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A series of dipyridin-2-yl-substituted piperidones with alkyl
chains of variable length [CH3(CH2)n–], n = 0, 5, 11, 17, have
been synthesised. The piperidones are all crystalline materi-
als and exist in the solid state as the enol tautomers, which
are stabilised by hydrogen bonding. The hydrogen bonding
accounts for the crystallinity of these materials, despite the
presence of long alkyl chains, and extensive hydrophobic re-
gions are observed in the extended structures of some of
these molecules. A series of twelve bispidones have been
synthesised from their piperidone precursors by a condensa-

Introduction

Substituted diazabicyclo[3.3.1]nonanes (known as bispi-
dones) are an important category of multidentate ligands
which are currently the subject of considerable interest.
Bispidone ligands feature a very rigid bicyclic backbone,[1–3]

adopting either a chair-boat or a double-chair conforma-
tion.[1–3] This inherent feature has led to their utilisation in
both medicinal and coordination chemistry. The rigidity of
the bispidone backbone is important to medicinal chemists
studying the affinity of the molecule to opioid receptors.[4–6]

Even subtle changes in the substituents on the bispidone
ring can result in a complete loss of affinity. Bispidones
have also received attention in coordination chemistry, be-
cause replacement of the skeletal carbon atoms at the 3-
and 7-positions by groups containing possible donor atoms
such as nitrogen can result in the bispidone becoming a
tetra-, penta-or hexadentate ligand, depending on the sub-
stituents attached to the heteroatoms at these positions
(Figure 1).

Comba and co-workers have studied the complexation
of a number of 2,4-bis(2-pyridinyl)-substituted 9-oxo-3,7-
diazabicyclo[3.3.1]nonanedicarboxylates to a wide range of
metal centres.[7–22] They have shown that the rigid nature of
the backbone allows preorganisation of the coordination
sphere around the metal centre, resulting in the formation
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tion reaction with N,N-disubstituted diamines, H2N(CH2)2-
NR2 (R = Me, Et, iPr). Solid-state structures have been ob-
tained for three of these bispidones, all of which display a
double-chair conformation. The structures show a high de-
gree of preorganisation for metal coordination, and hence are
suitable candidates for coordination complexes, where these
bispidones are capable of acting as pentadenate ligands.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Figure 1. Double-chair conformation of bispidones showing nitro-
gen atoms at the 3- and 7-position on the bicyclic backbone.

of highly stable metal complexes.[7,14] Structural studies of
these complexes have shown that the bicyclic backbone pre-
fers to form a double-chair conformation, with the intra-
molecular distances between the two bicyclic nitrogen
atoms consistently observed to fall in a small range, 2.90–
2.98 Å.[14] The stability offered by metal complexes of sub-
stituted bispidone ligands has led to their utilization in sta-
bilising peroxo species. This stability is conferred by the ri-
gid preorganised tetradentate N4 donor set offered by these
types of bispidone ligands. Oxidation of (bispidone)cop-
per(I) complexes with O2 leads to the formation of (perox-
ido)dicopper(II) complexes,[9,10,12] whilst (bispidone)iron-
(III) complexes react with H2O2 in methanol to form (per-
oxido)iron(III) complexes,[13,17] which are capable of acting
as catalysts in the epoxidation and dihydroxylation of ole-
fins.[20] Other uses of bispidone complexes include the use
of copper(II) complexes as efficient catalysts for catechol
oxidase activity,[11] and for the aziridination of styrene.[15]
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Whilst much is known about the structures of their coor-

dination compounds, relatively little research has been con-
ducted regarding the ligands themselves. Crystal structures
of a number of bispidone ligands have been reported (27
hits for non-complexed bispidones in a search of the Cam-
bridge Structural Database).[23] The bicyclic bispidones
tend to adopt either a double-chair or a chair-boat confor-
mation, with studies showing that systems where the two
ring nitrogen atoms are markedly pyramidal tend to adopt
chair-boat conformations, whilst the double-chair confor-
mation is preferred for systems with planar nitrogen
atoms.[24] All examples containing diester substituents as
shown in Figure 1 (nine reported in the CCDC data-
base)[5–7,10,18,25] feature the bicyclic backbone with a
double-chair conformation. Whilst this backbone is preor-
ganised for metal coordination, in all the examples featur-
ing pyridyl groups the donor atoms are located away from
the metal coordination site, in contrast to the orientation
of the pyridyl groups in the metal complexes. Bispidone li-
gands also offer the option of incorporating long alkyl
chains which may be useful in tailoring the properties to
make the ligands and complexes more hydrophobic. To this
end we now present our findings on the synthesis of a series
of piperidone compounds which incorporate alkyl chains
of increasing length. We have then synthesised a series of
pentadentate bispidones by utilising a series of diamines
H2NCH2CH2NR2 (R = Me, Et, iPr) in the second conden-
sation step, and the structural features of these compounds
are now presented.

Results and Discussion

Synthesis of Piperidones

A series of four piperidones (1, 5, 9 and 13) have been
synthesised according to the method of Haller and
Ashauer[26] by a Mannich condensation reaction of pyr-
idine-2-carbaldehyde and dimethyl 3-oxopentanedioate
with a range of four primary amines, R�NH2, where R� =
alkyl chains of differing lengths [R� = CH3, (CH2)5CH3,
(CH2)11CH3 and (CH2)17CH3], as shown in Figure 2.

The four compounds were recrystallised from warm
methanol to yield the colourless, crystalline materials 1, 5, 9

Figure 2. Reaction scheme for the formation of the intermediate piperidones 1, 5, 9 and 13, and the bispidones derived from these
precursors (2–4, 6–8, 10–12 and 14–16).
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and 13. These piperidones may exhibit a number of possible
conformations (as a consequence of the ring containing po-
tentially four chiral centres), and additionally there is the
possibility of keto and enol tautomers. The NMR spectra
of 1, 5, 9 and 13 may therefore be highly complicated, but
in all four cases the number of peaks observed in the 1H
and 13C{1H} NMR spectra in CDCl3 suggest that one con-
formation dominates in solution. It appears that the keto
tautomer is favoured in CDCl3 solution because a reso-
nance is observed between δC = 201 and 204 ppm for all
four piperidones, which is consistent with a ketone C=O
group. Additionally, the 13C{1H} NMR spectra of all four
compounds display only one carboxylate carbon resonance
(δC = 168–169 ppm) and one methoxy carbon resonance (δC

= 52–53 ppm), suggesting equivalence of the two CO2Me
groups. The NMR spectra of 1 were also run in [D4]meth-
anol, [D6]acetone and [D8]toluene, and in all cases exhibited
similar features to the spectra run in CDCl3.

Solid-State Structure and Conformation of 1

Crystals of 1 were grown from methanol, and found to
be suitable for single-crystal X-ray diffraction. The com-
pound crystallises in the orthorhombic space group P212121

with two independent molecules in the asymmetric unit.
The molecular structure of 1 is shown in Figure 3, along
with selected bond lengths and angles.

The structural data shows that the molecule has crystal-
lised as the enol tautomer, due to favourable hydrogen
bonding of the enol proton to a neighbouring carboxylate
C=O oxygen atom [H(3)···O(15) 1.71(7) Å, H(33)···O(45)
1.68(6) Å]. This contrasts with the spectroscopic data for
the piperidones in solution, where the keto form dominates.
A carbon–carbon double bond is therefore formed in the
ring [C(3)–C(4) 1.349(6) Å], and as a consequence the ring
is flattened at the sp2 carbon atom, resulting in distortion
from a chair conformation. The piperidone ring therefore
adopts an envelope conformation, which is shown for one
of the two molecules of 1 in Figure 4.

The CO2Me groups are clearly inequivalent in the crystal
structure as a consequence of the hydrogen bonding pres-
ent, and the solid-state preference for the enol tautomer.
The CO2Me group involved in hydrogen bonding to the
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Figure 3. Molecular structure of 1. Thermal ellipsoids are shown at the 30% probability level. Selected protons omitted for clarity.
Selected bond lengths [Å] and angles [°]: Molecule 1: C(1)–C(2) 1.531(6), C(2)–C(3) 1.507(6), C(3)–C(4) 1.349(6), C(4)–C(5) 1.512(6),
C(5)–N(6) 1.459(5), C(1)–N(6) 1.475(6), C(23)–N(6) 1.462(6), C(3)–O(3) 1.351(5), O(3)–H(3) 0.97(7), C(2)–C(13) 1.523(7), C(13)–O(13)
1.201(6), C(13)–O(14) 1.347(6), C(14)–O(14) 1.444(6), C(4)–C(15) 1.441(6), C(15)–O(15) 1.242(5), C(15)–O(16) 1.337(5), C(16)–O(16)
1.439(6); N(6)–C(1)–C(2) 113.4(4), C(1)–C(2)–C(3) 110.7(4), C(2)–C(3)–C(4) 123.7(4), C(3)–C(4)–C(5) 120.5(4), C(4)–C(5)–N(6) 113.2(4),
C(5)–N(6)–C(1) 109.7(3), C(1)–N(6)–C(23) 113.4(4), C(5)–N(6)–C(23) 112.9(3). Molecule 2: C(31)–C(32) 1.537(6), C(32)–C(33) 1.503(6),
C(33)–C(34) 1.351(6), C(34)–C(35) 1.516(6), C(35)–N(36) 1.464(6), C(31)–N(36) 1.466(6), C(53)–N(36) 1.466(6), C(33)–O(33) 1.349(5),
O(33)–H(33) 1.01(6), C(32)–C(43) 1.522(7), C(43)–O(43) 1.205(6), C(43)–O(44) 1.342(6), C(44)–O(44) 1.446(6), C(34)–C(45) 1.455(6),
C(45)–O(45) 1.236(6), C(45)–O(46) 1.334(6), C(46)–O(46) 1.445(6); C(31)–N(36)–C(35) 109.4(3), C(31)–N(36)–C(53) 113.7(4), C(35)–
N(36)–C(53) 112.2(3), N(36)–C(31)–C(32) 112.7(4), C(31)–C(32)–C(33) 110.9(4), C(32)–C(33)–C(34) 123.5(4), C(33)–C(34)–C(35)
118.4(4), C(34)–C(35)–N(36) 112.7(3).

