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The tetrapodal pentaamine 2,6-C5H3N[CMe(CH2NH2)2l2 (pyN_u 1) readily reacts with four
equivalents of 2-hydroxyphenyl-substituted carbonyl compounds, such as (i) 2-hydroxybenzaldehyde, (ii) 2,4-dihydroxybenzaldehyde, (iii) 3,5-di-rm-butyl-2-hydroxybenzaldehyde, and
(iv) 2-hydroxyacetophenone, to give the corresponding Schiff base derivatives with N N 4O .1
donor sets (i: 2; ii: 3, iii: 4; iv: 5). With ligand 5, two transition metal complexes (M = Ni1
(6), Cu11(7)) have been isolated, which are dinuclear and contain square-planar M(N202) units,
linked by a pyridine-derived spacer whose nitrogen atom is uncoordinated. The reaction of 1
with ferrocenecarbaldehyde affords, under neutral conditions and irrespective of an excess of the
aldehyde present, the bis(aminal) 8 as the major product, in which the two 1,3-propylenediamine
subunits of 1 have condensed with two carbaldehyde moieties to give two 1,3-diazacyclohexane
rings. All compounds have been characterised by IR spectroscopy and elemental analysis, as
well as 'H and l3C NMR spectroscopy (except paramagnetic 7). The crystal structures of
compounds 2, 6, 7, and 8 have been determined.

Introduction
The podand pentaamine 1 forms mononuclear
complexes with iron(II/III), cobalt(III), nickel(II),
and copper(II), in which all four sidearms as well as
the apical donor atom are coordinated to the metal
centre [1, 2]. This leaves a sixth coordination site
for a monodentate ligand. We are currently explor
ing ways to introduce functional groups into such
complexes, appended to the basal donor atoms of 1 ,
that will engage in secondary interactions with the
monodentate ligand, so as to control the thermody
namics and kinetics of its binding, and possibly its
reactivity. Ligand derivatives with (a) one, (b) two
or (c) four modified sidearms have been synthesised
by Schiff base condensation with suitable carbonyl
compounds: (a) salicylaldehyde, acetylacetone; (b)
acetone; (c) cinnamaldehyde [3]. The derivatised
ligands may be obtained in pure form via their
Ni(II) complexes, which are mononuclear and con
tain six-coordinate nickel, with the exception of the
bis(isopropylideneimine) complex (b), in which the
metal is five-coordinate; in the latter case, the ori
entation of the derivatised sidearms apparently pre
vents the coordination of a sixth monodentate lig

and. Result (c) indicates that derivatives of 1 with
fo u r substituted sidearms will remain mononucleating if the substituents are sufficiently “slender”
so as not to impede the convergence of all donor
arms upon one metal centre during coordination.
The degree to which steric bulk in the ligand pe
riphery is acceptable is expected to vary with the
complex formation constant of the metal ion un
der consideration. Also, the observed coordination
geometry in and nuclearity of complexes of deriva
tives of 1 will be determined by the outcome of the
competition between alternative donor sets present
(e. g., square-pyramidal N 5 vs. square N 2 O 2 , if two
or more O-containing groups have been introduced
into the ligand periphery). In this context, we pre
pared derivatives of 1 having four 2 -hydroxyphenylcontaining sidearms, obtained the Ni(II) and Cu(II)
complexes of one of these, and studied the reactivity
of 1 towards ferrocenecarbaldehyde.
Results and Discussion
In all condensation reactions reported here, the
pentaamine 1 was used as the hydrogen bro
mide/methanol adduct, 1 • 4 HBr • MeOH [4], So-
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lutions of 1 in methanol were prepared from sus
pensions of the ligand salt by neutralisation of HBr
with NaOMe, generated in situ by dissolving the
equivalent amount of sodium metal, or with LiOMe,
prepared separately. The alkali bromides were not
removed from solution prior to the addition of the
respective carbonyl compound.
Ligand derivatives with N N 4O 4 donor sets, and
complex form ation with Ni" and Cu11

