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AgOAc-Catalyzed Aldehyde Allylation Using Allyldimethyl(2-pyridyl)silane
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Silver salts having relatively strong Ag—O bond were found
to promote the allylation of aldehydes with allyldimethyl(2-
pyridyl)silane. Catalytic allylation is also possible when AgOAc
was employed. A novel cooperative activation of allyl(2-
pyridyl)silane has been implicated from several control experi-
ments.

The allylation of carbonyl compounds using allylsilanes is a
powerful and important C—-C bond-forming reaction.! Lewis
acid-promoted reaction of allyltrimethylsilanes with aldehydes
(Sakurai—-Hosomi reaction), where Lewis acids activate carbonyl
groups toward allylsilane addition, is amongst the most famous
and extensively used in organic synthesis.!> Alternative to this
methodology, Lewis base activation of allylsilanes is also
known.?* Hosomi and Sakurai first reported that tetrabutylammo-
nium fluoride (TBAF) could be used as a catalyst for the addition
of allyltrimethylsilane to aldehydes and ketones.* After this
benchmark achievement, many other Lewis base promoters have
been devised mostly using trichloro-, trifluoro-, and
trialkoxy(allyl)silanes.>'

Recently, we have developed dimethyl(2-pyridyl)silyl (2-
PyMe;Si) group as a unique silyl group that bears catalyst- or
reagent-directing pyridyl group directly on silicon.”> We
envisaged that this group might open new possibility in allylsilane
chemistry especially in Lewis base activation of allylsilane
without any electronegative heteroatom on silicon.

Thus, we first searched for appropriate additive for the
allylation of benzaldehyde using allyldimethyl(2-pyridyl)silane
(1) in THF at 60 °C (Table 1).'® The addition of TBAF resulted in
relatively low efficiency (35%). Although KF and TASF
(tris(diethylamino)sulfonium difluorotrimethylsilicate)® did not
give 3 at all, we found that AgF!” is a superior additive for this
allylation (53%). This drove us for further investigation on silver
salts, and we found that the addition of silver oxides (AgO, 35%;
Ag,0, 74%) tfurnished 3 in moderate to good yields. Interestingly,
in contrastto Ag, O, Ag,S did not promote the reaction, indicating

Table 1. Effect of additive in the allylation of 2 using 1

= 1.2 equiv Additive OH
L .
N PhCHO e 60°C. 15h Ph)\/\
Me, 2 (1 equiv) 3
1 (1.2 equiv)

entry additive yield (%) entry additive yield (%)
1 none 0 9 AgOAc 76
2 TBAF 35 10 AgOTs 21
3 TASF 0 11 AgOTf 0
4 KF 0 12 AgBF4 0
5 AgF 53 13 CuO 0
6 AgO 35 14 Cu,0 41
7 Ag,0 74 15 Auy03 9
8 Ag,S 0

that Ag—O bond might be a key for activation. Further search on
silver salts having Ag-O bond!® resulted in the discovery of
AgOAc' as an optimal promoter for this allylation (76%). Other
silver salts bearing weaker Ag—O bond or cationic silver atom
were found to be ineffective. Other metal oxides such as CuO,
Cu,0, and Au,0; resulted in lower efficiency.

With AgOAc as an optimal promoter, we next investigated
the effect of solvent and found that THF (76%) and toluene (59%)
are good solvents for this allylation (Table 2). Moreover, the
allylation occurred even with a catalytic amount (10 mol%) of
AgOAc in THF at 60 °C giving 3 in 66% yield. The use of toluene
gave better result under catalytic conditions when the reaction
was carried out at 100 °C (85%).

Table 2. Effects of solvent and temperature

X OH
» _ + PhCHO e PN
N s solvent Ph =
Me, 2 (1 equiv) temp, 15 h 3
1 (1.2 equiv)
entry f\egq%’\‘;;‘ solvent temp (°C) yield (%)
1 1.2 DMF 60 16
2 12 N,N-dimethylacetamide 60 25
3 1.2 1,3-dimethylimidazolidinone 60 29
4 1.2 EtOAc 60 29
5 1.2 THF 60 76
6 1.2 dimethoxyethane 60 44
7 1.2 dichloroethane 60 43
8 1.2 toluene 60 59
9 1.2 toluene 100 89
10 0.1 THF 60 66
11 0.1 toluene 100 85

By using these catalytic conditions (10 mol% AgOAc,
toluene, 100°C), the scope and limitations of the present
allylation were investigated with various carbonyl compounds
(Table 3).2° While the allylation proceeded smoothly with
aromatic aldehydes, the allylation was sluggish with o, -
unsaturated aldehydes or totally ineffective with aliphatic

Table 3. AgOAc-catalyzed allylation of carbonyl compounds

B 10 mol% AgOAc OH
I _ P + )OJ\ R/}\/\
N si R R' toluene R =
Me, 100°C, 15 h
1 (1.2 equiv) (1.0 equiv)
entry carbonyl compound yield (%)
1 CgHsCHO 85
2 p-CH3CgH4CHO 45
3 p-CICgH,4CHO 59
4 {E)-CsHsCH=CHCHO 19
5 CeHsCH,CH,CHO 0
6 acetophenone 0
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aldehydes and ketones.

Although the allylation protocol described herein is some-
what lower in efficacy and narrower in scope compared with other
allylation methods at this stage, the discovery of a new class of
promoter may be interesting for exploring a new mode of
activation in allylsilane chemistry' especially for the activation of
triorgano(allyl)silanes, which is relatively unexplored in Lewis
base activation.?!

Based on our finding that some silver salts having relatively
strong Ag—O bond can function as promoters for allylation using
allyl(2-pyridyl)silane, we are currently assuming that the oxygen
atom in those silver salts is acting as a Lewis basic donor for
silicon atom, whereas the silver atom is acting as a Lewis acidic
acceptor for pyridyl group and brings the Lewis basic oxygen
atom proximate to silicon (Figure 1). Such simultaneous and
cooperative interactions should result in the activation of 1 toward
allylation. Although, at this stage, this is speculative with no
direct evidence, some control experiments are in line with this
presumption: (i) silver salts with weak Ag—O bond or without Ag—
O bond exhibit low or no promoting effect; and (ii) displacement
of pyridyl group with phenyl or methyl group in 1 caused no
allylation in the presence of AgOAc (eq 1).

'Il f Ag <— N Proximity effect
Ag—O\ O —Si Lewis base activation
R

Figure 1. A plausible activation mode of 1 with silver salts.

@\Si/\/

10 mol% AgOAc

Me, + PhCHO NO REACTION (1)
or toluene
M S'M 100°C, 15 h
ezl

In summary, some silver salts having relatively strong Ag—O
bond were found to promote the allylation of aldehydes with
allyldimethyl(2-pyridyl)silane. This procedure should not only be
used as a removal protocol in our recently demonstrating
removable directing group strategy'® and phase tag strategy>>
using 2-PyMe,Si group, but also open new possibility in
allylsilane chemistry.
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