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ABSTRACT

Seriesof copper (I1) complexes of 2- phenylaminoacetyl-N-phenylhydrazine
carbthioamide (H,L) has been prepared and characterized by elemental and
analyses, IR, electronic spectra, magnetic moment, molar conductance mea-
surements, thermogravimetric analysesand X -ray diffraction pattern. ThelR
data before and after y- irradiation reveal that the ligand behaves as neutral,
monobasic bidentate coordination of copper ion via the carbonyl group or
enolic oxygen group, NH group and thiol sulphr atom group in complex B...
The molar conductance data reveal that the chelates are nonelectrolytes.
From the el ectronic spectra and magnetic moment data, the complexeswere
found to have octahedral and sgquare planar geometrical structures. The
thermal behavior of these chelates before and after y-irradiation induced
more thermal stability after radiation. The X-ray diffraction patterns before
and after y- irradiation suffer partial damage after irradiation.
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INTRODUCTION

Complexesof thiosemicarbazideand 1,4-substituted
thiosemicarbazide are of interest as models for
bioinorganic processes3. Numeroustransition metal
complexesof subdtituted thiosemicarbazides, particularly
the 1,4-subgtituted derivatives have been prepared and
characterized and they have been found to possessa
widevariety of biologica activitiesagang bacteria, fungi
and certaintype of tumors“*?, Acylthiosemicarbazide
containsoxygen, sulphur and nitrogen aspotentia donor
atomsand isliableto deprotonated complexesby lossof
hydrazinicprotonviaendlisatiory thioenolisation. Recently,

new complexesof Cu(ll) and UO,(VI) with N*-[4-[4-
x-phenylsulfonyl benzoyl]-N-butyl-thiosemicarbazide
have been prepared and characterized by andytica and
phys co-chemica tecniques such as magneti ¢ suscepti-
bility, el emental and therma anadyses, eectronic, ESR
and IR spectral studies™™. Among cyclotron produced
radioi sotopes, palladium-103 offersaunique character-
istic of X-ray (20-22KeV) and abundant emission of
outer eectronssuitablefor radio thergpy inform of seeds
for permanentintergtitid inplantg*2%¥, Pdladium-103is
mainly produced by proton bombardment of rhodium
vial®Rh (p,n)**®Pd reaction of cyclotron™. It hasbeen
already shown that Pd thiocarbazone compl exes pos-
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sessinteresting anti-proliferativeeffectson human breast
cancer’>19, Duetointeresting tumor imaging properties
of bis-thiosemicarbazones,[1®Pd]-di-acetyl-bis(N*-
methylthiosemicarbazones), ['*Pd]ATSM.,) was pre-
pared according to the anal ogy of radio copper homo-
logues®™. Reaction of 3-indole carbonal dehyde with
aminothiocarbonyl hydrazinesresultedintheformation
of 3-indolecarboxa dehydethi ocarbazones. Thesynthe-
sized thiosemi carbazoneswere used asligandsinthe
formation of [Pd[TSC] Cl.] complexeswith Pd(I1) metal
ion(H,L) precursor, [Pd(DMSO),Cl.]. Thestructure of
complexeswereestablished by eectronic, IR, HNMR,
BCNMR, FABMSand DTA!S,

Theanalysis of dataavailablein the Cambridge
structural data base!®® has demonstrated that the re-
aultsof theinvestigationsinto thestructureof metal com-
plexeswith HL have been obtai ned for morethan 50
compoundsincluding, for themost part, Ni(I1), Fe(lll,
Co(11), Cu(I1), Zn(I1), Rh (1) and Cd (1) compl exes.
Thecomplexeswhich HL actsasaneutral ligand, X-
Ray diffraction datafor Pt(11) and Pd(I1) complexes
havebeenreported only by Gastadi, Portaand Dorazeo-
Gonzaez et a1, who described the structures of the
[Pt(HL),] SO, and [Pt (HL),)](NO,), compounds al-
though there are numerousworks concerned with dif-
ferent aspectsof their synthesis and determination of
their properties?Y, Interest in these compoundshasbeen
associated primary with the use of thiosemicarbazide
and itsderivativesashiologicdly active compound and
analytical reagent for the Pt (11) and Pd (11)[2223,

New complex of Pd (1) Thiosemicarbazide have
been synthesis and characterized®?. New series of
UO,(VI), Ti(IV), Sn(IV), Zr(IV) and Th(IV) complexes
were prepared, characterized and were measured, in-
vestigated for biologica activity!®!. Thusinthe present
manuscript itisaimed at to study the special and elec-
trica propertiescopper (I1) complexesduetotheir lack
intheliteraturedataand their biological activity.

