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Synthesis and Structure of the Imidazolate Bridged
Dicopper(II) Ion Incorporated into

a Circular Cryptate Macrocycle

Sir:

Discrete imidazolate (im) bridged binuclear metal com-
plexes are of interest to prepare and characterize since units
of this kind are known' or proposed? to exist in metalloproteins.
Previously we described a number of imidazolate bridged di-
copper(Il) complexes.? Related bis[methylmercury(II)],*
bis[porphyrinatoiron(I1)] and -[porphyrinatomanganese(11)],’
cobalt and ruthenium ammine,® as well as additional dicop-
per(I11)” compounds are also known. Some of these compounds
have been shown to undergo pH dependent imidazolate bridge
splitting reactions,* of relevance to proposed enzyme mech-
anisms.® Additional solution studies would be greatly facili-
tated if the imidazolate bridged bimetallic center were incor-
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Figure 1. Structure of [Cua(imH)2(im)c A]3* showing the 40% probability
thermal ellipsoids. The primed and unprimed atoms are related by a
crystallographically required twofold symmetry axis. Selected bond dis-
tances (in &ngstroms; esd, ~0.01 A) follow: Cu-N(1), 2.033; Cu-N(11),
1.946: Cu-N(2), 2.251: Cu-N(3), 2.131; Cu-N(21), 2.133. Selected bond
angles (in degrees; esd, ~0.4°) follow: N(11)-Cu-N(1), 171.5; N(11}-
Cu-N(21), 94.2; N(11)-Cu(N(2), 98.9; N(11)-Cu-N(3). 89.6; N(1)-
Cu-N(2), 83.2: N(1)-Cu-N(3), 83.0: N(1)-Cu-N921), 93.7: N(21)-
Cu-N(2), 97.6; N(21)-Cu-N(3), 127.9;: N(2)-Cu-N(3), 133.1. The
copper atom is displaced from the plane defined by N(2). N(3). and N(21)
by 0.15 A toward N(11).

porated into a ligating cavity that would prevent the two metal
ions from migrating away from each other when the bridge is
broken. The ligand 4,5-bis[2-(2-pyridyl)ethyliminomethyl]-
imidazolate (bpim) was synthesized for this purpose, but the
imidazolate bridge in Cu,bpim3* (1) is too stable, remaining

LT
\ |

— \V/N—Cu——

Cu,bpim 3t 1

intact down to pH 4.25.3* Examination of the structure of the
[(Megsdien)>Cus(im)(ClO4)5]* cation?® (2) suggested that

\, N\ ¥

[(Me,dien),Cu,(im)(Cl0,),]* 2

circular cryptate macrocycles such as 3 (macrocycle A), in
which two five-atom chains link the two diethylenetriamine
moieties, would be ideally suited to girdle the [Cu,(im)]3™ ion.
Here we report the synthesis and X-ray crystal structure of one
such compound, [Cu>(imH)>(im)cA](ClOy);3.'°

NN N |

~

RN NR

L, NJ

R\/\Y/\/R
Macrocycle A
Y5 CH, 0 3
R = H, alkyl

The ligand A'? was prepared as a colorless oil in 77% yield
by detosylation of the monocycle amine tetratosylate (com-
pound 10 in ref 9) using HBr, 40% in acetic acid, in the pres-
ence of 12 equiv of phenol at 80 °C for 24 h. A 60 mM solution
of the macrocycle in 1.25 mL of methanol was slowly added
to 3 mL of a 50 mM methanolic solution of Cu(NQ3),:3H,0.
To the resulting deep blue solution was added 1.3 mL of 0.1
N sodium imidazolate in 90% methanol followed by an excess
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of methanolic sodium perchlorate. After removal by filtration
of a small amount of purple powder, diamond-shaped blue
platelets grew slowly from the deep blue filtrate.

