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The chemoselective allylation of acetals using allyltrimethylsilane in ionic liquids is catalyzed by TMS triflate (5.0-20.0 mol %). The reaction
proceeds smoothly at room temperature to afford the corresponding homoallyl ether in good yield. Since the ionic liquids are easily recovered
and recycled, they are a useful alternative to dichloromethane, which is the commonly used solvent for allylations.

Of all the organic reactions, carbon—carbon bond-forming vylsilyl bis(trifluoromethanesulfonyl)amide [TMSNJ]{!2
reactions rank among the most important. Of particular Sc(OTf),'2 indium metalt* and Bi(OTfk.:> While most of
interest are Lewis acid-catalyzed carbararbon bond-  these allylations require an activated alkene such as allyl-
forming reactions since there is a wide range of selectivity trimethylsilane, other allyl group sources such as allyl
and catalytic behavior among various Lewis acids. The bromide? and lithiumn-butyltriallylboraté® have also been
allylation of acetals using organosilicon reagents has attractedused. Most of these methods require the use of chlorinated
much attention as a useful method to generate homoallyl organic solvents such as @El, and often inconveniently
ethers. Several catalysts have been used to effect thidow temperatures. With increasing environmental concerns,

transformation. These include TiGIAICI 3,2 BFz-Et,O 2 trityl it is imperative that new “environment friendly” solvents be
perchloraté, diphenylboryl triflate3 montmorillonite? Pb/ developed and uséd.Room temperature ionic liquids are
Al,5 trimethylsilyl bis(fluorosulfonyl)imide®, (CH,)4Sil,” becoming increasingly popular as solvents in organic syn-

TMSOT2 TiCpx(CFR:SO;),° CRCOOH® BiBr3,* trimeth- thesis for several reasolsThey are practically nonvolatile
and hence do not the pose the risks associated with volatile
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can be recycled easily without any significant loss in activity.
Often, unexpected or improved reactivity is seen in ionic
liquids. The allylation of carbonyl compounds in ionic liquids
to yield homoallyl alcohols has been reportédie now
report that the TMS triflate catalyzed chemoselective ally-
lation of acetals in ionic liquids, butylmethylimidazolium
hexafluorophosphate, [bomim][EF 1 and butylmethylimi-
dazolium triflate, [bmim][OTf],2 affords the corresponding
homoallyl ethers in good yields (Scheme?1).
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The product is isolated by extraction with ether, and the
ionic liquid can be reused after drying at 7€ under
vacuum. This procedure works well at room temperature and
avoids the use of chlorinated compounds, such agQGH
that are typically used as solvents for allylation of acetals.

The results are summarized in Table 1. The reaction progress s

was followed by TLC. Some of the acetals are not completely
soluble in the ionic liquid, and hence, it is important to stir
the reaction mixture well. In none of the cases was there
any evidence of the formation of the diallylated product. In
the case of cinnamaldehyde dimethyl acetal (entry 5), it was
especially important to ensure that the ionic liquid wasdry.
Otherwise, considerable amounts {ZD%) of cinnamal-

(18) For reviews on ionic liquids, see: (a) Wasserscheid, P.; Keim, W.

Angew. Chemint. Ed. 2000, 39, 3772. (b) Welton, TChem. Rev1999,
99, 2071—2083. (c) Gordon, C. MAppl. Catal. A General2001, 222,
101-117. (d) Butler, RChem. Ind. (London?001,17, 532. (e) Wasser-
scheid, PNachr. Chem2001,49, 12-16.

(19) (a) Gordon, C. M.; Ritchie, @GGreen Chem2002,4, 124. (b) Law,
M. C.; Wong, K.-Y.; Chan, T. HGreen Chem2002,4, 161.

