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ABSTRACT

Mannich reactions with chiral silicon Lewis acid activated acylhydrazones and R-aryl silyl ketene acetals and R-aryl,R-alkyl silyl ketene imines
proceed efficiently and with good to excellent levels of both diastereoselectivity and enantioselectivity. The reactions provide access to R-aryl,
β-hydrazido esters and R-aryl,R-alkyl,β-hydrazido nitriles, which are valuable analogs of β-amino acids.

TheMannich reaction;broadly defined as the addition
of an enol, enolate, or enolate equivalent to an imine;
provides access to β-amino acids and related structures
and, in recent years, has been the subject of an extraordin-
ary amount of effort directed toward the development
of efficient and highly enantioselective variants.1 While

impressive successes have been recorded using several

different approaches, the substrate scope remains limited

innotableways.For example, there are relatively few reports

that describe highly diastereoselective and/or enantiose-

lectiveMannich reactions ofR-aryl substituted enolates (or
enolate equivalents).2 This relative paucity of general meth-

ods is particularly noteworthy as an examination of the

literature reveals many examples of bioactive compounds

and natural products with an R-aryl,β-aminocarboxyl

substructure (Figure 1). This subset of Mannich reactions

is thus one of fundamental synthetic importance for which

there are few practical, general, and highly enantioselective

solutions. Herein we report highly enantioselective Man-

nich reactions with R-aryl silyl ketene acetals and with

R-aryl,R-alkyl silyl ketene imines that allow direct access to

structures such as those depicted in Figure 1 using con-

venient, inexpensive, and scalable procedures.
We recently reported neo-pentoxychlorosilane 1 and its

use inhighly enantioselectiveMannich reactions of aliphatic
ketone-derived acylhydrazones with silyl ketene acetal
(SKA) 2 (Scheme 1),3,4 and this seemed a reasonable
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starting point for the present investigation. Indeed, it was
quickly found that SKA 3 (prepared and employed as
a 13:1 Z/E mixture) reacts smoothly with the silane 1/
hydrazone 4a complex to give syn-Mannich product 5a.
Optimization was straightforward, and by performing the
reaction in CH2Cl2 at ambient temperature for 4 h, 5a
could be isolated in 77% yield as a single diastereomer in
97% ee.

Summarized in Table 1 is a brief survey of the scope
of the reaction with respect to the hydrazone substrate.
Optimization focused on the nature of the group (R0) on
the hydrazone, as we have found that this can have a
significant effect on reaction performance. The use of both
aromatic and aliphatic aldehyde-derived hydrazones re-
sulted in excellent levels of enantioselectivity (entries 1-4),
albeit with only moderate diastereoselectivity for unhin-
dered aliphatic substrates (entries 2 and 3). As shown in
entry 5, however, thismoderate diastereoselectivitymay be
significantly improved simply by performing the reaction
in PhCF3. Although the reaction is slower and required a
higher silane loading, the product 5bwas isolatedwith 13:1
dr and 94% ee. Glyoxylate-derived hydrazone 4e (R=
CO2i-Pr, R

0=p-MeOC6H4) was employed as well (entry 6),

and although the enantiopurity of the product (5e) was
somewhat lower with this substrate, this reaction never-
theless provides a useful and direct entry into systems such
as the Merck DPP IV inhibitor5,6 (see Figure 1). Finally,
the use of a substituted aryl group (p-bromophenyl) on the
SKA (6, prepared and employed as a 6:1Z/Emixture) was
demonstratedwithhydrazone 4b, which led to the isolation
of 5f (R=PhCH2CH2, R

0=Ph, Ar=p-Br-C6H4) in 79%
yield (4:1 dr) and 95% ee (entry 7).
As an additional demonstration of the power of this

method to allow direct and efficient access to medicinally
relevant structures, hydrazone 7 was prepared and sub-
jected to the reaction conditions described in Table 1
(Scheme 2). Prior to isolation, the unpurified Mannich
productwas treatedwith basic alumina resulting in smooth
cyclization to give 8 in 78% overall yield (5:1 dr) and
95% ee. Reductive cleavage of the N-Nbondwas accom-
plished with SmI2

7 and led to the isolation of erythro-
(2R,20S)-methylphenidate 9 as the major product of a 5:1
mixture of diastereomers in 76% yield.
Structures such as tilidine8 and spirotryprostatin A9

(Figure 1), andmore generally the challenge of establishing
quaternary carbon stereocenters in the context of complex
β-amino acid derivatives, led us to examine R-aryl-R-alkyl

Figure 1. Examples of bioactive compounds possessing an R-aryl,
β-aminocarbonyl substructure.

Table 1. Highly Enantioselective Mannich Reactions with
R-Aryl SKAs 3 and 6

entry R R0 SKA
time
(h) product

yield
(%) dr

ee
(%)

1 Ph p-CF3C6H4 3 4 5a 77 >20:1 97
2 PhCH2CH2 Ph 3 1 5b 89 5:1 95
3 i-PrCH2 Ph 3 2 5c 86 4:1 95
4a i-Pr p-CF3C6H4 3 48 5d 70 9:1 99
5b PhCH2CH2 Ph 3 20 5b 74 13:1 94
6c CO2i-Pr p-MeOC6H4 3 2.5 5e 91 5:1 82
7 PhCH2CH2 Ph 6 1 5f 79 4:1 95

aThis reaction was run at 0 �C. bThis reaction was runwith 1.5 equiv
of (R,R)-1 and 3 equiv of SKA 3 in PhCF3 at 0 �C. cThis reactionwas run
with 2.4 equiv of SKA 3 in PhCF3.

Scheme 1
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enolate equivalents.2i While a variety of R,R-disubstituted
SKAswere found tobeunreactive toward silane-hydrazone
complexes, wewere delighted to find that silyl ketene imine
(SKI) 1010,11 smoothly added to the complex formed from
hydrazone 4b and silane 1 to give 11 (R=Ph) in 49% yield
(3:1 dr, 52% ee) (Scheme 3). Previously described (and
commercially available) phenylsilane 12

12 was found to
give improved stereoselectivity and, when paired with the
bulkier pivaloylhydrazone 4g inPhCF3 as the solvent, gave
13 (R=t-Bu) in 83% yield (10:1 dr) and 94% ee.

Attempts to expand the scope of this reaction with
respect to the SKI structure revealed that this result was
not general, as reactions with bulkier SKIs and pivaloyl-
hydrazone4g led topoorly efficient reactions.Good results

nevertheless proved attainable by employing the less hin-
dered benzoyl hydrazone 4b. As shown in Scheme 4, when
the complex formed from 4b and 12was treatedwith ethyl-
substituted SKI 14 in benzene, 15 was obtained in 67%
yield (10:1 dr) and 81%ee,whileunder the same conditions
SKI 16 led to 17 in 84% yield (10:1 dr) and 85% ee. While
more work will be necessary to develop this reaction into a
method that more reliably provides higher levels of en-
antioselectivitywith a broader substrate scope, the reactions
described in Schemes 3 and 4 establish that R,R-disubsti-
tuted β-amino acid analogs can be effectively accessed
using this approach.
Wehavedevelopeda seriesofMannich reactions involving

the addition of R-aryl silyl ketene acetals and R-aryl,R-alkyl
silyl ketene imines to chiral silicon Lewis acid activated
acylhydrazones. The reactions proceed efficiently andwith
good to excellent levels of both diastereoselectivity and
enantioselectivity. We believe these reactions may find
utility as a convenient entry into some relatively structu-
rally and stereochemically complex R-aryl,β-amino acid
analogs.
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