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diphosphonate ligands is the orientation of the -PO3 groups
with respect to the P-C-P plane. The “W” configuration,
wherein the atoms O(2)-P(1)-C-P(2)-O(4) form a planar
“W”, has been previously described!”:1% and can easily be seen
in Figure 1. This configuration allows the ligand to be doubly
bidentate with O(1) and O(6) on one side of the “W” coordi-
nating to one metal center and O(3) and O(5) on the other side
of the “W” coordinating to another metal center.

The salient structural characteristic of the Tc-MDP com-
plex is its polymeric nature, and it seems likely that polymeric
metal-diphosphonate complexes play a central role in the
chemistry of technetium-diphosphonate skeletal imaging
agents. The propensity of diphosphonates to form polymeric
complexes presumably arises from the ability of these ligands
to function minimally as doubly bidentate bridges, as for ex-
ample in Figure 1 where MDP bridges two technetium centers.
If the diphosphonate ligand contains a suitable functional
group on the central carbon atom (e.g., the hydroxyl group of
HEDP) then the diphosphonate can function as a mixed bi-
dentate-tridentate bridge. It has been postulated!” that the
additional hydroxyl group in ligands such as HEDP (relative
to MDP which has no hydroxyl group on the central carbon
atom) allows this ligand to bind to bone or hydroxyapatite in
a tridentate fashion and therefore enhances the sorption of
metal-HEDP complexes onto the surface of bone. The relative
affinities of metal-HEDP and metal-MDP complexes for
calcium(II), hydroxyapatite, and bone are currently under
investigation in these laboratories.
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Shape-Selective Fischer-Tropsch Synthesis
Catalyzed by Zeolite-Entrapped Cobalt Clusters
Sir:

Catalyst selectivity is the central problem in Fischer-
Tropsch (F-T) synthesis of fuels and petrochemical substitutes
from CO + H,.! Standard F-T catalysts include supported
metals (e.g., Co on silica) typically used at 200-400 °C and
10-200 atm and exhibiting product distributions in the C;-Csg
range. Metal clusters are potentially valuable as selective F-T
catalysts, having unique structures with neighboring metal
centers, but only catalysts of very low activity have been re-
ported.? A cobalt complex supported on a polymer was found
to be catalytically active for F-T synthesis at 200 °C, but, al-
though it apparently contained unique, stabilized mononuclear
metal species, it was unselective, giving products in the C3-Csg
range.” We have inferred that metal clusters having unique
structures and stabilized on a support* might provide the
sought-for combination of activity and selectivity. Our goal
was to extend the class of F-T catalysts to metals supported
in zeolitesS—molecular sieves offering both the prospect of
stable encapsulation® of metal clusters within the molecular-
scale cages and the prospect of shape-selective catalysis.”8

The results summarized here show that zeolite-encapsulated
cobalt clusters are the first shape-selective F-T catalysts, also
offering the advantages of high activity and stability under
conditions of potential commercial significance. The catalysts
were prepared by reduction of Co?* ions exchanged into A-
and Y-type zeolites.®

CoA zeolite has been reported to be a propylene hydro-
formylation catalyst,'© but its lack of shape selectivity, indi-
cated by the n- to isobutyraldehyde product distribution,
suggests that destruction of the alumino-silicate structure
occurred, which, we infer, might have resulted from high-
temperature reduction of Co?* ions by reactant H; inside the
zeolite pores during catalysis.!! Therefore, to prevent “de-
cationization”? followed by destruction of the zeolite, we used
metal vapors instead of hydrogen as the reducing agent.!2 The
products of Cd-vapor reduction of CoA (designated Co®-CdA)
and of CoY (designated Co®-CdY) were shown by X-ray
diffraction to have maintained their zeolitic framework
structures.

