peaks., The high intensity of the molecular ion reaks is
in sccordance with the stsbilization of the molecule by st:ong
intramolecular hydrogen bonding, Similerly, the high resistance
of the ligard to hydrolysis reflects the stabilization of the
azometiine bond by means of the hydrogen bonded ring system.
Additionally, it is noteworthy that a strong peak at m/e 130 can
be assigned to the fragment shown below, This usually occurs
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with hydrogen transfer resulting in a cluster of peaks at

n/e 1)31, 1‘)’ 119." o . +
.
@ i
N
C=MN
/

H

’hr\/e, 120
The formation of such stable heterocyclic specles 1s
characteristic of the mags spectra of ortho substituted
aromatic Sehiff bunm’nn. The spectre of Nep=tolyl;
liepeanisyl; lepechloro-ligands show loss of the p=substituted
groups resulting in a metastable lcmug. S4milarly, the spectra
of leo=hydroxyphenyl- and l=o=carboxyphenylsalicyloldimines show
loss of water and carbon dioxide from molecular ion, Another
charscteristic feature of these Sciiff bases is the formation
of a species of m/e 168~169, The formation of such & fragment
may be due to the loss of CO and the pesubstituent with proton
transfer,.

Q e 169
R ™y

Apart from these major peaks, these apectrz also show
a peak at m/e 77 corresponding to 061.5? ion formed by the
breakdown of the parent ion, These spectra show that fission

at the ring=nitrogen bond is more facile than at the ring
carbon-bond, The mass spectra of para substituted schiff bases
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show essentlally the same features, sometimes complicated by

the eflects of substituents,

It 4s concluded from the above studles that be.yllium
forms stron. bonds with oxygen and nitrogen containing 1i ands,
1t was found by Martin ot.al.as that the beryllium complezefmw_
the same stability as conper complexes which contradicts the
apparent belief that beryllium bonds weakly with ligands
containing esysessesd nitrogen donor atoms, It is also found
that =aryl salicylaldimine beryllium complexes are as stable
as the =alkyvl sallcyleldirmine comnlexes, The tridentated
dibasic lirand, leo~hydroxyphenylsalicylaldimine acts as &
monobasic, b .dentate liganc towards beryllium, where the amino
-0} group tekes part only in hydrogen bonding as is found in
case of salicylaldoxime, It is interesting to note that
Hi~o=carboxyphenylsalicylaldimine acts as dibasic ligend with
beryliium, The elementel analysPs, ir end nmr spectra and the
thermal analysis of this beryllium chelate confirm the

comnosition given here.
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Pary 11

As a part of our general programme of work on Schiff
base complexes of beryllium, our attentio:r was drawn to the
berylliur comnlex of H,l'=ethylenebis(salicylaldimine), 'salen',
since there appears to be some controversy about the strueture
of this compound, C(reen et 11?9 prepared berylliur complex
of 'salen' and assigned the formula Be(Cy HgN ,0,) 1,0 to the
yvellow, inspoluble precipitate in which the ligend 1s bidentate
towards beryllium. Bately et e1%2 studled & number of beryllium
comnlexes using quadridentate Schiff bases derived from
ethylenediamine, 1,3=trimethylenediamine and with four or six
methylene groun in the amine bridge, These workers were unable
to get 1t1 beryllium~salen comnlex but obtained instead 1::2
complex having the formula 033&';33&5“05.5. These authors did
not get the monohydrate as reported by Green et al, They,
however, assigned a hydrogen-bonded struecture to the compound
on the basis of the ultraviolet absorption spectra in solid

T .

\o/ \ . ne \\N
cn\ "
“\c_,:/ 2Im “\: f/cm,, n=2,3.
. =
@’o/“/l e/
Fg L



50

state., The reflectance spectra of beryllium=salen comnlex
showed a band at %30 nm attributable to intermolecular hydrogen
bording which was found to diseppear.in norn=hydrogen bonding
solvents probably due to the replacement of intermclecular
bonds by intramolecular bords as shown in the Figs. 1 1.

