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A common characteristic of carbenes and metal-carbene il ; " Ar=CH,
complexes is their propensity to undergo insertion reactions into A A= 4.CH.OCH, Py
O—H, N—H, and C-H bonds! Several forms of intramolecular , Fe(CO,CP "
C—H insertions, including enantioselective versions, have been d sPh A 6%
developed for the construction, most importantly, of cyclopentanes L Si(CHg)s L7 SiCHa
and five-membered heterocycles. The importance of these reac- H H
tions is reflected by their widespread use in synthesis. H TSP H
We have reported the use aff{cyclopentadienyl)(dicarbonyl)- e [ 1, [ g 70%
iron-carbene complexes, [85)(CORpFe=CHR]" X, in intra- a Ar H ' Ar=CH,
molecular C-H insertion reaction3?and we have employed these F T 4.CH.OCH Py
reactions in natural product synthedes.few related reactions , Fe(COCp o S
of iron complexes have been reported by other workelswever, gt /&:"/{S: /&;Da 50%
a detailed understanding of the stereochemistry of these reactions --"'C*Ha “/CHy
is needed before more elaborate applications are pursued. We H Eo 00 H
now report our studies of key stereochemical features of iron- H$%spn " H
carbene insertions. he [ [ [ e 56%
Useful scaffolds for these reactions are obtained by copper- n~ CDs W :
promoted 1,4-addition of Grignard reagents to cyclohexenone y felGOkCr WD
followed by enolate alkylation with thiocarbene complék i N Ha 70%
(Scheme 15.S-Methylation of the thioalkyliron derivativezwith g CHa B "CHg
Scheme 1 ? HI i;Feg?h)sz Wy
. P .
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Cp(CO),Fe*=CHSPh PFg™ (1) H 2 N Ph L)
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trimethyloxonium tetrafluoroborat@nd loss of thioanisole gener-
ate carbene complex8sintramolecular G-H insertion produces
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Table 1. Stereochemical Probes of Intramolecular Iron-Carbene

C—H Insertion Reactions

a Substrates and products were racemic unless otherwise indicated.
b Products were formed as one major diastereorae9006) unless
otherwise indicated’ Substrate and product were obtained stereose-
lectively in the major enantiomeric form showh~5—10% of dia-
stereomeric product detected BZ NMR; see footnote 8.

fused cyclopentanes We have chosen several side chains (Table
1) to probe the stereochemical outcome of the cyclization.

The observation that a simple alkyl side chain (entry a) results
in the formation of a mixture of diastereomers, whereas more
sterically demanding (and perhaps electronically perturbing)
2-arylethyl (entries b and c) and 3-(trimethylsilyl)propy! (entry
d) side chains occur with high diastereoselectiigyimportant
in planning applications of this procedure, but this observation is

(6) (@) Knors, C.; Kuo, G.-H.; Lauher, J. W.; Eigenbrot, C.; Helquist, P.
Organometallicsl987 6, 988—-995. (b) Knors, C.; Helquist, FOrganomet.
Synth.1988 4, 205-209.

(7) Meerwein, HOrganic SyntheseB8aumgarten, H. E., Ed.; Wiley: New
York, 1973; Collect. Vol. V, pp 10961103.

(8) Stereoisomeric compositions were determinedyand *C NMR
having lower limits of detection of minor isomers ef5—10%. Several
stereochemical assignments are based upon nOe studies. Details are in the
Supporting Information. The structure ¢fb was confirmed by X-ray
diffraction. In entries g and h of Table 1, small amounts§—10%) of the
diastereomeric producth and 4g were detected by*C NMR.; they were
likely due to non-diastereomerically pure precursors rather than actual
crossover during the insertion reactions. The locations of the isotopic labels
in products4i—| were determined by comparisonf and*3C NMR spectra
of these compounds and their separately prepared, non-deuterated counterparts.
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not particularly revealing with respect to more subtle, mechanisti- each case. In entry f, tipmethoxyphenyl substituent may have
cally related, stereochemical aspects of this reaction. More been anticipated to provide extra stabilization and therefore a
informative are the results obtained with substrates having two longer lifetime for a carbocationic intermediate that again could

different substituents at the insertion sites. Substragesnd 2f

have undergone bond rotation, leading to a mixture of diastere-

were prepared with the depicted absolute configurations (entriesomeric products? but the reaction was highly diastereoselective.

e and f)? Subsequent insertion reactions gave stereoisoders
and 4f as the major cyclization products with90% diastereo-

In entry d,S-silicon stabilization of a carbocationic intermediate
and subsequent elimination of the silyl group may have been

selectivity® Entries g and h serve as especially sensitive probes expected to generate an alkene side product, which was not seen.

of stereochemistry whereby the gtind CLy groups have

The tentative estimate of a primary kinetic isotope effect of

essentially identical steric requirements but yet the isotopically approximately 2.7 is in good agreement with values that are most
diastereomeric substrateXy and 2h give the diastereomeric  typically in the range 1.64.2 for related insertion reactions of
products4g and4h, respectively, with~90% stereoselectivit§. carbene¥&cdfgii gnd in the range 1:23.1 for metal-catalyzed
The deuterium-labeled substrates in entries i through | serve asinsertions of diazo compounds or reactions of preformed metal-
probes of the origin of the participating hydrogen atom and its carbene complexég:ht In some cases of stepwise radical
location in the insertion products. pathways, larger values have been reported for carbene insélions.
Deuterium-labeled& was prepared (eq 1) as a preliminary probe The relatively small kinetic isotope effect seen in the present work
of primary kinetic isotope effects. Cyclization followed by base- suggests only a modest extent of nett€ bond breaking in the
catalyzed equilibration aofis andtrans products gavé and7 in transition state. More rigorous studies will be necessary before
a ratio of approximately 2.7:1 (eq ®This internal competition drawing firmer conclusions.
experiment suggests a primary isotope effect of this magnitude. Intramolecular G-H insertion reactions of iron-carbene com-
This value must be regarded cautiously as a tentative estimateplexes provide a highly stereoselective route to cyclopentanes.
due to possible stereochemical complications of preparing a The results of this study will permit applications in synthesis for
substrate5 having three stereogenic centers without a good which a given stereochemical outcome can be planned with a
measure or good control of the actual diastereomeric composition.high level of confidence. Attractive further goals are to develop

more cost-effective catalytic reactions, even though iron is inex-
Fe(CO)2Cp
Hal
Ph P Ph

pensive, and to develop asymmetric versions of these reactions.
5
(1) (CHa)sO BF,

CHClp, 0-25°C

(1) PhCD,CH,MgBr
CuBr-SMep, TMSCI
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A stepwise pathway involving an internal hydride transfer to
form a carbocation intermedia@eappears to be untenable due to
the expected rapid carbetcarbon single bond rotation that would
produce a mixture of diastereomeric products (Scheme 3). In th
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cases of entries g and h, these rotations would have led to mixture
of products4g and 4h having essentially equal stabilities, but
these products were obtained witf90% diastereoselectivity in




