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ABSTRACT :
Divaient 3d metal complexes with formyl-vanilline derivatives, of ihe
type MLg or ML3X5 (M = Cufll), Co(II}; X = CI}, were sythesized by reaction of the
corresponding metal{I1) chlerides with 1-{3'-formy}-4’-methoxy-6'-
hidroxybenzilydene]-2-phenazingjlhydrazine, ('B¥i), I-benziivdene-Z-
phenmazingythydrazine, (BFH), and 3'-formyl-5’6'-dihkydroxybenzilydenc-2-nitro-1-
methylaniline, {FBAH). The novel complexes were characterized by ESR, IR,
electronic spectroscopy, molar electric conductibility measurements and magnetic
studies. These compounds appear {o b hexacoordinated.

RESUMO

Complexos divalentes de metais 3d com derivados de
formilvanilina foram sintetizados através da reagao do cloreto
de metal(II) correspondente com 1l-(3'-formil-4'-metoxi~-6'-
hidroxibenzilideno)-2-fenazinoilhidrazina, (FBFH), l-benzildeno-
2-fenazinoilhidrazina, (BFH), e 3'formil-5',6'-dihidroxibenzi-
lideno-2-nitroe~l-metilanilina, (FBAH)., Os complexos tem a estru-
tura geral ML, ou ML X2 M=Cu(II), Co(II}; ¥X=C1). Os novos com-
plexos foram caratce¥iZadés usando técnicas de RSE, infraver-
melho, condutibilidade molar elétrica e estudos magneticos.
Estes complexos parecem ser hexacoordenados.
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INTRODUCTION

In coordinative chemistry an important part in the coordination process is played by
the ligands characterized by the presence of several donor groups. Thus the denvauves
resulting from 3-formyl-5,6-dihydroxybenzilidene or 2-tormyl-4-methoxy-benzilidene with
phenazinoilhydrazine can favour the coordination of the metal ions by several chromophore
groups. In 1979, Mihaceva L.H. and co-workers! synthetized and characterized by neans
of X-Ray spectrum studies the Co{Il) and Cu(1I) complexes with ligands, derived from the
amide of the nicotinic acid. The structural data point to an octahedral geometry of the metal
1ons and their coordination with the amide nitrogen atom.

Hughes M.N. and co-workers?, Nonoyama M. and co-workers® have showan that i
the Co(I} and Cu(IL} complexes with amides derivated from hydrazine, the metal ion has
an octahedral geometry. Thus, the occurence of the absorption band fawrly intensive at 15330
e can be assigned to the vibration frequency of the amide group, va(=n, and the shun
bands specific to the complexes that oceur at 1595 e} and 1630 e are characteristic

of the vu.C=)N groups.
EXPERIMENTAL PART

The work has aimed at the synthesis and the solid-phase characterization of the
Co(iD) and Cu{ll) complexes with 1-[3-formyl-4'-methoxy-6-hdroxybenzilydene}-2-
phenazinoithydrazine, (FBFH), 1-benzilydene-2-phenazinotthydrazine, (BFH), and
3'-formyl-5,6'-dihydroxybenzilydene-2-nitro-4-methylaniline, (FBAH).

In order to obtain the Co(ll) and Cu(ll) complexes with the above-menuoned
ligands the methanol solutions of CuCly.2HpO and CoCly.6H;O have been prepared the
methanol solutions of the above-mentioned ligands have been prepared separately. The
thus prepared solutions have been mixed so that the combination ratio M:I, shonid be
around 1:2 (Cu(I):FBFH = 1:2; Cu{ID);FBH = 1.2; Co{lI}FBFH = 1.2; Co{ID;FBH = 12
and Cu(ID):FBAH = 1:2). After some 45 minutes refluxing the solutions were cooled 1o get
a differently coloured precipitates. After philtering, methanol washing and drving, the
precipitates were subject fo elementary analysis, thus determining C%, N%, 0%, Cl%% and
M(ID%, respectively (Carlo Erba LA 1108 analyser and AAS IN Card Zeiss Jena atomic
absotption spectrophotometer). To characterize the prepated complexes the 1R spectra in
the KBr pellet for the 4000-200 cin-l (Specord M-80 Cari Zeiss Jena), ihe electione
spectra in diffuse reflectance by using MpO has a dilution matrix {VSU-2P Carl Zeiss Jena
spectrophotometer), the electronic spectra in  solution (Shumadwmr 310 PN
specirophotometer), the ESR specira {Varian E-9 spectrophotometer at oo tempeiatue
on pouwder), conductivity measurements using dimethylformamide as a solvent (HACH
TDS-meter conductometer) have been performed. The magnetic measurements have hoen
performed by the Faraday method at room temperature, using HgiCotSCN14] as a biank
test.
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RESULTS AND DISCUSSION

The synthesized complexes occur under the fonm of microcrystailine, differendy
coloured, water insoluble, -sparingly soluble in tetrahydrofuran and soluble in
dimethylformamide powders. The elementary analysis led to the results presented in Table
1
Table 1

As one can easily conclude from the above presented data, the combination ratic
ML for ail the prepared complexes is 1:2.

