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amide (entry 4), which is capable of such a process, underwent 
cleavage in the sense of 1 —*• 2. 

Finally, the cleavage of tryptophan in the sense 1 -* 2 is a 
property of the indole system. Other amino acids react with 
C6H5I(OAc)2 via oxidative decarboxylation.14 For example, we 
have found that L-tyrosine yielded (p-hydroxyphenyl)acetonitrile 
in 70% yield under the standard reaction conditions. Similarly, 
Loudon et al. have obtained benzonitrile from a-phenylglycine 
using C6H5I(OCOCF3)2 in pyridine.8* Subsequent oxidative 
decomposition, possible via a similar pathway, may account for 
the fate of the other portion of the peptide in the present system.15 

The course of reaction of other amino acids and peptides with 
C6H5I(OAc)2/KOH/CH3OH is currently being pursued. 
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(13) Retro inverso peptides have been made via C6HsI(OCOCF3)-induced 
Hofmann rearrangement: Pessi, A.; Massimo, P.; Verdini, A. S.; Viscomi, 
G. C. J. Chem. Soc, Chem. Commun. 1983, 195. Verdine, A. S.; Viscomi, 
G. C. Brev. Ital. 1981, 25755. Pallai, P.; Goodman, M. / . Chem. Soc, Chem. 
Commun. 1982, 280. 

(14) Two mechanistically related reactions are the bromodecarboxylation 
reaction of amino acids upon treatment with ./V-bromosuccinimide (Konigs-
berg, N„ Stevenson, G., Luck, J. M. J. Biol. Chem. 1960, 235, 1341) and the 
photodecarboxylation of a-azido acids (Moriarty, R. M.; Rahman, M. / . Am. 
Chem. Soc. 1965, 87, 2519). 

(15) Cleavage of the dipeptides 11-14 according to eq 2 should yield 2 + 
NH=CHCONHCHR(COOH). Simple hydrolysis of this product would 
yield OCHCONHCHR(COOH); however, no 2,4-DNP was obtained in the 
present study. Further oxidation yields NCCONHCHR(COOH) which 
would be expected to hydrolyze to H02CNHCHR(COOH) which, in turn, 
should decarboxylate to NH2CHRCOOH. 

Dinuclear, 18-Electron Species Having a Triplet Ground 
State: Isolation, Characterization, and Crystal 
Structure of Photogenerated (7?2-C5Me5)2Fe2(/u-CO)3 

Josephine Paw Blaha,la Bruce E. Bursten,*lb 

John C. Dewan,u Richard B. Frankel,10 

Claudia Lewis Randolph,1* Beth A. Wilson,lb and 
Mark S. Wrighton*la 

Department of Chemistry and the Francis Bitter 
National Magnet Laboratory, Massachusetts Institute 

of Technology, Cambridge, Massachusetts 02139 
Department of Chemistry, The Ohio State University 

Columbus, Ohio 43210 
Received January 8, 1985 

We wish to report the preparation and characterization of 
(7j5-C5Me5)2Fe2(/i-CO)3 (I), a 32-e" molecule that can be for
mulated as having two 18-e~ Fe centers but by virtue of its sym
metry has a triplet ground state. In some respects the electronic 
structure of I resembles that of ground-state O2 in that for I and 
for O2 the highest occupied molecular orbital (HOMO) is of it 
symmetry, antibonding, 2-fold degenerate, and doubly occupied. 
Compound I was previously shown by IR to be generated upon 
photolysis of (?;5-C5Me5)2Fe2(CO)4 in a low-temperature organic 
glass,2 eq 1. The IR spectrum of I or the related (JJ5-

(„5-C5R5)2Fe2(CO)4 - ^ H . (,S-C5Rj)2Fe2(M-CO)3 (1) 
^ 0 1,R = Me; II, R = H 

(1) (a) Department of Chemistry, MIT. (b) The Ohio State University, 
(c) Francis Bitter National Magnet Laboratory, MIT. 

(2) Hepp, A. F.; Blaha, J. P.; Lewis, G; Wrighton, M. S. Organometallics 
1984, 3, 174. 

Figure 1. ORTEP diagram of (7j5-C5Me5)Fe2(M-CO)5 showing the atom 
labeling scheme and 30% probability ellipsoids. Selected bond distances 
and angles: Fel-Fe2 = 2.265 (1); FeI-Cl = 1.935 (6); Fel-C2 = 1.920 
(6); Fel-C3 = 1.915 (6); Fe2-Cl = 1.928 (6); Fe2-C2 = 1.919 (6); 
Fe2-C3 = 1.927 (7); C l -Ol = 1.162 (7); C2-02 = 1.167 (7); C3-03 
= 1.171 (7); C1-C2 = 2.713; C1-C3 = 2.653; C2-C3 = 2.715 A; 
Fel-Cl-Fe2 = 71.8 (2)°; Fel-C2-Fe2 = 72.3 (2)°; Fel-C3-Fe2 = 72.2 
(2)°. The three CO's and the two Fe atoms define three planes. Dihe
dral angles between the planes Fel-Fe2-01 (1), Fel-Fe2-02 (2), and 
Fel-Fe2-03 (3) are 1-2 = 115.2°, 1-3 = 121.4°, and 2-3 = 123.4°. 