Sinih et 2l 83 have used 'salen'! as a gravimetric reagent
for beryllium and tentatively assigned a structure Hfln) to
the nrecipitate obtained from sodium potassium tartarate buffer
solution at pH ~ 8,J« The composition of the weighable form

o
LD e
=N  We=c
NS Sw

Fig TL.
of the ecomplex is reported to be cmﬁnllaozno.dﬁao. Further,
it is stated that the complex posscsses constant weight on drying
et any temperature between 100° to 150°C, Aeccording to these
asuthors the compound 1solated 1s & dihydrate and no elemental
analysis of the compound i: reported by them,

In order to throw lizht on this complex, we adopted the
methods of Green et al &s well as Singh et al. However, the
beryllium complex prepered according to both the methods gave
slmost identical values of carbon, hydrogen, nitrogen and beryllium
which correspond nearly to 111 molerity (Table 7). Our finding
is that the compound does not contain any water molecule of
crystellization. 7This was verified by repeating the precinsitation
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dable = 7
Llementsl anolysfs
c H N Be(%)
1. lgfi'=ethylenebis(salicylal Found 70,81 6,17 11,71
cimine) o Cal, 71.65 5. 10,545
Cyetyglia0 e meDe 125°C
3 ;i,ngﬁ;:nol)ua(un- Found 70,05 5.45 9,9% 3,20
¢ to)= y
beryllium(11) Cal, 69,31 5,09 10,19 3,28

" ~ 7 o,
“‘("16“1»"2".3). >3007¢C

igble = 3

Positions of the protons present in H,N'=ethylene-
bis(salicylaldimine) and its beryllium chelate, (ppm) &

CH, CH idng OH, (=)
1, liylit=gthylenebis(salicy=- 3.77 8,30 6.66=7,66 13,13
laldimine),
2e H’ N"‘wxon.bi'( “ncy. 1". 63 9.“ 7.1&' 8,11 -

laldimins to)beryllium(1l)
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.S ﬁamﬂ(gl
of tbe comnlex severs.l times and siudying their ir, nmr
spectra and thermogravimetric analysis.

The ir spectra of 'saler' and its beryllium chelate
is glven 4n ig.)> and Teble g with possible uubmntsw‘szas
The ir spectrum of beryllium chelate does not shov the nresence
of Oil stretching frequency in 3700 em * = 2000 em ® region
either free or bondec. ilowever, the¥e appears to be a small
peak at 1272 cx~ L which has been presumed to be cue to the
prescnce of vhenoilc CO coupled with OH bending vibrations,
The.efore, the presence of the water molecule in the complex
is in doubt. rurthermore, the pmr spectra of the comnlex does
no. show ony sijnal corrcsponding to water or hydroxyi prﬂtona[‘ﬁb- 9),
it is intercsting to see (Fig.l%) that the thermogravimetric
curve of the beryllium camplex does not show any loss in weight
unto 200°¢C, Progressive loss in weight occurs only on further
heatings 7This clearly shows that the comnlex does not contain
any water of crystallization,

Betely et 8152 nave carried out model studies to
Justify their assumption to show that even though *'salen' is
a quadridentate ligand, it behaves as bidentate towards
berylliun which coes not tolerate even slight departure from
tetrahedral stereochemistry, 7o verify this, we have also
studied the model of beryllium~salen complex taking the
bond distance of Be=0 = 1,7 & 93 and 4t wes found t st three
bonds could easily be formed, When the fourth bond is forced
t) form with the metal, the aromatic ring hydrogens are twisted
out of the »nlane increasing strain on the rings and cunsequent
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dable = 9
Infrared absorption frequencies (em™ 1) of (1) Nolite

