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BIFUNCTIONAL TETRADENTATE ALDIMINE AND KETAMINE
DERIVATIVES OF ZIRCONIUM(LY)
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ABSTRACT

Zicconium(IV) isopropoxide isopropanolate has been found to undergo 1:1 and 1:2 molar
reactions w'th bifunctional tetrad:ntate Schiff bases derived by the condensation of salicylaldehyde,

2-hydroxy-I-naphthaldehyde,
diamine and 1,3-propylenediamine.

2,4-pcntanedione or 2-hydroxyacetophenone with 1,2-propylene-
In the resulting derivatives, the central zirconium atom appears

to be hepta- and ccta-coordinated as indicated by the'r molecular weights determined ebullioscopically
in boiling benzene or chlorof.rm. The isopropoxy groups of the bisisopropoxy zirconium Schiff
base derivatives Fave been found to undergo replacement reactions with 2-methylpentane-2,4-diol

and the resulting complexes are hydrolytcally stuble.

All the newly synthesized derivatives have

been characterized by elemental analysis, molecular weight and conductance measurements and L.R.,

U.V. and 'H NMR spectral studies.

INTRODUCTION

N previous commun c~t'ons, from these laboretories,
rerctions of zrcon'um(dV) isopropoxide isopropa-
nolate with a few monofuncti :n- 1 bident-te* and b func-
tional tr dentte? Schiff bases lave been reported.
During the course ¢ f the present investigations, re-¢-
tions of z'rcontum(lV) isoprop xide isopropanol-te
with b'furct'onal tetrzdentate Schiff bases (SBH,)
have been studied and several new derivatives have
been syntheszed for the first time. The resulis of
these investigations are discussed in the present paper.

EXPERIMENTAL

All the chemicals of analytical grade were used.
Zircon'um(I'V) isopropox'de isopropanclate was pre-
pared by the smmonia methed®. S hiff bases were
syntkesized by the condensation of aldehvde/ketone
with dizmine in the alcohol med'um. These were
further pur.fied by récrystallzation frcm the same
sclvent. ThLe f ll..wing ligands were prepared:

(D N,N’-1,2-propylene bis(salicylaldimine),
(Ci:Hi:N.O,), Ydllow scld, melts at room
temperature (20° C).

N,N’-1,3-propylene bis(s2) cyl ldimine),
(Ci7H{zNO,)*, Yellow sol'd, m.p. 52-5°C,
N,N’-1,2-propylene bis(2-hydroxy-1-n~phthal-
dimine), (C,;; H, N:.O,), Yellow sclid, m.p.
185° C,

N,N’-1,3-propylene bis(2 hydroxy-1-naph-
thaldimine), (C,;HN.,O.)* Yellow solid,
mp. 216° C,

N,N’-1,2 propylene &is(2,4-pent2nedione-
i.ine)(C;H,,N,0,), Culourless solid,
m.p. 89°C.

N,N’-1,3.propylene bis(2,4-pentanedione-
imine),(C;;H,.N,0,)*, Straw ccloured solid,
m.p. 46"475 Cr

an
(IT1)

(V)

(V1)

(VII) N,N’-1,2-propylene bis(2-hydroxyacetophe-
noneimine), (CoH;;N,0,), Yellow solid,
m.p. 95°C,

(VIII) N,N’-1,3-propylene  bis(2-hydroxyacetophe-
noneimine}, (C; H,,N,Q.)*, Yellow solid,

m,p. 128° C,

Preparation of metal complexes

Zirconium(IV) isopropoxide isopropanclate was taken
In anhydrous benzene and the requisite 2mount of the
Schiff base in 1 ;1 and 1 ;2 molr ratio was added,
The contents were refluxed over a frectionating column
and the isopropanol liberated in the reaction was
collected azeotropically with benzerne. The progress
of the recct.on was ascertained by the estimation of
isopropancl* pericdically in the azeotrope. On its
complet on (12-14 h), the sclvent was removed and
the products were dried under vacuum. Analyses
of the compounds for Zr, C, H and N agreed with
the theoret'cal values within the limits of experimental
errors.

Replacement reactions of Zr(OPr%), (SB) type of com-
Dlexes with 2-methylpentane-2,4-diol.

Zr(OPrt), (SB) type of complexes were dissolved
in anhydrous benzene (50 ml) and 2-methylpentane-
2,4-diol (C4H 40,) added in equimolar ratio, The rest
of the experimental procecure was same as described
above.

Zirconium was estimated as its oxide, nitrogen by
the Kjeldahl’'s method and isopropanol by oxidimetric
method using normal K,Cr,0; in 12:5% sulphuric
ac.d*, The IR, UV, and 1H NMR spectra, molecular
weight determinations and conductivity measurements
were carried out as described previously®,

RESULTS AND DISCUSSION

Zr(OPr*),(SB) and Zr(SB), tspe of products were
obtained by the reactions of Zr(OPr¥)PrfOH and
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SBH, in 1:1 and 1:2 molar ratios respectively.
These reactions may be represented as fcllows:

Zr (OPr*)s . Pr'OH + SBH, — Zr(OPr'),(SB)
+ 3P OH
. PriOH 4 2SBH; — Zr(SB),
4- 5PriOH

Al the resulting derivetives are col~ured sol'ds, mostly
soluble in chloroform and DMF and non-elecirolytes
in dry DMF, The determinations of molecular weights
of 1:1 and 1:2 complexes show them dimeric and
monomer ¢ in nature respectively. Thuvs, in the com-
plzxes of the type Zr(OPr),(SB) and Zt(SB)., the metal
atoms have probabl; a henta- and octa-coordinated
state as represented by the structures (I) and (II) :

