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of ethane, and trapping by phosphine leads to n*-oximate inter-
mediate 8. Reaction with an additional mole of phosphine may
now force conversion of the oximate ligand to one of its ! isomers
4 or 5; apparently formation of 4 is favored, and this complex is
isolated.

Formation of the cyanide and N-ruthenium amide complexes
3 and 6 is more complex, and less well-precedented, processes.
We suggest these reactions may be related by the mechanism
outlined at the bottom of Scheme [. Reversible interconversion
of O- and C-bound oximate complexes 4 and 5 could occur
thermally on phosphine loss in 4. As § is simply a ruthenium-
substituted nitrosoalkane, it should undergo rapid prototropic
isomerization to the corresponding oxime 9, as is typical of this
class of compounds. When R = H, elimination of water in this
complex leads to isolated ruthenium cyanide 6. When R = Me,
this elimination is prevented, and we suggest that the ruthenium
analogue of a Beckmann rearrangement converts oxime 9 to 10.
Complex 10 should quickly rearrange to its more stable, isolable
carboxamide tautomer 6.

Experiments are currently under way aimed at testing these
mechanistic hypotheses and exploring further the chemistry of
the O- and N-bound ruthenium(II) derivatives reported here.!?
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The crown ethers! are of increasing importance as complexing
agents for the biologically relevant alkali metal ions, potassium
and sodium. In recent years, considerable synthetic effort has
been directed toward surpassing the ion affinities of crown ethers,
notable achievements being cryptands? and spherands.’> Most
simple structural modifications of 18-crown-6, such as benzan-
nelation and heteroatom replacement, lead to decreased potassium
complex stability.** We report here a potassium complex of a
nitrogen analogue of 18-crown-6 having a stability constant 1 order
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of magnitude greater than that of 18-crown-6.

The dominant interaction between alkali metal ions and oxygen
or nitrogen ligand sites is generally considered to be an ion/dipole
electrostatic attraction.® Reduced stability constants observed
in saturated nitrogen analogues* of crown ethers are consistent
with this analysis, since the dipole moment of trimethylamine (0.61
D) is smaller than that of dimethy! ether (1.30 D).” The sizeable
dipole moment of (methylimino)methane (1.53 D) suggests the
hexaaza[18]annulene 1% as the parent for a new family of alka-
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li-metal complexing agents. Fusion of 1 with pyridine rings (2.19
D) should afford even better macrocyclic ligands, assuming a
planar conformation. The dibenzo dipyrido hexaaza[18]annulene
2% has been found in complexes with alkaline-earth and some
transition-metal ions,!® although the free ligand has not been
reported. An earlier report!! of a metal-free synthesis of the
tetramethyl derivative of 2 has been found in error.!>!?
Alkaline earth perchlorate complexes of tetraimine 2 may be
prepared by the metal-templated condensation!® shown in eq 1.

CHO
NH; — sr{cto, ), KF
o 2-s8r(C10,), ——»2-KCIO, (1)
NH, ref, 10
cHo

We have found that when the strontium complex 2-Sr(C10,),'°
is treated with potassium fluoride monohydrate in refluxing
methanol, the corresponding potassium perchlorate complex is
obtained. Recrystallization from acetonitrile afforded analytically
pure (C, H, N, K) yellow needles (69%, mp 386-388 °C dec),
exhibiting infrared absorptions!# consistent with the proposed
structure (2.KClO,). The proton NMR chemical shifts of this
material in Me,SO-d, are given in Table I (entry 3) in comparison
with the chemical shifts of 2-Sr(ClO,),!° and the 2:1 sandwich
complex of 2 with barium perchlorate!® (entries 1 and 2).
The chemical shifts of 2:KC10, wre found to be dependent on
concentration and on the presence of added potassium complexing
agents (Table I). The imine methine resonance (Hm), which
occurs at & 8.887 for a 2 X 1072 M solution (entry 3), shifts to
lower field with dilution, e.g., 8.962 ppm at 4 X 107> M (entry
6). The effect of added [2.2.2]cryptand is also dependent on the
initial concentration of 2.KC10Q,. Thus, incremental addition of
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Table I. 300-MHz Proton NMR Chemical Shifts for Ligand 2 in MeSO-d; (4)

entry sample H, H, H; H,, Hg

1 2:.8r(ClO,),* 9.195 8.436% 8.197¢ 7.60-7.86
2 (2),:Ba(Cl10,),° 8.528 8.0614 7.659¢ 7.1-7.2