ethylenebis(salicylaldimine), (II) Beryllium chelate in
ECB/lujeol mull,

b ¢ 11 Possible assignment
2900(vs)
2650(myb) 0=H bonded.
1625(vys) 163308
25(vys 8 CeC
1610(a) 1600(gh)] W coupled with
1570(a) 1580(sh)|  Str.vib,
155C(sh)
15%0(s)
1485(s)
} 1465(sh)
1455(m) 1%60(8)
1de3(m) 10 (s) =Ct in plane vib,
14C0(8,yb)
1385(w)
1360(m) 1370(m)
30(s) C=H def,vib,
B 1315(s) O=0 bonded str.
1305(wys8h) 1300(syb) .
1273(vs) CO+0H bonding wib,
1270(m)
1250(w)
1280 (m)
1215(s)
1216(m)
1192(m) 1200(s)
11%2(s) 114C(s) Azomethine O=H vib,
_ 1130(s)
1105(m) LI.OOilh)
1052(m)
1033(s)
1035(sh) Aromatic C=H in plane def,
1013(s) 1023(m) vib,
935(w)
975(s,b)
9¢8(8yb) 938(vy8) Be=0 str,
230(m)
895(m) 883(m)
855(m) 852(s) =CH out of nlane vib.
770(s)
725(sh) 7958(vy8)
745(s)
740(v,8) 735(vys) C=H out of plane
675 (myb)
€33(m) 6‘00(!’
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ethylenic C-C bond rupture (IV),

0
.
e
N ¢\
ol )l T
Fﬂs IV
Considering the above facts, the beryllium complex may
be thought to have polyﬂ/c structure in which 131 metal~ligand
molarity is maintained,’ This may happen when two or four metal=-

ligand molecules are bonded (V) maintaining strictly the
tetrahedral spacing between beryllium and the ligand.

T~ Be—] __ ] Be Be
ra %
#= { s
~/A /‘\]:CH
o . Be <

The mass spectrum of the compound showed molecular ion
peak at m/e 37, confirming presente of a molecule in which
beryllium and salen are in 1t1 molar ratio, This, however, does
not rule out the polymeric structure proposed by us, since under
aragtic condition of high vacuum and high temperature the
polymeric units can break up and give rise to monomers. Therefore
in the condensed solid state the polymeric structure still aeems
to be feasible, This is also revealed by the departure of the
anslytical data slightly from the theoretical velues, If we
presume that the compound is polymeric, then we can account
for all the four coordination number of beryllium; however, in

the monomeric compound, the fourth coordination number remains
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unsatisfied and in this case, one 1s allured to invoke the
presence of a water molecule in order to have four coordinated
beryllium, At any rate, our data is not conclusive in deciding
between these two alternatives, It is possible that both these
comnounds are prescnt in different proportions and the physical
data obtained can be explained partislly by both the structures,
We therefore feel that the composition and structure of beryllium=
salen hwnat. straight forward and the use of salen in gravimetric
estimetion of beryllium is not desiradless A?ﬁ ‘
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CHAPTER = 111

STUDIES ON TETRADENTATE p=KETOAMINES DERIVED
FAOM ACETOACETANILIDES AND ETRYLENEDIAMINE
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Abstract

Tetradentate j~ketosmines, melyj Hyi'=ethylenebis(aceto
agetanilide), ,N'~ethylenebia(s=chloroacetoacetanilide),
Hylitegthylenebis( »chloroacetoacetanilide;, H,N'=ethylenebis(yb=
dichloroacetoacetanilide), N,i'=ethylenebis( i,j=dichloroaceto~
ascetanilide), N,N'wethylenebis(=methoxyacetoatetanilide),
lylit=ethylenebis(4v=methoxyacetoacetanilide) and N,N*=ethylene~
bis(3,5=dinethoxyacetoacetanilide) have been synthesized for
the first time, Infrared and pmr spectral studies of these
compounds have been carried out in order to assign the bands
due to amide !Nl and bonded HH grouns.

Attempts to prepare the metal chelates by reported
methods have falled, The major factors contributing to this
mey be the nonreactivity of the ligands due to the strong
hydrogen bonding and thei§ hydrolytie instability of the./-
metal chelates,
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Antroductiop