The pentaamine 1 readily reacts with 4 equiv
alents of 2-hydroxyphenyl-substituted carbonyl
compounds, such as (i) 2-hydroxybenzaldehyde
(salicylaldehyde), (ii) 2,4-dihydroxybenzaldehyde,
(iii) 3,5-di-rm-butyl-2-hydroxybenzaldehyde, and
(iv) 2-hydroxyacetophenone, to give the corre
sponding Schiff base derivatives with N N 4 O 4 donor
sets (i: 2; ii: 3, iii: 4; iv: 5). In most cases, the
condensation is rapid at room temperature; in the
case of (iii), the reaction is performed in refluxing
methanol. All products are yellow and precipitate,
once formed, from solution. Aromatic aldehydes or
ketones with a hydroxyl group in the 3- or 4-posi
tion of the aromatic ring are much less reactive, and
do not give uniformly derivatised products under
these conditions. Reduction of the Schiff base lig
ands with sodium borohydride in ethanolic solution
is facile, as has been shown for 2 and 4, and gives
the secondary amine derivatives as colourless solids
in nearly quantitative yield. For Schiff base 2, sin
gle crystals of sufficient size have been obtained to
allow the determination of its solid state structure.
The structure of 2 is characterised by two
symmetry-independent tetrapodal molecules in the

Table 1. Selected bond lengths (A) and angles (°) for com
pounds 2, 6 . 7 and 8 with estimated standard deviations
in parentheses.
Compound 2:
NI 12-C130
1.261(4)
C130-N112-C116 121.1(3)
NI 12-C116-C118 109.0(3)
Cl 18-C117-N113 111.7(3)
Compounds 6 / 7 - 4 MeOH
M-N12
1.894(3)/
1.974(7)
M-012
1.835(2)/
1.907(6)
1.303(4)/
N12-C20
1.29(1)
N12-M-N13
92.5(1)/
96.3(3)
91.6(1)/
N12-M-012
90.9(3)
172.2(1)/
N12-M-013
166.3(3)
C20-N12-C16 122.3(3)/
116.7(7)
108.4(2)/
C16-C18-C17
111.3(7)
C17-N13-C30 122.2(3)/
119.9(7)
Compound 8 • 2 CHCI3:
C24-N12
1.470(5)
C24-C25
1.503(5)
C17-N13
1.462(5)
C25-C24-N12 110.7(3)
N12-C24-N13 116.2(3)
N12-C16-C18 113.4(3)
C18-C17-N13
113.9(3)

N212-C230
C230-N212-C216
Cl 16-C118-C117
Cl 17-N113-C140
(M = Ni 1 / Cu 1):
M-N13
M-013
N13-C30
012-M-013
N13-M-013
012-M-N13
N12-C16-C18
C18-C17-N13
C18-C11-N11

1.284(4)
118.5(3)
106.3(3)
120.4(4)
1.876(2)/
1.973(6)
1.831(2)/
1.886 (6 )
1.304(4)/
1.30(1)
84.9(1)/
87.3(3)
91.9(1)/
90.2(3)
172.3(1)/
158.7(3)
109.4(3)/
114.2(7)
112.0(3)/
110.8(7)
113.9(3)/
117.3(7)

C24-N13
C16-N12

1.459(6)
1.470(5)

C25-C24-N13
C24-N12-C16
C16-C18-C17

110.0(3)
111.5(3)
106.5(3)

asymmetric unit, which represent two conforma
tional isomers, differing in the orientation of their
salicylideneimine groups (Figure 1). In both iso
mers, the bond lengths and angles involving the
azomethine nitrogen atoms attest to their sp2 char
acter (Table 1). The salicylideneimine groups are
planar, due to intramolecular O-H-• N hydrogen
bonds. Typical parameters for these are: d(O-H) =
0.86 A; d (H -N ) = 1.85 Ä; d (O -N ) = 2.581(4) A;
Z(OHN) = 142.5°. Intermolecular hydrogen bond
ing is not observed. Overall, the structural param
eters of the doubly salicylideneimine-substituted
propylene moieties in 2 resemble those determined
for the salicylideneimine derivatives of 1,3-propanediamine [5] and 2,2-dimethyl-1,3-propanediamine [6].
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Fig. 1. Molecular structures of
the two symmetry-independent
conformational isomers in 2.
Only hydrogen atoms involved
in intramolecular O -H -N hy
drogen bonding are shown.
The Schiff Bases 2 - 5 and their reduction prod
ucts are tefrapodal, potentially nonadentate ligands.
Structurally related rr/podal aminephenolate lig
ands with N 3 O 3 or NN 3 O 3 donor sets have been
studied as chelators of the group 13 metals [7] and
of the lanthanoids [8 ], with the intent of devel
oping pharmacologically active materials [9]. As
regards the tetrapodal derivatives discussed here,
a metal ion may either utilise the N N 4 donor set
of the pentaamine part of the ligand for coordina
tion, leading to octahedral complexes in which a
sixth monodentate ligand is surrounded by 2 -hydroxyphenyl groups; alternatively, provided the metal
ion is of sufficient size, it may engage the nitrogen
as well as the oxygen donor atoms of the N N 4 O 4
donor set, resulting in coordination numbers greater
than 6 , as may be expected in the case of the lan
thanoids; thirdly, and in analogy to complexes with
salen- and salpn-type ligands (salenF^ = N,N'-bis(salicylidene)-l,2-diaminoethane; salpnF^ = N,N'bis(salicylidene)-l,3-diaminopropane), the N N 4 O 4
ligands may present two separate square planar
N 2 O 2 donor sets towards two metal ions, held in
close proximity by a pyridine-derived linker. A
dimeric manganese complex in which two metalsalpn units are held together by an oxygen-derived
ligand bridging the metal centres has recently been
studied in the context of the search for functional
models of the oxygen-evolving complex of pho
tosystem II [10]. In another dinuclear system, in
vestigated in part for the oxygen-carrying capa
bility of its Co 11 complex, the cofacially-oriented
bis(salicylideneimine) subunits are held together by

