
7381 

drogenation rate was low. Selectivity was not obtained; the 
product consisted of equal amounts of benzylamine and ben-
zylmethylamine. As in the methyl isocyanide system, neither 
ferr-butylamines nor methylcyclohexane were formed. The 
mixed isocyanide systems implicate the cluster as the primary 
catalyst or catalyst precursor. 

We have tried to extend the catalytic hydrogenation to other 
molecules with triple bonds.17 A hydrogenation of acetonitrile 
to ethylamine was achieved in a 90 0C homogeneous reac
tion of hydrogen and an acetonitrile solution of Ni4 [CNC-
(CH3)3]7.18 Reaction rate was very low and the products were 
C2H5NH2 and (CH3)3CNHCH3 in a 5:1 molar ratio, re
spectively. An alternative reaction system comprising hydro
gen and an acetonitrile solution of Ni4[CNC(CH3)3]4-
[C6H5C=CC6Hs]3 yielded C6H5CH=CHC6H5 and 
C2H5NH2; hydrogenation of the isocyanide ligand was not 
detected. The turnover rate for the amine was about one per 
hour at 63 0C but the system became visibly heterogeneous 
after 1 h. 

The mechanisms of these catalytic hydrogenations of CN 
triple bonds are not defined. In the cluster, the unique bridging 
isocyanide ligands7,9 may be more susceptible to hydrogenation 
than terminally bound isocyanide ligands, since the bond order 
of the CN bond is lower19 for these bridging ligands.20 Hence, 
the most active intermediate could be Ni4(CNR)7 or possibly 
Ni4(CNR)6

7 which is formed when the parent cluster is heated. 
Alternative mononuclear intermediates are Ni(CNR)4, 
Ni(CNR)3, and Ni(CNR)2. Our results show that the first is 
not an active intermediate in the reaction with hydrogen. NMR 
studies have failed to give evidence of the two possible unsat
urated nomonuclear complexes but UV data21 implicate a 
species like Ni(CNR)3. 
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Metal Promoted Alkyl Migration 
in a Bimetallic Complex 

Sir-
It is currently thought1 that in selected cases transition metal 

cluster complexes may function as soluble analogues of het
erogeneous catalysts. It is hoped that these cluster complexes 
will mimic the range of activity and reactions of heterogeneous 
catalysts, yet retain the selectivity and efficiency of homoge
neous catalysts. 

The key feature which distinguishes classic mononuclear 
homogeneous catalysts from heterogeneous or cluster catalysts 
is that the latter possess two or more adjacent metal sites. 
Novel modes of substrate-cluster binding and new reaction 
paths involving adjacent metals should prove central to the 
development of this field. 

Oxidative addition2 and alkyl migration3 have been unifying 
concepts in the development of organo transition metal 
chemistry. Although pervasive in mononuclear systems, oxi
dative additions and alkyl migrations involving polynuclear 
complexes have been little studied.4 In the case of clusters, the 
preparation of the reduced complexes which are required for 
the addition reaction is complicated by concurrent metal-metal 
bond cleavage and fragmentation.5 Herein we report (i) the 
rational and efficient synthesis of a binuclear transition metal 
cluster complex, (ii) the reduction of the neutral parent cluster 
to the corresponding dianion, and (iii) the reaction of the di-
anion with alkylating agents affording acyl complexes via a 
novel metal-promoted alkyl migration. 

Inasmuch as clusters are subject to reductive fragmentation, 
we have chosen to employ binuclear complexes containing 
bridging ligands. Di-/u-(diphenylphosphido)bis[tricarbonyl-
iron(I)], Fe2[P(C6H5)2]2(CO)6 (1), was first prepared by 
Thompson6 by reaction of iron pentacarbonyl with tetra-
phenyldiphosphine at 220 0C. We have developed an alter
native synthesis which entails the addition of diphenylchlo-
rophosphine to disodium octacarbonyldiferrate(—I)7'8 which 
is in turn derived from disodium tetracarbonylferrate(—II)7'9 

and iron pentacarbonyl (Scheme I). The neutral dimeric 
complex 1 is isolated as orange plates in overall 60% yield 
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Scheme I. Synthesis of 1 and 2 
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Scheme II. Synthesis of Acyl Complexes 3 
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Table I. 13C NMR Resonances 

Complex S (MCO) 

NaCH3Fe(CO)4
0'* 223.0C 

NaCH3C(O)Fe(CO) 4
a J 220.5 

3H(R = CH3)'' 221.7,219.3 

S (MC(=0)R) 

277.2 
273.3 

a (CH3) 

-16.4 
51.8 
50.5 

" Reference 16. * THF solution.c In parts per million from external 
TMS. d Me2SO-^6 solution. 

