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We wish to report the first preparation of unpro­
tected 1,3,5,7,9-pentacarbonyl compounds. Penta-
ketone 3 has been prepared by two-stage benzoylation 
of 2,4,6-heptanetrione (4). Triketone 4 was treated 
with 5 equiv of lithium diisopropylamide followed by 
3 equiv of methyl benzoate and then the sequence was 
repeated. The reaction gave pentaketone 3 as yellow 
plates, mp 67-68.5° (ethanol), in 20% yield.5 The 
nmr spectrum indicated that 3 existed as a mixture of 
tautomers in which bis- and tris(enol) forms predom­
inated. The reaction proceeded via tetraketone 5, 
mp 59-60° (ethanol),5 which was isolated in 19% yield 
from treatment of triketone 4 with 3 equiv of lithium 
diisopropylamide followed by 1 equiv of methyl ben­
zoate.6 
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The availability of tetraketone 5, which is the first 
one with an aliphatic terminus to be prepared, made 
the synthesis of tetraketo acid 6 practicable. Treat­
ment of tetraketone 5 with excess lithium diisopropyl­
amide gave a deep red solution (presumably tetranion 
7) into which carbon dioxide was introduced. Tetra­
keto acid 6, mp 76-77° (chloroform-hexane), was ob­
tained in 56% yield.6 The nmr spectrum of 6 indi­
cated that the compound existed as a mixture of tau­
tomers in which 8 predominated. 
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Acid 6 underwent an aldol-type cyclization in aqueous 
sodium bicarbonate to give 84 % acid 9a, mp 113-113.5 ° 
dec,6 which cyclized rapidly in trifluoroacetic acid and 
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(5) Combustion analysis within 0.3% of theory. Ir, uv, nmr, and 
mass spectra in full agreement with the proposed structure. 

(6) The compound was not sufficiently stable to permit elemental 
analysis and the parent ion was not observed in the mass spectrum. 
All other spectral data were consistent with the structural assignment. 

slowly without exogenous catalysis to the coumarin 10, 
mp 269-272° dec.6 Treatment of 6 with 1 M aqueous 
potassium hydroxide gave 28% 9a plus 67% of a sec­
ond aldol product, 11, mp 147-148 °.6 The methyl 
ester of 6, mp 51-52° (ether-hexane)5 (prepared from 
6 and diazomethane), gave aldol-type products 9a,b, 10, 
11, and 12; Claisen-type cyclization products 13 and 
14 were not observed. An additional cyclization of 6 
occurred in acetic anhydride; pyrone 15, mp 150-154.5° 
dec (acetone-hexane),6 was obtained in 71 % yield. 

The aldol cyclization products 10 and 11 are struc­
turally related to the polyketide natural products, kota-
nin7 and curvulinic acid.8 We are currently seeking 
additional cyclization products of 6 and studying the 
factors controlling these cyclizations. 
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A New C8H8Fe(CO)3 Complex. The Reaction between 
Semibullvalene and Diiron Nonacarbonyl 

Sir: 
A number of interesting monocyclic C8H8 iron car-

bonyl complexes are known.12 We report now the 
first example of such a complex in which the C8H8 part 
exists in the bicyclo[3.2.1]octyl form. 

Reaction of 1.0 mmol of semibullvalene (I)3 with 2.6 
mmol of Fe2(CO)9 at reflux in benzene for 1 hr under ni­
trogen gives a green liquid C8H8Fe(CO)3 complex 2 in 
70 % yield which could be purified by repeated bulb-to-
bulb distillation (60° (0.25 mm)). 

io ii \ _ y 
+ Fe2(CO)9 

Fe(CO)3 

The structure of 2 is based upon its composition: 
the mass spectrum showed a parent molecular ion, m/e 
244 (2.5%), M - CO, m/e 216 (25%), M - 2CO, m/e 
188 (35 %), m/e 134 (100 %), C8H8, m/e 104 (65 %); the in­
frared spectrum showed C=O absorption at 1975, 
2035, and 2070 cm-1; the uncomplexed C=C olefinic 
absorption appeared at 1570 cm-1. (Anal. Calcdfor 

(1) For a review, see: E. O. Fischer and H. Werner in "Metal 
ir-Complexes," Vol. 1, Elsevier, New York, N. Y., 1966, pp 119-133. 

