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PALLADIUM TETRAAZAANULENES: THE SYNTHESIS AND STRUCTURE

OF PALLADIUM 5,7,12,14 - TETRAMETHYL-DIBENZO[b,1]{1,4,8,11]TETRAAZA[14]ANNULENE

M. Tsutsui, R. L. Bobsein, G. Cash and R. Pettersen

Department of Chemistry
Texas A&M University
College Station, Texas 77843

Abstract:

The first palladium dibenzotetraaza[l4]annulenes have been prepared from

the reaction of the free base ligand with bis(benzonitrile)palladous chloride.

Analytical data are consistent with the proposed structures., Palladium 5,7,

12,14-tetramethyl-dibenzo(b,1][1,4,8,11] tetraaza[l4]annulene was characterized

by single-crystal x-ray diffraction,
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INTRODUCTION

Palladium coordination complexes prefer a square planar arrangement and
are known to be among the most stable.l’2 Ligands such as porphyrins, phthalo-
cyanines, and tetraazaannulenes prefer to coordinate with a metal ion in a
square planar fashion. The fact that palladium porphyrins are very resistive
to chemical demetallation illustrates the stability of palladium square planar
complexes.3 In contrast to square planar complexes, 5,7,12,l14-tetramethyl-di-
benzo[b,1][1,4,8,11]tetraaza[l4)annulene coordinates with metal ions in a square
pyramidal arrangement.a Now we wish to report a new coordination geometry in
the palladium complex of this ligand.

5
Dibenzotetraaza[l4]annulene has been complexed with a variety of metals; 2

14-16

some of these complexes exhibit unusual geometries. Metal tetraazaannulenes

have been known to possess chemical and thermal stability as well as high cata-
lytic activity, particularly as electrocata]ysts.l7-19 A cobalt tetraazall4]
annulene has been used as the photoactive substituent in a potential solar energy
storage system.zo

To our knowledge, no one has reported a palladium complex of tetraaza-
[14]annulene. Although these macrocyclic ligands generally influence the
physical and chemical properties of the metal,21 an x-ray diffraction analysis
of this first palladium tetramethyl-tetraazaannulene shows that palladium metal
insertion has the effect of flattening a hitherto saddle-shaped ligand into a

pseudo-planar configutation.a’zz'23

EXPERIMENTAL SECTION

Bis(benzonitrile)palladous chloridcza and 1,8-dihydro-5,7,12,l4-tetra~-
methyl-dibenzo[b,1)[1,4,3,11|tetraaza[l4]annulene (HZTM'I‘AA)8 were mixed in

refluxing benzene. The title compound, PdTMTAA, was obtained from the resulting
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precipitate. PdTMTAA crystallized as orange platelets in hexane. PdTMTAA

decomposes at 150°C to a yellow-brown compound, which melts at 260°C. Analsy1325

calculated for Pd(C22H22N4): C, 58.87; H, 4.94; N, 12.48; Pd, 23.90. Found:
C, 59.18; H, 5.12; N, 12.20; Pd, 23.51. The visible spectrum of PdTMTAA in
dichloromethane has two peaks at 415nm.(log € 4.5) and at 490nm. (log € 4.2).
The infrared spectrum of PdTMTAA in the solid phase (KBr) shows peaks at 1475,

1395, 1070, 820 and 790 cm—l. The mass spectrum is consistent with the struc-

ture of PdTMTAA.26

The parent ions around 448 m/e appear in an isotopic pat-
tern typical of naturally occurring palladium.

The palladium complex of 1,8-dihydrodibenzo[b,i][1,4,8,11]tetraaza[1l4]
annulene (HZTAA)5 has also been prepared. The above complex, PdTAA, was syn-
thesized in a manner similar to the previously described PdTMTAA synthesis.
PdTAA was purified by sublimation. Analysisz5 calculated for Pd(018H14N4):

C, 55.05; H, 3.59; N, 14.26; Pd, 27.09. Found: C, 54.95; H, 3.59; N, 14.01;
Pd, 27.56. The visible spectrum of PdTAA is a typical metal insertion spectrum
with peaks at 363, 402, 424, 455, and 487 nm. in chloroform. The spectrum is

very similar to that of NiTAA5 indicating that PdTAA is a planar molecule.27

CRYSTAL EXAMINATION AND DATA COLLECTION

All crystals of PdTMTAA examined were extremely thin plates, the large
faces of which were parallelograms. The one selected for x-ray work measured
0.23x0.22x0.008 mm and was mounted with the fiber axis approximately parallel
to the longest edges.

