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A Wave length
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Me Methyl
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Abstract

Anew ON donor ligand was synthesized by reacting ninhydrin with thiosemicarbazide.
MS, NMR (‘H, "C, DEPT, HSQC, and HMBC) and UV-VIS spectra proved the
formation of a new heterocyclic compound initially due to 1:lcondensation between
ninhydrine and thiosemicarbazide and subsequently due to hydration /tautomerization
and cyclization of the thiosemicarbazone. The ligand formed a pale green Cu(Il)
complex in ethanoic medium.The complex was characterized by analytical, conductance,
spectral (IR,UV-Vis) and magnetic susceptibility data . The data suggested the formation
of a 1:2 (Cu(Il) : ligand) complex with the formula [Cul;]Cl, in which the ligand
behaved as a neutral ON donor involving exocyclic carbonyl oxygen and heterocyclic
ring nitrogen as coordinating centers. Square planer geometry was proposed for the

complex

viil



1. Introduction

Compounds containing imines or azomethine groups (R-C=N-) are usually formed by the
condensation of primary amine with carbonyl containing compound. The condensation of primary
amine with carbonyl compounds was first reported by Schiff and the condensation products are
often referred to Schiff bases ' Reaction to prepare Schiff base is reversible and progressing through

carbinol amine intermediate and requires the removal of water.

o
RY | 3
+
}0 t* R*—NH, ——— R —N/—R3
2 - \
R |
H
R2
Rl
HO
HZO + \ —_— AN /H
C =N —~R? < C—nN
RZ/ Rl/ . \R3
R

R' R’ R’ =alkyl or phenyl

Scheme 1 Formation of Schiff base.

Schiff bases which are effective as coordinating ligands have functional groups such as OH, NH,,

SH etc. sufficiently near the site the azomethine function which is obtained through condensation

reactions in the presence of metal ions .>

Metal complexes of Schiff bases possess considerable potential in many applications including
biological, clinical, analytical, catalytic, microbial, insecticidial, antibiotics, tumor inhibitors 2,3

Numerous researchers have attempted to synthesize a number of metal complexes of Schiff bases
from different carbonyl and amine containing compounds. The present project is proposed to

develop a new Schiff base from the condensation between thiosemicarbazide and ninhydrin.



1.1. Chemistry of thiosemicarbazides and their derivatives

Thiosemicarbazides belong to the family of hydrazine-based ligands with multifunctional
donor centers. The application of thiosemicarbazide based ligands for bonding to transitional
metals is of fundamental importance in understanding the metal organic hydrazine and also

enhances scope and utility of nitrogen family of ligands in transition metal chemistry®

These compounds are easily cyclized by the action of acids, bases, or oxidants, and they are
valuable building blocks for the synthesis of five membered heterocycles.” Biologically active
compounds such as 1, 3,4 thiadiazoles, as anti bacterial and antifungal agents 6’7; 1,3,4 thiadozolium-
2-amidins as anticonvulsants ,antimicrobials and anti tumor agents.®; mercapto and thione-
substituted 1,2,4-triazoles anti bacterial, antifungal, anti tubercular agents ? are synthesized from

thiosemicarbazides.

The following reactions describe the formation of some biologically active compounds from
thiosemicabazides.The reaction of carboxylic acid chlorides with thiosemicarbazide in alkaline

media give the corresponding mercapto and thione substituted 1, 2, 4 triazols
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Scheme 2 Formation of 1, 2, 4-triazol-3-thiones

Condensation of carbamate with thiosemicarbazide in boiling pyridine gives triazolylquinoxaline
via nucleophilic attack of the amino group of the ester carbonyl without attack at the carbonyl of the

pyrazine ring followed by intramolecular cyclization reaction'".
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Scheme 3 Formation of triazolyl quinoxaline

Depending on the nature of the constituents as well as the reaction conditions
thiosemicarbazide reacted with acetylenic B-diketones to give different pyrazolo

pyrimidinethiones.11

NH2NHCSNH2/ HCI Ph —c=c
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Scheme 4 Formation of pyrzolo pyrimidine thiones

Recent studies on the reaction of thiosemicarbazide and 2, 3-di phenylcyclopropenone indicates 1, 2,

4 triazolo pyridazines thions have been synthesized via cyclization reaction. The researchers

commented that compound b (scheme 5) was formed by refluxing compound in methanol containing

a few drops of triethylamine and 80 percent yield was obtained. But during the period of refluxing in

the absence of diethylamide gave only 30 percent.



