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Lithium acetate-catalyzed aldol reaction between trimethyl-
silyl enolates and aldehydes proceeded smoothly in a DMF or
pyridine solvent to afford the corresponding aldols in good to
high yields under weakly basic conditions.

A new method for a catalytic aldol reaction between silyl
enolates and aldehydes was recently reported from our labora-
tory: that is, simple and commonly employed trimethylsilyl
(TMS) enolates reacted with aldehydes smoothly to afford the
corresponding aldols by using a catalytic amount of lithium di-
phenylamide or lithium pyrrolidone as Lewis base in a N,N-di-
methylformamide (DMF) or pyridine solvent.! In order to ex-
tend the scope of this reaction, lithium acetate, a milder and
readily available Lewis base, was chosen in place of the above
mentioned lithium salts. In our previous paper, lithium succi-
mide was shown to have effectively been employed in a cataly-
tic Michael reaction between TMS enolates and c, ,B-unsatu-
rated carbonyl compounds.? It is interesting to note that the
TMS enolate was activated by the nucleophilic attack of lithium
succimide on silicon atom though the pKa value of N-H bond
of succimide was much lower than that of diphenylamine or
pyrrolidone.> In order to examine the possibility of using
lithium carboxylates in these types of reactions as catalysts, car-
boxylic acids such as acetic acid were tried considering the ad-
vantages of their availability, inexpensiveness and pKa values
of their O-H bonds which were relatively close to that of N—
H bond of succimide.? In this communication, we would like
to report on the lithium acetate (AcOLi) catalyzed aldol reaction
between TMS enolates and aldehydes.

In the first place, reaction of benzaldehyde and TMS eno-
late (1) derived from methyl isobutyrate was tried in the pre-
sence of 10 mol% of AcOLi at —45°C in DMF, and the aldol
adduct was obtained in 83% yield.* Since AcOLi is a weak nu-
cleophile, the reaction did not proceed at 0°C in pyridine
although the same reaction went on smoothly when lithium di-
phenylamide or lithium pyrrolidone was used.! However, the
corresponding aldol was obtained in high yield when the reac-
tion was carried out at 70 °C in pyridine (Scheme 1). In the ab-

0 OSMes  acoLi(1omol%) 1NHC,, — OH @
+
ph)kH %OMG DMF, -45°C,1.5h THF, 1t Ph OMe
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Scheme 1.

sence of the catalyst, on the other hand, the aldol adduct was
obtained only in 14% yield even when the reaction was carried
out at 70 °C in pyridine. These results indicated the capability of
AcOLi that behaved as an effective Lewis base catalyst in this
aldol reaction.

Next, the reactions of TMS enolate 1 with various alde-
hydes were tried by using 10 mol% of AcOLi in DMF or pyri-
dine (see Table 1).> Aromatic aldehydes having an electron-do-
nating group reacted smoothly to afford the desired aldols in
high yields (Entries 1-4). On the other hand, aromatic alde-
hydes having an electron-withdrawing group and aliphatic alde-
hyde as 3-Phenylpropionaldehyde gave the corresponding al-
dols in moderate yields in DMF while the aromatic aldehydes
gave the aldol adducts in high yields when the reactions were
carried out in pyridine at 70 °C.

The present Lewis base catalyzed reaction has a remarkable
advantage of forming aldols especially when the aldehydes hav-
ing basic functions in the same molecules were used: that is, the
reactions proceeded smoothly at —45 °C in DMF and the corre-
sponding aldols were afforded in high yields (Table 2, Entries
1-4).

The AcOLi-catalyzed aldol reaction was further examined
using several other silyl enolates (see Table 3). When the eno-
late generated from S-ethyl ethanethioate was employed, the al-
dol adduct was obtained in high yield (Entry 1) while no effec-
tive activation took place at —45 °C when the enolate generated
from acetophenone was used. The above reaction proceeded
smoothly at 0 °C to afford the aldol adduct in good yield (Entry
2). Next, it was observed that the corresponding aldol adduct
was obtained only in 4% yield when sterically hindered triethyl-