With a view of determining the coordination patiemn of the ligands with {he metal
jons Cu(IT) and Co(Il) the IR spectra for the 4000-200 cmr~! range heve been determined.
From the data presented in Tables 2-4 it has been ascertained that the absorption bands
specific to the vibration frequencies of the groups non-involved in the formation of the
chemical bonds with the metal ions, Cu{Il) and Co(II), remain unchanged. In Table 2 the
IR spectra for the Cu(Il) and CofII) complexes with the FBFH ligand are presemed.

Table 2

The absorption band from 1670 cm~! with an increased intensity in the ligand

spectrum specific to the stretching vibration frequency vo=( {amide I} shifs fowards
simaller wave numbers and it splits into absorption bands of average intensity:
1652 e l, 1638 env! for the complex of the CullD) ion and 1660 e}, 1643 v}
respectively, for the complex of the Co(I) ion. This behaviour can be assigned to the
formation of the chemical bond of the ligand with the metal 1on M(II) via the >C=0 group.
Likewise, the 1620 cm! absorption band specific to the fiequency of the ve=x valeucy
vibration (the chemical bond >C=N was formed as a result of the condensation of formyi-
vanillin with phenazinoithydrazine) shifts with about 20 em™! towards smatler wave
numbers, to 1603 cm-1 for the Cu(IT) complex and 1605 em1 respectively for the Coill
complex, confirming the coordination of nitrogen atom fo the respective metal jons. The
1160 em™! absorption band, very strong and sharp, specific to the frequency of v 4,051
valency vibration shifis towards wave numbers that are about 15 cml smaller and it
diminishes ifs intensity. In the IR spectrum of the two complexes this band lies al 1145
e for the Cu(ID) complex and at 1148 em1 for the Co(ID) one, respectively.

Similarly, in the IR spectra of the two complexes there occur absorption bands of
fow intensity located at 505, 473, 329 em~1 and ai 526, 393, 308 em! respectively, that
are assigned to the vibration frequencies vif.0) and VN, SN-M-N, fespectively. This
order of the frequencies of the vibrations vig.Q, VN, respectively corresponds to the
values presented by Nenovama3, Anagnostopoulos?, Nakamoto?. The IR spectea for the
Cu{il) and Cofll) complexes with the BFH ligand are presented in Tabie 3,

Table 3

Ag in the previous case it has been ascertained that the absorption band from 1680
el in the ligand spectrum, specific to the vibration frequency ve=0y tamide I) shifis.
within the spectrum of the complexes, fowards smaller wave numbers and splits in to two
bands pointing to a coordination of the oxygen atom from the >C=Q group fo the
corresponding metal ions. Similarly, the absorption band from 1625 cm} typical of the
ve=N stretching vibration frequency shifts within the spectrum of the complexes towards
wave numbers that are about 20 cm~! smaller. This behaviour points out the cosrdination
of the nitrogen atom with the Cu(ID) and Co(1I) metal ions. -
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Table 1. Elementary chemical analysis for the prepared contplexes

Compound C % N % Q% ct %% M % |
cale. | exp. cale. €XP. cale. | exp. | calc ié?ép. cale. ;éXP-__ ,‘
Cu(FEFH), 6128 16074 11315 | 1233 | 1485 14071 - - 1737 less
Cu(FBAHCL), | 61.26 1 60.69 | 1420 | 1398 | 3.82 | 3.47| 893 | 821 | &40 i 783
Co{BFH), 6161 | 6032 |13.06 | 1262 [1493 [ 1535 ! - - 1688 Tend
Co(BFHCI», [ 61.53 1 60.81 | 1435 | 13.82 | 385 | 3201 910 | 869 1757 {718
Cu(BFAHCI), | 48.97 | 48.17 | 7.62 | 7.1 | 2176 | 20.02 | 9.65 | .27 | 820 1825 |-
Efablg)l. IR bands of the MC44NgOgHzg complexes and the CaaNgOyHyg ligand
(%11
CooNaOsH1 6 CuCyaNgOgHzg | CoCgaNgOgH3an | Assignment
3018 (m? 3018 (m) 3018 {my) VR (AT
1460 () 1460 (m) 1462 (m) VO (A
2850 (in) 2850 {m) 2852 (m) v {-OCH3)
1282 (s? 1280 (s) 1282 (s)
1070 (s) 1070 {5} 1069 (5)
2720 (m) 2718 (m) 2722 (im) v
Ar-CHO
1695 (s) 1693 (s) 1697 (s) ArtHE
1620 (s) 1603 (m) 1605 (m) VO=N
1670 (s) 1652 (m) 1660 (m) VO i
1638 (m) | 1643 (w) amida J 2
1580 () 1580 (s) [ 1579 (s) VOLN 1
amida II i
1044 (m) 1056 (m) 1054 (m) Fvagyg !
1160 (s) 1145 (m) 1148 (m) | va o 1
505 (m) 520 (m) VA0 i
475 (w) 393 (w) VM 5
329 ; B
| W) 308 (w) SNMEN i

