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The reaction of the (2-pyridylmethylamino)-substituted cy-
clotriphosphazene NP3 (OCsH;5)s(NHCH(CsH,N)-2) (1) with
copper(II} nitrate, platinum(Il) chioride, and cobalt(Ilj nitrate
yields the stable complexes [Cu(NOs), - (1)2] (1a), [PtCl; - (1)]

{1b), [Co(NOs3)s - (1)] (1¢). The X-ray crystallographic studies
of these metal complexes revealed the different coordination
behavior of the multifunctional ligand.

Since the last decades the interest in polymers which form
macromolecular metal complexes has been increasing sig-
nificantly because of the wide range of possible applications
for these materials such as ion exchange resins, catalysts,
ionic conductors, and carriers or depots for chemothera-
peutic agents!!' 7, For these applications not only the
knowledge of the structures of the metal centers but also
the physical properties of the polymeric complexes are im-
portant for fundamental mechanistical reasons(®”l. Small
molecular modelling offers the opportunity to gain impor-
tant information about the coordination behavior of the
functional sites in macromolecules. This method is well es-
tablished in phosphazene chemistry?. Cyclic phosphazene
trimers are, besides their importance in the fundamental re-
search of this class of compounds, indicators for the struc-
tural and chemical behavior of analogous macromolecules.
Especially the coordination behavior of cyclotriphospha-
zenes can be studied by X-ray crystallography.

In the past, different side groups which interact with
transition metals were described. Previous choices of exo-
cyclic coordination groups include, for example, phos-
phanes, acetylenic units, or aryl groups®®. These groups
are bound to the metal by P- or n-donor coordination.

Another type of exocyclic side groups are N-donor
groups such as pyrazolyl or dimethylamino groups. This
kind of phosphazene contains two possible coordination
sites which can interact with transition metals: (a) The N-
donor side group reacts preferably, when electron-with-
drawing groups such as pyrazolyl or imidazolyl are com-
bined with phenyl, phenoxy, or trifluoroethoxy
groups!°~12 (b) Coordination of the PN nitrogen lone
pairs occurs, when primary or secondary amines, which are
bound to the phosphazene, increase the basicity of the ring
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nitrogen atoms!%7-12:15 An intermediate type, where the
ring nitrogen atom and the side groups are involved in coor-
dination due to the sterical situation in the molecule, was
also described!'®,

Pyridine-substituted phosphazenes are rare, mainly be-
cause reactions of chlorinated phosphazenes with pyridine
derivatives are known to form cationic adducts which de-
compose rapidly when water, even in traces, is present in
the reaction mixturel!”18], Studies of the complex formation
of these phosphazene derivatives are hardly known, and no
molecular structures of metal complexes have been pub-
lished so farf'%-2%,

We recently described the synthesis of several pyridylal-
kylamino-substituted cyclo- and polyphosphazenes!?! =23,
2-(Aminomethyl)pyridine is known to react with transition
metal ions as a bidentate chelating ligand!¥. Once attached
to the phosphazene, the three PN nitrogen atoms might ad-
ditionally participate in complex formation although the
possibility of metal interactions at these sites is quite low
when cosubstituents lower their basicity.

Our latest experiments revealed that the new phospha-
zene-based N-donor ligand shows a very interesting coordi-
nation behavior towards transition metal ions.

In this paper we describe the synthesis and molecular
structure of pentaphenoxy(2-pyridylmethylamino)cyclotri-
phosphazene 1 which is a new multifunctional ligand with
five potential N-donor sites. In addition, we succeeded in
obtaining metal complexes with copper(Il) nitrate 1a, plati-
num(II) chloride 1b, and cobalt(Il) nitrate 1c. The X-ray
crystal structure determination of the new compounds
shows a rather unexpected coordination behavior of co-
balt(Il) compared to the expected structures of the cop-
per(I1) and platinum complexes 1a and 1¢. The sterical situ-
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ation in platinum complex 1b, which is a cis-platinum de-
rivative, gives rise to the expected potential anticancer ac-
tivity.