a dimolybdate-derived backbone, in addition to a
postulated oxygen bridge between the metal cen
tres [ 1 1 ].
In the case of the N N 4 O 4 ligands derived from
1 , both in their azomethine and reduced forms, and
for Ni 11 and Cu11, we have so far found evidence
only for the b i s ^ C h ) bonding mode, and this only
in the case of the Schiff base ligand 5, where the
neutral dinuclear complexes (Ni11: 6 ; C u11: 7) form
irrespective of the metal-to-ligand ratio employed
in their preparation (M : L = 1 : 1 and 2 : 1 ) . With
ligands 2, 3, and 4, no well-defined complexes of
nickel or copper, either mono- or dinuclear, have
so far been isolated. Complexes 6 and 7 may be
obtained in high yields from methanolic solutions of
the ligand and a suitable metal salt, such as nickel(II)
acetate or copper(II) chloride. When M : L = 2 : 1,
conditions are optimal and complexation is fast, as
judged by the appearance after a few minutes of a
red (6 ) and green colour (7), respectively, which are
characteristic of the imine-phenolate complexes (c f
Experimental).
In the solid state structure of 6 , the d 8 -configured nickel centre is coordinated in a distorted
square planar fashion; consequently, the complex
is diamagnetic. The two bis(l',3'-ketim ino)propylene subunits are linked via their 2 '-positions to a
pyridine-2 ,6 -diyl spacer, whose nitrogen atom is
uncoordinated. The molecule has crystallographic
Ci symmetry, with the pyridine nitrogen and car
bon atoms N 1 1 and C 13 lying on the symmetry
axis (Fig. 2; cf. Table 1 for selected bond distances
and angles). The best planes defined by the two
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Fig. 2. Molecular structure of the dinuclear Nin Schiff
base complex 6 (hydrogen atoms omitted).
C13
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dination is more severe, as may be inferred from
the bond angles at the metal centre (Table 1). A
comparable distortion from planarity and similar
metal-ligand bond lengths are found in the related
copper(II) complex of N,N'-bis(salicylidene)propylene-1,3-diamine [12, 13]. Similar to the situation
in 6. the N 2 O 2 -CU subunit in 7 adopts a bowl-shaped
conformation, but now the torsion angle C 12-C 11C18-C19 is only 54.7(7)°, leading to a metal-metal
distance of 5.032(2) A. The best planes defined by
the two N 2 O 2 donor sets are inclined at an angle
of 44.9(7)° with respect to each other. Complex 7
crystallises with four equivalents of methanol per
formula unit, and there are weak hydrogen-bonded
interactions between the solvate OH protons and the
oxygen atoms of the N 2 O 2 donor sets.
A symmetrical bis(ferrocenecarbaldehyde aminal)
derivative o f 1

