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1-(Nitrophenyl) functionalized 2-(3-pyrazolyl)pyridines were obtained by a nucleophilic aromatic
substitution and could be reduced to the corresponding aminophenyl substituted derivatives. These
compounds can be used to co-ordinate transition metal sites or for the generation of building blocks
for supramolecular chemistry. The solid state structure of a 1,1’-functionalized ferrocene, which was

obtained following this route, is discussed in detail.
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Introduction

Moderate changes in the structure of a well known
ligand system may strongly and predictably influence
its co-ordination behavior and thus the chemical and
physical properties of related metal complexes. This is
one of the main impulsions keeping research in “ligand
design” running and has led to tremendous progress in
economically important fields like catalysis or material
science. But ligand design may also make chemists’
life easier.

2,2’-Bipyridine, for example, one of the mostly used
N,N-chelate ligands and its metal complexes have been
under investigation for long. However, there are just
a few alkylated derivatives commercially available but
no 2,2’-bipyridines bearing “real” functionalities. This
is due to the facts that the pyridine rings are deactivated
heteroaromatics that don’t undergo substitution reac-
tions and that the total synthesis of 2,2’-bipyridines is
still not generalized for a broad series of substituents.
Therefore detailed investigations in structure / activity
relations of substituted 2,2’-bipyridine complexes are
rare.

To overcome this problem, we have been work-
ing on 2-(3(5)-pyrazolyl)pyridines for some time. This

N,N-chelate ligand [1], which was not frequently used
in coordination chemistry, is structurally and electroni-
cally closely related to 2,2’-bipyridine (Scheme 1, only
the 2-(3-pyrazolyl)pyridine tautomer is shown). How-
ever, the pyrazole site can be synthesized from differ-
ent substituted and commercially available precursors
and can additionally be functionalized in the 4-position
by electrophilic aromatic substitution [2]. Since the N-
H group allows further reactions at the N1 nitrogen
atom, a whole panoply of tailor-made chelating sys-
tems is accessible [2a, 3].

Y
= X
7\ 7 N
N\ _/ \-N
=N N =N N—NN
2,2'-Bipyridine 2-(3-Pyrazolyl)pyridine Scheme 1.

Derivatives of 2-(3-pyrazolyl)pyridine bearing an
N-phenyl motif instead of the N-H group can be syn-
thesized by ring closure of a 3-(2-pyridyl)propan-1,3-
dion with N-phenyl hydrazine. However, this will lead
to a mixture of regio isomers and thus will cause
additional efforts for the purification of the ligand.
Since 1-alkylated members of this ligand family can

0932-0776 / 04 / 1100-1253 $ 06.00 (©) 2004 Verlag der Zeitschrift fur Naturforschung, Tubingen - http://znaturforsch.com



1254

K. RoBler et al. - Nucleophilic Aromatic Substitution of 2-(3(5)-Pyrazolyl)pyridine

F

Y
. DMSO / 180°G
K2CO3

X

MeOH / Pd/C
NH4(HCO,)

be obtained by a deprotonation (with NaH) / nucle-
ophilic aliphatic substitution (with RX) sequence in
high yields, an analogous procedure for the implemen-
tation of aromatic substituents in the 1-position should
be developed. This will open up an access to novel
functionalized multidentate ligands with potential ap-
plications in catalysis and supramolecular chemistry.

Results and Discussion

For undergoing nucleophilic aromatic substitution,
a certain substitution pattern is required at the benzene
substrate, including at least one strongly electron with-
drawing group. We chose 2- and 4-nitrofluoro benzene
as starting material, since the fluoride has turned out to
be an excellent leaving group for this reaction and the
nitro function can easily be reduced to an NH >-group,
which will allow doing chemistry at that site. Pyrazoles
and related compounds have frequently been used as
nucleophiles for aromatic substitution reactions [4].
However, 2-(3(5)-pyrazolyl)pyridines have only been
reported in combination with 2-bromopyridine and
ethyl 4-fluorobenzoate as substrates [5].

Reacting 2- and 4-nitrofluoro benzene with 2-(3(5)-
pyrazolyl)pyridine in DMSO solution in the presence
of K,CO3 as the base, gives the corresponding 1-
nitrophenyl functionalized 2-(3-pyrazolyl)pyridines 1a
and 1b in excellent yields as yellow colored solids
(Scheme 2). The formation of the isomers with the ni-
trophenyl group in the 2-position at the pyrazole ring
is not observed, probably due to steric hindrance of the
pyridyl ring.

Reacting the less sterically hindered nitro derivative
lawith (nor)Mo(CO)4 (nor = norbornadiene) gives the
N,N’-chelate complex 2a in good yields (Scheme 3).

Crystals suitable for X-ray analysis were grown
from slow diffusion of diethylether into a concentrated
solution of 2ain CH,Cl, at room temperature. 2a crys-

Scheme 3.

tallizes as dark red blocks in the monoclinic space
group P2; /c with four molecules in the unit cell. The
molecular structure and characteristic bond parame-
ters are presented in Fig. 1 and the arrangement of
the molecules in the unit cell is presented in Fig. 2.
Complex 2a is just the second structurally character-
ized tetracarbonyl molybdenum complex with a nitro-
phenyl substituted ligand up to now [6].

All bond lengths and angles of 2a are comparable
to those of analogous tetracarbonyl molybdenum com-
plexes bearing a chelate ligand with two sp? hybridized
nitrogen donor sites [9, 10]. The pyridyl and the pyra-
zolyl ring as well as the phenyl ring and the nitro group
are found in an almost coplanar orientation, while the
torsion angle between the pyrazolyl and the phenyl
ring is about 121°, mainly due to the repulsive interac-
tions between the phenyl ring and one of the carbonyl
ligands and especially between H8 and H10/H14.

