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Imidazolium-oxazoline chlorides have been prepared from
chloroacetonitrile and used to generate bidentate mixed
NHC-oxazoline ligands for ruthenium-catalyzed substitution
of cinnamyl chloride by phenols. These ligands associated to
[RuCp*(MeCN)3][PF6] promote allylic substitution reactions

Introduction

Metal-catalyzed allylic substitution is recognized as a
useful method in organic synthesis for C–C and C–hetero-
atom bond forming reactions.[1] In this context, the control
of regioselectivity is of crucial importance as a way to gen-
erate functional alkenes. When unsymmetrical allylic deriv-
atives are used, the formation of the branched isomers gen-
erates terminal alkenes that are useful not only for access
to chiral compounds,[1] but because of the control of cata-
lytic olefin cross metathesis,[2] they now also offer potential
for sequential catalysis: allylation/cross metathesis. This se-
quence has not been explored, whereas the reverse tandem
catalytic metathesis/allylation has been described.[3] For the
nucleophilic allylic substitution, pentamethylcyclopen-
tadienyl ruthenium catalysts have disclosed promising prop-
erties with respect to regioselectivity in favour of the
branched isomer.[4] [RuCp*(MeCN)3][PF6] bearing labile
acetonitrile ligands was shown to be appropriate for the
synthesis of aryl allyl ethers starting from allylic halides and
phenols.[5] Other ruthenium catalysts developed by Pregos-
in,[6a] Lacour[6b] and Onitsuka[6c] have also shown very high
regioselectivity in favour of the branched isomers during
allylation of phenols. Recently, we have explored the influ-
ence of symmetrical bis(imine)s and bipyridines,[7] and un-
symmetrical 2-quinolinecarboxylate[8a,8b] and phosphanyl-
sulfonate[8c] chelating ligands, which have led to new Cp*Ru
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at room temperature with high regioselectivity in favour of
the branched isomers giving terminal alkenes. These allylic
ethers have been involved in further ruthenium-catalyzed
cross metathesis reactions with electron-deficient olefins to
give unsaturated esters and aldehydes.

catalysts with diverse catalytic properties in allylation reac-
tions. N-heterocyclic carbenes (NHCs)[9] and oxazoline-
containing ligands[10] have also attracted considerable atten-
tion for the preparation of transition-metal catalysts.

Bidentate mixed oxazoline-NHC ligands, in which the 2-
oxazolyl group is connected to a nitrogen atom of the NHC
either directly,[11] or through a methylene[12] or an ethyl-
idene[13] bridge have been prepared and coordinated to
metal centres such as palladium, iridium and rhodium to
generate catalysts for hydrogenation or hydrosilylation.[13]

Monodentate and polydentate NHC ligands associated to
a Cp*Ru centre have been shown to favour the formation of
the branched isomer to achieve regioselective nucleophilic
allylic substitution by phenols.[14] However, unsymmetrical
oxazoline-carbene ligands have never been evaluated in the
ruthenium-catalyzed nucleophilic allylic substitution.

We now report (1) the preparation from chloroacetoni-
trile of imidazolium-oxazoline salts, precursors of NHC-ox-
azoline ligands, (2) their first association to the RuCp* moi-
ety for the catalytic regioselective allylic substitution of al-
lylic chlorides by phenols, leading to the preferential forma-
tion of branched isomers and (3) that the latter lead to un-
saturated esters and aldehydes by ruthenium-catalyzed
cross-metathesis [Equation (1)].