Figure 4. Conformation of the piperidone ring in 1. C(7) and C(17)
are pyridyl groups, C(13) and C(15) are CO2Me groups.

enol proton exhibits lengthening of the C=O bond [C(15)–
O(15) 1.242(5) Å, C(45)–O(45) 1.236(6) Å], compared with
the C=O bonds for the CO2Me groups not involved in hy-
drogen bonding [C(13)–O(13) 1.201(6) Å, C(43)–O(43)
1.205(6) Å]. The piperidone ring in 1 features three chiral
centres, C(1), C(2) and C(5) as shown in Figure 4. The pyr-
idine rings attached to C(1) and C(5) are arranged pointing
away from each other, with one pyridyl group pointing up
and one down, hence each chiral centre is orientated in the
same fashion, either both (R) or both (S). The CO2Me
group at C(2) points up, and is adjacent to the pyridyl ring
attached to C(1), which points down. This arrangement
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minimises steric interactions, and is presumably the energet-
ically most favourable. The second CO2Me group is at-
tached to the sp2 ring carbon atom, C(4) in Figure 4, where
the potentially fourth chiral centre is removed by formation
of the enol tautomer. Finally, the geometry at the ring nitro-
gen atom is pyramidal, with C–N–C angles varying between
109 and 113°, and thus being somewhat larger than the
idealised angle of 107°.

The structure of 1 features two independent molecules
which are linked by intermolecular hydrogen bonds be-
tween the C=O oxygen atom of a CO2Me group and a
methyl proton of the NMe group, [H(53b)···O(15) 2.52 Å
and H(23c)···O(45) 2.42 Å], as shown in Figure 5.

Figure 5. Intermolecular hydrogen bonding between the two inde-
pendent molecules of 1.
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Synthesis and Structural Study of Bispidones 2–4

Piperidone 1 has been utilised in the synthesis of a series
of bispidones by performing a second condensation with
formaldehyde and a series of unsymmetrically substituted
diamines, H2N(CH2)2NR��2, where R�� = Me (2), Et (3),
and iPr (4), as shown in Figure 2. The bispidones formed
have the potential to act as pentadentate ligands, with five
possible nitrogen donor atoms. The possibility of formation
of an enol tautomer is removed upon bispidone formation
as the protons on the two carbon atoms adjacent to the
ring ketone carbon atom are removed in the condensation
process. The 13C{1H} NMR spectra of 2, 3 and 4 all there-
fore display a ketone carbon resonance (δC = 204.1 ppm).
1H NMR spectroscopy has previously been used to provide
information of the conformation of bispidones.[5] The CH
protons on the ring carbon atom attached to the pyridyl
rings appear at δH = 4.75 ppm for 2, and δH = 4.80 ppm for
3 and 4. The presence of just one peak for these protons,
and the chemical shift, are consistent with observations for
bispidones which display a double-chair conformation with
a cis-sym arrangement of the pyridyl rings.[5] This suggests
that in solution the bispidones 2–4 exhibit this conforma-
tion also.

Figure 6. Molecular structure of 2. Thermal ellipsoids are shown
at the 30% probability level. Selected protons omitted for clarity.
Selected bond lengths [Å] and angles [°]: C(2)–C(8) 1.564(3), C(2)–
C(3) 1.516(3), C(3)–C(4) 1.520(3), C(4)–C(7) 1.563(3), C(7)–N(1)
1.465(3), C(8)–N(1) 1.472(3), C(14)–N(1) 1.470(3), C(2)–C(25)
1.542(3), C(4)–C(20) 1.546(3), C(20)–N(4) 1.458(3), C(25)–N(4)
1.459(3), C(21)–N(4) 1.468(3), C(22)–N(5) 1.445(3), C(23)–N(5)
1.460(4), C(24)–N(5) 1.457(4), C(3)–O(3) 1.203(2), C(1)–C(2)
1.531(3), C(1)–O(2) 1.201(3), C(1)–O(1) 1.328(3), C(26)–O(1)
1.449(3), C(4)–C(5) 1.522(3), C(5)–O(5) 1.207(3), C(5)–O(4)
1.330(3), C(6)–O(4) 1.441(3); N(1)–C(8)–C(2) 113.66(16), C(8)–
C(2)–C(3) 110.42(17), C(2)–C(3)–C(4) 110.24(16), C(3)–C(4)–C(7)
108.83(16), C(4)–C(7)–N(1) 113.34(16), C(7)–N(1)–C(8)
116.23(16), C(7)–N(1)–C(14) 108.05(16), C(8)–N(1)–C(14)
108.38(17), C(20)–N(4)–C(21) 110.38(17), C(20)–N(4)–C(25)
110.38(16), C(21)–N(4)–C(25) 108.30(17), C(22)–N(5)–C(23)
109.3(2), C(22)–N(5)–C(24) 111.4(2), C(23)–N(5)–C(24) 109.7(2).
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The bispidones 2–4 were recrystallised from warm meth-
anol to yield in all cases crystals suitable for X-ray diffrac-
tion. The molecular structures of 2 (orthorhombic,
P212121), 3 (triclinic, P1̄) and 4 (orthorhombic, Pbca) are
shown in Figures 6, 7 and 8, respectively, along with se-
lected bond lengths and angles. The structure of 3 exhibits
disorder with two separate sites for all the atoms in the
CH2CH2NEt2 portion of the molecule.

The three bispidone structures all show a double-chair
conformation of the bicyclic ring system (as has been ob-
served for other uncomplexed bispidone systems containing
two CO2Me groups)[5–7,10,25] and is shown for compound 2
in Figure 9. The structure shows the pyridyl rings in a cis-
sym orientation, which confirms the solution NMR spec-
troscopic data. The double-chair conformation brings the
two bicyclic nitrogen atoms close together in each of the
three structures [N(1)···N(4) 2.938(2) Å (2), N(3)···N(7)
2.931(2) Å (3), N(3)···N(7) 2.895(2) Å (4)]. These close
N···N distances are typical of bispidione systems, both in
metal complexes, and in uncoordinated examples. The con-
formation of the bispidone system in 2, 3 and 4 differs from
the conformation observed for metal complexes of bispi-
dones only in the twisting of the pyridine rings. In all three