This work is part of a systematic investigation of the co-
ordination behavior of pyridylalkylamino-substituted phos-
phazenes.
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Results and Discussion

Synthesis and Characterization of Pentaphenoxy-
(2-pyridylmethylamino)cyclotriphosphazene 1

Monochloropentaphenoxycyclotriphosphazene,  N;Ps-
(OC¢H:)sCl, reacts with rigorous exclusion of moisture
with 2-(aminomethyl)pyridine to yield pentaphenoxy(2-py-
ridylmethylamino)cyclotriphosphazene 1. No decompo-
sition or degradation of the PN ring system could be de-
tected by monitoring the reaction by *'P-NMR spec-
troscopy.

The structure of 1 was determined by IR, 'H-, 13C-, and
IP_NMR spectroscopy, MS and EA. The IR spectrum of
1 shows bands at 3260 cm™' (NH), 1580, 1476 (CCyy),
1216—1112 (PN), 940 (PO,,,;), the CN band of the pyridyl
group overlaps with the CC band of the phenoxy groups.

Additionally, the molecular structure was determined by
X-ray structure crystallography.

Crystal data and data collection parameters are listed in
Table 1. The P—N bond lengths within the P;Nj; ring lie in
a narrow range [1.562(3)—1.605(3) A], which is typical of
cyclotriphosphazenes!!3-23, The exocyclic P—N bond length
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Figure 1. ORTEP diagram of 1 at the 50% probability level of the
repeating unit; the hydrogen atoms have been omitted for clarity®!

fa} Selected bond lengths [A] and angles [°]: P(1)—N(3) 1.569(3),
P(1)~0(2) 1.574(3), P(1)-0(1) 1.577(3). P(1)=N(l) 1.591(3),
P(2)-N() 1.562(3), P(2)—N(2) 1.575(3). P(2)—O(3) 1.584(3),
P(2)-0(4) 1591(3), P(3)-N(3) 1.580(3), P(3)~0(5) 1.604(3),
P(3)-N(2) 1.6053), P(3)—N(4) 1.623(3); N(G)~P(1)-0(2)
107.4(2), N(3)-P(1)—0(1) 109.9(2), O(2)—P(1)—O(1) 98.8(2),
NQ)-P{1)=N(1) 118.0(2), 02)=P(1)=N(1) 110.5(2), O(1)—P(1)—
N(1) 110.6(2), N(1)~P@2)=N(2) 116.9(2), N(1)--P(2)—0(3)
109.32), N(2)~P(2)-0(3) 111.1(2), N(1)-P(2)=0() 112.7(2),
N(2)-PQ2)-0(4) 107.02), O(3)-PQ)-0@4) 98.4(2), NG3)-—
P(3)-0(5) 109.3(2), N(3)—P(3)-N(2) 116.2(2), O(5)-P(3)-N(2)
107.4(2), NG)—PG3)~N(#) 110.0Q2), O(5)—P(3)=N(4) 104.2(2),
NQ)-P3)-N@) 109.1(2), PQ)-N(I)-P(i) 121.0Q2), PQ)—
N(2)—-P(3) 122.5(2), P(1)—N(3) -P(3) 122.0(2).

is longer [1.623(3) /0%], indicating less double bond character.
The exocyclic angles at the phosphorus atoms differ con-
siderably: [O(1)-P(1)—O(2) 98.8(2)°, O(5)—P(3)—N{4)
104.2(2)°, O(3)—P2)—0(4) 98.4(2)°]. The difference of
5.6° at the pyridyl-substituted phosphorus atom can be at-
tributed to the relative orientation of the phenoxy and pyri-
dyl groupsl®®l. The phosphazene ring is almost planar.

Synthesis and Characterization of the Metal Complexes
Synthesis and Characterization of the Copper Complex 1a

The reaction of 1 with copper(Il) nitrate in boiling meth-
anol yields [Cu(NO3); - (1);] 1a.

The IR spectrum of 1a shows besides the bands, which
can also be found in the spectrum of the ligand, two ad-
ditional bands at 1380 and 1610 cm™! assigned to the ni-
trate group and the CN group of the pyridine ring. These
bands have been shifted to higher wavenumbers due to the
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interaction between the metal and the pyridine nitrogen
atom[?7-28],

{+)FAB MS and CHN elemental analysis indicate that
the complex consists of two ligands coordinated to a cop-
per ion.

