
Indian Journal of Chemislry 
Vol. 44A, Seplember 2005 . pp. I Sl 2- IRJ6 

Complexes of iron(III) with I ,2-dihydro- L,S­
di methy 1-2- ph en y 1-4- formy 1 (benzh ydrazide)-

3H-pyrazol-3-one 

P K Radhak ri shnan* & K C Raj u 

Schoo l of Chcmical Scicnces. M ahalma Gandhi Uni ve rsilY. 
KOllayam. Kerala. India 

Email: pk rkn@ sJncharnel.in 

Receil 'ed 7 jWlI/ar." 2005: rel'ised 5 .1111." 2005 

Imn(lIl ) complexes or the sch ilT base. 1.2-dihydro- I .S­
dimc lhy l -2- phenyl --+- forllly l(benzhydraLidc )-3 11 -pyrazo l-3-onc. 
I Fc(DPFB P),X IX, . (whcre X=C IO. . or NO, ) and 
IFc(DPFI3Ph X, IX (X=SCN. CI or I3r) ha ve bcen synlhcs ized and 
characleri zed by clcmenla l analyses. cleclr ical conduclancc in 
non -aqueous solvcnls. in rra rcd. " lid cleclron ic spcc lra as wc ll as 
magnelic susceplib i lilY lI1eaSUremenlS. In lhesc complexes. 
J)PFI3P acts ;I S a nellt ral biden lale l igam' coordinating th rough thc 
azolllcthinc ni trogen and the carbony l oxygcn or thc pyrazo lone 
ri ng. Thc Illolar conduLt:lncc or the eOlllp lexcs in DM F. II1ct hano l 
and nilr·oben7.cnc arc in the I',mgc suggested I'm 1:2 elcc tro lytes 
ror perchloral c and nitrale compicxes whiic the th iocyanate. 
chloride and hrom ide cOlllplc:xes behavc as I : I elec tro ly tes. T he 
electroni c spcc tra of the complexes ex hibit a band in the region 
19.230-20.0RO cm·1 clue to ('A 1~-j· TI~ consistclll w ith oc tahedral 
Fe( llI ) cOlll picxcs. T hc Illola r Illagncli c momClll or the complexes 
"arics in the ra nge 5.6 1-6.0) 13 . M.. i nclica t ivc o f octahedra l 
geomctry. 

IPC Code: Inl. CI7 C07FIS/OO 

The anti bacteri al I , anli i nflammalori and anti tumour' 
aCli v iti es or antipyrine-based li gands and their mew I 
complexes have drawn the attention of many 
inves li gators. Iron complexes were the earli est metal 
complexes used in the treatment o f hypochromic 
an aemi a.) . In v iew cf thi s and as a continuation of our 
inves ti gati on on Schi ff base Illetal complexes5

-
12

, we 
report here the synthesis and characteri sati on of the 
iron( III ) complexes of a Schiff base, viz., 1.2-dihydro­
I ,5-dimethy l -2- pheny l-4- formy l(benzhyd razide)-3H­
pyrazo l-3-one (I). 

Experimental 
The metal salts were prepared from Analar ferri c 

carbonate and the respecti ve 50% acids and 
recrys talli zed out the salt by evaporating the so lution 
on a steam bath. Ferri c thiocyanate was prepared by 
the method reported earli er 13

. 

Preparation of the ligand 

5 mmol (0.6850 g) or benzoy lhydraz ine was 
dissol vecI in 15 mL of ethanol and few drops of conc. 
HCI were added to maintain the pH at 6. The so lution 
was boiled on a steambath . 5 mlTIo l ( 1.08 g) of 
4-an tipy rine carboxa ldehyde disso lved in 20 mL of 
ethanol was added to the hot solution slowl y with 
stirring and reflu xed for about 4 h. The soluti on was 
then concentrated. The pale ye llow crystal s formed on 
cool i ng were fi Itered and washed several ti mes wi th 
cold ethanol and recrys talli zed from ethy l acetate. I t 
was then dri ed under vacuu m over phosphorous(V) 
ox ide. 

Perchlorate, thiocyallat e, chloride alld bromide complexes 

One 11111101 of Fe(CIO.));,6H20 , Fe(SCNh,6H20, 
FeCh.6 H20 or FeB r,.6H20 in ethyl acetate( I 0 mL) 
was added to a bo iling suspension o f 2.2 111 11101 o f 
DPFBP in eth y l acetate ( 100 Il1 L ). The 111i xture was 
ref'l uxed for abou t 3 h on a steamb,t th. The resul ting 
solution was concentrated and coo led. The 
complexes, which prec ipi tated 01 1 coo ling, were 
filt ered and washed se veral times w ith hot benzene to 
remove the excess li gand 
methanol and dried 
phosphorous(V) ox ide. 