Abou sekkinaetal .investigated y-pyrolysisof crys-
talline sodium thi osul phate pentahydrate?

EXPERIMENTAL

Materials

Reagent grade chemicalswere used without fur-
ther purification.

= Fuyl] Paper
Preparation of theligand

Theligand 2-phenylaminoacetyl-N-phenylhydrazine
carbthioamide (H,L) was prepared by mixing equimo-
lar amount of desired hydrazide (0.01mol) in 120ml of
absol ute ethanol and phenyl isothiocyanate (0.01mol)
in 20 ml of absolute ethanol?"2, Thereaction mixture
wasrefluxed for 3 hrs. Theresulting product wasfil-
tered off and crystallized from ethanal.

Preparation of themetal complexes

Copper (1) complexes of the ligand were pre-
pared by adding stoi chiometric amount of the copper
(1) acetate, bromide and nitrate in absol ute ethanol
to 2-phenylaminoacetyl-N-phenyl hydrazine
carbthioamide (H,L) in absol ute ethanol inal:1 mo-
lar ratio. Thereaction solution was stirred magneti-
cally at 60°C for 5hrs. Theresulting solidswerefil-
tered off, washed severa timeswith ethanol and dried
under vacuumover P,O, .

M easur ements

Elementa analyses(C, H and Cl) was performed
by Microanalytical unit of the Cairo Univerisity,
Egypt. IR absorption spectrabefore and after gamma
irradiation were recorded using KBr discs and a
Perkin-Elmer 1430 recording specrtrophotometer.
H NMR spectrawere recorded in d®-DM SO using
300 MHz Varian NMR spectrometer. Theelectronic
spectrawere carried out assolution (10*M) in DMF
using a Perkin- EImer Lambada4B spectrophotom-
eter. The molar conductivity measurements were
made in DMF solution (10M) using a Tacussel
conductometer type CD6N. M agentic susceptibili-
tieswere measured at 27°C using amodified Gouy
method with Johnson Mattey balance.
Thermogravimetric analysis(TGA) before and after
gamma radiation were carried out in air using a
Schimadzu(Japan) thermal analyzer at aheating rate
of 10°Cmin?inthetemperature range 25-600 using
platinum crucibles.X-ray powder diffraction before
and after y-irradiation was measured using a
Schimadzu X D-3 diffractometer (Japan) usng CuKa
radiation and Ni- Filter.Energetic y-irradiation ex-
posure was undertaken using ay- Co® unit at atomic
energy establishment AEE at El-Naser City Egypt at
an accumalated dose of 1 Megaradinair.
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RESULTSAND DISCUSSION

Theligand 2-[ phenyl amino acetyl-N-phenyl hy-
drazine carbothio amide(H,L) was confirmed by €l-
emental analysis TABLE 1, infrared TABLE 2 and
'HNMR spectroscopy

TABLE 1: Elemental analysesand molar conductivitiesof the
ligand (H,L) C;H,.N,OSand their copper (1) complexes.

15 16 4

Found

No. Compound Y(i:ecl)(ljo(li;;) |\<|A;)t|. [CaIcH) %,\M (lle/fl)
B H.L F)ale()?bsr)own 300 (gg:i) (g:g) — —
B, [Cu(HL)(OAC).HO] Da’é‘sg)rem 439 (ig:g) (j:g) 19 18
B, [Cu(HL)Br.H,0] %%‘;” 460 (gg'g) (g'g) 28 15
Bs [Cu(HsL)2(NOs):]3H,0 Dar(k7g)ree” 841 (fég) (3% 20 182

Foot notes

B=Beforey-irradiation, A= After y-irradiation
M=molar conductivity ohm*cm?molin 10°M DM F
solution

'H NMR spectra

The 'H NMR spectrum of theligand (H,L) in
DM SO —d° revea ed achemical shift (6/ppm) at 9.7
for N(4)H, N(2)H, N(1)H at 10.0, 9.5 ppm, singlet
at 3.8 ppm and multiplet at 7.6 ppm are attributed to
CH, and aromatic protons. Thereaction of theligand
H_L with different salts of Cu(ll) acetate, bromide
and nitrate produce complexes of the general for-
mulae. [Cu(HL)(OAc).H,O], [Cu(HL)Br.H.O] and
[Cu(H,L)(NO,),]3H.O Thesealrstablecomplexes
are non- hygroscoplc partially solublein most or-
ganic solvents, but freely soluble in DMF and
DM SO. Valuesof molar conductivitiesin DMF (10

3M) solution (TABLE 1) show that the complexes
are non-electrolytes, indicating coordination of the
anionstotheligand®,

S
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Scheme1: Thechemical structureof lagand and copper (I1)
complexes

TABLE 2: Infrared spectral bands(cm™) of theligand (H,L,C,.H, N,OS) and their copper (I1) complexes.