Data were collected by Molecular Structure Corporation, College Station,
Texas. Daetails are presented in Table I. The following equations were used
in reducing the data; Lp is the Lorentz-polarization factor, S is the scan rate,
C 1s the total integrated peak count, B is the total background count, and R is

the ratio of scan time to background counting time: I = S(C-RB), o(I) =

[sz(c + st) + 0.002512];’, |F°| = (I/Lp)}!. o(Fo) = o(I)/(Z[FO[Lp). Periodic checks
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of three standard reflections revealed no deterioration during data collection.
On the basis of 4 scans, absorption corrections were deemed unnecessary. The

linear absorption coefficient, u, is 10.65 cm-l.

SOLUTION AND REFINEMENT OF THE STRUCTURE

The structure was solved using the crystallographic multi-purpose program
SHELX (by George Sheldrick); thermal ellipsoid plots were generated by ORTEP
(thermal ellipsoid plotting program by C. K. Johnson). These computations
were performed on the Amdahl 470V/6 computer at Texas A&M University.

Systematic absences (hOZ, h + Z # 2n and OkO, k # 2n) unambigiously id-
entified the space group as P21/n. Since 2 = 2, it was necessary that the
palladium atoms lie on centers of symmetry. A Patterson map confirmed this.

A difference Fourier revealed all the carbon and nitrogen atoms. Refinement
of these, followed by a difference map, revealed all the hydrogen atoms also.
When all the atoms had been refined to convergence (hydrogen atoms isotropic,
others anisotropic), a difference map revealed no peak larger than 0.4 e/X3.
The final unweighted R, defined as EIFO—ch||/ZFO, was 0.036; the weighted
Rw' (ZWIFO-IFCIIZ/ZWFOZ)%, was 0.046. The weight, w, is given by w = k/(oz(Fo) +
gFoz); k was redetermined after each cycle and g was refined at the same time

by fitting (FO—FC)2 to (oz(Fo) + gFoz)/k. The final values of k and g were
0.7731 and 8.93x10—4, respectively. For the nonhydrogen atoms, the largest
shift in a positional parameter on the last cycle was 0.350. Scattering factors
used in these calculations were taken from ref. 28. Cromer and Liberman's

valuee29 for the real and imaginary components of anomalous dispersion due to

palladium were used.

DESCRIPTION AND DISCUSSION OF THE STRUCTURE OF PdTMTAA

The final atomic coordinates are listed in Tables II and III. A listing




of interatomic distances and bond angles are provided in Tables IV and V for
PAdTMTAA. Figure 1 is an ORTEP plot of PdTMTAA. This view of the structure

is very similar to other published structures4’7’21

in the general geometry

of the ligand. The four Pd-N distances average 1.9962 which is longer than

the corresponding metal nitrogen distances of 1.8702 observed for NiTAA and
1.9OIX observed for CoTMTAAI. This increase is expected because of the larger
ionic radius of palladium. A comparison of M-N distances in various metal-~
lomacrocycles and crystal ionic radii of the metal atom is summarized in

Table VI. The data in Table VI show that as the size of the metal increases,
one expects a concommitant displacement of the metal from the NA plane or some
kind of ligand distortion.21 Possibilities for relieving ligand strain intro-
duced by metal insertion include some combination of (1) an increase in inter-
atomic distances on the l4-membered ring, (2) an increase in some of the in-
terior angles of the ring and (3) a deformation of the ring carbon atoms from the
NA plane. The palladium atom in PdTMTAA does not deviate from the N4 plane as
required by symmetry. The atoms of the l4-membered ring are displaced from

the Na plane by a maximum of .4673, as 1llustrated in Figure 2. There are
appreciable distortions in the five-membered chelate rings and in the benzenoid
rings but this pseudo-planar geometry contrasts with the very non-planar geome-

try of other published TMTAA structures.“’21

In the latter compounds, the
methyl groups interact sterically with the benzenoid rings so as to warp or
distort the ligand, thus relieving steric strain. It has been suggested that
the size of the metal ion directly influences the degree of dietortion.ll In
the case of PdTMTAA, the opposite effect is observed. The palladium complexa-
tion has flattened the normally saddle-shaped ligand, HZTHTAA.