MeOH, reflux

H ‘ Et.N. 6 h, reflux (80%) l
B 3

MeOH. reflux
48 h

Scheme 5 Reaction of thiosemicarbazide and 2, 3-di phenylcyclopropenone

The reaction of thiosemicarbazide was also used for the synthesis of different Schiff base macro
cyclic ligands. The macro cyclic ligands allow selective complexation and extraction of metallic

cations and anions of environmental importance

12
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[ —
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Scheme 6 Formation of macrocyclic ligands and metal complexes from thiosemicarbazides
and benzil

The thiosemicarbazide are essential materials for the formation of thiosemicarbazone through

. . . . 13, 14, 1
condensation reaction with suitable carbonyl compounds.' '* 1



S S
R H,N-NH P: NH, _-H,0 R ”
?O + PR ——— >=N-NH-C-NH2
R

thiosemicarbazide thiosemicarbazone

R=alkyl, H or Aryl
Scheme 7 Formation of thiosemicarbazon from thiosemicarbazide and carbonyl compounds

Thiosemicarbazones are multidentate ligands which usually coordinate to metal centers
through the sulfur and azomethine nitrogen atoms to give a five-membered chelates ring with
the metal. > 1

Thiosemicarbazones in the solid state are in an approximately planar arrangement with a Z
configuration around the C=N bond and the terminal thioamide sulfur atom in a trans disposition
with respect to the azomethine nitrogen (Scheme 8). The fact that this system undergoes thione-thiol
tautomerism makes the thiosemicarbazones versatile ligands for a wide range of metal ions both in

. 17, 18
the neutral and anionic forms "

R
R R

.
Y N
N AN
N
N /‘K
/K T e
NH; S

Scheme 8 Thautomeric form of thiosemicarbazones




1.1.1. Coordination modes in thiosemicarbazones.

The thiosemicarbazone ligands can be coordinated either in neutral or anionic form. The
anionic form is formed by dissociation of the acidic protons resulting the formation of a five
membered chelat ring. When an additional donor site D is incorporated in such ligands,linked
to the carboxylic carbon via one or two intervening atoms ,D,N,S tricoordination usually takes

place.'” The tricoordination system is most common in heterocyclic thiosemicarbazide.

M

N /N
e 75K

NH,

NH2 D=N, O

M=metal ion.

Figure 1 Complexing modes of thiosemicarbazones

The form of the coordinated ligand will depend on the pH and the nature of the metal ion
.Namely the presence of proton accepter (NH3;,OAC™ Py) etc will facilitate the formation of
complexes with anionic form of the ligands. For example studies showed that ,with [Zn(NOs),
and Ni(NO3), pyridoxal thiosemicarbazone give [Zn(PLTSC) (NO3),].H2O and [Ni(PLTSC-H)
NO3].2H,0 Where as with M(OAC),.H,O (M=Zn,Ni) it forms [Zn(PLTSC-H) AOC].H,O and
[Ni(PLTSC-2H) ].2H,0.*

Other interesting mode of thiosemicarbazones has been found in the formation of dimeric and
polymeric complexes. In these complexes, the metal ions like Cu (II) are bridged by either

. . . L) 21
sulfur or non thiosemicarbazone coligands such as nitrite, formayto ~ etc.



X=Cl", Br, NSC

Figure 2 Dimeric structure of Cu (Il) pyridine-2-carbaldehyde thiosemicarbazone

In recent studies some interesting coordination modes were also observed for some tridentate
thiosemicarbazones. For example in the Ti (III) complex of the formula Ti Me(PLTSC-H)(H,O
), anion in it’s thiol form is bidentately coordinated via the enolyzed sulfur atom and
unexpectedly via the oxygen atom of un deprotonated phenolic hydroxyl forming the nine

member metallocycle and neither of the hydrazine nitrogen atoms participates

. . 1
coordination '

X=0Xygen containing coligands.

Figure 3 Structure of Ti Me, (PLTSC-H) (H20) ».



Binuclear Zn*" complex has also been reported with the 2, 6-diacetyl and 2, 6 diformyl
pyridine bis (thiosemicarbazone) ligands. In the complexes each Zn>" is coordinated to two
sulfur and two nitrogen atoms from two different 2,6 diacetyl and 2,6-diformyl bis
(thiosemicarbazones) ligands.,and the two pyridine nitrogens have interaction that bridge the

Zn centers of the binuclear units to bring the coordination number to six.”

Nes
RN~ #
AN \wN

Figure 4 Structures of dinuclear Zn (1) complexes

Further studies also showed  that some thiosemicarbazones showed unusual mode of
coordination to the metal ions. For example tridentate ONS salicyl aldehyde thiosemicarbazone
(SALTSC) in complex of the type [M (pphs ) » (SALTSC-H) , M= Ru(Il) ,Os (II) is
coordinated as a bidentate (NS) moiety, the TSC residue in this case is not coordinated via the
azomethine nitrogen but via the hydrazine nitrogen.Thus forming a four-member ring. The
same coordination mode of the coordinating thiosemicarbazone residue has also been found in
the case of complexes with some other thiosemicarbazone,such as Ti (III) and Ru (II)
complexes  with  bidentate  thiosemicarbazones  derivatives of  acetylferrocene

andbenzaldehyde®**
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Figure 5 Unusual coordination mode of thiosemicarbazones

