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An Octahedral Template Based on a New Molecular Turn: Synthesis and Structure of a
Model Complex and a Reactive, Diphenolic Ligand and Its Metal Complexes
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The design and synthesis of a new family of tridentate Schiff base ligands for use in octahedral molecular templates
has been successfully demonstrated. As anticipated, two molecules of the ligand, 2,6-pyridinedicarboxaldhydebis-
(p-hydroxyphenylimine), coordinate equatorially to six-coordinate octahedral metal ions to give orthogonally
orientedmolecular turnsaround theanchoringmetal ion. This new template offers the advantages that (1) syntheses

of the ligand and its complexes are straightforward, giving high yields in simple, one-pot reactions, and (2) structural
variations are easily accomplished. X-ray structural analysis has shown that the ligand will only function as a
turn when its spatial organization is controlled by coordination to a metal ion. Upon chelation, the phenolic
groups are directed across and beyond the metal ion center, and, unlike earlier ligands of this general type which
lacked reactive moieties, substitution reactions may be carried out at the free phenolic groups of the octahedral
complex. These reactions remain to be optimized in order to achieve the long-term goal of proving their value as
synthons for interlocked molecules.

Introduction turn and template are the ease with which the ligands can be
synthesized and the corresponding facility with which structures

The long-term goal of this work is the creation of a very . . .
general molecular template for use as a precursor to supramo-may be varied. The disadvantages derive from the fact that the

eculr species s now moleular templaembodies an (e 6 Sl PSS LA by appleaton f
easily synthesized tridentate Schiff base (structurdR? = P y :

p-phenol) which was designed to function asalecular turi synthesis, _this new template has the potential of iptensifying
advances in many areas of supramolecular chemistry, in for

N example, the formation of various catenanes, rotaxanes, knots,
R! | R! and still more complicatedrderly molecular entanglements

N Y Because of the potential value of these systems to the broad
r2-N N.g2 realm of supramolecular chemistry, it is appropriate to make

1 these new synthons broadly available at this early date.

) . . . . . This template is inspired by and constitutes the octahedral
by incorporating reactive para-phenolic groups, in a bis- equivalent of Sauvage’s famous tetrahedral temglatiich is
(phenylimine) ligand. Two molecules of this key molecular turn - pased on a tetrahedral coppedtchorand two molecules of
are used in conjunction with a metal ion, which serves as the pjs unique molecular turn 2,9-bis(4-hydroxyphenyl)-1,10-

anchor,in a template designed to create a crossover betweenphenanthroline (structui see above references). Sauvage and
two turns (structure), a motif often used to create catenanes,

R1 R2

rotaxanes, or knots. Two major advantages of this new molecular

Ward have provided a precedent for octahedral temptakbsy

T i i . .
The University of Kansas. reported the preparation of a catenate using a template based
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Table 1. Previously Reported Complexes

Inorganic Chemistry, Vol. 37, No. 26, 1998913

metal ion R R? ref
co(ll), Fe(ll), Ni(ll) H NH, 26
Fe(ll) H Ph 6
co(ll), Co(lll) H CH;Ph 6
cu(ll) H CHzPh 6
Fe(ll) H OH 6
co(ll), cu(ll), Fe(l), CH NHz, NHCHs, NHPh, 27
Ni(I1) N(CH3),
co(ll) CHs 2-NHPy 27
Co(ll), Fe(ll), Ni(ll) CHs, CHs, CH,CHa, CH:Ph, Php-CIPh, p-FPh,p-CHsPh, p-OCH;Ph 6
cd(), Co(Il), Ni(Il), CHs Ph,p-OCH:Ph, 10
Zn(ll) p-FPh, CHPh
Ni(ll) CHs CH,CHjs, Ph, CHPh, (CH)sPh 12

aR! and R correspond to substituents in struct@e

on octahedral ruthenium(ll) and a Sauvage-type tridentate ligand Here we describe the synthesis and characterization of the
(structured). As is typical of ligands of that class, a demanding new ligands, their complexes with metal ions, and the reactivities
multistep procedure is required to synthesize the disubstitutedof the functional groups in these new templates. Initially, the

terpyridine.

Schiff base ligands of general structdrbave a rich history,
beginning with the preparation of the first examples, the
pyridinal hydrazones, by Stoufer and Buschyho were
motivated by the then current interest anback-bonding by
unsaturated nitrogen donors. In early work closely related to

the systems of interest here, Lions and Martin synthesized Schiff

base ligands from 2,6-pyridinedicarboxaldehyde with aniline and

benzylamine and noted that the free ligands are crystalline

materials® Thereafter, extensive studies ensued in which this

same pair of Schiff base linkages were incorporated in many

different kinds of polydentate ligands, including various mac-
rocyclic ligands’

Our interest lies in complexes of structu?ein which the
groups R are appropriately functionalized to participate in

template reactions. Table 1, which summarizes the previously

reported complexes of tridentate Schiff base complexes of th'sdreported for the free ligand, its zinc(ll) and nickel(ll) complexes,

general class, reveals a dearth of ligands having the desire
featurel! Many of these complexes contain bis(phenylimine)
groups derived from aniline or para-substituted anilines; how-

template structure is modeled with a complex which contains
unreactive methoxy groups at the para positions of the ligand.
That ligand was prepared according to known literature proce-
dures? The crystal structure of the BF salt of bis[2,6-
diacetylpyridinebigg-methoxyphenylimine)]zinc(ll) has been
determined and is discussed below.

Pursuing the analogy to the Sauvage tempfatminophenol
was used as the amine in the straightforward Schiff base
condensation reaction with 2,6-pyridinedicarboxaldehyde (PDC)
to give the diphenolic ligand. Previous studies on ligands and
metal complexes derived from the Schiff baseg-aminophe-
nol are few. In one case, the reaction between PDCoanu-,
andp-aminophenols in the presence of cadmium ions was used
to differentiate aminophenol isomésandp-aminophenol has
appeared in some recent publications as a Schiff base precursor.
Two of these studies examined hydrogen-bonding interactions
of the phenolic hydrogéf1®> while another involved esterifi-
cation of the phenolic oxygen of the free Schiff base ligand to
construct potential metallomesogen componéhtdere, we
present the preparation and X-ray crystal structure of the free
ligand, 2,6-pyridinedicarboxaldhydelpsiiydroxyphenylimine),
synthesis of its cobalt(ll), iron(ll), nickel(ll), and zinc(Il)
complexes, and the reactions of the free phenolic functional
groups for some of these compounds. Crystal structures are

and the product of methylation of the nickel(Il) complex.