p=ketoamines derived from acetylacetone, benzoylacetone,
dibenzoylmethane are similar to salicylaldimines as these ligands
contain O~ii donor atoms and the presence of conjugated six membered
chelate ring, These compounds are formed by the condensation of
primery amines with j=diketonesd, Dudek and coworkers'o!*Sr4®
reported that these compounds solely exist in ketoamine form
from their pmr spectra. The important features of these ligands
is that they contain an intramolecularly hydrogen bonded ring.
Bellemyand Beecher’2” ghowed that the strengih of the hydrogen
bond is measured by the downward shift of the C=0 frequency,
Snbuquontly several structural studies of ~ketosmines have been
made using dipolc moment, infrared and ultraviolot“' Wy 555
spectral techniques, Complexes of bidentate and tetradentate
ligands vith copper, nickel, cobelt, chromium, palladium, rhodium
and iron have widely been studied, isolating the metal chelates
from aqueous and noreaquecus medium> #32»37-66 Recently, a
good number of reviews and mnrl“"""s 1104130-132 have appeared
in the literature dealing with H,N'eethylenebis{ccetylacetone’
or similar compounds and their metal chelates., However, no work
has been renorted on the j~ketoamines derived from the condensation
of acetoacetanilide or its subatituted derivatives with ethylene~
dismine, This Chapter deals with the preparation of eight sueh
i=ketoamines, isolated for the first time, as well as their
infrared and pmr spectral studies, All our attempts to isolate
the metal chelates of these ligands were met with fauilures,.
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EXPERIMENIAL

Yaterials and Method

Acetoacetanilide (5isco-Chem Product, Bombay) was
purified by recrystallization, EIthylenediamine (idedasl) was
distilled and stored in air-tight bottles. Chloro and methoxy
substituted acetoscetanilides, used in the synthesis of
J=ketoamines, Were prepared by renorted netbodn?.

Infrared spectra were recorded on a Perkin-ilmer
Spectroniotometer hodel ‘Infracord' and Model 221 equinped
with sodium chloride optics. The solution spectra in CCl,
vere recorded using 1 em path length quartz celi, The pmr
spectra were recorded on a Varian Assoclates lode. i=60 and
T«£0, operating at 60 Mc/s with TMS as internal standard,

d je-

icetoacetanilide (35.% 9y 0.2 mole) was dissolved in
250 m) absolute alcohol taken in a 500 ml round bottom flask
fitted with ground joint and a reflux condenser, The clear
solution was heated to boiling on a water bath and then reacted
with an aleoholic solution of ethylenediemine (6 gy 0.1 mole).
A white precipitate was obtained within 5 minutes, The
nrecipitate was refluxed further for 30 minutes, cooled, filtered
on & glass sintered funnel, washed several times with 10-15 ml
portions of cold alcohol and air dried.

A1l the substituted p-ketoamines were similerly prepared
reacting substituted acetoacetanilides and ethylenedismine in
23] molar ratio, 7he yleld ranged from 80-907., The elemental
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analysesy m.D., Sedubidiity are glven in Table 1. The following
peketoanines were prepared (Fig.,l).

lesults anc discussion
‘The possible structure of the compounds is given in Fig.l,
R ; R
NH H
:O'.‘H '..G-
Hdb H
N -b( ‘\N-‘Ci
/\ /
CH3 CHL“QHL CPfS
i » R=R/=H b < R':_P:: 2.)5’-(“\(}(\\0\-0-
T R=R'=2~chlovo-. i R=R= 2-mdfRoxy —
!
ER_-.:R}-; ?;-Ch\c%ro.- vl Q:%:lﬁ—‘%moyy.—
1 R=R'= 2 L-Ichlovo- I R=R = 2 S-dimeWony -

FCS,.'L.

The infrared spectral dsta are nresented in Table =4, figures 2a=&.
Table 2 end firures 3~4% showv the stretching frequencies of the
free amide 'H and the intramolecularly hydrogen bonded NH recorded
in carbon tetrachloride solution (0,01 mole approx.). These
spectra show & strong, sharp band at ~ 3400 em * attributed to

the free amide NH stretching vibrations and the broad, medium
intensity band, splitted in two componsda; at 3300-3100 on”l

is due to NH intremolecularly hydrogen bonded to the C=0 group.

The spectrum of N,N'~ethylenebis(acetylacetone; show two broad,
medium intensity bands at 3220 em > and 3170 em * attributable
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HyN'=ethylensbis(acetylacetone)

ligi'=ethylenebis{acetoacetanilide)

Nyli'=ethylenebis(=chloroaceto
acetanilide)

Nyli'=ethylenebis(3=chloroaceto=
acetanilide)

lgli'=ethylenebis( 2,4~dichloro~
acetoacetanilide)

lgli'=gthylenebis(2,5~dichlore~
acetoace de)

