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AbstractÐA simple and ef®cient method for the synthesis of new chiral polyaza heterocylic structures containing pyridines and 1,3-
pyrimidine units has been developed. It is based on the reaction of the appropriate enaminones with optically pure carboxamidine derived
from the commercially available (R)-(2)-myrtenal. q 2000 Elsevier Science Ltd. All rights reserved.

Interest in selective generation of chiral metal centers in a
predetermined con®guration has recently increased,
especially in the formation of chiral polynuclear coordina-
tion species1 and in the syntheses of chiral helicates.2 The
elegant works of von Zelewsky3 on the so-called `chiragen',
and by Constable4 on chiral polypyridines, have demon-
strated the utility of the design of enantiopure, well-de®ned
polypyridine ligands in this area. On the other hand, Lehn
and co-workers5 recently used ligands containing pyridines
and 1,3-pyrimidine units in the preparation of ordered
inorganic architectures. This original work showed the
importance of designing new and exciting molecules
containing pyridines and 1,3-pyrimidine units.

Results and Discussion

We have already published an ef®cient procedure for the
preparation of polyaza heterocycles containing 1,3-pyrimi-
dine units,6 which was also applied to the syntheses of
functionalized amino acids with metal-binding sites using
Na-Boc-l-arginine as an enantiomerically pure guanidine

(Fig. 1).7,8 In order to develop new chiral chelating mole-
cules for the stereochemical control of coordination
complexes, we have decided to extend this straightforward
procedure to the preparation of structures with stereogenic
centers neighboring the metal-binding sites. In this paper we
wish to describe the syntheses of a new family of chiral
polydentate ligands containing pyridines and 1,3-pyrimi-
dine units using an optically pure carboxamidine derived
from the commercially available (R)-(2)-myrtenal.

The general approach that we have used for the preparation
of polyaza heterocylic derivatives containing 1,3-pyrimi-
dine units is the condensation of enaminone or bis-
enaminone with an appropriate carboxamidine or guanidine
under basic conditions.9 The selected starting material for
the syntheses of our chiral (pyrimidyl)pyridines was the
pinene-2-carboxamidine 5. This carboxamidine was chosen
not only for its stability (no epimerisation) under reaction
conditions, which can be drastic, but also for the solubility
of the resulting products in organic solvents. The synthesis
of this carboxamidine was achieved using a two-step pro-
cedure (Scheme 1). Reaction of (R)-(2)-myrtenal with
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Figure 1. Amino acids with metal-binding sites derived from the Na-Boc-l-arginine.
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dimethyl hydrazine followed by oxidation of the resulting
hydrazone in situ with magnesium monoperoxyphtalate
(MMPP) led to (2)-cyanopinene 4 in quantitative yield.10

Reaction of 4 with Chloro methyl aluminum amide gave the
carboxamidine hydrochloride 5 in 66% yield.11

Condensation of 5 with the enaminopyridine 6 in our
previous conditions (EtONa/EtOH at 808C for 16 h) led to
2-(2-pinenyl-4-pyrimidyl)pyridine 7 in 66% yield. The
increase of the reaction temperature (from 80 to 1008C)
resulted in a spectacular increase of yield of 7 to 93%
(Scheme 2). Surprisingly, these excellent conditions gave
the annelated (pyrimidyl)pyridine 9, analogous to 7, with a
moderate yield (45%). However, the reaction of bis-
enaminone 10 with 5 led to dipineno-[2 0,2 00]-2,6-bis-

(4 0,4 00-pyrimidyl)pyridine 11, in 88% yield. This molecule
was crystallized by slow evaporation of dichloromethane
solution and its structure was solved by X-ray diffraction.
The molecular view of 11 with its atom labeling scheme is
shown in Fig. 2.12 The molecule is built up from a central
pyridine ring with two pyrimidine rings in meta positions
with respect to each other. Each pyrimidine is connected to a
chiral (R)-pinene group. The whole molecule has a roughly
planar conformation except for the pinene moieties.
However, the two pyrimidine rings are slightly twisted
with respect to the pyridine ring making dihedral angles
of 23.2 and 15.58, respectively. The C atoms of the CH2

and CMe2 groups on the pinene fragment are symmetrically
distributed with respect to the mean planes de®ned by the
C(141), C(142), C(143), C(144) and C(541), C(542),

Scheme 1. Syntheses of the 2-pinenecarboxamidine from the (R)-myrtenal: (a) (Me)2NNH2 in toluene 08C to rt, magnesium monoperoxyphtalate (MMPP) in
MeOH at 08C; (b) AlMe3, NH4Cl in toluene from 08C to 808C.

