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tion conditions.!? Thus the actual kinetic isotope effect

is probably even larger than the largest value observed,
1.21.
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In the [2 4+ 4] cycloaddition reaction of hexachloro-
cyclopentadiene with 1,1-dideuterioallene to produce
adducts 4a and 4b in 807 yield,!* the observed kinetic
deuterium isotope effect, ky/kp, was determined to be
0.90 + 0.03 (see Table II).

This value is entirely consistent with a rate-determin-
ing change of hybridization from sp? to sp? at C; or Cs,
and thus is, of course, consistent with a synchronous
pathway for the reaction.

The fact that such obvious differences in ky/ky are
found for the two different reactions is certainly strong
evidence for a difference in mechanisms. The results
for the [2 < 2] cycloaddition happily are consistent with
past investigations which have shown the reaction to be
nonsynchronous.'® In the case of the [2 4 4] cyclo-
addition, in spite of the fact that the hypothetical inter-
mediate diradical would be relatively quite stable, the
evidence is certainly most consistent with a concerted
mechanism. The two conclusions reinforce each other.

Of equal importance is the probability that this tech-
nique will prove to be an extremely sensitive probe into
the simultaneity of any cycloaddition reaction in which
allene may be a reactant.
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Model Ligands for Square-Planar and
Square-Pyramidal Complexes!
Sir:

We wish to report the chelate stereochemistry of an
unusual new tetradentate ligand, 1,5-diazacyclooctane-
N,N’-diacetate (dacoDA). The stereochemistry of
chelated 1,5-diazacyclooctane (daco) and 1,4-diaza-
cycloheptane (dach, homopiperazine)? suggested that

(1) This work was supported in part by the Petroleum Research Fund

(Grant No. 3153-A3) and by a grant provided for biological and medical
research by the State of Washington Initiative Measure No. 171.

these ligands could be used to design a series of rela-
tively simple tetradentate ligands which would lead to
the formation of planar and, in the case of the daco
derivatives, square-pyramidal (with an additional
ligand) complexes. These ligands, daco(N-R), and
dach(N-R),, R = ~-CH,CO,~ or ~-CH,CH,NH,, should
coordinate in a plane since coordination of the two
tertiary amines in the eight-membered ring restricts the
R groups to such an extent that the two five-membered
chelate rings can form only in the plane defined by the
metal ion and the two nitrogens (Figure 1). In order to
attain axial coordination a great amount of strain has to
be introduced into the chelate framework. Further-
more, because of strong nonbonding interactions be-
tween the methylene protons on the backbone portions
of the tetradentate ligands based on daco when
both halves of the chelated eight-membered ring are
folded back away from the metal ion, it was expected
that one-half of the ring would fold toward the metal
ion, placing one of the §-methylene protons over an
axial position. This would effectively block coordina-
tion at this position as shown in Figure 1. Such
appeared to be the case for complexes prepared from
the parent daco molecule.?

We have now shown these predictions?® to be correct
for the Ni(II)-dacoDA complex. We have determined
the structure of [Ni(dacoDA)(H:0)]-2H,O through
X-ray crystallography and have found the solid-state
geometry of the complex to be close tosquare pyramidal.
In addition, experimental evidence suggests that this
structure is maintained in aqueous solution. This is
generally not the case for other five-coordinate com-
plexes.*

Three-dimensional X-ray diffraction data were
obtained using a Picker diffractometer with Mo Ko
radiation. Green [Ni(dacoDA)(H:0)]-2H,O crystallizes
in the space group P2i/c with four molecules per unit
cell. The lattice constants are @ = 14.412, b = 7.316,
and ¢ = 14.431 A with 8 = 112.92°. A Patterson map
was used to locate the positions of the nickel atoms, and
a series of Fourier syntheses was then used to locate the
remaining atoms. A full-matrix least-squares refine-
ment on 1600 reflections resulted in an R value of 8 7.

The details of the structure determination will be
published on completion of the study. Figure | gives a
perspective of Ni(dacoDA)(H,O) with ligand-to-metal
bond lengths and some pertinent bond angles. The
nickel atom is located out of the plane about 10°
toward the coordinated water. The complex is some-
what distorted from the idealized C, symmetry expected
from molecular models. The two remaining water
oxygens (not shown in the figure) are 4.28 and 4.30 A
from the nickel which removes any possibility of co-
ordination to the nickel.

The chelating properties of dacoDA were compared
with those of ethylenediamine-N,N’-diacetate (EDDA)
which has essentially the same crystal-field strength as
dacoDA but should not sterically restrict a metal ion
from attaining six-coordination, and it has been found

(2) W. K. Musker and M. S. Hussain, /norg, Chem., 5, 1416 (1966);
Tnorg. Nucl. Chem. Letters, 3, 271 (1967).

(3) J. 1. Legg and D. L. Smith, Abstracts, 155th National Meeting of
the American Chemical Society, San Francisco, Calif,, April 1968, No.
M?Z) L. Sacconi, Coord. Chem. Rer., 1, 192 (1966); M. Ciampolini, N.