The IR spectrum of 2a is dominated by four CO
absorptions, which are observed at almost the same
wavenumbers as in the only other structurally char-
acterized Mo(CO)4 complex bearing a pyrazolylpyri-
dine ligand [10]. A strong shift to lower field of the
H NMR resonance of the ortho pyridine proton H!
is characteristic for a coordination of the chelate lig-
and [2]. The resonances of the protons H® and H?,
which are next to the central C-C bond between the
pyridine and the pyrazole moiety, are shifted to higher
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Fig. 1. ORTEP J7] plot of the solid state structure of 2a. Thermal ellipsoids are drawn at the 50% probability level. Selected
bond lengths [A], angles [°] and torsion angles [°]: Mo-N1 2.2733(18), Mo-N2 2.2487(18), Mo-C15 1.963(2), Mo-C16
1.964(2), Mo—C17 2.040(3), Mo-C18 2.057(3), N1-Mo-N2 71.66(7), N1-Mo-C15 100.06(8), N1-Mo-C16 173.15(8), N1-
Mo-C17 91.32(8), N1-Mo-C18 91.87(8), N2-Mo—-C15 171.37(8), N2-Mo-C16 102.36(8), N2-Mo-C17 95.40(8), N2-Mo-
C18 90.12(8), C15-Mo-C16 86.04(9), C15-Mo-C17 87.06(9), C15-Mo-C18 87.70(9), C16-Mo-C17 85.84(10), C16-Mo-
C18 91.50(10), C17-Mo-C18 174.28(8), M0o—-C15-03 177.44(18), Mo—-C16-04 176.6(2), Mo—-C17-05 173.75(18), Mo-
C18-06 177.65(17), N1-C5-C6-N2 0.5(3), N2-N3-C9-C10 121.3(2), 01-N4-C12-C11 175.7(2).

Fig. 2. PLUTON [8] plot of the solid state structure of 2a.

field, due to an increased shielding by the coplanar
chelate system. In the 13C NMR, the three different
carbonyl ligands can clearly be distinguished: the res-
onances of the equatorial CO ligands are observed at
223.5, and 222.1 ppm and the resonances of the axial
CO ligands are observed at 205.8 ppm.

Pd/C catalyzed reduction of the nitro group with
ammonium formate gives the corresponding amino
derivatives 3a and 3b as colorless solids in yields of
about 80% (Scheme 2). IR spectroscopy proves the
complete conversion of the nitro into the amino group
by the disappearance of the strong absorptions of the
nitro group and new bands in the range of 3450-
3200 cm~! which are typical for mono substituted aro-
matic amines. While the resonances of the protons at
the pyridine and the pyrazole ring are almost unaf-
fected by this transformation, the resonances of H13

CH3(CH,)sCOCI
NEts

Scheme 4.

and H4 are as expected significantly shifted to higher
field.

Since neither from 3a nor from 3b crystals suit-
able for single crystal X-ray structure analysis could be
grown, 3a was substituted with a long alkyl side chain
by reacting with decanoic acid chloride (Scheme 4).
The resulting decanoic anilide 4a could be recrys-
tallized from ethyl acetate giving crystals of X-ray
quality.

da crystallizes as colorless blocks in the monoclinic
space group C2/c with eight molecules in the unit cell.
As expected, the acidic amide proton undergoes hy-
drogen bonding with the most basic proton acceptor,
the pyridine nitrogen atom. This results in the forma-
tion of hydrogen bound polymeric chains. The molec-
ular structure and characteristic bond parameters of
4a are presented in Fig. 3 and the arrangement of the
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Selected bond lengths [A], angles [°] and torsion angles [°]: N4-C15 1.360(2), O1-C15 1.2247(16), N4-H4 0.882(16),
H4---N1 2.106(17), N4---N1’ 2.9858(16), C12-N4-C15 128.68(11), O1-C15-N4 123.95(12), O1-C15-C16 121.83(14),
N4-C15-C16 114.21(12), C15-N4-H4 114.9(13), N4-H4---N1’ 175.2(18), N1-C5-C6-N2 165.24(12), N2-N3-C9-C14
—157.63(12), C15-N4-C12-C11 —178.14(13), C12-N4-C15-C16 —177.16(13), C16-C17-C18-C19 —72.08(19), C21-
C22-C23-C24 70.0(2). The symmetry operation for N’ is: X, —y, —0.5+z
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Fig. 4. PLUTON [8] plot of the solid state structure of 4a showing the hydrogen bound chains running along the c-axis.

polymeric chain by hydrogen bonding is presented in
Fig. 4.

The all-trans configuration of the CH3(CHa)g chain
(torsion angles C-C-C-C= 180°), which would be
energetically favored for an isolated molecule, is not
completely realized in the solid state structure of
4a. The torsion angles C16-C17-C18-C19 and C21-
C22-C23-C24 are about 70°, probably due to pack-
ing effects. This leads, in combination with the torsions
of the aromatic part of the molecule, to a banana-like
shape of 4a in the solid state. While the pyridine, the
pyrazole, and the phenyl ring are slightly twisted out
of coplanarity (N1-C5-C6-N2: 165.2°, N2-N3-C9-
C14 -157.6°), the almost planar amide group (C12-
N4-C15-C16 —177.2°) is oriented coplanar to the
phenyl substituent (C15-N4-C12-C11 —178.1°). The
bond parameters for the hydrogen bond forming atoms
N4-H4---N1" (N4-H4: 0.882 A, H4---N1’: 2.106 A,
N4.--N1’: 2.986, N4—H4.--N1’: 175.2°) are typical
for a hydrogen bond of medium strength and are cor-
roborating with the data from structurally character-
ized hydrogen bonds between pyridines and carboxylic
acid amides [11, 12].

The transformation of the amine into the amide is
associated with changes in the IR and NMR spectra.
In the infrared spectrum of 4a, the typical N-H stretch-
ing mode of an associated amide at 3190 cm ! and the
characteristic absorptions of the amide group at 1689
and 1517 cm~! (v(C = 0) and v(N — C = O)) are ob-
served. As expected, only the resonances of the pheny-
lene protons H1® and H4, which are close to the amide
function, are shifted significantly to lower field com-
pared to the resonances of 3a.

For the generation of building blocks for
supramolecular coordination compounds, 3a was
reacted with the divalent adipinic acid dichloride and
the trivalent benzenetricarboxylic acid trichloride,
which vyielded the tetra- and hexadentate ligands 5a
and 6a in almost quantitative yields (Scheme 5).