15 16 4

No. Compound v(N4-H) v (N2-H) v(N1-H) v(C=0) v(C=S) v(Cu-N) v (Cu-O)
B HiL 3340(m)  3290(w)  3250(w)  1677(9) 747(s) -
A H.L 3448(br)  3295(w) 3290 (w)  1679(9) 748(s) 510(s) 450(m)
Bl [Cu(HL)(OAc).H,0] 3450(w) 3256(w) - - 692(m) 515(m) 410(w)
Al [Cu(HL)(OAc).H,O] 3450(m)  3260(w) - - 692(m) 510(w) 405(w)
B2 [Cu(HL)Br.H,0] 3428(br))  3288(m) 3185(m)  1602(m) - 504(m) -
A2 [Cu(HL)Br.H,0] 3433(br)  3289(m) 3184 (m)  1602(m) - 502(m) -
B3 [Cu(H.L),(NOs)5]3H,0 3436(br) 3292(s) 3203(m)  -1600(s)  755(s) 506(m) 420(w)
A3 [Cu(H.L),(NOs)5]3H,0 3445(w) 3292(s) 3205(m)  1600(s) 756(s) 502(m) 410(w)
Foot notes

B=before y-irradiation
A=after y-irradiation (1M. Rad.)
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Theinfrared spectra

A study and comparison of the IR spectra be-
foreand after y-irradiation of 2-[phenyl amino acetyl-
N-phenyl hydrazine carbothioamide] ligand (H,L)
and copper(l1) complexesimply that theligandis
bidentatein nature, with carbonyl oxygen and NH,
astwo coordinatessites. The IR spectrum of thefree
ligand showsfive bands at 3340, 3290, 3250, 1677
and 747 cm? assigned to v(N4-H), v(N2-H), v(N1-
H), v(C=0) and v(C=S) respectivly. As ageneral
trend in common after y-irradiation higher energy
(blue shift). General feature of the bands of ligand
(A) after y-irradiation are observed. Asaresult of
y-irradiation broadaning of complex (A) after y-ir-
radiation are observed. Results display that thus
complex(A,) isthe most y-radiation resistant mate-
rid. Since complex(A,)undergoes no noticeablera-
diation damage thusthis material isthe most stable
one. As general feature in common, the bands of
N(4)H, N(1)H and some bands disappear as are-
sult of y-irradiation damage. For complex (A,) the
band of N(4)H weaken by y-irradiation. Thisisdue
to partial damage of material’?.

Electronicabsor ption spectra

The electronic spectral bands of the copper (11)
complexesaswell asthe spectraof theligand in solu-
tionDMFareshowninTABLE 3. Ther - n* trangition
band isobserved at 33000 cm™ for H,L. Comparedto
thefreeligand, inthecopper (11) complexes, thisband
isshiftedtolonger wavelength (Red shift) whichiscon-
sstent with anincreasein the degree of Pi- cloud con-
jugation®, Theelectronic spectraof copper (I1) com-
plex display one broad band at the 15560 cm™ range
duetothe’B, . A, transutl onwith asquare planar
geometryY, the band at 15950, 15960 cm?, assigned
to chargetransfer band.

TABLE 3: Electronic spectra(cm™) of theligand (H,L ) and
their Cu (1) complexes.

Intraligand

Compounds and charge bd'd
ands
transfer
HoL 33000 - -
[Cu(HL)(OAC).H,0] 32250 25710 15950
[Cu(HL)Br.H,0] 32020 25310 15560

—= Fyl] Paper
Themogravimetric analysesdata

The content of acomponent in acomplex changes
withitscomposition and structure. Thuse, thecontent of
such component can be determined base on the mass
lossesof these componentsinthermogravimetric plotsof
thecomplex®33, Therefore, thethermogravimetric anay-
3s(TGA,DTA)(50-800) for prepared complexeswere
recorded to distingui sh between the coordinated and hy-
drated water andto giveaningghtinto thetherma stabil-
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Figurel: Thermogrvimetricanlysisof ligand and copper (11)
complexs
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ity of the studied complexes before and after y-
irradliation. Thermd behaviour of theligand and copper(ll)
complexeswasinvestigated by thermogravimetric Sudy
beforeand efter y-irradiation aslisedin TABLE4. Thus
FHgurelshowsthe TG curvesof theligand and copper(ll)
complexesbeforeand after y-irradiation. Thecorrela
tion betweenthedifferent decomposition sepsof thecom-
plexeswiththe corresponding masslossesarediscussed
intermsof the proposed formulaeof thecomplexes. The
thermogravimetricandysscurveof theligand beforeand
after irradation reved that y-irradiationinduced thermal
stability tothematerid. While TG curveof copper (11)
complexesbeforeand after irradiationreved that thecom-
plex [Cu(HL)(OACc).H,O] decomposedinthree steps,
thefirst step occurred at 210-350 °C with percentage