(2) M. A. Bennett, Advan. Organometal. Chem., 4, 375 (1966). 
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(a) L. A. Paquette, / . Amer. Chem. Soc., 92, 5766 (1970); (b) R. Askani, 
Tetrahedron Lett., 38, 3349 (1970); (c) R. M. Moriarty, C-L. Yeh, and 
N. Ishibe, / . Amer. Chem. Soc, 93, 3085 (1971). 
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Figure 1. Nmr spectrum, 60 MHz, of C8H8Fe(CO)3 (2) in solution 
in CDCl3. 

C8H8Fe(CO)3: C, 54.09; H, 3.28. Found: C, 54.06; 
H, 3.37.) Catalytic hydrogenation caused smooth re­
duction of this bond to yield the dihydro derivative. 

The nmr spectrum of 2 (Figure 1) provides convincing 
evidence for the proposed structure and excludes 3 or 4 
as possibilities. The spectra at 60, 90, and 220 MHz 
were only interpretable on the basis of the presence of a 
plane of symmetry within the molecule. This was re­
flected in a pairwise equivalence of the vinylic, bridge­
head, and outer protons of the x-allylic system. Table 
I presents the spectral parameters. The C8 proton 

Table I. Nmr Parameters for C8H8Fe(CO)3 (2)° 
H8. 

Chemical shift, ppm6 

H1 = H6 = 3.10 
H2 = H4 = 4.70 
H3 = 4.30 
H6 = H7 = 6.30 
H8 = 0.60 

Coupling constants,0 Hz 

Ji- 2 — Ji-o — 5 . 5 
Ji-a — Jo-s = 6.3 
•A-7 = ^5-6 = 1 . 5 
Jl-t = / 8 -4 = 1 . 4 
73_2 = y3_4 = 6.1 
•/3-i — -/3-5 = 1.2 
Jl-o — Jo-I = 1 . 1 

" No change in the spectrum was observed from —60 to 120°. 
b Determined at 60,90, and 220 MHz and relative to TMS. " Cou­
pling constants were determined by spin decoupling at 90 MHz. 

bonded to the carbon bearing the iron is expectedly 
highly shielded occurring at 0.6 ppm. All the other 
chemical shifts are normal.4,6 The vicinal coupling 
constant /i_8 is rather large and probably indicates a 
bending of the iron toward the allylic system with a con­
comitant contraction of the CHi-CH8 dihedral angle. 
All the other vicinal coupling constants are as expected. 
The long-range coupling /2-s and /4-s of 1.4 Hz and the 
absence of coupling between H6 and H8 and H7 and H8 is 
important in confirming structure 2. 

Structure 4, which is known in the case of C8H8-Os-
(CO)3,

6'7 possesses the correct symmetry but must be ex-
(4) R. Aumann, Angew. Chem., 83, 175 (1971). 
(5) R. Aumann, ibid., 83, 176 (1971). 

eluded on the basis of chemical shifts and coupling 
constants. The lowest field proton in the spectrum of 
2 (Figure 1) would have to correspond to the olefinic 
proton Ha in 4 and should appear as a doublet of dou­
blets coupled to Hd to the extent of about 4.5 Hz and to 
Hb with a value larger than 6 Hz. This is clearly not the 
case. The olefinic protons in 2 are equivalent and are 
not mutually spin coupled. They are not coupled to 
the high-field proton and only couple with the bridge­
head protons. 

The bonding suggested for 2 involves a x-allyl com­
ponent and a a component to the Fe(CO)3 unit. This 
type of bonding has been proposed to exist in the bull-
valene-bis(tricarbonyliron) complex,4 tetracyclo[4.4.0.-
0".02' 10]deca-3,8-diene-bis(tricarbonyliron) complex,6 

and isobullvalene-bis(tricarbonyliron) complex.89 

Formation of complex 2 is reminiscent of the reaction 
of Fe2(CO)9 with bullvalene recently reported by Au­
mann.4 An analogous reaction in the case of semibull-
valene would yield 3, but this compound was not iso­
lated. 

The mechanism for formation of 2 may involve a sim­
ple oxidative cleavage of one of the two equivalent a 
bonds (a or b) of the cyclopropyl group in 1. Cleavage 
of bond c yields 3. 

a or b 
- * 2 

Fe(CO)3 

y, ,Fe(CO)3 
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