The total angular change in the ten interior and four exterior angles

as defined in Figure 3 is an important measure of the degree of expansion of
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the ring (see Table VII). The sum of the values of the ten interior and four

exterior angles for H, TMTAA, FeTMTAA, CoTMTAAI'CHC13,and FeTMTAAC1-CH,CN is

2 3
smaller than the corresponding sum in PdTMTAA by 6.4°, 16.8°, 26.2°, and
19.4°, respectively. Only MnTMTAA-N(Et)3 shows a total angular expansion
( 2.2°) compared with PATMTAA. This similar total angular increase in the
manganese compound does not permit the smaller manganese ion to sit in the
N4 plane. In this case the manganese ion also has a large axial ligand which
may prevent the metal ion from sitting in the plane.

Since interatomic bond extensions are unlikely to occur because they
are eneigetically unfavorable, it appears that ring expansion through in-
creases in some interior bond angles provides most of the additional space
required for the palladium ion to fit in. This factor probably influences
the ability of the metal and the macrocycle to achieve the pseudo-planar
configuration.

A comparision of some dihedral angles is also presented in Table VII.
The dihedral angles as defined in Figure 2 are a measure of the distrotion of
the macrocyclic ligand. As can be seen from Table VII, TMTAA complexes of
manganese, iron, and cobalt, as well as the free ligand, have a very large
amount of distortion yielding the characteristic saddle shape. In contrast,
PATMTAA has, in general, about half the distortion. The dihedral angle be-
tween planes 6 and 7 is larger for PATMTAA than HZTMTAA, MnTMTAA-N(Et)3, and
FeTMTAACl-CH3CN and mainly indicates that the methyl group is displaced
slightly out of the ligand plane. In fact, the nonbonding interatomic dis-
tance between the methyl group and the nearest carbon atom of the benenzoid
ring for PATMTAA is 2.9253. about .2; shorter than the corresponding distance
in the manganese compound. Thus, in PdTMTAA there exists comparatively little
warping of the macrocyclic ligand and the methyl groups tilt slightly from the

plane of the macrocycle as they get closer to the benzenoid rings. Table VII




also presents a comparision of some selected bond lengths. The bond lenghts of
the PdTMTAA molecule are similar to those of some of the previously characterized
TMTAA's. The average C-N distance in the six-membered ring in PdTMTAA shows
more double bond character. The average C-C distance in the six-membered chelate
rings is comparable in all seven compounds. The average C-N distance on the
five-membered chelate ring shows more single bond character in all seven com-
pounds.

Thus, it has been shown that palladium coordination to the TMTAA ligand
yields a unique geometry. The strain generated by this pseudo-planar geometry
is not alleviated by increased bond lengths or warping. Only the slight dis-
placement of the methyl groups out of the plane and the angular increase may
account for this planarity. Such an effect might be explained in terms of an
especially strong palladium coordination sphere. In order to maximize such
interactions, the tetramethyl-tetraazaanmulene ring distorts from its usually
stable saddle shape. First row transition metal complexes of the TMTAA ligand
‘exhibit this saddle shape. Perhaps extended interactions by the larger pal-

ladium d orbitals force the ligand into its pseudo-planar configuration.
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Table I. Data Collection and Refinement Details for Pd(C22H22N4) (PATMTAA)
Diffractometer Enraf-Nonius CAD-4°
Monochroma”or Graphite Crystal
o]
Radiation Mo K o (A0.71069A)
Take off angle 2.8°
Scan speed 4° to 20° / min
Scan width 1°
Standards 3
20 Limits of data 50°
tation, Texas 77840.

Data taken by Molecular Structure Corporation, College 5




Figure 1.