(based on Fe(CO)5). It is noteworthy that the entire reaction 
sequence may be carried out on a scale of tens of grams. 

An x-ray diffraction study10 of the parent complex 1 re
vealed two equivalent iron atoms, each bound to three terminal 
carbonyls and two bridging diphenylphosphido ligands. The 
presence of an iron-iron single bond is reflected in the Fe-Fe 
separation: 2.623 (2) A. 

The cyclic voltamogram1 la of the parent complex 1 exhibits 
a single, two-electron, reversible reduction wave at —1.26 V 
(SCE) as described earlier.1 lb The dianion 2 is formed in >90% 
yield and isolated as red plates12 upon reduction of the neutral 
dimer 1 with sodium dispersion in THF. Note that the dianion 
2 formally contains no metal-metal bond. Exposure of the 
dianion 2 to dioxygen results in rapid, quantitative regeneration 
of the parent complex 1 (Scheme I). 

Addition of alkyl halides and tosylates to the dianion 2 re
sults in the formation of red, crystalline acyl complexes 
NaFe2[P(C6H5)2]2(CO)5[C(0)R]-2THF (3).13-14 The gen
eration of the acyl complex 3 is surely due to an oxidative ad
dition of RX to the dianion 2 affording an intermediate15 iron 
alkyl, followed by rapid rearrangement to the acyl 3 via alkyl 
migration (Scheme II). Complexes 3 exhibit acyl bands at 
1560-1580 cm -1 in addition to terminal carbonyl bands at 
1995, 1940, 1905, and 1885 cm"1. The 1H NMR spectrum in 

Me2SO-^6 of the acetyl complex 3a (R = CH3) shows a singlet 
at 5 2.25 (3 H). The 13C NMR spectrum of complex 3a (Table 
I) is consistent with the acyl formulation. Preliminary data 
from single crystal x-ray diffraction studies of acyl complex 
3a17 and LiFe2[P(C6H5)2]2(CO)5[C(0)C6H5]-3THF18 in
dicate structures with an iron-iron single bond rather than 
coordination of the acyl oxygen14 to the second metal atom. 

Typically, the alkylation of mononuclear metal carbonyls 
affords metal alkyl, not acyl complexes.19 Rearrangement of 
alkyls to acyls usually takes place in the presence of an external 
ligand. The mechanism20 of such reactions normally involves 
a prior equilibrium in which migration of alkyl to CO yields 
an unsaturated acyl complex followed by rapid capture of the 
resulting site of unsaturation by an external ligand. We con
sider it likely that in this binuclear case the acyl is formed in 
the absence of an external ligand because the internal capture 
of the site of unsaturation occurs via the formation of a 
metal-metal bond (Scheme II).21 

Protonation of the acyl complexes 3 affords aldehydes in 
quantitative yield together with the parent complex 1 and an 
isolable green-black microcrystalline solid 4. Complex 4 is an 
iron carbonyl with CO stretching bands at 2024, 1993, 1960, 
and 1932 cm-1. The presently ill-characterized 4, which is 
expected to contain an Fe-Fe multiple bond, reacts with CO 
in THF at 1 atm to give the parent complex 1. Few examples 
of additions of simple, two-electron donor ligands to a metal-
metal multiple bond have been reported.22 

We are currently examining the mechanism of the reaction 
leading to acyl complexes 3 as well as reactions of 3 with 
electrophiles, nucleophiles, and reducing agents. In addition, 
syntheses and reactions of clusters such as 4 are under inves
tigation. 
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Conversion of the Carcinogen 
N-Acetoxy-2-acetamidofIuorene to 
4-Hydroxy-2-acetamidofluorene 

Sir: 