Fig. 3. Molecular structure of the dinuclear Cu11 Schiff
base complex 7 (hydrogen atoms omitted).
N 2 O 2 donor sets are inclined at an angle of 11.2(3)°
with respect to each other, and the intramolecular
distance between the metal centres is 10.711(2) A.
The torsion angle C12-C11-C18-C19, which quan
tifies the amount by which the complexed sidearms
are rotated with respect to the pyridine ring, is
119.3(3)°. The deviation from planarity at the metal
centre (which causes the ^ C ^ - N i subunit to adopt
a bowl-shaped conformation) as well as the puck
ering of the propylene backbone C16-C18-C17 are
indicative of coordinative strain. While the metalligand bond lengths are similar, such strain is far
less prominent in the solid-state structure of a re
lated nickel(II) complex, having an N,N'-bis(salicylidene)propylene-1,3-diamine ligand [12],
The dinuclear Cu11 complex 7 (Fig. 3) has crystallographic C2 symmetry in the same way as 6, but
in 7 the deviation from square planar metal coor

By way of introduction of a ferrocene-containing
periphery into a ligand of podand topology, it is
conceivable to create transition metal complexes
having a labile coordination site in close proxim
ity to an electrochemically active centre. To this
end, we studied the reaction of the pentaamine
1 with four equivalents of ferrocenecarbaldehyde.
The reaction is rapid in methanol at room temper
ature. The yellow precipitate which forms is, how
ever, not the expected tetrakis(Schiff base) deriva
tive. In the IR spectrum of the crude solid, there is
only a very weak band at 1641 cm -1 attributable
to v(C=N), and the same applies to the mother
liquor. The material obtained after recrystallisation
has been identified by elemental analysis and Xray crystallography as the condensation product of
1 with only two equivalents of ferrocenecarbalde
hyde, leading to the formation of two cyclic am
inal subunits (8). Residual ferrocenecarbaldehyde
may be recovered unreacted from the mother liquor.
There appears to be no precedent in the literature
where ferrocenecarbaldehyde reacts with a diamine
to form an isolable cyclic aminal; in one case, the
condensation of ferrocenecarbaldehyde with 1,2diaminobenzene yields the bis(Schiff base), fol
lowed by spontaneous intramolecular cyclisation to
give a l-ferrocenylmethyl-2-ferrocenyl-benzimidazole derivative [14]. With 1,2-diaminoethane, fer
rocenecarbaldehyde has been reported to form the
bis(Schiff base) derivative in excellent yield under
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conditions similar to those employed in this work;
subsequent cyclisation was not observed [15].
Compound 8 crystallises from chloroform with
two solvent molecules per formula unit. The solidstate structure (Fig. 4) is characterised by a transoid arrangement of the 2'-ferrocenyl-r,3'-diazacyclohexane rings with respect to one another, the
molecule having approximate C2 symmetry. The
ferrocenyl substituents occupy the equatorial posi
tions on the aminal carbon atoms C24 and C35 of the
six-membered aliphatic rings, both of which adopt
a chair conformation. By contrast, the pyridine-2,6 diyl moiety connects the bridgehead atoms C l 8 and
C22 in either diazacyclohexane ring via their apical
positions. The bond lengths within the aminal NC-N units Je.
C24-N12 (1.470(5) A), C24-N13
(1.459(6) A)] are typical of C-N single bonds. The
angles between the planes (C25...C29) and (C l 6 ,
C17, C24), and (C36...C40) and (C20, C21, C35),
which denote the orientations of the ferrocenyl
units with respect to the diazacyclohexane rings, are
18.4(3)° and 18.0(3)°, respectively. The intermetallic distance is 10.353(2) A. The structural parame
ters within the ferrocene units proper are unexcep
tional, and the pyridine ring is an essentially regu
lar hexagon. The torsion angles C12-C11-C18-C19
and C14-C15-C22-C23, quantifying the degree of
rotation of the 2'-ferrocenyl-r,3'-diazacyclohexane
rings around the bonds joining them to the 2 - and
6 -positions of the pyridine ring, are 84.8(3)° and
87.9(3)°, respectively.
C oncluding R em arks
O f the tetrapodal NN 4 O 4 ligands presented
here, only the 2 -hydroxyacetophenone derivative
5 has been found to readily form complexes with
nickel(II) and copper(II). Surprisingly, the 2-hydroxybenzaldehyde derivative 2 , while being struc
turally very similar to 5, shows no comparable
propensity to form the analogous complexes under