Due to strong intermolecular hydrogen bonding, the
polyanilides 5a and 6a are only sparingly soluble in
most organic solvents. They are obtained as water
adducts. A detailed investigation of the complex chem-
istry of these multidentate ligands is performed.

The amino groups of 3a and 3b additionally open
up the possibility to undergo condensation with (acti-
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vated) carbon electrophiles. We chose ferrocenyl con-
taining compounds for these reactions to introduce an
organometallic fragment. Due to its electron donating
methyl group, acetyl ferrocene only slowly reacts with
3a. However, the addition of a 1:1 mixture of neutral
and acidic alumina accelerates the reaction and en-
forces the dehydratisation of the intermediate formed

aminoacetal (Scheme 6). This provides the ferrocenyl
substituted imine 7alin only 40% yield. Reacting 1,1’-
diacetyl ferrocene under the same conditions only re-
sults in decomposition, 7a2 could not be obtained.

To prove, whether steric hindrance is responsible for
this behavior, we reacted the more electrophilic fer-
rocenyl mono- and 1,1’-dialdehyde with 3a. The cor-
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Fig. 5. ORTEP [7] plot of the solid state structure of 8a2. Thermal ellipsoids are drawn at the 50% probability level. The
hydrogen atoms are omitted for clarity. Selected bond lengths [A], angles [°] and torsion angles [°]:Fe-C16 2.030(3),
Fe-C17 2.037(3), Fe-C18 2.044(3), Fe—C19 2.047(3), Fe-C20 2.035(3), Fe-C36 2.052(3), Fe—C37 2.041(3), Fe-C38
2.037(3), Fe—C39 2.041(3), Fe—C40 2.036(3), N4-C15 1.271(3), N8-C35 1.258(4), C12-N4-C15 120.0(2), N4-C15-C16
121.2(3), C32-N8-C35 119.9(2), N8-C35-C36 121.8(3), N1-C5-C6-N2 —172.0(2), N2-N3-C9-C10 2.6(4), C15-N4—
C12-C13 —12.1(4), C12-N4-C15-C16 —178.0(3), N4-C15-C16-C17 10.4(5), N5—C25-C26—C27 15.1(5), N6-N7-C29-
C30 —5.4(4), C35-N8-C32-C33 19.7(4), C32-N8-C35-C36 —177.9(2), N8—C35-C36-C37 —20.4(5).

Fig. 6. PLUTON [8] plot of the solid state structure of 8a2 in
the unit cell.

responding imines 8al and 8a2 could be obtained in
good yields without the application of a catalyst. This
gives a strong hint, that the intrinsic reactivity of the
carbonyl group at the ferrocene moiety is responsible
for the success or failure of the condensation.

Crystals suitable for X-ray analysis could be ob-
tained by crystallization of 8a2 from CHCl 3. The com-
pound crystallizes as deep red blocks in the monoclinic
space group P2; with two molecules in the unit cell.
The molecular structure and characteristic bond pa-
rameters are presented in Fig. 5 and the arrangement
of the molecules in the unit cell is presented in Fig. 6.

Probably due to favourable n-r interactions, the two
heteroaromatic side chains are oriented eclipsed (tor-
sion C15-C16-C36-C35: —1.9°) and almost parallel
to each other. However, since there is no symmetry el-
ement located in the molecule, they show slightly dif-
ferent geometries, which is quite obvious regarding the
twists between the ring systems and the torsions of the

imine units. The iron center is located almost below
and above the centroids of the Cp rings and the C=N
distances are typical for imine units. The bond dis-
tances of the core of 8a2 are almost identical with the
values of (n°-CsHs-CH=N-Ph),Fe [13]. However, in
the latter compound, the phenyl rings are strongly bent
with respect to each other, which allows intramolecular
H-7 interaction instead of -7 interaction as observed
for 8a2.

The m-7 interactions seem not to play a prominent
role in solution (chloroform), since the chemical shifts
of the side chains of 8al and 8a2 are almost iden-
tical, which corroborates with free rotation in solu-
tion. As expected, the C=N stretching frequency is
shifted about 40 cm~* to lower wave numbers, when
the methyl group at the imine function (7al) is re-
placed by a proton (8al and 8a2) indicating a stronger
C=N bond in 7al due to the electron push of the methyl
group.

Conclusion

We could show that nucleophilic aromatic substitu-
tion of pyrazolyl pyridine (or pyrazoles in general) is a
suitable way for the generation of ligands bearing func-
tionalities which are interesting for applications in dif-
ferent fields of inorganic / organometallic chemistry.
The compounds presented in this paper are just exem-
plary, further investigations in this field are in progress.

Experimental Section

General remarks. The syntheses of the all compounds
were performed under an atmosphere of argon, solvents were
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Scheme 7.

dried and distilled before use. The NMR data are assigned by
means of 2D NMR spectroscopy according to the numbering
given in Scheme 7.

