Chemoselectivity and enantiocontrol in catalytic intramolecular metal carbene
reactions of diazo acetates linked to reactive functional groups by

naphthalene-1,8-dimethanol

Michael P. Doyle* Doina G. Ene, David C. Forbes and Thomas H. Pillow

Department of Chemistry, University of Arizona, Tucson, Arizona, USA. E-mail: mdoyle@u.arizona.edu

Received (in Corvallis, OR, USA) 3rd June 1999, Accepted 14th July 1999

The use of chiral dirhodium(11) carboxamidate catalysts for
metal carbene transformations of diazo acetates linked to a
reactive functionality through naphthalene-1,8-dimethanol
produces chemoselective and enantioselective reaction ei-
ther at the remote functionality or by addition to the
1,2-position of the naphthalene ring; enantioselectivities up
to 84% ee have been obtained for the Biichner reaction.

Considerable mechanistic and synthetic interest has been
directed recently to the Blichner reaction.12 Catalytic intra-
molecular cycloaddition has been pursued with vigor since
dirhodium(mr) catalysts were employed,34 but there have been
few reports that provided evaluation of the Biichner reactionin
competitive processes56 Similarly, only two reports have
documented enantiocontrol in this transformation from the use
of chira catalysts.37 In our ongoing investigations of enantio-
control in catalytic intramolecular metal carbene transforma-
tions, we have discovered two reacting systems that offer
catalyst-controlled chemoselectivity and the highest levels of
enantiocontrol yet achieved in aromatic cycloaddition reac-
tions,

We investigated the influence of catalyst on the partitioning
of the metal carbene derived from 1 between products 2 and 3.
The diazo acetate linked to a propargyl group through a
naphthalene-1,8-dimethanol (1) was prepared by standard
methodsin good overall yield. Consistent with recently reported
results for macrocyclic cyclopropenation,8 treatment of 1 with
Rh,(OAc), produced macrocyclic cyclopropene 2 in 69%
isolated yield. However, the application of chiral catalysts to
this system resulted not only in 2 but also in the aromatic
cycloaddition product 3. Indeed, use of Rhy(4R-MEOX), gave
3 in 66% overal yield and in 73% ee. The norcaradiene
structure for 3 was confirmed spectrally and is consistent with
results obtained with a structurally analogous diazo ketone.®
Results obtained with a representative selection of chiral
catalysts are presented in Table 1.

Asisevident in these data, the catalyst has a definite but, in
this system, unpredictable influence on chemoselectivity. The
selectivity achieved with chiral dirhodium(ir) carboxamidate
catalysts is not uniform. Also, since reactivity of the catalysts
generally finds CuPFs—4 to be comparable to Rhy(STBPRO),,
with both of them much more reactive than the chiral
dirhodium(r) carboxamidates, chemoselectivity appears to
respond here to a subtle combination of electronic and steric
effects. In any case, proper choice of catalyst allows the
selection of either 2 or 3.

The competition between ylide formation and aromatic
cycloaddition was also evaluated. By investigating the design
potential of the naphthalene-1,8-dimethanol linker for ylide
formation—{2,3]-sigmatropic rearrangement,1© we discovered
similar results to those reported in Table 1. The synthesis of 5
was accomplished in good yield. Treatment with Rhy(S
TBPRO), caused the sole production of [2,3]-sigmatropic
rearrangement (Scheme 1) product 7 in 82% yield (6% e€).11 In
contrast, use of Rh(4SMEOX), gave aromatic cycloaddition
product 8 exclusively in 55% isolated yield (84% ee€). The use
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of CuPFs—4 gave a 20:80 mixture of 7 (44% ee) and 8 (76%
€e).

To determine the effectiveness of these catalysts for aromatic
cycloaddition on the basic naphthalene system, 9 was treated
with aselection of catalysts from Table 1. Aromatic cycloaddi-
tion product 10 was produced’? in high isolated yield in each
case (% 10, % ee): Rhy(4R-MEOX), (76% vyield, 56% ee€);
Rhy(5SMEPY), (72% yield, 42% ee); Rh,(4SIBAZ), (87%
yield, 81% ee); Cu(MeCN)4PFs—4 (83% yield, 42% ee). Thus,

Table 1 Products from catalytic diazo decomposition of 12

Relativeyield (%) Ee (%)
|solated

Catalyst yield (%)° 2 3 2 3

Rh,(OAC), 69 100 0 — —
Rhy(4R-MEOX), 66 0 100 — 73
Rhy(5SMEPY), 74 54 46 62 10
Rhy(4SMPPIM), 74 83 17 15 —
Rh,(4S1BAZ), 74 68 32 51 65
Cu(MeCN),PFs—4 72 14 86 — 59
Rhy(STBPRO), 72 98 2 11 —

a Reactions were performed in refluxing CH.Cl, using 1.0 mol%
catalyst. P Yield of 2 + 3 after chromatography.
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in this case, Rhy(4S1BAZ), is superior even to Rhy(MEOX)4
catalysts for highly enantioselective aromatic cycloaddition.
The composite of results demonstrates that the more reactive
catalysts favor reactions that occur at remote functional groups
rather than at the nearby naphthalene. This selectivity character-
izes akyne addition and ylide formation and should also be
evident in other addition and association reactions. Fur-
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thermore, the enantiomeric excess for aromatic cycloadditionin
these naphthalene systems is the highest yet reported.
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