The final structure of 1a was confirmed by single-crystal
X-ray diffraction (Figure 2).

Figure 2. ORTEP diagram at the 50% probability level of the rc-
peating unit found in complex 1a; the hydrogen atoms have been
omitted for clarityl

[*] Selected bond lengths [A] and angles [°]: Cu(1)—N(5) 1.962(7),
Cu()=N(@) 2.638(7), Cu(1)—O(61) 1.985(6), P(1)~N(3) 1.580(7),
P(1)—O(1) 1.583(6), P(1)=N(1) 1.595(7), P(1)=N(#) 1.654(7).
P(2)—N(2) 1.566(7), P(2)-0(3) 1.570(6), P2)—0(2) 1.582(6).
P(2)-N(1) 1.595(7). P(3)—O(5) 1.566(6). P()-O(4) 1.569(6).
P(3)-N(Q2) 1.571(7), PG)-N@3) 1.591(7); N(3)—Cu(1)(1)~O0(61)
91.0(3), N@)—Cu(1)=N(5) 90.0(3), N(d)—Cu(1)-0(61) 90.0(3),
N@G)-P(1)—0(1) 112.3(3), N(3)-P(1)-N) 1152(3), O(I)—
P(1)—N(1) 109.9(3), N(3)=P(1)=N(4) 108.1(3), O(1)~P(1)—N(4)
95.4(3), N(1)—P(1)-N(@) 114.4(4), N2)—P(2)—0(3) 110.6(3),
N2)-P2)-02) 106.4(3), O3)=P(2)-0Q) 99.0(3). N(2)—
P(2)—N(1) 116.4(3), O3)—P(2)—~N(l) 110.3(3), O(2)~P(2)~N(1)
112.7(3), ‘O(5)—P(3)—-0(4) 100.1(3),” O(5)—P(3)~N(2) 113.0(3),
O(4)—P(3)—N(2) 109.0(3), O(5)—P(3)-N@3) 1057(3), 0O4)-
P(3)=N@3) 110.5(3), N(O)=P3)=N@3) 117.2(3), P(1)~N(1)=P(2)
124.1(4), P(2)—N(2)—P(3) 121.5(4), P(1)~N(3)=P(3) 122.0(4).

Crystal data and collection parameters are listed in Table
1. The geometry around the copper as inversion center is
octahedral, with a typical Jahn-Teller distortion. The two
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pyridine N atoms and the two oxygen atoms of the nitrate
groups form a regular plane with atomic distances of
Cu(1)-N(5) 1.962(7) A and Cu(1)~0(61) 1.985(6) A. The
atomic d1stance between the metal and the amine nitrogen
atom [2.63(3) A] is smaller than the sum of van der Waals
radii of Cu (1.4 A) and N (1.5 A) All bond lengths are
typical of d° copper complexes and agree with published
datal?®-3% The exocyclic P—N bond length of the metal
complex is slightly longer (0.031 A) compared to ligand .

The PN ring bond lengths in la vary over a narrow range
[1.566(7)—1.595(7) A] and are close to those of the ligand.

Synthesis and Characterization of the Platinum Complex 1b

The platinum complex 1b is formed during the reaction
of 1 with platinum(II) chloride in chloroform/benzene mix-
tures. It was isolated in 20% yield. The (+)FAB MS data
of the reaction products revealed the formation of a second
metal complex of the composition [PtCl, - (1)]. In addition,
other not yet identified products could be detected by 3'P-
NMR spectroscopy.

The CHN clemental analysis and the (+)FAB MS of
crystalline 1b show a ligand-to-metal ratio of 1:1. The IR
spectrum is similar to that of 1 with the exception of a
characteristic shift of the CN band to higher wavenumbers
(1608 cm™1).

Figure 3 shows the X-ray crystal structure of 1h.