2-[1-(4-Nitrophenyl)-1H-pyrazol-3-yl] pyridine (1a) and
2-[1-(2-nitrophenyl)-1H-pyrazol-3-yl] pyridine (1b): A solu-
tion of 14.50 g (0.10 mol) of 2-(3(5)-pyrazolyl)pyridine
and 21.15 g (0.15 mol) of the appropriate fluoronitro
benzene in 100 ml of DMSO is treated with 41.46 ¢
(0.30 mol) of anhydrous K,CO3. The mixture is stirred
vigorously, heated to 180 °C for 4 h and poured onto
crushed ice. The resulting solid is filtered washed with
diethylether to remove the excess of fluoronitro benzene,
dried in the air and further purified by recrystallization
from ethyl acetate. la: 20.84 g (77%) of a yellow mi-
crocrystalline solid. IR (KBr): v = 3126w cm™1, 1593s,
1535m, 15185 v(NO2 )asym, 1483m, 1455m, 1393m, 1366m,
1333vs v(NO2)sym, 1313s, 1276s, 1112m, 1049m, 1038m,
957w, 939m, 852s, 767m, 749m. 1H NMR (250.13 MHz,
25 °C, DMSO-dg): & = 8.67 (d, 33011 = 4.8 Hz, HY),
8.35 (d, 3J314 = 9.1 Hz, 2H, HM), 8.12 (d, 3% =
8.0 Hz, H®), 8.09 (d, 335 = 2.6 Hz, H%), 7.98 (d, 2H,
H13), 7.78 (dt, 33910 = 8.0 Hz, *Jg 11 = 1.5 Hz, H°), 7.29
(dd, HX), 7.21 (d, HY. ¥C{'H} NMR (62.895 MHz,
25 °C, DMSO-dg): 6 = 154.3 (C), 150.7 (C7), 149.7 (C11),
145.1, 144.1 (C12, c19), 137.3 (C?%), 130.8 (C°), 125.6
(C13), 123.8 (C19), 120.2 (CB), 118.8 (C1*), 108.1 (C*).
MS (El, 70 eV): m/z (%) = 266 (55) [M]", 220 (8) [M-
NO,] ", 219 (14) [M-HNO,]*, 117 (12) [CgH7N]+, 116 (30)
[CgHgN]™, 78 (100) [CsH4N]*. C14H10N402:-(H20)0.25
(270.76): calcd. C 62.10, H 3.91, N 20.69; found C 62.29,
H 3.76, N 20.60. 1b: 26.44 g (98%) of a yellow microcrys-
talline solid. IR (KBr): v = 3160m cm~1, 3043m, 1607m,
1590m, 1534vs v(NO;y)asym, 1501s, 1482m, 1456m, 1421m,
1390m, 1365vs v(NOy)sym, 1303m, 1277m, 1260m, 1048m,
992m, 959m, 946m, 850m, 783m, 764s, 745m, 723m, 701m,
629m. 1H NMR (250.13 MHz, 25 °C, DMSO-dg): & = 8.67
(ddd, 331011 = 4.8 Hz, *Jg 11 =° Jg 11 = 1.3 Hz, H!1), 8.45
(d, 335 = 2.5 Hz, H%), 8.09 (dd, 3Jg 9 = 8.0 Hz, H®), 7.98 -
7.84 (m, 3H, H'3, H15, H16), 7.70 (dt, 3Jg 10 = 8.0 Hz, HY),
7.39 (dd, H10), 7.18 (d, H*). 13C{1H} NMR (62.895 MHz,
25 °C, DMSO-dg): § = 154.3 (C?), 151.4 (C7), 150.1 (C11),
1445 (C17), 137.7 (C9), 134.1, 133.1 (C12, C1%), 132.7
(C®), 129.5, 126.1, 125.7 (C13, €15, C16), 123.9 (C19), 120.3

(C®), 107.2 (C%. MS (El, 70 eV): m/z (%) = 266 (31),
M1+, 220 (3) [M-NO,]™, 130 (49) [CoHgN]™, 117 (8)
[CgHeN]™, 116 (13) [CgH7N]™, 105 (21) [C;H7N]™, 104
(33) [CgHg]™, 92 (14) [CeHEN]™, 91 (15) [CeHsN]™, 90
(23) [CgH4N]™, 89 (35) [CegH3N]™, 78 (100) [CsH4NT].
C14H10N402-(H20)0.20 (269.86): calcd. C 62.31, H 3.88,
N 20.76; found C 62.63, H 3.59, N 20.54.

Tetracarbonyl { 2-[ 1-(4-nitrophenyl)-1H-pyrazol-3-yl] -
pyridine}molybdenum(0) (2a): 135 mg (0.50 mmol) of 1a
and 150 mg (0.50 mmol) of (nor)Mo(CO), (nor = norborna-
diene) are suspended in 20 ml of toluene. The yellow sus-
pension is heated to 70 °C for 30 min, whereby the color
turns to orange-red and the solid dissolves. The solution is
filtered through a Whatman® pad and the product is crys-
tallized at —20 °C. The microcrystalline solid is washed
with 20 ml of diethylether and dried in the vacuum. Yield:
151 mg (63%) of an orange-red, microcrystalline solid.
IR (KBr): v = 3148w cm~1, 3119w, 3083w, 2015s, 1897vs,
1869vs, 1812vs 4 x v (CO), 1591m, 1515s v(NOy)asym,
1436m, 1345s v(NO2)sym, 1272m, 1114m, 1054m, 853s,
767s, 607m, 581m, 551m. 1H NMR (250.13 MHz, 25 °C,
CDCl3): & = 9.07 (d, 3J011 = 5.4 Hz, HY1), 8.47 (d,
831314 = 8.7 Hz, 2H, H'%), 7.93 (d, 3345 = 2.7 Hz, H),
8.00 (d, 3Jg.9 = 7.4 Hz, H8), 7.85 (t, HY), 7.82 (d, 2H, H13),
7.33 (t, H19), 7.08 (d, H*). 13C{'H} NMR (62.895 MHz,
25 °C, acetone-dg): & = 223.5, 222.1 (2 x COgq), 205.8
(COax), 155.3 (C?), 154.7 (C1), 152.8 (C7), 150.0 (C12),
145.5 (C1%), 140.2 (C9), 138.0 (C%), 128.6 (C13), 126.4
(C19y, 126.3 (C1#4), 124.3 (C?), 108.3 (C*). C1gH19MON4Og
(474.24): calcd. C 45.59, H 2.13, N 11.81; found C 46.12,
H 2.35, N 11.75.

