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Summary

Under one atmosphere of CO, aluminium halides promote the carbonylation
of cyclohexadiene(tricarbonyl)iron to give 2—4-n-7-o-cycloheptenediyl-1-one-
(tricarbonyl)iron, which can be converted in good yield into the title compound.

Previous studies have shown [1, 2] that aluminium halides (AlX,) react with
cyclooctatetraene(tricarbonyl)iron (I) to give the ketonic organometallic com-
plex (1I), which affords the previously rather inaccessible tricyclic ketone,
barbaralone. The reaction has been found to be general and other polyolefin-
(tricarbonyl)iron compounds alsc react with AlX; to give polycyclic ketones [2].
Here we report the reaction of cyclohexadiene(tricarbonyl)iron (III) with
aluminium halides, resulting in a ring expansion by the formal insertion of carbon
monoxide to give 2—4-n-7-0-cycloheptenediyl-1-one(tricarbonyl)iron (IV), which
in turn, yields the new unsaturated bicyclic diketone (V). We find that the trans-
formation IIT—IV is greatly enhanced by the presence of free CO, and thus rep-
resents an efficient method of functionalization (carbonylation) of the un-
saturated hydrocarbon coordinated to a tricarbonyliron unit.

Complex III has been shown [3] to interact reversibly with AlX; (X = Cl or Br)
over a period of several hours to give the adduct (CO);CsHsFe—~ AlX;. However,
when a solution of TII containing two equivalents of AlX; is stirred under
nitrogen in CH,Cl, at room temperature for two days, complex IV is obtained in
low vield (~9%) the same reaction is carried out under one atmosphere CO, the
yield increases markedly to ~55%. The only other compound 1solated is un-
reacted starting material III. :

. Compound IV isa pa.le vellow crystallme solid (subl. 40°C, 0.001 Torr) whose
structural a551gnment * is based on IR and NMR studies including double irradia-
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** Preliminary results of an X-ray crystallographic study also confirm the structure of compound IV [4].



tlon and lanthmnde shlfbexpenments"vmax (CBH,—..), 2067vs, 2010vs, 1999vs
71650m cm"1 1HNMR '5(CgDe-TMS) 1.6m (H55 66), 2. 82s(br) (H7), 3. 59t(br)
(H4,d35,a 8Hz) 4.45¢ (H3), 5.15d ppm- (H2,d, .3 8Hz); 13C NMR §(CDCl;-TMS)
263, 34.5 (C5—C86), 56.6 (C7), 78.4, 89.0, 100.2 (C2—C4), 182.4 (C1), 201.5,
206.5 212 .1 ppm (Fe—CO). Heating 1V in benzene at near reflux temperatures
under.: Nz gives 25—30% yields of cyclohepta-2, 4—d.10ne(tr1carbonyl)mon (V1),
identified by mass, infrared and NMR specttoscopy I5]1.

L1berat10n of the orgamc fragment from 1V is accomphshed by heating at
110°C in the presence of CO (100 atm). By this method a 70% yleld of Vis ob-
tained (distills room temperature, 0.01 Torr) ¥max (CCls) 1685, 1771 cm™; 'H
NMR 5 ({CDCl1,-TMS), 1.7—2.5 mult{br) (H66 77), 3.21t(br) (H1, J, , 8Hz),
3.41d(br) (H5), 6.27d (H3), 7.46dd ppm (H2, J; 3 9Hz).
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A closer examination of the reaction I-II reveals that this conversion is also
dependent upon carbon monoxide. In our hands, the yields can be increased
from ca. 35% to at least 65% by can:ymg out the reactions under one atmosphere
of:CO. .

The aluminium halide promoted carbony latlon of I prov1des a convement
route to the bieyelic compound V, and suggests that related reactions may pro-
vide ah entry into other polycyclic ketones. The enhancement of the reactions
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by CO suggests that the carbony! insertion via a ¢-bonded organometallic inter-
mediate takes place [6, 7]. Investigation of the mechanism of the reaction and
studies of analogous reactions of Lewis acids with other organometallic sub-
strates are currently in progress.
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