Results and Discussion

ever, none of the para substituents previously reported represent An Unreactive Model Compound. Recognizing the pos-

functional groups of convenient reactivity. This is understand- sibility that phenolic groups may compete with amines and
able since, in these early studies, interest lay in the effects ofimines for coordination sites, the methylated ligand 2,6-
these substituents on the methgand bonding®~1! Schraler diacetylpyridinebigg-methoxyphenylimine) was chosen to pro-
and co-workers recognized the potential for templates of the vide a model for the desired coordination behavior. This ligand,
systems reported here and labeled as a precatenand a ligand?, was prepared by Curry’s method (Schemé® &nd the
which contained an unfunctionalized pendant propyl phenyl cobalt(ll), nickel(ll), and zinc(Il) complexes were prepared. Only

group of obvious limited reactivit}?

(5) Stoufer, R. C.; Busch, D. HI. Am. Chem. Sod.956 78, 6016.

(6) Lions, F.; Martin, K. V.J. Am. Chem. Sod.96Q 82, 2733.

(7) (a) Nelson, S. MPure Appl. Chem198Q 52, 2461. (b) Fenton, D.
E.; Vigato, P. A.Chem. Soc. Re 1988 17, 69. (c) Alexander, V.
Chem. Re. 1995 95, 273. (d) Guerriero, P.; Tamburini, S.; Vigato,
P. A. Coord. Chem. Re 1995 139 17.

(8) Parenthetically, the oxime and hydrazine derivatives contain functional

groups, but they are deemed too close to the metal ion to be useful in

template reactions.
(9) Curry, J. D. Ph.D. dissertation, The Ohio State University, 1964.
(10) Merrell, P. H.; Alyea, E. C.; Ecott, Unorg. Chim. Actal982 59,
25.
(11) Alyea, E. C.; Merrell, P. Hinorg. Chim. Actal978 28, 91.

the zinc(Il) complex is new, and its crystal structure is shown
in Figure 1; selected bond angles and distances can be found in
Table 2. The geometry of the complex and the spatial arrange-
ment of the ligands are typical for compounds of this cldgg.

(12) Blake, A. J.; Lavery, A. J.; Hyde, T. I.; Sclder, M.J. Chem. Soc.,
Dalton Trans.1989 965.

(13) Thabet, S. K.; Hagopian, IMikrochim. Ichnoanal. Actd965 5—6,
964.

(14) Yao, W.; Crabtree, R. Hnorg. Chem.1996 35, 3007.

(15) Aly, M. M.; Imam, S. M.Monatsh. Chem1995 126, 173.

(16) Nugent, S. J.; Wang, Q. M.; Bruce, D. \New J. Chem1996 20,
669.

(17) Lavery, A. J.; Schider, M. Acta Crystallogr.1996 C52 37.
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Of primary interest are the positions and intra- and interligand
distances of the methoxy oxygens, since this compound
represents the structural prototype for the new family of

+ 2H,0
OCH,

molecular templates based on tridentate, Schiff base ligands.

As anticipated, the ligands are meridionally coordinated in a

manner which directs the methoxy oxygens accross and beyond Cl(1)~Zn—CI(2)

the center of the complex. Direct, through-space, intraligand
oxygen distances were found to range from 11.424 to 11.727
A, while interligand oxygen distances were as low as 10.344 A
and as high as 11.493 A. A more useful measurement of the
intraligand oxygen distances would be that which “loops” around

the pyridine ring of the opposite ligand, following the path that

would be required of a bridging reagent. An approximate value
for such a distance was obtained by modeling the addition of a
cyano substituent to the para position of the pyridine ring. The

cyano nitrogen then occupies the nearest space through which

a bridging reagent might pass. By summing the distances from
the intraligand methoxy oxygens to the cyano nitrogen, a very
approximate “looped” distance of 13.9 A was obtained. The
corresponding intraligand oxygen distances are about 1.6 A
longer than values obtained from a similarly altered Cache
molecular model of the tetrahedral Sauvage template (looped
distance ca. 12.3 A), but about 2.8 A shorter than the looped,
intraligand oxygen distances of a Cache model of Sauvage’s

Figure 1. The molecular structure of Znflo(PF)2.

Vance et al.

Table 2. Selected Bond Lengths (A) and Angles (deg)

(a) Zn(LY)2(PFe)2
5 N(2

Zn—N(12) 2.034(5) Zr-N(23) 2.210(6)
Zn—N(22) 2.041(5) C(115¥N(13) 1.283(9)
Zn—N(21) 2.187(6) C(18¥N(11) 1.284(8)
Zn—N(13) 2.189(6) C(215¥N(23) 1.257(8)
Zn—N(11) 2.196(6) C(28)N(21) 1.273(8)
N(12)-Zn—N(22) 178.1(2)  N(12}Zn—-N(11)  75.6(2)
(b) L2
O(1)-0(24) 16.591 C(16}N(17) 1.276
N(8)—C(9) 1.259 0(24%-0(001) 2.616
N(8)—C(9)-C(10)  121.039  C(12)C(16)-N(17)  121.431
C(5)-N(8)—C(9) 122.169  C(16}N(17)-C(18)  120.616
(c) Zn(L3Cl,
Zn—N(15) 2.049(7) Zr-Cl(2) 2.252(3)
Zn—N(8) 2.334(7) N(8)-C(9) 1.275
Zn—N(17) 2.323(7) N(17)-C(16) 1.274
Zn—CI(1) 2.252(3)
N(15)-Zn—Cl(1)  117.2(2) N(8)-Zn—N(17) 149.4(3)
N(15)-zn—-Cl(2)  123.5(2) N(8)-Zn—N(15) 74.8(3)
119.36(10)  N(15YZn—N(17) 74.8(3)
(d) Ni(L)LCl
Ni(1)—N(215) 1.93(3) Ni(1}-N(28) 2.21(3)
Ni(1)—N(115) 2.03(2) N(18)-C(19) 1.39(4)
Ni(1)—N(18) 2.16(3) N(117-C(116) 1.29(3)
Ni(1)—N(117) 2.16(3) N(28)-C(29) 1.24(3)
Ni(1)—N(217) 2.17(3) N(217-C(216) 1.15(4)
N(215)-Ni(1)—N(115) 175.5(10) N(115)Ni(1)-N(18) 77.6(10)

