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ACYCLIC STEREOSELECTION IN a-AMIDOALKYLATION REACTIONS

Kenn E. Harding* and Clark S. Davis
Department of Chemistry, Texas A&M University, College Station, Texas 77843

The chiral reagent 7 provides the first example of an acyclic a-amidoalkylation reagent that generates 2 new

at
stereogenic center with excellent stereoselectivity, and the stereochemxsuy of the resulting products provides
evidence that the N-acylimine intermediate reacts through the cisoid conformation 12.

Reactions of N-acyl N,O-acetals (1) with nucleophiles are termed o-amidoalkylation reactions (1 --> 2).!
Reagents of general structure 1 react with a wide variety of carbon nucleophiles including aromatic compounds,
alkenes, cyanide ion, isocyanides, enol derivatives, and organometallic reagents.”2 The reactive intermediates in
these reactions are considered to be N-acylimines (3a) or N-acyliminium ions (3b). If the imine carbon of 3a or 3b
is unsymmetrically substituted, reaction with a nucleophile generates a new stercogenic center. Interest in the
synthesis of enantiomerically pure compounds® has led to recent investigations into the reactions of
amidoalkylation reagents that contain chiral directing groups.*® Several a-amidoalkylation reactions of cyclic
systems proceed with high diastereoselectivity.#®’ However, previous o-amidoalkylation reactions of acyclic
systems have shown much lower stereoselectivity.5%6 These recent publications prompt us to report our initial
studies that provide the first examples of a-amidoalkylation reactions of acyclic acylimines that proceed with
excellent stereoselectivity (> 96% ds).
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We considered that nucleophilic additions to electrophilic N-acylimine intermediates of the type shown by

structure 4 should proceed with high diastereoselectivity when an appropriate chiral alcohol (R*-OH) is used as the
chiral auxiliary. Thus, we selected a chiral alcohol previously shown® to provide excellent stercofacial selectivity
in addition reactions of acrylate and crotonate esters. The intermediate 4 is a hetercosubstituted analog of the
crotonate ester system, and the configuration of the newly formed stereogenic center should be determined by the
relative accessibility of the two diastereofaces of the imine functionality. Recent experimental and theoretical
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studies on N-acylimines have suggested that the acylimine functionality of intermediates 3 and 4 might exist
preferentially in the cisoid conformation shown.? The stereochemistry about the C=N bond is predicted 1o be the
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sterically favored (E) configuration as shown.

We have now shown that the amidoalkylation reagent 7 generates a reactive acylimine intermediate that
undergoes reaction with aromatic rings with extremely high stereoselectivity. The reagent was derived from the
known chiral auxiliary 5.0 Treatment of the chiral alcohol § with trichloroacetyl isocyanate followed by hydrolysis
of the resulting N-trichloroacetyl carbamate gave carbamate 6 in quantitative yield.!! Condensation of carbamate 6
with glyoxylic acid,!? followed by esterification of the crude reaction mixture with diazomethane, gave the
a-hydroxyglycine derivative 7 in 92% yield as a mixture of diastercomers. Treatment of 7 at 0° C with anisole and
BF; etherate provided electrophilic aromatic substitution products in essentially quantitative yield. In addition to
products proven to have structures 8 and 9, the material contains 11% of products that are considered to be the
result of ortho substitution on the aromatic ring.
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The ratio of stereoisomers 8 and 9 was determined to be > 96:4 by NMR. A single recrystallization gave
product with a diastereomeric purity of > 99%. The stercochemistry of the newly formed stereogenic center in
these compounds was established unequivocally by comparison with the spectra for two diastereomeric derivatives
prepared from commercially available 2-(R)~(4-hydroxyphenyl)glycine. Stereoisomer 8 could not be prepared
directly because only the R isomer of this amino acid is readily available, but the structure was proven by
preparation of its enantiomer 11 (ent-8). Chiral alcohol 10 (ens-5)!0 was converted into the chloroformate by
treatment with phosgene and pyridine, and reaction with 2-(R)-(4-hydroxyphenyl)glycine methyl ester followed by
alkylation with Mel gave 11 (enr-8). The 200 MHz spectrum of 11 showed -OMe signals identical to those of the
major product 8 derived from the electrophilic aromatic substitution reaction, thus proving their enantiomeric
relationship.

The minor diastereomer was prepared from chiral alcohol 5 and 2-(R)-(4-hydroxyphenyl)glycine in an
analogous manner to give an authentic sample of 9. Comparison of the 200 MHz NMR spectra of this sample with
the crude o-amidoalkylation mixture provided proof that the crude amidoalkylation product contains less than 4%
of diastereomer 9. Thus, the reaction proceeds with greater than 96% diastereoselectivity.
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The proof of stereochemistry of the major product 8 provides evidence that the reaction procecds through an
N-acyl intermediate in the cisoid conformation (see structure 12). Based on the reasonable assumptions derived
from earlier studies with chiral auxiliary 5'© that (a) the carbonyl group eclipses the carbinol proton of the chiral
auxiliary and (b) the dialkylsulfonamide group shields the front face of the reacting intermediate, and the
assumption the two alkoxycarbonyl groups on the C=N bond are trans to each other, the major product 8 must arise
from reaction from the si face of intermediate 12. Thus, these studies provide evidence regarding the preferred
geometry for reactions of N-acylimine structures.? It is noteworthy that the same stereoisomer 8 also predominates
when the reaction is conducted in 1:9 sulfuric acid/acetic acid, but the selectivity is slightly lower.15
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Although these exploratory studies were made with an a-amidoalkylation reagent that can be considered a
chiral electrophilic glycine equivalent,!6 direct cleavage of the chiral auxiliary from 8 without racemization is
problematical. However, procedures are available!® for preparation of intermediates of type 7 with substituents
other than carboxylate on the N,O-acetal. Thus, the strategy reported in this paper has greater generality than the
previously reported methods,>!7 which require a carboxylate equivalent to be incorporated into a cyclic ring
system. Studies that apply this strategy to such systems are in progress.2
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