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ABSTRACT

Phenyl amino acetic acid ethyl acetoacetate-2-ylmethylene hydrazone
(PAAEH) anditsMn(l1), Fe(111), Co(I1), Ni(ll), Cu(ll)and Zn(l1) complexes
have been synthesized and characterized by elemental analyses, IR, VIS-UV,
electrical conductivity, magnetic moment and thermal analyses(DTA, TGA).
All of the investigated complexes are mononuclear. The ligand behaves as
di- or tridentates mono or dibasic acid in mononuclear complexes. Density
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Functional Theory (DFT) cal culationsindicated that the diketo forms are the
most tautomers and the agreement between the cal culated and experimental

frequenciesis very good.

INTRODUCTION

The chemistry of hydrazonesand their metal com-
plexeshavecrested great interest and enthus asm among
chemistsbecauseof their anaytical, industria and bio-
logica application®?. B-DiketoneHydrazonederivatives
areknown to act asgood chelating agents*™ and show
immenseantitumor activity!®9, Thesecompoundsand
their metal complexes are used as antituberculosis
agents'”, Furthermore, some hydrazones are used as
quantitativeanaytica reagents, especiadly incolorimetric
and fluorimetric determination of metd iong#%9, Hydra
zone complexescould be of mono-, di-, or multinuclear
nature. Continuouseffortsto synthes zeand characterize
new hydrazonesand relevant meta complexesfor ava
riety of metdl ionsaredevotedin attemptstofind ligands
and complexesof potentia bioactivity. Our objectivein
thiswork istwofolds. First to shed somelightintothe
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tautomeric equilibrium of the Phenyl amino acetic acid
ethyl acetoacetate-2-ylmethylene(PAAEH) ligand both
inthegasphaseandin DM SO us ng quantum chemica
caculations. Secondly toinvestigatetheinteraction of
PAAEH withthetitlemetd ionsso asto study their dif-
ferentid stoichiometricratio. Asthebioactivity sudy is
beyond the scope of the current work, it isalso our hope
for biologigtstofind thesetargeted ligand and complexes
aspromising activespecies.

MATERIALSAND METHODS

Experimental

Reagent grade chemica swereused. Thedementd
analyseswereperformed at the Micro anaytical unit,
Cairo University, Egypt. Standard methodswere used
for determiningthemeta ions. IRand UV —VIS spectra
wererecorded using aPerkin-Elmer 598 and a Lambda
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4B-UV-VIS spectrophotometers. 'HNMR spectrain
DM SO recorded using Varian EM-390, 90- MHzNMR
spectrometer. Molar conductancewas measured on a
Bibby conductometer using 102 M in DMF, DTA and
TGA. Andyseswerecarried usng Shimadzu TGA-50
insrumentsunder nitrogen atmosphere.

A mixtureof equimolar amount of (0.01 mal) aniline,
ethyl chloro acetate and sodium acetatetrihydratein
20 ml of absolute ethanol wasrefluxed for 3hrs. The
solid so obtained wasisolated and crystallized from
ethanal togiveethyl anilino acetate. A mixtureof equimo-
lar amount of ethyl anilino acetate and hydrazine hy-
dratewas stirred magnetically at 60°C for 1h.A white
solid so obtained wasisolated, dried and dissolved in
ethanal (20 ml) and then treeted with ethylacetocacetate
(0.01 moal). Thereaction mixturewasrefluxing for 2
hrs. Theresulting product wasfiltered off and crystal-
lized from ethanol and dried under vacuum P,O, . Al
complexes were prepared by mixing Ni(ll), Co(ll),
Cu(I) Zn(I1) and Fe(111) chlorideand nitrate saltswith
theligandin (1:1) (M:L) stoichiometriesinca.50 ml
EtOH and tirring for 5 hrs. The precipitated products
wereremoved by filtration washed severa timeswith
EtOH and driedinvacuo over P,O, .

