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with 25% ethyl acetate in benzene. Although both TLC and 
the column procedure show clearly a product which appears 
to be at least half of the detectable material, only ~10% of the 
starting material can be isolated in this fraction as pure solid. 
Other products were isolated in still smaller quantities as ex
pected. However, a high-melting compound which was almost 
insoluble in ether or ethyl acetate, and did not migrate on TLC, 
may account for the remainder of the starting material. Even 
the dilution used here is a significantly higher concentration 
than that used by Gutmann et ah, and this higher concentration 
may result in extensive formation of dimers or higher polymers 
which would reduce the yield of 2 below that found by Gut
mann et al. A mass spectrum showed that 2 was a hydroxylated 
acetamidofluorene, an observation confirmed by the infrared 
spectrum. NMR spectrometry suggested that the aromatic 
ring not carrying the nitrogen was not further substituted. 
Ultraviolet spectra in neutral and basic ethanol confirmed that 
the substance was a phenol, but the UV spectrum was clearly 
different from those of both 1- and 3-hydroxy-2-acetamido-
fluorene (which also are much less polar on adsorption chro
matography). Thus, unlikely as it seemed, the only rational 
conclusion was that 2 is 4-hydroxy-2-acetamidofluorene. This 
conclusion was initially confirmed by comparison of the UV 
spectrum with that of 4-hydroxy-2-formylaminofluorene.3 

Further confirmation was obtained by comparison of the in
frared spectrum of the acetate of 2 with the spectrum of au
thentic 4-acetoxy-2-acetamidofluorene, generously provided 
by Dr. T. L. Fletcher. 

This conversion is a most unusual reaction, for all previously 
known reactions of 1 take place on the nitrogen atom,4 or on 
positions 3 and 1.5 This past experience was confirmed by my 
being able to prepare 3-chloro-2-acetamidofluorene6 in 40% 
yield simply by dissolving 1 (500 mg in 50 mL of acetone) in 
1 L of 1 M NH4Cl heated to 50 0C, extracting the warm 
mixture 2 h later, and recrystallizing the residue from the ex
tract. I suggest that 2 arises from initial hydroxylation of po
sition 4a of the intermediate A^-acetyl-jV-fluorenylnitrenium 
ion, followed by further hydration of the ensuing quinone imide 
methide,7 and dehydration of the resulting diol (Scheme I). 
This mechanism is suggested by an examination of the coef
ficients of the lowest unoccupied molecular orbital of the ni-
trenium ion, which shows position 4a to be more reactive than 
any other aromatic carbon. An explanation of why other nu-
cleophiles do not attack this carbon will have to await molec
ular orbital calculations which specifically address the inter
action between the delocalized nitrenium ion and sulfur, ni
trogen, or chloride. Steric accessibility is not a factor in attack 
by chloride, according to space-filling models. 

This study points out again the tenuous nature of identifi
cations based only on chromatographic properties, and renders 
pointless much of the discussion offered previously by Gut
mann et al. regarding the possible role of iv*-acetoxyacetami-
dofluorenes in mammary gland carcinogenesis by the corre
sponding hydroxamic acids. On the other hand, this finding 
may have considerable significance for further studies on the 
mechanism of carcinogenesis by 2-acetamidofluorene and 
other aromatic amines. The sulfate ester of Af-hydroxy-2-
acetamidofluorene is believed to be the ultimate reactive form 
in the carcinogenic action of 2-acetamidofluorene toward the 
liver of the male rat.5b In the absence of other nucleophiles, it 
would be expected to react with water similarly to 1; yet 4-
hydroxy-2-acetamidofluorene has not been observed among 
the urinary metabolites of 2-acetamidofluorene or its ^-hy
droxy derivative.8 Hence, it appears that bound forms of 2-
acetamidofluorene in the rat represent virtually all of the sul
fate ester. Therefore, the level of binding to macromolecules 
and other intracellular nucleophiles is a direct measure of the 
amount of active intermediates formed, rather than an un
known proportion of some larger amount. It is thus possible 
to estimate what proportion of the total dose of 2-acetami
dofluorene is converted to reactive metabolite. It is also possible 
that minute quantities of 4-hydroxy-2-acetamidofluorene were 
overlooked in previous metabolic studies. This point may de
serve reinvestigation. 
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Synthesis and Crystal Structure of 
H4Ru4(CO)10(Ph2PCH2CH2PPh2). Evidence for 
an Edge-Terminal-Edge Hydride Scrambling Pathway 