N(215)-Ni(1)~N(18)  103.0(10) N(115yNi(1)—N(117) 77.4(10)
(e)Ni(Me—L2)(PFy)
Ni(1)—N(142) 1.965(8) Ni(2)}N(216) 1.960(8)
Ni(1)—N(116) 1.978(8) Ni(2)-N(218) 2.122(8)
Ni(1)—N(135) 2.180(8) Ni(2)-N(29) 2.156(9)
Ni(1)—N(118) 2.180(8) Ni(3)-N(316) 1.983(8)
Ni(1)—N(19) 2.220(8) Ni(3}-N(318) 2.123(8)
Ni(1)—N(144) 2.233(8) Ni(3)¥N(39) 2.161(8)
N(142)-Ni(1)-N(116)  177.8(3) N(216)#ENi(2)-N(29) 101.1(3)
N(142)-Ni(1)-N(135)  78.5(3) N(216¥Ni(2)—N(29) 76.7(3)
N(116)-Ni(1)—N(135)  103.7(3) N(218)}#ENi(2)-N(29) 101.1(3)
N(142)-Ni(1)-N(118)  103.4(3) N(218}Ni(2)—-N(29) = 154.2(3)
N(116)-Ni(1)—N(118)  76.2(3) N(216}Ni(2)—N(29)#1 101.1(3)
N(135)-Ni(1)-N(118)  94.7(3) N(218}Ni(2)—N(29)#1 101.1(3)
N(142)-Ni(1)-N(19)  102.5(3) N(29¥Ni(2)—N(29)#1  84.6(4)
N(116)—Ni(1)—N(19) 77.8(3) N(316)Ni(3)-N(316)#2 179.0(5)
N(135)—Ni(1)—N(19) 91.0(3) N(316)Ni(3)—N(318)#2 103.0(3)
N(118)-Ni(1)-N(19)  154.1(3) N(316}Ni(3)-N(318)  77.7(3)
N(142)-Ni(1)-N(144)  76.3(3) N(316)#2Ni(3)—N(318) 103.0(3)
N(116)-Ni(1)—N(144)  101.5(3) N(318)#2Ni(3)—N(318) 102.5(5)
N(135)-Ni(1)—N(144)  154.8(3) N(316}Ni(3)—N(39)#2 102.3(3)
N(118)-Ni(1)-N(144)  93.0(3) N(318}Ni(3)—N(39}#2  83.5(3)
N(19)—Ni(1)—N(144) 92.5(3) N(316}Ni(3)—N(39) 77.1(4)
N(21B)#1-Ni(2)—N(216) 177.1(5) N(316)#2Ni(3)-N(39) 102.3(3)
N(216)-Ni(2)—N(218)#1 104.7(3) N(318)#2Ni(3)—N(39)  83.5(3)
N(216)#1-Ni(2)—N(218) 104.7(3) N(318¥Ni(3)-N(39)  154.8(3)
N(216)-Ni(2)—N(218) = 77.5(3) N(39)#2Ni(3)~-N(39)  101.6(4)

N(218)#1-Ni(2)—N(218) 84.7(4)

aAtom #1= —x,y, —z+ Y, and atom #2= —x + 1,y, —z+ Y%,
from parent atom.

octahedral ruthenium(ll) template (looped distance ca. 16.7 A).
Interligand oxygen distances in the model complex (ca. 10.3
A) are within the range of those for the copper(l) phenanthroline
complex (7.8-11.1 A), but aboti4 A shorter than those of the
ruthenium(ll) terpyridyl complex (14:314.9 A). From this we
conclude that the choice of a bridging ligand of suitable length
should both favor catenand formation and circumvent the linking
of the ligands together with concomitant formation of a large
noninterlocking ring. With information from this model in hand,
we switch our focus to the design and synthesis of closely related
complexes having reactive functional groups.

A Ligand Having Phenolic Functional Groups. By the
general reaction in Scheme 2, diimine molecules, where R is a
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Scheme 2 Scheme 3
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HO OH
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I Agan oW -

R R | A
potentially reactive functional group, can be prepared. The most Ny NZ N
effective method for the isolation of the free ligand was found /©/ O\
during an attempt to prepare a nickel(ll) complex of 2,6- o |H‘ o
pyridinedicarboxaldehydebisthydroxyphenylimine), & PDC
and 2 equiv ofo-aminophenol were dissolved in warm ethanol N
to give a yellow solution. While the solution was stirred, a n\/()\/:
yellow precipitate suddenly appeared. It was collected and found /©/ N \©\
to be nearly pure free ligand in 83% yield. Recrystallization HO OH

was accomplished from hot ethanol with X-ray quality crystals
forming upon cooling to room temperature followed by slow
evaporation of the solvent. The X-ray crystal structure (Figure
2) is of interest because it indicates that the preferred conforma-
tion of the free ligand is quite unfavorable for either macrocycle
formation or chelation. As would be expected, the lone-pair
electrons of adjacent nitrogens are directed away from each othe
such that the molecule is roughly linear. In this configuration,A
the phenolic oxygens are separated by a distance of 16.591 A . o
(Other selected bond distances and angles can be found in Tabl nd it should be noted that the imine Imkages were un_affected
2.) Hydrogen bonding was also observed between the phenolic y gxposure to the DMSO slurry of potassmm hydroxide.
hydrogens and cocrystallized water molecules. Zinc(ll) Corr_lplgx. Attempts to produce the zinc(ll) complex
The free ligand, & was the subject of simple experiments ©f the phenolic ligand, analogous to ZAj}, gave a yellow
to examine the reactivities of those functional groups and of Precipitate which was found to be soluble only in DMSO And
the ligand itself. These are shown in Scheme 3. Reduction of PMF. While its proton NMR spectrum clearly showed the
the imine linkages was realized by reaction with sodium _expected resonances of _the ligand, other analytlcal results
borohydride. This particular reaction works especially well since ndicated that the product is not the expected bis complex. The
the phenolic groups, which solubilize the ligand as the phenolate M@SS spectrum contained only one significant peak, ar#6

in the basic solution of the reaction mixture, also cause the Which corresponds to the ion (ZACI)*, and the compound was
found to be a nonelectrolyte in DMF solution, implying the

coordination of the chloride anions. Elemental analysis identified
the complex as Zn@Cl,.