C23

C20

Fig. 4. Molecular structure of the bis(aminal) 8 , formed
by condensation of the pentaamine 1 with two equivalents
of ferrocenecarbaldehyde (hydrogen atoms omitted).
identical conditions. The same applies to the ligand
derivatives 3 and 4, where the presence of addi
tional donor or sterically demanding groups (OH,
terr-butyl) may be assumed to interfere with com
plex formation. In the dinuclear complexes 6 and 7,
the ligand presents two separate, square-planar dis
posed N 2 O 2 donor sets to two metal centres, while
the central pyridine nitrogen atom remains unco
ordinated. This mode of coordination will be im
possible for ligand derivatives of 3- and 4-hydroxyphenyl-substituted carbonyl compounds. The utili
sation of the the NN 4 part of the ligand donor set
by a single metal atom should then be favoured, and
is expected to yield complexes in which an octahedrally coordinated metal centre has a rim of donor
groups encircling the sixth coordination site.
Experimental Section
Materials and Instrumentation: Manipulations were
performed under an atmosphere of dried nitrogen, using
standard Schlenk techniques. Reagents were AR grade
or better and were purchased from Merck, Fluka, and
Aldrich. 1 • 4 HBr • MeOH was prepared as described
previously [4], IR spectra (KBr discs) were recorded on
a Perkin Elmer 16PC FT-IR instrument, and NMR and
mass spectra were measured on a JEOL JNM-EX 270
and a JEOL MSTATION 700 spectrometer, respectively.
Elemental analyses were performed using a Carlo Erba
Elemental Analyser 1106.
Schiff bases. Compound 2. To a stirred suspension of
pyN4 • 4 HBr • MeOH (0.54 g, 0.89 mmol) in methanol
(20 ml) was added sodium metal (0.08 g, 3.6 mmol),
to give a clear solution within 5 min. Salicylaldehyde
(0.43 g, 3.6 mmol) was added, and the mixture stirred
at r. t. for a further 5 min. The yellow precipitate that
had formed was filtered off, washed with methanol
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and diethylether, and dried in vacuo (0.56 g, 94%). C41H41N5O4 (667.8): calcd. C 73.74, H 6.19, N 10.49;
found C 73.96, H 6.08, N 10.30. P/cm“ 1: 3450, 1632
(C=N), 1579, 1496, 1459, 1279. 1151, 1042, 756 (KBr).
'H NMR (6, CDCI3): 13.28 (s, 4 H. OH), 8.18 (s, 4 H,
N=CH), 7.65 - 7.60 (t, 3/(HH) = 7.9 Hz, 1 H, py-fl4),
7.28 - 7.23 (m, 4 H, C6// 4OH. H4), 7.19 - 7.16 (d, V (HH)
= 7.9 Hz, 2 H, py-H3-5), 7.13 - 7.10 (m, 4 H. C6// 4OH.
H6), 6.89 - 6.86 (m, 4 H, C6// 4OH, H3), 6.80 - 6.74
(m, 4 H, C6// 4OH. H5), 4.10 - 3.95 (2 d, 8 H, 27(HH) =
13.0 Hz, C//2), 1.50 (s, 6 H, C //3). 13C NMR (DMSO-d6):
165.90 (N=CH), 162.14 (py-C2-6), 161.01 (C6H4OH,C2),
137.00 (py-C4), 132.16 (C6H4OH, C4), 131.29 (C6H4OH,
C6), 118.77 (py-C3 5), 118.66 (C6H4OH, C1), 118.49
(C6H4OH, C5), 102.55 (C6H4OH, C3), 67.10 (CH2), 46.30
(C), 21.66 (CH3).
Compound 3. To a stirred suspension of pyN4 • 4 HBr
• MeOH (1.47 g, 2.42 mmol) in methanol (20 ml) was
added LiOMe (0.37 g, 9.7 mmol), to give a clear solu
tion within 5 min. 2,4-Dihydroxybenzaldehyde (1.34 g,
9.68 mmol) was added, and the mixture stirred at r. t. for
1 h. The yellow precipitate that had formed was filtered
off, washed with methanol and diethylether, and dried in
vacuo (1.69 g, 89%). - 2 • 1.5 MeOH, C4iH4,N50 8 • 1.5
MeOH (779.9): calcd. C 65.46, H 6.07, N 8.98; found
C 65.42, H 6.15, N 9.36. P/cm-1 : 3420, 1634 (C=N),
1472, 1362, 1226, 1172, 1116, 844, 797, 748 (KBr). 'H
NMR («5, DMSO-dfi): 13.70 (s, br, 8 H, OH), 8.11 (s, 4
H, N=CH), 7.66 - 7.60 (t, 37(HH) = 7.8 Hz, 1 H, pyH4), 7.19-7.16 (d, -V(HH) = 7.8 Hz, 2 H, py-H3’5), 7.00
- 6.08 (m, 12 H, C6H3(OH)2), 3.97 - 3.80 (2 d, 8 H,
2/(HH) = 12.3 Hz, CH2), 1.39 (s, 6 H, CH3). 13C NMR
(CDC13): 165.47 (N=CH), 164.67 (C6H3(OH)2), 162.22
(C5H3N), 161.82 (C6H3(OH)2), 136.90 (C5H3N), 133.24
(C6H3(OH)2), 118.80 (C5H3N), 110.94, 106.95, 102.55
(3 x C6H3(OH)2), 64.80 (CH2), 46.01 (C), 21.15 (CH3).
Compound 4. To a stirred suspension of pyN4 • 4 HBr •
MeOH (0.78 g, 1.3 mmol) in methanol (20 ml) was added
LiOMe (0.19 g, 5.1 mmol), to give a clear solution within
5 min. 3,5-Di-terf-butyl-2-hydroxybenzaldehyde (1.20 g,
5.12 mmol) was added, and the mixture heated to reflux
for 60 min. The yellow precipitate that had formed was
filtered off, washed with methanol, and dried in vacuo
(1.14 g, 80%). - C73H,o5N50 4 (1116.7): calcd. C 78.52,
H 9.48, N 6.27; found C 78.79, H 10.23, N 6.24. ///cm- 1:
3448, 2869, 1632 (C=N), 1577, 1466, 1441, 1361, 1274,
1251, 1203, 1174, 1046, 877, 828, 773 (KBr). 'H NMR
(6, CDC13): 13.65 (s, 4 H, OH), 8.31 (s, 4 H, N=CH),
7.67 - 7.61 (t, 37(HH) = 7.9 Hz, 1 H, py-H4), 7.35 (d,
V(HH) = 2.2 Hz, 4 H. C6H2), 7.25 - 7.22 (d, 3/(HH) =
7.9 Hz, 2 H, py-H3 5), 7.02 (d, V(HH) = 2.5 Hz, 4 H,
C6H2), 4.13 - 3.97 (2 d, 8 H, 27(HH) = 12.4 Hz, CH2),
I.55 (s, 6 H, CH3), 1.38 (s, 36 H, C(CH3)3), 1.28 (s, 36 H.