The compound crystallizes in the monoclinic system, space
group C2/c or C¢, with four formulas in a unit cell of dimen-
sions @ = 15.008 (3), b = 10.186 (2), ¢ = 26.062 (3) A; 8 =
100.48 (1)°; pcated = 1.654, povrsa = 1.68(1) g/cm?. The
structure, shown in Figure |, was solved by standard Patterson
and Fourier methods using 1727 independent reflections (26
< 45°,F,> 40(F,)) collected on a Picker FACS-1-DOS dif-
fractometer at 23 °C using monochromatized Mo Ka radia-
tion. The value for the conventional discrepancy index, R| =
S|Fo| = |Fell/Z|F,|. at the present stage of refinement in
C2/c is 0.077. Further work, to test refinement in Cc and to
choose the best model for refining a disordered perchlorate
anion, is currently in progress and will be reported with full
details of the structure determination at a later date.

As anticipated, the Cu(im)3* ion is incorporated into the
circular cryptate macrocycle A using the two diethylenetri-
amine units at the poles of the cavity. Each copper(II) ion is
further coordinated to a neutral imidazole (imH) ligand,
achieving overall pentacoordination. As may be seen from the
N-Cu-N bond angles (Figure 1), the copper geometry is best
described as distorted trigonal bipyramidal, with N(1) and
N(11) nearly on the axis and N(2), N(3), and N(21) defining
the equatorial plane. The Cu-N bond lengths are similar to
those in 23¢ except for Cu-N(2) which is somewhat elongated.
The two ether oxygen atoms of macrocycle A do not coordinate
to the metal ions, the closest nonbonded Cu-.:O contact being
an intermolecular one of 4.67 A. A crystallographically re-
quired twofold axis passes through atom C(12) of the bridging
imidazolate ligand. Further details of the geometry are given
in the caption to Figure 1.

The synthesis and structure determination of [Cu»-
(imH),(im)c A](Cl04); demonstrates the propensity of a
cryptate macrocycle to incorporate a ligand bridged bimetallic
center. An unbridged pair of copper(II) ions located inside the
cavity of a macrotricyclic ligand has been structurally char-
acterized recently.!! The present compound is of relevance to
the 4-Cu(II) form of bovine erythrocyte superoxide dismu-
tase.!? Additional physical and chemical studies of the complex
will enable its evaluation as a model for the known or postu-
lated functions of the protein.
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Carbon-14 Kinetic Isotope Effects

in the Menschutkin-Type Reaction of

Benzyl Benzenesulfonates with N, N-Dimethylanilines.
Variation of the Effects with Substituents

Sir:
In 1975, we reported the first example of the bell-shaped
behavior of carbon- 14 isotope effects in the Menschutkin-type

reaction of a series of benzyl benzenesulfonates with N, N-
dimethyl-p-toluidine (eq 1, Y = p-CHj3).! The behavior indi-

P 3
Y@ N(CH), + @ CH,080, @ X

m ammonium salt (1)

45 °C

cated that the transition-state structure of the reaction varies
with perturbation on the leaving group. The symmetry in terms
of the force constants of two reacting bonds was demonstrated
to be an important factor to determine the magnitude of the
isotope effects as suggested by theoretical calculations.2-¢
Further study on the reaction has revealed that the magnitude
of the effect varies not only with X but also with Y. In the
present paper, the experimental results and an interpretation
by means of the theory concerning the variations of transition
state structures in SN2 reactions are described.

The experimental procedure employed was the same as that
reported in the previous paper.! The revised equation (eq 2)
was used to calculate the isotope effects, where x is the fraction
of reaction, A, is the specific activity of the recovered product
at x, and A, is that at 100% reaction.” Isotope effects obtained
are tabulated together with rate constants in Table I. The ef-
fects are plotted against substituent constants of X and Y in
Figures la and 1b, respectively.®

Ay = Aell = (1 = x) k"% x (2)

The bell-shaped behavior is apparent in four cases out of six
in Figure 1 including the one reported before (Figure 1a, Y =
p-CH3). Furthermore, it seems reasonable to regard the mo-
notonous trends in Figure la in the cases of Y = H and p-
CH;0 as parts of bell-shaped curves; for these two cases the
maximum position presumably would be found at a more
electron-withdrawing and a more electron-donating area of
X, respectively. A shift of this type in the position of a maxi-
mum appears clearly in Figure 1b where the maximum for X
= m-NO; occurs at a more electron-withdrawing area of Y
compared with the maxima for X = H and p-CL

Since the magnitude of the kinetic isotope effects is con-
nected directly with the transition-state structure, the variation
of the isotope effect is expected to be explained as a result of
variation of transition-state structures. According to Swain-
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