M ethods of quantum chemical calculations

All dectronic structureca cul ationswere performed
usingthe Gaussian98W suiteof programs®. Geometry
optimizationsfor seven tautomersof PAAEH havebeen
performed usng Dengty Functiond Theory (DFT) a the
B3LY Pleve?2 ysing 3-21G(d) basissets. Transition
states between themost stabl e tautomershave beenlo-
cated. For each stationary point, we carried out vibra-
tiona frequency ca culationto characterizetheir nature
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asminimaor transtiongaes Thevibrationd modeswere
examined by using the ChemCraft program. Vibra-
tiond andysesindicated that dl tautomersareminimaon
the potentid energy surfaceof PAAEH (dl eigenvaues
of theforce-constant matricesare postive). For trans-
tion gates, onenegetivee genvauehasbeenfoundinthe
Hessanmatrix. Zero-point vibrationa energies(ZPE’s)
wereevauated and retrieved from frequency calcula-
tions. Theoretica energiesrefer to motionlessstateand
correctionfor ZPEisneededto get OK energies.

Energies were further refined at the B3LY P/6-
31+G(d) level using geometriesoptimized at B3LY P/
3-21G(d). Solvation in DM SO has been modeled at
theB3LY P/6-31+G(d)//B3LY P/3-21G(d) level using
the Polarized Continuum Mode (PCM) of Tomas and
coworkers?,

RESULTSAND DISCUSSION

Theanaytica and spectra dataof PAAEH andits
complexesaregivenin TABLES1, 2,and 3. The'H
NM R spectrum of theligand in DM SO at room tem-
perature showed signalsat 9.51%9 and 8.8 ppm for two
NH groups. Also multiplet signasof aromatic protons
appeared at 6.6-7.5 ppmi?1. The triplet and quartet
signals appeared at 3.3 and 1.3 ppm are assigned to
CH, and CH,, of the ester group. The spectrum aso
showed signals at 1.8 ppm?® and 4-4.5 ppm due to
CH, and CH, groups

ThelR spectrum of theligand (TABLE 2) showed
a strong bands at 3393, 3180 and 3032 due to two
v(N-H) and v(C-H) vibration respectively. Theband
at 1736 and 1674 cm* isassigned to the two group of
v(C=0)*, A strong band observed at 1607 cm* cor-

TABLE 1: Elemental analysisof theligand and itscomplexes.

C%

H % N % Cl % M %

NO. Compound Color M.wt m.p. °C
Found calc. Found calc. Found calc. Found calc. Found calc.

(HiL) p.yellow 277 611 607 75 69 162 152 - - - - 235
C-1 [HLFeCl] Cl.4H,0 dbrown 476 359 353 48 54 87 88 152 149 104 118 >310
C-2 [HLCoCI.2H,0] H,0O gray 424 406 396 51 57 110 100 87 84 145 139 >310
C-3 [HLNi.3H,0]CI.3H,0 Yellow 4782 356 351 59 62 79 88 83 74 118 123 >310
C-4 [HLCuCI] H,O Brown 393 430 427 47 51 102 112 103 106 17.0 16.1 >310
C-5 [(HL),Zn.2H,0] 2H,0 p.yellow 6895 495 490 52 61 123 122 102 95 >310
C-6 [H.L Ni.3H,0] (NO;),H,O green 5317 317 314 49 51 129 132 - - 11 108 >31
C-7 [HL CuH,0] NO; H,O Brown 4375 385 384 45 50 123 128 149 145 >310
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TABLE 2: Important | R spectral bandsof theligand and itscomplexes.

NO. Compound Vo VNHCH i k‘ét:c;)ne hyd‘;:;ide Vean VNN Vm-0 VM-N
3393 (9)
(HsL) 3180(S) 1736(S) 1674(S) 1607 (S) 1032 (9)
3032 (9)
C-1 [HLFeCl] Cl.4H,0 3000-3400 (br) 1720 (9) 1589 (S) 1100 (m) 521 (m) 430 (m)
C-2 [HLCoCI.2H,0] H,0 3261 (br) 1605 (S) 1551 (S) 1115(m) 512 (m) 430 (m)
C-3 [HLNi.3H,0]Cl.3H,0 3100-3400 (br) 1603 (S) 1560 (S) 1098 (m) 516 (m) 420(m)
C-4 [HLCuCI] H,O 3200-3300 23;:) Evn\:; 1724 (9) 1600 (m) 1098 (m) 511 (m) 430 (m)
C-5 [(HL)2Zn.2H,0]2H,0 3327 (9) - - 1552 (S) 1103(S) 510 (w) 430(m)
C-6 [H.L Ni.3H,Q] (NOs) ,H,0 3440 (br) 1710 (m) 1627 (m) 1590 (m) 1100 (m) 514 (m)
C-7 [HL CuH»QO] NOs H,0O 3214 (br) 1640 (m) 1600 (m) 1100 (m) 507 (m)

TABLE 3: Electronic spectra, conductivity and magnetic momentsof theinvestigated complexes.

