IS W. G. S.y

The formation of the cis-[Pt(NH,),Cl.] by the
reaction of NH; with [Pt(NH;)Cl;]~ may not be a
direct substitution of ammonia for chloride. The
high yield of the cis-isomer probably reflects the
relative competition of chloride and ammonia to
replace H,O in the c¢is- and trans-[Pt(NH;)Cl,-
(H»0) ], both of which exist in the solutions in their
equilibrium concentrations. However, the direct
substitution of NH; in [Pt(NH;)CL;]~ by a slow
second-order process is not precluded.

The experimental work has indicated consider-
able differences in the AF? for the acid hydrolysis of
chloride ligands in the PtII complexes. Because of
these differences the concentrations of some hy-
drolysis products escape detection, despite the fact
that all the hydrolysis reactions occur at nearly the
same rates. No simple correlation of the stability
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of the various complexes toward the acid hydrolysis
with total ionic charge, the nominal charge distri-
bution in the complex, or a geometrical arrangement
of the groups to maximize the extent of w-bonding
has appeared. Yet it appears that a satisfactory
explanation for the stabilities of the various com-
plexes must be presented before a satisfactory de-
scription of the substitution processes can be given,

Acknowledgments.—We wish to acknowledge
the assistance of Dr. A. H. Hausrath of the Iowa
State College Department of Theoretical and Ap-
plied Mechanics in setting up the kinetics on the
electronic analog computer. We wish to thank
Drs. Fred Basolo and Ralph G. Pearson for pro-
viding information concerning their research re-
sults prior to publication.

AMEs, Iowa

[ContrIBUTION NO. 2381 rrOM THE GATES AND CRELLIN LABORATORIES, CALIFORNIA INSTITUTE OF TECINOLOGY; AND
FROM THE DEPARTMENT OF CHEMISTRY, M ASSACHUSETTS INSTITUTE oF TECHNOLOGY)

The Molecular Configuration of Dicobalt Hexacarbonyl Diphenylacetylene

By W. G. Sry!
RECEIVED JuLy 28, 1958

The configuration of dicobalt hexacarbonyl diplienylacetylene has been determined by X-ray crystal structure analysis
and is reported at a preliminary stage of refinement. The crystals are monoclinic witha = 16.01 A., b = 15.94 A., ¢ = 8.015
A.and 8 = 107.6°. There are four molecules in a unit cell of space group Cc-C!. The molecule has sixfold coérdination
about the cobalt atoms in a distorted octahedral configuration with the C—C bond of the acetylene approximately nurmal to
the Co—Co bond in a distorted tetrahedral arrangement that gives approximate C,, symmetry for the molecule, except for the
benzene rings. The molecule can be related to the proposed structures of dicobalt octacarbonyl, which are based upon a
trigonal hipyramidal system of bonds, by cotisidering the bonds from the cobalt atoms to the acetylenic linkage as metal

atorn—z bonds similar to those found for the palladium chloride complexes with ethylene.

The coimnpound dicobalt hexacarbonyl diphenyl-
acetylene, (CO)gCo0:[C2(CsHs)2], hereinafter re-
ferred to as DHDPA, is derived from dicobalt octa-
carbonyl through the replacement of two C=0O
groups by the hydrocarbon ligand in a reaction that
is quite general for alkynes.%® Dicobalt octacar-
bonyl, like most of the transition metal carbonyls,
is active as a catalyst for introducing H, and/or
C=0 into organic molecules and DHDPA can be
regarded as simply a stable intermediate formed in
a typical reaction of this type.! The structure of
DHDPA, determined through X-ray analysis and
reported here at a preliminary stage of refinement,
represents one of the first molecules to be studied
which exhibit a multi-point attachment of a single
organic molecule to more than one metal atom, pos-
sibly analogous to the postulated attachment of an
organic substrate to a metal surface at more than
one point during heterogeneous catalytic reac-
tions.%% In the structure of DHDPA we have
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definite structural evidence in support of such a
theoretical model.