3 2KClO4 (2 X 1072 M) 8.887 8.206% 7.952¢ 7.42-7.56
4 2-KClO4 (2 X 1072 M)# + [2.2.2])cryptand (2 X 1073 M)? 8.815 8.138% 7.876° 7.36-7.47
5 2-KCl1O, (2 X 1072 M) + 18-crown-6 (1 X 1072 M) 8.815 8.136% 7.874¢ 7.36-7.46
6 2:KCIO, (4 X 1073 M) 8.962 8.262¢ 8.015¢ 7.47-7.62
7 2-KCIO, (4 X 1073 M) + [2.2.2]cryptand (4 X 1072 M) 9.224 (8.05-8.08)° 7.35-17.55

4Reference 10. °Triplet, J = 7.7 Hz. ‘Doublet, J = 7.7 Hz. ¢Concentration approximate. ¢AB, multiplet.

[2.2.2)cryptand to a 4 X 107> M solution of 2.KC1O, led to a
downfield shift of the Hm resonance, which finally, in the presence
of excess cryptand, occurred at § 9.224 (entry 7). In contrast,
the addition of small increments of [2.2.2]cryptand to 2 X 1072
M 2.KCIO, produced upfield shifts of all resonances of ligand
2 (entry 4).%* Much larger quantities of added 18-crown-6 were
required to produce these shifts (entry 5). The opposite ligand
shifts observed when potassium is sequestered from different
concentrations of 2:KClO, indicate rapid equilibration among at
least three species containing 2. A simple explanation is that the
chemical shifts listed in entry 7 of the table are due to the presence
of metal-free 2, whereas the upfield resonances at higher con-
centration (entries 4 and 5) may arise from significant amounts
of a 2:1 complex analogous to the barium perchlorate complex.!?

In order to estimate the stability constant (X;) of 2-.KClO,, we
have used proton NMR to examine the uptake of potassium by
18-crown-6 when added to solutions of 2.KClO, in Me,SO-d.
This process may be followed using the observed 18-crown-6
chemical shift, which is the population-weighted average of the
shifts of the two species, 18-crown-6 and its potassium complex,
in rapid equilibrium. To calibrate this marker, we first examined
the concentration dependence of the NMR spectrum of 18-
crown-6-KC10,. Using ¢ 3.494 as the chemical shift for free
18-crown-6, it was calculated!é that the chemical shift of the fully
associated potassium complex is 6 3.543 and that the logarithm
of the stability constant (log K;) of 18-crown-6-KClQ, is ap-
proximately 3.4. This is within experimental error of the po-
tentiometrically determined value of 3.21 for log K; of 18-
crown-6-KClO, in Me,SO.17  In the competition experiments,
increments of solid 18-crown-6 were added to 2 X 102 M 2.KCIO,
solutions in Me,SO-dg, causing slight upfield shifts of the reso-
nances of 2, as exemplified in entry 5 of the table. The concen-
tration of “free” (solvated) potassium ion was calculated!® from
the observed 18-crown-6 chemical shift, which was also used with
the integral ratio of 2/18-crown-6 to determine the concentration
of 18-crown-6-KClO,. The concentrations of 2:KClO, and free
2 were calculated by difference, resulting in a log K, for 2.KClO,
of at least 4.1.1°

We have estimated that the stability constant for 2.KCIO, is
an order of magnitude greater than that of the corresponding
18-crown-6 complex in the same solvent. This effect is consistent
with the larger dipole moment of imines and pyridines relative
to ethers and contrasts with the reduced metal ion affinities ob-
served in some pyridine-annelated crown ethers.”® The difference
may be largely conformational in nature,?! since pyridine rings
in the latter systems are relatively free to rotate their electric
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dipoles away from the molecular cavity. A similar effect could
operate in sexipyridine,?? making more rigid systems, such as
azakekulenes,? particularly attractive candidates for strong and
selective complexation of alkali metal ions.
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High-valent Fe(IV)- or Fe(V)-oxo0®® complexes have been
prepared upon reaction of iron porphyrins with potential oxygen
atom donors. They are believed to be the active species involved
in alkane hydroxylation and alkene epoxidation by iodosylbenzene
catalyzed by cytochrome P-450* or iron porphyrins.® Their
nitrogen analogues, Fe(IV)- or Fe(V)-imido (or iron(II) or
iron(III) nitrene) complexes, seem to be formed upon oxidation
of 1,1-dialkylhydrazines by cytochrome P-450,% and porphyrin—
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