Scheme 2. Use of the chiral carboxamidine 5 in the preparation of new polyaza compounds.

Figure 2. Molecular view of compound 11 with its atom labeling scheme. Ellipsoids are drawn at 50% probability level.
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C(543), C(544) (C(145) 21.108 AÊ , C(147) 1.039 AÊ ; C(545)
1.086 AÊ , C(547) 21.059 AÊ ) (Table 1). A similar conforma-
tion of the pinene fragment was described for the dipineno-
[4,5:4 00,5 00]-fused 2,2 0:6 0,2 00-terpyridine.12 As observed in
related compounds, the nitrogen N(1) of the pyridine ring
is trans with respect to nitrogen atoms N(2) and N(4) of the
pyrimidine rings. Such conformation minimizes electronic
repulsion between lone pairs of nitrogen atoms.6,13

We have also applied this simple method to the preparation
of the unsymmetrical tetradentate ligand 13. In our prece-
dent work, we have found that the condensation of 10 with
the formamidine in 1:2 stoechiometry gave the product
derived from the monocondensation, which was isolated
in 34% yield.6 We hoped that the reaction of 10 with 1
molar equivalent of 5 could lead preferentially to the
product 12. As shown in Scheme 3, the condensation of
10 with 5, in 1:1 stoechiometry gave 12 in 66% yield. The
unsymmetrical ligand 13 was then obtained in quantitative
yield by reaction of the chiral enaminone 12 with pyridine-
2-carboxamidine 6 under standard conditions.

In summary, this extension of our work on the syntheses of
polyaza structures containing pyridines and 1,3-pyrimidine
units describes an easy way for the preparation of new chiral
compounds similar to the chiral polypyridines already
reported in the literature. Efforts are already underway for
the application of these molecules in the preparation of
transition metals complexes with predetermined stereo-
chemistry at the metal center.

Experimental

NMR spectra were recorded on a Bruker AM 250 (250 MHz
for 1H and 62.9 MHz for 13C) spectrometer. Optical rota-
tions were measured on Perkin±Elmer 241 MC in our
laboratory. DCI mass spectra were recorded with a quadri-
polar Nermag R 10-10H instrument. Elemental analyses
were performed by LCC (Laboratoire de Chimie de
Coordination) Microanalytical Service. Column chromato-
graphy was performed with Merck silica gel (230±
400 mesh). For the preparation of enaminopyridine 6,
enaminoquinoleine 9 and bis-enaminone 10, see Ref. 6.
Dichloromethane and toluene were distilled from calcium
hydride, dimethyl formamide from barium oxide and tetra-
hydrofuran from sodium benzophenone ketyl. All other
reagents were used as commercially obtained.

(R)-(1)-2-Cyanopinene, 4. A solution of 5.23 g
(0.0348 mol) of (R)-(2)-Myrtenal and 3.48 g (0.0578 mol)
of N,N-dimethylhydrazine in anhydrous toluene (90 mL)
was stirred at room temperature under argon over 2 h. The
mixture was cooled to 08C, at which point methanol
(50 mL) and magnesium monoperoxyphtalate (51.07 g,
0.086 mol) were added. The cooled solution was stirred
for an additional 15 min. The solution was allowed to
warm to room temperature and quenched with NaHCO3

saturated aqueous solution (100 mL), then dichloromethane
(80 mL) was added and the layers were separated. The
aqueous layer was extracted with dichloromethane
(3£100 mL). The organic layers were combined, washed
with water (100 mL) and with sodium chloride saturated
aqueous solution (100 mL). The organic layer was then
dried over Na2SO4, ®ltered and concentrated to give
5.10 g (.99% yield) of 4 as a colorless oil, which was
used without further puri®cation. Anal. found: C, 81.63;
H, 8.97; N, 9.88. C10H13N (147.22) requires C, 81.59; H,
8.90; N, 9.52; [a ]D�156.8 (c�0.5 CHCl3); d