2-[ 1-(4-Aminophenyl)-1H-pyrazol-3-yl] pyridine (3a) and
2-[ 1-(2-aminophenyl)-1H-pyrazol-3-yl] pyridine (3b): 0.25 g
of Pd/C (10% Pd, Aldrich 20,569-9) are added under an at-
mosphere of nitrogen to a solution of 9.46 g (0.15 mol) of
NH4(HCO,) dissolved in 100 ml of MeOH. When hydrogen
evolution has started, 8.10 g (0.03 mol) of the appropriate ni-
tro compound 1aor 1b are added and the mixture is heated to
reflux for 2 h. After cooling to room temperature, the solution
is filtrated to remove Pd/C, the solvent is removed in vacuum
and the colorless solid residue is washed with water to re-
move NH4(HCO5) and NH4(HCO3) and dried in the air. 3a:
5.74 g (81%) of a colorless microcrystalline solid. IR (KBr):
v =3438m cm~1, 3334s, 3214s 3 x v(NHj), 1634s, 1513vs,
1458m, 1422m, 1264m, 1052m, 828s, 771s, 622m.TH NMR
(250.13 MHz, 25°C, CDCl3): 6 = 8.64 (dd, 3J10711 =4.9 Hz,
43911 = 1.7 Hz, H!?), 8.09 (d, 335 9 = 8.0 Hz, H), 7.82 (d,
335/4 = 2.4 Hz, H°), 7.72 (dt, 3Jg 10 = 8.0 Hz, H®), 7.52 (d,
2H, 331314 = 8.7 Hz, H'3), 7.21 (ddd, #J5 10 = 1.5 Hz, H1?),
7.07 (d, H*), 6.74 (d, 2H, H%), 3.73 (br, NH,). B3C{1H}
NMR (62.895 MHz, 25 °C, CDCl3): 6§ = 152.6, 152.4 (C3,
C"), 1495 (C!1), 1455 (C1®), 136.6 (C9), 132.4 (C1?),
128.4 (CY), 1225 (C19), 121.2 (C13), 120.3 (CB), 115.5
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(C'%), 105.8 (C*). MS (EI, 70 eV): m/z (%) = 236 (100)
[M]*, 235 (67) [M-H]*, 208 (14) [M-CH,N]*, 131 (23)
[CsH7N2]T, 118 (15) [C7HgN2]T, 105 (19) [C7HgN]T, 104
(30) [C7H7N]T, 92 (21) [CgHgN]T, 78 (71) [CsHaN]'.
C14H12Ng (236.26)1 calcd. C 71.16, H 5.12, N 23.71; found
C 70.85, H 5.08, N 23.42. 3b: 5.60 g (79%) of a col-
orless microcrystalline solid. IR (KBr): v = 3412s cm™1,
3316m, 3207m 3 x v(NH,), 1629s, 1595m, 1566m, 1504vs,
1484m, 1459s, 1424m, 1388m, 1363m, 1291m, 1259m,
1155w, 1050m, 994w, 943w, 764vs, 713m, 669m. 1H NMR
(250.13 MHz, 25 °C, DMSO-ds): & = 8.64 (dd, 3Ji011 =
4.7 Hz, *Jg 11 = 1.3 Hz, H), 8.19 (d, 334 5 = 2.4 Hz, H),
8.04 (d, 3Jg 9 = 7.9 Hz, HB), 7.86 (dt, 3Jg 19 = 7.9 Hz, HY),
7.34 (ddd, 435 10 = 1.1 Hz, H0), 7.32 (dd, 331314 = 7.9 Hz,
431315 = 1.4 Hz, H'3), 7.15 (dt, 331415 =2 Ji5.16 = 7.6 Hz,
H1%), 7.08 (d, H*), 6.94 (dd, *J315 = 1.1 Hz, H'®), 6.70
(dt, H1%), 5.68 (br, NH,). 13C{'H} NMR (62.895 MHz,
25 °C, DMSO-dg): § = 151.8 (C®), 151.3 (C7), 149.3 (C11),
141.8 (C7), 136.9 (C9), 132.3 (C®), 128.4 (C1®), 125.2
(C12), 124.0 (C13), 122.9 (C19), 119.6 (CB), 116.7 (C6),
116.2 (C'*), 105.0 (C*. MS (El, 70 eV): m/z (%) =
236 (91) [M]F, 235 (35) [M-H]*t, 220 (23) [M-NH,]t,
208 (13) [M-CHoNJ*, 158 (15) [CoHgN3]™, 132 (50)
[CeHgN2]t, 131 (75) [CgH7N2]T, 119 (31) [CgH7N] T, 118
(22) [CgHgN], 105 (40) [C7HgN]T, 104 (37) [C7H7N]T,
92 (25) [CsHgN] T, 79 (47) [C5H5N] T, 78 (100) [C5H4N] .
C14H12Ng (236.26)1 calcd. C 71.16, H 5.12, N 23.71; found
C 71.05, H5.06, N 23.61.

Decanoicacid(4-(3-(2-pyridyl)pyrazol-1-yl)anilide (4a),
adipinicaciddi(4-(3-(2-pyridyl)pyrazol-1-yl)anilide (5a),
benzenetricarboxylicacidtri(4-(3-(2-pyridyl)pyrazol-1-yl)-
anilide (6a): A solution of 10 mmol of the appropriate acid
chloride dissolved in 20 ml of CHCI3 is added dropwise
to a solution of an equimolar amount (10 mmol for 4a,
20 mmol for 5a, 30 mmol for 6a) of 3a and 10 mmol of
NEts in 50 ml of toluene. The solution is heated to reflux
for 4 h, then the solvent is removed in vacuum and the
solid residue is washed thoroughly with water to remove
(HNEt3)CI. The anilides are obtained in yields of 80-95%
as pale yellow colored solids. 4a was recrystallized from
ethyl acetate. 4a: IR (KBr): v = 3249w cm™1, 3190w,
3117s, 3045m, 3015m, 2956s, 2921vs, 2854s, 1689vs
v(C=0), 1613m, 1600m, 1554s, 1517vs v(N—C =0)
1491m, 1459m, 1417m, 1368s, 1331m, 1315m, 1279m,
1252s, 1198w, 1176w, 1062m, 1000w, 945w, 844s, 766s,
736m, 514w. 'H NMR (250.13 MHz, 25 °C, CDCls):
6 = 8.63 (dd, 3\]10711 = 4.9 Hz, 4\]9711 = 1.6 Hz, Hll),
8.08 (d, 3359 = 8.1 Hz, H8), 7.91 (br, H%), 7.73 (dt,
33910 = 7.9 Hz, H®), 7.79-7.69 (m, 4H, H'3, H4), 7.22
(ddd, 4310 = 1.1 Hz, H¥), 7.09 (br, H*), 2.34 (t, 2H,
3Jun = 7.6 Hz, C(O)CH,CH,), 1,85 (br, NH), 1.60 (q,
2H, C(O)CH,CHy), 1.25 (br, 12H, 6 x CH>), 0.86 (t, 3H,
334 = 6.5 Hz, CHz). *C{*H} NMR (62.895 MHz,

