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Abstract

The reactions of CsH4NCH=NNHC(=O0)Ph (1) with Fe(II) chloride gave [Fe,(CsH4NC(OEt)=NNHC(=0)Ph),(1-OEt),Cl,])
(2) in ethanol and [Fe,(CsH4NC(OMe)=NNHC(=0)Ph),(1-OMe),Cl,] (3) in methanol as well as [Fe(CsH4NCH=NNHC(=O0)
Ph)Cl,] (4) in tetrahydrofuran, respectively. The X-ray diffraction analysis reveals their structures and complex 4 is proposed as

an intermediate of formation of complexes 2 and 3.
© 2004 Elsevier B.V. All rights reserved.
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Imino-containing compounds have drawn much
attention due to their biological activities and organic
synthesis considerations [1-3]. Because of the pharma-
ceutical applications, the structure unit of carboximide
ester has recently been explored as a useful intermediate
in organic syntheses [4-7]. A distinct example was form-
ing copper complexes containing benzoylpyridin-2-yl-
methylene-hydrazide derivatives [8]. In this paper, the
extensive reactions of CsH4NCH=NNHC(=O0)Ph (1)
[9] with Fe(Il) chloride in various solvents give three
complexes 2-4 (Scheme 1).

Benzoylpyridin-2-yl-methylene-hydrazide (1) reacted
with stoichiometric amount of FeCl,-4H,O to form
complexes 2 in ethanol, 3 in methanol and 4 in tetra-
hydrofuran (THF), respectively. The complex 4 reacted
with alcohol to form the complexes 2 and 3. Their crys-
tals were obtained by diffusing ethyl ether into the reac-
tant solution.
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All complexes were carefully investigated by elemen-
tal analysis, spectral characterization as well as single-
crystal determination. According to complexes 2 ' and
32, the infrared spectra showed the lower frequency

! Complex 2. Brown crystals, 11%. C34H49NgOgFe,Cl, Cale.
(found): C, 50.33 (50.27); H, 4.97 (4.74); N, 10.36 (10.34). IR (cm ™',
KBr): 2964 (w), 2931 (w), 2878 (w, CH;, CH,), 1632 (s) (C=0), 1511
(m, C=N), 1371 (s), 1322 (s, C—0—C). M,,: >300 °C. pe=4.40 ug.
M = 811.32, orthorhombic, a = 18.535(4), b = 10.503(2), ¢ = 18.433(4)
A, '=13588.4(12) A3, T=293(2) K, Space group Pbcn, Z = 4, number
of collected reflections = 21837, number of independent reflec-
tions = 4060, R (F%) = 0.0388, wR = 0.0552. Full crystallographic detail
was deposited at the Cambridge Crystallographic Data Centre with
number CCDC 220810.

2 Complex 3. Brown crystals, 33%. C3oH3,NOgFe,Cl, Cale.
(found): C, 47.71 (47.72); H, 4.27 (3.98); N, 11.13 (11.02). IR (cm ',
KBr): 2958 (w), 2922 (w), 2818 (w, CHz), 1631 (s, C=0), 1511 (m,
C=N), 1375 (s), 1335 (s, C—=0—C). M,: >300 °C. per=4.46 pug
M =755.22, monoclinic, a = 11.125(2), b =9.2402(18), ¢ = 16.402(3)
A, B=100.673), V= 1656.9(6) A3, T=293(2) K, Space group P2(1)/c,
Z =2, number of collected reflections = 5076, number of independent
reflections = 2887, R (F%) = 0.0291, wR = 0.0232. Full crystallographic
detail was deposited at the Cambridge Crystallographic Data Centre
with number CCDC 220811.
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Scheme 1. Synthesis of compounds.

and intensity for v(C=0) of the complexes (1632 cm ™"

for 2; 1631 cm ™! for 3) compared to the ligand 1 (1684
cm™ '), this confirmed the coordination of C=0 with
Fe(II). Due to the coordination of nitrogen atom in
the both complexes, the bands of v(C=N) also shift
(1532 em ™! for 1; 1511 em™! for 2; 1511 ecm™! for 3).
In addition, several new absorptions appeared between
2800 and 2960 cm ™' (v(—CH3, —CH,)) and 1320-1375
cm ™! (v(C—0)) for the complexes. In their single crystal

Fig. 1. Structure of complex 2, 30% probability ellipsoids, H atoms
omitted for clarity. Selected bond lengths (A) and angles (°): Fe(l)-
0O(3) 1.9642(18), Fe(1)-O(3A) 2.0639(19), O(1)-C(7) 1.290(3), O(2)—
C(6) 1.318(3), O(2)-C(14) 1.441(3), N(1)-C(6) 1.284(3), N(1)-N(2)
1.386(3), N(2)-C(7) 1.319(3) and O(1)-Fe(1)-N(1) 74.41(9), O(3)-
Fe(1)-N(3) 102.69(9), N(1)-Fe(1)-N(3) 74.02(10), O(3A)-Fe(1)-CI(1),
169.41(6).

structures, the complexes 2 and 3 both contained the
two six-coordinated Fe(II) cations bridged by two alk-
oxy groups (Figs. 1 and 2).

