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METAL COMPLEXES OF
FERROCENECARBOXALDEHYDE
2,4-DICHLOROBENZOYLHYDRAZONE

Guo-sheng Huang, Qing-bao Song, and Yong-xiang Ma*

Department of Chemistry, Lanzhou University,
Lanzhou 730000, P. R. China

ABSTRACT

A new chelating ligand, ferrocenecarboxaldehyde 2,4-dich
lorobenzoylhydrazone (HFdcbh), and seven metal complexes,
M(Fdcbh), [M=Co(II), Ni(II), Cu(Il), Hg(II)] and Ln(HFdcbh)Cls;.
4H,0, [Ln=La(Ill), Sm(III) and Er(II)], have been prepared and
characterized by elemental analyses, IR and 'H NMR spectra. The
deprotonated HFdcbh ligand acts as a bidentate donor, coordinating
to the metal ions via its nitrogen and oxygen atoms.

INTRODUCTION

Schiff bases from acylhydrazine and their complexes have strong antitumor
and antivirus activities (1-5) and the presence of a ferrocenyl group can improve
these properties (6). Some ferrocene derivatives are excellent nonlinear optical
materials (7) owing to their strong electron donor properties and behavior as an
electron-flow bridge. In view of their interesting structural characteristics and
wide-ranging uses, studies of the Schiff bases and their ferrocene derivatives have

*Address correspondence to Yong-xiang Ma; E-mail:mayx @lzu.edu.cn
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Figure 1. 'The structure of the ligand (HFdcbp).

attracted the attention of many investigators. In the present work, we report the
synthesis and Characterization of a new ligand (HFdcbh) and its complexes with
transition metals and lanthanides. The preparation and structure of the ligand
showed as in Figure 1.

EXPERIMENTAL
Materials and Methods

Ferrocenecarboxaldehyde and 2,4-dichlorobenzoylhydrazine were prepared
by literature methods (8,9). Other reagents were analytical grade. CHN analysis
was carried out with an Elementary Vario EL elemental analyzer. The IR spec-
tra were recorded on a Nicolet 170 SX spectrophotometer as KBr discs in the
4000200 cm™! region 'H NMR spectra were measured with a FT-80A NMR
spectrometer using DMSO-dg or CDCI; as solvent and TMS as internal stan-
dard. Molar conductances were recorded by a DDS-IIA conductometer in DMF
at 15°C. Melting points were determined on a RY-1 melting point apparatus and
are uncorrected.

Preparation of HFdcbh

Ferrocenecarboxaldehyde (2.14 g, 10 mmol) was dissolved in 15 mL of
anhydrous ethanol, which was added dropwise into a solution of 2,4-dichloro-
benzoylhydrazine (2.05 g, 10 mmol) in anhydrous ethanol (60 mL) under stirring
and refluxing. A red precipitate appeared immediately and the mixture was refluxed
for 2 h with stirring. The mixture was cooled to room temperature, and the product
was collected on a Biichner funnel, washed twice with ethanol and diethyl ether,
respectively, recrystallized in anhydrous ethanol, and dried in vacuo. Reddish
orange crystals were obtained. Yield 4.0 g (90%), m.p. 230°C (dec.).

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



wv
-
4
[-3
a.
w
o«

ORDER

299

METAL COMPLEXES OF A NEW CHELATING LIGAND

"PAAIISAI SIYSLI [ "OU] I [2IRA @ WYS1AdoD

‘up/jow . ([ X [ In0qe sem (JIA Ul) Uonnos 9y Jo UONENUIOUOD ‘DOUBIORIUOD IR[OIA,

(8°¢) (OX) 0'62) IFEOINPA IO ®HAD

I8 umoiq 8¢ 6C 0'6¢ 01T YL PLOYL OHY - ¢1D [UqopdHIE ()
(8°¢) ¢ (9'62) WS ONRITO®H?'D

9'88 umolIq L€ 6C ¥'6¢C 00T 69 €8°6CL OHY - f1D[UgopgH]wS 03]
(6'¢) (1re) (1'0¢) BTFONRPI TO®H®'D

756 umolq 8¢ I'e L'6T S0T L9 6£81L 0%HY - f1D[UqopPAHIeT (9)
99 (Y] (Teh) SHLONSADYH D

0¥ par S 9¢ I'¢y (454 YL 1L°0001 [4qopA13SH (9]
(9 ((X) (1'09) nDONIIDH YD

8¢S par ¥'9 0¢ 6'6¥ ore 08 99'¢98 [uqap4InD (2]
($9) (I1¢ (€°09) INCOYN I IDHD

08 par S9 I'e €08 SHe 43 £8'868 [yqopdlIN (©
(9 (1'¢) (€°09) 0DYOYNBIIDYHYD

08 par $9 0¢ 00 SHe 78 S0'6S8 yqopqloD (4]
o3ueIo L) (¢ (67¢9) ON °d ID'HA'D

1'C ysIppar 0L S¢ 8¢S 0€T 06 9010t YqopdH (D

H( oW - Wd _75) JIo[o) N H D 0. da (%) y3ToM e[nUWIO] "ON

“y PlEIX  e[nuog
(%) (pareD) punog
sox9rdwo)) ay jo soniadoid [eo1sAyd pue ‘eje(q SISA[eUY [EJUSWI[H ‘PIOIX T 2191

€T0Z JS0UiBAON 0T 8T:80 1 [2101|q1g Alun SIS MOXMSO N ] Ag papeojumoq

MaRcEL DEKKER, INC.