NO. Compound Dnax,NM Am, 18 (Btl.i;l)
C-1 [HLFeCI] Cl.4H,0 344,310,304,290,250 42.3 4.7
C-2 [HLCoCl.2H,0] H,O 391,350,331,310,303,274,240 13.9 51
C-3 [HLNIi.3H,0]Cl.3H,0 413,350,341,310,302,275,242 81.5 2.3
C-4 [HLCuCI]1 H,O 351,344,310,303,289,255 20.3 1.97
C-5 [(HL)2Zn.2H,Q] 2H,0 369,350,303,289,243 5.0 Dia
C-6  [H2L Ni.3H20] (NO3) 2H20 600,410,309,302 168.3 24
C-7 [HL CuH20] NO3 H20 530,420,308,301,251,211 73.6 2.2

respondsto v(C=N) vibration*?. The band appeared
at 1032 cm?isassigned to v(N-N) vibration2634,
Depending onthesedatathefollowing structureis

uggest
?I
@—NH‘CHyC—[}]H /Me

N=—C

(HaL)

Optimized structuresof seven different PAAEH tau-
tomersand reated trangition satesaredisplayedin Fig-
ures 1 and 2. The corresponding total and relative en-
ergiesarecollected in TABLE 4. Vibrational frequen-
ciesfor dl tautomersaregiven assupportinginforma
tion. Quantum chemical calculationsbothinthegas
phaseandin solutionindicated that the diketo tautomers
| and Il arethemost stableformswith | beingtheglo-
bal minimum. Ontheother hands, dienol forms (VI and
V1) aretheleast stabletautomers and the mixed keto-
enol forms (111, 1V, and V) are of intermediate stability

between thetwo categories. The ca culated vibrationa
frequenciesat the B3LY P/3-21G(d) level agreevery
wdll withthereported experimenta dataafter scaling
the computed values by 0.962 to account for
anharmonicity of theca culated frequencies. Theca cu-
lated IR spectrafor tautomer | are 3342, 3378 cm-*
for thetwo NH bonds, 3098-3058 cm—*for C-H aro-
matic, and 1675 and 1669 cm-* for the two C=0O
groups. Thehigher energy barrier of 42-66 kcal/mol
between themost stableconformsat different levelsof
theory in the gas phase and in DM SO preventstheir
transformeation at temperature range used in the experi-
mental work reported here. Thesefinding confirmthe
existenceof only thediketo forminthegas phaseand
iInDSMO. Theonly way of formingdightly lessstable
tautomers, likel and 111 isonly through tunndlingwhich
isefficient with higher barriersat low temperature.
The analytical and spectral data of the prepared
complexes(TABLES 1, 2, and 3) showed that thecom-
plexesno 1,2,3,4 and 5 areformed in stoichiometric
ratios(M:L) of 1:1 for M=Co(ll), Cu(ll), Fe(lIl), and
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Figurel: Optimized structuresfor | and 11 tautomer sof PAAEH at theB3LY P/3-21G(d) levd.
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Figure?2: Optimized structuresfor transtion satesat theB3LY P/3-21G(d) level.
TABLE 4: Total (E,, au), ZPE (au) and relative (AE, kcal/mol) ener giescalculated for different automersof PAAEH at B3LYP?