C5H5)2Fe2(CO)3 (II)2'3 in the CO stretching region shows one 
absorption in the bridging CO region, consistent with a high 
symmetry structure now confirmed for I by an X-ray structure 
determination, Figure 1. 

While thermal back reaction of I with CO occurs with a good 
rate at 298 K as is the case with II,4 a vigorously Ar purged alkane 
solution of (i75-C5Me5)2Fe2(CO)4

5 gives isolable quantities of I 
upon 355-nm photolysis. A better synthesis of I results from 
photolysis of (?;5-C5Me5)Fe(CO)2H under the same conditions, 
because the hydride is more soluble than the dinuclear precursor 
and larger amounts of I can be prepared. Compound I is H2O 
and O2 sensitive and reacts rapidly with CO to generate (?;5-
C5Me5)2Fe2(CO)4 and with other 2-e" donor ligands, L, to give 
substitution products (7j5-C5Me5)2Fe2(CO)3L. The IR of I at 298 
K in the CO stretching region exhibits one absorption at 1785 
cm"1, as reported for low temperature,2 and the UV-vis in alkane 
exhibits absorption maxima at 880 nm (e 3400 M"1 cm"1) and 
510 nm (e 17000 M"1 cm-1), again consistent with the low-tem
perature spectrum.2 The X-ray structure,5 Figure 1, shows the 
highly symmetrical structure expected from the IR. In particular, 
the C5Me5 rings are pentahapto systems with planes perpendicular 
to, and centered on, the Fe-Fe bond, and the three CO's sym
metrically bridge the two Fe centers.5 The molecule possesses 
no crystallographically imposed symmetry. I is isomorphous and 
isostructural with the Mn and Re (7)5-C5Me5)2M2(^-CO)3,

6 30-e" 
species. 

Compound I does not show a detectable 1H NMR in hydro
carbon solution in the temperature range ~ 196 to 298 K. This, 
initially confusing, finding is due to the fact that I is paramagnetic, 
and the broadened resonance that would be expected is not seen 
due to the low solubility. The diamagnetic (?j5-C5Me5)2Fe2(CO)4 
is quantitatively formed upon exposure of hydrocarbon solutions 
of I to CO, as monitored by growth of a singlet in the 1H NMR 

(3) Hooker, R. H.; Rest, A. J. J. Chem. Soc, Chem. Commun. 1983, 1022. 
(4) Caspar, J. V.; Meyer, T. J. J. Am. Chem. Soc. 1980, 102, 7794. 
(5) After purification by chromatography on Al2O3 (eluted with hex-

ane/toluene, 4:1), I can be crystallized from hexanes in the triclinic crystal 
system, space group Pl, with Z = 2 in a unit cell of dimensions a = 9.744 
(2) A, b = 13.360 (5) A, c = 8.752 (2) A, a = 93.98 (3)°, /3 = 101.44 (2)°, 
y = 73.47 (3)°, V= 1070.44 A3. Data, in the range 3° < 28 < 55° and with 
general indices (±h,±k,+[), were collected at -50 0C by using Mo Ka ra
diation on an Enraf-Nonius CAD4F-11 diffractometer. Data collection, 
reduction, and refinement procedures have been described in detail elsewhere 
(Silverman, L. D.; Dewan, J. C; Giandomenico, C. M.; Lippard, S. J. Inorg. 
Chem. 1980,19, 3379). Hydrogen atoms were ignored and all other atoms 
were refined anisotropically. Final residual indices were R\ = 0.051 and R2 
= 0.067 for 2997 observed reflections [F0 > 6(7(F0)] and 253 variables. 

(6) (a) Hoyano, J. K.; Graham, W. A. G. J. Chem. Soc, Chem. Commun. 
1982, 27. (b) Bernal, I.; Korp, J. D.; Herrmann, W. A.; Serrano, R. Chem. 
Ber. 1984, 117, 434. 
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(n'-C.HiJFe [(T^-CsHs)Fe]1 (n ' -CjHOjFeid i -CO), (v-CO)i 

Figure 2. Molecular orbital diagram for II. The diagram for I is es
sentially the same except for the one-electron energies. 

