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MULTIPLICATIVITY OF THE THREE DIASTEREOFACIAL SELECTIVITIES
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Summary: A strategy of triple asymimetric synthesis is illustrated to be effective for stereochemical control
in fragment assembly, a task often encountered in convergent natural product synthesis. The
stereochemical outcome of aldol reactions involving three chiral components supports a rule of
approximate multiplicativity of facial selectivities intrinsic to the chiral reactants involved in each
reaction.

Stereochemical control in the formation of a stereogenic center or centers is most crucial during
fragment assembly for a convergent synthesis of a complex natural product.’ For this process, consider an
aldol reaction which involves an achiral aldehyde (constituting one synthetic fragment) and an enolate
derived from a chiral ketone (the other fragment). The use of a enantiomerically pure reagent to mediate
the ketone enolization and subsequent aldol reaction predictably modifies the diastereofacial selectivity
(D.S)) intrinsic to the corresponding enolate prepared from an achiral reagent and thereby results in
enrichment of the desired diastereomeric aldol product.12 Selection of a R- or §- external chiral reagent3
provides a means of control. This strategy of external chiral reagent control is thus embodied in the
precepts of double asymmetric synthesis and has recently been applied in several fragment assemblies 14
Such developments suggest the possibility of attaining enhanced stereoselection upon invoking the
interaction of a greater number of chiral components which react in concert. This concept has now been
subjected to the experimental test and we herein record the first examples of triple asymmetric synthesis
involving two chiral fragments and a chiral reagent. Two such examples (see Schemes II and III) utilize
fragments made available in connection with ongoing projects aimed at the syntheses of bryostatins5 and
calyculins® and serve to uphold the validity of approximate multiplicativity of the diastereofacial
selectivities intrinsic to the three chiral components.

The boron mediated aldol reactions involving (achiral) aldehyde 2 and (chiral) ketone 1 (Scheme D)
were first examined for the purpose of comparing these reactions with those described below for triple
asymmetric synthesis.” The reaction mediated by the achiral 2,5-meso-dimethylborolanyl
trifluoromethanesulfonate3 (4M) established the intrinsic D.S. of ketone 1 as ca. 3:1 favoring the 95 isomer
of 3. The use of chiral (2R,5R)-dimethylborolanyltriflate (4R) a reagent predicted to be matched with 1,
increased the selectivity to an 8:1 preference.8 In contrast, (25,55)-dimethylborolanyl triflate (45) mediated

a 1:2 preference for formation of the 9R sterecisomer thereby constituting a mismatched process.
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Example 1 of Triple Asymmetric Synthesis. Having secured the D.S. of ketone 1, we chose the well
studied (-)-aldehyde 5% of known D.S. (ca. 2:1, 3,4-anti selective) to examine triple asymmetric synthesis
(Scheme II). As expected for this pair (predicted at ca. 3X2), the double asymmetric aldol reaction with the
achiral EtpBOTS provided the aldol products 6 with a 7:1 anti/syn selection. Matched with both 1 and 5 is
the chiral reagent 4R, and its utilization in the triple asymmetric aldol reaction enhanced the above
selection to 25:1, thus exemplifying the stereoselection achieved in a fully matched system.10 The
matched-mismatched reaction using 45, which led to a 1:1 formation of the diastereomers (ca. 3x2/3),
demonstrates how selection of reagent chirality may be utilized to enhance formation of either
diastereomer.11

Example 2. As depicted in Scheme III, a reaction between chiral ketone 712 with (+)-aldehyde 813
mediated by Et2BOTf afforded the aldol products 9 with an 8:1 anti/syn selection. The use of triple
asymmetric synthesis in this instance through mediation with the 4R reagent enhanced the selectivity to
afford a 19:1 anti/syn diastereomeric ratio. Utilization of the 45 reagent enabled significant formation of
the 3,4-syn diastereomer with an anti/syn ratio of 2:1.14,15

The above two examples validate an approximate multiplicativity rule even for triple asymmetric
synthesis. High levels of stereocontrol are readily attained for systems consisting of three matched
components. The results also indicate that reagents with a larger D.S. than those described above will
override any opposing substrate preference in mismatched systems, providing full stereochemical control,
simply through the selection of a proper reagent. Triple asymmetric synthesis will prove to be a powerful
strategy for fragment assembly with controlled creation of correct stereochemistry.
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