Nitrate complex 

and recrystalli sed from 
under vacuum over 

One mmol o f Fe(N O,h 6H:.O in methanol ( 10 mL) 
was added to a bo i ling suspension of 2.2 mmol of 
DPFe p in ethy l ace tate ( 100 mL). The mi xture was 
refluxed for about 2 h on a stea ll1bath. The resul ting 
sol ution was concentrated and coo led. The complex, 
whi ch prec ipitated on cooling, was filtered and 

Il ,C tlD . \ / N C 
C=C II 
I \ ° H,C-N, /c~ 

6° 
1.2-Dihycl ro- I.5-d imethy l-2-phcny l-4- f'o rll1y l(benz-hydrazide)-

3H-py razo l-3-one (DPFI3P). 

(I) 
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Table 1- Analytical data or the iron( llI ) cO lTlplexes of DPFBP (ca lculated values in parentheses) 

Complex 
Molecular Formula M etal 

formula weight (0/0) 

DPFBP C '9H '8N40~ 334.39 

[Fe(DPFBPh(CI04) I(CI04), C,sH3(,CI,FeNsO,(, 1022.98 5.40 (5,46) 

I Fe(DPFBPh(NOJ)l (NO,), C,sl-i 3(,FeN ,,0, .1 910.64 6.07 (6. 13) 

rFe(DPFBPh(SCN)21(SC . C4, 1-i36FeN1I04SJ 898.87 619 (6.21 ) 

[Fe(DPFBPhC I ~ ICI C,gH,1(,ClJFeNg0 4 830.99 6.68 (6.72) 

IFe(DPFBP),Br2IBr C 1sH3(,Br,FeNs0 4 96-1.36 5.70 (5 .79) 

washed several times with hot benzene to remove the 
excess ligand. It was recrystallized from acetonitrile 
and dried under vacuum over phosphorous(V) oxide. 

All the complexes were ana lyzed for metal contents 
by the standard methods I~ . The electrical conductance 
o f the con',pl exes in DMF. methano l and nitrobenzene 
(10'-' M) were measured at room temperature using a 
Toshniwal conductivit y bridge with a dip type 
conductance cell (cell constant = 1.098). The infrared 
spectra of the li gand and comp lexes were recorded in 
the range 4 ,000-400 cnf l on a Shimadzu IR 470 
spectrophotometer in KBr disc in the range 400-200 
cm' l o n a Perkin-Elmer 983 IR spectrometer in 
polyethylene (lowder. El ectronic spectra of the ligand 
and the complexes in the so l id state (usi ng N ujol 
paste) were measured on a Shimadzu UV 160A 
spectrophotometer. The elemental analyses (C, Hand 
N) were carried out on a Heraeus CHNO rapid 
analyser. The magnetic moments were measured at 
room temperature by the Gouy method us ing 
mercury(ll) tetrath iocyanatocobal tate( II ) as the 
calibrant. 

Results and discussion 
The formation of the complexes may be 

represented by: 

FeXJ+2 (DPFBP) ~ Fe(DPFBPhX J 

(X= 104. NO,. SeN . CI or I3r) 

The complexes are dark brown non-hygroscopic 
solids. They are soluble in DMF, methanol and 
nitrobenzene but insoluble in benzene, chloroform, 
ethyl acetate and tolue!le . The analytical data 
(Table I) show that the comp lexes can be represented 
as Fe(DPFBP)2 X] (X=Cl04 , NO], SCN, CI or Br) . 

Anion C H N Yield M .p!. 