25 °C, DMSO-dg): & = 171.8 (CO) 152.9 (C%), 152.0
(C7), 149.9 (C1), 138.6 (C9), 137.2 (C5), 135.4 (C1?),
129.4 (C%), 123.3 (C19), 120.2 (C13), 120.0 (C®), 119.3
(C), 106.6 (C*), 37.0 (COCH,CHjy), 31.9 (COCH,CHy,),
29.5, 29.5, 29.3, 29.3, 25.7 (5 x CHp), 22.7 (CH,CHjs),
14.2 (CH,CHg). 5a: IR (KBr): v = 3116m cm~%, 1671s
v(C =0), 1611m, 1551s, 1517vs v(N—C =0), 1459m,
1415m, 1368m, 1315m, 1262m, 1176w, 1051w, 946w,
834m, 766m. 1H NMR (250.13 MHz, 25 °C, DMSO-dg):
8 = 10.16 (s, NH), 8.67 (d, 3J011 = 4.3 Hz, H!!), 8.56
(d, 345 = 2.4 Hz, H%), 8.15 (d, 3J9 = 7.9 Hz, H¥),
7.97 (t, 3310 = 7.9 Hz, H%), 7.91, 7.81 (2 x d, 2 x 2H,
301314 = 9.2 Hz, HB, H%), 7.44 (dd, H'), 7.15 (d,
H4), 3.54 (br, 6H, Hy0) 2.44 (m, COCH,CH,), 1.72 (m,
COCH,CHy). 13C{1H} NMR (62.895 MHz, 25 °C, DMSO-
dg): & = 171.2 (CO) 151.5 (C®), 150.7 (C7), 148.7 (C1),
137.9 (C9), 137.8 (C1%), 134.7 (C1?), 129.4 (CY), 123.2
(€19, 121.1 (CB), 120.0 (C13), 119.0 (C14), 106.4 (C*), 36.3
(COCH,CHj), 24.8 (COCH,CH,). C34H3gNgO; - (H20)3
(636.71): calcd. C 64.14, H 5.70, N 17.60; found C 64.48,
H 5.28, N 17.34. 6a: IR (KBr): v = 3232m cm~1, 1671m
v(C =0), 1596m, 1542s, 1515vs v(N—C =0), 1415m,
1315m, 1258m, 1053m, 945w, 833m, 744m. 'H NMR
(250.13 MHz, 25 °C, DMSO-dg): § = 10.84 (s, NH), 8.83
(s, 3H, CgH3), 8.62 (d, 3Ji011 = 4.3 Hz, H'Y), 856 (d,
8J45 = 2.0 Hz, H°), 8.15-7.94 (m, 6H, H8, H°, H13, H14),
7.35 (dd, 3Jg 10 = 7.9 Hz, H19), 7.12 (d, H*), 3.57 (br, 10H,
H,0). 13C{*H} NMR (62.895 MHz, 25 °C, DMSO-dg):
8 = 164.3 (CO), 151.9 (C3), 150.8 (C7), 148.9 (C!1), 137.3,
137.1, 135.4, 135.2 (C?, C15, 2 x CgHg), 130.0 (C12), 129.2
(CY), 122.9 (C19), 121.1 (C13), 119.7 (CB), 118.8 (C14),
106.3 (C4). C34H3gNgO; - (HZO)S (995.00)1 calcd. C 64.14,
H 4.85, N 17.60; found C 64.57, H 4.59, N 17.61.

N-(1-Ferrocenyl ethyliden)(4-(3-(2-pyridyl)pyrazol-1-yl)-
aniline (7al): 0.50 g (2.12 mmol) of 3a and 0.48 g
(2.12 mmol) of acetyl ferrocene are dissolved in a Schlenk
tube in 30 ml of toluene. 0.30 g of neutral and 0.30 g of
acidic alumina are added and the orange solution is heated
to reflux for 4 h. The alumina is filtered off and the sol-
vent is evaporated in vacuum leaving 0.35 g (37%) of 7al
as a red-brown solid. IR (KBr): v = 3207m cm~1, 1669m
v(C =N), 1626vs, 1589m, 1507s, 1456m, 1368m, 1269m,
1231s, 1167m, 1116m, 1053m, 1005m, 855m, 816m, 768s,
681m, 561m. *H NMR (250.13 MHz, 25 °C, CDCl3): § =
8.55 (d, 331011 = 4.0 Hz, HY), 8.03 (d, 339 = 7.9 Hz,
H8), 7.84 (d, 305 = 1.7, H®), 7.64-7.61 (m, 2H, H°,
H13), 7.09 (dd, 33910 = 7.9 Hz, H1?), 7.02 (d, H*), 6.76
(d, 2H, 331314 = 8.4 Hz, H'%), 4.69, 4.31 (2 x5, 2 x 2H,
CsHa), 4.01 (s, 5H, CsHs), 1.99 (s, 3H, CHg). B3C{1H}
NMR (62.895 MHz, 25 °C, CDCl3): 6 = 168.4 (C=N),
152.8 (C3), 152.0 (C7), 150.6 (C11), 149.3 (C1®), 136.5
(C9), 135.7 (C12), 128.2 (C®), 122.5 (C19), 1205 (C13),
120.1 (C8), 102.1 (C1%), 106.1 (C%), 83.3 (i-C5H4), 70.7,
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68.3 (0-, p-CsHa), 69.5 (CsHs), 18.1 (CH3). CogHagFeNy -
(CH,Cly)g 55 (474.64): calcd. C 66.64, H 4.81, N 11.80;
found C 66.83, H 4.41, N 11.93.