1.1.2 Application of thiosemicarbazones

A. Analytical application

Many thiosemicarbazones form stable colored metal complexes. These complexes are then
used in selective and sensitive determinations of metal ions, From this stand point some
transition metal ions have been determined by using thiosemicarbazones some of them have
been proposed as analytical reagents. For example, a kinetic spectrophothometric method was
used in several cases to determine binary metal ions mixtures with pyridoxal
thiosemicarbazone. Studies showed that the method was successfully used to determine
iron(Ill) and copper(Il) in serum samples and copper(Il) and cobalt(Il) in steel samples, Fe
(III) in some standard alloys

and pharmaceutical samples by pyridoxal N4-phenylthiosemicarbazone.””. Recent studies have
also shown that N-ethyl carbazolcarboxaldehyde 3-thiosemicarbazone (ECCT) can be use as a
sensitive reagent for the determination of Zn (II) containing samples. The ECCT forms yellow
colored species of Zn (II) at a pH range 3.0-5.5 and the complex shows maximum absorbance
at 420nm.”° .In addition many researchers showed that thiosemicarbazides are good analytical

reagents to determine the amount of acetaldehyde in blood.



B. Biological activities of thiosemicarbazones

Nowadays it is known that thiosemicarbazones and their metal complexes show anti tumors
anti-virals, anti-fungal and anti-bacterial and anti-malarial activities. More over metal
complexe of thiosemicarbazone often display enhanced activities when compared with the
uncomplexed thiosemicarbazon activity. For example p-acetamodo benzealdehyde
thiosemicarbazone (trivial name thioacetazones or Tibon) is employed in the clinical treatment
of tuberculosis and functioned as a potential N, S-bidentate ligand and.3-aminopyridine-2

carboxaldehyde thiosemicarbazone (Triapine) is used for treating iron overload disease”.

The thiosemicarbazone based metal complexes (for example Cu(Il) and Zn (II) are more
efficient inhibitors of cancer cell growths. > Platinum (II) and palladium (II) complexes of
pyridine-2-carbaldehyde thiosemicarbazones as an anti herpes simplex virus agents”’; ribose
bis (thiosemicarbazanto) copper (II) as nitric oxide scavenger’; acetyl acetonate

bis(thiosemicarbazone) Cu(Il) for radiopharmaceutical application29 also documented.

C——=N -
, C/S H N
~
H—Cli—OH NH,
H—IC—OH H
H—T—OH
H

Figure 6 Structure of ribose and acetyl acetonate bis(thiosemicarbazanto) copper (I1)
complexes

1.2 Metal complexes of Ninhydrin derivatives.

Ninhydrin (1, 2, 3- triketohydrin hydrate) is an important reagent and analytical tool It was
discovered by an English chemist Siegfried Ruheman in 1910. It has long been used as
coloring material in the paper chromatographic separation of amino acids as a reagent to

make them visible.

10



It is also used in the quantification of amino acids because of its stiochiometric reaction with
free amino groups .In the reaction ninhydrin (2,2-dihydroxy -1,3-indane or 1,2,3
triketohydrindine hydrate reacts with amino acids except proline and hydroxyproline to give
characteristically blue (purple, colored compound ) popularly known as Ruhemans purple
303132 The A max. for the blue compound is around 570 nm and this forms the basis for the
spectroscopic quantitative determination of amino acids that can detect as little as one

microgram quant1ty30,33

The chemistry of the reaction between ninhydrin and amino acids has been extensively studied
by several workers. The mechanism how ever was not well understood until very recently and
this gave rise to a series of theories as reviewed by McCaladine .A simplified form of the
mechanism proposed by Filippovich and McCaladine is shown in the scheme 9. It has a
condensation step that leads to Schiff base formation followed by decarboxlation, hydrolysis
and finally further condensation with other ninhydrin molecules to give the final product

Ruhemann’s purple.***3*

111
OH -H,O H2N c H-COOH
1130+
11 o
CO2

Ninhydrin

Intermidat amine Vi

Ninhydrin

y Ruhemann's purple VIII

o

VII

Scheme 9 Mechanism of ninhydrin reaction with amino acids
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Among the reaction products of ninhydrin with aminoacids the ketimins is a potential Schiff
base ligand that can act as a tridentate forming two stable five member rings on complexation.

Studies on the coordination of Schiff bases derived from ninhydrin with glycin** , L-valine, L-
Alanine 35, L-Histidine®® to some transitional metal ions (Ni2+,C02+,Zn2+ ) showed that if a
metal ion is present before the reaction begins , the reaction does not always proceed to the
final product (Ruhemann’s purple) ,.but stops at the first step (at ketamine stage) and the metal
ions form highly stable complexes with the Schiff bases. Most of these metal complexes have

octahedral geometry in which the ligands behave as monobasic tridentate (ONO) donors.™

The reaction of ninhydrin is applicable for the detection, isolation and analysis of numerous
compounds across a broad of spectrum of disciplines such as agricultural, biochemical,

.. .. . . . . . 37
medicinal, nutritional, plant science and in forensic science to study finger prints.