C(CH3)3). I3C NMR (CDC13): 166.95 (N=CH), 162.52
(CsH3N), 158.15, 139.76 (2 x C6H2), 136.89 (C5H3N),
136.51, 126.77, 125.66 (3 x C6H2), 118.50 (C5H3N),
117.84 (C6H2), 66.86 (CH2), 46.21 (C), 35.02 (C(CH3)3),
34.06 (C(CH3)3), 31.70 (C(CH3)3), 29.40 (C(CH3)3),
22.27 (CH3).
Compound 5. To a stirred suspension of pyN4 • 4 HBr
• MeOH (1.55 g, 2.55 mmol) in methanol (20 ml) was
added sodium metal (0.23 g, 10 mmol), to give a clear
solution within 5 min. 2-Hydroxyacetophenone (1.39 g,
10.2 mmol) was added, and the mixture stirred at r. t.
for 2 h, during which time the solution took on a yellow
colour. The solvent was distilled off, and the remain
ing sticky residue triturated with diethylether (30 ml) to
produce a yellow solid. This was filtered off, washed
with water, methanol and diethylether, and dried in vacuo
(1.61 g, 87%). - 5 • MeOH, C45H49N50 4 • MeOH (756.0):
calcd. C 73.09, H 7.07, N 9.26; found C 73.60, H 7.38,
N 9.36. i>/cm_ l: 3415, 2968, 1613 (C=N), 1574, 1500,
1446, 1304, 1257, 1159, 1056, 938, 837, 757, 643, 601
(KBr). 'H NMR (6, DMSO-d6): 15.95 (s, 4 H, OH), 7.76
- 7.71 (t, V(HH) = 7.82 Hz, 1 H. C5H3N), 7.50 - 7.48 (d,
3/(HH) = 8.1 Hz, 4 H, C6H4), 7.35 -7.32 (d, 37(HH) =
7.9 Hz, 2 H, C5H3N), 7.22 - 7.17 (t, V(HH) = 8.2 Hz, 4
H, C6H4), 6.71 - 6.62 (m, 8 H, C6H4), 4.10 - 3.99 (2 d,
2/(HH) = 14.5 Hz, 8 H, CH2), 2.18 (s, 12 H, CH3), 1.50
(s, 6 H, CH3). 13C NMR (DMSO-d6): 172.51, 163.04 (2
x C6H4), 162.09,137.10(2 x C5H3N), 132.12,128.57(2
x C6H4), 118.98 (C5H3N), 117.73, 116.76 (2 x C6H4),
65.00 (N=C), 56.81 (CH2), 46.65 (C), 21.52 (CH3), 14.29
(CH3). FD-MS (MeOH, m/z): 723 (100%), M+.
Metal complexes. Compound 6. To a solution of 5
(0.33 g, 0.46 mmol) in methanol (25 ml) was added
Ni(ac)2 • 4 H20 (0.26 g, 0.92 mmol). The solution turned
red, and a red solid precipitated after 2 min, which was
filtered off and washed with methanol and diethylether.
Single crystals were obtained by recrystallisation from
DMF in air (0.35 g, 90%). - 5 • MeOH, C45H45N5Ni20 4 •
MeOH (869.3): calcd. C 63.26, H 6.12, N 8.02; found C
62.81, H 5.76, N 8.32. VIcm-1: 3321, 3218, 1606 (C=N),
1534, 1437, 1335, 1276, 1219, 1132, 1032, 874, 846,
829, 771, 745, 590, 457 (KBr). 'H NMR (6, DMSO-d6):
8.31 - 8.26 (t, -V(HH) = 7.5 Hz, 1 H, C5H3N), 8.05 8.02 (d, 3/(HH) = 7.4 Hz, 2 H, C5H3N), 7.38 - 7.31 (d,
V(HH) = 8.2 Hz, 4 H, C6H4), 7.05 - 6.94 (t , V(HH) =
7.3 Hz, 4 H, C6H4), 6.48 - 6.45 (d, V(HH) = 8.4 Hz, 4 H,
C6H4), 6.40 - 6.38 (t, V(HH) = 7.5 Hz, 4 H, C6H4), 4.33
- 3.30 (2 d, 27(HH) = 14.0 Hz, 8 H, CH2), 1.98 (s, 12 H,
CH3), 1.35 (s, 6 H. CH3). 13C NMR (DMSO-d6): 169.63,
164.30(2 x C6H4), 162.61,138.65 (2 x C5H3N), 132.18,
129.58, 126.08, 121.16, 120.72, 113.40 (4 x C6H4.
C5H3N, C=N), 58.88 (CH2), 45.64 (C), 25.35 (CH3),
18.32 (CH3).
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Table 2. Crystallographic data for compounds 2, 6 , 7 and 8 .