ORTEP of PdTMTAA
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Figure 2. A side view of Pd(c22H22N4) illustrating deviations

from the containing Pd and N's. (Space group symmetry

requires that these five atoms be in the same plane.)
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TABLE III. Final Positional and Thermal Parameters of Hydrogen Atoms
for [Pd(C22H22N4)]
ATOM X Y Z U
H2 0.1357(105) 0.1423(34) 0.5310(91) 0.0242(174)
H3 0.3422(109) 0.2473(33) 0.5459(98) 0.0387(188)
H4 0.4361(108) 0.2784(36) 0.2651(94) 0.0311(186)
H5 0.3634(117) 0.2116(34) 0.0171(100) 0.0343(189)
H8 0.4211(106) 0.0103(31) -0.3209(87) 0.0278(162)
H10A 0.4855(111) 0.1547(36) -0.1947(100) 0.0380(203)
H10B 0.5854(97) 0.1317(34) -0.0002(92) 0.0251(165)
H10C 0.6282(118) 0.0820(36) -0.1737(99) 0.0383(198)
H11A 0.3605(122) -0.0892(35) -0.4464(94) 0.0306(184)
H11B 0.1355(165) -0.0896(46) -0.5826(141) 0.0968(311)
H11C 0.2096(124) -0.1430(42) -0.4123(111) 0.0287(239)
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Table IV. Interatomic Distances in [Pd(CZZHZZNQ)] (PATMTAA), ;
Pd - N1 1.999 (5)
Pd - N2 1.993 (5)
Pd - C1 2.839 (6)
Pd - C6 2,840 (6)
Cl - N1 1.395 (8)
C6 - N2 1.413 (8)
c9 - Wl 1.340 (8)
C7 - N2 1.342 (8)
Cl - c2 1.424 (9)
Cl - C6 1.411 (9)
c2 -3 1.370 (10)
C3 - C4 1.380 (11)
C4 - C5 1.366 (10)
c5 - C6 1.408 (9)
C7 - c8 1.388 (9)
C7 - C10 1.498 (9)
c8 - C9 1.400 (9)
C9 - Cl11 1.502 (9)
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Table V.

Bond

Angles for PdTMTAA, deg.

N2 -

Ccl -

Cé6 -

Cc7 -

c7? -

c2 -

Ccé6 -

Ccé6 -

C3 -

C4 -

Cc5 -

Ccé6 -

Cl -

c5 -

Cc5 -

c8 -

C10 -

C10 -

c9 -

Cll -

Pd

N1

N2

N2

N2

Cl

C1

Cl

C2

c3

C4

C5

Cé6

Cé

C6

c7

c7

c7

c8

C9

N1

Pd

Pd

Pd

Cé

N1

N1

c2

Cl

c2

C3

C4

N2

N2

Cl

N2

N2

c8

c7

c8

83.0
112.3
111.9
121.2
125.1
126.8
115.8
117.4
121.3
119.7
120.4
121.2
115.7
126.2
118.1
121.8
123.3
114.7
133.9

114.4

(2)
(4)
(4)
(4)
(5)
(6)
(5)
(6)
(7
(7)
(7
(7
(5)
(6)
(6)
(6)
(6)
(6)
(6)
(6)
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TABLE VI. Average N - M Distance for Various
Crystal Tonic Radii of Metal Atoms

b

Macrocyclesa and Empirical

M - N Distance Ionic Radii
o
PATMTAA 1.996% 0.86A
FeTMTAA 1.9184 0.76&

H,TMTAA (N - H)

PATPP

FeTPP

FeTPPC1

FePc
FeOctaaza[l4]annulene
FeTMTAAC1

CoTMTAAL

MnTMTAA * N(Et),
NiTAA

N1C20H (N1DMTAA)

18V4

858 [1.9028 (N - ct)]

o
2.009A
1.9728

o
2.05A
1.926%

o
1.836A

-]
2.002A

Q
1.901A

Q
2.118A

(-]
1.870A

1.85R

0.864
0.768

o
0.64A
0.764
0.76%
0.644
0.638

o
0.80A
0.728

o
0.72A

%Refs. 7, 11, 21, 30

bref. 31

= -

"'""f S ———

e d s L



Definition of bond angles.

Figure 3.
From M. C. Weiss et al., J. Am Chem. Soc., 98, 8021 (1976).
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