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Mannich-type reaction between trimethylsilyl enolates and
N-tosylaldimines in the presence of a catalytic amount of the alk-
oxide anion proceeded smoothly to afford the corresponding
Mannich-adducts in good to high yields. This result indicated
that the initially-formed N-anion of Mannich-adduct behaved
as an effective Lewis base in performing the product-catalyzed
Mannich-type reaction.

The product-catalyzed or -initiated autocatalytic reaction
has been recognized as a new class of catalytic reaction and is
of a growing intresting topic in organic chemistry. Soai’s asym-
metric autocatalytic reaction in asymmetric addition of dialkyl-
zinc to aldehydes is among the well-known example and there
are also several other examples of autocatalytic reactions using
silyl reagents.'

In the course of our investigation? on the Lewis base-cata-
lyzed aldol reaction between aldehydes and trimethylsilyl
(TMS) enolates, it was observed that the produced aldolate anion
activate the TMS enolate by forming hypervalent silicates to
promote the product-catalyzed aldol reaction when alkoxide-
or the corresponding aldolate anion was used as an activator.?

Now, we would like to describe the autocatalytic Mannich-
type reaction between aldimine and silyl enolate which is one of
the most important methods for the construction of B-amino car-
bonyl compounds. Recently, it was shown from our laboratory
that the nitrogen and oxygen containing-anions generated from
amides, imides, or carboxylic acids behaved as useful Lewis
base catalysts in promoting the Mannich-type reaction between
N-tosylaldimines and TMS enolates.*

In the above Lewis base catalyzed Mannich-type reaction,
regeneration process of the catalyst is suggested as follows:
the formed silylated Lewis base worked as a silylating reagent
and the subsequent silyl group transfer from the silylated Lewis
base to the N-lithiated Mannich-adduct A would lead to the for-
mation of the corresponding N-silylated Mannich-adduct B
along with simultaneous regeneration of the Lewis base to com-
plete a catalytic cycle. When an alkoxide is used as an activator
of this reaction, on the other hand, A is formed along with the
generation of the corresponding TMS ether. Silyl group transfer
from the silyl ether to A never took place because TMS ethers
were stable under basic conditions.? In the above case, the auto-
catalytic cycle would be performed if N-anion of the produced
Mannich-adduct A activated TMS enolate as a Lewis base. In
this communication, we would like to report on an autocatalytic
Mannich-type reaction of N-tosylaldimines and TMS enolates.

In the first place, Mannich-type reaction between N-tosylal-
dimine 1 and TMS enolate 2 was tried in the presence of
10 mol % of lithium benzylate at room temperature and the cor-

Table 1.
Ts OSiMe; Cat. TS\NH o
N Z 10 mol%) 1+
)\\ + OMe (10mol%) H
Ph™ "H DMF, rt Ar OMe
1 2 (1.4 equiv.)
Entry Cat. Time Yijeld? Entry Cat. Time Yield?
/h /% /h %
1 BnOLi 3  quant. 5 MeOLi 6 98
2 BnOLi 6 84p 6 EtONa 6 98
3 BnOLi 24 96° 7 tBuOLi 6 90
4 BnOLi 24  trace? 8 +BuOK 6 quant.

4Yield was determined by 'H NMR analysis (270 MHz) using
1,1,2,2-tetrachloroethane as an internal standard. 1 mol % of
BnOLi was used. “The reaction was carried out at —45°C.
dTHF was used instead of DMF.

responding Mannich-adduct was obtained in quantitative yield
(Table 1, Entry 1). This reaction proceeded smoothly to afford
the Mannich-adduct in 84% yield even when 1 mol % of lithium
benzylate was used (Entry 2). This indicates that the autocatalyt-
ic Mannich-type reaction proceeded in the presence of lithium
benzylate, an initiator of the reaction. Then, conditions of alkox-
ide-initiated autocatalytic Mannich-type reaction were further
screened. It was found that the reaction time should be longer
at —45 °C to complete the reaction successfully. However, only
a trace amount of the Mannich-adduct was detected when THF
was used instead of DMF. In a similar fashion, various sodium
and potassium alkoxides such as methoxide, ethoxide and
tert-butoxide turned out to be effective initiators for the present
Mannich-type reaction.

Next, alkoxide-initiated autocatalytic Mannich-type reac-
tion was tried by using various aldimines and silyl enolates in
DMF (Table 2). Aromatic aldimines reacted smoothly with 2
to afford the corresponding Mannich-adduct in high yields. Fur-
ther, the corresponding Mannich-adducts were obtained in good
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Table 2.
BnOLi
NI + Silylenolate (10 mol%) H*
——————=—>  Product
H (1.4 equiv.) DMF, rt roduc
OSiMe3 OSiMez OSiMe,
“Sstgu® A stau - 5
Ph
Entry Silyl enolate Time /h Yield? /%
1 p-CICGH4 2 6 81
2 p-CNCgH,4 2 6 88
3 p-O,NCgH, 2 6 70
4 p-MeCgH, 2 4 84
5  p-MeOCgH, 2 6 89
6 4-Pyridyl 2 6 84
7 p-MeyNCgH, 2 24 84
8 1 3 6 79
9 1 4 6 quant.p
10 1 5 6 85°

2Yield was determined by '"HNMR analysis (270 MHz) using
1,1,2,2-tetrachloroethane as an internal standard. Pantisyn =
3.3:1 Cantizsyn = 1.6:1

to high yields even when the aromatic aldimines having a basic
function were used (Entries 6, 7). When TMS enolates generated
from thioester or ketone were employed, the corresponding
Mannich-adducts were also obtained in good to high yields
(Entries 8-10) with moderate anti-diastereoselectivity (Entries
9, 10).

From environmental point of view, the corresponding prod-
uct-catalyzed or -initiated reaction has great advantage because
it is not necessary to discard the catalyst nor to separate it from
the reaction mixture. Then, the product-initiated autocatalytic

Table 3
_ TN o X
Ts OSiMes TsN°" O
N + R~ Ph R
A R Ry Ry Ph R
Ph H R R, R
2 f 1 M2
1 (14equiv) ~ DMRTLTIMe o\ (catalyst)
: SiMe; (product)
Entry  Silyl enolates Cat. (10 mol %) Time /h Yield® /%
TN o
1 2 6 94
Ph OMe
TN 0
2 3 3 quant
Ph St-Bu
TN 0
3 4 6 91b
PhMStBu
)
4 5

PhMPh ° o

2Yield was determined by 'HNMR analysis (270 MHz) using
1,1,2,2-tetrachloroethane as an internal standard after desilyla-
tion. Pantizsyn = 2.9:1 antizsyn = 1.3:1
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Mannich-type reaction was investigated by using the corre-
sponding N-lithiated Mannich-adduct as a Lewis base catalyst
(Table 3). It was found that the reactions also proceeded smooth-
ly to afford the corresponding Mannich-adducts in high yields
when other TMS enolates were used.

An assumed catalytic cycle of this reaction is illustrated in
Scheme 2: namely, N-lithiated Mannich-adduct A, a Lewis base,
firstly coordinates to the silicon atom of TMS enolate and further
coordination of DMF to it would form a highly nucleophilic hex-
acordinated hypervalent silicate.’ The reactivity of the enolate
increased sufficiently to attack the N-tosylaldimine and formed
a N-silylated B together with N-lithiated A. The intermediate
A also effectively activated TMS enolate to complete an autoca-
talytic Mannich-type reaction.

Thus, the alkoxide or product-initiated autocatalytic Man-
nich-type reaction between TMS enolates and N-tosylaldimines
was established. Further development of this reaction is now in
progress.
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