1.3. The Chemistry of Cu (Il) complexes

Cu (1) has d’ configuration. The stereochemistry of Cu (II) is very variable. The most
common observed arrangements of ligand atoms are square planer and distorted octahedral.
Elongation distortion is the most common in many Cu(Il) octahedral complexes***!
Octahedral complexes with out any distortion are expected to have only one d-d absorption
band corresponding to *Eg—>"T,g transitions. For distorted octahedral complexes several weak
absorption bands are observed around 16000 cm™ and often abroad band in the near IR region
In the axially elongated tetragonal distortion three absorption bands corresponding to the
transition “B1g—°A,g, “Big —’B,g, and “Big— Eg are observed. In addition distorted
tetrahedral species, such as [Cu(C¢H;;NH,)4][NOs], ,Schiff base complexes with bulky

constituents on N and some diphyromethane species are also mentioned.™®

Tetrahedral complexes are expected to give a single broad band corresponding to “T, —°E
transition in the near IR regions. The extreme limiting distortion both in octahedral and
tetrahedral geometry is square planer. True square planer coordination is observed in the Cu
(IT) complexes of phatalocyanines, but in some square planer complexes, the molecules are
stacked, so that there is weak interaction between the Cu (II) and the middle carbon atom of the

neighboring molecule.*

12



The ground term in the square planer geometry is “B;g and three d-d bands corresponding to the
transition “Blg — *B,g , “Blg — *A,g, and “B,g — “Eg are observed. In both square planer and
tetrahedral geometries the transition are not well resolved

Five coordination of Cu (II) is also observed in some other compounds in which there are four N-

donors such as bis dipyridyl copper(Il), terphyridyl copper(Il) complexes.*

13



1.4 Objectives and scope of the present investigation

Literature survey reveals that metal complexes derived from thiosemicarbazide and different
carbonyl containing compounds received much attention by researchers .This is due to their wide
application in different fields such as medicine, analytical, catalytical, microbial growth factors
,tumor inhibitors etc .How ever there is no significant attempt appeared in literature for the synthesis
of metal complexes derived from ninhydrin and thiosemicarbazide. In view of this, it was aimed to
synthesis Cu (II) complexes derived from ninhydrin and thiosemicarbazide. It was also aimed to
elucidate the structure of Cu (II) complex. .It will be of interest to study the reaction between
ninhydrin and thiosemicarbazide and examine whether the reaction is straight forward 1:1 Schiff
base formation or of 1:2, 1:3 stoichiometry or a cyclization product formation is possible. It will also
be a worthwhile investigation to understand the complexing or chelating ability of the product
formed. In view of the versatility of Cu (II) ion in its structural characteristics it is aimed to attempt
the synthesis of Cu (II) complex using the product between ninhydrin and thiosemicarbazide

Analytical, spectral (IR, 'H NMR, "*C NMR, UV-Vis, Mass), AAS, conductance and magnetic
susceptibility studies will be appropriately applied for the characterization of the ligand and the
Cu(II) complex.
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2. Experimental

2.1. Chemicals

Most chemicals used in the investigation were of AnalaR grade. The salt used was
CuCl,.6H,0. Other chemicals include ninhydrin,thiosemicarbazide AgNOs. Absolute ethanol,
absolute methanol, tetrahyderofuran, dimethylsulfoxide(DMSO), dimethylsulfonamide (DMF),
HNOs,acetonitril,petroleum ether, acetone, chloroform, distil water, deionized water, deutrated
DMSO, D,0O water were also used as a solvent . Nitric acid and ammonia solution were also

used.

2.2 Instrumentation and method

Electronic spectra of the compounds were recorded in solution (107) using supertonic Genesys
2PC UV-VIS spectrometer with alcm cell at room temperature. Melting points /decomposition
temperatures of the products were determined on BUCK MODEL SCIENTIFIC 210VGP
digital melting point apparatus. Infrared spectra were recorded on a perkin Elmer spectrum BX
FT-IR spectrometer in the range of 4000-400 cm™ in KBr medium.

'H and "C-NMR were recorded on BRUKER Advanced 400 MHZ Spectrometer with TMS
internal reference in DMSO-ds, Mass spectrum of the ligand was recorded on FINIGAN high
temperature insertion probe instrument. The sample was ramped from RT up to 300 °c Molar
conductivities of the complex in a mixture of acetnitrile and methanol was recorded at room
temperature with freshly prepared 0.39 mM solution using JENWAY 4330 conductivity and
pH meter. Metal content of the complex was determined using a Flam Atomic Absorption
Spectrometer. Magnetic susceptibility measurement of the complex in the solid state was
carried out on MSB-AUTO (Sherwood scientific). Chloride from the samples was determined
as AgCl by gravimetric method using standard methods. The purity of the ligand and the

complex was also tested by thin layer chromatography.
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2.3 Synthesis part

2.3.1. Synthesis of the ligand

To a hot ethanol solution of thiosemicarbazide (0.255 gram or 2.5 mmol ) 0.5 gram (2.5 mmol
) of an ethanol solution of ninhydrin was added .The resulting solution was stirred for 12 hours
by magnetic stirrer. The whitish yellow precipitate was filtered off using suction and washed

with cold ethanol. Finally the product was dried and stored in desiccator.