Ngl'~ethylencbis(=me aceto
acetanilide

Nyl'=gthylenebls(4=me aceto~
acetanilide

lyii*=ethylenebis( 3,5~ imethoxy=
¥ acetoacetanilide)

Foo  fasen

- g}m(lg b)

70(m, b)

3205(m,b)* 3220(w,b)*

Bl v

31s(vs) gﬂgz:::;

(myb)* 3210(wyb)*

—— 3331013(::»)*

20(vs) (myb)

3420(vs m(::b)

Iul1s(vs) wi:':g

*

: b)

Mo e
a(s)*

(:;. Wﬂn.b)‘

3w28(vs) g?ogz:’b)

4385

2530 (Fvee)
2275 Loomdd)

® Values from the spectra recorded in HCB/Nujol mull,
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Possible
I 11 111 v v assi nment
NKH free
200(v) 200(m) (m) 25(m) 2(m) trovib,
3200t foow 3 Socw  350tEe) R benas
. X .
2850(s) 2850(8) <« 2300(s) © 2900(s)» 2900(s)Y
Tehs(n) 1610(m) Te20(s) 16w0(s)  1ewo(s)  Amide I
1600(s) 1590(s) 1585(syb) 1595(s)  1585(syb)] Amide 11
550(s) 1575(s)
1550(s) : 1555(s) 1550(s)
1530(s) 1525(s)
1510(s) 1510(8) - lzgio{n (sh)
b ! ‘.J ‘l'b)
1480(m) 1480(m) 1430(8) 1485(sh) - i
1445(s) 1440(8) ; .
. 1420(s) 1%21(m) - ] gel.
1390(m) 1390(s)* 1380{sh)” 139¢(s)” ' i iﬂ_fhs-
1365(w) 1375(s)* dzn
w
1340(s)
1330(s) 1310{s) 1320(s) - 1310(s)
e 3 1'390(8)
1300(s) e
1275(w) 1280(bysh) - 1280(m) 1280(s)
1260(m) 1260(m)
1250(m) 13245(m)
1220(m) 1235(w)  1230(w)
1:05(s) 1200(8s) 1210(m) CH in
1190(w) 1190(s) 1180(m) 1170(s) 1170(s)  plane
1170('3 bending
1145 (m 1150(w) 1150(s) - 1150(s)
1130(sh) 1125(s) - M&-) -
1100(w) 1105(sh)
1100(w) - 1095(s) 1085(w) 1095(s) CcH. roek
1060(w) 1075(m) - - 1060(w) 3
1040(m) 1045(s) 100(s) - -
1030(m) 1030(w)
1010{w) 10G5(m) 1010{m) - -
28 (w) - 980(sh) 285(w) 280(w)
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deble = 3 (contd.)
I 11 111 v v Pon!ibla
assignment
975(w) - 275(m) - -
2 950(m) - g - -
210(w) - mgli 910(w)
800(myb) 895(w 885(myb)
870(w 865(s)
830(s)
800(s)
790(8) 795(s )
785(s) 780(s) 780(s) 784(s)
765(s) 760(s) 760(s) 760(s) CH out of
225(m) 930(m) Plane def,
705(myb) a.h; 719(m)
€35(wyd 690(m)

* lujol peak
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Incrared sbsorption frequencies (es"’) of the b=ketosines
da lujel mull
VI Vil VIl Possible assigument
3450 3450(w)
3300?') NH free and bonded
3200{m) 3200(m)
3150(w) 3150(m)
" 3050(w)
(s)’ 2850(s) 0(s) ¥
]z.ggg(l.? 1640(s) 1640(s) Amide I
1600(s) 1600(s) 1600(s) C=C «+ C=0 + CN
,, 1550( sh) 1545(s)
1520(s) 15325(s) 1520(sh)
1490(s) 425 (s) 1480(s)
5
moﬁ.rf 1455(s)”
1+h0(s) 3
1405 (m) als
80( ) » 1390(s)* 2 Vad.
134%0(s) 40 (sh) 1330(m) Anide 11
1310(m)
1300(s) 1300(sh)
1235(s)
13€5(s)
1-35520 12350(myb) 1250(s) Amide 111
1230(m) 1335(::. b)
1210(s)
1i80(s)  1183(sy®)  1180() CH 15 plane bend
8 S e i
1150(s) - 1140(8yb) e
1135(s) 1135(syb)
11352&:)
1090 'i 1005(w)
1060(s 1055(sg 1) 083 rock
10100(-3 1030( sy D) 1030(m
1005(m 1005(w)
970(m) 970(w,b) gggi ”
m W v
o2 '
205(w)
385(w) 875(w) 875(s)
855(w) %i:)
335(\0 g;-i _———
2048 my
3355"3 780(m) %t:‘g; CH out of nlane
7 6% (&) T4 (W
Tss(s) 7 5wy
735 Y22

