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NMR STUDIES OF THE GOLD(I)-CATALYZFD ASYMMETRIC ALDOL REACTION OF ISOCYANOACETATE
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Summary: A ferrocenylphosphine-silver-isocyanoacetate complex was_inyestigated as a model
compound for catalytic species in gold-catalyzed aldol reaction. ~H{"H} NOE studies of
the silver complex indicated that terminal amino group of pendant side chain of the ferro-
cenylphosphine ligand is located close to active hydrogens of isocyanoacetate coordinated.
We have previously reported the gold-catalyzed asymmetric aldol reaction of isocyano-
acetates with aldehydes (Scheme I)1 and related asymmetric reactions.? It was proposed
that the terminal amino group of pendant side chain of ferrocenylphosphine ligand (1)
participates in the formation of enolate of the isocyanoacetate coordinated with gold and
the participation permits a favorable arrangement of enolate and aldehyde on the gold at
the stereodifferentiating transition state to bring about high stereoselectivity (transi-
tion state A).la_C Here we wish to report our NMR studies which support the participation

of the terminal amino group.
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The 3P MR of a solution prepared by mixing [Au(c-HexNC),]BF, and one equiv of la in
CDZClz/CHZCIZ gave AB quartet with large P-P coupling (171 Hz) in the temperature range
between 20 and -60 °C (§ 33.4 at -60 °C). A new species which gave a new AB quartet at
higher field (§ 11.3, Jp_p = 107 Hz) at -95 °C was observed upon addition of 50 equiv of
cyclohexyl isocyanide. These observations indicate that a tri-coordinate gold complex
chelated by bisphosphine (B) is a major species in the presence of small excess of cyclo-
hexyl isocyanide and the bisphosphine-gold complex adopts the tetra-coordinate structure
(C) when cyclohexyl isocyanide is present in a high concentration (Scheme II).?’_6 Al-
though the low affinity of isocyanide to gold made further structural analysis of the
tetra-coordinate species very difficult, it was found that a silver version gives a good

model of tetra-coordinate gold complex. Thus, a CD,Cl, solution of AgOTf{-la-2 (1:1:2)
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gave 3lp MR signals consisting of two sets of double AB quartets (6 -5.6) of almost the
same intensities at -95 °C. The signals can be assigned to two unequivalent phosphorous
atoms coordinated with silver, AB quartet due to the P-P coupling (ca. 80 Hz) splitting by
the coupling between 107Ag-—P (ca. 300 Hz) and 1OgAg—P (ca. 340 Hz). Variable temperature
1H NMR studies directly indicated the presence of two unequivalent isocyanoacetates coor-
dinated with the silver-bisphosphine complex (CNCﬂZCOZMe; 8 4.49, Jyp = 22 Hz and § 4.84,
Jap = 18 Hz at =95 °C). Exchange of the two isocyanoacetates at the coordination site is
faster than NMR time scale over -75 °C (§ 4.62, Jap = 19 Hz at -40 °C).

1H{1H} nuclear Overhauser effect (NOE) and 1§y NMR chemical shift studies of the
solution gave more detailed structure of the tetra-coordinate silver complex, whose molec-
ular drawings and selected NOEs are shown in Figure 1.7 Irradiation of the methyl protons
of dimethylamino group at the terminal of the pendant side chain gave rise to a fairly
large NOEs at methylene protons (8.6%)8 and methoxy protons (5.4%) of 2, These NOE en-

hancements together with other NOEs relating to the pendant9

are sufficient to prove that
the pendant directs toward the reaction site locating the terminal amino group close to
methylene hydrogens of an isocyanoacetate (Figure la). The conformation of the side chain
nay be caused by an attractive interaction between the amino group and the methylene
hydrogens. The mode of distortion between two Cp rings and the dihedral angle determined
by N-—C(sp3)—C(Cp)—C(Cp)10 was estimated by NOEs illustrated in Figure 2a and 2b, respec-
tively. The face-edge orientation of four phenyl groups of chiral 1igand11 was determined
by NOEs relating to their ortho protons (Figure 1b).12 Chemical shifts of the side chain
protons are in good agreement with the structure: H5 (§ 1.42) and methyl proton H7 (§
).82) are remarkably shielded by Phl and Ph3, respectively, while H3 (¢ 2.49) is deshield-

ad by Ph3.
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1y nMR spectra (CD2C12) of la coordinated with gold in the presence of 20 equiv of 2
ire similar to those of la in the tetra-coordinate silver complex. The similarity sug-
zests that silver in Figure 1 may be replaced by gold. Present studies intensely suggest
that the interaction of terminal amino group with the enolate not only controls the ar-

rangement of enolate but also makes the chiral environment rigid raising the enantiofacial

selectivity of aldehyde, which approaches the enolate avoiding steric hindrance of Phé.

Figure 1. Molecular drawings viewed from two directions and selested 1H(‘H} NOEs of the silver complex in a CD2Cl, solution of
silver(l) triflate, ferrocenylphosphine (1a), and isocyanoacetate (2) (1:1:2).
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Figure 2. NOEs indicating the mode of distortion between two Cp rings and dihedralangle distinquished by N-C{sp3)-C(Cp)-C(Cp).
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Two ortho (or meta) protons on each phenyl group are observed as equivalent protons,
since the rotation around P-C(Ph) bond is faster than NMR time scale at 20 °C,
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