Figure 7. Molecular structure of 3. Thermal ellipsoids are shown
at the 30% probability level. Selected protons omitted for clarity.
One site is shown for atoms C(12), C(13), N(14), C(15), C(16),
C(17) and C(18) which are all disordered over two sites. Selected
bond lengths [Å] and angles [°]: C(1)–C(2) 1.545(3), C(1)–C(9)
1.516(3), C(5)–C(9) 1.518(3), C(4)–C(5) 1.547(3), C(2)–N(3)
1.451(3), C(4)–N(3) 1.457(3), C(12b)–N(3) 1.449(4), C(1)–C(8)
1.568(3), C(5)–C(6) 1.565(3), C(6)–N(7) 1.468(2), C(8)–N(7)
1.462(3), C(27)–N(7) 1.473(3), C(9)–O(9) 1.211(3), C(1)–C(10)
1.527(3), C(10)–O(10) 1.194(3), C(10)–O(11) 1.335(3), C(11)–O(11)
1.448(4), C(5)–C(19) 1.532(3), C(19)–O(19) 1.196(2), C(19)–O(20)
1.331(2), C(20)–O(20) 1.449(3); N(3)–C(2)–C(1) 111.87(17), C(2)–
C(1)–C(9) 103.96(16), C(1)–C(9)–C(5) 110.64(16), C(9)–C(5)–C(4)
104.26(16), C(2)–N(3)–C(4) 111.41(17), C(1)–C(8)–N(7)
113.87(16), C(5)–C(6)–N(7) 113.47(16), C(6)–N(7)–C(8)
116.69(15), C(6)–N(7)–C(27) 107.59(15), C(8)–N(7)–C(27)
108.32(15).
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Figure 8. Molecular structure of 4. Thermal ellipsoids are shown
at the 30% probability level. Selected protons omitted for clarity.
Selected bond lengths [Å] and angles [°]: C(1)–C(8) 1.545(3), C(1)–
C(9) 1.519(2), C(9)–C(5) 1.519(3), C(5)–C(6) 1.542(3), C(6)–N(7)
1.459(2), C(8)–N(7) 1.454(2), C(27)–N(7) 1.467(3), C(1)–C(2)
1.566(2), C(4)–C(5) 1.564(2), C(2)–N(3) 1.460(2), C(4)–N(3)
1.470(2), C(18)–N(3) 1.466(3), C(28)–N(25) 1.478(3), C(30)–N(25)
1.482(3), C(33)–N(25) 1.481(3), C(9)–O(9) 1.208(2), C(1)–C(10)
1.534(3), C(10)–O(10) 1.202(2), C(10)–O(11) 1.329(2), C(11)–O(11)
1.444(4), C(5)–C(25) 1.530(2), C(25)–O(25) 1.200(2), C(25)–O(26)
1.332(2), C(26)–O(26) 1.446(3); C(5)–C(6)–N(7) 111.03(16), C(6)–
C(5)–C(9) 105.04(15), C(5)–C(9)–C(1) 110.32(14), C(9)–C(1)–C(8)
106.33(14), C(1)–C(8)–N(7) 112.10(14), C(6)–N(7)–C(8)
110.10(14), C(6)–N(7)–C(27) 110.30(15), C(8)–N(7)–C(27)
111.07(15), C(1)–C(2)–N(3) 113.16(14), C(5)–C(4)–N(3)
114.08(14), C(2)–N(3)–C(4) 117.11(14), C(2)–N(3)–C(18)
108.70(17), C(4)–N(3)–C(18) 108.08(16), C(28)–N(25)–C(30)
110.79(16), C(30)–N(25)–C(33) 111.58(17), C(30)–N(25)–C(33)
114.81(16).

structures the pyridyl rings are rotated such that the nitro-
gen atoms are pointing away from the bicyclic ring nitrogen
atoms, whilst in metal complexes the pyridyl rings rotate by
180°, and thus a pocket is created whereby the ligand can
coordinate to the metal atom through all four nitrogen
atoms.[7–22] The pyridine rings in 2, 3 and 4 thus exhibit
opposite chirality, in contrast to the situation observed for
the piperidone 1. This arrangement is not as energetically
favourable in terms of sterics, but the energy gained by the
formation of the stable bicyclic nonanone skeleton over-
comes this.

Formation of the bicyclic ring system prevents tautomer-
ism to the enol form, and this is supported by a comparison
of the C=O ketone bond lengths in the three compounds
[C(3)–O(3) 1.203(2) Å (2), C(9)–O(9) 1.211(3) Å (3), C(9)–
O(9) 1.208(2) Å (4)], all being consistent with C=O double
bonds. The C–C bond lengths of the bicyclic rings vary be-
tween 1.516(3) and 1.564(3) Å for 2, 1.516(3) and
1.568(2) Å for 3, and 1.519(2) and 1.566(2) Å for 4. The C–
N bonds to the bicyclic ring nitrogen atoms are consistent
with C–N bonds to sp3-hybridised carbon atoms [C–N
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Figure 9. Double-chair conformation adopted by the bispidone
backbone in compound 2. C(9) and C(15) are pyridyl groups. N(1)
is the N–CH3 nitrogen atom, whilst N(4) is bound to the pendant
diamine arm.

1.458(3)–1.472(3) Å (2), 1.449(4)–1.473(3) Å (3), 1.454(2)–
1.470(2) Å (4)]. The angles around the bicyclic ring nitrogen
atoms again confirm a pyramidal geometry, consistent with
the presence of the nitrogen lone pair. In the case of the
nitrogen atom bound to the pendant diamine arm the three
C–N–C angles are all nearly equal, and often close to the
idealised 107°, e.g. for atom N(4) in 2, where the three C–
N–C angles are 110.38(17)°, 110.38(16)° and 108.30(16)°.
In contrast, the N–CH3 nitrogen atom in each of the three
bispidones show some distortion from regular pyramidal
geometry, with the Cring–N–Cring angle being larger than
the other two, e.g. for atom N(1) in 2, the Cring–N–Cring

angle is 116.23(16)°, whilst the other two C–N–C angles are
108.05(16)° and 108.38(17)°. This observation is consist-
ently observed for 3 and 4 also, and reflects the larger steric
hindrance at the N–CH3 centre from the two pyridyl rings
bound to the adjacent carbon atoms.

Solid-State Conformations of Long-Chain Piperidones

With the successful formation of a series of pentadendate
bispidones from the piperidone 1, we therefore turned our
attention to the piperidones which feature longer alkyl
chains. The three long-chain piperidones 5, 9 and 13 were
all treated with the same series of diamines H2N(CH2)2-
NR��2, where R�� = Me (6, 10 and 14), Et (7, 11 and 15),
and iPr (8, 12 and 16), as shown in Figure 2. These bispi-
dones were all synthesised by the same method utilised for
2–4. All of the nine bispidones formed from these long-
chain piperidones exist as viscous brown oils, which did not
solidify upon attempts to recrystallise. These bispidones ex-
hibit similar NMR spectroscopic features as 2, 3 and 4, and
in view of the long alkyl chains present, it is not surprising
that these materials are oils. The NMR spectra of the long-
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chain bispidones are consistent with 2, 3 and 4, and it seems
likely that these also adopt a double-chair conformation
with a cis-sym arrangement of the pyridyl groups.

We were able to grow crystals of the parent piperidones,
5 (monoclinic, P21/n), 9 (monoclinic, P21/c) and 13 (mono-
clinic, C2/c), all of which, despite those with long alkyl
chains (a C18 chain in the case of 13), were formed as crys-
talline solids upon recrystallisation from warm methanol.
The structures of the three long-chain piperidones are
shown in Figures 10, 11 and 12, along with selected bond
lengths and angles.

Figure 10. Molecular structure of 5. Thermal ellipsoids are shown
at the 30% probability level. Selected protons omitted for clarity.
Selected bond lengths [Å] and angles [°]: C(2)–C(3) 1.521(3), C(3)–
C(4) 1.351(3), C(4)–C(5) 1.494(3), C(5)–C(6) 1.536(3), C(2)–N(1)
1.469(3), C(6)–N(1) 1.469(3), C(7)–N(1) 1.475(3), C(4)–O(4)
1.351(2), O(4)–H(4) 0.96(4), C(3)–C(19) 1.451(3), C(19)–O(19)
1.234(3), C(19)–O(20) 1.331(3), C(20)–O(20) 1.439(3), C(5)–C(21)
1.517(3), C(21)–O(21) 1.195(3), C(21)–O(22) 1.324(3), C(22)–O(22)
1.449(4); N(1)–C(2)–C(3) 112.80(17), C(2)–C(3)–C(4) 121.1(2),
C(3)–C(4)–C(5) 123.19(18), C(4)–C(5)–C(6) 110.28(17), C(5)–C(6)–
N(1) 112.46(18), C(2)–N(1)–C(6) 109.35(16), C(2)–N(1)–C(7)
111.50(17), C(6)–N(1)–C(7) 115.26(18).

Figure 12. Molecular structure of 13. Thermal ellipsoids are shown at the 30% probability level. Selected protons omitted for clarity.
Selected bond lengths [Å] and angles [°]: C(2)–C(3) 1.525(4), C(3)–C(4) 1.510(4), C(4)–C(5) 1.341(4), C(5)–C(6) 1.516(4), C(2)–N(1)
1.470(3), C(6)–N(1) 1.471(3), C(7)–N(1) 1.479(4), C(4)–O(4) 1.351(3), O(4)–H(4) 0.97(4), C(3)–C(31) 1.517(4), C(31)–O(31) 1.203(4),
C(31)–O(32) 1.326(3), C(32)–O(32) 1.445(4), C(5)–C(33) 1.459(4), C(33)–O(33) 1.228(3), C(33)–O(34) 1.334(3), C(34)–O(34) 1.453(4);
N(1)–C(2)–C(3) 112.6(2), C(2)–C(3)–C(4) 109.7(2), C(3)–C(4)–C(5) 123.0(3), C(4)–C(5)–C(6) 121.4(2), C(5)–C(6)–N(1) 113.5(2), C(2)–
N(1)–C(6) 109.7(2), C(2)–N(1)–C(7) 114.0(2), C(6)–N(1)–C(7) 111.98(19).
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Figure 11. Molecular structure of 9. Thermal ellipsoids are shown
at the 30% probability level. Selected protons omitted for clarity.
Selected bond lengths [Å] and angles [°]: C(2)–C(3) 1.528(4), C(3)–
C(4) 1.335(4), C(4)–C(5) 1.503(4), C(5)–C(6) 1.527(4), C(2)–N(1)
1.469(3), C(6)–N(1) 1.475(3), C(7)–N(1) 1.474(4), C(4)–O(4)
1.351(3), O(4)–H(4) 0.94(4), C(3)–C(25) 1.451(4), C(25)–O(25)
1.235(4), C(25)–O(26) 1.335(4), C(26)–O(26) 1.454(4), C(5)–C(27)
1.514(4), C(27)–O(27) 1.199(4), C(27)–O(28) 1.315(3), C(28)–O(28)
1.454(5); N(1)–C(2)–C(3) 112.7(2), C(2)–C(3)–C(4) 121.3(2), C(3)–
C(4)–C(5) 123.3(2), C(4)–C(5)–C(6) 110.5(2), C(5)–C(6)–N(1)
113.0(2), C(2)–N(1)–C(6) 109.8(2), C(2)–N(1)–C(7) 111.4(2), C(6)–
N(1)–C(7) 114.4(2).