Nardi, and G. P, Speroni, ibid,, 1, 222 (1966); E. L, Muetterties and R.
A. Schunn, Quart. Rev. (London), 20, 245 (1966).
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Figure 1. Perspective of Ni(dacoDAYH:0).
to form normal octahedral complexes with cobalt(III).5
The blue complex Ni(EDDA)(H:0), was prepared and
its aqueous absorption spectrum found to adhere
closely to that expected for a normal six-coordinate
complex. The band at 9900 cm=! (PAy; — Ty, On
symmetry) corresponding to 10Dg, was used to calculate
the energies of the transitions to the ?*T(F) and
3T1.(P),® and these values were within 3% of the experi-
mental energies. Thus the nickel(II) sees an average
environment. On the other hand, the spectrum of Ni-
(dacoDA)(H;0) dissolved in water was quite different
from that obtained for the octahedral prototype.
There was no corresponding band in the region of the
3T, transition, and the observed bands were consider-
ably more intense than those found for Ni(EDDA)-
(H:0). as might be expected if the Ni(II) were in a se-
verely distorted octahedral or square-pyramidal field
where there is no effective center of symmetry. Fur-
thermore, it was found that the positions of the bands of
Ni(dacoDA)(H:O) in the visible region were the same in
the solid state (mull) as in aqueous solution suggesting
that the complex has the same stereochemistry in both
states.

A very interesting situation has been observed for the
Co(II) complex of dacoDA which further substantiates
the five-coordinate geometry imposed by this ligand.
Whereas the Co(Il) complex of EDDA is very easily
oxidized to the Co(I11) complex (Co(EDDA)(H,0), is
most easily prepared in an oxygen-free atmosphere), the
dacoDA complex is very stable to oxidation. Oxygen
and hydrogen peroxide will not oxidize the cobalt(II)
complex even in the presence of carbon as evidenced
from the lack of change in the absorption spectrum.
Furthermore the reaction of HsdacoDA with Na,[Co-
(CO3);] and [CoCO3(NH;).]CI yielded after prolonged
heating the cobalt(II) complex of dacoDA as evidenced
by absorption spectra. The spectrum of crystalline
solid isolated from one of the reaction solutions corre-
sponded quantitatively to that of the Co(II)-dacoDA
complex. Since cobalt(IIl) appears to form exclusively
six-coordinate complexes in aqueous solution, it would
secem that the ligand is very effective in preventing
coordination of the sixth water. It might then be
asked how effectively could this ligand stabilize nor-
mally very easily oxidized chromium(Il) or might it
yield a nonoctahedral chromium(IIl) complex? The
answers to these questions are currently being sought.

Both nickel complexes are high-spin with moments of
3.2 BM. Green [Ni(dacoDA)(H:0)]-2H,0 is easily and

(5) J. 1. Legg and D. W, Cooke, Inorg. Chem., 4, 1576 (1965).

{6y W, C, E. Higginson, S. C. Nyburg, and J, S. Wood, ibid., 3, 463
(1964).

Bond lengths and bond angles in angstroms and degrees, respectively.

reversibly converted to the anhydrous square-planar
complex by heating or treating with absolute ethanol.
The complex is orange and diamagnetic. The details
of the studies of the Co(II), Ni(11), and Cu(II) complexes
of dacoDA and EDDA will be reported in the near
future. Investigation of the corresponding complexes
of other metal ions (e.g., Cr(1I), Cr(I11), Fe(1I), Fe(111),
Pd(11), and Pt(I1)) is being undertaken.

1t is quite clear from our initial studies of the chelating
properties of dacoDA that this ligand and its analogs
offer a very interesting and unusual system for the in-
vestigation of such phenomena as kinetics of ligand
exchange at an axial position and electron spin reso-
nance, These studies are planned.
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Structure and Reactivity of Propyl Ions in
Gas-Phase Radiolysis

Sir:
Several years ago, Borkowski and Ausloos® irradiated
equimolar mixtures of n-CyDyo and n-C4H;o and exam-

ined the isotopic structure of the propane formed in the
hydride transfer reaction

k
C:D;+ + CiHyo ——1>' C;D:H + CH,* ¢))

They noted that most of the C;D;H consisted of CD;-
CDHCD; and that, therefore, n-propyl ions, if formed
in the primary fragmentation, rearranged before or dur-
ing the hydride transfer reaction to the secondary
structure. As was expected only sec-propyl ions were
seen to react in the radiolysis of isobutane.?

Since the time those studies were carried out, con-
siderable advances in our understanding of the gas-
phase radiolysis of hydrocarbons have occurred.? We
now know, for example, that in the earlier studies the
straightforward interpretation of the mass spectra of

(1) R.P. Borkowski and P, Ausloos, J. Chem. Phys., 39, 818 (1963),

(2) R. P. Borkowski and P, Ausloos, ibid., 38, 36 (1963).

(3) (a) P. Ausloos and S. G. Lias, ““Actions Chimiques et Biologiques
des Radiations,” Vol. 11, M, Haissinsky, Ed,, Masson & Cie., Editeurs,
Paris, 1967, p 1; (b) G. Meisels in “Fundamental Processes in Radiation
Chemistry,” P, Ausloos, Ed,, Interscience Publishers, New York, N. Y.,
1968.
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