(%) (%) (%) (%) (%) (DC) 

67.98 5.58 16.64 
85 198 

(68.25) (5.43) ( 16.76) 
29.01 44.52 3.48 10.98 

89 263 
(29.16) (44.61 ) (3.55) (10.95) 

50.06 3.89 16.84 
92 216 

(50. 12) (3.98) ( 16.92) 
54.72 4.00 17.04 

86 222 
(54.78) (4.04) ( 17. 14) 

12.74 54.86 4.32 13.42 
87 220 

( 12.80) (54.92) (4.37) ( 13.48) 

24.80 47.36 3.70 11 .57 

(24.86) (4732) (3.76) ( 11.(2) 89 244 

Table 2 - Molar conductance (ohm" cm ~ mol" ) data oflhe 
iron( lIl ) complexes ( 10' .1 !vi solution) of DPFBP 

Complex 
M olar conductance 

[Fe(DPFBPh(Cl04) I(Cl04), 164.70 186.66 56 .00 

I Fe(DPFI3Ph(NOJ)J(NOJ) ~ 137.25 170.19 53.80 

I Fe( DPFBPh(SCNh l(SCN) 8125 109.80 23.05 

I Fe(DPFBPhCI, ICI 7 1.37 85.64 2 1.96 

I Fe( DPFBP), i3r, IBr 70.27 84.54 20.86 

Electrical conductance 
The molar conductance of the complexes (Tab le 2) 

in DMF, methanol and nitrobenzene fall in the range 
suggested for 1:2 electrolytes for perchlorate and 
nitrate complexes l5 The thiocyanate, chloride and 
bromide complexes behave as I : I e lectrolytes. Thus. 
the complexes may be formulated as 
[Fe(DPFBPh X]X2 (where X= ClO.j or NO., ) and 
[Fe(DBPPhX2] X (X=SCN. CI or Br). 

Inrrared spectra 

The important infrared spectral bands of DPFBP 
and its complexes are given in Table 3. 

The band at 1674 cm' l characteristic of v(C=O) of 
the pyrazolone ring of DPFBP is shifted to the region 
1639-1642 cnf l in the complexes indicating the 
coordination of carbonyl oxygen 16. The band 

corresponding to v(C=O) of benzoyl moiety remain 
practically unaltered in all the complexes at about 
1628 cm,l indicating the non-coo(dination of benzoy l 
oxygen 17 The strong band observed at 1571 cn,- I in 

, DPFBP attributed to C=N stretching vibration is 
shifted to the range 1550-1560 cm' l indicating the 
coordination of azomethine nitrogen in the 

complexes7
. The shifting of v(N-N) band at 998 cm'l 

o f DPFBP to higher frequencies (1008-L010 cm' l) in 
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Table 3-lmport:lnt infrared spectral bands (cm, l) (s = strong, m = mediulll, w = weak) of DPFBP and its iron(lJI ) complexes 

DPF8P I Fe(DPF13P),(ClO.)J(CIO.h I Fc(DPF13PHNQ,)](NO' )2 I f-e(DPF8PHSCN)11(SCN) I Fe(DPF8P),Cl21 CI I Fe(DPFBPh 8r, 18, Assignment 

1674 s 1642 s 164 1 s 
1630 s 1630 s 1628 s 
157 1 s 1555 s 1550 5 
998 w 1008w IOO8w 

1144111 

111 2 s 

101 8 s 
940 w 

632 w 

lO9O s 

624m 

1440m 
1244 m 

1052 111 

1383 s 
821 m 

550 w 552w 
455w 457w 

the complexes further supports coordination through 
the azomethine nitrogen 18. 

The triply split band with maxima observed at 
around 1144, 1112 and 1018cm,I due to 

Vg, V6 and VI vibration, respectively of the perchlorate 
ion of C2V symmetry indicates that the perchlorate ion 
may be coordinated in a bidentate fashion 19.20. But, 

the band at 1090 cm-I is attributed to the V3 vibration 
of uncoordinated perchlorate ion of Td symmetry. 
Thus, the presence of both uncoordinated and 
bidentately coordinated perchlorate ions is observed 
in the perchlorate complex . The bands observed 
around 940 and 632 cm,l corresponding to V2 and V3 
vibrations respectively of the coordinated perchlorate 
(C2y) ion and the band at 624 cm-I due to the V4 
vibration of the uncoordinated perchlorate (Td) which 
are not present in the spectrum of the free ligand, also 
support the coexistence of both uncoordinated and 
bidentately coordinated perchlorate ions 111 the 
complex 19.20. 

In the nitrate complex, a very strong band observed 
at 1383 cm,l due to the V3 vibration of the D3h 
symmetry indicates the presence of uncoordinated 
nitrate ion2I

,2:l . This is supported by the presence of 
another band of medium intensity at 821 cm-I due to 

1642 s 164 1 s 1639 s v(C=O) ring 
1628 s 1630 s 16295 v(C=O) 
1558 s 1560 s 15585 v(C=N) 
l009 w IOlO w l007 w v(N-N) 

v -coordinated ClO. 

v6-coordinated CIO. 

v,-coordinated ClO. 
v2-coordinated ClO. 
\',-coordinated ClO. 