(1)

Results and Discussion
Several routes for the preparation of imidazolium-oxaz-

oline salts have already been reported, either based on the



Imidazolium-Oxazoline Salts in Ruthenium-Catalyzed Reactions

initial condensation of an imidazole with chloroacetonitrile
to give a cyanomethylimidazolium salt, followed by the for-
mation of an imidoester-substituted imidazolium salt and
coupling with an α-amino alcohol to form the oxazoline
ring,[12a] or the condensation of N-chloromethyloxazolines
with an imidazole.[12b,12c] We prepared N-chloromethylox-
azolines[15] according to a straightforward method from
chloroacetonitrile by initially synthesizing ethyl chloroacet-
amidate hydrochloride 1 upon treatment of chloroacetoni-
trile with ethanol in the presence of gaseous HCl in diethyl
ether. The white crystalline solid 1 was obtained in 80%
yield. Without further purification, this salt was condensed
with an α-amino alcohol 2a–e at room temperature in
dichloromethane in the presence of triethylamine to form
2-chloromethyloxazolines 3a–e in good yields around 80%
(Scheme 1).[16]

Scheme 1.

Chloromethyloxazolines 3a–e were treated with mesityl-
imidazole in dimethylformamide (DMF) at room tempera-
ture for 3 h and then heated at 80 °C for additional 3 h
(Scheme 2). The flexible imidazolium-oxazoline chlorides
4a–e containing a methylene bridge were isolated in an
average 85% yield. In NMR spectroscopic analysis, they all
show a NCHN proton singlet at δ = 10.4–10.7 ppm and a
13C NMR signal at 161–162 ppm consistent with an imid-
azolium salt.

Scheme 2.

Whereas oxazoline-imidazolylidene ligands with a meth-
ylene bridge have been introduced in catalysis[17] for irid-
ium-catalyzed hydrogenation of olefins[12b] and rhodium-
catalyzed hydrosilylation of ketones,[12c] we explored for the
first time their efficiency in allylic substitution by their asso-
ciation to a ruthenium catalyst. As 2-imidazolylidene NHCs
are formed upon treatment of imidazolium salts in the pres-
ence of a base,[18] oxazoline-imidazolium salts 4a–e were di-
rectly used to generate new catalysts in association with
[RuCp*(MeCN)3][PF6]. The following protocol was used to
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generate in situ bidentate oxazoline-NHC ruthenium spe-
cies and to evaluate their catalytic activity in the nucleo-
philic allylic substitution of cinnamyl chloride by phenol
(Scheme 3). Imidazolium-oxazoline salt 4a–e was first
treated with 1 equiv. of tBuOK in 5 mL of THF at 50 °C
for 2 h and then 1 equiv. of [RuCp*(MeCN)3][PF6] was
added to the solution at 50 °C to generate the catalyst. To
the crude ruthenium catalyst in acetonitrile or THF,
1.2 mmol of potassium carbonate, 1.2 mmol of phenol and
1.0 mmol of cinnamyl chloride were successively added.
These catalysts appear to be efficient in allylation as in each
case, after 16 h reaction time at room temperature, the con-
version of cinnamyl chloride was complete, and the B iso-
mer was formed as the major product. The results are
shown in Table 1 (entries 1–4).

Scheme 3.

Table 1. Allylation of phenols with cinnamyl chloride in the pres-
ence of [RuCp*(MeCN)3][PF6]/4.[a]

Entry Ligand precursor ArOH Solvent B/L ratio[b]

1 4a phenol MeCN 82:18
2 4b phenol MeCN 94:6
3 4d phenol MeCN 71:29
4 4e phenol MeCN 83:17
5 4d phenol CH2Cl2 89:11
6 4d phenol THF 86:14
7 4a p-cresol MeCN 80:20
8 4b p-cresol MeCN 50:50
9 4d p-cresol THF 83:17
10 4a m-cresol MeCN 53:47
11 4b m-cresol MeCN 60:40
12 4d m-cresol THF 78:22
13 4a o-cresol MeCN 54:46
14 4d o-cresol THF 79:21

[a] Conditions: 1.2 mmol of ArOH, 1.2 mmol of K2CO3, 1 mmol
of cinnamyl chloride, 0.03 mmol based on ruthenium-(3a–d) cata-
lyst in 5 mL of solvent at room temperature for 16 h. Complete
conversion. [b] Branched/Linear (B/L) ratio determined by 1H
NMR spectroscopic analysis of the crude mixture.