Sir: 

The contrasting hydride ligand positions adopted in highly 
symmetrical H4M4 cluster compounds—edge bridging in Did 
H4Ru4(CO)12

1 vs. face bridging in Td H4Re4(CO) ,2
2'3 and 

H4C04(TJ5-C5H5)4
4—pose the question whether intercon-

version between the two arrangements could provide a mech
anism for hydride scrambling over the M4 framework. Hydride 
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Figure 1. The H4Ru4(CO)Io(Ph2PCH2CH2PPh2) molecule, with phenyl 
groups omitted, projected onto its Ru(2)-Ru(3)-Ru(4) plane. Ru(I) is 
unlabeled and is shaded in the center of the figure. 

mobility has been established for the derivatives H4Ru4-
(CO)12^[P(OMe)3]* (x = 1-3)1-5 and [H3Ru4(CO)12-],6 

but the NMR data do not delineate the exchange mechanism, 
i.e., do not show whether an edge-face-edge pathway obtains. 
We have prepared and structurally characterized a new de
rivative, H4Ru4(CO)10(Ph2PCH2CH2PPh2) (1). Contrary 
to expectations based on observed structures,7 this compound 
displays NMR spectra consistent with an edge-terminal-edge 
hydride scrambling pathway. 

Compound 1 was prepared from H4Ru4(CO)12 and 
Ph2PCH2CH2PPh2 in refluxing cyclohexane, separated by 
column chromatography from other, unidentified products, 
and isolated as red-orange crystals.9 A single-crystal x-ray 
diffraction study has accurately located all atoms, including 
the four /ii2-hydride ligands.10 The principal features of the 
structure are illustrated in Figure 1. The diphosphine ligand 
chelates to Ru(I). Bond distances within the five-membered 

ring are as follows: Ru(I)-P(I) = 2.303 (2), P(I)-C(I) = 
1.846 (6), C(l)-C(2) = 1.529 (8), C(2)-P(2) = 1.834 (6), and 
P(2)-Ru(l) = 2.321 (2) A. The ^-hydride bridged Ru-Ru 
vectors are Ru(l)-Ru(2) = 2.998 (1), Ru(l)-Ru(3) = 3.006 
(1), Ru(l)-Ru(4) = 2.946 (l),and Ru(2)-Ru(3) = 2.931 (1) 
A. These are expanded by some 0.18 A (average) from the 
nonbridged ruthenium-ruthenium bonds Ru(2)-Ru(4) = 
2.796 (1) and Ru(3)-Ru(4) = 2.785 (1) A. The individual 
Ru-H-Ru systems appear to be symmetric, with interatomic 
distances and angles as follows: Ru(l)-H(12) = 1.73 (5) A, 
Ru(2)-H(12) = 1.80 (4) A, zRu(l)-H(12)-Ru(2) = 116 
(3)°; Ru(l)-H(13) = 1.77 (4) A, Ru(3)-H(13) = 1.80 (4) A, 
ZRu(l)-H(13)-Ru(3) = 115(2)°; Ru(I)-H(U) = 1.64(6) 
A, Ru(4)-H(14) = 1.76 (5) A, /Ru(l)-H(4)-Ru(4) = 120 
(3)°; and Ru(2)-H(23) = 1.81 (4) A, Ru(3)-H(23) = 1.78 
(5) A, zRu(2)-H(23)-Ru(3) = 110 (2)°. Although the 
H4Ru4(CO)10(Ph2PCH2CH2PPh2) molecule overall obeys 
the EAN rule (60 valence electrons), individual ruthenium 
atoms do not. The hydride ligand arrangement, with three 
hydrides bound to Ru(I) but only one to Ru(4), contrasts with 
the arrangement of two hydrides attached to each ruthenium 
atom deduced for H4Ru4(CO)12,