The three piperidones exist as the enol tautomers, as ob-
served for 1, with O–H···C=O hydrogen bonding, [O(19)···
H(4) 0.96(4) Å (5), O(25)···H(4) 0.94(4) Å (9), O(33)···H(4)
0.97(4) Å (13)]. Presumably, this hydrogen bonding ac-
counts for the crystalline nature of 5, 9 and 13, despite the
long alkyl chains. This same effect was not observed for the
bispidones generated from these compounds, as they are
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unable to convert to the enol, and thus offer no hydrogen-
bonding options. The piperidone rings in all three com-
pounds form the same envelope conformation observed for
1 and exhibit similar features with respect to the orientation
of the pyridyl and acetyl groups.

In contrast to 1, the extended structures of 5, 9 and 13 do
not show the formation of loosely linked pairs of molecules
through intermolecular hydrogen bonding between the
C=O oxygen atom of a CO2Me group and a proton of the
N–R group. This is likely to be a consequence of the longer
alkyl chains present on this nitrogen atom in these three
compounds, which contrasts with 1 where there is only an
N-methyl group. The alkyl chains kink at the NCH2 carbon
atom so that the chain is orientated gauche to the nitrogen
atom in the piperidone ring, with the chains then running
in a regular fashion. This kink appears to direct the hydro-
phobic region away from the bulk of the molecule. The
presence of the longer chain results in greater steric de-
mand, and influences the extended structures of these com-
pounds to varying degrees, through a tendency for the for-
mation of fatty hydrophobic regions within the crystal
packing. This aggregation of the long alkyl chains is dif-
ferent in the three molecules.

In 5 the molecules pack with weak intermolecular hydro-
gen bonding between the CO2Me groups and protons on
the pyridyl rings [O(21)···H(28) 2.45(3) Å, O(19)···H(25)
2.58(3) Å], as shown in Figure 13, and there appears to be
no strong tendency for formation of hydrophobic regions.

In contrast, the extended structure of 9 shows a combi-
nation of the same intermolecular hydrogen bonding ob-
served for 5, between the CO2Me groups and pyridyl pro-
tons, [O(25)···H(31) 2.61(3) Å, O(27)···H(34) 2.39(3) Å],
and short H···H contacts between the C12 alkyl chains
[H(8b)···H(12b) 2.21(4) Å], and therefore the crystal pack-
ing shows the formation of hydrophobic regions, see Fig-
ure 14.

Figure 13. Extended structure of 5 showing intermolecular hydrogen bonding.
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Figure 14. Extended structure of 9 showing aggregation of the
hydrophobic regions.

The structure of 13 shows similar features with hydrogen
bonding [O(33)···H(27) 2.63(3) Å, O(31)···H(30) 2.36(3) Å],
and extensive aggregation of the C18 chains, although the
shortest H···H contacts [H(8a)···H(24a) 2.38(4) Å, H(8b)···
H(16b) 2.39(4) Å] are only just below the sum of the
van der Waals radius for two hydrogen atoms. The extended
structure, however, shows distinct formation of hydro-
phobic regions, as depicted in Figure 15.
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Figure 15. Extended structure of 13 showing aggregation of the hydrophobic regions.

Conclusions

This research has resulted in the successful synthesis of
a series of four piperidones incorporating alkyl chains of
varying length and their use in the formation of a series of
bispidones capable of acting as pentadentate ligands. The
piperidones all exist as the enol tautomer in the solid state,
stabilised by hydrogen bonding, although NMR spectro-
scopic studies show that the keto tautomer is preferred in
solution, indicating that formation of the enol tautomer is a
solid-state phenomenon. Interestingly, the piperidones have
chiral centres with matching geometry to stabilise the mole-
cule energetically, but in the crystal structures of bispidones
2–4 this chirality is seen to be reversed, with pyridine rings
and acetyl groups arranged with opposing chirality. This
should be less favourable energetically; however, the energy
gained by the formation of the rigid bicyclic backbone ap-
pears to negate this. Extensive hydrophobic regions are seen
in the crystal structures of the longer-alkyl-chain piper-
idones 9 and 13, with the long alkyl chains aggregating to-
gether in the extended structures. The ease of the synthesis
of the bispidones and scope for future work makes these
molecules important for chemists working in various fields.

Experimental Section
General Considerations: All reagents were purchased from Aldrich
(methanol and Et2O from BDH) and were used as supplied without
further purification. 1H and 13C{1H} NMR spectra were obtained
with a Bruker DPX400 machine operating at 399.9 and 100.6 MHz,
respectively. Peak positions for 1H and 13C{1H} NMR spectro-
scopic data are quoted in ppm relative to external TMS using the
high-frequency positive convention throughout. All spectra were
recorded at 300 K. Mass spectra were recorded in positive-ion
mode with a QTof Micromass spectrometer and a Waters 2790 sep-
aration module, using water/acetonitrile (1:1) (with 0.1% w/w for-
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mic acid) as the solvent. Melting points were recorded with a Bibby
SMP10 melting point apparatus, and elemental analyses were car-
ried out by the University of Manchester Chemistry Department’s
microanalytical service.

Crystallographic Details: Details of the structural analysis for com-
pounds 1, 2, 3, 4, 5, 9 and 13 are summarised in Tables 1 and
Table 2. Diffraction data for all compounds were recorded with a
Nonius κ-CCD four-circle diffractometer at 150(2) K (1, 5, 9, 13)
or 200(2) K (2, 3 and 4). Graphite-monochromated Mo-Kα radia-
tion (λ = 0.71073 Å) was used in all cases. The structural data for
all the compounds was solved by direct methods (SHELXS97) and
refined by full-matrix least squares against F2 using all data
(SHELXL97).[27] Absorption corrections were carried out with the
multiscan method and were applied with the SORTAV program.[28]

Compound 3 features disorder of the CH2CH2NEt2 portion of the
molecule with two sites for atoms C(12), C(13), N(14), C(15),
C(16), C(17) and C(18). Non-hydrogen atoms were refined with
anisotropic thermal parameters. Treatment of the hydrogen atoms
varied. All hydrogen atoms in 4, 5, 9 and 13 were refined iso-
tropically, whilst the hydrogen atoms in 2 were all allowed for as
riding atoms. In 1 the enol protons (H3/H33) and the piperidone
ring protons (H1, H2, H5, H31, H32 and H35) were refined iso-
tropically, whilst all others were allowed for as riding atoms. In 3
all hydrogen atoms were refined isotropically, except those in the
disordered N(CH2)2NEt2 portion of the molecule where they were
allowed for as riding atoms. Thermal ellipsoid plots were generated
using ORTEP-3 for Windows,[29] whilst other figures were gener-
ated using the Mercury program.[30] CCDC-653185, -653186,
-653187, -653188, -653189, -653190 and -653191 contain the sup-
plementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

General Procedures for Preparation of Piperidone Precursors 1, 5, 9
and 13: Pyridine-2-carbaldehyde (0.1 mol, 9.51 mL) and the rel-
evant primary amine (0.05 mol) were dissolved in methanol
(100 mL), with gentle heating if necessary. The solution was cooled
in an ice bath and dimethyl 3-oxopentanedioate (0.05 mol,
7.35 mL) was added dropwise over 2 h, keeping the temperature at
0 °C. The methanol was removed to leave a red-brown viscous oil.



Hydrophobic Piperidones and Bispidones

Table 1. Crystallographic data for compounds 1, 2 and 3.