A good selectivity in favour of the branched phenyl ether
(B) with respect to the linear one (L) was obtained in the
range 71:29 to 94:6, depending on the imidazolium-oxazol-
ine salt precursor (Scheme 3). We could show that the cata-
lyst arising from 4b (R = iPr) especially led to an excellent
regioselectivity in acetonitrile (entry 2). The study of 4d re-
vealed that a solvent effect could slightly increase the B/L
selectivity when dichloromethane or THF were used instead
of acetonitrile (entries 3, 5, 6).

The scope of the reaction was then studied by investiga-
ting the reaction with substituted phenols including o, m,
p-cresols. The catalyst arising from ligand 4d gave the high-
est B/L ratio from substituted phenols (entries 9, 12, 14).
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Thus, not only the catalyst is important in yielding the B
isomer, but the nature of the nucleophile for a given ruthe-
nium catalyst has a strong influence as well.

The association Cp*Ru/4b was the best system to reach
the highest B/L ratio with phenol (entry 2), but it gave the
lowest ratio with p-cresol (entry 8). These results indicate
that the nature of the phenol has an extremely strong in-
fluence on the B/L ratio, as shown by a comparison of the
results obtained with the 4b-derived catalyst (entries 2, 8,
11), indicating that for a given nucleophile, several catalysts
had to be evaluated, as the regioselectivity was very sensi-
tive to both the nucleophile and the nature of the ligand
(e.g. the nature of the R group on the oxazoline).

These results revealed that the catalytic behaviour of the
imidazolylidene-oxazoline ligands generated according to
the above-described protocol competed with that of simple
mono-NHCs in terms of reactivity and regioselectivity.[14]

On the other hand, the regioselectivities (B/L ratio) were
much higher than the ones previously obtained by starting
from symmetrical bis(oxazoline) ligands associated to the
same precatalyst [RuCp*(MeCN)3][PF6].[19] Thus, the NHC
character of these bidentate ligands is more determining
than the oxazoline one for regioselectivity. Apparently, the
strong σ-donor ability of the NHC ligand favours the re-
gioselective formation of the branched isomer.

The determination of the enantiomeric excess of the
branched ether corresponding to entry 6 gave 40% ee,
which is in line with that obtained by using bis(oxazoline)
ligands with only one substituent at C4.[19] This enantio-
selectivity does not compete with the excellent results ob-
tained with planar-chiral cyclopentadienyl ruthenium cata-
lysts[6c] and with iridium catalysts.[20] Catalyst 4b appears to
be the most useful catalyst to generate a high yield of the
branched isomers 5 (Table 1, entry 2). This terminal olefin
5 was selected to study the initial conditions of catalytic
cross metathesis with methyl acrylate, as the second step of
sequential catalysis/allylation/cross metathesis (Scheme 4).

Scheme 4.

It was found that the reaction of allylic ether 5
(0.5 mmol) with 2 equiv. of methyl acrylate (6a) in toluene
was better performed with the Hoveyda(II) catalyst 7
(5 mol-%). After 16 h at 80 °C, the conversion of 5 was
completed, and only the unsaturated trans-ester 8a was
formed, which was isolated in 65 % yield. Analogously, tre-
ating unsaturated ether 5 with 2 equiv. of acrolein (6b) in
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the presence of Hoveyda(II) catalyst 7 (5 mol-%) at 80 °C
in toluene, but for only 6 h, led to complete reaction and
the isolation of aldehyde 8b in 63% yield.

Conclusion

We prepared imidazolium-oxazoline chloride salts and
showed that their coordination as NHC-oxazoline to a
RuCp* moiety led to efficient catalysts for the nucleophilic
allylic substitution of cinnamyl chloride by phenols leading
to high selectivity for the branched isomer. These easy-to-
prepare new mixed oxazoline-NHC-ruthenium catalytic
systems, especially 4b, lead to a high yield of the branched
allylic ether with phenol. The latter can be used to generate
unsaturated esters and aldehydes by cross metathesis with
Hoveyda(II) catalysis. These initial separate efficient cata-
lytic transformations show that sequential catalysis, al-
lylation and cross metathesis, are possible and these are un-
der current investigation.