1 H4Ru4(CO)11P(OMe)3,3 

and H4Ru4(CO) 10(PPh3)2.u 

The slow-exchange hydride NMR spectrum of 1 displays 
P-H coupling patterns12 that are readily interpreted in terms 
of the solid-state structure. A triplet (A) at T 29.2 is assigned 
to the hydride H(13) oriented cis to both phosphorus atoms 
and a singlet (D) at T 26.5 to the remote hydride H(23). Two 
double doublets at r 26.1 (C) and 24.8 (B) result from the re
maining hydrides (H( 12), H( 14)), each of which is cis (smaller 
coupling) to one phosphorus atom and trans (larger coupling) 
to the other. Between -50 and 25 0C the B, C, and D reso
nances collapse and coalesce to a broad singlet, while the A 
triplet remains unchanged. Above room temperature both of 
these signals broaden considerably; their presumptive coales
cence could not be observed owing to sample decomposition. 

Figure 2 shows intermediate exchange spectra for the B, C, 
and t) signals. The significant feature is that the inner two lines 
of the C multiplet broaden much more slowly than the other 
lines. This implies that the initial dynamic process does not 

X=.Q0111 
h i 0 • .5Oh9 

-44 
t=.120 
h10 

C D 
Figure 2. Partial hydride NMR (220 MHz) spectra for 1 in the intermediate exchange region. Not shown is the triplet resonance (A) at T 29.2, which 
remains unchanged over this temperature range. 
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PERMUTATION h 10 

PERMUTATION h g 

Figure 3. Suggested mechanisms for hydride scrambling in 1 corresponding to permutations hio (upper) and h9 (lower). 

exchange H c with H8 or H0 , but only interchanges the cis-
trans relationships of Hc with respect to the two phosphorus 
atoms. The lines that remain sharp derive from states in which 
both phosphorus nuclei have the same spin. Application of the 
methods of Klemperer13 lead to a complete set of NMR dif-
ferentiable permutations (h2-hi2)14 for three-site exchange 
in a chiral molecule such as 1. From this set, only permutation 
h|0 generated computer-simulated spectra15 that reproduce 
the differential broadening within the C multiplet (Figure 2, 
-44 to -31 0C). If resonance C is assigned to the hydride in 
position H(12) (see Figure 1), a clear mechanistic interpre
tation of permutation hio is possible,17 as shown in Figure 3. 
Movement of HA to a terminal position on Ru(3) forces HD 
to Ru(2), Hc to Ru(I), and H8 to Ru(4). HA must return to 
the original edge, but migration of H8, Hc, and HD to new 
edges generates the enantiomeric configuration with the en
vironments of HB and HD interchanged. Above -31 0C a 
second process begins to equilibrate Hc and HD. The experi
mental spectra from -25 to O 0C are accurately simulated 
(Figure 2) by combining hio with increasing amounts of hg. 
At this stage simulations generated from I19 and !13 are not 
distinct, but hg has a mechanistic interpretation complemen
tary to that of hio (see Figure 3). In this case HA moves to 
Ru(I), Hc to Ru(2), H8 to Ru(4), and H 0 to Ru(3). HA, H8, 
and Hc return to their original edges, but HD migrates to the 
mirror image position, thereby interchanging H8 and Hc. 
Activation parameters derived from the spectral fits are AH* 10 
= 12.8 (0.6) kcal/mol, AS+J0 = 2.8 (2.2) gibbs, and AH* 9 = 
17.8 (1.0) kcal/mol, AS*9 = 19.2 (3.8) gibbs.18 

The edge-terminal-edge pathway provides a consistent 
picture of the hydride scrambling in I,19 but it is not yet pos
sible to assess the generality of this mechanism for 
H4Ru4(CO) 12 and other derivatives. The particular arrange
ment of hydride ligands in 1 may strongly influence the lowest 
energy exchange mechanism. Alternatively, since in 
H4Re4(CO) 12 the M(CO)3 moieties are eclipsed with respect 
to the M-M edges,3 whereas in 1 they are staggered, the bulky 

diphosphine ligand may hinder rotation into the eclipsed 
configuration presumably necessary for a face-bridged inter
mediate. Nevertheless, these results indicate that terminal 
hydride intermediates should be considered in experimental 
and theoretical studies of hydride mobility in H4M4 clus
ters.20-21 
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Single-Crystal Properties of [Co(C5H5NO)6](N03)2 

