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Reaction of Diiron Nonacarbonyl with Benzvalene. 
Fragmentation, Rearrangement, and Hydrogen Transfer 

Sir: 
Recent work has demonstrated strikingly the mani

fold reactions of the vinylcyclopropyl group in poly-
cyclics with metal carbonyls.la_c Benzvalene (1) offers 
an interesting substrate for this reaction because it 
possesses the structural prerequisites for either a-ir 
allyl complexation as with semibullvalenela'c or fer-
retane formation as with dibenzosemibullvalene.2 

These processes correspond to cleavage of one of the 
four equivalent a bonds (a) or insertion into the one 
unique a bond (b), respectively. 

Reaction of benzvalene (I)3 in Et2O-C6H6 at 50° 

(OC)3Fe-

products 

Fe(CO)., products 

under nitrogen with a twofold excess of diiron nona
carbonyl for 4 hr followed by chromatographic separa
tion on alumina yielded hexacarbonylfulvenediiron 
(2),6 rra«5-di-M-carbonyl-dicarbonyldi-7r-cyclopentadi-
enyldiiron (3), cz's-di-ju-carbonyl-dicarbonyldi-Tr-cyclo-
pentadienyldiiron (4),8 and di-ju-carbonyl-dicarbonyldi-
7r-methylcyclopentadienyldiiron (5) of unknown con
figuration. The yield ratio of 2, 3 + 4, and 5 is 2 :1:1 
with 20 % total yield. Also a very small amount of the 
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means of nmr, 5 (ppm) 2.06 (2 H), 3.76 (2 H), 5.85 (2 H). Since pure 
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(8) Compounds 3 and 4 were obtained as a mixture by chromatog

raphy of the crude reaction mixture. The infrared spectra of trans-di-
M-carbonyl-dicarbonyldi-7r-cyclopentadienyldiiron (3), mp 150° dec, 
lit. 146° dec,9 and the cis isomer 4, mp 150° dec, lit. 146° dec,9 have 
characteristic differences in the C = O stretching frequency region of the 
infrared spectra. The cis isomer uniquely possesses bands at 1766, 
1801, 1933, and 1975 cm-1. The pure cis isomer was obtained by re
peated crystallization at — 78° from ethyl acetate. In the present study 
the structure of the cis isomer was established by a single-crystal X-ray 
analysis. The study was only carried out to a point where the structure 
was established unequivocally since a complete report on its structure 
has already been published.9 Compound S has mp 99-100°, lit.10 

98-99°. The presence of trace amounts of di-/i-carbonyl-dicarbonyl-
x-methylcyclopentadienyl-ir-cyclopentadienyldiiron was indicated by 
mass spectral analysis of a chromatographic fracton from the crude 
reaction product which contained predominantly 5. Peaks at m/e 368, 
340, 312, and 121 (CsHsFe) are indicative. Thus far this compound 
has not been isolated in crystalline form. 

H H 
C6H6-Et2O "V^—Fe(CO) 1 

1 + Fe(CO)9 * sCs. I + 

50°, 4 hr 

A /° oc\ A /° 
Fe Fe + Fe Fe + 

V 
0 

OCx X /° 
Fe Fe + 

V 
0 

<*' V 

H3C CH, 

configuration unknown 

mixed cyclopentadienyl complex di-^i-carbonyl-di-
carbonyl-7r-methylcyclopentadienyl-7r-cyclopentadien-
yldiiron was indicated by mass spectral analysis.8 

Formation of 3 and 4 involves an unprecedented loss 
of CH from the C6H6 starting material. Formation of 
5 requires a reduction step and this accounts for the 
overall stoichiometry (2C6H6 -* C5H6 + C6H7 + C). 
Complex 2 results from a 1,2-hydrogen migration for 
which ample precedent exists.11 The following mech
anistic pathway represents a working hypothesis for 
rationalization of this complex series of reactions. 

