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Abstract: Treatment of pentadienol-Fe(CO)3 complexes, having alkene functionality in the side
chain, with boron trifiuoride, resuits in a stereospecific cyclization by reaction of the aikene with a
stabilized carbocation intermediate; the stereochemical outcome was confirmed by X-ray structure
determination of one of the products. © 1998 Elsevier Science Ltd. All rights reserved.

Acyclic pentadienyl iron tricarbonyl cations, of general structure 1 (Scheme 1), are known to undergo
rcactions with a wide variety of nucleophiles and methodology for carbon- carbon bond formation has bcen
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with this mechanism is the observation that the ¥-exo complex 3 (DNB = dinitrobenzoate) reacts more rapidly
than the ¥-endo complex §, since the latter must nrnoeed thrmmh_ a Ugg"_,.“ny more ggng@sggd transition state
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This reactivity has been utilized for stereospecific carbon-carbon bond formation by using activated
alkenes, such as allylsilanes as nucleophiles,? and it has also been shown to allow cyclization by intramolecular
reactions with oxygen- and sulfur-based nucleophiles.4 We reasoned that the latter intramolecular version might
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be useful for carbon-carbon bond construction, thereby allowing a useful approach for annulation, by using an
aikene in piace of the heteroatom nucleophile. This Letter describes our initiai findings that indicate the potential
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of this protocol with simple unactivated alkene side chains. We also observe s
to be the result of tight ion pair formation.

Diastereomeric (1,7,9-undecatrienol)iron tricarbonyl complexes were prepared by Grignard addition to
(2,4-hexadienal)iron tricarbony! (7), a known complex. The diastereomers have strikingly different R¢ values on
silica gel, as previously observed for simpler analogs 4 and 6.5 Flash chromatography separation gave pure 8
and 9 in 61% and 38% yields, respectively. In its preferred conformation, the exposed hydroxy group of the V-
exo diastereomer would account for its polar behavior, while the unusual non-polar character of ¥-endo
diastereomer is in agreement with its stereochemistry with a stericaily shielded hydroxy group. The assignment
of ¥-exo stereochemistry to the more polar diastereomer for the simple dienol complex 4 has been confirmed by
X-ray crystallography.® Therefore, the relative stereochemistry of the major product 8 of Grignard addition was
ed as 6S.7R {\U_pndn'\ and that of the minor nroduct 9 as 6R 7D V- pvn\_ The formation of the W-endo

10
A g AA \ndg i AN TWAIULJy QUG MG Vi WV LILIVE PIVUULL S GO Uy 23w AVAIMRWVIE Vi Miw A4 Twiiuy

grce:mf-nf with results of Ho..«:l! and Grée for MeMgl addition to

aldehvde 7 7 It should be noted that, fo e simpler case of (3,5-heptadienol)iron tricarbonyl, it has been shown
that the major (¥-endo) dxastereomc can be converted to the minor one (¥'-exo) by treatment with
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resulted in the formation of two chromatographically separable fluorides, 10 and 11, in 359’ a_nd 57% yields,

respectively. The structures of 10 and 11 as six-membered carbocyc
NMR spectra, which clearly exhibited signals of CHF fragments (doublets at 89.07 and 91.52 ppm,
respectively). Due to the steric bulk of the dieneiron tricarbonyl moiety, both epimeric fluorides should exist in a
locked chair conformation with the (diene)Fe(CO)3 being in an equatorial orientation. The IH NMR spectrum of
11 shows the CHF resonance as a dtt with Jgg = 10.6 (t), 4.5 Hz (t), characteristic of an axial hydrogen.
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the cnrreenanding enectral data far 10 are characterictic of a cvelohexane derivative with an axial fluorine
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substituent (4.84 ppm, dtt, Jyg =4, 2 Hz in 'H NMR, and -182.6 ppm, dt in 19F NMR). It should be noted

that only one diastereomer of each fluoride was formed during this reaction. The stereochemistry at C3 was
therefore assumed to correspond to that of C6 of the starting alcohol (i.e., the result of net retention of
configuration, as is usual with these systems). This was confirmed by X-ray crystal structure determination on
the product 11 (Figure 1).10

Fe(CO), BF. OFt Fe(CO), Fe(CO)4q
N e N - N
. ~ HClz e =N
12 F 27:1) 13

Cyclization of ¥-endo alcohol 8 under the same conditions (BF3-OEtp, CH2Cl, -78 °C to rt) resulted in
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the formation of cyclohexyl fluoride complexes 12 and 13 in 89% yield, as an inseparable mixture (2.7:1 ratio).

Formanon of the ¢ clohexyl ﬂuorlde derivatives can be explained by Lewis acid (BF3-OEt2) induced
ith

7

v , TES 1 the product of
forma] nuclc()phlhc. subsntunon w1th net retention of conﬁ guratlon at the position a- to the dlenelmn tricarbonyl.
Reaction of the resulting cyclohexyl cation 15 with [BF3OH]- (or BF3) as a source of external nucleophile
results in the formation of fluorides. To our knowledge, this is the first example of intramolecular cationic
carbocyclization of pentadienyliron tricarbonyl complexes with a pendant olefin. Formation of a six-, rather than

a five-membered ring can be rationalized in terms of greater stability of secondary vs. primary cation.
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produced. Use of a large excess of azldomm.,thylsil..nc (10 cquiv TMSN3, 3 equiv. BF3-QFEty) vielded azide
16 in only 8% yield, with fluorides 10 and 11 still being the major products. This result can be attnbuted to the

formation of tight ion pairs during the ionization and cyc,hzauon process, followed by rapid return of the fluoride
from [HOBF3]- to the product cation, which requires ion pair separation before interception by azide can occur.

Fe(CO), N,
BF,-OEt, | R
9 TMSN, J _\m-- + 10+ 1
CH,Cl,
16 (8%)
Figure 1. X-Ray structure of 11
(hydrogens omitted for clarity)
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and fluorides 12 and ). acet e
equatorial functional groups (Juy = 11, 4 3 Hz for H l of 17 and 10 5 4 Hz for H 1 of 18). Thus, the
presence of iron tricarbonyl controls stereochemistry at both C3 and C1 of the resulting cyclohexanol
derivatives. In this case ion pair separation is facilitated by solvent (EtOAc) which then adds to the product
cyclohexyl cation to give an orthoester derivative, eventually leading to both 17 and 18. (A control experiment,
in which 10 equiv. of water was added to the reaction mixture, led to complete suppression of the cyclization,
indicating that orthoester derivative breakdown most likely leads to both the acetate and alcohol products).
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+ J +

17 (37%) 18 (23%) 19 (15%total) 20 (18%)
In summary, a novel stereocontrolled, achimerically assisted cation cyclization of diene-Fe(CO)3
complexes, having alkene side chains, has been developed. Future investigations will expiore the scope of this

process, d.l'l(l llb pOICIl[ldl dppllLdIlOﬂb in 5ymncslb
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