Sir: 

Several transition metal complexes of pyridine iV-oxide have 
been investigated carefully at low temperatures recently, and 
some remarkably interesting results have been obtained. The 
series of compounds M(C5H5NO)6X2, with X being either 
perchlorate or fluoborate, and M11 an iron series ion, are 
rhombohedral and isostructural.1,2 In the case of the cobalt 
compounds, magnetic ordering is observed at 0,357 K (BF4

-) 
and 0.428 K (ClO4

-), and the molecules provide the only ex
amples to date of the simple cubic, S = V2, XY model anti
ferromagnet.3"6 The compound [Ni(C5H5NO)6] (C104)2 ex
hibits7 a very large zero-field splitting of 6.3 K, and the crystal 
structure and other features of this molecule are such that it 
provides the first example of a magnetic-field-induced anti-
ferromagnetic phase transition.8'9 Large zero-field splittings 
allow the ferrous analogue to be an excellent example of the 
three-dimensional Ising model,10 while the copper compounds 
distort as they are cooled in such a fashion that the perchlorate 
becomes a one-dimensional antiferromagnet, and the fluobo
rate provides the best example of the two-dimensional 
Heisenberg, 5 = V2 antiferromagnet.11 

The great success obtained with the above studies has sug
gested that it may be profitable to extend these studies by ex
amining the analogous series of nitrates, [M(C5H5NO)6]-
(N03)2, and we report here results that in fact appear to con
firm this hypothesis. All the salts of the iron series ions have 
been prepared and found to be isomorphous, but we restrict 
this report to the cobalt analogue. 

Deep-red [Co(C5H5NO)6] (N03)2 is prepared in the same 
manner as were the perchlorates12 and single crystals with 
satisfactory elemental analysis may be grown from DMF. 
Using precession camera techniques, we find that the com
pound belongs to the space group R3, with a = 9.487 A and a 
= 83° 21'. The measured density is 1.50 g/cm3, and calculated, 
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Figure 1. Curie-Weiss plots of the magnetic susceptibilities of 
[Co(C5H5NO)6](N03)2: • , II; O, _L. 

for one molecule in this rhombohedral unit cell, is 1.493 g/cm3. 
Since the analogous perchlorate compound also belongs2 to the 
same space group, with a = 9.617 A, a = 81.16°, Z = l,and 
the fluoborate analogue is isostructural,1 one may conclude 
that the three crystals are isomorphous. This observation led 
us to measure the single-crystal magnetic susceptibilities of 
the nitrate, in anticipation that they would be similar to those 
of the perchlorate, and give us guidance on the magnetic or
dering behavior to be expected. 

The guide to the discovery of XY magnets lies with the g-
value anisotropy of the metal atom.4 In particular, the g tensor 
should have uniaxial symmetry, with g± » g\\. These condi
tions were substantially fulfilled by the perchlorate compound, 
for which susceptibility measurements yielded g\\ = 2.49 and 
g± = 4.70. The inverse isothermal susceptibilities of 
[Co(C5H5NO)6] (N03)2 are plotted as a function of temper
ature in Figure 1. Normal Curie-Weiss behavior is observed, 
with the following set of parameters: g|| = 2.27 ± 0.05, g± = 
4.83 ± 0.05,0g = 0.0 ± 0.05 K, 8± = -0.61 ± 0.05 K, TIP(H) 
= 0.006 emu/mol, and TIP( I ) = 0.037 emu/mol. The sign 
of 8± is antiferromagnetic. These results suggest that 
[Co(C5H5NO)6] (N0 3 h ought to be as good an example of 
the XY model magnet as the earlier cases, and probably a 
better one, since the g-value anisotropy is even greater for the 
nitrate. Furthermore, the crystallographic angle a is slightly 
larger, tending toward the simple cubic value of 90°. This is 
important in determining the superexchange path, as well as 
ensuring that a reference cobalt ion is connected to its six 
nearest magnetic neighbors by equivalent superexchange 
paths. 

With dj_ = -0.61 K, an exchange constant of J/k = -0.2 
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