TABLE 4: Thermogravimetricanalysis(TG) of theligand (H,L,C

after irradiation.

welght lossof 57.8 % dueto alossof coordinated water
molecule, acetateion and phenyl isothiocyanate moiety.
The second and third stepsoccurred a 350-500°C with
apercentageweight lossof 11%and500-700°Cwitha
percentage wei ght loss of 10% respectively dueto the
decompodition of phenylaminoacetyl but after y-irradia-
tionterearethermal stabilization a 500-600°C show that
y-irradiationinduced thermal stability than beforey-irra:
diaion. TABLE4 showsthematerid decompostionmass
lossasoin complexes[Cu(HL)Br(H,0O)] . The TG Plot
of thecomplex [Cu(H,L),(NO,),] .3H,0 thethreemol -
eculesof water of crystallization liberated at 100-220
°C, y-irradiation a soinduced therma stability than be-
foreirradiationasshowninFigurel.

X-ray diffraction patterns

H

15 '16

N,OS) and their copper (1) complexesbeforeand

M ass loss% M ass |oss%
TG/°C Beforey- TG/°C After y-
Compounds irradiation ~ Assignment irradiation Assignment
Before y- After y-
irradiation Cal. (F) irradiation Cal. (F)
150-350 g5 757.2) CHNS 150-340  55.7(57.7) CH.NS
Hl 350620 o0(22.3) Decomp. 350-600 (15.8) Decomp
620-852 ' Decomp. ' '
O30 seserg  TOMCHT 220300 “0) Thermal
7r 14!
[Cu(HL)(OAC).HO] 350-500 8(1)'82 Decomp. 00500 (20) stabilization
500-700 ' Decomp.
HBr HBr
180-220  17.417.7) 200-225
[CU(HL)Br.H,0] 220380  13.2(10.9) H20+ 25300 LA HOGHO
400-620 (66.9) CoHsO 30500 13212 Thermal
' Decomp. stabilization
3H,0+2NOg+
100220 137(116)  3HONO; oo C7H[§’6NC3‘5§]EH 10
[CU(HoL)s(NOg)gJ3H,0 220300 328(357) - NOsCHN 55 15y 466(47)
300-450 (33.5) Decomp. hermal
450-700 (16.3) Decomp 420-600 Therme
’ ’ stabilization

The X-ray differaction patternsof theligand before
and after y-irradiation show that
(& Theidentity of thematerid isgtill reserved.
(b) Displacement of longer interplanar spacings.
(c) Some peaksnewly appeared.
Figure 2 displaysthat in complex Cu(HL)(OAc).H,O
new peaks appear and some peaks weaken and dis-
placed to shorter interplanar spacings?®. Thusthese
due to partia y-irradiation damage™®. Whilein the

complex[Cu(HL)Br (H,0)] show that the X-ray
difraction pattern before and after y-irradiation appear
peaksasinFigure2. Thisdisplay highresistance. Also
inthe complex [Cu(H,L)(NQ,),.3H,0O] show that the
X-ray diffraction pattern beforeand after y-irradiation
appear peaksasin Figure 2. Thismaterial show y-ir-
radiationinduced decreased degree of crystdlinity. This
isaresult of partia y-irradiation damageFigure 2.
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(81)
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Figure2: X-ray diffraction patter n of ligand and copper (11)
complexs

CONCLUSION

Themolecular structures of themateria areevau-
ated. Theinteractionwith energy y-irradiationimproved
thermd stability of materid and spectrd propertieswere
conculoded thefirst time.

REFERENCES

[1] D.X.West, C.S.Carlson, C.PGdloway, A.E.Liberta,
C.R.Danile; Trans.Met.Chem., 15, 91-95 (1991).

[2] D.X.West, C.S.Carlson, C.PGdloway, A.E.Liberta,
C.R.Danile; Trans.Met.Chem., 15, 341-344 (1990).