Table 1.
OSiMe. 1) AcOLi (10 mol%)
o) Wies Solv., Temp, Time OH O
A+
R H \(kOMe 2) 1IN HClag R)><U\OM6
THF, rt
1
Entry Aldehyde Solv. Temp /°C  Time/h Yield? /%
1 4-MeOCgH,CHO  DMF -45 1 94>
2 4-MeOCgH,CHO Pyridine rt 2 96°
3 4-MeCgH,CHO  DMF -45 2 84
4 4-MeCgH4,CHO  Pyridine 70 2 98
5  4-CICgH,CHO DMF -45 3 63
6  4-CICgH,CHO  Pyridine 70 45 93
7 4-NO,CgH,CHO DMF  -45—r1t  2d 69
8  4-NO,CgH4CHO  Pyridine 70 3 82
9 DMF -45 2 65°
CHO
10 PhT Pyridine 70 45 54P

Yield was determined by 'H NMR analysis (270 MHz) using
1,1,2,2-tetrachloroethane as an internal standard. PIsolated
yields.
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Table 2.
0 OSiMes  rcoLi(tomotey  MesSIO O
X, + ~Fove i 25 G, Time
R H e DMF, —45 °C, Time R OMe
1
Entry Aldehyde Time /h Yield® /%
\
1P /NOCHO 1 99
—N ]
2 \ CHO .5 84
I\
3 Q\CHO 1.5 91°¢
|
CHO
4 \ 2.5 99
N
Boc
I\
5 Q\CHO 1 90

2Yield was determined by 'H NMR analysis (270 MHz) using
1,1,2,2-tetrachloroethane as an internal standard. ®5mol% of
AcOLi was used. “Isolated yield after desilylation.

Table 3.
o 1) AcOLi (10 mol%)
)J\ +  Silyl enolates Solv., Temp., Time Products
Ph 2) 1N HClag, THF, rt
Entry Silyl enolates Solv. Temp /°C Time /h Yield® /% Syn: anti
OSiMe;
1 DMF -45 2 91 -
SEt
OSiMe,
2 DMF 0 2 85 -
Ph
OSiEt,
3 ZNome DMF -45 15 4 -
4 OSMe;  pve 45 3 87  18:1
5 OMe pyrdine 70 2 86  1.5:1
(E:Z=5:1)
6 OSiMe; DMF -45 3 79 2.7:1
7 OMe Pyridine 70 2 94 1.9:1
(E:Z=1:9)

2Yield was determined by 'H NMR analysis (270 MHz) using
1,1,2,2-tetrachloroethane as an internal standard.

silyl enolate derived from methyl isobutyrate was employed in
place of the above TMS enolate 1 (Entry 3). This result showed
that the reaction proceeded via the activation of TMS enolate by
forming hypervalent silicate between AcOLi and silicon atom
of the enolate.! Further, the aldol adducts were obtained in high
yields with moderate syn-diastereoselectivity irrespective of
geometry of the two isomeric silyl enolates derived from methyl
propionate (Entries 4-7). Both reactivities of E and Z enolates
were nearly the same when AcOLi was used as a catalyst while
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the reactivity of E enolate was lower than that of Z enolate
when the previously mentioned Lewis bases such as lithium di-
phenylamide or lithium pyrrolidone were used.! The syn-dia-
stereoselectivity of the AcOLi-catalyzed aldol reaction indi-
cated that the reaction proceeded mostly via acyclic transition
states.*P6

This catalytic aldol reaction can also be performed
smoothly by using other lithium carboxylates that are prepared
easily in situ by treating carboxylic acids with lithium carbonate
(Li,CO3) while Lewis bases employed in the previous studies
needed strong bases such as alkyl lithium.! For example, aldol
reaction of 4-methoxybenzaldehyde with silyl enolate 1 gave
the aldol adduct in 92% yield by using 10 mol% of lithium iso-
butyrate prepared from isobutyric acid and Li,CO3; in DMF.

Thus, lithium acetate-catalyzed aldol reaction between
TMS enolates and aldehydes under weakly basic conditions in
a DMF or pyridine solvent was established. This method is
practically applicable for the synthesis of various aldols because
it uses such a mild, readily-available, and inexpensive Lewis
base catalyst. Further extension of this reaction is now in pro-
gress.
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