Looking at the ligand moiety, a substitution reaction
happens at C(6) atom by alkoxy group which is trans to
Fe(II) ion due to the coordination of pyridine moiety. In
the complex 2, as the example, the bond between C(6)
and N(I) atoms remains double bond (C(6)=N(l),
1.284(3) A). Interestingly, the O(2)—C(6) bond length
is 1.318(3) A, much shorter than the single bond length
of O(2)—C(14) (1.441(3) A). The similar phenomena
were previously observed in carboximide ester [10].

Fig. 2. Structure of complex 3, 30% probability ellipsoids, H atoms
omitted for clarity. Selected bond lengths (A) and angles (°): Fe(1)-
0O(2) 1.936(2), Fe(1)-O(2A) 2.058(3), O(1)-C(8) 1.299(5), O(3)-C(6)
1.344(5), O(3)-C(16) 1.464(4), N(2)-C(6) 1.257(5), N(2)-N(3) 1.384(5),
N(3)-C(8) 1.332(6) and O(2)-Fe(1)-O(1) 106.40(12), O(1)-Fe(1)-N(2)
76.66(15), O(2)-Fe(1)-N(1) 102.46(14), N(2)-Fe(1)-N(1) 72.83(16),
O(2A)-Fe(1)-CI(1), 169.95(9).
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Fig. 3. Structure of complex 4, 30% probability ellipsoids, H atoms omitted for clarity. Selected bond lengths (A) and bond angles (°): Fe(1)-O(1)
2.003(3), Fe(1)-N(2) 2.106(3), Fe(1)-0(2) 2.113(3), Fe(1)-N(3) 2.137(3), Fe(1)-CI(1) 2.2335(12), Fe(1)-Cl(2) 2.3217(14), O(1)-C(1) 1.274(4), N(1)—
C(1) 1.330(5), N(1)-N(2) 1.373(4), N(2)-C(8) 1.272(5) and O(1)-Fe(1)-N(2) 74.23(12), N(2)-Fe(1)-N(3) 74.35(13), O(2)-Fe(1)-CI(1) 88.72(9).

The bond length of O(1)—C(7) (1.290(3) OA) is between
the typical single bond (;(sp3)—0 (1.34 A) and double
bond C(sp?)=(1.21 A) [11]. In addition, the
N(1)=N(2) (1.386(3) A) and N(2)—C(7) (1.319(3) A)
have part characters of double bonds, which is similar
to its Cu(II) analogue reported by Pal et al. [8]. There-
fore extended conjugated system is present in the result-
ant iron complex.

The complex 4 * (Fig. 3) was formed in the stoichio-
metrical reaction of the ligand 1 with FeCl, in THF. The
complex 4 is mononuclear with a coordinated water
molecule. The complex 4 reacted with ethanol or meth-
anol to yield the complexes 2 and 3. Therefore complex
4 is postulated as an intermediate in forming complexes
2 and 3 with nucleophilic attack of alkoxy on —CH=N
of complexes 4. The effective magnetic moment pg of
complexes 2, 3 and 4 were measured with the values of
4.40, 4.46 and 5.46 up, respectively. It proved that those
iron complexes were all high-spin species having the
configuration (tzg)4(eg)2.

In general, hydrazine-derived Schiff-base ligands
could easily coordinated with transition metals, and
the polarity of H—C bond in H—C=N—M is increased
for easy substitution with alkoxy group. This helps to
understand the formation of carboximide ester in the
copper complexes [8], and more importantly the exten-
siveness to other transition metals. Therefore this pro-
vides a convenient method for the transformation of
—CH=N group into carboximide ester.

3 Complex 4. Red crystals, 20%. C;3H,;N3;O0FeCl, Calc. (found): C,
44.36 (44.28); H, 3.15 (3.25); N, 11.94 (11.84). IR (cm ™!, KBr): 1624(s,
C=0), 1523 (s, C=N). M,;: 132 °C (Dec.). veg = 5.46 vg. C3H;,Cl,Fe
N3O - H,0, M =370.01, monoclinic, a=14.390(3), b =7.1480(14),
¢=15.002(3) A, f= 106.70(3)°, V'=1478.0(5) A® T=12322) K,
Space group P2(1)/n, Z= 4, number of collected reflections = 5827,
number of independent reflections = 2593, R (F?) =0. 0491,
wR =0.0867. Full crystallographic detail was deposited at the Cam-
bridge Crystallographic Data Centre with number CCDC 220812.
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