N-(1-Ferrocenyl methyl en)(4-(3-(2-pyridyl)pyrazol-1-yl)-
aniline (8al), N,N’-(1,1'-ferrocenylendimethylidine)bis(4-
(3-(2-pyridyl)pyrazol-1-y laniline (8a2): 1.00 g (4.23 mmol)
of 3a and 0.90 g (4.23 mmol) of ferrocenyl aldehyde (or
0.51 g (2.12 mmol) of ferrocenylen-1,1’-dialdehyde, resp.)
are dissolved in methanol and heated to reflux for 2 h. The
solvent is removed in vacuum and the red-brown residue
is recrystallized from ethyl acetate or chloroform. Yields:
8al, 1.28 g (70.1%) of a brown microcrystalline solid;
8a2, 0.82 g (57%) of a red-brown crystalline solid. 8al:
IR (KBr): v = 3088m cm~1, 1734w, 1622vs v(C=N),
1593s, 1507vs, 1486m, 1458m, 1385m, 1365m, 1308w,
1280m, 1265m, 1215m, 1189w, 1123w, 1104m, 1037m,
996m, 968w, 942w, 861m, 832m, 797m, 764s, 713m, 690w,
622w, 502m, 481m. 1H NMR (250.13 MHz, 25 °C, CDCls):
5 =858 (d, 3J10.11 = 4.4 Hz, H), 8.30 (s, CH=N), 8.04 (d,
3359 =7.9 Hz, H8), 7.90 (d, 33 5 = 2.1 Hz, H®), 7.75-7.64
(m, 3H, H?, H13), 7.19-7.13 (m, 3H, H10, H1%), 7.06 (d,
H*), 4.74, 4.43 (2 x s, 2 x 2H, CsHa), 4.18 (s, 5H, CsHs).
13C{1H} NMR (62.895 MHz, 25 °C, CDCl3): § = 161.6
(CH=N), 151.9 (C®), 151.1 (C7), 149.4 (C11), 148.4 (C1%),
136.5 (C9), 135.4 (C!?), 128.1 (C®), 122.7 (C19), 1215
(C13), 120.3 (CB), 120.0 (C1#), 106.4 (C*), 80.1 (i-C5H.4),
71.5, 69.3 (0-, p-CsHj), 69.6 (CsHs). CosHagFeN, (432.30):
calcd. C 69.46, H 4.66, N 12.96; found C 68.87, H 4.44,
N 12.77. 8a2: IR (KBr): v = 1620s cm~! v(C = N), 1529m,
1509vs, 1485m, 1457m, 1417m, 1367s, 1313w, 1266m,
1126w, 1046m, 943m, 835m, 751m, 712m, 620w. 'H NMR
(250.13 MHz, 25 °C, CDCls): § = 8.64 (s, H'Y), 8.30 (s,
CH=N), 8.06 (d, 3Jg9 = 7.0 Hz, H®), 7.85 (s, H%), 7.68—
7.65 (m, 3H, H?, H13), 7.16-7.13 (m, 3H, H10, H14), 7.01
(s, H%), 4.92, 454 (2 x s, 2 x 2H, CsH,). 13C{1H} NMR
(62.895 MHz, 25 °C, CDCl3): § = 160.1 (CH=N), 152.8
(C®), 151.7 (C7), 150.1 (CM), 149.1 (C1®), 137.4 (C1?),
136.3 (C9), 127.9 (C®), 122.4 (C19), 121.4 (C13), 120.1
(C?), 119.6 (C14), 106.3 (C*), 81.5 (i-CsH4), 72.0, 70.0 (o-
, p-CsHy). C4oH3gFeNg - (MeOH) (710.62): calcd. C 69.30,
H 4.82, N 15.77; found C 69.52, H 4.45, N 15.65.

Single crystal X-ray structure determination of compounds
2a, 4a, and 8a2

2a: Crystal data and details of the structure determination
are presented in Table 1. Suitable single crystals for the X-ray
diffraction study were grown from diethylether. A clear dark
red plate was stored under perfluorinated ether, transferred
in a Lindemann capillary, fixed, and sealed. Preliminary ex-
amination and data collection were carried out on an imag-
ing plate device (NONIUS, DIP2020) equipped with a NO-
NIUS cooling system at the window of a sealed tube (NON-

IUS, FR590) and graphite monochromated Mo-K,, radiation
(A = 0.71073 A). The unit cell parameters were obtained
by full-matrix least-squares refinement of 2913 reflections.
Data collection were performed at 143 K within a ©-range of
3.24° < © < 25.35°. One data set was measured in rotation
scan modus with A @ = 2.0°. A total number of 20272 inten-
sities were integrated. Raw data were corrected for Lorentz,
polarization, and, arising from the scaling procedure, for
latent decay and absorption effects. After merging (Rt =
0.036) a sum of 2729 (all data) and 27151 > 20(1)], respec-
tively, remained and all data were used. The structure was
solved by a combination of direct methods and difference
Fourier syntheses. All non-hydrogen atoms were refined with
anisotropic displacement parameters. All hydrogen atom po-
sitions were found in the difference map calculated from the
model containing all non-hydrogen atoms. The hydrogen po-
sitions were refined with individual isotropic displacement
parameters. Full-matrix least-squares refinements with 302
parameters were carried out by minimising Zw(Fy? — F¢?)?
with SHELXL-97 weighting scheme and stopped at shift/err
< 0.002. The final residual electron density maps showed
no remarkable features. Neutral atom scattering factors for
all atoms and anomalous dispersion corrections for the non-
hydrogen atoms were taken from International Tables for
Crystallography. All calculations were performed on an In-
tel Pentium Il PC, with the STRUX-V system, including the
programs PLATON, SIR92, and SHELXL-97 [14].