Crystal data and collection parameters are listed in Table
1. The geometry of 1b is almost square-planar. The Pt—N
[1.99(3) and 2.14(2) A] and the Pt—Cl [2.2(1) A] bond
lengths are nearly the same. The CI-Pt—Cl angle is
90.3(3)°, while the N—Pt—N angle is smaller [83(1)°],
which can be attributed to considerable strain caused by
the bidentate ligand. Similar deformations around platinum
atoms were observed in other five-membered chelated ring
systems and our data agree well with published datal'). The
exocyclic P—N bond length [1.70(2) A] is much longer than
observed for the ligand 1 which is obviously a result of the
decreased double bond character caused by localization of
the nitrogen electron lone pair due to complex formation.
The PN ring bond lengths vary from 1.50(2) to 1.62(3) A
and are close to those of 1.

Compound 1b is of significant interest as a potential an-
ticancer drug. Its geometry is analogous to that of the cis-
platinum and the sterical situation around the platinum will
probably allow an attack at the DNA nitrogen bases.

Synthesis and Characterization of the Cobalt Complex 1c¢

The cobalt complex 1¢ was prepared by reaction of 1
with cobalt(Il) nitrate in boiling ethanol. Single crystals
were obtained from a mixture of ethylbenzene and ethanol.

The IR spectrum of 1¢ shows compared to that of 1 ad-
ditional band at 1380 cm™' for the NO, group and at 1608
cm™! for the pyridine CN which interacts with the cobalt
ion.

The CHN elemental analysis and the (+)FAB MS indi-
cate a ratio of metal to ligand of 1:1.

In contrast to the copper and platinum complexes 1a and
1b, the coordination type of the cobalt(Il) nitrate complex
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Figure 3. ORTEP diagram at the 50% probability level of the re-
peating unit found in complex Ib; the hydrogen atoms have been
omitted for clarityl®

c4a5 c3

[ Selected bond lengths [A] and angles [°]: Pt(1)—N(5) 1.99(3),
P(1)-N@4) 2.14Q2), Pt(1)—-Cl(2) 2.27(8), Py(1)-Cl(1) 2.29(7).
PQ)-0(2) 1.57Q2). P(2)-N(1) 1.57(2) P(2)-0(3) 1.56(2),
PQ)-N(2) 1.6203). P()-N(3) 1.56¢2), P(1)—0O(1) 1.56(2).
P(H-N(1) 1.552). P(1)-N(@) 1.70(2), P(3)—O(5) 1.52(2).
P(3)-N(3) 1.60(3). PG3)-N(2) 1.62(3), P(3)-0(4) 1.62(2).
N(3)-Pt(1)-N4) $2.5(12), N(5)—Pt(1)-Cl(2) 93.3(11), N(4)-
Pi(1)-Cl(2) 175.6(7), N(5)-P(1)-Cl(1) 1759(11), N(4)-
Pt(1)—Cl(1) 93.9(6), Cl(2)—Pt(1)-Ci(1) 90.3(3), O()~P2)-N(1)
108.7(11), O(2)—P(2)—0(3) 100.4(11), N(1)=P(3)—0(3) 111.1(11),
0(2)-P(2)~N(2) 107.7(11), N(1)-P(2)~N@2) 118.1(13), O(3)~
PQ)-N(2) 109.213), NG)-P(D-0(1) 110.1(12),  N(3)-
P(1)—-N(1) 118.8(13), O()—P(1)—N(l) 111.6(11), N(3)—
P(1)—N(4) 112.4(13), O(1)~P(1)—N(4) 93.1(10), N(1)-P(1)—N4)
107.9(11), O(5)—P(3)—N(3) 108.1(12), O(5)~P(3)~(2) 112.1(12),
NG3)-P(3)-N(2) 117.8(14), O(5)-P(3)-0@) 97.4(12), N(3)-
P(3)—0(4) 110.8(13), N(2)—P(3)-0(4) 108.9(12), P(1)-N(1)~P(2)
123(2), P(3)-NQ)~P(2) 1182), P(1)~N(3)-P(3) 122(2).

1c is rather unusual (Figure 4). One of the PN ring nitrogen
atoms and the nitrogen atom of the pyridyl side group are
involved in the coordination to the metal, although the skel-
eton bears slightly electron-withdrawing substituents so that
the PN ring nitrogen atoms should be poor donors.