)- uncoordinated 
CIO, 

\'.- uncoordinated 
ClO. 
v. -coordinated NO, 
v, -coordinated NO) 

v2-coordinatcd NO] 

vruncoordinated NO.1 
v2-uncoordinatcd NO.1 

2054 s v(C-N) 
854 w V( C-S) 
472 m O(NCS) 

310w v(Fe-Cl) 
285 w v(Fe-8r) 

550w 550w 552 w v(Fe-O) 
455w 457w 455 v' v(Fe-N) 

the V2 vibration of the uncoordinated nitrate ion~4 . 
The presence of coordinated nitrate ion with C2y 
symmetry is indicated by the bands observed at 

around 1440 and 1244 cm-I due to V4 and VI vibrations 
respectivel/2. A medium intensity band observed 
around 1052 cm,l due to V2 vibration of the nitrate ion 
(C2v) stands as an additional evidence for the 
coordination of nitrate ion25. Since the difference 
between the two frequencies (V4- VI) is 196 cm, l, the 
coordinated nitrate ion is bidentate25. 

In the thiocyanate complex, a sharp band at 2054 
cm-I is attributable to N-coordinated thiocyanate ion . 
The presence of bands at 854 and 472 cm,l stands as 
an additional evidence for N-coordinated thiocyanate 
ion26. 

In the far infrared spectra of chloride and bromide 
complexes Fe-Cl and Fe-Sr stretching vibrations are 
observed at 310 and 285 cm- I. respectivel/5 which 
are not present in the spectrum of the free ligand. 
Further, v(Fe-O) and v(Fe-N) stretching vibrations are 
observed at about 550 and 455 cm-1

, respectively in 
all these complexes27

. These resu lts , which are in 
agreement with the conductance data, indicate that 
one of the perchlorate and nitrate ions as well as two 
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Table 4-Eleclronic spectral data and magnetic moments of the 
iron(llJ) complexes of DPFBP 

Complex Abs. Max . Tentative !-tcrr 
(cm·l) assignment (B.M.) 

DPFBP 
23,866 1I-t11:* 
41 , 153 11: -t11:* 
23 ,952 n-t11:* 

[Fe(DPFBPh(CI04)](ClO4h 
39,370 11:-t11:* 

5.92 33,112 Charge transfer 
19,685 6Al g-t4Tl g 
24,154 1I-t11:* 

[Fe(DPFBPh(NO,)](NO,)2 
40,650 11: -tn:* 

6.01 33,783 Charge transfer 
19,230 6A Ig-t 4 TI g 

24,449 1I-t11:* 

[Fe(DPFBPh(SCNh](SCN) 
40,816 11:-t11:* 

5.61 33,783 Charge transfer 
20,080 6A Ig-t

4
T l g 

24,630 II-t11:* 

I Fe( DPFB P)2C121Cl 
40,983 11:-t11:* 5.50 33,444 Charge transfer 
19,342 6 A Ig-t 4TIg 

24,630 1I-t11:* 

[Fe(DPFBPh Br2]Br 
40,160 11:-t11:* 
33,557 Charge transfer 

6.05 

19,80 1 6Al o-t4T l o 

of the thiocyanate chloride and bromide ions are 
coordinated to the metal ion in these complexes . 

Electronic spectra 

The electronic spectral data of the li gand and 
complexes with their tentative assignments are given 
in Table 4. 

DPFBP shows two absorption maxima at 23,866 
and 41,153 cm-' corresponding to n-m* and n-m* 
transitions , respectively . In complexes II-'m* bands 
are found to be blue-shifted to the region 23,952-24,630 
cm- ' , while n-m* bands are red-shifted to the region 
39,370-40,983 cm" , respectively when compared to that 
of DPFBP. The spectra of all the complexes exhibit a 
band in the region 19,230-20,080 cm-' corresponding to 

6A ,g_--t
4T' g transition consistent with octahedral iron(lll) 

compIexes28
. A strong band observed in the region 

33,112-33,783 cm-' may be due to a charge transfer 
process. 

Magnetic moment data 

The molar magneti c moments of the complexes are 
given in Table 4. The values vary in the range 5.61 to 
6.05 8.M. Thi s suggests a high spin octahedral 
confi guration (Fig. I) around the metal ion

2l
) 

(X = SCN . CI or Br) 

Fig. I - Tentati ve structures of iron(III ) complexes of DPFBP. 
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