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The reaction of N-2-nitroxyethyipicolinamide with PdCly afforded the new complex
¢is-[2-(2-pyridvli-2-oxazoline- ¥, V' [dichloropalladiumqi). The structure of this complex

was established by X-ray diffraction analysis.
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Previously,! we have demonstrated that the rcaction
of NN -bis{2-nitroxyethyvi}pyridine-2.6-dicarboxamide
(1) with PdCl, in an acidic agueous-alcoholic medium
afforded a crystalline molecular compound as a cocrys-
tallizate of c¢fs-(N¥-2-nitroxyethylpicolinamide- N, V")di-
chloropalladium(n) with cis-{2-(2-pyridyl)-2-oxazoline-
N N’ Jdichloropalladium{iy. It was suggested that the
complexation proceeded with the participation of ¥-2-
nitroxyethyipicolinamide (2). which was formed as a
result of hvdrolvtic elimination of one nitroxyethyl-
amide group from the initial diamide 1.

To confirm this suggestion, we studied the reaction
of PdCl, with amide 2 under conditions analogous to
those reported previously.! In this case. the complex of
2-(2-pyridyl)-2-oxazoline with PdCl, (3) was obtained
in 84% yield.

Therefore, the formation of complexes containing
the oxazoline ring in the reactions of PdCl; with pyri-
dine-2,6-dicarboxamides containing the nitroxyethyl

group is. apparently, the major direction of these reac-
tions and has a general character.

72
\Nl C(OINHCH,CH,ONO, + PdCl, —=
2
~
N c—0
- N H; ICH
Cl\l/\/ :
SPd CH,

Since pyridinecarboxamides containing nitroxylethyl
substituents are used as medicines. considerable study
has been given to their reactivities in recent years. It was
shown? that N-(2-nitroxyethylnicotinamide (the effi-
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Svnthesis of complex of 2-(2-pyndyt)-2-oxazoline
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Fig. 1. Crystal structure of complex 3.

ctent cardiolagical medicine Nicorandil®¥) is converted
into 2-(3-pyndvi)-2-oxazoline. However, this conver-
sion proceeds only upon prolonged heating in aqueous
alkali. The formation of the oxazoline ring was not
observed in the synthesis of Nicorandil complexes with
copper, platinum, and rhodium salts.5:6 Apparently, this
is associated with the fact that the presence of a substit-
uent at position 3 of the pvridine ring prevents the
amide nitrogen atom from participating in chelate for-
mation with the transition metal atom. Complexation of
compounds which contain the same substituents at po-
sitions 2 and 6 of the pyridine ring and can be involved
in chelate formation with the participation of the amide
nitrogen atom. universally feads to the formation of the
oxazoline ring. Interestingly, this conversion occurs un-
der mild conditions.

The Pd'! atom in complex 3 (Fig. 1) has a planar
coordination. The molecule contains three fused rings.
viz.. the pyridine. chelate, and oxazoline fragments. The
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N atoms, which are ¢is-coordinated to the Pd atom. are
involved in the chelate ring. The structure of 3. though
similar to one of the complexes of the cocrystallizate. ! is
distinguished by the fact that the unit cell contains four
crystallographically independent complexes linked in
infinite chains. There are four chains per asymmetric
unit; only crystalfographically independent atoms are
shown in the be projection for clarity (see Fig. 1). In all
the studied complexes, the atoms of the ligands directiy
bound to the Pd(1), Pd(2), Pd(3). Pd(4), Pd(5), Pd(6),
Pd(7). and Pd(8) atoms are located in the corresponding
planes. and the deviations of the atoms of the figands
from these planes are. on the average, at most 0,08 A.
The average deviations of the N and Cl atoms from the
plane of the coordination unit are +£0.03 A. Note an
important distinguishing feature of the arrangement of
the planar complexes in the crysial. In each infinite
chain. the complexes are arranged in a planar-parallel
fashion: the deviations are no more than 3°. The ar-
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rangement of the cis ligands in each complex provides
conditions for interactions of the dyz and dy; orbitals of
the Pd!l atom with the 1* orbitals of the pvridine and
oxazoline rings. However, these interactions do not
aftect the interatomic distances. In the crystal. the pla-
nar-paralle! complexes are linked tn zigzag chains. which
are apparently stabifized by weak intermolecular inter-
actions berween the Pd* atoms and the oxazoline tigands
of the adjacent complexes. Thus, the Pd(l), Pd(2),
Pd(3). and Pd(6) atoms interact with the ligands coordi-
nated to the Pd(4). Pd(3), Pd(8), and Pd(7) atoms,
respectivelv. The distances between the pairs of the
interacting complexes are <3.6 A whereas the distances
between the pairs of the complexes which are not
involved in these interactions along the Pd'—Pd di-
rection, are also <3.6 A,