The geometry around the cobalt ion is distorted tetra-
hedral. The Co(1)—N(5), Co(1)—N(3) and Co(1)—0O(61),
Co(1)~0O(71) bond lengths are in good agreement with
those in other cobalt(IT) nitrate complexes with N-donor li-
gandsl29:32],

The ring bond length P(3)—N(3) [1.65(1) A] is much
Jonger and the exocyclic P—N bond lengths are slightly
shorter (0.02 A) than those found for the analogous bonds
of 1. These findings can be attributed to a reduction of the
clectron density in the phosphazene ring and to an in-
creased delocalization of the nitrogen lone pair of the
amino group. Several structural studies of cyclophosphaz-
ene ligands show the same phenomenal'®l.
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Figure 4. ORTEP diagram at the 50% probability level of the re-
peating unit found in complex I¢; the hydrogen atoms have been
omitted for clarity®

Eﬂ

2] Selected bond lengths [A and angles [°]: Co(1)—0(61) 2.011(10),
Co(1)=N(5) 2.033(13), Co(1)-O(71) 2.036(9), Co(1)—N(3)
2.07709), P(1)-0O(1) 1.543(9), P(1)-N(1) 1.549(9), P(1)-O(2)
1.569(8), P(1)~N(3) 1.589(10), P(3)-N(2) 1.551(10), P(3)—0(5)
1.564(10), P(3)-N(@) 1.591(11), P(3)-N(3) 1.647(10), P(2)—~0O(3)
1.557(9), P(2)—0(4) 1.575(10), P(2)~N(2) 1.576(11), P(2)—N(1)

1.587(11);  O(61)=Co(1)— N(S) 119.7(4), O(61)—Co(1)—0(71)
126.1(5), N(5)=Co(1)~O(71)  93.4(5). O(61)—Co(1)~N(3)
102.7(4),  N(5)—Co(1)-N(3)  109.2(4), O(71)~Co(1)-N(3)

104.5(4), O(1)=P(1)=N(1) 111.3(5), O()—P(1)-0(2) 101.4(4),
N()-P()—0(2) 111.0(5), O(1)-P(1)—-N@3) 105.7(5), N(I)=
P(1)-N(@3) 116.9(5), O2)=P(1)-N(3) 109.2(5), N(2)~P(3)-0(5)
110.6(5), N(2)-P(3)—N(4) 118.1(6), O(5)- P(3)-N(4) 96.6(5),
N(2)-P(3)-N@3) 113.4(5), O(5)—P(3)—N(3) 113.(5), N(4)-
P(3)-N(3) 104.0(5), O(3)—P(2)—0(4) 99.3(5), O(3)-P(2)-N(2)
113.2(5), O(#)—P(2)—N(2) 104.6(6), O(3)—P(2)—N(1) 109.8(5),
0(4)-P(2)-N(1) 112.2(5), N@Q@)—P(2)~N(1) 116.0(5), P(1)-
N(1)-P(2) 123.1(6), P(3)~N(2)—P(2) 26.1(6), P(1)~N(3)—P(3)
122.2(6), P(1)—N(3)=Co(1) 131.3(5), P(3)—N(3)—Co(1) 106.4(5).

Conclusion

Pentaphenoxy(2-pyridylmethylamino)cyclotriphospha-
zene 1 was synthesized and completely characterized. Its
molecular structure was determined by X-ray crystallogra-
phy. 1 is a multifunctional N-donor ligand with five poten-
tial N-donor sites. Reactions of 1 with copper(Il) nitrate
and platinum(Il) chloride yielded compounds with metal-
to-ligand ratios of 1:2 (1a) and 1:1 (1b), where only the
nitrogen atoms of the pyridylmethylamino groups partici-
pate in the complex formation. In contrast, the molecular
structure determination of the cobalt(IT) nitrate complex
lc revealed a different situation, where one of the P-N
ring nitrogen atoms and the pyridyl N atom are bound to
the metal center.