This conclusion was confirmed by X-ray crystallography.
Crystals were obtained by very slow (several months) diffusion
of toluene into a DMSO solution of the complex. The structure
(Figure 3, selected bond lengths and angles in Table 2) shows
that the coordination sphere of the zinc is approximately trigonal
bipyramidal, a geometry which is not uncommon for halide
\ complexes of zinc(ll) containing tridentate ligandg? This
Cl14) ¢ / ) picture nicely highlights the conformational change in the ligand
which are expected upon coordination to a metal ion. The
diimine ligand is almost planar, unlike the ligand in ZA,
presumably due to reduced steric bulk around the metal center.
Alyea and co-workers reported the crystal structure of dinitrato-
[2,6-diacetylpyridinebis(phenylimine)]nickel(ll) in which the
- phenyl rings of the ligand twist significantly out of the plane

~Ci22) of the pyridine?® Perhaps the planarity of our ligand can be

I ° attributed to the absence of methyl groups at the imine carbon

product to precipitate as the neutral diphenol upon neutralization
of the solution. In a third reaction the phenolic groups were
alkylated by benzyl bromide. It was hoped that the reaction
conditions (powdered KOH in DMSO at room temperature)

Iy\/ould prove useful for similar alkylation reactions of the

transition metal complexes of the ligand. The dibenzylated
product was isolated in 54% yield as a microcrystalline powder,

0O(001) . .
QAL (18) Lions, F.; Dance, I. G.; Lewis, J. Chem. Soc. A967, 565.

) o (19) Furlani, C.Coord. Chem. Re 1968 3, 141.
Figure 2. The molecular structure of2LThermal ellipsoids are drawn  (20) Alyea, E. C.; Ferguson, G.; Restivo, R.Idorg. Chem.1975 14,
at the 50% level. 2491.
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Figure 3. The molecular structure of Znf)Cl,.

which should contribute to the twisting observed by those Figure 4. The molecular structure of Ni@)xCl,.
workers for their diacetylpyridine derivative.

On first glance, Zn€ would seem to be an ideal candidate brown, microcrystalline powder, and recrystallization gives a
for use as a macrocyclic precursor. Its oxygens are favorably high yield of X-ray quality crystalg!
organized for cyclization by an ether formation, such as that  One reversible Nit/Ni* reduction wave was observed in the
utilized by Sauvage and colleagues, and the oxygen separatiorbycnc voltammogram of the complex withy, = —1.053 V
of 13.14 A is a distance which could be spanned by a suitably (AE, = 65 mV) vs ferrocene/ferrocenium. Anion metathesis
chosen difunctional electrophile. Unfortunately, this is thwarted gave the hexafluorophosphate salt, which is fairly soluble in
by the limited solubility of the complex which conspires with  acetonitrile, and the triflate salt, which is soluble in DMF. Other
an unavoidable tendency to form a totally insoluble, orange anions were found to be less useful in improving the solubility
precipitate immediately upon exposure to the basic conditions or purity of the compound. Cobalt(ll) and iron(ll) complexes
required for ether formation. It is assumed that the phenolate of the phenol-substituted ligand were also prepared, but they
ions bind to vacant zinc sites, producing intractable polymeric proved to be more difficult to purify and were not studied in
structures. great depth. The iron(ll) complex, which was synthesized under

Octahedral Metal lon Complexes.The nickel(ll) complex  a nitrogen atmosphere, was nearly impossible to purify due to
of L2 (structure5) was successfully isolated and characterized. jts very poor solubility.

The crystal structure of Ni@),Cl, is shown in Figure 4, and
selected bond lengths and angles can be found in Table 2. As
expected, the nickel(ll) is approximately octahedral, and the
ligands are coordinated meridionally to produce the desired
orientation of the phenolic oxygens across and away from the
center of the complex (as indicated above for the model complex
Zn(LY)(PFs)2). Comparisons can also be made between the
monoligated zinc(Il) complex of £ and the bis complex of

OH

o,

N

|

Q

OH

HO
4

¥

HO

(21) An unusual feature of the complex is its conductivity in water. By
standard measurement methods at a concentration of 1.0 mM, the
conductance was found to be 1@231 cn? mol~2, below the expected
range of 235-273 for a 2:1 electrolyte but above the range of 118
131 for a 1:1 electrolyte in waté?.In view of the composition and
crystal structure (discussed below), the compound obviously is a di-
univalent electrolyte, so that it must be presumed that the large complex
cation must have an unusually low ionic mobility. The problem posed
by the unusual conductance is complicated by conductivity measure-
ments at different sample concentrations. Onsager plots of such data
(concentration versus conductance) generally produce slopes that
correlate with the nature of the electrolyte in questidfhe observed
slope of 325 is higher than typically observed for 2:1 electrolytes in
water (anticipated slope ca. 208)Since the phenolic protons are
acidic and the acidity may be substantially enhanced by coordination
of the ligand to the metal ion, partial ionization of these groups may
explain this behavior. However, the high mobility of the proton would
lead to the expectation of a large, rather than small, molar conductivity.

The ligand condensation and metal ion complexation reaction
are carried out in warm ethanol, and some details are worth
noting. First, this reaction should not be presumed to be a
template reaction because it has been clearly demonstrated that
the ligand is formed in situ by mixing 2,6-pyridinedicarboxal-
dehyde withp-aminophenol. Further, if, even in the presence
of the metal ion, stirring is too vigorous or the solution is not
warmed sulfficiently, the ligand will precipitate. In this case,
addition of an ethanolic solution of nickel(Il) chloride will still

give the desired complex as the ligand redissolves to form the
coordination compound, followed by irreversible precipitation

of the complex. In any case, the complex is obtained as a red-

(22) Angelici, R. JSynthesis and Techniques in Inorganic Chemjsng
ed.; W. B. Saunders Co.: Philadelphia, 1977; p 213.
(23) Feltham, R. D.; Hayter, R. G. Chem. Socl1964 4587.
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nickel(ll). Whereas the ligand was found to be nearly planar in
the zinc complex, the phenyl rings of the tw@ ligands on
nickel(ll) are twisted out of the plane of the pyridine rings as
was observed for model complex Zfk and other similar
complexed?1720Steric crowding around the nickel(ll) center
probably does not allow the ligand to achieve planarity, as it
can in the relatively uncrowded ZACl,. In ZnL2Cl,, the nearest
approach between the phenyl rings is between the interior ortho
hydogens, which are 4.50 A apart. These same hydrogens are
separated by about 3.10 A from the chloride ligands. For the
bis complex, Ni(1?),2", a Cache molecular model in which the
phenyl rings have been rotated into the plane of the pyridine
ring shows that the ortho hydrogen of the phenyl ring more
closely approaches the nitrogen of the opposite pyridine. In the
crystal structure, this distance is about 2.8 A, while that distance
shrinks to about 2:62.3 A when the phenyl ring is coplanar
with the rest of its molecule. Twisting the phenyl rings in the
opposite direction, where they are perpendicular to the pyridine
plane, creates steric repulsion between ortho hydrogens of
opposing ligands. In the crystal structure, these hydrogens are
about 2.8 A removed from each other, but when the phenyl
rings are twisted 90from the plane of the pyridine, that distance