Compound 1 2 3

Empirical formula C20H21N3O5 C26H33N5O5 C28H37N5O5

Formula mass 383.40 495.31 523.63
Colour, habit colourless, plate colourless, prism colourless, prism
Crystal system orthorhombic orthorhombic triclinic
Space group P212121 (no. 19) P212121 (no. 19) P1̄ (no. 2)
Crystal size 0.25�0.20�0.10 mm 0.30�0.30�0.30 mm 0.25�0.20�0.10 mm
Unit-cell dimensions a = 10.17220(10) Å a = 9.6249(2) Å a = 10.4490(3) Å, α = 99.581(2)°

b = 10.3637(2) Å b = 13.8495(3) Å b = 11.2000(3) Å, β = 95.843(2)°
c = 35.0599(5) Å c = 19.6524(6) Å c = 13.1080(4) Å, γ = 111.540(2)°

Volume 3696.07(10) Å3 2619.67(11) Å3 1384.60(7) Å3

T 150(2) K 200(2) K 200(2) K
Z 8 4 2
Dcalcd. 1.378 Mg/m3 1.256 Mg/m3 1.256 Mg/m3

λ 0.71073 Å 0.71073 Å 0.71073 Å
µ (Mo-Kα) 0.101 mm–1 0.089 mm–1 0.087 mm–1

F(000) 1616 1056 560
θ range 3.04–26.54° 2.94–28.27° 3.38–25.50°
No. of reflections 4220 (4220 unique) 18829 (6193 unique) 7218 (5138 unique)
R1/wR2 0.0593/0.1339 0.0517/0.1201 0.0765/0.2079
R1/wR2 (all data) 0.0868/0.1569 0.0686/0.1301 0.1139/0.2461
Largest diff. peak/hole 0.291/–0.276 eÅ–3 0.229/–0.283 eÅ–3 0.655/–0.431 eÅ–3

Table 2. Crystallographic data for compounds 4, 5, 9 and 13.

Compound 4 5 9 13

Empirical formula C30H41N5O5 C25H31N3O5 C31H43N3O5 C37H55N3O5

Formula mass 551.68 453.53 537.68 621.84
Colour, habit colourless, prism colourless, plate colourless, plate colourless, plate
Crystal system orthorhombic monoclinic monoclinic monoclinic
Space group Pbca (no. 61) P21/n (no. 14) P21/c (no. 14) C2/c (no. 15)
Crystal size 0.25�0.20�0.15 mm 0.30�0.15�0.06 mm 0.30�0.12�0.05 mm 0.25�0.15�0.07 mm
Unit-cell dimensions a = 19.2470(3) Å a = 13.8840(3) Å a = 17.9256(6) Å a = 40.1386(8) Å

b = 15.2110(2) Å b = 9.2114(2) Å, b = 9.1539(3) Å, b = 9.5080(2) Å,
β = 108.7690(10)° β = 113.904(10)° β = 114.7550(10)°

c = 20.1970(3) Å c = 19.9954(6) Å c = 20.1966(7) Å c = 20.5812(6) Å
Volume 5913.00(15) Å3 2421.25(10) Å3 3029.78(18) Å3 7132.8(3) Å3

T 200(2) K 150(2) K 150(2) K 150(2) K
Z 8 4 4 8
Dcalcd. 1.239 Mg/m3 1.244 Mg/m3 1.179 Mg/m3 1.158 Mg/m3

λ 0.71073 Å 0.71073 Å 0.71073 Å 0.71073 Å
µ (Mo-Kα) 0.085 mm–1 0.087 mm–1 0.080 mm–1 0.076 mm–1

F(000) 2368 968 1160 2704
θ range 3.22–27.48° 3.09–27.56° 2.94–26.40° 2.94–26.80°
No. of reflections 12845 (6763 unique) 19445 (5499 unique) 26226 (6179 unique) 55407 (7567 unique)
R1/wR2 0.0563/0.1504 0.0618/0.1474 0.0619/0.1427 0.0665/0.1280
R1/wR2 (all data) 0.0955/0.1811 0.1128/0.1885 0.1370/0.1854 0.1273/0.1509
Largest diff. peak/hole 0.318/–0.230 eÅ–3 0.412/–0.343 eÅ–3 0.243/– 0.235 eÅ–3 0.199/– 0.182 eÅ–3

The piperidone was extracted from this using diethyl ether and then
filtered under reduced pressure. Upon recrystallisation from warm
methanol the products were obtained as light pink powders with

Figure 16. Numbering scheme for NMR spectroscopic data.
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yields typically 70–90%. The numbering of the carbon atoms in
the NMR assignments of the piperidones is shown in Figure 16.

Dimethyl 1-Methyl-4-oxo-2,6-dipyridin-2-yl-3,5-dicarboxylate (1):
Light pink powder, yield 15.53 g (81%), melting point 121–123 °C.
C20H21N3O5 (383.40): calcd. C 62.7, H 5.5, N 11.0; found C 62.5,
H 5.4, N 10.9. 1H NMR (CDCl3): δ = 1.80 (s, 3 H, NCH3), 3.60
(s, 6 H, OCH3), 4.30 (d, 2 H, C3/5H), 4.70 (s, 2 H, C2/6H), 7.25–
8.60 (m, 8 H, Hpy) ppm. 13C{1H} NMR (CDCl3): δ = 45.6 (R�),
52.9 (OCH3), 65.4 (C3/5), 70.4 (C2/6), 123.4, 124.5, 136.8, 149.6
(Cpy), 158.6 (Cpy-i), 169.0 (COO), 204.0 (C4) ppm. TOF MS ES+:
calcd. for C20H21N3O5 [M]+ 383.40, found 383.1.

Dimethyl 1-Hexyl-4-oxo-2,6-dipyridin-2-yl-3,5-dicarboxylate (5):
Light pink powder, yield 16.33 g (72%), melting point 108–110 °C.
C25H31N3O5 (453.53): calcd. C 66.2, H 6.9, N 9.3; found C 66.4,
H 6.8, N 8.9. 1H NMR (CDCl3): δ = 0.80 (t, 3 H, R� CH3), 1.00–
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2.40 (m, 10 H, R� CH2), 3.60 (s, 6 H, OCH3), 4.20 (d, 2 H, C3/5H),
4.95 (s, 2 H, C2/6H), 7.10–8.60 (m, 8 H, Hpy) ppm. 13C{1H} NMR
(CDCl3): δ = 14.4 (R� CH3), 23.0, 26.9, 28.9, 31.8, 44.6 (R� CH2),
52.9 (OCH3), 61.4 (C3/5), 68.2 (C2/6), 123.3, 125.5, 136.6, 149.2
(Cpy), 159.0 (Cpy-i), 168.0 (COO), 201.3 (C4) ppm. TOF MS ES+:
calcd. for C25H31N3O5 [M]+ 453.53, found 454.0.

Dimethyl 1-Dodecyl-4-oxo-2,6-dipyridin-2-yl-3,5-dicarboxylate (9):
Light pink powder, yield 18.97 g (84%), melting point 93–95 °C.
C31H43N3O5 (537.69): calcd. C 69.3, H 8.1, N 7.8; found C 69.2,
H 8.1, N 7.8. 1H NMR (CDCl3): δ = 0.80 (t, 3 H, R� CH3), 1.00–
2.40 (m, 22 H, R� CH2), 3.60 (s, 6 H, OCH3), 4.20 (d, 2 H, C3/5H),
4.90 (s, 2 H, C2/6H), 7.00–8.60 (m, 8 H, Hpy) ppm. 13C{1H} NMR
(CDCl3): δ = 14.5 (R� CH3), 23.1, 27.2, 28.3, 30.0, 32.3, 47.5 (R�

CH2), 52.9 (OCH3), 61.5 (C3/5), 68.7 (C2/6), 122.6, 123.8, 136.5,
149.2 (Cpy), 159.0 (Cpy-i), 168.0 (COO), 202.7 (C4) ppm. TOF MS
ES+: calcd. for C31H43N3O5 [M]+ 537.69, found 537.9.

Dimethyl 1-Octadecyl-4-oxo-2,6-dipyridin-2-yl-3,5-dicarboxylate
(13): Light pink powder, yield 27.67 g (89%), melting point 89–
90 °C. C37H55N3O5 (621.85): calcd. C 71.5, H 8.9, N 6.8; found C
71.7, H 8.8, N 6.7. 1H NMR (CDCl3): δ = 0.80 (t, 3 H, R� CH3),
1.00–2.40 (m, 34 H, R� CH2), 3.50 (s, 6 H, OCH3), 4.10 (d, 2 H,
C3/5H), 4.90 (s, 2 H, C2/6H), 7.00–8.55 (m, 8 H, Hpy) ppm. 13C{1H}
NMR (CDCl3): δ = 14.5 (R� CH3), 23.1, 27.3, 29.0, 29.7, 30.0, 32.3,
47.6 (R� CH2), 52.9 (OCH3), 61.5 (C3/5), 64.2 (C2/6), 122.3, 123.8,
136.6, 149.2 (Cpy), 159.0 (Cpy-i), 168.0 (COO), 203.9 (C4) ppm.
TOF MS ES+: calcd. for C37H55N3O5 [M]+ 621.85, found 622.1.

General Procedure for the Preparation of Bispidone Ligands: The
relevant piperidone (0.01 mol) was dissolved in methanol (50 mL)
under reflux. To this solution was added formaldehyde (0.02 mol,
3.13 mL, 37% w/w aqueous solution) and the relevant diamine
(0.01 mol), and the solution was left refluxing for 30 min and then
cooled to room temperature. The methanol was removed in a rotary
evaporator (60 °C), with the products ranging from dark red to
dark brown viscous oils. The products were extracted using diethyl
ether. Bispidones 2–4 were recrystallised from warm methanol as
light brown powders, whilst the others remained as oils. The num-
bering of the carbon atoms in the NMR assignments of the bispi-
dones is shown in Figure 16.