Experimental Section
1H and 13C NMR spectra were recorded with an AC 200 FT
Bruker instrument (1H: 200 MHz, 13C: 50 MHz) and referenced
internally to tetramethylsilane. Mass spectra were measured with a
Micromass ZAB Spec-TOF spectrometer. All solvents were dis-
tilled according to usual methods, dichloromethane over CaH2,
ether and THF over sodium in the presence of benzophenone.
Amino alcohols 2a–e were prepared from the optically pure (R)-
amino acids supplied by Acros Organics.

General Procedure for the Synthesis of 2-Chloromethyl-4,5-di-
hydrooxazole (3a–e): Into a Schlenk type flask equipped with a
magnetic stirrer were successively added under a nitrogen atmo-
sphere ethyl 2-chloroethanimidoate hydrochloride 1 (15.8 mmol),
α-amino alcohol 2 (16 mmol) and triethylamine (20.54 mmol) in
anhydrous dichloromethane (20 mL). The reaction mixture was
stirred at room temperature for 5 h until complete conversion. The
solid (NH4Cl) was filtered off, and the organic phase was concen-
trated under vacuum to give a yellowish oil. The product was puri-
fied by chromatography over silica pretreated with triethylamine in
heptane and eluted with a EtOAc/heptane (2.5:7.5) mixture.

2-Chloromethyl-(4R)-ethyl-4,5-dihydrooxazole (3a): Yield: 83%. 1H
NMR (CDCl3, 200.13 MHz): δ = 0.98 (t, J = 7.4 Hz, 3 H,
CH3CH2); 1.64 (m, 2 H, CH2CH3); 4.00 (dd, 1 H) and 4.45 (dd, 1
H) [J = J� = 7.7 Hz, CH2O]; 4.13 (s, 2 H, CH 2Cl); 4.13 (masked
m, 1 H, CH-N) ppm. 13C NMR (CDCl3, 75 MHz): δ = 9.9, 28.4,
36.6, 67.9, 73.2, 162.5 ppm.

2-Chloromethyl-(4R)-isopropyl-4,5-dihydrooxazole (3b): Yield: 80%.
1H NMR (CDCl3, 200.13 MHz): δ = 0.83 (d, J = 6.7 Hz, 3 H,
CH3CH); 0.90 (d, J = 6.7 Hz, 3 H, CH3CH); 1.69 (m, 1 H,
CHMe2); 3.88–4.00 (m, 2 H, CH-N, CH-O); 4.05 (s, 2 H, CH2Cl);
4.29 (dd, J = 8.1, J� = 9.1 Hz, 1 H, CH-O) ppm. 13C NMR (CDCl3,
75 MHz): δ = 18.4, 18.9, 32.7, 36.7, 71.4, 72.7, 162.6 ppm.

2-Chloromethyl-(4R)-isobutyl-4,5-dihydrooxazole (3c): Yield: 71%.
1H NMR (CDCl3, 200.13 MHz): δ = 0.85 (d, J = 6.5 Hz, 3 H,
CH3CH); 0.88 (d, J = 6.5 Hz, 3 H, CH3CH); 1.17–1.30 (m, 1 H,
CH2CHMe2); 1.47–1.61 (m, 1 H, CH2CHMe2); 1.71 (m, 1 H,
CHMe2); 3.84 (dd, J = J� = 7.9 Hz, 1 H, CH-O); 4.03 (s, 2 H,
CH2Cl); 4.13 (m, 1 H, CH-N); 4.38 (dd, J = J� = 8.3 Hz, 1 H, CH-
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O) ppm. 13C NMR (CDCl3, 75 MHz): δ = 22.9, 23.1, 25.7, 36.8,
45.5, 65.3, 74.4, 162.5 ppm.