1H (CDCl3)
6.50 (s, 3H); 2.30±2.45 (m, 4H); 2.10±2.11 (m, 1H); 1.26 (s,
3H); 1.10±1.20 (d, 1H, J�8 Hz); 0.82 (s, 3H); d 13C
(CDCl3) 142.0, 120.6, 118.2, 44.4, 39.6, 38.0, 32.5, 31.1,
25.5, 20.8; MS (CI,NH3) m/z (%): 165 (100) [MNH4

1].

(R)-(2)-Pinene-2-carboxamidine, 5. To a cooled suspen-
sion of 4.14 g (0.03872 mol) of ammonium chloride in
anhydrous toluene (70 mL) at 08C was added via canula
38.70 mL (0.0774 mol) of AlMe3 (2 M solution in toluene).
After stirring for 30 min, the 08C bath was removed and the
mixture was stirred for 30 min more at room temperature. A
solution of 5.75 g (0.0378 mol) of 4 in dry toluene (35 mL)
was added. The mixture was then placed into an oil bath at
808C and stirred for an additional 16 h. The reaction was
allowed to cool to room temperature, at which time 30 g of
silica gel in chloroform (100 mL) was added. The solution

Table 1. Crystal data

Compound 11
Formula C31H33N5

fw(g) 475.64
Shape (color) Flat needle (colorless)
Size (mm) 0.78, 0.23, 0.08
Space group P21

a (AÊ ) 9.615(1)
b (AÊ ) 5.9464(5))
c (AÊ ) 22.674(3)
b (8) 93.60(2)
V (AÊ 3) 1293.8(3)
Z 2
r (calcd) (g cm23) 1.221
m (MoKa) (cm21) 0.685
Temperature (8K) 160(2)
No. of r¯ns collected 12651
No. of unique r¯ns (Rint) 5033 (0.0376)
R 0.0356
Rw 0.0397
Weighting scheme Chebyshev
Coef®cient. Ar 1.63, 20.074, 1.71,

20.137, 0.421
GOF 1.121

Scheme 3. Preparation of the chiral molecule 13.
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was stirred for 10 min and ®ltered. The silica gel was
washed with methanol/chloroform (200 mL; 1:1) and with
methanol (50 mL). The ®ltrates were concentrated under
reduced pressure. The residue was solved in methanol/
acetone mixture (50 mL; 1:1) and then ®ltered. The ®ltrate
was then concentrated to give 5.05 g (66% yield) of 5 as a
white solid, mp 2308C. Anal. found: C, 59.87; H, 8.85; N,
13.85. C10H17ClN2 (200.71) requires C, 59.84; H, 8.53; N,
13.96; [a]D�230.80 (c�0.5 MeOH); d 1H (CD3OD) 6.80
(m, 1H); 2.62±2.72 (m, 4H); 2.25±2.28 (m, 1H); 1.49
(s,3H); 1.30 (d, 1H, J�8 Hz); 0.96 (s, 3H); d 13C
(CD3OD) 167.0, 139.0, 138.9, 43.9, 41.6, 39.3, 33.6, 32.5,
26.2, 21.3; MS (CI, NH3); m/z (%): 165 (100) [MH1].