is reduced to about 1.5 A. Clearly, the degree of twisting of the
phenyl rings observed in the crystal structure is indicative of

the most sterically favorable conformation. Figure 5. The molecular structure of Ni(Me3y(PF)..
Another difference between the mono and bis complexes is . )
found in the intraligand oxygen distances for ZB@" and Ni- pure according to mass spectral and elemental analytical data.

(L2),2*, where “looping” around the second ligand must again When this same reaction was carried out with stoichiometric
be taken into account. The oxygens of the zinc(Il) complex are quantities of reagents, mass spectral results indicated incomplete
separated by 13.138 A, while the approximate distance for the reaction. To achieve maximum effectiveness in template reac-
nickel(ll) complex (determined as described for the methoxy tions using difunctional bridging reagents, the yields need to
model complex) is 14.6 A. Interligand oxygen distances from approach completion even when the reactions are run stoichi-
10.074 to 12.062 A were determined for Nij2". These ometrically. The desired level of optimization of the reaction
distances bear out expectations from the zinc(ll) model complex, Proved elusive, with respectable yields obtained only when
Zn(L?)2*, in which the looped intraligand oxygen distance €Xcess electrophile was used.

exceeds interligand oxygen distances. As indicated earlier, a Under various conditions, preliminary experiments directed
similar relationship between intra- and interligand oxygen toward catenate formation using reagents adapted from Sau-
distances was observed in the Cache models of Sauvage's/age’s studieso,w-dibromo, -ditosyl, or -diiodo derivatives of
tetrahedral and octahedral templates. hexaethylene glycol) and the nickel(ll) complex described here

Reactions of the Nickel(Il) Complex.Initial attempts to form ~ Nave, so far, yielded tantalizing but inconclusive results. Some
the methy! ethers of the four phenol oxygens of the bis complex d_|ff|cult|es are antlc_lpated in view of the yields of the relatively
by reaction of its triflate salt in warm (ca. 5%) DMF with s_|mple reactlo_ns wnh_exc_:ess monohaloalkanes. B_ecause of the
cesium carbonate and excess methyl iodide produced only thelikelihood of ollgqmenzatmn, the electrophll|q prldglng reagent
methylated free ligand (Med. Apparently, these conditions cannot be usgd in large excess, mak_lng it (_jlfflc_ult to dupl|ca_te
were harsh enough to demetalate the ligand. Performing theth® most obvious advantages used in optimizing the reaction
reaction under milder conditions gave more encouraging results.conditions for the alkylations with monohaloalkanes. These
Addition of methy! iodide to the hexafluorophosphate salt of Nvestigations are ongoing.
the nickel(ll) complex in warmT < 55 °C), dry acetonitrile, .
with a stirred suspension of potassium carbonate as the base(,:on(:lus'OnS
gave the tetra-methylated complex in a low, 10% yield. Multiple  The design and synthesis of the first member of a new family
recrystallizations of the product failed to give analytically pure of tridentate ligands for use in octahedral molecular templates
samples; however, X-ray quality crystals were obtained, and have been successfully demonstrated. As anticipated, the ligand
the crystal structure (Figure 5) of the complex is surprisingly coordinates equatorially to six-coordinate transition metal ions
similar to that of the Unmethylated Starting material. While this to give Orthogona”y oriented molecular turns around the metal
reaction was clearly far from optimal, it opened the way for jon anchor. The syntheses of the ligand and its complexes proved
the study of the alkylation reactions of the phenol-substituted tg pe as straightforward as expected, giving high yields of either
complex. the free ligand or its complexes in simple, one-pot reactions.

Better results were obtained with benzyl bromide as the X-ray structural analysis has shown that, as anticipated, the
electrophilic reagent. Mixing the hexafluorophosphate salt of ligand will only function as a turn when spatial organization is
Ni(L?), with a 2-fold excess of benzyl bromide for 24 h at room controlled by coordination to a metal ion. Upon chelation, the
temperature in an acetonitrile suspension of potassium carbonatghenolic groups are directed across and beyond the metal ion
gave the tetra-benzylated complex as small, brown needles incenter, and, unlike earlier ligands of this general type which
27% vyield after recrystallization from acetonitrile/ethanol. In lacked reactive moieties, substitution reactions may be carried
contrast to the tetra-methylated product, this sample was nearlyout at the free phenolic groups of the octahedral complex. These



6918 Inorganic Chemistry, Vol. 37, No. 26, 1998 Vance et al.

reactions must yet be optimized in order to achieve the long- filtration and rinsed with water and diethyl ether. The crude hexafluo-
term goal of proving their value as precursors for supramolecular rophosphate salt was recrysta[lized from acetoniFriIe/ethanoI by .slow
species. This optimization, along with the preparation and study €vaporation of the solvents to give yellow crystals in 80% overall yield.

of complexes with different functional groups, represents the Anal- Caled for GeHagNeOaPoF12Zn: C, 50.13; H, 4.21; N, 7.62.
focus OF; ongoing studies group P Found: C, 50.00; H, 4.48; N, 8.00. Positive ion FAB mass spectrum:

m/'z 956 (Znl%PR)*, 810 (Znlly)*t. Proton NMR spectrum in CP
CN: 8.40 (t, pyH, 2H), 8.19 (d, pyH, 4H), 6.70 (d, PhH, 8H), 6.39 (d,
PhH, 8H), 3.71 (s, OCkl 12H), 2.41 (s, Ckl 12H) ppm. Infrared
Solvents were bulk or reagent grade and used as received unlesspectrum:ve—y = 1628.1 cm?.
otherwise noted. Reagents, except where otherwise noted, were Synthesis of 2,6-Pyridinedicarboxaldehydebigthydroxyphe-
purchased from various commercial sources and used as receivednylimine), L2 2,6-Pyridinedicarboxaldehyde (1.00 g, 7.40 mmol) and
Elemental analyses were performed by the analytical service of the 4-aminophenol (1.62 g, 14.8 mmol) were stirred in 15 mL of absolute
Department of Medicinal Chemistry at the University of Kansas. FAB ethanol until a yellow precipitate appeared (within ca. 5 min). Stirring
mass spectral measurements were performed by the mass spectrometiyas continued for an additional 30 min, and then the yellow powder
lab of the Department of Chemistry at the University of Kansas. Infrared was collected by vacuum filtration and dried overnight in a vacuum
spectra of the samples as KBr pellets were recorded on a Perkin-Elmerdesiccator. Yield: 83%. Proton NMR spectrum in acetdge8.69 (s,
1600 FTIR. Proton NMR spectra were measured on a GE QE300 NMR OH, 2H), 8.65 (s, CH, 2H), 8.25 (d, pyH, 2H), 8.02 (t, pyH, 1H), 7.35
spectrometer with chemical shifts reporteddagppm) relative to the (d, PhH, 4H), 6.94 (d, PhH, 4H) ppm. Infrared spectruns-y =
internal solvent standard. The solvent was deuteriochloroform unless 3457.1 cm* andvc—y = 1617.6 cmt. UV/vis spectrum (8.0x 102
otherwise noted. Conductivities were measured with a YSI Scientific mM in methanol): 242 nme(= 2.1 x 10* cm™t M%), 294 nm (sh) ¢
model 35 conductance meter. UV/vis absorption spectra were obtained= 1.3 x 10* cm* M%), 354 nm € 2.4 x 10 cm™* M%), Mp: 127—
on a model 8452A Hewlett-Packard diode array spectrophotometer. 130 °C dec. Dissolving the ligand in hot ethanol followed by slow
Electrochemical measurements were performed using a Princetonevaporation of the solvent at room temperature gives yellow, X-ray
Applied Research model 173 potentiostat fitted with a model 179 digital quality crystals.
coulometer and a model 175 universal programmer. Scans were taken Reduction of Azomethines of I2. 4-Aminophenol (1.16 g, 14.8
at 200 mV/s with a glassy carbon working electrode, silver wire mmol) and 2,6-pyridinedicarboxaldehyde (1.00 g, 7.40 mmol) were
reference electrode, platinum wire secondary electrode, 0.1 M tetrabu-dissolved in 50 mL of absolute ethanol to give a yellow solution, which
tylammonium hexafluorophosphate supporting electrolyte, and internal was stirred for 1 h. Sodium borohydride in 10-fold excess (1.40 g,

Experimental Section

ferrocene standard. 37.0 mmol) was added in portions to the ethanolic solution &0
Synthesis of 2,6-PyridinedicarboxaldehydeThe dialdehyde was and stirring was continued for 20 min. The solution was then refluxed
prepared by the following modified literature procedéféctivated for 30 min. After cooling of the light yellow solution, the ethanol was
manganese(lV) dioxide (purchased from Fluka) was prepared for removed by rotary evaporation. Water (200 mL) was added to give a
reaction by heating overnight at 12C. Excess Mn@ (100 g) and yellow solution with some precipitate present. Concentrated HCI (ca.

10.0 g (71.9 mmol) of 2,6-pyridinedimethanol were refluxed with 2 mL) was added to neutralize the solution (pH ca7§, causing the
stirring for 5 h in 500 mL ofchloroform (Aldrich spectroscopic grade,  color of the solution to lighten and giving an off-white precipitate. After
used as received). The oxide residue was separated from the solutiorcollection of the solid and drying on a Bianer funnel, 2.42 g of product
by vacuum filtration on a fritted glass funnel, and the black residue was obtained for an 80% yield. Proton NMR spectrum: 8.43 (s, OH,
was rinsed with 4< 100 mL of chloroform. Solvent was removed from  2H), 7.64 (t, pyH, 1H), 7.20 (d, pyH, 2H), 6.54 (d, PhH, 4 H), 6.44 (d,
the solution by rotary evaporation, and then the crude product was PhH, 4H), 5.69 (t, NH, 2H), 4.62 (d, GH 4H) ppm. Infrared
dissolved in a minimum amount of chloroform and passed through a spectrum: vo—y = 3406 cm?, vy_py = 3297 cnl,
short (ca. 15 ¢cm long, ca. 4 cm diameter) silica gel column (isocratic  Benzylation of L2 Based on a literature procedé#fgyowdered KOH
elution with chloroform). The pure dialdehyde elutes easily and can (0.449 g, 8.00 mmol) was stirred in 2 mL of DMSO for 5 mir? L
be seen as an opaque white band in the clear silica gel while impurities (0,317 g, 1.00 mmol) was added, followed by 0.5 mL of benzyl bromide
remain at the top of the column. Removal of the solvent by rotary (0.719 g, 4.20 mmol). The reaction mixture became a slurry so another
evaporation gives the product in 665% yield. Proton NMR spec- 1 mL of DMSO was added to completely dissolv&upon continued
trum: 10.17 (s, CH, 2H), 8.18 (d, pyH, 2H), 8.08 (t, pyH, 1H) ppm. stirring. After stirring for 60 min, the light yellow mixture was poured
Mp: 122-123°C. into 20 mL of deionized water, followed by extraction with>3 20
Synthesis of 2,6-Diacetylpyridinebigg-methoxyphenylimine), L*. mL aliquots of methylene chloride. The yellow organic layers were
2,6-Diacetylpyridine (0.513 g, 3.15 mmol) apeanisidine (0.766 g,  combined and washed with & 10 mL of water. The solution was
6.22 mmol) were dissolved in 20 mL of methanol with stirring. Several dried over sodium sulfate and decanted from the drying agent, and the
drops of concentrated hydrochloric acid were added, and a beige solvent was evaporated by rotary evaporation to give a pale yellow
precipitate appeared from the brown solution. The precipitate was powder, which was dried overnight in a vacuum desiccator. The crude
collected by vacuum filtration and dried to give a fluorescent yellow product was recrystallized from hot dichloroethane to give a 54% yield
powder in 51% yield. Infrared spectrumec—y = 1630 cnT™. Proton of small, light yellow crystals. Proton NMR spectrum: 8.71 (s, CH,
NMR spectrum: 8.3 (d, pyH, 2H), 7.9 (t, pyH, 1H), 6.9 (d, PhH, 4H),  2H), 8.25 (d, pyH, 2H), 7.90 (t, pyH, 1H), 7.40 (m, PhH, 14H), 7.03
6.8 (d, PhH, 4H), 3.8 (s, OC4i6H), 2.4 (s, CH, 6H) ppm. Carbon-13  (d, PhH, 4H), 5.11 (s, Ckl4H) ppm. Infrared spectrumzc—y = 1623.7
NMR spectrum: 167.4, 156.4, 155.8, 144.5, 136.7, 122.1, 120.9, 114.5, cmy L. Mp: 190°C dec.