DHDPA forms dark purple crystals which are
found to be monoclinic with the lattice parameters

e = 16.01 A,
b= 15944,
¢ = 8.015A.
B = 107.6°

These lattice parameters coupled with the measured
density give an experimental value for the number
of molecules per unit cell of z = 3.82 (z = 4). Sys-
tematic absences require the space group to be
either C2/¢ or Ce, and, although the crystal mor-
phology and the absence of any measurable piezoelec-
tric effect favor the holohedry, the structure has
been determined to occupy the space group Cc—
C?, which has no positions of symmetry.

Complete X-ray intensity data were obtained for
DHDPA with equi-inclination Weissenberg tech-
niques using iron Ka X-radiation. The structure
has been solved and refined by straightforward
methods of X-ray analysis, all in three dimensions
vig., a Patterson function, a Fourier synthesis
based on the cobalt atoms alone, three cycles of
least-squares refinement and a difference-TFourier
synthesis in which tlie cobalt atoms were sub-
tracted. All of the atonis of the structure are well
resolved in the electron density maps and although
the structure is not completely refined the configura-



Fig. 1.—The bond lengths of dicobalt hexacarbonyl di-
phenylacetylene,

Fig. 2.—The bond angles of dicobalt hexacarbonyl diphenyl-
acetylene,
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Fig. 3.—A, B and C are the three structures of dicobalt
octacarbonyl which are based upon a trigonal bipyramidal
configuration for the cobalt atoms.2 D is a simplified repre-
sentation of the related structure found for dicobalt hexa-
carbonyl diphenylacetylene, where the x indicates the mid-
point of the acetylenic linkage. The dp orbital which is not
used for bonding is omitted from D.

tion of the molecule is definitely established. The
reliability index “‘R” for the 986 observable reflec-
tions, of which only 16 were too weak to estimate,
was 169, for the calculation of the structure factors
used in the evaluation of the difference-Fourier syn-
thesis. The details of the solution of the structure
and a description of the results of further refine-
ment will be reported elsewhere.

The dimensions and bond angles of the DHDPA
molecule are shown in Figs. 1 and 2. Figures 1 and
2B are projections of the molecule along [001] onto
(001), while Fig. 2A is a b-axis projection. The sim-
plest description of the structure would be that the
codrdination about the cobalt atoms is sixfold, a
distorted octahedral configuration presumably de-
rived from d?p® hybridization, while the coérdina-
tion about the acetylene carbon atoms is fourfold,
a distorted tetrahedral configuration possibly de-
rived _from sp® hybridization. The Co-Co bond,
2.47 A., is nearly normal (88°) to the C-C bond of
the acetylene so that the molecule has very roughly
the symmetry C,y, except for the benzene rings, the
planes of which make an angle of 62° with each
other.

It is also possible to describe the configuration
about the cobalt atoms of DHDPA in terms of a
trigonal bipyramid, related to the generally ac-
cepted structure(s) of the parent compound dico-
balt octacarbonyl,”—? if a different type of bond is
used from the metal atom to the acetylenic link-
age; see Fig. 3. Three of the bonds are to the
carbonyl groups and the fourth is directed toward
the midpoint of the acetylenic bond, which places
an orbital of each of the cobalt atoms in a position
to overlap one of the two m-orbitals of the triple
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bond. This would then give two bonds which are
similar to the metal atom-olefin bonds of the plati-
num (or palladium) chloride complexes with ethyl-
ene, as suggested by Chatt and Duncanson,?® and
subsequently confirmed by the X-ray analysis of
Dempsey and Baenziger!! and that of Holden and
Baenziger.1?