2.3.2 Synthesis of the Cu (llI) complex

To a hot magnetically stirred absolute ethanol (30 ml) solution containing 1.5 mmol of the
ligand, 0.75 mmol of CuCl, .6H,0O dissolved in 20 ml of ethanol was added. The resulting
solution was then stirred for six hours and allowed to stand over night .The green precipitate
was filtered off under section and then washed with cold ethanol, dried and stored in

desiccator.
3. Results and discussion

3.1 Physical characteristic of the ligand

Some of the physical properties of the ligand are listed in Table 1. The ligand is soluble in
DMSO, DMF, acetonitrile, warm methanol and hot ethanol. However, it is insoluble in water
and in most non-polar solvents like diethyl ether, petroleum ether, benzene, nitrobenzene,

dioxane

Table 1 Some physical properties of the ligand

compound | Mol. Mol.
formula Weight | Appearance color Melting Yield
(g/mol) (decomposition) | %
Point
ligand CioHoOoN3 S | 251 microcrystaline | Whitish 197-200 0 ¢ 55
yellow
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3.2. Spectroscopic result of the ligand

Since the reaction was carried out in one to one (1:1) molar ratio, theoretically the following

structures can be expected.

(0]

(0] S

. i

” N —NH —C—NH,

N —NH —C—NH,
OH
HO
(6]
A

B
o)
o)
——N
I
s—=cC HO o—c¢C
HO \NH2 HS/ \NHZ
C D

Figure 7 Theoretically expected structures

Spectral studies (IR, NMR) indicate a 1:1 condensation between ninhydrin and
thiosemicarbazide with subsequent cyclization resulting in a new ON heterocyclic system
appeared to the condensed ninhydrin function. The most likely mechanism of its formation is

shown in scheme 11.

3.2.1. Infrared spectral studies.

The Infrared data are given in Table 1 and the spectrum is attached on appendix 1.The strong
bands observed at 3320 and 3274 cm’ in the free ligands have been assigned to L(NH,)
asymmetrical and symmetrical stretching frequencies respectively. As it can be seen on the
spectrum the weak band at 3421cm™ may be due to OH stretching. This band has similar
feature to the OH stretching of the ninhydrin attached on appendix 2. The presence of this
group further supported by "H NMR spectrum. The presence of the hydroxyl group was also
supported from the weak bands at 720 and 1378 cm™ assignable to out of plane and in plane
bending respectively. The strong band observed at 3122 cm™ has been assigned to NH

stretching. L(SH) appears as a weak band at 2741 cm’.
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The absorption band at 1720 cm™ is attributed to the C=0 stretching of the exocyclic carbonyl
group remained in the ninhydrin moiety. Free ninhydrin shows three bands in the C=0O
stretching region: 1768, 1754, 1720 cm™ The 1754, 1720 cm’' bands are characteristics of it’s
1, 3-dicarbonyl functional groups and the 1768 cm™ band is characteristics of the intermediate
carbonyl in the tricarbonyl species which is in equilibrium with the dihydroxy species.”” In the
synthesized ligand only one absorption band is observed in the free ninhydrin C=O stretching
region, which shows the derivitization or conversion of the two carbonyl groups. A number of
bands in the range of 1648-1467cm™ in the spectra of the ligand are assigned to C=C and C=N
stretching. The stretching frequencies such as 1289, 1249,1195,1168,1110 cm’! may be
contributed from v(C-N), v(C-O) of the alcohol and v(C-O-C) of the cyclic ether.

Table 2 Selected vibration bands (cm™) of the ligand and its copper (1) complex.

Chemical Stretching /bending frequencies in cm™
groups. Ligand Cu (I) complex.
v(NH2) 3320 3204
3274

v(OH) 3421 3409
v (NH) 3122 3109

v (C=0) 1720 1707.91
L(C-N)+v(C-0O)+ 1289,1249,1195,1168,1110. 1298,1238,1208,1122
v (C-0-C)
5(OH) 720,1378 719,1395
v (N-N) 1009 1025

v (S-H) 2741 2741
d(CH) 772 772
v(C=C)+v(C=N) 1600,1648,1500 1601,1517.
v (C-5) 686 680
Cu-O, Cu-N - 500,666
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3.2.2 'Hand ®C NMR spectra studies

Both 'Hand °C NMR spectra of the ligand were recorded in  DMSOds.

Table 3 lists the "H NMR chemical shifts of the ligand. The assignment is also supported by
the two dimensional NMR spectroscopy techniques. From the proton NMR spectrum there
are nine protons with different chemical shift. The HSQC data which is helpful to assign the
proton is given on Table 4 and appendix 4. The data indicates the type of proton attached to
each carbon atom®. From the spectrum there are only four protons directly attached to four
carbons. Hence there are a total of nine protons the remaining five protons are attached to

oxygen, nitrogen and sulfur.