We thank the Deutsche Forschungsgemeinschafi for a habilitation
fellowship to U. Diefenbach and the financial support. We extend
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Table 1. Crystal data and structure refinement for 1, 1a, 1b, and 1¢

1 1a 1b 1c
Formula C36H32N505P3 C72HgaN12016P6Cu C36H32CIoN5OsP3Pt C36H32N7011P3C0
Formula Weight 707.00 1602.71 973.57 890.53
Crystal Size [mm] 0.02x0.08x0.75 03x0.35x0.15 0.05x0.025 x0.75 0.7x0.3x0.25
Temperature [K) 293(2) 293(2) 293(2) 293(2)
Wavelength [A] 0.7107 0.7107 0.7107 0.7107
Space Group P21/c PT P21/c PT
Crystal System monoclinic triclinic monoclinic triclinic
a[A] 9.663(3) 9.79(2) 17.985(2) 10.36(2)
b [A] 17.202(3) 11.90(1) 9.604(2) 14.25(1)
c[A] 20.950(5) 17.62(2) 25.123(3) 14.315(7)
o [ 97.93(9) 76.96(5)
B[] 102.00(2) 98.4(1) 101.000(9) 68.14(9)
v[°] 97.4(1) 88.5(1)
Volume [A3] 3406(2) 1987(5) 4260(1) 1907(4)
Z 4 1 4 2
Density [Mg/m3] 1.380 1.339 1,518 1.551
p [mm-1} 0.226 0.466 3.58 0.647
Reflections obsd. 6338 3874 5797 3843
Independent reflns. 5961 3709 5658 3564
Final R R1=0.0456, R1=0.0587, R1=0.0772, R1=10.0688,
[>20(1)] wR2=0.1164 wR2 =0.1543 wR2 =0.2316 wR2 =0.1632

our thanks to Prof. Dr. J Fuchs, Dr. habil. D. Lentz, and I
Briidgam for their help with the X-ray data collection.

Experimental

General: The solvents were dried by heating at reflux with the
appropriate drying agents: THF and diethyl ether were distilled
from sodium/benzophenone. Benzene, hexane, and ethyl benzene
were stored over sodium metal. Methanol and chloroform were
distilled and stored over molecular sieves. — Hexachlorocyclotri-
phosphazene and monochloropentaphenoxycyclotriphosphazene
were synthesized according to literature procedures?®*34. 2-(Ami-
nomethyl)pyridine (Fluka) was predried over potassium hydroxide
and distilled before use. Cu(NOs), - 3 H,0, Co(NO»), - 6 H,0, and
PtCl, (Merck) were used as received. — The synthesis of 1 was
carried out under dry argon by using standard Schlenk techniques.
— Infrared spectra: Shimadzu IR-435 spectrophotometer, KBr pel-
lets. — 'H- and '3C-NMR spectra: Bruker AM 250-NMR spec-
trometer, internal standard TMS. — *'P-NMR spectra: Jeol FX
90Q spectrometer, 36.23 MHz, external standard 85% H3PO,. —
Elemental analyses: Vario EL (Elementar). — MS (80 eV): MAT
711 (Finnigan) spectrometer;, (+)FAB MS spectra: Varian MAT
spectrometer.