P 7- 5 N
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FIG. 3. INERARED “SPECTRA OF

(List N, N-ETHYLENEBIS( ACETYL ACETONE )

------ N, N~-ETHYLENEBIS(ACETYLACETONE) AFTER

DEUTERATION
(n) ;
—— NS N=ETHYL ENEBIS (255 BECHEOROACETO ACETANIL IDE )
----- N,N-ETHYLEN EBIS(2,5-DICHLOROACETOACETANILIDE)
AFTER DEUTERATION
IN CCl. SOLUTION
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FIG. 47 INFRARED . SPECTRA.
(1) N,N-ETHYLENEBIS( 2-CHLOROACE TOACETANILIDE)
(1) N,N-ETHYLENEBIS(2,4-DICHLOROACETOACETANILIDE )
(1) N,N-ETHYLENEBIS(2-METHOXYACETOACE TANILIDE)
(IV) N,N-ETHYLENEBIS(2,5- DIMETHOXYACE TOACETANILIDE )

IN CCly; SOLUTION (1em QUARTZ CELL )

e ——— e R e e
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to NH stretching vibrationzintramolecularly hydrogen bonded
to carbonyl group, This assigmrment is confirmed by deuterium
exchange studies, The spectrum of deuterated compound (Fig.3)
shoved two bands at 440 em » and 23835 o™ L due to WD bonded
to carbonyl group,

The carbon tetrachloride solution spectra of l,li'=
ethylenebis(N=substituted acetoacetanilides) (#ig.3,4 ) show a
sharp, strong band at ~ W00 em * attributable to free amide
=l stretchin: vibretion. The intramolecularly hydrogen bonded
i=1 stretching vibration showed two bands of medium intensity
at 3250 ee”L and 3150 m'l. The above assignments are confirmed
by deuterium exchange studies on N,N'-ethylenebis(2,5-
dichloroacetoacetanilide) where the band at 3420 cm * assigned
to free amide Ni and the bands et 3245 eu”* and 3160 em” > due
to hydrogen bonded iii have shifted to 2530 u']'. as a strong
band, attributed to free l-L and to 2375 en  as brosd band due
to the bonded NeD stretching vibrationsrespectively. The second
broad band due to bonded l=D could not be recorded due to the
opacity of the quartz cell used in this IM&.

The carbon tetrachloride solution studies for (a)
Nyli'=ethylenebis(acetoacetanilide), (b) i, l'=gthylenebis(3=
chloroacetoacetanilide) and (c) lNyN'=ethylenebis(¥=methoxy=
acetoacetanilide) could not be carried out due to their
insolubility, 7The assignment for I=H stretching vibrations
is, therefore, made from their fACB/Nujol mull svectra (Fig.5).
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In compounds, (a), (b), (the bands are not well resolved),

the broad bend at 3300 em L and 3290 em ) respectively may

be assigned to free amide i=H stretching vibrationg. The weak
bands assoclated with the broad bands are found at 3220 ew
and 3120 em" ! 4n compound (a) and at 3200 em * and 3100 em *
in compound (b) and may be assigned to the intramolecularly
hydrogen bonded Feli stretching vibrations on the basis of CCl,
solution spectra of other similer compounds., In compound (e),
three bands are found. The strong band at 3378 c-'l may be due
to free l=H stretching and the other two bands, strong and broad,
et 3335 en"} and 3355 em” ' may De due to hydrogen bonded N-H
stretching frequency.

The spectrs in the region 1650-1500 em * are much
complicated due to presence of aromatic as well as conjugated
rings. The salient features of the spectra will be ciscussed
below keeping in view the elaborate studies carried out by
sen and coworkers:'? 2" on esubstituted acetoacetarilides and
their transition metal chelates.