(20) Typical procedure: A flame-dried 25 mL round-bottomed flask
was charged with the ionic liquid (1.5 mL, 2.05 g of [omim]gpPer 1.94
g of [bmim][OTf] and heptanal dimethyl acetal (0.50 g, 3.12 mmol).
Allyltrimethylsilane (0.463 g, 0.645 mL, 4.06 mmol, 1.3 equiv) was added
with a syringe followed by TMS triflate (0.035 g, 0.030 mL, 0.156 mmol,
5.0 mol %), and the mixture was magnetically stirred vigorously for 45
min. The reaction mixture was extracted with etherx(20 mL), and the
combined ether extracts were washed with 10% aqueouS®(25 mL)
and saturated NaCl (15 mL) and dried ¢S&). The solvent was removed
on a rotary evaporator to yield 0.500 g of a pale yellow liquid that was
further purified by flash chromatography to yield 0.42 g (79%) of a colorless
liquid identified as the corresponding homoallyl ether (98% pure by GC,
IH NMR and *C NMR). The recovered ionic liquid (typical recovery
1.95 g) was dried at 70C (0.1 mmHg) for 4 h (as described in ref 22)
prior to use in the next allylation. Based & NMR analysis, there was
no evidence of either ionic liquid in the ether layer or any organic product
in the ionic liquid.

(21) For allylation of cinnamaldehyde acetal, the ionic liquid was stirred
with solid K;COs; (0.5 g per 3 mL of ionic liquid) for 20 min, extracted
with ethyl acetate, and dried (B&Qy), and the solvent was removed on a
rotary evaporator. The ionic liquid was further dried by heating atG0
(0.1 mmHg) for 4 h. The potassium carbonate treatment removes any HF
that might be formed by hydrolysis of the [bmim][fFOver the course of
several weeks, we did not see any evidence of hydrolysis of the ionic liquid
[bmim][PFg], such as etching of the glassware.
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Table 1. TMS Triflate Catalyzed Allylation of Acetals in
[bmim][PFs]® and [bmim][OTfR

entry® substrate product® time & time &
yicld (%) yield (%)°
[bmim][PFe] [bmim][OTf]
OCH3 OCH3 Ih
i
! PH” NOCH; PhM 8 —
OCH,CHs OCH,CHg
2t [hi5min  1h15min
OCH.CH3 Q)W 30 84
Br Br
3 OCH3 OCH; 1k 20 min 50 min
ClI Ct
4% CHj = 15h _
P g g 76
OCH;g OCH;3
58 OCH3 OCH3g 55h 2h 15 min
81 78
Ph/\\/,\OCHs Ph/w
6 CHa \/\/\)O:H/a\ 25 min® 45 min®
OCHj ~ 79 79
7! HsCO.__OCH3 HaCO, =
45 min 45 min
62 74
o) o] .
o OCH,CH; oh P 2738h
OCHCHg OCH,CHz

aJonic liquids were purchased from Acros Chemical €aiterature
reference for the productReaction progress was followed by TLERefers
to yield of isolated, purified product. All products were at least 98% pure
by IH and3C NMR and GC analysi$5 mol % TMSOTf used.

dehyde formed during the course of the reaction. It has been
reported that with TiCl as the activator, the reaction of
cinnamaldehyde dimethyl acetal with allyltrimethylsilane
gives only the diallylated produéven at low temperatures
(—78°C) the monoallylated product was not formed. Similar
results were obtained when allylation of cinnamaldehyde
dimethylacetal was carried out using allyl bromide in the
presence of AIBs® In contrast, we did not observe any
diallylated product using TMSOTT as the catalyst in [bmim]-
[PFe] or [bmim][OTf] and the monoallylated product was
obtained in good yield in both the ionic liquids. No
diallylation product is observed when the allylation is carried
out using TMSOTf in CHCI, as the solvent.When the
allylation of cinnamaldehyde dimethyl acetal was attempted
neat, the results were not reproducible and in most trials, an
exothermic reaction occurred leading to the formation of
black tar. The chemoselective allylation of 2¢Rethoxy-
acetophenone in [bmim][OTf] proceeded smoothly to
afford the corresponding homoallyl ethér(Scheme 2§3

(22) The ionic liquids were dried as follows after each run: The recovered
ionic liquid was stirred over powdered activated 4 A sieves for 12 h,
dissolved in ethyl acetate, and filtered, and the solvent was removed on a
rotary evaporator. The ionic liquid was further dried by heating atG0
(0.1 mmHg) for 4 h.
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were due to any trace halides in the ionic liquids, one would
expect allyaltion to proceed in the absence of TMSOTHT.
Similar results were obtained with the recycled ionic liquids
(no added TMSOTT). The ionic liquid was easily recycféd.