at 1.61 ppm in toluene-rf8. The magnetic susceptibility of I (as 
a pure solid) has been determined for three independently prepared 
samples (including the sample from which the crystal for the 
structure determination was selected),7 and the data give an ef
fective magnetic moment, ne(t, of 2.5 ± 0.1 ^8, independent of 
temperature in the range 50-300 K. A consideration of the 
symmetry of the molecule leads to the expectation that I would 
have a triplet ground state due to a half-filled, doubly degenerate 
HOMO derived from overlap of the Fe (dX2, dyz) orbitals. A 
Fenske-Hall8 molecular orbital calculation for II gives the one-
electron energy level diagram shown in Figure 2 where the HOMO 
is the ir* orbital derived principally from the interaction of the 
Fe (dj.j, dyz) orbitals. A similar diagram would be expected for 
I,9 except the levels will be somewhat destabilized due to the extra 
electron density associated with 10 methyl groups. No EPR signal 
can be found for alkane solutions of I in the temperature range 
100-300 K. The /ueff declines somewhat below 50 K, ^eff = 2.36 
at 10 K, indicating a zero field splitting of the triplet state. This 
is consistent with the absence of an EPR signal. 

In the left-most column of Figure 2, the e2(d6), SL1(Aa), e^dir), 
and a^sdtr hybrid) metal-based frontier orbitals of the (Tj5-C5H5)Fe 
fragment are shown. These are combined into frontier orbitals 
of [(T^-C5H5)Fe]2 resulting most notably in &i(o), a2"(<r*), ei'(tf), 
ei"(ir*), and four essentially nonbonding 8 levels. When these 
orbitals are allowed to interact with three CO molecules sym
metrically disposed about the Fe-Fe bond, the <J and ir orbitals 
are destabilized through interaction with the CO 5<r orbitals; the 
(T* and ir* orbitals are stabilized via donation into the empty 2ir 
orbitals of the CO ligands. The resulting occupied MO's of II, 

(7) The magnetic susceptibility was recorded from 10 to 298 K with pure 
I loaded in the sample container under an inert atmosphere. After the 
measurement, the sample was recovered, dissolved in O2-, H20-free hydro
carbon and reacted with CO to generate (V-C5MeS)2Fe2(CO)4. The solvent 
was removed, the solid was isolated, and the magnetic susceptibility was 
recorded as a control for possible paramagnetic impurity in I and to establish 
the diamagnetic correction. 

(8) Hall, M. B.; Fenske, R. F. Inorg. Chem. 1972, / / , 768. 
(9) Calabro, D. D.; Hubbard, J. L.; Blevins, C. H., II; Campbell, A. C, 

Lichtenberger, D. L. J. Am. Chem. Soc. 1981, 103, 6839. 
(10) Murahashi, S.-I.; Mizoguchi, T.; Hosokawa, T.; Moritani, I.; Kai, Y.; 

Kohara, M.; Yasuoka, N.; Kasai, N. J. Chem. Soc, Chem. Commun. 1974, 
563. 

labeled according to the D3h symmetry of the Fe2Gu-CO)3 core, 
are ai'(ff), a2"(<r*), e' + e" (S nonbonding), and e"(ir*) orbitals, 
the last of which being half-occupied with two electrons results 
in a triplet ground state. Thus, the HOMO is ir* with respect 
to the Fe-Fe interaction. The isostructural analogue of I, (TJ5-
C5Me5)2Re2(jt-CO)3,6 which has 30 e~, is diamagnetic. 

The electronic structure of I and II closely resembles that of 
the diamagnetic triplet-decker Fe sandwiches Fe2(CO)9 and 
(Tj4-C4R4)2Fe20n-CO)3U which have been analyzed by Hoffmann 
and co-workers.11,12 It is notable that these latter two systems 
are 34- and 30-e" systems, respectively, whereas I and II are 32-e" 
systems formally isovalent with Fe2(CO)9

2+. The removal of two 
weakly Fe-Fe antibonding electrons together with a higher formal 
Fe oxidation state most likely account for the appreciably shorter 
(~0.26 A) Fe-Fe bond in I compared to Fe2(CO)9.13 It is 
noteworthy that (i)5-C5H5)2Fe2(M-NO)2 is reportedly diamag
netic;14 though isoelectronic with I with II the symmetry15 of the 
Fe2(^i-NO)2 core is such that the HOMO is not expected to be 
2-fold degenerate. 
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Distonic ions1 such as those represented as 1 and 2 are intriguing 
CH2NH3

+ 

1 
CH2OH2

+ 

2 
CH3NH2

+-
3 

species because often they have no stable neutral counterpart. Ions 
adopting the distonic form, 1, have been predicted to be sur
prisingly more stable than the corresponding conventional isomer, 
e.g., 3.2 The predicted existence of distonic ions has been con
firmed recently in a number of experimental studies.3,4 

(1) Yates, B. F.; Bouma, W. J.; Radom, L. J. Am. Chem. Soc. 1984, 106, 
5805-5808. 

(2) (a) Dewar, M. J. S.; Rzepa, H. S. J. Am. Chem. Soc. 1977, 99, 7432. 
(b) Bouma, W. J.; Dawes, J. M.; Radom, L. Org. Mass Spectrom. 1983,18, 
12. 
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