Zr(OPr')4

O O o
SIS e,
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(where HONNOH represents the Schiff base molecule)

The repl-cement reaction of Zr(OPr')E(SB) trpe of
derivatives with 2-methylpentane-2,4-d’ol (CE,HHOE)
can be reprecented by the fellowing equation:

Zy{(OPr),(SB) + CyH 40: — Zr{C H,,0,)(SB)
+ 2P IOH

These are ¢lso moncemeric in nature, quite soluble in
ctlorofirm and DMF and behave as non-electrolyics,

Infraved spectral studies

The 1R spectra of the Schiff bases s well as the
correspending z reonium complexes have been recorded
and scme impertant feztures may be summarised as
follows :

Strong bands in the region, 3100-2%00 cm~! present
in the ScLiff bases, may be ass'gned to the hydrogen
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bonded vOH or yNH, There bands disappz2ar in the
corresponding zirconium cc mplexes therehy ind’cating
the chelation of metal atom to both the oxygen and
nitrogenn atoms, Further, a strong band is observed
at 1270 & 10 cm™ and which is due to the phenolic
C-0O stretcling vibrat'ons, In the result'ng derivatives,
a shift of this band to the higher frequency (1300 +
5 cm™?) indicates the bonding of the Schiff base and
the metal atom through the phenol'¢c oxrgens,’.

All the Schiff bases show a strong and sharp band
at 1625 - 10ecm! and which may be assigned to the
yC =N, Inthe zirconium complexes, th's band appears
at around 1600 cm~! and the shift of thiz band to the
lower frequency indicates that the nitrogen of the
azomethine linkage gets coordinated to zirconium
atom. Several medium {o strong intensity bands in
the tegions 590 410 and 540 4- 10co! may be
assigned to v (Zr-0) and v (Zr-N) respectively®,

Ultravialet spectra

The absorptcn spectral measurements of the solu-
tions of Schiff bases and their zirc nium complexes
in chlorofurm have been carried out with a Toshniwal
Spectroph{}tometer using 1 cm quartz cell in the range
of 600-250 nm. In almy §* all the cases stndied, two
very important bands appear around 318 and 250 nm
in the U.V. region.

1 Nuclear magnetic resonance spectral studies

The H NMR spectra of N,N’-1 2-propylene bis
2,4-pentanedic ne'mine}(1), N,N'-1,2-propylene bis{2-
hydryxyacetophe 1oneimine) (2), and ther .correspond-
ing zrconum comnlexes (3), (4), (5) and (6) have been
reorded in benzene or CPCl,. The chem'cnl shift
values (8) for different protons are recorded in Table I,
A comnar'son of the two spectra leads to the follow-
ing conclus'ons and this is in conformity with the
structures proposed for these complexes.

The *H NMR spectra, however, show preference
for the ketamine stcuictures over otler equil.brium
forms for the higands (1) and (2) as well as for the Scliff

TaniLE |
YH NMR spectral data {8 ppm) of the Schiff bases and their zircouium cmnplexes

T e —

A rE——" ———

S T

S g h { I} k

Compound a b C d e

No,

(1) 1-63*  4-50° 1-25'  2-35 2-80  0-46% 10-80 .. ‘e - .
(2) - .. .. 405 455 1-74% 1620 7-50° 265 .. .o
(3) 163  4-80"  1.35% 2.70° 322 0.607 . . e 4-52 141
(4) e . .. 4-15 470" 2.0? . 8007 298 450 095
(9) 1:65° 4.7 1.3 2:68 30"  0-60¢ Ve e . - -
(6) o . . 4-40 504  1.90¢ LT 2.85¢ L, .o
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s = sipglet, d = doublet,

§ = sextet and ¢ = complex mudtiplet,
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boses derved by the condens ton of B-diketones ———
with alkyl or irslamires or d'emines as reported in 1, Gupta, S, R. and Tandon, J. P., Bull. Acad, Pol.
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(4), (5) and (6) ind cat'ng their « helail..g nature. W., J. Chem. Soc., 1952, p. 2027,

In ¢ mpyounds (3), (4), (5) and (6), the methine, - :
m Liyicne and me h 'l proton s'gnc ks cre s.uf.ed down- & '_;)H;TS‘E' F.M. A. and Wardlaw, W., Ibid., 1350,
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in compuunds (3) and (4) are due to methine and NS \ ‘ ’ '
, , . 7. Singh, R. V. and Tandun, J. P,, Synth, React,
metLyl protons respectively of the isopropoxy groups A
and which do not appear in the corresponding ligands Inorg, Met-Qrg. Ciem,, 1979, 9, 121.
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MECHANISM OF UREA ADDUCT FORMATION
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ABSTRACT

The energy of activation required for penetration of —-CH,-group into urea lattce has
been caicwated by the Lennard-Jones potential energy expression method, and compared with the
experimental value for the same by urea adduct experiments using dodecane at 45° and 60° C,
1hore bas becn a fair agievmoent between the two values.

UCH research his already been done' on the wurea adducts. It has been postulited that separation

mechanism of separation of straight (hain hydro- by urea adduct formation takes place by a process

carbors frocm brandh clain ones by tue formation of  of penetration of the urea crystids by tle hydrocarbon

chains, Support has been drawn for this condlusion

* Present address : Department of Chemistry, from x-ray studies® of urea adducts formed from
Science Cullege, Patna, hydrocarbons of different chain lengths,