[3] D.R.Willams; Chem.Rev., 72, 203-213 (1972).

[4] M.A.Ali, S.E.Livingston; Coord.Chem.Rev., 13,
101-103 (1974).

[5] H.GPetering, H.H.Buskik, GE.Underwood; Can-
cer Res., 64, 367-372 (1964).

[6] A.A.Abou-Hussen, S.S.El-Holy, M.Z.El-Sabee;
J.Coord.Chem., 57, 1027 (2004).

[7] K.M.lbrahim, S.I.Mostafa, N.Nawar, Z.A.Younis;
Indian J.Chem., 43A, 2294 (2004).

[8] U.K.Mazmder, M.Gupta, A.Bera, S.Bhattachary,
S.S.Kark, PS.Manikandan; Indian J.Chem., 42A,
313 (2003).

[9] R..Kureshy, N.H.Khan; Polyhedron, 12, 195 (1993).

[10] N.K.Singh, A.Srivastava, A.Sodhi, PRanjan; Trans.
Met.Chem., 25, 133 (2000).

—= Fyll Poper

[11] M.V.Angelusiu, G.L.Almajan; Tudor Rosu,
M.Negoiu, E.R.Almajan, Jenny Roy; European
J.Med.Chem., 44, (2009).

[12] A.S.Meigooni, H.Zhang, C.Perry, S.A.Dini,
R.A.Koona; Appl.Radiat.Isot., 58, 533 (2003).

[13] T.Sherertz, K.Wallner, GMerrick, W.Cavanagh,
W.Butler, D.Reed, L.True; Cancer, 10, 301 (2004).

[14] S.Sudar, F.Cserpak, S.M.Qaim; Appl.Radiat.Isot.,
56, 821 (2002).

[15] S.Padhye, Z.Afrasiabi, E.Sinn, J.Fok, K.Mehta,
N.Rath; Inorg.Chem., 44, 1154-1156 (2005).

[16] J.Chen, Y.W.Huang, G.Liu, Z.Afrasiabi, E.Sinn,
S.Padhye; Toxicol .Appl.Pharmacol., 197, 40-48
(2004).

[17] A.RJdilian, M.Sadeghi, Y.Y.Kamrani, A.Bahrami;
Iron.J.Radi.Res., 4(1), 41-47 (2006).

[18] K.Husain, A.R.Bhat, A.Azam; European J.Med.
Chem., 43, 2016-2028 (2008).

[19] F.H.Allen; Acta Crystallogr., Sect.B: Struct.Sci.,
58(3-1), 380 (2002).

[20] L.Gastaldi, PPorta; Cryst.Struct. Commun., 1, 353
(1972).

[21] R.A.Haines, K.K.W.Sun; Can.J.Chem., 46, 3241
(1968).

[22] E.B.Sandéll; Colorimetric Determination of Traces
of Metals (Interscience, New York, 1959; Mir,
Moscow), (1964).

[23] SHuszd, JKowaska, M.Krzeminska, J.Goli_mowski;
Electroanalysis, 17(4), 299 (2005).

[24] Y.A.Simonov, M.D.Revenco, P.N.Bourosh,
P1.Blumage, M .Gdaniec; Crystall ography Reports,
54(5), 846-851 (2009).

[25] S.A.Aly, T.I.Kasher, M.A El-Mogy; Egypt, J.Chem.,
50(1), 87-95 (2007).

[26] M.A.Sekkina, El-Sayed El-Shereafy, A.Mashaly,
M.El-Ashary; Journal of Radioanalytical and
Nuclear Chemistry, 237(2), 113-119 (1998).

[27] A.M.Ad, W.A EI-Sayed, A.H.A.Aleem, E.SH.EI-
Ashry; Pharamazie, 58(11), 788-792 (2003).
[28] S.PHirmath, J.S.Biradar, S.M.Kudari; J.Indian,

Chem., Soc., 61(1), 746 (1984).

[29] A.W.Ainscough, R.A.Plowman; Aust.J.Chem., 23,
699 (1970).

[30] H.Youhong, |.Zienglu, Z.Yulan, W.Shozu; Syn.
React.Inorg.Met.Org.Chem., 25, 349 (1995).

[31] M.Pulauniandavar, C.Natgjon; Aust.J.Chem., 37,
337 (1985).

[32] T.Hatakeyama, Z.Liu; ‘Handbook of Thermal
Analysis’. Wiley Chichester, UK (1998).

[33] A.S.Al Shihri; Spectro.Chimica.Acta Part A, 60,
1189 (2004).

==  [H01jANIC CHEMISTRY

Au Tudian Journal