Empirical formula
Formula weight
Crystal system
Space group (no.)
* [A]
b [A]
c [A]
Q[°]
ß \° ]

7 [°]
Z
V[A3]
Pealed [g-Cm • ]
Diffractometer
Aa [A]
Crystal size [mm ]
7TC]
Absorption correction
Tmin/Tmax
Scan
2 0 Range
Measured reflections
Unique reflections
Observed reflections11
/i(Mo-KQ) [mm-1 ]
Refined parameters
Data/parameter ratio
wR2 (all data)c
R\ (obs. data)d
Ptin (max/min) [e A-3]
Weighting scheme6

2

6

7 • 4 MeOH

8 • 2 CHCI3

C41H41N5O4
667.79
triclinic
PI (no. 2)
11.029(5)
13.613(9)
25.456(13)
99.33(5)
102.47(4)
92.10(5)
4
3672(4)
1.208
Nicolet R3m/V
0.71073
0.75x0.48x0.28
298(2)
-

C45H45NsNii0 4
837.28
monoclinic
C2/c (no. 15)
21.399(3)
15.231(2)
12.592(2)
90
107.30(1)
90
4
3918(1)
1.419
Siemens P4
0.71073
0.50x0.40x0.30
295(2)
Psi-scan
0.431/0.474

C49H61CU2N5O8
975.11
monoclinic
C2/c (no. 15)
19.959(3)
11.227(2)
22.040(4)
90
106.55(2)
90
4
4734(2)
1.368
Siemens P4
0.71073
0.50x0.12x0.10
295(2)
-

C^^iClftFeiN«;
882.16
monoclinic
P2\/c (no. 14)
14.957(3)
26.771(5)
9.788(1)
90
93.78(1)
90
4
3911(1)
1.498
Siemens P4
0.71073
0.70x0.45x0.14
20 0 (2 )
Psi-scan
0.274/0.437

