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Abstract—A new stereoselective multiple-component condensation is presented. This three-component condensation combines an
aldehyde, aniline, and chlorotitanium enolates, to afford o—B-substituted-p-amino carbonyl compounds as its core structure.
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1. Introduction

The multiple-component condensation (MCC) strategy
has the power to rapidly build molecular complexity and
is the recognized workhorse for the preparation of large
libraries of compounds based on a common core
architecture. Many unique structures can be attained
rapidly when three or more reactants are combined in a
single step to afford new compounds possessing the
combined features of the building blocks.!

Recently we have shown that the addition of titanium
enolates of methyl methoxyacetate to activated ald-
imines proceeds in an asymmetric fashion, affording the
anti-diastereomer in excellent yields (Scheme 1).23
However this process was indirect, requiring a pre-made
imine. Due to the difficulty in isolating imines based on
enolizable aldehydes it was limited to aryl imines.

In this paper we report our efforts to expand our pre-
viously reported sequential protocol’> to a multiple-
component process. In this way we have been able to
expand the scope of this asymmetric addition to include
the alkyl imines. This new MCC reaction (Scheme 2)
affords yields and diastereoselectivity comparable with
that observed for the indirect protocol (Scheme 1).> To
the best of our knowledge this is the first use of chlo-
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Scheme 1.

rotitanium enolates in a multiple-component Mannich-
type reaction system.

2. Results and discussion

To determine an effective dehydration method, we
confined our initial studies to nonenolizable aldehydes
(Table 1). While several dehydrating reagents were
effective, 4-A molecular sieves proved to be ideal. A
solution of the aldehyde and aniline derivatives (1:1.05
molar ratio) in CH,Cl, were stirred together at room
temperature under a dry nitrogen atmosphere with
crushed molecular sieves.

After about 30 min the mixture was cooled to —78°C
and a violet CH,Cl, solution of the titanium enolate of
methyl methoxyacetate was added via canula.* The
reactions were judged complete based on TLC analysis,
but were generally complete within 2-24h.> When the
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Table 1. Results with nonenolizable aldehydes using 4-A molecular sieves as dehydrating agent

Entry R! R? % Conversion® Isolated yield (%) Dr (A:S) Prev. yield (%)"  Prev. dr (A:S)'
1 p-CIPh OMP* >99 92¢ 92:8 95 95:5

2 p-MePh OMP 92 88°¢ 95:5 95 92:8

3 B-Naphthyl OMP  >99 94¢ 96:4 87 92:8

4 Ph PMP 81 71¢ 79:21 77 79:21

5 tert-Cinnamyl OMP >99 87 99:1 — —

6 Cyclohexenyl OMP 94 86 96:4 — —

7 t-Bu OMP — NR¢ NR NR NR

#OMP: ortho-methoxyphenyl, PMP: para-methoxyphenyl.

®Percent conversion determined by 'H NMR of the reaction mixture immediately after workup.

¢ All spectroscopic data consistent with those reported in Ref. 2.
9No reaction and is consistent with Ref. 2.

¢ Determined using HPLC of the isolated material.

"Data from Ref. 2.

reactions were complete the cold reaction mixture was
suction-filtered directly into stirring 1M HCI and
allowed to warm to room temperature. The quenched
reaction mixtures were then separated and the aqueous
phase was extracted twice with CH,Cl,. The combined
organics were washed sequentially with a saturated
NaHCO;, saturated NaCl, and then dried with MgSQO,,
filtered, and concentrated in vacuo.

The results of these experiments are presented in Table 1
and are nearly identical to those observed for reaction
between the enolate and pre-made imines (entries 1-4
and 7). Entries 5 and 6 represent two new nonenolizable
imines and in both cases the yields and diastereoselec-
tivies of a-oxy-f-amino esters were excellent. In our
previously reported indirect sequence we found the
presence of an ortho substituent, other than hydrogen,
on the R? group of the imine leads to high anti-selec-
tivity?> and the same appears to be true for this MCC
process. For example, when the R? substituent is a PMP
group (entry 4) the selectivity slips to 79% anti. These
data appear to support the contention that a similar
mechanism for selection is operating in both the present
direct and previous indirect processes. It is interesting to
note that while the steric demands of the R? substituent
appear to be of importance to the mode of stereoselec-
tion, the same does not appear to be so for the R! group.
Radically changing the steric demand of the R! group
(entry 3: R! = B-naphthyl vs entry 5: R' = tert-cinnamyl)
does not significantly affect the diastereoselection (a:s,
96:4 vs 99:1, respectively).