Dimethyl 7-[2-(Dimethylamino)ethyl]-3-methyl-9-oxo-2,4-dipyridin-
2-yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (2): Light
brown powder, yield 3.37 g (68%), melting point 114 °C.
C26H33N5O5 (495.57): calcd. C 63.0, H 6.7, N 14.1; found C 63.1,
H 6.7, N 14.0. 1H NMR (CDCl3): δ = 2.05 (s, 3 H, NCH3), 2.30
[s, 6 H, N(CH3)2], 2.45 (s, 4 H, C6/8H), 2.60 (d, 2 H, N7CH2CH2N),
3.10 (d, 2 H, N7CH2CH2N), 3.85 (s, 6 H, OCH3), 4.75 (s, 2 H,
C2/4H), 7.20–8.55 (m, 8 H, Hpy) ppm. 13C{1H} NMR (CDCl3): δ
= 43.7 (R�), 46.2 [N(CH3)2], 53.0 (OCH3), 55.5 (N7CH2CH2N),
57.1 (N7CH2CH2N), 59.6 (C6/8), 62.6 (C1/5), 74.1 (C2/4), 123.4,
124.3, 136.8, 149.6 (Cpy), 159.2 (Cpy-i), 169.1 (COO), 204.1 (C9)
ppm. TOF MS ES+: calcd. for C26H33N5O5 [M]+ 495.57, found
495.8.

Dimethyl 7-[2-(Diethylamino)ethyl]-3-methyl-9-oxo-2,4-dipyridin-2-
yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (3): Light brown
powder, yield 3.67 g (70%), melting point 151 °C. C28H37N5O5

(523.62): calcd. C 64.2, H 7.1, N 13.4; found C 64.6, H 7.5, N 13.2.
1H NMR (CDCl3): δ = 1.10 (t, 6 H, NCH2CH3), 2.10 (s, 3 H,
NCH3), 2.30 (s, 4 H, C6/8H), 2.50 (t, 2 H, N7CH2CH2N), 2.65
(quart, 4 H, NCH2CH3), 3.00 (t, 2 H, N7CH2CH2N), 3.90 (s, 6 H,
OCH3), 4.80 (s, 2 H, C2/4H), 7.25–8.55 (m, 8 H, Hpy) ppm. 13C{1H}
NMR (CDCl3): δ = 11.7 [N(CH2CH3)2], 43.6 (R�), 47.5
[N(CH2CH3)2], 50.5 (N7CH2CH2N), 52.9 (OCH3), 54.9
(N7CH2CH2N), 59.4 (C6/8), 62.7 (C1/5), 74.0 (C2/4), 123.4, 124.1,
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136.7, 149.7 (Cpy), 159.1 (Cpy-i), 169.1 (COO), 204.1 (C9) ppm.
TOF MS ES+: calcd. for C28H37N5O5 [M]+ 523.62, found 523.4.

Dimethyl 7-[2-(Diisopropylamino)ethyl]-3-methyl-9-oxo-2,4-dipyr-
idin-2-yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (4): Light
brown powder, yield 3.42 g (62%), melting point 153 °C.
C30H41N5O5 (551.68): calcd. C 65.3, H 7.5, N 12.7; found C 65.8,
H 7.8, N 12.4. 1H NMR (CDCl3): δ = 1.00 {s, 12 H, N[CH-
(CH3)2]2}, 2.10 (s, 3 H, NCH3), 2.30 (s, 4 H, C6/8H), 2.40 (t, 2
H, N7CH2CH2N), 2.60 {sept, 2 H, N[CH(CH3)2]2}, 3.00 (t, 2 H,
N7CH2CH2N), 3.90 (s, 6 H, OCH3), 4.80 (s, 2 H, C2/4H), 7.25–8.55
(m, 8 H, Hpy) ppm. 13C{1H} NMR (CDCl3): δ = 21.2 [NCH-
(CH3)2], 43.7 (R�), 49.4 [NCH(CH3)2], 52.9 (OCH3), 59.6 (C6/8),
61.2 (N7CH2CH2N), 62.6 (C1/5), 66.2 (N7CH2CH2N), 73.9 (C2/4),
123.4, 123.9, 136.5, 149.7 (Cpy), 159.3 (Cpy-i), 169.0 (COO), 204.1
(C9) ppm. TOF MS ES+: calcd. for C30H41N5O5 [M]+ 551.68,
found 551.9.

Dimethyl 7-[2-(Dimethylamino)ethyl]-3-hexyl-9-oxo-2,4-dipyridin-2-
yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (6): Brown oil,
yield 2.94 g (52%). C31H43N5O5 (565.70): calcd. C 65.8, H 7.7, N
12.4; found C 66.0, H 8.1, N 11.9. 1H NMR (CDCl3): δ = 0.50 (t,
3 H, R� CH3), 0.80–2.20 (m, 10 H, R� CH2), 2.25 (m, 6 H, NMe2),
2.45 (s, 4 H, C6/8H), 2.60 (d, 2 H, N7CH2CH2N), 2.90 (d, 2 H,
N7CH2CH2N), 3.65 (s, 6 H, OCH3), 5.00 (s, 2 H, C2/4H), 6.95–8.65
(m, 8 H, Hpy) ppm. 13C{1H} NMR (CDCl3): δ = 14.3 (R� CH3),
21.2, 22.8, 27.1, 29.0, 32.0 (R� CH2), 45.9 [N(CH3)2], 52.8 (OCH3),
55.1 (N7CH2CH2N), 56.8 (N7CH2CH2N), 58.2 (C6/8), 62.4 (C1/5),
69.8 (C2/4), 121.8, 124.6, 136.3, 148.8 (Cpy), 159.2 (Cpy-i), 169.1
(COO), 204.1 (C9) ppm. TOF MS ES+: calcd. for C31H43N5O5

[M]+ 565.70, found 565.70.

Dimethyl 7-[2-(Diethylamino)ethyl]-3-hexyl-9-oxo-2,4-dipyridin-2-
yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (7): Brown oil,
yield 3.44 g (58%). C33H47N5O5 (593.76): calcd. C 66.8, H 8.0, N
11.8; found C 66.9, H 7.8, N 11.6. 1H NMR (CDCl3): δ = 0.40 (t,
3 H, R� CH3), 0.60–1.00 (m, 10 H, R� CH2), 1.15 (t, 6 H,
NCH2CH3), 2.20 (s, 4 H, C6/8H), 2.45 (t, 2 H, N7CH2CH2N), 2.70
(m, 4 H, NCH2CH3), 2.90 (m, 2 H, N7CH2CH2N), 3.70 (s, 6 H,
OCH3), 5.05 (s, 2 H, C2/4H), 6.90–8.70 (m, 8 H, Hpy) ppm. 13C{1H}
NMR (CDCl3): δ = 11.2 [N(CH2CH3)2], 14.2 (R� CH3), 21.3, 22.8,
27.2, 29.0, 32.0 (R� CH2), 47.3 [N(CH2CH3)2], 50.4
(N7CH2CH2N), 52.8 (OCH3), 55.0 (N7CH2CH2N), 59.5 (C6/8),
62.6 (C1/5), 69.7 (C2/4), 123.3, 124.4, 136.3, 149.4 (Cpy), 159.1
(Cpy-i), 169.2 (COO), 203.9 (C9) ppm. TOF MS ES+: calcd. for
C33H47N5O5 [M]+ 593.76, found 593.76.

Dimethyl 7-[2-(Diisopropylamino)ethyl]-3-hexyl-9-oxo-2,4-dipyridin-
2-yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (8): Brown oil,
yield 4.10 g (66%). C35H51N5O5 (621.81): calcd. C 67.6, H 8.3, N
11.3; found C 67.4, H 8.6, N 11.1. 1H NMR (CDCl3): δ = 0.55 (t,
3 H, R� CH3), 0.70–1.15 (m, 10 H, R� CH2), 1.20 {m, 12 H,
N[CH(CH3)2]2}, 2.25 (s, 4 H, C6/8H), 2.35 (t, 2 H, N7CH2CH2N),
2.65 {m, 2 H, N[CH(CH3)2]2}, 2.90 (m, 2 H, N7CH2CH2N), 3.70
(s, 6 H, OCH3), 5.10 (s, 2 H, C2/4H), 7.05–8.75 (m, 8 H, Hpy) ppm.
13C{1H} NMR (CDCl3): δ = 14.2 [NCH(CH3)2], 14.4 (R� CH3),
20.9, 22.9, 27.1, 29.0, 32.0, 43.1 (R� CH2), 49.4 [NCH(CH3)2], 52.9
(OCH3), 59.7 (C6/8), 62.5 (N7CH2CH2N), 65.2 (C1/5), 69.6
(N7CH2CH2N), 77.3 (C2/4), 123.3, 124.3, 136.6, 149.5 (Cpy), 159.2
(Cpy-i), 169.2 (COO), 204.1 (C9) ppm. TOF MS ES+: calcd. for
C35H51N5O5 [M]+ 621.81, found 621.81.