Pinino-2-(4-pyrimidyl)pyridine, 7. To a hot solution of the
enaminone 6 0.176 g (1.01 mmol) in absolute ethanol
(5 mL) was added 0.254 g (1.26 mmol) of carboxamidine
5 and 0.065 g (2.8 mmol) of sodium in absolute ethanol
(5 mL). The mixture was then stirred at 1008C overnight.
The solution was allowed to cool to room temperature and
then ®ltered. The ®ltrate was concentrated and the crude was
puri®ed by ¯ash chromatography (n-C5H12/AcOEt; 8:2) to
give 0.256 g (93% yield) of 7 as a white solid, mp 408C.
Anal. found: C, 77.67; H, 7.21; N, 15.53. C19H19N3 (277.36)
requires C, 77.95; H, 6.90; N, 15.15; [a ]D�22.40 (c�0.5
CHCl3); d

1H (CDCl3) 8.70 (d, 1H, J�5 Hz); 8.65 (dt, 1H,
J�5 Hz, 1 Hz); 8.53 (dd, 1H, J�8 Hz, 5 Hz); 8.10 (d, 1H,
J�5 Hz); 7.72 (td, 1H, J�8 Hz, 2 Hz); 7.38 (dd, 1H,
J�5 Hz, 1 Hz); 7.35 (dd, 1H, J�5 Hz, 1 Hz); 7.17 (m,
1H); 3.5 (td, 1H, J�7.50 Hz, 1.50 Hz); 2.50 (m, 3H); 2.21
(m, 1H); 1.32 (d, 1H, J�8 Hz); 0.87 (s, 3H); d 13C (CDCl3)
164.2, 162.2, 157.7, 154.4, 149.2, 146.8, 136.8, 130.0,
125.0, 121.6, 114.0, 40.7, 37.8, 32.2, 31.5, 29.6, 26.2,
21.0; MS (CI, NH3): m/z (%)�295 (100) [MNH4

1].

Chiral annelated compound, 9. This compound was
prepared using the standard conditions by reaction of
0.305 g (1.50 mmol) of 8 with 0.313 g (1.56 mmol) of 5 in
the presence of 0.05 g of sodium in absolute ethanol at
1008C for 3 h. After ®ltration of the mixture, the ®ltrate
was concentrated and the residue was puri®ed by ¯ash chro-
matography (n-C5H12/AcOEt; 8:2) to give 0.21 g (45%
yield) of 9 as a white powder, mp 1388C; Anal. found: C,
79.39; H, 6.74; N, 14.12. C20H21N3 (303.40) requires C,
79.17; H, 6.98; N, 13.85; [a ]D�251.6 (c�0.5 CHCl3); d
1H (CDCl3) 8.75 (d, J�5 Hz, 1H); 8.56 (s, 1H); 7.58 (d,
J�7 Hz, 1H); 7.31 (d, J�5 Hz, 1H); 7.27 (d, J�5 Hz,
1H); 3.44 (t, J�4 Hz, 1H); 2.95 (t, J�4 Hz, 2H); 2.51 (t,
J�4 Hz, 2H); 2.18 (s, 1H); 1.40 (s, 3H); 1.25 (m, 4H); 0.86
(s, 3H); d 13C (CDCl3) 164.5; 158.0; 155.9; 150.4; 149.4;
146.3; 135.5; 130.4; 126.8; 124.9; 41.5; 40.7; 37.9; 32.2;
31.6; 29.6; 27.3; 26.3; 23.9; 21.1; MS (CI, NH3); m/z (%):
321 (100) [MNH4

1].

Dipinino-[2 0,2 00]-2,6-bis-(4 0,4 00-pyrimidyl)pyridine, 11.
This compound was prepared by the same protocol as for
7. Reaction of 10 (0.50 g, 1.83 mmol) in the presence of 4
molar equivalents of 5 and 4 equiv. of sodium gave after
puri®cation by crystallization in ethanol 0.76 g (88% yield)
of 11 as a white solid, mp 1748C; Anal. found: C, 78.47; H,
6.92; N, 14.56. C31H33N5 (475.27) requires C, 78.30; H,
6.99; N, 14.72); [a]D�15.6 (c�0.5 CHCl3); d 1H
(CDCl3) 8.84 (d, 2H, J�5 Hz); 8.68 (d, 2H, J�8 Hz); 8.27

(d, J�5 Hz, 2H); 8.07 (t, J�8 Hz, 1H); 3.50 (td, J�8 Hz,
1 Hz, 2H); 2.78±2.60 (m, 2H); 2.23 (m, 2H); 1.47 (s, 3H);
1.32±1.27 (m, 2H); 0.88 (s, 3H); d 13C (CDCl3) 164.3;
161.9; 157.8; 153.9; 146.7; 137.9; 130.2; 123.0; 114.0;
41.5; 40.6; 37.8; 32.3; 31.4; 29.6; 26.2; 21.0; MS: CI/
NH3; m/z (%): 476 (100) [MH1].