To determine the efficiency of recycling, the allylation of
p-chlorobenzaldehyde dimethyl acetal was studied (Table 3).
For each subsequent run, the recovered ionic liquid was used.

Thus, the acetal moiety can be selectively allylated over the Table 3. Recycling of [omim][PE]: Allylation of

carbonyl group.

When the same reaction was carried out in,ChH, the
allylation was very slow and less than 40% product resulting
from allylation of the acetal formed after 24 h. With 5 mol
% BIi(OTf); as the catalyst in C}l,, no reaction was
observed? This example illustrates that ionic liquids are not
a mere substitute for volatile organiegther, they can
significantly influence the outcome of the reaction. In Table
2, yields of allylation of four acetals using four different

Table 2. Allylation of Acetals Using Allyltrimethylsilane in
Various Solvents

acetal % yield® % yield® % yield % yield®
using using using using
1eqTiCly,, 1-10mol% 20 mol % 1 mol %
CH,Cl,, TMSOTH, TMSOTH, Bi(OTf)3,
-78°C CH,Cl,, {bmim][OTf], CH,CL,,
-78°C it rt
OCHy
74 88 68 84
PH” OCH3 (GCyield)  (GC) (isolated) (isolated)
HzCO__OCH;
71 81 74 82
(GCyield) (isolated) (1solated) (isolated)
OCH3 diallylation monoallylation
. 100 78 78 84
PH OCHs  (GCyield)  (isolated) (isolated) (isolated)
o 40 % 78 NR
Ph OCH,CHg conversion (isolated)
OCH,CH,

aData from refs 1 and 2 Data from ref 8¢ Date from ref 159 Reaction
carried out in [bmim][PE].

p-Chlorobenzaldehyde Dimethyl Acetal

gc yield of
OCH3
/@M
% recovery (by mass)
trial no. ci of ionic liquid
1 85 95
2 84 95
3 88 95
4 88 96

In summary, this work demonstrates a new environment
friendly and mild method for the chemoselective allylation
of acetals using catalytic amounts of TMS triflate in ionic
liquids as solvents. The solvent can be easily recycled, thus
allowing allylations to be carried out in non-chlorinated
solvents.
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(23) IR (neat): 3084, 2985, 2873, 1692, 1593, 1439, 1111'cAH
NMR (CDCls, 270 MHz): ¢ 1.18 (3 H, apparent triplet), 2.56 (2 H, apparent

methods are compared. It can be seen that allylations intriplet), 3.50 (2 H, 16 line multiplet), 4.56 (1 H, apparent multiplet), 5.06

CH,CI; using TMSOTTf or TiC} require inconveniently low
temperatures while allylation in ionic liquids can be carried
out at room temperature.

If the ionic liquid was used alone (no added TMSOTYf),

(2 H, multiplet), 5.83 (1 H, multiplet), 7.49 (3 H. multiplet), 8.05 (2 H,
multiplet). 13C NMR (CDCk, 67.5 MHz, 11 peaks)¢ 15.2, 37.5, 65.6,
82.9, 117.6, 128.5, 128.7, 133.3, 133.5, 135.2, 200.3. Anal. Calcd for
CiaH1602: C, 76.44; H, 7.90. Found: C, 76.48; H, 7.89. HRM81/e
205.122289 (M+ 1), CiaH160- requires 205.12296 (M- 1).

(24) Barentsen, H. M.; Sieval, A. B.; Cornelisse,Tétrahedron1995,

almost no allylation was observed. If the observed catalysis 51, 7495.
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