Table3 'H NMRdata of the ligand

Type of Number o0 H NMR/ppm Appearance
proton of proton

OH 1 10 singlet

NH 1 7.0 singlet
NH, 2 4.5 singlet

SH 1 7.3 singlet
Hof C-5 1 7.8-7.85 doublet

H of C-6 1 7.90-7.86 triplet

H of C-7 1 7.65-7.60 triplet

H of C-8 1 7.80-7.75 doublet
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Table 4. HSQC data of the ligand.

Carbon Chemical shift Proton chemical shift and
number appearance
C-6 137 7.90-7.86 (Triplet)
C-7 131 7.65-7.60 (Triplet)
C-8 125 7,80-7.85 (Doublet)
C-5 123 7.80-7.75 (Doublet)

As it can be observed from the DEPT "°C spectrum (appendix 6), there are four CH carbons.
The four CH carbons are assigned for C-5, C-6, C-7 and C-8 of the aromatic or benzene ring
carbons. There for the protons appeared in the HSQC spectrum are protons of the benzene
ring. Specifically based on the HSQC data 6 = 137 is assigned for C-6, 6 = 131 is assigned for
C-7, 8 =125 is assigned for C-5 and ¢ = 123 is assigned for C-8. The remaining protons which
are not attached to carbon atoms are assigned in the following manner. The singlet at 6 = 10 is
may be due to the OH proton, the singlet at 6 = 4.5 is assigned for the two protons of NH, and
the peaks at d = 7.0 and 7.3 are assigned to N-H and S-H respectively. The peaks at 6=4.5,
7.3, 7.00 and 10 were disappeared from the D,O exchange spectrum (appendix 5). This

confirms that the protons were attached to O, N, S and they easily exchanged with deuterium.

From "*C NMR (Table 5 and appendix 7) there are ten carbons in different chemical shifts.
The four carbons at 6 =137, 131, 125, 123 are already assigned from the Dept Bc spectrum and
they belong to proton bearing carbons of the benzene ring. In addition to this, there are six
additional quaternary carbons. From the spectrum & = 194 is assigned for C-3.This carbon is
the carbonyl carbon remained at the ninhydrin moiety. The 6 = 150 and 6 = 132 are assigned
for C-4 and C-9 of the benzene ring respectively. The peak at 8 = 179 is assigned for C-2 and
this carbon is the azomethine carbon. The peaks at 6 = 90 and 87 are assigned for C-10 and C-1
respectively. The formation of the two peaks at lower chemical shift may be due to the
presence of two aliphatic quaternary carbons due to the nucleophilic attack of one of the

carbonyl group of the ninhydrin by water followed by intermolecular cyclization reaction.
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The assignment is also supported by the HMBC (Hetronuclear Multiple Bond Coherence)
technique which is important to determine long range 'H - "*C correlation or coupling®. The
HMBC data and spectrum are given in Table 6 and appendix 8. From the spectrum, except
one proton having d = 7.30, all protons have correlation with two and three carbon atoms in the
compound. From the spectrum the protons at a & = 4.5 which is assigned for NH; has
correlation with the azomethin carbon (C-2) and the aliphatic carbon (C-10). The NH proton at
d = 7.00 has also correlation with the aliphatic carbon (C-10), the benzene carbon (C-4) and the
azomethine carbon (C-2). The OH proton has also correlation with two quaternary aliphatic
carbons (C-1 and C-10) and the azomethin carbon (C-2). Especially the presence of correlation

between OH and the two aliphatic carbons may be due to the presence of bond between them.

Table 5 *C NMR data of the ligand.

Type of carbon Number of carbons 8 °C NMR/ppm
C1 1 87
C2 1 180
C3 1 190
C4 1 150
Cs5 1 123
C6 1 137
Cc7 1 131
C8 1 125
C9 1 132
C10 1 90




Table 6 HMBC data of the ligand.

Proton chemical shift Chemical shifts of correlated carbons
7.65-7.60  (triplet) 132,137,125

7.86-7.90  (triplet) 123,150,137

7.75-7.80  (doublet) 190,150,137

7.80-7.85  (doublet) 131,132,87

7.00 ( singlet) 90,179,150

4.5 (singlet) 90,179

10 (singlet ) 87,90,179

7.30 ( singlet) -

Generally based on the spectral data structure A is not preferable due to the presence of only one

carbonyl group from the IR and the asymmetrical nature of the carbons and protons from the NMR

spectra. Again structure B is not appropriate due to the absence of N-H and S-H protons in the

structure. These protons are appeared in the proton 'H NMR spectrum. Structure C is also not

appropriate due to the presence of two aliphatic carbons in the *Cspectrum. How ever structure D

agrees with both the NMR and IR data. There for the most likely structure of the ligand is shown in

the following figure.