An erroneous observation has led to the discovery of a novel 
substitution reaction between water and the carcinogen N-
acetoxy-2-acetamidofluorene (N,0-diacetyl-Ar-(2-fluore-
nyl)hydroxylamine, 1). Gutmann et al. have reported that the 

principal product (60% of starting material) from solution of 
1 in 0.14 M saline containing 0.01 M phosphate (pH 7.4) is 
l-acetoxy-2-acetamidofluorene.1 This conclusion was based 
solely on retention time of the unknown product on a high 
pressure liquid chromatography column, and contradicted 
earlier studies on reactions of 1. In that earlier work,2 the rate 
of formation of water-soluble radioactivity from N-
CH314C02-N-arylacetamide was determined. Release of ra
dioactivity from labeled 1 was a pseudo-first-order reaction, 
and in 40% acetone the reaction was followed to the point of 
60% release of radioactivity, with no indication that the reac
tion would stop short of 100% release. Because of the dis
crepancy between this result and that of Gutmann et al., it 
seemed likely that the principal product observed in the later 
work was a new substance, which fortuitously had the same 
retention time as the standard l-acetoxy-2-acetamidofluorene. 
I now show that virtually no rearrangement takes place under 
the conditions described by Gutmann et al. and that the major 
product reported by that group is actually 4-hydroxy-2-ace-
tamidofluorene (A^-(4-hydroxy-2-fluorenyl)acetamide). 

7V-CH314C02-2-acetamidofluorene was prepared by ac-
etylating435 mgof ./V-hydroxy-2-acetamidofluorenewith 185 
mg of labeled acetic anhydride in 5 mL of pyridine cooled in 
ice. After the reagents were mixed, the reaction was allowed 
to stand at room temperature for 1 h and was then precipitated 
into ice water. The precipitate was centrifuged, washed twice 
with ice water by mixing and recentrifugation, filtered on a 
glass frit, again washed, and dried overnight over CaC^ under 
vacuum; 427 mg (84%) of product was obtained, which was 
radiochemically homogeneous (TLC, silica gel, 5% ethyl ac
etate in benzene) and had a specific activity of 1.08 X 105 

dpm/mg. This material (1.5 mg) was dissolved in acetone and 
added to the buffer described by Gutmann et al. (1 mL of ac
etone -I- 100 mL of buffer; 5 mL of acetone + 500 mL of 
buffer). After 2 h at 37 0C, 1-mL samples were removed for 
counting, the mixtures were extracted with ether, the re
maining aqueous phase and the combined ether extracts (for 
each reaction) were again sampled, the ether was evaporated 
under reduced pressure, and the residues were chromato
graphed on silica gel thin layer plates. The residue from the 
first study was applied as a stripe 2.5 cm wide, developed with 
5% ethyl acetate in benzene, the chromatogram was scanned 
on a radiochromatogram scanner, and all of the distinct UV-
visible bands were scraped into test tubes and eluted with 95% 
ethanol. Samples were then assayed by ultraviolet spectro
photometry and liquid scintillation counting. The major 
product had an Rp very close to that of authentic 1-acetoxy-
2-acetamidofluorene. However, <10% of the total radioactivity 
was recovered in the ether extract. After chromatography, the 
total recovery of radioactivity dropped to ~ 1 % . The apparent 
specific activity (cpm/mL//l28o) of the major product was 2% 
of that of the starting material, demonstrating clearly that this 
compound was not a rearrangement product. The residue from 
the second study was applied as a spot to a corner of a pre
parative TLC plate, then chromatographed in two directions 
in the usual solvent. The spots were eluted and assayed as be
fore. Following this procedure, virtually all radioactivity was 
removed from the detectable products. Thus, it was established 
that rearrangement of 1 is an insignificant reaction in aqueous 
medium at moderate temperature. It now remained to deter
mine the identity of the major product. 

Easily handled quantities of the unknown (2) were obtained 
by adding five 100-mg portions of 1 in 40 mL of acetone to 4-
L of buffer at 37 0C and extracting the mixture with ether at 
least 2 h after each addition and before the next addition. This 
process was necessary because higher concentrations of 1 or 
its solvolysis products led to competing reactions which reduced 
the yield of 2. The combined extracts were evaporated, and the 
residue was chromatographed on a column of silica gel eluted 
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