The characteristic band for free C=0 stretching
vibration is not found in any of the spectrum of these compounds,
(Figs2y5 end Table 3,4). This may be due to the existence of an
intramolecular)ff hydrogen bonding between C=0 and N¥-H forming
a s8ix membered conjugated ring (Fig.l), such decrease in the
C=0 stretching fregquency due to chelate ring formation is
reported by several workers:>® *l, 7ne bands observed in the
region 1650=1480 ex" L in these spectra may be due to strong
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coupling between C=C, C=0 and C=N and amide group bond
ltreceninnu’m. The bands between 1430-1350 en L are
cbiefly due to Cliyy Cily deformstion modes'6, The bands in
the further lowver region are due to presence of phenyl ring
moment, C~H in plane and out of plane vi\bnuons.

In order to get a clearer insight of these ligands,
the par spectral studies were carried out in CDC13 and DMSO
and the data are vresented in Table 5 (Fig.(- Y% ).

The speetrum of H,N'=ethylenebis(acetylacetone) was
recorded in carbon tetrachloride and compared with the spectra
of H,N'=ethylenebis(li=substituted acetoacetanilides) In the
spectrun of N,N'=ethylenebis(acetylacetone) two signals at
~ 1,93 £ are observed which are due to the two unequivalent
CH3 groups, The value is in good th with the reported
vuuz. In the spectra of j~ketosmines derived from
i=subsgtituted acetoscetanilides the -Clla protons signal is
found as a singlet in the region of 1,96 & « 2,00 8, The signal
due to CH, protons, in the region 3.37 & = 3,43 8, appears
as a triplet due to spir~spin coupling of the t:lla protons
with the proton on nitrogen .“.ngrm. On deuterium
exchange the triplet collapses into a singlet confirming the
assignment end suggesting a similar structure for )~ketoamines
as assigned to N,N'-omylmhu(uotylmm)w. & sharp
singlet is found in the spectra of all the f~ketoamines studied
here, at 4,47 & = 4,50 £ due to CH proton of the conjugated
hydrogen bonded rings I: the casge of N,N'=ethylenebis(aceto~
acetanilide) this signal is found at 4,61 & (Fig.€¢ ). In the
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cage of -ketonmines derived {ror methoxy substituted
acetoacetanilides, the -OCH3 proton signals are found at

3480 & = 3.87 6. (F4gs ]2 [4)e The signals due to aromatic

ring protons are found as a cluster of signals in the region
€e37 & = 8,508, The broad signal apmrinfuin the downfield
region at 9,30 &€ - 9,43 ¢ in the spectra nfﬁi*kotmims is
due to li=H proton intramolecularly bonded to carbonyl group
forming a six meumbered conjuysted ring system, <+his disappears
on deuterium exchange confirming the assignment.

It is found that the signal due to 6 proton of the
aromatic ring is shifted to downfield reglon in most of the
cases and 1s found at 7,63 £, 7,40 ¢ and 7,5 § in i,N'~ethylene~
bis({acetoacetanilide), ! M*=ethylenebls(3=chloroacetoacetanilide)
and lyH'=ethylencbis(y=methoxyacetoacetanilide) respectively
(Fig. [af% A3). In the ease of all other j~ketoamines studied
herey, the €H proton signel is found in the region 8,00 = 8,50 &
(Table 6)s The downfield shift of €H proton may be due to the
anigotropic effect of ecarbonyl iroup of acetanilides. The
signal due to amide li=H proton is found in the region 7,00 & =
8430 £ in the spectra recorded in CiCly and in 7,97 = 0,79 8
in those recorded in DiE0 solution of these j=ketoamines (Table 6J)s
In the spectrum of (a) Nyi'sethylenebis(3=chloroacetoacetanilide)
in DMSO (Fig. 3) the signal due to amide !=H proton 1s merged
with the signal duc to hydrogen bonded =i and in the case of