The bond angles between the carbonyl groups
and those from the acetylene to the benzene rings
differ appreciably from the ideal values of either
of the approximate models given above. Un-
doubtedly some of the distortion is due to steric in-
teraction involving the benzene rings and also
other molecules but on the other hand no attempt
has been 1nade to evaluate the contribution of the
partial double bond character of the cobalt-car-
bonyl bonds to the configuration of the molecule.
A knowledge of the molecular dimensions of the di-
methylacetvlene derivatives and of the acetylene
derivative would be valuable for comparison since
they would have considerable less structural hin-

{10) J. Chatt and I.. A. Duncanson, J. Chem. Soc., 2939 (1953).

(11) T. N. Dempsey and N. C. Baenziger, THIs JoUR~NaAL, 77T, 1084
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drance. A discussion of the relative erits of the
two alternative systems of bonding for DHDPA,
both of which lead to a closed krypton shell for the
cobalt atoms, will be deferred until the structure is
completely refined.

The structure which has been found for DHDPA
is consistent with the absence of bridging carbonyl
stretching frequencies in the infrared, the observed
diamagnetismn and the large observed dipole mo-
ment.%?
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Reactions of Polymers with Reagents Carrying Two Interacting Groups. I.

The

Quaternization of Poly-(4-vinylpyridine) with Bromoacetic Acid®?

By H. LApENHEIM, E. M. LoEBL AND H. MORAWETZ
RECEIVED JULY 7, 1958

Initial rates of quaternization of poly-(4-vinylpyridine) aud 4-methylpyridine with bromoacetate ion and e-bromoacet-

amide were measured in water solution at 50°.
effect.

The quaternizations of 4-methylpyridine are subject to a small positive salt
The reaction rate of the cationic polymer with bromoacetate increases sharply with an increase in the degree of

ionization of the polymer and a decrease in the ionic strength of the solution due to the electrostatic attraction of the poly-

cation witli the anionic reagent.

action than on the apparent ionization constant of the pyridinium residues.

However, these variables have a smaller effect on the second-order rate constant for this re-

It is concluded that in tlie transition state of

the quaternization reaction the carboxylate group of the bromoacetate is at a lower electrostatic potential than the charges

of the pyridinium residues.

Introduction

The generally accepted theories of enzyme
action assume that a number of distinct sites of the
enzyme cooperate in attaching themselves to dif-
ferent portions of the substrate molecule. A typical
example of this principle is provided by the action
of acetylcholine esterase, where an ‘‘esteratic site”
of the enzyme is involved in the attack on the ester
function, while an “anionic site’’ serves to stabilize
the transition state by partly electrostatic inter-
action of a negatively charged site on the enzyme
with the cationic end of the substrate molecule.?
In this and a following investigation, we shall
explore the possibilities of producing similar co-
operative effects in reactions of high polymers with
bifunctional small molecules. In this study we
selected the quaternization of partially ionized
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poly-(4-vinylpyridine) with bromoacetate ions,
since it might have been expected that the dis-
placement of the bromine by an un-ionized pyri-
dine residue would be aided by the interaction of
the carboxylate with a neighboring cationic pyridi-
nium group. The reaction of the anionic bromo-
acetate was compared with that of the uncharged
bromoacetamide both in the quaternization of
poly-(4-vinylpyridine) and its monofunctional ana-
log 4-methylpyridine.

Experimental

Materials.—Bromoacetic acid of highest purity was
melted, distilled under nitrogen, b.p. 118° (15 mm.) and
kept frozen in a desiccator over sulfuric acid. The a-bro-
moacetamide was prepared by the procedure of Papendieck?
(m.p. 91°). Highest purity 4-methyl-pyridine was distilled
under dry nitrogen from barium oxide, b.p. 64° (30 mm.),
n%p 1.5034. Poly-{4-vinylpyridine) (PVPy) was prepared
from freshly distilled 4-vinylpyridine by emulsion polymeri-
zation,® with Tergitol P-28 (Carbide and Carbon Chem. Co.)
as the emulsifier. The intrinsic viscosity of tlie polymer
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