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(1967). 
(12) The 1H NMR chemical shifts in CHFCI2 in parts per million downfield from 

internal tetramethylsilane at —10 0C are: 2.7 (broad, «-CH2)and 1.5 (broad, 
NH, /3- and 7-CH2). At -140 0C in CHFCI2:CHF2CI (1:1), the shifts are: 2.93 
(d, «-CH equatorial), 2.48 (t, re-CH axial), 1.71 (d, 7-CH equatorial), 1.55 
(d, /J-CH equatorial), 1.3-1.4 (m, /3- and 7-CH axial), and 1.44 (s, NH). At 
-174 0C the shifts are the same as at—140 0C, except for the NH reso
nance which now shifts of about 1.2 and 1.6. 

(13) Jaa(NH-CH)= 13Hzintetrahydro-1,3-oxazinesandin 1-methyl-1,3-diazane, 
compounds that exhibit axial NH groups as a result of the anomeric ef
fect.5 

(14) Yousif and Roberts7 present good evidence that acetone was not involved 
chemically with the amine. We have not found any reaction between I and 
acetone, as determined by 13C NMR in the temperature range of +20 to 
- 8 0 °C. The addition of acetone (2 equiv) to CHFCI2 solutions of I had no 
observable effect on the nitrogen inversion process, as observed by 13C 
NMR. 
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Metal Clusters in Catalysis.1 10. A New 
Fischer-Tropsch Synthesis 

Sir: 

We wish to report a new Fischer-Tropsch synthesis in which 
a catalytic hydrogenation of carbon monoxide yielded a set of 
aliphatic hydrocarbons with ethane the primary reaction 
product. Reactions rates at 180 0C and 1 -2 atm were relatively 
high with average turnover times of about 10-15 min. The 
catalyst or catalyst precursor was tetrairidium dodecacarbonyl, 
Ir4(CO)12. 

Earlier we demonstrated2 a homogeneous methanation3 

reaction, eq 1, 

3H2+ C O - C H 4 + H2O (1) 

for hydrogen and carbon monoxide at 130-160 0C and 1-3 
atm using toluene solutions that contained certain transition 
metal clusters;4 all mononuclear complexes investigated were 
found to be inactive. The most effective metal cluster in this 
reaction was Ir4(CO)]2 and, with this cluster, the sole hydro
carbon product detected was methane.5 Unfortunately, the 
rates in this reaction system proved so inordinately low that 
mechanistic studies have been precluded. 

The guiding hypothesis26 in our search for soluble catalysts 
for the hydrogenation of carbon monoxide has been that op
timal activation of carbon monoxide for reduction would be 
achieved in a state where there is extensive interaction of both 
the carbon and oxygen atoms of carbon monoxide with metal 
atoms. Such a state7 would be distinguished by a substantially 
lower carbon-oxygen bond order and a potentially facile 
mechanism for carbon-oxygen bond scission. An exemplary 
surface model is the dissociative chemisorption of carbon 
monoxide on some metals which include those that can catalyze 
either the methanation reaction or Fischer-Tropsch8 syntheses. 
This hypothesis led to the initial selection of metal cluster 
catalysts and, now in our new modification, to the use of alu
minum chloride for a possibly substantial oxygen-aluminum 
interaction (M-C-O-Al).9 

Our new cluster-based synthesis comprised the following 
reagents and conditions. The synthesis gas was 3:1 H2:CO,10 

the cluster catalyst reagent was Ir4(CO)i2 in a 1:100 cluster: 
CO ratio and the solvent was molten NaCI-2AICl3 in a 1000:1 
Al:Ir ratio. All reactions were effected in sealed glass tubes at 
180 0C and 1.5 atm, and, at reaction temperature, there was 
a yellow to amber solution and no solid phase evident on visual 
examination. Analyses of product gases were based on gas 
chromatography and high resolution mass spectrometry.11 

