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Creating Aldols Differently: How to Build up Aldol
Products with Quaternary Stereocenters Starting from

Alkynes**
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Among the numerous challenges presented by stereoselec-
tive synthesis there is one that especially stands out, namely
the selective construction of quaternary stereocenters. In this
category the ultimate challenge consists of the asymmetric
synthesis of all-carbon quaternary stereocenters. In recent
years interesting methods which deal with chiral auxiliaries
have been developed.!! Today various catalytic methods are
available for the synthesis of all-carbon quaternary stereo-
centers.”). Among these are Diels—Alder reactions,®! which
use chiral Lewis acids, as well as copper-! and zinc-
mediated® cyclopropanations. Further catalytic methods for
the construction of quaternary stereocenters make use of the
Michael reaction! or the intramolecular Heck reaction;” in
this, for the most part ligands such as BINAP guarantee good
to excellent enantioselectivities®™ and allow for the applica-
tion of these reactions in the construction of many natural
products.”

It is particularly difficult to construct all-carbon quater-
nary stereocenters in acyclic systems, which in contrast to
cyclic systems have higher degrees of freedom and are
therefore harder to fix conformationally. Here, especially
aldol products with quaternary steoreocenters in the o posi-
tion of the carbonyl moiety have been the focus. It is
practically impossible to generate this structural motif using
conventional methods owing to the difficulty in selectively
synthesizing the (E)- or the (Z)-enolate starting from the a0/~
disubstituted carbonyl compound.™”

Marek and co-workers have recently reported the suc-
cessful enantioselective construction of this structural ele-
ment.'l The group’s early work dealt with a new retrosyn-
thetic approach to generate homoallyl alcohols"? and homo-
allyl amines™ by starting from alkynes. By using a sequential
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multicomponent reaction they succeeded in constructing a
homoallyl alcohol 2 with a quaternary stereocenter adjacent
to the hydroxy moiety. In this, alkynyl sulfoxide 1 served as
the starting material, which was consecutively treated with an
alkyl copper species, an aldehyde, diethyl zinc, and diiodo-
methane to yield the desired product in high diastereoselec-
tivity (Scheme 1).1%
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Scheme 1. Sequential four-component reaction to generate homoallyl
alcohols 2 with quaternary stereocenters using alkynyl sulfoxides 1 as
the starting material (R',R*=alkyl, R*=aryl).

In the now published work,"] Marek and co-workers were
able to show that aldol products 5, which have quaternary
stereocenters, could also be afforded by using a sequential
one-pot procedure. Instead of alkynyl sulfoxides 1, alkynyl
oxazolidinones were used to yield the desired aldol products.
The retrosynthetic approach dispenses with—and this is the
simple yet brilliant aspect of this strategy—using an enolate as
a nucleophilic agent to react with the aldehyde to form an
aldol product. Rather, as in the stereoselective synthesis of
the homoallyl alcohols, the nucleophilicity of an allyl zinc 8
was exploited (Scheme 2). Later their double-bond substitu-
tion patterns permit an easy transformation into the desired
aldol product. In contrast to the difficulties involved in the
diastereoselective construction of disubstituted enolates, the
highly diastereoselective creation of the tetrasubstituted
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Scheme 2. Retrosynthetic approach for the construction of an aldol
product 5 with an all-carbon quaternary stereocenter starting from
nitrogen-substituted alkyne 11 (R',R?=alkyl, R*=aryl).

double bond in 8 from the allyl zinc compound is a relatively
simple process. The starting point is a nitrogen-substituted
alkyne 11, which undergoes a carbometalation with the
organocopper species 10, which in turn is easily accessible
from copper and alkyl halide. The carbometalation proceeds
both regio- and diastereoselectively to the f3,3-disubstituted
copper enamine 9. This intermediate already contains three
out of four substituents of the later quaternary stereocenter.
A zinc homologation of the copper species 9 with the zinc
carbenoid [Zn(CH,I),] leads to the allyl zinc compound 8.

In this process a metallotropic equilibrium producing
inverse stereochemistry at the all-carbon quaternary stereo-
center must be avoided, since this would reduce or destroy the
diastereoselectivity of the complete reaction. For the case of
homoallyl alcohol synthesis this problem has been solved by
making use of the chelating features of the sulfoxide group.
For the creation of aldol products the solution to this problem
consists of using oxazolidinones as nitrogen substituents at the
triple bond (Scheme 3). This approach leads to a coordination
of the metal towards the carbonyl moiety of the oxazolidi-
none. In this way the E/Z isomerization of the double bond is
effectively avoided. An elegant method involves using the
Evans auxiliary,'¥ because then the absolute stereochemistry
of the product can also be controlled.

In the transmetalation step the immediate presence of an
electrophilic scavenger agent is called for, as further unwant-
ed reactions with the present zinc carbenoid would otherwise
occur. During a diastereoselective reaction with the aldehyde
7 (R?*CHO), whose main product can be explained by the
well-established Zimmerman-Traxler model,'"” the last of the
three C—C bonds in this sequence is formed. The benzyl
substituent of the oxazolidinone makes possible a facial
differentiation, thus leading to 15 by way of proceeding
through transition state 14 (Scheme 3). In the presence of a
chlorosilane the newly created hydroxy group is protected.
Without the latter reagent the Evans auxiliary would be
destroyed in the creation of a six-membered enamide. After
basic hydrolysis, which generated first the imine 17 and acidic
workup, Marek and co-workers obtained the silyl-protected
aldol product 18 in excellent diastereo- and enantiomeric
excess of up to 98 %.
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Scheme 3. Synthesis of an aldol product 18 with an all-carbon quater-
nary stereocenter starting from ynamide 12 (R' =alkyl; R*=alkyl, aryl;
R*=aryl, cycloalkyl; Ry=Me;, PhMe,).

For most advanced students of organic chemistry the finer
points of the aldol reaction, consisting of the typical steps of
the thermodynamic or kinetic enolate formation, capture of
the enolate under the influence of various Lewis acids, and
diverse chiral auxiliaries or catalysts, make up a considerable
part of their studies. This new retrosynthetic approach, which
starting from the simplest functionality known to organic
chemists—namely the C—C triple bond—from which one of
the most complicated structural motifs in organic chemistry is
made accessible in a one-pot procedure, is even more
impressive. This most elegant approach to aldols with all-
carbon quaternary stereocenters is therefore not only highly
interesting in of itself, but brings with it the obligation for all
organic chemists to rethink established ways of generating
well-known functionalities.
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