(b) Wy N'eethylenebis{acetoacetanilide) and (c) Hyli'~ethylenebis(i~
nethoxyacetoacetanilide) the signal due to amide Nl is found
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Iable = €
Chemical shift of &, amide Nell snd-hydropen
aoskee=—==ii nrotong npm(e )
6x CDC].; DMB0
1, NyN'=ethylenebis(acetoacetanilide) ?7,63% - 9.20
3, liglit=ethylenebis( »chloroaceto~ 8,33 7400 -
acetanilide)
3¢ NyN'=ethylenebis(3=chloroaceto= 7ToltO* - 9.15
acetanilide)
b, lHyN'ecthylenebis(2,4=dichloro= 8. 0 -
! . :eoto:eo%uundo) * -
5« U N'egthylenebis(2,5~dichloro~ 8,50 705 8,50
acetoace 1ide) 1-1g,
6. N,No=athylenebis(=methoxy= 8433 (8,30, 7.97
acetoacetanilide) g
7+ lyli'=ethylenebis(kb=methoxy= 750 - 8,93
acetoacetaniiice)
8, HNyliteethylenebis(2,j=dineth.oxy= 8,03 7.3 -
' - acotoloo‘anlluo) ‘

®* Value from DMSO solution spectra.
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near the bonded N=H proton signal at 9,1 € and 8,93 £ respectively,
These assiznments were confirmed by D,0 exchange (Fic. £,/3).

In case of (a,) the ceuterium exchange study could not be carried
out as the li;and separated out on addition of Lg0. The spectrum
of Hyli'~ethylenebis(2,5=dichloroacetoacetanilide) in dry DM30
shows the amide NeH proton signal at 8,50 6. In this case the
signal due to intramolecularly bonded !~H proton appears as a
triplet due to coupling with -CH, proton (Fig.ll),

In order to confirm these assighments, deuterium
exchange studies on l,N'=ethylenebis(2,5~dichloroacetoacetanilide),
the most scluble compound in carbon totuchlouag;j:r?d
Nyli'=ethylenebis( methoxyacetoacetanilide) in DMSO (Fig.l2)
were carried out, In the spectrum of N,i'=ethylenebis(2,5=
dichloroacetoacetanilide), a signal at 7,03 & disappears
and this signal is assigned to amide I=H proton, In the case
of liyli'eethylenebis( 2»methoxyacetoacetanilide) (Fig. 9) a
signal at 8,33 & disappears and therefore similarly is assigned
to amide !=H proton, The shift of li=H proton to downfield in
the latter case may be due to hydrogen bonding between amide
N=H and -4)(:53 group attached at ortho position forming a five
membered chelate ring, This signal appears in the same position
even in DM30 spectrum,



87

Further, i1t is observed that the intramolecularly bonded lNei
proton 1s not easily deuterated indicating that the hydrogen
atom is very strongly held between the carbonyl oxygen and
amine nitrogen atom, Warming of the sample solution with b0
or keening it overnight shoved partial disapprearance of

this signal, ;

Anzother characteristic change occured in the spectrum
of I, N'-.thyhmbis(&.?dichlom«tautfnﬂ“o) after
deuteration (Fig, 10) is the disappearance of &.,45 & signal
attributed to CH proton of the hydrogen bonded conjugated
s8ix membered ring. The appearance of CH proton signal at
~ leJ & in the upfield region rether than in the expected
region (4,9 8 = 5,3 8) 1s due to an enamine structure,

Our attempts to prepare metal chelates of these ligands

‘NH

H M

L
/TN

CHy

by adopting agueous and non-aqueocus mtlmtll4 falled, This
is to a large extent due to the hydrolytic instability of the
metal~chelates towards moisture or eny nucleoohile present
in the reaction, Furthermore, it is found that the reactivity
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of the substituted p=diketones decreases as -CH3 groups are
replaced by aromatic rings in the order acetylacetone > benzoyle
scetone > dibenzoylmethane, It is known that the acetoacetanilides
are much less reactive due to presence of anilide groups than the
above compounds, It is not surprising, therefore, to find that

the j=ketoamines derived from them also show the same trend in
their reactivity,

Another significant factor which contributes to the
unreactive nature of these f=ketoamines is the presence of a
very strong intremolecularly bonded hydrogen atom, The replacement
of such a hydrogen with a metal ion seems to be difficult, D,0
exchange studies showed that the bonded hydrogen is not readily
exchanged and this supports the above assumption,
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