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Summary: A procedure.is reported for the synthesis of
tetrahydrofuran esters based on a formal [3 + 2]-cy-
cloaddition reaction of allyl(cyclopentadienyl)iron(II)
dicarbony! with carbonyl compounds.

The [3 + 2]-cycloaddition reaction of allylmetal com-
plexes with activated double bond compounds has proven
to be an attractive method for forming carbocyclic and
heterocyclic rings.!?2 However, this methodology has
seldom been applied to the synthesis of five-membered
oxygen rings® (eq 1), in contrast to the analogous [4 +
- A
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2]-cycloaddition (hetero Diels-Alder) reaction of 1,3-dienes
with carbonyl compounds which has received considerable
attention for the synthesis of pyrans (eq 2).# Tetrahy-
drofurans constitute an important class of heterocyclic
compounds because of their widespread occurrence within

Meta!
0 [3+2]

® Abstract published in Advance ACS Abstracts, October 15, 1993.

(1) (a) Danheiser, R. L.; Dixon, B. R.; Gleason, R. W. J. Org. Chem.
1992, 57, 6094. (b) Trost, B. M.; Seoane, P.; Mignani, S.; Acemoglu, M.
J.Am. Chem. Soc. 1989, 111,7487. (c) Herndon,J. W.J. Am. Chem. Soc.
1987, 109, 3165. Herndon, J. W.; Wy, C. Synlett 1990, 1, 411. Herndon,
J. W.; Wu, C. Tetrahedron Lett. 1989, 30, 5745. Herndon, J. W.; Wy, C.
Tetrahedron Lett. 1989, 30,6461, (d) Knolker, H.-J.;Jones, P. G.; Pannek,
J.-B. Synlett 1990, 1, 429.

(2) For examples of related [3 + 2] annulations involving allenylmetal
reagents, see: Danheiser, R. L.; Takahashi, T.; Bertok, R.; Dixon, B. R.
Tetrahedron Lett. 1993, 34, 3845. Becker, D. A.; Danheiser,R. L.J. Am.
Chem. Soc. 1989, 111,389. Danheiser, R. L.; Fink, D. M.; Tsai, Y.-M. Org.
Synth. 1988, 66, 8. Danheiser, R. L.; Becker, D. A. Heterocycles 1987,
25, 277. Danheiser, R. L.; Fink, D. M. Tetrahedron Lett. 1985, 26, 2513.
Danbheiser, R. L.; Kwasigroch, C. A.; Tsai, Y.-M. J. Am. Chem. Soc. 1985,
107, 7238. Danheiser, R. L.; Carini, D. J.; Fink, D. M.; Basak, A.
Tetrahedron 1983, 39, 935. Danheiser, R. L.; Carini, D. J.; Basak, A. J.
Am. Chem, Soc. 1981, 103, 1604.

(3) (a) Panek, d. S.; Yang, M. J. Am. Chem. Soc. 1991, 113, 9868. (b)
Danheiser, R. L.; Stoner, E. J.; Koyama, H.; Yamashita, D. S.; Klade, C.
A.J.Am.Chem. Soc. 1989, 111,4407. (c) van der Louw, J.; van der Baan,
J. L.; Stichter, H.; Otto, G. J. J.; Bickelhaupt, F.; Klumpp, G. W.
Tetrahedron Lett. 1988, 3579. (d) Trost, B. M. Angew. Chem., Int. Ed.
Engl. 1986, 25, 1.

(4) Boger, D. L.; Weinreb, S. M. Hetero Diels- Alder Methodology in
Organic Synthesis; Wasserman, H. H., Ed.; Academic Press: New York,
1987; Chapter 4.

(5) For a review, see: Lipshutz, B. H. Chem. Rev. 1986, 86, 795.

(6) (a) Donnelly, D. M. X.; Meegan, M. J. In Comprehensive Het~
erocyclic Chemistry; Katritzky, A. R., Rees, C. W., Eds.; Pergamon Press:
New York, 1984; Vol. 3, p 705. (b) Westley, J. W. Polyether Antibiotics:
Naturally Occurring Acid Ionophores; Marcel Dekker: New York, 1982;
Vols. 1 and 2. (c) Wierenga, W. In The Total Synthesis of Natural
Products; Ap Simon, J., Ed.; Wiley: New York, 1981; Vol. 4, p 263. (d)
O’Hagan, D. Nat. Prod. Rep. 1989, 6, 205. (e) Hilgenfeld, R.; Saenger,
W. Top. Curr. Chem. 1982, 101, 1.

the structures of many natural products and pharmaceu-
tical agents as well as for their utility as building blocks

" for synthesis.>7 In this paper, we describe a procedure

for the synthesis of tetrahydrofurans based on a formal [3
+ 2]-cyclization reaction between allyl(cyclopentadienyl)-
iron(II) dicarbony! (1)® and carbonyl compounds.