HO

N
SNH

0—1()C:—NH2

SH

Figure 8. Structure of the ligand
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Based on the spectra data the following mechanism is proposed for the formation of the

ligand.
1% o
OH -H,O
—_—
—— o
OH
© o
H,NNHCSNH,
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N —NH —C—NH, || +H,O
~— N —NH —C—NH,
HO ?‘
H o .
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(@]
—N
©¥ \N —H
Ho /

O —C——NH,
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Scheme 10 . Proposed mechanism for the formation of ligand.

3.2.3 Mass spectrum of the ligand

As can be observed in the mass spectrum of the ligand m/z=251 corresponds to the molecular
ion peak. The peak at M+1 (m/z=252) shows the presence of isotopic carbon and nitrogen. The
peak at m+2 (m/z=253) shows the presence of isotopic sulfur and oxygen. From the spectrum
the base peak is m/z=104. The base peak can be formed from the molecular ion in different
ways. The following partial fragmentation pattern can be involved for the formation of

different peaks.
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H
H
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Scheme 11 Partial fragmentation pattern of the ligand.

In addition to the above partial fragmentation pattern, the peak at m/z = 233 (m-18) may be formed
by the removal of water from the cyclic ether oxygen and the hydroxy group. The peak at m/z =217
(m/z = 233-16) may be formed by the loss of NH,.The peak at m/z = 192 (m-59) may be formed by
the loss of CSNNH. The peak at m/z=176 (m/z = 192-16) may be formed by the removal of NH;
.The other peak at m/z = 132 (m/z = 176-44) may be due to the loss of CO,.

3.3 Characterization of Cu (ll) complex

3.3.1 Physical characteristics

Some of the physical characteristics of the Cu(II) complex are listed in Table 7.

In addition to these properties the compound is soluble in DMSO and in an equal molar ratio
mixture of acetonitrile and methanol. However, it is insoluble in water, ethanol, methanol and
in most non polar solvents. More over the synthesized metal complex is not completely soluble

in cold concentrated nitric acid
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Table 7 some physical properties of the Cu (11) complex

compou | Mol. Mol.
nd formula Weight | Appearance | color Melting Yield %
(g/mol) (decomposition)
Point
Cu(II) CyoH1306Ng 637 microcrystal | Pale 232-235 0¢ 45
complex | S,CuCl, green

3.3.2 Analytical data

3.3.2.1. Metal estimation by (AAS)

The percentage of Cu (II) in the complex was found to be 9.30.This is close to the calculated value

and agrees with the proposed metal to ligand ratio of 1:2.
3.3.2.2. Chloride estimation

The percentage of chloride in the complex was found to be 10.71.The value agrees with the

calculated value

Table 8 Metal and chloride content of Cu (11) complex

%Cu(Il) % of Cl

complex | Calc. | found | Calc. | found

Cu(II)L, | 10.04 |9.30 | 11.01 |10.71
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3.3.3. Infrared spectra

Comparison of the infrared spectra of the ligand and the Cu (II) complex is important to know
the groups coordinated to the metal. The strong absorption band observed at 1720 cm™ in the
ligand has shifted to 1707 cm™ in the complex. This is attributed to the involvement of the
ninhydrin carbonyl group in the complex formation.*'. 1648, 1500 cm™ bands are completely
modified, and the complex IR shows distinct down ward shift of 1648 cm™ band which is
merged with the band at 1600 cm™ .There is also a positive shift in the 1500 cm™ band to 1516
cm™ .These features can be correlated with the involvement of heterocyclic ring nitrogen

corresponding to azomethin group in coordination.

The N-H band observed at 3122 cm™ in the ligand is shifted to 3109 cm™ in the metal complex.
The NH, symmetrical stretching frequency also shifted from 3273 to 3205 cm™.The weak and
broad peak observed at 3409 cm™ may be due to the over lap of NH, asymmetric stretching

frequency and the O-H stretching frequencies.

The stretching frequencies of C-N + C-O +C-O-C in the region of 1289 to 1110 cm-' showed
positive shift by 10 to 15 cm™. The v (N-N) also showed a change of 16 cm™ in the complex.
This also confirms the coordination of the azomethin to the metal'™ *. There is no significant
change for the S-H stretching frequencies between the ligand and the complex. The presence of
the S-H stretching in the ligand and the complex with out significant change indicates the
absence of coordination between the metal and the sulfur. The new bands at 667 and 500 cm™

in the metal complex are assigned to Cu-N and Cu-O stretching respectively.

Generally, in addition to the shift of the carbonyl and the azomethin stretching frequencies, the
presence of the new bands in the spectra of the metal complex are evidences for the formation
of the expected product. Based on the IR data it is proposed that the ligand behaves as a neutral

bidentate ON donor involving the carbonyl oxygen and the azomethine nitrogen.
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3.3.4. Conductivity data

The specific conductance of the copper complex was determined by using JENWAY 4330
conductivity and pH meter. The solution was prepared by dissolving 0.01 gm of the metal
complex in 40 ml solvent, which was prepared by mixing equal volume of methanol and
acetonitrile. The molar conductance of the complex is derived from the specific conductance

by the following formula.