2-Chloromethyl-(4R)-phenyl-4,5-dihydrooxazole (3d): Yield: 83%.
1H NMR (CDCl3, 200.13 MHz): δ = 4.25 (s, 2 H, CH2-Cl masking
CH-N, m); 4.76 and 5.29 (apparent triplet, J = 9.0 Hz, 1 H each,
CHa-O); 7.29–7.39 (m, 5 H, CHarom) ppm. 13C NMR (CDCl3,
75 MHz): δ = 36.8, 70.2, 76.1, 127.0, 128.3, 129.3, 141.7,
164.2 ppm.

2-Chloromethyl-(4R)-benzyl-4,5-dihydrooxazole: (3e): Yield: 85%.
1H NMR (CDCl3, 200.13 MHz): δ = 2.73 and 3.14 (dd, J = 14.7,
J� = 6.7 Hz, 1 H each, CH2-Ph); 4.14 (s, 2 H, CH2-Cl, masking 1
H of CH2-0); 4.34 (apparent triplet, J = 9.3 Hz, 1 H, 1 H of CHa-
O); 4.49 (m, 1 H, CH-N); 7.24–7.37 (m, 5 H, CHarom) ppm. 13C
NMR (CDCl3, 75 MHz): δ = 36.8, 41.7, 67.9, 73.2, 127.1, 129.0,
129.7, 137.7, 163.5 ppm.

General Procedure for the Synthesis of Imidazolium Chlorides 4a–e:
To a Schlenk flask equipped with a magnetic stirrer were success-
ively added under a nitrogen atmosphere, 2,4,6-trimethylphen-
ylimidazole (2.58 mmol), anhydrous DMF (3 mL) and 2-chlo-
romethyl-4,5-dihydrooxazole (2.58 mmol). The reaction mixture
was stirred at room temperature for 3 h and was heated at 80 °C
for 3 h. After cooling at room temperature, dry Et2O was added,
and a white solid precipitated. The solid was washed with dry Et2O
and filtered, and the residue was dissolved in CH2Cl2 (3 mL). Dry
Et2O was added to the solution, and the solid immediately began
to precipitate. The product was filtered and dried under vacuum.

1-{[(4R)-Ethyl-4,5-dihydro-1,3-oxazol-2-yl]methyl}-3-mesityl-1H-
imidazol-3-ium Chloride (4a): Yield: 72 %. 1H NMR (CDCl3,
200.13 MHz): δ = 0.92 (t, J = 7.1 Hz, 3 H, CH3CH2); 1.56 (m, 2
H, CH2CH3); 2.11 (s, 6 H, CH3Mes); 2.36 (s, 3 H, CH3Mes); 4.02
(m, 2 H, CH-N, CH-O); 4.45 (m, 1 H, CH-O); 5.84 (s, 2 H, NCH2);
7.02 (s, 2 H, CH,Mes); 7.16 (s, 1 H, MesN-CH=CH-N); 7.83 (s, 1
H, MesN-CH=CH-N); 10.59 (s, 1 H, NCHN) ppm. 13C NMR
(CDCl3, 75 MHz): δ = 10.5, 17.9, 21.5, 28.9, 46.9, 68.1, 74.2, 122.7,
124.1, 134.8, 140.5, 141.8, 130.2, 161.1 ppm. HRMS (ESI) calcd.
for C18H24N3O+ [M]+ 298.1919; found 298.1921.