Dimethyl 7-[2-(Dimethylamino)ethyl]-3-dodecyl-9-oxo-2,4-dipyridin-
2-yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (10): Brown
oil, yield 3.31 g (51%). C37H55N5O5 (649.86): calcd. C 68.4, H 8.5,
N 10.8; found C 68.7, H 8.8, N 10.5. 1H NMR (CDCl3): δ = 0.60
(t, 3 H, R� CH3), 0.80–1.90 (m, 22 H, R� CH2), 2.15 (m, 6 H,
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NMe2), 2.30 (s, 4 H, C6/8H), 2.50 (d, 2 H, N7CH2CH2N), 2.90 (d,
2 H, N7CH2CH2N), 3.70 (s, 6 H, OCH3), 5.05 (s, 2 H, C2/4H),
6.95–8.70 (m, 8 H, Hpy) ppm. 13C{1H} NMR (CDCl3): δ = 14.4
(R� CH3), 21.2, 22.9, 27.6, 29.0, 29.9, 32.2 (R� CH2), 45.9 [N-
(CH3)2], 52.8 (OCH3), 55.0 (N7CH2CH2N), 56.8 (N7CH2CH2N),
58.1 (C6/8), 62.4 (C1/5), 69.8 (C2/4), 121.9, 124.5, 136.6, 149.4 (Cpy),
159.1 (Cpy-i), 169.1 (COO), 203.9 (C9) ppm. TOF MS ES+: calcd.
for C37H55N5O5 [M]+ 649.86, found 649.86.

Dimethyl 7-[2-(Diethylamino)ethyl]-3-dodecyl-9-oxo-2,4-dipyridin-2-
yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (11): Brown oil,
yield 3.86 g (57%). C39H59N5O5 (677.92): calcd. C 69.1, H 8.8, N
10.3; found C 69.3, H 9.1, N 9.9. 1H NMR (CDCl3): δ = 0.60 (t,
3 H, R� CH3), 0.80–1.40 (m, 22 H, R� CH2), 1.60 (t, 6 H,
NCH2CH3), 2.25 (s, 4 H, C6/8H), 2.50 (t, 2 H, N7CH2CH2N), 2.80
(m, 4 H, NCH2CH3), 2.95 (t, 2 H, N7CH2CH2N), 3.75 (s, 6 H,
OCH3), 5.15 (s, 2 H, C2/4H), 7.05–8.80 (m, 8 H, Hpy) ppm. 13C{1H}
NMR (CDCl3): δ = 17.4 [N(CH2CH3)2], 17.6 (R� CH3), 27.8, 29.3,
34.0, 35.4, 36.2, 38.5 (R� CH2), 53.6 [N(CH2CH3)2], 56.9
(N7CH2CH2N), 58.9 (OCH3), 60.2 (N7CH2CH2N), 61.2 (C6/8),
68.9 (C1/5), 76.1 (C2/4), 127.8, 129.5, 142.6, 155.8 (Cpy), 165.9
(Cpy-i), 175.4 (COO), 210.2 (C9) ppm. TOF MS ES+: calcd. for
C39H59N5O5 [M]+ 677.92, found 677.92.

Dimethyl 7-[2-(Diisopropylamino)ethyl]-3-dodecyl-9-oxo-2,4-di-
pyridin-2-yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (12):
Brown oil, yield 3.67 g (52%). C41H63N5O5 (705.97): calcd. C 69.8,
H 9.0, N 9.9; found C 69.8, H 9.1, N 9.8. 1H NMR (CDCl3): δ =
0.60 (t, 3 H, R� CH3), 0.70–1.05 (m, 22 H, R� CH2), 1.15 {d, 12
H, N[CH(CH3)2]2}, 2.20 (m, 4 H, C6/8H), 2.40 (m, 2 H,
N7CH2CH2N), 2.65 {sept, 2 H, N[CH(CH3)2]2}, 2.90 (m, 2 H,
N7CH2CH2N), 3.70 (s, 6 H, OCH3), 5.05 (s, 2 H, C2/4H), 7.00–8.50
(m, 8 H, Hpy) ppm. 13C{1H} NMR (CDCl3): δ = 14.4 [NCH-
(CH3)2], 14.6 (R� CH3), 20.9, 23.0, 27.8, 29.7, 32.2, 43.1 (R� CH2),
49.3 [NCH(CH3)2], 53.2 (OCH3), 57.8 (C6/8), 59.7 (N7CH2CH2N),
62.6 (C1/5), 65.2 (N7CH2CH2N), 69.6 (C2/4), 123.2, 124.9, 136.1,
149.5 (Cpy), 159.5 (Cpy-i), 169.2 (COO), 204.1 (C9) ppm. TOF MS
ES+: calcd. for C41H63N5O5 [M]+ 705.97, found 705.97.

Dimethyl 7-[2-(Dimethylamino)ethyl]-3-octadecyl-9-oxo-2,4-di-
pyridin-2-yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (14):
Brown oil, yield 4.62 g (63%). C43H67N5O5 (734.02): calcd. C 70.4,
H 9.2, N 9.5; found C 70.2, H 9.4, N 9.5. 1H NMR (CDCl3): δ =
0.50 (t, 3 H, R� CH3), 0.70–1.80 (m, 34 H, R� CH2), 2.10 (m, 6 H,
NMe2), 2.20 (s, 4 H, C6/8H), 2.40 (d, 2 H, N7CH2CH2N), 2.80 (d,
2 H, N7CH2CH2N), 3.60 (s, 6 H, OCH3), 4.95 (s, 2 H, C2/4H),
6.90–8.60 (m, 8 H, Hpy) ppm. 13C{1H} NMR (CDCl3): δ = 14.3
(R� CH3), 15.5, 21.1, 22.9, 27.4, 29.5, 29.9, 32.1 (R� CH2), 45.9
[N(CH3)2], 52.6 (OCH3), 55.3 (N7CH2CH2N), 56.8 (N7CH2CH2N),
59.5 (C6/8), 62.5 (C1/5), 69.7 (C2/4), 123.1, 124.5, 136.7, 149.3 (Cpy),
159.1 (Cpy-i), 169.0 (COO), 203.8 (C9) ppm. TOF MS ES+: calcd.
for C43H67N5O5 [M]+ 734.02, found 734.02.

Dimethyl 7-[2-(Diethylamino)ethyl]-3-octadecyl-9-oxo-2,4-dipyridin-
2-yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (15): Brown
oil, yield 3.73 g (49%). C45H71N5O5 (762.08): calcd. C 70.9, H 9.4,
N 9.2; found C 70.6, H 9.7, N 8.8. 1H NMR (CDCl3): δ = 0.60 (t,
3 H, R� CH3), 0.80–1.30 (m, 34 H, R� CH2), 1.40 (t, 6 H,
NCH2CH3), 2.25 (s, 4 H, C6/8H), 2.50 (m, 2 H, N7CH2CH2N), 2.75
(m, 4 H, NCH2CH3), 2.95 (m, 2 H, N7CH2CH2N), 3.40 (s, 6 H,
OCH3), 5.10 (s, 2 H, C2/4H), 7.05–8.75 (m, 8 H, Hpy) ppm. 13C{1H}
NMR (CDCl3): δ = 11.0 [N(CH2CH3)2], 14.3 (R� CH3), 21.3, 23.0,
27.7, 29.0, 30.0, 32.2 (R� CH2), 47.2 [N(CH2CH3)2], 50.6
(N7CH2CH2N), 52.9 (OCH3), 55.0 (N7CH2CH2N), 59.5 (C6/8),
62.7 (C1/5), 69.7 (C2/4), 123.3, 124.5, 136.9, 149.5 (Cpy), 159.5
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(Cpy-i), 169.2 (COO), 203.9 (C9) ppm. TOF MS ES+: calcd. for
C45H71N5O5 [M]+ 762.08, found 762.5.