2-[(N,N-Dimethylamino)-1-oxo-prop-2-en-1-yl]-6-[pinino-
2-(4-pyrimdyl)-pyridine, 12. To a solution of 0.341 g
(1.25 mmol) of 10 in hot absolute ethanol (5 mL) was
added 0.27 g (1.32 mmol) of 5 and 0.065 g (2.8 mmol) of
sodium in absolute ethanol (5 mL). The mixture was stirred
at 808C overnight. The solution was allowed to cool to room
temperature and the solvent was removed under reduced
pressure. The product was puri®ed by ¯ash chromatography
(AcOEt) to give 0.31 g (66% yield) of 12 as a yellow solid,
mp 178±1798C; Anal. found: C, 73.62; H, 7.21; N, 14.75.
C23H26N4O (374.5) requires C, 73.77; H, 7.00; N, 14.96;
[a ]D�168 (c�0.5 CHCl3); d 1H (CDCl3) 8.82 (d,
J�5.2 Hz, 1H)); 8.75 (d, J�8.9 Hz, 1H); 8.30±8.20 (m,
2H); 8.05±7.96 (m, 2H); 7.20 (m, 1H); 6.64 (d,
J�12.6 Hz, 1H); 3.48 (t, J�8.1 Hz, 1H); 3.17 (s, 3H);
3.09 (s, 3H); 2.15 (m, 4H); 1.43 (s, 3H); 1.25 (d, J�8 Hz,
1H); 0.89 (s, 3H); d 13C (CDCl3) 164.3; 162.2; 157.7; 155.6;
154.7; 152.9; 146.7; 137.7; 130.2; 123.4; 123.3; 114.0; 91.0;
45.1; 41.1; 40.7; 37.8; 37.4; 32.3; 31.5; 26.2; 21.1; MS:
CI/NH3 m/z (%): 375 (100) [MH1].

Chiral (pyrimidyl)pyridine, 13. This compound was
prepared by the same protocol as for 7. Reaction of 0.30 g
(0.8 mmol) of 12 with 1.25 equiv. of the pyridine-2-carbox-
amidine and 2 equiv. of sodium in absolute ethanol gave
0.50 g of a crude product following removal of ethanol
under reduced pressure. This material was then dissolved
in dichloromethane and ®ltered. The ®ltrate was concen-
trated to give 0.364 g (.99% yield) of 13 as a white
solid, mp 2208C (decomposition); Anal. found: C, 74.45;
H, 5.83; N, 19.65. C27H24N6 (432.52) requires C, 74.98;
H, 5.59; N, 19.43); [a]D�250 (c�0.5 CHCl3); d 1H
(CDCl3) 9.14±9.08 (d, J�5 Hz, 2H); 8.97±8.84 (m, 2H);
8.74±8.69 (dd, J�8 Hz, 2 Hz, 2H); 8.52 (d, J�5 Hz, 1H);
8.20 (d, J�5 Hz, 1H); 8.10 (t, J�8 Hz, 1H); 7.95 (td,
J�8 Hz, 2 Hz, 2H); 7.42 (ddd, J�8 Hz, 5 Hz, 1 Hz, 1H);
3.54 (t, J�8 Hz, 1H); 2.67±2.49 (m, 3H); 1.50 (s, 2H); 1.33
(d, J�8 Hz, 2H); 0.89 (s, 3H); d 13C (CDCl3) 164.3; 163.3;
162.9; 161.7; 158.9; 157.8; 154.7; 154.2; 153.3; 150.0;
146.7; 138.1; 136.9; 130.3; 124.9; 123.6; 123.4; 123.3;
116.3; 114.0; 41.5; 40.6; 37.8; 32.3; 31.4; 26.2; 21.0; MS:
CI/NH3 m/z (%): 433 (100) [MH1].
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