LC

(jJ
4 < 2 0 <56

LC

UJ

4 < 2 0 < 52

5487
4734
3032

5639
4654
2132
0.956
297
15.7
0.2426
0.0848
0.748/-0.404
k = 0.0985// = 0.9624

4 < 2 0 < 54
10532
8545
5675
1.186
581
14.7
0.1720
0.0630
0.921/-0.950
k = 0.0767// = 7.5698

4 < 2 0 < 52
15893
14443
3149
0.079
901
16.0
0.0938
0.0421
0.163/—0.138
k = 0.0260// = 0

1.012

321
14.7
0.1127
0.0499
0.285/-0.253
k = 0.0386// = 4.4781

a Mo-Kq, graphite monochromator;b with F0 > 4 a(F );c wR2 = ({X [vv^o2 - FC2)2]}/{S [w(F02)2]})0'5; d R 1 = ZIIF0I
- IFJI/I IF„I for F > 4a(F ); e w = 1/[ct2(F02) + (k-P)2] + I P and P = { F 2 + 2 -F 2)ß .
Compound 7. To a solution of 5 (0.40 g, 0.56 mmol)
in methanol (25 ml) was added CuCb • 2 H20 (0.19 g,
1.1 mmol). The solution turned green. Slow evaporation
of the solvent gave single crystals suitable for X-ray crys
tallography (0.41 g, 75%). 7 • 2 MeOH, C45H45CU2N5O4 •
2 MeOH (915.1): calcd. C 61.96, H 5.86, N 7.69; found C
61.69, H 5.36, N 7.85. 5 /c m '1: 3446, 1608 (C=N), 1558,
1544, 1446, 1304, 1239, 1158, 1022, 838, 814, 755.
Compound 8 . To a suspension of pyN4 • 4 HBr • MeOH
(1.09 g, 1.80 mmol) in methanol (20 ml) was added
sodium metal (0.17 g, 7.2 mmol). When the solution
had cleared, ferrocenecarbaldehyde (0.77 g, 3.6 mmol)
was added, and the colour of the solution turned yellow
immediately. The yellow solid which precipitated after
5 min was filtered off and dried in vacuo. Recrystallisa
tion from chloroform gave single crystals of composition
8 • 2 CHCb (1.05 g, 91% ).-C 35H41Fe2N5 (643.4): calcd.
C 65.33, H 6.42, N 10.88; found C 64.99, H 6 .6 6 , N 10.53.

Wem’ 1: 3441,2956,2859,1570,1460,1442,1343,1261,
1128, 1103, 1092,926, 898,812,751,508,484. 'HNMR
(6, CDCI3): 7.84 - 7.81 (t, 3/(HH) = 5.3 Hz, 1 H,C 5H3N),
7.44 - 7.41 (d, V(HH) = 5.3 Hz, 2 H, C5H3N), 4.30 - 4.07
(m, 18 H, C5H5/C5H4), 3.69 - 3.57 (m, 12 H, CH2, CH),
3.10 - 3.02 (d, br, V(HH) = 8.9 Hz, 4 H, NH), 1.11 (s,
6 H, CH3). 13C NMR (CDCI3): 165.63, 138.82, 119.17
(3 x C5H3N), 91.12 (CH), 68.62 - 66.48 (C5H5/C5H4 ),
54.98 (CH2), 40.51 (C), 27.62 (CH3).
Crystallography. Selected distances and angles for
compounds 2, 6 , 7 and 8 are listed in Table 1, and crys
tal data are given in Table 2. All structures were solved
by direct methods and refined by full-matrix least-squares
procedures on F2 using SHELXTL NT 5.10 (Bruker AXS,
1998) (2, 8 ) or SHELXTL 5.03 (Siemens Analytical XRay Instr., 1995) (6 , 7). The hydrogen atoms of 2, 6 and
8 were located in difference Fourier syntheses; those of 7
were calculated in geometrically optimised positions. In
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the case of 2. the positional parameters of the H atoms
as well as a common isotropic displacement parameter
were kept constant during refinement. In the case of 6 and
8. the positional parameters were refined while a com
mon isotropic displacement parameter was kept constant.
The isotropic displacement parameters of the H atoms
in 7 were tied to those of the adjacent carbon atoms by
a factor of 1.5. Crystallographic data (excluding struc
ture factors) for the structures reported in this paper have
been deposited with the Cambridge Crystallographic Data
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