The salient feature of this mechanism is that the 
C6H6, QH7, and C5H5 products may derive from two 
different initial intermediates. Sequence 1 -*• 6 -*• 7 

H^^Fe(CO), H . . Fe(CO)1 

H L-H 

(OC)3Fe 

involves ferretane formation;2 subsequent bond re
organization in what is formally a nonallowed 2 + 2 
retrocycloaddition or an allowed 2 + 2 + 2 retrocyclo-
addition yields the carbene complex 7. 1,2-Hydrogen 
migration (7 -*• 10) is a well known reaction of car-
benes.12 The sequence 1 -*• 8 -»• 9 is basically a cyclo-
elimination of carbon preceded by hydrogen migration 
to yield 9 which has been postulated already as an inter
mediate in the formation of 3 and 4 from cyclopenta-
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diene and Fe(CO)5.13 Cycloelimination of carbon is 
observed in the decomposition of the C7 carbene of 
quadricyclane (or norbornadiene) to yield benzene.14 

The driving force in the present reaction 8 -* 9 -*• 3 + 
4 is formation of the very stable biscyclopentadienyl 
complex. We propose that 10 may act as a hydrogen 
acceptor from 9 and the reduction product dimerizes 
to yield 5. Apparently only a very small amount of 
the 7r-methylcyclopentadienyldicarbonyliron reacts with 
7r-cyclopentadienyldicarbonyliron to give the mixed 
bridged complex. 

The reason for postulating a different route for the 
formation of 2, 3 + 4, and 5 is due to the fact that 
benzobenzvalene (II)4 yields only the benzofulvene 

Fe(CO)4 

complex 1215 upon treatment with diiron nonacarbonyl 
and no 7r-indenyl complex analogous to 3, 4, or 5. 

We interpret this behavior as being due to the fact 
that formation of a a-ir allyl intermediate analogous to 
8 is impossible in the case of 11. Also relevant to this 
point is the fact that benzosemibullvalene 13 yields only 
the a-w allyl complex 14.lb 

H - ^ - Fe(CO)3 
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A New Method for the Synthesis of 
Epidithiodiketopiperazines 

Sir: 

The epidithiodiketopiperazine structure is a common 
functionality in the natural products of the gliotoxin-

sporidesmin class.1 Although a few simple epidithio
diketopiperazine derivatives have been synthesized,2 

a general method is lacking. Here we report a method 
which is expected to be generally useful for the synthesis 
of this functionality, starting from 1,4-dimethylpiper-
azine-2,5-dione-(m or ?ra/w)-3,6-dithiol la or lb.2a 'b 

Anisaldehyde reacted smoothly with the cis dithiol 
la in methylene chloride containing boron trifluoride 
etherate at room temperature, to yield the thioacetal 
23 (mp 267-268°) in 80% yield. As expected, the 
same thioacetal 2 could also be obtained from trans 
dithiol lb under the same conditions in similar yield. 
The thioacetal 2 is stable under acidic, basic, or reduc
tive conditions. 

The thioacetal 2 can be used as a protected precursor 
of the epidithiodiketopiperazine ring,4 since 2 can be 
smoothly cleaved into the epidithiodiketopiperazine 3 
and anisaldehyde in two steps: the oxidation of 2 to 
a sulfoxide with ra-chloroperbenzoic acid in methylene 
chloride at 0°, followed by acidic treatment, e.g., 
BF3-Et2O, BCl3, H2SO4, or HClO4. In the acidic 
cleavage reaction of the sulfoxide, a facile carbon-
sulfur bond fission—note the resonance stabilization 
of the carbonium ion by the /?-methoxybenzene ring— 
is obviously crucial, because the cleavage reaction does 
not take place in the thioacetals derived from formal
dehyde, acetaldehyde, or benzaldehyde (R = H, CH3, 
or C6H6 in 2). Related to this point, a smooth and 
efficient formation of 3 was observed from the di(tetra-
hydropyranyl) cis dithiol 43 (mp 164-165°) by iodine 
oxidation in methylene chloride. 

One equivalent of butyllithium in THF at —78° gen
erated the monocarbanion at the bridgehead position 
of 2.5 A large difference in the acidity of the two 
bridgehead hydrogens was observed. Namely, when 
the monocarbanion was quenched with DCl, only one 
bridgehead hydrogen was clearly replaced with deu
terium (the chemical shifts of Ha and Hb in 2 are 4.88 
and 5.03 ppm and only the signal at 4.88 ppm disap
peared). 

The monoanion was found to react smoothly with 
primary halides, acid halides, and aldehydes in THF at 
— 78°, to give the monosubstituted thioacetals 5 and a 
small amount of the disubstituted thioacetals 10. The 
monosubstituted thioacetal 5 was a single material, not 
a diastereomeric mixture, that is again attributed to the 
difference in the acidity between two bridgehead hy
drogens. 

In the following case, the identification of the more 
acidic hydrogen was possible by a chemical method. 
Namely, the diastereomeric chlorides 6a3'6 (mp 212-
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