Dimethyl 7-[2-(Diisopropylamino)ethyl]-3-octadecyl-9-oxo-2,4-di-
pyridin-2-yl-3,7-diazabicyclo[3.3.1]nonane-1,5-dicarboxylate (16):
Brown oil, yield 4.03 g (51%). C47H75N5O5 (790.13): calcd. C 71.4,
H 9.6, N 8.9; found C 71.1, H 9.8, N 9.0. 1H NMR (CDCl3): δ =
0.80 {d, 12 H, N[CH(CH3)2]2}, 0.90 (t, 3 H, R� CH3), 1.00–1.35
(m, 34 H, R� CH2), 2.15 (s, 4 H, C6/8H), 2.50 (m, 2 H,
N7CH2CH2N), 2.70 {m, 2 H, N[CH(CH3)2]2}, 2.95 (m, 2 H,
N7CH2CH2N), 3.80 (s, 6 H, OCH3), 5.15 (s, 2 H, C2/4H), 7.05–8.55
(m, 8 H, Hpy) ppm. 13C{1H} NMR (CDCl3): δ = 14.3 [NCH-
(CH3)2], 14.5 (R� CH3), 21.0, 23.0, 27.5, 29.1, 30.0, 31.3, 43.6 (R�

CH2), 49.9 [NCH(CH3)2], 52.9 (OCH3), 59.4 (C6/8), 62.6
(N7CH2CH2N), 65.2 (C1/5), 67.6 (N7CH2CH2N), 69.7 (C2/4), 123.2,
124.3, 136.2, 149.5 (Cpy), 159.5 (Cpy-i), 169.3 (COO), 204.2 (C9)
ppm. TOF MS ES+: calcd. for C47H75N5O5 [M]+ 790.13, found
790.13.

Acknowledgments

We are grateful to Procter and Gamble (P&G) for funding this
work. We would also like to thank the Engineering and Physical
Sciences Rearch Council (EPSRC) for support of the UMIST
NMR (grant no. GR/L52246), and X-ray (research initiative grant)
facilities.

[1] J. E. Douglass, T. B. Ratliff, J. Org. Chem. 1968, 33, 355–359.
[2] P. C. Ruenitz, E. E. Smissman, J. Org. Chem. 1977, 42, 937–

941.
[3] G. D. Hosken, R. D. Hancock, J. Chem. Soc. Chem. Commun.

1994, 1363–1364.
[4] U. Holzgrabe, W. Brandt, J. Med. Chem. 2003, 46, 1383–1389;

U. Holzgrabe, A. Cambareri, U. Kuhl, T. Siener, W. Brandt, W.
Straßburger, E. Friderichs, W. Englberger, B. Kögel, M. Haur-
and, Farmaco 2002, 57, 531–534; T. Siener, A. Cambareri, U.
Kuhl, W. Englberger, M. Haurand, B. Kögel, U. Holzgrabe, J.
Med. Chem. 2000, 43, 3746–3751; U. Kuhl, W. Englberger, M.
Haurnad, U. Holzgrabe, Arch. Pharm. 2000, 333, 226–230; B.
Kögel, T. Christoph, E. Friderichs, H.-H. Hennies, T. Matth-
iesen, J. Schneider, U. Holzgrabe, CNS Drug Rev. 1998, 4, 54–
70.

[5] U. Kuhl, M. V. Korff, K. Baumann, C. Burschka, U. Holz-
grabe, J. Chem. Soc. Perkin Trans. 2 2001, 2037–2042.

[6] U. Kuhl, A. Camareri, C. Sauber, F. Sörgel, R. Hartmann, H.
Euler, A. Kirfel, U. Holzgrabe, J. Chem. Soc. Perkin Trans. 2
1999, 2083–2088.

[7] P. Comba, B. Nuber, A. Ramlow, J. Chem. Soc. Dalton Trans.
1997, 347–352.

[8] P. Comba, B. Kanellakopulos, C. Katsichtis, A. Lienke, H.
Pritzkow, F. Rominger, J. Chem. Soc. Dalton Trans. 1998, 3997–
4001.

[9] H. Börzel, P. Comba, C. Katsichtis, W. Kiefer, A. Lienke, V.
Nagel, H. Pritzkow, Chem. Eur. J. 1999, 5, 1716–1721.

[10] H. Börzel, P. Comba, K. S. Hagen, C. Katsichtis, H. Pritzkow,
Chem. Eur. J. 2000, 6, 914–919.

[11] H. Börzel, P. Comba, H. Pritzkow, Chem. Commun. 2001, 97–
98; K. Born, P. Comba, A. Daubinet, A. Fuchs, H. Wadepohl,
J. Biol. Inorg. Chem. 2007, 12, 36–48.

[12] H. Börzel, P. Comba, K. S. Hagen, M. Kerscher, H. Pritzkow,
M. Schatz, S. Schindler, O. Walter, Inorg. Chem. 2002, 41,
5440–5452.

[13] H. Börzel, P. Comba, K. S. Hagen, Y. D. Lampeka, A. Lienke,
G. Linti, M. Merz, H. Pritzkow, L. V. Tsymbal, Inorg. Chim.
Acta 2002, 337, 407–419.

[14] P. Comba, M. Kerscher, M. Merz, V. Müller, H. Pritzkow, R.
Remenyi, W. Schiek, Y. Xiong, Chem. Eur. J. 2002, 8, 5750–
5760.



S. M. Godfrey et al.FULL PAPER
[15] H. Börzel, M. Merz, H. Pritzkow, Eur. J. Inorg. Chem. 2003,

1711–1718.
[16] P. Comba, A. Hauser, M. Kerscher, H. Pritzkow, Angew. Chem.

2003, 115, 4675–4679; Angew. Chem. Int. Ed. 2003, 42, 4536–
4540; P. Comba, M. Kerscher, Cryst. Eng. 2003, 6, 197–211; P.
Comba, M. Kerscher, A. Roodt, Eur. J. Inorg. Chem. 2004,
4640–4645.

[17] M. R. Bukowski, P. Comba, C. Limberg, M. Merz, L. Que Jr,
T. Wistuba, Angew. Chem. 2004, 116, 1303–1307; Angew.
Chem. Int. Ed. 2004, 43, 1283–1287; A. E. Anastni, A. Lienke,
P. Comba, H. Rohwer, J. E. McGrady, Eur. J. Inorg. Chem.
2007, 65–73; P. Comba, G. Rajaraman, H. Rohwer, Inorg.
Chem. 2007, 46, 3826–3838.

[18] P. Comba, C. Lopez de Laorden, H. Pritzkow, Helv. Chim.
Acta 2005, 88, 647–664; C. Bleiholder, H. Börzel, P. Comba,
R. Ferrari, M. Heydt, M. Kerscher, S. Kuwata, G. Laurenczy,
G. A. Lawrence, A. Lienke, B. Martin, M. Merz, B. Nuber, H.
Pritzkow, Inorg. Chem. 2005, 44, 8145–8155.

[19] P. Comba, S. Kuwata, G. Linti, H. Pritzkow, M. Tarnai, H.
Wadepohl, Chem. Commun. 2006, 2074–2076; J. Bautz, P.
Comba, L. Que Jr, Inorg. Chem. 2006, 45, 7077–7082; K. Born,
P. Comba, R. Ferrari, G. A. Lawrence, H. Wadepohl, Inorg.
Chem. 2007, 46, 458–464.

[20] M. R. Bukowski, P. Comba, A. Lienke, C. Limberg, C. Lopez
de Laorden, R. Mas-Ballesté, M. Merz, L. Que Jr, Angew.
Chem. 2006, 118, 3524–3528; Angew. Chem. Int. Ed. 2006, 45,
3446–3449.

www.eurjoc.org © 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2008, 1019–10301030

[21] J. Bautz, M. R. Bukowski, M. Kerscher, A. Stubna, P. Comba,
A. Lienke, E. Münck, L. Que Jr, Angew. Chem. 2006, 118,
5810–5813; Angew. Chem. Int. Ed. 2006, 45, 5681–5684.

[22] P. Comba, S. Kuwata, G. Linti, M. Tarnai, H. Wadepohl, Eur.
J. Inorg. Chem. 2007, 657–664.

[23] CONQUEST search of the Cambridge Structural Database,
Oct. 2007: I. J. Bruno, J. C. Cole, P. R. Edgington, M. Kessler,
C. F. Macrae, P. McCabe, J. Pearson, R. Taylor, Acta Crys-
tallogr., Sect. B 2002, 58, 389–397.

[24] P. H. McCabe, N. J. Milne, G. A. Sim, J. Chem. Soc. Chem.
Commun. 1985, 625–626; P. H. McCabe, N. J. Milne, G. A. Sim,
J. Chem. Soc. Perkin Trans. 2 1989, 831–834.

[25] P. R. Caujolle, A. Lattes, J. Jaud, J. Galy, Acta Crystallogr.,
Sect. B 1981, 37, 1699–1703; A. Cambareri, D. P. Zlotos, U.
Holzgrabe, W. Englberger, M. Haraund, J. Heterocycl. Chem.
2002, 39, 789–798.

[26] R. Haller, U. Ashauer, Arch. Pharm. 1985, 318, 405–410.
[27] G. M. Sheldrick, SHELX-97, University of Göttingen,

Göttingen, Germany, 1997.
[28] R. H. Blessing, Acta Crystallogr., Sect. A 1995, 51, 33–38.
[29] ORTEP-3 for Windows: L. J. Farugia, J. Appl. Crystallogr.

1997, 30, 565.
[30] C. F. Macrae, P. R. Edginton, P. McCabe, E. Pidcock, G. P.

Shields, R. Taylor, M. Towler, J. van de Streek, J. Appl. Crys-
tallogr. 2006, 39, 453–457.

Received: October 11, 2007
Published Online: December 12, 2007