A =k x1000 /C .Where k=specific conductance C=concentration,

A=molar conductance.
The measured k value is 90 (uS/cm)
By using the above formula the molar conductance is calculated as 229 Scm’mole™ The
molar conductance value reveals the Cu (II) complex dissociates in the prepared solvent
and behaves 1:2 electrolytes. From the quantitative chloride determination the
synthesized compound has two chloride ions. Since the compound behaves 1:2

electrolytes, the two chlorides are found in the outer sphere the Cu(Il) complex

3.3.5 Magnetic susceptibility

The magnetic susceptibility data is crucial to know the magnetic properties of the complex and
the number of unpaired electrons on the metal ion which can correlate with the complex. The
effective magnetic moment of the complex was calculated using the formula peff = 2.824
(XmT)"* where Xm is the molar susceptibility . The molar susceptibility is derived from the
gram susceptibility by the following formula.

Xm= Xg .Mwt.

Where Xm=molar susceptibility, Xg=gram susceptibility,

Mwt=molecular weigh of the complex.
The Cu (II) complex has a magnetic moment of 1.85 B.M indicating that it has one unpaired

electron and consistent with square planer geometry around the central metal ion.
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3.3.6. The electronic spectra

The electronic absorption spectra are often very helpful in the evaluation of results furnished by
other methods of structural investigations. The electronic spectra measurement is used for assigning
the type of coordination of metal ions in the complexes based on the position and the number of d-d

transition bands.

The electronic spectra and data of the ligand and the Cu (II) complex are given in table-9 and
appendixes 10. The electronic spectrum of the ligand was recorded in DMSO and methanol. But the
Cu (II) complex was recorded in DMSO. The ligand shows two bands both in DMSO and
methanol. The bands in methanol are well resolved. In DMSO the bands are appeared at 254 nm
(39370 cm™ ) and 350 nm (28571 cm™). The band at 254 nm (39370 cm™) is assigned to m—n"
transition of benzene moiety and the band at 350 nm (28571 cm™) is assigned for n—n" transition of
the carbonyl and /or azomethine group*'. The Cu (II) complex shows some common bands of the
ligand at 269 nm (37174 cm™) and 369 nm (27100 cm™") .The d-d transition of the complex was also
recorded in visible region by concentrating the solution (appendix 12). The broad band in the
region of 850-550 nm (11764-18184 cm™) with maximum absorbance at 679 nm (14727 cm™) is
assigned to a merges of “Bjg— “Eg, “Big— *A,g transition in square planer geometry. The very

weak band appeared at 918 nm (10893) may be “B;g—>’B,g transition in square planer geometry.
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Table 9 Electronic spectral, magnetic moment and molar conductance data

compound A max. 1N NM Assignment | Magnetic | Molar
of moment | conductance
In In DMSO transition. (B.M) (Scm2 mole™!
methanol
Ligand 295, 345 254 - - -
350 n-m
Cu(I) 269 n-—-7 1.85 229
complex
369 n-m
679 d-d
918
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4. Conclusion

Copper(II) complex has been synthesized from the ligand derived from thiosemicarbazide
and ninhydrin. Because of both condensation and cyclization reactions taking place
simultaneously instead of the expected ONS tridentate ligand an ON bidentate ligand was
formed. Based On the analytical and spectroscopic data, it is concluded that ligand

behaves as an ON neutral bidentate and square planer geometry has been proposed for the

copper (IT) complex with the formula [CuL,] CL.

The proposed structure of the complex is given in fig.8.

HN——C——0O, HO

OH O

Figure 9 Proposed structure of the Cu(ll) complex.

Cl,
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Appendix 1: IR spectra of the ligand
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Appendix 2: IR spectra of ninhydrine

583

554

50 ]

3752.25

45 | 14.0

60
40 |

35 | 2032.10

304 147343

%T

798/

427.10

25 |

1339.

20 4

| 43.74
86.93

1293.24

15 | 582.02

636.08
012.9

1386.74 1000.08§

10 |

1592.06
3086.94 1748.35 1184.91

3234.59

1718.19 52.37

1062.72941.71 740.32

04 As-01
-1.8

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0
cm-1

35



Appendix 3: 'H NMR  spectrum of the ligand
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Appendix 4: HSQC- spectrum of the ligand.
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Appendix 5: .D,0 exchange NMR spectrum
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Appendix 6: Dept "*C spectrum of the ligand
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Appendix 7 : °C NMR spectrum of the ligand
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Appendix 8: HMBC spectrum of the ligand
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Appendix 9: Mass spectra of the ligand
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Appendix 10: IR spectrum of Cu (II) complex.
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Appendix 11: Electronic spectra of the ligand and Cu (II) complex
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Appendix 12: Electronic spectra of Cu(Il) complex the in concentrated solution.
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