Property/species [ I 1] v Y \ Vil TSwv TS TSian®
E/3-21G(d)) -929.71522 -929.72336 -929.70109 -929.68811 -929.67586 -929.63480 -929.64488 -929.60081 -929.61765 -929.64989
ZPE/3-21G(d)) 032332 032456 0323212 032223 032259 032122 032172 03176 031774 031879
Haoe/3-21G(d)) -929.37038 -929.37774 -929.35658 -929.34422 -929.33167 -929.29187 -929.28321 -929.29991 -929.30991
AE, 13-21G(d)) 0 -4.34 8.79 16.32 24.24 49.14 4313 68.20 57.72 42.48
AHa/3-21G(d)) 0 -4.62 8.66 16.41 24.29 49.27 68.20 57.72 4256
AE,/3-21G(d)) 0 -5.11 8.86 17.01 24.70 50.47 44.14 7179 61.23 46.11
EJ/(6-31+G(d)//3-21G(d)) -934.88671 -934.88501 -934.86764 -934.85798 -934.84760 -934.80502 -934.80551 -934.77100 -934.77895 -934.81185
AEJ(6-31+G(d)//3-21G(d)) 0 0.50 11.96 18.03 24.54 50.70 50.95 72.61 67.62 46.470
E./(6-31+G(d) (DMSO)//3-21G(d) ~ -934.89594 -934.89393 -934.87403 -934.86354 -934.85928 -934.81713 -934.81676 -934.78240 -934.78987 -934.81773
AE(6-31+G(d) (DMS0)//3-21G(d)) 0 126 1375 20.33 23.00 49.45 49.68 71.24 66.56 47.82
AE, /(6-31+G(d)//3-21G(d)) 0 128 11.89 17.34 2408 49376940  49.94 69.01 64.12 42.85
AE,, (6-31+G(d) (DM S0)//3-21G(d)) 0 2.03 13.68 19.642 2254 48.13 48.68 67.65 63.056 44.20
2E=E_+ZPE; H, (enthalpy)=E,  +nRT,E =ZPE+E _ +E _+E  Pcalculated withrespecttoll.

Ni(I1) or 1:2(M:L) for M=Zn(Il). Molar conductance
indicatesthat the mononuclear Cu(Il) Fe(l1l) and Ni(ll)
complexes are eectrolytesin DMF?8, whereas the
Co(ll) chloried complexes are non-d ectrol ytes.
Theinvestigated metal complexesexhibit changein
v(N-H) and v(C-H) band due to the appearance of
new band at 3400-3000 cm* assigned to v(O-H) of

coordinated water®3, The absence of v(C=0) -
diketoneband in all complexes except complexesno
1,4and 6 indicated that the coordination are formed
through theenol form of 3-diketone part. The negative
shift of the v(C=0) band of hydrazide part indicates
that vC=0) group are coordinated but in complexes
nol, 4,5 and the v(C=0) band of hydrazide part dis-
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appeared and anegative shiftin v(C=0) of B-diketone partisfound. Inall complexesnegative shift are de-

TABLE5: Thermal analysis TGA of theinvestigated complexes

L attice water Coordinated water
NO. Compound wt. loss wt. loss

Temp. rang. m No. of H,0O Temp. rang. m No. of H,0

50-130 47 38
130-200 130 113

C-1 [HLFeCl]Cl.4H,0

Wk Wk

C-2 [HLCoCl.2H,0] H,0 50-130 41 42 130250 87 85 2

C-3 [HLNi.3H,0]Cl.3H,0 50-140 94 113 140-350 203 189  3**
28 22 v -

C-4 [HLCuCI] H,O 100250 150 e e - - -

C-5 [(HL),Zn.2H,0] 2H,0 70-140 46 52 2 140-320 40 52 2

C-6 [HsL Ni.3H,0] (NO3),H,0  50-170 33 34 1 170-300 112 102 3

C-7 [HL CuH,0] NO; H,0 50-100 31 41 1 100-250 202 185 1*

* Loss of Coordinated H,O + aniline ** Loss of Coordinated H,O + HCI
TABLE 6: Thermal analysisDTA of thecomplexes.