§ - strong, m - medium; w - weak
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Table 3. IR bands of the MCygNgO2H25Cl; complex and the C3N4OH 4
ligand (em-1
CanN4OH14 | CuCanNeOsHraCly | CoCanNaOrHogCly | Assigiiment ﬁ;
3010 (m) 3010 (m) 3012 (m) vOR (AD) !
1880 {w) 1888 (w) 1892 (w) 8oy (AD l’
1450 {m) 1450 (m) 1452 (m) Ve (A !
1625 (s) 1608 (m) 1605 {11) VN f
1680 (s) 1662 (m) 1668 {m) VO=0) i
1647 (W) 1651 () (amida ) |
1595 (s) 1592 (s) - 1596 (5) VO-N !
{amida IT) i
1037 (m) 1051 (m) 1050 (m) VNN ]
512 (w) 535(w) VMO
309 (w) 328 (w) SN-M-N
276 (W) 294 (w) VIICI

s- strong;, m - medinm; w - weak

Table 4. Ir bands of the CuC3gN4019H24Cl3 complex of the C;5M305H 12
ligand (cm-1)

C1s5NyOsHio | CuCinN4aO10H24Cly | Assignment
2962 {5) 2962 (5) v (CH3) as
2870 (m) 2870 (m) v (CH3) s
1035 (m) 1038 (m) Vg (Ar)
1490 (s) 1492 (s) Vs (Af)
1560 (s) 1562 {s) v {NO9g) as
1370 (s) 1370 (s) v (NO9) sun

875 (my 878 {m) VN
2720 {m) 2718 (m) VARCHO
1690 () 1690 (s) -

1173 (s) 1170 (w) VAr-OM

5 1138 (m)

1635 (8) 1620 (m) V=N
573 (m) YO0
§3g gw; VN

20 (w BN,
265 (m) v?if_i’.fiN

3402 (m) 3380 {(w) I v (Ar-NHy)

810 {s8) 758 {m) i

s~ strong; m - medium; w - weak
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The analysis of the IR spectra for both complexes in the range of the small wave
numbers has rendered evident the presence of sone new bands of low intensity, tangimg
between 270 cm™1 and 540 em1. These absorption bands were assigned to the vaq.0y and
VM-N. vibration frequencies whose values are in accordance with observations made by
the Nakamoto> for complexes endowed with an octahedral geometry. The absorption bands

~ from276 env ! and 294 e 1, respectively, were assigned to the

VM-C1 valency vibration frequenciesB,?. From the Tables 2 and 3 one can notice that fr
FBFH and BFH ligands the absorption bands occur at 1044 el and 1037 an!
respectively, typical of the vij.N stretching vibration frequencies. In the IR spectra of the
four complexes of the Cu({ID} and Co(Il) ions, these bands shift with 10-15 ™! towards
bigger wave numbers, confitming in this way the coordination of the sp® hybiidized
nitrogen atomn with the metal ions®. In Table 4 the IR absoiption bands of the
CuC3gNg010H24Cl) complex and of FBAH ligand are presented.

Table 4

The vibration frequencies specific to the groups involved in the formation of the
chemical bonds with Cu(I) ion (vArGH = 1173 eml, va, g = 810 and) shifted
towards smaller wave numbers with in IR spectrum of the complex. The new absorpiion
bands that occured in the IR spectrum of the complex n the range of i small wave
numbers of low intensity at 573 om~1 and 320 e ! are assigned {o the vibrations of vy,
O and vy N valency and to the deformation vibration Sx.cy.-N°+°. The absorption band
from 265 onv 1 was assigned to the frequency of vCy.c] valency vibration frequencies©:”

The bands comresponding to the eiectronic transitions and assigned to these ones 1o
the prepared complexes and the ligands are presented in Table 5.