55.5, 16.1 ppm. _ S o Synthesis of Zn(L2)Cl,. 2,6-Pyridinedicarboxaldehyde (2.00 g, 14.8
~ Synthesis of Bis[2,6-diacetylpyridinebig¢-methoxyphenylimine)]- mmol) and 4-aminophenol (3.23 g, 29.6 mmol) were dissolved with
zinc(ll) Hexafluorophosphate, [Zn(L")2](PFe)2. Zinc(ll) acetate di- slow stirring in 30 mL of absolute ethanol. Zinc(ll) chloride (2.03 g,

hydrate (0.0667 g, 0.304 mmol) was dissolved in 10 mL of methanol 14.8 mmol) was dissolved in 20 mL of ethanol, and its solution was
with stirring. 2,6-Diacetylpyridinebigtmethoxyphenylimine) (0.2059,  added all at once to the yellow suspension of the free ligand. An orange
0.549 mmol) was added to the zinc(ll) solution, and stirring was precipitate appeared immediately and was collected by vacuum
continued for 30 min, giving a clear yellow solution. Filtration of the filtration. The light orange powder was dried overnight in a vacuum
solution followed by removal of the solvent by rotary evaporation gave desiccator. Yield: 98%. Anal. Calcd forig1:Cl,Ns0,Zn: C, 50.31;

a yellow powder. Redissolving the crude product in methanol and H, 3.33: N, 9.26. Found: C, 50.23; H, 3.32; N, 9.40. Proton NMR
filtering into an aqueous solution of ammonium hexafluorophosphate
gave a bright yellow precipitate, which was collected by vacuum

(25) Johnstone, R. A. W.; Roe, M. Eetrahedron1979 35, 2169.

(26) Figgins, P. E.; Busch, D. H.. Am. Chem. S0d.96Q 82, 820.

(24) Papadopolous, E. P.; Jarrar, A.; Issadorides, Q. Brg. Chem1966 (27) Curry, J. D.; Robinson, M. A.; Busch, D. #horg. Chem.1967, 6,
31, 615. 1570.




An Octahedral Template Based on a New Molecular Turn

Table 3. Summary Crystal Data

Inorganic Chemistry, Vol. 37, No. 26, 1998919

Zn(Ll)z(PFa)z L2 Zn(Lz)Clz NI(L 2)2C|2
empirical formula [Q5H46N504Zn]-2[PF5] C19H17N303 C23H27C|2N304SQZI"I C42H420|2N5Ni05$2
fw 1102.20 335.36 609.87 920.55
temp/K 220(2) 240(2) 230(2) 200(2)
cryst syst monoclinic monoclinic triclinic monoclinic
space group P2i/c P2,/c P1 C2/c
alA 17.998(11) 11.4073(4) 9.8263(3) 49.46(10)
b/A 16.832(12) 10.4195(4 11.9415(5) 12.01(3)
c/A 17.134(13) 13.9444(5) 13.0491(5) 16.20(2)
o/deg 90 90 106.151(2) 90
pldeg 111.69(5) 98.051(2) 94.170(2) 108.10(13)
yldeg 90 90 114.281(2) 90
vol/A3, z 4823(6), 4 1641.07(10), 4 1309.69(8), 2 9146(32), 8
diffractometer P3R3 SMART SMART P3R3
u(Mo Ko)/mm~ 0.672 0.094 1.336 0.683

cryst dimens/mm

0.43% 0.36x 0.08

0.30x 0.20x 0.12

0.20x 0.04x 0.04

0.03x 0.45x 0.45

Omax 22.60 28.59 23.27 21.04
total reflns 6080 9386 5570 4982
unique,R(int) 5505 3696 3423 4919
with | > 20(1) 1986 1329
params, restraints 0/648 2/234 0/318 318/537
largestoF peaks/ef 3 0.417,—0.389 0.240-0.320 0.589;-0.749 0.768,-0.602
R1[l > 20(1)]2 0.0537 0.0725 0.0824 0.150
wR2 (all refins} 0.1587 0.1758 0.1672 0.4804