No Compound Temp. Assignment
Endo. 70  Lossof one molecule of latt.water
Endo. 200 Lossof three molecule of latt.water
C-1 [HLFeCl] Cl.4H,0O Exo. 375.7 Therma decomposition
Exo. 506.8 Thermal decomposition
Exo. 641.5 Therma decomposition
Endo. 52.7  Lossof one molecule of |att.water
C-2 [HLCOCI.2H,0] H,0 Endo. 170.0 Lossof two mol ecullfeof coord.water
Endo. 449  Therma decomposition
Endo. 700 Thermal decomposition
Endo. 68.1 Lossof three molecule of latt.water
. Exo. 381.8 Lossof three molecule of coord.water + HCI
C-3 [HLNIi.3H,0]CI.3H,0 o
Exo. 430.1 Thermal decomposition
Exo. 495  Therma decomposition
Endo. B55.1 Lossof haf molecule of latt.water
C-4 [HLCuCl] HO Exo. 297  Lossof half molecule of latt.water + HCI
Exo. 504  Thermal decomposition
Endo. 101.9 Lossof two molecule of latt.water
C-5 [(HL),Zn.2H,0] 2H,0 Exo. 370.8 Lossof two mol ecullfeof coord.water+ Thermal decomposition
Exo. 421.4 Therma decomposition
Exo. 524.3 Thermal decomposition
Endo. 50  Lossof one molecule of latt.water
Exo. 296  Lossof three molecule of coord.water
C-6 [H.L Ni.3H,0] (NOs) ,H,0 Exo. 340 Therma decomposition
Endo 391 Thermal decomposition
Endo 444  Therma decomposition
Endo. 50  Lossof one molecule of latt.water
C-7 [HL CuH,Q] NO; H,O Endo. 150 Lossof one molecule of coord.water
Exo. 314  Thermal decomposition
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tected for v(C=N) stretching vibrationswhich suggests
acoordination through nitrogen of C=N group. All
of theinvestigated complexesgive new bandsat (521-
510 cmt)i, (430-420 cmr?) and (330-310 cm'Y) as-
signedto v(M-O), v(M-N) respectively but (M-CI)i34
appearedincomplexeseno 1, 2and 4.

All the complexesdisplay bands around 500 nm
may beassgnedto chargetransfer (CT) trangtionsaris-
ing from metal-ligand interaction (TABLE 3)*1. The
bandsat = 450 and 413-344 nm may be attributed to
n-t*[28 and wt-r+ transitions, respectively, of conju-
gated C=N group®®. The bandsat 302-240 nmwhich
may be attributed to n-r* transition of ketoimine
group®®®. The observed magnetic moment valuesfor
Co(Il) complexesare4.9B.M (TABLE 1). Thesevadue
arewithin the expected range of 4.7-5.2 B.M®# for
octahedral Co(Il) complex also the B.M. values of
Ni(ll) complex 2.3 B.M are accepted for hexa-coor-
dinate octahedral geometries®"*. Themagnetic mo-
ment of copper(I1) complex indicate the presence of
one unpaired electron and square planar d° complex
are expected® and also the values of B.M. of Fe(lI1)
complexesareacceptablefor square planar geometries.

Thethermogravimetric andys sof solid complexes
giveninTABLES5 and 6 showed that dl thecomplexes
arethermally stableup to 60 °C*. The presenceof an
endothermic peak within 60-140 °C# in DTA indicates
the beginning of dehydrationwhichisaccompaniedwith
aweightlossin TGA. Theremoval of coordinated water
mol ecul es takes place at 140-300 °C?¥ and an addi-
tiona welght losswas observed which may beattributed
totheremoval of HCI molecule and appeared asexo-
thermic peekin DTA. The percentageweight lossesand
the number of dehydrated and coordinated water are
listedin (TABLE5). The complexeswereheated up to
800 °C wheremeta oxideswere not reached™.

Based on theelemental, spectophotpmetric anay-
ses(IR, UV-VIS, TGA, DTA) and magnetic moments,
theresulting complexeshavethefollowing structures:

Ph—NH-C=C NH
H I I /CHS
0, N—C
\

\M/ /CHZ n Cl.x H,O
/ J—

cl \o—c\

OC,Hs

"M = Cu+2 and Fe+3, n =0 for Cu+2
X =4 for Fe+3 complex and 1 for Cu+2

Complexesno 1,4

Complexeno7
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H, NH
Ph—NH O ;/N_<
H,O
I/C+ CH 2
OHz  OC,H;s
Complexesno 2
HZC—C—NH
H,O
Ph—NH o i |_<
N/ CI.3H,0
N —<
OHz  OC,Hs
Complexesno 3
(0] Hlil—Ph
J
HN—C—CH,
C,H50 CH
2 5: 20 | 3
/ 2H,0
>=N T 04<
H3C , OHZ OC2H5
Hzc—l(IJ—NH
|
Ph—NH 0o
Complexesno5
Ph=NH-CH,-¢ NH CHs
\¢ / /CHZ (NO3)2H20
7
H,0 T\o=c
OH, OC,Hs
Complexesno 6
Ph—NH—CH;—~——
= NT CHy
|
C/ \
u CH NO3. H,O
AN_Z v
CHZ - \
OC,Hg
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