Results of catalytic reaction experiments with CO + H; in
an isothermal flow reactor are summarized in Table 1. The
striking result is that Co®-CdA catalyzed CO-H; conversion
at 151 °C and ~6 atm, selectively giving propylene as the only
detectable hydrocarbon product (expt 2). The catalytic activity
initially increased for 2-3 h on stream, after which there was
no change for 17.5 h, the full period of the experiment. The
steady-state conversion was ~1%, and the reaction rate was
~0.4 CO molecules converted/(Co atom h). The initial in-
duction period is suggested to be an indication of the gradual
formation of the catalytically active species inside the zeolite
cages. The infrared spectrum of the catalyst removed from the
reactor after the experiment shows a cobalt carbonyl complex
(or a mixture of complexes) (Figure 1); this spectrum suggests
the presence of Co clusters with terminal but no bridging
carbonyls.!3

We infer from these results that, at 151 °C, Co®-CdA acted
as a shape-selective F-T catalyst, the active species being co-
balt carbonyls (presumably clusters) encapsulated in the
~11-A pores. The selectivity indicated by the lack of hydro-
carbon products other than propylene suggests that nearly
uniform cobalt carbonyls were responsible for the catalysis.
The Cd ions'4 introduced into the zeolite as a result of the re-
duction of Co might have played a role in the catalysis.

At a higher reaction temperature, the same catalyst pro-
duced propane-propylene mixtures of varying proportions,
depending on the CO:H; ratio of the reactant stream, and
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Table I. Catalytic Conversion of CO + H;
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activation reaction conditions®
(under H; total CO:Hj
flow, 1 atm),? pressure, mole hydrocarbon
expt  catalyst °C,h temp, °C atm ratio product, mol % remarks
1 Co%-CdA 204, 14 182-200 6.2 1:1 propane, ~12 fast deactivation accompanied by
propylene, ~88 formation of some C;
25,4 217 5.6 1:24 propane, 30-40 higher conversion, fast deactivation
propylene, ~60
undetected product, 0-10
250, 6 223 5.4 1:24 propane, 40 lower conversion
propylene, 60
295,16 294 5.6 1:24 traces of C3
220-250 6.4 1:1 mainly C,
traces of C», C3
287 6.4 1:1 C-Cs higher conversion
Co9-CdA 200, 5 151 6.5 1:1 propylene, 100 no deactivation during 17.5 h
CoA 200, 5 150 6.3 1:1
185 6.3 1:1 traces of propylene
4 Co%-CdY 200, 9.5 152 6.5 1:1 mainly C; slightly higher conversion after 5.5 h
traces of Co-Cy4
182-183 6.5 1:1 mainly C; and
C4-Cs

4 The activation steps for the Co%~CdA catalyst were performed in the order of listing, with the catalytic reaction experiments interspersed
as noted. # Experiments were carried out with a nearly isothermal reactor operated with nearly a piston flow of reactants. The mass of catalyst
was typically 0.5 g and the flow rate of CO + H; was in the range 0.10-1.30 cm3 (STP)/s. The reactant gases were purified to remove traces
of water and metal carbonyls. The products were analyzed by gas chromatography.

TRANSMITTANCE, ARBITRARY UNITS

1
2100

2000
WAVENUMBERS, cm™!
Figure 1. Infrared spectrum of catalyst before (A) and after (B) expt 2
(Table I). The spectra were recorded on a Nicolet 7000 FT IR spec-
trometer.

catalyst deactivation occurred over a period of ~5 h (expt 1).
After being reactivated in flowing H; at 295 °C, the Co®-CdA
catalyst was active at 287 °C (a temperature typically applied
with a standard F-T catalyst) for formation of a C;-Cs hy-
drocarbon mixture [representative of a typical F-T catalyst
(Figures 2 and 3)].!3 The ordinary Schulz-Flory product
distribution observed at this stage implies that the Co species
migrated out of the micropores and sintered to give larger Co
particles which behaved like those of typical F-T catalysts.

In contrast, unreduced CoA was inactive at 150 °C, and at
185 °C produced only traces of propylene, probably as a result
of slow reduction of Co?* ions by H to give traces of the cat-
alytically active metal carbonyl(s) (Table I, expt 3).

The larger cages (supercages) in Co®-CdY zeolite are ex-
pected to have allowed formation of larger Co clusters, and the
larger pores are expected to have evidenced less marked shape
selectivity than those of Co®~CdA. Indeed, no propylene was

Co®CdY at 183°C

Ca®-Cd A at 287°C
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Figure 2. A Schulz-Flory-type plot for Fischer-Tropsch catalysts derived

from zeolite-entrapped cobalt clusters. [HC,] is the linear alkane con-

centration, in moles per 100 g of total hydrocarbon mixture.
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Figure . 3. Hydrocarbon product distribution for Fischer-Tropsch
catalysts derived from zeolite-entrapped cobalt clusters.
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formed from CO + H; at 152 °C, but at 182 °C the catalyst
was active, giving C|-C5 hydrocarbon mixtures at a conversion
of 215% and a rate of ~8 molecules of CO converted/(Co
atom h). Most strikingly, almost no Cy or C3 hydrocarbons
were produced, the main product being n-butane, with the
C4—C7 mixture constituting =70% of the hydrocarbon product
(Figure 3). The deviation from Schulz-Flory behavior (Figure
2) and the sharp product concentration profile (~25% C4, ~0%
Cs) confirm a shape selectivity different from that observed
with the A-type zeolite. The size, structure, and environment
of the catalytically active species are evidently important in
addition to the molecular-sieving character of the zeolite
pores.