Conversion of carbon monoxide to hydrocarbon was essentially 
complete after 12-24 h, although detectable traces of carbon 
monoxide were present after reaction periods of up to 5 days 
and iridium carbonyl was detectable by IR analysis of the so
lidified reaction melt after such 5-day reaction periods. In the 
absence of the iridium carbonyl cluster, the reaction system 
produced no hydrocarbons in reaction times of 3 days. Iridium 
metal generated by reductive pyrolysis of the carbonyl cluster12 

and a very fine iridium dust were inactive as a catalyst sub
stitute for the carbonyl cluster in our specific reaction system. 
An extensive, but not exhaustive, exploration of catalyst al
ternatives to Ir4(CO)i2 was relatively nonproductive. Essen
tially inactive13 were Cr(CO)6, Mo(CO)6, W(CO)6, 
Re2(CO)10, Fe2(CO)9, Fe3(CO)12, Os3(CO)12, Co2(CO)8, 
Co4(CO)12, and NiCl2. Most notably, Na3IrCl6 was inactive; 
hence, the catalyst or catalyst precursor was not a chloroiridate 
complex. Rh6(CO) 16 and Rh4(CO) |2 were as active or slightly 
more active than Ir4(CO) |2. However, because this rho
dium-based system was heterogeneous at 180 0C, we do not 
know whether this catalytic reaction was wholly or even par
tially a solution phase process.14b Ru3(CO)12 was very active 
and appeared homogeneous in the early reaction stages. 
Slightly active were H2PtCl6 and PdCl2, but both gave het
erogeneous reaction systems. 

The detectable hydrocarbon products of this relatively fast 
catalytic hydrogenation with Ir4(CO))2 were methane, ethane, 
propane, and isobutane. The latter two were invariably minor 
constituents. Interestingly, the relative amounts of methane 
and ethane varied rather significantly with reaction time. The 
ethane to methane ratio in the product gas fell from a 10:1 to 
4:1 range after 3 h to ~1:2 after 0.5 to 3 days; the lowest ob
served ratio was about 1:2.5. This lowest ratio is far larger than 
that calculated from the equilibrium constant for reaction 
2. 

C2H6 + H2 — 2CH4 (2) 

Since aluminum chloride is a quite effective catalyst for ear-
bonium ion-based alkane isomerization and fragmentation,15 

this type of secondary catalytic reaction could explain the 
observed decrease in the C2H6:CH4 ratio with reaction time 
increase. However, we found methane formation from ethane 
and hydrogen under our reaction conditions in the absence of 
the iridium cluster catalyst to be too slow to account for the 
product variation in the catalytic reaction, although, in the 
presence of the iridium cluster, there appeared to be a slightly 
more rapid fragmentation16 (methane proved nonreactive 
under these conditions). In any case, our preliminary results 
raise the possibility of a high yield ethane synthesis. 

We have evidence that the Ir4(CO) 12 catalyst is not, at least 
wholly, converted to other complexes under the reaction con
ditions.17 The reaction solution on cooling yielded solid phases 
including a minor one that had the characteristic yellow 
Ir4(CO)12 color. In the infrared spectrum of this phase, there 
were the characteristic CO stretching absorptions of 
Ir4(CO)12. Attempts to isolate the cluster in pure form from 
reaction mixtures have not been successful yet. 

The Ir4(CO) 12 catalyzed reactions were homogeneous18 by 
the light scattering criterion. However, the possibility that very 
small metal aggregates were the actual catalyst cannot be 
excluded with the scattering criterion. Vannice's19 kinetic 
expression for the iridium metal20 catalyzed methanation re
action was used to calculate a rate for iridium metal catalysis 
at 180 0C. This calculated rate was slightly too low to account 
for our observed turnover rates with an assumption that all the 
Ir4(CO)i2 was converted to metal aggregates in which every 
metal atom was catalytically active. In addition, a fine iridium 
metal dust21 was examined as a catalyst for the CO hydroge
nation reaction at 180 °C with a NaCl-2AlCl3 reaction me
dium and without the salt medium. The dust was slightly ac-
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tive; only small amounts of methane were detected in both 
types of reaction systems. We conclude that small metal par
ticles probably were not responsible for the catalysis in this 
iridium system.22'23 