Table 5

As it can easily ascertained from the data presented in the table, the absorpiion
bands specific to the chromophore group of the ligands are included in the 30770-38813%
em-! range. As for the complexes, the above mentioned absorption bands are found again
in the spectrum, but thev shifted towards the lower frequencies and there occur tuithe:
bands due to the d-d transitions. The assignment of the elecivonic transitions of the Coiill
complexes has been performed by using a splifting diagram in accordance with the daia
presented by Meredith P.L. and co-workers?.

Driessen W.L. and co-workers 10 and for the CufII) complexes a splitiing diagran:
for a distorted octahedral geometry was used11,12,

The frequencies of the electronic transitions for ail the complexes point 1o o
distorted ociahedral geometry with a stronger disiorsion for the CuCsigNaOipHaa01h
complex. This statement is in accordance with the values of the electron parmuneters of U
ligand field (Table 6) for the Co(II) complexes.

Table 6

The different values of the At and As splitting paraimeters of the iwo complexes of
Co(II) point to the presence of the chlorine ions within the coordination area of Cotlln
Similarly, the value of the B parameter suggests the fact that the chemical bond i the
CoC4oNgO7H22Cly combination has a stronger ionic nature than the ColsgNg gHzg
combination. The values of the experimental magnetic moments B
(Table 7) both for the Co(Il) complexes and for the CulIl} ones eonfirm the dizioru
octahedral geometry13,14,

Table 7
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Table 5. Electronic spectra and the assignment of the fransitions {em-1y

Compound v,y ! ] Assignment
CaaN4OCutlig 35715 RIRH
30770 | nynk
CoC44NgOgH1p 33200 R—yR*
29020 Ay Tk
100 ATy () > 41y )
oy [ “TialD) > 4an,('F)
AT15(*F) = 4T20(‘F)
CuC44Ng0OgHzp 34278 | m—or+
29435 N—»7#
15420 12,242
10250 | spimay s 2oy
CagN4OHy4 35210 R—IR*
32430 N7k
31210 R—>n*
Tas | ghe0D > T
9260 T1a(*F) — %A25(*F)
AT 10(4F) = HT2a(4F)
CuCypNglOoHygCly | 33890 R—ITH
31075 n—R*
15940 {42 2.2
. 9850 XZYZXY —> X2-y2
C15N2OzHy2 38315 TSk
35720 Nn—y7
CuCigN4s010H24CY | 36500 R TE
33720 N7
s [T
22 > xy
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Table 6. Elecironic parameters of the ligand field for the Co{II) complexes {cm~1)

Parameters | CoCgaNgOgHin | CoCunNgOrHaoCly
10D 7420 8155
B 690 820
B 0,710 0,844
A 390 647
Ag 652 348
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Table 7. The molar electric conductibilies, Ang (Q-temZmol 1), and the
experimental magnetic moments, Hexp {MB), for the prepared

complexes
Compound Apg (@ lemZmol 1) | oy OVBY
ColC44NgOgH3p 36 5,17
CoC4NgOH2»Cly 24 % 5,04
CuCyg4NgOgH3p 19 Po1,92
CuC4NgOzH27Cly 27 | 2,10
CuCzoNasO10H24Cly 13 I 205

Table 8. The values of the splitfing parameter, g, for the Cu(li) complexes

Parameter {g} | CuCg4NeOgHap | CuCaoNgOaHo5Cly | CuCioN4QipHrClhr
Ex 2,077 2,005 | 2,015
gy 2,142 2,204 ; 2,198
. 2,266 2,175 ! 2,112 !

N
N
e OCHs
|
N o CHO
=
HE N\ M/
CH
CHO o / F \ N\/
CHs O\C/NH
N
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The molar electric conductibilities of the solutions of 10-3M concentration, in
DMF, for all the prepared complexes, have values lower than 65 @ ImolZem-1
(Table 7) establishing in this way the non-electrolyte nature of these ones. The values of the
tensor {g} obtained from the ESR spectra for the Cu(Il) complexes are merdioned i Table
S

Table §
The infensify of the bands and the anizotropy of the gy and gy, parameters fioi: the

equatorial plane may result from the different interactions with the figands which cause a
rather strong distorsionl3. Correlating the values of the experimental determinations one
can hold that all the prepared complexes belong to the distorted octahedyal bunmeny 2Ioup

(Figures ab,).
CONCLUSIONS

New complexes with derivatives of phenazinoithydrazine have been synthetised;
Spectral and magnetic esfimations on microcrystalline powders of the prepared

complexes have been performed,
The Co(ID) and Cu(Il} complexes belong to thp distorted Oy, symmietry group,
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