1-{[(4R)-Isopropyl-4,5-dihydro-1,3-oxazol-2-yl]methyl}-3-mesityl-
1H-imidazol-3-ium Chloride (4b): Yield: 78%. 1H NMR (CDCl3,
200.13 MHz): δ = 0.86 (t, J = 7.7 Hz, 3 H, CH3CH); 0.90 (t, J =
7.7 Hz, 3 H, CH3CH); 1.69 (m, 2 H, CHMe2); 2.10 (s, 6 H,
CH3Mes); 2.36 (s, 3 H, CH3Mes); 3.90 (m, 1 H, CH-N); 4.09 (ap-
parent triplet, J = 8.4 Hz, 1 H, CH-O); 4.42 (apparent triplet, J =
9.4 Hz, 1 H, CH-O); 5.83 (s, 2 H, CH2-N); 7.01 (s, 2 H, CHMes);
7.16 (s, 1 H) and 7.89 (s, 1 H) [MesN-CH=CH-N], 10.45 (s, 1 H,
NCHN) ppm. 13C NMR (CDCl3, 75 MHz): δ = 17.9, 18.9, 19.2,
21.5, 33.2, 46.9, 72.6, 72.7, 122.7, 124.2, 131.1, 134.8, 140.4, 141.8,
130.2, 161.1 ppm. HRMS (ESI) calcd. for C19H26N3O+ [M]+

312.2076; found 312.2073.

1-{[(4R)-Isobutyl-4,5-dihydro-1,3-oxazol-2-yl]methyl}-3-mesityl-1H-
imidazol-3-ium Chloride:(4c): Yield: 76 %. 1H NMR (CDCl3,
200.13 MHz): δ = 0.93 (d, J = 6.5 Hz, 3 H); 0.94 (d, J = 6.5 Hz, 3
H); 1.30–1.80 (m, 3 H); 2.11 (s, 6 H); 2.37 (s, 3 H); 3.95 (m, 1 H);
4.16 (m, 1 H); 4.48 (apparent triplet, J = 8.0 Hz, 1 H); 5.84 (s, 2
H); 7.03 (s, 2 H); 7.13 (s, 1 H); 7.73 (s, 1 H); 10.69 (s, 1 H) ppm.
13C NMR (CDCl3, 75 MHz): δ = 17.9, 21.51, 22.9, 23.2, 25.8, 45.5,
46.9, 65. 1, 74.9, 122.8, 124.5, 124.8, 130.2, 130.9, 131.1, 134.8,
140.2, 141.7, 143.9, 160.9 ppm.

1-{[(4R)-Phenyl-4,5-dihydro-1,3-oxazol-2-yl]methyl}-3-mesityl-1H-
imidazol-3-ium Chloride (4d): Yield: 85 %. 1H NMR (CDCl3,
200.13 MHz): δ = 2.07 (s, 6 H); 2.35 (s, 3 H); 4.22 (apparent triplet,
J = 8.2 Hz, 1 H); 4.79 (dd, J = 9.3, J = 8.4 Hz, 1 H); 5.22 (t, J =
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9.2 Hz, 1 H); 6.03 (s, 2 H); 7.00 (s, 2 H); 7.14 (s, 1 H); 7.22–7.40
(m, 5 H); 7.95 (s, 1 H); 10.64 (s, 1 H) ppm. 13C NMR (CDCl3,
75 MHz): δ = 17.8, 21.5, 46.8, 69.8, 76.5, 122.9, 124.9, 126.9, 129.1,
130.1, 128.1, 131.1, 134.7, 139.9, 141.4, 162.8 ppm. HRMS (ESI)
calcd. for C22H24N3O+ [M]+ 346.1919; found 346.1915.

1-{[(4R)-Benzyl-4,5-dihydro-1,3-oxazol-2-yl]methyl}-3-mesityl-1H-
imidazol-3-ium Chloride (4e): Yield: 87%. 1H NMR (CDCl3,
200.13 MHz): δ = 2.08 (s, 6 H, CH3Mes); 2.37 (s, 3 H, CH3Mes);
2.72 (dd, J = 13.7, J = 6.0 Hz, 1 H, CH2Ph); 2.96 (dd, J = 13.7, J
= 5.4 Hz, 1 H, CH2Ph); 4.12 (m, 1 H, CH-N); 4.38 (m, 2 H, CH2-
O); 5.81 and 5.89 (AB, J = 14.5 Hz, 2 H, CH2-N); 7.03 (s, 2 H,
CH-Mes); 7.13–7.29 (m, 6 H, Ph, N-CH=); 7.75 (s, 1 H, =CH-N);
10.52 (s, 1 H, NCHN) ppm. 13C NMR (CDCl3, 50 MHz): δ = 17.9,
21.5, 41.7, 46.7, 67.6, 73.8, 122.9, 124.8, 126.9, 129.6, 130.1, 128.8,
131.1, 134.7, 139.8, 141.6, 161.6 ppm. HRMS (ESI) calcd. for
C23H26N3O+ [M]+ 360.2076; found 360.2070.