A selective Fischer-Tropsch synthesis, of great technological 
significance, has never been demonstrated. Our new catalytic 
hydrogenation system based on Ir4(CO)i2 clearly presents the 
possibility of such a selective synthesis. In addition, the pre
liminary results raise many intriguing scientific questions. For 
example, iridium metal is a relatively poor CO hydrogenation 
catalyst and iron and ruthenium metal are particularly ac
tive,24 whereas in our reaction system Ir^CO) 12 is more active 
than Ru3(CO)i2 and Fe3(C0)n is inactive. What is the re
action mechanism here? Is there any formal mechanistic re
lationship between our reaction and the metal or metal 
oxide8-based syntheses? We offer no speculation on reaction 
mechanism,25 but are investigating this complex issue through 
kinetic, spectroscopic, and isolation studies. Alternative cat
alyst precursors and alternative acidic or acceptor solvents are 
being examined. With respect to the latter, two observations 
are particularly noteworthy. The reaction medium appears to 
require "acidic" character since we find molten NaAlCl4 to 
be relatively ineffective under our reaction conditions. Com
position of the hydrocarbon product mixture is almost quali
tatively altered in going from a chloride to a bromide-based 
melt in that propane became a major product with a NaBr-
2AlBr3 reaction medium. Hence, the character of the reaction 
medium may be varied to further control the distribution of 
hydrocarbon products. 

Note Added in Proof. Further experiments have demon
strated the following effects upon rate and hydrocarbon 
product distribution. Higher reaction temperatures (200 0C) 
lowered both the apparent rate (conversion) and the C2/C1 
product ratio; increased hydrogen chloride concentration had 
a similar effect. Short contact times shifted the product dis
tribution to favor CiHs and /-C4H10. Substitution of BBr3 for 
the NaCl-2AlCl3 reaction medium gave an active reaction 
system that produced CH4, C2H6, C3H8, /-C4H10, and n-
C4H10 with the last two the major and minor constituents, 
respectively. 
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An Extension of the Role of 0(2) of Cytosine Residues 
in the Binding of Metal Ions. Synthesis and Structure 
of an Unusual Polymeric Silver(I) Complex 
of 1-Methylcytosine 

Sir: 

Extensive investigations into the interaction of metal ions 
with nucleic acids and nucleic acid coi:-tituents have identified 
the ring nitrogen atoms as the majc ending sites on the het
erocyclic purine and pyrimidine base- ; ! In comparison, fewer 
studies have definitively shown invo,-, cment in metal binding 
of the exocyclic groups of these heterocycles.',2 The interaction 
of Ag+ ion with nucleic acids has been well studied and occurs 
primarily at guanosine-cytidine (G-C) regions of DNA.N4 

Although this preferential binding has been exploited to sep
arate nucleic acids of different G-C content,4 there have been 
no structural studies on Ag(I) complexes of either G or C de
rivatives. 

We report here on a study of the product formed between 
AgN03 and 1-methylcytosine. In the solid, the exocyclic 
oxygen at C(2) of the base u? cxpectedly exhibits strong 
binding to one Ag(I) and weaker, but still appreciable inter
action, with a second Ag(I). Sudi bridging by an exocyclic 
group of a common nucleic acid base has not been previously 
observed.1-2 The Ag(I) geometry has unusual features, and we 
are not aware of an analogous Ag(I) to carbonyl oxygen in
teraction. Furthermore, uhe columnar stacking of the 1-
methylcytosine moieties affords a better comparison to the 
situation which might prevail in the biopolymer complex than 
is typically found in studies of monomer complexes. 

The complex was prepared by the reaction of equal molar 
quantities of AgN03 and protonated 1-methylcytosine per-
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