We next turned our attention to the enolizable alde-
hydes. All attempts to optimize the reaction with this

class of aldehydes using molecular sieves and other
classic drying agents failed. We hypothesized that in the
presence of a small amount of water, our enolizable
imine solution might be in equilibrium between the
imine and enamine forms, likely favoring the later due to
the influence of a favorable n—n—m conjugation (Scheme
3).% The imine-enamine equilibrium has been shown to
be related to the pK, of the starting aniline derivative
with increasing acidity leading to greater percentages of
enamine.® Based on this, we would expect our mixture to
contain, at a minimum, about 20% enamine.” To test
our hypothesis we used dimethylzinc as an alternative
drying agent.® Using such a protocol should remove all
water generated during imine formation and provide a
chelating Lewis acid, thus stabilizing the imine form.

The results of these experiments are presented in Table
2. To our delight the conversions of these reactions are
excellent with concomitant isolated yields.” As can be
seen in these data the reaction still favors the anti-
product, however, in three cases (entries 2-4) the selec-
tivity slips to 83% anti. An additional concern when
using dimethylzinc as the dehydrating agent is the pos-
sible formation of the methyl adduct.'® While the methyl
adduct was detectable, in all cases it comprised less than
1% of the product mixture and was easily removed by
column chromatography.!' It is particularly interesting
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Table 2. Results with enolizable aldehydes using 2 M dimethylzinc in toluene as dehydrating agent
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Entry R! R? % Conversion? Isolated yield (%) Dr (A:S)®
1 Hydrocinnamyl OMP >99 94 92:8

2 Isobutyryl OMP >99 93 83:17

3 Isovaleryl OMP >99 93 83:17

4 Cyclohexanyl OMP 92 81 84:16

2 Percent conversion determined by 'H NMR of the reaction mixture immediately after workup.

® Determined using HPLC of the isolated material.

to note that the use of dimethylzinc was restricted to
reactions with enolizable aldehydes, its application to
nonenolizable aldehydes resulted in little or no forma-
tion of the B-amino ester products.

Our choice of the ortho-methoxyphenyl (OMP) group
was prompted by previous observation that an ortho-
substituent on the imine R? group leads to higher anti-
selectivity,? and our recent experience in the preparation
of B-amino esters as the sole products via the addition of
(methoxycarbonyl)methyl zinc bromide to aldimines
derived from ortho-methoxyaniline.’? In addition, the
OMP group, like the PMP group, can be removed by
various oxidative methods, such as mild CAN oxida-
tion'* or AgNO;/(NH,4)S,05.'* However, we have found
that these methods are often plagued with problems
such as low yields, expensive reagents and in our hands,
poor reproducibility.

Recently Snapper and co-workers have introduced a
new deprotection—reprotection protocol that uses iodo-
benzene diacetate to achieve oxidative removal of the
OMP group (Scheme 4).!° This is then followed by
acidic extraction of the resulting free amine, which can
be isolated or immediately reprotected as the acetamide
by reaction with acetic anhydride in the presence of
Na,COs;. Typical overall yields are in the 80% range.
Importantly, application of this method to the depro-
tection-reprotection of ester 3a afforded ester-amide 4
with no apparent loss of relative stereochemistry.'®!”

We have developed an efficient and stereoselective tita-
nium enolate based three-component condensation
reaction that affords o—pB-substituted-B-amino carbonyl
compounds as its core structure (Fig. 1). These proto-
cols extend our previously reported work® to include
enolizable imines. In addition, other work in our labs
has shown that acetate esters bearing an a-thioether are
also reactive and afford the anti-products predomi-
nantly, thus adding another dimension to product
diversity.'® With four sites for substitution this new
multiple-component reaction has significant potential
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Scheme 4.

Figure 1. o-Substituted B-amino carbonyl core structure with four
sights of diversity.

for preparing o,p-disubstituted-B-amino carbonyl lib-
raries. Efforts to further develop this and other new
multi-component condensation reactions are under way
and will be reported in due course.

Supplementary material

General experimental information and characterization
data for all new B-amino esters including HPLC sepa-
ration protocols.
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