270 Madison Avenue, New York, New York 10016



Downloaded by [Moskow State Univ Bibliote] at 08:18 10 November 2013

ORDER | _=*_[Il REPRINTS

300 HUANG, SONG, AND MA
Preparation of Co, Ni, Cu, and Hg Complexes

M(OACc),.nH,0 (0.25 mmol) was dissolved in 25 mL of anhydrous ethanol
with heating (50°C), and this solution was added dropwise into a solution of
HFdcbh (0.2 g, 0.50 mmol) in 50 mL anhydrous ethanol with stirring at room
temperature. Then the mixture was stirred continuously for 20 min at room tem-
perature and for 68 h under reflux. A red solid was formed which was collected
immediately on a Biichner funnel, washed twice with warm ethanol and diethyl
ether, respectively, and dried in vacuo. The yield and elemental analysis results of
the complexes are listed in Table 1.

Preparation of Lanthanide Complexes

A solution of HFdcbh (0.4 g, 1.0 mmol) in 50 mL of anhydrous ethanol
was added dropwise into a solution of LnCI3 (0.5 mmol) (Ln = La, Sm and Er)
in 60-70 mL of anhydrous ethanol with heating and stirring. The mixture was
stirred for 12 h under reflux. Then it was concentrated under reduced pressure in a
warm water bath until its volume was reduced to 1/3, cooled, filtered and the solid
washed with warm ethanol and diethyl ether, and dried in vacuo. The yields and
analytical data of the complexes are shown in Table I.

RESULTS AND DISCUSSION

HFdcbh and its complexes are colored solids that remain stable in air be-
low 200°C. Their physical properties are shown in Table I. The elemental anal-
yses results show that the ligand coordinates to the central metal ions in two

Table II. Some Characteristic IR Wave Numbers of the Ligand and Its Complexes ¢
(em™)

Compd. v(N-H) 1(C=0) v(C=N-H=C) »(C=N) v(N=C-0) v(C-0) v(N-N)

(€)) 3238 s 1662 vs — 1604 s - - 999 w
?2) - - 1622 m 1580s  1523s,1352s 1245w 1007 m
3) - - 1619 m 1587 s 1534 vs, 1352 vs 1241w 1011 m
()] - - 1619 m 1584s 1510vs, 1358 vs 1241w 1012 m
5) - - 1629 m 1587 s 1510s, 1369 vs 1248 w 1001 m
6) 3236 sh 1656 vs - 1587 s - — 1000 m
@) 3230 sh 1650 vs - 1585 s - - 1002 m
8) 3235sh 1654 vs - 1588 vs - - 1001 m

“sh = shoulder, s = strong, vs = very strong, m = medium, w = weak.
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Table III. 'H NMR Data (8) * of the Ligand and Its Complexes (5) and (6)

No. N-H N=CH —C¢H;3Cl, CsHy CsHs

(1) 11.68 (s, IH) 8.10 (s, 1H) 7.48-7.88 (m, 3H) 4.68 (d, 2H), 4.48 (d, 2H) 4.23 (s, 5H)
(5) - 7.78 (s, 2H) 7.30-7.70 (m, 6H) 4.76 (d, 4H), 4.46 (d, 4H) 4.34 (s, 10H)
(6) 11.71 (br, 1H) 7.75 (s, 1H) 7.45-7.66 (m, 3H) 4.65 (d, 2H), 4.46 (d, 2H) 4.24 (s, 5H)

b br = broad, s = singlet, d = doublet, m = multplet.

forms, i.e. M[Fdcbh], and Ln[HFdcbh]Cl; - 4H,0. The molar conductivity data
approach the reported values of a non-electrolyte for transition metal complex
(2.1-8.0 @ 'em? - mol™") or 1:1 electrolyte for the lanthanide complexes (81—
96 @~ 'cm? - mol~") in the literature (10).

IR Spectra

The main features of the IR spectra of free HFdcbh and its complexes are
shown in Table II. The bands appearing at 3228, 1662, 1604 and 999 cm™! are
attributed to v(N—H), v(C=0), v(C=N) and v(N-N). The IR spectra of the com-
plexes (2)—(5) show apparent changes as compared with that of the ligand. The
bands attributed to v(N—H) and v(C=0) had disappeared, while four new bands
appeared at about 1620, 1520, 1355 and 1245 cm~! arising from v(C=N-N=C),
V(NCO) and v(C-0). The IR spectra of the complexes (6)—(8) exhibited few
changes, and only the bands due to v(C=0) and v(C=N) are shifted to lower
frequency by 6-12 or 16-19 cm™!, respectively. These results indicate that the
ligand coordinates to central metal ions either in the deprotonated enol form (for
transition metals) or in the neutral keto-form (for the lanthanides).

'H NMR Spectra

The "H NMR data for (1) and its complexes (5) and (6) are listed in Table IIL.
The proton signals at 11.68, 8.10, 7.48-7.88, 4.68 and 4.48, and 4.23 ppm for (1)
arise from NH, N=CH, aryl ring, substituted and unsubstituted cyclopentadienyl,
respectively. The proton signal due to NH disappeared for (§) and remained un-
changed for (6). The proton signal due to N=CH for (5) and (6) shifted upfield
by 0.3 and 0.2 ppm, respectively. These results agree with those obtained from
elemental analyses and IR spectra.

Summarizing the present results, we consider that the ligand HFdcbh forms
two types of complex. When using metal acetate, the ligand coordinates to the

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 2. Proposed structure of the complexes of HFdcbh.

central ions as deprotonated enol-form (A) (11) and using metal chloride it coor-
dinates as neutral keto-form (B) (12) as shown in Figure 2.
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