4a: Crystal data and details of the structure determination
are presented in Table 1. Suitable single crystals for the X-
ray diffraction study were grown from ethyl acetate. A clear
pale yellow fragment was stored under perfluorinated ether,
transferred in a Lindemann capillary, fixed and sealed. Pre-
liminary examination and data collection were carried out
on an area detecting system (NONIUS, MACH3, x-CCD)
at the window of a rotating anode (NONIUS, FR951) and
graphite monochromated Mo-K, radiation (A = 0.71073 ,&).
The unit cell parameters were obtained by full-matrix least-
squares refinement of 4115 reflections. Data collection were
performed at 123 K within a ©-range of 1.71° < © < 25.35°.
Nine data sets were measured in rotation scan modus with
Ap/AQ = 1.0°. A total number of 46656 intensities were
integrated. Raw data were corrected for Lorentz, polariza-
tion, and, arising from the scaling procedure, for latent de-
cay and absorption effects. After merging (Rip; = 0.039) a
sum of 3845 (all data) and 3481[l > 25 (1)], respectively, re-
mained and all data were used. The structure was solved by a
combination of direct methods and difference Fourier synthe-
ses. All non-hydrogen atoms were refined with anisotropic
displacement parameters. All hydrogen atom positions were
found in the difference map calculated from the model con-
taining all non-hydrogen atoms. The hydrogen positions
were refined with individual isotropic displacement param-
eters. Full-matrix least-squares refinements with 382 param-
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2a 4a 8a2 Table 1. Summary of the
Empirical formula Ci1gH10MO0N4Og Co4H30N4O CyoH3oFeNg crystallographic data and
Formula mass 474.24 390.52 678.57 details of data collection
Crystal system monoclinic monoclinic monoclinic and refinement for com-
Space group P2; /c (no. 14) [15] C2/c (no. 15) [15] P2; (no. 4) [15] pounds 2a, 4a, and 8a2.
a[A] 15.9797(2) 27.3934(2) 8.1729(1)
b[A] 9.6750(1) 8.9332(1) 10.2974(1)
c[Al] 12.0986(1) 19.7402(2) 18.9024(2)
B[] 105.5560(7) 119.4828(6) 102.1477(4)
V [A%] 1801.97(3) 4205.09(7) 1555.20(3)
4 4 8 2
Pealed. [9 cm~3] 1.748 1.234 1.449
i [mm~1] 0.774 0.077 0.531
T [K] 143 123 123
F(000) 944 1680 704
Crystal size [mm] 0.51x0.51 x0.18 0.46 x 0.30 x 0.10 0.51x0.51 x0.10
©-Range [] 3.24/25.35 1.71/25.35 2.20/25.33

Index ranges

h:+14/k: £11/1 : +14

h:+32/k:+10/1 : +23

h:+9/k: +£12/1 : +£22

Reflections collected 20272 46656 32859
Independent reflections 2715/2729/0.036 3481/3845/0.039 5431/5688/0.049
[lo > 20(lp)/all data/Rin]

Data/restraints/parameters ~ 2729/0/302 3845/0/382 5688/1/442
R1[l, > 20(lo)/all data] 0.0250/0.0250 0.0381/0.0433 0.0322/0.0348
WR2[l, > 20(ly)/all data] ~ 0.0696/0.0697 0.0917/0.0971 0.0743/0.0756
GOF 1.054 1.074 1.051

Weights a/b 0.0468/1.3233 0.0482/3.1058 0.0295/0.8296
APmax /min [6-A73] 0.37/—0.62 0.18/—0.22 0.24/—0.30

eters were carried out by minimising Zw(Fo? — Fc?)? with
SHELXL-97 weighting scheme and stopped at shift/err <
0.001. The final residual electron density maps showed no
remarkable features. Neutral atom scattering factors for all
atoms and anomalous dispersion corrections for the non-
hydrogen atoms were taken from International Tables for
Crystallography. All calculations were performed on an In-
tel Pentium Il PC, with the STRUX-V system, including the
programs PLATON, SIR92, and SHELXL-97 [14].

8a2: Crystal data and details of the structure determina-
tion are presented in Table 1. Suitable single crystals for the
X-ray diffraction study were grown from chloroform. A clear
red plate was stored under perfluorinated ether, transferred in
a Lindemann capillary, fixed and sealed. Preliminary exami-
nation and data collection were carried out on an area detect-
ing system (NONIUS, MACH3, k—CCD) at the window of
a rotating anode (NONIUS, FR951) and graphite monochro-
mated Mo-K,, radiation (A = 0.71073 A). The unit cell pa-
rameters were obtained by full-matrix least-squares refine-
ment of 3020 reflections. Data collection were performed at
123 K within a ©-range of 2.20° < © < 25.33°. Nine data
sets were measured in rotation scan modus with Ap/AQ =
1.0°. A total number of 32859 intensities were integrated.
Raw data were corrected for Lorentz, polarization, and, aris-
ing from the scaling procedure, for latent decay and absorp-
tion effects. After merging (Rjpt = 0.049) a sum of 5688
(all data) and 5431[l > 20(1)], respectively, remained and all
data were used. The structure was solved by a combination

of direct methods and difference Fourier syntheses. All non-
hydrogen atoms were refined with anisotropic displacement
parameters. All hydrogen atom positions were calculated in
deal positions (riding model). Full-matrix least-squares re-
finements with 442 parameters were carried out by minimiz-
ing Zw(Fo? — Fe2)? with SHELXL-97 weighting scheme and
stopped at shift/err < 0.001. The final residual electron den-
sity maps showed no remarkable features. The correct enan-
tiomere is proved by Flack’s parameter € = 0.01(1). Neu-
tral atom scattering factors for all atoms and anomalous dis-
persion corrections for the non-hydrogen atoms were taken
from International Tables for Crystallography. All calcula-
tions were performed on an Intel Pentium Il PC, with the
STRUX-V system, including the programs PLATON, SIR92,
and SHELXL-97 [14].

Crystallographic data (excluding structure factors) for the
structures reported in this paper have been deposited with
the Cambridge Crystallographic Data Centre as supplemen-
tary publication nos. CCDC 246780 (2a), CCDC 246360
(4a), and CCDC 246781 (8a2). Copies of the data can be
obtained free of charge on application to CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK (fax: (+44)1223-336-033;
e-mail: deposit@ccdc.cam.ac.uk).
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