X-ray Crystallography and Data Collection®: The crystals were
mounted on an Enraf-Nonius CAD4 diffractometer, graphite-mo-
nochromated Mo-K,, radiation (A = 0.7107 A). The intensity data
were collected by using the /2@ scan mode in the range ® =
2—25°. Three standard reflections were used to check the changes
in orientation of the crystal. — Structure Solution and Refinement:
The structures were solved by the Patterson heavy-atom method
using SHELXS-76 (for 1b) or by direct methods and by subsequent
difference Fourier syntheses using SHELXS-76. The scattering fac-
tors for H, C, N, P, O, Cl, and the metals were those included
in the above programs. For the final refinement the SHELXL-93
program[®! was used. Refinement of the structure was carried out
according to the full-matrix least-squares method. All non-hydro-
gen atoms were refined anisotropically. The hydrogen atom posi-
tions were calculated and refined once isotropically. The crystal
data and final refinement parameters are also given in Table 1.
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Synthesis of Pentaphenoxy(2-pyridylmethylarmino ) cyclotriphos-
phazene (1): 2-(Aminomethyl)pyridine (1.02 g, 9.6 mmol) was ad-
ded dropwise to a solution of N3P3(OCsHs)sCl (3 g, 4.71 mmol) in
250 ml THF. The reaction mixture was heated at reflux for 40 h.
Jt was then cooled down to room temp. and filtered to remove the
precipitated 2-(aminomethyl)pyridine hydrochloride. The solvent
was removed from the solution and the remaining yellow oil was
dried in vacuo and then recrystallized from an diethyl ether/hexane
(1:1) mixture. A white solid was obtained (2.6 g, 78%, m.p.: 82°C).
Single crystals could be obtained after recrystallization from hex-
ane. — MS (EI) [M(1) = 707]; m/z: 707 [M*], 614, 508, 414, 354,
307, 184, 107, 77. — C36H35N505P3 (707.0): caled. C 61.10, H 4.52,
N 9.90; found C 60.99, H 4.81, N 10.01. — 3P NMR (CDCls):
A,B, 8(Py) = 8, 8(Py) = 18, Jap = 76.9 Hz. — "H NMR (CDCly):
5= 85([d, J= 5.0 Hz 1H, pyridinic H], 7.6 [t, J= 7.5 Hz, 1H,
pyridinic HJ, 6.9—7.2 [m, 5H, phenoxy H, 2H, pyridinic H], 3.9 [d
of d, Jnpen = 7.5 Hz, Jewp = 10.0 Hz, 2H, CH,), 3.7 [m, 1H,
NH]. — PC NMR (CDCls): § = 151, 129, 125, 120 [s, 4C, phenoxy
C], 158, 148, 136, 121 [s, 4 C, pyridinic C], 45 [s, 1 C, CH,).

Synthesis of [Cu(NO3); - (1);] (1a): Cu(NOs); - 3 H,O (120.8
mg, 0.5 mmol) in 20 ml ethanol was heated at reflux. A solution
of 1 (353.8 mg, 0.5 mmol) in 40 ml ethanol was added dropwise.
The solution was concentrated to 5 ml in vacuo. Blue crystals were
obtained after several days (200 mg, 25%, m.p.: 91°C). — (+)FAB
MS [M(1a) = 1602.7]; m/z: 1541 [M + H* — NOs|*, 1478, 859,
832, 770, 708, 600. — C;;Hg,CuN ;0P (1602.7): caled. C 53.54,
H 3.96, N 10.41; found C 52.95, H 4.4, N 10.12.

Synthesis of [PtCl, - (1)] (Ab): A solution of 1 (0.26 g, 0.37
mmol) in 10 ml of a mixture of benzene/CHCI; (1:1) was added
dropwise to a heated solution of PtCl, (0.1 g, 0.37 mmol) in 10 ml
of a benzene/CHC]; (1:1) mixture. The solution was heated at re-
flux for 15 min, It was then cooled down and filtered off to remove
an insoluble residue. After concentration pale yellow crystals were
obtained. (72 mg, 20%, m.p.: 190°C). — (+)FAB MS [M(1b) =
973.1]; miz: 974 [M + H*], 938, 901, 708, 600, 507, 383, 307, 217,
154,107, 77. — C3H3,C1,N,05P3Pt (973.6): caled. C 44.39, H 3.28,
N 7.19; found C 44.61, H 3.65, N 6.98.
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Synthesis of [Co{NO3), - (1)] (1¢): A solution of Co(NOs), - 6
H,O (145.5 mg, 0.5 mmol) in 40 ml of ethanol and was heated at
reflux. A solution of 1 (353.8 mg, 0.5 mmol) in 40 ml of ethanol
was added dropwise. After the reaction mixture had been concen-
trated in vacuo to about 10 ml a violet solid precipitated. Crystals
could be obtained after recrystallization from an ethyl benzene/
ethanol mixture (1:1) (120 mg, 27%, m.p.: 150°C). —~ (+)FAB MS
[M(1c) = 890.04]; m/z: 828 [M + H* — NO,], 765, 708, 689, 614,
508, 414. — C36H;,CoN,0,,P; (890.5): caled. C 48.54, H 3.59, N
11.01; found C 48.61, H 3.81, N 10.89.
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