Over the past 30 years, o-complex 1 and its derivatives
have been studied extensively in reactions with a wide
variety of organic and inorganic electrophiles.? Additions
of 1 to multiple bond compounds X=Y result in the
formation of a zwitterionic w-complex 2, which sponta-
neously cyclizes to a cycloadduct 3 (Scheme I). Numerous
types of activated double bonds have been shown to
participate in these allyliron [3 + 2] cycloadditions,
including those where X=Y is C=C, C==N, C=S8, §=0,
and S=N. However, the carbonyl group has remained
conspicuously absent from this list, with perfluoroacetone
being the only carbonyl compound known to react with
reagent 1 to give a tetrahydrofuran adduct.!? In order to
direct this cycloaddition chemistry toward the synthesis
of furans (and related heterocycles), we set out to develop
a general procedure which would enable unactivated
carbonyl compounds to react efficiently with allyl(cyclo-
pentadienyl)iron dicarbonyl complexes. Earlier we re-
ported that stoichiometric amounts of BFs;~etherate can
be used to promote the addition of o-complex 1 to
aldehydes!! and ketones,!2 giving iron—olefin r-complexes
4 as isolable yellow precipitates. However, all attempts
to convert these acyclic adducts of furans 5 proved
unsuccessful, and led instead to extensive demetalation
of the r-complex.

Upon further investigation, we have found that r-ad-
ducts 4 can be converted in good overall yield to furan
esters 6 using a stepwise cyclization-CO insertion pro-
cedure (Scheme II). To demonstrate this methodology,
we examined a number of iron—olefin complexes 4 which
were prepared from aldehydes or ketones using our
previously described BF3-promoted allylation procedure.1?
The cyclization reactions are readily effected by adding
1 equiv of K*-OtBu!! to the w-complex in CH;Cl; at -20
°C. The progress of the reaction can be monitored
spectroscopically by observing the disappearance of the
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Table I. [3 + 2] Cycloadditions of Allyl(cyclopentadienyl)iron Dicarbonyl with Carbonyl Compounds
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twin CO infrared stretching bands at 2070 and 2030 cm™! of the difficulty in handling the somewhat sensitive

for #-complex 4 and the appearance of new signals at 2000
and 1945 cm-1 corresponding toiron o-complex 5. Because

(13) The allylation procedures!!? we reported earlier for the prepa-
ration of homoallylic alcohols utilized an excess of the allyliron reagent
and Lewis acid. Thus, the yields of homoallylic alcohols obtained from
these additions were based on the amount of the starting carbonyl
compound. Inthepresent procedure,an excess of the carbonyl compound
is used in order to obtain x-adducts 4 which are not contaminated with
large amounts of an allyliron-Lewis acid coprecipitate. Consequently,
the yields for the x-adducts shown in the table are based on the amount
of allyliron complex 1.

cycloadducts, the crude reaction mixture is treated with
a methanolic solution of ceric ammonium nitrate under
an atmosphere of CO to transform iron furan 5 to furan
ester 6. The combined yields for this cyclization-CO
insertion procedure are 40-45% for iron—olefin complexes
derived from aldehydes, while the yields are around 20%
for the complexes prepared from ketones (Table I).

(14) Tetrabutylammonium fluoride, (dimethylamino)pyridine, and
sodium methoxide were also effective at promoting the cyclization.
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Scheme I1

Insummary, anew [3 + 2]-cycloaddition route to furans
has been described which is based on the BF3-promoted
reaction of allyl(cyclopentadienyl)iron(II) dicarbonyl with

(15) The following experimental procedure is representative. Prep-
aration of iron-olefin x-complex: A freshly-prepared? solution of 1 (14
mmol) in 50 mL of Et;0 is added to a stirred mixture of benzaldehyde
(3.78 g, 42 mmol) and BF3-Et;0 (1.72 mL, 14 mmol) in 100 mL of Et,0
at 0 °C. The mixture is stirred at 0 °C for 3 h, and the yellow precipitate
is collected by filtration under an Ar atmosphere, washed with anhydrous
Et,0 (150 mL), and dried in vacuo to afford 4.21 g (80%) of the iron—~
olefin x-complex. Cyclization—CO insertion reactions of x-complexes:
A mixture of the »-complex (188 mg, 0.50 mmol) and KOtBu (62 mg, 0.556
mmol) in 10 mL of CH;Cl, is cooled to -20 °C, and acetone (1 mL) is
added with stirring. The mixture is allowed to stir at -20 °C for 12 h and
is then added dropwise to a solution of ceric ammonium nitrate (1.37 g,
2.5 mmol) in 10 mL of anhydrous CH;0H at =78 °C over a 0.5-h period.
Stirring is continued for 30 min, and the solution is warmed to room
temperature and then evaporated in vacuo. The crude product mixture
is purified by silica gel flash chromatography, eluting first with CH;Cl;
and then with 2% acetone/CH;Clz, to provide 46 mg (45%) of the furan
esters as a 1.5:1 mixture of diastereomers.

Ce(NH,)2(NO3)g CHy0
CO, CHyOH R

aldehydes and ketones. Further work is currently in
progress to improve the efficiency and stereoselectivity of
the cycloaddition process, and to apply this methodology
to the synthesis of other heterocyclic ring systems.
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