*R1= 3 |IFol — IFcll/IFol. WR2 = [TW(Fo* — F)l/ 3 [W(Fo)T Y2

spectrum in DMSQds: 10.0 (s, 2H), 9.04 (s, 2H), 8.54 (t, pyH, 1H), lized from boiling water to give the product in 87% yield. Anal. Calcd
8.19 (d, pyH 2H), 7.84 (d, PhH, 4H), 6.83 (d, PhH, 4H) ppm. Positive for CsoHsoFsNsNiO10S,: C, 48.46; H, 3.05; N, 8.48. Found: C, 48.76;
ion FAB mass spectrumm/z 416 (ZnL2CI)*. Infrared spectrumyo-_p H, 2.80; N, 8.70. Positive ion FAB mass spectrometryz 841 (NiL2-
= 3372.4 cm* (v br); ve—y = 1618.3 cm*. Molar conductance of 1.0 Tf)*.
mM DMF solution (specific conductance 4.8): Ay = 4.8Q1 cn? The bromide salt of the cobalt(ll) complex was prepared by the same
mol~! (nonelectrolyte). X-ray quality crystals were grown by slow method as illustrated above for NR)Cl, using CoBj-6H,0 in place
diffusion of toluene into a DMSO solution of the complex. of NiCl,*6H,0. Recrystallization of the crude product from hot DMSO/
Synthesis of Bis[2,6-pyridinedicarboxaldehydebigthydroxyphe- toluene gave the complex with five cocrystallized DMSO molecules
nylimine)]nickel(Il) Chloride, Ni(L ?).Cl,. 2,6-Pyridinedicarboxalde-  in 75% overall yield. Anal. Calcd for £Hz0Br.CoNsO4-5C,HsOS: C,
hyde (1.00 g, 7.40 mmol) and 4-aminophenol (1.62 g, 14.8 mmol) were 46.34; H, 4.86; N, 6.76. Found: C, 46.14; H, 4.86; N, 7.00. Positive
dissolved in 15 mL of absolute ethanol with stirring to give a yellow ion FAB mass spectrometrym/z 774 (Col2Br)*.
solution. NiCh-6H,O (0.890 g, 3.74 mmol) was dissolved in 10 mL of Methylation of Ni(L 2)2(PFs).. The nickel(ll) complex (0.510 g,
warm ethanol to give a green solution. Addition of the nickel(ll) solution  0.519 mmol) and anhydrous potassium carbonate (2.08 g, 15.0 mmol)
to that containing the ligand materials produced a color change to red- were stirred in 50 mL of dry acetonitrile (distilled over calcium hydride).
brown and gave a red-brown precipitate, which was collected on a Methyl iodide (0.630 g, 4.43 mmol) was added, and the mixture was
Hirsch funnel by vacuum filtration. The brown microcrystalline powder protected from light and heated at 86 for 24 h. The mixture was
was recrystallized in 84% yield with four DMSO molecules of solvation filtered, and solvent was removed from the red-brown solution to give
from hot DMSO/toluene, with crystals appearing upon slow cooling a brown, grainy product. Recrystallization from acetonitrile/ethanol by
to room temperature. Positive ion FAB mass spectrometniz 727 slow evaporation of the solvents gave red-brown crystals with impurities
(NiL%CI)*. Anal. Calcd for GgH3oCloNgNiO4-4CHsOS: C, 51.31; H, of clear, thin sheets which could not be removed, even with additional
5.05; N, 7.80. Found: C, 51.19; H, 4.76; N, 8.00. Infrared spectrum: recrystallizations from acetonitrile/ethanol or acetonitrile/ethanol/water
vo-n = 3154.9 cm?; vc—n = shoulder at approximately 1635 cirin or by rinsing with various organic solvents or with water. The product
broad, multiply occupied 1600 crh region. Cyclic voltammetry in was analyzed by mass spectrometry, and the structure of the red-brown
methanol: Ey, = —1.053 V AE, = 65 mV) vs Fc/F¢. Uv/vis spectrum crystals was solved by X-ray crystallography. Positive ion FAB mass
(2.9 x 102 mM in water scanning from 220 to 820 nm): 228 nen (  spectrum:mVz 748 [Ni(LMez)2(PR;)2] ™.
=44 x 10t cmt M™1), 378 nm ¢ = 2.3 x 10* cm ! M~Y). Molar Benzylation of Ni(L?)2(PFg).. The nickel(ll) complex (0.495 g, 0.503
conductance of 0.714 mM aqueous solution (specific conductance mmol), benzyl bromide (0.72 g, 4.2 mmol), and anhydrous potassium
127): Am = 173 Q7 cn? mol~%; Onsager plot} slope= 325 (0.625 carbonate (0.504 g, 3.65 mmol) were stirred in 35 mL of dry acetonitrile
mM, 4 = 107; 0.714 mMA = 121; 1.00 mM, = 165). at room temperature for 24 h. The mixture was filtered, and solvent
Anion Metathesis of Ni(L?).Cl, To Give the Hexafluorophos- was removed from the red-brown solution by rotary evaporation. The
phate, Ni(L?)2(PFe)2, and Triflate (Trifluoromethanesulfonate), Ni- crude product was dissolved in ca. 10 mL of acetonitrile to which an
(L?),Tf,, Salts. The hexafluorophosphate salt was prepared by dis- ethanolic solution of excess ammonium hexafluorophosphate was added.
solving the chloride salt of the nickel(Il) complex (0.5 g, 0.5 mmol) in A brown product precipitated after a few hours and was collected and
ca. 20 mL of boiling water and filtering this solution into an aqueous rinsed with ethanol and diethyl ether. This salt was recrystallized from
solution containing excess ammonium hexafluorophosphate. The brownacetonitrile/ethanol by slow evaporation of the solvents to give small,
precipitate which appeared was collected by vacuum filtration, rinsed brown needles in 27% vyield. Anal. calcd foggBlsaF12NeNiO4P2: C,
with cold water and diethyl ether, and then dried overnight in a vacuum 58.99; H, 4.05; N, 6.25. Found: C, 58.59; H,4.10; N, 6.00. Positive
desiccator. Recrystallization from hot acetonitrile/dichloroethane by ion FAB mass spectrumm/z 1052 [Ni(LBz)2(PFs)2] *.
slow evaporation of the solvents gave the pure compound in 64% yield.  Crystal Structure Analysis. Summary crystal data is given in Table
Anal. calcd for GgHsoF12NeNiO4P2: C, 46.42; H, 3.08; N, 8.55. 3, and full crystallographic details and tables are included in the
Found: C, 46.44; H, 3.15; N, 8.30. Positive ion FAB mass spectrom- Supporting Information. Data for the first and fourth compounds was
etry: m/z 837 (NiL%PFs)". The triflate salt was prepared in a similar  taken on a conventional Siemens four-circle diffractometen 26
manner by adding 1.9 g of the chloride salt in hot water to an aqueous mode, and for the others was taken on a Siemens CCD area detector.
solution of excess sodium triflate. The crude triflate salt was recrystal- Most of the crystals diffracted rather poorly, with a rapid falloff in
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intensity, generally leading to rather higtvalues. This was particularly ~ the state of Kansas. The support of EPSRC and Siemens
true of Ni(L):Clz, which formed extremely thin plates that formed  Analytical Instruments for the purchase of the SMART system

disorientated aggregates. However, despite the very poor conventionalig gratefully acknowledged. The Warwiekansas collaboration
R value, the structure was successfully refined to give a clear picture has been supported by NATO.

of the molecule. The asymmetric unit of Ni(MéLCl, contains one
full molecule and two half-molecules, thg Iatt_er both lying on 2-fold Supporting Information Available: Text describing X-ray struc-
axes; these molecules are structurally identical. These crystals alsoyrg) analysis, and tables containing final atomic coordinates, H-atom
suffered from twinning problems, and several crystals had to be ;o ginates, thermal parameters and bond lengths and angles, and X-ray
examlned before one could be found for which one component was crystallographic files for the structure determination for ZD(PF)s,
dominant. Zn(L?)2(Cl)2, and Ni(L2)(Cl), (73 pages). Corresponding data in CIF
Acknowledgment. A.L.V. thanks the Madison and Lila Self ~ format for the ligand E and Ni(MeL?)(PF), are available on the
Graduate Fellowship Program of The University of Kansas for Internet only. Ordering and access information is given on any current
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