We believe that these results may portend a challenging new
chemistry of stabilized metal clusters in the unique solvent-like
environments of zeolite pores and open the way to new catalytic
science and technology to meet some of our most pressing needs
for synthesis gas conversion into fuels and petrochemical
substitutes.
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absorption bands (Figure 1). It is noteworthy that no particdlar care was
taken to protect the catalyst from the ambient atmosphere.

Recently, the crystal structure of Cd(ll}-exchanged zeolite A evacuated
at 500 °C was reported: L. B. McCusker and K. Seff, J. Am. Chem. Soc.,
101, 5235 (1979). Upon exposure of the zeolite to Cd vapor, Cd* and Cd.?+
species were formed within the cages. We believe that in our case a similar
system might have formed and Cd species, whether alone or combined
with Co,'2 could participate in the catalytic action, as predicted by
McCusker and Seff.

Metal migration outside the micropores of zeolite A at temperatures >200
°C was proposed to explain the change in shape selectivity in the case
of catalytic olefin hydrogenation with NiA which had been reduced by Na
in liquid NH3 under mild conditions: H. Minchev and F. Steinbach, Proc. int.
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Platinum(II) Anti-Tumor Agents. A New Class
of Intrastrand Cross-Linking Models Exhibiting
Significant Intracomplex Base-Base Interactions
Sir:

The anti-tumor agent cisPt {cis-[(NH3),PtCl,]} has ex-
hibited remarkable clinical utility against a broad spectrum
of human tumors.! Since the discovery of the anti-tumor ac-
tivity of Pt(II) compounds,' a considerable amount of research
has focused on elucidating the mechanism of activity of these
novel drugs. Almost all of the evidence accumulated to date
implicates DNA of the tumor cell as the molecular target of
cisPt.2 Although numerous reaction sites are available on a
polynucleotide,® strong evidence exists that at low Pt/DNA
ratios (conditions best approximating in vivo levels) the gua-
nine bases are attacked preferentially.? A compelling and
chemically feasible, but unproven, explanation for the re-
quirement of two cis positions on all active Pt(I1) anti-tumor
agents is that an intrastrand cross-link between two guanosine
bases is the critical lesion. Evidence for such cross-linking in
polynucleotides has been reported.2-*

An alternative explanation for the requirement of two cis
leaving groups is that an N(7),0(6) chelate is formed between
the guanine base and the Pt(II) center.’ This hypothesis is
attractive since, by involving the 6-oxo group in the interaction
with an electrophilic center, the model affords a mechanism
for base mispairing and thereby an explanation for the effec-
tiveness of the Pt(11) agent.> However, no definitive structural
evidegce exists for such a chelation mode in Pt(II) chem-
1stry.

In contrast, intrastrand cross-linking models containing
Pt(11) and guanosine’-% (class 1) or the dianion of inosine 5'-
monophosphate (5-IMP)%-!2 (class 1) are known. However,
quite different structural features are found in these two classes
of complexes (Table I). The molecular structures of the closely
related bis(guanosine) complexes’~® contain no unusual fea-
tures. On the other hand, the molecular structures of the
bis(5’-IMP) complexes show appreciable intracomplex
base-base interactions.”~'2 Evaluation of these interactions
in the 5-IMP systems is complex since the compounds are
isomorphous with the monosodium salt of 5-IMP (NaH-
IMP),"? and the crystal structure (particularly the binding of
the Na* counterion) is important.

In this report, we describe the preparation and structure of
the complex [(tn)Pt(Me-5-GMP);], where tn = trimethy-
lenediamine and Me-5'-GMP is the phosphate methyl ester
of guanosine 5-monophosphate (Figure 1). This neutral
complex lacks any charge compensating counterion, allowing
a freer environment in the solid than in the Pt(11)-5-IMP
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