General Procedure for the Catalytic Allylation Reaction: Into a
Schlenk tube equipped with a magnetic stirring bar and under ar-
gon were introduced oxazoline–imidazolium salt (0.03 mmol) and
tBuOK (0.03 mmol). The mixture was kept under vacuum for a
few minutes and then under argon. Dry THF (5 mL) was added,
and the mixture was stirred at 50 °C for 2 h. [Cp*Ru(MeCN)3][PF6]
(0.03 mmol) was then introduced, and the reaction was run for 2 h
under the same conditions. Then the solvent was removed under
vacuum, CH3CN (5 mL) was added, and then were added K2CO3

(1.2 mmol), cinnamyl chloride (1 mmol) and phenol (1.2 mmol).
The reaction mixture was stirred at room temperature for 16 h. The
solvent was evaporated, dichloromethane (10 mL) was added, and
the resulting solution was filtered under argon. The solution was
concentrated for fast chromatography on a column of silica (eluent:
Et2O/hexane = 1:9). The conversion and the B/L ratio of the prod-
ucts were determined by 1H NMR spectroscopy.

General Procedure for Cross Metathesis of Allylic Ether 5: In a
Schlenk tube were introduced 5 (105 mg, 0.5 mmol), acrylic deriva-
tives 6a and 6b (2 equiv., 1 mmol), distilled toluene (5 mL) and then
Hoveyda II catalyst 7 (15.5 mg, 5 mol-%). The mixture was heated
at 80 °C for 16 h (8a) or 6 h (8b). The solution was quickly filtered
on silica (in a Pasteur pipette). The solvent was removed under
vacuum, and the product was chromatographed on silica gel, elu-
ent: petroleum ether/diethyl ether (9:1). The solvent was evaporated
to give a white solid for 8a (66.5 mg, 65%) and a transparent oil
for 8b (56 mg, 63%).

Compound 8a: 1HNMR (500.13 MHz. CDCl3): δ = 3.68 (s, 3 H,
OMe); 4.85 [dd, 1 H, J = 1.5 and 4.8 Hz, CH(OPh)]; 7.08 (dd, 1
H, J = 4.8 and 15.7 Hz, CH=CHCO2Me); 6.89 (dd, 1 H, J = 1.5
and 15.7 Hz, =CHCO2Me); 7.19 (m, 2 Harom); 7.27 (m, 1 Harom);
7.34 (m, 4 H) ppm. MS: m/z = 268.

Compound 8b: 1H NMR (500.13 MHz. CDCl3): δ = 5.86 [dd, J =
1.5 and 7.7 Hz, 1 H, CH(OPh)]; 6.42 (ddd, J = 1.5, 7.7, 15.5 Hz, 1
H, =CH); 6.88–6.96 (m, 4 H, =CHCHO, Harom); 7.20–7.24 (m, 2
H); 7.30–7.33 (m, 1 H): 7.36–7.40 (m, 4 H) ppm. 13C NMR
(75.46 MHz,CDCl3): δ = 193.18 (CHO); 157.2 (CH=CHCHO);
154.5 (OCarom); 137.9 (=CHCHO); 131.2; 129.6; 129.1; 128.7;
126.7; 116.0; 78.8 (CHOPh) ppm. MS: m/z = 238.
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