Experimental

N-2-Niroxyethylpicolinamide (2) was prepared according
to u known procedure,” m.p. 34--36 *C. The IR spectrum was
recorded on a Specord M-80 spectrophotometer in KBr pel-
tets. The 'H NMR spectrum was measured on a Bruker 200
spectrometer.

cis-[2-(2-Pyridyl)-2-oxazoline- N, N']dichioropailadium(1)
(3). An aqueous solution of PdCl, (3.3 mL. 40 mg ml7h
113 mmol) was added with stirring to a solution of N-2-
nitroxyethylpicolinammde (0.211 g, 1 mmol) in 30% ethanol
(60 mL) at 25—30°C. Then the reaction mixture was stirred
for 2 h and kept at ~20°C for 10 h. The precipitate that
formed was filtered off, washed with water (3x150 mL) and
aleohol (3% 100 mb), and dried in air. Yellow-beige crystals
were obtained in a yield of 0274 ¢ (34.3%), m.p. »210°C.
Found (%) C. 29.39; H. 2.41. CL 21.64: N, 8.47: Pd. 32.73.
CyH¢CLN,OPd. Caleulated (%): C. 29.52: H. 2.48: CL 21.78:
N, S.61: Pd. 32.69. 1R (KBri. v/em™! 1090, 1628 (2-oxazo-
line ring); 703, 740, 1393, 1490, 1336, 1578 (2-pyridyl): 2924
(CH-); 3090 (CHY. TH NMR (DMSO-d,), &: 8.97 (brd. | H,
CoyH. /= 5.6 Hz): 836 (ddd. t H. C(hH. J=7.6. 7.6, and
0.6 H2), 7.98 (brd. | HOC(HH, /= 7.6 Hz); 794 iddd. | H,

C{5H. S =76, 36, and 0.6 Hz}: 4.93 (1. 2 H, CH,—0. J =
9.6 H7): 3.94 {t, 2 H. CH>—N. J = 9.6 Hz).

Crystals for X-ray diffraction study were prepased by slow
crystallization of compound 3 from a | : | CH;CN—CH;NO,
mixture.

X-ray diffraction analysis of single crvstals of compiex 3
was performed on a four-circle KM-4 diffractometer (KUMA—
Diffraction. Poland). Crystals of 3 are triclinic, M = 32547,
a = 18.000010), b= 16975012), ¢ = 14.637(15) &, o = 92.68(8).
B = LI2.56(8). v = 770335, V=4041.3(3) A%, d= 2141 g em ™,
7-Ka = 0.710 A, space group P, 2 =2, p = 233 mm™".

A total of $431 reflections were measured in the angle
range of 26 < 60.153° using the /26 scanning technique. The
structure was solved by the direct method with the use of the
SHELX-97 program package. The atomic coordinates of all
components of the unit cell were refined by the full-muatrix
least-squares method using the SHELX-97 program: the ther-
mal parameters of the nonhydrogen and hydrogen atoms were
refined anisotropically and isotropically. respectively: R =
0.053 for 2468 Fy » da(F).

References

1.B. S. Fedorov. N. I. Golovina. V. V. Arakchecva. M. A,
Fadeev, G. V. Strukov, V. V. Kedrov. G. V. Shilov, and
L. O. Atovmvan, [v. Akad. Nauk, Ser. Khim.. 1999, 1604
{Russ. Chem. Bull., 1999, 48. 1584 (Engl. Transi.)]

CH. Nagai, M. Kikuchi, H. Nagano. and M. Shiba. Chem.
Pharm. Bull., 1984, 32. 1063
'S. S. Liberman and L. N. Yakhontov, Khim.-Furm. Zh..
1988, 1046 [Russ. Pharm. Chem. J.. 1988 (Engl. Transl)].
K. Sakai. Am. /. Cardiology. 1989, 63, 2j—10j.

1. L. Eremenko. M. A. Golubnichnaya, S. E. Nefedov. | B.
Baranovskii. [. A. Ol'shnitskaya, O. G. Ellert, V. M. Novo-
tortsev, L. T. Eremenko. and D. A. Nesterenko, Zh. Neorg.
Khim., 1996, 41, 2029 {Russ. J. fnorg. Chem.. 1996, 41
(Engl. Transt)].

6.1. L. Eremenko, M. A. Golubnichaya, S. E. Nefedov. AL A,
Sidorov. D. A. Nesterenko. N. P. Konovalova, L. M. Volko-

va. and L. T. Eremenko. /fzv. Akad. Nauk, Ser. Khim..
1997, 1672 |Russ. Chem. Buil., 1997. 46, 1595 (Engl.
Transi)f.

7. Japan Pat. 31-36101. 19706,

(9] IR

[V o8

Received July 5, ]999;
in revised form November 2, 1999




